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FLUIDITY MEASUREMENTS IN WHOLE CELLS AND IN 
ISOLATED PLASMA MEMBRANES 
M. Goppelt and W. Urbach 

Fluorescence polarization measurements in intact cells 
are often used to get informations about the fluidity of 
cell membranes. Though the method is rather simple, there 
are contradictory reports in the literature as to whether 
the plasma membrane gets more fluid in response to growth 
stimuli. One example is represented by T-llartphocyte acti- 
vation by mitegens such as ConA or succinylConA, which 
both bind to receptors of the plasma membrane and induce 
growth and proliferation. 
T-lymphocytes prepared from calf thSanus were incubated 
with either ConA or succinylConA for time periods up to 
90 ndn. The hydrophobic label DPH (diphenylhexatriene) 
was incorporated into whole cells as well as purified 
plasma n~_mbranes. Its fluorescence polarization was 
measured and the order parameter calculated, which cor- 
relates inversely with the fluidity of the membrane. 
Purified plasma membranes of stimulated thymocytes were 
more fluid than those of nonstimulated cells. This effect 
is caused by changes in the membrane lipid composition, 
predominantly in the degree of unsaturation of the phos- 
pholipid fatty acids. 
However, fluorescence polarization measured in whole 
cells showed the opposite result: upon addition of the 
mitogen the calculated order parameter indicated a de- 
crease of the membrane fluidity. The effect was rever- 
sible when the mitogen was renDved by a competitive in- 
hibitor and thus may be due to the binding of the mitogen 
on the surface of the cell. 
Thus fluorescence polarization measurements in whole cells 
do not reflect truly biochemical changes of the plasma 
membrane. These can only be monitored in purified mem- 
branes. 
Medizinische Hechschule Hannover, Zentrum 
Pharmakologie und Toxikologie, Abt. Molekular- 
pharmakelogie, D-3OOO Hannover 61, FRG. 
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DETERMINATION OF PICOMOLE AMOUNTS OF CHOLINE 
IN PLASMA AND EHYTHROCYTES BY A CHEMILUMI- 
NESCENCE MEASUREMENT 

O, Pleul 

Choline becomes oxidized enzymatically pro- 
ducing betaine and H~O~. This oxygen con- 
suming process is caZa~yzed by choline oxid- 
ase. HoO~ is detected by a luminescent reaction 
using ~u~inol as reactant and peroxidase as 
catalyst. The procedure was shown by M, Israel 
and B. Lesbat(Neurochem. Intern. 3:81, 1981) 
to be suitable to measure acetylcholine in 
electric organ synapses. 

Picomoles of choline can be determined 
corresponding to microliters of plasma or 
hemolysate. By adequate amplification of the 
chemiluminescence signal the determination 
was suitable also at the nanomole level. 

Because of the speeifity of the choline oxid- 
ase reaction no special purification of the 
samples was needed. 

The influence of concentration and species of 
enzymes and pH on sensivity and reproducibility 
were tested. Blood and tissue concentrations 
of choline and choline derivatives in small 
animals are determined and the results are 
compared with other analytical methods. 

Institut fHr Klinische Pharmakologie der 
Freien Universit~t Berlin, Hindenburgdamm 30 
I000 Berlin 45 
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LOCATION AND MOTION OF UBIQUINONE 50 IN PHOSPHOLIPID 
LIPOSOMES (SMALL UNILAMELLAR VESICLES = SUV) 
L. Michael is,  K.E. Wirth 

I t  is well establ ished that  ubiquinone 50 (Coenzyme Q 10) 
funct ions in the e lect ron t ranspor t  chain of  the inner 
mitochondrial membrane as well as in non-mitochondrial 
redox systems. There is s t i l l  disagreement about the 
transverse d i f f us ion  ( " f l i p - f l o p "  movement) and locat ion 
of th is  substance. 

Ubiquinone could be incorporated in to  phosphatidyl 
chol ine liposomes (suv). A nonstoichiometr ic re la t ion  was 
observed up to 20 mole % ubiquinone. Electron microscope 
photographs showed no v i s i b l e  inf luence of ubiquinone on 
the membrane s t ructure.  

Fluorescence experiments with reduced ubiquinone showed 
a photochemical react ion of the quinol .  Plastoquinol 45 
from chloroplasts  did not show th is  react ion.  
Ubiquinone could be reoxidised with persulphate solut ions 
by a copper catalysed react ion that  was f i r s t - o r d e r  with 
respect to ub iqu ino l .  E i ther  ubiquinol or e lectrons must 
cross the membrane at a ra te ,  f as te r  than the rate of  
ox idat ion ,  which was O.07/sec. 
The reduction of  ubiquinone, and the reox idat ion of  ubi-  
qu inol ,  incorporated in to  dipalmitoyl  phosphatidyl 
chol ine liposomes showed that  both above and below the 
t rans i t i on  temperature of  the membrane l i p i d ,  a l l  the 
headgroups could react rap id ly  with reagents dissolved 
in the external aqueous phase. This suggests that  regions 
of ubiquinone across the l i p i d  b i l aye r  might be l i qu id  
whatever physical state the membrane may have. 

I n s t i t u t  f u r  Pharmakologie der Un ivers i t~ t  DUsseldorf, 
Moorenstr. 5, D-40OO DUsseldorf 
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Isotachophoretic Determination of Acetylcholine 
Haen, E. ; Fiedler, I. ; Gerbes, A. ; Szinicz, L. 

Present methods for measurement of acetylcholine (ACh) 
are based on the transformation of the mo]ecule either 
enzymatically with subsequent labelling with radioactive 
isotopes (Goldberg et al. J. Neurochem. 20, 1,1973) or by 
a chemical reaction to form a volatile derivative for gas 
chromatography (Kilbinger, J. Neurochem. 21, 42 i, 1973; 
Jenden et al. Analyt. Biochem. 55, 438, 1973). Capillary 
isotachophoresis on the other hand permits the direct 
measurement of the unchanged substance. Isotachophe- 
rests means the migration of ion species of the same 
sign in an electrolyte system placed in an electric field. 
They are separated on the basis of their different mobi- 
lity. A conductivity detector was used giving a step - 
like signal, since the different ions are arranged in 
sharply separated zones. The relative height of the step 
is characteristic for a certain substance, whereas the 
length of the step is proportional to the amount of the 
substance. 
In such a determination 50 pmol ACh is equivalent to a 
step length of 17.0 + 1.2 mm (: 6.9% of the mean; n=4). 
The correlation between the amount injected into the 
capillary and the step length was linear in the whole 
range investigated (r=0.999). Two electrolyte systems 
were examined: 3 mlVi KOH/Cacodylic Acid, pH 7.0 - 
i0 mlVi Creatinine and 3 mM KOH/Acetic Acid, pH 4. 6 - 
i0 mM ~-Alanine, the relative height for ACh being 
18.7 + 0. 15 % (=0.8% of the mean, n:4) and 82. 6 + 0.7 
% (-0.8% of the mean, n:4) respectively. The optTmal 
injection volume was found to be 20 /zl. Time for one 
analysis was i5 minutes. 

Institut ffir Pharmakologie und Toxikologie der Univer- 
sitar Mi~nchen, iNussbaumstr. 26, D-8000 iViiinehen 2 
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ENZYME IMMUNOASSAY OF THROMBOXANE B 2 (TxB 2) AT 
THE PICOGRAM LEVEL 
M. Sawada 

A very sensitive and reproducible enzyme immunoassay was 
developed for the measurement of TxB~ instead of radio- 
immunoassay which poses the practical problems of exposure to 
radioJsotopes~ contamination and their disposal. TxB~ as a label 
displacing radioactivity was coupled with B-D-galac~tosidase by 
mixed anhydride reaction. The separation of immunocemplex 
from free TxB~ was carried out by double antibody method. The 
precipitated e~nzyme was measured Iluorometrically with 4- 
methylumbelliferyl-B-D-gatactoside as substrate. This method 
aJiowed to measure Tx82 in the range of 0.001 - 5 pmol per 
tube. The cross-reactivity of the anti TxB~ antiserum with O~ - 
dinor TxB~ was about 20 %, but i t  was wiIhout significance for 
primary pgostaglandins. The extracted TxB 2 from human urine 
was measured by both enzyme immunoassay (y) and radio- 
immunoassay (x) which has been compared to gas chroma- 
tography - mass spectrometry. Regression analysis of the data 
gave the satisfactory equation (y = 0.996 x + 0.430, correlation 
coefficient r = 0.9947). ]ntra-assay coefficient of variation was 
3.7 % (n = 10). This enzyme immuneassay for Tx52 could be 
regarded as potentially equivalent to radioimmunoassay, as tar 
as assay precision~ accuracy and sensitivity are concerned. 

Dr. Margarete Fischer-Bosch-lnstitut f0r Klinische Pharma- 
kologie, Auerbachstr. I f2,  7000 Stuttgart 50 

One Pharmaceutical Co., Ltd., Osaka / 3apan 
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HOMOGENIZATION OF MICE FOR INDUCTION EXPERIMENTS IN VIVO. 
F. Heubel 

In vivo induction parameters (relative liver weight,micro- 
somal protein and cytochrome P450 content, metabolism of 
model substrates) are subject to considerable variability 
between individuals and between different consignments of 
animals,even if these are equal in respect to strain, sex, 
age and maintenance conditions. Therefore, if only slight 
differences of p.e.cytochrome P450 are to be demonstrated 
with statistical significance,inadaequately great numbers 
of animals are required.More homogeneous samples might de- 
crease these numbers. 

The effects of some homogenization measures on induction 
parameters were assayed in male Han:NMRI and C57BL/6JHan 
mice. Variability between consignments was present in 
NMRI (randombred) as well as in C57BL (inbred) mice. In 
mice of more than 6 weeks of age homogenization of age 
(maximal difference • 0.5 days) had only little effect. 
"Purified diet" (a diet which consists of food components 
isolated from plants by technical processes) significant- 
ly decreased protein and cytochrome P450 content but also 
had rather little effect on variability. Equality of 
litter size markedly decreased variability within consign- 
ments as well as between consignments. Inbred mice from 
litters of equal size were more homogeneous than inbred 
ones from natural litters and randombred ones from equal 
litters. A difference of as little as 15 % of cytochrome 
P450 was significantly demonstrated, when inbred mice of 
equal age (72 ~ 0.5 days), bred in litters of 6 animals 
each, were compared in a design containing a total of 16 
controls and 16 treated animals. - Our findings suggest 
that animals of one consignment form a sample which, un- 
intentional, is not drawn at random. This hypothesis 
should be tested by using an adaequate drawing scheme 
when consignments are put together by the producer. 

Institut for Pharmakologie und Toxikologie, Philipps- 
Universit~t, Lahnberge, D-3550 Marburg. 
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HPLC-PROCEDURE FOR THIAMIN DETERMINATION TO STUDY 
KINETICS IN HUMANS 
W. Weber and H. Kewitz 

A f te r  depro te in iza t ion  and enzymatic hydrolys is  o f  t h i a -  
minphosphates, thiamin is converted to highly f luorescent  
thiochrome by a l ka l i ne  ox idat ion.  The isobutanol ex t rac t ,  
which contains the thiochrome was used fo r  separat ion on 
HPLC, Lichrosorb-NH2 column, eluted by ether/methanol 
75/25, v /v .  A spectrof luorometer was used f o r  detect ion.  
Thiochrome phosphates were not soluble in isobutanol ,  
a l lowing d i f f e r e n t i a t i o n  between thiamin and thiamin- 
phosphates. Due to phosphatase a c t i v i t y  in ur ine,  there 
is f ree thiamin only. 

Analy t ica l  recovery in plasma was 99.3 % and 97.9 % in 
urine with SD o f  14.6 % and 6.6 %, respect ive ly .  
Reference values of  to ta l  thiamin in plasma of  91 volun- 
teers were 4 - 30 pmol/ml, I /3 the range in previous 
studies.  Our resu l ts  in whole blood agree with values 
reported by d i f f e r e n t  authors. 

A f te r  i . v .  i n j ec t i on  a three exponential  e l im inat ion  was 
found with T/2 ~ phase 6 min, T/2 B phase I h and T/2 
u phase 20 h. 6 h a f t e r  100 mg thiamindiphosphate i . v .  
71% of  the dose were found in the ur ine and 77 % wi th in  
24 h. Respective values with 100 mg thiamin hydrochlor ide 
were 52 % and 54 %. 

3 min a f t e r  i n j ec t i on  of  thiamindiphosphate almost 
50 % of  the to ta l  concentrat ion in plasma was hydrolysed 
to thiamin. 

I n s t i t u t  f u r  Kl inische Pharmakologie, Freie Un ivers i t~ t  
Ber l in ,  Hindenburgdamm 30, D-tO00 Ber l in  45 
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QUANTIFICATION OF EXTREMELY VARIABLE FIRING RATES AS CONSE- 
CUTIVE HISTOGRAM WITH ADJUSTABLE BINWIDTH 
K. Schmid 

Measuring neuronal f i r i n g  rates is  a common problem in 
e lect rophysio logy.  In most cases counting pulses wi th in  a 
time window is not s u f f i c i e n t  but i t  is necessary to compute 
frequency from in te rsp ike  in te rva l  durat ion.  In some app l i -  
cations however, th is  method has serious drawbacks especial-  
ly when spike density shows abrupt changes and covers a wide 
range as is of ten observed with resp i ra to ry  modulated neu- 
rons. We have developed hardware to solve th is  problem. 
This device has some addi t iona l  useful features.  

Our design is based on per iod- to- f requency conversion but 
avoids the annoying e f f ec t  that  the resu l t ing  frequency 
value from computation of  an in te rva l  is necessar i ly  d is-  
played during the fo l low ing  in te rsp ike  in te rva l  instead of  
in i t s  matching i n te rva l .  We solved th is  problem in using a 
random-access memory with 4096 locat ions and a wordlen~th o f  
12 b i t s ,  where successive values were cont in ious ly  wr i t ten  
and read out. This t r i c k  allows an exact matching of  the 
frequency to i t s  corresponding i n t e r v a l ,  which is in p r inc i -  
pal impossible being s t ra igh t  onl ine.  D ig i ta l  to analog 
conversion leaas to a sequential  frequency histoqram with 
binwidths that  are ident ica l  with in te rsp ike  in te rva l  
length. Add i t i ona l l y ,  we made provis ion to generate a conse- 
cut ive histogram with f r e e l y  adjustable binwidths between 10 
ms and I s in steps o f  10 ms, by ar i thmet ic  computation o f  
frequency content of  subsequential bins. The output of  th is  
newly constructed device is e i the r  an analog vol tage or a 
d i g i t a l  word with a reso lu t ion o f  10 b i ts .  To in te r face  th is  
instrument to a d i g i t a l  computer an appropr iate handshake 
l i ne  is employed. 

Physiologisches I n s t i t u t  der Un ivers i t~ t  Mainz, Saarstr .  21, 
D-6500 MAINZ 
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AN IMPLANTABLE ELECTRODE FOR RECORDING ELECTRO- 
MYOGRAPHIC ACTIVITY IN FREELY MOVING ANIMALS 

G. St@fist, D. Kleinebeckel 

The construction of a small metal electrode for 
electromyography is described. The electrode 
consists of two small chlorided stainless steel 
pins 0.5 mm apart (diameter:O.15 mm; length: 
1.5 mm with sharpened ends), mounted in a hemi- 
spherical polymer back, and two twisted stainless 
steel wires (0.05 mm) coated with varnish. 
Based on about 1000 electromyographic recordings 
from hindleg muscles of rats and frogs our 
experiences may be summarized as follows: 
I) Galvanic plating of the electrode pins with 
gold, silver and chloride provides very reliable 
nonpolarizing electrodes; the impedance as 
measured in 0.9% NaCl-solution at I kHz varies 
between 2 and 4 kiloohms. 
2) Preparation of the electrodes takes about 30 
min/piece when made in a batch. The material is 
cheap and easily available. 
3) The insertion of the two electrode pins into 
the muscle under investigation and the pressure 
of the neighbouring muscles on the polymer back 
assures stable fixation of the electrode. 
4) When chronically implanted, good electro- 
myographic potentials can be recorded up to 
five weeks. 
5) Recordings have been done from muscles with 
a length of 10 nun and a thickness of 2 mm. 
Since the electrode can be made considerably 
smaller, recordings from even smaller muscles 
seem feasible. 

Pharmakologisches Institut der RWTH Aachen, 
Schneebergweg, D-5100 Aachen 
Institut f. Normale und Pathologische Physiolo~e 
Robert-Koch-Strasse 39, D-5000 KSln 41 
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A MULTIPLE T-MAZE AS TEST FOR MEASURING THE 
EFFECT OF PSYCHOTROPIC DRUGS U. -A. J~nicke 

A multiple T-maze was used to prove higher integrative 
cognitive abilities. It is composed of straight and T-shap- 
ed light-proof tubes (~ 8 cm) and can be combined to max. 
6 right-left choice possibilities. In a repeated distance of 
45 cm there are gates with infra-red light barriers, the 
impulses of which are transferred to a computer system. 
It registers the running time between two gates, the total 
running time, the number of correct runs as well as the 
rate of errors and the time of decision to go either to the 
right or left direction. 32 male Wistar rats, 4 - 6 months 
old, were tested. The control group comprised 16 rats, 
the other 16 animals had to drink d-amphetamine solution 
(nearly 5 mg/kg/21 h). After a short pretraining period 
(straight runway) the learning procedure involved a 2 -choice 
multiple T-maze, a 6-choice multiple T-maze and the re- 
versed pattern of the 6-choice T-maze. Each maze train- 
ing was given on 5 consecutive days with two trials per 
day. The running time (sec/100 em), the number of cor- 
rect runs and the rate of errors were recorded. The run- 
ning time improves with increasing difficulty of the task 
in both groups, if the rats perform the task correctly. In 
the 2-choice maze the number of correct runs seems to 
be smaller in d-amphetamine treated animals. In the 
6-choice maze, the control rats show a clear learning ef- 
fect within the 5 days, which is not evident for d-amphet- 
amine treated animals. The latter, however, attained 
much better performances in the reversed 6-choice maze 
Similar results are obtained with regard to runs with er- 
rors. Accordingly the accuracy of the performance will 
be largely independent of the running time. 

Institut fi~r Neuropsychopharmakologie der Freien Univer- 
sitar Berlin, Ulmenallee 30, D-1000 Berlin 19 
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A MULTIPLE ACTIVITY-MONITOR FOR SMALL ANIMALS 
AND ITS APPLICATION FOR DETERMINATION OF 
SLEEPING TIME CHANGES AFTER DIFFERENT TYPES 
OF LIVER TREATMENT 
J.Lutz and M.Wagner 

The determination of the recovery time after 
sleep induction by intraperitoneal injection 
of pentobarbital (30 mg/kg body weight) can 
be used as a sensitive test to judge the de- 
toxifying function of the liver. As it is 
thereby preferable to use several animals at 
the same time, the construction of a low cost 
multiple activity-monitor became necessary. 

Six swinging metal plates, each suspended with 
nylon threads from four rods, Carry a ferrit 
magnet dipping in an inductive coil. A macro- 
lon R cage with one experimental animal (rat) 
is placed on each plate. Through changing the 
length of the suspending threads the resonance 
frequency of the cages may be varied. Regis- 
tration is performed on a 6-fold compensation 
recorder (Fa.Linseis, Selb,FRG). 

The criterion used for the termination of the 
sleeping time is the appearance of the right- 
ing reflex (raising from the side position) 
which is combined with a distinct increase in 
the amplitude of the plot. By means of a com- 
parison with control groups, enzyme induction 
effects under repeated measurements are com- 
pensated and relatively small changes in the 
recovery time can be discovered, as is eviden- 
ced by several examples. The method is used as 
a screening test for the microsomal function 
of the liver. 

Physiologisches Institut der Universit~t W~rz- 
burg, R6ntgenring 9, D-87 W~rzburg 
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WHAT IS THE BASIS OF THE "LAW OF INITIAL VALUE"? 

G. P6ch 

One of the main issues of the "law of initial 
value" (LIV) is the general assertion that the 
lower the initial value the higher the response 
to "function raising stimuli" (Wilder J.: Stimu- 
lus and response. The law of initial value. 
Wright & Sons, Bristol 1967). As frequently done, 
Wilder expressed "response" as the difference 
(/~)between basal and "drug values". 

We have recently obtained experimental evidence 
in line with the LIV Which can be explained by a 
change in baseline brought about by a mechanism 
which is independent from the action of the sub- 
stance under study (Meth. Find. 4: 379, 1982). 
Under such conditions /~-values of response ap- 
peared dependent on the baseline, whereas the 
affinity and intrinsic activity of the drug tes- 
ted remained unaltered. 

On the other hand, the contractile effects of 
carDac~ol, histamine or serotonin on isolated 
bovine tracheal muscle at normal (2.7 mM) and at 
elevated K + (20 mM) in recent experiments were 
not in accordance with the LIV. Halfmaximum ef- 
fective drug concentrations at the lower base- 
line (2.7 ntM K +) either showed the same increase 
in tone (~) as at 20 ram K + (carbachol, serotonin) 
or even less pronounced increases (histamine). 
Under these conditions their EC50-values were 5- 
IO-fold lower at the higher baseline (20 mM K+), 
i. e. potentiated. 

Hence, the basis for the LIV can be seen in the 
actions of biologically active substances which 
are completely, or largely, independent from me- 
chanisms affecting the baseline. 

Inst.f. Pharmakodyn.u.Tox., A-8010 Graz,Univ.-P1.2 
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ED50-VALUES FOR EFFECTS OF ISOPRENALINE IN THE 
ANESTHETIZED RAT ARE INDEPENDENT OF BASELINES 
F. Brunner 

The determination of ED50-values by means of dose 
response curves (DRC), particularly in the evalu- 
ation of receptor antagonists sometimes appears 
to be crucial when large differences in the con- 
trol values (baselines) from one experiment to 
another are obtained. Therefore, the effect of 
baseline-variations on the EDso was studied in 
urethane-anesthetized rats in which the ED50- 
values of isoprenaline (Iso) for increases in 
heart rate (HR) and decreases in blood pressure 
(BP) were determined in the absence and presence 
of various beta blockers. The animals of various 
experimental series were divided into 2-3 groups 
with (significantly) different control values. 
All DRCwere derived from absolute reading values 
(mm Hg or beats/min). 

Systolic BP prior to application of Iso ranged 
between 95 and 120 mm Hg in the absence and bet- 
ween 80 and 120 in the presence of B-blockers; 
the respective heart rates were 300-400 or 
200-400 beats/min. In the absence of B-blockers, 
ranges of ED50 (pg/kg) for Iso were 2.2-2.5 (BP) 
or 0.71-0.95 (HR) ; in the presence of 14 mg/kg 
practolol, these values were 1.6 and 1.9 (BP) or 
7.1, 11.2 and 12.0 (HR) ; in the presence of 14 
mg/kg metoprolol, they were 6.3 and 10 (BP), or 
50 and 71 (HR) ; for a new structural analogue of 
metoprolel (Z 249), the respective values were 
2.2 and 2.5 (BP) or 2.2 and 2.2 (HR). 

The results indicate that in spite of signifi- 
cantly different control values the respective 
ED50-values, as obtained from complete DRC,differ 
by less than a factor of 2, irrespective of a 
concomitant depression of the maximum response. 

Inst.f. Pharmakodyn.u. Tox.,A-8010 Graz,Univ.-Pi.2 
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POLARIZABILITY AND DIPOLE MOMENT: DETERMINATION 
AND MOLECULAR IMPORTANCE FOR THE VERAPAMIL ACTION 
R.Mannhold,R.Steiner,R.Rodenkirchen and R.Bayer 

Electronic properties of drug molecules play an 
important role in receptor interactions. Thus, a 
complete data set of physicochemical parameters, 
which covers all aspects of charge dependent drug 
receptor interactions is compulsory for a detail- 
ed analysis of the underlying binding forces. Such 
a data set is presented here for a number of im- 
portant benzene derivatives and is applied to pre- 
cisely interpret the negative inotropic potency of 
verapamil congeners. Polarizability values have 
been calculated from the respective indices of re- 
fraction. Measurements have been performed with a 
sensitive laser refractometer. The determination 
of dielectric constants and indices of refraction 
for serial dilutions of the test compounds was 
used to calculate the dipole moments. 
QSAR investigations with these electronic parame- 
ters yield a double correlation, which describes 
the variance in biological potency of verapamil 
congeners to 92% and combines the Hammett con- 
stant G and the polarizability ~: 
log I/EC50= 0.97(•177177 
n= 9 ; s = 0.17 ; r = 0.96 ; F= 31.17 ; p<0.01 

It is concluded that verapamil derivatives with 
rather small substituents exhibit a positive cor- 
relation with MR indicating polarizability depen- 
dent dispersion forces to be involved in drug re- 
ceptor interaction. Substituent volumes exceeding 
the optimum lead to inverse correlations with MR 
indicating that the drug receptor interaction now 
is sterically hindered. 

Physiol. Inst.,Lehrst.f.Klin.Physiol., Universit~t 
DHsseldorf, Universit~tsstr. 1, D-4000 D(isseldorf 

Supported in part by grants of SFB 30, Kardiologie 
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ELASTOLYTIC ENZYMES IN ELASTIC TISSUES 

l.Feuerbacher, J.Fingerle 

The fragmentation of e las t ic  f ibres by e las to l y t i c  en- 
zymes is involved in pathological processes, e.q.athero- 
sclerosis or diseases of the connective t issue. Con- 
t inuous, d i rec t  observation of the course of e las to lys is  
may elucidate attempts in studying drug actions on i t s  
acceleration or i nh ib i t i on .  Elastolysis in in tac t ,  native 
e las t ic  t issue "in v i t r o "  was studied with a fluorescence 
technique which is based upon measuring the character i -  
s t i c  autofluorescence of the t issue (exc i t .  366 nm - 
emiss. 460 nm). For the measurements a Zeiss microscope 
fluorometer was used. Pancreatic elastase applied to the 
surface of bovine aor t ic  intima or e las t ic  ligaments 
caused a concentration dependent decrease of the auto- 
fluorescence in tens i ty  in these t issues. The e las to lys is  
could be completely inh ib i ted by p-toluoenesulfonyl- 
f l uo r id  (p-TSF), p a r t i a l l y  by aprot in in and ~--natrium- 
aescinat. Tissue samples from the e las t ic  l i g .  which had 
been deep frozen at -20~ before use, exhibi ted a s imi lar  
decrease in the autofluorescence without exogenously 
applied enzyme. This ef fect  was pH-dependent (optimum at 
pH 8.0) and could also be inh~bited correspondingly by 
the three substances used. The presence of e las to l y t i c  en- 
zymes in the e las t ic  ligament was add i t iona l l y  invest iga- 
ted by the use of an aequous extract  of l i qu id  N 2 frozen 
e las t ic  ligament on Suc(Ala)3PNA as a speci f ic  substrate 
for  elastase. The problem of whether th is  enzymatic a c t i v i -  
ty derives from ce l lu la r  enzymes or from enzymes bound to 
the e las t i c  f ibres w i l l  be discussed, 

Ins t i tu te  of Physiology ( I ) ,  Universi ty of TUbingen 
Gmelinstr.5, D-7400 TUbingen I 

16 

COMPOUND 48/80: A HIGHLY SPECIFIC AND POWERFUL 
ANTI-CALMODULIN DRUG 

Klaus Gietzen and Peter Adamczyk-Engelmann 

Calmodulin (CAM) is the major receptor for Ca ++ 
in non-muscle cells and modulates a multitude of 
Ca++-dependent enzymes and all functions. The 
CaM-dependent fraction of these enzymes can be 
inhibited by a wide range of chemically unrela- 
ted substances that share one common characte- 
ristic in being all cationic amphiphiles. How- 
ever, all described inhibitors are more or less 
unspecific in that they also inhibit the basal 
CaM-independent activity of these enzymes. The 
present work is part of our search for a more 
specific inhibitor of effects mediated by CaM. 
Compound 48/80, a condensation product of N-Me- 
thyl-p-methoxy-phenethylamine with formaldehyde, 
is composed of a family of cationic amphiphiles 
differing in the degree of polymerization. Com- 
pound 48/80 was found to be a potent inhibitor 
of the CaM-activated fraction of phosphodiester- 
ase and Ca++-transport ATPase with IC50-values 
of 0.2 and 0.85 ~g/ml, respectively. However, 
the basal activity of both enzymes is not at all 
effected by the drug in concentrations~3OQ~g/ml. 
Kinetic analysis revealed that the activation of 
Ca++-transport ATPase and phosphodiesterase by 
CaM is inhibited competitively. 
Comparison of the specificity of several anti- 
CaM drugs shows that compound 48/80 is the most 
specific inhibitor of CaM-mediated effects that 
has been described hitherto. Because of its high 
specificity compound 48/80 is proposed to be an 
ideal tool for studying CaM-dependent processes. 

Department of Pharmacology & Toxicology, Univer- 
sity of Ulm, Oberer Eselsberg, D-79OO Ulm, FRG. 
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SYNERGISTIC INHIBITION OF HUMAN PLATELET ADENYLATE CYCLASE 
BY ADRENALINE AND STABLE GTP ANALOGS 
K.H. Jakobs and G. Gabel 

The interact ion of stable GTP analogs (SGA) and adrenaline 
(ADR) was studied on human p la te le t  adenylate cyclase 
(PIAC). Whereas basal PIAC a c t i v i t y  was increased by SGA, 
SGA decreased the PIAC a c t i v i t y  stimulated by f luor ide ,  
pur i f ied ,  preactivated Ns-protein or forskol in  by 60-70 %, 
with the potency order, GTP~S > GMP-P(NH)P > GMP-P(CH2)P. 
The inh ib i t ion  of the forskol in-st imulated PIAC was hal f -  
maximal and maximal at about 4 and 100 nM GTPTS, respec- 
t i ve l y .  The inh ib i t ion  occurred af ter  a time lag period, 
which was inversely related to the GTP~S concentration, 
and was persistent wo washing the membranes. PGE1-stimu- 
fated PIAC act iv i ty exhibited a biphasic response towards 
GTPTS, with a further (2-fold) activation occurring at low 
(I nM) and an inhibition (60-70 %) at higher GTPyS concen- 
trations. The inhibitory effect of GTPyS was competitively 
antagonized by the stable GDP analog, GOP~S, and by GTP. 
The antagonism by GTP was prevented by ADR, which inhibited 
the forskolin-stimulated PIAC in the presence of GTP to 
the same degree as observed with GTPyS alone. Similar to 
GTPyS-induced inhibit ion, inhibition of the PIAC by ADR 
was blocked by GOPBS, acting competitively towards GTP. 
AOR had two effects on GTPyS-induced inhibition. First, 
the time lag required for the inhibitory action of GTPyS 
was largely diminished by ADR. Second, ADR increased in a 
concentration-dependent manner the inhibitory potency of 
GTPyS, without increasing the maximal degree of PIAC inhi- 
bition induced by GTFyS. The data indicate that PIAC is 
under a stimu]atory and inhibitory control by SGA and 
suggest that these guanine nucleotide actions are mediated 
by two separate guanine nucleotide regulatory sites, Ns 
and Ni, which apparently also mediate PGE I and ADR-induced 
PIAC stimulation and inhibition, respectively. 

Pharmakologisches Inst i tut der Universit~t Heidelberg, 
Im Neuenheimer Feld 366, D-6900 Heidelberg 
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ADENYLATE CYCLASE INHIBITION BY SOMATOSTATIN 
DEFICIENT $49 LYMPHOMA cyc- VARIANTS 
G. Schultz and Chr. Stannek 

IN N s- 

The cyc- variants of $49 lymphoma cel ls  are def ic ient  
in the guanine nucleotide (GN) regulatory s i te  (N~), 
mediating hormone- and GN-induced adenylate cyclase (AC) 
st imulat ion, but the i r  AC can be stimulated by forskol ln  
(FO). Stable GTP analogs, which stimulate AC in other ce l l  
types, i nh ib i t  FO-activated cyc- AC, which f indings sug- 
gest the presence of an inh ib i to ry  GN s i te (Ni) in these 
ce l l s .  The possible occurrence of an Ni-coupted hormone 
receptor was studied in cyc- ce i l s .  SOmatostatin (SSt ! 
decreased the FO-stimulated cyc l ic  AMP levels in cyc 
ce l ls  by maximally 36%, with half-maximal and maximal 
inh ib i t ions occurring at 0.1 and 10 nM SSt, respect ive ly.  
In the absence of GN, SSt had no ef fect  on AC in cyc- 
membranes. However, in the presence of GTP (I HM), SSt 
inhib i ted the FO-stimulated AC by 20-30%, with ha] f -  
maximal and maximal inh ib i t ions occurring at about I and 
10 nM SSt, respect ive ly .  Inh ib i t ion by the stable GTP 
analog, GTP~S, was accelerated and amplif ied by SSt. In 
addit ion, SSt increased the a c t i v i t y  of a high a f f i n i t y  
GTPase (K m ~ 0.2 ~M) by 30-40%, but had no ef fect  on low 
a f f i n i t y  GTPase(s) (K m ~ 50 ~M). Stimulation of GTP 
hydrolysis by SSt was ~alf-maximal at 3 nM. Similar data 
with regard to inh ib i t ion  of AC and st imulat ion of a high 
a f f i n i t y  GTPase by SSt were obtained in membranes of $49 
H21a variants, which exh ib i t  GN effects on ~-adrenergic 
agonist binding but in which N coupling to AC appears 
to be defect ive.  As studied in H~la membranes, SSt-induced 
GTPase stimu]atlon was reduced or abolished by pret reat -  
ment of the membranes w~th N-ethylmaleimide or by stable 
GTP analogs. The data suggest that  the N~-deficient 
cyc- membranes contain a N~ component, whic~ mediates 
SSt-induced AC inh ib i t i on ,  ahd that the SSt- plus GTP- 
activated N~ is inact ivated by a GTPase react ion. 
Pharmakoioglsches Ins t i t u t  der Universi t~t Heidelberg, 
Im Neuenheimer Feld 366, D-6900 Heidelberg, Germany. 
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INFLUENCE OF ISLET-ACTIVATING PROTEIN (IAP) ON ADIPOCYTE 
ADENYLATE CYCLASE (AC) 
K. Aktor ies, Ch. Dallenbach, F. Blackkolb and L. Robbe] 

IAP is a B. pertussis tox in ,  which was recently found to 
in ter fere with the inh ib i to ry  system of the AC apparently 
by an ADP-ribosylation reaction. We studied the effects of 
p a r t i a l l y  pur i f ied IAP on the b i -d i rec t iona l  regulation of 
AC in rat  and hamster adipocyte membranes a f ter  in vivo 
and in v i t ro  appl icat ion of the tox in.  IAP was p a r t i a l l y  
pur i f ied by chromatography of the supernatant of a B. per- 
tussis (1.5x1014 ) suspension on a hydroxyapatite column 
(M. Yajima et a l . ,  J. Biochem. 83: 295, 1978). Rats were 
treated with one dose ( i . v . )  of 10-100 N1 of the concen- 
trated IAP solut ion (-1 mg protein/ml) .  Three days la te r ,  
adipocytes and adipocyte membranes were prepared. Stimula- 
t ion of adipocyte AC by ACTH (I pM) was 2 to 3-fold in- 
creased a f ter  IAP treatment compared to controls.  GTP in- 
h ib i ted basal and forskol in-st imulated AC by maximally 
60 % at I ~M (IC50~0.2 ~M) in control membranes. After 
IAP treatment, the inh ib i to ry  ef fect  of GTP (up to 30 p)1) 
was abolished. Additionally, NaCI (150 mM), which reversed 
the inhibitory effect of GTP in control membranes, was 
without effect after IAP treatment. Accordingly, the IAP 
treatment reduced or abolished the GTP and NaCl-dependent 
inhibition of the adipocyte AC by nicotinic acid. In con- 
trast, inhibition of the adipocyte AC by GTPyS (up to 70 % 
in control membranes) was largely unaffected in adipocyte 
membranes from IAP-treated rats. Treatment of hamsters 
with IAP also reduced or abolished inhibition of AC in 
adipocyte membranes by GTP, nicotinic acid and PGE 1,where- 
as GTPyS s t i l l  caused an inhibition. Treatment of isolated 
rat adipocytes with IAP for 2 h abolished GTP-induced in- 
hibit ion, whereas AC inhibition by GTPyS was not affected. 
The difference between GTP (+ hormones) and its stable 
analog, GTPyS, suggests that an altered GTP hydrolysis is 
involved in IAP's action on the AC. 
Pharmakologisches Inst i tut der Universit~t Heidelberg, 
Im Neuenheimer Feld 366, D-6900 Heidelberg, and 
Behring-Werke, D-3550 Marburg 
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CALCIUMION-DEPENDENT STIMULATION OF ARTERIAL GUANYLATE 
CYCLASE BY 2',3'-DI-O-NITRO-5'-(N-ETHYLCARBOXAMIDO}- 
ADENOSINE (DINITRO-NECA) AND OTHER NITRO-COMPOUNDS 

G. Steurer and W. Sch~tz 

The adenosine analog dinitro-NECA is characterized by a 
delayed onset and prolonged duration of vasodilation in 
the intact dog, a finding which may be due to its com- 

plete denitration to NECA as the pharmacologically active 
metabolite (Wiener et al., Arch. Pharmacol. 319:R5). 
Since, however, dinitro-NECA can also relax isolated ar- 
terial strips in close correlation with increases in cyc- 
lic GMP levels (Kukovetz et al., Arch. Pharmacol. 310: 
129), it was investigated whether this compound acts as a 
stimulator of vascular smooth muscle guanylate cyclase, 
as is well known for other nitro-compounds. In a i00,000 g 
supernatant of hog carotid arteries, dinitro-NECA markedly 
stimulated guanylate cyclase with an EC50 of 2~M. Similar 
to sodium nitroprusside and isosorbide dinitrate, this 
effect was enhanced by cysteine and almost completely abo- 
lished by methylene blue. HECA, a potent agonist at adeny- 
late cyclase-coupled Ra-eite adenosine receptors, was 
without any effect on guanylate cyclase activity. On the 
other hand, dinitro-NECA did not stimulate adenylate cy- 
clase in adenosine-responsive tissues. 

Further, the effect of Ca 2+ on arterial as well as on he- 
patic guanylate cyclase has been studied using a metal 
buffer to regulate the free Ca2+ concentration. At 0.2~M 
Ca 2+, the guanylate cyelase stimulatory effect of all ni- 
tro-compounds investigated became significantly depressed; 
at 10~M Ca 2+, an 80% reduction in guanylate cyclasesti- 
mulation was observed_ However, the basal guanylate cy- 
clase activity proved independent of the free Ca 2+ con- 
centration. Hence, it may be supposed that guanylate cy- 
clase stimulation induced by nitro-compounds can he medu- 

2+ lated in vivo by free Ca . 

Pharmakologisches Institut der Universit~t, 
W~hringer Str. 13a, A-1090 Wien 
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EFFECTS OF N-ETHYLMALEIMIDE ON Ri- AND Ra-ADENO- 
SINE RECEPTORS IN ADIPOCYTES AND PLATELETS 

D. Ukena, E. Poeschla, E. H[[ttemann, U. Schwabe 

Previous studies have shown that R i- and Ra-ade- 
nosine receptors are labeled by several radioli- 
gands. Characterization of Ri-adenosine recep- 
tors has been achieved by (-)N6-phenylisopropyl 
[3H]adenosine ([3H]PIA) and 1,3-diethyl-8-[3H] 
phenylxanthine ([3H]DPX), whereas labeling of Ra- 
adenosine receptors has been attempted with 5'- 
N-ethylcarboxamido[3H]adenosine ([3H]NECA). In 
the present study the effects of the sulfhydryl 
reagent N-ethylmaleimide (NEM) on the binding of 
[3H]PIA and [3H]DPX to Ri-receptors in rat adi- 
pocyte plasma membranes and the binding of [3H] 
NECA to Ra-receptors in human platelet membranes 
were investigated. NEM pretreatment of platelet 
membranes had no effect on [3H]NECA binding. 
Pretreatment of adipocyte plasma membranes with 
NEM inhibited the binding of [3H]PIA to Ri-re- 
ceptors with an IC50-value of 2 ~M, but not the 
binding of [3H]DPX. The effect of NEM on the 
binding of [3H]PIA was maximal after pretreat- 
ment for 30 min and was prevented by dithio- 
threitol. In the presence of 100 ~M NEMthe dis- 
sociation constant (KD) for the binding of [3H] 
PIA was reduced from 4.6 nM to 25.6 nM, whereas 
the maximal number of binding sites (Bmax) was 
only marginally reduced from 2.0 to 1.3 pmol/mg 
protein. These results suggest that NEM uncoup- 
les Ri-adenosine receptors, probably by affec- 
ting the inhibitory guanine nucleotide-binding 
regulatory protein (Ni), whereas Ra-adenosine 
receptors are not affected. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t Bonn, Reuterstr. 2 b, D-5300 Bonn I, 
Fed. Rep. Germany 
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ORAL ABSORPTION OF VERAPAMIL WHEN GIVEN SIMULTANEOUSLY 
WITH CIMETIDINE AND DURING THERAPY WITH CYTOSTATIC DRUGS 
J.Kuhlmann,B.G.Woodcock,J.Wilke,M.Wenchel and N.Rietbrock 

Cimetidine has been shown to increase the absorption of 
propranolol by 40 - 90% due to a change in liver drug 
metabolism and/or liver blood flow. Cytostatic drugs 
reduce the rate and extent of absorption of digoxin attri- 
butable to reversible damage of the gastrointestinal 
mucosa but the absorption of digitoxin is not affected 
(Kuhlmann et al, Clin Pharm Ther 32:646,1982). Verapamil 
has a disposition in man similar to propranolol and under 
normal conditions, like digitoxin, is completely absorbed 
from the gut. 
The effect of cimetidine and cytostatics on the absorption 
of verapamil ,obtained from the area under the serum conc- 
entration-time curve of verapamil(AUC) has been determined 
in patients having normal kidney and liver function.Verap- 
amil, 160mg was administered as a single dose during the 
fasting state lasting from 12h prior to at least 2h after 
administration. From preliminary findings the AUC of vera- 
pamil during treatment with cimetidine 900mg daily was un- 
changed in 2 patients whereas an increase and a decrease 
were observed in a further two subjects.The first of a 
group of 8 patients with inoperable carcinomas who receiv- 
ed verapamil during treatment with cytostatic drugs at 
dose rates known to reduce digoxin absorption by 50% show- 
ed no change in AUC and the time to peak concentration was 
also unchanged.These results suggest that verapamil abs- 
orption across the gut wall and the passage through the 
liver are not readily influenced by concomitant drug 
administration. 

Department of internal medicine, University Clinic 
W~rzburg and Department of Clinical Pharmacology, Univer- 
sity Clinic, Frankfurt am Main, West Germany. 
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DIFFERENTIAL EFFECT OF LOCAL ANESTHETICS ON IN 
VITRO ABSORPTION OF GLUCOSE IN JEJUNAL AND ILEAL 
SEGMENTS OF RATS 

G.Strugala, H.Fasol and W.Forth 

The influence of lidocaine on the intestinal 
glucose absorption was investigated using the 
glucose analog 3-0-methylgluc0se. The experiments 
were perf0rmed 0n non blood perfused isolated 
intestinal segments in vitro of rats according 
to the method of Fisher & Parsons, modified by 
Rummel & Stupp (Naunyn-Schmiedeberg's Arch. Exp. 
Pathol. Pharmak., 240, 79, 1960). 

In ileal segments the glucose transport across 
the mucosal epithelium is markedly inhibited 
for about 70%seVen at concentrations of lid0caine 
as low as 10- m01/l. Surprisingly, no effect on 
glucose absorption with the proximal jejunum can 
be observed. 
Within a wide concentration range from 10 -8 - 
10 -~ lidocaine the water and sodium absorp- 
tion in the small intestine are not affected, 
whereas the concentration of potassium on the 
serosal side of the ileum increased significantly 
at 5 x 10 -4 mol/l lidocaine. 

These findings are discussed with respect of the 
observation that some drugs such as local anes- 
thetics (Lacke et al.,J.Cell.Physiol.,92,257,1977) 
and steroids (Lacko et al.,J.Cell.PhysTol.,86,673, 
1975), having no structural similarity to g~uco- 
He, act as competitive or non-c0mpetitive inhi- 
biters of glucose transport in human erythrocytes. 

Institut f~r Pharmakologie und Toxikologie der 
Medizinischen Fakult~t der Ludwig-Maximilians- 
Universitit, Nu~baumstr. 26, 
D-8000 M~nchen 2 
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CONCENTRATIONS OF INDOMETHACIN IN INFLAMED 
EXSUDATE OF RABBITS DURING 10 HOURS INFUSION 
P. Dittrich 

The question whether or not nonsteroidal antiin- 
flammatory drugs (NSAID) are accumulated in in- 
flamed tissue is still a matter of controversy. 
Higher concentrations of NSAIDs in tissue than in 
blood were found after single dose applications 
of Indomethacin(Dittrich etal., N.S.Arch.Pharma- 
col. 321, R58, 1982) but may have been due to 
different elimination rates. This question was 
therefore studied more closely during a constant 
infusion of 5 mg/hr of Indomethacin (I) over ten 
hours in an inflammation model in rabbits. In- 
flammation was induced by injection of 2 ml of a 
1% carageenan solution into the lumen of a per- 
forated, subcutaneously implanted teflon cylinder 
according to Bragt et al. (J.Pharmacol. Meth. ~, 
51, 1980). Exsudate samples were collected from 
the cylinder by puncture every hour. Blood levels 
of I were 1.2 + O.25 ~g/ml (mean + SEM, N = 7) 
after I hour, 2.1 + 0.22 ~g/ml after 6 hours and 
2.5 + 0.32 ~g/ml after 10 hours of infusion.Levels 
of I--in the exsudate inereased from 0.25 + 0.09 

~ g/ml after I hour to 0.5 + O.17 ~g/ml after 6 
nd 1.1 ~ 0.33 ~g/ml after--10 hours but never ex- 

ceeded blood levels. Concentration of protein 
(measured by the method of Bradford) in exsudate 
and pH of exsudate did not change significantly 
over the entire period. The results indicate, that 
under the conditions of experimental inflamma- 
tion employed there was no accumulation of I in 
the exsudate from the inflamed area, suggesting 
that the observed high tissue and exsudate levels 
of I after single doses are due to differences in 
uptake and elimination kinetics. 

Inst.f.Pharmakodyn.u.Tox.,A-8010 Graz,Univ.-Pi.2 
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DEVELOPMENT OF PROTEIN BINDING DURING PREGNANCY AND THE 
NEONATAL PERIOD. STUDIES IN THE HUMAN AND IN EXPERIMENTAL 
ANIMALS ON DIAZEPAM, VALPROIC ACID, CARBAMAZEPINE, THEIR 
MAJOR METABOLITES AND INDOMETHACIN. 

W. Kuhnz, R. Lorenz and H. Nau 

Little is known on the pre- and postnatal development of 
drug protein binding. During pregnancy the serum protein 
binding of many drugs like carbamazepine (CBZ), diazepam 
(DZ), its major metabolite N-desmethyldiazepam (DDZ), Val- 
proie acid (VPA) and indomethacin (IND) is decreased com- 
pared to nonpregnant adults. A comparison of fetal and ma- 
ternal protein binding at birth however, reveals that DZ, 
DDZ, V~A and IND are more extensively bound in fetal serum 
than in maternal serum, whereas CBZ is less extensively 
bound in fetal serum. It has been demonstrated that DZ and 
VPA cross the placenta and there have been indications 
that there is an accumulation in the fetus. Unbound frac- 
tions of DZ, DDZ and VPA in the fetus were similar to 
those in adults but lower than those in the mothers. A 
sharp increase in neonatal free fractions in the first 
postnatal day correlate with a concomitant increase in 
free fatty acid (FFA) levels in the newborn. Both, neona- 
tal free drug fractions and FFA levels reach near control 
values at one week of age. We have extended these studies 
to experimental animals in order to gain a better under- 
standing of interspecies differences. Our particular in- 
terest focuses on a possible relation between different 
protein binding of a particular drug, like indomethacin in 
man and experimental animal and observed differences in 
teratogenicity in both species. 

Institut for Toxkologie und Embryonalpharmakologie, PU 
Berlin, Garystrage 9, D-IO00 Berlin 33 
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TISSUE CONCENTKATION OF SOME SULPHONAMIDES IN 
DOGS 
M.G.A. E I -Sayed**  and A . Y . I .  E I -Gend i *  

S u l p h a d i a z i n e ,  su lphamethaz ine  and su lphamera-  

z ine  were i n j e c t e d  i n t r a v e n o u s l y  i n t o  15 c l i n i -  

c a l l y  h e a l t h y  dogs at a dose of  100 mg/kg b . w t .  

Eight  hours a f t e r  i n j e c t i o n  the dogs were 

k i l l e d .  The h ighes t  sulphonamide c o n c e n t r a t i o n  

in plasma was ach ieved by su lphameraz ine  

(115 p g / m l ) ,  whereas s u l p h a d i a z i n e  showed the 

h ighes t  c o n c e n t r a t i o n  in t i s s u e s  i f  compared 

w i t h  the o the r  d rugs .  Sulphonamide c o n c e n t r a -  

t i o n s  in a l l  t i s s u e s  were lower than those in 

plasma. Kidney and l i v e r  had always h igher  

sulphonamide c o n c e n t r a t i o n s  than o the r  t i s s u e s .  

The c o n c e n t r a t i o n  o f  a c e t y l a t e d  p roduc ts  of  the 

t h ree  sulphonamides was very  low in plasma 

(4.41 - 7.3b%) but h igher  in t i s s u e s  (up to 

2b.89%) except  l i v e r  and k idney .  Plasma p r o t e i n s  

had a moderate tendency to b ind su lphameraz ine  

or s u l p h a d i a z i n e  (17.85 and 16.94%, r e s p e c t i -  

v e l y )  and a l esse r  one to  b ind su lphamethaz ine  

(11o69%). 

*Depar tment  o f  P h a r m a c o l o g y , F a c u l t y  o f  V e t e r i -  
nary Med i c i ne ,  Ca i ro  U n i v e r s i t y ,  G iza ,  Egypt.  

* *Depar tmen t  o f  Pharmacology,  F a c u l t y  of  V e t e r i -  
nary Med i z i ne ,  Zagazig U n i v e r s i t y ,  Zagaz ig ,  
Egypt 
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DISPOSITION OF SULPHADIAZINEj SULPHADIMIDINE 

AND SULPHAMENAZINE IN DOGS, 

M. A t e f  and S.A.H.  Youssef 

A s i n g l e  t h e r a p e u t i c  dose of  the sodium s a l t s  

o f  s u l p h a d i a z i n e ,  s u l p h a d i m i d i n e  and su lpha-  

meraz ine  (100 mg/kg b . w t . )  was i n j e c t e d  i n t r a -  

venous ly  i n t o  dogs. The h a l f - l i f e  va lues  showed 

t h a t  s u l p h a d i m i d i n e  was the compound most 

r a p i d l y  e l i m i n a t e d  (6 .35 h) ,  f o l l o w e d  by 

s u l p h a d i a z i n e  (11.12 h) and su lphameraz ine  

which showed the s lowes t  e l i m i n a t i o n  (12.05 h) .  

The apparent  volume o f  d i s t r i b u t i o n  was h ighes t  

f o r  s u l p h a d i m i d i n e  and lower f o r  the o the r  two 

s u I p h o n a m i d e s .  The body c ~ e a r a n c e s  c~n f i rmed  

b e t t e r  e l i m i n a t i o n  of  s u l p h a d i m i d i n e  ( 1 . 5 b  

m l / k g / m i n )  as compared to s u l p h a d i a z i n e  (0 .65 

m l / k g / m i n )  and su lphameraz ine  (0 .52 m l / k g / m i n ) .  

A c o r r e l a t i o n  e x i s t e d  between the e l i m i n a t i o n  

h a l f - l i v e s  of  the sulphonamides t e s t e d  and 

t h e i r  body c l e a r a n c e s .  

Department of  Pharmacology,  F a c u l t y  o f  

V e t e r i n a r y  M e d i c i n e ,  Ca i ro  U n i v e r s i t y ,  G iza ,  

Egypt .  
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PHAR~COKINETICS OF SULFONAMIDES IN RABBITS - QUANTITATIVE 
STRUCTURE - PHARMACOKINETICS RELATIONSHIPS IN COrIPARISON 
TO RATS. A. Bruns*, J.-K. Seydel** and O. Wassermann* 

For a series of 19 sulfapyridines (SP, Arch.Pharmacol. 
307,RI,1979) the interdependence of structural  and phar- 
macokinetic parameters was studied in rabbi ts.  A f te r  i . v .  
in ject ion volume of d i s t r i bu t ion ,  Vd, rate of e l iminat ion,  
k l ,  metabolic rate of acety lat ion,  km, to ta l  clearance, 
C~ t ,  and protein binding constant, Kass, have been deter- 
mined, and the observed var ia t ion of these parameters was 
correlated to changes of the physicochemical properties 
of the substi tuted SP's. Electronic influence of the sub- 
s t i tuents is described by pKa, change in l i p o p h i l i c i t y  by 
~R m or log k' R (detd by HPLC). The regression equations 
obtained were compared to those previously obtained in 
humans and in rats.  - Whereas for  V d and Kas s s imi lar  cor- 
re lat ions were evaluated, large species differences were 
observed for the structure dependency of C1 t .  This obser- 
vation was explained by d i f fe ren t  excretion mechanisms 
in rabbits and in rats.  In rabbits the tubular secretion 
predominates fo r  th is type of  drugs. In ra ts ,  however, 
only glomerular f i l t r a t i o n  occurs. - This type of  corre- 
la t ion analysis proved to be an useful tool both for  the 
d i f f e ren t i a t i on  of structural  influences on excretion 
mechanisms and for  the select ion of the most suitable ex- 
perimental animal fo r  screening of new derivat ives pr io r  
to appl icat ion to humans. Furthermore, this corre lat ion 
analysis renders possible the detection of  exceptions. 
For example, some of the N4-acetyl-derivatives were found 
to deviate s ign i f i can t l y  from the corre lat ion equation 
derived for  Cl t .  The reason proved to be a sh i f t  in the 
imido-amido tautomerism, which altered the excretion 
mechanism from predominantly tubular secretion to almost 
solely glomerular f i l t r a t i o n .  

* Dept. of Toxicology, University of Kie l ,  D-2300 Kiel ,  
Germany 

** Dept. of Biochemistry, Borstel Research I ns t i t u t e ,  
D-~061Borstel, Germany 
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PHARMACOKINETIC MODELLING OF INDOCYANINE GREEN: A SOURCE 
OF ERROR IN MEASURING LIVER BLOOD FLOW 

P. AJtmayer and E. tang 

Indocyanine green (ICG) is clinically and scientifically 
used to assess the excretorie liver function and flyer 
blood flow. Because of some inconsistencies in the litera- 
ture concerning the pharmacokinetics of ICG a study with 
intravenous bolos injections of ICG (0.5 mg per kilo body 
weight) was performed in I0 patients with liver cirrhosis. 
ICG condentrations in serum were monitored up to the limit 
of detection of the spectrophotometric assay (300 ng/ml). 
TheICG serum concentration time data were LiSted to a~ 
biexponential function of the form: Cp:A- e- " +B- e- -t 
i nd ica t ing  an open t~o-eompartment body model. The d~strJ- 
button half-life (~-phase) ranged from 1.5 to 9,8 min, 
the disposition half-life (~-phase) from ii.0 to 177.5 min~ 
the volume of distribution in the centralcompartment from 
1.5 to 4.4 l, the volume of distribution at steady state 
from a.5 to 31.5 I, the total clearance from 87.4 to 
399.3 ml/min. 

The findings on ICG clearance will be discussed in view 
of the available clinical data for the patients studied. 

It could be shown that monitoring only the early part of 
the plasma ICG curve and using an one-compartment body 
model for the determination of the clearance would signi- 
ficantly overestimate the liver blood flow. Our results 
suggest that ICG-clearsnce may not be a good parameter 
For ~stimating liver blood flow in cirrhosis. 

Carl-Korth-lnstitute for Cardiovascular Research, 
Div, of Clinical Pharmacology 
GebbertetraBe ~7, D-8520 Erlangen 
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LOCA]ION OF FIRSI-PASS METABOLISM ANO MECHANISM 

OF EXTRACTION OF LORCAINIDE IN RATS 
V. Pl~nitz 

L u r e a i n i d e  undergoes  e x t e n s i v e  f i r s t - p a s s  meta-  
b o l i s m  in different species. In rats l~ith 
surgical portacaval shunt bioavailabilJty of un- 
changed lorcainide i~as significantly increased 
after oral administration from 13 to a5 per 
cent, because of exclusion of hepatic first- 
pass me tabo l i sm  (PL~n iLz  e t  e l . ,  Naunyn-Schm.~ s 
Arch .  Pharmaco l .  311 Suppl .~  R 3, 19801. 

After intraportal administration~ i . e .  elimi- 
nation of intestinal first-pass metabolism, an 
a v a i l a b i l i t y  of 36 pe r  cen t  ~as found .  E v i d e n t -  
l y ,  the  F i r s t - p a s s  me tabo l i sm  o f  l o r c a i n i d e  i s  
l o c a t e d  in  equa l  p a r t s  in  bo th  the  l i v e r  and 
the intestinal ~all. After intraperiteneal ad- 
ministration of the same dose bioavailability 
of unchanged loreainide was significantly in- 
creased ~n rats ~ith portacaval shunt to 27 per 
cent compared with 16 per cent in control rats. 
Comparison of bioavailsbilities of total radio- 
activity (loreainide and metabolites) shows a 
complete bioavailability only in rats ~ith 
portacaval shunt both after oral and intra- 
p e r i t o n e a l  a d m i n i s t r a t i o n  and in r a t s  f o l l o w i n g  
i n t r a p o r t a l  and zntravenous a d m i n i s t r a t i o n  o f  
loreainzde, After oral and intraperitoneal ad- 
ministration of  loreainide in control rats, bin- 
availability of total radioactivity ~as only 55 
per  c e n t ,  r e s p e c t i v e l y  63 par  c e n t .  
Concerning the  mechanism of extraction of 
lorcainide the following conclusions could be 
dra~n: Netsbolites preformed in the intestinal 
wall, are absorbed and immediately eliminated 
by the liver. 

Pharmakol. Inst., Obere Zahlb.gtr. 67, 65 Mains 

3O 
Pharmacokinetic consequences of f i rst-pass intrahepatic 
binding of methadone in the rabbit 

P.  Luder, J. B i rcher  . . . .  

The hepatic f i r s t - pass  e f fec t  usma]ly is thought to 
represent presystemic drug el iminat ion by hepatic 
metabolism resu l t ing in a f rac t ion  of  an oral dose 
which never reaches the systemic circulation. The idea, 
however, that the l iver  might also transiently bind a 
dru~ during i ts f i r s t  passage has not as yet received 
adequate experimental support. In order to test this 
p o s s i b i l i t y ,  experiments have been designed in 5 
nonanesthetized rabbits, equipped with permanent cathe- 
ters in the portal vein, the aorta and the infer ior  vena 
cava. Bolus doses of 3H-methadone (0.48 pmol, 50 pCi) 
and for comparison of 14C-lidocaine (0.48 Hmol,]O pCi) 
were injected i v or int raporta l ly  (i port) and blood 
sampled at in te rva ls .  Drug concentrat ions were assessed 
in a r t e r i a l  blood by solvent ex t rac t ion  fo l lowed by TLC 
and s c i n t i l l a t i o n  counting. Systemic a v a i l a b i l i t y  o f  i 
port methadone averaqed 22 %, time to peak concentrat io~ 
{tmax) 10 min,  t e rm ina l  e l i m i n a t i o n  {~] 0.00~ min-"  
and mean res idence  t ime (mr t )  270 min. In c o n t r a s t ,  
afte~ i v administration tmax was < 2.5 min, B 0.013 
min- and mrt 95 min. The respective ~alues for l ido- 
caine were 33 %, < ~.5 min, 0.044 min- , 20 min, and < 
2.5 min, 0.060 min- and 18 min. These data are con- 
sistent with nonspecific intrahepatio binding followed 
by later release resulting in delayed tmax, reduced 
and prolonged mrt in the case of i port methadone. In 
contrast, there is no evidence for intrahepatic binding 
of lidocaine. I t  is concluded, that transient intrahe- 
patic binding rather than slow absorption may for some 
drugs be responsible fo r  delayed appearance in the 
systemic circulation. 

Department of  Cl in ica l  Pharmacoloqy, Univers i ty of  
Berne, Murtenstrasse 35, CH - 3010 Berne. 
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DOSE-DEPENDENT PHARMACOKINETICS OF PHENPROCOUMON IN RATS 
D. Trenk, B. R. Winkelmann and E. J~hnchen 

Pharmacokinetics of phenprocoumon were investigated in two 
grou~s of 12 Sprague-Oawley rats in a ~harmacologically 
relevant dose range {D.l and I.D mg/kg). The rats in both 
groups differed with respect to their  free fraction values 
in the plasma. The doses administered produced a maximal 
depression of prothrombin complex act iv i ty to 60 and 2 % 
of normal, respectively. 
By increasing the dose from O.l to l.O mg/kg the ha l f - l i f e  
of phenprocoumon was shortened (from 29.1 • 4.4 to 19.2 t 
3.0 hours, p<O.OOl) while total clearance declined only 
s l ight ly (from 18.2 • 12.3 to 14.2 • 7.0 ml/kg'hr, N.S.). 
However, there was a decrease of about 33 % of the in t r in -  
sic clearance of phenprocoumon after administration of the 
higher dose, indicating saturation of hepatic metabolism. 
The volume of distr ibution decreased from 707 • 387 to 
367 • 121 ml/kg {p<O.05). The liver/plasma concentration 
rat io and the rat io of total l i ver  concentration to free 
concentration in plasma also decreased about two-fold 
after the higher dose. These results suggest that the up- 
take of phenprocoumon by the l iver  and by other tissues 
becomes saturated by increasing the dose. Although plasma 
protein binding was unaffected, tissue binding decreased 
fol lowing the higher dose. Total clearance was l inearly 
related to the free fraction in plasma, whereas the elimi- 
nation rate constant increased l inearly with increasing 
free fractions in the tissue. 

Thus, dose-dependent changes in pharmacokinetics of  phen- 
procoumon observed in ra ts ,  resu l t  mainly from saturat ion 
of t i ssue binding and to some extent also from satura t ion 
of  drug metabolism in the l i v e r .  Furthermore, these re-  
su l ts  provide experimental evidence that  in ra ts  the ha l f -  
l i f e  of  phenprocoumon is a funct ion of t issue binding, 
whereas clearance is a function of plasma protein binding. 

Pharmakologisches Inst i tut  der UniversitNt Mainz, 
Obere Zah|bacher Str. 67, D-6500 Mainz 1 (FRG) 
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COMPARATIVE PHARMACOKINETICS OF PROPRANOLOL, 

METOPROLOL AND ATENOLOL AFTER SINGLE AND 
MULTIPLE DOSING IN THE RAT 

B. Lemmer! H. Winkler and M. Fink 

Previously~ daily variations in the pharmaeoki- 
netics of d,l-propranolol (30 ~mol/kg) have been 
shown in synchronized rats with shorter elimina- 
tion half-lives in plasma and organs in the dark 
period (D) than in the light period (L) (Lemmer, 
Bathe, J.Oardiovasc. Pharmacol. ~,635,1982). In 
order to evaluate whether this chronokinetic 
behavior is restricted to propranolol or is a 
characteristic for the group of B-blockers, com- 
parative studies after single and multiple doses 
(6 and 6 x 6 ~mol/kg) of B-blockers of different 
lipophilicity and different routes of elimina- 
tion (propranolol, metoprolol, atenolol) were 
performed during L and D. Drug concentrations 
in plasma, heart, muscle, lung~ brain, liver 
and kidney were determined by HPLC (Winkler et 
el., J.Chromatogr. 226,223,1982). After a single 
dos____ee half-lives of all drugs in all organs were 
shorter during D than during L. Mainly by in- 
creasing the half-lives during D these daily 
variations were abolished in all organs after 
multiple dosin~ of MET0 and ATEN and in plasma, 
heart and kidney after PROP resp. Taking all 
kinetic data together they are influenced by 
drug-specific properties (e.g. lipophilicity, 
route of elimination, B-receptor blockade) as 
well as by circadian variations in the dynamics 
of the B-blockers, which in turn modify the 
kinetic behavior of these drugs. 

Centre of Pharmacology, J.W.Goethe-University, 
Theodor-Stern-Kai 7, D-6 Frankfurt/M. 
Supported by the DFG (Le 318/8-2). 
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INFLUENCE OF HYDRALAZINE ON PHARMACOKINETICS OF 
PROPRANOLOL AND LIGNOCAINE IN CONSCIOUS DOGS. 
B.G.J. Heinzow +, A. Somogyi and A.J.  McLean 
Hydralazine ( H ) is known to ~ncrease the area under the plasma 
concentration curve (AUC) of orally coadministered d, I-Proprano- 
Iol (P)  in man (McLean et al.,Clin.PharmacoI.Ther.24, 725, 
1980 ). It was speculated that H altered presystemic elimination 
of P by increasing liver blood flow. Such a general cause should 
affect other drugs with hepatic first-pass elimination in a similar 
way. 
In order to test this hypothesis 6 dogs were given orally a solution 
of d,I-Propranolol (2 mg/kg ) and Lignocalne ( L ) ( 15 mg/l<g ) 
alone or simultaneously with 25 mg H. Plasma-concentrations of 
P and L were measured by specific HPLC methods. 
Concomitant administration of H approximately doubled the peak 
concentration and the AUC0_ 8 of P from 34.3 +_ 5.4 to 72.9 -/- 9.6 
( ng/ml ) ( mean + SEM ) and from 142.4 ~ 18.0 to 253.6 +_ 56.3 
( ng/ml �9 h ) respectively. The peak concentration ( .9 • .2 to 
1.09 ~: 17 pg/ml ) and the AUC0_ 8 ( 1.84+_ 29 to 2.09 • .27,ug/ 
ml �9 h ) of L. were virtually unaffected by H. 
These findings show that P and L, which both undergo extensive 
presystemic elimination, are not affected in a similar way by 
coadministratlon of H. 
The change of first-pass clearance of P cannot be explained by a 
general underlying mechanism, such as an alteration in liver 
blood flow alone. It is speculated that other mechanisms ( e.g. 
inhibition of P metabolism ) are responsible for the observed inter- 
action between P + H. 

+Supported by DFG grant He 1178/1-2. 

+lnstitut fur Pharmakologie, Univ. Kiel, Hospitalstrasse 4-6, D-2300 
Kiel, 

Baker Medical Research Institute, Melbourne, Australia 
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PHARMACOKINETICS OF LEVOBUNOLOL AND DIHYDROLEVOBUNOLOL 
IN MAN 
E.U. KSlle, H. Hengy, P. Thomann 

The pharmacokinetics of levobunololol (LB) and its active 
metabolite dihydrolevobunolol (DHLB) following i.v. and 
p.o. administration has been investigated in a cross over 
study with 6 volunteers (8 mg infusion and 3x4 mg tablets). 
Blood levels and renal excretion data of LB and DHLB were 
determined using a sensitive HPLC method with fluorimetric 
detection. 

After i.v. administration the following parameters were 
obtained for LB: 
Cl = 11.O+1.6 ml/min/kg, V R = 5.5+1.4 i/kg. LB and DHLB 
showed a ~ery similar terminal time course with a mean 
half life of 5.7 h. 47.7+11.1% of the i.v. dose was renal- 
ly excreted as active compounds. 13.O+6.O % accounted 
for LB and 34.7+11.O % for DHLB. Renal clearances were 
1.5+O.6 ml/min/kg (LB) and 3.9!1.5 ml/min/kg (DHLB). 
FolTowing p.o. administration, LB was rapidly absorbed 
(C =22.9+8.1 ng/ml t =3.2+1.5 h). DRLB showed a delayed m - !m - 
concentratlon proflle (C =14.9+5.O ng/ml t =3.2+1.5 h). 

m - 'm - 
The terminal half lives of LB and DHLB (6.2-6.5 h) did 
not differ significantly from the values obtained after 
i.v. administration. The absolute bioavailability of the 
sum of the active compounds LB+DHLB was 75+22 %. 

The same subjects were given 9 oral doses of 12 mg at 
24 h intervals. Comparison of the blood levels on the 
first and ninth day did not reveal accumulation or a change 
in the pharmacokinetic characteristics of LB and DHLB. 

Another 12 volunteers received an oral dose of either 
3x4 mg tablets or 3x4 mg capsules in a cross over design. 
Concerning the amount of absorption and the time course 
of LB and DHLB there was no difference between both for- 
mulations. The mean relative bioavailability of the tablets 
was 1.O2+O.18. 

G6decke Research Insitute~ Dept. of Biochemistry, Moos- 
waldallee i-9, D-78OO Freiburg 
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HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC ANALYSIS OF 
HIGH-CEILING DIURETICS 
W.P.Gluth, W.Hetz and M.Geldmacher-von Mallinckredt 

Several assays for the high-ceiling diuretics furos~aide 
(F), bumetanide (B) and piretanlde (P) have been published 
in the past. However, these assays suffer frcm several 
disadvantages, e.g. lack of appropriate internal stand- 
ards(IS) or tedious sample preparation. For the evalu- 
ation of the pharmacokinetics of F, B and P we developed 
highly specific and sensitive assays, which allow quanti- 
tatien in pla~aa, urine and bile. Preparation of samples 
is very rapid; for example 0.2 ml of plasma ere precipi- 
tated with 0.4 ml of acetonitrile (CH3C~) containing the 
IS. Separation was made possible on an Alltech ODS I 0 pm 
4.6 x 250 nm coltmm with various mixtures of CH3CN-water 
adjusted to pH 3.0 at a flow rate of 2.0 ml/min. 

solvent retention time IS 
substance IS 

F 35% CH3CN 6.2 9.1 NMeF 
B 40% CH3CN !0.4 7.5 P 
P 40% CH3CN 7.5 10.4 B 

For F the N-methyl-analog (NMeF) of F was used as IS. 
Detection was accomplished fluorimetrically at 235 nm 
excitation with a 370 nm cut-off emission filter. Sensiti- 
vity for F was 10 ng/ml and I ~g/ml for plasma and urine 
respectively. The method was easily adapted to smaller 
volumes thus permitting studies in ~nall laboratory ani- 
mals like rats. The assay has already been successfully 
used in several studies. Using a WISP autc~ated sample 
injector, we were able to measure up to 120 samples/day. 
Col~nn lifetime was several thousand samples. 

Carl-Kerth-Institute for Cardiovascular Research, Div. of 
Clinical Pharmacology and Institut ftir Rechtsmedizin der 
Universit~t Erlangen-N0rnberg, D-8520 Erlangen, West- 
Germany 
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THE BINDING OF NDS-TEMPO TO RED CELL GHOSTS AND 

TO ISOLATED BAND 3 PROTEIN 

K.F. Schnell 

The binding of the spin label NDS-TEMPO (N-4- 

(2,2,6,6-tetramethyl-l-oxyl) piperidinyl-N'-4- 

(4'-nitro-2,2'-disulfonatostilbene)thiourea) to 

red cell ghosts and to isolated band 3, the ~ion 

transport protein, were studied. Band 3 was ex- 

tracted according to the method of K~HNE et al. 

(BBA: 664,108(1981)).The concentration of bound 

and of free NDS-TEMPO were determined by ESR - 

spectroscopy. 

For intact ghosts the dissociation constant KL of 

NDS-TEMPO (pH 7.2, 20~ was 1.05~0.12 ~M and 

the chloride dissociation constant Ks(C1) was 

30t5 mM(m +SD, n=4). For isolated band 3, KL(PH 

7.8, 20~ was 3.82t0.69 ~M,Ks(CI) was 45+9 mM 

and the maximal binding capacity 7.07+l.8~moles/ 

mg protein (m tSD, n=5). The results indicate 

that the affinities of NDS-TEMPO and of chloride 

to the isolated band 3 are of the same order of 

magnitude as their affinities to the intact anion 

transport system of the red cell membrane. 

Physiologisehes Institut der Universit~t 

Regensburg, Pastfach 397, D-8400 Regensburg 
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DISCRIMINATION BETWEEN TIGHT AND LEAKY EPITHELIA 
FROM THE VIEWPOINT OF AC IMPEDANCE ANALYSIS 

Paul Weskamp and Ulrich Hegel ................................................ 

So called tight epithelia are characterized by a 
virtually zero paracellular ion conductivity. 
The electrical equivalent circuit of such epi- 
thelia can be approximated by 4 parameters, 
namely resistances and capacitances of the api- 
cal and basal-lateral membranes, respectively. 
In this case transepithelial impedance measure- 
ments allow direct reduction of the measuring 
values to these 4 parameters. 
However, in more leaky epithelia, where the 
tight junction exerts a significant ion conduc- 
tivity, transepithelial impedance measurements 
result only in apparent data, which do not allow 
the determination of the underlying membrane 
parameters. So far it was not generally formu- 
lated how the limit between the tractable ideal- 
ly tight and the - without further information - 
intractable leaky case could be defined. This, 
however, would be of importance for designing 
any AC impedance experiment on tight or leaky 
epithelia, especially with respect to the neces- 
sity of intracellular AC recordings. 
Thus, we will present a set of formulae suitable 
for evaluation of the expected error of membrane 
parameters when evaluated from any individual 
apparent data set as a function of assumed shunt 
conductivities. Applications of this formalism 
to recently published data of rabbit urinary 
bladder, frog skin and rabbit colon will be de- 
monstrated. It will be shown that frog skin epi- 
thelium cannot be considered as tight in the 
above defined sense. 

Inst. f. Klinische Physiologie, Klinikum Steglitz, 
Freie Universit~t Berlin,D-1000 Berlin 45 
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MEMBRANE ~ I ~ N T I A L  AND CHE~OTAXIS OF HUMAN LEUCOCYTES. 

U. J ~ g e r * ,  H. G r u l e r * * ,  end B. E~l tmann***  

The membrane p o t e n t i a l  o f  p o l y m o r p h o n u o l e a r  l e u c o c y t e s  
was d e t e r m i n e d  u s i n g  20 Mfl -g lass  m i c r o e l e o t r o d e s .  The 
d i s t r i b u t i o n  f u n c t i o n  d i s c l o s e d  a s i n g l e  broad  g a u s s i a n  
curve  w i t h  an a v e r a g e  o f  - 8 . 7  • 3 . 0  mV (• n = 1 7 9 ) ,  
Exposure  o f  the  l e u c o c y t e s  t o  t h e  c h e m o t a c t i c  a g e n t  
FMLP ( N - ~ o r m y l - ~ e t h i o n y l - ~ e u c y l - ~ h e n y l - a l a n i n e )  r e s u l t -  
ed in  a d i r e c t e d  m i g r a t i o n  and a s i g n i f i c a n t  
h y p e r p o l a x i z a t i o n  to  a mean v a l u e  o f  - 1 7 . 1  mV (n = 7 6 ) .  
The d i s t r i b u t i o n  f u n c t i o n  in  the  p r e s e n c e  o f  FMLP was 
c h a r a c t e r i z e d  by  at  l e a s t  3 s u p e r i m p o s e d  g a u s s l a n  
c u r v e s .  The a u t o c o r r e l a t i e n  f u n c t i o n  o f  membrane 
p o t e n t i a l s  measured  o v e r  up to  I0  min s u g g e s t e d  an 
i n t e r n a l  c l o c k  w i t h  a c h a r a c t e r i s t i c  t i m e  T o f  about  1 
min.  T h i s  d i s t r i b u t i o n  f u n c t i o n  in  the  p r e s e n c e  o f  
F~LP r e f l e c t s  t h e  p e r i o d i c i t y  o f  t h e  membrane p o t e n -  
t i a l .  
T r e a t m e n t  o f  l e u c o c y t e s  w i t h  Echo 9 v i r u s  r e s u l t e d  a l s o  
i n  h y p e r p o l a r i z a t i o n :  t h e  d i s t r i b u t i o n  f u n c t i o n  o f  t h e  
membrane p o t e n t i a l  was s i m i l a r  as i n  t h e  p r e s e n c e  o f  
FMLP, however ,  w i t h  a mean o f  - 1 3 . 2  mV (n = 66) and T 
o f  about  5 min.  When v i r u s - p r e t r e a t e d  l e u c o c y t e s  w e r e  
e x p o s e d  t o  F ~ P  t h e y  had l o s t  t h e i r  c h e m o t a c t i c  a c t i v i -  
t y .  The c h a r a c t e r i s t i c  t i m e  T was 5 min.  The 
e l e c t r o p h y s i o l o g l c a l  f i n d i n g s  are  in  a g r e e m e n t  w i t h  a 
s e l e c t i v e  i n h i b i t i o n  o f  the  c h e m o t a c t i c  r e s p o n s e  of 
l e u c o c y t e s  i n d u c e d  by  Echo 9 v i r u s  (BUltmann c t  a l . ,  
K l i n  Wochenschr 59: 571 ,  1 9 8 1 ) .  

aAbt .  f ~ r  A11gemeine  P h y s i o l o g i e ,  
a e A b t ,  f ~ r  B i o p h y s i k ,  

e * e A b t ,  f ~ r  P a t h o l e g i e ,  
U n i v e r s i t ~ t  Ulm, Oberer  E s e l s b e r g ,  D-7900 Ulm 
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EFFECT OF BICARBONATE ON INTRACELLULAR POTENTIALS OF 
CULTURED BOVINE CORNEAL ENDOTHELIAL CELLS 
T.J.Jentsch,M.Koch,H.Bleckmann,M.Wiederholt 
........................................................ 

The corneal endotheliura is known to transport bicarbona- 
te and sodium from the stroma to the aqueous hurnour. 
Intracellular recordings (range: -40 to -80 mV) stable 
for hours could be obtained with cultured cells. 

Removing HCO3 (46 n~4) frcrn the Ringer led to a depola- 
risation of 10 to 30 mV and to a transient hyperpolari- 
sation upon readdition. Permeable buffers such as 
glycodiazine (25 mM) and butyrate (45 mM) could largely 
substitute for bicarbonate in the effect on the voltage, 
whereas an unpermeable buffer (HEPES, 45 mM) was inef- 
fective. Ringer with 10 nf4 NH4CI led to a depolarisa- 
tion and to a transient hyperpolarisation after removalp 
the latter increasing with the time of preincubation 
with NH4CI. The transient depolarisations were larger 
in HCO~-free than in bicarbonate-buffered solutionsp 
suggestlng an effect of internal pH. 
Nei ther  SITS nor acetazo]amid alone (both 0. I  mM) s i g n i -  
f i c a n t l y  changed the PDp wh i le  a combination o f  both de- 
po la r i sed  the c e l l s  by about 10 mV. SITS reduced the hy- 
perpoi&risation after addition of CO2/HCO ~ or removal 

of NH4CI . 

It is suggested that corneal endothelial ce]Is possess 
a SITS-inhibitable OH- -conductance. Changes in con- 
ductivity for other ions may be involved in the steady- 
state depolarisation seen after removal of bicarbonate. 

Institut f~r Klinische Physiologie,Kliniktrn SteglJtz der 
Freien Universit~t Berlin, HindenburgdaTrn 30,1 Berlin 45 
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OXYNTIC CELLS IN GASTRIC MUCOSA: CI- - AND K +- NOISE 
FROM THE APICAL MEMBRANE. 
W. Zeiske, W. Van Driessche and T.E. Machen + 
Transport and conductance pathways for CI- and K + have 
been studied in frog gastric mucosa using noise analysis 
techniques. In Cl--containing solutions, reduction in 
Cl--transport (i.e. short-circuit current) by (i) redu- 

, (11) increaslng serosal {K }, or (ii~ cing serosal {CI-} . . . .  + 
blocking the serosal CI-/HCO~ exchanger with SITS, were 
mirrored by a decrease in the overall current-noise power. 
In Cl--free solutions a second, high-frequency Lorentzian 
component in the power spectrum was observed when a {K + } 
gradient was applied to the resting tissue in either 
transepithelial direction. The spontaneous Lorentzian 
noise could be enhanced by (i) appropriate voltage-clamp- 
ing of the tissue and (ii) stimulation of proton secre- 
tion with ~istamine. Blockage of apical K + channels by 
mucosal Ba z+ led to the disappearance of the K + Lorent- 
zian in the non-secreting gastric mucosa. In histamine- 
stimulated stomach, however, the K+-relaxation noise was 
enhanced, or even induced. Both C1 ~- and K+-related 
current noise seems to be generated at the apical mem- 
branes of oxyntic cells. A conductive cell-to-lumen 
movement of K + through spontaneously fluctuating channels, 
may be coupled to the neutral H+-K + ATPase and account for 
apparent electrogenic H + transport in frog gastric mucosa. 
The characteristics of the K+-ehannel noise in the stomach 
epithelium are very similar to the ones described recently 
for gallbladder (Van Driessche and Gagelein, Nature 275, 
665 (1978)) and descending colon (Wills, Zeiske and Van 
Driessche, J. Membrane Biol. 69, 187 (]982)). 

Labo voor Fysielogie, Campus Gasthuisberg, B-3000-Leuven, 
Belgium and +Dept. of Physiology-Anatomy, Univ. of 
California, Berkely, CA., U.S.A. 
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PROTON-MOVEMENTS IN BRUSH BORDER VESICLES FROM RAT 
JEJUNUM AND KIDNEY PROXIMAL TUBULE 

G. Cassano, B. Stieger and H. Murer 

The Acridine Orange fluorescence quenche technique was 
used to fol low changes in internal ac id i f i ca t ion  of 
brush border vesicles. 

An outwardly directed K-gradient does not lead to a 
proton movement into the vesicles. The addit ion of 
valinomycin (Ki~K o) leads to internal ac id i f i ca t ion  due 
to proton conductance. Proton conductance in kidney is 
smaller than in the in test ine.  An outwardly directed Na- 
gradient provokes internal ac id i f i ca t ion  via Na and H 
conductive pathways and via a Na-H exchange whose 
a c t i v i t y  is measured in the presence of short c i rcu i ted 
membrane potent ial  (K-equi l ibrated plus valinomycin). 
Na-H exchange a c t i v i t y  is higher in kidney than in 
intest ine.  Under short c i rcu i ted membrane potent ial  con- 
d i t ions,  a presetApH dissipates faster  a f ter  in ject ions 
of Na. This ef fect  of Na in both membranes was reduced 
by 0.1 mmoles/l amiloride. At higher concentrations of 
amilor ide, the inh ib i t ion  is unspecific and also ob- 
serve8 for  ionophore induced K-H exchange. 

In both membrane preparations no evidence for CI-OH 
exchange was obtained with this technique. An inwardly 
directed Cl-gradient did not produce in t raves icu lar  
ac id i f i ca t ion .  Internal ac id i f i ca t ion  provoked by Na-H 
exchange was not al tered by the presence of d i f fe ren t  
anions (gluconate or chlor ide) .  

Ins t i tu te  of Physiology, Universi ty of Zurich, 
R~mistrasse 69, 8028 Zurich (Switzerland) 

Supported by Schweiz. Nationalfonds (H. Murer 3.226.082) 
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EFFECTS OF cAMP ON NECTURUS GALLBLADDER EPI- 
THELIUMS:INDUCTION OF 7[-TOT~T CI PER~EABILITY 
IN THE APICAL ~EMBRANE 
K.-U. Petersen and L. Reuss 
The effects of cAMP and equivalent agents on 
Yecturus gallbladder epithelium were investi- 
gated using microelectrode techniques. Either 
cAMP (6 mM), 8-Br-cAMP (I m~) or theophylline 
(3.3 mM) depolarized the cell membranes by about 
15 mV and reduced the apparent ratio of membrane 
resistances (apical over basolateral) to vir- 
tually zero. These changes were due to a large 
increase in apical membrane CI permeability 

Da a (P i) with no apparent changes in ~ or PNa, as 
found in luminal ion substitution experiments. 
The effects of theophylline were dependent on 
luminal CI, but not on luminal Na. lon transfe- 
rence numbers (Ti) of the apical membrane were 
calculated from the effects of luminal ion sub- 
stitutions on the apical membrane potential. TCI 
(n=6) and T K (n=6) in the presence of eA~P were 
0.88 and 0.18, respectively, values indicative 
of the dominance of PCI" Following addition of 
8-Br-eAMP, intracellular CI activity (aCl i) fell 
from 20J2 to 13JI mM (n=8), a value not ~iffer- 
ent from that expected for passive CI distribu- 
tion. The rate of the initial change of aCl i was 
11.3 mM/min. This parameter allowed a second 
independent determination of TCI. The value 
obtained from ~his approach was O.91. The large 
increase of PCI induced by cAMP may at least in 
part explain the inhibition of fluid absorption 
observed during serosal exposure to theophyl- 
line. 

Supported by NIH Grant A>~ 19580 and DFG Grant 
13-Pe 280/I-I. 
Washington University, Dept. Physiol. & Biophys., 
St. Louis M0 63110; Abt. Pharmakologie, RWTH 
Aachen, D-51OO Aachen, FRG. 
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PROTON PATHWAYS IN RAT RENAL CORTEX BRUSH BORDER AND 
BASOLATERAL MEMBRANE VESICLES 
I. Saboli& and G. Burckhardt 

The quenching of acridine orange fluorescence was used 
to study the formation of pH gradients in brush border 
(BBMV) and basolateral (BLMV) membrane vesicles from rat 
kidney cortex. BBMV were prepared by a calcium precipi- 
tation method, BLMV by a Percoll density gradient centri- 
fugation method. Na+/H + or Li+/H + exchange was demonstra- 
ted by diluting Na + or Li + loaded vesicles into Na + and 
Li + free buffers. The fluorescence signal due to a tran- 
sient intravesicular acidification was decreased when the 
membrane pd was abolished by valinomycin and 1OO mM K + 
(out=in). Therefore, Na+(Li+)/H + exchange is due to an 
electroneutral Na+/H + exchanger and in addition to H + 
and Na + movements through conductance pathways. Intra- 
vesicular acidification in the presence of inside nega- 
tive K + diffusion potentials is a further indication for 
a proton conductance in BBMV. As CI- gradients (out>in) 
did not lead to a detectable intravesicular acidifica- 
tion when membrane pd was abolished, an electroneutral 
CI-/OH- exchanger does not play a significant role in 
transmembrane H + movements. As opposed to BBMV, a Na + 
(or Li +) gradient (in>out) did not result in an intra- 
vesicular acidification in BLMV indicating that a Na+/H + 
exchanger is not present in basolateral membranes. BLMV 
showed an H + conductance but unlike B~ no detectable Na + 
conductance. As in BBMV no indication was found for an 
electroneutral CI-/OH- exchanger. The asymmetric distrib- 
ution of the electroneutral Na+/H § exchanger can explain 
net H + secretion in proximal tubules. As H + and Na + con- 
ductances are not found in the luminal membrane in vivo, 
they may reflect altered properties of the isolated BBMV. 

Max-Planck-Institut fur Biophysik, Kennedyallee 70, 
D-6OOO Frankfurt (Main) 70 
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ALTERATIONS OF Na + AND K + MOVEMENTS IN RAT ERYTHROCYTES 
DURING DIETARY K+-DEFICIENCY 

J. Duhm and B.O. G6bel 

Previous studies on Na+/K + transport across the red cell 
membrane of DOC-salt hypertensive rats indicated that the 
hypokalemia induced by the DOC treatment was responsible 
for the changes observed (Duhm et al.,Pflfigers Arch.394: 
R28,1982). To test this hypothesis, a i-6 week nutritional 
K+-deficiency was studied as an alternate model of hypo- 
kalemia. 

The fall in plasma K + below 2mM in K+-depleted rats was ac- 
companied by a loss of red cell K + and an increase in the 
Na + leak. Na+-K + pump rates were elevated due to a rise in 
cell Na +. The cation deficit of up to 30% of total Na + plus 
K + caused a cell shrinkage and an increase of mean cellular 
hemoglobin content. The Na+-K + cotransport showed an up to 
ten-fold increase in its maximum capacity, and its normal 
function of a net Na + gain was converted to a net Na + ex- 
trusion in the K+-deficient erythrocytes. 

Osmotic shrinkage of normal cells in vitro induced a seve- 
ral-fold increase in Na+-K + cotransport rates, suggesting 
that the cell shrinkage occurring in K+-deficiency is large- 
ly responsible for the cotransport acceleration in vivo. 
However, the cotransport rates were reduced but not normal- 
ized when the cell volume of depleted cells was restored 
either by i-3 days of in vivo and 3h of in vitro K+-replet - 
ion or by osmotic means in vitro. In addition, in vitro 
shrinkage of normal cells accelerated the cotransport much 
less than a similar shrinkage in vivo due to K+-deficiency. 
These findings indicate that other factors may participate 
in the changes occurring in K+-deficiency, such as a lower- 
ing of red cell ATP (-20%) and 2,3-DPG (-17%) and of plasma 
inorganic phosphate (-38%), chloride (-11%) and H + concentr- 
ation. It is concluded that the hypokalemia in DOC-salt 
hypertension is in fact responsible for the acceleration of 
Na+-K + cotransport in rat erythrocytes. 

Physiologisches Institut der Universit[t M~nchen, 
Pettenkoferstr. 12, D-8000 M~nchen 2 
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ANALYSIS OF Na AND HCO 3 FLUXES IN THE GUINEA PIG 
GALLBLADDER UNDER SECRETORY CONDITIONS 
J.M. Winterhager, C.P. Stewart, and K. Heintze 
Under in vitro conditions, the guinea pig gall- 
bladder ab~s Na and CI electroneutrally. Pro- 
staglandin E I (PGEI) reverses this net absorp- 
tion to an eleetrogenic net anion secretion 
which is Na-dependent and ouabain-sensitive, 
suggesting a secondary active transport process. 
To assess the underlying ion movements, titrat- 
able alkalinisation, assumed to be equivalent to 
unidirectional HCOz flux (jHc03) , was measured 
under pH-stat and 9oltage clamp conditions. 
Mucosal (m) or serosal (s) HC07 gave rise to an 
electroneutral HCO~ flux of I~ umol/em2.h. 
After addition of >GEI, the Jm[U3 was reduced by 
0.9 umol/cmk'h, with no change in short-circuit 
c~rrent (Ise). However, in the p~esenee of sero- 
sal RCO~, PGE I induced a considerable Isc which 
only pa{tially reflected an increase in J~03. 
Under these conditions, ouabain (3.10-5 m[I/l) 
reduced the Isc from 2.6JO.2 to 0.05~0.I umol/ 
cm2"h, and the J~03 from 2.8J0.2 to I.O~O.I 
umol/cm2"h (n-19)] indicating that the I c is 
not fully accounted for by the Js~U3. The PGE l- 
induced rise in Isc was greater in the presence 
of CI. Unexpectedly, CI was required only on the 
mucosal side to stimulate concentration-depen- 
dently both the Isc and the secretory HCO 3 flux. 
This may be explained in terms of a CI/HC05 
exchange mechanism at the apical membrane.-Elec- 
troneutral Na absorption was inhibited by PGE I 
to values indittinguishable from zero, due to a 
reduction in Jm~. Both processes, the stimula- 
tion of J$~O 3 and the inhibition of net Na ab- 

sorption, contribute to the reversal of absorp- 
tion to net secretion in the gallbladder. 

This work was supported by the SF9 160, C2. 
Abt. Pharmakol.,Schneebergweg,RWTH,D-5100 Aachen 
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THE MECHANISM OF VANADIUM ACTION ON SELECTIVE 
POTASSIUM PERMEABILITY IN HUMAN ERYTHROCYTES 
G.F. Fuhrmann, J. HNttermann and P.A. Knauf 

_Recently H.Siemon et al.(Toxicology 29:271,1982) reported, 
that vanadium increased selective potassium permeability 
in human e rythrocytes. Since added vanadate appe~s most- 
ly as vanadyl in the c~$i interior, the suggestion was 
made, that vanadvl (VO) can open the "p~assi~+ Ch~b~$" 
in the erythrocyte membrane similar to Ca , ~ or b �9 
An alternate mechanism would involve vanadate inhibition 
of active outward calcium transpert (J.P.F.C.Rossi et al., 
Biochim.Biophys.Acta 648:]45,1981) leading to a build-up 
of calcit~n inside the cell which triggers the selective 
increase in notassium permeability, even in the presence 
of traces of-calcium. 

One problem in studying the effects of vanadyl cation as 
opposed to effects of vanadate anion is that vanadyl is 
readily oxidized to vanadate at physiological pH by atmos- 
pheric oxygen. In this investigation we have found that 
addition of small amounts of EDTA to the solution readily 
prevents or greatly reduces this oxidation process. In 
order to facilitate the entry of vanadyl into the cell we 
made use of the ionophoreA23187. We found byEPR spec- 
troscopy that this ionophore is also capable of transpor- 
ting vanadyl ions. 9~en EDTA is present in solutions 
along with A23187, vanadyl but not vanadate caused a very 
large increase in notassium permeability of the erythro- 
cytes. The observed permeability change with vanadyl is 
sensitive to outside potassium and inhibited by quinidine 
or oligc~ycin. However, the mechanism of vanadyl on petas- 
sium permeability is an indirect one. Vanadyl is able to 
disolace calcium from EDTA and already the small concen- 
tra-tion of calcium which is always present in normal salt 
solutions is sufficient to trigger the increase in petas- 
siumpermeability in the erythrocytes. 

Pharmakologisches Institut der Universit~t ~rburg, 
Lahnberge, D-3550 Marburg. Supperted by DFG 
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SULFATE/ANION EXCHANGE AND Na+-DEPENDENT SULFATE UPTAKE 
BY RAT RENAL BASOLATERAL MEMBRANE VESICLES 
I. L~w 

Rat renal basolateral membrane vesicles were prepared by 
a Percoll density gradient centrifugation method. The 
specific activity of the (Na++K+)-ATPase, a marker for 
basolateral membranes, was enriched 14.4 f 1.9 fold 
(n=l]) with respect to the starting homogenate. Leucine 
arylamidase, a marker for brush border membranes, was 
enriched 1.21 • O.2 fold (n=9). In the absence of Na +, 
35SO~- uptake was cis-inhibited by unlabeled sulfate in- 
dicating a saturable transport process. Gradients of SOT- , 
SSO~-, HCO~, and CI- (in>out) trans-stimulated sulfate 
uptake which transiently exceeded the equilibrium value 
(overshoot). Overshooting uptake was also observed in the 
presence of a pH gradient (in>out). In the absence of pH- 
and anion gradients a Na + gradient (out>in) led to a 
transient intravesicular sulfate accumulation above the 
equilibrium value. As this overshoot was observed when 
membrane pd was abolished by valinomycin and 50 mM K + 
(in=out), a direct coupling of Na + and sulfate must he 
assumed. Our observations are not due to a contamination 
with brush border membranes which also contain a Na§ - 
pendent sulfate transport system, because D-glucose trans- 
port was not stimulated by Na § in basolateral membrane 
vesicles. In contrast to Na+-independent sulfate trans- 
port, Na+-dependent sulfate uptake was inhibited by L- 
lactate, acetate, suceinate, and PAH. Our results demon- 
strate the presence of an anion exchange in the basolate- 
ral membrane of proximal tubular epithelial cells. This 
transport system exchanges SO~- with SSO~-, ~CO~, OH-, 
and CI-. In addition, sulfate uptake across the basolate- 
ral membrane can be energized by a Na + gradient. 

Arbeitsgruppe G. Burckhardt 
Max-Planck-lnstitut fHr Biophysik, Kennedyallee 70, 
6000 Frankfurt/Main 70 
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BIDIRECTIONAL ACTIVE TRANSPORT OF DICARBOXYLIC ACIDS IN 

THE PROXIMAL CONVOLUTION OF THE RAT KIDNEY 
K.J. Ullrich, G. Rumrich and H. Fasold 

3 
Using H-methylsuccinate, which is not metabolized, the 
short term (up to 3.5s) luminal and contraluminal influx 
into the proximal tubular cell in situ as well as the 
zero net flux transtubular concentration difference which 
is a measure of the active transport rate was determined. 
Furthermore, flux studies with brush border (BBM) and 
basolateral membrane (BLM) vesicles were performed (in 
collaboration with G. Burckhardt). Methylsuccinate is 
taken up into BBM as well as BLM vesicles by a Na+-de - 
pendent transport mechanism, showing an overshoot in BLM 
only. Overall net transport results in active secretion 
from the interstitium into the tubular lumen. The secre- 
tory component is inhibited by other dicarboxylic acids 
as ~-ketoglutarate, succinate and fumarate (trans-form), 
but not by the correspondent cis-form maleate. Further- 
more it is inhibited by paraaminohippurate, DIDS and 
probenecid, but not by sulfate, thiosulfate, L-lactate, 
oxalate and urate. Three days starvation led to an in- 
crease in luminal transport, but to a decrease in net 
transtubular secretion. Li + (2 mmol/l) inhibited both 
luminal and contraluminal transport. The data indicate 
a Na+-dependent contraluminal uptake mechanism for Krebs 
cycle intermediates in addition to a Na+-dependent lumi- 
nal reabsorptive mechanism. Both systems are regulated 
differently. 

Max-Planck-Institut fHr Biophysik, Kennedyallee 70 
6000 Frankfurt/Main 70 
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Na, K AND WATER TRANSPORT OF RAT RECTUM SPONTANEOUSLY 
INCREASE DURING THE COURSE OF GENERAL ANESTHESIA 

Michael Fromm and Sieglinde LiJderitz 
......................................................... 

Previously we have demonstrated a pronounced increase of 
aldosterone and corticosterone plasma concentrations in 
thiobarbital or pentobarbital anesthetized rats. Tnis in- 
crease was significant after one hour of anesthesia and 
both hormone levels remained elevated for at least 1 2 
hours. In order to investigate how electrolyte balance is 
affected by corticosteroid hormones during prolonged gen- 
eral anesthesia we measured the time course of ion and 
water transport in rat upper colon and rectum under thio- 
barbital anesthesia. Net transepithelial fluxes of 90 min 
intervals were obtained for 12 hours. Fluxes are given in 
~mol/h.cm 2 or bl/h.cm 2 , secretion negative: 

hour I .5 3 4.5 6 7.5 9 10.5 12 
.... - .................................................... 

UPPER COLON (n=61 
11 .9 11 .9 12.4 13.9 12.4 12.3 14.1 14.6 

JNa -0.9 -I .0 -I .3 -I .2 -I .4 -I .5 -I .5 -I .4 
K 50.1 52.9 52.0 66.2 61.0 61.0 79.2 79.8 JH20 

RECTUM (n=7) 
JNa -0.6 1.4 3.2 4.0 3.2 4.1 4.3 5.0 

K 0.0 -0.3 -015 I 0.7 -1 .1 -1 .2 -1 .2 -1 .2 
JH20 -2.7 4.4 15.3 16.0 14.4 19.7 23.9 28.9 

'lT',_us, in upper colon, besides an increase of J 2 ' there 
is no significant change of JN or JK" In cHfi~rast, in 
rectum all fluxes started at low 9evels around zero and 
then went up to high values. We concihde that general an- 
esthesia plus abdominal surgery stimulate corticesteroid 
secretion and in turn Na, K and water fluxes in rectum 
but not in upper colon. This is in accord with the known 
difference in mineralocorticoid sensitivity of both gut 
segments. Possibly other mineralocorticoid target organs 
may respond in s similar way. 

Institut f~r Klinische Physiologie, Klinikum Steglitz, 
Freie Universitit Berlin, D-1000 Berlin 45 
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CURRENT-VOLTAGE RELATIONS OF APICAL SODIUM 
TRANSPORT IN RABBIT DESCENDING COLON: EFFECTS 
OF VARYING LUMINAL SODIUM CONCENTRATIONS 
K. Turnheim, S.M. Thompson, and S.G. Schultz 

The instantaneous transepithelial current-voltage 
(I-V) relations of isolated epithelia of rabbit 
descending colon were determined by passing brief 
current pulses of alternating polarity across the 
tissue sufficient to clamp the epithelium from 0 
to ~ 200 mV in steps of 20 mV. When the basolat- 
eral membrane is functionally removed by a sero- 
sal high-K solution (Fuchs et al., J.Physiol.267: 
137, 1977), the I-V relation of the apical Na- 
entry step can be obtained from the difference 
between the I-V curves in the absence and presen- 
ce of the Na-channel blocker amiloride. Since the 
I-V relation of the apical Na-entry step conforms 
closely to the predictions of the Goldman-Hodgkin- 
Katz constant-field flux equation, estimates of 
PNa, the Na-permeability of the apical membrane, 
and of (Na)c, the intracellular Na-activity, can 
be obtained. 

When (Na)m, the Na-activity in the luminal solu- 
tion, was 100 mM, (Na) c averaged 12 mM. Decreas- 
ing (Na) m resulted in a decrease in (Na)c, the 
relation resembling saturation kinetics. PNa, on 
the other hand, increased in a curvilinear fash- 
ion as (Na) m was decreased. High values of (Na) c 
were always associated with low values of PNa' 
but at low (Na) c both high and low values of PNa 
were obtained. At a fixed value of (Na) m the 
rate of Na-transport was linearly related to PNa" 
In contrast to apical Na-entry, which conforms 
to the kinetics of a single-site process, base- 
lateral Na-extrusion has the properties of a 
multisite process which is far from saturation. 

Dept. Pharmacel., Univ.Vienna, A-I090 Vienna, and 
Dept. Physiol., Univ.Texas Med. Sch.,Houston, 77025 
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STEREOSELECTIVITY OF STIMULATION BY PROPRANOLOL OF 
K-TRANSPORT INTO EHRLICH-ASCITES-TUMOUR-CELLS 
P Geck and B Pfeiffer 
It was shown by several groups that K-transport by Ehrllch cells, as 
measured by uptake of Rb-86, is stimulated by high concentrations 
of propranolol (0.1 - 1 mM). These experiments were performed 
using the racemate of the drug. 
There is no influence on the flux via the Na-K-pump (characterized 
by the ouabain-sensitive portion of the Rb-86-uptake) or on the 
Na-K-2CI-cotransport (characterized by the furosemide-sensifive 
portion of the Rb-86-uptake). The residual Rb-uptake not inhibitable 
by these two drugs is stimulated severalfold by propranolol. Maxi- 
mal activation is obtained with approx. 250 uM for both isomers. 
The degree of activation, however, is quite different (16fold for 
d(+)-propranolol and 7-fold for I(-)-propranolol), halfmaximal ac- 
tivation is obtained by 25 uM of both enantiomers. Elevating the 
propranolol concentration above 250 uM leads to a reduction in Rb- 
86-uptake (at I mM the fluxes are approx. 35% of the maximal flux 
at 250 uM for the d(+)-isorner and approx. 50% for the I(-)-isomer. 
The influence of propropranolol on membrane potential and membrane 
potential dependent secondary active amino acid transport seems to 
be absolutely specific for the d(+)-isomer; while no effect of I(-)- 
proprar, olol is observed, hyperpolarlzation increases wlth increasing 
drug concentration up to 0.5 mM (highest concentration tested). 
Na-amino acid cotransport behaves equivalently (no effect by the 
I(-)-form but increasing flux with increasing concentration of the 
d (+)-isomer. 
To explain these results, two models are discussed; either there is a 
stereospeclflc effect of the d(+)-isomer or this reversed specificity 
is mimicked by a specific influence of the I(-)-isomer antaqonlzlng 
an unspecific influence of both isomers. Experiments to decide be- 
tween these two possibilities are in progress. 

Gustav-Embden-Zentrum der Biologischen Chemle der Universit~t 
Theodor-Stern-Kai 7, D-6000 Frankfurt/Main 70 



R14 

53 
Ca++-TRANSPORTING ATPase OF RAT KIDNEY BASAL-LATERAL 
PLASMA MEMBRANES 

Piotr  Gmaj and Ernesto Carafol i  

The Ca ++ uptake and the h igh -a f f i n i t y  Ca++-ATPase ac t i v -  
i t y  were measured in a kidney basal - la tera l  plasma mem- 
brane f ract ion enriched 32-fold by Percoll gradient 
centr i fugat ion.  Both the Ca *+ uptake and the ATPase 
displayed high calcium a f f i n i t y  (Kmca++-0.2 ,M). Both 
reactions were inh ib i ted by low concentrations of 
vanadate and of anti-calmodulin drugs R24571 and t r i -  
f luoperazine (TFP). Calmodulin depletion of the membranes 
resulted in an inh ib i t ion  of both the Ca ++ uptake and the 
Ca++-ATPase, and could be reversed by the addit ion of 
exogenous bovine brain calmodulin. The Vma x of the 
ATPase was 80 nmoles/mg protein x min., or 6 % of the 
Na+,K+-ATPase a c t i v i t y .  The ATP-dependent Ca ++ uptake 
was almost completely inh ib i ted by Na +, presumably due 
to the Na+/Ca exchange operating in paral le l  to the 
ATP-dependent system. 

I t  is concluded that the basal- la tera l  plasma mem- 
branes of the kidney cortex contain a h igh -a f f i n i t y  
calmodulin-dependent Ca++-ATPase which may act as a low- 
ve loc i t y ,  h igh -a f f i n i t y  calcium transport system. 

Ins t i tu te  of Physiology, Universi ty of Zurich, and 
Laboratory of Biochemistry, Swiss Federal Ins t i tu te  
of Technology, Zurich, Switzerland 
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PUTATIVE CALCIUM CHANNELS: SOLUBILIZATION, GLY- 
COPROTEIN NATURE AND IN SITU MOLECULAR WEIGHT 
DETERMINATION 
H. Glossmann, D.R. Ferry and A. Goll 

3H-Nimodipine (3H-NIM) labels putative calcium 
channels (CC) in guinea-pig skeletal muscle 
sarcolemma (SMM). The Bma x was 2 pmol.mg-1 of 
protein, the K D 1.5 nM (37~ The pharmacolo- 
gical profile of these 3H-NIM sites is typical 
of voltage-operated CC. Detergent-solubilized 
CC retained many of the characteristics of the 
membrane bound CC, including allosteric regula- 
tion by d-cis (but not l-cis) diltiazem. D-cis 
diltiazem increased the density of 3H-NIM bin- 
ding sites with a K D of % 3 nM by a factor of 
2-3. 3H-NIM binding to CC solubilized from 
partially purified SMM was sensitive to glyco- 
sidases. Appropriately we found that solubilized 
CC was retained by sepharose-coupled lectins. 
E.g. 3H-NIM binding sites were quantitatively 
adsorbed by concanavalin A-sepharose, could not 
be eluted with salt but with ~-methylmannoside. 
The average purification of the CC is 2C-fold 
by this procedure. The in situ target-size 
analysis of the guinea-pig brain CC (KD=O.6 nM 
at 370C) with 10 MeV electrons at - 110~ 
yielded a D37 dose of 7.89 + 2.12 Mrad, corres- 
ponding to a molecular weight of 227.OOO. Evi- 
dence for the subunit structure of the CC will 
be presented. 

Rudolf Buchheim-Institut f~r Pharmakologie 
Frankfurter Strafe 107, D-6300 GieBen 
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CLASSIFICATION OF EFEECTORS OF THE 8AKCOPLASMIC CA 2+- 
TRANSPORT ATPASE. 

G. Loer and M. Makinose 

A screening test of a number of substances was carriedp+ 
out concerning to the functions of the sarcoplasmic Ca- 
transport enzyme with aim to find out useful effectors 
for the analysis of the reaction mechanism of this 
enzyme. 
On the transport ATPase activity, 68 of 162 substances 
tested showed nearly no effect and 18 significant acti- 
vation. Further 50 were proved to be weak and the other 
26 strong ATPase inhibitors. The strong ATPase inhibitors 
were tested further with transphosphorylation activity of 
the en2yme. 6 showed no effect, 10 weak and the other 10 
strong inhibition, The effects of the latter 10 agents 
were analysed by conventional Dixon-procedure varying few 
parameters. The affecting site on the transport enzyme of 
the classified substance groups could be successfully 
elucidated. A group of the substances (Maprotiline and 
Benzoetamine) effects competitively with MgATP and the 
other group (1-(2-Methoxy-6-chloracridine-9-ylamino)-1- 
methyl-4-diethylaminobuthan-dihydrochloride and 1-(2- 
Ethoxyaeridine-9-ylamino)-3-diethylaminopropan-2-ol-di = 

. . . .  z+, 
hydrochlorlde) competltlvely wlth Mg ions on the sarco- 
plasmic transport system, 
The pharmacological effects of the substances tested 
have no relation to the results of the screening. How- 
ever, some interesting relationship between the screening 
results and the chemical structures of the test substan- 
ces was observed, which may be useful for the search of 
new inhibitors in the future. 

Max-Planek-lnstitut fur Medi2inische Foreehung 
Abteilung Physiologic 
Jahnstrasse 29 
D-6900 Heidelberg 
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IS THERE A HIGHLY PURIFIED CARDIAC SARCOLE~9~A PREPARATION? 

J.Schrader*and C.Londos 

Isolation procedures for cardiac sareolemma were refined 
in recent years towards the separation from various intra- 
cellular membrane systems. The possibility that cellular 
hetrogeneity may influence the purity of sarcolemma pre- 
parations has not been considered, although the heart is 
known to be highly vascularized and the surface area of 
coronary endothelium comprises as much as 30-40% of the 
total surface area of cardiomyoeytes. We have therefore 
examined the contamination by endothelial membranes of a 
representative sarcolemma preparation frsm d~$ heart which 
has been characterized with regard to Na -Ca exchange ++ 
and active Ca transport (Reeves,Sutko, Proc. Natl. Acad. 
Sci. 77, 6345,1980; Science 208, 1461,1980). Isolated mem- 
brane-~esicles were subjected to density centrifu~ation 
on a very shallow ~ercoll gradient. On the basis of the 
distribution of an~iotensin converting enzyme (ACE),+a + 
marker for endothelial membranes, and sarcolemmal Na -K 
ATPase, two vesicular membrane populations were resolved 
which differed only slightly in their respec$iv$ density. 
Enrichment of ACE and ouabain inhibitable Na -K ATPase 
over the crude particulate fraction was 10 and 2-3 fold, 
respectively. Other marker enzymes, such as adenylate cy- 
clase and 5 ~ -nucleotidsse were associated both with endo- 
thelial and sercolemmal vesicles and are tbus not suffi- 
ciently d{~$rimatory. Furthermore, ATP-dependent accumula- 
tion of Ca , previously ascribed to cardiac sarcolemma, 
occured predominantly in endothelial vesicles. Our fin- 
dings reveal, that conditions generally applied for the 
purification of cardiac sarcolemma result in a rather se- 
lective enrichment of endothelial membranes. Thus, previ- 
ous conclusions drawn from in-vito studies with "hiFhly 
purified sareolemma" need to he re-evaluated. 

Natl. Inst.Arthr.Metabol. and Digestive Disease, Lab. Nutr. 
Endocrinol., NIH, Bethesda, MfD 20205, USA 
*adress: Dept.Physiology, University of Munich, Petten- 
koferstrasse 12, 8 000 Munich, W-Germany 
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EFFECTS OF AN ANEMONIA SULCATA TOXIN (ATX II) ON 
MEMBRANE CURRENTS OF ISOLATED VENTRICULAR MYOCY- 
TES G. Isenberg and Ursula Ravens 
Myocytes were isolated from guinea pig or bovine ventricles accor- 
ding to ISENBERG and KLOCKNER (Pft~Jgers Arch.395:6, 1982 ). 
The cells were stimulated with conventional intracellular micro- 
electrodes,the resultlng action potentials (AP)and contractions 
(sareomere shortening) were analysed .ATX II (2-20nM)prolonged 
the action potenHa[ duration (APD) and increased the extent of 
shortening severalfolcI.The effects were frequency-dependent and 
reversible after washing or upon addiHon ofTTX (60pM) .Since thee 
effects of ATX II were similar as in multicellular preparations, the 
isolated myocytes were considered as a suitable model. 
Membrane currents were studied with a single electrode voltage 
clamp technique applying firepollshed suction pipettes (HAMI LL et 
al . ,  PflL~gers Arch.391:85, 1981 )filled with 160mM K-glutamate 
(resistance 2 M Ohm).ATX II (20nM) induced a slowly decaying 
(halftime>ls)inward current component which had a threshold at 
-60mV, a maximal amplitude at -20mV and a reversal potential at 
+45inV. TTX (60~uM)blocked the ATX II-induced current completely. 
It is concluded that this current flows most likely through modified 
non-lnactivating sodium channels. The voltage dependence of in- 
activation of the sodium current (h~-curve)was not influenced by 
ATX 11, the potential of half maximal inactivation was -63inV. 
Because of the slowly decaying ATX H-induced current component 
the net membrane current remains negative for periods as long as 
0.5s and thereby retards the repolarizatlon phase 2 of the AP. 
During theATX II-prolonged AP the continuous sodium entry impos- 
es a cellular sodium load severalfold surpassing the sodium entry 
under control conditions. It is suggested that this extra sodium load 
is responsible for the enhanced contractility because in Na-free, 
Li-substituted Tyrode solution ATX II prolongs the APD but it does 
not increase the extent of sarcomere shortening. 
II. Physiologisches Institut, Univ. d.Saarlandes, 665 Homburg and 
Abt. Pharmakologie,Univ. Kiel, Hospitalstrasse 4-6, D-2300 Kiel 
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INTESTINAL PERMEATION KINETICS OF DIGITOXTN 
~. Misra 

R15 

Investigations on the intestinal secretion of 
cardiac glycosides (Lauterbach, in: Handbook of 
Exptl. Pharmacology, Vol. 56/II, p. 105) were 
extended to the highly lipophilic digitoxin. 
Concentrations between O.02zuN and 20zuN 
(3H)digitoxin were administ@red eithe6 to the 
luminal or to the blood side of isolated muco- 
sac of guinea pig jejunum or colon mounted in a 
flux chamber. Transepithelial digitoxin permea- 
tion as well as tissue uptake within 45 min we- 
re determined. Under all conditions, permeation 
blood-to-lumen exceeded permeation lumen-to- 
blood 1,5-5 fold indicating net secretion of 
digitoxin. This difference was completely abo- 
lished (jejunum) or greatly diminished (colon) 
by incubation at 7 ~ . Per unit area, permeation 
rates in the colon were found 2-10 times higher 
than in the jejunum substantiating the greater 
potency of the colonic muoosa for the excretion 
of cardiac glycosides. Tissue content (referred 
to the intracellular space and expressed as per- 
cent of the concentration administered) in the 
jejunum amounted to 50-60% after luminal and to 
100-110% after blood side administration. In 
the colon digitoxin was accumulated between 
200% and more than 50~% with a less pronoun- 
ced dependency on the side of administration. 
Incubation at 7o reduced tissue content in all 
cases by at least one half. Virtually no digito- 
xin is taken up in the colon from 2/uM or 20/uM 
solutions administered at the lumin~l side. The 
critical role of the luminal membrane for digi- 
toxin permeation was substantiated by efflux 
experiments. 

lnstitut fdr Pharmakologie und Toxikologie, 
Ruhr-Universit~t, D-4630 Bochum i. 
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INTESTINAL SECRETION OF URTc ACID IN THE 
GUINEA PIG 
G. Sprakties 

Secretion of organic acids by the preparation 
of the isolated mueosa of guinea pig intestine 
(Lauterbach, Arch. Pharmacol. 297, 201~ 1977) 
has previously been demonstrate-d--for sulfonic 
acids as well as for salicylic acid. Intestinal 
handling of urate was now investigated by measu- 
ring transepithelial permeation and tissue up- 
take of I0 uM (2-14C)uric acid added either to 
the luminal or the blood side of the isolated 
jejunal mucosa. (3H)polyethylene glycol (PEG) 
(mol.weight 900) added simultaneously served as 
a marker for extracellular spaces and shunt per- 
meability. Tissue content, referred to the in- 
tracellular space, amounted to G,5% and 8,6% of 
the concentration administered at the luminal 
and blood side, resp., after 45 min. Transepi- 
thelial permeation increased linearly up to 
180 min. In both directions, permeation was cOr- 
related with the simultaneous permeation of PEG. 
As compared with the regression line for the 
permeation lumen-to-blood the regression line 
for the permeation blood-to-lumen revealed a 
parallel shift to positive values indicating a 
secretory component in the total transepitheli- 
al permeation. From the difference between the 
two regression lines a net uric acid Secretion 
of about 130 pmol'cm-2-h -I was calculated. 
Anaerobiosis abolished the difference between 
the two regression lines and increased tissue 
content to approx. 2~%. The effect of several 
compounds known to inhibit renal urate trans- 
port was tested. 

!nstitut f~r Pharmakologie und Toxikologie, 
Ruhr-Universit~t, D-~630 Boohum i 
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COMPARISON OF METHOTREXATE TRANSPORT IN ISOLATED 

HEPATOCYTES OF RATS IN DIFFERENT METABOLIC STATE 
AND IN YOSCHIDA SARCOMA TUMOR CELLS 

A. Leszszy~ska and E. Pfaff 

Methotrexate (MTX) uptake by isolated hepatoeytes was de- 

creased when rats were fasted 24-28 hours before prepara- 

tion of cells as compared with liver cells from fed rat. 

In hepatocytes of starved rat intracellular GSH was 30% 

lower than in fed rat hepatocytes. Stronger depletion (80%) 

of endogenous GSH by photon administration (25 mg/kg i.p. 

2 hours prior to preparation of cells) caused greater in- 

hibition of MTX uptake. Moreover, some important differen- 

ces between hepatocytes of fed and fasted rats concerninq 

the factors affecting MTX transport were found. In liver 

cells of fasted rat MTX transport was sharply decreased in 

Na-deficient choline-medium (contrary to hepatocytes of 

fed rat). On the other hand, blockade of membrane SH groups 

by p-CMBS caused significantly smaller inhibition of MTX 
transport in liver cells of starved rat than of fed one. 

Exogenous GSH had little effect on MTX uptake by starved 
rat hepatoeytes, but the oxidating substance ferricyanide 

greatly enhanced MTX uptake which is contrary to GSH and 

ferricyanide effect in hepatocytes of fed rat. The same 

effect of ferricyanide and little effect of GSH administra- 

tion on MTX transport was observed in liver cells of rat 

treated with 2heron. Studies of MTX transport in Yosehida 

Sarcoma tumor cells brought out the likeness between can- 

cer cells and hepatocytes of starved and photon-treated 

rats, concerning the MTX transport. Examination of the 
level of membrane free SH groups of hepatoeytes from fed, 
starved and photon-treated rats as well as rat Yoschida 
Sarcoma tumor cells showed that membranes of liver cells 

of fed rat exposed 2-4 times less SH groups to the outside 
of the membrane than the other cell types examined. 

Institut for Toxikologie, Universit~t T~bingen, 
Wilhelmstr. 56, D-74OO T0bingen 
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EVIDENCE FOR THE EXISTENCE OF PLASMA 
MEMBRANE-BOUND HEXOKINASE 
B. Agrawal, K. Keller, K. Lange, U. Brandt, I. Monden and 
I. Reins ch 

Hexokinase is a key enzyme of glucose metabolism. Its 
cellular localization is of special interest because of its 
functional implications. The presence of cytoplasmic and 
mitochondria-bound hexokinase has already been estab- 
lished (J. E. Wilson, in: Current Topics in Cellular Regu- 
lation, B.L. HoreckerandE. R. Stadtman, eds., Vol. 16, 
p. 2, New York, Academic Press, 1980). The distribution 
between cytoplasma and inner surface of the plasma 
membrane, however, has scarcely been investigated so 
far. With the help of a phagocytosis technique we are 
able to isolate fractions containing large quantities of 
plasma membranes. The specific advantages of this tech- 
nique lie in a definite orientation of the obtained mem- 
branes (inside out) as well as in the possibility of deter- 
mining the exact surface area available. This methodwas 
applied to C 8-glioma and N2A-neuroblastoma cells. The 
observed hexokinase binding might permit drawing infer- 
ences on the possibility of a correlation between glucose 
transport and phosphorylation (K. Lange et al., J. Neuro- 
c h e m . ,  1982, in press). 

Pharmakologisches Institut der Freien Universit~t Berlin, 

Thielallee 69/73, D-1000 Berlin 33 
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DIRECT OBSERVATION OF ANGIOTENSIN II (AII) 
MEDIATED CHANGES IN GLOMERULAR MICROCIRCULATION 
M. Steinhausen, B. Zimmerhackl, N. Parekh, 
K.R. Wilhelm, H. Snoei and H. KGcherer 

Recent micropuncture studies of the effect of 
AII on glomerular functions from different la- 
boratories have been interpreted as showing an 
intraglomerular - probably a mesangial - con- 
traction, effecting a reduction in filtering 
surface area. Using fluorescence labeled erv- 
throcytes and video techniques we have studied 
the effect of AII on the microcirculation of 
single glomerular capillaries accessible in 
normal rats. AII caused a parallel reduction in 
glomernlar and total kidney blood flow, but in 
contradiction to the contraction-hypothesis no 
change in capillary dimensions could be observed 
in vivo. Furthermore, we developed a postische- 
mic hydronephrotic split-kidney in which the 
whole glomerular network, with afferent and effe- 
rent arterioles, is visible. With a three dimen- 
sional analysis of the glomernlar network we 
could differentiate shorter pathways consisting 
of wide capillaries from longer narrow circuits. 
A mathematical model derived from these morpho- 
logical observations showed that even a global 
reduction in blood flow would cause a reduction 
in effective filtration area since there would 
be then, simultaneously, filtration equilibrium 
in distal sections of longer pathways, but no 
equilibrium in short pathways. Thus AII could 
reduce effective filtering area, without intra- 
glomerular morphological changes, by altered 
afferent and efferent lumen diameters only, as 
observed in vivo. 

I.Physiologisches Institut der Universit~t Hei- 
delberg, Im Neuenheimer Feld 326,D-69 Heidelberg 

Supported by SFB 90 
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EVIDENCE FOR THE EXISTENCE OF PLASMA 
MEMBRANE-BOUND HEXOKINASE 
B. Agrawa l ,  K. Kel le r ,  K. Lange,  U. Brand t ,  I. Monden and 
I. Reins  ch 

Hexokinase  is  a key enzym e  of g lucose  m e t a b o l i s m .  I ts  
c e l l u l a r  loca l iza t ion  is of spec i a l  i n t e r e s t  b e c a u s e  of i t s  
funct ional  impl ica t ions .  The p r e s e n c e  of c y t o p l a s m i c  and 
m i t o c h o n d r i a - b o u n d  hexokinase  h~s a l r e ady  been  e s t a b -  
l i shed  (J. E. Wllson,  in: C u r r e n t  Top ics  in Ce l lu l a r  Regu -  
lat ion,  B. L. H o r e c k e r  and E. R. Stadtman,  e d s . ,  Vol. 16, 
p. 2, New York,  Academ i c  P r e s s ,  1980). The d i s t r ibu t ion  
be tween  cy top l a sma  and i n n e r  s u r f a c e  of the p l a s m a  
m e m b r a n e ,  howeve r ,  has  s c a r c e l y  been  inves t iga ted  so 
fa r .  With the help  of a phagocy tos i s  technique we a re  
able to i so la te  f r a c t i o n s  containing l a r g e  quant i t ies  of 
p l a s m a  m e m b r a n e s .  The spec i f ic  advan tages  of th is  t e ch -  
nique l i e  in a definite o r i en ta t ion  of the obtained m e m -  
b r a n e s  (inside out) as well as in the possibility of deter- 
mining the exact surface area available. This methodwas 
applied to C 6-glioma and N2A-neuroblastoma cells. The 
observed hexokinase binding might permit drawing infer- 
ences on %he possibility of a correlation between glucose 
transport and phosphorylation (K. Lange et al. , J. Neuro- 
chem., 1982, in press). 

Pharmakologisches Institut der Freien Universit~[t Berlin, 

Thielallee 69/78, D-1000 Berlin 33 
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REVERSIBILITY OF TUBULAR CELL FUNCTION AFTER 
ANOXIA 
G. Gronow, P. Benk, and H. Bertermann 

The reduced ability of renal cells to recover 
after prolonged periods of ischemia may 
contribute to acute renal failure. We compared 
the aerobic recovery of cellular functions in 
collagenase-isolated tubular segments (ITS) of 
rat kidney cortex after different periods of 
normothermic anoxia. During anoxia, ITS were 
suspended either in Krebs-Ringer-Bicarbonate 
(KRB) or in modified Collins solution, wihhout 
(MC) or with the addition of substrates 
stimulating mitochondrial anaerobic ATP pro- 
duction (MC+S). After anoxia, all ITS were 
resuspended aerobically for 30min in KRB+IOmM 
lactate (recovery period). Absolute control 
values for aerobic functions+under study were 
3.68+0.71meq intracellular k per g protein 
(K+)~ a gluconeogenesis rate (GNG) of 324!49 
micromoles glucose per g protein and hour, and 
a tubule-to-medium ratio of PAH of 82+22.8 
(means +SD, n=12). In the recovery period, all 
tested functions were significantly impaired 
after 20min of anoxia in KRB (=16-68% of aerobic 
control). However, as compared to KRB, the 
suspension of ITS in MC or MC+S reduced the 
anoxic decrease in cellular function markedly 
(MC:56-90% of control, MC+S: no significant 
difference in comparison to control). The 
reported increases in reversibility of cellular 
function are discussed in terms of physico- 
chemical support of volume regulation in 
hyperosmolal "intracellular" solutions (MC) and 
in terms of additional mitochondrial energy 
production (MC+S) in the ITS during normo- 
thermic anoxia. 
Physiologisches Institut der Universit~t Kiel, 
Olshausenstr. 40-60, D-2300 Kiel J 



65 

MECHANISNS OF MALEATE-INDUCED FALL IN GLOMERULAR 
FILTRATION RATE (GFR) 
K. H. Leser 
Following maleate (MAL) administration GFR is re- 
duced by about 50%. The p~esent study investi- 
gates the mechanism of this fall in GFR using 
mieropuncture techniques in the rat kidney. In 
group I (n=8) we measured hydrostatic pressures 
on the kidney surface in the proximal convoluted 
tubule under free flow (PT) and during stop flow 
(SFP) conditions and in the glomerular capilla- 
ries (PG) by means of a "servo-null" micropres- 
sure device. In group 2 (n=7) we determined 
single nephron glomerular filtration rate (SNG~E) 
from distal and then proximal collection sites in 
the same nephron. Chloride concentration was 
measured in the late proximal and early distal 
tubular fluid. Mean values J SEM are shown in the 
table; CON: control period; MAL: 2 mmol/kg ~IAL 
i.v.; * p < 0.05. 

PG PT SFP SNGPR ~I/min CI mmol/l 
mm Hg prox dist prox dist 

CON 47.6 12.6 33.6 31.8 26.~ 135 43.3 
!1.6 ~ .5 s .4 ~2.4 s ~3.9 22.9 

NAL ~2.4" 16.3" ~3.1 24.3* 15-2" 121" 61.9" 
1.9 ! .8 _1.3 • ZI.6 • !6.O 

It is obvious that ~AL increased P~ due to inhi- 
bition of fluid reabsorption in th$ prox.tubule. 
The fall in PG contributes also to the ~AL in- 
duced fall in SNGFR. Since SF? was unchanged by 
MAL undisrupted distal tubular flow seems to be 
necessary for MAD to decrease SNGFR. In fact, the 
data of the group 2 demonstrate a greater differ- 
ence between SNGFR from pro• vs. distal col- 
lection sites in the MAL period. This greater dif- 
ference suggests an increased activity of the tu- 
buloglomerular feedback after ~AL administration. 
Abt. Pharmakologie, RWTR Aachen, D-5100 Aachen 
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Barium reduces the transepithelial electrochemical gra- 

�9 te 
dlent of C1 (EcI) in the diluting segment of frog kidney. 
S.Neuman, W.Wang and H.Oberleithner 

Previous studies suggest that the operation of the furo- 
semide-sensitive Na, CI, K-cotransport system is depen- 
dent on a high luminal K permeability which allows back- 
flux of K from the cell cytosol into the luminal fluid 
and thus provides sufficient K for the cotransport pro- 
cess. Experiments were performed in diluting segments of 
the isolated perfused frog kidney to test the hypothesis 
that inhibition of the luminal K permeability by barium 
affects C1 reabsorption. The transepithelial potential 

�9 te te 
dlfference (PD ) and ECI were measured by conventlonal 
and Cl-sensitive microelectrodes, respectively, at zero 
net fl~x conditions in controls, after luminal furosemide 
(5.10-~mol/l) and after addition of barium (5mmol/l) to 
the perfusates. 

control furosemide barium 

PD te 12.3 + 0.7 (43) 0.2 + 0.3 (15) 5.7 • 0.5 (23) 

EC Ire 39.5 _+ 1.4 (63) 1.3 + 0.5 (14) 16.3 • 3.1 (17) 

te (mV) are lumen positive, + SE, (n). PD te and ECI 

Control experlments" in the frog diluting segment demon-te 
strate that CI reabsorption occurs against a steep E . 

te te . . . .  C1 
PD and E are slgnlflcantly reduced after appllcatlon 

Cl 
of barium on both sides of the tubule and abolished after 
luminal application of furosemide. 
The data support our hypothesis that the function of the 
furosemide-sensitive luminal cotransport system depends 
critically on an intact luminal K permeability. However, 
barium could also act on the per• cell membrane by 
a mechanism which is not known at present. 

Physiol.lnstitut, Fritz-Pregl-Str.3, A-6OIO Innsbruck, 
Austria. Supported by Osterr.Forschungs-Proj.No.:4366 
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TISSUE LEVELS OF ATP AND ADENOSINE IN THE RAT 
KIDNEY UNDER VARIOUS EXPERIMENTAL CONDITIONS 
H. 0sswald, C. LSnn, E. Juengling, G. Stoecker 
The metabolic hypothesis of intrinsic regula- 
tion of renal function postulates that in- 
creased ATP hydrolysis leads to an increased 
generation of the vasoconstrictive metabolite 
adenosine. In the present study we compared 
tissue levels of ATP and adenosine (ADO) under 
different conditions: I. renal ischemia; 2. ma- 
leate (I mmol/kg i.v.) and 3. intrarenal in- 
fusion of hypertonic saline (HS). Sprague Daw- 
ley rats were anesthetized with thiobutabar- 
bital, placed on a heated table and infused 
with 3 ml/h of 0.85% NaC1. Kidneys were exposed 
by flank incision and after a control period 
removed to be shock frozen. From the tissue 
extracts the adenine nucleotides were measured 
by HPLC (Juengling & Kammermeier, 1980) and ADO 

1977). by an enzymatic assay (0sswald et al.~ 
SEM). mean _ Results are shown in the table 

Experimental ~ ATP ..... 
Condit}ons ! N.I ~mol/g 

Controls 9 I 2.24!0~6" 
Ischemia 15 7 1 1"64~0"IO 
(sec) 30 6 I 1.28~0.16 

60 7 I.OO~O.15 

-Controls 11 2.18~O.18 
Maleate 10 1.31~O-16 

Controls 6 2.55~0-05 
HS 7 1.02~0.26 

ADO ATP. ! 
nmol/g AD~I 

5.13~0.60 437i 
6.93~O.83 26Oi 

15.0 ~1.31 85 i 
31.3 Z2.96 32 

7.05Z0.79 309 
13.6 • 96j 

5.69ZI.2 4481 
16~2~!.3_ 63j 

The data show an inverse relationship between 
ATP and ADO tissue levels and therefore sup- 
port the hypothesis of a metabolic control 
of renal function. 
Abt. Pharmakologie und Abt. Physiologie der 
Med.Fak.der RWTH,Schneebergweg,5100 Aachen 
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EFFECT OF CELL MEMBRANE POTENTIAL AND INTRACELLULAR SO- 
DIUM ACTIVITY ON RENAL TUBULAR TRANSPORT OF PHENYLALANINE 
G. Me6ner, M. Paulmichl, F. Lang 

In the proximal nephron, the transport of phenylalanine 
(Phe) and other amino acids across the luminal cell mem- 
brane is coupled to sodium and is driven by the electro- 
chemical gradient for this ion (ENa). Inhibition of Na/K- 
ATPase by ouabain eventually leads to an impairment of 
transepithelial amino acid transport. The present study 
was performed to test whether this effect is due to a dis- 
sipation of the electrochemical gradient for sodium or due 
to a regulatory inhibition of the carrier following enhan- 
cement of intracellular sQdium activity. In the isolated 
frog kidney the lumen of proximal convoluted tubules was 
perfused alternatively with solutions containing either 
O or S mmol/l Phe. The potential difference across the 
per• cell membrane (PDpt) was determined with con- 

ventional and ENa with ion selective microelectrodes. PDpt 
is (• 60.4 f 2.0 mV and ENa 103.O • 6.6 mV. Thus in- 
tracellular sodium activity approaches 10 m~ol/1 (extra- 
cellular sodium activity is 74 mmol/l) 4 Both PDpt and ENa 
are decreased irmnediately (t~2 ~ 3 s) by luminal applica- 
tion of Phe. Per• application of 10 -4 mol/l ouabain 
leads to a gradual decline of PD t and ENa (t~2 = 30 min). 
The Phe-induced depolarization o{ PDpt (APDpt) and ENa 
(AENa) decrease in linear proportion to the absolute va- 
lues of PDpt and ENa (r = 0.902). In a separate series, 
the lumped conductance of the luminal and per• cell 
membrane (Glu+pt) was determined during application of 
ouabain. Glu+p t is 2.3 ~ O.3 - 10 -3 [S/m (tubule length)], 
which is almost identical to necturus proximal tubule. 
Glu+p t decreases 26 • 5 %, when PDpt is decreased to half. 
Glu+p t and PDpt allow calculation of Phe transport rate 
(Tphe) across the luminal cell membrane. A 50 % reduction 
of PDpt decreases Tph e to 44 %. The data suggest that Tph e 
is not regulated but rather operates in linear proportion 
to the driving force. 
Institut fdr Physiologie, Universit~t Innsbruck, Austria 
Supported by 0sterr. Forschungsrat, Proj. Nr. 4366 
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INT~ACELLULAR K+-ACTIVITY IN ISOLATED PE_~FUSED CORTICAL 
THICK ASCENDING LIMB SEGMZNTS OF RABBIT NEPHRON R.Greger 

Recent modifications from our laboratory have'made it pos- 
sible to obtain stable intracellular electrical measure- 
ments in the small cells Of the thick ascending limb (cTAL) 
In the present study we have used conventional microelec- 
trodes filled with Imol/l KCI and K+-selective microelec- 
trodes (KSM) filled with IE-190 exchanger. The electrode 
tips were <lOOnm, and the resistances were 150-200M~ and 
6-12G~ for the conventional and ion selective electrodes, 
respectively. The selectivity of the KSM for K+/Na + was 
27+2(44). Isolated cTAL segments (n=72) were perfused in 
vitro as customary in our lahoratory. 

The PD across the basolateral membrane (PDb) was -64+]mV 
(65). The PD read by the KSM (PDK) was +9+2mV (44). Furo- 
semide (|O-5-10-4mol/l, lumen side) hyperpolarized PD b 
from -63+3 to -75+2mV (14). PD K fell from +10+2 to +2+2mV 
(26). FrOm PDK, the mean PDb, and from the selectivity of 
the individual KSM, cellular K+-activity (aw can be cal- 
culated. Under control conditions aw was 110+12 mmol/l. 
Furosemide increases a~ slightly to 126J12~oI/i (26). 

The data lead to the following conclusions: a) aw in the 
cTAL sezment is above Nernst distribution since PD K was 
positive, b) Furosemide leads to a reduction in PD K to va- 
lues close to zero. This confirms our previous hypothesis 
that the furosemide induced hyperpolarization of PD b is 
caused by a shift towards the zero current PD of K + (EM~K). 
e) The a~ values reported here are in perfect agreement to 
the value previously predicted by ourselves on the basis 
of a resistance and clrcular current analysis. 

Max-Planck-Institut fHr Biophysik, Kennedyallee 70, D-6000 
Frankfurt/Main. Supported by Deutsche Forschungsgemein- 
schaft: Gr 480/7-2 
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MICROPUNCTURE STUDIES ON THE MODE OF TUBULAR 
ACTION OF MUZOLIMINE 
J. Greven, and B. K~lling 

In ~he present study the effecZ of muzolimine 
on sodium and chloride reabsorp~ion by the ra~ 
kidney was studie~. In addition to free flow 
micropunc~ure experiments, single shor~ loops 
of Henle were perfused in vivo from the end- 
proximal ~ubular site. The perfusion fluid was 
a modified Ringer solution resembling endpro- 
ximal tubular fluid, and containing 9H-inulin. 
The perfusion ra%e was checked by in vivo ca- 
libration and amounted ~o 13 nl/min. 

In con~rasz ~o furosemide, addition of 10-3 M 
muzolimine to the perfusion fluid did not sig- 
nificantly alter sodium and chloride reabsorp- 
tion in the loops of Henle, indicating that 
luminal application of the drug does not af- 
fect the loops reabsorptive capacity. However, 
when muzolimine (50 mg/kg) was injected intra- 
venously sodium chloride transport in the loops 
of Henle was markedly depressed. 

Muzolimine did no~ share with furosemide and 
i~s chemically rela~ed analogues a common bin- 
ding site on the Tamm-Horsfall glycoprotein. 
This protein is loca~ea in ~he surface mem- 
brane of zhe cells of ~he thick ascending limb 
and may play a role in electrolyte transpor~ 
in ~his tubular segment. 

