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BACTERIAL PYROGENS 

Foreword

D r . S e ib e r t : “I started to work with the pyrogen back in 1923 and I can really 
say that I have never found any more difficult work than the work with pyrogen. 
In fact, I used to call it my little blue devil because it was there and wasn’t there. 
I was impressed with the elusiveness of it, and tne fact that it might be everywhere. 
It appears in all your flasks, all your water and in everything you work with. 
I am wary of the possibility of contaminating what I am working with, with a 
pyrogen. I have to wash all my glassware with freshly distilled water, make all 
my chemical reagents up with freshly distilled water, and I have to use special 
filters in order to eliminate the pyrogen.

Pyrogens exist in very small concentration and give such a tremendous reaction. 
I am so much impressed with all this work that is being done, but I wonder, has it 
been done that carefully ? Are some of these pictures that you get mixtures, due 
partly to what you are giving but also due to contaminants ?”

Proceedings Research Conference on Activities o f Bacterial Pyrogens at the University o f Pennsylvania 
March 2, 1951, S. 58.

I  am  going to speak to-day about bacterial pyrogens. I  am doing so 
because recently they have attracted renewed interest as therapeutic agents. 
I  have said “renewed” because in different forms they were used with 
some success earlier in this century for the treatment of a number of 
disorders. I  would also like to speak about them because I  have had 
many tussles with them, especially in blood iransfusion work, and many of 
the problems encountered then are still not solved. I  feel too that in this 
country we are thinking too much about their nuisance value and not 
enough about their potentialities in the treatment of disease. I  would like 
to discuss their potential value as non-specific therapeutic agents and to 
show that we have now reached the stage where bacterial pyrogens in pure 
form can, with advantage, replace the older materials and methods for 
producing a general stimulation of the defence mechanisms of the body.

In this country great interest used to be taken in the therapeutic uses of 
materials such as typhoid vaccine, used non-specifically, which were of 
value in the treatment of certain diseases although they had some dis
advantages such as uncertainty of action and undesirable side effects. But 
during the last 30 years the older preparations have gradually been falling 
out of use and the flood of modern chemotherapeutic agents has hastened 
this process. Like many another old remedy they are again exciting 
interest, especially in the United States of America, and on the Continent, 
since their active principles have recently been isolated and purified and 
their effects and dose can now be readily controlled. The undesirable 
side effects are almost entirely absent in the new forms.
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I should like also to consider the nature and chemical structure of these 
purified pyrogens so far as it is known and their behaviour when injected 
into the body and then to make brief reference to their uses in the treat
ment and amelioration of a variety of disorders.

I shall not be able to devote any time, to the purely pharmaceutical 
problems which these substances present as contaminants in parenteral 
preparations. This was the subject of a recent Symposium on Pyrogens1.

Bacterial pyrogen appears to be capable of effecting, safely and rapidly, 
a general mobilisation of the body defences to an extent seen only when 
the body has been insulted by the harmful effects of trauma, infection 
and other forms of injury.

The stimulation and mobilisation of body defences which follows 
bacterial infections or trauma, or the injection of irritant substances, or 
excessive heat or cold has for long been known to produce a state of 
alarm and stress in the animal body. No complete understanding has 
yet emerged of the complicated “chain-reactions” which Selye has, 
perhaps too simply, called the “alarm reaction2.” The substance or 
condition which produces it has been called the “stressor2.” The same 
or similar effects to those produced by the injection of bacterial pyrogen 
are produced by a variety of stressors. Pyrogen differs from the others 
in that its effects are produced without disagreeable or unpleasant aspects 
such as being ill or injured. One would hesitate to induce a general 
stimulation by infecting a sick person with an organism causing malaria 
or other disease to alleviate the patient’s sickness if another less drastic 
method were available, or to inject an intensely painful and irritating 
substance like turpentine or sulphur deep into a muscle, but this is still 
practised in certain places for the benefit to the patient which ensues in 
certain disorders3. These general methods of stimulating the body’s 
defensive mechanism, including the injection of bacterial pyrogen, are 
forms of nonspecific therapy as opposed to specific therapy seen in the use 
of diphtheria antitoxin to treat diphtheria.

One of the forms of non-specific therapy practised shortly after the 
beginning of the century was called “protein shock,” because it was 
believed that protein when injected was capable of acting as a non-specific 
stimulating agent or stressor. I first became acquainted with this form 
of therapy when working with the late Professor Ralph Stockman in the 
1920’s. Stockman was a great clinician and research worker, and many 
people besides myself are grateful for his influence at the formative period 
of our lives. Professor Sir David Campbell of Aberdeen University, one 
of our guests at this Aberdeen Conference and the President of The General 
Medical Council, was one of Stockman’s lecturers at that time, and he also 
was interested in protein shock therapy and published at least one paper 
on its use in the treatment of rheumatoid arthritis.

At that time it was believed that almost any protein from almost any 
source was effective, and this led to the injection of milk protein, tumour 
extracts, horse serum and many others. It is believed now that the 
stimulating effect of the injection of protein from many different sources 
was really the result of contamination with bacteria or their metabolites
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and was, in fact, a reaction caused by bacterial pyrogen. Ordinary house
hold milk was a popular source of protein for shock therapy at that time 
as it was easily available, and one writer4 describes how he obtained better 
effects by the injection of “market” milk. This supports the view which 
was even then gaining favour, that the effect was the result of bacterial con
tamination, especially when it was later shown that protein from milk 
obtained aseptically was not pyrogenic and was not effective.

It is not easy to prepare protein material or derivatives such as blood 
plasma or protein hydrolysates or even milk for intravenous injection 
without bacterial contamination and it is no reflection on the competence 
of the earlier workers to say they were mistaken as to the agent causing 
the reaction. Simple protein as such does not produce a specific stimula
tion although it does possess its own special effects. But we must not 
dismiss protein altogether from our picture since some bacterial proteins 
may function as carriers of the pyrogenic grouping under certain condi
tions which we shall discuss later. Anyone interested in this period when 
protein shock treatment was at its zenith can read about it in a book 
published by Petersen4.

Bacterial vaccines, notably typhoid and TAB, were also used in this 
connection as a protein source with surprisingly good results; but it was 
not then suspected that what is now believed to be the active component 
of the vaccines, namely bacterial pyrogen, belonged to the same group of 
substances as those which at that time were causing trouble in injection 
fluids—substances to which Hort and Penfold had drawn attention in 
19125~T, and which Seibert8̂ 11 was investigating in the early 1920’s. 
It is now tolerably certain that the active substance in our vaccines and 
pharmaceutical injections and the very active substance now being 
supplied for clinical trials are the same, or differ in minor characters 
only.

By means of any of the agencies we have mentioned as well as by physical 
methods and tissue injury, many bodily changes including high fever can 
be produced. These are accompanied first by a fall in the white blood 
cells which is called a leucopenia, then by an increase in the white cells 
called a leucocytosis, and by other changes which are characteristic of 
the “alarm reaction” of Selye. We are chiefly concerned to-day with 
bacterial pyrogen and its various properties, but before finally leaving 
these other methods of stimulation I would like to refer again to the use 
of sulphur or turpentine injections.

Menkin12-14 and Abderhalden15’16 have shown that there exist in body 
tissues and cells, endogenous substances which are capable of causing the 
characteristic fever and white blood cell changes produced by bacterial 
pyrogen. To distinguish our bacterial pyrogen from the endogenous 
pyrogen of the body tissues, we usually refer to it as “exogenous pyrogen.” 
We do not know what relation, if any, exists between our exogenous 
bacterial pyrogen and the endogenous factors of the body as described 
by Menkin and Abderhalden but it is widely felt that either they or other 
endogenous substances must be concerned.

When, for example, sulphur is injected into a muscle a great deal of local
627
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inflammation and oedema is produced and local cell damage is caused 
resulting in a high and prolonged fever accompanied by the blood cell 
changes already mentioned. A distressing feature of this method is the 
great pain and discomfort caused. It appears here as if some endogenous 
pyrogen arising from the damaged tissue cells or white blood cells had 
been liberated after the injection. It is possible, therefore, to inject an 
extremely irritating substance either intravenously or intramuscularly, 
and so to reproduce the effects characteristic of a highly pyrogenic reaction 
when in fact no pyrogen is injected at all. How many of the reported 
reactions which had stimulated Hort and Penfold and Florence Seibert to 
study pyrogenic reactions in injections and which led to the conception 
of bacterial pyrogen, previously described by various names such as 
“injection” fever, “salvarsan fever” and so on, were in fact due entirely 
to pyrogen and how many to the irritation of the medicament or the method 
of injection. We must not, of course, exaggerate this point, but it is 
perhaps worth remembering as it may sometimes explain an unexpected 
reaction.

In this connection Dr. Favez17, head of a large tuberculosis clinic in 
Lausanne, has described the effect of PAS when given in massive doses by 
vein, as is the practice in Switzerland and in the west of Scotland in the 
treatment of tuberculosis. Favez’s patients were so much benefited by a 
stimulating side effect of his undoubtedly non-pyrogenic material that he 
conceived the idea of the simultaneous administraticn of a purified pyrogen 
to increase and extend even further this effect. In certain types of 
tuberculosis he obtained highly beneficial results.

It is generally held that stimulation therapy is contra-indicated in 
tuberculosis patients since it often liberates dormant organisms from 
resistant foci which can be a dangerous procedure. This view, however, 
belongs to the period when the chemotherapy of tuberculosis was much 
less advanced that it is to-day. In any case, Favez is convinced of the 
value of the method and has much evidence to support his view. It is 
known that bacterial pyrogen has a fibrinolytic action18 and Favez is of 
the opinion that this fibrinolytic effect may bring about the liberation of 
the tubercle bacilli from resistant foci, so exposing them to attack by 
chemotherapeutic agents which otherwise would be ineffective.

Pyrogen has effects other than the production of fever. In fact for 
therapeutic purposes the title is no longer very suitable, and its retention 
is justified only because any change would cause confusion. Westphal 
in Germany calls it “Reizstoffe” or “irritating substance” . In fact, from 
recent clinical reports it appears that in a great many cases the pyrogenic 
(thermal) effect is unnecessary and undesirable, and it has become the 
custom either to suppress the fever by the administration of antipyretics 
or by using a smaller dose. In any case fever is only one of the effects 
produced. But perhaps if we do not take the name too literally it is 
on the whole better to retain it if only for the sake of tradition.

Before going on to consider the source and nature of bacterial pyrogen 
let me conclude this section by saying that there is a great deal of published 
evidence to support the view that the older methods and materials used in
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non-specific therapy had many virtues. Now, with the advent of the 
purified active principles capable of exact dosage and predictable effect, 
it is possible to reassess the value of pyrogen in medical treatment. I do 
not think we can ignore its possibilities.

T he Source and  N ature  of Bacterial P yrogen

All the evidence suggests that only the Gram-negative organisms need 
be considered as fruitful sources of the pyrogenic and stimulating sub
stances we have been discussing and that the pyrogen is associated with 
the endotoxin. If Gram-positive organisms are killed by heat they exert 
little or no pyrogenic action, whereas either alive or dead the Gram
negative bacteria have a powerful action when injected19. In general the 
Gram-positive types allow soluble exotoxins to pass into the medium 
whereas the Gram-negative types retain the complete endotoxic principles 
in or on the cell surface and only soluble fractions including pyrogen are 
found in the medium20.

The endotoxin was first extracted in undegraded form by Boivin and his 
colleagues21-24. Since then it has been further studied by many workers 
who approached the problem chiefly from the immunological and bio
chemical aspects and were not concerned with these substances as sources 
of pyrogen. Later, groups of workers examined the water-soluble fraction 
to study another curious property, that of causing necrosis or break-down 
in tumour tissues, a property of bacterial extracts which had been known 
for many years. The endotoxin exists in all types of Gram-negative 
organisms so far investigated and, in practically all, the general structure 
and properties are very much the same.

Its characteristic properties are not destroyed by heating in water at 
100° C., and it thus differs sharply from the exotoxins of the Gram
positive forms which, with few exceptions, are quickly inactivated by heat.

In most Gram-positive organisms the exotoxins are largely composed 
of protein, which readily suffers dénaturation, whereas Boivin found that 
the Gram-negative endotoxins are complexes of polysaccharides and 
other constituents. Immunologically they behave as the dominant 
O-somatic antigens and because of their toxicity they were originally called 
bacterial endotoxins, so that either name may be met. In far-reaching 
researches into the nature of this antigenic complex, Morgan and 
Partridge27 showed that it consists of a complex of protein, active lipopoly
saccharide and inert lipid.

Goebel and others30 had found that Flexner dysentery organisms, 
which are also Gram-negative, yielded a strongly antigenic and toxic 
endotoxin which went into solution in pyridine and water. Palmer and 
Gerlough25 devised the useful phenol process of deproteinisation which, in 
modified form, has in recent times yielded such valuable results in the 
hands of Westphal, Luderitz and their colleagues in Germany.

The pioneer endotoxin work of Boivin21-24, Morgan and Partridge27, 
Miles and Pirie28>29, Goebel30 and many others, paved the way for recent 
workers such as Westphal, who studied these substances mainly as sources 
of pyrogen, and for others such as Shear32-34, who studied them because
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of their tumour-necrotising action. The result of the work of this group* 
made it clear that most Gram-negative organisms contain a similar 
complex made up of a protein, a toxic factor bound to a polysaccharide 
and an inert lipid of the cephalin type. The toxic factor, which appears 
also to contain phosphorus, is the factor in which pharmacists are chiefly 
interested, as it appears that this substance is mainly responsible for the 
pyrogenic and the other related effects. The toxic factor when isolated 
from the bacterial complex seems to be attached firmly to the polysaccha
ride, which is therefore described as a lipopolysaccharide. The toxic lipid, 
usually found firmly bound to the polysaccharide, is different in structure 
and properties from the inert lipid previously menrioned which is not at 
all toxic, and it is also a more complex substance. The whole endotoxic 
complex appears to constitute, or to be closely connected with, the surface 
of the bacterial cell in smooth varieties, the polysaccharide moiety resem
bling the capsular membrane of the pneumococcus in this respect. The 
amount of the lipopolysaccharide appears to vary in R-forms of the 
organism and this seems to be devoid of the O-specific characteristics. 
These lipopolysaccharides from the R-forms are almost as pyrogenic as 
those from smooth forms but are devoid of some sugars especially the 
chromatographically quickly moving desoxy-sugars. It appears that a 
certain amount of toxic lipid is synthesised which is bound to the poly
saccharide ; if this is not synthesised in sufficient amount some is bound 
to the protein instead, giving lipoprotein. Smooth forms have been 
found which contained toxic protein as well as lipopolysaccharide and on 
the other hand R forms have been examined which contained besides toxic 
and pyrogenic protein, variable amounts of lipopolysaccharide57.

It is an oversimplification therefore to say, as is often done, that pyrogens 
are lipopolysaccharide, since in rough forms of the organisms the pyro
genic constituent can be separated along with the protein and the poly
saccharide constituent is present only in small amount. We can, in 
fact, extract from R-forms a pyrogen which is associated with the protein 
of the R-types of organisms. This pyrogenic protein is, however, much 
less active than the pyrogenic lipopolysaccharide, suggesting that the 
degree of activity is related to the particle structure and that protein is a 
less suitable carrier for the activity-conferring lipid than is polysaccharide.

This is also shown if the toxic lipid is separated by acid hydrolysis from 
either the protein or the polysaccharide when it occurs as a fatty or waxy 
substance very insoluble in water but soluble in chloroform, and, is not 
active for the purely physical reason of insolubility. Westphal35 has 
shown that if the separated lipid is dispersed by means of a surface-active 
substance such as Tween, it regains some, but not ad, of its activity. The 
removal of this lipid from the bacterial complex removes also the toxic 
and pyrogenic properties leaving either degraded polysaccharide or simple 
amphoteric protein.

If the bacterial endotoxin, which is composed of a complex of bacterial 
protein, lipopolysaccharide and inert lipid, is split by the method of 
Goebel by hydrolysis in alkaline alcoholic solution, we obtain products, 
one of which is a toxic lipopolysaccharide and the other a non-toxic
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protein; whereas with gentle acid hydrolysis we obtain a toxic protein 
and a degraded non-toxic polysaccharide. We see from this that the 
toxic pyrogenic factor may occur along with a polysaccharide or a 
protein carrier, according to conditions. These reactions are summarised 
in Table I.

TABLE I
T h e  r e l a t i o n  b e t w e e n  t h e  p r o p e r t i e s  a n d  o r i g i n s  o f  b a c t e r i a l  p y r o g e n

Gram negative organisms

Extraction 
(diethylene glycol)

O-somatic antigen***** +  simple undegraded polysaccharide**
(The endotoxin o f earlier workers) centrifuge (supernatant)

Formamide dissociation

Protein-active lipid-polysaccharide complex*****

1 per cent, acetic acid Phenol/water 65° C.

conjugated protein*** 

degraded polysaccharide*
amphoteric protein

4-
lipopolysaccharide* * * * *

I
acid hydrolysis

f
toxic lipid +  degraded polysaccharide*

i
acid hydrolysis

i
fatty acids +  nitrogen comps.

Increase in pyrogenic potency expressed by increased number o f  asterisks.

TABLE II
T h e  r e l a t i v e  t o x i c , a n t i g e n i c  a n d  p y r o g e n i c  p r o p e r t i e s  o f  t h r e e  p o l y 

s a c c h a r i d e s  f r o m  Shigella dysenterice

Degraded polysaccharide ,. Non-toxic, non-antigenic Pyrogenic, 2-5 p.g./kg.

Undegraded polysaccharide Poorly toxic, weakly antigenic Pyrogenic, 0-05 p,g./kg.

Lipopolysaccharide .. Toxic, weakly active in pro
ducing agglutinins or pre- 
cipitins in rabbits.

Strong heterophile (Forssman), 
antigen

Strongly pyrogenic, 0-002 p.g./kg.

Davies, M organ and Record108.

Workers who have investigated the problem with a view to isolating 
a pyrogenic factor generally isolate the toxic lipopolysaccharide, largely 
because of the methods adopted and the fact that the lipid fraction is firmly 
bound to the polysaccharide. Recently (June, 1955), Davies, Morgan 
and Record have separated from Shigella dysenterice a polysaccharide 
in three forms (Table II). The first, a degraded form with a molecular 
weight of about 25,000, which proved to be non-toxic, non-antigenic but 
was pyrogenic in relatively large doses. The second, an undegraded

cold alkali

amphoteric protein+
lipopolysaccharide* * * * *
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polysaccharide, extracted from the organism with diethylene glycol, with 
a molecular weight of the order of one million. This material was poorly 
antigenic but was pyrogenic in doses of 0-05 ¡j .g./kg. The third was a 
lipopolysaccharide isolated from the protein-polysaccharide complex with 
phenol. The lipopolysaccharide was of very large particle size and was 
a powerful heterophile (Forssman) antigen, but was only weakly active 
in the production of specific agglutinins and precip.tins in rabbits. This 
lipopolysaccharide appears to be of the same order of pyrogenic activity 
as the pure lipopolysaccharides of Westphal.

It is possible to transfer the lipid to other carriers by a method devised 
by Morgan36’37, who showed that artificial complexes could be made by 
coupling the active lipopolysaccharide or the conjugated protein of 
dysentery or typhoid organisms to a variety of subs:rates such as agar or 
mucin or to proteins such as vitellin or serum globulin. Westphal35 finds 
that such coupling only occurs when the toxic lipid is present, and has 
succeeded in transferring the lipid to a casein carrier, so producing a highly 
active artificial pyrogen.

Little is known about the nature of the pyrogenic substance in pharma
ceutical solutions. The substance must be present in a very active form 
since the few bacteria originally present are represented only by their 
soluble by-products, usually much diluted. The active substance may be 
the lipopolysaccharide already described, or perhaps a more active form 
containing the active grouping favourably presented by a suitable carrier.

Co Tui38 was the first worker to attack this problem from the angle of 
pyrogenic activity. He succeeded in isolating from aqueous cultures of 
the dead bacterial bodies, a polysaccharide substance which was free from 
protein and had high activity; but the greatest amount of light yet thrown 
on this subject has undoubtedly come from the work of Westphal and his 
colleagues in Germany and Switzerland during the last year or two. 
They improved Palmer and Gerlough’s phenol process by extraction with 
water and phenol at the high temperatures when they are miscible ; these 
separated on cooling to an aqueous phase containing lipopolysaccharide and 
nucleic acid and a phenol phase containing bacterial protein and inert lipid. 
Westphal has in this way produced what is probably the purest and most 
pyrogenically-active polysaccharide yet extracted39-42 From the material 
obtained by the phenol extraction of the acetone-dried bacterial bodies he 
separated the active substance from the nucleic acid by fractional precipi
tation with alcohol, taking advantage of the nucleic acid absorption at 
258 to 260 m/i, and finally by purification using the preparative ultra
centrifuge. He found that this method was applicable to all the Gram
negative organisms he examined.

He and his colleagues were able to show that the lipopolysaccharide is 
electrophoretically homogeneous with a molecular weight of about one 
million. Other workers examining active polysaccharides from similar 
organisms have given values of up to 10 million. It is probable that 
molecular weight is largely influenced by the condition of extraction and 
degree of polymerisation which has occurred.

There is a need for a standard pyrogen, and at present Westphal’s
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preparation is probably the most suitable for this purpose and could well 
be adopted until further knowledge is forthcoming about the nature of 
the active fraction or active grouping. Workers in America43’44 have also 
produced highly purified preparations, but according to our measurements 
of relative potency it is doubtful if those we have been privileged to examine 
approach the activity of Westphal’s preparation. The great difficulty lies 
in separating the nucleic acid. It has been shown that Westphal’s E.coli 
lipopolysaccharide contains about 40 per cent, of active lipid tightly bound 
to the polysaccharide carrier. The polysaccharide portion from the 
lipopolysaccharides of Gram-negative bacteria is composed of amino- 
sugars including glucosamine and chondrosamine with pentoses and 
methyl pentoses. The amino-sugars are acetylated and phosphorus 
is bound to the toxic lipid in small amount, and to the polysaccharide in 
greater amount, probably in the form of esters. The complete structure 
of the active lipid is still unknown, but it contains phosphorus and is a 
phospholipid. The active lipid can be separated from the undegraded 
polysaccharide by hydrolysis with dilute mineral acid as was shown by 
Miles and Pirie and other workers with the O-antigen of brucella some 
years ago.

Niemann45-48 has examined a pyrogenic lipopolysaccharide isolated in 
a study of the tumour-necrotising action of a strain of E. coli, and has 
shown the presence of a number of fatty acids such as lauric and myristic 
along with glucosamine, ethanolamine, phosphoric acid and a curious 
substance not hitherto reported which consists of a paraffinoid chain with 
two substituting amino groups. He calls this substance “necrosamine” 
and this may prove to be of great pharmacological interest. It is seen 
that we are on the verge of interesting discoveries and that there remains 
a great deal of work still to be done.

Westphal has endeavoured to produce active preparations for sub
cutaneous use by acetylation of the hydroxyl groups of the polysaccharide, 
and many other interesting attempts to modify the molecule with a view 
to modification of the pharmacological characters have also been made 
with some success. Acetylation of the sugars reduces the toxicity and 
modifies some of the stimulating actions, but the acetylated pyrogen 
prepared from E. coli is still undergoing clinical trials.

Mode o f  Action
The mode of action of bacterial pyrogen is not yet completely understood 

but it is believed that the fever and other effects produced as a result of the 
injection of bacterial (i.e., exogenous) pyrogen, are largely due to a 
stimulation of the central nervous and other systems by an endogenous 
factor or factors liberated into the bloodstream. Rather surprisingly, 
evidence has been produced to show that the hypothalamus is not neces
sarily involved in this reaction49’50. After injection and before the rise in 
temperature takes place there is a great increase in the intake of oxygen; 
but the rise in temperature which follows is produced by conservation of 
heat by the constriction of surface blood vessels rather than by an increased 
heat production by shivering51’62.
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During a pyrogen test most workers have noticed that the rabbits’ ears 
and pads become very cold as a result of this local vasoconstriction which 
it is said, is mediated by the sympathetic nerves. Anti-pyretics will abolish 
the temperature response without interfering with the other effects of 
pyrogen and this offers some therapeutic advantages but dictates in 
these instances the use of some other index of pyrogenic activity, (e.g., 
a white blood cell method). This is important also in the testing of anti
pyretic substances for the presence of pyrogen.

The rise in temperature after intravenous injection of pyrogen is pre
ceded by a latent period of no temperature rise cf up to 90 minutes in 
man and rather less in rabbits, after which there is a fairly sharp rise in 
temperature. As was stated this is proportional tc the dose given within 
a limited dose range. Pre-injection temperature is gradually reached 
again after several hours.

The explanation of the latent period is still a matter for some specula
tion, but it has been shown that if plasma is taken from a normal animal 
and incubated with pyrogen and then reinjected, the ensuing latent 
period is shortened53’54. This, together with the work of Grant55 suggested 
that during the latent period a new substance is being formed in the 
body or that the bacterial pyrogen is being modified in some way to 
produce an endogenous substance which if re-injected acts more rapidly. 
Other workers believe that plasma alone will not transform exogenous to 
endogenous pyrogen. It seems more likely that the exogenous pyrogen 
is first phagocytosed by leucocytes which later release the endogenous 
pyretic mediator107. The important role of the leucocytes for the 
initial phase of pyrogenic action in higher animals has also been impres
sively shown by Braude and his colleagues108 who by using 51Cr-labelled 
endotoxin from E. coli found that more than 90 per cent, of the injected 
endotoxin is very quickly taken up by the buffy coat layer.

We already have mentioned that Menkin12-14 and also Abderhalden15-16 
have described substances occurring in body fluids which display some of 
the properties of endogenous pyrogens and which are liberated more 
abundantly from tissues and cells on injury; it has not been proved that 
the reaction following the injection of exogenous (bacterial) pyrogen is 
due to the liberation of endogenous pyrogen from the tissues although 
some workers believe this to be the case.

If repeated daily injections of pyrogen are given to experimental animals 
the dose has to be increased in order to maintain the same level of response 
because the body seems quickly to become tolerant to the effects of 
pyrogen. This tolerance, however, disappears in 2 or 3 weeks in rabbits56 
and this has to be remembered in carrying out routine British Pharma
copoeia! limit tests. Man also becomes tolerant to the effects of injected 
pyrogen and this was a major difficulty in using vaccines as sources of 
pyrogen.

The mechanism of the production of tolerance is r ot clearly understood, 
but it is fairly well agreed that it is not directly related to the production 
of antibodies. This does not mean that the pyrogenic lipopolysaccharide 
is completely non-antigenic; it appears to be a hapten or incomplete
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antigen and it seems to be more antigenic in some animals than in others57 
It is, however, a potent heterophile (Forssman) antigen106. Even in those 
instances in which the presence of circulating antibodies to pyrogen have 
been claimed, no diminution in the pyrogenic response was found; and 
where pyrogens have been administered together with antigens the appear
ance and disappearance of tolerance of pyrogen did not parallel the 
appearance and disappearance of antibodies58-61 whose production was 
stimulated by the antigens. Barry Wood and Atkins109 have now shown 
that specific bacterial immunity does not diminish pyrogen activity. It 
does not seem that production of antibodies is involved in the phenomenon 
of pyrogen tolerance.

Beeson58 has shown that an induced tolerance to pyrogen may be 
broken down by blocking the reticuloendothelial system with colloidal 
thorium dioxide. This suggests that in the tolerant animal it is the 
reticulo-endothelial system which has developed enhanced ability to 
eliminate or destroy endogenous pyrogen. This rapidly acquired toler
ance, necessitating an increased dose to maintain the level of response, 
was one of the factors which discouraged the use of vaccines to produce 
a pyrogenic reaction which would stimulate the body defences. The 
dosage of successive injections had to be rapidly stepped up in order to 
maintain an effective response. One worker writes of administering a 
milky fluid62 heavily loaded with bacterial bodies in an attempt to maintain 
the same level of reaction. As vaccines are not without other toxic 
components this incidental increase in the toxic substances also admin
istered, had undesirable side effects. The new highly purified pyrogens 
are free from side effects of this kind because they are free from impurities, 
and while increasing dosage must be given to offset induced tolerance the 
initial dosage is so minute, (of the order of OT to 0-2 ¡ig. for Westphal’s 
pyrogen, “Pyrexal,” prepared from Salmonella abortus equi, and 1 to 2 /ig. 
for “Piromen,” the American preparation,) that even the largest dose 
given contains little, if any, extraneous toxic material.

While on the subject of tolerance it is appropriate to mention our own 
experience with purified pyrogens. We have found that the tolerance 
developed with a pyrogen preparation from Proteus vulgaris is also valid 
for a salmonella and a pseudomonas pyrogen, indicating a high degree of 
cross tolerance and a common active component in all three.

The rise in temperature which occurs is always accompanied by changes 
in the white blood cells, although the reverse is not always true63-65. With 
an ordinary pyrogenic dose there is first a disappearance of the white 
blood cells, that is leucopenia, followed by a rapid increase in the total 
number of white cells, a leucocytosis, especially of young polymorphonu- 
clears leucocytes with undivided nuclei. This is accompanied by an 
eosinopenia and a sustained lymphopenia. This appearance of the young 
polymorphs giving what is called a “shift to the left” is also seen in many 
conditions of stress, for example bacterial infections, and injury. With 
pyrogenic stimulation the degree of shift to the left is proportional to the 
dose of pyrogen66.

It is believed that this white blood cell effect is at least in part mediated
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by the liberation of ACTH from the hypophysis with subsequent increased 
secretion of the adrenal cortical hormones63’67’68. It is interesting to 
speculate to what extent a course of pyrogen injections could replace a 
course of injections of either ACTH or cortisone in certain conditions. 
Several of the effects of ACTH, for example white blood cell effect, are 
similar to the effects of pyrogen and it was this finding which first prompted 
the replacement of ACTH by pyrogen in allergies. Nevertheless one very 
important difference exists: ACTH causes a profound temperature-fall 
in normal animals (hypothermia) when injected at the rate of 1 unit per 
kg. We have found that added pyrogen will reduce this hypothermia, 
and will elicit the typical pyrogenic response with a delayed peak if large 
amounts are present. If smaller amounts are present the response does 
not correspond to the amount added.

Some rabbits appear to be unduly sensitive to the action of ACTH and 
a state of semi-collapse follows the injection of even 1 unit/kg. In these 
the hypothermia is so severe and prolonged that no pyrexia occurs and 
the test fails to detect the presence of added pyrogen. In our experience 
with rabbits in testing ACTH for pyrogen, the test which uses fever as 
an index is extremely unsatisfactory, but we can as yet suggest no 
alternative. ACTH also interferes with the white cell response to 
pyrogen, so that this too is rendered unsuitable as an index of pyrogen 
present in the ACTH.

It is believed that the white blood cell changes following injection of 
pyrogen are largely mediated by the adrenal cortex as they are substantially 
altered in adrenalectomised animals69' 71. This stimulation of the adrenal 
cortex appears to be in response to the increased secretion of ACTH 
which may in turn be the result of a fall in circulating corticoids which may 
follow the demands of the tissues after injury or stimulation of the tissue 
cells by pyrogen. Evidence of pituitary adrenal stimulation by pyrogen 
is also found in the increased urinary excretion of corticoids72 and in the 
fluctuation of plasma ascorbic acid levels73. Whatever the mechanics of 
the process there is adequate evidence of the activation of the pituitary 
adrenal cortex cycle.

Clinical experience has shown that long-continued administration of 
cortisone or ACTH has disadvantages; the withdrawal effects of these 
hormones are also common and are sometimes evidenced by resistant 
exacerbations72. The advantages of stimulating the adrenal cortex with 
pyrogen thus becomes apparent. The withdrawal effects and endocrine 
disturbances seen with ACTH and cortisone do not occur in pyrogen 
therapy.

Besides a well marked stimulation of the pituitary adrenal systems the 
influence of injected pyrogen is seen on connective tissue and on 
the reticulo-endothelial system. The dermis is an essential part of the 
reticulo-endothelial system, and the stimulation of this system by pyrogen 
has been shown dramatically in the healing effect of pyrogen on burned, 
wounded and frostbitten skin58’73-77. In experiments on the regeneration 
in the central nervous system it has been shown that by enhancing vascular
ity of the area, pyrogen inhibits the process of gliosis and so facilitates
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regeneration of nerve fibre. Evidence for structural regeneration has 
been supplied and in laboratory studies some functional regeneration has 
been reported78-82. This is new evidence in a problem which has been 
perplexing neurologists for years.

It has been known for many years that Gram-negative bacterial extracts 
when injected have the power to cause breakdown and necrosis in tumour 
tissue. A preparation known as Coley’s fluid was in use for some time 
for this purpose. Dr. Shear in America has investigated the purified 
lipopolysaccharide which he has obtained from Seiratia marcescens32>3i 
(Chr. prodigiosum). In addition to its ability to cause breakdown of neo
plastic tissue this substance also proved to be a potent pyrogen83 and there 
is evidence of a common tumour—necrotising activity in many of the 
Gram-negative endotoxins.

We have seen in this section that apart from being a potentially useful 
remedy with remarkable effects, the lipopolysaccharide is proving to be 
a useful tool in revealing how many of the mechanisms of the various body 
systems function. Much work remains to be done to explain these actions 
fully and to decide, for example, whether there exist substances in the body 
each separately capable of stimulating one or other of the actions discussed.

P yrogens as M edicaments

I cannot close without some reference to the various disorders which 
have been successfully treated by means of either vaccines or pure pyrogen. 
I shall mention only a few, but there is much published evidence concerning 
favourable effects in many disorders.

Let us be perfectly clear about one point: pyrogen is not a specific 
therapeutic agent like an antibiotic which has its own bacterial spectrum 
nor for that matter is it like an antitoxin. Its action is not an attack but 
a vigorous stimulation of the natural defences of the patient; and this is 
the rationale for its use in so many diseases. It may not be too bold to 
say that it has been the absence of such a defensive agent which has 
directed medical research towards finding attacking agents such as serolo
gicals and antibiotics. Now that we have both there is no reason why 
they should not be used together—the one to help the other.

Some of the recent reports on the newer preparations advocate their 
use in sub-febrile doses; in others, febrile doses have been recommended 
but the fever has been suppressed with antipyretics. On the other hand 
some workers believe that the actual production of fever is necessary for 
the full beneficial effects to be produced. There is little doubt that febrile 
doses are essential in certain conditions. In general, pyrogen appears to 
be most usefully used in conjunction with other specific therapies when 
such a combination appears rational.

The similarity of the effects of pyrogen, ACTH and cortisone on the 
white blood cell picture pointed to involvement of the pituitary-adrenal 
system in the pyrogen reaction, and the known beneficial effects of ACTH 
and cortisone in the treatment of allergic conditions suggested the use of 
pyrogen in a variety of conditions63. It seems that pyrogen is capable of 
filling a role similar to that filled by these hormones in allergic treatment
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but without their dangers. And this is important; for dangers such as 
resistant exacerbations on withdrawal and endocrine imbalance often 
follow their use, while pyrogen therapy has, so far as is known, neither 
withdrawal symptoms nor long-term side effects84.

It is reported that sub-febrile doses are no less effective in giving relief 
in many conditions84"88, and moreover some patients report a sensation 
of relaxation and well-being after pyrogen treatment. It has since been 
found that sub-febrile doses of pyrogen are particularly useful in relieving 
the depression which often accompanies the allergic state87. It should 
be remembered however that pyrogen, like ACTH or cortisone, can act 
only as an adjunct to specific diagnosis and therapy in allergy. In this 
role pyrogen has been most useful especially in stubborn cases of multiple 
allergies.

Several authors have reported favourably on pyrcgen in dermatological 
practice using febrile and sub-febrile doses, and febrile doses with anti
pyretics. Superiority over vaccine therapy in this field has been well 
established90 when febrile doses are administered. Fever can be avoided 
by utilising the subcutaneous or intra-muscular routes of administration 
.and pyrogen has been used successfully in this manner in various derma
tological conditions as an adjunct to topical therapy88. More than 
one author has been impressed with the striking results obtained in the 
pyrogen treatment of otitis externa88"91. Complaining of the dangers and 
disadvantages attendant on the use of ACTH and cortisone in dermatolo
gical practice, Guerrieri, reporting a successful trial of pyrogen alone 
(Piromen) (alone) in neurodermatitis84, comments on its safety in use and 
the absence of any “post-treatment rebound.” Other workers92"94 have 
■confirmed the beneficial effects in varied dermatoses.

The findings that in cats and dogs pyrogen aids nerve regeneration and 
that in transected spinal cords good anatomical regeneration takes place 
with enhanced vascularisation and absence of glial scarring are interest- 
ing78"82, and prompted one author95 to use it (Piromen) in 118 cases of 
spinal cord injury and disease. Beneficial results were obtained in 10 per 
cent, of the patients, but he felt that further investigation was warranted 
as the dosage and duration of treatment had been inadequate. Improve
ment with pyrogen therapy has also been reported in other diseases 
involving the nervous system96-100.

The effect of pyrogen in stimulating the repair of damaged tissue has 
been investigated in the treatment of duodenal ulcers. The value of this 
treatment can easily be assessed from the results which are reported101 as 
relief in 19 out of 25 cases with complete healing of the crater in 18 out of 
the 19. Recurrence was less than one-third.

The fibrinolytic action of pyrogen18 has already been mentioned, but 
this localised action of pyrogen has another interesting application which 
has been known for many years. This concerns the use of pyrogen102 for 
the detection of unsuspected foci in, for example, an infected gall bladder 
or other organ or tissue. Frequently, patients have complained of loca
lised pain while undergoing pyrogen therapy and this has led to the 
•detection of a septic focus at the site of pain.
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O ne o f  the oldest uses o f  pyrogen has been th e  non-specific an tibac teria l 
e ffec t; d ip theria  carriers103 have been cleared and  o ther infections such as 
typho id  have been a ided  by fever therapy . T he ac tion  o f  pyrogen as an  
ad ju v an t in  su lphonam ide an d  ch loram phenico l trea tm en t has also been 
rep o rted 105. Cases o f  agranulocytosis104 caused by drug  trea tm en t have 
been successfully trea ted  an d  it has been assum ed th a t th e  leucocytosis 
w hich follows the adm in istra tion  o f  pyrogen is responsible fo r this success.

This very b rie f review o f the clinical app lica tions o f  pyrogen will enable 
my audience to  apprecia te  how  the  physiological effects o f  this rem arkab le  
substance have been system atically app lied  to  the trea tm en t o f  various 
disease states w ith considerab le success.

W e have reviewed the p roperties o f  bacteria l pyrogens an d  have show n 
th a t they bring a b o u t a stim ulation  o f  the b o d y ’s n a tu ra l defences which 
a re  im m ediately  m obilised w hen the  body is attacked . A lthough  o u r 
descrip tion  o f  this a ttack  an d  th is m obilisa tion  o f  defences is perhaps 
inadequate , and  although  we speak o f  stim uli, in jury  an d  irrita tio n , w hich 
barely  express the full m eaning, it is c lear th a t in  pyrogen we have a too l 
w hich, if  used intelligently  has g reat pow ers fo r good, n o t in  one, b u t in 
a w ide variety  o f  conditions. I t w ould  be foolish to  suggest th a t pyrogen 
the rapy  is a panacea o r will render any existing useful d rug  unnecessary, 
b u t it is suggested th a t it will ac t as a  vigorous ad juvan t to  the  w ell-tried 
m edicam ent. Pyrogen therapy , I feel, is an  ally and  n o t a substitu te  fo r 
specific therapy.
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A m inophylline  w as first included  in  th e  7th A ddendum  to  the  1932 
B ritish Pharm acopoeia un d er th e  nam e o f  T heophylline w ith  E thylènedi
am ine. T ab lets  o f  T heophylline w ith E thylenediam ine w ere included in  
the  1951 A ddendum  to  th e  1948 Pharm acopoeia an d  are  re ta ined  in the  1953 
ed ition  un d er the  nam e o f  A m inophylline Tablets.

T he pharm acopoeial m eth o d  o f  p rep a ra tio n  is m oist g ran u la tio n  an d  
com pression. T ablets m ade by th is m eth o d  becom e d isco loured  an d  
develop an  od o u r o f  am m onia  w ith in  a  few w eeks o f  p repara tion . D uring  
discussion a t the  B ritish P harm aceu tica l Conference, 19541, D en sto n 2 
suggested tha t th e  m oist g ran u la tio n  m ethod  h ad  been found  to  be 
satisfactory  if  drying is ca rried  o u t thoroughly . H ow ever, d iscussion w ith  
several pharm acists reveals the  w idespread observa tion  o f  the  rap id  
d e terio ra tio n  o f  tab lets p rep a red  by th e  official m ethod , an d  also, com 
m ercially  available tab le ts  vary  appreciab ly  in  appearance an d  odour. 
F o r  exam ple, o f  six sam ples o f  tab le ts  pu rchased  on  ".he open m ark e t from  
different sources, the  co lour varied  from  w hite to  pale  yellow and  the 
o d o u r from  practically  none to  a  m arked  o d o u r o f  am m onia . I t is n o te 
w orthy  th a t no  positive co rre la tion  exists betw een co lour an d  odour. 
T h e  p roperties o f  these tab lets a re  show n in T able I.

TABLE I
P r o per ties  o f  c o m m er c ia l  sam ples of a m in o ph y l l in e  tablets

Appearance Odour

Pale cream colour with a few darker patches Practically none
White Faint odour of ammonia
Pale yellow colour Faint odour of ammonia
White Very faint odoar of ammonia
Cream colour Marked odour of ammonia
Very pale cream colour Marked odour of ammonia

These six samples were purchased from different sources on the open market. 
It will be seen that there is no correlation between colour and odour.

E xperimental

Sam ples o f am inophylline pow der w ere purchased  from  each o f  six 
m anufac tu re rs an d  the ir physical p ropertie s  w ere no ted . T he co lour 
varied  from  w hite  to  pale yellow  an d  the od o u r from  practically  none to  
a  m arked  od o u r o f  am m on ia  o r  acetam ide. A gain  there was no  co rre la 
tion  betw een co lour an d  odou r. T he p roperties o f  these pow ders are 
show n in  T able II. Batches o f  tab lets w ere p repared  from  all o f  these 
sam ples o f  pow der by each  o f  th ree different m ethods.

M ethod  A. S tarch , ta lc  an d  m agnesium  stearate  w ere m ixed w ith  th e
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am inophy lline  in  suitable p ro p o rtio n s an d  granules were m ade by the 
m oist g ranu la tion  m ethod . The granules w ere dried  carefully  an d  then  
com pressed  in to  tablets.

M ethod  B. A  base consisting  o f  ta lc  an d  starch  was first p repared  by 
m o ist g ranu la tion  an d  subsequent drying, an d  the dry  base w as then  
m ixed w ith  the am inophylline an d  a  sm all am o u n t o f  m agnesium  stearate  
a n d  the  m ix ture was com pressed 
in to  tablets.

M ethod  C. A m inophylline, 
s ta rch , ta lc an d  m agnesium  
s tea ra te  w ere m ixed in  suitable 
p ro p o rtio n s  and  the  m ix ture was 
com pressed  in to  “ slugs” . These 
w ere b roken  up th rough  a 16 
m esh sieve and  the 36 mesh 
d u s t wa s recom pressed . T he dry 
g ranu les ob ta ined  w ere mixed 
w ith  m ore sta rch  an d  m agnesium  
s tea ra te  an d  the  m ix ture was then com pressed to  give the finished tab lets. 
R ecom pression o f  the  dust was necessary because the fo rm ula does n o t 
b in d  well an d  m uch “ fines” a re  produced .

T he tab lets th u s p repared  w ere exam ined on p rep a ra tio n  an d  a t  the  end 
o f  storage fo r six m on ths an d  one year in  glass con tainers w ith  m etal 
screw caps an d  w axed w ads w hich w ere stored  a t ro o m  tem pera tu re  in  the 
d a rk . W hen freshly p repared  the  tab lets w ere all p ractically  w hite o r 
pale  cream  in co lour an d  w ere a lm ost odourless o r d id  n o t have m ore 
th a n  a  fa in t odour. This was surprising , in  view o f the  p roperties no ted  
in  T ab le II, b u t m ay be due to  som e o f  the  od o u r d issipating  du ring  
p rep a ra tio n  and  the co lou r m ay be m asked by the  add ition  o f  o the r in 
gredients.

PREPARATION OF AMINOPHYLL1NE TABLETS

TABLE III
P r o per ties  o f  sam ples o f  a m in o ph y l l in e  ta blets  a fter  sto ra g e

Sample After storage for 6 months After storage for 1 year

A 1 Deep cream colour. Strong odour of ammonia Brown colour. Strong odour of ammonia
A 2 Pale cream colour. Strong odour of ammonia. Brown colour. Strong odour of ammonia
A3 Deep cream colour. Strong odour of ammonia. Brown colour. Strong odour of ammonia
A 4 Very deep cream colour. Strong odour of ammonia Brown colour. Strong odour of ammonia
A 5 Deep cream colour. Strong odour of ammonia Brown colour. Strong odour of ammonia
A 6 Pale cream colour. Strong odour of ammonia Brown colour. Strong odour of ammonia
B 1 White. Practically no odour White. Practically no odour
B 2 White. Practically no odour White. Practically no odour
B 3 White. Practically no odour White. Practically no odour
B 4 White. Practically no odour White. Practically no odour
B 5 Slightly mottled. Practically no odour Slightly mottled. Practically no odour
B 6 Pale cream. Practically no odour Pale cream. Practically no odour
C 1 White. Practically no odour White. Practically no odour
C 2 White. Practically no odour White. Practically no odour
C 3 White. Practically no odour White. Practically no odour
C 4 White. Practically no odour White. Practically no odour
C 5 Very mottled. Strong odour of acetamide Very mottled. Strong odour of acetamide
C 6 White. Practically no odour White. Practically no odour

Samples A, 1-6 were made by Method A from the different samples of aminophylline powder listed in 
Table II.

Samples B, 1-6 were made by Method B.
Samples C, 1-6 were made by Method C.

TABLE II
PROPERTIES o f  b u lk  a m in o ph y llin e  p o w d e r

Colcur Odour

Cream Marked odour of ammonia
White Faint odour of ammonia
Very pale cream . . Practically none
Cream Faint odour of ammonia
Pale yellow Strong odour of acetamide
Cream Odour of acetamide

These six samples were also purchased from different 
suppliers on the open market. Again there is no 
correlation between colour and odour.
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T he p roperties o f  these tab lets afte r sto rage fo r six m onths an d  one year 
a re  given in  T able III . It will be seen th a t, afte r six m onths, those  m ade 
by m oist g ranu la tion  varied  in  co lour from  pale cream  to  very deep cream  
an d  all sm elled strongly  o f  am m onia . M ost o f  the tab lets p repared  by th e  
o ther tw o m ethods w ere w hite in  co lour an d  practically  odourless. O ne 
w as pale  cream  an d  an o th er slightly m o ttled , these tw o sam ples being  
practically  odourless. O ne sam ple (C  5), how ever, h ad  becom e very 
m ottled  an d  sm elled strongly  o f  acetam ide. T he cause o f  th is is unknow n.

A fter one year’s sto rage the co lour o f the  tab lets m ade by m oist g ran u la
tion  had  becom e brow n, w hereas those  m ade by the  o ther tw o m ethods 
rem ained  as they h ad  appeared  afte r 6 m onths.

Sam ples o f  all these tab lets afte r 6 m o n th s’ sto rage were assayed by 
D r. G . E. F o ster an d  the results are listed in  T able IV. These show

TABLE IV
A nalysis o f  a m in o ph y llin e  tablets a fter  six m o n t h s’ sto ra g e  at  room

TEMPERATURE

Sample

Time of 
disintegration 

at 37° C. 
(min.)

Average
weight

(g-)

Ethylenediamine per cent. Theophylline per cent.

In products Label strength In products Label strength

A 1 13 0-2438 5-53 108-0 31-5 102-5
A 2 9 0-2464 6 16 121-5 33-9 111-5
A3 12 0-2374 6-1 116-0 36-5 115-5
A4 16 0-2309 5-11 94-5 32-0 98-5
A 5 11 0-2436 5-59 109 0 30-2 98-0
A 6 12-5 0-2377 5-50 104-5 311 98-5
B 1 5 0-1313 10 1 106-0 55-2 96-5
B 2 3 0-1390 9-36 104-0 54-5 101-0
B 3 4 0-1318 10-75 114-0 63-0 110-5
B 4 3-5 0-1318 111 109-5 60-5 99-5
B 5 2-5 0-1280 10-5 108-0 57-0 97-0
B 6 2-25 0-1295 11-5 119-0 660 114-0
C 1 4 0-1327 10-2 108-0 55-2 98-0
C 2 2 0-1229 9-84 97-0 56-1 92-0
C 3 1-25 0-1356 6-75 73-0 4M 74-0
C 4 3 0-1336 10-2 109-0 54-5 97-0
C 5 6 0-1308 0-72 7-9 5-7 10-4
C 6 3-5 0-1339 10-3 109-0 60-0 107-0

Samples A, 1-6 were made by Method A from the different samples of aminophylline powder mentioned 
in Table II. Samples B, 1-6 were made by Method B. Samples C, 1-6 were made by Method C. Label 
strengths have been calculated on the basis of an average B.P. tablet containing ethylenediamine 0 0125 g. 
and theophylline 0 075 g.

th a t the  sam ples p repared  by m oist g ranu la tion  were unfit fo r use a fte r 
six m onths because o f  the ir physical p roperties although  they still 
com plied w ith  the pharm acopceial requirem ents fo r theophylline an d  fo r 
ethylenediam ine con ten t. T hose m ade by m ethod  B w ere all reasonably  
sa tisfactory  in  physical p roperties, afte r one year an d  com plied w ith  the 
requirem ents fo r strength  o f  active ingredients. W ith  the  exception o f  
sam ple C  5, th e  tab lets m ade by m ethod  C w ere satisfactory  in  physical 
p roperties afte r sto rage fo r one year. T he faulty  sam ple w as also  very 
low  in  strength  an d  sam ple C  3 was also low  in strength  w hen assayed 
afte r 6 m onths. T he cause o f  th is  is unknow n. A  sam ple o f  tab lets 
m ade by the dry g ranu la tion  process (m ethod  C ) sen t to  m e by I. C. 
E dm undson  is in  perfect cond ition  over tw o years afte r the date  o f  th e ir  
p repara tion .
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E f fe c t  o f  V a r io u s  C o n d it io n s  o f  S to r a g e  

I t  is sta ted  in  the  In te rn a tio n a l Pharm acopoeia th a t am inophylline 
shou ld  be sto red  p ro tec ted  from  light, an d  Bull3 also recom m ended th a t 
am inophylline tab lets should  be p ro tec ted  from  light. Since m any 
com pounds con tain ing  am ino  groups dark en  in  co lou r on  exposure to  
light, six different sam ples o f  tablets enclosed in  screw -capped w hite 
g lass bo ttles w ere exposed to  d irect sunlight fo r th ree m onths. A t the 
en d  o f  this tim e the ir appearance w as com pared  w ith  sam ples from  the 
sam e batches w hich had  n o t been exposed to  sunlight an d  no  darkening  
w as no ted . Som e o f  each sam ple w ere assayed by D r. G. E. F o ster an d  
the  results are given in  T able V. The results show  th a t w ithin the experi
m en tal e rro r  o f  th e  assay, no  loss o f strength  h ad  occurred.

TABLE V
A nalysis o f  a m in o ph y l l in e  ta blets before a n d  a fter  exposu re  to  s u n l ig h t

Sample

Average
weight

(g.)

Ethylenediamine per cent. Theophylline per cent.

In products Label strength In products Label strength
1 Before exposure . . 0-2235 7-47 133-6 32-7 97-4

After •5 0-2235 7-80 139-5 314 93-6
2 Before » 0-2293 5-74 105-3 35-0 107-0

After » 0-2293 5-74 105-3 34-8 106-4
3 Before ?» 0-2294 5-45 99-99 36-5 111-6

After 0-2294 5-51 100-1 35-7 109-1
4 Before >• 0-2503 6-26 125-5 42-0 140-1

After tt 0-2503 6-20 124-4 41-1 138-8
5 Before 0-2330 6-82 127-2 30-7 95-4

After tt 0-2330 6-87 131-1 32-7 101-6
6 Before ?> 0-2065 6 10 100-8 35-7 98-3

After 0-2065 6-07 100-3 36T 97-1

Five of these samples were purchased on the open market and the sixth was manufactured. Label 
strength have been calculated on the basis of an average B.P. tablet containing ethylenediamine 0-0125g.and 
theophylline 0 075 g. It appears that, having regard to the experimental error of the assays, exposure to 
light has not had any appreciable effect on the composition of the tablets.

O ne sam ple p repared  by m oist g ranu la tion  an d  one by prelim inary  
com pression w ere sto red  in screw -capped bo ttles w ith  cork  w ads a t  37° C. 
in  an  electrically-heated oven fo r 6 m onths. T he form er had  becom e pale 
cream  in co lour w ith  brow n spots an d  h ad  a  fa in t od o u r o f  am m onia . 
T he la tte r  had  rem ained  w hite an d  had  a  fa in t od o u r o f  am m onia. 
S im ilar sam ples w ere stored  in  loosely closed bo ttles over w ater to  give an  
a tm osphere  w ith  m axim um  m oistu re  con ten t. A t the end o f  7 m on ths 
the tab lets m ade by m oist com pression  had  becom e deep b row n in 
co lo u r an d  had  a strong  o d o u r o f  am m onia . T hose m ade by prelim inary  
com pression  w ere still w hite and  practically  odourless. This is surprising  
since bo th  sam ples had  absorbed  sufficient w ater to  becom e very soft.

D iscussion

A m inophylline ob ta ined  from  different com m ercial sources varies in  
co lo u r an d  odour. The pharm acopoeial descrip tion  states th a t the co lour 
is either w hite o r yellow ish-white. T he co lour darkens on storage b u t 
the  ra te  o f darkening  does n o t ap p ear to  be increased by d irect sunlight.

645



T. D. WHITTET

T he E x tra  Pharm acopoeia (M artinda le) Vol. I, 1952, and  the U n ited  
States D ispensatory , Vol. I, 1950, sta te th a t am inophylline develops a  
yellow  o r b row n co lou r on  con tac t w ith lactose. Bull3 (B ritish P h a rm a
ceutical Conference, 1954) states th a t sugars should  be avoided in  the 
fo rm u lation  o f  am inophylline tab lets an d  ou r experience confirm s this,, 
as does th a t o f  I. C. E dm undson  o f  D uned in , N ew  Z ealand , an d  N . J. 
V an A bbé o f  L oughborough , w ith  w hom  I have co rresponded  during  this- 
w ork.

I f  granules con tain ing  lactose are m ade by the m oist process a  yellow 
co lou r develops w ithin an  h o u r or so o f  p rep a ra tio n  an d  w ith dex trose a  
deep b row n co lour appears in  ab o u t the sam e tim e In  add ition , tab lets 
con tain ing  glucose p repared  by g ranu la tion  by prelim inary  com pression  
becom e lem on yellow  in co lou r w ith in  th ree days o f  p repara tion . W ith, 
sucrose a  yellow co lour develops w ith in  a b o u t 12 hou rs o f  the p rep a ra tio n  
o f  m oist granules. D isco lo ra tion  also occurs in  tab lets m ade by m o is t 
g ranulation  con tain ing  a high p ro p o rtio n  o f  starch  b u t is slow er in  
developing. E dm undson  suggested th a t the  co lour m ay be due tO' 
caram élisa tion  o f  the  ca rbohydra tes in  the presence o f the alkaline ethyl- 
enediam ine, b u t we have found  som e d isco lo ration  in tab lets entirely  free 
from  carbohydra tes. A n o th er possible source o f  d isco lo ration  is co n 
tam ina tion  w ith  m etals. E thylenediam ine is, o f  course, a chelating  agen t 
an d  readily  reacts w ith m etals. F o r exam ple, am inophylline gives a  
yellow ish-brow n co lour w ith  ferrous iron , a  chocolate  co lour w ith  ferric  
iro n  an d  a  vivid purp le  co lou r w ith cupric  salts. In  each case the  th eo 
phylline is precip ita ted . Y et an o th er cause o f  d isco lo ration  m ay be 
ox idation . I f  100 volum es hydrogen  peroxide is added to  am inophylline 
a  yellow co lour develops w ith in  ab o u t 10 m inutes.

T ablets o f  am inophylline p repared  by the official m ethod  o f  m oist 
g ranu la tion  have always, in  ou r experience, deterio ra ted  fairly rap idly , 
often  becom ing unfit fo r use in  a  few m onths o r even weeks. T ab lets  
w hich have becom e m arkedly  d isco loured  an d  strongly odorous m ay still 
com ply w ith the  official assay fo r theophylline an d  fo r ethylenediam ine 
conten t. V an A bbé, how ever, has to ld  m e th a t in  his experience the  
d isco lo ration  is usually, i f  n o t always, accom panied  by a  fall in  ethylene
d iam ine conten t.

Satisfactory  tab lets can  be p repared  by tw o m ethods in w hich m oistening 
o f  the  am inophylline is avoided. Sam ples m ade by  these tw o m ethods 
have rem ained  in  perfect cond ition  on  sto rage fo r a t least a  year.

Summary

1. T he d isco lo ration  o f  am inophylline tab lets is discussed an d  the  
official m ethod  o f  m oist g ranu la tion  is criticised.

