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Intravenous injections of tyramine, increased the concentrations of 
adrenaline and noradrenaline in the plasma of heparinised blood 
withdrawn from the lower aortae of chloralosed cats, which had been 
rested for 30-40 minutes after induction of lasting ganglion block 
with hexaméthonium and exclusion of the adrenals from the circula
tion. Both the pressor response to tyramine and this increase in 
catechol amine was abolished either by pretreatment of the animal with 
reserpine or by the intramuscular injection of cocaine. Only one tenth 
of the increase in adrenaline and noradrenaline in the plasma of the 
lower aorta reached the inferior vena cava, and there was only a very 
small accompanying rise in the catechol amine content of plasma 
from blood taken from the base of the carotid arteries when the 
tyramine injected did not exceed 120 /xg./kg.

It is now well known that postganglionic sympathetic denervation of 
a tissue greatly reduces or abolishes its responsiveness to tyramine. 
For example, tyramine fails to dilate the denervated pupil1 and no longer 
causes vasoconstriction in the denervated forelimb2 or contraction of 
the denervated nictitating membrane3 in cats. Reserpine also reduces 
or abolishes the pressor action of tyramine4 and depletes5 the chromaffin 
tissue in the walls of large bloodvessels6 of their stores of noradrenaline-like 
material. The pressor action of tyramine is re-established after treatment 
with reserpine by prolonged infusion of noradrenaline7. It was pre
dominantly these facts which led Burn and Rand to advance the hypothesis 
that at least part of the pressor activity of tyramine might be attributed 
to a release of noradrenaline-like material from the walls of the blood 
vessels. The object of the present work has been to make direct test 
of this hypothesis, since it rested on indirect evidence alone, and to 
measure the changes in the plasma concentrations of catechol amines 
which result from the intravenous injection of tyramine.

E xperimental

M e t h o d s

Male, female or neuter cats were used. Anaesthesia, induced with 
ether, was maintained by the intravenous injection of 7 ml./kg. of TO per 
cent chloralose in 0-9 per cent aqueous sodium chloride. The trachea 
was cannulated, the adrenals were excluded from the circulation and the 
mean arterial pressure was recorded in every experiment. Heparin, 
500 units/kg. was used throughout as anticoagulant. In five experiments
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of series 1 and in all other experiments records were made of the con
tractions of the right nictitating membrane in response to rectangular 
stimuli of 0-5 milliseconds duration delivered to the right cervical sym
pathetic chain at rates up to 30/second. Hexamethonium bromide 
10 mg./kg. intravenously, supported by 10 mg./kg. given subcutaneously, 
blocked transmission in the superior cervical ganglion for the duration 
of these experiments. The supporting dose of hexamethonium was 
doubled in those three experiments of group 1 in which block of the 
superior cervical ganglion was not demonstrated.

S e r i e s  1. E ig h t  e x p e r im e n t s .  Intravenous injections were made 
through a glass cannula tied into the right femoral vein. Samples of 
arterial blood were withdrawn through a polythene cannula inserted 
into the aorta through the right femoral artery so that the tip lay 0-5 to 
2-0 cm. above the bifurcation. Mean arterial pressure was recorded 
from a carotid artery.

S e r i e s  2. F o u r  e x p e r im e n t s .  Injection and aortic cannulae as in series 1. 
An additional cannula for arterial sampling was introduced into the left 
carotid artery, the tip reaching a point within 1 cm. of its origin. Mean 
arterial pressure was recorded from the left femoral artery.

S e r i e s  3. T h r e e  e x p e r i m e n t s .  The cannula for intravenous injections 
was inserted into the right external jugular vein. Mean arterial pressure 
was recorded from the left carotid artery. Polythene cannulae for the 
collection of blood samples were introduced into the lower aorta (as in 
series 1) and through the right femoral vein to extend for TO to 2-5 cm. 
above the junction of the common iliac veins.

S e r i e s  4. T w o  e x p e r im e n t s .  As for series 1 except that each animal 
received reserpine 1 mg./kg. by intramuscular injection 36 hours before 
the experiment. Experiments began with the withdrawl of control blood 
samples 30-40 minutes after ganglion block had been established (see 
above). Further blood samples were withdrawn ten minutes later during 
a pressor response to an intravenous injection of tyramine. The whole 
process was repeated 20 minutes after the pressor effect of the first dose 
o f tyramine had disappeared. Plasma from blood collected from each 
site before and between responses to tyramine was separately pooled. 
That from blood collected during tyramine effects was similarly but 
separately treated. Blood samples varied from 4 to 8 ml. and were 
taken into cooled heparinised tubes. The plasma was removed without 
delay. Adrenaline and noradrenaline were separated by ascending paper 
chromatography, using phenol-hydrochloric acid as solvent in an atmos
phere of carbon dioxide, from protein free extracts of plasma, and eluates 
were prepared for bioassay as previously described8.

Noradrenaline was assayed on the blood pressure of rats anaesthetised 
with T5 ml. 15 per cent urethane per 100 g. intraperitoneally, and treated 
with 0-5 mg. hexamethonium intravenously and TO mg. subcutaneously 
shortly before the assay began.

Adrenaline was always assayed by inhibition of the responses of the 
ra t’s quiescent uterus to a fixed dose of acetylcholine10 and was also assayed 
on the mean arterial pressure of the rat in many experiments of group 1.
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EFFECT OF TYRAMINE ON AMINES IN PLASMA

D r u g s

Tyramine hydrochloride and reserpine (L. Light and Co. Ltd.), cocaine 
hydrochloride, (—)-adrenaline and (—)-noradrenaline bitartrates (Bur
roughs Wellcome, Ltd.), hexaméthonium bromide (May and Baker Ltd.), 
and heparin (Liquemin, Roche Products Ltd.) were obtained com
mercially.

R e s u l t s

The plasma of lower aortic blood contained only low concentrations 
of adrenaline and noradrenaline when taken from acutely adrenal- 
ectomised chloralose cats which had been rested for 30-40 minutes under 
the full and lasting ganglion blocking action of hexaméthonium bromide. 
These concentrations were very markedly increased during pressor 
responses to intravenous injections of tyramine hydrochloride (Table I). 
Both the pressor effect of tyramine and the raised concentrations of 
adrenaline and noradrenaline which it caused in lower aortic blood were 
abolished or greatly reduced either by the intramuscular injection of 
10 mg./kg. cocaine hydrochloride or pretreatment of the cats with 
reserpine (Table I).

TABLE I
Comparison of the effect of tyramine on the mean arterial pressure and  the
CONCENTRATIONS OF ( — )-ADRENALINE AND ( — )-NORADRENALINE IN PLASMA SEPARATED 
FROM BLOOD WITHDRAWN FROM THE LOWER ABDOMINAL AORTAE OF CATS UNDER 

CHLORALOSE ANAESTHESIA AND TREATED WITH HEXAMETHONIUM

Experiment Tyramine
HC1

lig./kg-i.v.
Resting

peg. / 1 0 0  ml. plasma 
after tyramine

Rise in blood 
pressure after 

tyramine 
mm. HgSeries No. Adren. Noradren. Adren. Noradren.

1 1 100 003 009 6 -0 5-5 71
2 100 < 0 1 0 <0-80 50 60 76
3 100 007 0-41 7-2 3-0 68

006 <003 005 <0-3 2  after cocaine
4 100 <0-06 <0-75 6-5 2-4 82

0-32 < 0 -2 0 0-9 0-4 4 after cocaine
5 100 0-80 1-20 10-5 6-5 108

M0 0-84 2 -0 1-3 28 after cocaine
6 1 20 0-04 0-93 8-6 2 1 46

2-6 8 1 0 0 1*6 0-9 10
7 140 0-40 0-27 8-9 1-1 98

0-92 < 0 -2 0 0 -8 < 0 -2 12  after cocaine
Cats pretreated with reserpine 

VI I 1 I 100 I 0-43 
1 2 100 1 0-32

1-57
0-98

0-4
0-4

1-6
1-2

4
6

Whereas intravenous injections of tyramine caused a large increase 
in the concentrations of adrenaline and noradrenaline in plasma from 
lower aortic blood they evoked little change in that drawn from a carotid 
artery close to its origin (Table II). Only a fraction of that adrenaline 
and noradrenaline liberated by tyramine into the lower aortic blood 
returned from the leg and tail to be found in blood drawn from the 
inferior vena cava a little above its origin (Table II).

D is c u s s io n

The trace amounts of catechol amine found in the blood of chloralosed 
cats, which had been rested for 30-40 minutes after exclusion of the
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adrenal glands from the circulation and induction of a lasting block to 
transmission in autonomic ganglia, did not differ significantly from the 
normal concentrations of these amines in blood withdrawn from man 
by venipuncture11̂ 14. Neither did the site of withdrawal of these resting 
samples much affect the concentrations of amines they contained (Tables 
I and II). These, and the blood samples taken from man, contained 
much more noradrenaline than adrenaline. It is therefore probable that 
a lasting block of transmission in sympathetic ganglia does not prevent 
a slow leak of catechol amine from the region of the terminations of 
adrenergic fibres. This last statement does however rest on the assump
tion that the low concentrations of adrenaline and noradrenaline found 
yield adequate substrate concentrations for the o-methylating enzyme 
system15.

TABLE II
Comparison of the effects of tyramine on the mean arterial pressure and  on
THE CONCENTRATIONS OF (  — )-ADRENALINE AND ( — )-NORADRENALINE IN PLASMA 
SEPARATED FROM BLOOD WITHDRAWN FROM THE LOWER AORTA, NEAR THE ORIGIN 
OF THE CAROTID ARTERY, AND FROM THE LOWER PART OF THE INFERIOR VENA CAVA

Experiment
Tyra
mine
HC1

mg./kg.

[Ig./ioo nil. plasma
Rise in 
blood 

pressure 
after 

tyramine 
mm./Hg

Lower aorta Carotid artery
Resting After tyramine Resting After tyramine

Adren.
Nor

ad ren. Adren.
Nor

ad ren. Adren.
Nor-

adren. Adren.
Nor-

adren.Series No.
II 1 188 0-65 <0-9 9-9 _ 0 -0 2 < 0-8 0-35 <0-9 42

2 100 0-34 1-4 4-2 2 -6 0-06 1-8 0-45 1-3 46
3 115 0-84 <0-3 9-5 4-0 Oil <0-9 103 <0-4 88
4 146 1-48 <0-9 11*8 5-7 0-21 <0-5 119 <0-9 51

Lowei aorta Inferior vena cava
III 1 165 0-57 <0-4 16-7 8-4 1-26 <0-3 7-3 <0-4 48

2 130 007 <004 61 4-3 0 -1 0 < 0 1 0-7 < 0-1 43
3 100 0-34 1-4 4-2 2 -6 0-21 1-5 2 1 1-3 44

Intravenous injections of tyramine caused very considerable increase 
in the concentrations of adrenaline and noradrenaline in the plasma of 
blood withdrawn from the lower aorta but evoked only small change 
in the levels of these amines in plasma taken from the base of a carotid 
artery (Table II). Blood plasma therefore gained in catechol amine 
whilst in transit from the arch to the bifurcation of the aorta. The gain 
in adrenaline exceeded that in noradrenaline. This fact may indicate 
a different origin for the tyramine-liberated amine and that found normally 
in plasma. There are two possible sites of origin of the tyramine liberated 
base which require exclusion before a third is sought. First, the stores of 
a material described as noradrenaline-like by Schmiterlow6 and accepted 
as noradrenaline by Burn and Rand7’8. The fact that reserpine depletes 
these arterial stores of noradrenaline7’8 and abolishes the pressor effect 
of tyramine is not evidence that the amines liberated by tyramine emerge 
from them, because reserpine depletes other stores of their catechol 
amine7’8 also. If the material in the arterial stores is solely noradrenaline 
it could not explain the appearance of adrenaline in aortic plasma. The
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second site from which adrenaline and noradrenaline may have been 
liberated by tyramine is from the blood cells themselves, for Weil-Malherbe 
and Bone12 have shown that the red cells, for instance, contain more 
adrenaline, but less noradrenaline, than plasma. Whatever the source 
of the amines which appear in the aortic blood during a pressor response 
to  tyramine, the concentrations resulting in the arterial blood are certainly 
sufficient to have peripheral constrictor effect (Table I) and only a small 
fraction of the catechol amine present in the arterial blood returns to the 
inferior vena cava from the legs and tail.

A c k n o w l e d g e m e n t .  This work was undertaken while one of us (K.E.E.) 
was receiving a grant from the Pharmaceutical Society of Great Britain 
for training in research.
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INTERMEDIATES FOR THE SYNTHESIS OF ANALOGUES OF
ADRENAL CORTICAL HORMONES*

Tra«i-6-OXO-6,7,8,9-TETRAHYDRO-4,5-BENZINDANE AND 1,6-010X0-6,7,8,9- 
tetrahydro-4, 5-benzindane

By L. E. Coles, V. S. Gandhi and D. W. M athieson
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Previous assignments on mechanistic grounds of the stereochemistry 
of trans-6-oxo-6,1,8,9-tetrahydro-4,5-benzindane have been confirmed 
by degradation of a precursor to the known ira«.s-2-carboxycyclopen- 
tane acetic acid. l,6-dioxo-6,7,8,9-tetrahydro-4,5-benzindane has been 
shown to suffer autooxidation in alkaline solution to yield 6-hydroxy- 
1 -oxo-4,5-benzindane.

Towards the synthesis of oxygenated 6,7,8,9-tetrahydro-4,5-benzin- 
danes, the cyclisation of 2-phenylcyclopentane acetic acid (I,R =  H2) and 
its 5-oxo derivative (I,R =  O) has been investigated. Starting material 
(I,R =  O) was synthesised essentially by the method of Robinson1, and on 
Wolff-Kishner reduction, furnished fra«5,-2-phenylcyclopentane acetic 
acid (I,R =  H 2). The stereochemistry of this was demonstrated by 
submitting (I,R =  H2) to destructive ozonolysis when the known tr a n s -2 -  
carboxycyclopentane acetic acid3 resulted. Previous assignments2’4-5 of 
t r a m  stereochemistry to (I,R =  H2) are thus directly confirmed.

Cyclisation of (I,R  =  H2) was smoothly accomplished with anhydrous 
hydrogen fluoride to give t r a n s - 6 - o x o - 6 ,7,8,9-tetrahydro-4,5-benzindane 
(II, R =  H2)4’5. Likewise under the same conditions, 5-oxo-2-phenyl- 
cyclopentane acetic acid (I,R =  O) yielded l,6-dioxo-6,7,8,9-tetrahydro- 
4,5-benzindane (II,R =  O). The acid (I,R =  O) was shown to be 
stable under the alkaline conditions used in the Wolff-Kishner reduction 
and is also assigned a t r a n s  configuration ; for obvious reasons, however, 
this does not necessarily apply to the tricyclic product (II, R =  O) 
resulting on ring closure. The constitution of the cyclised products 
(II,R =  H2 and O) was confirmed by reduction of the carbonyl groups 
followed by dehydrogenation. 4,5-benzidane6 was obtained in both 
cases.

* Cf. Cowell and Mathieson, J . B h a rm . P h a rm a co l., 1957, 9, 549 ; Coles, Linnell, 
Mathieson and Shoukri, J . ch em . S o c ., 1954, 2617.
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ANALOGUES OF ADRENAL CORTICAL HORMONES
HOo 1 O

H0W . A a a

r y\ / \ /
(IV) (V)

o

(VI)

(VII) (VIII) (IX)

Since under the usual conditions—sodamide in liquid ammonia— 
neither a-tetralone nor 6-oxo-6,7,8,9-tetrahydro-4,5-benzindane (II ,R = H 2) 
would react with sodium acetylide, it was hoped in the case of (II,R =  O) 
to react only the ketone at C (1) with this reagent. Analogues of 11-oxo 
steroids would then have been available. Instead, the compound suffered 
dehydrogenation and an almost quantitative yield of l-oxo-6-hydroxy-4,5- 
benzindane (III) resulted. This almost complete conversion of (II,R =  O) 
to (III) precludes disproportionation of any intermediate form such as the 
monoenolic dihydronaphthalene (IV). Involvement of oxygen moreover 
was indicated by the fact that (II,R =  O) was stable in alkaline solution 
provided all oxygen was excluded from the system. When shaken with 
oxygen in 0-5n sodium hydroxide, two atoms of gas were absorbed for 
each mole of the compound and the resulting solution gave tests indicative 
of peroxides. Since neither ?ra«i-6-oxo-6,7,8,9-tetrahydro-4,5-benzindane 
(II,R =  H 2) nor the isomeric 1-oxo compound underwent oxidation in this 
wise, the course of aromatisation may be one of hydroperoxide formation 
involving attack at C(8) (cf. V ); activation both by the enol from C(6) 
and by the C(1) ketone being necessary. Breakdown of the hydroperoxide 
would then follow to yield in this case the substituted naphthalene (III). 
Oxidation of the identically constituted naphthindane (VI)7 provides a 
similar example of this type of reaction and undernoted transformation 
of an aetiojervine derivative8 may likewise be of a similar type.

The susceptibility of such a system to oxidation of this kind was 
demonstrated with the compounds shown above, (VII), (VIII) and (IX), 
all of which readily absorbed oxygen in alkaline solution. Uptake of gas, 
however, did not cease at two atoms per mole and as much as 10-15 moles 
were recorded. No definite products could be isolated from the resulting
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solutions and oxidation of the third ring is probably involved in the case 
o f (VIII) and (IX). Examination of the ultra-violet absorption spectra 
o f the crude products in these two cases indicated an extension of conjuga
tion from the simple benzene chromophore originally present.

l,9-Dioxo-l,2,3,4,4a,9,10,10a-octahydrophenanthrene (VIII) was syn
thesised by cyclisation of the previously described11 6-oxo-2-phenyl- 
cyclohexylacetic acid. Our constants of the diketone (VIII) are in 
agreement with those found by Nasipuri12 who recently synthesised this 
compound independantly by an identical route.

Experimental

Trans-2- p h e n y lc y c lo p e n ta n e  a c e t i c  a c id  (I,R =  H2). l-Oxo-3-phenyl- 
cyclopentane-2-acetic acid2 (20 g.) in diethylene glycol (200 ml.) was 
refluxed for 45 minutes under nitrogen with potassium hydroxide (16 g.) 
and 50 per cent w/v hydrazine hydrate (22 ml.). Sufficient water was then 
distilled off to raise the temperature of the solution to 195° and this 
temperature was maintained for 2 hours. On working up in the usual 
manner there resulted (17 g. of a dark viscous liquid which was purified by 
slowly passing an ethereal solution through a charcoal column. The 
resulting colourless gum crystallised from light petroleum (b.p. <  40° at 
— 30° to give colourless needles m.p. 40^10-5° (lit.4 cites b.p. 115-125°/ 
0-02 mm.). (Found: C, 76-5; H, 7-9-calc, for C13H160 2, C, 76-9; H, 7-9 
per cent.)

The a n i l id e  of the above acid crystallised from benzene/light petroleum 
(b.p. 60-80°) in colourless needles m.p. 82-84°. (Found: C, 81-6; 
H, 7-5; N, 5-0. C19 H21ON requires C, 81-2; H, 7-4; N, 4-9 per cent.)

The a m id e  crystallised from benzene/light petroleum (b.p. 60-80°) in 
colourless needles m.p. 80-80-5°. (Found: C, 76-9; H, 8-3; N, 6-9. 
C13H17ON requires C, 76-7; H, 8-4; N, 6-9 per cent.)

O z o n o ly s is . Ozone was bubbled through the above acid (1 g.) in 
glacial acetic acid (20 ml.) for 5 hours; 3 per cent hydrogen peroxide 
solution (50 ml.) was evaporated almost to dryness on the water bath, a 
further 25 ml. hydrogen peroxide solution was then added and the process 
repeated. The residue was then added and the mixture left overnight. 
The solution was dissolved in aqueous sodium carbonate (20 ml.) and 
neutral material extracted with ether. Acidification of the alkaline layer 
and ether extraction yielded irans-2-carboxycyclopentane acetic acid 
crystallising from light petroleum (b.p. <  40°) m.p. 62-64° (lit.3 cites 
m.p. 66°).

7'ra«1s-6-oxo-6,7,8,9,-tetrahydro-4,5-benzindane (II, R =  H2). 2- 
Phenylcyclopentane acetic acid (700 mg.) was dissolved in anhydrous 
hydrogen fluoride (30 ml.). After 10 days, evaporation of the reagent 
gave a neutral residue crystallising from ethanol in needles m.p. 88-89° 
(yield 90 per cent) (fit.5 cites m.p. 79-82°).

