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Man is concerned with only four well-authenticated species, Plasmodium
vivax, P.falciparum, P.malariae and P.ovale, of some 140 known species,
of the protozoon Plasmodium which, transmitted by the female anopheline
mosquito, are the cause of malaria. There is a high degree of specificity
in host-parasite relationships for, with the exception of Plasmodium vivax
which can produce a mild parasitaemia in chimpanzees], none of the
human parasites has yet been transmitted to other animals.

Life-cycle of the malaria parasite

The life-cycle of the malaria parasite is complex and in order to make
clear later the roles played by the various antimalarial drugs a brief outline
iS now given.

With the bite of the infected mosquito, the definitive host, sporozoites
from the salivary glands of the insect are injected into the blood stream of
the man, the intermediate host, (see Fig. 1). The sporozoites disappear
from the peripheral blood within about 30 minutes and schizonts of a
pre-erythrocytic stage may subsequently be detected in the parenchymal
cells of the liver23 In the case of P. cynomolgi, trophozoites have been
detected only one day after intravenous injection of sporozoites into
monkeysl The nuclei of the schizonts divide and 8 to 12 days after the
mosquito bite the liver cell is ruptured and a large number of merozoites
are released, some of which penetrate fresh liver cells and the cycle in the
liver is thereby continued. Others invade red blood cells. The first
stage—trophozoite—in the blood eventually becomes a schizont which
undergoes cell division giving rise to merozoites. These are released
when the red blood cell disintegrates and invade further red blood cells.
At this point the temperature of the host rises and a bout of fever ensues.
The period of time from the initial invasion of the erythrocytes to the
release of merozoites is characteristic of the species of parasite. Thus,
P.malariae which causes quartan malaria, has a blood cycle lasting
3 days, whilst P.vivax and P.falciparum have a 2-day repeat pattern
causing benign and malignant tertian malaria respectively.

During the asexual cycle in the blood, sexual forms appear—the female
macrogametocyte and the male microgametocyte. When a mosquito
bites at this stage the gametocytes are taken up with the blood meal and
within the insect sexual reproduction takes place. A further complicated
sequence of events results finally in sporozoites finding their way into the
salivary glands and there they await an opportunity to infect another
human subject.

*Based on one of a series of lectures on “Chemotherapy” given at The Royal
Technical College, Salford, Lancashire, during October and November, 1957.
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The exo-erythrocytic cycle in the human liver continues apparently
independently of the cycle in the blood and relapses in vivax malaria must
be attributed thereto5 In the case of P.falciparum there appears to be no
continuing phase in the liver for relapses of malignant tertian malaria are
not knowné

Evaluation of antimalarials

Because of species specificity it is not possible to use the parasites of man
in the laboratory for the screening and initial evaluation of potential
antimalarial drugs. Avian parasites have been widely employed in this
respect and the use of P.relictwn infections in canaries led to the discovery

Fig. 1. Life cycle of malaria parasite :

1 Sporozoites
2. Pre-erythrocytic schizonts (cryptozoites)
3. Merozoites
4. Exoerythrocytic schizonts (phanerozoite, late exo-erythro-
cytic forms)
5. Erythrocytic trophozoites
6. Erythrocytic schizonts
7. Erythrocytic merozoites
8 Macrogamétocytes
9. Microgamétocytes
Macrogametes
11 Microgametes
Zy?(Otes
4

10.
12
13  Ookinetes

H

15. Spor020|tes
S.G. Salivary glands

of pamaquin7and mepacrine8 P.cathemerium in canaries and P.lophurae
in chicks or ducklings have received some attention and a very useful test
has been based on P.gallinaceum infections in chicks310 In recent years
the discovery of the rodent parasite P.berghei has enabled experiments to
be carried out in mice. For further investigation of active compounds it
has been usual to work either with P.cynomolgi, which resembles the
human parasite P.vivax, or with P.knowlesi in rhesus monkeys. Final
evaluation is, of course, in man himself.
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Established drugs
The earliest antimalarial drug was quinine (1), the supremacy of which
was not challenged until the second world war. In the form of cinchona
bark it has been in use since the seventeenth century but it was not until
1944 that its total synthesis was reported1l

/\\/CH = CH2
ch2

CH.
CHOH-

MeO

\/W

(1) Quinine

The first use of a dialkylaminoalkylamino side-chain was made by
Scbulemann2 who modified the molecule of methylene blue, which had
shown slight activity, to give Il, which was more active than the parent

compound in avian malaria. This result led Schulemann to explore
further the possibilities of the basic side-chain and its incorporation into
an 8-aminoquinoline molecule provided plasmochini3 (pamaquin, IlI,
R = —CH(CH2NEt)

|

Me
M \/y \
NHR
(H1)
Three related compounds, pentaquin (I, R = --(CH2SNHPr)1415

isopentaquin (I, R = —CHMeiCH"gNHPr)161 and primaquine (lll,
R = —CHMe(CH23NH2 of which primaquinel819 seems to be the drug
of choice in this series, all resulted from the American antimalarial project
during the last war.

In the molecule of mepacrine (1V)Dthe basic side chain is attached to an
acridine nucleus so as to form part of an extended amidine system.

NHCHMe(CHI3NEL2

(IV) Mepacrine

Chloroquine, (V, R = —CHMe(CH23INEt2 which is structurally quite
closely related to mepacrine, was first synthesised by Andersag2lin 1941
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but at that time it appears that the Germans preferred its 3-methyl
derivative Sontochin.
!\§R

V)
Two other 4-aminoquinolines,
/C H NEt2223
amodiaquine (V, R = — OH) and hydroxychloroquine (V, R =

—CHMe (CHYINEtCHA0H)2I'S have more recently become available.
When the Japanese occupied the East Indies during the second World
War, supplies of quinine were denied the allied forces and an intense effort
in America and Britain was made to discover a new synthetic drug. In
America over 14,000 compounds were tested against avian malarias, and
of these over 100 were tested in manZd The work in Britain led to the
discovery by Curd, Davey and RoseZ-B of proguanil (Paludrine, VI), the
culmination of a sequence of steps based in the first place on pyrimidine
derivatives, as outlined below (sulphadiazine was known to be active in

experimental animals).
NHf SONH- |\

Sulphadiazine
Me

NH(CH3NEL2
2666

//Me

C\-A=V-NHCNH--/N \
n=<
NH ANHCCHANET i!
3349

-NH C NH C NHCHMe,

I I
NH NH

(V1)  Proguanil
Of the many analogues of proguanil that were synthesised one deserves
mention since it is now on the market (VI2Z‘3L
NHCNHCNHCHMe,

H I\!H
(VIl) 5943

In 1951 the pyrimidine antimalarial pyrimethamine (Daraprim, VIII)
was disclosed by Russell and Hitchings®3 Initial studies of 2:
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4-diamino-5-aryloxypyrimidines led to the corresponding 5-aralkyl and
anally to the 5-aryl compounds.

(V1) Pyrimethamine

Antimalarial action

Attack at more than one stage in the life cycle of the malaria parasite by
drugs is possible. Quinine has a slight effect on primary gametocytes,
otherwise it interferes only with the erythrocytic schizonts. Treatment of
vivax or falciparum malaria with quinine reduces fever and parasitaemia,
although its action, particularly against falciparum malaria, is unreliable.
It cannot prevent, however, the occurrence of relapses in vivax malaria
and it follows therefore that the exo-erythrocytic cycle in the liver is
unaffected by it. Dosage regimes in man vary a great deal from drug to
drugd#Jand straight comparisons of recommended doses are difficult to
make. For purposes of comparison, therefore, it is convenient, though
not strictly applicable to human malaria, to quote minimum effective
doses in a standard test system against P.gallinaceum in the chick. Quinine
is fully active, that is parasitaemia is reduced to a level of less than about
1 per cent of infected red blood cells, compared with about 60 to 80 per
cent in untreated controls, at a dose of about 2 mg./50 g. chick twice a day
for 3} days9l0 At therapeutic doses in man it often causes mild side-
reactions. It is implicated also in the aetiology of black-water fever. It
is still used in cases of cerebral malaria.

Mepacrine, chloroquine and the other 4-aminoquinolines are similar in
range of action to quinine—they are suppressive drugs having little or no
effect on relapse rates of vivax malaria, and they produce radical cures of
falciparum malaria because of the absence of late exo-erythrocytic forms
with this infection.  In the laboratory mepacrine is active at 2mg. It was
available in time to help the allied forces in malarious areas during the last
war. Its concentration in the skin where its bright yellow colour often
makes its presence conspicuous is a disadvantage. Chloroquine is
colourless, much more active than quinine or mepacrine (it is fully active
at 0-25 mg.) and rarely gives rise to toxic effects at therapeutic doses. Its
action in the treatment of the overt attack is rapid and for this usage it is
commonly regarded as the drug of choice. It is widely used as a suppres-
sive, for, although not effective against early or late exo-erythrocytic
forms, parasitaemia is suppressed before merozoites emerging from the
liver can establish schizogony in the blood stream.

In the body chloroquine is partly converted to the compound X3 by

loss of an ethyl group.
NHCHMe(CH3HEt
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The significance of the role that this compound plays in the action of
chloroquine has not been elucidated. In avian malaria its activity is
about the same as that of chloroquine37 but in man when dosed orally it is
poorly absorbed and is eliminated largely unchanged3®

The 8-aminoquinolines are potent against erythrocytic forms in birds,
for example primaquine is active at 002 mg. In man they were dis-
appointing in their effect on the asexual forms in the blood and are there-
fore not used in treatment of attacks of malaria. They are active against
both early and late exo-erythrocytic forms. Their toxicity, however
precludes their routine use in causal prophylaxis but because their action
against late exo-erythrocytic forms is unique they provide the only basis,
in conjunction with a suppressive drug, of radical cure of vivax malaria.
This series, in which primaquine with the highest therapeutic index is the
drug of choice, is the only one that has a direct action on all stages of the
gametocytes. Pamaquin has been shown to be metabolised to the corre-
sponding 5:6-quinone (X)3& which, however, is no more active in vivo
than the parent compound.

NH CHMe(CHINEL,
(X)

Proguanil, 5943 and pyrimethamine are closely alike in their actions on
the various stages of the parasites; and what is written about one can be
taken as applicable to the others. In chicks proguanil has a marked
effect on early exo-erythrocytic forms but in man whilst its action on the
early tissue forms is complete with P.falciparum it is not so satisfactory
with P.vivax. It is highly active against asexual blood forms (0-25 mg.)
(pyrimethamine is active at 1/60th of this dose), and could therefore be
classed as a suppressive—partial causal prophylactic drug. It is rather
too slow in action against schizonts in man to be recommended for
treatment of the overt attack. It has an indirect action on gametocytes
which although they appear to be unaffected in man are prevented from
completing their part of the cycle in the mosquito and the disease-trans-
mission chain is therefore broken. These drugs therefore are of value
from the public health point of view. The main advantages of this group
are their effectiveness in suppression, their lack of toxicity and their
cheapness.

Proguanil is without action on plasmodia growing in tissue culture but
blood from animals previously dosed with the drug is markedly effective
under similar circumstances® The search for a metabolite the presence
of which would provide a ready explanation of these results was successful.
The metabolite turned out to be a dihydrotriazine derivative (XI)43‘A
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NH. NH;

X

XN

There is no reason to doubt that it is formed by oxidation at the secondary
carbon atom of the isopropyl group of the proguanil molecule, followed
by ring-closure. The metabolite, effective at 0-025 mg., is about 10 times
as active as the parent drug4l against P.gallinaceum in chicks but against
other experimental infections this ratio appears to be lowerdd47. Of a
large number of similar compounds synthesised4 the most active, the
corresponding 3:4-dichloro derivative (0-0025 mg.) which has been
shown to be the metabolite of the corresponding diguanide 59434L,and
the proguanil metabolite have been tested clinically but although daily
doses were adequate, weekly doses did not provide complete protection
against P.falciparum®. In a small trial against vivax and falciparum
malarias the p-bromo analogue also was shown to be effectivex)

Modes of action

The structure of the dihydrotriazine metabolite is of interest in relation
to the structure of pyrimethamine (VIII) which has nothing more in
common with that of pteroylglutamic acid than a 2-aminopyrimidine
moiety. Nevertheless the two antimalarials are intimately concerned in
the utilisation by plasmodia of this growth factor. Strains of plasmodia
which have been made or have become resistant to pyrimethamine are in
general resistant also to proguanil3land vice versa® Cross resistance to
proguanil and sulphadiazine@ and to pteridine antagonists of pteroyl-
glutamic acids4 of the type XII also occurs.

NH.

X1

The actions of these four types of drug against P. gallinaceum in chicks
are all reversed by pteroylglutamic acid5659.  Proguanil originally said to
retain its activity against P.gallinaceum in the presence of p-amino-
benzoic acid®was later found to be antagonised by the growth factor5-a
A further indication of similarity of action is provided by the potentiation
of the antimalarial activities of proguanil and pyrimethamine by sulpha-
diazine6L The antibacterial activity of the dihydrotriazines against a
strain of Streptococcus faecalis in vitro is reversed by dihydro-, N1
formyl-, and formyletetrahydro- pteroylglutamic acid (citrovorum factor)
and by thymine but not by pteroylglutamic acid itself@ In this system,
it is suggested therefore, that there is interference with the conversion of
pteroylglutamic acid to citrovorum factor. The conclusion must be
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drawn, although the situation is not free from contradictions (the action
of proguanil against P.berghei has been said not to be inhibited by pteroyl-
glutamic acid@), that pyrimethamine and the metabolite of proguanil
interfere at an early stage with the synthesis by plasmodia of nucleic acids
wherein single carbon units are incorporated into pyrimidine bases.

The details of the modes of action of other antimalarials are more
obscure@3 even though a considerable amount of work which has been
reviewed by Fulton@3 has been done on the effects of quinine and mepa-
crine in particular on the metabolism of the malaria parasite. The
relationship in structure between mepacrine (IV) and riboflavine (XIII)

CHZCHOH)THDH

OH
(X111

is fairly obvious and efforts to demonstrate antagonism between the two
have been made64 The vitamin does indeed reverse the action of mepa-
crine, and of quinine, pamaquin and chloroquine, against Lactobacillus
caseith The effect of adenosine in producing a heart block in guinea pigs
is reversed by all the drugs just mentioned@& The significance of these
results in relation to antimalarial action has not been demonstrated.

Much has been written on the constitution of antimalarial drugs in
relation to their biological activity. The basic side-chain and the hetero-
cyclic nucleus both common to so many active compounds have often
been referred to respectively as the part of the molecule necessary to bring
the drug into action at the required site within the host, and the toxophoric
centre678 The hypothesis that a tautomeric system as in mepacrine and
the 4-aminoquinolines® was essential for activity, might be stretched to
cover the activity of the 8-aminoquinolines now that an active metabolite,
the 5:6-quinone, is known which should be capable of undergoing
tautomerisation to a 6-hydroxy-5: 8-quinoneimine.  This sort of specula-
tion is necessarily limited in application and can hardly be expected to lead
to a true understanding of the way these drugs act.

Other active compounds

Of the drugs that have during or since the last war been extensively
tested and finally rejected or are still awaiting a final assessment the
following are selected for brief mention.

Endochin (XIV)7Dthe best of over 100 compounds related to it has some
effect on early exo-erythrocytic forms in bird malaria but has no effect in
man.

OH O

0]
(XIV) (XV)
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Lapinone (XV) a member of a long series of naphthoquinone derivatives
prone to degradation in the human body has been stated to possess
definite action in vivax malaria after intravenous injection7l73

Ch’ang Shan (XVI)#“8 shown to be identical with an alkaloid from
the hydrangea®)is very active in laboratory animals but low activity in
man coupled with a powerful emetic action8& has made the type un-
acceptable.

A small number of 3-amino-1:2:4-benztriazines have shown an
interesting level of activity in the laboratory&

Many Mannich bases derived mostly from phenols have been examined!
but only incorporation into a 4-aminoquinoline as in amodiaquine2or in
the recently tested corresponding pyrrolidyl compound Propoquine&gives
this type sufficient activity to be of practical importance. More recently
however, the series has been extended and the compound XVII& has
proceeded to clinical trial. It proves to be about one-third to one-half
as active as chloroquine in the treatment of falciparum malaria8’.

0 OH

(XV1) (XV11)

Another recent clinical trial has been concerned with a diaza-anthracene
analogue of mepacrine, azacrine® which is comparable in activity with
chloroquine against P.falciparum but slower in action against P-
rr.alariae839L

With the exception of the naphthoquinones all the compounds in this
list are bases. Beyond this it is clearly impossible to generalise.

In conclusion it can be said that the battery of drugs for the treatment
and prevention of malaria is almost as complete as possible. There are
available for the treatment of the overt attack and for the radical cure of
falciparum malaria, chloroquine or some other 4-aminogquinoline; for
suppression, proguanil, pyrimethamine or chloroquine ; for radical cure of
vivax malaria, primaquine or some other 8-aminoquinoline, and for
interruption of the transmission of the disease there are proguanil and
pyrimethamine.