2. Tw o m ethods o f  p rep a ra tio n  in  w hich the am inophylline is n o t 
m oistened are suggested.

I  w ish to  th a n k  M r. I. C. E dm undson  fo r m any helpful suggestions, 
including m ethods B an d  C  ; D r. G . E. F o ste r fo r carry ing  o u t assays on 
several sam ples ; M r. N . J. V an A bbé fo r exchange o f  in fo rm ation  an d  
M r. A. J. P earson  fo r technical assistance.
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D IS C U S S IO N

T he p ap e r was presen ted  by the  A uthor

P rofessor K . Bullo ck  (M anchester) said th a t the figures in  Tables 
IV  an d  V w ould  be m uch  m ore valuab le if  som e in fo rm ation  had  been 
given a b o u t the erro rs an d  the ir possible sources particu larly  in sam pling.

D r. G . E. F oster (D a rtfo rd ) said th a t M r. W hitte t had  purchased  
sam ples o f  am inophylline an d  com pressed them . I f  he had  taken  
theophylline an d  ethylenediam ine an d  purified  them , he m ight have 
found  th a t an o th er fac to r involved was som e im purity  in the m ateria l used. 
T he sam ples tested  in  his la b o ra to ry  consisted  o f  ab o u t 25 tab lets each, 
a n d  it h ad  been assum ed th a t the au th o r h ad  sent a representative 
sam ple.

M r . H . G rainger  (L o n d o n ) po in ted  o u t th a t am inophylline w as a 
sequestering agent, fo r m etallic ions w hich m ight be the cause o f  dis
co lo ra tio n  ra th e r  th a n  the sugars.

M r . V. R eed (L o n d o n ) asked  w hether tab lets w ith an  o d o u r o f  am 
m onia  should  be used.

M r . N . J. van A bbe (L oughborough) said  he h ad  found  th a t w hen 
com pressed dry, am inophylline often  caused binding in  the  dies an d  
m echanical dam age. H ad  the au th o r  experienced this difficulty?

M r . T. C. D enston (L ondon) said th a t as the official m oist g ranu la tion  
process w as a general m ethod  w hich perm itted  a  g reat deal o f  la titu d e  
to  the o p era to r, precise details o f  the m ethod  used by the au th o r  shou ld  
be stated.

D r . F . H artley (L ondon) said th a t although  am inophylline w as an  
established drug  it was difficult to  und erstan d  w hy the ethylenediam ine 
co m pound  o f  theophylline should  be used in  tablets since it w as th e  
theophylline w hich exerted  the the rapeu tic  ac tion . D id  th e  d isco lo ration  
reduce th e  the rapeu tic  effect o f  the tab lets ? H e suggested th a t a  critica l 
the rapeu tic  evaluation  o f  theophylline an d  o f  ethylenediam ine w as desir
able.

M r . W h ittet , in  reply, agreed th a t sam ples o f  am inophylline varied  
greatly . Because ethylenediam ine was a sequestering agent, m oist 
granules p u t th ro u g h  a  m etal sieve becam e discoloured.

H e d id  n o t th in k  th a t an  od o u r o f  am m onia  ind icated  any  g reat de
te rio ra tio n  in  the tablets. H e h ad  had  no dam aged  punches an d  dies.

In  regard  to  incom patib ility  w ith  sugars, he had  found  th a t i t  w as th e  
ethylenediam ine w hich reacted , sam ples o f  theophylline w ith  sugars 
n o t being d isco loured  afte r several m onths.

H e apprecia ted  th a t it m ight be possible to  o b ta in  a b e tte r solubilising 
agent fo r theophylline. T here was no evidence o f  g reat loss o f  activ ity  
in d iscoloured tab lets, b u t pharm aceutically  they looked  bad .
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I ntroduction

R ubber closures a re  used  extensively to  seal con tainers o f  a  variety  o f  
in jectable solu tions an d  these a re  com posed  o f  ru b b er o f  widely differing 
com positions. T he B ritish Pharm acopoeia 1953 staves sim ply th a t rubber 
closures a re  m ade from  su itab le h ea t vulcanised ru b b er o f  good quality , 
an d  does n o t define any  con tro lling  chem ical tests o r physical standards. 
I t  does recognise, how ever, the p ro p erty  o f  rub b er in abso rb ing  sulphite 
an d  bac te rio sta tic  substances. I t  d irects th a t closures to  be used for 
sealing containers, in w hich the  in jection  con tain ing  these substances is 
enclosed, shall be subject to  refluxing o r con tac t w ith solu tions equal to  
o r double the  strength  o f  the sulphite or bac teriosta tic  substance concen
tra tio n  in  the final injection. These requirem ents in no  w ay standard ise  
the  type o f  rubber, particu la rly  in  lim iting its physical varia tion  o r  chem 
ical reactiv ity  w ith  the  ingredients o f  the injections in to  w hich it com es in to  
con tac t. In  a  recen t pap e r W iener1 has show n th e  ability  o f  ru b b er to  
ab so rb  th iom ersala te  from  solution . Burrell2 m entions the  ab so rp tio n  o f  
phenol, ch lo rbu to l, chlorocresol and  phenylm ercuric n itra te  by  pu re  latex  
rubber. M cG uire  an d  F a lk 3 have show n th a t pheno l is ab so rbed  "by 
ru b b er caps on pro longed  storage an d  B erry4 has no ted  the  am o u n t o f 
ch lorocreso l w ithdraw n  from  so lu tion  by ru b b er caps, an d  has referred  
to  the absence o f  detailed  evidence a b o u t this subject.

E stimation of P henol

T he w riter has em ployed a m ethod  fo r the  estim ation  o f  phenol using 
F olin -C iocalteau  reagent. In itially  a ca lib ra tion  curve was p roduced  
using d ilu tions o f  a  stock  s tan d ard  so lu tion  o f  pheno l con tain ing  0-03, 
0-06, 0-09 an d  0 J 2  m g. o f  pheno l p er 4 ml. 0-6 ml. o f  Fo lin -C iocalteau  
reagent an d  1 m l. o f  25 p er cent, so lu tion  o f sodium  ca rb o n ate  was ad d ed  
to  each. A fter shaking to  m ix an d  heating  fo r 15 m inutes in  a w ater 
b a th  a t 37° C. readings w ere ob ta ined  in a  Spekker ab so rp tiom eter using 
filter num ber 608 an d  w ith  the  test an d  b lank  solu tions in  1 cm. cells.

W hen determ in ing  the  solu tions w hich h ad  been in con tac t w ith rubber, 
su itab le d ilu tions w ere m ade to  con ta in  approx im ate ly  0-05 mg. p er 4 ml. 
o r  0T  m g. per 4 ml. when using 0-5 cm. cells.

4 m l. o f  th is so lu tion  w as trea ted  as above an d  the readings m ade in  the 
S pekker abso rp tiom eter. T he concen tra tion  o f phenol w as read  from  
the  ca lib ra tion  curve an d  the  strength  o f  the orig inal so lu tion  ob ta ined  
from  the follow ing equation .
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P heno l concen tra tion  =  N o . o f  mg. p e r 4 ml. o f  d ilu tion  x  25 X dilu tion . 
(Percentage w /v) T hickness o f  cell in  cm.

C omposition  of R ubber

R u b b er is a  com plex m ix tu re  in  w hich latex  o r acid p rec ip ita ted  latex 
dried  in  sm oke houses o r th e  a ir  is com bined  w ith  a  num ber o f  chem ical 
substances. S u lphur is usually  inc luded  as th e  vulcanising agent, zinc 
oxide as the ac tiva to r an d  such organic substances as aldehyde am ines, 
guanidines, d ith iocarbam ates an d  benzthiazoles as accelera tors. Fillers 
a re  also  ad d e d ; these includ ing  such substances as chalk , m agnesium  
carbonate , zinc oxide, ch ina clay, silica an d  carbon . L atex  con tains 
pro teins, resins, qu erb rach it an d  sugars, an d  also in  its p reservation , 
am m o n ia  is com m only  added.

In  this investigation  a num ber o f  ru b b ers  have been chosen m ainly  
from  com m ercial sources. P articu lars o f  these tub ings a re  given in 
T able I.

TABLE I
P a r tic u la r s  o f  r u bb er  sam ples em plo yed

Sample
number

Type of 
tubing

Rubber content, 
per cent. Main filler Other details

1 Red 33 Calcium carbonate Laboratory tubing
2 Red 50 Calcium and magnesium 

carbonates
Drainage tubing

3 Latex 90 Magnesium carbonate Transfusion tubing
4 Black 50 Carbon Black Anti-static tubing
5 Red — — General purpose tubing
6 Red — —

Transfusion tubing7 Latex — —

8 Latex-
silicone

None Vulcanising ingredients:—sulphur, 
zinc oxide and organic acceler
ator of dithio-carbamate series. 
Latex is pre-vulcanised and 
afterwards centrifuged to remove 
surplus vulcanising ingredients

9 Silicone — Silica Transfusion tubing
10 Red 50 Calcium and magnesium 

carbonates
Drainage tubing

R ate and  E xtent of the A bsorption  of P henol

A p a rt from  th e  d ifferent com positions o f  rubber, add itiona l factors 
involved in  the  ab so rp tio n  o f  pheno l a re  tim e, tem pera tu re  an d  the  
co n cen tra tio n  o f  the  pheno l so lu tion  in  con tac t. R ubber sam ple N o. 10 
w as used to  investigate these fac to rs , tw o series o f  tubes being sto red  a t 
2° C. an d  37° C.

In  the  first series, fou r tubes con tain ing  7-5 cm. o f  rub b er tub ing  w ere 
im m ersed in  15 ml. o f  0-5, 1, 2 an d  4 per cent, so lu tions o f  pheno l toge ther 
w ith  fou r tubes con tain ing  pheno l so lu tions only. These w ere placed in  
a  refrigera to r a t  2° C. In  th e  second series five sets o f  eight tubes were 
set up , each con tain ing  5 cm. o f  rub b er tub ing  an d  im m ersed in  10 ml. o f 
0-5, 1, 2, 4, an d  7-5 p e r cent, so lu tions o f  phenol. F ive sets o f  each  o f  th e  
pheno l so lu tions w ere sim ilarly p repared . A ll tubes w ere flam e-sealed 
a n d  placed in  an  in cu b a to r a t  37° C.

M easured  volum es were rem oved  a t in tervals from  the  first series, an d  
the phenol co n ten t o f  th e  so lu tion  determ ined . Sim ilarly, the  tubes o f
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th e  second series w ere taken  a t intervals, opened  an d  the con ten ts analysed 
fo r phenol.

T ab le I I  shows th e  am o u n t o f  phenol w hich was abso rbed  by  th e  ru b b e r 
afte r increasing periods o f  tim e in  the  pheno l so lu tion  a t  2° C ., an d  fo r 
com parison  is expressed as mg. o f  pheno l abso rbed  per g. o f  rubber. This

TABLE II
Phenol content of rubber and immersing solutions after intervals of storage

AT 2° C.

Phenol content 
of original 

solution 
per cent, w/v Storage time

Total phenol 
absorbed in mg.

Amount of phenol 
absorbed per g. 

of rubber

No. of mg. 
of phenol 
in solution

Volume of 
solution 
in ml.

0-5 7 hours 4-5 1-50 70-5 15-0
26 „ 4-8 1-60 67-9 14-5

170 „ 4-8 1-60 65-5 14-0
3 weeks 13-0 4-25 62-0 15-0
6 „ 16-9 5-53 54-6 14-3

24 „ 18-4 6-02 45-4 13-6

0-98 7 hours 20 0-65 145-0 15-0
26 „ 6-2 2-00 136-0 14-5

170 „ 14-5 4-71 123-0 14-0
3 weeks 25-9 8-41 121-0 15-0
6 „ 25-9 8-41 112-6 14-4

24 „ 32-0 10-40 95*1 13-6

1-95 7 hours 5-25 1-70 287*3 15-0
26 „ 130 413 270-0 14-5

170 „ 35-0 11*10 238-0 14-0
3 weeks 44-4 1410 247-5 15*0
6 „ 44-2 14-10 240-0 14-6

24 „ 66-8 21-20 194*4 13-8

3-90 7 hours 150 4-76 570-0 15*0
26 „ 26-1 8-29 539-0 14-5

170 „ 71-4 22*70 474-6 14-0
3 weeks 91-2 28-90 494-0 15-0
6 „ 90-2 28-60 463-5 14-6

24 „ 124-4 39-50 412-4 13-8

TABLE III
Phenol content of rubber after intervals o f  immersion at 37° c. in different

st r e n g th s  o f  ph e n o l

Approximate strength of 
phenol solution, per cent.

Period of 
storage

Total phenol absorbec. 
in mg. (average of two 

determinations)

Amount of phenol (mg.) 
absorbed per g. 

of rubber

0-5 7 hours 3*55 1*71
26 „ 9-85 4*76

7 days 11-85 5-72
21 „ 1215 5-87

1 7 hours 13*50 6-52
26 „ 20*35 9-83
7 days 22-00 10-62

21 „ 23-00 11-11

2 7 hours 21*70 10-48
26 „ 30-60 14-78

7 days 45-70 22-08
21 „ 44-10 21-30

4 7 hours 35-40 17*10
26 „ 60-45 29-20
7 days 84-00 40-60

21 „ 83-70 40-43

7*5 7 hours 94-50 45-65
26 „ 127-80 61-73
7 days 145-60 70-30

21 „ 145-00 70*10
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is also  show n m ore clearly  in  F igure  1. Sim ilarly T able III  an d  F igure 2 
show  the  am o u n t o f  phenol abso rbed  during  sto rage a t 37° C.

I t is seen th a t a  sim ilar sta te  o f  eq u ilib rium  is eventually  reached, b u t 
m ore slowly, a t the low er tem peratu re . A t 37° C. the  ab so rp tio n  is rap id

PARTITION OF PHENOL IN RUBBER

Fig. 1. Rate and amount of phenol absorbed by rubber sample 10 when immersed 
in phenol solutions at 2° C. of the strength indicated.

during  th e  first day an d  equilib rium  is reached  a b o u t th e  sixth day  o f  
con tac t. A t 2° C. an  appreciab le p ro p o rtio n  o f  pheno l is ab so rbed  
afte r 3 days b u t equilib rium  seems to  be delayed fo r 7 to  15 weeks depend 
ing on  the concen tra tion  o f  pheno l so lu tion . I t  also  appears th a t th e  
am o u n t o f  pheno l abso rbed  is alm ost directly  p ro p o rtio n a l to  the  concen
tra tio n  o f  the  orig i
nal pheno l so lu tion .
A fter equilibrium  is 
reached  th is sam ple 
o f  ru b b er d id  n o t 
con tinue to  absorb  
phenol, co n tra ry  to  
the  inference o f  the 
Pharm acopoeia.

In  o rd er to  deter
m ine to  w hat extent 
th is process was 
reversible the  final 
sam ples un d er exam 
ina tion  a t 37° C. 
w ere transferred , 
a fte r  the sealed tubes 
h ad  been opened fo r 
analysis, an d  afte r 
so lu tion  h ad  been

Fig. 2. Rate and amount of phenol absorbed by rubber 
sample 10 when immersed in phenol solutions at 37° C. 
of the strength indicated.
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rem oved from  the  ru bber w ith  a  d ry  clo th , to  10 ml. o f  w ater in  test tubes. 
These w ere sealed by heating  the  glass an d  rep laced in  the in cu b a to r a t 
37° C. A fter 10 days the so lu tion  in  the tubes was analysed. T he results 
o f  this a re  show n in T able IV.

TABLE IV
T h e  p h e n o l  c o n t e n t  o f  a  s a m p l e  o f  r u b b e r  a f t e r  im m e r s io n  in  p h e n o l  s o l u t io n s
AND AFTER THE SAME SAMPLE HAD SUBSEQUENTLY BEEN PLACED IN WATER FOR 12 DAYS

AT 37° C.

A. Rubber immersed in phenol solutions B. Rubber containing phenol immersed in water

Concentration o f Concentration of
Amount o f phenol in phenol in water Amount o f  pheno. in phenol in water

rubber in mg. as mg. per 1 0  ml. rubber in mg. as mg. per 1 0  ml.

12-15 37-15 2-85 9-30
23-00 75-60 6-25 16-75
44-10 153-40 11-90 32-20
83-70 313-40 18-60 64-60

W hen one divides the  am o u n t o f  phenol, expressed as mg. in  the 10 ml. 
o f  aqueous pheno l so lu tion  in con tac t w ith  th e  rubber, by the  phenol 
con ten t o f  the ru b b er a t the  po in ts o f  equilibrium  show n in T ab le I II  and  
T able IV  the  figures ob ta ined  p o in t to  a  sim ilar rela tionsh ip  in  the  d istri
bu tion  o f  phenol. O ne can  thus conclude th a t the reaction  is reversible. 
T he figures fo r com parison  are given in  T ab le V.

TABLE V

Concentration o f phenol solution a t equilibrium in mg. per

Strength o f original phenol 
solution (approx.), per cent.

1 0  ml. divided by total amount o f phenol in rubber in mg.

A. Rubber immersed in 
phenol solution

B. Rubber containing phenol 
immersed in water

0-5 3-06 3-36
1 - 0 3-29 4-25
2 - 0 3-49 2-71
4-0 3-75 3-47

P henol A bsorption  by D ifferent R ubbers 
I t  was felt th a t the  results ob ta ined  in  the  exam ination  o f  one sam ple o f 

rub b er tub ing  shou ld  be extended to  o the r rubbers to  see w hether th e  
abso rp tion  process follow ed a  com m on pattern .

N ine  ru b b er tubings, sam ples 1 to  9, w ere taken  an d  ten  5 cm. lengths 
o f  each w ere weighed. F o u r o f  each sam ple w ere placed in  tubes w ith  
10 m l. o f  0-5 per cent, w /v phenol so lu tion . Tw o o f each were sto red  
respectively a t 2° C. fo r 44 days an d  37° C. fo r 7 days. Six o f  each sam ple 
w ere sim ilarly placed in  10 ml. o f  4 per cent, w /v phenol so lu tion  an d  tw o 
o f  each  w ere sto red  fo r 16 hours, 64 hou rs an d  10 days respectively. 
A ll tubes during  storage w ere sealed by flam e sealing o f  glass. A t th e  
end o f  the period  o f  storage all w ere opened and  the pheno l con ten t o f  the  
so lu tion  determ ined. A t the  sam e tim e th e  strength  o f  so lu tions co n 
ta in ing  approxim ately  0-5 per cent, an d  4 per cent, o f pheno l w ere sim i
larly  determ ined an d  the  p H  value o f  all solutions from  th e  opened tubes 
was determ ined electrom etrically . In  add ition , a fu rth e r duplicate  set o f
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ten  tubings including sam ple 10 w ere p laced in  4 per cent, w /v phenol 
so lu tion  a t 37° C. fo r 12 days.

In  o rder to  see w hether the  process was reversible, the tubings w hich 
had  been sto red  a t 2° C., in  0-5 p e r cent, w /v pheno l so lu tion  afte r rem oval 
o f  the  pheno l so lu tion  in  w hich they h ad  been im m ersed, w ere transfe rred  
to  10 ml. o f  w ater an d  sto red  fo r 13 days a t 37° C. in  sealed tubes. S im i
larly  the second series w hich h ad  been sto red  a t 37° C. in  4 per cent, w /v 
phenol so lu tion  w ere subject to  7 weeks sto rage a t 37° C. in  10 ml. o f  
w ater. A ll w ere exam ined at 
the  end o f  sto rage fo r bo th  
phenol con ten t an d  p H  value.

F ro m  an  exam ination  o f  the 
am oun ts  abso rbed  by the sam ple 
tub ings 1 to  9 sto red  fo r 16 
hours, 64 hou rs an d  10 days, it 
can  be seen th a t the  results 
show  a  close com parison  w ith 
the ra te  o f  pheno l abso rp tion  
by sam ple 10 as illu strated  in 
F igure  1, nam ely, th a t a t 37° C. 
roughly  75 per cent, o f  the  to ta l 
ab so rp tion  o f  phenol is com 
pleted  in 16 hou rs an d  95 per 
cent, an d  upw ards o f  to ta l ab so rp tio n  is reached  afte r 64 hou rs storage. 
T he results are show n in T able VI.

W hen the ru b b er tubings h ad  been in  co n tac t w ith  the phenol so lu tions 
fo r periods o f  tim e w hich h ad  been show n from  the previous results to  be 
sufficient fo r the estab lishm ent o f  equilibrium , it becam e ap p a ren t th a t in  
the  case o f  each rubber,

(1) the am o u n t o f  pheno l abso rbed  w as co n stan t w hen in  con tac t w ith  
the sam e strength  o f  pheno l so lu tion ,

(2) the am o u n t o f  phenol abso rbed  was a lm ost directly  re la ted  to  the 
concen tra tion  o f  the phenol so lu tion ,

(3) the  process was reversible an d  proceeded to  a p o in t o f  equilibrium  
w hether the ru b b er w as receiving phenol from  phenol so lu tion  o r tran s
m itting  it to  w ater, an d

(4) the ra te  o f  ab so rp tio n  o f  pheno l increased w ith  tem perature .
In  this process it appeared  th a t ru b b er ac ted  as a solvent.
Tables V II an d  V III show  the results upon  w hich these conclusions 

are based.
I t  can  be seen from  Table V III th a t the pheno l co n ten t o f  the  aqueous 

so lu tion  in  con tac t w ith  each ru bber show s a  high degree o f  un iform ity  
betw een the tw o sam ples exam ined, thus po in ting  to  a un ifo rm  d istribu tion  
o f  phenol betw een w ater and  rub b er w hen the  conditions o f  sto rage 
rem ain  constan t. T he larger differences occurring  in  th e  pheno l co n ten t 
o f  ru b b e r are explained by n o rm al lim its o f  e rro r  w hich resu lt from  the 
fac t th a t these calcu lations are ob ta ined  by difference an d  n o t by d irec t 
analysis as in  the solutions.

PARTITION OF PHENOL IN RUBBER

TABLE VI
S h o w in g  t h e  a m o u n t  o f  p h e n o l  in  m g . 
ABSORBED BY 5 CM. OF TUBING FROM 4 PER 

CENT. W ,V PHENOL SOLUTION AT 37° C.

Sample

Time o f storage

16 hours 64 hours 1 0  days

1 48, 55 6 6 , 59 72, 63
2 69, 57 77, 78 83, 79
3 —, 38 50, 46 56, 51
4 52, 47 49, 44 56, 54
5 53, 51 53, 57 —, 64
6 44, 55 53, — 54, 63
7 29, 38 46, 38 47, 39
8 43, 37 42, 44 51, 41
9 23, 21 24, 21 29, 18
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TABLE VII

P h e n o l  d is t r ib u t io n  b e t w e e n  r u b b e r  a n d  w a t e r  a t  p o in t s  o f  e q u il ib r iu m

Concentration o f original phenol solution =  0-5 per cent, w/v approx

Storage time in days

Sample No.

7 (37° C.) 7 (37° C.) 44 (2= C.) 44 (2• c . )

a b a b a b a b

1 9-4 3-89 8-7 3-96 8 - 2 407 7-6 4-20
2 10-8 3-75 11-7 3-68 1 1 - 2 3-77 1 2 - 1 3-75
3 6-3 4-20 6 - 6 417 6  1 4-28 6 - 8 4-28
4 61 4-22 6 - 2 4-21 6 - 8 4-21 7-1 4-25
5 9-3 3-90 8-7 3-96 9 0 3-99 9-6 4-00
6 9-4 3-89 8-7 3-96 9-6 3-93 1 1 1 3-95
7 3-6 4-47 41 4-42 3-9 4-50 51 4-45
8 5 0 4-33 4-5 4-38 6-3 4-26 6-4 4-32
9

1
2-5 4-58 2 - 8 4-55 2 - 8 4-61 3-3 4-63

Concentration o f original phenol solution =  4 per cent, w/v approx.

Storage time in days

Sample No.

12 (37° C.) 12 (37° C.) 10 (37c C.) 10 (37° C.)

a b a b a b a b

1 76-0 31-7 780 31-5 63-0 33-7 720 32-8
2 860 30-8 820 31-1 790 32-1 83-0 31-7
3 52-0 34-1 45-0 34-8 510 34-9 56-0 34-4
4 530 34-1 50-0 34-3 54-0 34-6 56-0 34-4
5 660 32*7 640 32-9 64-0 33-6 •—• —
6 6 8 - 0 32-5 71-0 32-2 63-0 33-7 54-0 34-5
7 42-0 35-1 35-0 35-8 390 36-1 47-0 35-3
8 55-0 34-9 38-0 35-5 410 35-9 51-0 34-9
9 1 1 0 38-2 17-0 37-6 180 38-2 29-0 37-1

1 0 75-0 31-8 82-0 31-2

a = mg. o f phenol in rubber. 
b =  mg. o f phenol per ml. o f solution o f phenol.

TABLE VIII
P h e n o l  d is t r ib u t io n  b e t w e e n  r u b b e r  a n d  w a t e r  a t  e q u il ib r iu m  a f t e r  r u b b e r
SAMPLES 1 TO 9 CONTAINING PHENOL HAD BEEN PLACED IN WATER AND STORED AT 37° C.

Sample No.

Stored in 0-5 w/v phenol solution 
before transfer to water

Stored in 4 w/v phenol solution 
before transfer to water

Phenol distribution Phenol distribution

Rubber, mg. Water, mg. per ml. Rubber, mg. Water, mg. per ml.

1 1-7, 1-2 0-65, 0-64 14-4, 14-6 6-21, 6-37
2 2-6, 2-9 0-86, 0-92 18-8, 15-6 6 -6 8 , 6 - 6 6
3 0-5, 1-2 0-56, 0-56 9-3, 3-6 4-28, 416
4 M , M 0-57, 0-60 10-2, 7-7 4-25, 4-25
5 1-7, 2-1 0-73, 0-75 15-8, 14-0 5-05, 5-28
6 2 -2 , 2 - 2 0-74, 0-77 17-8, 18-7 5-05, 5-28
7 0-3, 1-3 0-36, 0-38 6 -2 , 1 - 8 3-59, 3-34
8 1 -0 , 0 - 8 0-53, 0-56 17-6, 1-5 3-70, 3-62
9 — — 0-37, 0-37 — — 2-78, 2-81

T he R elationship of A lka linity  to  P henol A bsorption  
P henol u n d er som e circum stances acts as an  acid, and  ru b b er often 

con tains alkaline fillers such as zinc oxide an d  alkali carbonates. In  
add ition , am m on ia  is often  added  to  latex. F o r  th is  reason  it was 
decided to  exam ine all so lu tions, afte r being sto red  in  con tac t w ith  rub b er 
to  determ ine w hether pheno l ab so rp tio n  cou ld  be rela ted  to  th e  alkaline 
reaction  o f  the  rubbers exam ined. F ro m  T able IX  it is seen th a t, a l
though  the re  appeared  a certa in  un ifo rm  varia tion  betw een each  series o f
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ru b b er exam ined, an d  the p H  a lte ra tio n  o f  so lu tion  to  the alkaline side 
in  som e cases bo re  a  re la tion  to  pheno l abso rp tion , th is was by no  m eans 
consistent. T he alkaline n a tu re  o f  the  tub ings m ight be in te rp re ted  to  
being one m in o r fac to r, o u t o f  several, w hich possibly influenced the m ain 
process o f  ab so rp tio n  o f  phenol.

TABLE IX
T h e  p H  O F  P H E N O L  S O L U T IO N S  A F T E R  R U B B E R  H A D  B E E N  S T O R E D  I N  T H E M

PARTITION OF PHENOL IN RUBBER

Strength of 
phenol solutions, 

per cent.

storage time

4

16
hours

4

64
hours

4

1 0
days

4

1 0
days

4

1 0
days

0-5

7
weeks

0-5

7
weeks

A

13
days

B

13
days

C

14
days

Sample
1 7-66 7-8 7-75 7-85 7-14 6-67 7-4 6-67
2 7-13 7-3 7-58 7-70 7-73 6-96 6 - 6 8 8 -1 7-28 6-72
3 7-20 712 7-42 7-38 7-46 6-47 6-53 7-78 7 16 6-32
4 6 - 8 6 6-91 7-22 7-12 7-22 608 6-42 7-33 7-70 6-05
5 6 - 8 6 6-96 7-18 6-90 7-00 6-16 600 7-12 6-32 5-92
6 6-82 6-83 7-20 6  81 6 - 8 8 6-15 604 6-93 6-40 5-84
7 6-63 6-45 6-83 6-38 6  81 5-44 5-74 6-46 6 - 2 0 5-78
8 7-12 7-14 7-24 7-11 7-18 6-84 6-57 6-32 6-36 6-55
9 6-4 6-23 6-71 6-29 6-82 5-47 5-76 6-67 612 5-42

Phenol solution 6-45 516 6-42 6 - 6 6 6-77 5-48 5-48

A and B =  W ater into which phenol had passed from rubber containing phenol. 
C =  Rubber immersed in water.

P henolic  Substances in  R ubber

R u b b er sam ples w ere au toclaved  in  10 ml. o f  w ater fo r 1 ho u r, a u to 
claved a second tim e, an d  again  exam ined afte r 14 days sto rage a t  37° C. 
to  determ ine w hether phenolic  substances w ere transferred  to  the  w ater, 
an d  w hether th a t h ad  any  d irect re la tionsh ip  to  phenol abso rp tion . T he 
am ounts, ca lcu lated  as phenol, w ere very sm all b u t did ind icate the  possi
bility  th a t phenolic  substances used in  m anufac tu re  had  increased the 
phenolic  abso rp tion . O n the o ther hand , this could  no t be regarded  as 
the m ain  factor. A lso, i t  is no ted  th a t these substances can  be rem oved by 
repeated  trea tm en t as show n in T able X.

TABLE X
T h e  a m o u n t  o f  p h e n o l ic  s u b s t a n c e , c a l c u l a t e d  as m g . o f
P H E N O L , T R A N S M IT T E D  T O  1 0  M L . O F  W A ~ E R  B Y  5  C M . O F  E A C H  

R U B B E R  T U B I N G

Sample Autoclaved 1 hour Again autoclaved 1 hour 14 days at 37° C.

1 0 - 2 1 0 0-104 0-128
2 0-246 0-065 0-155
3 0-055 Less than 0-020 0-078
4 0-103 0-040 0-061
5 0-261 — 0-156
6 0-280 •— 0-167
7 0090 — 0 045
8 — — 0-186
9 — Less than 0-020

1 0 0-125 0-137

A  P artition  C oefficient for  R ubber 
F rom  the exam ination  o f  th e  rub b er specim ens, it seem ed th a t rub b er 

acted  as a  so lvent fo r phenol. O w ing to  the consistent results ob ta ined  
by th e  exam ination  o f  different sam ples o f  each specim en o f  ru bber w hen
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sto red  a t the sam e tem p era tu re  in  the  sam e streng th  o f  pheno l so lu tion , 
th e  conclusion was reached  th a t as w ith  o th e r im m iscible solvents, a 
p artitio n  coefficient o f  pheno l betw een ru b b e r an d  w ater w as established. 
T he results referred  to  w ere those ob ta ined  afte r long  enough sto rage to  
ensure th a t a p o in t o f  equilibrium  had  been reached.

T he p artitio n  coefficients were calcu lated  by dividing the  concen tra tion  
o f  phenol in  ru b b er expressed as m g./m l. by th e  concen tra tion  o f  phenol 
in  w ater expressed as m g./m l.

Cr
K t =  —— w here K  =  p artitio n  coefficient a t tem pera tu re  t  determ ined  

c  Cw
fo r ru b b er im m ersed in  pheno l so lu tion  o f  streng th  c  expressed as p e r
centage phenol w /v ; C r =  concen tra tion  o f  pheno l in  rub b er expressed 
as m g ./m l.; Cw =  concen tra tion  o f pheno l in  w ater expressed as m g./m l.

F ro m  T able X I it will be 
seen th a t a  slightly higher 
concen tra tion  o f  pheno l in  
ru b b er is ob ta ined  a t low er 
tem peratu res, an d  a  slightly 
low er concen tra tion  o f  phenol 
in  ru b b er com pared  w ith  th a t 
in  w ater is ob ta ined  as the 
concen tra tion  o f  im m ersing 
so lu tion  increases. T hus the 
partition  coefficient decreases 

w ith  rise o f  tem pera tu re  an d  strength  o f  phenol so lu tion  used.
In  T able X II  a re  given the  p a rtitio n  coefficients calculated  fo r rub b er 

sam ples 1 to  9. These show  the  sam e general p icture, a t  th e  sam e tim e 
p rovid ing  the  general im pression th a t a  low  value o f  K  links low er phenol 
ab so rp tio n  w ith the  m ore desirable type o f rubbers for use w ith  injections. 
This com bination  o f  p roperties is desirable in the  m aking o f  su itab le 
closures fo r containers o f  in jectable solutions.

I t  is seen from  T able X II th a t sam ples 3 an d  7 w hich are latex  tubings 
in tended  fo r in travenous infusions, sam ple 8 w hich is a m ixed latex  an d  
silicone tub ing  an d  sam ple 9 w hich is a  silicone tub ing  all show  K  values 
o f  less th an  1. A ll the  red  ru b b er tub ings show  K  values g rea ter th a n  1. 
Sam ple 4 w hich is an an ti-static  tub ing  con tain ing  ca rbon  has a  relatively 
low  K  value.

D iscussion

T he p rob lem  o f  the rem oval o f  certa in  substances from  injections, 
particu larly  the  bactericides em ployed in  m ultip le  dose containers, appears 
to  be m ainly physical in  natu re . A lthough  certa in  rubbers are alkaline 
in  reaction  o r con tain  certain  basic o r basic ca rb o n a te  substances as 
fillers it does n o t ap p ear th a t there is any chem ical in te raction  betw een 
them  an d  phenol, a t least, n o t sufficient to  explain the process involved. I t 
appears th a t ru b b er acts as a  solvent an d  th a t pheno l divides itself between 
w ater an d  rubber, w hich ac t essentially as tw o im m iscible solvents.

T he reactions have also been considered in  re la tion  to  th e  am o u n t o f

TABLE XI
Partition coefficients for sample 10 rubber 
FOR DIFFERENT CONCENTRATIONS OF IMMERSING 

SOLUTION AT 2 °C. AND 37° C.

Partition coefficient at
Initial strength per cent, 
o f  phenol solution w/v 2° C. 37° C.

0-5 216 1 -87
1 0 1 78 1-70
2 - 0 181 1-70
4-0 1-62 1-52
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TABLE XII
Partition coefficients for rubber samples 1 to 9

Sample
Specific gravity 

o f rubber

K  2° C. 
0*5

K  37° C. 
0*5

K 37 
4

C.

Readings Mean Readings Mean Readings Mean

1 1-37 1*16
1*06

M l 1*41
1*27

1*34 1*36
1-41
1*09
1*28

• 1-28

2 1 - 2 2 1*70
1*83

1 76 1*62
1*78

1*70 1-58 
1*49 
1 41 
1*48

. 1-49

3 0-994 0*93
1*03

0*98 0*96
1 *01

0*98 0*98
0*84
0*95
1*06

■ 0-96

4 1176 0*87
0*90

0 - 8 8 0*76
0*81

0*79 0*82
0*78
0*84
0*92

' 0-84

5 1 1 1 2 1 * 2 1
1*26

1*23 1 * 2 2
1*16

1*19 1 * 1 0
1*07
0*99

' 1-05

6 1*125 1-31
1*48

1*39 1*36
1*17

1*27 1 * 1 2
M 3
0*99
0*84

■ I 02

7 0*923 0*52
0*69

0*61 0*48
0*55

0*52 0*73
0*59
0*64
0*80

■ 0-69

8 0*915 0*95
0*97

0*96 0*75
0 * 6 6

0*71 1*04
0*71
0*79
1 * 0 1

*
■ 0-89

9 1*176 0*38
0*46

0*42 0*35
0*39

0*37 0*18
0*29
0*29
0*50

-
■ 0-31

ru bber in  the  ru b b er mixes. T he results do  n o t show  any consistent 
agreem ent betw een phenol ab so rp tio n  an d  the  rub b er co n ten t o f  th e  
ru bber mix. N either is there any  clear re la tion  betw een the  am o u n t o f  
pheno l abso rbed  an d  th e  filler con ten t. T he physical sta te  o f  the rub b er 
m ix possibly explains the difference betw een the  various sam ples in  phenol 
abso rp tion . T here are several factors w hich m ay cause this, such as th e  
influence o f fillers, ac tivators an d  accelera tors in  altering  the physical 
sta te  o f  the  ru bber. H ow ever, it does appear th a t w hatever th e  explana
tion , the  process is consisten t fo r p articu la r ru b b er mixes, to  the  ex ten t 
th a t a p a rtitio n  coefficient can be determ ined  w hich is capable o f  being 
used as a  stan d ard  fo r determ in ing  the  suitability  o f certain  rubbers fo r 
m ak ing  closures o f  m ultip le dose con tainers o f  injections. I t m ust n o t 
be presum ed th a t th e  results ob ta ined  fo r phenol a re  equally  applicable 
to  o ther substances em ployed as bac teriosta tic  agents, an d  th a t aspect 
requires fu rth e r investigation. Indeed  the w ork  o f  W iener, w hich w as 
m en tioned  earlier ind icates th e  possibility  o f  a different type o f  abso rp tion  
w hen dealing w ith  th iom ersalate .
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I t is suggested th a t th e  p a rtitio n  coefficient o f phenol, fo r ru b b er in  
co n tac t w ith  aqueous solu tions, un d er definite cond itions o f  concen tra tion  
a n d  tem pera tu re  can  be used as a basis fo r the  selection o f  rub b er used  fo r 
pharm aceu tical purposes.

Summary

1. T he ab so rp tio n  o f  pheno l from  aqueous solu tions by ru bber has 
been fo u n d  to  proceed  to  a  sta te  o f  equilib rium  u n d er con tro lled  cond i
tions o f  storage, th e  process being  reversible.

2. T he am o u n t o f  pheno l abso rbed  has been show n to  bear a  d irect 
re la tion  to  the  concen tra tion  o f  phenol in  th e  so lu tion  in  co n tac t w ith  the  
rubber.

3. T he ra te  o f  ab so rp tio n  w as fo u n d  to  increase w ith  rise o f  tem per
a tu re  u p  to  th e  p o in t o f equilibrium .

4. T he am o u n t o f  pheno l abso rbed  varies w ith  the type o f  rubber.
5. A  p a rtitio n  coefficient fo r ru b b er m ay be calcu lated  w hich is 

su itab le fo r use as a  m ethod  o f  con tro lling  the  s tan d ard  o f  rub b er fo r 
pharm aceu tical purposes.

In  conclusion the  w riter wishes to  th a n k  M essrs. I . C. F ran k lin  an d  Son, 
L td ., V eedip, L td ., W illiam  W arne  an d  C o., L td ., an d  the  D un lo p  R ubber 
C o., L td ., fo r  sam ples o f  rubbers, D r. R . H . M uller, M r. G. B. P end le ton , 
M r. J. T. O gden an d  M r. S. D . S u tton  for valuab le in fo rm ation , D r. B. E. 
T om linson  fo r the  use o f  certa in  equ ipm ent an d  to  M r. A. T u rnbu ll an d  
M r. J. W atson  w ho assisted in  certa in  o f  the  determ inations.
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D IS C U S S IO N

The p ap e r w as presen ted  by the A u th o r .
M r . G . Sykes (N o ttin g h am ) said  it seem ed th a t ab so rp tio n  o f  a p re 

servative by ru b b er was a  tw o-stage process, ad so rp tio n  on the surface 
follow ed by diffusion th ro u g h  the body  o f  the rubber. In  view o f sta te 
m ents m ade a t the  L o n d o n  conference tw o years ago he d o ub ted  w hether 
an y  one ru b b er could  be used as a s tandard , as it was n o t possible to  
guaran tee  th a t th e  m ix o f  tw o batches o f  a  ru b b er w ould  be identical.

W ould  th e  au th o r  com m ent on  the  pharm acopceial m ethod  o f  p reparing  
ru b b er caps fo r use?  O n page 651 o f  the  paper i t  was sta ted  th a t 
“ A fter equilib rium  is reached  th is sam ple o f  rub b er d id  n o t con tinue to  
ab so rb  phenol, co n tra ry  to  the  inference o f  the  Pharm acopoeia” . H ow 
ever, the  conditions w ere different. In  the case o f  a  ru b b er closure a 
con tinuous diffusion o f  the  phenol could  take place, first in to  the  rubber 
from  th e  so lu tion  and , then  by vo la tilisation  to  the air from  the  ou te r 
surface.
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M r . F . G . F arrell (L ondon) said he had  been studying the  sam e 
p rob lem  using chlorocresol, and  em ploying a spectropho tom etric  m ethod  
o f  assay. U sing im m ersed silicone ru b b er strips the  results w ere sim ilar 
to  those ob ta ined  by the au th o r, equ ilib rium  being reached  in a  few days. 
W ith  ru b b er caps on m ultidose con tainers w here only one surface was in  
c o n tac t w ith  the  so lu tion , equ ilib rium  was n o t ob ta ined  fo r m any weeks. 
R ubber caps subjected  to  the B.P. trea tm en t o f  sto ring  in  0-2 per cent, 
ch lorocreso l so lu tion  fo r 48 hou rs w hen used on  m ultidose containers 
con ta in ing  0-1 per cent, ch lorocresol so lu tion , con tinued  to  tak e  up  
ch lorocreso l afte r fou r m onths. Tw o sam ples o f  preserved physiological 
sa line so lu tion  lost over 50 per cent, o f  chlorocreso l in  one year. I t  w ould 
seem  th a t the surface a rea  exposed was a very im p o rtan t fac to r an d  it 
w ou ld  be in teresting  to  know  th e  d iam eter an d  thickness o f  the rub b er 
tu b es used by the  au th o r. T he concep t o f  a  p a rtitio n  coefficient was 
very in teresting  an d  im plied th a t the  phenol was d istribu ted  in a  h o m o 
genous m anner. H ad  th e  au th o r  cu t the ru b b er tub ing  and  exam ined the 
innerm ost an d  ou term ost parts  fo r phenol co n ten t?

P rofessor H . Berry (L ondon) said th a t the Pharm acopoeia was in te r
es ted  only in  th e  ru b b er used fo r closures fo r m ultidose containers, and  
such ru b b er shou ld  n o t con ta in  fillers. A lkaline fillers w ere a  source o f  
danger if  the so lu tion  in  the con tainer had  an  acid reaction . T he au th o r 
referred  to  a  ca rbon  filler, b u t he d id  n o t consider th a t a ca rb o n  filler 
shou ld  be used in ru b b er caps because o f  the  difficulty o f  piercing such 
cap s w ith  a  needle. F ac to rs  affecting the abso rp tion  o f  phenols in to  ru bber 
w ere the  area  exposed an d  the presence o f  o the r substances in  the so lu tion  
w hich  w ould  a lter the  p a rtitio n  coefficient. I f  the m edicam ent w ere a  salt, 
th e  solubility  o f  the  phenol in the  so lu tion  w ould  be less an d  m ore phenol 
w ou ld  go in to  the  rubber. I f  the  m edicam ent w as a substance w hich 
solubilised phenol such as soap, then  less phenol w ould  go in to  th e  
rubber. T he suggestion th a t if  silicone ru bber w ere used all the  hazards in  
connection  w ith ru b b er w ould d isappear w as n o t tru e  from  his ow n 
experience, and  the  au th o r h ad  confirm ed th a t silicone ru b b er d id  abso rb  
phenol. F u rth e r, w hen a closure o f  silicone ru b b er w as p ierced w ith a 
needle the hole rem ained  wide open, an d  it w as therefo re useless as a 
m ateria l fo r closing m ultidose containers. H e suggested th a t the au th o r 
sh o u ld  extend his experim ents w ith a view to  ob ta in ing  in fo rm ation  on  the 
effect o f  m edicam ents on rubber.

M r . T. D. W hittet (L ondon) said th a t in  co n tra st to  the experience o f 
the  au th o r, who found  th a t phenols were d istribu ted  th ro u g h o u t the  
ru b b er he had  found  th a t w hen caps were soaked  in  m etab isu lph ite  so lu
tio n  they becam e b le ac h ed ; bu t if  cu t open the inside o f  th e  ru b b er did 
n o t appear to  be affected a t all.

D r . L. Saunders (L ondon) com m ented  c n  th e  ra th e r loose use o f  the  
w ord  “ equilib rium ”  by the au th o r in  connection  w ith the  results a t 2° C. 
T ab le  II  did n o t show  th a t any equilib rium  w as reached. T he curves in  
Fig. 1 d id  n o t appear to  be the curves th a t one w ould  d raw  from  the 
results given w ithou t assum ing th a t equ ilib rium  was being reached. H ad
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th e  au th o r m ade any  a ttem p t to  calculate the diffusion coefficients fo r  
pheno l in  the ru b b er?

M r . W . T. W in g , in  reply, agreed w ith  the rem arks m ade by M r. Sykes 
concerning abso rp tion  an d  diffusion. In  the  first instance his in ten tio n  
was to  establish  the conditions un d er w hich phenol was absorbed . H e 
agreed  th a t, in  the case o f  a closure, phenol was abso rbed  an d  could  
diffuse th ro u g h  the rubber in to  the air. H e h ad  n o t in tended  to  im ply  
th a t one ru b b er shou ld  be used as a  standard .

H e  w as a b o u t to  exam ine the B ritish Pharm acopoeia m ethod  o f  bo iling  
in  tw ice the strength  o f  pheno l m ore  closely. R ubber m ight abso rb  to o  
m uch  phenol by boiling it in a double streng th  so lu tion , it w as possib le 
th a t it should  be bo iled  only in  the  streng th  o f  phenol to  be used in  the 
injection. H e h ad  done no  w ork  o n  chlorocresol. T here was a  possib ility  
o f  chlorocresol an d  phenol behaving differently. R u b b er w ould  reac t w ith 
ch lorine an d  fo rm  a definite chem ical co m pound  I t w ould  also  react 
w ith  sulphites although  p robab ly  only on the  surface o f  the  rubber. The 
tub ings used w ere roughly  £  in. in  d iam eter an d  o f  1/16 in. thickness. H e 
had  n o t exam ined the inside and  ou tside o f  the tubings for the ir phenol 
conten t. H e agreed w ith  P rofessor Berry th a t fillers should  n o t be present 
in  the rubbers w hich were used as closures for containers. T he purpose o f  
his exam ination  o f  several rubbers was to  establish the differences betw een 
rubbers o f  varying com position . I t  w ould  be seen from  the  tables th a t 
rubbers w hich w ere free from  fillers abso rbed  less phenol th a n  o th e r  
types. Silicone ru b b er abso rbed  phenol b u t it had  been show n to  ab so rb  
less than  any o ther type o f  rubber. I t  appeared  th a t afte r sterilising the 
silicones gave off toxic substances an d  the dangers in  its use h ad  resulted  in  
the w ithdraw al o f  silicone tub ing  for use in  transfusions o f  electrolyte 
solutions. H e had  n o t dea lt w ith  diffusion coefficients.
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of Benzy lch loroph enol

By H . S. Bean  an d  V. W alters

F r o m  th e  P h a r m a c e u t ic s  L a b o r a to r ie s , S c h o o l  o f  P h a r m a c y , C h e lsea  P o ly te c h n ic ,
L o n d o n , S . W . 3

Received July 4, 1955

A nalyses o f  th e  m o rta lity  o f  b ac teria  in  aqueous solu tions o f  bactericides 
have p roduced  tw o m a jo r theories a b o u t th e  n a tu re  o f  the  bacteric idal 
reaction . T he earlier theory , w hich has been referred  to  as the  “ m echanis
tic  theo ry” likened the  bactericidal reaction  to  a chem ical reaction . 
M adsen  an d  N ym an1 an d  C hick2 postu la ted  th a t the  m orta lity  ra te  o f  
o rgan ism s in  a bactericidal system  approx im ated  closely to  th a t w hich 
w ould  be expected if  th e  bacteric idal reaction  was a m onom olecu lar one. 
This w ould  im ply a co n stan t d ea th -ra te  th ro u g h o u t the  en tire course o f 
the  reaction . T he experim ents o f  C hick show, how ever, th a t there is 
often  a  m arked  varia tion  o f  the dea th  ra te  during  th e  reaction . F u rth e r, 
the  m ajority  o f  a  large num ber o f  experim ents described in  the litera tu re  
a n d  analysed by R a h n 3 show  a d ep a rtu re  from  the m onom olecu lar rate . 
T h e  a lternative theory— the  “ vitalistic theo ry” — is based on  th e  d is tri
b u tio n  o f  resistances o f  the  individual organism s. T he theory  was 
su p p o rted  by H ew lett4, R eichel6, R eichenbach6 an d  by H enderson  S m ith7-8. 
W ithell9 dem onstra ted  the  existence o f  a  rectilinear rela tion  betw een p rob it- 
m orta lity  an d  a sim ple transfo rm ation  o f  con tac t tim e, such as the  lo g a r
ith m  o f the  co n tac t tim e. N either Berry and  M ichaels10-11, n o r Jo rd an  
a n d  Jacobs12 accepted  uncond itiona lly  th e  re la tion  suggested by W ithell, 
a n d  have discussed the  significance o f  the shape o f  the  p ro b it-m o rta lity  
log-tim e curve.

T he m echanistic an d  vitalistic theories offer d ifferent explanations fo r 
th e  course o f  the  bacteric idal reaction , b u t they have in  com m on the 
ax iom atic  concept th a t the  longer th e  tim e o f  con tac t betw een b ac teria  
a n d  bacteric ide the  sm aller the  num ber o f  living organism s in  the  system . 
I t  is partly  the  in ten tio n  o f  the  presen t com m unication  to  dem onstra te  
th a t, u nder ap p ro p ria te  conditions, there m ay be m arked  departu res 
fro m  the an tic ipated  course o f  the bacteric idal reaction  an d  therefore, in  
the  nu m b er o f  living organism s in  the  system.

It has been show n by several w orkers13-14-15-16 th a t w hen b ac teria  are 
trea ted  w ith  certa in  bacteric ides, the re  is a leakage in to  th e  su rround ing  
m edium  o f  n itrogenous m ateria ls, such as purines an d  pyrim idines w hich 
a re  characterised  by having a  m axim al u ltra -v io let ab so rp tio n  a t a  w ave
length  o f  260 m/i. S alton  an d  A lexander13 an d  S alton14 have ind icated  
th a t  the re  is a  re la tion  betw een the am o u n t o f  cetrim ide ad d ed  to  a  sus
pension o f  S t a p h y l o c o c c u s  a u r e u s  an d  th e  am o u n t o f  260 r a p  abso rb ing  
m ateria l released from  the  cells, the la tte r  also being increased  by an
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elevation o f  tem peratu re . N ew ton13 rep o rted  th a t the an tib io tic  poly
m yxin E  p roduced  a  release o f  260 rn/x abso rb ing  m ateria l from  w ashed 
cells o f  P s e u d o m o n a s  a e r u g i n o s a .  Few  an d  S chulm an16 found  a  release 
o f  sim ilar m ateria l from  a num ber o f  species o f  bac teria  w hen they w ere  
trea ted  w ith  polym yxin E. T he results o f  the  experim ents published  b y  
S alton14, Few  a n d  Schulm an16 an d  by N ew ton15 ind icate th a t an  increase 
in  the  severity o f  the bacteric idal cond itions leads to  an  increase in  the 
am o u n t o f  260 m/x absorb ing  m ateria l released from  th e  cells. T he p resen t 
com m unication  exam ines w hether a co rre la tio n  exists betw een th e  m o r
ta lity  o f  certa in  bac te ria  in  an  aqueous system  an d  the am o u n t o f  260 m/x- 
abso rb ing  m ateria l released from  the cells.

M aterials and  M ethods
T h e  O r g a n i s m

B a c t e r i u m  c o l i  (N .C .T .C . N o. 5933) was selected for the p resen t study 
since it h a d  been used sa tisfactorily  in  earlier disinfection  studies by  B erry 
an d  M ichaels17 an d  Berry an d  Bean18. F u rth e r, th e  la tte r  au th o rs  used  i t  
in  con junction  w ith the  sam e bacteric ide th a t w as selected fo r the  p resen t 
experim ents. T he organism  was m ain ta ined  by freeze-drying from  
n u trie n t b ro th .

A  tube  o f  freeze-dried m ateria l was reconstitued  a t m onth ly  in te rvals 
by suspension in  horse  m eat in fusion  b ro th  an d  the  suspension used in  a 
m anner sim ilar to  th a t described in  the  B ritish S tan d a rd  Specification fo r  
the R idea l W alker T est (B.S.S. N o . 541: 1934— am ended  M ay  1951). 
T hree  stock agar slope cu ltu res w ere p rep a red  from  the reconstitued  m ateria l, 
2 o f  them  w ere reserved an d  th e  th ird  used fo r the  p rep a ra tio n  o f  daily  
slopes du ring  th e  first p a r t  o f  a  m on th . S ubcultures w ere m ade from  th e  
stock  slope in to  b ro th  a t 24-hour in tervals fo r  3 days, 2 m l. o f  the  th ird  
subcu ltu re  being d istribu ted  over the surface o f  a n  agar slope an d  incu 
b a ted  a t 37° C. fo r 16 hou rs. This p rocedure  w as repeated  un til the 
fo u rteen th  subculture, w hen the cycle was recom m enced from  one o f  the  
reserved stock slopes.

P r e p a r a t i o n  o f  t h e  B a c t e r i a l  S u s p e n s i o n s

T he 16-hour grow th  was w ashed from  th e  slope w ith quarte r-streng th  
R inger’s so lu tion  an d  the resulting  suspension centrifuged a t a b o u t 1000 
r.p .m . to  rem ove any sm all lum ps o f  agar rem oved w ith  the organism s. 
T h e  su p e rn a tan t was rem oved an d  the  organism s w ashed 3 tim es in  q u arte r-  
streng th  R in g er’s so lu tion  using a b o u t 100 ml. so lu tion  in  all. A fter the 
th ird  w ashing the  su p e rn a tan t was rem oved, an d  the  closely packed  w et 
cells resuspended  to  p roduce  a concen tra tion  o f  app rox im ate ly  2000 X 106 
p er ml. in  th e  so lu tion  under test. T he cell concen tra tion  was ad justed  
w ith  th e  a id  o f  an  Eel nephelom eter previously standard ised  against 
suspensions o f  the sam e organism  w hich were co u n ted  using d a rk g ro u n d  
illum ination  in  a T h o m a haem ocytom eter cell (dep th  1/50 m m .).

T h e  B a c t e r i c i d e

T he bacteric ide used in  the  experim ents w as benzylch lorophenol 
(5-chloro-2-hydroxy diphenylm ethane). I t had  a  m .p t. o f  48-5° C . an d

662



Ex
tin

ct
io

n

its m olecu lar ex tinction  emai a t A,„,„ 282 m/x in  w ater w as fo u n d  to  be 
2310. T he w ater solubility  w as 1 in  6380, determ ined  by  m eans o f  a  
U nicam  S.P. 500 spectropho tom ete r. (A llaw ala a n d  R iegelm an19 give 
ema!. 2360 a t  A 282 m /t in  w ate r an d  a  w ater solubility  o f  1 in  6300). 
F igure  1 show s the  com pliance o f  aqueous so lu tions o f  benzylch lorophenol 
w ith  the  B eer-L am bert law , an d  provides a reference g rap h  from  w hich 
th e  concen tra tions o f  u n know n  so lu tions can  be read.

BACTERIAL POPULATIONS IN SOLUTIONS OF PHENOLS. PART I
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F ig . 1. Relationship of the extinction at 
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Fig . 2. Relationship of probit mortality tojlog 
contact time of B a c t. c o li with distilled water.

T h e  B a c t e r i o l o g i c a l  M e t h o d

T he ro ll-tube cap illary  d ro p p in g  p ipe tte  techn ique described by  W ilson20, 
W ithell21 a n d  by  B erry an d  M ichaels17 w as used  fo r  all v iable counts. T he 
m eth o d  is econom ical b o th  o f  m ateria ls an d  space and , w ith  experience, 
it yields accu ra te  results17-22.

F o r  each  viable co u n t five ro ll-tubes were p repared  an d  the  m ean  co u n t 
calculated .

E s t i m a t i o n  o f  t h e  s o l u b l e  c e l l  c o n s t i t u e n t s  o r  B e n z y l c h l o r o p h e n o l  i n  t h e  

s u p e r n a t a n t s  f r o m  b a c t e r i a l  s u s p e n s i o n s

8 to  10 m l. sam ples o f  th e  cell suspension w ere taken  a t  th e  tim e o f  
m ak ing  viable coun ts an d  the  m ajo rity  o f  the  cells rem oved  by cen trifuga
tio n  a t  x  8500 g  fo r 3 m inutes. T he su p e rn a tan t w as then  subjected  to  
a  fu rth e r  cen trifugation  a t  x 8500 g  fo r  3 m inutes. T he u ltra -v io let 
ab so rp tio n  spectra  o f  th e  cell-free su p e rn a tan t fluids w ere exam ined using 
a  U n icam  S.P. 500 spec tropho tom eter. W here necessary co rrec tions w ere 
m ade fo r  the  ab so rp tio n  o f  th e  suspending fluids.