Amax in ethanol 248 mp. (emax 13,400), 293 m/x (emax 2,000), vmax in 
carbon tetrachloride 1,695 cm .'1.

The oxime crystallised from ethanol in colourless needles m.p. 183-189 
(lit.5 cites m.p. 181°). The 2,4-dinitrophenylhydrazone crystallised from

L. E. COLES, V. S. GANDHI AND D. W. MATHIESON
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ANALOGUES OF ADRENAL CORTICAL HORMONES

xylene in dark red plates m.p. 246-247°. Amax (main band in chloro
form) 387 m/x (emax 28,100) (lit.5 cites m.p. 242-244°).

l ,6 - D io x o - 6 ,7 ,% ,9 - te t r a h y d r o - 4 ,5 - b e n z in d a n e  (II, R =  O). l-Oxo-3- 
phenylcyclopentane-2-acetic acid (4-2 g.) was treated with hydrogen 
fluoride as described above: a neutral residue was obtained which crystal
lised from light petroleum (b.p. 80-100°) in colourless needles (2-35 g.) 
m.p. 107-109° after sublimation at 120°/0-2 mm. (Found: C, 78-0; H,
6-0. C13H130 2 requires C, 78-0; H, 6-0 per cent.) Amax in ethanol 
248 m/x (emax 12,100), 293 m/x (emax 1800). vmax in carbon tetrachloride
l ,  760 cm.-1. (C =  O in 5 membered ring) 1,705 cm.-1 (aryl ketone). 
The d io x i m e  crystallised from aqueous ethanol in long needles m.p. 
171-173°. (Found: C, 67-8; H, 6 - 1 ;  N, 12-1. C13H140 2N2 requires 
C, 67-8; H, 6-1; N, 12-2 per cent.)

4,5- B e n z in d a n e . The above dioxobenzindane (1-6 g.) in toluene 
(60 ml.) was reduced with zinc amalgam (20 g.) in water 25 ml. and 
concentrated hydrochloric acid (35 ml.). From the organic layer there 
was recovered a mobile colourless oil, 6,7,8,9-tetrahydro 4,5-benzindane9 
(0-85 g.) b.p. 72°/0-05 mm. This was refluxed for 4 hours with 30 per 
cent palladium on charcoal. Extraction with ether yielded a mobile oil 
with a blue fluorescence. The ultra-violet spectrum of this was identical 
with that of an authentic sample of 4,5-benzindane. A picrate was 
obtained in orange-red needles, m.p. 107-108°: this gave no depression on 
admixture with an authentic sample.

A u to o x i d a t i o n  e x p e r im e n t s ,  (i) l,6-Dioxo-6,7,8,9-tetrahydro-4,5-benzi- 
dane (II, R =  O) (1-04 g.) in ethanol (250 ml.) was added to a 5 per cent 
aqueous solution of potassium hydroxide (250 ml.) and allowed to stand 
for 4 hours. Acidification of the light yellow solution gave a crystalline 
residue (1-02 g.) m.p. 280-284°. A sample of this (390 mg.) was chroma
tographed on a column of alumina grade I (76 g.). After placing on the 
column with benzene, 44 mg. of a gum was eluted (20 per cent in benzene) 
followed by a single peak (340 mg.) m.p. 289-291°: this gave no depression 
on admixture with an authentic specimen of 6-hydroxy-l-oxo-4,5-benzin- 
dane (III) prepared by ring closure of l-oxo-3-phenylcyclopentene-2- 
acetic acid. The acetate crystallised in colourless prisms m.p. and mixed
m. p. with an authentic sample10 163-164°. The ultra-violet absorption 
spectra of the two samples of (III) were identical: Amax in ethanol 223, 
262, 290, 362 m/x (emax 27,600, 37,500, 4,500, 5,800).

(ii) The above diketone (30 mg.) in 0-5n sodium hydroxide in ethanol 
(10 ml.) was shaken with oxygen in a microhydrogenation apparatus of 
conventional design. Oxygen (3-07 c.c. at N.T.P.) was steadily absorbed 
in 14 minutes when uptake ceased. This corresponds to 2 atoms oxygen 
per mole of diketone used. When uptake of gas had ceased the solution 
gave a blue colour with acidified starch iodide paper and gave a positive 
perchromic acid test.

(iii) When the above experiment was repeated with nitrogen in place 
o f oxygen, starting material l,6-dioxo-6,7,8,9-tetrahydro-4,5-benzindane 
was recovered quantitatively.
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(iv) When ethanol alone was used as a solvent no uptake of oxygen 
occurred and starting material was again recovered unchanged.

\ - O x o - h - p h e n y lc y d o h e x a n e - 2 - a c e t i c  a c id . 6-Oxo-2-phenylcyclohexene-
1- acetic acid (II) (4 g.) in ethanol (60 ml.) was hydrogenated at 5 per cent 
palladium on strontium carbonate (800 mg.). The residue (3-9 g.) 
obtained on evaporation of the solvent was crystallised from benzene/light 
petroleum (b.p. 40-60°) then from aqueous acetic acid in fine colourless 
needles m.p. 140-141° (lit.11 cites m.p. 136-137°). Low melting fractions 
were converted to the above form by warming to 50° for 3 hours under 
nitrogen with n sodium hydroxide. (Found : C, 72-9; FI, 6-9. Calc, for 
C14H160 3, C, 72-4; H, 6-9 per cent.)

The semicarbazone crystallised from ethanol in fine colourless needles 
m.p. 206-207° (lit.11 cites m.p. 192-193°).

The 2 ,4 - d in i t r o p h e n y lh y d r a z o n e  crystallised from aqueous acetic acid in 
yellow needles m.p. 242° (darkens at 235°). (Found: C, 58-5; FI, 4-9; 
N, 13-7. C20H20O8N4 requires C, 58-3; H, 4-9; N, 13-6 per cent.

1,9-Z)z'o.yo-1,2,3,4,9,10,1 \ , \ 2 - o c t a h y d r o p h e n a n th r e n e .  The above acid 
(1 g.) was allowed to stand for 5 days in anhydrous hydrogen fluoride (30 
ml.). Evaporation yielded a residue which sublimed at 100-105°/0-2 mm. 
Crystallised from aqueous methanol this gave colourless needles m.p. 
150-151°. Found: C, 79-3; H, 6-7. C14H140 2 requires C, 78-5; H, 6-6 
per cent.) vmax 1,730 cm.-1, 1,708 cm.“1 in carbon tetrachloride: Amax 
249 m/x (el 1,000) in ethanol. The b is  2 ,4 - d in i t r o p h e n y lh y d r a z o n e  crystal
lised from nitrobenzene in crimson needles m.p. 290° (decomp.). (Found: 
N, 19-8. C26H220 8N s requires N, 19-5 per cent.)

A c k n o w le d g e m e n ts .  We thank Professor D. Ginsberg for a sample of 
compound (VII) and Dr. D. Nasipuri for a sample of the octahydro- 
chrysene (IX).
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An economical sampling and statistical treatment has been developed 
for screening the stability of experimental fat emulsion formula
tions. Coalescence or progressive increase in mean globule diameter 
with passage of time was interpreted to indicate physical instability.
The test technique attempts to efficiently extract reliable data from a 
relative minimum of man hours and materials per test formulation.
The counting and measuring of 100-200 globules per determination 
was considered to be adequate.

The search for a satisfactory method of determining the physical stability 
of emulsions has been of interest for many years. Sumner1 and Becher2 
have correlated the literature on this subject. Where time is important 
in the evaluation of stability of a series of experimental emulsion formula
tions, and the cost of technical assistance must be kept nominal, no single 
procedure has been available that would accurately screen a number of 
formulations in a short time. In an attempt to formulate an intravenous 
emulsion of vegetable oil in an aqueous solution of glucose, a method 
that would be both reliable and practical was sought. Using the coales
cence, or lack of it, of the fatty globules as a criterion of emulsion stability, 
a limited number of the dispersed globules were counted and their 
diameters measured at definite time intervals and a simple statistical 
analysis promptly applied to the data as they accumulated.

In the past it has been recommended that a large number of globules,
2,000 or more, should be counted for each determination. Such a pro
cedure is extremely lengthy and tedious. This study set out to ascertain 
whether or not a much smaller number of globules could be counted 
without impairing the validity of the evaluation of emulsion stability.

Experimental

P r e p a r a t io n  o f  th e  E m u l s io n s

To illustrate the evaluation procedure, an emulsion of the following 
composition was used (Formulation 48): sesame oil, 25 per cent; poly
oxyethylene sorbitan trioleate (Tween 85, Atlas), 1 per cent; 5 per cent 
glucose in water for injection, to 1,000 ml. Sesame oil was pre-sterilised 
first by heating in an oven for 90 minutes at 170°. Glucose was then 
dissolved in water for injection and polyoxyethylene sorbitan trioleate 
and sesame oil added. This mixture was run through the Eppenbach 
Colloid Mill at 0-005 inches clearance for 5 minutes and then autoclaved 
at 121-2° with a gauge pressure of 15-3 pounds (30 pounds, absolute) 
for 15 minutes.
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T e c h n iq u e  o f  th e  M e a s u r e m e n t s

A drop of the undiluted emulsion was placed on a microscope slide 
with a glass stirring rod and a small amount of dry amaranth added. 
After uniform distribution of the colour throughout the sample, giving 
a contrast between the internal and external phases of the emulsion, the 
slide, covered with a cover slip, was placed beneath the microscope. 
A few minutes for drying out was allowed. A Spencer research micro
scope was used with a Filar Micrometer Eyepiece, Bausch and Lomb 
catalogue number 31-16-50. This micrometer is equipped with a 
movable cross hair, the traverse of which can be measured by rotating 
a drum marked off in 100 subdivisions. By using the 8 mm. (x 2 0  inital 
magnification) Spencer objective and the X 12-5 ocular of the micrometer 
attachment, a final magnification of X 250 is obtained.

After bringing the field into focus, an area was chosen at random 
between the two static lines of the micrometer and the globules were 
counted and their diameters measured. Accurate measurements were 
made by revolving the drum. For example, if upon calibration with the 
8 mm. objective, one division of the micrometer was equivalent to 42-5 /x 
and the reading on the drum was 5, then 42-5 X 0-05 or 2T25 /x was the 
diameter of the globule.

S a m p l in g  a n d  S t a t i s t i c a l  E v a lu a t io n

Figure 1 illustrates the sampling technique practiced upon the formula
tion. This work outline was used to extract the maximum amount of 
information from the work hours available. This procedure enables 
one to test the stability of one lot over a period of 3 weeks, to test the 
reproducibility of four lots manufactured at various intervals of time, 
as well as to test the reliability of the two technicians against one another.

Slide samples should be prepared and coded by a third person to insure 
unbiased recording. The sample coding scheme used consistently in 
the figures and Table I is an identification system provided for this paper 
and was not used to identify samples during the collection of the data. 
Sample identification by means of tables of random numbers is recom
mended. The short statistical treatment used for our daily data involved 
the use of an automatic calculator that could accumulate products of 
multiplication and a mimeographed work sheet that was prepared from 
the techniques outlined by Bliss and Calhoun3. This work sheet and 
summary of results is shown with an illustrative test calculation in Figure 2. 
This work form provides for a test of significance between the means of 
the two groups (row 1), an F test for comparable group variances (rows 
2, 3), calculation of group mean diameters, standard deviation of group 
data, and standard error calculation for the group means. The format 
is arranged to provide means for checking the accuracy of calculations. 
If desired, the expected range of globule size present per sample (P =  0-05) 
can be calculated as the mean diameter ± 2  x  standard deviation. In 
calculating the ratio of the group variances or the F test, the larger 
variance (1-8006) is always in the num erator; the critical value (P =  0-05)
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for this determination can be obtained from a 2-5 per cent point table 
for the F distribution.

The sampling design and the statistical format were chosen to qualify 
and concisely summarise each day’s results as soon as possible after the 
data had been recorded. This test design need not be fully completed 
before any calculation and evaluation may be made; the screening can 
be stopped after the first week of testing if the results are unfavourable. 
Manufacturing procedure or formulation or both can then be changed 
and a new stability screen begun.

EVALUATION OF EMULSION STABILITY

Fig. 1. Sampling scheme and test comparisons made of 4 lots of Formula
tion 48, with technicians A and B. The figures in brackets indicate the 
reference numbers for the statistical comparisons summarised in Table I.

After the results of the first day have been calculated, it is necessary 
to determine the optimum number of globules that should be counted 
per sample to detect an arbitrary 10 per cent shift in globule diameter.
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TABLE I

P r o g r e s s iv e  s t a t is t ic a l  e v a l u a t io n  o f  f o r m u l a t io n  48

F ig . 1 
re f . n o . T e s t c o m p a riso n

M ean  g lo b u le  size, p. 
± 1  s ta n d a rd  d ev ia tio n

S ign ificance 
b e tw een  
g ro u p s  ; 

o b se rv ed  P

, (4 8 - l ) ( A ,l ) ( 0 )  vs. (4 8 - l) (A ,2 )(0 ) 4-12(195)° ±  1 -34 vs. 4-07(203) ±  1-34 > 0 -5 0
2 (48—1 )(B, 1 )(0) vs. (4 8 —1 )(B ,2)(0) 4 -2 2 (2 0 0 )4 - 1 14 ví. 4-31(200) ±  1-36 0 -50-0 -256
3 (48—1)(A, 1 )(0) vs. (48— I ) ( B, 1 )(0) 4-12(195) 4- 1 -34 vs. 4-22 (200) 4- 1-14 o -50-o -256
4 (48—1 )(A ,2»(0) vs. (48— 1 )(B ,2)(0) 4-07(203) ±  1-34 ví. 4-31(200) =1- 1-36 0 1 0 - 0 0 5
5 (48—1 )(A ,1 ,2 )(0 ) vs. (48—1)(B, 1,2)(0) 4-10(398) ±  1-34 vj. 4-26(400) 4- 1 -26 0-10-0-05
6 (48—1 )(A , I )(0) vs. (48—I)(A , 11(7) 4-12(195) ±  1 34 v í. 4-24(175) ±  1-42 0-50-0-25
7 (48—1 )(B, 11(0) vs. (48—1 )(B, 1 )(7) 4-22(200) ± 1 1 4  v í. 4-06(200) ±  1-37 0 -2 5 -0 -10b
8 (48—1)(A , 1 )(7) vs. (48—1 )(B , 1 )(7) 4-24(175) ±  1-42 ví. 4  06(200) ±  1-37 0 -2 5 -0 -106
9 (48— I )(A . 1 : B ,1)(0) vs. (48 -1  )(A,1 :B ,1 )(7 ) 4-17(395) ±  1-24 ví. 4-14(375) ±  1-39 > 0 -5 0

10 (48—1)(A , 1 )(0> vs. (4 8 -l)(A ,I)(1 4 > 4 1 2 (1 9 5 )  ±  1-34 vs. 4 -11(104) +  1-26 > 0 -5 0
11 (4 8 — 1)(A , 1 )(0) vs. (4 8 - l) (A ,l) (2 1 ) 4-12(195) ±  1-34 v í. 4-19(100) ±  1-40 > 0 -5 0
12 (4 8 —1 )(A ,I) (0 )  vs. (48—2)(A , I )(0) 4-12(195) ±  1-34 v í. 4-09(200) i  1-29 > 0 -5 0
13 (4 8 —1 )(B , 1 )(0) vs. (48—2)(B, 1 )(0) 4-22(200) -1- 1-14 v í . 3-87(201) ±  1-27 0 005 -0 -0 0  I e
14 (4 8 —2)(A , 1 )(0) vs. (48—2)(B , 1 )(0) 4-09(200) ±  1-29 ví. 3-87(201) ±  1-27 0-10-0-05
15 (48-1  )(A , 1 : B. 1 )(0) vs. (4 8 -2 ) (A ,l : B, 1 )(0) 4-17(395) ±  1-24 v í. 3-98(401) 4- 1-28 0 0 5 -0 -0 2 5 c
16 (4 8 —2)(B, 1 ) ( 0 )  v í . (4 8 -2 )(B ,l)(7 ) 3-87(201) ±  1-27 v í . 4-01(101) ± 1 1 2 0-50-0-25
17 (48—2)(B, 1 )(0) vs. (48—2 )(B, 1)(14) 3-87(201) ±  1-27 ví. 4-08(100) + 1-24 0-25-0 -10
18 (4 8 -2 )(A ,l) (0 )  vs. (48—3)(A , 1 )(0) 4-09(200) ±  1-29 v í . 4-20(100) ±  1-77 > 0 -5 0 6
19 (4 8 —3)(A , 1 )(0) vs. (48—3 )(A , (1(7) 4-20(100) ±  1-77 v í. 4-09(100) ±  1-49 > 0 -5 0
20 (48—2)(B . I )(0) vs. (48—4)(B , 1 )(0) 3-87(201) ±  1-27 v í . 3-42(100) ±  1-18 0-005-0-00  I e
21 (4 8 —4)(B, 1 )(0) vs. (48—4)(B. 1 )(7) 3-42(100) ±  1-18 v í . 3-68(100) ± 0-90 0 -1 0 -0 -0 5 6
22 (4 8 -3 )(A ,l) (0 )  v í . (4 8 -4 )(B . I )(0) 4-20(100) ± 1-77 ví. 3-42(100) ± 1-18 < 0 -0 0  I e
23 (4 8 —1 )(A . 1 : B ,1)(0) vs. (4 8 -3 )(A , 1 )(0) + 

(4 8 —4)(B , 1 >(0) 4-17(395) ±  1-24 v í . 3-81(200) ± 1-55 0-005-0-001

a Number in parentheses indicates the number of globules counted. 
b Significant F  test calculated, P =  0 05.
0 Group mean diameters considered to be significantly different.

These simple calculations have been outlined by Snedecor4. Thus 1 week 
later, the number of globules counted can either be increased or decreased 
at the desire of the investigator. For Formulation 48, the sample size 
should range between 100-200 globules. Counting more, decreases the 
efficiency; counting less, decreases accuracy.

An alternative screening procedure is indicated where a full 3 weeks’ 
stability evaluation is routinely required for each test formulation. By 
restricting the sampling design to only two lots prepared concurrently, 
with both technicians reading one sample per each lot at the time of 
preparation, at + 1  week, at + 2  weeks, and at + 3  weeks, a balanced 
design is produced that can be treated at the end of that period by the 
classical statistical techniques outlined by Cochran and Cox5.

D is c u s s io n

A formulation that does not fail during the statistical evaluation based 
on this flexible sampling scheme should then be considered to be worthy 
of a pharmacological evaluation and further stability testing utilising 
control chart analysis over a period of months to years. The accumulated 
results for Formulation 48 are summarised in Table I. The test compari
sons are coded as follows: (48-2) (B, 1) (0) translates to (Formulation 48 
—lot 2) (technician B made the observations, this is the first reading 
that he has made on this lot this day) (age of the test emulsion in days— 
here freshly prepared).

Within the limits of this experimental procedure, Formulation 48 
displayed excellent physical stability ; however, significant variations were
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noted in globule size between the different lots prepared as shown by 
comparisons 13, 15, 20, 22, and 23 of Table I. This indicates that the 
reproducibility of lots by this manufacturing procedure may be a problem. 
The degree of efficiency achieved here with counts of 100-200 globules 
appears adequate for preliminary stability screening. With Formulation 
48, higher counts quantitated variations that were of little practical 
significance. The sampling techniques used here appear to be both 
efficient and reliable, yet they require only a relative minimum of labour 
and materials per test formulation.