To emphasise the point it has recently been written that freedom from
malaria can be practically guaranteed for any intelligent person and his
family at a cost not exceeding the price of 100 cigarettes per annum®
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THE PHARMACOLOGY OF PROPIONYL ATROPINE METHYL
NITRATE
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A series of esters of atropine and hyoscine, both in the tertiary and
quaternary form, have been examined for their muscarinic and gang-
lionic blocking and neuromuscular transmission inhibiting activity. In
addition the effect on the gastric secretion has been studied by the Shay
rat method. Figures are alsogiven for toxicities. In general, the pharma-
cology of the quaternary derivatives is qualitatively and quantitatively
the same as the parent substances. The quaternary compounds retain a
considerable amount of their tertiary activity but in addition become
relatively strong ganglionic blocking agents. Most of the compounds
reduce the volume and acidity of the gastric juice.

In recent years several new compounds have been introduced into medicine
for the symptomatic relief of peptic ulcers. Most are quaternary ammon-
ium compounds differing pharmacologically from the natural and synthetic
tertiary amines in producing their effects by ganglionic blockade, whilst
the tertiary amines block the effector organs innervated by post-gang-
lionic cholinergic nerves. In an earlier paper we have shown that the
acylation of hyoscine produced esters whose action was prolonged
but less marked than atropine on the central nervous systeml It therefore
seemed of interest to prepare the atropine analogues and study their
pharmacology. It was possible also to prepare the quaternary derivatives
of these esters.  While quaternisation would be expected to profoundly
alter the pharmacological properties of the compounds, perhaps even to
the extent of producing a curariform action2 these quaternary compounds
have been shown to retain some of their original pharmacological proper-
ties together with mild ganglionic blocking powers, the neuromuscular
junction being only slightly affected.

M ethods

Materials used. Atropine sulphate, atropine methyl bromide (AMB),
hyoscine hydrobromide, propionyl atropine methyl nitrate (PAMN),
valeryl atropine methyl bromide (VAMB), hyoscine methyl bromide, N-
butyryl hyoscine bromide, (Buscopan), oxyphenonium (Antrenyl),
pipenzolate (Piptal), and pentamethonium (C5).

Isolated Intestine

The spasmolytic potency of the test drug compared with atropine in
inhibiting acetylcholine-induced spasms of guinea pig isolated ileum was
used as an index of post ganglionic cholinergic nerve blocking action. The
dose of acetylcholine—OT ml., concentration range 10 6 to 10 7 wiv
causing a sub-maximal contraction of the ileum was determined. For
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each preparation the concentration of atropine and then test drug which
when left in the bath for 30 seconds partially or completely inhibited for
15 to 25 minutes this acetylcholine induced contraction of the ileum was
determined. All drug solutions were made up on a molecular basis.

TABLE |
Anti-acetylcholine activity of some atropine esters on the guinea pig ileum
No, of Inhibition
Drug experiments Molar lime
averaged concentration (minutes)
Hyoscine hydrobromide . . 13 0-22 X 10-8 12
Atropine hydrobromide .. 13 05 X lo-s 12
Atropine methylbromide 5 0-6 x lo-8 15
Acetylatropine”hydrobromide 5 07 x lo-s 12
Acetylatropine methylbromide 3 05 x 107 16
Propionylatropine hydrobromide 5 0-75 x 108 13
Propionylatropine methylbromide 4 0-2 x 10-' 13
Valerylatropine methylbromide 1 0-2 x IQs 5

Using this method each preparation acted as its own control against
atropine, and so eliminated errors due to the variation in sensitivity of
different preparations.

TABLE 11
Ganglionic blocking activity of some drugs on the cat superior cervical
ganglion
Time in minutes
Cat. No. Drug Dose )
mg./kg. total block partial block
1 PAMN 1 4 11
Atropine
sulphate 1 No block 10
AMB 1 5 6
3 PAMN 1 No block 9
Atropine
sulphate 1 No block
AMB 1 8
BVAMB 1 151
uscopan 1
HyoscinepMeBr 17 No block
4 PAMN 17 4 8
Atropine
sulphate 17 No block 4
Hyoscine MeBr 0-7 No block
13 » 6
33 » 8
AMB 07 » 6
17 » 13
PAMN 07 9
17 » 5
VAMB 0-7 » 11
Oxyphenoni i > No Block
enonium 5 » 0 bloc
9P 33 » 4
PiBenzolate 33 » 5
AMN 17 8
33 » 13
C5 33 4 30
6 Hyoscine MeBr 10 8
7 A T :
- 1
VAMB 10 No block 6
Pipenzolate 10 » 7
Oxthenonlum 10 7
AMN 1-0 » 11
AMB 10 a 14
C5 10 37

Total block means the time during which there is no contraction of the nictitating membrane, partial
block means the time from the first signs of recovery until this is complete.
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Cat Superior Cervical Ganglion

The ganglion was dissected with its accompanying pre- and post-
ganglionic fibres (the sympathetic were carefully separated from the
parasympathetic fibres). The drugs were injected intravenously and the
contraction of the nictitating membrane was recorded after appropriate
stimulation of the pre-, and post ganglionic fibres.

Shay Rat

The operative technique of Shay and others34was followed. The rats
were anaesthetised with 20 mg./kg. of pentobarbitone i.p. As gastric
secretion does not take place whilst the animal is unconscious, 20 mg./kg.

A B C

Fig. 1 A, 1230 p.m. PAMN 017 mg./kg; B, 110 p.m. nicotine 0-2 mg./kg.;
C, 133 p.m. PAMN x nicotine 017 and 0-2 mg./Kkg.

of bemegride was injected i.p. at the end of the operation and caused an
almost immediate arousal of the animals. The drugs used were injected
subcutaneously, immediately at the completion of the operation.

Neuromuscular Junction

The neuromuscular blocking action of PAMN was tested on the rat
phrenic nerve-diaphragm preparationa

Toxicity

The acute toxicity was estimated on mice by the intraperitoneal route
and the LD50 was calculated by the standard probit technique. Semi-
acute toxicity tests were carried out on mice and rats by injecting the
animals intraperitoneally twice a day for five days at a dose ratio of
0-56 of the LD50 to mice.

Results
Isolated Intestine
The anticholinergic activity of the atropine derivatives is given in Table
I. The results indicate that the degree of activity of hyoscine is about
twice that of atropine and that esterification does not affect the activity
guantitatively or qualitatively. However quaternisation of the esters
does result in a decrease in spasmolytic activity.

350



PROPIONYL ATROPINE METHYL NITRATE

Superior Cervical Ganglion

The ganglionic blocking activity of the atropine derivatives is shown in
Table Il. The order is hyoscine methyl bromide < A*-butyryl hyoscine
bromide, oxyphenonium, pipenzolate < AMB, PAMN < VAMB,
< C5. Thus PAMN has marked ganglionic blocking activity but is not as

TABLE Il

The effect of drugs on blood pressure of the anaesthestised cat

Dose Fall Duration

Drug mg/kg. mm.Hg  minutes
onscme MeBr 1 R 4
PAMN 17 48 9
AVB 17 4 1
VAMB 1 b 10
glpenhzolate.. 1 %5 g

enonium 1

P;)’-(\)(\aN 1 b 10
AVB 1 37 8
C5 | 1 36 45
Hyoscine MeBr 1 33 4

powerful as pentaméthonium. The site of action of PAMN is at the
ganglion because stimulation of the post ganglionic fibres, when the
ganglion is blocked, still results in contraction of the nictitating membrane.

PAMN and Nicotine.  As is well known nicotine stimulates all sympa-
thetic ganglia, producing contraction of the nictitating membrane and a
rise in the blood pressure.

TABLE IV
Shay rat experiment
. Analysis of Stomach Content
Number Collection .
Drug dose, 350 mg./kg. experiments time total pH meq. of acid
averaged hours  volume per kg.
Atropine hydrobromide .. 7 22 1-2 39 0-329
Atropine methyl bromide 4 20 1- 3P 0-420
Methyl atropine methyl bromide 1 22 ! 0-139
Acetyl atropine hydrobromide .. 4 21 0-9% 40 0-480
Acetyl atropine methyl bromide . 4 20 0-48 52 0-277
Propionyl atropine methyl bromide 7 22 14 58 0-227
Propionyl atropine methyl nitrate 8 22 14 4-4 0-206
Valeryl atropine methyl nitrate .. 9 21 1-2 33 0471
Hvostine hydrobromide .. 7 21 2-2 2-9 1-201
Acetyl_hyoscine hydrobromide .. 3 20 1% 36 0-368
Hvosciné methyl bromide . 6 21 150 46 0-
S S T
oscine hydrobromide 22 -

Vale ry| h?)//oscine h?//drobromid_e .. 3 21 117 41 0-398
iscValeryl hyoscine hydrobromide 9 21 2-0 35 0-
Benzoyl hyoscine hydrobromide

(250mg ./k_g.)h. ................ e 4 21 1-6 56 0-507
Benzoyl hyoscine hydrobromide

(220 MY .JKG.) teenerieinns s 1 21 42 30 2-579
Benzoyl hyoscine hydrobromide

(B5AFM LK) g . 1 21 17 35 0-686
Acetyl hyoscine amino oxide hydrobromide 2 21 27 25 0-620
Acetyl hydrocyamine hydrobromide 2 21 33 25 0-852
Acetyl homatropine h%drobromld_e 2 22 2-6 2-3 0-950
Benzoyl homatropine hydrobromide

(200 MG.JKG.) oieerernrieseeseneiensenns 2 22 07 58 0-084
No Drug 3 22 9-7 <20 2541

If the PAMN and nicotine were injected simultaneously the results were
variable; the usual pattern was a rise in blood pressure and contraction of
the nictitating membrane less than that given by the control dose of
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nicotine. The control doses of PAMN had little effect on the blood pres-
sure and no effect on the nictitating membrane. One interpretation of
these results would be that the PAMN was antagonising the effect of
nicotine at the ganglia (see Fig. 1). When PAMN itself produced a fall

TABLE V
Summary—shay-rat experiment
Drugs which produced a pH of 6 or more in rat stomach.

Number of

Drug experiments pH 6 or more
Atropine hydrobromide . 7 2 (pH 7-3, pH 80)
Acetyl atropine methyl bromide 4 1(pH 8-?
Propionyl atropine methyl bromide .. 7 3 (pH 85, pH 7-0, pH 7-5)
Propionyl atropine methyl nitrate 8 1(pH s-¢)
Hyoscine methyl bromide . 6 1 EpH 7-93
woValeryl ré/oscme hydrobromide 9 1(pH 64
No Drug (Control) 3 0 (pH < 2in all cases)

in blood pressure of any magnitude it could be argued that the anullment
of the blood pressure rise due to the nicotine plus PAMN was the result of
the summing of the effects peripherally.

Effect on Blood Pressure

Al the compounds tested gave a fall in blood pressure (Table I11). In
general the results on the blood pressure paralleled the ganglionic blocking
activity of the compounds.

TABLE VI
The effect of some atropine esters on the rat phrenic nerve diaphragm
Molar _ Time for .
Drug concentration  complete inhibition
in bath (minutes)
Tubocurarine 1x 10s 5
i 1 X 10-S 15
Atrcg)lne 1 X 10-3 No effect
AM 1 X 10"3 3
5x 104 5
PAMN 1 X 103 2
5x 104 5
2 X 10-4 No effect
VAMB 5X 104 1
” 5x 106 Slight effect

Shay Rat

As the compounds so far tested had both anti-muscarinic and ganglionic
blocking activity it appeared as though they might be useful for the
symptomatic treatment of peptic ulcers. The results are shown in Tables
IV and V.

This test illustrated that a single subcutaneous dose of the drugs
decreased the total volume and the acidity of gastric secretion (for a period
of 18 to 22 hours). It has been shown (Shay and others34), that if
unbuffered gastric juice is allowed to accumulate in the stomach of the
rat for this period, ulcerations of the stomach are produced and the
stomach is distended with highly acid gastric fluid, pH below 2. Both
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these symptoms were reduced by atropine, hyoscine, or any of the deriv-
atives tested. No ulceration occurred in any medicated animal, and
the volume of secretion was also greatly reduced. Because of wide
individual variation between animals, 121 rat experiments were performed.
The results indicate that the atropine compounds exhibit a stronger
antisecretory activity than the hyoscine compounds. In each case where

TABLE YlII
Toxicity (1d 50 mice)*
mg./kg. ma./kg.
Substance intrapgerit%neal Limits 0-95 &aP
Propionyl atropine methyl nitrate 114 93-141 2000
Benzoyl”hyoscine hydrobromide.. 158 144-172
Atropine Sulphate = 355 329-384 1000
Hyoscine hydrobromide .. 757 732-783

*The LD 50 for the substances by the intraperitoneal route is calculated by means of probit analysis.
The figures for the oral route are only an approximation because it was evidenit that the compounds were
non-toxic and to have completed a statistical series would have required more material than was available.

tertiary and quaternary compounds were investigated, the quaternary
derivatives were considerably more active. Several of the compounds
caused an alkaline gastric content in some of the test animals. (See
Table IV.) In these instances the total volume of secretion although small,
was not so small as to be entirely attributable to swallowed saliva, particu-
larly as these drugs tend to decrease salivary secretion. Normal gastric
secretion is a mixture obtained from three types of secretory cells, which
may not be equally affected by these drugs. Probably a greater inhibition
of the acid-secreting cells was obtained than of the mucin-secreting cells.
The secretion of the latter is alkaline in nature and also because of its
high protein content acts as a buffer for any small amount of acid that may
be present.

TABLE VIII
Toxicity (semi-acute)
Dose. Injection  No. of i
Substance mg./kg. i.p. fréquency animals Period to death
Propionyl atropine methyl nitrate 64-25 2 perday 10 rats did not die within. 5 days
. 10 mice 3 died 4-5 days
Atropine sulphate 200 6 rats 2 died 3-4 days

6 mice 3 died 3-5 days

Neuromuscular Junction

PAMN has a curariform action at the neuromuscular junction. This
action is only one fiftieth that of tubocurarine.  Other results are given in
Tabel VI.

Toxicity

Table VII gives the intraperitoneal LD 50 to mice of several of these
compounds. Table VIII gives the semi-acute toxicity when the drugs
were administered at a ratio of 0-56 of their LD 50 to mice. During the
Shay Rat experiments it was noted that benzoyl hyoscine hydrobromide
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was very toxic. The dose used for other compounds 350 mg./kg.,resulted
in the death of all animals. As has been found elsewhere the toxicity of
guaternary compounds is much less by mouth than by parenteral adminis-
tration26

D iscussion

In an earlier paper Shaw and Rosenbluml postulated that the esters
(acetyl, butyryl, propionyl etc.) of hyoscine might owe their lesser degree
of activity but more prolonged action to the fact that they were hydrolysed
in the body before they exerted their pharmacological actions. Subse-
guent unpublished work has not confirmed this. In the present series
the acetyl and propionyl esters of atropine had the same qualitative and
quantitative spasmolytic action on the guinea pig ileum. Quaternisa-
tion reduced the anti-muscarinic activity to one tenth that of the tertiary
amines.

As was to be expected the quaternary derivatives showed ganglionic
blocking activity. The activity of PAMN was about the same as that of
atropine methyl bromide but greater than that of the other therapeutically
employed gastric “sedatives”.

PAMN also caused a fall in blood pressure in the anaesthetised cat,
presumably due to its ganglionic blocking activity. A fall in blood
pressure was not noted in 6 paraplegic patients receiving 24 mg. of PAMN
per day. Peptic ulcer patients receiving the drug for a period of 6 months,
at about the same dose level had no complaints of orthostatic hypotension.

It was not surprising that several of the atropine and hyoscine derivatives
reduced the volume and acidity of the gastric content of the Shay rat
preparation. It is interesting that the quaternary derivatives were as
active, or more active, than atropine. Yet these compounds had only one
tenth the antiacetylcholine activity on the guinea pig ileum. It would thus
appear that ganglionic block is more important than anti-muscarinic
activity in the prevention of gastric secretion.

The results of toxicity tests of PAMN and related compounds at first
appear to be paradoxical. By the intraperitoneal route PAMN was
three times as toxic as atropine, and benzoyl hyoscine hydrobromide was
six times as toxic as hyoscine. Orally PAMN was only half as toxic as
atropine. These findings are in agreement with work of other authors26
who have shown that quarternary are more toxic than tertiary compounds
when given parenterally and the reverse holds orally. We have shown the
same concept to be true for quinine (Shaw and others unpublished)
When a fixed ratio of the LD 50 was chosen for a semi-acute toxicity the
quaternary compound appeared to be relatively less toxic.

PAMN had slight neuromuscular junction blocking activity but no
mu_sc(tjjlar weakness was noticed in man consuming this drug over long
periods.

PAMN thus shows possibilities as a therapeutic substance for sympto-
matic treatment of peptic ulcer. This matter will be considered further in
another publication (Herman and Shaw?).
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A quaternary compound, propionyl atropine methyl nitrate, previously
demonstrated to have muscarinic and ganglionic blocking properties
has been shown to decrease the volume and acidity of the gastric juice
inman. Using a variation of the glucose tolerance test the compound
was also shown to reduce the matility of the alimentary tract. Side
effects due to parasympathetic blockade were in most cases absent
at the doses used. A clinical trial with 26 cases of Pe tic ulcer has
resulted in a complete alleviation of symptoms without the production
of side actions.  In six cases the trial has extended for six months with-
out the development of tolerance.

In a previous paperlseveral quaternary ammonium esters of atropine,
were shown to possess both muscarinic and ganglionic blocking activity.
This combination of these properties in one molecule together with
the capacity to inhibit gastric secretion, in the Shay Rat preparation
suggested their use for the symptomatic treatment of peptic ulcers. This
paper attempts an investigation of the effect of one of these esters on the
gastric secretion and gastric motility in man. The results were compared
with those obtained with atropine, atropine methyl bromide and hyoscine
methyl bromide. The trial substance propionyl atropine methyl nitrate
(PAMN) checked both secretion and motility with an almost complete
absence of side actions.