I~ is concluded zha~ the mode of tubular ac- 
tion of muzolimine is quite differen~ from 
�9 ha~ of furosemide and i~s chemically related 
analogues. 
Institute of Pharmacology, TH Aachen, Schnee- 
bergweg, D-5100 Aachen 

70 
PHLORETIN (PTN) INHIBITS ACTIVE NaCI REABSORPTION IN THE 
CORTICAL THICK ASCENDING LIMB SEGMENT (cTAL) OF RABBIT 
NEPHRON E. Schlatter 
Previously we have shown that active NaCI reabsorptlon in 
the eTAL segment is energized by the basolateral uptake of 
any of the following substrates: D-glucose, L-lactate, py- 
ruvate, acetate, butyrate, ~-OH-butyrate. This prompted us 
to test wheter PTN inhibits basolateral substrate uptake. 
cTAL segments (n=89) were perfused in vitro as customary 
in our laboratory. Transepithelial PD(PD t) and resistance 
(Rt) were measured to calculate the equivalent short cir- 
cuit current (Isc), which is linked stoichiometrically to 
the rate of active NaCI reabsorption. In some experiments 
also the PD across the basolateral membrane (PDb) and the 
voltage divider ratio (VDR=lumen membrane resistance/basH- 
lateral membrane resistance) were recorded. PTN added to 
the bath inhibited Isc rapidly (<2min) and partially re- 
versibly with half maximal inhibition at 30-80~mel/l irre- 
spective of the used substrate. PTN had little effect from 
the lumen side. This inhibitory effect of PTN does not re- 
flect inhibition of substrate nDtake since it was also ob- 
served when butyrate was offered from the lumen side as 
the sole snbstrate. The inhibitory effect of PTN was paral- 
leled by the followinq changes: Fall of PD t to OmV, in- 
crease in R t by 31+11% (21), depolarization of PD b from 
-66+2 to -26+3mV (~7), and increase in VDR from 2.5+0.7 to 
55+~6 (4). PTN did not alter the fractional conductance to 
C1 ~ of the baselateral membrane(3), nor did it induce a K + 
conductive pathway (3), and also not a measurable Na + con- 
ductive pathway (4). The depolarisatory effect of PTN on 
both cell membranes was 5rossly reduced when Na + was re- 
placed on both sides by choline + (6). We conclude that PTN 
leads to a rapid increase in cellular Na + and a fall in 
cell K +. The latter explains the increase in R t and the 
dramatic increase in VDR. As yet we cannot decide whether 
PTN inhibits the (Na++K+)-ATPase or increases the Na + per- 
meability of the basolateral membrane. 

ArbeitsgrupDe R.GreBer,Max-Planck-Institut fHr Biophysik, 
Kennedyallee 70, D-6OOO ~rankfurt/Main. Supported by DFG. 
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SEX DIFFERENCE IN THE RENAL HANDLING~OF INORGANIC PHOSPHATE 
IN THE RAT IN THE ABSENCE OF PARATHYROID HORMONE (PTH) 
M. Neuweg, I. Durasin and A. Frick 

In intact rats, the fractional excretion of inorganic pbo~ 
phate (FEpi) in females was found to be higher than in 
males (i). From clinical studies, an increase in the para- 
thyroid secretion secondary to estrogen therapy was repor- 
ted (2). Thus the sex difference in the renal Pi-transport 
in the rat may be mediated by different parathyroid activ~ 
ties. In order to examine this possibility we excluded 
this influence of PTH in rats of both sexes. 

Female and male adult Zprague-Dawley rats (210g(n=7), 240g 
b.w.(n=12), respectively) kept on a standard diet (Altro- 
min; 0.90g Ca and 0.80g P/100g) were anesthetized with 
Inactin and prepared for clearance experiments. The para- 
thyroid glands were removed 2.5 h before collection of 
urine samples. All animals were infused with a modified 
Ringer solution (either without or with Pi) to measure the 
Pi reabsorption both with control and elevated plasma Pi 
levels (Pi-titration). During stepwise phosphate loading, 
FEpi in females increased from 0.41• to 
20.9• and finally to 53.2• of the filtered load, in 
males from 0.09• to 6.0• and to 31.7• respec- 
tively. The differences in the respective FEpi between the 
both groups were highly significant (p < 0.001) 

In conclusion, {he present studies indicate a sex differ- 
ence in the renal handling of Pi independent of PTB. The 
findings are consistent with the hypothesis that this sex 
difference is probably a ~esult of an estrogen-induced in- 
hibition of Pi reabsorption primarily in the proximal 

tubule. 

Lit. i) Harris et al.: Am.J.Physiol.(1974) 227, 972-976 
2) Riggs et al.: J.Clin. Invest.(1972) 51, 1659-1663. 

Deutsche Forschungsgemeinschaft Fr 239/9-i 
Physiologisches Institut der Universit~t M0nchen 
Pettenkoferstrasse 12, D-8000 M~nchen 2 
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CHANGES IN PLASMA ADH AND RENAL WATER EXCRETION BY INTRA- 
CEREBROVENTRICULAR OSMOTIC STIMULATION IN DUCKS. 
R. Gerstberger and D. Gray 

Osmoreceptive elements in the brain are known to contribu- 
te to osmoregulation in mammals and birds. At least a 
fraction of them was found to be located close to the wall 
of the third cerebral ventricle (III V). The characteri- 
stics of the juxtaventricular osmoreceptlve system and its 
significance for the homeostatic control of renal water 
excretion have not been assessed under steady state con- 
ditions. Therefore, we per• the III V of adult, cons- 
cious ducks, chronically implanted with a reentrant tube, 
with artificial cerebrospinal fluid (mock CSF) for periods 
of 15 min at rates of 15 ~l-min -~. By changieg its NaCI 
content, the mock CSF was made • hypo- or hypertonic. 
A steady state diuresis was maintained by continuous in- 
travenous infusion of 1.0 ml-min -I saline at 200 mOsm. 
kg -I. Changes in urine flow were related to the steady 
state excretion rate. - A 15 min increase in osmolality by 
32• 7 mOsm-kg -I (mean+ SD) of the mock CSF caused a urine 
volume retention of 12• 2ml associated with an elevated 
osmolality of the discharged urine. For different hyper- 
tonic perfusions, the increase of mock CSF osmolality and 
the urine volume retentions were linearly correlated with 
an average slope of 0.3mi per mOsm.kg -I. Parallel to the 
antidiuresis, the plasma concentrations of the ant• 
tic hormone (ADH), as determined with a radioimmunoassay, 
increased with increasing ton• of the mock CSF, in 
average, by 0.2pg.ml -I per mOsm-kg -I. Reductions of the 
mock CSE ton• during 15 min by 70 • 4 and 116 + 8 mOsm- 
kg -I resulted in excess urine volumes of 8 • 2 and 15 • 3 ml 
respectively, indicating a sensitivity in the hypotonic 
range of about one third of that in the hypertonic range. 
Parallel to the enhanced diuresis, the plasma ADH levels 
decreased. Over the entire investigated range of hype- and 
hypertonic mock CSF perfusions, the changes of plasma ADH 
and of urine output were closely correlated (r = -0.93). 

Max-Planck-lnstitut f. physiol, u. klin. Forschung, 
W.G. Kerckhoff-Institut, D-6350 Bad Nauheim, West-Germany 
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INTRARENAL INFUSION OF 6-HYDROXY-DOPAMINE (6-OHDA) AS A 
NOVEL METHOD FOR RENAL SYMPATHETIC DENERVATION IN RATS. 
L.M.L. le Noble and C.M. Kasbergen. 

As an alternative for surgical denervation of the kidneys 
in rats, we have attempted to destroy sympathetic nerve ter- 
minals in rat kidneys by slow low dose (0.I mg) intrarenal 
(i.r.) infusion of 6-OHDA. The effects were measured as the 
degree of inhibition of renal vasoconstriction during elec- 
trical stimulation of renal nerves. Under pentobarbital an- 
esthesia (60 mg/kg i.p.) a midline incision was made in the 
abdomen of 6 spontaneously hypertensive rats (SHR). The 
right suprarenal artery was canulated. An electromagnetic 
flowprobe was placed on the right renal artery. The mean ar- 
terial pressure (MAP) was measured by a PE-50 catheter in 
the left femoral artery. Under a stereo microscope, renal 
nerves were dissected free of surrounding tissue. A mono- 
polar silver electrode was placed around the nerve and insu- 
lated. The nerve was stimulated at frequencies of 1-10 Hz, 
and effects on MAP, renal blood flow (RBF) and heart rate 
(HR) were monitored. Before denervation, the MAP was 142 
mmHg and increased by 22.5% maximally at i0 Hz. HR decreased 
by i0 b/min, and renal resistance (RR) increased by 163.2%. 
Then 6-OHDA was infused at a rate of 5 #g/min ~ver a 20 min 
period (total dose 0.1 mg). This by itself resulted in mi- 
nor hemodynamic changes (max effect on MAP: +2%, RBF: -13%, 
HR: +7 b/min. After the infusion, stimulations were re- 
peated. Denervation appeared to be complete after I00 min. 
The effects of stimulation at all frequencies were signifi- 
cantly (p<0.01) diminished at this time. Electrical stimu- 
lation provoked a transient decrease followed by an increase 
in MAP, suggesting afferent nerve stimulation. Chemical ana- 
lysis in a separate group of animals indicated a reduction 
of renal noradrenaline to less than 45% of control. These 
results suggest that i.r. infusion of 6-OHDA is an alterna- 
tive for surgical denervation of rat kidneys and that dener- 
vat• is complete i00 min after the start of the infusion. 

Dept. of Pharmacology, University of Limburg, P.O. Box 616, 
6200 MD Maastricht, The Netherlands. 
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APPARENT VOLUME DISTRIBUTION OF 22Na IN PEKIN DUCKS. 
R. Kaul and E. Simon 

Osmoregulatory effeetor activities in Pekin ducks have 
been found to be sensitive to volume changes in the extra- 
cellular fluid (ECF) compartment(s). In order to estimate 
ECF volume, the exchangeable Na of Pekin ducks was labeled 

22 N . by infusing 5 ~Ci a in 2 ml isotonic saline intraven- 
ously (iv.). In 21 ducks (I.9-3.0kg) which had been main- 
tained for 30 or more days on salt water (SW) with an NaCI 
concentration of 600 mOsm-kg -I, I h after injection of the 
label its volume of distribution (Vd-22Na) had reached a 
plateau value of 30.1 • 0.3% (mean:~ SE) of body weight. 
This was not different from the plateau value of 31.1 • 
found in 5 ducks maintained on fresh water. In the SW 
ducks the equilibration curve of 22Na could be resolved 
into two exponential rates with half-times of 30 sec and 
9 min, respectively. - The SW ducks were challenged with 
a continuous iv. infusion of 1000 mOsm'kg -I NaCI solution 
at 0.4 ml.min-1, while collecting and measuring all salt 
and water excreted. Within 15 min after the start of load- 
ing the salt glands were activated to secrete salt and 
water at the same rate as infused. At this time, Vd-22Na 
had increased by 36• 4 ml. This increase was sustained 
during salt loading, but Vd-22Na returned to its pre-load- 
lug level when salt gland secretion ceased after the in- 
fusion had been halted. - The increase of Vd-22Na was 
found to be about 3-times greater than the ECF volume 
changes calculated from the salt and water balance. One 
possible explanation for this was that 22Na might have 
been treated differently in the ducks than was the natur- 
ally occurring Na. Because the salt glands have such ex- 
ceptional capabilities of Na transport and excretion, they 
were thought to be a site where such differences might he- 
come detectable. Indeed, the specific activity (cpm.mol -I) 
of Na was found to be about 10% greater in the salt gland 
fluid than in the simultaneously sampled blood plasma. 

Max-Planck-Institut f. physiol, u. klin. Forschung, 
W.G. Kerckhoff-Institut, D-6350 Bad Nauheim, West-Germany 
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Involvement of ~2-receptors in the diuretic 
effects of clonidlne, moxonidine and related 
drugs. 
ARMAH, I.B. 
The diuretic effect of clonidine was first des- 
cribed by HOEFKE and KOBINGER [DRUG RES. 16 
(1966) i038].It has been shown that this ~lure- 
sis is preceded by an increased PGE excretion 
[0LSEN,U.B., Europ. J. Pharmacol. 36 (1976) 95- 
i01], hut the mechanism of clonidi~e induced 
diuresis is still unknown. In this report an 
attempt has been made to identify intra-renal 
~2-adrenoceptor stimulation as the primary 
source of clonidine diuresis in the rat. Paren- 
teral dosis of lO-IO0/ug/kg clonidine results 
in a pronounced waterZdiuresis with hyposmotic 
urine and minor increase in electrolyte excre- 
tion. Both ANN infusion and indomethacin pre- 
treatment inhibit the diuretic effect of cloni- 
dine. In heterozygot Brattleboro rats r 
induces a diuresis similar to its action in 
Wistar-rats. In homozygot male Brattleboro rats 
lacking ADH clonidine showed no diuretic effect. 
Clonidine-type diuresis was associated with 
moxonidine,guanfacine,tiamenidine,oxymetazoline, 
tramazoline and xylometazoline - all compounds 
of known a -agonist effect. The ~ -agonists 

2 . 1 
phenylephrlne and methoxamlne were ineffective. 
Yohimbine and rauwolscine significantly reduced 
clonidine diuresis, whereas corynanthene and 
prazosin were ineffective. Pretreatment with 
6-OH-Dopamine resulted in a slight increase in 
clonidine-diuresis. A hypothesis is being for- 
mulated to the effect that clonidine and rela- 
ted drugs cause diuresis through a mechanism 
involving intra-renal postjunctional ~2-adreno- 
ceptors, PGE-synthesis and ADH inhibitlon. 

Dept. of Pharmacology BDF~ UnnastraBe 48 
2000 Hamburg 20 
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COMPARATIVE INVESTIGATIONS TO DEMONSTRATE DIURE- 
TIC EFFECTS IN MICE AND RATS USING THE NEWLY 
DEVELOPED BLOTTING-PAPER METHOD 
O. Rohte and S. Ma�da . .  

The diuretics Furosemide, Bumetanide, Clopamid, 
Polythiazide, Trichlormethiazide, Spironolacto- 
ne, Acetazolamide, Etacrynic acid and Theophyl- 
lin have been given to mice (NMRI) and rats 
(Sprague-Dawley) placed in Macrolon cages the 
bottom of which was covered with blotting-paper. 
The paper was renewed after 1, 3 and 5 hours. 
The urine spots were made visible by using UV 
light (360 nm). The size of the spots was deter- 
mined+by cutting out and weighing them. The Na + 
and K content was determined by elucidation in 
Tri-buffer. The results with the blotting-paper 
method were compared with those obtained with 
the classical method with water-loaded rats 
using metabolism cages. With the blotting-paper 
method it is possible to demonstrate the diure- 
tic effects of all the compounds screened in 
both species. The mean of all the experiments 
indicates a higher sensibility of mice to diure- 
tic effects. When comparing rats and mice in the 
blotting-paper method it is obvious that there 
is a smaller dependency of the curve on time in 
rats than in mice. A comparison of the rat paper 
and the rat metabolism cage method shows that 
both yield comparable results. In mice the paper 
method yields generally higher values compared 
to the metabolism cage method in rats. Using 
controls of the day resulted in a smaller va- 
riance than using overall controls. The possibi- 
lity to use mice for screening diuretics offers 
new possibilities to screen this group of com- 
pounds in a hitherto neglected species. 

Kali-Chemie AG, Pharmakologische Forschung, 
Postfach 220, D-3000 Hannover I 
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STUDIES ON ANGIOTENSIN I I  "ESCAPE" IN CONSCIOUS DOGS 
G. Kaczmarczyk, M.Marx, K. Lee, R. Mohnhaupt, B.Simgen and 
H.W. Reinhardt. Tech.Ass.: R. J~ckel,  A. Sch%nenberg 

l . v .  Angiotensin [[ (A IT) (4-5 ng.min - l - kg  -t) (min-L-kg -~::) 
decreases renal wate~ and sodium excret ion.  This e f fec t  
lasts less than one day (COWLEY et a i .1981) ,  when a cer- 
ta in amount o f  sodium and water has been retained. - An 
attempt was made to  demonstrate an A I I  "escape" during 
extreme acute volume expansion (0.9% NaCI) (protocol i )  
and by administ rat ion of higher dosages of  A I I  w i thout  
extreme volume expansion (protocol  2; control = C) 
33 expts, have been performe # in 5 female beagle dogs; so- 
dium intake 4.5 mmol.kg-< d-]standardized maintenance. 
Protocol I :  In extremely volume-expanded dogs (UN~@>IO0 
umol.::, FENa%>I6%, l e f t  a t r i a l  pressure > 18 cm H20) 
i . v .  A I I  (4 ng-:: over 120 min) s t i l l  decreases sodium 
and water excret ion by 40-50%. 
Protocol:2 C Al l  ng.:: 

I 4 20 200 

HR b.min - l  97+3 110+3 111+3 94+2 115+5 
MABP mmHg 107+3 106u 1 0 7 u  ]~+3w 172u167 
V ul ,x 16]u 77+7[ 48~w 6 8 + T 3  88+T6 
UNAV umol.:: 23+Z 1 ~ I  10u167 13u 19u 
UKV umol-:: 2_3+0.3 I.~+0.3 i .#+0.2 l.E+0.2 2.7+0.2 
GFR ml -x 5.5u 5.5u 3.8%-0.1w 4 .~0 .2  4 . ~ 0 . 2  
FENa% 2.9~0.2 2.1T0.1w 1.7T0.1w 2.1~0.2 3.1u 

w ~• 

The ant •  and a n t i n a t r i u r e t i c  e f fec t  of  A I I  is  
c lear present at  4 ng. x. I t  decreases with increasing 
doses of  A I I ,  resu l t ing  in MABP increases to 141 and 172 
mmHg, resp. 
Therefore i t  is concluded: t h a t ,  w i th in  a phys io log ica l  
range, A I I  has ant •  and a n t i n a t r i u r e t i c  proper- 
t ies even during extreme acute e x t r a c e l l u l a r  expansion. 
Arbeitsgruppe Experimentel le An~sthesie, Klinikum Charlot-  
tenburg, FU Be r l i n ,  Spandauer Damm 130, 1000 Ber l in  19 
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INFLUENCE OF ANGIOTENSIN ON THE CHARACTERISTICS 
OF POSTJUNCTIONAL m-ADRENOCEPTORS IN ISOLATED 
BLOOD VESSELS OF THE RABBIT 
I. Lues and H.J. SchUmann 
Mainly due to in vivo results, postjunctional 
vascular ~-adr~ors are devided into the 
subtypes ~l- and m2 which are suggested to be 
different also wit~ respect to their anatomical 
localization. Thus, the ~2-receptor is discuss- 
ed to be the target for blood-borne catechol- 
amines. Working on the pithed rat the pressor 
response due to ~2-receptor stimulation was 
shown to be under-the hormonal influence of 
anglotensin (De Jonge et al. Eur J Pharm 74: 
385,1981). As observations from in vitro 
studies on this topic are lackingwe~estigat- 
ed the influence of angiotensin on the charac- 
teristics of the postJunctional s-receptors of 
the isolated saphenous vein and aorta of the 
rabbit. In the saphenous vein where phenyl- 
ephrine (~i) and B-HT 920 (~) (2-amino-6- 
allyl-5~6,7,8-tetrahydro-4H-{hiazoloE4,5-d]- 
azepine) both are potent agonists only the con- 
tractile response to B-HT 920 is markedly po- 
tentiated in the presence of O.1 nmol/1 angio- 
tensin. Furthermore, the characteristics of the 
o-receptors as revealed by B-HT 920 are chang- 
ed: only in the presence of angiotensin these 
receptors express the characteristics of the 
a2-subtype (pA�: prazosin 6.85• rau- 
wolscine 8.a6• In the aorta due to angio- 
tensin B-HT 920 changed frombe--~g an antagon- 
ist (pA�: 4.8~0.04) to a partial agonist (pD2: 
4.9790.05; ISA 0.5 comp. to PE). In conclu- - 
sion: while in the presence of angiotensin, 
B-HT 920 stimulates ~2-receptors in the 
saphenous vein, it stimulated ~l-receptors in 
the aorta. 
Institute of Pharmacology, University of Essen 
Hufelandstr. 55, 4300 Essen, Fed.Rep.Germany 

8O 
PREJUNCTIONAL % -ADRENOCEPTOR MEDIATED FEEDBACK IN THE 
HEART OF YOUNG AND ADULT SHR AND WKY. A. de Jonge 
In order to obtain more insight into the physiological role 
of cardiac prejunctional ~-adrenoceptors, we studied the 
effect of B-BT 920, 2-amino-6-allyl-5,6,7,B-tetrahydro- 
4H-thiazolo [4,5-d] azepine (0 .i mg/~g) , and rauwolscine 
(i mg/kg) on the increase in cardiac frequency to electrl- 
cal stimulation (C7-TI, 2 ms, 50 V, 25 s, 0.i-i0 Hz) of the 
cardiac sympathetic efferents in pithed young (7 weeks) 
and adult (20 weeks) sP0ntaneouslyhypertensive rats (SHR) 
and progenitor Wistar Kyoto normotensive rats (WKY). In 
both SHR and WKY, B-HT 920 inhibited the increase in heart 
rate, which was significant (P < 0.05) up to 1 Hz of the 
stimulation frequency in young rats and up to 2 Hz in the 
adult animals. In young WKY, rauwolscine did not poten- 
tiate the cardiac response to electrical stimulation. How- 
ever, in adult WKY a significant facilitation of the car- 
diac response to electrical stimulation by rauwolscine was 
observed from 0.2-10 H2. In SHR, rauwolscine significantly 
potentiated the cardlac response to electrical stimulation 
from 0.2-10 Hz in young SHR and from 0.i-i0 Hz in adult 
SHR. In both young and adult WKY, cocaine (I0 mg/kg) pro- 
duced an approximately 10-fold increase in cardiac res- 
ponse to i.v. noradrenaline. In young and adult SHR, 
cocaine produced an approximately 100-fold sensitization 
of the cardiac response to noradrenaline. The results in- 
dicate thet the effectiveness of both endogenous and exo- 
genous prejunctional ~ -adrenoceptor mediated feedback in 
the heart of SHR and WKY increases with age. In SHR, the 
endogenous feedback-is much more pronounced. Paradoxically 
the neuronal recapture of noradrenaline in the heart of 
SHR is more effective as well. 

Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, Plantage Muidergracht 24, 
1018 TV Amsterdam, The Netherlands 
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INVOLVENENT OF PROSTAGLANDINS IN THE IMPAIRED POSTJUNCTIO- 
NAL ~ -PRESSOR RESPONSE AFTER CHRONIC CAPTOPRIL ADMINISTRA- 
TION IN THE PITHED RAT. 
J.T.A. Knape 
Toe possible role of circulating Angiotensin II (AII) and 
activation of prostaglandin synthesis in the process of 
vasoconstriction mediated by stimulation of e~- and ~- 
adrenoceptors was studied in the pithed normotensive rat. 
As shown before, acutely administered capfopril (5 mg/kg, 
i.v.) attenuates the vasoconstriction elicited by stimula- 
tion of postjunctional ~-adrenoceptors with B-HT 920, 2- 
amino-6-allyl-5,6,7,8-tetrahydro-4H-thiazolo (4,5-d] azepi- 
ne, but not that of ~ -adrenoceptors by cirazoline. Resto- 
ration of the initial diastolic blood pressure, depressed 
by captopril administration, to the level of the untreated 
pithed rat by AII or vasopressin infusion, can abolish this 
impaired response. Inhibition of prostaglandin synthesis 
with indomethacin (25 mg/kg orally) does not influence this 
interaction. After chronic oral administration of captopril 
i00 mg/kg daily, the pressor response induced upon stimula- 
tion of ~-adrenoceptors with B-HT 920 is further 
suppressed, whereas the effect of stimulation of a~ -adreno- 
ceptors was not influenced. Inhibition of prostaglandin 
synthesis after chronic captopril or the restoration of the 
initial blood pressure by AII or vasopressin infusion alone 
resulted in a partial recovery of the suppressed dose hy- 
pertensive response curve of B-HT 920. Combined inhibition 
of prostaglandin synthesis and restoration of the depressed 
initial blood pressure, however, led to a complete resto- 
ration of the suppressed postjunctional a~ -pressor response. 
These findings suggest that the acute effects of capfopril 
on the postjunctional ~ -pressor response in the pithed rat 
can be explained by vasodilatation, related to the inhibi- 
tion of the plasma renin-angiotensin system, whereas in 
the situation of chronic converting enzyme inhibition by 
captopril activation of prostaglandins plays an important 
role as well. 

Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, The Netherlands. 
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ELEMENT COMPOSITION OF RENAL CORTICAL CELLS IN 
TWO ANIMAL MODELS OF PRIMARY ARTERIAL HYPER- 
TENSION * 
F.Beck, G.Bianchi ~ A.D0rge, R.Rick, M.Schramm, K.Thurau 
Among the various animal models of primary hypertension, 
the Milan hypertensive rat (MHS) is characterized by the 
fact that transplantation of its kidney into normotensive con- 
trois induces hypertension in the latter. To investigate wheth- 
er this causative role of the kidney is associated with an 
altered electrolyte composition of its tubular calls, electron 
microprobe analysis was carried out on proximal and distal 
tubular ceils of MHS using energy-dispersive X-ray analysis. 
For comparison, cellular analysis was performed in spontane- 
ously hypertensive rats of the stroke prone strain (SHRSP), 
in which hypertension appears not to be renaUy induced. 
In SHRSP (mean systolic BP 211 mmmg cf. 160 mmHg in 
their appropriate normotensive controls) mean Na, CI and K 
concentrations in proximal tubular cells were (+ SEM) 2] +- 
I, 22 +- 0.8 and 135 +- i mmole/kg ww, respectively, whereas 
in normotensive controls the concentrations were 18 ~ I, 22 
+- I and I]2 +- 2 mmoJe/kg ww, respectively. A similar alter- 
ation in cellular Na concentration was observed in the distal 
tubule. In MHS, systolic BP was If mmHg higher than in 
their respective normotensive controls. In contrast to the 
SHRSP, Na concentration in proximal tubular cells was 4 
mmoJe/kg ww lower in the hypertensive animals than in the 
normotensive controls, cellular CI and K concentrations being 
unchanged. 
These data show, that the MHS, in which the hypertension is 
transplantable with the kidney, exhibits a diminished Na con- 
centration in proximal tubular cells. In contrast, in  that mo- 
del, in which hypertension is of non-renal origin proximal 
tubular intracellular Na concentration is elevated. These ob- 
servations indicate that specific changes in proximal tubular 
transport characteristics occur in MHS. 
*Supported by the Deutsche Forschongsgemeinschaft 
Physiologisches Institut der OniversitSt M0nchen 
Pettenkoferstr. 12, 0-8000 M0nchen 2 
~  di C l in i ca  Med i ca  I ,  On i ve rs i t&  di M i l a n o ,  I t a l y  
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MEMBRANE SODIUM TRANSPORT IN ERYTHROCYTES OF 
DAHL HYPERTENSIVE RATS 
A. Knott, M. De Mendonca *, S. Kazda 

4- + 
Na+pump activity, Na K cotran~port, passive 
permeability, and cellular Na content were mea- 
sured in erythrocytes of salt resistant (DR) 
and salt sensitive Dahl rats (DS), as well a~ 
Sprague-Dawley rats (SD)+fed either a low Na 
diet (0.4%) or a+high Na ~iet (8~o). 
After the low Na diet, Na pump activity was sig- 
nificantly (P< 0.005) lower in DS (I .2+0.2 mmol/ 
i cells x h; n=10) than in DR (2.2+0.2~+n=I0) 
and SD (2.9+0.2; n=14). After exce~s Na , the 
pump was almost completely inhibited in DS. In 
SD it was slightly reduced (2.1+0.3; n=7, P < 
0.025), whereas it was unchanged in DR (2.0+0.3; 
n=9). 

+ + 
Na K cotransport was increased in SD under high 
Na+diet, but not in DS. 

These results suggest a) Na+K+eotransport do~s 
not function as a regulatory mechanism in Na - 
loaded DS, since+it is not increased under this 
condition, ~) Na pu~p inhibition can increase 
cellular Na , c) Na pump inhibition is involved 
in the development of Dahl rat hypertension. 

BAYER AG, Inst. of Pharmacology, D-5600 Wupper- 
~al I, FRG. 
INSERM UT, H~pital Necker, 75015 Paris, France 
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ROLE OF PERIPHERAL CATECHOLAM[NES IN RATS WITH CHRONIC SINO AORTIC 
OENERVATION. 
P. Oominiak, F. Kees and H. Grobecker 

The partlclpatlon of central neradrenerglc and adrenergic neurones of 
elevated b]ood pressure in rats after sino-aortlc denervation {SAD) has 
been shown (Chalmers et a l . ,  Circ. Res. 45, 519, 1979). Alexander et al. 
(Life Sci. 18, 655, 1975) reported an increased act iv i ty  os plasma 
dopamlne-beta-hydroxylase (DRH) in rats severa] weeks after SAD. Since 
plasma-DgH seems to be a poor biochemical parameter of rapid changes in 
act iv i ty  of peripheral sympathetic nerves, we have measured plasma 
catecho]amlne concentrations radioenzymatical]y, tissue catecholamlnes 
of heart and adrenal medulla with HPLC and ELCD and determined blood 
pressure (BP), heart rate (HR) and increase in inbraventricular pressure 
(dr/dr) in rats with chronic SAD (Krieger, E.M., Circ. Res. 15, 511. 
1964). 
Five weeks after SAD plasma neradrenaline concentrations (PNA) and 
plasma adrenaline concentrations (PA) reached signl f lcant iy higher 
levels ~n SAD rats (PNA : 357 pg/ml, PA : 278 pg/ml) when compared with 
sham operated rats (C) (PNA : 192 pg/ml, PA : 107 pg/ml). Noradrenatine 
content (NA) in the heart was signiFicant]y lower (796 ~g/g w.w.) and 
adrenaline content (A) in the adrenal medulla was s ign i f i can t l y  higher 
(893 ~g/g w.w.) when compared to C (heart-NA : 9~4 ng/g w . , . ,  adrenal 
medulla-A : 6~6 Bg/g w.w.). Plasma dopamlne concentrations and dopamlne 
content in t issue did not change. 8P and dp/dt of SAD rats were raised 
s ign i f i can t l y  to 129/110 mmHg and 10474 mmHg/sec versus C (i09/85 mmHg, 
6910 mmHg/sec), whereas HR, remained unchanged. A slgn~Ficant posi t ive 
re lat lonship was Found between PNA and dr /dr  and an inverse corre lat ion 
between g in adrenal medulla and PA of SAD-rats. I t  is concluded that 
SAD produces a s ign i f i can t  chronic hypertension possibly supported by 
enhanced release of NA From sympathetlc nerves and A from adrenal 
medulla via st imulat ion of cardiac-B-receptors and possibly via 
st imulat ion oR ~-receptors 0s peripheral vessels. 
Lehrstuhl fur  Pbarmakologie, Univers i t~t  Regensburg, Universi t~ts 
stra8e 31, D 8400 Regensburg. 
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IN VIV0 RELEASE OF ENDOGENOUS CATECHOLAMINES, 
HISTAMINE Ai~D GABA IN THE HYPOTHALAMUS OF 
WISTAR KYDT0 AND SPONTANEODSLY HYPERTENSIVE 
RATS 
A. Yamatodani, L. Tuomisto, H. Dietl, 
U. Waldmann and A. Philippu 

The release of endogenous dopamine (DA), nor- 
adrenaline (i4A), adrenaline (A), histamine (HA) 
and GABA was studied in the posterior hypotha- 
lamic nucleus of conscious, freely moving Wis- 
tar Kyote (WKy) rats and spontaneously hyper- 
tensive (SH) rats by using a push-pull cannula 
superfusion technique. 

In SH rats the rates of resting release of DA 
and HA were higher than in WKy rats, while the 
rates of release of NA and A in SH rats were 
lower than those in WKy rats. No significant 
differences were found in the rates of resting 
release of GABA between SH and WKy rats. 

In WKy rats superfusion of the posterior hypo- 
thalamic nucleus with KCl-rich CSF (60 mmol/l) 
significantly enhanced the rates of release of 
NA and A while those of GABA showed a tendency 
to be increased. In SH rats superfusion with 
KCl-rich CSF enhanced the rates of release of 
DA, NA, A and GABA. The KCl-induced release of 
neurotransmitters did not differ between SR 
and WKy rats. Superfusion with KCl-rich CSF 
did not affect the release of HA either in WKy 
or in SH rats. The results indicate the func- 
tional significance of the transmitters DA,~NA, 
A and HA in the hypothalamic regulation of the 
arterial blood pressure. 

Institut fur Pharmakologie und Toxikologis der 
UniversitKt WHrzburg, Versbacher Strafe 9, 
D-8700 WHrzburg, FRG. 
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24-HOUR BLOOD PRESSURE RECORDING IN AORTIC 
COARCTATION HYPERTENSIVE RATS 
B. Garthoff 

To evaluate the effect of antihypertensive 
drugs, the 24-hour profile is essential. Re- 
cently, we described a new system for the con- 
tinuous direct recording of blood pressure and 
heart rate in the conscious rat (J.Pharmacol. 
Meth. 5, 275-278, 1981). We have improved upon 
this method by developing a new swivel connec- 
tor, which is necessary to prevent twisting and 
obstruction of the pressure recording line as a 
result of the rotating of the rat. 

The swivel connector, attached to the middle of 
an ordinary wire cage lid, consists of two 
steel parts which are connected by an adjus- 
table rod. The lower part, connected to a steel 
wire bearing the catheter, rotates by means of 
a miniaturized ball-bearing. To avoid leakage 
of the saline filled pressure recording line, a 
plastic O-ring is fitted to a Teflon membrane 
in the upper steel part. The PE 50-catheters 
implanted into the aorta of aortic coarctati0n 
hypertensive rats are kept patent by infusing 
small amounts of saline every 12 minutes. 
System synchronizing and data output are done 
by means of a minicomputer system DAS 10/4 with 
floppy disc. 

The method proved to be useful in performing 
24-hour blood pressure profiles for calcium 
antagonists, converting enzyme inhibitors and 
vasodilators after oral or intraarterial admi- 
nistration. 

Institut fur Pharmakologie, BAYER AG, 
Postfach 101709, D 5600 Wuppertal I, FRG 
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REGUIATIC~ OF AD[~YIATE CYCIASE (AC) BY CA ++, CAI/~ODULIN, 
AND GTP IN LOCUS COERULEUS (LC) AND OTHER SPECIFIC BRAIN 
AREAS OF SPONTANEOUSLY HYPERTENSIVE RATS (SH-R) 
G. Schmid, A. Heidland (~L~d. Klinik) and A. Biber, K. Ham- 
pel. 

Recently we showed that cAMP concentration is increased 
in some specific brain areas of SH-R in ~ison with 
normotensive controls. Since these findings must be caused 
by an altered cAMP metabolism, we have studied the regulat- 
ion of cAMP formation in specific brain areas of SH-R. 
Areas, r~noved by the punch technique (Palkovits), were LC 
(brain area with highest norepinephrine content and signi- 
ficant cAMP increase in SH-R), cingulate cortex (CC), hip- 
pocampus (H), and central grey (CG). AC activity was deter- 
mined as function of Ca ++ concentration (pCa 4-9) under 
the following conditions: I. basal AC activity 2. Stimu- 
lation by caLTmdulin and/or GMP-PNP 3. Inhibition by Flu- 
phenazin. 

In all brain structures tested, Ca ++ increased AC ac- 
tivity to about 400 % of basal. Half-maximal AC activity 
was found at pCa 7.6. Ca ++ activated AC was stimulated 
1.2-1.5 fold by the addition of calmodulin. At high con- 
centration Ca+% strongly inhibited AC. Fluphenazin sup- 
pressed the Ca++ dependent stimulation of AC at low Ca ++ 
(pCa 8-9). Calmodulin hardly increased the activity of 
GMP-PNP stimulated AC. 

In SH-R, basal and calmc~lulin stimulated AC activity in 
CC, H and CG was the same as in controls, whereas the ac- 
tivity of (IMP-PNP stimulated enzyme was significantly 
higher especially in H. In contrast, in LC basal and cal- 
modulin stimulated AC activity was significantly higher in 
SH-R than in controls. 

These results argue in favour of an enhanced sensitivi- 
ty of the AC-system in hypertension. 

Medizinische Klinik und Institut f'dr Medizinische strahlen- 
kunde der Universit/it, Versbacher Str. 5, D-8700 WTirzburg 
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CHARACTERISATION OF VASODILATORS BY COMPARISON 
OF THEIR EFFECTS ON BLOOD PRESSURE AND COUNTER- 
REGULATION IN CONSCIOUS DOGS. 
S. Bacher 

Seven vasodilators dihydralazine (DHZ), propyl- 
dazine (PDZ), urapidil (U), molsidomine (M), 
isosorbide dinitrate (ISDN), isoserbide-5-mono- 
nitrate, isosorbide-2-mononitrate were tested in 
this study in order to evaluate their relative 
hypotensive potency. The effects of single oral 
doses on systolic and diastolic blood pressure 
were registered continuously over a period of 4 
hours. Simultaneous measurements of heart rate 
(HR) and plasma renin activity (PRA) were per- 
formed to quantify reflex stimulation of the 
sympathetic nervous system and the renin-angio- 
tensin system (RAS). The experiments were per- 
formed on 6 mongrel dogs, trained to submit to 
puncture of the femoral artery and to stand 
quietly in a special frame. 
All compounds caused dose dependent hypotension, 
but differences were observed between the reduc- 
tion in systolic and in diastolic blood pressure. 
While DHZ, PDZ (0.29, 1.42, 7.1 mg/kg) and U 
(0.4, 2.0, 10.0 mg/kg) lower both systolic and 
diastolic pressure, M (0.4, 2.0 mg/kg) and the 
nitrates (2.0, 10.0 mg/kg), known to act via 
venous pooling, decrease predominantly the systo- 
lic bloo~ pressure. The not uniform reaction of 
HR and PRA permit further differentiation: DHZ 
and PDZ evoke a marked counterregulatory reac- 
tion, which is not seen with U. The importance 
of the RAS for development of tolerance to the 
hypotensive drug action is discussed. 

Pharmakologisches Institut der Universit~t Wien, 
W~hringer StraBe 13 a, A-I090 W i e n 
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THE EFFECT OF SHORT-TERM ANTIHYPERTENSIVE THERAPY ON THE 
ENZYMURIA (THE OUTPUT OF gamma-GT and NAG) OF SPONTANEOUS- 
LY HYPERTENSIVE RATS (SHR). 
M~lyusz, M., Wrigge, P. 

In male rats with experimental renal as well  as with spon- 
taneuous hypertension espec ia l l y  the ear ly  phase of the 
disease was fol lowed by an enhanced ur inary  output of  the 
enzymes gamma-glutamyl-transpeptidase (gamma-GT) and 
N-acetyl-beta-D-glucosaminidase (NAG). This was interpreted 
as hypertension-induced damage to the renal t i ssue .  
In order to study the e f f ec t  of  ant ihypertensive therapy 
on the enzyme output,  17-32 weeks old SHR (mean RR=I88 
mmHg) were placed in metabolic cages and a f t e r  a control  
period of 8 days t reated f o r  the same period with P i re ta -  
nid ( i0  mg/kg x d) ,  Prepanolol (30 mg/kg x d) or Captopri]  
(60 mg/kg x d) respec t ive ly .  The substances were admini- 
stered with the food. Urine f low, c reat in ine  output (as re-  
ference f o r  the GFR) as well as the excret ion rate of  
gamma-GT and of NAG was checked da i l y .  
The resu l ts  are presented in the fo l lowing table (x, S.D.) 

Control period Pi retanid Propanolol Captopri l  
RR mmHg 188 13 200 13 216" 13 152" ]2 
Urine f low 
ml/lO0 g x d 3.9 1.2 4.5 0.5 4.9* 1.3 15.7" 4.8 
U x U creat .  
mg/lO0 g x d 4.0 0.3 4.1 0 . i  4.3* 0.3 4.5* 0.2 
gamma-GT output 
mU/]O0 g x d 999 248 1604"274 1370"165 1234" 217 
NAG outpu~ 
mU/100 g x d 96 10 156 * 15 135 * 13 159 * 19 
�9 means s i g n i f i c a n t  dev iat ion from the control  (p< 0.05).  
A l l  three substances tested elevated the output of  gamma- 
GT and of  NAG. The degree of e levat ion was independent of  
the ur ine f low.  These resu l ts  ind icate that  whi le i t  was 
possible to reduce the blood pressure of SHR by proper 
treatment (Captopr i l ) ,  the renal t issue did not respond 
favourabIy to the ant ihypertensive therapy appl ied.  

Physiologisches I n s t i t u t  der Univers i t~ t ,  01shausenstr.40 
D-2300 Kiel I 
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PROSTAGLANDIN E2 IS A SIGNAL MOLECULE FOR 
HYPOXIA INDUCED ERYTHROPOIETIN PRODUCTION 
IN RENAL MESANGIAL CELL CULTURES. 
A. Kurtz and C. Bauer 

R 23 

Tissue hypoxia leads to an increased production 
of the hormone erythropoietin (Ep) inthe kidney. 
Previously we have shown that renal mesangial 
cell cultures produce Ep and that the production 
of the hormone can be stimulated by lowering the 
02 concentration in the incubation atmosphere 
(Kurtz et al., FEBS lett.137:129;1981). This cul- 
ture system can therefore be regarded as a model 
to study the hypoxia-induced Ep production on a 
cellular level.Because there is evidence from in 
vivo studies that prostaglandins(PGs) can elicit 
an Ep response (cf.Fisher,Nephron 25:53;1980) we 
investigated whether PGs are involved in the re- 
gulation of Ep synthesis in cultured mesangial 
cells. We found that addition of the cvclooxyge- 
nase inhibitor indomethacin (I0-5M) suppressed 
the rise in Ep production during hypoxia: 

culture conditions 20%02 3%02 3%02+indo 
Ep concentration in 
culture medium(mU/ml) 3.5~2.0 10.0Z.6 4.2~.7 

Stimulation of PG synthesis by arachidonic acid 
(I0-5M) enhanced Ep production at 20%02(530+200% 
of control). Addition of PGE 2 (I0-6M) also led 
to an increase in ED production at 20%02(600• 
of control) whereas-PGF 2~ (10-6M) lowered Ep pro- 
duction(30~20% of control).We infer from thesere- 
sults that PGE 2 is an important link in the se- 
quence of events which leads to an enhanced Ep 
production under hypoxic conditions in cultures 
of renal mesangial cells. (Supported by the SFB 43 
of the Deutsche Forschungsgemeinschaft). 

Institut f~r Physiologie der Universit~t Regens- 
burg, D-8400 Regensburg 
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EFFECTS OF INDOMETHACIN ON THE HYPOXIA OR COBALT 
INDUCED ERYTHROPOIETIN PRODUCTION 
W. Jelkmann and J. Seidl 

Recent findings indicate that prostaglandins (PG) 
mediate the process in the kidney which triggers 
the production of erythropoietin (Ep) following 
ischemic or hypoxic hypoxia (cf. J.Fisher, Neph- 
ron 25:53, 1980). To further test the dependence 
of Ep on PG production, we studied effects of 
the PG synthetase inhibitor drug, indomethacin, 
on the plasma Ep titer in rats in which Ep prod- 
uction was induced by different stimuli, namely 
by anemia, hypobaria exposure or the injection 
of cobalt. Plasma samples, which were assayed in 
the exhypoxic mouse assay for Ep, were obtained 
8h after single injections of indomethacin (10 
mg/kg i.p.). We found that indomethacin signifi- 
cantly lowered plasma Ep titers (.09• 0 versus 
.34• IU Ep/ml in vehicle treated control rats, 
meaniSEM, n=4) in anemic rats (Hct. O.25), in 
which anemia was induced by previous injections 
of phenylhydrazine (30 mg/kg daily for 3d). Like- 
wise, indomethacin reduced the plasma Ep titer 
(.82Z.20 versus 1.54Z.17 IU Ep/ml in controls) 
in rats exposed to hypoxic hypoxia (.42 arm. for 
8h). However, indomethacin did not lower the Ep 
response (.27Z.06 IU Ep/ml plasma) to cobalt 
(250 ~mol/kg s.c.). 
Since indomethacin lowered only the hypoxia- 
induced (anemia and hypobaria) Ep production, 
our findings are supportive of the concept that 
the renal PG system is involved in the mechanism 
by which tissue hypoxia leads to the elaboration 
of Ep. 

Physiolegisches Institut der Universit~t, 
D-8400 Regensburg 
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CHLORIDE DISTRIBUTION AND INTRACELLULAR pH OF PRIMITI~]~ 
RED CELLS FROM CHICKFig BLOOD 
R. Baumann and E.A. Haller 

Very little is known about the ion transport properties 
the first embryonic red cell population, the primitive red 
cells. Since these cells mature inside the circulation, 
they have retained the capacity for cell division, which 
property may not be compatible with a "passive" pH regula- 
tion as found in adult red cells. We have tried to assess 
the intracellular pH by measuring the chloride distribu- 
tion and by direct pHmeasurements on red cell lysates 
prepared by freeze-thawing in liquid nitrogen. To elimi- 
nate errors in pH measurements resulting from CO 2 produc- 
tion aerobic metabolism was inhibited. To allow a theore~ 
tical calculation of the distribution ratio r for chlo- 
ride, the buffer power and isoelectric points for embryo- 
nic hemoglobin were determined. 
The results show that the distribution of chloride renews 
the Donnan equilibrium; r~ 1 was 0.58 at pH 7.4 and 37 ~ 
compared to a calculated ~alue of 0.67. When extracellular 
chloride was substituted by the impermeant gluconate 
anion r 1 changed in the manner expected for passive dis- 
tributi~n of chloride. 
~lile the pH. calculated from rc1 was 7.164 at pH 7.4, 
37 e direct p~ measurements gave a value of 6.8]. ~ikewise, 
r-+ changed onl~ from 0.26 (pH e 7.4, ]6Onmlol CI-) to 
~J6 (Pie 7.4, 6mmol CI-, 154 mmol gluconate), compared 
to an zncrease of r~1 from 0.58 to 2.6 under the same co~ 
ditions. These resu~s indicate that the intraceliular pH 
of primitive red cells is regulated by additional "active" 
processes aside from the Donnan effect. Preliminary measu- 
rements of the bicarbonate distribution support this con- 
cept. 

Zentrum Physiolegie, Medizinische Hochschule Hannover 
K.-Gustow-Str. 8, D-3OOO Hannover 61. 
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STUDIES ON PLATBLET BEHAVIOUR AND ARACHIDONIC 
ACID(AA) METABOLISM IN VITRO 
H.B. Steinhauer, B. GHnter and P. Schollmeyer 
Platelet activation is followed by the release of 
prostaglandins(PGs) and thromboxane(TX)A2. As TXA2 
is known to be the most potent inducer of platelet 
aggregation it is supposed that AA-induced plate- 
let aggregation is mediated by TXA2. Recently it 
was shown that after selective inhibition of plate- 
let TXA2 generation by imidazole or pyridine deri- 
vatives no correlation existed between TXA2 syn- 
thesis and platelet behaviour (Steinhauer et al., 
N.-S.Arch. Pharmacol.3&9:R3~,~982). Further invest- 
igations were performed to elucidate AA-induced 
platelet aggregation. 
Platelet rich plasma(PRP) of healthy volunteers 
was incubated with indomethacin, OKY-~581(Sodium- 
3-[4-(3-pyridylmethyl)phenyl]-2-methylacrylate), 
and/or phenidone. Platelet aggregation was induced 
by AA (i pmol ml-1), PGE2 and TXB2 were determined 
by RIA, malondialdehyde(MDA) and MDA-reactive sub- 
stance(MDA-RS) were measured according the method 
of Okuma et al.(J.Lab. Clin. Med.75:283,1975). 0KY- 
1581 inhibited the AA-induced TXB2 generation up 
to 96%, the synthesis of MDA-RS up to 80% whereas 
the generation of PGE2 remained unchanged. In 
spite of the approximately complete inhibition of 
TXA2 synthesis, platelet behsviour was not influ- 
enced. Incubation of PRP with 0KY-1581 and pheni- 
done inhibited both, the generation of TXB2 and 
MDA-RS for more than 95%, simultaneously the AA- 
induced platelet aggregation was abolished. Corres- 
ponding results were obtained after incubation of 
PRP with indomethacin. 
It is concluded that lipoxigenase products are in- 
volved in human platelet aggregation whereas TXA2 
is not essential for AA-induced platelet aggrega- 
tion. 
Zentrum Innere Medizin der Univ. Freiburg, Abt. IV, 
Hugstetterstr. 55, D-7800 Freiburg i. Br. 
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HEMOGLOBIN-OXYGEN BINDING,CO 2 BUFFERING 

CHARACTERISTICS AND ELECTROLYTE CONCENTRATIONS 

OF ERYTHROCYTES WITH DIFFERENT AGE 

W. Schmidt, D. B~nin6 

In young erythrocytes the hemoglobin-oxygen 

affinity is lower than in old cells because 

of high~DPG~.This property and the steeper 

dissociation curve of the young erythrocytes 

improve the 02-delivery to the tissue. 

The Bohr coefficient for C02, calculated for 

plasma pH and erythrocyte pH, is clearly in- 

creased in old red cells compared to young 

cells. This may be explained by the high 

rat io .  Alt oughi:D   is h gh, EH+  of 
young cells is not increased compared to old 

red blood cells. Furthermore K ~ in old cells 

is decreased. Young and old erythrocytes show 

no differences in buffering characteristics 

against 002 . Middle aged cells, however, react 

to acidification with smaller pH-changes than 

old and young cells. 

Abt. Sport- und Arbeitsphysiologie 

Zentrum Physi01ogie, Medizinische Hochschule 

Hannover, Konstanty-Gutschow-Str. 8, 

D-3000 Hannover 
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CARBONIC ANHYDRASE (CA) ACTIVITY IN HUMAN PLATE- 
LETS W. Siffert 
Activity and kinetic parameters of carbonic anhy- 
drase in human platelets were investigated.Plate- 
let rich plasma (PRP) Qas obtained from buffy 
coat preparations by centrifugation at 15Oxg for 
10 min at room temperature. Platelets were sepa- 
rated from PRP by centrifugation at 3OOOxg for 
15 min and washed 3 times with a IO-fold vol. of 
O.15 M NaCI. Platelets were lysed by the addition 
of a IO-fold vol. of distilled water and subse- 
quent freezing in liquid nitrogen. Membranes were 
removed after thawing by centrifugation at 
30.O00xg for 30 min. After appropriate dilution 
in 0.015 M imidazole, O.15 M NaCI, pH 7.3, the 
CA activity in the supernatants was determined 
by following the kinetics of C02-hydration in a 
pH-stopped-flow apparatus. CA activities were 
measured at C02 concentrations ranging from I to 
5 mM. Plotting the data according to Lineweaver- 
Burk allowed us to estimate the Michaelis con- 
stant for C02, KM, to be 1.4+0.2 mM. Vma x was de- 
termined from this plot to be 0.22 mole s -I per 
liter of pelleted platelets. From this parame- 
ters the intracellular CA activity in human pla- 
telets is estimated to be about 2400 (T=25OC, pH 
7.3,[CO2]=1.2raM). This means, that inside the 
platelet C02 hydration is accelerated by a factor 
of 2400. This activity appears to be negligibly 
affected by other blood cells. Microscopic inve- 
stigation of several stained smears of pelleted 
platelets did not reveal leucocytes bud did show 
solitary erythrocytes. Quantitation of the conta- 
mination with erythrocytes by measuring hemoglo- 
bin concentrations indicated that less than 3% of 
the observed CA activities is due to residual 
red cells. 

Institut fHr Physiologie, Universit~tsklinikum 
Essen, Hufelandstrasse 55, D-43OO Essen I, F.R.G. 
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INTRA-/EXTRACELLULAR ACID-BASE STATUS FOLLOWING 
NH4CL APPLICATION 

K.F. Rothe 
Though buffers are widely used in daily practice, 
there is little information about their effect 
on intracellular pH (pHi). In this study the 
effects of NH4CI on intra- and extracellular 
acid-base equilibrium were examined. Intact 
Sprague-Dawley rats were infused with 3 mmol/Kg 
BW NH4CI. Arterial plasma pH and PC02 were mea- 
sured-at intervals for six hours. In addition the 
"mean whole body pHi", an overall estimate of the 
in rive determinded Dlasma DH was calculated 
f~o~e distribution of 14~ labelled DMO (5,5- 
dimethyl-2,4-oxazolidinedione). For evaluation 
of buffering, extra- and intracellular bicarbo- 
nate were calculated from the Henderson-Hassel- 
balch equation. Though a decrease of DHe by 0.12 
pH units was found just after infusion of NH4CI, 
phi increased over the six hours of investiga- 
tion by 0.08 pH units. Extracellular bicarbonate 
was reduced but there was little change in the 
intracellular bicarbonate concentration. For 
the treatment of alkalosis therapeutic agents 
are given to reduce intracellular pH and intra- 
cellular bicarbonate concentration. However it 
was found in this study that NH.CI has no effect 
on intracellular bicarbonate concentratlon. In 
addition, infusion of NHACI causes a tremendous 
increase of intracellula9 pH which cannot be de- 
tected by blood-gas measurements. The intracel- 
lular pH increase that we have demonstrated may 
have adverse consequences for patients and 
raises objections to the use of NH4CI in the 
treatment of metabolic alkalosis. 

Department of Anaesthesiology, University of 
THbingen, D 7400 TObingen, Calwerstr. 7 
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The effect of anaesthesia and analgesia on blood 
gases,acid-base balance and haematological para- 
meters in the rat. 
J.Komarek,W.Gfeller,T.Gersl 

It was observed recently(Brun-Pascaud et al., 
Resp.Physiol.,48:45,1982)that the blood gases 
and pH in rats anaesthetized with barbiturates 
were significantly different from those of un- 
anaesthetized rats.In the present experiment,we 
compared the effects of ether,pentobarbitone so- 
dium and fentanyl on blood gases,acid base ba- 
lance and haematological parameters using adult 
rats of both sexes.The blood samples were taken 
by postorbital puncture,and the blood gases and 
acid-base status were determined with a Blood 
Gas Analyzer(Coming 168,USA) ;the haematological 
measurements were made in the Coulter S-Plus 
(USA).The results indicate that the use of ether 
and fentanyl had very little effect on blood ga- 
ses and acid-base balance;however,the induction 
of pentobarbitone anaesthesia was followed by a 
significant increase in PCO 2 and TCO ,while the 
pH values decreased.Furthermore,the ~ata obtai- 
ned here illustrate that the administration of 
all three drugs produced a decrease in RBC,PCV 
and Hb,pentobarbitone causing the most pronoun- 
ced changes.Repeated blood sampling in consci- 
ous,manually-restrained rats had no significant 
effect(expect for the increase in PO2)on the 
blood gases,acid-base balance,or the haematolo- 
gical parameters measured. 

CIBA - GEIGY Limited,Basle,Switzerland. 
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INEFFICIENCY OF METHYLENE BLUE AS AN ANTIDOTE AGAINST 

C_HLORATE POISONING Ch. Steffen and E1ke Singeimann 

Methaemoglobinaemia is a prominent feature of chlorate 

poisoning. Treatment wSth methylene blue and ascorbic acid, 

however, f a i l s  to re l ieve th is  condit ion or to prevent 

haemolysis and renal f a i l u re  (Steffen and Seitz,  Arch. 

Toxicol .  48, 281-288, 1981). 

Incubation of human erythrocytes with n i t r i t e  (10 mM) is 

followed by rapid, with chlorate (30 mM) by delayed met- 

haemoglobin formation and glutathione oxidat ion.  In con- 

t ras t  to the control experiment with n i t r i t e ,  methylene blue 

is i ne f f i c i en t  when methaemoglobin concentrations exceed 

appr. 50 Z. Prolonged incubation with chlorate is followed 

by a decrease in potassium and an increase in sodium con- 

centrat ions, and the erythrocytes become resistant  to hypo- 

tonic haemolysis. F i l t r a t i on  time through polycarbonate 

membranes with 5 pm pore diameter as measured by the method 

of Reid et a l .  (J. Cl in.  Path. 29, 855-858, 1976) increases 

af ter  a lag period of appr. 2 hr from 2.5 ~ 0.26 sec to 

100 sec suggesting a possible increase of erythrocyte r i g i -  

d i t y .  SDS-polyacrylamide electrophoresis reveals an increase 

of high molecular weight proteins, indicat ing membrane pro- 

te in cross- l ink ing.  These membrane a l terat ions explain 

several c l i n i ca l  aspects of chlorate poisoning that were 
h i ther to poorly understood. 

Pharmakologisches Ins t i t u t  der Phi l ipps-Univers i t~t ,  
Lahnberge, D 3550 Marburg 
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STUDIES ON PROTEIN COMPOSITION OF CARDIAC 
SARCOPLASMIC RETICULUM MEMBRANES (SR) 
Dagmar Hartweg and Hermann Bader 

R 25 

Up to now, there are only a few studies on the prote- 
in composition of cardiac SR. This work is an attempt 
to compare data of cardiac SR with those of skeletal 
muscle SR and to investigate a possible relationship 
between structure and function of protein components 
of cardiac SR. 
SDS-PAGE of dog heart SR vesicle proteins yield a ma- 
jor protein band (Mr100,O00) , representing the Ca(2+) 
-transport ATPase, in addition to three other major 
proteins (Mr64,000 , 51,000, 31,000). Solubilization 
of vesicles by use of deoxycholate (detergent/protein 
0.4-0.6, w/w) and high ionic strength (500-1000 mMK +) 
selectively extracted these four protein components. 
Proteins (M_IO0,O00, 64,000, 51,000) precipitate with 
4 mM Ca(2+)~indicating probably their Ca(2+) affinity 
and function in Ca(2+) binding. Selective release of 
only the proteins with Mr64,000 and 51,000 can be 
achieved by treatment with EDTA at pH 8.6, demonstra- 
ting their attachment to the membrane is dependent on 
divalent metal ions. Several chemical and physical 
characteristics of these two proteins showed striking 
similarities to calsequestrin (Mr63,000) and the high 
affinity Ca(2+) binding protein (Mr55,000) of skele- 
tal muscle SR. 
The presence of calmodulin (CAM, Mr16,700) has been 
demonstrated in the cardiac SR vesicle preparation by 
boiling the SR membranes and quantifying the amount 
of CaM by a biological assay (phosphodiesterase). 
From the experiments a molar ratio of ATPase/CaM of 
250:1 and 500:1 could be estimated for SR preparati- 
ons obtained in the presence of Ca(2+) or EGTA, res- 
pectively. This indicates that the CaM content of the 
SR preparation is probably a contamination and that 
direct regulation of the ATPase by CaM might not occur. 

Abt. Pharmakologie & Toxikologie der Universit~t Ulm, 
Oberer Eselsberg, D-7900 ULM, GFR. 
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CARDIAC EFFECTS OF VOLTAGE SENSITIVE DYES FOR PHOTOMETRIC 
MEASUREMENTS OF CARDIAC ACTION POTENTIALS 
H. WLndiseh, W. MHller 

A great number of voltage-sensitive fluorescent dyes are 
currently used to measure transmembrane action potentials 
in various tissues. The use of this photometric approach 
in cardiac muscles requires: i) A minimum of undesired 
side effects on excitation or contraction, it) A good 
signal-to-noise ratio of the fluorescent dye. iii) Sup- 
pression of the distorsion of the optical signal due to 
the mechanical activity. We have performed electrophysio- 
logical and optical measurements with the well known dye 
Merocyanine 540 (M_540) and the compound WW78]*. Both dyes 
show potential dependent fluorescence. Using M540 with 
the guinea pig papillary muscle in concentrations of 10 
to 30 ~M we observed strong inotropic effects (500-2000%). 
In the concentration range of 30 ~M the plateau phase of 
the action potential was markedly distorted and some types 
of afterpotentials were detected. When a fresh preparation 
was stained in 20 ~M M540 for about I0 minutes (a usual 
way to prepare a muscle for optical detection) subsequent 
electrophysiological measurements in normal tyrode 
solution also showed positive inotropic effects and action 
potentials of slightly reduced duration. These rather un- 
expected effects which could not be found in the litera- 
ture persisted even after long (1 hour) washout. Measure- 
ments on guine~ pig atrial sheets after ]0 minutes of 
staining in 0.5-i mg/ml WW781" showed only little if any 
effects on the action potential shape. Optical detection 
of atrial actionpotentials with the prefered WW781" were 
carried out in normal tyrode solution. In some experiments 
the motion induced distorsion of the fluorescent light 
could be suppressed by using the backscattered light as a 
reference. 
* pentamethin oxonol with {1,3 dihutyl barbituric acid 
(5)} and (l,(p-sulfophenyl)3-methyl, 5-pyrazolone (4)} 

Institut fur Medizinische Physik und Biophysik der Uni- 
versitgt Graz, Harrachgasse 21, A-80]O Graz 
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EFFECTS OF INCREASED POTASSIUM CONCENTRATIONS IN CARDIO- 
PLEGIC SOLUTIONS ON LEFT VENTRICULAR ULTRASTRUCTURE +) 
Ph.A. Schnabel, M.M. Gebhard. D.H. Hunneman, Th. Pomykaj, 
J. Richter I, B. Spieckermann I, Ch. Schweickhardt, H.J. 
Bretschneider 

Membrane depolarisation by increase of extracellular K +- 
concentration is a commonly used principle in cardioplegic 
arrest. We compared the effects of clinically applied 
methods for myocardial protection on left ventricular 
ultrastructure. Canine hearts were perfused with cardio- 
plegic solutions according to KIRKLIN (group I: 30 mM K+), 
ST. THOMAS' hospital (group 2: 16 mM K +) and BRETSCHNEIDER 
(HTK solution, group 3: 11 mM K+). In group 4 we applied 
an increased concentration of 30 mM K + in HTK solution. 
The experimental procedure was described earlier (PflHgers 
Arch. ges. Physiol. 391, R 12, 1981 and 394, R 14, R 15, 

. 1982). 
Defined alterations especially of mitochendria and nuclei 
developed during ischemia. Compared to unprotected hearts 
at the same temperature, these alterations were postponed 
by a factor of about 3 in group | and 2 and by a factor of 
about 6 in group 3. Distinct inhomogeneities of the alter- 
ations were detected in group |. Capillary cell swelling 
during ischemia and after resuscitation was slight in 
group 3, moderate in group 2, and severe in group I. Alter- 
ations of capillary endothelial fine structure such as 
blebs, changes in mitochondria and other organelles were 
postponed in relation to alterations in myocardial cells 
only in group 2 and 3. The ultrastructural changes observed 
in group 4 were similar to those of group 1. 
Thus, higher K+-concentrations besides interactions with 
other ions and components of the different cardioplegie 
solutions may contribute to the accelerated occurence of 
morphological alterations. Correlations with the biochem- 
ical results (adenine nucleotides, lactate, FFA) are dis- 
cussed. 

Zentrum Physiologie und Pathophysiologie, Univ. G~ttingen, 
Humboldtallee 7, D-3400 GSttingen 
]Zentrum Anatemie, Univ. GSttingen +)SFB 89 
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THE INFLUENCE OF THE ELECTROGENIC SODIUM PUMP 
ON THE DURATION OF THE CARDIAC ACTION POTENTIAL 
J. Daut 

Dihydro-ouabain (DH0) was found to be a useful 
tool for separating kinetically the inhibition 
of the electrogenic pump current and the result- 
ing change in intracellular Na activity (a_) in 

Ha 
guinea-pig ventricular muscle (J. Daut, J molec 
cell Cardiol 14~ 189~ 1982). When the prepara- 
tion was stim~ated ~t a low rate (0.1-0.2 Hz) 
application of 4x10- M DH0 produced a transient 
increase in action potential duration (APD). The 
lengthening of the action potential paralleled 
the inhibition of the pump current by DH0~ the 
subsequent shortening coincided with the delayed 
rise in aNa. During wash-out of the drug APD 
fell below its control value within i min~ and 
then returned slowly to its control value. The 
shortening of the action potential paralleled 
the dissociation of DH0 from the Na,K-pump, the 
subsequent lengthening coincided with the fall 
of aH= towards its resting value. These results 
suggA~t that partial inhibition of the pump our- 
rent may markedly prolong the cardiac action po- 
tential. The delayed fall of APD during applica- 
tion of DH0 and the delayed recovery of APD 
after the wash-out may be explained by a stimu- 
lation of the turnover rate of the pump by the 
transient increase in a_ . Since a~ was found 

�9 ~ a  �9 �9 �9 N 

to rlse not only after inhlbltlon o@ the Na,K- 
pump but also after an increase in stimulation 
frequency (C.J. Cohen et al., Circ Res 50~ 651, 
1982) it is concluded that the electrogenlc 
sodium pump may play an important role in the 
frequency-dependent regulation of APD in mamma- 
lian ventricular muscle. 

Physiologisches Institut der Technischen Univer- 
sit,t, D-8000 M~nchen 40. Supported by DFG 
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INFLUENCE OF TEMPERATURE ON MYOCARDIAL IMPEDANCE DURING 
CARDIOPLEGIC CARDIAC ARREST +) 
L.J. Ulbricht, E. Gersing, C.J. Preusse 

During ischemia in cardioplegically arrested hearts chan- 
ges of electrical impedance of the myocardium could be ob- 
served at various frequencies. These time-dependant - and 
as shown - also temperature-dependant changes of the real 
part (Re), the imaginary part (Im) and thus the phase 
angle of the impedance were investigated using a frequency- 
range from |0 Hz to I00 kHz. 
In the resulting impedance spectra changes of electrical 
impedance of the myocardium during global ischemia revealed 
a maximum at a frequency of 5 kHz. So the course of elec- 
trical impedance was observed at 5 kHz in 3 groups during 
ischemia. 
All hearts of all groups were cardioplegically arrested 
using BRETSCHNEIDER's HTP or HTK solution. The hearts of 
group I were then incubated at a temperature of 35 ~ 
the ones of group II at 25 OC and those of group III at 
15 ~ Parallel to the impedance measurements samples of 
myocardium were taken for analysis of ATP, CP and lactate. 

In all groups the alterations of the real part, the imagi- 
nary part and the therefrom derived phase angle showed a 
typical course: In a first phase nearly no alterations of 
electrical impedance could he observed ("lower plateau 
phase"), then it increased rapidly until it reached a new 
level ("upper plateau phase"). The duration of the lower 
plateau phase varied with the incubation temperature: 
about 90 min at 35 ~ 180 min at 25 ~ and 330 min at 
15 ~ These times correlated well with the time of exhau- 
stion of CP and the time, when a lactate accumulation of 
about 130 ~mol/gdw was reached. On the other hand the 
correlations between impedance changes and decrease of the 
myocardial ATP-content were distinctly influenced by tem- 
perature. 

Zentrum Physiolegie und Pathophysiologie, Universit~t 
GSttingen, Humboldtallee 7, D-3400 GSttingen 
+)Supported by the DFG, SFB 89 - Kardiologie GSttingen - 
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INWARD RECTIFYING Ba - SENSITIVE POTASSIUM CHANNELS IN 

GUINEA-PIG ATRIAL CARDIOBALLS. 

M. Bechem, H.G. Glitsch and L. Pott 

Myocytes from atria of adult guine'a~pigs in cell culture~-- 

develop to spherical cardioballs within 48 h after iso- 

lation and can be used during the following 6 days for 

single channel measurements using the patch clamp tech- 

nique (Hamill et al., Pfl~gers Arch. 391, 85-100, 1981). 

In outside-out membrane patches from these cardioballs a 

K-conductance channel was analysed. At negative membrane 

potentials the I/V relation of this channel is linear with 

a slope of 16 pS at 2 mM K and 27 pS at 20 mM K (Ki=150mM). 
o o 

The corresponding reversal potentials are -95 mV and-50mV 

respectively. The mean open time is strongly voltage de- 

pendent ranging from 700 ms at -40 mV to 30 ms at +40 mV 

(K ~ = 5 mM, T = 22~ The probability of the open state 

(po) is about 0.9 at -40 mV and 0.i at +40 mY. Taking into 

account both, the linear I/V relation and the voltage de- 

pendence of Po a macroscopic I/V curve can be reconstruc- 

ted, which shows inward going rectification. 

In the presence of ha-ions (0.2 mM) the opening events are 

interrupted by rapid closures, the single channel conduc- 

tance being unaffected. This results in a linearization of 

the macroscopic I/V curve. 

Institut f~r Zellphysiologie, Ruhr-Universit~t Bochum, 
Postfach 102148, 4630 Bochum, F.R.G. 
Supported by Ministerium f~r Wissenschaft und Forschung, 
Nordrhein-Westfalen 
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DRUG-INDUCED Isi BLOCK: POTENTIATION BY COOLING 
AND FORMALDEHYDE 
M.Kohlhardt 
Taking the percent depression of Vma x of Isi-me- 
diated action potentials as: an estimate for the 
strength of Isi block, the temperature-dependen- 
ce and the modulation by the protein cross-lin- 
king formaldehyde of the verapamil action was 
studied in partially depolarized (E ~-50 mV) pa- 
pillary muscles. Two types of block 
appeared, tonic and phasic inhibition. The in- 
stallation of the former required higher drug 
concentrations ~1xID-6 mol/l). In contrast to 
simple chemical reactions, the verapamil action 
exhibited a negative temperature coefficient. 
Cooling from 35~ to 30~ accentuated Isi inhib~ 
tion and led to a decrease of apparent Km's. Km 
for tonic block declined from 1.7 to 1.2 x 10-6 
mol/l, but the Km for the phasic block reacted 
more strongly and fell from 8.8 to 4.4 x 10-" 
mol/l (ISI 5s). The Km change suggests an enhan- 
ced drug affinity of the subunit within the slow 
channel responsible for verapamil binding. A si- 
milar conformational rearrangement of the recep- 
tor could develop after chemical channel modifi- 
cation by formaldehyde. The Isi system became 
sensitized to bind verapamil preferentially un- 
der rested state conditions. This modification 
is unlikely related to delayed Isi inactivation 
as the shape of action potential normalized but 
block intensification persisted on formaldehyde 
washout. Nifedipine experiments excluded that 
this block modification is specifically related 
to verapamil. Again, 10 mmol/l formaldehyde po- 
tentiated drug action and decreased apparent Km 
for nifedipine-induced Isi block. Obviously, 
slow channels possess drug receptor(s) of varia- 
ble structural state. 
Physiologisches Institute der Universit~t, Her- 
mann-Herder-Str. 7, D-7800 Freiburg/Br. 
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OUABAIN INDUCED INHIBITION OF THE CARDIAC SARCO- 
LEMMAL Ca-PUMP AND (Ca2+, Mg2+ ) TRANSPORT ATPase 
ACCOMPANIED BY A STIMULATI ON OF THE Mg2+-ATPase 
ACTIVITY. J. Preuner 
in sarcoJemmal vesicles derived from cardiac ventricular muscle o 
highly active Ca-transport mechanism could be demonstrated (450 n 
tool Ca/rag x rain at 35ac), which easily fulfilled the prerequisites 
to maintain Ca-homeostasis of the cardiac cell (Olbrlch and Preu- 
ner, 1982). If the heart muscle was perfused with Tyrode solution 
containing 10-6M ouabaln the sarcolemmal Ca-pump was inhibited 
progressively during the time of perfusion (preformed effect). In 
guinea-pig ventricular muscle an inhibition o~ 72% was attained 
within 30 minutes.The Ca-transport was associated with an ATPase 
activity,-(Ca 2+, Mg2+) - ATPase - which was inhibited by ouabain 
to the same extent as the Ca-pump activity. The stoichiometry of 
the ouabaln-inhibited fraction of the Ca-transport was found to be 
1.1 "k 0.3 calcium ions transported per ATP hy.droiyzed. The Ca 2+- 
ATPose activity could be separated into a Mg 2+ dependent and a 
Mg 2+ independent component. The latter component was not 
assoclated with Ca-transport and insensitive to ouabain. In the iso- 
lated heart both the (Na +, K+)-ATPase and the (Ca 2+, Mg2+)-ATP - 
ase were inhibited by ouabain. Nevertheless the ATP-consumption 
of the sarcolemma obtained from intoxicated heart muscle was in- 
creased up to 80% as compared to the control .This increase was 
due to a twofold stimulation of the basic Mg2+-ATPase activity of 
the sarcolemma. It remains to be determined whether the Mg 2+- 
ATPase is at least some of the total (Mg 2+, Ca2+)-ATPase activity 
found in the sarcolemma. The specific effect of ouabain on the 
Mg 2+ dependent sarcolemmal transport processes could be separated 
from inhibition of the sarcoplasmic retlculum Ca-pump, induced 
by hypoxia, ischemia or occuring during the Ca-paradoxon. 

Abteilung Pharmakologie, Univ. Kiel, Hospifalstrasse 4-6, D-23 Kiel 
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DETERMINATION OF Ca UPTAKE RATE BY GUINEA PIG ATRIA 
AFTER RAISING THE EXTRACELLULAR Ca -H" CONCENTRA- 
TIONS. H. UJIImann 
An increase of [Ca++] o is accompanied by a gain of cellular Ca and 
an increase of contractile force of heart muscles.Small changes in 
tissue Ca can not be determined by spectrofluorometrlc methods 
properly enough to provide information on the initial transmembra- 
neous Ca movements. To overcome the difficulties we used a radio- 
active procedure of keeping the specific 45Ca activity constant 
while raising the chemical Ca concentration: isolated atria stimulat- 
ed at 1 Hz were incubated for 2 h in Tyrode solution containing 
0.45 or 0.9 mM Ca "H" plus 45Ca thus almost uniformly labelling 
tissue Ca.After this prelncubation the,~ Ca++] o was raised to 1.8 or 
3.6 mM maintaining the specific radioactivity constant. Under 
this condition the increase of radioactivity in the tissue reflects 
net uptake of Ca but not Ca exchange. To determine the initial 
Ca uptake rate atria were removed in short intervals (minutes). 
After raising [Ca'H'~ from 0.45 to 1 .8 mM Ca ++ the tissue Ca in- 
creased from 0.63 mM/'kg w.w. to 1.23 mM/k9 w.w. within 30 
rain. 50% of the uptake were already attained after 3-4 mln. A 
similar time course of Ca uptake was obtained by elevating the 
[Ca-H']o from 0.9 to 3.6 raM. The adaption of contractile force to 
the increased [Ca+4-] o proceeded with similar kinetics. - From the 
uptake rate within the first minutes the penetration of Ca through 
the plasmalemma per unit of time can be calculated, and amounts 
to about 0.45 pmoles/kg w.w. x 100 msec thus lying in the same 
order of magnitude as estimated for the Ca++ flux during the pla- 
teau phase of action potentials. The 4 fold increase of theICa++] ~ 
and the initial uptake of Ca is not accompanied by significant 
changes of membrane or action potentials. It is suggested that the 
net gain of Ca under the given conditions proceeds without trans- 
membraneous charge transfer, i .e. "non-electrogenic". Nifedlpine, 
even at high concentrations depressing the contractile force by 
90%, did not reduce this non-electrogenic Ca uptake. 
tnstitut fur Pharmakologle, Univ. Kiel, Hospitalstrasse 4-6, D-23 Kiel 
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Posit ive and negative inotropic actions of vanadate 
correlate to i ts  action on Vma x of the slow response 

C. Hirth 

The inotropic effects of vanadate are species- and 
tissue-dependent: vanadate increases cont rac t i le  force in 
rat  pap i l la ry  muscle and l e f t  a t r ia  as well as in guinea- 
pig pap i l la ry  muscle, but decreases cont rac t i le  force in 
guinea-pig l e f t  a t r ia .  The action potent ial  duration at 
30% repolar isat ion (APD3o) is decreased in guinea-pig and 
rat  a t r ia  but s l i gh t l y  Increased in guinea-pig pap i l la ry  
muscle. In guinea-pig l e f t  a t r ia  the time course as well 
as the concentration dependence of the decrease in force 
para l le ls  that of the shortening of the action potent ial  
(EC50 values for  decrease in force and APD30 5.3 and 4.7 
Nmol/l, respect ivel~. In order to elucidate the species- 
and tissue-dependent differences with respect to the slow 
inward current we investigated the actions of vanadate on 
CaZ+-dependent slow response of the K+-depolarized muscle 
(rest ing potent ial  approx. -40 mV af ter  addit ion of 0.5 - 
1.0 Mmol/l BaL+): In gu!nea-pig pap i l la ry  muscle vanadate 
(500 ~mol/l) increases Vma x by approx. 25% and also in-  
creases the APDqn. In guinea-pig l e f t  a t r ia  vanadate 
(10 - 25 Nmol/l~decreases Vmax by more than 40 % and 
s l i gh t l y  decreases the APD30. In rat  l e f t  a t r ia  vanadate 
(25-500 ~mol/l) increases Vma x by more than 40%, but re- 
duces the APD30. High doses of vanadate (500 gmol/l) 
cause a hyperpolWrisation (up to 10 mV) in ra t  a t r i a ,  but 
not in guinea-pig pap i l la ry  muscle. 
Our results support the view that the posi t ive inotropic 
actions of vanadate are mainly due to an increase in slow 
inward current, whereas the negative inotropic effects 
are paral le led by a decrease. 

Supported by the Deutsche Forschungsgemeinschaft, SFB 30 
Kardiologie 

Ins t i t u t  fur  Pharmakologie der Universi t~t  DUsseldorf, 
Moorenstr. 5, D-400O DUsseldorf 
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CARDIAC SLOW CALCIUM CHANNEL INHIBITION BY PY 108-068 
Gt Scholtysik 

The dihydropyridine derivative PY 108-068 (PY) antagoni- 
zes calcium-induced contractions of rabbit aortic rings 
in depolarizing medium,(Hof et al.,J.Cardi6vasc.Pharma- 
col., 4: 344-351, 1982), considered as a characteristic 
feature of a calcium antagonist. The influence of PY on 
calcium channels of cardiac cells have not yet been 
described and is therefore investigated with the 
following experiments. 

Guinea-pig right papillary muscles were suspended in 
Tyrode solution in order to record transmembrane action 
potentials (AP) by means of standard intracellular micro- 
electrode techniques. All preparations were electrically 
driven with lHz. After studying normal APs, slow APs 
were induced by DB-cAMP (0.25mM) in pratially depolari- 
zed (KCI 16 mM) muscles. PYwas added in a concentration 
of 3xlB-7M to normal and partially depolarizing super- 
fusion medium (5 experiments each). 

Slow response APs of partially depolarized papillary 
muscles, which are carried by slow inward calcium - 
current, are effectively and reversibly suppressed by 
PY. This calcium antagonistic effect of PY on cardiac 
cell membranes is selective, since the AP upstroke 
velocity in normal APs, representative for the availabi- 
lity of fast sodium channels, is not influenced by PY. 

~cNo ~~ 
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Chemical structure of 
PY 108-068 

Preclinical Research, Sandoz AG., CH-4002 Basel 
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CA-ANTAGONISTS INACTIVATE SINGLE CELLS BUT EXERT 
NEGATIVE CHRONOTROPIC EFFECTS ONLY IN MULTI- 
CELLULAR NETWORKS OF PACEMAKER CELLS IN CULTURE 

B.Koidl, H.A.Tritthart 

The inhibitory influence and the mode of action 
of D-600, diltiazem and bepridil were studied in 
single embryonic heart cells and in multicel- 
lular networks in culture using microeleetrode 
techniques which included current injection via 
the potential measuring electrode. Action 
potentials of the cultured cells almost 
completely resemble those of pacemaker cells in 
the sinus node of adult myocardium but lack beta 
receptor responsiveness. After application of Ca 
antagonists the action potential amplitude 
started to decline through gradual reduction of 
rate of rise~ overshoot and maximal diastolic 
potential leading to a stable potential of 
inactivation of about -40mV. Experiments with 
current injection proved that this inhibition is 
due to potential and frequency dependent block 
of the slow inward current. This dependence was 
strongest with D-600 and weakest with bepridil. 
However, these inhibitory effects were not 
accompanied by a decrease in the frequency of 
discharge in single cells. Negative chronotropic 
effects were only found in multicellular 
networks of cells, indicating that in these 
synchronized systems the inactivation of fibers 
with low potential and high intrinsic frequency 
shifts the pacemaker center of discharge to 
slower cells and thus decreases frequency of 
discharge. 

Supported by Austrian Science Research Fund 
(Project No. ~662). Univ. Inst.f.Med.Physik u. 
BioDhysik, A-8010 Graz. 
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DIFFERENCE IN ACTION OF THE CALCIUM ANTAGONISTS 
NIFEDIPINE AND DILTIAZEM ON THE SLOW RESPONSE IN VENTRIC- 
ULAR MYOCARDIUM 
U. Borchard and D. Hafner 

Ni fed ip ine and d i l t iazem are known to decrease slow in-  
ward current in guinea-pig ven t r i cu la r  myocardium without 
a f fec t i ng  the fas t  sodium channels. Both substances show 
s im i la r  e f fec ts  on act ion po ten t ia ls  (AP) of human ven- 
t r i c u l a r  myocardium which consist  o f  a shortening of  the 
AP without changing the maximum upstroke ve loc i t y  (Vmax) 
up to 10 pmol/ l .  In order to character ize t h e i r  act ion on 
cardiac slow channels, slow responses (27 mmol/l ~+ ]o ,  
0.5 mmol/l [Ba2+]~have been invest igated in guinea-pig 
pap i l l a r y  muscles. Di l t iazem = 0.3 ~mol/l and n i fed ip ine  
= 0.01 pmol/l reduce amplitude, durat ion and Vmax of  the 
slow response. In contrast  to n i fed ip ine ,  d i l t iazem de- 
lays the recovery of  Vma x a f t e r  stimulus induced i nac t i -  
vat ion.  Decrease in Vma x by increasing s t imulat ion f r e -  
quency (use-dependence) is pronounced with d i l t iazem and 
very small with n i fed ip ine  as are the negative ino t rop ic  
e f fec ts .  Recovery from use-dependent blockade is almost 
complete wi th in 2 min in experiments with n i fed ip ine  and 
5 - 10 min with d i l t iazem. 0.01 pmol/1 n i fed ip ine  or 
I pmol/l d i l t iazem reduce Vmax under rested state con- 
d i t i ons  by about 25% or 15%, respect ive ly .  
We conclude that  the primary mechanism of  act ion of  n i f e -  
dipine on slow channels is a rested state blockade, where- 
as that  of  d i l t iazem add i t i ona l l y  consists of  a profound 
act ivat ion-dependent blockade. 

I n s t i t u t  f u r  Pharmakologie der Un ivers i t~ t  DUsseldorf, 
Moorenstr. 5, 4000 DUsseldorf 
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IDENTIFICATION AND CHARACTERIZATION OF BINDING SITES FOR 
CALCIUM CHANNEL BLOCKERS AND OUABAIN IN DIFFERENT 
FRACTIONS OF BOVINE CARDIAC MUSCLE MEMBRANES. 

P.Ruth,V.Flockerzi and F.Hofmann 

The d i s t r i bu t i on  of  3H-Nitrendipine (N)and 3H-Verapamil 
(V) binding s i tes  in d i f f e r e n t  membrane f rac t ions  o f  
bovine cardiac3muscle membranes has been studied and 
compared with H-Ouabain (0) binding si tes.The r e l a t i v e  
apparent abundance of  binding s i tes  in homogenates was 
1(N):3(V):40(O).About 40-70% of  these s i tes  were 
recovered in a low speed p e l l e t  (LSP)(9OOOxg) with an 
1-2- fo ld  enrichment.Sites f o r  N and 0 but not f o r  V were 
enriched about 3 - fo ld  in the microsomal f rac t i on  (MS) 
(30 OOOxg).Sucrose density gradients o f  MS showed that  N 
and 0 s i tes  were enriched 5- and 2- fo ld  in a f r ac t i on  of  
d e n s i t y > l . 1 8  and 6-and 19-fo ld in sarcolemma(SL)(density 
1.04).Competit ion curves f o r  N and V s i tes  present in SL 
and LSP with various unlabel led compounds indicated that  
N s i tes  are spec i f i c  f o r  d ihydropyr id ines and that  V 
s i tes  are spec i f i c  f o r  (-)D-600 and V.These studies 
ind icate that  N and V bind to d i f f e r e n t  s i tes  in bovine 
cardiac muscle membranes and that  only part  o f  these 
s i tes  may be located at the SL. 

Pharmakologisches I n s t i t u t  der Un ivers i t~ t  Heidelberg, 
Im Neuenheimer Feld 366, D-6900 Heidelberg 
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POSSIBLE MODE OF ACgIC~ OF CAPSAICIN IN HEAE~ AND UTERUS 
G. Zernig, P. Holzer and F. L~ubeck 

Capsaicin (CAP) has been shown to exert specific neuro- 
toxic effects on peptidergic primary afferent neurons. 
Effects of CAP on the isolated guinea-pig auricle and on 
the isolated rat uterus were used to elucidat~ its action 
with regard to inplications on transmea~r. Ca 2+ flux. 
(I) In the electrically driven guinea-pig left auricle CAP 
increased the size of the ccntraction dose-dependently 
(0.03 to 6.5 pM). The effect of O. 33 ~M CAP was reproduc- 
ible at intervals of 15 rain, tachyphylaxis occurred at 
shorter intervals. (2) The inotropic effect of 0.33 ~M 
CAP was decreased when Ca 2+ in the bath was doubled 
(p<O.O1), (3) but increased ~der 2.2 ~M verapamil or 
100 pM La3+ (p < 0.05). (4) The increase in contraction 
aniolitude by O. 4 - 400 ~M isoproterenol was greatly re- 
duced in presence of 0.33 ~M CAP (p<0.O5). (5) In the iso- 
lated enestrous rat uterus 0.03 - 0.33 ~M CAP caused a 
transient inhibition of the spontaneous contractions in 
similar to the effect of 2.2 pM verapamil. 
The observations are asstm~d to be based on an [Ca2fl .. 
increase by CAP: (I) This increase in [Ca2+]i by CAP would 
explain the ~anced contraction of the auricle by CAP. 
(2) When [Ca ~ i is already increased by [Ca2+]e an addi- 
ticnal [Ca'2+I i increase by CAP would be relatively lower 
and the size of the contractien be decreased. (3) Release 
of Ca 2+ by CAP from stores inaccessible to either verapa- 
mil or La3+ which results in increased [Ca 2+] i would ex- 
plain the enhanced effects of CAP ~der-these drugs. (4) 
The diminished inotropic effects of isoproterenol in pre- 
sence of CAP need further elucidation. (5) Inhibition of 
the spontaneous contractions of the uterus by CAP may re- 
sult frQm an inhibitien of the transmembranous Ca 2+ influx 
cc~parable to that of verapamil. 
The effects of CAP on muscular Ca 2+ utilisation may serve 
as aid to explain the specific neurotoxic effects of CAP. 

Institut fiir Experimentelle u~d Klinische Pharmakologie, 
Universit//t Graz ,Universit~tsplatz 4 ,A-8010 Graz, Austria. 
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EFFECTS OF A B-BLOCKING AGENT, SOTALOL, ON MEMBRANE 
CURRENTS AND CONTRACTION IN FROG ATRIAL FIBRES. 
R.Kern, H.Mfiller, and Th.Schumacher 

The B-blocking agent sotalol exhibits in clinical 
tests an additional class III antiarhythmlc effect, 
characterized by the prolongation of action potential 
duration. So the effect of sotalol on action poten- 
tial, membrane currents and contraction were studied 
in double sucrose gap voltage-clamped frog atrial 
fibres. Sotalol 5x10-7M caused in preparations dri- 
ven at a constant rate of 4/min an increase of the 
action potential duration (50% and 90% repolariza- 
tion) of 15-20%; amplitude, maximum upstroke veloci- 
ty and steady state Na-inactivatiou were not affected 
A moderate positive inotropic effect, 10% increase, 
could be seen. The absolute refractory time was ex- 
tended, the effective refractory period remained 
unaltered. In contrast, the effect of sotalol is 
invers in resting preparations: after a 5 min res- 
ting period, the action potential duration was re- 
duced by 3~%, the contraction was decreased by 30-50% 
and could not be restored. The alterations of the 
action potential are reflected in voltage-clamp 
measurements. In driven preparations, the Ca inWard 
current and the related phasic contraction remained 
unaffected, the outward current was decreased by 
about 15-20% especially in the plateau potential 
range. The tension-voltage relation of the tonic 
contraction was a few mV shifted to more negative 
potentials. The positive inotropic effect is due to 
this shift and to the prolongation of the action 
potential duration, the antiarhythmic effect can be 
cbntributed to the extension of the absolute refrac- 
tory time and the prolongation of action potential 
duration in absence of an influence on the Na-systemo 

Department of Physiology I, University of Heidelberg, 
Im Neuenheimer Feld 326, D-6900 Heidelberg 
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6-ADRENOCEPTOR BINDING AND ADENYLATECYCLASE AC- 
TIVATION IN LIVING RAT HEART CELLS AFTER CHRONIC 
TREATMENT WITH RECEPTOR BLOCKING DRUGS 
H. Porzig and C. Becker 

Beating monolayer cultures of neonatal rat heart 
cells were exposed for 5 days to one of the fol- 
lowing 8-adrenergie antagonists: [3H]-(+)-carazo - 
ioi (0.2 nM), [3H]-(~)-CGP 12177 (4-B-t~rt.buthy- 
lamino-2-hydroxypropoxy)-benzimidazol-2-on)(4 nM) 
or (-)timolol(10 nM). Receptor binding of a se- 
cond radiolabelled antagonist and agonist-indu- 
ced cAMP accumulation were measured 90 min to 
48 h after washout. Within 90 min CGP and timolol 
dissociated completely from the receptor sites. 
Rebinding of 3H-CGP revealed no change in recep- 
tor number or affinity compared to untreated con- 
trols. Isoprenaline(l ~M)-stimulated cAMP forma- 
tion reached its control level within 90 min af- 
ter removal of timolol. After 90 min of CGPwash- 
out the cAMP response was only 50% and reached 
85% of controls only after 12 hours. Carazolol 
dissociation from specific sites followed a sing- 
le exponential with tl/2 = 115 min. Yet, the cAMP 
response after 3 and 12 h of carazolol washout 
remained at 25% and 33% of controls even though 
more than 80% of the receptors were available for 
binding. Decoupling between receptor occupation 
and cyclase activation was not observed during 
recovery from agonist-induced desensitisation. 
Receptor binding and cAMP response both reached 
83% of controls within 46 h. Our results provide 
a possible pharmacodynamic explanation for pro- 
longed in vivo actions of B-adrenoceptor blockers 
that are not explained by their pharmacokinetics. 

Pharmakologisches Institut der Univ. Bern 
Friedb~hlstr. 49, CH 3010 Bern 
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COHPARISON OF P-BLOCKING,INTRINSIC AND UNSPECIFIC CARDIO- 
DEPRESSANT ACTIVITIES OF DIFFERENT 5-ADRENOCEPTOR 
BLOCKING AGENTS. R. Lindner and R. Zahorsky 
The i n f l u ~ e  o f  p indolol  ( p i ) ,  carazolol  (ca),mepindolol  
(me), Brl 14190 (an analogue of  carazolol  carry ing instead 
of an isopropyl group at the a l i pha t i c  ni t rogen a 2-me- 
thoxy-phenyl-ethyl  residue) (bm), doxaminol (do) and pren- 
a l t e ro l  (pr) on frequency of  contract ion and on isoprena- 
l i n  induced tachycardia without and with p r i o r  rese rp in i -  
zat ion was invest igated in spontaneously contract ing gui-  
nea pig a t r i a .  Frequency was reduced by 50% by the f o l l o -  
wing concentrations.bm 6x10-6. ix10-4 pi 6xi0-4 pr 8x10-3H" do 1.5x i0-5,  ca 2xi0-5, me 

, , . ED50 values f o r  50% reduc- 
t ion of  isoprena~in induced8tachycardia were pi 3xlO-9,ca 
5x10 -9, me 2x10- , bm 3x10- , pr 5x10-7, do 8xlO-7tt  As an 
index fo r  the concentrat ion d i f fe rence between spec i f i c  
and unspeci f ic e f f ec t  the ra t ios  were calculated from the 
ED50 values f o r  depression of  spontaneous frequency and 
the ED50 values fo r  the antagonis t ic  a c t i v i t y  versus iso-  
prenal in .  The ra t ios  obtained were:pi 200 000; pr 16000, 
me 5 000, ca 4 000, bm 200, do 20. The i n t r i n s i c  a c t i v i t y  
was found to be poorly developed in guinea pigs even a f t e r  
reserpin treatment of  the animals (5mg/kgxday f o r  3 days). 
A moderate s t imulat ion of  frequency was observed in the 
case of  pi and ca, not, however, a f t e r  app l ica t ion  of  me 
and of  bm. The concentrat ion range necessary to induce this 
e f f e c t  was higher and pa r t l y  overlapped with the dose-re- 
sponse curves fo r  A-blockade and were terminated by the 
dose response-curve f o r  unspeci f ic frequency reduct ion. 
These resul ts  with respect to antagonis t ic  proper t ies sup- 
por t  the assumption that  in the guinea pig high a f f i n i t y  
to the D-receptor is at  leas t  in par t  re la ted to a proper 
attachment of  the indo l i c  ni t rogen to the respect ive part  
of  the ~-adrenoceptor. The same molecular p a r t i c u l a r i t y  
appears to be responsible f o r  agonis t ic  a c t i v i t y ,  which is 
produced, however, in a higher concentrat ion range. This 
suggests an in te rac t ion  with a d i f f e r e n t  receptor subtype. 
The unspeci f ic membrane s t a b i l i z i n g  e f f ec t s ,  f i na l l y , s imp -  
ly  r e f l e c t  the overa l l  hydrophobici ty of  B-blocking agenB. 
I n s t i t u t  fu r  Pharmakologie,Hospitalstr .4-6,D-2300 Kiel 
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COMPARATIVE STUDIES ON THE CARDIAC ACTIONS OF DIFFERENT 
BETABLOCKERS ON ISOLATED GUINEA PIG HEARTS. 

K. GUttler and Renate Podehl 

The previously described procedure (K. GUttler et a l . ,  
PfIUgers Arch., Suppl. 382, R 53, 1979) for following 
continuously the atrio-V~-6tricular conduction time of iso- 
lated hearts and for measuring the mechanical ac t iv i ty  of 
these preparations provides a useful method to study si- 
multaneously pharmacologically induced changes in the dro- 
motropic and inotropic properties of the heart. By this 
means the myocardial ac t iv i ty  of betaadrenergic blocking 
agents, such as acebutolol (ACE), carteolol (CAR), and 
propranolol (PRO), can be evaluated in more detai l .  
Isolated guinea pig hearts were perfused according to the 
Langendorff technique with modified Tyrode solution (0.9 
mM Ca ++ , 5.4 mM K +) at a constant perfusion rate (lo ml/ 
min). The contracti le forces of both the r ight atrium and 
the le f t  ventr icle were measured by force-displacement 
transducers, the perfusion pressure was determined by a 
Statham transducer. 
Results: I .  Marked concentration-dependent prolongation 
of the atr io-ventr icular conduction time was produced by 
PRO beginning already in the lowest concentration range 
(io - l~  M), whereas ACE and CAR caused only moderate pro- 
longBtions begigning at appreciably higher concentrations 
( lo -~ M and Io - *  M resp.) .  
2. The negative inotropic  a c t i v i t y  of these betablockers 
increased concentration-dependently in the order CAR < 
ACE<PRO, without concomitant changes in the coronary 
perfusion pressure. 
3. The sinus automatic i ty was only s l i g h t l y  influenced by 
PRO and ACE up to concentrations of io -~ M, whereas CAR 
induced a d i s t i nc t  pos i t ive  chronotropic ef fect  in the 
range of lo -8 to lo -5 M. 

Pharmakologisches I ns t i t u t  der Universi t~t  Kbln, 
Gleueler Str. 24, D-5ooo K~In 41 
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CHANGES IN OONTRACTILITY AND ELECI~OPHYSIOLOGICAL PARA- 

IN ISOLATED GUINEA PIG PAPILLARY MUSCLES DUE TO 
DIMAPRIT (H2-AGONIST) AND HIS~ 
U.J.Winter, W.Manteuffel, L.Reiher, U.Kebbel, Hj.Hirche 

Recently, the newly developed H2-agonist dimaprit (D) was 
shown to be an effective positive (pos.) inotropic agent 
(Batm~ann et.al. ,Zschr.Kardiol. ,Bd 71, 3, 1982). Papillary 
muscles (p.m.) (~ <= Imm) of Pirbright-White guinea pigs of 
either sex were used for isometric and electrophysiologi~o 
cal me~sur6s~nts .Administration of histamine (H) and D ( 10- 
to 10- M) to the p.m. (n=5,each) in 10 minute periods pro- 
duced a rapid increase in twitch contraction at 10-CM H 
(by 500%) and IO-4M D (by 350%). These doses of D and H 
caused arrhytlwnias in 40 % and 50 % of the preparations 
res_~ctively. During the application of single doses of D 
(10- ,I0-3M) and H (10 -5, I0-4M) a transitory dose-depen- 
dent maximum of contractility was quickly reached and 
followed by a slow decrease of contraction force, which 
reached a plateau above the control level. The pos.inotro- 
pic effects of H and D were shown to be strongly dependent 
on ~Ca2+]o. During the maximal pos. inotropic effect of D 
I0-4M and H I0-4M (n=4,each), action potential duration 
(APD)33 (-5%), APDSo(-11%) and APD90(-12%), action poten- 
tial anlolitude (-3%) and effective refractory period(-9%) 
were reduced in conloarision to the control values, whereas 
dv/dtmax, resting membrane potential and overshoot showed 
no significant change ccaloared with control. All effects 
could be reversed by H2-antagonist cimetidine IO-4M(n=4). 
Conclusion: D and H are positive inotropic agents, whose 
effects are strongly dose dependent. The alteration of the 
action potential might be responsible for the frequent 
induction of arrhythmias. 
Lehrstuhl fOr Angewandte Physiologie der Universit~t zu 
KSln, Robert-Kooh-Str. 39, 5000 K6in 41 
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EFFECTS OF 5'-N-ETHYLCARBOXAMIDEADENOSINE (NECA) ON FORCE 
OF CONTRACTION AND CYCLIC NUCLEOTIDES IN TEE GUINEA-PIG 

HEART 
W. Schmitz, K. von Hadeln, W. Meyer, M. Nose and H. Scholz 
Among several adenosine analogs NECA has been shown to be 
the most potent stimulator of adenylate cyclase activity 
in cell systems (e.g. liver or Leydig cells) possessing 
stimulatory R site adenosine receptors (R sites). N 6- 
phenylisopropyladenosine (PIA),another a R site agonist, is 
less potent than NECA at the R a sites. On the other hand, 
PIA is more potent than NECA in inhibiting adenylate 
cyclase activity in tissues in which the adenylate eyclase 
is coupled to inhibitory R site adenosine receptors (R. 
sites; e.g. in fat ceils or brain). In order to character- 
ize the cardiac effects of adenosine (AD) further we in- 
vestigated the effects of NECA, in comparison with those 
of PIA and AD, on force of contraction and the cAMP and 
cGMP contents in isolated electrically driven guinea-pig 
left auricles. NECA had a concentration-dependent nega- 
tive inotropic effect (NIE) starting at O.O1 ~mol 1 -I and 
being maximal at i iumol 1 -I . The IC50 was 0.040 • 0.004 
jumol 1 -I (n=6). The concentration-response curve for the 

NIE Of PIA was identical (IC50 = 0.06 �9 O.O1 ~mol i-i; 
n=7). AD was much less potent (ICqo = 31.6 • Io.8famol i-i; 
n=7). At concentrations which red,Bed force of contraction 
by about 80 - 90 %, none of the substances changed the 
cAMP or cGMP levels of the intact contracting preparations. 
- %~he results indicate that the NIE of NECA, PIA and AD 
are not due to changes in the cyclic nucleotide contents 
of the intact preparations. Furthermore, the potency- 
ranking for the NIE of the adenosine analogs (NECA = PZA 
> AD) suggests that the structure of the presumed car- 
diac E site adenosine receptor, which is obviously not 
linked to the adenylate cyclase, differs from that of the 
adenylate cyclase-coupled R site receptors described for 
other organs and cell systems. 

Abteilung Allgemeine Pharmakologie, Universit~ts-Kranken- 
haus Eppendorf, Martinistrasse 52, D-2OOO Hamburg 20 

120 

DOES SODIUM CHANNEL BLOCKADE EXPLAIN THE NEGATIVE 
INOTROPIC EFFECT OF CLASS IANTIARRHYTHMIC DRUGS? 
P. Honerj~ger1~ E. Loibl I and K. Ulm 2 

We have compared the negative inotropic effects 
of 4 class I antiarrhythmie drugs to that of a 
specific Na channel blocker, tetrodotoxin (TTX), 
at concentrations causing similar degrees of Na 
channel blockade.- Isometric contractions and 
transmembrane action potentials were recorded 
from guinea-pig papillary muscle stimulated at I 
Hz. In each muscle, the % reduction ofpeak force 
of contraction and of the maximum rate of depo- 
larization of the action potential, Vmax, by a 
single concentration of one drug were determined 
at steady state. Subtracting the latter value 
from the former gives a difference, A, that is 
negative if the electrophysiological effect ex- 
ceeds the inotropic effect and positive if the 
reverse applies. Only experiments in which Vma x 
was reduced by 30-70 % we.re evaluated: 

drug conc.(~mol/l) A(mean• n 
TTX 10-30 -24.0• 5 
aprindine 3-30 7.6• 6 
AR-LH 313 3-10 -23.7• 6 
mexiletine 100 30.1• 4 
quinidine 30 18.~• 4 

Under these conditions, aprindine, mexiletine 
and quinidine produced a significantly (*P<O.01) 
stronger negative inotropic effect than TTX or 
AR-LH 31. Thus, a mechanism additional to Na 
channel blockade appears to be involved in the 
negative inotropic action of some class I anti- 
arrhythmie drugs. (Supported by DFG) 
38-(3-Diethylaminopropyl)-6,6-dimethyl-2-phenyl- 
IH-imidazoI4,5-h}isoquinoline-7,9(6H,8H)dione- 
dihydrochloride (Dr. Karl Thomae GmbH) 
ZInst.f.Pharmakol.u. Toxikol.d. TUM, Biedersteiner 
Str.29,D-8000 MHnchen iO;~Inst.f. Med. Statistik u. 
Epidemiol.d. TUM, Sternwartstr.2,D-80O0 MHnchen 80 
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ANTIARRHYTHMIC AND ANTIFIBRILLATORY EFFICACY OF DILTIAZEM 

IN ACUTE MYODARDIAL ISCHEMIA AND INFARCTION 

J. Thale, H. U. Bramann, B. Jost, D. Rose 

Fol lowing acute coronary artery occlusion (CO}, three dist inct phases of increased 
arrhythmic act iv i ty can be observed: two  early phases la and Ib during the first 
20 rain. after CO, and a latephase beginning after 6 hours and lasting 2 --  5 days. 
The electrophysiologic mechanisms under ly ing these phases of arrhythmia are 
different. The aim of  this study was to  assess the ant iarrhytbmic and ant i f ibr i l -  
Iatory efficacy of DHtiazem (b) dur ing both early and 1ate phases of  arrhythmia 
fo l lowing CO. 

Methods: 
Investigations were carried out  on tO dogs (BW 20 --  30 kg, Piritramide - -  N20  --  
anaesthesia, CO of either the left descending coronary artery or the left c ircumflex 
coronary artery}. In all animals, the t ime course of spontaneous ventricular ar- 
rhythmias and f ibr i l la t ion and the changes in the ventr icular f ibr i l la t ion threshold 
of ischemic (VFTIM)  and non-ischemic (VFTNIM)  areas fo l lowing CO were deter- 
mined. 

Results: 
1. The incidence of ventr icular arrhythmias were signif icantly reduced and some- 

times even completely abolished dur ing the early phases of arrhytbmia, where- 
as late phase ventricular arrhythmias were not  influenced. 

2. Ventr icular f ibr i l la t ion was nearly completely prevented dur ing the early pha- 
ses of arrhythmia.  

3. The fall in VFTNI  M immediately after CO was signif icantly reduced; the de- 
crease in VFT IM fo l lowing CO was not  changed. 

Conclusions: 
D exerts strong ant iarrhythmic and ant i f ibr i l la tory effects in early myocardial 
iscbemia. The drug proved to be much more effective than 6-blockers and Class-I- 
ant iarrhythmic agents. By contrast, D has no effect at all on Iate phase ventr iculer 
arrhythmias. 

University Hospital, Department of C a r d i o l o g y -  Angio logy.  Domagkstr. 3, 
D--4400 MQnster (FRG) 
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DIPRAFENON -- A NEW CLASS-I-ANTIARRHYTHMIC COMPOUND 

FOR TREATMENT OF CHRONIC VENTRICULAR ARRHYTHMIAS 

H. G~Jlker, R. Engberding, B. Olbing, F. Bender 

Diprafenon (D} is a new Class-l-antiarrhythmic compound w i th  close similarities to 
Propafenon regarding i ts  chemical structure. To evaluate the ant iarrhythmic pro- 
fi le of the drug, we assessed 1) the electrophysiologic effects of D in the normal 
nonischernic heart, 2) the ant iarrhythmic and ant i f ibr i l la tory actions of D during 
transient coronary artery occlusion, and 3) the ant iarrhythmic efficacy of the 
drug dur ing sustained ventricular tachycardia in acute myocardial infarction. 

Methods: 
Investigations were carried out  on 20 dogs (BW 20 --  30 kg, Piritramide --  N2O --  
anaesthesia}. D was given intravenously at increasing doses ranging between 0.1 
-- 3.2 mg/kg. Electrical testing of the heart was performed by determining a) the 
refractory periods of the atr ium and the ventricle, b) the AV-conduct ion t ime 
(His-Bundle), c) the atrial (AFT) and ventricular (VFT} f ibr i l la t ion threshold, 
d) the incidence of ventr icular arrhythmias, especially f ibr i l la t ion (VF} during the 
first 20 min.  after coronary artery occlusion (CO) and dur ing 1 hour fo l lowing 
subsequent reperfusion (R), e) the t ime course of changes in the V F T  during CO 
and fo l low ing  R, f) the induc ib i l i ty  of sustained ventr icular tachycardia dur ing 
earIy necrosis in acute myodardiai infarct ion. 

Results: 
D caused a dose-dependent increase of both the atrial and ventricular refractory 
periods and of the A F T  and VFT.  The AH-interval was prolonged by 15 ms at 
a dose of 3.2 mg/l<g. The incidence of ventricular arrhythmias fo l lowing CO and 
R remained unchanged; the incidence of VF  fo l lowing CO was sl ight ly reduced, 
but only at a dose of 3.2 mg/kg, whereas the inddence of VF fo l lowing R was not  
diminshed. By contrast, sustained ventr icular tachycardia occurring dur ing early 
necrosis" in acute myocardial infarction, could be prevented even at low doses 
ranging between 0.4 --  0.8 mg/kg. 

Conclusions: 
D exhibi ts typical  Class-l-actions. Thus, i t  appears to be of particular value in the 
control  of chronic ventricular arrhythmias, but  not  on acute [schemic ventricular 
arrhythmias. 

University Hospital, Department of Cardiology - -Ang io logy ,  Domagkstr. 3, 
D--4400 Miinster {FRG) 
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ELECTROPHYSIOLOGICAL PROFILE OF AN INDOL-2-CARBON-AMIDE 
DERIVATIVE (KC 3791) WITH ANTIARRHYTHMIC PROPERTIES 

S. Hohnloser, H. Antoni 

KC 3791 (2-(3-(N,N-diethylamino)-2-hydroxypropylaminocar-  
bonyl ) -3-methoxy- l -phenyl - indole HC1) is a new compound 
which exhib i ted ant iarrhythmic propert ies in various ani -  
mal models (Naunyn-Schmiedebergs Arch. Pharmacol. Suppl. 
391, 146 (1982). In order to examine the e f fec ts  o f  KC 
3791 on the basic exc i ta to ry  processes of  cardiac muscle 
the present studies were performed with i n t r a c e l l u l a r  
microelectrodes in iso la ted pap i l l a ry  muscles of  the 
guinea pig. 

Under control  condit ions (32~ K 5.4 mmol/l, frequency 
0,5 Hz) KC 3791 (3 - 30 umol/ l)  r~duced the maximal ra te 
of  r i se  of  the act ion potent ia l  (Qmax) in a dose-depen- 
dent manner without markedly a f fec t ing  the regt ing mem- 
brane potent ia l  nor the amplitude or durat ion o f  the ac- 
t ion po ten t ia l .  I nc reas ing the  frequency o f  s t imula t ion 
enhanced the reduction of  Vmax in the steady state (-34% 
at 0.2 Hz; -60% at 2 Hz). By contrast ,  the time constant 
of  the recovery from inac t i va t i on  of  the fas t  Na channel 
fo l lowing s ingle premature beats was not essen t ia l l y  a f -  
fected by KC 3791. The hA curve re la t ing  Vmax to the mem- 
brane potent ia l  was sh i f ted  by KC 3791 (10~moI / I )  in the 
hyperpolar iz ing d i rec t ion  by about 8 mV. Action poten- 
t i a l s  o f  the slow response type are s l i g h t l y  reduced in 
t he i r  maximal rate of  r i se  and durat ion by KC 3791 at a 
concentrat ion of 50 }mo I / I .  

The studies character ize KC 3791 as a class I an t i -  
arrhythmic drug with spec i f i c  time- and voltage depen- 
dence. The resu l ts  are discussed in view of  the an t i -  
arrhythmic potency of the substance. 

Physiologisches I n s t i t u t  der Un ivers i t~ t  Freiburg i .  Br . ,  
Hermann-Herder-StraBe 7, D-7800 Freiburg i .  Br. 
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STUDIES ON THE ANTIARRHYTHMIC ACTIVITY OF ASOCAINOL-HCI 
(G6 4704A) IN CONSCIOUS DOGS WITH CORONARY ARTERY LICATION 
B. Wagner 

Asocainol is a new antiarrhythmic drug with a high potency 
in different models and species (Wagner at al.1982,Naunyn- 
Schmiedeberg's Arch. Pharmacol. Suppl. 319, R37). The 
antiarrhythmic profile was now studied in more detail in 
conscious dogs with a coronary artery ligation. 
To evaluate the antiarrhythmic efficacy of drugs, the 
total heart rate (HR) and percentage of sinus beats (SB) 
prior to drug administration are important parameters. 
Asocainol, cumulatively dosed I0 + 20 mg/kg p.o. (i h 
apart) in tachycardiac dogs on day 1 post ligation (mean 
HR 176/min; 7 % SB), was thus found to be equieffective 
(maximal conversion to SB~80 %) with i0 mg/kg p.o. in "low 
rate" dogs (mean HR 137/min; 22 % SB). 
Comparative studies with reference drugs in tachycardiac 
dogs (day I) allowed the classification of Asocainol ac- 
cording to the maximal conversion to SB (drug/mg/kg p.o.): 

Asocainol/30 �9 mexiletine/20 > prajmaline/5 ) propafenone/lO. 

Infusion studies with Asocainol (i0 mg/kg.h) revealed high 
therapeutic effects (>90 % SB) following doses ~ 7.5 mg/kg 
i.v. without toxicity, whereas the arterial blood pressure 
remained unaltered up to doses > 40 mg/kg. Using lidocaine 
(40 mg/kg.h), such high values of % SB could only be 
reached with doses causing severe side effects (>70 mg/kg 
i.v.). The mean ventricular conduction time (QRS duration) 
following 30 mg/kg i.v. Asocainol or 60 mg/kg i.v. lidoca- 
ine was prolonged 11.4 ! 2.7 % or remained unchanged, 
respectively. 
In conscious dogs on day 4 post ligation, severe 
arrhythmias could be induced by bolus injections of 
4 gg/kg i.v. epinephrine. Both Asocainol (5 mg/kg i.v.) 
and lidocaine (10 mg/kg i.v.), dosed prior to epi- 
nephrine, diminished these arrhythmias almost completely. 
However, the duration of the antiarrhythmic activity in 
this model appeared to be longer with Asocainol. 

Goedecke Research Institute, D-78OO Freiburg 
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ELECTROPHYSIOLOGICAL EFFECTS OF A NEW ANTIARRHYTHMIC DRUG 
(ASOCAINOL) ON THE ISOLATED HEART AND ON VENTRICULAR 
MUSCLE PREPARATIONS AND PURKIN3E FIBRES OF THE GUINEA PIG. 

HoLangenfe!d,K.Naverkampf 

The s tud ies  arc dea l i ng  w i th  the e i e c t r o p h y s i o l o g i c a i  e f -  �9 + 
f ec ts  of  asocalnoi  ( ( - ) - 6 , 7 , 8 , 9 - t e t r a h y d r o - 2 , 1 2 - d z m e t h o x y  
-7-mes ( d , f )  a z o n i n e - l - o l  (Goe 
47o4-A)) on the i so l a ted  perfused guinea pig hear t  (Lan- 
gendor f f  p repara t ion )  as we l t  as on p a p i l l a r y  muscles and 
Purk in je  f ibnes of  the same species.  
In  the i s o l a t e d  hear t  (n=6) the Lowest e f f e c t i v e  concen- 
t r a t i o n  of  asocaino l  is  about o . 2 ~ m o i / 1 .  At a concentra-  
t i o n  of  2 ~ m o l / i  the e lectrogram shows the f o l l o w i n g ' c h a n -  
ges: A decrease in f requency (-23 %), a p ro longa t ion  o f  PQ 
(+21%) ,  o f  QR5 (+22 %), o f  QT (+9 %) and of  the f u n c t i o -  
nal  r e f r a c t o r y  per iod (+56 %). 
In  the p a p i l l a r y  muscle (n=i2)  asocainol  ( 3 ~ m o i / 1 )  pro-  
longs the ac t ion  p o t e n t i a l  (AP) by about 16 % wh i le  h igher  
concen t ra t ions  ( l o ~ m o l / l )  exe r t  an opposi te  e f f e c t .  The 
r e s t i n g  p o t e n t i a l  and the ampl i tude o f  the AP remain unaf-  
fec ted .  The maximal ra te  o f  r i se  (~max) of  the AP is  re-  
duced by asecaino l  in a dose-dependent manner ( - 31% at  
l o ~ m o l / l ) . T h i s  e f f e c t  shows marked use-dependence w i th  
the recovery from i n a c t i v a t i o n  becoming complete a f t e r  
s t imulus f ree  i n t e r v a l l s  o f  about 60 s. The h ~ - c u r v e  de- 
termined by v a r i a t i o n s  o f  K is  s h i f t e d  by asocainol  to  
more negat ive  p o t e n t i a l s .  T~e percentage d e v i a t i o n  o f  the 
h~-ourve from control is more pronounced at lower mem- 
brane potentials. 
In Purkinje fibres (n=5) the spontaneous activity occu- 
ring at K =2 mmol/l is suppressed by asocainol (lo~mol/l). 

e 
As compared with its influence on papillary muscle aso- 
eainol affected the excitatory parameters of the Purkinje 
fibres in a essentially similar way. 

Physiologisches Institut d.Universit~t Freiburg i.Br., 
Hermann-Herder-Str.7, D-78oo Freiburg i.Br. 
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EFFECTS OF VENOUS SCLEROSING AGENTS ON THE ELECTRICAL 
ACTIVITY OF THE PERFUSED GUINEA PIG HEART AND OF ISO- 
LATED MYOCARDIAL PREPARATIONS 

J. Weir ich,  B. Oexle 

Studies on the electrophysiological effects of the ve- 
nous sclerosin~ agents sotravarix R (p01idocanol 60mg/ml) 
and variglobin (Na-~odate 80mg/ml) were performed on 
Langendorff-preparatlon and papillary muscle of the 
guinea pig heart�9 
Langendor f f -p repara t i on :  During per fus ion  wi th  so t ra -  
v a r i x  ~ (concentrat ion-- [ : iOOO0) the e lectrogram of  the 
i so l a ted  perfused hear t  showed a marked shor ten ing o f  
the QT dura t ion  and a p ro longa t ion  of  PQ and QRS. At a 
drug concent ra t ion  of  1:8000 per fus ion  w i th  s o t r a v a r i x  R 
led to an irreversible cardiac arrest. Perfusion with a 
solution containing variglobin R (1:4000) strongly shor- 
tened the QT duration of the electrogram. At a drug con- 
centration of 1:2000 variglobin R exerted additional 
effects resulting in a prolongation of PQ and QRS. Car- 
diac arrest occured at a drug concentration of 1:200. 
The perfusion rate of the isolated heart was not affected 
by both agents. 
Papillary muscle: At a concentration of i:i000 sotrava- 
~x H shortened-{he duration of the action potential by 
about 24% and reduced the maximal upstroke velocity by 
about 41%. Both effects were irreversible. No or little 
influence of the drug was exerted on the resting mem- 
brane potential nor on the amplitude of the action poten- 
tial. By contrast, variglobin R (1:50) depolarized the 
resting membrane by about 7-8 mV and secondary to this 
reduced the amplitude and maximal upstroke velocity of 
the action potential by about 22% or 40%, respectively. 
At the same concentration variglobinR shortened the ac- 
tion potential duration by about 80%�9 All effects caused 
by variglobinR were reversible. 

Physiologisches Institut der Univ. Freiburg i�9 Br. 
Hermann-Herder-Str�9 7 D 7800 Freiburg i. Br. 
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PHARMACOLOGICAL DIFFERENTIATION OF ANTIARRHYTHMICS IN RATS 
D. Thorm~hlen and R. Oberbeck 
A new simple and inexpensive screening model has been 
established. 
under oscilloscope-control, a purpose-made tripolar elec- 
trode catheter was inserted into the right heart of anae- 
thetized Sprague-Dawley rats via the right jugular vein. 
The distal electrode was placed in the right ventricle, 
the medial one in the right atrium, and the proximal in 
the vena cava cranialis. Supraventricular (SAT) and ven- 
tricular arrhythmic thresholds (VAT) were determined by 
stimulating the heart electrically with increasing cur- 
rent. In addition, the maximUm i:i conduction of the A-V 
node (CA-V) was determined by rapid atrial pacing to the 
point at which A-V Wenckebach occurred. CA-V was found to 
significantly correlate with atrioventricular conduction 
in man (J.K. Bissett et al., Cardiovasc Res 9:593-599, 
1975). Blood pressure (BP) was measured from the left 
carotid artery, and heart rate (HR) was deduced from the 
ECG. 
Results obtained with standard antiarrhythmics: 

Class 

Ia (Quinidine) 

Ib (Lidocaine) 

II (Propranolol) 

III (Amiodarone 

IV (Verapamil) 

dose 
M/kg i.v. 
free base 

9.6 x 10 -6 

9.6 x 10 -6 

9.6 x 10 -6 

1.5 x 10 -5 

1.2 x 10 -6 

. effect on .... 

SAT VAT CA-V BP HR 

~ ~ ~4~ ~/~  

~ change from control: -~= 0; I~/~ or~/~ = 0-15; 
or @ = 15-25; ~ or~= 25-35; ~ or~ =~ 35. 

These findings are in agreement with known data and indi- 
cate that this model appears suitable to characterize 
antiarrhythmics and to differentiate between them. 

Beecham-Wfilfing GmbH & Co.KG, D-3212 Gronau/Leine, FRG 

128 
TWO DIFFERENT BINDING S I T E S  FOR 20,22-DIHYDRODIGITOXIN 
IN BEEF CARDIAC CELL MEMBRANES 
L i n d s a  7 Brown and E r l a n d  Erdmann 
2 0 , 2 2 - D i h y d r o d e r i v a t i v e s  o f  d i g i t a l i s  a r e  known f o r  
t h e i r  low a f f i n i t y  f o r  t h e  c a r d i a c  g l y c o s i d e  r e c e p t o r ;  
h i g h  c o n c e n t r a t i o n s  a r e  n e e d e d  t o  g i v e  p o s i t i v e  i n o -  
t r o p i c  e f f e c t s . T h e  b i n d i n g  o f  t h r e e  c a r d i a c  g l y c o s i d e s  
S I t - o u a b a i n , 3 H - d i g i t o x i n  and S B - d i h y d r o d i g i t o x i n  t o  
b e e f  c a r d i a c  (Na++K+)-ATPase was m e a s u r e d  t o  e s t a b l i s h  
t h e  s p e c i f i c i t y  o f  r e c e p t o r  b i n d i n g .  N o n - s p e c i f i c  
b i n d i n g  was d e f i n e d  a s  t h a t  i n  t h e  p r e s e n c e  of  O.lmM 
u n l a b e l l e d  c o m p o u n d , o r  i n  t h e  a b s e n c e  o f  l i g a n d s .  The 
d i s s o c i a t i o n  c o n s t a n t s  ( K )  c a l c u l a t e d  from t h e  
i n h i b i t i o n  o f  3 H - o u a b a i n  B i n d i n g  w e r e : o u a b a i n , 2 . 9 x  
l O - 9 M ; d i g i t o x i n , 8 . 1 x 1 0 - l O M ; d i h y d r o d i g i t o x i n , 3 . 4 x l O ' 8 M .  
The I C h o - v a l u e s  f o r  (Na++K+)-ATPase a c t i v i t y  w e r e :  
o u a b a i n ~ 5 . 9 x 1 0 " 9 M ; d i g i t o x i n ,  1 . 6 x 1 0 - 9 M ; d i h y d r o d i g i t o x i n  
2 . 5 x 1 0 -  M.Ouaba in  and d i g i t o x i n  showed s t r a i g h t  
S c a t c h a r d  p l o t s  f o r  one s i t e  o f  h i g h  a f f i n i t y . H o w e v e r ,  
d i h y d r o d i g i t o x i n  b i n d i n g  g a v e  a c u r v e d  S c a t c h a r d  p l o t .  
Fo r  M g 2 + , P i - s u p p o r t e d  b i n ~ i n g , t h e  K n o f  t h e  h i g h  
a f f i n i t y  s i t e  was 1 . 6 x l O - ~ M . T h e  Bma~ o f  t h i s  s i t e  was 
a b o u t  30 p i c o m o l e s / m g  p r o t e i n , s i m i l a r  t o  t h e  o u a b a i n  
and d i g i t o x i n  b i n d i n g  s i t e  v a l u e s . B i n d i n g  w i t h  Na~ATP, 
Mg2+showed a h i g h  a f f i n i t y  s i t e  (KDh. SxlO-8M) o f  
similar Bmax.The high affinity site was not occupied 
in the presence of 200mM Na+, or in the absence of 
ligands,had an assoc, rate constant ofsi.8x]ohM-Isec-l• 
and a dissoc, rate constant of S.Gx10- sec- . Th# low 
affinity site ~KD 4.0xlO-6M for Mg2+,pi; 5.hxIO-GM 
for Na+,ATP,MgZ+)bound about 350 picomoles/mg protein, 
was occupied in the presence of 200mM Na+,but not in 
the absence of ligands.There are two digitalis binding 
sites in beef cardiac (Na++K+)-ATPase; a dihydrodigi- 
toxin high affinity site also occupied by ouabain and 
digitoxin,and a low affinity site,which can be 
o c c u p i e d  by  d i h y d r o d i g t t o x i n , w h o s e  b i o l o g i c a l  
significance has to he further investigated. 

Medizinische Klinik I der Universit~t, 
Klinikum Grosshadern~D-8000 M~nehen 70. 
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DIFFERENT EFFECTS OF CARDIAC GLYCOSIDES IN CARDIAC 
MUSCLE AND NON MUSCLE CELLS 
K. Werdan,  B. W a ~ e n k n e c h t ,  B. Z w i B l e r ,  W. K r a w i e t z  

The role of sodium pump inhibition in the positive 
inotropic action of cardiac glycosides is still a mat- 
ter of controversy. Especially the linkage between 
cardiac glycoside binding to its receptor and inhibi- 
tion of the sodium pump in intact myocardial cells is 
disputed. 
Results: In myocardial cells from chick embryos, 
T~7-ouabain binding is characterized aS following: 
binding occurs to a single class of binding sites; 
binding capacity 2.6(muscle cells) and 2.1(non muscle 
cells) pmoles/mg cell pretein~ dissociation constant 
i.5(1.9)xiO-TM; associatie D rate 3(2)xlO4M-lsee-l; 
dissociation rate 4(3)xiO-~ binding is strongly 
temperature dependent and reduced by K + ions; it is 
prevented in heat shocked cells. 
In non muscle cells, a stoichiometrie relationship 
exists between occupation of these binding sites by 
ouabain and reduction of ouabain-sensitive (86Rb++K +) 
-influx or decrease of cellular K +. Myocardial muscle 
cells, however, behave differently: up to 40 ~ of 
binding sites can bind ouabain with only minor re- 
duction in sodium pump activity. Further increase in 
the percentage of binding sites occupied by ouabain 
then decreases (86Rh++K+)-uptake and cellular K + as 
expected. 
Conclusion: In myocardial non muscle cells, binding 
of ouabain to its receptor inactivates the sodium 
pump in a stoichiometric manner. In muscle cells~ 
however~ ouabain binding is either not strictly 
coupled to sodium pump inhibition, or the non-inhibi- 
ted portion of sodium pump molecules can in part 
compensate for the ouabain-inactivated pump molecules. 

Medizinische Klinik I der Universit~t Mfinchen~ Klini- 
kum Gro5hadern, Marchioninistr. 15~ D-8 Munchen 70 
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EFFECT OF ELEVATION OF EXTERNAL CA CONCENTRATION ON 
TENSION DEVELOPMENT AND CALCIUM CONTENT OF ISOLATED 
RESTING GUINEA-PIG LEFT ATRIA UNDER THE INFLUENCE OF 
OUABAIN. T. Peters and Gundula Sievers 
The inves t iga t ion  was aimed to study the inf luence o f  oua- 
bain on net calcium movements in to  and across the plasma- 
lemma under condit ions where there is no exc i ta t ion  Ca- 
f l ux .  Le f t  a t r i a  of  guinea-pigs were incubated in Tyrode's 
so lu t ion (KCI:2.7 mmol/l, 32oc, gassed by carbogen)and the 
Ca-concentration ( [Ca]o ) was elevated from 1.0 to 4.0 mM 
a f t e r  an equ i l i b ra t i on  period of  60 min in the absence 
(cont ro ls )  or presence o f  ouabain (SxlO -7 or 1.5x10-6M). 
Subsequently, over a period of  30 min tension development, 
c e l l u l a r  calcium (Cac) and Na- and K-contents were mea- 
sured f l uo rome t r i ca l l y  and by atomic absorpt ion spectros- 
copy, respect ive ly .  Under control  condit ions the e levat ion 
of  ~a ]o  did nei ther  a f f ec t  res t ing tension nor the ce l l u -  
lar -contents  of  Na or K (cont ro ls :  K 137• 7; Na 45• Ele- 
vated Ca: K 139211; Na 39• mmol/kg). Ca c was found to be 
increased from 1.15 to 1.59 mmol/kg over a period o f  30 
min in elevated [Cal o, Raising the [Ca]o in the presence 
of  8xlO-7H ouabain resul ted in an abrupt increase of  
rest ing tension wi th in  i min whi le the c e l l u l a r  contents 
of  Na,K and Ca did not d i f f e r  from values obtained in the 
absence o f  the drug (K 123• Na 43• Ca c 1.80 mmol/kg). 
Under the inf luence o f  1.5x10-6M ouabain rest ing tension 
again increased immediately a f t e r  ra is ing  rCa]o. A f te r  5 
min a slowly proceeding fu r the r  increase o f  tension was ob- 
served. During the ear ly  phase of  Ca-induced tension in-  
crement the c e l l u l a r  Na,K and Ca contents were unaffected 
as compared to the values obtained in the presence o f  oua- 
bain alone. The second phase o f  slow tension enhancement 
was, however, accompanied by a progressive c e l l u l a r  loss 
of  K (ce l lu la r  content a f t e r  30min:92• mmol/kg). The re- 
su l ts  suggest tha t  ouabain exerts an e f f ec t  on the medi- 
a t ion between iCaJo and Ca ++ in the cytosol through a Ca- 
binding s i t e ,  the proper t ies of  which may change indepen- 
dent of  major a l te ra t i ons  of  i n t r a c e l f u l a r  Na or K con- 
centrat ions.  
I n s t i t u t  f~ r  Pharmakologie,Hospitalstr .4-6,D-2300 Kiel 
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REFINED "ONE-WAY" E-C COUPLING MODEL CAN EXPLAIN RECENT 
"PROBLEMATIC" DATA ON LARGE ACTIVATOR CA FLUXES, Ito,AND 
Is i  INCREASE WITH HEART GLYCOSIDE INOTROPY H.J.Mensing 

G.A. Langer et  al.(Am.J.Physio].237:H239,1979), possibly 
d is t rac ted,  by the Fabiatos' p o ~ l a t e s  on SR funct ion,  
from the p o t e n t i a l i t i e s  of Langer's former "one-way con- 
cept",  were unable to s t ra igh t fo rward ly  explain the rapid 
k inet ics of  ac t i va to r  calcium in beating heart ce l l  cul-  
tures. Wohlfart (Acta Physiol.Scand.106:395,1979)concluded 
from in te rva l - s t reng th  analysis in r ~ i t  pap i l l a r y  muscles 
that  most o f  the ac t i va to r  Ca must exchange with the ex t ra-  
c e l l u l a r  space within one beat. Lewartowski et  a l .  (J.Mol. 
Cel l .  Cardiol .12,Suppl.1:94,1980) found a huge 45Ca i n f l ux  
of 0,25 mmol/~w.w,  p e r  beam in guinea pig hearts; they 
suggested rev is ion  of  the current e-c coupling models. 
Isenberg (Z.Naturforsch.37c:502,1982), working with iso-  
lated ven t r i cu la r  ce l l s ,  reports in tegra ls  of  " fas t  and 
large" Ca inward currents up to 0.1mmol/kg ce l l  i n  lOC~ns. 
Other problem areas in myocardiology include: the unknown 
st ructure and funct ion of  the couplings ( " f ee t " )  between 
sarcolemma and the SR; the s t i l l  unknown mechanism(s) of  
Ca release from the SR; the mechanism of increase in Ca 
inward cu r ren t / I s i  with heart glycoside inotropy (Marban 
& Tsien, J.Physiol.329:589,1982); and the ion ic  nature and 
funct ion of the t r a n T e n t  outward cu r ren t ( s ) / I t o .  
Al l  these "problems" can be resolved wi th in  the framework 
of  a new e-c coupling model b r i e f l y  out l ined by the author 
in 1979 ( th is  Arch.308:R35; see also TIPS 2:303,1981). In 
th is  model SR c a l c i u T i s  released to a d i f f us ion  res t r i c ted  
e x t r a c e l l u l a r  space: depo lar iza t ion  act ivates a passive Ca 
outward  current (par t  o f  I to )  from the SR, through channels 
in the " f ee t " ,  to the c l e f t  beneath the external  lamina of 
the glycocalyx, from where ac t i va to r  Ca enters via an ear ly  
e lectrogenic 3Nai/ICa o exchange (par t  of  I to) ,and via I s i -  
These three d i f f e r e n t  Ca-dependent currents at present can- 
not be c lea r l y  separated. Glycoside inotropy augments the 
Ca load of  the SR, and, by " e x t r a c e l l u l a r  rec i r cu la t i on "  
during ac t i va t ion ,  the Ca supply to the Is i  channels. 
Pharmakologisches Institut, Wilhelmstr. 56, D-7400 T~bingen. 
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ACTION OF OUABAIN ON RAT VENTRICULAR TISSUE 
Stefan Herzig and Klaus Mohr 
The effects of ouabaln on contractility and on cellular No- and K- 
content of rat isolated ventricular sfrlps, the ouabain-induced inhl- 
b~tlon of a rat cardiac Na/K-ATPase preparation and the ouabain- 
binding to rat cardiac cell membranes were investigated and cam- 
pared with results reported for guinea-pig ( g . p . )  hearts. 
At 1 Hz 3 x 10-7M ouabain augmented isometrically recorded con- 
tractile force by 20%, 3 x 10-3M by 60%. Intoxication wc~ induced 
regularly at 10-4M ouabaln; in the great majority of experiments 
this was indicated by an unstable inotroplc response, i .e.  a transi- 
tory inotropic maximum mostly combined with o progressive increase 
in end-diastolic tension leading to contracture,while arrhythmla 
occurred only rarely. Under similar conditions a deterioration of 
Na/K-homeostasls was detected by flame-photometry only beyond 
10-4M ouabaln. In g.p. heart the range of inotropic ouabain- 
concentrations is much smaller; the common toxic effect is an 
arrhythmia paralleled by marked loss of cellular K and gain of Na. 
The ouabaln concentration required for a half maximum inhibition 
of rat Na/K-ATPase (60 x 10-6M)was 20 fold higher than in g.p. 
(3 x 10-6M). Scatchard analysis of[3H]ouabain-binding revealed 
a high affinity binding wlth Kd~5 x 10-8M (g.p.:  15 x 10-8M); 
Bmax amounted to 10% of Bmax found in identically prepared g.p. 
cardiac membranes. The presence of additional ouabaln-blndlng 
with low affinity and high capacity could not be excluded. 

In rat and g.p. heart a high affinity ouabaln-blnding can be re- 
lated to an inotrop~c response. Inh ib i t ion of rat Na/K-ATPase, 
however, becomes apparent in vlvo and in vitro at far higher oua- 
bain-concentrations than in g.p. .  In agreement with thls finding is 
the broad inotro~ic dose-response curve of ouabain in rat, which 
seems not to be terminated by a disturbance of cellular Na/K-  
homeostasis, but by an insufficient reduction of the diastolic cyto- 
sollc Ca2+-concentratlon. 

Instltut fUr Pharmakologle, Un~v. K~el, Hospltalstr. 4-6, D-23 Kiel 
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THE DIHYDROOUABAIN-POTASSIUM ANTAGONISM ON FORCE 
OF CONTRACTION IN RELATION TO SODIUM 
F. Ebner~ A. Bachmaier~ M. Reiter 

The inotropic potency of dihydroouabain ~DHO) on 
guinea-pig papillary muscle (Na + 140~ Ca 2+ 1.2 
mmol/1; 1 Hz) was reduced by K + in a non-satur- 
able and non-linear way with steeper slopes of 
the concentration-effect curves, which is incon- 
sistent with an exclusive role of a K+-regulated 
affinity of the DH0 receptor. However, a model 
of the influence of [K+]o on Na + fluxes could 
simulate the change of the DH0 curves. Consist- 
ent with this model~ the reduction of [Na+]o to 
70 mmol/1 antagonized the inotropic effect of 
DH0 predominantly at low [K+]o with a marked 
steepening of the curves. Since K + depressed 
Vmax of the AP only at high while saturating the 
Na pump already at low concentrations it appears 
that~ in dependence on resting membrane poten- 
tial, passive Na + influx during diastole con- 
tributes to the effect of K +. Accordingly, an 
increase of [K+]o should and actually was found 
to have a negative inotropic effect (1.2 - 4.5 
mmol/1 K+)o However, higher [K+]o produced a pos- 
itive inotropic effect (enhanced by elevated 
[Ca~+]o or reduced [Na+]o) as expected in view2+ 
of a depolarization-dependent impairment of Ca 
elimination via Na-Ca exchange. 

The results support the assumption that K + at 
least partly exerts its antagonistic effect by 
the interference with the relation of influx to 
efflux of Na +. 

Institut fHr Pharmakologie und Toxikologie der 
Technischen Universitit MGnchen, Biedersteiner 
Str. 29, D-8000 Minchen 40 
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SIGNIFICANCE OF FIBER DILATION FOR PROPRANOLOL 
AND EPINEPHRINE INDUCED ACUTE CHANGES IN CAPIL- 
LARY DENSITY IN THE RAT HEART. F. Vetterlein 
The present experiments have been designed to 
test whether a propranolol-induced decrease in 
coronary flow influences the number of perfused 
capillaries in the rat heart. In addition,the 
effects of an epinephrine-induced increase in 
blood flow were studied. - Rats were thoracoto- 
mized,and the Q-globulin-conjugated fluorochrome 
FITC was injected intravenously in order to label 
the intravasal space.10 min after injection of 
the dye the heart was excised and frozen for hi- 
stology. Capillary densities were determined in 
cross sections of the subepicardium and the sub- 
endocardium. In the propranolol (1.Omg/kg i.v.)- 
as well as in the epinephrine (5.O ~g/kg x min) 
i.v.for 5 min)-treated rats signiffcantl~ higher 
densities of dye-labelled capillaries/mm- were 
found as compared to the controls. (subepicardiu~ 
and subendocardium:c~ntrols 3,53Q!90 and 3,260 - 
90;pr~pranolol:3,89~-90 and3,410~1OO;epinephrine: 
3,930~110 and 3,510-70).This increase was not in- 
duced by a rise in number of perfused capillaries 
as could be shown by the additional determination 
of fiber densities.Fibers were demonstrated by 
the intravital application of myoglobin,conjega- 
ted with the fluorochrome RB 2OO,which distribu- 
tes itself in the extracellular space due to its 
low molecular weight.With this method it was 
found that the capillary/fiber relation was not 
changed by the drugs tested. Therefore the rise 
in capillary counts per square unit was due to 
an extension of the myocardial fibers produced 
by both propranolol and epinephrine. 