EVALUATION OF EMULSION STABILITY

G ro u p  1 Id e n tif ic a tio n : 
(4 8 - l ) ( A ,l ) ( 0 ) a

G ro u p  2  Id e n tif ic a tio n  : 
(4 8 - l) (A ,2 )(0 )

G lo b u le  
size , [x

M id 
ra n g e ,

n

O b se rv ed
freq u en c y ,

f n f n 2f n f n f n 2f
0-1 0-5 0 0 0 0-5 0 0 0
1-2 1-5 3 4-5 6-75 1-5 3 4-5 6-75
2 -3 2-5 26 65-0 162-50 2-5 35 87-5 218-75
3 -4 3-5 86 3 0 1 0 1053-50 3-5 80 280-0 980-00
4 -5 4-5 39 175-5 789-75 4-5 42 189-0 850-50
5 -6 5-5 19 104-5 574-75 5-5 24 132-0 726-00
6-7 6-5 13 84-5 549-25 6-5 11 71-5 464-75
7 -8 7-5 8 60-0 450-00 7-5 6 45-0 337-50
8 -9 8-5 1 8-5 72-25 8-5 2 17-0 144-50
9 -1 0 9-5 0 0 0 9-5 0 0 0

10-11 10-5 0 0 0 10-5 0 0 0

C o lu m n  to ta ls 195 803-5 3658-75 203 826-5 3728-75
D e s ig n a tio n s  : N t S(x ,) S(x,*) N a S (x .) S (xaa)
M e a n  d ia m e te r :  S ix ^ /N y  =  4-12 S(x2)/N2 =  4-07

R o w T e rm D .F .6 S u m  o f  sq u a re s M e a n  sq u a re s F O b se rv ed  P

1 B etw een
g ro u p s

1 [x2]g =  (C i +  C 2) -  C  =  
0-240

A  =  [x2]g /l  =  0-240 A /s 2 =  
0-133

>  0-50 
(< 3 - 8 4 ) c

2 W ith in  
g ro u p  1

N x — 1 =  
194

[xl 23 =  S (x i2) -  Cx =  
347-918

S:2 =  [xja] /N i -  1 =
1-7934 Si2/S22 =

1-0039
>  0-50 

( <  1 -20)c
3 W ith in  

g ro u p  2
N 2 -  1 =  

202
[x22] =  S(x22) -  C 2 =  

363-714
s 22 =  [x22] /N 2 -  1 - 

1-8006

4 W ith in
g ro u p s

N  — 2 =  
396

[x2] -  [x2]g =  [Xl2] +  
[x22] =  711-632

s2 -  [x2J — [x2]g /N  —2 
-  1-7970

5 T o ta l N  -  1 =  
397

[x2] =  S(x2) -  C  =  
711-872

Q  =

c 2 =

I W N i  =  3310-832 

T 22/ N 2 =  3365-036
6 C o rr . 1 C  =  T 2/N  =  6675-628

T = Ti + T2 =  S(xj) + S(x2) = 803-5 + 826-5 = 1630-0 
S(x2) =  Six,2) + S(x22) = 3658-75 + 3728-75 = 7387-50 
Calculations check: [x ^ +  [x22] + [x2]g = [x̂ j =  711-872 
Standard deviation: Vsi2 =  s x =  1\3392; Vs22 =  s2 =_J1'3418 
Standard error of the mean: Sj/VNi = 0-0959; s2/VN2 = 0-0942

Nj + N2 = N = 398

a G ro u p s  a r e  c o d e d  fo r  sp eed  a n d  c la r ity  o f  id e n tif ic a tio n ; tra n s la tio n  : (F o rm u la t io n  4 8 , lo t  1) (g lo b u les  
c o u n te d  b y  p e rs o n  A  ; th is  is  h is  firs t te s t  s a m p le  a t  th is  tim e) (ag e  o f  th e  em u ls io n  in  d ay s  ; h e re  th e  e m u ls io n  
is  fre sh ly  p re p a re d ) .

b D .F .  d es ig n a te s  d eg ree s  o f  fre e d o m . 
c F ig u re  in  p a re n th e s is  is  th e  c ritic a l v a lu e , P  =  0*05.

Fig . 2. Concise work sheet for statistical treatment with illustration for use.
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Some 2-alkyl-3-aryl-37/-4-quinazolones (I; X =  0) have been prepared 
and a number of them converted into the thioquinazolones (I; X =  S).
A new method for the synthesis of 3-alkyl-2-aryl-3//-4-quinazolones 
(VI) has been developed and has been employed for the synthesis of 
representative derivatives.
Biological study of the above compounds revealed that some of them, 
and in particular the 2-alkyl-3-halophenyl-377-4-quinazolones are 
potent anticonvulsant agents.

Our interest in quinazolones stemmed from the discovery of Gujral, 
Saxena and Tiwari1 that certain 2-alkyl-3-aryl-3//-4-quinazolones (I; 
X =  0) and in particular the 2-methyl-3-o-tolyl ( I ; R =  Me, Ar =  o-Me. 
CgH4, X =  0) and 2-ethyl-3-phenyl ( I ; R =  Et, Ar =  Ph, X =  0) deriva
tives were potent hypnotic agents superior to allobarbitone in the assay. 
We therefore began in 1955 a systematic study of quinazolones of this type, 
preparing them by the general method of Grimmel, Guenther and Morgan2 
in which an o-acylamidobenzoic acid is condensed with an aromatic 
amine in the presence of phosphorus trichloride. The compounds listed 
in Table I which includes, in te r  a lia  a few derivatives already described in 
the literature3-5, were largely synthesised in this way.

In addition to phosphorus trichloride we have found other condensing 
agents to be effective in the synthesis of the quinazolones (I). Benzene- 
sulphonyl chloride in pyridine previously used by Brewster and Ciotti6 for 
the preparation of amides, proved highly satisfactory. Somewhat lower 
yields followed the use of phosphorus trichloride in pyridine, but reaction 
was more rapid. Dicyclohexylcarbodiimide in molar proportion in 
tetrahydrofuran solution at room temperature for 5 hours gave yields of 
quinazolones (I) of about 50 per cent.

SOME 2, 3-DISUBSTITUTED 3H-4-QUINAZOLONES AND
3H-4-THIOQUINAZOLONES

(I) (II) (III)
O

(IV) (V)
529
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Biological study of early members of the series, for which we are in
debted to Dr. A. David and Dr. G. Bianchi revealed the pronounced central 
depressant activity of 3-(4-bromophenyl)-2-methyl-3//-4-quinazolone. 
Extending this observation we prepared 3-(4-bromo-2,3-dimethylphenyl)- 
3//-4-quinazolone. 4-Bromo-2,3-dimethylaniline, required for this pur
pose has not been described in the literature and was obtained by bromina- 
tion of 2,3-dimethylacetanilide in acetic acid at 10°, followed by hydrolysis 
with hydrochloric acid (cf. 7). The orientation of the bromine atom in 
the acetanilide was established by nitration when 4-bromo-2,3-dimethyl-6- 
nitroacetanilide was obtained, identified by reduction and hydrolysis to the 
diamine (II) which passed into 12-bromo-10,l l-dimethyldibenzo[a,c]- 
phenazine (III) on reaction with phenanthraquinone. 6-Bromo-2-methyl-
3-o-tolyl-3//-4-quinazolonefl was prepared in order to determine the effect 
upon biological activity of a bromo-substituent in the benzene ring of the 
heterocyclic nucleus. In addition a series of new 2-alkyl-3-aryl-3//-4- 
thioquinazolones (I; X =  S) (Table II) were prepared from the corres
ponding 4-oxo-derivatives by the general method of Leonard and Curtin9.

We next turned our attention to the synthesis of the related 3-alkyl-2- 
aryl-3//-4-quinazolones (VI). 3-Methyl-2-phenyl-3//-4-quinazolone (V I; 
Ar =  Ph, R =  Me), the only member of this type described in the litera
ture, was prepared by Korner10 (a ) by heating 2-benzamido-V-methyl- 
benzamide at 230° to 250° and (6) by direct methylation with methyl iodide 
in a sealed tube at 120° of 2-phenyl-3//-4-quinazolone, which was itself 
prepared by the action of boiling aqueous potassium hydroxide on
2-benzamidobenzamide.

Initial attempts to prepare compounds of type (VI) by condensing 
A-alkyl-2-aminobenzamides (IV) with a benzoic acid in the presence of 
phosphorus trichloride proved unsuccessful. Somewhat better results 
followed the cyclisation of jV-alkyl-2-benzamidobenzamides (V) with 
phosphorus trichloride in pyridine, but the yields of 3-alkyl-2-aryl-3/7-4- 
quinazolones (VI) obtained were unsatisfactory. We ultimately found 
that the required quinazolones (VI) were readily prepared in good yield 
from the corresponding N-alkyl-2-aminobenzamides (IV), which we 
obtained by reaction between isatoic anhydride and the appropriate 
amine11. Aroylation of the benzamides (IV) was preferably accomplished 
with the benzoyl chloride in aqueous ethanolic sodium acetate solution 
when the A-alkyl-2-benzamidobenzamides (V) recorded in Table III 
were obtained. The use of pyridine as solvent for this reaction proved 
less satisfactory as in the condensation of anthranilamide (IV, R =  H) 
with p-bromobenzoyl chloride, for example, substantial quantities of 
2-p-bromobenzamidobenzonitrile were formed in addition to the usual 
aroylated product12. Conversion of the intermediate V-alkyl-2-benz- 
amidobenzamides (V) into the quinazolones (VI) was effected by boiling 
the compounds with 5 per cent aqueous sodium hydroxide solution 
(cf. 13>14) or by heating them to 260° for 1 to 2 hours. The former method 
of cyclisation was preferred for compounds (V ; R =  H or Me), but was 
less satisfactory with ethyl and higher alkylamides. In many cases both 
methods gave mixtures of product and starting material from which the
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quinazolones were obtained by extraction with light petroleum or by 
precipitation from ethereal solutions as the hydrochloride. 3-Methyl-2- 
o-toIyl-3H - 4 - q uinazolone (V I; R =  Me, Ar =  o-Me.C6H4) was prepared 
by direct methylation of 2-o-tolyl-3//-4-qui nazolone with methyl sulphate 
in alkaline solution. 3-(2,3-Dihydroxypropyl)-2-phenyl-3//-4-quinazo- 
lone (V I; R =  CH2.CHOH.CH2OH, Ar =  Ph) was obtained by the 
condensation of 2-phenyl-3//-4-quinazolone with 2,3-epoxypropan-l-ol 
(“glycidol”) in ethanolic solution employing pyridine as catalyst.

Biological results have been reported15.

E x p e r im e n t a l

The following examples illustrate the methods used for the preparation 
of compounds listed in Table I.

3 - p - B r o m o p h e n y l - 2 - m e th y l - 3  H - 4 - q u in a z o lo n e  ( I ; R =  Me, Ar =  p-Br. 
C6H 4, X =  O).

(a )  To a stirred mixture of p-bromoaniline (34-4 g.) and acetylan- 
thranilic acid (35-8 g.) in toluene (250 ml.) at room temperature, a 
solution of phosphorus trichloride (8 ml.) in toluene (50 ml.) was added 
slowly. After the addition was complete the pasty mixture was heated 
for 2 hours at reflux temperature. After cooling, 15 per cent sodium 
carbonate solution was added and the toluene removed by distillation in 
steam. The residual p r o d u c t  (27 g.) was collected and purified by crystal
lisation from 95 per cent ethanol. The hydrochloride, prepared by 
addition of concentrated hydrochloric acid (9 ml.) to a solution of the 
base (20 g.) in warm 95 per cent ethanol (300 ml.) had m.p. ca c, 260° 
(decomp.) after crystallisation from 95 per cent ethanol.

(b ) To a solution of acetylanthranilic acid (9-0 g.) and p-bromoaniline 
(8-9 g.) in tetrahydrofuran (100 ml.) was added a solution of dicyclo- 
hexylcarbodiimide (1T4 g.) in tetrahydrofuran (50 ml.) and the mixture 
allowed to stand at room temperature for 5 hours. Acetic acid (1-5 ml.) 
was added and after 2 hours the separated dicyclohexylurea was filtered 
off. The filtrate was evaporated to dryness at reduced pressure and the 
residue dissolved in ethyl acetate (150 ml.). The ethyl acetate was 
shaken with 2 n  hydrochloric acid when the h y d r o c h lo r id e  (9 g.) of the 
product separated and was collected. It had m.p. ca 260° (decomp.) and 
was identical with the product described under (a). The ethyl acetate 
solution was washed with n  sodium bicarbonate solution, then with water 
and concentrated to ca. 50 ml. to yield, 2 - a c e t a m i d o A ’- b r o m o b e n z a n i l id e  
(1-5 g.), m.p. 215-216°. Found: C, 53-5; H, 4-0; N, 8-7. C15H 130 2NBr 
requires C, 54T ; H, 3-9; N, 8-4 per cent.

3 - ( 2 ,4 - D ic h lo r o p h e n y l ) - 2 - m e th y l - 3 H - 4 - q u in a z o lo n e  ( I ; R =  Me, Ar =  2,
4-Cl2.C6H 3, X =  O)

(a )  A solution of acetylanthranilic acid (17-9 g.) in pyridine (30 ml.) was 
treated in one portion with benzenesulphonyl chloride (17-8 g.) followed 
by 2,4-dichloroaniline (16-2 g.), added in portions with shaking. The 
mixture was heated on the steam bath for 2 hours. After cooling and 
dilution with water the resultant gum solidified on trituration with ethanol.
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Crystallisation from ethyl acetate-light petroleum (b.p. 60-80°) furnished 
the product in needles (9-6 g), m.p. 151-152°. The hydrochloride 
separated from methanol in long needles, m.p. 242-250°.

(b )  A mixture of acetylanthranilic acid (17-9 g.) and 2,4-dichloroaniline
16-2 g.) in pyridine (50 ml.) was stirred vigorously and treated slowly 
dropwise with phosphorus trichloride (6-9 g.). After the addition was 
complete the mixture was heated on the steam bath for 1 hour. It was 
then cooled and diluted with water. The solid product was washed by 
decantation, dissolved in ethanol (100 ml.) and treated with a slight excess 
of hydrogen chloride. The h y d r o c h lo r id e  (25 g.) separated rapidly from 
the solution; it had m.p. 240-250° and was identical with the compound 
described in (a )

4 - B r o m o - 2 ,3 - d im e th y la c e ta n i l id e

A solution of bromine (27-5 ml.) in acetic acid (50 ml.) was added 
dropwise with stirring to a solution of 2,3-dimethylacetanilide (81-5 g.) in 
acetic acid (150 ml.) cooling being applied to keep the temperature at 10°. 
Stirring was continued for a further hour after the addition was complete, 
when the solids were collected and washed with acetic acid. The p r o d u c t  
crystallised from aqueous ethanol in long colourless needles (82 g.), 
m.p. 158-160°. Found: C, 49-8; H, 5-2; N, 6-2; Br, 32-9. C10H 12ONBr 
requires C, 49-6; H, 5-0; N, 5-8; Br, 33-0 per cent.

4 - B r o m o - 2 ,3 - d im e th y la n i l i n e

A solution of the foregoing compound (81 g.) in ethanol (600 ml.) was 
treated with concentrated hydrochloric acid (120 ml.) and the mixture 
heated under reflux for 6 hours. The hydrochloride (77-5 g.), m.p. 268° 
(decomp.), separated on cooling and was collected. Basification of the 
hydrochloride with N sodium hydroxide (1 litre) followed by distillation in 
steam yielded 4 - b r o m o - 2 ,3 - d im e th y la n i l in e ,  which crystallised from light 
petroleum (b.p. 60-80°) in plates, m.p. 32-34°. Found: C, 47-7; H, 5T ; 
N, 7-0; Br, 40-1. C8H 10NBr requires C, 48-0; H, 5-1; N, 7-0; Br, 40-0 
per cent.

4 - B r o m o - 2 ,3 - d im e th y l - 6 - n i t r o a c e ta n i l i d e

A hot solution of 4-bromo-2,3-dimethylacetanilide (12-1 g.) in acetic 
acid (19-2 ml.) was added gradually with stirring to a mixture of acetic acid 
(7-2 ml.) and fuming nitric acid (21 *6 ml.) and the resultant mixture heated 
on the steam bath for 30 minutes. After cooling and pouring into water 
(500 ml.) the solids were collected and crystallised from 95 per cent ethanol. 
The p r o d u c t  separated in pale-yellow needles of m.p. 207-209°. F ound: 
N, 10T. C10H n O3N 2Br requires N, 9-8 per cent.

4 - B r o m o - 2 ,3 - d im e th y l - 6 - n i t r o a n i l in e

The foregoing acetaniline (10 g.) was heated under reflux with 40 per 
cent sulphuric acid (400 ml.) for 90 minutes. The solution was cooled, 
diluted and basified with ammonia solution. The p r o d u c t  crystallised 
from 50 per cent ethanol in flat golden-brown needles, m.p. 147-149°. 
F ound: N, 11-1. C8H 90 2N 2Br requires N, 11 -4 per cent.

2,3-DISUBSTITUTED 3//-4-QUINAZOLONES
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5 - B r o m o - 3 ,4 - d im e th y l - o - p h e n y le n e d ia m in e  (II)
A solution of the foregoing nitroamine (2-5 g.) in 50 per cent ethanol 

(300 ml.) was heated on the steam bath and sodium hydrosulphite 
(dithionite) (10 g.) added in portions with shaking over 1 hour. The 
ethanol was removed under reduced pressure when the product (1-5 g.) 
crystallised on cooling. It had m.p. 85-87° after crystallisation from 
light petroleum (b.p. 60-80°). Found: N, 12-8; Br, 37T. C8Hu N 2Br 
requires N, 13-0; Br, 37-2 per cent.

The diamine (0-5 g.) was characterised by condensation with phenthra- 
quinone (0-4 g.) in hot acetic acid (30 ml.). The product (0-6 g.) separated 
from chloroform in yellow needles, m.p. 257-259°. Found: N, 7-0; 
Br, 20-8. C22H lsN 2Br requires N, 7-2; Br, 20-6 per cent.

The method used for the preparation of the compounds listed in Table II 
is illustrated by the following example:

3 - o - B r o m o p h e n y l - 2 - m e th y l - 3 i i - 4 - th io q u in a z o lo n e  ( I ; R =  Me, Ar =  p - B r .  
C6H 4, X =  S)

A mixture of 3-/;-bromophenyl-2-methyl-3//-4-quinazolone (47-2 g.) 
and phosphorus pentasulphide (33-3 g.) in xylene (400 ml.) was stirred and 
heated under reflux for 2 hours. It was then cooled and treated with 
10 per cent sodium hydroxide solution (280 ml.) added in portions. The 
xylene was then removed by distillation in steam. The residual product 
(47-3 g.) was purified by crystallisation from 95 per cent ethanol when it 
separated in yellow-brown needles of m.p. 190-192°.

The following three experiments illustrate the methods used for the 
preparation of the A-alkyl-2-benzamidobenzamides recorded in Table III.

2 - B e n z a m id o - N - e th y l b e n z a m i d e  (V ; R =  Et, Ar =  Ph)
To a well stirred solution of 2-amino-iV-ethylbenzamide (32-8 g.) in 50 

per cent aqueous ethanol (700 ml.) containing hydrated sodium acetate 
(54-4 g.), benzoyl chloride (28-2 g.) was added in portions over 15 minutes. 
The reaction was completed by heating on the steam bath for 30 minutes. 
The product was purified by crystallisation from aqueous ethanol.

2 - p - B r o m o b e n z a m id o - N - e th y l b e n z a m i d e  (V ; R  =  Et, Ar =  p-Br.C6H 4)
2-Amino-Ar-ethylbenzamide (32-8 g.) was added in small portions with 

stirring over 30 minutes to a solution of p-bromobenzoyl chloride (43-8 g.) 
in warm pyridine. Reaction was completed by heating on the steam bath 
for 15 minutes. The mixture was then cooled slightly and poured with 
stirring into n  hydrochloric acid (1,500 ml.). The solids were collected, 
washed with dilute sodium carbonate solution, then with water and 
purified by crystallisation from 95 per cent ethanol.

2 - p - B r o m o b e n z a m id o b e n z a m id e  (V ; R =  H, Ar =  p-Br.C6H4)
(a) Preparation in aqueous ethanol containing sodium acetate, as 

described for 2-benzamido-lV-ethylbenzamide except that the reaction was 
carried out at 60-65°, gave a 60 per cent yield of product m.p. 224-226°.
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(b )  Preparation in pyridine as described for 2-p-bromobenzamido-Ar- 
ethylbenzamide gave a mixture which was separated by extraction with 
chloroform to give the required product in 40 per cent yield, m.p. 224-226° 
together with 30 per cent of the chloroform-soluble 2 p-bromobenzamido- 
benzonitrile, m.p. 185-187°. Found: C, 56-0; H, 3-3; N, 8-9. 
C14H 9ON2Br requires C, 55-8; H, 3-0; N, 9-3 per cent.

P r e p a r a t io n  o f  3 - a l k y  l - 2 - a r y l - 3 \4 - 4 - q u in a z o lo n e s  (VI)
The following examples illustrate the methods used for the preparation 

of 3-alky 1-2-ary l-3//-4-quinazolones in Table IV.