Screening a potential drug for the treatment of peptic ulcer is fraught
with difficulties. This applies both to the measurement of the secreted
acid and the motility of the alimentary canal. The problem is discussed
by Bachrach and others2 In view of the difficulties we decided on
simplicity of method. The histamine-stimulated secretion test was
rejected as this procedure could give erroneous results, since the physical
discomfort produced by histamine or the apprehension of an injection in
untrained volunteers could result in a variable inhibition of gastric
secretion. We therefore decided to use the alcohol test meal.

The direct measurement of motility is even more unsatisfactory,
especially without the services of a gastroenterological unit. The depend-
ence on volunteers makes it necessary to employ an indirect method which
will cause little or no discomfort. Indirect methods are discussed by
Bachrach and others but as none appeared to offer any advantages the
following method was devised.

On the assumption that the stomach itself absorbs little or no sugar the
initial rise of blood sugar after the ingestion of a large amount of glucose
or sucrose depends upon the ingested sugars reaching the duodenum.
Any lack of motility of the stomach would thus delay the rate of rise of
blood sugar. Similarly a lessening of intestinal motility would be expec-
ted to enhance this effect. A flattening of the blood sugar curve would
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also be expected since the slower rate of absorption would permit of a more
effective control by the insulin secretory mechanism of the endocrine
system.

To demonstrate that the slower rate of sucrose absorption was not
solely due to a decrease in acid hydrolysis, or to a decrease in the enzymatic
splitting activity of the gastric mucosa, both glucose and sucrose tests
were made. The results were more consistent than might be expected
and we find that the glucose tolerance test could be extended to yield
evidence of alimentary movement with a minimum of discomfort to the
subject.

TABLE |
The pH OF INDIVIDUAL GASTRIC SAMPLES AFTER SINGLE ORAL DOSES
Subject I.

Con- . i i Valeryl atropine  Atropine Hyoscine
X trol  Atro-  Propionyl atropine methyl nitrate methyl bromide  methyl  methyl
Time no pine bromide bromide
minutes drug 13mg. 2 mg. 4mg. emg. s8mg 5mg. 8 mg. 8 Mg 8 mg.
Fasting 147 18 1-88 219 1-74 1-32 2-16 145 151 154
0 ? 2-21 2-37 2-36 243 2-62 2-49 2-48 2-65 2-30
i} 147 198 1-75 172 172 1-49 1-3 1-7 143 1-56
30 1-21 1-48 1-40 163 140 1-34 1-25 1-5 1-38
45 120 202 147 158 13 142 124 146 147 131
60 10 238 1-42 1-40 166 20 159 1-56 2-60 1-54
6] 183 2 143 326 442 1% 20 2-84 1-9%5
90 15 28 1-44 392 640 6-53 2-06 2 316 37
106 140 319 1-57 416 573 614 2-08 542 2-48 2-89
120 47 23 1-75 2-34 6-25 1-50 479 2-23 2-30
1% 23 1% 2.68 34 2-719 520 2-50 215
150 20 2-55 2-82 360 2-00 2-30

Total acid (ml. of 0-1 n NaOH required to neutralize 100 ml. of stomach content)

Fasting 4-36 585 37-6 456 430 98-8 200 52-6 51-4 50-6
0 7 9-6 10-0 100 520 50 35 7-8 52 10-6
15 504 530 360 49-6 40-6 440 60-5 37-0 42-4 386
30 500 26-2 684 67-4 64-8 70-8 79-0 — 63-0 58-2
45 42 256 786 760 490 67-6 — 52-0 51-6 70-6
60 554 240 780 52-4 32 400 42 440 37-0 49-6
» 680 290 754 11-2 8-2 50 10-2 - 160 310
0 61-8 360 49-6 114 32 50 258 7-6 156 —
105 482 418 58-0 9-2 64 84 148 8-8 230 16-6
120 606  40-2 420 168 11-6 56 56-6 11-6 26-4 240
135 236 158 156 12-8 10-0 —
150 6 150 70-0
Methods

Acid secretion. The antisecretory effect of a single oral dose on the
secretion of the stomach in response to an alcohol test meal was estimated.
The procedure was as follows.

All subjects fasted at least 8 hours previous to the test. Because of
large individual variations in response to an alcohol test-meal each subject
acted as his own control. The fasting content of the stomach was
completely aspirated through a Rehfuss tube and any residual matter
washed out with 20 ml. of distilled water at 37°. Immediately after this,
the warmed test meal, with or without dissolved drug, was passed down
the tube. A 10ml. sample was then immediately withdrawn and thereafter
a further 10 ml. every 15 minutes for 2 to 2\ hours. Estimations of
free acidity, total acidity and pH were made on all samples including the

357



LAURA HERMAN AND F. H. SHAW

fasting sample. The acidities were obtained by titration with a OTN
solution of NaOH using appropriate indicators ; free acidity using Topfer’s
reagent (0-5 per cent dimethylaminoazobenzene, end point approximately
pH 2-8) and total acidity using phenolphthalein (end point approximately

Fig. 1. Effect of various doses of PAMN of pH of human gastric contents.

1 PAMN 6 mg. 2 PAMN 8 mg. 3 Atropine 03 mg. 4. PAMN 4 mg.
5. Control.

Fig. 2. Effect of various doses of PAMN on the acidity of the gastric contents
(same subject as in Fig. 1). 1 Control 2 Atropine 03 mg. 3 PAMN 4 mg.

4 PAMN'6mg. 5 PAMN 8mg.
pH 7). All acid results were expressed as ml. of OTN NaOH required to
neutralise 100 ml. of stomach content. As continuous aspiration appar-

atus was not available, the volume of secretion for each time interval could
not be obtained.
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Motility. Each subject acted as his own control, and different drugs
were tested on separate days. The drugs were swallowed in tablet
form with the aid of a little water 30 to 45 minutes before admini-
stration of the sugar. Immediately before the ingestion of 50 g. of the
sugar (dissolved in 100 ml. of water), 0-05 ml. blood was taken from a

TABLE 1l

Summary of human gastric secretion experiments

Total Average
number . Drug . duration of ~ Decrease of
subjects single oral D_|3/ mouth  MaximumpH maximumpH  secretion
tested dose (side effect) (average minutes (qualitative)
6 Atropine 0-65 mg. ++ 38 30 + (?
5 Atrogi_ne methglg 45 30 + S.)
bromide s mg. . '
6 Propionyl_atropine +(? 49 60 ++ 4+
methyl nitrates mg.
Hyoscine methyl 32 30 +
bromide s mg. 1

finger and 5 similar samples were taken at 15 minute intervals after the
ingestion of the sugar. The glucose content of the blood samples was
estimated by a sensitive colorimetric method requiring small samples of
blood only. This facilitated the accurate timing of the blood samples.
Each sample was diluted with distilled water (5 ml.) and the protein
precipitated with Zn(OH)2 The samples were then centrifuged and two

TABLE I

T he effect of drugs on the uptake of glucose and sucrose from the alimentary

TRACT (MG, GLUCOSE/100 ML. BLOOD)

50 g. 50 g. 509 509 509 Ly
. lucose  glucose glucose glucose  sucrose  sucrose
Time 509 8 ”H + 5mg. + 15 m%l + 0-65 mg. 48 "H
minutes  glucose PAM pipenzolate propantheline  atropine PAM
0 103 101 82 95 109 0] ,)'75
15 102 19 109 108 12 87 !
30 127 13 % 107 124 117 1,2
45 168 2% 90 116 149 153
60 136 ! 103 105 114 139 120
s 136 102 84 100 04 115 130
Maximum
Rise 6 30 27 21 40 63 27

aliquots (2 ml.) of clear supernatant liquid were taken. To each aliquot,
chilled in an ice bath, a 3 ml. aliquot of anthrone solution (0-02 per cent in
95 per cent sulphuric acid) was added, and the colour of the mixture
developed for exactly 7 minutes in a boiling water bath. Colour intensi-
ties were compared with the colour intensity of a known standard glucose
solution using a Beckman spectrophotometer (wavelength 620 mvx)3

Results
Gastric acidity. Comparisons of the test drug with atropine, airopine
methyl bromide and controls were made in 76 experiments on 6 subjects.
Tests with different drugs were done on different days. The variation
noted from time to time in one individual was less than the variation
between different subjects.
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The results of a typical experiment are given in Table | and Figures 1and
2. The results of 76 experiments on 6 persons in Table Il.  All subjects in
whom 0-65 mg. atropine caused a rise in gastric pH and some decrease in
acid secretion showed to the quaternary derivative a more pronounced
response of longer duration. At pH 4-5 or more gastric pepsin is inactive.
The blocking of the proteolytic enzyme greatly aids in the healing of gastric
lesions. In most of the experiments in which the quaternary derivative
was given, difficulty in
obtaining some of the
later 10 ml. samples was
noted, indicating a quali-
tative decrease in secre-
tion. This was not noted
in either the control or

atropine experiments.
Motility. 100 experi-
ments on 8 persons were
carried out. The results
ofa typical experimentare
shown in Table Il and

Figure 3.

PAMN proved to be
active in seven of the
Minutes eight subjects tested. The
Fig. 3. Effect of PAMN on the uptake of glucose rgsults Obt?lmed frpm t.he
and sucrose from the human alimentary canal. eighth subject, a diabetic,
1 Glucose control. 2. Sucrose control. 3. Glu- \were more variable but

cose X 065 mg. of atropine. 4. Glucose + 8 mg. . .
of PAMN. 5. Glucose + 8 mg. of atropine. nevertheless in the major-

ity of cases PAMN les-
sened the rise in blood sugar. The same tests were made on two of the
subjects after the previous administration of 0-65 mg. atropine which proved
to be about two thirds as effective as PAMN in each case, i.e. the rise in
blood sugar after atropine was always less than that of the control but was
greater than that obtained after PAMN. Thus PAMN produced a greater
immobility of the alimentary tract and there was evidence that its action
outlasted that of atropine.

Effect on blood pressure and heart rate. Ten volunteers were given 6
mg. of PAMN and the blood pressure and pulse rate measured for the next 3
hours. The results were variable, however the pulse rate increased by about
five per minute in a number of instances. The systolic and diastolic pres-
sures rose in some volunteers by about 5 mm. Hg. But the same variable
results were obtained when the volunteers were tested again with placebos.

Clinical Trial. Two separate preliminary clinical trials have been
made with PAMN at a dose of 6 mg. 6 hourly. No side actions were
observed and no disturbances of micturition in any of the 26 patients. In
both trials, one with 15, the other with 11 patients, the alleviation of
symptoms has been satisfactory. Six patients have been treated for six
months without any tolerance developing.
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D iscussion

Two tests, applicable to human volunteers, were used to evaluate a
quaternary ammonium derivative of atropine as a potential therapeutic
agent for the relief of distress in peptic ulceration. The two tests were the
alcohol test meal and the glucose tolerance test, the latter to determine the
effect on alimentary motility. These gave results which are in remarkable
agreement with one another, especially when made on the same subject.

The drug reduces the volume and acidity of the gastric juice and de-
creases the motility of the intestine.  The decrease in volume of the gastric
juice was often accompanied by an increase in mucous content as well as
by a considerable rise in pH, which was too great to be attributed to
swallowed saliva. Normal gastric secretion consists of a mixture of
three secretions obtained from three distinct types of cells which may not
be equally affected by the drugs. Perhaps in our case a greater inhibition
of the acid-secreting cells than of the mucin-secreting cells was obtained.
The secretion of the latter, which is alkaline in nature, also acts as a buffer
because of its high protein content. The only untoward effect noticed
has been a slight drying of the mouth in 19 experiments out of 171
There were no disturbances of vision or micturition. The slight degree of
inhibition of salivation was noticed with doses of 8 mg. when the stomach
was empty, a state which would increase the absorption of the drug. It
was not noticed in patients receiving normal meals and at a dose of 6 mg.

The novel feature of the tests is the use of the glucose tolerance test to
measure alimentary motility. The lower blood sugar levels which were
obtained consistently when atropine or its derivatives were given, strongly
supported our hypothesis that these reduced levels were due to lessened
alimentary activity. Similar results obtained in the sucrose tolerance
tests also supported this concept and as they were little, (if at all) different
from the glucose tolerance tests it would appear that acid hydrolysis of the
cane sugar in the stomach contributed little to the results.

The experiments on the diabetic volunteer were also interesting.  This
patient was an experienced research worker who fully understood the
nature of his condition and was well stabilised. Fifteen experiments
(alcohol test meals and glucose tolerance tests) were carried out, and in
6 cases the volunteer experienced an hypoglycaemic attack either during,
or after the performance of the test. This would strongly suggest that
the PAMN was delaying the uptake of sugar, presumably by decreased
motility. Such evidence provides further support for our contention
that the glucose tolerance test may be used as an index of alimentary
motility.

Liett))ér4has compared thoroughly the effects of atropine, propantheline
(Probanthine) and oxyphenonium (Antrenyl) on the post insulin and basal
gastric secretion. At the same time he has studied the antisecretory
activity and the side actions due to parasympathetic inhibition. Propan-
theline has most effect in accelerating the pulse. The other side actions
parallel the effect on the heart and in decreasing order of activity of drug
are propantheline, oxyphenonium and atropine. The gastric anti-
secretory activity does not follow the effects on salivary secretion etc.
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For comparable antisecretory effect atropine has the least side actions.
As our results show that, for equivalent antisecretory effect, PAMN has
less side effects than atropine one would expect that PAMN has less side
actions than either propantheline or oxyphenonium. Preliminary trials
bear this out.

Finally we have not as yet tried the effect of PAMN on the “basal”
secretion. In many ways “basal” secretion is a logical rather than
physiological concept, in that it depends upon a definition. Lieber4 has
shown that atropine lessens the basal secretion and as PAMN is a close
chemical derivative of atropine and has been shown to retain the anti-
muscarinic actions of atropinelit might be assumed that PAMN would
have a similar inhibitory action on the basal secretion.

PAMN would appear to have little effect on the circulatory system, both
in volunteers and peptic ulcer patients.

Acknowledgements. We wish to thank Dr. lan Wood, Director of the
Clinical Research Unit, Royal Melbourne Hospital, for the preliminary
notes of the first clinical trial and Dr. S. Gershon for his assistance in the
second trial.

Propionyl atropine methyl nitrate is subject to Australian Patent No.
23270/56 and other patents.
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THE HYDROLYSIS OF ACETYLSALICYLIC ACID FROM
AQUEOUS SUSPENSION*
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An investigation of the kinetics of the hydrolysis of acetylsalicylic acid
from_aqueous suspension is described.” The net reacfion is one of
solution of the solid followed by hydrolysis in solution, so that the rate
of reaction is dependent on the concentration of the saturated solution.
Under conditions where the solubility of acetylsalicylic acid is small in
comparison with the quantity in stspension, a zero order reaction
results. The B.P.C. mixture 1s discussed.

The decomposition of acetylsalicylic acid solutions in water has been
studied by several workersl-6, who have shown that the compound is
hydrolysed to form acetic and salicylic acids. The hydrolysis is a first order
reaction, the net velocity being a function of the six possible reactions
between the equilibria’?,

CBH4OCOCH3COOH ~ CHAOCOCH3COO' + H+
2HD A HD+ OH'

In consequence of this rapid hydrolysis from solution, the use of
aqueous suspensions is preferred, although these too are known to
decompose8

Examination of reactions between a suspended solid and its suspending
medium requires a consideration of dissolution. The first measurements
of dissolution were made by Noyes and Whitney9 who observed the
dissolution of benzoic acid and lead chloride respectively from a cylinder
of the solid rotating in water. This was extended to chemical reaction
by othersl01, one of whom, Senterl? said that the speed of the hetero-
geneous reaction depended on the rate of diffusion of the saturated solution
from the solid, and the rate of the resulting homogenous chemical reaction.
If either of these was appreciably slower than the other, its rate would
determine that of the complete reaction. Under such conditions Senter13
suggested that the effect of temperature on the reaction would indicate the
relative rates, since the velocity of a chemical reaction is greatly influenced
by temperature, an increase of 10° causing the rate of reaction to increase
two or three fold, while the diffusion rises only 2-5 per cent per degree.

Experimental
A procedure introduced by Tsokalatos and Horsch2was used whereby
the degree of hydrolysis was calculated from the increase in acidity of the
system. Titrations were carried out with sodium hydroxide in the presence
of ethanol, using phenol red as indicator.

*The subject matter of this communication forms part of a thesis accepted by the
University of Wales for the degree of Master of Pharmacy.
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Effect of Temperature

Rates of hydrolysis of acetylsalicylic acid in mixture of acetylsalicylic
acid B.P.C. were determined and compared at temperatures ranging from
room temperature (approximately 20°) to 100°.