E stimates of E xperim ental E rrors 
T he sources o f  e rro r  in  viable co u n t techniques have been discussed by 

Berry an d  M ichaels17 a n d  by Bullock, K eepe an d  R aw lins22. T he m a jo r 
e rro rs  m ay be assum ed to  be due to  varia tions in  the  cap illary  p ipettes, 
varia tions in  th e  volum e o f  bac teria l suspension m easured  by  th e  p ipettes, 
the  non-hom ogeneity  o f  th e  suspension, b a tch  to  b a tch  varia tion  in  th e
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n u trie n t m edium , an d  to  personal erro rs in  coun ting  th e  colonies in  the  
ro ll tubes afte r incubation .
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P e r s o n a l  E r r o r  d u e  t o  C o u n t i n g

T h e causes o f  e rro rs  in  coun ting  bac teria l colonies have been discussed 
by  W ilson23. T he m agn itude o f  th e  e rro r w as estim ated  by the  sam e 
a u th o r  an d  by  Berry an d  M ichaels17 an d  by Bullock, K eepe an d  R aw lins22. 
T able I  shows th e  results du ring  the  p resen t experim ents w hen th e  colonies 
in  each  o f  10 ro ll tubes w ere coun ted  on  each  o f  3 different occasions.

T he s ta n d a rd  e rro r o f  the  m ean  o f  3 coun ts is 1 -90, com pared  w ith  the  
value o f  1-65 ob ta ined  by B ullock, K eepe an d  R aw lins22 an d  o f  2-41 
ob ta in ed  by B erry an d  M ichaels17. This value m ay be regarded  as satis
factory.

TABLE I
E stim a tio n  o f  th e  pe r so n a l  e r r o r  d u e  to  c o u n t in g  co lo n ies  in  10 r o l l  tubes

ON EACH OF THREE OCCASIONS

Roll tube 
No.

Counts (*) 
n =  3

Total of 
three 

counts 
S W

Mean
X

Corrected sum of squares (SS)
Variance 
=  SS/N 
where 
N =  2■£(**> X \ x ) jn SS

1 137,135,141 413 137-7 56875 56856 19 9-5
2 146,150,147 443 147-7 65425 65416 9 4-5
3 252,247,246 745 248-3 185029 185008 21 10-5
4 195,190,188 573 191 109469 109443 26 13
5 237,230,231 698 232-7 162430 162401 29 14-5
6 182,188,190 560 186-6 104568 104533 35 17-5
7 99,102,100 301 100-3 30205 30200 5 2-5
8 127,129,133 389 129-6 50459 50440 19 9-5
9 135,129,132 396 132 52290 52272 18 9

10 131,129,137 397 132-6 52571 52536 35 17-5
Totals 4915 216

Total sum of squares for 30 observations 216. Sum of squares for count variation
Z S S
¿7N

216
20 10 8.

Standard deviation of count variation =  ^10-8 =  3-286. Standard error of mean of 3 counts 
=  1-897.

E r r o r s  d u e  t o  B a t c h  t o  B a t c h  V a r i a t i o n  in  t h e  A g a r  M e d i u m  

T he influence o f  b a tch  to  b a tch  varia tio n  in  th e  agar has been exam ined 
by o ther w orkers17’22, w ho have concluded  th a t, p rov ided  the  m edium  is 
p rep a red  in  a  satisfactory  m anner, batches o f  rep roducib le  sensitivity are 
ob ta ined . T he p rob lem  was n o t reinvestigated  during  the  p resen t 
experim ents.

S u i t a b i l i t y  o f  t h e  V ia b l e  C o u n t  T e c h n i q u e  

In  accordance w ith  the  recom m endations o f  T h o rn to n 24, th e  suitability  
o f  th e  n u trien t m edium  em ployed fo r  a  viable co u n t is usually  expressed 
by  calculating  the  Index  o f  D ispersion  fo r the  colonies in  a  num ber o f  ro ll 
tubes. T ab le  I I  show s the  Index  o f  D ispersion  fo r 20 ro ll tubes fo r a  
viable co u n t on  a  suspension o f  B a d .  c o l i  in  q u a rte r  streng th  R inger’s 
so lu tion . R eference to  tables o f  x2 ind icates a p ro b ab ility  o f  0-9 to  0-8, 
a n d  thus the  m ed ium  m ay be regarded  as satisfactory .

T he Index  o f  D ispersion  exam ines ra th e r  m ore  th a n  the  su itab ility  o f  
th e  m edium  an d  includes the  w hole o f  th e  techn ique involved in  m ak ing
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20 rep licate  coun ts on  a  sus
pension  o f  organism s. T hus 
the  h igh  value o f  P  ob ta ined  
is a  favou rab le  com m ent 
on  th e  techn ique as a 
whole.

T he overall e rro rs involved 
in  perfo rm ing  rep licate  
coun ts on  a  series o f  b ac
te ria l suspensions are tested  
by  a  ra th e r  m ore  com 
prehensive test, th e  basis o f  
w hich is described by  Berry 
an d  M ichaels17. T able III  
records the  G oodness o f  F it 
o f  x 2 values fo r  50 sets o f  
five rep licate  ro ll tubes fo r 
coun ts o f  suspensions o f  
B a d .  c o l i w hich have no t 
been in  con tac t w ith a 
bactericide.

TABLE II
G oodness of fit of x2 for 20 roll-tubes used 
IN estimating the suitability of a batch of

NUTRIENT AGAR

Counts
C*)

Mean
count

(*)

Deviations 
from mean 

( x - x ) (* -  í ) !
100 -14-75 217-56
99 -15-75 248-06

126 11-25 126-56
117 2-25 5-06
109 -5-75 33-06
120 5-25 27-56
123 8-25 68-06
118 3-25 10-56
117 114-75 2-25 5-06
106 -8-75 76-56
125 10-25 105-06
121 6-25 39-06
118 3-25 10-56
114 -0-75 0-56
122 7-25 52-56
121 6-25 39-06
105 -9-75 95-06
120 5-25 27-56
100 -14-75 217-56
114 -0-75 0-56

2 x  = Z (x  -  x) = II•H1H

2295 000 1405-7

TABLE III
G oodness of fit of the distribution of x2 values for viable counts on 50 sets 
of five replicate tubes, using B a d .  c o li suspended in  distilled water or

PHOSPHATE BUFFER

Value of x2

Expected
frequency

(m)

Observed 
frequency 
(m 4- *)

Difference
C*) X2

A2
m

Under 1-00 4-51 6 +  1-49 2-25 0-50
1-00-1-99 8-70 15 +  6-30 39-69 4-56
200-2-99 8-90 12 +  3-10 9-61 110
3-00-3-99 7-59 7 -0-59 0-35 0-05
4-00-4-99 5-94 4 -1-94 3-76 0-63
5-00-5-99 4-41 2 -2-21 4-88 1-11
6 00-6-99 3-16 2 - 1 1 6 1-35 0-43
7-00-8-99 3-74 1 -2-74 7-51 2-00
Over 9-0 3-05 1 -2-C5 4-20 1-38

Total 50-00 50-00 11-76

X2 =  11-76; n = 8; P =  0-1-0-2

E xperimental R esults
T h e  V ia b i l i ty  o f  B acterium  coli in  D i s t i l l e d  W a te r  a t  20° C., a n d  th e  
R e le a s e  o f  S o lu b le  C e l l  C o n s t i tu e n ts  f r o m  th e  O r g a n s im s  d u r in g  I n c u b a t io n  

V iable coun ts m ade  a t  in tervals on  suspensions o f  B a d .  c o l i  sto red  a t 
20° C. in  w ater from  a  heavily  tin n ed  still f itted  w ith  an  all-glass condensing 
system  are  reco rded  in  T able IV , an d  the co rrespond ing  log-tim e p rob it- 
m orta lity  curve is show n in F igu re  2.

T he u ltra-v io let ab so rp tio n  spectra  o f  cell-free superna tan ts from  the  
bac teria l suspension w ere exam ined a t the  tim e o f  m aking  the  viable 
coun ts an d  are  p lo tted  in  F igure  3. F igure  4 shows the  release o f  260 m/u.- 
ab so rb ing  m ateria l du ring  sto rage o f  th e  cells in  th e  distilled w ater, an d
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TABLE IV
V ia b il ity  o f  B a c t .  c o li in  d ist il led  w a ter

Time
(hours) Log time

Survivors 
(per cent.)

Mortality 
(per cent.)

Probit
mortality

Extinction 
260 mp.

0 __ 100 0 ___ —

1 — 99-5 0-5 2-4242 0-07
24 1-3802 88-4 11-6 3-8048 0-117

100 2-0000 83-5 16-5 4-0259 0-158
1871 2-2730 73-4 26-6 4-3750 0-179
291* 2-4646 69-4 30-6 4-4928 0-195
528 2-7226 60-7 39-3 4-T285 0-246
695£ 2-8423 58-6 41-4 4-”T827 0-243
936 2-9713 55-1 44-9 4-8718 0-286

1345 3-1287 54-8 45-2 4-8794 0-326

F igure  5 the re la tion  betw een th e  appearance o f  260 m /x-absorbing m ateria l 
an d  th e  viability  o f  the  organism s in  the  distilled w ater.

F igure  5 show s th a t the re  is a  g radua l decline in  the  num ber o f  living 
organism s w hen B a c t .  c o l i  is incubated  a t  20° C. in  d istilled w ater, an d  
reveals th a t the re  is a  sim ultaneous gradual appearance in  th e  su p e rn a tan t

o f  m ateria l w hich has a  
m axim al u ltra -v io let ab so rp 
tio n  a t a  w avelength o f  260 
m p .  T he appearance o f  
m ateria l having a  sim ilar 
u ltra-v io let ab so rp tio n  has 
p r e v i o u s l y  b e e n  r e 
p o rted 14’18’16 in  suspensions 
o f  b ac teria  in  distilled w ater, 
1 per cent, w /v sod ium  
ch lo ride so lu tion  an d  in  
pho sp h a te  buffer. S alton  
an d  A lexander13 an d  S alton14 
have show n th a t free purines 
and  pyrim idines a re  p resen t 
in  the  released m aterial.

S alton14 fo u n d  th a t the  
am o u n t o f  260 m /u-absorb- 
ing  m ateria l released from  
bac teria l cells trea ted  w ith 
cetrim ide w as p ro p o rtio n a l 
to  th e  num ber o f  cells killed. 
N either o u r ow n results n o r 
those o f  Few  an d  Schulm an16 

su p p o rt th is finding. A n  exam ination  o f  F igure  5, suggests th a t the re  
m ay be a  rectilinear re la tion  betw een certa in  m orta lity  ranges, b u t w hen 
the  curve as a  w hole is exam ined no  such rectilinear re la tion  is ap p aren t.

F ig . 3. Ultra-violet absorption spectra of cell- 
free supernatants from suspensions of B a c t. c o li  
in distilled water after varying contact times at 
20° C. Curves 1 to 8 after 24, 48 100, 187-5, 
291-5, 528, 936, 1345 hours respectively.

T h e  A b s o r p t i o n  o f  B e n z y l c h l o r o p h e n o l  b y  Bact. coli 
Suspensions o f  B a c t .  c o l i  a t  a  co n cen tra tio n  o f  2000 x  106 organism s 

p er m l. w ere p repared  in  p h o sp h a te  buffer so lu tions (pFl 7-0) con tain ing
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10, 25, 50 an d  100 ¡xg . o f  b enzylch lorophenol per ml. respectively. Im m e
diately afte r p rep a ra tio n  o f  the  suspensions, the  organism s w ere spun  dow n 
a t 8500 g. an d  th e  u ltra-v io let ab so rp tio n  a t  282 m/z o f  the cell-free super
n a ta n t was exam ined. T he ex tinction  o f  th e  solu tions before an d  afte r 
con tac t w ith  the organism s is recorded  in  T ab le  V w here the  “ afte r co n tac t” 
extinction  has been co rrec ted  for the  ab so rp tio n  a t 282 mp, w hich is

BACTERIAL POPULATIONS IN SOLUTIONS OF PHENOLS. PART I

F ig. 4. Release of 260 m/i absorbing material F ig. 5. Relationship between release of 260 
from B a c t. c o li suspended in distilled water at m/x absorbing material and viability of B a c t. c o ll  
20° C. suspended in distilled water at 20° C. over a

period of 56 days.

F ig . 6. Ultra-violet absorption spectra of benzylchlorophenol solutions (unbroken 
lines) and of the cell-free supernatants after contact with B a c t .  c o li 2000 x 106
cells/ml. (broken lines).

1. Supernatant from 10 /¿g./ml. solution 2. 10 fig./ml. solution
3. ,, „ 25 fig./ml. 4. 25 /ig./ml. „
5. ,, „  50 fig./ml. 6. 50 fig./ml.
7. „ „ 100 fig./ml. 8. 100 /ig./ml.
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H. S. BEAN AND V. WALTERS 
TABLE V

E x t in c t io n  a t  282 m/x o f  b e n z y l c h l o r o ph e n o l  so lu tio n s  before  a n d  a fter
CONTACT WITH BaCt. Coll

Concentration of 
benzylchlorophenol 

(iig./ml.)

Extinction Benzylchlorophenol 
remaining in 
supernatant

(Hg./lTL.)

Benzylchlorophenol 
absorbed by 

B ad. coli 
(ixg./ml.)

Untreated
solution

After contact 
with Baci, coli

100 106 0-758 72 28
50 0-530' 0-359 34 16
25 0-267 0-183 17-4 7-6
10 0-107 0-075 7-2 2-8

a ttr ib u tab le  to  soluble cellular constituen ts released in to  the  solutions. 
In  these connections it is assum ed th a t the  cellular m ateria l released up o n  
co n tac t w ith  th e  pheno l is o f  a  sim ilar n a tu re  to  th a t occurring  w hen the 
cells are suspended in  d istilled w ater o r p h o sp h a te  buffer. F igure  6 shows 
the ab so rp tio n  spectra  o f the  superna tan ts afte r im m ediate rem oval o f 
B a d .  c o l i  toge ther w ith  the ab so rp tio n  spectra  o f  the  u n trea ted  solu tions.

T he ab so rp tio n  curve show ing th a t the  am o u n t o f  benzylch loro
pheno l abso rbed  by the  cells is p ro p o rtio n a l to  th e  concen tra tion  in  the
su p e rn a tan t is p roduced  in  F igure  7.

Initial concentration of benzylchlorophenol 
in solution (/xg./ml.)

F ig . 7. Absorption of benzylchlorophenol by Bad. 
coli at 20° C.

T he benzylch lorophenol abso rbed

F ig . 8. Viability of Bad. coli in solutions o 
benzylchlorophenol in 0 01M phosphate buffer 
Curves 1 to 3, 10, 25 and 50 /¿g./ml. respectively 
Curve 4 (broken line) 100 ng./ml.

by the cells from  the  so lu tions a t the  4 concen tra tions used viz. 10, 25, 50 
an d  100 ¡ ig . p er m l. w as 28, 30-4, 32 an d  28 p er cent, respectively o f  the  
am o u n t in itially  p resen t in  the  solutions. T he shape o f  the ab so rp tio n  
curve suggests th a t in itia l sa tu ra tio n  o f  the organism s was n o t ob ta ined  
in  th e  concen tra tions used, an d  th a t g rea ter quan tities w ou ld  have been 
taken  u p  in  the  sam e tim e by the  organism s from  m ore concen tra ted  
solutions.

T h e  V i a b i l i t y  o f  B a d . coli in  A q u e o u s  S o l u t i o n s  o f  B e n z y l c h l o r o p h e n o l  

V iable counts w ere m ade on suspensions o f  B a d .  c o l i  in  0-01M p hospha te  
buffer so lu tions con tain ing  10, 25, 50 an d  100 ¡xg . o f  benzylch lorophenol 
per ml. respectively. T h e  percentage survivors a t each  co n tac t tim e

6 6 8



exam ined a re  show n in  T able VI, V II an d  V III, an d  are  p lo tted  in  F igure 8. 
In  the  solu tions con tain ing  10 an d  25 ¡±g. p er m l. o f  benzylch lorophenol 
the re  w as a steady decline in  the num ber o f  survivors w ith  tim e, an d  in  the

TABLE VI
V ia b il ity  o f  Bad. coli in  so l u t io n s  c o n t a in in g  10 a n d  25 /xG ./m l . b e n z y l c h l o r o 
p h e n o l  AND THE EXTINCTION AT 260 AND 282 M/x OF THE CELL-FREE SUPERNATANTS-

BACTERIAL POPULATIONS IN SOLUTIONS OF PHENOLS. PART I

Benzylchlorophenol
concentration

Time
(hours)

Survivors 
(per cent.)

Extinction

260 mp. 282 mp.
10 pig./ml. 0 1000 0-071 0-093

1 98-6 0-132 0-126
2 95-3 — —

3 96-8 0-134 0-121
4 89-2 — —

6 — 0-174 0-137
6} 79-5 — —

8 72-5 0-194 0-143
25 pg./ml. 0 100-0 0-125 0-216

1 95-7 0-169 0-226
2 i 79-6 0-172 0-223
3 — 0-185 0-224
4 67-2 0-194 0-228
6 — 0-214 0-234
6} 53-9 — . —

7 — 0-227 0-237
8 49-7 0-242 0-244

24 35-5 0-405 0-297
76 11-8 0-704 0-393

so lu tion  con tain ing  100 ¡j.g . p er ml. a  very rap id  decline in  the nu m b er o f  
survivors. T he la tte r  so lu tion  w as sterile w ith in  5 m inutes. T he so lu tion  
con tain ing  50 /xg. p e r m l. o f  benzylch lorophenol is o f  special in terest. In

TABLE VII
V ia b il ity  o f  Bact. coli in  so l u t io n s  c o n t a in in g  50 /¿g ./m l . b e n z y l c h l o r o ph e n o l .

AND THE EXTINCTION AT 260 AND 282 M/x OF THE CELL-FREE SUPERNATANTS

Experiment Time
No. of viable 
organisms/ml.

Extinction
260 mp. 282 mp.

1 0 1,172,615,700 _ __
5 min. 1,132,725 0-251 0-417
1 hour 212,217 0-295 0-421
4 „ 20,437 0-356 0-421
5 „ 19,174 — —
5} „ 19,290 — —

19 „ 976,860 0-505 0-465
26i „ 5,858,240 0-521 0-473
501 „ 5,010,480 0-629 0-507
98} „ 3,585,440 — —

124 „ 3,544,330 0-859 0-587
170} 9,682,970 —. —■
258} „ 10,385,220 0-984 0-582

2 0 1,172,615,700 _ _
5 min. 29,118,620 0-230 0-416
24 hours 134,740 0-321 0-422
4 „ 82,100 — —
7 „ 77,620 0-361 0-429
8 „ 108,430 — —

26} „ 1,287,160 0-492 0-467
79 „ 3,870,480 0-727 0-532

103} „ 3,542,600 —• —
173} „ 3,252,750 0-978 0-615
317} „ 4,283,550 — —
339} „ 4,695,870 1-136 0-665
653 „ 2,267,760 1-291 0-742
987 „ 1,639,710 ■ —
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th e  2 experim ents rep o rted  in  T able V II the  percen tage survivors afte r 
5 to  7 ho u rs  is betw een 0-002 an d  0-008. D uring  th e  fo llow ing few 
h u n d red  h o u rs  a  50 to  500-fold increase in  the  num ber o f  living cells was
observed. T he causes o f  the  varia tions in  the  several experim ents per-
fo rm ed  w ith  th is concen tra tion  o f  benzylch lorophenol a re  u n d er investiga-
tion , b u t it m ust nevertheless be acceded th a t the  com paratively  enorm ous

TABLE VIII
V ia b il ity  o f  B a c t .  c o li in  so l u t io n s  of 
BENZYLCHLOROPHENOL 100 /xG./ML. AND THE 
EXTINCTION AT 260 AND 282 MjU OF THE 

CELL-FREE SUPERNATANT

Time
Survivors 
(per cent.)

Extinction

260 mp, 282 mp.

0 min. 100 _ —
5 „ 0 0-402 0-808
1 hour 0 0-420 0-810
5 0 0-476 0-814
8 0 0-470 0-808

26i „ 0 0-593 0-825
79* „ 0 0-868 0-884

128 0 1-011 0-946
272 0 1174 0-952

m ultip lications in  w hat was 
initially  a  bacteric idal system 
are  rem arkable .

I t  does n o t ap p ear th a t the  
observed m ultip lication  can 
be accoun ted  fo r by  a d a p ta 
tio n  as norm ally  understood , 
because w ashed cells w ere 
used an d  they  w ere suspended 
in  0-01M p h o sp h a te  buffer 
so lu tion  in stead  o f  a  n u trien t 
m edium  as norm ally  used in 
ad a p ta tio n  studies.

T h e  u l t r a - v io le t  A b s o r p 
t io n  S p e c t r a  o f  S u p e r n a 
ta n t s  f r o m  Bact. coli 
s u s p e n s io n s  c o n ta in in g  
B e n z y lc h lo r o p h e n o l  in  
0-01M P h o s p h a te  B u ffe r  
S o lu t io n

Tw o separate  p o rtions 
•of the  bac teria l suspen
sion  w ere taken  a t  each 
con tac t tim e. O ne was 
used fo r the  viable co u n t 
a n d  the  o ther was cen tri
fuged a t 8500 g. to  p rov ide 
a  cell-free su p e rn a tan t 
w hich w as exam ined fo r 
ab so rp tio n  a t 260 an d  
282 m p .  T he absorp tions 
a re  reco rded  in  Tables 
V I, V II, V III.

F igure  9 records the 
ab so rp tio n  spectra  o f  
su p ern a tan ts  afte r tre a t
m en t o f  B a c t .  c o l i  w ith  
solu tions con tain ing  50/xg. 
p e r  m l. o f  benzylch loro
p h e n o l  i n  p h o s p h a t e

TABLE IX
G r o w t h  o f  B a c t .  c o li a n d  th e  ex t in c t io n  a t  260

MfJ. IN CELL ELUATES OBTAINED 
(0 B y  s to r a g e  o/B act. coli in  d is t i l le d  w a te r  f o r  10 

w e e k s  a t  20° C.

Time of 
incubation in 

cell eluate 
hours

Viable 
organisms 
(per ml.)

Log. viable 
organisms

Extinction 
at 260 m|i

0 205,980 5-3139 0-335
7i 209,280 5-3207 0-338

21* 2,985,960 6-4751 0-334
76 5,047,020 6-7030 0-333

102 4,951,100 6-6947 —
150 5,289,100 6-7233 —
340* 5,216,020 6-7173 0-345

(ii)  B y  h e a tin g  a  su s p e n s io n  o f  Bact. coli in  d is t i l le d  
w a te r  a t  100° C. f o r  1 h o u r.

0 18,270 4-2617 1-132
6* 41,470 4-6167 —

23* 8,945,060 6-9515 1-122
78 19,048,580 7-2798 1-118

126 21,022,950 7-3226 1-109
146 22,413,360 7-3504 —
269* 22,580,210 7-3537 1-104

1011 18,229,900 7-2607 1-087

(¡70 B y  h e a tin g  a  su s p e n s io n  o f  Bact. coli in  0-01M  
p h o s p h a te  b u f fe r  (pEf 7-0) a t  100° C . f o r  1 h o u r

0 162 2-2095 0-913
31 222 2-3464 0-906

19 10,880 4-0370 0-910
72 18,817,840 7-2746 0-853
98 19,935,850 7-2997 0-854

331 18,561,737 7-2686 0-844
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buffer for contact times to up 653 hours. The peak at 282 m/i in the 
absorption spectrum curve shows a sharp fall immediately after the 
addition of the organisms to the solution due to removal of benzylchloro- 
phenol from the solutions by the bacterial cells. With continued incuba
tion of the cells in the solution of benzylchlorophenol the extinction at 
282 mp, gradually increased and ultimately became greater than the initial 
density due to the benzylchlorophenol. This increase in the amount of

P ig . 9. Ultra-violet absorption spectra of supernatants from suspension of B a d .  c o li  
in solution of benzylchlorophenol 50 /xg./ml. Curves 1 to 8 after zero time, 3, 7, 
26-5, 79, 173-5, 339-5, 653 hours respectively. Unbroken line =  untreated solution.

282 m/x-absorbing material can be attributed to material released from 
the bacterial cells upon treatment with benzylchlorophenol. The figure 
shows that simultaneously there was a marked increase in the absorption 
at 260 m/x due to material being released from damaged or killed bacterial 
cells. The release of 260 m/x-absorbing material was observed in each of 
the 4 concentrations of bactericide used, and in each concentration the 
extinction at 260 m/x was considerably higher than that obtained after 
similar time intervals from cells which had been suspended in distilled 
water. A similar pronounced absorption at 260 m/x has been noted in 
the supernatants of cells treated with polymyxin E and cetrimide13>14>15>18.

Figure 10 shows that 260 m/x-absorbing material continues to be released 
over many days from cells treated with benzylchlorophenol even though 
all the cells are killed within a few minutes. This supports the suggestion 
made earlier in this paper that there is apparently no simple relation
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between the mortality of Bact. coli and the amount of 260 mju-absorbing 
material released from the cells.

The Viability o f  Bact. coli in cell-eluates 
In view of the multiplication previously described when Bact. coli was 

treated with benzylchlorophenol 50 /xg/ml. the possibility of cellular 
release materials functioning as a nutrient material was investigated. 
The cell-eluate was obtained by storage of Bact. coli in distilled water and 
also by maintaining at a temperature of 100° C. for 1 hour.

H. S. BEAN AND V. WALTERS

F i g . 10. Release of 260 m/i absorbing material 
from B a c t. c o li during incubation in benzyl
chlorophenol solution at 20° C. Curve 1 =  
100 ¿ig./ml., curve 2 =  50 /¿g./ml.

F ig. 11. Multiplication of B a c t. c o li in cell 
eluates.
Curve 1. Eluate obtained by storage in distilled 
water.
Curves 2 and 3. Eluate obtained by heating 
suspension of B a c t. co li in distilled water and 
phosphate buffer for 1 hour respectively.

(a) Cell-eluate obtained by storage
A suspension of Bact. coli was prepared as usual in distilled water and 

left for 10 weeks at 20° C. The majority of the cells were then removed 
by centrifuging at 8500 g. for 3 minutes and the supernatant filtered 
through a 5 on 3 sintered glass filter. One ml. of the filtrate transferred to 
10 ml. of nutrient broth showed no growth on incubation.

A new suspension of Bact. coli was prepared in distilled water and a 
small inoculum was added to the cell-eluate.

(b) Cell-eluate obtained by heating at 100° C. for 1 hour 
Suspensions of Bact. coli in distilled water and 0-01M phosphate buffer 

were prepared by the usual method, and then heated at 100° C. for 1 hour. 
The bacteria were removed and the cell-free supernatants were inoculated 
with a freshly prepared suspension of Bact. coli in distilled water and 
0-01M phosphate buffer respectively and incubated at 20° C. The number 
of viable organisms and the ultra-violet absorption spectra of the cell-free 
supernatants were determined at various time-intervals. Table IX 
tabulates the numbers of viable organisms and the ultra-violet absorption 
at 260 m/i, and Figure 11 relates the log of the viable count to the time of 
incubation.
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D iscussion

The results obtained indicate that materials released into the suspending 
fluids when Bact. coli die are capable of promoting cell-growth. When 
a small inoculum of organisms is added to the cell-eluate and incubated, 
a typical growth curve is obtained. It is thus possible that the leakage of 
material from Bact. coli when treated with benzylchlorophenol 50 ¿ug./ml., 
is a contributory factor in the multiplication of the surviving organisms. 
Similarly, the reduction in mortality rate with time, of many organisms 
when treated with bactericides, which is frequently observed at the distal 
portions of the survivor-time curves, and which has been attributed to an 
increased resistance of the last survivors, may be in part due to cellular 
release materials in sub-optimal nutrient concentrations.

A recent paper by Whitehead25, demonstrated that when a suspension 
of Bact. coli was irradiated by ultra-violet light and the cells removed, 
washed, and re-suspended in the original suspending fluid or in fresh 
phosphate buffer, the mortality of the cells returned to the original sus
pending fluid was only 25 per cent, of that of cells suspended in fresh 
buffer. Whitehead suggested that a “restorative factor” was released by 
the cells as a physiological response to injury of the cells by the irradiation. 
It would appear that his observation is analogous to that described in the 
present communication.

The change in ultra-violet absorption at 260 m/x shown in Table IX, 
which takes place simultaneously with the multiphcation of the organisms 
is surprisingly small for the amount of growth observed. The significance 
of this observation is being further investigated.

Sum m ary
1. The absorption by Bact. coli of benzylchlorophenol from aqueous 

solution has been demonstrated and an absorption isotherm plotted.
2. Soluble cellular constituents which have a maximal ultra-violet 

absorption at 260 m/x are released when Bact. coli dies in aqueous solutions 
of benzylchlorophenol.

3. Multiphcation of Bact. coli survivors has been observed in a 
solution of benzylchlorophenol demonstrated to be initially bactericidal.

4. Water-soluble cellular constituents extracted from Bact. coli are 
capable of promoting cell growth.

5. It is suggested that soluble cellular constituents released when 
Bact. coli dies in aqueous solutions of benzylchlorophenol can influence 
the viability of the last survivors and alter the course of the bactericidal 
reaction.

The authors wish to acknowledge a generous gift of benzylchlorophenol 
by the Cocker Chemical Co. L td.; they are also indebted to Mr. G. O. 
Jolhffe for advice and assistance in the use of the spectrophotometer.
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DISCUSSION

The paper was presented by M r. V. W alters.
D r . K. R. Capper (London) said it would be interesting to learn 

something about the character of the survivors. That material which 
would support the growth of the organism could be released from cells 
was perhaps not at all surprising, but the fact that growth occurred in 
the presence of quantities of a phenolic substance seemed to indicate that 
the survivors had characteristics which were not shared by the culture as 
a whole. In many cultures there were organisms with abnormal resistance, 
but they usually had cultural characters which differed from those of the 
original organisms. Had any work been done on the survivors to find 
out whether that resistance could be inherited, and whether they were 
different in cultural requirements from the original Bact. coli strain? In any 
subsequent work carried out on the material absorbing at 260 mp it would 
be better if a synthetic medium were used.

M r. G. Sykes (Nottingham) said he was disappointed to find that the 
references did not include the name of Gale because of his fundamental 
work on the role of glutamic acid and the prevention of the diffusion of 
that substance in the presence of certain surface-active agents. He did 
not believe that this phenomenon could be anything more than partially 
contributory to the problem described, because there was always a 
residual excessive resistance even with a relatively small bacterial popula
tion, when the concentration of the nutritive material released into the 
solution must be infinitely small. He also found it difficult to associate 
the phenomenon with the well known phenomenon of adaptation.

M r. H. D. C. Rapson (Dorking) referred to the experimental results 
discussed under the heading “Absorption of Benzylchlorophenol by Bact. 
coli” and the relevant data of Fig. 7, which was presented in the form of an 
“ isotherm” it being stated that adsorption was proportional to the
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concentration. The “isotherm” of Fig. 7 was curved, consequently the 
amount adsorbed was not strictly proportional to the concentration. 
Although that did not seriously affect the substance of the paper, it 
tended to inhibit a fuller appraisal of the result. Since the term “isotherm” 
was used, the data should have been presented in a more conventional 
manner, that is, the amount adsorbed should have been plotted against the 
concentration of the solution in contact with the surface. If that 
procedure were adopted, the curvature would be found to be more 
pronounced, and to start in the 50 /¿g./ml. region which was interest
ing in view of the anomalous results. If the isotherm concept were 
extended and the approximate surface area of the bacterium were calcu
lated, it could be shown that something approximating to a mono- 
molecular layer of bactericide was present on the surface of the bacterium, 
suggesting that the organism might have died of “asphyxiation” . It was 
very desirable to treat the results of such calculations with caution since 
a living organism was involved. If on expiration the effective area of the 
bacterium were suddenly to increase, then a physical explanation of the 
abnormal viability could be given. Adsorption techniques afforded a 
powerful method whereby surfaces might be studied and it should be pos
sible thereby to differentiate between the lethal effect due to processes 
connected with adsorption, and that following diffusion into the organism.

Dr. G. E. Foster (Dartford) asked the authors whether they could give 
further details of the chemical nature of the material absorbing at 260 m¡i.

D r. A. H. Beckett (Chelsea) said that the measurement of the 
absorption of phenols in the presence of ultra-violet absorbing materials 
released from the bacteria at present must only be looked upon as very 
approximate.

M r. V. Walters, in reply, said that they had not determined whether the 
residual viable organisms had developed a resistance. He agreed that 
the name of Gale should have been included in the references and that the 
absorption curve shown in the paper should have been expressed as had 
been suggested and not as an initial concentration. He had no personal 
knowledge of the chemical nature of the substances liberated though he had 
commenced some paper chromatographic work to elucidate the amino- 
acids. He could only quote from previous work that they consisted of 
purines and pyrimidines. With regard to the measurement of the phenol 
absorption, the Morton-Stubbs correction had been applied to calculate 
the amount of phenol absorbed, and bearing in mind the 260 mp, fraction 
also absorbed at 280 m/x, the values obtained for the percentage absorption 
using that correction were respectively: 38-5, 37, 40 and 40, roughly 10 
per cent, higher. Unfortunately, it did not follow that the Morton-Stubbs 
correction was applicable since the absorption contribution of cellular 
released material appeared to be as much at 280 m/x as at 260 m/x.
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I n tr o d u c tio n
D u r in g  an investigation of the possibility of preparing an improved 
general antiseptic, the use of mixtures of known antiseptic substances was 
considered. Little work appeared to have been previously carried out in 
this direction and it seemed possible that some degree of synergism might 
exist between certain antibacterials. Attention was first paid to combina
tions of phenolic substances, such as o-phenyl-phenol, octyl-cresol, mono- 
and di-chlor-m-xylenol and hexachlorophene. None of the mixtures had 
an antibacterial activity significantly greater than existing antiseptics, 
such as Solution of Chloroxylenol B.P., and consideration was then given 
to the use of quaternary ammonium compounds. Although the high 
antibacterial activities of quaternary ammonium compounds have been 
known for many years1 and numerous quaternary salts are available as 
general antiseptics, yet it is surprising to find that no attempt appears to 
have been made to overcome the main disadvantage of this group—their 
inactivation by organic matter and soap. The inactivation arises from 
the very nature of the quaternary salts, and it was because of this fact that 
attention was turned to the possibility of reinforcing the activity of the salt 
with substances compatible with quaternary compounds and having high 
antibacterial powers unaffected by organic matter or by soap. Preliminary 
work showed that Domiphen Bromide B.P.C. (alkyl dimethyl-2-phenoxy 
ethyl-ammonium bromides) was the most active of the quaternary am
monium compounds tested and that 5-aminoacridine (Aminacrine Hydro
chloride B.P.) was likely to prove a suitable reinforcing agen:. It was 
found that these two substances were compatible over a wide range of 
concentrations and temperatures, and a solution containing 1-0 per cent, 
of domiphen bromide and 0-1 per cent, of 5-aminoacridine was finally 
selected for further investigation. The evaluation of the antiseptic 
activity of the mixture was attempted under conditions resembling as 
closely as possible those applying during everyday use. In view of the 
many conflicting reports in the literature on the antibacterial powers of 
quaternary ammonium compounds2-5, it was decided to employ two basic 
tests, giving bacteriostatic and bactericidal performance. In addition 
other known antiseptics were compared at the same time.

E x p er im en t a l  M ethods  
(a) Maintenance o f  Cultures

All cultures of micro-organisms used were obtained initially from the 
National Collection. The stocks were maintained on nutrient agar and
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day to day culturing was made in nutrient broth No. 2 (Oxo). The 
Vibrio comma fluid cultures were in peptone water (Oxo) and Aspergillus 
niger and Candida albicans were cultured on Sabouraud’s agar and in 
Sabouraud’s broth. Only with the last two organisms were the cultures 
older than 24 hours when used.

(b) Bacteriostatic Tests
The procedure adopted was that of serial dilution of the stock solution 

in 5 ml. quantities of broth and to each dilution OT ml. of an undiluted 
broth culture was added. Growth was recorded after 48 hours incubation.

The effect of soap and blood on the antiseptic mixture was examined 
using representative organisms. Contact with soap solution (OT per cent, 
in water) or horse blood (20 per cent, in saline) with an equal volume of 
antiseptic was allowed for 30 minutes before dilution.

(c) Bactericidal Tests
The procedure adopted was an exposure time of 5, 10 and 15 minutes 

between the antiseptic solution (in 5 ml. amounts) and 0-2 ml. of broth 
culture (containing approx. 10 million organisms). 1 loopful was trans
ferred into broth after the exposure times.

The organic matter used was a 5 per cent, killed yeast suspension. A 
contact time of 15 minutes was allowed between antiseptic and the yeast 
suspension before the culture was added and exposed to the action of the 
antiseptic.

To compensate for the alleged strong absorptive properties of the 
quaternary ammonium salts, a neutralising agent was incorporated in 
the subculture broth6. Lubrol W. (polyethylene oxide condensate,
I.C.I.) was used as a 1 per cent, solution in broth.

Resistance Emergence
Following a report7 that organisms rapidly become resistant to quater

nary ammonium compounds, experiments were carried out to determine 
if the mixed antiseptic would delay the emergence of resistance in the 
Gram-negative organism, Serratia marcescens. The method used is that 
described in the paper quoted.

RE6ULTS

Comparative values obtained with a wide range of antiseptics and a 
wide range of micro-organisms are shown in Table I. The effect of 
incorporating serum in the medium is shown in Table II. It is apparent 
from these Tables, (a) that domiphen bromide has a higher antibacterial 
activity than the other quaternary ammonium compounds examined, 
(b) that the quaternary compounds are more active bacteriostatically 
than any other group of compounds examined, and (c) 5-aminoacridine 
is a compound with a high degree of activity which is little affected by the 
presence of serum.

The outstanding activity of domiphen bromide as seen in the successive 
dilution test was also apparent in the time exposure test. The results are
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TABLE I
M i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n s  o f  s o m e  a n t i s e p t i c s  

(o r g a n i c  m a t t e r  a b s e n t )

Minimum inhibitory concentration expressed in mg. per 100 ml.
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Domiphen bromide B.P.C. . . 0097 1-56 1*56 3*12 0-39 12-5 0-78
Benzalkonium chloride U.S.P. 0097 1 56 312 6-25 0-39 25 0 1*56
*Octaphen 0097 3-12 3-12 3-12 0-39 25-0 1 56
Cetrimide B.P. 0 097 1*56 312 12-5 0-78 500 1-56
tDibrom opropamidine isethionate.. 0 097 6-25 1-56 3-12 6-25 25 0 0-39
5-Amino acridine 3-12 1*56 1-56 1*56 1-56 12-5 078
Auramine 6-25 6-25 12-5 312 1*56 >50 3-12
Hexyl resorcinol 0-78 1*56 6-25 3-12 1 *56 >50 3-12
Di-chloro-m-xylenol.. 6-25 12-5 250 12-5 6-25 >50 6-25
/ 7-Chloro-ra-xylenol . . 3-12 12-5 25-0 3-12 3-12 >50 3*12
Benzyl cresol . . 1-56 6-25 12*5 6-25 3-12 >50 6-25
Phenol.. >50 500 >50 >5C >50 >50 >50

* “Octaphen”—(ß-p-Tert.-octylphenoxyethyldiethylbenzyl ammonium chloride)—W ard Blenkinsop & 
Co., Ltd.

t  “Bruiidine”—M ay and Baker Limited.

TABLE II
M i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n s  o f  s o m e  a n t i s e p t i c s  

(10 PER c e n t , s e r u m  p r e s e n t )

Minimum inhibitory concentration expressed in mg. per 100 ml.

Name o f antiseptic St
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Domiphen bromide . . 1-56 6-25 12-5 6-25 1-56 250 1-56
Benzalkonium chloride 1-56 12-5 250 250 1*56 500 3-12
Octaphen 1-56 12*5 50Q 25-0 312 500 3-12
Cetrimide 1-56 62-5 500 500 3-12 >50 6-25
Dibromopropamidine isethionate , . 0-39 25-0 312 12-5 12-5 250 1-56
5-Aminoacridine 312 3-12 1-56 1-56 1-56 25-0 1*56
Auramine 12-5 12-5 25-0 12-5 6-25 >50 12-5
Hexyl resorcinol 3-12 12-5 25 0 12*5 12-5 >50 12-5
Di-chloro-m-xylenol . . 25-0 250 500 >50 25-0 > 50 500
p-Chloro-m-xylenol . . 12-5 12-5 250 12-5 12-5 >50 250
Benzyl cresol . . 6-25 12-5 250 12-5 6-25 >50 250
Phenol.. > 50 >50 >50 >50 >50 > 50 >50

shown in Table III where the effect of an inactivator is seen to have little 
effect on the result obtained.

As is seen from Table III, 5-aminoacridine has only a weak bactericidal 
power during the limited 5 minutes contact, but it is seen from Table IV 
that the activity is greatly increased when a longer contact time is allowed. 
The organism used was a Staphylococcus aureus.

Table IV (a) shows that the antibacterial activity of 5-aminoacridine 
is unaffected in the presence of high concentrations of soap and protein.

In the presence of blood (10 per cent.) and soap (0-05 per cent.) the 
results shown in Table V indicate that although the antiseptic mixture is 
to some extent inactivated, yet a high antibacterial activity remains, and 
that the product, in this respect is not inferior to others such as Solution of
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TABLE III
B a c t e r i c i d a l  c o n c e n t r a t i o n  o f  a n t i s e p t i c  r e q u i r e d  t o  k i l l  t h e  t e s t  o r g a n i s m  

IN 10 MINUTES BUT n o t  IN 5 MINUTES

Name o f antiseptic Inactivator

5 per cent, 
yeast

suspension

Bactericidal concentration expressed 
in mg. per 1 0 0  ml.
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Domiphen bromide B.P.C. . . Absent Absent 2-5 50 7-5 7-5 1 0 5
Present 75 1 0 0 0 250 250 250 1 0 0

Domiphen bromide B.P.C. . . Present Absent 2-5 50 7-5 7-5 1 0 1 0
Present :oo 1 0 0 0 250 250 250 250

Benzalkonium chloride U.S.P. Absent Absent 2-5 75 1 0 75 1 0 1 0
Present 1 0 0 1 0 0 0 250 500 250 1 0 0

Dibromopropamidine
isethionate .. Not Absent 50 500 1 0 0 250 1 0 0 750

required Present :oo 1 0 0 0 1 0 0 0 1 0 0 0 750 1 0 0 0
5-Amino acridine N ot Absent 1 0 0 0 1 0 0 0 250 250 1 0 0 0 250

required Present 1 0 0 0 1 0 0 0 750 500 1 0 0 0 750

Chloroxylenol B.P., the results for which are also shown in Table V. 
The effect of varying concentrations of soap are shown in Table VI.

As has been previously reported in the literature8 quaternary ammonium 
compounds are reduced in activity when in contact with “hard” water.

TABLE IV
E f f e c t  o f  v a r y i n g  c o n t a c t  t i m e s  o n  t h e  b a c t e r i c i d a l  a c t i v i t y  o f  5 -a m i n o  

a c r i d i n e  a g a i n s t  Staph, aureus

Contact time

5 minutes 1 0  minutes 30 minutes 60 minutes

Inhibition concentration in mg./100 ml. 1 0 0 0 500 2 0 0 1 0 0

The results of the 
investigation with 
the antiseptic mix
ture and Solution of 
Chloroxylenol B.P. 
when examined by 
the successive dilu
t io n  te c h n iq u e  
diluted with hard 
water (290 p.p.m.
Ca) are shown in Table VII.

The results obtained from the investigation of the emergence of resist
ance are shown in Table VIII. These are of a preliminary nature, but 
it seems that 5-aminoacridine delays the emergence of resistance to 
domiphen bromide.

TABLE IV (a)
A n t i - b a c t e r i a l  a c t i v i t y  o f  5 -a m i n o a c r i d i n e

Organism

Minimum inhibitory concentration in 
mg . / 1 0 0  ml. in presence of:

Water
0 05 per cent, 

soap
1 0  0  per cent, 

blood

S ta p h , aureus . . 312 3-12 3-12
S a lm , ty p h i 1-56 1-56 1-56
B . m yco id es  . . 1-56 1-56 1-56
P s. aerug inosa 12-5 25-0 25 0
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TABLE V
C o m p a r a t iv e  in a c t iv a t io n  o f  b a c t e r io s t a t ic  a c t iv it y  b y  s o a p  a n d  b l o o d  

M in im u m  in h ib it o r y  d il u t io n s

Organism

Domiphen bromide 
1  per cent. Antiseptic mixture

Solution of 
Chloroxylenol B.P.

Water

005
percent.

soap

1 0
percent.

blood Water

005
percent.

soap

1 0
percent.

blood Water

005
percent.

soap

1 0

percent.
blood

S ta p h , aureus 1:32,000 1 : 2 0 0 0 1:4000 1:33,000 1:8250 1:8250 1 : 2 0 0 0 1 : 2 0 0 0 1 : 1 0 0 0

S tr e p , p yo g e n es 1:32,000 — — 1:33,000 — — 1 : 1 0 0 0 — • —
B . m y c o id e s . . 1:32,000 1 : 2 0 0 0 1 : 2 0 0 0 1:33,000 1:8250 1:8250 1:4000 1 : 2 0 0 0 1 : 2 0 0 0

P s . aerug inosa 1:125 1:32 1:32 1 : 2 0 0 1 : 1 0 0 1 : 1 0 0 1:64 1:64 1:32
C . d ip h th er ia 1:8000 __ — 1:8000 1 : 2 0 0 0 1:4000 1 : 2 0 0 0 1 : 2 0 0 0 1 : 1 0 0 0

C l. w elch ii . . 1:16,000 __ — 1:16,000 — — 1:4000 .—■ —
P . vulgaris . . 1 : 2 0 0 0 1:250 1:500 1  : 2 0 0 0 1:500 1 : 1 0 0 0 1:500 1:500 1:250
E . co li 1 : 1 0 0 0 1:125 1:125 1 : 1 0 0 0 1:250 1:250 1:250 1:250 1:125
S a lm , ty p h i . . 1 : 1 0 0 0 1:125 1:250 1 : 1 0 0 0 1:250 1:250 1 :250 1:250 1:125
S h . sh ig a e  . . 1 : 1 0 0 0 1:125 1:250 1 : 2 0 0 0 1:500 1 : 1 0 0 0 1:500 1:500 1 :250
V. co m m a  . . 1 : 2 0 0 0 — — 1 : 2 0 0 0 — — 1:500 — —
A sp . n ig er  . . 1  :8000 — — 1:8000 1 : 2 0 0 0 1 : 2 0 0 0 1 : 2 0 0 0 1 : 2 0 0 0 1 : 1 0 0 0

C a n d . a lb icans 1:16,000 —
t

1:16,000 1:4000 1:4000 1 : 2 0 0 0 1 : 2 0 0 0 1 : 1 0 0 0

TABLE VI
E f f e c t  o f  v a r y in g  c o n c e n t r a t io n s  o f  s o a p  o n  b a c t e r io s t a t ic  a c t iv it y

Antiseptic mixture control 
Antiseptic mixture plus 0-05 per cent, soap 
Antiseptic mixture plus 0-1 per cent, soap . .  
Antiseptic mixture plus 0-5 per cent, soap ..

Minimum inhibitory dilut.on 1:33,000 (.S ta p h . aureus) 
1:8250 (.S ta p h . aureus)
1:8250 (S ta p h , aureus)
1 :4125 (S ta p h , aureus)

TABLE VII
E f f e c t  o f  h a r d  w a t e r  o n  b a c t e r io s t a t ic  a c t iv it y  

M in im u m  in h ib it o r y  d il u t io n

Antiseptic mixture Solution o f Chloroxylenol B.P.

Organism Control H ard water Control H ard water

S ta p h , aureus  . . 1:33000 1:8250 1:2000 1:1000
S a lm , ty p h i 1:1000 1:250 1:250 1:125

TABLE VIII
E m e r g e n c e  o f  r e s is t a n c e  i n  S. marcescens t o  s in g l e  a n d  m ix e d  a n t is e p t ic s

No. o f transfers

1 2 3 4 5 6 7 8 9 10
Domiphen bromide m g./100 1

ml. 1 1 2 32 128 1000 — — — —
5-Aminoacridine m g./100 

ml.
Antiseptic mixture m g./100 

ml.

3

1
6
1

6
2

6
2

6
4

24

4

48

16

- — - Minimum 
- inhibitory 

dilution
Solution o f chloroxylenol

mg./100 ml. 25 25 50 50 50 100 200 ’ .

D iscussion

The results of the investigation on a mixture of domiphen bromide 
and 5-aminoacridine have confirmed preliminary deductions about the 
complementary nature of these two antiseptics.

Experiments with the two substances separately have shown firstly,
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that of a number of quaternary ammonium compounds and other anti
septics examined, domiphen bromide is the most antibacterial, and 
secondly, they have confirmed the stability of 5-aminoacridine in the 
presence of soap and protein.

The mixture of the two substances is stable over a wide range of temper
atures and possesses the high bacteriostatic and bactericidal activity 
which is characteristic of domiphen bromide. In normal circumstances, 
the small amount of 5-aminoacridine present does not contribute much 
to the high antibacterial activity of the domiphen bromide in the mixture, 
but in the presence of high concentrations of soap and protein, 5-amino- 
acridine plays an additive role, in which it maintains the activity of the 
mixture at a high level by superimposing its own unimpaired activity on 
the reduced activity of the quaternary compound.

Many recent reports have stressed the clinical value of a mixture of two 
or more chemotherapeutic drugs in delaying the emergence of bacterial 
resistance and it is interesting that a similar action is seen with the present 
mixture of antiseptic substances in vitro. Investigation, at present has 
been confined to one organism, S. marcescens, which has permitted tests 
to be carried out in both acid and alkaline pH, but further experiments 
are in progress to determine whether a similar result is obtained with the 
common pathogens. The development of bacterial resistance is probably 
rare during the normal use of an antiseptic but any general delaying effect 
on the emergence of bacterial resistance possessed by the present mixture of 
antiseptics would be of value in its protracted use against wound infection.

Summary
Of a number of antiseptics examined, domiphen bromide was found to 

be the most active in normal media, but partial inactivation occurred in 
the presence of soap or protein. It was confirmed that 5-aminoacridine 
was not affected by either of these substances. A mixture of 1 -0 per cent, 
of domiphen bromide and 0T per cent, of 5-aminoacridine possessed 
high antiseptic activity which was largely retained in the presence of large 
concentrations of soap or protein.

Preliminary results suggest that the mixture of antiseptics delays the 
development of bacterial resistance in vitro to a much greater extent than 
does domiphen bromide alone.

The authors wish to thank their colleagues who have assisted in many 
ways with the experimental work.

We would also like to thank Mr. A. R. G. Chamings for much help and 
advice during the progress of this work.
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DISCUSSION

The paper was presented by Mr. E. K ay.
M r . G. Sykes said he found some difficulty in understanding the Tables. 

Some were expressed as minimum inhibitory concentration in mg. per 
100 ml., others were in terms of one in so many, so that without careful 
arithmetic it was difficult to relate the two. Although the effect of the 
domiphen bromide might not be reduced by the addition of 5-amino- 
acridine, it would seem that the effect of 5-aminoacridine was diminished 
by domiphen bromide. Hence the mixture would seem to be no better 
than the simple acridine solution. With regard to the emergence of resist
ance, there seemed to be little difference. In Table VIII 5-aminoacridine 
started with an inhibitory concentration of 3 mg./100 ml. and rose to 48 
at the seventh generation. The mixture achieved exactly the same, namely, 
a relative increase from 1 to 16.

M r. R. Levin (Liverpool) said that with the advent in recent years of 
several potent agents having a wide spectrum of antibacterial activity, he 
agreed that it was opportune to subject the commonly used antiseptic 
solutions to a reappraisal.

M r. E. Kay, in reply, emphasised that the work was of a preliminary 
nature. In regard to the emergence of resistance, it was pointed out that 
one did not obtain a thousandfold increase in the mixture whereas it was 
obtained with domiphen bromide. It was difficult to express the con
centration of the mixture itself in terms of mg./ml.
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A large number of penicillins, differing from one another solely in the 
nature of the amide side chain, have been reported in the past. One, 
penicillin V (phenoxymethylpenicillin), has long been known to be 
elaborated by strains of Penicillium notation when cultured in the presence 
of suitable precursors1. It has recently been shown that penicillin V is 
resistant to inactivation by acids, and can be isolated as the free acid 
which is sparingly soluble in water2. Penicillin V has been used clinically 
in place of penicillin G (benzylpenicillin) preparations3’4. As the lability 
of penicillin G at low pH necessitates its oral application in special 
formulations of the soluble salts or as sparingly soluble salts, it seems 
that penicillin V will be particularly suitable for oral use.

Methods for the rapid assay of penicillin V, were needed in the course 
of purifying a sample of this material for use as a reference standard for 
chemical and biological assays. Suitable chemical or physical assay 
methods were sought and at the same time, methods were devised for the 
rapid differentiation of penicillin V from penicillin G.

Experimental
General Methods. Ultra-violet absorption spectra were determined in 

1 cm. quartz cells in a model SP.500 Unicam Spectrophotometer.
Brominations were made by treating a neutral aqueous solution contained 

in a suitably closed flask with an excess of solutions of both N  potassium 
bromate and N potassium bromide, and then making acid with a slight 
excess of concentrated hydrochloric acid. Bromine uptake was deter
mined by the addition of excess solid potassium iodide, and titration with 
sodium thiosulphate solution.

Purification o f  Penicillin V
The initial work was done with a sample of penicillin V supplied by 

“Biochemie” Gesellschaft M.B.H., Kundl, Innsbruck, Austria. This 
material (sample A) contained no volatile matter, and appeared to be 
pure when assayed iodimetrically18. However, chromatographic assay14 
showed that it contained a small amount of a second biologically active 
component which remained at or near the point of application. Attempts 
to separate the two components were followed by means of iodimetric 
and chromatographic assays. The results are treated in detail else
where13’14, but are described briefly here.

When sample A was dissolved in water by the addition of sodium 
bicarbonate, and was then precipitated by the slow addition of slightly 
less than the theoretical quantity of dilute hydrochloric acid, the product 
(sample B) contained somewhat less of the second component but its
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purity, determined iodimetrically, rose to over 100 per cent. Crystallisa
tion of sample B from aqueous acetone yielded a product (sample C) with 
an even higher purity, and containing only a trace of the second component. 
Solubility analyses of samples A, B and C by the method of Webb5 using 
the spectrophotometric technique13, suggested that sample C was, and 
sample A was not, homogeneous.

A quantity of penicillin V (sample D), supplied by the Production 
Division of this company, was purified by the methods described in the 
previous paragraph. The product (sample E) when examined chromato- 
graphically, and by solubility analysis appeared to be homogeneous. 
When assayed iodimetrically it appeared to have a purity greater than 
100 per cent. Further attempts to purify sample E have failed to increase 
the iodimetric potency, and the material appears to he pure.

The Ultra-violet Absorption Spectrum o f Penicillin V
Penicillin V has been reported1 to contain two relatively sharp absorption 

maxima in the ultra-violet band. The spectra of purified penicillin V and 
of its sodium salt were therefore re-examined.

The free acid (sample E) was dissolved in water. The spectrum was 
found to contain maxima at 268 mp and 274 mp, with a minimum at 
272 mp (Fig. 1). The adsorption at each maximum obeyed Beer’s Law

in the range 0-00 to 0-04 per 
cent. w/v. Because solution 
of the acid is slow unless the 
sample is finely divided, and 
decomposition begins on 
standing for a few hours in 
aqueous solution, the pre
paration of solutions of the 
free acid should not be 
attempted at concentrations 
above 0-025 per cent. w/v. 
The molecular extinction 
coefficient of penicillin V is 
1330 at 268 mp and 1100 at 
274 mp.

Solutions of penicillin V in chloroform show a spectrum similar to that 
of aqueous solutions, hut the positions of the maxima are shifted slightly 
to 270 mp and 276 mp. Ethanol may also be used as a solvent for the 
free acid, which may be determined quantitatively from the absorption 
at 268 mp and 274 mp after dilution to 5 per cent, v/v ethanol content.

The sodium salt of penicillin V, which is readily soluble in water, was 
prepared from the free acid and sodium bicarbonate solution; its spectrum 
is similar to that of the free acid, with absorption maxima at 268 mp and 
274 mp. The absorption at each maximum obeyed Beer’s Law in the 
range 0-00 to 0-03 per cent. w/v. Unlike the free acid, solutions of 
the sodium salt do not decompose on standing. There is no detectable 
change in the absorption intensities after ten days at room temperature.

G. PARKER, R. J. COX AND DOROTHY RICHARDS

Fig. 1. The ultra-violet absorption spectrum of 
Phenoxymethylpenicillin (0-0067 per cent, w/v 
in water).
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The Ultra-violet Absorption Spectra o f  Alkaline and Acidic Degradation 
Products

Treatment of penicillin V with 0-5N sodium hydroxide solution at 
room temperature for 15 to 30 minutes causes complete decomposition o f 
the penicillin V. After neutralisation, examination of the ultra-violet 
absorption spectrum, with an appropriate blank, reveals that it resembles, 
penicillin V, with peaks at 268 m/x and 274 m/x. The intensity of absorp
tion at each of these wavelengths is approximately the same as that 
exhibited by an equal concentration of undecomposed penicillin V.