3 - M e th y l - 2 - o - to ly l - 3 Y i - 4 - q u in a z o lo n e  (V I; R =  Me, Ar =  o-Me.C6H4)
( a )  iV-Methyl-2-(o-methylbenzamido)benzamide (26-7 g.) was heated 

under reflux for 1 hour with 5 per cent sodium hydroxide solution (300 ml.) 
containing ethanol (50 ml.). The product (56 per cent) solidified on cool
ing and was crystallised from light petroleum (b.p. 60-80°), then from 
aqueous ethanol.

(b )  2-o-Tolyl-377-4-quinazolone (4 g.) was dissolved in N sodium 
hydroxide (80 ml.) and methyl sulphate (7-2 ml.) added dropwise with 
stirring. After the addition was complete a further 20 ml. of N sodium 
hydroxide was added and stirring continued for 1^ hours at room tem
perature followed by heating on the steam bath for 15 minutes. The 
p r o d u c t  (50 per cent) separated on cooling and was purified as in (a ) . The 
h y d r o c h lo r id e  crystallised from ethanol.

3 - B u ty I - 2 - p h e n y l - 3 H - 4 - q u in a z o lo n e  (V I; R =  Bu, Ar =  Ph)
2-Benzamido-V-butylbenzamide (29-6 g.) was heated under reflux for 

3 hours with 5 per cent sodium hydroxide solution (400 ml.) and ethanol 
(400 ml.). The solid (27 g.) which separated on cooling was a mixture of 
the required product and starting material. Extraction with ether 
followed by treatment of the extract with hydrogen chloride furnished the 
hydrochloride of the product which was collected. This was dissolved in 
ethanol, basified with sodium carbonate solution to yield the required 
b a s e  (9 g.) and purified by crystallisation from 95 per cent ethanol. Un
changed starting material was recovered by concentration of the ethereal 
extract.

2 -  p - B r o m o p h e n y l - 3 - m e th v l - 3 U - 4 - q u in a z o lo n e  (V I; R =  Me, Ar =  p - Br.
C8H4)

2-p-Bromobenzamido-A-methylbenzamide (66-6 g.) was finely powdered 
and heated with stirring at 250-260° for 1 hour. After cooling, the 
residue was crystallised from ethanol to furnish the product in 68 per cent 
yield.

3 -  ( 2 ,3 - D i h y d r o x y p r o p y l ) - 2 - p h e n y l - 3 H - 4 - q u i n a z o l o n e  (VI; R =  CH2.
CHOH.CH2OH, Ar =  Ph)

To a suspension of 2-phenyl-3//-4-quinazolone (44 g.) in boiling 
ethanol (800 ml.) was added 2,3-epoxypropan-l-ol (40 ml.) followed by

2,3-DISUBSTITUTED 3//-4-QUINAZOLONES
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pyridine (0-5 ml.) and heating continued for 30 minutes after a homo
geneous solution was obtained (5 hours). Most of the ethanol was 
distilled off, the cooled residue diluted well with water and the product 
isolated with chloroform. After removal of the chloroform the residual 
solid was purified by crystallisation from ethanol to yield the product 
(30 g.) in colourless needles.

2 - p - B r o m o p h e n y l - 3 - m e th y l - 3 H - 4 - th io q u m a z o lo n e

A stirred suspension of 2-/>-bromophenyl-3-methyl-3//-4-quinazolone 
(44-1 g.) in xylene (400 ml.) was treated with phosphorus pentasulphide 
(37-4 g.) and the mixture heated under reflux for 2 hours. After cooling 
10 per cent sodium hydroxide solution (275 ml.) was added cautiously in 
portions. The xylene was then removed by distillation in steam and the 
residual p r o d u c t  (42 g.) purified by crystallisation from a large volume 
(2 litres) of ethanol, separated in yellow hair-like crystals, m.p. 167-169°. 
Found: C, 55-0; H, 3-3; S, 10-2. C15H u N 2SBr requires C, 54-4; H, 3-4; 
S 9-7 per cent.
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Blood griseofulvin levels have been determined on rats given a single 
oral, subcutaneous, intraperitoneal or intravenous dose and on guinea 
pigs and human volunteers after oral administration. In rats the blood  
levels o f  females were higher than those o f m ales: this applied to all four 
routes o f administration. N o  differences in blood levels between males 
and females were observed in guinea pigs or human volunteers. In vitro 
studies have shown that liver slices obtained from male rats destroy 
griseofulvin more rapidly than those from fem ales; the sex difference 
did not apply to rabbits or guinea pigs.

T h e  influence of sex on the toxicities and pharmacological activities of 
some drugs is well recognised and has been reviewed recently1. This 
influence, however, is often found to apply only to a single species. In 
some instances its dependence on hormones has been demonstrated2-7.

In earlier studies on the biological disposition of griseofulvin, we 
observed that the blood levels obtained after oral dosing were higher 
in female albino rats (WAG strain) than in males. We decided to 
investigate this finding further and to extend our studies to another 
strain of rats and to other species.

T H E  IN F L U E N C E  O F  S E X  O N  T H E  C A T A B O L IS M  O F
G R IS E O F U L V IN

M a t e r ia l s  a n d  M e t h o d s  

Estimation of Griseofulvin
Blood samples and solutions from the liver-incubation experiments 

were assayed in duplicate by the spectrophotofluorometric method of 
Bedford, Child and Tomich8. Blood samples (3 to 5 ml.), were obtained 
from anaesthetised rats and guinea pigs by direct cardiac puncture and 
from human volunteers by venipuncture. Heparin, 50 I.U. in 0-1 ml. 
physiological saline to 4 ml. blood, was used to prevent clotting.

Blood Level Experiments
Single 10 mg. tablets of griseofulvin were administered orally to male 

and female guinea pigs weighing 280 to 320 g., and single oral doses 
of 1 g. (4 X 250 mg. tablets) to human male and female volunteers. 
Male and female albino rats, WAG strain, weight range 125 to 175 g., 
received griseofulvin by the oral, intraperitoneal, subcutaneous or 
intravenous route. The doses used, mg./kg., were 50 and 100 orally, 
25 intraperitoneally, 100 subcutaneously and 20 intravenously. The 
griseofulvin was presented orally or intraperitoneally as an aqueous 
suspension in 0-5 per cent Tween 80, subcutaneously as a suspension 
in arachis oil and intravenously as a solution in 75 per cent AW-dimethyl- 
formamide.
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INFLUENCE OF SEX ON THE CATABOLISM OF GRISEOFULVIN

Incubation of Griseofulvin with Liver Slices
Albino and piebald rats, WAG and PVG strains, respectively, guinea 

pigs and rabbits were used in these experiments. The animals were 
killed by a blow on the head; their livers were immediately removed and 
placed in ice-cold Krebs’s solution. The livers were thinly sliced with 
a Stadie-Riggs tissue sheer, and approximately 200 mg. of the slices 
were incubated at 37° for 2 hours with 10 ml. Krebs’s solution containing 
griseofulvin (10 p-g./ml.). Immediately before and during incubation 
the solutions were oxygenated with a mixture of 95 per cent oxygen 
and 5 per cent carbon dioxide. After 2 hours incubation the fluids 
were decanted and their griseofulvin contents determined. The liver 
slices were blotted dry and weighed. The results are expressed as amounts 
of griseofulvin destroyed by 200 mg. of liver in 2 hours.

Results

Blood Levels in Rats
The blood levels of griseofulvin at various times after a single oral 

dose are given in Table I. At both dose levels, 50 and 100 mg./kg., the 
female rats gave higher and more prolonged blood levels than the males ; 
the lower dose in females and the higher dose in males gave approximately 
equal blood levels.

It has previously been shown that griseofulvin disappears rapidly 
from the blood of male rats after intravenous injection9. The blood 
levels of griseofulvin in male and female rats after a single intravenous 
dose are given in Table I. Again the females gave higher and more 
prolonged levels than the males.

Blood levels after subcutaneous injection of the arachis oil suspension 
and after intraperitoneal injection of the aqueous suspension are also 
given in Table I. Griseofulvin was not detectable in the blood after 
a subcutaneous injection of an aqueous suspension at a dose of 100 mg./kg., 
whereas this dose of the drug in arachis oil gave measurable levels lasting 
for several hours. Griseofulvin was absorbed rapidly after intraperi
toneal injection of 25 mg./kg., peak levels being attained in 15 to 30 
minutes. As after oral dosing, the blood levels after subcutaneous or 
intraperitoneal injection were higher in the female rats than in the males.

Blood Levels in Guinea Pigs and Human Volunteers
Blood griseofulvin levels obtained in guinea pigs and human volunteers 

given single oral doses are shown in Figures 1 and 2. There were no 
differences in the blood levels of male and female guinea pigs. In both 
sexes peak values were reached at 3 hours : at 24 hours griseofulvin was 
no longer detectable (Fig. 1).

In the human volunteers peak levels were attained in 4 hours, and 
griseofulvin was still detectable 26 hours after dosing. After a single 
oral dose of 1 g. there were no differences in blood levels between men 
and women. These results are shown in Figure 2.
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Fig. 1. B lood griseofulvin levels in guinea pigs after a  single oral dose of 33 m g./kg. 
E ach p o in t is the  m ean fo r three  anim als.

Fem ale =  O — O M ale =  •  —  •

Incubation of Griseofulvin with Liver Slices
The results obtained are given in Table II. Liver slices from adult 

male WAG rats destroyed griseofulvin more rapidly than those from 
adult females of the same strain (P <  0-001). Similar but less significant 
differences between males and females were obtained with weanlings of 
the same strain (P <  0-02) and with adult rats of the PVG strain 
(P <  0-02).

No sex differences were recorded in the rates of griseofulvin catabolism 
when the livers of rabbits or guinea pigs were used.

Fig. 2. B lood griseofulvin levels in hum an volunteers after a  single oral dose of 1 g- 
E ach  po in t is the m ean fo r six volunteers.

Fem ale =  O — O M ale =  • — •
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T A B LE II
In  vitro  CA TA BO LISM  O F G R ISE O F U L V IN  BY LIV ER  SLICES

INFLUENCE OF SEX ON THE CATABOLISM OF GRISEOFULVIN

Species and strain

pg. griseofulvin destroyed in 2 hours 
by 200 mg. liver

Probability of 
difference between 
males and females 

being due to chanceMale Female

Adult WAG rats 55-4 ±  2-8* (2l)t 36-2 ±  2-7 (21) P <  0 001
Weanling WAG rats 57-7 ±  2-8 (6) 45-7 ±  2-7 (6) P < 0-02
Adult PVG rats 49-2 ±  4-6 (5) 32-8 ±  4-6 (5) P <  0 02
Adult rabbits 42-5 ± 5-4 (8) 48-4 ±  7-6 (8) P >  0-5
Adult guinea pigs .. 45-3 ±  0-8 (6) 47-8 ±  4-2 (6) P >  0-5

* Standard error. f  Number of observations.

D iscussion

The experiments described above show that female rats have higher 
blood griseofulvin levels than males, and this difference can be observed 
after either oral or parenteral administration. Presumably the difference 
does not arise from different degrees of gastrointestinal absorption. 
The results of the parenteral experiments, particularly those by the 
intravenous route, suggest that the differences in blood level between the 
two sexes reflect different rates of catabolism.

The results of the in vitro experiments are consistent with this view. 
In common with other drugs showing differences in toxicity or pharma
cological activity between the sexes, griseofulvin appears to show this 
difference in only one species, in this instance the rat.
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A new colorimetric method for the estimation of santonin in artemisia 
using hydroxylamine and ferric chloride has been evolved and 
compared with a gravimetric and a volumetric method. Improve
ments in the method of extraction of santonin have also been 
proposed.

Several species of artemisia are grown on a commercial scale in the 
north-western region of West Pakistan and their unexpanded flowerheads 
are utilised in the manufacture of santonin which is used as an anthel
mintic and is official in the British Pharmacopoeia1.

A number of methods of assay2""1 of this drug based on the gravimetric 
estimation of santonin have been described where use is made of a 
correction factor calculated on the basis of the solubility of pure santonin 
in the strength of ethanol employed for crystallisation. These corrections 
appear to be arbitrary and throw doubts on the accuracy of the gravi
metric methods. The first method of estimation independent of a 
correction factor was proposed by Bohme5 where, after extraction, 
santonin was determined volumetrically. This method, however, lacked 
specificity and could only be used for artemisia rich in santonin. More
over, according to Bohme himself, the results were always higher than the 
gravimetric method.

Several methods6-8 based on the colour reactions of santonin have 
been reported. In Fucci’s6 method, santonin is estimated by the colour 
of the sodium salt in strongly alkaline solution, but the method does not 
appear to possess a quantitative basis. Iwayama7 utilises the colour 
reaction between an acidic solution of santonin and diazobenzene sul- 
phonic acid, but the assay of artemisia is not described. Yamagishi and 
his co-workers8 make use of the reaction with sodium methoxide for 
quantitative purposes but the results are imprecise because of variations 
in the sodium methoxide reagent; atmospheric moisture also appears to 
increase the experimental error.

A need clearly exists for a simple, rapid and accurate method applicable 
to artemisia of different santonin contents and independent of any arbit
rary correction. We have evolved a new method based on Fiegl’s9 
colour reaction for esters and lactones which has been applied quantita
tively by Hestrin10 and Wollish and Schmall11. The lactone, santonin (I) 
was treated with alkaline hydroxylamine and the hydroxamic acid deri
vative (presumably II) so formed was then treated with ferric chloride to 
give a purple-coloured solution of the ferric hydroxamate derivative (pre
sumably III). The colour was found to be suitable for spectrophoto- 
metric determination. The reactions are shown in Figure 1.

T H E  C O L O R IM E T R IC  D E T E R M IN A T IO N  O F  S A N T O N IN
IN  A R T E M IS IA

544



DETERMINATION OF SANTONIN IN ARTEMISIA

3 [l l]+ FeCI3 ocid^ Fe

Fig. 1

+  3H C I 

3

We extracted santonin from the crude drug by Massagetov’s method2 
and after removing the colouring matter, developed the colour in the same 
manner as on pure santonin. Five different samples of the drug were 
used for a comparison of Massagetov’s gravimetric method loc. cit. and 
Bohme’s5 volumetric method with our modifications.

Experimental
Colorimetric Method.

Apparatus. Unicam Spectrophotometer, SP600; reflux condenser, 
ground-glass joints; flat bottom flasks 250 ml. ground-glass joints; steam 
bath; 1,000 ml. separating funnels.

Reagents. Standard solution of santonin B.P. in 50 per cent ethanol 
(1 mg./ml.); hydroxylamine sodium hydroxide solution: 7-5 g. in 100 ml. 
n sodium hydroxide freshly prepared; 2-0 per cent ferric chloride solution 
in water; 2,4-dinitrophenol indicator, 0-1 per cent 2,4-dinitrophenol in 
90 per cent ethanol; N sodium hydroxide; N hydrochloric acid; ethanol, 
95 per cent v/v 50 per cent v/v and 18 per cent v/v; calcium oxide; chloro
form; hydrochloric acid, sp. gr. 1-18; sodium hydroxide solution 4 per 
cent w/v.

Standard Curve. Measure by pipette 1, 2, 3, 4 and 5 ml. quantities of 
the standard santonin solution into separate 50 ml. volumetric flasks. 
Add 2 ml. of hydroxylamine-sodium hydroxide solution and then 5 ml. 
of standard n sodium hydroxide to each flask. Allow to stand for 5 
minutes, add three drops of 0-1 per cent 2,4-dinitrophenol indicator and 
titrate the solution carefully with standard N hydrochloric acid to a 
colourless end point. Make each flask up to 50 ml. with water. Place
5-0 ml. of each solution in a dry test tube, add 1 ml. of 2 per cent ferric 
chloride solution and mix thoroughly by shaking. Read the extinction 
within 3 minutes on a spectrophotometer at 500 m/r in 1 cm. cell, using 
water as blank, taking care that the cell is free from air bubbles. Carry 
out a reagent blank using 2 ml. of 50 per cent v/v ethanol in place of the 
santonin solution.
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The standard curve is shown in Figure 2. Blank readings are usually 
between 0-007 and 0-010.

Mg./ml.
Fig. 2. Standard curve for santonin.

Preparation of sample. Weigh accurately about 2 g. of finely powdered 
flowerheads, grind them in a mortar with 0-5 g. of calcium oxide and then 
triturate with 5 ml. of hot water. Transfer the mixture to a 400 ml. beaker 
with 120 ml. of hot water, bring to the boil and continue boiling for 10 
minutes. Filter hot and wash the residue with a further 120 ml. quantity 
of boiling water. Reject the residue, acidify the warm filtrate with 
10 ml. of hydrochloric acid and place the beaker containing the acidified 
extract on the steam bath for 5 minutes. Cool and extract with 30, 20, 
20 and 10 ml. portions of chloroform with vigorous agitation. Shake 
the combined chloroform extract twice in a separating funnel with 15 ml. 
of 4 per cent sodium hydroxide solution. Wash the chloroform extract 
with 10 ml. of water to remove the alkali, and pass through a pledget of 
cotton wool into a 250 ml. flask. Add 0-1 g. of animal charcoal, connect 
the flask to a reflux condenser on a water bath and boil gently for 10 
minutes. Filter rapidly through a double filter paper (Whatman No. 41), 
into another 250 ml. flask and wash the first flask with two 5 ml. quantities 
of chloroform. Distill the chloroform and gently dry the residue. Add 
2 ml. of ethanol to the residue and again evaporate to dryness to ensure 
complete removal of chloroform. Add 20 ml. of 18 per cent v/v ethanol 
and 0-1 g. animal charcoal. Connect the flask to a reflux condenser on 
a steam bath and boil gently for 10 minutes. Filter rapidly whilst hot 
through a double filter paper into a 50 ml. volumetric flask. Wash the 
flask twice with 5 ml. portions of hot 18 per cent v/v ethanol. Dilute to
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D E T E R M IN A T IO N  O F  S A N T O N IN  IN A R T E M ISIA  

T A B LE I

C O M P A R IS O N  O F T H E  C O L O R IM E T R IC , V O L U M E T R IC  A N D  G R A V IM E T R IC  
M ETH O D S FO R  T H E  ASSAY O F S A N T O N IN

Colori
metric 

per cent

Melting
Point

°C.

Volu
metric 

per cent

Melting
Point

°C.

Gravi
metric 

per cent

Melting
Point
°C.

Deviation per cent

Sample t S. No.
Colori- | Volu
metric \ metric

1 1-82 171-0 1 -88 171-0 1-82 171-0
A 2 1-85 171-0 1-88 171-0 1-82 171-0

3 1-83 171-5 1-88 171-5 1-81 171-0
| Average 1 83 1 -88 1 -82 -0-6  : 3-3
! i 213 171-5 2-19 171-5 2-09 171-0

B 2 2-17 1720 2-22 172-0 2 19 173-0
3 218 1720 2-22 172-0 2 15 171-5

Average 216 2-21 2-14 -fO-9 4- 3-3
1 2-25 1710 2-37 171-0 2-25 172-0

C 2 2-25 172-0 2-31 172-0 2 21 173-0
3 2-22 171-0 2-25 171-0 2-25 1720

; Average 2-24 2-31 2-24 Nil -r 3-1
1 1 1-95 172-0 2-00 172-0 1-93 171-0

D 2 1 -90 173-0 1 -97 173-0 1-90 172-0
! 3 1-95 171-0 1 -97 171-0 1 97 172-0
| Average 1 -93 1-98 1-93 Nil , -r 2-6

i 2-86 172-0 2-95 172-0 2-82 172-0
E 1 2 2-83 172-0 2-92 172-0 2-78 172-0

3 2-87 171-0 2-92 171-0 2-86 173-0
1 Average 2-85 2-93 2-84 +  0-4 4-3-2

Fig. 3. Effect of varying the  am ounts o f H ydroxyl- 
am ine sodium  hydroxide reagent on the  developm ent 
o f colour.
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volume with 95 per cent v/v ethanol. Pipette 3 ml. of the solution and 
develop the colour exactly as described under the method for the standard 
curve. Measure the extinction, read the concentration of santonin from 
the standard curve and calculate its percentage in the sample.
Volumetric Method

Weigh accurately about 5 g. of the drug and proceed for extraction as 
described above varying the quantities of reagents and solvent pro
portionately. After the complete removal of chloroform, dissolve the 
residue in 5 ml. of hot ethanol, add 10 ml. of 5 per cent w/v barium hydr
oxide solution and heat on a water bath for 15 minutes. Cool and filter 
through filter paper (Whatman No. 41), and wash the residue with 10 ml. 
of water. Add two drops of phenolphthalein indicator to the filtrate and 
titrate carefully with 0-5 N hydrochloric acid to a colourless end point. 
Add 10 ml. of 0-1 n hydrochloric acid by means of a pipette and heat on a 
water bath for 15 minutes. Cool and titrate with 0-1n sodium hydroxide 
from a fine burette until the red colour persists for 1 to 2 minutes. Carry 
out a blank on 10 ml. of the 0-1n hydrochloric acid and calculate the 
percentage of santonin in the drug as follows,

a X 246-1 X 100 where a is the difference
5 x 10,000 in the titer between blank

and the sample.
Gravimetric Method

Proceed for extraction as described in the volumetric method above to 
the complete removal of chloroform. Dissolve the residue in 2 ml. of 
hot ethanol, add 100 ml. of boiling water and then concentrate to 50 ml. 
on a water bath. Place the flask in a refrigerator (maximum temperature 
10°) for 2 days. Filter the crystals of santonin which separate on a 
sintered glass crucible (No. 4), measure the exact volume of the filtrate, 
and dry at 100°, to constant weight. To the weight found add 0-0002 g. 
for each ml. of the filtrate and calculate the percentage of santonin in the 
sample.

