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The relation between chemical structure and uncoupling activity in 
congeners of salicylate has been studied by means of their effects on the 
oxygen consumption of a suspension of baker’s yeast utilising a limited 
quantity of glucose. Salicylic acid, salicylaldéhyde, 2-hydroxyaceto- 
phenone, salicylamide, 3-methylsalicylic and l-hydroxy-2-naphthoic 
acids were found to show uncoupling activity.

Salicylate uncouples oxidative phosphorylation reactions in respiring 
mitochondrial preparations (Brody, 1956) and many of its effects on the 
metabolism of isolated tissues and animals are explicable in terms of this 
action (Smith, 1959). However, the relation between chemical structure 
and uncoupling activity in the salicylate group of compounds has not been 
explored in any detail. In the present work, the uncoupling activity of a 
number of salicylate congeners has been studied by measuring the oxygen 
consumption of a suspension of starved baker’s yeast cells incubated 
with a known amount of glucose. Uncoupling reagents decrease the 
proportion of the glucose which is assimilated by the yeast and increase 
the proportion oxidised, hence stimulating the oxygen consumption of the 
preparation (Simon, 1953). A preliminary account of the work has 
already been published (Brostoff, Moses and Smith, 1960).

Experimental
M a t e r ia l s

A 20 per cent (w/v) suspension of baker’s yeast (Distillers Co. Ltd.) 
in 0-067 M KH2P 0 4 solution at pH 4-5 was starved for 16 to 20 hr. at 
30°. After centrifugation for 20 min. at about 4500 g ,  the cells were 
resuspended at the same concentration in a further quantity of the phos­
phate solution. The salicylate congeners were obtained commercially and 
recrystallised from suitable solvents until their melting points remained 
constant. They were dissolved in 0-067 m KH2P 0 4 solution at pH 4-5 
to give final concentrations, after admixture with the yeast suspension 
in the reaction mixtures, ranging from 0-1 to 20 mM.

T o t a l  O x y g e n  C o n s u m p t io n

Aliquots (0-8 ml.) of either the phosphate medium or congener solution 
were added to Warburg flasks, each of which contained 0-1 ml. of yeast 
suspension in the main compartment and 0-1 ml. of 0-08 m glucose in the 
side arm. The flasks were incubated at 32° and the oxygen consumption
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measured for 1 hr. to obtain the initial rate of endogenous respiration 
of the yeast. The contents of the flask and side arm were then mixed and 
measurements of the oxygen consumption continued until the phase of 
stimulated respiration due to the glucose present had ceased and a second 
rate of endogenous respiration had been established. Typical reaction
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F ig . 1. Oxygen consum ption  o f suspensions o f  starved b ak er’s yeast cells, in the 
presence o r absence o f 10~ 2m  salicylate, before and after the add ition  o f  a  lim ited 
q u an tity  o f glucose. E ach flask con tained  0-1 ml. o f  yeast suspension (20 per cen t w/v 
o f  yeast) and  0-8 ml. o f congener so lu tion  o r p h o sphate  buffer in th e  m ain com p art­
m ent. The centre well con ta ined  0T  ml. o f 10 per cent (w/v) K O H , and  0T  ml. of 
glucose (8 ¿¿moles) was added  to  the  yeast suspension from  th e  side arm  a t 1 hr. 
T h e  to ta l oxygen consum ptions resulting from  the  add ition  o f the glucose were 
calcula ted  as fo llow s; in th e  presence o f  salicylate the  difference betw een the 
p o in ts A and  B ; con tro l, in the  absence o f salicylate, th e  difference betw een the 
p o in ts  C  and D . O, oxygen consum ption  in  the  presence o f  10_2m salicylate; A, 
oxygen consum ption  o f  th e  con tro l.

curves are shown in Fig. 1 and the total oxygen consumption resulting 
from the addition of the glucose was calculated graphically from each 
experimental curve as the difference between the initial and final levels of 
endogenous respiration. The result for each concentration of each 
congener was calculated as the percentage of the corresponding control 
value obtained in the absence of the congener. A change of 15 per cent 
was considered to represent a significant effect.

P e n e tr a t io n  E x p e r im e n t s

An important consideration in the present work was to determine if 
the congeners penetrated the cell membranes of the yeast. Although it
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UNCOUPLING ACTIVITY IN CONGENERS OF SALICYLATE

was not possible to determine if the active substances reached the enzyme 
sites concerned with oxidative phosphorylation reactions an attempt was 
made to assess if the congeners were excluded from the yeast cells. Fresh 
yeast cells (50 g.) were washed with three successive quantities of 200 ml. 
of tap water and finally resuspended in 50 ml. of 0-067 m KH2P 0 4 medium 
at pH 4-5. Aliquots (7-0 ml.) of this suspension were added to stoppered 
flasks containing 0-5 ml. of 0-01 M glucose and 0-1 to 0-5 ml. quantities of 
congener solution (0-0063 M in phosphate medium). When necessary the 
mixtures were made up to a total volume of 8-0 ml. with phosphate 
medium. The mixtures were shaken mechanically at 32° for 90 min. 
and centrifuged for 20 min. at about 4,500 g . The supernatant solu­
tions were removed and successively frozen and thawed until they were 
optically clear after centrifugation. The optical densities of these solu­
tions were measured at appropriate wavelengths in 1 cm. cells in a Hilger

Congener concentration (mM)
F ig . 2. Stimulation of total oxygen consumption of yeast 
preparation with increasing concentration of congener followed 
by depression at highest concentration.

Uvispek spectrophotometer against similar solutions prepared by replacing 
the congener solution in the reaction mixture with an equivalent quantity 
of phosphate medium. The salicylate congeners gave sharp absorption 
maxima in the range 225 to 350 m /j. and individual calibration curves 
were constructed for each substance in phosphate medium. Hexahydro- 
salicylic acid did not give a suitable absorption maximum and its concen­
tration could not be estimated. The proportion of the total suspension 
occupied by the yeast cells was found to be 42-5 per cent (v/v) when the 
suspension was centrifuged until no further packing of the cells occurred. 
Thus, when 0-5 ml. of 63 X 10-4 m congener solution was present in a 
total volume of 8-0 ml. of suspension, its concentration in the supernatant 
after removal of the cells by centrifugation should have been 4 X 10~4 m 
if it penetrated freely throughout the intracellular volume. A concentra­
tion of 7 x  10-4 m of the congener was interpreted as meaning that the 
congener was completely excluded from the yeast cells. Intermediate 
results, between 4 and 7 X 10 4 m, indicated partial penetration and values
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below 4 x  10-4 m either a preferential binding of the congener by the 
cells or its chemical alteration.
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Results
When the change in total oxygen consumption after the addition of the 

glucose was plotted against concentration for each congener three types 
of response were distinguished. The first consisted of a stimulation of the 
total oxygen consumption with increasing concentration of congener 
followed by a marked depression at the highest concentration (Fig. 2).

T A B LE I
Concentrations of congeners present in supernatant after removal of yeast 

CELLS AFTER 90 MINUTES incubation*

Congener
Concentration in supernatant 

(m x  1 0~4)
Phenol .. 0
Benzoic acid 1 0
Salicylic acid 0- 6
3-Hydroxybenzoic acid 1 0
4-Hydroxybenzoic acid 2-3
2-Methoxybenzoic acid 1 0
Thiosalicylic acid 0-9
Salicylaldéhyde .. 0
2-Hydroxyacetophenone 0
Salicylamide 0*7
Salicylic methyl ester .. 0
2-Hydroxyphenylacetic acid .. 6-4
3-Methylsalicylic acid .. 0
4-Methylsalicylic acid .. 0 1
3-Phenylsalicylic acid .. 1 0
l-Hydroxy-2-naphthoic acid .. 1-3
2,3-Dihydroxybenzoic acid 5-0
2,4-Dihydroxybenzoic acid 9-8
2,5-Dihydroxybenzoic acid 8-7
2,6-Dihydroxybenzoic acid 5-4
3,4-Dihydroxybenzoic acid 8-9
3,5-Dihydroxybenzoic acid 91
3-Nitrosalicylic acid 7-5
3,5-Dinitrosalicylic acid 7*4

* V alues above 7 x 10~4 m show  com plete exclusion o f  congener from  the cells, 
values betw een 4 and  7 x 10~4 m indicate p artia l penetration  and values below 
4 x 10-4 m suggest e ither p referential b ind ing  by the  cells o r  chem ical destruction  o f 
the  congener.

F ig . 3. D epression  o f to ta l oxygen consum ption  o f  yeast 
p rep ara tio n  w ith increasing concen tra tion  o f congener.
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The substances which produced this response included salicylate, the 
classical uncoupling reagent 2,4-dinitrophenol, 3-methylsalicylic acid,
l-hydroxy-2-naphthoic acid, salicylaldehyde, 2-hydroxyacetophenone and 
salicylamide. All these compounds penetrated the yeast cells (Table I).

The second group of substances, consisting of benzoic acid, 2-methoxy- 
benzoic acid and 3-phenylsalicylic acid, did not cause an initial stimulation 
of total oxygen consumption with increasing concentration, but produced 
an increasing depression at the higher concentrations (Fig. 3). All the 
members of this group were found to penetrate the yeast (Table I). The 
remaining substances did not cause either stimulation or depression of the 
total oxygen consumption with increasing concentration (Fig. 4). Some

UNCOUPLING ACTIVITY IN CONGENERS OF SALICYLATE

Fig . 4. Unchanged total oxygen consumption of yeast 
preparation with increasing concentration of congener.

of this last group (3- and 4-hydroxybenzoic acids, 2-hydroxyphenylacetic 
acid, 2,3- and 2,6-dihydroxybenzoic acids, thiosalicylic acid, 4-methyl- 
salicylic acid, salicylic methyl ester and phenol) were found to penetrate 
the yeast but the remainder, including 2,4-, 2,5-, 3,4-, and 3,5-dihydroxy- 
benzoic acids, and 3- and 3,5-dinitro-salicylic acids were completely 
excluded from the cells. transHexahydrosalicylic acid also gave this type 
of response but its degree of penetration could not be assessed.

D iscussion

When resting cells of baker’s yeast are supplied with a limited amount of 
glucose they oxidise only about 30 per cent of the sugar and the energy 
produced is used to assimilate the remainder of the glucose into cellular 
components (Pickett and Clifton, 1943). Simon (1953) has shown that 
uncoupling reagents, such as the nitrophenols, when present in low 
concentrations, increase both the rate and total amount of oxygen con­
sumption and reduce the proportion of glucose assimilated by the yeast 
cells. Thus, a stimulation of the total oxygen consumption of the yeast 
preparation is a criterion of uncoupling activity. However, this may not 
occur with all concentrations of the uncoupling reagent since high concen­
trations of the nitrophenols behave like respiratory poisons, such as
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cyanide, in reducing both the oxygen consumption and glucose assimila­
tion (Simon, 1953). In the present work only those substances which, 
over some portion of the concentration range tested, produced an increase 
greater than 15 per cent of the total oxygen consumption resulting from 
the addition of the glucose, were considered to possess uncoupling activity. 
Of the 25 congeners, only salicylic acid, salicylaldehyde, salicylamide,
3-methylsalicylic acid, l-hydroxy-2-naphthoic acid and 2-hydroxyaceto- 
phenone fulfilled this requirement. The classical uncoupling reagent,
2,4-dinitrophenol, also behaved in the same way. 3-Methylsalicylic acid 
has been found to increase the oxygen consumption of the whole rat 
(Andrews, 1958) which presumably indicates an uncoupling activity. 
Salicylaldehyde (Packer, Austen and Knoblock, 1959) and salicylamide 
(Brody, 1956) have been reported to be devoid of uncoupling activity in 
respiring mitochondrial suspensions. The possibility that these two 
substances may have been almost quantitatively converted to salicylate 
by the yeast during the incubation was investigated by paper chromato­
graphic analysis of both the incubation media and of extracts of the yeast 
cells. However, the substances were recovered unchanged, no free salicyl­
ate being detected. No information is available about the behaviour of
l-hydroxy-2-naphthoic acid or 2-hydroxyacetophenone in other test 
systems for uncoupling activity.

Benzoic, 2-methoxybenzoic and 3-phenylsalicylic acids behaved as 
respiratory depressants in high concentrations but did not cause any 
stimulation of oxygen consumption over the wide concentration range 
tested. The remaining congeners possessed neither stimulating nor 
depressant properties but many of them were completely excluded from 
the yeast cells. However, 3- and 4-hydroxybenzoic acids, thiosalicylic 
acid, 4-methylsalicylic acid, salicylic methyl ester, 2,3- and 2,6-dihydroxy- 
benzoic acids, 2-hydroxyphenylacetic acid and phenol penetrated the 
yeast. In this latter group, the lack of uncoupling ability was therefore 
due to molecular configuration rather than a failure to penetrate the 
cellular membranes of the yeast.

The present results show that modification of the hydroxyl group of 
salicylic acid caused a loss of uncoupling activity. Thus, its absence 
(benzoic), alteration of its position on the benzene ring (3- and 4-hydroxy­
benzoic acids), methylation (2-methoxybenzoic) or substitution of the 
phenolic oxygen by sulphur (thiosalicylic) all produced inactive substances. 
Alteration of the carboxyl group did not produce such drastic results. 
The corresponding aldehyde (salicylaldehyde), methyl ketone (2-hydroxy- 
acetophenone) and amide (salicylamide) were active but the methyl ester 
was not. The absence of the carboxyl group (phenol) or the introduction 
of a methylene group between the carboxyl and the benzene ring (2- 
hydroxyphenylacetic acid) also removed activity. Substitution of the 
benzene ring by a 3-methyl group or by the introduction of a second ben­
zene ring (l-hydroxy-2-naphthoic acid) retained activity but the presence 
of a 4-methyl, a 3-phenyl group or a second hydroxyl group at the 3 or 6 
position produced inactive compounds. All the other ring substituted 
congeners tested failed to penetrate the yeast. It thus appears that the
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UNCOUPLING ACTIVITY IN CONGENERS OF SALICYLATE

essential requirement for uncoupling activity in this group of compounds 
is the presence of a phenolic hydroxyl group in the o r th o  position to a 
carboxyl group with the reservation that an aldehyde, ketone or amide 
group may substitute for the free carboxyl group.
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It has been show n that the flask com bustion  m ethod  is applicable to  
the assay o f  a  num ber o f  su lphur-containing m aterials o f  pharm a­
ceutical and horticultural interest and that results agree w ith  those  
obtained by established m ethods.

T h e  flask combustion method, which has been used for iodine-containing 
substances (Johnson and Vickers, 1959), has now been applied to pharma­
ceutical materials containing sulphur. Two methods have been investi­
gated, one, that of Schoniger (1956), who used an alkalimetric titration and 
the other that of Wagner (1957) who applied the barium perchlorate 
titration procedure of Fritz and Yamamura (1955). The first of these 
methods is suitable only for samples which, on combustion, do not yield 
acidic or basic products other than sulphuric acid.

The alkalimetric determination has been applied to dibenzyl disulphide 
of micro-analytical reagent grade and to many pharmaceutical and

TA B LE I
Sulphur  compounds determined by direct titration with alkali

AFTER COMBUSTION

A NOTE ON THE APPLICATION OF THE FLASK COMBUSTION
TECHNIQUE TO SULPHUR-CONTAINING SUBSTANCES

(R esults expressed as per cen t S unless otherw ise stated)

Substance
Results by Fleck and Ward (1934) 

method Results by flask method
Dibenzyl disulphide 2603

(Theory)
25-9 (Mean of 10 determinations 

range 25-8 to 26-1.)
Sublimed Sulphur B.P. 99-7 (Mean of 6  determinations 

range 99-4 to 100-0.)
Precipitated Sulphur B.P. 99-5 (Mean of 4 determinations 

range 99-3 to 99-6.)
Sulphur Ointment B.P.* 10-3 10-3; 10-3; 10-2

Sulphur dust black-horticultural 
(containing charcoal)

90-7 91-3; 91-2; 91-2

Sulphur dust green-horticultural 
(containing charcoal and dye­
stuffs)

79-5 79-4; 79-6; 79-6

Tablets of sulphur and yeast (3 
grains)

2-94 grains/tab. 2-99; 2-97; 2-98 grains/tab.

Tablets of guaiacum and sulphur 
(3 grains)

2-78 grains/tab. 2-97; 2-96; 2-98; 2-98 grains/ 
tab.

Compound Tablets of Liquorice 
(containing Senna, Liquorice 
and a trace of Saccharin)

2-31 grains/tab. 2-36, 2-38, 2-37; 2-30 grains/tab.

Dimercaprolt 99-9 per cent C3HaOS, 
100-3 » » »

(by B.P. Method)
100-1 per cent C3H8OSe 
100-3 » »
10 0 -2  » »

* Ointments should be weighed onto grease-proof paper.
t Liquids should be absorbed on ashless filter paper floe contained in a small methylcellulose capsule.
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horticultural preparations. Of the various methods for titration of 
sulphate which have been examined, that of Fritz and Yamamura (1955) 
was considered to be the most satisfactory. This has been successfully 
applied to dibenzyl disulphide and to many formulations.

M e t h o d s

The recommended methods are as follows.
(i) Alkalimetric titration procedure. Burn a suitable quantity of the 

sample as described by Johnson and Vickers (1959) absorbing the com­
bustion products in 15 ml. of distilled water containing an excess of 
hydrogen peroxide (about 1 ml. of solution of hydrogen peroxide B.P.) by

T A B LE II
Sulphur  compounds determined by titration with barium perchlorate

AFTER COMBUSTION
(R esults expressed as per cent S unless otherw ise stated)

FLASK COMBUSTION TECHNIQUE

Substance
Results by Fleck and Ward (1934) 

method Results by flask method

Dibenzyl disulphide 26-03
(Theory)

25-9 (Mean of 10 determinations 
range 25-6 to 26-0.)

Lozenges o f Sulphur B.P.C. 1954 0-310 g./lozenge 
0-318 g./lozenge

0-310; 0-310; 0-311; 0-310 g ./ 
lozenge

Proprietary tablets also containing 
guaiacum, mag. carbonate and 
potassium bicarbonate

1-86 grains/tab. 1-85; 1-85; 1*86 grains/tab.

Sulphur dust, horticultural, con­
taining magnesium stearate

98-4 99-2; 98-7; 99-3

Ointment of Salicylic Acid and 
Sulphur B.P.C. *

311
2-98

3-15; 3-08; 3-08; 3-17

Proprietary ointment also con­
taining charcoal and creosote*

2-40
2-39

2-36; 2-34; 2-47; 2-35

Proprietary ointment containing 
also resorcinol and hexa- 
chlorophene*

Fleck and Ward method in­
applicable. Label declaration 
8 per cent

7-92; 7-88; 7-82; 7-98

Sulphanilamide, B.P.C. 99-7 per cent C6H8N 20 2S (by 
B.P.C. method)

100-4; 100-9; 100-5 per cent
c 6h 8n 2o 2s

Sulphacetamide, B.P.C. 99-7 per cent C8H10N 2O3S (by 
B.P.C. method)

101-6; 101-2; 101’8 per cent
c 8h 10n 2o 3s

Saccharin, B.P. 99-7 per cent C 7H5N 0 3S (by B.P. 
method)

100-7; 100-7; 101-0 per cent
c 7h 5n o 3s

shaking for about 5 min. Wash the stopper and platinum gauze with 
water, boil the solution and washings for about 10 min. to destroy excess 
peroxide. Cool and titrate with standard sodium hydroxide solution 
(0-05 n  or 0-02 n  according to the material being assayed) using screened 
methyl red as indicator.

(ii) Barium perchlorate titration procedure. Burn a quantity of the 
sample containing about 8 mg. of sulphur by the method of Johnson and 
Vickers (1959), absorbing the combustion products in 15 ml. of distilled 
water containing an excess of hydrogen peroxide (about 1 ml. of solution 
of hydrogen peroxide B.P.) by shaking for about 5 min. Wash the 
stopper and platinum gauze with 60 ml. of industrial methylated spirit,
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add 2 drops of a 0-2 per cent solution of Thoron in water and 2 drops of a 
0-0125 per cent solution of methylene blue in water and titrate with 
0 -0 2  m  or 0 -0 1  m  barium perchlorate solution until the yellow colour 
changes to pale pink. During the titration, which should be carried out 
in a good natural light, the solution should be stirred vigorously by means 
of a magnetic stirrer.

R e s u l t s

Results from a selection of the substances to which the alkalimetric 
determination has been applied are given in Table I, and some results 
using the method of Fritz and Yamamura (1955) are listed in Table II. 
Although sulphur determinations are not used to assay sulphonamides, the 
method was applied to those listed in Table II. It will be noted that high 
results were obtained in every case and it was thought that this might be 
due to the presence of nitrate as suggested by Fritz and Yamamura. This 
suggestion was confirmed both by titrating sulphuric acid in the presence 
of varying quantities of nitrate and by burning mixtures of dibenzyl 
disulphide and urea. Soep and Demoen (1960) have also noted this effect 
and are investigating a different titration method for the determination of 
sulphur in sulphonamides.

C o n c l u s i o n s

The methods described may be applied to a wide range of pharmaceuti­
cal preparations and are in routine use for the determination of sulphur 
in complex ointments. They are not satisfactory for the determination 
of sulphur in organic compounds containing a high proportion of nitrogen.
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Factors affecting the determination of histidine decarboxylase activity 
in adult rat tissues have been studied. The optimal conditions vary 
from tissue to tissue, and the most potent sources of the enzyme are 
the pyloric part of the stomach, the liver and the duodenum, with less 
in the kidney. There is no relationship between the histidine decar­
boxylase activity of a rat tissue and the amount of histamine it contains.

T h e  existence of a mammalian enzyme capable of decarboxylating histidine 
to form histamine was first demonstrated by Werle (1936) and by Holtz 
and Heise (1937) more than 20 years ago. These authors and their 
colleagues subsequently made extensive studies of the distribution of 
the enzyme. Waton (1956) recently confirmed and extended their 
observations using in the incubation mixture a specific inhibitor of 
histaminase, the enzyme which inactivates histamine. Using a sensitive 
tracer technique, Schayer (1957) has found that the optimal pH value 
for incubation varies from tissue to tissue.

In the present work, the optimal conditions for determining the histidine 
decarboxylase activity of rat tissues have been re-examined. The enzyme 
activity of a tissue has then been compared with its histamine content 
so that further light might be shed on the mode of formation and the 
function of histamine in this species.

M e t h o d s

Female rats of Wistar strain weighing 120-150 g. were fed on a cube 
diet (No. 41B, Associated London Flour Millers Ltd.), allowed drinking 
water a d  l ib . , and housed at 70 ¿  1 ° F.

F o r m a t io n  o f  H i s t a m i n e  f r o m  H is t id i n e  b y  R a t  T is s u e s

The method of Waton was first used. Values of enzyme activity in 
some tissues were found to be lower than those previously reported, 
but when the amount of tissue homogenate was doubled, consistent 
results were obtained. The following experiments refer to the increased 
amount of tissue homogenate.

Pooled tissue from freshly killed rats was cleaned and weighed, cut 
into small pieces, and ground in a glass mortar with a little sand and 
Tyrode solution (5 ml./g. tissue). The resulting homogenate was allowed 
to stand and the supernatant fluid extract was removed for incubation. 
The composition of the incubation mixture was as follows.

THE FORMATION OF HISTAMINE IN THE RAT

Tissue homogenate (800 mg.) ..  . .  .. 4-0 ml.
Phosphate buffer (m/20-K2HPO4) ...........................4-9 ml.
L-Histidine (15 mg./ml., neutralised) ..  .. 1-0 ml.
Aminoguanidine (10 mg./ml., neutralised) .. 0-1 ml.
Benzene (1 drop) ..  . .  . .  . .  20 mg.
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The substrate (histidine) was always added last. The mixture was 
immediately shaken and incubated for 3 hr. at 37°. The reaction was 
then stopped by reducing the pH of the solution to 4-0 with n  HC1 and 
by cooling to 4°. After neutralising the mixture with N NaOH, its hista­
mine content was determined. Mixtures containing boiled homogenate 
or no homogenate were similarly treated and assayed for histamine. 
In all experiments, mixtures without the substrate were also incubated 
and assayed for histamine. The final volume of the mixtures was main­
tained at 10 ml. The histamine content of the extract incubated in the

20
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Histamine formed |fl

pH of buffer
Fi g. 1. The histid ine decarboxylase activity o f  ra t pyloric stom ach ( • ------ • )
and liver ( X -------X) expressed as ¿¿g. h istam ine form ed/g. tissue/3 hr. Incuba­
tion  a t varying pFf values.

presence of histidine less that of the extract incubated in the absence of 
histidine gives the amount of histamine formed from histidine during 
the incubation. This amount of formed histamine, when calculated per 
gram of tissue, was used as the index of histidine decarboxylase activity. 
Each result is the mean of at least three separate experiments. Each 
experiment uses tissue from at least 12 rats.

E x t r a c t i o n  o f  R a t  T is s u e s  f o r  H i s ta m in e  

Pooled tissue from freshly killed rats was cleaned and weighed, cut 
into small pieces and extracted with 10 per cent (w/v) trichloracetic acid 
(5 ml./g. tissue) for 24 hr. Excess acid was removed by shaking the 
supernatant with 4 vol. of ether four times and discarding the ethereal 
layers. After gentle heating, the aqueous residue was assayed for its
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histamine content. Each result is the mean of at least four separate 
experiments. Each experiment uses tissue from at least 4 rats.

B io a s s a y  p r o c e d u r e .  Bioassays were made on the isolated ileum of 
the guinea-pig. A  15 ml. bath of aerated atropinised Tyrode solution 
at 32° was used. On occasions, extracts were also assayed on the blood 
pressure of an anaesthetised cat. The specificity of the responses were 
checked using mepyramine maleate. All values of histamine refer to 
the base.

R e s u l t s

H is t id i n e  d e c a r b o x y la s e  a n d  in c u b a t io n  p H .  The histidine decarboxylase 
activity of various rat tissues was traced using phosphate buffers of various

20
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Histamine formed m 
(«■/*)
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Time (hr.)