Institut fHr Pharmakologie und Toxikologie, 
Universit~t G~ttingen, Robert-Koch-Str. 40, 
D-34OO G~ttingen 
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MYOCARDIAL ACTION OF GITOXIN AND ITS FORMYL- AND ACETYL- 
DERIVATIVES IN GUINEA PIG. E.Schellberg and U.Fricke 

Contrary to other d i g i t a l i s - g l y c o s i d e s ,  g i t ox in  (GT) is not 
used in man, p a r t i c u l a r l y  because of  ear l y  repor ts  of  i t s  
poor absorpt ion charac te r i s t i cs .  This disadvantage, how- 
ever, has been overcome by ace ty la t ion  (pengi tox in,  PAG) 
or formyla t ion (g i to format ,  PFG) of  the s tero id  nucleus 
and the sugar chain, These drugs in part  considered as 
"prodrugs" are now c l i n i c a l l y  ava i lab le .  Because of some 
repor ts  (e.g. DOLPHEN & LESNE, Arzneim.-Forsch. 30, 614, 
1930) of  a greater  safety margin o f  GT, one of the main 
metabol i tes of  PAG and PFG, we studied the e f fec ts  of GT, 
PFG, PAG and as f u r t he r  metabol i tes of these drugs the 16- 
formyl -  (FGT) and 16-ace ty l -de r i va t i ve  (AGT) of GT on iso-  
la ted pap i l l a r y  muscles and NaK-ATPase of guinea pig hearts. 
In pap i l l a r y  muscles, concentrat ions f o r  ha l f  maximal ino- 
t rop i c  e f fec ts  (ED50) increased in the fo l lowing order: 
FGT (4.2) - PFG (4.4) - AGT (7.3) - GT (27.3) - PAG (48.0 
x 10-7 mo l / l ) .  So did the concentrat ions f o r  maximum ino- 
t rop ic  e f fec ts  (= t o x i c i t y  threshold,  TOX). Thereby calcu- 
la ted therapeut ic  indices (TOX/ED50) were in the range of 
4.6-5.2 f o r  PFG, FGT and GT. A lower index was obtained 
with PAG and AGT (3 .0-3 .1) .  Maximum ino t rop ic  e f fec ts  were 
near ly i den t i ca l ,  in the range of  70-90%, except FGT which 
increased c o n t r a c t i l i t y  by only 55%. In the NaK-ATPase- 
assay, concentrat ions f o r  ha l f  maximal i n h i b i t i o n  (ID50) 
increased from FGT (1 .5) ,  PFG (3 .4) ,  AGT (7.4) to GT (19.1 
x 10-7 mo l / l ) .  With PAG an exact ID50 could not be calcu- 
la ted,  because th is  drug prec ip i ta ted in concentrat ions 
higher than 5x10-5 mol / l .  The maximum i n h i b i t i o n  was near- 
l y  40%. The estimated ID50-values were in the range of  Ix 
10-4 mol/ l  and exceeded > lOx  the usual ly  obtained r a t i o  
of  ID50/ED50 ~ 1 .  Thus, e s t e r i f i c a t i o n  of  GT considerably 
modif ies the drug's a f f i n i t y ,  the 16-formyl ( -ace ty l )  de- 
r i va t i ves  being more e f f ec t i ve  than the pentaformylated 
( -acety la ted)  drugs. The therapeut ic index, however, as 
measured as TOX/ED50, is qui te wi th in the range of  other 
cardiac glycosides. 

Pharmakol. Ins t .  Univ. KSln, Gleueler St r .  E4, D-5000 K~In 
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PERFLUOROCARBON EMULSION APPLIED TO THE ISO- 
LATED PERFUSED GUINEA PIG HEART 
W. Deutschmann and E. Lindner 

Perfluorocarbon emulsions are in use as nutrient 
media for isolated perfused organs such as liver, 
kidney, and brain. Yokoyama et al. (Fed. Proc. 
3_44, 1478, 1975) observed a prolonged survival 
time of an isolated heart perfused with such an 
emulsion. - In the present study a perfluoro- 
carbon (FC-)medium (composition: Dirks et al., 
J. Pharm. Meth. 4, 95, 1980) and a Krebs-Hense- 
leit (KH-)solution were used for perfusion of 
the isolated guinea pig heart. On switching the 
perfusion from KH-solution to FC-medium, the 
force of contraction increased from 63.5 to 76.3 
mN (i.e. by about 20%, n=6), whereas the coronary 
flow decreased from 6.7 to 2.1 ml/min (i.e. by 
about 70%, n=6). These effects were reversible. 
Frequency and 02-consumption did not change 
significantly. Ouabain (infusion rate 2.7x10 -9 
mol/min) increased the initial force of con- 
traction by 35% in the FC-medium and by 28% in 
the KH-solution, while the percental increase in 
coronary flow caused by glyceryl trinitrate was 
the same for both nutrient fluids. Isoproterenol 
(4.7xi0 -11 mol/min) increased the initial force 
of contraction by 55% in the FC-medium versus 
37% in the KH-solution, but the increase in fre- 
quency was only 6% as compared to 26%. - Ob- 
viously, the FC-medium due to its fourfold grea- 
ter 02-binding capacity reduces the coronary 
flow to a more physiological level as compared 
to a simple salt solution. However, it does not 
alter classical drug effects in the isolated 
perfused guinea pig heart, except for the fre- 
quency. 

Zentrum Pharmakelogie und Toxikologie, Medizi- 
nische Hochschule Hannover, D-3000 Ha~nover 61 
Hoechst AG, D-6230 Frankfurt (Main) 80 
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EFFECTS OF CATECHOLAMINES ON MYOCARDIAL EFFICIENCY AND 
EFFICIENCY OF CARDIAC PUMP-FUNCTION DURING HYPOTHERMIA +) 

A. lloeft, 

Based on a mathematical model for estimating the optimal 
efficiency of cardiac pump-function under various hemo- 
dynamic conditions (~mop t) (Hoeft et al., PflHgers Arch. 
ges. Physiol. 394, R 9, ]982) hemodynamie data of 8 
anaestized dogs with hypothermia were analysed. Compared 
to normothermia during hypothermia (30.8 - 0.4 ~ myocar- 
dial energy demand and oxygen consumption decreased where- 
as myocardial efficiency (~ was improved. In both tempe- 
rature ranges norepinephrine caused a decrease in~, 
however efficiency of cardiac pump-function (~m) was very 
close to the optimal obtainable values (Jim,mop t = 99.] • 
].2 % in normothermia;~m~mopt = 99.3 • in hypo- 
thermia). In normothermia~ddltional application of 
epinephrine and/or dopamine led to an increase in dP/dt 
exceeding values which would be necessary to achieve an 
optimum of caridae pump efficiency (dP/dt / dP/dtop t = 
]40 • 29 %). In contrast to this effect epinephrine and 
dopamine caused an insufficient increase in dP/dt during 
hypothermia (dP/dt / dP/dtop t = 68 • 12.7 %), leading to 
a decreased ratio of actual and optimal cardiac pump 
efficiency (~m/~mop t = 89 • |0 %). 

These data indicate that a benificial effect of hypother- 
mia on myocardial efficiency is not seriously affected by 
norepinephrine but appears to be abolished by application 
of mainly S-stimulating agents. 

Zentrum Physiologie und Pathophysiologie, Universitgt 
GSttingen, Humboldtallee 7, D-34OO G6ttingen 
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QUANTIFICATION OF ISCHEMIC EPICARDIAL AREAS BY 
DESK-COMPUTER ASSISTED IMAGE ANALYSIS. 
R.R~sen, B.Panzner, and W.Klaus 

In electrically driven, Langendorff perfused rab- 
bit hearts local myocardial ischemia was induced 
by ligation of a branch of the left coronary 
artery. Epicardial NADH-fluorescence was moni- 
tored by photographing fluorescence after flash- 
light excitation (Xe-lamp; UV-filter; 100 Joules; 
120 psec). The flash was synchronously triggered 
by the electrical stimulation of the heart. Pic- 
tures were taken with a camera (Rolleiflex) 
equipped with a 435 nm cut-off filter in front 
of the lenses (Kodak Tri-X pan, 27 DIN or Pola- 
roid Typ 667, 36 DIN). Ischemic areas could be 
easyly identified by enhanced NADH-fluorescence. 
The pictures were digitized with respect to grey 
levels (grey-scale 0-255) into 256 x 256 pixels 
using a video A/D-converter (Hamamatsu) and 
stored on floppy disk for further data-processing 
with a desk-computer (Apple). Distribution curves 
for the grey levels of all pixels or of selected 
areas were evaluated. The grey levels of the 
ischemic area were determined. X- and Y-coordi- 
nates of the pixels with selected grey values 
were estimated and topographic maps were plotted. 
The number of these pixels directly corresponds 
to the ischemic area. Data-processing was per- 
formed with fast machine routines embedded in 
BASIC-programs, by this procedure the processing 
time was kept short. 
The precision of the A/D-converter was very goo~ 
Digitizing the same picture for 5 times a varia- 
bility in the number of pixels of & 10% for a 
single or ~ 5% (S.D.) for the sum of 4 grey 
levels was found. 
Supported by DFG SFB 68/A18 
Pharmakol. Inst. Uni K~in,Gleuelerstr.24,5 K~in 41 
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EXAMINATION OF A NEW PRESSURE-WORK INDEX OF 
MYOCARDIAL OXYGEN CONSUMPTION 
D.Baller, W.Jonas 
The validity of the hemodynamic determinants of 
myocardial oxygen consumption(MVO 2) is still a 
controversial subject. Stroke voIume(SV) and ex- 
ternal cardiic work have been re-evaluated and 
integrated in a new index of MV02: Kl(syst.blood 
pressure(SBP)x HR) + K2(O.8SBP + 0.2diast.blood 
prew HR X ~V/body weight) + 1.43; Kl=4.08x 
iO-~,K2=3.25xlO-~(Circ.Res.50:273,1982). 
In 16 intact anesthetized dogs this index was 
tested at moderate and extreme variations of MVO 2 
and hemodynamics(n=239). It was compared to other 
pressure-work indices and to the additive index 
Et=Eo+El+E2+E3+E4.Myoeardial blood flow measure- 
ments(3o-7OOml/min.lOOg)were validated by three 
reference methods(pressure difference sinus ca- 
theter, argon technique,direct volumetric method) 
Physiologic sinus rhythm was maintained in all 
experiments. Hemodynamics were varied by use of 
catscholamines~ atropine,~-stimulators,5-bleckers 
and volume shifts. Results(n=150) at moderate 
and higher levels of MVO2~-3-37ml/min.100g):PW- 
index: y=O.915x-2.4;r=0.914;~=13.1• • 
0.63; Et:Y=0.995x-O.4;r=O,958;Y=13.1• 5 
• external cardiac work:y=2.2x+3.9;r=0.85; 
413xPartXSV~ :y=O.7x;r=O.89;statistically 
derived new pressure-rate product:(15Psyst max - 
11Pdias t min)XHRx10-4 :y=1.016x-1 3;r=0.92. 
Results indicate similar corr.coefficients for 
pressure-work indices.However,after Et, the best 
prediction of actual MVO 2 is obtained by an easi- 
ly measurable new pressure-rate product, g t cor- 
relates even at ex~eme variations(2ndset of exp., 
n=89)with MVO2(3-73ml/min-100g):y=O.gx+5.3 ; r= 
0.90 supporting its theoretical concept. 
Zentrum Physiologie und Pathophysiologie,Univer- 
sit~t 3400 GOttingen, Rumboldtallee 7 - FEG 
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CORONARY REACTIVE EYPERENIA: COEPARISON OF 
HYPOXEMIA AND OCCLUSION 
A. Deussen 

control 

60s 

d0s after 
intervention 

In 11 anesthetized,vagotomized dogs the left 
anterior descending coronary artery (LAD) was 
cannulated and perfused under constant pressure 
(88• reactions of LAD-flow during a 
60s-perfusion with tyrode and deoxygenated 
blood (02-content 2.6• were com- 
pared with the peak LAD-flow following a 60s 
occlusion. 
Occlusion and perfusion with deoxygenated blood 
decreased left ventricular performance slightl~ 
Perfusion with tyrode increased peak left ven- 
tricular pressure by 10% and dP/dtmax by 15%. 
The reactions of LAD-flow (ml/min.1OOg) are 
summarized: 

occlusion deox.blood tyrode 
perfusion perfusion 

60• 58• 63• 

0 202• 425• 

1~0• 141• 2~6• 

The difference between the flow increases 
during perfusion with deoxygenated blood and 
perfusion with tyrode is explained mainly by 
the low viscosity of tyrode and in addition by 
the increase of left ventricular performance. 
The comparable flow increases after perfusion 
with deoxygenated blood and occlusion indicate 
that coronary blood flow may increase maximal- 
ly with arterial hypoxemia even without a 
stasis of dilating metabolites. 

Physiologisches Institut I, Universit~t 
Ddsseldorf, Moorenstr. 5, 4000 Ddsse!dorf i 
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THE OCCLUSION OF A CORONARY ARTENY INCREASES THE EXTRA- 
VASCULAR RESISTANCE OF AN ADJACENT CORONARY ARTERY. 

J. D. Schipke 

In 6 anesthetized dogs the left circumflex coronado,, ar- 
tery was cannulated and perfused at a constant pressure 
of 113• nmHg. The left ventricular peak pressure (LVP), 
left ventricular enddiastolic pressure (LV~3P) , dP/dtma x, 
dP/dtmin, systolic fiber shortening in the circ~nflex- 
perfused myocardi~n (SScx) , mean circumflex coronary re- 
sistance (Rcx) and enddiastolic circumflex coronary re- 
sistance (RED) were measured. The reactions to a 60 s 
occlusion of the • anterior descending coronary artery 
during autoregulation amJ during tr~qximal dilation of cir- 
cumflex coronary artery by intracoronary infusion of 
adenosine were compared: 

AUTOREGUIATION ADENOSINE 

0 6Os O 6Os 

LVP (mmHg) 
LVEDP (mm/ig) 
dP/dtma x (mmHg/s) 
dP/dtmi n (mmHg/s) 
Rcx (nmiHg.min-1OOg/ml) 
RED (mmHg-min-1OOg/ml) 
SScx(%) 

99 95 + 
6.4 8.1 + 

1650 15O0 + 
1 550 1300 + 
I .53 I .28 + 
I .O8 0.90 + 
8.0 10.6 + 

98 93 + 
6.1 9.0 + 

1600 1400 + 
1500 11 50 + 
0.52 0.56 + 
0.38 0,42 + 
8.5 I 0 , 0  + 

+p<O.05 vs. control 

These data indicate that the intercoronary resistance de- 
crease of autoregulating coronary arteries (A.Deu@en, G. 
Heusch; Pfl~g.Areh.guppl.394,R16,1982} is reversed to a 
resistance increase in arteries wit/] exhausted dilatory 
reserve. This increase of extravascular coronary resist- 
ance is mediated by increased systolic performance of the 
nonoccluded myocardial area as well as by an impaired re- 
laxation of the left ventricle. 

Physiologisches Institut I, Universitit Ddsseldorf 
Moorenstr. 5, D-4000 D~sseldorf 

143 

CATECHOLAMINE INDUCED CARDIAC NECROSES ARE MEDIATED BY 
THROMBOCYTES 
H. Kammermeier and M, Ober 

According to our e a r l i e r  observations catecho]amines do 
not have deleterious e f fec ts  in i so la ted  hearts and there-  
fore were discussed to induce necroses in i n tac t  animals 
by mediation of  other mechanisms, e.g. the hemostatic 
system (PflUgers Arch. 349, 325 (1974). Thus inf luence of  
thrombopenia on the occurrence o f  necroses was inves t ig -  
ated. 

Methods: Administrat ion of  antithrombocyte serum ( rabb i t )  
4 h p r i o r  to i soproterenol  (40 mg/kg) in Sprague Dawley 
ra ts  ( female).  F ixat ion of the hearts by formaldehyde 9 h 
a f t e r  isoproterenol  admin is t ra t ion.  Evaluation of  30 
sect ion of  each heart  (prependicular to ax is)  with respect 
to area and number of necroses. 

Results: The to ta l  number and area of  necroses are h ighly 
~ a n t l y  reduced in thrombocytopenic rats to 34% and 
23% (N = 8) resp. as compared to contro ls (number 426• 
(SD), area 578 • 77 �9 10 J ~mZ/heart). 

The resu l ts  ind icate that  mic roc i rcu la tory  a l t e ra t i ons  
are essent ia l  fac tors  fo r  the formation of  catecholamine 
induced cardiac necroses. 

The indispensable cooperation of  Prof.  Dr.Dr. G. G i l l i ssen  
and Dr. K. Sehweizer (Abt, M ik rob io log ie ) ,  Prof.  Dr, Chr. 
Mittermayer and Dr, N. Richter (Abt. Pathologie) and the 
support by the DFG (SFB 109) is g r a t e f u l l y  acknowledged, 

Abt. Physiologie oer RWTH Aachen, Schneebergweg 211, 
D-5100 A a c h e n 
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CHANGES IN MYOCARDIAL UPTAKE OF LACTATE, GLUCOSE, AND FREE 
FATTY ACIDS (FFA) DURING SHORT-TERM CORONARY OCCLUSION +) 
Th. Burdorf 

On open-chest mongrel dogs (n = II) repeated short (3 mln) 
isehemia of relatively large parts of the myocardium was 
produced by proximal, intermittent ligation of the LAD 
artery. The vessel was occluded I to 3 times with recovery 
intervals of 45 min, Just before beginning and at the end 
of the occlusion and after 5 mln of reperfuslon arterial 
and coronary venous blood samples were simultaneously 
collected. Additionally during the first minute of reper- 
fusion 5 ml of arterial and coronary venous blood were 
withdrawn by syringe-pumps. The blood samples were assayed 
for lactate and glucose enzymatically and for FFA by gas 
chromatography, 
Under control conditions oxygen extraction ratios (0ER) 
were about 60 % for FFA, 26 % for lactate and 4 % for glu- 
cose. During occl.usion the after• difference (AVD), 
extraction (EX), extraction ratio (EXR) and OER of lactate 
decreased significantly. The AVD and EXR of FFA increased 
significantly accompanied by a slight but not significant 
increase of EX and OER due to the marked reduction of coro- 
nary venous Oz-saturation. The reactive hyperaemia in the 
first minute of reperfusion exerted a release of ischemia 
induced lactate and a marked increase in FFA-EX (+ 44 %) 
and FFA-OER (+ 33 %), while EXR and AVD of FFA returned to 
preocelusion values. After 5 min of reperfusion no further 
lactate release was seen but FFA-OER and FFA-EX remained 
slightly enhanced compargd to control. Under all conditions 
there was no significant changes in the patterns of the 
individual FFA in the arterial or venous blood. It was 
demonstrated that during reactive hyperaemia the additional 
02-uptake and washout of lactate are accompanied by an 
increased FFA-uptake. These findings are discussed in view 
of metabolic and neurohumoral aspects of regional myocar- 
dial hypoxia. 

Zentrum Physiologic und Pathophysiologie, Universit~t 
G8ttingen, Humboldtallee 7, D-3400 G8ttingeu 
+)Supported by the DFG, SFB ~9 - Kardiologie GSttingen 
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EFFECTS 0F CARDIAC SYMPATHETIC NERVE STIMIULA- 
TION (CSNS) ON PERFUSION OF STENOTIC CORONARY 
ARTERIES, Gerd Heusch 

The left inferior cardiac nerve was stimulated 
in 22 anesthetized, vagetomized dogs (q) with 
intact coronary arteries, (2) with an interme- 
diate stenosis and (3) with a critical stenosis 
on circumflex coronary artery.Stenoses were 
produced by a wire snare and defined as inter- 
mediate by the reduction of peak reactive hy- 
peremia repayment following a 15s occlusion 
from 430• to 130• of control blood flow;a 
critical stenosis was defined by only 20• 
reactive hyperemia repayment.CSNS decreased the 
resistance of the intact circumflex coronary 
artery from 4.20• to 0.90• mmHg.min. 
100g/ml (p-=O.04) and the resistance of the 
moderately stenosed artery from 4.35• to 
I.Q6• mmHg.min.100g/ml (p'Z0.04).With a 
critical stenosis, CSNS increased the coronary 
resistance from 2.31• to 2.90• mmHg.min 
�9 ~O0g/ml (p~O.OQ).This stimulation resulted in 
net lactate production of the circumflex-per- 
fused myocardium;4 dogs (48%) died by ventricu- 
lar fibrillation.There was a significant hyper- 
bolic correlation of the CSNS-induced change of 
coronary resistance to the degree of coronary 
hyperemic reserve (r=0.86).Phentolamine (2mg/kg 
i.v.) decreased the resistance of the severely 
stenosed coronary artery by 35% and prevented 
the resistance increase upon CSNS as well as 
the signs of myocardial ischemia. Conclusion: 
there is a continous unmasking of ~-constric- 
rive influences with increasing severity of a 
stenosis sad thus decreasing coronary reserve. 
This s-vasoconstriction can induce myocardial 
isehemia distal to severe coronary stenoses. 

Physiologisches Institut I, Univ, Ddsseldorf 
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CULTURED ADULT HEART CELLS DURING ANOXIA AND REOXYGENATION 
H.M--Pi~er, P. Schwartz 
Under cell culture conditions progressing alterations in 

anoxic myocardial cells ean immediately be followed by 
biochemical and morphological means. Ca stable adult car- 
diac ventriculocytes from rat were enriched under cell cul- 
ture conditions (JMCC 14 (1982), 397) to almost i00 per- 
cent of intact cells and incubated in glucose free anoxic 
Tyrode solution up to 120 rain. The influence of pH changes 
was excluded by high buffering capacity of the incubation 
medium. 
The time course of metabolic changes depends on the rela- 

tion of cell number to incubation volume: the smaller the 
volume the faster anoxic damage develops. After 60 rain of 
anoxia ATP is only one third of control, lactate producti- 
on and enzyme release (MDH) are slowing down. Lactate is 
produced from glycogen, but only half of the present can 
be used. Only IO percent of total cellular MDH activity 
are released after 120 min, when ATP is at most one tenth 
of control. Loss of lactate production ability and MDH re- 
lease both are highly correlated to ATP decay (r=O.98). 
Early onset of MDH release indicates that enzyme release 
is caused already by minor energetic disturbances. Energy 
turnover has declined to one tenth of aerobic control 
values after 60 min of anoxia. 
Reoxygenation results in extensive recovery of CP, but 

ATP can only reach the value of total adenine nucleotides 
before reoxygenation. Electron micrographs reveal charac- 
teristic ultrastructural changes during anoxiy and partial 
recovery after reoxygenation. 
These findings indicate that development of anoxic damage 

in cultured myocytes proceeds basicly as in whole ventri- 
cular tissue. The major difference consists in prolonged 
CP and ATP decay, due to mechanical rest of isolated ven- 
triculocytes. 
Zentrum Physiologie und Pathophysiologie, Abteilung 
Herzstoffwechsel, Universit~t G~ttingen, Humboldtallee 7 
D-34OO Ggttingen 
+) 
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CHANGES IN FUNCTIONAL AND METABOLIC PARAMETERS IN THREE 
MODELS OF RAT HEART HYPERTROPHY 
H.-G. Zi~ner 

There are only a few reports on heart function in intact 
small laboratory animals during the development of car- 
diac hypertrophy (Beznak,M., J.Physiol. 116, 74-83, 1952; 
Circ. Res. 6, 207-212, 1958). Therefore studies on left 
ventricular hemedynamics were performed in rats with 
three types of cardiac hypertrophy. Heart rate (HR), left 
ventricular systolic pressure (LVSP) and the maximal rate 
of rise in left ventricular pressure (LV dP/dtmax) were 
measured with an ultraminiature catheter pressure trans- 
ducer which was inserted via the right carotid artery 
(Zimmer,H.-G., J.Mol.Cell.Cardiol. 14, 479-482, 1982). 
Cardiac hypertrophy was induced by constriction of the 
abdominal aorta to a final diameter of 0.65 mm, by ad- 
ministration of a single high dose of DL-isoproterenol- 
HCI (ISO, 25 mg/kg, s.c.) or by daily injections of 3,3~ 
5-triiodo-L-thyronine-sodium salt (T3, 0.2 mg/kg, s.c.). 
After aortic constriction, HR was decreased, whereas LVSP 
and LV dP/dtma x were both elevated by about 20% and 12%, 
respectively. Within 12 hours after ISO administration, 
HR and LV dP/dtma x were markedly increased, while LVSP 
was depressed by about 20%. In T3-treated animals, all 
hemodynamic parameters were elevated during the first 
72 hours. Comparison with the time course of chan~es in 
metabolic parameters revealed that the rise in LV 
dP/dtma x occurred at about the same time as the increase 
in the content of myocardial cyclic AMP. However, in all 
three hypertrophy models studied, cardiac contractility 
was enhanced before the maximal stimulation of myocardi- 
al adenine nucleotide and protein synthesis was observed. 

Physiologisches Institut der Universit~t M~nchen, Petten- 
koferstr. 12, D-8000 M~nchen 2 
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EFFECT OF POCA, A NEW ACYLCARNITINTRANSFEP~ASE BLOCKING 
AGENT, ON MYOCARDIAL FATTY ACID OXIDATION +) 
J.F. Hdtter, P.G. Spieckermann 

Nonesterified fatty acids (NEFA) are oxidised after being 
transfered into mitochondria by acylcarnitintransferase. A 
possible way to change energy metabolism from NEFA to 
carbohydrate oxidation is to inhibit this transport system. 
POCA (sodium 2(5-(4-chlorphenyl)-pentyl)-oxiran-2-carboxy- 
fat) and analogous substances have been shown to work in 
this way. As NEFA oxidation is acompanied by a higher 
oxygen consumption than carbohydrate oxidation, this could 
be a useful attempt to save oxygen in situations of oxygen 
deficiency. The effect of POCA was tested on a computer 
assisted working rat heart. The RQ was used as a measure 
for the percentage of oxygen consumption which is attri- 
butable to NEFA oxidation. 

It was shown that the relation between different albumin 
and NEFA concentrations and the resulting rate of NEFA 
oxidation can be described by a simple mathematical equa- 
tion, which was derived under the assumption of an albumin- 
receptor mediated NEFA uptake. As POCA was found to be a 
competitive inhibitor, the rate law for NEFA oxidation 
(OXI) can be derived: 

o x i = o x ~  o ~@ / ( ~ u 3 ] + ~ .  <1 + L~ / K i ) )  
Where OXlo, Km and Ki are constants, [FA], [AL~ and [I] 
are the concentrations of NEFA, albumin and the inhibitor 
POCA respectively. This relation was tested with different 
NEFA, albumin and POCA concentrations. The results 
obtained experimentally were found to be in good agreement 
with the rates calculated with the rate law. 

Zentrum Physiologic und Pathophysiologie, Abteilung 
Herzstoffweehsel, Universit~t Ggttingen, Humboldtallee 7, 
D-3400 Ggttingen 
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MYOCARDIAL HYPERTROPHY AND FUNCTION AFTER LONG- 
TE~ ANTIHYPERTENSIVE THERAPY WITH HYDP~LAZINE, 
METOPROLOL ~-ND NIFEDIPINE. 
G. Ringsgwand. 1, L~T. Motz, H. Melrr i, B. E. Strauer 
We investigated in SHR the influence of 40 weeks 
of therapy with hydralazine (H, 15mg/kg/day), a combination 
of metoprolol (MX 50mg/Kg/day) and H (M+H) and nifedipine (N, 30 
mg/kg/day) on blood pressure (BP) ,heart rate (htq~, left ventri 
cular (LV) -to-body weight-ratio (}~/BW), cardiac index (CI) 
and ejection fraction (EF) .Therapy began at the age of 4 
weeks,untreated SHR of equal age served as controls (Co). 
The contractile properties of isolated actc~yosin fibers( 
AMF) from LV ~apilla~ l muscles were determined as maximal 
force per ~n of cross sectional area(f_i~er stiffness ST, 
dl~x1OO/~n )~'and velocit~y constant VC(s )-~'of the stretch- 
induced isometric contraction,which is regarded as a mea- 
sure of ns~7osin cross bridge rotation rate. 
All drugs lowered svstolic BP from(mean)210+10 to 140+8rmn 
Hg except M,which reduced BP only slightl_v.HR was slig--htl~ S 
elevated in H(441) ,unchanged in N and M+H and decreased in 
M(295vs375 in Co).}~q/BW ~.~ras reduced under H,M+H ~d N,but 
not after M-therapy.LV-EF was increased in N,was normal 
in N and H(64%,66%), but reduced in M and M+H-therapl,(55%, 
57%) .CI was slightly elevated in N and H, but reduced from 
191ml/kg/m~_~(Co) to 134 in the M-group. 
VC was 20s-in the N-treated group, 18 in the H-group,and 
17 in the M+H-group vs. 16s-lin Co(p 0.05) indicating a si 
gnificantly faster velocity of isometric contraction of is 
olated contractile proteins in n~.Zocerdit~n under antih!~per- 
tensive therapy. There was no diffenrence in ST betweer/the 
three treatment groups and Co indicating equal force devel 
opment per unit cross sectional area of myocardiom. 
We conclude that longterm antihlrpertensive therapy not on- 
i~ prevents the' development of LV hypertrophy without im- 
pairing cardiac function, but also prevents the developme 
nt of the alterations in contractile protein function ob- 
served in n~zocardium under untreated hyperteri~ion. 
Med. Klin. I d. Univ. F~3nchen, Marchioninistr. 15, 
D- 8000 M[tnchen- 70, We st- Germany 
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THE RELAXING ACTIVITY OF A NEW STABLE PROSTACY- 
CLINE (ZK 36 374) ON BOVINE CORONARY AND PULMO- 
NARY ARTERIES OF DIFFERENT AGE 
H.-W.M. Breuer, J.M. Soriano Romero, R. Meschig, 
and G. Arnold 

The aim of our study was to find out whether the effect of 
a stable prostacycline (carbacycline derivative ZK 36 374 
(5-(E)-(IS,5S,6R,7R)-7-hydroxy-6-[(E)-(3S,4RS)-3-hydxoxy- 
4-methyl-l-octen-6-inyl]-bicyclo[3.3.0]-octan-3-yliden- 
pentanoic acid), (Schering), is dependent on the animal's 
age and the origin of the investigated vessel. 
ExTeriments were done on helicoids of bovine coronary and 
pulmonary arteriesunder isometric conditions. The resting 
tension of the helicoids was adjusted to 15-25 mN. Doses 
from 2x10 -II M up to 2xI0 -s M were applicated to the 
strips. We formed two groups: animals younger than half a 
year (y) and animals older than 2 years (o). 
Results: ECs0 SLOPE DECREASE IN 

n (~M) [50/log ECs0-1og EC30] TI~]SION(mN) 

cor. art. (y): 64 0.100 24.32 
cot. art. (o): 62 0.119 27.03 

pul. art. (y): 42 0.0028 24.39 
pul. art. (o): 35 0.0022 25.00 

8.99 + 1.94 
10.85 • 1.69 

0.87 • 0.06 
1.20 i 0.11 

Conclusions: I. : ZK 36 374 relaxes dose dependent bovine 
coronary and pulmonary arteries. 2. : There ire no signifi- 
cant differences in the response of proximal, medial and 
distal segments of the investigated left coronary arteries 
(anterior descending and circumflex branch). 3. : There are 
no significant differences between the helicoids of young 
and old animals. 4. : The ECs 0 of the pulmonary arteries is 
significant smaller than the ECs0 of the coronary arteries 
(p<0.05). The slope is similar. 5.: The decrease in ten- 
sion of the coronary arteries is 9.6 times greater than 
the decrease in tension of the pulmonary arteries. 
Institut f. Exp. Chirurgie der Universitgt lXisseldorf, 
Universititsstr. I, D-4000 D~sseldorf 
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EFFECTS OF 2-NICOTINAMIDOET~YLNITRATE (SG 75) AND ISOSOR- 
BID DINITRATE (ISDN; ISOKET ~') ON ISCHEMIC STRESSED MYOCAR- 
DIUM DURING SHORT-TERM CORONARY ARTERY OCCLUSION +) 
H. Korb 

The purpose was to compare the effects of two antianginal 
and preload reducing compounds, SG 75 and ISDN, on ischemie 
stressed myocardium. 
Studies were carried out on II mongrel-dogs in conventional 
open-chest preparation in a model with short-term (3 min) 
repeated ligation of the LAD, allowing the intra- and 
interindividual comparison of control to therapy occlu- 
sions. 

SG 75 (0.2 mg/kg bw, 10 min before each occlusion) caused 
a significant increase of 02-debt during the occlusion 
period (+ 55.4 %; p < 0.O01) combined with reduced amounts 
of inorganic phosphate (- 31.7 %; p < 0.01) and lactate 
(- 15.8 %; p < O.01) released in the first minute of 
reperfusion. 
Isoket R (0.3 mg/kg bw; 30 min before each occlusion) led 
to a significant decrease of 02-debt (- 43.12 %; p < 0.0]) 
whereas lactate remained unchanged. 
The released amounts of potassium were significantl~ in- 
creased by SG 75 (+ 34.3 %; p < 0.01) and by Isoket ~" 
(+ 16.8 %; p < 0.01). The additional uptake of oxygen in 
the early reperfusion period was not affected. 

From these data it becomes evident that the drugs, repor- 
ted to exert protective actions in isehemia, influence the 
metabolic and energetic situation of ischemic stressed 
myocardium in a different extent and way. The mechanisms 
underlying these effects remain to be fully explored, 

Zentrum Physiologic und Pathophysiologie, Universit~t 
GSttingen, Humboldtallee 7, D-3400 GSttingen 
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INHIBITION OF MYOCARDIAL NECROSIS IN CORONARY 
LIGATED RATS BY DEXAMETHASONE. W. Bernauer. 

An important goal in the treatment of acute 
myocardial infarction is to prevent, as far as 
possible, the necrosis of ischemic myocardial 
tissue. Drugs suited for this purpose should 
decrease the percentage of ischemic heart musc- 
le which becomes irreversibly damaged. In rats 
with coronary ligation it was investigated whe- 
ther dexamethasone has such an effect. We deve- 
loped a method to determine the relation of the 
ischemic area~area of necrosis. The extent of 
the ischemic area was calculated after perfus- 
ion of the coronary system with Evans blue, ex- 
traction and photometric determination of the 
dye. For the determination of the extent of the 
necrotic area %he hearts were incubaied in tri- 
phenyltetrazolium chloride containing phosphate 
buffer. Normally, the myocardial dehydrogenases 
convert the tetrazolium salt to the red form- 
azan. In necrotic myocardium this ability is 
lacking. The determination of the formazan for- 
mation allowed to calculate the extent of the 
necrotic area and, hence~ the percentage of is- 
chemic myocardium which was necrotic. This per- 
centage clearly increased with the time after 
the coronary ligation~ and amounted to 56 +1o.4 
after 5 hours. Dexamethasone orthophosphate, 
1.2 mg/kg given i.v. 20 min before and 2. 5 h 
after coronary ligation, decreased this percen- 
tage at 5 hours significantly to 26 + 6.5. Si- 
multaneously, the lethality within the 5 hours 
after coronary ligation was significantly de- 
creased from 81.8 ~ to 28.6 ~. 

Department of Pharmacology, University of Fret- 
burg, Hermann-Herder-Str. 5~ D-7800 Freiburg, 
Federal Republic of Germany. 
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COMPARATIVE HEMODYNAMIC PROPERTIES OF ISOSORBIDE DINITRATE 
(ISDN) AND ISOSORBIDE-2-MDNONITRATE (IS-2-MN) IN RATS AND 
DOGS, AND ANTIANGINAL, PHAI~4ACOKINETIC STUDIES WITH 
IS-2-~N I~I RATS. M.Leitold, H. Laufen, W. Fleissig 

The effect of IS-2-~IN was compared with that of ISDN in 
rats regarding the antianginal, hemodynamic and pharmaco- 
kinetic properties and in dogs regarding hemodynamic pro- 
perties ~ The antianginal activity of IS-2-F~q in equal oral 
dose persisted two times longer in the rat than did ISDN. 
In the same oral dosage, the two conpounds caused the 
equal reduction of the number of deaths after an acute 
myocardial infarction. The intravenous or enteral adminis- 
tration of a single IS-2-MN dose caused an increasingly 
dose-dependent reduction of the systolic and mean arterial 
blood pressure in anaesthetized rats. The amounts of 
IS-2-F~q required for the purposewere identical for both 
kinds of application. In conscious chronically instrun~n- 
tated dogs ISDN end IS-2-F~q lowered the systolic blood 
pressure by 20 nlmHg after intravenous continuous infusion 
in a concentration of 100 ~g/kg/min or in a concentration 
of 400 ~g/kg/min. The drop of the mean arterial blood 
pressure due to ISDN and IS-2-~ in anaesthetized dogs was 
15 times or 4 times weaker after intraportal bolus admin- 
istration than it was after intravenous application. The 
hypotensive effect of ISDN or IS-2-~N could be antagonized 
by pretreatment of rats or dogs with i.v. dihydroergot- 
amine (DHE). The complete bioavailability of IS-2-~ has 
been confirmed by conloarison of plasma levels after oral 
and intravenous application in rats. The half-life of 
IS-2-F~q in the rat was unchanged after increasement of the 
oral doses and was 3.6 times shorter than in humans. The 
accumulation of IS-2-MN found in the wall of arteries and 
veins in rats 10, 60, 240 minutes after i.v. application 
explain the dilating effect of the drug on the vascular 
system. 

Dr.M.Leitold, Dept. of Pharmacology_, Heinrich Mack Nachf., 
Chem.-pharm. Fabrik, Postfach 2064, D-7918 Illertissen. 
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INFLUENCE OF DIHYDROERGOTA~4INE (DHE) ON FUNCTIO- 
NAL CHANGES CAUSED BY B-ADRENERGIC STIMULATION 
IN THE NORS~L AND IN THE UNDERPERFUSED CANINE 
MYOCARDIUM. 
R.Seitelberger, O.Schlappack, G.Raberqer 

The study was carried out in 6 anesthetized 
mongrel dogs. Regional myocardial segment shorte- 
ning was measured using two pairs of miniaturized 
piezoelectric ultrasonic transducers which were 
inserted both in the normal and in the underper- 
fused part of the myocardium. Under control con- 
ditions bolus i.v. injection of Isoproterenol 
(0.5 ~g/kg) induced a marked decrease of enddia- 
stolic segment length and an increase of segment 
shortening over a period of 3 to 5 minutes in 
both segments. After constriction of the R. cir- 
cumflexus Isoproterenol induced an initial de- 
crease of enddiastolic segment length and a small 
increase in segment shortening, which was fol- 
lowed by a fast return of enddiastolic segment 
length to control values and a distinctive de- 
crease of segment shortening in the underperfused 
area, indicating regional myocardial dysfunction. 
Function in the normal myocardium was not altered 
by constriction of the R. circumflexus. Dihydro- 
ergotamine (2 ~g/kg infused over a period of 5 
minutes) prevented this functional deterioration, 
leading to a contraction pattern comparable to 
data assessed simultaneously in the normal area 
or in the underperfused area before constriction. 
This amelioration of myocardial function is seen 
over the whole experimental period of 60 minutes. 
It is concluded that Dihydroergotamine 2 ~g/kg 
improves Isoproterenol induced dysfunction in 
the underperfused myocardium. 

Pharmakologisches Institut der Universit~t Wien, 
A-I090 Wien, W~hringer StraBe 13a. 
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OESTRADIOL INDUCES STRUCTURAL DILATION OF UTERI- 
NE RADIAL ARTERIES IN GUINEA PIGS 
W. Moll, R. G6tz und S. Klappstein 

Oestradiol benzoate (I-10 ~g) induces a dose de- 
pendent dilation of uterine arteries as shown 
by in situ photograms: In dioestrous animals, 
the internal diameter increases from 130&I0 ~m 
to 210Z3o ~m (x~SD) during the first 48 h after 
the injection on 10 ~g. A similar effect was 
seen in ovarectomized animals. During the oest- 
rous cycle, dilation of radial arteries occurs 
2 d after a reported rise of plasma oestradiol, 
indicating that oestradiol plays an important 
role in the lumen control of these arteries. 
In order to study the mechanism of oestradiol 
induced dilation, the external arterial diameter 
was measured also in vitro in the presence of 
papaverine (4o mg/l). At the physiological in- 
traarterial pressure of 60 mm Hg, the diameter 
was found to be the ~ame in vitro ~nd in situ: 
The diamete{ was 22o~2o ~ and 300~3o ~m in vi- 
tro and 200-2o ~m and 310-3o ~m in situ in un- 
treated animals and 48 h after the injection of 
10 ~g oestradiol benzoate respectively. This 
finding shows that the dilation is not due to 
smooth muscle relaxation.- The time course of 
dilation was compared with that of weight incre- 
ase and DNA synthesis (3-H-thymidine incorpora- 
tion). A significant dilation was seen 18 h af- 
ter the injection while weight and DNA synthesis 
were yet unchanged at this time indicating that, 
at this stage, the dilation is not based on ar- 
terial hyperplasia.- It is concluded that oestra. 
diol dilates the uterine arteries by reducing 
the restraint of arterial connective tissue. 

Institut for Physiologie, Universit~t Regensburg 
Postfach 397, D-8400 Regensburg. 
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SMOOTH MUSCLE CELL PROLIFERATION IN THE INTIMA OF 
CHRONICALLY STIMULATED ARTERIES 

W.Schlote and E.Betz 

The space between the basement membrane o f  the endo- 
t h e l i a l  l i n i ng  of  caro t id  a r te r ies  and the in ternal  e la-  
s t i c  lamina (IEL) o f  normal rabbi ts  is f ree of  ce l l s .  
[lechanical or e l ec t r i ca l  s t imul i  applied to the advent i-  
t i a l  side of  a caro t id  a r te ry  cause a migration of  smooth 
muscle ce l ls  (SHC) from the inner layer  of  the media 
through the IEL in to  the subendothel ial space. Here they 
transform in to a SrlC-type which contains more organel les 
and less con t rac t i l e  f i b res .  The ce l l s ,  however, are 
s t i l l  able to exh ib i t  contract ions.  In the intima the 
ce l ls  undergo mi to t ic  d iv i s ion  the extent of  which de- 
pends on the in tens i t y  and the durat ion of  the st imula- 
t i on .  I f  the s t imul i  are weak the endothel ia l  l i n i ng  re-  
mains in place and i t  is not destroyed. 

The migrated ce l l s  arrange l ong i tud ina l l y  along the 
axis of  the vessel.  Their length does not d i f f e r  from 
that  of  normal SMC. Their diameter is less than that  of  
media ce l l s .  I f  the st imulat ion is continued f o r  some 
weeks the thickness of  the p r o l i f e r a t e  increases con- 
s iderably  so that  the vessel lumen becomes narrow. I f  the 
st imulat ing electrodes are removed a f t e r  4 - 6 weeks of  
repeated st imulat ion and the animal is subsequently kept 
under normal condi t ions f o r  several months, the SMC re-  
arrange p r e f e r e n t i a l l y  at  the luminal side in to  the nor- 
mal sp i ra l  or c i rcumferent ia l  pat tern.  They retransform 
in many instances in to  regular  myocytes. They regain the 
capab i l i t y  to b u i l t  up new order ly  arranged in ternal  
e l as t i c  laminae. This is estimated to be an expression 
of  an adaptat ion. 

Abt.Submikroskop. Pathologie u.Neuropathologie und Phy- 
siologisches I n s t i t u t ( 1 ) , U n i v e r s i t ~ t  TUbingen,Lieber- 
meis ters t r .8  bzw.Gmelinstr,5,D-7400 TUbingen I 
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THE INCREASE OF THE DEFORMABILITY OF ERYTHROCYTES 
INDUCED BY GLUCOSE IN v I V a  
W.K.R. Barnikol ~ , D.P.F. M611er + , O. Burkhard �9 

When trying to assess the deformability of erythrocytes with the 
aid of f i l terabil i ty measurements, we got very unreproducible 
results. Only after quantitative separation of the thrombocytes 
and leucocytes from the erythrocytes r" Pfl(Jgers Archiv 394 
( 1982 ) R 19 Z] we got satisfying results. Studies with th-~Tm- 
roved method gave indication, that the deformability of the 
erythrocytes depends on the d~etefic state of the probands. To 
study the phenomenon systematically, we carried out two kinds 
of experiments. First the test of glucose tolerance : We applied 
after a 20 hour abstinence of food 100 g glucose and measured 
afterwards hour by hour the re levant quantities. Second dietetic 
experiments : After a 12 hour abstinence of food, we measured 
immediately before and 1.5 hours after a breakfast the relevant 
quantities. The relevant quanfiHes were the specific fi ltration 
time IE see above PflUgers Archiv 394 -t �9 the viscosity of 
packed erythrocytes, the concentration of glucose in the plasma, 
the content of erythrocytes of ATP, of 2,3 diphosphoglycerate 
and of calcium. We found, that after applying 100 g glucose 
the viscosity and the specific fi ltration time decrease by 
approximately 30 % . The effect has a delay of 2 - 3 hours. 
Simultaneously the content of 2,3 dlphosphoglycerate does not 
change significantly. The content of ATP increasesand the con- 
tent of calcium decreases. The. consequences of our results with 
respect to normal nutritive perfusion are discussed, also the 
malfun~ion of the effect as a reason for disturbances of sub- 
strate supply to tissue. 

o Physiologisches Insfitut der Universltdt Malnz, Saarstr.21, 
6500 Mainz ; + Physiologlsches Institut der Universlt~it Bonn, 
Nul3allee 11, 5.300 Bonn; �9 H~matologische Abteilung der 
Universit~tskliniken Mainz, Langenbeckstr. 1, 6500 Mainz, 

Bundesrepublik Deutschland 
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INFLUENCE OF 2,3-DIPHOSPHOGLYCERATE ON THE O2-UPTAKE OF AN 
ISOLATED RABBIT HINDLIMB PERFUSED WITH HUMAN RED CELLS 
K_~.Strein, I. Jaeschke, R. Jaeschke and J. Runge 

The O2-uptake (Vo2) Of an organ depends besides other pa- 
rameters on the 02-dissociation curve (ODC). This curve is 
influenced by the concentration of 2,3~diphosphoglycerate 
(DPG) in the red cells (erys). 
To examine the importance of DPG on the VO2 an isolated 
rabbit hindlimb was perfused with human erys at different 
DPG concentrations. The exys were prepared by incubation 
of stored erys with inosine, phosphate and pyr~vate. The 
erys from every donor were divided in two samples and the 
DPC~content was varied by different incubation times. 
After washing the erys were suspended in a buffer solution 
containing albumin and glucose. The hematocrit was ad- 
justed to 20 %. The hindlimb was alternately perfused with 
the high and low DPG-erys-suspension in the sequence high- 
low~high-low or reverse. We used a constant flow of 
6 ml/min, pH, pc 2 and PCO2 were the same in both perfu- 
sates. 
In a first series of experiments, erys~suspensions with 
mean DPG concentrations of 2.5 and 20.3 mmol/l erys were 
compared. The VO2 was about 40 % higher when DPG was 
elevated. 
In a second series with mean DPG of 5.5 and 8.1 nlmol/l 
erys VO2 was about 9 % higher with the elevated DPG. This 
difference in DPG caused a shift of the ODC to the right 
of about 4 mm Hg. 
An increase of the DPG concentration produces an elevation 
of VO2 under our experimental conditions. 

Pharmakologische Laboratorien der Boehringer Mannheim GmbH, 
Sandhofer StraBe 116, D-68OO Mannheim 31 
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EFFECT OF AMPHETAMINE ON POWER OF THE ELECTRO- 
CORTICOGRAM, EXTRACELLULAR K ACTIVITY, MICRO- 
FLOW AND LOCAL PC 2 OF THE BRAIN CORTEX IN THE 
CAT. 
E.Leniger-Follert 

This study was designed to contribute to+the 
questio~ of why extracellular cortical K acti- 
vity [K-] failed to increase after amphetamine 
injection~ reported by Astrup et al. (1978), 
although Berntman et al. (1978) had registered 
an increase in cerebral blood flow (CBF) in rats 
after administration of amphetamine. Ast{up et 
al. concluded from their results that [K ]o can- 
not be a main factor in the control of CBF 
during activation. In our study amphetamine was 
twice injected in 13 cats and changes in ECoG, 
[K'] , microflow and local Po~ were continuously 
recorded together with change~ in arterial blood 
pressure. The results show that microflow and 
local Pc 2 only increased in those animals where 
a strong inc{ease in arterial blood pressure 
occurred. [K ]o remained constant independently 
from the behavlor of blood pressure. Power ana- 
lysis of the ECoG clearly showed that no real 
activation occurred in the brain cortex. Thus, 
we may state that the missing increase in corti- + 
cal [K I after amphetamine in]ectio~ is no evi- 
dence against the assumption that [K ] is an 
important factor in the coupling of neuronal ac- 
tivity and cortical blood flow during activation. 

Max Planck Institut fLtr Systemphysielogie 
Rheinlanddamm 2oi, D-4600 Dortmund I 
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THE RESETTING OF THE RELATIONSHIP BETWEEN LOCAL 
GLUCOSE UTILIZATION AND BLOOD FLOW IN THE BRAIN 
DURING GAMMA-HYDROXYBUTYRATE AND ITS POSSIBLE 
EXPLANATION. 
W. Kuschinsky, C. Haller, S. Suda, L.Sokoloff 

Local cerebral glucose utilization (LCGU) was 
quantified using the [14C]deoxyglucose method 
(Sokoloff,L. et al., J.Neurochem. 28, 897, 1977) 
and local cerebral blood flow (LCB--F) by the io- 
do[14C]antipyrine method (Sakurada,O. et al., 
Am.J.Physiol.234, H59, 1978). LCGU in the brain 
structures tested correlated well with the res- 
pective LCBF during control conditions (r=0.96) 
and during the action of gamma-hydroxybutyrate 
(GHB) (r=0.84). Due to a reduced global glucose 
utilization (-51%) at a grossly unchanged global 
blood flow (+12%) during GHB, the steepness of 
the correlation between LCGU and LCBF was in- 
creased. The mechanism of this resetting of the 
relationship between LCGU and LCBF during GHB 
was investigated by analyzing the eerebrovascu- 
far reactivity to changes in extravascular pH 
during control conditions and during GHB using 
the microapplication technique (Haller,C., Ku- 
schinsky,W. Microciroulation i, 141, 1981). Du- 
ring GHB, the slope of the concentration res- 
ponse curve for pH was increased thus indicating 
an enhanced sensitivity of pial arteries to 
changes in perivascular pH. Microapplication of 
GHB to pial arteries did not alter vascular dia- 
meter. This increased vascular reactivity during 
GHB may be responsible for the resetting of the 
metabolism/blood flow couple. 

Lab. of Cerebral Metabolism, NIMH, Bethesda, Md. 
20205, USA, Physiolog. Inst. d. Univ., Pettenko- 
ferstr.12, D-8000 M~nchen 2, Physiolog. Inst. d. 
Univ. Nussallee 11, D-5300 Bonn I 
W.Kuschinsky was supported by a grant from the 
Deutsche Forschungsgemeinschaft 
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BLOOD FLOW THROUGH MALIGNANT TUMORS DURING HEMO- 
DILUTION 
P. Vaupel, C. Jung 

Due toan inadequate and heterogeneous blood flow 
through most malignant tumors, the therapeutic 
efficiency of antitumor drugs and/or of a radia- 
tion treatment is already limited in early stages 
of tumor growth. One way to overcome these diffi- 
culties may be the use of a controlled hemodilu- 
tion in order to improve the nutritive blood flow 
and, hence, the microenvironmental conditions of 
the cancer cells. 
Material and Method: In order to study the effect 
of a controlled hemodilution on tumor blood flow 
(TBF) and on the supply conditions to the tissue, 
resp., experiments are performed using two differ- 
ent tumor models in rats: 
(i) in situ perfusion of tissue- isolated tumors 
in the left kidney (DS- Carcinosarcoma), and 
(ii) measurement of regional TBF in Yoshida sar- 
comas implanted at the hind foot dorsum using the 
85-Kr(B)- clearance technique. 
Results: A controlled hemodilution distinctly im- 
proves blood flow through tumors. During in situ 
perfusion of tissue- isolated tumors, e.g., with 
decreasing hematocrit from 0.44 to 0.14, a 2.5- 
fold increase in TBF results if the perfusion 
pressure is kept constant. In this Case, the flow 
improvement is paralleled by an increase in the 
oxygen consumption of the tumor tissue. 
Conclusions: The results obtained are indicative 
for an improvement of nutritive tumor blood flow 
and, hence, of the metabolic status of the tumor 
tissue. As a consequence, the therapeutic effici- 
ency of the mcdalities mentioned above should be 
enhanced. 

Dept. of Physiology, University of Mainz, Saarstr. 
D- 6500 Mainz I, W.- Germany 
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BLOOD HYPERVISCOSITY DURING MUSCULAR ISCHEMIA 
DUE TO ACCUMULATED LYSOPHOSPHOGLYCERIDES. 
H. Rogausch, F. Steinhauer 

In human healthy volunteers the blood viscosity 
increases during forearm ischemia of 3- 10 min 
duration. The increased viscosity cannot be 
satisfactorily explained by local processes, 
since in some of the experiments the viscosity 
also increases in the non-ischemic contralate- 
ral arm. We found an increased enzymatic activ- 
ity of the plasma in the venous blood of both 
arms which lead to the accumulation of lyso- 
phosphoglycerides (iyso-P) and spiculated ery- 
throcytes which contribute to the increased 
viscosity. 
In another experiment, we were able to produce 
spiculated erythrocytes and an increased con- 
centration of lyso-P by intravenous injection 
of norepinephrine ( NE; 2-8)~g/ kg . min). 
The data support the view tMat NE stimulates 
the production of lyso-P, and that this affects 
the erythrocytes and that these erythrocyte 
alterations contribute to the increased blood 
viscosity. 

Physiologisches Institut der Universit~t, 
DeutschhausstraBe 2, 3550 Marburg, FRG 
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CHRONIC ADMINISTRATION ALTERS THE HYPOTENSIVE 
RESPONSE TO ~-ADRENOCEPTOR BLOCKING DRUGS IN 
CONSCIOUS DOGS. 
A. Beck 

R41 

The effects of prazosin (P., 0.1; 0.5. 2.5 mg/kg, 
p.o.) and urapidil (U., 0.4; 2; 10 mg/kg, p.o.) 
on arterial blood pressure (BP), heart rate (HR) 
and plasma renin activity (PRA) were investiga- 
ted in 6 normotensive dogs. The animals were 
trained to stand quietly in a rack. BP was mea- 
sured after puncture of the femoral artery, HR 
by integration from the art. BP, PRA by RIA. The 
first administration of P. revealed a reduction 
in both systolic and diastolic blood pressure, 
increase in HR and PRA, which were not strictly 
dose dependent. U. showed similar changes of 
these parameters. After chronic administration 
of both drugs, twice a day for 4 days, the same 
parameters were measured. BP reduction, increase 
in HR and in PRA, as shown by P., were attenua- 
ted. The hypotensive effect of U. (10 mg/kg) was 
also attenuated. The hypotensive effect of U. 
(2 mg/kg) was not attenuated, but PRA was signi- 
ficantly decreased. U. (0.4 mg/kg) showed no 
hypotensive effect after both acute and chronic 
administration. 
Since the decrease in BP caused by P. is not 
accompanied by an adequate increase in HR, an 

inhibitory effect of P. on the reflex activation 
must be assumed. U. also lacks an adequate re- 
flex activation, which is probably due to its ~2 
stimulatory activity. The attenuation of the 
hypotensive effect of P. and U. with chronic ad- 
ministration is not due to a persistent elevation 
of PRA. 

Pharmakolog. Inst. d. Univ. Wien, 
1090 Wien, W~hringerstr. 13A, Austria. 
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INVESTIGATIONS IN THE INTRINSIC SYMPATHETIC 
ACTIVITY OF THE BETA I-ADRENERGIC BLOCKING 
AGENT CELIPROLOL 
H. Pittner, R. Smith, M. Leibowitz, 
R.G. Van Inwe~en t P. Wolf 
The beta 1-adrenergic blocking agent celiprolol 
[3-(3-acetyl-4-(3-tert.butylamino-2-hydroxyprop- 
oxy)-phenyl)-1,1-diethylurea hydrochloride] has 
positive chronotropic and inofropic actions on 
isolated guinea pig and cat atrial preparations, 
but it does not increase the developed tension 
of cat papillary muscles or the dog heart adeny- 
late cyclase activity. Celiprolol increases the 
heart rate to the same extent as the beta-block- 
ing agent pindolol both in reserpinized rats and 
in reserpinized, adrenalectomized, vagotomized 
cats. The beta-blocker propranolol blocks the 
positive chronotropic effects of celiprolol both 
in vitro and in vivo. Celiprolol has slight re- 
laxing effects in isolated human arterial and 
venous preparations. Celiprolol increases the 
femoral arterial blood flow in anaesthetized 
dogs;this effect is evident also after pretreat- 
ment with propranolol.Celiprolol has only slight 
relaxing effects on the isolated ~uinea-pig tra- 
chea, but celiprolol decreases the airway resi- 
stance even after propranolol pretreatment in 
anaesthetized cats in which a bronchoconstric- 
tion is induced by serotonin; in the same pre- 
paration not only propranolol, but also the be- 
ta l-selective blocking agents atenolol and me- 
toprolol increase the airway resistance. Celi- 
prolol increases the plasma insulin and glucose 
levels in awake dogs. It is concluded that the 
demonstration os intrinsic sympathetic activity 
of a beta adrenergic blocking agent largely de- 
pends on the choice os the test model. 

Chemie Linz AG, Phammakologie,A-4020 Linz,Ausfria 
Revlon Health Care Group, Tuckahoe,N.Y. 10707,USA 
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POSTSYNAPTIC VASCULAR ~i- AND ~2-ADRENOCEPTORS INVOLVED IN 
SYMPATHETIC VASOCONSTRICTION OF THE CANINE FEMORAL BED 
D. Elsner, M. Saeed, O. Sommer and E. Bassenge 

It was hypothesized recently that postsynaptic vascular 
~2-receptore (~2-R) are activated mainly by circulating 
catecholamines, while ~I-R are innervated selectively. In 
the coronary bed, however, both circulating and neuronally 
released norepinephrine (NE) acts via vascular ~2-R. Since 
sympathetic constriction of this bed is moderate even un=: , 
der B-blockade, we studied this issue in the femoral bed, 
which is under effective sympathetic control. In 24 anes= 
thetized (0.2 ml/kg thalamonal, 80 mg/kg + i0 mg/kg/hr 
chloralose), spinalized, vagotomized dogs under A-blockade 
(nadolol 2 mg/kg), femoral vasoconstriction was induced by 
stimulation of the decentralized lumbar sympathetic chain 
(SS, 0.1 - 3.0 Hz) or intra-arterial NE-infusion (0.001 - 
1.0 ~g/kg/min), while arterial pressure was kept constant. 
Arterial and femoral venous plasma NE was measured radio= 
enzymatically. Following the control series, the complete 
trial was repeated after ~2-blockade (~2-BI, 0.03, 0.3 and 
3.0 mg/kg rauwolscine, n - 8), after ~I-BI (0.012, 0.12 
and 1.2 mg/kg prazosin, n = 8), and after sham treatment. 
The ~2-BI caused a dose-dependent, significant shift of 
the negative log EC 50 (= arterial NE concentration during 
infusion causing 50 % decline in flow) from 7.43 + 0.28 
(control) to 5.57 + 0.26 (3.0 rauw.); ~l-Bl from ~.36 
0.40 (control) to ~.85 + 0.49 (1.2 praz.); sham treatment 
did not cause a significant shift (7.31 + 0.38 vs. 6.98 + 
0.50). During SS with 1.0 and 3.0 Hz, ~2-BI caused a sig= 
nificant augmentation of the veno-arterial NE-difference. 
This is in agreement with the theory of presynaptic modu= 
lation of NE-release bY~2-R. During SS at all frequencies 
studied, ~2-BI caused a stronger or at least identical at= 
tenuatio~ of constriction compared to ~I-BI. - These data 
demonstrate the Dresence of both subtypes of vascular ~- 
adrenoceptors in this bed, but they are not in agreement 
with the hypothesis of preferential intrasynaptic location 
of ~l-adrenoceptors. 

Angewandte Physiologie, Hermann-Herder-Str. 7, 78 Freiburg 
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CARDIOVASCULAR PROFILE OF ERGOTAMINE IN PITHED RATS 
H.O. Kalkman 
The ergot alkaloid ergotamine (ST) is known to activate or 
m]tagonise both serotonergic- and ~-adrenergic receptors. 
In pithed normotensive rats i.v. injections of ET (3-3000 
~g/kg) caused a rise in blood pressure. The presser ef- 
fects of ET were analysed by means of selective antagonists, 
prazosin (P, 0.1 mg/kg; ~ ), yohimbine (Y, 1 mg/kg; % ) 
and methysergide (M, 50 pg/kg; S2). It was concluded that 
ET is a mixed ~/S 2 agonist. A pronounced difference in 
time necessary to reach the maximal diastolic pressure for 
30 pg/kg ET was observed after %- or S2-block respective- 
ly. After Y 12 min were required, after M it took 2 min 
only. After pretreatment with M, ET (30 ~g/kg) induced a 
marked increase in cardiac output (thermodilution method). 
In contrast, after Y (leaving the S2-component) an insig- 
nificant increase in cardiac output was observed. Heart 
rate remained unaltered throughout the experiments. The 
%-agonist B-HT 920, 2-amino-6-allyl-5,6,7,8-tetrahydro- 
-4H-thiazolo[4,5~d]-azepine, (10-300 pg/kg) provoked a 
dose-dependent increase in cardiac output, which could be 
antagomised by Y. The selective serotonergic agonist 5- 
-methoxytryptamine (30-300 ~g/kg) caused a biphasic cardiac 
output response (increase followed by decrease). In con- 
clusion, in pithed rats the %-component of ET is respons- 
ible for the rise in cardiac output, whereas the S2-compo- 
nent appears irrelevant. One might speculate that the S 2- 
-component of ET, like serotonin itself, causes both vaso- 
constriction and dilatation. When cardiac output does not 
contribute, the rise in blood pressure will then solely be 
due to the overall increase in peripheral resistance. This 
could explain the slow pressure response to 30 ~g/kg ET 
after Y pretreatment. 

Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, Plantage Muidergracht 24, 
1018 TV Amsterdam, %~e Netherlands. 
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HEMODYNAMIC ACTIONS OF KETANSERiN AND THE ALPHA-ADRENOCEP- 
TOR BLOCKERS PRAZOSINE AND PHENTOLAMINE IN THE CONSCIOUS 
SHR. 
H.A.J. Struyker-Boudier and H. van Essen. 

In recent studies, it was suggested that the blood pressure 
lowering effect of the new antihypertensive agent ketanse- 
rin (K) may be caused by peripheral alpha-adreneceptor 
blockade rather than the originally claimed serotonin-2 
receptor antagonism. In this study, we compared the hemedy- 
namic effects of K (i mg/kg, N=4; 3 mg/kg, N=8, i.a.) with 
those of the alpha-I blocker prazosine (Pr, 0.I mg/kg, N=9 
i.a.) and the combined alpha-I and alpha-2 blocker phentol- 
amine (Ph, 1 mg/kg, N=6, i.a.) in conscious spontaneously 
hypertensive rats (SHR) with a chronic intra-aortic cathe- 
ter for the continuous measurement of mean arterial pres- 
sure (MAP) and an electromagnetic flowprobe on the aorta 
for measurement of cardiac index (CI). Total peripheral 
resistance index (TPRI) and stroke volume index (SVI) were 
calculated according to standard procedures. 

All 3 agents caused a rapid fall in MAP with a maximum 
of -30 + 8 (mean + S.E.; K, 1 mg/kg); -43 + 2 (K, 3 mg/kg); 
-30 + 4 (Pr) and -38 + 8 (Ph) mmHg within 30 min. The fall 
in MAP was parallelled by a decrease in TPRI, amounting to 
-0.9 + 0.3 (K, 1 mg/kg); -1.2 ~ 0.i (K, 3 mg/kg); -1.4 
0 . 2  (Pr) and -i.3 ! 0.3 (Ph) mmHg.min, lO0 g b.w./ml. Both 
alpha-blockers caused a reflex increase in heart rate (HR) 
of maximally +60 + 8 (Pr) and +63 + 17 (Ph) b/min. CI was 
clearly elevated after Pr (+3.6 + 0.7 ml/min.100 g b.w.), 
butnot after Ph, because of a reduction in SVI of -13 + 
3 ~i/I00 g b.w.). After K, both HR and CI did not change 
significantly. These data show that the acute hemodynamic 
effects of K differ from those of alpha-adrenocepter 
blockers. Although an interaction with peripheral alpha- 
adrenoceptors cannot be excluded, additional mechanisms 
seem to play a role in the antihypertensive effect of K. 

Dept. of Pharmacology, University of Limburg, P.O. Box 616, 
6200 MD Maastricht, The Netherlands. 
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A CLASSIFICATION OF HEART SEROTONIN RECEPTORS 

A.J.Kaumann 
Serotonin receptors were classified by Peroutka & Snyder 
s I (K nM) and s 2 (K J/M) (Mol .pharmacol.1~6,687,1979) . Experi- 
ments were carried out at 32.5~ on tissues from the heart 
of reserpine-Fretreated kitten and on strips prepared from 
calf large coronary arteries. Spontaneously beating atria, 
electrically driven left atria(0.5 Hz)and papillary mus- 
cles(O.2 Hz)and the arteries were set up in Krebs solution 
containing 0.2 mM ascorbate and 6 ~M cocaine. Serotonin 
causes positive chronotropic (ECso O. 1 pM) and inotropic 
(EC_ 0 0.i ~M) effeets on atria; maxlmum effects were 98% on 
right atria and 90% on left atria of those of (-)-isopre- 
naline. Serotonin did not stimulate atrial adenylyl cycla- 
se. Serotonin causes positive inotropic effects in papil- 
lary muscles (EC O 10 ~M) ; maximum effects were 40% of tho- 
se of (-)-isopSrenaline. Concentrations greater than IO~M 
serotonin elicited long-lasting aftercontraetions in pa- 
pillary muscles, probably due to a prolongation of the ac- 
tion potential. Serotonin produced contractures of corona- 
ry arteries(ECho 0.05 ~M). None of these effects was anta- 
gonized by i ~ (-) -bupranolol or by i }/M prazosin. Ketan- 
serin (i-10000 raM) , phenoxybenzamine (20-20000 nM) and yo- 
himbine(60-10000 nM) were used to antagonize the effects of 
serotonin. Eq.diss.constants K (nM) are given in parenthe- 

ketan serin phenox yben zamin e yohimbine' se s. 
Papillary muscle - (no effect) 

:}  - Left atrium + irre- 
Right atrium 
Coronary artery + (0.6) versible + (50) 

The K for serotonin, estimated from receptor occlusion 
with phenoxybenzamine, was i ~M in left atria and i-i0 ~M 
in coronary arteries. Conclusions: l.Coronary arteries but 
not myocardium contain s2-receptors. 2.Myocardial recep- 
tors do not appear to be s I because the affinity for sero- 
tonin is low. 3.It is proposed to designate atrial recep- 
tors as s 3 and ventricular receptors as s 4 . 

Klinische Physiologie, Physiologisches Institut der Uni- 
versit~t, Universit~tsstrasse i, 4000 DQsseldorf, FRG 
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THE INFLUENCE OF KETANSERIN ON CENTRAL CARDIO- 
VASCULAR REGULATION 
E.Schneider and W.Felix 

Ketanserin is a new and selective serotonin S2-receptor 
blocking agent with an additional and weaker ~-adrenolytic 
activity. It produces hypotension when given i.v. Previous 
investigations have shown that this bloodpressure lowering 
effects is mainly due to a central mechanism suggesting that 
ketanserin influences baro- and chemoreceptor reflexes. The 
experiments were performed in cats anaesthetized with 
chloraIose. 

The baroreceptor reflex was evoked by noradrenaline (i.v. 
injection, t )~/kg)  or by an injection of arterial blood with 
high pressure (200 mmHg) into the Aa.carot.comm. The re- 
sponse was a decrease of bloodpressure, heart-rate and respi- 
ratory minute volume. During bilateral carotid occlusion the 
three parameters increased. The chemoreceptors were stimula- 
ted either by an injection of 1-2 ml venous blood into the 
Aa.car. comm. or by inhalation of air with high pCO2. The 
reflex response was hypertension, bradycardia and hyperpnce. 

Ketanserin (.25-1 mg/kg,i.v.) had no influence on the chemo- 
receptor reflex. There was a differentiated effect on the 
baroreceptor reflex: no influence on respiratory response 
could be seen but a dose depender inhibition of reflex induced 
change in bloodpressure and heart-rate. This occured during 
pressor response as well as during depressor response. 

It is suggested that this observed reflex inhibition is 
not mediated by peripheral baroreceptor inactivation because 
respiratory response remained unchanged. Therefore, we con- 
cluded that Ketanserin interacts with vasomotor center. It  
does not affect its pressor area whereas the depressor area 
is inhibited. The fact  that Ketanserin is a selective S2-re- 
ceptor blocking agent indicates the participation of S2-recep- 
tors in cardiovascular regulation mediated by the depressor 
area of the vasomotor center in contrast t o  the pressor area. 

Institut for Pharmakologie und Toxikologie der Med.Fakult~ 
tier Universit~t M0nchen 
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CENTRAL ~-ADRENOCEPTOR SUBTYPES AND THE FUNCTION OF THE 
BARORECEPTOR REFLEX 
G. Haeusler * 

There is considerable evidence that clonidine facilitates 
transmission through the central part of the baroreceptor 
reflex (CPBR). This effect of clonidine is antagonized by 
a2-adrenoceptor blocking agents. It was of interest to 
study whether the involved a2-adrenoceptors are under the 
influence of central adrenergic neurones. The function of 
the CPBRwas assessed in urethane anaesthetized cats by 
bilateral electrical stimulation of the carotid sinus ner- 
ves with single pulses andmeasuroment of the resulting 
inhibition of the discharges (silent period) i n the sympa- 
thetic preganglionic splanchnic nerve. In order to make 
the system more sensitive and to be able to locate drug 
effects to the nucleus of the solitary tract (NTS), the 
temperature of the NTS was reduced to approximately 10 ~ C 
by placing thermodes to the exposed dorsal surface of the 
medulla oblongata at the intermediate parts of the NTS of 
each side. Clonidine and B-HT 920 (2-anttno-6-allyl-5,6,7, 
8-tetrahyclro-4H-thiazolo-(4,5-d)-azepine dihydrochloride) 
prolonged the induced silent period in the sympathetic 
discharge pattern, an effect which is readily explained 
by improvement of transmission through the CPBR. These 
effects of clonidine and B-HT 92Owere antagonized by 
yohimbine and piperoxan. When given alone, the two a 2- 
adrenoceptor blockLng agents considerably shortened the 
silent period, i.e. made the reflex less efficient. Pra- 
zosin and phenoxybenzamine on the other hand prolonged 
the silent period. The results suggest that ~I- and a 2- 
adrenoceptors at neurones of the CPBR are innervated by 
central adrenergic neurones and that their blockade leads 
to a facilitation and inhibition, respectively, of trans- 
mission through the CPBR. 
Pharmaceutical Research Department, F. Hoffmann-La Roche 
& Co., Ltd., CH-4CO2 Basel, Switzerland 
*Present address: Pharmaceutical Research Department, 
E. Merck, D-6100Darmstadt I, FRG 
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CENTRAL GABA-E~IC STIMULATION LOWERS BLOOD PRESSURE 
IN SPONTANEGJSLY HYPEI~fENSIVE RATS (SHRSP) : ROLE OF 
THE SYMPATHO-ADRENAL AXIS. 
Thomas Unger, Hans Becker, Rainer Rettig, Norbert 
Schwab: Depar~ent of Pharmacology, University o~ 
Heidelberg, ImNeuenheimer Feld 366, D-6900 Heidelberg 
Ga~na-amino butyric acid (GABA) has received increasing 
attention as an inhibitory transmitter in the brain and 
in central autonomic and cardiovascular regulation. In 
this study we have investigated the central antihyper- 
tensive action of the potent GABA-agonist muscim~l (MU) 
in SHRSP, in which hypertension is known to be associ- 
ated with stimulated sympatho-adrenal activity. All 
experiments were done in conscious unrestrained rats. 
Injection of MU (0.01 - 1 ~g) into the lateral brain 
ventricle (i.c.v.) lowered mean arterial bloc~ pressure 
(MAP) dose-dependently in SHRSP (n:13) with am aximal 
fall of -52.7 + 5 im~Hg from 192.1 + 8.4 ImnHg, lasting 
for about 90m~n after 1 ~g MU. Th~swas accc~anied by 
bradycardia and sedation. Pretreatment with atropin 
(2mg/kg intraperitoneally or 15 pg/kg i.c.v.) did not 
significantly influence the MU induced fall in MAP. In 
WKY (n:12) the maximal decrease in MAP was -12.1 + 1.6 
nmtHg from 109.3 + 1.9 ~mtHg, and the effect lasted much 
shorter than in~RSP. Following 1 Ng MU i.c.v, plasma 
noradrenaline did not fall significantly in SHRSP and 
WKY, but in SHI~SP plasma adrenaline was fully suppres- 
sed (from 118.1 + 24.2 to 22.8 + 5.7 pg/ml) throughout 
the depressor response. The sympathetic nervous acti- 
vity as directly recorded from the n. splanchnicus was 
slightly reduced in SHRSP and WKY, whereas the adrenal 
nerve activity was reduced by 44% in SHRSP and only 24% 
in WKY. 
Our results denDnstrate that the antihypertensive 
action of central GABA-ergic stimulation in SHRSP is 
not mediated by an increase in vagal tone or a general- 
ized sympathetic tone reduction but rather by a selec- 
tive inhibition of the sympatho-adrenal activity. 
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SYMPATHICOLYSIS BY COMBINED CENTRAL~ 2-STIMULATION AND 
PERIPHERAL B-BLOCKADE. 
M.Hausen, B.KrAmer, C.Nunhofer, W.MAurer, W.K~bler. 

Clonidine (C) induced sympathicolysis is due to stimulation 
of central~2-receptors whereas metoprolol (M) acts by 
blockade of peripheral S-receptors. In order to investigate 
the effects of these different sympathicolytic mechanisms, 
plasma adrenaline (A) and noradrenaline (NA) were measured 
in ii normotensive subjects at rest and during bicycle exep- 
cise (70-150Watts),following single and combined infusion 
of C (4#g/kgBW) and M(O.2mg/kgBW).C reduced A and NA at 
rest and during exercise.M did not influence A and NA at 
rest.During exercise, however,NA plasma levels were signi- 
ficantly more raised than those after placebo. After C+M, 
at rest and on moderate work load catecholamine levels were 
significantly lower than controls, at high work load,cate- 
cholamine concentrations were undistinguishable from those 
measured on placebo. M reduced heart rate (HR)at rest and 
during exercise, whereas the effect of C on HR decreased 
with increasing work load. In contrast to M,Cloweredsyst~ 
lie blood pressure (BP) at rest and during exercise. The ra- 
tio~of HR/A and MR/NA were identical after placebo and C, 
indicating that the sympathicolytic effects of C are due to 
a reduction in eatecholamine outflow, On M and C+N, HR/A 
and HR/NA were reduced due to blockade of B-receptors. 

I NA [r ig/ l )  I RR syst.(mmHg) I HR (min - I )  I 
1 rest I 150W i rest I 150W I rest I 150W I 

- -P  I 240~B01 800~90 1 ~2s~3 I 187~3 I 70~4 I i37~3 I 
c 1~'70 �9 201--560~90 1~i04~2 I~ IB3~4  I~SB~2 I 134~4 I 
" I 210 ~4q~040.~130 I 120• I ~ i e 2 •  1~54•  1'~116• I 

C+M~70 • 20l 940• 1~"~107• I~x'145• l~%2• 1~"112~31 
p vs. placebo *~=0.001, ~=0.01, *=0.05 
Simultaneous administration of C+M combines the reduction 
of HR produced by M with the reduction of BP produced by C 
at rest and during exercise. Combined administration of C~ 
also attenuates the excessive elevation of NA levels ob- 
served at high work load when metoprolol was given alone. 

Med.Univ.-Klinik III, Bergheimerstr. 58,D-6900 Heidelberg. 
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IHPAIRMENT OF AUTONOMIC RESPONSIVENESS IN B.PERTUSSIS VAC- 
CINATED RATS DUE TO A HEAT LABILE COMPONENT IN THE VACCINE 

D.J.de Wildt 

Whether the cardiovascular system is pr imar i ly  involved in 
the adverse reactions (shock, coma and convulsions) some- 
times occurring af ter  Bordetella pertussis vaccination has 
never been thoroughly investigated. In the present study 
autonomic receptor functioning within the c i rcu la tory  sys- 
tem was established on basis of chronotropic and blood 
pressure changes due to i . v .  infusion of various agonists 
in anesthetized rats. 
A pronounced impairment of chol inergic and B~-adrener~ic 
transmission 4 days af ter  inoculat ion with p~rtussis vac- 
cine was demonstrated by the blockade of arecoline induced 
bradycardia respect ively reduced blood pressure decrease 
e l i c i t ed  by salbutamol. While the pressor response evoked 
by the al-adrenergic agonist methoxamine was potentiated 
the oressor response induced by B-HT 920 (2-amino-6-al ly l -  
5,6,7,8-tetrahydro-4H th iazo lo [4 ,5-~-azep ine dihydro- 
chloride) was s ign i f i can t l y  reduced in the pertussis trea- 
ted group. Moreover, the ref lex bradycardia a f ter  methox- 
amine was nearly absent in vaccinated animals point ing to-  
wards an interrupted baroreceptor re f lex  which might be 
well explained by the strong at rop ine- l ike  action of oer- 
tussis vaccine. I t  could be unraveled that the pharmaco- 
logical  effects of pertussis vaccine might be a t t r ibuted 
to a heat - lab i le  component which is assumed to be lympho- 
cytosis promoting factor (LPF) which is evidenced by the 
absence of i nh ib i to ry  effects af ter  administration of 
heated vaccine. Furthermore comparable pharmacological 
effects were seen a f ter  administration of pur i f ied LPF. 
I t  is concluded that pertussis vaccination in rats in- 
duces autonomic impairment due to the protein consti tuent 
LPF. 

Laboratory for  Pharmacology, Section on Cardiovascular 
Pharmacology, National Ins t i tu te  of Public Health, 
P.O.Box 1, 3720 BA BILTHOVEN, The Netherlands 
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FLOW-DEPENDENT DILATION OF CANINE EPICARDIAL CORONARY AR- 
TERIES IN VIVO AND IN VITRO: MEDIATED BY THE ENDOTHELIUM 
J. Holtz, R. Busse and M. Giesler 

Constrictions of epicardial arteries play a causal role in 
angina pectoris, but the trigger mechanism is unknown. 
Therefore, we looked for physiological factors modulating 
the tone of these vessels. In 9 conscious dogs the outer 
diameter (OD, ultrasonic technique) and the flow (CF, flow- 
meter) in one or two coronary branches (left circumflex 
and/or descending) was registered chronically. CF could be 
stopped or gradually limited by pneumatic occluders im- 
planted distally to the site of OD measurement. 
In the resting dogs, rapid increments in coronary flow by 

300 % (postischemic reactive hyperemia; hyperinflation 
reflex; i.v. infusion of serotonin 20 #g/kg/min, isoprote- 
renol 0.i - 0.5 ~g/kg/min, adenosin i - 3 ~M/kg) caused a 
slowly developing dilation in both coronary branches (by 
98 + 26 and 115 + 34 ~un after 90 seconds), while mean ar- 
terial pressure was lowered by 12 ~ 5 mmHg. When CF in one 
branch was kept constant during these stimuli by partial 
cuff occlusion, the slow epicardial artery dilation in 
this branch was abolished, while it was unaffected in the 
other branch. Stop of CF (for 30 s) caused a moderate epi- 
cardial constriction (by 32 + 12 ~m). The excised epicar- 
dial branches (OD 1.6 ram) were perfused and activated by 
10-7 serotonin while the OD was registered photoelectri- 
cally. Variation of perfusion rate between 0.5 and 3.0 ml/ 
min caused a parallel, but slowly developing variation in 
OD by 35 + 8 ~m, which could not be due to changes in 
transmural pressure. Enzymatical removal of the endothel- 
ium abolished the flow-dependent dilation, but did not af- 
fect the responsiveness to directly constricting or dilat- 
ing stimuli.- The data demonstrate that epicardial coron- 
ary arteries in vivo are under a dilatory, flow-dependent 
control mediated by the endothelium. Reduction of this 
control during states of low myocardial metabolic demand 
and flow at night might facilitate enhanced constrictions 

of these arteries. 
Angewandte Physiologie, Hermann-Herder-Str.7, 78 Freiburg 
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EFFECT OF THROMBOXANE SYNTHETASE INHIBITION ON CORONARy 
ARTERY THROMBOSIS IN THE DOG. 
M. Just, E. Schraven, P.A. Martorana 

Coronary artery thrombosis was induced in anaesthetized 
dogs by electrical stimulation (9 V, 150 ~A for 360 min) 
via a needle electrode placed on the intima of the left 
circumflex coronary artery. A specific thromboxane syn- 
thetase inhibitor UK 37248 (4- [2-(l-imidazol-l-yl)ethox~ 
benzoic acid. HCI) at the dose of 0.i mg/kg/min in = 8) 
or saline (n = 8) was infused for the duration of the 
experiment. 

In control dogs thromboxane (TXB2; coronary sinus) incre- 
ased significantly beginning with the 60 th min of stimu- 
lation. 6-Keto-PGF]adid not change until the 240 th min 
after stimulation when a small but insignificant increase 
was found. Thrombotic occlusion occured in all control 
dogs after 158 • 21 min and thrombus wet weight (measured 
at 360 min) was 74.4 + 6.0 mg. Due to the thrombosis, 
myocardial infarction resulted in all animals. Infarct 
size was 23.8 • 4 % of left ventricle weight. 

In UK 37248-treated dogs the increase in TXB 2 was comple- 
tely prevented. 6-Keto-PGFl~On the other hand rose gradu- 
ally to a level of significance. No thrombotic occlusion 
was found in 7/8 animals. However small nonocclusive 
thrombi were found at the site of stimulation. Thrombus 
weight was 28.1 • 11.0 mg (p < 0.005). Myocardial infarct- 
ion resulted in only 4/8 dogs (infarct size 6.6 • 4.0 %, 
p< 0.005). 

These data suggest that 
i) thromboxane plays a significant role in the develop- 

ment of coronary artery thrombosis in this model, 
2) the increase of prostacyclin, associated with throm- 

boxane synthetase inhibition, may also be an important 
factor in the prevention of the thrombotic occlusion. 

Cassella AG, Pharmaforschung, D-6000 Frankfurt/Main 61 
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ROLE OF CYCLIC GMP IN ENDOTHELIUM-DEPENDENT 
RELAXATION OF CORONARY STRIPS BY ACETYLCHOLINE 
S. Hoizmann and W.R. Kukovetz 

Recent evidence demonstrated that the contractile 
response of bovine coronary arterial strips to 
acetylcholine (ACt) was antagonized by concomitant 
rises in cGMP-levels (Kukovetz et al., N.S. Arch. 
Pharmacol. Z19, 29, 1982). Since rabbit aortic strips 
with undistur---bed endothelium responded to ACh with 
relaxation(Furchgott and Zawadzki,Nature 28__88, 373, 
1980)it was investigated whether coronary strips 
behave similarly and whether the presence of en- 
dothelium influences the cGMP-response to ACh. 
Bovine coronary arterial strips prepared as pre- 
viously by insertion of a metal probe into the 
vessel were suspended in tyrode solution and pre- 
contracted with 25 ~M serotonin.These strips were 
contracted concentration dependently by 55-550 nM 
ACh and cGMP-levels raised up to the 3.5 fold con- 
trol value. When strips were prepared with utmost 
care to keep the endotheliu/u intact, e.g. by 
avoidance of metal probing of the vessel during 
dissection, they responded under otherwise similar 
conditions to ACh (5.5-550 nM) with concentration 
dependent relaxation and significantly larger 
rises in cGMP, up to the 7 fold control value. In 
the presence of the cGMP-PDE-inhibitor M&B 22,948 
(2-o-propoxyphenyl-8-azapurin-6-one ; 370 ~M) 
relaxation and rises in cGMP were significantly 
enhanced. Conversely, in the presence of 50 ~M 
methylene blue which antagonized ACh-induced- 
rises in cGMP but enhanced contraction of coronary 
artery strips(Kukovetz et ai.,1982), the relaxing 
effects of ACh on endothelium-preserved strips as 
well as the rises in cGMP were abolished. The re- 
sults suggest that endothelium converts the con- 
tractile effect of ACt into relaxation in coronary 
strips by augmenting rises in cGMP-levels. 

Inst.f.Pharmakodyn.u.Tox.,A-8010 Graz,Univ.-Pi.2 
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POTENT AND STEREOSPECIFIC INHIBITION OF THROMBOXANE (TX) 
AND 12-HPETE FORMATION IN HUMAN PLATELETS BY PROSTACYCLIN 
AND PROSTACYCLIN ANALOGUES. 

H. Darius 

Arachidonic acid (AA) is released from p l a t e l e t  membranes 
fo l low ing  membrane st imul i  and is metabolized by a cyclo-  
oxygenase giv ing ra ise to TXA 2 and a 12-1ipoxygenase form- 
ing 12-H(P)ETE as f i na l  enzymatic products. The present 
study was designed to measure TX and 12-HPETE formation 
a f t e r  treatment of  the p la te le ts  with PGIe and a stable 
analogue ZK 36374 5~(E)-IS,5S,6R,7R)-7-hy~roxy-6-[(E)-  
(3S,4RS)-3-hydroxy-~-methy l -oct - l -en-6-yn-y l ] -b icyc lo  
(3.3.0)octan-3-y l iden~-pentanoic  acid. 

St imulat ion of  washed human p la te le ts  by thrombin (0.06-6 
IU/ml) was fol lowed by dose-dependent 12-HPETE and TX form- 
a t ion .  The maximum TXB 2 concentrat ion was 630 • 130 pmol/l 
(n = 9). PGI 2 (0.3 - 300 riM) dose-dependently i nh ib i ted  
th is  thrombin- (0.6 IU/ml) induced TX and 12 HPETE format- 
ion. The ICs@ was 13 • 6 and 18 ~ 8 nM (n = 4) ,  respect- 
i ve ly .  ZK 36374 inh ib i ted  the eicesanoid formation with 
an ICon o f  4 ~ I and 3 • 2 nM (n = 6) ,  respec t i ve ly ,  wher~ 
as i t~v5(Z) stereoisomere ZK 36375 was 2-3 orders of  magni- 
tude less e f f ec t i ve .  In comparison, the ICsn f o r  i n h i b i t -  
ion of  12-HPETE formation by 5,8,11,14-eicS~atetraynoic 
acid was 2.0 ~ 0.3 ~M with thrombin (0.6 IU/m]). PGI 2 and 
ZK 36374 did not inf luence the AA-induced thromboxane or 
12-HPETE formation. 

I t  is concluded that  PGI 2 and ZK 36374 are among the most 
potent i nh ib i t o r s  of  thr6mbin-induced l ipoxygenase and 
cyclooxygenase product formation in human p la te le t s .  This 
e f f ec t  seems to be due to an decreased a v a i l a b i l i t y  of  
endogenous AA rather  than to spec i f i c  i n h i b i t i o n  of  AA- 
metabol iz ing enzymes. 

Pharmakologisches I n s t i t u t  der Un ivers i t~ t  K~In, Gleueler 
Str .  24, D-5000 K~In 41 
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STIMULATION OF VASCULAR PROSTACYCLIN BY GLYCERYL-TRINITRATE 
(NITROGLYCERIN) IN BOVINE CORSNARY ARTERIES AND VEINS AND 
ITS INHIBITION BY DEXAMETHASONE 

W. RUcker and B- Ahland 

Previous studies have shown, that  g l y c e r y l t r i n i t r a t e  (GIN) 
st imulates coronary a r t e r i a l  PGl2-formation (Schr~r et a l , ,  
Thromb.Res.23:S9,1981) confirming data of  Levine e t a l .  
J .Cl in. lnvest .67:762,1981) on iso la ted endothel ia l  ce l l s .  
This study was designed to evaluate possible mechanisms of  
th is  PGl2-st imulating act ion on bovine coronary a r te r ies  
(BCA) in comparison to bovine veins (BCV). 

Br in Krebs bu f fe r  produce 20 • 3 pmoles PGIZ/IO0 mm 2 
surface and 10 min incubation at 37oc. This basal product- 
ion is enhanced to 35 • 5 pmoles/100 mm 2 in presence of  17 
pmoles/ml GTN (P < O,Oll. The basal release of  BCV amoants 
to 38 t 4 pmoles/IOO mm L and is increased to 57 t 7 pmoles/ 
100 mm 2 in presence o f  only 0.6 pmoles/ml GTN (P < 0.01). 
Thus, BCV by comparison with BCA is not only more sens i t -  
ive to GTN but also more e f f i c i e n t  with respect to st imul-  
ated PGlg-production. Pretreatment with indomethacin (11 
nmole~ml7 reduces th is  st imulated PGIo-formation o f  BCA 
and BCV to 6 t I and 10 • 5 pmoles PG~2/IOO mm2, respect- 
i ve ly  (P < 0.01). Simi lar resu l ts  are obtained a f t e r  stim- 
u la t ing PGI 2 with arachidonic acid (9 nmoles/ml). 

The GTN-stimulated PGl2-formation of  BCA is dose-dependen~ 
ly inh ib i ted  by dexamethasone (DEX), the IC50 being as low 
as I pmol/ml. In cont rast ,  the concentrat ion of  DEX neces~ 
ary fo r  i nh i b i t i on  of  basal PGl2-production is 2-3 orders 
of  magnitude higher. BE• up to 25 nmo]es/ml does not 
change the net arachidonic acid-induced PG12-release. 

The data ind icate a greater responsiveness o f  BCV in com- 
parison with BCA against GTN-stimulated PGlz-formation. 
Remarkable is the higher s e n s i t i v i t y  to DEX of  stimulated 
rather  than basal PGl2-formation. This warrants fu r the r  
inves t iga t ion .  

Pharmakologisches I n s t i t u t  der Univers i t~ t  KSln, Gleueler 
Str.  24, D-5000 KStn #l 
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THE VASODIIATING EFFECT OF NITRATES IS NOT MEDIATED BY 
PROSTAGLANI) [NS 
W. BAI{TSCH, B. BR]%[JNIG and ,]. ,JANICtl 
The hypothesis to explain the effect of organic nitrates 
by a release of prostaglandins has been raised in the 
last two years by MORCILLO et al. (Amer. J. Cardiol. 
45, 53 - 57; 1980). 
To check this hypothesis we investigated whether the va- 
sodilating and blood pressure lowering effect of isosor- 
bide-5-mononitrate (IS-5-MN], the main metabolite of 
isosorbide dinitrate, could he influenced by pretreat- 
ment with inhibitors of prostaglandin synthesis, 
Experiments on isolated vessels were carried out on ca- 
nine venous spiral strips (vena pedis dorsalis), 
To make the isolated ve ins  more sensitive for the rela- 
xation, we increased the  vasoconstriction tone with nor- 
adrenaline (2 x 10-7M). The effect of IS-5-MN (4 x 10"5M) 
was a relaxation of 346 + 56 mg and after pretreatmeat 
with the cycl00xygen~se inhibitor indomethacin 
(5 x IO-5N) S8S + 81 mg (M + SEM; n = 7). 
Conscious dogs (-n : B) with-chronically implanted arte- 
rial and venous c a t h e t e r s  for  cont innous measurement of  
the blood p r e s su re  (BP mm Hg) fu rn i shed  the  fol lowing 
r e s u l t s .  
Pre t rea tment  twice JBP i n i t i a l  value BP decrease  a f t e r  
da i l y  for 3 days ~ IIs-5-MN 10mg/kg Kv- 
Control 1 169 J 28 - -  
Acetylsalicylic acid]- 168 1 35 -- 
35, mg/kg p.o,  | 
Control ] [72 37 
[nd~methscin 
3 mg/kg p.o. | IB9 57 
The fact that neither indomethacin nor acetylsalicylie 
acid reduced the vasodilating response to IS-5-MN in 
vitro and/or in vivo contradicts the hypothesis that 
the ~asodilating action of organic nitrates is caused 
by an enhanced release of vasodilating prostaglandins. 

Department of Cardiovascular Research, 
Boehringer Mannhe}m GmbH 
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STIMULATION OF CORONARY VASCULAR PROSTACYCLIN (PC[ 2) BY 
ORGANIC NITRATES 

K. Schr~r and P. Weiss 

Recent studies have shown tha t  g I y c e r y l t r i n i t r a t e  is a pet- 
ent s t imulator  o f  PGI 2 formation in bovine coronary a r te r -  
ies (BCA) (Schr~r et a l . ,  Thromb.Res. 23:59, 1981). The 
present inves t iga t ion  was designed to study the e f fec ts  of  
isosorbide-~-mononitrate (2-1SMN), isosorbide-5-mononitra- 
te (5-1SMN), i soso rb ide -2 ,5 -d in i t r a te  (ISDN) theophyl l ine 
(THE) and the new compound 5 - (y - theophy l l i ne -7 -y !p ropy l -  
amino)-5-desoxy L - i so id ide -2 -n i t ra te -b i fumara te  (KC G46) 
on PGI 2 release in th is  system and to invest igate  the act-  
lens ot these substances on coronary vessel tone. 

Among the agents studied, KC 046 was the most act ive com- 
pound and produced a dose-dependent s t imulat ion of PGI~ 
release at concentrat ions between 0.2 - 200 nM, The ba~al 
release of  PG[ 2 at , lO min incubation of  BCA i~ Krebs- 
bu f fe r  at 37~ amounted to 16 • 2 pmol/100 mm ~ surface 
(bioassayed from i nh i b i t i on  of  ADP-induced p la~elet  aggreg- 
a t ion)  and was ~ncreased to 54 t g pmol/100 mm z by 0.2 ~M 
KC 045 (n = 5, P < O.Ol).This e f f ec t  was prevented by 
both indomethacln and methylene blue. Z-ISMN at 0,2 pM 
doubled the basal re lease,  whereas 5-1SMN, ISDN and THE 
were almost i ne f f ec t i ve  at these low concentrat ions. A 
s i gn i f i can t  s t imulat ion was obtained with 5-1SMN at 10 pM 
concentrat ion,  Al l  o f  the agents studied relaxed BCA st r ips.  
The EC50 fo r  2-1SIIN amounted to 5 pM, that  fo r  5-1SMN to 
100 pM. KC 046 tended to exh ib i t  a biphasic response, hav- 
ing a maximum re laxa t ion  at abount 60 pM. 

I t  is concluded that  s t imulat ion of  vascular PGI 2 is a 
more general property of  organic n i t ra tes  and i t  seems to 
be the 2-n i t ro-group of  the compounds studied which is 
p a r t i c u l a r l y  e f f ec t i ve .  By comparing 2- and 5-1SMN, th is  
is also evident fo r  the re laxat ion  of  the BCA s t r i ps .  

Pharmakologisches I n s t i t u t  der Un ivers i t~ t  K~]n, Gleueler 
Str .  24, D-5OO0 K~In 41 
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Availability of organic nitrates from intravenous 
infusion sets 

R. Bonn and W. Cawello 

The loss of glyceryl-trinitrate (GTN) when infused at 
various rates through pelyvinylchloride (PVC) tubing 
was measured against time by continuously monitoring 
the GTN concentrations at the outflow of the tubing 
using a direct photometric method. 

The portion of GTN loss depends on the rate of infu- 
sion; at flow rates of 3-6 ml/hour, GTN losses of up 
to 60 % may be expeeted. Polyethylene (PE) tubing 
does not show this reduction of outflow concentration 
of GTN. 

When infusing GTN through PVC tubing, the dosage 
cannot be controlled and any assessment of pharma- 
cokinetio or absolute bioavailability becomes invalid. 
This effect of tubing can account for apparent losses 
of bioavailability of up to 50 %. 

Other organic nitrates like ieosorbide dinitrate are 
shown to be absorbed into PVC in a similar way. The 
losses encrease with larger lipophilicity of the drug. 

SANOL SCHWARZ GMBH, Bereich Forschung, 
D-4o19 Monheim 
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STIMULATION OF PROSTACYCLIN (PGI2) SYNTHESIS BY 
NAFAZATROM (BAY G 6575) 
E. Perzborn, F. Seuter 

Nafazatrom (Naf) is a potent antithrombotic 
(Seuter et al., Arzneim.-Forsch./Drug Res. 29, 
54, 1979) and antimetastatic drug (Honn et al., 
Proshaglandins and Cancer; Powles, T.J. et al. 
(eds.) Alan Liss Inc., New York, pp. 733-752, 
1982). These effects were suggested to be due 
to its ability to stimulate vascular wall PGI2 
production. PGI9 synthesis occurs primarily in 
the microsomal Zraction of vessel wall homoge- 
nates. Therefore, we have examined the e{fect 
of Naf on the biosynthesis of PGI 2 from H-ara- 
chidonic acid (AA) in a mixture of microsomes 
of sheep seminal vesicles (RSVM) and bovine 
aorta (BAM). 
AA was incubated with RSVM and BAM in the pre- 
sence and absence of Naf. The reaction was ter- 
minated by acidification to pH 3,5. The sample 
was extracted with ethyl acetate and separated 
by thin-layer chromatography. PGI 2 was assayed 
as 6-oxo-PGFl~ , identified by cochromatography 
and a speclflc rad~olmmunoassay. 
In the absence of Naf a small amount of PGI2, 
PGE 9 and/or PGF9~ was generated. However, in 
the=presence of'Naf, the synthesis of PGI_ was 
stimulated. A concentration dependent sti~ula- 
tion was observed within the range of 40 - 400 
Bmol/l. PGE 2 and/or PGF~ , synthesis was not 
significantIy influence~ 
These data support the idea that the pharmaco- 
logical effects of Naf are caused by the en- 
hancement of endogenous PGI 2 synthesis. 

Institut f~r Pharmakologie, BAYER AG, 
Apratherweg 18, D - 5600 Wuppertal I. 
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PHARMACOLOGY OF A NEW MONONITRATE: KC 046/264. 
B. Gabard I S.S. Chatter~ee 

The pharmacological properties of KC 046/264 (5- 
(Y-Theophyllin-7 ylpropylamino)-5-desoxy-L-isoidid- 
2-nltrate bifumarate), a potential anti-anginal agent 
were assessed in various models and compared with 
those of Isosorbide-dinitrate (ISDN), -2-(2-ISMN) and 
-5-mononitrate (5-ISMN). In experiments with isola- 
ted organs (rat aortic strips and venous rings, dog 
coronary arteries, isolated guinea-pig hearts) all 
the tested compounds showed similar properties: nor- 
adrenalin-induced contractions were inhibited more 
strongly than KCl-induced contractions and KCl-depo- 
larised coronary arteries were affected at much lo- 
wer concentrations than needed in the other experi- 
ments. The orders of potencies were found to be KC 
046/264> ISDN ~ 2-ISMN> 5-ISMN. 

In anaesthesized cats, KC 046/264 llke the other 
nitrates depressed the arterial blood pressure. After 
intravenous application (0,025 - 0,25 mg/kg) KC 046/ 
264 was found to be about lO times more potent and to 
have a longer duration of action than ISDN. Intraduo- 
denal application of the substances gave similar re- 
sults. 

Following intravenous injection in anaesthesized 
dogs KC 046/264 (O,O3 - 0,3 mg/kg) decreased systolic 
arterial pressure, pulmonary arterial pressure and 
left-ventricular enddiastolic pressure. This last 
parameter was maximally lowered by 50 % after O,06 
mg/kg. Similar effects could be observed only after 
higher doses of ISDN. 

These results indicate that KC 046/264 possesses 
a pharmacological activity profile similar to that of 
ISDN, in addition to being more potent than this re- 
ference compound. Preliminary clinical studies con- 
firm these findings. 

Dept. of Pharmacology, Dr. Willmar Schwabe - Arznei- 
mittel, Pcstfach 410925, D-7500 Karlsruhe FRG. 

183 

STUDIES ON THE MECHANISM OF THE VASODILATING 
ACTIVITY OF BM 14.190; G. Sponer, B. Miiller-Beckmann 
The vasodi]ating and IS-blocKing properties of BM 14.190 [=BM) 
i-[ C arbazolyl-(4)-oxy]-3-[(2- m ethoxyphenoxyethyl)-a mino]-pro- 
pranol-(2) have been reported at Arch. Pharmacol. 314, R 21, 
1982). Investigations presented here were pero~ed to 
eincidate the mode of the vasodilating activity of the drug. 
I. Thea-blocking potency of BM was quantified in pithed rats: 
Dose-response curves for methoxamine (M), clonidine (C] and 
angiotensin II (A) were established before and after i.v. 
injection of equipotent hypotensive doses of phentolamine (P; 
2.8 mg/kg), dihydralazine (D; I.i mg/kg) and BM (0.37 mg/kg). 
The EDs0 ram Hg (doses of M, C and A which increase the 
blood Fressure by 50 m m Hg] was calculated. The influence of 
the vasodilating drugs on the effect of M, C and A, is shown in 
the table as the ratio of the ELI50 mm Ha after 
treatm ent/before treatment. These results suggest that%he 
c~-blocking activity of B ~I is obviously not relevant for the blood 
........................... pressure lowering effect of B M. 

D P B M II. The vasodilating properties of B M 
........................... and both its enantiom ers were inve- 
M 2.8 24.7 4.2 stigated in isolated perfused hind 
........................... limbs of rabbits. In contrast to the 
C 36.9 4.4 lack of L-blocking activity, R(+)BM 
.......................... possesses similar vasodilating pro- 
A 9.8 i.] 1.3 perties to the S(-)BM or the racemic 
........................... compound. It can be concluded that 
the vasodilating and 6-blocking activity is not medlated by the 
same (stereospecific] receptor-site; thus, the vasodilation is 
probably not induced by ~2-stim ulation. 
IIL The calcium -antagonistic properties of BM were 
investigated in ](*-depolarized spiral strips of rat aortas. 
Ca++-induced contractions were inhibited in a concentration 
dependent manner by BM and verapamil (V), but not by 
hydralazine. The EC50 for V was 6.18 x i0 "8 M, and for BM 
2.28 x 10 -6 M. Therefore, it can not be ruled out that 
calcium-antagonistic activity contributes to the vasodilating 
properties of B M. 
Pharmakologische Laboratorien, BoehrLnger Mannheim GmbH, 
Postfach 31 01 20, 6800 Mannheim 31 
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REDUCED MICROVASCULAR DISTENSIBILITY IN OLD 
NORMOTENSIVE (WKY) AND SPONTANEOUSLY HYPERTEN- 
SIVE RATS (SHR). R.F.Hertel 

Previous studies have shown, that topical vera- 
pamil applications on a mesentery preparation of 
rats (5 months old) were answered by a vascular 
dilatation between 14 to 38%. (Microvascular As- 
pects of spontaneous hypertension. Huber:Bern1982) 
To study microvascular functions in old rats we 
analysed as a part of total vascular activity 
microvascular distensibility in 12 or 17 months 
old SHR or WKY respectively. Experiments were 
performed in sexmatched pairs of WKY(mean arter- 
ial blood pressure,measured in the carotid arte- 
ry:99+Smm Hg+SEM and SHR(163+5mm Hg). Using in- 
travi~al microscopic techniques with a TV-equip- 
ment,the inner vessel diameters were measured 
before and after topical application of 0,125 mg 
verapamil. The microvessels were classified 
according to their branching order. The data re- 
present percent increase in diameter,(15~vessel 
number. In SHR, we measured in large arterioles 
A2 (15)5.3%, terminal arterioles A3 (19)8.9%, 
precapillary arterioles A4(19)I0.8%, collecting 
venules V4(23)4.5%, large venules v3(20)4.6%, 
small veins V2(19)2.8%. An increasing tendency 
of dilatation with decreasing arteriolar size 
may suggest a relative augmentation of noncon- 
tractile materials. In WKY we found in A2(14) 
5.8%,A3(16)5.4%,A4(19)5.5%,V4(9)4.3%,V3(18)3.8%, 
V2(13)4%,showing no significant differences at 
all. The reduced distensibility with increasing 
age correlates with an decrease of about 50% in 
intestinal lymph flow in 12 months old rats, we 
have shown before. 

Fraunhofer-Institut for Toxikologie und Aerosol- 
forschung, Nottulner Landweg 102, D 4400 MUnster 
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EFFECTS OF VERAPAMIL ON ELECTROCORTICAL TOLEP~NCE TO 
SEVERE INSPIRATORY HYPOXIA IN THE RAT 

C.F.Cartheuser 

Severe progressive hypoxia ultimately causes the cessation 
of electrical activity of the brain. Occurrence of electri- 
cal silence is generally found at venous FO 2 ~ 19 ~mEg of 
the brain and/or arterial glucose conc. of ~ 1~g/g,resp. 
As a simple electrophysiological approach in a screening 
model, tolerance time to silence (TTS)in the electrocorti- 
cogram~ECoG) was-estimated in standardized experiments. 
Male albino rats, provided with permanent epicortex plati- 
num or Ag/AgCI electrodes were exposed to progressive hyp- 
oxic hypoxia ( constant rate N~ addition mixed to normal 
air within a 28 1 chamber ). A~tual FO 2 could be read con- 
tinuously. During the experiments the ECoG was recorded 
for estimation of TTS, together with the electrocardiogram 
(ECG). 
Since conscious and anesthetized rats revealed similar TTS 
mean values, Hexobarbitone anesthesia was used. 
No difference was obtained for TTS in normotensive and 
hypertensive (SHR) rats. Different cerebral vasodilatory 
(hypotensive) drugs failed to alter TTS in normotensive 
and SHR rats - except for Ca++-antagonists. This suggests 
that TTS does not depend on blood pressure within a wide 
range. 
Verapamil as the most potent of the Ca++-antagonists in- 
vestigated, showed significant TTS prolongation in diffe- 
rent strains of rats when applied i.v. (Wistar,5.o mg/kg: 
+1o.5%,p<o.o]; Sprague Dawley, 2.Smg/kg: +21.6%, p<o.ol ; 
Lewis, 2.Smg/kg: +12%, p<o.oS) while single oral admini- 
stration remained ineffective (Wistar, 20 mg/kg p.os). 
Long term administration is under investigation. 

It is concluded that the 'protective' effect by Ca++-ant- 
agonists is not related to its vasodilatory action per se. 

Zentrum Physiologie, ~E~H,K.-Gutschow-Str.8, D 3 Hannover 
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CORRELATION BEZ~EEN INFLU~4CEONVASCULARCONTRACTILE 
PROTEINS AND INHIBITION OF NORADR~klALINE VASOCON- 
STRICTION IN VITRO 
C.Kuthe, L. Criscione and P.R. Hedwall 
The effects of ehlorpromazine (C), diltiazem (D), 
felodipine (F), hydralazine (H), nifedipine (N), 
prenylamine (PE), and propranolol (BO) on superpre- 
cipitation (SUP) and myosin light chain phospho- 
rylation (MLCPh) of bovine aortic actomyosin prepared 
according to Litten et al. (Arch. Bioch. Biophys. 
18__22, 24, 1977) were studied. SUP was measured as 
increase in OD (660rim) after addition of ATP. MLCPh 
was determined by autoradiography and scintillation 
counting according to Silver et al.(J. Biol. Chem. 
25__44/20, 9551, 1979). C, PE, and F caused significant 
inhibition of both parameters (C > P~F), whereas N, 
H, PO and D showed little 9~ no inhibition ({ i0 %) 
of SUP and MLCPh up to 3xl0-'M. 

The order of the potencies of the test compounds in 
these biochemical exper~ts correlates approxi- 
mately with the order of their noradrenaline-antago- 
nistic potencies in the isolated, perfused mesenteric 
arterial bed of the rat, which is: C>P~F>N>H>PO>D. 
The order of potassium-antagonistic potencies, 
however, is dissimilar: F~-N>P~D>C>PO>H. 
Although considerably higher concentrations of the 
substances under investigation are required in 
biochemical as compared to pharmacological studies, 
biochemical studies on the contractile proteins are 
not without relation to responses in isolated arter- 
ies. 

Biological Research Laboratories, Pharmaceuticals 
Division, CIBA-GEIGY Ltd., CH-4002 Basle 
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CONTIN~UOUS MEASURE~IENT OF SYSTEMIC AND REGIONAL BLOOD FLOWS 
IN CONSCIOUS SHR: CHARACTERIZATION OF HEMODYNAMICS UNDER- 
LYING VASODILATOR-INDUCED BLOOD PRESSURE CHANGES. 
J.F.M. Smits 

Arteriolar vasodilators primarily decrease total peripheral 
resistance. However, it is important to know the behaviour 
of the different vascular beds, because differential chan- 
ges may lead to redistribution of flow. We are currently 
using methods for measurement of cardiac output as well as 
quantitation of regional flow through selected tissues in 
conscious spontaneously hypertensive rats (SHR). In this 
study, one group of male SHR (N=8) was equipped with an 
electromagnetic flow-probe on the ascending aorta (group I) 
Another group (N=6) was implanted with 3 Doppler-flow pro- 
bes on the left renal artery, the superior mesenteric ar- 
tery and the abdominal aorta (group II) for quantitation 
of the renal blood flow (RBF), mesenteric blood flow (MBF) 
and hindquarter blood flow (HBF). All animals had a cathe- 
ter in a femoral artery. Vascular resistance changes were 
calculated from MAP and the blood flow changes. Hydrala- 
zine (0.3 mg/kg) caused a fall in MAP. It was reduced maxi- 
mally at ] h after injection (-2l• mmHg in group I). TPR 
fell by 28+3% at that time. Heart rate (HR) increased by 
66+8 bpm. C0 increased by 4.7+0.7 ml/min.]00 gr hw from a 
ba~al value of 27.]+3.7 ml/mln.]O0 gr bw. In group II we 
found no evidence fur a tissue-specificity for the vasodi- 
lation during the first 2 h after injection. In all tissues 
studied, a maximal reduction of resistance of 36-40% was 
observed between 0.5 and ] h after injection. 

The results indicate that the methods used, allow quan- 
titation of flow-and resistance-changes, both systemically 
and regionally. Furthermore, in conscious SHR hydralazine 
dilates renal, mesenteric and muscular beds equally. 

188 
Relations of blood electrolyte concentration 
changes to effects on arterial pressure and 
hematocrit of eight vasoactive drugs in the 
conscious rat. 

O. Aziz, W. Dittrich and E. Sommer 

Blood electrolyte concentration ~ 4) and hct using 
e 

conductometry of blood ultrafiltra~e and of whole 
blood respectively, and arterial pressure (p_) 
were measured continuously in the alert rat 5-6 
days after surgery. High intravenous doses of 
pressor drugs (catecholamines, angiotensin, vaso- 
pressin) produce biphasic changes of hct (primary 
fall) and Ce7 (primary rise)~ Similar changes are 
brought aboul by 2-5 mins of spontaneous activity. 
Smaller doses (e.g. 0.2 pg/min, 5 mins of angio- 
tensin) elicit essentially a hct rise and Cel 
fall. When high doses of acetylcholine and sero- 
tonin (65 and 20 pg/min, 5 mins respectively) 
have similar biphasic effects on hct as pressor 
drugs, the effects on Cel are also similar. 
Histamine (5-20 ~g/min) produced only hct increase 
and Cel decrease, whereas phentolamine (10-50 ~g/ 
min) produced only hct decrease and C~I increase 
at all doses studied. Low acetylchollne (5 ug/ 
min behaves like histamine and low serotonin 
(10 ~g/min) like phentolamine. Thus there is 
strong evidence of a relation of Cel changes to 
hct changes and not to Pa" C i changes were in 
the order of +0.2-0.9 or -0.4~1.2 mmol/1 MaC1 
when hct changed by -0.8-2.5 or +1.4-4.5 units. 
Noradrenalin abolished the previous Cel rise 
caused by phentolamine. 

Institute of Applied Physiology, Philipps-Univ., 
Dept.of Pharmacology, University of Limburg, P.O.Box 616 Lahnberge, D-3550 Marburg/Lahn, FRG 
6200 FfD Maastricht, the Netherlands. 
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IODECOL: EVALUATION OF THE ACUTE CARDIAC SIDE EFFECTS OF A 
NEW, NEARLY ISOOSMOTIC CONTRAST MEDIUM DURING CORONARY 
ARTERIOGRAPHY IN DOGS +) 

R. Schr~der, Th. Hoeft, H.G. Wolpers, G. Hellige 

Effects of intracoronary injections (8 ml) of lodeeol ~on- 
ionic, dimeric compound with iodine content of 350 mg/ml, 
osmolality of 0.34 osmol/kg, viscosity at 37 ~ of 13.8 
cps) and Iopamidol (non-ionic, monomeric compound, iodine 
content of 370 mg/ml, osmolality of 0.8 osmol/kg, viscosi- 
ty at 37 ~ of 9.5 cps) on hemodynamics, ECG, and cationic 
content and osmolality in coronary sinus blood were com- 
pared in closed-chest dogs (n = 9) with heart catheteri- 
zation techniques. 

Both contrast media produced comparable reactions but 
Iopamidol , as a rule, had stronger effects on parameters 
examined. Positive inotropism (dP/dt) and increase of 
systolic pressure was smaller after Iodecol (p < 0.05). 
That was true for increase of QRS- and QT-duration as well 
but differences did not reach significant levels. Iodecol 
produced smaller decrease (p < 0.05) of [Na + ] and [K + ] 
but similar decrease of [Ca++] and [Catotal] . Increase of 
osmolality was stronger following Iopamidol (p < 0.01). 
The effects of Iodecol with respect to all parameters 
measured could be simulated by means of a ]2 % sucrose 
solution with 15 % dextran (osmolality: 0.38 osmol/kg; 
visocity 37 ~ 14.5 cps). 

Conclusion can be drawn that further slight reduction of 
acute cardiac side effects of coronary arteriography com- 
pared to other non-ionic compounds can be expected from 
this new contrast agent. 

Zentrum Physiologie und Pathophysiologie, Abteilung 
Experimentelle Kardiologie, Universit~t GSttingen, 
Humboldtallee 7, D-3400 GSttingen 

+)Supported by the Deutsche Forschungsgemeinschaft, 
SFB 89 - Kardiologie GSttingen - 
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ANALYSIS OF THE KININRECEPTOR MEDI~INGRELAZJITION OF FE- 
LINE CEREBRAL AR~ERIES IN VIVO AND IN VITRO 
M. Wahl and E.T. Whalley 

In vivo studies were performed using perivascular micro- 
application to pial arteries (Pfl~gers Arch. 382, 203, 
1979). For in vitro studies ring segments of basilar and 
middle cerebral arteries (m.c.a) under resting tone (500mg) 
and after contraction with 8-HT (5xlO-8M) or KCI (18mM) 
were used. The b~silar artery was insensitive to bradyki- 
nin (BK), des-Arg -BK, and methionyl-lysyl-BK (M-L-BK). The 
table contains the concentration (M) or dose (Moles) of 
each kinin producing 50% of the maximum obtained relaxa- 
tion to BK and the relative potencies (R.P.) of each ki- 
ni n compared to BK (100%) for m.c.a and pial arteries. 
The values shown are geometric means. Repeated administra- 
tion of BK over 2-8 hr did not change the sensitivity of 
any of the preparations to the kinins. 

m.c.a, pial arteries 

resting tone 5-Hr contracted 

M R.P. M R.P Moles R.P. 

BK 5 . 6 x 1 0  - 7  100 7 . 3 x 1 0  - 8  100  2 . 2 x 1 0  - 1 2  100 

M-L-BK l.lxlO -6 32 9.4xi0 -7 9 1.3xlO -11 54 

des-Arg 10-5 6 10 -5 0.7 10 -9 0.04 
BK 

9 8 
In addition, the Bl-receptor antagonist des-Arg -Leu -BK 
did not antagonize the BK induced response. Thus, the re- 
ceptor mediating relaxation of pial arteries and m.c.a to 
BK appears to be of the B2-type. The basilar artery con- 
tains obviously no receptors for BK. 

Physiologisches Institut, Pettenkoferstr. 12, 8000 MOn- 
chen 2 
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CARDIOVASCULAR EFFECTS OF ACETALDEHYDE A ) ~  
ETHANOL IN RATS ALONE AND IN COMBINATION WITH 
EMD 15 700 AND DISULFIRAM. 
K.-O. Minck and J. Herring 

It is generally agreed that most of the 
dramatic symptoms observed in patients after 
ingestion of disulfiram plus alcohol are due to 
the resulting increase in blood acetaldehyde 
level. However in view of the known sympathomi- 
merit properties of acetaldehyde the hypo- 
tension observed is still obscure. (T.M.Kitson, 
J.Stud. Alc. 38, 96-113, 1977). It seemed 
therefore of interest to study the influence of 
ethanol and acetaldehyde on blood pressure in 
awake normotensive rats. Repeated i. v. appli- 
cation of 260.7 mg/kg ethanol (33 ~) did not 
significantly influence blood pressure. However 
by pretreating the animals orally with I g/k~ 
disulfiram or 30 and 300 mg/kg EMD 15 700 (2- 
methyl-%-nitro-1-(~-nitrophenyl)-imidazole) 
blood pressure was lowered. Infusion of acetal- 
dehyde had a biphasio effect~ lower doses 

I 0.0Z~15 mmole/min) decreased and higher doses 
0.125 mmole/min) increased the blood pressure. 

Pretreating the animals with disulfiram (1 g/kg 
p. o.) potentiated the blood pressure lowering 
effect of acetaldehyde. This was also true for 
EMD 15 700 (300 mg/kg p. o.), which like di- 
sulfiram inhibits the low km acetaldehyde- 
dehydrogenaee but does not inhibit the dopamine- 
~-hydroxilase (L.A.Seyfried, Int. Oongr. Pharma- 
col., Tokyo 1981, 827, 0-31). The results 
demonstrate that the hypo%ension observed 
within the soealled disulfiram ethanol reaction 
can be explain by the blood pressure lowering 
properties of acetaldehyde per se. 

Experimentell-medizinisehe Forschum~, E.Merck, 
Frankfurter Sty. 250, D-6100 Darmstadt 
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ENKEPHALINS IN THE HEART 
R.E. Lang. R. Reir K, Hermann 
Department of Pharmacology, University of Heidelberg, 
Im Neuenheimer Feld 366, D-6900 Heidelberg, F.R.G. 
*C.H. Hoehringer KG, Department of Pharmacology, 
D-6507 Ingelheim, F.R.G. 

Extracts of guinea pig hearts were subjected to high 
performance liquid chromatography (HPLC) and the eluted 
fractions monitored by r~dioinmunoassays (ILIA) for 
their content of leucine -enkephalin (Leu-ENK) and 
methionine enkephalin (Met-ENK). Distinct peaks of both 
Leu-ENK and Met-ENK inmlunoreactivity were found corre- 
sponding to the position of synthetic Leu-ENK and Met- 
ENK respectively. The ratio of Leu-I~]K to Met-ENK con- 
tent was 1:4. Chemical sympathectemy with 6-hydroxy- 
dopamine (6-OH-DA) diminished the noradrenaline content 
of the heart by more than 99%; the concentration in 
Leu-ENK was reduced by 70%. The Leu-ENK content of the 
adrenal glands was not affected by this treatment. 
These observations point to an enkephalinergic inner- 
vation of the heart which appears to be of sympathetic 
origin. 

In another series of experiments the synthetic 
analogue 2-D-AIa,5-D-Leu-ENK exerted a negative chro- 
notropic as well as inotropic action in spentaneousl_~ 
beatin~ guinea pig auricles at concentrations of 10- 
to i0 M. Both effects we_~. markedly reduced in the 
presence of naloxone (i0 M). 

The results show that enkephalinergic innervation 
exists in the heart. It appears to be associated with 
the sympathetic nervous system and to influence cardiac 
performance. 
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INCREASE IN THE HEART RATE CAUSED BY HYPOXIA IN A VASCU- 
LARLY ISOLATED HIND LEG OF RAT. 
F. 7hiram, E. Meier zu Verl 

In preceeding e~eriments the hind legs of rats were 
severed from the body except for sciatic nerve and femur. 
A Tyrode solution, equilibrated with 95 % O~ and 5 % CO~ 
(pH = 7.4; T = 37~ was perfused into the i.femoralis, z 
Under test conditions, Tyrode solution was isotonically 
enriched by lactic acid or HCI. The following results 
were observed: 
I) an increase in the heart ratewhenl[lac ~ exceeded 

5 m~ol/l 
2) the maximum heart rates were observed when [H +] and 

~ac] were simultaneously high (pH< 7.15; []ac] 9.5 
nmol/l). 

3) a low pHalone sufficed to increase heart rate (Thi~n 
et al., PflUgers Arch. 394, R 53, 1982). 

The problem arises whether an endogen lactic acid production 
influences the peripheral drive of the heart rate as well. 
Using the same technique as mentioned, an endogenous 
production was provoked by reducing the flow of the 
oxygenated Tyrode perfusion (Q< 20 ml/]00 g min) as well as 
by reducing the 02 fraction of the gas mixture (80 % N2, 
15 % 02, 5 % C02). In both cases the local oxygen uptaRe 
decreased (V'o?<0.2 ml/J00 g min) while heart rate was 
enhanced. In the venous outflow [ lac~ was found to be 
increased up to 12 mmol/l. At [lac] of 8 mmol/l, e.g., the 
heart rate showed an increase of 39.8 + 11.5 beats/min 
(n=6). The increases of heart rates due to 'endogenous 
lactic acid' production are of the same order as those 
increases that could be observed in the lac-perfusion 
experiments. 

Physiologisches Institut der Deutschen Sporthod~schule K61n, 
Carl-Diem-Weg, D-5000 Cologne, FRG 
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A NEW LINE OF SPONTANEOUSLY HYPERTENSIVE RATS WITH 
DIABETES INSIPIDUS: EVID~CE THAT AVP IS NOT NECESSARY 
FOR HYP~SION. 
U. Ganten r W. Rascher, D. Ganten; German Intitute for 
High Blood Pressure Research and Department of Pharma- 
cology, University of Heidelberg, Im Neuenheimer Feld 
366, D-6900 Heidelberg, F.R.G. 
The question whether arginine vasopressin (AVP) is 
necessary for the development of hypertension was 
investigated. Spontaneously hypertensive rats of the 
stroke-prone substrain (SHRSP) were crossbred with 
rats homozygous for hypothalamic diabetes insipidus of 
the Brattleboro strain (DI) which are ttnable to syn- 
thetize AVP. The successful introduction of the DI 
gene into the SHRSP strain in the F 7-generation was 
demonstrated by excessive water intake in the new 
SHRDI line, undetectable AVP in the plasma, in the 
hypothalamus and in the pituitary and reduced urine 
osmolality. Mean arterial blood pressure was markedly 
increased in SHRDI as well as in SHRSP (184 + 9.7 vs 
197 + 5.2 nmtHg). SHRI and DI rats did not adequately 
concentrate their urine following water deprivation, 
but both strains of rats responded well with a fall in 
drinking and urine output and a rise in urine os~ola- 
lity to subcutaneous administration of l-deamino-8-D- 
arginine vasopressin (DDAVP), the non-presser analogue 
of AVP. 
The new line of SHRDI is the first substrain of spon- 
taneously hypertensive rats with a single genetic 
defect in peptide hormone synthesis. The results 
demonstrate that AVP is not necessary for the devel- 
opment of spontaneous hypertension in rats which 
resolves a longstanding controversy. 

Supported by the Deutsche Forschungsgemeinschaft, 
SFB 90 "CardiovasculMres System". 
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INTERACTION BETWEEN BEZOLD-JARISCH REFLEX AND 
ACTIVATION 0F CHE~ORECEPTORS 
B.Mohr, W.~ilenius and V.~h~mer 

In anaesthetized cats activation of ventri- 
cular mechanoreceptors leads to a decrease in 
heart rate and blood pressure. Activity of 
sympathetic nerves , however , shows differing 
reactions. We found an inhibition as well as 
an activation of sympathetic activity. 
inhibition was mediated via afferent fibres 
within the vagal nerve and disappeared after 
dissection of the nerve. The experiments were 
performed in order to find out the causes for 
these different reactions in sympathetic 
activity. Blood pressure, heart rate and both 
activity of renal and cardiac sympathetic 
nerves were measured in anaesthetized cats 
(60 mg/kg ehloralose). Mechanoreeeptors are 
activated by a distension of the left ventri- 
cular wall. This distension could be produced 
by either mechanical means, obstruction of 
cardiac outflow or coronary occlusion. An 
inhibition of sympathetic activity could not 
be observed when chemoreceptors were activated 
simultaneously by respiration with COn or a 
fall in p09. Bradycardia , however, w[s not 
affected b~ changes in blood gases. These 
results hint to the fact that changes in 
sympathetic activity and bradycardia can be 
influenced separately. 

Physiologisches Institut I der Universitit 
Disseldorf, MoorenstraSe 5, D-~000 DHsseldorf 
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ROOT EFFECT IN EEL BLOOD INDUCED BY CARBON DIO- 
XIDE AND BY FIXED ACID 
P. Scheid, C.R. Brid~es, M.P. Hlastala 

The Root effect, i.e. the reduction in 02 
affinity of blood with decreasing pH, has been 
reported for a number of fish species, including 
the eel. It is unknown whether the Root effect 
is evoked by changes in the H + activity or whe- 
ther CO2 exerts an influence on the Root effect 
which is independent of that of [H +] . The Root 
effect was studied in whole blood of the Euro- 
pean eel, AnGuilla anGuilla, at 15 or 25~ in 
which pH was varied in the range of 5.5 to 9 
by either addition of acid or base (fixed acid 
Root effect) or by varying PCO2 (CO 2 Root effect). 
Hemoglobin bound oxygen was independent of PO 2 
above 150 Torr, and is hence referred to as 02 
capacity (O~cap). At pH below about 8.5, O2cap 
decreased siqmoidally with pH to attain, below 
pH 6.0, a value of about 50% of the maximum 
O2cap, measured at pH above 8.5. Above pH of 
6.5, the values of the CO2 and fixed acid Root 
effects were identical. Below pH of 6.5, however, 
the CO2 Root effect exceeded the fixed acid Root 
effect, indicating that in this range CO2 did 
exert an independent influence on the Root effect. 
In this range, where the CO 2 Root effect exceeded 
the fixed acid Root effect, increase in PCO 2 re- 
sulted in an increase in pH, thus formally yield- 
ing a negative buffer value of true plasma. This 
may be explained by oxylabile carbamate forma- 
tion which, under these conditions, results in a 
net H + binding upon increasing PCO2. 

Max-Planck-Institut fir experimentelle Medizin 
3400 G~ttingen and Institut f~r Physiologic, 
Ruhr-Universit~t, 4630 Bochum 
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PROPERTIES OF AN EXTRAERYTHRocYTIC CARBONIC ANHYDRASE FA- 
CILITATING 14CO2 EXCHANGE BETWEEN CAPILLARy BED AND TISSUE 
IN RABBIT SKELETAL MUSCLE. C. Geers and G. Gros 
We have studied the 14CO2-H14CO 3- exchange in skeletal mus- 
cle by comparing the washout curves of E~4CO 3- and of an 
intravasal indicator, 3H-dextran. A bolus containing H14C 
03-/14CO2(~20/I) and 3H-dextran was injected into the fe- 
moral artery of a blood-free perfused rabbit hindlimb.The 
outflowing perfusate was fractionated and analysed for 
[14C] and [3H]. Washout curves of the two isotopes were 
generated by plotting the fractional concentrations (iso- 
tope concentration per total amount of isotope injected) 
vs. time. Results:l) 14C was washed out much more slowly 
than 3H, the peak height for 14C being only 10% of that 
for 3H. 2) Addition of aeetazolamide (ACT) to the perfu- 
sate accelerated the washout of 14C (but not of 3H) and 
increased the peak height to 20% of that for 3H. Similar 
results have been reported by Effros and Weissman and Zbo- 
rowska-Sluis et al. 3) The ACT concentration necessary to 
achieve a half-maximal acceleration of 14C washout is in 
the range of IO-6M. 4) Perfusion with IO-6M ACT for i min 
resulted in an acceleration of 14C-washout that could not 
be increased by extending the perfusion time up to i hr. 
Conclusions: In the absence of ACT, H14C03-, while pass- 
ing the capillary bed, is rapidly converted to 14C0o by 
an extraerythrocytic carbonic anhydrase (CA). As 14C02 
can readily diffuse into the intracellular space the wash- 
out of ~4C is slow. With ACT this CA is inhibited, more 
14C remains in the form of HIdco 3- which is largely con- 
fined to the extracellular space and thus washed out more 
quickly. The CA involved appears not to be located within 
the muscle cell: a) The sarcoplasmic CA is known to be in- 
hibited by 50% at IO-4M ACT whereas the present effect is 
achieved with I0-6M ACT. h) Measurements from our labora- 
tory have shown that ACT is taken up by muscle tissue with 
a half-time of 45 min while the present effect requires 
i min of exposure to ACT. 

Institut f~r Physiologie, Universit~tsklinikum Essen, Hu- 
felandstrasse 55, D-4300 Essen i, F.R.G. 
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THEORETICAL ANALYSIS OF STATIONARY OXYGEN TENSION 
PROFILES IN MULTICELLULAR SPHEROIDS 
W. MHller-Klieser 

Oxygen supply to multicellular spheroids in stirred media 
under stationary conditic~Is can be theoretically evaluated 
by establishing and integrating the differential equation 
of diffusion. This is performed separately for a diffu- 
sion-depleted layer in themedium surrounding the sphe- 
roids, for a zone of viable cells within the spheroids, 
and for a necrotic area in the center of larger spheroids. 
The oxygen t~i~ion (p02) gradient in the diffusion-deple- 
ted layer is a simple function of the specific 02 consu~p- 
tion rate Q, of Krogh's diffusion constant K M in the me- 
dium, and of thetotalvolu~eof viable cells V S. Since 
KMandV S are known fr(xaliteratureand from hi~tological 
investigations, respectively, Q can be detelTained by mea- 
suring the pO=-gradient in the diffusion-depleted zone 
outside the spheroids. Knowing Q, Krogh's diffusion con- 
stantKswithinthe spheroids can be calculated from the 
p02-gradient in the zone of viable cells. Using the re- 
spective gradients determined withO2-sensitive microelec- 
trodes (W.F. Mueller-Klieser and R.M. Sutherland, Br. J. 
Cancer 4_55, 256-264,1982), p02-profiles can be calculated 
that are in a good agreement with spatial 02-distributions 
obtained frc~ microelectrode measurem~_nts. Corresponding 
interrelationships between spheroid size and central pO~- 
values are found in the p02-measurements and in the theo- 
retical evaluation. 
The findings suggest thatmulticellular spheroids allow a 
quantitative experimental and theoretical analysis of 02 
diffusion under well defined supply conditions. Multi- 
cellular tlmDr spheroids may thus represent useful in vi- 
tr___oo tualormodels for studying diffusive 02 transport in 
cancer tissue. 

Department of Physiology, University of Mainz, Saarstras- 
se 21, D-6500 Mainz, FRG 

Supported by the Deutsche Forschungsgemeinschaft (Mu576/I) 
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A METHOD FOR ix~ASURING LOCAL OXYGEN CONSUMPTION OF ]~IE 
PHYSIOLOGICALLY PERFUSED SKELETAL MUSCLE 
H.-J. Meuer, C. Ranke. 

The assumption that tissue oxygen consumption equals the 
PO~ decrease during perfusion stop multiplied by the solu- 
bility coefficient holds only, if no spatial PO2gradient 
exists. In order to meet this condition tissue is perfus- 
ed by a hemoglobin-free perfusate or blood with PO 2 values 
usually exceeding 300 Tort. These procedures cause a high 
tissue P02 that disturbs the microcirculation and may in- 
fluence t21e measurements. 
In order to determine the local 07 consumption of a phy- 
siologically perfused muscle the time course of the tissue 
POv during perfusion stop was computed using KROGH's mo- 
del. Furthermore, it was taken into account that oxygen 
is liberated from capillary hemoglobin. In analogy to the 
solubility coefficient we defined a "consumption coeffi- 
cient", which depends on the capillary supply volume and 
the capillary radius. To obtain these morphological data 
the tissue POv during perfusion stop is measured by a 
double-barrel~ed micreelectrode, whose second channel is 
filled with dye. After the measurement the electrode tip 
position is stained and the muscle is fixated by shock- 
freezing. From histological slices stained with the 
ATPase method, the perfused capillaries in the vicinity 
of the electrode tip are determined. From the data for 
the original geometrical arrangement of these vessels the 
stationary PO~ field and the supply volume of each capil- 
lary are calculated. 
Using this new method the oxygen consumption of white fi- 
bers of the rat gracilis muscle at rest was found to be 
0,35 +/-0,]5 ml/(]OOg �9 min). 

ZentrumPhysiologie der Medizinischen Hochschule Hannoveg 
K.-Gutschow-Str. 6, D-3OO0 Hannover 6]. 

20O 
CHANGES IN OXYGEN SENSITIVITY OF FLUORESCING MICRO- AND 

NANOPROBES DUE TO INFLUENCES OF THE MEDIUM TO BE MEASURED 

N. Opitz and D.W. LSbbers 

Oxygen sensitivity of fluorescence indicator molecules 
depends mainly on the mean lifetime of the excited state 

of the indicator molecule and on the oxygen permeability 
of the indicator solvent, since fluorescence quenching by 
oxygen is mostly a diffusion-controlled phenomenon. Devia- 
tions of this well known STERN-VOLMER behavior of oxygen 
sensitive fluorescence indicator molecules could be ob- 
served with thin indicator films (< I/um) and micro- and 
nanoencapsulated indicator molecules due to predominant 
boundary layer effects of the adjacent material. A theore- 
tical interpretation of these observations is given with 
the aid of a model. The theoretical analysis shows that, 

for boundary layers, instead of STERN-VOLMER's equation 
(Io/I = I + k'PO2-ai) one has to apply the following 
equation: ~ )  

I -\- 16 -32 \~\Dr/ 
with: K = "overall quenching constant"; (a I, a m) = oxygen 

solubility coefficient of the indicator solvent and 
the adjacent material, respectively; (D I , D m) = 
oxygen diffusion coefficients as above; (I O, I) = 
fluorescence intensities at zero and actual pO2, 
respectively; 

This equation states that, within boundary layers, the 
oxygen sensitivity of the fluorescence probes is additio- 
nally determined by the coefficients a m and D m of the 
adjacent medium. 
The effect of boundary layers could be reduced by encap- 
sulating solvents with low 02 diffusion coefficients. In 
order to eliminate the influence of body fluids and tissue 
on capsule oxygen measurements, it is necessary to produce 
shell thicknesses greater than O.I/um. 

Max-Planck-Institut f~r Systemphysiologie, Rheinland- 
damm 201, 4600 Dortmund, FRG 
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CORRECTION OF ERRONEOUS,PNEUMOTACHOGRAMS IN BREAI]J-BY- 
BRFATHANALYSIS BY MEANS OF THE INTRABREATHN 2 BALANCE. 
U.Hoffmann, H.Bittner 

When gas-exchange values are measured on a breath-by-breath 
basis, the nitrogen balance of each respiratory cycle may 
be utilized to detect changes in pulmonary gas stores and 
to monitor the random variations between in- and expiratory 
volumes. Moreover, a systematic inequality of the breath- 
by-breath nitrogen balance indicates instrumental or com- 
puting errors. 
By means of the nitrogen-balance technique, we observed a 
systematic relative overestimation of the expired volume 
(V~) (when compared to V I) in exercising subjects. The 
di[ferences between V_ and VT ranged from 0 at rest to about 

�9 i - - /  
40 % at the highest ventzlatlons observed (130 1 mzn ). 
The flow measuring device (heated Fleisch sensor No. 3) 
and the connecting mask were found to be the major sources 
of this error. Intrabreath variations of temperature and 
gas composition could account for only a minor portion of 
the non-linearity. The influence of base-line shifts of 
the pneumotachograph could be minimized by an automatic 
base-line control and correction. 
It is suggested that Fleiseh type pneumotachographs, when 
inserted into common set-ups, deviate from linearity at much 
lower respiratory flow rates than expected from 'technical' 
calibration. In the latter case, gas flow is usually direc- 
ted i~nediately into the capillary tubes of the Fleisch 
sensor whereas the geometry of both mask (or mouthpiece) 
and the upper airways will cause different directions and 
profiles of airflow. Such disturbances may influence the 
linearity of the Fleisch sensor to a greater extent than 
physical parameters (temperature, gas density) and will 
mainly affect the measurement of expiratory flows. 
On-line corrections of single breath data may be obtained 
on the basis of the intrabreath nitrogen balance. 