The results on the five samples are summarised in Table I. The melting 
points of the crystals obtained in the colorimetric, volumetric and the 
gravimetric methods are also given for each determination.

D iscussion
Extraction of Santonin

We chose Massagetov’s method of extraction in preference to the 
methods of Qazilbash3 and Kassner and others4, because of its simplicity of 
operation and economy in time and solvents. The melting point deter
minations on the extracted santonin agreed closely with those reported 
by these workers on santonin extracted by their methods. We found, 
however, that Massagetov’s method of extraction needed some improve
ment. The residue on being dissolved in 95 per cent v/v ethanol still 
contained coloured impurities which interfered in the colorimetric deter
mination. It was therefore dissolved in hot 18 per cent v/v ethanol and
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refluxed with a further quantity of charcoal. After hot filtration, the 
santonin crystallised out partially but could be taken up in solution by 
addition of 95 per cent v/v ethanol, this time giving a clear colourless 
solution. On being made up to volume by water so that the final strength 
of ethanol was approximately 50 per cent v/v, santonin remained in 
solution and it was possible to develop colour on an aliquot of this solution..

Development o f  Colour
For the conditions affecting the development of colour from santonin 

we were guided by those adopted by Wollish and Schmall8 for pantoyl 
lactone. The effect of varying the amounts of hydroxylamine reagent 
showed that 2-0 ml. of this reagent gave the maximum colour intensity 
(see Fig. 3). Similarly we varied the amount of ferric chloride and found 
that 1 ml. of 2-0 per cent ferric chloride gave the best colour as is shown in 
Figure 4. With the quantities of these reagents fixed, we investigated 
the stability of the developed colour and found that maximum intensity 
was reached immediately on addition of the ferric chloride and remained 
constant for 3 minutes. Thereafter fading took place as shown in Figure 
5. The absorption curve of the developed colour was then determined 
and the maximum located at 500 mp. as shown in Figure 6.

The initial colorimetric determinations were made on 5 g. of the drug. 
After fully establishing the conditions and standardising the procedure, 
the quantity of the drug was reduced to 2 g. with proportionate reductions 
in the quantities of the reagents and solvents. The results were almost 
identical with those found on 5 g. of the drug.

From the standard curve it is seen that Beer’s Law is obeyed with up to 
5 mg. of santonin in the aliquot of the final solution.

R e s u l t s  a n d  C o n c l u s io n s

Table I shows that the results on the five samples by the proposed 
colorimetric method compare well with those given by the gravimetric 
method (mean deviation less than TO per cent). The volumetric method 
gives a larger deviation, between 2-6 and 3-3 per cent. In agreement with 
the findings of Bohme5 results tend to be high. Also, the low quantity of 
santonin in relation to the final alkali titration, would necessitate the use 
of a larger quantity of the drug. For artemisia deficient in santonin, the 
volumetric method is of little use.

Apart from the general merits of the colorimetric method over the 
gravimetric estimation, the former requires no arbitrary correction. It is 
economical in solvents since extraction can be made on smaller quantities 
of the drug. Also, the colorimetric method much reduces the total time 
for the determination from the 2 days required for complete crystallisation 
in the gravimetric method.

The main advantage of the colorimetric method over the existing ones 
lies in its ability to determine santonin in quantities as low as 1 mg. in the 
final aliquot and can be employed for the assay of low-grade artemisia 
for which, so far, no other suitable method is available.
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DETERMINATION OF SANTONIN IN ARTEMISIA

Other lactones like artemisin, a-santonin and ^-santonin present in 
artemisia are also determined by the colorimetric method. This, however, 
is of little consequence as these lactones are present in minute quantities 
and are known to have anthelmintic properties similar to santonin12.

Acknowledgement. The authors wish to thank Mr. S. M. I. Shah, 
Pakistan Industrial Development Corporation Laison Officer at Para- 
chinar, West Pakistan for his assistance in the supply of artemisia.
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(± (-Mevalonic acid-2-14C has been injected into a growing plant of 
Digitalis lanata L. to test if this acid serves as a precursor in the 
biosynthesis of cardenolides. After nine days a portion of the leaves 
was extracted and the constituents submitted to paper chromatography 
followed by autoradiography. The carbon 14 was detected in the lipid 
fraction and in the cardiac glycoside spots, but mostly in an area 
containing an as yet unidentified compound. Of the two glycosides 
forming the major glycoside area, one was predominant and, as after 
Mannich hydrolysis and chromatography, glucose, digitoxose and 
digitoxigenin were identified, this corresponds to lanatoside A. The 
aglycone fraction contained the radioactivity.

S in c e  Kennedy’s review1 on the discovery of mevalonic acid lactone 
(3-hydroxy-3-methyl-pentane-5-lactone) and its possible role in sterol 
synthesis, a great deal of interest has been directed to this subject. 
Tavormina, Gibbs and Huff2 demonstrated that mevalonic acid is con
verted efficiently to cholesterol by cell-free liver preparations and found 
that as much as 43-4 per cent of the radioisotope from (i)-mevalonic-2-14C 
acid could be recovered as cholesterol after incubation with homogenates 
of rat liver. Tavormina and Gibbs further showed3 that, in the utilisation 
of mevalonic acid to form cholesterol, the carboxyl group is lost during 
the conversion since the isotope labelling of the resulting cholesterol 
was negligible when carboxyl-labelled mevalonic acid was used, the 
radioactivity in these experiments being recovered mainly as carbon 
dioxide. The evidence indicates that mevalonic acid is the direct source 
of the isoprenoid units in squalene and sterol4.

As the structures of the cardenolides are chemically closely related 
to the sterols, it appears likely that they also should derive from mevalonic 
acid. To test this hypothesis, mevalonic acid-2-14C was fed to Digitalis 
lanata and allowed to metabolise for 9 days, and the selective incorporation 
of the radioactive carbon into steroids, including the main cardioactive 
glycoside, studied.

M E V A L O N IC  A C ID  AS A P R E C U R S O R  IN  T H E  B IO G E N E S IS
O F  D IG IT O X IG E N IN

E x p e r im e n t a l

Materials, Reagents and Procedures
Reference materials. Digitoxin U.S.P. reference standard and digoxin 

U.S.P. reference standard. Paper. Whatman No. 1, cut to 16 cm. 
X  57 cm. X-ray film. Kodak medical X-ray film, no-screen.

Solvent systems. For chromatography of sugars and glycosides, 
solvent system 1: butanol:glacial acetic acid:water (4:1:1). Solvent 
system 2, for glycosides: toluene: butanol (3:1) saturated with formamide, 
according to Satch and others5.
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MEVALONIC ACID IN THE BIOGENESIS OF DIGITOXIGENIN

Chromatographic procedures. All paper-chromatographic runs were 
carried out by the descending technique. In the case of solvent system 2 
the filter paper was impregnated with formamide by passing the paper 
through a solution of formamide and acetone (1:4) and then allowing 
the acetone to evaporate.

Reagents. Mevalonic acid-2-14C, from Tracerlab, Inc. (1-22 mc./mM 
of free mevalonic acid). Radiologically pure. The trichloracetic acid 
reagent used for the detection of cardiac glycosides was prepared as 
described by Jensen and Tennoe6 modified to the extent that sodium 
hypochlorite was substituted for chloramine.

The p-anisidine hydrochloride reagent used for the detection of sugars 
was prepared as described by Bliss and Ramstad7.

Preparation and Extraction of Plant Material
A volume of 0T5 ml. of (±  (-mevalonic acid-2-uC, representing 3-3 mg. 

of mevalonic acid having an activity of 15 pc, was injected into the leaf 
petiole and the stem of a young plant of Digitalis lanata by placing with 
a hypodermic syringe small drops of the dissolved acid on the petiole and 
stem and puncturing the veins of the tissue with the needle. Due to 
negative pressure within the plant, the fluid was sucked in and more 
solution added on the same area before it dried. As shown by means of 
a Geiger-M tiller tube, the radioactivity spread throughout the whole leaf 
blade in the course of minutes; in the course of hours or days, it spread 
throughout the entire plant. After 9 days, 1 -47 g. (fresh weight) of leaf 
was harvested from the injected plant. The leaf material was ground in 
a mortar with 95 per cent ethanol until a slurry was obtained. The liquid 
was filtered through cotton into a medicine dropper. This extraction 
was repeated three more times. The extracts were combined and con
centrated at room temperature.

Chromatography of Initial Extractive
The concentrated extract was streaked on a piece of chromatographic 

paper at a distance of 13 cm. from one end (streak =  6541 c.p.m.). The 
streaked paper was chromatographed for 16 hours with solvent system 1. 
The paper chromatogram was allowed to dry thoroughly at room tem
perature and was then placed on X-ray film for a 45-hour exposure. The 
developed X-ray film showed the presence of four main radioactive areas 
on the chromatogram (Table I).

T A B LE I
M a in  r a d io a c t iv e  a r e a s

Area
designation Nature R p  value

1 Cardiac glycosides 0*26
2 Unidentified compound, being the most radioactive 0-35
3 Mevalonic acid 065
4 Chlorophyll-sterol area 0-85-0-90
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A 1-5 cm. strip was cut from the long side of the paper chromatogram 
and examined for the presence of cardenolides by means of the trichlor
acetic acid reagent spray. One of the major radioactive areas (RF, 0-26; 
2-5 cm. wide) as well as several minor radioactive areas, gave positive 
cardenolide reaction with trichloracetic acid reagent. As judged from 
their Rf values, none of the glycosides gave indication of being a secondary 
glycoside such as digitoxin or gitoxin.

Elution and Rechromatography of Area 1
Area 1 (major cardiac glycoside area) was cut from the chromatogram 

and eluted for 48 hours with 50 per cent ethanol. The eluate was con
centrated at room temperature and spotted on two chromatographic 
papers. One paper was chromatographed by use of solvent system 1 
(initial spot: 723 c.p.m.). The second paper was chromatographed with 
solvent system 2 (initial spot: 741 c.p.m.). The results are given in 
Table II.

Identification of the Major Glycoside in the Eluate and Demonstration that 
the Labelled Carbon of Mevalonic Acid is Present Only in the Alygcone

Mannich hydrolysis. As indicated in Table II, the radioactive cardiac 
glycoside area (area 1) consisted of two radioactive cardenolides. The 
low RF indicated that they were primary glycosides such as lanatosides 
A, B or C. In each case, the glycoside having the lower RF was the 
major glycoside. It was subjected to a Mannich hydrolysis. The 
procedure for the hydrolysis was essentially as described by Bliss and 
Ramstad7 modified in that the reaction was carried out at 55° for 3 days 
instead of 21 days at room temperature. The materials subjected to the 
hydrolysis were: digitoxin U.S.P. reference standard, 3 mg.; digoxin 
U.S.P. reference standard, 3 mg.; and an aliquot of the eluate from area 1. 
At the end of the hydrolysis the solvent (acetone) was evaporated from 
each tube and a volume of 0-5 ml. of water and 0-5 ml. of chloroform 
was added and the tubes shaken.

EGIL RAMSTAD AND JACK L. BEAL

TA B LE II
R e s u l t s  o f  c h r o m a t o g r a p h y  o f  e l u a t e  f r o m  a r e a  I

Solvent
system

R f  o f
cardenolide spot*

Colour under ultra-violet light after 
treatment with trichloracetic 

acid reagent

1 0 - 0 2  (major spot) Cream
0 1 0 Light blue

2 0-14 (major spot) Cream
016 Light blue

* Each o f the spots were radioactive as established by a 113-hour exposure 
to X-ray film.

The Sugars
The aqueous layers from the Mannich hydrolysis were drawn off and 

allowed to concentrate at room temperature. The residue was spotted on 
Whatman No. 1 paper and chromatographed with solvent system 1. At
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the completion of the chromatography the dried chromatograms were 
sprayed with the p-anisidine hydrochloride reagent and heated for 
10 minutes at 80-85° and then examined under ultra-violet light. The 
results are given in Table III.

MEVALONIC ACID IN THE BIOGENESIS OF DIGITOXIGENIN

T A B LE III
R e s u l t s  o f  c h r o m a t o g r a p h y  o f  s u g a r s  f r o m  m a n n ic h  h y d r o l y s a t e

Material
hydrolysed Rjp» value

Colour under ultra-violet light after 
treatment with jp-anisidine 

hydrochloride reagent

D ig ita lis  lana ta
Eluate from area 1 0-08 (glucose) Vivid yellow

017 (digitoxose) Reddish brown
Digitoxin 015 (digitoxose) Reddish brown
Digoxin.. 016  (digitoxose) Reddish brown

The two sugars in the eluate from area 1 of the Digitalis lanata experi
ment were identified as glucose and digitoxose from their RF values and 
colour reactions with the reagent. Glucose and digitoxose constitute 
the sugar portion of the major glycosides of Digitalis lanata.

The paper chromatogram of the sugars from area 1 was exposed to 
X-ray film for a period of 21 days. Upon development of the film no 
radioactivity was noted to reside in the sugar spots.
The Aglycone

The chloroform layers of the Mannich hydrolysis were concentrated 
and each were spotted on formamide-treated paper. To the chloroform 
solution of the eluate from area 1 was added a chloroform solution of 
digitoxigenin. The paper was then chromatographed by use of solvent 
system 2. The chromatograms were treated with the trichloracetic acid 
reagent and then inspected under ultra-violet light. The results are 
given in Table IV.

TA B LE IV
R e s u l t s  o f  t h e  c h r o m a t o g r a p h y  o f  c h l o r o f o r m  l a y e r  f r o m  m a n n ic h

h y d r o l y s a t e

Material hydrolysed R p  values
Colour in ultra-violet light after 

treatment with trichloracetic 
acid reagent

D igoxin .. 0-72 (digoxigenin) Cream
0-78 (anhydro form o f digoxigenin) Blue

Digitoxin 0-63 (digitoxigenin) Yellow

Eluate from area 1
0-82 (anhydro form o f digitoxigenin) Yellow

D ig ita lis  lanata 0-62 (digitoxigenin) Yellow

The chromatogram of the eluate from area 1 was exposed to X-ray 
film for a period of 21 days. The outline of the radioactive area on the 
chromatogram matched exactly the area of the aglycone as outlined after 
treatment with trichloracetic acid reagent.

D iscussion

The label showed up in the lipidic fraction (sterols) and in the cardiac 
glycoside spots. The greatest amount of radioactivity was present in
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a yet unidentified compound. The major radioactive glycoside area 
consisted of two glycosides, one of which was predominant. The pre
dominant glycoside, upon Mannich hydrolysis, and chromatography 
furnished digitoxose, glucose and digitoxigenin and thus corresponds to 
lanatoside A, the major cardioactive glycoside of Digitalis lanatas. The 
aglycone contained all the activity of the glycoside; digitoxose and glucose 
contained no detectable radioactivity.

The hypothesis that mevalonic acid serves as a precursor in the bio
synthesis of the cardiac glycosides has found justification in the experiment 
with Digitalis lanata. That mevalonic acid follows a direct path into the 
steroid cardenolides and not after the label has entered the general meta
bolism is supported by the observation that common cell metabolites 
were not found labelled and also from the fact that the sugar portion of 
the glycoside was unlabelled.
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The biological effects of Rauwolfia schueli are essentially the same as 
those of the pure alkaloid reserpine and the crude compound R. 
serpentina in the rat. No difference in relative potency between the small 
and large roots of large trees of the R. schueli species was apparent when 
either reserpine or R. serpentina was employed as the standard. R. 
schueli was estimated to be about 1/630 as active as reserpine. In terms 
of reserpine-like activity, this species appeared to be more potent than 
R. serpentina and by comparison with the results of others about as 
potent as R. canescens but more potent than R. heterophylla. Within 
the range of doses selected, blood pressure did not appear to be an 
adequate index for measuring reserpine-like activity in the rat.

N u m e r o u s  studies have shown that Rauwolfia serpentina is effective in 
the treatment of hypertension and certain mental disorders. Hypotensive 
and sedative properties also have been ascribed to R. canescens and R. 
heterophylla1 and to R. vomitoria2. The preparations tested were either 
the powdered whole root or some extract thereof. It is the purpose of 
this study to compare the activity of R. schueli, a species peculiar to the 
northern part of Argentina and Bolivia, with the activity of the pure 
alkaloid reserpine and the crude compound R. serpentina.

M a t e r ia l s  a n d  M e t h o d s

Test Preparations
The test preparations used were R. schueli YR-1, a blended batch of 

small roots of large trees, and R. schueli YC-1, a blended batch of large 
roots of large trees. Samples of these preparations were supplied by 
E. R. Squibb and Sons. The assumed relative potencies with reserpine 
as the standard were as follows: YR-1, 1-28 g. reserpine per kg.; YC-1,
1-30 g. reserpine per kg. Each sample was ground to a particle size 
that could pass a 200 mesh screen.

Standard Preparations
The crystalline alkaloid reserpine was dissolved in glacial acetic acid and 

enough distilled water added to yield a stock solution of 10 mg. alkaloid 
per ml. of 10 per cent acetic acid. This solution was stored at 7° and 
used within 2 weeks. A sample of the crude compound R. serpentina 
also was supplied by E. R. Squibb and Sons. It had an assumed relative 
potency of 1 g./kg. and was powdered to the same degree of fineness as 
the test samples, YR-1 and YC-1.

* A ll correspondence to: D r. G eorge L. Saiger, C olum bia U niversity, School o f  
Public  H ealth  and  A dm inistrative M edicine, 600 W est 168th Street, N ew  Y o rk  32, 
N ew  Y ork , U .S.A .
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Experimental Animals
The experimental animals were male albino rats, from 120 to 200 g., 

taken from the animal stock of the Department of Physiology at the 
University of Mendoza in Argentina, Each rat was fasted for 18 to 24 
hours before dosing.

Methods of Dosing
The rats were divided into 4 groups. The first group received YR-1 

or reserpine; the second, YR-1 or R. serpentina; the third, YC-1 or reser- 
pine; and the fourth, YC-1 or R. serpentina. All preparations were 
administered at 3 dose levels corresponding in effect to 1, 2 and 4 mg. of 
reserpine per 100 g. of rat as judged from the assumed relative potencies. 
This amounted to 781, 1,562 and 3,124 mg./lOO g. of rat for YR-1; 
769, 1,538 and 3,176 mg./lOO g. of rat for YC-1; and 1,000, 2,000 and
4,000 mg./lOO g. of rat for R. serpentina. There were 16 rats at each 
dose level for the first group of rats treated (YR-1 and reserpine) and 20 
rats at each dose level for the 3 remaining groups.

Because of the high dose volumes required of the 2 test preparations 
and R. serpentina, each dose was divided equally into 2 or 3 portions 
administered 45 minutes apart. Each preparation was fed by gastric 
tube after being suspended in a 0-25 per cent agar solution.

Measured Activity
Two types of activity were measured, ptotic activity and decrease in 

blood pressure. Ptotic activity was scored in whole numbers ranging 
from 0 to 4 according to a scale devised by Rubin and others3’4. Each 
eye was scored separately and the scores for both eyes totalled. Observa
tions were made 8, 24 and 48 hours after dosing. Blood pressure readings 
were obtained on the tail by the plethysmographic method of Williams 
and others5. Measurements were taken before dosing, during, and 
immediately after the 24-hour period subsequent to dosing.