Fig. 2. T he histid ine decarboxylase activity o f  ra t  pyloric stom ach ( • ------ •  )
and liver ( X -------X), expressed as ng. h istam ine/g. tissue/3 hr. In c u b a tio n  for
varying tim es a t op tim al p H  values.

pH values. As may be seen from Fig. 1, the enzyme in the pyloric 
stomach showed maximal activity at pH 7-0, whereas that in the liver 
was highest at pH 8-0 with much less activity at pH 7-0. For kidney 
and duodenum, the maximal value was at pH 7-5. Only traces of enzyme 
activity were found over a pH range of 6-0-9 0 in jejunum, lung, abdominal 
skin, ileum and fundic stomach.

H is t id i n e  d e c a r b o x y la s e  a n d  in c u b a t io n  t im e .  An incubation time of 
3 hr. gave the maximal yield of histamine, no more being formed on 
longer incubation. The results for pyloric stomach and liver are shown 
in Fig. 2, and similar results were obtained for duodenum and kidney.
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H is t id i n e  d e c a r b o x y la s e  a n d  t i s s u e  h o m o g e n a te . For all tissues an 
optimal amount of tissue homogenate was required for enzyme activity 
(800 mg.). From some tissues, like liver, amounts in excess of this 
yielded less histamine, probably due to interfering substances. The 
results for pyloric stomach and liver are shown in Fig. 3.

H is t id i n e  d e c a r b o x y la s e  a n d  s u b s t r a t e .  Alterations in the amount of 
histidine used in the incubation mixture also gave variations in the yield 
of histamine. Maximal enzyme activity was always obtained when
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F ig . 3. T he h istidine decarboxylase activity o f ra t pyloric stom ach ( • ------ • )
and  liver ( X -------X), expressed as fig. histam ine form ed/g. tissue/3 hr. In cuba­
tio n  w ith varying am ounts o f  tissue.

15 mg. histidine was used, but in some experiments 5 mg. only was 
needed. The results for pyloric stomach and liver are shown in Fig. 4.

H is t id i n e  d e c a r b o x y la s e  a n d  b e n z e n e . A small quantity (20 mg.) of 
benzene was necessary to detect enzyme activity in rat liver, kidney and 
duodenum. When the amount was increased, the enzyme activity was 
reduced. Benzene was not necessary for, and did not potentiate, the 
histidine decarboxylase activity in pyloric stomach (Fig. 5).

O th e r  F a c to r s  A f f e c t i n g  H i s t i d i n e  D e c a r b o x y la s e  

The presence of a small quantity (1-2 mg.) of aminoguanidine was 
necessary only when extracts of rat duodenum were incubated, since 
this tissue is one of the chief sources of histaminase. Pyridoxal, which 
has been reported to be a co-enzyme of histidine decarboxylase (Blaschko,
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1957; Rothschild and Schayer, 1958), failed in all doses used (10-1,000 jug.) 
to increase the yield of histamine during the incubation of any of the 
four rat tissues.

Using the optimal conditions for determining the enzyme activity 
in  v i t r o , the following values were obtained; pyloric stomach, 15-6 pg ./g .; 
liver, 10-2 jug./g.; duodenum, 6-4 pg ./g .; and kidney, 3-0 pg./g.

FORMATION OF HISTAMINE IN THE RAT

H is t a m i n e  C o n te n t  o f  R a t  T is s u e s

These are shown in Table I. There is no relationship between the 
histamine content of a tissue and the amount of histamine-forming

F ig . 4. T he h istid ine  decarboxylase activity  o f ra t pyloric stom ach ( • ------ •  )
an d  liver ( X -------X), expressed as /-¿g. h istam ine form ed/g. tissue/3 hr. In cuba­
tio n  w ith varying am ounts o f substrate.

enzyme it contains. The liver, for example, has a relatively strong 
histidine decarboxylase activity but very little histamine, whereas the 
duodenum contains much histamine and possesses less enzyme activity. 
It is of interest that the fundic part of the stomach, unlike the pyloric 
part, possesses no histidine decarboxylase activity yet it contains much 
histamine.

D is c u s s io n

The finding that the optimal conditions for determining histidine 
decarboxylase activity vary from tissue to tissue agrees with the results 
of previous workers. Schayer, for example, found that the enzyme in 
rat pyloric stomach and rabbit platelets was most active at pH 7-2 whereas
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for rabbit kidney it was most active at pH 8-0. The present results also 
c o nfirm  that, in terms of histamine formed per gram of tissue, the pyloric 
stomach is the most potent source of the enzyme in the rat. However, 
the high activity of adult rat liver has not been noted before (Kahlson,
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F ig . 5. T he h istid ine  decarboxylase activity  o f  ra t  pyloric stom ach  ( • ------ • )
and  liver (X  - - - - X), expressed as ¡¡.g. h istam ine form ed/g. tissue/3 h r. Incuba­
tio n  w ith varying am ounts o f benzene.

Rosengren and White, 1960; Mackay, Marshall and Riley, 1960). This 
activity, unlike that of the pyloric stomach, is detectable only in the 
presence of a small quantity of an organic solvent such as benzene.

The weight of the liver of an adult rat is 6-10 g., and with an enzyme 
activity equivalent to 10-2 pg./g. this organ is capable of forming at least 
60 pg. histamine in 3 hr. or 480 pg./day. Although the enzyme activity

T A B LE I
C o m p a r is o n  o f  t h e  h is t id in e  d e c a r b o x y l a s e  a c t iv it y  (a s  in d ic a t e d  b y  t h e

A M O U N T  O F H IST A M IN E  FO R M ED  IN  f i g . / g .  T ISSU E ) A N D  T H E  H IST A M IN E C O N T E N T  
( f i g . / g . )  O F R A T  TISSUES

R at tissue Histidine decarboxylase Histamine content

Pyloric stomach 15-6 29-9
Liver 10-2 2-0
Duodenum 6-4 25-2
Kidney .. 3 0 10
Jejunum 1-2 25-0
L u n g ........................................ 1-2 8-0
Abdominal skin 10 31-3
Ileum 0-9 23-8
Fundic stomach 0-4 12*6
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in the pyloric stomach is equivalent to 15-6 p.g./g., this tissue weighing 
0-25-0-5 g. can form only 18 p,g. histamine in 3 hr., or 64 ¡ ig./day. Like­
wise, the duodenum and the kidney are capable of forming daily only 
40 and 32 p.g. histamine respectively. Thus, in terms of absolute amounts 
of histamine formed, the liver is by far the most potent source of histidine 
decarboxylase in the rat.

Kahlson (1960) has recently reported that histidine decarboxylase 
activity may play an important role in processes of tissue growth and 
repair, since a high histamine-forming capacity is found in the rat foetus, 
in the adult rat after partial hepatectomy, and in healing skin wounds. 
Waton, on the other hand, suggests that the intracellular decarboxylation 
of histidine is not the major pathway in the formation of histamine, and 
that decarboxylation occurs in the lumen of the gut and histamine is 
absorbed as such. Sufficient histamine may be absorbed from the alimen­
tary tract to meet all physiological needs and local histidine decarboxylase 
may not be necessary. He also states that, although histidine decarboxy­
lase is identified in a tissue by an in  v i t r o  method, this is not proof that 
such a decarboxylation occurs in  v iv o . Nevertheless, as the present 
work shows, the rat is capable of forming very large quantities of hista­
mine. The pyloric stomach, liver, duodenum and kidney, for example, 
can form between them over 1 mg. of histamine in a day.

The presence of histidine decarboxylase in the pyloric stomach and 
its absence in the fundic stomach suggests that the amount of histamine 
available to stimulate the oxyntic and peptic cells in the fundus is con­
trolled by the rate of formation of histamine in the pyloric portion. It 
is in the pyloric portion of the stomach where gastric ulcers most com­
monly occur. The presence of the enzyme in rat duodenum but not in 
jejunum or ileum is surprising, and this finding too may be linked with 
the fact that intestinal ulcers are found most frequently in the duodenum.

Much of the histamine in the body is held in tissue mast cells (Riley 
and West, 1953). In the rat, the high histamine content of the skin is 
reflected in its high mast cell population, and the same is true for lung. 
But the histamine content of the alimentary tract is not related to tissue 
mast cells. The fundic stomach, for example, contains a high number 
of mast cells per unit area yet its histamine content is relatively small 
and its histadine decarboxylase activity is low. The pyloric stomach 
contains very few mast cells but much histamine and histidine decarboxy­
lase activity, and a similar situation is found in the duodenum. In the 
jejunum and ileum, there is a high histamine content, very few mast 
cells and very little histidine decarboxylase activity but these two tissues 
are the chief sources of histaminase activity in the rat. The liver and 
kidney possess the power to form histamine but not the power to store it. 
Thus, the histidine decarboxylase activity of rat tissues is not related to 
the amount of histamine they contain nor to the mast cell population.

Recently, whilst investigating the mechanism of action of cortico­
steroids in allergic diseases and asthma, we have found (Telford and 
West, 1960) that prolonged treatment of rats with glucocorticoids causes 
a marked depletion of histamine in many tissues, although the histamine
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content of the pyloric stomach is increased. It is possible that these 
changes are brought about by an alteration in the rate of formation of 
histamine. The effect of glucocorticoids on the histidine decarboxylase 
activity of tissues is now being studied.
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ANATOMICAL STUDIES IN THE GENUS R U B U S

P a r t  IV . A n a t o m ic a l  V a r ia t io n s  in  t h e  L ea v es  o f  C u l t iv a t e d  
V a r ie t ie s  o f  R .  id a e u s  L . a n d  R .  lo g a n o b a c c u s  L . H . B a il e y , a n d  o f  

c e r t a in  S p e c ie s  o f  B r a m b l e

B y  K . R . F e l l  a n d  J .  M . R o w s o n

From the Pharmacognosy Research Laboratory, Bradford Institute o f  Technology 
Received O ctober 10, 1960

Differential anatomical characters of the leaves of cultivated varieties 
of R . id a eu s  L. and R . lo g a n o b a c c u s  L. H. Bailey, and of certain species 
of bramble, are described and illustrated. The comparative anatomical 
characters of raspberry, blackberry and loganberry leaves, including 
these varieties and species, is discussed.

T h e  anatomy of the leaves of wild plants of R .  id a e u s  L., cultivated plants 
of R .  lo g a n o b a c c u s  L. H. Bailey and a wild bramble has been described 
in earlier communications (Fell and Rowson, 1956; 1957; 1960). There 
are many well-established cultivated varieties of R .  id a e u s  and commercial 
samples of raspberry leaves are invariably derived from cultivated crops, 
the thornless variety of R .  lo g a n o b a c c u s  occurs in cultivation, moreover 
386 species of indigenous brambles have now been recognised by Watson 
(1958). To determine if the leaves of certain of these varieties and 
species could be distinguished amongst themselves and from the materials 
already described, an investigation was carried out on leaves of eight well- 
established commercial varieties of R .  id a e u s , on the thornless variety of 
R . lo g a n o b a c c u s , and on seventeen species of bramble, representative of 
the seven Sections of the Sub-genera R U B U S  ( M O R I F E R I  Focke), 
G L A U C O B A T U S  x  R U B U S  and I D A E O B A T U S  x  R U B U S  (Thoms, 
1931).

M a t e r ia l s

Authenticated leaf materials of R .  lo g a n o b a c c u s  L. H. Bailey, thornless 
variety and of R . id a e u s  L., commercial varieties L l o y d  G e o r g e ,  M a i l i n g  
E n te r p r is e ,  M a i l i n g  E x p l o i t ,  M a i l i n g  J e w e l ,  M a i l i n g  P r o m is e ,  N e w b u r g h  
and N o r f o l k  G ia n t  were supplied from the Gardens of the Royal Horti­
cultural Society, Wisley, Surrey. Leaves of R . id a e u s , variety S t .  W a l f r i e d  
were obtained from the East Mailing Research Station, Kent. Leaves 
of the following British brambles were provided by a taxonomist specialis­
ing in this genus and selected to represent all seven Sections recognised 
by Watson (1958) in the three Sub-genera comprising this group (shown on 
following page.)

E x p e r im e n t a l

The techniques employed for the examination of all materials were 
those previously described (Fell and Rowson, 1956; 1957; 1960).

Leaflets, rachis and stipules of the eight commercial varieties of R .  
id a e u s  were examined by means of surface preparations and by sections,

The subject m atte r o f  this com m unication  form s p a rt o f a  thesis by one o f  us 
(K .R .F .) accepted by the  U niversity o f L ondon  fo r the  D egree o f  D o c to r o f 
Philosophy.
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Sub-genus Section Species
I D A E O B A T U S
x R U B U S

SUBERECTI R .f is s u s , Lindl.

G L A U C O B A T U S
x R U B U S

T riviales R . co ry lifo liu s  Sm., R . b u ck n a llii White, R . b a lfourianus, 
Blox ex Bab.

R U B U S
(Moriferi Focke)

Sylvatici

D iscolores

Sprengeliani
A ppendiculati

G landulosi

R . sch lech ten d a lii Whe.,
R . p yra m id a lis  Kalt,
R . h ir tifo liu s  Muell. & Wirtg.,
R . dan icus Focke.,
R . pu b escen s, var. sub inerm is  Rogers,
R . cornubiensis Rils.
R . len tig inosus  Lees
R . th u rsto n ii Rilst., R . fu s c u s , var. m a cro sta ch ys , 
R . n u ticeps, Barton & Ridd.
R . k o e h le r i Weihe, R . h y s tr ix  Weihe,
R . co gna tus N.E. Br.

the rachis being cut above and below the point of insertion of the lateral 
leaflets. Particular attention was directed to the characters of the 
epidermal cells, cuticle, stomata, hydathodes and trichomes, and also 
the arrangement of vascular and fibrovascular tissue and meristeles. The 
majority of the structural characters of wild R .  id a e u s , already described

Fig . 1. Leaves o f cultivated varieties o f R. idaeus L. A, var. Lloyd George. U pper 
epiderm is o f  in terneural lam ina, show ing short, covering trichom es. B, var. Mailing 
Enterprise. T ransverse section o f  in terneural lam ina, show ing well-form ed double 
palisade. C, var. Mailing Jewel. T ransverse section o f m idrib  o f leaflet cu t near 
base, show ing pericyclic fibres. D, var. Newburgh. T ransverse section o f upper 
rachis, cut near the top , show ing fo u r fibro-vascular ridge bundles. A and  B  x 200; 
C  and D  x 25. c, covering trich o m es; d. pal, double  p a lisad e ; /;./., pericyclic fib res; 
r.bs., ridge bundles.
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and illustrated (Fell and Rowson, 1956), were found in the eight com­
mercial varieties. Several differences from the wild material were also 
noted, these are given in Table I and are illustrated in Fig. 1.

Preliminary examination of the 17 bramble species showed a uniform 
anatomical pattern, similar to that already described and illustrated in 
this series of papers for a R a d u la  sp. of bramble (Fell and Rowson, 1957). 
Some variations in armature have been reported by Thoms (1931) and 
Moeller-Griebel (1928a) and our bramble materials also showed such 
variations in trichome structures, thus detailed investigations were

F ig . 2. H ydathode  and  trichom es from  the leaves o f certain  b ram ble  species. A, 
2- and  4-celled covering trichom es from  the  low er epiderm is o f th e  lam ina  o f leaflet 
o f  R. corylifolius. B, G lan d u la r trichom e from  the  low er epiderm is o f leaflet o f 
R. bucknallii. C, H ydathode from  upper epiderm is o f leaflet o f  R. pyramidalis, seen 
som e distance in from  the  edge o f the lam ina. D, 1-, 2- and  4-celled, unlignified, 
covering trichom es, and g landu lar trichom es from  the low er epiderm is o f lam ina 
and m idrib, respectively, o f leaflet o f R. hirtifolius. E, 4-celled, lignified, stellate, 
covering trichom e from  the lower epiderm is o f  leaflet o f  R. danicus. F, F ragm en t 
o f  th e  tom en tum  o f lignified, covering trichom es from  low er epiderm is o f leaflet o f 
R. thurstonii. A ll x 200.
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directed to the upper and lower epidermises of lamina and midrib of each 
species. The characteristic unicellular, lignified covering trichomes with 
well-marked crosslines and the different glandular trichomes of bramble 
(Fell and Rowson, 1957) were found in the 17 species examined. In 
addition, certain differential characters were noted and these are summar­
ised in Table II and illustrated in Fig. 2.

TA B LE I
Anatomical characters distinguishing certain cultivated varieties from 

wild leaves of Rubus idaeus

K. R. FELL AND J. M. ROWSON

Covering trichomes of Transverse section
Leaflet
upper

Variety surface Rachis Stipules Leaflets Rachis
L lo y d  G eorge 30-50/x Lignin ± Lignin Double

long very palisade
(Fig. 1 ,A ) slight

M a ilin g  E n terp rise  . . lignin ± Very well- 
marked
double 
palisade 
(Fig. 1, B )

M a ilin g  E x p lo it Lignin ± Lignin ± Well marked
double
palisade.

M a ilin g  Je w e l Lignin ± Lignified 
peri cyclic 
fibres also 
pitted vascular 
elements in 
some leaflets 
(Fig. 1, C) 
Well markedM a ilin g  P ro m ise Sparsely Lignin -J- At top of rachis

scattered double palisade two ridge 
bundles in each 
of two ridges
commonly
found

N ew burgh Lignin ± Very well As for M a ilin g
marked double P rom ise

N o r fo lk  G iant
palisade
Double

(Fig. 1, D )

palisade
S t.  W a lfr ie d Double

palisade

N o te : lignin ±  means that the covering trichomes gave only a slight reaction for lignin.

The structure of the epidermises of the leaflet and rachis of the thornless 
variety of R .  lo g a n o b a c c u s  was investigated, the results are summarised 
in Table III.

A . G e n e r a l

D is c u s s io n  a n d  C o n c l u s io n s

In the work described above, and in the earlier work, it has been 
shown that the morphological and anatomical characters of the leaves 
of R .  id a e u s  L. (wild form and eight cultivated varieties), R . f r u t i c o s u s  L .  
(18 wild British species according to Watson’s classification (1958)) and
R .  lo g a n o b a c c u s  L. H. Bailey (two cultivated varieties) are similar in most 
general respects, but that there are differences in detailed structures, some 
of which are of diagnostic value.

B . M o r p h o l o g y

The le a v e s  of all varieties and species examined are imparipinnately 
compound, usually with five leaflets, but sometimes three or, occasionally,
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ANATOMICAL STUDIES IN THE GENUS RUBUS. PART IV
T A B LE II

Epidermal characters distinguishing certain species of bramble

Lower epidermis
Stellate

trichomes
Species Upper epidermis number of arms Glandular trichomes

R u b u s  fissu s 2
R . co ry lifo liu s 2-6
R . b u ckn a llii 2-5 Multicellular head on multi­

cellular uniseriate stalk, occas­
ional collapsed cell in stalk 
(Fig. 2)

R . ba lfou ria n u s 2
R . sch lech ten d a lii .. Trichomes rare 

except on midrib 
and veins

2-8

R . p yra m id a lis Few trichomes on Abundant Abundant with unicellular head
margins only unicellular on multicellular uniseriate stalk
Hydathodes trichomes varying
prominent (Fig. 2) much in length and 

in amount of
lignification

R . h ir tifo liu s Trichomes rare 2-4 (on midrib Unicellular head on multicellular
except on midrib lignin ±) uniseriate stalk, frequently with
and veins collapsed cell in stalk (Fig. 2)

R . dan icus .. 2-6 (Fig. 2) As R . p yra m id a lis
R . pu b escen s var. Glandular 2-5

sub inem is trichomes rare
R . cornubiensis Trichomes rare 2-4
R . len tig inosus Few trichomes 

near the margin only
2

R . thursto n ii Covering 2-8
trichomes mainly Covering trichomes Abundant on interneural surface
confined to the veins forming a dense 

tomentum
and on veins

R . fu s c u s  var. 2-6 as Few
m a cro sta ch ys R . th u rsto n ii

R . n u ticep s .. 2-6
R . ko e h le r i .. 2-4
R . h y s tr ix 2-4
R . co g n a tu s . . 2 - 4

T A B L E  III
A natomical characters of R. loganobaccus a nd  of a thornless variety

R . loganobaccus R . loganobaccus (thornless)
1. S c ie r  eids Present, as described * Absent
2. Upper epidermis of 

lamina
Cells beaded Cells not beaded

Lower epidermis of Tomentum: hairs only give a Very hairy tomentum; hairs give 
a positive reaction for lignin with 
phloroglucin and hydrochloric acid 
without difficulty and without 
preliminary treatment with ether

lamina positive reaction for lignin with 
phloroglucin and hydrochloric 
acid after preliminary treatment 
with ether

4. Lower epidermis of Cells beaded. Covering hairs Cells very slightly beaded, covering
midrib give a positive reaction for lignin 

only after preliminary treatment 
with ether

hairs plentiful, lignified and tending 
to be tomentose

5. Epidermis of rachis Cells particularly well beaded; 
covering hairs lignified and very  
numerous

* Fell and Rowson, 1960.

seven. Individual le a f le t s  have sharply pointed apices, the margin is 
coarsely serrate-dentate with mucronate teeth and the base cordate. 
The venation is pinnate; each vein terminates at the apex of one of the 
marginal teeth. The lamina is hairy in all species, but much more so 
on the lower surface; since the dense tomentum on the lower surface of the
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lamina of leaflets of R .  id a e u s  imparts a distinctly w h i te  colour to this 
surface, this latter is a valuable macroscopical diagnostic character, even 
when the leaves are in a coarsely chopped and dried condition, as is 
commonly the case with commercial material. This character is not seen 
in the leaves of R .  lo g a n o h a c c u s ; those of the bramble species vary in 
appearance (due to the greatly differing degrees of hairiness encountered 
in different species) but in no species does the underside of leaflets appear

T A B LE IV
K ey for macroscopical identification of species

1. Colour Leaves, or fragments of lamina showing white lower surface .. .. 2
Not as above .. .. .. .. .. .. .. .. .. 3

2. R . idaeus: odour pleasantly aromatic; confirmed by histological examination (see
Table V)

3. Prickles Present .. .. .. . . . . .. .. . . .. . . 4
Absent .. .. .. . . .. .. .. .. . . .. 5

4. R . loganobaccus or a species of bramble .. .. .. .. .. .. .. .. 6
5. R . loganobaccus thornless variety: confirm by histological examination (see Table V)
6. Leaves green; leaflets (if leaves whole) large, and usually five in number R . loganobaccus

—confirm by histological examination (see Table V)
Leaves varying in colour from green to greyish-green, brownish-green, 
light brown or greyish-white; leaflets not large .. S p . o f  b ram ble— 
confirm histologically (see Table V)

white (see Table IV). Terminal leaflets are, in general, larger than the 
lateral ones and are symmetrical; lateral leaflets are slightly asymmetrical, 
and are sessile on the rachis in the cases of R . id a e u s  and R .  lo g a n o b a c c u s ,  
but this detail is very variable in the brambles, where (depending on the 
species) either or both lateral and basal leaflets may be stalked. Leaflets 
of R .  lo g a n o b a c c u s  were the largest of any species examined, but several

T A B LE V
K ey for histological identification of species

1. All of the trichomes of the lower interneural epidermis unlignified (even after treatment with ether
or chloral hydrate solution) and forming a tomentum .. .. .. .. .. .. .. 2
Some, or all, lignified (after treatment with ether) . . .. .. .. . . .. . . 3

2. R . idaeus or variety.
3. Trichomes of the lower interneural lamina lignified (after treatment with ether) and forming a

loose tomentum. No stellate trichomes .. .. .. .. .. .. .. .. .. 4
Covering and glandular trichomes present, former frequently stellate; some covering trichomes,
at least, lignified .. .. .. .. .. .. .. .. .. .. .. .. 7

4. Sclereids present . . .. . . . . . . . . . . . . .. .. .. .. 5
Sclereids absent .. .. .. .. .. .. . . .. .. .. .. .. 6

5. R . loganobaccus.
6. R . loganobaccus, thornless variety.
7. Species of bramble. Refer to Table II.

leaflets of cultivated varieties of R .  id a e u s  were almost as large, and mere 
size cannot be considered as a useful differential character between these 
two species.

The r a c h i s  does not exhibit any significant variation in external struc­
ture ; in specimens examined, its dimensions always lay between limits of 
4 to 15 cm. in length, and 1 to 5 mm. in width, the latter increasing from 
top to base. It is terete except for a single groove running down the 
middle of the upper surface.

The elongated-conical, laterally compressed p r i c k l e s  found on the 
midrib and rachis are common to all species and varieties examined with
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the single exception of the thornless variety of R . lo g a n o b a c c u s  (see 
Table IV). The precise shape, size and frequency of the prickles vary 
with the species or variety, but such variations have not been used to 
distinguish between the 28 species or varieties possessing prickles and 
described in this series of papers.

It is not considered that the s t ip u l e s  have any differential diagnostic 
significance in the species and varieties so far examined.

The s e n s o r y  c h a r a c te r s  are of greatest value in distinguishing commer­
cial samples of leaves of R .  id a e u s , fragments of which show a green 
upper surface and a white lower surface. The colour of bramble leaves 
varies greatly with the species and age of the specimen—from green to 
greyish-green, brownish-green, pale brown, and, in the case of the lower 
surface, occasionally greyish-white (but not white); leaves of R .  lo g a n o ­
b a c c u s  are green. The taste, for all species and varieties, is astringent, 
due to the high tannin content, the odour is distinctive in the case of 
R .  id a e u s , dried samples of which are quite pleasantly aromatic; the 
texture of all leaves in the dried condition is fragile. These differential 
morphological and sensory characters are summarised in Table IV as a 
key for the identification of the species here considered.

C. A n a t o m y

A number of anatomical characters are common to the 29 species and 
varieties examined, these are the general distribution of tissues, similarity 
in sizes of corresponding cells (except trichomes, see below), stomatal type 
and distribution, hydathodes, also the cell inclusions of calcium oxalate 
and starch granules. Characters which may be employed for the 
distinction of the species and varieties from each other are principally 
those of the epidermis (trichomes, epidermal cells and prickles) but also 
include certa n characters of the mesophyll, cortex and stele. They will 
be discussed under the following headings, and they are employed in 
Tables II and V.