Decomposition at room temperature and at 34°. A quantity of mixture
of acetylsalicylic acid B.P.C. stored in a glass stoppered bottle in a dark

TABLE |

Hydrolysis 0or acetylsalicylic acid suspensions at various temperatures

Room
Temperature 34° 50° 60° 70° @
Per Per Per Per Per Per
. cent . cent . cent . cent . cent . cent
Time c,h,04 Time ch®B4 Time chP4 Time chd4 Time CHeO. Time chd4
in remain- in  remain- in remain- in  remain- in  remain-  in remain-
days ing days ing hours ing hours ing hours ing minutes ing
4 98 7 93 % 99 % o] % 91 15 85
7 96 ﬁ 87 98 90 8l 30 71
13 %5 78 3 9% 3 89 3 45 62
19 93 29 é 4 94 4 85 4 65 60 52
26 93 36 g 92 g 82 % 59 &) 42
47 89 3 60 92 I 54 :&8 36
62 89 7 91 7 7 7 47 19

cupboard (room temperature) and incubator (34°) was shaken daily, and

sampled when required by removing approximately 5 g. in a tared weighing
bottle.

Decomposition at 50°, 60°, and 70°.  The reaction mixture was immersed
in a constant temperature water bath and stirred continuously with a

TABLE 1l

Relative velocities of hydrolysis of mixture of acetyl-
salicylic ACID B.P.C. AT VARIOUS TEMPERATURES

Temperatures  Mean velocity quotient
poeC. (per l(t)¥C(.1)

20 to 34
50 to 60
60 to 70 o
70 to 100 39
341070

TABLE Il

Solubility and dissolution of acetylsalicylic acid

Temperature Solublility Relative dissolution
°C. (percentage Wiw) rate
2B L
50 3
60 15
70 33

mechanical stirrer. Approximately 5 ml. samples were withdrawn
hourly into tared weighing bottles containing 15 ml. of cold water and
weighed. The rapid cooling of the suspension thus, considerably retarded
the rate of hydrolysis.
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Decomposition at 100°. The same procedure was used as at 70° the
constant temperature being provided by a boiling water bath. Owing to
the speed of the reaction, samples were withdrawn at 15 minute intervals,
and as time did not permit duplicates, single determinations were made.
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Fig. 1. Hydrolysis of mixture of acetyl- Fig.2. Hydrolysis of acetylsalicylic acid suspensions
salicylic acid at 34°. at room temperature.

X Containing 3-3 per cent CH & 4on preparation.
0 " 65 ., .
. " 13-0

Results are summarised in Table I, and show the pronounced effect of

temperature on the rate of reaction, 10 per cent hydrolysis occurring in
only 15 minutes at 100°, and after 62 days at room temperature.

Effect of Concentration

Three suspensions were prepared, corresponding to mixture of acetyl-
salicylic acid B.P.C., and mixtures with double and quadruple the B.P.C.
quantity of acetylsalicylic acid respectively. The preparations were
stored in 500 ml. glass stoppered bottles in a dark cupboard, shaken daily,

and the hydrolysis followed as before. )
Three similar suspensions were also examined at 70°, and two suspen-

sions, a single, and a double strength, at 100°.

Solubility Determinations
Solubilities were determined spectrophotometrically by a method
described by Edwards?.
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D iscussion

In order to compare the rates of hydrolysis at the various temperatures,
graphs were plotted relating the percentage of undecomposed acetyl-
salicylic acid to time of reaction, and from these the percentage hydrolysis
at selected times determined.  Velocity quotients were calculated from this

information as the rela-

tiveincrease in hydroly-

sis per 10° temperature

rise. These values are

shown in Tablell. The

anticipated  diffusion

velocity quotient for

10° would be (0-025 x

10) + 1= 1-25,which

is less than the smallest

of the experimental

values.  Further, al-

thoughthe two to three-

fold increase for chemi-

cal reactions quoted by

Senter is of the same

order as most of the

velocity quotients, it

bears no comparison

with the velocity quo-

tient obtained between

Time in hours 34° and 70°. A clue
Fig. 3 Hydrolysis of acetylsalicylic acid suspensions tO this very large figure
at 70°. was found in the

X Containing 3-4 per cent CH 9 4on preparation. observation that the
o ” f1‘>2?9 suspensions  became

translucent at about
70°, indicating that the solubility of acetylsalicylic acid had increased
with temperature, until at 70° all the acid in the mixture containing 3-3 per
cent had dissolved. This is confirmed by the solubility figures, shown in
Table 1.
The Noyes Whitney equationi—

e = k(cs - ©)

where c is the concentration of the continuous phase, and Cs that of the
saturated solution, predicts that the rate of dissolution increases with
solubility.  Relative rates of dissolution, calculated when t and c are zero,
are given in Table 111, and indicate that increase in dissolution alone cannot
be responsible for the high velocity quotients.

Figure 1shows the curve of concentration against time for the hydrolysis
at 34°. It is a straight line, which indicates that the rate of hydrolysis is
independent of the quantity of acetylsalicylic acid in suspension, or in
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other words, is of zero order. This suggests that the reaction at 34° is in
two parts, (a) solution of acetylsalicylic acid, followed by, (b) decomposi-
tion of the acetylsalicylic acid in solution.  As the acid in solution decom-
poses, more dissolves, so that the rate of hydrolysis depends on the strength
of the saturated solution. The hydrolysis of the suspension is therefore
slow because the acetylsalicylic acid in solution only, is subject to hydroly-
sis.  Since the solubility is constant the rate of hydrolysis is independent of
the total quantity of acetyl-

salicylic acid, and the reac-

tion is zero order. In the

light of this mechanism,

the marked increase of reac-

tion rate with temperature

is not surprising.

If the reaction is zero
order, the more concentra-
ted a suspension the smaller
would be the proportion
of acetylsalicylic acid hy-
drolysed, so that the sta-
bility of such suspensions
should increase with con-
centration. By comparing
the rates of hydrolysis of
suspensions of different
strengths, the zero order
reaction can be verified,
and more stable prepara-
tions of acetylsalicylic acid
formulated.

The rates of hydrolysis Fig. 4. Iggdrolysis of acetylsalicylic acid suspen-
of suspensions containing sions at 100°.

3-3, 65, and 13-0 percent X Containing 3-3 per cent CH& 4on preparation.
of acetylsalicylic acid at o 69

room temperature are shown in Figure 2. There was a definite increase
in stability with concentration, at every stage of the determination the
degree of hydrolysis was in the same order as the concentrations, and after
62 days storage the percentages of unchanged acetylsalicylic acid were 90,
94 and 97 per cent respectively, relative rates of hydrolysis being
10:6:3.

The comparative rates of hydrolysis of similar suspensions at 70°
shown in Figure 3, gave the same picture, but at 100° the rates of hydrolysis
of the two suspensions were identical, and the hydrolysis curves super-
imposable (Fig. 4).

In the hydrolysis at room temperature and at 70° the percentage
hydrolysis in a given time depends on, and is approximately proportional
to the concentration of the suspension. The hydrolysis curves for the
determinations at room temperature do not follow the straight line of the
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zero order reaction, but the plot of log concentration against time showed
that the reaction is also not first order at any concentration.

At 70° the hydrolysis curves show less curvature than at room tempera-
ture, and approach the straight line of the zero order reaction as the
concentration is increased. In the log concentration against time curves
in Figure 5, the 3-4 per cent suspension follows a straight line, indicating

Time in hours

%9. 5. Hydrolysis of acetylsalicylic acid suspensions at
)é containing6 35-4 per cent CH& 4on preparation.
- . 129 .o
that the reaction is first order. Most of the reaction with the 6-9 per cent
suspension behaves in the same way, while the 12-9 per cent suspension
exhibits a definite curve. The curves in the figure suggest the presence of
a first order reaction, but with the more concentrated suspension this is
less marked. The inference however confirms that the solubility of
acetylsalicylic acid at 70° lies below 69 per cent, that the 3-4 per cent
suspension decomposes unimolecularly, and that as the quantity of
acetylsalicylic acid in suspension increases above 3-4 per cent, the effect of
the first order reaction becomes less in relation to the zero order reaction
of solution followed by hydrolysis.
The behaviour of the reaction at 100° was typically first order, so that
concentration had no effect on the progress of the reaction.
The aim of this work has been to determine in what way acetylsalicylic
acid hydrolyses from aqueous suspension, why the suspension is more

stable than the solution, and what steps can be taken to further stabilise
the suspension.
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It was intended that the work be comparative and not quantitative.
To give absolute figures for hydrolysis rates, particle size and degree of
agitation would have to be defined. These conditions were standardised
in as much as the same sample of acetylsalicylic acid was used throughout,
together with the same stirrer running at the same speed, but neither
property was measured.

The rate of hydrolysis has been studied with several samples of mixture
of acetylsalicylic acid B.P.C., mainly as control in storage tests on other
suspensions, and the degree of hydrolysis has varied from 1to 4 per cent
after 7 days at room temperature.  Similarly, 3to 5per cent and 5to 6 per
cent were found to have hydrolysed after 14 and 21 days respectively. The
limit test of the British Pharmacopoeia allows a maximum of 0-05 per cent
of salicylic acid in acetylsalicylic acid, and 0T5 per cent in the tablets, so
that the mixture would cease to comply with these requirements after less
than one day’s storage.

Temperature has been shown to have marked effect on the rate of
hydrolysis, a rise from 20° to 34° resulting in a one-and-a-half to twofold
ir;crease. It is therefore important that the mixture be kept in a cool
place.

As the rate of hydrolysis is inversely proportional to concentration, a
suspension containing four times the quantity of acetylsalicylic acid as the
official mixture will hydrolyse only a quarter as much in a given time. By
increasing the concentration of the acid in the B.P.C. mixture fourfold
the stability can be increased to the same extent and the mixture would
lose less than 1 per cent of its potency in one week.

Acknowledgements.  The author thanks the Welsh School of Pharmacy
for the facilities given him, and Mr. P. H. Griffiths, B.Sc., F.R.I.C., for
his assistance throughout the work.
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A colorimetric method has been developed for the determination of
small quantities of chlorhexidine by reaction in alkaline solution with
sodium hypobromite. The precipitation of the base is prevented by the
use of a surface-active agent. The method is rapid and accurate and
has been applied to a variety of formulated products containing
chlorhexidine.

The antibacterial drug chlorhexidine (1:6-di(A'-p-chlorophenylbiguani-
dide AShexane) may be incorporated in various formulations in a range
of concentrations. When present in relatively large amounts it may
usually be estimated by extraction of the base followed by titration in a
non-aqueous medium. Alternatively a spectrophotometric method may
be applied to a suitably purified extract. If the concentration of chlor-
hexidine is 1 per cent or less, however, large amounts are required for the
base extraction method and it is often difficult to prepare extracts which
are sufficiently free from irrelevant absorption for a spectrophotometric
determination to be possible. During a search for a more suitable
procedure it was noted that hypochlorous acid reacts with chlorhexidine
to give a transient red colour and it was thought that this might form the
basis of a colorimetric method of assay.

Experimental

A solution of chlorhexidine diacetate in dilute hydrochloric acid was
prepared and diluted with water to contain 0-3 mg. of chlorhexidine per
millilitre. ~ Aliquots each of 5 ml. were treated separately with increasing
amounts of a solution of sodium hypochlorite containing 1 per cent
available chlorine and the effect assessed visually. Small volumes of
hypochlorite gave an immediate blood-red colour which faded rapidly to
pale yellow; with increasing volumes the blood-red colour persisted but
decreased progressively in intensity. This effect was found to be due to
the raising of the pH, caused by the alkali present in the sodium hypo-
chlorite solution which precipitated chlorhexidine base before the reaction
was complete. The colour produced in neutral or acid solution was too
transient to be of practical value and an attempt was made to prevent the
precipitation of chlorhexidine base in alkaline solution by the addition of
a surface-active agent. With this object 5 ml. of a 20 per cent sodium
lauryl sulphate solution was added to a 5 ml. aliquot of the chlorhexidine
acetate solution, together with sufficient OTN sodium hydroxide solution
to produce an excess alkalinity of 0-5ml.  On addition of 5ml. of sodium
hypochlorite solution an immediate blood-red colour was produced which
faded very slowly. A slight turbidity was present, however, which
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made the solution unsuitable for optical measurement and, since filtration
led to adsorption of some of the colour to the filter paper, a search was
made for a more suitable surface-active agent. Various compounds of
anionic, cationic and non-ionic types were tried, involving about twenty
compounds in all. Most of these were effective to a greater or lesser
extent but cetrimide and phenactide (/3 p-tert.-octylyihcnoxyethyldi-
ethylbenzylammonium chloride) were superior to the others, both in
clarity of the resultant solution and the stability of the colour. On
account of its ready availability cetrimide was chosen and was used in all
subsequent work. Sodium

hypochlorite solution is in-

convenient to prepare and

atthis stage the more readily

prepared hypobromite was

tried as a substitute. Initial

results were promising and

it was decided to investi-

ga:e the potentialities ofl

the method using both re-

agents.

Selection of Optimum Con-
ditions of Reaction

Stability of colour on
standing at 20°. Aliquots
of 5 ml. of chlorhexidine
acetate solution were dilu- Fig. 1 Stability of colour with time.

ted to about 80 ml. in each . . :
X Alkaline sodium hypobromite 1 per cent w/v
of two 100 ml. flasks and available bromine}/p P

5 ml. of 20 per cent cetri- + Alkaline sodium hypochlorite 1 per cent wiv
midesolutionadded. After available chlorine.

the addition of 05 ml.

OTN sodium hydroxide the colour was developed by adding 50 ml.
of sodium hypochlorite solution to one, and 5-0 ml. of sodium hypobromite
solution to the other, both solutions having 1per cent of available halogen.
The volume of each was adjusted to 100 ml. and the optical density meas-
ured at 480 mp in 1cm. cells at intervals over the succeeding 30 minutes.
Results are shown in Figure 1 and illustrate the superiority of sodium
hypobromite solution. In view of the enhanced stability of the colour
formed with the latter reagent further work with sodium hypochlorite
was abandoned. A standing time of 25 minutes was chosen as sufficient
for the colour to reach stability.

Variation ofsodium hypobromite concentration. The development ofthe
colour was carried out as described in the preceding section varying the
quantity of sodium hypobromite solution, the optical density of each
solution being measured 25 minutes after the addition of the reagent.
Results are given in Table | and show that variation of the sodium hypo-
bromite content has no effect on the resultant colour.
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Variation of alkalinity. The alkalinity of the sodium hypobromite
solution was varied between 0-7 and 1-5N, other conditions remaining
unchanged, without affecting the optical density of the colour produced.
It was convenient to prepare the reagent in IN sodium hydroxide and this
concentration of alkali was used in all subsequent experiments.

Variation of the cetrimide concentration. The reaction was carried out
using varying concentrations of cetrimide and the results are shown in

TABLE |

Effect of variation of the sodium hypobromite concentration on the intensity

OF THE COLOUR

ml. of sodium hypobromite

1 per cent available bromine 1 2 3 4 5 6
E (Lper cent, 1cm.) 480 mix .. 302 303 303 303 303 304
Table I1. It will be seen that for constant results to be obtained a mini-

mum of 5 ml. of a 20 per cent solution must be used.

Variation of temperature. The temperature at which the solutions
were allowed to stand during the 25 minutes development time was
varied between 5° and 25°, and the results are shown in Table IIl. It is
seen that temperature control is most important if reproducible results
are to be obtained. As 20° is a readily attainable laboratory temperature
subsequent determinations were performed at this temperature.

TABLE 11
Effect of variation of the cetrimide concentration on the intensity of the
COLOUR
ml. 20 per cent cetrimide
solution 1 2 3 4 5 6 7 8
E (1 per cent, 1cm.) 480 mix 294 294 298 303 308 310 310 31

General method

On the basis of the foregoing experimental work the following procedure
was established for the determination of chlorhexidine in simple solution.

Reagents

Alkaline sodium hypobromite. Dissolve 10 g. of sodium hydroxide
A.R. in 400 ml. of distilled water in a 500 ml. flask and add, in small
portions, 55 ml. of bromine A.R. stirring between each addition until the
bromine has dissolved. Adjust the volume of the solution to 500 ml.
with distilled water. Standardise the solution as follows. Pipette
10-0 ml. into a 250 ml. conical flask and add, in order, 25 ml. of distilled
water, 2 g. of potassium iodide (free from iodate) and 10 ml. of glacial
acetic acid. Titrate the liberated iodine with OTN sodium thiosulphate
solution using starch as an indicator.

Based on the determined strength dilute the solution with distilled
water to contain 1-5 per cent of available bromine. Prepare the reagent
by mixing 66 ml. of the latter solution with 33 ml. of 3N sodium hydroxide
solution. It is stable for about one month.
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Cetrimide solution. Dissolve 20 g. of cetrimide B.P. in 80 ml. of warm
distilled water, cool, and dilute to 100 ml.

Method

Transfer an aliquot of the solution, such as would be expected to contain
about 1-5 mg. of chlorhexidine, to a 100 ml. volumetric flask and adjust
the volume to about 80 ml. by the addition of distilled water. Add
5-0 ml. of cetrimide solution and, if the solution is acid, sufficient N
sodium hydroxide solution to render alkaline to litmus paper, plus 0-5 ml.
inexcess. Mix well, add 1-0 ml. of Aopropanol to suppress the froth and
place the flask in a water bath at 20° £ 2°. When the temperature has
reached equilibrium add 2-0 ml. of alkaline sodium hypobromite solution,
adjust the volume to 100 ml., mix and replace in the water bath. At the

TABLE 11l
Effect of temperature variation on the intensity of the colour
Temperature °C 5 10 15 20 25
E (i per cent, 1cm.) 480 mix 348 338 317 307 294

same time perform a blank on the reagents used exactly as described above
omitting only the sample. Allow the flasks to remain in the water bath
for exactly 25 minutes and then immediately measure the optical density
of both sample and reagent blank against distilled water in 1cm. cells at
480 mix on a suitable spectrophotometer. Correct the optical density of
the sample by subtracting the reagent blank reading. Obtain the chlor-
hexidine content of the sample by reference to a calibration graph prepared
by repeating the above procedure on solutions containing known amounts
of chlorhexidine acetate. A suitable graph is obtained using 2, 4, 6, 8 and
10 ml. aliquots of a 0-0003 g./ml. solution of chlorhexidine acetate.

