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D u r in g  the past decade research concerning the mechanism of inflam
mation was focused mainly on the so-called mediators of the inflammatory 
tissue reaction. Numerous studies have been carried out, especially on 
rats, in which oedema-producing agents were employed, and the aetiology 
as well as the pharmacology of the resultant inflammation has been 
extensively investigated. Mainly as a result of these experiments it is 
generally believed that under the influence of inflammatory agents, 
vasoactive substances like histamine, 5-hydroxytryptamine (5-ht) or 
polypeptides are released or produced in the tissues and that actually it 
is these substances that induce the vascular inflammatory reaction. 
Recently published reviews of Feldberg (1956), Paton (1957) and Spector 
(1958) reflect impressively the progress in the elucidation of inflammatory 
processes achieved through this line of research.

In the present review, however, I wish to discuss new points of view 
concerning this topic. In our experiments made in the past few years 
we detected close relations existing between inflammatory processes and 
blood coagulation. On the basis of the results obtained we are con
vinced that some kind of a clotting process is involved in the mechanism 
of inflammation, and plays a decisive role in the causation of the inflam
matory symptoms.

Before I begin to describe our own findings and the new concept 
based on them I should like to describe the method used.

We have developed, and described (Jancso, 1960) a novel method for 
the visualisation of inflammatory reactions in the tissues of rats. 
Immediately before or after application of inflammatory stimuli, colloidal 
silver is injected into the blood stream, whereby the parts of the body 
involved in the inflammation process turn brown. We employed colloidal 
silver (Pharmacopoea Hung. V) in 1 per cent solution rendered isotonic 
with 5 per cent glucose. In most experiments 10 ml./kg. of this solution 
was injected into the tail vein. Whereas, Evans blue and other dyes 
used in inflammation research produce only a diffuse patch of colour, 
with colloidal silver a brilliant microscopic picture can be obtained which 
reveals the finest details of localisation.

Let us first consider one or two examples which illustrate how the 
silver introduced into the circulation is deposited in the inflamed tissues. 
Two different types of localisation can be observed. They may be 
clearly distinguished in Fig. 1 which shows a part of the mesenterium. 
Before the silver was injected 0-4 ml. of a 6 per cent kaolin suspension 
was injected into the peritoneal cavity to induce a violent inflammatory

* Based upo n  a Special U niversity o f  L o ndon  lecture given a t K ing’s College, 
L o ndon , on M ay 18, 1961.
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reaction. After the injection of the silver colloid a large quantity of 
silver is seen to be bound by the tissue which forms brown coloured 
coatings on the internal surface of the minute and intermediate veins. 
At other sites, for instance in the subepidermal layer of the ear the silver

F ig . 1. D eposition  of collo idal silver in the  m esenterium  o f the ra t subsequent 
to  an in traperitonea l injection o f 0-4 m l. o f a  6 per cent kaolin  suspension. 
U nsta ined  stretch  prepara tion .

coating may extend to the capillary walls, however, the site on which it 
mostly forms is the wall of the small venules. In the area of inflammation 
such coatings may develop within a few minutes.

In addition another form of localisation may also be distinguished on 
the photomicrograph. All histiocytes of the connective tissue are

F ig . 2. F ixation  o f in travenous injected collo idal silver in the p lan tar 
skin o f  the  ra t paw  afte r su bp lan tar injection o f 6 /j.g. o f 5-ht. “ A ngiotaxis” 
and  extravascular storage in histiocytes is seen.

crowded with silver granules proving that, owing to the inflammation, the 
vessel walls have become pervious to large colloidal particles, of about 
200 À diameter. In all probability this escape of the colloidal substance 
may be explained by the assumption that the inflammatory process opens 
large pores in the vessel wall through which the colloidal particles are 
driven out towards the surrounding tissue by hydrostatic forces. At
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first only a diffuse brown imbibition could be observed in the tissue. 
It may last for 1-2 hr. till the histiocytes engulf the silver.

An essentially similar picture is obtained with other inflammatory 
substances also. Fig. 2 demonstrates the vascular and cellular silver 
deposition in the skin of the rat paw after subplantar injection of 6 ¡ng. 
of 5-ht. The same picture is obtainable after local application of
10-20 /¿g. of compound 48/80. Fig. 3 shows the effect of 6 ¡xg. of the 
venom of V ip e r a  a s p is  in the plantar skin.