(a )  E p id e r m a l  t i s s u e s

(1) T h e  t r ic h o m e s . The present work and other records (Thoms, 
1931; Moeller-Griebel, 1928b) show that, in general, the t y p e s  of trichome 
found on the leaves of the brambles serve adequately to distinguish them 
from the leaves of R . id a e u s  and R . lo g a n o b a c c u s  but, as shown previously 
(Fell and Rowson, 1957) and in Table II, there is a considerable variation 
in character (e.g., whether single or stellate), location, frequency and 
distribution of both covering and glandular trichomes between leaves of 
different species of the brambles. It is possible that still further variation 
in the epidermal characters exists in leaves of other indigenous species of 
bramble recognised by Watson (1958). The considerable infra-specific 
variation in detailed anatomical characters, especially of the trichomes, 
which we have found within R .  f r u t i c o s u s  L. does lend support to the 
work of Watson in splitting up this Linnaean species.

C o v e r in g  t - i c h o m e s  only were found on the u p p e r  e p id e r m is  in the 
in t e r n e u r a l  region of leaflets of all leaflets examined; they were abundant
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except in R .  id a e u s  var. M a i l i n g  P r o m is e , in R .  s c h l e c h te n d a l i i  and in
R . le n t ig in o s u s  where they were rare and in R . c o r n u b ie n s is  where they were 
confined to the margin of the leaflet. The trichomes are unicellular, 
lignified (except in R .  id a e u s  var. M a i l i n g  J e w e l  which only gave a slight 
reaction for lignin), thick walled, the cross-line effect being well marked 
in the brambles and in R .  lo g a n o b a c c u s , less well-marked in cultivated 
varieties of R . id a e u s  and absent in the wild form of this species. The 
trichome apex is often solid, the lumen extending only about half-way 
up the arm of the h a ir; the base is thickened and pitted, adjacent epidermal 
cells being arranged in a radiate manner around the base, this being well- 
marked in R .  id a e u s  and R . lo g a n o b a c c u s . The lengths of the hairs varied 
between species and varieties, in R . id a e u s  they were 200 to 500 /x (except 
var. L l o y d  G e o r g e  which were 50-60 p ) ,  300 to 1,000 /x in the brambles 
and 180 to 1,400 p  in R .  lo g a n o b a c c u s .

Both covering and glandular trichomes were found on the u p p e r  
e p id e r m is  o f  th e  m id r ib  in all materials except R . p y r a m id a l i s .  The 
covering trichomes are similar to those of the interneural lamina; the 
glandular trichomes consist of a subspherical, multicellular glandular 
head about 60 p  in diameter, on a uni-or bi-seriate stalk, 3 to 7 cells long.

The trichomes of the lower epidermises of the laminae and midribs 
give the clearest demarcation between leaves of R .  id a e u s  and its cultivated 
varieties, the brambles and R . lo g a n o b a c c u s . Thus R . id a e u s  is character­
ised by the presence of abundant u n l ig n i f ie d  covering trichomes forming 
a tomentum. They are unicellular, about 150 to 500 /x long, usually with 
the lumen obliterated at the upper end only. T h e  b r a m b le s  show great 
variation within the 18 species examined; the covering trichomes differ 
much in size and are either unicellular or 2 to 8 stellate, the former being 
the more common on interneural laminae whilst the latter are usually 
found over the veins. The glandular trichomes also vary in these species. 
Table II indicates the range of variation and by comparing it with the 
tabulation of materials examined it is seen that no relationship exists 
between trichome structure and the taxonomic divisions of species, 
Sections and Sub-genera. As might be expected from its hybrid nature, 
the trichomes of the lower lamina of R .  lo g a n o b a c c u s  are somewhat 
intermediate in character between those of R .  id a e u s  and the brambles 
(Fell and Rowson, 1960). They are mainly of the covering type, about 
300 to 700/x long, and form a tomentum which is less dense than that 
found in R .  id a e u s . They give a positive reaction for lignin with phloro- 
glucinol and hydrochloric acid, only after preliminary treatment with 
ether or chloral hydrate solution, whereas the trichomes of the lower 
surface of the leaflet of R .  id a e u s  will not stain, even after this treatment, 
and the corresponding trichomes of the brambles give a positive reaction 
without any such preliminary treatment (see Table V).

The trichomes on the r a c h i s  are of the covering type in R .  id a e u s  and
R .  lo g a n o b a c c u s , where they resemble those on the midrib. Both covering 
and glandular types were seen in the R a d u la  sp. of bramble examined 
earlier (Fell and Rowson, 1957), where it was shown that the glandular 
trichomes were of larger size and different character from those present

K. R. FELL AND J. M. ROWSON

90



on the midrib of the leaflet, thus providing a useful method for detecting 
rachis in powdered bramble leaflet.

The trichomes of the s t ip u l e s  are mainly of the covering type in R .  id a e u s  
and R .  lo g a u o b a c c u s  but large numbers of both types occurred in the 
R a d u la  sp. of bramble where the glandular ones were large, resembling 
those of the rachis. Covering trichomes are lignified and show the 
“cross-line” effect even in the case of the wild specimen of R .  id a e u s .

(2) E p id e r m a l  c e lls . In all species examined, the cells of both upper 
and lower epidermises of the lamina exhibit wavy anticlinal walls, the 
waviness being more pronounced on the cells of the lower epidermis. 
Slight beading was observed on cells of the R a d u la  sp. of bramble; beading 
is well-marked on cells of both upper and lower lamina of R .  lo g a n o -  
b a c c u s , where it forms a distinctive character.

(3) P r ic k l e s .  These are very common throughout the genus. In the 
species examined, they consist of elongated or fibre-like sclereids, lignified, 
and with pitted walls. The presence of these sclereids, or their fragments, 
is therefore to be expected in powders of all species examined, with the 
single exception of R . lo g a n o b a c c u s , thornless variety (see Table V).

(b )  M e s o p h y l l

In all cases, the mesophyll is well differentiated; in R .  lo g a n o b a c c u s  and 
all cultivated varieties of R .  id a e u s , there is a well-marked double palisade; 
in the wild plant of the latter, there is a tendency towards this condition, 
but the double palisade appears to be a feature associated with cultivation. 
Calcium oxalate is very common.

( c )  C o r t i c a l  t i s s u e s

The cortical tissues of both rachis and midrib follow a similar pattern 
in all species examined. The e n d o d e r m is  is rather ill-defined, and its cells 
contain minute starch grains; in the R a d u la  sp. of bramble it is further 
characterised by the presence of lignified reticulate parenchyma which we 
have not observed in specimens of R .  id a e u s  or R .  lo g a n o b a c c u s .

( d )  S t e l a r  t i s s u e s

The x y l e m  and p h lo e m  elements are similar in all species examined. 
P e r ic y c l ic  f i b r e s  have also been found in every specimen of rachis examined. 
In the midrib, pericyclic fibres were found in some, but not all leaflets of
R . id a e u s  var. M a i l i n g  J e w e l , they were absent from the other seven culti­
vated varieties and the wild form of this species; they were also present 
in some, but not all leaflets of R .  lo g a n o b a c c u s  (Fell and Rowson, 1960) 
and were always present in the R a d u la  sp. of bramble (Fell and Rowson,
1957). Since the amount of fibre present in a leaf can vary with age, the 
diagnostic significance of presence or absence of pericyclic fibres in the 
leaf midrib is not stressed.
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Isolated vagus-heart preparations from guinea-pigs have been used 
for a comparative study of the ability of curare-like drugs to block 
the effects of preganglionic stimulation of the vagi on the heart, in  
v itro . The following drugs all had this property and have been 
arranged in order of decreasing potency in this respect: hexafluorenium, 
gallamine, laudexium, decamethonium, tubocurarine, suxamethon­
ium and succinyldisulphocholine.

T h o u g h  observed for a long time and considered by some workers to be 
a general property, the ganglion blocking effect of drugs which interrupt 
the transmission at the level of neuromuscular junctions of striated muscle 
has not received much study (Bovet, 1959; Paton, 1954; Paton and Perry, 
1953; Rosenblueth, 1950).

It was felt that a direct demonstration of this side-effect of curare-like 
drugs could prove of indubitable interest in adding to our knowledge of 
the cardiovascular troubles sometimes occuring in a curarised patient 
(Foldes, 1957).

Using the isolated guinea-pig vagus-heart preparations, we assessed 
the anti-vagal action of the following curare-like drugs: tubocurarine, 
decamethonium, suxamethonium, succinyldisulphocholine, gallamine, 
hexafluorenium and laudexium.

CURARE-LIKE DRUGS AND CARDIOVAGAL SYNAPSES:
COMPARATIVE STUDY I N  V I T R O  ON ISOLATED

GUINEA-PIG VAGUS-HEART PREPARATION

M e t h o d s

The guinea-pigs weighed 300-350 g. The isolated vagus-heart prepara­
tions were made from them as previously described (Della Bella, Rognoni 
and Villani, 1959). The apex of the perfused heart was connected to an 
isotonic lever which recorded contractions on a kymograph. The pre­
ganglionic fibres of the intact vagus were placed on a pair of platinum 
electrodes, near the heart, to avoid any stretching. Rectangular pulses 
of 1 millisec. duration, 15 to 20/sec. were applied for 5 sec. at 10 min. 
intervals of these fibres from an electronic stimulator. Drugs were 
dissolved in Ringer solution and were injected into the perfusion fluid 
close to its entry into the heart, 2 min. before a period of vagal stimulation.

R e s u l t s

Table I shows the minimum doses of the curare-like drugs required to 
modify the effects on the heart of preganglionic stimulation of the vagus. 
Hexamethonium has been included as an example of a drug which has 
nearly pure ganglionic blocking effect. The doses of these drugs required
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to  p r o d u ce  “ h ea d  d r o p ” in  ra b b its h a v e  b een  c o lle c te d  fro m  th e  litera tu re  
(B o v e t , 1 9 5 7 ; F o ld e s , 19 5 7 ; D e lla  B e lla  a n d  o th ers , 1 9 5 9 ; D e lla  B e lla , 
V illa n i a n d  Z u a n a zz i, 1956) a n d  are in c lu d ed  fo r  c o m p a r iso n .

I t  w a s fo u n d  th a t th e  m o s t  a c tiv e  c o m p o u n d  w a s h ex a flu o ren iu m , 
w h ic h  p r o v e d  e v en  m o r e  a c tiv e  th a n  h e x a m é th o n iu m  in  b lo c k in g  th e  
e ffec ts  o f  p r e g a n g lio n ic  v a g a l s t im u la tio n  o n  th e  h ea rt i n  v i t r o .  T h is  is

T A B LE I
G anglion blocking and  curare-like activities of drugs tested

D. DELLA BELLA, F. ROGNONI AND K. GOPAL

Drugs

Minimum active 
dose on the 

cardiovagal synapses 
(in  v itro) 

mg.

“Head-drop” 
dose in 
rabbits, 
mg./kg.

Hexaméthonium iodide .. 0075 —

Hexafluorenium bromide 0025 0-08
Gallamine iodide.. 0050 0-50
Laudexium methylsulphate 0075 0-03
Décaméthonium iodide .. 0-250 015
Tubocurarine chloride .. 0-300 0-15
Suxamethonium chloride 0-500 0-2 0
Succinyldisulphocholine iodide.. 2-500 2-0 0

o f  in terest b e c a u se  h ex a flu o ren iu m  p r o d u ce s  a  m ark ed  fa ll o f  b lo o d  
pressu re  w h en  in jected  in tr a v en o u s ly  in  ra b b its (F ig . 1) a n d  in  d o g s  
(M a cr i, 1954) resem b lin g  th a t c a u se d  b y  th e  in tr a v en o u s in je c t io n  o f  
h e x a m é th o n iu m . H ex a flu o r en iu m  d o e s  n o t , h o w ev e r , b lo c k  th e  e ffec ts  
o f  p r e g a n g lio n ic  s t im u la tio n  o f  th e  v a g i o n  th e  heart e ith er  in  th e  rab b it  
(F ig . 1) or in  th e  d o g  (M a cr i, 1954). F ig . 1 sh o w s  th a t h ex a flu o ren iu m  
p o te n tia te s  b o th  th e  v a g a l re sp o n ses  th e  a c tio n  o f  a c e ty lc h o lin e :  th is  m ay  
b e  a ttr ib u ted  to  in h ib it io n  o f  c h o lin es ter a se s  b y  th e  d ru g  (R iz z i,  1957;  
F o ld e s , M o llo y , Z s ig m o n d  a n d  Z w a rtz , 1958). G a lla m in e  an d  la u d ex iu m  
a lso  h a v e  h ig h  i n  v i t r o  a c t io n  in  b lo c k in g  th e  e ffec ts o n  th e  h ea rt o f

î  t î  t î  Î
1 X 2  X X I

Fig . 1. R abb it, 2-7 kg. (ch loralose : 80 m g./kg. i/v.). R egistra tion  o f pressure 
a t the carotid . I t  can be seen th a t after the adm in istration  of hexafluorenium  
(0-5 m g./kg., i.v. a t 2), the response to  electrical stim ulation  of the  vagus appears 
to  be po ten tia ted  (a t X  : electrical stim ulation  o f the  peripheral tru n k  o f the 
righ t vagal nerve fo r 5 sec. ; frequency, 15 pulses/sec. ; du ra tion  o f each pulse : 1 
millisec.). A lso, the response to  the  adm in istration  o f acetylcholine 
(a t 1) is m ore po ten tiated  (0-5 |U.g./kg., i.v.).
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p r e g a n g lio n ic  v a g a l s t im u la tio n  (F ig . 2 ) a n d  are a lm o st  a s  a c tiv e  a s  
h e x a m e th o n iu m  (T a b le  I). T h is  o b se r v a tio n  in  th e  ca se  o f  g a lla m in e  
(F ig .  3 ) is  in  a g r ee m en t w ith  th e  c lin ic a l a n d  ex p e r im en ta l f in d in g s  th a t  
th e  d ru g  h a s  a n  in h ib ito r y  a c t io n  o n  th e  ca rd ia c  e ffec ts  o f  v a g a l s t im u ­
la t io n  (B o v e t , D e p ie rr e , C o u rv o is ie r  a n d  L estra n g e , 1 9 4 9 ; J a c o b  and

CURARE-LIKE DRUGS AND CARDIOVAGAL SYNAPSES

F ig . 2. Iso lated  guinea-pig vagus-heart p repara tion . R egistra tion  o f the 
responses to  electrical stim ulation  (a t X ) o f the  cardiovagal fibres fo r 5 
sec. (frequency, 20 pulses/sec.; du ra tion  o f each pulse, 1 millisec.). The 
blocking effect due to  hexam ethonium  trea tm en t (75 fig. a t 1) carried  ou t 
2 m in. before stim ulation, is evident.

Fig . 3. Iso la ted  guinea-pig vagus-heart p repara tion . R egistra tion  o f  the 
responses to  electrical stim ulation  (a t X) o f  the cardiovagal fibres fo r 5 sec. 
(frequency, 20 pulses/sec. ; du ra tio n  o f the single pulse, 1 millisec.). T rea t­
m ent with gallam ine (50 fig. a t 1) causes a  vagal block practically  identical 
to  th a t obtained with hexam ethonium  in the  experim ent described in Fig. 2.

D e p ie rr e , 1 9 5 0 ; R ik e r  a n d  W e sc o e , 1951). T h e  v a g a l b lo c k in g  a c t io n  o f  
la u d e x iu m  a p p ea rs  to  b e  a p p r o x im a te ly  th ree  t im es th a t  o f  tu b o cu ra r in e  
(T a b le  I) . B u t w h en  th e ir  a c tiv it ie s  w ere  c o m p a r ed  u s in g  iso la te d  g u in ea -  
p ig  in te s t in e  s tim u la te d  w ith  n ic o tin e , tu b o cu ra r in e  w a s fo u n d  th e  m o r e  
p o te n t  (C o llie r  a n d  M a c a u le y , 1952). F in a lly , su x a m e th o n iu m  h a d  o n ly  
s lig h t  i n  v i t r o  v a g a l b lo c k in g  a c t io n  (T a b le  I). T h is  h a s  a lrea d y  b e e n  
n o te d  i n  v i v o  b y  w o rk ers  u s in g  e le c tr o c a rd io g r a p h ic  m e th o d s  o f  r eco rd in g
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in  c a ts ;  its  n e u r o m u scu la r  b lo c k in g  a c tiv ity  is  a lso  o f  sh o r t d u ra tio n  
(P u rp u ra  a n d  G ru n d fest , 1956). T h e  d isu lp h o n iu m  a n a lo g u e — su cc in y ld i-  
su lp h o c h o lin e  p r o v e d  e v en  le s s  a c tiv e  (F ig . 4).

D. DELLA BELLA, F. ROGNONI AND K. GOPAL

F ig . 4. Iso la ted  guinea-pig vagus-heart p repara tion . R ecording o f  the  
responses to  electrical stim ulation  (at X) o f  the cardiovagal fibres fo r 5 sec. 
(frequency, 20 pulses/sec., du ra tion  o f each pulse, 1 millisec.). Partial 
d isappearance o f the vagal response, follow ing succinyldisulphocholine 
trea tm en t (2 mg. a t 1), is evident.

D iscussion

I t  is  n o t  p o s s ib le  to  d e term in e  th e  n a tu re  o f  th e  a n ti-v a g a l e ffec t sh o w n  
b y  th e  d ru g s te sted  w ith  th e  iso la te d  v a g u s-h e a r t p rep a ra tio n s  u sed . 
H o w e v er , s in ce  it  is  w e ll k n o w n  th a t th e se  d ru g s d o  n o t  p o s se ss  a tr o p in e ­
lik e  p ro p e r tie s  a n d  d o  n o t  in terfere  w ith  th e  l ib er a tio n  o f  th e  c h o lin er g ic  
m e d ia to r , it  m a y  w e ll  b e  a ssu m e d  th a t  th e  a n ti-v a g a l e ffec t rec o rd ed  is  a  
resu lt o f  th e  in h ib ito r y  a c t io n  ex erted  o n  th e  c a rd io v a g a l sy n a p ses .

T a b le  I sh o w s th a t  th e  g a n g lio n  b lo c k in g  e ffec t o f  cu ra re-lik e  d ru gs  
i n  v i t r o  h a s  a  v ery  c lo se  re la tio n sh ip  to  th e ir  cu ra re-lik e  a c t io n  i n  v i v o  

e x ce p t fo r  g a lla m in e . O n  th e  co n tra ry , th e  sa m e  re la tio n sh ip  d o e s  n o t  
p ersist w h e n  th e  i n  v i v o  g a n g lio n  b lo c k in g  a c t iv ity  is  c o n sid e r ed . F o r  
e x a m p le , h e x a flu o r en iu m  w h ic h  is  fo u n d  to  h a v e  a  v ery  h ig h  g a n g lio n  
b lo c k in g  a c t iv ity  i n  v i t r o ,  d o e s  n o t  h a v e  a n y  su ch  a c tiv ity  i n  v i v o .  In ­
stea d , th e  su x a m e th o n iu m  a c tiv ity  i n  v i t r o  is  s till reta in ed  i n  v i v o .  I t  is  
d ifficu lt a t  th e  p resen t m o m e n t  to  g iv e  a  sa t is fa c to r y  e x p la n a tio n  fo r  th ese  
d ifferen ces.
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P a r t  II . A l k a l o i d s
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A phytochemical survey has been made of the plants of Malaya. The 
results of screening for alkaloids in 708 species of plants belonging to 
104 families and 408 genera is reported.

I n  P a rt I (D o u g la s  a n d  K ia n g , 1957) a n d  in  a  c o m m u n ic a t io n  to  th e  T h ird  
C o n g r e ss  o f  th e  P a n  In d ia n  O ce a n  S c ien ce  A s s o c ia t io n  (K ia n g  a n d  
D o u g la s ,  1957), th e  resu lts  w ere  rep o rted  o f  th e  sc r ee n in g  o f  th e  first 2 0 0  
p la n ts  o f  th e  M a la y a n  flo ra  fo r  th e  p resen ce  o f  a lk a lo id s . T h e se  m a rk ed  
th e  b e g in n in g s  o f  a  sy s tem a tic  su rv ey  w h ic h  h a s  rece iv ed  m u c h  s t im u la t io n  
fr o m , a n d  is  c lo se ly  a sso c ia te d  w ith , th e  p h y to c h e m ic a l su rv ey s c o n d u c te d  
in  th e  n e ig h b o u r in g  c o u n tr ie s  e sp e c ia lly  in  A u str a lia  (W eb b , 194 9 ), 
P a p u a -N e w  G u in e a  (W e b b , 1955), B o r n e o  (A rth u r , 1954) a n d  S o u th  
M o lu c c a s  (B isse t , 1957).

T h e  c o lla b o r a t io n  b e tw e en  th e  U n iv e r s ity  o f  M a la y a  in  S in g a p o re  a n d  
v a r io u s  o th er  in s t itu t io n s  in  M a la y a  in  th e  P h y to c h e m ic a l S u rv ey  h a s  
b e e n  d escr ib ed  in  P a rt I. T h is  rep o rt c o n ta in s  th e  sc r ee n in g  resu lts  o f  
7 0 8  sp ec ie s  o f  p la n ts  b e lo n g in g  to  104 fa m ilie s  a n d  4 0 8  g en era . M a n y  o f  
th e  p la n ts  screen ed  are rep u ted  b y  th e  a b o r ig in es , o r  reco rd ed  in th e  
lite ra tu re  (B u rk ill, 1935), to  p o s se ss  m e d ic in a l or  p o is o n o u s  p r o p er tie s .

A m o n g s t  th e  p la n ts  screen ed , 144 sp ec ies  m a rk ed  w ith  * w ere  c o lle c te d  
in  S in g a p o r e  in  th e  B o ta n ic  G a rd en s a n d  a r o u n d  th e  U n iv e r s ity  c a m p u s  
a n d  18 sp ec ies  w ere  c o lle c te d  in  S e la m a , P era k , b y  M iss  B . E . C o p e la n d ,  
w h o  w a s  a tta ch ed  to  th e  St. J o h n ’s A m b u la n c e  in  P era k  in  1957 . T h e  
rest o f  th e  p la n ts  w ere  c o lle c te d  b y  a n  officer  o f  th e  D e p a r tm en t o f  C h em ­
istr y , F e d e r a tio n  o f  M a la y a , o f te n  w ith  th e  a id  o f  o n e  or  tw o  a b o r ig in es ,  
in  th e  fo l lo w in g  d is tr ic t s : P u la u  L a n g k a w i, K e d a h ; F o r t  K em er, P e r a k ; 
N a t io n a l  P ark , P a h a n g ; a n d  U lu  L a n g a t F o r e s t  R eserv e , S e la n g o r .

T h e  p la n ts  w ere  id e n tified  b y  P r o fe sso r  H . B . G illila n d , M r. W o n g  
P h u i W e n g  a n d  M r. K . M . K o c h u m a n  a n d  h erb a r iu m  sp ec im en s are k ep t  
in  th e  h erb a r ia  o f  th e  B o ta n y  D e p a r tm en t o f  th e  U n iv e r s ity  o f  M a la y a  in  
S in g a p o r e , th e  B o ta n ic  G a rd en s, S in g a p o r e , a n d  th e  F o re st  R esea rch  
In stitu te , K e p o n g , S e la n g o r .

P r o c e d u r e

T h e  p ro ced u re  fo r  a lk a lo id  screen in g  is a s  fo llo w s . 15 g . o f  f in e ly -  
g r o u n d , w e ll-d r ied  p la n t  m a ter ia l is  m ix ed  th o r o u g h ly  w ith  15 m l. 2  n  
a m m o n iu m  h y d ro x id e  a n d  p a c k e d  in to  a  S o x h le t  e x tra c to r  u s in g  a  150 m l.

* V isiting R esearch Associate, C hem istry D epartm en t, U niversity o f M alaya in 
S in g ap o re; present address, Sm ith, K line and French L aboratories, Ph iladelph ia  1, 
P a ., U .S.A .

t  Present address, C hem istry D epartm ent, U niversity  o f M alaya in K uala  Lum pur.
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c a p a c ity  f la sk  a n d  ex tra c ted  c o n t in u o u s ly  w ith  c h lo r o fo r m  fo r  a b o u t  6  

hr. T h e  c h lo r o fo r m  ex tra ct is  c o n c en tra te d  u n d er  red u ced  p ressu re  
a t  5 0  to  70°. T h e  so lv e n t-fre e  res id u e  is  ru b b ed  th o r o u g h ly  w ith  6  m l. 
2  N  h y d r o c h lo r ic  a c id . T h e  a c id  ex tra ct, filtered  th r o u g h  p a p er , i f  n e c e s­
sary , is  d iv id ed  in to  th ree  e q u a l q u a n tit ie s  a n d  p la c ed  in  th ree  te st-tu b es  
(c a p a c ity  4  m l. a p p ro x .) . E a ch  te s t  so lu t io n  is  trea ted  w ith  4  to  8  d ro p s  
o f  o n e  o f  th e  a lk a lo id  rea g en ts , B o u c h a r d a t, D r a g e n d o r ff  a n d  M ayer . 
T h e  p r o d u c tio n  o f  a  p r ec ip ita te  is  in d ic a tiv e  o f  th e  p resen ce  o f  a lk a lo id a l  
m a ter ia l. A  v isu a l a sse ssm e n t o f  th e  q u a n tity  is  m a d e , fo r  e a c h  o f  th e  
reag en ts, o n  th e  fo l lo w in g  b a s is :  h e a v y  p rec ip ta te  +  +  + + ,  s tr o n g  
p recip ita te  +  +  + ,  w e a k  p rec ip ita te  + + ,  n e g lig ib le  p rec ip ita te  + .  T h e  
B o u c h a r d a t’s rea g en t is  p rep a red  b y  d is so lv in g  4  g. p o ta s s iu m  io d id e  a n d  
2 g . io d in e  in  100 m l. w a ter. T h e  D r a g e n d o r ff ’s rea g en t is  p rep a red  b y  
a d d in g  8  g . b ism u th  n itra te , 20  m l. c o n c e n tr a te d  n itr ic  a c id , 2 7 -2  g. 
p o ta s s iu m  io d id e  to  50  m l. w a ter , d e c a n tin g  off- th e  su p ern a ta n t fr o m  th e  
d e p o s ite d  p o ta s s iu m  n itra te  a n d  d ilu t in g  th e  so lu t io n  in  1 0 0  m l. w ith  w ater.