Physiologisches Institut der Deutschen Sporthochschule K61n 
Carl-Diem-Weg, D-5000 Cologne, FRG 

203 
CARBACHOL STIMULATED PEPSINOGEN RELEASE [ROM 
ISOLATED GUINEA PIG GASTRIC GLANDS IS Ca z+ 
DEPENDENT 
W. V i v e l l ,  A.C. Bauer and K. -Fr .  Sewing 

Koelz et a l .  repor ted  carbachol s t imu la ted  pep- 
sinogen re lease both to be dependent (Am. J. Phy- 
s i o l .  243, G218, 1982) and independent (Gastroen- 
t e r o l o g y  80, 1194, 1981) from e x t r a c e l l u l a r  Ca 2+. 
This con t roversy  needed to be e l u c i d a t e d .  There- 
fore in guinea pig i s o l a t e d  g a s t r i c  glands pep- 
sinogen re lease as measured by the hemoglobin 
technique (Bers tad,  Scand. J. Gastroent .  5, 343, 
1970) was s tud ied in response to graded c~nce~- 
t r a t i o n s  of carbachol (10-7-10 -3 m o l / l )  and/or  
Ca 2+ (10-5- !0 -2  m o l / l ) .  Glands were prepared by 
incubat ion  of a g a s t r i c  mucosal scraping fo r  15 
min in the presence of 0.05 % co l lagenase and fo r  
subsequent 45 min in the presence of 0.05 % 
co l lagenase and 0.05 % dispase.  Incubat ion  fo r  
pepsinogen re lease was c a r r i e d  out f o r  40 min in 
Hank's bu f f e r  (pH 7 .4 ) .  Ca 2+ in the range of 
10-5-10-2 mo l / l  s t imu la ted  basal pepsinogen re-  
lease in a concen t ra t i on  dependent manner. Car- 
bachol 10 -4 mo l / l  enhanced peps inogen^re lease in -  
dependent ly  from the e x t r a c e l l u l a r  Ca z+ concen- 
t r a t i o n ,  the d i f f e rences  between basal re lease 
and tha t  in the presence of carbachol being most 
pronounced at appr. 3 x 10 -3 mol / l  Ca 2+. At high 
concen t ra t ions  Ca 2+ again reduced the carbachol 
response. 
Experiments wi th calc ium an tagon is ts  such as 
ga l l opami l  seem to support  a dual ac t ion  of Ca 2+ 
on g a s t r i c  mucosal ch ie f  c e l l s  in which pepsino- 
gen re lease in response to carbachol has now 
been shown to be calcium dependent. 

Abt. Al lgemeine Pharmakologie, Mediz in ische 
Hochschule Hannover, Konstanty-Gutschow-Str .  8, 
D-3000 Hannover 61 

202 
STRUCTURAL AND STEREOCHEMICAL REQUIREMENTS FOR 
CHOLINERGIC ACTIVITY OF HETEROCYCLIC AMMONIUM 
AND SULFONIUM ANALOGUES OF ACETYLCHOLINE 
G. Lambrecht, E. Mutschler and U. Moser 

The experiments were carried out in order to 
clarify the structural and stereochemical fac- 
tors influencing the interactions of compounds 
I-7 with cholinergic receptors (muscarinic, 
nicotinic, acetylcholinesterase). 

The cholinergic potency of I-7 ~ 0Ac depends largely on the structure 
and stereochemistry of the onium 
centre, and on the configuration 

I at C-3. Stereoselective Index: 
CH3 Muscarinic-5/6 = 890; Nicotinic- 

6/7 = > 1000; AchE-3/4 = 6. 

Compounds I-5 show higher muscarinic potency at 
ileal m I receptors than at atrial m 2 receptors. 

Equiactive molar ratios x 
Guinea-pig 

No. X Configu- Ileum Atrium Frog AchE 
ration rect. 

I R 27000 335000 xx 83 
NH S 2100 6800 885 200 

3 
-- NCH 3 R 6400 13000 2600 12 
4 S 480 3900 85 2 

5 S- IR,3S/ 17OO 8900 25 3 
-- Cis IS,3R 

6 S- IR,3R 13 10 xx 14 
7 Trans IS,3S 700 460 89 3 

XAch = I. ~XInactive at conc. up to 10 mmol/l. 

Pharmakologisches Inst. f. Naturwiss., Theodor- 
Stern-Kai 7, Geb~ude 75A, D-6OOO Frankfurt/M 

204 
A SUBTYPE OF MUSCARINIC RECEPTORS SENSITIVE TO PIRENZEPINE 
IS INVOLVED IN VAGAL INDUCED GASTRIC SECRETION 
A. Schiavone, A. Giachetti and R. Hammer 

Pirenzepine (P) is a novel antimuscarinic discriminating 
between receptor subtypes. Muscarinic receptors with high 

affinity for P prevail in neural tissues (MI) , whilst 
those with low affinity are found mainly in smooth muscle 

and heart (M). In vivo P inhibits selectively vagally 
2 

mediated gastric secretiorL. To characterize muscarinic re- 

ceptors involved in secretion, the isolated lumen perfused 

mouse stomach was used. Acid output was elicited either by 
exogenous bethanecol (IO~M) or by electrical field stimu- 

lation (i0 V, i0 Hz, 0.5 msec) which mimicks vagal excita- 
tion. The tabulated values of P and atropine (A) are the 

nN conc. inhibiting by 50% the acid secretion (EC 50 and 
conf. limits). 

EC 50 (nN) 

Bethanecol Field Stimulation 

Pirenzepine (P) 840 (526-1220) 280 (189-408) 
Atropine (A) 29 (18-46) 65 (42-i00) 
Ratio P/A 29 4 

The results show that P is a potent antagonist of field 
stimulated seeretion, being only 4 times less potent than 

A. On the other hand, P is a weaker antagonist of acid 
secretion evoked by exogenous muscarinic agonists. The 

data suggest that P-sensitive musearinie receptors of the 
M I type are present in the gastric vagal pathway. It is 
postulated that these receptors are located at a site re- 
mote from the effector cells and are erucial in the neu- 
ral regulation of gastric secretory function. Thus P 

should be viewed as a novel tool in understanding the 
physiology of gastric secretion. 

Dpts. Pharmacol. & Biochem., Ist. De Angeli, Milan 
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INTRINSIC FACTOR AND R-PROTEINS OF ISOLATED RAT GASTRIC 
CELLS 
H.-J. Ruoff and W. Schepp 

Speci f ic  and nonspeci f ic cobalamin binding capaci ty,  i . e .  
the production and secret ion o f  i n t r i n s i c  fac to r  plus R- 
proteins were studied using iso la ted  ra t  gast r ic  mucosal 
ce l l s ,  which were obtained by treatment with pronase and 
subdivided in to  f rac t ions  containing 3 to 85 % of  par ie ta l  
ce l l s  by isopycnic cen t r i fuga t ion  with Percol l .  Incuba- 
t ion  of  these ce l ls  at  37oc lasted up to 240 min and was 
stopped by cen t r i fuga t ien .  Cobalamin binding capacity was 
determined in the supernatant and the sonicated ce l l  sedi-  
ment by use of  (57Co)cyanocobalamin employing a charcoal 
assay. The i n t r i n s i c  f ac to r  por t ion o f  the to ta l  binding 
capacity was estimated by means of  spec i f i c  ant ibodies 
from pat ients with pernicious anaemia and ranged between 
45 to 50 %. 
Maximal cobalamin binding capacity was found in f rac t ions  
with less than 10 % o f  par ie ta l  ce l l s ,  which showed as 
well the highest pepsin content. Within the other f rac -  
t i ons ,  the degree of cobalamin binding decreased constant- 
l y  with increasing number of par ie ta l  ce l l s .  In ce l l  pre- 
parat ions with high cobalamin binding capaci ty,  histamine, 
pentagastr in and hexoprenaline st imulated secret ion in to  
the medium up to 20 %,10 -3 mol/ l  d ibutyry l  cAMP enhanced 
the release by 40 % above the basal leve l .  Carbachol pro- 
ved to be the most e f f ec t i ve  s t imulant ,  i n i t i a t i n g  the se- 
cre t ion process at 10 -5 mol/ l  and leading to a maximal res- 
ponse up to 90 % by 10-3 mol / l .  This e f f ec t  of  carbachol 
could be near ly abolished by 10-4 mol/ l  at ropine or p i ren-  
zepine, whereas PGE 2 and somatostatin f a i l ed  to exer t  s ig-  
n i f i c a n t  i n h i b i t i o n .  
The data support the concept that  in the ra t  gast r ic  mu- 
cosa the ch ie f  ce l l s  represent the s i t e  of  i n t r i n s i c  fac- 
to r  production and i t s  secret ion is mainly under cho l iner -  
gic cont ro l .  
Supported by the Deutsche Forschungsgemeinschaft 
Pharmakologisches I n s t i t u t  der Un ivers i t~ t  TUbingen, 
Wilhelmstr. 56, D-7400 TUbinpen I ,  FRG 

2O7 

ULCEROGENIC EFFECTS AND PHARMACOKINETICS OF ORAL AND I.V. 
ACETYLSALICYLIC ACID AFTER 16,16-DIMETHYL-PROSTA- 
GLANDIN E 2. 
U. WeiSenborn and S. M~dge 

16,16-Dimethyl-prostaglandin E 2 (PGE) in a nonant isecreto- 
ry dose is known to prevent the formation of  gas t r ic  
lesions produced by various noxious agents ( f o r  review: 
T.A. M i l l e r  et  a l . :  Gut 20, 75, 1979). The mechanism of  
th is  cy toprotect ion is not completely e lucidated.  
In female Wistar ra ts ,  which were fed ab l i b . ,  the e f f ec t  
of  PGE on the mucosal concentrat ion and pharmacokinetics 
of  a c e t y l s a l i c y l i c  acid (ASA) and i t s  main metabol i te 
s a l i c y l i c  acid (SA) was studied. ASA and SA were deter-  
mined by HPLC in plasma and fundic and je juna l  mucosa. 
Gastr ic lesions appeared wi th in  60 min a f t e r  an oral dose 
of  150 mg/kg ASA but not a f t e r  an i . v .  dose of i t s  sodium 
sa l t .  A f te r  an oral dose unchanged ASA was s t i l l  present 
in the fundic mucosa a f t e r  6 h. Only traces of  ASA were 
found a f t e r  the i . v .  dose even at ear ly  time points.  The 
development of  lesions was prevented by pre t rea t ing  the 
animals with 5 pg/kg PGE o r a l l y  30 min p r i o r  to ASA. PGE 
had no inf luence on the pharmacokinetics of  ASA given i . v .  
but produced higher fundic concentrat ions of  both ASA and 
SA a f t e r  an oral dose of ASA wi th in the f i r s t  hour. 
I t  is concluded that  ASA reaches tox ic  gast r ic  mucosal 
leve ls  only when given o r a l l y ,  but not when given i . v . .  In 
a nonant isecretory dose PGE prevents gast r ic  mucosal damage 
although i t  enhances ASA t issue concentrat ions at ear ly  
time points.  ASA metabolism to SA does not seem to be in-  
f luenced by PGE. SA concentrat ions however are much lower 
a f t e r  i . v .  than a f t e r  oral  admin is t rat ion.  The longer 
plasma h a l f - l i v e s  of  SA a f t e r  oral ASA compaired with a f t e r  
i . v .  ASA cannot yet  be f u l l y  explained. 

Abtei lung Allgemeine Pharmakologie, Medizinische 
Hochschule Hannover, Konstanty-Gutschow-Str. 8, 
D-3OOD Hannover 61, FRG. 
Supported by DFG (SFB 146 and Se 151/12) 

2O6 

EFFECTS OF THE SUBSTITUTED BENZIMIDAZOLES PICO- 
PRAZOLE AND OMEPRAZOLE ON PARTIALLY PURIFIED 
H+/K+-ATP-ASE FROM ISOLATED AND ENRICHED GUINEA 
PIG PARIETAL CELLS. 
W. Be i l  and H. Hannemann 

P ro tons  a re  pumped f rom the p a r i e t a l  c e l l s  i n t o  
the  lumen by an H+/K+-ATPase which i s  l o c a l i z e d  
in  membranes o f  the i n t r a c e l l u l a r  c a n a l i c u l i .  H + 
s e c r e t i o n  in  r esponse  to  a c t i v a t i o n  o f  t h i s  
enzyme can be i n h i b i t e d  by compounds which a re  
r e f e r r e d  to  as s u b s t i t u t e d  b e n z i m i d a z o l e s .  
I t  was the pu rpose  o f  the  p r e s e n t  i n v e s t i g a t i o n  
to  s t u d y  the  e f f e c t  o f  t y p i c a l  s u b s t i t u t e d  
b e n z i m i d a z o l e s  such as p i c o p r a z o l e  and omeprazo le  
in an enzyme p r e p a r a t i o n  p a r t i a l l y  p u r i f i e d  by 
d i f f e r e n t i a l  and d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  
f rom i s o l a t e d  and e n r i c h e d  gu inea  p ig  p a r i e t a l  
c e l l s .  P a r i e t a l  d e p l e t e d  f r a c t i o n s  d i d  no t  con-  
t a i n  an H+/K+-ATPase.  In a 10-12 f o l d  e n r i c h e d  
enzyme p r e p a r a t i o n  f rom p a r i e t a l  c e l l s  p i c o -  
p r a z o l e  and omeprazo le  i n h i b i t e d  the  enzyme in a 
c o n c e n t r a t i o n  dependen t  manner w i t h  an IC50-  
v a l u e  in  the  range o f  I ~ m o l / l .  Ca lc ium i n h i b i t e d  
the enzyme in a c o n c e n t r a t i o n  dependen t  manner 
in  the  range  o f  I to  100 ~ m o l / l .  C a l c i u m - a n t a g o -  
n i s t s  such as v e r a p a m i l  which have been shown to  
i n h i b i t  H + s e c r e t i o n  by a mechanism c l o s e  to  the 
H+/K+-ATPase (Sewing and Hannemann, Pharmacology,  
in  p r e s s )  and the h i s t a m i n e  H 2 - r e c e p t o r - a n t a g o -  
n i s t  c i m e t i d i n e  were i n e f f e c t i v e .  I t  can be con-  
c l uded  t h a t  in  the  stomach o n l y  the  p a r i e t a l  
c e l l s  c o n t a i n  H+/K+-ATPase and t h a t  the  i n h i b i -  
t o r y  e f f e c t  o f  p i c o p r a z o l e  and omeprazo le  on H + 
s e c r e t i o n  r e f l e c t s  a t r u e  i n h i b i t i o n  o f  the 
enzyme. 

A b t e i l u n g  A l l g e m e i n e  P h a r m a k o l o g i e ,  M e d i z i n i s c h e  
Hochschu le  Hannove r ,  K o n s t a n t y - G u t s c h o w - S t r .  8, 
D-3000 Hannover  61, FRG. 

2O8 

SOME EVIDENCE FOR AN INDUCED CYTOPROTECTION BY ANTACIDS 
S. Postius, H. Engler and I .  Szelenyi 

Certain antacids prove to be potent in the management of  
u lcer diseases. The bu f fe r  capacity combined with the 
a b i l i t y  to inac t i va te  pepsin and to bind b i l e  acids 
are pa r t l y  responsible f o r  the benef ic ia l  therapeut ic 
e f fec ts  o f  antacids. PGE 2 is known to exer t  a cyto-  
p ro tec t ic  e f f e c t  on gast r ic  mucosa a f t e r  i n t r agas t r i c  in -  
s t i l l a t i o n  in non-secret ion-b locking concentrat ions. 
Therefore, we measured mucosal PGE 2 synthesis and i t s  
l i be ra t i on  under defined condi t ions o f  the ra t  stomach. 

The invest igated antacid (CaCO~ + AI(OH)q) enhanced both, 
the mucosal synthesis o f  PGE 2 ~nd i t s  l i be ra t i on  in to  the 
gast r ic  lumen. Concomitantly, the occurence o f  gast r ic  
lesions decreased. Unbuffered, neutral hyperosmolaric 
s a l t  so lu t ions show s im i la r  behaviour, however, with de- 
creased ulcer protect ion.  Unbuffered, acid hyperosmolaric 
sa l t  so lut ions s t i l l  enhance PGE 2 synthesis,  but there 
was no u lcerpro tec t ion .  The reason f o r  these d i f f e r e n t  
observations can be sought in the acid i n s t a b i l i t y  of  
PGE2: not more than 20% of  PGE 2 were detected a f t e r  30 
minutes at pH 2, whereas 50% survived at pH 3.5 - 4.5. 
The natural cy topro tec t ive  e f f ec t  of  PGE 2 is l im i ted  by 
i t s  pH-dependent h a l f l i f e .  This can be counteracted by 
a regular  intake of  antacids. 

Summing up, antacids exer t  t h e i r  cy topro tec t ive  e f f ec t  by 
an increase of  PGE 2 synthesis,  i t s  l i be ra t i on  and a pro- 
longed h a l f l i f e  in the gast r ic  lumen, 

Abtei lung Pharmakologie, Heumann-Pharma, He ide lo f fs t ro  
18-28, 8500 NUrnberg 
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IS GASTRIC ACID SECRETION MODULATED BY A 
PERIPHERAL OPIOID MECHANISM? 
W. Kromer, B. Skowronek, H. Stark and S. Netz 

Contradictory results, mostly derived from in 
vivo studies, have been reported with regard to 
a possible action of opioids on gastric acid 
secretion. In preliminary experiments, we have 
investigated therefore the influence on acid 
secretion of D-ala2-D-leu5-enkephalin (DADLE, I 
pmol/l) and naloxone (NAL, I ~mol/l). Acid 
secretion from isolated and enriched parietal 
cells from guinea pig gastric mucosa was stimu- 
lated by histamine (HIS, 10 ~mol/l) and deter- 
mined by means of 14C-aminopyrine accumulation 
(Berglindh et al., Acta Physiol. Scand. 97, 401 
-414, 1976). 

Although basal acid secretion was influenced 
neither by DADLE nor by NAL, DADLE enhanced HIS- 
stimulated acid secretion by appr. 15 % and NAL 
impaired it by appr. 17 %. NAL reduced acid se- 
cretion which was stimulated by HIS plus DADLE 
or by HIS alone to the same absolute level, cor- 
responding to a 27 % inhibition (p < 0.01; 
n = 13) in the former instance. 

Binding data obtained with membrane fractions of 
isolated parietal cells seem to indicate stereo- 
specific, saturable and reversible opioid bind- 
ing. The binding site, however, is highly labile 
and its validation therefore difficult. 

Our data point to a probable peripheral modula- 
tion by exogenous and endogenous opioids of the 
stimulated gastric acid secretion. 

Abteilung Allgemeine Pharmakologie, Medizinische 
Hochschule Hannover, Karl-Wiechert-Allee 9, 
D-3000 Hannover 61, FRG. 
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THE INFLUENCE OF DITHIOCARB ON GASTRIC SECRETION 
AND GASTRIC EMPTYING 
U. Peters 

The inhibition of the ulcerogenic activity of 
nonsteroidal antiinflammatory drugs induced by 
the thio compound dithiocarb was accompanied by 
an increase in the stomach volumes (Hoppenkamps 
et al., this supplement). The present investiga- 
tion deals with the gastric action of dithiocarb 
and with its mechanism. 
In vitro, high concentrations of dithiocarb 
(10-2g/ml) induced a long lasting (>90 min) con- 
traction of gastric smooth muscle preparations 
(rat fundic strips, preparations of the corpus 
and pylorus). These contractions could not be 
prevented by the HI-receptor antagonist mec- 
lastine but were inhibited by the H2-receptor 
antagonist cimetidine. In rats in vivo, dithio- 
carb (50 or 100 mg/kg i.p.) produced a strong 
increase in the stomach volume and a decrease in 
the gastric pH. Gastric emptying in vivo as in- 
vestigated bY administration of marker sub- 
stances to rats (hexadecane, lidocaine and black 
ink) was found to be delayed after treatment with 
dithiocarb. Investigations on the gastric emp- 
tying in situ performed by the technique of 
Bertaccini et al. (Europ. J.Pharm. 22,320;1968) 
revealed that dithiocarb exerts a marked and 
long lasting spasmogenic effect on the rat pylo- 
rus sphincter. The effects of dithiocarb on gas- 
tric secretion in vivo as well as those on gas- 
tric emptying in vivo and in situ were antago- 
nized by cimetidine but not influenced by anti- 
histaminic drugs of the HI-type. 
Conclusion: Dithiocarb, by a direct or indirect 
action on H2-receptors, stimulates gastric se- 
cretion and delays gastric emptying. 

Institut for Toxikologie der Medizinischen Hoch- 
schule LHbeck, D-2400 LHbeck (FRG) 

210 
INHIBITION BY IhKKIMETACIN OF INTESTINAL FLUID SECRETION 
A~'i~L~ MORPHINE WITHDRAWAL IN THE _RAT. E. Beubler 

Morphine withdrawalbynaloxone in morphine dependent rats 
reversed net water absorption into net secretion in jeju- 
nt~nandcolon (Beubler, N.S. Arch. Pharmacol. 316 R 62 
1981). Recently, the0C2-receptor agonist clonidine was 
shown to inhibitthemorphinewithdrawal syndrcme and, in 
particular, withdrawal diarrhea (Gold, Lancet II, 599, 
1978). To find out the mechanism of action bywhichmor- 
phinewithdrawal induces fluid secretion, rats were ren- 
dered morphine dependent by morphinepellet i~plantation 
(75 mgmorphine, 48 hrs). Net water flux in 20m in (and 
mucosal cAMP levels) were measured in the tied off colon. 
Morphine withdrawal was precipitated by naloxone (I mg/kg 
s.c.) . 

Clonidine (100 pg/kg s.c.) inhibited intestinal fluid se- 
cretion caused by morphine withdrawal, but clcnidJ_ne also 
abolished the increase in intestinal fluid volume induced 
by PGE 2 (20 pg/kg i.p., enteropooling assay). To find out 
whether endogenous PGE 2 is involved in the genesis of in- 
testinal fluid secretion after morphinewithdrawal, indo- 
metacin (4 mg/kg s.c.) was given I hr prior to naloxone- 
precipitation. In fact, inhibition of PG-synthesis by indo- 
metacin abolished intestinal fluid secretion induced by 
morphine withdrawal, indicating the involvement of PGE 2. 
Since PGE 2 has been shc~nto increase mucosal cAMP levels 
in previous experiments, cAMP levels are expected to be 
enhanced aftermorphine withdrawal. The dose-response cur- 
ves for the effect of theophylline on net water secretion 
and mucosal cAMP levels were shifted tothe left after mor- 
phinewithdrawal, indicating the involvement of cAMP in 
the generation of fluid secretion after morphine withdra- 
wal. 

Conclusions. Intestinal fluid secretion after morphine 
withdrawal is supposed tobemediatedbyendogenous PGE 2- 
synthesis, which leads to an increase in cyclicAMP. 

Inst.f.Exp.u.Klin.Pharmakol., Univ.Pl.4, A-8010 Graz. 
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INFLUENCE OF HYDROSTATIC PRESSURE ON NET FLUID NOVEHENT 
ACROSS ISOLATED RAT COLONIC MUCOSA EXPOSED TO DIFFERENT 
SECRETAGOGUES 
U.Karbach, R.Wanitschke 
Subepithelial t issue pressure is a supposed dr iv ing force 
of in test ina l  secretion.With respect to paracel lu lar  per- 
meabil i ty we investigated the e f fec t  of hydrostatic pres- 
sure (HP) applied on the serosal side on net water and 
sodium movement in everted sacs of stripped rat  colon 
treated with deoxycholic acid (DA), bisacodyl (B I ) ,  eta- 
crynic acid (EA), rhein (RH) and cholera toxin (CT).PEG 
was used as volume, erythrol  as marker fo r  paracel lu lar  
permeabil i ty. 
In controls hypertonic f l u id  (8,4+o,6ml/g d.w.) was absor- 
bed against a 2cm HP.Ab&orption of  hypertonic f l u i d  was 
reduced a f te r  treatment with CT to 2,5+1,2ml/g d.w.Ab- 
sorption of  water and sodium was abolished in the presence 
of DA, BI, EA and RH.DA caused a 5- fo ld,  BI a 2-fold and 
EA a 6-fold increase of erythrol movement from the serosal 
to the mucosal side.RH had no influence on paracel lu lar  
permeability.The amount of erythrol  moved across the mu- 
cosa pretreated with CT was 4o% smaller than in controls.  
At 7cm HP the net f l u i d  transport was abolished in 
controls,  sodium was s t i l l  absorbed.There was a remarkable 
movement of isotonic f l u id  to the mucosal side when the 
tissue was exposed to DA (12,4+1,4ml/g d.w.) ,  BI (13,6+ 
1,9ml/g d.w.) ,  EA (16,6+2,2ml/g d.w.) and less pronounced 
in the presence of RH (4,o+o,4ml/g d.w.).The f l u i d  ap- 
pearing at the mucosal side a f te r  treatment with CT (8,1+ 
1,8ml/g d.w.) was hypotonic. 
The results indicate that various secretagogues a f fec t  net 
f l u id  movement differently.Secretagogues acting by ce l lu-  
lar  mechanisms can be distinguished from compounds in- 
ducing secretion by an increase of paracel lu lar  permeabi- 
l i t y  by the amount and the composition of  the f l u i d  trans- 
ferred under an imposed serosal HP. 

I n s t i t u t  fur  Pharmakologie und Toxikologie, Universi t~t  
des Saarlandes, 665o Homburg/Saar 
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BUFFERING OF ~DIUII CALCIU~ CONCENTRATION BY LEAKY ISOLA- 
TED EXOCRINE CELLS OF RAT PANCREAS 
H. Streb 

Isolated pancreatic acini made permeable by saponin take 
up 45Ca2+ into intracellular organelles on addition of 
ATP (Wakasugi et al., 1982, J. Membrane Biol. 65, 205). 
Now we have investigated if this Ca 2+ uptake regulates 
[Ca 2+] of the extracellular medium, which in cells with 
permeable plasma membrane represents a kind of extended 
cytosol. Isolated acinar cells were incubated at 250C in 
a medium containing MgATP, an ATP regenerating system and 
respiratory substrates (pH 7.4). The medium [Ca 2+] was 
recorded continuously with a Ca2+-specific electrode and 
adjusted by Ca 2+ addition to a value between 0.7 - 6~mol/l. 
On addition of leaky cells, the medium [Ca 2+] was reduced 
due to cellular uptake until a steady state value of 0.42 
• 0.O1 (S.E.M.) ~mol/l (n=54) was obtained, giving an 
estimate of the cytosolic [Ca 2+] buffered by intracellu- 
lar organelles. Changes in the medium [Ca 2+] at steady 
state by addition of Ca 2+ or EGTA were buffered by cellu- 
lar uptake or release respectively until the steady state 
[Ca2+] was reestablished. 
Experiments with mitochondrial inhibitors and the ATPase 
inhibitor vanadate showed that Ca 2+ uptake into permeabi- 
lized cells is due to I.) mitochondria, which determine 
the initial rate, and 2.) at least one nonmitochondrial 
structure, which determines the final steady state. Cal- 
cium uptake into this "nonmitochondrial steady state 
pool" is completely dependent on Mg 2+ and cannot be sti- 
mulated by oxalate. Its rate of uptake is diminished in 
the absence of small monovalent cations (K § Na+). 
The data indicate that a cytosolic [Ca 2+] of 4 x IO-Tmol/l 
can be maintained in exocrine pancreatic cells by the 
action of a nonmitochondrial MgATP-dependent calcium pool. 

Arbeitsgruppe I. Schulz, 
Max-Planck-Institut fHr Biophysik, Kennedyallee 70, 
D-6000 Frankfurt (Main) 70 
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CIRCADIAN COURSE OF RAT PANCREATIC ACINAR CELL 
RESPONSIVENESS 

V. Keim 

Circadian variation of rat pancreatic secretion had been 
observed in conscious rats (1). Here we report the circa- 
dian change of rat pancreati acinar cell response to 
different amounts of Cerulein. 
Methods: Rat pancreatic lobules are prepared by the 
technique of SCHEELE (2). The release of pancreatic enzymes 
into the incubation medium is stimulated by different doses 
of Cerulein (10-11-10 -8 M). At discrete times after the 
start of the incubation, samples are taken to measure amy- 
lase activity. After the end of the experiment the lebules 
are homogenizedand the enzymes (Amylase, Trypsin, Chymo- 
trypsin) determined. The release of Amylase is expressed 
as percent of total (= secreted + stored). 
Results: It can be demonstrated, that pancreatic enzyme 
content changes with respect to the time of the day. At 
noon, about 30% of total Amylase can be released by 10 -9 M 
Cerulein. At night only 12% of Amylase is secreted into 
the medium. The dose-response-curve seems to be shifted 
to higher values. When the dietary protein is substituted 
by equivalent amounts of aminoacids, so that pancreatic 
enzymes are not necessary for digestion of the food, 
stimulus-secretion-coupling changes only a little, but 
compared to the nighttime only very small amounts of 
enzymes are stored within the pancreatic acinar cell at noon. 
Conclusion: Response of pancreatic acinar cells to 
Cerulein stimuli in release of enzymes depends on the time 
of the day. The sensitivity of cell rer and/or 
secondary effects following effector-cell interaction may 
be involved. 
(I) Keim & Haberich, Z. Gastroenterologie, Nr. 6, 20 

(1982) 346-353 
(2) Scheele, JBC, (1975) 250/7, 226-2270 

Institute of Applied Physiology, Philipps-University, 
Lahnberge, D-3550 Marburg/Lahn, FRG 

214 
REGULATION OF ACETYLCHOLINE BINDING TO PANCREATIC MICRO- 
SOMES 
F. Boege, L. Eckhardt, and I. Schulz 

Using 3H-quinuclidinyl benzilate (3H-QNB) and 3H-oxotremo- 
rine (3H-OT) binding of muscarlnic antagonist and agonist 
was studied in microsomes obtained from bovine pancreas. 
Microsomes were incubated with H-QNB or 3H-OT and diffe- 
rent test substances for 20 min at 30~ and separated from 
the incubation medium by filtration. Nonspeeifie binding 
was obtained in the presence of lO-5mol/1 atropine and 
each value for the dissociation constant (K D) was evalua- 
ted by a Scatehard plot obtained from incubations at 7 
different3H-QNB concentrations (Io-lO-Io-8mol/1). In re- 
frozen-thawn vesicles ATP in the presence of the phospha- 
tase inhibitor NaF (I0 n~nol/1) increased the K D of 3H-QNB 
(8xlO-9mol/1) by 4-fold in a concentration dependent way. 
Pancreatic secretagogues which bind to different receptors, 
but exert the same effect on Ca 2+ release and enzyme se- 
cretion such as cholecystokinin-pancreozymin (CCK), caeru- 
lein, and bombesin, act in the same way as the phosphatase 
inhibitor NaP, decreasing the affinity to 3H-QNB in the 
presence of ATP. Similar to these results the S~atchard 
plot was linear for the binding of the agonist JH-OT in 
the absence of ATP (K D 1,4 x 10-8moi/I), whereas in the 
presence of ATP and NaP the plot was also linear, but the 
K D increased to 5,5 x lO-8mol/l. 3H-OT binding in the pre- 
sence of ATP but without NaP showed non-linearity with 2 
slopes of similar K D values as above. This suggests that 
the muscarinic agonist acts like the other peptide secre- 
tagogues, decreasing binding affinity to its receptor with 
increasing concentrations. The data indicate that binding 
of acetylcholine is regulated by a protein which is phos- 
phorylated and dephosphorylated by a proteinkinase and 
phosphatase, respectively. In the phosphorylated form the 
protein decreases the affinity of the receptor to its li- 
gand. Secretagogues inhibit the phosphatase, thus decrea- 
sing receptor affinity. 

Max-Planck-Institut fHr Biophysik, Kennedyallee 70 
6000 Frankfurt/Main 70 
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EFFECT OF INTRADUODENAL BILE UPON THE SPONTANEOUS 
EXOCRINE PANCREATIC SECRETION IN CONSCIOUS RATS 

H.-J. LObke and F. J. Haberich 

Intraduodenal administration of bile increases 
pancreatic flow, protein and bicarbonate secretion 
in man, in the dog and in the cat. An adverse 
effect of bile upon pancreatic secretion was 
reported in the rat (Dig. dis. Sci. 24, 602-608, 
1979). It was the objective of this--study to 
determine the influence of intraduodenally in- 
fused bile and of bile diversion on the pancreatic 
secretory pattern in conscious rats. 
Method: Separate diversion and recirculation of 
pancreatic juice and bile is possible in female 
Wistar rats by the previously described surgical 
technique (Z. Gastroent. 18, 427-435, 1980). 
During 90 min of bile diversion the following 
solutions were substituted: isotonic saline, 25 
mmol bicarbonate and 25 mmol cholic acid. In 
additional experiments without diversion pooled 
bile was administered into the duodenum. 
Results: Bile diversion increases pancreatic flow 
(+40%), the output of protein (+99%), bicarbonate 
(+46%), sodium (+17~) and potassium (+5S%). This 
effect is partly inhibited by the presence in the 
duodenum of bicarbonate, more evident by cholic 
acid substitution. Intraduodenal perfusion of 
pooled bile decreases pancreatic flow (-10%), 
protein (-30%), bicarbonate (-9%), sodium and 
potassium output (-9%). 
Conclusion: The spontaneous pancreatic secretion 
in conscious rats is partly controlled by intra- 
duodenal bile; the absence of bile acids is 
implicated in an increased pancreatic secretory 
response. 

Institute of Applied Physiology, Philipps-Univ., 
Lahnberge, D-3550 Marburg/Lahn, FRG 
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NO INCREASE OF BILIARY PERMEABILITY IN ETHINYL 
ESTRADIOL TREATED RATS. H.Jaeschke and H.Krell 

Ethinyl estradiol (EE) - induced eholestasis was 
suggested to be due to increased biliary permea- 
bility with reflux of water and bile constituents. 
To test this hypothesis we compared biliary para- 
meters after EE treatment in vivo and in isola- 
ted perfused livers (IPL) with those of controls 
(C) and after ~-naphthylisothiocyanate (ANIT) 
treatment. EE (5mg/kg/d;s.c.) administered to 
male Wistar rats for 5 d decreased bile flow (BF) 
in vivo to ].22• liver and the basal 
BF in the IPL to 0.74• compared to resp. C- 
values (2.20~0.16; ].34• p<O.O01). The max. 
bile salt excretion rate (T) during taurocholate 
(TC) infusion was diminishe~ after EE treatment 
although TC-conc. in bile was increased (p<O.O01). 
C and EE rats developed almost identical bili1%rY 
pressures (BPIz The bile/perfusate ratio of ( C)- 
sucrose and ( ~C)inulin increased significantly, 
but this could be accounted for solely by the de- 
cline of BF as indicated by identical clearance 
(CL) rates. Using the integrated CL equation de- 
scribed by Forker (J Clin Invest 48:654,1969) the 
permeability coefficients K that statistically 
best fit the data were mathematically derived for 
all experimental groups. The analysis yielded K- 
values for sucrose and inulin of 0.243 and 0.037 
in C and 0.273 and 0.038 in EE rats. In contrast, 
9h ANIT treatment (25Omg/kg;p.o.) caused cholest- 
asis (basal BF:0.99• with diminished TC-cone 
in bile and TC-T m, and reduced BP. Here, K-values 
calculated for sucrose and inulin were 0.807 and 
0.175. These findings suggest that altered junc- 
tional permeability causes ANIT cholestasis but 
is not the primary event of EE cholestasis. 

Toxikologisches Institut der Universit~t T0bin- 
gen, Wilhelmstrasse 56, D-7400 THbingen 
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EFFECTS OF ISOPRENALINE ON INSULIN RELEASE FROM 
ISOLATED MOUSE PANCREATIC ISLETS 
S. Zielmann and U. Panten 
Direct B-adrenergic activation of pancreatic 
islet cells is generally believed to stimulate 
insulin secretion (Goodman and Gilman, 1980). 
However, this view does nod stem from unequi- 
vocal experimental evidence. 
Therefore we investigated the effects of iso- 
prenaline on insulin release from isolated 
pancreatic islets. 
Collagenase isolated mouse islets were peri- 
fused in order to keep the effects of secretory 
products on B-cells as low as possible. 
O.1 or 1.O/uM isoprenaline had no effects on 
insulin release induced by 20 mM glucose. 
Higher concentrations of isoprenaline inhibited 
the secretory response to 20 mM glucose. 
The 80 % inhibition caused by 50/uM isoprena- 
line was antagonized completely by the 0< 2 - 
adrenoceptor antagonist rauwolscine (I/uM[. 

~-adrenoceptor blockade by rauwolscin~ (1,uM) 
did not reveal any stimulatory effect of a/low 
isoprenaline concentration (I/uM) upon insulin 
release elicited by 10 or 20 firm glucose. 
These results argue against the general view 
that stimulation of B-adrenoceptors of islet 
cells enhances insulin secretion. 

Institut fdr Pharmakologie und Toxikologie der 
Universit~t G~ttingen, Robert-Koch-Str. 40, 
D-34OO G~ttingen 
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TRIS(HYDROXYMETHYL-)AMINOMETHANE STIMULATES 
INSULIN SECRETION IN RATS 
Andrea Maria LHders and H. Brasch 

It is still unknown if the hypoglycaemic effect 
of TRIS is only due to an increased insulin 
secretion or if insulin-independent actions are 
equally important (Nahas,Pharmacol.Rev.14,447; 
1962). To differentiate between these mechanisms 
in rats, we analysed the influence of TRIS on 
plasma glucose and insulin concentrations. Pento- 
barbital-anaesthetized (60 mg/kg i.p.) male 
Wistar-rats (250-300 g) received either a bolus 
injection (10 mM/kg) or a continuous infusion 
(0,5 mM/kg �9 min) of neutralized TRIS (3M solu- 
tion; pHT,4) for 90 min. 
Plasma insulin concentration increased from 
36,7+13,7 ~U/ml (~+S:~ n = 6) to 181,2+40,3 ~U/ 
ml 3 mln after bolus zn3ectzon and declzned to 
predrug values after 10 min. Plasma glucose 
concentration was not changed. During infusion, 
TRIS plasma concentration rose steadily to 
17,4t3,69 mg/ml after 90 min. Plasma insulin 
concentration was maximal after 10 min 
(178,4~58,5 ~U/ml) and had returned to predrug 
levels after 30 min. During this time plasma 
glucose concentration dropped from 155+18,4 to 
91~14,3 mg/IOO ml, and then remained a{ this 
lower level. In diabetic animals (streptozotocin 
75 mg/kg i.v.~ 48 h prior to TRIS) TRIS infusion 
changed neither insulin nor glucose concentra- 
tions. 
The results show that in rats: (a) TRIS induces 
hypoglycaemia by a brief stimulation of insulin 
secretion~ (b) an insulin-independent action of 
TRIS, if present at all, is negligeable. 

Institut fur Pharmakologie der Medizinischen 
Hochschule L~beck, Ratzeburger Allee 160, 
D-24OO LHbeck 
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EFFECT OF REDUCED GLUTATHIONE (GSH) ON 45-CALCIUM UPTAKE 
INT0 PANCREATIC ISLETS OF ADULT AND FETAL RATS. 
W. Str~lin, H.P.T. An~non. 

Glucose-induced calcium uptake into rat pancreatic islets 
has been suggested to be related to the redox state of 
islets thiols. In contrast to islets of adult rats in 
islets of fetal rats glucose does not initiate the 
secretion of insulin and formation of GSH. 
Using collagenase isolated islets of adult or fetal rats 
uptake of lanthanum non displaceable 45-calcium was 
studied in the presence of 3.0 or 16.7 mM glucose with or 
without addition of GSH (0.i mM) over a period of 15 
minutes. Insulin release into the medium was measured 
under similar conditions by RIA. 
In islets of adult rats elevation of glucose from 3.0 to 
16.7 mM was associated with a significant elevation of 
45-calcium uptake. Addition of GSH siginificantly 
increased 45-calcium uptake in the presence of 3.0 r~M 
(160.4 + 20.6 vs 259.6 i 31.8 fmol/20 islets; n = 19; 
p < 0.02) and 16.7 mM (330.4 + 44.6 vs 481.9 + 44.4 fmol/ 
20 islets; n = 22; p < 0.05) glucose. GSH augmented the 
secretion of insulin only in the presence of 16.7 ~mM 
glucose (487.4 + 56.3 vs 697.3 + 79.2 )]U IRI/20 islets; 
n = 17; p < 0.05). In islets of fetal rats elevation of 
the glucose concentration from 3.0 to 16.7 mM was not 
associated with a significant increase in 45-calcium 
uptake or insulin secretion. In contrast to the data 
obtained with adult rats GSH failed to stimulate 
45-calcium uptake or insulin secretion in islets of fetal 
rats in the presence of 3.0 or 16.7 ~M of glucose. 
In conclusion: From our data it may be suggested that in 
islets of fetal rats the failure of glucose to stimulate 
insulin release is at least in part due to its inability 
to raise calcium uptake. Whereas in adult rats GSH 
appears to be related to the calcium uptake, islets of 
fetal rats are suggested not being able to handle 
exogenous GSH for calcium uptake. 
Department of Pharmacology, Institute of Pharmaceutical 
Sciences, University D-7400 Tuebingen, F.R.G. 
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DECREASED (125I)INSULIN BINDING TO PANCREATIC ISLETS OF 
GENETICALLY OBESE (FA/FA ZUCKER) RATS. 
E.J. Verspohl and M.C.M. Melien 

Recently in obese patients hyperinsulinemia was suggested 
to reflect at least in part decreased negative feedback 
of insulin on its own secretion (Elahi D et al, N Engl J 
Med 306, 1196, 1982). The hypothesis was tested whether 
hyperinsulinemia in islets of fa/fa rats is also 
associated with a decreased inhibitory action of insulin 
and whether such an effect might be explained by a 
decrease of insulin binding to islets in vitro. 
Using collagenase isolated islets of fa/fa and normal 
Wistar rats (control) we studied the effect of insulin on 
glucose (16.7 mM)-induced insulin secretion (measured by 
RIA) during a 90 min incubation period and performed 
binding studies (displacement of (125I)insulin binding by 
increasing concentrations of unlabeled insulin) within 20 
min incubations up to steady-state. 
Fasting plasma insulin/glucose ratio was higher in fa/fa 
rats; ratio extremely increased during an i.v. glucose 
tolerance test (glucose bolus of 500 mg/kg rat body 
weight) compared to control rats. (125I)Insulin 
"specifically" bound was 50 % lower in islets of fa/fa 
rats (p<0.01). Scatchard plots of displacement studies 
revealed a parallel leftward shift of curvilinear plots. 
Insulin release was more pronounced in the presence of 
16.7 mM glucose in islets of fa/fa rats (745~39 vs 581• 
pU/ml x 5 islets x 90 min; p<0.001). The inhibitory 
effect of increasing concentrations of exogenous insulin 
on glucose mediated insulin release was less in islets of 
fa/fa rats than in islets of controls. 
In conclusion our data indicate a decrease in high 
affinity receptor number in islets of fa/fa rats. It is 
possible that hyperinsulinemia in fa/fa rats is due to a 
diminished negative feedback of insulin on its secretion 
in vitro as a result of a decreased number of high 
affinity receptors in pancreatic islets. 
Department of Pharmacology, Institute of Pharmaceutical 
Sciences, University D-7400 Tuebingen, F.R.G. 
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RELATION BETWEEN CELLULAR ATP-LEVELS AND INSULIN 
RECEPTORS IN RAT FAT CELLS 
H.G. Joost and H.J. Steinfelder 

Several previous findings have suggested that in- 
sulin receptors may be regulated by metabolic 
events within the target cell. To further study 
the relation between the energy generating meta- 
bolism and insulin receptors, insulin binding 
was investigated in ATP-depleted fat cells. In- 
sulin binding was reduced by theophylline and 
sodium azide in parallel to a concentration de- 
pendent decrease of the cellular ATP-content. In 
totally ATP-depleted cells the binding was half 
that of the controls. Binding curves revealed a 
decrease of receptor affinity rather than of re- 
ceptor number. This conclusion was supported in 
kinetic studies of the receptor binding: in ATP- 
depleted cells the insulin-receptor complex dis- 
sociated faster than in control cells, whereas 
the association rate was unaltered. 
Plasma membranes of azide-treated cells exhibit- 
ed a similar reduction of insulin receptor affi- 
nity. The effect, once produced, thus apparent- 
ly outlasted cell disruption, and internalizati- 
on and/or translocation of the insulin-receptor 
complex cannot account for it. Cell integrity 
was necessary, however, for initiation of the 
effect, since sodium azide, as well as ATP, 
failed to alter insulin binding in a membrane 
preparation obtained from untreated cells. 
In conclusion: The present results indicate that 
the maintainance of a normal insulin receptor 
affinity is ATP-dependent. It may be speculated, 
therefore, that receptor phosphorylation plays 
a significant role in the regulation of insulin 
receptor affinity. 
Institut fur Pharmakologie und Toxikologie der 
Universit~t G~ttingen, Robert-Koch-Str. 40, 
D-34OO G6ttingen 
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BLOOD FLOW IN THE ENDOCRINE AND EXOCRINE PANCRE- 
AS OF THE RAT DURING TOLBUTAMIDE APPLICATION. 

G. Schmidt, D. Senske 
The question was studied whether tolbutamide ex- 
erts circulatory effects in the endocrine and/or 
exocrine tissue of the pancreas of rats.Regional 
blood flow was measured by determining the dis- 
tribution of microspheres within the pancreas 
gland. The application of the beads (8.8~m in di- 
ameter,non radioactive)was followed by injection 
of dithizone which served for intravital stai- 
ning of the islet tissue. The organ was rendered 
transparent by glycerol,and the spheres were 
counted by microscopy for the two types of tissue 
separately.For quantification of the microsphere 
counts a reference sample was withdrawn du~ing 
the microsphere injection. - Two concentrations 
of tolbutamide were studied (20 and IOOmg/kg i.v) 
which showed dose dependent effects. Blood glu- 
cose levels decreased (67 and 61mg%,controls 87 
mg%),whereas the blood flow to th E entire pancre- 
as increased (0.49• 0.09 and 1.O1~O.O5ml/(min x 
g);controls O.55-O.O4ml/(min x g)).Determination 
of the islet blood flow showed an overproportio- 
nal increase:In the drug treated group islet flow + ~ ~ . 
rates were 1.84-O.14% and 2.44-O.13o,re~peetlve - 
ly,of the entire organ compared to 1.24-O.10% in 

~ ontrol experiments. Absolute flow rates were Z.4 
1.3 and 13.6=1.5 #i/min (tolbutamide),and 4.0 & 

0.5 pl/min (eontrols).All differences between 
tolbutamide-treated ra<s and controls were stati- 
stically significant. - The results indicate that 
tolbutamide,which stimulates insulin secretion, 
increases blood flow in islets of Langerhans to 
a higher degree than that in the exocrine tissue. 

Institut f~r Pharmakologie und Toxikologie, 
Universit~t G~ttingen, Robert-Koch-Str. 40 
D-34OO G~ttingen 
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EFFECTS OF FUELS AND TOLBUTAMIDE ON ATP 
PRODUCTION BY MITOCHONDRIA FROM PANCREATIC 
ISLETS IN OBESE MICE 
J. Langer and J. Zinkler 

Insulin releasing fuels may trigger insulin se- 
cretion by events coupled to enhanced electron 
flow in B-cell mitochondria, e.g. by an increase 
in ATP supply. However, sulfenylurea derivatives 
are believed to stimulate insulin release via 
direct activation of B-cell membrane receptors. 
Therefore we compared the effects of exogenous 
fuels, endogenous substrates and tolbutamide 
upon ATP production by B-cell mitochondria. A 
subcellular fraction containing B-cell mitochon- 
dria was prepared from pancreatic islets of 
obese hyperglycaemic mice. When the fraction 
was incubated in the presence of ADP, glucose 
and hexokinase, substrate-induced change of 
glucose-6-phosphate production indicated the 
rate of oxidative phosphorylation. Glycerol-3- 
phosphate, malate and pyruvate (in the oresence 
of malate) enhanced ATP production by BLcell 
mitochondria. Glutamine-induced ATP production 
was small, but was enhanced severalfold by the 
non-metabolizable leucine analogue • b-BCH 
(20 mM). Tolbutamide (O.1 or 0.5 mM) inhibited 
the effects of malate and pyruvate upon ATP 
production. 

The results support the view that in contrast 
to B-cytotropic fuels tolbutamide does not 
stimulate insulin release by changes of B-cell 
energy metabolism. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t G~ttingen, Kreuzbergring 57, 
D-3400 G~ttingen 
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CHARACTERIZATION OF MONOAMINE OXIDASE IN 
PANCREATIC ISLETS 
S. Lenzen and H. Nahrstedt 

Monoamine oxidase (MAO) was characterized in 
tissue homogenates from pancreatic islets and 
for comparison from exocrine pancreas and liver 
from rats. 2-Phenylethylamine was preferentially 
deaminated by pancreatic islet MAO while 5-hy- 
droxytryptamine was preferentially deaminated by 
MAC from exocrine pancreas, and tyramine was a 
good substrate for both tissues. All three sub- 
strates were well deaminated by liver tissue. 
Clorgyline, a selective inhibitor of MAO-A, pre- 
ferentially inhibited deamination of 5-hydroxy- 
tryptamine by all three tissue homogenates, 
while deprenyl, a selective inhibitor of MAO-B, 
preferentially inhibited deamination of 2-pheny~ 
ethylamine. In the case of pargyline, a less se- 
lective MAO-B inhibitor, the preference in favour 
of 2-phenylethylamine was less pronounced. Accor- 
ding to these results, MAO in pancreatic islets 
can be classified as predominantly type B enzyme 
species and MAO in exocrine pancreas as pre- 
dominantly type A enzyme species while both 
types of the enzyme are present in the liver. 
Using the same three MAO substrates and compared 
with the effects of the selective enzyme inhibi- 
tors clorgyline and deprenyl, tranylcypromine 
can be classified as a potent unselective inhi- 
bitor of MAO in homogenates of all three tissues 
investigated with a slight preference in favour 
of the inhibition of the B-form of the enzyme, 
while in contrast amezinium can be classified 
as a weak unselective inhibitor of MAC with a 
slight preference in favour of the inhibition 
of the A-form of the enzyme. 
Institut fHr Pharmakologie und Toxikologie, 
Universit~t G~ttingen, Robert-Koch-Str. 40, 
D-34OO G6ttingen 
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ACTION OF BRADYKININ ON MYOCARDIAL GLUCOSE META- 
BOLISM. 
P.R~sen and H . R e i n a u e r  

The a c t i o n  o f  B r a d y k i n i n  (BK) on g l u c o s e  meta-  
bo l i sm  as we l l  as i t s  dependence on i n s u l i n  was 
s t u d i e d  in  i s o l a t e d  r a t  h e a r t s  p e r f u s e d  w i t h  KR- 
b i c a r b o n a t e  b u f f e r  c o n t a i n i n g  5 mM g l u c o s e .  In 
the absence o f  i n s u l i n  ( 5 U / l ) ,  BK (50 nM) i n c r e a -  
sed c o r o n a r y  f l o w  m a x i m a l l y ,  bu t  had no i n f l u e n c e  
on c o n t r a c t i l i t y  and oxygen consump t i on .  BK doub-  
led the up take  and o x i d a t i o n  o f  g l u c o s e ,  whereas 
the t r i o s e  p r o d u c t i o n  and m y o c a r d i a l  g l y c o g e n  
were not  a f f e c t e d .  Thus,  BK s t i m u l a t e d  the b a s a l ,  
i n s u l i n - i n d e p e n d e n t  up take  o f  g l u c o s e .  In the 
p resence  o f  i n s u l i n ,  BK i n c r e a s e d  c o r o n a r y  f l o w ,  
bu t  s i m u l t a n e o u s l y  c o n t r a c t i l i t y  and oxygen con-  
s u m p t i o n , w e r e  enhanced.  Glucose up take  was s t i -  
mu la ted  f rom 1016 to 1588 nmol /min  (+ 50 % ) , g l u -  
cose o x i d a t i o n  f o r  76 %. There was no change in  
the r a t i o  between g l u c o s e  and f a t t y  ac i d  o x i d a -  
t i o n  in  the h e a r t  by BK. The BK-med ia ted  changes 
in  g l u c o s e  me tabo l i sm  were no t  i n h i b i t e d  by p r e -  
p e r f u s i o n  o f  the h e a r t  by i n d o m e t h a c i n  (2 ug /m l )  
to i n h i b i t  p r o s t a g l a n d i n - b i o s y n t h e s i s .  In the 
d i a b e t i c  h e a r t ,  n e i t h e r  BK nor  i n s u l i n  a l o n e  had 
any e f f e c t  on g l u c o s e  m e t a b o l i s m .  However ,  both  
t o g e t h e r  a c c e l e r a t e d  g l u c o s e  u p t a k e  and o x i d a -  
t i o n  s ~ x f o l d .  

We conc lude  t h a t  the a c t i o n  o f  BK on myocar -  
d i a l  g l u c o s e  me tabo l i sm  is  not  med ia ted  by BK- 
s t i m u l a t e d  s y n t h e s i s  o f  p r o s t a g l a n d i n s .  In con-  
t r a s t  we assume t h a t  BK changes the v e s c u l a r  p e r -  
m e a b i l i t y  and,  t h e r e b y ,  i n c r e a s e s  the c o n c e n t r a -  
t i o n s  o f  s u b s t r a t e s  and i n s u l i n  a v a i l a b l e  f o r  
m y o c a r d i a l  t i s s u e .  

D i a b e t e s f o r s c h u n g s i n s t i t u t ,  Auf 'm Hennekamp 65, 
D-400O D U s s e l d o r f  
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~-CYTOTOXICITY STUDIES WITH THE RODENTICIDE PYRI- 
DYLMETHYL NITROPHENYL UREA (PNU) 
J. Beckmann and M. Thum 

The rodenticide PNU (Vacor) has been found to be 
diabetogenic in man. Its molecule resembles ni- 
trosomethylurea, the aglucone of the well known 
B-cytotoxin streptozotocin (SZ). We have com- 
pared the B-cytotoxic effects of PNU and SZ in 
order to &nalyze the functional relevance of the 
different molecular moieties of the latter. Iso- 
lated pancreatic mouse islets were preincubated 
for 40 min with PNU or SZ. Medium was changed 
and inhibition of insulin release measured by de- 
termination of the residual secretory capacity 
of the islets in the presence of high glucosefor 
60 min. 5.uM PNU or 1.2 mM SZ irreversibly inhi- 
bited glu6ose induced insulin release by ca.75%. 
When the pyridine nucleotide precursor nicotin- 
amide or the radical scavenger dimethyl urea 
were employed in the preincubation medium the 
B-cytotoxic action of either poison was reduced. 
This favours the view that the current explana- 
tion of SZ-B-cytotoxicity - pyridine nucleotide 
depriviation in consequence of the generation of 
free radicals - also holds for PNU. Phlorizin 
which inhibits the glucose uptake and diazoxide 
which has been reported to hyperpolarize the B- 
cell membrane, though reversibly inhibiting in- 
sulin release by their own, also protected the 
islets from SZ but not from PNU. From this it is 
concluded that active transport of the glucose 
moiety of SZ is essential for the toxic action 
of this drug and that also the antagonism between 
SZ and diazoxide may take place at the level of 
hexose transport. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t G~ttingen, Robert-Koch-Str. 40, 
D-3400 G@ttingen 
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MODULATION OF FUNCTION AND METABOLISM OF THE SUPERIOR CER- 
VICAL GANGLION BY ENDOGENOUS SUBSTRATES UNDER CONDITIONS 
OF GLUCOSE DEFICIENCY 
D. Kirsch and W. Kemmler 

Under normal conditions nervous tissue is strictly glu- 
cose dependent. Since well controlled diabetics are prone 
to hypoglyeaemic attacks, it is important to know,whether 
glucose concentrations alone or cellular conditions like 
the glucose transport system or endogenous substrates are 
limiting for neuronal function and metabolism. Both these 
parameters can be monitored simultaneously in the per- 
fused (Krebs-Henseleit, 95% 02, 5% CO2, 37~ superior 
cervical ganglion of the rat in vitro by measuring NAD(P)- 
H-fluorescence (F) and postganglionic action potential 
(AP). Using different frequencies of stimulation (1,3 and 
6 Hz) glucose concentration was lowered stepwise from 5 
to 0.25 mmol/l, each step lasting 20 mins. Whereas AP was 
only lowered by 15 % (_+10%, n=4) at 0.25 rmmol/l glucose 
at i Hz, 80 % of AP (+3%, n=4) were lost at 1.25 mmol at 
6 Hz. F rose linear to stimulation frequency at 5 mmol/l 
glucose, and decreased with lower glucose concentration. 
At 0.25 mmol/l glucose F was lowered by 75% irrespective 
of the stimulation frequency and AP. So function depends 
more on frequency of stimulation at low glucose concen- 
trations whereas metabolism is more glucose concentration 
dependent. Preincubation cf the ganglion with high glu- 
cose concentration improves functional survival. If the 
medium is freed of glucose in one step a preincubation 
with 24.5 mmol/l glucose for 60 mins instead of 5 rmnol/l 
increases the time until 50 % AP is reached from 18 to 27 
mins. Preincubation with high glucose concentrations in- 
crease F at low glucose concentration indicating the acti- 
vation of an endogenous substrate pool. 
Even though neuronal function and metabolism depend on 
glucose concentration below 2.5 nlmol/l both can be alle- 
viated by endogenous substrates. 

Forschergruppe Diabetes, K~lner Platz i 
D-COCO MOnchen 40 
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A KEY ROLE FOR PUTRESCINE IN EARLY MURINE EMBRYOCENESIS? 
J.R. Fozard 

Direct evidence of an essential rSle for ornithine de- 
carboxylase (ODC) and/or the polyamines in early murine 
embryogenesis has been obtained using the highly select- 
ive inhibitor of ODC, DL-d-difluoromethylornithine 
(DFMO; MDL 71782) (J. R. Fozard et al., Europ. J. Phar- 
macol 65: 379, 1980). I now provide evidence that it is 
specifically the deficit in putrescine (put) which 
leads to the arrest of gestation. 
DFMO, 50, lO0 or 200 mg/kg injected s.c. every 6 h on 
day 8 of gestation inhibited murine embryonic develop- 
ment dose-dependently when assessed by the number of 
feti and resorption nodules present in the uterus on 
day 18. Co-administration of put, 200 mg/kg s.c., rever- 
sed completely the contragestational effects of DFMO, 
i00 mg/kg, and by ~ 55% the effects of DFMO, 200 mg/kg. 
Put itself had no effects on gestation. Deciduomal ODC 
activity and the put and spermidine (spd) concentra- 
tions were reduced 6 h after the last dose of DFMO, 200 
mg/kg. After combined treatment with DFMO, 200 mg/kg, 
and put, 200 mg/kg, the deciduomal put and spd concen- 
trations were restored to control values although the 
ODC activity was further reduced. ~ -Monofluoromethyl- 
trans-dehydroputreseine (MDL 72197) reversed the contra- 
gestationa[ effects of DFMO, 200 mg/kg, when co-admi- 
nistered i.p. at 80 mg/kg and despite itself inhibiting 
ODC. 
Thus, the contragestational effects of DFMO in mice are 
readily reversed by co-administration of put as are the 
deficits in deciduomal put and spd. Since the effects 
of DFMO are also reversed by ~-monofluoromethyl-trans- 
dehydroputrescine, a put analogue which cannot be con- 
verted to spd and for which no evidence of conversion 
to the spd analogue has been obtained, the results sug- 
gest a key rSle for put in murine embryogenesis. 

Centre de Recherche Merrell International, 16, rue 
d'Ankara, 67084 - Strasbourg-Cedex, France. 
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Renal metabolism of Corticosterone (B) in vitro 
D.Tsiakiras I G.A.Hoyer 2 H. Siebe I K.Hierholzer I 

We have previously reported that rat renal tissue 
in vitro metabolizes B producing 20-dihydro-B (~ 
and 11-dehydro-20-dihydro-B (II)(Tsiakiras et al. 
Pfl.Arch. 392:R 12, 1982). The present experi- 
ments performed on isolated kidneys of male and 
female rats have revealed the production of two 
further metabolites (IIl and IV) which are less 
polar than B with the following properties as 
determined by HPLC: 

III IV 
UV-absorbance (~250 ng) + 0 
chromat, identity 
with aldosterone no no 
with 11-dehydro-B yes no 
with progesterone no no 
with 5-dihydro-B no yes 
effect of metopirone @ - 

We concluded that B is converted by a C11-hydro- 
xysteroid dehydrcgenase to form 11-dehydro-B 
and by aA 4-reductase to form 5-dihydro-B. This 
hypothesis could be verified by mass spectro- 
metric analysis. Furthermore HPLC was adapted 
to separate authentic 5~- and 5~-dihydro-B and 
to prove that metabolite IV is chromatographi- 
cally identical with the 5~-isomer. - Renal 
metabolism of B is sex dependent with predomi- 
nant formation of metabolites more polar than 
B in male rats. 

1)Inst.f. Klinische Physiologie,Klinikum Steglitz 
Freie Universit~t Berlin, Hindenburgdamm 30, 
1OOO Berlin 45 

2) Schering AG, 1OOO Berlin 65 
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THE INFLUENCE OF HOUSING CONDITIONS AND MODE OF PRETREAT- 
MENT ON ENDOCRINE PARAMETERS IN RATS 

H. Winterhoff 

In toxicological screening, changes of body- and organ- 
weights of rats are considered to be indices of specific 
toxic effects. Thus it seems necessary to exclude unspe- 
cific influences on these parameters. ~nen control collec- 
tives gained from different experimental designs using the 
same rats strain (WISW SPF cpd) were compared, only the 
weights of the pituitaries and the thyroid glands showed 
to be changed by the general experimental conditions. 
Thus, using male as well as female rats, the influences 
of housing conditions (single housed in wiremesh-cages 
and group housed 5 rats in macrolon-cages) were compared 
to the influence of different ways of pretreatment- none, 
daily garage or i.p. injection and in some experiments to- 
gether with vaginal smears. 

Pronounced differences in organ weight were already seen 
between single- and group -housed animals in rats of both 
sexes the weights of the pituitaries were increased when 
single-housed, in male rats under the same conditions al- 
so the weights of the thyroid glands whereas the other 
organ weights remained unchanged. 
Regarding the hormone levels, especially the female ratsj 
showed differences in basal values of TSH and T~,this was 
also valid following a TRH stimulus. 
The mode of different pretreatment exerted great influence 
on organ weights and especially on hormon parameters (TSH, 
T 3, T4, LH and prolactin). These differences were more 
pronounced in female than in male rats. 
In further experiments substances with endocrine side ef- 
fects were tested under different experimental conditions: 
The results confirm that a proper evaluation is only pos- 
sible in a control group handled and treated in the same 
way like the test-groups which in addition receive: the 
respective test substance. 
Institut f~r Pharmakologie und Toxikologie der Universit~t 
M~nster, Domagkstr. 12, D - 4400 M~nster 
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EFFECTS OF PROPYLTHIOURACIL (PTU), AND OF BACTERIAL ENDO- 
TOXIN (LPS), ON SERUM-TRIIODOTHYRONINE (T3), RESPIRATORY 
RATE, SKIN AND RENAL BLOOD FLOW IN RABBITS W. Riedel 

In cold, or in the onset of fever, rabbits decrease respi- 
ratory rate, increase cutaneous vasomotor tone while simul- 
taneously renal sympathetic activity decreases. Thyroid 
hormones are of importance in cold defence and evidence 
implicates oligopeptides in the dual control of pituitary 
and autonomic system activities. To assess cardiorespira- 
tory activities associated with thyroid hormone changes, 8 
rabbits, aged 120 days, were iv. injected i0 mg/kg PTU, 
dissolved in Tris-buffer, in warm environment (Ta 28 C). 
Ear skin temperature (EST) indicated cutaneous vasomotor 
tone, renal blood flow (RBF) was recorded with chronically 
implanted electromagnetic flow probes. Blood pressure was 
taken from an ear artery. Oxygen consumption (OC) was meas- 
ured using open flew respirometry. T3 was estimated by ra- 
dioimmunoassay. Injection of the vehicle caused small in- 
creases of all measured parameters, lasting for 5-10 min. 
10-15 min after PTU, respiratory rate fell from 323 + 15 
to ii0 + 12 b/min, EST fell from 37.8 + 0.2 to 34.4 + 0.4 C, 
RBF rose from 56 + 4 to 81 + 4 ml/min, arterial pressure 
fell from 82 + 5 to 71 + 4 mm Hg, OC rose from 27.6 + 1.3 
te 30.4 + 1.2 ml/kg/min, and core temperature rose from 
39.4 + 0oi to 40.5 + 0.2; the effects lasted about 60 min. 
T3 fell within 15 min, from 140 + 3 to 113 + 6 ng/dl 60 min 
after PTU. 6-8 days following thyroidectomy all responses 
to PTU were augmented, however, completely abolished 10 
days later. T3 iv. (300,3000 ng/kg), but not T4, at Ta 24 C, 
immediately caused dose-related panting and cutaneous vase- 
dilatation, at stable OC, in thyroidectomized rabbits, as 
caused 50 pg iv. thyrotropin releasing hormone (TRH) in 
intact rabbits. T3 rose from 140 + 3 to 262 + 14 ng/dl 
after LPS, and fell to 96 + 4 ng/dl when autonomic activi- 
ties indicated heat stress. We assume TRH neurones being 
activated by falling T3, or by LPS, eliciting cardiorespi- 
ratory adjustments similar to those observed in cold stress. 

MPI, W.G.Kerckhoff-Institut, Parkstr.l, D-6350 Bad Nauheim 
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ISOLATION OF TSH-INHIBITOR-COMPLEXES AND INVESTIGATIONS 
ON THEIR SECONDARY STRUCTURE BY CIRCULAR DICHROISM (CD)- 
SPECTROSCOPY 

H.G. Gumbin~er 

The antithyrotropic efficacy of extracts from several plant- 
species and their constituents (e.g. caffeic acid, rosma- 
rinic acid and their oxidation products) has been proven. 
For further elucidation of this antihormonal activity it 
should be scrutinized, whether this decrease in biological 
activity is essentially accompanied by a change in the se- 
condary structure of TSH. 

For these investigations fractions with high CD-activity 
were gained from Thyreostimulin ~ and Thyratrop ~ via ex- 
clusion chromatography on Sephadex G50 gel. 
Following incubation with caffeic and rosmarinic acid, 
their oxidation products and several of their derivatives, 
the hormone-substrate-complexes were purified from exces- 
sive substrate by exclusion chromatography on Sephadex 
G100 gel. 
Binding of the substrate to the hormone could be confirmed 
by UV-spectroscopg. The stability of some complexes was 
proven by in vitro tests in either buffer or rat serum. 
The TSH-fractions show distinct CD-active absorption bands 
in the region dominated by amide bond absorption, i.e. bet- 
ween 230 and 200 nm. Shape and size of the CD-spectra sug- 
gest a great share of B-helical parts in their structure. 

Marked changes in CD-activity show complexes of TSH-frac- 
tions with oxidated chlorogenic acid as well as with oxi- 
dated and autoxidated rosmarinic acid. This is a strong 
hint on changes in the secondary structure of the TSH, in- 
duced by the inhibitor. 
Correspondingly the biological activity of TSH was dis- 
tinctly diminished following a preincubation of TSHwith 
the inhibitors mentioned above. 

Institut f~r Pharmakologie und Toxikologie der Universit~t 
M~nster, DomagkstraBe 12, D - 4400 M~nster 
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OBSERVATIONS ON THE INTERRELATION BETWEEN THYROID AND 
THYMUS FUNCTION IN THE TOXICOLOGICAL SCREENING PROCESS 

G. Uthe-Kassenbrock, H. Sourgens and F.H. Kemper 

Hypothyroid states characterized by a decrease of circulat- 
ing Tdareknownto influence thymus function. So investiga- 
tions were performed to elucidate the interrelationship bet- 
ween these endocrine and immunological target organs in dif- 
ferent experimentaldesigns~ffecting the hypophyseal-thyroid 
feedback system. In intact male rats the application of differ- 
ent dosages of thyroxine (10 Ng/kg - 2 mg/kg/d s.c.) induced a 
thymus weight increase, 10 ~g representing already the maxi- 
mal effective dosage. In thyroidectomized rats the thymus 
weigh~:were only slightly decreased 3 weeks postoperative. T 4 
serum content remained unaffected but circulating TSH was ex- 
tremely increased. The qualitative examination of thymusgland 
morphology revealed an increased proportion of the connective 
tissue and a diminuation of the cortex region with a reduced 
number of lymphocytes. Whether these obvious changes reflecta 
lack ofintrathymic T 4 or a distinct effect of TSH was further 
examined in intact rats. The application of exogenous TSH de- 
creased thymus weights in a dose-related manner, the histolo- 
gical pictures showed a diminished cortex region even in the 
lowest applicated dose (2 x 0.1 I.E. TSH/kg/d). These effects 
of TSH could also be confirmed in thyroidectomized and T 4 sub- 
stituted (10 ~g/kg/d) animals; whereas the mere T4-dosage re- 
stored thymus weights and histological picture to sham-opera- 
ted levels. Tnesefindingsshow a dualistic effect of TSH and 
T~ affecting the thymus gland: T 4 increase and TSH decrease 
lead to a stimulation of the thymus, whereas T 4 decrease and 
TSH increase result in depression of the gland. These dualist- 
ic effects have been found to be relevant in the process of tox- 
icological routine screening. Substances with pharmacodyna- 
mic effects on TSHand T 4 serum content in the depicted way 
were found to influence the thymus, e.g. cinnamic acid and 4- 
CH3-cinnamic acid. We thank the NIHfor the generous supply 
with rat RIA kits. 

Institut f~r Pharmakologieund Toxikoloqie der Universit~t 
MO~nster, DomagkstraBe 12, D - 4400 M~nster 
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THYROIDAL SECRETION IS INHIBITED BY PLANT EXTRACTS AND 
PLANT CONSTITUANTS, INDEPENDENT OF THEIR TSH-INACTIVATING 
EFFECT 
A. Frdmbling and U. Bensom 

As it has been demonstrated earlier freeze dried extracts 
from Lycopus virginicus and L. europaeus are able to inhi- 
bit the stimulative effect of bovine TSH on thyroidal col- 
loid droplet formation (endocytosis). Whether this effect 
is solely attributed to a change in the chemical and bio- 
logical properties of the TSH-molecule or depends on a dis- 
tinct intrathyroidal point of attack has now been investi- 
gated. TSH stimulates endocytosis within minutes after ip- 
administration. So rats have been injected with TSH and one 
hour later the plant extracts or constituants have been ap- 
plicated; the rats were killed 4 or 6 hours after TSH-ap- 
plication. The effects were compared to those of a maximal 
effective dose of iodide. Endocytosis was markedly depres- 
sed by iodide and an even greater suppression occurred in 
the rats treated with plant extract. The blockage of se- 
cretion is also achieved by a number of plant constituant~ 
which are phenol carboxylic acids and their oxidation pro- 
ducts. A correlation can be drawn between the chemical 
structure of the substances and their physiological effect. 
p-Coumaric acid depresses the number of colloid droplets 
most, accompanied by a significant decrease of T4-1evels. 
Derivatives with two additional methoxy-groups show a wea- 
ker effect. With one methoxy-group missing or with o-di- 
phenols the activity is even more reduced. Rosmarinic acid, 
a main plant constituant, shows endocytosis blocking pro- 
perties as well, even in very low concentrations. It can 
be concluded that the thyroidal secretion is inhibited by 
plant extracts and constituants, and the mechanism is dif- 
ferent from a direct TSH-inactivating process. 

Institut ffir Pharmakologie und Toxikologie der Westf~li- 
schen Wilhelms-Universit~t, Domagkstr. 12, D-4400 M~nster 
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PAROXYSMAL DEPOLARIZATION SHIFTS (PDS) OF CA3 NEURONS IN 
HIPPOCAMPAL SLICES ELICITED BY PENTYLENETETRAZOL (PTZ) 

D. Bingmann 

Previous experiments on sensory spinal ganglion cells 
grown in tissue culture have shown that these neurons 
hyperpolarized transiently with the membrane resistance 
being reduced when they were exposed to 5-10 mmol/1 PTZ. 
After a few minutes, this hyperpolarization turned over to 
a reversible depolarization (Bingmann et al., Neurosci. 
Lett. 4: 73, 1977). Similar shifts of the resting membrane 
potential were observed by Zeise et al. on neurons in hip- 
pocampal slices after application of PTZ (pers. com.). In 
both experimental series typical epileptiform reactions 
to this epileptogenic drug were missing. 
With repetitive application of PTZ, however, ictal dis- 
charges appeared in CA3 neurons of hippocampal slices 
(300-400 pm thick, guinea pig) at a bath concentration of 
15 mmol/l: During the first application CA3 neurons hyper- 
polarized transiently and bursts disappeared. With further 
administrations the transient hypsrpolarizations were abol- 
ished and spontaneous PDS occurred. 

100 m s  
Afte r  r e p l a c i n g  Ca ++ by Mg ++ in  the  bath  PDS a c t i v i t y  s t o p -  
ped but still could be evoked by intracellular current in- 
jections. This may indicate that the synaptie input trig- 
gered the PDS of the tested neurons the membrane proper- 
ties of which had changed during the repetitive applica- 
tion of PTZ. 

Physiologisches Institut der Universit~t, Domagkstr. 6, 
D-4400 MOnster 
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HISTAMINE AND NORADRENALINE BLOCK CALCIUM ACTI- 

VATED POTASSIUM CONDUCTANCE IN HIPPOCAMPUS 
H.L. Haas and A. Konnerth 

The hippocampus receives histaminergic (HA) and 
noradrenergic (NA) projections from the brain 
stem. Both amines produce neurotransmitter and 
-modulator actions on principal neurones in CA1 
and dentate area. Strong excitation of hippocam- 
pal pyramids by depolarizing current injection 
or ionophoretically applied glutamate is follow- 
ed by a slow afterhyperpolarization (AHP), which 
is due to gK(Ca). We report now a block of the 
slow (but not the fast) AHP in hippocampal sli- 
ces of the rat perfused with micromolar concen- 
trations of HA (H2-reeeptor) and NA (beta-recep- 
tor). In TTX poisoned preparations Ca-spikes 
preceding the AHP were unaffected. The neurones 
were slightly depolarized by bath application 
while restricted ionophoresis or pressure ejec- 
tion of HA and NA often hyperpolarized them. 
Dopamine and serotonin, which, in contrast to HA 
and NA, do not elevate cyclic AMP levels in hip- 
pocampal slices, enhanced the AHP and hyperpola- 
rized the cells, Thus HA and NA work by at least 
two mechanisms in the hippocampus. The block of 
gK(Ca) is probably mediated by cyclic AMP and 
leads to a powerful potentiation of excitatory 
transmission. This mechanism may be in part res- 
ponsible for its long lasting enhancement after 
tetanisation. 

Neurophysiologie Labor 
Neurochirurgische Universitfitsklinik 
CH 8091 Zfirich, Switzerland 
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FACILITATORY EFFECT OF SEROTONIN ON GABA EVOKED 
SPONTANEOUS TRANSMITTER RELEASE AT THE CRAYFISH 
NEUROMUSCULAR JUNCTION 

Wplf~an~ Fin~er 

As observed previously seretonin (5-HT) facili- 
tates release of transmitter in opener muscles 
of crayfish (Dudel 1965, Naunyn-Sehmiedebergs 
Arch exp Path Pharmak 249:515-528) and lobster 
(Glusman & Kravitk 1982~ J Physiol 325:223-241). 
Spontaneous release of excitatory transmitter 
can be enhanced drastically by high concentra- 
tions of GABA applied by superfusion (Finger 
1982, Neurosci Lett, in press). This effect of 
GABA is facilitated significantly by serotonin. 
In a typical experiment at small crayfish muscle 
fibres (length ~ 0.8 mm) GABA evoked a maximal 
release rate ~ =900 quanta/s which decreased ex- 
ponentially wi~h a time constant of T=21s. If 
the preparation was pretreated for 10 minutes 
with 2-10 -6 mol/l serotonin the rate of sponta- 
neous release increased from 0.1 to 0.3 quanta/s 
in absence of GABA. On application of GABA, how- 
ever, the rate of release nn was increased to 
~o=3500 quanta/s and T was decreased to T =15s. 
As a consequence, the number of quanta released 
in total (~) was about 3 times larger subsequent 
to treatment with serotonin (before: ~=24000 
quanta; after: ~=70000 quanta). This action of 
serotonin was reversible and could be induced 
several times at the same muscle fibre. In sero- 
tonin treated preparations rates of release up 
to about ~o=25000 quanta/s have been observed, 
eorrespondlng to a total release of ~=220000 
quanta on a single application of GABA. 

Physiologisches Institut der Technischen Uni- 
versitat Mdnehen, Biedersteiner Strasse 29, 
D-8000 M~nchen 40, FRG 
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SINGLE CABA CHA~FNEL CURRF.~TTS IN DOFSAL ROOT C;ANOLION CELLS 
R. A. Deisz 

Chick dorsal root ganglion cells respond to application of 
GABA with an increase in conductance for C1 (Choi & Fiscb- 
bach, J.Eeurophysiol.45,605,1981). DRO cells were grown in 
tissue culture using the method of Parde et al. Proc.Nat. 
Acad.Sci.U.S.A.,77,1199,19S0) to study the properties of 
single CABA channe---Is with the patch clamp technique (Hamill 
et al. Pfli]g.Arch.391,85,1981). Patch pipettes (<5 Meg/[) 
were filled with Hepes-buffered solutions containing in mM: 
130 CsCI; 10 CoC~ , 20 TEACI (to reduce or eliminate 
currents other than CI-) and CABA from 0.01 to 0.05. Seal 
resistances between 30 and 60 G/~ were regularly obtained, 
but single channel activity was quite rare, probably due to 
a low channel density. Recordings were stored on analog 
tape, digitized with at least 4 points/ms and analyzed with 
a LSI 11 computer linked to a DFC 20 system. A patch record 
analyzed in detail revealed the following. At resting 
potential single channel currents were inward with ampli- 
tudes of about I pA. Hyperpelarization of the patch by e.g. 
70 mY increased the inward current amplitude to 3.6 pA. The 
mean open time of the channels was 0.9 ms the frequency of 
openings was 0.2 Hz. The open times were exponentially 
distributed with a time constant of 0.6 ms. Depolarization 
of the patch by e.g. 70 mV gave a mean outward current 
amplitude of 2.6 pA with a mean open time of 4 ms. The time 
constant of the exponential fit to the distribution of o~en 
time was about w ~ ms. The mean frequency of the openings was 
8 Hz. Depolarization of the patch by 90 mV increased the 
current amplitude to about 5 pA, the mean frequency of 
openings declined as did the mean open time. The zero 
current potential was about 15 mV less negative than resting 
potential, indicating that the currents were indeed carried 
by CY . The slope conductance of these channels was about 
50 pS. It is suggested that the probability of channel 
opening and the mean open time is non linearly voltage 
dependent with a maximum at depolarizations around 60 mV. 

Dept. Neurophysiology, Max-Planek-Institute for Psychiatry, 
Kraepelinstr. 2, 8000 r~Hnchen 40, F.R.G. 
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a~I-MEASUREMENTS_ IN CRAYFISH STRETCH RECEPTOR 

H.Moser 
i 

Internal chloride activity (aCl) and effects of 

ions on it were investigated in the slowly adap- 

ting cell of the crayfish stretch receptor with 

Corning's new liquid ion-exchanger 477913. As de- 

termined in 16 cells in normal astacus saline the 
i mean acl-value was found to be 18.5 ~ 3.2 mM/l at 

i 
an E m of -68.6 Z 5.6 mV S.D. These acl-values are 

higher than reported by Brown et al. 1978 (15.2 

~1.8 mM/l) or Deisz and Lux 1982 (12.7~1.3 mM/l). 

In a set of experiments C1 was substituted by 

gluconate, Na by choline or K. 
i o 

In a log-log representation aCl depends on aCl 

close to straight lines with slopes of 0.144 each 

i s for three cells. The lowest acl-Value found are 

< 5.7 mM/l (95% of Cl being substituted). 
i generally changes in the same direction as a~ 

I 

aCl 
does. The changes are much more pronounced at po- 

tentials more depolarized than threshold,which is 

about -60 mV. In superthreshold range E m changes 
i 

by about 60 mV/decade a~, but 75 mV/decade aCl. 
At low Na there is only a little increase of 

o 
i from 0 to 3 mM/l, as seen in three cells. 

aCl 
Supported by the "Fends zur FOrderung der wissen- 
schaftl. Forschung in 0sterreich",project no.4492. 

Abt. Zoophysiol.,Peter-Mayr-Str. la,A-6020 Innsbruck 



241 
INVESTIGATIONS AT A "PYRIDINE" SENSITIVE UNIT 

H_z _. Hatt and I. Schmiedel-Jakob 

Recording action potentials from single afferent 
neurons in the walking leg of the crayfish 
Austropotamobius torrentium, we have identified 
"D ' ' " yrld• sensitive units; i.e. among a small 
number of tested substances pyridine was most 
effective, but only at concentrations of 10 -5- 
10 -4 mol/l (Hatt and Bauer, J.Comp. Physiol.19~2: 
~48}. Searching for a more active stimulus, in 
21 preparations 87 pyridine derivatives or other 
related heterocyclic molecules were tested so 
far. Measuring with a mierosuction pipette, the 
maximum response frequencies were evaluated by 
a computer program. 

The most effective stimulus was pyrazine amide 
(10 -7 mol/l), nicotinic amide (10 -6 mol/1) and 
pyridine aldoxime, nicotinic acid methyl ester, 
acetylpyridine (10 -5 mol/l) being still more 
effective than pyridine. For all tested substan- 
ces the dose-response curves were linear over 
nearly 2 decades (log-log plot), showed a slope 
of I and a common saturation level of 50 s -I, 
as far as measurable. The sequence of relative 
efficacies was the same for all units evaluated. 
The effectiveness of each moleeule depends on 
the structure of the ring system and the posi- 
tion and structure of the side chain. The.effi- 
cacy was maximal for drugs with a N-containing 
benzoide ring system whose side chain is similar 
to the amide group and located in position 3. 
Surprisingly, most of these receptors responded 
to both, chemical and vibratory stimuli. 

Supported by DFG Schwerpunktprogramm Ha 1201/I-I 
Physiologisches Institut der Teehn.Univ.M~nchen 
Biedersteiner Strasse 29, D-8000 MOnchen 40, FRG 
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DISSOCIATED NEURONAL PRIMARY CULTURES AS A MODEL SYSTEM: 
QUANTIFICATION OF ELECTROPHYSIOLOGICAL PARAMETERS. 
W.Dimpfel, M.Wienrich and K.Reuss 

Brain and spinal cord cells were taken from 16 day old 
rat fetuses (Wistar) and co-cultures were started and 
maintained according to modified standard methods 
(Reuss, Unpub.). Intracellular recording was done in 
culture from day 36 to day 51. The membrane properties 
of 79 neurones were studied with respect to synaptie 
activity (EPSPs, IPSFs), spike activity {frequency 
histograms), membrane potential and current/voltage 
relation (I/V-c~rves, membrane resistance). 
Neurones showed an average resting potential of -39 + 
9 mV. EPSPs were already present on day 36 whereas IPSPs 
did not appear until day 45 of culture. Excitatory and 
inhibitory synaptic potentials were quantified by means 
of frequency histograms. EPSPs had an amplitude of 
5.8 + 1.8 mV with a duration of 8.7 + 2.9 ms and IPSPs 
exhibited an amplitude of 3.1 ~ 1.3 mY with a duration 
of 10.4 + 3.5 ms. 77% of all cells recorded demonstrated 
spontaneous spike activity and of these 25 % were contin- 
uously active-, 38 % exhibited burst-like activity while 
the remainder could not be readily classified. Spike 
amplitude varied between 15 mV and 50 mV and spike dura- 
tion between I ms and 4 ms. 23% of the cells recorded 
were not spontaneously active but in ij% of these cells 
spikes could be elicited by current injection with a 
threshold current of 0.8 - 2.O nA. By means of I/V-curves 
the input resistance of neurones could be calculated and 
was found to vary between 25 M~ and 70 M~ . Drugs having 
influence on membrane properties should produce changes 
in the electrophysiologieal parameters described above. 
Therefore, electrophysiologically well-defined nerve 
cell cultures provide a potentially useful model system 
to test the direct effect of drugs at the level of the 
single neurone. 

Experimentell-medizinische Forschung, E. Merck, 
Frankfurter Str. 250, D-61OO Darmstadt 
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INHIBITION OF SYbI%FI'IC TRANS~iISSICN BY TETANUS TOXI~I I~W 
CULTURED ~[~%NLLAN SPINAL CORD [~s 

1 2 3 
H. BigaLke , G. Bergey , P. Nelson 

Spinal cord neurons (mouse) in culture develop functio- 
nal excitatory and inhibitory synapses forming a synaptic 
network. Intracellular recording from neurons show inhi- 
bitory and excitatory synaptic potentials. The latter 
frequently trigger action potentials. Recording f~om two 
synaptically connected neurons allows the study of mono- 
synaptie potentials. Tetanus toxin (100 ng/ml), added to 
the culture nedit~n, produces after about 40 rain convul- 
sant activity acconioanied by a gradual disappearance of 
evoked iD]]ibitory potentials. The evoked excitatory syn- 
aptic potentials remain unchanged. In a later stage of 
intoxication also the incidence of evoked excitatory po- 
tentials is reduced. They progressively diminish in am- 
plitude concomitant with a decrease in frequency of cczn- 
vulsant activity till no synaptic potentials can be e- 
yoked. Action potentials can still be elicited by direct 
stimulation of the pestsynaptie cell. 

These findings show that tetanus toxin not only acts on 
inhibitory synapses but also on excitatory transmission 
although with less sensitivity. The higher sensitivity of 
inhibitory trm~smitter systems for tetanus toxin may ex- 
plain the eonvulsant action of the toxin in the spinal 
cord in the early stage of the poisonmag process. 

i) Rudolf-Buehheim-Institut fiir Pharmakologie der Justus- 
Liebig-Universit~t GieBen, Frankfurter StraBe 107, 
6300 GieBen 

2 
) Depar~t of Neurology, The John Hopkins School of 
Medicine, Baltimore, Maryland, 21205 USA 

3 
) Laboratory of Developmental Neurology, NIC//D, 
Bethesda, Maryland, 20205, USA 
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PROPERTIES OF SINGLE CHANNELS IN MOUSE NEURO- 
BLASTOMA CELLS (NIE 115) 
K. Nagy and T. Kiss 

Single Na channel currents were studied in ex- 
cised membrane patches (outside -out) from 
mouse neuroblastoma cells. Internal solution con- 
tained (ntM) Cs + 125, Na + 12, EGTA 2, TEA 20. 
Temperature 6-8 oc. Holding potential: -1OO mV. 
With 145 mM Na + outside the single channel cur- 
rent at -50 mV was 0.98+0.24 pA (n=1250). The 
conductance was 11+3 pS--(n=13) similar to the 
value given by Quandt and Narahashi (]982). The 
amplitude histograms showed one peak with a hump 
near to it. The open time (OT) distribution was 
best fitted by two exponentials suggesting two 
different open states or two different popula- 
tions of Na channels with ~imost the same con- 
ductance. At -45 mV T I = 1.6, r 2 = 6.6 ms.T1 in- 
creased linearly with potentials (V) between -70 
and -30 mV, but decreased for V > -25 mV. T 2 
(which is observable at V>-50 mV) became shorter 
with increasing V. The mean OT increased linear- 
ly with V in the range -70 to -30 mV, but de- 
creased at V>-30 mV. 
Occasionally single channel currents of half the 
normal amplitude were observed. All types of 
single Openings were abolished by 78 nM tetro- 
dotoxin. Unitary amplitudes increased about two- 
-fold between 5 and 35 ~ The Arrhenius plot 
of the conductance was linear (activation energy 
of 27.1 kJ/mole, Q = 1.28) with no indication 
for a phase transition. 

Supported by SFB 38 and A.v. Humboldt-Stiftung. 

I. Physiologisches Institut der Universit~t des 
Saarlandes, D - 6650 Homburg/Saar 
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SOME PROPERTIES OF SINGLE POTASSIUM CHANNELS IN 
CULTURED OLIGODENDROCYTES 
H. Kettenmann and H.D. Lux 

K + channels were studied in membrane patches of 
oligodendrocytes in explant cultures of embryon- 
ic mouse spinal cord using the giga-seal tech- 
nique (Kettenmann et al., Neurosc. Letters, 1982, 
32, 41-46). The conductance of the channel var- 
ied greatly, i.e. 6 to 125 pS. A more than three- 
fold difference in conductance was found in chan- 
nels from the same cell and also between channels 
in the same patch. In some patches there were up 
to three current levels of the same size. The 
mean open and closed time and percent time open 
also showed a large variation. For individual 
channels these times were not markedly affected 
by pulling the patch off the cell or by super- 
fusing the isolated patch with bathing medium 
containing additional K +, TEA or medium with 
EGTA and Ca ++ free. Measurement of channel kine- 
tics at different membrane potentials between 
-90 and -30 mV revealed a small but consistent 
effect of depolarization to decrease the percen- 
tage of time the channel was open. This decrease 
was the result of a decrease in the mean open 
time and an increase in the mean closed time. 
Large voltage steps, more than 100 mV, greatly 
decreased the percentage of time the channel was 
open. Current-voltage measurements on intact 
cells with conventional microelectrode tech- 
nique also showed a striking decrease in mem- 
brane conductance at these large membrane poten- 
tials. The oligodendrocyte membrane contains K + 
channels with a large variation in both con- 
ductance and kinetics. 

Inst. fHr Neurobiologie, Im Neuenheimer Feld 
504, D-6900 Heidelberg and Abt. Neurophysiologie, 
MPI fHr Psychiatrie,Kraepelingstr. 2, D-8 M0nchen 
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CHARACTERISTICS OF MINIATURE AND SUB-MINIATURE ENDPLATE 
CURRENTS AT THE MOUSE DIAPHRAGM ENDPLATE. 
C. Erxleben and M.E. Kriebel 

In addition to the classical miniature endplate potentials 
which form an overall bell-shaped distribution (bell- 
MEPPs), Kriebel, et al. (J. Physiol., 1982, 322, 211-222) 
have described a class of smaller MEPPs that skew towards 
the noise (skew-MEPPs) and have a mode about 1/12th that 
of the belI-MEPPs. 

We have investigated endplate currents (MEPCs) with a 2- 
electrode voltage clamp technique and with a high signal- 
to-noise ratio (baseline RMS noise ~ 35 pA). (Holding 
potentials were -140 mV and temperature was 30eC.) Char- 
acteristic MEPC parameters were determined by interactive 
computer programs. The modes of skew- and 5elI-MEPC am- 
plitudes were the same in neonatal and adult Junctions. 
However, the mean MEPC amplitudes varied greatly because 
of the large range in skew- to belI-MEPC ratios (1.7+0.7 
S.D. to 5.0+1.2 hA). The junctions of newborn mice Wave 
broader distributions and the broad range of adult distri- 
butions is attributed to the high MEPC frequency result- 
ing from the high [Ca++]o needed to maintain stable and 
low holding currents. The mean belI-MEPC amplitudes (3.5 
hA) of both young and old mice were the same. MEPCs of 
both classes were found to have the same ratio of area 
(charge) over amplitude and the same time constant of 
decay; whereas, the absolute values change with matura- 
tion (area/ampl ratio 4.5_+0.8 in newborn to 1.2~.05 msec 
in the adult;~ 5.6+1.2 in newborn to 0.8+.05 msec in 
adult. 

The data show that both skew- and belI-MEPC classes are 
generated at the same site and result from the same post- 
synaptic mechanism(s). 

Dept. of Physiology, Upstate Medical Center~ Syracuse, 
New York 13210. 
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MANGANESE IONS INHIBIT ACETYLCHOLIN RECEPTOR SYNTHESIS IN 
CULTURED HOUSE SOLEUS MUSCLES. �9 
H. L o r k o v l c  and A.  F e y r e r  

The  r o l e  o f  Ca i o n s  i n  t h e  ACh r e c e p t o r  (AChR) s y n -  
t h e s i s  i s  a m a t t e r  o f  c o n t r o v e r s y .  The p r o p o s a l  t h a t  t h e  
i n h i b i t i o n  o f  AChR s y n t h e s i s  b y  m e c h a n i c a l  a c t i v i t y  i s  due  

�9 2+ .# t o  a h l g h  [Ca ] i  c o u l d  n o t  be  s u p p o r t e d  ( L o r k o v x c ,  
P f l ~ g e r s  A r c h .  39___~I: R 4 1 ,  1 9 8 1 ) .  H o w e v e r ,  Ca was  shown 
tO promote AChR incorporation into the membranes of cul- 
tured m y o t u b c s  (McManaman, B l o s s e r  and A p p e l ,  J .  
N c u r o s c i .  ! :  7 7 1 ,  1 9 8 1 ) .  We made s i m i l a r  e x p e r i m e n t s  
w i t h  t h i n  b u n d l e s  o f  e x c i s e d  mouse  s o l e u s  m u s c l e s .  
N o n - d e n e r v a t e d  m u s c l e s  f a s t e n e d  t o  p l a s t i c  s u p p o r t  forks 

�9 �9 o 
w e r e  k e p t  xn s t a n d a r d  c u l t u r e  m e d i a  a t  37  C (MEM, c a l f  
s e r u m ,  a n t i b i o t i c s ,  f u n g i c i d e s ) .  The  2 ml medium c o n t e n t  
of t h e  c u l t u r e  v i a l s  w a s  c h a n g e d  d a i l y .  A f t e r  3 d a y s ,  t h e  
maximum c o n t r a c t u r e  f o r c e  p r o v o k e d  b y  110  pM ACh and 3 3 0  
mMK m e t h a n e s u l f o n a t a  w a s  m e a s u r e d .  T h e n  t h e  m u s c l e s  w e r e  
d r i e d  t o  d i s r u p t  t h e  m e m b r a n e s ,  s o a k e d  i n  a R i n g e r  s o l u -  
t i o n  c o n t a i n i n g  * ~ s I  u - b u n g a r o t o x i n  (BTX) f o r  40  m i n ,  
w a s h e d ,  d r i e d  a g a i n ,  w e i g h e d ,  and t h e i r  r a d i o a c t i v i t y  was  
m e a s u r e d .  M u s c l e s  w h i c h  h a d  b e e n  k e p t  i n  c u l t u r e  m e d i a  
c o n t a i n i n g  l e s s  t h a n  0 . 0 2  mM Ca 2+ w e r e  s e n s i t i v e  t o  ACh 
and b o u n d  BTX l i k e  t h e i r  m a t e s  w h i c h  h a d  b e e n  k e p t  in 
m e d i a  c o n t a i n i n g  2 mM Ca. When v i r t u a l l y  a l l  o f  t h e  Ca 2+ 
i n  t h e  c u l t u r e  medium h a d  b e e n  r e p l a c e d  b y  Sr  2 + ,  t h e  ACh 
s e n s i t i v i t y  and  BTX b i n d i n g  w e r e  a l s o  a b o u t  t h e  same as  i n  

�9 i +  c o n t r o l  m u s c l e s  k e p t  i n  Ca - c o n t a i n i n g  m e d i a .  H o w e v e r ,  
2+ 

w h e n  Ca 2+ h a d  b e e n  r e p l a c e d  b y  1 , 8  or  0 . 2  mM M n , ACh 
s e n s i t i v i t y  and B T X b i n d i n g  w e r e  a l m o s t  a s  l ow as  i n  
f r e s h l y  e x c i s e d  m u s c l e s .  The  f o r c e  p r o d u c e d  b y  h i g h  K w a s  
a b o u t  t h e  same as  i n  c o n t r o l  m u s c l e s ,  i n d i c a t i n g  t h a t  t h e  
m u s c l e s  w e r e  i n  a n o r m a l  m e t a b o l i c  and  c o n t r a c t i l e  c o n d i -  
t i o n .  I t  i s  c o n c l u d e d  t h a t  Mn i o n s ,  w h i c h  a r e  known t o  
b l o c k  t h e  Ca c h a n n e l  o f  t h e  m u s c l e  m e m b r a n e s ,  i n t e r f e r e  
w i t h  AChR s y n t h e s i s  w i t h o u t  o t h e r w i s e  d a m a g i n g  t h e  m u s -  
c l e s .  

A b t e i l u n g  f ~ r  A l l g e m e i n e  P h y s i o l o g i c  d e r  U n i v e r s i t ; t  
Ulm,  West  G e r m a n y .  

248 
SUBSTANCE P SPEEDS ACh DESENSITIZATION IN SINGLE BOVINE 

CHROMAFFIN CELLS 

D. Clapham and E. Neher 

Substance P has been shown to inhibit the ACh-induced ni- 

cotinic response of bovine adrenal chromaffin cells in 

culture (Livett et al., Nature 228: 256, 1979). We have 

used patch clamp techniques (Hamill et al., PflOgers Arch. 

391: 85, 1981) to study the change in ACh-induced current 

upon addition of substance P�9 

Single chromaffin cells (10 Z) were voltage clamped to 

-60 mv. The concentration of ACh or ACh plus substance P 

was changed within i00 ms and resulting ACh current re- 

corded�9 Substance P in concentrations of 2 to 10 ~M speeds 

the time course of desensitization approximately 5 fold. 

The decay of 20 ~M ACh-induced current to half its maximum 

was reduced from 5 s to i s by i0 ~M substance P. Power 

spectra of ACh-induced current fluctuations above 0.5 Hz 

were similar with or without substance P�9 Single ACh- 

channel amplitudes measured by outside-out and cell 

attached patches were also unchanged�9 

Substance P inhibits the ACh-induced response in cultured 

bovine chromaffin cells by increasing the rate of desensi- 

tization of ACh channels. It does not appear to affect 

single channel conductance or to block the open channel. 

MPI f. biophysikal�9 Chemie, Postf. 968, D-3400 G6ttingen 
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WHEN THE PHOTORECEPTORS IN THE RETINA OF THE 
HONEYBEE DRONE ARE STIMULATED, K + ACTIVITY IN 
THE GLIA RISES MORE THAN NA + ACTIVITY FALLS 

R. K, Orkand~ J.A. Coles and J.-L. Munoz 

When drone photoreceptors are stimulated with 
light they gain Na+and lose K + into the 
extracellular space: most of this K + enters the 
glia (Coles & Tsacopoulos, 1981, J.exp. Biol. 
95, 75-92). One possible mechanism for this K + 
entry is K+/Na + exchange. To investigate this, 
we have made intracellular recordings with 
double-barrelled microeleetredes that measured 
membrane potential and either Na + or K +. When 
the photoreceptors in a superfused slice of 
retina were stimulated with a train of light 
flashes, 1 per sec for 90 sec, K + activity in 
the glia rose by 8 mM, S.E.M.=I mM. With the 
same stimulation, Na + activity fell by only 
1.5• 0.3 mM. Hence, unless there is some other 
factor, such as the transfer of Na + from a 
bound to a free state in the glia, the efflux 
of Na + appears to be much smaller than the 
entry of K + and only a small part of the K + 
entry is by K+/Na + exchange. 

Laboratoire d'Ophtalmologie exp6rimentale et 
D6partement de Physiologie, Universit6 de 
Gen~ve 

+ Institut f~r Neurobiolegie, Heidelberg 

Universit~t Heidelberg, Im Neuenheimer Feld 504 
6900 Heidelberg 
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CARBACHOL-INDUCED CHANGES OF FREE INTRACELLULAR Na + AND 

K + IN ~ I A N  SYMPATHETIC NEURONF~ 

_E_-_~!!~yi_, _P.__Grafe_~d__G -__t~_B_~g~cate . . . . . . . . . . . .  

The typical action of carbachol on sympathetic neurones 
consists of a membrane depolarization followed by a post- 
carbachol hyperpolarization. We now have used double-bar- 
relled ion-sensitive microelectredes (Coming 477317, ETH 
227, tip-size < O. 3 A~n) to detezmine the precise relation 
between membrane potential and changes of the free extra- 
cellular and intracellular Na +- and K+-concentrations 
(Na i, K i, Ke). The experiments were performed on isolated, 
desheated rat superior cervical ganglia maintained in 
Krebs solution at 30 ~ Application of carbachol 
(50 Am~i/l, I min.) via the Krebs solution induced a mem- 
brane depolarization of 23.6 �9 3.9 mV (n=21) frc~ a res- 
ting potential of 43.6 • 7.8 mV (n=24, action potential 
amplitude was 60.9 • 12.3 mV) . This was acccmpanied by an 
increase of Na i frc~ 10.9 • 3.9 to 16.5 • 5.6 ~nol/l 
(n=10). Ccmparable GABA-induced membrane depolarizations 
did not elevate Na i. Ki decreased from 110.6 + 19.4 to 
91.0 • 13.5 ~nol/l and K e increased from 6 to 11 nmol/l. 
After the end of the application in general a membrane 
hyperpolarization was observed. During this phase Na i and 
K i slowly returned to their resting values and K e under- 
shot the baseline-level. The changes of the membrane po- 
tantial, K i, K e and Na i are consistent with the activation 
of an electrogenic Na+-pump. 
The data show that ion-sensitive microelectrodes can be 
used to measure changes of the free intracellular Na +- 
and K+-concentrations in small mmmnalian nerve cells. 
The kinetics of the ion movaments res6~Jble previous ob- 
servations using the method of flame photometry (J. Phy- 
siol. 242, 1974, 307 f). 
Supported by the wilhelm Sander Stiftung. 

Department of Physiology, University of Munich 
D-8000 Mtinchen 2, Pettenkoferstr. 12 
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THREE LARGE OUTWARD CURRENTS IN RAT SYMPATHETIC 
NEURONES 

M.Galvan and C.Sedlmeir 

Hat superior cervical ganglia were maintained in 
vitro at room temperature. After treatment with 
collagenase (0.4%, 6Omin), superficial neurones 
were impaled with two KCl-filled microelectrodes 
and voltage clamped. In control solution, clamp 
commands from -4OmV to potentials more positive 
than -25mV elicited large ((15OnA) outward 
currents, which showed little inactivation. In 
many cells, the current-voltage curve was "N- 
shaped" with a minimum at +8OmV. Superfusion 
with Mn 2+ containing solution reduced outward 
current at all voltages and abolished the "N- 
characteristic"; the remaining current slowly 
inactivated (T>Isec). Depolarization from -7OmV 
to -5OmV and beyond elicited a transient outward 
current, which activated almost instantaneously 
~Ims) and inactivated rapidly (~-2Oms). The 
amplitude of all the outward currents was depen- 
dent on the bath [K +] indicating that they are 
carried by potassium ions. It therefore appears 
that these neurones, like many invertebrate 
neurones, possess 3 large outward currents: a 
delayed rectifier (IK) , a Ca 2+ activated potass- 
ium current (Ic) and a transient outward current 
(IA). Tetraethylarmmonium ions (3mM) strongly 
reduced the amplitude of I K and I c and markedly 
prolonged the action potential. 4maminopyridine 
(2mM) appeared to selectively block I A and 
slightly prolonged the action potential. This 
suggests that I A may contribute to spike repol- 
arization in these cells. 

Supported by the DFG, Ga 277/2-4. 

Department of Physiology, University of Munich 
8000 Munich 2, Pettenkoferstrasse 12, GFR. 
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THE CALCIUM SIGNAL IN PARAMECIUM: VOLTAGE-SENSI- 
TIVE ION-CHANNEL, CALMODULIN-CALCIUM DEPENDENT 
GUANYLATE CYCLASE AND CYCLIC GMP LEVELS. 

J.E. Schultz, R. yon Hirschhausen, S. Klumpp, 
M.K. Otto, U. Sch~nefeld 

Calcium plays a pivotal role in the behavioral pattern of 
Paramecium. Voltage-sensitive ion-channels permeable for 
Ca, Sr, and Ba ions are localized in the ciliary membrane. 
Using 'pawn'-mutants defective in the Ca inward current as 
controls the Ca channel has been characterized biochemi- 
cally. The kinetics of Ca, Sr and Ba influx into ciliary 
membrane vesicles are rapid and saturable. Ca influx is 
only marginally dependent on the experimental temperature 
indicating a pore as ion-channel. A guanylate cyelase of 
very high specific activity is localized in the excitable 
ciliary membrane. The enzyme is regulated by a calmodulin 
associated like a subunit with the catalytic entity thus 
conferring Ca sensitivity. Half maximal stimulation by Ca 
is achieved at 8 ~M Ca, Sr is far less active, Ba inactive 
as Ca substitute. Calmodulin can be dissociated from the 
guanylate cyclase by lanthanum treatment (15NM). The in- 
active enzyme can be reactivated with calmodulin from 
various sources. However, stimulation kinetics for diva- 
lent cations are altered, the order of potency being 
Sr> Cat Ba. The ciliary guanylate cyclase is proposed to 
serve as amplifier for the Ca signal. Cyclic GMP levels 
are very low in the resting state (2pmole/mg protein) and 
increase up to IO-fold through various stimuli. No rela- 
tionship has been established yet between ion channel 
regulation or ciliary reversal and an increase in cyclic 
nucleotide levels in Paramecium. The available behavioral 
mutants are expected to aid toward this goal. 

Pharmazeutisches Institut der Universit~t TObingen, 
Morgenstelle 8, 7400 THbingen, FRG 
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SINGLE C_ALCIU?4 CHANNELS IN HEART - KINETIC PROPEBTIES 
OF ~ A R Y  CURRENTS. 

D. Pelzer and R. Ochi 

Elementary currents through single Ca channels in the 
membrane of adult guinea pig ventricular cells were re- 
corded by the patch-clamp technigue (cell-attached). 
Either 5C~{ Ba or Ca have been used as pipette filling 
solutions. Open time histograms of the single channel 
currents could be fitted with a single exponential 
having a time constant t o. t o became longer with in- 
creased depolarization. The shut time histogram showed 
a slow component which represents long intervals bet- 
ween channel openings (tshut between bursts). In 
addition, an excess of short shut times due to inter- 
ruptions within the channel openings was apparent (tshut 
within bursts). We suggest that these short closing 
events represent sojourns of the channel in a closed 
state, C2, placed intermediately on the opening pathway 
according to the scheme: ~ ~, 

cI~i E c2~ o. 
States C I and C 2 are both non-conducting and O is the 
open state. Following the mathematical treatment of the 
Castillo-Katz model by Colquhoun and Hawkes (Proc. ~. 
Sco. Lond. B 211, 205-235, 1981), the rate constants can 
be calculated from to, tshut within bursts, tshut bet- 
ween bursts and the mean ntmJ0er of openings per burst. 
For 5Gram Ba at +30mV pipette potential, the rate con- 
stants were: K I = 35sec -I, K 2 = 500sec -I, K 3 = 540sec -I 
and K 4 = 7OOsec -I . Another measure of activation 
kinetics is the time interval from the voltage step to 
the time of the first channel opening (latency-to-first 
-event). For both, Ba and Ca, the histograms of the 
latencies have a maximum at a time later than zero, as 
expected for a process in which multiple closed states 
precede an open state. In addition, these histogranas 
show a lack of events at later times. This observation 
is the expected result if Ca channels can inactivate 
before opening. II. Physiol. Inst., 6650 Hc~iburg/Saar 
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SINGLE CALCIUM CHANNELS IN HEART - ~ A R Y  AND RECON- 
STRUCTED MEAN CURREN2S. 

A. Cavali~, W. Trautwein 

Ca channels in the membrane of anzymatically isolated 
guinea pig ventricular cells were studied with the patch- 
clamp technique under cell-attached ccnditions. High con- 
centraticns of divalent cations (50 mM Ba and Ca, 90 re4 
Ba) had to be used in the pipette to increase the sic~al- 
to-noise ratio. On depolarization from the resting poten- 
tial to different test potentials, channel openings oc- 
curred with various latencies singly or in closely spaced 
bursts, separated by longer shut periods. Openings became 
more prdoable with increased depolarization; at positive 
potentials, the probability of the open state (p) tended 
to saturate. Even at these potentials the channels did 
not always open, indicating saturation of p at a level 
below unity. For inward currents, the single channel cur- 
rent-voltage relation was linear. However, we failed to 
record clear outward currents, suggesting that Ca chan- 
nels might rectify. For 50 ntM Ba or Ca, the slope cc~iduc- 
tance was 9-I 2 pS. El~mentary current amplitudes became 
enly slightly larger when Ba replaced Ca, but they in- 
creased more than twofold when Ba v~as elevated to 90 mM 
(! 8-22 pS) . The reccnstructed mean currents mirrored the 
macroscopic ICa with peak amplitudes being 90 mMBa > 50 
mM Ba~ 50 mM Ca. Hc~ever, their current-voltage relation 
showed a positive shift along the voltage axis as Ba was 
increased or substituted equimolarly by Ca; the effecti- 
veness for giving the shift was 90 mM Ba ~ 50 mM Ca ~ 50 
mMBa. Simultaneously, p was shifted parallely by the 
same amount suggesting either a screening effect of diva- 
lent catieas on negative surface charges or block of the 
channel by permeant divalent cations. 

Supported by the DFG, SFB 38. 

II. Physiologisches Institut der Universitlit 
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POTASSII24CHANNELS IN ISOIATEDPATCHES OF CA-RDIACCELL 
MEMBRANE. 

G. Trube and J. Hescheler 

Currents through single inward rectifying potas- 
sium channels in the membrane of ventricular 
cells of the guinea pig were recorded previously 
by using the patch-clamp technique (Trube et al., 
1981, Pfl~gers Arch. 391, R7). The patch of mem- 
brane can be isolated from the cell to expose its 
intracellular face to the bath (Hamill et al., 
1981, PflHgers Arch. 391, 85]. Similar currents 
as in cell attached condition are recorded in ba- 
thing solutions containing (in mM) : KCl 133, 
Na2ATP 4, MgCI2 4.5, EGTA 2, CaCl 2 0.5. The single 
channel conductance is 28 pS for inward currents 
(for 145 mM KCl at the extracellular face of the 
membrane; T:22oc), outward currents are not ob- 
served (inward rectification). When Na2ATP is re- 
placed by NaCl, these currents disappear, and a 
new type of potassium currents is seen. Inward 
currents have a larger amplitude (conductance 
80 pS), outward currents exist, but saturate at 
1.5 pA. At negative potentials the channel 
flickers frequently between its open and closed 
state (N 1000 s -I at -50 mV). The openings are 
grouped to bursts. Immediately after the change 
of solutions the bursts are long and frequent, 
and the time averaged current is larger than in 
the solution with ATP, but within about 10 min 
the activity decreases to a low level. The effect 
of withdrawing the ATP is reversible. 

Supported by the DFG, SFB 38. 

II. Physiologisches Institut der Universit~t 
des Saarlandes, D-6650 Homburg/Saar. 
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F~CHANISM OF ACTION OF QUINIDINE ON ME,PANE CUR~NTS OF 
MOLLUSCAN PACEMAKER NEURONS 

A. Hermann and A.L.F. Gorman 

Quinidine is a prototyp of compounds which are known for 
their antiarrbythmic action on cardiac pacemaker activity. 
Its mechanism of action is, however, not well understood. 
We have studied the effects of the drug on membrane con- 
ductances of pacemaker neurons in the marine mollusc, 
Aplysia californica, using voltage clamp analysis. 

+ 2+ ~ + ExtVnal ~ b l o c k s  various K , Ca and ~,a current 
components of the neuronal soma membrane - but to differ- 
ent degrees. Its predominant effect is on the voltage de- 
pendent, delayed outward K + current. The apparent disso- 
ciation constant is 28 ~M/I at V = +20 mV. The Blocking 
actions is voltage- and time dependent and increases dur- 
ing a maintained depolarizing voltage step. The data is 
consistent with the block occurring about 70-80 % through 
the membrane electric field. The block proceeds with a 
biphasic time course after external application of the 
drug and is maximum after about 30 minutes. The blocking 
action is fast and monophasic after internal injection of 
the drug. A decrease of the external pH increases the 
maximum block. The data suggests that the drug passes 
through the membrane in its neutral form but exerts the 
blocking action in its charged form. We propose that the 
K + channels have a large, nonselective inner mouth ex- 
tending about three quarters from the cytoplasmic side 
into the membrane. 
The Ca2+-activated K + current, the fast Na+-current and 
the slow Ca 2+ current are also suppressed by quinidine but 
at 10-50 times higher concentrations. Both, the molecular 
dimensions of the quinidine molecule and its lipophilic 
nature appear to play a role in its mechanism of action. 

Universit~t Konstanz, Pakult~t fHr Biologie, D-7750 Kon- 
stanz, FRG and Boston University }{ed. School, Department 
of Physiology, Boston, MA 02118, USA 

Supported by DFG, SFB 13g and NIH, NS ]1429. 
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BLOCK OF CALCIUM CURRENTS BY INTRACELLULARLY APPLIED D 890 
IN SNAIL NEURONS 
J. Walden, O.W. Witte, E.-J. Speckmann and C.E. Elger 

The organic calcium channel blocker Verapamil and its 
methoxy-dsrivative D 600 were found to exert their effects 
not only on calcium but also on other membrane currents 
(BAKER et al., J. Physiol. 231: 511-526, 1973; KLEE et al., 
PflUgers Arch. 343: R 60, 1973). To find a substance which 
acts more selectively on calcium ehannels~ the effect of 
D 890, the quarternary derivative of D 600, on neuronal 
membrane currents was tested. The drug has already been 
shown to block calcium currents of cardiac muscle after 
intracellular application (HESCHELER et al., Pfl~gers 
Arch. 393: 287-291, 1982). 

With an intracellular concentration ranging between I0 -6 
and 10 -4 mo]/l D 890 had the following effects in the 
identified neurons BI, B2, and B3 of Helix pomatia: 
(I) The ]IX resistent component of the inward current and 
the inward currents in Na + free sucrose or Tris solutions 
as well as in Ca 2+ free Ba 2+ solution were reduced in a 
dose dependent manner. (2) ]he steady state i nac t i va t i on  
curve of the calcium inward current was not affected. 
(3) In Ca 2+ free Ca 2+ solutions the inward current was not 
changed.(4) The late outward currents were strongly re- 
duced in control solutions. This effect was mainly due to 
a reduction of the calcium dependent potassium current. 
Furthermore, the rate of inactivation of the late currents 
increased. (5) The amplitude and the steady state inacti- 
vation curve of the early outward current remained un- 
changed. 

It is concluded that intracellularly applied D 890 exerts 
its effects predeminantly on the calcium current. 

Physiologisches Institut der Universit~t, Domagkstr. 6, 
D-4400 MOnster 
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THE EFFECT OF MEMANTINE ON THE ACTION POTENTIAL 
OF APLYSIA NEURONS 
M.R. Klee 

1,3-dimethyl-5-aminoadamantane (DMMA, memantine) 
in concentrations of 1-50 ~M/I increases in Aply- 
sia neurons the slope of the action potential 
and decreases its duration without changes in 
overshoot despite of a small reduction of the 
resting membrane potential (Drug Res., 32:1259, 
1982). In neurons with a relative slow repolari- 
zation (S cells) increasing 2-5 times the cal- 
cium concentration of the arteficial sea water 
(ASW) can mimic the fastmning 6f_the v@itage 
change during the action potential, especially 
that of the second repolarizing phase induced 
by the calcium dependent potassium current I_ . 

, ~ a 
In voltage clamp experlments DMMA and zncreas@~ 
calcium will reduce the time to peak of the 
early inward current and enhance the slope of 
the delayed outward current. In zero-sodium ASW 
plus TEA and 4-AP, DMMA reduces the calcium in- 
ward current while there is a slight increase in 
the outward current despite the presence of TEA 
and 4-AP. In double pulse experiments the re- 
covery of the inward current system was measur- 
ed. The response to the second pulse reaches 80% 
of the amplitude of the test pulse within 85 ms. 
This interval was reduced by 5, 25 and 51% re- 
spectively in 10, 100 and 1000 bM/l DMMA. The 
facilitatory effeet DM~ has on the calcium de- 
pendent potassium current is also expressed by 
the increase of the amplitude of the hyperpolar- 
ization by I. _ that interrupts the inherent 

�9 . ~ , c a  
burstmng mn a specmal class of cells. 

MPI Hirnforschung,Neurophysiologische Abteilung, 
Deutschordenstr. 46, D-6000 Frankfurt/M-71 
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cAMP-PRODUCED ME~,~R~E CONDUCTANCE CHANGES IN HELIX 
NEURONS 
D. Swandulla 

Fast pressure injections of cAMP in voltage-clamped iden- 
tified neurons of Helix pomatia induce an inward current 
[I(cAMP)] which is not accompanied by a significant change 
in the cell input conductance near holding potential 
(-5o my). 
Intraeellular measurement of[ Na +] with ion-selective 
electrodes shows that [Na+]. rises during I(cAMP). 
The inward current depends omn+[Na+]o but is still present 
when Na is substituted by ~$ or +K . + 

such as Ca and Mg 2 as well a~+La 3 Divalent cations 
exert an inhibitory influence on I(cAMP), but Ca b itself 
is capable of carrying a comparatively small inward cur- 
rent. I(eAMP) is thus of nonspecifie nature. 
Changes in [CI ]�9 are not observed. The apparent lack of 
a change zn the cell's mnput conductance durlng I(cAMP) 
is explained by a ~imultaneous decrease of the membrane 
permeability for K ions (see also Deterre et el., Nature, 
1981 ). Such effect becomes particularly obvious during 
Long-lasting+ depolarizing voltage changes which activate 
K currents. Measurements of[K ] near the cell surfac~ 

o + 
show in fact that the outward K flux is decreased fol- 
lowing cA#P injection in this situation. The reduction of 
outward K currents is much less pronounced if external 
Ca ~+ is replaced by Ni 2+. 
The nearly compensatory increase and decrease of two mem- 
brane conductances explain the observed lack of a change 
in the cell input resistance despite the considerable de- 
polarizing action of intracellularly elevated cAMP. 

Abteilung Neurophysiologie, Max-Planck-lnstitut fNr 
Psychiatrie, Kraepelinstr. 2, D-8000 M~nehen 40, FRG 
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POTASSIUM PERMEABILITY PROPERTIES OF NORMAL 
MYELINATED RAT NERVE FIBRES 

T�9 B r i smar  and J .R.  Schwarz 

A p o t e n t i a l  clamp a n a l y s i s  was pe r f o rmed  in 
o r d e r  to  f u r t h e r  a n a l y s e  the K p e r m e a b i l i t y  p r o -  
p e r t i e s  o f  normal r a t  f i b r e s .  
Measurements in  R i n g e r  s o l u t i o n  ( a t  21oc)  showed 
a max. PK = 0 .28 + 0 ,12  cm s - I  x 10 -3 ( i n  13 
f i b r e s )  a t  l a r g e  p o s i t i v e  p u l s e s .  Th is  c o r r e s -  
ponded to  a PK/PNa r a t i o  o f  0 .08 .  Measurements 
in  i s o t o n i c  KCI showed a s i m i l a r  max. PK, but  in  
a d d i t i o n  t h a t  the r e s t i n g  f i b r e  had a r e l a t i v e l y  
l a r g e  s t e a d y  s t a t e  PK(= 0 .12 + 0.05 cm s - I  x 
I o - ~ � 9  Io mM TEA b l o c k e d  5o % o f  the  max. PK. The 
TEA induced  b l o c k  o f  PK i n c r e a s e d  w i t h  more 
n e g a t i v e  membrane p o t e n t i a l s .  
The l eak  c o n d u c t a n c e ,  e s t i m a t e d  f rom the  c u r r e n t  
a s s o c i a t e d  w i t h  n e g a t i v e  p o t e n t i a l  s t e p s  in  
R inger  s o l u t i o n  was p o t e n t i a l  i n d e p e n d e n t  bu t  
showed a smal l  (15 %) t ime  dependen t  i n c r e a s e � 9  
The same was found  a t  p o s i t i v e  and n e g a t i v e  po-  
t e n t i a l  s t eps  in  the p resence  o f  e x t e r n a l  TTX + 
TEA and i n t e r n a l  CsCI. 
In i s o t o n i c  KCl n e g a t i v e  p o t e n t i a l  pu l ses  were 
a s s o c i a t e d  w i t h  l a r g e  t r a n s i e n t  i nward  c u r r e n t s  
which f a r  exceeded (57 %) the s i z e  o f  the t a i l  
c u r r e n t s  p r e d i c t e d  f rom the r e s t i n g  ( s t e a d y  
s t a t e )  PK. These c u r r e n t s  were o n l y  r e c o r d e d  in  
h igh  K o u t s i d e ,  and were l a r g e l y  b l o c k e d  by 
I0 mM TEA, which i n d i c a t e d  t h a t  they  were due 
to  a t r a n s i e n t  i n c r e a s e  in  PK a t  these  c o n d i -  
t i o n s .  

Depar tment  o f  C l i n i c a l  N e u r o p h y s i o l o g y ,  Karo -  
l i n s k a  s j u k h u s e t ,  S - I o 4 o i  S tockho lm and I n s t i -  
t u t e  o f  P h y s i o l o g y ,  U n i v e r s i t ~ t s - K r a n k e n h a u s  
E p p e n d o r f ,  D-2ooo Hamburg 20 
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SLOW AND INCOMPLETE SODIUM CHANNEL INACTIVATION 
OF FROG NODES OF RANVIER BY GLUTARALDEHYDE 
J. Schmidtmayer 

In frog nerve fibres sodium channel inactivation 
is dephasic (ThO = 0.7 ms,T hl = 3.5 ms at V = 
60 mV, 15~ and complete for V > 40 mV (V = de- 
viation from normal resting potential, depolar- 
ization positive). 10 nlM glutaraldehyde (Glu)mo- 
dulates Na inactivation. Onset of Glu action is 
a progressive and irreversible process but can 
be interrupted by washing with Ringer solution. 
Within 30 s a persistent INa appears and satu- 
rates at ca. 0.08 of the peak I. amplitude. In 
another 60 s the peak IN_ is re~ced (to 0.70 of 
the controi) and Na inac[ivation kinetics slowed 
(ThO = 1.0 ms, Thl = 5.6 ms) while the persist- 
ent I component remains unchanged. Internally 

N 
(by dlgfusion from a cut internode) applied 40 
mM iodate has a very similar effect: peak I N 
= 0.65, persistent INa = 0.07 of control pea~ 
value, rh0 = 0.9 ms, Thl = 4.8 ms (after 15 min 
in iodate). In nodes treated with internal io- 
date addition of IO mM Glu externally leaves the 
persistent component unaffected whereas the peak 
current is further reduced and inactivation fur- 
ther slowed. Emergence of the persistent compo- 
nent and reduction of peak current plus slowed 
inactivation seem to be two independent effects 
of Glu since they proceed with different time 
course and add differently to iodate pretreat- 
ment. 

Department of Physiology, University of Kiel, 
OlshausenstraBe 40-60, D-2300 Kiel 
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INFLUENCE OF Ca, Mg, La ON EQUILIBRIUM EFFECTS 
OF TETRODOTOXIN ON MYELINATED FROG NERVE FIBRES 
S. GriBmer 

3.1 nM tetrodotoxin (TTX) in normal Ringer re- 
duces the Na inward current INa of the node of 
Ranvier to 53 % of its normal size. In Ringer + 
30 mM Ca the same TTX concentration reduces INa 
only to 66 % (in confirmation of Hille, Ritchie 
and Strichartz, 1975). Likewise, in Ringer + 30 
mM Mg or 0.27 mM La 3.1 nM TTX reduces INa to 
66 %. The diminution of the TTX effect by diva- 
lent and trivalent cations may be due to a re- 
duction of the negative surface potential at the 
TTX binding site (as suggested by Hille et al., 
1975). The shift of the negative resistance 
branch of the INa(E) curve was 28.1~5.2 mV in 
30 mM Ca (n = 5), 21.7+2.6 mV in 30 mM Mg (n = 
5) and 20.3+4.3 mV in O.27 mM La (n = 5). These 
shifts are 5-3 times larger than required to ex- 
plain the reduction of the TTX effect; the shift 
is significantly larger for 30 mM Ca than for 30 
mM Mg or 0.27 mM La while the reduction of the 
TTX effect is the same in all three cases. A pos- 
sible explanation is that the negative surface 
charges at the TTX binding site differ from 
those affecting the m gates, e.g. have a lower 
density and a smaller affinity for Ca. Alterna- 
tively, it could be thought that the reduction 
of the TTX effect has nothing to do with surface 
charges but reflects competition between the 
cations and TTX for a common receptor, similar 
to the competition between H + ions and TTX 
discussed by Ulbricht and Wagner (1975). 

I. Physiologisches Institut der Universit~t des 
Saarlandes, D - 6650 Homburg/Saar, FRG 
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SLOW RATE OF BENZOCAINE ACTION ON SODIUM CHANNELS 
KEPT OPEN BY VERATRIDINE 
W. Ulbricht and M. Stoye-Herzog 

The local anaesthetic benzocaine rapidly blocks 
peak INa of voltage-clamped Ranvier nodes of frog 
nerve fibres: tested at 10 Hz pulse rate half of 
the final reduction by I and 0.25 mM is observed 
within 2 and 3 periods. Hence even on a fast ex- 
change of solutions benzocaine block appears to 
be limited by diffusional access to the nodal 
membrane. Nodes treated with veratridine (60 uM; 
pH 7.2, 20~ show a second slowly (T s = I-2 s) 
developing I N component, I_, that persists as 
long as the membrane is depolarlzed and subsldes 
slowly (T~ = ca. I s) on repolarization. Benzo- 
caine is 2-3 times more effective in blocking I s 
than peak I N at the start of each long pulse. 

�9 a, 

While benzocalne does not significantly affect 
the onset rate of veratridine action the rate of 
benzocaine block of I s during 10 to 14-s depolar- 
izing (by ca. 40 mV) pulses is very much slowed. 
It proceeds in an approximately exponential fash- 
ion with a mean time constant,Ton, of 8.0 and 6.2 
s in 25 ~M and I mM benzocaine, respectively. If 
benzocaine is applied shortly (0.5-I s) before a 
pulse, I s is already much reduced at its start. 
Likewise, onset of benzocaine action during a 
series of pulses (e.g. of 1-s duration every 2.5 
s) is about twice as fast as during a long pulse 
of the same amplitude. The magnitude of Ton and 
its little dependence on anaesthetic concentra- 
tion suggest that the rate of benzocaine block of 
I s is limited by the modified gating mechanism in 
channels kept open by veratridine. Interestingly, 
benzocaine block of the persistent INa produced 
by internal IOs is fast (half time ca. 60-80 ms). 

Department of Physiology, University of Kiel, 
OlshausenstraBe 40-60, D-23OO Kiel 

264 
EFFECTS OF TH_~EE ANEMONE TOXINS ON SODIUM_ CUR~NTS IN A 
CRAYFISH NEURONE. 

Klaus Hartung and Werner Rathmayer 

The sea anemone Anemonia sulcata contains three toxins 
(ATX I,II and IIl) of which only ATX II has been studied 
extensively. Crustacean neurones are sensitive to all 
three toxins. Their effects on the Na + current of an iden- 
tified neurone (motor giant neurone of the crayfish Asta- 
cus astacus and Orconectes limosus) have been investigat- 
ed employing voltage clamp techniques. All three toxins 
selectively affect the Na + current. The most obvious ef- 
fect is a slowing of the inactivation process. Inactiva- 
tion is still incomplete with depolarizing voltage steps 
lasting for 700 ms. 
In contrast to other preparations the three toxins do not 
only slow inactivation hut also influence the current 
voltage relationship of the Na + current as well as the 
tail currents. In the presence of ATX the negative resi- 
stance branch of the current-voltage relation of the peak 
Na + currents is shifted about ]0 mV towards more negative 
poteitials. 
The decline of the tail currents is slowed by the toxins 
when the membrane is repolarlzed to potentials more posi- 
tive than the holding potential (-70 to -80 mV). The half- 
time of the tail current at -45 mV is about [O times lon- 
ger compared to controls. It is concluded that the toxins 
also affect the closing of Na + channels upon repolariza- 
tion. 
If interpreted in terms of Hodgkin-Huxley kinetics, this 
indicates that ATX - besides its effect on the inactiva- 
tion gate - also modifies the activation gate of the Na + 
channel in this preparation. 

Supported by DFG (SFB ]38). We thank Dr. Beress (Kiel) 
for kindly providing the anemone toxins. 

Fakult~t fHr Biologie, UniversitNt Konstanz, 
Postfach 5560, D-7750 Konstanz 
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THE EXCITABILITY THRESHOLD OF THE NERVE AXON MEMBRANE: EFFECT OF 
SMALL IONS AND n-ALKANOLS. 
A. Tippe 

Changes in the threshold voltage V s of the nerve axon membrane (Rana esculenta) 
caused by changing the ionic environment are quantitatively determined by the 
stationary transition voltage V of the membrane (A. Tippe, Pfltig. Arch. Suppl. 

Tr 
S94:R 47, 1982). The meehamsm underlying this ionic effect  on V s is based on a 
coupling between VTr and the ~-poten t ia l  of the membrane surface (H. Mtiller- 
Mohnssen, H. Barske Amer. L Physiol. 2ZB:844, 1974). 

VTr-Shifts are also caused by n-alkanols (A. Tippe BBA, 598 :200 ,  1980).  The 
direction of these VTr-Shifts depends on the alkanol  chain length: depolarisation 
for chains < C 4, polarisation for chains > C 4. This effect  corresponds to changes 
in the duration of the repolarisation phase of the action potential:  increase of the 
duration for chains < C 4, decrease for chains> C 4. Contrary to the effect  of 

++ 
small  ions (H +, Na +, Ca etc .  ) these VTr-Shifts are not correlated to the mem-  
brane ~-potent ia l  (A. Tippe,  BBA, 641:398, 1981), they are constricted to the 

�9 + . . . .  
stationary K -conduenvlty and were not observed in stationary current-voltage 

+ 1 curves for Na -current (10"  g/1 Veratridine in normal Ringers' solution). Never- 
theless, a l l  alkanols applied (C2-C8) increase+ Vs. This increase correlates to an 
alkanol  induced decrease in the stationary Na -conductivity.  

The alkanol  effect  on VTr fi t  well  to the calculated average position of the first 
gauche-conformation on the C4-C B bond of the alkanols and support a recently 
proposed model about the interaction between alkanols and the lipid bilayer 
matrix of the membrane (O. C. Upreri, et .  a l . ,  J. Membr. Biol. 5fi:97, 1980).  

Abteilung fiir Physiologic, Gesellschaft ftit Strahlen- und Umweltforschung, 
Ingolst~dter Landstr. 1, 8042 Neuherberg 
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ETOMIDATE REDUCES THE EXCITABILITY IN PERIPHERAL NERVE 
V. de Haas and W. Vogel 

In order to get information about the mechanism of action 
of hypnotics on the cellular level we tested some drugs 
at the nodal membrane of sciatic motor fibres of Xenopus 
at 15~ For methods see Kniffki et al. 1981, J. Physiol. 
Lond. 313:37-48. When applying the short acting drug 
hypnomidate R (0.05 ml i.v. solution/ml Ringer solution 
corresponding to about 400 ~mol/l or O.! mg/ml etomidate 
and 1.75 % propandiol) the stimulus amplitude necessary 
for eliciting an action potential had to be increased 
continuously and finally the fibre became almost inex- 
citable. After washing the node with drug-free Ringer 
solution the excitability recovered. 
In voltage-clamp experiments the K outward currents were 
found to be reduced. The decrease of the Na peak current 
(run down) as controlled with standard pulses throughout 
the experiment was clearly hastened by the drug. Upon 
washout two thirds of this effect were reversed. An 
equilibrium of the effects was reached within about 2 
minutes both for washin and washout of the drug. This 
value has been corrected for the time of fluid change 
in the nerve chamber. Single or averaged Na current re- 
cordings were approximated for kinetic analysis by a 
non-linear curve fitting programme and showed a slowed 
activation process. The decay of the Na current could be 
fitted best with only one time constant as opposed to 
two exponentials in the control. Additional experiments 
with propandiol-(l,2) revealed that the solubilizing al- 
cohol also contributed to the reduction of K and Na peak 
currents but it did not affect the kinetics of the Na 
current. 

Physiologisches Institut der Justus Liebig-Universit~t 
Giessen, Aulweg 129, D-63OO Giessen 
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PHARMACOLOGICAL REDUCTION OF METACAINE INDUCED BLOCKAGE OF 
IONIC CURRENTS IN MYELINATED RANA NERVE FIBRES 
R.-G. 8ommer, E. Koppenhbfer, R. Haller and U. Werner 

The effects of 1 mM metacaine methanesulfonats (MMS) in 
Ringer solution on membrane currents of potential clamped 
Ranvier nodes were investigated. A freshly prepared test 
solution (pH=7.2; T=I5~ caused a reversible reduction of 
peak Na-currents to 47.8~ 5.8 % (28.D.; n=17) and of maxi- 
mum K-currents to 80.1 S 4 % (n=16). Using a 1 day old 
test solution, the currents were reduced to 51.7 s % 
(n=4) and 83.9 22.5 % (n=3), respectively. After 3 days 
the corresponding figures were only 58.4 ~0.7 % and 
88.2 • (n=2). This loss of efficacy of the test so- 
lution was assumed to be due to a partial decomposition of 
the drug. Therefore, we separated the water-soluble com- 
ponents of a 6 day old 1 mM MNS solution by extraction of 
the metacaine base with chloroform after neutralization. 
The [emaining aqueous ~olution (RAS) should contain sodium 
methanesulfonate and water-soluble decomposition products 
of the drug. We added RAS to Ringer's in an amount cor- 
responding to an addition of 1 mM MMB. The observed re- 
duction of Na- and K-currents to 96.7 $2.9 % (n=ll) and 
98.5 tl.3 % (n=10) might be due to some remaining MMS. 
When we added the same amount of RAS to Ringer's + 1 mN 
MMS, however, the Na- and K-currents were blocked to 
55.8 • % (n=10) and 82.5 • % (n:8), respectively. 
This MM8 induced blockage of Na-eurrents was significantly 
less effective than without addition of RAS. Comparing 
the effects of equimolar concentration of metaeaine meth- 
anesulfonate with the corresponding hydrochloride, both in 
freshly prepared solutions, identical results were obta- 
ined. In S day old solutions containing metacaine hydro- 
chloride, however, the reduction of the ionic currents re- 
mained unchanged.Thus, we conclude that the loss of block- 
age by stale solutions of MM8 might be connected with the 
methanesulfonate ion. 

Physiologisches Institut und Pharmazeutisches Institut der 
Universit~t Kiel, D- 2300 Kiel 1 

268 
~INLN- AND TETANUSTOXIN-POISON~D MOTOR NERVE ENDINGS 
RESPOND D I F ~ Y  TO AGENTS WHICH NOP@LALLY INCREASE 
THE RATE OF SPC~TANEOUS TRANSMI'• RELEASE. 

F. Dreyer and F. Rosenberg 

Striking diff~ces in the action of botulinum A toxin 
(BoTx) and tetanus toxin (TeTx) have been observed when 
the very low transmitter release probabilities of para- 
lyzed nerve-muscle preparations were increased by nerve 
stimulation (F. Dreyer end A. Schmitt, Neurosci. Letters 
26: 307, 1981). While BoTx did not change the short la- 
tency between nerve Jmioulses end postsynaptic responses, 
TeTx produced a ten~ral dispersicn of the quantal re- 
lease suggesting that the toxins may act at different 
sites of the depolarization-trensmitter release process. 

The present studies were undertaken to obtain further 
evidences which support this hypothesis. One important 
effect of both toxins is the drastic reduction of the 
frequency of spontaneous miniature endplate potentials. 
On the other hand several procedures and agents like 
nerve terminal depolarization with high external potas- 
sium, black widow spider venom, Ca-ionophores and increa- 
se of osmotic pressure are known which all increase tre- 
mendously the rate of spontaneous release in unpoisoned 
nerve terminals. We compared the effect of these treat- 
ments on in vitro poisoned endplates by the means of e- 
lectrophysiological recording end electron-microscopy. 
These experiments indicate that BoTx- and TeTx-poisoned 
endplates Were affected quite differently by these treat- 
ments supporting our hypothesis of different sites of 
toxin actions. 

Rudolf-Buchheim-Institut f~r Pharmakologie der Justus- 
Liebig-Universit~'t GieBen, Frankfurter StraBe 107, 
6300 GieSen 
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SUCCINYLCHOLINE-INDUCED HYPE~<ALEMIA IS NOT 
PREVENTED BY IV LIDOCAINE 
F, Schimek and B.R. Fink 

IV iidocaine inhibits potassium release from 
ischemic brain (J. Astrup et al., Anesthesiology 
55: 256, 1981) and from energy-deprived nerve 
(B.R. Fink, Anesthesiology 87: 167, 1982). Here, 
interactions between lidocaine and succinylcho- 
line-induced release of potassium were studied. 

Twelve rabbits were anesthetized with halothane 
2-2.5% in oxygen. Catheters were introduced into 
femoral artery and inferior vena cava. Bolus ad- 
ministration of succinylcholine (Smg/kg) was 
preceded in six animals by lidocaine (lOmg/kg) 
injected 20 min earlier. Venous blood samples 
(Iml) were drawn at intervals of 2 - 20 min for 
one hour. Potassium was measured by flame photo- 
metry and lidocaine by GLC. 

The two groups showed no difference in degrees 
and time courses of succinyl-induced increase of 
plasma potassium. Blood gas analyses gave com- 
parable readings in the groups and varied by no 
more than 0.02 pH units and pCO 2 3 torr through- 
out an experiment. 

The damage to muscle fibre membrane produced by 
succinylcholine may comprise an element of me- 
chanical trauma that exceeds the effect of ener- 
gy deprivation and could explain why the dose of 
lidocaine tested in this study was ineffective. 