This coating of the internal vessel walls with colloidal material is 
identical with the phenomenon which I described years ago under the 
name “endothelial activation” (Jancsô, 1941, 1947, 1955). At the time 
I reported that after local or systemic administration of histamine the
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F ig . 3. D eposition  o f  intravenous injected collo idal silver in the  p lan ta r
skin o f a  ra t a fte r su b p lan tar injection o f 6 fig. o f  Vipera aspis venom .

vessels undergo a characteristic change which manifests itself by the 
deposition of the circulating Indian ink on the internal surface of the 
small veins. I also established (Jancso, 1947) that this phenomenon can 
be inhibited with antihistamines, furthermore, that it also appears after 
the application of different histamine liberators. In addition, I also 
established that the endothelial cells soon engulf the carbon particles 
adsorbed on their surface and store them in granular form, that is to 
say, in this instance the endothelial cells fulfil a function which otherwise 
is a privilege of cells belonging to the reticulo-endothelial system. Some 
hours or days later the engulfed material appears in the surrounding 
tissue stored in phagocytic cells; by the intervention of some mechanism 
as yet incompletely understood the carbon particles emerge from the 
blood-vessels.

After my original report numerous authors interested themselves in 
this phenomenon (Benacerraf, McCluskey and Patras, 1959; Biozzi, 
Mene and Ovary, 1948; Gozsy and Kato, 1957; Maltoltsy and Maltoltsy, 
1951; Selye, Lemire and Cantin, 1959; Toro, 1942; Zemplenyi, Fodor 
and Lojda, 1960). Besides the term “endothelial activation” the designa
tions “endo:helial colloidopexis” and “angiotaxis” were suggested.
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This latter name proposed by Selye and others (1959) is perhaps the 
most adequate term. Till now attention has been focused chiefly on the 
phagocytic activity of the endothelium and on its possible rôle in the 
defence against infections (Gôzsy and Kâtô, 1957) or in the localisation 
of disease in the body (Benacerraf and others, 1959), respectively. In 
other papers the inhibitory action of antihistamines, phenothiazine 
derivatives and cortisone on this phenomenon was studied. Alksne
(1959) confirmed with the electron-microscope that histamine prompts 
endothelial cells to take up colloidal particles from the blood stream.

F ig . 4. a. F ixation  o f collo idal silver in the  ear o f a n o rm al ra t after pain ting  
with xy lo l; b. ear o f a ra t p re treated  with T hrom bodym  250 m g./kg. in tra 
venously. N o  silver deposition after the application  of the inflam m atory 
stim ulus.

At the moment, however, almost nothing is known about the mechanism 
of the angiotaxis phenomenon. Why do colloidal particles attach them
selves to the vessel wall? What is the real cause of this conspicuous 
change in the properties of the vascular wall? In my book S p e ic h e r u n g  
published in 1955 (Jancso, 1955) I put forward the hypothesis that 
angiotaxis is caused by a clotting process taking place in the vascular 
wall. The monomeric or low polymeric soluble fibrin produced during 
this coagulation process reacts immediately with the circulating colloidal 
particles forming a coloured precipitate on the internal surface of the 
vessels. Thus, in terms of this hypothesis, the coating on the inflamed 
vessel walls consists of silver and fibrin. (See also Jancso and Jancso- 
Gabor, 1960; Jancso, 1960.)

It was tempting to consider such an explanation because an outstanding 
property of fibrinogen is that it adsorbs colloidal particles intensively in
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the course of its coagulation (Jancsô, 1955). It is easy to show that 
coloured clots are formed if, after the injection of colloidal silver or 
carbon, an intravascular coagulation is induced by thrombin or any 
other coagulant. The microscopic picture of angiotaxis is also consistent 
with the coagulation-hypothesis since, besides typical parietal coatings, 
coloured precipitates and plugs can be detected in the inflamed vessels. 
Such findings suggest that some kind of precipitation takes place in the 
inflamed vessels.