R e s u l t s

T h e  lis t  o f  p la n ts  screen ed  is g iv e n  in  T a b le  I.
W e h a v e  fo u n d  th a t in  th e  is o la t io n  o f  cru d e  a lk a lo id s  fr o m  2  to  5 k g . 

q u a n tit ie s  o f  m a ter ia ls , g e n e ra lly  p la n t  p a rts  g iv in g  s tr o n g  p rec ip ita tes  
w ith  a ll th ree  rea g en ts w o u ld  y ie ld  fa v o u r a b le  a m o u n ts  o f  a lk a lo id s .  
S ix ty -s ix  sp ec ies  (9-3  p er  c e n t  o f  to ta l  sp ec ie s  te sted ) w h ic h  h a v e  g iv e n  
s tr o n g  p r e c ip ita te s  are lis ted  in  T a b le  II. F r o m  m o s t  p la n ts  w e  h a d  
se lec ted  fr o m  th is  ta b le  a n d  fr o m  th e  sim ila r  ta b le  in  P a rt I, w e  h a v e  
b e e n  a b le  to  iso la te  cru d e a lk a lo id s  in  v a r io u s  q u a n tit ie s . T h e se  p la n ts  
a n d  th eir  a p p ro x im a te  a lk a lo id a l c o n te n ts  are lis ted  in  T a b le  III. I t  is 
n o te w o r th y  th a t  w e  h a v e  fo u n d  th a t w ith  Trivalvaria pumila (A n o n a c e a e ) ,  
Lindera pipericarpa (L a u ra cea e ), Coptosapelta flavescens (R u b ia c e a e )  a n d  
Uncaria pteropoda (R u b ia c e a e ), th e  cru d e  a lk a lo id s  c o u ld  n o t  b e  ex tra c ted  
b y  d ilu te  a c id s  fr o m  th e  res id u es  o f  a lc o h o lic  ex tra c ts  o f  th e  p la n t  m a ter ia ls . 
T h e  a lk a lo id s  w ere  b e st  iso la te d  b y  trea tin g  th e  res id u es w ith  a m m o n ia  
a n d  e x tra c tin g  w ith  c h lo ro fo r m .

PHYTOCHEMICAL SURVEY OF MALAYA. PART II

T A B L E  I
List of plants screened for alkaloids 

(P lan t parts are in paren thesis ; 1 =  leaves, s =  stems, b =  bark , r  =  roo t, p  =  
pericarp, wp =  w hole p lan t, flr =  flower, frt =  fru it, sd =  seed.)

Acanthaceae—A c a n th u s  ilic ifo liu s (1, s); A n drograph is p a n icu la ta  (1 and berries, s, r); A sy s ta s ia  coro- 
m andeliana*  (1); G endarussa  vulgaris (1, s, r) ; P tyssig lo ttis  o b ova ta  (1, s, r); R haph idophora  k o r th a ls ia  
(wp); S a n ch eg ia  nob ilis*  (1); S ta u ro g yn e  lo n g ifo lia  (1, s, r); T hunberg ia  la u r i fo l ia *  (1, s).

Alangiaceae—A la n g iu m  ja v a n icu m  (1, s, b, frt).
Amaryllidaceae—C urculigo  villosa* (wp).
Anacardiaceae—M a n g ife ra  sp. (1, frt) ; Spo n d ia s  p ia n a ta  (r, frt).
Anisophylleaceae—A n iso p h y llea  sp . (1, s, r).
Anonaceae—A n a x a g o re a  ja v a n ica  (1, s) ; C ya th o stem m a  h o o k e ri (1, s, r) ; D esm o s chinensis (r) ; E nicosan-  

th u m  m a ca ra n th u m  (s, r) ; E . m e m b r  a n i fo l iu m  (1, s, r, b, frt) ; F issistigm a  sp. (1, s, r) ; G onio tha lam us  
cu rtisii (1, b); G. g ig a n teu s  (1, s, r, b, flr, frt); G. ovariodes (1, s, r, b, frt); G. r id ley i (1, s, r, b, frt); G. 
te n u ifo liu s  (1, s); M iliu sa  long ipes (1, s, b, r, frt); M itre p h o ra  m a in g a y i (1, s, r, b, frt); M o n o ca rp ia  
m arg ina lis (1, r, frt); O rophea p o lyca rp a  (r); O x y m itra  a ffin is (b, r, frt); O . b ig landulosa  (1, s, r); O. 
k in g ii (1, s, r): O. la tifo lia  (1, s, r, frt); O . sp. (1, s, r, b); P haea n th u s n u ta n s  (1, s, b); P. oph th a lm icu s  
(1, s, r, b); P o lya lth ia  b u lla ta  (1, s, r); P . cauliflora  (1, s); P. cau liflo ra  var. d esm a n th a  (1, s, r, b, p); 
P . c in n a m o m ea  (1, s, r, b, frt); P . c lavigera  (r, b); P. la te r ifo lia  (1, s, r, b); P . ru m p h ii (I, s, r, b, frt); 
P . s ten o p e ta la  (1, b, frt); P. su m a tra n a  (1, s, r, b, frt); P . sp . (1 and flr, r, b); P . sp. (1, r, b); Popow ia  
p iso ca rp a  (1, s. r, b, frt); P . ram osiss im a  (1, s, r, b); P. to m en to sa  var. cr in ita  (I, r, s); P. sp. (1, s, r, b); 
P seuduvaria  se to sa  (1, s, r); Sagera ea  e llip tica  (1, b, frt); T riva lvaria  m acro p h ylla  (1, s, r); T. p u m ila  (1, 
s, r) ; U varia  g rand iflora  (1, s, frt) ; U. s p . (1, s, b, r).
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TABLE I—con tin u ed .
Apocynaceae— A g a n o s in a  m a rg in a ta  (1, s, r); A ls to n ia  sp a th u la ta  (1, s, b, r); C erbero  m a nghas (1, s); 

C hilocarpus co s ta tu s  (1, s, r, p, sd) ; C honem orpha  penangensis (1, s) ; E p ig yn u m  m a in g a y i (r) ; H u n ter ia  
co rym b o sa  =  H . zey la n ica  (1); L eu co n o tis  g r iff ith ii (1, s, r); L o ch n era  ro sea * (1, s, r); S tro p h a n th u s  
ca uda tus  var. m a rc k ii (1, s) ; T a b ernaem ontana  coronaria  (1, s) ; T . cu r tis ii (1, s, r) ; T . m alaccensis (1, s, r) ; 
T . p ed u n cu la ris  (1, s, r, b) ; T h eve tia  n eriifo lia  (sd) ; W illughb ia  coriacea  (r, b, frt).

Araceae— A g la o n cm a  o b lo n g ifo liu m  (wp); A m orp h o p h a llu s  c a m p a n u la ta  (1, s, r, frt); A . variab ilis (wp); 
A . sp . (s, tuber); A n a d en d ru m  m a rg in a tu m  (wp); C olocasia  a n tiquorum  (r); E p ip re m n u m  g ig a n teu m  
(1, s, r) ; H o m a lo m e n a  p rop in q u a  (1, s, r) ; Scin d a p su s  p ie tà  (1, s) ; S yn g o n iu m  p h o d o p h yllu m  (1, s). 

Araliaceae— A ra lid iu m  p in n a tifid u m  (1, s, r, b, frt, sd); A rth ro p h y llu m  borneense (1, s, r); A . d iv ers ifo liu m  
(s, r, b, flr); S ch e ffe ra  b itern a ta  (1, s, r); S . su b u la ta  (s, r, flr); S .  venulosa  var. cu rtisii (1, s, r); T revesia  
che iran tha  (1, s, b, r, flr).

ARiSTOLOCfflACEAE— A ris to lo ch ia  cu r tis ii (r); T h o tte a  parv iflo ra  (s, r).
Asclepiadaceae— H o y a  d iversifo lia*  (1, s) ; H . r id ley i (1, s).
Bignoniaceae— A rra b id a ea  c o rym b o sa* (1, s); A . m agn ifica  (1, s); B ig n o n ia  m ag n ifica *  (1, s); O ro x y lu m  

ind icum  (1, s, r); S te n o lo b iu m  s ta n s*  (1, s, frt).
Bixaceae— B ix a  orellana*  (1, s, r, flr, frt) ; H yd n o ca rp u s k u rz ii*  (1, s).
Bombacaceae— D urio  g riff ith ii (1, s, r, b, frt) ; D . low ianus (r, b, p, sd).
Boraginaceae— C ord ia  cy lin d ris ta ch ya *  (1, s, r) ; H elio tro p iu m  ind icum  (I, s).
Burseraceae— C anarium  litto ra le  (1, s, r, frt); C. m alu en se  (1, s, r, b, frt); C. sp . (I, s, r, b, frt); D acryo d es  

fìo r ib u n d a  (1, s, r, b, frt); D . ro stra ta  (1, s, r, b, frt); D . affi, rugosa  (r, b); P a ch ylo b u s edulis*  (1, s); 
S a n tir ia  laeviga ta  (r, b, frt) ; S . rubig inosa  (1, s, r) ; S .  sp . (1, s, b, frt) ; T rio m m a  m ala ccen sis (I, s, b, frt). 

Campanulaceae— Iso to m a  longifiora  (1, s, r, flr); P en ta p h ra g m a  b eg o n iifo liu m *  (1, s, r); P . ho rsfie ld ii 
(1, s, r).

Capparidaceae— C apparis sp . (1, s, r).
Casuarinaceae— C asuarina  eq u ise ti fo l io *  (1, s).
Celastraceae— E u o n y m u s  ja v a n icu s  (1, s, r, b, frt); G lyp to p e ta lu m  quadrangu lare  (1, s, r); K u rrim ia  p a n ic a - 

la ta  (r, frt).
Chloranthaceae— C hlo ra n th u s  o ffic ina lis (I, s, r, wp).
Combretaceae— Q u isqua lis  ind ica*  (1, s); T erm in a lia  b elerica  (1, r, b, frt); T . inne lleri*  (1, s). 
Commelinaceae— Floscopa  scandens (wp); F o rrestia  c f .  g r iff ith ii (1, s, r); P o i Ha so rzogonensis (wp). 
Compositae— A g e ra tu m  co n yzo id es  (1, s, r,flr) ; S a m e  sp  * (1, r, flr) ; B lu m e a  m yr io cep h a lia  (1, r, s); C o sm o s  

b ip in n a tu s  (s); E lephan topus scaber (1, s, r); E rec h tite s  valer io n ifo lia *  (1, r, flr); L e u ze a  speciosa*  (I, s); 
M ik a n ia  scandens (wp) ; S yn e d re lla  nod iflora*  (1, s).

Connaraceae— C n estis  p a la la  (1, s, r, sd); C onnarus sp . (1, s, r, b, flr); R o u rea  fu lg e n s*  (1, s). 
Convolvulaceae— A rg yre ia  c a p ita ta  (1, s, r) ; A . k u n s tle r ì (1, s, r, b, flr) ; M a rip a  n icaranguensis*  (1, s). 
Cornaceae— A ra lid iu m  p in n a tifid u m  (1, s, r).
Cucurbitaceae— G ym n o p eta lu m  in teg rifo liu m  (frt); H o d g so n ia  capn iocarpa  (1, s, r, b, sd, p); M e lo th r ia  

affin is (wp) ; T rìch o sa n th es  celeb ica  (wp).
Cyperaceae— H y p o ly tru m  la tifo liu m *  (1); S eter ia  sp .*  (wp).
Dilleniaceae— D illen ia  e x im ia  (1, s, r, b, frt) ; D . o va ta  (r, b, frt); T etra cera  a k a ra  (1, s, r, frt); T . fa g i fo lia  

var. fa g i fo lia  (I, s, r) ; T . scandens (1, s, sd, flr) ; T . sy lvestr is*  (1, s) ; W o rm ia  su ffru tico sa  (1, s, r, flr, frt) ; 
S a m e  sp .*  (1, s).

Dioscoreaceae— D ioscorea  g labra  var. p a hangensis (I, s, r); D . h isp ida  (1, s, r); D . p isca to riu m  (s, tuber);
D . scortech in ii (1, s, r, frt); D. sp. (s, tuber); D . sp .*  (wp).

Dipterocarpaceae— S h o rea  ovalis (1, s, r).
Ebenaceae— D io sp yro s  arg en tea  (1, s, r, b) ; D . m ala b a rica  (1, b, r, frt) ; D . m a la ya n a  (1, s, r, b, frt) ; D . 

n o tans  (b, frt); D . ob longa  (1, s, b, frt); S a m e  sp .*  (1, s); D . pend u ta  (1, s, r); D . su b rhom boidea  (1, s, r, 
b, frt); D . su m a tra n a  var. dec ip ieu s* (1 and twigs, s, r); D . su m a tra n a  var. f la v ic a n s  (1, s, r, b); D . 
w a llich ii (1, s, r, b, frt).

Elaeocarpaceae— E laeocarpus p e tio la tu s  (1, s, r, b, flr, frt) ; E . sphaericus (1, r, b, frt) ; E . s tipu laris  (1, s, r) ;
E . sp . (1, s, r, frt).

Euphorbiaceae— A c a lyp h a  m acro p h ylla *  (1, s); A . siam ensis  (1, s); S a m e  sp .*  (1, s); A n tid e sm a  b un ius*  (1); 
A  stipu laris (1, s, r, frt) ; A . velu tinosum  (1, r„ s, b, frt) ; A p o ro sa  arborea  (1, s, r) ; A . aurea  (1, s, r, b, frt) ; 
A . ben th a m ia n a  (1, s, r, b, flr, frt) ; A . co n fu sa  (1, s, r, b, frt) ; A . n ervosa  (1, r, b) ; A . selangorica  (1, s, r, 
b) ; A . sym plocoìd& s (1, s, r, b, frt) ; B accaurea  brevipes (1, s, r, b, frt) ; B . g r iff ith ii (1, s, b, frt) ; B . lanceo­
la ta  (1, s, r, b, frt); B . m acro p h ylla  (1, s, frt); B . m o tle ya n a  (1, s, p, frt); S a m e  sp .*  (1, s); B . parviflora  
(1, s, r, b, frt); S a m e  sp .*  (1, s); B . sap ida  (1, s, r, b, frt); B . sp . a ff . la nceo la ta  (1, r, frt); B . sp .*  (i,s, 
frt); B lum eodendron  to k b ra i (b, frt); B rid e lia  to m en to sa  (1, s, r, flr); S a m e  sp .*  (1, s); C la o x y lo n  longi-  
fo l iu m  (b, frt); C le ìs ta n th u s  h irsu tu lu s  (1, s, r, b, frt); C occoceras m u tic u m  (1, s, r, b, frt); C roton  
a rg yra tu m  (r); C . ca u d a tu s  (1, s, r, b); C . g r iff ith ii (1, s, r, b, flr); C . sp .*  (1, s); C . sp . (1, s, r, b, frt); 
C . sp . (1, s, r, b, frt); E la ter io sp erm u m  tapos (1, s, frt); E n d osperm um  m alaccense  (1, s, r); E piprinus  
m ala ya n a  (1, s, r, b, frt); E uphorb ia  h eterophylla  (wp); E . n er iifo lia *  (I, s); E xco eca r ia  agallocha  (1, b, 
s) ; G alearia  fu lv a  (1, s, r) ; G. ph lebocarpa  (1, s, r, b) ; G lochidion superbum  (1, s, r, b, frt) ; H evea  brasilien- 
s is*  (1, s, r, sd); Ja tro p h a  curcas (1, s); J . g o ssy p iifo lia  (1, s, r); M a ca ra n g a  hypo leuca  (b); M . lo w ii 
(1, r, b) ; M . robig inosa  (1, s, b) ; M . tanaria  (1, s, r) ; M . triloba  (1, s, r, b, frt) ; M a llo tu s  pan icu la tus  
(1, s, r, b, flr, frt) ; M . po rter ia n u s  (1, s, b) ; N eo sco rtech in a  p a n icu la ta  (1, s, r, frt) ; P h y lla n th u s  fro n d o su s*  
(1, s, r); P im eleodendron  griffith ia n u m  (1, s, r, b, frt); T rigonostem on  lo n g ifo liu s  (1, s, b); T . villosus (1, 
s, r),

Fagaceae— C a stanopsis c u r tis ii (r, frt) ; P asan ia  enc leisocarpa  (r, b, frt) ; P . sem iserra ta  (1, r, b, frt) ; Q uercus  
sp ica ta  (1, r, b, frt).

Flacourtiaceae— B a rleria  cr is ta ta *  (1, s); C asearia  c la rk e ii (1, s, r, b); C . sp . (1, s, r, b, frt); F lacourtìa  
r u k a m *  (1, s); H yd n o ca rp u s sp . (1, s, frt); O sm elia  m a in g a y i (1, s, r, b, frt); P a ngium  edule (1, r, b); 
R y p a ro sa  fa sc ic u la ta  (1, s) ; R . sco rtech in ii (1, s and frt, r).

Flagellariaceae— S u su m  m a la ya n u m  (wp, frt).
Gesneriaceae— C yrta n d ra  cupu la ta  (1, s, r); C. lanceo la ta  (1, s and R); C. p ilo sa  (1, s, r); C yrta n d ro m o ea  

a cu m in a ta *  (I, s, r).
Gnetaceae— G netum  gnem o n *  (1, s); G. gn em o n  var. d o m es tic u m  (1, s, r); G . g n em o n  var. tenerum  (1, s, r);

G. m a cro sta ch yu m  (1, s, r, frt); G. te n u ifo liu m  (1, s, r); G. a ff. ten u ifo liu m  (s, r, b, frt).
Gramineae— B rach iaria  m u tica *  (wp); C en to th eca  lappacea*  (wp); L opha th eru m  gra c ile  (r).
Guttiferae— C alo p h y llu m  inophyllo ide (r, b, frt); G arcin ìa  a trovirid is (1, s, r); G. bancana  (1, s, r, frt); 

G. d u lc is*  (1, s); G. eug en ia e fo lia  (1, s, r, b); G. pra in ia n a  (1, s, r, b, frt); G. sp . (1, s, r, b); G. sp . (1, s, 
r, b, frt); G. sp. (1, s, r, b, frt); G. sp. (1, s, r, b); G. sp .*  (1, s); K a ye a  racem osa  (1, r, b, frt). 

Hypericaceae— C ra to xy lo n  sp .*  (1, s).
Icacinaceae— G om phandra  a ffin is (1, s, r); P h y to cren e  b ra c te a ta  (s, r, b, frt); P . ob longa  (1, s, b, frt); 

S a rco s tig m a  a ff . k le in i i (s, r, frt).
Labiateae— G o m p h o stem m a  scortech n ii (1, s, r); H y p tis  ca p ita ta  (wp); O rthosiphon  g r a n d iflo ra *  (1).
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Lauraceae— A c tin o d a p h n e  g lo m era ta  (s, r); A c tin o d a p h n e  sesqu ipeda lis (1, s, r, b, frt); A lseodaphne p edun-  
cularis (1, s, r); A . p e tio la r is  (1, s, r, b, frt); B eilsch m ied ia  sp . (r, b, frt); C in n a m o m u m  iners (1, s, r, b, 
flr, frt) ; C. in e rs* (1, s) ; C ryp to c a ry a  griffith iana  (1, s, r, flr) ; L in d era  p iperica rp a  (1, r, b) ; L itse a  cubeba  
(1, s) ; L . f i r m a  (1, s) ; L . robusta  (1, s, r, b, frt) ; L . sp a th a cea  (1, s, r, b, flr, frt) ; L . spa th a cea  var. to m en ­
to sa  (1, s, r); L . sp. (1, s, r); L . sp. (1, s, b, frt); N oth o p h o eb e  p a n d u r ifo rm is  (1, s, r, b); P hoebe opaca  
(1, s, r, b); P . ta royana  (I, s, r); S te m m a to d a p h n e  p era ken s is  (1, s, r, b, frt).

Lecythidaceae— B arring ton ia  cy lindris ta ch ya  (1, s, r, b, frt); B . fu s ifo rm is  (1, s, r, b); B . m a crostachya  
(1, s, r, b, frt) ; C ouroup tia  guianensis*  (1).

Leguminosae— A d en a n th era  pavo n in a *  (1, s, sd); A lys ica rp u s  n u m m u la rifo liu s  (wp); A tid ira  surinam ensis*  
(J, s) ; B auhin ia  ca lycina  (s, r, b, frt) ; B. in teg r ifo lia  (1, s, r, b) ; B . p u rp u re a  (frt) ; B . sp .*  (1, s) ; C aesal-  
p in ia  p u lch erim a *  (1, s, sd); C alapogon ium  m ucu n o id es  (1 and s); C alliandra  surinam ensis*  (1, s); 
C am oensia  m a x im a *  (1); C assia  leschenau ltiana  (wp); C . nodosa  (1, s, flr); C. occiden ta lis*  (1, s, r, sd);
C. su ra tten sis*  (1, s, flr, frt); C en tro sem a  p u b escen s (1 and s); C lito rea  sp .*  (1, s, r, sd); C rota laria  
s tr ia ta *  (1, s, r, sd); C. verrucosa* (1, s, r, sd); C yn o m etra  inaequifo lia  (1, s, r, b, frt); D erris m alaccensis  
var. a p te ra  (I, s, frt) ; D . s inua ta*  (1) ; D . sp. (1, s, r, flr) ; D esm a n th u s v irgatus c f .  a lso D . depressus (s, r) ; 
D esm odium  o va lifo liu m *  (1, r, frt); E n fa d a  scandans (s, r, b, frt); E . sp ira lis (1, r, b); E ntero lo b iu m  
sa m a n *  (s, 1); F lem ing ia  congesta*  (1, s, r, sd); F . s tro b ilife ra  (1, s, r); G lyric id ia  m a cu la ta  =  G . sep ium  
(1, s, frt); S a m e  sp .*  (1, s); In d ig o fera  te y s m a n ii (1, s); K o om passia  m a la ccen sis  (1, s, r, b, frt); L eu caena  
g lau ca *  (1, s, sd); M ille t ia  a lb iflora  (1, s, r, b, frt); M . a tropurpúrea*  (1, s); M u n d u le a  sericea  (1, s, r); 
P a d bruggea  m a in g a y i (s, b, sd); P a rk ia  s ingu laris (1, r, p); P . speciosa*  (1, s, frt); P elto p h o ru m  p te ro -  
ca rp u m *  (s); P hy llocarpus sep ten tr io n a lis*  (1, s); P ith ece llo b iu m  jir in g a *  (1, s); P o inciana  reg ia*  (1, s, 
flr); P terocarpus indicus (1 and s, b); P u era ria  p h aseo lo ides  (1 and s); S a ra ca  sp .*  (1, s); S e sb a n ia p u n c -  
ta ta  (1, s, r) ; S w a r tz ia  p ia n a ta *  (1, s) ; T ephrosia  m a x im a *  (I, s, r, sd) ; X y lia  k e rr ii*  (1, s).

Liliaceae— D ianella  en sifo lia  (wp) ; D racaena  co n fe r ía  (1, s, r) ; D . congesta  (wp) ; D .fin la y s o n i =  D . g ram in i- 
fo l ia  (1, s, r); D . g ra m in ifo lia *  (1, s); D . u m b rá tica  (1, s, r, b, frt); P elio sa n th es  lu r id a  (wp); S m ila x  
b a rb a ta  (1, s) ; S a m e  sp .*  (1) ; S .  ca lophylla  (1, s, r) ; S . m yo so tifìo ra  (1 and s, r and tuber).

Linaceae— Ix o n a n th es  icosandra* (1, s); R . griffith iana  (I, s, r, b); S a m e  sp .*  (1, s); R . g riffith ii (1, s, r).
Loganiaceae— Fagraea  sp . (1, s, r); S tryc h n o s  ova lifo lia  (s, r).
Loranthaceae— D endroph thoe g ra n d ifro n s  (1, s, r).
Lycopodiaceae— L yco p o d iu m  cernuum *  (wp).
Lythraceae— D uabanga  sonnera tio ides (1, r, b, frt); L a fo e n s ia  p u n ic a rfo lia *  (1, s).
Malphighiaceae— B ryso n im a  crassifo lia *  (1, s).
Malvaceae— H ib iscu s  m acro p h yllu s*  (s, r) ; S id a  rh o m b ifo lia  (1, s, r) ; U rena lo b a ta *  (1, s).
Marattiaceae— A n g io p ter is  evec ta  (wp).
Melastomaceae— A llo m o rp h ia  m a laccensis (1, s, r); A n p lec tru m  p a llen s (1, s, r, frt); B la stu s  ca u d a tu s  (1, s„ 

r, flr, frt) ; C lidem ia  h ir ta  (1, s, r) ; D isso ch a eta  h irsu ta  (1, s, r, flr) ; M a ru m ia  ru fo la n a ta  (1, s, r) ; M ed in illa  
speciosa  (1, s, frt); M e la s to m e  sp . (1, s, r, frt); M e m e c y lo n  coeru leum *  (1, s); M. d ic h o to m u m  (1, s, r, b, 
frt); M . m in u tiflo ru m  (1, s, r, b); M . m yrsin o id es  (1, s, b); P h y lla g a th is  ro tu n d ifo lia  (1 and s, r, flr) 
P o g o n a th era p u lveru len ta  (1, s, r, frt) ; P tern a n d ra  ech in a ta  (1, s, r, b) ; S a m e  sp .*  (1, s) ; S o n erilla  begoniae-  
fo l ia  (wp); S . h e tero stem o n  (wp).

Meli ace ae— A g la ia  arg en tea  (1, s, b, flr, frt); A m o o ra  r id le y i (p, sd); C arapa g ra n a tu m *  (1); C. guianensis*  
(1, s); C h ikra sia  tabu laris (r, b, p); C hisoche ton  m a cro th yrsu s  (s, r, b, rb); C . sp . (r, b, p, sd); C . sp. 
(1, s, r, b, frt); C. sp . (1, s, r, b); C. sp . (1, s, b, flr); D y so x y lu m  arborescens (1, s, r, frt); D . cauliflorum  
(1, s, r) ; D . co stu la tu m  (b, frt) ; D . th yrso id eu m  (r, b, p, sd) ; D . sp . (r, b, p, sd) ; D . sp . (I, s, r, b, frt) ;
D . sp . (1, s, r, b, frt) ; D . sp . (1, s, r, b) ; D . sp . (1, s, r, b, frt) ; L a n siu m  d o m es tic u m  (1, s, r, b, frt) ; M e lia  
ind ica  (1, s, flr).