R e s u l t s

For all preparations, doses and animals tested, the peak ptotic effect 
was observed 24 hours after dosing. Average 24-hour readings are 
shown in Table E At the middle and highest dose, effects still were 
present after 48 hours for YR-1 and YC-1 and to some extent R. serpentina.

T A B LE I
Average 24-hour ptotic activity i n  rats

G ro u p P re p a ra t io n s

D o se N o . o f  
an im a ls  

e a c h  d o se1 2 3

I  ................................. Y R -1 2-50 4-35 5-92 14
R e se rp in e 2-00 4-14 5-07 14

I I  ................................ Y R -1 2-47 4-42 5-23 19
R. serpentina 2-15 4-10 5-00 19

I l l  ................................. Y C-1 3 05 4-33 6-22 18
R e se rp in e 2-50 3-94 5-88 18

IV  ................................. YC-1 3-05 4 1 5 5-95 20
JR. serpentina 2-50 3-85 5-65 20
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During the first 24 hours, there was a decrease in average blood pressure 
at each dose for each preparation tested (Table II). But, in no instance 
was there a consistent decrease in average blood pressure with increasing 
dose. Sedation, diarrhoea and decrease in body temperature were 
common to all animals during the 24-hour period subsequent to dosing. 
During this same period of time, convulsions were observed at the highest 
dose in 3 rats on YR-1 and in 2 rats on YC-1. In addition, 2 animals 
died at the highest dose for YR-1 and 3 animals at the highest dose for 
YC-1.

TA B LE II
Mean blood pressure i n  m m . o f  h g . before a n d  after a  24-hour

P E R IO D  SU B SEQ U EN T TO  D O S IN G

BIOLOGICAL ASSAY OF RAUWOLFIA SCHUELl

P re p a ra t io n

D o se

1 2 3

B efo re A fte r B efo re A fte r B efo re A fte r

Y R -1  ................................................ 99-7 76-6 98-4 83-9 97-9 89-4
(36)* (34) (36) (32) (36) (32)

Y C -1 ................................................ 95-6 70-1 98-6 81-0 1 0 1 0 70-4
(40) (37) (40) (35) (40) (34)

R e se rp in e 99-6 81-2 9 7 1 73-6 99-9 79-5
(36) (27) (36) (30) (36) (33)

R. serpentina 99-6 69-7 91-5 7 1 0 101-2 71-8
(40) (40) (40) (40) (40) (39)

* N u m b e r  o f  ra ts .

Relative potencies were estimated by the method of parallel fine assays 
described in Finney6. Results are summarized in Table III for 24-hour 
ptotic activity only. Estimates of relative potency were not obtained 
from blood pressure readings, because the dosage-response curves were 
either flat or increasing within the range of doses selected for this study.

T A B L E  III
R elative potency determinations for Rauwolfia schueli yr-1 and yc-1

T e st
p re p a ra t io n S ta n d a rd

R e la tiv e  p o te n c y  in  
g . o f  re s e rp in e  p e r 
k g . o f  te s t  p re p .*

95 p e r  ce n t 
co n fid en ce  

lim its

Y R - 1 ................................................ R e se rp in e 1-603 1-196, 2 1 4 2
Y R - 1 ............................................... R. serpentina 1 533 1-322, 1-787
Y C - 1 ............................................... R e se rp in e 1-557 1-290, 1-868
Y C - 1 ................................................ R. serpentina 1-550 1-396, 1-720

* 1 k g . o f  R. serpertina is a s su m e d  to  b e  e q u iv a le n t in  effec t to  1 g. o f  rese rp in e .

Although the relative potencies of YR-1 and YC-1 were higher than 
they initially were assumed to be, both preparations exhibited the same 
degree of reserpine-like activity. This is shown in Table III. Inasmuch 
as the relative potencies of YR-1 and YC-1 did not appear to depend on 
whether the standard was reserpine or R. serpentina administered in 
equivalent doses, the assumption on which equivalent doses were ascer
tained, that is, 1 kg. of R. serpentina is equivalent in effect to 1 g. of 
reserpine, was indirectly verified. These findings also suggested that the 
reserpine-like activity of R. schueli is greater than that of R. serpentina.
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D is c u s s io n

Various criteria have been used as a basis for estimating the relative 
potency of rauwolfia compounds. Reputedly, the problem is a difficult 
one because the onset of action of reserpine is gradual and the dosage- 
response curve for most of its activity in mammals is notably flat7. In 
the present study, ptotic activity did provide for good estimates of relative 
potency. However, peak effects were not observed until about 24 hours 
after dosing.

Earl7 suggests a unique biological assay of reserpine based on an all-or- 
none response. He uses a pigeon emesis test and obtains a relatively 
steep dosage-response curve. There is a possibility that his method will 
give estimates of relative potency which are subject to less error than those 
obtained through an evaluation of ptotic activity.

Convulsions and death are effects which previously have not been 
ascribed to the pure alkaloid reserpine, although in this study, they were 
observed at the highest dose for YR-1 and YC-1. Presumably, they also 
could occur at doses higher than 4 mg./100 g. of rat for reserpine con
sidering that the biological equivalence of the R. schueli roots was under
estimated in selecting the doses. Furthermore, ptotic activity was more 
sustained at higher doses for YR-1 and YC-1 than it was for reserpine. 
Of course, convulsions and death also could have been due to the presence 
of toxic substances in the whole root.

Rubin and others1 studied the activity of R. serpentina, R. heterophylla 
and R. canescens. Based on measures of ptotic activity in the rat, they 
obtained the following reserpine equivalence ratios: R. serpentina, 1:401; 
R. heterophylla, 1:387; and R. canescens, 1:258. Inasmuch as it has 
been shown indirectly that R. serpentina is about 1/1,000 as active as 
reserpine, it would appear that the findings of Rubin and his colleagues 
are not directly comparable to those of the present study. Conceivably, 
this could be due to a difference in assay techniques. If the equivalence 
ratios for R. heterophylla and R. canescens are multiplied by a factor of 
1/2-5 in order to adjust for this difference, the following results are 
obtained: R. heterophylla, 1:968 and R. canescens, 1:645. In the present 
study, the roots of R. schueli were about 1/630 as active as reserpine. 
Thus, it would appear through these adjustments that in terms of reserpine- 
like activity, R. schueli is about as potent as R. canescens but more potent 
than R. heterophylla.

Since all of the active principles of R. schueli have not been identified, 
it cannot be stated that the activity of this species is due simply to its 
reserpine content. For example, Rubin and others1 used an isotope 
dilution method for ascertaining the reserpine content of the three species 
of rauwolfia root which they studied. They compared these results with 
those obtained from a biological assay in rats and in each instance they 
found that the activity of the roots was several times greater than that 
which could be predicted on the basis of their reserpine content alone. 
Studies on dogs and monkeys by Cronheim and others8 and Kohli and 
Mukerji9 also suggest that reserpine does not account for all of the
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activity found in R. serpentina or any of its extracts. La Barre2 found 
that reserpine is not the only active principle in R. vomitoria. He was 
able to show that the non-reserpine extract of this species had hypotensive 
effects in dogs, rabbits and rats and tranquillising effects in dogs which 
were not unlike those of reserpine.
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A haemolytic method has been used for the determination of the 
isotonic concentrations of dextrose, fructose, galactose and mannose. 
Fructose, galactose and mannose produce haemolytic effects deviating 
from those of dextrose. The isotonic concentration in mM per cent 
of fructose was found to be 20-3; of galactose, 38-9; of mannose,
33-3 ; whereas that of dextrose is 26 mM per cent.

T he intravenous carbohydrate alimentation by fructose solutions has been 
recognised since 1954 in N e w  a n d  N o n - o f f i c ia l  R e m e d ie s ,  now N e w  a n d  N o n 
o f f i c ia l  D r u g s , for diabetic patients, since it is metabolised or converted 
into glycogen in the absence of insulin1-2. Galactose and mannose have 
also been given parenterally in several studies of diabetes and sugar 
metabolism3-4. The molecular weights of these monosaccharides are the 
same as that of dextrose (anhydrous) and it might be reasonably assumed 
that their similar properties imply similar isotonic concentrations (about 
5 per cent). However, as these sugars might be partially permeable to 
erythrocytes, only by haemolytic tests can their isotonicity be assessed. 
A quantitative haemolytic method for determining the degree of disinte
gration of erythrocytes produced by hypotonic solutions was described 
by Hunter5. Husa and others8-14 used this method for the determination 
of isotonic coefficients i of various salts and organic medicinal substances 
including some sugars.

Cadwallader and Husa11 emphasised the difference between the physico
chemical Van’t Hoff’s factor (isotonic coefficient;') and the haemolytic one 
(haemolytic /) of those compounds which are permeable or which affect 
the erythrocytes in other ways. Grosicki and Husa7 suggested the use of 
the i value of sodium chloride as a standard for the evaluation of the 
haemolytic data of other compounds, as sodium chloride is practically 
impermeable to erythrocytes; its physico-chemical i value is also its 
haemolytic i value, and by reference to this the haemolytic i value of any 
compound at equivalent molar concentrations could be computed. Thus 
the haemolytic i value could be substituted for the physico-chemical i 
value in the equation for determining isotonicity using the freezing point 
method15. The isotonic concentration will coincide with the iso-osmotic 
concentration only where the erythrocytes are not affected by increased 
permeability, agglutination or even slight haemolysis.

E xperimental
M a t e r i a l s

Sodium ChlorideB.P.; Dextrose B .P .; d -(—)-fructose, analytical reagent 
grade, optical rotation of 9-579 per cent solution = — 16-7°; specific 
rotation = — 87-2°; D-(+)-galactose, analytical reagent grade, optical 
rotation of 10-04 per cent solution = +  16°, specific rotation = +  79-6°;

IS O T O N IC IT Y  O F  F R U C T O S E , G A L A C T O S E  A N D  M A N N O S E
S O L U T IO N S
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D-(+)-mannose, analytical reagent grade, optical rotation of 9-77 per cent 
solution = + 2 -6 °, specific rotation = +  14°; water for injection U.S.P. 
and B.P., boiled before use.
M e t h o d

Solutions were made of 0-7 per cent sodium chloride and 10 per cent of 
each sugar respectively, in water for injection. The solutions were serially 
diluted. Blood was added in 0-02 ml. portions to 4 ml. of each solution 
in a test tube. After admixing, the test tubes were set aside at room 
temperature for 2 hours, and centrifuged at 3,000 r.p.m. for one minute. 
The light transmission of the supernatant fluid containing the liberated 
oxyhaemoglobin was determined by a Klett-Summerson photoelectric 
colorimeter using No. 54 green filter; the sensitivity being increased by a 
Kipp galvanometer16. Two readings were made for each concentration 
and were then averaged. The amount of haemolysis at the different 
concentrations of salt and sugars was calculated as a percentage of 
haemolysis obtained by laking the erythrocytes in a 0T per cent sodium 
carbonate solution which might reasonably be considered as complete 
haemolysis.

The resistance of the erythrocytes to haemolysis can also be evaluated 
by determining the maximum concentration of sodium chloride causing 
100 per cent haemolysis of the blood of different donors; the lower this 
concentration, the greater is the erythrocyte’s resistance to haemolysis. 
The haemolytic tests are therefore reproducible only with the same blood 
but the variations from one healthy donor’s blood to another are slight. 
The effects of these variations could be minimised by averaging the 
results of the haemolytic tests for each of the compounds of the different 
donors’ blood at equivalent conditions. At concentrations where 
haemolysis is increased by subsequent dilution, the per cent haemolysis 
is directly proportional to the hypotonicity, and therefore can be used for 
computing the haemolytic i value and isotonicity.

The i value calculation is essentially similar to that suggested by 
Grosicki and Husa7 but concentrations are expressed in millimols per 
cent, in accordance with the following equation: 
i  (haemolytic) value of compound =

[/ (haemolytic) value of NaCl] X 
(mMa +  mMh +  mMc +  mlVW +  mMe)
(m M / +  mMg +  mM/i +  mMi +  mMj) 

mM per cent of an isotonic solution =
R

i (haemolytic)
X 100 (2)t

* a, b, c, d, and  e represent concentra tions o f  sodium  chloride in m illim ols per cent, 
a t  25, 35, 50, 60, and  75 per cent haem olysis whereas f  g, h, i and  j  represent the 
equivalent concentra tions o f the test com pound in  m illim ols per cent, respectively.

t  R  is the constan t osm otic ra tio  T //K , derived from  the  freezing p o in t equation  
o f isotonicity15 w hich could  be rew ritten  as follow ing: m =  T //K / x  1//; R being 
a  ra tio  is entirely independent o f the  freezing p o in t m ethod (and its units) and  is 
equivalent to  0-28 (m =  m olal concen tra tion , T , =  freezing p o in t depression o f  
b lood  ( —0-52°), K , ■= m olal freezing po in t depression constan t fo r w ater ( —1-855°), 
2 =  V an’t H o ff’s factor).
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The multiple of mM concentration and the haemolytic i value gives the 
haemolytic milliosmol units, which should be differentiated from the 
milliosmol units defined as the multiple of Van’t Hoff’s factor and milli- 
molar concentration. For isotonicity, the haemolytic milliosmol units 
should be adopted, and from equation (2) a 0-28 haemolytic-osmolar 
concentration is equivalent to 28 haemolytic milliosmols per cent, which 
represents the isotonic concentration with blood serum.

This method for the evaluation of isotonicity is applicable to any of the 
pharmaceutical injectable compounds including those producing exo- 
osmotic or endo-osmotic effects on erythrocytes provided that the com
pounds are non-haemolytic in iso-osmotic concentrations with blood 
serum.

E. MENCZEL, M. RABINOVITZ AND Y. GOLDBERG

E xperimental and  R esults

Preliminary Tests
The equivalent per cent haemolysis at each concentration of sodium 

chloride of the preliminary tests is recorded in Table I. The results 
confirm those of Grosicki and Husa7 that the haemolytic tests are sensitive 
in the range of 0-30 to 0-50 per cent sodium chloride. By plotting the 
per cent haemolysis against salt concentration a sigmoid curve is obtained. 
The sensitive range with the monosaccharides (see Table II) is about 
1 to 3 per cent and plots produce similar sigmoid curves.

TABLE I
H a e m o l y s i s  p e r  c e n t  o f  s o d i u m  c h l o r i d e  s o l u t i o n s  a t  v a r i o u s  c o n c e n t r a t i o n s

Concentration units Sodium chloride concentrations

g. per cent 
mM per cent 
mOsmoIs per cent

015
2-56
4-76

0 - 2 0
3-42
6-36

0-25
4-27
7-94

0-30
5-13
9-54

0-35
5-98

1 0 0 2

0-40
6-84

12-74

0-45
7-69

14-20

0-50
8-55

15-90

0-60
10-26
19-08

Haemolysis per cent 1 0 0 1 0 0 1 0 0 96 93 76 1 0 2 0

Haemolysis Tests
Three healthy donors were chosen for the subsequent haemolysis tests 

which were made at close arithmetic dilutions within the sensitive range of 
concentrations as following:

Sodium chloride: 0-36, 0-4, 0-44, 0-48, 0-52 and 0-9 g. per cent respect
ively.

Monosaccharides: 0-2, 0-5, 0-8, T2, T5, 1-8, 2T, 2-4, 2-7, 3-0, 3-3, 3-6,
3-9, 4-2, and 4-5 g. per cent respectively.

Haematologic Data of the Blood Donors
Donor Z (female), age 20, erythrocytes =  4,500,000, haemoglobin 

90 per cent. The highest concentration of sodium chloride causing about 
complete haemolysis was 0 4  per cent.

Donor M (male), age 23, erythrocytes =  4,400,000, haemoglobin =  
89 per cent. The highest concentration of sodium chloride causing 
complete haemolysis was 0-36 per cent.
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Donor Y (male), age 24, erythrocytes =  4,400,000, haemoglobin =  88 
per cent. The highest concentration producing about complete haemolysis 
was 0T per cent.

TABLE II
H a e m o l y s is *  p e r  c e n t  p r o d u c e d  b y  d e x t r o s e , f r u c t o s e , g a l a c t o s e  a n d  m a n n o se

SOLUTIONS

Concentrations per cent Dextrose Fructose Galactose Mannose

g. mM mOsmol.
Per cent 

haemolysis
Per cent 

haemolysis
Per cent 

haemolysis
Per cent 

haemolysis

I 5-55 5-55 1 0 0 92 98 1 0 0
2 1 1 - 1 0 1 1 1 0 93 1 0 97 93
3 1665 16-65 60 2 50 40
4 2 2 - 0 2 2 2 - 2 0 2 0 1 2 2

*  Blood was from the donor o f blood for the results in Table I.

C a lc u la t io n  o f  th e  H a e m o l y t i c  i V a lu e  a n d  I s o to n ic i t y  

The average readings of light transmission of each blood sample at the 
concentrations of sodium chloride and monosaccharides used were 
converted into per cent haemolysis with reference to the total haemolysis 
obtained by laking each blood sample in 0T per cent sodium carbonate. 
Plotting the per cent haemolysis against the strength of sodium chloride 
and monosaccharides, respectively, the concentrations producing 25, 35, 
50, 60, 75 per cent haemolysis were derived.

The data obtained from the three blood specimens was averaged for 
each degree of haemolysis produced by the sodium chloride and the 
dextrose, fructose, galactose and mannose respectively using equation (1). 
The haemolytic i values of the monosaccharides were computed reckoning 
the i value of sodium chloride as 1-867. These calculated haemolytic i 
values at the respective per cent haemolysis are tabulated in Table III, 
the last column representing the average value which might reasonably 
be considered as the haemolytic i value.

TABLE III
H a e m o l y t ic  i  v a l u e s  o f  m o n o s a c c h a r id e s

Monosaccharide

At 25 
per cent 

haemolysis

At 35 
per cent 

haemolysis

At 50 
per cent 

haemolysis

At 60 
per cent 

haemolysis

At 75 
per cent 

haemolysis
Haemolytic 

/ value

Dextrose 1014 1-075 1-073 1099 1 - 1 2 2 1-076
Fructose* 1-346 1-346 1-375 1-432 — 1-376
Galactose 0-724 0-722 0-718 0-728 0-715 0-721
Mannose 0-852 0-836 0-834 0-842 0-845 0-842

*  The blood specimen y  did not yield to 75 per cent haemolysis within the range of concentrations o f 
fructose studied and therefore the haemolytic / value at this degree of haemolysis was not ascertained. 
Based on the other two blood specimens, the haemolytic i value for this sugar was 1-408.

Our results for dextrose differ slightly from those obtained by Grosicki 
and Husa7, who found the i value to be 1T7. The haemolytic effects of 
fructose deviated considerably from those of the other monosaccharides 
and indicate significant exosmosis; in one sample, fructose agglutinated 
the red blood corpuscles, which might be interpreted as a further effect on
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the permeability of the cells. On the other hand, galactose and mannose 
solutions produce the opposite effect to that of fructose, and even dextrose, 
on the permeability of erythrocytes indicating a certain degree of 
endosmosis7.

From the haemolytic i values isotonicity was calculated using equation
(2). The results are in Table IV.

TABLE IV
ISOTONIC CONCENTRATIONS OF DEXTROSE, FRUCTOSE, GALACTOSE AND MANNOSE

E. MENCZEL, M. RABINOVITZ AND Y. GOLDBERG

Haemolytic 
i  value

Isotonic concentrations per cent

g. mM or milliosmols haemolytic milliosmols

Dextrose 1076 4-68 26 28
Fructose 1-376 3-65 20-3 28
Galactose 0-721 7-00 38-9 28
Mannose 0-842 6-00 33-3 28
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332 species of plants from the colony of Hong Kong have been tested 
for the presence of alkaloids. 38 gave strong positive reactions.

T h e  Colony o f  Hong Kong possesses some 2,000 plant species, about 
20 per cent of which are used in folk-medicine. Of the 332 medicinal 
species tested in this survey for the presence of alkaloids, 38 (11-4 per cent) 
gave strong positive reactions and the presence of alkaloids in these 
species is indicated. The occurrence in Zanthoxylum avicennae1, Z. niti- 
dum2’3, Ruta graveolens\ Nelumbo nucífera5, Justicia gendarussa, J. 
ventricosa, Anisomeles indica, and Murraya paniculata, has been verified 
by detailed chemical examination in this laboratory.

The reader is referred to similar surveys carried out in Australia6, 
the United States7-8, Russia9-13, Argentina14, North Borneo15, Papua and 
New Guinea16, Malaya17, and Hawaii18.

P r o c e d u r e

Fresh plant-material was obtained from herbalists whose supplies 
originate from the Island, the New Territories, and outlying islands, 
including Lan Tao. Tests were performed on two extracts.