To test our conception we made experiments with various anticoagu
lants. Surprisingly, heparin proved to be ineffective, but with several 
other anticoagulants important positive results were obtained (Jancsô 
and Jancso-Gabor, 1960; Jancsô, 1960). Thus the expected effect

a b

F ig . 5. Silver deposition in the  conjunctiva after instillation  o f a 0-5 per 
cent capsaicin solu tion . T ransparen t eyelid p repara tions ; (a) from  a con tro l 
ra t, (b) from  a  ra t pre treated  with T hrom bodym , 220 m g./kg. intravenously.

could be achieved with compounds containing rare earth metals, as well 
as with sodium polyanetholesulphonate (Liquoid) and also suramin. 
These compounds were found in our experiments to exert a primary and 
specific inhibitory effect upon the process of angiotaxis. Moreover, 
these anticoagulants are able to inhibit the gross increase of vascular 
permeability caused by inflammatory agents. In this way, they prevent 
the escape of the colloidal silver particles from the terminal vascular bed 
and also much diminish the extent of oedema formation. Rare earth 
metals such as lanthanum, cerium, neodymium, praseodymium and 
samarium proved to be effective even in the form of their inorganic salts. 
In most experiments, however, we used the commercial preparations 
Helodym 88 (the didymium salt of ¡8-acetylpropionic acid) or Thrombodym 
(the neodymium salt of sulpho-isonicotinic acid). Fig. 4 shows trans
verse sections of xylol painted ears of rats illustrating the characteristic 
effect of rare earths. Colloidal silver, 100 mg./kg., was injected into a 
rat and its ear was painted immediately afterwards for 10 sec. with xylol. 
Another animal was treated before this procedure with 250 mg./kg. of 
Thrombodym. The animals were killed 3 hr. later. Whereas in the ear 
of the control an intense accumulation of silver can be seen in the vessels 
and in histocytes, in the ear of the pretreated animal, silver deposits are 
absent. Likewise, the silver deposition in the conjunctiva which follows
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the instillation of a strong, 0-5 per cent, capsaicin solution into the eye 
could be also totally prevented by a high dose of Thrombodym or 
Helodym 88 (Fig. 5).

A similar preventive effect could be established in inflammations 
induced by subplantar injection of various other agents, for example, 
compound 48/80, 5-ht, dextran, kallikrein, staphylococcus toxin, bee 
venom and diverse snake venoms. In these experiments, some plugs 
could often be detected in the minute vessels, but no typical angiotaxis 
or extravascular storage occurred.

In further experiments it could be shown that these anticoagulants are 
also able to inhibit the development of oedematous swelling to a great 
extent. Table I shows the effect of seven different oedema-producing 
agents on the rat paw and their inhibition by rare earths and Liquoid.

T A B L E  I
Inhibition by anticoagulants of oedema formation in  the hindpaw  of the rat
INDUCED BY VARIOUS INFLAMMATORY AGENTS. A M PU TA TIO N  AND W EIGHING OF THE 
PAW S 1 H R. AFTER APPLICATION OF THE INFLAMMATORY AGENT. A L L  FIGURES ARE 

MEANS FOR 1 0  ANIMALS W EIGH ING  1 2 0 - 1 5 0  G.

Inflammatory agent
Dose sub- 
plantar in 

0-1 ml.

Wt. increase 
of oedema-leg 

controls 
per cent.

Inhibition of oedema formation 
(per cent.)

Helodym 8 8 *
9 ml./kg. 

i.v.
Thrombodym j 
2 x 6  ml./kg. 

i.v.
Liquoid 

50 mg./kg. 
i.v.

Comp. 48/80 10  tig. 51-6 69-0 90-7 80-7
5-Hydroxytryptamine 5 tig. 71-6 61-8 — —

Peptone (Witte) 5 mg. 600 79-2 — 80-4
Dextran ........................ 0-5 mg. 56-8 — 70-0 —

Kallikrein (Padutin) 2 U 57-7 72-5 — 64-1
Saliva (human) 0-1 ml. 67*2 78-2 93-2 68-5
Staphylococcus culture

filtrate 0-1 ml. 51-8 76-5 690

* 1 ml. =  9 mg. didymium metal. f  2-2 per cent solution.