Menispermaceae— A rca n g e lis ia  lo u re iri (1 and s, r); C oscin ium  w allich ianum  (I, s); C yc lea  la x iflo ra  (wp); 
F ibraurea  ch loro leuca  (1, s, r, b, frt); L im a d a  ob longa  (1, s, r); L . ve lu tina  (1, s, r); L . sp . (1, s, b, r); 
T ino m isc iu m  p e tio la re  (1, s, r, frt) ; T inospora  tub ercu la ta  = T . crispa  (s).

Moraceae— A rto c a rp u s  g o m ezia n u s  (r, frt); S a m e  sp .*  (1, s); A . g riffith ii (1, s, r, b, frt); A . in teger (1, s) ; 
S a m e  sp .*  (1, s) ; A . la n c e ifo liu s  (1, b, frt) ; A . low ii (s) ; A . ke m a n d o  (1, s, p, sd) ; C onocephalus sp . (1, s, r) ; 
F icu s a lb a  (1, s, r, b, frt); F . a nnu la ta  (1, b, r, frt); F . a uran tiaca  (, s, r, frt); F . a u ra ta  (1, s, r, frt); F. 
d elto id ea  var. lu tescen s (1, s, r, b) ; F . d epressa  (s, b, frt) ; F. fis tu lo s a  (1, s, r, b, frt) ; S a m e  s p *  (1, r, sd) ; 
F . fu lv a  (1, s, b, frt); F . geocarpoides (1, s, b, frt); F . k u rz ii*  (1, s); F . lep icarpa  (1, s, r, frt); F . m o n ta n a  
var. arbuscu la  (1, s, frt); F . v illo sa* (1, s); F . sp . (1, s, r, frt); F . sp .*  (1, s); H u lle tia  dum o sa  (1, s, r); 
S lo e tia  e lon g a ta  (1, s, r, b); T recu lia  a fr ic a n a *  (1, s).

Myristicaceae— G ym n acran thera  fo r b e s ii (1, s, r, b, flr, frt); H o rsfie ld ia  superba  (1, s, r, b, frt, sd); K n em a  
cu r tis ii (1, s, r, b, frt); K . g laucescens v a r .p a te n tin e rv ia  (1, s, r, b); K . laurina  (1, s, r, b, frt); K . oblongi-  
fo l ia  var. m o n tíc o la  (1, s, r, b, frt); K . c f .  laurina  (r, b, sd, p); M y r is tic a  h o llnug ii (1, s, r, b, frt).

Myrsinaceae— A rd is ia  a n d am anica  (1, s, r); A . co lo ra ta  var. co m p la n a ta  (1, s, r); A . fu lv a  (1, s, r); A . goode-  
nough ii fo r m a  (1, s, r); A . lanceo la ta  (1, s, r, b, flr); A . lurida  (1, r, b); A . so lanacea  (1, s, frt); A . villosa  
(wp); A . sp . (1, s, r, b); E m b e lia  g a rc in ia fo lia  (s, r); E . ribes*  (1, s, r, flr); E . rugosa  (b, r, frt); L a b is ia  
p o th o in a  (1, r): L . p o th o in a  var. a la ta  (1, s, r); M a e sa  m a cro th yrsa  (1, s, r, b, flr); M . ram en ta cea  (1, s,
r, b, frt).

Myrtaceae— E u g en ia  g rand is (1, s, b, flr) ; E . m a cro ca lyx *  (1) ; E . n igricans (b, r, frt) ; E . p a c h y p h y lla  (1, s, 
r, flr) ; E . p a p illo sa  (1, s, r, flr) ; E . p o ly a n th a  (1, s, r) ; S a m e  sp .*  (1, s) ; E . sco r tec h in ii (1, r, frt) ; E . tum ida  
(1, r) ; E . vario losa  (1, s, b, flr) ; L e c y th is  o llaria*  (1, s) ; P sid iu m  gua java*  (1, s) ; R h o d a m n ia  tr in erv ia *  (1). 

Ochnaceae—G om phia  la nceo la ta  (1, s, r, b).
Olacaceae— E ry th ro p a lu m  scandens (1, s, r); O cha n o sta ch ys  a m en ta cea  (1, s, r, b, frt); P h leb o ca lym n a  

p y r ifo rm e *  (1, s) ; P h y to cren e  b ra c te a ta  (s).
Oleaceae— Ja sm in u m  b ifa r iu m  (1, s); L in o c iera  insign is (1, s, r, b, frt); M y o x o p y ru m  n ervosum  (1, s, r, frt). 
Orchidaceae— C alan the ceciliae (wp) ; C era to s ty lis  su b u la ta  (wp) ; C o rym b o rch is  ve ra trifo lia  (1 and s, r) ;

O beron ia  a nceps (wp).
Oxalidaceae— O xa lis  corn icu la tus*  (wp).
Palmae— C a la m u s o ra n tu s  (1, s, flr, p, sd) ; C . sp . (1, s) ; C . sp . (1, s, frt) ; C. sp . (1, s, frt) ; C . sp . (1, s, r, frt) ; 

C. sp . (1, s, r); C a ryo ta  m itis  (1, r, s); O rania  m acro c la d u s  (1, frt, Palm Cabbage); P inanga  c f .  d is tich a  
(1, s, r) ; P lec to co m io p sis  gem in iflorus (1, s, frt).

Passifloraceae— A d e n ia  sp . (1, s, r, frt) ; P a ssiflo ra  fo e tid a *  (1, r, frt) ; P . la u rifo lia  (1 and s).
Piperaceae— P e p ero m ia  pellucida*  (wp); P ip er  can inum  (1, s, r); P . k u r z i i (1, s, r); P . m u rica tu m  (1, s, r); 

P . p o rp h yro p h y llu m  (1, s, r) ; P . ribesio ides (1, s, r) ; P . r id le y i (1, s, r) ; P . sa rm en to su m *  (wp) ; P . sem a n g -  
k o a n u m  (1, s, r) ; P . s ty lo su m  (1, s, r) ; P . triandrum  (1, s, r) ; P . sp . (wp).

Plumbaginaceae— P lu m b a g o  zey la n ica  (1, s, r).
Polygalaceae— P o lyg a la  venenosa  (1, s, r) ; X a n th o p h y llu m  a ffine  (1, s, r, b, frt) ; X . p a le m b a n icu m  (1, s, r, b). 
Polypodiaceae— A n tro p h y ru m  ca llifo liu m  (wp).
Proteaceae— B u c k in g h a m ia  ce lsissim a*  (1, s) ; H elicea  a tte n u a ta  (1, s, r, b, frt).
Rhamnaceae— V entilago  m a laccensis (1, s, r, b).
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TABLE I—con tinued .
Rhizophoraceae— A n iso p h y llea  corneri (s, r, frt); A . g r iff ith ii (r, b, frt); B rugu iera  cy lindrica*  (1); C ara llia  

su ffru tico sa  (1, s, r) ; P e lla c o lyx  a x illa r is  (s, r, b).
Rosaceae— E rio b o try a  ja p o n ica *  (1, s); P a ra stem o n  urop h yllu m *  (1, s); P y ru s  gra m e lo sa  (1, s, r, b, frt); 

R a p h io lep is  indica*  (1, s).
Rubiaceae— A rg o s te m m a  e la io s tem m a  (wp); A ula co d iscu s  p rem n o id es  (1, s, r, b) ; C a n th iu m  horrid u m  (1, 

s, r); C hasa lia  p u b escen s  (1, s, r); C op to sa p elta  fla vescen s  (1, s, r); G reenia  ja c k i i  ((1, s, r); H e d y o tis  
congesta  (l, s, r) ; H . ca p p e lla ta  (1, s, r) ; Ix o r a  congesta  (1, s, r) ; I . ja v a n ic a  (s, r) ; I .  k in g sto n ii (1, s, r, b, 
fir) ; I . pendu la  ( l , s, r) ; I. sp .*  (1, s) ; L a sia n th u s  a tte n u a tu s  (1, s, r); L . m a in g a y i (1, s, r) ; L . sp. (1, s, r) ; 
M o rin d a  c itr ifo lia  (1, s, frt); M . ellip tica *  (1, r, b, frt); M u ssa en d a  g labra  (1, s); M . m u ta b ilis  (1, b); 
M . oblonga  (1, s, r) ; M . villosa  (1, s, r, b, frt) ; M y c e tia ja v a n ic a  (wp) ; N a u c le a ju n g h u h n ii (1, r, b) ; N . m a in ­
g a y i (s, r) ; N . su b d ita  (1, s, r, b, frt) ; O phiorrh iza  co m m u n is  (1, s, r) ; O . d iscolor (1, s, r, fir) ; O . h isp idu la  
(s, r) ; P a v e tta  graciliflo ra  (1, s, r, frt) ; P . indica  (1, s, r, b) ; P syc h o tr ia  ca locarpa  (1, s, r) ; P . g riff ith ii 
(1, s, r); P . m a la ya n a  (1, s, r, b, frt); P . m o n ta n a  (l, s, r); P . sa rm en to sa  (!, s, r); P . v irid iflo ra  (1, s, r, 
b, fir) ; P. viridi fo lia *  (1, s, r, frt) ; R a n d ia  a n isophylla  (1, r, b, fir) ; R . densiflora  (1, s, r, b, frt) ; R . e x a ita ta  
(1, s, r, b, frt) ; R . scortech in ii (1, s, r, b, frt) ; R . s ten o p e ta la  (s, r) ; R e n n ellia  sp eciosa  (1, s, r) ; S ty lo c o ry n e  
m o llis  (1, s, r, b, frt); T arenna  sa lic ina  (1, s, r); T . w allich ii (s, r); T im o n iu s  w allich ianus (1, s); 
U ncaria  g a m b ir  is, r) ; U. g la b ra ta *  (1, s, r) ; U. parv iflo ra  (1, s, r) ; U. p te ro p o d a  (1, s, r) ; U. sc le rophy lla  
(1, s, r, b) ; U rophyllum  b lu m ea n u m  (1, s, r) ; U. g la b ru m  (1, s, r, frt) ; U. g riffith ia n u m  (1, s, r) ; U. tr i  f u r  cum  
(1, s, r, b, frt) ; U. u m b e lla tu m  (1, s, r, b, frt) ; X a n th o p h y tu m  sp . (1, s, r).

Rutaceae— C lausena  h a rm a n d ia n a * (1) ; E vod ia  la tifo lia  (1, s, r, b, frt) ; E . c f .  m a crocarpa  (r) ; G lyco sm is  
sap indo ides (1, r) ; G. ch lorosperm a  (1, s, r, b) ; G. m a la ya n a  =  G. ch lorosperm a  (1, s, r) ; M icro m elu m  
p u b escen s (1, s, r, b, frt) ; P a ra m ig n ya  loba ta  =  P . a n d am anica  (r) ; T e tra c to m ia  ro xb u rg h ii (1, s, b, frt) ; 
X a n th o p h y llu m  obscu ru m  (1, s, r, b, frt).

Sapindaceae— L ep isa n th es  cunea ta  (1 and frt, s) ; L . sp . (1, s, r) ; N ep h e liu m  lappaceum  (1, s, r) ; N . m ala iense*  
(1, s); N . m u ta b u ie  (1, s, r, b); P o m etia  p in n a ta  (1, s, r, b, frt); S a m e  s p *  (1, s); X e ro sp erm u m  sp . (1, s, 
r, b).

Sapotaceae— C h ryso p h yllu m  ca in ito *  (1, s); M a d h u ca  lon g ifo lia *  (I, s); M a n ilk a ra  k a u k i* (1, s); M im u so p s  
eleng i*  (1, s); P a la q u iu m  h isp idum  (1, frt); P a y en a  luc id ia  (1, b, r, frt); S a m e  sp .*  (1, s); P o u ter ia  sp . 
(r, b, frt).

Schizaeaceae— L yg o d iu m  c irc inna tum  (1, s, r) ; S c h iza e a  d ig ita ta  (wp).
Scrophulariaceae— C uranga a m a ra  (wp).
Simarubaceae— E u ryc o m a  a p icu la ta  (1, s, r) ; E . lo n g ifo lia  (1, s, r, wood).
Solanaceae— S o la n u m  torvu m  (s, r) ; »S', verbascifo lium  (1, s, r).
Sterculiaceae— P lerosperm um  ja c k ia n u m  (B) ; S ca p h iu m  m a cro p o d u m  (b) ; S te rc u lia  laevis (1, s, r) ; S .  

m acro p h ylla  (1, r, p, sd) ; S . p a rv iflo ra  (1, s, r, b, p, sd).
Taccaceae— T a cca  cr is ta ta  (wp).
Ternstroemiaceae— A d in a n d ra  d u m o sa *  (1, s); S a u ra u ja  cauliflora  (1, r, b); S . nud iflora  (1, s, r, b, fir);
_  S . tr is ty la  (1, s).
Theaceae— P yren a ria  a cu m in a ta  (1, s, r, b, frt).
Thymelaeaceae— L in o s to m a  pauciflo ra  (r).
Tiliaceae— G rew ia  a n tid esm ifo lia  (1, s, r, frt); G. u m b e lla ta  (1, s, r); H o n c k e n y a  f ic ifo lia  (I, s); T rich o sp er-  

m u m  k u r z i i (1, s, r, b, frt) ; T . c y m b ifo rm  (1, s, r).
Turneraceae— T u rn era  u lm ifo lia  (1, s, r).
Ulmaceae— G ironniera  nervosa  (1, s, r, b, frt); S a m e  sp .*  (1, s); T re m a  a m boinensis (1, s, r).
Urticaceae— E la to s te m a  la t i  fo l iu m  (wp); E . repens (wp); E . c f .  in teg r ifo lia  (wp); L a p o rtea  s tim u la n s  

(1, s, r) ; P o ik ilo sp erm u m  sub tr in erv iu m  (wp) ; P o u zo lz ia  vim inea  (1, s, r) ; S lo e tia  elonga ta*  (1, s) ; S tre b lu s  
asper*  (1).

Verbenaceae— A vicen n ia  a lba*  (1); C allicarpa  fu r fu r a c e a  (1, s, r, frt); C . reeresii*  (1, s); C lerodendron  
fra g ra n s  (1, s, r); C. se rra tu m  (1, s, r, fir, frt); C. thom so n a e*  (1, s); C. u m b ra tile  (1, s, r); C. villosum  
(1, s, r) ; D u ra n ta  repens*  (1, s, frt) ; F aradaya  p a p uana*  (1, s) ; G m elina  arborea*  (1, s) ; P rem m a  fo e tid a  
(1, s) ; S ta c h y ta rp h e ta  indica  (1, s, r) ; Sph en o d esm e tr ifo lia  (1, s) ; V ite x  h e tero p h ylla  (1, s, b, frt) ; V. 
negundo  (1, s, r) ; S a m e  sp .*  (1, s) ; V. p u bescens  (1, s, b, r) ; V. ve stita  (1, s, r, fir).

Violaceae— A lso d e ia  sp . (1, s, r, b, frt); L in o r ia  sp . (1, s, b, frt).
Vitaceae— L eea  sa m b u sin a  (s, b, frt) ; L . sp. (1, s, r, b) ; P terisa n th es  cisso ides (wp) ; V itis  a u g u s tifo lia  (l, s, b).. 

V. c u r tis ii (1, s, b, fir) ; V. fu r c a ta *  (1, s) ; V. g la b errim a  (wp) ; V. k u n s tle r i (1, s, frt) ; V. law son i (1, s, frt) ; 
V. lanceolaria  (1, s, frt); V. m o lliss im a  (1, s, r, frt); V. n o ve m fo lia  (1, s, r); V. pen d u n cu la ris  (1, s, r, frt);. 
V. c f .  scortech in ii (l, s, r, frt).

Zingiberaceae— A c h a sm a  sp haerocepha lum  (1, s, r); A lp in ia  ra ffiesiana  (s, r); A m o m u m  hastila b iu m  (1, s. 
r, p, sd) ; C o stu s  lucanng ianus*  C . r id ley i (1, s) ; C. sp eciosa  (l,s, r) ; G lobba a uran tica  (1, s) ; H o rn s te d tia  
sp .*  (wp); L a n g u a s m ela n o ca rp a  (r); Z in g ib e r  g riff ith ii (1, s, tuber).

T A B LE II
Plants some parts of which have given strong precipitates with each of the 
Buchardat’s, D ragendorff’s and  M ayer’s reagents, and  which are considered

to contain alkaloids
(Parts in  paren thesis ; abbreviations sam e as those in T able  I.)

Acanthaceae— G endarusa  vulgaris (s, r).
Anonaceae— C ya th o stem m a  h o o k e r i (r) ; F issis tig m a  sp . (s) ; M iliu sa  longipes (s, b, r) ; M o n o ca rp ia  m arg i-  

na lis (r) ; O x y m itra  sp. (1, s, r, b) ; P ha en th u s n u ta n s  (1, b) ; P . o p th a lm icu s  (i, s, r, b) ; P opow ia  p isocarpa  
(1, b, s) ; P . ram o siss im a  (1, s, r, b) ; P . sp . (1, s, r, b) ; T riva lvaria  m a cro p h ylla  (s, r) ; T . p u m ila  (r).

Apocyanaceae— A lsto n ia  sp a th u la ta  (b); C hilocarpus co s ta tu s  (r); C honem orpha  p enangensis  (1, s); L euco-  
n o tis  g r iff ith ii (1, s, r) ; L o ch n era  rosea  (I, s, r) ; T abern a em o n ta n a  coronaria  (1, s) ; T . m a laccensis (1, s, r) ; 
T . peduncu la ris  (1, r).

Boraginaceae— H elio tro p iu m  ind icum  (s).
Campanulaceae— Iso to m a  longiflora  (1, frt, r).
Connaraceae— C onnarus sp . (fir).
Dioscoraceae— D ioscorea  h isp ida  (s, r).
Ebenaceae— D iospyros su brhom boidea  (s, frt).
Euphorbiaceae— B acca u rea  m o tle y  an a  (frt).
Icacinaceae— G om phandra  a ffin is (1, s, r); P h y to cren e  b ra c te a ta  (frt); P . o b longa  (frt).
Lauraceae— A c tin o d a p h n e  sesquipedalis (1, s, r, b); A lseo d a p h n e  peduncu la ris  (1, s, r); A . p e tio la re  (1, s, r, 

b, frt) ; L in d era  p iperica rp a  (r) ; L . spa th a cea  (r) ; L. spa th a cea  var. to m en to sa  (r) ; P hoebe opaca  (1, s. 
r, b); P . taro yn a  (1, s, r) ; S te m m a to d a p h n e  p era ken s is  (1, s, r, b, frt).
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TABLE II—con tinued .

Leguminosae— D racaena  co n fe r ía  (1); E n tero lo b iu m  sa m a n  (1, s); In d ig o fe ra  te ysm a n ii (s); P tero ca rp u s  
ind icus (1).

Loganiaceae— S tr y  canos o va l ¡fo lia  (s, r).
Menispermaceae— A rca n g e lis ia  loureiri (1, s, r); C oscin ium  w allich ianum  (1, s); C yc lea  la x iflo ra  (wp);

F ibraurea  ch loro leuca  (b, r); L im a d a  ob longa  (r); T ino m isc iu m  p e tio la re  (s, r).
Palmae— P lectocom iopsis  gem in iflorus  (fit).
Piperaceae— P iper p o rp h yro p h yllu m  (1, s, r).
Rubiaceae—C op to sa p elta  fla vescen s  (r); H e d y o tis  ca p ite lla ta  (r); N a u c lea  m a in g a y i (s, r); P a v e tta  g raciflora  

(1, s, frt); P . inaica  (1); P sych o tr ia  m o n ta n a  (1, s, r); R a n d ia  s ten o p e ta la  (r); U ncaria  g a m b ir  (s, r); 
U. p arv iflo ra  (1, s, r); U. p te ro p o d a  (1, s, r); U. u m b e lla tu m  (1).

RutaCeae— E vo d ia  Ic tifo lia  (r); G lyco sm is  sap indo ides (1, r); G. m a la ya n a  (r).
Simbarubaceae— E u ryc o m a  a p icu la ta  (s, r).
OL naceae—S o la n u m  verb a sc ifo liu m  (r).

T A B LE III
List of plant materials from which crude alkaloids have been isolated 
A lkaloids which have been isolated in crystalline form  are  m entioned in  the  rem arks 

colum n. Som e investigations ( t )  have been carried  ou t by D r. I. J. P ach ter in the 
Sm ith, K line  and French  L abora to ries in Philadelphia. A bbrev ia tions: wb = w e a k  
bases (extracted a t pH  ca. 9 ); sb =  s trong  bases (extracted a t p H  > 1 0 ) ;  tb  =  to ta l 
bases =  wb +  sb ; qb  =  q u aternary  bases; rb  =  reduced bases. A bbrev iations fo r 
parts o f  p lan ts a re  the  sam e as those  in  T ab le  I).

Plant Part
Per cent 
alkaloids Remarks

Anonaceae
D esm o s chinensis r 0 05 wb Paper chromatogram shows 8  to 10

bases presentf
P opow ia  p isocarpa 1 and s 0  0 2  tb|

1 and s 0-71 qbf
T rivalvaria  p u m ila s and r 0 09 wb Paper chromatogram shows 2 to 3

bases presentf
Apocynaceae
C h o nem orpha  penangensis s 0  08 wb

s 0-33 sb
H u n ter ia  corym bosa 1 0-15 wb

1 0  0 2  sb
T a b ernaem ontana  m a 'a ccen sis 1 O il wb Crystalline alkaloid Ca,H,gNt0 3, m.p.

s 018 wb 220°, isolated (Chan, 1959)
Lauraceae
A n d ro g ra p h is  p a n icu la ta 1 and s 0  0 2  wb
L in d era  p iperica rp a r 0 03 wb
Leguminosae
E n tero lo b iu m  so m a n 1 1-54 sb
Loganiaceae
Fagraea  fra g ra n s s 0 03 wb

s 0 07 rb
Magnoliaceae
M ic h e lia  cham paca 1 0 07 wb

1 0 035 sb
s 0 1 0  wb

frt 0 1 0  wb
Olacaceae
P h leb o ca lym n a  p y r ifo rm e s 0 003 wb
Palmae
P lec to co m io p sis  gem in iflorus frt 0-45 sb Principal alkaloid is plectocomine,

C„H12NsO, m.p. 294° (new alka-
loid). Crystalline salts: acetate,
m.p. 295°; picrate, m.p. 240°;
hydrochloride and sulphate, m.p.
>300' (Chan, 1959)

Rubiaceae
C o p to sa p elta  fla v e s c e n s . . r 0 04 wb

r 0 03 sb
r trace qb

N a u c lea  m a in g a y i r 0 024 wb
P a v e tta  indica  .. 1 0-25 tb
R a n d ia  n a c ra n ta .. 1 0  08 tb
U ncaria  p te ro p o d a r 0 -2  wb Crystalline alkaloids isolated

C^H^N^, m.p. 202-203°,
M p -  14°; C,.H.,N,0<, m.p. 215-
216°, [a)p -  76°

SlMARUBACEAE
E u ryc o m a  longiflora r 0 03 wb Paper chromatogram gave 5 spots

s 0 045 wb under ultra-violet and 2  spots with
Dragendorff’s reagent
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A c k n o w l e d g e m e n t s .  T h e  a u th o rs  w ish  t o  th a n k  th e  D ir e c to r  o f  C h em ­
istry , th e  A d v ise r  o n  A b o r ig in e s , th e  C h ie f  R e se a rc h  O fficer o f  F o r e s t  
R e se a rc h  In st itu te , th e  D ir e c to r  o f  th e  D e p a r tm e n t o f  A g r icu ltu re , a n d  
M iss  B . E . C o p e la n d  o f  S t. J o h n ’s A m b u la n c e , F e d e r a tio n  o f  M a la y a ,  
fo r  th e  c o lle c t io n  o f  p la n t  m a te r ia ls ; P r o fe sso r  H . B . G il lila n d  a n d  M r. 
W o n g  P h u i W e n g  o f  th e  B o ta n y  D e p a r tm e n t, U n iv e r s ity  o f  M a la y a  in  
S in g a p o r e , th e  D ir e c to r  o f  th e  B o ta n ic  G a rd en s, S in g a p o r e , M r. K . M .  
K o c h u m a n  o f  th e  F o r e s t  R e se a rc h  In stitu te , K e p o n g , fo r  th e  id e n tif ic a t io n  
o f  p la n t  sp e c im e n s;  M essrs . S m ith , K lin e  a n d  F r e n c h  L a b o r a to r ie s ,  
P h ila d e lp h ia , fo r  a  f in a n c ia l g r a n t ; a n d  P r o fe sso r  R . A .  R o b in s o n  (n o w  
a t  th e  U n iv e r s ity  o f  N e w  E n g la n d , A u str a lia )  fo r  h is  in te re st  in  th is  w o r k .

R eferences
A rthur, H . R . (1954). J . P h a rm . P h a r m a c o l., 6, 66~72.
Bisset, N . G . (1957). P r o c . S y m p o s iu m  on  P h y to c h e m is tr y , p . 125. U N E S C O  

Science C o-operation  Office fo r South  E ast A sia, D jak arta .
B urkill, I . H . (1935). D ic tio n a r y  o f  E c o n o m ic  P r o d u c ts  o f  th e  M a la y  P en in su la , 

Vol. I  and  II, G overnm ent P rin ting  Press.
C han, K . C. (1959). M .Sc. thesis, U niversity  o f  M alaya in  Singapore.
D ouglas, B., and K iang, A. K . (1957). M a la y a n  P h a rm . J . ,  6, 1-16.
K iang , A. K ., and D ouglas, B. (1957). P r o c . T h ird  C o n g ress , P a n  In d ian  O cea n  

S c ie n c e  A s so c n ., Section G , 19-24.
W ebb, L. J. (1949). A u s tra lia n  P h y to c h e m ic a l S u rv e y , P a r t  I , B u lle tin  N o . 241, 

C .S .I .R .O .;  P a r t  I I , B u lle tin  N o . 268, C .S .I .R .O .