Application of the Method to Formulated Products

Compound solutions of chlorhexidine. In all samples examined it was
possible to use the foregoing method without modification, the effect of
added colouring matter being negligible at the dilution used and the usual
perfuming agents being without effect on the development of the colour.

Creams and ointments. It is necessary to extract chlorhexidine from the
fatty excipients of the sample before the development of the colour with
sodium hypobromite. The following technique was found generally
applicable. Transfer an accurately weighed quantity of the sample,
expected to contain about 30 mg. of chlorhexidine, to a 150 ml. separating
funnel with the aid of 20 ml. of distilled water and add 10 ml. of IN
hydrochloric acid. Extract successively with three portions, each of
25 ml. of chloroform, combining the chloroform extracts in a second
separating funnel. Wash the combined chloroform extracts with two
10 ml. portions of water, adding these washings to the acid liquid in the
first separating funnel. Discard the chloroform extracts. Transfer the
combined acid layer and washings to a 100 ml. volumetric flask and adjust
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to the mark with distilled water. Determinethe chlorhexidine content ona5
ml. aliquot ofthe above solution bythe method described for simple solutions.

Lozenges. Transfer an accurately weighed quantity of powdered
lozenges, expected to contain about 5 mg. of chlorhexidine to a 150
ml. separating funnel with the aid of 20 ml. of distilled water. Add
10-0 ml. of 3N sodium hydroxide and extract with three successive por-
tions, each of 25 ml., of ether, combining the ether extracts in a second
separating funnel. Extract the combined ether extracts with three

TABLE IV

Summary of results on samples examined

Chlorhexidine content

Sample No. . .
Nominal Proposed method Alternative method
r cent wiv r cent wiv * per cent wiv.
Liquid antiseptic 1 P 0-30 0@0 0-29 (fgg 0-29
2 0-29 0-29 0-28 0-27 0-27
3 0-30 0-31 0-30 0-30 031
4 0-30 0-29 0-29
5 0-30 0-29 0-29
6 0-30 0-30 0-30
7 0-30 0-31 0-31
8 0-30 0-29 0-30
L per cent wiw i)er cent wiw t per cent wiw
Antiseptic cream 9 103 05 106 04 102
10 100 0-98 0-96 0-96 0-96
11 100 093 100 0-98 0-98
i 12 100 0-97 099 0-98 100
Obstetric cream 13 100 104 105 104 104
14 100 0-99 0-97 0-93 0-94
15 100 103
16 100 0-98
17 100 100
100 102
L mg./lozenge mg./lozenge
Antiseptic lozenges 19 50 49 495
20 50 4-95 504
21 50 4-85 500
22 50 49 49
23 50 50 4.9
24 50 4-85 49

Samples 1, 2,9, 10, 13 and 14 were prepared in the laboratory from materials of established purity.
th;f/gr%)&cétl%%%hotometnc procedure was used, a reagent blank being performed on all materials used in
t The procedure used was titration of the extracted base with perchloric acid in glacial acetic acid.

successive 25 ml. portions of 0TN hydrochloric acid, filtering each in turn
through a No. 1 Whatman filter paper into a 100 ml. volumetric flask.
Wash the filter paper with 20 ml. of distilled water, adding the washings
to the acid layers in the 100 ml. flask. Adjust to volume with distilled
water and mix. Determine the chlorhexidine on a 25 ml. aliquot of the
latter solution exactly as described for simple solutions of chlorhexidine.

The procedure described above is suitable for lozenges containing the
usual excipients and flavouring agents. The presence of a local anaes-
thetic of the p-aminobenzoic ester type, for example benzocaine, does not
cause interference, but if a quaternary ammonium bactericide is present
the chlorhexidine is not completely extracted and a modified procedure is
necessary. Results on this and previously described formulations are
given in Table IV.

Acknowledgements.  The author wishes to express his thanks to Mrs. A
Swift and Mr. H. E. Mill for assistance with the experimental work.
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The lethal doses of digitoxin, acetyldigitoxin and gitalin were deter-
minedincats. Electrocardiograms were recorded infermittently during
the course of the repeated” injections of these _?Iy005| Their
relative lethal activities in cats were found to be similar to the reported
relative therapeutic activities in man. Gitalin was found to be
significantly more liable to cause cardiac arrhythmias than the other

tWo glycosides.

It is generally known that the therapeutic indices of various cardiac
glycosides are essentially identical although the absolute activities are
differentl‘4d More recently, however, a number of investigators56 have
reached the conclusion from clinical experience that gitalin (amorphous)
has a greater therapeutic index than the other cardiac glycosides. Whether
this reported difference in the therapeutic index can be demonstrated in
experimental animals, was herein examined.

Methods

The lethal doses of digitoxin, acetyldigitoxin and gitalin were determined
in adult healthy cats weighing 1-8 to 35 kg. The procedure was similar
to the assay for digitoxin described in the U.S. Pharmacopoeia XIII. In
brief, the glycoside, in solution, was given intravenously at a rate of 1 ml./
kg. every 5 minutes. The concentration of the solution was such that the
cat would die after receiving 13 to 19 injections of the glycoside. A total
of 14 cats were used for each glycoside. During the course of the experi-
ments, electrocardiograms (Lead 11) of these cats were recorded before
each injection. The digitoxin was a sample of the U.S.P. Reference
Standard, and the acetyldigitoxin and gitalin were supplied by Sandoz
Ltd., and White Laboratories, respectively.

Results

The mean lethal dose in mg./kg. and its standard error were calculated
for each glycoside from the concentration of the solution and the number
of injections used. The results are listed in Table I. The figures in
parentheses are quoted from Rothlin and others7. The relative lethal
activities were computed from the mean lethal doses, the activities of
acetyldigitoxin and gitalin being expressed in percentages in terms of
digitoxin. While the lethal doses of digitoxin and acetyldigitoxin deter-
mined by Rothlin and others appear to be appreciably smaller than our
figures, the relative activities of these two glycosides ascertained from their
data are in good agreement with ours.

* Present address: Drug Testing Laboratory, Dacca, East Pakistan.
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For comparative purposes, the relative therapeutic activities of these
glycosides are also listed in Table I. According to the data of Willemsg
acetyldigitoxin has 80 or 93 per cent of the activity of digitoxin depending
on the rate of digitalization, and from Batterman and others5gitalin has
42-8 per cent of the activity of digitoxin. The relative lethal activities of

TABLE 1

The relative activity of some cardiac glycosides

. Relative lethal Relative therapeutic
Glycoside  Lethal dose* activity in cats activity in man
per cent per cent
Digitoxin 0-463 + 0-014 1000 100-0
(0-386)

Acetyl- 0-556 + 0-015 82-2 80-0t 93-0t

digitoxin (0-447) (86-4)
Gitalin 1-154 = 0033 396 4283

Figures in parentheses are quoted from Rothlin and others?

*Mean + S.E, in ng{kgM
t From data reported by Willems8
t From data reported by Batterman and othersa

these three glycosides in cats are similar to their relative therapeutic
activities in man.

As expected, a variety of changes was observed in the ECG. Since
the control heart rates of the cats differed considerably, in order to increase
the precision of the result, the chronotropic effects of these glycosides
were expressed as changes in heart rate. The means and standard errors
of the changes in heart rate after the cats had received approximately

TABLE 11

The chronotropic effects of some cardiac glycosides in cats

After 25 per After 40 per After 55 per After 70 per After 85 per

Glycoside cent of LD cent of LD cent of LD cent of LD cent of LD
Digitoxin 972 + 15 1005 + 31 97-1 + 33 1158 + 55 1331 + 85
Acetyldigitoxin 97-4 + 15 957+ 26 1004 + 6-8 101-3 + 36 1184 + 55
Gitalin 92-5 + 22 960 + 4-6 1010 + 63 139 + 63 1217 + 62

The figures are mean + S.E. of heart rates expressed as percentages of the control value in each cat.

25, 40, 55, 70 and 85 per cent of the lethal doses of these glycosides are
listed in Table 1. It may be seen that the negative chronotropic effects of
these glycosides, on the average, were not marked. But definite brady-
cardia (a reduction in heart rate of 15 per cent or more) did occur in about
one third of the cats in each group and prolongation of the PR interval
appeared only in these animals. Furthermore, in all the cats that had
bradycardia, the minimum heart rate was recorded after they had received
approximately 60 per cent of the lethal dose of the glycoside. Figure 1
shows the ECG of the cat that had the most marked bradycardia. This
cat died after receiving 17 injections of gitalin. Immediately before the
eleventh injection the heart beat was reduced from a control of 148 to 70
per minute, and simultaneously the PR interval increased from 0TO sec.
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to 0-16 sec. A delayed increase in heart rate was seen in every cat, as
shown in Table II.

In addition to the chronotropic effects of the glycosides, many other
changes were noted in the ECG. The most consistent were cardiac
arrhythmias. Extra systoles were usually seen at low dosages. At

A A Aff ;A "AAJI -U. 5/ 1/
2 4 8 —ijrp j
4 — 1Q
3 T
5 r

Fig. 1L The ECG of a cat showing
marked bradycardia and prolonga-
tion of the PR interval. The cat died
after receiving 17 injections of 4gltahn
The control heart rate was 148 per.
minute and the PR interval, 0TO sec.

Fig. 2. The ECG of a cat which
died after receiving 15 injections of
digitoxin. There was no definite
bradycardia or prolongation of the
PR interval. Extrasystoles appeared
after the seventh injection.

Five minutes after the tenth injection,

these changed to 70 per minute and

0T6 second respectively.
higher dosages, there were pulsus bigeminus, pulsus trigeminus, and
various types of tachycardia. The dose that induced the first sign of
arrhythmia, expressed as a percentage of the lethal dose for each cat, was
determined. For each glycoside the mean and standard error of this dose

TABLE Il
D oses of glycosides inducing cardiac arrhythmias and changes in €t wave,

EXPRESSED AS THE LETHAL DOSES PER CENT IN CATS. (MEAN = SE)

Sheoste (GBS R
Digitoxin | 679 £ 52 383+ 31
Acetyldigitoxin  j 709 £ 25 461 = 41
Gitalin o 43 + 40 A4+ 24

in all 14 cats are listed in Table Ill. With digitoxin and acetyldigitoxin,
cardiac arrhythmias occurred only after two thirds of the lethal dose was
given, whereas with gitalin these occured before one half of the lethal dose
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was given.

Heart block was usually seen shortly after the onset of arrhyth-

mias. Bundle branch block in most cases appeared after A-V block. The T

wave became bisphasic or inverted in many cats.

5 VY*<*yv>

2 Alala-Mla
8 !JA}A*AMA*A,

3 ywAMAay*

4 mKa*‘m aVal (- | j

Fig. 3. The ECG of a cat which
died after receiving 13 injections
of acetyldigitoxin. ~There was no
definite "bradycardia or prolonlgatlon
ofthe PR interval. Extrasystoles ap-
peared after the ninth injection.

The doses that caused
changes in the T wave, expressed
as percentages of the lethal doses of
these glycosides, are also summarized
in Table 11I.

Other ECG changes such as
lowering of the P wave and the
QRS complex and shortening of the
QT interval were inconsistent. De-
pression of the ST segment occurred
in 7 of the cats which had received,
on the average, 52T per cent of the
lethal dose of gitalin. Elevation,
instead of depression, of the ST
segment was observed in 9 of the
cats receiving acetyldigitoxin and in
only 3 of the cats receiving digi-
toxin. With acetyldigitoxin, ST eleva-
tion occurred after 49-0 per cent of
the lethal dose was given. This is not
significantly different from gitalin.
Figures 2 and 3illustrate the absence
of a negative chronotropic effect.
Figure 4exemplifies the earlier appear-
ance of extra systoles in cats receiving
gitalin in contrast to those receiving
digitoxin and acetyldigitoxin (cf. Fig.
2and 3).

The therapeutic ratio for these glycosides, as reported in the literature,
are given in Table IV. These figures show that gitalin has a wider margin

of safety than the other two glycosides.

In cats, if it may be assumed that

TABLE IV

The “therapeutic ratios” of some cardiac glycosides

“Therapeutic ratio”
n cats

“Therapeutic ratio”
n

Glycoside in cal in man
per cent per cent
Digitoxin 491 580*
Acetyldigitoxin 47-0 53-0t
Gitalin 76-9 36-9* 42

* Figures from Batterman and others5
t Figure from Loeffier and others12
t Figure from Weiss and Steigmann6

the therapeutic dose corresponds to one third of the lethal dose as sugges-
ted by Waltong the ratio of this “therapeutic dose” to the arrhythmia dose

presents an exactly opposite picture.

In other words, gitalin is more

liable to cause cardiac arrhythmias than the other two glycosides.
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Discussion

While the lethal doses and the cardiac arrhythmia doses of these glyco-
sides in cats were determined with satisfactory precision, a suitable
criterion for therapeutic doses was not observed. The lack of a consistent
bradycardiac effect of these glycosides in our experiments agrees with the
findings of Gold and others1d Prolongation ofthe PR interval, shortening
ofthe QT interval and lower-
ing of the P wave and the
QRS complex, which have
been considered as signs of
the therapeutic phase7, were
noted in less than 50 per cent
of the cats in our experi-
ments.  This, however, does
not indicate that there was
no increase in contractility
of the myocardium in the
other cats, since it has been

established that increased Fig. 4 The ECG of a cat showing an early
occurrence of extrasystoles. The cat died after

contractility may OCCUF IN recejving 16 injections of gitalin. Extrasystoles
the absence of any change appeared after the fourth injection.
in the ECG.3

It is not certain why gitalin seems to have a smaller margin of safety in
the cat while clinically it has been reported to be superior to the other
two glycosides. However, since clinically the end point of toxic doses was
the occurrence of any sign or symptom of toxicity, it is possible that
digitoxin and acetyldigitoxin are more prone to cause minor toxic signs
and symptoms while cardiac arrhythmias are seen more frequently with
gitalin administration. It is also possible that gitalin has a greater
therapeutic activity than that indicated by the lethal dose; that cardiac
glycosides may have a greater margin between the therapeutic and the
lethal dose has recently been reportedll

Acknowledgement. The authors wish to acknowledge the valuable
technical assistance of Mr. A. F. Peterkin.

References

Cattell and Gold, J. Pharmacol., 1941, 71, 114.

Farah and Maresh |b|d 1948 32.

Walton, Lear and Jones |b|d 1950 98, 346.

Gruhzit and arah, ibid., 1953 108, 112!

Batterman, DeGraff and’ Rose, Clrculatlon 1952, 5, 201.

Weiss and Steigmann, Amer. J. med. Sci., 1954, 227, 188,

Rothlin and Bircher, Ergeb. inner. Med. U. Kinderh., 1954, 5, 457.

Willems, Med., 1954 15, 1163.

Walton, The Cardiac Glycosides, in Pharmacology in Medicine, Ed. V. A. Dril .
McGraw- Hill, New York, 1954.

10. Gold, Gelfand and Hitzig, J. Pharmacol., 1930, 41, 89.

11.  Vick, Kahn and Acheson, ibid., 1957, 119 190.

12. Loeﬂer Essellier and Forster Amer. Heart.] 1954, 47, 898.

OO NOUITRWNE

379



THE DISTRIBUTION OF ALKALOIDS IN RAUWOLFIA CAFFRA
SOND. AND RELATED SPECIES

By W. E. Court, W. C. Evans and G. E. Trease

From the Departments of Pharmacy, City of Liverpool College of Technology and the
University of Nottingham

Received January 13, 1958

In its content of reserpine, Rauwolfia caffra root-bark compares
favourably with other species. The highest proportion of reserpine
IS found in the inner phloem whereas the ajmaline group of alkaloids,
except for their absence in the cork, are more evenly distributed. The
alkaloid content of thin bark exceeds that of thick bark and is very
low in the wood of stem and root.

In a previous communicationl the structure of the root and stem of
Rauwolfia caffra Sond. has been described. The root is known to
contain rauwolfine2 ajmaline3 and reserpine34 but little is known of the
distribution of the alkaloids within the plant or of the relative proportions
of reserpine to other bases. To clarify this situation, the assays reported
below were undertaken and the results compared with similar analyses of
related species.

Experimental
Plant Materials and Extraction of Alkaloids

Four samples of R. caffra were investigated. Two were collected by
D. B. Fanshawe, Esg., Ndola River, Northern Rhodesia; these comprised
thick bark (0-5 cm.) from large roots of unspecified size and smaller
whole roots and stems. Another sample was supplied by John Ronaldson
Ltd., London and the fourth was collected by S. N. Wimbush, Esq.,
Conservator of Forests, Northern Nigeria, as R. welwitschii Stapf. (now
regarded as synonymous with R. caffra Sond.). Dr. P. J. Greenway,
Nairobi procured the sample of R. mombasiana Stapf. and Dr. W. S. S.
Ladell the Nigerian R. vomitoria Afz. The remaining samples were
donated by Riker Laboratories Ltd., England and Riker Laboratories
Inc., U.S.A.