Aqueous solutions of penicillin V are acidic, having pH 3-4. Examina
tion of the spectrum of a solution of the free acid over a period of time,, 
reveals the gradual appearance of a rather broad peak at 318 to 320 m/x. 
This peak first appears after 4 to 6 hours, gradually increasing in intensity 
to a maximum after 1 to 2 days at room temperature. The intensities of 
absorption at 268 m/x and 274 m/x are affected by this new peak, so that 
errors are caused if spectrophotometric estimations of penicillin Y are 
made on aged solutions of the acid.

More drastic acidic treatment of penicillin V, by treatment at pH 1 at 
room temperature for 1 hour, causes an increase in the intensities o f  
absorption at 268 m/x and 274 m/x, although the general shape of the 
absorption curve is similar to that of penicillin V. The peak at 318 to 
320 m/x does not appear in solutions of penicillin V degraded at pH 1, 
even when neutralised after treatment at pH 1 for only 5 minutes.

Solubility Analyses o f  Penicillin V Preparations
The samples A, B, C and E described earlier, were examined for purity- 

by the solubility analysis method of Webb5. Each sample was finely 
ground, and increasing weights were slurried in 100 ml. portions of water. 
The mixtures were agitated vigorously for 2 hours, filtered and diluted. 
The absorption at 268 m/x, 272 m/x and 274 m/x was then determined for 
each solution. The operations from the filtration stage onwards were 
made as rapidly as possible, in order to reduce to the minimum any effects 
caused by the decomposition of penicillin V in aqueous solution. The 
results obtained with samples A and C are shown in Figures 2 and 3. It 
seems that sample C is pure, and sample A contains more than 1 compo
nent. Sample E is similar to sample C, and also appears to be pure.

The Ultra-violet Absorption Spectra o f  Model Phenoxymethyl Compounds
The use of compounds containing the phenoxymethyl grouping as 

fermentation precursors, necessitated the examination of their ultra-violet 
spectra since they might interfere in the spectrophotometric assay of 
impure penicillin V.

The spectrum of phenoxyacetic acid has been reported previously6: it 
contains a single absorption maximum at 270 m/x in water, ethanol or 
ether, with a molecular extinction coefficient of approximately 1300. 
Phenoxyethanol was found to possess a similar spectrum with a single 
absorption maximum at 270 m/x, but with a much lower molecular extinc
tion coefficient of 330.
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Phenoxyacetamide was prepared from phenoxyacetic acid (3g.) by 
refluxing with 5 ml. of thionyl chloride for 1 hour, cooling and treating 
carefully with excess of concentrated aqueous ammonia. The amide 
was filtered, washed and crystallised from hot water. It melted at 98° C. 
(Fritzsche7 reports a value of 101° C.). The spectrum of this compound

G. PARKER, R. J. COX AND DOROTHY RICHARDS

t____ I____ !------ 1-------1------ 1-------t-
0-02 004 006 008

g. of sample A per 100 ml. of water

Fig . 2. The solubility analysis of Phenoxy
methylpenicillin sample A. Extinctions have 
been corrected for the dilutions made before 
reading.
O—•—O Read at 268 m^. x ------x Read at

.274 m/x. • ----- •  Read at 272 m/i.

0-5___ i i i _i ' l l ___ i
0-02 0-04 006 0-08
g. of sample C per 100 ml. of water

Fig. 3. The solubility analysis of Phenoxy
methylpenicillin sample C. Extinction have 
been corrected for the dilutions made before 
reading.
O------O Read at 268 m/x. x ------ x Read at*
274 m/x. • ------•  Read at 272 m/x.

had 2 absorption maxima in ethanol solution, at 269 m/x and 276 m/x 
Y-Methylphenoxyacetamide was prepared in a similar fashion from the 
acid chloride and aqueous methylamine solution. After crystallisation 
from hot water, it melted at 68° C. This compound also exhibited a 
spectrum with absorption maxima at 269 m/x and 276 m/x in ethanol 
solution. The values for the molecular extinction coefficients at each 
peak of both the amide and the methylamide were similar to the values 
for the corresponding peak of the spectrum of penicillin V.

The Conversion o f  Pencillin V to Phenoxyacetic Acid
Treatment of penicillin V with boiling 2N sulphuric acid for 2 hours 

liberates phenoxyacetic acid quantitatively. The intensity of absorption 
of this acid at 270 m/x obeys Beer’s Law in the range 0-00 to 0-01 per cent, 
w/v, and penicillin V can be determined by extraction of sulphuric acid 
hydrolysates with ether and measurement of the intensity of absorption 
of the ethereal extract at 270 m/x.

Attempts were made to assay the phenoxyacetic acid content of peni
cillin V hydrolysates bromimetrically. The ethereal extracts were washed 
with sodium hydroxide solution, and the washings neutralised. This

6 8 6



PENICILLIN V

solution was then brominated for 15 minutes at room temperature in the 
dark, and the bromine uptake determined. Results indicated a bromine 
absorption of approximately 1 equivalent per mole of phenoxyacetic acid. 
The scatter between duplicate experiments was, however, too great to use 
the method for quantitative purposes.

Phenoxyacetic acid did not react with iodine solutions. The presence 
of this acid in crude penicillin V samples e.g. fermentation broths will 
thus not interfere with the determination of penicillin V by the iodimetric 
method13.

Comparison o f  the Ultra-violet Spectra o f  Penicillin V and Penicillin G 
The absorption peaks in the spectrum of an aqueous solution of 

penicillin V can be readily detected at concentrations as low as 0-002 per 
cent. w/v. Solutions of 
sodium and potassium peni
cillins G8 and of benzathine 
dipenicillin G show markedly 
different spectra. At low 
concentrations, there is an 
inflection in the spectrum at 
250 to 260 m/x: at higher 
concentrations, this develops 
into small peaks at 253 m/x 
a n d  257 m/x. P ro c a in e  
benzylpenicillin shows a 
single, pronounced, absorp
tion maximum at 290 m/x, 
due to the procaine com
ponent of the molecule and 
detectable at concentrations 
of about 0-0015 per cent, 
w/v. The various spectra 
are collected for comparison 
in Figure 4.

Conversion o f Penicillin V to 
p-Bromophenoxyacetic Acid 

Early attempts to devise a 
method for differentiating 
chemically between penicillin 
V and penicillin G, were 
based upon the hope that 
under suitable conditions, 
penicillin V could be converted by hydrobromic or hydriodic acids to 
phenol, for which there are sensitive, specific tests. The initial 
experiments were made with phenoxyacetic acid. Two grams was refluxed 
for 2 hours with 20 ml. of 48 per cent, hydrobromic acid. The reaction 
mixture was cooled and extracted three times with 20 ml. portions of ether.

Fig. 4. The ultra-violet absorption spectrum of 
different penicillin preparations in aqueous 
solution.
• ----- •  Phenoxymethylpenicillin (00023 per

cent. w/v).
O----- O Procaine benzylpenicillin (0-0015 per

cent. w/v).
x -----x Sodium benzylpenicillin (0-0047 per

cent. w/v).
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The bulked extracts were washed twice with 5 ml. portions of N-sodium 
hydroxide solution, and these alkaline extracts were neutralised. This 
solution gave only a faint reaction for phenol with the Folin-Ciocalteu 
reagent. When the phenoxyacetic acid was brominated, a white precipi
tate separated immediately. Bromination was allowed to proceed for 
15 minutes at room temperature in the dark. The precipitate was then 
filtered, well washed with water, and recrystallised from hot water. After 
drying, the product melted at 158° C. This product was obviously not 
2:4:6-tribromophenol. Further examination showed that it was acidic, 
with an equivalent weight of 230. It appeared that this material might be 
/7-bromophenoxyacetic acid, the initial hydrobromic acid treatment having 
failed to decompose the phenoxyacetic acid. Confirmation was obtained 
by preparation of the material from phenoxyacetic acid (1 g. in 150 ml. 
water), by treatment in the dark at room temperature for 15 minutes with 
40 ml. of freshly prepared bromine water. After filtration, washing with 
water and crystallisation from hot water, the product melted at 158° C., 
undepressed upon admixture with the previous preparation. Final con
firmation was obtained by synthesis from p-bromophenol by the method 
of Koelsch9. The product again melted at 158° C., undepressed upon 
admixture with either of the previous preparations.

These results suggested that penicillin V could be characterised by 
hydrolysis to phenoxyacetic acid and conversion of this to the sparingly 
soluble /7-bromophenoxyacetic acid, for further work, described later, 
showed that under the conditions employed, phenylacetic acid did not 
give a sparingly soluble bromo-derivative. Accordingly, the cooled 
hydrolysate obtained after refluxing 1 g. penicillin V with 20 ml. 2N 
sulphuric acid for 2 hours, was extracted with ether. The ether extracts 
were in turn extracted with sodium hydroxide solution, and these extracts 
were neutralised and brominated in the normal manner. The product 
was filtered, washed and crystallised from hot water. After drying, it 
melted at 150° C. Surprisingly, the mixed melting point with authentic 
p-bromophenoxyacetic acid was depressed to 127° C. Examination of the 
degradation product showed that it contained bromine, but neither 
nitrogen nor sulphur, and was an acid with an equivalent weight of 220. 
The ultra-violet absorption spectrum in ethanol solution showed a major 
absorption maximum at 226 m/a, with a subsidiary peak at 278 to 280 m/x. 
Authentic p-bromophenoxyacetic acid showed a spectrum with peaks at 
identical wavelengths, but the intensities of absorption at each peak were 
some 10 per cent, higher than those of the degradation product. It was 
then found that recrystallisation of this product from a small volume of 
benzene raised the melting point to 157° C., now undepressed upon 
admixture with authentic /;-bromophenoxyacetic acid. The intensities of 
absorption of the ultra-violet spectral peaks also now practically coincided 
with those of the synthetic material. The experiment was then repeated, 
but the crude bromination product was crystallised directly from benzene, 
to give a product melting at 158° C., undepressed upon admixture with the 
synthetic material.

Solutions of phenylacetic acid (0-2 g.) in water (20 ml.), when brominated

G. PARKER, R. J. COX AND DOROTHY RICHARDS
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in the normal manner, gave no precipitate, although some uptake of 
bromine occurred. Similarly, 2N sulphuric acid hydrolysates of sodium 
penicillin G, when extracted with ether and brominated as before, also 
failed to give any insoluble bromo-derivative.

The Colour Reaction o f  Penicillin V with Chromo tropic and Sulphuric Acids 
Freed10 has described a colour reaction for phenylacetic and phenoxyace- 

tic acid derivatives. In this reaction, a small amount of the solid prepar- 
tion is treated with a few crystals of chromotropic acid and 2 ml. of con
centrated sulphuric acid. The mixture is immersed in a glycerol bath at 
150° C. for 1 to 2 minutes, and then removed. The colour of the solution 
is noted, after dilution of the reaction mixture with concentrated sulphuric 
acid if necessary. The results of treating penicillin V and several penicillin 
G preparations in this manner is shown in Table I. A number of simpler 
compounds are also listed. It will be noted that omission of the chromo
tropic acid from the reaction mixture results in a marked change in the 
colours produced.

TABLE I
C o l o u r  d e v e l o p m e n t  i n  t h e  f r e e d 10 r e a c t io n

Compound
Chromotropic acid 
plus sulphuric acid

Sulphuric acid 
alone

Blank Pale yellow Colourless
Phenoxyacetic acid Deep red Brown
p-Bromophenoxyacetic acid Deep red Deep brown
Penicillin V Deep blue-purple Orange brown
Phenylacetic acid . . Pale yellow Colourless
Sodium penicillin G Brown Light brown
Procaine hydrochloride Y ello w-green Colourless
Procaine penicillin G Red-brown Pale yellow
Benzathine sulphate Yellow-green Colourless
Benzathine dipenicillin G Deep red Amber
Carboxymethylcellulose . . Black Black

D iscussion

The preparation of penicillin V samples having purities apparently 
greater than 100 per cent, when assayed iodimetrically, is discussed 
elsewhere13, where a statistical examination of the results is presented. 
The purification is proved by the disappearance from chromatograms of 
the second biologically active component14, and by the results of the 
solubility analyses. The alternative explanation, that the purification 
procedure actually resulted in a concentration of a lower molecular weight 
penicillin with similar chromatographic and ultra-violet spectral character
istics, is unlikely, in view of the solubility analysis results. Further 
evidence that purification has occurred, is supplied by the results obtained 
by Dr. G. H. Twigg (The Distillers Company Limited, Research and 
Development Department) during an examination of the infra-red spectra 
of various samples of penicillin V. Sample A was found to possess a 
spectrum similar to those of samples C and E, but contained in addition 
2 rather weak absorption bands at 727 cm.-1 and 846 cm .'1: these bands 
occur in the spectral region containing frequencies characteristic of the 
out-of-plane deformation vibrations of the hydrogen atoms of the benzene
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ring, and their absence from the spectra of samples C and E suggests that 
the second component in sample A differs from penicillin V solely in the 
nature of the amide side chain. The fact that the second component 
appears to have ultra-violet spectral characteristics practically identical 
with those of penicillin V also suggests that the difference in composition 
is probably very slight.

The ultra-violet spectrophotometric method for the determination of 
penicillin V is useful for checking the quality of relatively pure samples, 
but suffers from severe drawbacks when applied to impure materials. The 
close similarity of the spectra of the penicillin and ts acidic and alkaline 
inactivation products results in inability to detect small amounts of these 
products in penicillin V. Large quantities of acidic inactivated material 
will be detectable, but since the molecular extinction coefficient of alkaline 
inactivated material is close to that of penicillin V, the presence of large 
amounts of such material will not be noted.

Application of the spectrophotometric method to crude samples, such 
as fermentation broths and intermediate recovery samples is similarly 
restricted. Such compounds as phenoxyacetic acid and phenoxyethanol, 
which may be present and which possess a single maximum at 270 m/x, 
will prevent use of the method, although the absence of such compounds 
could be detected from the value of the ratio of the intensities of absorption 
at 268 m/x and 274 mp.. The presence of the system of 2 absorption 
maxima at 269 m/x and 276 m^  in such simple compounds as phenoxyace- 
tamide and /V-mcthyl-phcnoxyacetamide is interesting from the theoretical 
point of view, but illustrates yet again the unsuitability of the spectro
photometric assay procedure for impure samples.

Samples containing extraneous materials absorbing at the phenoxy- 
methylpenicillin peaks could be assayed for their penicillin content by 
making use of the formation of the peak at 318 to 320 m/x under mildly 
acidic conditions. This peak is probably due to the formation of 
phenoxymethylpenicillenic acid. The formation of the corresponding 
acids from other penicillins has been used as the basis of a spectrophoto
metric assay procedure11’12.

The spectrophotometric assay procedure does enable ready differen
tiation between penicillin V and penicillin G preparations. Examination 
of the spectrum of an approximately 0-002 per cent w/v solution will 
ensure identification.

The estimation of penicillin V by spectrophotometric determination of 
the phenoxyacetic acid produced on acidic hydrolysis, is of academic 
interest only, in view of the ease of the direct spectrophotometric method. 
Moreover, the method suffers from the same drawbacks as the direct 
method. However, the formation of phenoxyacetic acid can be used for 
chemically characterising penicillin V, because it readily yields the sparingly 
soluble p-bromophenoxyacetic acid. This is a well defined crystalline 
compound, which can be further characterised if necessary by means of its 
ultra-violet spectrum. Under similar experimental conditions, there is 
no precipitate from brominated hydrolysates of penicillin G preparation.

The reaction of phenoxyacetic acid derivatives, developed by Freed10

G. PARKER, R. J. COX AND DOROTHY RICHARDS

690



PENICILLIN V

for the detection of 2 :4-dichlorophenoxyacetic acid is sensitive, is rapid 
to perform, and gives characteristic colours enabling the ready differen
tiation between penicillin V and various preparations of penicillin G.

Summary

1. The purification of penicillin V has been studied, with the object of 
obtaining a pure sample for use as a reference standard for chemical and 
biological assays.

2. A penicillin V preparation has been obtained, which, under the 
experimental conditions detailed13, absorbs 2-46 ml. 0-01N iodine solution 
per mg. after inactivation with penicillinase.

3. Evidence is presented to show that this material is pure.
4. The ultra-violet absorption spectra of penicillin V, its acidic and 

alkaline decomposition products, and a number of simpler phenoxymethyl 
compounds, have been determined. Pure penicillin V has a molecular 
extinction coefficient of 1330 at 268 mp,, and 1100 at 274 mfx.

5. An assay method for penicillin V, based upon the measurement of 
its absorption in the ultra-violet, is described, and the limitations of the 
method are discussed.

6. Methods have been found for the rapid differentiation of penicillin 
Y from penicillin G preparations.

We are indebted to the following persons:—Dr. G. H. Twigg (The 
Distillers Company Limited, Research and Development Department) 
and Mr. R. Goodey and Mr. F. Heyworth (The Distillers Company 
(Biochemicals) Limited, Bromborough Research Station) for helpful 
discussions and for confirmation of analyses: and Miss J. Stephens (The 
Distillers Company Limited, Research and Development Department) 
for paper chromotographic assays.
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C hemical A ssay

This account is concerned firstly with the investigation of the iodimetric 
assay of penicillin V (phenoxymethylpenicillin), especially of samples 
associated with the preparation of a pure assay standard, and secondly 
with a method for the assay of penicillin V in the presence of penicillin G 
(benzylpenicillin).

Experim ental and  R esults 

Description o f  Methods o f Assay
Two iodimetric methods were used, one involving alkali and the other 

penicillinase, as inactivating agents. The reader is referred to descriptions 
by Alicino1 and Ortenblad2 for further information about iodimetric assay.

Alkali inactivation method. Approximately 100 mg. of sample were 
accurately weighed, dissolved in 100 ml. of 0-061'M pH 7-0 phosphate 
buffer solution and made up to 500 ml. with distilled water. Blank. To 
a 20 ml. aliquot of the sample solution was added 20 ml. of 0-0IN iodine 
in 20 per cent, w/v potassium iodide solution, and the whole was titrated 
immediately with 0-01N sodium thiosulphate previously standardised 
against potassium iodate. A 1 per cent, starch solution in 20 per cent, 
w/v aqueous potassium chloride solution was used as an indicator. Test. 
To a 20 ml. aliquot of the sample solution was added 5 ml. of N sodium 
hydroxide and the resulting mixture allowed to stand for 15 minutes at 
room temperature. After this period 5 ml. of 1TN hydrochloric acid 
were added followed by 20 ml. of the 0-01N iodine solution. After a 
further period of 15 minutes the whole was titrated with the 0-01N sodium 
thiosulphate using the starch solution as indicator.

Penicillinase Inactivation method. A freeze dried penicillinase product 
was found to be non-iodine absorbing and particularly suitable for 
iodimetric assays. The penicillin sample solutions were prepared as 
described in the alkali inactivation method. Blank. To a 20 ml. aliquot 
of sample solution was added 30 ml. of 0-01N iodine solution in Mcllvaine 
pH 4-4 buffer of 1-5 times the usual concentration. This was then allowed 
to stand for 30 minutes in the dark and titrated with the standardised 
0-01N sodium thiosulphate solution using the starch solution as indicator. 
Test. To a 20 ml. aliquot of sample solution was added 1 ml. of a peni
cillinase solution, prepared by adding 20 ml. water to a 30 mega-unit vial
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of penicillinase. This solution was allowed to stand for 15 minutes after 
which time 30 ml. of the 0-01N iodine solution was added. After a further 
30 minutes standing in the dark, the titraticn was carried out with 0-0IN 
sodium thiosulphate using starch solution as indicator.

Calculation o f  assay results. The difference between “blank” and “test” 
sodium thiosulphate titrations was taken as a measure of the penicillin 
content and used in terms of “ml. 0-01N iodine absorbed per mg. of sample 
after inactivation” in order to compare the various samples.

The Preparation o f Pure Penicillin V for use as a Standard. Assay o f  
Samples
First series. The preparation of samples A, B and C is described 

elsewhere9. From these samples duplicate assays of single solutions were 
obtained on five separate days. Assays were made by the two methods and 
are shown in Table I with a summary of the analysis of variance in Table II.

TABLE I
IODIMETRIC ASSAY OF PENICILLIN V, SAMPLES A, B, C, D, AND E

m l. 0  0 IN  io d in e  a b s o rb e d  p e r  m g . o f  s a m p le  a f te r  in a c tiv a tio n

P e n ic ill in a se  in a c tiv a tio n A lk a li in a c tiv a tio n

D a y D a y

S am p le T im e  o f  a ssay 1 2 3 4 5 M e a n 1 2 3 4 5 M e a n

A — 2-36
2-36

2-37
2-37

2-37
2-36

2-37
2-37

2-36
2-39

2-37 2-49
2-48

2-53
2-50

2 51 
2-51

2-50
2-51

2-45
2-45

2-49

B — 2-42
2-44

2-43
2-43

2-41
2-41

2-40
2-40

2-40
2-40

2-41 2-54
2-54

2-58
2-57

2-54
2-56

2-56
2-55

2-54
2-59

2-56

C — 2-41
2-44

2-46
2-45

2-43
2-44

2-47
2-44

2-39
2-41

2-43 2-58
2-56

2-58
2-59

2-59
2-59

2-57
2-61

2-55
2-57

2-58

D

M o rn in g 2-40
2-43

2-39
2-37

2-39
2-39

2-39
2-39

2-42
2-40

2-39
—

— —
—

—
—

A fte rn o o n 2-41
2-39

2-39
2-39

2-37
2-36

2-36
2-36

2-39
2-39 — —

—
— — —

M o rn in g 2-49
2-48

2-44
2-44

2-47
2-46

2-47
2-47

2-48
2-46

2-46
— —

—
— — —

A fte rn o o n 2-46
2-46

2-46
2-46

2-44
2-46

2-44
2-44

2-45
2-44 — *— —

- -

It was found that the Sample x Day interaction was significant (p =  0-05) 
using the penicillinase inactivation method, almost significant using the 
alkali inactivation method, and was probably due to variation in the time 
interval between dissolving samples and making assays. Accordingly 
this interaction was used in the “t” test to compare the means of sample A 
with sample B and sample B with sample C. By both methods of assay, 
sample B was shown to have a higher iodine absorption than sample A, 
this difference being highly significant (p =  0-005). Sample C was not 
shown to have a significantly (p =  0-05) higher iodine absorption than 
sample B, but further experimentation would possibly show a significant 
difference.

Second series. In a second series were sample D, a sample of Distillers 
Company (Biochemicals) Limited production material and E, the same
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material after the purification stages described elsewhere9. A single 
solution of each was prepared on each of five days and duplicate assays were 
made in the morning and afternoon. The significant Sample x Day 
interaction shown in the first series was thought to be due to variation in 
the time interval between dissolving samples and making assays, therefore 
a time effect was included to test this possibility. Assays were carried 
out by the penicillinase inactivation method only (for reasons given 
below), and are also shown in Table I with a summary of the analysis 
of variance in Table II. The difference between samples was highly

TABLE II
lODlUETRIC ASSAY OF PENICILLIN V, SAMPLES A, B, C, D, AND I . SUMMARY OF ANALYSIS 

OF VARIANCE OF RESULTS GIVEN IN TABLE I

R. GOODEY, K. N. REED AND JOY STEPHENS

D eg rees  o f M e a n
S am p les M e th o d S o u rc e  o f  v a rian ce fre e d o m s q u a re

B e tw een  sam p les  (S) 2 0 0 1 0 6 7 5
P en ic ill in ase  in a c tiv a tio n B etw een  d ay s  (D ) 4 0 000604

S x  D  in te ra c t io n 8 0 000436

A , B, a n d  C
R e s id u a l 15 0 0 0 0 1 3 9

B e tw een  sam p les  (S) 2 0 0 2 1 8 4 1
A lk a li in a c tiv a tio n B e tw een  d ay s  (D ) 4 0 0 0 0 9 2 5

S x  D  in te ra c t io n 8 0 0 0 0 5 6 8
R e s id u a l 15 0 0 0 0 2 3 0

B e tw e en  sam p les  (S) 1 0 0 4 9 0 7 0
B etw een  d ay s  (D ) 4 0 0 0 0 9 2 3
B etw een  tim es  (T ) 1 0 0 0 2 6 0 8

D  a n d  E P en ic illin ase  in a c tiv a tio n D  x  S in te ra c t io n 4 0 0 0 0 1 5 6
T  x  S in te ra c t io n 1 0 000002
D  x  T  in te ra c t io n 4 0 0 0 0 4 5 0
D  x  T  x  S in te ra c t io n 4 0 0 0 0 0 3 0
R e s id u a l 20 0 000066

significant (p =  0-001), in addition to which the Day x Time interaction 
was very significant (p =  0-01), when both were compared with the 
residual, but the Between Times effect was not significant when compared 
with this interaction. Inspection of the results showed that assays made 
in the afternoon were lower than the morning assays on four days, but 
that on the second day this was not the case, and probably accounted 
for the significant Day x Time interaction term If the assays made 
on the second day were omitted, the Between Times effect would almost 
certainly have been significant. The appropriate interaction terms were 
used in the “t” test to compare the means of samples C and E and sample 
E was shown to have a significantly greater iodine absorption (p =  0-05).

Of all the samples assayed, sample E had the highest iodine absorption 
after inactivation, and in conjunction with evidence given in Parts 1 and 3 
of this paper was probably the purest sample. This sample E with an 
iodine absorption after inactivation of 2-46 ml. per mg. was therefore 
considered suitable as an assay standard.

Determination o f  Penicillin V in the Presence o f Penicillin G
The investigation of the iodimetric determination of penicillin V in the 

presence of penicillin G was based upon the difference in the rates of 
inactivation of the two penicillins at pH 2-0.

The initial experiments involved the use of three different solutions, the
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first containing penicillin G (A.S.C. Ill standard) only, the second contain
ing penicillin V, and the third a mixture o: the two. Each solution was 
adjusted to pH 2-0 for different periods of time, re-adjusted to p \\ 7-0 and 
then assayed according to the alkali inactivation method. After 1 hour at 
pH 2-0 the solution of penicillin G gave a negative assay; such a result 
could be explained by the difference in treatment of “blank” and “ test” 
in this method, and was later shown to be due in particular to the differences 
in pH level of “blank” and “test” during icdine absorption. Subsequent 
experiments and in fact those concerning the assay of samples D and E 
were conducted using the penicillinase inactivation method only, where 
“blank” and “test” were treated identically as far as possible.

In the next series of experiments concerned with inactivation at pH 2-0 
it was found that there was no period at which all the penicillin G was 
inactivated leaving the penicillin V unaffected. Therefore there appeared 
to be two possible ways in which the determination could be carried out. 
The first would consist essentially of inactivation at pH 2-0 for a period 
long enough to decompose all the penicillin G followed by a determination 
of the residual penicillin V, and the use of a factor to find the original 
content. The second would consist of a shorter period of inactivation 
at />H 2-0 to cause partial decomposition of the two penicillins, and a com
parison with values obtained with mixtu'es of known proportions of 
penicillin V and penicillin G. The former method was thought to be 
subject to less variation and was therefore investigated further.

At pH 2-0 and temperatures of approximately 20° C. with solutions of 
about 350 units/ml. inactivation of penicillin G took 3 hours. The 
solutions were adjusted to pH 7-0 for assay. The residual penicillin V 
varied between 80 and 85 per cent, of the original content. Table III 
shows results of determinations made cn solutions of penicillin G, 
penicillin V and mixtures of equal volumes of the two on six different days 
using the A.S.C. Ill sodium penicillin G standard and sample E. The 
standard deviation of the results obtained from the solutions of penicillin 
V only was ±  1 -9 per cent, whereas the corresponding standard deviation 
for the mixture was ± 3 -2  per cent. This method is under investigation.

The Purity and Potency o f the A.S.C. I l l  Sodium Penicillin G Standard and 
its Relation to Penicillin V

The A.S.C. Ill sodium penicillin G standard was assigned a potency of 
1682 units/mg. and has been in use since October, 1953. For the purpose 
of control of biological assay a sample of potassium penicillin has been 
assayed against this standard periodically since January, 1954. A total 
of 35 sets of six assays of this sample was carried out using the A.S.C. Ill 
standard between the period January—June, 1954. From the mean 
range for this period 95 per cent, confidence limits for day ranges and 
means were calculated3. The mean assay of those falling within these 
limits was 1625-6 units/mg. after eliminating eight day means which were 
above the upper p =  0-975 limit. The 95 per cent, confidence limits of this 
mean were ±  6-0 units/mg. and thus its potency was significantly higher 
than the expected 1609 units/mg. Over the next 6 months period 36 sets of

695



R. GOODEY, K. N. REED AND JOY STEPHENS 
TABLE III

IODIMETRIC ASSAY OF SOLUTIONS OF PENICILLIN G ONLY, PENICILLIN V ONLY AND OTHER 
MIXTURES OF EQUAL VOLUMES OF THE TWO

Residual penicillin after 3 hours at pH  2-0 (per cent, of 
the original)

Penicillin
estimated

Da>

Solution 1 2 3 4 5 6
Penicillin G Penicillin G 0-2 0-1 0-3 00 00 00
Penicillin V Penicillin V 82-5 850 800 840 82-0 84-5

Penicillin G and 
Penicillin V

Penicillin V 810 880 79 0 830 82-5 85-5

assays were made and the mean was 1624-9 ± 5 -6  units/mg. (p =  0-05). 
Over this second period therefore this sample was again shown to have a 
potency significantly higher than that expected. This evidence may there
fore indicate that the A.S.C. I ll standard contains 1 per cent, of impurities.

Over a period of approximately four months the A S.C. Ill sodium peni
cillin G standard was assayed almost daily by the penicillinase inactivation 
method, and the mean of all these results, 734 units/ml. 0-01N iodine 
solution or 2-29 ml. 0-01N iodine solution per mg. were therefore suitable 
factors to use where comparisons were required with this standard. 
Using this factor, the best estimates of the assays of samples A, B, C, D, 
and E in terms of units/ mg. relative to the A.S.C. Ill standard were 
A 1740, B 1772, C 1785, D 1753 and E 1804.

On the basis that pure sodium penicillin G contains 1682 units/mg. 
these estimates may be 1 per cent. high.

Accuracy o f  Iodimetric Assay using the Penicillinase Inactivation Method
The mean square terms for the Sample x Day interaction and 

Day X Time interaction in Table II were the best estimates of assay error 
in the two series of assays made. Both were similar and indicate a 
standard deviation of 0-87 per cent. Over the same period in which 
these assays were made the A.S.C. Ill standard was also assayed daily 
giving a corresponding standard deviation of 0-84 per cent, over inde
pendent assays. The accuracy of the method was therefore similar for 
both penicillins and from the two analyses of variance it is probable that the 
accuracy could be improved if the interval between dissolving the sample 
and its assay were reduced.

M icrobiological A ssay

With the renewed interest in penicillin V (phenoxymethylpenicillin) it 
is necessary to reconsider the terms by which potencies of penicillin 
preparations are expressed. The use of the term “unit” was appropriate 
before the chemical structure of penicillin was known, but to-day the 
penicillin unit refers to a given weight of a purified chemical compound. 
Expression of the activity of penicillin G in terms of weight has been 
advocated6 and with the introduction of penicillin V this procedure is 
necessary to avoid confusion since penicillin V has a different activity
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from penicillin G against a number of test organisms. The confusion 
which is likely to arise from the use of the microbiological unit is not new 
since the earlier known penicillins X, F, A and K have different activities 
from that of G. However the problem has not previously been of practical 
importance because these other penicillins have not been developed 
commercially. Already penicillin V has been given several different 
microbiological potencies4'7 from which i: appears that the value of 
penicillin V in terms of penicillin G is dependent on both the strain of 
assay organism and the conditions of the test.

This section deals with an examination of the activity of penicillin V in 
terms of penicillin G against several recognised assay organisms, and 
discusses the confusion which is inherent in the use of the penicillin unit. 
The use of a penicillin V reference standard of the highest purity is advo
cated in order that potencies may be expressed on a weight basis.

E xperim ental and  R esults
Penicillins. Penicillin G (benzylpenicillin) A.S.C. Ill sodium salt 

which has been assigned a potency of 1682 units per mg. Penicillin V 
(phenoxymethylpenicillin free acid), sample E described elsewhere9. 
Solutions of each penicillin were prepared daily by dissolving 47-6 mg. in 
a final volume of 100 ml. of pH 6-0 M/20 phosphate buffer. Further 
dilutions were made in pH 7-0 M/20 phosphate buffer.

Assay method. Assays were carried out by the cavity-plate method 
developed in this department8. The volume of medium was increased to 
180 ml. per plate. The following assay organisms and inocula were used. 
Staphylococcus aureus. Inocula were broth cultures grown for 24 hours 
at 37° C. having opacities* between 1 and 2; the amounts were as follows. 
Strain 209P 0-3 ml. per plate, Oxford H 1-0 ml. per plate, NCIB 8244 
0-3 ml. per plate. Bacillus subtilis. Inocula were spore suspensions in 
distilled water having opacities* between 7 and 10, prepared from nutrient 
agar slopes; the amounts were as follows. Strain 288 0T ml. per plate, 
ATCC 6633 0T ml. per plate, I.C.I. Pen D/C8 0T ml. per plate. The 
inoculated medium was held at 60° C. for 10 minutes before pouring the 
plates. Sarcina lutea. The inoculum medium was the same as for Staph, 
aureus. The inoculum was a broth culture grown for four days at 29° C. 
A 1 to 10 dilution had an opacity* between 2 and 3. Strain NCIB 8553
2-0 ml. per plate.

Dose-response curves. Before attempting the quantitative assessment 
of penicillin V in terms of penicillin G, it was necessary to examine the 
form of the response curves for the two substances. This was done for one 
strain of each of the three species of organism. The plate design was modified 
to accommodate the same four levels of concentration by weight of each 
penicillin and each level was filled into eight cavities to a randomised design. 
The response curves for the averages of six plates of Staph, aureus 209P and 
five each of B. subtilis 288 and of Sarcina lutea, obtained by plotting inhibi
tion zone diameter against logarithm of concentration, are given in Figure 1. 
The results were analysed statistically ar.d the main conclusions are

* Brown’s scale, Burroughs Wellcome and Company, Limited opacity tubes.
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summarised as follows. The curves for B. subtilis 288 were substantially 
linear and parallel. The curves for Staph, aureus 209P were linear and 
parallel over the range of the three upper levels. There was a slight deviation 
at the lowest level of penicillin V with the average of the six plates used, but 
this was unimportant since it was below the range used for the assay of

penicillin V against penicillin
G. For Sarcina lutea the 
response curves to penicillins 
G and V differed in slope 
and curvature and therefore 
in these tests one penicillin 
could not be expressed in 
terms of the other. That the 
response curves for B. subtilis 
and for Staph, aureus were 
parallel was confirmed by a 
detailed analysis of variance 
for one plate of each of the 
six organisms in the course 
of the following experiment 
on the assessment of the 
activity of penicillin V. A 
similar analysis for plates of 
Sarcina lutea confirmed the 
non-parallelism of the peni
cillin V and G response 
curves for this organism.

Assessment o f the activity 
o f penicillin V. The activity 

of penicillin V was determined in terms of penicillin G for the strains of 
Staph, aureus and B. subtilis listed above. Solutions were prepared from 
two weighings of each penicillin. Thefour solutions were diluted to “high” 
and “low” concentrations and were filled in duplicate on each of two plates 
for each organism. Each “filling” (4 cavities “high” -f 4 cavities “low” ) of 
penicillin V was calculated against the average of all the “fillings” of 
penicillin G on the same plate. The averages of the eight results for each 
organism on each of three days are given in Table IV.

A detailed statistical analysis of the results showed that the potency of 
penicillin V was (a) significantly greater than the potency of G for Staph, 
aureus strains 209P and NCIB 8244 (b) not significantly greater for the 
Oxford H strain and (c) significantly less for all three strains of B. subtilis. 
The relative potencies of the two penicillins for the three strains of Staph, 
aureus were different one from another and the resul: for B. subtilis ATCC 
6633 was significantly lower than those for the other two strains. The 
activity of penicillin V against the Oxford H strain used was lower than 
expected from published results and this difference may have been asso
ciated with the method of maintenance. Cultures of this strain obtained 
from other sources are being examined. There was no difference, apart

(0-2) (0-4) (0-8) (1-6)
Penicillin concentration in /¿g./ml. on log. scale

Figures in brackets are the equivalent units/ml. of 
penicillin G.

F ig. 1. Response curves for B. subtilis 288 
O • ,  Staph, aureus 209P A afc.. and Sarcina
lutea □  ffl against Penicillin G -----and
Penicillin V ------.
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from size, in the appearance of the zones for penicillins V and G on the 
same plate.

Inactivation o f  penicillin V by penicillinase. The inactivation of peni
cillin V by the penicillinase treatment described under “Chemical Assay” 
was examined microbiologically using Staph, aureus 209P and B. subtilis 
288, and was found to be complete.

TABLE IV
Activity of penicillin v free acid in units mg. against penicillin g sodium sa.lt

AT 1682 UNITS MG.

S ta p h , aureu s  B . su b tliis

Day 209P Oxford H NCIB 8244 288 ATCC 6633 ICI Pen.D/C8

1 1830 1704 1960 1514 1317 15562 1897 1788 2044 1578 1376 1628
3 1822 1573 1970 1642 1330 1601

Mean (± 17) 1 1850 1688 1991 ! 1578 1341 1595

Stability o f penicillin V to acid. The stability of penicillin V to the acid 
treatment described under “Chemical Assay” was assessed microbiolo
gically. On each day the following duplicate solutions were prepared: 
Solutions 1 and 2 of penicillin G 350 units per ml. (208 p.g. per m l.); 3 and 
4 of penicillin V 208 /xg. per m l.; 5 and 6 of a mixture of penicillin G 175 
units per ml. (104 jug. per ml.) and penicillin V 104 jug. per ml. (total 208 jug. 
per ml.). After treatment, the 6 solutions were assayed against Staph, 
aureus 209P and B. subtilis 288. The figures given in Table V show that 
penicillin V is more stable to acid than penicillin G confirming the results 
obtained under “Chemical Assay.” Each figure is an average of 5 or 6 
assays on different plates. The percentages given for the activity remain
ing for mixtures of G and V have been corrected for the residual G and 
therefore indicate only the residual V. Confirmation that penicillin G 
was not completely inactivated in solutions 1 and 5 for day 2 is presented 
in Figure 3 of the paper by Stephens and Grainger10.

TABLE V
Microbiological activity after 3 hours at pn 2-0

Activity remaining as per cent, of original activity. Results for the mixtures of G
and V are based on V

Dav !

Temperature
of

inactivation
C.

Assay
organism

Penicillin G Penicillin V Penicillin G +  V

Soin. 1 Soin. 2 Soin. 3 Soin. 4 Soin. 5 Soin. 6

1 Room temp. B . su b tilis 1-9 3*2 88*0 86*2 83*9 851
20-21 S ta p h , aureus 1-8 3*3 92*8 90*0 89*6 88 5

Room temp. B . su b tilis 3-9 4*4 92*8 83*0 89*7 93*7
20-21 S ta p h , aureus 41 4*3 90*6 82*3 810 85*7

3 25 B. su b tilis 0-2 0*2 76*5 75*0 78*8 77*0
S ta p h , aureus 01 0*2 80*5 77*8 82*8 83*8

4 25 B . su b tilis 0*0 0*5 78*8 76*5 78*2 82*8
S ta p h , aureus 00 0*4 82*8 77*2 80*0 81*0
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D iscussion

Earlier evidence4-5 indicated that iodimetric assay of the various 
penicillins varied only according to the ratio of their respective molecular 
weights. The results of assays described in this paper do not support this 
theory. Sample E, for example, the purest of those prepared, assayed 
about 5-6 per cent, higher than anticipated from the assays of the A.S.C. 
Ill standard or 4-6 per cent, higher if the probable impurity of this standard 
is allowed for. However amongst other factors, iodimetric assays are 
known to vary with pH, with the time for iodine absorption, and, in 
the presence of much impurity, with the excess of iodine added. Thus it 
is equally likely that a change in the molecule could cause a change in the 
rate of iodination, particularly when the reaction between the penicilloic 
acid produced by inactivation and iodine is not stoichiometric.

When the microbiological activity of penicillin V is assessed in terms of 
penicillin G the result obtained depends not only on the species but also 
on the strain of the assay organism. A similar conclusion may be drawn 
from previously published work4-7 in which activities ranging from 1670 
(for the sodium salt) to 2695 units per mg. are given. It also appears 
that different activities in terms of penicillin G may be obtained in different 
laboratories using the same strain of test organism. For example, the 
figure of 2250 units per mg. for the Oxford H strain of Staph, aweus 
reported by Brunner4 is appreciably higher than the activity found in the 
present tests. In the case of Sarcina lutea the potency of penicillin V in 
relation to G could not be expressed accurately because the response 
curves differed in slope.

It is evident that disagreement and confusion will occur if potencies of 
penicillin V preparations are expressed in terms of penicillin G by different 
laboratories using different methods and test organisms. It is therefore 
recommended that the potency of a penicillin preparation should be 
expressed on a weight basis in relation to a purified specimen of the same 
penicillin which has been established as a reference standard.

Summary

1. Iodimetric assays were made on various samples of penicillin V 
obtained during the purification of this material. A significant increase 
in purity, as judged by iodimetric assays, was ootained. The purest 
sample, E, was considered suitable as a reference standard and absorbed
2-46 ml. 0-0IN iodine per mg. after inactivation using the penicillinase 
inactivation method. The difference in assay between this and the sample 
with the next highest purity was just significant (p =  0-05).

2. A method was developed for the assay of penicillin V in the presence 
of penicillin G based upon the difference in the rates of inactivation at 
pH 2. The greater stability of penicillin V was confirmed microbiolo- 
gically.

3. A cavity-plate assay method was used to compare the activity of 
penicillin V in terms of penicillin G against several recognised test organ
isms. The potency varied according to the strain of Staph, aureus and 
B. subtilis used. It is concluded that penicillin V preparations should be
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assayed against a pure standard of the sane penicillin and the potency 
expressed on a weight basis.

4. Assays using Sarcina lutea were invalid.
5. Penicillin V was shown to be completely inactivated by penicillinase.

We are indebted to Mr. J. Ince and Mr. R. Sherlock for assistance with 
the design and for the statistical analyses, to Miss H. E. D. Alexander, 
Miss A. J. Downham and Mrs. J. M. Fawcett for technical assistance, and 
to Mr. L. Donegan for suggestions on the method of determination of 
penicillin V in the presence of penicillin G.
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T he use of paper chromatography for the separation of penicillins is not 
new but so far as is known has not been applied previously to the examina
tion of penicillin V. The method has been used qualitatively only, in 
order to demonstrate the position of penicillin V wnen a mixture of peni- 
-cillins is chromatographed and to confirm the work described elsewhere1'2.

Experimental

Chromatographic Method
A method of descending chromatography based on those of Goodall 

•and Levi3 and Glister and Grainger4 was used. Modifications included 
the replacement of paper strips by sheets which simplified the technique, 
and gave a better comparison of samples than can be obtained on separate 
strips, where the distance run varies even in the same tank. Water- 
saturated A.R. diethyl ether was used as the developing solvent and parti
cular attention was paid to maintaining the water-ether equilibrium. The 
wet ether was kept at the temperature of development for several hours 
before use. Glass tanks 12 in. X 8 in. x 18 in. deep with vapour-tight 
glass lids were used for development. Layers of water and ether were 
kept at the bottom of each tank and, for the purpose of maintaining the 
equilibrium, unbuffered filter papers were suspended from the top of the 
tank, close to the walls and dipping into the water layer. Halfway 
through the equilibration period mentioned below, 20 ml. of wet ether was 
added to each of these papers. The tanks were thermostatically controlled 
a t  24 to 25° C.

Sheets of Whatman No. 4 filter paper 19 in. x in. were used on which 
4 (or 5) 2-5 fil. spots of the penicillin solutions were run. The sheets were 
soaked in 2-5 per cent, w/v pH 6-6 phosphate buffer and dried. A capillary 
pipette was used for applying the spots to the dried buffered sheets and, 
after allowing the spots to dry, an equilibration period of half an hour was 
given before development for 3 to 4 hours in the tanks.

After removal from the tanks the sheets were dried and “biographed” 
in the following way. The sheets were placed on the surface of large 
assay plates and left for 10 minutes; the assay plates consist of glass 
plates 22 in. x 15 in. x 3/16 in. with aluminium frames 18̂ - in. 12 in .; 
they were prepared as described by Goodey, Reed and Stephens2 except 
that double quantities of medium inoculated with B. subtilis 288 were used.
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PENICILLIN V

The normal inoculum was twice that used for the cavity-plate assay, but 
when the very small zones shown in the chromatograph illustrated in 
Figure 2 were expected, one eighth of this amount was used in 
order to increase the zone size. The plates were incubated overnight at 
37c C.

Penicillin G

Penicillin V

Methylene blue prints were taken as a record of the inhibition zones. 
This was done by flooding the surface with a 1 -0 per cent aqueous solution 
of methylene blue (containing 1 -0 per cent, phenol to kill the test organism), 
washing off the surplus (i) (¡¡) (¡¡¡) (iv)
stain after a minute or 
so, blotting with What
man No. 1 filter paper 
by quickly smoothing a 
sheet over the surface, 
and finally taking 
several prints in a 
similar manner, but 
leaving the paper in 
contact with the sur
face until the dye had 
been taken up 
sufficiently to give a 
clear print. The methy
lene blue prints were 
photographed for the 
illustrations used in 
this paper.

Materials. Penicillin 
G (benzyl penicillin)
A.S.C. Ill sodium salt 
which has been 
assigned a potency of 
1682 units per mg.
Penicillin V (phenoxy- 
methyl penicillin free 
acid) samples A, B, C,
D and E as described 
elsewhere1. The puri
fied sample E was used for all work except where otherwise stated. 
Penicillin K (n-heptyl penicillin) ammonium salt prepared in our 
laboratories, to which we have assigned a potency of 995 units per mg. 
against B. subtilis.

Application. The identification of penicillin V in a mixture is demon
strated by Figure 1. Penicillins G, V and K were chromatographed both 
together and separately. Chromatographs of penicillin V samples A, B, 
C, D and E are illustrated in Figure 2. Samples A, B, C and D were 
shown to contain an unknown impurity which was not present in the 
purified sample E. The spots each contained the same weight of material.

Penicillin K

F i g . 1. The identification of penicillin V in a mixture, 
(i) Penicillin G. (ii) Penicillin V. (iii) Penicillin K. 
(iv) Mixtures of penicillins G, V and K.
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Samples D and E were “biographed” also on plates inoculated with 
B. subtilis strains ATCC 6633 and ICI No. Pen. D/C3, Staph, aureus strains 
209P, Oxford H and NCIB 8244 and Sarcina lútea strain NCIB 8553 and 
were found to give the same picture in each case.

Confirmation of the stability of penicillin V compared with G in the 
presence of acid is given by Figure 3 which shows a chromatograph of 
solutions 1, 3 and 5 assayed on Day 2 by Goodey, Reed and Stephens2.

This chromatograph 
clearly demonstrates 
that the penicillin re
maining after treat
ment is mainly V, 
although on this 
particular day there 
was a small amount 
of G as well. The 
zone sizes in the illus
tration are not strictly 
comparable, as the 
solutions used, even 
before treatment, con- 
t a ined  di fferent  
amounts of the 
penicillins. The solu

tions used for preparing the spots were as follows (i) was a mixture of 
penicillin G, 800 units per ml. (476 /xg./ml.) and penicillin V, 476 /ag./ml.
(ii) was penicillin G, initially 350 units per ml. (208 p.g./ml.), acid treated
(iii) was penicillin V, initially 208 jrg/ml., acid treated, and (iv) was a 
mixture of penicillin 
G, initially 175 units 
per ml. (104 jug./ml.) 
and penicillin V, 104 
p-g./ml., acid treated.
The fact that penicillin 
G was present after 
acid treatment of the 
mixture, and in an 
amount of the same 
order as in the solu
tion of acid treated G 
alone, supported the 
assumption made for 
c a l cu l a t i ng  the 
penicillin V remaining 
in the mixtures given 
in Table V, of the 
paper by Goodey,
Reed and Stephens2.

Penicillin G

(0

l

(ii)

N  '

A

(iii)

1

(iv)

r Ï

Fig. 3. Stability of penicillin V compared with 
penicillin G in the presence of acid, (i) Untreated 
mixture of G and V. (ii) Acid treated G, solution 2. 
(iii) Acid treated V, solution 3. (iv) Acid treated 
mixture of G and V, solution 5.

Unknown

Penicillin V

(i) (ii) (iii) (¡V) (V)

i l l A; 1
■.. é l

A4È!;..
1

l l i l i l i i  A
W È Ê B K B 3 M

F i g . 2. The purification of penicillin V. (i) Sample A. 
(ii) Sample B. (iii) Sample C. (iv) Sample D. 
(v) Sample E.
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D is c u s s io n

Penicillin V has been shown to move faster than G on a chromatograph 
of a mixture of the two, taking the position normally attributed to F(A2 
pentenylpenicillin); it may well be that V and F chromatographed side by 
side would show a slight difference in position, but no specimen of pure F 
was available to investigate this.

The unknown impurity in the cruder penicillin V samples A, B, C and D 
is thought to be another acid stable penicillin since, like V, it remained 
after the acid treatment described by Goodey et a l.2 and was inactivated 
by penicillinase. It is hoped to extract enough of this material to make 
more tests.

Su m m a r y

1. The use of chromatography as a qualitative method of identifying 
penicillin V in a mixture is demonstrated.

2. Stages in purification of penicillin V are illustrated.
3. The much greater stability of penicillin V as compared with peni

cillin G in the presence of acid is confirmed by chromatography.
We wish to thank Miss P. Greenwell for technical assistance and Mr.

F. Fox for preparation of the photographs.
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DISCUSSION
The three papers were presented by D r . G .  P a r k e r .

M r . G .  Sy k e s  ( N o t t in g h a m )  a s k e d  th e  a u th o r s  w h e th e r  i t  m ig h t  n o t  b e  
f o u n d  h e lp f u l  t o  u s e  th e  p e n ic i l l in a s e  m e th o d  o f  a ssa y  d e s c r ib e d  a t  th e  

1952 C o n fe re n c e .
D r . G. E. F o s t e r  (Dartford) pointed out that the authors suggested 

that penicillin V was more stable to acid than penicillin G, and suggested 
it would be more suitable for oral administration. Had any experiments 
been carried out to assess the rate of absorption of the penicillin in vivo ?

D r . F. H a r t l e y  (London) asked whether the authors could explain 
the alleged relative stability of the compound towards acid. It was 
difficult to see what could cause the stability of the lactam ring portion 
which would be broken on acid hydrolysis. Clearly it could not be 
solely the function of solubility.

D r . G. P a r k e r , in reply, said with regard to the absorption of penicillin 
V, he could not quote exact figures, but it had been given to a large 
number of volunteers and it compared very favourably indeed with 
penicillin G both as regards rate of absorption and blood levels obtained.

He had no suggestion as to why penicillin V should be more stable than 
penicillin G. The theory had been put forward in one paper that it was 
due to hydrogen bonding.

M r . R .  G o o d e y  a d d e d  th a t  th e  p e n ic i l l in a s e  m e th o d  o f  a ss a y  h a d  n o t  

b e e n  t r ie d .
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I n 1947 Benedict and Langlykke1 reported the antibacterial properties 
of cultures of Bacillus polymyxa and Stansly, Shepherd and White2 
announced the isolation from such cultures of a new antibiotic, which was 
named polymyxin. Almost simultaneously Ainsworth, Brown and 
Brownlee3, working independently, obtained aerosporin from media in 
which Bacillus aerosporus had grown. These two antibiotics proved to be 
polypeptides of similar composition. It was subsequently found that 
different strains of B. polymyxa gave rise to a series of closely related 
antibiotics and this led to a re-investigation4 of the taxonomic derivation 
of B. aerosporus and B. polymyxa, the two being found identical and the 
latter the specific name.

Five antibiotics known as polymyxins A, B, C, D and E have now been 
isolated and characterised by the amino-acids formed from them on 
hydrolysis. Table I summarises data by Jones5 and Catch, Jones and 
Wilkinson6’7.

TABLE I
T he  a m in o -a c id  c o m po n en ts  o f  th e  po lym y x in s

T H E  ASSAY O F POLYM YXIN AND IT S PREPA RA TIO N S

Polymyxin d-Leucine
D-Phenyi-

alanine L-Threonine D-Serine
L-cc : yDiamino- 

butyric acid

A + _ + _
B -j- + + — +
C — + + — +
D — + -f +
E “l- + — +

Chemical analysis of the hydrolysates established that in addition to the 
amino-acids a fatty acid, identified by Wilkinson8 as D-6-methyl-octan-l- 
oic acid, is present in all polymyxins. Polymyxin A, originally known as 
aerosporin, has the same qualitative amino-acid composition as polymyxin 
E but Jones9 was readily able to differentiate the intact antibiotics from 
each other by paper chromatography.

Brownlee, Bushby and Short10’11 studied the chemotherapeutic and 
pharmacological properties of the polymyxins and showed that poly
myxins A, C and D all cause severe proteinuria in animals when admin
istered by injection and were too toxic for clinical use. Polymyxins B 
and E, however, are less nephrotoxic and their sulphates have been used 
in medicine. Polymyxin B sulphate is now established as the most widely 
used polymyxin preparation in medical practice and, on this account, its 
identification and assay have become of importance. In the present 
communication methods, which have been successfully used in our 
laboratories for some years, are described in the hope that the information 
may be of assistance to other workers in this field.
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T ests for  I dentification  and  P urity
Identification of the polymyxins is best achieved by the methods of 

Jones5’6’7 and his colleagues using paper partition chromatography for 
examination of the intact and hydrolysed antibiotics. Hydrolysis is 
conveniently carried out by a process subsequently employed by Foster, 
Macdonald and Jones12 in their work on the ergot alkaloids. For poly
myxin B sulphate the following tests are appropriate.

(a) Shake together four volumes of «-butanol, one volume of glacial 
acetic acid and five volumes of water, allcw to separate and transfer the 
lower layer to a dish placed on the floor of an air tight chamber. When 
the atmosphere of the chamber is saturated, suspend in it a strip of What
man No. 1 filter paper on which has been placed 0-005 ml. of solution, 
prepared by dissolving 5 mg. of the polymyxin sulphate in 0-5 ml. of water. 
Develop the chromatogram with the upper layer of the mixed solvents 
for about 16 hours. Dry the chromatogram in air, spray with a 0-1 per 
-cent, solution of ninhydrin in water saturated «-butanol and heat in an 
air oven at 90° C. for about 5 minutes. The developed chromatogram 
shows only one spot characteristic of polymyxin B.

(b) Dissolve 5 mg. in 1 ml. of 5N hydrochloric acid. Transfer the 
solution to a small ampoule, seal and heat at 120° C. for 6 hours. Trans
fer the resulting solution to a small evaporating dish and evaporate to 
dryness on a steam bath. Continue to heat until the residue no longer 
gives off hydrogen chloride. Dissolve the residue in 0-5 ml. of water and 
place 0-005 ml. of the solution on a strip of Whatman No. 1 filter paper. 
As a control, prepare a solution containing 10 /xg. each of leucine, phenyl: 
alanine, threonine and serine per 0-005 ml. Similarly place 0-005 ml. of 
this control solution on the same strip. Develop the chromatogram, as 
described under identification test (a) and locate the spots by means of the 
ninhydrin reagent. Definite spots for leucine, phenylalanine, threonine 
and a : y-diaminobutyric acid should be identified. The latter is indicated 
by a slow moving spot (RF =  0-1) near the starting line. No spot for 
serine should be present.

These tests are also applicable to polymyxins A, C, D and E, the amino- 
acids formed on hydrolysis being indicated in Table I. Salts of the poly
myxins afford reactions characteristic of the acids present.

When the antibiotics are tested for purity by the chromatographic 
technique it has been found advantageous to make tests with increasing 
amounts (5, 10, 15 /d.) of their 1 per cent, aqueous solutions on the 
paper. For the examination of bacitracin in the intact state a mixture of 
equal volumes of acetone and water is a suitable developing solvent. 
The sensitivity of these tests may be increased by using the modified nin
hydrin reagent proposed by Lewis13. Separation of phenylalanine and 
leucine on the chromatograms of the hydrolysates is often incomplete but 
they may be distinguished by the different coloured spots which they give 
with the ninhydrin reagent.

Biological A ssay of P olymyxin B Sulphate
A plate diffusion method for the assay of polymyxin using a strain of 

Escherichia coli as test organism was first described by Stansly and

ASSAY OF POLYMYXIN AND ITS PREPARATIONS
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Schlosser in 194714. Since Escherichia coli grows very rapidly and poly
myxin diffuses slowly through agar it was found necessary to assay by 
incubating the plates for 16 to 18 hours at 25° C., followed by a further 
6 hours at 37° C., in order that clearly defined zones of inhibition could be 
measured. Benedict and Stodola15 found that Brucella bronchiseptica, 
NRRL Strain B-140, was a more suitable test organism since it showed 
the same order of sensitivity to polymyxin as Escherichia coli and grew 
more slowly. Hence it was possible to assay by incubation at one temp
erature only, namely, 37° C., for 14 to 16 hours. Existing methods of 
assay were reviewed in 1949 by Reese and Eisenberg16. The present 
United States Food and Drug Administration’s (F.D.A.) schedule for the 
assay of polymyxin17 is largely based on the work of Stansly and Schlosser, 
and of Benedict and Stodola. The assay plates contain a base layer of 
pancreatic digest of casein, papain digest of soybean, sodium chloride, 
dipotassium phosphate and dextrose in a 2 per cent, agar gel. The seed 
layer medium is similar to that of the base layer with a reduction in the 
agar content to 1-2 per cent, and with the addition of Tween 80. The 
pH of both layers is 7-3. The organism is a 24-hour culture of Brucella 
bronchiseptica, American Type Culture Collection 4617, incubated at 
32 to 35° C. Whilst the original workers used a glycine-hydrochloric 
acid buffer at pH 2-0 for preparing the solutions of polymyxin to be 
assayed, the present official schedule requires the use of a phosphate 
buffer at pH 6-0.