Zentralins~itut fHr An~sthesiologie der Universi- 
t~t T~bingen, F.R.G. 
and 
Anesthesia Research Centre, University of Wa- 
shington, Seattle, U.S.A. 
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RELATIONS BETHEEN BARORECEPTOR ACTIVITY AND FIRST ORDER 
NEURONES IN THE NUCLEUS TRACTUS SOLITARII (NTS) 
M. Lambertz, G. Schulz, P. Langhorst 

In the dorso-medial part o f  the NTS a l l  a f fe ren ts  from ba- 
roreceptors terminate. In th is  area spontaneously act ive 
neurones with cardiac rhythm were recorded. Hith one elec- 
trode up to 3 neuronal a c t i v i t i e s  were registered simulta- 
neously under ident ica l  condi t ions.  Action potent ia ls  o f  
the d i f f e r e n t  neurones were separated by amplitude d i sc r i -  
mination and analysed by in terva l  histograms, post-event- 
time histograms, auto- and cross-covariances. This led to 
deta i led informat ion concerning the in tegra t ion  o f  various 
inputs from cardiovascular and resp i ra to ry  receptors and 
the i n t r i n s i c  organizat ion o f  th is  nucleus. By cross-cova- 
r iance histograms o f  two pulse rhythmical a c t i v i t i e s  the 
i d e n t i f i c a t i o n  o f  f i r s t  order neurones in the baroreceptor 
pathway was possible.  Furthermore i t  could be shown that  
a temporal and spat ia l  summation o f  the input from d i f f e -  
rent receptors takes place at these neurones. The process- 
ing o f  such a f fe ren ts  by these neurones is not time inva- 
r i an t .  Pressoreceptor a f fe ren ts  do not inf luence neigh- 
bouring neurones in that  area o f  the NTS to the same ex- 
tent .  Neurones discharging with s t r i c t  cardiac rhythm are 
intermingled with neurones exh ib i t i ng  only pulse rhythmic- 
al modulations and neurones without cardiac rhythm. The 
impl icat ions o f  these resu l ts  fo r  the regulat ion o f  blood 
pressure w i l l  be discussed. 
Langhorst, P., Schulz, G., Lambertz, ~I., Krienke, B.: Pro- 
cessing of  the information from baroreceptors by neurones 
in the dorso-medial part  o f  the nucleus o f  the s o l i t a r y  
t rac t .  In: A r te r ia l  baroreceptoPs and hypertension, ed. by 
P. Sle ight .  Oxford Un ivers i ty  Press 1980, p. 268. 
Stroh-Werz, M., Langhorst, P., Camerer, H.: ~ieuronal a c t i -  
v i t y  with cardiac rhythm in the nucleus of  the s o l i t a r y  
t rac t  in cats and dogs. Brain Res. 133, 65 (1977). 

I ns t i t u te  o f  Physiology, The Free Univers i ty  of  Ber l in ,  
Arnimallee 22, D-IO00 Ber l in  33, Germany 
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INHIBITION OF Na +, K + AND Mg2+-ATPases BY ADENOSINE AND 
2-CHLOROADENOSINE 

E. Porsche 

Na +, K +- and Mg2+-ATPases interact with neurotransmitters. 
They can either stimulate the release of neurotransmitters 
or they can be inhibited by those. It is further known 
that adenosine (Ad) plays a role in synaptic transmission 
process. 

We investigate a ~ossible influence of Ad on the activity 
of Na+,K +- and MgZ+-ATPases. Included is 2-ehloroadenosine 
(2-ClAd) as a nonmetabolisable Ad-derivative. 

We use cortex homogenate from rat brain. The enzyme acti- 
vity is determined according to Gilbert & Wyllie (1975). 
First the effect of Ad and 2-CIAd on the nonstimulated 
ATPases activity is measured. Then the effects of nor- 
adrenaline (NA), dopamine (DA) and histamine (HA) are com- 
pared with effects which occur after simultaneous adminis- 
tration of a neurotransmitter and a purine derivative. 

Ad and 2-CiAd inhibit the activity of Na+,K +- and Mg 2+- 
ATPases. As expected, 2-CIAd is more active than Ad, 
which is taken up easily and deaminated quickly. 
NA and DAshow the known, doses dependent stimulation of 
Na+,K +- and Mg2+-ATPases, but HA has apparently no re- 
markable effects. A significant inhibitory effect of 
2-CIAd is observed in the presence of NA and DA. Their 
stimulatory effect is reduced in the same order of magni- 
tude as in the case of the nonstimulated ATPases. Even in 
the presence Of HA 2-ClAd and Ad act inhibitorily. 
Our results suggest that the activity of transport 
ATPases can be regulated either by Ad directly or by Ad 
mediated processes. In addition, Ad is obviously involved 
in the regulatory processes caused by NA and DA and thus 
in the transmitter release itself. These considerations 
may lead to a better understanding of neuroprotective ef- 
fects of adenosine derivatives and xanthine derivatives 
(Porsche 1982). 
HOECHST AKTIENGESELLSCHI~FT, Frankfurt am Main 
Werk Albert, 6200 Wiesbaden 12, FRG 
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AN INTRACELLULAR STUDY OF THE SYNAPTIC INPUT TO SYMPA- 
THETIC PREGANGLIONIC NEURONES OF THE CAT. 
K. Dembowsky, J. Czachurski, and H. Se l le r  

In chlo~alose-anaesthet ized, paralyzed and a r t i f i c i a l l y  
ven t i l a ted  cats sympathetic pregangl ionic neurones (SPN) 
o f  the t h i r d  thorac ic  segment were recorded i n t r ace l l u l am  
ly .  Conduction ve loc i t y  o f  SPNs as determined by an t i -  
dromic s t imula t ion of  the white ramus T 3 ranged from 1.3 
to 8.2 m/s (n: 53). Action potent ia ls  (AP) (up to 120 mV 
amplitude) of  most SPNs showed a marked shoulder shor t l y  
a f t e r  the peak fol lowed by an a f te rhyperpo la r i za t ion  (3- 
15 mV) las t ing  from 30 to 650 ms. APs of  a smaller group 
of  SPNs displayed a f as t  ear ly  fol lowed by a slow la te  
repo la r i za t i on .  The subsequent a f te rhyperpo la r i za t ion  
(2-10 mV) had a durat ion of  25 to 250 ms. Measurements of  
the input resistance of  SPNs revealed values o f  5-42 M~ 
(n: 6). Synaptic input to SPNs was tested by e lec t r i ca l  
s t imulat ion o f  descending spinal pathways at C 3 and soma- 
t i c  and v iscera l  a f fe ren ts  ( in te rcos ta l  nerve T 4, white 
ramus T4). In each case tested (n: 15), SPNs responded 
with an EPSP to s t imula t ion o f  the respect ive a f fe ren ts .  
The EPSPs were of ten subthreshold f o r  e l i c i t i n g  an AP. 
EPSPs in response to somatic and v iscera l  a f f e ren t  stimu- 
l a t i on  had an ear ly  spinal ( latency 7-15 ms) and a la te  
supraspinal ( latency 29-63 ms) component, the l a t t e r  
showing a high degree of  temporal summation. By st imula- 
t ion  of  descending pathways EPSPs with d i f f e r e n t  la ten-  
cies were evoked. The corresponding conduction ve loc i t i es  
were: 9.3-25.9 m/s, 4.7-6.4 m/s, and 2.8-3.5 m/s. 

The present resu l ts  show that  there are at leas t  two types 
of  SPNs which can be i den t i f i ed  by the shape of  t h e i r  AP 
and that  the exc i ta to ry  synaptic input to these neurones 
is greater  than that  found with e x t r a c e l l u l a r  recordings. 

I .  Physiologisches I n s t i t u t ,  Un ivers i t~ t  Heidelberg, 
Im Neuenheimer Feld 326, D-6900 Heidelberg: F.R.G. 

This study was supported by the DFG wi th in  the SFB 90. 
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VISCERO-SYMPATHETIC REFLEXES IN POSTGANGLIONIC NEURQNES 
SUPPLYING SKIN AND SKELETAL MUSCLE IN BRAIN-INTACT CATS. 
H. Blumberg, K. Hilbers, W. Jfinig 

Reflexes were elicited, in postganglionic vasoconstrictor 
neurones supplying skin (CVC) and skeletal muscle (MVC) of 
the cat hindlimb and in sudomotor neurones (SM) supplying 
sweat glands in the hairless skin of the cat hindpaw, by 
stimulation of visceral afferents from urinary bladder and 
colon. The visceral afferents were excited by passive dis- 
tension and by contraction of the organs. Activity was re- 
corded from postganglionic axons which were isolated in 
bundles from peripheral nerves. The animals were anaesthe- 
tized with ~-chloralose, immobilized and respired. I) Dis- 
tension and contraction of urinary bladder and colon lead 
to inhibition of activity in most CVC neurones and to ex- 
citation of MVC and SM neurones. Contraction of the organs 
was far more powerful than distension. 2) Rhythmic ongoing 
contractions of the organs induced rhythmic inhibitions 
and excitations in the sympathetic systems. 3) Slow fill- 
ing of the bladder, without contractions of the organ, in- 
duced a slow decrease of activity in CVC neurones in part 
of the experiments. When the bladder finally contracted, 
the CVC activity increased (like a rebound) to the pre- 
filling level after the end of the contraction. 4) These 
viscero-sympathetic reflexes did net change after cutting 
the hypogastric nerves; thus, they are produced by stimu- 
lation of sacral visceral afferent fibres. 5) The pattern 
of these viscero-sympathetic reflexes fit very well into 
the pattern of somato-sympathetic reflexes in brain-intact 
animals (excitation of SM- and MVC neurones and inhibition 
of CVC neurones). 6) Whether the viscero-sympathetic re- 
flexes are elicited by excitation of sacral afferents 
which participate in micturition and defecation or by a 
special class of visceral afferents which participate in 
visceral nociception or by both is unclear. 

Physiologisches Institut, Universit~t Kiel, FRG 
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INHIBITION OF TRANSMISSION BY CLONIDINE IN GANGLIA OF THE 
CHOLINERGIC-SYMPATHETIC NERVOUS SYSTEM A. Walland 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S~eat secretion in the foot pads of the cat is totally 
controlled by the cholinergic-sympathetic nervous system 
and can be assessed by evaluation of the amplitude of the 
eleetrodermal potential (EDP). Clonidine (30 pg/kg, i.v.) 
inhibits EDPs induced by electrical stimulation of the hy- 
pothalamus at lo~ but not at high rates of stimulation. 
This effect is due to blockade of the nicotinic ganglio- 
nic transmission by activation of somadendritic~-adreno- 
ceptors (Walland, this J. 316, R57, 1981). Appara~tly in- 
consistent ~ith this mechanism, the effects of pregangli- 
onic electrical stimulation are not affected by clonidine. 
- It ~as assumed that the lack of an effect with pregang- 
lionic stimulation ~as due to maximal activation of the 
ganglion by this procedure. In order to keep ganglionic 
activation submaximal anaesthetized cats received a con- 
tinous infusion of 0.08-0.3 mg/kg/min hexamethonium for 
partial blockade of ganglionic nicotinJc reeeptor~.Pre- 
ganglionic stimulation of the right stellate ganglion at 
intervals of 1 min ~ith trains (2 sec) of De-pulses (2 
msec, 0.6-0.9 mA, 0.3-]28 Hz) induced EDPs which increas- 
ed slightly with the rate of stimulation and were 30-50% 
smaller than in unpretreatsd controls. Under these condi- 
tions clonidine (30 bg/kg, i.v.)suppressed EDPs in 5 cats 
by 70-95%. A similar result was obtained upon topical ap- 
plication of 1 pg clonidine to the right ganglion in 5 
cats. Yohimbine (200 pg/kg, i.v.) increased the amplitude 
of the EDPs above the values before clonidine, thus pro- 
posing some permanent supression of ganglionic transmis- 
sion by endogenous eatecholamines. - The results provide 
ane~ evidence for the inhibition of transmission in sudo- 
motor ganglia by activation of ganglionic~<?-adrenocep- 
tors and indicate that the uncritical use o[ preganglionic 
stimulation techniques causes underestimation of the impor- 
tance of ganglionic M2-adrenoceptors. 

Department of Pharmacology, Boehringer Ingelheim KG, 
D-6507 Ingelheim, Federal Republic of Germany. 
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VISCERO-SYMPATHETIC REFLEXES IN POSTGANGLIONIC 
NEURONES SUPPLYING THE HINDLIMB OF CHRONIC SPI- 
NAL CATS 

H. Kfimmel, Xu, H. 

In brain-intact cats vasoconstrictor neurones 
supplying hairy and hairless skin (CVC) are in- 
hibited by visceral stimuli, whereas vasocon- 
strictor neurones supplying skeletal muscle (MVC) 
and sudomotor neurones innervating the sweat 
glands (SM) are activated. The question is whe- 
ther these reflex patterns are preserved in chro- 
nic spinal cats. 
The activity in fine bundles of postganglionic 
axons supplying skeletal muscle and skin of the 
hindlimb and, as an indicator of the sudomotor 
activity, the skin potential on the hairless skin 
of the paw were recorded in chronic spinal cats 
60-122 days after transsection of the spinal cord 
between T8 and TIe. Visceral stimuli were induced 
by distension of bladder and colon, by bladder 
and colon contractions and by anal and vaginal 
stimuli. The following results were obtained: 
I) A•177 visceral stimuli led to reflex activa- 
tions in MVC, CVC and SM neurones. The most pow- 
erful reflexes were elicited by contractions of 
the organs. 2) Rhythmic contractions of an organ 
induced rhythmic excitations of the sympathetic 
systems. 3) Slow filling of bladder or colon 
without inducing contractions was sometimes 
followed by a slow increase of the activity in 
the postganglionic vasoconstrictor neurones. 
4) The major change occurring in the viscero-sym- 
pathetic reflexes in spinal animals, when compa- 
red to brain-intact animals, is the reversal of 
the reaction in CVC neurones from inhibition to 
excitation. 

Physiologisches Institut, Universit~[t Kiel, FRG 
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- AND ~-RECEPTORS IN SYMPATHETIC GANGLIA OF THE PITHED 
NORMOTENSIVE RAT; DIFFERENTIAL ROLE IN e-ADRENOCEPTOR-ME- 
DIATED VASOCONSTRICTION. D. Davidesko 
In the pithed normotensive rat stimulation of ganglionic 
muscarinic receptors by l,l~imethyl-4-carboxypiperidine 
methylester (DMCPM) leads to activation of vasoconstrictor 
~-adrenoceptors. Tne present study was designed to deter- 
mine the role of ganglionic ~- and ~-receptors in the 
DMCPM-induced vasoconstriction. Activation of ~ -receptors 
was assessed by the antagonism of the selective ~ -antago- 
nist pirenzepine towards the presser responses of this 
muscarinic agonist. M2-receptor stimulation was demonstra- 
ted by a decrease in heart rate in pithed normotensive 
rats pretreated with atenolol. Consequently, DMCPM proved 
to be a mixed ~/~ -agonist. McN-A-343, 4-(m-chlorophenyl- 
carbamoyloxy)-2-butynyl trimethylammonium chloride, is a 
selective ~ -agonist. ~he presser responses of McN-A-343 
were largely mediated by ~ -adrenoceptors. A very limited 
contribution of ~-adreneceptors was demonstrable. In the 
attempts to relate the small contribution of ~ -adrenocep- 
tors to the absence of a ~-agonistic effect of McN-A-343, 
the cholinergic effects of this agent were thorougly 
studied. A pronounced ~ -component was identified apart 
from slight nicotinic and ~-agonistic activities. ~ne ~- 
component was present in the high dose-range of McN-A-343 
only. A participation of nicotinic receptors in the in- 
crease in diastolic pressure caused by McN-A-343 was ex- 
cluded by using hexamethonium. The results bring us to the 
hypothesis that both ~ - and ~ -receptors may be involved 
in ganglionic transmission. Stimulation of ~ -receptors 
elicits predominantly ~ -adrenoceptor mediated vasocon- 
striction (McN-A-343). ~ -receptor activation gives rise 
to activation of vascular ~-adrenoceptors (DMCPM). 

Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, Plantage Muidergracht 24, 
1018 TV Amsterdam, The Netherlands 
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PROPERTIES OF B.I-AND B2-ADRENOCEPTORS(R ) IN 
RABBIT LUNG DETERMINED BY (• 
LOL(ICYP) BINDING AT DIFFERENT TEMPERATURESCT). 
O.-E.Brodde 
In rabbit  lung membranes properties of 61 - and 
B2-R were studied by ICYP binding at T of 37oc 
and 18OC.T-changes did not affect density of 6-R 
while K D for ICYP was s l i gh t l y  lower at 18OC.At 
both incubation-T 61-R(practoto1;metoprolol;nor- 
~ n a l i n e  and prenalterol in the presence of 0.1 
mM GTP) and 62-R(IPS 339=(t-butyl-amino-3-ot-2- 
propyI)oximino-9 f luorene;z intero l  and procaterol 
in the presence of O.ImM GTP) selective drugs in- 
hibi ted binding with biphasic displacement curves 
and non-linear Hofstee-plots,while non-selective 
B-R(propranolol;isoprenaline(IPN) and adrena|ine 
in the presence of O.ImM GTP) drugs showed mono- 
phasic displacement curves and l inear Hofstee- 
plots.The "B2-selectJve" agonJst salbutamol,how- 
ever,behaves at both T as a non-se]ective 6-R 
drug.With decreasing T a f f i n i t y  of antagonists 
increased only s l i gh t l y ,wh i le  a f f i n i t y  of ago- 
nists increased markedly.For a l l  BI- and B2-R se- 
lect ive drugs a ra t io  of 80% T~1-R/20% B2-R was 
calculated for rabbit  lung membranes independent 
of the incubation-T.At 37oc displacement curve of 
IPN in the absence of GTP was biphasic with a non- 
l inear HOfstee-piot ]ndlcating binding of IPN to 
high and low a f f i n i t y  state of B-R.At 18OC,how - 
ever,IPN displacement curve was monophasic inde- 
pendent of whether GTP(O.ImM) was present or not. 
I t  is concluded that a decrease in incubation-T 
of ICYP binding assay from 37~ to 18~ does nei- 
ther a l te r  the re la t ive  amount of B I- and 62-R in 
rabbit  lung membranes nor the se lec t i v i t y  of 51 - 
or B2-selective drugs. 
Div.Rena] & Hypertensive Diseases,Med. KlJnJk & 
PoI i k l in ik ,  University of Essen, D-4300 Essen. 

Supported by SANDOZ-Stift. ff ir Therap. Forschg. 
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IMPORTANCE OF GLUCOCORTICOIDS IN MAINTENANCE OF 
HYPERTENSION IN SPONTANEOUSLY HYPERTENSIVE RATS 

J.B. Baumann, W. Ruch and J. Girard 

Complete adrenalectomy of ten week-old spontane- 
ously hypertensive rats (SHR) leads to a rapid, 
permanent reduction in systolic blood pressure, 
similar to that of normotensive Wistar Kyoto 
rats, provided that there is no regeneration of 
accessory adrenocortical tissue. Treatment 
of adrenalectomized SHR with the synthetic 
glucocorticoid betamethasone, but not with the 
mineralocorticoid aldosterone resulted in a 
dose-dependent restoration of high blood 
pressure within 12 hours. After cessation of 
treatment, the blood pressure returns to normo- 
tensive levels slowly, within one to three 
weeks. Concomitant treatment of adrenalectomi- 
zed SHR with betamethasone and (-)-propranolol 
(2 mg/kg, twice daily) prevented the rise in 
blood pressure observed after 12 hours of 
treatment with betamethasone. 

Our results indicate that glucocorticoids are 
a prerequisite for the maintenance of high 
blood pressure in SHR. The antagonizing effect 
of (-)-propranolol in our experiments suggests 
a close interaction between glucecorticoids and 
adrenergic neurotransmission in SHR. 

Endokrin. Abt. Kinderspital and Dept. Forschung 
Kantonsspital, Universitit Basel, CK-403Z Basel 
Switzerland 
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CHARACTERIZATION OF POSTSYNAPTIC ~-ADRENOCEPT- 
ORS IN THE HUMAN SAPHENOUS VEIN 
H.-R. Zerkowski, J. Wagner, N. Rohm 
E. Rodrigues-Pereira 
In experiments on isolated rabbit saphenous 
veins the postsynaptic a-adrenoceptor could not 
be associated with the known subtypes by means 
of selective agonists as well as antagonists 
(Lues,Schfimann; NSAP 321, 256,1982). Since in 
contrast to vessels of animal origin only a few 
informations exist on postsynaptic ~-adreno- 
ceptors of human ones, especially of veins, we 
were interested to characterize even those of 
isolated human saphenous veins from the thigh 
obtained from patients undergoing elective cor- 
onary artery bypass grafting. The experiments 
habe been performed in Krebs-Henseleit solution 
(cocaine, 3xlO-5,corticosterone, 4xlO-5,pind- 
olol, 10-Tmol/1) at 37oc. - Cumulative concen- 
tration-response curves (CRC) for noradrenaline 
(NA) were obtained under the influence of the 
selective antagonists prazosin (P) and BE 2254 
(2-LS-(L~hydroxyphenyl)-ethylaminomethyl j - 
tetralone; mlblocker) as well as of the mg- 
antagonist r~uwolscine (R). NA behaved as~full 
agonist, its pDp-value was 6.71• (n=22) 
while clonidine-was a partial agonist with an 
intrinsic activity of 0.09 only.- The CRC for 
NA was shifted to the right by P as well as by 
BE 225& but there was no indication of a com- 
petitive antagonism. Likewise, the ~2-antagon- 
ist R did not exert a competitive antagonism 
towards NA; after R, 3xl0-Ymol/1 the CRC merg- 
ed.- These results, therefore, do not allow to 
characterize the postsynaptic ~-adrenoceptors 
of human saphenous vein as either ~I- or ~2- 
type. 
Pharmakologisches Institut, Univ.-Klinikum 
Hufelandstr. 55, 4300 Essen i, FRG 
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THE INTERFERENCE BETWEEN ~ - AND B2-ADRENOCEPTOR-MEDIATED 
VASCULAR EFFECTS IN THE PITHED NORMOTENSIVE RAT. INDICA- 
TIONS FOR TWO POPULATIONS OF a~-ADRENOCEPTORS B. Wilffert 
Activation of ~- and ~-adrenoceptors in the vascular wall 
elicits opposite effects. In the present study, the inter- 
action between Bz- and ~-adrenoceptor-mediated vasodila- 
tor and vasopressor effects in the pithed normotensive rat 
is reported. The increase in diastolic pressure induced by 
the ~-adrenoceptor agonists cirazoline, methoxamine and 
St 587, 2-(2-chloro-5-trifluoromethylphenylimino)imidazol- 
idine, was differentially affected by pretreatment with 
the 62-adrenoceptor agonist salbutamol (i mg/kg). Cirazol- 
ine-induced presser responses were not attenuated in con- 
trast to the responses of methoxamine and St 587. After 
pretreatment with the a2-adrenoceptor blocking drug rauwol- 
scine (i mg/kg) noradrenaline mainly stimulates vasopress- 
or ~ -adrenoceptors. The a~-adrenoceptor-mediated increase 
in diastolic pressure induced by i.v. noradrenaline was 
attenuated by pretreatment with salbutamol. Presser re- 
sponses of noradrenaline mediated by ~-adrenoceptors were 
also elicited by releasing this eatecholamine from the 
neurones by the nicotinic agonist DMPP and the muscarinic 
ganglion stimulator McN-A-343, 4-(m-chlorophenylcarbamoyl- 
oxy)-2-butynyl trimethylammonium chloride. The former re- 
sponse was found sensitive to a pretreatment with salbuta- 
mol in contrast to the latter. A vasopressin infusion 
counteracting the vasodilation by salbutamol prevented the 
effects of this 82-adrenoceptor agonist. The results in- 
dicate the existence of two populations of postsynaptic 

-adrenoceptors. The vasoconstriction initiated by one 
population is sensitive to 62-adrenoceptor-mediated vase- 
dilation in contrast to the other. The former population 
is predominently activated by St 587, methoxamine, i.v. 
administered neradrenaline and activation of nicotinic 
ganglionic receptors. The other population is preferably 
activated by cirazoline and activation of muscarinic M~ 
ganglionic receptors. 

Division of Pharmacotherapy, university of Amsterdam, 
Plantage Muidergracht 24, The Netherlands. 
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CARDIOVASCULAR EFFECTS OF SGD 101/75 IN ANESTHETIZED AND 
CONSCIOUS ANIMAL PREPARATIONS. M.J.M.C. Thoolen and M.J. 
Mathy 
Sgd 101/75, 2-(2-methylindazol-4-imino)imidazolidine, is a 
clonidine derivative which differs from the parent drug in 
not reducing blood pressure upon i.v. administration in 
anesthetized rats, cats and dogs (Ismail et al., Br.J. 
Pharmacol.72,535P,1981). In the present study we examined 
the effects of Sgd i01/75 on blood pressure upon i.v. in- 
jection in conscious spontaneously hypertensive rats, in- 
tracisternal injection and infusion via the vertebral arte- 
ry in chloralose-anesthetized cats as well as the presser 
effects in pithed rats and cats. No dose-related hypoten- 
sire effects were observed after i.v. injection of Sgd i01/ 
78 (i-i0 mg/kg) in SH rate. After intracieternal injection 
and infusion via the left vertebral artery (up to 1 mg/kg) 
in cats but slight reductions of blood pressure were ob- 
served. I~ pithed rats, Sgd 101/75 elicited presser res- 
ponses. The dose-response curve was shifted to the right 
by pretreatment with the ~ -adrenoceptor blocking drug 
prazosin (0.i mg/kg i.v., -15 min), but not by the ~-adre- 
noceptor antagonist yohimbine (i mg/kg i.v., -15 min). In 
pithed cats, the pressor responses were subject to fachy- 
phylaxis and more susceptible to ~ -adrenoceptor blockade 
by prazosin (i mg/kg,i.v., -15 min) than to ~-adrenocep- 
tor blockade by yohimbine (i mg/kg, i.v., -15 min). Bin- 
ding studies revealed, that Sgd 101/75 displayed but minor 
affinity for J H-clonidine binding sites. These results 
show that Sgd 101/75 is a selective agonist for ~ -adreno- 
ceptors in the circulatory system of rats and cats. Its 
inefficacy in reducing arterial pressure in the various 
animal preparations is likely due to its low %-adrenocep- 
tot agonist activity. 

Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, Plantage Muidergracht 24, 
1018 TV Amsterdam, The Netherlands. 
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~/~-ADRENOCEPTOR BLOCKING ACTIVITIES OF THE PUTATIVE ~- 
ADRENOCEPTOR ANTAGONIST RAUWOLSCINE, RX 781094 AND RS 21361 
Qian Jiaqing, H.D. Batink and P.A. van Zwieten 
The selectivities and the activities of the preferential 
e2-adrenoceptor blocking drug rauwolscine, RX 781094, 
(imidazolinyl-2)-2-henzodioxane 1-4, and RS 21361, 2-(1- 
-ethyl-2-imidazolyl)methyl-l,4-benzodioxane, were compared. 
Antagonistic activities at pestjunctional (vascular) ~- 
adrenoceptors were evaluated, pA 2 (post ~ ), against the 
methoxamine-induced increases in diastolic pressure in 
pithed normotensive rats. The same animal model afforded 
the pA 2 (post ~ ) values determined against the pressor 
responses to B-HT 920, 2-amino-6-allyl-5,6,7,8-tetrahydro- 
-4H-thiazolo(4,5-d]azepine. The blocking activities at 
presynaptic (cardiac) e2-adrenoceptors, pA 2 (pre ~ ), were 
quantified against the B-HT 920-evoked inhibition of elec- 
trically-induced tachycardia in pithed normotensive rats. 
Binding affinities K for 3 H-clonidine (~2) and 3 H-pra- 

. .' .i', . . 
ZOSln (~l) specific binding sites were measured in rat iso- 
lated cerebral membranes in vitro. 

PA2 Ki (riM) 
Drug post ~ post ~z pre ~2 ~ 
Rauwolscine 5.24 7.54 7.04 3200 150 
RX 781094 5.67 6.31 6.27 640 15 
RS 21361 <3.4 5.17 4.98 38500 2340 
The results of the present study demonstrate that all of 
the three drugs, but especially rauwolscine and RS 21361, 
act as selective antagonists of ~-adrenoceptors. In func- 
tional studies on ~2-adrenoceptors, rauwolscine was more 
potent than RX 781094 and RS 21361. However, RX 781094 
possessed considerably higher in vitro binding affinities 
than rauwolscine. RX 781094 was found ak~ut 3 times more 
active than rauwolscine in counteracting the centrally- 
mediated hypotension of clonidine in anaesthetized normo- 
tensive rats. 
Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, The Netherlands. 
Present address of Qian Jiaqing: Wuhan Medical College, 
Wuhan, People's Republic of China. 
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DIFFERENTIAL INHIBITION OF ~l -ADRENOCEPTOR MEDIATED PRESS- 
OR EFFECTS BY CALCIUM ENTRy BLOCKERS IN PITHED NORMCFfENS- 
IVE RATS. P.B.M.W.M. Timmermans and J.C.A. van Meel 
In rat anococcygeus muscle, the compound Sgd 101/75, 2-(2- 
methylindazol-4-imino)imidazolidine, identifies an ~ -adre- 
noceptor different from that activated by noradrenaline 
(Coates et al., Br.J.Pharmac. 75,549,1982). We found its 
pressor effects in pithed rats sensitive to prazosin, but 
not to yohimbine. However, the log dose-vasopressor res- 
ponse curve to Sgd 101/75 is shallow, like that of all se- 
lective ~-adrenoceptor agonists. It was therefore studied 
whether additional characteristics of ~-adrenoceptor- 
induced vasoconstriction were shared by Sgd 101/75. In 
pithed rats, the log dose-pressor response curve to Sgd 
101/75 was shifted to the right by captopril (5 mg/kg) and 
profoundly reduced by sal~tamol (i mg/kg). Nifedipine 
(0.1-3 mg/kg) markedly depressed both slope and maximum 
of the dose-response curve of Sgd 101/75. Similar results 
were obtained in pithed cats. This pattern of interactions 
is identical to that of the ~ -adrenoceptor agonists. 
However, the pressor effects of St 587, 2-(2-chloro-5-tri- 
fluoromethylphenylimimo)-imidazolidine, which displays ex- 
treme ~i-adrenoceptor agonistic activity (De Jonge et al., 
Life Sci.28, 2009,1981), were also sensitive to ealc-~-um-- 

entry blockade. On the other hand, the vasoconstriction to 
the preferential agonist of ~ -adrenocepfors, cirazoline 
(Van Meel et al., JPET,219,760,1981) was much less suscep- 
tible to these measures. The results suggest that Sgd i01/ 
75 and St 587 elicit vasopressor responses in pithed rats 
which are dependent upon an influx of extracellular cal- 
cium, like those of ~-adrenoceptor agonists. Conversely, 
cirazoline contrasts vascular smooth muscle via a mecha- 
nism which is not primarily governed by an entry of cal- 
cium ions. 

Department of Pharmacy, Division of Pharmacotherapy, 
University of Amsterdam, Plantage Muidergracht 24, 
1018 TV Amsterdam, The Netherlands 
Present address of J.C.A. van Mesl: Dr. Karl Thomae G~bH, 
D-7950 Biberach i, B.R.D. 
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CEOLINERGIC HISTANINE RELEASE FROM PERFUSED 
GUINEA PIG LUNG 
E. Mleinjung and W. Schmutzler 

Cholinergic histamine release depends either on 
special genetic conditions or on active immuni- 
zation of individuals as could be demonstrated 
in isolated mast cells from rat, guinea pig, dog 
and man (Schmutzler et al.,Int. Archs. Allergy, 
in press). 

The present experiments were designed to find 
out whether histamine release is involved in the 
mechanism of cholinergic bronchoconstriction 
which is thought to contribute largely to aller- 
gic asthma (Gold et al., J. appl. Physiol. 33, 
719, 1972). In the saline perfused lung of n-or- 
mal guinea pigs metacholine (10 -8 meles/kg) 
caused bronchoconstriction and histamine re- 
lease. Both effects were found to be signifi- 
cantly stronger in lungs from actively sensi- 
tized animals. Atropine (10-4 M) inhibited the 
effects of metacholine in the lungs from normal 
animals significantly better than in those from 
the sensitized animals. Atropine (10-7 N) rather 
enhanced the allergic histamine release but did 
not induce bronchoconstriction or histamine re- 
lease by itself. 
Electric stimalation of the N. vagus did not 
evoke histamine release. 
We conclude from these results that cholinergie 
histamine release is one of several mechanisms 
of "pseudo-allergy". Cholinergic mechanisms, 
however, do not contribute essentially to ana- 
phylactie bronchocostriction in the guinea pig. 

Abt. Pharmakologie, RWTH Aachen, 8chneebergweg, 
D-5100 Aachen 
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DIFFERENCES IN THE ACTION OF ACETYLCHOLINE AND CAR- 
BACHOL IN GUINEA PIG ATRIA AND TAENIA COLl. 
F. Mitchelson and A. Ziegler 
In isolated guinea pig atria and faenla coJi the acHons of carbachol 
(CCH) and acetylchollne (ACh) were compared. In both tissues the 
rate of response to ACh was Faster than to CCh .Treatment of either 
tissue with poraoxon (10 pM for 20 min)dld not eliminate differ- 
ences in the rates of onset for the two agonists.The half life of 
disposition for CCh as estlmmed from the negative inotroplc effect 
in atria driven at 1 or 3 Hz was found to be 48 and 15 sec, respec- 
tlvely.The corresponding values for ACh were 8 and 5 sec, and af- 
ter pretreatment with paraoxon, 23 and 2I sec,respectively.ln the 
taenla coil contractlons, recorded isotonically, were evaluated by 
measuring the inltlal peak of the phasic response and the magnitude 
of the maintained response after 4- mln contact with the agonist. 
ACh usually produced both a rapid phasic and a slowly developing 
tonic contraction, whereas with CCh a phasic response was not 
clearly evident. Furthermore, effects of comparable size for the 
two agonfsts could be dlfFeren~ially influenced by reducing the 
Ca ++ concentration in the bath solution from 1.8 mM to 0.18 and 
0.06 mM or by the use of the Ca antagonists niFedipine (3-10 nM) 
and gallopamll (30-300 nM). With any of these treatments the 
tonic response to ACh was reduced to a greater extent than the 
phasic response. The tonic response to CCh was inhi51tad to o sig- 
nificantly smaller degree than the corresponding response to ACh. 
For example, in paraoxon-prstreated taenia coil the tonic response 
to ACh 0.1 pM and CCh 0.1 ,uM were reduced by nifediplne 10 nM 
to 29.4 �9 7.4 (5) (mean -/: S. E .M. (n))and 68.7 ~: 12.4 (5)% of the 
corresponding controls, respectlvely.These findings with reduced 
Co "H- and the Ca-antagonists suggest,that the part of the Ca ne- 

o cessary For the contractile activation in taenlo coil hy CCh ~s not 
derlved from the extracellular space.The results for the two agonists 
in both tissues suggest differences in the disposition of the drugs and 
n the taenia d~fferences in the ~nteracfion at the receptor. 

Depts. Pharmacol. Kiel and Me bourne, Hospitalstrasse 4-6, D-23 Kie 
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TK~ PROTEIN COMPOSITION OF THE SYMPATHETIC 
NERVE-u (CO-EXISTENCE OF DOPADECARBOXY- 
LASE, DBH AND SMALL POLYPEPTIDES) 
H. Husseini and H. Balzer 

With HPLC TSK-G 3000 SW column and a mobile 
phase of O.1M phosphate buffer, pH 6.8, con- 
taining O.1M NaCl I-4 main fractions of pro- 
teins were found in preparations of sympathetic 
splenic nerves. The protein fractions were 
I=150,O00 Mr; 2=75,000 Mr; 3=27,000 Mr and 

~=small polypeptides with ~13,500 Mr. The 
150,000 Mr protein (I) showed dopadecarboxylase 

activity. The dopamine-B-hydroxylase (DBH) 
was not found in tetrameric form; the 75,000 Mr 
subunit was only detected. The fraction 
showed small polypeptides with Mr of 13,500 - 
1,000 as it is known for opioid peptides, The 
proteins were separated by preparative electro- 
focusing and reseparated by HPLC t SDS-HPLC and 

SDS-polyaorylamid-gel-electrophoresis. These 
proteins were found in the nerve-vesicles in 
soluble and insoluble forms with different dis- 
tribution. Small and large vesicles were ultra- 
centrifugally separated by 0.3-1.1 M sucrose 
gradient. The 150,000 Mr protein (dopadecar- 
hoxylase) was found in large vesicles in 
soluble and membrane-bound form with equal dis- 
tribution (20 %). In contrast to that the 
75,000 Mr fraction was detected in soluble form 
with high amounts (44 %). 

These results showed the co-existence of dopa- 
decarboxylase, DBH and small (opioid) polypep- 
tides in the nerve-vesicles of the sympathetic 
nerve. 

Zentrum f~r Pharmakologie, Abt. I, der Univer- 
sitar Frankfurt/M., Thecdor-Stern-Kai 7, 
D-6000 Frankfurt/Main 
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THE INTERACTION OF CARBAEHOL WITH THE PO5ITIVE IND- 
TROPIC EFFECT OF CATECHOLAMINES M. North 

In the guinea-pig papillary muscle driven at 0�9 Hz, 
carbachol antagonized the positive inotropic effect 
of isoprensline (ISO) but hardly affected that of 
nercdrensline (NA). NA (0.1 - 100 pmol/1) produced a 
positive inotropio effect which was accompanied by a 
partial decline of the contraction stespness,S ,as 
could be seen from the large increase of S I asSoci- 
ated with contractions interpolated between regular 
beats ISO had a dual cation,up to an EC~ the posi- �9 . 8u 
tive inotropic effect was excluslvely due to an in- 
crease of S I while at higher concentrations partial 
decline of S~ became apparent.Derivatives of cAMP pro 
-duced qualitatively the same effects as ISO.In the 
presence of NA,carbcchol (0 1 - 3 pmol/l) enhanced S. 

�9 3 
without affecting force of contraction.When neuronal 
uptake of NA was inhibited by 20 pmol/l cocaine or 
became saturated in the presence of B-sdrenossptor 
blookers,ISO-like inotropic effects were produced by 
NAjand oarbachol had a strong negative inotropic 
effect�9 Conclusions: cAMP has two distinct ac- 
tions: first,it enhances force of contraction by in- 
creasing ~1 and then,at high concentrations-it antag- 
onizes thls effect by inducing a loss of Ca § from 
the rapid releasing sites.That both mechanisms oper- 
ate simultaneously in the presence of NA can be ex- 
plained by assuming that neuronal uptake produces con 
-centration gradients for NA in the extracellulsr 
space which are large enough to allow high and low 
receptor occupancy at the same time.Carbachol fails 
to antagonize the positive inotropic effect of NA 
since its negative inotropic effect is compensated by 
its simultaneously induced increase of S~.Both carba- 
chal effects can be explained by inhibitlon of adenyl 
-ate cyolass. 

Institut f. Pharmakologia u. Tox. d. Teshn. Univ. 
MOnshen, Biedersteinerstr.29, D-8080 MOnohen 40 
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BLOCKADE O? HOMOGENIZATION-INDUCED RELEASE OF 
DOPAMINE S-HYDROXYLASE (DBH) INTO THE SUPERNA- 
TANT OF HEART TISSUE BY GADOLINIUM CHLORIDE 

F.J. Spira 

Rabbit isolated hearts were perfused with 
Tyrode's solution at 20 ml/min. After an equil- 
ibration period of 60 min the hearts were sus- 
pended in 5 - 10 vol of ice-cold 0.25 M sucrose 
in 50 mM Trio buffer (pH 6.0) containing either 
Na2EDTA or GdCI3, and homogenized using an 
Ultra-Turrax and subsequently a glass homoge- 
nizer. The homogenate was centrifuged for I h 
at 100,000 g. DBH activity was determined in 
samples of the crude homogenate and of the 
100,O00 g supernatant. In the presence of 
Na2EDTA (1 mM) no reduction of the soluble DBH 
fraction was found. On the other hand, increas- 
ing concentrations of GdCl 3 (O.O1 - 0.2 mM) 
reduced the soluble DBH fraction of the homo- 
genate in a concentration-dependent manner. At 
0.2 mM GdCI 3 only 67.4 + 9.1 (n = 3) units DBH 
were found in the I00,0~0 g supernatant which 
corresponds to about 25 % of the total soluble 
DBH (277 ~ 20, n = 7) in the absence of GdCI 3. 

GdCI 3 inhibits the catecholamine secretion from 
cultured chromaffin cells by blockade of cal- 
cium channels (G.W. Bourne and J.M. Trifaro, 
Neuroscience 7: 1615, 1982). Therefore, it is 
concluded that a calcium influx into the termi- 
nal nerve fibres is required to induce the DBH 
release from the adrenergic vesicles into the 
soluble phase of the homogenate during the 
homogenization procedure. - Supported by DFG. 

Pharmakologisches Institut der Universit~t 
Obere Zahlbacher Str. 67, D-65OO Mainz 
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DOES THE GRANULAR CARRIER TRANSPORT NEUTRAL OR PROTONATED 
CATECHOLAMINES ? G. Kobold and A. Burger 

As there are contradictory reports whether the substrate 
of the granular carrier is neutral (Scherman & Henry 1981: 
Eur. J.Biochem. 116,535-539) or protonated (Knoth et a11981: 
J.Biol. Chem. 256,6541-6543) catecholamine (CA), we studied 
the pH-dependence of Km of CA uptake into ghosts of chrom= 
affin granules (CG) of the bovine adrenal medulla. CGwere 
prepared by density gradient centrifugation. Ghosts (~125 
nmoles CA/mg prot.) were obtained by lysis of CG in a hyp= 
etonic medium containing urea. Ghosts were incubated at 
various pH for 10 min (30~ with six eone.'s of CA (0.5- 
100 uM CA: 70% adrenaline/30% noradrenaline) which was 
labelled with ~H-(-)noradrenaline. The uptake of 3H into 
ghosts was measured after membrane filtration of incubated 
samples. To calculate the rate of uptake of CA, the ~H- 
activity and the cone. of CA were measured in the medium 
at the beginning (addition of 3H-CA) end the end of incu= 
bation. In spite of CA net uptake into ghosts, the CAeonc. 
was nearly constant during incubation, because theconc, of 
membrane protein was kept low (~20 ~g/ml). In the absence 
of ATP the uptake increased with increasing pH and amoun= 
ted to 5-12% of the uptake in the presence of ATP. Reset= 
pine (0.5 uM) completely blocked the ATP-stimulateduptake. 
At various pH the ATP-stimulated uptake showed the follo= 
wing Km and Vmax (n = 5, each) given in ~M and nmoles CA/ 
(mg protein �9 min) respectively: 
pH : 6.2 6.6 7.0 7.4 7.8 8.2 

F,m : 93+12 33+6 11+1 7.4+2.5 2.7+0.4 1.9+0.2 

Vma• 9.5+1.5 16+3 21+1 13+2 16+1 9.7+0.6 

From the marked pH-dependence of Km is concluded that neu= 
tral CA is the substrate for the granular carrier. In 
fact, after calculation with pk = 8.57 the true Km of the 
neutral CA was constant at each pH and amounted to 0.41 + 
0.04 #M (n = 6). Supported by the DFG (Bu 296/4-2). 

Institut fHr Pharmakologie nnd Toxikologie derUniversit~t 
Versbacher Str. 9, D-8700 WSrzburg 
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THE CHLORIDE DEPENDENCE OF THE NORADP~ENALINE TRANSPORT 
INT0 PC-12 CELLS. H. B~nisch and U. Friedrieh 

The neuronal transport of noradrenaline (NA) is absolute- 
ly dependent on Na (Sarmmet and Graefe, N.-S. Arch. 
Pharmacol., 30__99, 99-107,1979) and on CI- (Sanchez-Armass 
and Orrego, Life Sciences, 20, 1829-1838, 1977): increas- 
ing concentrations of Na + increased Vma~ and decreased 
Kmof NA transport while increasing concentrations of CI- 
only increased Vmax. It was the aim of this study a) to 
examine the effect of various Cl--substitutes on the NA- 
transport of PC-12 cells (rat pheochromocytoma cells 
which possess many characteristics of adrener~ic neurones) 
and b) to compare the effect of CI- and of Na on the 
kinetics of NA transport in these neuronal cells. Vesicu- 
lar amine storage and monoamine oxidase were inhibited. 

Initial rates of uptake of 0.01 ~M 3H-7-NA were reduced 
when CI- was replaced by other anions. The halogenide ~r- 
and the pseudohalogenlde SCN- substituted for CI- with 
42% and 23% effectiveness, respectively, whereas other 
anions were poor substitutes irrespective of their low 
(isethionate and sulphate) or high lipophilicity (ni- 
trate).Substitution of Na + by Tris + or sucrose completely 
inhibited ~ptake of 3K-NA. A half-maximal activation of 
uptake of ~H-NA (0.I uM) was observed at about 15 mM CI- 
(isethionate as substitute) and at about 30 mMNa + (Tris + 
as substitute). 
The transport of 3H-NA showed saturation by increasing 
concentrations of NA when determined at several fixed 
concentrations of CI- or Na +. Progressive increases in the 
concentration of CI- or Na + decreased the apparent Km and 
increased the Vmax of 3H-NA transport. 
Conclusion: Under normal conditions both, Na + and CI-, 
must bind to the amine carrier for transport of NA to 
occur. 

Supported by the Deutsche Forschungsgemeinschaft 
Instltut f~r Pharmakologle und Toxikologie der Universi- 
t~t, Versbacher Sir. 9, D-8700 WHrzburg 
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TEE ISOTOPE EFFECT OF TRITIITMIN (-)-NORADRENALINE 
U. Trendelenbur$, M. Grohmann and F. J. E. Stefano 

Under conditions which do not saturate the system, rates 
of neuronal (arterio-venous difference in rabbit perfused 
heart) and extraneuronal uptake (rat perfused heart) were 
higher for unlabelled than for labelled noradrenaline (NA) 
(factor of 1.4 to 2.0). In both preparations ring-label- 
led NA was a poorer substrata of uptake than was side 
chain-labelled NA. 

In "metabolizing systems*' (i.e., in systems in which 
the substrata is transported by an uptake mechanism to the 
intracellular enzyme), the steady-state tissue/medium 
(T/M) ratio decreases with decreasing kuptake (= Vmax/Km 
for uptake) and increases with decreasing kenzyme (= Vmax/ 
Km for enzyme). 

On incubation of the rat vas deferens with 0.I ~mol/l 
3H-NA for 60 min, th9 T/M ratio was 0.65 ml/g for 3H-7-NA 
and 3.63 ml/g for 5~-7,8-NA (P < 0.01). Hence, in the 
"neuronal deaminating system" NA labelled in position 8 
is a very poor substrata of monoamine oxidase (MA0). 

In the extraneuronal O-methylating system of the rat 
heart (~0 and neuronal uptake inhibited) exposed to 0.01 
~mol/l H-NA the steady-state T/M ratio was 2.34 ml/g for 
5H-7,8-NA, but it was higher for 3N-2,5,6-NA (3.02 ml/g; 
P < 0.01). Hence, side chain-labelled NA is preferred not 
only by extranauronal uptake (see above) but also by 
extraneuronal catechol-0-mechyl transferase (COMT). 

In analogous experiments with the extraneuronal de- 
aminating system (COMT and neuronal uptake inhibited) the 
steady-state T/M ratio was 4.22 for 3H-7-NA and 5.96 ml/g 
for 3H-2,5,6-NA (P < 0.05). Thus, if there is virtually no 
tritium in position 8, also extraneuronal MAO prefers the 
side chain-labelled to the flus-labelled NA. 

It is concluded that most isotope effects are small 
(except that tritium in position 8 greatly hinders de- 
aminatlon by MA0) and that NA labelled in position 7 is 
clearly superior to ring-labelled NA. 
Supported by the Deutsche Forschungsgemeinschafto 
Pharmakologisches Institut,VersbacherStr.9,8700 W~rzburg 

292 

THE TF2~ORAL RELATIONSHIP BETWEEN VAGUS AND SYMPATHETIC 
STIMULATION FOR THE MUSCARINIC Ih~qIBITION OF NORADREN- 
ALI~ RELEASE 
E. Muscholl and A. Muth 

Rabbit atria with the extrinsic right sympathetic and 
vagus innervation intact were isolated and perfused with 
Tyrode solution at 3.6 ml/rnin and 36~ u C. The noradrena- 
line (NA~ stores were labelled with jH-NA and the acetyl- 
choline (ACh) stores with 14C_choline. The radioactive 
compounds were separated on columns and determined by 
scintillation spectrometry. The stimulation-evoked over- 
flow of 3H-NA and 14C-ACh was calcium-dependent and abol- 
ished by tetrodotoxin; the inhibition of evoked 3H-NA 
release by vagus stimulation was blocked by muscarinic 
antagonists (see Muscholl and Muth, this journal 320: 
160 - 169, 1982). 
Extrinsic stimulation of the vagus (VNS) and s~Tnpathetic 
nerves (SNS) was carried out by pulses of I ms, maximal 
strength (6 - 10 mA) and a frequency of 3 Hz for 3 rain. 
When both nerves were stimulated simultaneously, the in- 
dividual VNS pulses always preceded the SNS pulses; pulse 
intervals of 0.3, I .O, 3.0, 10, 30 and 100 ms were stud- 
ied. The 3H-NA overflow evoked by SNS was maximally inhi- 
bited when the VNS pulses were applied 3 ms before the 
SNS pulses. A significant inhibition (P< 0.O1) was obser- 
ved also when the SNS pulses were delayed 10 ms ccaioared 
with VNS. However, at all other intervals the 3H-NA over- 
flow did not differ frc~ that of the controls carried out 
in the absence of VNS. The inhibition of evoked 3H-NA 
overflow by VNS at a 3 ms interval was correlated with 
the evoked overflow of 14C-ACh (r = 0.723; n = 10; P< 
0.05), indicating that the latter is a valid measure of 
ACh liberated onto adrenergic terminal fibres. 
The present results strengthen the idea that the cholin- 
ergic-adrenergic interaction in the atri~rn occurs at dis- 
crete sites, possibly axo-axonic synapses. 

Pharmakologisches Institut der Universit/t Mainz 
Obere Zahlbacher Str. 67, D-65OO Mainz 
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THE EFFECT OF PHENOXYBENZAMINE (POB) ON THE INHIBITION BY 
METHACHOLINE (MCH) OF THE ~H-NORADRENALINE (NA) RELEASE 
EVOKED BY NERVE STIMULATION. H. Fuder and P. Fuchs 

The occurrence of a receptor reserve in the activation of 
presynaptir receptor mechanisms has not been investigated 
previously~ The aim of the present study was to estimate 
the dissociation constant Ka of a muscarinic agonist by 
determining the maximum inhibition of 'H-NA release and 
the ECSO before and after partial irreversible blockade of 
presynaptic receptors. Isolated rat hearts with the right 
sympathetic nerves attached were perfused with Tyrode's 
solution (35~ containing cocaine lO, corticosterone lO, 
and propranolol O.1 pM. After loading the heart with 'H(-) 
-NA, the nerves were stimulated with trains of i0 pulses 
(O.1Hz, i ms, SNS). 'H-NA was determined in the overflow 
after separation from the ~H-metabolites. 
Exposure of the heart to POB 5 pM for 15 min (beginning 60 
min before SNS i, washout of 45 min) neither affected the 
basal (0.036 + 0.003, ~ • SEM, no POB, and 0.052 + 0.002 
pmol/min afte?POB) nor the stimulation-evoked ~HUNA over- 
flow (0.107 • 0.017 vs. O.lO1 + 0.021 pmol at SNS l, each 
n = 17). The decline of the evoked release in the course 
of the train series in the group with ROB exposure was not 
different from controls. MCH suppressed the 'H-NA release 
by 96 + 2 ~ (i pM) concentration-dependently with an ECSO 
of 0.072 pM (0.05 - O.1, 95 % confidence limit, n = 6). 
After POB exposure MCH decreased the release maximally by 
51 + 6 % and its ECSO was 2.9 pM (1.0 - 7.8, n = 9). A 
double reciprocal plotofequieffective concentrations 
from unexposed vs. exposed tissue revealed that 98 % of 
the receptors were eliminated. Ka of MCH calculated from 
the in tercept  was 3.6 pM. 
I t  is  concluded that the EC50 of a muscarinic agonist with 
high i n t r i n s i c  a c t i v i t y  does not re f l ec t  the true d issoci -  
at ion constant at the presymaptic receptor. Thus, no l i ne -  
ar re la t ion  ex is ts  between receptor occupancy and the 
response under the present release condit ions. 

Pharmakologisches I n s t i t u t  der Universi t~t  Mainz 
Obere Zahlbacher Str.  67, D - 6500 Mainz 
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COMPARATIVE EFFECTS OF ~I AND ~2 ADRENOCEPTOR BLOCKERS ON 
CATECHOLAMINE OVERFLOW AND CARDIAC RESPONSES IN SYMPATH- 
THETICALLY STIMULATED RABBIT HEARTS. 

E.F. Smith I I I ,  R. Schaffran, M. Kluth 

Studies were performed to compare the a adrenergic anta- 
gonists phentolamine (PHA), yohimbine (YOH) and prazosin 
(PRA) on noradre~aline (NA) overflow and cardiac responses 
in sympathetical ly stimulated Langendorff perfused rabbi t  
hearts. The r igh t  sympathetic nerve was stimalated at 10 V 
10 Hz for  0.5 min at time 0 (S I)  and 13 min ($2). 

PHA concentration dependently (O.3to 3 pM) increased NA 
overflow ($2/S I) (P < 0.01) at concentrations greater than 
0.3 pM compared to control hearts (n = 15) where the NA 
overflow was 0.75 • 0.04. At I and 3 pM PHA, NA overflow 
was increased 165%(n = 4, P < 0.01) and 65%(n = 4, P < 
0.001), respect ive ly.  YOH at 0.03 and 0.3 pM increased NA 
overflow by 65 (n = 5, P < 0.01) and 85 percent (n = 9, 
P < 0.001), respect ive ly ,  whereas PRA (0.001 and I pM) 
only increased NA overflow between 35 and 40 percent. Left 
vent r icu lar  pressure, dp/dt and heart rate were s ign i f i c -  
ant ly increased (P < 0.05) by 3 pM PHA while I ~M YOH only 
s ign i f i can t l y  increased l e f t  vent r icu lar  pressure and dp/ 
dt.  
These data indicate that cardiac ~2 blockade by phentol- 
amine or yohimbine resul ts in a s ign i f i can t  increase in NA 
overflow and myocardial responses by in ter rupt ing a negat- 
ive feedback mechanism. Comparatively, 0.001 and 0.1 pM 
prazosin resulted in smaller increases in NA overflow 
(approximately 35 percent) and changes in myocardial re- 
sponses (5 to 10 percent ) . I t  is concluded that presynaptic 
receptors with pharmacological a 2 propert ies have a s ign i -  
f i cant  role in regulat ing cardiac responses but that the 
presence of functional presynaptic ~I receptors cannot be 
excluded. 
Pharmakologisches I ns t i t u t  der Universi t~t  K~In, Gleueler 
Str. 24, D-5000 K~In 41 
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EFFECT OF ENDOGENOUS ADRENALINE ON NORADRENALINE 
RELEASE IN THE ANAESTHETIZED RABBIT 
H. Schmidt, L. Hedler and H. Majewski 

Exogenous adrenaline facilitates noradrenaline 
release from sympathetic nerves in vivo by act- 
ivating presynaptic g-adrenoceptors (Majewski et 
al., Naunyn-Schmiedeberg's Arch Pharmaeol 321: 
20-27, 1982). The present study, in the pento- 
barbitone-anaesihetized rabbit~ was to deiermine 
whether adrenaline released from the adrenal 
medulla can be accumulated in, and released from, 
sympathetic nerve terminals in sufficient 
amounts to activate presynaptic ~-adrenoceptors 
and therefore increase noradrenaline release. 
The adrenaline content of sympathetically inner- 
vated tissues (atria~ ventricle) was signific- 
antly increased after stimulation of the left 
splanchnic nerve (5 Hz~ 5 min). Plasma adrenal- 
ine had returned to basal levels 30 min after 
stimulation whilst at this time the noradrenal- 
ine release rate was significantly increased to 
149 % of control. When rabbits were pretreated 
with propranolol HCI (2 mg/kg, i.p.) to block 
5-adrenoceptors or desipramine HCI (i mg/kg, 
i.v.) to block neuronal uptake of adrenaline~ 
the effect of splanchnic nerve stimulation on 
the noradrenaline release rate was abolished. 
These findings suggest that adrenaline released 
from the adrenal medulla can be accumulated in 
sympathetic nerve terminals and that its 
subsequent release from the nerves enhances 
noradrenaline release through activation of 
presynaptic 6-adrenoceptors. 

Pharmakologisches InstJtut der Universitit, 
Hermann-Herder-Strasse 5, D-7800 Freiburg i. Br. 
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INHIBITION BY OPIATES OF NORADRENALINE RELEASE 
IN THE RABBIT EAR ARTERY 
N. Pfeiffer, P. Illes and K. Starke 

The opioid peptides Met- and Leu-enkephalin 
reduce vasoconstrictor responses of the rabbit 
eat artery to sympathetic nerve stimulation (J. 
Knoll~ Eur J Pharmacol 39:403, 1976). In order 
to find out whether this is due to an inhibition 
of transmitter release, ear arteries were prein- 
cubated with 3H-noradrenaline 2.2 ~M, and both 
the increase in perfusion pressure and the over- 
flow of tritium elicited by field stimulation 
(i Hz~ 200 mA, 0.3 ms pulse duration) were 
measured. Subtype-selective opiates were used, 
namely the ~-receptor agonist morphine, the 
delta-receptor agonists Leu-enkephalin and 
D-Ala2-D-Leub-enkephalin~ and the kappa-receptor 
agonist ethylketazocine. The delta- and kappa- 
agonists depressed both the stimulation-evoked 
overflow of tritium and the vasoconstrictor 
responses~ the maximal inhibition being about 
40 %. The IC50 values of D-Ala2-D-Leub-enkephali n, 
Leu-enkephalin and ethylketazocine for depression 
of tritium overflow (2.2~ 20 and 140 nM) were 
similar to the ICbo values for depression of the 
mechanical response (3.5~ 12 and 280 nM~ respec- 
tively). Naloxone 3 ~M prevented the effects of 
Leu-enkephalin 1 ~M and ethylketazocine 1 ~M. 
Morphine i0 and i00 ~M exerted no inhibitory 
effect. In conclusion, the sympathetic terminal 
axons of the rabbit ear artery seem to possess 
delta- and/or kappa-receptors. The enkephalins 
and ethylketazocine probably reduce the vasocon- 
strictor response solely by inhibition of the 
release of noradrenaline. 

Pharmakologisehes Institut der Universit~t, 
Hermann-Herder-Strasse 5, D-7800 Freiburg i. Br. 
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Rhythmic a c t i v i t y  to trunk muscles 
during spinal locomotion 

E. D. Schomburg and H. Steffens 

Pharmacologically induced f i c t i v e  spinal locomotion resem- 
bles several charac te r is t i cs  of  normal locomotor patterns 
and has therefore been used as a model fo r  the invest iga-  
t ion o f  phase dependent re f l ex  transmission (Forssberg et 
a l . ,B ra in  Res. 132:121, 1977; Schomburg et a l . ,Neurosc i .  
Let t .  4:249,1977). Since trunk muscles show a coordinated 
rhythmic a c t i v i t y  in the normal walking cat (Carlson et 
a l . ,  Acta physio l ,  scand. 105:2s 1979) i t  was of  i n te r -  
est to check i f  a s im i la r  pa r t i c i pa t i on  of  trunk muscles 
in locomotor rhythmic a c t i v i t y  takes place during f i c t i v e  
spinal locomotion. 
In anaemically decapitated high spinal paralyzed cats 
neurograms were taken b i l a t e r a l l y  from nerves to the 
longissimus dors i ,  the obliquus abdominis externus and 
various hindlimb muscles. F ic t ive  spinal locomotion was 
induced by in jec t ion  of  nialamide and L-DOPA (Viala and 
Buser, Brain Res. 35:151, 1971). 
During stable e f fe ren t  rhythmic a c t i v i t y  to the limb 
muscles the e f fe ren ts  of trunk muscles took part  in such 
a way that  the back and abdominal muscles on one side were 
synchronously act ive in phase with the f l e x o r  muscles of  
the i p s i l a t e r a l  hindlimb. But, a b i l a t e ra l  synchronous 
a c t i v i t y  of  the back muscles in phase with the limb ex- 
tensor muscles was also observed. This is in agreement 
with patterns occurring during normal walking or 
gal loping.  
The resu l ts  ind icate,  that  the a c t i v i t y  of  trunk and limb 
muscles can be coordinated wi th in the spinal cord to a 
meaningful pattern without need f o r  peripheral sensory 
feedback. 

Supported by the Deutsche Forschungsgemeinschaft, SFB 33 
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ELECTROPHYSIOLOGICAL CHARACTERIZATION OF SUBSTANTIA GELA- 
TINOSA (SG) NEURONS IN AN IN VITRO PREPARATION OF THE DOR- 
SAL HORN OF THE SPINAL CORD OF ADULT RATS 
W. Zieglg~nsberger and B. Sutor 

Neurons of the SG have been implicated in most sensory me- 
chanisms in the spinal cord as a pool of predominantly in- 
hibitory interneurons. The small size of their cell bodies 
have precluded a more detailed electrophysiological analy- 
sis in vivo. In the present study, extra- and intracellu- 
lar recordings of SG neurons were obtained from adult spi- 
nal cord slices. The traverse slices were placed in oxyge- 
nated CSF kept at 35~ Dorsal and ventral roots were pre- 
served and were stimulated with bipolar electrodes. About 
half of the SG neurons encountered were spontaneously ac- 
tive. They responded to large and small fiber input acti- 
vated through dorsal and ventral roots. Some of the spon- 
taneously firing neurons displayed "wind-up": Repetitive 
stimulation with low intensity stimuli which did not cause 
a direct response led after a certain delay to an increa- 
sed activity which outlasted the stimulation for up to iO 
min. Stimulation of the dorsal (and in several cells also 
of the ventral root) with high intensity stimuli inhibited 
this activity. Bath applied bicuculline inhibited this ef- 
fect. Most of the non-spontaneously active neurons respon- 
ded with a short burst of action potentials (on a polysy- 
naptic EPSP) to low intensity stimulation. Increase in 
stimulation increased their firing covariantly. Some SG 
neurons became spontaneously active following high inten- 
sity stimulation. The present study shows that SG neurons 
in vitro display similar properties as those recorded in 
vivo and that stable recordings can be obtained also from 
adult spinal cord slice preparations. 
Max-Planck-Institut f~r Psychiatrie, Abteilung Neuropharma- 
kologie, Kraepelinstra~e 2, D-8OOO M~nchen 40, F.R.G. 
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RESPONSE CHARACTERISTICS OF RENSHAW CELLS 
ACTIVATED BY A S~LALL NUMBER OF MOTOR AXONS 
D. Bergmann, S. Cleveland 

In decerebrate, deafferented cats the time 
course of Renshaw cell responses to step changes 
in input were determined by stimulating only a 
few b-motor axons. To this end, the ventral root 
was divided until the Renshaw cell res[,onded re- 
liably to antidromic shocks (O.5-I Hz) with 
either I or 2 spikes. Thereafter, this portion 
of the ventral root was stimulated at frequen- 
cies between 0.2 and 100 Hz for periods of 5 s 
or more. Above about 2 to 5 Hz the response 
probability begins to drop. At frequencies of 
5 Hz and above there is a recognizable initial 
overshoot in response probability. These step 
responses are characterized by a fast and a slow 
component of adaptation. The time constant of 
the fast component decreases with increasing 
stimulus frequency. 
The latency histogram for a given stimulus freq- 
uency is asynunetrical; it can be quite narrow or 
broader. Nevertheless, with increasing stimulus 
frequency the median latency increases, as does 
the spread of values, although both tend toward 
a maximum at higher frequencies. 
The static discharge rate of a cell can be 
described by a rectangular hyperbola that 
approaches saturation with increasing stimulus 
frequency. 
The present results demonstrate a qualitative 
similarity of the response properties of Renshaw 
cells obtained using only a small number of 
axons with those found with synchronous stimu- 
lation of many motor axons. 

Physiol. Inst. (Lehrstuhl II), Universit~t 
DHsseldord, D-40OO D~sseldorf, Moorenstr. 5 
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LONG LATENCY REFLEX MECHANISMS OF HUMAN FINGER 
MUSCLES 
H.-H. Friedemann, H.R. Matthews, J. Noth 

To investigate the gain of the stretch reflex of 
human finger muscles sinusoidal movements were 
imposed to the index finger according to the 
method introduced by Rack (In: Handbook of 
Physiology, The Nervous System II, 229, 1981). A 
constant voluntary force (20% of maximal 
voluntary force) was exerted with the fingertip 
pressing against a sinusoidally moving lever and 
the resulting force was measured at various 
frequencies between 3 and 16 Hz. The gain and 
phase of the sinusoidal modulated force were 
plotted for each frequency in a vector diagram. 

20 adult subjects were investigated. The 
individual vector plots indicated a reflex 
pathway longer than the known spinal 
transmission. The resonance frequency of this 
reflex loop was 3.5 - 4.0 Hz and thus half of 
the resonance frequency of the spinal reflex. 
Patients with Friedreich's ataxia, a 
degenerative disease of the central and 
peripheral nervous system, showed no resonance 
frequency, which proves that the resonance 
phenomenon of normal subjects is of reflex 
origin and not due to musculo-mechanical 
oscillations. Although a long latency spinal 
reflex route cannot be ruled out, our results 
are in agreement with the long loop hypothesis 
according to which a transcortical reflex loop 
plays a functional role in the control of distal 
arm muscles. 

Supported by the Deutsche Forschungs- 
gemeinschaft, SFB 200 
Neurologische Klinik der Universitgt DUsseldorf, 
MoorenstraZe 5, D-4000 DUsseldorf 
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FEEDBACK EFFECTS OF UNFUSED CONTRACTIONS OF MOTOR UNITS 
ONTO HOMONYMOUS ALPHA MOTONEURONES OF THE CAT. 
W. Koehler, R. Enoka, T. Hamm, D.G. Stuart,  U. Windhorst 

I t  is well documented that contractions of single motor 
units (MUs) can modulate the discharge patterns of muscle 
receptors. Also, the postsynaptic effects of discharges of 
single muscle afferents on homonymous~C-motoneurones (MNs) 
have been studied extensively.  However, these studies have 
been confined to small samples of afferents only. Hence, 
the compound effects on central neurones could not eas i ly  
be predicted. We have studied the feedback effects from 
MUs of the cat medial gastrocnemius (MG) muscle onto homo- 
nymous MNs. 
In anaesthetized cats, MG MNs were impaled to record mem- 
brane potent ial  f luc tu<. t ions in response to combined 
st imulat ion of three MG MUs via the i r  axons. Stimuli pat- 
terns were uncorrelated and random at physiological mean 
rates (ca. 9-11 pps). The membrane potent ia l  f luctuat ions 
in conjunction with muscle tension changes (at isometric 
length) were averaged with respect to the s t imul i .  
The comparison of evoked MN PSPs with average MU twitches 
revealed that the effects on single MNs of contractions of 
d i f fe ren t  MUs varied quan t i ta t i ve ly  and qua l i t a t i ve l y .  The 
amplitudes of evoked PSPs lay between zero and about 300 
vV. Mostly, these PSPs consisted of a hyperpolar izat ion 
during tension r ise of the respective MU. In some cases, 
the hyperpolar izat ion was preceded and/or fol lowed by 
depolar izing phases, the f i r s t  being b r ie f  and the second 
being of prolonged duration stretching over the period of 
MU re laxat ion.  The f i r s t  depolar izat ion could be due to 
"ear ly"  discharges of spindle af ferents,  the second to 
" re laxat ion"  discharges. The hyperpolar izat ion may be 
caused by increased Golgi tendon organ discharge and 
decreased spindle discharge. Linear and nonlinear summation 
of the effects from several MUs w i l l  also be reported. 

Dept. of Physiology, Universi ty of Arizona, Tucson/Arizona 
85724, U.S.A.; and Zentrum Physiologie und Pathophysiologie 
der Univ. G~ttingen, Humboldtallee 7, 3400 G~ttingen, FRG 
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CAN CHRONICAL LESIONS IMITATE AGEING 
PROCESSES IN MOTOR PERFORMANCE? 
B. J~nicke and G. Schulze 

Reduced oxygen consumption as well as a diminished ce- 
rebral metabolism induce a loss of CNS controlled functions 
in old organisms as e.g. deficits inmotor coordination. It 
was examined to what extent the consequences of a surgi- 
cally induced chronieal lesion in an adult animal might 
imitate ageing processes during life span. We performed 
two surgical lesions in adult rats: I. ligature of both car- 
otid arteries, 2. portacaval anastomosis. These animals 
(4-6 weeks after surgery) as well as old ones were tested 
in the following procedures: i. open field, 2. tilting 
plane, 3. climbing on a vertical ladder, 4. rotarod test. 
Adult (6 months old) male Sprague Dawleyrats were used. 
A group of carotid ligated rats and a group withportscaval 
anastomosis were compared to sham operated controls 
and to a group of senile rats (30 months old). In a previous 
study it has been shown that with this test battery a dif- 
ferentiated loss of performance of old animals can be dis- 
closed. Our results reveal that both chronical lesions do 
not influence the performance of rats in the chosen test 
procedures. In open field test only a reduced locomotion 
was obvious in old rats. In the tilting plane test all adult 
rats lost theirbalance at 51 ~ whereas old animals failed 
at 44 ~ Also in the climbing test as well as in the rotarod 
test a difference was only seenbetween adult and aged rats. 
It is obvious that ageing processes or their consequences 
on motor behavior cannot be studied sufficiently in adult 
animals with lesions as described. 

Institnt ffir Neuropsychopharmakologie der Freien Univer- 
sitar Berlin, Ulmenallee 30, D-1000 Berlin 19 
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CAN THE LANGUAGE D0~INANT HEMISPHERE BE 
RECOGNIZED DURING LANGUAGE PROCESSING BY 
SLOW BRAIN POTENTIALS IN ~AN? 
R. Jun E and A. Hufschmidt 

Brain potential shifts during writing show uni- 
lateral negativity over the language dominant 
hemisphere.These are also influenced by the con- 
tralateral writing hand/~/.Slow potentials 
during speech are compllcated by large respira- 
tion artifacts/2/. Both test~ need exclusion of 
additional comp'~ications and are made by back- 
ward averaging. 
Therefore, various language tasks were used 
without speaking and with forward averaging: 
During completion or construction of sentences 
as well es during translation, memorizing and 
association of words preceding the writing act, 
we measured the averaged slow brain potential 
fields over both hemispheres and midline. 
When language processing precedes script per- 
formance, their EEG-accompaniments can be dis- 
tinguished and the hand effect may be excluded. 
In righthanders negative potentials during these 
language tasks are larger over the left cere- 
bral hemisphere than over the right. Verbal 
evokation of figure drawings also shows larger 
negativities over left precentral and parietal 
regions when compared with mere visual copying 
of figures. Evidence of hemispheric predomi- 
nance is presented in righthanders and in two 
groups of lefthanders, writing with the right 
and left hand respectively. 
~/Jung R,Hufschmidt A,Moschallski W: Arch 

Psychiatr Nervenkr 2~2 (im Druck,1983) 
2/GrSzinger B,Kornhuber HH,Kriebel J,Szirtes J, 
-- Westphal KTP:Progr Brain Res 54,798-804(~980) 

Abt. Neurophysiologie, SFB 70, Universit[t 
Freiburg, Hansastr. 9, D-7800 Freiburg i.Br. 
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SLEEP-PATTERN RECOGNITION BY CLUSTER ANALYSIS 
P.Grass 
.......................................................... 

The aim of this study is the development of an automatic 
on-line sleep stage classificator. Pattern recognition with 
the aid of cluster analysis has proved to be a suitable 
method for the simultaneous analysis of interactive para- 
meters for describing sleep. Input variables of our algo- 
rithm are the spectral power of the EEG, quantity and dur- 
ation of sleep spindles, quantity of REM, EMG-power, heart 
and respiration period. These features are extracted from 
the data stream by hardware pre-processors, they are clea- 
ned from artefacts and nermelized by Z-transformation. For 
the definition of sleep patterns the data of one night are 
processed off-line in a divisive, hierarchic cluster ana- 
lysis comparable to the adaptation of the system to an 
individual subject. The control of the classification is 
performed by changing features and weighting functions on 
various levels. On the lowest level the most weighted fea- 
ture is the delta-band, the classes being arranged under 
the aspect of growing delta activity.On higher levels non- 
linear functions are used to adapt the classes according 
to alpha and sigma activity. Once centre and standard devi- 
ation of each cluster are established for one subject un- 
der normal conditions, the data from following nights can 
be classified on-line by computing the smallest Euclidian 
distance between the measurement vector and the cluster 
centres. Moreover, the vector is examined to be within a 
confidence-interval around the cluster centre. Results of 
this sleep analysis show the peculiarities of individual 
sleep with high resolution.Time resolution is limited only 
by filters and memory size, typical epoche length for a 
whole night recordins being 10 to 30 seconds. In a normal 
course of sleep the analysis is confined to 12 sleep pat- 
terns. If unexpected patterns appear, a new class is de- 
fined automatically. For comparison with the coarse conven- 
tional classification our analysis can be properly con- 
densed. 
Institut of Physiology, Universit~t Marburg, 
Deutschhausstr.2, D-~550 Marburg 
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EARLY INSPIRATORY INHIBITION IN BULBAR EXPIRATORY NEURONES 
D. Ballantyne and D. W. Richter 

In anaesthet ised, paralysed and a r t i f i c i a l l y  ven t i l a ted  
cats recordings from caudal exp i ra to ry  neurones reveal an 
augmenting depo lar isa t ion  during exp i ra t ion  and a r a p i d  
onset of  dec l in ing hyperpolar isat ion during insp i ra t i on .  
This hyperpolar isat ion is associated with a decl in ing in-  
t ens i t y  of  synaptic noise, which is minimal during l a te -  
i nsp i ra t i on  and pos t - i nsp i ra t i on  but which increases again 
during the subsequent exp i ra to ry  depo lar isa t ion .  Chloride 
in jec t ion  into ce l ls  i n i t i a l l y  converts th is  decl in ing 
hyperpolar isat ion to an augmenting pattern of  hyperpolar i -  
sat ion and f i n a l l y  to a decl in ing pattern of  depolar isa-  
t i on .  This suggests a prominent i . p . s .p ,  input to exp i ra-  
to ry  neurones in e a r l y - i n s p i r a t i o n  but i t  does not reveal 
whether the associated gradual reduct ion in synaptic noise 
is due to cessation of  synaptic inputs or to the a t t a i n -  
ment of  the i . p . s .p ,  reversal  po ten t ia l .  
A composite i . p . s .p ,  was evoked in the ce l l  and used as a 
tes t  i . p . s .p .  This i . p . s .p ,  reversed po la r i t y  in ear l y -  
i nsp i ra t i on .  Subsequently, and corre la ted with the period 
in which spontaneous synaptic noise was minimal, the tes t  
i . p . s .p ,  was e n t i r e l y  suppressed but reappeared during the 
exp i ra to ry  phase, again corre lated with the reappearance 
of spontaneous p.s.p.s .  
This resu l t  suggests that  the diminution o f  synaptic noise 
is not due to coincidence o f  membrane potent ia l  with 
i . p . s .p ,  reversal potent ia l  but due to antecedent "gat ing 
out" o f  th is  input.  This i n te rp re ta t i on  is consistent with 
the pattern of  changes in input resistance which is 
smallest in e a r l y - i n s p i r a t i o n  and la rgest  during l a te -  
i nsp i ra t i on .  We suggest that  the rhythmic i nh ib i t i on  of  
exp i ra to ry  neurones is confined to ea r l y - i nsp i r a t i on  and 
that  th is  i nh i b i t i on  is fol lowed by a s i g n i f i c a n t l y  long- 
period in which the neurones are inaccessible to a l l  
synaptic inputs. 

Supported by the Deutsche Forschungsgemeinschaft 
I .  Physiol.  Inst .  Univ. D-6900 Heidelberg, INF 326 
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INFLUENCE OF VIBRATION ON CONTRACTILE FORCE OF 
ISOLATED GUINEA PIG CARDIAC TISSUE. 
H. Lange-Asschenfeldt 
Left guinea pig auricles or atrial strips were mounted horizontally 
in an organ bath between a strain gauge and a hook fixed on the 
membrane of an electrodynamic vibrator. The preparations were 
bathed in normal Tyrode solution continuously gassed by carbogen 
(95% 02, 5% CO^ ). A preload of 5 mN was applied and the 
muscles were sfimu;~ated by rectangular pulses at frequencies be- 
tween 0.2 to 3 Hz. When an equilibrium state in contractile 
force was attained the muscles were vibrated at 200 Hz for periods 
up to 20 mln ( changes of length less than 100pm at the vibrator 
hook ). The mechanical irritation caused a sudden decrease in con- 
tractile force by almost 50% which was more or less maintained 
even when the vibration period was prolonged for more than 10rain. 
After ending the vibration a restitution of the force to pre-vlbration 
values occurred without delay. This response pattern was found 
altered when the oxygen pressure in the bath was considerably 
lowered. Thus, gassing with a mixture of 15% 02, 80% N2, and 
5% CO 2 reduced the contractile force by 80 to 90%. Upon vibra- 
tion the force was init ial ly further depressed as under normoxlc 
(control) conditions. It was then,however,followed by an increase 
which at least compensated the vibration-lnduced depression.The 
rate of this increase depended upon the beat frequency.The increase 
was accomplished within 2 to 3 rain at 3 Hz and within about 15 
min at 0.2 Hz. Under hypoxic conditions the stop of vibration 
caused a sudden increase in force to a level much higher than be- 
fore starting the vibration. Pre-vibration amplitudes were reached 
again in the course of about 15 rain. The adaptation of the con- 
tractile force to vibration in the presence of hexobarbital and 
D 600 producing negative inotropic responses similar to hypoxla 
dld not differ from the control pattern. As a possible mechanism a 
change in oxygen utilisation is discussed. 

Institut fur Pharmakologie, Univ. Kiel, Hospitalstr.4-6, D-2300 Kiel 
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SARCOMERE LENGTH DETERMINATION USING LIGHT DIFFRACTION IS 
LESS ACCURATE THAN OFTEN ASSU~D. 

B. F le i sehmann,  R. R~de l ,  and F. Z i t e - F e r e n c z y  

Meassurement o f  the  an g l e  of  1 s t  order  l i g h t  d i f f r a c t i o n  
is commonly used f o r  the d e t e r m i n a t i o n  o f  sarcomere  
l e n g t h  (SL) of s t r i a t e d  m u s c l e .  Some authors  (of.  
lwazumi and Pollack, IEEE Transactions BME 26, 86, 1979) 
believe that the limiting factor in the resolution of SL 
slgnals can be pushed to about 2 nm (= 0.1%) by using 
sophisticated electronics for ang le  measurement .  We have 
a l r e a d y  s t r e s s e d  t h a t  l e f t  and r i g h t  1 s t  o r d e r s  of l i g h t  
d i f f r a c t i o n  may be d i f f e r e n t  in  such important  a s p e c t s  as 
intensity at rest (I. Physiol. 272, 31P, 1977) and dif- 
fraction angle during active shortening (Nature  278, 573, 
1979). We now report that in single f r o g  muscle fibres 
at rest the diffraction angles of the two 1st orders (po- 
sitions of the maximum intensities) may differ by up to  
3%. During sinusoidal passive length changes (0.1 < f < 
10 Hz; 2.3 < SL < 2.9 ~m) the intensity distribution 
w i t h i n  each  1 s t  order  l i n e  d i s p l a y s  c o m p l i c a t e d  changes  
which seem u n c o r z e l a t e d  but which  are  r e p r o d u c i b l e  and 
independent  o f  f r e q u e n c y .  When l i g h t  i t e n s i t y  i s  
integrated using position-sensitive diodes the angle 
changes  during p a s s i v e  l e n g t h  changes  d i s p l a y  u n c o r r e l a t -  
ed s t e p s  ( P o l l a c k  e t  a l . ,  Nature  2 6 8 ,  757 ,  1 9 7 7 ) .  I t  i s  
u n l i k e l y  t h a t  t h e s e  s t e p s  are  caused by s y n c h r o n i z e d  
f o r c e  g e n e r a t o r s .  Rath e r ,  Bragg an g l e  e f f e c t s  
(J .  Physiol. 290, 317, 1979) seem to limit resolutlon 
and i n t e r p r e t a t i o n  o f  d i f f r a c t i o n  e x p e r i m e n t s .  

Abteilnng fur  A l l g e m e i n e  Physiologic, U n i v e r s i t ~ t  Ulm, 
Oberer E s e l s b e r g ,  D-7900 Ulm, West Germany 
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Ca2+-ACTIVATION OF SMOOTH MUSCLE CONTRACTION: 
NONCORRELATION OF ATPase ACTIVITY, TENSION 
DEVELOPMENT AND MYOSIN PHOSPHORYLATION 
U. Mrwa, K. GOth and M. Gagelmann 

Although contradictory results have been repor- 
ted, a Ca 2+ and calmodulin-dependent phosphory- 
lation of the regulatory light chain of myosin 
is thought to be the critical event in Ca 2+- 
activation of smooth'muscle. We present evidence 
that the Mg2+-dependent actin activated ATPase 
activity of highly purified chicken gizzard 
myosin which is phosphorylated up to 75 % is low 
(2 - 5 nm Pi/mg/min). It can be activated by an 
as yet unidentified protein factor up to 70 nm 
Pi/mg/min at 10-5 M Ca 2+. Calmodulin and Trope- 
myosin enhance this effect. A similar activation 
occurs when the degree of phosphorylation is as 
low as 25 %. In chemically skinned chicken 
gizzard fibres maximal activation of isometric 
tension development and shortening velocity is 
found at 10 -5 M Ca 2+, under these conditions 
50 % of the myosin is phosphorylated. Interes- 
tingly, the same activation can be achieved at 
7 x 10 -8 M Ca 2+ in ~resence of 3 ~M calmodulin 
and at a Ca2+ 10 -o M with 50 pM calmodulin. 
In both cases, the phosphorylation does not ex- 
ceed 20 % of the available sites. We conclude 
that phosphorylation alone is not sufficient to 
activate smooth muscle. 

Supported by the DFG 

II. Physiologisches Institut der Universit~t 
Im Neuenheimer Feld 326, D-69OO Heidelberg 



R 78 

309 

EVIDENCE FOR DIFFERENT Ca 2+ REQUIREMENT OF 
MYOSIN PHOSPHORYLATION AND ACTIN-ACTIVATED ATP- 
ase ACTIVITY IN CHICKEN GIZZARD SMOOTH MUSCLE 
L. Merkel, K.D. Meisheri, G. Pfitzer and 
J.C. R~egg 

As myosin phosphorylation may be a prerequisite 
for ATPase activation, it is important to estab- 
lish the quantitative relationship between these 
two processes. In view of previous controverses, 
we reexamined this relationship by measuring the 
Ca 2+ dependences of myosin phosphorylation and 
ATPase activity over the physiological Ca2+-con - 
centration range of O.O1 ~M to 10 ~M under iden- 
tical experimental conditions. We found a sig- 
nificant (p~O.05) difference in the Ca2+-re - 
quirement for half maximum activation: 

Free Ca z+ for: 
activation of threshold halfmax~ maximal 
myosin phospho- I, 35x10-7M 2,25~.O. 18xiO -7 8x10-7M 
rylation 
ATPase activity 4.6x10-7M 6.61~D. 6xI0 -7M 9xlO-6M 

The Ca sensitivity (EC 50) of the phosphoryla- 
tion is higher than that for ATPase activity. 
No significant ATPase activation could be ob- 
tained up to about 60 % phosphorylation. At in- 
termediate~a2~ , phosphorylation and ATPase ac- 
tivity are non-linearly related. A further in- 
crease in Ca 2+ induces further activation with- 
out change in phosphorylation which raises the 
question whether, in addition to phosphorylation, 
other calcium-dependent activating mechanisms 
may be involved. 

II. Physiologisches Institut der Universit~t 
Im Neuenheimer Feld 326, D-69OO Heidelberg 
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SPONTANEOUS TONE OF GASTRIC SMOOTH MUSCLE (FUNDUS 
STRIPS FROM CATS AND DOGS) AND ITS DEPENDENCE ON ENDOGE- 
NOUS PROSTAGLANDIN SYNTHESIS 
K.BoevX)~ A.Bonev x) and K.Golenhofen 

Fundic muscle strips usually develop a strong spontaneous myogenic 
tone which was nearly completely suppressed by blockade of the 
endogenous prostag]andin synthesis with indomethaein in canine pre- 
parations (K.Milenov and K.Golenhofen, Prost. Leuk. and Med. 8, 
287-300, 1982). Longitudinal (outer layer) and circular muscle strips 
(inner layer) were dissected from the upper fundus region, and the 
mechanical activity was recorded under isometric or near-isotonic 
conditions. Indomethacin (IND)and 5,8,11,14-eicosatetraynoic acid 
(ETA) both suppressed the spontaneous activity, and they shifted the 
dose-response-curve for the excitatory effect of arachidonic acid 
(10 -7 to 10 -4 mol/D to the right. At a concentration of 10 -6 mol/I the 
inhibitory effect of IND was near maximal, and an increase of the con- 
centration to 10 -5 mol/I produced only little further suppression. The 
activity which persisted at this concentration (determined by applica- 
tion of papaverine 10 --3 mol/I or nitroprusside sodium, NP, 10 -5 mol/I) 
can therefore be called "lND-resistant component". This component 
was small in 19 strips from 2 dogs (around 10% of the control value). In 
10 strips from one other dog, however, this component was large: 
10-30% in the longitudinal and 25-50% in the circular strips. In strips 
from 10 cats the IND-resistant component was altogether larger. It was 
between 20 and 50% in most circular strips, and between 0 and 20% in 
the longitudinal strips. The effects were essentially the same during 
tetrodotoxin or nifedipine treatment. ETA was about 10-times less 
potent than IND. The IND(10-5mol/0-resistant and the ETA(10 -4 
mol/I)-resfstant components were of similar size when compared in 
one and the same strip. It can be concluded that in gastric fundus 
muscle another mechanism - in addition to the endogenous prosta- 
glandin synthesis - can contribute to the spontaneous tone, particular- 
ly in circular strips, and that individual and species differences exist. 
(Supported by the Deutsche Forschungsgemeinsehaft). 

Department of Physiology, University of Marburg, Deutschhausstr. 2, 
D-3550 Marburg/Lahn, FRG 

X)lnstitute of Physiology, Bulgarian Academy of Sciences, Acad. 
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The Effect of Ionophore A 23 187 on the Sponta- 
neous Mechanical and Electrical Activity of the 
Isolated Portal Vein of the Guinea-Pig. 

K. K~lling, M. Ernst, H. Schwarz, M. Michailow, 
L. Schachinger, J. Riemer 

The effect of ionophore ( A 23 187 ) on the 
spontaneous activity of the isolated portal 
vein was studied using isometric tension devi- 
ces and i~tracellular recording techniques. 
Adding 10 -8 mol/l of the substance to normal 
Krebs solution leads to an increase of the am- 
plitude and frequency of the phasic contracti- 
ons of the vessel. Higher concentrations induce 
the muscle to contract more frequently but less 
strongly. 5xi0 -6 mol/l of the ionophore causes 
a well-sustained tonic tension with superimposed 
small phasic contractions of high frequency. 
The drug-induced changes of the mechanical ac- 
tivity are accompanied by a dose-dependent de- 
polarization of the membrane and a shortening 
of the bursts and the spike-intervals. In the 
presence of high concentrations of the drug the 
electrical activity tends to regular spiking 
which is not modulated by bursts. The shape of 
the spikes is minimally changed by the drug. In 
calcium-free solutions the ionophore does not 
affect the maximal relaxation of the vessel. Si- 
milarly, the ionophore is not able to change the 
relaxing effect of high doses of the calcium- 
antagonistic drug nifedipine. It is concluded 
that the ionophore potentiates the contractions 
of the vessel by depolarizing the cell membrane 
and improving the spike activity. 

Department of Physiology, University of Munich 
PettenkoferstraBe 12, D-8000 Munich 2, Germany 

312 

FAST AND SLOW COMPONENTS IN TENSION INCREASE OF 
RAT TRACHEAL MUSCLE 
U.Peiper,  R.N.Speden, E.Donker and C.F.Vahl 

A f t e r  onset o f  s t imu la t i on ,  smooth muscle prepa- 
ra t ions  show a biexponent ia l  increase in tension 
wi th  an i n i t i a l  f as t  and a subsequent slow compo- 
nent which has been re la ted  to the release o f  i n t r a -  
c e l l u l a r l y  stored calcium and to the increased t rans-  
membraneous calcium f l u x ,  respec t i ve l y  (Bohr, 1963). 
The pos t - v i b ra t i on  tension recovery of  the i so la ted  
ra t  t racheal  muscle is also b iexponent ia l  ( t ime con- 
s tan t  T l f o r  the f a s t  component 0.92 + 0.05 sec 
(n = 50),  %2for the slow component 6?79 § 0.29 sec. 
Both time constants depend on the durat ion of  the 
s t imu la t ion  period p r i o r  to v i b ra t i on  ( e l e c t r i c a l  
f i e l d  s t imu la t ion  square wave 30 Hz, 0.3 msec). 
T2 which r e f l e c t s  the k ine t i cs  o f  act in-myosin in -  
t e r a c t i o n ,  is at  a minimum at about 32 sec a f t e r  
the s t a r t  o f  s t imu la t ion  and becomes greater  a t  
shor ter  or longer p re -v ib ra t i on  per iods.  As the 
myosin l i g h t  chain kinase a c t i v i t y  is l i kewise 
time-dependent (Aksoy, N.O., Amer.J.Physio l .  242, 
C I09-C 116 (1982)) ,  the observed time c o u r s e - -  
ofm2 may be explained by respect ive changes in 
the k ine t i cs  o f  cross-br idge cyc l ing  due to the 
a c t i v i t y  o f  the pro te in  kinase; the k ine t i cs  be- 
come f a s t e r  a f t e r  onset o f  s t imu la t i on ,  reach 
maximum values at  about 30 sec and become slower 
during sustained a c t i v a t i o n .  In con t ras t  to t h i s  
t ime course, the developed tension continued to 
r i se  to s teady-s ta te  maximum values. 

Universi t~ts-Krankenhaus Eppendorf, Physiologisches 
I n s t i t u t ,  r l a r t i n i s t r asse  52, D-2000 Hamburg 20 
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EFFECTS OF HYDROPEROXIDES ON VASCULAR SMOOTH 
MUSCLE CONTRACTION. H. Neinle 

The formation of hydroperoxides (HP) in l i v i ng  
cel ls can be considered a general a t t r i bu te  of 
aerobic l i fe ,  and increased levels in tissues ant 
blood were found under various pathological con- 
di t ions (Chance et al., Physiol.Rev. 59, 527, 
1979). Although i t  was shown recent l~,  that HP 
stimuTate glycogen phcsphory~ase a a c t i v i t y  ~ 
vascular smooth muscle (VSM) probably by an Ca 2+- 
dependent mechanism (Heinle, Biochem. Biophys.Res. 
Comm. 107, 597, 1982), l i t t l e  is known about the 
generaT--effects of hydroperoxides on VSM. There- 
fore experiments were performed elucidat ing the 
effect of HP on the c o n t r a c t i l i t y  of VSM. 
Segments of rabbit  carotid ar ter ies were isome- 
t r i c a l l y  mounted and circumferential wall force 
was measured. Using oxygenated Tyrode solut ion,  
the ar ter ies were superfused e i ther  with glucose 
(5 mM) and/or pyruvate (3 mM) or substrate free. 
Hydrogenperoxide and t-butylhydroperoxide were 
applied from 0.1 to 20 mM. The results show, that 
both hydroperoxides s i m i l a r i l y  induce reversible 
contractions. The sens i t i v i t y  was highest in sub- 
s t ra te- f ree  solution and lowest with pyruvate as 
sub@trate. Addition of EGTA or verapamil (10 "o - 
10-~2+ M] influences the contraction" and shows the 
Ca -dependency of this type of contraction. Al- 
though the underlying mechanisms remain to be 
elucidated, an important prerequisi te for the 
induction of the HP-dependent contraction seems 
to be a l imi ted a b i l i t y  of ATP-regeneration. 

Physiologisches Ins t i t u t (1 )  der Universi t~t 
TUbingen, Gmelinstr. 5, D-7400 TUbingen. 
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EXERCISE HENOCONCENTRATION AND OSMO]LALITY 

N. Maassen 

Alterations of acid-base-balance are accom- 

panied by changes in blood osmolality. In vitr% 

in oxygenated blood the following relationship 

was found: i~Osm= -31.7ApH + O(B~ning , Maassen 

85). During physical activity (cycle ergcmeter, 

increasing workload beginning with 50 watt, 

steps of 50 watt every 3 min; n=10) the in vivo 

relationship is AOsm=-136.6/~pH + 1.9. A pH de- 

crease of 0.2 units results in an increase in 

osmolality of 29,2 mosmol/kg H20. Only 6.5 

mosmol are due to acid-base-balance changes be- 

cause of compensating the rise in lactic acid 

concentration by CO 2 delivery. The remaining 

increase of 22.7 mosmol/kg H20 is caused to a 

large extend by a water shift into the working 

muscles due to osmotic effects which are re- 

lated to the anaerobic metabolism (AOsm=/12.O5 

[.Lac ! t 2.7).More than 50% of the exercise hemo- 

concentration can be explained by these osmotic 

effects. 

Abt. Sport- und Arbeitsphysiologie, Zentrum 

Physiologie, Medizinische Hochschule Hannover, 

Konstanty-Gutschow-Str. 8, D-3000 Hannover 
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EVALUATION OF V'o 9 KINETICS ON THE BASIS OF PSEUIX0-RAh~OM 
BINARY SEQUENCES 0F WORK LOAD. 
D.E~feld, J. Stegemann 

The determination of oxygen-uptake kinetics may be used 
as a non-invasive and specific method to assess the state 
of endurance training of different muscle groups. In 
addition to a high resolution of V'o 2 measurements (breath- 
by breath analysis], appropriate test signals are important 
prerequisites for the reliability of this method. 
In this respect, single step changes of work load, which 
have been used most frequently as input signals, seem 
to be disadvantageous. With this type of signal, the number 
of V'o Z readings during the transient period is restricted 
by the respiratory frequency. Thus, the evaluation of V'o 2 
kinetics is susceptible to the large interbreath fluctuatlons 
of data that are inevitable in common breath-by-breath 
techniques. In addition, the power spectral density of the 
step signal shows a relatively small bandwidth andan accen- 
tuation of the low frequency range. Sinusoidal inputs, which 
are an appropriate alternative from a theoretical point of 
view, are rather time-const~aing if a complete polar plot 
is to be obtained. Statistical signals of the PRBS type 
(pseudo-random binary sequence) offer a convenient compromise 
since they permit a 'tailoring' of both the duration of the 
test and the power spectral density of the input. Due to 
the essentially statistic nature of the evaluation, the 
PRBS technique is less susceptible to random fluctuations 
of breath-by-breath analyses. 
We have evaluated the V'% kinetics of 12 subjects on the 
basis of both single step'changes of work load (20 W - 
100 W - 20 W) and PRBS sequences (20 W to 100 W, 15 bits of 
50 s duration per bit, 3 cycles). The comparison of results 
shows that the relation between V'o2-on kinetics and PRBS 
evalutation are closer than the V'o2-off to PRBS relation. 
Due to its lower degree of reliabilzty, however, Wo 2- 
on kinetics should not be utilized to predict the results 
obtained from PRBS techniques. 

Physiologisches Institut der Deutschen Sporthochschule K~In, 
Carl-Diem-Weg, D-5000 Cologne, FRG 
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BIOMECHANICAL INVESTIGATIONS ON THE HUMAN FOOT SOLE UNDER 
ASPECTS OF OSCUPATIONAL MEDICINE 
B. Kurz, W. Diebsehlag 

With respect to Debrunner (1972) in cause of the variety 
of forms of feet they will be classified as 'healthy' 
respectively 'without pathological findings', when 
functioning normally. After a mass exam/x~tion on the 
feet of more than I. 000 young German soldiers we 
diagnosed only 0.2-0.4% as orthopedically unconspicuous 
and nearly 80% were in need of treatment. These results 
are approximately valid for the population. Feet troubles 
and foot deformities as well as unfitting or outworn 
shoes enhance the danger of accidents at the working 
place and may influence negatively the biomechanical 
course of action and the efficiency of men. 

For the physiological and biomechanical assessment of the 
load capacity under the human foot sole the knowledge of 
its force- and pressure distribution is one of the most 
important criterias. With former testing methods some 
fundamental datas were found out, however those methods 
were insufficiently adapted and too inaccurate. 

With a novel device we registered and interpreted the 
pressure distribution under the foot sole of each 5 men 
and women during standing and walking, barefoot and in 
shoes. The results sh~ in detail the extent of existing 
foot deformities and their effects on the different 
phases of walking. 

With a corrected form of the inside of shoe soles or an 
arch support standing and walking may be influenced 
positively for prevention or treatment of foot troubles. 
These fundamental investigations in our laboratories are 
not yet finished, and call for a transformation that is 
used in general practice, according to improved shoe 
insoles and -uppers as well as a more adapted choice of 
their materials. 

Institut ftLr Arbeitsphysiologie der Techn. Universit~t 
M[inchen, BarharastraSe 16, 8000 MLtnchen 40 
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TIME COURSE OF TRAINING EFFECTS ON POSTURAL INSTABILITY 
PRODUCED BY STANDING ON ONE LEG 
H. Knaup and W. BUchele 

Standing on one leg causes a physio logical  i n s t a b i l i t y  of  
postural balance, which is due to both a reduction of  the 
area o f  foo t  support as well as a reduction o f  somatosen- 
sory input from ankle j o i n t  receptors.  Imbalance becomes 
p a r t i c u l a r l y  apparent when the eyes are closed, and the 
mu l t i - l oop  control  o f  posture r e l i e s  mainly on the 
evaluat ion of  ves t lburar  and somatosensory af ferences.  The 
improved performance o f  balancing tasks by t ra in ing  i nd i -  
cates that  postural re f lexes  are not optimized under 
da i l y  l i f e  condi t ions.  
Fore-a f t  and la te ra l  body sway o f  10 healthy subjects 
were cont inuously measured and analyzed by means of  
posturography while balancing on one foo t  fo r  i n t e r -  
mi t tent  da i l y  t ra in ing  phases o f  a to ta l  o f  32 min over 
a period of  5 days: 
I .  postural sway a c t i v i t y  (RMS-values) in a l l  subjects 
improved up to 50% wi th in the 5 days; 2. a 30% exponential 
rapid improvement was obtained wi th in the f i r s t  day; 3. a 
da i l y  short- term t r a i n i n g - e f f e c t  and a long-term t r a i n i ng -  
e f f ec t ,  together ,  form a typ ica l  sawtooth curve of  in -  
creasing postural s t a b i l i t y  with time, reaching an asymp- 
to te a f t e r  3 days; 4. a f t e r  terminat ion o f  t ra in ing  
learned balance s k i l l  is preserved f o r  weeks. 
The process of  sensory-motor re-arrangement underlying the 
improvement of  balancing is c lose ly  re la ted to the degree 
o f  i n i t i a l  i n s t a b i l i t y .  C l in ic ians  should make i t  a s t ra -  
tegy in a tax ia  therapy to expose pat ients to increas ing ly  
ins tab le  body postures in order to f a c i l i t a t e  re-arrange- 
ment and recruitment o f  control  capac i t ies .  The amount o f  
rapid improvement by balance t ra in ing  wi th in one hour 
seems to be a r e l i a b l e  measure f o r  the expectat ion of  the 
overa l l  bene f i t  o f  physical therapy in an atax ic  pat ient .  

Neurologische K l i n i k  mit k l i n i scher  Neurophysiologie, 
A l f r i ed  Krupp Krankenhaus, D-4300 Essen 
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CAPSAICIN FAZLS TO IMPAIR AUTONOMIC HEAT DEFENCE IN AN 
AVIAN SPECIES, THE DUCK. Elisabeth GeisthSvel 

Capsaicin has been shown to impair heat defence in 
several mammals. This effect is ascribed mainly to the 
destruction of warm receptors. Birds employ the same auto- 
nomic mechanisms of heat defence as mammals, but their 
thermoreception seems to be differently organized. This 
difference could be further substantiated by testing the 
effects of capsaicin on autonomic heat defence of ducks 
(1.9- 2.5 kg body weight).- Compared with rats eapsaiein 
was much less toxic in ducks: while 150mg.kg-1 administer- 
ed in the usual way to rats caused severe hypothermia and 
was often fatal, ducks tolerated single intravenous (i.v.) 
injections of up to 500mg-kg -I from the same batch without 
significant irritation, showing neither consistent vasodi- 
latatory nor hypothermic responses.- Autonomic heat defen- 
ce by panting was tested in three ducks before and after 
I ~kg -I capsaicin given in repeated i.v. injections. The 
animals were exposed to a hot (35-37~ environment and 
their core temperature (Tc, esophageal) was controlled by 
a cooling thermode inserted into the colon. At the thre- 
shold of panting (breathing frequency, BF, 50 min-1), T e 
after capsaicin was 41.67• 0.05~ (mean• and not 
significantly different from the threshold T c of 41.59+ 
0.040C (n= 10) before capsaicin. The rise of BF with T c in 
the capsaicinizedanimalswas at least as steep as in the 
non-treated ducks, and the same maximum BF rates were ob- 
served. The strict linearity between BF (X) and respirato- 
ry evaporative heat loss (REHL, Y) observed in non-treated 
ducks (~= 0.95, n= 10) was maintained after capsaicin (~= 
0.97, n= 14), although the slope was reduced. However, the 
rise of REHL with BF was always sufficient to keep T c 
after capsaicin in the same range as before capsalcin. It 
is concluded that the nervous control of autonomic heat 
defence in ducks is not impaired hy I g-kg -I capsaicin. At 
most, evaporation from the respiratory surfaces might be 
reduced to some extent. 

Max-Planck-Institut f. physiol, u. klin. Forschung, 
W.G. Kerckhoff-Institut, D-6350 Bad Nauheim, West-Germany 
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CHARACTERISTICS OF WARM FIBRE DISCHARGE IN BOA 
CONSTRICTOR. K. Sch~fer 

Discharge pattern of Boa warm fibres was ana- 
lysed I, at constant temperatures, 2, following 
rapid warming steps, and 3, during calcium or 
EDTA application. 

I, With increasing constant temperatures a 
temperature d@pendent monotonic shift to short- 
er intervals is apparent. The reduction of mean 
discharge rate at higher temperatures results 
obviously from omitted impulses: the longer 
intervals are multiples of the shorter ones. An 
underlying periodic process is therefore sup- 
posed. 

2, The adaptation phase of the dynamic re- 
sponse to rapid warming varies considerably 
with adapting temperature: A gradual decline 
at lower temperatures changes to an undershoot 
and transient inhibition following the over- 
shoot at higher temperatures. Sometimes the dy- 
namic response is suppressed completely at high- 
er temperatures. 

3, Generally calcium application induces a 
decrease and EDTA application an increase in 
receptor activity. A discharge in regular 
groups of impulses (burst discharge) is appa- 
rent in some fibres during EDTA infusion. It is 
concluded that Boa warm receptors possess a 
calcium dependent outward current comparable to 
that supposed in mammalian cold fibres. 

Supported by the Deutsche Forschungsgemeinschafc 

Department of Normal and Pathologic Physiology, 
University of Marburg, Deutschhausstr. 2, 
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TEMPERATURE SENSATION, THERMAL COMFORT, SKIN 
BLOOD FLOW THRESHOLDS AND FREQUENCY ANALYSIS 
OF SKIN VASOMOTOR RHYTHMS 
K. Issing, F. Kossivi t E. Fuhr 

11 students in bathing suits were exposed for 
30 min to 12 ~ room temperature (RT). The tem- 
perature linearly increased within 45 min to a 
final RT = 45 ~ Only the right hand (arm) was 
thermally insulated from the RT by a water cir- 
culated plastic cylinder kept at 33 ~ 
At various sites of the body local temperature 
sensation (LTS) and local thermal comfort (LTC) 
can be perceived. LTS depends linearly on local 
temperature (Tlocal) , whereas local thermal com- 
fort (LTC) depends both on Tloca I and mean skin 
temperature (TS). General temperature sensation 
(GTS) and general thermal comfort (GTC] disso- 
ciate above TS~ 33 ~ 
The right and left hand show nearly the same 
high skin blood flow increase (SBFI)(~I.6 
units) but different thresholds for rhythmic 
skin blood flow (32.58 ~ resp. 25.24 ~ SBFI 
is moderate at the forehead and lowest at the 
foot (A/~0.7 units), because of the low ini- 
tial foot temperature (TFoot~ 21 ~ The 
rhythmic vasodilatation of ~he foot begins only 
at high TFoot ~ 27.41 ~ whereas the forehead 
shows a small vasomotion already from the be- 
ginning. Fourier analysis of skin blood flow 
rhythms has shown that the greatest amplitudes 
in the power spectra occurred at local tempera- 
tures between 33 ~ and 36 ~ In the higher 
local temperature range vasomotor rhythms had 
shorter periods. 

Supported by the Deutsche Forschungsgemeinschaft 

Institute of Physiology, Deutschhausstr. 2, 
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THREE TYPES OF SHORT-TERM COLD ADAPTIVE EFFECTS IN THE 
GUINEA-PIG 
P. Hinckel, K. Pfizenmaier and K. BrUck 
Shivering evoked by external cooling was shown in man as 
well as in the non-cold-adapted guinea-pig to s t a r t  at  a 
lower mean body temperature during the second cooling 
phase in comparison with the shiver ing threshold during 
the f i r s t  cooling i f  the in te rmi t ten t  rewarming period 
lasted no longer than ca. 30 min. In cold adapted guinea- 
pigs, whose i n i t i a l  shiver ing threshold was by 0.5~ (on 
average) lower than in the non-cold-adapted animals, no 
s i g n i f i c a n t  short- term shiver ing threshold displacements 
were observed (Pfizenmaier et  a l . ,  PflUgers Arch. 3944, 
R38, I982). 
These resu l ts  could be reproduced in another ser ies of  ex- 
periments in the guinea-pig. Moreover, in both the non- 
cold and cold adapted groups a s i gn i f i can t  gain reduction 
of the thermogenic response was found during the second 
cool ing compared to the f i r s t  cool ing phase. Normal gain 
was demonstrated to be restored when the rewarming period 
lasted longer than 100 min., whereas the res to ra t ion  of  
the i n i t i a l  sh iver ing threshold was shown in cases in 
which the rewarming period lasted longer than ca.3O-4Omin. 
Another type of  cold adaptive modi f icat ion was seen in the 
cold adapted group. These animals exhib i ted a strong non- 
shivering-thermogenic (NST) response during the second 
cool ing,  whereas in the f i r s t  cooling period NST did not 
seem to be evoked. 
In conclusion, the missing short- term shiver ing s h i f t  and 
the sens i t i za t ion  o f  NST through a priming cold exposure 
in the cold adapted animals are in terpre ted to represent 
spec i f i c  components of  s t a b i l i z a t i o n  of  body temperature 
under cold load developed in the course of  chronic cold 
accl imat ion,  although the short- term shiver ing gain re-  
duction is not a l tered and the body temperature is main- 
tained at a s l i g h t l y  reduced leve l .  

Physiologisches I n s t i t u t ,  Univ. Giessen, Aulweg I~9, 
D-6300 Giessen (Supported by the DFG, Br 184/16) 
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ENDOGENOUS PYROGEN (EP) AND CHEMICAL ANTIPYRESIS: A COM- 
PARISON OF THEIR EFFECTS UPON IMMUNE RESPONSE IN RABBITS 
U.-E. Wielaod~ M.D. Merkel and H. Hensel 

With the presented examination the effects of single i.v.- 
injections of EP and a suitable antipyretic were to be 
compared to those of control solutions (denaturated EP and 
a buffer solution) in regard to their influence upon the 
primary immune response. For the test 12 male domestic 
rabbits (weight approx. 3.5 kg) were used. 

To immunize the rabbits for the determination of spe- 
cific humoral antibodies all animals were injected once, 
with sheep red blood cells intravenously at the beginning 
of the test. Of the 4 groups, each containing 3 enimals~ 
the Ist received intravenous injections of native EP solu- 
tion, the 2nd additionally, prior to, and after applying 
EP, an antipyretic, the 3rd denaturated EP and the 4th 
NsOl-phosphate buffer solution for comparison. During the 
5 days of the test, only - as expected - within the 1st 
group a EP fever of approx. 1.4 ~ occurred, so that con- 
tamination with endotoxin could be excluded. 

Every 2 days, up to the 2nd day blood samples were 
taken end subjected to an agglutination and hssmolysis 
test. The results of both tests indicate that the animals 
injected with EP had, in comparison, by far the highest 
antibody titre (1:30 compared to control animals of the 
sgglutinine test and 1:130 compared to control animals 
of the haemolysine test). This shows a definite immune 
stimulating effect of the EP fever in rabbits. The level 
of antibodies that was somewhat above that of the control 
animals in both tests among the group treated with an an- 
tipyre~ic (Mstamizol-Na) to the extent of 1:8 suggests 
that the antipyretic used, succeeded in suppressing the 
rise in temperature whereas possible immune stimulating 
components of EP were only restrained in part. 

Supported by the Deutsche Forschungsgemeinsshaft 
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THE~T'~TOFAMINOPHI~qAZONEONTHETHERMORE(TJLATION 
OF UNTREATEDANDFEVERISHRABBITS 

J. Haan, J. Cordes, G. G~tze and B. Nitz 

The set-point of thermoregulation of feverish 
animals is adjusted to a higher control-level. 
The mode of action of antipyretic substances 
should be in normalizing the shifted control- 
system. Solving this problem experiments have 
been done with untreated and febrile rabbits. 
Lipopolysaccarides (LPS 1 ~g/kg iv.) were used 
to pyretogenesis, aminophenazone (75 mg/kg im.) 
to decrease in temperature. The thermoregulation 
was stressed differentlv: animals were exposed 
to various ambient temperatures (between IO~ 
33~ in a calorimeter - chamber for 6 hours. 
Measured were the rectal-, ear- and skintempera- 
tures, the respiratory- and heartrate, the heat- 
production and heat-emission. 
It was observed at cold-stress a decrease, at 
warmth an increase and at indifferent-temperatu- 
re no change in body-temperature. Similar re- 
sults were received in combined experiments with 
aminophenazone and LPS. Pyrogen strengthened the 
decrease in temperature at cold environment- ink 
tiated by aminophenazone - at heat a distinct 
fever reaction was recorded, at indifferent tem- 
perature no pyrogen - reaction was noticed. 
These fact agree with the theory of resetting 
the elevated set-point of thermoregulation. It 
demonstrates the influence of heat-stress and 
cold-exposure to thermoregulation and the change 
of pharmacon effect. As it would be expected 
the animals react "normal" only to indifferent- 
temperature. 

Institut ~dr Pharmakologie und Toxikologie der TU 
Braunschweig, ~ndelssohnstraBe I, D-330OBraunschweig 
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IMMUNOCYTOCHEMICAL REACTION OF VASOPRESSIN- CONTAINING 
NEURONS DURING DEVELOPMENT OF FEVER IN THE GUINEA PIG. 

G. Merker~ E. Zeisberger, S. Blghser and M. Krannig. 
According to Cooper et al. (J.Physiol.(Lond.) 295, 33-45, 
1979) centrally released arginine-vasopressin (AVP) might 
be responsible for fever suppression in the ewe. From pre- 
vious immunocytochemical investigations on the reactivity 
pattern of vasopressinergie neurons in pregnant guinea 
pigs we concluded, that activation of AVP-neurons in the 
medial portion of the paraventricular nucleus (PV~) and an 
increased immnnoreaetivity of AVP-terminals in the lateral 
septum (LS) and in the amygdala (AM) might be functionally 
involved in fever suppression (Merker et al., Cell Tissue 
Res. 212, 47-6|, ]980). In our recent immunocytochemieal 
study the distribution and reactivity of AVP-containing 
neurons and fibers was examined in the brains of 9 male 
guinea pigs during the development of fever. Fever re- 
sponse to i.m. injection of bacterial pyrogen (Salmonella 
enterititis, 40 Dg/kg body weight) was examined in each 
animal. A week later the fever experiment was repeated 
and the animals were sacrified for the immunocytochemical 
examination. The first group was examined during fever 
rise (+0.7 to +O.9~ the second at maximal fever (+1.3 
to +|.5~ and the third during fever decrease (+1.2 to 
+0.9~ Controls were examined one week after a fever 
test. While the AVP-neurons in the controls reveal the 
usual reactivity pattern, the AVP-reaction during fever 
rise strikingly resembles to that observed in pregnant 
animals, characterized by increased AVP-reaetivity in the 
medial PVN, the LS and the AM and also in perikarya and 
fibers of the suprachiasmatic nucleus. At maximal fever 
the reaction is moderately reduced. Fever decrease of 
O.3~ only, reveals a reactivity pattern corresponding to 
that of the controls. It is concluded, that the similarity 
of changes in the AVP-neuronal system at term of pregnancy 
and during fever rise signalizes the involvement of AVP in 
fever reduction also in nonpregnant animals. 

Pbysiologisches Institut und Institnt fGr Anatomie und 
Cytologic, Justus Liebig-Universit~t, 6300 Giessen. 



R 82 

325 
TEMPERATURE REGULATION DURING SLEEP DEPRIVATION 
M. Scarperi 

During sleep deprivation (SD), deep-body temperature de- 
creases whereas its circadian periodicity remains almost 
unaltered (for ref.see J.A.Horne, Biol.Psychol.7: 55, 
1978). The aim of our study was to investigate the effects 
of SD on the systems of autonomic temperature regulation 
and thermoregulatory behavior. Methods: 5 healthy male 
volunteers rested for 45 min and exercised (constant work 
load at ca.5o-6o% Vo2max) for another 45 min totally 
immersed in a well stirred water bath, the temperature of 
which they had to adjust continuously to comfort tempera- 
ture. Rectal temperature(Tre) , water temperature (Tcomf = 
mean skin temperature ~s), Oxygen uptake (0o2) , local 
sweat rate on the forehead (LSR~and the calculated total 
heat conductance (k) were recorded in 1 min intervals. On 
each subject 6 control experiments and 6 experiments 
after 24 h SD were carried out early in the morning. 
Results: At the end of rest and exercise , Tre is lower 
after SD than in the control experiments (p< .oi, Wilco- 
xon test). During rest and exercise, k is higher after 
SD than in controls (p~ .o5). All other recorded values 
were not significantly different in both experimental 
conditions. Conclusions: i. Autonomic ~lermoregulatory 
responses are altered after SD: despite the lower thermal 
inputs, there is no significant difference in LSR between 
SD- and control experiments and k is even higher after SD 
than in control experiments. This suggests a lowered 
thermal threshold for skin blood-flow and sweat secretion. 
2. Since, after SD, thermal comfort is achieved at a 
lower temperature level than in control experiments, the 
thresholds for both behavioral and autonomic thermoregu- 
latory reactions seem to be shifted in the same direction. 

Physiologisches Institut der Universit~t, Martinistr.52, 
D-2ooo Hamburg 2o 
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ENHANCEMENT OF MACROPHAGE OXIDATIVE AND ARACHI- 
DONIC ACID METABOLISM BY SUBSTANCE P 
H.P.Hartung and K.V.Toyka 

Substance F (SP) has recently been found to aug- 
ment phagocytosis by exudate cells. We examined 
whether SP induces heightened cellular activity 
in macrophages (m6) as reflected by stimulation 
of an oxidative burst and enhancement of arachi- 
donic acid metabolism. Peritoneal m~ were collee 
ted from Hartlsy guinea pigs 4 or 14 days after 
i.p. injection with human serum albumin (HSA) 
or C.parvum. Following purification by adherence 
they were challenged with SP and incubated for 
up to 18 h. Supernatants were examined for re- 
lease of 02-, H202 (photometrically), and throm- 
boxane B 2 (TXB o) (by RIA) (Hartung st al, J. 
Immunol., in press). Oxygen radical release from 
C.parvum-ac~vated mE was maximal within I h 
and at 6x~O- M amounted to 13 nmol 0o-/6 nmol 
HoO2/h/10 cells. TXBo generation by ~SA-elici- 
t@d6m~ reached a plat@au at 12 hwith 7 ng TXB 2 
/10 cells. Oxygen species generated in the oxi- 
dative burst are cytotoxic, mediate endothelial 
injury and partake in inflammatory responses. 
TXA o induces platelet aggregation and release 
reaction. Liberation of oxygen derivatives and 
TXB o from mE in response to SP appears relevant 
to ~he concept of m~ - platelet interaction in 
inflammation. In the context of neuroinflammato- 
ry disease SP may play a decisive role in that 
its release from nerve terminals initiates not 
only antidromic vasodilation, plasma extravasa- 
tion, and augmented phagocytosis but also, as 
indicated by our data, the generation of phlogo- 
genic mE products. 
Supported by DFG, SFB 200, B 5. 
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CORTICOTROPIN RELEASING FACTOR (CRF) EXCITES HIPPOCAMPAL 
NEURONS. 
J.B.Aldenhoff  * ,  C.L.Ehlers,  D.L.Gruol, and G.R.Siggins 

We invest igated the e f f ec t  o f  synthet ic  CRF (W. Vale et a l .  
Science 213: 1394, 1981) on the e l ec t r i ca l  a c t i v i t y  o f  
CAI and CA3 neurons o f  the ra t  hippocampus in v i t r o .  
Hippocampal s l ices  were completely immersed and continuous- 
l y  superfused with carbogenated a r t i f i c i a l  CSF so lu t ion .  
Microelectrodes f o r  i n t r a c e l l u l a r  recording contained 
4 M K-acetate. 
CRF (15-500 nM) produced a marked increase in spontaneous 
discharge a c t i v i t y .  This e f f ec t  was due p a r t i a l l y  to a 
decrease in size and durat ion o f  the post-burst  a f t e r -  
hyperpolar izat ions due to CRF. Concentrations above 250 nM 
also depolar ized the neurons at 3 to 15 mV. In the pre- 
sence of  TTX (100 nM) CRF s t i l l  reduced the a f te r -hyper -  
po la r i za t ions  which fol lowed "calc ium-spikes",  generated 
by cu r ren t - i n jec t i ons .  
As an explanat ion of  these e f fec ts  of  CRF on the e l e c t r i -  
cal a c t i v i t y  o f  these hippocampal neurons we propose an 
act ion on the calcium-mediated processes which are assumed 
to play an important ro le  in hippocampal pyramidal ce l l s .  
In an in vivo study CRF (10 - 1000 nM) was appl ied i n t r a -  
v e n t r i ~  in rats with s t e reo tax i ca l l y  implanted EEG- 
e lectrodes.  A f te r  a delay of  15 to 20 min. l ong- las t ing  
EEG-activation was observed in the amygdala and the dorsal 
hippocampus. Simultaneously typ ica l  changes in the beha- 
v i o r  o f  these rats occurred. 
These data were discussed in respect to the hypothesis 
of  an ac t i va t i ng  funct ion of  CRF in the CNS. 

A. V. Davis Center, The Salk I n s t i t u t e ,  La Jo l l a ,  
Ca. 92037 
* present address: BKH Kaufbeuren, D-895 Kaufbeuren 
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CORRELATION BETWEEN SUBSTANCE P CONTENT OF 
PRIMARY SENSORY NEURONS AND PAIN SENSITIVITY IN 
RATS EXPOSED TO ANTIBODIES TO NERVE GROWTH 
FACTOR 

U. Otten 

Nerve growth factor (NGF) is a naturally 
occurring trophic substance for substance P 
(SP)-containing primary sensory neurons. Chro- 
nic NGF treatment of neonatal rats results in 
dose-related increases in SP-content in dorsal 
root ganglia and in dorsal spinal cord. Admini- 
stration of either purified heterologous or 
monoclonal anti-NGF antibodies to neonates 
causes a temporary, marked reduction of SP- 
content in spinal ganglia and in spinal cord. 
However, these effects are permanent if the 
antibodies are injected directly into the 

embryo. 

Rats exposed to maternal anti-NGF antibodies 
in utero and in milk have been used to investi- 
gate the role of SP in pain perception. Anti 
NGF-treated rats show a significantly dimini- 
shed sensitivity towards pressure- and chemi- 
cally-induced pain stimuli. The reduced respon- 
siveness to pain correlates with a marked, 
selective decrease of SP in the dorsal horn of 
the spinal cord. The results suggest that SP 
plays a role in nociceptive sensory transmis- 

sion. 

Dept. of Pharmacology, Biozentrum, University 
of Basel, CH-4054 Basel, Switzerland 
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MODULATION OF THE RELEASE OF CHOLECYSTOKININ 
FROM SLICES OF RAT NEOSTRIATUM BY BIOGENIC 
AMINES 
D.K. MEYER, A. HOLLAND and U. SCHNEIDER 

Veratridine stimulates the release of chole- 
cystokininhimmunoreactivity (CCK-IR) from nerve- 
endings in the neostriatum of rats in vitro. 
Dopamine (DA) in low concentrations enhances the 
release of CCK-IR, while high concentrations do 
not. After destruction of the neurons intrinsic 
to the neostriatum with kainic acid also high 
concentrations of DA enhance the release of CCK- 
IR. Thus, it can be reasoned that DA enhances 
the release via D~-receptors and attenuates it 
via Dl-receptors (Meyer and Krauss, Naunyn- 
Schmiedeberg's Arch. Pharmacol. 321, R 22). 

In the present study selective D2-antagonists 
and agonists were used. 

(-)Sulpiride abolished the enhancement of 
the release of CCK-IR induced by DA (IO-7M), 
while the selective agonist RU 24926 (N-n- 
propyl-di-6(3-hydroxy phenyl) ethylamine hydro- 
chloride) increased the release of CCK-IR in a 
dose-dependent way. The agent did not show in- 
hibitory effects at any dose used. In separate 
experiments it was shown that serotonin (5-HT), 
another transmitter in the neostriatum, caused a 
dose-dependent increase in the release of CCK- 
IR. It is possible that DA and 5-HT modulate 
the release of CCK-IR also in vivo. Since CCK- 
neurons seem to connect stru-c-tures of the limbic 
system with the neostriatum, the data may be of 
importance in future studies on the physiology 
and pathophysiology of the basal ganglia. 

Pharmakologisches Institut der UniversitHt 
Freiburg i.Br., Hermann-Herder-Strasse 5, 
D-7800 Freiburg i.Br. 
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INHIBITION OF NOCICEPT[VE RESPONSES IN CAT SPINAL DOR- 
SAL HORN NEURONES BY MORPHINE MICROINJECTION IN THE 
NUCLEUS RAPHE MAGNUS 
J.G.Thalhammer, H.-J.Du, L.M. Kitahata and M.Zimmermann 

Morphine mic ro in jec t ion  (MOR) and focal  e l e c t r i c a l  s t i -  
mulation (Stim) in the nucleus raphe magnus (NRM) pro- 
duce naloxone revers ib le  behavioral  analgesia. I t  has 
been shown that  Stim in the NRM exerts  i t s  i n h i b i t o r y  
e f f e c t  v ia descending pathways from the NRM to the 
dorsal horn o f  the spinal cord. I t  is unclear,  however, 
whether the analgesic e f f e c t  o f  MOR is due to the raphe- 
spinal descending i n h i b i t o r y  system, since Le Bars et  
a l .  ( Brain Res 189, 467, 1980 ) f a i l e d  to demonstrate 
any i n h i b i t o r y  e f f e c t  o f  MOR in the NRM at the dorsal 
horn neurones. 

Lumbar dorsal horn neurones responsive to noxious ra-  
d iant  heat s t imula t ion  o f  the f oo t  or toe pads and/or 
to e l e c t r i c a l  s t imula t ion  o f  cutaneous hindlimb nerves 
were studied in anesthet ized and paralysed cats. MOR 
markedly reduced the response e l i c i t e d  by e l e c t r i c a l  
s t imu la t ion  o f  A - f ibe rs  ( 2,5 V, 0,1 msec ) in three 
out o f  e igh t  neurones and by e l e c t r i c a l  s t imu la t ion  
o f  C- f ibers  ( 25 V, 1,0 msec ) in seven out o~ e igh t  
neurones. The response to noxious heating ( 50 C, 
I0 sec ) o f  the skin was attenuated in a l l  seven neu- 
rones studied. The MOR induced i n h i b i t i o n  was nalo-  
xone revers ib le .  

I t  is concluded that  MOR in the NRM exerts  an i n h i b i -  
to ry  e f f e c t  on the transmission o f  noxious informat ion 
at the dorsal horn o f  the spinal cord, which may in 
par t  expla in the mechanism o f  MOR induced analgesia.  

Supported by the Deutsche Forschungsgemeinschaft, DAAD 
and NIH 
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PITUITARY OPIATES REDUCE VASOPRESSIN RELEASE FROM 
RAT NEUROHYPOPHYSIS IN VITRO 
W. Knepel and D. Nutto 

It has been concluded previously that an endoge- 
nous opiate, released by electrical stimulation 
of the isolated neurohypophysis, inhibits the 
release of oxytocin but not of vasopressin (Bick- 
nell and Leng/ Nature 298, 161, 1982). Since the 
pattern of stimulation used in that study resem- 
bles the electrical activity of oxytocin rather 
than vasopressin neurones, we re-investigated the 
effect of an opiate antagonist on vasopressin re- 
lease. Rat posterior pituitaries were superfused 
in vitro and stimulated electrically. When the 
pulses (24 mA; 2 msec) were applied in 10 sec 
trains with 10 sec intervals, vasopressin release 
per pulse increased progressively over the fre- 
quency range of 3 - 12 Hz. The release was blocked 
by addition of tetrodotoxin or by removal of cal- 
cium ions from the superfusion medium. The opiate 
antagonist naloxone I or 10/uM, introduced before 
a second period of stimulation, enhanced vasopres- 
sin release from neurointermediate lobes after 
phasic stimulation at 9 Hz. However, after removal 
of the intermediate lobe naloxone IO~IM had no 
longer an effect on vasopressin release from iso- 
lated neural lobes; yet the addition of camel 
B-endorphin 2~IM inhibited vasopressin release in 
a naloxone-reversible manner. 

We conclude that the evoked release of vasopressin 
from the neurointermediate lobe is reduced by an 
endogenous opiate of intermediate lobe origin, 
possibly B-endorphin. Stimulation conditions ap- 
propriate to vasopressin neurones are necessary 
for this mechanism to function. 

Pharmakologisches Institut der Universit~t Fret- 
burg, Hermann-Herder-Str. 5, D-7800 Freiburg i. Br. 
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THE NOVEL OPIOID PEPTIDE PRECURSOR PRO-ENKEPHALIN B IS 
DIFFERENTIALLY PROCESSED INTO VARIOUS OPIOID PEPTIDES IN 
DISTINCT REGIONS OF BRAIN AND PITUITARY 
B.R. Seizinger, C. Grimm and V. H611t 

The complete amino acid sequence of a novel opioid peptide 
precursor, pro-enkephalin B, has recently been elucidated 
(Kakidani et al., Nature 298, 245-249, 1982). Pro-enkepha- 
lin B contains the sequence of three "big-leu-enkephalins", 
dynorphin (DYN), neo-endorphin (neo-E) and rimorphin 
(= dynorphin B). In order to evaluate putative differences 
in the post-translational processing of pro-enkephalin B 
between various tissues, levels of particular opioid pep- 
tides contained within the sequence of this precursor, 
were determined in various brain and pituitary areas by 
the combined use of HPLC, gelfiltration and radioimmuno- 
assay. 
Within the rat hypothalamo-hypophyseal system, ~-neo-E, 
~-neo-E (= ~-neo-Ei-9), DYNI-32, DYNI-17, the N-terminal 
octapeptide DYNI_ 8 and rimorphin were found to Occur in 
similar amounts. 
In contrast, within the rat adenohypophysis, only high- 
molecular weight forms (MW % 6000) of DYN and rimorphin, 
but no DYNI_32, DYNI_I7, DYNI_ 8 or the tridecapeptide ri- 
morphin could be detected. Moreover, the major part of ~- 
neo-endorphin-immunoreactivity consisted of a high-mole- 
cular-weight 8000 dalton species. 
However, the rat striatum contained predominantly DYNI_ 8 
and d-neo-E as major endproducts of processing, while 
DYNI-32 , DYNI-17 and B-neo-E were present in only minor 
quantities. 
The selective post-translational processing of pro-enke- 
phalin B may reflect specific functions of the various 
endproducts of this biosynthetic pathway as neurotrans- 
mitters, neurohormones or hormones within different 
tissues. 

Max-Planck-Institut ffir Psychiatrie, Abt. Neuropharmakolo- 
gie, Kraepelinstrasse 2, D-8OOO Mfinchen 40, F.R.G. 
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BINDING OF HUI~AN B-s THE TE~%~AL 

SC5b-9 COMPLEX OF HUMAN C ~  IS ~,EDIAT~D 
BY ITS COOH-TERMINUS 

L. Schweigerer I , S. Bhakdi z and M. Lederle s 

Human B-endorphin (~-EP) binds specifically to nonopiate 
binding Bites on the terminal SC5b-9 complex of human 
aomplement (Sch~eigerer et al., Nature 296: 572, 1982). 
In a previous study we have demonstrated the ~nloortance 
of the C5b, C6 and/or C7 subunits of SC5b-9 for high- 
affinity binding (KD% 3nM) (Schweigerer et al., Life 
Sci. 31: 2275, 1982). 

To delineate the 5H-EP sequence region necessary for bin- 
ding, a series of COOH-terminal ~-EP fragments were 
tested for their potency to inhibit 125I-~4-EP binding 
to SC5b-9. The COOH-terminal dipeptide Gly-Gluwas found 
to represent the minimal effective sequence. Extension of 
O00H-terminal ~-EP fragments towards the NH2-terminus 
led to an increased binding affinity, whereby NH2=acetyl- 

~-EP and 5H-EP had the highest affinities. 

No inhibition of 125I-SH-EP binding was observed in the 
presence of a series of opioid-unrelated peptides or the 
opoid antagonist naloxone or of some NH2-telmlinal ~-EP 
fragments. 

BH-EP binding to SC5b-9 was dependent on temperature, pH 
and on the presence of intact disulfide groups and ap- 
peared to involve both, hydrophohic and ionic interac- 
tions. 

It is suggested that the ~-EP/SC5b-9 interaction might 
be of biological significance. 

l) Rudolf-Buchheim-Institut fdr Pharmakologie, and 2) In- 
stitut fiir N~dizinische Mik~obiologie der Justus-Liebig- 
Universit[t, 6300 Giegen and s) Pharmakologisches Institut 
der Albert-Ludwigs-Universit~t, 7800 Freiburg 
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RECEPTOR AFFINITIES AND BIOLOGICAL EFFECTS OF DIMERIC EN- 
KEPHALIN ANALOGUES DO NOT VARY IN PARALLEL 
T. Costa and Y. Shimohigashi* 

Hormonal molecules dimerized with spanners of varying 
length in order to produce bivalent ligands may be helpful 
tools for the study of the spatial organization of mem- 
brane receptors. Two series of dimeric enkephalin ana- 
logues have been synthetized consisting of monomeric pep- 
tide amides linked at the C-terminus by methylene chains 
of increasing length. The monomer in the first series is 
the pentapeptide Tyr-D-Ala-Gly-Phe-Leu NH2 and in the se- 
cond series the tetrapeptide Tyr-D-Ala-Gly-Phe NHs In 
previous studies, these peptides showed an increase in 
affinity as a function of the chain length only for the 
"delta" type of the opiate receptor as estimated by radio- 
receptor assay. Affinities for ~-receptors were little 
changed or reduced as compared to the parent monomers. 

We have, now, evaluated the biological activities of these 
compounds in isolated smooth muscle preparations, the 
mouse vas deferens and the longitudinal muscle-myenteric 
plexus preparation of the guinea-pig ileum. A general 
agreement between binding and biological activity was 
found in the pentapeptide series. However, for the com- 
pounds of the tetrapeptide series, the increases in recep- 
tor affinities produced by dimerization did not result in 
increases in activity of a comparable extent. 

These data indicate that the enhanced receptor affinity of 
a bivalent ligand, which presumably results from an in- 
crease in multiple interactions with the receptor (bridg- 
ing) is not necessarily translated into an enhanced biolo- 
gical effect. 

Max-Planck-Institut for Psychiatrie, Abt. Neuropharmakolo- 
gie, Kraepelinstrasse 2, D-8OOO M~nchen 40, F.R.G. 
*NICHD-ERRB, National Institutes of Health, Bethesda, Md., 
U.S.A. 
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TARGET SIZE ANALYSIS OF MULTIPLE OPIATE RECEPTORS 

S. Ott, E. Hietel*, F. Schulz* and A. Herz 
The present concept of a multiplicity of opiate receptors 
indicates the distinct existence of U-, ~- and <-receptors 
in the central nervous system. We have used the radiation 
inactivation technique to determine the molecular weight 
of the particular opiate receptors in the rat brain. This 
method has the advantage of allowing the determination of 
the minimal functional size of a membrane protein - such 
as the opiate receptor - in situ. The molecular weight can 
be derived from the loss of biological activity upon irra- 
diation by a high energy beam. In the present study, lyo- 
philized rat brain membranes were irradiated by electrons 
2.5 MeV from a linear accelerator with doses ranging from 
O.I to 30 MRd. The residual opiate binding capacity was 
measured by a conventional radioreeeptor assay, employing 
either tracers such as 3 H-oxymorphone and ' H-D-AIa2,D-Leu ~ 
enkephalin to selectively monitor ~- and 6-binding sites, 
respectively, or of using 3N-dimrenorphine as an overall 
label for ~-, 6- and <-sites in combination with the se- 
quential blocking technique. The decay curves obtained for 
opiate binding capacities were curvilinear and accordingly 
indicate the existence of at least two different molecular 
sizes of opiate binding sites, one of about iO0 OOO daltons 
and another with an at least 8 times higher molecular 
weight. Identical data were obtained for each of the sepa- 
rately monitored b-, 6- and <-binding sites; thus, the dif- 
ferent molecular weights cannot be attributed to particular 
types of opiate sites but are rather a characteristic inhe- 
rent within each of the receptor classes investigated. The 
experiments performed so far have revealed varying propor- 
tions of high vs. low molecular weight form. It is sugges- 
ted that the apparent size of the opiate receptor is depen- 
ding on its functional state at the time of irradiation. 
Supported by the Deutsche Forschungsgemeinschaft, Bonn. 
Max-Planck-Institut f~r Rsyehiatrie, Abt. Neuropharmakolo- 
gie, Kraepelinstrasse 2, D-8OOO M~nchen 40, F.R.G. 
*Gesellschaft fir Strahlen- und Umweltforschung, Physika- 
lisch-technische Abteilung, D-8042 Neuherberg, F.R.G. 
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ENKEPHALINERGZC INTERNEURONS OF THE SUBSTANTIA GELATINOSA 
(SG) MAY TONICALLY INHIBIT DORSAL HORN CELLS VIA POSTSY- 
NAPTICALLY LOCATED OPIATE RECEPTORS 
N. Mereuri and P. Stanzione 
Evidence for both, pre- and postsynaptic interactions bet- 
ween enkephalin-containing interneurons of the SG, primary 
afferents and neurons of spino-fugal pathways in the dor- 
sal horn of the spinal cord have been reported. In the pre- 
sent sdudy, an enkephalin-analogue (D-ala2-D-leu5-enkepha - 
lin, DADL) and the excitatory neurotransmitter l-glutamate 
(GLUT) were ejected from micropipettes by pressure into 
the neighbourhood of single neurons the activity of which 
was recorded extracellularly. This novel technique permits, 
in contrast to microiontophoretic applications, the cont- 
rol of the concentration reached in the tissue. Prepara- 
tion of the animal (halothan or urethan anaesthesia), data 
acquisition and analysis employed conventional techniques. 
DADL ~nhibited spontaneous, synaptic and GLUT (IO-6-IO-7M) 
induced neuronal activity in concentrations as low as 
IO-8M. These effective concentrations compare favourable 
to those found in bioassays designed for opiate actions. 
Naloxone (IO-6-IO-7M) antagonized the inhibitory action of 
DADL without affecting the spike-generating mechanism. At 
these concentrations, naloxone itself displayed moderate 
excitatory actions in the majority of neurons suggesting 
an enkephalinergic inhibitory tonus excerted probably by 
spontaneously active interneurons. The finding that GLUT 
which excerts its excitatory actions via postsynaptically 
located receptors is antagonized by DADL and the excitato- 
ry action of the opiate antagonist suggest that spino-fu- 
gal pathways are under a tonic inhibitory influence media- 
ted via postsynaptically located opiate receptors. The no- 
tion of a postsynaptic location of opiate receptors in the 
spinal cord dorsal horn is totally consistent with most re- 
cent ultrastructural and histochemical findings which could 
not find any indication for axo-axonic interaction, e.g. 
of primary afferent fibers containing substance P and en- 
kephalin containing terminals. 
Max-Planck-Institut f~r Psychiatrie, Abt. Neuropharmakolo- 
gie, KraepelinstraBe 2, D-8OOO M~nchen 40, F.R.G. 
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IS cAMP INVOLVED IN ANTINOCICEPTIVE EFFECTS OF 
MORPHINE IN THE RAT SPINAL CORD? 
I. Jurna 

The effect of intrathecal (i.t.) injections of 
morphine, aminophylline, dibutyryl cAMP (DECAMP) 
and naloxone were studied in motor and sensory 
responses to stimulation of nociceptive afferents 
in rats with the spinal cord transected at the 
lower thoracic level. Responses were evoked by 
electrical stimulation of A6 and C fibres in the 
sural nerve and recorded as flexor reflex activ- 
ity in the electromyogram of the tib. ant. mus- 
cle (motor response) or activity in ascending 
axons of the spinal cord (sensory response). 
Morphine (2 mg/kg i.v. or 10 zg i.t.) depressed 
the motor and sensory responses. Aminophylline 
(25 mg/kg i.v. or 50 zg i.t.) abolished the 
effect of morphine on the motor but not on the 
sensory response. The effect of morphine on the 
sensory response was antagonized by naloxone 
(10 zg i.t.). DECAMP (100 ~g i.t.) depressed the 
motor response like morphine, and this effect 
was antagonized by aminophylline. In contrast to 
morphine, DBcA~ did not reduce the sensory 
response but facilitated it, and this facilit- 
ation was abolished by morphine. 