A. K. KIANG, BRYCE DOUGLAS AND FRANCIS MORSINGH

104



By  L . C . W ea v er , A lic e  B. R ic h a r d s  a n d  H . E . M a r t in

F ro m  th e  P h a r m a c o lo g y  D e p a r tm e n t, R e sea rch  C e n te r , P itm a n -M o o r e  C o ., 
In d ia n a p o lis  6, In d ia n a , U .S .A .

Received O ctober 7, 1960

Several d e riv a tiv e s o f  acety lsa licy lic  a c id  h av e  b een  tes ted  fo r  an alg es ic  
a n d  a n tip y re tic  p ro p e rtie s  in  m ice  a n d  ra ts . o -D ip h en y lace to x y  b enzo ic  
ac id  (O -(d ip h en y lace ty l)sa licy lic  a c id ; d p  a) is a  su p e rio r  an alg es ic  b u t 
a n  in fe r io r  a n tip y re tic  to  a sp irin , d pa  h as  a  low  to x ic i ty : i t  fa iled  to  
sh o w  sign ifican t a n ti- in fla m m a to ry  o r  tran q u illis in g  p ro p e rtie s .
In  d o g s i t  p ro d u c e d  o n ly  slig h t a n d  tra n s ie n t fa lls  in  b lo o d  p re ssu re  
a n d  th e re  w as n o  a p p rec ia b le  effect o n  th e  d irec t o r  reflex m uscle  
p re p a ra tio n .

T h e  first sy n th e tic  e ster  o f  sa licy lic  a c id  to  b e  in tr o d u c e d  in to  m e d ic in e  
w a s p h en y l sa licy la te  (N e n c k i, 1886). L a ter  a c e ty lsa licy lic  a c id  w a s  
p rep ared  b y  D r e se r  (1 8 9 9 ). T h e  c o m p o u n d  w a s  n a m e d  a sp ir in  a n d  h a s  
b e e n  p erh a p s th e  m o s t  su cc e ss fu l sy n th e tic  d ru g  in  th e  w h o le  fie ld  o f  
m e d ic in a l c h em istry . S in ce  a sp ir in  is  o n e  o f  th e  o ld e s t  rem ed ies  s t i l l  
o c c u p y in g  a n  im p o r ta n t p la c e  in  m o d e r n  th era p eu tics , so m e  o f  its  a n a lo g u es  
(R a c z y n sk i, 1943) w ere  e x a m in ed  (see  T a b le  I).

M eth o d s

M a le  a lb in o  m ice  o f  th e  S w iss-W e b ste r  stra in , m a le  a lb in o  rats o f  th e  
H a r la n -W ista r  stra in , a n d  a d u lt  m o n g r e l d o g s , o f  b o th  sex , w ere  u sed . 
A n im a ls  h a d  fo o d  a n d  w a ter  e x c e p t  d u r in g  th e  p e r io d  o f  te s tin g . A ll  
d ru g s w ere  g iv en  e ith er  a s a q u e o u s  so lu t io n s  or  a s su sp e n s io n  in  1 p er  cen t  
c e llu lo se  (C M C -1 2 0 , h ig h  v isc o s ity , H er cu le s  P o w d e r  C o .)  g u m  so lu tio n .

A n a l g e s i c  E x p e r i m e n t s

A  th erm a l m e th o d  w a s u sed  fo r  d e te rm in in g  a n a lg e s ic  a c t iv ity  in  m ice  
(C h en  a n d  B e ck m a n , 1951). A l l  d ru g s fo r  a n a lg e sic  te s tin g  w ere  a d m in is ­
tered  in tr a g a str ic a lly  ( i .g .)  e x ce p t  m o r p h in e  su lp h a te , w h ic h  w a s  g iv en  
in tr a p e r ito n e a lly  ( i .p .) .  C o n tr o ls  o f  d is t ille d  w a ter  ( i.p .)  a n d  m o r p h in e  
w ere  ru n  s im u lta n e o u s ly . S ix  a n im a ls  w ere  u sed  a t e a c h  d o s e  le v e l. 
T h e  a b ility  o f  d ru g s to  b lo c k  h y d r o c h lo r ic  a c id -in d u ce d  w r ith in g  in  m ice  
w a s a lso  d e te rm in e d  (V a n d er , W e n d e  a n d  M a rg o lin , 1956 , a n d  E c k h a rd t, 
C h e p lo v itz , L ip o  a n d  G o v ie r , 1958). S im u lta n eo u s  c o n tr o ls  w ith  h y d r o ­
c h lo r ic  a c id  are n ecessa ry .

A n t i p y r e t i c  E x p e r i m e n t s

T h e  e ffe c t o f  c o m p o u n d s  g iv en  i .g . o n  n o r m a l b o d y  tem p era tu re  a n d  
y e a st- in d u c e d  fev er  (M a re n , 1951) w a s  e v a lu a ted  in  ra ts . F o r  te m p er a tu r e  
d e te rm in a tio n s , th e r m isto r  p r o b e s  w e re  in ser ted  r ec ta lly  in to  m a le  ra ts  
c o n fin e d  in  w ire  m e sh  tu b es . T w o  c o n tr o l tem p era tu re  rea d in g s  at 
3 0  m in . in te rv a ls  w ere  m a d e  b e fo r e  d ru g  in je c tio n  a n d  serv ed  a s  c o n tr o ls  
fo r  e a c h  g r o u p  o f  fo u r  a n im a ls ; sa lin e  c o n tr o ls  w ere  ru n  s im u lta n e o u s ly .

ANALGESIC AND ANTIPYRETIC PROPERTIES OF SOME
ASPIRIN DERIVATIVES
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T em p era tu re  rea d in g s w ere  m a d e  a t  h o u r ly  in terv a ls . F o r  e x p e r im en ts  
w ith  fe v er ed  ra ts , c o n tr o l rea d in g s w ere  ta k e n  b e fo r e  y e a s t  in je c t io n  
( 3  m l. o f  a  15 p er  c en t brew er’s y e a s t  su sp e n s io n  in  sa lin e  su b c u ta n eo u s ly )  
a n d  a g a in  b e fo r e  d ru g  a d m in is tr a tio n . T h e  tem p era tu re  o f  th e  r o o m  w a s  

2 4  ±  1°.

A c u t e  T o x i c i t y

T h e  i.p . a n d  i .g . le th a l d o se s  fo r  50  p er  c e n t  o f  m ice  w e re  d e te rm in e d  
(L itch fie ld  a n d  W ilc o x o n , 1949) fo r  o -d ip h e n y la c e to x y b e n z o ic  a c id  
(O -(d ip h e n y la c e ty l)  sa licy lic  a c id ;  dpa).

T A B LE I

L. C. WEAVER, ALICE B. RICHARDS AND H. E. MARTIN

Toxicities and  blockade of irritant-induced  writhing in  mice

Compound

Writhing in mice

Dose mg. /kg.
No.

writhing /
/ No. tested

Hydrochloric acid 10 84/90
Acetylsalicylic acid (o-hydroxybenzoic acid) (Aspirin) .. 50 24/30

100 1 1 /2 0

2 0 0 1 /1 0

2-Acetoxy-4,5, dimethylbenzoic acid (I) 50 2 0 /2 0

1 00 19/20
2 -diphenylacetoxybenzoic acid (O-(diphenylacetyl)salicylic acid; 

DPA) .............................................................................. 50 9/10
100 19/20
2 0 0 13/20

Methyl 2-diphenylacetoxybenzoate (II) 2 0 0 9/10
Ethyl 2-diphenylacetoxybenzoate (III) 2 0 0 1 0 /1 0

Pentyl 2-diphenylacetoxybenzoate (IV) 2 0 0 8 /1 0

Isopentyl 2-diphenylacetoxybenzoate (V) .. 2 0 0 1 0 /1 0

Phenyl 2-diphenylacetoxybenzoate (VI) 2 0 0 9/10
Benzyl 2-diphenylacetoxybenzoate (VII) 2 0 0 1 0 /1 0

Methyl 2-dibenzylacetoxybenzoate (VIII) .. 2 0 0 9/10
Ethyl 2-dibenzylacetoxybenzoate (IX) 2 0 0 1 0 /1 0

O t h e r  S t u d i e s

T e sts  fo r  a n tig r a n u lo m a to u s  a c t iv ity  w ere  m a d e  in  m a le  ra ts (M e ier , 
S ch u ler  a n d  D e sa u lle s , 1950). T r a n q u illis in g  a c tiv ity  w a s  a ssesse d  in  
rats b y  th e  m e th o d  o f  H u g h e s  a n d  K o p m a n n  (1 9 6 0 ). M o n g r e l d o g s  w ere  
u sed  to  ev a lu a te  th e  e ffec ts o f  dpa o n  c a rd io v a scu la r  a n d  n e u r o m u scu la r  
sy stem s.

Results

O n ly  tw o  c o m p o u n d s , a sp ir in  a n d  p o s s ib ly  dpa a t th e  h ig h e s t  d o se ,  
b lo c k e d  irr ita n t-in d u ced  w r ith in g  (T a b le  I ) ; a sp ir in  w a s  th e  m o s t  e ffec tiv e  
c o m p o u n d  b y  th is  te st . W h e n  g r o u p s o f  a n im a ls  w ere  c h a lle n g e d  a t
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v a r io u s  in terv a ls  a fter  d ru g  a d m in is tr a tio n  o f  a  d o se  o f  2 0 0  m g ./k g .
i .g . ,  dpa h a d  a  p e a k  a c t iv ity  o f  30  m in . w h erea s  a sp ir in  w a s  e q u a lly  
e ffec tiv e  o v e r  a  p e r io d  o f  2  hr. O f  th e  sa licy la te  d er iv a tiv es  lis te d  in  
T a b le  I o n ly  dpa sh o w e d  sig n ifica n t a n a lg e s ic  e ffec t  b y  th e  th e r m a l  
m e th o d . I t  c a n  b e  se e n  in  F ig . 1 th a t dpa a t 2 0 0  m g ./k g . i .g . w a s  a p p ro x i­
m a te ly  e q u iv a len t  to  m o r p h in e  su lp h a te  a t 5 m g ./k g . i.p . A l l  r ea c tio n  
t im es g reater  th a n  5 sec . w ere  s ig n ifica n tly  grea ter  (P  < 0 - 0 5 )  th a n  c o n tr o l.

ANALGESIC PROPERTIES OF ASPIRIN DERIVATIVES

A sp ir in  fa ile d  to  sh o w  a n a lg e s ia  e v e n  a t a  d o s e  o f  4 0 0  m g ./k g . i .g . dpa 
a p p ea red  to  e n h a n ce  th e  e ffec ts  o f  m o r p h in e  (F ig . 2 ) e ith er  w h e n  g iv en  in  
c o m b in a t io n  s im u lta n e o u s ly  o r  g iv en  sep a ra te ly  1 hr. ap art. A sp ir in  u sed  
in  c o m b in a t io n  w ith  m o r p h in e  d id  n o t  sh o w  s im ila r  a c tiv ity .

A n t i p y r e t i c  A c t i v i t y

N o n e  o f  th e  c o m p o u n d s  te sted  (dpa, II , V I , V III )  a t  4 0 0  m g ./k g . i.g . 
p r o d u ce d  a  d ecrea se  in  n o r m a l b o d y  tem p era tu re  o f  rats. H o w e v er , 
dpa a n d  asp ir in  w ere b o th  e ffec tiv e  in  lo w e r in g  th e  rec ta l tem p era tu re  o f  
rats w ith  y e a st-in d u ce d  fev er  (F ig . 3).

A c u t e  T o x i c i t i e s

In  mice th e  L D 5 0  fo r  dpa w a s 3 1 6 (2 7 7 -2 -3 6 0 -2 )  m g ./k g . i .p . a n d  
1 ,0 1 0  (8 7 8 -1 ,1 6 2 )  m g ./k g . i .g . T o x ic  s ig n s  a p p ea red  w ith in  7  m in .
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b y  e ith er  r o u te  a n d  c o n s is te d  o f  trem o rs or  sh a k in g  w ith  a rch ed  b a ck  
w h ic h  p r o c e e d e d  t o  c lo n ic  c o n v u ls io n s  a n d  d e a th  w ith in  30  m in . to  
2 4  hr. T h ere  w a s so m e  m o d e r a te  d e p r e ss io n  rem a in in g  a t 2 4  hr.

O t h e r  S t u d i e s

dpa in  d o se s  o f  5 0  a n d  2 0 0  m g ./k g ./d a y  i.g . fo r  7 d a y s  fa iled  to  red u c e  
th e  w e ig h ts  o f  g r a n u lo m a s  in  rats b e lo w  th o s e  o f  c o n tr o ls .

L. C. WEAVER, ALICE B. RICHARDS AND H. E. MARTIN

F ig . 2. Analgesic effects o f  morphine and d p a  alone and in combination in mice.

dpa a t  4 0 0  a n d  6 0 0  m g ./k g . i .g . a n d  m o r p h in e  a t 5 m g ./k g . i .p . d id  
n o t  e x h ib it  d esira b le  tra n q u illis in g  p ro p er tie s .

d p a  in  d o se s  o f  32  m g ./k g . i .v . in  d o g s  p r o d u c e d  o n ly  s lig h t a n d  
tr a n sien t fa lls  in  b lo o d  p ressu re . S im ila r ly  th e r e  w a s  n o  a p p rec ia b le  e ffec t  
o n  th e  d irec t o r  reflex  m u sc le  p rep a ra tio n .

108



D is c u s s io n

B u rger  (1 9 5 1 ) h a s  n o te d  th e  a n a lg e s ic  a n d  a n tip y r e tic  p ro p e r tie s  o f  
sev era l d er iv a tiv es  o f  sa licy lic  a c id  w ere  u su a lly  n o t  a s  a c t iv e  a s th e  p a ren t  
c o m p o u n d . S im ila r ly , th e  c o m p o u n d s  rep o rted  in  th is  s tu d y  se e m  to  
fo l lo w  th is  t r e n d ; th e  e x c e p t io n  b e in g  dpa.

M o s t  in v e st ig a to r s  a g ree  th a t  p r e se n t d a y  a n a lg e s ic  m e th o d s  are  in ­
a d eq u a te  fo r  a sse ss in g  th e  a n a lg e s ic  p ro p e r tie s  o f  a sp ir in ; th e  w r ith in g  
te st  b e in g  a n  e x c e p t io n  t o  th is  g en era l c o n c lu s io n . H o w e v er , th e  ty p e  o f  
“ p a in ”  b e in g  m e a su r ed  b y  th e  w r ith in g  te s t  is  n o t  c o m p le te ly  u n d e r s to o d .

ANALGESIC PROPERTIES OF ASPIRIN DERIVATIVES

Time in hours
Fig . 3. Effect of aspirin and dpa on yeast-induced fever in rats.

I t  w o u ld  se e m  lo g ic a l, th e n , th a t  w h e n  a  d er iv a tiv e  o f  a sp ir in  is  sh o w n  to  
p o sse ss  a n a lg e sic  p ro p e r tie s  b y  a  th erm a l m e th o d , th a t c o m p o u n d  m ig h t b e  
a  m o r e  p o te n t  a n a lg e s ic  th a n  asp ir in , dpa e x h ib ited  th is  a b ility  in  a  d o se  
o f  2 0 0  m g ./k g . i . g . ; th e  a n a lg e s ic  e ffec ts  w ere  a p p ro x im a te ly  e q u a l to  
m o r p h in e  a t 5 m g ./k g . i .p . (F ig . 1). F u r th er , dpa a d d ed  to , o r  en h a n ce d ,  
th e  a n a lg e s ic  p ro p e r tie s  o f  m o r p h in e  su lp h a te  w h en  g iv en  s im u lta n e o u s ly  
o r  sep a ra ted  b y  a 1-hr. in terv a l (F ig . 2 ). N e v er th e le ss , dpa w a s in fe r io r  to  
a sp ir in  in  its  a b ility  to  c o u n te r a c t  fev ers in  rats. F in a lly , dpa ex h ib ited  
r e la tiv e ly  litt le  a n tig r a n u lo m a , o r  tr a n q u illis in g  a c tiv ity  in  rats an d , 
w ith  d o g s , th ere  w ere  n e g lig ib le  e ffec ts  o n  b lo o d  p ressu re  a n d  d irec t a n d  
reflex  m u sc le  p r e p a r a tio n s  T h e  lo w  to x ic ity  e x h ib ited  su g g es ts  th a t  it  
sh o u ld  b e  e v a lu a ted  fu rth er.
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Tests of the effect on the growth of a number of organisms of several 
silicone rubbers has been made. The toxicity of suitably compounded 
rubbers which could be used in pharmacy, medicine and in contact with 
foodstuffs is very low.

Properly fo r m u la te d  a n d  p r o c e s se d  s il ic o n e  ru b b ers h a v e  b e e n  fo u n d  
u se fd l in  m e d ic in e  a n d  p h a rm a c y  b e c a u se  o f  th e ir  g en era l in er tn ess , 
n o n -to x ic  a n d  n o n -ir r ita n t p r o p er tie s . T y p ic a l a p p lic a tio n s  h a v e  b e e n  
b lo o d  tr a n s fu s io n  tu b es , d r a in a g e  tu b es , b a b y  b o t t le  te a ts  a n d  p h a rm a ­
c e u tic a l v ia l s to p p ers . T h e  ru b b ers u se d  in  th e se  a p p lic a tio n s  h a v e  
g e n e ra lly  b e e n  fo r m u la te d  to  c o n ta in , w h e n  p r o c e sse d , o n ly  s il ic o n e  
p o ly m e r , u su a lly  a  p o ly d im e th y l s ilo x a n e , a n d  a  fin e  p a r tic le  s ize  filler, 
e ith er  a n  a m o r p h o u s  p r e c ip ita ted  o r  a  fu m e  silica .

T h e  e la s t ic  p ro p e r tie s  o f  s i l ic o n e  ru b b ers are o b ta in e d  b y  m a k in g  a  
c r o s s- lin k e d  stru ctu re  b e tw e e n  th e  p o ly m e r  a n d  th e  filler  b y  m e a n s  o f  
c u r in g  a g e n ts  w h ic h  are u su a lly  o r g a n ic  p e r o x y  c o m p o u n d s , fo r  e x a m p le ,  
b e n z o y l p e r o x id e . In  th e  p a s t  it  h a s  b e e n  fe lt  n e c essa ry  to  en su re  r e m o v a l  
o f  th e  d e c o m p o s it io n  p r o d u c ts  o f  th e se  cu r in g  a g e n ts  a n d  s il ic o n e  ru b b ers  
in te n d e d  fo r  m e d ic a l a n d  p h a rm a c e u tica l a p p lic a tio n s  h a v e , th erefo re , 
u su a lly  b e e n  g iv en  lo n g  cu res in  a ir  a t h ig h  tem p era tu res , fo r  e x a m p le ,  
2 4  hr. a t  25 0 °.

F o r  so m e  a p p lic a tio n s  lik e  b a b y  b o tt le  te a ts , it  w o u ld  b e  a d v a n ta g e o u s  
i f  a  le s se r  cure  th a n  2 4  hr. a t 2 5 0 °  c o u ld  b e  g iv en , s in ce  b etter  p h y s ic a l  
p r o p e r tie s , p a r ticu la r ly  tear  stren g th , w o u ld  th e n  b e  o b ta in e d . A c c o r d ­
in g ly  it  w a s  d e c id ed  to  a rran ge  a  ser ies o f  b a c te r io lo g ic a l to x ic ity  te s ts  o f  
su ch  ru b b ers, t o  a ssess  su ita b le  cu res a n d  fo r m u la tio n s  fo r  ru b b ers fo r  
m e d ic a l u se .

D e t a i l s  o f  R u b b e r  F o r m u l a t i o n s

M o s t  m o d e r n  g en era l p u rp o se  s il ic o n e  ru b b er  s to c k s  are fo r m u la ted  
w ith  s ilo x a n e  p o ly m e r s  h a v in g  p r e d o m in a n tly  m e th y l s id e  g r o u p s w ith  
a  sm a ll p r o p o r tio n  o f  u n sa tu ra te d  g r o u p s , u su a lly  v in y l. O n e  a d v a n ta g e  
o f  th e se  v in y l g r o u p s  is  th a t  th e y  e n a b le  a  w id er  ra n g e  o f  p e r o x y  c o m ­
p o u n d s  to  b e  u sed  a s cu r in g  a g en ts .

S in ce  i t  w a s  th o u g h t  th a t  a n y  to x ic  e ffec ts  o f  th e  cu red  ru b b ers w ere  
l ik e ly  to  arise  fr o m  d e c o m p o s it io n  p r o d u c ts  o f  th e  c u r in g  a g e n ts , th e  
e ffec ts  o f  u s in g  sev era l c u r in g  a g e n ts  a t  v a r io u s  sta te s  o f  cure  in  a  b a se  
m ix  c o n s is t in g  o f  a  p o ly m e th y l v in y l s i lo x a n e  p o ly m e r  a n d  a  fu m e  s ilic a  
filler, w ere  in v e stig a ted .
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T h ree  c u r in g  a g en ts  w ere  c h o se n  fo r  th e  te sts , 2 ,4 -d ic h lo r o b e n z o y l  
p e r o x id e , d ic u m y l p e r o x id e  a n d  d i-te r tia ry -b u ty l p e r o x id e . T h e  2 ,4 -  
d ic h lo r o  c o m p o u n d  w a s  u sed  b e c a u se  i t  is  th e  c u r in g  a g e n t fo r  m o s t  
s il ic o n e  ru b b er  s to c k s . D ic u m y l p e r o x id e  w a s  in c lu d e d  a s a n  e x a m p le  
o f  th e  n ew er  c u r in g  a g en ts  u se d  w ith  p o ly m e rs  c o n ta in in g  v in y l g r o u p s  
a n d  so  w a s  d i-ter tia ry -b u ty l p e r o x id e . T h is  la tter  c o m p o u n d  w a s  a lso  
th o u g h t  t o  h a v e  h ig h ly  v o la t ile  d e c o m p o s it io n  p r o d u cts  a n d  m ig h t,  
th erefo re , sh o w  a  lo w e r  to x ic ity .

F o r  c o m p a r iso n  p u rp o se s  so m e  te s ts  w ere  a lso  in c lu d e d  o n  tw o  
p ro p r ie ta ry  g ra d es, S ila s to m e r  156 a n d  D P .2 4 5 2  (M id la n d  S ilic o n e s  
L td .) . S ila sto m e r  156 is  a  tr a n slu c e n t s il ic o n e  ru b b er  b a se d  o n  a  d im e th y l  
p o ly m e r  a n d  fu m e  s ilic a  filler  w h ic h  h a s  b e e n  w id e ly  u se d  in  m e d ic a l a n d  
p h a rm a c e u tica l a p p lic a tio n s  a n d  D P .2 4 5 2  is  a  m o r e  recen t d e v e lo p m e n t  
b a sed  o n  a  p o ly m e th y l v in y l s i lo x a n e  p o ly m e r .

V a r io u s  fo r m u la tio n s  w ere  m a d e  fr o m  a  ru b b er  m a ste rb a tch  c o n ta in in g  
100  p a rts  b y  w e ig h t  o f  a  p o ly m e th y l v in y l s i lo x a n e  g u m  a n d  37-5 p a rts  b y  
w e ig h t o f  a  fu m e  silica . T h is  w a s  p rep a red  b y  m ix in g  10 p a rts  b y  w e ig h t  
o f  A e r o s il  K 3  (B u sh  B e a ch  a n d  S eg n er  B a y ley , L td .) , w ith  100 p a rts  b y  
w e ig h t o f  P o ly s il  2 4 3 2  (M id la n d  S ilic o n e s  L td .) .
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Formulation A B c
Rubber masterbatch 1 00 1 00 10 0
2,4-Dichlorobenzoyl peroxide* 0-65 — — •
Dicumyl peroxide — 0 -6 8 —
Di-tertiary-butyl peroxide .. • 0-9

* Added as a 40 per cent dispersion of the peroxide in a dimethyl silicone fluid.

T o x i c i t y  T e s t s

T h ere  is  n o  g e n era lly  a c ce p te d  te s t  o f  to x ic ity  fo r  m e d ic a l ru b b ers. 
F o r  tr a n sfu s io n  ru b b ers, th e  to x ic ity  te s t  in  c o m m o n  u se  te s ts  th e  
in h ib ito r y  a c t io n  o f  th e  ru b b er  o n  th e  g r o w th  o f  a  s in g le  sp ec ie s  o f  
b a c ter ia , S t r e p t o c o c c u s  p y o g e n e s ,  o n  a  so lid  m e d iu m . T h is  te s t  is  
d e sc r ib ed  a n d  r e c o m m en d e d  in  th e  a p p ro p r ia te  B r itish  S ta n d a rd  (B .S . 
2 4 6 3 :1 9 5 4 ,  A p p e n d ix  B , p a g e  12 ). In h ib it io n  o f  b a c te r ia l g r o w th  b y  
th e  su b s ta n c e  u n d er  te st  is  ta k e n  a s a n  in d ic a t io n  o f  it s  u n su ita b ility  fo r  
tr a n sfu s io n  p u rp o ses .

T h e  to x ic ity  te s t  u sed  b y  u s w a s  a n  e x te n s io n  o f  th e  B .S . te st  fo r  
tr a n sfu s io n  ru b b ers, b y  te s t in g  th e  sa m p les  a g a in st  a  n u m b e r  o f  d ifferen t  
b a c ter ia l sp ec ies , in s te a d  o f  a g a in st o n e  sp ec ies  o n ly .