The method employed in our laboratories for the assay of polymyxin 
is in principle similar to that described by Benedict and Stodola15 but 
differs in experimental detail.

Assay Procedure
The assay plate consists of a 7 in. x 7 in. sheet of good quality window 

glass framed in 1 in. x i  in. duralumin. A loose cover of 22 S.W.G. 
duralumin is provided into which is inserted a sheet of blotting paper held 
in position by brass wires running along its length. The blotting paper 
absorbs any moisture from the medium during the period of incubation.

The organism used is Brucella bronchiseptica, Wellcome Culture No. 
385, maintained on 7-ml. slopes of nutrient agar* in 20-ml. screw-capped 
bottles. The culture is transferred to a fresh slope once each week. 
For the assay a “loopful” is placed in 7 ml. of a nutrient brothf 48 hours 
previously and incubated at 37° C. Two ml. of this culture is added to 140 
ml. of the nutrient agar at 47° C. and the bulk inoculum is then poured into 
a levelled assay plate. Cavities may be cut in the agar using an 8-mm. 
cork-borer, after which they are filled with 0T5 ml. of polymyxin solution, 
or “fishspine” refractory insulating beads No. 2, size 4 mm. x 3-7 mm. 
diameter18, may be used to pick up by capillarity 0-017 ml. of the solution 
of polymyxin, and the beads containing the solution then applied to the 
surface of the uncut nutrient agar.

* A protein hydrolysate to which horse muscle extract, sodium chloride and 1-2 g. 
of New Zealand agar per litre are added.

t  A papain digest of horse meat.

R. E. A. DREY, G. E. FOSTER AND G. A. STEWART
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The polymyxin standard employed is a sub-standard assayed in terms 
of the proposed British standard for polymyxin B, obtainable from the 
Department of Biological Standards, National Institute for Medical 
Research, London, N.W.7. The latter has a potency of 7871 units per 
mg. when assayed in terms of the United States Food and Drug Admin
istration’s Standard of polymyxin B (7700 F.D.A. u/mg.).

All samples are diluted before assay with a glycine-hydrochloric acid 
buffer at pH 2-0. If the cavity-plate technique is used the standard is 
prepared in solution at two concentrations, namely 400 units per ml. and 
100 units per ml. respectively, and the test sample is prepared at similar 
concentrations on the basis of the potency assumed for it. If the “fish- 
spine” bead method is employed then the respective concentrations of the 
standard and test preparations should be 1000 units per ml. and 250 units 
per ml.

The four solutions are applied to the assay plate in the order determined 
by any 2 +  2 latin square design. Diffusion of the polymyxin from the 
centres of application is allowed to proceed for 5 hours at room temper
ature, during which time the growth of the Brucella bronchiseptica is 
considerably retarded. The plates are then incubated for 10 hours at 
37° C., and the zones of inhibition read after magnifying them 15-5-fold. 
Even with this high magnification the edges of the zones are clearly 
defined.

The potency of a sample is usually derived as the statistical mean 
calculated from the data obtained from two assay plates, giving 8 responses 
at each dose.

A ssay of C ertain Pharm aceutical P reparations 
This method may be employed for the assay of pharmaceutical prepara

tions containing polymyxin.

Polymyxin B Sulphate Otic Solution 
The otic solution is a preparation containing 10,000 units of polymyxin 

B sulphate per ml. in propylene glycol acidified with Acetic Acid B.P. 
It is highly effective against Pseudomonas aeruginosa commonly found in 
ear infections. The preparation may be assayed simply by dilution with 
glycine-hydrochloric acid buffer (pH 2-0) to the concentrations of poly
myxin required for the assay. At these concentrations the other sub
stances present in the solution do not interfere. The results of the assay 
of 5 recent samples are presented in Table II.

Ointment Containing Polymyxin B Sulphate and Bacitracin 
The ointment contains 10,000 units of polymyxin B sulphate and 500 

units of bacitracin per g. of a soft paraffin base. Since bacitracin is 
active against gram-positive micro-organisms the ointment has a very 
wide bacterial spectrum and may be used topically for many infections 
with an extremely low risk of obtaining bacterial resistance.

(a) Assay for polymyxin B sulphate. About 1 g. of the ointment is 
accurately weighed in a centrifuge tube. 10 ml. of chloroform and 17 ml.

ASSAY OF POLYMYXIN AND ITS PREPARATIONS
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TABLE II
A ssa y  o f  o t ic  s o l u t io n  o f  p o l y m y x in  b s u l p h a t e  

(Labelled potency, 10,000 units per ml.)

Limits o f error (p =  0-95) of
Found Potency -F Found Potency -F
Expected Potency Expected Potency

Sample from batch (per cent.) (per 2ent.)

1 95-1 82-9-10902 104-8 97-0-113-4
3 94-2 85-6-103-6
4 98-7 88-7-109-9
5 102-5 91-3-115-2

of glycine-hydrochloric acid buffer QiH 2-0) for each g. of ointment are 
added. The tube is stoppered and shaken vigorously for one hour in an 
automatic shaker and the contents of the tube are then centrifuged. The 
chloroform layer is discarded and a further 10 ml. of chloroform is added 
and the extraction is repeated.

The final solution of the polymyxin in glycine-hycrochloric acid buffer 
is assayed by the method previously described using cavity plates.

(b) Assay for bacitracin. The extraction procedure given for the extrac
tion of polymyxin B sulphate is employed except that 50 ml. of phosphate 
buffer (pH 6-8) is used in place of the 17 ml. of glycine-hydrochloric acid 
buffer for each g. of ointment. The solution of bacitracin in phosphate 
buffer is assayed in cavity plates by a method similar to that given for the 
assay of polymyxin, using the American National Type Culture No. 7743 
of Micrococcus flavus as test organism. The organism is maintained on 
nutrient agar slopes (similar to that described for the assay of polymyxin) 
which are sub-cultured weekly. 48 hours before the assay one “loopful” 
is inoculated into 7 ml. of nutrient broth and 3 ml. of this 48-hour culture 
is added to 140 ml. of nutrient agar and poured into a levelled assay plate.

The standard of bacitracin at present employed by us is a batch from 
Société Industrielle pour la Fabrication des Antibiotiques, containing 
54-5 units per mg.

The results obtained on both polymyxin and bacitracin contents of five 
samples from recently manufactured batches of the ointment are given in 
Table III.

TABLE III
A ssa y  o f  a n  o in t m e n t  c o n t a in in g  p o l y m y x in  b  s u l p h a t e  a n d  b a c it r a c in

(Labelled potency, 10,000 units of polymyxin B sulphate and 500 units of bacitracin
per g. of ointment)

Polymyxin content Bacitracin content

Sample Found potency-F

Limits o f error 
(p =  0-95) of 

Found potencyF- Found potency—

Limits o f error 
(p =  0-95) of 

Found potency—
from Expected potency Expected potency Expected potency Expected potency
batch (per cent.) (per cent.) (per cent.) (per cent.)

1 100-3 95-7-105-2 102-2 97-0-107-82 97-5 93-0-102-3 96-0 92-5 99-6
3 97-6 91-2-104-6 102-8 93-6-113-2
4 101-4 97-6-105-4 103-3 96-0-110-9
5 108-1 102-1-114 5 98-9 95-3-102-7
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C hemical E stimation  of P olymyxin

While numerous methods have been described for the chemical determ
ination of proteins19, little work of a comparable nature has been carried 
out on the assay of naturally occurring polypeptides, particularly those of 
a bacterial origin. Polymyxin B has been estimated by the ninhydrin 
reaction20 and fractions of this antibiotic obtained in counter-current 
distribution experiments21 have been estimated by measurement of their 
ultra-violet absorption at A =  259 mp.. Other methods which are avail
able for estimation of polypeptides include elementary analysis, particu
larly determination of nitrogen by the method of Kjeldahl, and colori
metric assay by the biuret reaction. These methods have the disadvantage 
either of being insufficiently specific or of lacking reproducibility or both.

A search was therefore made for a method in which these disadvantages 
would be reduced to a minimum and experiments indicated that gravi
metric estimation with phosphotungstic acid, taken in conjunction with 
the results of chromatographic examination of the material would achieve 
this object. The proposed method is of limited application should the 
results of chromatographic examination reveal the presence of more than 
traces of impurities which give insoluble phosphotungstates. In this case 
the phosphotungstate factor must be determined for the actual batch of 
polymyxin present in the preparation under examination. None the less, 
in our experience with polymyxins and bacitracin, the method is capable 
of giving reproducible results and is applicable not only in the presence of 
non-nitrogenous substances but also when the polypeptide is accompanied 
by ammonium salts, nitrates and organic compounds containing one 
primary amino-group only, such as monoamino-acids. It is also applic
able to pharmaceutical preparations of polypeptides and may be regarded 
as a useful adjunct to the biological method.

As we could find no publication describing the use of phosphotungstic 
acid for the assay of polypeptides of bacterial origin, an investigation was 
made to establish the optimum conditions of precipitation, washing and 
drying of the phosphotungstates. The effects of systematic changes in the 
following variables were studied in turn, (1) acidity of precipitation 
medium, (2) quantity of precipitant, (3) volume of liquid to be filtered,
(4) volume of wash liquid, (5) acidity of wash liquid and (6) conditions for 
drying of the phosphotungstates. It was found that the phosphotung
states are virtually insoluble in water (e.g., the solubility of polymyxin B 
phosphotungstate is 0-0011 per cent, at 20° C.) and are even less soluble 
in acid medium. They are, however, soluble in organic solvents such as 
methanol, ethanol and acetone.

A 10 per cent, w/v solution of choline chloride in 2 per cent, w/v 
sulphuric acid proved a useful reagent for testing washings for the presence 
of phosphotungstic acid, one part of acid in 50,000 parts of solution being 
detected. Experiments using several batches of AnalaR phosphotungstic 
acid proved that the results were consistent when this quality of acid was 
employed. The precipitates are unaffected by heating for prolonged 
periods at 100 to 110° C. and are readily obtained in the anhydrous state.
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The following general method was adopted for polymyxin B sulphate, 
polymyxin E sulphate and bacitracin.

Procedure
Transfer about 65 mg. accurately weighed to a 50-ml. beaker and 

dissolve in 12 ml. of water. Add 5 ml. of dilute sulphuric acid and 6 ml. 
of a 5 per cent, w/v solution of AnalaR phosphotungstic acid in water, 
previously filtered through a Whatman No. 5 filter paper. Allow to stand 
for 10 minutes, stirring intermittently, and filter with the aid of suction 
through a tared No. 4 sintered glass crucible. Completely transfer the 
precipitate to the crucible with three portions (20 ml. each) of 2 per cent, 
w/v sulphuric acid and wash the residue with two portions (20 ml. each) 
and one portion (10 ml.) of water. Maintain the precipitate in a wet 
condition during the entire filtering and washing cperations and allow 
it to be dried by suction only after the final washing. Dry the precipitate 
either at 50° C. for 2 hours or over phosphorus pentoxide in vacuo at 
room temperature for 4 hours; finally heat at 110° C. for 14 hours, cool 
and weigh.

PhosphotungstatejFactor
For the purpose of assay work a factor equal to the weight of anhydrous 

polypeptide equivalent to 1 g. of anhydrous phosphotungstate complex, 
was carefully determined with samples of the purest antibiotics which we 
had available. Our results are summarised in Table IV.

R. E. A. DREY, G. E. FOSTER AND G. A. STEWART

TABLE IV

Polypeptide

Temperature a t which 
“loss on drying” was 

determined

Potency o f anhydrous 
material 
(u./mg.)

Phosphotungstate
factor

Polymyxin B sulphate 37° C. 8150 0-265
Polymyxin E sulphate 37° C. 8430 0-259
Bacitracin . . 60° C. 76-1 0-322

The Assay o f Otic Solution o f  Polymyxin B Sulphate (10,000 u./ml.)
The chemical assay has been applied to the assay of production batches 

of otic solution, of the composition described under the section on bio
logical assay. For this purpose the following procedure was found to be 
satisfactory.

Transfer an accurately weighed quantity of otic sclution, equivalent to 
about 360,000 units (approximately 37-5 g.) to a 250-ml. beaker. Add 
100 ml. of water and 20 ml. of dilute sulphuric acid with stirring, followed 
by 5 ml. of a previously filtered 10 per cent, w/v solution of AnalaR phos
photungstic acid in water. Allow to stand for 30 mmutes and filter with 
the aid of suction through a tared No. 4 sintered glass crucible. Complete 
the assay as described under the assay of polymyxin B sulphate. Calculate 
the potency of the otic solution using the following formula:—

„ 1000 D.F.P.W. ,Potency in units per ml. = -------t .-------, where D = specific gravity
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of solution; F =  phosphotungstate factor; P =  potency of polymyxin, 
used in preparation of solution, expressed as units per mg. of anhydrous 
material; W = weight in g. of anhydrous phosphotungstate obtained in 
assay; M = weight in g. of sample taken for assay.

When the above procedure is carefully followed assay results usually 
fall within 99 to 101 per cent, of the expected value. For routine checking 
of strengths of solutions during manufacturing operations it may be more 
convenient to use the standard phosphotungstate factor of 0-265 without 
determination of the factor for each batch of polymyxin B sulphate used. 
In our experience the results obtained by this modification are often close 
to the theoretical figures but an error of not more than 5 per cent, may 
occur.

Assay o f  Tablets o f  Polymyxin B Sulphate (500,000 units)
The procedure may be applied to tablets providing the tablet contains 

no base which will interfere with the assay. For tablets containing 500,000 
units of polymyxin B sulphate per product, we have proceeded as follows.

Take a sample of 10 tablets and determine the average weight. Powder 
the sample and transfer an accurately weighed quantity, equivalent to 
about 400,000 units of polymyxin B sulphate, to a small beaker. Add 
10 ml. of water and 3 ml. of dilute sulphuric acid and triturate the powder 
with the liquid. Filter through a Whatman No. 2 paper, washing the 
residue and filter with two 10-ml. portions of 2 per cent, w/v sulphuric 
acid and two 5-ml. portions of water. Add to the filtrate 5 ml. of dilute 
sulphuric acid and 8 ml. of a previously filtered 5 per cent, w/v solution of 
AnalaR phosphotungstic acid in water. Complete the assay as described 
under the assay of polymyxin B sulphate.

D iscussion

Development of assay procedures for the polymyxins has followed a 
course similar to that experienced with many other antibiotics. The 
antibacterial properties of polymyxin and its preparations are of major 
importance and it will therefore be necessary to depend upon the micro
biological assay until such time as physical or chemical techniques of equal 
specificity are available. A serial dilution method of assay, originally 
used, was abandoned for the plate diffusion method, now widely accepted, 
with the advantages of accuracy and simplicity. The results given in 
Tables II and III indicate that polymyxin B may now be assayed in con
formity with the general requirements of the B.P. 1953 for the biological 
assay of antibiotics; namely that the estimated potency shall not be less 
than 90 per cent, and not more than 111 per cent, of the stated potency 
and the limits of error of the estimated potency (p =  0-95) shall lie within 
80 and 125 per cent, of the stated potency.

The chemical assay, employing phosphotungstic acid, was adopted by 
us after the use of other precipitating agents, such as ammonium rein- 
eckate and picric acid, had been explored. Conditions for the precipita
tion of polymyxin B as the phosphotungstate were carefully investigated

ASSAY OF POLYMYXIN AND ITS PREPARATIONS
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and the method, as described, may have wider applications for water- 
soluble polypeptides, particularly those of bacterial origin. It is intended 
that the chemical assay should supplement and not replace the micro
biological assay which, at this stage of our knowledge, is fundamental. 
In order to obtain the most accurate results it is recommended that the 
phosphotungstate factor for each batch of polymyxin B sulphate should 
be determined, but the standard factor given may be employed usefully for 
much work involving the study of manufacturing operations. Polymyxin 
B phosphotungstate dissolves in some organic solvents and, for this reason, 
the application of the chemical assay to liquid preparations needs careful 
study. For example, it is necessary to dilute the otic solution to the 
extent described in order to prevent low assay ffgures being obtained 
owing to the solubility of the precipitate in the presence of propylene 
glycol, a constituent of the preparation.

In recent years studies on the uptake of polymyxin by bacterial cells 
have been reported and some of the data provided may form the basis of 
further assay procedures. Newton22 and Few and Schulman23 have shown 
that bacteria sensitive to polymyxin liberate substances which absorb 
ultra-violet light at A =  260 m/x, when polymyxin is taken up by them. 
They found that within a suitable range of polymyxin concentrations the 
amount of light absorbing material released into the surrounding medium 
was a function of the amount of antibiotic present. Newton24 has also 
shown that when washed cells of Pseudomonas cemginosa are suspended 
in a weak solution of At-tolyl-oc-naphthylamine-8-sulphonic acid the 
addition of polymyxin produces an immediate fluorescence, which as a 
percentage of the maximum is linearly related to :he dose of polymyxin 
added to the suspension of cells. These methods would appear to repay 
further investigation.

The methods of assay described in this paper deal especially with poly
myxin B but there is little doubt that they may be extended for use with 
the other polymyxins. In particular, we have applied both the micro
biological and the phosphotungstate assay to samples of polymyxin E 
sulphate with satisfactory results. No official standard preparation of 
polymyxin E is yet available and we have found it convenient, under our 
experimental conditions, to assay this antibiotic against the provisional 
British Standard polymyxin B sulphate and to express the potency in 
terms of units of polymyxin B sulphate.

It has been emphasised that these polypeptides should be substantially 
free from interfering impurities if the phosphotungstate assay is to yield 
reliable results. We have employed paper chromatography as a test of 
purity but it must be remembered that “chromate graphically pure” is a 
relative term and workers must be for ever vigilant for the presence of 
unsuspected impurities. For example, we have been unable to separate 
polymyxins B and E in the intact state on paper cliromatograms in spite 
of trials with a large number of developing solvents, while the composite 
nature of polymyxin B has been indicated by the recent work of Hausmann 
and Craig21 using their counter-current distribution '.echnique.

R. E. A. DREY, G. E. FOSTER AND G. A. STEWART
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Summary

1. The development of the series of antibiotics known as polymyxins 
is reviewed.

2. Details are given for the identification of the polymyxins by paper 
partition chromatography.

3. A plate diffusion microbiological assay using B ru ce lla  b ro n ch i-  
se p tic a  as test organism has been developed and its application to the 
assay of pharmaceutical preparations is described.

4. Results are recorded to show that the proposed assay method 
conforms to the general limits of error of the B.P. 1953 for the biological 
assay of antibiotics.

5. A chemical method is described for the determination of polymyxin 
B by precipitation as phosphotungstate.

6. The application of the chemical assay to otic solution and tablets 
of polymyxin B sulphate is described.

7. Reference is made to the extension of the microbiological and chem
ical assay to other polymyxins, particularly polymyxin E. Some pre
liminary work with bacitracin is also described.
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DISCUSSION
The paper was presented by M r. G. A. Stewart.
D r . G. Brownlee (London) said that as polypeptides of identical chemi

cal composition could have different activities there would be grave danger 
if the chemical method were ever practised in the absence of the micro
biological method.
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Mr. T. D. Whittet (London) suggested that it would be helpful if the 
authors could extend their work to studying the stability of various 
preparations as there were conflicting reports in the literature.

Mr. D. Jack (Harrow) emphasised the importance of the strain of 
Brucella bronchiseptica used in the assay. Using the British strain he had 
found that he could only estimate concentrations of between 100 and 
400 u./ml. With the American strain it was possible to determine con
centrations of the order of 25 to 50 u./ml. That was important in 
the work being undertaken because it was a low potency preparation.

D r . G. E. Foster (Dartford) said that there was information available 
concerning the stability of polymyxin and its preparations.

It was rather unfortunate that the first official standard for polymyxin 
had to appear in the United States Pharmacopeia XV. Unfortunately, 
there was no official British standard preparation of polymyxin B sulphate 
available at the time of the preparation of a monograph for the B.P.C. 1954.

Mr. D. Stephenson (Dartford) said that polymyxin B sulphate in 
freeze dried powder retains its potency for many years. Aqueous solu
tions may be autoclaved with losses of activity not greater than 10 per cent. 
Compressed tablets of polymyxin E sulphate and polymyxin B sulphate 
have retained full potency for about three years. The otic solution and 
the anhydrous ointment may be kept at room temperature for two years 
without significant loss of activity. It was desirable to prepare ointments 
at as low a temperature as possible because if soft paraffin were heated 
during the incorporation of the antibiotics, some loss of activity occurred.

M r. G. A. Stewart, in reply, said that he had not found it necessary 
to use a more sensitive strain than the Wellcome culture for assaying 
preparations of polymyxin. However when very low concentrations of 
antibiotic have to be estimated one would seek for the most sensitive 
strain of test organism with which to conduct the assay. Results with 
the American strain of Brucella bronchiseptica were in agreement with 
those obtained by him when assaying similar polymyxin preparations.

R. E. A. DREY. G. E. FOSTER AND G. A. STEWART
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It has been shown1 that, of the 7 mono-hydroxyquinoline isomers, only
8-hydroxyquinoline (oxine) exhibits antibacterial properties, and this 
alone of the isomers is capable of binding metals by chelation. Oxine 
is non-toxic to Staph, aureus unless traces of iron (or copper) are present 
in the medium2. Evidence has been presented which indicates that oxine 
probably exerts its antibacterial effects by penetrating into the cell as a 
lipoid soluble complex in which 1 atom of metal is bound by 2 molecules 
of oxine (1:2 complex) (J), whereas the toxic effects inside the cell are 
due to the unsaturated 1:1 complex (II)3. The introduction of N atoms

into the aromatic rings of the oxine molecule to give aza-oxines results 
in the reduction of the lipoid solubility of the system and a decrease in 
the antibacterial properties, whereas both these effects are reversed by 
increasing the lipoid solubility by further substitution with alkyl groups. 
The success which has attended the investigations of the co-ordinating 
properties of the oxine type of molecule, and their implications in the 
antibacterial activities of these compounds, has stimulated the search for 
useful antibacterial substances amongst potential complexing 
agents1’4’5’6’7,8.

This present study was envisaged as an attempt to provide further 
information concerning co-ordination phenomena and antibacterial 
properties. The 2-picolylketone system (III) was chosen because

O—Fe—O

I II

Cu— O
2

III IV
717



Goldberg et al,9 had already shown that the parent ketone, 2-phenacyl- 
pyridine (III, R =  H, R' =  Ph) could co-ordinate with cupric ions. 
Co-ordination presumably occurs via the enolic form of this substance to 
yield a copper complex (IV), which may be regarded as analogous to the 
oxine-copper complex. Furthermore, the 2-picolylketone system offers 
many possibilities for suitable modifications. These include the altera
tion of the electron density at the nitrogen atom by substitution of the 
pyridine ring, and the variation of the percentage of the enolic form and 
the acidity of the enol function by substitution of the methylene and 
phenyl groups. Such changes could be used to vary the stability and the 
lipoid solubility of the metal complexes10’11 and so makes possible an 
■examination of co-ordination phenomena and antibacterial activity.

Preparation o f the compounds. The C-alkyl derivatives of 2-phenacyI- 
pyridine (V, R = R" = H, R =  Ph, R'" =  alkyl groups) were prepared 

R'
! TJ t t t

A  *
R"- n J - c i i c o r

V VI
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MVj —CH : CPh

OR

by the reaction of the sodio-derivative of 2-phenacylpyridine with the 
.appropriate alkyl halide. Methyl, ethyl, propyl, allyl and benzyl halides 
gave the C-derivatives exclusively (Compounds 2 to 6), but 2-dimethyl- 
aminoethyl chloride gave the O-derivative (VI ;R =  CH2-CH2-NMe,) 
(Compound 11). The C-aroyl compounds (V; R '  =  R" =  H, R  =  Ph, 
R '"  = CO Aryl) (Compounds 8 to 10) were prepared by the reaction of 
the appropriate anhydride or acid chloride with the sodio-derivative of
2-phenacylpyridine. Acetic anhydride, on the other hand, gave the 
O-acyl compound (VI; R  =  Ac) (Compound 12). The details of the 
methods of preparation and the proof of the structures of the above 
compounds have been given elsewhere12.

Those substances possessing substituents in the phenyl ring of 2- 
phenacylpyridine (Compounds 17 and 19 to 25), or those derived by the 
replacement of the phenyl by other groups (Compounds 13 to 16), were 
prepared by the condensation of 2-pyridylmethyl-hthium with the methyl 

■ester of the appropriate acid using a 2:1 molar ratio of lithium derivative 
to ester. As outlined in the following scheme, there is a possibility of the 
¡reaction proceeding to give the tertiary alcohols (X) as well as the desired

R' R'
\ \
^  >  GH2Li + r -rn .M p ^  / = \

X.—
R" R"

(VII) (VIII)
R'

(
R"

(IX)
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ketones (IX). When the above-mentioned molar ratios were used, 
however, acylation of 2-pyridylmethyl-lithium with the methyl esters oi 
furoic, naphthoic, benzoic and halogen, metlioxy, and methyl substituted 
benzoic acids yielded the desired ketones in 60 to 80 per cent, yields and 
tertiary alcohols could not be isolated from the products of the reaction. 
Likewise, the ketone was the major product when methyl p-aminobcnzoate 
was employed as the acylating agent and a 3 molar proportion of 2-pyridyl- 
methyl lithium was used (cf. Scholfield13 and Schofield and Nunn14, who 
used those molar proportions for the condensation of o-aminobenzo- 
phenone with the lithium derivatives of pyridyl bases). From the reac
tions in which methyl esters of aliphatic acids were employed, both 
tertiary alcohols (X; R' =  R" = H, R = Me or Et) and the desired 
ketones (IX; R' =  R'' =  H, R = Me or Et) could be isolated, e.g., the 
tertiary alcohol and the ketone were isolated in yields of 30 per cent, and 
25 per cent, respectively from the reaction product of methyl acetate and
2-pyridylmethyl-lithium (cf. Levine et a!.9).

The presence of additional methyl-subs:ituents in 2-methylpyridine 
allows of the possibility of the reaction with lithium yielding a mixture of 
lithium derivatives which may result in a complex mixture of ketones and 
tertiary alcohols being formed upon acylation. However, there is evidence 
that the 4-methyl group is less susceptible to attack by lithium than the 
2-methyl group because Erlenmeyer and colleagues13 were unsuccessful in 
their attempts to prepare 4-pyridyl methyl-lithium. From the product of 
the reaction of 2 :4-dimethylpyridine (2 :4-lutidine) with an equimolecular 
proportion of phenyllithium followed by a semi-molecular proportion of 
methyl benzoate, we were able to isolate 4-methyl-2-phenacylpyridine 
(IX; R" =  H, R' =  Me, R =  Ph) in a 65 per cent, yield. Similarly, 
the use of methyl m-chlorobenzoate as the acylating agent resulted in 
2-m-chlorophenacyl-4-methylpyridine in a 73 per cent, yield. (The fact 
that the 2-methyl position has been acylated is demonstrated by the 
green colours given by ethanolic ferric chloride solution with the ketones 
derived from 2 :4-dimethylpyridine, and by the metal co-ordination 
properties of these compounds.) It is evident that the reaction of equi
molecular proportions of phenyllithium and 2 :4-dimethylpyridine gives
4-methyl-2-pyridylmethyl-lithium almost exclusively. Under comparable 
conditions, 2 :6-dimethylpyridine gave 6-methyl-2-phenacylpyridine (82 
per cent, yield) and 2-m-chlorophenacyl-6-methylpyridine (80 per cent, 
yield) respectively. Carbinols could not be isolated from any of the above 
reactions involving dimethylpyridines.

The pertinent analytical data and certain properties of those ketones not 
already reported in an earlier communication, are recorded in Table I 
and the attached footnotes. Details of the two carbinols (X; R = Me or 
Et; R' = R" = H) isolated are also given in the footnote to this table.

E xperimental
Chemical

Microanalyses were made by Mr. G. S. Crouch, School of Pharmacy, 
University of London. Equivalent weights, except those of picrates, were

2-PHENACYLPYRIDINE AND RELATED KETONES
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determined by titration with 0-2N-perchloric acid in acetic acid ; those of 
the picrates were determined by titration with 0-02N-sodium hydroxide in 
1:1 ethanol-acetone with ethyl bis-2 :4-dinitrophenylacetate as indicator.

Preparation o f  the compounds. The preparation of compounds 2 to 12 
has been described in an earlier communication (Beckett and Kerridge12).
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The general procedure adopted for the preparation of compounds 13 to 
17 and 19 to 29 is described below.

P re p a ra tio n  o f  th e  lith iu m  d e r iv a tiv e s  o f  th e  m e th y lp y r id in e  b a ses . The 
appropriate pyridine base (0-05 mole), freshly distilled over barium oxide, 
was added with vigorous stirring to a solution of phenyllithium (0-05 mole; 
from 0-69 g. of lithium and 7-9 g. of bromobenzene) in ether (60 ml.). 
Addition was carried out under nitrogen and at such a rate that the ether 
did not reflux. The dark red-brown solution of the lithium derivative 
was stirred at room temperature for a further period of 15 minutes.

G en era l p ro c e d u re  f o r  th e  p re p a ra tio n  o f  co m p o u n d s n os. 13 to  16, 
19 to  29. Since all the compounds were prepared under essentially the 
same conditions, only the procedure for 2-phenacylpyridine is described.

Methyl benzoate (3-66 g., 0-025 mole), in ether (15 ml.), was added 
over a period of 10 minutes to a rapidly stirred solution of 2-pyridyl- 
methyl-lithium (0-05 mole) in a nitrogen atmosphere. After the addition 
of the ester, the mixture was poured onto a slurry of ammonium chloride 
(4 g.) and crushed ice (30 g.). The ethereal layer was separated and the 
aqueous phase extracted with ether (3 X 20 ml.) or until the extracts no 
longer gave a colour with alcoholic ferric chloride solution. The total 
organic extract was dried (MgS0 4), the ether distilled under reduced 
pressure, and the residue fractionally distilled in vacuum. In this way 
2-phenacylpyridine (4-0 g., 75 per cent.), b.pt. 140 to 150°C./2 mm., 
yellow needles (from ethanol), m.pt. 56° C., was obtained.

Iso la tio n  o f  2 -p y r id y lm e th y l k e to n e s . Picrates, of those compounds 
which were oils or did not crystallise, were formed by mixing equivalent 
quantities of picric acid and pyridyl base in ethanol. The pyridyl base 
was regenerated by dissolving the picrate in a mixture of equal parts of 
water, ethanol, and acetone and warming with an equivalent quantity of 
lithium hydroxide. The solution was diluted with water, the free pyridyl 
base extracted with ether, and the residue obtained by evaporating the 
ethereal extract chromatographed on alumina. Compounds which had 
failed to crystallise on standing or after chromatography, usually crystal
lised on being purified via the picrate.

2 -p -A m in o p h e n a c y lp y r id in e  ( C p d . no. 17). Methyl p-aminobenzoate 
(3-8 g.; 0-025 mole), in ether (15 ml.) was added, under an atmosphere of 
nitrogen, to a solution of 2-pyridylmethyl-lithium (0-075 mole; from 1-03 
g. of lithium in 90 ml. of ether). The mixture was stirred at room temper
ature for 4 hours and then decomposed and worked up as described under 
“General procedure.”

2 -p -H y d ro x y p h e n a c y ¡p y r id in e  (C p d . no. 18). 2-p-Methoxyphenacyl- 
pyridine (2 g.) was heated with hydriodic acid (15 ml.), sp.gr. 1-7, and red 
phosphorus (0-2 g.) for 1 hr. at 130 to 140° C. The cooled solution was 
neutralised with ammonia, and the precipitated base extracted with ether 
(3 x 15 ml.). After distilling off the ether, under reduced pressure, the 
residue was recrystallised from 70 per cent, aqueous ethanol to give 
2-p-hydroxyphenacylpyridine (1-3 g., 70 per cent., m.pt. 148° C.)

The pertinent analytical details for the above compounds and others 
are given in Table I.

2-PHENACYLPYRIDINE AND RELATED KETONES
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M e ta l  se n s itiv ity  te s ts . The sensitivities of the compounds towards 
biologically important metal ions were determined by the method of 
Butler, Irving and Ring19 as modified by Hollingshead20. Sensitivities 
are expressed in Table III in terms of pL, which is defined as — log10 
limiting concentration of metal in gram equivalents per litre which gives 
a colour or precipitate under conditions of the test.

The molar ratio of glycine necessary to prevent precipitation at pH 7-3 
of selected compounds was determined using the same concentration of 
the reagent (0-0032M) as in the above tests and a O0016M concentration 
of cupric ions. The results are summarised in Table IV.

B a c te r io lo g y

D e te rm in a tio n s  o f  m in im u m  in h ib ito ry  co n cen tra u o n . Nine species of 
bacteria (National Collection of Type Cultures) were revived on recovery 
media (Table II), and then transferred to maintenance media. After 
incubating for 24 hours on recovery media, a washed suspension in glass- 
distilled water was prepared containing 10,000 organisms per ml.

A. H. BECKETT, K. A. KERR1DGE, P. M, CLARK AND W. G. SMITH

TABLE II

Strain of bacteria

Culture media

Recovery Maintenance Test

Staph, aureus 6571 Nutrient broth (Oxoid 
C.M.l)

Nutrient agar (Oxoid 
C.M. 55)

Peptone water (Oxoid 
C.M.9 +  0-5 per cent, 
dextrose)

-B. subtilis 3610
Corynebact. hofmannii 231 ,,
Bact. coli 86
Proteus vulgaris 4175
Sh. sonnei 8220
.Saint, typhimurium 5170 .. Dorset egg (Oxoic 

P.M.5)
Myco. phlei 8151 .. Glycerol broth (Oxoid 

C.M.l +  10 per cent, 
glycerol)

Str. pyogenes 8198. . Serum broth (Oxoid 
C.M.l -f 10 per cent, 
normal horse serum 
[B.W. and Co.])

Blood agar (Oxoid 
C.M. 55 -(- 10 per 
cent, rat blood Hep- 
arinised])

Serum broth

The compounds to be tested were prepared in M/40 concentration in 
70 per cent, ethanol and then serially diluted with glass distilled water so 
that each dilution was twice as great as the preceding one in the series. 
To 1-8 ml. of the test media (see Table II) was added 0T ml. of these 
dilutions and 0T ml. of bacterial suspension, determinations being carried 
out in quadruplicate. The dilutions of the substances under test covered 
the range M/1600 to M/800,000. Incubation was at 37° C. for 48 hours 
except for tests involving M y c o b a c te r iu m  p h le i  in which the period was 
extended to 5 days. The minimum inhibitory concentration was taken 
as the greatest dilution showing no growth at the end of the specified 
period. Oxine was used as a control substance in all the tests. Concen
trations of M/800 and M/400 were employed for some of the compounds 
tested.

The results are summarised in Tables V and VI.
T e s ts  sh o w in g  th e ro le  o f  m e ta l  ions. For each compound being 

studied, 5 test systems were prepared in sterile glass distilled water. One
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contained only the compound in minimum inhibitory concentration. A 
second and third contained the compound in minimum inhibitory concen
tration with equivalent amounts of ferrous sulphate and cupric sulphate 
respectively. The remaining 2 tubes contained the equivalent amount of 
these two metal salts alone. All test systems were inoculated and the 
final volume (2 ml.) contained 2000 washed organisms. They were 
incubated at 37° C. and subcultures of 0-1 ml. made at fixed times after 
inoculation. The subculture tubes were incubated for 24 hours and the 
presence or absence of visible growth noted.

The organisms used were Proteus vulgaris and Bacillus subtilis. The 
results are summarised in Tables VII and VIII.

R e s u l t s  a n d  d is c u s s io n  

Metal Co-ordination Properties
It has been shown21 that substitution by alkyl substituents of the methyl

ene group of aceto-acetic ester results in a reduction in the percentage of 
the enol form; the effectiveness of the substituents in accomplishing this 
effect is ethyl>methyl>/?-propyl. Likewise, the order of the groups in 
reducing the percentage of the enol form in acetyl acetone is ethyl > 
methyl > benzyl21. Since 2-methylpyridine is regarded as an ammono 
ketone ether22, the tautomeric system of 2-phenacylpyridine (XI) may be

c  c h 2- c  c - c h 2—c
¡1 il ¡1 il

— N  O  O  O

(XI) (XII)

considered as analogous to a ¿5-diketone (XII). Substitution of the active 
methylene group in 2-phenacylpyridine with methyl, ethyl, n-propyl, 
allyl, and benzyl groups led to a complete absence of the enol form. This 
was demonstrated by failure of the compounds to give colours with 
ethanolic ferric chloride solution (contrast with the parent compound) 
and the presence of only one absorption peak at 247 m/x in the ultra-violet 
absorption spectra of ethanolic solutions of the compounds (see Beckett 
and Kerridge12), the absorption peak at 337 m̂u characteristic of the enol 
form of 2-phenacylpyridine being absent. Furthermore, unlike the 
ultra-violet absorption spectra of the parent molecule, the spectra of these 
alkyl substituted derivatives were unaffected by the presence of cupric 
ions.

Since the substitution of the active methylene group of a /8-diketone 
system by an electron attracting mesomeric group has been shown to 
increase the percentage of the enolic component23, aroyl substitution of 
2-phenacylpyridine was expected to have a similar effect. In fact the 
aroyl derivatives (Bz, -COC6H4Cl-p, -C0 -C6H4-N0 2-p, -CO C6H3- 
(N0 2)2- 1:3 :5) of 2-phenacylpyridine all gave colours with ethanolic 
ferric chloride solution indicating that the keto-enol tautomerism had not 
been supressed. All these compounds in ethanolic solution exhibited an 
ultra-violet absorption peak at 370 mp (e values 9000 to 14,000)12 which 
indicates the existence of these compounds in the enol form (XIII), rather
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than in the alternative form (XIV) which would be expected to absorb 
at varying wavelengths dependent upon the group R. These compounds, 
unlike the C-alkyl derivatives, precipitated metal ions from aqueous solu
tions (see Table III).

-II—R
\ /

- -R
\ /

•N

c = o C—OH H O '

- c = c — /  \ __c _( '_./ \
\ _ N A  [!

—c —c —

OH O
(XIII) (XIV) (XV)

It is known that prototropy is facilitated in the system (XV), as shown, 
if group R is electron attracting21. Consequently, the substitution of the 
phenyl ring of 2-phenacylpyridine by electron attracting groups would be 
expected to increase the enol/keto ratio and in consequence the apparent 
acidity of the system. The results of the metal sensitivity tests (Table 
III) indicate that, of the compounds tested, the m-chloro-derivative shows 
the greatest sensitivity towards metal ions, whereas those compounds in 
which enolisation is repressed, by the substitution of an electron donating 
group such as amino or hydroxyl in the phenyl ring, fails to precipitate 
metal ions under the conditions of the test. Although the sensitivity 
towards metal ions is dependent upon both the stability and the solubility 
of the chelate, the observed differences in sensitivity are not due solely to 
difference in the solubility (e.g., the replacement of a hydrogen atom of the 
ring by methyl or chlorine would be expected to diminish the solubility 
of the reagent similarly11, whereas these derivatives show different sensi
tivities to metal ions). Moreover, differences in sensitivity were observed 
in the isomeric mono-chlorophenacylpyridines.

The substitution of a methyl group in the 6-position of 2-phenacyl- 
pyridine (Cpd. 26) completely repressed metal precipitation under the 
conditions of the test. This result is probably due to the steric inter
ference of the group with the co-ordination by the adjacent nitrogen atom, 
and is comparable with the observed reduction of chelating properties 
upon the introduction of a methyl group into the 2-position of 8-hydroxy- 
quinoline25. On the other hand, 4-methyl-2-phenacylpyridine (Cpd. 28) 
is more sensitive to metal ions than 2-phenacylpyridine, probably due to 
the increased electron density at the nitrogen atom in the former com
pound.

The replacement of the phenyl group of 2-pheracylpyridine by alkyl 
groups (Cpds. 13 and 14) caused a complete loss of metal-precipitating 
properties and lowered sensitivity towards metal ions resulted from the 
replacement of the phenyl by the a-furyl group (Cpd. 15).

It is known that amino-acids and proteins can bind metal ions, e.g., 
glycine solubilises zinc serum albumin and zinc insulin complexes by 
successfully competing for the complexed metal ions26. Consequently, 
before a molecule can be considered as a potential complexing agent under
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TABLE III

M etal  sen sitiv ity  tests

Meta!
Clt+

(as CuS04-5H20 )
Fe++

(as ferrous alum)
Fe+++

(as ferric alum)
Co++ (as 

Co(N 08)26H20)

pH 8-4 7-3 5-3 8-4 7-3 5-3 8-4 7-3 5-3 8-4 7-3 5-3

Cpd. I t 3-8 3-5 N.P. 2-2* 2-2* N.P. N.P. N.P. N.P. N.P. N.P. N.P.
7t 3-8 3-5 2-2* 2-2* •) •3
8t 4-3 3-8 2-3 2-2*

„ 9t 3-8 3-5 2-2* N.P.* >> *> •3 „ ! ..
” lot 4-0 3-8 N.P. ” ¡ ..

1 4-5 4-2 3-2* 3-2* „
- 13 N.P. N.P. N.P. N.P. ï» 33

14 N.P. N.P. 33 33
15 3-5 3-5 •3

•• 16 4-5 4-3 3-5 3-8 4-2 3-8
- 17 N.P. N.P. N.P. N.P. N.P. N.P.
•• 18 •i 2-5* 33 33

19 4-2 4-2 3-8 3-2 3-2
•• 20 4-8 4-5 N.P. 3-5 4-2 2-2 N.P. 3-5
• 21 4-5 4-2 3-8 N.P. 4-3 N.P. 3-8 N.P.
•• 22 3-8 3-8 N.P. N.P. N.P. N.P. •3 33 33
» 23 4-3 4-3 3-8 2-5 4-5 4-5 •3 33
•' 24 4-8 4-2 3-8 2-2 4-2 •5 3-5 31 33 33
•• 25 4-8 4-5 4-2 2-8 4-3 3-8 4-2 3-2 33
•• 26 N.P. N.P. N.P. N.P. N.P. N.P. N.P. N.P.
•» 27 5, 31 33 33
•• 28 4-2 4-2 3-5 2-2 2-2 33 33
•• 29 4-8 4-5 3-8 3-2 4-2 2-5 4-2 2-5 3-8 2-5

N.P. — no precipitate. * Colour only, t  Reagent concentration 0 0008 molar.

biological conditions, it must be shown that it can compete successfully 
with amino-acids or proteins for metal ions. The results obtained in the 
metal sensitivity test are dependent upon the solubility as well as upon the 
stability of the complexes and although both these factors are important 
in biological action, a measure of the ability of the reagent to bind metals 
under biological conditions is not obtained. A simple test of this latter 
effect has been devised for the present investigation because this prelim
inary exploration of a series of compounds did not warrant the more 
detailed study of stability constants of the complexes. The test involved 
the determination of the sensitivities of the compounds towards cupric 
ions under standard conditions in the presence of varying amounts of 
glycine; the molar ratio of glycine necessary to prevent precipitation was 
observed. It seems reasonable to assume that if a molecule can pre
cipitate copper in the presence of a large molar excess of glycine, then it 
is likely to form a complex with these ions under biological conditions. 
The results of the tests upon certain of the compounds of the series are 
shown in Table IV.

TABLE IV
M o la r  r a tio s  of g l y c in e  necessary  to  pr ev e n t  pr e c ip it a t io n  of c o ppe r  io n s  by

DERIVATIVES OF 2-PHENACYLPYRIDINE

Compound No. : 19 1 23 24 25 28 29

Molar ratio of glycine . . j 4 5 55 45 50 7-5 90

A n tib a c te r ia l P ro p e r tie s
The bacteriological results (Tables V and VI) indicate that although 

many of the compounds are capable of co-ordinating with metals such
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TABLE V
A n t i b a c t e r i a l  a c tiv ities  o f  2 - p h e n a c y l p y r i d i n e  a n d  its  d e r i v a t i v e s

(I)

R

/ '  > -CHCOPh
' —

«I)
OR

-C H : CPh
I

M.I.C. in reciprocal molar concentration against*

pound
No.

Derivative
a)

Staph.
aureus.

Str.
pyogenes

B.
subtilis

Corynebact.
hofmatmii

Bact.
coli

Proteus
vulgaris

Sh.
sonnei

Myco.
phei.

1 R =H __ 1600 _ _ _ 1600 _ _
2 R =M e 400 1600 — — .— 3200 — 800
3 R -E t 1600 800 — — — 1600 — 1600
4 R =  Prn 6400 1600 1600 1600 — 1600 — 3200
5 R =  CH2-CH: CH- 3200 1600 1600 1600 — 1600 — 1600
6 R CH2Ph 800 — — — — 1600 — —.
7 R =  Bz 800 1600 1600 1600 — 3200 — 1600
8 R =  C 0 C 6H4N 02-p 1600 3200 — — 1600 1600 — 1600
9 R =  COC6H4Cl-/> 1600 1600 — 800 — 800 — 1600

10 R =  C 0 C tH3(N02). 
-1 :3 :5

a n

1600 3200 1600 3200 1600 1600 1600 3200

ii R = CHaCHo-NMe» 800 -—- — — 1600 — —
12 R -A c 800 1600 — — 800 1600 — —

Oxine 100,000 100,000 50,000 100,000 1600 800 1600 25,000

— Signifies growth at M/1600.
* All these compounds listed in Table V are inactive at M/1600 concentration against Salm. typhi.

as iron or copper (Table III), and many of their, exhibit antibacterial 
effects, the two actions do not appear to be directly related. For example, 
compounds 2 to 6 which exist in the ketonic form and do not co-ordinate

TABLE VI
A n t i b a c t e r i a l  a c t i v i t i e s  of k e t o n e s  p r e p a r e d  f r o m  2 - m e t h y l p y r i d i n e , 2 : 4 -  

a n d  2 :  6 -d i m e t h y l p y r i d i n e  
R'
\ _ _
/  \ —CH .CO R (III
> - N ‘

R"

Cpd.
No.

Derivative
(HI)

M.I.C. in molar concentration against*
Staph.
aureus

Str.
pyogenes

B.
subtilis

Proteus
vulgaris

13 R' = R "-H ;R  =  Me __
14 R '^ R "^ H ;R  =  Et _ _ _
15 R' = R* = - H ;R = 2-furyl — — 80016 R' = R" H ;R =  1-naphthyl 800 3200 320017 R' =  R " -H ;R = C 6H4 NH2 -p — — _ 160018 R' =-R"- H;R =  C6H4 OH -p _ _ 1600
19 R' =  R" =  H ;R =C {H4-OMe -p 1600 1600 _ 160020 R' = R" = H;R =  C„H4Me -p — 3200 _ 320021 R' R" —H;R — C6H4F -p — — 6400 320022 R ' =  R" —H;R = C flH4Cl -o — — 3200 320023 R '= R " -  H;R=C,H.CI -n — 1600 3200 160024 R, -R " - H ;R = C 6H1Br -p — 3200 _ 640025 R '=R"= H:R=C,H,C1 -m _ _ _ 640026 R ' =  H;R" —Me;R =  Ph — _ 1600 320027 R' —H;R'' = Me;R—C6H,CI -m — _ 25,000 320028 R' = Me;R" =  H ;R -P h — — 25,000 320029 R'==Me:R" =  H ;R =C sH1CI -m 50,000 3200

Oxine 100,000 100,000 50,000 3200

— Signifies growth at M/1600.
* Compounds 17 to 29 are inactive at M/1600 concentration against Corvnebact. hofmatmii, Bact. coli. 

Salm. typhi, Sit. sonnet, and Myco. phei.
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with metals, exhibit antibacterial activities of a higher order and against 
more organisms than do the metal co-ordinating compounds 1 and 19 
to 25. Furthermore, even the enol ether (Cpd. 11) and enol ester (Cpd.
12) are antibacterials.

Although the correlation (see Compounds 13 to 29) between the anti
bacterial effect recorded as minimum inhibitory concentration and the 
chelating power of the molecules as determined by the precipitation tests 
is slight, it was decided to investigate a few of the metal chelating com
pounds to see whether metal ions played any part in their possible bacter
icidal action. Two similar non-chelating compounds were used as 
controls. Oxine was used as reference compound because it is known 
that it fails to exert its bactericidal action upon certain organisms in 
distilled water if certain concentrations of ferrous or cupric ions are 
absent.

T he ro le  o f  m e ta l  ions in th e  a n tib a c te r ia l a c tio n . The results reported 
in Table VII show the effect of ferrous and cupric ions on the bactericidal 
action of compounds 2, 24, 25, and 26 and of oxine on P ro te u s  vu lgaris  
in glass-distilled water. Compounds 24 and 25 coordinate with metals 
both in the absence and in the presence of 45 and 50 molar proportions 
of glycine, respectively, but compounds 2 and 26 fail to precipitate metal 
ions under the conditions of the test used. All four of these compounds, 
in contrast to oxine, are bactericidal to P ro te u s  vu lgaris  in the absence of 
metals, and both ferrous and cupric ions potentiate this activity, although 
the effect is slight. However, since these metal ions have a similar effect 
on compounds 2 and 26 as on compounds 24 and 25, this observed 
potentiation of activity is probably independent of chelation phenomena; 
it could be attributed to the additive effect of two independent bacteri
cidal actions because the concentrations of metal ions used are themselves 
bactericidal.

Compounds 28 and 29 are highly active against B. su b til is  (Table VI), 
and are bactericidal in the presence of cupric but not ferrous ions (Table 
VIII). In contrast to these results, oxine is bactericidal in the presence 
of both cupric and ferrous ions (Table VIII). This difference in effect of 
cupric and ferrous ions on the bactericidal activity of compounds 28 and 
29 may be due to the lower order of metal chelation of the latter ions 
(Table III).

Although complete success has not attended this attempted design of 
potential antibacterial agents in which biological activities can be corre
lated with metal chelating properties, this mechanistic chemotherapeutic 
approach has, at least, led to compounds exhibiting antibacterial properties. 
Two interesting facts which may have practical applications also arise 
from the investigation.

(1) Nearly all the compounds of the series possess activity, albeit of a 
low order, against P ro te u s  vu lgaris. This fact, coupled with the difficulty 
of eradicating P ro te u s  vu lg a ris  in certain conditions of infection and the 
low toxicity of the compounds, e.g., compounds 28 and 29 can be tolerated 
in mice at doses as high as 620 mg./kg. by subcutaneous injection, makes 
certain compounds worthy of a more detailed investigation.

2-PHENACYLPYRIDINE AND RELATED KETONES
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TABLE VII
The effect  of ferr o u s  a n d  c u p r ic  io n s  o n  t h e  a c tiv it y  of selected  c o m po u n d s  

a g a in st  P r o te u s  vu lg a r is  in  g la ss d ist il led  w a ter

A. H. BECKETT, K. A. KERRIDGE, P. M. CLARK AND W. G. SMITH

Compound Time of subculture in hours
No. | Concn. Metal Concn. 0 1 2 3 4 5 6 8

Fe M/3200 + _1_ _ _ _L _ _ _
Cu M/3200 + -  ~ - - “ "

2 M / 3200 _ _ _L — — _ _ + _ _
2 M/3200 Fe M/3200 4- + — 4 - — — —
2 M/3200 Cu M/3200 + +  - — — — —

26 M/3200 — + + - — T + — —
26 M/3200 Fe M/3200 + — — — — —
26 M/3200 Cu M/3200 + - - - - - -

Fe M/6400 _L _ _ _L _l _
Cu M/6400 4- 4- - - - - ...

24 M/6400 _ _ + -r — _ _ _ _
24 M/6400 Fe M/6400 4- + — — — — —
24 M/6400 Cu M/6400 + _j_ _ — — —
25 M/6400 — — 4- + + — — + — —
25 M/6400 Fe M/6400 -L -}- — — — .
25 M/6400 Cu M/6400 + +  - - - - -

Oxine M/6400 _ _ +  — _ _L +
Oxine M/6400 Fe M/6400 -1- -f- — - — - -
Oxine M/6400 Cu M/6400 + +  - - -

— ' — —
+ -L — - - + + +

(2) Compounds 27, 28 and 29 are almost specific in their action against 
B. subtilis, e.g., compound 29 is inactive against 7 of the organisms used 
in the present work at concentrations of M/1600 but is active in concen
trations as low as M/50,000 against B. subtilis.

TABLE VIII
T h e  effec t  of ferr o u s  a n d  c u p r ic  io n s  o n  t h e  a c tiv it y  of selected  c o m po u n d s  

a g a in st  B . s u b t i l is  in  g la ss d ist il led  w a ter

Compound Concn. Concn. Time of subculture in hours
No. 1/M Metal 1/M 0 1 2 3 4 5 6 8

Fe 25,600 _i_ -L + 4_ 4- 4_ _L
Cu 25,600 a. - - - - + + -F

28 25,600 _ _ + _L _ _ 4 . +
28 25,600 Fe 25,600 + -L — _ _ + a. _
28 25,600 Cu 25,600 + + - - - -

Fe 51,200 + + 4_ —L. + + +
Cu 51,200 + + -t- - + -r -

29 51,200 _ _ a. _ _ +
29 51,200 Fe 51,200 -L 4- 4- _ 4- 4- 4_
29 51,200 Cu 51,200 + + - ~ -

Oxine ! 51,200 _ _ + + _u + +
Oxine 51,200 Fe 51,200 + _ _ _
Oxine l 51,200 Cu 51,200 + - -- - -

— — — — + + + - + + +

Summary

1. Substituted acyl and aroyl derivatives of 2-methylpyridine and 2 :4- 
and 2 :6-dimethylpyridine have been prepared as potential antibacterial 
and chelating agents, and their sensitivities towards metal ions determined. 
The effect of glycine upon the precipitation of cupric ions by certain of the 
compounds is recorded.
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2. The bacteriostatic values of these compounds against Gram-positive 
and Gram-negative organisms are reported, The effect of metal ions on 
the bactericidal action of selected compounds has been investigated and 
compared with their effect upon the action of oxine.

3. Some of the substances possess a specific action against B . su b tilis .

One of us (K. A. K.) thanks the Pharmaceutical Society for the award 
of a scholarship.
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DISCUSSION
The paper was presented by D r . A. H. Beckett .
D r . F. H artley  (London) said that although in the particular series 

chosen it had not been possible to draw the rather interesting conclusions 
which Albert was able to obtain, never.heless it was only from the 
examination of potentially useful series that fundamental correlation 
between action and structure could be determined. Another potentially 
useful aspect of the paper was whether it could add anything useful to 
the detection and evaluation of metals by the reagents which had been 
studied. From Table III it appeared that there might be one or two 
interesting possibilities. By analogy with 8-hydroxyquinoline it might 
well be the case that if other metallic ions were studied some specific colour 
or precipitation would be obtained.

D r . G. E. F oster (Dartford) asked why iron and copper had been 
chosen for the chelating test. Bacteria were sensitive to other metals. 
Had the authors any data with regard to the chelating properties of their 
compounds with calcium and magnesium0
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Mr. H. D. C. Ra rson  (Dorking) said that at least three mechanisms 
for the bactericidal action of chelating agents are possible, firstly a lipoid 
soluble form of the compound diffuses into the bacterium and forms 
a metal complex inside; secondly, a lipoid soluble complex with a metallic 
ion diffuses into the bacterium and then dissociates with the liberation 
of metallic ions or unsaturated complexes; and, thirdly, more complicated 
processes. Hence it is important to investigate more directly and precisely 
the chelating ability of the compounds.

D r . G. Brow nlee (London) referred to the statement in the paper 
“Oxine is non-toxic to Staph, aureus unless traces of iron (or copper) 
are present in the medium” and said that that was not what Albert et al. 
had shown. They showed that a substantial part cf the activity of oxine 
could be reversed under very special conditions of choice of medium and 
testing. At least two other authors have shown that this simplification 
of the possible mechanism of action would have to be critically investigated 
before it could be accepted that chelation played the only part in the 
mechanism. That copper and iron—and, incidentally, magnesium— 
played a part seemed to be implicit in the discussion, but in his view one 
ought, in all humility, to say “Is it true?” Of course nothing of this 
detracted from the value of the investigation.

D r . A. H. Beckett , in reply, agreed with Dr. Hartley that some of 
the compounds might have analytical uses and infra-red studies would 
be of interest. Iron and copper were chosen for the test since those 
metals are implicated in the activity of oxine against Staph, aureus. Since 
the work was only a preliminary study, a quickly performed test seemed 
desirable when the substances were not of a high order of antibacterial 
activity. On the points raised by Dr. Brownlee, he agreed that the 
conditions of Albert’s tests were rather different from practical condi
tions, but nevertheless such work was essential to limit the variables. 
The paper was an attempt to provide further information on compounds 
which could compare with metals based on the premise that chelation 
could be involved in certain types of antibacterial activity.