It is concluded that morphine depresses the 
motor and sensory responses of the spinal cord 
to noxious stimulation by different mechanisms. 
The depression by morphine of the motor response 
may involve cAMP. 

Supported by a grant of the Sonderforschungsbe- 
reich 38 "Membranforschung" 

Institut f~r Pharmakologie und Toxikologie der 
Universit[t des Saarlandes, 6650 Homburg/Saar 
(F.R.G.) 
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(D-MET 2, PRO 5) ENKEPHALINAMIDE ELICITS BRADY- 
CARDIA, BRADYPNOEA AND SLEEP-LIKE STATES FROM 
THE FOURTH CEREBRAL VENTRICLE IN DOGS 
D. Knolle and J.O. Arndt 

The opiate fentanyl when perfused continuously 
through the cerebroventricular system of awake 
dogs, elicits bradycardia with sleep-like sta- 
tes via the fourth, but not the third ventricle 
(E. Freye, J.O. Arndt, Naunyn Schmiedeberg's 
Arch. Pharm. 307, 123, 1979). Do endorphins, the 
natural ligands of opiate receptors, act simi- 
larly? 

In five trained, unanesthetized dogs with chro- 
nically implanted cannulae (d-met 2, pro 5) enke- 
phalinamide (=enkephalin) was perfused conti- 
nuously through the fourth cerebral ventricle, 
the effects being observed on the circulation, 
respiration, EEG and behaviour. 

With increasing enkephalin concentrations bet- 
ween 25 and 400 ~g/ml, all animals showed sleep- 
like behaviour with delta-activity in the EEG, 
bradycardia (-40 beats/min), bradypnoea (-20 
beats/min), a decrease in arterial PO~ (25 mmHg) 
and an increase in PCO 2 (+iO mmHg). All effects 
saturated at and around enkephalin concentra- 
tions of i00 zg/ml and were reversed by naloxone. 

(D-met 2, Pro5)-enkephalinamide elicits sleep- 
like states from the fourth cerebral ventricle 
in unanesthetized dogs with cardio-respiratory 
manifestations resembling that of slow wave 
sleep. Opiate receptors in the medulla presum- 
ably mediate these effects. 

Abt. Experimentelle Anaesthesiologie, Univer- 
sit~t D~sseldorf, Universit~tsstr. i, 
4000 D~sseldorf 
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ADAPTIVE PROCESSES AS A CONSEQUENCE OF CHRONIC OPIATE RE- 
CEPTOR ACTIVATION IN A CLONAL HYBRID CELL LINE 
M. W~ster and C- Gramsch 
Neuroblastoma x glfoma hybrid cells (NG iO8-15] have been 
extensively employed as a model preparation for the inves- 
tigation of molecular mechanisms of opiate action. These 
studies have revealed a critical significance of the in- 
tracellularly localized enzyme adenylatecyclase, which is 
acutely inhibited by opiates. Subsequent studies demonstra- 
ted a compensatory activation of this enzyme as a result of 
chronic opiate action, which has been related to the chro- 
nic effects of opiates in vivo, that is, the development of 
tolerance and dependence. We have studied the adaptive pro- 
cesses in NG 108-15 cells after treatment with morphine or 
D-Ala2,D-Leu5-enkephalin for different periods of time. 
Both ligands dose-dependently induced a state of reduced 
sensitivity to a further acute opioid challenge. Unlike the 
phenomena in vivo or in isolated tissues, this desensiti- 
zation was not expressed by a shift in the dose-effect 
curves of opioids but rather resulted in a decreased maxi- 
mal effect upon adenylatecyclase inhibition. Such cell pre- 
parations were tested, furthermore, for their expression 
of opiate dependence, as revealed by the ability of the 
opiate antagonist naloxone to precipitate a withdrawal sign 
in the form of elevated cAMP levels. Such "withdrawal signs" 
w~re relatively small in slightly desensitized cells, re- 
sulting in a maximally 50 percent increase over baseline 
cAMP levels. Unexpectedly, such increases were completely 
absent in "highly tolerant" cells. 
These results are in conflict with the generally accepted 
assumption of a common cellular mechanism underlying both 
opioid tolerance and dependence. They rather indicate that 
the state of "tolerance" is achieved independently from an 
induction of adenylatecyclase-hypertrophy, possibly by an 
uncoupling of opiate binding sites from the subsequent ef- 
fector system. 

Supported by the Deutsche Forechungsgemeinschaft, Bonn. 
Max-Planck-Inetitut f~r Psychiatrie, Abt. Neuropharmakolo- 
gie, Kraepelinstrasse 2, D-SOOO M~nchen 40, F.R.G. 
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(D-MET 2, PRO 5) ENKEPIIALINAMIDE ACTIVATES CARDIO- 
INHIBITORY EFFERENTS IN ANESTHETIZED DOGS 
B. Nashan and K. Inoue 

Endorphins and opiates elicit bradycardia when 
injected into the neighbourhood of the nucleus 
ambiguus (M. Laubie, H. Schmitt, M. Vincent, 
Europ. J.Pharmacol. 59, 287, 1979). Neurophysio- 
logical proof for the suggested vagal origin of 
the bradycardia is lacking. We therefore re- 
corded the activity of cardioinhibitory va~al 
efferents and studied their response to (dimet 2, 
pro 5) enkephalinamide (= enkephalin). 

The data is derived from seven anesthetized dogs 
(chloralose/urethane). Cardioinhibitory effe- 
rents were isolated from the central stump of 
the cervical vagus nerve and their average dis- 
charge rate (spikes/s) recorded along with 
heart rate and blood pressure. Enkephalin was 
perfused at concentrations between 50-400 ~g/ml 
through the cerebroventricular system via can- 
nulae, one in a lateral ventricle, the other 
in the cisterna magna. 

With increasing intraventricular concentration 
of enkephalinamide, the vagal discharge rate in- 
creased from 3.1 + 0.8 to 8.8 + 1.4 spikes/s, 
heart rate decreased from 134 T 15 to 95 + 17 
beats/min, while there was little change Tn 
blood pressure. All effects were fully develo- 
ped at and around concentrations of leO ~g/ml 
and were reversed with naloxone. 

(D-met 2, pro 5) enkephalinamide strongly acti- 
vates cardioinhibitory vagal efferents and 
leads to bradycardia in dogs perhaps via opiate 
receptors. 

Abt. Exp. Anaesthesioloqie, Universit~t D~ssel- 
dorf, Universit~tsstr. l, 4000 DUsseldorf 
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INFLUENCE OF OPIATE RECEPTOR ANTAGONISTS ON THE 
HYPOTENSIVE ACTION OF CLONIDINE, PRAZOSIN AND 
CAPTOPRIL IN SPONTANEOUSLY HYPERTENSIVE RATS 
W. G a i d a ,  W. Hoefke and K. K r a f t  

I t  is  known t h a t  o p i o i d  a n t a g o n i s t s  are ab le  to  
a t t e n u a t e  h y p o t e n s i v e  e f f e c t s  of shock and a lso  
of a n t i h y p e r t e n s i v e  compounds (Farsang,  C. et 
a l :  J. Pharmacol .  Exp. Ther .  214, 203, 1980).  
P r e t r e a t m e n t  of consc ious  SHR w ~  n a l t r e x o n e  or 
na loxone  (2 mg/kg i . p .  or 0.1 mg i . c . v . )  an tago-  
n i z e d  t h e  h y p o t e n s i v e  e f f e c t s  o f  c l o n i d i n e  
(0.015 mg/kg i . v .  or 0.3 mg/kg i .m.  or  0.003 mg 
i . c . v . ) .  In no rmo tens i ve  r a t s  no antagonism was 
observed between c l o n i d i n e  (0 .3  mg/kg i . m . )  and 
n a l t r e x o n e  (2 mg/kg i . p . ) .  In o r d e r  to  t e s t  
wether  or not n a l t r e x o n e  would be e f f e c t i v e  in 
a n t a g o n i z i n g  t h e  a c t i o n  o f  a n t i h y p e r t e n s i v e  
d r u g s  t h a t  do no t  act  p r i m a r i l y  v i a  c e n t r a l  
mechanisms we a d m i n i s t e r e d  p r a z o s i n  (1 .0  mg/kg 
p . o . )  o r  c a p t o p r i l  (50 mg/kg p . o . )  i n t o  con -  
sc ious  SHR. Both drugs e f f e c t i v e l y  lowered the  
b l o o d  p r e s s u r e .  P r e t r e a t m e n t  w i t h  n a l t r e x o n e  
(2 mg/kg i . p . )  d id  not a f f e c t  the  h y p o t e n s i v e  
a c t i o n  o f  e i t h e r  p r a z o s i n  or c a p t o p r i l .  These 
r e s u l t s  suggest  t h a t  the  i n t e r f e r e n c e  of  o p i o i d  
a n t a g o n i s t s  w i t h  a n t i h y p e r t e n s i v e  drugs is  me- 
d i a t e d  c e n t r a l l y .  The a d r e n e r g i c  system seems 
to be i n v o l v e d .  

German I n s t i t u t e  f o r  High B lood  P r e s s u r e  Re- 
s e a r c h ,  Im N e u e n h e i m e r  F e l d  3 6 6 ,  D - 6900 
H e i d e l b e r g  and D e p a r t m e n t  o f  P h a r m a c o l o g y ,  
B o e h r i n g e r  I n g e l h e i m  KG, D 6507 I n g e l h e i m  
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THE PARTIAL REVERSAL OF NARCOTIC EFFECTS BY NALOXONE IN 
PAIN RATINGS AND IN PAIN RELATED CEREBRAL POTENTIALS 

B. Bromm and E. Scharein 

The dosis dependent naloxone blockade of opioide induced 
pain relief was investigated in 15 healthy subjects be- 
tween 21 and 29 years of age, measuring subjective pain 
estimation and cerebral potential amplitudes in response 
to randomly applied painful and non-painful electrical 
skin stimuli; each session lasting 90 minutes. The follow- 
ing drugs were orally administered (double blind) 30 min 
before stimulation in a repeated measurement design of 
3 independently randomized latin squares of 5(treatments) 
x 5(sessions): Tilidine (Valoron R) leo mg; naloxone: 
32 mg; TN8 (Valoron NR): ioo mg tilidine and 8 mg nalo- 
xone; TN32: ioo mg tilidine and 32 mg naloxone; placebo. 
In a recent study (Bromm and Scharein, EEG Journal 52, 
94-1o3, 1982) the evoked cerebral potentials were decom- 
posed by means of principal component analysis into 6 in- 
dependent basic wave forms, two of which were shown to 
correlate highly significantly with the subjective pain 
sensation. The same components reflect the effects of 
tilidine induced analgesia, as shown now. No component 
arose or vanished under any of the applied drugs. Both 
variables, the cerebral potential and the subjective pain 
rating, were markedly depressed by about 25 % under pure 
tilidine. The high dosage of naloxone {32 mg) markedly 
antagonised the actions of tilidine. These findings in- 
dicate that naloxone in the high oral dosage arrives 
clearly at its sites of action to block the tilidine 
effects, whereas no significant differences were found 
between the TNS- and the tilidine treatments. Pure nalo- 
xone influenced, on the average, the evoked potential pa- 
rameters, with little or no effects on the subjective 
pain ratings. These findings were discussed with regard 
to a suppression of stress induced analgesia due to 

naloxone. 
Physiologisches Institut der Universit~t Hamburg 
Martinistr. 52, D-2ooo Hamburg 2o 
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IS THE CLONIDINE POTENTIATION OF JUMPING IN PRECIPITATED 
MORPHINE WITHDRAWAL MEDIATED BY ml-RECEPTORS? 

J.W.van der Laan 

Clonidine has a dual action on naloxone-precipitated mor- 
phine withdrawal symbtoms in rats: a suporessive action 
on body shakes and body weight loss and a potent iat ing 
action on jumping and aggression. 
I t  has been suggested that th is  ootent ia t inn,  exc i ta tory  
action is mediated bv ml-receotors. More speci f ic  mg- 
agonists should therefore have a less exc i ta tory  ef fect  
on the l a t t e r  symntoms. This hYbothesis has been studied 
in rats dependent on morphine using "Slow release" pre- 
parations. Withdrawal was prec ip i ta ted using naloxone. 
Prior to naloxone the m~-agonists c lonidine, quanfacine, 
azepexole, B-HI 920 (2-~mino-6-al ly l -5,6,7,8- tetrahydro-  
4Hthiazolo-[4,5-d]-azepine dihydrochloride) or UK 14.304 
(5-bromo-6-[2-imidazolin-2-ylamino]quinoxaline ta r t ra te )  
or the cent ra l ly  acting ml-agonist ST 587 (2-(2-chloro-5- 
t r i f luoromethyl-phenyl- imlno) imidazol ine n i t ra te)  were 
administered. Al l  ~2-agonists but not the ~<agonis t  po- 
tent ia ted the jumping and decreased body shakes and body 
weight loss. The ef fect  of B-HT 920 on jumnin9 could not 
be antagonized by prazosine nor by yohimbine. 
In conclusion, there seems to be no involvement of ~1- 
receptors in the ~otent iat ion of morphine withdrawal" 
jumping in rats by ~2-agonists. 

Laboratory for  Pharmacology, Section on Psychopharma- 
cology, National Ins t i tu te  of Public Health, 
P.O.Box I ,  3720 BA BILTHOVEN, THE NETHERLANDS 
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STUDIES ON THE PH~fsIOLOGICAL SI(I~IFICANCE OF 
B-CASO~ORPHINS 

H. Teschemacher, M. Umbach, J. Svedberg, U. Han~l and 

H. Bostedt 

B-Casomorphins are peptide fragments contained in the 
amino acid sequence of B-casein and behave like opioid 
agonists of the b-type when liberated from B-casein 
(Brantl et al., Life Sci. 28: 1903, 1981). 

We tried to obtain information on an eventual physiologi- 
cal role of these opioids, As a first step, radioinlauno- 
assays were developed for determination of B-casc~orphin 
immunoreactive materials in extracts from plasma or from 
enzyn~tic milk digest; using these techniq]/es, after in- 
gestion of bovine milk, plasma or contents of the gastro- 
intestinal tract were assayed for the presence of ~-caso- 
morphin J_n~mnoreactive materials in new-born calves or 
adult humans, resp. 

In adult humans, considerable ~mounts of 6-casomorphin 
immunoreactive materials were found in the gastrointesti- 
nal tract, but no such material was found in the plasma. 
In new-born calves, a B-casomorphin imrsmnoreactive mate- 
rial ~ms found in the plasma; however, as chromatographi- 
cal analysis showed, that material was not identical with 
any ~-casomarphin, but rather might represent a precursor 
thereof. ~he absence of any B-casomorphin in the plasma 
as found in humans or calves is conpatible with another 
finding raised by our group; B-casomorphins proved to be 
degraded in human or bovine plasma very fast. 

In sunmary, in new-born manmalia, from a B-casomorphin 
precursor absorbed from the gastrointestinal tract 6-ca- 
somorphins r~ight be liberated to elicit effects via any 
opiate receptors, e.g. in the central nervous system. 

F~/dolf Buchheim-lnstitut fdr Pharnmkologie und Geburts- 
hilfliche Veterin~rklinik der Justas-Liebig-Universit~t 
GieBen, Frankfurter Str. 106/107, 6300 GieBen, FRG 
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LOPERAMII~INHIBITS DEOXYCHOLIC ACID INDUCED 
RAT COLONIC SECRETION BY PERMEABILITY REDUCTION 
U.M. Farack and K. Loeschke 

The antidiarrheal effect of the opiate analogue 
loperamide (lop) has been attributed to an inh9 
bition of intestinal motility. Recent studies 
have also demonstrated an inhibitory effect of 
lop on the secretory action of prostaglandin E 2 
and choleratoxin. The aim of this study was to 
examine the effect of lon on deoxycholic acid 
(DOC) induced rat colonic secretion, epithelial 
permeability and mucosal Na-K-ATPase. 
2 h prior to laparotomy female Wistar rats re- 
ceived intragastrical]y lop (4 m~/kg) or its 
solvent (4 ml/kg), ethanol: H20 , 1:20 (V/V)). 
Ligated colonic loops were filled with saline 
with and witho~ 3 mmol DOC.-For permeability 
studies 5/uCi C-erythritol was injected in- 
travenously. - After an incubation time of 45 
min,content and length of the colonic loops were 
measured and the mucosa scraped off for determi- 
nation of Na-K-ATPase. 1~-erythritol clearance 
was calculated from the i,C_radioactivity in the 
loop content and blood. 
Lop did not significantly affect basal fluid 
absorption (lop: 1OO+13 (7); controls: 89+13 
(7)) but significantTy reduced DOC induced net 
fluid secretion (-15+4 (8); controls: -41• 
45 min.cm (7)). This-was accompanied by a sig- 
nificant reduction of the DOC augmented ]4C-ery- 
thritol clearance (236~24(7); lop: 172+15 x10 -b 

~ ul (7)). Na-K-ATPase was not affected by 
op. 

In conclusion, DOC induced colonic secretion is 
in part inhibited by lop which acts via a re- 

duction of DOC augmented epithelial permeabili~. 

Medizinische Klinik Innenstadt, Universit~t 
M~nchen, Ziemssenstr. 1, D-8000 M~nchen 2 
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TONIC ENDORPEINERGIC CONTROL OF LUTEINIZING HORMONE (LH) 
SECRETION IN PREPUBERTAL RATS 
R. Schulz, A. Wilhelm and K.M. Pirke 

Both the opiate antagonist naloxone and the ~2-adrenoeep- 
tot agonist clonidine stimulate the release of LH in adult 
male and female rats.. In contrast, prepubertal rats dis- 
play highly sex-specific effects. They involve either en- 
derphinergic or adrenergic control mechanisms for the LE 
secretion. While naloxone increases LH secretion in female 
prepubertal rats, clonidine fails to do so. On the other 
hand, clonidine considerably increases plasma LH levels 
in males, while naloxone does not. This apparent lack of 
a tonic endorphinergic inhibition of LH secretion, being 
confined to males, suggests a role of testosterone in the 
regulation of LH release. To study the effect of this an- 
drogen, male and female rats were gonadectomized on the 
ist day of life and tested on the iOth day for the res- 
ponse to naloxone. Under these conditions, both male and 
female rats increased LH secretion upon challenge by nalo- 
xone, while clonidine increased the LH level only of male 
castrates. Replacement of testosterone in gonadectemized 
rats prevents the naloxone effect on LR secretion only in 
male litters. In contrast, testosterone given to females 
only moderately reduced the naloxone stimulation of LH 
release. These findings suggest that endorphins tonically 
inhibit LH release both in intact male as well as female 
rats. But testosterone, being predominantly present in 
males, masks the endorphinergic mechanism in males. Fur- 

thermore, it is unlikely that the sexual differentiation 
of the brain, occurring in rats during the first two days 
of life, is responsible for the tonic inhibitory effect 
of endorphins in the control of LH secretion. 

Max-Planck-lnstitut f~r Psychiatrie, Abt. Neuropharmakolo- 
gie, Kraepelinstrasse 2, D-8OOO M~nchen 40, F.R.G. 
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THE EFFECT OF A VASOPRESSOR RECEPTOR ANTAGONIST 
ON VASOPRESSIN-INDUCED B-ENDORPHIN RELEASE FROM 
RAT ANTERIOR PITUITARY IN VITRO 
L. Homolka and M. Vlaskovska 

The circulating hormone vasopressin is known to 
induce antidiuresis and vasoconstriction. These 
actions of vasopressin are thought to be mediated 
by two different types of receptors: antidiuresis 
is brought about by occupation of the so-called 
V~-receDtor coupled to adenylate cyclase, whereas 
vasoconstrlctlon is mediated by the so-called V l- 
receptor, which does net appear to be coupled to 
adenylate cyclase. Several lines of evidence sug- 
gest that vasopressin acts directly on the ante- 
rior pituitary gland to release ACTH and B-end- 
orphin. In order to gain insight into the recep- 
tor type involved, we studied in vitro the effect 
of the vasopressin analogue d(CHp)~Tyr(Me)AVP on 
g-endorphin release from rat ant~rXor pituitary 
quarters stimulated by vasopressin, d(CH2)sTyr- 
(Me)AVP antagonizes the presser response-t~ va- 
sopressin (Kruszynski et al., J. Med. Chem. 23, 
364, 1980). 
Arginine vasopressin elicited the release of B- 
endorphin-like immunoreactivity (B-EI) in a con- 
centration-dependent manner (ED50=IOnM), whereas 
d(CH2)~Tyr(Me)AVP had no effect in concentrations 
up to ~OOyJM, when given alone. However, d(CH2) ~- 
Tyr(Me)AVP inhibited the release of B-EI induced 
by vasopressin 10 rum (IC50=2yaM). d(CHg)mTyr(Me)- 
AVP diminished also the vasopressin-indu~ed accu- 
mulation in the medium of cAMP, which is consi- 
dered as to be the second messenger of B-endor- 
phin release. 
These findings will be discussed with respect to 
the relation of the receptor type involved to the 
existing categories of vasopressin receptors. 

Pharmakologisches Institut der Universit~t Frei- 
burg, Hermann-Herder-Str. 5, D-7800 Freiburg i.Br. 
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TWO KINDS OF DOSE-RESPONSE RELATIONSHIPS OF 
ANESTHETICS IN VERTEBRATE RETINA: 
SIGNAL PROCESSING VS. ENERGY METABOLISM 

W. Sickel 

Several local and central anesthetics were applied 
in the perfusate of isolated frog retinas and the 
effects on light responses and on oxygen uptake 
measured simultaneously (Hdb. Sens. Physiol. VII,2). 

The ratio of the efficaeies seen in the two crit- 
eria reflects a margin of safety and goes parallel 
with the extent to which the drug effects are rev- 
ersible. The span was large with local anesthetics 
but narrow with central anesthetics. 

Depending on the neural pathways activated,i,e.on 
the state of adaptation, the dose-response curves 
differed. Pentobarbital depressed the light res- 
ponses more in dark adaptation~ whereas chloral 
hydrate was more potent in light adaptation. 

On a log plot the curves deviated from a straight 
line. Thus,within ranges,high doses of both proc- 
aine and pentobarbitale showed less effective than 
lower ones when judged by the responses to light 
flashes, but not so from the oxygen uptake.Hence, 
excitatery and inhibitory processes were affected, 
respectively. Desinhibition was observed with pen- 
tebarbital in light adaptation, with chloralose 
in dark adaptation. 

The selective effects of drugs were investigated 
to better understand the retinal network; they 

might also furnish a rationale for the therap- 
eutic selection and combination of anesthetics. 

Physiologisches Institut der Universit~t KSln 
Robert-Koch-Strasse 39, D - 5000 KSln 41 
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EFFECTS OF ACH AND SPECIFIC CHOLINERGIC ANTAGONISTS ON 

DISCHARGE PROPERTIES OF RESPIRATORY MODULATED NEURONS 

G. B~hmer and Pia Schmidt 

Ach, the muscarinic antagonist atropine and the nico- 

tinic antagonist hexamethonium were applied %o respi- 

ratory modulated neurons (RMN) by iontophoretic tech- 

niques. Two barrels of 4- or 5-barreled microelectro- 

des were filled with 2 M NaCI end were used for extra- 

cellular recording and for ballance of iontophoretic 

currents respectively. The latter was also used to 

test the effects of currents. Drugs were eiected by 

cationic currents of 30-]00 hA. Discharge density of 

most RMN was increased by Ach. ~dhen affected burst du- 

ration was predominantly shortened by Act. In a great 

potion of RMN tested atropine decreased spike density 

and shortened burst  du ra t ion .  In a l l  but one RMN tes -  

ted hexamethonium increased spike dens i t y ,  wh i le  burst  

dura t ion  was shortened or remained unaf fected in 50 

each. Ef fects  of the drugs could be c l a s s i f i e d  as me- 

d ia ted  by e x c i t a t i o n  of muscarinic or n i c o t i n i c  recep- 

t o r s .  Excitation of muscarinic receptors mainly resul- 

ted in increase of f i r i n g  ra te  and shor tening of burst  

du ra t ion .  E x c i t a t i o n  of  n i c o t i n i c  receptors  resuI%ed 

in decrease of  f i r i n g  ra te ,  wh i le  a l t e r a t i o n  of burst  

dura t ion  seems incons i s ten t .  

Phys io l .  I ns t .  Univ. Mainz, Saars t r .  21, D-6500 MAINZ 
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DEACETYLATION OF ACETOPHENETIDINES AND 
ACETAMIDOPHENOLS IN RAT BRAIN, LIVER AND 
KIDNEY J. Banmann, F. v. Bruchhausen and G. Wurm* 

p-Phenetidine and p-aminophenol, the deacetylation pro- 
ducts of the analgesic-antipyretics phenacetin and paraeet- 
amol, had proved to be more potent inhibitors of the prosta- 
glandin biosynthesis than their parent compounds (v. Bruch- 
hausen and Baumann, Life Sci. 30:1783, 1982) and may 
contribute to the central effects of these drugs. In monkey 
brain, a so-called phenacetin deacetylase was described 
(Oommen etal., Life Sci. 26:2129, 1980). We studied the 
enzymic deacetylatien of phenacetin, paracelamol as well 
as of their o- and m-substituted analogues using tissue 
preparations from rat brain, liver and kidney. Although, 
in general, all acetyl-aminophenol derivatives were deace- 
tylated, especially 2 -acetophenetidine was strongly split in 
all tissues, whereas paracetarnol was a poor substrate. 
N-Deacetylase activity was high in liver and kidney in com- 
parison with cerebrum and cerebellum which possessed 
low enzyme activity. The deaeetylation of aeetyl-arnino- 
phenolic compounds was inhibited by the organophosphorus 
diester bis (p-uitrophenyl)phosphate which is a rather spe- 
cific inhibitor of the acetanilide-cleaving carbox-ylesterase 
amidase pI 5. 6. On the other hand, arninophenols and phe- 
netidines were rapidlyN-acetylated in brain, liver and kid- 
ney when Acetyl-Co A was added as an acetyl donor. We, 
therefore, suppose that N-acetylating and N-deacetylating 
activities contribute to the routes of biotransferrnation of 
arninophenolic compounds in brain and other tissues. 

Pharmakologisches Institut der Freien Universii~t Berlin 
Thielallee 69/73, D-1000 Berlin 33 
*Institut fiir Pharmazie der Freien Universit~t Berlin, 
K6nigin-Luise-Stra6e 2-4, D-1000 Berlin 33 

35O 
LOCALIZATION OF DRUG EFFECTS IN THE CNS BY TEE 
DEOrf-GLUCOSE METHOD. 
Th. Beckf  J .  K r i e g l e t e i n  and P. Vogg 

In  r e c e n t  y e a r s  t h e  l o c a l i z a t i o n  o f  f u n c t i o n a l  
activity in %he CNS by measuring glucose utilization 
w i t h  r a d i o a c t i v e  2 - d e o x y g l u c o s e  ( S o k o l o f f  e% a l . ,  
J, Nourochem~ 28z 897, 1977) has become a widely 
a c c e p t e d  method i n  neuroehemis%ry.  In  %he p r e s e n t  
s t u d y  we u s e d  t h i s  t e c h n i q u e  f o r  c h a r a c t e r i z i n g  %he 
e f f e c ~  of  some c e n t r a l l y  a c t i v e  d r u g s .  The l o c a l  
c e r e b r a l  g l u c o s e  u t i l i z a t i o n  (LCGU) was d e t e r m i n e d  
a f t e r  a d m i n i s t r a t i o n  of  d i e t h y l p e m o l i n e ,  t i f l u a d o m e ,  
pentobarb i%al  and d i h y d r o e r g o e r i s ~ i n e  i n  T a r i o u s  
c e r e b r a l  s t r u c t u r e s  o f  t h e  r a t .  A c c o r d i n g  to  e a r l i e r  
e x p e r i m e n t s  pentobarb i%al  r e d u c e d  LCGU i n  a l l  
s t r u c t u r e s  o f  t h e  b r a i n .  0 n l y  minor  c h a n g e s  c o u l d  be 
o b s e r v e d  a f t e r  d l h y d r o e r g o c r i s t i n e .  P a r t i c u l a r l y  
i n t e r e s t i n g  r e s u l t s  were  o b t a i n e d  u s i n g  d ie%hyl -  
p e m o l i n e  and %if luadome.  S i m i l a r  %0 apomorphine ,  
d i e % h y l p e m o l i n e ,  d e s c r i b e d  as  an i n d i r e c t  dopamlno-  
m i m e t i c  drug ,  changed  LCGU i n  t h e  f r o n t a l  and 
s o n s o r i m o t o r  c o r t e x .  P e r p e n d i c u l a r  to  t h e  s u r f a c e  of  
%he b r a i n ,  a l t e r n a t i n g  a r e a s  w i t h  d e c r e a s e d  and 
i n c r e a s e d  LCGU were  demons%table i n  t h e s e  e o r ~ i c a l  
s t r u c t u r e s .  In  l a y e r  IV and V of  ~ h e e e  s t r u c t u r e s  a s  
w e l l  a s  i n  %he n u c l e i  s u b ~ h a l a m i c i  and t h e  subs%anita  
nigra LCGU clearly increased. Tifluadome is a newly 
s y n t h e s i z e d  b e n z o d i a z e p i n e  with agonls%ic properties 
a t  kappa o p i a t e  r e c e p t o r s .  In  con%rest  ~o m o r p h i n e ,  
%his drug d id  n o t  r e d u c e  LCGU i n  b r a i n  %issue but  
enhanced  %he a c t i v i t y % e l l  %he n u c l e u s  accumbens~ The 
r e s u l t s  s u g g e s t  t h e  C - 2 - d e o x y g l u c o s e  t e c h n i q u e  %0 
be u s e f u l  f o r  l o c a l i z i n g  drug e f f e c t s  i n  t h e  CNS. 

Inst i%u~ f d r  P h a r m a k o l o g i e  und T o x i k o l o g i e  im FB 16 
der  P h i l i p p s - U n i Y e r s i t ~ t ,  K e t z e r b a c h  6 3 ,  D-555  Marburg 
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CENTRAL ACTIONS OF PROSTAGLANDINS D2, E 2 AND F2~ 
IN THE RAT 
U. F~rstermann and R. Heldt 

PGD 2 is the most prevalent PG in rodent brain. 
Therefore the effects of intracerebroventricular 
(icy) administration of this PG were investigated 
and compared to those of PGE9 and PGF^~. 
PGD 2 and PGE 2 caused sedatlon and slgnlflcantly 
reduced spontaneous motor activity at 2 ug icv. 
PGF2~ produced comparable effects only at 20 ug 
icvT PGD2 and PGE 2 (20 ug icv) attenuated con- 
vulsions-induced Dy pentylenetetrazol. Also in 
this respect PGF2~ was less effective. These data 
indicate, that PGD2, like PGEg, exerts depressant 
effects on the central nervou~ system, whereas 
PGF2~ is less depressant. Thus the inhibition of 
the synthesis of the predominant PGD2 by aspirin- 
like drugs may explain some of the r~cently de- 
scribed proconvulsive effects of these compounds 
(Fbrstermann et al., Brain Res. 240 (1982) 303). 

PGEQ and PGF2~ (2 ug - 20 ug icy) dose-dependent- 
ly ~aused a ~arked increase in arterial blood 
pressure and concomitantly increased body tempe- 
rature. PGD 2 (20 ug icy) had only a weak presser 
effect and a small pyrogenic action. PGD~ (2 ug 
icy) had no significant effect on blood pressure 
and even slightly decreased body temperature. 
Thus there might be a correlation between the 
central effects of PGs on blood pressure and body 
temperature. The intense peripheral vasoconstric- 
tion caused by PGE 2 and PGF~,L which enhances 
blood pressure, may lead to a decreased capaclty 
to loose heat, resulting in hyperthermia. On the 
other hand PGD2, which gives rise to only a small 
increase in blood pressure, results only in a 
small rise in body temperature. 

Department of Pharmacology, University of Fret- 
burg, Hermann-Herder-str. 5, D-78OO Freiburg 
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TETRAHYDROBIOPTERIN AND TOTAL BIOPTERIN 
CONTENT IN VARIOUS CELL CLONES AND THE 
RELATIONSHIP BETWEEN TYROSINE HYDROXYLASE 
ACTIVITY AND INTRACELLULAR TETRAHYDRO- 
BIOPTERIN CONTENT IN THE PHEOCHROMOCYTONLA 
CLONE PC-12 M. Br~utigam and R. Dreesen 

Tetrahydrobiopterin content was determined in several 
clonal cell lines with reversed-phase high pressure liquid 
chromatography and subsequent electrochemical detection. 
Total biopterin was measured with fluorimetric detection 
as describedbyFukushirna et al. (Anal. Biochem. 102:179, 
1980). The catecholamine producing clones neuroblastoma 
NIE-II5 and pheochromocy~orna PC-12 contained 96 ng and 

60 ng tetrahydrobiopterin/mg protein, respectively. The 

corresponding amount for the neuroblasioma clone N2A 

was 36 ng/rag protein. The tetrahydrobiopterin content in 
C 6-glioma cells was below the limit of detection. The to- 
tal biopterin in tetrahydrobiopterin containing clones was 
about 20% above the tetrahydrobiopterin content. Addition 
of 2, 4-diamino 6-hydroxypyrimidine (DAO-Pyr) - an in- 
hibitor ofD-erythro-q-dihydroneopterintriphosphate syn- 
thetase - to the culture medium of PC-12 cells resulted 
in a dose-dependent decrease of tetrahydrobiopterin and 
total biopterin content within 4h, suggesting that the cells 
are capable of synthesising the found biopterin. A signifi- 
cant decline of tyrosinehydroxylase activity (measured as 
DOPA-production) after blockade of biopterin synthesis 

with DAO-Pyr was only seen after the intracellular tetra- 

hydrobiopterin content was reduced by at least 70% of the 

control levels. 

Pharmakologisches Institut der Freien Universii~t Berlin 
Thielallee 69/73, D-1000 Berlin 33. 
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MEMBRANE POTENTIAL-DEPENDENT ACCUMULATION OF ~H-IMIPRAMINE 
INTO INTACT SYNAPTOSOMES FROM RAT CEREBRAL CORTEX. 

G. Schmalzing 

Purified synaptosomes were incubated at 37~ for 10 
min under various conditions and separated from mediklra by 
silicon oil centrifugation (50 0O0 g for 20 min) at 4~ 
or 37~ respectively. Steady-state binding of 3H-imipra- 
mine (3H-IP) was markedly temperature-dependent: high- 
affinity sites (K D 2 nM) which were easily demonstrable by 
4~ centrifugation were barely detectable by separation at 

37~ 
The accumulation of ~H-IP at 37~ was found to depend on 
free Ca 2+, which was adjusted with Ca/OH-EDTA buffers. The 

accumulation ratio (3H-IP)i/(~H-IP)o (2 nM, 76 Ci/mmol) 
increased from 440 without Ca 2+ to maximally 580 at 12 ~M 
Ca 2+. The synaptosomal plasma membrane potential A~s was 
calculated from the distribution of 3H-triphenylmeth]fl- 
phosphonium + (3H-TPMP+) in the presence of tetraphenylbo- 
ron anion + CCP and from (K+)i/(K+)o. AWs showed a Ca 2+- 
dependent increase from 52 mV at 0 Ca 2+ to 83 mV at 12 ~M 
Ca ~+. The uptake of 3H-serotonin and ~H-norepinephrine 
was augmented by increasing Ca 2+ in a similar manner as 
the accumulation of 3H-IP, 3H-TPMP+ and K +. 
The membrane potential-dependent ~H-IP accumulation was 
diminished at higher IP concentrations and disappeared 
above i ~M IP. Addition of valinomycin or A 23 187 led to 
a decrease of AW s and a concomitant reduction of the 3E-IP 
accumulation ratio to 350 or 240, respectively. ApH as de- 
termined by 14C-dimethyloxazolidine distribution remained 
unaffected by free Ca 2+. 

It is concluded that under certain conditions IP pe- 
netrates the synaptosomal plasma membrane in its cationic 
(IP-H +) rather than in its uncharged form. The role of ~s 
as a driving force of 3 H-IP accumulation was confirmed by 
addition of 52 meq/l KCI, which induced a marked efflux of 
both, 3H-TPMP + and ~H-IP.H +. 

Institut fur Toxikologie der Universit~t Tiibingen 
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STIMULATION OF THE SUPERIOR CERVICAL GANGLIA ALTERS 
ACTIVITY OF SINGLE PINEAL CELLS IN THE RAT 

St.Reuss and L.Vollrath 

In the mammalian pineal gland melatonin formation 
has been clearly shown to be regulated by sympathetic 
fibres originating in the superior cervical ganglia (SCG) 
(SCG). In addition central commissural fibres reach the 
gland but their function is not known.(For review see 
L.Vollrath: The Pineal Organ, Springer Verlag, 1981). 
Recently it  has been demonstrated that electrical 
stimulation of the SCG stimulates pineal melatonin 
formation, as assessed by measuring ore of the melatonin 
forming enzymes (serotonin-N-acetyltransferase) 
(C.W.Bowers, R.E.Zigmond,J.Physiol.330, 279,1982). 
The aim of our study was to examine~e effect of 
SCG stimulation (I-10 c/sec; 0.5-5 mA) on single unit 
activity in the pineal gland of urethane-anesthetized 
rats. 
Extracellular recordings revealed that one group of 
cells tested was not affected by SCG stimulation. 
A second group of spontaneously active cells was 
inhibited, while a third group of "dormant" cells 
was stimulated. 
These findings suggest a complicated innervation pattern 
of the intrinsic pineal cells. 

Anatomisches Institut, Neurophysiologisches Labor, 
Johannes Gutenberg-Universit~t, Saarstr.19/21, 
6500 Mainz 
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COMPARISON OF DICLOFENSINE (Ro 8-4650) WITH NOMIFENSINE 

FOR NEUROCHEMICAL EFFECTS IN RAT BRAIN 
H.H. Keller and M. Da Prada 

Diclcfensine (DICLO, rac-4-(3,4-dichlorphenyl)-1~2,3,4- 
tetrahydro-7-methoxy-2-methylisoquinoline), an effective 
antidepressant in man, has been shown to inhibit potent- 
ly , in vitro and ex vivo, the synaptosomal uptake of 
dopamine (DA), noradrenaline (NA) and 5-hydroxytrypt- 
amine (5-HT) , whereas, in this respect, nomifensine 
(NOMI) was less effective by a factor of at least 10, 2 
and 100, resp. (Burkard et al., Front. Neuropsychiatr. 
Res., E.Usdin, ed., Mac Millan Press, 1982). DICLO at 
10 mg/kg i.p. reduced homovanillic acid (HVA) and 5-hydr- 
oxyindoleacetic acid (5-HIAA) by 20 - 30 % for at least 
6 h and attenuated their accumulation after probenecid. 
These effects may be the consequence of marked inhibition 
of amine uptake , leading to increased synaptic DA and 
5-HT concentration and stimulation of synaptic receptors, 
ultimately resulting in reduced DA and 5-HT turnover. 
In contrast, NOMI (10-30 mg/kg i.p.) increased HVA and 
enhanced the accumulation of HVA and 5-~IAA after pro- 

. + . J 
benecid. - In vltro, the K -stlmulated H-DA release 
from striatal slices in the presence of cocaine was in- 
creased by N~MI but little,if any, by DICLO. Also, the 
spontaneous H-DA release from striatal slices of reser- 
pinized rats was elevated by NOMI, but much less by 
DICLO. 
The increment of 5-HIAA after NOMI cannot be due to a 
5-HT-releasing effect since NOMI (as well as DICLO) did 
not enhance spontaneous and K+-induced JH-5-HT release 
from cerebral cortex slices. 
In conclusion, DICLO is a potent uptake inhibitor for 
all of the 3 amines and devoid of releasing action at 
lower doses, whereas NOMI at higher doses induces DA 
release. 

Pharm. Res. Deptm., F. Hoffmann-La Roche & Co., Ltd., 
CH 4002 Basel, Switzerland 
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FFECTS OF DESIMIPRAMINE AND NOMIFENSINE ON ~ UPTAKE OF 
-DOPAMINE INTO DOPAMINERGIC AND NORADRENERGIC NEURONES 

OF THE ISOIATED NEUROINTERMEDIATE LOBE (NIL) OF THE RAT 
K. Rack& 

The NIL has a rich dopaminergic ir~ervation. However, 
little is known about the regulation of the dopamine (DA) 
release from the nerve terminals in the NIL. Since the 
NIL contains also noradrenergic nerve fibres, the present 
study was performed to test whether the stores of the DA- 
fibres in the NIL could be selectively labelled with 
3H-DA. 
NILs were isolated from male rats fixed at the stalk by a 
platinum wire clip and incubated for 30 min in 0.5 ml 
Krebs solution containing 3H-DA (0,1 ~M). After super- 
fusion with 3H-DA free medi~ for 60 min the tissue was 
analysed for 3H-NAand 3H-DA. NA, DAand the metabolites 
were separated on alumina and Dowex 50"~X4 columns. 
Incontrol experiments 416+50 fmol 3H-DAand 133+15 fmol 
3H-NA (11--5) were found in~heNIL hc~ogenates. 3H-DA 
and 3H-NA represented 92+2 % of the total tissue radio- 
activity. Addition of I~M desimipramine (DMI) to the 
medit~nduring the labelling periodhad no effect onthe 
storage of 3H-DA (394+34 fmol, n=3) in the NIL but re- 
duced the formation o~3H-NAby 86 %. When DMI (i ~4) was 
added15min prior to the labelling period and was also 

~ esent throughout the superfusion, the formation of -NAwas reduced by 97 %, whereas the storage of 3H-DA 
was unaffected (397+19 fmol, n=3). NGmifensine (10 uM) 
reduced the storage--of both 3H-DAand 3H-NAby more than 
95 %. 
The present results show that in the isolated NIL 3H-DA 
is taken up in both, dopaminergic and noradrenergic nerve 
terminals. DMI selectively blocks the uptake into nor- 
adrenergic fibres. After labelling in thepresence of 
DMI, tritium release from the NIL is supposed to reflect 
DA release from dopaminergic nerve terminals. 

Pharmakologisches Institut der Universit~tMainz, 
Obere Zahlbacher Str. 67, 6500Mainz 
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Demonstration of Central oo-Adrenoceptor Effects 
Via Apomorphine Induced Hy~ermotility 
H.-P. Kley, U. Brand, H. M~ller 
The influence of noradrenergic mechanisms on dopa- 
minergiemotor activity, e.g. in Parkinson'sdisease, 
is still a matter of discussion (S.M. Antelman et al., 
Science 195:646(1977)). Postmortem brains of patients 
with Parkinson's disease not only show a decrease of 
dopamine (DA) in several regions but also a decrease of 
norepinephrine (NA), e.g. in i. coeruleus, s. nigra, 
and n. accumbens (I.J.Farleyet al. in: Advances in 
ParkJ_nsonism, Eds. W.B.Birkmayer end O. Hornykiewicz, 
Roche, Basel, p.178(1976)). There is evidence that 
direct or indirect increase in NA leads to an increase 
in motor activity (MA) mediated by direct stimulation of 
DA receptors (N.-E.Anden et al. Naunyn-Schmiedeberg's 
Arch. Pharmacol. 302:299 (1978)). 
Our own experiments withthe ~2-receptor-stimulating 
agent clonidJ_ne showed a potentlation of MA in non- 
reserpinizedmice after 1 and 4 mg/kgapomorphine (Apo) 
s.c. and a diminution of MAin naive mice. Mianserin, an 
~-receptor-blocking agent with antidepressant proper- 
ties, antagonized MAafter 1 mg/kgApoand did not 
influence MA after 4 mg/kgApo. The ~-receptor- 
blocking agent yohimbine did not influence MA after 1 
mg/kgApobutantagonizedthe effect of 4 mg/kgApo. 
Further, studies with other agents acting on ~ o-recep- 
tors revealed that, in intact animals, it is pogsible to 
demonstrate whether this action is of a blocking or 
stimulating type. 

The influence of noradrenergic mechanisms on different 
DA-receptors (DA4, DA)( A.R.Cools et al., Psychopharma- 
cologia 45:243 (T976)y is still open for discussion. 

From the Research Laboratories of Byk Gulden 
Lomberg Chemische Fabrik QnbH Byk-Gulden-Str. 2, 
D-775o Konstanz 
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ACTION OF THE ~2-ADRENOCEPTOR AGONIST B-HT 958 ON BRAIN 
DOPAMINE AND NORADRENALINE TURNOVER. 
H.HSrtnagl, U.Petsche and O.Hornykiewicz 

In addition to their well established modulation of nor- 
adrenaline (NA) release,~2-adrenoceptor agonists influ- 
ence the dopamine (DA) turnover in the central nervous 
system. We therefore investigated the modulating effects 
of B-HT 958 (2-amino-6-(p-chlorobenzyl)-4H-5,6,7,8-tetra- 
hydrothiazolo~,4-~ azepine) on aminergic neurons in the 
rat and mouse brain. The central effects of B-HT 958 are 
of special interest since at peripheral ~2-adrenoceptors 
this compound is characterized by a high pre/postsynaptic 
activity ratio (Pichler et al., N.S.Arch.Pharmacol. 320, 
110, 1982) .  
The t u r n o v e r  o f  DA and  NA was s t u d i e d  by  m e a s u r i n g  t h e  
disappearance of the amines after inhibition of their syn- 
thesis with ~-methyl-p-tyrosine ( ~-MpT, 250 mg/kg,i.p./ 
4 hrs). Groups of 6 animals were injected with either sa- 
line or B-HT 958 (in a dose range of 0.2-20 mg/kg,s.c.) 
or clonidine (O.1 mg/kg,i.p.) 15 min before the injection 
of ~-MpT. DA and NA levels in various brain areas were 
measured by HPLC with electrochemical detection. 
B-HT 958 caused dose-dependently a considerable inhibi- 
tion of the O~-MpT induced decline of DA in the striatum 
(35% vs 72% of control values) and in the hypothalamus 
(2]% vs 35%) of the rat and in the whole mouse brain (40% 
vs 72%). In brain areas with a relatively dense NA inner- 
vation (hypothalamus, hippocampus, amygdala-pyriform 
cortex) B-HT 958, in contrast to elonidine, did not in- 
hibit the NA turnover. However, in the striatum, which 
receives a sparse NA innervation, B-HT 958 almost com- 
pletely inhibited the NA decline produced by ~-MpT. 
The present data indicate that B-HT 958 differs from clo- 
nidlme by its failure to modulate noradrenergic activity 
in several NA rich brain areas while strongly affecting 
DA turnover. 

Institut f~r Biochemische Pharmakologie,Universitgt Wien, 
Borschkegasse 8 a, 1090 Wien. 
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2-BROMOLISURIDE: AN ERGOT DERIVATIVE 
POTENTIAL NEUROLEPTIC ACTIVITY 

H. Wachtel 

WITH 

2-Bromolisuride, a derivative of the ergot do- 
pamine (DA) agonist lisuride, was investigated 
in rodents with regard to its influence on DA 
related behaviour, cerebral DA metabolism and 
prolactin (PRL) secretion. 
2-Bromolisuride produced catalepsy (EDen in 
mice 3.3 mg/kg i.p.; in rats 3.9 mg/kg iYp.), 
antagonized apomorphine-induced stereotypies 
(ED50 in mice 0.4 mg/kg i.p.; in rats 0.2 mg/kg 
i.p.;, inhibited locomotor activity in rats 
(0.025 - 6.25 mg/kg i.p.), antagonized the 
hyperactivity induced by various DA agonists in 
rats (0.i - 1.56 mg/kg i.p.) and inhibited the 
apomorphine-induced hypothermia in mice and 
rats (0.025 - 6.25 mg/kg i.p.). 2-Bromolisuride 
(0.03 - I0 mg/kg i.p.) stimulated DA biosynthe- 
sis and DOPAC formation in the striatum and the 
DA rich limbic system of rats. Furthermore, 
2-bromolisuride (0.025 6.25 mg/kg s.c.) 
enhanced PRL secretion in intact male rats. 

These findings indicate DA antagonistic proper- 
ties of 2-bromolisuride presumably due to 
blockade of central DA receptors. 2-Bromolisu- 
ride is the first ergot compound with definite 
antidopaminergic properties suggesting its 
potential usefulness as a neuroleptic. 

Dept. of Neuropsychopharmacology, Schering AG, 
M~llerstr. 170-178, D-1000 Berlin 65 
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HALOPERIDOL-INDUCED INCREASE OF SPIPERONE BINDING: 
INFLUENCE OF PHENOBARBITAL, DIAZEPAM AND SUPIDIMIDE 

H.-H. Hennies and L. Floh~ 

I t  has been reported that chronic treatment with neuro- 
lept ics elevates DA receptor binding capacity in brain 
(Burr et a l . ,  Science, 19____66, 326, 1977). The influence 
of simultaneously administered phenobarbital, diazepam 
or supidimide ~-2-(2-oxo-3-piper idyl) - l ,2-benzisothia-  
zo l i ne -3 -on - l , l - d i ox id ;  Friderichs et a l . ,  Arzn. Forsch./ 
Drug-Res., 3211, 898, 1982] on the haloperidol-mediated 
increase in ~ s t r i a ta l  [3H] spiperone binding was in-  
vest igated. 
Chronic oral application of haloperidol for 14 days 
(one application per day of 10 mg/kg) followed by a 
drug free period of 5 days results in a significant- 
ly enhanced amount of ~ spiperone bound per mg 
str iatal receptor protein. In contrast to phenobar- 
bital (50 and 75 mg/kg i .p.)  and diazepam (10 and 
20 mg/kg i .p . ) ,  supidimide (~ 300 mg/kg i .p. )  anta- 
gonized the haloperidol-mediated increase in radio- 
ligand binding. The results appear consistant with 
the previous observation that supidimide in mice 
chronically treated with haloperidol inhibits or at 
least delays the development of tolerance (Wilsmann 
and Friderichs, Arzn.Forsch./Drug Res., 3211, 900, 
1982), an effect which is believed to be associated 
with increased DA binding capacity and DA supersen- 
s i t i v i t y .  

GrUnenthal GmbH, Center of Research, Zieglerstra6e 6, 
D-5100 Aachen-Eilendorf 
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MONOAMINE METABOLITES IN THE CSF OF UNRESTRAINED CATS. 
M. Spindler, I .  Degrel l ,  K. Zenner, G. Stock 

R91 

The concentration of dihydroxyphenylacetic acid (dopac) 
and homovanil l ic acid (HVA), the metabolites of dopamine 
(DA) and 5-hydroxyindoleacetic acid (5-HIAA), the metabo- 
l i t e  of serotonin, were measured repeatedly in the CSF of 
unrestrained cats. Animals were chronical ly  equipped with 
cor t ical  and subcortical EEG-electrodes. Samples of 10 ~I 
CSF were col lected and immediately analyzed by a HPLC 
method with electrochemical detect ion. Concentrations 
varied considerably between subjects but were stable with- 
in the same subject for  periods of up to 150 days. 

n = 8 dopac HVA 5-HIAA 

ng/ml 
mean • S.E. 70.3• 346.6• 220.2• 

Crange) (30 - 130) (180 - 750) (110 - 340) 

Under control conditions a marked gradient for  monoamine- 
metbaolites was found when CSF samples from frontal  si tes 
of the la tera l  vent r ic le  were compared to samples from 
dorsal s i tes.  After appl icat ion of neuroleptic drugs 
(haloper idol ,  pimozide), there was a marked increase in 
dopac and HVA but not in 5-HIAA. In contrast,  appl icat ion 
of 3-PPP (4 mg/kg, i . p . ) ,  a DA-agonist with preferent ia l  
a c t i v i t y  on presynapt ical ly located DA-receptors markedly 
decreased the CSF-levels of dopac and HVA for  a period of 
4 hours. The same resul t  was obtained with apomorphine 
(1.5 mg/kg i . p . ) .  
The proposed animal model can be used to obtain e lect ro-  
physio logical ,  behavioural, and biochemical observations 
in para l le l .  

l .Phys io l . l ns t . ,  Univ. Heidelberg, INF 326, 69 Heidelberg 

This study was supported by the DFG within the SFB 90 
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EFFECTS OF DOPANINE ON HIPPOCAMPAL CELLS IN THE DENTATE 
GYRUS AND THE PYRAMIDAL CELL LAYER. 

G. Gmelin and T. Dunwiddie 

The effects of Dopamine (DA) were studied in the hippo- 
campal slice preparation. Coronal slices of male Spraque- 
Dawley rat brains were cut at 350 - 400 pm and incubated 
at 36~ in two types of perfusion chambers: in one the 
slices were to ta l l y  superfused with the medium and in the 
other the medium reached only a level just below the sur- 
face of the slice. Population spikes recorded from gran- 
ule cells were induced by stimulation of the perforant 
pathway and those from CAt pyramidal ce l l s  were induced by 
st imulat ion of  the stratum radiatum near the border of CAt 
and CA2. When (10 . . .  50 NM) was applied in the bath, the 
amplitude of  the population spike measured in the granule 
as well as in the pyramidal ce l l  layer was markedly in- 
creased. In both superfusion condit ions, the DA ef fect  was 
quant i ta t i ve ly  the same except that  i t  appeared ea r l i e r  
when the sl ices were t o t a l l y  submerged. In the granule 
cel l  layer the action of  DA was seen more often than in 
the CAt layer. When fluphenazine (I00 mM) was applied 
loca l l y  with short pressure pulses using a micropipette 
near the recording electrode, the increase in the ampli- 
tude of the population spike could be blocked in both 
layers. When fluphenazine (100 ~M) was added to the super- 
fusion medium, even with 30 min pretreatment, no action 
on the DA-effect could be seen. One explanation could be 
that  f]uphenazine had local anaesthetic effects when ap- 
p l ied with the micropipette. Experiments with other DA- 
antagonists are in progress. 

Preclinical Research, SANDOZ AG, CH-4002 Basel and 
Department of Pharmacology, University of Colorado Health 
Sciences Center, Denver, CO 80262, USA. 
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RELATIONSHIP BETWEEN THE DOPAMINERGIC 
SYSTEM AND ORAL DRUG TAKINC BEHAVIOR 
V. Fuchs and H. Coper 

Naive rats having the free choice between an etonitazene 
solution of 3 gg/ml and tap water show after afew days a 
preference for the opioid source. In contrast to etonitaze- 
he, 3 mg/ml barbital are rejected when water is available 
simultaneously. After 14 days of forced barbital drinking 
and repeated withdrawal cycles, however, in the free 
choice procedure vs water 33% of the rats ingested an av- 
erage of 120 rng/kg barbital per day. The remaining ani- 
mals rejected the barbiturate. Addition of Y and 14 ~g/ml 
haloperidol to the water bottles reduces the "voluntary" 
etonitazene intake from 70% of daily fluid consumption to 
47% and 30% respectively, whereas under the same condi- 
tions the spontaneous barbiturate ingestion is not affected 
by the neuroleptic. In a second experiment rats received 
0. 3 mg/kg/day etonitazene for 6 days. Then they were 
treated with 1 rng/kg apomerphine and the stereotypic 
licking, gnawing, head shaking and foot stepping were re- 
corded from the 10th to 60th min after the apomorphine in- 
jection. In the etonitazene rats the number of the stereo- 
typic movements was not significantly altered (88% com- 
pared to controls). On the second day of etonitazene with- 
drawal, the stereotypies were 84% of control and iii% at 
the 6th day. In the barbital treated rats, however, the 
apomorphine stereotypies are reduced to 32%. At the 6th 
day of barbital withdrawal the control level is reached. 
Further experiments are necessary to clear up the invol- 
vement of the dopaminergic system in drug taking behav- 
ior of different addictive drugs. 

Institut ffir Neuropsychopharmakologie der Freien Univer- 
sitar Berlin, Ulrnenallee 30, D-100O Berlin 19 
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EFFECTS OF DU 24565 (6-NITROOUIPAZINE) AND 
QUIPAZINE ON SEROTONINERGIC AND NORADRENERCIC 
NEURONES OF THE RAT BRAIN CORTEX 
E. Schlickert K. Classen and M. G~thert 

The effects of DU 24565 and quipazine were com- 
pared in uptake studies and superfusion experi- 
ments on rat brain cortex slices.- DU 24565 
blocked tritium accumulation in slices incubat- 
ed with ~H-serotonin more markedly than in 
slices incubated with 3H-noradrenaline (IC~0 
values: 0.08 and 89.1 pmol/1, respectively~; by 
contrast, quipazine exhibited no marked prefer- 
ence (IC~0 values: 5.25 and 4.90 pmol/1, r$- 
spective~y).- In slices preincubated with ~H- 
serotonin, DU 24565 facilitated the electrical- 
ly evoked tritium overflow in the presence or 
absence of paroxetine (a selective inhibitor of 
serotonin uptake) to the same degree; however, 
it had no effect on slices exposed to paroxeti~ 
and pargyline. Quipazine increased the evoked 
overflow from slices superfused with paroxetine 
or paroxetine plus pargyline to a similar ex- 
tent (Schlicker and G6thert, Naunyn-Schmiede- 
berg's Arch. Pharmacol. 317, 204, 1981). The 
concentration-response curves of unlabelled 
serotonin (obtained in the presence of paroxe- 
tine) and of noradrenaline for their inhibitory 
effects on the evoked overflow were shifted to 
the right by quipazine but not by DU 24565.- It 
is concluded that, by contrast to its parent 
compound quipazine, DU 24565 is a highly potent 
and selective inhibitor of neuronal serotonin 
uptake; DU 24565, which may inhibit monoamine 
oxidase, is at least less potent than quipazine 
in blocking presynaptic serotonin and ~-adreno- 
ceptors on the serotoninergic neurones. 

Pharmakologisches Institut, Universit~t Essen, 
Hufelandstr. 55, 4300 Essen l, Fed.Rep,Germany 
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HIGH AFFINITY BINDING SITES OF (3H)-TETRAHYDRONORHARMANE 
(TETRAHYDRO-~-CARBOLINE) AND (3H)-TRYPTAMINE ON BRAIN 
MEMBRANES OF RATS. 

Hans Rommelspacher and Gerold BrOning 

Tetrahydronorharmane (THN) occurs in vivo and exerts 
pharmacological ef fects.  I t  displaces (3H)-spiroperidol 
(IC50 26 umol/ l ) ,  ~3H)-5-hydroxytryptamine (IC50 4pmol/|, 
(3H)-naloxon (IC50 353 ~mol/I) and other ligands in bin- 
ding experiments (MO11er et al .  Pharmacol. Biochem.Behav. 
14, 693, 1981). However, i t s  a f f i n i t y  towards ~he various 
binding si tes seems not su f f ic ien t  enough to explain the 
b io log ica l  a c t i v i t y .  Thus, we investigated whether THN 
binds to receptors of she s t ruc tu ra i l y  related tryptami,e 
and/or to i ts  own receptors, bcatchard anaiysis or (3H)- 
tryptamine binding to rat  brain membranes in the concen- 
t ra t ion  range from 0.5 to 50 nmoI~l revealed ~wo equ i l i -  
brium dissociat ion constants of 3-1.5 and 2 5-10 nmol/l 
THN displayed high a f f i n i t y  inh ib i t ion  (IC50 22nmol/l at 
1.5 nmol/l (3H)-tryptamlne). 5-Hydroxytryptamine and spi- 
roperidol were found to be less potent (IC50 400 nmoI/1 
and 10 ~mol/l respect ive ly) .  Further studies were con- 
ducted using (3H)-THN as a Iigand. A high a f f i n i t y  bin- 
ding s i te  (kD 2 nmol/I) was iden t i f i ed .  Low concentra- 
t ion of tryptamine displaced (3H)-THN (Inmol/ l ,  IC50 
20 nmol/1). I t  is very well conceivable that these high 
a f f i n i t y  binding si tes represent the molecular s i te  of 
the action of THN. 
Ins t i t u t  for  Neuropsychopharmakologie der Freien Univer- 
s i t , t ,  Ulmenallee 30, 1000 Berl in 19, F.R.G. 
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1251-LSD, A NEW USEFUL LIGAND FOR THE CHAP~ACTERIZATION AND 
LOCALIZATION OF 5HT2-RECEPTORS. 
G. ENGEL, F. v.AMSTERDAM and J.M. PALAClOS 

According to PEROUTKA and SNYDER (Mol Pharmacol 16: 687, 
1979), two d is t inc t  types of serotonin (SHT) receptors 
have been postulated. 5HTl-receptors are label led by 3H- 
5HT~ and 5HT2-receptors can be iden t i f i ed  by JH-spiperone 
or H-ketanserin (LEYSEN et a l ._Mo l  pharmacol 21: 301, 
1982). LSD was iodinated with11~2~l-Na and ch lo r~ ine  T to 
get the radiol igand 1251-LSD(~"~ZOL) and w i t h  N@succin- 

imide to get the non-radioactive compound 2-I-LSD (lOL) 
for  comparative pharmacological studies. The introduct ion 
of iodine in posi t ion 2 of LSD leads to an increase in 
~e~ect iv i ty  for  5HT2-receptors. In rat  cortex membranes, 

~OlOL possesses a K D = 0.9~0.I nM, Bmax = 240+ 20 fmoles/ 
mg,7and a non-specif ic binding of <40% in presence of 
I0- M ketanserin. The rate constants for  association and 
dissociat ion are 1.6xlO 8 M - I  min -I  and 0.042 min - I ,  re- 
spect ive ly .  In competition experiments, 5HT antagonists 
showed monophasic displacement curves with Ki-values 
which correlate with pD~-values, for  i nh ib i t l on  of 5HT- 
induced contract ion of canine bas i lar  ar tery.  The compe- 
t i t i o n  curves performed with 5HT are biphasic and insensi- 
t i ve  to GppNHp ( I 0 - )  M. In a routine binding screen with 
various l igands, the i nh ib i t i on  constants of lOL for  a 
alpha, beta, histamine and chol inergic receptor are 
I00 nM with the exception for  dopamine receptors, 39 nM. 
In the longi tudinal  muscle of guinea pig ileum, 5HT2- 
receptors could be iden t i f i ed  which are d i f fe ren t  from 
those in CNS. For Ketanserin, a weak inh ib i t i on  constant 
of 0.6~M was found in comparison to 2 nM in the cortex. 
BQcause of the high spec i f ic  a c t i v i t y  (2175 Ci/fl~mol) of 
IL~ i t  is a favourable l igand for autoradiographic 
loca l i za t ion  of i t s  binding s i t e ,  requir ing only short 
exposure time. The loca l i za t ion  of 12510L-binding si tes 
in the rat brain w i l l  be also presented. 

Precl in ica l  Research, Sandoz Ltd. ,  CH-4002 Basle, Switzer- 
land. 
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EFFECTS OF ACh, NICOTINE AND MUSCARINE ON RAT 
~EOSTRIATL!~ CELLS IN SLICES 
U. Misgeld, M.H~ Weiler, D,K. Cheong 
Using sliced tissue we characterized previously 
an intrinsic excitatory cholinergic synapse in 
the rat neostriatum which is furnished with 
postsynaptic nicotinic and pre- and postsynaptic 
muscarinic receptors(Misgeld et al.tExp. Brain 
Res.3g:401,1980;Brain Res.:in press). In the 
same preparation,the effects of AOh, nicotine 
and muscarine injected locally into the tissue 
in 0.Spmole to O.Snmole quantities were investi- 
gated. The higher doses of ACh depolarized the 
neuronal membranes, sometimes a fast and a slow 
component could be differentiated. Muscarine in- 
duced only slow depolarizations. The input re- 
sistance increased in parallell to the membrane 
depolarization. Small amounts or injections re- 
peated at short intervals elicited membrane 
hyperpolarizations associated with membrane con- 
ductance increases. In all instances the ampli- 
tudes of the EPSPs evoked by electrical stimula- 
tion of the neostriatal tissue near the recor- 
ding electrode decreased. Addition of nicotine 
(ImM) or muscarine(1OOuM) to the bath led to re- 
duction of EPSP-amplitudes only. EPBP-amplitudes 
reduced by muacarine or muscarinic agonists 
could be restored by atropine or scopolamine 
(10uM)~ Addition of atropine alone to the bath 
resulted in a marked increase of locally evoked 
EPSP-amplitudes. Although the principle of 
"identity of action" is not violated, it is not 
possible to predict cholinergic synaptic func- 
tion in rat neostriatum from the effects of 
extrasynaptically applied ACh because of the 
presence of so many different receptor sites. 

Max-Planck-Institut f. Hirnforschung, Deutsch- 
ordenstr. 46, D-6000 Frankfurt/M-71 
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INTERACTION OF BARBITURATE AND GABA SITES 
IN RAT CEREBELLAR AND CEREBRAL CORTICAL MEM- 
BRANES 
U. Quast and K.-O. Vollmer 

Modulation of 3H-muscimol binding by picro- 
toxin, pentobarbitone and (+)-etomidate was 
investigated in rat cerebellar and cerebral 
cortical membranes. In cerebellum, at 37~ in 
the presence of 150 mM chloride, pic~otoxin 
and picrotoxinin decreased specific WH-muscimol 
binding to 43+3 % of c~ntrol with midpoint 
(ECho) at 1.2~0.i ~M. H-museimol saturation 
experiments iX the presence and absence of 
picrotoxin indicated that the pierotoxin effect 
was primarily due to a loss of hlgh affinity 
museimol sites with KD~IO nM. 

Pentobarbitone enhanced specific 3H-muscimol 
binding to 259+3 % of control with EC~=292+ 
37 ~M and etom~date increased bindingb~o 298• 
18 % with EC50=7.1+I.0 ~M. The influence of 
temperature and chToride ion concentration 
on these effects was investigated at constant 
ionic strength. The results indicated that 
studies at 0~ underestimate the coupling 
between GABA receptors and barbiturate sites 
and that they greatly overestimate the importance 
of chloride ions in this phenomenon. In cerebral 
cortical membranes (37~ 150 mM CI-), the 
effect of picrotoxin was similar to that observed 
in cerebellum whereas the effects of pentobarbi- 
tone and etomidate were greater but occured at 
higher concentrations. 

GSdecke Research Institute, Dept. of Biochemistry 
Mooswaldallee i-9, D-7800 Freiburg 
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EFFECTS OF PENTYLENETETRAZOLE ON ELECTRICAL PRO- 
PERTIES AND SYNAPTIC RESPONSES OF HIPPOCAMPAL 
RAT NEURONS IN VITRO 
M.L. Zeise, U. Preisend~rfer and L. Hevmann 

Effects of pentylenetetrazole (PTZ) were invest- 
igated in slices (300 ~m) of the rat hippocam- 
pus. Compared to other convulsants an about 100 
times higher concentration (2-10 mM/l) was ne- 
cessary to yield repetitive population spikes 
in field responses of the CA3 pyramids and the 
granule cells. Intracellular recordings from 
granule cells with bath application of 2 mM/l 
PTZ revealed an abolition of the IPSP and a re- 
markable increase in amplitude and duration of 
the EPSP. RMP and spike amplitude increased. 10 
mM/l PTZ reduced these parameters to control va- 
lues while the spike duration increased. Repeti- 
tive discharges were elicited only with tenfold 
threshold stimulus strength. Even with more 
than I h application of PTZ (10 mM/l) neither 
spontaneous spikes nor PDS appeared. Signifi- 
cant changes of membrane resistance were not ob- 
served with PTZ (10 mM/l). 
GABA applied locally (10 mM/l) reduced membrane 
resistance, EPSP amplitude and membrane potenti- 
al in granule cells. These effects were only 
slightly decreased by PTZ (2 mM/l). PTZ influen- 
ced GABA effect on membrane potential most, the 
change of EPSP was least affected by PTZ. With 
10 mM/l PTZ GABA effects were reduced by approx. 
65%. Although PTZ reduced the amplitude of the 
GABA response, GABA effects persisted for a lon- 
ger time than in control. 

Max-Planck-Institut fur Hirnforschung, Neurophy- 
siologische Abt., Deutschordenstr. 46, D-6000 
Frankfurt 71 
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GABA DIRECTLY DEPOLARIZES CULTURED OLIGODENDRO- 
CYTES 

P. Gilbert 

GABA depolarizes approximately one third of im- 
munocytochemically identified oligodendrocytes 
in cultures of mouse spinal cord. During GABA 
application the depolarization is followed by a 
partial repelarization to a stable plateau. 
After GABA has been washed out the cell repolar- 
izes to the original membrane potential. The 
GABA effect is dose dependent. The depolarizing 
effect of GABA does not result from the release 
of K + from adjacent neurons; no increase in ex- 
tracellular K + could be measured along the sur- 
face of the reacting cell. Furthermore, no neu- 
rons were detected by immunolabeling with teta- 
nus toxin in the vicinity of the studied oligo- 
dendrocytes. The depolarization was not accom- 
panied by a change in cell input resistance. 
Muscimol produces a similar depolarization as 
GABA. Biuculline, picrotoxin,pentobarbital and 
chlordiazepoxid all reduce the GAEA induced de- 
polarization. 

Inst. fur Neurobiologie, Im Neuenheimer Feld 504 
D-69OO Heidelberg 
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CARDIOVASCULAR EFFECTS OF INTRAVENOUSLY-IN- 
JECTED GABA, THIP AND ISOGUVACINE IN THE 
ANAESTHETIZED RAT 

E. Mesdjian, F.V. DeFeudis, G. Jadot, M. Valli, 
B. Brugerolle, and P. Bouyard 

Arterial blood pressure and heart rate were mon- 
itored in pentobarbitone-anaesthetized rats 
after i.v. injections of GABA (O.O3-1OO mg/kg), 
THIP (4,5,6,7-tetrahydroisoxazolo [5,4-c] pyri- 
dine-3-ol, O.1-100 mg/kg), or isoguvacine-HCl 
(o.1-100 mg/kg). GABA produced dose-dependent 
hypotension and bradycardia, THIP had no appre- 
ciable effect on either parameter, and iseguva- 
cine (1.0-1OO mg/kg) produced hypotension, but 
no bradycardia. The hypotension and bradycardia 
produced by GABA (1.O mg/kg) and the hypoten- 
sion produced by isoguvacine (1.O mg/kg) were 
partially antagonized by pretreatment of the 
rats with bicuculline (1.0 mg/kg, s.c.) or 
bicuculline-methobromide (1.5 mg/kg, s.c.). As 
THIP passes the blood-brain barrier more read- 
ily than GABA or isoguvacine, as GABA and iso- 
guvacine exerted more pronounced cardiovascular 
effects than THIP, and as bicuculline-metho- 
bromide antagonized the effects of GABA and 
isoguvacine, it is suggested that a peripheral 
mechanism(s) is involved in the cardiovascular 
effects of GABA. Further study of isoguvacine 
and its derivatives might lead to the develop- 
ment of an hypotensive (anti-hypertensive) 
agent that acts on peripheral GABA-ergic sys- 
tems. 

Laboratoire de Pharmacologie M~dicale, Univer- 
sit~ d'Aix-Marseille, Facult& de M&decine, 
13385 Marseille Cedex 4, France. 
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373' 
ON THE ROLE OF GABAERGIC MECHANISMS IN STRIATUM 
AND SUBSTANTIA NIGRA IN MEDIATING MUSCULAR RIGI- 
DITY U. Havemann, L. Turski, M. Sehwarz and K. 
Kuschinskv 
The effects of injections of the GABAergic agonistmusci- 
mol into various areas of the nigrostriatal syst~nwere 
studied in rats. Unilateral injections of muscimol (25 
or 50 nq) into the ventral striatumproduced both cata- 
lepsy and a tonic activity in the 19~G, which was recorded 
frmmthe gastrocnemius-soleusrm]scle. The latter effect 
appears to be a sign of muscular rigidity. Injections of 
similar doses into the dorsal striation produced a less 
pronounced Ig!Gactivity and no catalepsy. Co-administra- 
tion of the GAlKherqic antagonist bicuculline (500 ng) 
antagonized the effects of muscimol. Unilateral injec- 
tions of muscimol (25 ng) into the substantia nigra pars 
compacta (SNC) produced a tonic activity ~] the~ as 
well, whereas injections into the substantia nigra pars 
reticulate (SNR) produced contraversive turningand no 
~{G activi~f. Administration of bicuealline (12.5-50 ng) 
into the SNR also led to a tonic activity in the 194G. 

The results might be interpreted in the following way: 
Injections of muscimol into the ventral striation inhibit- 
ed the striato-niqralGABAergic neurones, leading to a 
dis-inhibition of efferent neurones in the SNRand by 
this mechanis~nto cataleps_vand muscular rigidity. Simi- 
lar effects were produced byadministration of bicucull- 
ine into the SHIP, whereas injections of muscimol into 
the SNF, led to a contraversive turning behaviour, sug- 
gestinJ an inhibition of the efferent neurones in the 
SN9. The ~ activity after injection of ~scJ_mol into 
the SNC might be due to an inhibition of nigro-striatal 
dopaminel~ic neurones. Our results do not exclude the 
possible relevance of the globus pallidus in the effects 
described. 

~lax-Planck-Institut fiir Experimentelle Medizin, 
Hermann-Rein-Str~ 3, I>-3400 G6ttingen 
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INDICATIONS FOR AN INVOLVEMENT OF THE GABA-SYSTEM IN THE 

MECHANISM OF ACTION OF GABAPENTIN 
G.D. Bartoszyk, E. Fritschi, M. Herrmann, G. Satzinger 

Gabapentin (l-(aminomethyl)-cyelohexan acetic acid) is a 
GABA-analogue with very low toxicity in mice and rats 
(LDqN= 8000 mg/kg p.o.) which easily crosses the blood- 
brai~ barrier. 
Seizures were provoked in mice by various chemical and 
physical methods, most of which are known to have an 
effect on synthesis or degradation of GABA. Gabapentin was 
given orally at different times before seizure provoca- 
tion. ED50values for protection against tonic seizures 
were calculated as listed below. 

provocation 
semicarbazide 
isoniazide 
3-mercaptopropionic acid 
bicuculline 
pentetrazol 
audiogenic seizures 

ED50 (mg/kg) 

premedication (min) 
30' 60' 120' 240 ' 
6 i0 80 

58 32 20 
ii0 30 20 

38 42 
30 52 76 323 
18 3 

Dose-dependent inhibition of polysynaptic but not mono- 
synaptic reflex in cats as seen with diazepam or L-dopa 
as well as decreased muscle tone in rats also refer to 
supraspinal activity of gabapentin, indicating a possible 
antispastic action. 

The fact that gabapentin protects mainly against convul- 
sions provoked by inhibition of GABA-synthesis, in addi- 
tion to the similarities in action to GABAergics (e.g. 
cf. Reimann, this meeting), indicates that gabapentin 

acts on the GABA-system. 

G6decke Research Institute, Dept. of Pharmacology 

7800 Freiburg, FRG 
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SUBSTANTIA NIGRA AS A STATION THAT NOT ONLY TRANSMITS, 
BUT ALSO TRANSFORMS INCOMING SIGNALS FOR ITS BEPIVIOURAL 
EXPRESSION: STRIATAL DOPAMINE AND GABA-~DIATED RESPONSES 
OF PARS RETICULATA NEURONS 
R. Jaspers ~ , W. Kolasiewicz 2, A.R. Cools ~, S. Wolfarth 2 
and K.-H. Sontag 3 

In order to investigate whether striatal dopaminergic 
mechanisms are involved in the behavioural expression of 
the GABA-ergic mechanisms within the pars reticulata (pr) 
of the substan$ia nigra (SN), apomorphine or haloperidol 
were bilaterally administered into the caudate nucleus 
(NC) of cats pretreated with a unilateral injection of 
picrotoxin or muscimol into the nigral pr. Although the 
doses selected for the NC injections have been shown to be 
maximally effective in affecting the behavioural express- 
ion of the NC function, the pharmacological treatment of 
the NC did not produce any significant change in the be- 
haviour elicited from the SN: neither the picrotoxin- 
induced asymmetric posturing, asyrmnetric circling,freezing 
and hind leg disorders nor the muscimol-induced asymmetric 
posturing, asymmetric spinning and stereotyped licking 
were significantly affected. The latter behaviour was ab- 
sent in animals with a partial or total destruction of the 
nigral pr. As the behavioural expression of the SNpr 
differed completely from the asymmetric head twisting 
known to be characteristic for the NC, it is suggested 
that the behavioural expression of the NC requires a main 
output station elsewhere in the brain. Furthermore, the 
present results demonstrate that the SNpr does not form 
part and parcel of a feedback system that simply transmits 
incoming signals from the NC towards the pars compacta. 
Finally the present study demonstrates that the dopamin- 
ergic activity within the caudate nucleus may only modify, 
but certainly not determine, the behavioural expression of 
the SNpr. It is concluded that the SNpr not only trans- 
mits, but also transforms its incoming signals. 

IInst. of Pharmacol., Nijmegen, 2Inst. of Pharmacol.,Nauk, 
Krakow, 3Max-Planck-lnst. of exp. Medicine, Goettingen 
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INHIBITION BY GABA AND SOME GABA-ANALOGUES OF DOPAMINE 
RELEASE FROM RABBIT CAUDATE NUCLEUS 
W. Reimann 

GABA and baclofen attenuate dopamine release from rabbit 
caudate nucleus in a bieuculline insensitive manner (e.g. 
Reimann et el., J.Neurochem.39,961,1982) and thus might 
act at the proposed GAEABreceptor. The GABA analogue gaba- 
pentin shows anticonvulslve effects resembling those of 
baclofen (Bartoszyk et al., this meeting). We investigated 
whether these substances impair dopamine release at the 
same site. 

~lices of rabbit caudate nucleus were preincubated with 
H-dopamine, superfused and electrically stimulated twice 
(SI;$2). 0.i and 1 mM gabapentin, added 15 min before 
So, decreased the stimulation-evoked overflow of tritium 
b~ 13 and 16 %, 0.i and i mM baclofen by 16 and 17 %, 
respectively. The inhibition by gabapentin was bicuculline 
and strychnine insensitive. The inhibition by GABA in 
the presence of nipecotic acid was confirmed. In order 
to investigate whether CABA, baclofen and gabapentin 
act at the same site, 1 mM GABA was added throughout super- 
fusion. Under these conditions neither baclofen nor gaba- 
pentin up to 1 mM displayed release-inhibiting activity. 
In the presence of I mM baclofen~ O.l and i mM gabapentin 
inhibited the stimulation-evoked overflow by ]O and 12 % 
and, vice versa, baclofen was active in the presence of 
gabapentin. 

The results show that prolonged occupancy by GABA of inhi- 
bitory presynaptic receptors on dopaminergic terminals 
impairs the effect of both baclofen and gabapentin. How- 
ever, at a high concentration of either agonist the other 
still has an additive effect, indicating that they seem 
to act at different sites. 

G6decke Research Institute, Dept. of Biochemistry, Moos- 
waldallee i-9, D-7800 Freiburg 
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SOME PHARMACOLOGICAL EFFECTS OF RO 5-4854, A SPECIFIC LI-  
GAND OF THE PERIPHERAL TYPE OF BENZODIAZEPINE BINDING 
SITES 
L. P ie r i ,  P. Polc, E.P. Bonet t i ,  W. Burkard, R. Cumin, 

and W. Haefely 

Ro 5-4864, the 4 ' - ch lo ro  der iva t ive  o f  diazepam, was inac- 
t i ve  in c lass ica l  tests  used to reveal the charac te r i s t i c  
e f fec ts  o f  benzodiazepines (protect ion of  electroshock and 
chemical convulsant-induced seizures in mice, reduction o f  
muscle tone and coordinat ion in mice, depression o f  loco- 
motor a c t i v i t y  in mice and ra ts ,  increase o f  punished re-  
sponses in a ra t  c o n f l i c t  t es t ) .  Ro 5-4864 was proconvul- 
sive in mice at 30 mg/kg p.o. (a dose having no act ion per 
se),  i . e .  i t  increased the convulsive e f f ec t  o f  a thresh- 
old dose o f  pentetrazole.  A f te r  a latency o f  50 to 60 min 
Ro 5-4864 at 70-100 mg/kg p.o. induced mild c lonic se i -  
zures in mice. In rats a dose o f  I00 mg/k9 i .p .  induced 
long- las t ing  c lonic seizures and head-shaking a f t e r  a l a -  
tency of  30-40 min. In cats Ro 5-4864 was inact ive  at 1 
mg/kg i . p . ;  at 3 mg/kg i . p .  i t  induced behavioural stimu- 
l a t i o n ,  hypersa l i va t ion ,  muscle r i g i d i t y  and p i loerec t ion  
fo r  about 30 min; intravenous Ro 5-4864 reduced segmental 
dorsal root  re f lexes  and increased gamma motoneurone ac- 
t i v i t y .  In squi r re l  monkeys a l te rna t ing  phases of  muscular 
r i g i d i t y  and a tax ia  were present fo r  24 h a f t e r  30 and I00 
mg/kg p.o. The level  o f  cGMP in the cerebellum o f  rats was 
increased a f t e r  30 mg/kg Ro 5-4864 p .o . ;  th is  and the pro- 
convulsive e f f ec t  in mice was not a f fected by the spec i f i c  
benzodiazepine antagonist Ro 15-1788 (e thy l - 8 - f l uo ro -5 ,6 -  
d ihydro-5-methy l -6-oxo-4H- imidazol ( l ,Sa)( l ,4) -benzodiaze-  
p ine-3-carboxy la te) .  
Ro 5-4864 produces central e f fec ts  opposite to those of  
benzodiazepine t r a n q u i l l i z e r s .  The mechanism o f  act ion re-  
mains to be c l a r i f i e d .  

Pharma Research Dept., F. Hoffmann-La Roche & Co., L td. ,  
CH-4002 Basel, Switzerland 
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EFFECTS OF L-CYCLOSERINE ON THE SLEEP OF RATS, CATS AND 
RABBITS. A ROLE FOR GABA IN THE CONTROL OF THE SLEEP- 

WAKEFULNESS CYCLE. 

R. Scherschlieht, M. Steiner, J. Marias and J. Schneeber- 

ger 

L-cycloserine, in contrast to D-cycloserine, was found to 
inhibit pyridoxal phosphate dependent enzyr~es, but to ha- 
ve a particular high affinity to the GABA degrading enzy- 

me GABA-transaminase (GABA-T). Consequently, in whole 
mouse brain, 30 mg.kg -I L-cycloserine i.v. raised the GA- 
BA concentration to 350% of the pre-drug value, but only 
slightly altered the concentrations of alanine, glutamate 

and aspartate (R. Scherschlieht et al., Abstr. 646, 13th 
CINP Congr. 1982). L-cycloserine was less toxic than most 
other GABA-T inhibitors. The rise of the GABA concentra- 
tion developed slowly, peak values were attained not be- 
fore the 3rd hour after administration. In chronically 
instrumented cats, L-cycloserine augmented total sleep 
time (TST) with 3 mg-kg -I i.p., in rabbits with 30 mg. 
kg -1 i.v. and in rats with 30 and 100 mg-kg -1 i.p. The 

time course of TST increase was parallel to that of the 
brain GABA augmentation. While in cats rapid eye movement 

sleep (REMS) was increased, in rabbits both REMS and non- 
REM sleep (NREMS) were augmented. In rats, both doses in- 
creased NREMS, but only the low also augmented REMS. The 
high dose suppressed REMS, but augmented a state with 
synchronized hippoeampal 0-activity and slow (8-12 Hz) 
spindles in the brain cortex, which is normally found in 
transition from NREMS to true REMS. The species specific 
effects of elevated brain GABA concentrations closely 
resembled those of benzodiazepines and strongly suggested 
that GABA m~y play an important, not yet sufficiently 
elucidated, role in the control of the sleep cycle. 

Pharmaceutical Research Department, F. Hoffmann - La Ro- 
che & Co., Ltd., CH 4002 Basel, Switzerland 
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EFFECT OF BENZODIAZEPINE- AND GABA-ANTAGONISTS ON ATAXIC, 
MUSCLE RELAXANT, SEDATIVE, ANTICONVULSANT AND ANTIHYPOXIC 
ACTIVITY OF DIAZEPAM IN MICE 
N.J. Kruse, W. Leitzbach and G~ MNller 

The effect of ethyl 8-fluoro-5,6-dihydro-5-methyl-6-oxo- 
4H-imidazo (1,5-a)(1,4) benzodiazepine-3-carboxylate 
(Re ]5-1788), ethyl B-carboline-3-carboxylate (S-CCE), bi- 
euculline (BIC), picrotoxin (PTX), caffeine (CAF) and 
strychnine (STR) on major actions of diazepam (D) was in- 
vestigated in mice. Ataxia, muscle relaxation, sedation, 
anticonvulsant and antihypoxic effects were induced by D 
at 20, 20, 20, 15 (all ED97) and 5 (ED+50) mg/kg p.o. re- 
spectively. Evaluation took place by measuring rotarod 
performance (RR), traction test behavior (TR), spontaneous 
motor activity (SMA), prevention of electroshock-induced 
convulsions (ECS), and prolongation of asphyxia survival 
time (AST), respectively. IDSO values were defined as 
doses reducing the effect of D by 50 %. For SMA, the doses 
enhancing motor activity by 500 % over D-vehicle controls 
were determined (ED+5OO). The following IDSO and ED+5OO 
values were obtained for Re 15-1788 p.o., B-CCE i.p., BIC, 
PTX, CAF and STR (all s.c.), respectively: 
I. RR : 1.5 , 24.8, 1.3, 0.79, 8.2 and > 0.75 mg/kg 
2. TR : ].7 , ]0.4, 2.1, 0.92, 13.1 and �9 0.75 mg/kg 
3. SMA: 0.64, 17.5, > 2, > 2.5, 2.9 and > 0.50 mg/kg 
4. ECS: 1.8 ,> 150, 1.3, 72.5, > 50 and 0.46 mg/kg 
5. AST: 1.! , 18.O, i.I, 0.56, 7.5 and>0.50 mg/kg 
Thus, ataxia, muscle relaxation and prolongation of AST 
were antagonized by all test drugs except STR. Sedation 
was reversed by Re 15-1788, 8-CCE and CAF but not by BIC, 
PTX and STR. Anticonvulsant (anti-ECS) activity of D was 
counteracted only by Re ]5-1788, BIC and STR. 
These results suggest that ataxic, muscle relaxant and 
antihypoxic (anxiolytic) effects of benzodiazepines are 
linked to GABA-ergic neurotransmission, whereas sedation 
may involve adenosinergic and anticonvulsant (anti-ECS) 
activity glycinergic functions as well. 

HOECHST AG, D-6230 Frankfurt/M. 80, Germany 
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STUDIES C~] THE ~I~ANISM OF CI~FfRAL ACTION C~ CYCLOSERINE 
IN THE PAT 
M.A. Da6ko 
Since tuberculostatic therapy with cycloserine (CS) is fre- 
quently complicated by side effects from the CNS, the pre- 
sent study was performed in order to determine whether or 
not CS induces CNS alterations in rats. CS (10 and 100 mg/ 
kg ip) was administered daily for four days. Behavioural 
and biochemical experiments were performed 2 hs after the 
last injection of the drug. CS in the "open field" test 
depressed exploratory activity of rats, which was reflected 
by a decrease in ambulation and rearings. CS also strongly 
depressed the spontanous iocc~otor activity. After admini- 
stration of CS (100 mg/kg), the stimulatory action of L-DO- 
PA (100 mg/kg ip) and amphetamJ_ne (2.5 mg/kg ip) on the lo- 
ccmotor activity markedly decreased, while reserpine (5 mg/ 
kg sc) induced hypoactivity was enhanced. CS (100 mg/kg) 
decreased the stereotypy produced by amphetamine (5 mg/kg 
ip) and enhanced haloperidol (2 mg/kg ip) induced catalep- 
sy. CS (10 and 100 mg/kg) produced a significant and long 
lasting depression of body t~rature of rats. _Reserpine 
pretreatment failed to influence the hypothermic action of 
CS administered at the dose of 10 rng/kg and 100 mg/kg. 
~breover, CS bad no effect on the inmobilization time of 
rats in the bebavioural "despair test", decreased the nLma- 
ber of wet dog shakes produced by L-5-1~fP and enhanced the 
ntmlber of wet dog shakes produced by carbachol. CS (100 
mg/kg) pretreatment considerably decreased the brain con- 
centration of NA, while did not either significantly affect 
the brain concentrations of DA or those of 5-HT and 5-HIAA, 
but increased the elimination-rate constant of ~IA and DA 
after ~-methyl-p-tyrosine and shorthend the ~IA and DA turn- 
over time. CS neither affected the elevation of brain 5-HT 
nor the disappearance of 5-H-~AA after tranylcyprc~dne, and 
consequently failed to affect 5-HT turnover time. These 
results demonstrate that CS has a profound depressant ef- 
fect on the function of the C~IS in the rat. 
Department of Pulmonary Diseases, Institute of Medicine, 
Medical School, Jaczewskiego 8, PL 20-090 Lublin, Poland 
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PHARMACOLOGICAL PROPERTIES OF AN ANXIOGENIC 
B-CARBOLINE DERIVATIVE 
W. Kehr, D.N. Stephens and H. H. Schneider 

Recent investigations of B-carboline carboxy- 
methylamide (B-CCA) revealed that the compound 
causes severe attacks of intense anxiety in 
human volunteers. In the present communication 
attempts are made to correlate experimental 
findings in animals with those reported in 
humans. B-CCA has been shown to displace 3H- 
flunitrazepam from cerebral membrane binding 
sites in vitro and mouse brain in vivo (Peter- 
sen et al, Europ J Pharmacol 82, 217, 1982) as 
well as 3H-lormetazepam in rat brain in vivo 
(ED 5- i0 mg/kg i.p.). However, B-CCA failed to 
exer~ anticonflict activity in various conflict 
situations. Instead, B-CCA reversed the anti- 
convulsive, anticonflict and motordepressant 
effects of benzodiazepines without inducing 
convulsions itself. When administered to rats 
which were habituated to the test procedure B- 
CCA elevated serum corticosterone levels dose- 
dependently with a maximum 4-fold increase at 
3 mg/kg i.p. In rats trained to discriminate 
pentylentetrazol (administered at a subconvul- 
sive dose of 15 mg/kg i.p.) from saline in a 
food-reinforced lever pressing paradigm, B-CCA 
at doses of 2.5-15 mg/kg i.p. was recognized 
by most of the animals as pentylentetrazol- 
like. The benzodiazepine antagonistic action in 
conjunction with increased serum corticosterone 
and the induction of a pentetrazol-like discri- 
minative stimulus in rats may be related to the 
anxiomimetic properties of B-CCA. 

Dept. of Neuropsychopharmacology, Schering AG, 
M~llerstr. 170-178, D-1000 Berlin 65 
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RESPONSE PROPERTIES OF THE TYPE I SLOWLY ADAPTING 
MECHANORECEPTORS TO TEMPERATURE STIMULATION IN MAN 
F.Konietzny 

The functional properties of the Type I slowly adapting 
mechanoreceptors under combined thermal and mechanical 
stimulation were investigated by single f iber recordings 
with percutaneously inserted tungsten microelectrodes 
from the superficial branch of the radial nerve in 18 
conscious human subjects (7 female, 11 male, aged 20-58 
years). 
A force-controlled mechanostimulator (Burchard et a l . ,  
1967) which drove a water circulated miniature thermode 
(1 to 5 mm 2 contact area) connected with seven thermo- 
stats set at 12, 17, 22, 27, 32, 37, and 42 ~ C was used 
for the bimodal stimulation. By means of a multiway tap, 
cooling steps of 5 ~ C between 12 and 42 ~ C were applied 
to the most sensitive point within a receptive f ie ld  of 
a mechanoreceptor. 
SA I mechanoreceptors were si lent in the absence of me- 
chanical stimulation. Radiant heat or radiant cold was 
ineffective in in i t ia t ing afferent discharge in any of 
the receptors. Steady-state act iv i ty  could be el ic i ted 
at all temperatures studied, when constant force stimuli 
were applied to the receptive f ie ld .  A maximum stat ic 
discharge of about 12 imp/t0 s occurred at static skin 
temperatures between 32 and 37 ~ C. 
Dynamic responses to cooling of the receptive f ie ld  were 
not obtained. Warm stimulation resulted in a decrease or 
transient inhibit ion of the steady-state act iv i ty  in the 
SA I mechanoreceptors. 

Supported by the Deutsche Forschungsgemeinschaft 

Inst i tut  fur normale und pathologische Physiologie der 
Universit~t Marburg, Deutschhausstr. 2, D-3550 Marburg 
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A NOTE ON NEUROTOXIC EFFECTS OF HEXACHLOROCYCLO- 
HEXANE (HCH) 
J. Portig, K. Stein and H. W. Vohland 
Major neurotoxic effects of HCH in rats require 
the following mean (S.D. i0 to 20 % with N = 14) 
conc. in brain (mmol/kg dry matter): (myo)clonic 
seizure due to ~-HCH 0.085; anaesthesia due to 
~-HCH 1.5; generalized gross tremor "at rest" 
due to ~-HCH 2.1. 

The effective conc. of ~-HCH is identical with 
that of penetrazol (0.077 mmol/kg dry matter), 
a structurally different convulsant the motor 
effects of which, however, are indistinguishabl~ 
and the effective conc. of ~-HCH is close to 
that of general anaesthetics (3 mmol/kg dry 
membrane; P. Seeman, Pharmac. Rev. 24: 583, 
1972). The correspondent effective conc. indica- 
te conformity with Ferguson's principle if it is 
assumed that ~- as well as ~-HCH act through 
mechanisms the nature of which is physical. 

~-HCH is less soluble in water than its isomers 
yet the failure to produce behavioural signs of 
convulsant or anaesthetic action is clearly not 
due to "cut-off". Obviously, the excitatory ac- 
tivity is too low for convulsions to be elici- 
ted. It might, however, be sufficient to coun- 
teract any "non-specific" depressant effects on 
function which the compound would be expected to 
exert like any other indifferent chemical on at- 
taining a conc. of the order of millimolar. An 
independent factor is a configuration-specific 
affinity to white matter, presumably to some 
component(s) of myelin. The proportion present 
in this part of the tissue may not contribute 
to "non-specific" depression. 

Institut fHr Toxikologie und Pharmakologie 
Pilgrimstein 2, D-3550 Marburg a. d. Lahn 
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ELECTRICAL TRANSMISSION THROUGH A PERIPHERAL NERVE 
BRANCH POINT IN THE RAT. 
M. Mizutani, Fr.-K. Pierau and D.C.M. Taylor 

In intracellular recordings from the 5th and 6th lumbar 
dorsal root ganglia about 50% of the sensory neurones res- 
ponded to stimulation of 2 or 3 different nerves. In all 
cases tested~ the action potential produced by peripheral 
nerve stimulation could be collided with the antidromic 
action potential due to intracellular current injection 
(Pierau et al.,Neurosci.Lett. 31,123,1982). This excludes 
the possibility that the double response is transmitted 
by chemical synapses, indicating that many of the neurones 
possess peripheral fibres which dichotomize into different 
peripheral nerves. If this conclusion is correct we would 
expect that action potentials elicited in one branch of 
the peripheral process should travel via the branching 
point to the other peripheral process. Consequently, an 
action potential produced by stimulation of the second 
branch should be subject to collision by the first one. 
This collision should be detected by intracellular rec- 
ordings in the sensory ganglion, avoiding single fibre 
recordings in the peripheral nerve. In a number of exper- 
iments action potentials produced in the sciatic and pud- 
endal or in the tibial and peroneal nerves could be coll- 
ided with a collision time slightly larger than the max- 
• predicted by the equation 2d/v(d;distance between re- 
cording and stimulating electrodes,v;conduction velocity), 
but varied in different experiments. This might suggest 
that the branching point is quite near to the ganglion but 
that the delay of conduction at this point differs accord- 
ing td the characteristics of the ramification. The latter 
is supported by the observation that in some experiments 
collision only occurred in one direction,i.e, only when 
the first stimulus was applied to the tibial nerve and not 
when the peroneal nerve was first stimulated. An unidir- 
ectional conduction between the two branches of a dichot- 
omizing peripheral process would fit into the model 
usually used to demonstrate an axon reflex. 
MPI f~r physiol.u.klin.Forschung, D-6350 Bad Nauheim. 
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STATIONARY TEMPERATURE DEPENDENCY OF SPIKE-TRIGGERING 

PROCESSES IN THERMOSENSZTIVE RECEPTORS 
H.A.Braun, H:Wissing 

The stationary discharge rate of thermosensitive afferents 
usually follows a maximum curve. The maximum curve of cold 
receptors e.g. is regarded to be produced by the interac- 
tion of two antagonistic receptor processes (Hensel 1952), 
possibly by the difference of temperature-dependent changes 
of active and passive membrane currents (Pierau et al. 1975). 

Discharge pattern analyses, however, show that the impulse 
sequences of bursting and nonbursting cold fibers are ob- 
viously triggered by oscillating processes, the frequency 
of which (OF) not necessarily coincides with the mean dis- 
charge frequency (MF). While OF almost monotonically in- 
creases with increasing temperature, the number of spikes 
per oscillation simultaneously decreases. At higher tempe- 
ratures the shortened periodic processes more and more fail 
to trigger even single spikes. The previously increasingMF 
now decreases, in spite of a still increasing OF. 

~he same principles of temperature dependent discharge 
pattern variations are also found in cold sensitive affe- 
rents of the ampullae of Lorenzini of the dogfish and even 
in warm fibers of the Boa constrictor, indicating that the 
bell-shaped mean frequency curve of thermosensitive fibers 
generally results from a temperature dependent frequency 
increase of endogenously oscillating receptor processes 
(corresponding perhaps to those of molluscan neurones). 
Statistical components of the spike-triggering processes 
are necessary to ensure a more or less gradual frequency 
decline at hi@her temperatures. 

Hensel (1952) Ergebnisse der Physiol. 47: 166-368 
Pierau, Torrey and Carpenter (1974) Brain Res. 73: 156-160 

Department of Normal and Pathologic Physiology 
Deutschhausstra~e 2, D-355D Marburg FRG 
Supported by the Dp,ltsche Forschungsgemeinschaft. 
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RESPONSES OF UNMYELINATED NOCICEPTIVE UNITS IN A HUMAN 
SKIN NERVE AND CONCOr~ITANT PAIN SENSATIONS EVOKED BY 
REPEATED RADIANT HEAT STIMULATION 
H.O.Handwerker, H.Adriaensen, J.Gybels, and J.VanHees 

R 97 

From super f i c ia l  rad ia l  nerves o f  human volunteers spike 
discharges of  s ingle a f fe ren t  C-f ibres were recorded per- 
cutaneously with tungsten microelectrodes. Eight units 
were studied, which responded to heat rad ia t ion  and also 
to squeezing the skin at t h e i r  recept ive f i e l d s ,  and thus 
were c lass i f i ed  as "nolymodal nociceptors'~ (MH-nociceptors) 
They were i den t i f i ed  as C-f ibres by the latencies of  t h e i r  
responses to transcutaneous e l ec t r i ca l  s t imulat ion revea- 
l i ng  conduction ve loc i t i es  below 2 m/s. Control led radiant  
heat was used to ra ise the skin temperature by a step 
funct ion to an i nd i v i dua l l y  adjusted gainful  level  above 
40 C fo r  16 s periods. Whereas stimulus size and durat ion 
was uniform in each exneriment, st imul i  fol lowed each other 
at three d i f f e r e n t  in te rva ls  (35s, 70s, I05s ) ocurr ing in 
random sequence. Each uni t  was tested with a ser ies of  at 
least  20 s t imu l i .  In none of  the C-f ibres studied,  we ob- 
served signs of  sens i t i za t i on  dming such a sequence of  
heat s t imul i .  Instead, a l l  o f  them showed a diminished 
response upon repeated heat s t imulat ion.  Depression of 
f i r i n g  was most pronounced a f t e r  shor test  i n te rva ls .  
Post stimulus depression o f  C- f ibre  responses af fected 
mainly the ear ly  dynamic response o f  the nociceptors 
fo l lowing the step increase o f  skin temperature to noxious 
leve l .  Together with C- f ibre  discharges we recorded the 
gain sensations evoked by the heat s t imu l i ,  which were 
rated by the subjects by manipulating continuously the 
length o f  a l i gh t  bar. I t  was found that  pain responses 
had also a tendency to ra ise slower a f t e r  short than a f t e r  
long in te rva ls .  Dif ferences in rat ings can possibly be ex- 
plained by d i f ferences in C- f ibre  spike discharges. 

I I .Physio logisches I n s t i t u t ,  Univers i t~ t  Heidelberg, and 
Lab.exp. Neurologie, Un ivers i t~ t  Leuven, Belgien 

Supported by the Belgian FGWO and by the DFG 
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CLASSIFICATION OF MUSCLE RECEPTORS WITH SLOWLY CONDUCTING 
AFFERENT FIBRES. 
S. Mense and H. Meyer 

Previous studies o f  t h i s  laboratory have shown that  not 
a l l  t h i n - f i b r e  receptors in ske le ta l  muscle can be consid- 
ered to be nociceptors.  In order to determine the number 
and proport ion of d i f f e r e n t  receptor types amongst these 
un i ts ,  a f fe ren ts  in the gastrocnemius-soleus nerve having 
a conduction ve loc i t y  below 30 m/s were tested with a va- 
r i e t y  of  graded s t imu l i :  local  pressure, muscle s t re tch,  
isometric contract ions and temperature changes. Bradyki- 
nin, as a pa in fu l  chemical st imulus, was in jected into the 
recept ive f i e l d .  
The c l a s s i f i c a t i o n  was based on the most e f f ec t i ve  innocu- 
ous stimulus; only i f  no c lear  response occurred to weak 
st imul i  was the un i t  considered nocicept ive.  Four recep- 
t o r  types could be d is t inguished:  I) Nociceptors (38%) 
which had a mechanical threshold in the noxious range and 
were of ten also responsive to bradykin in.  2) Low-threshold 
pressure sens i t i ve  uni ts (32%) which could be act ivated by 
touch or innocuous deformation of  the t i ssue .  3) Contrac- 
t i on  sens i t i ve  un i ts ;  these responded to contract ions o f  
moderate force ( I -3  kp) and to innocuous st retch ing of  the 
muscle but had a r e l a t i v e l y  high threshold to local  pres- 
sure. 4) Thermosensitive uni ts (9%) which had a high th re-  
shold upon mechanical s t imulat ion and responded v igorously 
to innocuous warming or cooling of  the recept ive f i e l d .  
With the exception of type 4) bradykinin exci ted most of  
the a f f e ren t  uni ts tes ted.  
The nocicept ive a f fe ren ts  could mediate deep pain during 
trauma and inflammation o f  the muscle, the low-threshold 
pressure sens i t ive  uni ts pressure sensations from subcuta- 
neous t i ssues.  The contract ion sens i t i ve  receptors appear 
to be we l l - su i ted  to induce cardiopulmonary re f lexes  dur- 
ing exerc ise.  The thermosensit ive a f fe ren ts  might const i -  
tu te  an add i t iona l  input f o r  thermoregulat ion.  

Physiologisches I n s t i t u t  der Un ivers i t~ t  K ie l ,  O|shausen- 
s t r .  40/60, D-2300 Kiel~ FRG. 
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THE POSTERIOR ARTICULAR NERVE: AN ELECTRON MICROSCOPIC 
EXAMINATION 
L.A. Langford and R.F. Schmidt 

The Posterior Articular Nerve, a branch of the tibial 
nerve, supplies the lateral and posterior st~ctures in 
the knee joint of the cat. In this study the axonal com- 
ponents of PAN were determined by using ablative surgery 
and then counting the remaining axons in an electron mi- 
croscope. Unilateral intradural ventral rhizotomy (L4-$3) 
was performed to remove efferent axons and a unilateral 
sympathectomy (L3-$3) was used to remove all autonomic 
axons. Sections of the nerve were taken as it arises from 
the tibial nerve. Gold sections were examined in an elec- 
tron microscope and all axons, myelinated and umnyelinate% 
were counted at a magnification of 7,000. The operated 
limb is compared to the contralateral normal limb. 

MY UN TOTAL 

Ventral Rhizotomy L4-S 3 (n=l) 

op 240 789 1029 
nor 238 768 I006 

Sympathectomy (L3-$3) (n=3) 
op 253 401 659 
nor 274 944 1218 

As with the Medial Articular Nerve (Pfl~gers Archiv 394: 
R 57, 1982) all axons in PAN are of dorsal root ganglion 
cell origin or sympathetic origin since no degeneration 
was noted after ventral rbizotemy. The sympathetic system 
contributes about one-half of the unmyelinated axons and 
no myelinated axons. All myelinated and one-half of the 
unmyelinated axons are sensory in origin. 
In respect to axonal components PAN madMAN are almost 
identical. 
Supported by Alexander von Humboldt Stiftung and the 
Deutsche Forschungsgemeinschaft. 
Physiologisches Institut, R6ntgenring 9, 8700 Wiirzburg 
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BRADYKININ SENSITIVITY OF POLYMODAL FINE AFFERENT JOINT 
UNITS. SENSITIZATION BY PROSTAGLANDIN E1 
H.-G. Schaible 

Fine afferent units of the medial a r t i cu la r  nerve to the 
knee j o i n t  of the cat in the Group I I I  (AS) and in the 
Group IV (C) range are very often sensit ive both to me- 
chanical st imulation (local touch or pressure, passive 
j o i n t  movements) and to close i .a .  in ject ion of algesic 
substances such as bradykinin, serotonin or potassium 
ions. Performing passive j o i n t  movements four types of 
units can be recognized: (a) activated by non-noxious 
movements; (b) weakly activated by non-noxious movements; 
(c) activated only by noxious movements; (d) not act iva- 
ted by movements. Most units of types (a) and (b) have 
lower von Frey thresholds than units of types (c) and (d) 
(Kanaka et a l . ,  Neuroscience 7: SI0% 1982, Schaible, 
Schmidt, J.Neurophysiol., in press). Al l  four types of 
units can be excited by close i .a .  in ject ion of bradyki- 
nin (0.26-26pg). In ject ion of prostaglandin El (O.3-30pg) 
did not excite the units or evoked a few spikes. But in 
most units of types (c) and (d) and with high von Frey 
threshold (5 Group I I I - ,  7 Group IV- units) the sens i t i v i -  
ty  to bradykinin was dramatical ly increased for about 15- 
30 min af ter  the preceeding PGE in ject ion.  7 Group l l l -  
and 4 Group IV- units of the type (a) and (b) and with lo-  
wer von Frey thresholds did not show any increase in the i r  
bradykinin responses af ter  a PGE appl icat ion.  Such results 
give support to the assumption that prostaglandin E1 pre- 
f e r e n t i a l l y ,  i f  not spec i f i ca l l y ,  increases the bradyki- 
nin sens i t i v i t y  of nociceptive j o i n t  units whereas units 
involved with reception of everyday non-noxious mechanical 
events remain unaffected. This sensi t izat ion of a r t i cu la r  
nociceptive units by prostaglandin E1 (and possibly by 
other prostaglandins) may play a major role in the de- 
velopment of tenderness (al lodynia) and hyperalgesia of 
injured andinflamed jo in ts .  

Physiologisches Ins t i t u t  der Universit~t WUrzburg, 
R~ntgenring 9, D-8700 WUrzburg 
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PAIN-RELATED ELECTRICAL POTENTIALS OF THE 
HUMAN NASAL MUCOSA ELICITED BY CHEMICAL 
STIMULI 
G.  Kobal 

Negat ive  poten t ia l s  of the  human r e s p i r a t o r y  nasal  mueosa 
tha t  co r r e l a t ed  to s ensa t ions  of pain were d i scove red ,  while 
s t u d y i n g  the  e lec t rool fae togram.  They  were recorded  from 
the  su r face  of the  mueosa by  t u b u l a r  e lee t rodes  ( tef lon 
tube ,  r i n g e r - a g a r ,  s i l ve r - eh lo r ided  s i l ve r -w i r e )  
r e f e renced  to the  eon t r a l a t e r a l  medial eye  ang le .  A newly 
developed olfaetometer  offered chemical st imuli  within a 
c o n s t a n t l y  f lowing a i r  s t ream of control led t empera tu re  and 
humidi ty  ( t r ans i t i on  time to any  chosen level  of 
concen t ra t ion  ~ 20 ms) .  4 subjec ts  were t e s t ed .  The  
ampli tude of the  nega t ive  potent ia l  ( s eve ra l  hund red  BV) 
inc reased  with h i g h e r  eoneen t ra t ions  of the  s t imulan ts  
(CO 2, i soamyl -ace ta te ,  euea lypto l ,  l inalool,  eugenol ,  
menthol,  benza ldehyde)o  When in t e r s t imu lus  i n t e r v a l s  of 
pa i red  st imuli  were  in the  r ange  of 6 s to 1 rain, the  second 
r e s p o n s e s  showed adap ta t ion ;  when i n t e r s t imu lus  i n t e r v a l s  
were s h o r t e r  than  6 s ,  however ,  the second r e sponses '  
ampl i tudes  i n c r e a s e d .  All changes  in ampl i tudes  co r re l a t ed  
to changes  in  the  sub jec t s '  est imation of i n t e n s i t y .  The 
n e g a t i v i t y  only showed on the  s t imulated s ide,  did not 
depend  on the  p syehoga lvan ie  sk in  r e sponse ,  and 
d i s appea red ,  when the local anes the t i c  t e t r aea ine  
hydroeh lo r ide  was app l ied .  Moreover, i t  was diminished by  
i n t r a v e n o u s  appl icat ion of the  ana lges ic  d r u g  pentazoeine .  
Using non - invas ive  r e c o r d i n g s  th i s  method offers  an 
object ive  and quan t i t a t i ve  measurement  of biological  
phenomena co r re l a t ed  to painful  sensa t ions  and of t he i r  
inh ib i t ion  by  ana lges ic  d r u g s .  

I n s t i t u t  f l i t  Pharmakologie  und Toxikologie  de r  Universit~it  
E r l angen ,  Universi t~i tss t ra&e 22, D-8520 Er langen  
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RESPONSES OF CAT PULPAL NERVE FIBRES TO STIMULI THAT 
CAUSE PAIN WHEN APPLIED TO D~NTINE IN MAN. 
W. Kollmann, B. Matthews and H. Suda 

Pulpal fibres from eat canine teeth are activated by tem- 
perature stimuli (IO-50~ applied to the tooth tip (W. 
Kollmann, B. Matthews in: Anatomical, Physiological and 
Pharmacological Aspects of Trigeminal Pain; Eds: B. Matth- 
ews, R.G. Hill, Amsterdam, Elsevier, 1982). In order to 
see whether these afferent units are temperature sensitive 
only and whether temperature insensitive fibres respond to 
other stimuli, we tested the responses of fibres from 
tooth pulps to mechanical, probing, thermal, chemical and 
drying stimuli applied to dentine. These stimuli evoke 
pain in humans. Recordings were made from pulp fibres 
teased out of the inferior alveolar nerve just central of 
the mandibular foramen in cats anaesthetized with sodium 
pentobarbitone. Bipolar electrical stimuli were used to 
identify the fibres and to determine their conduction ve- 
locity. I) Of 264 units stud~d with thermal stimulation 
only, 88 (e.v. 27.3 • 9.6 ms , mean • I S.D.) gave a sus- 
tained response to cooling and often a transient to heat- 
ing, with latenoies being of 150 m~ or longer. A second 
group of units (c.v. 7.1 • 9.2 ms- ; N = 20) responded 
vigorously to 5OuC, generally with a longer latency than 
above. Occasionally, they also responded to cooling. 2) 33 
out of 82 units were activated by mechanical stimuli and/ 
or drying of the exposed dentine etched with acid. 3) When 
the responses of pulp fibres to all stimuli were tested, 
21 out of 33 units responding to cooling also responded to 
mechanical stimuli and/or drying. Some of these also reao- 
ted to heating and chemical stimuli. The second group of 
thermosensitive pulp fibres, which reacted to heating, 
rarely responded to the other stimuli. Thus, there appear 
to be two classes of receptors in cat teeth, one respond- 
ing potentially to all stimuli and the other activated 
mainly by noxious heat. Many fibres did not respond to any 
stimulus. 

Dept. of Physiol., Medical School, Bristol BS8 ITD 
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NOCICEPTIVE NEURONES IN CYTOARCHITECTURALLY IDEN- 
TIFIABLE REGIONS IN THE VENTROLATERAL PERIPHERY 
OF THE CAT'S VENTROPOSTEROLATERAL NUCLEUS (VPL). 
K.-D. Kniffki, A.D. Craig and K.J. Berkley 

Recent reports have demonstrated that neurones 
responsive to noxious stimuli are located in the 
periphery of the cat's VPL (Kniffki & Mizumura, 
J. Neurophysiol., ]983; Honda, Mense & Perl, 
ibid.). Using HRP, Craig & Burton found dense 
spinal input to the ventrolateral portion of VPL 
and also reported nociceptive neurones in this 
region (Soc. Neurosci. Abstr. 5: 705, J979). 

These results raised the possibility that the 
regions containing nociceptive neurones have iden- 
tifiable cytoarchitectural characteristics. To 
investigate this possibility, responses of single 
neurones in the ventrolateral periphery of VPL 
were studied in nembutal-anaesthetized cats. 
Whenever a nociceptive neurone was encountered, 
its location was marked with a small lesion. 
Parallel cytoarchitectural studies were performed 
on sections cut in different planes from unoper- 
ated cats. 

Neurones responsive to noxious stimulation of 
skin or muscle were located at VPL's most ventral 
and ventrolateral edges, beginning just lateralto 
VPI. In every plane of section, this region con- 
tained small, pale-staining neurones of various 
shapes. These neurones were distinguishable from 
the dark-staining, larger and round neurones 
usually associated with VPL, and were contained 
within a 75 ~m to 150 ~m-thick region apposed to 
VPL. 

These results suggest that neurones in identi- 
fiable regions of the ventrolateral periphery of 
VPL may take part in nociception. 

Physiologisches Institut der Universit~t Kiel, 
Olshausenstra~e 40-60, D-23OO Kiel. 
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AGE-RELATED THRESHOLD CHANGES OF CUTANEOUS VIBRATION, TEM- 
PERATURE, AND PAIN S~.NSITIVITY. 
L. Habermann, P. Heintz, J. Miller 
.......................................................... 

The aim of this study was to determine cutaneous sensiti- 
vity in normal subjects and its changes with age. 
146 supposedly healthy male and female individuals aged 
10 - 93 years participated in the study. From all a brief 
medical history was taken,and a short neurological examin- 
ation was made. The following parameters were bilaterally 
measured: thresholds to a 100 Hz vibration at second meta- 
carpal,tibial and first metatarsal bones; skin temperature 
together with warm,cold,cold pain and heat pain thresholds 
at the upper lip,thenar eminence and lateral aspect of the 
foot (for methods see J.Neurcl.Neurosurg.Psychiat. 42,793, 
1979, and 39,1071,1976).Values from subjects with probable 
local or general neurological disturbance were partly or 
totally omitted from further analysis. 
The results show that vibration thresholds progressively 
increase with age whereas temperature and thermal pain 
thresholds are little affected.The deterioration of vibra- 
tion sense is more prominent in the legs than in the hands 
Narm and cold thresholds are clearly dependant on skin 
temperature. The thermally indifferent range between warm 
and cold threshold is net affected by skin temperature,and 
it sho~s little interindividual variation. In contrast, 
therr~l pain thresholds vary greatly interindividually; 
they correlate,however,significantly with each other, thus 
indicating that the criterion for the pain thresholds 
seems to be the same irrespective of modality or locus ef 
stimulation. 

Institute of Physiology, University of Marburg, 
Deutschhausstrasse 2, D-3550 Marburg, Germany. 
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THE EFFECT OF NEUROTRANSMITTERS ON L~INANCE AND PATTERN 
RESPONSES OF THE ISOLATED CAT EYE 
R.P. Schuurmans and T. Berninger 

In 43 enucleated and arterially perfused cat eyes graded 
potentials were simultaneously recorded from the retina 
(ERG) and summed action potentials from the optic nerve 
(ONR) in response to the reversal of spatial patterns as 
well as to luminance stimulation. An oxygenated calf serum 
medium was used for perfusion. Checkerboard stimuli were 
produced on a TV-monitor with a mean luminance of 20 cd/m 2 
and 96% contrast. 
The ONR and ERG show striking similarities in response 
characteristics to each reversal of the pattern, exhibit- 
ing an initial negative and slow positive component. Fur- 
thermore, both responses show a linear increase of ampli- 
tude from check size of 9' to 38' followed by a satuzation 
of response up to 74'. This indicates that the ONR and 
pattern reversal ERG reflect ganglion cell activity as 
well as antagonistic centre-surround mechanisms. 
Using luminance stimuli, strychnine in a concentration of 
15 ~M revealed reversible, dose-related decreases of the 
b-wave and oscillatory potentials while the initial fast 
component of the ONR increased. This indicates the absence 
of electric coupling between the ERG and ONR recordings as 
well as a lack of ganglion cell contribution to the lumi- 
nance ERG and glycine mediated inhibitions in the inner 
nuclear layer of the cat's retina. Injection of 2.5 ~M 
DL-2-amino-4-phosphono-butyric _acid (APB) known to block 
reversibly on-responses in the retina was followed by a 
decrease of b-wave and a polarity inversion of the respon- 
ses. The off-response, however, was not affected. During 
transient interruption of perfusion, the b-wave and the 
negative off-effect decreased in amplitude. However, pat- 
tern reversal responses, increasing with check size, could 
still be recorded. 

~x-Planck-Institut fHr Physiologische und Klinische For- 
schung, W.G. Kerckhoff-Institut, D-6350 Bad Nauheim, FRG 
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SUITABILITY OF RETINYL ESTERS FOR THE REGENERATION OF 
BLEACHED RHODOPSIN IN ISOLATED FROG RETINAE 
G. NDII, E. RScker § and Ch. Baumann 

The regeneration of rhodopsin can be studied in isolated, 
totally bleached retinae when lipid vesicles are used to 
deliver retinal or retinol to the photoreceptors(Yoshikami 
& NSII, Methods in Enzymology 81, 1982). The intact frog 
eye contains not only retinal and retinol but also con- 
siderable amounts of ll-cis- and all-trans-retinyl ester 
stored in the pigment epithelium (Hubbard & Dowling, 
Nature 193, 1962). The present study was carried out in 
order to see whether or not retinyl esters are accepted by 
the photoreceptors for the regeneration of bleached rhod- 
opsin. 
11-cis-retinyl palmitate was produced in two ways: (i) by 
photoisomerization of the commercially available all-trans 
retinyl palmitate and (ii) by synthesis from ll-cis- 
retinol and palmitoyl chloride. The yield of the first 
method was never larger than 0.9% although various solvents, 
inert gases and temperatures were tried. The synthesis was 
more productive. Its reaction products were separated and 
cleaned by HPLC.Impurities of the end product 1]-cis- 
retinyl palmitate were smaller than 2 %. Extracting the 
pigment epithelia of 20 frog eyes resulted in two fractions 
of retinyl palmitate. Co-chromatography with the synthe- 
sized esters revealed a proportion of 31% ll-cis- and 60% 
all-trans-retinyl palmitate. The absorbance spectra of 
these isomers had maxima at 315 nm (ll-cis) and 326 nm 
(all-trans), respectively. We also synthesized 9-cis-reti- 
nyl palmitate with a maximum absorbance at 321 nm. When the 
photoreceptors were provided with either of the isomers of 
retinyl palmitate, the regeneration of bleached rhodopsin 
was not promoted as it was with 11-cis-retinal(ol). 
Our results suggest that the eye stores retinol (including 
the ll-cis-isomer) in esterified form, but the esters are 
not accepted by the photoreceptors for the resynthesis of 
rhodopsin. + 
Physiologisches Institut und Instltut fHr Organische 
Chemie der Justus Liebig-Universit~t, D-63OO GieSen 
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LIGHT FROM FLUORESCENT TUBES EVOKES FLICKER 
RESPONSES IN VISUAL NEURONS OF THE CAT 
U. Eysel and U. Burandt 

The different spectral composition of artificial 
light and daylight is usually made responsible 
for possible biological effects of fluorescent 
tube light. The different temporal information 
of artificial light (10 ms periodicity) is 
thought to be negligible because of the low-pass 
properties of the afferent visual system. 
We now present evidence that first and second or- 
der neurons in the cat central visual system re- 
spond differently to daylight,light of incandes- 
cent lamps and fluorescent tube light due to the 
periodicity and depth of modulation of the arti- 
ficial light sources.Under normal room illumina- 
tion conditions (150cd.m -2) single on- and off- 
center neurons in the optic tract and lateral ge- 
niculate nucleus displayed increased impulse 
rates and strong phase locking when stimulated 
by fluorescent tube light. Many off-center neu- 
rons showed a functional reversal when stimulated 
with fluorescent tube light: units which were in- 
hibited by large field stimulation with the other 
light sources were excited instead. Some neurons 
(on- and off-center) followed the 100 Hz frequen- 
cy of the fluorescent tubes with 1:1 responses, 
and thus had not yet reached their individual 
critical flicker fusion frequency. The phase 
locking to fluorescent tube light results in an 
uneven impulse probability distribution which is 
absent in daylight and not present to this extent 
with incandescent light. 
The results suggest that dependent on the respec- 
tive light sources different impulse patterns and 
impulse rates are transmitted in the subcortical 
visual system. 

Institut fur Physiologie, Universit~tsklinikum 
Essen, Hufelandstrasse 55, D-4300 Essen I, F.R.G. 
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ACTIVITY OF VESTIBULAR NUCLEI NEURONS IN THE 
ALERT MONKEY DURING 0PTOKINETIC AND SMOOTH 
PURSUIT EYE MOVEMENTS 
R. Boyle and U. BGttner 

The vestibular nuclei play an important role in 
the generation of compensatory slow eye move- 
ments induced by head rotation and optokinetic 
stimulation, Furthermore single unit recordings 
in the alert monkey show activity changes in 
relation to smooth pursuit eye movements, The 
present study was undertaken to further inves- 
tigate the role of the vestibular nuclei in 
both smooth pursuit and eptokinetic nystagmus. 

Prior to experiments monkeys (Manana fascieu- 
laris) were trained to track a small light spot 
(smooth pursuit eye movements). During experi- 
ments the monkey sat upright in a primate chair 
with its head fixed. For vestibular stimulation 
he was rotated on a turntable about a vertical 
axis. The optokinetic stimulus consisted of a 
large striped drum that could be rotated in 
front of the monkey. Vestibular neurons recei- 
ving an input from the horizontal semicircular 
canals were teated during optokinetic and 
smooth pursuit eye movements. Virtually all 
neurons responded to the optokinetic stimulus. 
If they responded during smooth pursuit the 
response was usually smaller than that during 
optokinetic nystagmus at the same eye velo- 
city. These results will be discussed in re- 
lation to current concepts of smooth pursuit 
and optokinetic nystagmus generation, 

Supported by Deutsche Forschungsgemeinschaft 
SFB 200 A 2 and Humbold-Stiftung (R. Boyle). 
Neurologische Klinik der Universit~t, Mooren- 
str. 5, 4000 D~sseldorf, FRO 
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RESPONSE OF ACCOMMODATION TO A CON~INOUSLY MOVED 
STIMULUS 
J__t. Z~ileh~ H. Krueger 

Anv variation of viewing distance in the depth 
of field results in a change of convergence, ac- 
commodation and Dupil size to get a single, shard 

retinal image. Fusicnal convergence is reduced to 
accommodative convergence alone in monocular 
vision. Accommodation stimulated by a continouslv 
moved target shows some oarticular characteris- 
tics, compared to a stepfunetional moving target. 
Methods: The test set-up used the optometer- 
principle (Badal-lense~. The target (Landolt-ring 
surrounded by a radial grid of low spatial fre- 
quency) was moved within a range of distances 
from 0D (oom) to oD (0.11m) with various veloci- 
ties (0.1D/s-4OD/s; 0.01m/s-10m/s). Accommodative 
convergence, pupil size and subjective depth of 
focus were measured for monocular viewing con- 
ditions. 
Results: I. High velocities give a smooth re- 
sponse of accommodation. 2. Low target veloci- 
ties result in a step-like response of accommo- 
dation, q. The time course of nupil-near-reflex 
determines the actual denth of 9onus, which in- 
fluences the height of the steps. ~. Therefore 
velocity and accuracy of accommodation is deter- 
mined by the actual depth of focus of the eve. 
5. The accommodation follows the target to higher 
velocities for far-to-~ea~ movements than for 
near-to-far by means of the time eourse of Pupil- 
near-reflex. 6. The deviation of accommodation 
from the accurate value increases with increasing 
amount of accommodation, that means accommodation 
is allways shifted towards the resting Doint of 
accommodation. 

Institut ff~r Arbeitsphysiologie der Technisohen 
Unfversit~t M~nchen, Barbarastr. 16, 8 M0nchen 40 
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MONKEY VISUAL CORTEX: CROSS-CORRELATIONS 
BETWEE~ SPIKE TRAINS RECORDED BY 30 ~ICRO- 
ELECTRODES. K. Jacobi and J. Kr~ser 

Single or multiple unit activity was =ecorded 
with a 5x6-array of microelectrodes (KrUger and 
Bach, Exp. Brain Res. #1:191-194,q981) in the 
striate cortex of three anaesthetized,paralysed 
monkeys. Spikes were collected in any one layer 
for about 2-3 hours during application of 
various visual stimuli. Cross-correlogram 
structures a few milliseconds wide were rare, 
and mostly observed between neighbouring elec- 
trodes only (tip distances 160 microns). How- 
ever, clear peaks about 60 msec wide straddling 
zero mutual delay,sometimes laterally displaced 
by 5-30 msec, were observed frequently. The 
reduced magnitudes of peaks at a mutual delay 
of one stimulus period proved that the former 
peaks were not entirely due to external syn- 
chronisation resulting from common stimulation. 
Interaction strength was taken to be proportio- 
nal to the peak area.Typically it fell off over 
distances of roughly 0.5 mm, with strong inter- 
individual variations.Correlations predominant- 
ly between neurones driven by the same eye, in- 
cluding frequent bridging of the contralateral 
eye stripe, was seen whenever interactions were 
fairly localized. In some recordings, however, 
the fall-off with distance was less clear, and 
then, interaction strength did not follow the 
eye dominance stripes. We conclude that one 
component of the interactions is due to common 
LGN input (or to activity-dependent correlation 
strength, revealing eye dominance columns as a 
consequence of monocular stimulation). Another 
component may be a larger scale synchronization 
related to the state of alertness. 

Neurol. Univ.-Klinik Hansastr.9, 7800 Freiburg 
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HUE SHIFTS IN COLOR GRATINGS DEPENDENT ON SPATIAL 
FREQUENCIES # 

C. Fach and L. 8pillmann 

Color induction is usually investigated with inducing 
fields and single test spots, though little is known about 
the reciprocal interaction between such stimulus con- 
figurations. To maximize the possible interactions we used 
square-wave color gratings, made up of all combinations of 
the following Munsell papers: 5R (red), 5Y (yellow), 5G 
(green), 5B (blue) and N6 (grey). All were approximately 
equal in lightness and saturation (Munsell 6/6). The grat- 
ings were surrounded by a neutral field (N6) and illumi- 
nated by CIE source C (MacBeth). The mean luminance was 
16.5 ftL. Spatial frequency was varied from 2.5 to i0 
cycles/degree (cpd) equivalent to single stripe widths of 
ii to 3 arc min. Subjects with normal color vision and 
acuity foveally matched the hues of the gratings using a 
large set of Munsell color swatches. o 
At i0 cpd, hue shifts were most prominent: yellow shifts 
in hue towards the other grating color when combined with 
red (appears orangish) and green (appeara yellow-greenish) 
but not when combined with blue, where it shows contrast 
(appears reddish). Green shifts in hue only when combined 
with blue. Blue and red shift in all color combinations. 
When combined with grey only red shifts in hue (towards 
purple). All hue shifts weaken with decreasing spatial 
frequency and disappear below 4 cpd. These results cannot 
be completely explained by chromatic interactions (Ware 
and Cowen, Vision Res. 22, 1353; 1982). Chromatic organiz- 
ation of perceptive fields as well as small field tritan- 
opia may need to be considered. 

Neurologische Universit~tsklinik, Hansastr. 9, 
7800 Freiburg i. Br., West Germany 
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MESOPIC VISION OF DEUTERANOPES STIMULATED BY 
LARGE VISUAL FIELDS 
Peter Scheufens and Horst Scheibner 
In photopic foveal vision of deuteranopes, the 
"blue" sensitive cones do not contribute to lu- 
minance; they contribute only to chrominance 
(blueness-yellowness). By means of a visual 
tristimulus colorimeter with a 10 ~ visual fiel~ 
confusion lines, the missing primary and the 
alychne~Ve~ determined at a mesopic level, 
L =(0.2 - 2.0) cd/m 2. Results: The deuteranopes 
proved to be "complete" deuteranopes in the 
sense of Jaeger and Kroker (KI. Monatsber. Augen- 
heilk. 121 (1952), 445-449). The missing primary 
(copunctal point) contained a strong negative 
blue component with the consequence that the 
monochromatic character of foveal vision at the 
long wavelengths has disappeared with large 
fields. The alychne and the spectral brightness 
sensitivity derived from it suggest that a me- 
dium or short wavelength mechanism participates 
in brightness vision. The confusion lines in the 
"yellow" region of the chromaticity chart show 
a steeper descent in comparison to foveal vision. 
This suggestes that a single univariant long 
wavelengths mechanism (Paulus and Scheibner, 
Ber. dtsch, ophthalmol. Ges. 75 (1978), 518-521) 
is no more working alone, rather, that an addi- 
tional medium wavelength mechanism cooperates 
with blue cones. It is suggested that this addi- 
tional medium wavelength mechanism is formed by 
rods. 

Physiologisches Institut II, Universit~t 
DUsseldorf, Moorenstr. 5, D-4000 DUsseldorf 
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DIFFERENTIAL EFFECTS OF CENTRAL AND PERIPHERAL VISUAL 
FIELDS ON POSTURAL BALANCE IN MAN 
A. Straube, Th. Brandt and S. Krafczyk 

Optimal balance requi res the continuous evaluat ion o f  the 
r ea f f e ren t  v isua l -ves t ibu lar -somatosensory  consequences 
of  se l f -generated body movements. Within t h i s  mu l t i loop  
con t ro l ,  v i s ion  plays a major ro le  f o r  postural  s t a b i l i -  
za t ion .  The body sway is v i s u a l l y  detected by the 
r e l a t i v e  r e t i n a l  s h i f t  o f  viewed s ta t i ona ry  ta rge ts  in 
the environment. This serves as an input f o r  motor com- 
pensat ion. 

The d i f f e r e n t i a l  e f f ec t s  o f  cent ra l  versus per ipheral  
v is ion  on postural  s t a b i l i z a t i o n  have been tested by 
means of  posturography. Root mean square values of  the 
l a t e r a l  and f o r e - a f t  body sway in f ree upr ight  stance (on 
a slab of  foamrubber, which reduces the r e l i a b i l i t y  o f  
the j o i n t  somatosensors) revealed the fo l l ow ing :  
I .  b inocular  v isual  cont ro l  at tenuates body sway by a 
f ac to r  o f  v = 0.36 as compared to eyes c losed;  Z. b in-  
ocular  v i s ion  is s i g n i f i c a n t l y  (v = 0,81) more e f f e c t i v e  
than monocular v i s i on ;  3. wi th monocular v i s ion ,occ lus ion  
of  the fovea (2 o ) has only a s l i g h t  d iminishing e f f e c t ;  
4. pure fovea{ v is ion  does not s i g n i f i c a n t l y  s t a b i l i z e  
f o r e - a f t  sway; 5. a 30 o centra l  v isual  f i e l d  has a s ig-  
n i f i c a n t l y  greater  s t a b i l i z i n g  e f f e c t  than a 30 o para- 
cent ra l  f i e l d ;  6. the s t a b i l i z i n g  e f f e c t  o f  a 30 o cent ra l  
f i e l d  q u a n t i t a t i v e l y  roughly corresponds to tha t  o f  the 
en t i r e  per ipheral  v isual  f i e l d  wi th occlusion of  a 30 o 
centra l  area 

Thus - as opposed to c i r cu l a r vec t i on  - v isual  s t a b i l i -  
zat ion of  posture involves the two modes of  v isual  pro- 
cessing " foca l "  and "ambient" w i th  the cent ra l  v isual  
f i e l d  being more e f f e c t i v e  than the per iphera l .  The 
r e l a t i v e  con t r i bu t i on  of  the foveal  region seems to be 
i n s i g n i f i c a n t  f o r  postural  balance. 

Neurologische K l i n i k  mi t  k l i n i sche r  Neurophysiologie, 
A l f r i e d  Krupp Krankenhaus, D-4300 Essen 

4O2 

QUANTITATIVE STUDY OF HORIZONTAL CIRCULAR VECTION 
IN MAN 
K. B6tzel and O.-J. GrOsset 

A "planetarium projector" was used to produce a rotating visual field 
projected to a vertical cylinder of 240 cm diameter. The subject was 
placed in the center of the cylinder; the visual field(random light dots) 
was rotated at 9 different angular velocities V s between 1.8 and 
180 degrees �9 s-1 around the subject. The subject indicated circular 
vection by means of a handle connected to a potentiometer. When 
the subject fixated a stationary target (LED) the apparent speed of 
circular vection Vcv depended on the angular velocity of the visual 
field Vs according to the following equation: 

aVs [subjective units] Vcv = 1 + KVs 

A graduated increase in Vs led to an exponental time function of 
Vcv increase, while a graduated decrease in angular velocity chan- 
ged in most subjects Vcv , corresponding to a second order differen- 
tial equation. Circular vection was reduced in all subjects when they 
pursued one of the dots (optokinetic nystagmus). Three types could 
be discriminated: 
(a) Vcv was reduced by 20-30 percent 
(b) Vcv was reduced by 60-100 percent 
(c) The direction of circular vection changed. 
In most subjects additional stationary stimuli facilitated circular 
vection. The latter findings indicate that not only movement-sen- 
sitive neuronal systems, but also relative movement (with respect 
to a stationary "frame" )and gaze pursuit movements have an effect 
on the visual input to the vestibular system, 
Supported by the DFG, Gr 161 
Physiologisshes Institut der Freien Universit~it Berlin, Arnimalles 22 
1000 Berlin 33 
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DISSOCIATION BETWEEN SENSORY AND MOTOR MAPS IN THE HUMAN 
VISUAL SYSTEM: VISUAL FIELD COORDINATES ARE PREWIRED, THE 
OCULOMOTOR MAP IS NOT 

E. P6ppel, W. Fries and Petra St6rig 

Lesions within the geniculo-striatal projection system re- 
suit in areas of blindness in the visual field. Unilateral 
striatal lesions produce homonymous field defects, i.e. 
corresponding retinal points loose their cortical target. 
What happens if a patient with a genieulo-striatal lesion 
has had a squint prior to the lesion; does the cortical 
lesion destroy the visual field representation in the 
squinting eye with respect to the fovea or with respect 
to a retinal position that corresponds to the fovea in the 
good eye ("pseudo-fovea")? It was possible to answer this 
question in a patient who had a convergent squint in the 
left eye since early childhood and who has suffered a 
striatal lesion in the left hemisphere as an adult. As ex- 
pected, a hemianopsia in the right visual field was ob- 
served. The area of blindness in the right eye went right 
to the vertical meridian. However, the area of blindness 
in the left eye did not start at the vertical meridian 
but approximately 17 degrees nasally of the vertical meri- 
dian. The blind spot of the left eye was found between I 
and 5 degrees in the nasal visual field. Measurements of 
increment threshold along the horizontal meridian indica- 
ted an increase of sensitivity between the point of fixa- 
tion and more peripheral positions in the nasal visual 
field. These results demonstrate that a striatal lesion 
destroys the visual field representation with respect to 
the fovea and not with respect to the pseudo-fovea. The 
striatal representation of the visual field is prewired 
and cannot be altered by the functional development of a 
pseudo-fovea. However, although visual field representa- 
tion is prewired, oculomotor control appears to be re- 
arranged with respect to the pseudo-fovea. Under monocu- 
lar viewing conditions the patient used his pseudo-fovea 
and not the anatomical fovea as primary position. 