A number of root segments of the diameters specified in Table 1 were
selected from each sample, the barks and woods separated and the
fractions powdered. For a more detailed analysis of the thick bark of
R. caffra from Northern Rhodesia, pieces were dissected into five histolo-
gical portions (Fig. 1) and the corresponding fractions combined to form
bulk samples. The cork (1) and the inner functional phloem (5) were
easily separated by scraping and the remaining tissues, all containing
stone cells, were divided into three portions corresponding approximately
to the phelloderm (2) and the largely non-functional outer and middle
phloem, (3) and (4).

For the extraction of the alkaloids, 1 g. of powdered sample was
intimately mixed with 0-2 g. of calcium hydroxide, moistened with water
and allowed to stand overnight. The alkaloids were removed in ether
by continuous extraction for 6 hours, ad hoc experiments having shown
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that under these conditions the extraction of the alkaloids was complete.
The residue obtained by removal of the solvent was treated with 2 ml.
TON hydrochloric acid and shaken with three separate portions of
chloroform. The combined chloroformic extracts were washed succes-
sively with 0T3N sodium bicarbonate solution and water and evaporated
to dryness under reduced pressure. The
residue, protected from light, was used
for the determination of reserpine and
related alkaloids.

The bases in the acid solution and
combined washings were liberated with
ammonia, collected in chloroform and
washed with water. Evaporation of the
solvent furnished a residue containing
the more strongly basic alkaloids of the
sample, referred to below as the ajmaline
group.

Paper chromatography was used to
follow the separation process; an amyl
alcohol, light petroleum, glacial acetic
acid, water mixture (3:1:3:3) proved
satisfactory for the development of the Fig. 1 Rauwolfia caffra Sond.
chromatograms, which on drying were  General diagram of transverse
observed in filtered ultra-violet light. section of root-bark x 10. 1
The alkaloids reserpine, rescinnamine,  Sof&in Pt b iven 5
ajmaline and serpentine were used as inner phloem. Shaded areas of 2,.
reference standards. Reserpine, after 3and 4 indicate stone-cell groups.
treatmentwith aceticacid, giveson irradia-
tion with ultra-violet light, an apple-green fluorescence and similar
fluorescent spots of different RFvalues were obtained on paper chromato-
grams from some ajmaline fractions. The small amount of blue
fluorescent contaminants in the reserpine fractions could be eliminated
in the quantitative assay by the use of a suitable filter and by the enhance-
ment of the reserpine fluorescence as described below. Other authors
have also drawn attention to the fluorescent contaminants in the assay of
R. serpentina root3‘7.

Estimation of the Alkaloids

The assay of the dried reserpine fractions was based on Dechene’s
method8which in the range of 04 to T8 jxg reserpine per ml. shows an
accuracy of +3-2 to —1-0 per cent. Each residue was dissolved in 5N
acetic acid and diluted to 100 ml. Several aliquots of each solution,
varying from 0-5 ml. for bark samples to 40 ml. for wood samples, were
mixed with 3 ml. of 3 per cent hydrogen peroxide solution and the volumes
adjusted to 50 ml. with 5N acetic acid. The solutions were heated in a
boiling water bath for 45 minutes, cooled to room temperature and the
volume readjusted with 5N acetic acid. The fluorescence of the solution
was recorded in a modified Hilger fluorimeter using as primary and
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secondary filters, Chance 0X1 and OG2 filters respectively. The con-
centration of reserpine in each solution was obtained by reference to a
standard curve using those drum readings from aliquots which corres-
ponded to the same, most suitable, region of the curve. The standard
curve was prepared by the use of standard reserpine solutions, of the

TABLE |

Alkaloids, per cent’*
Sample** Reserpine Group Ajmaline Group

Rauwolfia caffra
Sample 1. N, Rhodesia
Bark 0-5 cm. thick 0-120 =+ 0004 (3) 0-303 + 0-002 (4)
D&[oﬂlssected as Fig. 1

0-009 + 0001 (3 0000
Phelloderm 0-053 + 0002 (5 0-344 + 0001 (5
Outer phloem 0-153 + 0-007 (3 0-344 + 0-001 (s
Middle phloem 0-157 + 0-003 (3 0-278 + 0-000 (7
Inner phloem 0-185 + 0-003 (4 0-277 + 0-002 (4
Bark Wood Bark Wood

Sample 2 Bulked roots
2- 0-550 + 0012 (3) 0011 + 0002(3) 0-926 + 0-002 (3)  0-009 + 0-001 (4)

BuIrIJ<ed roots 120
Bar 0-4 cm. th (IC ) 0-098 + 0009 (3) 0-008 + 0-000 ES} 0-292 + 0-001 (8) 0-031 4 0-002 (4)
t 3 trace trace

Sample4 N. Nigeria (sup-
lied asRr. welwnschu
ulked roots (2-0 cm.) 0-187

+ 0- 0001 (3) 0413
Stem bases (6-0 cm.) 0-005 + 0-000

+ 0002 8% 0-031 4- 0-001 (3)
-006 + 0-001 trace

I+ 1+

3 3) 0-004 £ 0000
R. vomijtoria _ R
Samﬂle 1 Nigeria
Bulked roots g(1-0 cm. 0-410 + 0-006 ES; 0040 + 0-003 533 0-618 + (0-003 243 0-041 4- 0-002 EB}
0-420 + 0000 (3) 0053+ (0-001 (3) 0587 + 0001 (4) 0-030 + 0002 (3

(20 cm.) ..
SampleI 2 “Commercial
Bulkgj roots (10 cm; 0-648 + 0-008 243 0-037 + 0-001 E3; 0-704 + 0002 (3) 0-034 + 0-001 (3

. (20 cm.) .. 0670+ 0-004 (4 2 + 0-002 (2) 0621 + 0003 0-032 + 0-000 (3

R. mombasiana. _Kenya
Bulked roots (2-5 Cm) 0537 + 0003(3) 0030+ 0005(3) 1-181 + 0-002 (3) 0-038 + 0-002 (3)

R. serpentlna India

R oots (10 cm.; 0150: 00 9017+ QURE 107+ 0000 8 oo g2

Go om) . o-120: 0006(3 004+ 0001(3 1613+ 0003(3) 003 + 0001 (3

Sale 2 ots (10 am)  oue0US() 007 0U0@ 0T OMRM  Gx0* 0D

Mhedroots (10 My 3522 0006 H) SO : 0308 TR TBEM 309% 46 )

R'é”dﬁi@& Fots ((10 cm.)) 0143 + 0007 Esg 0032 + 0-002 Esg 0388 + 0003 233 0025 4 0-001 83
o (-0 om. 0057 = 0003 (3) 0010 = 0001 (3 0177 = 0001 (3} 0016 + 0-000

R. letra h I (R canescensL)
I ts (10 )) 0-1 000 Ezg 0-028 + 0-004 E33 0-965 4- 0-006
» (20CM, 0-163 + 003 2) 0031 + 0001 (3 0-008

8

3) 0039 - 0-000 (3
} 0-037 + 0001 Ez}

* Measurements refer to diameter of member except where stated otherwise.
** Arithmetic means + the standard error with number of assays in parenthesis,

f Assay unreliable—see text

above concentration range, treated with acetic acid and hydrogen peroxide.
Repeated checks of the standard curve throughout the investigation
indicated no changes due to instrument variability.

For the determination of the ajmaline group of alkaloids, the solid
extract was dissolved in ether and a little chloroform if necessary, and a
solution of bromocresol green indicator neutralised to pH 4-5 added.
With constant mixing of the two layers, the system was titrated with
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0-0025N sulphuric acid to match a prepared end point of pH 4-5. For
convenience the alkaloid content was calculated in terms of ajmaline
although for some species this may not be the major constituent.

Results and Discussion

The results of assays are given in Table I. For R. vomitoria a total
alkaloid content of TO4 per cent has been recorded, of which 10 per cent
is reserpine@ Roots of small diameter contain a higher percentage of
reserpine than the larger ones10 but no separate analyses for bark and
wood are recorded. The results reported here suggest that with R.
vomitoria, R. serpentina and R. tetraphylla the barks of roots of diameter
1cm. and 2 cm. from any one sample of a species do not differ appreciably
in their alkaloid content. Due however, to the relatively higher propor-
tion of wood to bark in the larger roots, the alkaloid content for the
2 cm. whole root would be less than that for the 1 cm. root. As with
the other African species R. vomitoria and R. mombasiana, the root-bark
of R. caffra contains commercially workable quantities of reserpine and,
with barks varying considerably in thickness, a relation between size and
alkaloidal content is evident. Should this species be used commercially,
the root-wood, which contains little alkaloid, could be rejected at the
time of collection. The relative proportions of alkaloids in the root-wood
and root-bark appear in most instances to be similar for all the species
examined.

With the sample of R. caffra bark examined in detail, the alkaloid
mixture is not evenly distributed throughout the root-bark (Fig. 1). The
cork contains practically no alkaloids. Reserpine is found in highest
concentration in the inner phloem with much less in the phelloderm,
whereas the ajmaline group of alkaloids are more uniformly distributed
with highest proportions in the phelloderm and outer phloem.

It was not possible to make a successful determination of the reserpine
content of the stem-bark owing to the presence of an interfering fluorescent
principle in the appropriate fraction. Paper chromatograms indicated
the possible presence of a small quantity of reserpine and in view of
references91Lto the use of the stem-bark by native tribes an attempt was
made to isolate the weakly basic constituents from 50 g. of bark originating
from Northern Rhodesia. No crystalline alkaloid could be isolated;
a similar negative result had previously been reported by Schiiler and
Warren with material from Natal3
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THE PHYSICAL PROPERTIES OF LYSOLECITHIN AND ITS
SOLS

Part |.—Solubilities, Surface and Interfacial Tensions
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The solubilities of lysolecithin in water and some organic solvents
have been determined and the effect of lysolecithin at air-water and
chloroform-water interfaces examined. "The results indicate _that
lysolecithin has marked surface-active properties and that a critical
micelle concentration occurs in the agueous sols in the range 1 to
2 X 103 per cent weight/ivolume. The_ effects of acid, alkali and
mono- and di-valent cations on the I_ovverln?_ of the interfacial tensions
was found to be small.  Lysolecithin had Tittle or no lowering effect
on the surface tensions of éthanol and chloroform.

This work is a continuation of the study of the colloidal properties of
lecithin and lysolecithinl-5, in relation to the structure of cell membranes.
A molecule of lysolecithin can be regarded as having two distinctly
different regions, a long hydrocarbon chain of non-polar character which
is lipophilic and a phosphoric acid-choline radical, polar in nature, which
is hydrophilic.

CHXH

éHOCOR

0

«
CH2POCHZXHN Me3

) Zwitter-ion structure of lysolecithin
(R is a saturated hydrocarbon chain, principally Ci3to CIJ)

The molecule, therefore, possesses an amphipathic character (Hartley6)
and can be expected to show surface-active properties comparable with
soaps. The surface activity of lysolecithin was investigated at air-water
and chloroform-water interfaces and the work extended to examine the
effects of acid and alkali and mono- and di-valent salts on these interfaces.
The effects of lysolecithin on the surface tension of ethanol and chloroform
were also determined.

The surface tension measurements were carried out using the ring
(dynamic)7 and Wilhelmy plate (static)8 methods. The ring method
only was used for the experiments on interfacial tension.

Some measurements were made to obtain information on the solubility
of lysolecithin in water and various organic solvents.

Experimental
Preparation of Lysolecithin
Mixed phosphatides were prepared by separating the yolks of twelve
eggs, extracting them repeatedly with acetone until a white powder was
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obtained, and this was further extracted with successive portions (100,
300, 100 ml.) of ethanol. The ethanolic solution of the crude lecithin was
then shaken with successive portions of alumina powder until the solution
was free from amino-nitrogen phosphatides. About 6 g. of lecithin was
obtained at this stage and stored under nitrogen-saturated absolute
ethanol at —5°.

Lysolecithin was prepared from a 5 g. sample of lecithin by Saunders
modification5 of the method of Hanahan8 using Russell viper venom.

TABLE |

Solubility of lysolecthin in some organic solvents

Solvent Solubilig in g./100 ml, solution

25° C. 40° C.

Chloroform 27-830 32-400
Methanol 14-600 19-130
Ethanol .. 3-870 10-690
Pyridine 1-030
Acetone .. 0-085
E’Ieﬁt]yl %th?r 60380 3o
i roleum ° 0-062
Be%zer%e . 8:%3 0-057

The yield was about 2 g. of a white solid which had a nitrogen content of
2-72 per cent, a phosphorus content of 5-98 per cent, an iodine value of
55and [aJo = + 2-26° (5457 g. in 100 g. ethanol). The mean molecular
weight calculated from the nitrogen and phosphorus contents was 516.
Calculated values for nitrogen and phosphorus in hydrated lysolecithin
when the fatty acid is palmitic, molecular weight 513, are 2-72 and 6-04

TABLE Il

Variation of surface tension of lysolecithin sols with time

Static method Dynamic method
Concn 0-0104 Concn 0-00104 Concn 1-076
per cent w/v per cent w/v per cent w/v
X lysolecithin lysolecithin lysolecithin
Time y20° y20° v20°
min. 39-67 4395 373
» 3963 43-94 37-50
» 39-62 no change 37-26
« no change » 37-17
» 5 > 3701
0D » » 36-88
1% » 36-86
Y » > 36-68
Ag(l)tatlon — — 3791
140 » - - 37-86
150 » - — 37-57
15 hours 39-60 43-55 *

respectively. The low iodine value obtained with the highly specific
catalyst lecithinase-A indicates the almost complete absence of un-
saturated fatty acid groups in the lysolecithin.

In some work on the hydrolysis of lecithin, cobra venom preserved
in a cork-stoppered bottle for 30 years was found to possess some activity,
1-25 g. of lysolecithin being obtained from 5 g. of lecithin by a method
similar to the aboved With this catalyst the hydrolysate formed a gel
and not the white precipitate given by the Russell viper venom.
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Preparation of Sols

Pure aqueous sols of lysolecithin were prepared in distilled water and
passed through an ion exchange column containing a mixture of Amberlite
resins IR-120 and IRA-400. Electrical conductivity measurements
showed that any traces of ions present as impurities had been removed.
The column was then washed with distilled water and the combined

Concentration (per cent w/v) lysolecithin

Fig. L Variation of surface tension of water (dynamic method) with concentra-
tion of lysolecithin. Temperature 20°.

effluent made up to volume to give a concentration of approximately
1-0 per cent wiv. Measured quantities of this concentration were diluted
as required.

Solutions of the electrolytes were made with Analar materials and
measured quantities mixed with OT per cent w/v lysolecithin sol, shaken
and made up to volume. All the solutions were optically clear.

Specific Rotation

Specific rotations of lysolecithin in absolute ethanol were made with a
Bellingham and Stanley polarimeter.

Solubility Determination

The solubility of lysolecithin in a number of solvents was determined at
25° and 40°. The approach to equilibrium was accomplished from
undersaturation by adding the solute to the solvent at the temperature
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of the experiment. Equilibrium from a supersaturated solution was
obtained by shaking the solute and solvent at a slightly higher temperature
and allowing to cool to the required temperature. The dissolution was
made in a Microid Flask shaking machine operating at a rate sufficient to
ensure solution without
the production of foam,
for a period of four hours.
50 ml. pyrex glass tubes,
fitted with ground-glass
stoppers, each containing
25 ml. of solution were
then allowed to stand up-
right overnight in a water
thermostat, controlled to
i 0-05° to enable excess
solid to settle. Four tubes
were taken for each sol-
vent, two used for under-
saturation and two for
supersaturation.
For analysis of the
saturated solutions, sep-
aration was by _rapid Concentration of electrolyte [log (molarity)-1]
transfer to.the weighing Fig. 2. Effect of various electrolytes on the surface
vessels, with an Agla tension of lysolecithin sols. Temperature 20°.

i i Concn. 0-0152 per cent w/v lysolecithin.
microsyringe preheated to &g r;\laOH. y

2°or3°abovethetempera-  conen, 0-00985 per cent wiv lysolecithin.
ture of the solutions. + NaCl; x CaCl2

These weighing vessels

were 1ml. rimless beakerswith small watch glass covers. Samples of 0-5 ml.
were analysed by slow evaporation of the volatile solvents, drying in vacuo
for 12 hours at 30° and weighing the residue to constant weight. A
possible error to be overcome in the determination of solubility was the
taking up of moisture by the hygroscopic lysolecithin.  Using a pre-set
balance no difficulty was found in obtaining for each solvent eight residues
which showed close agreement.

Al organic solvents were purified according to Vogelld

Surface and Interfacial Tension Apparatus

The solutions for surface tension measurements were contained in a
circular pyrex dish 15 cm. diameter and 3 cm. deep, immersed in a water
thermostat controlled to + 0-05°. The plate and ring suspensions were
enclosed within a glass cylinder to prevent disturbances due to the move-
ments of air.

In both the Wilhelmy plate method and the ring method a Webb chaino-
matic balance reading accurately to 10 4g. adapted to the general assembly
was used; this was constructed on the same pattern as that of Harkins
and Jordan7. It stood on a platform which could be moved up and down
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slowly and smoothly by means of a rack and pinion mechanism. In the
Wilhelmy method a platinum plate was used in preference to glass since
it was found to give reproducible results and could be more easily cleaned.
The plate, of dimensions 3-500 x 2-602 x 0-0342 cm., was supported
from the balance arm by thin chrome-nickel wire. In the ring method a
platinum ring of mean diameter 1-765 cm. was suspended by nylon thread.