A. H. BECKETT, K. A. KERRIDGE, P. M. CLARK AND W. G. SMITH
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Introduction

T ablets of calciferol are the subject of monographs in the National 
Formulary 1949 and the British Pharmaceutical Codex 1949 under the 
title, Strong Tablets of Calciferol, and in the British Pharmacopoeia 
1953 as Tablets of Calciferol. The various monographs relate to sub
stantially the same preparation, namely coated tablets which, unless 
otherwise stated, each contain 50,000 units of antirachitic activity. The 
preparation which appeared in the British Pharmaceutical Codex 1949 
and 1954 under the title Tablets of Calcium with Vitamin D will not be 
discussed in this paper.

Very little has been published about the assay of tablets containing 
vitamin D. The British Pharmacopoeia 1953 describes a procedure 
involving shaking the powdered tablets with light petroleum followed by 
evaporation of the solvent and subsequent biological assay. The extrac
tion of vitamin A from tablets is a similar problem, and several methods 
are described in the literature1-6, including continuous extraction in a 
Soxhlet apparatus. Another possibility is elution of the powder with a 
suitable solvent using the technique of adsorption or partition chromato
graphy7.

The vitamin D, extracted from the tablets and brought into solution by 
one or other of these methods, may then be assayed biologically8, micro- 
biologically®, by direct ultra-violet spectrophotometry (using the absorp
tion maximum at ca. 265 m/x), or colorimetrically10. Infra-red methods 
are probably unsuitable because of the large amounts of vitamin D that 
would be needed11.

TH E SPE C T R O PH O T O M E T R IC  D ETERM IN A TIO N  OF
VITAM IN D IN PHARM ACEUTICAL PREPA RA TIO N S

A pparatus , M aterial and  R eagents

Spectrophotometry. The work in this paper was carried out in part 
on a Beckman Model DU spectrophotometer and in part on a Unicam 
SP 500 spectrophotometer. Matched 1 cm. glass stoppered cells with a 
tungsten lamp as light source were used for colorimetry in the visible 
region of the spectrum and matched 1 cm. fused silica cells with a hydrogen 
lamp for the ultra-violet measurements.

Extraction apparatus. For the elution method, a chromatography-type 
tube of internal dimensions 30 cm. x 1 cm. fitted at the bottom with a 
cotton-wool plug on which the powder to be extracted was supported. 
The rate of flow of the eluant was of the order of 3 ml. per minute.

* Present address: School of Pharmacy, Brighton Technical College, Brighton, 
Sussex.
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A small Soxhlet apparatus attached by ground-glass joints to a 150 ml. 
flat-bottomed flask and an efficient double-surface condenser. Heat was 
supplied by an electric hot-plate. The size of extraction thimble used 
was 2-2 cm. x 8-0 cm.

Antimony trichloride. Antimony trichloride, reagent grade. Calcium 
phosphate. Calcium phosphate, B.P. Calciferol. Crystalline calciferol, 
B.P. Chocolate basis. A mixture of non-alkalised cocoa powder 
15 parts, sucrose B.P. 15 parts and lactose B.P. 70 parts. Lactose. 
Lactose, B.P. Starch. Maize starch, B.P. Acetyl chloride. Acetyl 
chloride, reagent grade. Carbon tetrachloride. Carbon tetrachloride 
dried over anhydrous calcium chloride, and distilled, the first and last 
10 per cent, portions being rejected. Chloroform. Chloroform B.P., 
containing 1 to 2 per cent, of ethanol, shaken successively with three 
equal volumes of water, dried over anhydrous calcium chloride, and 
distilled, the first and last 10 per cent, portions being rejected. Used 
within 24 hours of preparation, cycloHexane. cyc/oHexane dried over 
anhydrous potassium carbonate, passed through a column of activated 
sihca gel12’13, and distilled, the first and last 10 per cent, portions being 
rejected. The transmission, compared with water in 1 cm. cells, exceeded 
90 per cent, at all wavelengths down to 245 m/x, and exceeded 95 per cent, 
at 265 m/x. Ethanol. Dehydrated ethanol refluxed for two hours with 
2 per cent, of potassium hydroxide pellets and 2 per cent, of zinc dust, 
and distilled, the first and last 10 per cent, portions being rejected. The 
transmission, compared with water in 1 cm. cells, exceeded 90 per cent, 
at all wavelengths down to 235 m/x, and exceeded 95 per cent, at 265 m/x. 
Ethylene dichloride. 1 :2-dichloroethane dried over anhydrous calcium 
chloride, and fractionally distilled, the portion of boiling range 82: to 
84° C. being collected. Light petroleum. “Aromatic-free” light petro
leum fractionated, the portion of boiling range 40: to 50° C. being col
lected. This was preferred to the 50°/60° material used in the pharma- 
copoeial assay, since it is more suitable as a spectroscopic solvent in the 
ultra-violet region. The transmission, compared with water in 1 cm. cells, 
exceeded 90 per cent, at all wavelengths down to 225 m/x, and exceeded 
95 per cent, at 265 m/x.

Antimony trichloride reagent. For the B.P. identification test, a solution 
of 20 per cent, of antimony trichloride and 1 per cent, of acetyl chloride 
in chloroform. For the assay, a solution of 20 per cent, of antimony 
trichloride in ethylene dichloride with the addition of 2 per cent, of acetyl 
chloride, prepared according to the method of de Witt and Sullivan11.

M ethods of E xtraction

Shaking. Weigh and powder 20 tablets. To an accurately weighed 
quantity of the powder, equivalent to about 1-5 mg. of calciferol, add 50 
ml. of solvent, shake for 5 minutes, adjust the volume to 100 ml. with 
solvent, shake for 2 minutes, and centrifuge or allow to stand until the 
insoluble matter has settled. Determine the calciferol in the supernatant 
liquid by the colorimetric method.

Elution. Weigh and powder 20 tablets. Elute an accurately weighed
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quantity of the powder, equivalent to about 1-5 mg. of calciferol, with 
solvent, collecting 100 ml. of eluate. Mix by shaking, and determine the 
calciferol in the solution spectrophotometrically or colorimetrically.

Soxhlet extraction. Weigh and powder 20 tablets. Extract an accur
ately weighed quantity of the powder, equivalent to about 1-5 mg. of 
calciferol with 90 ml. of solvent for 60 minutes. Cool the solution, and 
adjust the volume to 100 ml. with solvent. Mix by shaking, and determine 
the calciferol in the solution colorimetrically.

M ethods of D etermination

Spectrophotometric. Compare the extinction of the solution with that 
of pure solvent at the wavelength of maximum absorption, 265 m/x (or 
267 m/r in the case of ethylene dichloride). The value of E'ifmrccnl (265 
m/x) for calciferol in cyc/ohexane, ethanol or light petroleum is 470; the 
value of £icm“n' (267 m/i) for calciferol in ethylene dichloride is 420. 
Calculate the weight of calciferol in each tablet of average weight.

Colorimetric. To 0-4 ml. of solution add 2-2 ml. of antimony trichloride 
reagent, and compare the extinctions at 500 m / i at -̂-minute intervals for 
3 minutes with those of 0-4 ml. of solvent +  2-2 ml. of reagent in the blank 
cell. The colour reaches a maximum in about one minute, then slowly 
fades; record the maximum extinction. The value of £i?mrccm'(500 m / i)  

for the colour given by pure calciferol in these conditions is about 2000; 
it varies slightly from batch to batch of reagent, and should be determined 
afresh for each batch which is prepared. Calculate the weight of calciferol 
in each tablet of average weight.

This is essentially the method described in a previous paper10. It has 
been found with a few batches that the reagent blank was rather high, 
and the use of a mixture of reagent and solvent in the blank cell instead of 
solvent only has been adopted to correct this source of error. Also, 
recent batches of reagent indicate a value of E \ cent- (500m/x) for calciferol 
nearer to 2000 than 1900 which was the figure previously reported.

O ther  T ests

B.P. test o f  identification. Powder one tablet, shake with 5 ml. of 
chloroform, filter, and to 1 ml. of filtrate add 9 ml. of antimony trichloride 
reagent. A brownish-red colour should be produced.

B.P. test o f  disintegration. Carry out the official test in the 1955 
addendum.

Commercial T ablets

Samples of calciferol tablets, labelled as Tab. Calciferol. B.P., or Tab. 
Calciferol.Fort. B.P.C. 1949, or Tab. Calciferol.Fort. N.F. 1949, or other
wise stated to contain 50,000 units of antirachitic activity (vitamin D) 
per tablet, were purchased from fourteen different manufacturers, A to 
N. All samples were analysed within 2 months of purchase. Sample 
E, was obtained from the manufacturers of sample Ex when the results 
of the analysis of Ej were known.

The calciferol in the tablets was extracted by three methods with a
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number of solvents and determined spectrophotometrically or colori- 
metrically, and the B.P. tests of identity and of disintegration were applied. 
The results are recorded in Tables I to V. Although physico-chemical 
and not biological methods were used, the estimates of calciferol are 
stated in units of vitamin D, on the assumption that calciferol contains 
in 1 mg. 40,000 units of antirachitic activity.

D iscussion

Ethylene dichloride appears to extract the most calciferol from the 
tablets (see Table II), although chloroform and carbon tetrachloride 
.are nearly as good. The use of ethylene dichlorice simplifies the experi
mental work since it is the solvent used in the preparation of the antimony 
trichloride reagent.

The Soxhlet technique appears to be the least satisfactory of the three 
methods of extraction studied. This may be due to partial destruction of 
the calciferol by heat; extension of the length of time of extraction to three 
hours gave lower results. The elution technique has the advantage of 
presenting fresh solvent to the partially exhausted tablet powder, but 
extraction may be incomplete because of channelling effects, and Table I 
shows that the shaking technique gives slightly higher results in most 
instances.

The higher results obtained spectrophotometrically compared with 
colorimetrically (Tables II and IV) are attributed :o the ultra-violet light 
.absorption of material extracted from the tablet excipients and coating 
material. The recovery experiments (Table VI) show that significant 
blanks are obtained by the spectrophotometric method on commonly used 
tablet excipients. While the spectrophotometric method of determination 
may be regarded as satisfactory for the routine control of production 
batches of tablets by the manufacturer, when the precise composition of 
the ingredients of the tablets is known and allowance can be made for 
interference, it cannot be recommended for adoption as an official method 
of assay.

Those samples which contained more than 50,000 units of vitamin D 
per tablet all gave an orange-brown colour in the B.P. identity test; this 
presumably corresponds to the official description “brownish-red.” 
Those which assayed 10,000 to 40,000 units per tablet gave a light brown 
-or light orange-brown colour; the samples with less than 1000 units per 
tablet gave none or at the most a pale straw-yellow colour.

The samples from ten manufacturers complied with the official disinte
gration test. Of the four which did not comply, one sample made no 
labelled claim to be of B.P. quality.

P roposed M ethods of A ssay

As a result of the work described above, the following alternative 
methods are recommended for the assay of tablets of calciferol.

Method 1. Weigh and powder 20 tablets. To an accurately weighed 
quantity of the powder, equivalent to about 1-5 mg. of calciferol, add 
.50 ml. of ethylene dichloride, shake for 5 minutes, adjust the volume to
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TABLE I
C o l o r im e t r ic  d e t e r m in a t io n  o f  c a l c if e r o l  e x t r a c t e d  f r o m  c o m m e r c ia l  t a b l e t s
OF CALCIFEROL BY VARIOUS METHODS. CALCIFEROL CONVERTED TO VITAMIN D UNITS

SPECTROPHOTOMETRIC DETERMINATION OF VITAMIN D. PART II

Manufacturer

Calciferol “units” per tablet

Shaking with 
ethylene dichloride

Elution with 
ethylene dichloride

Soxhlet extraction 
with ethylene 

dichloride
Shaking with 

light petroleum

A _ 56,900 56,600 49,000
B 27,600 26,500 26,500 26,200c 28,400 27,300 23,100 23,600
D 50,600 52,200 51,600 47,300
E, 0 0 0 0
e 2 1 2 0 0 900 900 0
F 27,400 26,800 28,500 24,400
G 31,100 29,900 30,000 29,400
H 62,400 63,400 62,500 59,500
I 12,300 11,300 10,900 10,800
J 50,500 51,000 52,000 50,000
K 51,300 51,400 51,000 49,200
L 38,500 38,500 37,800 36,800
M 21,300 2 0 , 1 0 0 20,900 19,600
N 33,300

'
33,000 33,200 34.400

TABLE II
C o l o r im e t r ic  d e t e r m in a t io n  o f  c a l c if e r o l  e x t r a c t e d  f r o m  c o m m e r c ia l  t a b l e t s  
o f  c a l c if e r o l  by  e l u t io n  w i t h  v a r io u s  s o l v e n t s . C a l c if e r o l  c o n v e r t e d  t o

VITAMIN D UNITS

Calciferol “units” per tablet

Manufacturer
Carbon

tetrachloride Chloroform cvclo Hexane
Ethylene

dichloride
Light

petroleum

A ! 56,100 54,200 51,100 56,900 51,100
C 25,300 28,300 25,000 27,300 24,300
D 48,100 — 45,800 52,200 45,000
G 30,200 30,000 29,300 29,900 27,400
1 11,400 7600 10,900 11,300 10,500
j 51,800 48,500 49,600 51,000 51,000

TABLE III
C o l o r im e t r ic  d e t e r m in a t io n  o f  c a l c if e r o l  e x t r a c t e d  f r o m  c o m m e r c ia l  t a b l e t s  

o f  c a l c if e r o l  u s in g  s o x h l e t  a p p a r a t u s  w it h  VARIOUS SOLVENTS

Calciferol “uni:s” per tablet

Manufacturer
|

cyc/oHexane
Ethylene

dichloride
Light

petroleum

A 56,300 | 56,600 52,000
C 28,100 23,100 23,300
D 57,600 ! 51,600 52,600
I 1 1 , 1 0 0 10,900 10,600
J 43,900 52,000 43.600

TABLE IV
SPECTROPHOTOMETRIC DETERMINATION OF CALCIFEROL EXTRACTED FROM COMMERCIAL 

TABLETS OF CALCIFEROL BY ELUTION WITH VARIOUS SOLVENTS

Calciferol “units” per tablet

Manufacturer cyclo Hexane Ethanol Ethylene dichloride Light petroleum

A 67,200 _ 79,400 69,800
C 28,300 34,400 31,200 25,500
D 47,600 57,200 57,500 52,200
Ea 5200 10,800 9100 3700
G 30,700 45,000 36,700 30,400

13,700 19,900 19,100 14,800
J 55,200 1 0 0 , 0 0 0 90,900 53,400
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TABLE V
B.P. T ests o f  id en tity  a n d  d isin t e g r a t io n  a ppl ie d  to  c o m m er c ia l  ta blets of

CALCIFEROL

Manufacturer Test of identity
Disintegration time 

(minutes)

A Orange-brown 31
B Light orange-brown 17
C Light brown More than 150
D Orange-brown 19
E, Colourless 79
E, Straw-yellow —
F Light brown More than 150
G Light brown 1 1
H Orange-brown More than 150
I Light brown 2 1

J Orange-brown 32
K Orange-brown 31
L Light orange-brown 27
M Light orange-brown 1 0

N Light orange-brown 29

TABLE VI
R ecovery  of c a lc ife r o l  from  v a rio u s  ta blet  ex c ipien ts  u sin g  th e  c o lo r im e tr ic  

METHOD OF DETERMINATION

Calciferol “units” per g.

Blank Calciferol found

Diluent Method 1 Method 2
Method

2a*
Calciferol

added Method 1 Method 2
Method

2a*

Calcium phos
phate .. 1 0 0 0 2 0 0 0 2 0 , 0 0 0 206,000 203,000 207,000 234,000

Chocolate basis .. 1 0 0 0 1 0 0 0 83,000 193,000 192,000 193,000 266,000
Lactose .. 0 0 15,000 197,000 195,000 196,000 217,000
Starch 0 0 29,000 2 0 1 , 0 0 0 2 0 2 , 0 0 0 2 0 1 , 0 0 0 233,000

* Method 2a is extraction by elution with ethylene dichloride followed by spectrophotometric determ
ination.

100 ml. with ethylene dichloride, shake for 2 minutes, and centrifuge or 
allow to stand until the insoluble matter has settled. To 0-4 ml. of the 
supernatant liquid add 2-2 ml. of antimony trichloride reagent, and 
compare the extinctions at 500 mp, at ^-minute intervals for 3 minutes 
with those of 0-4 ml. of ethylene dichloride +  2-2 ml. of reagent. Record 
the maximum extinction. Calculate the weight of calciferol in each tablet 
of average weight.

Method 2. Weigh and powder 20 tablets. Transfer an accurately 
weighed quantity of the powder, equivalent to about 1 -5 mg. of calciferol, 
into a chromatography-type tube of internal dimension 30 cm. x 1 cm., 
and fitted at the bottom with a cotton-wool plug. Elute with ethylene 
dichloride, collecting 100 ml. of eluate. Mix by shaking. To 0-4 ml. of 
solution add 2-2 ml. of antimony trichloride reagent, and complete the 
assay as in method 1.

V alidity  of M ethods

The colorimetric and spectrophotometric methods of determination 
were applied to the solutions obtained by the eluzion and the shaking 
methods of extraction from calcium phosphate, chocolate basis, lactose 
and starch, and to mixtures of each of these excipients with calciferol.
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The results are recorded in Table VI. The colorimetric method gave the 
correct concentration of calciferol in all cases, within ± 2  per cent. By 
the spectrophotometric method, however, there were positive “blanks” 
in the absence of calciferol, and the estimates of calciferol concentration 
were high by as much as 35 per cent.

Table I shows that the methods of extraction recommended in this 
paper gave results as high as those obtained by a method, involving 
shaking with light petroleum, almost identical with that specified in the 
official assay. Also, for method 2, preliminary work had shown that the 
powder was completely extracted by the first 80 ml. of ethylene dichloride.

Evers and Smith16 state that neither colour tests nor the absorption band 
at 265 m/i. can be used as evidence for the presence of vitamin D in pharma
ceutical products such as tablets, since they may be given by the decompo
sition products of vitamin D. On the other hand, Mariani16 has isolated 
a product of decomposition from calciferol which gave a negative reaction 
with antimony trichloride, and the data of Brockmann and Chen17 and of 
Mueller18 also indicate that other steroids are unlikely to produce a colour 
with antimony trichloride comparable in intensity with that given by 
calciferol in 2 to 3 minutes at 500 m¡i.

Samples obtained from manufacturers A and B in May 1952 were 
assayed in 1955 when the tablets were at least three years old; the.results 
were 33,100 and 13,300 units per tablet respectively. This is in accordance 
with expectation.

Biological assays made at the same time as the chemical determinations 
are of course necessary to establish complete validity, but the indications 
are that the methods proposed in this paper correctly assay fresh tablets, 
and give good estimates of the amount of calciferol in partly decomposed 
tablets.

Summary

1. Two methods are recommended for the colorimetric determination 
of calciferol in Tablets of Calciferol B.P.

2. The tablets of fourteen manufacturers have been examined by 
these and other methods, and the results are analysed.

The author thanks Mr. Wilfred Smith and Mr. R. V. Swann for helpful 
suggestions and criticisms.
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PHARMACOPCEIAL PREPARATIONS

By P. S. Stross and L. Brealey

F r o m  T h e  B r it is h  D r u g  H o u s e s , L td . ,  L o n d o n , N . l ,  a n d  B o o ts  P u r e  D r u g  C o ., L td . ,
N o t t in g h a m .

Received June 30, 1955

T he chemical estimation of calciferol (ergocalciferol) presents many 
problems, but a considerable number of methods including colorimetric1-7 
and spectrophotometric8’9, as well as methods based on volumetric esti
mations have been published. Among the latter are the iodine trichloride 
method of Green10 and the p-benzoquinone method of Tamayo11, but both 
suffer from the major disadvantage that very large quantities of calciferol 
are required, and their usefulness is therefore chiefly confined to the 
•determination of calciferol in high concentrations such as in irradiation 
products. Among the colorimetric methods, reagents based on antimony 
trichloride-acetyl chloride have found the widest acceptance9’12-19, and 
although the reagent is corrosive and unpleasant to handle the sensitivity 
is high. Results obtained with such reagents on natural oils have been 
found to be in good agreement with those obtained by biological 
assays9’16’19’20, but so far there has been no proof of the validity of the 
results obtained in the assay of pharmaceutical preparations which might 
contain decomposition products.

The biological assay method is a long and expensive procedure and it 
is desirable that it should be replaced by chemical assay where possible. 
The problems are considerably simplified if vitamin A is absent, the general 
composition of the preparations is known, and comparatively large 
quantities of calciferol are present. The aim of this communication is to 
recommend simple and rapid methods which give results in good agree
ment with biological assays and which could therefore be acceptable as 
official methods.

It was hoped that by suitable extraction procedures followed by chrom
atography where necessary, the antimony trichloride-acetyl chloride 
reagent of Nield, Russell and Zimmerli21, would give satisfactory results 
with Tablets of Calciferol B.P. and Solution of Calciferol B.P. This 
reagent, which has been in use in our laboratories for a number of years, 
was chosen because solutions of antimony trichloride in alcohol-free 
chloroform are commercially available as Carr-Price reagent, and chloro
form is more easily available in a pure state than ethylene dichloride, the 
alternative solvent recommended by De Witt and Sullivan16 for the 
reagent. The reagent chosen, when correctly prepared, has the same 
sensitivity and stability as that of De Witt and Sullivan and the latter 
therefore offers no advantage.

The following considerations were borne in mind during the investi
gation. (1) To confirm the optimum conditions for colour formation 
and to make a thorough investigation of the technique. (2) To show that 
only calciferol, and not decomposition products, were measured. (3) To
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show that materials likely to be present in tablets do not interfere with the 
estimations. (4) To investigate interference by substances present in oils 
likely to be used in the preparation of Solution of Calciferol B.P. and to 
develop a suitable method of purification. (5) To obtain confirmation of 
the results by biological assay and by other available methods.

G eneral P rocedures U sed in  the Investigation

Colorimetric Estimation Using Antimony Trichloride-Acetyl Chloride 
Reagent

The method finally adopted was substantially that described by Nield, 
Russell and Zimmerli21. When one volume of a solution, containing 
about 25 jug. per ml. of calciferol, is mixed with nine volumes of a 21 to 
23 per cent, w/v solution of antimony trichloride containing approximately 
2-5 per cent, of acetyl chloride, an orange colour develops, which is 
maximal 1-5 to 2 minutes after addition of the reagent. The absorption 
spectrum of the brown-orange colour has a maximum extinction at 500 mp 
and an almost zero extinction at 550 mp. In the absence of interference 
the extinction at 500 mp is proportional to the quantity of calciferol 
present. The quantity of acetyl chloride is not critical and from 1-5 to 
5 per cent, may be used. Satisfactory colour development can also be 
obtained if each volume of calciferol solution is nixed with as little as 5 
volumes of reagent.

As it is convenient to use undiluted reagent as the blank, and as a 
partial correction for any general absorption in the sample, the extinction 
at 550 mp is always subtracted from the extinction at 500 mp. The 
extinction at 550 mp should be low and certainly not greater than 0-015. 
The blank solution may become cloudy after a time, and also the cuvette 
may become misty. If readings at 550 mp are always taken immediately 
after readings at 500 mp, these possible errors are always detected.

The reagent is prepared by dissolving 22 g. o-f antimony trichloride, 
preferably vacuum distilled23, in dry alcohol-free chloroform (sp.gr. not 
less than 1-499 at 15-5° C.), diluting to 100 ml. with the chloroform and 
adding 2-5 ml. acetyl chloride A.R. The reagent must be allowed to 
stand for at least 30 minutes before use and is stable for several weeks if 
kept in the dark.

Method
To 1 ml. of the chloroform solution under test (containing about 25 pg. 

of calciferol) in a stoppered tube, add 9 ml. of the antimony trichloride- 
acetyl chloride reagent from a rapid delivery burette or pipette, stopper 
the tube and shake. Transfer to a stoppered 1 cm. cuvette and measure 
the extinction at 500 mp and 550 mp in a suitable spectrophotometer from 
one and a half to two minutes after addition of the reagent. If no spectro
photometer is available a filter instrument can be used. An interference 
filter, Wratten filter No. 65 A, or less satisfactorily, a Chance OB2, is 
suitable. A typical calibration curve obtained by using the Wratten 
filter is shown in Figure 1.

P. S. STROSS AND L. BREALEY
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Determine £j om (500 m/x minus 550 m/x) and by comparing the figure so 
obtained with that obtained at the same time with a sample of calciferol 
B.P. calculate the amount of calciferol present in the sample. E l™ ."1 
(500 m/x minus 550 m/x) for calciferol will be found to vary slightly from 
one batch of reagent to another and from day to day, but generally lies 
between 1810 and 1900.

Precautions: The reagent 
is volatile and corrosive and 
should be kept away from 
the skin and from metal 
parts of the instrument.
A p p a ra tu s  m ust be 
thoroughly dry as even traces 
of moisture cause cloudiness.
The glass apparatus can 
usually be cleaned by wash
ing with acetone, but con
centrated hydrochloric acid 
may be necessary if moisture 
has been allowed to come in 
contact with the reagent.
After completion of the 
measurements the cell com
partment should always be 
freed from corrosive fumes 
by blowing in clean com
pressed air or by vacuum. If a filter instrument is used it is advisable 
to prepare a fresh calibration curve daily.

Ultra-violet Absorption
The ultra-violet absorption spectrum of calciferol has a characteristic 

peak at 265 m/x, and this was used as the basis of another assay method. 
Decomposition products no longer show this selective absorption because 
of the disruption of the conjugated triene structure, and their absorption 
at 265 m/x is small compared with that of calciferol and is approximately 
linear over the range 254 m/x to 272 m/x. The specificity of the method 
can therefore be improved by the application of a geometric three point 
correction similar to that described by Morton and Stubbs24 for vitamin A. 
It is undesirable to lay down a general formula for this purpose based on 
data obtained from a limited number of instruments and it is advisable 
that each laboratory should work out its own formula using pure calciferol 
for calibration. The formula in use in our laboratories is :—

E  264 m/x (corrected) =  10-50 B — 4-666 A — 5-834 C
(where A, B, and C are the readings at 254 m/x, 264 m/x and 272 m/x 
respectively using «-hexane as solvent) and is based on the ratio:

E  254 m/x E 272 m/x
---------- - = ---------- - =  0-905E 264 m/x E 264 m/x

CHEMICAL ESTIMATION OF CALCIFEROL

mg./ml. of calciferol 
(in chloroform solution)

F i g . 1. Typical calibration curve (Wratten 
filter No. 65A).
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Since the absorption peak of calciferol is rather flat the correction is 
of limited value, but the procedure can be used for the assay of high 
potency tablets and oils, particularly in control laboratories where blank 
readings are available.

Method
Prepare a solution in spectroscopically pure /7-hexane containing 

approximately 10 /ag./ml. of the calciferol under test. Measure the extinc
tion in a 1 cm. cuvette over the range 245 m̂ x to 280 m^, paying particu
lar attention to 254, 264 and 272 m/x. Calculate the amount of calci
ferol present using the formula given above or a similar formula. 
E\*n,rcent' 264 m/x for calciferol =  470.

Chromatography
Calciferol can be separated from its decompos tion products by chro

matography on an alumina column using mixtures of n-hexane as basic 
solvent, with ether and ethanol to increase its polarity for elution purposes. 
Separation is also effected from phytosterols but is not always complete. 
It is difficult to lay down standard procedures owing to variation in the 
alumina and to such factors as rate of flow, but a typical method which 
has been found effective in our hands is as follows.

Reagents. Alumina: standardised according to the method of Brock
man25 and deactivated by water if necessary to give activity intermediate 
between grades 1 and 2. 7?-Hexane: This must be of spectroscopic purity, 
and such that when 100 ml. are evaporated to dryness and redissolved in 
10 ml., the extinction (using the original /¿-hexane as the blank) is not 
greater than 0-03 in the range 255 to 275 m/x. Ether: anaesthetic B.P. 
washed thoroughly with water, dried with anhydrous sodium sulphate 
and redistilled from anhydrous sodium sulphate and anhydrous ferrous 
sulphate. Ethanol: absolute, A.R.

Method. Prepare a chromatographic column of alumina in amber 
glass 15 to 20 cm. long by 1 cm. diameter by pouring in a slurry of alumina 
in n-hexane. Tamp the alumina down to give a f_ow rate of about 1 to 2 
ml. per minute under slight nitrogen pressure. Wash the column with 
spectroscopic 77-hexane until the washings have an absorption at 255 m/x 
no higher than the original hexane. Transfer the sample containing about 
1 mg. (as little as 50 /xg. can be used) to the top of the column using the 
minimum quantity of 77-hexane, wash with 50 ml. of 10 per cent, ether in 
/7-hexane calling the eluate fraction 1. Wash further with 50 ml. 20 per 
cent, ether in 77-hexane—fraction II, elute the calciferol with 100 ml. 1 per 
cent, ethanol in a mixture of 1 : 1 ether in 77-hexane—fraction III, further 
wash with 10 per cent, ethanol in 1 : 1 ether, 77-hexane—fraction IV. 
Evaporate each fraction to dryness, in a stream of nitrogen at a temper
ature not exceeding 30° C., dissolve in a suitable amount of 77-hexane and 
examine for calciferol using the spectrophotometdc method given above 
(it may be found more convenient to dilute fraction III to 100 ml. in a 
volumetric flask and measure the absorption directly), evaporate an aliquot 
to dryness, redissolve in chloroform and examine by the colorimetric

P. S. STROSS AND L. BREALEY
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method. 95 to 100 per cent, of the calciferol will normally be found in 
fraction III, but fraction IV should always be examined.

Using this technique recoveries of pure calciferol of 98 to 102 per cent, 
have regularly been obtained by either method of determination.

To confirm that fraction III really contains calciferol and not an artefact 
or decomposition product, an experiment was run on a larger scale. 100 
mg. of a naturally decomposed sample of calciferol, shown to contain 70 
per cent, calciferol by the above colorimetric and spectrophotometric 
methods, was subjected to the above chromatographic procedure. Frac
tion III evaporated to dryness weighed 70-4 mg. Table I gives the physical 
characteristics of the solid material obtained, compared with those of 
calciferol B.P.

TABLE I
P h y s ic a l  c o n s t a n t s  o f  c a l c if e r o l  o b t a in e d  fr o m

CHROMATOGRAPHIC FRACTION III

CHEMICAL ESTIMATION OF CALCIFEROL

Sample Calciferol B.P.

m.pt.* 117° C. 114° to 117° C.
Mixed m.pt. .. 117° C. „

M d ..................................... + 102-9° + 102-5° to 107-5°
m.pt. dinitrobenzoate 144° C. rext. 147° C. About 148° C.
£ l1 cPmrCem' 264 mu. ..  .. 466 460
r  I per cent. 5 0 0  mp. minus 
^  I cm. 550 mix 1830 1850
Infra-red Normal —

* m.pt. of original material =  1CI° to 107° C.

In fra-red Absorption
The infra-red absorption curves of calciferol have been published26’27 

and these have been confirmed. For diagnostic purposes three peaks 
with wave numbers between 1600 and 1650 are important and are thought 
to be due to the conjugated triene structure. In a Nujol mull an examina
tion of both pure calciferol and of partially decomposed materials showed 
that this absorption band disappears as decomposition proceeds and a 
very broad band due to C = 0  bonding appears centred at about 1700 wave 
numbers. At this wavelength calciferol shows no absorption; see 
Figure 2.

For quantitative purposes solution spectra are required. Two per 
cent, solutions of the same pure and decomposed samples of calciferol in 
carbon disulphide were run over the range 700 to 1400 wave numbers 
and a peak at about 1050 wave numbers found to be suitable for assay 
purposes, since it is produced only by calciferol, and suffers no inter
ference from decomposition products, Figure 3.

M ethod
Prepare a two per cent, solution of the sample in carbon disulphide 

and fill into a 1 mm. cuvette. Record its absorption between 950 and 
1150 wave numbers, calculate the extinction of the peak at about 1050 
wave numbers using a base line technique, and relate this to a standard 
curve obtained by using pure calciferol.
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I nterfering  M aterials

In the assay of pharmaceutical preparations containing calciferol, 
interference may be due to decomposition products of calciferol or the

vehicle used in the pre
paration.

Decomposition P ro
ducts

Four samples of 
calciferol which had 
been allowed to de
compose naturally to 
varying degrees were 
examined by all the 
techniques outlined 
above (see Table II). 
"he figures quoted in 
this table for spectro- 
p h o to m e tr ic  and  
colorimetric determin
ation after chromato
graphy, were obtained 
from fraction III in 
the chromatographic 
m eth o d  o u tlin e d  
above.

Asa further check in 
an experiment on 
sample 2 the column 

was stripped as free as possible by increasing the solvent polarity stepwise 
up to two per cent, acetic acid in 2 :1 :1  ethanol: ether: «-hexane mixture.

Wavelength in wave numbers 
F ig. 2. Nujol mull spectra of calciferols.

T A B L E  I I

E x a m in a t io n  o f  d e c o m p o s e d  c a l c if e r o l  sa m p l e s

Per cent, calciferol
Sample j Method

Colorimetric Spectrophotometric Infra-red
After After

Direct chromatography Direct chrc matography
83-0 810 850 820

1 88-5
, 84-0 — 82-0 83 0

400 390 no 39-5
2 results 40-0

360 — possible 39-0
60 4-2 no 4-5

3 ! results 2-85
70 5-5 possible
1 0 0-9 no 1 0

4 1 results 0-80
0-9 M possible 1 - 2
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All fractions were examined by both spectrcphotometric and colorimetric 
procedures. The results are summarised in Table III, which emphasises 
that the direct determination using the colorimetric method will give the 
correct result on a decomposed sample.

CHEMICAL ESTIMATION OF CALCIFEROL

Vegetable Oils
The B.P. directs that in the preparation of tablets crystalline calciferol 

(Calciferol B.P.) shall be dissolved in a suhable vegetable oil and tablets 
prepared using the normal excipients. Solution of Calciferol B.P. is a 
solution of crystalline 
calciferol in a suit
able vegetable oil. It 
is well known that 
phytosterols present 
in vegetable oils inter
fere with the estima
tion of calciferol by 
both colorimetric and 
spectrophotom etric 
methods15’19. Table 
IV gives E  (500 m/.i 
minus 550 m¡x) fig
ures given by some 
vegetable oils (with
out saponification) 
after colour develop
ment with antimony 
tr ic h lo r id e -a c e ty l 
chloride reagent.

A number of tab
lets made by different 
manufacturers were 
found to contain 
between 2-5 and 5 per 
cent, vegetable oil.
Assuming a 50,000 
I.U. tablet to weigh 5 grains uncoated and to contain say 10 per cent, of oil 
the interference due to a hypothetical oil with an E \S “"1, (500 in/x minus 
550 mp.) value of 0-2 will be only 0-2 per cent.

In Solution of Calciferol B.P. the interference of the vegetable oil is a 
major problem22. The chromatographic method outlined above, applied 
to the unsaponifiable fraction of the oil followed by the colorimetric 
procedure, has given satisfactory results on oil solutions made in olive oil, 
arachis oil, cotton seed oil and tea seed oil. One batch of arachis oil 
gave a chromatographic fraction III which contained interfering material 
amounting to 5 per cent, of the calciferol. This interference was reduced 
to less than 2 per cent, by modifying the chromatographic procedure. 
The column was eluted with 15 to 20 per cent, ether in «-hexane, 25 ml.

Pure
calciferol

40 per cent, 
calciferol

I per cent, 
calciferol

F ig . 3. Infra-red spectra of 2 per cent, solutions of pure 
and decomposed calciferols in carbon disulphide solution.
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TABLE III

S u m m a t io n  o f  t h e  a b s o r p t io n  o f  c h r o m a t o g r a p h ic  f r a c t io n s  o f  s a m p l e  2

Fraction Volume (ml.) Solvent
p  : per cent. 
c  ; cm.

265 mu
p  1  per cent.
^  1  cm.

(500 minus550 mp.)

I 90 1 0  per cent, ether in «-hexane 104 3-1
2 2 0 2 0  per cent, ether in «-hexane zero 0 - 2

3 50 0-25 per cent, ethanol in 1 :1 ether :«- 
hexane

184-9 725

4 2 0 1 per cent, ethanol in 1 : 1  ether: «- 
hexane

4-5 51

5 25 5 per cent, ethanol in 1:1 ether: «-
hexane

4-5 3-6

6 25 i 0  per cent, ethanol in 1 : 1  ether: n- 
hexane

6 - 1 1-5

7 25 2 0  per cent, ethanol in 1 : 1  ether: «- 
hexane

zero zero

8 30 50 per cent, ethanol in 1 :1 ether: «-
hexane

zero zero

9 50 50 per cent, ethanol in 1:1 ether :«- 
hexane +  2  per cent, acetic acid

Total

Original before chromatography 
Per cent, calciferol from fraction 3 ..  
Per cent, calciferol on total unchromat

ographed material

19-5

220-5

244-9
39-5

0 - 6

739-1

743
390
40-0

fractions were collected and examined separately. One interesting feature 
arising from this work was that although the interfering materials, present 
in the calciferol fraction, when examined by the extrapolation method of 
Rogers22, gave zero colour at zero time, those present in the other fractions

did not

Antioxidants
It seems likely that vegetable 

oils used in the future may 
contain small quantities of 
antioxidants, the addition of 
0-01 per cent, propyl or octyl 
gallate and 0-02 per cent, of 
butylated hydroxy anisole to 
vegetable oils being permitted 
in the United States. These 

and similar compounds even in considerably greater quantities do not inter
fere with the determination of calciferol either in tablets or in oily solutions.

Tablet Excipients
Excipients commonly used in calciferol tablets include lactose, dextrose, 

starch, cocoa powder, calcium phosphate, sucrose, and acacia. The 
coating consists of sugar and varnish. None of these materials have been 
found to interfere with the direct colorimetric estimation.

Conclusions
From the results obtained by the various methods and a detailed study 

of the ultra-violet and infra-red absorption curves, it was concluded that 
although the absorption curves of the calciferol-containing fraction

TABLE IV
C o l o u r  d e v e l o p m e n t  g iv e n  by  v e g e t a b l e
O IL S  W IT H  A N T IM O N Y  T R IC H L O R I D E - A C E T Y L  

C H L O R ID E  R E A G E N T

r ip e r  cent. 500 minus
Oil ^  1  cm. 550 mp*

Arachis 0 - 1
Olive .. 0 - 1
Cotton Seed 0-08
Theobroma . . 0-07

* Readings taken after 2 minutes.
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obtained after chromatography are generally identical to those of calciferol, 
a three point correction is sometimes necessary. This is particularly so 
when samples are being analysed in which a very high proportion (60 per 
cent, or more) of the calciferol originally present has undergone decompo
sition. Such a three point correction is always a source of error, and only 
very rarely corrects for all the irrelevant absorption. With tablets made 
by one manufacturer, the spectrophotometric method, even after chrom
atography, always gave very much too high results. In the analysis of 
comparatively low potency oils, saponification, followed by chromato
graphy of the unsaponifiable matter does not remove everything which 
interferes with the spectrophotometric assay, and such an assay, even if 
a correction procedure is used, will give very high results. On the other 
hand, decomposition products of calciferol appear to give practically no 
colour with the antimony trichloride-acetyl chloride reagent, and the 
colorimetric method applied direct to a chloroformic extract of a decom
posed sample of calciferol, or of ground tablet material, gives the same 
result before and after chromatography. It was therefore concluded that 
a chromatographic step is unnecessary in the colorimetric analysis of 
Tablets of Calciferol. In the case of the comparatively low potency oily 
solutions of calciferol where the phytosterols present in the oil give colours 
which interfere, chromatography is necessary. This then separates the 
calciferol from the bulk of the phytosterols and from any decomposition 
products. The colorimetric procedure is then applied, as before, to the 
purified calciferol.

R ecommended M ethods 
Tablets o f  Calciferol B.P.

Method. Weigh 20 tablets, crush and grind to a very fine powder. 
Weigh accurately the equivalent of about 5 tablets and shake mechanically 
during one hour in the dark with 20 ml. of «-hexane. The shaking must be 
vigorous and should be continuous for one hour because decomposition 
products of calciferol, which may be present, are rather insoluble in n- 
hexane and prevent the calciferol from dissolving.

Allow to settle, centrifuge if necessary, and evaporate 2 ml. to dryness 
under nitrogen keeping the temperature below 30° C. Dissolve the 
residue in chloroform and make up to 20 ml. Transfer 1 ml. to a 
stoppered glass tube and add 9 ml. of antimony trichloride-acetyl chloride 
reagent from a fast flowing pipette or burette. Shake, transfer a portion 
to a stoppered 1 cm. cuvette and measure the absorption at 500 m/x and 
550 m/x from I \  minutes to 2 minutes after the addition of the reagent.

Prepare a chloroform solution containing a known quantity (about 
30 jug./ml.) of a standard sample of calciferol, and treat 1 ml. exactly as 
above, using the same reagents.

From the Elcm (500 m/x minus 550 m/x) figures obtained calculate the 
calciferol content in a tablet of average weight.

Solution o f  Calciferol B.P. To T5 g. sample add 0-1 g. hydroquinone 
and 25 ml. 0-5N ethanolic potassium hydroxide solution. Boil under 
reflux during 20 minutes, cool, add 50 ml. of water and transfer to a

CHEMICAL ESTIMATION OF CALCIFEROL
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separator. Extract with 3 X 30 ml. portions of anaesthetic ether. Wash 
the combined ethereal layers with 20 ml. of water followed by 10 ml. 
0-5N aqueous potassium hydroxide and then with 20 ml. portions of water 
until the washings are no longer alkaline to phenolphthalein.

Dry the ethereal solution with anhydrous sodium sulphate, wash the 
latter with two 10 ml. portions of ether and evaporate the combined solu
tion and washings to dryness under nitrogen at a temperature not exceed
ing 30° C.

Dissolve the residue in about 10 ml. of //-hexane and transfer to an 
alumina column 20 cm. long and 1 cm. diameter; using a flow rate of 1 to 
2 ml. per minute with nitrogen pressure i: necessary, elute continuously 
with 15 to 20 per cent, ether in «-hexane collecting that fraction which 
contains the calciferol Its position is determined previously for the alu
mina and solvents actually used.

CHEMICAL ESTIMATION OF CALCIFEROL

TABLE VI
S u m m a r is e d  r e s u l t s  o n  o il y  s o l u t io n s  o f  c a l c if e r o l

No. Sample Comments

Found
(recommended method) 
(Calciferol converted to 

Theory j vitamin D  units)

1 Soin. B.P. in arachis oil Freshly prepared 3100 1 3050 
3130

2 ! .. •• Freshly prepared 3450 3450 
3280

3 j .. •• •• Freshly prepared. 
Production batch

3200 | 2920 
3230

4 j Soin, in arachis oil 1000 j 1090

5 : „ ...................... 1000 | 900

6 | Soin. B.P. in olive oil Freshly prepared 2800 2980

7 j Soin. B.P. in cotton seed oil Freshly prepared 3270 3060

8 Soin, in arachis oil Production batch 51,500 51,700

9 »» ........................... Production batch 51,500 50,800

10 j Soin. B.P. in arachis oil 2 \ years old 3070 3070

11 „ . . H years old ! 3070 3100

Evaporate the solvent under nitrogen at a temperature not exceeding 
30° C., and dissolve the residue in 5 ml. chloroform. Transfer 1 ml. to a 
glass stoppered tube and add quickly 9 ml. of antimony trichloride-acetyl 
chloride reagent. Measure the absorption at 500 m¡x and 550 m¡x. A 
high 550 niju value is an indication that separation from interfering 
materials is not complete, because the alumina is too inactive or the con
centration of ether in the «-hexane used for elution too high, or both.

Determine E (500 mju minus 550 m/a) for the sample and for calciferol, 
and calculate the amount of calciferol in the sample. All work in both of 
the above methods must be performed in non-actinic glassware.

Biological assays have been carried out on a sufficient number of samples 
of tablets to confirm the recommended methods. In addition some 
results obtained by biological and chemical assays on tablets of Calcium
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and Vitamin D B.P.C., are given as further evidence cf the good agreement 
obtained by the two methods. The various results on tablets are sum
marised in Table V. The results obtained by the recommended method 
on various solutions of calciferol in oil are summarised in Table VI.

Summary

1. The antimony trichloride-acetyl chloride reagent of Nield, Russell, 
and Zimmerli has been applied to the assay of calciferol in a number of 
preparations.

2. Results obtained by this method have been compared with results 
obtained by spectrophotometric and infra-red methods.

3. A chromatographic procedure of purification of decomposed 
calciferol has been described.

4. Assay procedures have been recommended for calciferol in Tablets 
of Calciferol B.P. and Solution of Calciferol B.P.

5. The results obtained by chemical assays have been found to be in 
agreement with results obtained by biological assays.

We should like to express our thanks to Mr. A. V. May and Mr. C. B. 
Baines for assistance with the experimental work, Dr. S. W. F. Underhill 
and Mr. K. L. Smith for biological results, and Dr. R. E. Stuckey and Dr.
D. C. Garratt for helpful comment and criticisms.
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DISCUSSION

DISCUSSION

The papers were presented by M r . A. R. R ogers and M r . P. S. Stross 
respectively.

Dr. F. W okes (Kings Langley) said that there were other colour tests, 
including that of Schaltegger (He/v. chim. Acta, 1946, 29, 285) which had 
shown reasonable agreement with biological tests but was not mentioned 
in the papers. Because of the fading of the colour there was only time in 
the antimony trichloride test to take readings at one extinction. That did 
not characterise the absorption band, and as the test was not specific it 
would be helpful if methods could be devised for taking readings on either 
side of 500 Nearly thirty years ago he had shown that the antimony 
trichloride reagent could give colours with many sterol derivatives but 
paper chromatography might overcome this difficulty. The spectrophoto- 
metric method should be more specific than any colour test, provided 
the peak could be adequately characterised by taking readings around 
the maximum. That had been done by the authors of the second paper 
and he agreed with their suggestion to use the Morton-Stubbs correction. 
Their extinction readings had been taken rather close to maximum 
so that at 254 to 264 there was a ratio of 0-905 which, in his view, was 
not as accurate as if the readings had been taken lower down from the 
peak. The nearer the ratio came to 1 the less accurate it was. He 
questioned the statement by Stross and Brealey that “Decomposition 
products no longer show this selective absorption because of the dis
ruption of the conjugated triene structure, and their absorption at 265 mp. 
is small compared with that of calciferol and is approximately linear over 
the range 254 m^ to 272 m/x.” His own experience had been that when 
calciferol was exposed to light an initial decomposition product had a 
peak at 275 to 280 m/x. There was another decomposition product which 
appeared later with a peak round about 250, and it was only when calciferol 
continued to be exposed for long periods that the peaks disappeared.

M r . W . H. C. Shaw  (London) observed that Mr. Rogers used ethylene 
dichloride as solvent whilst Messrs. Stross and Brealey preferred chloro
form. Some time ago he reached the conclusion that ethylene dichloride 
offered no advantages over chloroform, particularly as it was difficult 
to obtain in a satisfactorily pure condition. In Table IV Mr. Rogers 
included some direct spectrophotometric results with ethylene dichloride. 
It should be remembered that a solution of calciferol could readily be 
polarized, particularly in a chlorinated solvent, with the formation of the 
compound known as Aotachysterol. This had a much higher extinction 
value than calciferol. In a brief investigation carried out some time ago 
on the atmospheric oxidation of calciferol at 37° C. it was found that 
when there was no detectable biological activity left, a small reaction with 
antimony trichloride was still obtained. He agreed that simple chromato
graphy was usually effective in eliminating oxidation products which were 
undoubtedly a very complex mixture. It should be remembered that 
the Morton-Stubbs correction was only an approximation. In his view
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the antimony trichloride method was preferable :o that employing the 
Morton-Stubbs correction.

D r . G . E. F oster (Dartford) said that in his experience the chemical 
and spectrophotometric methods were usually applicable to high potency 
preparations of calciferol. Difficulties were encountered with low 
potency products. That was illustrated to some extent by the present 
work, particularly in the Tables showing the assays on the B.P. tablets 
of calcium with vitamin D which only contained 500 units. The authors 
of the second paper stated that their results were supported by the results 
of biological tests, but in Table V there were no limits of error stated for the 
biological figures. In his experience the biological estimation for vitamin 
D was subject to a very large experimental error, and for this reason 
there would be some difficulty in stating categorically that the colorimetric 
method agreed with the biological activity.

D r . F . H artley (London) said that the errors of the biological assay 
were quite considerable even in one laboratory with one worker and if 
an attempt were made to obtain correlation in a combined test in several 
laboratories the range of error would be widened. The colorimetric 
method was recommended, and he suggested that in fact the validity 
had indeed been established by taking the potencies as set out in Table V 
of the second paper. If necessary a further column could be added setting 
out in detail the limits of error. He wished to avoid the situation where 
calciferol and its preparations continued to be determined only by bio
logical assay. Since the second paper was prepared for publication 
biological results were completed on some of the solutions, and it was 
to be hoped that Mr. Stross would outline those results in his reply. 
The object of the work could be said to be a move from the biological 
assay for vitamin D to a chemical or physical method.

D r . D. C. G arratt (Nottingham) said that in considering the deter
mination of biologically active material which was liable to decomposition 
it was necessary to correlate the method used with the biological assay. 
Mr. Roger’s paper was incomplete. It was no use getting correlation 
between chemical and physical assays unless they could be correlated 
with the potency of the material being examined. The potencies of various 
manufacturers’ products had been estimated, but that did not necessarily 
mean that they were correct.

M r . H . E. Brookes (Nottingham) said he understood that the term 
“error” was very different in bioassay work from that used in analytical 
chemistry. When one talked of error in analytical chemistry it was 
rather due to some fault of the person. The limits of error of the bio- 
assayist were rather the limits of probability than limits of error, and it 
was surprising in the case of calciferol that a series of chemical tests 
and a series of biological results correlated so well.

M r . K . L. Smith  (Nottingham), speaking as one of those who supplied 
some of the biological figures, said the estimates in the column referred 
to were made to — 25 per cent., and if the authors had stated this, precise 
limits of error would not be necessary. The only biological assay carried 
out on a chocolate-base substance was the assay of tablet 13. The result,
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for which he was responsible, was significantly different from the chemical 
assay result.

M r . A. R. R ogers, in reply, said that no adsorbent was used in his 
elution method of extraction, the eluent being added directly to the 
powdered tablets in the column. The batches of ethylene dichloride 
used had always been found to be free from interfering impurities, includ
ing hydrochloric acid. The main objection to the use of chloroform was 
the formation of carbonyl chloride on storage. He would like to ask the 
other authors if it had been established that carbonyl chloride did not 
interfere with the colour reaction. The limitations of the Morton-Stubbs 
correction formula must be stressed. It was unusual to find linear 
irrelevant absorption, and errors were large. He also asked Mr. Stoss if 
he and his co-author had established by recovery experiments that no 
decomposition of calciferol occurred during evaporation. Interfering 
materials which did not show zero colour at zero time with the reagent 
were reported to be present in some samples of vegetable oils, and he 
enquired whether they were present in amounts sufficient to invalidate 
the extrapolation procedure. He also asked for information regarding 
the chief factors causing deterioration of calciferol preparations on storage. 
M r . P. S. Stross, in reply, said that recovery experiments had shown 
that there was no loss of calciferol during evaporation when below 
30° C. if the solution were protected from light and oxygen-free nitrogen 
was used. The solution used in the B.P. identification test is too strong 
and the specificity could be increased by measuring the extinction at 450, 
500 and 550 mp.. Alcohol-free chloroform need be used only for the 
preparation of the reagent and not as solvent for the sample, and no 
trouble has been encountered with the formation of phosgene. The 
absence of air and light and the use of peroxide-free oils is essential 
for the stability of calciferol preparations, which should be stored in a 
cool place. «-Hexane was chosen for the chromatographic and spectro- 
photometric work as chlorinated hydrocarbons should be avoided as 
pointed out by Mr. Shaw. The low results obtained by Mr. Rogers using 
hexane (or light petroleum) for this extractions were probably due to 
decomposition products and to insufficient time being allowed for the 
extractions.

Results which were more than 25 per cent, high were sometimes 
obtained using Mr. Roger’s extrapolation technique for the assay of 
Solution of Calciferol B.P., and he considered that unless blanks are 
available chromatography is necessary for low potency oils. In reply to 
Dr. Wokes, he said that they had realised that the antimony trichloride- 
acetyl chloride reagent was not specific for calciferol. He considered 
that when analysing calciferol preparations whose general composition is 
known, high specificity though very desirable is not absolutely essential. 
One must, however, be certain that the concentrations of decomposition 
products and other constituents are not sufficient to interfere. The 
selection of wavelengths for the three point correction was a compromise. 
Whilst decomposition products of calciferol formed by the action of light, 
particularly ultra-violet light are well known not to have linear absorption
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over the range 254 to 272 m/r, the absorption of oxidation products and 
decomposition products formed in the dark seems to be linear over this 
range. In reply to Mr. Shaw, he said that they had avoided using 
chlorinated hydrocarbons for extraction, and only allowed the calciferol 
to be in contact with chloroform for the minimum possible time. He 
agreed that some colour is given by decomposition products as seen from 
Table III, but is so small as to be almost negligible. On the points raised 
by Dr. Foster, Mr. Stross said that the limits of error of the various 
biological assays were now available and that it may be possible to include 
these in the paper. It was realised when this work was started that the 
limits of error would be rather wide, and every effort was made to confirm 
the results by other methods as well as by the biological tests. In answer 
to other points raised, biological figures of 3100 units per g. and 3700 
units per g. had since been found for oils Nos. 10 and 11 (Table VI). 
As could be seen from Table V, they had attempted to obtain a large 
number of biological results rather than a single result with a narrow 
limit of error. The interference of chocolate base and other excipients 
was assessed by blank and recovery experiments, but for brevity the 
description of these had been omitted.
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I ntrodu ction

L ig nocaine  (I), like cinchocaine (II), is an amide and thus differs from the 
large group of local anesthetics which are aromatic esters of tertiary 
amino-alcohols and to which procaine and cocaine belong. While 
cinchocaine resembles this latter group in that it is the amide of an aromatic 
acid and possesses a tertiary nitrogen atom in the non-acidic portion of the 
molecule, lignocaine, on the other hand, has its tertiary nitrogen atom in 
the acidic portion of the molecule and is the substituted anilide of an 
aliphatic acid; in this way it resembles the analgesic acetanilide.

_ C H 3 q h 5
^  ^)n h c o c h 2n < 

c h 3 c 2h 5

CONHCH2CH2N(C2H5).
A \ / ' \
1 J \ n J o c h 2c h 2c h 2c h 3
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v r̂i3  ̂ 1—n h c o c h 2n <
/C H 3
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L A .A CH2N(C2H5)2V  \ N.

H

(in) (IV) (V)

The first synthesis of lignocaine, in 1943 by Lofgren1, followed from an 
earlier observation made by Erdtman and Lofgren2 that 2-dimethylamino- 
methyl indole (III) possessed considerable local anaesthetic activity as did 
2-dimethylaminoacetamido-l-methylbenzene (IV) in which the nitrogen 
containing ring of the indole group has been opened. The structural 
similarity of these earlier compounds to lignocaine can easily be seen if 
the latter is written as in (V).

Ehrenberg3 using conduction measurements on frog muscle-nerve 
preparations showed that lignocaine was 3-3 times as active as procaine 
at pH 7-39 and has a shorter latency time. Compared with procaine it 
has been claimed that lignocaine is more toxic4 but may be used in the 
same concentrations, is less irritating when injected into the tissues5’6’7 
and gives a deeper anaesthesia with more rapid onset and more extensive 
spread8’9. Lignocaine can be used for surface as well as infiltration 
anaesthesia without, but preferably with, adrenaline. As a local anaes
thetic for use in dental and oral surgery it may be said to rival procaine.

Lignocaine hydrochloride is used clinically in aqueous solution as 
follows. (1) 1 per cent, usually containing 1 in 200,000 adrenaline for 
nerve block. (2) 2 per cent, usually containing 1 in 80,000 to 1 in 50,000
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adrenaline for dental surgery and infiltration anaesthesia. (3) 4 per cent, 
for surface anaesthesia.

Probably the above mentioned slight advantages of lignocaine over 
procaine would not have led to its wide-spread use had it not been for one 
other important chemical characteristic. While almost all other local 
anaesthetics are relatively easily hydrolysed in solution, particularly at 
neutral or higher pH values, the lignocaine molecule is extremely resistant 
to hydrolysis by both acid and alkali10. This is the more surprising since 
acetanilide and most other amides readily undergo hydrolysis. These 
interesting considerations, coupled with the fact that requests were 
received from the Dental Department of this University for information 
about the stability, methods for analysis and the detection of decomposi
tion in neutral or alkaline solutions of lignocaine, caused us to undertake 
an investigation of such solutions similar to the investigations carried out 
previously in this department relating to other local anæsthetics11’12’13. 
The results of this work, which was commenced several years ago, are 
reported in this paper.