Hydrochloric acid extract. Chopped plant material (about 2 g.) was 
covered with 5 per cent, hydrochloric acid in a specimen tube (1-5 cm. 
X 7-5 cm.) for 48 hours. Drops of the extract were tested separately 
with a drop of each of the alkaloid testing reagents.

Prollius extract. Extraction was carried out as for the acid extraction 
but with Prollius fluid19 substituted for hydrochloric acid. The decanted 
extract was allowed to evaporate on a watch-glass and the residue was 
taken up with two drops of 1 per cent hydrochloric acid. The acid 
solution was divided into three portions on a glass slide and tested with 
a drop of each of three alkaloid reagents.

Alkaloid reagents. The alkaloid reagents which were prepared as 
stated by Henry19 were: iodine—potassium iodide solution (I); Mayer’s 
reagent (M); silicotungstic acid (S); phosphotungstic acid (P); and 
Dragendorff’s reagent (D).

The strength of precipitate obtained in the tests was judged by eye 
and was recorded thus: xxxx, very strong precipitate; xxx, strong precipi
tate ; xx, moderate precipitate; x, negligible precipitate; -, no precipitate

Plant extracts which in the main showed xxxx and xxx on testing were 
considered to contain alkaloids and those plants are designated A in
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Table 1. Using the method of Douglas and Kiang17, the following 
controls were made:

H. R. ARTHUR AND H. T. CHEUNG

S o lu tio n
C o n c e n tra tio n

(w/v)

P re c ip ita te s  w ith  reag e n ts

I M S p D

B ru cin e  h y d ro c h lo r id e 1 : 100 xxxx xxxx xxxx XXXX XXXX
1 :5 0 0 XXX XXX XXX XX XXX
1 :2 ,5 0 0 XX XX X X X
1 : 10,000 X X - - -

Q u in in e  s u lp h a te 1 : 100 XXXX xxxx xxxx xxxx XXXX
1 :5 0 0 XXX XXX XXX XXX XXX
1 :2 ,5 0 0 XXX XXX XX XX XXX
1 : 10,000 XX XX x X XX

TABLE I*
* (1) refers to  leaves ; (s), stem s ; (r), ro o t ; (b), bark  ; (fl.), flower ; (fr), fru it ; (wp), whole p lan t o r herb

(sb), stem  b a rk ; (rb), ro o t b a rk ; (rw), ro o t w ood; (1, s), leaves and stems.

L i s t  o f  p l a n t s  e x a m in e d

Acanthaceae— A c a n th u s  ilic ifo liu s  L., (r); D iclip te ra  ch inensis  (V ahl.) N ees. (1); H yg ro p h ila  sa lic ifo lia  
N ees. (w p); H y p o e s te s  p u rpurea  (L.), Soland, (1); J u s tic ia  gendarussa  Burm . f. (1) A , Ju s tic ia  ven tr i-  
cosa  W all. (1) A , (s) A  ; L ep id a g a th is  incurva  D on. (w p); R h inacan thus com m u n is  Nees. (1), (s).

Agavaceae— A g a v e  a n g u s tifo lia  H aw ?, (w p); Sa n sev ier ia  zey la n ica  W illd. (1), (r).
Amaranthaceae— A itern a n th era  sessiles  R. Br., (r), (1, s) ; A lte rn a n th era  versicolor Regel, (wp) ; A m a ra n th u s  

sp inosus  L. (1), (s). (r).
Amaryllidaceae— C rinum  a sia ticu m  L. (1) A  ; C rinum  a sia ticum  L. var. S in icu m  Baker (r) A  ; C urculigo  

orch id iodes  G aertin ., (r ) ; L yco r is  rad ia ta  H erb., (1); (r) A  ; Z e p h yra n th e s  carina ta  H erb., (1) A ;  (r) A .
A nacardiaceae— D ra con tom elon  dao  (Blanco.) M err., (1), (s); M a n g ife ra  indica  L. (1); R h u s h yp o leuca  

C ham p., (1), (s).
Apocynaceae— M elo d in u s suavolens  C ham p., (fr); N eriu m  ind icum  M ill. (1), (s); S tro p h a n th u s d ivarica tus  

(L our.) H . & A., (fr) A ,  (1), (sb) A .
Aquifoliaceae— Ile x  asprella  C ham p., (1), (s); I le x  ro tunda  T hunb., (sb).
Araceae— A c o ru s gra m in eu s  Soland, (1), (r) ; A g la o n em a  m o d es tu m  Schott., (1), (s); A lo ca sia  odora  (Roxb.) 

K och, (r) ; A risa em a  ja p o n icu m  Bl.? (s), (r ) ; E p ip rem n u m  p in n a tu m  (L.) Engler., (1), (s); I.asia  sp inosa  
(L.) Thw ., (1), (s) ; P istia  s tra tio te s  L., (wp) ; T yp h o n iu m  d iva rica tu m  (L.) D ecne. ,(r) A , (1. s) ; T yphon ium  
fr ilo b a tu m  S chott.? , (1, s), (bulb r).

Araliaceae— A c a n th o p a n a x  tr ifo lia tu s  (L.) M err., (1), (s); Sche fflera  octo p h ylla  (L our.) H arm s., (1).
Asclepiadaceae— T oxoca rp u s w igh tianus  H . & A .? (I, s ) ; T ylop h o ra  ova ta  H ook ., (r) A , (1, s) A .
Balsamtnaceae— Im p a tie n s  ch inensis L., (s, 1).
Bambucaceae— B a m b u sa  perva ria b ilis  M cC lure? (s); B a m b u sa  spp.
Bombacaceae— G ossam pinus m alabarica  M err., (1), (b).
Burseraceae— C anarium  a lbum  R aeusch., (1), (s); C anarium  p im e la  K oenig., (1), (s).
C aesalpinìaceae— B auhin ia  g la u ca  W all., (1), (s) ; C aesa lp in ia  cris ta  L. (seeds) ; C aesalp in ia  vernalis C ham p., 

(wp) ; C assia  O ccidentalis L. (1), (r) ; C assia  to rà  L., (1, s), (r).
C actaceae— H ylo cereu s  u n d a tu s  (H aw .) B. & R ., (1), (s); O p u n tia  d illen ii (K er.) H aw ., (s).
C aprifoliaceae— L o nicera  co n fu sa  D C ., (1), (b ); S a m b u cu s  ja v a n ic a  Reinw.. (1), (s).
Caryophyllaceae— P olycarpaea  corym b o sa  Lam ., (wp).
Caricaceae— C arica  p a p a ya  L., (1).
C henopodiaceae— C henopodium  am brosio ides  L., (1), s ;  A ch yra n th es  aspera  L., (wp).
C hloranthaceae— C hlora n th u s  g la b er  T hunb ., (wp).
Combretaceae— Q uisqualis ind ica  L., (1), (s).
Commelinaceae— A n e ile m a  m ala b a riu m  (L.) M err., (wp) ; C o m m elin a  nudiflora  L., (1, s) ; C ya n o tis  ke w en sis  

C. B. C larke, (w p); R h o e o  d iscolor  (L ’H er.) H ance, (1).
C ompositae— A rte m isia  vulgaris L., (1); A s te r  a gera to ides  Turcq. (wp); B idens p ilo sa  L., (I, s), (r), (fl); 

B lu m e a  b a lsa m ife ra  D C ., (1, s); C entipeda  m in im a  A. Br. et A schers., (I, s); C h rysa n th em u m  indicum  
L., (I, s); C h rysa n th em u m  m o rifo liu m  R am ., (1, s); C rossosteph ium  chinense  (L.) M ak. ex C ham p. 
& Schlecht., (w p); E clip ta  a lba  (L.) H assk., (w p); E leph a n to p u s scaber  L., (w p); E m ilia  sonch ifo lia  
(L.) D C ., (wp) A  ; G ynura  crepid iodes  B enth .? , (w p); G ynura  d ivarica tus  (L.) D C .. (1); G ynura  segetum  
M err., (1, s ); Inu la  cappa  D C ., (1), (sb), (fl); L agg era  a la ta  Sch.-Bip., (1), (s), (s, 1); P luchea  indica  (L.) 
Less, (1, s); Sen ec io  scandens  H am ., (1), (s); S o lidago  virgo-aurea  L., (w p); T a ra xa cu m  officinale  W igg., 
(1, s ); Vernonia c inerea  (L.) Less., (w p); Vernonia p a tu la  (A it.) M err., (w p); X a n th iu m  stra u m a riu m  
L ., (wp).

Connaraceae— R o u rea  m icro p h ylla  Planch., (1, s).
Convolvulaceae— C onvolvulus obscura  K er., (wp) ; Ip o m o ea  pes-caprae  (L.) R o th ., (1, s) ; M errem ia  

g em e lla  (Burm .) H all, f., (w p); O perculina  tu rp e th u m  S. M anso., (1, s).
Crassulaceae— K alanchoe lac in ia ta  (L.) Pers., (1); K alanchoe p in n a ta  Pers., (1, s).
Cruciferae— C apsella  bursa -p a st or is M oench., (w p); N a s tu r tiu m  m o n ta n u m  W all., (wp).
Cucurbitaceae— M elo th r ia  h e tero p h ylla  (L our.) Cogn.. (1, s), (s); M o m o rd ica  charan tia  L., (wp).
Cyathaceae— C ibo tiva  b a ro m e tz  (L.) Sm., (s).
Cyperaceae— C yp eru s a lte rn ifo liu s  L., (1), (fl) ; C yp eru s  m a laccensis  Lam . ?, (1, r) ; C yperus  ro tundus  L., (wp).
D illeniaceae— T etra cera  scandens  (L.) M err., (1).
D ioscoreaceae— D ioscorea  h isp ida  D ennst., (r) A .
E benaceae— D iospyros vaccin io ides Lindi., (s), (1), (fr).
E laeocarpaceae— E laeocarpus  sp. ? (I), (s).
Euphorbiaceae— A c a lyp h a  austra lis  L ., (w p); B ischo fia  tr ifo lia ta  (R oxb.) H ook ., (1), (s); B ride lia  m o n o ica  

(L our.) M err., (I), (s); B reyn ia  fr u tic o s a  (L .) H ook , f., (1), (s); C la o x y lo n  p o lo t (Burm .) M err., (I), (s); 
C ro to n  c ra ssifo liu s  Geisel., (w p); C roton  tig lium  L., (1); E u p h o rb ia  a n tiquorum  L., (1); E u phorb ia  h ir ta  
L. var. ty p ica  L. C. W heeler, (w p); E uphorb ia  th y m ifo lia  L., (1, s ); G lochid ion  eriocarpum  C ham ., 
(1), (s ); M a llo tu s  a p e lta  M uell., (1) (s), A ;  P h y lla n th u s  cochin -ch inensis  Spreng., (I, s ) ; P hy lla n th u s  
em b lica  L., (1), (sb) ; P h y lla n th u s  urinaria  L., (w p); R ic in u s  com m u n is  L., (1), (s); S a p iu m  seb iferu m  
R oxb., (1, s); S a uropus ro stra tu s  M iq., (1).
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T A B LE I— continued
G ramineae — C ym bopogon  c itra tu s  Stapf., (1); Im p era ta  c ilin d r ic a  (L.) Beauv., (r), (fi); O ry za  sa tira  L.. 

(budding seed); P h ra g m ite s  co m m u n u s  Trin., (s) ; P ogo n a th eru m  p a n ic eu m  (Lam.) Hack, (wp); S a c-  
charum  o ffic inarum  L ., (s).

G uttiferae— G arcin ia  m u ltiflo ra  Champ., (1, s).
Hamamelidaceae— L iq u id a m b a r fo rm o sa n a  Hance, (I), (sb).
Hypericaceae—C ra to xy lo n  lig u strin u m  (Spach.) Bl., (I, s); H yp er icu m  ja p o n ic u m  Thunb., (wp).
L abiatae— A n iso m e les  indica  (L.) O. Ktze., (1) A ,  (b) A  ? ; C oleus aro m a ticu s  Benth., (1), (s) ; G lechom a hede-  

raceae  L., (wp) ; L eo n u ru s s ib iricus  L., (1, s), (r); M e n th a  arvensis  L., (wp) ; M en th a  ro tu n d ifo lia  Huds., 
(1, s); O cim u m  b asilicum  L., (I, s); O rthodon  lanceo la tum  (Benth.) Kudo, (wp); P erilla  fru te sc e n s  (L.) 
Britton, (1); T eu criu m  visc idum  Bl., (wp).

Lauraceae— C a ssy th a  f l l i fo rm is  L., (s) A  ; C in n a m o m u m  cam phora  Sieb., (1), ('s) ; C in n a m o m u m  ja p o n icu m  
Sieb., (1), (s); L its e a  cubeba  (Lour.) Pers, (1), (b) A  ; L it  sea  g lu tin o sa  C.B. Rob., (1) A ,  (s) A  ; L itse a  
ro tu n d ifo lia  Hemst. var. ob lo n g ifo lia  Allen, (I), (sb).

L iliaceae— A lo e  vera  L. var. ch inensis  (Haw.) Berger, (wp); C h lo ro p h ytu m  caperne  Kuntze, (1), (r) ; 
C ordyline fr u tic o s a  A. Cheval, (1); D ianella  en sifo lia  (L.) DC., (1); H em ero ca llis  fu lv a  L., (I), (r).

Lobeliaceae— L o b elia  ch inensis  Lour., (wp) A .
Loganiaceae— G elsem ium  elegans  Bth., (1, s) A  ; S try c h n o s  a ngustiflo ra  Benth., (1) A ,  (s) A .
L ycopodiaceae— L yco p o d iu m  cernum  L., (1, s), (r).
L ythraceae— L a w so n ia  inerm is  L., (1, s).
M agnoliaceae— M a g n o lia  coco  DC., (1) A ,  (s) A .
M alvaceae— A b u tilo n  ind icum  (L.) G. Don, (1), (fl), (b) ; H ib iscu s  m u ta b ilis  L., (I, s) ; H ib iscu s  rosa-sinensis  

L., (1), (s); S id a  a cu ta  Burm. f., (1, s); S i  da  fa l la x  Walp., (wp); S i  da rh o m b ifo lia  L., (I, s).
Melastomaceae— M ela sio rn a  d odecandrum  Lour., (1, s); M e la s to m a  sangu ineum  Sims, (I, s).
Meliaceae— M e lia  azedarach  L., (1). (s).
Menispermaceae— S te p h a n ia  hern a n d ifo lia  Walp., (I, s) A  ; S te p h a n ia  sp., (wp) A ;  T hinospora  s inensis  

Merr., (s).
M imosaceae— A ca cia  co n fu sa  Merr., (1); M im o sa  p u d ic a  L., (wp); P ith eco llo b iu m  luc idum  Benth., (1, s).
M oraceae— A rto c a rp u s  linganensis  Merr., (1), (sb); F icu s h ir ta  Vahl., (1), (s); F icu s h isp ida  L. f., (1), (s); 

F icu s p u m ila  L., (1), (s); F icus p y r ifo rm is  Hook. & Arn., (1, s), (tendrils); F icus re fu sa  L ., (tendrils); 
F icus w igh tiana  Benth., (1, s); M o r u s  a lb a , (1, sb).

M yrsinaceae— A rd is ia  crispa  A. DC., (1), (s), (r); A rd is ia  p u n c ta ta  Lindi., (1, s); E m b e lia  lae ta  (L.) Mez., 
(1, s); E m b e lia  o b o n g ifo lia  Hemsl., (1, s).

M yrtaceae— B a e c k e a  fru te sc e n s  L., (1, s) ; C le is to c a ly x  opercu la tu s  (Roxb.) Merr., (1, s); P sid iu m  gua java  
L., (I, s); S y z y g iu m  ja m b o s  (L.) Alston, (1, s).

Papilionaceae— A b ru s  can ton iensis  Hance, (1) A ,  (s) A ?, (r) A ;  C ro ta laria  sa ltia n a  Andr., (1), (s); (1) A ,  
(s) A ;  D esm o d iu m  sty ra c ifo liu m  (Osb.) Merr., (wp); E rio sm a  ch inense  Vogel, (1, s), (rb ) ; In d ig o fe ra  
su ffru tico sa  Mill., (wp) ; M ille t t ia  d ie ls ia n a  Harms., (1, s) ; M ille t tia  speciosa  Champ., (1), (sb) ; M o g h a n ia  
p r o s tra ta  (Roxb.) Wang & Tang, (1, s), (r); O rm o sia  em a rg in a ta  Bth., (1, s) A  ; Phaseo lus lu n a tu s  L., 
(1, s) ; P h y llo d iu m  p u lch e llu m  (Bth.) Desv., (1, s) A  ; P tero lo m a  tr iq u e tru m  Benth., (wp) ; P uera ria  
thunberg iana  (S. & Z.) Benth., (s); S m ith ia  c o n fe r ta  Sm., (I, s); Z o rn ia  d ip h y lla  Pers., (wp).

N epenthaceae— N ep e n th es  m irab ilis  (Lour.) Druce, (1, s).
N yctaginaceae— M ira b ilis  ja la p a  L., (r) A .
N ymphaeaceae— N elu m b o  n u c ife ra  Gaertn., (1) A ,  (fr).
Oleaceae— O sm a n th u s  fra g ra n s  Lour., (1, s).
Onagraceae— Ju ssia ea  repens  L., (wp).
Orchidaceae— A c a m p e  m u ltiflo ra  Lindi., (I); P ho lid o ta  ch inensis Lindi., (1) A , (r).
Oxalidaceae— A v errh o a  caram bola  L., (1), (s) ; O xa lis  repens Thunb., (wp).
Palmaceae— A re c a  ca tech u  Willd?, (wp).
Pandanaceae— P and a n u s te c to riu s  Parkinson, (r); P a ndanus  sp., (1).
Passifloraceae— P assiflora  fo e tid a  L., (1), (s).
Pinaceae— P in u s m a sso n ia n a  Lamb., (fl); T h u ja  orien ta lis  L ., (1).
Piperaceae— P ip er b e ile  L., (1); P iper sa rm en to su m  Roxb., (1), (s).
Plantaginaceae— P la n ta g o  m a jo r  L., (wp).
Plumbaginaceae— P lu m b a g o  zey la n ica  L., (1), (s).
Polygalaceae— P o ly  g a la  chinensis L., (1, s).
POLYGONACEAE— P o lyg o n u m  chinense L., (1, s); P o lyg o n u m  hyclropiper L., (1, s) ; P o lyg o n u m  peduncu lare  

Wall.?, (1, s); P o lyg o n u m  p e r fo lia tu m  L., (wp) ; P o lygonum  p leb e iu m  R. Br., (wp).
PGLYPODIaceae— A c ro s ticu m  a ureum  L., (I, s ) ; A d ia n tu m  fa b e l/u la tu m  L., (wp); A th y r iu m  lanceum  (Thunb.) 

Milde, (1), (s, r); O dontosoria  chinensis (L.) J. Sm., (wp); P ter is  en s ifo rm is  Burm., (wp); P ter is  s em i
p in a ta  L ., (wp) ; P y rro s ia  adnascens  (Forst.) Ching, (wp).

Portulacaceae— P o rtu la ca  oleracea  L., (1, s), (r); P ortu laca  p ilo sa  L., (wp).
Pontederiaceae— E ichorn ia  crassipes Solms., (wp),
Punicaceae— P unica  g ra n a tu m  L., (1, s).
R anunCULACEAE— C lem a tis  m eyen ia n a  Walp., (1, s); R a n u n c u lu s  ca n ton iensis  DC., (1), (s).
Rhamnaceae— B e rch em ia  ra cem osa  S. & Z., (1, s).
R osaceae— D uchesnea  indica  (L.) Foche, (wp); E rio b o try a  ja p o n ica  Lindi., (1); P ru n u s m u m e  S. & Z., (s); 

P ru n u s pers ica  (L.), Bätsch., (1. s); P y ru s  sinensis  Lindi., (s); R ap h io lep is  indica  Lindi., (1), (s), (rb) 
(fi) R o sa  laeviga ta  Michx., (s), (r); R o sa  w ichuraiana  Crep., (1, s); R u b u s  p a rv ifo liu s  L., (1, s), (rb) ; 
R u b u s  re flexu s  Kev., (1, s).