In these experiments, in addition to compound 48/40, dextran, 5-ht and 
kallikrein, other substances were also used, the oedema-producing effect 
of which was detected in the course of our experiments. These substances 
were human saliva, staphylococcus toxin and peptone (Witte). The 
effect of these agents was much inhibited, even to an extent of 90 per cent, 
by anticoagulant substances.

According to our investigations the venom of different snakes in a 
dose of 4-20 ¡ ig . induces in the rat paw huge oedemas lasting for hours. 
Bee venom has a similar effect. Table II shows that these oedemas may 
be also strongly inhibited by anticoagulants.

These results are in complete agreement with the experiments made 
with colloidal silver which proved that anticoagulants prevent the escape 
of silver particles from the vessels. All these experiments provide 
evidence that anticoagulant agents are capable of preventing the extreme 
increase of vascular permeability which is the most characteristic symptom 
of inflammation.

It is important to note that, in contrast to the symptoms just discussed, 
the hyperaemic response is not influenced by anticoagulants. The ear
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of rats pretreated with anticoagulants and painted with xylol becomes 
vivid red and warm although no oedematous swelling occurs. In the 
same way, after instillation of a strong, 0T-0-5 per cent, capsaicin 
solution into the eye the usual conjunctival oedema does not develop, 
but the dilatation of the vessels is well observed. Probably, inflammatory 
hyperaemia is produced by vasoactive substances liberated from the 
tissues and neither the liberation nor the action of these substances is 
affected by anticoagulant agents.

This persistence of hyperaemia may account for the fact that the 
oedematous swelling of the rat paw cannot be prevented completely by 
anticoagulants. The dilatation of the terminal vessels may lead, through 
raising the intravascular hydrostatic pressure, to increased filtration and 
moderate accumulation of fluid in the tissue.

INFLAMMATION AND THE INFLAMMATORY MECHANISMS

T A B L E  II
O e d e m a -p r o d u c i n g  e f f e c t  o f  a n i m a l  v e n o m s  a n d  i t s  i n h i b i t i o n  b y  a n t i c o a g u l a n t  
a g e n t s . A m p u t a t i o n  a n d  w e i g h i n g  o f  t h e  f u n d  p a w s  1 h r . a f t e r  s u b p l a n t a r
APPLICATION OF THE TOXIN. A L L  FIGURES MEANS FOR 8 ANIMALS W EIGH ING  1 1 0 —

1 4 0  G.

Wt. increase 
of oedema-leg 

controls 
per cent

Inhibition of oedema formation 
per cent

Venom
Dose subplantar in 

0-1 ml.
Helodym 88  

9 ml./kg. i.v.
Liquoid 

50 mg./kg. i.v.
A p is  m e ll ife ra  . . Venom content of 

1 bee 63-4 74-2 83-0
N a ja  naja 1 mouse U 64-1 660 79-5

¡t 0-5 - 46-3 710 —

A n c is tro d o n  p isc ivcru s 10  u-g 56-7 64-1 73-9
C ro ta lu s  durissus 2 0  ng. 600 55-9 —

S is tru r ils  m ilia ris 10  ng. 580 78-5 84-4
Vipera a m m o d y tes 12 ¡ig. 58-8 64-8 6 8 -6
Vipera  aspis 5 ng. 62-4 79-0 75-2
V ipera  b eru s 5 Hg. 59-7 610

From all these observations we drew the conclusion that some clotting 
process must be involved in the mechanism of acute inflammation taking 
place in the wall and internal surface of the terminal vessels. Since the 
formation of fibrin must, in consequence of its pronounced adsorptive 
properties, result in a fixation of the circulating colloidal particles to the 
internal vascular wall, this conception provides a plausible explanation 
for the phenomenon of angiotaxis. At the same time it explains in an 
acceptable way the prevention of angiotaxis by anticoagulant agents. 
Moreover, our findings suggest that the gross increase of vascular permea
bility is also in some way connected with this coagulation process in the 
vascular structure.