K. BULLOCK AND J. GRUNDY

E xperimental 

P urity  of M aterials

All melting points recorded in this paper are uncorrected.

Lignocaine and its Hydrochlorides
At the commencement of this work neither lignocaine nor its salts were 

available commercially, but only solutions of the hydrochloride. A 
sample of lignocaine was therefore synthesised by the method described 
by Lofgren1. After six recrystallisations from light petroleum (b.pt. 
40° to 60°) the melting point was 67° C. (Lofgren1 67° C.). Found: 
C, 71-9; H, 9-6; N (Dumas), 11-9 per cent.; calculated for C14H22ON2, 
C, 71-8; H, 9-46; N, 11-96 per cent.

A portion of this material was retained as an analytical reference 
sample of the free base while the remainder was converted, as described 
by Lofgren1, into the anhydrous hydrochloride. After three recrystallisa
tions from anhydrous ethyl methyl ketone and drying at 65° C. under 
reduced pressure over phosphorus pentoxide the melting point was found 
to be 128° C. (Lofgren1 128 to 129° C.). Found: C, 61-9; H, 8-85; 
N, 10-23 per cent.; calculated for C14H22ON2,HCl, C, 62-1; H, 8-56; N,
10-34 per cent.

After reserving a portion as analytical standard the rest of the hydro
chloride was converted into the monohydrate by recrystallisation from 
moist ethyl methyl ketone and drying under reduced pressure at room 
temperature. The melting point was found to be I T  C. (with decomposi
tion). Found: C, 58-45; H, 8-75; N, 9-40 per cent.; calculated for 
C]4H22ON2HCl'H20 , C, 58-2; H, 8-72; N, 9-70 per cent. Later, during 
the course of the work, lignocaine base, the anhydrous hydrochloride 
and the monohydrate of the hydrochloride, all of good purity (Table I), 
became available commercially.
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2-Amino-l : 3-dimethylbenzene (ADB). A sample of ADB of com
mercial quality was purified by fractionating 3 times under reduced 
pressure. The fraction selected distilled at 56° C./2 mm. The hydro
chloride, obtained by passing dry hydrogen chloride into a solution of the 
amine in sodium-dried ether, was purified by recrystallisation from

LIGNOCAINE HYDROCHLORIDE AND ITS SOLUTIONS

TABLE I
P u r ity  of c o m m er c ia l  lig n o c a in e  a n d  its h y d r o c h l o r id e

Commercial subs. 1 m.pt. 0 C.

Mixed m.pt. 0 C. 
with pure 

salts

Per cent, 
lignocaine 
HC1 from 

ionisable Cl 
per cent.

Lignocaine base 670 670 _
Anhydrous hydrochloride i 128-0 128-0 99-8
Hydrochloride monohydrate ; 77-0

1
77-0 1 0 0 - 2

butan-l-ol. The pure ADB hydrochloride melted at 234° C. (with 
decomposition). Found: C, 60-95; H, 7-66: N, 8-88; Cl, 22-49 percent.; 
calculated for C8H12NC1, C, 60-80; H, 7-80; N, 9-35; Cl, 22-50 per cent.

Diethylaminoacetic acid (DEAA) was prepared according to the method 
of Heintz11 * * with the following modifications. The reaction between 
monochloroacetic acid and diethylamine was carried out in absolute 
ethanol which, after completion of the reaction, was distilled together with 
any excess of diethylamine. After drying under reduced pressure over 
phosphorus pentoxide the DEAA was separated from diethyl-ammonium 
chloride by extraction with ether in a continuous extractor of the type 
described in the British Pharmacopoeia, 1953. It was purified by re- 
crystallisation from either benzene or ethyl methyl ketone and melted at 
130° C. (Bowman and Stroud15 131° C.).

A ssay P rocesses for  L ig nocaine , its Salts and  Solutions

As with other basic substances and their salts the assay processes for 
lignocaine may be divided into two parts, (a) isolation of the base, usually 
by making a solution of a salt alkaline and shaking with a suitable organic 
solvent, and (b) estimation of the isolated base. The latter will be dis
cussed first.

(i) The Kjeldahl Process
A sample of pure lignocaine base was assayed for total nitrogen by the 

Kjeldahl process as modified by Middleton and Stuckey16 (British Pharm
aceutical Codex, 1954, method I). Multiplying the percentage total 
nitrogen found by the factor 0-02343 gave in 4 determinations 99-95, 
99-43, 99-87 and 100-03 (relative mean deviation 0-19) as the percentage 
purity of the sample.

(ii) The Reineckate Method
The reineckate method of assay adapted for lignocaine and described

by Ortenblad and Jonsson17 was found to be satisfactory within the usual
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limitations of a colorimetric process. Recoveries of 98-95 per cent, and 
100-7 per cent, were obtained.

(iii) Weighing the Recovered Base
Attempts to estimate lignocaine base in solution in organic solvents by 

distilling the latter, drying at 100° C. and weighing the residue led to low 
and variable results. This was shown to be due to the volatility of ligno
caine base both alone and in steam. A sample of pure lignocaine base 
heated at 100° C. gradually lost weight, the loss amounting to 13 per cent, 
in 5 hours. Another sample of lignocaine base was subjected to steam 
distillation. The distillate gave a positive reaction with potassio-mercuric 
iodide solution, but no reaction for ADB when tested by the sensitive 
colour reaction described below.

(iv) Titrating the Base
The curve shown in Figure 1 was obtained by dissolving 0-2110 g. of pure 

lignocaine base in 20 ml. (an excess) of 0-1084N hydrochloric acid and 
titrating with 0-1089N sodium hydroxide. The pH at half neutralisation,
i.e., the pKa value of lignocaine, was found to be 7-90 at room temperature 
(Lofgren10 pKa 7-85). Possible indicators for the back titration of 
excess acid in a solution of lignocaine base in hydrochloric acid are there
fore bromocresol green and methyl red.

Results of quintuplicate determinations obtained by using both these 
indicators and also a mixture containing 3 parts of 0-1 per cent, bromo
cresol green and 1 part of 0-2 per cent, methyl red are shown in Table II.

K. BULLOCK AND J. GRUNDY

TABLE II
A ssay of a sam ple  o f  pu r e  lig n o c a in e  by t it r a t io n  u sin g

DIFFERENT INDICATORS

Indicator

Percentage
lignocaine
indicated Mean

Relative
mean

deviation

Methyl red 99-34
99-29
99-30
99-40
99-70

1• 9S-4 O il

.
Bromocresol green 1 0 0 - 0 0

1 0 0 - 0 0
100-50
99-86

100-23

”

1• 10C -12 0 - 2 0

Methyl red and bromocresol green . . 100-45
100-30
100-30
100-50
100-30

- IOC-37 0084

Extraction o f  Lignocaine from Alkaline Solution by Means o f Volatile 
Solvents

In all experiments 10 ml. of a 2 per cent, solution of lignocaine hydro
chloride was made alkaline with 0-5 g. sodium carbonate (anhydrous) and 
the precipitated base extracted with several quantities of volatile solvent. 
After washing the combined extracts with 5 ml. of water and washing the
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latter with 5 ml. of volatile solvent the combined extracts were shaken with 
10 ml. of OTN hydrochloric acid. After separation, the excess acid was 
titrated with OTN sodium hydroxide using bromocresol green as indicator. 
Using 3 quantities of 20 ml. each of a mixture of 3 parts of chloroform 
and 1 part of /ropropanol as volatile solvent, low results showing between 
94-4 per cent, and 96-6 per cent, recovery o: the lignocaine were obtained. 
The following modifications were tried without any improvement in the 
results obtained.

(1) 5 extractions with the same volatile solvent, (2) the use of 0-5 g. 
sodium hydroxide in place of sodium carbonate to render the solution 
alkaline, (3) the use of chloroform only in place of chloroform-fropropanol 
mixture.

Washing the volatile solvent with two 5 ml. quantities of water after 
the extraction with hydrochloric acid and adding the washings to the 
acidic solution before back titrating, as was to be expected, slightly, but 
only slightly, lowered the percentage recovery12. It was found that 
approximately 100 per cent, recovery could be obtained by any of the 
following modifications, (a) using 3 quantities of 20 ml. each of ether as 
the volatile solvent, (b) extracting the chloroform or chloroform-f.ro- 
propanol solutions of the base with one 20 ml. or two 10 ml. quantities 
of OTN hydrochloric acid, with careful separation of the acidic layer and 
omission of the washing of the volatile solvent with water before back- 
titrating the excess hydrochloric acid, or (c) evaporation of the chloroform 
or chloroform-fropropanol extracts followed by solution of the residue in 
10 ml. OTN hydrochloric acid and back-titration of the excess acid with 
OTN sodium hydroxide using bromocresol green as indicator. The 
results obtained by these modifications are shown in Table III.

TABLE III
S a tisfa c to r y  m eth o d s  fo r  th e  estim a tion  o f  l ig n o c a in e

DISSOLVED IN A VOLATILE SOLVENT BY TITRATION TO 
BROMOCRESOL GREEN

Method

Percentage
recovery

lignocaine Mean

Ether as volatile solvent +  10 ml. 01N  HC1 99-6
99*7

1 0 0 - 1

99-8

CHCl3-/sopropanol 4- 20 ml. 01N  HC1 .. 9 9 . 9

99-7
99-8

CHCI3 but evaporation before addition of 10 ml. 0 IN HC1 9 9 . 9

99-7
99-6

99-7

It may be mentioned that if, in method (b) after separation of the 
hydrochloric acid, the volatile solvents were washed with water and the 
washings added to the acidic extract before back titration low results 
were again obtained. Thus the low results at first obtained must be due 
to pecularities in the acid-base partition between chloroform and water. 
Solid anhydrous lignocaine hydrochloride was found to be insoluble in 
ether but soluble to the extent of 1 -95 per cent, in dry chloroform at room
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temperature. It was also shown that when lignocaine hydrochloride 
solutions are shaken with chloroform both lignocaine and chloride ions 
could be recovered from the chloroform layer. This presumably con
tributes to the cause of the low results using chloroform. The difficulty 
may be overcome by providing a considerable excess of hydrochloric acid 
in the aqueous phase. This was confirmed by the results shown in Table
IV. In these experiments 10 ml. quantities of a 2 per cent, solution of 
lignocaine hydrochloride were treated with various quantities of OTN 
hydrochloric acid solution and shaken with 30 ml. of chloroform and 
««propanol mixture. 4 ml. or more of OTN excess acid has to be present 
in the aqueous solution to prevent an increase of acidity on shaking with 
the mixed organic solvents. On repeating these experiments but using 
ether as organic solvent in no case did shaking with the ether increase the 
titratable acidity.

K. BULLOCK AND J. GRUNDY

TABLE IV
In crea se  in  a c id it y  o n  s h a k in g  lig n o c a in e  h y d r o c h l o r id e  so lutio n s  w it h
CHLOROFORM/ISOPROPANOL MIXTURE AND VARIOUS QUANTITIES OF STANDARD ACID

Amount of 01N hydrochloric 
acid (in ml.) added to a 
2 per cent, solution of 

lignocaine hydrochloride 
(10 ml.)

Titre of O IN sodium hydroxide 'in ml.)

Difference

After shaking with 
solvent chloroform/ 
/.sopropanol mixture

Omitting snaking with 
solvent chloroform/ 
/sopropanol mixture

1 114 1-03 O il
2 2-12 2-06 0-06
3 3-12 5 09 003
4 4-12 ¿•12 000
5 5-14 5-14 0-00

10 10-28 10-28 0 00

T he Stability  of L ig nocaine  in  Solution

To establish the stability of lignocaine in solution it was first necessary 
to obtain a process which could be shown to be capable of detecting a 
slight degree of decomposition. In solution lignocaine would be expected 
to decompose by hydrolysis as follows:

_ C H ;t Q H 5 _ C H 3
< ^ ) n h c o c h 2n <^ +  h 2o ---------> /  ^>n h 2 +  ;c 2h 5)2n c h 2c o o h  (i)

6 h 3 q h 5 ~ c h 3

It was to be expected that on such hydrolysis the pH of the solution 
would fall since ADB is a very weak amine while DEAA is a disubstituted 
amino-acid of which a 2 per cent, solution in water shows a pH of 6-5. 
In fact, two solutions containing DEAA, and lignocaine and ADB 
hydrochlorides in the proportions corresponding to 1 per cent, and 50 
per cent, decomposition showed pH values of 3-7 and 2-8 respectively, 
whereas the original solution had a pH of 4-8. This small fall in pH 
cannot be used as an indicator of slight decomposition. It was considered 
possible that the two ortho-methyl groups might well suppress the usual 
diazo reaction of the aromatic amino group and so interfere with the 
detection of ADB. In the first place therefore some commercial ADB was 
diazotised and coupled with 2-naphthol when a vivid red colour developed.
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The reaction would detect 100 fig., but not 10 fig., of ADB in 1 ml. of 
solution. If a 2 per cent, solution of anhydrous lignocaine hydrochloride 
undergoes hydrolysis to the extent of 1 per cent., calculation shows that 
the resultant solution will contain 89-5 fig. of ADB per ml. Thus 1 per 
cent, but not 0T per cent, decomposition would be detected by the simple 
diazotisation test.

A 2 per cent, solution of lignocaine hydrochloride made alkaline to 
pH 7-3 with phosphate buffer (solution F, Table VI) was heated in an 
autoclave at 116° C. for 30 minutes. Subsequent test by diazotisation 
showed no colouration and therefore less than 1 per cent, decomposition. 
Further, 100 per cent, of the lignocaine originally present was recovered 
by the assay process described above. O.her similar but more drastic 
attempts failed to bring about hydrolysis detectable in this way.

Finally some hydrolysis was obtained by two methods. Two 0T g. 
quantities of lignocaine base, known to be pure, were dissolved, one in 
25 ml. of 50 per cent, sulphuric acid and the other in 20 per cent, ethanolic 
potash. Both solutions were heated in an autoclave at 116° C. for 5 
hours. The acidic solution was treated with excess sodium hydroxide 
and the bases extracted with ether and transferred to 0TN hydrochloric 
acid. The alkaline solution was diluted with water and most of the 
ethanol removed by evaporation. The bases were extracted with ether 
and transferred to 0-1N hydrochloric acid. The simple diazo colour test 
described above indicated that in the 20 per cent, ethanolic potash ligno
caine was hydrolysed to the extent of approximately 1 per cent, while in 
50 per cent, sulphuric acid between 1 per cent, and 5 per cent, had been 
hydrolysed. All attempts to isolate a sample of ADB from the residual 
liquids failed but a sample of pure lignocaine m.pt. 67° C. was readily 
obtained.

Later the two solutions were examined using the more sensitive colour 
test described below. The material heated in an autoclave in 50 per cent, 
sulphuric acid showed 3 per cent, decomposition, and that similarly 
heated with ethanolic potash showed 0-5 per cent, decomposition. These 
figures can only be considered to be approximate owing to the difficulty of 
isolating small quantities of ADB from solutions containing large amounts 
of acid or alkali.

These preliminary experiments appeared to justify the conclusions 
that the lignocaine molecule in aqueous solution is resistant to heat, acid 
and alkali, but when decomposition does occur it is by the hydrolysis 
shown in equation (1). Later quantitative experiments described below 
confirmed these conclusions. To estimate the degree of decomposition 
it is necessary to know (a) either the lignocaine originally added or (h) 
one of the hydrolysis products, (a) The amount of lignocaine originally 
present in the solution may be obtained by estimation of the total bases, 
i.e., lignocaine plus ADB, or the undecomposed lignocaine, i.e., the ligno
caine but not the ADB. Since one is usually concerned with solutions 
showing less than 50 per cent, decomposition titration methods are 
sufficiently accurate for this section of the work. (b) DEAA in solutions 
of relevant concentrations has a /?H value approximating to 7 so that

LIGNOCAINE HYDROCHLORIDE AND ITS SOLUTIONS
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titration methods are not to be recommended; it does not give the nin- 
hydrin reaction and no other colour reactions could be traced in the 
literature. ADB is too weak a base to be titrated accurately but it can 
be estimated colorimetrically.

Estimation o f  Undecomposed Lignocaine
Various pK values have been reported for ADB. Thomson18 found the 

pKa 25° C. for the free base in 75 per cent, ethanol to be 3-42, and in 50 
per cent, ethanol 3T9. Spryskov19 using an aqueous solution of the 
hydrochloride found pKb 10-39.

ADB in mixtures of lignocaine and ADB should not therefore interfere 
with the estimation of lignocaine by addition of excess hydrochloric acid 
and back titration with alkali provided that a suitable indicator is chosen. 
That this is true is shown in Figure 2, where the titration of a mixture of

F ig . 1. Titration of lignocaine base (0-2110 
g.) dissolved in 20 ml. of 0- 1084N hydrochloric 
acid with 0 1089N sodium hydroxide.

10

9
8

7

4
3

2

0 5 10 15 20
ml. of 0-1 N sodium hydroxide

F ig . 2. Titration of 2-amino-l: 3-dimethyl- 
benzene hydrochloride (0-1 g.) and lignocaine 
base (0-1 g.) dissolved in 20 ml. of 0TN 
hydrochloric acid with 0-1N sodium hyd
roxide.

0-1 g. of ADB hydrochloride and 0-1 g. lignocaine in 20 ml. of 0-1N 
hydrochloric acid with 0-1N sodium hydroxide is shown. Comparison 
of Figures 1 and 2 show that while the end-point for lignocaine alone is 
pH 4 to 6, for lignocaine in presence of ADB it is over the range 5 to 7. 
It was in fact found that chlorophenol red (pH range 4-8 to 6-4) gave 
accurate results for the lignocaine only in the mixture, while methyl red or 
bromocresol green gave results approximately 2 per cent. high. No 
attempt was made to estimate the ADB as well as the lignocaine by 
titration; examination of Figure 2 shows that there would be no satis
factory end-point even if a suitable indicator in the pH range 2 to 3 could 
be found.

(b) Colorimetric Assay o f  ADB
Estimation of ADB by diazotisation and coupli ng in alkaline solution 

would be undesirable on account of the precipitated lignocaine which
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would render the solution turbid. To avoid turbidity would necessitate 
a difficult separation of the two bases.

Following the method suggested by Bratton and Marshall20 for sulphon- 
amides and modified by Brodie and Axelrod21 for aniline, ADB was esti
mated by diazotisation, removal of excess nitrous acid with ammonium 
sulphamate and coupling with A-(l-naphthyl)-ethylenediamine dihydro
chloride in acidic solution. This process gave only a faint colour with 
100 pg. ADB per ml. and so was unsuitable for the estimation of less than 
1 per cent, decomposition of lignocaine solutions. With larger quantities 
of ADB, owing to insolubility, the coupling reagent had to be dissolved 
in ethanol and it was found that the colour developed varied with the 
proportion of ethanol present. Diazotisation methods were therefore 
abandoned.

In 1938 Eisenstaedt22 showed that aromatic amines combine with
4-amino-2: 3-dimethyl-1 -phenyl-5-pyrazolone(4-amino-phenazone) with 
loss of 4 hydrogen atoms in the presence of potassium ferricyanide as 
an oxidizing agent to give blue-red dyes of the indamine type. This 
reaction was found to occur with ADB and may be represented as follows:

C6H5

N
CH3—N C = O

I I +
c h 3—c = = c

\ NH,

c 6H5
N

CH,
v NH3 Cl 
CH,

oxidation 

in acid

CH3
c h3

-N
I-c=

c
i=c

o  ch3 -
/  . NH, Ci

i  JCH,
N

(2)

Neither lignocaine nor acetylated ADB gave any colour under the 
conditions used. The absorption spectrum of the colour produced showed 
maximum absorption in the region of 540 mp. Estimations were subse
quently carried out on the Spekker absorp:iometer using a Chance OGI 
filter.

The effect of pH is shown in Figure 3. As the pH increased from 1-5 
to 5-5 the colour and therefore the optical density at 540 mp of both test 
and blank increased. Up to pH 2-9 the colour of the test increased more 
rapidly than that of the blank. Over pH 3-2 the colour of the blank 
began to increase more rapidly than that of the test. Thus the greatest 
difference between test and blank occurred between those two pH values 
and pH 3T was chosen as the optimum.

At all pH values the colour reached a maximum and then faded. At 
low pH values the maximum colour was reached in 5 to 15 minutes and 
remained fairly constant at the maximum for a period of 5 to 10 minutes. 
At pH 5-5 the maximum was reached in 4 minutes and rapid fading set 
in at once. At pH 3-05 the maximum was reached in 5 to 10 minutes and 
remained fairly constant over that period of time as shown in Figure 4. 
For a concentration of 20 pg. per ml. of ADB, which is suitable for the 
colorimetric assay as described below, 0-05 ml. of 3 per cent. 4-amino- 
phenazone solution and 0-7 ml. of 2 per cent, potassium ferricyanide
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solution were required for each 1 ml. of solution examined. More 4- 
amino-phenazone resulted in increased optical density in the blank without 
increasing the excess of optical density in the test. Increase in the quantity 
of potassium ferricyanide solution added resulted in a slight increase in

Fig . 3. Effect of pH on the development of 
the colour in the colorimetric assay of 2- 
amino-1: 3-dimethylbenzene.

1. Variation in extinction of the test 
solution when compared with water.

2. Variation in extinction of blank when 
compared with water.

3. Variation in extinction of test solution 
when compared with blank.
Quantity of ADB in test solution, 20 pg. 
Quantity of 3 per cent, solution of 4-amino- 

phenazone, 0-3 ml.
Quantity of 2 per cent, solution of potassium 

ferricyanide, 0-7 ml.

0-0 ______ l______ 1______ l__ ____1______ 1
0 5 10 15 20 25

Minutes
F ig . 4. Stability of colour in the colorimetric 
assay of 2-amino-l: 3-dimethylbenzene.

1. Extinction of test solution when com
pared with water. Concentration of ADB is
20 pg.

2. Extinction of test solution when com
pared with water. Concentration of ADB is
10 fig .

3. Extinction of blank when compared 
with water.

colour in the blanks with only a slight corresponding increase in colour 
in the test. Extraction of the colour with chloroform, as recommended 
by Ettinger, Ruchhoft and Lishka23 for the estimation of phenol by a 
similar process, was found to be unsatisfactory because the colour in the 
chloroformic extract faded rapidly.
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The Process Recommended
(a) Assay for undecomposed lignocaine. Make alkaline 10 ml. of a 

solution containing the equivalent of 0-2 g. of lignocaine, by addition of 
0-5 g. of sodium carbonate (anhydrous) and extract the precipitated bases 
by shaking with three quantities of 20 ml. each of ether. Wash the mixed 
ethereal extracts with 5 ml. of water and wash this in turn with 5 ml. of 
ether before discarding it. Shake the mixed ethereal solutions successively 
with 10 ml. 0TN hydrochloric acid and two 5 ml. quantities of water. 
Titrate the excess acid in the mixed aqueous extracts with 0TN sodium 
hydroxide using chlorophenol red as indicator. 1 ml. 0TN hydrochloric 
acid =  0-02888 g. C14H,.,ON„HClH.>0, =  0-02708 g. C14H22ON,HCl, 
=  0-02343 g. C14H22ON2.

2-amino-l : 3- dimethylbenzene ^g./IO ml. 
of final solution corresponding to 

11-2 22-4 33-6 44-8 56-0 67-2
¡ig. of lignocaine hydrochloride

F ig. 5. Calibration curve of 2-amino-l : 3- 
dimethylbenzene.

{b) Assay for ADB resulting from decomposition o f  lignocaine. Take 
1 ml. of solution previously diluted if necessary so as to contain approxi
mately 20 /zg. of ADB per ml. Add 8-25 ml. B.P. phthalate buffer pH
3-1,0-05 ml. 3 per cent, solution of 4-amino-phenazone and 0-7 ml. 2 per 
cent, solution of potassium ferricyanide, mixing thoroughly after each 
addition. At the same time carry out a blank determination using 1 ml. 
of water. Between 5 to 10 minutes later, i.e., during the period of 
maximum colour intensity, measure the optical density in a Spekker 
absorptiometer using a 1 cm. cell and a Chance OGI green filter. Any 
other suitable instrument may be used.
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From a calibration graph (see Fig. 5) read off the mg. of decomposed 
lignocaine, corresponding to the resultant ADB, per ml. of the solution 
tested. From (a) and (b) the concentration of lignocaine or its hydro
chloride in the original fresh solution and the percentage decomposition 
which it has undergone may be calculated.

The accuracy of the above process was assessed by analysing mixtures 
of lignocaine hydrochloride, ADB hydrochloride and DEAA of known 
composition and mixed in the proportions which would result from a 2 
per cent, solution of lignocaine hydrochloride undergoing decomposition 
to the extent of 10 and 50 per cent, respectively. The results are shown 
in Table V.

TABLE V
A ssay of solutions corresponding  to 2 per cent, solution of lignocaine 

HYDROCHLORIDE AFTER 10 PER CENT. AND 50 PER CENT. DECOMPOSITION

K. BULLOCK AND J. GRUNDY

Per cent, composition corresponding to

10 per cent, decomposition 50 per cent, decomposition

Made up
Found by 
analysis

Per cent, 
recovery Made up

Found by 
analysis

Per cent, 
recovery

Lignocaine hydrochloride
ADB hydrochloride
D E A A .....................................

1-8000 g.
0-1164 g. 
0 0969 g.

1-7950 g. 
0-1192 g.

99-7
102-4

1O00 g. 
0-5822 g. 
0-4844 g.

0-9980 g. 
0-5995 g.

99-8
103-0

Solutions of L ignocaine  H ydrochloride  Suitaele for U se in  D ental
Surgery

The preparation and stability of solutions for dental work will be 
described here. The pharmacological experiments and clinical trials are 
proceeding and will be reported later.

All the quantities of materials to be used in preparation of the solutions 
described refer to the dried anhydrous substarces, sodium chloride, 
sodium phosphate, sodium acid phosphate and anhydrous lignocaine 
hydrochloride. This has been done so that dry ampoules may easily be 
made if required. All freezing points quoted are uncorrected for dis
engaged ice24. Lignocaine base was found to be soluble in water at room 
temperature to the extent of 0-38 per cent., the pH of the saturated solution 
being 9-85. On addition of 0TN sodium hydroxide to 10 ml. of a 2 per 
cent, solution of lignocaine hydrochloride at room temperature the 
solution became turbid due to separation of free base at pH 7-8 after the 
addition of 3-8 ml. of the alkali solution.

The Effect o f Temperature on Alkaline Buffered Solutions o f Lignocaine 
Hydrochloride

All the alkaline solutions described below became turbid on heating 
but became clear again on cooling. That it was lignocaine base which 
separated was shown by removing some of the separated material and, 
after dissolving in dilute hydrochloric acid, obtaining a precipitate with 
potassio-mercuric iodide solution. This same phenomenon occurred 
previously with amylocaine12 and was attributed to alteration of the 
dissociation constant of water with temperature. Probably changes, with
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increase of temperature, of the hydrolysis and dissociation constants of 
the local an ¿esthetic salt are also involved.

Isotonicity. Figures for the depression of the freezing point by ligno- 
caine hydrochloride could not be found in the published literature. 
Experiments using the Beckmann apparatus showed that a 2 per cent, 
solution of the anhydrous salt possessed an average depression of 
0-278° C. This corresponds to the figure, subsequently adopted by the 
British Pharmaceutical Codex, 1954, of 0-130° C. for the depression 
produced by 1 per cent, of the monohydrate. It had previously been 
ascertained11 that isotonic solutions of anhydrous sodium phosphate and 
anhydrous sodium acid phosphate contain respectively 2-2 per cent, and 
2-0 per cent, of the salts.

Formulation o f  solutions o f  lignocaine hydrochloride for use in surgery. 
The composition of the six solutions formulated is shown in Table VI.

TABLE VI
P e r c e n t a g e  c o m p o s it io n  o f  l ig n o c a in e  s o l u t io n s  f o r m u l a t e d

LIGNOCAINE HYDROCHLORIDE AND ITS SOLUTIONS

Solution A B C D E F

Lignocaine HC1 (anhydrous) . . 2 - 0 2 - 0 2 - 0 2 - 0 2 - 0 2 - 0
NaCl ........................................ 0-478 0-366 — — — •—•
N a 2H P 0 4 ........................................ — 0-262 0 -8 D0 1 - 1 0 0-889 0-977
N aH 2P 0 4 ........................................ — .— 0-289 — 0 - 2 0 0 0 - 1 1 2
pH  ........................................ 4-8 7-1 7-1 7-5 7-2 7-3

Availability o f  ancesthetic base in the solutions. 10 ml. quantities of 
the various solutions were each shaken with 3 successive quantities of 10 
ml. each of ether. The free base in the first and in the mixed second and 
third ethereal extracts was estimated as described earlier. The pH  of the 
aqueous solution was determined electrometrically before and after 
extraction with ether. The results obtained are recorded in Table VII.

TABLE VII
P e r c e n t a g e  o f  t h e  t o t a l  base  r e m o v e d  by  e t h e r  f r o m  s o l u t io n s  o f  l ig n o c a in e

HYDROCHLORIDE

Solution A B C D E F

1 st extraction 1-5 2 0 - 0 44-9 55-5 48-0 50-6
2nd and 3rd extractions 1 - 2 2 - 8 15-2 17-3 18-9 17-6
Total 1st, 2nd and 3rd extractions 2-7 2 2 - 8 60-1 72-8 66-9 6 8 - 2

Initial /;H  . . 4-8 7-1 71 7-5 7 2 7-3
pH after extraction 2-95 3-2 5-3 6 - 1 5-55 6-05

TABLE VIII
P e r c e n t a g e  d e c o m p o s it io n  o f  l ig n o c a in e  s o l u t io n s  o n  h e a t in g  in  

AN AUTOCLAVE

Approximate per cent, 
decomposition pH

Solution 30 min. 3 hours Initial 30 min. 3 hours

C 003 0-05 7-1 7-1 7-1
F 0-03 0-05 7-3 7-3 7-3
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Stability on sterilisation and storage. The most alkaline and heavily 
buffered solutions C and F were autoclaved for 30 minutes and for 3 
hours at 115° C. The resultant decomposition and pH changes are shown 
in Table VIII.

The result obtained by analysis of the solutions after storage at room 
temperature for 33 and 84 weeks respectively are shown in Table IX.

TABLE IX
P e r c e n t a g e  d e c o m p o s it io n  o f  l ig n o c a in e  s o l u t io n s  a t  r o o m  

TEMPERATURE

Solution

Approx, per cent, 
decomposition after

f-H

Initial

After

33 weeks 84 weeks 33 weeks 84 weeks

A 0005 0005 4-8 5-3 5-5
B 0005 0-005 71 705 7-15
C 0015 0-15 7-1 70 7-2
D 0015 015 7-5 7-3 7-5
E 0 0 2 0 0 2 7-2 7-2 7-3
F 0 0 2 0 - 0 2 7-3 7-2 7-4

D iscussion

Commercially available samples of lignocaine and its hydrochloride 
were found to be as pure as samples prepared in the laboratory by syn
thesis and purified by repeated recrystallisations.

In the assay of lignocaine salts and solutions two facts should be borne 
in mind:—(a) the free base is volatile at 100° C. alcne and in steam so that 
methods involving recovery from volatile solvents by evaporation of the 
latter and drying the residue at 100° C. or over should be avoided. (b) 
The hydrochloride is soluble in chloroform. There are three satisfactory 
methods available for the estimation of recovered lignocaine base. The 
Kjeldahl process is accurate but tedious. The colorimetric reineckate 
method is accurate but unless the estimation of very small quantities is 
involved it has the disadvantages common to colorimetric processes. 
The most convenient method is titration of the excess acid added to the 
base with standard alkali using bromocresol green as indicator. If this 
method is used it is unnecessary to evaporate the organic solvent in which 
the base is usually, at this stage, dissolved provided that ether is used. If 
chloroform is employed either it must be removed by evaporation or 
considerable excess acid must be added to extract the lignocaine base and 
the chloroformic solution must not subsequently be washed with water 
(Table IV). The physico-chemical behaviour of the hydrochloride of a 
base soluble in a volatile solvent has been discussed by Davis25 and Moede 
and Curran26. These workers showed that the hydrochloride of a base 
soluble in chloroform could undergo dissociation into free base and 
hydrogen chloride. Such behaviour almost certainly accounts for the 
difficulties introduced by using chloroform in the extraction of lignocaine 
solutions. The assay process found to be most satisfactory was thus 
similar to that now official in the British Pharmaceutical Codex, 1954.

Solutions of lignocaines have been reported to be exceptionally stable. 
Lofgren10 claimed that such solutions “endured eight hours’ boiling with
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30 per cent, aqueous hydrochloric acid or lengthy boiling with strong 
alcoholic caustic potash.”

The stability of lignocaine to hydrolysis by acid or alkali is undoubtedly 
due to the presence of the two methyl groups in the ortho- position to the 
diethylaminoacetamido group. Thus 2-acetamido-l: 3-dimethyl benzene, 
a compound structurally similar to lignocaine, was found by Nolting and 
Pick27 to undergo no decomposition when heated in strong hydrochloric 
acid solution although at 200° C. in 70 to 75 per cent, sulphuric acid it was 
hydrolysed, after prolonged heating, into ADB and acetic acid. Davis28 
calculated from experimental data that the corresponding monomethyl 
derivative VI would require 17-16 hours refluxing in alkaline solution for 
50 per cent, hydrolysis. On the other hand, compounds VII, VIII, and 
IX, under similar conditions required only 3-79, 3-89 and 3-90 hours 
respectively for 50 per cent, hydrolysis. The unreactivity of groups which 
have other groups in the ort/m-position is a general property known as the 
ortho-effect^3,.

CH, =  CH3= _
< ^ > N H C O C H 3 ^N H C O C H , ^  \ n HCOCH3 C H / '  ^>NHCOCH3 

(VI) (VII) (VIII) (IX)

Originally attributed to simple steric hindrance2913 the ortho-effect is 
now thought30’31, to be due to reduced mesomerism between the benzene 
nucleus and substituent resulting from a loss of planarity between the 
nucleus and substituents caused by the ortho-groups—in the case of 
lignocaine, the ortho-methyl groups. This steric inhibition of mesomerism 
has recently been renamed the secondary steric effect32 and has been 
demonstrated in lignocaine by Lofgren10.

Preliminary experiments soon confirmed the stability of the lignocaine 
molecule, but it was also established that when lignocaine in solution does 
decompose it is hydrolysed as shown in equation (1).

Local anaesthetics of the procaine type are easily hydrolysed, particu
larly in alkaline solutions, and the object of the previous research work 
carried out with them in this department was to obtain a quantitative 
estimate of the degree of hydrolysis under various conditions and then to 
formulate solutions and devise methods of sterilisation and storage which 
would result in a maximum of activity combined with a minimum of 
decomposition. In the case of lignocaine the object was different. The 
molecule is stable. A colorimetric test was elaborated which would 
detect even less than 0-1 per cent, of decomposition in a 2 per cent, solution 
of lignocaine hydrochloride. This test was then applied to show that 
under any of the usual conditions of preparing, sterilising and storing such 
solutions there was not more than 0-1 per cent, of decomposition.

Reactions based upon diazotisation and coupling, which, owing to the 
presence of undecomposed lignocaine, have to be carried out under acid 
conditions, were not sufficiently sensitive to detect the concentration of 
ADB corresponding to 0-1 per cent, decomposition of a 2 per cent, 
solution of lignocaine. A colour reaction represented by equation (2) 
was found to be of the required sensitivity as can be seen from Figure 5.
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The accuracy of the method devised for the estimation of the degree 
of decomposition in lignocaine solutions was tested on solutions contain
ing lignocaine hydrochloride, ADB hydrochloride and DEAA in propor
tions corresponding to 10 and 50 per cent, decomposition of a 2 per cent, 
solution of lignocaine hydrochloride. The results, shown in Table V, 
indicate the success of the method.

Although not applicable without considerable modification and conse
quent loss of accuracy, the method was used to show that heating ligno
caine in an autoclave with 50 per cent, sulphuric acid for 5 hours at 116° C. 
caused approximately 3 per cent, decomposition, while similar treatment 
with 20 per cent, ethanolic potash caused approximately 0-5 per cent, 
decomposition.

Usually amides are more readily hydrolysed by alkalis than acids33. 
The reverse phenomenon in the case of lignocaine may probably be 
attributed to the inhibited mesomerism in that substance (oriAo-effect) 
giving rise to higher electron densities at the amide nitrogen and acyl 
carbon atoms. Such conditions would facilitate the electrophilic attack by a 
proton and water molecule at the two points required for the hydrolysis.

The advantages of using in dental surgery local anaesthetics in buffered 
alkaline solutions have been stated previously11’34. More recent work3 
has confirmed the enhanced activity of solutions of local anaesthetics at 
higher pH values although there has been a suggestion35, based perhaps 
on a not very critical examination of the data, that the local anaesthetic 
cation as well as the free base may have anaesthetic activity. Previously 
the relatively easy hydrolysis of the local anaesthetics as well as the insta
bility of adrenaline at pH values over 7 has prevented the general use of 
alkaline buffered solutions which had to be freshly prepared involving the 
employment of two solution cartridges or dry ampoules. It was obviously 
of interest to investigate the pharmacological activity and clinical use of 
alkaline buffered solutions of the very stable lignocaine hydrochloride.

Since lignocaine resembles procaine in potency it was decided to prepare 
solutions for surgical use similar to those previously described for pro
caine11, i.e., 2 per cent, solutions made alkaline and buffered with sodium 
phosphate alone or in admixture with sodium acid phosphate and, if 
necessary, rendered isotonic by addition of sodium chloride. Adrenaline 
was omitted for two reasons, (a) lignocaine has been recommended for 
use without adrenaline and (b) the dispensing and storage of alkaline 
solutions of adrenaline constitute a separate problem which has been 
previously investigated and discussed11-36. It was decided that adrenaline 
would be added if required immediately before use, at any rate in the 
preliminary experiments, in the Dental Hospital.

Six different solutions, A to F, having the percentage compositions 
shown in Table VI were formulated and examined All contained 2 per 
cent, of lignocaine hydrochloride. A was made isotonic by the addition 
of sodium chloride. B was a similar solution brought to pH 7T by addi
tion of sodium phosphate before being made isotonic by addition of 
sodium chloride. Thus the buffering capacity was the minimum con
sistent with the pH. On heating it became turbid at 65° C. Solution C
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like B had a pH of 7-1 but it had the maximum buffering capacity consist
ent with isotonicity. On heating it became turbid at 43° C. D had 
maximum buffering capacity and maximum pH consistent with the use of 
sodium phosphate as the alkalising agent. It had a pH of 7-5 and on 
heating became turbid at 34° C., i.e. below body temperature. E and F 
were similar to C and D in having maximum buffering capacity consistent 
with isotonicity but, by varying the proportions of sodium phosphate and 
sodium acid phosphate, the pH values were respectively 7-2 and 7-3. 
On heating solution E became turbid at 37° C. and solution F at 34° C.

If the current belief that on reaching the tissues a local anaesthetic base 
must dissolve in fatty tissue before anaesthesia is attained is true, then 
clearly when the base is removed the acid with which it was associated will 
be liberated in the tissues. Unless this acid is neutralised by the alkalinity 
and buffering capacity of the blood supply the pH of the tissues will fall 
and the further supply of anaesthetic base will be restricted until the pH 
is raised again. The effects of rendering alkaline and buffering solutions 
of lignocaine hydrochloride are clearly shown in Table VII. The base 
available to the tissues, estimated in these experiments by shaking with 
ether, is greatly increased and the fall in pH after removal of the base is 
lessened.

All six solutions proved to be remarkably stable. Heating in an auto
clave for three hours at 115° C. or storage for over 18 months at room 
temperature in all instances brought about less than OT per cent, of 
decomposition (Table VIII and IX). On autoclaving the more alkaline 
buffered solutions for 30 minutes almost the whole of the lignocaine came 
out of solution. Solutions C and F on removal from the autoclave both 
showed an oily layer consisting of free base. With occasional shaking 
during cooling this redissolved to yield a perfectly clear solution.

The pharmacological activity and clinical suitability of the different 
solutions are at present being examined. It is intended that the results of 
these investigations shall be published later.

Summary

1. Samples of lignocaine and its anhydrous and monohydrated hydro
chloride have been synthesised, purified and used as analytical standards.

2. A number of assay processes for lignocaine, its salts and solutions 
have been examined and are reported upon.

3. A method for determining the percentage decomposition of solu
tions of lignocaine has been described.

4. Formulas for alkaline buffered solutions of lignocaine hydrochloride 
suitable for clinical trial have been suggested. Their stability and prop
erties have been examined.

This work was carried out at the request of the British Pharmacopoeia 
Commission.
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DISCUSSION

The paper was presented by M r. J. G rundy.

Dr. W. M itchell (London) asked whether the authors had tried 
extracting the lignocaine base from chloroform with sulphuric acid. He 
would be surprised if the sulphate were soluble in chloroform.

M r. T. D. W hittet (London) said that he had examined the effect of 
prolonged sterilisation of lignocaine solutions and his results were largely 
in agreement with those of the authors. After six hours autoclaving at 
115° C. there was slight discoloration. The solutions were estimated 
by extraction of the base with chloroform, dissolving in sulphuric acid, 
back titration with alkali, using as an indicator a solution of bromocresol 
blue and cresol red. The pH of the solutions showed no change. The low 
figure for pH given by the authors was rather surprising as he had found it to 
be about 6-2 both in commercial samples and in his own. As a further 
check the melting point of the base was determined and no significant 
difference was observed. Some pharmacological tests were also carried 
out, and a slight lowering of analgesic potency was found by the corneal 
reflex method, and there was a slight increase in tcxicity in rabbits.
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Dr . G. E. Foster (Dartford) said that as lignocaine was often used 
with adrenaline could the colour reaction be used in the presence of 
adrenaline.

D r . L. Saunders (London) asked whether the authors had considered 
using ion exchange resins to simplify some of the extraction procedures 
in the analysis.

M r. J. G rundy, in reply, said that he had carried out experiments using 
sulphuric acid to extract the lignocaine base from a chloroform solution. 
Low results were obtained similar to those when using hydrochloric acid 
for the extraction. That was presumably due to lignocaine sulphate being 
soluble in chloroform and subsequently dissociating in that solvent. He 
found that there was no difference in toxicity between an ordinary aqueous 
solution of the hydrochloride and alkaline buffered solutions. Why Mr. 
Whittet should obtain a rather high value for the pH of an aqueous 
solution of the hydrochloride was difficulty :o understand. It was quite 
possible that the presence of adrenaline would interfere in the estimation 
of lignocaine in a solution containing both. He had not considered the 
use of ion exchange resins to separate the decomposition products of 
lignocaine.
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ABSTRACTS OF PAPERS PUBLISHED IN 
OTHER JOURNALS

C H E M I S T R Y

ANALYTICAL
Acriflavine, Polarographic Determination of. A. J. Z im m er and K. 

M ansur. ( J .  A m e r .  p h a r m .  A s s . ,  S c i .  Ed., 1955, 44, 204.) Solutions of 
acriflavine were examined polarographically. It was established that although 
acriflavine is a mixture it behaves as a single compound the half-wave potential 
in acid solution pH 1 • 1, after the removal o f oxygen, being given by the equation

=  0-39 V +  4'8 c for the first wave and Ei =  0-59 V +  4-8 c  for the second 
wave, where c is the percentage concentration. The waves were well defined 
and independent o f the supporting electrolyte. They were affected by changes 
in the hydrogen ion concentration, and in neutral or alkaline solutions the 
electrode reaction was irreversible for the first wave. The polarographic 
method of analysis was applied to preparations, including tablets and ointments 
and was more accurate and convenient than that of the U.S. National Formulary 
(9th edition), which also suffers from the disadvantage of determining only the 
chloride ion, and not the active acridine compounds. g . b .

Amanita Toxin, Chemical Identification of. S. S. B lock , R. L. S tep h en s, 
A. B arreto  and W. A. M u rrill. (S c ie n c e , 1955, 121, 505.) The following 
procedure was used. Mince a sample of 0-1 g. or more of fresh fungus and 
extract by boiling in methanol. Filter or centrifuge :he extract and evaporate 
the liquid to dryness on a water bath. Redissolve the residue in a little methanol 
and submit the solution to paper chromatography using methyl ethyl ketone, 
acetone, water and butanol (20 :6 :5 :1 ) as the solvent. Spray the dried 
chromatogram with a 1 per cent, solution o f cinnamaldehyde in methanol. 
Violet spots indicate the presence o f amanitines and bright blue spots are due 
to phalloidine. This method was applied to 46 species, and only the poisonous 
ones gave a positive reaction for amanitines. An exception was observed in 
the case of L e p io ta  c r e ta c e a  which gave a weak violet colour although it was 
not toxic. A m a n i ta  m u s c a r ia , which contains the quicker-acting poison 
muscarine, was not submitted to the test. g . b .

Barbiturates, Potentiometric Non-aqueous Assay for. C. J. S w artz  and 
N. E. F o ss. ( J .  A m e r .  p h a r m .  /4m ., S c i .  Ed., 1955, 44, 217.) When pure 
chloroform is used as a non-aqueous medium for the titration of barbiturates, 
the end-point cannot be determined accurately by potentiometry. This 
disadvantage may be overcome by the addition o f polyethylene glycol 400, the 
sharpest end-point being obtained when chloroform containing 10 per cent, 
o f polyethylene glycol 400 is used. The following is an accurate and convenient 
method of assay. Dissolve 01 to 0-2 g. of the dried barbituric acid under test 
in 5 ml. o f polyethylene glycol 400 and 45 ml. o f chloroform, and titrate with 
0-1 N  sodium methoxide in dehydrated methanol, the end-point being determined 
electrometrically. Sodium derivatives o f  barbituric acids should first be 
dissolved in water, the solution acidified, extracted with chloroform and the 
extract concentrated to 45 ml. After the addition o f polyethylene glycol 400, 
the solution is titrated as above. g . b .
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Magnesium Citrate Solution, Assay for. D. D. A b b o tt  and L. A. R eber.
(J. A m er. pharm . A ss., Sci. E d., 1955, 4 4 , 287.) To a 10-ml. sample, freed from 
excessive carbon dioxide by repeated pouring, add sufficient water to produce 
100 ml. To 25 ml. add 50 ml. of standard solution of sodium ethylenediamine- 
tetra-acetate, allow to stand for 10 minutes, add 20 ml. o f ammonium chloride/ 
ammonium hydroxide buffer solution and titrate the excess o f ethylenediamine- 
tetra-acetate with standard solution of magnesium sulphate (1 mg. of Mg/ml.,) 
using “inhibited versenate” indicator solution, and titrating until the colour 
changes from dark blue to wine red. The standard solution of magnesium 
sulphate may be standardised by the hydroxyquinoline gravimetric method. 
The above method is rapid and comparable in accuracy with the U.S.P. XIV 
gravimetric method. For the determination of total citric acid, heat almost to 
boiling, 25 ml. of the diluted sample (see above) and pour it through a column 
of ion exchange resin (amberlite IR-120 (H)). Wash the sample through the 
column with 2 quantities each of 25 ml. of hot water, and titrate the effluent, 
containing the free acid, with 0TN  sodium hydroxide using phenolphthalein as 
indicator. This method, while not specific for citric acid, appears to give 
results comparable to those of the U.S.P. method of precipitation as calcium 
citrate, and the precision of the method is greater. g . b .

Opium, Determination of Morphine in. R. F isc h e r  and K. F o lb er th .
(A rzneim itt.-F orsch ., 1955, 5 , 66.) 1 g. o f opium is rubbed down with 3 ml. o f
water, and the mixture is passed through a column o f 10 g. o f acid alumina 
(Woelm), being washed through with 5 ml. portions o f water, using in all 
35 ml. o f  water. The eluate is treated with 4 ml. o f ammonia (23 per cent.), 
and made up to 40 g. with water. A solution o f 0-25 g. o f dinitrochlorbenzene 
in 30 ml. o f acetone is then added, and the mixture is allowed to stand over
night in a cold place. The morphine ether is filtered off, washed with two 
2 ml. portions of cold acetone, then with two 2 ml. portions of water, and dried 
for 2 hours at 70 to 80° C. The method may also be applied to tincture of 
opium, 10 ml. being evaporated to remove the ethanol and the residue taken 
up in 5 m l. of water. g . m .

B I O C H E M I S T R Y

GENERAL BIOCHEMISTRY
Blood Cholinesterase Values in Excessive Exposure to Phosphorus Insecticides.

J. C. Gage. (Brit. m ed. J., 1955, 1, 1370.) The red cell and plasma choline
sterase values of 19 normal subjects were measured at monthly intervals for 1 
year. The coefficient of variation was 12-8 for red cell and 21-3 for plasma 
values, composed of a basic individual variation, increased by the experimental 
error of measurement and temporal variations of unknown origin. The 
following are suggested as criteria for the detection of excessive exposure 
to phosphorus insecticides. If an individual shows a red cell or plasma 
cholinesterase value less than i  of the population average, or less than \  of his 
pre-exposure value, whichever is the higher, he should not be allowed to con
tinue his employment and measures to prevent excessive exposure of workers 
should be re-examined. A value between 50 and 60 per cent, of the population 
average indicates the need of special supervision with frequent determinations 
of the cholinesterase values of the workers involved. It is advisable to deter
mine the normal cholinesterase value for each worker before he has been 
exposed to the insecticides, so that a more accurate assessment of the amount of 
anticholinesterase he absorbs can be made. g . b .

CHEMISTRY—ANALYTICAL
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ABSTRACTS
Kynurenine and 3-Hydroxykynurenine in Urine. L. M usa jo, C. A. B e n a ss i 

and A. P arp ajo la . (Nature, Loud., 1955, 175, 855.) Results are reported on 
the excretion of kynurenine and 3-hydroxykynurenine in pathological human 
urines. The urine of normal humans, used as control, gave negative results and 
the urine of several patients was also negative; in many others a slight excretion 
of metabolites was noted, mainly kynurenic and xanthurenic acids, anthranilic 
and 3-hydroxy-anthranilic acids and, sometimes, kynurenine and 3-hydroxy
kynurenine. A  positive result was found in haemoblastotic forms, 76 cases 
being examined. In 59, kynurenine and 3-hydroxykynurenine (both free and 
conjugated) were found in quantity with small quantities o f kynurenic and 
xanthurenic acids; in 11 cases kynurenine was present, but 3-hydroxykynurenine 
was absent. In 6 subjects, some of uncertain diagnosis, the kynurenines were 
absent including 4 patients treated with a colchicin derivative which was con
sidered to inhibit the excretion of the tryptophan metabolites. Excretion took 
place during both normal and fever periods; the recession of the fever did not 
stop the excretion. In 4 cases, quantities up to 40 mg. kynurenine sulphate and 
16-4 mg. o f 3-hydroxykynurenine were recovered from urine. R . e . s .

BIOCHEMICAL ANALYSIS
Adrenaline and Noradrenaline in a Mixture, Colorimetric Estimation of.

T. O zaki. (Tohoku J. exp. Med., 1954, 61, 83.) A method is described for the 
differential estimation of adrenaline and noradrenaline in a mixture. At 
pH 3-6 adrenaline is oxidised completely in 2 minutes with potassium perman
ganate while only 10 per cent, o f noradrenaline is oxidised. At pH 5-6 both are 
completely oxidised within 3 minutes. For the estimation 0T to 1-0 ml. o f the 
sample to be tested or a standard adrenaline solution is measured. The pH is 
adjusted to 3-6 or 5-6 by the addition o f acetate-acetic acid buffer solutions, and 
0T ml. o f permanganate reagent added. (The permanganate reagent consists o f  
3 g. o f potassium permanganate dissolved in 24 ml. o f distilled water and 8 ml. 
o f 75 per cent, lactic acid solution is added.) After 2 minutes at pH 3-6 or 3 
minutes at pH 5-6, 0 05 per cent, hydrogen peroxide solution, in an amount 
equivalent to the permanganate, is added and the mixture is diluted with cold 
water to a volume o f 6 to 10 ml. The oxidation with permanganate is always 
made at 20° C. The colour density of the test and stancard are compared within 
5 minutes in a colorimeter. The amount of adrenaline and noradrenaline is 
calculated from the formulas A =  X -I- n3.6.Y and B =  X  +  n6.6.Y where X  
and Y  are the amount o f adrenaline and noradrenaline respectively, A and B 
are pg. equivalents o f adrenaline estimated at pH 3-6 and 5-6 respectively and 
n3.6 and n5 6 the colorimetric activity ratio of noradrenaline to adrenaline esti
mated at pH 3-6 and 5-6 respectively. The method has been used to assay the 
noradrenaline and adrenaline contents o f the adrenals o f cattle and horses. 
Noradrenaline was found in the medullary tissue in an amount o f 29 per cent, 
o f the total in cattle and 18-5 per cent, in the horse, which is in agreement with 
the findings o f Holtz and Schuman and Shepherd and West. g . f . s .

Human Whole-blood Cholinesterase, Assay of. D. R. D a v ie s  and J. D. 
N ic h o lls .  {Brit. tned. J., 1955, 1, 1373.) Collect 20 cu. mm. of blood in a 
htemoglobin pipette and wash it into 1 ml. of dilute solution of bromothymol blue 
in a test-tube. Add 0-5 ml. of a 0-6 per cent, solution of acetylcholine chloride in 
water, and observe the time required for the solution to become deep orange. 
The blood cholinesterase value may be read from a chart relating cholinesterase 
value to rate of change of pH during the test. A  result 50 per cent, o f the mean 
normal cholinesterase value (ApH/hour =  67) indicates that the level of

776



BIOCHEMISTRY-BIOCHEMICAL ANALYSIS

hypersensitivity to anticholinesterase has been reached, while 20 per cent, o f 
the normal value (ApH/hour =  26) may be regarded as the clinical danger 
level. The lower fiducial limit of normal activity is 109 (A pH/hour). The 
above figures relate to determinations at 20° C. A chart is given showing the 
times corresponding to these limits, for determinations at 10 to 30° C. g . b .

Noradrenaline and Adrenaline in Urine, Chemical Determination of. A.
P ek k ar in en  and M-E. P itk an en . (Scand. J. clin. Lab. Invest., 1955, 7, 1.) 
The adrenaline and noradrenaline contained in the urine sample are adsorbed 
on to aluminium oxide at pH 8-5 and subsequently eluted with oxalic acid. 
Care is taken to eliminate all interfering substances. The solution is then 
treated with manganese dioxide and the fluorescence of the resulting adrenalutine 
or noradrenalutine is measured. The two substances are distinguishable by the 
difference in the time that they take to reach maximal intensity. About 70-80 
per cent, recovery of either amine from the unne is obtained. m . m .

Steroids, Extraction of, from Blood. M. E. L om b ard o, P. H. M ann, T. A. 
V isc e ll i and P. B. H u d son . (J. biol. Chem ., 1955, 212, 345.) A simple 
method is described for the estimation of steroids in blood, combining dialysis 
and extraction in one operation. Equal volumes of blood, water and methanol 
are placed in Cellophane dialyzing tubing and extracted with 60 per cent, 
aqueous methylene chloride in a special extractor. The extracts are evaporated 
to dryness on a water bath at 40° C. in vacuo and then chromatographed in an 
appropriate solvent system. All steroids possessing a A4-3-ketone group are 
located on the paper as ultra-violet-absorbing areas. Steroids such as andro- 
sterone and dehydroepiandrosterone are detected with the Zimmerman reagent. 
The steroid containing zones on the paper are cut into tiny squares and eluted 
quantitatively with a methanol-chloroform mixture. Steroids possessing the 
A4-3-ketone group are estimated by their absorption at 238 to 242 m/x in a 
Beckman spectrophotometer. Compounds such as deoxycorticosterone, Com
pound E, Compound F can also be determined by the blue tetrazolium method, 
and except Compound E by the Porter-Silber reaction. The results of recovery 
experiments with various steroids at different concentrations are reported. The 
method is useful for the analysis of adrenal venous blood. g . f . s .

Xanthines and Organic Mercurials, Bioassay and Diuretic Potency of, in 
Humans. T. G rein er, H. G old , F. P alu m b o, L. W arshaw , T. M cG ow an, 
J. W eaver and H. O tto . (J. Pharm acol., 1955, 113, 140.) A method for 
the bioassay of diuretic substances, using ambulant patients with congestive 
heart failure, is described and the results analysed statistically. The diuretic 
effect is measured by the loss of body weight 24 hours after the dose. This 
method is used to compare the potency of aminophylline with meralluride 
(Mercuhydrin), to determine the degree to which the diuretic action of meralluride 
may be augmented by aminophylline, to compare the diuretic action of amino
phylline by intramuscular and oral administration and to compare the therapeutic 
value of oral theophylline in the form of the ethylenediamine with that o f  
the calcium salt. It was found that 0-5 g. of aminophylline causes a diuretic 
effect equal to that of 0-6 ml. of meralluride, both being given intramuscularly, 
but that aminophylline is less effective orally. In terms of molecular weight, 
aminophylline and calcium theophyllinate have equal diuretic potency. Amino
phylline may enhance the diuretic activity of the organic mercurials by approxi
mately 50 per cent. This is due to a simple summation of effects and not to a 
potentiation. There is, however, insufficient evidence that the xanthines will 
restore a diuretic response in patients refractory to the organic mercurials.