R ubiaceae— A d in a  p ilu life ra  (Lam.) Franch, (1, b) ; G ardenia  ja sm in o id e s  Ellis, (1), (s) ; H e d y o tis  a cu tangu la  
Champ., (1, s) ; H e d y o tis  loganiodes  Benth., (1), (sb) ; L a sia n th u s  ch inensis  Benth., (1) ; M o rin d a  u m b e lla ta  
L., (1, s) ; M u ssa e n d a  p u bescens  Ait. f., (1, s) ; O lden land ia  auricularia  F.-Muell., (1, s) A ,  (r) A?  ; O ld en- 
land ia  h ed y o tid ea  (DC.) Hand.-Mazz., (3), (s) ; P a ed eria scandens  (Lour.) Merr., (1, s) ; P sych o tr ia  rubra  
(Lour.) Poir., (1, s); P syc h o tr ia  serpens  L., (wp); T rica ly sia  virid iflora  (DC.) Matsum, (1, s).

R utaceae— A ta la n tia  b u x ifo lia  (Benth.) Oliv., (1, s); C itru s  g rand is  (L.) Osbeck, (1, s); C itru s  lim on ia  
Osbeck, (1); C lausena la n siu m  (Lour.) Skeels, (1), (s), (rb), (rw) ; E vo d ia  le p ta  (Spreng.) Merr., (1), (sb) ; 
G lycosm is c i tr ifo lia  Lindi., (1), (s); M u rra y a  p a n ic u la ta  (L.) Jack, (1) A ,  (sb) A ? ;  R u ta  graveolens  L., 
(wp) A  ; Z a n th o x y lu m  avicennae  (Lam.) D C. (1) A ,  (s) A , (fr) A ;  Z a n th o x y lu m  n itid u m  (Lam.) DC., 
(1), A ,  (sb), A .

S alicaceae— S a lix  b a b y lo n ica  L., (1, s).
Santalaceae— H en slo w ia  fru te sc e n s  Champ., (1), (s).
S apindaceae— C ard iosperm um  h a licacabum  L., (1, s) ; E uphoria  longan  (Lam.) Steud., (1), (s) ; Sapindus  

m u k o ro ss i Gaertn., (1), (s).
Saxifragaceae— S a x ifr a g a  s to lo n ife ra  Merrb., (wp).
S aururaceae— H o u ttu y n ia  cord a ta  Thunb., (wp); S a u ru ru s  ch inensis (Lour.) Baili., (1), (s, r).
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Schizalaceae— L yg o d iu m  ja p o n icu m  Swartz, (wp).
Schrophulariaceae— A d en o sm a  g lu tin o su m  (L.) Druce, (fl), (1), (s); B acopa  m onn iera  (L.) Wettst., (wp);

B u d in e ra  crucia ta  Han., (wp); S co p a r la  d u lc ís  L., (wp).
Selaginellaceae— Selag inella  a trovirid is  Spring, (wp); Sela g in e lla  involvens Spring, (wp).
Smilacaceae— H e te ro sm ila x  quadichaud iana  Maxim., (1), (r); S m ila x  ch ina  L., (1), (s) ; S m ila x  g labra  Roxb.,

O), (s).
Solanaceae— C apsicum  fru te sc en s , (1, s); D a tu ra  m e te l L., (1) A ,  (s) A  ; L y c iu m  chínense  Mili., (r). 
Sterculiaceae—F irm iana  s im p le x  (L.) Wight, (1, s); H elic te res  a n g u s tifo lia  L., (1), (b) ; P tero sp e rm u m  

hetero p h yllu m  Hance, (1), (s) ; S te rc u lia  nobilis Sm., (1).
Symplocaceae— S ym p lo c u s  la n sifo lia  S. & Z., (1, s).
Tamaricaceae— T a m a r ix  ch inensis  Lour., (1).
Taxaceae— P o docarpus m acro p h ylla  Don., (1), (sb).
Ternstroemiaceae— E u rya  chinensis R. Br., (wp).
Thymelaeaceae— W ik stro e m ia  indica  (L.) C. A. Mey, (1), (s).
T iliaceae— M ic ro c o s  p a n ic u la ta  L., (1), (sb).
Ulmaceae— T rem a  orien ta lis  (L.) ÉL, (1, s).
U mbelliferae— C en te lla  asia tica  (L.) Urban., (wp); H y d r o c o ty l es ib thorp io ides  Lam., (wp).
U rticaceae— B o eh m eria  n ivea  Gaud., (I), (s); P o u zo lz ia  zey la n ica  (L.) Benn., (wp).
Verbenáceas— A vicen n ia  m a rin a  (Forsk.) Vierk., (1, s); C allicarpa  nud iflora  H. & A., (1), (s); C lerodendron  

cry to p h yllu m  Turcz., (1), (s); C lerodendron fo r tu n a tu m  L., (I, s); C lerodendron fra g ra n s  Vent., (1), (s) ; 
C lerodendron inerm e  Gaertn., (1, s) ; L o n ta n a  cam ara  L., (1), (s) ; S ta c h y ta rp h e ta  ja m a ic en s is  L., (1) A ,  (s) ; 
V itex  negundo  L ., (1, s) ; V ite x  tr ifo lio  L. var. u n ifo lia ta  Schauer, (1, s).

Violaceae— Viola inconspicua  Bl., (wp).
Vitaceae— A m p elo p sis  b revipeduncu la ta  (Max.) Koehne., (1, s) ; A m p e lo p sis  can to n ien sis  (H. & A.) Planch, 

(I, s) ; Vitis f le x u o s a  Thunb., (1, s), (wp).
Zingiberaceae— A lp in ia  sp .? (r); C urcum a zedoaria  (Berg.) Rose, (r) A .
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NEW APPARATUS
A DIFFUSION CELL FOR THE PRODUCTION OF VERY SHARP

BOUNDARIES

B y  P. H. E l w o r t h y *

F ro m  th e S c h o o l o f  P h a rm a c y , U n iv e rs ity  o f  L on d o n , B ru n sw ick  S q u a re , 
L o n d o n , W .C .l

Received M ay 19, 1960

A  d iffusion  cell fo r  th e  p ro d u c tio n  o f  very  sh a rp  b o u n d a rie s  be tw een  
a q u eo u s  liq u id s  is d escribed , a n d  th e  At c o rre c tio n  c an  b e  e lim in a ted  
in  m o s t in stan ces . T h e  cell h a s  b een  te s ted  w ith  su b s tan ces  w hose 
d iffu sio n  coefficients a re  k n o w n . Som e re su lts  fo r  th e  d iffusion  o f  
ce to m ac ro g o l 1,000 in  w a te r  a re  re p o rte d .

G e n er a lly  in diffusion measurements, boundaries between solvent and 
solution, or between a concentrated and a dilute solution, are formed in 
sliding cells based on the Neurath type1, or by flowing a layer of one 
solution on top of a layer of another2. Boundaries are sharpened by 
flowing out through a pipette tip, or through a slit in the cell placed 
at boundary level.

A sharp boundary is necessary to reduce the At correction to a minimum. 
The correction must be applied to the observed values of the diffusion 
coefficient (D ') obtained at different times, t, after the start of diffusion. 
At is defined as the time required for an infinitely sharp boundary to 
reach the state of the existing boundary when diffusion commences. 
Longsworth3 gives:

, + f)
A plot of D ' against 1/t will have a slope of DAt, and the intercept will 
be the true diffusion coefficient, D.

Even when At is small (20 seconds) a slight uncertainty is introduced 
in extrapolating to 1/t =  0. A cell has been designed which virtually 
eliminated At, and which has no moving parts requiring grease to make 
them leakproof.

E x per im en tal

A p p a r a tu s

The cell (Fig. 1) was made from a block of 1 inch thick brass. Two 
rectangular channels, Aj and A,, 0-5 cm. wide, were milled through the 
block. Brass plates were brazed over A1? while A2 was covered with 
the cell windows, made of optically flat (A/2) glass. The windows were 
gasketted with a rubber resistant to organic solvents. The two channels 
were joined to one another at the bottom of the cell by a hole 0-5 cm. 
in diameter. At the top of each channel was a constriction 0-2 cm. 
diameter (Bj and B2). B2 had a right angle bend before entering A2.

* Present address: School of Pharmacy, Royal College of Science and Technology, 
Glasgow.
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Fig . la. Vertical section of diffusion cell.

Fig. lb. Horizontal section of diffusion cell at slit 
level.
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Two reservoirs. Q  and C2, screwed into the top of the cell, their ends 
being seated on rubber gaskets. The top of Cx was ground to receive 
a BIO glass joint. A good quality vacuum tap, D, was fused on above 
the joint.

E2 and E2 are two slits opening into the diffusion channel, and were 
spaced with thin polythene. Liquid could be withdrawn from the 
diffusion channel via the slits, and removed from the cell up the pipes 
Fj and F2. Two square holes, G, 1 x  1 mm. in size, were cut in the 
side of the cell.

The cell was mounted in a thermostat controlled to 25 +  0-02°, and 
fitted with optically flat (A/2) windows. The thermostat was bolted 
to an optical bench.

The Gouy interference method was used to study diffusion: the green 
line (5461 A) was isolated by interference filters from a mercury vapour 
lamp, and illuminated a horizontal slit 15 /x wide. An image of the slit 
was focused through the diffusion cell on to a photographic plate by 
a lens. All components were mounted on an optical bench, which 
rested on a girder set on concrete pillars embedded in the floor of a 
basement laboratory.

Use o f  Cell
The cell was filled with solution from just below the level of the tap, D, 

to the middle of the constriction at the top of the diffusion channel A 2, 
and the tap was closed. After clamping the cell in position in the thermo
stat and allowing it to come to temperature, a series of photographs of 
the undeviated slit image and of the interference patterns produced by 
the square holes was taken. Solvent, or the more dilute solution in the 
case of a differential diffusion, was run into C2 by pipette. Solvent and 
solution met in the constriction, which prevented them from mixing to 
any great extent, and allowed a crude boundary to be formed. Flow 
out through one of the slits, (either Ex or E2) was started, which lowered 
the boundary to the middle of the diffusion channel. Solvent was 
repeatedly added to C2, and flow through the slit continued. This 
procedure washed all traces of solute out of the upper part of A2, which 
was originally full of solution, and during this operation the boundary 
sank 2-3 mm. below the level of the slits.

More solvent was added until the level in C2 was 3-4 mm. below the 
solution level in Cx. The tap D was opened, causing the boundary to 
move upwards to the level of the slits. Flow out from the cell was now 
reduced to about 0-2 ml./minute, and this rate was maintained for 
20 minutes, to allow the newly added solvent to come to temperature.

The final stage of the technique was to sharpen the boundary. Liquid 
was drawn off the cell at an equal rate through both slits, the combined 
flow rate being raised to between 2 and 6 ml./minute (see later). To 
start the experiment the flow from the cell was stopped by closing clips 
placed across the polythene tubes which carried liquid away from the pipes 
Fx and F,. The time at which flow was stopped was taken as zero 
time, and could be measured with an accuracy of ±1 second.

A CELL PRODUCING VERY SHARP BOUNDARIES
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A mask of the type described by Gosting4 was used with the cell. 
Photographs for evaluating fractional jm were taken immediately after 
the experiment had started. The interference patterns produced by 
diffusion were photographed at timed intervals.

M a t e r ia l s

All materials used were Analar quality, except for the cetomacrogol, 
which was a commercial grade. All results fitted the theory for the 
diffusion of a single solute.

R esults  a n d  D iscussion

Table I gives the results of a differential diffusion experiment on 
barium chloride.

TABLE I
D i f f e r e n t i a l  d i f f u s i o n  o f  b a r i u m  c h l o r i d e  i n  w a t e r  

Concentration difference between solutions* (Ac) =  0 -0 3 4 0 6 M  l._1. Mean con
centration of two solutions (c )  =  0 -0 4 2 4 8 M  l.-1. Flow rate =  4  ml./minute.

At =  1 second

104l / t  . . 11*17 6-390 6-390 4-751 2-822 2-447 1-983
105 D ' cm .2sec .-1 1 1 8 6 1-187 1-187 1-187 1-189 1-187 1-187
104l / t  . .
105 D ' c m .2sec ._1

1-488 1-225 — — — — —
1-184 1-186 1

* I f  Q  a n d  C 2 w ere  th e  c o n c e n tra t io n s  o f  tw o  s o lu tio n s  u sed  in  a n  ex p e rim e n t, th e n  A c =  Q  — C 2,
Ci +  c 2 

a n d  c  =  — ^—

The diffusion coefficient appears to be constant over a tenfold change 
in t, while a decrease of D ' with time would have been expected if the 
boundary had not been sharp. To test if At was eliminated, within the 
limit of experimental error, the slope of the D ' against 1/t plot was 
calculated by the method of least squares. The slope was 7-34 x  10~6, 
and the intercept, D =  IT 86 x 10~5 cm.2sec.-1, giving At =  1 second. 
The literature value of D is IT 86 x 10~5 cm.2sec._1.

In Table II the results for the diffusion of a number of other substances 
are given. In all experiments D ' was measured over a tenfold change in t.

TABLE II
D i f f u s i o n  c o e f f i c i e n t s  o f  v a r i o u s  s u b s t a n c e s

S u b s ta n c e c A c F lo w  ra te

S u c ro se 0-75 p e r  ce n t 1 -5 p e r  ce n t 0-8 m l./m in u te
S u cro se 0-75 1-5 1-8
S u cro se 0-75 1-5 3-4
S o d iu m  c h lo r id e 0-08026M I.“ 1 0-1 045m I . - 1 6-0
P o ta s s iu m  c h lo r id e  . . 0-1000m I . - 1 0-2000M l . - 1 3-8
C e to m a c ro g o l 0-669 p e r  c e n t 0-669 p e r  ce n t 7-0

106 D  c m .2sec .-1
106 D  c m .2sec.-1 A t (lite ra tu re )

S u c ro se 0-5158 38 0-51706
S u cro se 0-5176 20 0-5170
S u c ro se 0-5171 0 0-5170
S o d iu m  c h lo r id e 1-489 1 1-4905
P o ta s iu m  c h lo r id e 1-850 0 1*8517
C e to m a c ro g o l 0-0520 1
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Generally, too slow a flow from the cell results in a At value, as shown 
by the sucrose experiments. The flow rate necessary to reduce At until 
it falls within the limit of experimental error appears to vary from system 
to system. If sucrose solutions were drawn off the cell too quickly 
(above 6 ml./minute), considerable mixing appeared in the boundary 
region, and no worthwhile results could be obtained. A disadvantage 
of this type of cell is that flow off conditions are critical, and have to 
be investigated for each type of system studied, e.g., for electrolyte 
solutions any reasonably fast flow off suffices to eliminate At; sucrose 
requires careful handling, while detergents, like cetomacrogol, can be 
drawn off quickly. Similar conclusions have been reached using a cell 
with one slit (Thomas, private communication).

Some experiments were also made on cetomacrogol solutions (Table III).
There is little variation of diffusion coefficient with c, indicating that 

only small electrical effects are present during diffusion, as would be 
expected with a non-ionised material. The diffusion coefficient appears 
to be slightly concentration dependent (c), and extrapolation to zero 
concentration gives D =  5T0 X 10~7 cm.2sec. At’s of less than two 
seconds were found in this series of experiments.

T A B LE III
D i f f e r e n t i a l  d i f f u s i o n  c o e f f i c i e n t s  o f  c e t o m a c r o g o l  i n  w a t e r

c  p e r  c e n t 0-300 0-669 0-673 0-762 1-303
A c p e r  c e n t 0-400 0-669 0-601 1-016 0-897
107 D  (c m .2sec._1) 5-13 5-20 5-18 5-24 5-31

A c k n o w l e d g e m e n ts .  I should like to thank Dr. L. Saunders for his 
interest, and Mr. P. Barden for his accurate work in making the apparatus.
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BOOK REVIEW
T H E  P H A R M A C O L O G Y  A N D  C L IN IC A L  U SE  O F  D IU R E T IC S . By 

C a rro ll  A . H a n d ley  a n d  Jo h n  H . M o y er. Pp. viii +  194 (in c lu d in g  Index). 
B lackw ell Scientific  P u b lica tio n s , L td .,  O x fo rd , 1959. 48s.

T h e  a u th o rs  o f  th is  b o o k , to g e th e r w ith  th e ir  co lleagues h av e  been  o ccu p ied  
in  th e  p h a rm a co lo g ica l a n d  c lin ica l s tu d y  o f  d iu re tic s  fo r  several years. T h ey  
em p h asise  in th e ir  p reface , th a t  th e  b o o k , b e in g  co n ce rn ed  m ain ly  w ith  th e ir  
ow n  w o rk , is in n o  w ay a  review  o f  th e  l ite ra tu re . F o r  th is  re aso n  th e  list 
o f  re ferences is sh o rt, th ere  b e in g  112, o f  w h ich  39 refer to  th e  w o rk  o f  th e  a u th o rs  
them selves. T h e  firs t o f  tw o  in tro d u c to ry  c h ap te rs  su m m arise s  th e  m eth o d s  
o f  re n a l c o n tro l o f  w a te r a n d  e lec tro ly te  b a lan ce  a n d  in clu d es a  sh o r t  c o n 
sid e ra tio n  o f  th e  ac tio n s  o f  a ld o s te ro n e  a n d  A C T H . T h e  seco n d  desc rib es 
so m e  o f  th e  c lin ica l co n d itio n s  th a t  b enefit fro m  tre a tm e n t w ith  d iu re tics , a n d  
a lso  c o n ta in s  a  d iscussion  o f  th e  v a rio u s  fa c to rs  lead in g  to  th e  fo rm a tio n  o f  
o ed em a, a n d  th e  m eth o d s  av a ilab le  fo r  its co n tro l.

E m p h asis  is p lac ed  u p o n  c lin ical ra th e r  th a n  an im a l p h a rm a c o lo g y  since 
m o st o f  th e  a u th o rs ’ w o rk  a p p ea rs  to  hav e  been c a rr ied  o u t u sin g  h o sp ita l 
p a tien ts . T h e  m e th o d  o f  e v a lu a tin g  th e  p o ten cy  i f  th e  d iu re tics  in vo lved  a 
s tu d y  o f  p a tie n ts  m a in ta in e d  on c o n tro lled  d iets, in o rd e r  th a t  ex ac t w a te r  an d  
e lec tro ly te  ba lan ces c o u ld  be e s tab lish ed . A g a in st th is  b ack g ro u n d , w a te r  
a n d  so d iu m  ch lo rid e  ex cre tio n s, to g e th e r w ith  chan g es in  bod y  w eigh t w ere 
d e te rm in e d  fo r  th e  v a rio u s  d iu retics . D o se-re sp o n se  cu rves c ap a b le  o f  s ta tis tica l 
analysis c o u ld  th en  be  o b ta in ed . T h e  fo rm  o f  th e  do se -resp o n se  cu rves differed  
fo r  th e  v a rio u s  c lasses o f  d iu retics , an d  th e  significance o f  these  resu lts  is 
d iscussed . T h e  influence o f  th e  ro u te  o f  a d m in is tra tio n  o n  th e  p o ten cy  o f  each  
d iu re tic  w as in v estiga ted  a n d  a s tu d y  w as m ad e  o f  th e  ra te  o f  th e ir  ex cre tio n . 
A fte r a  b r ie f  su m m ary  o f  th e  b io ch em is try  a n d  p h a rm a co lo g y  o f  each  class 
o f  d iu re tic s  th ere  is a  d e ta iled  a cc o u n t o f  th e  a u th o rs ’ re su lts  to g e th e r w ith  a  
n o te  o f  th e  o p tim u m  dose  schedu les em ployed . T h e  b o o k  is c o n c lu d ed  by 
a  su m m ary  o f  th e  tre a tm e n ts  u sed  in  v a rio u s  c lin ica l c o n d itio n s  a n d  a list o f  
specia l d ie ts e m p lo y e d  by th e  a u th o rs . T h ere  is a lso  a  sh o rt a d d en d u m  
desc rib in g  th e  m o re  recen t deriva tives o f  c h lo ro th iaz id e .

W ith  one  o r  tw o  excep tio n s, the  g ra p h s  a n d  figures a re  c lear a n d  u n d e r
s ta n d ab le . T h e  b o o k  suffers fro m  ra th e r  to o  m an y  ty p o g rap h ica l e rro rs , b u t 
th e  p re sen ta tio n  a n d  b in d in g  is good . T h is  b o o k  is n e ith e r a  tex t-b o o k , n o r  
is it d esigned  fo r  th e  resea rch  w o rk e r; it w ill, how ever, serve as a n  a d e q u a te  
in tro d u c tio n  to  th o se  w h o  w ish to  em p lo y  d iu re tic s  in clin ical p ra tice .

B. A . C a l l i n g h a m
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