T e s t  M e t h o d

S a m p le s  o f  th e  v a r io u s  ru b b ers w ere  p rep a red  b y  m o u ld in g  sh ee ts  o f  
n o m in a l th ic k n e ss  1 /16  in . in  a  p ress  a t a  tem p era tu re  a p p ro p r ia te  to  th e  
c u r in g  a g en t. S u b seq u e n t cu res in  a  sta n d a rd  air c ircu la tin g  o v e n  
v a r ied  fr o m  1 hr. a t 150° to  2 4  hr. a t  2 5 0 ° . P ie ce s  o f  sh ee t 0-5 x  0-5 c m . 
w ere  u sed  in  th e  te sts . T h e se  sa m p les  w ere  su b jected  to  o n e  o f  tw o  ty p e s  
o f  p re lim in a ry  t r e a tm e n t : ( 1 ) w a sh in g  in  a c e to n e  a n d  w a ter , a n d  d ry in g  
b e tw e en  str ip s o f  b lo tt in g  p a p er , or  (2 ) s ter ilis in g  in  a  d o m e stic  p ressu re  
c o o k e r  fo r  2 0  m in . a t 15 lb ./s q . in . s te a m  p ressu re.
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B lo o d  ag a r  p la te s  w ere  h e a v ily  in o c u la te d  o v er  th e  en tire  su rfa ce  w ith  
y o u n g  g lu c o se  b r o th  cu ltu res o f  th e  p a r ticu la r  b a c te r iu m . P ie c e s  o f  
s il ic o n e  ru b b er  sh ee tin g , a fter  p r e lim in a ry  trea tm en t, w ere  p la c e d  at 
in te rv a ls  o v e r  th e  su rfa ce  o f  th e  p la te s . T h e  p la te s  w ere  th e n  in c u b a te d  
a t  3 7 ° fo r  2 4  h r ., a n d  th e n  e x a m in ed . A n y  in h ib it io n  o f  b a c ter ia l g r o w th  
a r o u n d  th e  ru b b er  sa m p les  w ere  n o te d . T h e  b a c te r ia  u se d  w ere  S t r e p t o ­

c o c c u s  p y o g e n e s ,  S t a p h y l o c o c c u s  p y o g e n e s ,  B a c t e r i u m  c o l i ,  P n e u m o ­

c o c c u s  s p .  (e x c e p t  w ith  so m e  w a sh e d  sa m p le s  o f  ru b b er ), S t r e p t o c o c c u s  

v i r i d a n s  (w ith  a u to c la v e d , a n d  w ith  a  fe w  w a sh e d  sa m p le s)  a n d  P s e u d o ­

m o n a s  a e r u g i n o s a  (w ith  w a sh e d  sa m p le s  o n ly ) .

R e s u l t s

T h e  resu lts  in d ic a te  a n  ex tre m e ly  lo w  to x ic ity . E v e n  w h ere  so m e  
in h ib it io n  o f  b a c te r ia l g r o w th  h a s  b e e n  o b serv ed , th e  e ffec t is  v ery  sm a ll.

T A B LE I
T h e  e f f e c t  o f  d i f f e r e n t  r u b b e r  f o r m u l a t i o n s  o n  t h e  g r o w t h  o f  f i v e  d i f f e r e n t  

BACTERIA. T h e  SAMPLES WERE AUTOCLAVED FOR 2 0  MIN. AT 1 5  LB./SQ. IN. STEAM

S tre p . S ta p h . P n eu m o S tr e p .
Formulation Oven cure p yo g e n es p yo g e n es B . co li coccus viridans

A ........................ Nil 0 0 0 0 0
4 hr./150° 0 0 0 0 0
4 hr./200° 0 0 0 0 0
4 hr./250° 0 0 0 0 0

B ........................ Nil 0 0 0 0 0
4 hr./150° 0 0 0 0 0
4 hr./200° 0 0 0 0 0
4 hr./250° 0 0 0 0 0

c  ........................ Nil 0 0 0 0 *
4 hr./150° 0 0 0 0 0
4 hr./200° 0 0 0 0 0
4 hr./250° 0 0 0 0 0

Silastomer 156 Nil 0 0 0 * *
4 hr./150° 0 0 0 0
4 hr./200° 0 0 0 *
4 hr./250° 0 0 0 0

DP.2452 Nil 0 0 0 0 0

0  indicates no detectable inhibition of growth. * indicates inhibiti on of growth.

T h e  resu lts  o f  so m e  o f  th e  te s ts  o n  a u to c la v e d  sa m p le s  are g iv e n  in  
T a b le  I w h ic h  in c lu d e s  n e a r ly  a ll th e  p o s it iv e  resu lts  b u t  o n ly  a  sm a ll  
p r o p o r t io n  o f  th e  n e g a tiv e  o n es .

F o r m u la t io n s  A  a n d  B  h a d  n o  d e te c ta b le  e ffec t o n  th e  g r o w th  o f  a n y  
o f  th e  o r g a n ism s te s te d  b o th  w ith  w a sh e d  a n d  a u to c la v e d  sa m p les  a n d  
u s in g  ru b b ers a t  a ll s ta te s  o f  cu re . F o r m u la t io n  C  g a v e  s im ila r  g o o d  
r esu lts  in  m o s t  te s ts  b u t  s lig h t in h ib it io n  o f  th e  g r o w th  o f  S t r e p t o c o c c u s  

v i r i d a n s  w a s  d e te c te d  w ith  tw o  sa m p le s  (p ress  cu red  a n d  o v e n  cu red  
1 h o u r /1 5 0 ° )  p rep a red  b y  a u to c la v in g .

O f  a ll  th e  ru b b ers te s te d  S ila sto m e r  156 g a v e  th e  g rea te st  n u m b e r  o f  
in h ib ito r y  resu lts  th o u g h  in  a ll te s ts  th e  e ffec t w a s  sm a ll. In  a d d itio n  to  
th o s e  n o te d  in  T a b le  I, a  w a sh e d  sa m p le  o f  S ila sto m e r  156 o v e n  cu red  
fo r  4  h r ./2 5 0 °  a n d  o n e  o f  p ress  c u red  D P .2 4 5 2 , c a u se d  slig h t in h ib it io n  
o f  th e  g r o w th  o f  S t r e p t o c o c c u s  p y o g e n e s .  T h e se  are th e  o n ly  tw o  o f  th e
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sa m p le s  te s te d  w h ic h  w o u ld  h a v e  b e e n  fo u n d  u n su ita b le  fo r  tr a n sfu s io n  
p u rp o se s  a c c o r d in g  to  th e  te s t  r ec o m m en d e d  in  th e  B r itish  S ta n d a r d  fo r  
tr a n s fu s io n  ru b b ers.

C o n c l u s i o n s

S u ita b ly  c o m p o u n d e d  a n d  p r o c essed  ru b b ers h a v e  a  v e ry  lo w  to x ic ity  
w h ic h  m a k e s  th e m  su ita b le  fo r  u se  in  p h a rm a c y , m e d ic in e  a n d  in  c o n ta c t  
w ith  f o o d  stu ffs . F o r  th e  m o s t  s tr in g en t a p p lic a tio n s  a  s il ic o n e  ru b b er  
c o m p o u n d e d  fr o m  a  p o ly m e th y l v in y l s i lo x a n e , a  fu m e  s il ic a  a n d  e ith er  
d ic u m y l o r  2 ,4 -d ic h lo r o b e n z o y l p e r o x id e  is  to  b e  rec o m m en d e d .
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T he urinary excretion o f  glycine and glutam ine conjugates has been  
studied after the oral ingestion  o f  som e phenolic  acids. T he stability  
o f  such conjugates and a lso  o f  the parent substances to various form s 
o f  acid hydrolysis has been m ade. Further observations o n  the 4- 
hydroxy-3-m ethoxy- and w -hydroxyphenolic acids present in  hum an  
urine have been m ade.

T h e  m e ta b o lism  o f  a r o m a tic  su b sta n c es  in  m a n  is  in cre a sin g ly  stu d ied  
s in ce  it  is  b e lie v e d  th a t d e v ia t io n s  fr o m  th e  n o r m a l m a y  b e  a sso c ia te d  w ith  
cer ta in  d isea ses . T h e  m e ta b o lism  o f  c a te c h o lic  p h e n o lic  a c id s  in  m a n  
h as b e e n  p r e v io u s ly  d isc u sse d  (T o m p se tt , 1958a , 1959 , 1960) a n d  th e  
p resen t p a p er  is  a n  e x te n s io n  o f  th e se  stu d ies .

T h e  fo l lo w in g  p r o b le m s h a v e  b een  in v e stig a ted . T h e  e lfe c t  o f  h o t  a c id  
h y d ro ly sis  u p o n  th e  sta b ility  o f  a  n u m b er  o f  p h e n o lic  a c id s . T h e  ev id en ce  
fo r  c o n ju g a tio n  w ith  g ly c in e  o r  g lu ta m in e , o r  b o th , a fter  th e  o r a l a d m in i­
stra tio n  o f  a  n u m b er  o f  p h e n o lic  a c id s . T h e  fr a c tio n a tio n  o f  m e th o x y  
p h e n o lic  a c id s p resen t in  u r in e . T h e  p resen ce  o f  m -h y d ro x y b en zo ic  a n d  
v a n illic  a c id s  :n ur in e  a n d  th e  m e ta b o lism  o f  ca ffe ic  a c id .

Experimental

H y d r o l y s i s  o f  u r i n a r y  c o n j u g a t e s ,  ( a )  10 ml. of urine and 1 ml. of 10 N 
hydrochloric acid were placed in boiling water bath for 1 hr., or (b) 10 ml. 
of urine and 10 ml. of 10 n hydrochloric acid were heated under a reflux 
condenser for 1 | hr.

E x t r a c t i o n  o f  p h e n o l i c  a c i d s .  U r in e  w h ic h  h a d  b e e n  trea ted  a s (a ) or
( b )  a b o v e  w a s ex tra c ted  th ree  t im es w ith  4  v o l. o f  e th er , a n d  th e  ex tra cts  
w ere  e v a p o r a ted  to  d ryn ess.

T h e  D e t e r m i n a t i o n  o f  C o n j u g a t e d  G l y c i n e  a n d  G l u t a m i n e

G ly c in e  a n d  asp a rtic  a n d  g lu ta m ic  a c id s  w ere  m ea su red  in  u r in e  (1 )  
u n trea ted  a n d  (2 ) a fter  h o t  a c id  h y d ro ly sis . It w a s a ssu m ed  th a t th e  
d ifferen ce  b e tw e en  ( 2 ) a n d  ( 1 ) w o u ld  rep resen t c o n ju g a t io n  w ith  g ly c in e  
a n d  g lu ta m in e  resp ectiv e ly . T o  e lfe c t  h y d ro ly sis  o f  th e  c o n ju g a te s , 10 m l. 
o f  u r in e  a n d  10 m l. o f  10 n h y d r o c h lo r ic  a c id  w ere  b o ile d  u n d er  a  reflux  
co n d e n ser  fo r  1̂ - hr. T h e  m ix tu re  w a s th e n  e v a p o r a ted  to  d ry n ess  
i n  v a c u o  in  a n  a ll-g la ss  still. T h e  res id u e  w a s d isso lv e d  in  w a ter , a n d  th e  
v o lu m e  m a d e  u p  to  1 0  m l.

(i) T h e  d e t e r m i n a t i o n  o f  g l y c i n e .  T h e  m e th o d  o f  S m ith  (1 9 5 3 ) w a s  
u sed . 1 m l. o f  u r in e  [(1) b e fo r e  or  (2 ) a fter  h y d ro ly sis  w ith  5 n h y d ro ­
c h lo r ic  a c id ] w a s d istilled  in  th e  p resen ce  o f  bu ffer  p H  6-5 , a n d  n in h y d r in . 
T h e  fo r m a ld eh y d e  c o n te n t  o f  th e  d istilla te , w h ic h  is  rep resen ta tiv e  o f  th e  
o r ig in a l a m o u n t  o f  g ly c in e  p resen t, w a s m ea su red  c o lo r im e tr ic a lly  w ith
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c h r o m o tr o p ic  a c id . I t  h a s  b e e n  sh o w n  th a t  h ip p u r ic  a c id  d o e s  n o t  rea ct  
u n til a fter  h y d ro ly sis  in  th e  p resen ce  o f  h o t  5 N h y d ro c h lo r ic  a c id .

(ii)  T h e  d e t e r m i n a t i o n  o f  a s p a r t i c  a n d  g l u t a m i c  a c i d s .  A sp a r tic  a n d  
g lu ta m ic  a c id s  m a y  b e  c o n v e n ie n tly  sep a ra ted  fr o m  th e  n eu tra l a n d  b a s ic  
a m in o -a c id s  b y  e le c tr o p h o re sis .

A p p a r a tu s :  E E L  e le c tr o p h o re tic  a p p a ra tu s. W h a tm a n  filter  p a p er  
N o .  1— 3 4  x  5 c m . R e a g e n t:  p h o sp h a te  b u ffer , p H  7 0 /0 - 0 5  m .

M e t h o d .  E x a m in a tio n s  w ere  d u p lica ted . 2 0  /xl. o f  u r in e  [(1) b e fo r e  or
(2 ) a fter  h y d ro ly s is  w ith  5 n h y d ro c h lo r ic  a c id ] w ere  a p p lied  to  th e  cen tre  
o f  e a c h  p a p er  lo c a te d  in  th e  e le c tr o p h o re s is  a p p a ra tu s. A  p o te n tia l  
d ifferen ce  o f  2  m A  p er  p a p er  str ip  w a s a p p lied  fo r  6  hr. A fte r  d ry in g , 
th e  p o s it io n s  o f  th e  th ree  a m in o -a c id  fr a ctio n s  w ere  lo c a te d  b y  m e a n s o f  
th e  n in h y d r in  r ea c tio n  o n  o n e  str ip . T h e  d ic a rb o x y lic  a m in o -a c id  fra c­
t io n  w a s  th e n  d e te rm in e d  in  th e  d u p lica te  str ip  b y  th e  m e th o d  o f  S m ith  
a n d  T o m p s e tt  (1 9 5 4 ).

P a p e r  C h r o m a t o g r a p h y  o f  P h e n o l i c  A c i d s

T h e  K a w e ra u  Efnit w a s  u sed  a n d  th e  d e v e lo p in g  so lv e n t  w a s b e n z e n e : 
a c e tic  a c id :w a te r  (T o m p se tt , 1958b).

E th er  ex tra cts  o f  u r in e  h y d ro ly se d  in  th e  p resen ce  o f  5 N h y d ro c h lo r ic  
a c id  ( b )  w ere  p rep a red  a n d  a lc o h o lic  so lu t io n s  o f  th e  res id u es a p p lie d  to  
th e  p ap er . E x tra ct e q u iv a len t to  2-5 m l. o f  u r in e  w a s  a p p lie d  to  th e  
pap er .

(i)  T h e  f r a c t i o n a t i o n  o f  m e t h o x y  p h e n o l i c  a c i d s .  D e v e lo p e d  p a p er  
c h r o m a to g r a m s w ere  d ried  a n d  d iv id e d  in to  1 0  e q u a l str ip s w ith in  th e  
lim its  R f  0 -0  to  TO. T h e  str ip s w ere  ex tra c ted  w ith  e th a n o l w h ic h  
w a s r em o v e d  b y  e v a p o r a t io n  a n d  th e  m e th o x y l c o n te n t  o f  th e  resid u e  
d eterm in ed  (T o m p se tt , 1959). O w in g  to  th e  lo w  se n s it iv ity  o f  th is  
r ea c tio n , th e  ex tra c ts  fr o m  s ix  sep a ra te  c h r o m a to g r a m s w ere  c o m b in e d .

(ii)  m - H y d r o x y b e n z o i c  a n d  v a n i l l i c  a c i d s .  T h e  ch lo r im id e  r ea c tio n  
(T o m p se tt , 1 9 5 8 b ; 1 9 5 9 ; 1960) w a s  a p p lie d  to  ex tra c ts  o b ta in e d  fro m  str ips  
c o rr esp o n d in g  to  a n  R F  0-1 to  0-5 fo r  m -h y d ro x y b en zo ic  a c id , a n d  a n  
R f  0 -5  to  0 -7  fo r  v a n illic  a c id .

Results and D iscussions 
T h e  H y d r o l y s i s  o f  C o n j u g a t e s

A lth o u g h  p h e n o lic  su b sta n c es  c a n  b e  d e te c te d  in  u r in e  in  th e  free  sta te , 
th ey  are fo r  th e  m o s t  p a rt ex creted  a s c o n ju g a te s  w ith  su lp h a te , g lu c u r o n ic  
a c id , g ly c in e  a n d  so m e tim e s  g lu ta m in e . T h e  m o d e  o f  c o n ju g a tio n  c a n  b e  
o f  in terest , y e t  c o n fu s io n  c a n  resu lt in  th e  id e n tif ic a t io n  a n d  d e te rm in a tio n  
o f  in d iv id u a l p h e n o lic  su b s ta n c es  u n less  th e se  are e x a m in ed  in  th e  free  
sta te . A d e q u a te  m e th o d s  o f  h y d ro ly sis  are  h o w ev e r  n ecessa ry .

H y d r o ly s is  in  th e  p resen ce  o f  N h y d ro c h lo r ic  a c id  g en era lly  lib era tes  
p h e n o lic  su b s ta n c es  fr o m  c o n ju g a tio n  w ith  su lp h a te , a c e tic  a c id  a n d  
g lu c u r o n ic  a c id . C o n ju g a te s  c o n ta in in g  g ly c in e  are q u ite  res is ta n t to  
su ch  trea tm en t, h y d ro ly s is  in  th e  p resen ce  o f  5 N h y d ro c h lo r ic  a c id  b e in g  
req u ired . It is  a ssu m e d  th a t  g lu ta m in e  co n ju g a te s  req u ire  th e  sa m e
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m e th o d  o f  h y d ro ly sis . T h e  m e th o x y l g r o u p  is  r e s is ta n t to  b o th  h y d ro ly tic  
trea tm en ts , h e a tin g  w ith  c o n c en tra te d  su lp h u r ic  a c id  b e in g  e ssen tia l.

I t  w a s c o n s id e r ed  o f  im p o r ta n c e  to  e x a m in e  th e  e ffec ts  o f  a c id  h y d ro ly sis  
u p o n  th e  sta b ility  o f  a  n u m b er  o f  p a ren t su b sta n ces . T h e  fo llo w in g  
su b sta n c es  w ere  fo u n d  to  b e  u n a ffec ted  b y  h o t  a c id  h y d ro ly s is  in  th e  
p resen ce  o f  5 N  h y d ro c h lo r ic  a c id  :

o - ,  m -  an d  p -H y d r o x y b e n z o ic  a c id s, o - ,  m -  a n d  p -h y d r o x y p h en y la c e tic  
a c id s , 3 ,4 -d ih y d r o x y b e n z o ic  a c id , v a n illic  a c id  a n d  o -  a n d  p -a m in o b e n z o ic  
a c id s . S u b stitu ted  c in n a m ic  a c id s , e .g ., ca ffe ic , feru lic  a n d  o -h y d ro x y -  
c in n a m ic  ac id s, are c o m p le te ly  d e str o y ed  b y  su ch  trea tm en t a n d  c a n n o t  b e

TA B LE I
The urinary excretion of hippurates after the oral ingestion of some phenolic

ACIDS AND RELATED COMPOUNDS

Hippurates
(mg. glycine/ 8  hr. urine)

Control 125
After 1 g. salicylic acid 2 1 0
Control 110
After 1 g. salicylic acid 225
Control 98
After 1 g. salicylic acid 235
Control 96
After 1 g. m-hydroxybenzoic acid 198
Control 88
After 1 g. m-hydroxybenzoic acid 215
Control 115
After 1 g. m-hydroxybenzoic acid 218
Control 92
After 1 g. p-hydroxybenzoic acid 238
Control 82
After 1 g. /7-hydroxybenzoic acid 242
Control 78
After 1 g. 3,4-dihydroxybenzoic acid 198
Control 82
After 1 g. 3,4-dihydroxybenzoic acid 225
Control 110
After 1 g. caffeic acid 2 1 0
Control 82
After 1 g. caffeic acid 240
Control 115
After 1 g. tryptophan 238
Control ......................................................... 98
After 1 g. tryptophan 184

Combined glutamic acid (glutamic conjugates)—not detectable.

r e c o g n ise d  b y  th e  u su a l rea c tio n s . T h e se  su b sta n c es  ap p ea r , h o w ev e r ,  
t o  b e  sta b le  to  h o t  a c id  h y d ro ly sis  in  th e  p resen ce  o f  n  h y d r o c h lo r ic  a c id .

A r m str o n g  a n d  S h a w  (1 9 5 5 ) h a v e  rep o rted  th e  in sta b ility  o f  w -h y d r o x y -  
p h en y lh y d r a c ry lic  a c id  w h en  h e a te d  in  th e  p resen ce  o f  s tr o n g  m in era l 
a cid .

G l y c i n e  a n d  G l u t a m i n e  C o n j u g a t i o n

A n  a sse ssm e n t w a s  m a d e  o f  g ly c in e  a n d  g lu ta m in e  c o n ju g a tio n  a s th e  
r esu lt o f  th e  o r a l a d m in is tr a tio n  o f  so m e  p h e n o lic  a c id s . E x a m in a tio n s  
w ere  m a d e  o n  th e  n ig h t  u r in e  (11 p .m . to  7  a .m .)  to  m in im ise  th e  e ffe c t  o f  
d ie t. A sse ssm e n t w a s m a d e  o n  c h a n g e s  in  th e  q u a n tity  o f  c o m b in e d  
g ly c in e  o r  th e  d ic a rb o x y lic  a m in o -a c id  (g lu ta m ic  +  a sp a rtic ) fr a c tio n .  
T h e  resu lts  o f  th is  in v e s t ig a t io n  are sh o w n  in  T a b le  I. In  e a c h  ex p e r im en t  
th ere  w a s  e v id en ce  o f  g ly c in e  c o n ju g a t io n  b u t n o n e  fo r  c o n ju g a t io n  w ith  
g lu ta m in e .
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T h e  F r a c t i o n a t i o n  o f  t h e  M e t h o x y  P h e n o l i c  A c i d s  o f  U r i n e  

T h e  o b je c t o f  th e  in v e st ig a tio n  w a s to  id e n tify  th e  p r in c ip a l m e th o x y  
p h e n o lic  a c id s o f  u r ine  a n d  in  p a r ticu la r  w h eth er  d im e th o x y p h e n o lic  a c id s  
e x is ted  in  a n y  q u a n tity . A n  a sse ssm e n t o f  th e  feru lic  a n d  4 -h y d ro x y -3 -  
m e th o x y m a n d e lic  a c id  c o n te n ts  w ere ex c lu d ed  b y  th e  d ra stic  m e th o d  o f

T A B LE II
The distribution of methoxy phenolic acids from a urine extract on a paper

CHROMATOGRAM (BENZENE : ACETIC ACID : WATER)

R f  (average)
Per cent of 
the total

Homovanillic acid fraction .. 0-50 52
Vanillic acid fraction .. 0-75 38
Methoxyphenylacetic acid fraction .. 0-90 8

Colorimetric reactions. 2,6-Dichloroquinone
Folin-Ciocalteu reaction chlorimide reaction

Homovanillic acid + —
Vanillic and ferulic acids + +
p -  and w-Methoxyphenylacetic and veratric acids.. — ~

a c id  h y d ro ly sis  e m p lo y e d  w h ic h  resu lts  in  th e  d e str u c tio n  o f  th ese  su b ­
sta n ces.

R e su lts  o f  th is  in v e s t ig a tio n  are sh o w n  in  T a b le  II . It w ill b e  n o te d  
th a t th e  g rea te st p a rt o f  th e  m e th o x y  p h e n o lic  a c id s  e x is t  as v a n illic  a n d  
h o m o v a n ill ic  a c id s . D im e th o x y  p h e n o lic  a c id s , i f  p resen t, c o n s t itu te  a  
m in o r  fra ctio n .

m - H y d r o x y b e n z o i c  a n d  V a n i l l i c  A c i d s  i n  U r i n e

D e te r m in a tio n s  h a v e  b e e n  m a d e  o n  10 u r in es a n d  th e  resu lts  are sh o w n  
in  T a b le  III . T h e  ra n g es o f  e x c r e t io n  are v ery  w id e . T h is  is  to  b e  e x ­
p e c ted  s in ce  th e se  su b sta n c es  h a v e  a  d ie ta ry  o r ig in . U r in a r y  v a n illic

TA B LE III
Vanillic and  ot-hydroxybenzoic acids in human urine. The results are

EXPRESSED IN MG./DAY

Vanillic acid w-Hydroxybenzoic acid
1 12-6 12-6
2 23-8 31-8
3 19-2 43-6
4 30-8 18-2
5 45-6 46-8
6 28-4 18-2
7 41-6 35-2
8 35-8 41-6
9 49-2 78-6

10 128 310

a c id  is  u n d o u b te d ly  d e r iv e c  fr o m  tw o  d is t in c t  so u rc e s , fr o m  th e  m e ta ­
b o lism  o f  3 ,4 -d ih y d r o x y p h e n o lic  su b sta n c es , e .g ., ca ffe ic  a c id  a n d  fr o m  
in g e ste d  4 -h y d r o x y -3 -m e th o x y p h e n o lic  su b sta n c es , e .g ., v a n illin .

S in ce  a  large  n u m b e r  o f  p h e n o lic  a c id s  h a v e  b e e n  id en tif ied  in  u r in e , 
so m e  referen ce  to  su b s ta n c es  e s t im a te d  b y  th e  c h lo r im id e  m e th o d  is  
m erited . T h e  d ra stic  fo r m  o f  a c id  h y d ro ly s is  e m p lo y e d , e lim in a te s  th o se
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p h e n o lic  a c id s  p o s se ss in g  a  c in n a m ic  a c id  stru ctu re  a n d  p rev en ts in ter ­
feren ce  b y  h ip p u ra tes  in  th e  p a p er  c h r o m a to g r a p h ic  p ro ced u re . I t  is 
b e lie v e d  th a t  v a n illic  a c id  m e a su r ed  a fter  se p a r a tio n  b y  p a p er  c h r o m a to ­
g r a p h y  d o e s  rep resen t a  sp ec ific  d e te rm in a tio n .