M. M.
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ABSTRACTS

C H E M O T H E R A P Y

Antibiotic of Bacterial Origin, A New. A. T. F u ller . ( N a tu r e , L o n d .,  
1955, 175, 722.) This antibiotic was isolated from a spore-bearing organism 
o f the B a c illu s  p u m il is  group, obtained from an East African soil. It was 
prepared in good yield by growing the organism in aerated culture in a medium 
containing inorganic salts, ammonium citrate, glucose and meat extract. The 
antibiotic was isolated by acidifying to pH 2-5, precipitating with ammonium 
sulphate, extracting the precipitate with ethanol, evaporating to dryness, 
washing the residue with ether to remove impurities, dissolving the remainder 
in ethanol and passing the solution through an alumina column. The eluate 
was recrystallised from a mixture o f acetic acid and ethyl acetate, in the form 
o f a white solid, melting point 252° C., empirical formula C8H90 2N 2S. It was 
effective in  v itro  against S tr e p to c o c c u s  a u reu s , P a s te u re tla  m u r is e p tic a , S t r e p to 
c o cc u s  hcem oly ticus  group A and M y c o b a c te r iu m  tu b ercu lo s is . It was not 
active against B a c te r iu m  co li, S h ig e lla  f le x n e r i i  or C a n d id a  a lb ic a n s . Admini
stered intraperitoneally to mice it was non-toxic and effective against haemolytic 
streptococcal infections. It was less effective when given by mouth, g . b.

Ethylene Bis-dithiocarbamate Esters as Fungicides. A. P. C o llin s  and 
G. A. W iese. (J . A m e r .  p h a rm . A s s . ,  S c i.  E d ., 1955, 44, 310.) Disodium 
ethylene bis-thiocarbamate was prepared by the reaction of a solution of ethylene- 
diamine and sodium hydroxide with carbon disulphide. The resulting solution 
was used directly for the preparation of the bis-2-hydroxyethyl, bis-3-hydroxy- 
propyl and di-n-propyl esters. The isolated salt, prepared by a modified pro
cedure, was used for the preparation of the diallyl and dibenzyl esters. All 
these esters were tested for activity against pathogenic fungi (M. a u d o u in i, 
A . sch o en le in ii, M .  la n o su m , M .  g y p se u m  and T . r u b n tm )  using paper discs 
impregnated with acetone solutions of the fungicides, which were placed on 
plates of medium streaked with the organism. Zones of inhibition were 
measured after incubation for 7 days at 37° C. The diallyl ester was more active 
than undecylenic acid against all the test organisms. Bis-2-hydroxyethyl, bis-
3-hydroxypropyl and di-«-propyl esters were of about the same order of activity 
as undecylenic acid. A  certain amount of specificity of action was observed, 
the bis-2-hydroxyethyl ester being much more active against M . la n o su m , M .  
g y p s e u m  and T . ru b ru m  than against the other organisms. g . b .

P H A R M A C Y
NOTES AND FORMULAE

Aspirin, Decomposition of, in Aspirin, Phenacetin and Caffeine Tablets. D.
R ib e iro , D. S tev en so n , J. Sarnyn, G. M ilso v ic h  and A. M. M a tto ck s. 
(J . A m e r .  p h a rm . A s s . ,  S c i .  E d ., 1955, 44, 226.) Experimental batches of 
aspirin, phenacetin and caffeine tablets were prepared to determine the effect 
o f varying the form of aspirin, lubricant, moisture content and pressure in the 
tablet machine. The tablets were stored at 45° C. for 4 weeks and the 
decomposition assessed in terms o f the content of salicylic acid, determined by 
measuring the colour intensity after reaction with ferric ammonium sulphate. 
Stearic acid and stearates caused significantly greater decomposition than talc, 
mineral oil or Aldo 33, especially when a large proportion of lubricant was 
included. Crystalline aspirin was preferable to aspirin-starch granulation made 
by precompression, especially when Aldo 33, stearic acid, talc or mineral oil
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were employed. A moderate water content of the phenacetin-caffeine granules 
did not increase the rate o f decomposition, and variations in the pressure 
applied to the machine punches had no effect on the keeping properties o f the 
tablets. g . b .

Neomycin in Pharmaceutical Preparations, Stability of. R. M. S im on e and 
R. P. P o p in o . {J. A m e r .  p h a rm . A ss .,  S c i .  E d ., 1955, 44, 275.) Preparations 
were assayed before and after storage, using a cup-plate method, with B a c illu s  
su b t i lis  as the test organism. Aqueous solutions, tablets and soluble and 
water-miscible bases were diluted and assayed directly. Oily preparations were 
dissolved in ether/light petroleum mixture and extracted several times with 
phosphate buffer, p H  8, the mixed extracts being used for the test. Aqueous 
solutions appeared to be stable for up to 2 years at room temperature, the 
presence of OT to 0-3 per cent, of antioxidant and buffering to p H  6 to 7 prevent
ing the discoloration which otherwise occurs, especially in concentrated solutions 
(50 to 400 mg./ml). A series of nasal preparations, mouthwashes and tinctures 
were stable for 1 year at room temperature. Tablets, lozenges and ointments 
in water-miscible and water-immiscible bases were stable for 2 years, but a 4 
per cent, ointment in hydrous lanolin lost 90 per cent, of its activity in 1 year at 
23° C. Autoclaving of a 0-325 per cent, w/v solution of neomycin sulphate in 
water at 120° C. for 40 minutes caused no loss in potency. Preparations con
taining neomycin with penicillin, bacitracin or dihydrostreptomycin were 
equally stable. Sterilisation of dry powdered neomycin sulphate at 110° C. for 
10 hours caused no loss in potency, but under similar conditions a 0-325 per 

cent, ointment in white petroleum jelly showed a loss of 13 per cent, with 
darkening of the preparation. g . b .

P H A R M A C O L O G Y  A N D  T H E R A P E U T I C S
Acetazoleamide in Acute Respiratory Acidosis. M. W ish art and B. Isaacs. 

( L a n c e t , 1955, 218, 995.) Acetazoleamide (Diamox) inhibits the enzyme 
carbonic anhydrase, its main pharmacological effect being exerted on the renal 
tubule cells, leading to increased urinary excretion of sodium, potassium, and 
bicarbonate; reduced excretion of ammonium ion; a rise in p H  of the urine; 
and a fall in the serum bicarbonate level and in p H  of the blood. Acetazoleamide 
was given to 3 patients with acute exacerbation of chronic respiratory acidosis in 
the hope of preventing or relieving carbon-dioxide narcosis. Increased urinary 
excretion of bicarbonate and a fall in the serum-bicarbonate resulted. In all 3 
cases there was clinical deterioration—2 of the patients died and the third recovered 
when the acetazoleamide was withheld. It was concluded that in these 3 cases 
acetazoleamide was of no value, and that its property of promoting renal 
excretion of bicarbonate may have been harmful to the patients. s. l . w .

Adrenaline, Noradrenaline and Dihydroergotamine, Effects of, on Excised 
Human Myometrium. W. J. G arrett. {B rit. J .  P h a rm a c o l., 1955, 10, 39.) 
The action of ( — )-adrenaline, ( —)-noradrenaline and dihydroergotamine on 
isolated strips of human myometrium were investigated at various stages o f the 
menstrual cycle, after the menopause, during pregnancy and at parturition. 
The myométrial segments from non-pregnant uteri were cut as vertical strips 
from the body of the uterus ; those o f pregnant uteri were transverse strips from 
the lower segment. Both adrenaline and noradrenaline stimulated the muscle 
under all the above conditions, noradrenaline being considerably the more 
potent on the non-pregnant uteri. The stimulant actions were blocked by 
dihydroergotamine and potentiated by cocaine. The in  v itro  results obtained
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for adrenaline with the late-pregnancy strips differed from those obtained for this 
drug in  v ivo , where inhibition was the usual response. Noradrenaline stimulated 
the myometrium both in  v ivo  and in v itro . o .  p.

Anticholinesterase Agents, Effect of, on the Rats’ Blood Pressure. P. D irn -  
h ub er and H. C u llu m b in e . (B r it .  J .  P h a rm a c o l., 1955, 10, 12.) Sarin, 
dyflos, eserine, TEPP and E600 all produced hypertension when administered 
to rats in near-lethal doses. Spinalisation of the rat, hexamethonium, tolazoline, 
ergotamine and large doses o f  atropine reduced the response to a small short- 
lasting rise in pressure. In the skinned rat the prolonged rise was also absent. 
It was concluded that the anticholinesterases increase, by a central action, the 
sympathetic tone in the blood vessels o f the skin. g . p .

Antithyroid Drugs: Mode of Action, In  V i t r o  Inhibition of Oxidative Protein 
Iodination. R. F raser, M. G. W. H an n s and W. R. P itney . (B r it. J .  
P h a rm a c o l., 1955, 10, 1.) The mechanisms of action of antithyroid drugs were 
investigated by two in v itro  tests. The first and more important test measured 
the inhibition by the drug o f a protein-iodinating enzyme system, consisting of 
milk enzyme powder, xanthine, casein and radio-iodide. The other determined 
the interference with a non-enzymic casein iodination with peroxide and radio
iodine. In a series o f known antithyroid drugs, differentiation of mode o f  
action was possible from the results o f the two tests. The first group (carbi- 
mazole, methimazole, 2-thiouracil and iodothiouracil) acted mainly by enzyme 
inhibition, the second group (resorcinol, sulphathiazole and isoniazid) had little 
enzyme-inhibiting activity and apparently acted mainly by iodine removal or by 
substrate competition, while the third group (thiocyanate, L-thyroxine and 
p-aminosalicylate) showed intermediate characteristics, but resembled more 
closely the second group. The enzyme test was suggested as a useful screening 
test for new antithyroid compounds since in the series tested the potency measured 
by this method correlated well with in v ivo  antithyroid activity. g . p .

Baytenal, A Short-acting Thiobarbiturate. P. N o b es (L a n c e t, 1955, 268, 
797.) Baytenal is sodium 5 : 5-allyl-(2-methylpropyl)-thiobarbiturate, which is 
administered intravenously as a 10 per cent, aqueous solution as a very short
acting anaesthetic. Elimination is so rapid that there is virtually no post
operative somnolence. The drug was tried in 11 patients ranging in age from 
17 to 62, selected so as to avoid the need for other intravenous medication. 
Some patients received Omnopon 1/3 grain and scopolamine 1/150 grain. 
Dosage of Baytenal was based on the age, weight and general condition o f the 
patient and on the duration of the operation, and varied from 0-45 to 1 g. The 
drug was also given experimentally to a volunteer (the author). The most 
striking feature was the rapidity with which consciousness was regained and the 
freedom from post-anaesthetic confusion or drowsiness. The volunteer regained 
consciousness in 6 minutes and could write an account o f his subjective sensa
tions in 22 minutes. Slight euphoria persisted for 2 hours but did not interfere 
with work or ability to drive a car. In all cases respiratory depression was 
slight and apncea was o f short duration. Retching, lasting for -} to 1 minute, 
occurred in only 3 cases, two of whom had been given Omnopon and scopolamine 
premedication. It is suggested that the drug may be especially useful for anaes
thesia in out-patients or casualty cases. h . t . b .

B.C.G. Vaccination, Standardisation and Efficacy of. against Tuberculosis.
S. R. R o sen th a l. (J . A m e r . m ed . zlss., 1955, 157, 801.) This is a critical 
evaluation of B.C.G. vaccination based on a 20-year study. With regard to
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alleged loss in viability of B.C.G. vaccine, it has been shown that when standard 
vaccine is stored at ice-box temperatures it loses little o f its viability for periods 
up to one month, and at these temperatures freeze-dried vaccine remains of 
constant viability for periods up to 3 years. With the freeze-dried vaccine it is 
now possible to completely standardise the vaccine before use; viability, potency 
and safety can all be ascertained before distribution. B.C.G. vaccine increases 
resistance against virulent tuberculosis in man in all age groups bringing about a 
reduction in the morbidity and mortality from tuberculosis o f from 54 to 100 per 
cent. B.C.G. vaccination should be used only as a part o f a tuberculosis control 
programme in which housing, nutrition and education are also taken into account. 
The multiple puncture method o f vaccination is simple in application and devoid o f  
complication, and leaves no scar. In this method a thin stainless steel disc with 
36 sharp protrusions is used. A drop o f vaccine is placed on the outer aspect 
o f  the arm over the deltoid region and is spread with the wide margin o f the 
disc which is held by a stainless steel magnet. The skin is tensed from beneath 
with one hand and downward pressure is exerted on the magnet and disc with the 
other so that the needles puncture the skin through the vaccine. The vaccine 
is then redistributed with the wide margin o f the disc into the apertures made by 
the disc. Small maculopapules appear after 10 to 14 days and disappear after 
a month or two. The rate of conversion is high (90 to 100 per cent.) and com
pares favourably with the results o f other parenteral methods. s. l .  w .

Cardiac Glycosides in the Treatment of Cardiogenic Shock. R. G o r lin  and
E. D. R ob in . (B rit. med. J ., 1955, 1, 937.) Hesitation about using cardiac 
glycosides in myocardial infarction is based on the facts that the experimentally 
infarcted heart shows lowered tolerance of digitalis and that the effects o f 
digitalis and infarction, both of which increase the likelihood o f ventricular 
irritability and arrhythmia, may be additive. The authors have used cardiac 
glycosides in 4 patients with myocardial infarction who were in both coma and 
shock. 1 patient in clinical shock was given lanatoside C and 3 with shock 
and pulmonary oedema were treated with ouabain, both drugs being given 
intravenously. All showed remarkable clinical response with a rise in blood 
pressure, decrease in pulmonary oedema and dramatic clearing o f the coma. 
3 out of the 4 ultimately survived. The first patient was given 50 mg. o f pro
caine amide hydrochloride intravenously, with conversion to a normal sinus 
mechanism. Noradrenaline produced a rise in blood pressure but the clinical 
shock remained. 0-4 mg. o f lanatoside C intravenously produced a marked 
response within 30 minutes; a further dose of 0-4 mg. was then given. Death 
occurred suddenly 1 hour later and post-mortem examination showed a fresh 
myocardial infarction and pulmonary congestion. Death may have been 
related to a digitalis induced arrhythmia. The ouabain treated patients were 
given respectively 0T5 mg. in 3 doses each of 0-05 mg., and single doses of 0-2 
mg. and 0125 mg. Supplementary treatment with morphine, oxygen, procaine 
amide hydrochloride and venesection was given when necessary. All came 
out o f coma within 20 to 45 minutes and eventually made a complete recovery. 
The authors suggest the following treatment for myocardial infarction with 
shock—morphine for pain, adjustment o f the patient’s position in bed for its 
effect on blood pressure and venous return, phlebotomy for its effect on venous 
pressure, vasoconstrictor agents for increasing systemic resistance and arterial 
pressure, and cardiac glycosides for increasing cardiac output and arterial 
pressure. The importance of the dose o f the cardiac glycosides in avoiding 
toxicity is emphasised. In this series 25 to 50 per cent, o f the generally accepted 
dose of ouabain was found adequate. h . t . b .
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Chlorpromazine, Action of, on the Autonomie Nervous System. F. Jou rd an , 

P. D u c h ê n e -M a r u lla z  and P. B o iss ie r . (Arch. int. Pharm acodyn., 1955, 
101, 253.) The actions of chlorpromazine on autonomie pathways in the dog 
and the rabbit were studied, using in all cases the same dose, 5 mg./kg. intra
venously, a dose which corresponds to that employed clinically. In the dog, 
blockade of adrenaline vasopressor effects was always obtained and reversal 
sometimes occurred. In the rabbit, however, only a moderate adrenergic 
blockade resulted, reversal never appearing. In the dog. chlorpromazine had 
no action on the cardioaccelerator action of adrenaline; on the contrary, the 
drug had an accelerator action of its own, which persisted after denervation o f  
the heart. There was also no action on the mydriasis, exophthalmos, retraction 
of the nictitating membrane or conjunctival vasoconstriction resulting from 
stimulation of the cervical sympathetic trunk. Similarly, the cardioaccelerator 
effects of cervical sympathetic stimulation were not affected. Renal vaso
constriction following splanchnic nerve stimulation in the adrenalectomised dog 
was only moderately depressed. Release of adrenaline from the adrenal 
medulla on stimulation of the splanchnic nerve was not affected by chlorpro
mazine. Stimulation of the peripheral vagus was partly blocked, but the 
duration of action was prolonged, especially in the rabbit. Salivary secretory 
response to chorda stimulation was slightly decreased. The hypotensive and 
cardiac slowing effects o f injected acetylcholine were not modified. In the dog, 
the hypotension induced by chlorpromazine was mainly central, no hypotension 
occurring in the spinal dog. Also, small doses, inactive when injected peri
pherally, led to a rapid fall in pressure when injected into the vertebral artery.

G .  P .

Chlorpromazine, Psychiatric Use of. W. H. T reth ow an  and P. A. L. S co tt. 
(L an cet, 1955, 268, 781.) A clinical trial was carried out on 30 men and 29 
women patients with psychoneuroses or personality disorders who showed some 
symptoms o f an obsessive or compulsive kind. The patients were observed 
for 7 to 18 weeks, during which all received chlorpromazine and an inert placebo, 
and more than half received no treatment for a week during the trial. In 31 
patients treatment began with chlorpromazine while in the remainder the placebo 
was given first. The initial dosage o f the drug was 50 to 75 mg. daily, increased 
after a week to 100 mg., and after a further week to 150 or 200 mg. at which 
level it was maintained for the remainder of the course. A significant response 
to chlorpromazine occurred in 27 o f the patients. All had a return o f symptoms 
on replacing the drug by the placebo, usually within 3 :o 5 days. 6 patients 
became considerably worse after the drug was withdrawn than they had been 
before treatment began; of these, 3 developed a state o f agitated depression 
which necessitated admission to hospital. Of the 32 patients who did not 
respond to chlorpromazine, 10 showed some improvement but as it continued 
whether the drug or the placebo was given it was assumed to be spontaneous. 
After withdrawal of chlorpromazine there was a significantly smaller response 
to a subsequent course o f treatment. In addition to the patients completing 
the course o f treatment, 16 commenced treatment but were not included in the 
results. Of these, three developed jaundice. Pyrexia sometimes occurred, and 
2 patients developed hypnagogic hallucinations. The best results were obtained 
in patients in whom tension and anxiety were prominent. Little relief o f  
obsessive-compulsive symptoms apart from aggressive urges and hypochondriacal 
ideas was obtained. It is emphasised that sudden withdrawal o f the drug is 
inadvisable. h .  t .  b .
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Chlorpromazine, Inhibitory Actions of, on Motor Activity, S. R. D asgupta
and G. W erner. {Arch. int. Pharm acodyn., 1955, 100, 409.) Chlorpromazine 
causes a reduction of muscle tone in cats, which is not due to a neuromuscular 
blocking action but to central depressant action on tone and reflex regulating 
centres. Experiments in anæsthetised cats show that the effects o f cortical 
stimulation (pericruciate area) are depressed by 0-5 to 1-0 mg./kg. o f chlor
promazine and similar results are obtained with 20 to 30 mg./kg. o f mephenesin. 
Stimulation o f the cerebellar cortex in decerebrate cats show that 0-5 mg./kg. 
of chlorpromazine suppresses the postural responses and decreases decerebrate 
rigidity. Stimulation o f suitable areas o f the lateral reticular formation (area 
of the restiform body) show the drug to reduce turning movements. It also 
reduces the height of the contraction elicited by stimulation of descending 
medullary tracts, like mephenesin. The crossed extensor reflex of decerebrate 
cats is completely suppressed by 0-5 mg./kg. of chlorpromazine, and is antagon
ised by strychnine (20-30/xg.). The crossed extensor reflex of spinal cats is 
comparatively resistant to the blocking action o f chlorpromazine. The results 
show the close similarity of the inhibitory actions of the drug on motor activity 
with the effect o f a typical “interneuron-blocking” drug mephenesin.

g . f . s.

PHARMACOLOGY AND THERAPEUTICS

Chlorpromazine in Mental Hospital Patients. J. L om as. {Brit. m ed. / . ,  
1955, 1, 879.) This is a report on the treatment of 205 patients with chlor
promazine over a period of 4 months. The generally adopted scheme o f  
dosage was to give 50 mg. three times daily orally in the first week, 75 mg. 
three times daily in the second week, and 100 mg. three times daily in the third 
and subsequent weeks. Very few patients failed to tolerate this dosage. Some 
patients received higher dosages than 300 mg. daily, but most patients who 
improved on the drug did so on 150 mg. daily. The more disturbed and 
chronic psychotic patients both tolerated higher dosages and required more 
drug to produce improvement. Treatment was not abandoned as useless in 
under 2 months and was not usually prolonged beyond 3 months. It was 
terminated abruptly without any withdrawal effects being noticed in any case. 
Almost all cases treated were ambulant. Although a few patients complained 
o f slight giddiness, no marked hypotensive effects were observed except in 
those with cardiovascular disease. The risk of potentiation of sedatives was 
negligible in normal doses and was noticeable only in those in whom continual 
narcosis was produced when it was possible to manage with much smaller 
doses of barbiturates given in association with chlorpromazine than with 
barbiturates alone. The results in this series suggest that chlorpromazine may 
prove useful in the treatment of acute states o f excitement of all sorts, in 
neurotics in whom tension or anxiety is a prominent symptom, and in some 
depressive patients in whom E.C.T. has proved ineffective. The most striking 
results were obtained in chronic psychotic patients in whom the prognosis 
would normally be very bad ; it enabled a few of these patients to be discharged 
and many more to make a good hospital adjustment. In chronic patients the 
chief part played by chlorpromazine was to make possible the rehabilitation o f  
those in whom this was formerly impossible. It would appear that the results 
o f chlorpromazine treatment are almost identical in both inhibited and over- 
active patients; this suggests that some revision is needed in the conception 
o f the drug as being mainly a symptomatic treatment for excited states. As 
good results were found after leucotomy as in other chronic patients.

s. l . w .
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Desacetylmethylcolchicine in Myeloid Leukaemia. B. 7. L eon ard  and J. F. 

W ilk in so n . (B rit, tried. J., 1955, 1, 874.) 8 patients with chronic myeloid 
leukaemia were treated with desacetylmethylcolchicine (Colcemid). The initial 
oral dose o f 3 mg. daily was increased after 3 or 4 days to a total o f 10 mg. 
daily according to the white-cell count. This dosage was continued until the 
leucocytes dropped to approximately 25,000 per cu.mm, and was then stopped 
for 3 to 4 days. A  daily maintenance dose of 3 to 5 mg. was then instituted. 
Daily white-cell counts, platelet counts and haemoglobin estimations were 
performed until the maximal effect on the white cells had been attained; there
after counts were done twice weekly and finally every 1 to 2 weeks. In 6 o f  
the 8 patients there was distinct clinical improvement; their appetites improved, 
they gained weight and had more energy; their spleens rapidly decreased in 
size; there was a dramatic reduction in the white-cell count and an increase in 
the haemoglobin content and the red-cell count; the platelet counts were 
unaffected. These 6 patients have been maintained in satisfactory clinical and 
haematological states for periods of from 4 to 9 months and have carried on 
with their normal occupations. It appears that the compound is a more 
selective granulocyte depressant than other chemotherapeutic agents. The 
disadvantages of myleran in producing thrombocytopenia and aplastic anaemia, 
and in some cases in precipitating an acute myeloblastic leukcemia, were not 
seen in this group of cases. In 2 patients with myelofibrosis the white cells 
were extremely sensitive to Colcemid and dropped to low levels in 3 and 5 days 
respectively. The results o f the treatment in 6 patients with acute myeloid 
leukaemia were disappointing; in spite o f some reduction in the number of 
myeloblasts clinical deterioration continued and in no case was a remission 
obtained. The use of Colcemid would appear to be con:raindicated in chronic 
lymphatic leukaemia, and evidence (in one case) suggests that it may even 
aggravate the condition. s. l . w .

Hydrocortisone, Intravenous, Clinical Uses of. F. D u d le y  H art. (B rit, 
m ed. J., 1955, 1, 454.) Intravenous hydrocortisone is available for use in 
patients suffering from acute adrenal insufficiency when cortisone or hydro
cortisone acetate by mouth or by intramuscular or intra-articular injection do 
not act with sufficient promptness. In Addisonian crisis an intravenous drip 
of 10 to 20 mg. hydrocortisone for 6 to 8 hours usually effects sufficient improve
ment to allow of oral or intramuscular therapy. In adrenalectomised patients 
affected by some additional stress such as infection, intravenous hydrocortisone 
may be life-saving. Partial adrenal insufficiency may occur as a result of 
additional stress, such as a surgical operation, in patients being treated with 
cortisone. Other conditions in which the use of hydrocortisone should be 
considered include the Waterhouse-Friderichsen syndrome, acute renal 
insufficiency due to stress in Simmonds’s disease, and severe status asthmaticus, 
acute disseminated lupus erythrematosus and overwhelming allergic reactions. 
Sodium retention and oedema are not a serious danger during the short periods 
o f treatment needed in adrenal crisis and the hazard is diminished by using 
5 per cent, dextrose. The drug is rapidly eliminated and after its use full 
doses of oral or intramuscular cortisone must be given, or intramuscular 
cortisone can be given simultaneously. The patients must be closely watched, 
especially those with metastatic malignant disease who have been adrenalecto
mised; if signs of post-operative infection are observed antibiotic therapy must 
be instituted. h . t . b .

Isoniazid in the Treatment of Pulmonary Tuberculosis in Children. R. McL. 
T od d. (L ancet, 1955, 269, 794.) Isoniazid was administered to alternate
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children in a group o f 50 with primary pulmonary tuberculosis. Children not 
given isoniazid received no specific chemotherapy. All were kept in bed for 4 
to 8 weeks and were then allowed to return gradually to full activity. Dosage 
of isoniazid was 3 mg./lb. body weight per day, in 3 doses, for 3 months. 
Progress was assessed by (1) vitality, appetite and clinical examination; (2) 
change in body weight; and (3) radiological evidence. Improvement in 
appetite was seen in almost every treated case. Except in infants under 3 years 
of age, the increase in body weight was greater in the treated children than in the 
controls and a statistically significant difference was found in the 3 to 6 year age 
group. X-ray shadows tended to clear earlier in the treated group but after 1 
to 3 years there was little difference in the clinical and radiological condition of 
the treated and the untreated groups. An impression was formed that the size 
of the primary lesion decreased more often during the first 3 months in the 
treated patients. No side effects o f isoniazid were observed and the progress 
made by the patients confirmed previous reports that drug resistance is less 
likely to occur in children. h . t . b .

Lysergic Acid Diethylamide, Action of, on Mammalian Cholinesterases.
R. H. S. T h om p son , A. T ick n er  and G. R. W eb ster . (B rit. J . Pharm acol., 
1955, 10, 61.) Lysergic acid diethylamide (LSD) caused an increase in acetyl
choline levels in the guinea-pig brain (Poloni and Maffezzoni, S istem a nerv., 
1952, 4, 578). In view of this report the authors studied the actions of LSD and 
other ergot alkaloids on cholinesterases. The enzyme-inhibitory activity was 
determined manometrically. LSD had relatively powerful inhibitory activity 
on pseudocholinesterase o f human serum and brain, the true cholinesterase and 
tributyrinase o f the brain being only slightly affected by concentrations o f LSD 
which almost completely inhibited the pseudocholinesterase. The inhibition 
was reversible and competitive in nature. In the rat, guinea-pig, rabbit, chicken 
and monkey the brain pseudocholinesterase was much less sensitive than was the 
corresponding enzyme in human brain. 5-Hydroxytryptamine had no effect on 
the anticholinesterase action of LSD. Ergometrine, methylergometrine, 
ergotamine, ergotoxine and dihydroergotamine, in decreasing order o f activity, 
all had considerably less action than LSD on human serum cholinesterase.

G . P.

Morphine and Diaminophenylthiazole, Treatment of Intractable Pain with Large 
Doses of. F. H. Shaw  and A. Shulm an. B rit. m ed. J., 1955, 1, 1367.) 
This paper gives a full account of the earlier short report to N ature  by the authors 
(see J. Pharm . Pharm acol., 1955, 7, 431) on the use of diaminophenylthiazole in 
doses which prevent the respiratory depression and soporific action of morphine, 
diamorphine and synthetic narcotics without diminishing their analgesic effect. 
Large, graded doses, up to 2 grains of morphine are given, with 15 mg. of 
diaminophenylthiazole by intramuscular injection. It is possible in this way to 
provide 6 to 8 hours of analgesia per dose, and 4 treatments a day may be given so 
as to obtain continuous analgesia if required. Diaminophenylthiazole has a high 
therapeutic index, whether used as a morphine antagonist, as a /3: /3-methyl- 
ethylglutarimide synergist or in the treatment of barbiturate intoxication. The 
dose may be increased to as much as 100 mg. if necessary to prevent respiratory 
depression. Slow and irregular breathing are not signs of respiratory danger, 
provided that the respirations are deep and cyanosis is absent. Hyoscine, 
atropine, barbiturates, chlorpromazine and meclozine may be given at the same 
time. G . b .
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Piperazine, In  V i t r o  Activity against A s c a r i s  lu m b r i c o id e s .  O. D.
S tan den . (B r it, tried. J . ,  1955, 2, 20.) Piperazine citrate, adipate and phosphate 
were tested in  v itro  against A . lu m b r ic o id e s  from the pig. All three salts were 
equally effective in inducing a state o f narcosis in the worms. The drug effect was 
gradual and did not irritate or kill the worms, and when placed in drug-free 
medium all affected worms recovered in half to two hours. The appearance o f  
worms in the stools o f patients treated less than 24 hours previously and the 
recovery of such worms when placed in warm Ringer solution suggest that the 
action of piperazine against A . lu m b r ic o id e s  in man is very similar to that against 
A . lu m b r ic o id e s  from the pig in v itro . It seems almost certain that the worms 
in the small bowel are likely to be affected 5 to 6 hours after the drug has been 
given and will remain fully narcotised while a piperazine concentration of 1 : 560 
or more persists. Obviously, to achieve successful treatment drug-affected and 
narcotised worms must be voided in the faeces before the effects o f the drug 
have worn off. In persons with normal bowel movement this can be achieved 
by a single large dose in the morning, but it is likely that worm clearance would 
be more certain if the drug was given before the evening meal. In costive 
patients it would appear desirable that the normal rate of bowel movement 
should be assisted by a purge timed to take effect within the limits o f duration 
of worm narcosis. s. l . vv.

Poliomyelitis Vaccine: American Trials in 1954. (B r it .  rned. J . ,  1955, 1, 
1083.) Two distinct but concurrent trials were carried out in areas with a con
sistently high incidence of poliomyelitis. In one, uninoculated children were 
used as controls, while in the other the controls were children who were given 
an injection of something having no influence on immunity to poliomyelitis. 
In the first study, covering 127 areas in 33 states, 221,998 children received a 
complete course of vaccinations while the controls numbered 725,173; in the 
second study, covering 84 areas in 11 states, 200,745 received a complete course 
while 201,229 were given the placebo injections. Dosage consisted of 3 intra
muscular injections each of 1 ml., the intervals between the first and second 
injections and between the second and third injections being 1 week and 4 
weeks respectively. 129 cases of presumed poliomyelitis were reported up to 
4 weeks after completion of the course but it is considered that there was no 
evidence of disproportionate frequency of the disease in vaccinated children. 
Within a period of 6 to 7 months after vaccination, 1013 children were reported 
as having poliomyelitis but of these 14-8 per cent, were doubtful or definitely 
not suffering from that disease, 67-6 had the paralytic form of poliomyelitis and 
17-6 per cent, had the non-paralytic form. Of those definitely suffering from 
poliomyelitis, 79 per cent, had the paralytic form. In the placebo control areas, 
the ratio of poliomyelitis cases among patients treated with the placebo to those 
among the vaccinated patients was 2 to 1, and for the paralytic cases 3-5 to 1 ; on 
the other hand there was no difference between the two groups in the attack 
rates of non-paralytic poliomyelitis. Differences between the treated and un
treated groups increased with the severity of the disease; there were no fatal 
cases in the treated groups. Analysis of the results by reference to age showed a 
significant protective effect against paralytic poliomyelitis for every age except 
for 6-year-olds, where, based on 16 and 23 cases respectively, the attack rates 
were 37 and 53 per 100,000 of population in vaccinated and placebo controls 
respectively. Effectiveness increased with age. The general conclusions were 
that the vaccine was 80 to 90 per cent, effective against paralytic poliomyelitis; 
against disease due to Type I virus the effectiveness was 60 to 70 per cent., but

786



against disease due to Types II and III virus the effectiveness was 90 per cent, 
or more. h . t . b.

Radioactive Phosphorus in Treatment of Polycythæmia. J. B. H a rm a n , 
P. L. de V. H a r t  and E. M. L e d lie . ( B r i l .  m e d .  J . ,  1955, 1, 930.) Radio
active phosphorus (32P) is obtained as a solution o f orthophosphoric acid and is 
prepared by the irradiation o f sulphur. Its half-life is 14-3 days, but excretion 
in the urine reduces the effective half-life to 10 days. Phosphorus is largely 
incorporated into cells in which proliferation is most active, so that 32P provides 
a m ethod o f irradiating the bone marrow in polycythæmia more selectively than 
can be done by external irradiation. The 32P was given intravenously as sodium 
phosphate and the patient was discharged from hospital when excretion reached 
a safe level (100 mC. in 24 hours), usually after 2 to 3 days. At first, in 28 
patients, two injections were given, usually o f 5 mC. and 4 mC., at intervals o f 
6 to  12 weeks ; subsequently, in 16 patients, a single dose o f 4 to 7 mC. was given. 
There was no obvious difference in the results. The effect on circulating red 
cells becomes apparent gradually over 2 to  3 months, and the period before 
improvement occurs can be shortened by massive venesection with simultaneous 
infusion o f  a plasma substitute. Observations over a period of up to 6 years 
show that in most cases the blood concentration can be kept at or near normal 
and symptoms are relieved, particularly ulceration and sepsis o f toes, hæmor- 
rhages, “congested” feelings and enlargement o f the spleen. Pruritus may be 
resistant. Dyspepsia seems to improve except when ulcers are present. The 
relief lasted for from nearly 1 to over 4 years, with an average of about 2 years ; 
further treatm ent can then be given. The largest total am ount o f 32P given to  a 
patient so far is 36 mC. There was no evidence that radiation treatm ent p ro
duced leukaemia or myelosclerosis, both of which may supervene on poly
cythæmia. 32P may be harmful if leukaemia does develop. h . t . b.

Reserpine and Chlorpromazine, Potentiating Action of. B. B. B ro d ie , P. A. 
S h o re , S. L. S ilv e r  and R. P u lv e r . ( N a tu r e ,  L o n d . ,  1955, 175, 1133.) 
Reserpine and chlorpromazine have both been shown to potentiate the action 
of hexobarbitone and ethanol on the central nervous system. Mice injected 
with 100 mg./kg. o f hexobarbitone and 5 mg./kg. o f chlorpromazine sleep for 
considerably longer than those given the barbiturate only. Chlorpromazine 
does not influence the metabolism of the barbiturate, as barbiturate assays of 
suitably treated homogenates from animals killed at definite times revealed. 
Furtherm ore chlorpromazine has no hypnotic action of its own, even in large 
doses. Finally, animals killed at various times after injections of hypnotics 
showed no significant difference in the concentration of barbiturate or ethanol 
in the brain, regardless of whether or not they had also received chlorpromazine. 
Experiments with reserpine gave similar results and its potentiation o f ethanol 
was striking. The mode of potentiation of hypnotics by SKF-525A is different 
from  that o f chlorpromazine and reserpine, since animals recovering from a 
hexobarbitone hypnosis revert to a deep sleep when treated with chlorpromazine 
but are not visibly affected when SKF-525A is given intravenously. g . p .

Reserpine Parenterally in Acute Hypertension. F. A. F in n e r ty ,  J r . and J. G. 
S ites . ( J .  A m e r .  m e d .  S c i . ,  1955, 229, 379.) Parenteral reserpine was given 
to 192 hypertensive and toxæmic patients in hospital. The drug was given 
intravenously or intramuscularly in a dose of 2-5 mg., repeated at 8 to 12 hour 
intervals if necessary. In addition 47 of the patients received a preparation of 
veratrum viride intramuscularly and 24 received hydrallazine intravenously. 
91 patients showed an average reduction of 23 mm. Hg in systolic and 19 mm.
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Hg in diastolic pressure, an effect which lasted an average of 6-5 hours. M ore 
striking than the hypotensive effect was the calming influence of reserpine with 
frequent complete relief of anxiety. As with oral reserpine the greatest use of 
the drug given parenterally was as background therapy to the more potent 
hypotensive agents. Though veratrum or hydrallazine was needed to reduce 
the arterial pressure and control the toxiemic state in 71 patients reserpine 
enhanced and prolonged the action of these more potent drugs and reduced the 
dosage requirement, thus greatly reducing the toxicity and making these agents 
easier to  administer. Since reserpine takes 1-J to 2 \  hours to exert its effect 
when given intravenously (3 to 4 hours when given intramuscularly) it should 
not be relied on as the sole form of therapy in severe toxasmia, particularly in 
eclampsia. It should not be administered concomitantly with barbiturates 
since it potentiates their sedative action in some patients. Experience suggests 
that reserpine is as effective intramuscularly as intravenously and a rational 
plan of therapy for acute hypertension in the moderately sick patient should con
sist of reserpine 2-5 mg. intramuscularly every 12 hours, and, if no hypotensive 
effect is noted after 2 hours, or if the condition becomes worse, give 0-5 mg. of 
purified veratrum  intramuscularly. s. l . w .

Synnematin B in the Treatment of Typhoid. L. B e n a v id e s , B. H. O lso n ,
G. V a re la  and S. H. H o lt.  ( J .  A m e r .  m e d .  A s s . ,  1955, 157, 989.) 16 children
ranging from 2 \  to  11 years o f age, suffering from  typhoid (12 severe cases 
and 4 moderate) were treated with the antibiotic synnematin B ; all the patients 
were poorly nourished. There were 6 controls; 3 were untreated, one was 
treated with tetracycline, one with tetracycline and chloramphenicol, and one 
with synnematin B on the 26th day of the disease. The dosage of synnematin 
B was increased gradually as the study progressed as there was no previous 
dosage experience in human beings with typhoid. Group 1 consisted of 7 
patients receiving 80 mg./kg./day body weight (20 mg. o f pure synnematin B 
per kg./day). G roup 2 consisted of 4 patients receiving 160 mg./kg./day 
(40 mg. o f the pure drug per kg./day). G roup 3 consisted of 5 patients receiving 
350 mg./kg./day (87-5 mg. o f the pure drug per kg./day). Patients in G roup 1 
received the drug for 14 days, and patients in G roup 2 and 3 for 12 days. 
Synnematin B was reconstituted with sterile distilled water and given 4-hourly 
intramuscularly into the buttocks. In all but one case the response to the 
treatm ent was similar. Regardless o f the day of the disease on which treatm ent 
began, the temperature returned to normal, the toxaemia was relieved, the 
appetite increased, and the mental alertness improved in 2 to 6 days. There 
was a pronounced improvement in general well-being. In some patients the 
fever fell by crisis and in others by lysis during the period of treatment, 
irrespective o f the dosage schedule used. The clinical response in Groups 2 
and 3 was closely comparable and was far superior to that in G roup 1. There 
were 3 relapses and 1 persistent case, in all o f which recovery occurred on 
further treatm ent; 2 o f the relapses and the persistent case were in G roup 1. 
S a lm .  t y p h i  disappeared from the blood and faeces of every patient during treat
ment, the organism was recovered from the blood of 3 of the 16 patients after 
therapy but was never recovered from the faeces of any patient after therapy. This 
is contrary to the usual experience with chloramphenicol. On the basis of 
observation in this series it would appear that synnematin B is bactericidal 
rather than bacteriostatic. D ata on blood levels and excretion indicate that 
the highest levels are attained in 1 hour after injection and that the drug is 
excreted rapidly by the 4th hour. Urinary concentrations were very high,

(ABSTRACTS c o n tin u e d  o n  p a g e  792 .)
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PH ARM ACO PO EIAS A N D  F O R M U L A R IE S

THE PHARMACOPEIA OF THE UNITED STATES 
OF AMERICA

F ifteenth  R evision*

R eviewed by F rank  H artley

The publication in July, 1955, by the Board of Trustees of the United 
States Pharmacopeial Convention of the U.S.P. XV, to become official 
from 15th December, 1955, inevitably arouses much interest among those 
concerned with substances and preparations of therapeutic importance. 
Such interest may lie in the choice of substances and preparations added 
or deleted by the revision, in the range of information now given, in the 
techniques adopted for the various standardisations, or in the method 
of presentation.

In the Fourteenth Revision, 119 substances and preparations were 
deleted and 202 new substances and preparations were added. Of these 
202 items no fewer than 44 have failed to secure inclusion in the U.S.P. XV. 
In all, 163 articles included in 1950 in the U.S.P. XIV have not been 
admitted to the U.S.P. XV. There are 242 “new admissions” to the
U.S.P. XV.

The selection of substances and preparations for addition and deletion 
is perhaps the most difficult task of all in the revision of a pharmacopoeia. 
In the words of the preface, “the Pharmacopeia must reflect with fidelity 
the best practices of medicine and pharmacy in providing standards of 
purity and potency for drugs of established merit and indispensability. 
These drugs must constitute, in the words of the first Pharmacopeia, 
therapeutic agents 'the utility of which is most fully established and best 
understood’. To this extent, the U.S.P. is a therapeutic guide, the 
soundness of which is tempered only by that of the judgment of those 
who select the articles to be included. Yet, by its nature, the process of 
selection can scarcely be perfect, for no means has been found to ensure, 
at least by the time of publication, that all drugs included are of equal 
merit and that no others equally meritorious are omitted. In view of 
to-day’s rapid progress in medical sciences, a varying degree of lag is 
inevitable” .

Many of the additions were clearly to be expected, for example, 
cortisone acetate, hydrocortisone and its acetate, bacitracin, erythromycin, 
neomycin sulphate, oxytetracycline and tetracycline, polymixin B sulphate, 
aminosalicylic acid and its sodium and calcium salts, and isoniazid, 
diethylcarbamazine citrate, sulphacetamice, sulphamezathine and 
sulfisoxazole (sulphafurazole). But there are also some surprises. It 
is surprising to find that in 1955 the following qualified to become “new 
additions”—calcium pantothenate, dehydrocholic acid, dienoestrol, juniper

* Distributed by Mack Publishing Company, Easton, P.A., U.S.A. Price $10.00. 
Pp. lii +  1178.
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tar, sulphurated potash and white lotion (prepared from zinc sulphate 
and sulphurated potash) but, perhaps most of all, sulphapyridine, 
especially as sulphaguanidine, sulphanilamide and sulphathiazole are 
deleted. Specially interesting additions appear to be protein hydrolysate 
injection, sterile suspensions of progesterone and testosterone, water- 
miscible vitamin A, sodium radio-iodide (131I) solution and sodium 
fluoride (given the category “Dental prophylactic” and Dose—usual— 
0-7 to 1 part per million in drinking water). Among the deletions are 
amphetamine and its inhalant, aloin, barbital (barbitone) and its sodium 
salt and tablets, boric acid ointment, calcium lactate, cascara sagrada 
tablets, digitalis tincture, ephedrine and its hydrochloride (though the 
sulphate is retained), ferric ammonium citrate, gentian, neocinchophen, 
pancreatin and scopolamine hydrobromide tablets.

Interesting innovations are the addition to the monographs of state
ments of category to “indicate the therapeutic basis of admission of the 
drug and . . . the best known pharmacologic action of the article or of 
its active ingredient” . As the definition of category is often limited to 
one word or at most a sentence, the resolution of many definitions of 
category must have involved much discussion. The reviewer believes, 
however, that with the increasing number of new substances whose 
names tax the memory of practitioner and pharmacist alike, the addition 
of a definition of action, however brief and approximate, cannot fail to 
be helpful and will diminish the risk of accidental confusion between 
the names of some drugs used for entirely different purposes. As an 
example, bethanechol chloride is given as “Caiegory: parasympatho
mimetic”, and benzethonium chloride as “Category: local antibacterial” .

Cautionary italicised notes are added to monographs about poisonous 
substances, as for example, “Caution—Atropine sulfate is very poisonous” 
and to monographs of substances whose solutions deteriorate, as for 
example, “Caution—Prepare solutions of Calcium Acetylsalicylate within 
24 hours of administration. Under no circumstances use a solution if 
its color is darker than that of a freshly prepared solution” .

Especially interesting also are pages 800-945, prefaced by a separate 
contents page on “General Tests, Processes and Apparatus". In the 
section on General Information and Procedures are descriptions of 
chromatography (on columns and on paper), pharmaceutical preparations 
(capsules, elixirs, emulsions, extracts, gels, inhalants, lotions, magmas, 
ointments and ointment bases, pastes, solutions, spirits, sprays, supposi
tories, suspensions, syrups, tablets, tinctures and aromatic waters), 
radioactivity and its determination, U.S.P. reference standards, including 
a list of twenty-four U.S.P. steroid substances now available, spectro
photometry, sterilisation, titrimetry, including titration in non-aqueous 
solvents, and analysis of vegetable drugs. There follow sections on 
apparatus for tests and assays, bacteriological tests, biological reagents 
for clinical tests, including blood grouping and typing serums and 
thromboplastin, biological tests and assays (including an excellent 15-page 
section on the design and analysis of biological assays), chemical tests 
and assays, and physical tests and determinations.
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The pyrogen test is an improvement on the previously official test in 
using summation of rectal temperature rises in groups of rabbits as well 
as maxima in individual rabbits, but still leaves potential ambiguity in 
the borderline case, which could be removed without necessarily employing 
more rabbits, by applying sequential sampling technique. The vitamin B12 
activity assay continues to be based on the response of Lactobacillus 
leichmanii and the medium still includes centrifugal canned tomato juice, 
whereas, in this country, we now regard Ochromonas malhamensis as 
more specific in its response and in consequence obtain lower but probably 
truer potencies.

The Kjeldahl nitrogen determination still adheres to fixed proportions 
of potassium or sodium sulphate and sulphuric acid for digestion with 
copper sulphate as catalyst, whereas the B.P. 1953 recognises that greater 
precision is achieved by adapting the proportions to the nature of the 
nitrogenous substance being examined.

The weight variation of tablets and of contents of containers of sterile 
drugs continues to depend on the use of 20 unbroken tablets and 20 
containers respectively. A weight variation test for contents of capsules 
is now added using initially 20 capsules, but if the prescribed limits are 
exceeded, may be repeated on a further 40 capsules.

For implantation, pellets of desoxycortone acetate and testosterone 
may be prepared only by compression of the steroid, unlike the B.P. 1953 
which recognises fusion as the preferred method. Further, the B.P. 1953 
requires pellets to be distributed singly in sterile containers sealed so as 
to exclude micro-organisms, whereas the U.S.P. XV directs the pellets 
to be preserved singly in tight containers. The general notices define a 
tight container as capable of tight re-closure, which hardly seems likely 
to ensure the retention of the sterility of the pellets.

In striking contrast to the British Pharmacopoeia, the general notices 
of the U.S.P. XV state that capsules and tablets may be manufactured 
with suitable diluents, bulking agents, colors, lubricants and adhesives, 
that “tablets may be coated with harmless ingredients and that capsules, 
and tablet coatings, may be colored with a pharmacopeial article or a 
color certified as suitable for coloring drugs under the terms of the 
Federal Food, Drug and Cosmetic Act” . Enteric coatings are permitted 
and hypodermic tablets continue to be recognised. Buccal and sublingual 
tablets are permitted to soften but not disintegrate in the disintegration 
test, which continues to employ the basket-ruck assembly with the tablets 
raised and lowered on a wire mesh through aqueous liquids at about 
37° C. Disintegration times of 30 minutes for antihistaminic or barbi
turate tablets, of 1 hour for tablets such as carbasone, nicotinamide or 
penicillin and 2 hours for tablets such as those of ethisterone and ferrous 
gluconate are permitted.

Substances other than those specified in the monographs are permitted 
to be added to enhance the permanency or usefulness of the pharma- 
copoeial article or preparation, provided they are non-toxic and harmless 
in the amounts administered and do not interfere with the therapeutic 
efficacy or with the tests and assays prescribed. Alcohol denatured by
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not more than 10 per cent, by volume of methyl alcohol or acetone may 
be used in the manufacture of preparations in which alcohol is used as a 
solvent, provided the finished preparations are identical with those in 
the monographs and comply with the prescribed standards.

Latin sub-titles which were retained in the U.S.P. XIV have now been 
omitted and are retained as synonyms only where the Latin stem differs 
markedly from the English. Apothecary equivalents have been omitted 
from the statements of dosage and sizes available. It is stated that an 
intention to retain the equivalents for those drugs still customarily 
prescribed in apothecary units proved to be a greater source of confusion 
than outright abandonment. It is also stated that “For those who still 
use the apothecary measures a table given on the back cover will prove 
useful” . These equivalents are as near to being out of the U.S.P. as is 
physically possible!

Non-proprietary names recommended for international use by the 
World Health Organisation are given as synonyms where these differ 
from those common in the medical literature of the United States. As 
to identity of the standards of the U.S.P. and of the International 
Pharmacopoeia, it is recognised that small differences may exist, but 
that there are few instances in which an article conforming to the U.S.P. 
standards will fail to conform also to those of the Ph.I.

The U.S.P. XV, providing as it does the most up-to-date compilation 
of modern medicaments and their standards and tests, cannot fail to 
merit close study. There is much to be learnt from the vast mass of 
new information which it contains. Not all British readers will agree 
with all the decisions which have been taken in its compilation. All 
will, however, appreciate and admire the skill and attention to detail 
with which Dr. Lloyd C. Miller, Director of Revision, and his team of 
collaborators have completed their huge task.

(ABSTRACTS c o n tin u e d  f r o m  p a g e  78 8 .)

and concentrations in blood and urine increased with increasing dosages. No 
toxic effects were observed except for a chill reaction with one lot o f the drug. 
The carrier state was not observed in any patient up to 3 months after treatment.

s. l . w.
Tricyclamol, a New Anticholinergic Agent. A. G. Z u p k o  and L. D. P ro k o p . 

( J .  A m e r .  p h a n n .  Ass., S c i .  E d . ,  1955, 44, 160.) The degree to which sweating 
was suppressed in human subjects to whom tricyclamol had been administered 
was determined by measuring the sweat excreted from several areas of the body. 
Suppression was greatest on the forehead and dorsum of the hand and least on 
the upper arm and thigh. Hyperhidrosis was effectively controlled in 76 per 
cent, of the subjects. The peak effectiveness was reached 60 to 90 minutes 
after administration of the drug and the duration of the effect was 4^ to 5 hours. 
The maximum suppression of the parotid salivary output was 26-8 per cent., 
60 minutes after the administration of 0T g. o f tricyclamol. The substance 
compared favourably with other anticholinergics in regard to anhidrotic and 
antisialogogic side effects, but some subjective manifestations of parasympathetic 
inhibition were observed. Low doses were found to inhibit locomotor activity 
in the rat, but cerebral stimulation was indicated by convulsions when the toxic 
dose was reached. g . b .
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B.D.H. STAINS
All B.D.H. microscopical stains are tested 
histologically, batch by batch, in the 
B.D.H. Physiological Laboratories. The 
tests are conducted by specialists, with 
every facility for examining the stains 
exhaustively in the particular techniques 
for which each is most likely to be used. 
Vital stains are tested in living mamma
lian tissue and on cultures of motile 
micro-organisms.

Stains recently added to the B.D.H. Catalogue 
include tétrazolium blue, Terry’s polychrome methylene 
blue, Luxol fast blue (for staining myelin sheaths of the 
central nervous system) and Field’s ‘A ’ and ‘B ’ stains 
in the solid form.

T H E  B R I T I S H  D R U G  H O U S E S  L T D .
B.D.H.  LABORATORY CHEMICALS GROUP

NEW B.D.H. STAINS

P O O L E
T elephone: P oo le  962 (6 lines)

D O R S E T
T elegram s: T e tra d o m e Poole

LFB/LC/55!e
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S T A N D A R D I S E D  
C UL T URE MEDI A

Every batch of ‘ Wellcome ’ Culture Media is both chemically and bacteriologi- 
cally standardised. The following range of media is available at economical 
prices for immediate dispatch from The Wellcome Research Laboratories, 
Langley Court, Beckenham, Kent (Telephone: Beckenham 3422), to whom 
all technical queries and requests for non-listed media should be sent.

A lliso n  a n d  A y  lin g 's  M e d iu m  

B lo o d  A g a r  S lo p es  

B o rd e t G engou  B ase  

B re w e r 's  M e d iu m  

B ro m o -c re s o l  P u rp le  M ilk  
C h r is te n se n 's  U rea M e d iu m

D eso xych o la te  C itra te  A g a r  M e d iu m  
(Hynes’ Modification) 

D o rse t's  E g g  M e d iu m
(with or without Glycerin)

G ela tin  (Nutrient) S ta b s

G e la tin  (Liquid—5 per cent) M e d iu m

G lucose  B r o th

G lucose P h o sp h a te  M e d iu m  f o r
V o g es-P ro ska u e r  a n d  
M e th y l  R e d  T ests

G lucose  M e d iu m  f o r
V o g es-P ro ska u e r T e s t

H o rse  B lo o d , O xa la ted , N o r m a l
(without preservative) 

H o rse  S e r u m , N o. 2, N o r m a l
(Heated and without preservative)

H o yle 's  M e d iu m  

K o ser 's  C itra te  M e d iu m

L o e jfle r 's  M e d iu m  

L o w e n s te in -J e n se n  M e d iu m  

M a c C o n k e y 's  L a c to se  B ile  S a l t  A g a r

M a c C o n k e y 's  L a c to se  B ile  S a l t  B ro th
(Single and Double Strength)

M e a t B r o th , R o b e r tso n 's  

N u tr ie n t  A g a r , S lo p es  

N u tr ie n t  A g a r , f o r  P la tes  

N u tr ie n t  B ro th  

P e tra g n a n i's  M e d iu m  
P e p to n e  W a ter

P e p to n e  W a ter S u g a rs
(all commonly used sugars, 

bromo-cresol purple indicator) 
P o ta to  S lo p es  
S a b o u ra u d 's  G lucose  A g a r  
S a b o u ra u d 's  M a lto se  A g a r  
S e le n ite  F  E n r ic h m e n t  M e d iu m  
S e m i- so lid  A g a r  S u g a rs  
S e r u m  A g a r  
S ta rc h  A g a r  
Y e a s tre l A g a r

Detailed price list on application

‘ W ELLC O M E! CULTURE MEDIA

A l te  su p p lied  by

B U R R O U G H S  W E L L C O M E  & CO.  ( T h e  W ellcom e F o u n d a tio n  L td . )  L O N D O N
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G e n tle
re m in d e r . In the ritual of antisepsis 

there can be no relaxation. In the operating theatre, 
in the labour ward, in the first-aid post, ‘ DETTOL ’ 
is a constant reminder that the greatest triumph over 
infection still lies in its prevention.



X T h e  J o u r n a l  o f  P h a r m a c y  a n d  P h a r m a c o l o g y  O ctober, 1 9 5 5

The harmless preservative and antiseptic 
for pharmaceutical and medical solutions.

O u r  S e r v ic e  D e p a r tm e n t  w il l  g la d l y  c c - o p e r a te  

w ith  y o u  o n  a l l  te c h n ic a l  p r o b le m s .

NIPA LABORATORIES LTD
TREFOREST INDUSTRIAL ESTATE 
Nr. CARDIFF tel: treforest im p

S o le  D is tr ib u to rs  f o r  th e  U n ite d  K in g d o m  :

P. SAMUELSON & CO. ROMAN WALL HOUSE, 1 CRUTCHED FRIARS, EC3

T e lep h o n e: R O Y a l  2 1 1 7 /8
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S I N T E R E D  F I L T R A T IO N  
APPARATUS

RIGIDLY CONTRO LLED IN 6 POROSITIES TO OUR OWN LIMITS WHICH 
ARE W ITHIN, BUT MUCH NARROW ER THAN, THOSE OF BS 1752

•  EXTRACTION AND FILTER
CRUCIBLES

•  BUCHNER AND HIRSCH
TYPE FUNNELS

•  GAS WASHBOTTLES

•  EXTRACTOR VESSELS
•  MICRO FILTERS
•  IMMERSION FILTERS
•  ADAPTERS
•  EXTRACTION THIMBLES

D e l iv e r y  f r o m  s to c k

A. GALLENKAMP & CO., LTD. 
17-29 SUN STREET, LONDON, EC2

TELEPHONE— BISHOPSGATE 0651 (9 LINES) 
TELEGRAMS—GALLENKAMP-AVE-LONDON

P R I N T E D  BY W .  H E F F E R  a  S O N S  L T D . ,  C A M B R I D G E ,  E N G L A N D



To make penicillin

a m o u ld  

m u st d r in k

When drought approaches, the mould produces spores, 
or seeds, by the million.

You see them on your old suitcase, dried out in a box- 
room, as a film of green dust — resting, waiting, alive. 
Then a stray draught makes them airborne, to fall on a 
moist surface: a damaged potato, a forgotten jug o f milk.

The seeds swell and burst, absorbing precious water 
and the nutrients to be found there, so that the whole 
life cycle begins again.

And spores of a special strain, selected with even more 
care than John Russell gave his lupins, each day drink 
water in tens of thousands o f gallons to  m ake— just 
penicillin.
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