TABLE HI
Effects of lysolecithin on the surface tension of ethanol and chloroform
Ethanol Chloroform
Con%n y Con%n "

I cent w/v I cent wi

pIeysolecithin Y20- pIeysolecithin y20°
00 22-26 0-0 27-19
0935 22-17 0-985 27-19
0-0985 22-18 0-0985 no change
0-00935 22-19 0-00985 no change
0-000985 22-26

To ensure that the plate and ring hung horizontally, they were levelled
above a metal table which was mirror finished on top.
Chloroform was chosen for the work on interfacial tension.

Results

Solubility

Lysolecithin dissolved in water to give a perfectly clear solution. At a
concentration of 36 per cent by weight the solution became slightly
viscous, the viscosity increasing with concentration until a thick fluid, still
quite clear, was obtained at 50 per cent. At no time throughout the
concentration range was a saturation point reached. The solubility of
lysolecithin in some organic solvents is shown in Table .

Surface Tension

The effects of lysolecithin on the surface tension of aqueous solutions
are shown in Figures 1, 2 and Table Il; of non-aqueous solutions in
Table 1lI.

Interfacial Tension

The interfacial tension effects of lysolecithin on a chloroform-water
system are shown in Figures 3 and 4.

D iscussion

Surface Tension

The surface tension of water decreased with increasing concentration of
lysolecithin and indicated positive adsorption at the surface. A consider-
able lowering effect was found at concentrations of less than 0-001 per cent
wiv and at this value the surface tension was lowered from 72-67 dyne/cm.
to 45-35 dyne/cm., while increasing the concentration of lysolecithin to
1 per cent lowered the surface tension of water to 37-6 dyne/cm.
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It is probable that at low concentrations the lysolecithin molecules are
present in water as single molecules or small micelles to which the surface
activity can be attributed. When the concentration of lysolecithin
reached the range 1to 2 x 10~3 per cent w/v its lowering effect on the
surface tension of water became noticeably less and it seems likely that
this change in behaviour is due to the commencement of formation of

Concentration (per cent w/v) lysolecithin

Fig. 3. Variation of interfacial tension of a chloroform-water system with
concentration of lysolecithin. Temperature 20°.
X Lysolecithin in water layer; « LysoIeC|th|n in chloroform layer.

much larger micelles within the solution. Saunders and Thomas1l have
shown in their work on the diffusion of lysolecithin in aqueous media that
such larger micelles do exist at higher concentrations (1 to 2 per cent w/v),
consisting of aggregates of about 270 single molecules.

The change in surface tension with time at the two concentrations
measured by the static method (Table 1) showed an initial slight lowering
within 5 minutes perhaps due to diffusion of molecules and orientation
at the surface layer. Thereafter a further 15 hours showed a very small
change whilst equilibrium was being established between the body of the
sol and the surface layers. This could be regarded as further evidence for
the presence of large particles which are very soluble and remain in the
bulk of the sol showing no tendency to migrate to the surface.

Within its limitations the dynamic method gave surface tension-time
results (Table 1) which showed more clearly the progress towards
equilibrium between the surface layer and the bulk of the sol. The
surface tension decreased by 0-67 dyne/cm. in the first 5 minutes, followed
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by a less rapid fall of 0-58 dyne/cm. in the next 115 minutes. Agitation
of the sol then caused restoration of equality of concentration within the
system and the surface tension regained its original value, which was again
followed by a decrease with time following a similar pattern.

The effects of acid, alkali, sodium and calcium chlorides on the surface
tension of a sol of concentration 0-00985 per cent w/v were quite small
(Fig. 2). A reduction in the surface activity of the lysolecithin with

increasing alkalinity was
shown, but in acid con-
ditions there was no
change beyond an initial
fall. A 01 molar calcium
chloride solution reduced
the surface tension lower-
ing by approximately 7-5
per cent. The stability of
lysolecithin sols to salts
has been examined by
Saunders5who found that
sodium and calcium chlo-
rides had no precipitating
effect on the sols within
the concentration range
used by the present
authors. The effect of
these salts may, therefore,
have caused interionic
Concentration of electrolyte [log (molarity)-1] forces to predominate at

Fig. 4. Effect of various electrolytes on the the Sl!rface resulting '_”Q'e'
chloroform (containing 0-01 per cent wiv lysole- sorption of lysolecithin.

cithin)-water interface of tension 0-6 dyne/cm. No lowering of the
Temperature 20°. f . £ chl
AHCI; mNaOH; » NaCl; x CaCl2 surface tension of chloro-

form by lysolecithin with-
in the concentration range 0-1 per cent to 0-001 per cent wiv took
place. The surface tension lowering of ethanol by a 0-1 per cent wiv
lysolecithin solution was only 0-09 dyne/cm. Pure lysolecithin is quite
soluble in chloroform and ethanol and there appears to be no tendency to
repel either polar or non-polar regions of the molecule from the solvents,
and consequently no surface layer is formed.

Interfacial Tension

The general pattern of the lowering of the interfacial tension of the
chloroform-water system with increasing concentration of lysolecithin
(Fig. 3) is similar to that at the air-water interface (Fig. 1). This is not
necessarily to be expected, since both hydrophilic and lipophilic character-
istics come into play at the chloroform-water interface.

The greatest lowering effect took place with a concentration of 10'1per
cent w/v lysolecithin dissolved in the chloroform layer when the
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interfacial tension of 32-73 dyne/cm. decreased to 2-91 dyne/cm. (Fig. 3).
This was further lowered to less than 1 dyne/cm. by increasing the con-
centration to 10 2 per cent w/v which enabled the two liquids to be
readily emulsified with the slightest mixing. The final lowering to
0-35 dyne/cm. at a concentration of 0-1 per cent wfv lysolecithin in
chloroform was 3 dyne/cm. more than when lysolecithin was dissolved in
the aqueous phase.

The greater surface activity shown when lysolecithin was dissolved in
the chloroform layer may have been due to the presence of smaller micelles
than those in the aqueous layer. When lysolecithin was dissolved in the
aqueous layer the interfacial tension between the concentration range 1to
2 X 10 3 per cent w/v became noticeably less in a way similar to that
shown at the air-water interface. Aggregation of single molecules or
small micelles is again probably taking place in the aqueous phase within
this concentration range.

The effects of acid, alkali and sodium chloride in the aqueous phase
(Fig. 4) were small and comparable to those at the air-water interface;
the effect of calcium chloride, however, was less marked at the chloroform-
water interface.
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Codeine, Narcotine and Thebaine, Determination of, in Poppy Capsules. J.
Holubek, S. Kudrnac and M. Novak. (Die Pharmazie, 1958, 13, 95.)
In this method, codeine and narcotine are separated from the other opium
alkaloids by paper chromatography. Codeine is then determined colorimetri-
cally by oxidation with potassium permanganate, removal of excess with ferrous
ammonium sulphate, treatment with alkali to remove the iron, and colour
development with equal parts of diazo reagents | and Il of the Deutsche Artzen-
eibuch, 6th edition. It is shown that narcine, which could not be separated
from codeine by paper chromatography, did not interfere. In amounts between
50 and 200 fig., the results are within +2 per cent. Narcotine is determined
after elution from the paper by hydrolysis to cotarnine with dilute sulphuric
acid, followed by polarography in alkaline solution. In amounts between 50
and 200 fig., the results are within £4 per cent. Full details are given for the
preparation and purification of the extract, and the results are tested by the
addition of known amounts of codeine and narcotine to assayed extracts and
redetermination. Very good agreement is obtained. The assay of thebaine
after elution from the filter paper was however not satisfactory. The method
given is a direct colorimetric one based on hydrolysis in acid solution to
codeinone and coupling with diazotised sulphanilic acid. Excess of codeine,
narcotine and papavarine did not interfere. The method is suitable for amounts
up to 100fig. of thebaine. The soundness of this method was again proved by
addition of known amounts of thebaine to assayed extracts and reassay.

d.b.C.

Cycloserine and Isoniazid, Spectrometric Determination of, in Pharmaceutical
Preparations. J. M. Woodside, I. Piper and J. B. Leary. (J. Amer. pharm.
Ass., Sci. Ed., 1957, 46, 729.) Pharmaceutical preparations of cycloserine may
be assayed by measurement of the ultra-violet absorption of a suitable solution
in 0T N hydrochloric acid at 219 m/x, calculating the cycloserine content from
the datum A:zismj. = 0-341 for a solution containing 10/xg. of cycloserine per ml.
When isoniazid is present in addition to cycloserine, a further measurement is
made at 272 mfi. Cycloserine does not absorb at this wavelength, and the
isoniazid content may be calculated directly. To allow for the absorption at
219 mfi due to isoniazid, the absorption at 272 m/x, multiplied by 1-13 is sub-

tracted from the absorption at 219 m/x before calculating the cycloserine content
of the sample. G. b.

n-Butanol as a Standard of Haemolytic Index. J. Vandeputte-Poma and
R. Ruyssen. (Pharm. Weekbl., 1958, 93, 94.) As a standard of comparison
for the determination of haemolytic index, n-butanol is preferable to other
substances such as saponins, because it is less variable in composition. The
authors report a detailed study of haemolysis by n-butanol with a view to its
use as a standard. A method of assay based on comparison of the concentra-
tion of sample and standard causing 50 per cent haemolysis of a suspension of
erythrocytes is recommended. G. b.
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2-Methoxyoestrone, a new Metabolite of Oestradiol-17/3in Man. S.Kraychy
and T. F. Gallagher. (/. biol. Chem., 1957, 229, 519.) After the administra-
tion of oestradiol-17/3-16-11C to human subjects, 2-methoxyoestrone was isolated
from the urine. The structure of this compound was established by synthesis.
It is suggested that this steroid, a methylated o-hydroquinone, is a normal
metabolite of the oestrogenic hormone. The significance of this is that oxida-
tion of the aromatic ring is achieved under in vivo conditions and probably this
is a preliminary stage to fission of the carbon skeleton. In this respect the
reaction would be similar to the in vivo formation of 3:4-dihydroxyphenyl-
alanine from tyrosine. It is also of interest that this is a reaction involving the
méthylation of oxygen, perhaps similar to the O-methylation in vivo of 3:4-
dihydroxymandelic acid, a metabolite of noradrenaline in man. That two such
aromatic hormones are similarly altered emphasises the endocrine significance
of this type of biochemical transformation. This work suggests that the
metabolism of oestrone or oestradiol is accomplished in two separate stages;
firstly oxidation and subsequently méthylation. m. m.

Nalorphine, Inhibitory Action of, on the Enzymatic A-Déméthylation of Narcotic
Drugs. J. Axelrod and J. Cochin. (J. Pharmacol., 1957, 121, 107.) It
has been shown that a variety of narcotic drugs are A'-demethylated by an
enzyme system found in mammalian liver microsomes.  Since nalorphine blocks
the pharmacological action of the same compounds that are attacked by this
enzyme system a study is made to determine whether or not its inhibitory
action extends to the process of A'-demethylation. The degree of A'-demethyla-
tion in rat liver enzyme preparations incubated with morphine alone and
combinations of morphine with varying amounts of nalorphine, was determined.
Marked inhibition of morphine déméthylation, directly related to the nalorphine
concentration, was observed. It appears that this inhibition is non-competitive
but it is possible that it is a slow pseudo-irreversible inhibition mimicking non-
competitive inhibition but occurring at the same site. Studying a series of
narcotic drugs, it was found that, with the exception of cocaine, the M-demethyla-
tion of such substances was inhibited by nalorphine. There was greater inhibi-
tion of the déméthylation in compounds in which the methyl group is attached to
the nitrogen atom of the piperidine ring. The effect of nalorphine on other
pathways of drug metabolism was also investigated. Nalorphine blocked the
enzymatic O-demethylation of codeine but had no effect on the O-demethylation
of p-methoxybenzonitrile. The enzymatic de-esterification of pethidine was not
blocked by nalorphine and the side-chain oxidation of hexobarbitone was
inhibited only slightly. Studying analogues of nalorphine, it was found that,
with the exception of A-propylnormorphine, A'-substituted normcrphine
derivatives with a 3-carbon chain linked to the nitrogen atom are the most
potent inhibitors. Nalorphine was found to be dealkylated to ««morphine
by enzymes in the rat liver microsomes when incubated with the soluble super-
natant fraction of rat liver, triphosphopyridine nucleotide and nicotinamide.

The rate of dealkylation of nalorphine was more than twice that of morphine.
M. M.

393



ABSTRACTS
BIOCHEMICAL ANALYSIS

Acetylcholinesterase Activity, Colorimetric Determination of. D. N. Kramer
and R. M. Gamson. (Analyt. Chem., 1958, 30, 251.) This depends on
hydrolysis by the enzyme at pH 8-0 of indophenyl acetate GV-4'-acetoxyphenyl)-
p-quinone imine which is reddish yellow to the blue-purple p-quinone imine
A-4'-phenoxide ion. A blank determination is performed and the absorbance
of the hydrolysis product is measured at 625 m/x after a definite time, normally
15 minutes but may be extended to two hours for weak solutions of the enzyme.
The method is precise and reproducible in the range of 25 to 150 units of acetyl-
cholinesterase. The effect of variables such as pH, substrate concentration,
time, stability of reagents and the effects of alcohol, albumin and hydrolysis
product is discussed. d.b.c.

Parathion, Detection and Quantitative Determination of, in Biological Mat-
erials. K. Erne. (Acta pharm. tox., Kbh., 1958, 14, 173.) A specific and
sensitive method is described for the identification and quantitative determina-
tion of parathion and p-nitrophenol in biological material. Acidify 10 g. of the
homogenised sample with 1 ml. of 5 M sulphuric acid, triturate with 20 g. of
Hyflo Supercel and extract with benzene in a Soxhlet for four hours. Concen-
trate in a current of air to 25 ml., filter and chromatograph the solution on an
alumina column. Elute the parathion with ether and the p-nitrophenol with
methanol. The parathion is analysed by paper chromatography developed
with jiso-octane saturated with dimethyl sulphoxide. It is identified by a yellow
band at RF0-7 formed by spraying the dried paper with 0-5 M ethanolic potas-
sium hydroxide followed by heating at 100° for 5 minutes. A quantitative
determination is made by excising this area from another strip of paper prepared
in the same way. This is extracted by suspending the paper in a condenser and
refluxing into a small flask with ethanol. Add through the condenser 4 drops of
5 M hydrochloric acid, 3 ml. of water and one granule of zinc and reflux for
ten minutes. Transfer the liquid to a 10 ml. volumetric flask, and add at four
minute intervals 4 drops of 0-25 per cent sodium nitrite, 2-5 per cent ammonium
sulphamate and 1 per cent naphthyl ethylenediamine solutions. Add water to
10 ml. and thirty minutes later read the extinction at 555 m/x against a blank.
Compare with a standard parathion calibration curve prepared the same way.
The p-nitrophenol is determined in the methanol eluate evaporated to 10 ml.
Add 1ml. of 5M sodium hydroxide, 50 ml. of water and extract the lipids with
ether. Acidify, extract with ether, wash the extracts with 25 per cent sodium
sulphate, dry with anhydrous sodium sulphate, wash with ether and adjust the
volume to 0-4 ml. with methanol. Carry out paper chromatography developed
with «-butanol saturated with 5 M ammonia. Air-dry the paper, and a yellow
band at RF 0-5 indicates the presence of p-nitrophenol. For quantitative
estimation eluate the excised yellow band by refluxing with methanol as before.
To the solution add 1 drop of 5 M sodium hydroxide and methanol to 10 ml.
Read the extinction in the 350 to 450 m/x region. Compare with a standard
curve prepared in the same way. g.f.s.

Tolbutamide, Determination of, in Serum. E. Bladh and A Norden.
(Acta pharm. tox. Kbh., 1958, 14, 188.) A method is described for deter-
mining tolbutamide based on Forist’s method of chloroform extraction and
ultra-violet measurement at 228 m/x. Mix one ml. of serum with 1 ml. of
water and 1 ml. of 6 N hydrochloric acid. Shake for 15 minutes with 20 ml. of
chloroform, separate and wash with 2 ml. of chloroform. Pass the chloroform
solutions containing the tolbutamide through a chromatography tube packed
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with calcium carbonate or sodium bicarbonate and evaporate under reduced
pressure at 30° in a flask. Add 10 ml. of absolute ethanol to dissolve the
residue and measure the absorbancy of the solution in a spectrophotometer at
228 m/x. A serum sample without the tolbutamide is carried through :he same
procedure as the blank. The serum concentration of tolbutamide is de:ermined
from a standard curve, and the accuracy of the method is +0-6 mg. per cent.
The method may be improved by buffering the plasma to pH 4-5 to 4-8 before
chloroform extraction. Recently Spingler {Klin. Wschr., 1957, 35, 533) has
introduced a colorimetric method, which makes use of the formation of butyl-
amide when tolbutamide in an inert solution medium is exposed to increased
temperature. Butylamine gives a yellow colour with dinitrochlorbenzene or
dinitrofluorbenzene. g.f.s.