A n  e x tra c t o b ta in e d  a fter  p a p er  c h r o m a to g r a p h y  w o u ld  c o n ta in , in  
a d d itio n  to  w -h y d r o x y b e n z o ic  a c id , su c h  su b s ta n c es  a s o -  a n d  ra -h yd roxy-  
p h en y la ce tic  a c id s , b o th  o f  w h ic h  r ea c t to  p r o d u c e  b lu e  c o lo u r s , m -  

H y d r o x y p h e n y la c e tic  a c id  b e h a v e s  s im ila r  to  m -h y d ro x y b en zo ic  a c id  in  
th a t th e  b lu e  c o lo u r  is  n o t  ex tra c ta b le  b y  b u ta n o l. S in ce  b o th  a p p ea r  to  
h a v e  a  s im ila r  m e ta b o lic  o r ig in , th is  sh o u ld  p r o d u ce  little  c o n fu s io n  in  th e  
in te rp re ta tio n  o f  in v e s t ig a tio n s  c o n c er n in g  th e  fo r m a tio n  o f  m -h y d ro x y l  
c o m p o u n d s . U n d e r  n o r m a l c o n d it io n s , th e  u r in a ry  e x cr e tio n  o f  o -  

h y d ro x y p h e n y la c e tic  a c id  is  a b o u t  1 m g ./d a y  (A r m str o n g  a n d  o th ers ,
1955). T h is  su b s ta n c e  rea cts  to  p r o d u c e  a  b lu e  c o lo u r  w h ic h  is  ex tra c t-  
a b le  b y  b u ta n o l, h e n c e  litt le  in ter feren ce  sh o u ld  resu lt fr o m  its p resen ce .

T h e  M e t a b o l i s m  o f  C a f f e i c  A c i d

T h e  m e ta b o lism  o f  c a ffe ic  a c id  in  m a n  is  o f  in te re st  s in ce  in  th e  fo r m  o f  
th e  c o n ju g a te , c h lo r o g e n ic  a c id , it  h a s  a  w id e  d is tr ib u tio n  in  n a tu ra l

T A B LE IV
U rinary excretion of metabolites after the oral ingestion of 1 g . caffeic acid .

U rine was collected for 8  hr . after ingestion

Catecholic phenolic acids* 117 mg.
m-Hydroxybenzoic acidf 184 mg.
Vanillic acid| 1 1 0  mg.
Other methoxy phenolic acids $ 2 1 0  mg.

* Identified by paper chromatography to consist almost entirely of 3,4-dLhydroxybenzoic acid. Ex­
pressed in terms of 3,4-dihydroxybenzoic acid.

t Determined by means of the chlorimide reaction.
t  Calculated by difference between total methoxy phenolic and vanillic acid content. Expressed in 

terms of vanillic acid.

p r o d u cts . C h lo r o g e n ic  a c id , a  c o n ju g a te  o f  ca ffe ic  a c id  w ith  q u in ic  o r  
iso q u in ic  a c id , is  r ea d ily  h y d ro ly se d  b y  trea tm en t fo r  1 hr. in  a  b o ilin g  
w a ter  b a th  in  th e  p resen ce  o f  N h y d r o c h lo r ic  a c id . In  th e  M itc h e ll  
r ea c tio n , c h lo r o g e n ic  a c id  p r o d u ce s  a  y e llo w  c o lo u r  a n d  ca ffe ic  a c id  th e  
ty p ic a l p u rp le  c o lo u r .

A n  e x a m in a tio n  h a s  b e e n  m a d e  o f  th e  u r in a ry  e x cr e tio n s  o f  s o m e  m e ta ­
b o lite s  a fter  th e  in g e s t io n  o f  1 g . o f  c a ffe ic  a c id . T h e  n ig h t ur ine  w a s u sed  
a n d  a  c o rr ec t io n  h a s  b e e n  a p p lie d  b y  th e  e x a m in a tio n  o f  a  c o n tr o l.  
T h ree  d e te rm in a tio n s  w ere  m a d e , to ta l  m e th o x y  p h e n o lic  a c id s  (T o m p se tt ,
1959), p h e n o lic  a c id s  r ea c tin g  in  th e  M itc h e ll  r ea c tio n  (T o m p se tt , 1 9 5 8 a ), 
a n d  v a n illic  a n d  m -h y d ro x y b en zo ic  a c id s . A c id  h y d ro ly sis  in  th e  p resen ce  
o f  5 n h y d r o c h lo r ic  a c id  w a s  m a d e  a s a  p r e lim in a ry  to  th ese  e x a m in a tio n s .

T y p ic a l resu lts  are  sh o w n  in  T a b le  IV . N a tu r a lly  o n ly  so m e  o f  th e  
v a r ied  p r o d u c ts  w o u ld  b e  m ea su red . T h e  c a te c h o lic  p h e n o lic  fr a c t io n  
w o u ld  n o t  in c lu d e  ca ffe ic  a c id  s in ce  th is  su b s ta n c e  is  d e str o y ed  in  th e  
in it ia l h o t  a c id  h y d ro ly s is . F o r  s im ila r  r ea so n s , feru lic  a c id  c a n n o t  b e  
id en tif ied  in d iv id u a lly . B y  m e a n s  o f  p a p er  c h r o m a to g r a p h y , it  w a s
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fo u n d  th a t th e  c a te c h o lic  p h e n o lic  fra ctio n  c o n s is te d  v ery  la rg e ly  o f
3 ,4 -d ih y d r o x y b e n z o ic  a c id .

H u m a n  u r in e  h a s  b e e n  sh o w n  to  c o n ta in  a  v a r ie ty  o f  p h e n o lic  a c id s .  
T h e  m a jo r ity  o f  th e se  m a y  b e  d escr ib ed  a s  m e ta b o lite s , th e  resu lt o f  
m é th y la tio n , d e -h y d ro x y la t io n , o x id a t io n , red u c tio n , o r  c o n ju g a tio n .  
A g a in s t  su ch  a  c o m p le x  b a c k g r o u n d , th e  d e te c t io n  a n d  d e te rm in a tio n  o f  
in d iv id u a l p h e n o lic  a c id s  m a y  p r o v e  a  d ifficu lt a n d  la b o r io u s  p r o c ess .  
M a n y  in v e s t ig a tio n s  are c o n c er n e d  m a in ly  w ith  th e  e x a m in a t io n  o f  a  
p a r ticu la r  m o d e  o f  m e ta b o lism  a n d  su ch , th e  p a t ie n t’s h e a lth  p erm ittin g , 
are s im p lified  b y  th e  s tu d y  o f  th e  fa te  o f  a n  a d m in is te r ed  su b sta n ce .
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W o o l fat c n  the fleece has a  h igh peroxide value because o f  autoxida- 
tion , this value falls greatly during w ashing o f  the w o o l and grease- 
recovery as a  result o f  b io log ica l or chem ical reduction. It increases 
again  i f  anhydrous lanolin  refined from  this grease is bleached by  
oxidation . Peroxide values are usefu l as a  m easure o f  autoxidation  
o n ly  i f  values o f  the surface and  low er layers are com pared.

A n h y d r o u s  la n o lin  (referred  to  h erea fter  a s “ la n o lin ” ) w h e n  n ew ly -  
refin ed  a n d  b e fo r e  o x id a tiv e  b le a c h in g  p r o c esse s , is  in v a r ia b ly  o f  lo w  
p e r o x id e  v a lu e  a s  is  a lso  th e  cru d e  w o o l  fa t  fr o m  w h ic h  la n o lin  is  refined . 
B u t a m p le  e v id en ce  h a s  b e e n  p u b lish e d  (L ifsc h u tz , 1924; D r u m m o n d  a n d  
B a k er , 1929; F ren ey , 1940; G illa m , 1948) o f  th e  ex ten siv e  o x id a t io n  o f  
w o o l  fa t  o n  th e  fleece  a n d  w h ic h  w o u ld  b e  e x p e c te d , th erefo re , to  h a v e  a  
h ig h  p e r o x id e  v a lu e . N o  p e r o x id e  v a lu es  o f  su ch  w o o l  fa t  h a v e  b e e n  
p u b lish e d  th erefo re  w e  h a v e  in v e st ig a te d  th e  a p p a ren t a n o m a ly .

E x p e r im e n t a l

T h ree  ty p es  o f  w o o l ,  b e tw e e n  1 a n d  2 yea rs o ld , w ere  trea ted  w ith  h o t  
d ie th y l e th er  to  e x tra c t m o s t  o f  th e  w o o l  fa t , th e  e th erea l so lu t io n s  b e in g  
filtered  a n d  e v a p o r a ted  to  d ry n ess  o n  a  w a ter  b a th  a s q u ick ly  a s p o s s ib le  
u n d er  a  strea m  o f  n itr o g en . W h ils t  th ese  w o o ls  w ere  b e in g  w a sh e d  at  
th e  w o o lc o m b in g  fa c to r y , a n d  th e  g rea se  rec o v er ed  b y  th e  n o r m a l cen tr i­
fu g a l p r o c e s se s , fu rth er  sa m p les  o f  fa t  w ere  o b ta in e d  a t d ifferen t s ta g es  
o f  th e  p r o c e s s in g , in  o n e  in sta n c e  th e  sa m p le d  sc o u r in g  liq u o r , a fter  
b e in g  a llo w e d  to  sta n d  fo r  24 hr. a t r o o m  tem p era tu re , w a s  th e n  b o ile d  
fo r  1  h r . b e fo r e  e x tra c tin g  fu rth er  q u a n tit ie s  o f  fa t  w ith  ether.

P e r o x id e  v a lu e s  o f  a ll th e  w o o l  fa t  sa m p les  w ere  d e term in ed  u s in g  th e  
s im p lified  L e a  (1938) m e th o d  a n d  e x p ress in g  resu lts a s  m l. o f  0-002n 
th io su lp h a te  p er  g. o f  sa m p le .

R e s u l t s

T h e  resu lts  are g iv en  in  T a b le  I.

T A B LE I
Peroxide values of all wool fat samples

Sample Peroxide value
Fat from 66-708 wool 46-5
Fat from 64SB Australian wool .. 73-5
Fat from 74s Australian wool 49-5
Average of the 3 wools .. 56-5
Fat from wash-bowl liquor 15-5
Fat from liquor after standing 24 hr. .. 12-0
Fat from liquor after boiling 1 hr. 5-7
Crude wool grease from centrifuges 3-5
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D is c u s s io n

T h e  resu lts  sh o w  th a t th e  w o o l  fa t  o n  th e  fleece  h a d  a  h ig h  p e r o x id e  
v a lu e , b u t th a t w h e n  th e  fa t w a s e m u ls ified  in  th e  sc o u r in g  liq u o r  (c o n ta in ­
in g  so a p  a n d  so d iu m  ca rb o n a te ) th e  v a lu e  ra p id ly  fe ll, rea ch in g  a  v ery  lo w  
le v e l in  th e  g rea se  rec o v er ed  fr o m  th e  cen tr ifu g es . I t  se e m s p r o b a b le  th a t  
th ere  w a s  a  r ed u c tio n  o f  th e  p e r o x id e s  b y  c h e m ic a l or  b io lo g ic a l  r ed u c in g  
a g e n ts  fro m  th e  w o o l  a n d  a c tiv a te d  b y  c o n d it io n s  in  th e  e m u ls io n . U n d e r  
th e  re la tiv e ly  a n h y d r o u s c o n d it io n s  o n  th e  f leece  th e se  a g en ts  w ere  p re ­
su m a b ly  in a c tiv e  o r  th e ir  e ffec t o u t-p a c e d  b y  a er ia l o x id a tio n .

U n b le a c h e d  la n o lin s  p r o d u ce d  fr o m  cen tr ifu g a lly -r e co v e re d  w o o l  fa t  
h a v e  b e e n  fo u n d  to  h a v e  p e r o x id e  v a lu e s  b e tw e en  1 a n d  1 2  d e p e n d in g  o n  
p r o c ess in g  m e th o d s . A  h ig h er  p e r o x id e  v a lu e  o f  la n o lin , h o w ev e r , is n o t  
in d ic a tiv e  o f  a u to x id a t io n  u n less  th e  p e r o x id e  v a lu e  o f  th e  su rfa ce  is  
s ig n ifica n tly  h ig h er  th a n  th a t o f  th e  u n d e r ly in g  b u lk , s in ce  a u to x id a t io n  
o f  la n o lin  d u rin g  sto ra g e  a ffects o n ly  a  th in  su rfa ce  la y er  (C la rk  a n d  
K itc h e n , 1961). A  h ig h  p e r o x id e  v a lu e  fo r  th e  w h o le  o f  la n o lin  is  a  
n o r m a l resu lt o f  o x id a tiv e  b le a c h in g  p r o c esse s  w h ic h  are u sed  b e c a u se  
o f  th e  c a ll  fo r  la n o lin  o f  th e  p a le s t  p o s s ib le  c o lo u r . A  p e r o x id e  v a lu e  
p r o d u ce d  in  th is  w a y  is  n o t  a c c o m p a n ie d  b y  th e  la rg e  ch a n g es  in  a c id ity , 
u n sa p o n ifia b le s  a n d  c h o le s te r o l c o n te n t  w h ic h  a c c o m p a n y  a  sim ila r  
p e r o x id e  v a lu e  r esu ltin g  fr o m  g ra d u a l a u to x id a tio n . O d o u r  im p r o v es  
rather  th a n  d e ter io ra te s  d u rin g  b le a ch in g , co n firm in g  th a t th e  o d o u r  o f  
h ig h ly  a u to x id is e d  la n o lin  is  n o t  d irec tly  a ttr ib u ta b le  to  p e r o x id es  b u t to  
th e ir  b r e a k d o w n  p r o d u cts . O u r resu lts  su g g es t th a t  th e se  d e v e lo p  n o  
m o r e  ra p id ly  in  a  b le a c h e d  la n o lin  th a n  in  o n e  o f  lo w  o r ig in a l p e r o x id e  
va lu e .

T h a t a  h ig h  p e r o x id e  v a lu e  in  b le a ch ed  la n o lin  is  n o  d e tr im en t to  its  
g en era l a p p lic a tio n  is  m a d e  o b v io u s  b y  th e  p referen ce  w h ic h  h a s  a lw a y s  
b een  sh o w n  fo r  su ch  la n o lin s  b y  u sers. O n ly  rec en tly  h a s  a n  iso la te d  
d isa d v a n ta g e  b een  rep o rted , here  b a tc h e s  o f  p e n ic il l in  o in tm e n t p rep a red  
fr o m  la n o lin  o f  h ig h  p e r o x id e  v a lu e  w ere  fo u n d  to  h a v e  p o o r  s h e lf  life  
(D id in g  a n d  S a n d e ll, 1949).

T h u s, th e  recen t te n d e n c y  to  regard  la n o lin  a s b e in g  a u to x id ised  or  
ra n c id  b e c a u se  o f  a  h ig h  p e r o x id e  v a lu e  is  b a sed  u p o n  a n  u n so u n d  c o m ­
p a r iso n  w ith  o th e r  fa ts  a n d  o ils . I f  th e  sp ec if ic a tio n  o f  a  m a x im u m  
lim it  fo r  p e r o x id e  v a lu e  sh o u ld  b e  c o n te m p la te d , it  sh o u ld  lo g ic a lly  o n ly  
b e  c o n sid e r ed  fo r  sp ec ia l c ircu m sta n ces  w h ic h  a r ise  su ch  a s th a t  o f  p e n i­
c illin  o in tm e n t.
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L E T T E R S  T O  T H E  E D I T O R

The Effects of Tubocurarine, Décaméthonium, Suxamethonium, 
Edrophonium and Neostigmine upon Flux of Calcium-47 in 

Frog Skeletal Muscle
S ir ,— T he irrportance o f  calcium  ion s (C a++) in  m aintaining m uscle and  

nerve in  a  state o f  n orm al excitability  is w ell established (H odgk in , 1951 ; Brink, 
1954; Frankenhaeuser and H odgk in , 1957; Frankenhaeuser, 1957; Shanes, 
1958).

W e have investigated  the effects o f  tubocurarine, décam éthonium , suxam e­
thonium , edrophonium  and neostigm ine upon  47C a++-uptake and release in  
paired resting frog sartorius m uscles and have com pared this w ith  their effects 
u pon  uptake and release o f  42K+ and 24N a + uptake.

U ptake experim ents were carried out by suspending the iso lated  sartorius 
m uscles in oxygenated  frog R inger’s so lu tion  (N a C l, 0-65; KC1, 0-014; 
C aC l26 H 20 ,  0  012; N a H C 0 3, 0-02; N a H 2P 0 42 H 20 ,  0  001, and glucose 0-2 per 
cent) in  w hich part o f  the stable C a++, K + or N a + w as replaced by 47C a++, 
42K + or 24N a +. A t intervals o f  30 m in. the m uscles w ere rem oved, w ashed, 
blotted  dry and counted  in a thallium -activated , sod ium  iod ide scintillation

F ig . 1. Effect o f suxam ethonium  chloride d ihydrate  (5 m g./m l.) (stippled  areas) on 
the up tak e  o f “7C a ++ by resting  frog  sarto rius m uscle. U nstipp led  area  =  co n tro l 
m uscle.
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crystal (E kco type N 597) connected  through a  photom ultip lier to  an autom atic  
scaler (E kco type N 5 3 0 D ).

F or studying 47C a++-release m uscles were soaked  for a period o f  from  4  to  6 hr. 
in oxygenated  frog R inger’s so lu tion  in w hich part o f  the stable C a++ w as 
replaced by 47C a++. T he m uscles were then passed a long  tw o parallel series o f  
7 tubes each contain ing 10 m l. o f  non-radioactive, C a++-free, oxygenated  frog  
R inger’s so lu tion , on e  series being used for control purposes only. T he m uscle

LETTERS TO THE EDITOR

T i m e  in m i n .

Fig . 2. Effect o f neostigm ine m ethyl su lphate  (100 /xg./ml.) (stippled  areas) on  the 
up tak e  o f  21N a + by resting  frog  sarto rius muscle. U nstipp led  areas =  con tro l 
muscle.

w as kept in  each tube for  10 m in., and the drug added to  the fourth  tube in  the 
test series. A fter the m uscles were transferred to  the next tube in  the series, 
the fluid rem aining w as counted , as before.

F or estim ation  o f  42K +-release, the procedure w as sim ilar, but the m uscles 
w ere labelled  by injecting the frogs w ith  42KC1 in to  the dorsal lym ph sac. 
T hey were k illed  and the sartorius m uscles rem oved  after an equilibration  period  
o f  2  hr. T he m uscles were passed through tw o series o f  tubes each contain ing  
non-radioactive, K+-free, oxygenated  frog R inger’s so lu tion  in  the m anner used  
for  estim ating 47C a++-release. T he fluid rem aining w as counted  by m eans o f  a 
G eiger-M uller liqu id  counter (type M 6) connected  through a  probe unit to  an 
autom atic scaler (E kco type N 5 3 0 D ).
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D écam éthon ium  (50 /ug./m l. to  0-5 m g ./m l.) and suxam ethonium  (1 to  10 m g ./ 
m l., F ig . 1) caused  increased uptake o f  47Ca++ w hile tubocurarine (50 /zg ./m l. 
to  1 m g ./m l.) and edrophonium  (0-5 to  2  m g ./m l.) depressed this. In  som e  
experim ents neostigm ine (25 to  150jug./m l.) increased 47C a++-uptake, w hile in  
others this w as unchanged  or decreased. D écam éthon ium , suxam ethonium , 
edrophonium  and neostigm ine a ll depressed 42K +-uptake but tubocurarine had  
n o  apparent effect. D écam éthon ium , suxam ethonium  and neostigm ine (F ig . 2)

LETTERS TO THE EDITOR

F ig . 3. Effect o f edrophon ium  (0-5 m g./m l.) on  the  release o f  I7C a ++ from  resting 
frog  sarto rius muscle. A rrow  indicates p o in t o f  exposure o f  the  test m uscle to  th e  
drug.

increased 24N a +-uptake but tubocurarine and edrophonium  had n o  apparent 
effect on  this. Suxam ethonium , edrophonium  (F ig . 3) and neostigm ine a lso  
caused release o f  47C a++. Large doses o f  tubocurarine (0-5 to  1 m g./m l.) 
caused release o f  47C a++ but décam éthonium  had  n o  effect. D écam éthon ium  
(F ig . 4), suxam ethonium , and neostigm ine a ll caused  release o f  42K +. T he  
latter confirm s the observations o f  K lupp and K raupp (1954) and K raupp and his 
co lleagues (1960) o n  décam éthonium  and suxam ethonium . T ubocurarine and  
edrophonium  had  n o  effect.
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It has been suggested by Frankenhaeuser and Hodgkin (1957) that depolariza­
tion acts by removing Ca++ from combination with a sodium carrier and our 
results tend to support this view and are not unexpected in view of the report 
by Robertson (1960) that acetylcholine increases 45Ca++-uptake in depolarised 
smooth muscle.

It seems therefore that the application of depolarising drugs is associated with 
increased uptake of 47Ca++ and 24Na+ and increased release of 42K+. The non-

LETTERS TO THE EDITOR
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Fig . 4. Effect of decamethonium iodide (200 /xg./ml.) on the release of 42K+ from 
resting frog sartorius muscle. Arrow indicates point of exposure of the test muscle 
to the drug.

depolarising drug, tubocurarine, depresses uptake of 47Ca++, causes no change 
in the uptake of 24Na+ and does not release 42K +. We hope to report our findings 
in more detail later.

K. Ahmad.*
J. J. Lewis.

Experimental Pharmacology Division,
Institute of Physiology,
University of Glasgow.
December 13, 1960.

* Govt, of Pakistan Scholar.
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Tolerance to Tremorine
Sir ,—The tremor-producing drug 1,4-dipyrrolidino-2-butyne, Tremorine, is 

becoming increasingly used in the screening of anti-Parkinsonism substances. 
In this connection it may be of some interest to record the observation made in 
this laboratory, that a surprisingly rapid tolerance to tremorine develops in the 
mouse. The tolerance is easily observed as soon as the third treatment of 6 to 
18 mg./kg. intraperitoneally or subcutaneously is given, and is essentially com­
plete after five to six administrations made at two-days intervals. Tolerance 
comprises all of the three main central effects of the drug, namely, tremor- 
producing action, analgesic action and anaesthesia-prolonging action. Sensi­
tivity to tremorine returns after discontinuing of drug administration for 2 or 3 
weeks.

The property of tremorine to cause tolerance should be taken into account 
when used in routine pharmacological screening.

L. D ecsi.
M. Varszegi.
J. M ehes.

Institute of Pharmacology,
Medical University,
Pecs, Hungary.
December 5, 1960.

Antifertility Agents
Sir,—Petrow (1960) has recently proposed the generic term, “claudogens,” 

for steroidal antifertility agents.
This term appears less general, less descriptive, and (to me) less euphonious 

than the increasing importance of this new class of pharmacologic agents would 
seem to require. For this reason, I wish to propose the more general, alternative 
term, “genotropic agent,” which has been in use for some time in this laboratory 
and has met with acceptance by all who have had occasion to use i t ; in informal 
usage, “genotropic agent” often becomes simply “genotrope.”

The adjective, “genotropic” (soft g), was coined from the Greek roots /evens' =  
population (or yewav =  reproductive) and rpamos =  changing, affecting, 
altering. The resulting word expresses precisely what is intended and also 
conveys the sociologic connotation that is fundamental to the problem of 
fertility control.

The term, “genotropic,” need not imply any specific site, mode, direction, or 
degree of action by any limited type of agent upon the reproductive process, but 
requires, for its proper usage, only that the agent in question (steroidal or non­
steroidal) have a net effect upon the number of normal progeny produced by an 
individual of the species under study.

M artin L. Black.
The Research Laboratories,
Parke, Davis and Co.,
Ann Arbor, Michigan, U.S.A.
December 14, 1960.
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Hypoglycaemic Agent from Onions

Sir,—Many indigenous plants of India have been claimed to contain anti­
diabetic principles, and Mukerji (1957) listed those claimed to have anti­
diabetic properties after oral administration.

Allium cepa, the common onion, was investigated by Collip (1923), Janot 
and Laurin (1930) and Laurin (1931) and reported to contain a hypoglycaemic 
agent, a claim confirmed by Laland and Havrivold (1933) and Kreitmar (1936). 
A detailed study of various onion extracts was therefore undertaken in an 
attempt to isolate an orally effective hypoglycaemic principle from this important 
vegetable.

Onion bulbs were cut into pieces, thoroughly dried and completely extracted 
with different solvents. These extracts were dried and fed to groups of fasting 
normal male rabbits weighing 2 kg. and having a fasting 18 hr. blood-sugar 
level of 100-120 mg./lOO ml. Only light petroleum extracts of the dried powder 
were found to have hypoglycaemic action which was compared with that pro­
duced by a standard dose of tolbutamide. The potency of these extracts was

TABLE I
B io l o g ic a l  a ssa y  o f  o r a l l y  e f f e c t iv e  h y p o g l y c a e m ic  f r a c t io n s  f r o m  

Allium cepa c o m p a r e d  w i t h  t o l b u t a m id e

Blood sugar response 
mg. /1 0 0  ml.

Substance
administered Dose

Initial
mean values 

for six rabbits
4 hr. pool. 
Mean value 

for six rabbits
Mean reduc­
tion per cent

Hypoglycaemic 
potency as 
per cent of 
tolbutamide

T olbutamide 
Light petroleum 60°- 

80° extract.
Ethyl ether 34°-36° 

extract of dried resi-

0-5 g. 100 74-98 25-0 ±  2-1 —
0-5 g. 117-2 98-99 15-5 ± 1-2 62-1

due from above. 0-5 g. 115 82-97 19-2 ±  1-6 76-6

expressed as percentages of the standard substance, tolbutamide, according to 
the procedure laid down by Marks (1926) for the biological assay of insulin. 
Blood sugar was determined by the micro method of Folin and Malmros (1929).

The results, Table I, prove Allium cepa to contain light-petroleum-soluble 
material with a hypoglycaemic action. Further, ethyl ether extracts most of 
the hypoglycaemic fraction from a powder prepared from the petroleum extract.

Further work on the separation and purification of orally effective hypo­
glycemic compounds from these extracts is in progress.

H. D. B rahm achari. 
K. T. A u g u sti.

Dept, of Biochemistry,
Birla College, Pilani,
India.
December 21, 1960.
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