Institut fHr Med. Psychologie, Schillerstr. 42,M~nchen 2 
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INTEROCULAR TIME THRESHOLDS AND LATENCY DIFFERENCES IN 
MULTIPLE SCLEROSIS* 

W.H. Ehrenstein, K. Manny and G. Oepen 

Interocular time thresholds were measured psychophysical- 
ly in patients Suspected of multiple sclerosis (MS) and 
in normal controls% The stimulus was presented foveally 
and consisted of a small cross (30') formed by 4 rectan- 
gular LEDs ( k d = 650 nm). By means of polarizing fil- 
ters one eye was exposed only to the horizontal bar, the 
other to the vertical. Observers had to indicate whether 
the horizontal or the vertical bar appeared first. The 
stimulus onset asynchrony ranged from 0 to~ 300 ms (the 
horizontal bar preceeding or following the vertical). 

Normals showed little interocular differences; their 
mean thresholds were 51.8 ms (right before left) and 
- 49.0 ms (left before right). Patients exhibited higher 
time thresholds (ranging from 45 to 187 ms) and had con- 
siderable interocular latency differences (up to 33.5 ms) 
indicating unilateral or asymmetric impairment of the 
visual pathways. 
The psychophysical data were compared to VEP-latencies 
and their lateral differences obtained with foveal stimu- 
lation. The diagnostic reliability based on psychophysi- 
cal measurements was equal to or, for Mc Alpine's class II 
of probable MS-patients, superior to that based on VEP- 
recordings. 

Foveal interocular time thresholds and latency differences 
thus appear to be useful indicators of MS, especially in 
its early stage of development. 

Neurologische Universit~tsklinik, Hansastr. 9, 
7800 Freiburg i.Br., West Germany 
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407 
PARAMETERS OF ACOUSTICAL SPEED PERCEPTION - EXPERIMENTS 
AND MODELLING 

S.W. Droste, M. Falkenstein, D.E.W. Trincker 

Most of the studies in human auditory perception have only 

dealt with experimental sound sources in fixed positions. 

While the real world includes a great many of moving sour- 

ces the related sensory processes are not sufficiently un- 

derstood. Directional hearing in the case of fixed sources 

has been analysedmainly in terms of binaural time (At) 

and intensity (~I) differences (with frequency-dependent 

relationship). Perception of source movements was thought 

as the rather pure consequence of At and/or AI changes, 

excluding the physically understood Doppler shift and the 

I/R-rule (R, source distance). Following this concept, an 

increase of the functional interaural distance (d) should 

reduce the velocity discrimination (caused by the higher 

degree of lateralization as yet provoked by small angles 

of deviation from zero position). But our exper~ts 

showed the opposite result: an iaproved speed perception. 

Further exper~ts with amplitude and/or frequency modu- 

lation of the n~ving acoustical stimuli led us to a new 

model of the involved sensory functions (related to the 

Colburn-Jeffress model) with a detector system for changes 

of a loudness-weighted binaural cross-correlation and with 

(weighted) two-variables operations for the target course 

projection into the perceptual space. 

Inst.f.Physiologie(II,MA4),Ruhr-Universith't,D-4630 Bochum 
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BINAURAL INTERACTION IN CAT MEDULLA FIELD POTENTIALS(~Ps) 

D. Caird and D. Sontheimer 

In the cat the Brain Stem Evoked Potential (BSEP) recorded 
by a gross electrode on the dura and the MFP, recorded with 
a mieroelectrode in the Superior Olivary Complex (SOC) were 
compared during monaural and dichotic click stimulation 
(max. interaural delay (AT), 2048 ~s. A closed stimulation 
system with condensor microphone drivers was used. The MFP 
consists of a fast afferent volley (2 ms latency) followed 
by a slow (4.3 ms).wave of opposite polarity to ipsilateral 
and eontralateral stimulation. Binaural interactions were 
studied by comparing the dichotie MFPs with the sum of the 
monaural MFPs. At no point in the medulla or at any AT va- 
lue did these components of the MFP show any binaural inter- 
action, i.e. the dichotic MFP was always equal to the alge- 
braic sum of the monaural MFPs. We assume that this is be- 
cause the generators of the MFP, postsynaptic potentials 
in the dorsal (ipsi MFP) and ventral (contra MFP) dendrites 
of the Medial Superior Olive cells are spatially separated, 
although on the same neurons. The MFP at this level does 
not therefore represent the binaural interactions that are 
present (Brugge and Geisler, Ann Rev Neurosci ~:363-394, 
]978), A small binaural component corresponding in latency 
(3.6 ms) to wave IV of the BSEP could be seen at small ATs 
(256 Us). Wave IV was also the first BSEP component to show 
(inhibitory) interaction (Huang, Brain Res 184: 215-219, 
1980). Wave IV is faster than the FP recorded in the Supe- 
rior Colliculus (5.5 ms) and this wave probably represents 
the output from the SOC (i.e. the lateral lenmiscus, Huang 
1980). Thus, wave IV represents two types of binaural inter- 
actions (excitation/excitation and Excitation/inhibition) 
occurring 'presynaptieally' and the earlier waves assigned 
to the SOC do not show existing binaural interactions. The 
BSEP is therefore not a reliable indicator of binaural pro- 
cessing. 

Z.Physiologie,Theodor-Stern-Kai 7, D-6000 Frankfurt/M. 70 

4O8 
BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEP) AND 
PRE- TO POST-OVULATORY SHIFT OF TEMPERATURE IN 
HUMAN. 
TAGHAVY A., FUNFGELDER J. AND LOSSLEIN H: 

Previous works showed shorter latencies of peaks 
(sig. for III to VI) and interpeak-latencies 
(sig. for I-III and I-V) and sig. higher ampli- 
tudes of BAEP in female comparing to male sub- 
jects. (Taghavy A. a. L~sslein H., Pfl~gers 
Arch. 394 (1982) R 227). 

Temperature as afactor influencing this differen- 
ce has not yet been ruled out, since hypother- 
mia is known to increase interpeak-latencies 
(Stockard JJ. et al., Ann. Neurol.3, (1978) 368). 
We measured BAEP in iO Women (39~7--ys) twice in 
pre- and post-ovulatory period using monaural 
stimulation of 70 dB above SL to r. and i. ears 
separately in each subject. Other recording pa- 
rameters as reported previously. 

A sh{ft of basal temperature of a mean value of 
0.49 C occured in all subjects. 
The latencies of the peaks I-VI and of inter- 
peak-latencies as well als the amplitudes of I 
and V were The same in pre- and post-ovulatory 
comparison. 
Both values in this group of women were almost 
identical to previous ones (above reference). 

The sex differences in BAEP must be attributed 
to some other factors, such as size. 
The BAEP is unaffected by temperature within the 
physiological range. 

Neurologische Klinik der Universit~t Erlangen 
(Kopfklinikum), Sehwabachanlage 6, 
D-8520 Erlangen. 
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EVALUATION OF A PERFUSION SYSTEM OF THE WHOLE HUMAN TERN 
PLACENTA FOR METABOLIC AND PHARMACOKINETIC STUDIES. 
U.-W. Wiegand, R.C. Chou, D. Naulik, and G. Levy 

I t  has been well establ ished that  essen t ia l l y  a l l  drugs 
can be t ransfer red across the placenta from mother to fe -  
tus. The fe ta l  exposure to drugs and other xenobiot ics ac- 
quired by environmental exposure or d ie t  is of  major con- 
cern. Since the knowledge of the processes involved is  
s t i l l  l im i ted,  the perfusion of  the human term placenta 
can give useful in format ion.  The purpose of  th is  study 
was to evaluate a dual perfusion system of  the whole 
human term placenta that  has been developed e a r l i e r  
(D. Maulik et a l . ,  Placenta, Suppl. 3, 353-355, 1981) to 
invest igate  p h y s i o l ~ - # r o c e s s e s  in the placenta fo r  
studies of drug metabolism and placental t rans fe r .  Sever- 
al modi f icat ions of  the o r ig ina l  experimental condit ions 
( fe ta l  c i r cu la t i on ,  perfusate composition, temperature 
system, oxygenator) permitted perfusions with drug solu- 
t ions fo r  up to 350 minutes. Important parameters could 
be kept in an acceptable range fo r  the maternal and fe -  
ta l  side, respect ive ly  (mean• n:7):Temp.:34.5•176 
pH:7.44• 7.34• pOz:129.7• 41.8• 
pC02:21.7• 32.9+7.9; f low rate:435.3• 27.8• 
ml/min; Oz consumption:7.55• ml/min. These data in-  
dicate that  the placentae remained v iab le .  The fo l lowing 
ten ta t i ve  resu l ts  were obtained with propoxyphene (PPX) 
and acetaminophen (APAP): a. PPX metabol i tes and APAP 
conjugates were not detectable in the perfusion f l u i ds  
and placental t issues except fo r  a trace of norPPX in 
the placental t issues;  b. PPX showed a higher uptake 
in to  the placental t issue than did APAP; c. the e f fec-  
t i ve  (net) t ransplacental  clearances were low r e l a t i v e  
to the perfusion rates (5.9• and 7.2• ml/min f o r  
PPX and APAP, respect ive ly .  

Department of  Pharmacology, Univers i ty  of  Mainz, F.R. of  
Germany, Departments of  Pharmaceutics, Gynecology and 
Obstetr ics,  State Univers i ty  of  New York at Buf fa lo,  USA 

411 
EFFECTS OF DIETARY PROSTAGLANDIN PRECURSORS ON PLASMA 
LEVELS OF ESSENTIAL FATTY ACIDS AND PLATELET AGGREGATION 
IN THE RABBIT 
B.A. SchSlkens, D. Gehring and M.S. Manku 

Corn oil (CO) and evening primrose oil (EPO) are both 
rich in polyunsaturated essential fatty acids which are 
biosynthetic precursors of prostaglandins. Whereas CO 
contains only linoleic acid, EPO contains both linoleic 
and ~-linolenic acid. To evaluate the influence of die- 
tary supplementation on plasma levels of essential fatty 
acids and platelet aggregation, rabbits were treated for 
30 days with identical diets, supplemented orally with 
I ml/kg/day of CO, EP0 or tap water. Essential fatty 
acids in plasma phospholipids were measured by gas chro- 
matography, platelet aggregation ex rive was monitored 
in a Born aggregometer. 
Plasma linoleie acid levels rose slightly but not signi- 
ficantly in the CO and EP0 treated groups. There was a 
marked significant rise in dihomo-~-linolenic acid on 
days 8 and 22 of the EP0 treated group, but there were no 
changes in the CO or water group. Arachidonic acid showed 
small, irregular and non-significant changes in all three 
groups. 
Collagen induced platelet aggregation ex vivo was signi- 
ficantly inhibited by oral treatment with EP0 and CO, 
however antiaggregatory effects were more marked in the 
CO group at days 15 and 29 of treatment than in the gee 
group. 
The results indicate that rabbits have little or no abil- 
ity to convert linoleic acid to ~-linolenic acid or di- 
homo-~-linolenic acid. Rabbits also appear to have little 
delta-5-desaturase activity as indicated by failure of 
EPO to raise arachidonic acid levels. These data show 
that in the presence of such lipid changes high doses of 
CO have a more marked inhibitory effect on platelet 
aggregation than do similar amounts of EPO. 

Hoechst AG., 6230 Frankfurt(M)80, FR Germany, and Efamol 
Research Institute, Kentville, Canada 
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CONVENIENT METHOD FOR THE DETERMINATION OF THE METABOLIC 
CONVERSION OF POLYCYCLIC AROMATIC HYDROCARBONS 
K.L. P la t t  and E. Schmid 

The metabolic conversion of  polycyc] ic  aromatic hydro- 
carbons (PAH) is usual ly  determined by incubation of the 
rad ioac t i ve ly  labe l led  PAH in the presence of a metabo- 
l i z i ng  sys tem, . i so la t ion  of  the metaboli tes and the unre- 
acted PAH by ex t rac t ion  with an organic solvent ,  separa- 
t ion  by high-performance l i qu id  chromatography and quant i -  
f i c a t i o n  of  the components by l i qu id  s c i n t i l l a t i o n  count- 
ing, the whole procedure being labor ious and time-consum- 
ing. 
We, there fore ,  developed a rapid and sens i t ive  method fo r  
determination of the metabolic conversion of PAH, which 
avoids the need f o r  rad ioac t i ve ly  labe l led  substrate. The 
incubation (2 ml) of  the PAH (10-150 nmol/ml) is stopped 
with a c e t o n i t r i l e .  Then an in ternal  standard is added. 
A f te r  thorough mixing and cen t r i fuga t ion  the supernatant 
is drawn through a short reversed phase column (500 mg, 
C ) PAH, in terna l  standard and metaboli tes are concen- 
t ra ted on the column which a f t e r  drying is eluted with 
acetone. The eluate is concentrated and applied to a short 
s i l i c a  gel column (500 mg). Elut ion with petroleum ether-  
chloroform (4:1) y ie lds  the PAH and the in ternal  standard 
f ree o f  polar  metabol i tes. Quant i f i ca t ion  of the PAH is 
achieved by gas l i qu id  chromatography on a packed column. 
The whole procedure takes about 30 min per sample. We 
tested the described method with dibenz(a,_~h)anthracene 
(DBA) using 5,6-dihydro-DBA as the in ternal  standard. 
This standard accompanies DBA through a l l  l i qu id  separa- 
t ion steps, due to the very s im i la r  po la r i t y  of  the two 
hydrocarbons, but is eas i l y  separated from DBA by gas 
chromatography. The recovery of  DBA a f t e r  the two l i qu id  
chromatographic steps is about 90 %. The detect ion l i m i t  
is 200 pmel DBA. Our method was successful ly  applied to 
the determination o f  the metabolic conversion o f  DBA under 
d i f f e r e n t  incubation condi t ions. 

Pharmakologisches I n s t i t u t  der Un ivers i t~ t ,  Obere Zahl- 
bacher Strasse 67, D-6500 Mainz 

412 
INFLUENCE OF E~D ~4 853 ON THI9 TURNOVER OF 14C 
CHOLESTEROL IN RATS 
H.W. Diekmann, H. Nowak 

EMIl 94 859 (2-Phenyl-2-~6-ethoxy-henzothiazolyl 
(2)-thi~ -propionic acid) is an effective plas- 
ma cholesterol lowering agent in the rat (H. 
Nowak, E. Schulze: Poster presented at the 6 th 
Int. Symp. on Atheroselerosis, Berlin 1982). To 
elucidate its mechanism of action we investiga- 
ted the influence of E~iD 34 853 on the turn- 
over of Ed-]%C~-cholesterol injected into rats. 
After a 7 day interval of equilibration of the 
radiotracer with the body cholesterol a 10 day 
period of administration of i) 30 mg/kg/die 
EMD 34 853 (n=6), ii) application vehicle only 
(n=~), iii) 0.2 ~/k~/die oholestyramine (n:3) 
followed. The experiment was terminated after 
an additional 12 day period without drug ad- 
ministration. The parameters investigated were 
a) plasma concentration of 14C, b) plasma con- 
centration of total cholesterol, c) specific 
activity of total plasma cholesterol d) ex- 
cretion of 14C with urine and feces and tissue 
distribution of 140 after 28 dayse) proportion 
of neutral and acidic sterols in feces. 
Our results showed no differences between EMD 
34 853-treated and control animals with res- 
pect to the Elimination from plasma and ex- 
cretion of 140 as well as the time course of 
the specific activity of total plasma cho- 
lesterol; the proportion of neutral and acidic 
sterols in feces was unaffected likewise. 
~M]3 34 853 obviously does not influence chol- 
esterol catabolism or excretion~ but it lowers 
plasma cholesterol very effectively. We propose 
a meehanism~ where only cholesterol distribution 
is affected, possibly via lipoprotein receptors. 
E. M~RCK, Darmstadt; Inst. f. exp. Arzneimittel- 
forsehung, Am Feld 32, D-8018 Grafing/M~nchen 
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INFLUENCE OF EMD 34 853 ON ELIMINATION FROM 
PLASMA AND UPTAKE INT0 LIVER OF 3H-CHOLESTEROL 
LABELLED PLASMALIPOPROTEINS IN RATS 
H. Sailer, A. Garbe 

~MD 34 853 (2-Phenyl-2-[6-ethoxy-benzothiazolyl 
(2)=thio]-propionic acid) has been shown to be 
an effective plasma cholesterol lowering agent 
in the rat (H. Nowak, E. Schulze: Poster pre- 
sented at the 6 th Int. Symp. on Atheroselerosis 
Berlin 1982). To elucidate its mechanism of 
action we investigated the influence of EMD 
34 853 on plasma elimination and tissue uptake 
of 3H-cholesterol-labelled plasma lipoproteins 
in rats. Plasma lipoproteins were labelled in 
vivo with 3H-cholesterol and injected into 
rats (n:12 each group) pretreated with i) 4 x 
30 mg/kg/die EMD 34 85~ or ii) 4 x application 
vehicle only. Plasma levels of 3H-radioactivity 
were measured up to 6 hrs, then the tissue 
distribution of the 3H-radioactivity was deter- 
mined. 
The data obtained show, that the elimination o~ 
plasma lipoproteins from the blood is markedly 
accelerated by EMD 34 853: ti/2 for EMD 34 853- 
pretreated rats = 3.4 hrs, control animals = 
5.5 hrs (p < 0.01). At the end of the experi- 
ment 5.9 ~ of the injected dose were present in 
the total plasma of EMD ~4 85~-pretreated ani- 
mals compared to 18.3 ~ in control animals (p < 
0.001). The lipoproteins eliminated from plas- 
ma were selectively taken up by liver tissue. 
At the end of the experiment the livers of EMD 
34 85~-pretreated animals contained 27.0 ~ of 
the injected dose compared to 17.5 ~ in control 
animals (p < 0.0025). 
Conclusion: EMD ]~853 lowers plasma cholesterol 
by activating hepatic lipoprotein receptors. 

E.MERCK, Darmstadt; Inst. f. exp. Arzneimittel- 
forschung, Am Feld ~2, D-8018 Grafing/Miuchen 

414 
DISTRIBUTION AND METABOLISM OF FENTANYL IN THE 
RAT 
E. Schneider 

FentanyI is widely used in neuroleptanalgesia since it is an 
opioid with immediate onset and short duration of action. 
Recently the phenomenon of fentanyl rebound has been 
reported (Becket L.D. et ai., Anesthesiology 44, 291, 
1976), i .e. the appearance of a second phase of respiratory 
and mental depression following wakefulness. One reason 
for the incidence of this phenomenon may be redistribution 
of active fentanyl from storage sites, into the brain after 
some latency. We have investigated the possibility that such 
redistribution may occur using radioactive labelled fentanyl 
([3H-phenethyl]- fentanyl) in connection with whole body 
autoradiography and chemical analysis. We found that 
active fe~ntanyl appeared in brain immediately following 
injection and disappeared within minutes. At the same time 
the concentration increased in the stomach and the lower 
GI-traet, the kidney and connective tissue including fat. A 
second peak of radioactivity was not found in brain. TLC 
analysis showed that the initial high concentrations of 
radioactivity in brain were almost exclusively due to 
genuine fentanyl. The same holds true for the stomach. The 
kidney and the lower GI-tract contained both fentanyl and 
the labelled acidic metabolites. From these results it is 
unlikely that the fentanyl rebound may result from 
redistribution of genuine fentanyl into the brain. It remains 
open, however, that not labelled but phsrmacologieally 
active metabolites of fentanyl are produced in the brain. 
Experiments using fentanyl iabelIed in the anilinopiperidine 
part, i.e. the structure which may lead to such active 
metabolites, are in progress. 

Institut ffir Pharmakologle und Toxlkologie der Universit~t 
Eriangen-Ni}rnberg, Universit~itsstra~e 22, 
D-8520 Erlangen 

415 
MUTAGENICITY OF N-HYDROXYUREA IN V79 CHINESE HAMSTER CELLS 

K. Zieqler-Skylakakis, H. Homfeldt and U. Andrae 

N-Hydroxyurea (HU), used as ant ineoplast ic agent in the 
chemotherapy of various types of tumours, has recent ly 
been shown to induce DNA repair  in human ce l ls  in culture 
during incubation with a microsomal ac t ivat ion system from 
rodent l i v e r  (Andrae and Greim, Biochem. Biophys. Res. 
Commun. 87:50, 1979). The DNA damage detected by the re- 
pair  test  was apparently caused by react ive oxygen species 
formed during the metabolism of HU. Since very l i t t l e  is 
known about the mutagenic potent ial  of oxygen-radical in- 
duced DNA lesions, we reinvest igated the genotox ic i ty  of 
HU in a test  system for  the induction of speci f ic  locus 
mutations in V79 Chinese hamster lung ce l l s .  
V79 ce l ls  were incubated for  3 hours with HU (1-8 mM) and 
with or without l i v e r  microsomes from phenobarbital- trea- 
ted rats (0.5 mg protein/ml) and a NADPH-regenerating sy- 
stem. After an expression time of 6 days ce l ls  were re- 
plated in normal medium for  the determination of the sur- 
v iv ing f ract ion and in select ive medium containing 30 ~g 
8-azaguanine/ml for  the determination of the number of mu- 
tants def ic ient  in the enzyme hypoxanthine guanine phos- 
phoribosyltransferase (HGPRT). 
In the presence of the microsomal act ivat ion system, HU 
caused a concentration dependent increase in the number 
of azaguanine-resistant mutants. HU was not mutagenic in 
the absence of microsomes. The cloning a b i l i t y  of the 
ce l ls  was reduced to approximately 60% compared to untrea- 
ted controls i r respect ive whether the act ivat ion system 
had been present or not. 
These f indings show that react ive oxygen species produced 
during microsomal metabolism of HU are capable to induce 
point mutations in V79 ce l l s .  Cy to tox ic i ty ,  however, is 
not mediated by the formation of oxygen radicals but 
appears to be a consequence of the well known k i l l i n g  of 
ce l ls  in S-phase by the compound. 

Gesellschaft fur Strahlen- und Umweltforschung (GSF), Ab- 
te i lung fur Toxikologie, D-8042 Neuherberg 

416 
INTERACTION OF PEPLEOMYCIN AND NEOCARZINOSTATIN WITH BLEO- 
MYClN: DIFFERENTIAL EFFECTS ON CELL GROWTH AND DEGRADATION 
OF DNA. H.C. Schr~der, R.K. Zahn and W.E.G. MUller 

In the present study, the interact ions of the peptide 
antitumor ant ib io t ics  pepleomycin (PEP) and neocarzinosta- 
t i n  (NCS) with bleomycin (BLM) were investigated both on 
ce l lu la r -  (L5178y mouse lymphoma cel l  system) and molecu- 
la r  level (DNA fragmentation). 
Dose-response experiments revealed that the slopes at the 
ED50 concentrations for NCS and BLM (both pure BLM-Ap and 
BLM-B 2 and the c l in i ca l  mixture) are nearly ident ica l .  
However, the dose-response curve of PEP was characterized 
by a s i gn i f i can t l y  steeper slope at ED50, indicat ing that 
th is an t ib io t i c  inh ib i ts  cel l  p ro l i fe ra t ion  within a clos- 
er concentration range. Combined treatment of L-cel ls with 
BLM and NCS shows that both drugs act in an addi t ive way. 
In contrast,  PEP potentiates the cy tosta t ic  ef fect  of  BLM 
considerably. In th is case, the calculated f ract ional  in-  
h ib i to ry  concentrations amounted to values s ign i f i can t l y  
lower than 0.5, indicat ing a highly synergist ic  interac- 
t ion of both compounds. Al ike BLM, PEP inh ib i ts  p ro l i fe ra -  
t ion of synchronized L-cel ls both in G 2- and in S-phase to 
the same extent. Al l  three drugs cause "unbalanced growth" 
of L-cel ls .  
NCS and BLM were found to act add i t i ve ly  also on molecular 
leve l ,  both with respect to thymine l ibera t ion  from DNA 
and DNA strand scission. On the other hand, the molecular 
mode of action of PEP and BLM, which are dist inguished 
only by the i r  terminal moieties, towards DNA was found to 
be d i f fe ren t .  While BLM causes at higher concentrations 
p re fe ren t ia l l y  double-strand breaks, the ra t io  between the 
number of s ingle- and double-strand scissions of DNA, iso- 
lated from PEP-treated cel l  cultures (at concentrations 
above ED5o), is approximately 13:1. 
Supported by grants from the Deutsche Forschungsgemein- 
schaft and from the Fonds der Chemischen Industr ie.  

I n s t i t u t  fur Physiologische Chemie der Universi t~t  Mainz, 
Duesbergweg, D-6500 Mainz. 
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INTESTINAL PHENOL METABOLISM AND METABOLITE 
TRANSPORT: STUDIES WITH 14C-LABELLED 1-NAPHTHOL 
AND PHENOLPHTHALEIN IN THE ISOLATED GUINEA PIG 
MUCOSA. R.B.Sund and F.Lauterbach 
The above drugs were incubated for 45 min with 
jejunal and colonic mucosal sheets (Lauterbach, 
Arch. Pharmacol. 297,201, 1977) in a medium 
containing 0.9 ~--~lphate ion. The following 
examples serve to illustrate the complexities 
in metabolite distribution pattern: With 50/uM 
1-naphthol added at the lumen side, metabolism 
and metabolite efflux were nearly complete;both 
main metabolites (sulphate conjugate = I = 50- 
60%, glucuronide = II = about 50% of dose) were 
predominantly distributed to the luminal fluid. 
When added at the blood side, more II (30-40% 
of dose) than I (15-25~ was formed. In this ca- 
se, II accumulation on the blood side was grea- 
ter than on the lumen side; however, the distri- 
bution was less asymmetrical than by lumen side 
administration. I tended to distribute evenly 
on the lumen and blood chamber. In the colon, 2 
-3 x as much I than II was formed regardless of 
side of administration. I again showed a fairly 
uniform distribution, whereas II independently 
of side of administration accumulated predomi- 
nantly on the blood side. Phenolphthalein was 
metabolized at a much slower rate than 1-naph- 
thol, and a substantial tissue accumulation was 
noted already at 20/uM. Glucuronides were in 
all instances the m%in metabolites found; their 
distribution was in principle as described for 
1-naphthol II. - The results suggest that at 
least in the jejunum two different compartments 
are responsible for the metabolism of xenobio- 
tics administered at the lumen or blood side. 

Institut fur Pharmakologie und Toxikologie, 
Ruhr-Universitit Bochum, D-4630 Bochum 1. 

419 
ISOLATION OF GLOCURONIDES BY ION-PAIR REVERSED 
PHASE HIGH PRESSURE LIQUID CHROMATOGRAPHY (HPLC) 
W. Lilienblum 
A general method for the isolation of enzymically 
formed glucuronides by use of HPLC is presented. 
The system consists of a C-18 column and mixtures 
of methanol and phosphate buffer containing 5 mM 
tetrabutylammonium as lipophilic ceunterion, ad- 
justed to pH 7. The usefulness of this system is 
demonstrated by two examples: I) When 3-H-di- 
ethylstilboestrol (DES, 0.5 raM) was incubated in 
presence of detergenb-activated rat liver micro- 
somes and 3 mM 14-C-UDP-glucuronic acid (UDPGA) 
the monoglucuronide was formed at a rate of 
2 nmol/min/mg protein whereas the diglucuronide 
was not detected. DES glucuronidatien was slight- 
ly induced (1.9fold) by pretreatment of rats with 
phenobarbital whereas pretreatment with 3-methyl- 
cholanthrene had no inducing effect. 2) Glucuro- 
nidation of pentachlorophenol (PCP) under the 
above incubation conditions occured at a rate of 
5 nmol/min/mg protein. Formation of PCP glucuro- 
nide could be established by incubation either 
with 14-C-PCP or 14-C-UDPGA. The conjugate was 
stable at pH 7 but it was hydrolysed in weak 
acidic medium (half-life at pH 5 about 1 h). It 
was also hydrolysed by B-glucuronidase at pH 7. 
Thus the low recovery of PCP glucuronide in 
urine may not reflect total PCP glucuronidation 
in viva. 
Glucuronides of several arylamines and of mone- 
hydroxybiphenyls were also isolated by this meth- 
od. Therefore this system may be generally help- 
ful to obtain pure glucuronides for reference or 
calibration purposes. 

Institut fur Pharmakologie und Toxikologie der 
Universit~t, Kreuzbergring 57, 3400 G6ttingen. 
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PHARMACOKINETICS AND BIOTRANSFORMATION OF 
HYMECROMONE AFTER INTRAVENOUS ADMINISTRATION 
TO PATIENTS WITH IMPAIRED LIVER FUNCTIONS 
U. Femfert, H.D. Kuntz, B. May 

The biliary antispasmodic agent Hymecromone 
(7-hydroxy-4-methyl-2H-1-benzopyran-2one) is 
metabolized in human adults mainly via glucu- 
ronidation of the 7-hydroxy function. Other 
transformations, namely O-methylation, sulfate 
conjugation, and additional phase I oxidations 
are only of minor importance. 
A rapid ion pair reverse phase HPLC method 
for simultaneous determination of the parent 
compound and the major metabolites will be 
presented. 
The disappearance of Hymecromon from serum is 
rapid and biphasic, corresponding to an open 
two compartment model. The total set of pharma- 
cokinetic parameters of this model was calcu- 
lated from p~tients with various degrees of 
impaired liver function. 
In molecular terms the conception was developed 
that the transforming enzyme UDP-glucursnosyl- 
transferase EC 2.4.1.17 will be present in an 
active, already glucuronidated state, which is 
responsible for the rapid first part of the eli 
mination p~ocess. The much slower second part 
will then represent the de nova formation of 
the active enzyme species from the UDP pool. 

Ruhr Universit~t Bochum, Medizinische Univer- 
sit~tsklinik "Bergmannsheil", Abt. Gastroente- 
rologie und Hepatologis. 
Hunschsidtstr.1, D-463o Bochum 1 

420 
HUMAN PLATELET PHENOLSULFOTRANSFERASE (PST) : SE- 
PARATION OF THERMOLABILE AND THERMOSTABILE FORMS 
C.Reiter,J.Dunnette,J.Van Loon,R.Weinshilboum 

PST catalyzes the sulfate conjugation of a vari- 
ety of phenolic and catechol drugs and endo- 
genous substrates, e.g. catecholamines. Human 
platelets contain at least tWo forms of PST, 
which are regulated independently. In platelet 
homogenates one form is relatively thermolabile 
and on is relatively thermostabile. Dopamine is 
a model substrate for the thermolabile form 
while p-nitrophenol (4 ~mol/l) serves as a sub- 
strate for the thermostabile form (Reiter et al, 
Fedn.Proc.41:1478,1982). Experiments were per- 
s to separate the two forms of platelet PST. 
The thermolabile and the thermostabile forms pre- 
sent in a pooled platelet homogenate were sepa- 
rated by Ion Exchange chromatography (DEAE-Seph- 
arose CL 6B) using a linear gradient ranging 
from 50 to 225 mmol/l NaCI. The purification was 
for the thermolabile form 10.5 fold and for the 
thermostabile form 7.4 fold. The separated forms 
exhibited a thermal inactivation pattern similar 
to that found in the platelet homogenate, p-Ni- 
trophenol, phenol, 6-OH-melatonin, and paracet- 
amol were substrates for both partially purified 
forms of platelet PST. K -values (mmol/l) for the 
thermolabile/thermostabiTe forms were 1.5/.0OO38, 
2.3/.014, .36/.018, and 2.9/4.5, respectively. 
The ratios K -thermolabile/K -thermostabile in- 
dicated, tha~ p-nitrophenol ~4 ~ ~mol/l) was the 
superior substrate to measure the thermostabile 
form of platelet PST. 

Medizinische Universit~tsklinik,D-5300 Bonn(C.R.) 
and Mayo Foundation, Rochester, MN 55905, USA 
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GLUTATHIONE CONTENT AND CONJUGATION OF CHLOR- 
2,4-DINITROBENZENE WITH GLUTATHIONE IN THE RAT 
DUODENUM 
N. Wichmann and H. P. BGch 

Duodenal segments of female Sprague-Dawley rats 
were perfused in a modified Fisher and Parsons 
apparatus with Krebs-Henseleit solution (37~ 
pH =7.4;) containing Chlor-2,4-dinitrobenzene 
(A). After a 2 h lasting circulation of the per- 
fusion medium gassed with carbogen A and its 
glutathione conjugate (GA) were measured in the 
absorbate and in the duodenal mucosa at 254 nm 
after HPLC; glutathione (G) in the mucosa was 
measured colorimetrically. 

A absorbate mucosa 
mM ~mole/g wet weight ~mole/g wet weight 

offered A GA A GA G ~ 

0.025 n.d. 0.14 n.d. 0.04 3.46 
0.20 0.04 I .72 0.05 0.33 2.60 
1.00 0.69 0.89 1.57 0.80 I .37 

x, n=4-9; n.d.=not detectable, < 0.004 ~mole/g; 
eG of control = 4.50 ~mole/g; 

Up to 0.025 raM A in the perfusion medium the un- 
changed substrate neither in the absorbate nor 
in the mucosa was detectable. In contrast, GA 
was found in both absorbate and mucosa. In the 
absorbate GA was maximal at 0.2 nun A. In the 
mucosa GA increased linearly with increasing 
substrate concentration in the perfusion medium. 
A higher concentration of A (1.0 mM) caused a 
considerable decrease of GA in the absorbate 
(48%) and a corresponding decrease of G in the 
mucosa (47%) compared with the respective values 
at 0.20 mM A. 
Pharmakologie und Toxikologie, Universit~t des 
Saarlandes, D-6650 Homburg;Supp. by SFB38, A3; 
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FORMATION OF GLUTATHIONE CON3UGATES DURING 
MICROSOMAL METABOLISM OF p-BROMOPHENOL AND 
BROMOCATECHOL. 
O. Cumpelik and K.-H. Oily 

Studies on the activation of bromobenzene by liver microsomes 
have demonstrated that phenolic metabolites are intermediates in 
the formation of react ive species which irreversibly bind to prote- 
in (Wolff a. Hesse in "Micros. Drug Oxid. a. Drug Toxicity", p.513, 
1982). To explore one of the major deactivation mechanism, we 
have studied the Iormation of reactive metaboli tes and conjugates 
from p-bromephenol and bromocatechol in the presence of gluta- 
thione (GSH). 
The NADPH-dependent binding of lZ~C-p-bromophenol and 14C- 
bromocatechol to microsomal protein was inhibited by g0% at  
1 mM GSH. Concomitantly, the amount of nonextractable metabo- 
l i tes in the aqueous phase increased 3fold. Moreover, a decrease o2 
GSH-concentration at  a rate of about 1 nmol/min was measured 
photometrically. GSH-conjugates were detect~ed by HPLC-analysis 
of the incubates containing either 3H-GSH and unlabeled p-bro- 
mophenol or lgC-p-bromophenol and unlabeled GSH. Both assay 
mixtures showed the radioactive peak of dinitrophenyl-derivates ol 
GSH-conjugates eluting at  the same retention t ime from the kat-  
ionic ion exchange column. Incubation of p-bromophenol with GSH 
in the presence of rat  liver cytosolic fraction which containes 
GSH-transferases did not increase GSH-conjugate formation. When 
lgc-bromocatechol ,  isolated from incubation mixtures o2 l g c -  
p-bromophenol, was re-incubated with microsomes and NADPH the 
amount o2 GSH-conjugates was tripled. Presence ol liver cytosol 
neither altered the amount o2 GSH-conjugates nor the extent of 
binding to microsomal protein. The results indicate, that  oxidative 
metaboli tes Irom p-bromophenol are effectively conjugated with 
GSH, presumably via bromocatechoh The finding that  cytosolic 
GSH-transferases did not increase the formation of conjugates 
suggests that  the reactive intermediates spontaneously react with 
GSH. 

Ges. f. Strahlen- u. Umweltlorschung, Abteilung f. Toxikologie, 
D-8042 Neuherberg, Ingolst~dter Landstr. 1 

422 
BILIARY EXCRETION OF GLUTATHIONE AND ITS MODIFICATION BY 
PHENOBARBITAL, GSH-DEPLETORS, CARBON TETRACHLORIDE AND 
ETHANOL. U. JeB 

Biliary excretion of glutathione (GSH) was studied in 
bile-fistula-rats under urethane anesthesia (1.2 g/kg ip). 
Total GSH (GSH+2GSSG) was estimated after incubating bile 
with GSH-reductase and then using Ellman's reagen t. No 
differentiation between GSH and GSSG was made because of 
rapid autoxidation of GSH during sampling. Bile was col- 
lected hourly for 5 hrs after pretreatment with different 
compounds known to alter hepatic GSH-concentrations; re- 
sults are compiled in the table (x + S.E.M.; n = 6 each): 

Treatment groups Dose/kg Bile flow GSH+2GSSG 
(ml/kg'5 hrs) (~mol/kg-5 hrs) 

Olive oil ip I0 ml 9.63 + 0.i0 16.51 + 0.31 
Phenobarbital ip 0.075 g 14.78 $ 0.15 43.93 + 0.75 
CCI 4 ip 0.5 ml 7.14 $ _ 0.19 4.49 + 0.31 
Phorone ip 0.25 g 17.37 + 0.22 23.13 + 0.37 
Diethylmaleate ip 1.0 ml 11.18 ! 0.18 7.26 + 0.29 
vinylidene chlor.ip 0.2 ml 11.02 J 0.36 15.17 + 0.69 

1% Tylose pc 2 ml 10.54 ~ 0.21 19.65 + 0.55 
Paracetamol pc i g 21.61 + 0.56 13.78 + 0.39 

Saline pe 15 ml 12.45 + 0.25 21.77 ~ 0.74 
Ethanol 40 % pc 4.8 9 9.55 + 0.15 9.56 + 0.29 

Total GSH concentration in rat bile amounted to 25 % of 
the hepatic content. NO correlation was seen between the 
changes in GSH-levels in the liver and those found in bile 
after either treatment. This lack of correlation as well 
as the observations that CCI 4 and ethanol inhibited the 
biliary excretion of GSH without affecting the hepatic GSH 
content may suggest the participation of an active trans- 
port mechanisla for the biliary excretion of glutathione. 

Institut for Toxikologie der Medizinischen Hechschule 
Lilbeck, Ratzeburger Allee 160, D-2400 Liibeck (FRG) 
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THE ELEVATION OF PA/~FICLE-BOUND GLUTATHIONE-S- 
TRANSFERASE ACTIVITY BY SOME XENOBIOTICA IN VIV0 
A. Cassebaum and P. Kraus 

Iodoaeetamide (IAA) and N-Ethylmaleinimide (NEM) 
have been shown to increase microsomal Gluta- 
thione-S-transferase (GST) activity in vitro 
(MORGENSTERN et al., 3iochem Biophys Res Comm 
87:657, 1979). Similar experiments in vivo have 
not yet been described. Therefore we treated 
rats once resp. three times on following days 
with doses of 20 mg/kg IAA or 5 mg/kg NEM. Sing- 
le doses of either substance elevated microsomal 
GST activity by 25-5o%, whereas cytosolic acti- 
vity remained unchanged. Repeated applications 
of both compounds did not yield uniform changes 
in microsomal GST activity but constantly de- 
creased cytosolic activity by 15-2o%. 
In another series of experiments, infant and 
adult rats were treated with0~-Hexachlorcyclo- 
hexaxle  (~-HOH) o r  Phenobarbital (PB) a s  d e s c r i -  
b e d  previously (KRAUS et al., i~iochem Pharmaeol 
3o:355, 1981; MUKH~AR et al., Xenobiotiea 11: 
367, 1981) or with both compounds simultaneous- 
ly. The single substances increased GST activity 
in mierosomes by 15-45% and in mitochondria h~ 
2o-9o%. When both compounds were given simulta- 
neously, their effects summarized. Since it has 
been found out that there are s separately in- 
ducible mRNAs each coding for one subunit of the 
GST molecule (PICKETT et al., Arch Bioehem ]3io- 
phye 215:539, 1982) it may De supposed that PB 
and~-HOH exhibit their increasing effect on GST 
activity by inducing different mRNAs. 

Institut f~r Toxikologie und Pharmakologie der 
Phil~pps-Universitit, Pilgrimstein 2, D-355o 
Marburg 



425 
THE MECHANISM OF FERRIHEMOGLOBIN-FORMATION IN VITRO AND 
IN VIVO BY N-ARYLACETOHYDROXAMIC ACIDS 

H. Sterzl 

We have found that th~ oxidation of purified hu- 
man hemoglobin (=HbFe +) in vitro by N-hydroxy- 
N-(4-chlorophenyl)acetamide (=NOH-4CIAA) at 37 ~ 
followed second order kinetics with a velocity 
constant of 3.45 + 0.23 mol-lsec I and that NOH- 
4CIAA oxidized several equivalents of HbFe 2+, in- 
dication for the catalytic activity of the acti- 
ve molecule. The activity of NOH-4CIAA increased 
from 1 : 16 to 1 : 45 on decreasing its concentra- 
tion fern i.i x 10 -4 to i.i x 10-5M, indication for 
a higher stationary concentration of the active 
molecule at lower concentrations of NOH-4CIAA. 

2+ Analysis of a reaction mixture containlng HbFe : 
NOH-4CIAA=33 - " 1 incubated at 37 ~ for 2 and 60 min 
gave: HbFe +i45,100%), NOH-4CIAA (85,75%), 4-CIAA 
(2.2,4,0%), 4-CINOB (1.3,0.6%), and 4-CINOzB 
(1.0,0.2%). This is indication for the oxidation 
of NOH-4CIAA by the dioxygen species from exy- 
hemoglobin which yielded acetyl 4-chlorophenyl 
nitr~xide, which sustained the oxidation of 
HbFe ~+, but whose self-reaction gave the 3 pro- 
ducts. 
Analysis of the blood of a rat 3 min after i.p.- 
injection of 50 mg NOH-4CiAA/kg gave 34.5% HbFeS+, 
17.8 ~g NOH-4CIAA/ml, 1.3 ~g 4-CIAA/ml, 1.3 ~g 4- 
CIA/ml, 0.4 ~g 4-CINO 2B/ml, and 3.2 ~g 4-CINOB/ml. 
Analysis of the blood of a rat 3 min after i.p.- 
injection of 8 mg NOH-4CIA/kg gave 32.4% HbFe 3+, 
0.4 ~g 4-CIA/ml, and 3.0 ~g 4-CINOB/ml. These re- 
sults indicated that HbFe3+in vivo was not pro- 
duced by NOH-4CIAA itself, but after oxidation 
to 4-CINOB and subsequent reduction to NOH-4CIA, 
whereas in vitro, 4-CINOB was not activated, 
because it was not reduced to NOH-4CIA. 

Institut fiir Pharmakologie und Toxikologie der thlversitit 
~tinchen, NuBbaumstr. 26, 8000 M~nchen 2 
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427 
BIOTRANSFORMATION OF NITROSO-CHLORAMPHENICOL IN RAT LIVER 

K.-G. Eckert, P. Eyer, and H. Kampffmeyer 

Nitroso-chloramphenicol (NOCAP), which is more toxic than 
chloramphenicol (CAP) to cultured human bone marrow cells, 
is accused to be responsible for aplastic anemia (Yunis et 
al.). Although biotranformation of CAP to NOCAP has not 
been shown hitherto, evidence has been presented for amine- 
chloramphenicol (N~ CAP) formation in rats, bacteria, and 
mammalian liver fractions including human liver. Therefore, 
the disposition of the suspected NOCAP intermediate was in- 
vestigated. 
NOCAP was hemoglobin-free perfused once through isolated 
rat livers. More than 90% of 0.46 mM prehepatic NOCAP was 
metabolized. This extraction rate was even higher at lower 
NOCAP concentrations. The metabolites of 0.46 mM NOCAP were 
0.32 mM NHOHCAP, 0.08 mM N~CAP and 0.02 mM glutathione 
sulfinamidoehloramphenicol (GSONHCAP). At 0.2 mM prehepatic 
NOCAP, 0.] mM NHOHCAP, 0.08 mM N~CAP and 0.015 mM GSONHCAP 
were formed. Correspondingly, the liver glutathione content 
was depleted by NOCAP. 
The liver's capacity to reduce NOCAP was investigated in 
postmicrosomal supernatant. As revealed by GPC, at least 
2 NADPH-dependent and 2 NADH-dependent reductases were in- 
volved, one of the latter being alcohol dehydrogenase 
(K m = 8 ~M, Vma x = 0.13 U / mg protein). It is calculated 
that at steady state concentrations of 0.1 mM NOCAP, 0.1 mM 
NADH, and 0.I mM NADPH, NOCAP is reduced by cytosolic enzy- 
mes at a rate of 60 U / g liver. NHOHCAP formed thereby is 
either reduced to NH 2 CAP or reoxidized. This latter reac- 
tion is enhanced by oxyhemoglobin. Therefore, the further 
fate of NOCAP is determined by reactions within red cells. 

Institut fNr Pharmakologie und Toxikologie, Med. Fakult~t 
der Ludwig-Maximilians-Universit~t MNnchen, Nu~baumstr. 26, 
D-8000 MGnchen 2, F.R.G. 

426 
HYDROXYL RADICAL - MEDIATED OXIDATIVE DECOMPOSITION OF 
N-NITROSODIMETHYLAMINE 
H.-J. Eauasmann, H. Kuthan and J. Werrin~loer 

The formation of nitrite associated with the aerobic meta- 
bolism of N-nitrosamines by liver microsomes and reconsti- 
tuted cyt.P-450 monooxygenase systems has been ascribed to 
reductive reactions contributing to the biotransformation 
of such compounds (Schrenk et al., Adv. Exp.Med.Biol. 136: 
1157, 1982; Appel and Graf, Carcinogenesis 3:293, 1982). 
Although a participation of superoxide in these reduotiv~ 
reactions has been suggested by Schrenk et al., an in- 
volvement of hydroxyl radicals as primary reactive agents 
in an oxidativ~ type of reaction has as yet not been con- 
sidered. Using N-nitrosodimethylamine(NDMA) as a substrate 
and xanthine/xanthine oxidase in the presence of Fe3+-EDTA 
as an hydroxyl radical generating system a rapid formation 
of both nitrite and formaldehyde was observed. Compounds 
like mannitol, ethanol, benzoate and tris-(hydroxymethyl)- 
aminomethane inhibited the formation of both products in- 
dicating that hydroxyl radicals generated via an iron- 
catalyzed Haber-Weiss mechanism mediate these reactions. 
This interpretation was substantiated by the demonstration 
of a high sensitivity of the formation of both products to 
inhibition by superoxide dismutase as well as eatalase. 
Further, methylviologen and menadione enhanced the decay 
of NDMA to nitrite and formaldehyde. The pronounced lag 
phase preceding the rapid formation of both products was 
found to be either attenuated or enhanced in the presence 
of added hydrogen peroxide or catalase, respectively. The 
ratio of the products formed (formaldehyde:nitrite) using 
the xanthine/xanthine oxidase system (2:1) was found to be 
considerably smaller than in the reaction catalyzed by li- 
ver mierosomes (i0:i) - a discrepancy readily explained by 
the contribution of a direct a-hydroxylation of NDMA in 
liver microsomes. These studies suggest that additional 
pathways of NDMA metabolism remain to be evaluated regard- 
ing the formation of reactive intermediates. 

Institut f~r Toxikologie der Universit~t T~bingen, Wil- 
helmstrasse 56, D-740�9 T~bingen 

428 
THE ELECTROCHEMICAL BEHAVTOUR OF N-ARYLACETOHY- 
DROXAMIC ACIDS 
W.Lenk and M.Riedl 
We have measured 3 types of oxidation-reduction 
potentials of the following N-arylacetohydroxamic 
acids which may help to elucidate the mechanism 
of the autocatalytic formation of ferrihemoglo- 
bin: N-hydroxy-[-acetanilide,-4-chloroacetanilide, 
-3.4-dichloroacetanilide,-phenacetin -4-acetyl- 
aminobiphenyl,-2-acetylaminofluorene, and -2-a- 
cetylaminophenanthrene]. The potentials of the 
reversible one-electron oxidation, leading to N- 
acetyl-N-aryl nitroxides, were found between +550 
and +630 mVby voltammetry in H20-CH~OH (9:1) at pH 
7.4. This result supports the assumption that 
hydroxamic acids can be oxidized to nitroxides 
by the dioxygen species of oxyhemoglobin. In the 
voltammograms we found a second oxidation poten- 
tial between +800 and +ii00 mV, which is related 
to the irreversible withdrawal of the second 
electron and caused the formation of nitrosoare- 
nes as was indicated by an addibional potential 
wave between 0 and +200 mV in the voltammogram. 
Nitrosoarenes are also formed by self-reaction 
of nitrexides. This supports our idea that they 
are formed in the same way from hydroxamic acids 
with oxyhemoglobin in vitro. 
Since the potential of the irreversible reduction 
of hydroxamic acids to N-arylacetamides was pola- 
rographlcally inactive, we have determined it in- 
directly by using a series of reversible organic 
redox couples in 0.8 M HCl-actone (1:3) and found 
potentials between +280 and +300 mV. Attempts to 
determine the potentials at pH 7.4 have failed. 
This result indicates that the N-arylacetamides 
found as metabolites of bydroxamic acids by puri- 
fied hemoglobin in vitro were not formed by re- 
duction. 
Institut fdr Pharmakologie und Toxikologie der Universitit 
MNnchen, NuZbaumstr. 26, 8000 MNnchen 2 
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429 
STRUCTURE AND ROTATIONAL DIFFUSION OF CYTOCHROME P-450 IN 
A RECONSTITUTED MEMBRANE AND REGULATION OF DRUG 
BIOTRANSFORMATION 
R. Greinert and A. Stier 

Rotational diffusion of cytochrome P-450 LM 2 in reconsti- 
tuted vesicle membranes was investigated by a measurement 
of time-dependent polarized emission of delayed 
fluorescence. Purified cytochrome P-450 (17-18 nm/mg) 
protein), labelled with diiodofluorescein iodoacetamide, 
was reconstituted with phosphatidylcholine, phosphatidyl- 
ethanolamine from egg, phosphatidic acid (2:1:O.O6 w:w, 
protein/lipid ratio I:IO w:w) by cholate dialysis 
technique. The cytochrome exhibited strict uniaxial 
rotation about the normal to the membrane at all tempera- 
tures measured between 8~ and 37~ The rotational 
relaxation time decreased from 8 to 24~ from 193 ps to 
IiO Us and increased slightly above 24~ Binding of 
benzphetamine and reduction of the cytochrome greatly 
changed the conformation of P-450 as evidenced by large 
reorientation of the label in relation to the rotational 
axis. Rotational relaxation time changed from 129 to 
204 ~s after benzphetamine binding and to 51 Us after 
reduction of the substrate complex. Strict uniaxial 
rotation is preserved under these conditions. As P-450 
LM2, monomerized by n-octylglucoside, has a spherical 
structure (W.L. Dean and R.D. Gray, Biochim. Biophys. 
Res. Commun. 107: 265, 1982) from our data an oligomer 
(hexamer?) which forms a disc-like structure being 
immersed into the membrane to a depth, related to the 
conformational state of the protein, is most likely. 
Results demonstrate three states of immersion of the 
rotamer differing for the unliganded cytochrome, its 
substrate bound form and the reduced substrate complex. 
The transition between these states may control the 
transfer of the first and second electron during mixed 
function oxygenation. 

Max-Planck-lnstitut f~r biophysikalische Chemie, 
Am Fagberg, D-34OO G6ttingen 

430 
THE INDUCTION BY PHENOBARBITAL IN RABBIT LIVER OF A SECOND 
FORM OF CYTOCHROME P-450, FORM 5, ACTIVE IN THE METABOLISM 
OF AROMATIC AMINES TO MUTAGENIC PRODUCTS 

I.G.C. Robertson*, C.J. Serab j i t -B ingh,  J.E. Crof t  and 
R.M. Phi lpot  

The major cyto~hrome P-450 isozymes induced in the rabb i t  
l i v e r  by phenobarbital (PB) and by po lycyc l ic  hydrocarbons 
are forms 2 and 4, respect ive ly .  Form 4 is act ive in the 
metabolism of  aromatic amines to mutagenic products. We 
have also shown (Mol. Pharmacol. 20: 662, 1981) the 
importance of  form 5, a major pulmonary but a minor 
hepatic isozyme, in th is  ac t i va t ion .  
Treatment of  rabb i ts  with PB increases the mutagenic 
ac t i va t ion  of  2-aminoanthracene and 2-aminofluorene by 
hepatic microsomal preparat ions.  In preparat ions from PB 
t reated animals th is  a c t i v i t y  is inh ib i ted  85 % by an t i -  
body to form 5 compared to 55 % i n h i b i t i o n  in control  
preparat ions,  and the increase in form 5 mediated a c t i v i t y  
with PB treatment is 10-12 fo ld .  The induction of form 5 
was confirmed by increases in s ingle rad ia l  immunediffu- 
sion, and immunostaining of  form 5 on n i t r o c e l l u l o s e  paper 
that  contains microsomal prote ins t rans fer red  from poly-  
acrylamide gels. Treatment with B-naphthoflavone decreases 
the hepatic microsomal content of  form 5 to less than 
detectable leve ls  and has l i t t l e  overa l l  e f f ec t  on the 
mutagenic ac t i va t ion  of  these aromatic amines. 
We conclude that :  I )  treatment of  rabbi ts  with PB in-  
creases the hepatic microsomal concentrat ion of  two 
isozymes of  cytochrome P-450 (2 and 5) that  are s t ruc tu r -  
a l l y ,  immunochemically, and c a t a l y t i c a l l y  d i s t i n c t ;  2) the 
hepatic microsomal concentrat ions of  two isozymes (4 and 
5) act ive in the mutagenic ac t i va t ion  of aromatic amines 
are increased by d i f f e r e n t  inducers. 

National I ns t i t u t e  of Environmental Health Sciences, P.O. 
Box 12233, Research Tr iangle Park, N.C. 27709, USA. 
* Present address: Pharmakologisches I n s t i t u t  der Univer- 

s i t ~ t  Mainz, Obere Zahlbacher Strasse 57, D-5500 Mainz. 
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WHICH SPECIES 0F CYTOCEROME P-450 HYDROXYLATES DEBRISO- 
QUINE? ATTEMPTS TO CHARACTERIZE THIS REACTION IN THE RAT. 

M. Strecker and T. Wolff 

About 10 % of the European population are unable to meta- 
bolize the antihypertensive drug debrisoquine (DQ) by 
4-hydroxylation (Sloan et al., Br. med. J., 2, 655, 
1978). There are indications, that the impaired oxida- 
tion of this compound is the result of a functional defi- 
ciency of a hepatic eytochrome P-450 isoenzyme. Since it 
is not known, which species of cytochrome P-450 mediates 
the DQ-4-hydroxylation we studied the effects of differ- 
ent inhibitors and inducers of cytochrome P-450 on the 
activity of the DQ-4-hydoxylase in rat liver microsomes. 
Similar to other monooxygenase reactions, the DQ-4-hydro- 
xylase was dependent on NADPH and was inhibited by CO, 
metyrapone, SKF 525-A and 7,8-benzoflavone. A strong 
strain dependent difference of DQ-4-hydroxylase was 
noted between rats of the Wistar and DA strain (250 resp. 
15 pmol/mg P/min), whereas the metabolism of aldrin, 
ethylmorphine and benzo(a)pyrene showed little varia- 
tion. No sex-difference in DQ-4-hydroxylation was found 
in contrast to the 3 other monooxygenase activities stud- 
ied, which were considerably higher in males than in 
females. 
To induce microsomal DQ-4-hydroxylase, Wistar rats were 
pretreated with phenobarbitone, 3-methylcholanthrene, 
Chlophen A 50, dexamethasone and pregnenolone 16~-carbo- 
nitrile. In contrast to t~e other monooxygenase activi- 
ties neither treatment did induce DQ-4-hydroxylase. Auto- 
induction with the enzyme substrate DQ could not be 
achieved by both p.o. and i.p. administstion. Apparen%ly 
no correlation exists between DQ-4-hydroxylase and the 
other monooxygenase activities in rats. Also in human 
liver biopsies no correlation was found between the acti- 
vities of aldrin epoxidase and DQ-4-hydroxylase. Our 
findings suggest, that the DQ-4-hydroxylase is a specia] 
form of the cytochrome P-450. 

Gesellschaft f~r Strahlen- und Umweltforschung, 
Abteilung Toxikologie, D-8042 Neuherherg 

432 
DIFFERENCES IN THE MECHANISM OF PEROXIDATIC AND MIXED- 
FUNCTION N-OXIDATION OF 4-CHLOROANILINE BY RABBIT LIVER 
MICROSOMAL CYTOCHROME P-450 

I. Golly and P. Hlavica 

Cytochrome P-450, which is known to mediate organic hydro- 
peroxide-supported C-oxidation of a vast variety of sub- 
strates was tested for its ability to catalyze cumene hy- 
droperoxide-dependent N-oxidation of 4-chloroaniline (4- 
CA). Structural modification, by treatment with mercuri- 
als or deoxycholate, of cytochrome P-450 to yield the P- 
420 form renders the hemoprotein a more powerful peroxida- 
se. Pretreatment of the experimental animals with pheno- 
barbital only slightly elevates the level of CHP-sustained 
N-oxidase activity, but strongly increases the coupling 
efficiency in the NADPH-driven process. There is a drama- 
tic decrease in affinity for cytochrome P-450 of 4-CA when 
peroxide substitutes for NADPH/02 (Km=20 mM), which, in 
part, results from competition between the arylamine and 
the oxidant for the same binding site on the enzyme. Ra- 
pid reaction studies suggest that, in both the NADPH- and 
the CHP-sustained N-oxidation reaction, product release 
might limit the overall rate of cytochrome P-450 cycling. 
With CHP, the metabolite profile is shifted from the pre- 
ponderate production of 4-chlorophenylhydroxylamine to the 
formation of 4-chloronitrobenzene. These findings raise 
serious question as to the commonness of the oxygenating 
mechanism operative in the NADPH- and CHP-supported system 
respectively. The CHP-dependent process is proposed to in- 
volve one-electron oxidation of the arylamine by cumyloxy 
radicals generated through homolytic cleavage of the per- 
oxide. The amino free radicals produced are likely to col- 
lapse with iron-bound hydroxyl radicals (Compound If) to 
give the corresponding hydroxylamine; the latter is car- 
ried through a sequence of one-electron oxidations to fi- 
nally yield the aromatic nitro derivative. 
I n S t ~  f ~  Pha~makologie und Toxikologie d ~  U n i v e r s i ~ ,  
Nussbaumst~sse 26, ~-8000 M~nchen 2, F.R.G. 
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EFFECT OF PEROXIDASE AND MONOOXYGENASE ON THE ABIL- 
ITY OF SALICYLIC ACID AND ITS METABOLITE, GENTISIC 
ACID, TO BIND COVALENTLY TO PROTEIN AND DNA. 

A. Stelzer and M. Metzler 

Salicylates are among the most widely used drugs 
and are frequently taken during pregnancy. At high 
doses, salicylates are teratogenic in the rat. As 
the structures of salicylic acid (SA) and some of 
its known metabolites imply that these compounds 
may undergo metabolic activation, we have studied 
covalent binding to protein and DNA in vitro of SA 
and its 5-hydroxy-derivative, gentisi~ aci-~(GA), 
after oxidation with peroxidase and monooxygenase. 

SA and GA, 14C-labelled in the carboxyl group, 
were incubated with bovine albumin or calf thymus 
DNA in the presence of either peroxidase (from 
horseradish and mouse uterus)/hydrogen peroxide or 
microsomes (from phenobarbital-induced rat liver)/ 
NADPH. In control experiments, enzyme was omitted. 
Albumin and DNA were recovered by precipitation 
with trichloroacetic acid or ethanol, respectively, 
and were reprecipitated twice. Albumin was further 
purified by dialysis and gel filtration. 

Under these conditions, a high degree of apparent- 
ly covalent binding of radioactivity to protein 
was observed for GA, but not for SA after activa- 
tion with peroxidase. Peroxidase-mediated DNA- 
binding was marginal for GA and abscat for SA. 
Monooxygenase did not cause protein binding of SA 
or GA. 

These data indicate that a metabolite of salicylic 
acid, gentisic acid, can damage protein by means 
of peroxidatic activation, and may have implica- 
tions for the mechanism of teratogenicity of sali- 
cylates. 

Institute of Toxicology, University of WOrzburg, 
Versbacher Strasse 9, D-87OO W0rzburg, F.R.G. 

434 
INFLUENCE OF ANTIOXIDANTS ON THE CONCENTRATION 
OF 0XYFERRO CYTOCHROME P-450 AND ON THE FORMA- 
TION OF H202 IN RAT LIVER MICROSOMES 

R.Kahl and A.G.Hildebrandt 

The action of commonly used food and feed anti- 
oxidants on the cytochrome P-450 redox cycle was 
studied. The steady state concentration of oxy- 
ferro eytochrome P-450 as measured by its absor- 
bance at 440 nm was determined in liver micro- 
somes from untreated and from ethoxyquin ( EQ )- 
fed male Wistar rats ( 14 days, 1% ). EQ feeding 
decreased the concentration from 0.119 + 0.080 
to 0.061 + 0.018 nmoles per mg protein at pH 
7.85 and from 0.044 + 0.007 to 0.024 + 0.018 
nmoles per mg protein at pH 7.0 ( means + S.E., 
n=$ ). In a preliminary experiment, butyTated 
hydroxyanisole ( BHA ) and tertiary butylhydro- 
quinone ( TBHQ ) fed for 8 weeks at 2% also 
lowered the oxyferro cytochrome P-450 concentra- 
tion ( BHA to 40%, TBHQ to 70% of control va- 
lues ). 
The influence of antioxidants in vitro on the 
NADPH-dependent production of HoO o was measured 
according to A.G.Hildebrandt an~ T.Reots (Arch. 
Biochem. Biophys.171:885, 1975 ). EQ activates 
H 0 formation over a concentration range from 
58~ ( + 20% ) to 2 mM ( + 85% ). Activation was 
also obtained with BHA ( + 65% ), propyl gallate 
( + 40% ) and octyl gallate ( 40% ) but not with 
butylated hydroxytoluene and dodecyl gallate in 
concentrations up to 2 mM. If such activation 
processes also Occur in vivo at biologically ef- 
fective antioxidant concentrations remains to be 
studied. 
Max yon Pettenkofer-Institut, Bundesgesundheits- 
amt, Thielallee 88-92, D-IO00 Berlin 33 

435 
INHIBITION IN VITRO OF HEPATIC DRUG OXIDATIONS 
BY VANADATE, MOLYBDATE, AND REINECKATE 
F.E.Beyhl 

The inhibitory action of sodium ortho vanadate, 
ammonium hepta molybdate, and ammonium reinec u 
kate, on some microsomal mixed-function oxidas- 
es of rat liver, namely ketamine N-demethylase 
(I), 4-methylaminoantipyrine N-demethylase (II) 
aminopyrine N-demethylase (III), papaverine O- 
demeth~lase (IV), 4-methoxybiphenyl 0-demethyl- 
ase (V), and anisic ester O-demethylase (VI), 
and of guinea pig liver, namely methylayapanine 
O-demethylase (VII) and 7-ethoxycoumarin O-de~- 
thylase (VIII), was studied in vitro, with in- 
hibitor concentrations between 0.01 and 1.0 mM. 

Sodium vanadate is an inhibitor of I, IV, V, 
VI, VII, and (to a minor extent) of VIII but it 
does not inhibit I and II. Ammonium meta vana- 
date and vanadyl sulphate are also inhibitors 
of microsomal mixed-function oxidases. 

Ammonium molybdate is an inhibitor of VIII only 
but nor of II, III, IV, V, and VI. VII is in- 
hibited only weakly, at higher concentrations. 

Ammonium reineckate only inhibits III and IV, 
but none of the other mixed-function oxidases. 

These differential inhibitory effects of these 
three salts on mixed-function oxidases could be 
used for the discrimination between the differ- 
ent cytochrome P-450 species of liver microso- 
mes. 

HOECHST AG, D-6230 Frankfurt am Main 80, F.R.G. 

436 
COBALT AND ~NhRFARIN AS MODIFIERS OF CYTOCHROME P450: 
INFLUI~NCES OF DIFF~ INDUCERS ON O-DIIMETHYI~TION OF THE 
qWO RADIOISOMERS OF 14C-SCOPARC~E IN VIVO 
W. Legrum and E. Funke 
In previous studies we found that several coumarin deriva- 
tives are sensitive to a pretreatment of mice with CoCI 2 
(Legrum and Netter, Xenobiotica, 10:271,1980) showing an 
accelerated metabolism. This peculiarity w-as used to in- 
vestigate O-demethylation of labelled herniarin in living 
cobalt-pretreated mice by measuring exhaled 14CO 2 (Legrum 
and Frahseck,J.Phsmmacol.Exp.Ther. ,221 : 790,1982) revealing 
a higher metabolism rate although the hepatic cytochrome 
P450 content is diminished. 
A new coumarin derivative might possibly better detect not 
only cobalt-induction but also better recognize new and 
standard inducers. The two radioisomers of scooarone, 
[6-0-methyl-14C] scoparone (R6) and [7-0-methyl-74C] scoparone 
(R7) served as tools because the ratio of the demethylations 
occurring in microsomes is inverted using phenobarbital- 
induced rats (MGller-I~ooh et al., Hoppe-Seyler s Z. Phys. 
Chem., 362:1091,1981). 
The present work used the following pretreatments in male 
C57BL/6JHan mice: saline (Iday), PB (3d x 80n~/kg, i.p.), 
3-MC(Id x 30m~/kg i.p.) ,warfarin-Na(3d x 120mg/kg, p.o.), 
and CoC12(2d x 40n~7/kg,s.c.) . R7 was administered 2 hours 
after giving R6. V~rfarin and 3-MC elevate the ratio R6/R7 
whe;*eas cobalt lowers it and PB has no effect. The in vivo 
molecular activity towards both demethylatiens together 
(calculated using the cytochrome P450 content determined 
inm~diately after the breath-test by preparing microsomes) 
decreases in all inducers used e~ept for cobalt. Female 
mice of the same strain show a clearly distinct behaviour 
regarding the ratio in normal individuals as well as after 
the different pretreatments. The breath-test presented 
here using the two scoparones describes a sensitive tool 
in detecting induction stages. 
Institut fiir Ph~ologie und Toxikologie der Philipps- 
Universit/it, Lahnberge, D-3550 Marburg/Lahn 
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COBALT A~D ~iARFARIN AS MODIFIERS OF CYTOCKROME P450: 

IDENTIFICATION OF ~ P450 FORMS BY PAGE AFTER 
PARTIAL PURIFICATION ON OCTYL-SEPHAROSE CL-4B 

L. Kling and K.J. Netter 

As previously shown oral applications of sodium warfarin 
(3d x 120mg/kg) lead to an increase in microsomal protein 
and cytochro~e P450 content in male C57BL/6J Han mice. 
This induction phenomenon was confirmed by enzyme kinetics 
(in vitro and in vivo) and ultrastructural data (Kling, 
Naunyn-Schmiedek~rg's Arch. Pharmacol. 319 Suppl.: R 9, 
1982). Exper~ts determining hexobarbital sleeping time 
and zoxazolamine paralysis time indicated a significant 
shortening (p 0.001) of both times after warfarin pro- 
treatment. In contrast cobalt pretreatment (2d x 40~g/kg) 
reduces microsomal cytochrome P450 content but enhances 
molecular activity for 7-ethoxycoumarin metabolism 
(Legrum et al., Toxicol. Appl. Pharmacol. 48: 195, 1979). 

Now it is of interest if the above mentioned nodifiers 
manipulate cytochrome P450 pattern in liver microsomes: 
Liver microsc~es were solubilized with 0.75% Na-cholate 
in 20% glycerol (cyt. P450 yield: 55%-92%) and purified 
by hydrophobic interaction chromatography on Octyl- 
Sepharose CL-4B (colunn recovery of cyt. P450: 55%-67%). 
The specific content (nmol cyt. P450/n~ protein) in the 
pooled fractions obtained by washing the column with a 
phosphate buffer, pH 7.4, containing 2% emulgen 913 and 
0. I% Na-cholate was five- to eightfold. SDS-polyacryl- 
amide gel electrophoresis was performed according to 
La~i (Nature 227: 680, 1970) using a 12% slab gel. 

After warfarin pretreatment PAGE shows a phenobarbital- 
like cyt. P450 pattern. In cobalt-pretreated material an 
inversion of the intensities of the bands within the 
lower molecular weight r~ge of the cyt. P450 family is 
observed in comparison to controls. 

Institut fttr Pharmakologie thud Toxikologie der Philipps- 
Universit~t, Lahnberge, D-3550 Marburg/Lahn 
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ON THE CLEAVAGE OF DIGITOXIN (DT-3) BY HUMAN 
LIVER MICROSOMES 
A. Schm01dt,* W. Herzberg, + H. van Ackeren, + 
H.F. Benthe , 

In previous studies on the dt-3 metabolism in 
rats we could show that the cyt. P450 system is 
involved in both the cardenolide hydroxylation 
and&he stepwise sugar chain cleavage yielding 
the bis - and monodigitoxoside of digitoxigenin 
(dt-2 and dt-1, resp.) (Schmcldt and Ronloff, 
1978, this journal 305, 167). 

The purpose of the present study was to find 
out whether the same mechanism can be ~nfirmed 
for man. Liver micrcsomes were prepared from 
samples after liver operation of twopatients. 
With the complete incubation system (with 40 
~M 9H-glycoside) we found the following 
oxidation and cleavage rates (values of two 
pa?ients given in pmoles/mg micr. prot./min.): 
15 -dehydro-dt-3: 16j0/4.9; dt-2:17.3/7.0 
(substrate: dt-3); 9 -dehydro-dt-2: 205/80; dt- 
~ 214/71 (substrate: dt-2); 3-dehydro-dt-l+dt- 
. 11.2/29.8 (substrate: dt-1). 

No metabolites were found in the absence of 
NADPH or 02 and the presence of CO caused an 
inhibition by 50% 

From the results it can be concluded that also 
in man digitoxigonin digitoxosides can only be 
cleaved after a cyt.P450 catalysed oxidation of 
the terminal digitcxosyl. Obviously, the rate 
limiting step is the initial oxidation of dt- 
3 yielding the intermediate 15'-dehydro-dt-3. 

Inst. f. Rechtsmed. (*), Inst. f. Pharmacol. 
($) Univ. Hamburg, D 2 Hamburg 20. 
Marien-Krankenhs. (+) D 2 Hamburg 76 
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CHARACTERIZATION OF CIMETIDINE INTERACTION WITH 
LIVER MICROSOMES IN VITRO. 
J.C.Jensen and R. Gugler. 

Cimetidine (CI) has been shown to inhibit liver 
microsomal oxidative drug metabolism, with a 
spectral dissociation constant a magnitude lower 
than the inhibition constant (Ki), suggesting 
formation of a reactive intermediate producing 
an inactive CI-cytochrome P-450 (P450) complex 
(Rendic et al., Xenob. 9: 555, 1979). To in- 
vestigate this possibility, rat liver microsomes 
were preincubated with CI and NADPH prior to the 
addition of 7-ethoxycoumarin (7EC) as substrate. 
Preincubation led to a decrease in product form- 
ation greater than that observed when CI and 7EC 
were added to microsomes together. This decrease 
was 47.4% after 5 min., 71.4% after 10 min., 
and 90% after 20 min. preincubation. Preincuba- 
tion of microsomes with NADPH alone, CI alone, 
or with EDTA added had no effect on the decrease 
in product formation from 7EC. P450 content was 
also decreased in a time dependent manner, by 
37.7% after 5 min., 67.7% after 10 min., and 
73.6% after 20 min. preincubation with CI and 
NADPH. Addition of FeCN to the preincubation 
mixture reversed the decrease in P450 content. 
In addition, Ki of CI decreased from 0.254 mM to 
0.202 mM and the type of inhibition changed from 
competitive to non-competitive when microsomes 
were preincubated for 10 min. with 0.25 mM CI 
and NADPH prior to the addition of 7EC. It is 
concluded that the inhibition of 7EC metabolism 
by CI involves the production of an intermediate 
which inactivates cytochrome P-450. 

Medizinische Klinik, University of Bonn, 
5300 Bonn-Venusberg, F.R.G. 
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EXPRESSION OF POLYCYCLIC AROMATIC HYDROCARBON-INDUCIBLE 
AND PHENOBARBITAL-INDUCIBLE MONOOXYGENASES IN CONTINUOUS 
HEPATOMA CELL CULTURES 

F.J. Wiebel*, F. Kiefer*, S.S. Park +, and R.V. Gelboin + 

Previous observation have suggested that cell lines deri- 
ved from H-4-II-E rat hepatoma cells express polycyclic 
aromatic hydrocarbon (PAH) inducible cytochrome "P-448"- 
dependent aryl hydrocarbon hydroxylase (AHH) and/or cyto- 
chrome "p-450"-dependent aldrin epoxidase (wiebel et al., 
BBRC 94: 466, 1980). - The present studies were aimed at 
characterizing more conclusively the monooxygenase spe- 
cies expressed in differentiated and dedifferentiated 
variants of the H-4-II-E cells by their response to indu- 
cers and their inhibition by monoclonal antibodies. 

PAH induced the AHH-activity in the dedifferentiated H5 
cells more than 30-fold. Aldrin epoxidase activity in- 
creased about 5-fold in the differentiated C2Rev7 cells 
after exposure to dexamethasone and less than two-fold 
after phenobarbital. Monoclonal antibodies which were 
prepared to inhibit PAE-induced AER (MAb MC P448) and 
phenobarbital-induced AHH (MAb PB P450) specifically 
inhibited the monooxygenase activities in the dedifferen- 
tiated H5 and differentiated C2Rev7 hepatoma lines, re- 
spectively. MAb PB P450 did not distinguish between the 
cytochrome P-450-dependent AHE and aldrin epoxidase acti- 
vities of the C2Rev7 cells; however, their different sen- 
sitivity to 7,8-benzoflavone indicated that they repre- 
sent two different monooxygenase forms. The results 
strongly support the previous notion that cells in 
continuous culture are capable of expressing cytochrome 
P-450 as well cytochrome P-448-dependent monooxygenases. 

* Dept. Toxicology, Gesellschaft f. Strahlen- u. 
Umweltforschung, 8042-Neuherberg-MHnchen, F.R.G.; 

+ Lab. Molecular Carcinogenesis, Natl. Cancer Inst., 
NIH, Bethesda, MD, USA. 
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DRUG-INDUCED HYDROCARBON RELEASE FROM ISOLATED 

PERFUSED MOUSE LIVER. 

A.Wendel and M.Thelen 

Livers of male phenobarbital-pretreated mice were per- 

fused after using a cytochrc~e c pulse as a quality cri- 

terion for the perfusion. Without any additions, the 

organ evolved I. I pMol rain -I gram -I ethane while pentane 

was metabolized with a rate of 0.6 i~4oi rain -I gram -I . 

Upon infusion of FeCI 2 9 pMol rain -1 gram - I  ethane were 

released after 6 min. Perfusion of paracetamol led to a 

dose-dependent increase of ethane release up to 6 i~4oi 
�9 -I -I 

mln gr_am at 2 mMparacetamol infused. From 2 to 10mM 

paracetamol ethane rates decreased to basal. In contrast 

the rate of the perisinusoidalparacetamol-inducedglu- 

tathione efflux continued to increased up to 10 mMpara- 

cetamol. Infusion of up to 100 mMethanolwas ~�9 

effect on either parameter. We showed previously that 

paracetamol administration causes lipid peroxidation'~ 

vivowhile the drug quenches this event in vitro. The 

implication of the findings in the perfused liver for 

studying drug toxicity mechani~ns are discussed. 

Physiologisch-chemisches Institut der Universit~tTdbingen 

Hoppe-Seyler-StraBe I, D - 7400 Tdbingen 
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THE RELATIONSHIP OF INTERINDIVIDUAL VARIATION OF CYTOSOLIC 
AND MICROSOMAL EPOXIDE HYDROLASE IN MAN TO OTHER DRUG- 
METABOLIZING ENZYME ACTIVITIES 
I.  Mertes, R. Fleischmann, H.R. Glat t  and F.Oesch 

Epoxides are the act ive forms of various carcinogens, muta- 
gens and other tox ic  compounds. Many epoxides can be inac- 
t ivated by enzymatic hydrolysis. Mammals have at least two 
epoxide hydrolases with a broad signif icance in drug meta- 
bolism, with one enzyme local ized in the endoplasmatic re- 
ticulum and other membranes, and the other in the cytosol. 
We now report that human indiv iduals great ly  d i f f e r  in the 
a c t i v i t i e s  of these enzymes in l i ve r .  The a c t i v i t y  in he- 
pat ic microsomes from 166 subjects (most of them patients 
suffering from hepatic diseases) was measured with benzo- 
(~)pyrene 4,5-oxide as the substrate. The highest and 
lowest speci f ic  a c t i v i t i e s  d i f fered by a factor  of 63. The 
a c t i v i t y  in the cytosol ,  determined with t rans-st i lbene 
oxide as substrate, varied 539-fold among 145 subjects. 
Microsomal, but not cy tosol ic ,  epoxide hydrolase a c t i v i t y  
was increased in tuberculosis patients treated with 
r i fampic in,  ethambutol and isoniazid.  

Microsomal epoxide hydrolase a c t i v i t y  correlated weakly 
(Spearman's correlat ion r = 0.17 - 0.29, p < 0.05) with 
hepatic aryl hydrocarbon hydroxylase, ethoxycoumarin O- 
dealkylase, cytochrome c reductase, ( l -naphthol)  UDP 
glucuronosyl transferase and (2,4-dinitrochlorobenzene) 
glutathione transferase a c t i v i t i e s ,  but did not correlate 
(p > 0.05) with hepatic ethoxyresorufin O-dealkylase, 
cytosol ic epoxide hydrolase a c t i v i t y  and plasma a c t i v i t y  
levels of y-glutamyltranspeptidase and glutamate pyruvate 
transaminase. Cytosolic epoxide hydrolase a c t i v i t y  was 
unique among drug-metabolizing enzymes not only in that i t  
showed the largest in ter ind iv idua l  var ia t ion ,  but also in 
that i t s  a c t i v i t y  did not correlate with any other measur- 
ed enzyme a c t i v i t y .  

Pharmakologisches Ins t i t u t  der Universi t~t  Mainz und 
Medizinische Univers i t~ tsk l in ik  TUbingen 
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IS OXYGEN ACTIVATION INVOLVED IN ANTHRACYCLINE- 

INDUCED CARDIOMYOPATHY ? 

H. NOHL 

Anthracycline-induced cardiomyopathy is nearly 
exclusively discussed on the basis of mechanisms 
involving activated oxygen species. EPR investi- 
gations provided evidence that adriblastin is re- 
duced to its semiquinone form (ADQ') both,in the 
presence of electron transferring rat-heart mito- 
chondria (RHM) and in the presence of NADPH sup- 
plemented NADPH-P450-oxidoreductase from rabbit 
liver. The latter system was found to be autoxi- 
dizable ~self but adriblastin additionally stim- 
mulated O~-radical formation. On the other hand 
autoxidatlon of ADQ" could not be observed when 
adriblastin reduction occured by electron trans- 
fer from respiring RHM. The search for a reduc- 
ing system in the heart having the characteristic 
of liver microsomal electron transferring parti- 
cles led to the detection of CO-binding pigments 
with an absorption maximum at 420 nm and an ab- 
sorption minimum at 436 nm. Reduction with dithi- 
onite resulted in another type of difference spe- 
ctra exhibiting a maximum at 433 nm and a mini- 
mum at 409 nm. Subcellular fragments both from 
rat- and from beef hearts containing these absor- 
bing pigments were not able to generate activa- 
ted oxygen species in the presence of reduced 
pyridine nucleotides (NAD[P]H) and also failed 
to reduce adriblastin to ADQ'. These results do 
not support the "activated oxygen theory" as the 
basic mechanism of anthracycline-induced cardio- 
myopathy. (supported by the DFG) 

Institute f0r Pharmakologie und Toxikologie der 
Universit~t MHnchen, Veterin~rstr. 13, 8 M~nchen 
22 und NuBbaumstr. 26, 8 M~nchen 2. 
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TILIDINE: RELATIONSHIP BETWEEN ANTINOCICEPTIVE ACTIVITY 
AND RATE OF N-DEMETHYLATION IN VIVO AS DETERMINED BY 
ANALYSIS OF I~C02-EXHALATION 
W. Christ,  Karin Gindler, W. Hecker, and I .  Roots + 
The analgesic drug t i l i d i n e  requires metabolic act ivat ion.  
To establ ish a re lat ionship in vivo between rate of t i l i -  
dine-N-demethylation and the ant inocicept ive a c t i v i t y ,  
N-[14CH3]-t i l id ine was synthetized and administered i .p .  
(60 mg/kg b.w.) to female Lewis rats (200 g). C02-exha- 
la t ion was continuously monitored as a measure of N-deme- 
thy la t ion rate. These data were contro l led by g . l . c ,  de- 
termination of no r t i l i d i ne .  Ant inocicept ive a c t i v i t y  was 
evaluated by ef fect / t ime prof i les  using the hot plate test .  
Maximum exhalation rate of 14C02 was 0.30 % of the dose 
per min (SD=O.09) and occurred during the time span from 
15 to 30 min. Within 3 h, 30 % (SD=7.8) of the radioact ive 
dose was exhaled. This rapid metabolism corresponded to 
the maximum analgesic ef fect  in the hot plate test  obser- 
ved 30 min a f ter  t i l i d i n e  in ject ion.  
Modif ication of cytochrome P-450 a c t i v i t y  by an inh ib i to r  
(metyrapone, 100 mg/kg o ra l l y ,  2 h pr ior  to t i l i d i n e  i n j . )  
decreased maximum exhalation rate and cumulative excretion 
of 14C02 by about 70 %. This was para l le l led  by decreased 
and delayed ant inocicept ive ef f icacy as tested on the hot 
plate. Conversely, the enzyme inducer phenobarbital (40mg 
/kg i . p . ,  4 days) effected a threefold increase in maximum 
exhalation rate of 14C02 and a corresponding increase in 
analgesia. - Pretreatment with ketoconazole(80 mg/kg ora l -  
l y ,  4 days) whose enzyme inducing ef fect  has been descri- 
bed, pronouncely potentiated the ant inocicept ive ef fect  of 
t i l i d i n e .  However, l~c02-exhalation curves were s imi lar  to 
those of controls. This may point to an inh ib i to ry  ef fect  
of ketoconazole on fur ther steps of HI4cHO metabolism. - 
The experiments show that the time course of analgesia 
af ter  t i l i d i n e  is great ly subjected to changes in the 
rate of i t s  metabolism. 
I ns t i t u t  fur Arzneimittel des Bundesgesundheitsamtes, 
Dept. k l in .  Exptl .  Pharmakologie,Seestr.10,D-1000Berl-i~65 
+ Ins t . f .K l i n .  Pharmakologie, Freie Universi t~t  Berl in 
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PATHWAYS OF BIOTRANSFOP~TION FOR THE HEXACHLORO- 
BENZENE (HCB) AND PENTACHLORONITROBENZENE (PCNB) 
METABOLITE N-ACETYL-S-(PENTACHLOROPHENYL)CYSTE- 
INE (PCC), AND FOR SOME OF ITS DERIVATIVES. 
POINTS AT THE MECHANISMS OF THE REDUCTIVE DECHLO- 
RINATION OF HCB AND THE REDUCTIVE DENITRATION OF 
PCNB. 
G.Renner, P.-T.Nguyen and C.Hopfer 

Studies on the metabolism of the fungicides HCB 
and PCNB indicated similarities in their path- 
ways of biotransformation. Sulphur-containing 
metabolites of both fungicides, such as PCC, pen- 
tachlorothiophenol, pentachlorothioanisole, 1,4- 
dimercapto-tetrachlorobenzene and/or 4=methyl- 
thio-tetrachlorothiophenol, and 1,4-bis(methyl- 
thio)tetrachlorobenzene, but also non sulphur- 
containing metabolites, such as phenols and chlo- 
rinated benzenes, are identical. Studies on the 
metabolism of the mercapturic acid PCC in rabbits 
and rats revealed the above-mentioned sulphur- 
containing metabolites which were further metabo- 
lized. Of interest was the finding of pentachlo- 
robenzene after administration of pentachlorothio- 
phenol and of 1,2,4,5-tetrachlorobenzene after ad- 
ministration of S,S'-(tetrachloro-p-phenylene)di- 
cysteine, a degradation product of PCNB and of 
its metabolite 2,3,5,6-tetrachlorothiophenol, res- 
pectively, in hexane extracts of excreta by g.l. 
c. analyses. These results elucidate the mechanis- 
ms of reductive dechlorination of HCB and denitra- 
tion of PCNB. Replacement of one chlorine in HCB 
or of the nitro group in PCNB by the aeetylcyste- 
inyl moiety originating from glutathione leads 
via PCC to pentachlorothiophenol which forms pen- 
tachlorobenzene by reductive desulphuration. 

Institut for Pharmakologie u. Toxikologie der Uni- 
versit~t MOnchen, NuBbaumstr.26, D-8ooo M~nchen 2 

447 
ASSESSMENT OF HEPATIC DRUG HYDROXYLATION AND CONJUGATION 
ACTIVITY IN MAN BY URINARY METABOLITE PROFILES OF ANTI- 
PYRINE 
H. B~ssmann, J. B~ttcher and R. Sch~ppel 

Urinary profiles of phase-I- and phase-II-metabolites of 
antipyrine (A.) have been used to assess hepatic MFO and 
conjugation activity ~n male and female volunteers (n= 
2 x 5, mean age: 24.8-3.0 y). Eleven different metabo- 
lites have been followed for 72 h after ingestion of 
12OO rag of A. 
Urinary glucuronides have been measured directly by HPLC 
against authentic glucuronide standards. Sulfates of 
norantipyrine (NORA) and of 4-hydroxy-antipyrine (4-HA) 
have been assayed using selective hydrolysis and quanti- 
tative TLC. Phase-I-metabolites and unchanged A. have 
been quantitated by TLC. Elimination kinetics of A. have 
been followed from saliva samples (over 48 hrs.). 

Results in this group are as follows (x~s.e.m. as % of + 
the dose): unchanged A.: 3.5-1.1 %, free phase-I-metabo- 

+ . 
lites: 11.O-1.8 % comprising 3-hydroxymethyl-antlpyrzne + t + 
(3-HMA): 4.7-1.2 %, 3-carboxy-antipyrine: 4.5-1.3%, and 
as minor metabolites up to i % each, 4-HA, 4'(p)-hydroxy- 
antipyrine and 4,4'-dihydroxy-antipyrine (4,4'-DHA). 
Total glucuronides were found to represent about 

+ �9 . . 
69.7-4.2 %. Thls fractlon conslsted of 3-HMA gluc.: 
13.1~I.1%, 4-RA gluc.: 29.4~2.5 %, NORA gluc.; 23.3 ~ 
2.3 % and 4,4'-DHA gluc.: 3.9~i.O %. Sulfate esters were 
within the range of 8-13 %. 
Clearance values for A. were calculated as follows: 
O.O394~O.0064 1/h/kg. 

Comparing both sexes, no significant sex differences 
were found in any of the parameters tested. Results ob- 
tained in this pilot study utilizing HPLC and TLC tech- 
niques are in excellent agreement with own data reported 
earlier from a study using 3---C-antipyrine in man. 
(Naunyn-Schmiedeberg's Arch. Pharmacol. 316, R5 1981). 

Inst. f~r Pharmakologie u. Tox., TU, D-3300 Braunschweig 
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FORMATION AND DISPOSITION OF A METABOLITE OF 
DOXYCYCLINE 
R. B~cker and C.-J. Estler 

Contrary to earlier findings doxycycl~ne under- 
goes biotransformation in experimental animals 
and humans, at least one metabolite is formed 
(R E~cker, J Chromatogr in press, 1983). This 
metabolite has hardly any antibacterial activ- 
ity and therefore cannot be detected in bio- 
logical test system but can be measured by means 
of high performance liquid chromatography 
(R B~cker CJ Estler A Weber, The Lancet 1155, 
1982). In mice 6 h after injection of 50 ~g/g 
doxycycline small amounts of the metabolite can 
be found. Maximum concentrations are reached 
after 7-9 hours. The formation of the metabolite 
can be enilanced by pretreatment of the animals 
with phenobarbital: in the livers of pheno- 
barbital pretreated animals the metabolite 
reaches about 3-5 times higher concentrations 
than in the control animals. In the kidneys of 
normal and phenobarbital pretreated animals the 
concentration of the metabolite is about 2-3 
times higher than in the livers of the animals. 
The metabolite was not detectable in the feces. 
Most of it seems to be excreted via the urine. 
Within 15 h after the injection of doxycycline 
the amount excreted (corresponding to ca 3% of 
the dose of doxycycline applied) is six times 
higher in phenobarbital treated mice than in the 
control animals. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t, Universit~tsstra8e 22 
D 8520 Erlangen 
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RENAL ELIMINATION OF SODIUM VALPROATE AFTER A SINGLE ORAL 
DOSE APPLICATED IN 3 DIFFERENT FORMULATIONS TO HEALTHY 
VOLUNTEERS UNDER FASTING AND NONFASTING CONDITIONS 
M. Theisohn, I. Herma, H. Hahn 

lo healthy volunteers part ic ipated in the study (f:m=4:6, 
age: 19-29 y, b.wt.:55-75 kg). A single dose of 6oo mg 
sodium valproate (VPA) in form of syrup, enter ic coated 
dragee, and time delay capsule (resorbable in the stomach) 
was given o ra l l y  in a sequence with an in terval  of 2weeks. 
The volunteers took the i r  dose in the morning e i ther  a f ter  
breakfast (5) or on an empty stomach with addit ional fa- 
st ing unt i l  lunch. 
Serum levels of VPA were determined by GLC for 72 h a f ter  
each dose. The urine was col lected for  i week in periods 
of 8-24 h. The ur inary concentrations of VPA and i t s  sa- 
turated metabolites 3-OH-VPA and 3-Keto-VPA (~-oxidat ion) ,  
4-OH-VPA (82 -ox ida t i on ) ,  and 5-OH-VPA ( ~ l - o x i d a t i o n )  
were determined by the GLC method of Sch~fer and LUhrs 
(Drug Res, 28:657, 1978) before and a f ter  hydrolysis by 
6-glucuronidase/arylsulfatase (24 h at 37~ pH 4.7). 
From the administered dose of VPA (6oo mg) 49.3% were re- 
covered in the urine. 13.5% of the dose (of d.)  were found 
as unchanged VPA of which 92% was conjugated. 32% of d. 
were recovered as metabolites of the G-oxidation pathway: 
3-Keto-VPA (29% of d . ,  7% conjugated) and 3-OH-VPA (3.o% 
of d . ,  60% conj . ) .  Only 3.8% were metabolized by ~ -ox ida -  
t ion:  5-OH-VPA (o.9% of d . ,  23% conj.)  and 4-OH-VPA (2.9% 
of d . ,  28% conj . ) .  
The metabolic pattern was ident ical  a f te r  the intake of 
VPA as syrup or enteric coated dragee ( fast  resorbable 
preparations). However, a f ter  the intake of the time delay 
capsule the el iminat ion as VPA (8.5% of d.) and by ~ - o x i -  
dation (3.o% of d.) was reduced in favour of the 6-oxida- 
t ion pathway (35.7% of d . ) .  Add i t iona l ly ,  the recovery in 
the urine was s l i g h t l y  but s ign i f i can t l y  reduced (47.2%). 
Intake of the VPA dose under fast ing or nonfasting condi- 
t ions had no influence neither on the metabolic pattern 
nor the recovery rate.  
Pharmakol.lnst.Uni Kbln, Gleuelerstr.24, D-5ooo Kbln 41 
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BIOTRANSFORMATION OF 3H-LEVOBUNOLOL IN RAT, MOUSE, DOG AND 
MAN 
A. von Hodenberg and W. Klemisch 

Levobunolol is a potent nonselective B-adrenoceptor anta- 
gonist (Kaplan in: Pharmacology of Antihypertensive Drugs, 
Raven Press, 1980). Comparison is made of biotrans- 
formation of the tritiated compound after oral adminis- 
tration to rat, mouse, dog and men. 
The metaholite profiles in urine were established by means 
of hplc combined with a radioactivity flow-through detec- 
tor. Separation was achieved on a C-18-reversed-phase 
column after injection of the urine sampte without prior 
clean up. 
After oral administration of i0 or 50 mg/kg to rat, mouse 
and dog and 12 mg to human volunteers 54-82 % of the 
radioactivity were found in 0-24 h urine. 
In principle the foltowing routes of biotransformation 
were observed: 
i. Reduction of the carbonyl group yielding dihydrolevo- 

bunolel 
2. Rydroxylation of the ring system 
3. Oxydative degradation of the side chain 
4; Conjugation of the unchanged substance and the meta- 

bolites 
The metabolite pathways showed pronounced species diffe- 
rences. In rat and mouse urine the ring-hydroxylated meta- 
bolites dominated. The introduced hydroxyl group was con- 
jugated with B-D-glucuronic acid. In rat urine a further 
metabolite occured with an additional hydroxyl group in 
the ring system. In dog urine both hydroxylation of the 
ring system as well as oxidative degradation of the side 
chain were observed. Biotransformation in man was less 
intense. The major part of urinary radioactivity could be 
attributed to levobunolol and dihydr0levobunolol and/or 
their conjugates. 

Gbdecke Research Institute, Dept. of Biochemistry, Meos- 
waldallee 1-9, D-7800 Freiburg 
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DIFFERENTIAL INTERACTION OF SODIUM 2-MERCAP- 
TOETHANE SULFONATE (MESNA) AND ITS OXIDATION 
PRODUCT DIMESNA WITH THE ANION EXCHANGE 
PROTEIN IN RED BLOOD CELLS 
D. B. Wildenauer, M. Kohl and H. Reuther 

Mesna (Uromitexan R) has been introduced recently as an 
antidot against the urotoxic effects of oxazaphosphorine 
cytostatics (Seheef e% al. Cancer treatment reports, 6/3: 
501-505, 1979). Studying %he influence of mesna and its 
oxidation product dimesna on the transport of 35S-label- 
ed sulfate in human red blood cells in vitro, the follow- 
ing results were obtained: 
i. Countertransport and transmembrane effect indicated 

that mesna serves as substrate for the carrier. 
2. Dimesna was found to inhibit the carrier mediated 

transport of sulfate in a competitive manner (50% 
inhibition: 60 mM dimesna, 5 mM sulfate, 37~ 
pII 7.2). Inhibition was also observed when the 
transport of mesna was studied in erythrocytes sus- 
pended in plasma, Oxidation of mesna occurs under 
these conditions. 

This conversion of a substrate into an inhibitor by com- 
ponents of the plasma simply by oxidation seems to be 
the reason that the compound can reach the kidney with- 

out interfering with the antitumor effect of cytostatic 

agents. It is shown by Ormstad et al. (Cancer Res.1982, 
in press) that dimesna is taken up by the kidney and re- 
duced to mesna. Mesna is supposed to bind the renally 
excreted urotoxic metabolites of oxazaphosphorines. 

Institut fiir Pharmakologie und Toxikologie der Univer- 
sitar M~nchen, Nussbaumstr. 26, D-8000 Mfinchen 2. 
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MASS SPECTRAL STUDIES ABOUT THE METABOLISM OF 
DITAZOL IN MAN:: 

H. Maurer, I .  K le f f  and K. Pf leger  

Ditazol  ( 4 , 5 - D i p h e n y l - 2 - b i s ( 2 - h y d r o x y e t h y l ) -  
aminooxazol) was introduced as a p l a t e l e t  
aggregation i n h i b i t o r  with ant i in f lammatory  and 
analgesic p roper t ies .  Marchett i  et a l .  [ i ]  have 
described the metabolism in r a t ,  rabb i t  and man 
employing TLC, GC, PC, UV and radio a c t i v i t y  
measurements. They have i d e n t i f i e d  the fo l lowing 
metabol i tes in man: D i t a z o l ,  N - d e s a l k y l - d i t a z o l  
and benzyl .  
In addi t ion  we found employing mass spectrometry 
N , N - b i s d e s a l k y l - d i t a z o l ,  hydroxypheny l -d i tazo l ,  
N - d e s a l k y l - h y d r o x y p h e n y l - d i t a z o l ,  N ,N-b is -  
d e s a l k y l - h y d r o x y p h e n y l - d i t a z o l .  
METHODS: The s t u d i e s  were c a r r i e d  ou t  u s i n g  the 
u r i n e  o-f h e a l t h y  v o l u n t e e r s ,  which had taken  a 
single dose of 400 mg of d i t a z o l .  Af ter  enzyma- 
t i c  hydrolysis (B-glucuronidase and ary lsu lpha-  
tase) the urines were extracted twice with a 
mixture of two parts dichloromethane, two parts 
isopropanol and six parts e thy lace ta te  at a pH 
of about 8-9 .  The residue was acety la ted  (acet -  
anhydride in pyr id ine)  to improve the gas 
chromatographic v o l a t i l i t y  of the hydroxy and 
amino compounds. The acety la ted  ex t rac t  was 
analysed using a computerized gas chromatogra- 
phic-mass spectrometr ic technique (GC-MS- 
condit ions see Ref. [ 2 ] ) .  
REFERENCES: [1] E. Marchet t i ,  G. M a t t a l i a ,  and 
G. Bergesi (1973) Arzneim,-Forsch.  23: 1291-1295 
[2] H. Maurer and K. Pf leger  (1981) J. Chroma- 
togr .  222: 409-419.  

::This work is part  of  the MD thesis of  I .  K le f f .  

I n s t i t u t  fur  Pharmakologie und I o x i k o l o g i e  der 
U n i v e r s i t ~ t  des Saarlandes, D-6650 Homburg/Saar 
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ANTIDOTAL EFFECT OF ~ODIUM TEIOSULFATE (ST) ON FREE IONIC 
AND ON SODIUM NITROPRUSSIDE (SNP)-BOUND CYANIDE IN RABBITS 
J. Pill, P. Engeser and M. Hbbel 

SNP has a dose-dependent hypotensive effect, which disap- 
pears soon after stopping the infusion. This is explained 
by a rapid decay and/or decomposition of SNP (Smith, 
Kruszina, J. Pharmacol. exp. Ther. 191:557, 1974, Hbbel 
et al. Klin. Wochenschr. 56 (Suppl. I): 147 and 153, 1978). 
It is not known, however, whether iron and cyanide contai- 
ning complexes are generated as intermediates or complete 
decomposition to iron and cyanide ions in blood or vessels 
takes place. To clear up this question rabbits (group I) 
were infused with 7.5 mg/kg/h SNP (LD i00 61 min, Hbbel 
et al.) and with 31.25 mg/kg/h of the cyanide antidote ST 
and group II with comparable amounts of iron (FeSO4, IS), 
cyanide (NaCN) and ST. We observed pH, pCO 2 and base ex- 
cess (BE) in arterial blood as well as survival time ~§ t 

pH pCO 2 (mmHg) BE (retool/l) 

I before 7.44 + 0.026 32.6 + 1.34 -i.0 + 1.92 
(n=5) after 7.45 + 0.016 26.3 + 1.95 -4.3 + 0.90 

II before 7.46 + 0.013 28.9 + 1.89 -1.5 + 0.42 
(n=6) after 6.75 + 0.057 60.3 ~ 9.20 -30.9 ~ 2.74 

The animals in group I showed only slight changes in blood 
gas values and no changes in behaviour during 8 h infusion 
and 48 h observation period. In contrast, if cyanide is 
infused simultaneously with IS and ST the average survival 
time in group II was 66.7 + 13.8 min after starting the 
infusion. Severe metabolic~acidosis was observed in blood 
obtained by cardiac puncture post mortem. The different 
behaviour of free and complex bound cyanide leads to the 
conclusion that in SNP bound cyanide is not broken down in 
blood. These findings are compatible with plasma iron 
changes (Ebbel et al.). 

Department of Medical Research, Boehringer Mannheim GmbH 
SandhoferstraBe 116, D-6800 Mannheim 
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GENERATION AND FUNCTIONAL CHARACTERIZATION OF 
MONOCLONAL MOUSE ANTIBODIES AGAINST SURFACE ANTI- 
GENS OF RAT BASOPHILIC LEU�89 (RBL) CELLS. 
G. Micklefield, A. Bohn 

The close relationship between rat mast cells and 
rat basophillc leukaemis cells (RBL) as to IgE-re- 
ceptor binding end the presence of Fc~-receptors 
led us to generate monoclonal antibodies directed 
against cell surface antigens. Hybridomas were gene- 
rated by the fusion of NS-I mouse mveloma cells with 
murine spleen and lymphnode cells. The culture super- 
nstants were assayed bv two Eliss systems: I) for the 
production of mouse immunogiobuiin in general and 
2) for antibodies directed against surface antigens 
of RBL-celis. Therefore RBL-ceiIs were attached to 
polyvinyichIoride mlcrotlter piates. Nine hybrids 
produced antlbodies dirested against surface anti- 
gens of RBL-ceiis.Hybrids were cloned and charac- 
terized with regard to their isotype and iight 
chains. AII nine ciones secreted IgM with3E light 
chains. Monocionai antibodies were further purified 
by immunoadsorption. A immunofluorescence performed 
with RBL-ceiIs revealed, that eli nine antibodies 
are able to show s specific fluorescence. Further- 
more seven of these nine antibodles also show s 
specific fluorescence with purified rat mast cells. 
These seven antibodies were tested as to their 
abilit V of interacting with the IgE-receptor of 
RBL-cells and purified rat mast cells. Four of these 
seven antibodies inhibited the binding of radio- 
labelled rat IgE to rat mast cells; the inhibition 
rate ranged from qO to 70 percent. These four anti- 
bodies also revealed an inhibition of the passive 
cutaneous ansphvlaxis (PCA) reaction induced with 
mouse resginic serum. 
Lehrstuhl Medizinische Mikrobiologie und Immunologie, 
Ag. Infektabwehrmechanismen, Ruhr-Unlversit~t, 
4630 Bochum 
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SUBCELLULAR CHARACTERIZATION OF ENZYMES IN- 
VOLVED IN LEUKOTRIENE FORMATION WITHIN HUMAN 
POLYMORPHONUCLEAR GRANULOCYTES 

x x xO J. Brom , K.D. Bremm , B. Spur , A. Crea xO, 
W. K6nig 

We studied the enzymatic distribution of lipoxy- 
genase, S-glutathionyltransferase and L-gamma- 
glutamyl-transpeptidase within human granu- 
locytes. Cells were disrupted. Differential 
centrifugation was performed at 400-, 3000-, 
20000- and 200000xg (fractions I-5). Individual 
fractions were incubated with arachidonic acid 
(0.!@mM) in the presence of indomethacine 
(10 -M). Chemotactic and slow reacting sub- 
stance (SRS) -activity was recovered from 
fractions 4 and 5. S-glutathionyltransferase ac- 
tivity was determined with 1-chloro -2,4 dini- 
trobenzene (7,5mM) in the presence of gluta- 
thionine (30mM) or with synthetic LTA 4. Gamma- 
glutamyl-transpeptidase which transforms LTC 4 
to LTD 4 was determined using 7-amino-4-methyl- 
coumarlne as substrate. Gamma-glutamyltranspep- 
tidase activity was present in the 200000xg pre- 
cipitate while S-glutathionyl transferase was 
recovered from the 200000xg supernatant. By iso- 
pycnic sucrose-gradients the various enzymes 
(lipoxygenase, S-glutathionyltransferase, gamma- 
glutamyltranspeptidase) could be separated. Our 
results indicate a compartmentalisation of these 
enzymes involved in leukotriene formation 
within the cells. 
Lehrstuhl Med. Mikrobiologie und Immunologie, x 
Ag Infektabwehrmechanismen, Ruhr-Universit~t Bo. 
Universit~t D~sseldorf, Institut fur Chemie •176 
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IN VITRO STIMULATION OF MACROPHAGES BY BIOLOGICAL 
RESPONSE MODIFIERS (BRM) TO SECRETE COLONY STIMULATING 
FACTOR(S) AND PROSTAGLANDIN E. 
E. Schlick, K. Hartung, A. Bartocci and M.A. Chirigos 

In vitro growth and differentiation of bone marrow 
granulocyte-macrophage precursor cells in semisolid agar 
cultures requires the presence of colony stimulating 
factors (CSF). Prostaglandin E serves as a negative 
feedback regulator in this system. CSF and PgE are 
elaborated mainly by monocytes and macrophages. Here, 
we report the evidence of an augmented CSF and PgE 
secretion by macrophages after in vitro incubation with 
murine L-cell Interferon, Poly ICLC (Polyriboinosinic- 
polycytidylic acid poly-L-lysine), BM41.332 (2-nyan-l- 
[(2-methoxy-6-methyl-pyridin-3yl)-methyl]-aziridlne and 
LPS. Optimal effects with an up to 3-fold increase in 
CSF activity were obtained by incubating the cells with 
500 U/ml IF, 50 Bg/ml Poly ICLC, 25B~g/ml BM41.332 
or 10 Bg/ml LPS for 2 to 4 days. This effect was 
paralleled by a similar strong increase in PgB secretion. 
Time studies revealed a termination of the PgE secretion 
after 24 hrs, whereas the CSF secretion continued for up 
to 4 days. Histological examination of the colonies 
induced indicate the presence of at least two types of 
CSF. Incubation of macrophages for 3 days in the 
presence of neutralizing antibodies against murine 
L-cell IF abolished the CSF inducing effect of IF, but 
not of Poly ICLC or LPS. Other drugs tested (Diethyl- 
dithiocarbamate, Maleic anhydride divlnyl ether, 
Azimexone) failed to stimulate the in vitro secretion 
of CSF and PgE. The results indicate that some BRM not 
only stimulate macrophages to secrete the myelopoietic 
growth factor CSF, but also the inhibitor PgE. The 
increased CSF secretion does not appear to be associated 
with the ability of the active drugs to induce IF. 

l~munopharmaeology Section, Biological Research and 
Therapy Branch, DCT, National Cancer Institute, NIH, 
Frederick, MD. 21701, USA. 
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IMPROV~4ENT OF CORNEAL EPITHELIAL REPAIR BY BAY 0 8276, 
A NOVEL LIPOXYGENASE INHIBITOR AND ANTIINFLAMMATOEY 
AGENT 

M. M a r d i n  1 , W . - D .  B u s s e  1 , R .  G r ~ t z m a r m  ~ , R .  R o c h e l s  2 

Bay 0 8276 (N-1,2,4-Triazol-3-yl-p-chlorphenylsulfen- 
amid) inhibits the formation of lipoxygenase (LO) pro- 
ducts (5-HETE, 12-HETE, 15-HETE, LTB and its isomers) 
in rabbit and human PMN leukocytes a~ concentrations of 
1-10 ~g/ml as shown by the HPLC-analysis of the metaho- 
lites. Its selectivity towards lipoxygenase (LO) 
pathway seems to be more pronounced than the references 
NDGA and phenidone. This was demonstrated with human 
platelet~ showing that Bay 0 8276 inhibits the conver- 
sion of H-arachidonic acid to 12-HETE more effectively 
than to HHT and TXB~ at concentrations of 1-10 ~g/ml, as 
detected by thinlay~r radiochromatography. In a model 
of corneal re-epithelialisation in New Zealand rabbits, 
the effect of Bay 0 8276 on leukocyte infiltration and 
epithelial repair was investigated by histological de- 
terminations after abrasio corneas. Upon daily topical 
application of a I% solution of the compound in Tween 80 
a complete repair of epithelium was achieved after 2.5 
days. The control as well as the CO inhibitor indometha- 
ein (1%) treated groups (n=5 each group) on the other 
hand showed a significant longer duration of the epithe- 
lium regeneration of approx. 5 days. It was also demon- 
strated that the infiltration of PMNs into the injured 
areas was reduced by the treatment with Bay 0 8276 hut 
increased by indomethacin. The results indicate that 
leukocyte infiltration may play an important role in 
corneal inflammation which is effectively inhibited by 
the LO-inhibitor Bay 0 8276. 

1) Institut f~r Pharmakologie, Bayer AG, 56 Wuppertal I 
2) Universit&tsaugenklinik, Langenbeckstr. I, 65 Mainz 
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RATE OF PROSTAGLANDIN SYNTHESIS IN VARIOUS CELLS IS NOT 
COIkiTI~OT,T,~IF) BY PHOSPHOLIPASE A ACTIVITY BUT BY REINCOR- 
PORATION OF RELEASED FATI~ ACIDS INTO PHOSPHOLIPIDS 

C. F. K~rner, G. Hausmann, D. Gemsa and K. Resch 

The arachidonic acid (AA) metabolism has been studied in 
isolated rat thymocytes and rat peritoneal macrophages. 
Resting and growth stimulated rat thymocytes preferred 
]4C-AA incorporation into membrane ph~spholipids, a sig- 
nificant conversion to prostaglandins (PG) was not found. 
Rat peritoneal macrophages known to release large amounts 
of PG's in response to various stimuli shc~4ed an increase 
of 14C-AA conversion to PG's when stimulated by zymosan 
particles, whereas 14C-AA incorporation into phospholi- 
pids was not affected or decreased. 
Inhibition of lysophosphatide acyltransferase (LAT) by 50 
~Mol/l merthiolate led to an increase of all determined 
PG's (P(~2' PGF2~' TXB2' 6-ket~ in stimulated, as 
well as in unstimulated rat thyr~es and peritoneal 
macrophages. This augmentation of PG production was more 
than two fold and showed a maximu~ within 60 rain. 
In order to proof these results on endogenously produced 
PG's we chose the same incubation procedures without 
adding 14C-AA. PG's were measured in cell supernatants 
by radio~oassay methods. PG's formed from en~dogenous- 
ly released arachidonic acid increased up to seven fold 
when LAT was inhibited. 
These results suggest that the amount of endogenous PG's 
is not controlled by phospholipase A 2 activity but rather 
by LAT activity regulating the substrate concentration 
for the cyclooxygenase and probably lipoxygenase path- 
ways. It is generally accepted that release of arachido- 
nic acid from cellular phospholipids is the rate limiting 
step in prostaglandin synthesis. 

Medizinische Hochschule Hannover, Zentram Pharmakologie 
und Toxikologie, Abt. Molekularpharmakologie, 
D-3000 Hannover 61, FRG 
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RELEASE OF SLOW-REACTING SUBSTANCE OF ANAPHYLAXIS (SRS-A) 
FR(I~ GUINEA PIG COLON. 
R.H. W~ibling, U. Aehringhaus, K. Morgenroth, 
B.M. PesKar and B.A. Peskar 

SRS-A, now known to consist of a mixture of leukotrienes 
(LT), is a potential mediator of inflanmatory reactions. 
We have investigated the release of SRS-A from guinea 
pig colon. The colon of ovalbumin-sensitized guinea pigs 
was separated into mucosa, muscularis propria and sub- 
serosa as confirmed histologically. The tissues were 
preincuOated in Tyrode solution at 37 ~ C for 5 rain and 
then challenged by the addition of ovalbt~nin (I mg/ml). 
Incubation was continued in the presence of the antigen 
for 2o rain. SRS-A in the incubates was determined by 
bioassay using the isolated guinea pig ilet~ and results 
were expressed in terms of histamine equivalents (HE). 
Data on SRS-A release were confirmed using a radioinmuno- 
assay for LTC4 (Aehringhaus et al., FEBS Letters 146, 
111, 1982). No SRS-A was released from the colonic 
tissues during the preincubation period, but considerable 
amounts (o.52 + o.09 HE/g wet weight/2o rain,mean + S.E.M., 
n = 17) were found in mucosal incubates after challenge. 
Much smaller amounts of SRS-A were released from chall~- 
ged subserosa and muscularis. The biological activity of 
the SRS-A formed could be antagonized by the SRS-A ant- 
agonist FPL55712 (sediam 7- (3- (4-acetyl-3-hydroxy-2-pro- 
pyl-phenoxy) - 2-hydroxy-propxy- 4-oxo- 8-propyl- 4H-benzo- 
pyran-2-carboxylate). Furthermore, the dual inhibitor of 
cyclooxygenase and lipox~ygenase BW755C (3-amino-l-(3-tri- 
fluoromethylphenyl-2-pyrazoline hydrochloride) abolished 
release of biologically active SRS-A and inwnunereactive 
LTC4. The results suggest that SRS-A synthesized in the 
mucosa may play a role as mediator of colonic inflammato i 
ry reactions, particularly those of ~ological etiolo- 
gy. 
Department of Pharmacology and Toxicology and Dep6urtn~nt 
of Pathology, Rnhr-Universit~t Bochom, and Department of 
Gastroenterology, University Essen. 
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HISTAMINE RELEASE: EFFECTS OF CLOXACEPRIDE, A 
CALMODULIN-ANTAGONIST, ON MAST CELLS 

E. S~nchez-Delgado and G. Metz 

Since the discovery of cromoglycic acid (DSCG), 
the substances that inhibit the release of me- 
diators from mast cells have a key position in 
the therapy of immediate hypersensitivity disea- 
ses. In this 6ontext we tested the potential an- 
tiallergic properties of cloxacepride. Isolated 
rat mast cells were preincubated 5 min at 37~ 
with different concentrations of cloxacepride. 
Then the degranulating agent (compound 48/80, 
1~g/ml)was added and the samples were incubated 
for further 5 min. The released histamine was 
assayed fluorometrically. For comparison the 
same was done with DSCG and ketotifen. 

Cloxacepride inhibited significantly rat mast 
cells secretion with an IC~^ of 52 ~M In other 

D 
experiments we found that c~oxacepride inhibits 
the calmodulin-dependent activity of the phos- 
phodiesterase. It is known that the elevation of 
c-AMP in the mast cells inhibits histamine re- 
lease. This could explain the action of cloxa- 
cepride as histamine release inhibitor. Other 
calmodulin-dependent functions could also be in- 
volved. Other effects of cloxacepride and their 
possible explanation will be discussed. 

*Abt. Pharmakologie & Toxikologie der Universi- 
t~t Ulm, Oberer Eselsberg, D-7900 Ulm. 
** Abt. Forschung und Entwicklung, Merckle GmbH, 
D-7902 Blaubeuren. 
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D~v~ERVATION INCRF~SES TI~ SENSITIVITY OF RAT SKELETAL 

~,CCSCLE TO ATX-T~" 

I. TESSERAUX A~D J. B. HARRIS 

ATX--T~" From anemonia sulcata depolarises manm~lian slow- 

twitch muscle fibres and prolongs the muscle fibre action 

potential (Alsen, Y~rris and Tesseraux, Br. J. pharmac., 

1971, 74, 61-71 ). Fast-twitch muscle fibres are relative- 

]y insensitive to ATX-~-~ (Harris and Pollard, Br. J. Ph~r- 

mac., 1981 , 74, 249P). Ibcperiments were designed t0 see 

if the removal of a neural influence results in a rat 

fast-twitch muscle becoming sensitive to the toxin. 

Denervation rendered soleus muscle fibres slightly more 

sensitive to ATX- , threshold concentration falling from 

I0-7M to 3 x I0-9M. The chZnge in sensitivity of EDL was 

much greater, the threshold concentration falling from 

I0-6~,I to 3 x I0--9M. 

The proportion of EDL fibres exhibiting prolonged action 

potentials after ATX-I___~ (I0-8~[) increased with time foll- 

owing denervation over the period of 3-8 days; there was 

no correlation between action potential duration and time 

after denerv~tion in individual "muscle fibres. 

The effects of the toxin were l[a + dependent, enhanced by 

high frequency stimulation (50 pulses at 10 ~) and 

readily reversed by w~shing the affected muscles. 

~,~uscular Dystrophy Group laboratories 
~ewcastle General Hospital 
Newcastle upon Tyne NE4 6BE England 
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THE ENRICHMENT OF VOLATILES FOR TOXICOLOGICAL 

AND ENVIRONMENTAL TRACE ANALYSIS 

W.D0nges 

The determination of further, not yet identified 
compounds is important in toxicological and 
environmental research. Volatile organics in 
ground and surface water are part of this 
"pool of unknowns" which threatens one of our 
most vital resources. 

Even with most sensitive instruments as capil- 
Iary-GC/MS in most cases enrichment is necessa- 
ry for the analysis of environmental toxicants. 
Acetone solutions could be concentrated under 
partial reflux -see W.DOnges, "Pr~-chromatogra- 
phische Mikromethoden", Heidelberg, 1979- if 
the solutes had boiling points above 140~ 

Experimental conditions have now been establish- 
ed for the investigation of lower boiling solu- 
tions. For instance 1OO ng of toluene in 2 ml 
of n-pentane were retained quantitatively as the 
solvent was evaporated to 5 ~i; so far end vo- 
lumes had to be above 200 ~i because of losses. 

The search for volatile unknowns is thus faci- 
litated greatly as e.g. extracts from water can 
be enriched to much higher extent. 

AuSenstelle Frankfurt des Instituts for Wasser-, 
Boden- und Lufthygiene (Institutsleiter Prof. 
Dr.K.Aurand) Kennedyallee 97 D-6OOO Frankfurt/M 
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ON THE IMPORTANCE 0F FUNCTIONAL AND ~EHAVIORAL 
TESTS DURING THE POSTPARTAL DEVELOPMENT OF 
RATS. H. Frohberg, J.Gleich and H.D. Unkelbaeh 

Reproductive toxicity studies include - apart 
from the parameters usually examined in toxici- 
ty studies, e.g. survivability, body weight de- 
velopment, and food consumption - also para- 
meters on the physical and functional develop- 
ment. In addition, the behavior in the open 
field, locomotion and learning behavior are 
tested. It was the aim of the present investi- 
gation to find out the amount of additional 
information gathered from these extensive 
tests. For this purpose the following investi- 
gations were carried out: 

I. Restriction of food (50 %) during gestation, 
with and without restriction to 8 offspring/ 
litter after birth; 

2. Administration of vitamin-A-acid, a well- 
known teratogen, during organogenesis; 

~.+~. Administration of biphenylethinylcarbi- 
nol, a nonsteroidal antiphlogistie, and of 
fencamfamin, a psychostimulant, from days 
15 post conceptionem to 21 post partum. 

The total of the parameters on the functional 
and physical development of the offspring was 
compared with the parameter body weight deve- 
lopment of the offspring and the influence of 
the individual treatments on the mothers. 

The body weight development of the offspring 
resulted to be the most sensitive of all para- 
meters tested. 

Hauptleitung Medizin/Institut f~r Toxikologie, 
E. Merck, Frankfurter StraBe 250, 
D-6100 Darmstadt 
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~ ' ~ c T  OF IONIC ENVIROR~J~2 ON THE ACTION OF A PSEUDOMONAS 
AERUGINOSA CYTOTOXIN (PAC) ON EHRLICH ASCITES TUMOR CF~.T.q 
E.Weigert and F.Lutz 

Ionic groups are involved in molecular interactions bet- 
ween membranes and proteins. We tested whether changes of 
the ionic composition of the incubation medium might influ- 
ence the binding of PAC (IEPs:5.0-6.4) to plasma membranes 
from Ehrlich cells and its toxicity against the cells. 
The enzymatically iodinated PAC was bound to isolated plas- 
ma membranes (prepared according to M.S.Kilberg and H.N. 
Christensen, Biochemistry 18:1525,1979) to an extent of 
1.5 ~g/100 ~g of membranes in TRIS buffer pH 7.4 within a 
few min and without saturation characteristics. The bin- 
ding showed only a small dependence on temperature. At pH 
5. I the binding was increased threefold and it decreased 
to about 50% at pH 8.0. 
Ehrlich cells suspended in PBS pH 7.4 (3xiO 7 cells/el, pre- 
pared 7-15 days after transplantation into HAN-NMRI mice) 
released 8.6, 17 and 42 r~aol/l of cellular K + within I .5, 
5 and 60 min, respectively, at incubation with PAC at a 
conc. of 5 ~g/mi at 37oc. The respective Na + uptake was 
7.8, 15 and 46 ranol/l. Addition of NH4CI in the range of 
r~nol/l to the medium resulted in an enhancement of the 
breakdown of the cellular cationic gradient depending on 
concentration and time of addition. 20 mmol/l NH4CI added 
before or simultaneously with the PAC caused a doubling of 
toxicity. The PAC toxicity was also changed by varying the 
pH of the incubation medium. 50% of cellular cationic gra- 
dient breakdown within 60 min was found at toxin conc. of 
0.27, 6.5 and 34 ~g/mi at pH 5.1, 7.4 and 8.0, respective- 
ly. Ruthenium red (50 ~mol/l) caused a noderate inhibiti- 
on of cationic breakdown. Cepharanthine (100 p/nol/l) and 
A23187 (50 ~mol/l) were without influence on PAC toxicity. 

We conclude from these experiments that the negative char- 
ge of the cell surface at physiological pH is an impedi- 
ment for the interaction of the negatively charged PAC with 
Ehrlich cells. 
Institut fiir Pharmakologie und Toxikologie der Universitlit, 
Frankfurter StraSe 107, D-6300 Giessen, F.R.G. 
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IN VITRO EFFECT OF DITHIOCARBAMATES OR TETRA- 
ZOLE THIOL - CONTAINING BETA - LACTAM ANTIBIOTICS 
ON ALCOHOL DEHYDROGENASE 

E. Schreiner, U. Christmann-Kleiss, K. 3. Freundt 

Certain dithiocarbamates (DTCs) (fungicides, rubber accelera- 
tors, alcohol deterrent) may impair ethanol elimination from 
blood in the laboratory rat (Freundt, K. 3 ,  Netz, H.: Arzneimit-  
tel-Forsch. 27 / 1977 / 105-108) or in man (Peachey, 3.E.: 
Lancet i981-- , I , 9/45 - 9/44). In the present investigations, 
enzyme preparations purified from livers of adult, female 
Wistar rats were used to study the influence of various DTCs on 
alcohol dehydrogenase (ADH). The inhibition of ADH induced by 
dimethyldithiocarbamate, diethyldithioearbamate, and Maneb 
depending on ethanol as the variable-~substrate only became 
significant at concentrations of 10- -M and above, or in the 
ease of tetramethylthiuram disufilde, tetreet~ylthiurem disul- 
fide or tetremethylthiuram monosulfide at 10- M. In contrast, 
CS 2 (metebolite of D T-~s), Ziram or Zineb had no ef fect  even at 
concentrations of 10---M. Depending on NAD as the variable 
substrata, all agents studied inhibited ADH at concentrations of 
10- M upwards, whereas the same concentration of CS 2 or 
Ziram did not cause inhibition. The inhibition was maqnly 
noncompetitive. Ineffectiveness of the DTC-Zn compounds 
(Ziram, Zineb) and CS 2 points to chelate binding of cofactor Zn 
to the monomeric DTCs as the cause. Beta-lactam antibiotics 
(BLAs) with a tetrazole th[o| group (NCS structure analogous to 
that of D.TCs), i. e. MOX, _C~D, CPZ, CTM, did not inhibit ADH 
at concentrations of 10-" ~ with ethanol or NAD as the 
~ariable substrata. Using 10- M of the part icular BLAs, very 
mild inhibition was suggested. This finding rules out a part ic i-  
pation of ADH in BLA-induced alcohol intolerance. 

(The investigations with DTCs were supported by the "Haupt- 
~erband der gewerbliehen Berufsgenossensehaften e.V." in 
Bonn-Bad Godesberg / FRG). 

Institute of Pharmacology and Toxicology, Faculty of Clinical 
Medicine Mannheim, University of Heidelberg, MaybachstreBe 
14 - 16, D-6808 Mannheim 1 / FRQ 
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VIABILITY OF JEJUNAL MUCOSA CELLS ISOLATED FROM 
CHRONICALLY ETHANOL-TREATED GUINEA PIGS 

E. Hegazy , M. Lecher 

It is well known that ethanol exhibits direct 
toxic effects on various functions of the intes- 
tinal mucosa. It is less known whether chronic 
ethanol treatment affects the viability of mu- 
cosacells in the upper gastrointestinal tract. 

Three groups of male guinea pigs (5 per group) 
were used. All animals had free access to stan- 
dard chow. Control group i obtained water ad 
libitum, control group 2 an aqueous sucrose so- 
lution (5%) and the test group obtained aqueous 
solutions with stepwise increasing ethanol con- 
centrations (from 5% to 15% in 6 weeks, then 15% 
for another 6 weeks). Before sacrifieation (af- 
ter 12 weeks) the mean body weights were 611 g 
(control 1), 709 g (control 2) and 489 g (test 
group). 

Jejunal cells were isolated as described (Hegazy 
et al., Eur. J. Cell Biol. in press). Cell 
viabilities, as measured by trypane blue exclu- 
sion, LDH-release, oxygen consumption rates and 
mitochondrial energetic coupling were identical 
in all 3 groups. However, cells from chronically 
ethanol treated animals were more susceptible to 
the direct toxic effects of ethanolj added to 
the incubate. Furthermore, hydroxycumarin con- 
jugation and ethoxycumarin hydroxylation rates 
were higher in control 2 (180% and 160%) and 
test group (164% and 260%) than in the control I. 

Thus chronic ethanol treatment had no effect on 
the basic viability of jejunal mucosa cells~ but 
it exhibited a clear inducing effect on the mi- 
crosomal drug metabolizing activities. 

Inst. of Toxicology, University, 7400 Tfibingen 

466 
INHIBITION OF THE ULCEROGENIC ACTIVITY OF SOME 
NONSTEROIDAL ANTIINFLAM~a~TORY DRUGS BY 
DITHIOCARB 
R. Hoppenkamps, O. Strubelt, H. Pentz 

Sulfhydryl-containing chemicals like cysteine or 
cysteamine protect the gastric mucosa against 
the ulcerogenic activity of nonsteroidal anti- 
rheumatics (NSA) (I). Dithiocarb (DTC), a thio 
compound with a low toxicity, in a dose of 100 
mg/kg i.p. also inhibited the development of 
gastric lesions induced by phenylbutazone, indo- 
metacin, flufenamic acid, and diclofenac, but 
did not significantly attenuate those induced by 
aspirin, paracetamol, or piroxicam. DTC caused 
an increase in the rat stomach volume and in the 
amounts of phenylbutazone remaining in the stom- 
ach 4 hr after treatment, whilst the plasma lev- 
els of phenylbutazone were 3 times lower in the 
DTC-treated rats than in the controls. The con- 
centration of phenylbutazone in the stomach con- 
tents did not change significantly after DTC 
treatment, suggesting that the gastric lesions 
caused by phenylbutazone are mainly due to the 
systemic action of this substance. The pharmaco- 
kinetics of paracetamol, however, were not sig- 
nificantly influenced by DTC. 
Thus the protective effect of DTC against NSA- 
induced gastric lesions seems to be rather a 
pharmacokinetic than a pharmacodynamic one. The 
protective role of GSH and cysteine depends on 
a different mechanism of action, because these 
thio compounds had no influence on the absorp- 
tion of phenylbutazone. 
(I) Hoppenkamps and Strubelt, Arch. Pharmacol. 
316, Suppl. R 18, 1981. 

Institut fur Toxikologie der Medizinischen Hoch- 
schule L~beck, D-2400 L~beck (FRG) 
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OTOTOXIC SIDE EFFECT OF LOOP DIURETICS: 
FUROSEMIDE, PIRETANIDE, BIRVGTANIDE, AZOSEMIDE AND 
OZOLINONE IN THE CAT. 

R. Klinke, K.-H. Gbttl, A. Roesch 

R l 1 7  

Ototoxic side effects of Furosemide (FUR), Piretanide (PIR) 
and Bumetanide (BUM) were compared in cats. The comparison 
was based on determination of ED for a defined hearing 

�9 50 
loss, namely complete suppresslon of the compound action 
potential (CAP) of the auditory nerve, elicited by clicks 
30 dB above threshold. Recovery functions of CAP and serum 
levels of the drugs were additionally determined and eva- 
luated. ED were 19.20 mg/kg for FUR; 4,37 mg/kg for PIR 
and 2.21 m~kg for BUM. As mean equipotent diuretic doses 
were 2.61 mg/kg for FUR, 0.26 mg/kg for PIR and ].16 mg/kg 
for BUM it becomes clear that PIR has more than twice the 
therapeutic range of FUR whereas BUM only has 0.26 the 
therapeutic range of FUR. After application of doses near 

recovery of CAP to 50% of the control takes less than 
~]~9 an hour with FUR and PIR whereas it takes nearly ten- 
times as long with BUM. Serum levels were determined when 
recovery of CAP to the 50% value had occurred. If the dose 
applied was not greater than 1.5.ED~ the 50% CAP recovery 
occurred when FUR and PIR serum lev~s had dropped to about 
65% of the initial value. With BUM a decrease of serum le- 
vel to 10% was necessary before the 50% CAP recovery could 
be observed. This may be an indication that BUM may be more 
retained in the cochlear spaces than FUR and PIR. 
Slow application of the drugs reduce the risk of ototoxic 
side effects. 
Azosemide (AZO) and Ozolinone (OZO) were tested qualitative- 
ly. EDb~ for AZO is <10 mg/kg. With OZO the diuretic _u 
(-)OZO is also ototoxic. The (+)OZO has no diuretic effect 
and is not ototoxic, 

Zentrum der Physiologie, Theodor-Stern-Kai 7 
D-60OO Frankfurt/Main 70, Germany 

"Ototoxische Nebenwirkungen yon Snhleifendiuretika: Furosemid, 
Piretanid, Bumetanid, Azosemid und Ozolinon bei der Katze". 

468 
STOP-FLOW INVESTIGATIONS, IN THE RAT, OF THE TARGET OF 
RENAL ATTACK BY a-AMANITIN AND OF THE ANTAGONIZATION 
BY SILYMARIN. 
G. VOGEL and I. GEORGE 

a-Amanitin, from the deathcap fungus (Amanita phalloides 
Fries.), leads to renal damage. Previous investigations 
have revealed: increase in plasma urea level, reduction 
of the GFR, reduction in the absolute and fractional 
absorption of water, Na + and glucose, as well as a 
drastic reduction in the PAH clearance (Agents and 
Actions 9, 22] (1979)). The investigations now pre- 
sented consisted of: 4 mg/kg a-amanitin i.p., treatment 
with silymarin, IOO mg/kg i.v. I hour before poisoning 
with a-amanitin, ca. 64 hours later stop-flow investi- 
gation under mannitol diuresis, 20 urine samples of ca, 
30 ~i per kidney. After Q-amanitin: the urine creati- 
nine concentration is halved and the typical concentra- 
tion maximum in the 7th and 8th urine samples disap- 
pears. Silymarin causes a partial approximation to the 
normal concentration profile. The picture for Na + is 
a mirror image of the ereatinine pattern. Intact 
animals exhibit a K + minimum in the ~Oth sample: 
a-amanitin inverts the profile so that there are concen- 
tration maxima in samples 7-10. The distal PAH concen- 
tration maximum almost wholly disappears with a-amanitin, 
which does not affect the shape of the urea concentra- 
tion profile. As far as can be deduced from the stop- 
flow curves, a-amanitin affects both the distal and the 
proximal active transports; passive transport of sub- 
stances remains unaffected. On treatment with silymarin 
all parameters either undergo a normalization of their 
measured concentration profiles or a displacement in 
the direction of normality. 

Department of Pharmacology Dr. Madaus & Co. 
Ostmerheimer StraBe 198 
D-5000 Cologne 91 
Federal German Republic. 
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HEPATIC METALLOTHIONEIN INDUCTION BY CARBON TE- 
TRACHLORIDE: INTRACELLULAR REDISTRIBUTION OF ZINC 
H.E. Heilmaier and K.H. Summer 

Metallothionein (MT), a unique protein of low mo- 
lecular weight and high cysteine and metal con- 
tent, can be induced by several factors including 
metals, hormones, various stresses and organic 
chemicals like diethylmaleate, iodoacetate and 
carbon tetrachloride (CC14). Zinc is required for 
these elevations since MT levels have been shown 
to be not increased in zinc-deficient animals. 
In the present study we investigated the redis- 
tribution of intracellular zinc and the changes 
in the ratio of MT- and glutathione(GSH)-derived 
sulfhydryl groups in mouse liver due to pretreat- 
ment with CCI 4 in vivo. 
Single i.p. adm]-nis--t~tion of CCI 4 (0.4 and 2 ml/ 
kg bw) increased mouse hepatic MT up to 23 nmol/g 
ww. This could be demonstrated either by the ana- 
lysis of the cytosolic zinc- or sulfhydryl-con- 
tent. Eighteen hours after CCl4-treatment cel- 
lular GSH was depleted by 80%. 
Consequently, the ratio of MT- and GSH-derived 
sulfhydryl groups rose from 0.03 to 0.6. Under 
these conditions, electrophilic metabolites of 
CCI 4 might increasingly be sequestered by MT. 
After the administration of CCI 4 the zinc-content 
of liver and hepatic cytosol remained unchanged. 
However, a decline of zinc occured in the cytoso- 
lic high molecular weight proteins (MW > 10 000) 
which fully accounted for the zinc increase in 
the cytosolic low molecular weight metallothio- 
nein. Concomitantly, the hepatic activity of the 
zinc-containing alcohol dehydrogenase (MW 83 000) 
was inhibited by 40%. 
These results suggest that the CCI. -induced re- 
. . . . .  4 

dlstrlbutlon of intracellular zlnc - although ne- 
cessary for MT induction - might be fatal. 

Inst. Toxicol. Biochem., GSF, D-8042 Neuherberg 

471 
COMPARATIVE EVALUATION OF THE HEPATOTOXICITY OF 
TETRACYCLINE IN OLD AND MEDIUM-AGED FEMALE MICE 
G. Hopf 

Earlier studies on mice gave~ evidence for an 
age-sex-d~pendency of the hepatotoxicity of 
tetracycline. Recent investigations by B~cker 
et al (unpublished) have demonstrated that the 
body distribution of tetracycline in mice is 
also sex an~ age dependent: tetracycline accu- 
mulates in the livers of old mice to a much 
lower degree than in the livers of medium-aged 
animals. 
In'order to elucidate whether this difference 
in drug distribution is reflected by a lower 
hepatotoxicity in old individuals we have com- 
paratively measured the effects of tetracycline 
(100 ~g/g i.v.) on some parameters representing 
liver function in female mice of 18-22 and ca 
3-6 months of age. It appeared that in the 
senescent mice most parameters were less affect- 
ed by tetracycline: e.g. the accumulation of 
triglycerides and cholesterol in the liver and 
the increase of serum transaminases were less 
pronounced. On the other hand, the serum urea 
level which is dependent also on renal function 
rose higher in the old group. 

Institut fur Pharmakologie und Toxikologie der 
Universit~t, Universit~tsstraBe 22 
D 8520 Erlangen 

470 
GLUTATHIONE PEROXIDASE AND GLUTATHIONE S-TRANSFERASE IN 
BLOOD PLATELETS FROM CHILDREN WITH DIFFERENT SE STATES 

H.Menzel, G. Steiner and I.Lombeck 

The Se content of human platelets is 3-4 times higher than 
that of erythrocytes (ref. to w.wt.). The activity of the 
Se-Glutathione peroxidase (Se-GSHPx) shows about the same 
relation. 
5 patients (4-8 years old) with low Se intake, due to die- 
tary treatment of phenylketonuria (PKU) or maple syrup ur~ 
ne disease (MSUD), revealed a low Se state. It was invest~ 
gated if during Se supplementation there was a change of 
Se-GSHPx activity in platelets and plasma because of the 
importance of this enzyme for the hydroperoxide metabolism. 

During administration of yeast rich in Se (dosis 75-100 pg 
Se/d) for 17-23 weeks, a rapid increase of Se-GSHPx in 
plasma (2 days) and platelets (7 days) occurred. The values 
in plasma and platelets reached a plateau within I-3 weeks. 
2-3 weeks respectively. After the end of the supplementa- 
tion there was a slow decrease. The activities in plate- 
lets reached a low plateau again after 24 weeks. Gluta- 
thione S-transferase (GSHTf) measured with ]-chloro-2,4- 
dinitrobenzene did not show a significant difference be- 
tween platelets of healthy and dietetically treated pa- 
tients and could not be detected in plasma. 
Though in rat liver non-Se-GSHPx compensates Se-GSHPx ac- 
tivity during Se deficiency, in the patients platelet 
GSHTf did not change in different Se states and failed to 
exhibit GSHPx activity. 
The absence of a non-Se-GSHPx and the dependence of GSHPx 
activity on the Se state, stress the importance of Se for 
hydroperoxide metabolism in platelets. 

472  

COENZiq~A DEPLETION BY VINYLCHLORYDE~ETABOLITES 

P. Simon and H.M. Bolt 

Based on preliminary investigations we have advanced the 
theory that alkylation of coenzyme A byreactive metab- 
elites of various xenobiotics leads to disturbances of 
carbohydrate and fatty acid metabolism (Biological 
Reactive Intermediates II, p. 667, 1982); as a result 
an enhancedformation of acetone is observed (Arch. 
Toxicol. 49, 107, 1982). In order to chemically establish 
this reacti---on and depletion of coenzym~ A by metabolites 
of vinyl chloride we have incubated 1,2 -I 4c-vinyl chlo- 
ride (substrate saturation) with NADPH, rat liver micro- 
somes and 3H-labelled CoA. Control incubations did not 
contain NADPH or vinyl chloride. The reaction mixtures, 
after protein ~recipitation with ethanol, were subjected 
to HPLC on RP-18. From control incubations 25 % of the 
total CoA could be recovered in the reduced form. In 
presence of NADPH and vinyl chloride 3 doubly labelled 
peaks were eluted from the coltm~n; the isotope ratio 
(14C/3H as introduced into the incubation) was 2:1 in 
one and I :I in two other products. This demonstrates 
inactivation of CoAby vinyl chloride metabolites in vi- 
tro. 9klrther experiments were designed to demonstrate 
CoA depletion in vivo. After exposure of male Sprague- 
Dawley rats for 14 h to 2,500 ppmvinyl chloride analyses 
of both mitochrondrial and cytosolic CoAwere performed. 
An HPLC method for CoA analysis was developed for this 
purpose. It was evident that depletion of CoA in both 
intracellularpoolswas disproportional in thatvinyl 
chloride exposure led to CoA depression only in the 
cytosol. Mitochondrial CoAwas not affected. These data 
strongly support the above mentionedtheorywhich ex- 
plains the increased formation of acetone on the basis 
of cytosolic CoA depletion. 