Vitamin B12 in Natural Materials of low Potency, Estimation of. J. M.
McLaughlan, C. G. Rogers, E. J. Middleton and J. A. Campbell.
0Canad. J. Biochem. Physiol., 1958, 36, 195.) Existing methods for the estima-
tion of vitamin BI2in low potency materials frequently lack specificity and often
are subject to considerable variation. The Lactobacillus leichmanii assay for
vitamin B12 does not give reliable results in the presence of desoxyribosides and
certain of the vitamin Bl2like factors to which L. leichmanii responds. A
radioactive tracer assay which is specific for vitamin B12 and which has been
adopted by the U.S.P., is not applicable to materials of low potency because of
the necessity of measuring the vitamin spectrophotometrically. This paper
describes the modification of the method so that it is suitable for low potency
materials. The purification procedure is effective in removing pseudovitamin
B12 and factor A but is ineffective in removing vitamin B22m. A correction
factor is used in place of 80Co-labelled vitamin B,2to adjust for loss during puri-
fication. This purification does not affect the estimates of vitamin B12 activity
of milk, plasma, chick mash, or fish meal. True vitamin Bi2 activity is appar-
ently responsible for 50 per cent of the total vitamin B12 activity of dried cattle
faeces and for less than 10 per cent of the total activity of yeast activity. The
coefficient of variation of the modified method was 8-7 per cent based on 20
estimates of potency. m. m.

PHARMACY

Adrenaline and Noradrenaline, The Stability of Injections of. J. Morch.
(Pharm. Weekbl., 1958, 93, 141) Decomposition was assessed by determina-
tions of biological activity in rats. The injection solutions of the Danish
Pharmacopoeia were investigated; they contained OT per cent of adrenaline
with hydrochloric acid or 001 per cent of noradrenaline as bitartrate, and
the solutions were prepared using water redistilled in glass, containing 0-05 per
cent of sodium metabisulphite (pyrosulphite). The solutions before autoclaving
had a pH of 3 or 4, which decreased to 2-9 or 3-4 owing to the oxidation of
metabisulphite to sulphuric acid during sterilisation. Solutions of adrenaline
lost about 4 per cent of their activity during autoclaving at 120° for 20 minutes,
and noradrenaline solutions lost only 2 per cent.  All solutions remained colour-
less after this treatment. On heating at 100° for 27 hours, the solutions were
little affected by the presence of 2 /xg. of copper ion per ml., but considerable
decomposition occurred in the presence of 20 /xg./ml. During storage at 100°,
oxidation occurred slowly at first, the observed loss in activity being mainly due
to racémisation. Later, as the metabisulphite was destroyed, the oxidation
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took place more rapidly, and finally more slowly as the oxygen in the container
was used up. The presence of metabisulphite prevented discoloration, but even
when it was added in excess compared with the oxygen content of the ampoule
it did not completely prevent the decomposition of adrenaline or noradrenaline.
G. B

Adrenaline, Oxidation of, In Vitro, by Copper in the Presence of Plasma and
Plasma Fractions. P. Varene. (Bull. Soc. Chim. Biol., 1957, 39, 1473)
The decomposition of adrenaline in solution in the presence of copper ions was
assessed biologically and colorimetrically as described previously (see abstract
J. Pharm. Pharmacol., 1958, 10, 332). The reaction was considerably retarded
by the addition of heparinised plasma to the solution. The albumin fraction
had the greatest retarding effect, and protected the adrenaline as effectively as a
quantity of plasma containing the same weight of proteins. The globulins were
inactive, and the dialysable fraction showed only a slight effect, which was
attributed to its amino acid content. There appears to be no simple protective
mechanism, but if it is assumed that the catalyst can become partly attached to
the protein, it seems that the adrenaline must also form bonds with proteins.

G. B.

Bacteriostatics For Parenteral Injections of Procaine Penicillin. C. L.
Sargent. (Pharm. Weekbl., 1958, 93, 81.) Solutions containing 50,000 to
500,000 units/ml. prepared from penicillin admixed with 4 per cent of sodium
citrate were shown to retain their original potency for at least 8 days when stored
at 4°. At 25° solutions containing 100,000 units/ml. were stable for 4 days if
made from penicillin-citrate mixture containing 4 or 5 per cent of sodium
citrate, but not if made from a mixture containing 3 per cent of citrate.  Stronger
solutions, containing 500,000 units/ml. were less stable and did not retain their
potency for 4 days at 25° when made from a mixture containing 4 or 5 per cent
of citrate. Deterioration of the solutions was not invariably accompanied by
obvious physical change. An attempt was made to find an antiseptic which
would confer on procaine penicillin suspensions about the same bacteriostatic
power as 0-5 per cent phenol solution. Phenylmercuric nitrate 0-001 per cent
and propyl hydroxybenzoate 0-02 per cent with methyl hydroxybenzoate 0-2
per cent were rejected as ineffective; moreover in the presence of the hydroxy-
benzoates a precipitate tended to form in 5to 7 days. Benzyl alcohol 15 per
cent and phenol 0-5 per cent showed a satisfactory bacteriostatic effect, but
rendered the suspensions viscous after a few days’ storage and afterwards caused
the development of a yellow colour. Cetrimide 0-01 per cent was the most
satisfactory bacteriostatic agent examined, but adsorption onto the medicament
occurred, and the whole suspension had a greater bactericidal effect than the
supernatant liquid. Samples of cetrimide from several sources varied in bacteri-
cidal potency, and it is suggested that a minimum amount should be specified.

G.B.

Cod Livers, Investigation of the Oil Obtained by a Freezing Procedure from.
S. Erbe, (Arch. Pharm., 1958, 28, 1) The following freezing process for the
extraction of the liver oil is said to give a product of higher vitamin activity
and pleasanter taste than those obtained using superheated steam:—The fresh
livers are slowly frozen so that large ice crystals form in the cells. Temperatures
down to —50° are used. Rapid freezing causes the formation of small crystals
so that the cells are not completely disrupted in the subsequent grinding process,
resulting in loss of oil. After fine mincing and thawing in the absence of air
as far as possible, the oil is separated by centrifuging. The taste of such an
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oil is only weakly fishy and the oil will keep four to five months at 3-5° before
a slight alteration in taste is noticed. It is important, however, not to allow
the livers to remain in a frozen condition for too long, since even after a few
days the acid value rises appreciably, probably due to the activity of tissue
lipases which remain active at temperatures as low as —25°to —30°. d.b.c.

Solutions Varying From the Normal Osmotic Pressure and Hydrogen lon
Concentration, Sensitivity of the Human Eye to. C. Trolie-Lassen. (Pharm.
Weekbl., 1958, 93, 148.) Healthy individuals were used for the tests. A non-
irritant solution was instilled into one eye, and the test solution into the other.
The experiment was repeated with other strengths of solution and from the
results the threshold of irritation was calculated. Considerable variation was
observed in the sensitivity of individuals to solutions diverging from the normal
osmotic pressure and hydrogen ion concentration of the lachrymal fluid, which
corresponds to a freezing point depression of 0-52° and a pH of 7-4. Solutions
causing irritation in 1 per cent or less of the individuals used in the tests were
considered to be non-irritant. Using this criterion solutions of freezing point
depression 0-41° to 0-77° (equivalent to 0-7 to 1-4 per cent of sodium chloride)
and pH 7-3 to 9-7 were classified as non-irritant. Thus the eye tolerates hyper-
tonic rather than hypotonic, and alkaline rather than acid solutions. It was
observed that substances such as urea, although they pass freely through animal
membranes, affect the osmotic pressure of solutions for instillation, and should
be taken into account in adjusting the freezing point of solutions for use as eye-
drops. G.B.

PHARMACOGNOSY

Salvia officinalis L., Periodical Daily Variations in the Content of Volatile
Oil in the Leaves of. R. Schib. {Pharm. Acta Helvet., 1958, 33, 32.) This
investigation shows that the volatile oil content of Salvia officinalis has significant
and regularly repeated variations during a 24-hour period. Thus it was found
that the maximum content occurred between noon and 4 p.m., and the minimum
between 11 p.m. and the early hours of the morning. The difference between
maximum and minimum contents, referred to the crude fibre (since this was the
least variable factor) was found to be between 34 and 45 per cent of the minimum
content. In fully developed leaves the curves oscillated between maxima and
minima, whereas very young plants showed a small secondary maximum between
land 5am. The curves of the diurnal variations were found to be approxi-
mately parallel with those of air temperature. Collections were made at 4-
hourly intervals. In order to minimise the sources of error which occur in the
investigation of daily variations of phytochemical processes, leaves of as far
as possible the same age and size were gathered from the same plant, preferably
from the same height of insertion. A further series of investigations was made
on seedlings from uniform seed which showed the first three leaf pairs, leaves
from different plants being collected. At each collection climatic conditions
were noted, e.g. temperature, wind, sunshine and the official figure for the
relative humidity. The leaves were immediately wrapped in gauze and dried for
2 days in a closed tin containing lime. The variations were referred to fresh
weight, dry weight and to weight of fibre, and all results showed the same
trend, while those based on weight of crude fibre were considered to be least
affected by other variables. The oil was determined by an oxidation method
having a scatter of only +0-5 per cent. d.b.c.
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Azacyclonol in the treatment of Schizophrenia. S. Gray and A. D. Forrest.
{Brit. med. ./., 1958, 1, 374.) From a controlled trial of azacyclonol in 40
chronic schizophrenic patients it would appear that the drug is unlikely to prove
of great value in the treatment of this type of patient. Better results, however,
were obtained in 18 patients whose illness was of more recent onset; 13 of the
patients improved and 6 were discharged from hospital. It is suggested that
azacyclonol has a central stimulant action and part of the poor results in the
controlled trial may have been due to the masking effects of excitement and over-
activity which made the patients’ mental disturbance more obvious during the
interview. Also the dosage in the controlled trial was less, 60 mg. daily, as
compared with a range of 60 to 180 mg. daily in the clinical trial. S.1.w.

Bemegride, Further Aspects of the Analeptic Activity of. A. Shulman and
G. M. Laycock. (Aust. J. exp. Biol. med. Sci., 1957, 35, 421.) It is already
known that bemegride (/3-methyl-/?-ethylglutarimide) is an effective antagonist
to narcosis induced by a wide variety of barbiturates and by substances structur-
ally related to the barbiturates such as 2:4-diketothiazolidine,5-phenyl-2:4-
diketothiazolodine, the monoureides bromural and carbromal, and /3-methyl-
jS-(butyl, amyl or hexyl)-glutarimide. This work is extended by determining
the analeptic potency of bemegride as shown by its ability to reduce the sleeping
time of mice given a prior dose of a hypnotic bearing a structural resemblance to
the barbiturate ring system. It was found that bemegride significantly reduced
the hypnotic activity of glutethimide, Persedon (3:3-diethyl-2:4-diketo-
1:2:3:4-tetrahydropyridine), Nodular (3:3-diethyl-5-methyl-2:4-diketopiperi-
dine) and Dolitrone (5-ethyl-6-phenyl-2:4-diketometathiazane). m. m.

p-Biphenylmethyl-((x)-tropyl-oc-tropinium) Bromide, Pharmacology of. L.
Gyermek and K. Nador. {Arch. int. pharmacodyn., 1957, 113, 1) The
pharmacology of a new antiacetylcholine compound, Gastropin, is described.
It is found to possess moderate antiacetylcholine effects on the isolated guinea
pig ileum, rat uterus and frog heart. In the anaesthetised cat or dog it causes a
transient fall in blood pressure, inhibits bladder contractions, decreases gastro-
intestinal motility and salivary flow, counteracts the vagal slowing of the heart
and blocks the superior cervical ganglion. In guinea pigs it is a potent broncho-
dilator agent. It also possesses a moderate mydriatic action and weak neuro-
muscular blocking activity. The toxicity of Gastropin lies in about the same
range as that of atropine methyl bromide. Thus it may be seen that this sub-
stance, as well as possessing moderate anticholinergic activity, also possesses
ganglion blocking action. On the basis of these pharmacological results
Gastropin is now being tested clinically. m. m.

Chlorothiazide, Electrolyte Excretion as Influenced by. K. H. Beyer Jr.,
J. E. Baer, H. F. Russo and R. Noll. {Science, 1958, 127, 146.) Chloro-
thiazide  (6-chloro-7-sulfamyl-I:2 :4-benzothiadiazine-I: 1-dioxide)  induces
changes in electrolyte excretion similar to those caused by organomercurial
diuretics. Under reasonably normal conditions of acid-base balance, the
effect of chlorothiazide is to increase the excretion of sodium, chloride and water.
The excretion of potassium and bicarbonate is increased slightly, if at all. The
effect of this drug on the ratio of sodium to chloride excreted per unit time varies
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according to the state of electrolyte balance. This chloruresis distinguishes it
from the carbonic anhydrase inhibitors that cause a predominant increase in
bicarbonate rather than in chloride excretion. Chlorothiazide is also capable
of counteracting the sodium and fluid retention induced by steroids such as
9a-fluorohydrocortisone. m.m.

Glucose Nitrates, Vasodilator Action of. D. O’Meara, D. M. Shepherd
and G. B. West. {Arch. int. pharmacodyn., 1958, 113, 432.) Relatively little
evidence is available as to the factors which may be ofimportance in determining
the extent and duration of the vasodilator action of organic nitrates. A series
of glucose derivatives, some partially nitrated, others fully nitrated, were
examined to determine the relationship between their molecular structures and
their pharmacological actions. Methyl /3-D-glucoside was chosen as the parent
compound, since its ring structure and stereochemical configuration are fixed
and its nitrates are readily obtained in the pure crystalline form. The vaso-
dilator activity was assessed by measuring the extent and duration of the fall in
blood pressure of a dog after intravenous injection of 1 mg./kg. of each nitrate
and comparing the response with that of erythritol tetranitrate. It was found
that compounds containing one or two nitrate groups per molecule were inactive,
but those containing three or four nitrate groups possessed depressor activity
comparable with that of erythritol tetranitrate. In no case were the depressor
effects diminished by prior administration of atropine and/or mepyramine.
On oral administration to dogs, methyl /3-D-glucoside tetranitrate produced a
greater and more prolonged fall in blood pressure than did erythritol tetranitrate.
No correlation was found between the depressor activity and the amount of
nitrite ion released by the nitrates on alkaline hydrolysis. m.m.

Methylpentynol Carbamate. A. H. Galley and P. Trotter. (Lancet,
1958,1, 343.) Methylpentynol carbamate was given as premedication for dental
operations under local anaesthesia to over 10,000 ambulant outpatients in the
following dosage : Patients without visible signs of apprehension, two 100 mg.
tablets; mildly apprehensive patients, four 100 mg. tablets; very apprehensive
patients, 100 mg. per stone bodyweight. Of the 10,000 patients so treated 90
per cent showed no apprehension during operation, 7 per cent were appre-
hensive, and 3 per cent were very apprehensive. Methylpentynol carbamate
took longer to act than methylpentynol, but the effect lasted longer. It was
also shown to possess advantages over pentobarbitone for premedication in
ambulant patients before dental extractions under general anaesthesia. The
best results were obtained when it was reinforced with hyoscine sublingually
in a dose of 1/150 gr. to children up to 12 years of age, and 1/75 gr. to those over
this age. Used with either hyoscine or atropine, it was also found preferable to
pentobarbitone as premedication before general surgical operations under gen-
eral anaesthesia. After barbiturates, withdrawal or struggling is the usual
reaction to an intravenous injection, but after methylpentynol carbamate this
rarely occurs. Either the drug is to some extent analgesic or it provides a
central nervous sedation, in contrast to the increased nervous excitability pro-
duced by the barbiturates. In contrast to the barbiturates, laryngeal spasm
does not occur after giving methylpentynol carbamate. It therefore provides
a much easier change-over to ether after induction with nitrous oxide and
oxygen and laryngospasm is rare during throat operations where light anaes-
thesia is maintained and an endotracheal tube is not used. It does not cause
respiratory depression, and has a low toxicity and no undesirable side-effects.

S.1.w.
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AN INTRODUCTION TO PHARMACOLOGY AND THERAPEUTICS,
by J. A. Gunn with the assistance of J. D. P. Graham. Ninth Edition. Pp.
ix + 327 (including Index). O.U.P., London, 1958. 18s. (U.K. only).

It is a pleasure to see a new edition of a small textbook which has served
many medical students well, and to find that it is keeping up to date, without
losing its original flavour or growing unduly in size. The first edition was
written in 1929 with the aim of achieving brevity by selection and arrangement
and it is remarkable how well this aim is still achieved, in the face of a devastat-
ing increase in the amount of knowledge from which the selection is to be drawn.
The new edition retains an unhurried, but not unbusinesslike style which is
pleasant to read and encourages its steady perusal. It is possible to argue about
the selection : it could hardly be otherwise, for what two pharmacologists would
agree what to include in 300 small pages with all the subject to choose from?
Here there is all factual material, and no discussion of how the facts are dis-
covered ; therapeutic trials are not mentioned in the index, the value and defects
of evidence from experiments in animals are passed by, and there are no
references to the original literature. Since an unpredictable amount of the
factual material is quite likely to be displaced in importance quite soon by new
discoveries, and since the students who read this book will be heavily bombarded
with such discoveries and their counterfeits, a guide to the evidence is the most
urgent need of contemporary students, and it may be regretted that there is no
development of a critical apparatus in this introduction to pharmacology. The
factual material itself, though not lacking in up-to-date material, retains more
of the early twentieth century than might appear in a brand new book: it is
surprising still to meet references to chlorosis, and questionable whether arsenic
compounds deserve nearly twice as much space as barbiturates. But the
simplicity of presentation has much to commend it, and the students who want
the bare facts quickly (and cheaply) will be well served by this book.

Miles Weatherall.
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