Our experimental work was made difficult by the fact that intravenous 
injection of both Thrombodym and Helodym is not well tolerated by 
rats. Unless the injection is administered extremely slowly respiratory, 
arrest, convulsions and death occur. Recently I have succeeded in 
synthetising new compounds of rare earth metals having anticoagulant 
properties and which are free from such acute toxic effects. These 
compounds are rare earth complexes of pyrocatechol sodium disulphonate
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in which the metal atom is attached to the oxygen atoms of two phenolic 
residues (I)

N aO

N. JANCS6

S 0 3N a  H  S 0 3N a
(I)

Such complexes of lanthanum, neodymium, praseodymium and 
samarium do not cause shock-like symptoms in rats and they are 
exceptionally well tolerated by rabbits too. These new compounds 
proved to be also very effective in counteracting inflammatory reactions 
in rats induced by subplantar injection of bee venom, cobra venom,

T A B LE III
Oedema-producing effect of various coagulants on the hind paw  of the rat
AND ITS INHIBITION BY ANTICOAGULANTS. W E IG H IN G  OF THE PAW S 1 H R. AFTER 
SUBPLANTAR INJECTION OF THE CLOTTING AGENT. A L L  FIGURES MEANS FOR 8 ANIMALS,

W EIGH ING  1 1 0 - 1 4 0  G.

0 \  /  
M et

0 /  f \,

, o

O

SO ,N a

H ,0

Coagulant
Dose sub
plantar in 

0 1  ml.

Wt. increase 
of oedema-leg 

controls 
per cent

Inhibition of oedema formation 
per cent

Helodym 88 
9 ml./kg. 

i.v.
Thrombodym 
2 x 6  ml./kg. 

i.v.
Liquoid 

50 mg./kg. 
i.v.

Thrombin 20 U 51-3 560 87-4 79-6
Thromboplastin (rat brain) 0-1 ml. 67-3 76-7 86-5 870
Cephalin (pig brain) 5 mg. 52-8 72-5 — 691
Russell’s viper venom 4 ixg. 53-0 — 600 69 0
Ninhydrin 0 -8  mg. 62-3 82-9 — 66‘7
Sodium 1,2-naphtho-

quinone-4-sulphonate 2  mg. 46-3 62-2

compound 48/80 or dextran. With high doses of 250-350 mg./kg. the 
inhibition of the oedematous swelling may even exceed 80 per cent.

Since in the light of our results the development of inflammatory 
symptoms is intimately connected with a local coagulation phenomenon 
it was logical to assume that agents possessing clotting activity will exert 
a definite inflammatory effect if injected into the tissues of rats. To test 
this assumption we injected various coagulants into the foot pad of rats 
(Table III). As expected, we found that bovine thrombin, thrombo
plastin from rat brain, and unpurified cephalin from pig or rabbit brain are 
very effective in inducing oedematous swelling. In the same way, Russell’s 
viper venom which is a recognised powerful thromboplastic substance 
caused much oedema even in a dose of 4 ¡xg. Furthermore, it could be 
established that anticoagulants also exert in these experiments a con
siderable inhibitory action. The oedema induced by Russell’s viper 
venom proved to be relatively resistant, but with high doses of Liquoid 
it could be almost completely prevented. Similar results could be 
obtained with ninhydrin and sodium l,2-naphthoquinone-4-sulphonate 
which, according to Chargaff and Ziff (1941), are direct coagulants .of 
fibrinogen. All these oedemas are associated with pronounced angio- 
taxis. Fig. 6 shows the action of thromboplastin in the plantar skin,
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and Fig. 7 the action of 25 units of thrombin in the subcutis of the dorsal 
region. This effect of thrombin suggests very impressively that thrombin 
gains access to the blood thus causing parietal clotting and that the 
coatings are formed by a fibrinous precipitate with adsorbed silver.

INFLAMMATION AND THE INFLAMMATORY MECHANISMS

Fig. 6. Silver deposition in the p lan ta r skin o f a  ra t after su b p lan tar injection 
o f ra t  brain  th rom bop lastin . Intense angiotaxis. T he distended lym pthatic  
ne tw ork  also  con tains co llo idal silver.

Pretreatment with rare earths or Liquoid inhibits angiotaxis in the usual 
manner.

In the course of further experiments we attempted to prove the correct
ness of our conception in a direct way. Our experimental plan was to 
induce an afibrinogenaemia in rats and then to observe how these animals

Fig. 7. A ngiotaxis in the  b lood  vessels o f the dorsal skin region o f a  ra t 
evoked by the  subcutaneous injection o f 25 units o f  bovine th rom bin .

reacted to inflammatory stimuli. If our working hypothesis is really 
correct then the main symptoms of inflammation will fail to occur in 
such animals because the possibility of coagulation is precluded.