Abt. Toxikologie, Pharmakologisches Institut, 
Institute of Toxicology, University of D~sseldorf, Obere Zahlbacher Str. 67, 6500 Mainz 
Moorenstr. 5, 4000 D~seeldorf 
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473 
A SIMPLE METHOD FOR MONITORING LIPID PEROXIDA- 

TION IN THE ISOLATED PERFUSED RAT LIVER. 
A. HASHEM AND F.R. UNGEMACH 

It has been well established,that the peroxidation of mem- 
brane phospholipids is a main primary mechanism through 
which a variety of agents exert their toxicity.In isolated 
cells,tissue ho~ogenates and subcellular organells,this 
process can be easily and directly monitored [e.g by follow- 
ing the formation of Malendialdehyde(t,~3A)or measure~nt of 
conjugated dienes in the lipid extracts] .In the isolated 
perfused organs ,however,the monitoring of the l ipoperoxi- 
dative process(L.P.)is rather troublesome.Apart from two 
recent approaches,in which either chemiluminescence or the 
evolution of volatile short chained hydrocarbons respect- 
ivly have been measured,the evaluation of L.P. ms only 
possible after ceasing the perfusion and homogenising the 
organ,making it difficult to determine the time course of 
the process.In the isolated perfused rat liver [closed re- 
circulating mode]we could extract a substance released by 
the liver into the effluent perfusate,which,like peroxid- 
sed fatty acids,absorbs in the region of 232-235 nm.Furth- 
ernore we could monitor the formation of ~,~3A in the perfu- 
sate by an Iron-catalysed TBA-reaction.Using Paraquat,CBrCl~ 

%3 . . ~' ADP.Fe ,Ethanol and FeCl2as inducLng agents,we could obse- 
rve a well correlation between the release of this U.V. 
absorbing material and the far,aLiGn of 9.~3A,both increasing 
4-5 fold above the control values.A responce as early as 
10 minutes after infusion of the inducing agent could be 
observed.An effect on the bile flow could also be shown 
with some of the inducing agents,while with others the bile 
flow has not been affected.With this model,it is possible 
to follow the early events of L.P. and its tinge course 
throughout the whole perfusion period[up to 3 Hours]. 
Attempts will be made to characterise the nature of this 
U.V. absorbing substance,which is supposed to be a lipoper- 
oxidative breakdown product with diene configuration. 

Institut fiir Pharmakologie und Toxikolegie.FB Tiern~dizib 
Veterin~rstr,13 D-8000 Mdnchen 22 

475 

INFLUENCE OF LIVER TUMOR PROMOTERS ON CELL DEATH BY 
APOPTOSIS IN RAT LIVER 
W. Bursch, and B. Louer 

Liver tumor promoters (cyproterone acetate (CPA), 
phenobarbital) induce liver growth in adolescent rats. 

Rat liver enlargement after CPA is essentially due to 

parenchymal cell replication and is thought to be an 

adaptation to the functional load imposed on the or- 

gan. Continuous CPA treatment leads to a 0ew steady 

state of liver size and liver DNA (cell) content at a 

higher level. Cessation of treatment causes a partial 

regression of the DNA surplus within a few days, in- 

dicating death of cells. Histological investigation 

of the involuting liver revealed no necroses. Instead, 

apoptosis appears %0 be the predominant mechanism of 
cell elimination during de-adaptation of liver size. 

The incidence of apoptoses can be modified by signals 

provided by feeding. 
Continuous 3H-TdR infusion during CPA treatment was 
used to d i f f e ren t i a t e  between p r o l i f e r a t i n g ( l a b e l l e d )  
and non-pro l i fe ra t ing  (unlabel led) hepatocytes. During 
l i v e r  invo lu t ion ,  no label led apoptot ic hepatocytes 
were found. Obviously, those hepatocytes which under- 
go apoptosis did not p ro l i f e ra te  during treatment and, 
therefore,  appear %o be in the stage of terminal 
d i f f e ren t i a t i on  (GT) , i . e .  they may be programmed for  
death. 
Apoptosis is also observed in pu ta t i ve ly  preneoplastic 
lesions in rat  l i v e r .  The incidence of apoptoses in 
these lesions can be modified by l i v e r  tumor promotem. 

Inst i tu% fur Toxlkologie und Pharmakologie der Unl- 
ve rs i t~ t  Marburg, P i lgr imste in  2, D-355o Marburg/Lahn 

474 
DOSE-RESPONSE CHARACTERISTICS OF CHEMICAL CARCINOGENESIS 
AND TUMOUR PROMOTION 
H.A. Tennekes, L. Edler and H.W. Kunz 

Druckrey and his associates have established clear dose- 
response relationships for a variety of carcinogenic che- 
micals. These investigations demonstrated that the effects 
of carcinogens are irreversible and cumulative in nature. 
Moreover, there does not appear to be a threshold level 
for carcinogenic action. The present investigations have 
been focussed on the hypothesis that enhancers of carcino- 
genesis could exhibit different dose-response characteri- 
stics. Experimental evidence in favour of this concept was 
first derived from a dose-response analysis of TPA-mediat- 
ed tumour promotion in mouse skin. The action of a putati- 
ve enhancer of mouse liver tumourigenesis, dieldrin, was 
subsequently investigated. The dose-response characterist- 
ics of this latter compound were also found to be at vari- 
ance with that invariably demonstrated for chemical carci- 
nogens, but similar to the dose-response characteristics 
of TPA. The dose-response characteristics of other enhan- 
cers of liver carcinogenesis are currently under investi- 
gation. The evidence obtained sofar indicates that the ef- 
fects of enhancers of carcinogenesis are determined by ex- 
posure concentration, and not, as in the case of carcino- 
gens, by the stun of all consecutive doses. There is also 
evidence for the existence of threshold levels for tumour- 
promoting action. The toxicological implications will be 
discussed. 

The German Cancer Research Centre, Institute of Bioche- 
mistry (H.A.T. and H.W.K.), and Institute of Documenta- 
tion, Information and Statistics (L.E.), Im Neuenheimer 
Feld 280, D-69OO Heidelberg. 
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TESTING FOR ACTIONS OF TUMOR PROMOTERS IN CULTURED 
RAT HEPATOCYTES;INFLUENCE OF THE CELLULAR ENVIRON- 
MENT. 
W.Parzefall, P.Galle 
Numerous drugs, insect ic ides and some hormones act as 
mitogens in rodent l i v e r .  Several seem to be tumor 
promoters. We were interested to study effects of tu- 
mor promoters on d i f f e r e n t i a t i o n  and ce l l  rep l i ca t ion  
in l i v e r  ce l l s .  Hepatocytes iso la ted according to 
Seglen (Meth.Cell Biol.Xlll, 1976) with modifications 

were grown on collagen gel in William's medium E sup- 

plemented with hormones, newborn calf serum (NCS),or 

rat serum (RS).Within 24 hs after plating hepatocytes 

formed cord like structures. This morphology did not 

alter during the 5 days observation period. Lower se- 

rum concentrations allowed earlier flattening and can 

fluency. OH_Thymidine incorporation into nuclear DNA 
was evaluated autorodiographically. DNA labeling was 

low in serum free cultures. It could be stimulated by 

raising NCS o~RS concentration up to 20%, was lower 

again with 50~ serum and was nearly absent at 96% NCS. 

Epidermal growth factor  (EGF) stimulated DNA synthesis 
under all conditions tested. Labeled mitoses were 

observed in EGF treated cells.0f the liver tumor 

promoters Cyproterone acetate (CPA), ~-Hexachloro- 
cyclohexane and Nafenopin, only CPA was able to in- 
crease labeling significantly. The effect was further 

enhanced by sequential treatment with EGF. 

I n s t i t u t  fUr Toxikologie und Pharmakologie, 
P i lgr imste in 2 , D-3550 Marburg 
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ABERRANT ADAPTATION OF PUTATIVE PRENEOPLASTIC CELLS 
AS A POSSIBLE CAUSE OF FORMATION AND PROMOTION OF 
LIVER TUMOR BY NON-GENOTOXIC COMPOUNDS 
R. Schulte-Hermann, J. Schuppler, I. Timmermann- 
Trosiener 

Many compounds cause the appearance of l i ver  tumors 
in rodents without exhibiting detectable genotoxic/ 
mutagenic ac t iv i ty .  Several of these agents appear 
to p r o m o t e tumor development from putative 
preneoplastic l i ver  loci which are formed either 
spontaneously or af ter  administration of in i t i a t ing  
carcinogens. Previous studies have shown that pro- 
moters such as phenobarbital or ~-hexachlorocyclo- 
hexane lead to selective growth of the loci ,  but 
the cause of this ef fect  remained unclear. 

I t  has been known since long that in normal l iver  
the agents mentioned induce expression of a set or 
program of adaptive responses consisting of increa- 
sed cell  prol i ferat ion and enhanced ac t iv i ty  of 
drug-metabolizing enzymes. We have now found that 
putative preneoplastic foci may express the 
adaptive program, coupled to certain regulatory 
defects ("Aberrant adaptation").  Switching on the 
program by an inducer/promoter therefore results 
in unbalanced and excessive mult ipl ication of focal 
cells. 

Insti%u% fur Toxikologie und Pharmakologie der 
Universit~t Marburg, Pilgrimstein 2, 
355 Marburg/Lahn. 
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EFFECTS OF ETHANOL ON EARLY STAGES IN NITROSAMINE CARCINO- 

GENESIS IN LIVER. 

M. Schwarz, G. Wiesbeck 

Excessive alcohol consumption is associated with an in- 

creased risk in cancer of various organs including liver. 

The mechanism of action of alcohol is unknown but ethanol 

by itself does not seem to show any carcinogenic poten- 

tial. Therefore, this compound may possess co-carcinogenic 

or tumeur-promoting activity. An interference of ethanol 
with the activation metabolism of carcinogens has been 

postulated as a possible explanation. In fact, the meta- 

bolism of the hepatoearcinogen dimethylnitrosamine by rat 

liver microsomes is markedly enhanced after pretreatment 

of the animals with ethanol. This increase in activation 

metabolism, however, was not observed in viva, where etha- 
nol caused only an enhancement of DNA synthesis. 

Number and especially size of ATPase deficient islets in 

rat liver induced by either N-nitrosomorpheline or die- 

thylnitrosamine were found to be strongly enhanced in ani- 

mals treated with a combination of ethanol and these car- 

cinogens. This increase was dependent on the treatment 

schedules and the carcinogen and ethanol dose levels. Ad- 

ministration of ethanol following cessation of carcinogen 

treatment (sequential feeding protocol) slightly reduced 
the extent of ATPase deficient foci in liver. 

It is concluded that a causal correlation exists between 
the enhancement of pre-neoplastic response and the in- 

crease in DNA synthesis following ethanol administration. 

The results also suggest that ethanol acts by modifying 

tumour initiation and does not possess tumour promoting 

capacity in liver. 

Institut f6r Biochemie, Deutsehes Krebsforschungszentrum 
Heidelberg, Im Neuenheimer Feld 280, D-6900 Heidelberg i 
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DOSE-DEPENDENT PROMOTING EFFECT OF PCBs ON PRENEOPLASTIC 
ISLANDS, AND ITS CORRELATION WITH THE INDUCTION OF MICRO- 
SOMAL ENZYMES IN RAT LIVER. E.Deml and D.Oesterle 

The promoting effect of low doses of Clophen A 50, a PCB 
mixture on preneoplastic islands in livers of 3 weeks old 

female Sprague-Dawley rats was studied by the histochemi- 

cal demonstration of Aq~Pase-deficiency, emergence of 

GGTase, and glycogen storage after 12 weeks. 

Clophen A 50 was given p.o. one week after a single treat- 

ment with 8 mg DEN/ kg b.wt. three times a week for ii 

consecutive weeks at doses of 0.1, 0.5, i, 5, 10, and 50 
mg /kg b~wt respectively. Controls received DEN or Clophen 
A 50 in the doses applied above. The activities of ethyl- 
morphine demethylase, aldrine epoxidase, and aryl hydro- 

carbon [BaP] hydroxylase were measured in the livers of 

the animals treated with Clophen A 50 only. 
DEN induced about 7 islands/cm 2 with a total area of 

0.01 mm2/cm2.The increase in island number and area 

in rats treated additionally with Clophen A 50 up to 10 
mg/ kg b.wt. was dose,dependent. Up to 1 mg Clophen 

A 50/kg b.wt. no significant increase in number and area 
was observed, indicating a no-effect level between 1 and 
5 mg. Treatment with 10 mg Clophen A 50 enhanced island 

number about 7-fold and area 120-fold. 50 mg/kg b.wt. 

were less effective, indicating a toxic effect. Clophen 

A 50 itself initiated only few islands. 
The enzyme induction was dose-dependent over the total 
dose range. With 50 mg Clophen A 50 it amounted up to 

3-fold for ethylmorphine demethylase, 40-fold for aldrine 

epoxidase, 230-fold for aryl hydrocarbon [BaP] hydroxy- 
lase. The content of cytochrome P 450 was enhanced 4-fold. 

In conclusion, promotion of preneoplastic islands by Clo- 
phen A 50 is dose-dependent and correlates with the induc- 
tion of microsomal monooxygenases within the dose range 
between 1 and l0 mg/kg b.wt. Lower doses are ineffective 

in respect to promotion. 

Inst. Toxikol. Biochem., Abt. Toxikol., Ges. f. Strahlen- 

u. Umweltforschung, D-8042 Neuherberg 
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EFFECT OF PHENOBARBITAL ON THE EXTENT OF DNA SINGLE STRAND 

BREAKS INDUCED BY HEFATOCARCINOGENIC NITROSAMINES 
A. Buchmann, K. Karmaschek, K.H. Schlemmer 

Simultaneous treatment of rodents with hepatocarcinogens 

and inducers of the microsomal monooxygenase system has 
been found to result in a decrease in liver tumour respon- 

se. It is generally assumed, that this inhibitory effect 

is due to interference with carcinogen activation. This 

concept is supported by the observation that phenobarbital 

(PB) pretreatment of rats results in a reduction of dime- 

thylnitrosamine (DMN)-induced alkylation of cellular ma- 

cromolecules both in vitro and in viva. 

To quantitate the initial subcellular effectiveness of 

three different nitrosamines and its modification by PB, 

DNA single strand breaks, which result from DNA alkylation 

products, were analyzed with the method of the alkaline 

elution assay. Pretreatment of rats with PB resulted in a 

decrease of DMN-induced DNA damage. Inhibition was most 
pronounced at the lowest DMN dose level used (i mg/kg) and 

became less effective with increasing DMN dose. A compari - 
son of the effect of PB on DNA damage induced by equipo- 

tent dose levels of DMN, diethylnitrosamine or N-nitroso- 
morpholine showed very similar degrees of inhibition. 

Daily injections of DMN for a period of up to ten days 
resulted in an accumulation of DNA single strand breaks. 
Reduction by simultaneous PB treatment remained constant 

throughout the entire treatment period. 
Determination of DNA single strand breakage shows the 
c~aracter of a concentration measurement and is therefore 

influenced by alterations in the size of the target pool. 
Since PB increases the relative liver weight and the 

amount of liver DNA, the observed decrease in the extent 

of DNA single strand breakage is only small if related to 

total liver DNA. The frequency of DNA single strand breaks 
per cellular genome is however diminished in both cases. 

Inst• f~r Biochemie, Deutsches Krebsforschungszentrum, 

Im Neuenheimer Feld 280, D-6900 Heidelberg. 
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481 
DIMETHYLHYDRAZINE METABOLISM IN ISOLATED COLONO- 
CYTES OF GUINEA PIG 

G.Hauber, H.-J.Burger, M.Schwenk, H.Remmer 

Dimethylhydrazine (DMH) is a carcinogen, which 
acts mainly in the colon. Specific metabolism 
of the drug in the colon might be the cause for 
this organetropy. We therefore studied DMH-meta- 
bolism in isolated mucosa cells from the colon 
of guinea pig and compared it with that in iso- 
lated hepatocytes. 

Colonocytes were isolated by a method, previous- 
ly used for small intestinal cells (Hegazy et al. 
Eur. J. Cell Biel~ in press). The isolated colo- 
nooytes were morphologically (electron m:crosoe- 
py) and functionally (oxygen consumption, drug 
metabolism, transport) intact. 

Colonocytes were incubated with 14C-DMH (48 pM). 
The compound was taken up by the cells. The fi- 
nal intracellular DMH-concentration, reached wi~- 
in 15 s, was 5-fold above the extracellular con- 
centration. DMH-metabolism proceeded at a con- 
stant rate for 6~ min. Some 240 pmol/mg prot were 
metabolized to 1 CO 2 within 60 min; another 45 
pmol/mg prot were covalently bound to macromole- 
oules. The metabolizing rates in isolated hepato- 
cytes of guinea pig were not any faster than 
those in coloneoytes, although their p 450 con- 
tent and aminopyrine hydroxylation rate was 15-20 
%imes higher . 

The efficient DMH-metabelism in colonoeytes could 
therefore be an important cause of its organo- 
tropy. 

Inst. of Toxicology, University, D-74 T~bingen 

483 
DOSE DEPENDENT INDUCTION OF ATPase-DEFICIENT FO- 
CI IN LIVERS OF RATS EXPOSED TO VINYL CHLORIDE. 
R.J. Laib, U.M. Wttnschel, T. Pellio and N. Z ~ n n  
The dependence of vinyl chloride (VC)-induced 
angiosarcoma in rats with the exposure concentra- 
tion is linear in a range of 500-50 ppm (Gehring 
et al., Toxicol.Appl.Pharmacol. 44, 581 (1978). 
Below 50 ppm the dose-response curve is not yet 
established. Studies on hepatic non-protein 
sulfhydryl content of rats after exposure to VC 
(50-2000 ppm) revealed a progressive depression 
with increasing exposure concentration. No de- 
pression was observed after exposure to 10 ppm 
VC (Watanabe et al., Toxicology, 6, I (1976)). 
This led to conclude that this level of exposure 
may not induce tumors. To study the dose-depen- 
dence of the genotoxic effect of VC over an 
extended dose range hepatocellular preneoplastic 
ATPase-deficient loci were evaluated after sub- 
chronic exposure of newborn rats. Wistar rats 
were exposed, immediately after birth, to 10,40, 
70, 150 und 500 ppm VC (5 days/week, 8h/day). 
The animals were sacrificed after 10 (14) weeks 
of exposure. Cryostat sections of the liver were 
stained for ATPase-deficient foci and quantita- 
ted morphometrically. For a more detailed in- 
vestigation in the lower dose range the experi- 
mental schedule was modified. Newborn Wistar 
and Spra~eDawley rats were exposed for 21 days 
to 2.5, 5, 10, 20, 40, 80 ppm VC.After cessation 
of exposure for 10 weeks the animals were sacri- 
ficed and the livers examined for hepatocellular 
ATPase-deficient loci. Both sets of experiments 
revealed a linear relationship between the dose 
of VC and the % of ATPase-deficient foci indu- 
ced. Within the accuracy of the method no obvious 
threshold for the induction of preneoplasticfoci 
by VC was observed. 
Pharmakol. Institut, Abt. Toxikologie, D-6500 Mainz 
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DEFINED SMOKE CONDENSATE FRACTIONS AND THEIR INFLUENCE ON 
MICROSOMAL OXYGENASES IN VITRO AND IN VIVO. 
A. Stern i tzke 

Ea r l i e r  studies have shown, tha t  the major phenolic com- 
pounds occurring in smoke condensate i n h i b i t  the dealky la-  
t ion  of  model substrates such as 7-ethoxycoumarin, 7-etho- 
xyresoru f in  and p -n i t roan iso le  in ra t  as well  as in mouse 
hepatic microsomes. Respective experiments with the o r i -  
g inal  phenolic smoke condensate f rac t i ons  showed a s l i gh t -  
ly more intensive i nh ib i t o ry  e f f ec t .  Mice hepatic microso- 
mes were'exposed to f i n a l  d i l u t i ons  of pu r i f i ed  phenolic 
f r ac t i on  (without po lycyc l ic  aromatic hydrocarbons). 
monohydroxyphenol f r ac t i on  and dihvdroxypheno] f r ac t i on  
ran~oinc~ from 2xi0 -8 - 2x i0-3.  For 7-ethoxycoumarin the 
mean IC50 value f o r  the ind iv idual  phenols is 3xI0 ~ M, and 
f o r  the three f rac t i ons  a d i l u t i o n  of 4xi0 -5 f o l d .  The 
monohydroxy f rac t i on  shows the most intensive i n h i b i t i o n .  

Pretreatment with pu r i f i ed  phenolic f r ac t i on  (3x5Omg/kg) 
increases i t s  own and the other i nh ib i t o ry  e f f ec t s ,  whereas 
pretreatment with phenobarbital-Na (3x8Omg/kg) or with 
3-methylcholanthrene (2x3Omg/kg) exer ts  no d iscern ib le  
in f luence.  Using 7-ethoxyresoruf in  as model substrate the 
same resu l ts  were obtained. However, the i nh ib i t i on  of 
deethylase a c t i v i t y  is more marked a f t e r  pretreatment with 
the pu r i f i ed  phenolic f r ac t i on .  The dose-response-curve 
f o r  the dihydroxy f rac t i on  is espec ia l ly  steep. A p re t rea t -  
ment with the pu r i f i ed  phenolic f r ac t i on  (3x5Omg/kg) shows 
a s i gn i f i can t  decrease in 7-ethoxyresoruf in  metabolism. 
Compared to contro ls  only 78% of the deethylase a c t i v i t y  
were obtained. A s ingle dose of pu r i f i ed  phenolic f rac t i on  
corresponding to 20% of  the LD50 (188.2mg/kg) leads to a 
moderate increase of  the microsomal cytochrome P450 a f t e r  
3 hours. 9 hours a f t e r  app l icat ion the e f f ec t  is most 
pronounced. 7-ethoxycoumarin deethylase a c t i v i t y  is only 
s l i g h t l y  increased. 
This work was supported by the Deutsche Forschungsgemein- 
schaf t ,  Bonn-Bad-Godesberg. Department of  Pharmacology. 
Ph i l i pps -Un ivers i t y ,  Lahnberge, D-3550 Marburg/Lahn. 

484 
INFLUENCE OF HYPOXIA AND GLUTATHIONE DEPLETION ON THE 

METABOLISM AND HEPATOTOXICITY OF VINYLIDENE CHLORIDE AND 
CARBON TETRACHLORIDE IN RATS 

C.-P. Siegers and W. Horn 

The metabolism of vinylidene chloride (VDC) and carbon 

tetrachloride (CCI 4) was investigated by measuring the re- 

moval of the compounds from the atmosphere of a closed ex- 

posure system occupied with male rats. Hepatotoxicity was 

evidenced in the same rats by determining serum enzyme ac- 

tivities of the aminotransferases (GOT, GPT) and sorbitol 

dehydrogenase (SDH) before, at the end of the exposure 

time and 24 hrs later. Control rats exposed to VDC concen- 
trations up to 4000 ppm did not show any sign of {hepato) 

toxicity; hypoxic conditions (i0 % oxygen) slightly de- 

pressed the metabolism of VDC (500 or 2000 ppm concentra- 

tion in the atmosphere), but failed to evoke hepatotoxic- 

ity. GSH-depletion in the liver (<i0 % of control value) 

due to pretreatment with phorone (diisopropylidene acetone, 

250 mg/kg i.p.) markedly decreased the metabolic degrada- 
tion of VDC which was followed by high increments of liver- 

specific serum enzyme activities. Phenobarbital-pretreat- 
ment (0.i % solution instead of drinking water for 7 days) 

markedly accelerated the VDC-metabolism without evoking 

hepatotoxic effects. In contrast to VDC, CC14-metabolism 

was increased under hypoxia and consequently hepatotoxic- 

ity was aggravated. Phenobarbital pretreatment also ac- 

celerated the metabolism of CC14 (150 ppm) without en- 

hancing the hepatotoxicity at this low CC14 concentration. 

Hepatic GSH-depletion decreased the metabolism of CCI 4 but 

markedly increased the hepatotoxic response to CCI 4. 

These results are discussed in terms of the influences of 

GSH and oxygen in lipid peroxidation and/or covalent bind- 

ing of reactive intermediates of both CCI 4 and VDC. 

Institut fdr Toxikologie der Medizinischen Hochschule 
Liibeck, Ratzeburger Allee 160, D-2400 L~beck (FRG) 
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485 
FORMATION OF LIPIDS WITH CATABOLIC STABILITY DURING 
CARBON TETRACHLORIDE METABOLISM. 
AN ALTERNATIVE HYPOTHESIS TO EXPLAIN ITS TOXICITY. 

Bernhard Link, Heinz D0rk and Hartmut Frank 

CCl~-metabolism in vivo, formation of volatile hydrocar- 
bons and incurred losses of polyunsaturated fatty acids 
(PUFA) in hepatic microsomal lipids of rats were deter- 
mined. Release of transaminases was measured and the ex- 
tent of pericentral necrosis was determined. Correlation 
of the total quantity of CC14 metabolized with the amounts 
of hydrocarbons generated and the loss of PUFA revealed 
that more than 2 molecules of CCI~ must be activated to 
destroy 1 molecule of PUFA. The time course of CCl~-me- 
tabelism and hydrocarbon exhalation indicate that lipid 
peroxidation ceases when CCl~-metabolism has ended. Also, 
the depression in PUFA is strongest at this stage. How- 
ever, the development of liver injury in viva follows a 
different pattern, with little changes during the first 
hour. Release of transaminases becomes apparent only after 
about twelve hours. 
Incubation of hepatic mierosomes with ~C-CCI~ leads to 
formation of covalently modified lipids. Isolation of the 
labelled lecithin and incubation with phospholipase A2 
from different sources reveals that a fraction of about 
60% of the labelled lipid is stable towards enzymic cleav- 
age, In context with the role of the endeplasmic retieulum 
in phespholipid synthesis these results suggest, that the 
cause for toxicity lies in the formation of pathological 
lipids with heavily altered geometry in the acyl chains, 
which escape metabolic control of phospholipid turnover. 
As an alternative to better understand the consecutive 
derangements of different cell organelles we propose the 
incorporation of these altered lipids into the respective 
membranes, 

Institut f~r Toxikologie der Universitit T~bingen, 
WilhelmstraSe 56, D-7400 Tbbingen 

487 
IMMUNOHISTOCHEMICAL AND BIOCHEMICAL DEMONSTRA- 
TION OF INCREASED UDP-GLUCURONYLTRANSFERASE IN 
PRENEOPLASTIC RAT LIVER FOCI 
D. Ullrich, G. Fischer*, N. Katz and K.W. Beck 
Preneoplastic liver foci were produced by two 
methods: ])Continuous feeding of basal diet 
containing 2-acetylaminofluorene (0.03%, w/v) 
for 25 weeks, followed by feeding basal diet 
without carcinogen for 10 weeks. 2) Single i.p. 
injection of N-nitrosomorpholine (75 mg/kg), 
24 h after partial hepatectomy, followed bv 
phenobarbital-treatment (0.05%, w/v, in tap 
water) for 34 weeks. Phenobarbital was withdrawn 
2 weeks before liver examination. 
Increased UDP-glucuronyltransferase (GT) could 
be visualized immunohistochemically in focal 
lesions which were ATPase-negative and ~-gluta- 
myltranspeptidase-positive. Detection of GT was 
possible using rabbit IgG against rat liver GT 
as first antibody and peroxidase-labeled swine 
anti-rabbit IgG as second antibody. Histochemi- 
cal results were substantiated by assaying 
1-naphthol-GT activity in microdissected focal 
and extrafocal tissue (0.3 to 0.6 bg). Compared 
with extrafocal tissue GT activity was 5.l-fold 
and 2.6-fold higher in focal tissue obtained 
by raethods I and 2, respectively. The results 
extend earlier findings with hyperplastie liver 
nodules and Morris hepatomas (Cancer Res. 42, 
3747 (1982)) demonstrating permanently increased 
GT activity in preneoplastic tissue whereas 
cytechrome P-450 dependent reactions were de- 
creased. The altered pattern of drug metabo- 
lizing enzymes is consistent with increased re- 
sistance of preneoplastic cells to the cyto- 
toxicity of chemical carcinogens. 

Zentrum Pharmakologie und Toxikologie und 
*Zentrum Pathologie der Universit~t, Robert- 
Koch-Str. 40, D-3400 G~ttingen 

486 
INTERRELATION BETWEEN LIPID PEROXZDATION, LYSOSOMAL ENZYME 
RELEASE, LOSS OF MICROSOMAL Ca2+-SEQUESTRATION ACTIVITY 
AND HEPATOCELLULAR DAMAGE 
M. Younes and M. Albrecht 

To study the relationship between lipid peroxidation (LPO) 
and cellular damage we chose three compounds known to 
evoke LPO (cumene hydroperoxide, CHP), hepatocellular in- 
jury (thioacetamide, TAA) or both (carbon tetrachloride, 
CC14). In a first series of experiments pre-mitochondrial 
supernatants of phenobarbital (Pb)-induoed rat liver homo- 
genates were used. After incubation in the presence of 
either agent and an NADPH-regenerating system LPO was as- 
sessed by measurement of malondialdehyde (MDA) formation 
and correlated with the ~elease of lysosomal ~-glucuroni- 
dase. While CCI 4 and CHP promoted both events in a time 
and concentration dependent manner, TAA did not evoke 
either LPO orlysosomal enzyme release. In a second series 
of experiments Pb-induced male rats were treated with one 
of the three agents and LPO was monitored via the measure- 
ment of exhaled ethane. Again, treatment with both, CCI 4 
and CHP resulted in an increased ethane exhalation. When 
liver-specific serum enzyme activities (GPT, SDH) were in- 
vestigated 24 h later, however, hepatotoxicity was evident 
only in rats treated with either CCI 4 or TAA. Thus, CHP 
evoked LPO but no hepatotoxicity, while with TAA the oppo- 
site was true. Recently, lose of ATP-dependent Ca2+-ee - 
questration activity of mlcrosomal membranes was suggested 
to be a first common step leading to cellular death. This 
activity was assayed in liver microsomes isolated from 
control rats or from rats treated with either agent. 2 h 
after treatment with either CCI 4 or TAA a clear inhibition 
was seen which persisted after 24 h only in the case of 
CCI 4, CHP, which clearly evoked LPO, did not alter the 
Ca2+-uptake by microsomes at all. Thus, a clear correla- 
tion between cellular damage and LPO cannot be expected in 
every case. 

Institut f~r Toxikologie der Medizinischen Hochschule 
LObeck, Ratzeburger Allee 160, D-2400 Lfibeck (FRG) 

488 
STUDIES ON THE MECHANISM OF ACTION OF 
S-(DICHLOROVINYL)-L-CYSTEINE 
A. Schmid, W. Beuter, L. Mayring 

Trichloroethylene-extracted soybean oil meal 
(TCESOM) causes an intoxication of cattle and 
horses that manifests itself as hemorrhagic dia- 
thesis and as aplastic anemia (W. Rundles, Blood 
13: 899, 1958). 
S-(dichlorovinyl)-L-cysteine (DCVC) and S-(di- 
chlorovinyl)-L-glutathione were found to be the 
toxic factors of TCESOM (L. L. McKinney et al, 
J Am Chem Soc 81: 909, 1959). Their mode of ac- 
tion is not understood; yet it seems to be cor- 

related with the dichlorovinyl moiety. 
We synthesized DCVC (L. L. McKinney et el, J Am 
Chem Soc 79: 3932, 1957) and studied its radica~ 
inducing properties in vivo. Test animals were 
male mice weighing 40 g, which were given DCVC 
i.p. in aqueous solution. Ethane expiration (C. 
Riely et al, Science 183: 208, 1974) and forma- 
tion of malonic dialdehyde (J. Terao and S. Mat- 
sushita, Lipids 16: 98, ]981) in the kidneys 2 
hours after application of DCVC served as indi- 
cators of free radical formation. Results: 
a) DCVC (40 - 200 mg/kg) causes a dose-dependent 
increase of ethane expiration and of formation 
of malonie dialdehyde (p < 0,01). 
b) Both indicators are reversely proportional to 
a reduction of pO 2 in inspired air from 20 to 
15 volt. 
c) Pretreatment of test animals using metyrapone 
(100 mg/kg i.p. I hour before DCVC) lowers the 
values of both indicators (p< 0,01). 
These results indicate metabolic radical forma- 
tion by DCVC in mice. 

Institut f0r Pharmakologie, Toxikologie und 
Pharmazie der Tier~rztlichen Fakult~t MOnchen, 
Veterin[rstr. 13, D 8000 MHnchen 22 



489 
CHEMICAL AND BIOLOGICAL REACTIVITY OF 
HEXACHLORO(I,3)BUTADIENE 
S. Sch[tz and D. Reichert 

Hexachloro(1,3)butadiene (HCBD) is a by-product 
in the synthesis of many chlorinated aliphatic 
hydrocarbons and is used as an industrial sol- 
vent. HCBD is chemically highly stable and a 
well known environmental pollutant; it acts as 
a selective nephrotoxic compound and is nephro- 
carcinogenic in rats (Kociba et al., Am. Ind. Hyg. 
Ass.J. 38:589, 1977). To evaluate the molecular 
mechanism of the toxicity of HCBD, we investiga- 
ted the chemical and biological reactivity of 
this compound. 

Chemical oxidation of HCBD was achieved by three 
methods: 1)photooxidatiOn,o2)Oxidation under a 
stream of oxygen above 180 C, 3)substitution 
reaction with ethanolic KOH and consecutive 
addition of chlorine. TWO HCBD-oxidation pro- 
ducts were unequivocally identified by GC/MS: 
3-perchlorobutenic acid chloride and tetrachlo- 
rosuccinic acid chloride. The chemical oxidation 
reactions of HCBD should correlate, at least in 
part, to the compound's biologic activation. The 
identification of 2-perchlorobutenic acid in the 
urine of rats after HCBD gavage supports this 
assumption. The first metabolite in HCBD meta- 
bolism is the monoepoxide, which rearranges to 
the corresponding acid chloride. The intramole- 
cular migration of the double bond is plausibly 
explained by an allylic rearrangement. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t, Versbacher Str. 9, D-8700 W~rzburg 

Supported by the Deutsche Forschungsgemeinschaft 
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491 
PHARMACOKINETICS OF ETHENE AND 1,3-BUTADIENE AND THEIR 
REAC~flVE METABOLITES IN THE RAT 

J.G. Filser, F. StSrmer, H.P. Rolzh~user, K. Lieser 
and H. Peter 

The mutational effects of ethene oxide and butadiene mon- 
oxide are well known. Both compounds are also weakly car- 
cinogenic; the question of DNA alkylation at specific 
sites has also been addressed (Ashby et al., Mut. Res. 
103, 257, 1982). On the basis of hemoglobin alkylation 
data Ehrenberg et al. (Mut. Res. 45, 175, 1977) have put 
forward the theory that ethene, when taken up by the 
organism, is partly converted to ethene oxide which is 
reactive towards macromolecules. However, so far no di- 
rect proof of epoxide formation from ethene or butadiene 
in vivo has been presented. 
We have exposed rats to either ethene or I ,3-butadiene in 
a closed desiccator j archamber, as previously described 
(Arch. Toxicol. 47, 279, 1981). Both olefins are metabo- 
lized by rats; metabolic elimination can be inhibited by 
dithiocarb (200 mg/kg) pretreat~nent. Above ahr~spheric 
concentrations of I .000 ppm ethene or butadiene (closed 
chamber) metabolism shows a saturation pattern. Maximal 
elimination rates were enhanced after Aroclor 1254 pre- 
treatment (500 mg/kg). When exposures were done under 
such conditions that the olefins were metabolized at a 
constant Vma x rate, and when these were extended over a 
period of several hours an increase in ethene oxide 
(exposure to ethene) or butadiene monoxide (exposure to 
butadiene) was observed in the gas phase; peak concen- 
trations occured after about one hour. After this time a 
plateau was reached. This means that in case of exposure 
to these olefins the epoxides ere formed, distributed in 
the body and, in pert, exhaled. 

Abteilung fiir Toxikologie, Pharmakologisches Institut, 
Obere Zahlbacher Str. 67, D-6500 Mainz 

49O 
INVESTIGATION OF ALLYL BROMIDE METABOLISM IN THE 
RAT: SIGNIFICANCE FOR IN VIVO GENOTOXICITY 
E. Eder and G. Freita@ 

Allyl halides exerted direct genotoxic activi- 
ties (without metabolic activation) in the Sal- 
monella typhimurium mutagenicity test (Ames), 
as well as in unscheduled DNA synthesis (UDS) 
in HeLa-cells. Addition of metabolizing enzymes 
(S-9 mix) to the microbial assay led to a sig- 
nificant decrease or even total loss in mutagen- 
icity. 

The significance of a possible metabolic epoxi- 
dation for genotoxic effects in the whole animal 
was investigated in this study of the metabo- 
lism of allyl bromide: 125 mg/kg 14C labelled 
allyl bromide (4.16 mCi/mmol) in corn oil were 
administered to a rat by gavage. The total 24h 
elimination of urine, feces, expired air and 
CO 2 was collected separately; 41.4% of the ad- 
ministered radioactivity were excreted in urine, 
3.1% in expired air, 0.6% as CO 2 and only O.1% 
in the feces. About 30% remained in the carcass. 
Allyl mercapturic acid and carboxyethyl mercap- 
turic acid, dimethyl ester have been identified 
as urine metabolites. Because carboxyethyl mer- 
capturic acid, dimethyl ester is a main metabo- 
lite of acrolein, it is very probable that acro- 
lein is an intermediate in the allyl bromide me- 
tabolism: (CH2=CH-CH2Br + H20-~CH2=CH-CH20 H + 
HBr, CH2=CH-CH20 H AD~ CH2=CH-CHO) " 

NO mercapturic acid formed via epoxidation of 
allyl bromide could be found in rat urine yet. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t, Versbacher Str. 9, D-8700 W~rzburg 

Supported by the Deutsche Forschungsgemeinschaft 

492 
ROLE OF EXTRAHEPATIC METABOLISM FOR TISSUE 
SPECIFIC TOXICITY OF TRANS-4-ACETYLA/~INOSTILBENE 
A. Pfeifer and H.-G. Neumann 

Acute toxic doses of trans-4-acetylaminostilbene 
(AAS) produce necroses in glandular stomach of 
rats but not in liver. The epithelial lesions 
lead to lethal bleedings which can be prohibited 
by methylcholanthrene (MC) pretreatment. This 
suggests prerequisite metabolic activation and 
prompts the question, can local activation ex- 
plain the tissue specific toxic effect? 

(3H)-labelled AAS (50 mg/kg) was orally adminis- 
tered to female Wistar rats. The pattern of me- 
tabolites was determined in urine and bile, and 
macromolecular binding was measured in several 
tissues after 24 h. The tissue dose of reactive 
metabolites was greatest in liver (DNA-binding 
80 vs. 15 pmol/mg in gland.stomach, uninduced). 
MC-pretreatment reduced DNA-binding in extrahe- 
patic tissues (gland.stomach 50%, intestine 39%, 
kidney 29%), which correlates with changes in 
phase I and phase II metabolism towards better 
inactivation. Phenobarbital had only moderate 
effects. In uninduced animals, gland.stomach is 
exposed to the greatest conc. of the parent com- 
pound (324 vs. 97 pmol/mg total metab, in liver), 
an effect which can be eliminated by MC-pretreat- 
ment due to an increased metabolic rate. 

It is concluded that AAS inhibits physiological 
functions of the stomach before necroses occur. 
Necroses may be ,aused by reactive metabolites 
subsequently, but this effect cannot be correlat- 
ed with tissue dose. MC-pretreatment influences 
the overall metabolism, but tissue specific acti- 
vation of AAS could not be established. 

Institut f~r Pharmakologie und Toxikologie der 
Universit~t, Versbacher Str. ~ 87OOWHrzburg, FRG 
Supported by Deutsche Forschungsge~einschaft 
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CLEARANCE OF BENZO(A)PYRENE BY ISOLATED RAT LUNG AND LIVER 
AND DIFFERENCES IN THE OXIDATIVE AND CONJUGATIVE METABOLISM 
BETWEEN THESE ORGANS 
M. Mol l i~ re ,  H. Foth, P. Phi l ipp and G.F. Kahl 

Concentrations of benzo(a)pyrene (BP) and of i ts free and 
conjugated metabolites in perfusate, tissues of perfused 
organs and bile were studied in isolated rat lung and l i v -  
er in a recirculating perfusion system at l ~M BP by TLC 
and HPLC techniques using organs from oil and 5,6-benzo- 
flavone (BF) pretreated animals (80 mg/kg for 36 h). 

Over a perfusion period of 120 min the total clearance of 
BP was 9.1 • ml/min in l iver compared with 1.7~0.3 ml 
per min in lung. Pergoforganthe clearance was 30% higher 
in lung (l.7gwetweight) than in l iver ( l l .8gwetweight). 
Under these conditions free plus conjugated dihydrodiols 
compared with the sum of phenolic metabolites in tissue, per- 
fusate and bile were 1262 to 640 pmol at 30 min and 2696 to 
735 pmol at 120 min in lung versus 3669 to 3700 pmol and 
4006 to 3441 pmol in l iver. The pattern of b i l iary conjuga- 
tes of isolated livers changed after pretreatment of animals 
with BF. Only 5.8• of total act iv i ty were detected as 
diol glucuronides whereas 25.0• and 17.5• were 
identified as glucuronides and sulfates of phenolic metab- 
olites (control:37.9% versus 4.6 and 12.1%). No BP was de- 
tected in bile either after oi l  or BF pretreatment. The 
concentration of unmetabolized BP in the tissue of l iver 
was 2pmol/g and about lO0-fold higher in lung at 30 min, 
while similarly low concentrations were found in both organs 
at 120 min of perfusion (I.3 resp. 3.9 pmol/g). In the com- 
bined perfusion system the l iver decreases the concentra- 
tion of BP in lung to 1.6 pmol/g already at 30 min. The pr~ 
viously demonstrated (Klaus et a l . ,  BBRC I05, 596, 1982) 
protective effect of the l iver for the lun--~-against cova- 
lent binding of BP metabolites in the lung is explained by 
the lack of substrateduetothe clearance of BPbytheliver. 

Pharmakologisches Institut der Universit~t Mainz, 
Obere Zahlbacher Str. 67, D-6500 Mainz 

495 
EFFECTS OF EPOXIDE-BEARING VALEPOTRIATES ON MOUSE EARLy 
HEMATOPOIETIC PROGENITOR CELLS AND HUMAN T-LYMPHOCYTES 

R. Braun  1 , G .E .  Hfibner 2,  H.R.  Maure r  2,  W. D i t t m a r  3 

The epoxide-bearing valepotriates valtrate/isovaltrate 
and dihydrovaltrate, isolated from Valerianaceae roots 
and used as common sedative drugs, were investigated for 
their effects on untransformed hematopoietic cells after 
an alkylating potential and cytotoxicity to tumor cells 
had been found. The compounds were added to in vitro 
assays using granulocyte/macrophage (GM-CFC) and erythro- 
cyte (E-CFC) colony forming cells from murine bone marrow 
early progenitor cells as well as colony forming human 
PHA-stimulated T-lymphocytes. The IDso for both GM-CFC 
and T-lymphocytes incubated with val~rate was found to be 
about 3 x IO-6M, with dihydrovaltrate about 2 x IO-5M. On 
the erythrocyte colonies (E-CFC) both compounds showed an 
ID of about 3 x IO-8M. Valtrate and dihydrovaltrate 
effects were not reversible by washing the cultures. These 
in vitro effects could not be observed when mice were 
treated i.p. with 45 and 65 mg/kg or p.o. with 45 and 
1350 mg/kg of the drug. Three days after treatment, colony 
formation of progenitor cells (CFU-S, GM-CFC, E-CFC) was 
not significantly different for control and experimental 
groups. Therefore, the effect of p.o. and i.p. applied 
valtrate an the ability of the liver to metabolize 14C- 
methacetin was investigated by measuring the 14CO 2 ex- 
halation. There was a clear reduction of initial exhala- 
tion of 14C02 after i.p. 50 mg/kg of valtrate, but no 
effect was found after p.o. administration up to 1500 mg/ 
kg. Therefore, it can be concluded that the distribution 
of the drug via circulation is obviously small. 

iInstitut for Arzneimittel (BGA), Berlin; 2Institut fur 
Pharmazie, FU Berlin; Institut f~r Pharmakolegie und 
Toxikologie, Lahnberge, Marburg, 

494 
MUTAGENESIS, CARCINOGENESIS, AND DNA-REPAIR INDUCED BY 
ANTHRACYCLINE ANTITUMOR ANTIBIOTICS: STRUCTURE-ACTIVITY 

RELATIONSHIP. 1,2 3 1,2 
J.Westendorfl,H.Marquardt ,M.B.Ketkar ,H.Marquardt 

Previous studies have shown that anthracycline antitumor 
antibiotics, such as daunomycin (DNM) and adriamycin (ADM), 
are mutagenic in bacterial and mammalian cells and induce 
mammary tumors in female Sprague-Dawley rats. 
We now investigated the genotoxic properties of a variety 
of structure-related anthracyelines with potent antitumor 
activity in some in vitro short term tests (mutagenesis in 
Salmonella typh. and V79 Chinese hamster cells and induc- 
tion of unscheduled DNA-synthesis (UDS) in primary Wistar 
rat hepatocytes). Anthracyclines with a daunosamine sugar 
moiety (DNM, ADM, 4-demethoxy-DNM, 4-demethoxy-ADM and caw 
minemycin) were mutagenic in both assays and induced UDS. 
In contrast, anthracyclines with N-alkylated sugars (dime- 
thyl-DNM, dimethyl-ADM, dibenzyl-DNM, morpholino-DNM,acla- 
cinomyoin A, pyrromycin, musettamycin, marcellomycin and 
rudolphomycin) were only weakly or not mutagenic. However, 
these latter compounds were active at inducing UDS. The in 
vivo carcinogenicity of these anthracyclines (mammary-tu- 
mor' induction in female sprague-Dawley rats) correlates 
with their mutagenic activity: In addition to the previou~ 
ly reported carcinogenicity of ADM, DNM and 4-demethoxy- 
DNM, we now found aclacinomycin A and marcellomycin to be 
non-carcinogenic. 
These results with anthracyclines demonstrate that alkyla- 
tion of the primary aminogroup of their sugar moieties 
leads to reduced mutagenic and carcinogenic activity and 
they suggest that mutagenic/carcinogenic and cytotoxic 
properties of these antibiotics can be separated. 

Supported by Deutsche Forschungsgemeinschaft 

Abt. f.Allgemeine Toxikologie der Universitat Hamburg I, 2 
Fraunhofer Institut fHr Toxikologie und Aerosolforschung 
und Institut fHr Experime~telle Patholegie der Medizini- 
schen Hochschule Hannover-; Grindelallee I~7, 2 Hamburg 13 

496 
INDUCTION OF BOTH CYTOSOLIC AND MICROSOMAL 
EPOXIDE HYDROLASES IN MOUSE LIVER FOLLOWING 
TREATMENT WITH NAFENOPIN, A PEROXISOME 
PROLIFERATOR. 
F. Waechter, F. Bieri, W. St~ubli, P. Bentley 

Epoxide hydrolase activity is found in both the 
cytosolic and microsomal fractions of mouse 
liver. The enzymes in the two fractions differ 
markedly in both structural and catalytic pro- 
perties. Little is known about the inducibility 
of the cytosolic hydrolase. However, the micro- 
somal enzyme is known to be induced by many 
compounds including several hepatocarcinogens. 
Thus, as part of an investigation into the me- 
chanism of tumour formation by peroxisome pro- 
liferators we studied the effect of nafenopin 
upon cytosolic and microsomal epoxide hydrolase 
activities. Treatment with 5 daily doses of 
i00 mg/kg induced cytosolic hydrolase activity 
(substrate: trans-stilbene oxide) in five dif- 
ferent mouse strains (C57BL6, MAGf, DBA2,Balb-C 
and C3H). Microsomal hydrolase substrate: 
benzo(a)pyrene 4,5-oxide) was also induced in 
all strains except C3H and MAGf. Treatment was 
accompanied by hepatomegaly and proliferation 
of hepatic peroxisomes. Further investigations 
using DBA2 mice showed that cytosolic hydrolase 
activity was maximally induced (2.5-3.0 fold) 
following 7 doses of 50 mg/kg, whilst microso- 
mal hydrolase required a higher dose for maxi- 
mal induction. Glutathione S-transferase acti- 
vity was not affected by nafenopin treatment. 

Ciba-Geigy Limited 
CH-4002 Basel, Switzerland 
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MUTAGENICITY TESTING OF CALAMUS DRUGS AND ITS 
INGREDIENT 8-ASARONE 

W. G~ggelmann and O. Schimmer 

Plants are a major source of naturally occuring 
mutagens and carcinogens. The rhizomes of Acorus 
calamus are used as flavor additives and in hu- 
man phytotherapy as a drug for stomach disorders. 
B-Asarone is a major component of the essential 
oil of calamus. When it was found that B-asarone 
caused intestinal tumors in rats, the FDA prohi- 
bited the use of calamus as a flavoring agent in 
soft drinks in the USA. The composition of the 
calamus oil and its B-asarone content differ in 
plants from East Europe, North America and Asia. 
The carcinogenic studies in USA were carried out 
with plants of Indian Acorus, which contain the 
highest concentration of B-asarone. 
In the present study the mutagenicity of 8-asa- 
rone and calamus drugs was tested by the method 
of Ames using Salmonella strains TA 1535, TA 100, 
TA 1537, TA 1538 and TA 98 with and without $9 
mix as metabolic activating system. Mutagenicity 
tests were performed with $9 from rats after 
pretreatment with Clophen A50, phenobarbital and 
methylcholanthrene and with $9 from untreated 
animals. B-Asarone was found to be mutagenic in 
TA 100 only with addition of $9 mix and the num- 
ber of induced revertants increased with protein 
concentration. Negative results were obtained in 
TA 1535, TA 1537, TA 1538 and TA 98 with and 
without $9 mix. A commercial calamus drug used 
in Germany was a weak mutagen in TA 100 only in 
the presence of a high protein content of the s9 
mix. 
Abteilung fHr Toxikologie, GSF MNnchen, 8042 
Neuherberg und Institut for Botanik und Pharma- 
zeutigsche Biologie der Universit~t Erlangen- 
N~rnberg, 8520 Erlangen 
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COMPARISON OF VIABILITY PARAMETERS IN CADMIUM POISONED 
HEPATOCYTES 

L.MOller 

Cell membrane permeability of isolated hepatocytes from 
18h starved rats was determined by staining with Trypan 
Blue (TB), extracellular LDH-activity, NADH-penetration, 
nitrophenylphosphat (NPP)-dephosphorylation and -after 
treatment with i0 ug/ml digitonin- by the ANS (1-anilino- 
8-naphthalene-sulfonic acid)-fluorescence. Samples were 
withdrawn from combined suspensions of vital ( 10% TB- 
stainability) and entirely permeable cells. All parameters 
correlated linearly with TB-stainabi!ity (R m0.98). How- 
ever, incubation of vital hepatocytes with 50 uM Cd reve- 
aled differences in the validity of the parameters to de- 
termine Cd-induced membrane deterioration. The LDH-test 
was least sensitive. NPP-dephosphorilation was counter- 
acted by NPP-uptake. On the other hand, NADH-penetration 
and ANS-fluorescence corresponded well with TB-stainabili- 
ty during the total incubation time of 60 min, but they 
showed higher variations in control- and Cd-incubates. 
-In combined suspensions (vital + TB-permeable) lipid per- 
oxidation (LPO) due to CC14 increased with the proportion 
of permeable cells, whereas LPO due to 50 uM Cd decreased. 
There was, however, an increase in LPO if vital cells only 
are incubated with Cd. The latter response was prevented 
by the antioxidant (+)-cyanidanol-3 without any effect on 
the Cd-induced increase in TB-stainability. 
Our results suggest, that TB-staining is a sensitive me- 
thod to reveal Cd-induced impairment of structural inte- 
grity of hepatocytes whereas, generally, an estimation of 
membrane permeability from Cd-LPO and vice versa seems not 
to be allowed. 

Institute of Toxicology, University of D~sseldorf, Mooren- 
str. 5, 4000 D~sseldorf. 
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ENTERAL ABSORPTION AND RETENTION OF CADMIUM IN RATS FED 
Cd AS THE SULFIDE OR CHLORIDE AT TWO LEVELS DURING 90 
DAYS B.Man~ler, K.H~berle, G. Fischer, H.G. Classen 
The exposure of man to Cd has nearly reached the provisio- 
nal tolerable weekly oral intake of 400-500 pg total Cd 
proposed by FAO/WHO regardless of its chemical form.Since 
kidneys of cattle or pigs are highly contaminated with Cd 
it has been recommended 'to consume these products only 
once all 2 to 3 weeks (Ern~Lhrungsber. 198o, German Soc. 
Nutr.). Since Cd is known to be bound to metallothionein 
in these tissues it seemed of interest to compare the on- 
total availability of Cd given as the sulfide or chloride.- 
Female SD-rats weighing c.97 g were kept under controlled 
conditions with demin, water ad lib. during 90 days. The 
controls (n=4) received a standard powdery diet (c.0.2 
ppm Cd); 4 other groups received this diet enriched with 
5 ppm Cd as CdS (n=4) or CdCI 2 (n=4) , resp.with 5o ppm Cd 
as CdS (n=4) or CdClg(n=6). Tlssue samples were prepared 
according to COLLET [Dts ch. Lebensm. rdsch. 71, 249,1975) and 
KINRADE (Anal. Chem. 46,1894,1974);Cd was+determined by the 
AAS-technique, recovery-rate being 99.8-3.2%.- No overt 
signs of toxicity were observed in any of the ~roups. The 
following Cd-residues (~/g/g dry-weight; means -SD) were 
measured: 

Left ~idney Right Sidney Liver 
Controls 0.8 +- O. 5 0.8 ~ 0.6 +~ 0.i 
5 ppm CdS 2.6 +- O.8 1.7 ~ 0.5 0.5 $ 0.2 
5 ppm CdCl 12.7 - 1.0 12.8 $ 1.3 3.2 $ 0.2 
50 ppm CdS 2 17.1 + + 1.6 17.7 ~ 2.0 4.1 $ 0.3 
5o ppm CdCl 2 i01.O - 22.2 108.0 - 30.0 28.1 - 6.6 

After exposure to CdS instead of CdC17,Cd-residues are by 
about 8o% lower at both concentrationS.Therefore it seems 
worthwhile to study the availability of Cd in contaminated 
kidneys or livers of livestock. 
Supported by: Min.f. Ern. ,Landw. ,Umwelt, Eorsten,Bad.Wttbg. 

Inst. of Food Technology,Pharmacology and Toxicology of 
Nutrition, Univ. of Hohenheim, D-7ooo Stuttgart 70 
POB 7oo 562 

5O0 
TESTICULAR RESPONSE OF RATS TO CHRONIC ORAL LOADING OF 

CADMIUM 

J.Abel, B.Hilscher*, W.Hilscher*, F.K.Ohnesorge 

Three month old Wistar rats received 0, i0 and I00 mg3Cd ++ 
(as CdCl_) for 13, 52 and 180 days with the drinking wate~ 
At the times indicated I0 animals per group were sacrified 
and their testes were examined morphologically and morho- 
metrically. There was a dose-and time-dependent enlargment 
of the nuclei as well as the reactions zones of the thia- 
minepyrophosphatase in the pachytene spermatocytes. 

In addition i0 males treated with 0 and i00 mg Cd/1 for 6 
month were mated at the first with one untreated and after 
14 days with 3 untreated females. The rates of stillborn 
and deadborn pups as well as those of resorption/dam were 
increased by treatment with Cd, compared to the controls, 
whereas no differences in the number of implantations were 
observed (see table). 

Exp~.l n/p impl. alive i/a i/a r/a 

Contr. 9/9 99 76 8,44 Ii,00 i,ii 
Cd 7/10 69 47 6,71 9,81 2,14 

EXp. 2 

Contr.22/27 246 218 9,91 11,18 0,45 
Cd 22/30 231 147 6,68 10,50 0,77 

p/n=numb, of pregnants per group; impl.=numb, of implanat- 
tions sites; alive=numb, of living youngs; 1/a=aver. of li- 
ving youngs/dam; i/a=aver, of implantations/dam; r/a~aver. 
of resorptions/dam. 
In summary: chronic low oral cadmium loading caused a toxic 
action on the spermatogenesis. It seems likely, that these 
damages are responsibel for the impairment of reproductio~ 
observed at the high Cd dosage. 

Institute of Toxicology, University of DOsseldorf 
*Department of Experiment. Pathology of MIUH, University 
of D~sseldorf 
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NEUROTOXIC EFFECTS OF THALLIUM (TI) 
AS STUDIED BY THE HIPPOCAMPUS SLICE TECHNIQUE 
M.J.Csicsaky, H.Wiegand 

In a local population accidentally exposed to 
TI, sleep disturbanceswere found to be the 
only symptoms correlating positively with the 
degree of exposure. Subsequent laboratory in- 
vestigations showed amplitude depression of 
flash evoked potentials and of the background 
EEG in rats exposed to 5 mg/kg T1 by i.p. in- 
jection. The peripheral nervous system was al- 
so affected (reduced paralysis time and in- 
creased occurrence of MEPPs in the nerve- 
muscle preparation). 
In a pilot study carried out on slice prepa- 
rations from the guinea pig hipmecamnus, the 
toxic effects of T1 could be remroduced at 
doses between .o5 and .2 mMol T1 applied for 
I hour. The Schaffer collaterals of the CAI/2 
regions were used for stimulation with double 
pulses. Averaged field potentials were recor- 
ded from the soma and the apical dendrite of 
CAt pyramidal cells. 
Results: The steepness and the amplitude of 
the population spike were reduced in 8 out of 
11 animals; in 4 out of the 8, the reduction 
was preceeded by a short increase at the be- 
ginning of the application. In 9 out of 11 
cases, the latency of the population spike was 
prolonged after TI, but in 3 out of the 9, 
there was a temporary decrease shortly after 
the start of the application. These symptoms 
could not be mimicked by a stepwise reduction 
of the stimulus intensity. Just like in the 
nerve-muscle preparation, the toxic effects 
of T1 were milder in a high calcium medium. 

Medizinisches Institut fur Umwelthygiene 
Gurlittstrasse 53, D-4ooo DUsseldorf I 
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Effects of subchronic treatment with 2, 3-dirnercapto- 
propane-l-sulfonate (DMPS) on the excretion and organ 
distribution of rnethylrnercury in rats. 
M. Storp, S.G. Sch~ifer, and N. Weger 

DMPS is an effective drug in mercury poisoning. 
Because of the long half life of rnethylmercu_rx_(MeHg) 
the effects of DMPS on the decorporation of ZU3Hg-MeHg 
with urine and feces as well as organ distribution in rats 
were studied. 

After i.p. administration of 1 rng MeHg/kg body wt. 
feces and urine were collected separately for 28 days. 
In controls 48.2 + i0. 9% of the dose, in DMPS treated 
rats 82.4 + 18.2% were excreted within the experimental 
period. DN[PS treatment shortened the half life from 
90.4 days in controls to 12.5 days in the treated group. 
After administration of DMPS the excretion pattern of 
203Hg was changed. In control animals 41. 6 + 9.7% of 
the dose were excreted and with urine 6.7 + i-? 6%. 
DMPS enhanced urinary excretion of 203Hg-by a factor 
of 5.6 to 37.3 + ii.8% of the dose, whereas fecal ex- 
cretion was influenced only slightly (45. 2 + 8.4% of the 

dose). 
The determination of the distribution of 203Hg-MeHg in 
the organs showed that 203Hg concentrations in all 
tissues were decreased significantly to about 30 or 15 
percent of the control values with the exception of the 

skin. 

Institut fiir Pharrnakologie und Toxikologie der LMU 
iNussbaumstrasse 26, D-8000 Mi]nchen 2, FRG 

5O3 
SUECHRONIC INIL~LATION STUDIES WITH CHROMATES. 
EFFECTS ON WISTAR RATS 

H. Kuhnen, W. KSrdel and U. Glaser 

Within a basic study concerning the inhalative effects of 
hexavalent chromium compounds on wistar rats we present 
the results of irmnunologic examinations and tests on 
alveolar macrophages. 

After continous whole body exposure with an aerosol of 
50 ~g Cr6+/m 3 as sodium dichromate (particle size for de- 
position in alveolar region, below 0.5 ~m) for three 
months, the number of alveolar macrophages was reduced. 
In addition the macrophages were smaller and showed a 
higher rate of mitosis and phagocytosis. 

The serum y-globulins were already elevated after three 
months of exposure with an aerosol concentration of 25 ~g 
Cr6+/m 3. At this concentration no effects could be detec- 
ted in leucocytes number or differential blood picture. 

In vitro experiments with suspensions of spleen cells 
showed a reduced humoral antibody production against in- 
jected sheep erythrocytes depending on the chromate con- 
centration rats had received. The antibody formation by 
spleen cells was decreased by 30 % in rats exposed to 

Cr6+/m 3 and by 60 % in rats forced to inhalate 50 25  ~ g  ~ g  
b+  J Cr /m . After two months of regeneration in filtered air, 

this inhibition effect was moderated but still not back 
to the level of control values. Serum changes in antibody 
formation were not pronounced. 

This study illustrates the sensitivity of immunologic 
systems even to low chromium contaminated air. 

Fraunhofer-lnstitut fHr Toxikologie und Aerosolforsehung, 
D-5948 Schmallenberg-Grafschaft 

5O4 
EFFECT OF MANGANESE IN DRINKING WATER ON FREE 
POLYSOMAL PROTEIN SYNTHESIS OF IMMATURE RAT 
BRAIN. S. Magour, H. M~ser, and I. Steffen 

Manganese (Mn) is present in human nutrition and 
is considered of minor toxicity. However, chro- 
nic exposure to high levels of Mn produce neuro- 
logical disorders similar in many aspects to 
Parkinson's disease. Recently, it has been re- 
ported that Mn in drinking water (i mg/ml) im- 
paires the learning ability and memory consoli- 
dation of immature rats. Moreover, there is in- 
creasing evidence implicating cerebral protein 
and nucleic acids in learning and memory. It is 
therefore possible that Mn also affects cerebral 
protein and/or nucleic acid synthesis. We deter- 
mined in vitro the free polysomal protein syn- 
thesis and tRNA contents of immature rat brain 
(3 weeks old) after I, 2, 3, and 4 weeks of dai- 
ly consumption of 54 ~g Mn/ml of drinking water. 
We observed up to 35% inhibition of protein syn- 
thesis during the first 3 weeks which returned 
toward the control level by week 4. Cross-incu- 
bation experiments with polysomes and pH 5 en- 
zyme fractions indicated that the observed inhi- 
biton of protein synthesis is due to alteration 
of the pH 5 fraction. Furthermore, cerebral tRNA 
content was reduced up to 20% during the first 3 
weeks and also returned to the control level af- 
ter 4 weeks. At the same time no marked changes 
in aminoacyl transferase levels were observed. 
Our data suggest that the retardation in lear- 
ning and memory of Mn-treated immature rats may 
partly be due to alteration of cerebral RNA and 
protein synthesis. It is concluded that tole- 
rance to the observed inhibition of pclysomal 
protein synthesis develops after 3 weeks of dai- 
ly intake of Mn and therefore this dose level 
may not be considered hazardous. 
Dept. of Toxicology, GSF, D - 8042 Neuherberg 



5O5 
INTERACTi0N OF 4-DIMETHYLAMINOPHENOL (DMAP), CYTOCHROM C 
AND ISOLATED RAT LIVER MITOCHONDRIA 

R~ ELBERS~ E. HEINDL 

The extent of DMAP toxicity seems to be determined by the 
rate of Intracellular oxidative actlvatlon in relation to 
the rates of Inactivatlon processes. Changes in the endo- 
genous me%abollsm of perfused rat livers intoxicated by 
DMAP (a.g, inhibition of respiratlonb ketogenesls, and 
ATP-ayntheels) point to a pa~fleipation of the mltoohon- 
d~lal 0ompartment in the me0hanlsm of cell injury (Elbers 
et el,, Biochem, Pharmac. 29, 1747 (1980)). Cyt0oh~om C 
(cyt C)p oecurlng at mlc~omola~ concentrations in the cyto- 
plasm I is easily reduced by DMAP and recxldized by the 
mitoeh0ndrlal eytochrom oxidase and is therefore capable 
to catalyse DMAP oxidation. 

To evaluate the effects of DMAP and eyt C on rat liver 
mltoehondrla we measured the activity of the Krebs-cyole 
b F monlt0rlngl~he release of 14C02 from mltochondria me- 
tabollslng 2- C-pyruvate. Without adde~4cYtl Cj DMAP 
iO0 ~M s 60 mln, Incub, time r inhibited C02 production 
less than 20%. After 0yt C addlti0nj the degree of inhi- 
bition was dependent on the concentrations of both DMAP 
and cyt C. At iO0 ~M DMAP, I00 ~M cyt Cp the 14C02 re- 

~ ase ceased within io mln. Similarlyj the binding (B) of 
C(rlng)-DMAP to mltochondrial proteins was influenced 

by eyt C (at 60 mln. 50 ~M DMAP: eyt C = 0 ~M B = 5%; 
eyt C = 20 ~M B = ?0%) indicating the rate of ele0tr0n 
transfer from DMAP to cytochrom oxidase and oxygen via 
cyt C to be responsible for D~4AP toxicity, At high DMAP/ 
oyt C concentrations m where 14o00 2 release was inhibited 
and 14C-DMAP was bound, a marked inhibition of mitochon- 
drial electron t~ansfer together with a loss of respira- 
tory control and coupling was observed. An entirely dif- 
ferent effect was noticed at low DMAP concentrations 
(i-iO ~M) where DMAP, oxidized by the mechanism describ- 
ed above~ was reduced presumedly b~ the uptake of elec- 
trons at the substrata end of the respiratory chain, 
allowing electrons to bypass a rotenon or antimycin A 
block, in this catalytic cycle one m01e of DMAP was 
able to transfer more than 50 moles of electrons, 

Inst. fir Pharmakologie und Toxlkologie~ Mad, Fak, der 
LMU M~nchen~ Nussbaumstr. 26 w D-8000 Mflnchen 2~ F.R.G. 
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THE EFFECTS OF SEVERAL ENDO6~NOUS BINDING INHIBITORS ON 
SPECIFIC DRUG BINDING SITES OF HUMAN SERUM ALB~4IN. A 
POSSIBLE ~CHANISMFORDISEASE INDUCED VARIATIONS OF ~ 
PLASMA BINDING OF DRUGS. 
E. Kiem, K.J. Fehske, and W.E. M~ller 
A variety of evidence indicates that the plasma binding 
of drugs can be altered profoundlyby several diseases, 
especially concerning liver and kidneys. The mechanism 
is not yet completely understood, but it is generally 
assumed that several endogenous binding inhibitors, whose 
elimination is impaired (fatty acids, bilirubin) play an 
important role. On the other hand, the actual ntmlber of 
drug binding sites of human ser~u albumin, the most im- 
portant drug binding protein in htwman blood, is rather 
small and only three ligand binding sites are mainly 
involved in the binding of most drugs to htm~n serum 
albumin (the indole and benzodiazpine site, the digitoxi n 
site, the warfarin-azapropazone binding area). If each 
of these sites is affected by endogenous binding inhi- 
biters in a characteristic way, it seems possible to 
explain the quite different effects of disease states on 
the pla.~nabinding of drugs and it mightbecomepossible 
to predict the effects of diseases on drug binding in hu- 
man blood. Accordingly, we investigated the effects of 
several endogenous binding inhibitors (fatty acids, cho- 
lesterol, bilirubin, urea, uric acid, cholic acid, crea- 
tinine) on the binding of marker ligands specific for one 
of the three drug binding sites (diazepam, flurbiprofen, 
digitoxin, warfarine, azapropazone) to cristalline human 
serum albumin or to human plasma. Although we found a va- 
riety of effects of the binding inhlbitors for htm~nn se- 
r~n albt~uin, their presence in pathological concentrati- 
ons in h~uanpla~na changed the binding of the marker 
ligands much less. It seems, that fatty acids alter the 
drug binding to all three sites in h~nan pla~na, while 
the effect of bilirubin is restricted to the warfarin- 
azapropazone binding area. 
Pharmakologisches Institut der UniversitiitMainz, 
Obere Zahlbacher Str. 67, D-65OOMainz 
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ASSESSMENT OF BIOAVAILABILITY - PHARMACODYNAMIC VERSUS 
PHARMACOKINETIC APPROACH 

.. a 
U. Gundert-Remy, R. Hildebrandt, H. Moller , O. Schmidlin 
and E. Weber 

Using clonidine (C) as a model substance, we compared 
bieavailability data as calculated from urinary excretion 
rates of unchanged drug (kinetics) and from different 
pharmacologic responses (dynamics). The dynamic para- 
meters were mean arterial pressure (RR, lying, MAP), 
sedation (visual analog scale, SED) and salivary flow 
rate sti~ulated with citric acid (SAV). C was estimated 
by GC-MS . Relative bioavailability was estimated by cu- 
mulative amounts excreted in the urine and area under the 
effect-time-curve. In a separate study dose-response- 
curves were constructed after I00, 200 and 300 ug of C in 
solution were given to 6 healthy subjects and a linear 
dose-effect-relationship was established. In vivo dis- 
solution could therefore be calculated by means of de- 
convolution without preceeding transformation of the dy- 
namic data. The drug was given as a 250 ug solution 
(standard) and two sustained release forms, A and B, both 
containing 250 ug C, to 8 healthy male subjects in a ran- 
domized placebo controlled complete cross over trial. 
Mean relative bioavailability of formulation A was 87.7 % 
(urinary excretion), 88.5% (MAP), 81.2% (SED) and 97.2% 
(SAV). The figures of formulation g were 89.8% (urinary 
excretion), 89.6% (MAP), 83.6% (SED), 96.9% (SAV). Mean 
in vivo dissolution curves of C from solid dosage froms 
were nearly identical comparing the results obtained 
with kinetic and with dynamic data. 
In conclusion: dynamic data can be used to establish 
bioavailability data of C in the dosage range studied. 

iEdlund et el. J. Chromatogr 187, 161 (1980) 
2 ' -- 
Langenbucher Intern. Journ. Pharmaceutics (in press) 

Abteilung Klinische Pharmakologie, Medizinische Uni- 
versitgtsklinik, Bergheimerstr. 58, 6900 Heidelberg 

aZL Deutscher Apotheker e.V., 6236 Eschborn 
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CYCLOBARBITALANDAMINOPYRINEELIMINATIONAS INDICES OF 

HEPATIC DRUG METABOLISM IN MEDICALPATIENTS 

U. Breyer-Pfaff, M. Weber, H. Seyfert and E.-H. Egberts 

In continuation of earlier work (Breyer-Pfaff et al., Ear 
J Clin Pharmacol 15: 433, 1979), the potential of cycle- 
barbital as an indicator of hepatic drug metabolizing ca- 
pacity was investigated in 60 medical patients 44 of whom 
suffered from liver function disturbances. They received 
a single dose of 200 mg cyclobarbital-calcium (one tablet 
of Phanodorm R) in the evening and during the following 
two days five blood samples were drawn for estimation of 
cyclobarbital plasma levels by thin-layer chromatography. 
Binding to plasma proteins was determined by equilibrium 
dialysis with the aid of 14C-labeled cyclobarbital. Prior 
to the cyclobarbital test, the course of 14C02 exhalation 
from an intravenous tracer dose of 14C-aminopyrine was 
studied. 

In comparison with a group of healthy volunteers, patients 
with viral hepatitis, mild to moderate alcoholic liver 
damage or liver cirrhosis exhibited significantly in- 
creased half-life and decreased clearance values of cyc- 
lobarbital. In obese patients with fatty liver the m e a n  

half-life was increased, while the clearancedid not dif- 
fer from normal. A significant correlation between eyclo- 
barbital half-life in plasma and 14C02 half-life in 
breath was present in the patient group as a whole and in 
single subgroups, but not in cirrhotics. A weak correla- 
tion between cyclobarbital clearance and 14CO 2 elimina- 
tion rate was detected in the total group. 

The cyclobarbital fraction bound to plasma of normal sub- 
jects amounted to 41.7 • SD 1.6 % and equalled that in 
solutions of human serum albumin at the same concentra- 
tion. In patients a close correlation existed between 
binding calculated on the basis of plasma albumin and 
that found experimentally except in two cases with ex- 
tremely high bilirubin concentrations. 
Institut f~r Toxikologie & Medizinische Klinik, Universi- 
t~t Tflbingen, D-7400 Tiibingen 
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THE I~FLUERCE OF IMIDAZOLE ANTIMYgOTICS ON THE 
ACTIVITY OF DRUG METABOLISM IN MAN AND ANIMAL 
Gerhard Heinemeyer and Gisela Jaeck 

Broad spectrum a n t i b i o t i c  treatment is of ten fol lowed by 
systemic fungal in fec t ion  being t reated with imidazole 
ant imycot ics.  Since these compounds have been shown to 
induce and i n h i b i t  drug metabolism in animals, in tens ive 
care pat ients being t reated with miconazole (Daktar @) or 
ketoconazole (Nizoral  | were evaluated f o r  changes in the 
a c t i v i t y  of  drug metabolism by determinations of  ur inary 
excret ion o f  D-glucaric acid (GA). The basic medication 
was s im i la r  in a l l  pat ients .  Treatment with 1000 - 1500mg/ 
day of  miconazole led to a continous r i se  of  u r inary  GA 
excret ion over a period of  one week with a maximum of  

125 + 95 ~MoI/24 h. No s i g n i f i c a n t  e f f e c t  was observed 
dur ing treatment with ketoconazole,presumably as a resu l t  
o f  the r e l a t i v e l y  low dose o f  150 mg/day. Patients not being 
t reated with known inducers of  drug metabolism excreted 55 
+ 35 NMol/24hGA. The enzyme inducing e f f ec t  of  miconazole 
~as less than found in pat ients t reated with pentobarbi ta l  
resu l t i ng  in excret ion of  348 + 155 NMol/24h o f  GA. 
The s ign i f i cance of  these f ind ings was evaluated in male 
Sprague Dawley rats applying the aminopyrine and ca f fe ine  
breath tes t .  The exhalat ion rate o f  14C0a increased from 
0.295 + 0.06 (% of  dose/min) in contro ls  up to 0.382+0.06 
and 0.375+0.095 a f t e r  app l ica t ion  of  miconazole and~e to -  
conazoleT80 mg/kg f o r  4 days), resp. The ca f fe ine  breath 
tes t  indicated s l i g h t  induct ion of  cytochrome P-448. 
The r e l a t i v e l y  low response o f  the breath tests  may r e f l e c t  
an in te r fe rence of  induct ion and i nh i b i t i on  of  mixed func- 
t ion  oxidase. In add i t ion ,  the inf luence of  imidazole 
drugs on f u r t h e r  metabolism of  HI4coH has to be evaluated 
to demonstrate the s p e c i f i c i t y  of  the breath tes t .  The 
enzyme inducing e f f e c t  o f  miconazole should be considered 
during mul t ip le  drug therapy. 

I n s t i t u t  f u r  Kl inische Pharmakologie, Freie Un ivers i t~ t  
Be r l i n ,  Hindenburgdamm 30, D-tO00 Ber l in  45 
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EFFECTS OF ETHANOL 7 DAYS AFTER A SINGLE DOSE OF NITRE- 

FAZOLE IN MAN. R. D~sing 1, j .  Matthews 2, N. Heyar 2, 

E. APPEL 3, p. Zimmermann i, D. Palm 3, G.G. Belz 
2 

R 
Nitrefazole (NI, Altimol ) is a long-term inhibitor of 
low K aldehyde dehydrogenase without affecting dopamine- 
~-hy~oxylase.- In a double blind, placebo-controlled (PL) 
study three groups (n = iO) of healthy volunteers receiv- 
ed 0.5 mg/kg ethanol 7 days after NI (i x 800 or 1600 mg) 
or PL. Hemodynamic parameters and plasma catecholamines 
(CA) were determined before and up to 4 h after ethanol 
in supine and in head up tilted position (40 ~ and 800). - 
Ethanol ingestion produced only small changes in cardio- 
vascular parameters before and during tilt in the PL 
group; however, definite increases in plasma CA were ob- 
served, lh after ethanol the following statistically slg- 
nificant differences betwsen NI and PL were documented 
during tilt: increase of heart rate and decrease of dias- 
tolic blood pressure. During tilt, only in the NI groups 
3 volunteers each collapsed after ethanol ingestion.- A 
rating scale (LKS) showed a significant deterioration of 
the parameter 'allgemeines Unwohlssin' 1 h after ethanol 
when the NI groups were compared to the PL group. 
In comparison to PL plasma noradrenaline and adrenaline 
concentrations were increased 2 h after ethanol in supine 
and tilted position dependent on the dose Of NI. 
These results in man confirm the longlasting sffects of 
NI to induce ethanol intolerance as been observed in 
animal experiments. 

i. Klinische Forschung, E. Merck, 6100 Darmstadt 
2. Institut f~r Kardiovaskul~re Tharapie, 6200 Wiesbaden . 
3. Zentrum der Phaxmakologie, Universit~t Frankfurt/M 

6000 Frankfurt/M. 
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PHARMACOKINETICS OF THE NEW ALCOHOL AVERSIVE DRUG NITREFA- 
ZOLE IN ALCOHOLICS WITH AND WITHOUT LIVER DISEASE. 
K. Weigand,A. Frei,G. Karla~anis,A. A l to r fe r ,H.D.  Brenner 
In c l i n i c a l  s tudies,  n i t r e fazo ]e  (N) has been shown tohave 
long acting alcohol aversive e f fec ts .  Since the drug unde~ 
goes extensive hepatic metabolism ( inc lud ing ace ty la t ion ) ,  
and since pat ients l i k e l y  to benef i t  from N may have pre- 
ex is t ing  l i v e r  disease, we invest igated the e f f ec t  o f  im- 
paired l i ve r  funct ion and the inf luence of  ace ty la to r  phe- 
notype on pharmacokinetics o f  N.To 16 fas t i ng  pat ients (14 
men, 2 women, aged 28 to 54 years; 8 slow, 8 fas t  acety la-  
t o r s ) , hosp i t a l i zed  f o r  treatment of  alcoholism, N was adm~ 
nistered in s ing le p.o. doses of e i t he r  800 (n=8)or 1200mg 
(n=8), blood samples col lected at appropriate in te rva ls  up 
to 4 days, and N concentrat ion measured by HPLC using a L~ 
Chrosorb RP-8 column.12 pat ients had normal l i v e r  funct ion 
(NLF),as assessed by aminopyrine breath tes t  (ABT normal 
0.68-1.08) and i n i t i a l  bromsulphthalein disappearance ra te  
(K i normal 9.5-16).  In the 4 with impaired l i v e r  funct ion 
( ILF) ,  ABT was O.40+S.D.O.29%,and K i 7..4+l.5%/min. N peak 
plasma concen t ra t i o~  o f  4.5+2.0 ~g ml ~ (-~00 mg group) and 
6.0+1.9 (1200 mg group) in N~F-subjects were ~eached a f te r  
4.0T2.5 hours,with AUC's being 122+41 ~g'h'ml ~ and 190+73, 
respec t ive ly .  T i / 2  was dose-independent,varying f r o m ~ t o  
35 (15.5+6.1) hours.The only d i f fe rence in ILF subjectsw~ 
a s l ightTy increased T 1/2 of 19.3+1.8 hours. The to ta l  N 
plasma clearance was 116+43 and 130-$54 ml min ~ in slow and 
rapid ace ty la to rs ,  respeTt ively.SinTe in 5 pat ients of  the 
NLF group,there were no changes in ABT or pharmacokinetics 
of N,repeated a f te r  2 months t rea tment , i t  is  l i k e l y  that  N 
nei ther  a f fec ts  microsomal demethylation nor i t s  own meta- 
bolism.Our resu l ts  therefore ind icate that  N e l iminat ion 
r e l a t i v e l y  independent of  l i v e r  blood f low and uninfluenQ~d 
by acety la tor  phenotype. In addi t ion,  i f  the drug is  given 
on a weekly basis dosage or dos ing- in terva l  adjustment in 
a lcohol ics with ILF appears unnecessary. 

I n s t i t u t  f~ r  Kl in ische Pharmakologie, CH-3010 Bern und Ps~ 
ch ia t r ische Un i ve rs i t ~ t sk l i n i k ,  CH-3072 Bern/Ostermundigen 
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METABOLISM OF PROSTAGLANDIN E 1 
B. Rosenkranz and 3.C. Fr61ich 

tN MAN 

Metabolism of [-17, 18-3H] prostaglandin E I was investigated 
in three healthy male volunteers foilowi6g its intravenous 
infusion. The infusion rate was 5.0 ng/kg/min. Blood samples 
were obtained before and 59 10, 20, /40, 90 and 180 minutes 
after the end of the infusion. Urine and feces were collected 
until 96 and 72 hours after the experimen% respectively, All 
samples were analyzed for radioactivity. Urine was further 
chromatographed including two different high pressure liquid 
chromatography systems and subsequently analyzed by gas 
chromatography-mass spectrometry. The resulting mass spectra 
were compared to those of authentic reference compounds. 

Radioactivity in plasma rapidly declined during the first l0 
minutes after termination of the infusion, and then was elimi- 
nated exponentially with a mean half- l i fe of 181 minutes. 12 % 
of the administered radioactivity were excreted in feces and 
88 96 in urine from which the following rnetabolites were 
identified (the three numbers give the relative amounts of this 
metabolite obtained from each volunteer): 7or 
diketotetranor-prostane- l , I6-dioic acid (I0./4, 20./4 and 30.I %), 
7oz-hydroxy- 5,1I-diketotetranor- prostanoic acid ($.2, 6.9 and 
9.3 %), .%z, 7~:-dihydroxy-II-ketotetranor-prostane- 1,16-dioic 
acid and its r (together accounting for /4.1, 2.1 and 
3.8 %). 

These results demonstra te  a large interindividual variation in 
the rate  of prostaglandin metabolism. This has to be considered 
during assessment of total body prostaglandin synthes!s by 
determination of urinary excretion of their metabolites. 

Institut :[(Jr Klinische Pharmakologie, 
Auerbachstr. 112, D-7000 Stuttgart 50 
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INFLUENCE OF INTRAVENOUSLY ADMINISTERED ACETYL- 
SALICYLIC ACID (ASA) AND SODIUM SALICYLATE (SA) ON 
HUMAN RENAL FUNCTION, WITH SPECIAL RESPECT TO 
LITHIUM CLEARANCE.  

I.W. Reirnann) E. Golbs 

Our earl ier investigations showed that indomethacin (50 mg 
t.Ld.) and diclofenac (50 mg t.i.d.) increased lithium plasma 
levels (PL.) and decreased lithium clearance (CL.). Contrary to 
these results oral ly administered ASA (4.0 g dm~y for 8 to 10 
days) did not influence P_. and C_.. In order to d i f ferent iate 

LI . I. the acute ef fects of ASA and its acLtwe metabohte SA on renal 
function and renal l i thium excretion six healthy female 
volunteers (Na+balance: 150 mmoI) Li+balance: 0.6 - 0.g mmol/I 
plasma) were treated with ASA (2.0 g as D, L-lysine-mono- 
acetylsal icylate), equimolar doses of SA (1.776 g) or placebo, 
given as intravenous bolus (0.5 g ASA and 0./~/~4 g SA, respecti- 
vely) and subsequent continous infusion during a 3h period in 
random orde G leaving a drug free interval o f  at least 8 days 
between the three parts of  the study. Plasma levels were 
between 13.g +- 5.0 and 22.1 + 4.2 rng/l for ASA (~ -s )  and 
between 20.8 +- 9.9 and 82.6 + 22 mg/l for SA during ASA inXfusion 
and between 22.5 + i0.4 and 108.9 + 28.8 mg/] for SA during SA 
infusion. Neither ASA nor SA caused signif icant changes of 
urinary volume, the renal clearances of  Na) K, H~O, osmoI, uric 
acid, creatinin% inuline and p-aminohippurate (P~H) or of  PLJ" 
The only signif icant e f fec t  (Wilcoxon two tailed match pmr 
signed rank statistic) was a slight reduction of C. �9 by SA from 
37.8 + 10.6 to 29.z~ +- 5.2 rnl/min (p = 0.05~ j Since renal 
prostaglandin synthesis (urinary PGE~ excretion) was suppressed 
by 60.6 + 16 % under ASA but Znaffected by SA the CLi 
decrease cannot be related to cyclooxygenase inhibition. 

Dr. Margarete Fischer-Bosch-lnstitut f~ir Klinische Pharma- 
kologi% Auerbachstr. 112, 7000 Stuttgart  50. 
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ABNORMAL ESTER-GLUCURONIDATION IN LIVER DISEASE: STUDIES 
USING THE NEW ANALGESIC ZOMEPIRAC 
F. Witassek, R. P re i s ig  

E the r -g lucu ron ida t i on  of  var ious  drugs, such as oxazepam, 
lorazepam and morphine has been shown to remain unchanged 
desp i te  the presence o f  advanced c i r r h o s i s .  Since the 
e f f e c t s  of impaired l i v e r  func t ion  on es te r -g lucu ron ida -  
t i on  are unknown, we inves t iga ted  zomepirac (Z) d ispo-  
s i t i o n  - a compound undergoing almost complete es te r -  
g lucu ron ida t ion  - in 18 pa t ien ts  with chronic l i v e r  
d isease (CLD) and in I0 hea l thy  vo lun teers  (HV). Sever i -  
t y  o f  CLD, assessed wi th the 9alactose e l im ina t i on  I " 
capac i ty  (GEC), va r ied  between 6 . 3 + S . D . I . I  mg min- kg - I  
in mi ld ,  and 4.5+1.0 in advanced ~ D  (compared to the 
normal range of  ~ ,0  to 9 .1) .  Fol lowing p.o. admin is t ra -  
t i on  of  200 mg Z, samples were obtained at regu la r  
i n t e r v a l s  up to 5h and Z concent ra t ions  in plasma and in 
ur ine  (be fo re  and a f t e r  a l k a l i n e  hyd ro l ys i s )  measured by 
HPLC. The apparent ora l  c l~ara~ce of Z in  CLD was 
reduced to 3.0+0.8 ml min- kg- and 1.8+0.6 in mi ld 
and severe CLD-~respect ive ly ,  compared With 3 .7+I .2  in  
HV (p<O.O01). In CLD, d iminut ions o f  Z c lea rancTwere  
c l ose l y  co r re l a t ed  ( r=0.83)  with abnormal i t ies  of  GEC. 
Furthermore, a s i m i l a r  c lose r e l a t i o n s h i p  was found 
between f r a c t i o n a l  Z-g lucuron ide c learance (computed 
from u r i na ry  Z-g lucuron ide exc re t ion  and corresponding Z 
plasma leve l s )  and both the apparent ora l  Z c learance 
( r=0.86)  and GEC ( r=0 .68) .  From these r e s u l t s  we con- 
clude tha t  the f unc t i on ing  l i v e r  ce l l  mass is  the major 
determinant o f  Z d i s p o s i t i o n .  In pa t ien ts  with CLD, 
dosag~ adjustments may t he re fo re  be necessary when 
admin is ter ing drugs undergoing es te r -g l ucu ron ida t i on .  

Department of  C l i n i c a l  Pharmacology, U n i v e r s i t y  of  
Berne, Swi tzer land.  
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PHARMACOKINETIC AND CLINICAL STUDIES WITH 5- 
AMINOSALICYLIC ACID, THE ACTIVE METABOLITE OF 
SULFASALAZINE 
U. Klotz, C. Fischer, K.E. Maier 

The s t eady  s t a t e  disposi t ion of 5-aminosa l i cy l i c  acid  (5-AS) 
administered as suppositories (500 mg rid) has been studied in 5 
patients with active ulcerat ive colit is (UC) and in 7 patients 
af ter  choledochostorny (single dose of l g 5-AS) who received 
post-operat ively a T-tube drained external ly.  In addition, the 
long-term therapeutic ef f icacy of 5-AS (250 mg tid) was 
investigated in 9 patients with UC and 4 patients with Morbus 
Crohn (MC). Concentrations of 5-AS) its acetylated (AcAS) and 
glucuronidated (glu-AcAS) metabolites were measured in 
plasma (during a dosing interval o f  g hrs), urine and bile (24 h- 
collections) by a specif ic and sensitive ( l imit  0.03 ug/rnl) HPLC 
assay. The single step extract ion procedure had to be extended 
by a sep-pak C-18 cartr idge puri f icat ion step for bile, where 
glu-AcAS could be also detected. During a dosing interval 
steady state plasma concentrations (Css) of  5-AS and Ac-AS 
f luctuated considerably; the mean c averaged (+ SD) 0.10 + 
0.07 ug /ml  and 0.50 I 0.20 ss . . ug /ml ,  r e spec t ive ly .  Ur inary  re -  
cove ry  of to ta l  AS (5-AS and AcAS) ranged  be tween  141 and 
295 rag/day (192 + 70 rag/day). In the collected bile (85 - 390 
ml/day) 5-AS (traces up to 0.2 rag/day), AcAS (1.5 + 2.2 rag/day) 
and glu-AcAS (0.3 + 0.# rag/day) could be measured. Based on a 
normal bile f low of 1.2 ]/day and related to the low bioavailabi- 
l i ty  of  5-AS-suppositories (about 13 %) approximately t0 % of 
5-AS would undergo an enterohepatic recirculation. These 
kinet ic studies would suggest that 5-AS is also available for 
systemic action. In all 9 patients with previously act ive UC 
treatment with 5-AS resulted in a remission and no single 
relapse occured during the prophylactic t reatment period of 16 
to 28 months. However, patients with MC did not respond so 
favourab]e. Thus, especially patients with UC wil l  benefi t  from 
a therapy with 5-AS-suppositories which is so far devoid of any 
side effects. 

Dr. Margarete Fischer-Bosch-lnstitut ftir Klinisehe Pharma- 
kologi% Auerbachstr. 1129 7000 Stuttgart  50 
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BENOXAPROFEN: AN UNEXPECTED "NEW" DRUG PROBLEM? 
P.S. Sch~nh~fer 

The non-steroidal anti-inflammatory drug (NSAID) 
benoxaprofen was introduced as a new therapeutic 
approach in the treatment of chronic arthritis 
due to inhibitory effects both on the lipoxyge- 
nase and cyclo-oxygenase pathway. Following re- 
ports on serious hepatotoxicity with renal fai- 
lure in elderly patients the licence of the drug 
was suspended (A. Goldberg, Lancet II: 396, 1982). 
Analysis of preclinical and clinical data shows 
- that the claims of therapeutic superiority to 
other NSAID were neither clinically nor theore- 
tically substantiated, since most NSAID inhibit 
both cyclo-oxygenase and lipoxygenase. 
- that in addition to the average spectrum of 
adverse reactions (ADR) seen in NSAID the drug 
caused phototoxicity and enycholysis in more 
that 10% of the patients. 
- that the unit dose was selected in the high 
effective level as compared to other NSAID. 
- that the drug had a long half-life time (40 h). 

A hepatotoxic and nephrotoxic effect has been 
described for almost all NSAID at the high dose 
level. Furthermore, it is wellknown that drugs 
with long half-life may cause special problems 
in elderly patients due to reduced metabolic 
capacity. Therefore, the problems observed with 
benoxaprofen appear to result from the combina- 
tion of following factors: long plasma half-~f~ 
unit dose at the high effective level, contmon 
hepato-renal toxicity of NSAID and use in elder- 
ly patients without adequate dose adjustment. 
This does not represent a new phenomenon, since 
similar problems were observed with phenylbuta- 
zon 25 years ago. 

Dardanellenweg 30, D-1000 Berlin 42 
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INTRAINDIVIDUAL COMPARISON OF THREE LOOP 
DIURETICS IN PATIENTS WITH CONGESTIVE HEART 
FAILURE (CHF) 
B . K r ~ g e r ,  F , S ~ r g c l  and R.Koob 

I t  has been shown by Kamp e t  al.(Drug-Research, 
1979)that the dose ratio between furosemide (F) 
and bumetanide (B) for equivalent-diuretic and 
natriuretic action in healthy volunteers is dif- 
ferent from patients with chronic renal insuffi- 
ciency.The aim of our investigations was to stu- 
dy the dose ratio between the three loop diure- 
tics F, S and piretanide (P) the most recently 
mrketed loop diuretics. 

In nine patients with decompensated CHF (NYHA IV 
III) an intraindJvidual comparison of urine 

and sodium excretion between F(40mg),P(12mg) and 
B(lmg) - given intravenously - was performed. 

Results: Urine volume(ml/3h) Sodium (mval/3h) 
F 40mg 915.9 ! 190 82.2 ~ 17.8 
P 12mg 953.1 ~ 245 94.4 ~ 25.6 
P 6mg 590.9 ~ 256 44.6 ~ 19.8 
B img 743.1 ~ 216 63.3 ~ 1 7 . 4  
F / P ( L 2 ) : n . s . , F / P ( 6 ) : p < O . O S , F / B : p < O . O S , P ( L 2 ) / B :  
p < O . O S , P ( 1 2 ) / P ( 6 ) : p ~ O . O S , P ( 6 ) / B : p < O . 0 5  

For P dose l i n e a r i t y  seems to  be p resen t  as ]2mg 
of  P e x e r t e d  tw i ce  as much u r i n e  and sodium ex-  
c r e t i o n  as 6mg of  P. ]2 mg o f  P were e q u i v a l e n t  
to 40mg of  F, whereas i mg o f  B had on ly  abou t .  
75% of  the e f f e c t  o f  40mg o f  F or 12mg o f  P. I t  
seems p o s s i b l e  t h a t  in  p a t i e n t s  w i t h  CHF a d i f -  
f e r e n t  dose r a t i o  between F and B, but not  
between F and P can be observed. 

C a r l - K o r t h - l n s t i t u t  for C a r d i o v a s c u l a r  Research 
D iv .  o f  C l i n i c a l  Pharmacology 
C e b b e r t s t r a B e  47, D-8520 Er langen 
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URINARY IRON EXCRETION AFTEE SUBCUTANEOUS DESFERRIOXAMIN 
(DF) INFUSION THERAPY IN TRANSFUSIONAL IRON OVERLOAD 
R. Erttmann 

Subcutaneous daily infusions of DF in iron overloaded 
subjects using a lightweight portable infusion pump was 
introduced by PROPPER et. al. (N Engl J Med 294, 1421, 
1976). On this basis iron chelating therapy is possible 
in outpatients. In this report own experience with 7 
regularly transfused thalassemic patients is presented: 
i. In 6 patients with transfusional iron overload 

(at time transfused with I-2 units of packed 
erythrocytes per 4 weeks) net iron excretion was 
reached with DF s.c. 2.5 g per m 2 in i0 hrs. 

2. Urinary iron excretion - measured by atomic absorption 
spectrophotometry - after s.c. as well as i.v. DF- 
application is closely correlated with iron preload. 

3. A dose response relation curve has been established 
for each patient. Urinary excretion after a 10 hrs. 
s.c. DF-infusien reaches a plateau at doses higher 
than 2.5 g per m 2 . 

4. Side effects of DF were not noticed in our patient 
group. 

5. The main problem for reaching a net iron excretion 
in our thalassemic children was the motivation to 
perform the daily infusions by themselves. In general 
the "compliance" of our patients was not optimal. 

Department of Hematology and Oncology 
Children's Hospital, University of Hamburg 
Martinistr. 52, D-2000 Hamburg 20, GFR 
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EFFECT OF SALT,DIURESIS,ACETAZOLAMIDE & FUROSE- 
MIDE ON CIS-PLATIN NEPHROTOXICITY IN THE RAT. 

H. Heidemann, J. Gerkens, E. Jackson, 
R. Branch 
A limitation in the clinical use ot cis-platin 
(cp) is nephrotoxicity (n-tox). Empiric obser- 
vation in man have shown that prior hydration 
decreases n-tox. There is still a controversy, 
wheather diuretics decrease cp n-tox and if 
protection is due to increased urine volume. 
Wistar rats, maintained on either a low or a 
normal sodium diet, received cp (Smg/kg i.p.) 
and serum creatinine concentrations (S-Cr) were 
measured 5 days later. Groups of rats from each 
dietary group were either controls (c) or pre- 
treated with saline 0.9% (5% of body weight/lh) 
acetazolamide (a)) 75 mg/kg i.p.) or furosemide 
(F) (12.5 mg/kg i.p.). S-Cr (mg/dl) were: 

Low salt: C O. 9% sal A F ~ x  ~ x  ~ x  
Norm. salt: 3.0~c0.3 1.9+_0.2 x 1.7+O.2 x 2.3+0. 4 

Sodium status was important in the development 
of n-tox. There was decreasing severity of re- 
nal impairment from low salt diet, normal salt 
diet• low salt diet with acute sodium load~nor- 
mal salt diet with acute sodium load. S-Cr in 
a further group of rats on a normal diet who re- 
ceived 4.5% NaCI (5% body Wt) was even lower 
(0.4+-0.02 mg/dl). Increased urine volume alone 
did not confer protection as rats on a low salt 
diet who received 5% dextrose (5% body Wt) had 
S-Cr of 6.6+0.4 on the 5th day. A and F reduced 
n-tox in rats on a low sodium diet while A re- 
ducted n-tox on a normal sodium diet alone. 
These data suggest that NaCl-ions play a critical 
role in the degree of cp nephrotoxicity. 
Med. Klinik (GHS) 4300 Essen; Dept. Clin. Pharmac. 
Vanderbilt University, Nashville, Tenn, USA 
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STUDIES ON THE DISPOSITION OF VERAPAMIL IN PATIENTS WITH 
RENAL FAILURE. 
M. Schols, J. Mooy, M. van Hooff, M.A. van Baak and 
K.H. Rahn. 

Although verapamil is not rare ly used in patients with 
kidney diseases l i t t l e  is known about the influence of 
renal function on i ts  d isposi t ion.  Therefore, the k inet ics 
of verapamil as well as i t s  e f fec t  on the P-R interval 
were studied in 6 patients with end-stage chronic r e n a l  
f a i l u re  (creat in ine clearance < 5 ml/min). Al l  patients 
were given in randomized order an i . v .  dose of 2,5 mg and 
an oral dose of 80 mg verapamil. The interval between the 
2 doses was at least I week. Plasma levels of verapamil 
and of i t s  metabolite norverapamil were measured by high 
pressure l iqu id  chromatography. Af ter  i . v .  in jec t ion ,  te r -  
minal phase h a l f - l i f e  of verapamil was 227 + 21 min in the 
patients with renal f a i l u re  as compared witF 184 + 3 min 
in control subjects with normal kidney funct ion.  A f te r  the 
oral dose, a maximum verapamil plasma concentration of 
79 + 15 ng/ml was reached a f te r  90 + 15 min in the 
patTents with renal f a i l u re .  The data of  the normal con- 
t ro ls  were 62 + 8 ng/ml and 66 + 5 min, respect ively.  
Only low plasma levels ( <10 ngTml) of  norverapamil were 
found a f te r  i . v .  in ject ion of verapamil in e i ther  group. 
However, a f te r  oral appl icat ion norverapamil plasma con- 
centrat ions up to 55 + 4 ng/ml were measured in patients 
with renal f a i l u re  as-compared with 75 + 5 ng/ml in nor- 
mal subjects. Oral and i . v .  verapamil caused the P-R in-  
terval  to increase from 0.18 + 0.01 to 0.20 + 0.01 sec in 
both groups of subjects studied. This e f fec t - las ted  for  
about 4 hours. The study demonstrates that  the disposi t ion 
of verapamil in subjects with normal kidney function and 
in patients with end-stage renal f a i l u re  is s imi lar .  

Dept. of Medicine and Dept. of  Pharmacology, University of 
Limburg, Maastricht ( The Netherlands ). 
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PHARMACOKINETICS OF MOLSIDOMINE IN HIGH DOSAGE 
LONG TERM TREATMENT OF MYOCARDIAL ISCHEMIA 

D. Oltmanns 

Vasodilatating drugs are effective in the the- 
rapy of acute and chronic myocardial ischemia 
by reduction of the preload. Therefore in 5 pa- 
tients (55117 years) with acute myocardial in- 
farction the pharmacokineticSof molsidomine in 
high dosage (4 x 4 mg/die p.o.) were studied 
over a period of 4 weeks. Measurements of mol- 
sidomine plasma concentrations were done at the 
first and 29 th day 0~5, 1~ 2~ 3, 4 and 5 h af- 
ter ingestion of the first daily dose (4 mg). 
The mean maximal plasma levels (Cp max) were 
about 40 ng-ml -I after t max = 0~8-I~3 h. The 
elimination half-life in plasma was T1/2=1~95 h. 
5 h after application of molsidomine ~he plas- 
ma concentrations valued i0-12 ng-ml- . There 
were no significant differences in AUC~ (&35~5 
!1~22; 1,49~72,7 ng.ml-l-h), duration of pre- 
sence in the organism T (sys)(3,00~%,22; 3742~ 
%,II h) and total bo~y clearance Clto t (60,5 • 
68,1; 33~5~q9~0 1-h -• between both time points. 
Side effects with regard to blood pressure and 
heart rate were not observed. 
It is concluded that the pharmacokinetic para- 
meters of molsidomine during oral treatment 
over 4 weeks show a great variability. The 
pharmaeokinetics remain to be unchanged and are 
in accordance with a nearly unaffected long 
term efficacy. 

Poliklinik f~r Innere Medizin der 
Medizinischen Hochschule L~beck 
KahlhorststraBe 31-35, D-2400 L~beck 
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523 
THE ELIMINATION OF GUANFACINE, A CENTRAL ACTING ANTIHYPER- 
TENSIVE AGENT, IN NORMAL AND IMPAIRED RENAL FUNCTION AND 
IN PATIENTS UNDERGOING HAEMODIALYSIS TREATMENT 
W. Kirch, E.E. Ohnhaus 

As antihypertensive drugs are often used in patients 
with renal insufficiency, the kinetics of guanfacine were 
investigated in six subjects with normal renal function 
(GFR~ 90 ml/min), twelve patients with different degrees 
of impaired renal function (GFR 5-90 ml/min) and in eight 
patients undergoing haemodialysis treatment (GFR< 5 ml/ 
min). Plasma and urine concentrations of guanfacine were 
measured by a gas chromatographic method. 
Total body clearance of guanfacine did not differ signifi- 
cantly between patients with normal renal function (GFR > 
90 ml/min; 360 ml/min) and preuremic patients (GFR< lo ml/ 
min; 275 ml/min). In normal as well as impaired renal func- 
tion the elimination rate constant of guanfacine was 0.05 
h-l,which corresponds to an elimination half life of 14 h, 
independent of renal function. Renal clearance of guanfa- 
cine fell from 233 ml/min in normals, to 34 ml/min in mo- 
derately impaired renal function (p < o.o5) and 18 ml/min 
in preuremic patients (p < o.o5). As despite decreasing re- 
nal clearance of guanfacine in renal insufficiency, elimi- 
nation half life of the drug remains constant, increasing 
non-renal elimination, especially liver metabolism, has 
to be assumed. 
Haemodialysis treatment did not distinctly alter elimina- 
tion half life of guanfacine, reaching a value of 12 h 
which did not differ sifnificantly from that in normals. 
The guanfacine clearance by dialysis was 53 ml/min, which 
represents about 15% of the total clearance of the drug 
in normals. 
In the present study the blood pressure lowering activity 
in patients with renal impairment and on haemodialysis 
was not more pronounced compared to the hypertensives 
with normal kidney function. 

Dept. Internal Medicine, University, School of Medicine, 
D 4300 Essen, FRG 
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PHARMACODYNAMICS AND KINETICS OF HOE 224 (BETA RECEPTOR 
BLOCKER) IN MAN 

P.U. Wit te,  M.J. Badian, P. Hajd~ and V. Malerczyk 

HOE 224 ( P a c r i n o l ; ( - ) - p - [ 3 - [ ( 3 , 4 - d i m e t h o x y p h e n e t h y l )  
amino] -2-hydroxypropoxy ] -B-methylcinnamonitr i le)  is a 
specif ic betal-sympathicolytic agent without in t r ins ic  
a c t i v i t y  but with marked antihypertensive ac t i v i t y .  
Under double bl ind,  placebo control led,  conditions 20 
and 40 mg HOE 224 p.o. were compared in t ra ind iv idua l ly  
with 40 mg penbutolol p.o. (Betapressin(R)) in 8 normal 
subjects. Heart rate,  systol ic  and d iasto l ic  blood 
pressure under d i f fe rent  conditions - before, during 
and a f te r  standardized workload on bicycle ergometer - 
were used as pharmacodynamic variables.  The mean maximum 
percentages of saved beats for  penbutolol during steady 
state of workload were 21% (2 h p .a . ) ,  14% (5,5 h p.a. )  
and 10% (24 h p . a . ) ,  which were s t a t i s t i c a l l y  
s igni f icant  ( p ~ 0 . 0 5 )  when compared to placebo. Only at 
2 h a f ter  40 mg HOE 224 there was a s t a t i s t i c a l l y  
s ign i f icant  dif ference ( p ~ 0 . 0 5 )  of 5% saved beats. There 
was no relevant difference in saved beats a f te r  20 mg 
HOE 224 and placebo. No relevant differences in blood 
pressure were seen a f te r  any of the treatments. 

Serum kinetics of HOE 224 were determined in 6 healthy 
male volunteers. Dose: 100 mg HOE 224 p.o. .  The drug 
level pro f i le  was f i t t e d  by a 2-comp-open-model. Mean 
values for  Cma x, tma x and t l / 2  were: 240 ng/ml, 2.4 h, 
and 16 h. 

Hoechst AG, MA/Klinische Pharmakologie, Postfach 80 03 20, 
6230 Frankfurt/M 80 
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LONG-TERM EFFECTS OF CAPTOPRIL ON VASOPRESSOR 
AND DEPRESSOR SYSTEMSIN MAN 
B. Stanek,K. silberbauer,H. Sinzinger 

Longterm effects of 150 mg/d Captopril were studied 
in 10 patients with essential hypertension before end 
during ccn~ination with chlorthalidcn. Blood pressure 
and heart rate were assessed end blood samples were 
drawn for determination of angiotensin converting enzyme 
(ACE) activity,plasr~a renin activity (PRA) ,angiotensin II 
(AII), aldosterone and a stable prostaglandin E 2 meta- 
bolite: bicyclo-PGEg-m by RIA and for catechola~ines 
(radioenzymatic method) before and 60 min. after capto- 
pril (50 rag) before and at monthly intervals up to three 
months and at three mDnthly intervals thereafter. 
with captopril mcnotherapy an increase in PRA and bicyclc- 
PGE_-m and a decrease in ACE, AII and aldosterone 

z 
occurred which was further augmented after readministra- 
ticn of captopril. Blood pressure was reduced to 90% 
(p<O,05) with a positive correlation of the chronic 
effect to the effect of the first captepril dose (r= 
0,80, p<O,O1) and to pretreatm~nt PRA values (r=0,62, 
p< 0,05). Heart rate and plasma catecholamine levels 
were unchanged. 
After cimlbinatien with chlorthalidon the increase in PEA 
and bicyclo-PGE2-m and the decrease in ACE and AII were 
sustained, aldosterone was further suppressed. Again 
these changes were further augmented by readministration 
of captopril. Blood was reduced to 80% (p<O,01) showing 
no longer a correlation to the acute blood pressure 
lowering effect of captopril. 

In conclusion the results confirm a sustained effect of 
captopril on the renin angiotensin and prostaglandin 
system which is not overruled when a diuretic is added 
to achieve maximum blood pressure response. 

II.Med.Univ.-Klinik und LBI fitr klin. Endokrinologie, 
Wien 
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PHAKMACOKINBTICS OF METHIMAZOLB IN MAN 

J.H. Hen~stmann. H. Hohn snd N.A. Vaunel 

The pharmacokinetics of the thyreostatic meth- 

imazole are not known in man. With a new HPLC 

method we Were able to measure the drug in human 

blood and urine. 

Pharmacokinetic parameters were established 

after i.v. injection and oral ingestion of meth- 

imazole 40 mg, and the prodrug carbimazole 36.7 

mg p.o. 

In two euthyroid subjects the total clearance was 

200 ml/min, the volume of distribution 48 L. and 

the biological half-life 150 minutes. In six 

hyperthyroid patients on maintenance therapy the 

total clearance was decreased to 90 ml/min, the 

half-life prolonged to 400 min, the volume of 

distribution unchanged. Renal elimination was of 

minor importance in all cases. 

These results could be interpreted as inhibition 

of the metabolic clearance or a metabolic defect 

in hyperthyroid patients. 

The bioavailability of methimazole was complete, 

carbimazole showed no advantage as regards extent 

and rate of absorption. Plasma levels during 

chronic therapy with carbimazole confirmed this. 

Medizinische Univ.-Klinik D-5300 Bonn-Venusberg 
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MONOAMINE OXIDASE INHIBITION IN HEALTHY VOLUNTEERS BY 
(-) DEPRENYL (D) 
G. Cremer, K.-H. Antonin, P. R. Bieck 

Tyramine (TY) is metabolized to a large extent by intes-  
t ina l  MAO-A. Therefore, the c l i n i ca l  use of D, the se- 
lec t i ve  i nh ib i t o r  of MAO-B should be safe with regard to 
the hypertensive response ("cheese e f fec t " )  fo l lowing TY 
administrat ion.  Recently, a small increase of TY sensi- 
t i v i t y  with D treatment was described. In order to eval- 
ua%e fur ther  th is  unexpected f inding several pressor 
amine tests were applied. In 6 healthy volunteers (vols) 
the extent and duration of MAO inh ib i t i on  by D in weekly 
increasing doses (5 - 20 mg p.o. d -I week) was assessed 
using 3 pressor amines. Tyramine (TY) and phenylephrine 
(PE) were injected i . v .  and norepinephrine (NE) infused 
in increasing doses unt i l  the sys to l ic  blood pressure 
(BP) increased by 30 mm Hg. Tests were repeated at the 
end of each dosage period and repeatedly a f te r  D. 
Results: a l l  three pressor amines were potentiated by D 
treatment. TY and NE sens i t i v i t i es  increased dose- 
dependently from 1.6 and 1.2fold,  resp. (5m~to 4.1 and 
2fold,  resp.(20mg). PE sens i t i v i t y  was highest (3.8fold) 
with 15 mg. On day 10 a f ter  D TY sens i t i v i t y  was s t i l l  
increased. 
Conclusion: our results are in contrast to the select ive 
inh ib i t i on  of MAO-B in v i t r o .  An addi t ional  ef fect  at 
the s i te  of pe~ph~al neuronal BP regulat ion can be 
assumed. D is metabolized in vivo to amphetamines which 
might contr ibute to the pressor effects seen. The results 
caution against the proposed immunity to TY during D 
treatment of patients with Parkinson's disease who are of 
the older age group and may poorly to lera te  even minor 
BP elevations. 

Humanpharmakologisches I n s t i t u t  CIBA-GEIGY GmbH, Ob dem 
Himmelreich 7, 7400 TUbingen 
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THE INTERACTION OF PRE-INJECTED SUXAMETHONIUM 

WITH NONDEPOLARIZING MUSCLE RELAXANTS UNDER 

CLINICAL CONDITIONS. F.T. Schuh 

The influence of a pre-injected dose of suxa- 
methonium (SuM; 0.8 and 1.6 mg/kg) upon the 
neuromuscular blocking action of pancuronium 
(PC) and d-tubocurarine (dTC) was studied in 30 
patients under neurolept anaesthesia. Dose-re- 
sponse curves of PC and dTC were established by 
means of mechanomyograms of the hand muscles 
following electrical stimulation of the ulnar 
nerve immediately after recovery of the neuro- 
muscular transmission from blockade induced by 
SuM.- In comparison to controls without SuM 
(n = 15) the dose-response curves were shifted 
to the left to a lower dose range indicating an 
increase in the neuromuscular blocking potency 
of PC and dTC.- This finding is unexpected 
with respect to the current opinion of a mutual 
antagonism of depolarizing and nondepolarizing 
blockers. However, an explanation can be pro- 
vided applying a transient-state concept of the 
muscle relaxant-receptor interaction. According 
to this concept the initial depolarizing active 
SuM-receptor complex is regarded to be trans- 
formed into a silent inactive form. A fraction 
of this inactive complex is still persistent 
when the blockade induced by SuM has dis- 
appeared clinically. It will increase the con- 
centration of the inactive complex between non- 
depolarizing muscle relaxant and receptor and 
cause a greater neuromuscular blocking effect 
of PC and dTC. 
Supported by Deutsche Forschungsgemeinschaft. 

Dept. of Anaesthesiology, Christian-Albrechts 
University, Hospitalstr. 40, D-2300 Kiel I 
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EFFECT OF DIFFERENT MONOAMINE OXIDASE (MAO) INHIBITORS 
ON HUMAN URINARY TRYPTAMINE EXCRETION 
E. Nilmon and Ch. Schick 

Tryptamine (T) is present in human brain and belongs to 
the substances which produce changes in perception and 
mood. I t  is the decarboxylation product of tryptophanand 
an excel lent  natura l ly  occuring substrate for  MAO. Duri~ 
inh ib i t i on  of MAO increases in the urinary excret ion o fT  
occur. This is ind ica t ive  of inh ib i t ion  of the enzyme 
wi th in the kidney. In man i t  is unknown which of the two 
forms (type A and B) of the enzyme MAO deaminates T. Su~ 
st rate spec i f i c i t i es  d i f f e r  between species and t issues. 
In order to dist inguish between the speci f ic  types ofMAO 
inh ib i t i on  in man urinary T was measured during subchrm- 
ic treatment with tranylcypromine (~C) (MAO A+B), (-) de- 
prenyl (D) (MAO B) and CGP 11,305AL~methoxy-7-bromo- 
benzofuranyl-2-)piper idine HC~ (MAO A). Healthy volun- 
teers (n=18) received the MAO-inhibitors in weekly in-  
creasing p.o. doses. 24h urine was col lected for  60d and 
T measured f luorometr ica l ly  or by GC. 

Results: TC 10 mg 15 mg 20 mg 25mg 
T ra t io  2.4 6.4** 7.9** 5.1 
D 5 mg 10 mg 15 mg 20mg 
T ra t io  1.0 1.1 1.3 1.5 
CGP 11 305 50 mg 75 mg 100 mg 150mg 
T ra t io  2.2** 2.2** 2.5** 2.6** 
** p<0.01 Dunnett's t - t e s t ,  
T ra t io :  avg during treatment/ control avg 

Conclusion: T in humans is deaminated mainly by MAO A. 
The higher increase a f te r  the MAO A+B i nh ib i t o r  TC might 
probably be caused by the i r revers ib le  nature of i nh ib i -  
t ion compared to a revers ib le inh ib i t i on  by CGP 11 305A. 

Humanpharmakologisches I n s t i t u t  ClBA-GEIGY C~bH, Ob dem 
Himmelreich 7, 7400 TUbingen 
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DIHYDROFOLATE-REDUCTASE (DHFR) IN PATIENTS'S SERUM MAY 
INFLUENCE THE RESULT OF METHOTREXATE (MTX) DETERMINATION 
H. Iven 

High-dose MTX therapy with folinic acid rescue is part of 
several cancer treatment schedules. To reduce the risk of 
MTX toxicity it is mandatory to monitor MTX serum concen- 
trations. Numerous analytical methods have been reported, 
including fluorometric, immunologic, enzymatic and HPLC 
assay; the last is considered most specific. While enzy- 
matic and immunologic assays use patient's serum directly, 
HPLC methods usually require sample cleanup. 
Comparing results obtained with HPLC and enzymatic assay 
(DHFR, bovine liver) I found no differences with the stan- 
dards (serum, spiked with MTX), however, patient samples 
drawn -~ 48 h after MTX infusion always had higher MTX 
concentrations when determined with HPLC. Prior to HPLC 
serum proteins were precipitated by keeping a mixture of 
0.4 ml serum and 0.2 ml 0.04 n acetic acid 5 min at 96~ 
In the resulting supernatant MTX concentrations determined 
enzymatically equalled those of HPLC analysis. 
The following MTX-ccncentratiens (x10-7mol/l) were found 
in serum (direct) and supernatant of two patients after 
NDMTX-infusions (E=geometric mean;n = number of infusions) 
Patient" 48 h 72 h 
D.D. direct supernatant direct supernatant 
~,n=14 I .8 3.8 0.6 I .5 
range  1 . 6 - 2 , 1  2 . 7 - 5 . 6  0 . 5 - 0 . 7  0 . 9 - 2 , 3  
A .R.  
~,n=7 4.4 10.4 I .5 4.8 
range 3.4-5.6 8.6-12.7 I . I-2.1 3.9-5.8 
Conclusion: Part of MTX in patient serum is strongly hound 
to a protein, which probably is dihydrofolate-reductase 
liberated from deteriorating cells. This MTX is inactive 
with respect to therapeutic and toxic effects. Results 
obtained with methods using protein precipitation may be 
misleading as basis for folinic acid rescue. 

Institut ffir Pharmakologie der Medizinischen Hochschule 
L5beck, Ratzeburger Allee 160, D-24OO LNbeck 
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COMPARISON OF THE ANTIMYOTONIC EFFECT OF LORCAINIDE, 
MEXILETINE AND TOCAINIDE 

M. Brenner, A. Haass, W. Schmidt and A, Weber 

The management of myotonia congenita was very much improved 
by the o ra l l y  e f fec t ive  1idocaine der ivat ives.  The symptoms 
of paramyotonia congenita were prevented by tocainide for  
the f i r s t  time. The question arose which of the o r a l l y  ef-  
Fective ]ocal anesthetics, lorca in ide,  mexi let ine or toca- 
in ide, is the best antimyotonic drug. 

The myotonic disturbance of the skeletal  muscle contraction 
can be induced in animals by c lo f ib ra te .  Previous invest i -  
gations had shown that th is  experimental myotonia of the 
rat  is a sui table model of the myotonia congenita in man. 
Myotonia was induced by c lo f ib ra te  (400 mg/kg b.w., i . v . )  
in female Wistar rats (120 g).  The myotonic delayed relaxa- 
t ion of the contractions of the e l e c t r i c a l l y  stimulated 
m. t r iceps surae was used as a measure of the myotonia. 
Subsequently, the three drugs were given intravenously in 
three doses ( lorcain ide 20; 15; 5 mmol/kg; mexi let ine and 
tocainide 200; 150; 50 mmol/kg). The antimyotonic ef fect  
was measured as the reduction of the myotonic delayed re la-  
xation. The plasma and muscle concentrations of the three 
antimyotonic agents were measured upon termination of the 
experiments. 

In the three doses mexi let ine reduced the myotonia s l i g h t l y  
more than tocainide. However tocainide seemed to be the 
more speci f ic  antimyotonic drug, because mexi let ine had 
a higher volume of d i s t r i bu t ion  in the muscle t issue than 
tocainide. Lorcainide had to be given in lower doses due 
to the cardiotoxic ef fect  and i t  was essent ia l ly  less ant i -  
myotonic e f fec t ive.  For c l i n i ca l  use mexi let ine and toca- 
inide are both promising oral agents for  prevention and 
treatment of myotonia in man. Thus the preference of eather 
of these two drugs, should be judged by possible side ef-  
fects,  although they are both general ly well to lerated.  

Neurologische Univers i t~ tsk l in ik  und I ns t i t u t  for  Pharma- 
kologie und Toxikologie, D-6650 Homburg/Saar. 
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THE BENZODIAZEPINE-RADIORECEPTOR ASSAY - ITS USE FOR 
PHARMACOKINETIC AND CLINICAL STUDIES 
R. Dorow* and J. Lund 

We have established a simple, sensit ive and rapid tech- 
nique to use stable benzodiazepine (BD) receptor prepa- 
rat ions from bovine brain for a speci f ic  radioreceptor 
assay (RRA). From samples of b io logica l  material l i ke  
blood, urine, CSF the RRA allows in v i t ro  estimation of 
receptor a f f i n i t y  and c o n c e n t r a t i ~ l  BD and BD- 
unrelated compounds which bind to the BD receptor. 
Several studies in volunteers with short- and long-acting 
BD, including diazepam (DZP), flurazepam (FZP), f l un i -  
trazepam (FNZ), t r iazolam, oxazepam, temazepam and lo r -  
metazepam (LMZ), indicate that binding data and time 
course of to ta l  BD-binding a c t i v i t y  ( i . e .  parent compounds 
and active metabolites) correspond well with the i r  respec- 
t i ve  therapeutic dose and pharmacokinetic data from other 
methods, i f  act ive metabolites are taken into account. 

In two placebo (PL) contro l led double-blind studies 
(PL vs. I and 2 mg LMZ, 2 mg FNZ, 30 mg FZP, 10 mg DZP) 
long-term and hangover effects at 12 h a f te r  drug intake 
and beyond were determined by EEG-recordings and psycho- 
metric tests,  and correlated to BD-binding equivalents 
in plasma as evaluated by RRA. Compared to placebo a 
d i s t i nc t  increase in the re la t i ve  power in B-frequencies 
(12.5-30 Hz) of the EEG as well as impairment of psycho- 
motor performance could be found at least up to 12 h a f ter  
FNZ, FZP and DZP. These effects are in good corre lat ion to 
BD-binding a c t i v i t y  in plasma. 

Our f indings indicate that the RRA is a valuable tool 
for  pharmacokinetic and c l i n i ca l  studies of BD. Plasma 
levels as determined by th is method may re f lec t  bet ter  
correspondence to some c l i n i ca l  effects of BD than 
plasma levels of the parent compound alone. 

532 
XNTRA-INDIVIDUAL VARIATION IN RED-GREEN PERCETION IS RE- 
LATED TO RATINGS AT AN ADJECTIVE LIST ( EWL-N )IN 
HEALTHY SUBJECTS 

D.Trapp, H.Feller 

Nagel's anomaloscope (Nano.) is a valid method to detect 
clinically significant deutan and protan defects in red- 
green perception by Rayleigh's equation (Re.)by comparing 
individual Re.s with those obtained cross-sectionally 
from normal triehromates. Effects of acute doses of 
digoxin in red-green perception can be detected by Nano. 
( Alken et al.,N.S.'sArch.Pharmacol.,313,Suppl.,R234,'80). 
However, digoxin effects on red-green perception are of 
minor extent and within the range of cross-sectionally 
studied normal trichromats. Thus, longitudinal intra-sub- 
ject COmparisons are necessary to detect long-term effects 
by N.ano. . Its sensitivity threshhold is limited by in- 
tra-subject variability. 

As the psychological status can affect hue perception, 6 
healthy subjects were asked to give daily ratings at an 
adjective list (EWL-N,Janke-Debus) for 35 days. At 15 d 
Re was calculated from 10-fold measurements by N.ano.. 
Both test exhibited charactel/stic patterns of individual, 
longitudinal variation. A significant correlation was 
found between specific subscales (H+I,J+K+L,A+B: general 
well-being,hostility+anger,concentrated activity) and 
relative sensitivity to red hue. Computational control 
of individual Re by the results at the rating scale yiel~ 
in a reduction of 'noise' in the visual parameters and 
improves the sensitivity of N.ano. in the detection of 
drug effects in longitudinal studies. 

Zentrum der Pharmakologie,ZPHARM IV,Klinikum der J.W. 
*Schering AG, Berlin(West)FRG, +Ferrosan, S~borg, Denmark Goethe-Universitat,Theo.-Stern Kai 7, D-6000 Frankfurt 70 



R 134 

533 
DIGOXIN - 'REBOUND' IN VARIOUS VISUAL FUNCTIONS ? 

R.G.Alken, U.Vitt, I. Peter 

Previous studies had shown that single and repeated doses 
of digoxin impaired color discrimination, affected spec- 
tral sensitivity for luminance and hue thresheld and 
increased spectral critical flicker fusion frequency 
( Alken and Schnabel, Docum.Ophth&l.Proc.Ser.:(1982) 
33:477-485). 14 d after a 10 d treatment (0.4mg digoxin/@ 
~peetral s~sitivity was still different from pretre&t- 
ment status (Alken,ibid.:467-476). 

A double-blind placebo-controlled study was done Sn 12 
healthy triehromates. 10x0.6mg/d digoxin (DIGACIN:) was 
administered orally to 6 subjects. Digoxin plasma concen- 
tration,color discrimination (FM-100),Rayleigh equation 
(N.ano.) and spectral sensitivity for hue and luminance 
as well as spectral critical flicker fusion frequency 
was measured repeatedly pre and during digoxin treatment, 
and 3 weeks after withdrawal in both groups. 

Digoxin exhibited characteristic changes in the spectral 
sensitivity for both stimuli. 14 d after withdrawal an 
inverse pattern of changes in spectral sensitivity rela- 
ted to pre-treatment results were obtained, associated 
by an increase in spectral critical flicker fusion fre- 
quency. Both,the cumulative phase and the withdrawal of 
digoxin treatment was associated by increased color di- 
sturbances, however, with opposite shapes in polar plots 
of the FM-100 test. Confirming results were obtained 
from another double-blind placebo-controlled study with 
increasing daily doses over 4 weeks for the rebound in 
critical flicker fusion frequency ( red on white back- 
ground) after withdrawal. The extent of the rebound was 
related to digoxin plasma concentration prior to with- 
drawal. 

Zentrum der Pharmakologie,ZPHARM IV, Klinikum der J.W. 
Goethe-Universit~t, Theo. Stern Kai 7,D-6000 Frankfurt 70 
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ADVERSE REACTION PROFILES OF ANTIDEPRESSANT 
DRUGS IN A VOLUNTARY REPORTING SYSTEM 
H. Ochsenfahrt 

The Drug Commission of the German Medical Profession maintains 
a voluntary reporting system (VRS) for adverse drug reactions 
(ADR). Recentiy~ some reports on blood dyscrasia directed our 
at tention to the adverse reaction potential of antidepressant 
drugs, which contribute only 1.2 % to all reports received in the 
last years. About 300 reports on ADR's refer to I6 antidepressant 
agents contained in 19 brand preparations. The ADR's of all agents 
were arranged in groups according to system-organ classes (cf. 
W.H.W. Inman, Monitoring for Drug Safety, 1980). The percentage 
for the 6 most common classes was: central and peripheral nervous 
system disorders= 32 %, skin reactions: 17 %, fever: I0 %, liver 
damage: 8 %, autonomous nervous system disorders, 8 %, repro- 
ductive system disorders: g %, blood dyscrasia: 7 %. Other groups 
like gastrointestinal, cardiac or renal disorders and hypo- or 
hypertension represent less than 5 %. 

Profiles were also constructed for each agent. Most profiles were 
almost identical except for a relat ive excess of fever reactions 
with nomifensin, disorders of the reproductive system with 
sulpiride, psychosomatic and gastrointestinal  disorders with 
clomipramin and leucopenia with mianserin. 

The results were compared with profiles constructed from 5000 
reports on antidepressant drugs collected in the WHO collabora- 
t ive centre in Uppsala/Sweden. Despite of an almost 15-foid 
difference in the absolute number of reports the profiles were 
nearly identical but the proportion of severe reactions was 
somewhat higher in the German reports. 

Thus, it is concluded that even with a relat ively low number of 
reports it is possible to identify severe reactions. ADR profiles 
may give helpful signals~ which, of course, deserve further 
investigation. 

Arzneimittelkommission der deutschen ~rzteschaft, 
Eugen-Langen-Str. 12, D-5000 KSln 51 
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DATA SYSTEM FOR IMPROVEMENT OF INTERPRETATION 
OF DRUG SERUM CONCENTRATIONS 
G. Kreutz, T. Lindner, M. Nitz 

Clinical interpretation of quantitative results 
in drug monitoring requires characterisation of 
their information properties: pharmacokinetic 
parameters~ pharmlacodynamic influences~ and me- 
thodological restrictions. All of these and 
their fractional parts are subject to changes 
by time. Therefore allowance for time in the 
interpretation of results causes gain of infor- 
mation, improves interpretation and thereby im- 
proves therapeutic security. 
To comply with the demand for recog~lition of 
any former results belonging to each new one 
a data system of hardware has been combined 
and software created that can take over this 
task. It consists of a microcomputer~ a double 
floppy disc drive, and a printer. The programs 
are written in basic and desi~ned for dialog 
with the user. 
A study for I month in 261 patients on digoxin 
(dg) and 176 patients on digitoxin (dt) re- 
vealed relevant information in 63 (24%) of the 
former and 56 (32%) of the latter ones. Most 
of them had a test taken less than 4 weeks be- 
fore the actual test on the same cardiac gly- 
coside (dg: 56=89%, dt: 32=57%) hut a substan- 
tial part of the patients (dg: 7=11%, dt: 24= 
43%) had used the other one, respectively. 
The system is highly effective in tracing these 
patients and improving the interpretation of 
their test results. It causes low costs and is 
easy to use even for people without special 
education. 

Institut f~r Klinische Pharmakologie, Klinikum 
Steglitz der Freien Universit~t Berlin, 
Hindenburgdamm 30, D - 1000 Berlin 45 
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DEVELOPMENT OF A MULTI-CENTRE DRUG MONITORING 
SYSTEM. 
B. Mfiller-Oerlinghausen, W. Poser, E. Rfither 

Although the methodology of new psychotropic 
drug trials has been much developed during the 
last decade, an efficient post-marketing moni- 
toring of adverse drug reactions (ADR) in psy- 
chiatry did not exist until recently. Therefore, 
since 1978 a Study Group for Drug Surveillance 
in Psychiatry (AMUP) has been established as a 
task force group of the "Arbeitsgemeinschaft 
f0r Neuropsychepharmakologie und Pharmakopsy- 
chiatrie"(AGNP). The first phase of this projec~ 
which is supported by the Bundesgesundheitsamt 
Berlin, was designed to test the feasibility of 
the system in in-patients, and has been finished 
successfully. AMUP will now be extended to moni- 
toring of out-patients in private psychiatric 
practice. 3 psychiatric departments (Berlin, 
G~ttingen, Mfinchen) collaborated in designing 
a common protocol and in assessing ADRs in each 
centre. This system implies 2 different kind of 
assessments: Intensive Drug Monitoring (IDM) in 
a limited sample of subjects selected at random, 
and Organized Spontaneous Reporting (OSR) where 
ADRs of grade 3 (i.e. ADR results into drug 
withdrawal) are identified by the drug monitor 
controlling the patients' charts for drug dis- 
continuation. The protocol including the assess- 
ment of laboratory data will be presented in 
detail. 

Psychiatrische Klinik der Freien Universit~t 
Berlin, Labor ffir Klinische Psychopharmakologie, 
Eschenallee 3, 1OOO Berlin 19. 
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INCREASED MORTALITY IN BENZODIAZEPINE DEPENDENT 
PATIENTS 
B.Piesiur-Strehlow and U.Strehlow 
............................................... 

The main undesirable side effect of long term 
benzodiazepine treatment is drug dependence. In 
the Federal Republic of Germany, an intensive 
drug surveillance project (AM~P) was started in 
7979 at the university hospitals of Mdnchen, 
Berlin and G~ttingen (R~ther,E. et al.,Arzneim. 
Forsch. 3_OO, 1181, (1980)). within this project, 
all cases of dependence on legal drugs are re- 
corded. Up to now more than 400 cases of benzo- 
diazepine dependence have been observed in G~t- 
tingen, I/4 abusing benzodiazepines exclusively, 
and 3/4 combining them with other drugs, mainly 
alcohol. Since alcoholics carry a greater risk 
of early death than expected (Nicholls,P. et al. 
Quart. J.Stud. Alc.3_~5, 841, 1974), we started a 
study on the mortality of benzodiazepine depen- 
dent patients. Up to now 280 patients have been 
traced (1468 patient years). 35 death have been 
observed. This is a high excess mortality, 
since only 7 deaths are expected(life table me- 
thod). The increase is significant in mixed ca- 
ses as well as in cases of isolated benzodia- 
zepine abuse. The extra deaths are mainly due 
to unnatural deaths, especially suicides. An 
analysis is attempted whether these deaths are 
caused by the dependence itself or by an under- 
lying disease (i.g. anxiety neurosis or affec- 
tire psychosis). Further studies might investi- 
gate whether abstinence decreases the risk of 
death. 

Psychiatrische Universit~tsklinik G~ttingen, 
v. Sieboldstr. 5, 3400 G~ttingen 
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RESULTS OF A COLLABORATIVE ADVERSE DRUG REAC- 
TION (ADR) MONOTORING IN PSYCHIATRIC PATIENTS. 

L.G. Schmidt 

The feasibility study of a collaborative drug 
monitoring project (ref. M~ller-Oerlinghausen et 
al., this volume, or in "Multicentre Trials", 
Eds.: N. Sartorius/H. Helmchen, Mod.Probl. of 
Pharmacopsychiat. 16, Karger, Basel, 1981) com- 
prises appr. 5,000 hospitalized psychiatric pa- 
tients. ADRs were assessed by methods described 
at loc.cit, from May, 1979 to December, 1980. - 
Selected results will be presented with special 
attention,to the diagnostic classification of 
patients involved, and to the relationships be- 
tween sex or age and the occurrence of certain 
ADRs. Ranked frequencies of specified ADRs are 
demonstrated with consideration of the particu- 
lar drug prescribing pattern of each collabo- 
rating centre. Data on the "cardiotoxicity" of 
psychotropic drugs can exemplify the advantages 
and limitations of the system, as well as inher- 
ent pitfalls in interpreting the assessed data. 
In the future the system aims at estimating the 
risk of defined ADRs in individual patients. 

Psychiatrische Klinik der Freien Universit[t 
Berlin, Labor fur Klinische Psychopharmakologie, 
Eschenallee 3, D-IOOO Berlin 19, Germany. 
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COMPUTER ANALYSIS OF EPIDEMIOLOGIC DATA ON AD- 
VERSE DRUG REACTION IN PSYCHIATRIC HOSPITALS. 

J. Scherer, E. Rennig, F. Friedl, A. StrauB 

All adverse drug reactions (ADRs) are being cov- 
ered since 1979 at 3 hospitals (Berlin, G@ttin- 
gen, Munich) within the scope of a drug monitor- 
ing project in psychiatry. The design of data 
acquisition includes recording spontaneously ob- 
served ADRs as well as the continuous therapy 
monitoring of a random sample of patients in 
intensive drug monitoring. The ADRs are recorded 
with the aid of a schedule consisting of 16 sys- 
tem areas and 120 items. The following parame- 
ters are calculated: I. The distribution of the 
relative frequencies of the ADRs and ADR system 
areas for the individual drugs; 2. The distri- 
bution of the relative frequencies of the drugs 
for the pertinent ADRs and ADR system areas. The 
data are evaluated on a computer using the 
program system SEGEWA, which was especially 
established for this purpose. The problem of the 
contribution of several drugs to one ADR is 
taken into consideration. Examples are provided 
to illustrate the data evaluation procedures, 
and the problems occurring are discussed. 

Psychiatrische Klinik der Universitit Minchen, 
NuBbaumstraBe 7, D-8000 M~nchen 2, Germany. 
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EFFECTS OF MEASURES DIRECTED TOWARDS TRANSPARENCY OF 
DRUG MARKETS ON PRICE INCREASES OF CARDIOVASCULAR DRUG 
PRODUCTS 

K. Quiring and D. Schn~idelbach 

The German transparency commission has been founded by the Federal Govern- 
ment in order to produce pharmacological and therapeutic transparency in drug 
markets formed by indication areas. The commission has published several trans- 
parancy lists for cardiovascular indications in which dmg products were judged 
with regard to pharmaceutical quality (judgements on control measures resulting 
in up to 6 quality symbols) and to therapeutic efficacy. The effects of these 
judgements on price increases were retrospectively determined. 

For lists containing cardiac glycosides and antiarthythmics, price increases were 
determined in 1 - 2 years' intervals for pre-publication, publication mad post- 
publication periods. With respect to the numbers of quality symbols, there were 
homogeneous price increases before publication. During the publication period 
a positive correlation between numbers of symbols and per cent price increases 
occurred; this effect was abolished - or even reversed - during the post-publi- 
cation period. 

With respect to efficacy judgements, price increases for antianginal drugs were 
foUowed in 6 months' intervals for 3 years. Between the groups of drugs in- 
volved (organic nitrates, beta blockers, calcium antagonists, coronary dilators 
and sedative-containing combinations) no clear-cut differences in price increases 
were found. Within the group of calcium antagonists however those drugs re- 
garded as therapeutically effective (i. e. uifedipine, perhexiline and verapamil) 
showed considerably higher price increases than those for which efficacy was 
considered to be questionable (i. e. etafenone, fendiline and prenylamine). 

As far as the effects observed can be attributed to the judgements made by the 
transparency commission, it seems obvious that they reflect sensible marketing 
expectations and reactions of the manufacturers. Desirable cost decreasing effects 
could be expected to occur only if demand would activate price competition 
on a high quality and efficacy level. 

The technical assistance of Ms. B. Hornemann is gratefully acknowledged. 

Gesch~iftsstelle der Transparenzkommission, Bundesgesundheitsamt, 
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