It could be foreseen that an in  v iv o  defibrination of rats would not be 
an easy task. There are numerous data in the literature proving that

------------- ______________________________
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cautious intravenous infusion of coagulants in dogs or rabbits may cause 
a transitory total disappearance of fibrinogen. Such an effect could be 
for instance achieved with snake venoms (Mellanby, 1909; Rocha e 
Silva, 1955), thrombin (Basinger and Allen, 1951; Brayton and Zucker, 
1957; de Nicola and Rosti, 1949; Jurgens and Studer, 1948; Quick, 
Hussey, Harris and Peters, 1959; Warner, Brinkhous, Seegers and Smith, 
1939) or thromboplastin (Basinger and Allen, 1951). In our work we 
used thrombin. We succeeded only after long experimentation to 
elaborate a procedure with which fairly permanent defibrination could 
be achieved in rats. First 7-8 ml./kg. of carbon tetrachloride was 
injected subcutaneously into rats weighing 200-250 g. The defibrination 
was effected 40-48 hr. later by administering intravenously 120, 240 and 
finally 300 units of thrombin at intervals of 15 min. The inflammatory

Fig. 8. Silver deposition in the xylol-painted ear; (a) ear of the control rat,
(b) ear of the “defibrinated” rat.

agents were applied 5-15 min. after the last thrombin injection. Colloid 
silver was given, also, immediately afterwards in most of the experiments.

In recent experiments, before the thrombin injections, 300-400 units 
of heparin were first injected intravenously, to be followed at intervals 
of 15 min. by three or four injections each of 600 units of thrombin. 
After heparin-pretreatment the animals tolerate defibrination better; 
this may be because the fibrin is formed in the circulation in less coarse 
aggregates. Pretreatment with carbon tetrachloride is probably advan
tageous because it inhibits the replacement of fibrinogen through impair
ment of the liver. Others have shown that fibrinogen restituition fails 
to occur after elimination of the liver (Meek, 1912; Drury 1919).

The blood of rats treated in these ways becomes totally incoagulable ; 
even 60-100 min. after the last thrombin injection the blood does not 
clot if thrombin is added, or only a small fragile clot appears. Normal 
blood clots in a coherent column even at a dilution of 200 times.

The inflammatory experiments made on the defibrinated animals led 
to results which fulfilled our expectations. It became evident that 
absence of fibrinogen favourably influences the inflammatory reactions 
in the same way as do anticoagulant agents. But the hyperaemic reaction 
is not modified; for instance, painting the ear with xylol produces a
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vivid redness. Oedema, however, fails to develop. Likewise, instil
lation of a capsaicin solution into the eye causes only vasodilatation 
without conjunctival oedema. If colloidal silver is injected into the 
blood stream, the fixation of the metal in the affected area fails to occur, 
or only minute deposits are observed. Pictures of transparent prepara
tions clearly show the diametrically opposed behaviour of normal 
and defibrinated animals (Fig. 8).

Similarly no oedema and no conspicuous silver deposition could be 
detected after subplantar or subcutaneous injection of compound 48/80, 
kallikrein, staphyococcus toxin, various snake venoms or thrombin. 
Microscopic examinations revealed that both angiotaxis and storage in 
the extravascular histiocytes is either totally absent or quite insignificant.

a b

Fig. 9. Silver deposition in the  b lood  sinus o f sinus hairs a fte r the  intravenous 
adm in istration  o f dextran , 0-4 m l. o f a  6 pe r cent so lu tion  o f  “ M acrodex” 
before the  silver in jec tio n ; (a) sinus h a ir o f  a  normal r a t ; silver stained fibrin 
net in the  b lood  sinus; (b) sinus h a ir o f  a  defibrinated ra t. T o ta l absence of 
silver in the b lood  sinus.

A particularly interesting picture appears in the lacunae of the sinus 
hairs after an intravenous injection of dextran which is followed by much 
oedema of the nasal region (Fig. 9). In the non-defibrinated rat every 
blood sinus contains a brown coloured typical fibrin net evidencing 
clearly that because of the inflammation in the cavity fibrin is formed 
which adsorbs much colloidal silver. The snout of the defibrinated rat, 
on the other hand, was not swollen and in the sinuses no silver fixation 
can be observed.

These findings suggest that fibrinogen indeed plays a central role in 
the mechanism of the acute inflammatory reaction. They render very 
probable the conception that the cause of the angiotaxis-phenomenon
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arises in the conversion of fibrinogen to fibrin on the inflamed vessel 
walls. This fibrin in turn forms a precipitate with the circulating colloidal 
particles. Similarly, the findings are consistent with the assumption that 
a gross increase of vascular permeability is also in close causal connection 
with this coagulation process. Apparently fibrin formation is able to 
increase greatly the number of large pores in the vessel wall.

I must, however, confess that owing to haemodynamic reasons the 
experiments should be interpreted cautiously. Although the animals 
showing conspicuous prostration after the defibrination were discarded, 
in such experiments one must always take into account that the blood 
pressure falls and the blood supply of the peripery becomes deficient. 
We also established this deficiency in our defibrinated rats by a method 
once recommended by Rous and Gilding (1929) for control of the blood 
supply. We injected Patent Blue V into the blood stream of the de
fibrinated rats and observed the speed and depth of staining of the tissues 
by the highly diffusible dye. The experiments showed that the blood 
supply to the hind paws is strongly diminished; but, the circulatory 
supply to the fore legs and nasal region is fairly well maintained. In 
the staining of the ears there was no marked delay and the blood supply 
was appreciably enhanced if the ears were painted with xylol. There
fore, it is important that the effect of defibrination on the inflammatory 
reaction can be well demonstrated in the parts of the body just mentioned, 
the blood supply of which is not much impaired. It is even more 
important that the characteristic effect could also be clearly demonstrated 
in the diaphragm which may be considered as a permanently active 
muscle. Even after a severe haemorrhage Rous and Gilding (1929) 
found the diaphragm to be well supplied with blood. If 50 /xg. of com
pound 48/80 was injected i.p. into rats pronounced angiotaxis could be 
provoked in the vessels of the diaphragm and the surrounding histiocytes 
were filled with colloidal silver. In defibrinated animals all this could 
be detected only in traces.

From all these findings it may be inferred that these defibrination 
experiments may after all be accepted and strongly support the view 
that fibrinogen is needed for the development of inflammatory reactions.

Yet we must admit that the assumed role of fibrinogen could be proved 
in a truly convincing manner only if these experimental results could be 
reproduced by a more adequate method of defibrination, and one which 
does not impair the circulation. Whilst we were searching for such a 
method, we discovered the interesting action of polyanthinium com
pounds on blood coagulation. It was soon revealed that with the aid of 
these compounds the desired aim can be achieved.

The compounds in question were prepared by Kovacs and Kotai (1959) 
in the Institute of Organic Chemistry of the University of Budapest. 
N ot long ago they synthethised from a-poly-L-glutaminic acid and 
ethylenediamine a soluble basic polypeptide derivative which was named 
“polyanthin” . Kovacs and Kotai recently synthethised some new 
derivatives in which one of the amino groups of the ethylenediamine is 
linked to the polypeptide chain, while the other one is quaternised with
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alkyl groups. Most of our experiments were carried out with trimethyl- 
polyanthinium iodide. (II).

H 2N C H C O -
I
C H S

C H ,
I
CO
I
N H

C H 2
I
c h 2
I

M e3N+ I -

H N C H C O
I

c h 2
I

c h 2
I
CO
I
N H

C H 2

c h 2
!

M eaN+ I -

H N C H C O O H
I

c h 2
I
c h 2
I
COI
N H
I

c h 2

c h 2
I

M e,N + I -

(II)
Trim ethyl-polyanthin ium  iodide

The following compounds were also used: dimethylethyl-polyanthinium 
iodide and -methylsulphate and dimethyloxyethyl-polyanthinium chloride. 
The molecular weight of these compounds is approximately 15,000.

Theoretical considerations prompted me to investigate the effect of 
these interesting new compounds on blood coagulation. It was tempting 
to consider the possibility that not only polymers carrying electro
negative groups such as heparin or heparinoids, but also macromolecular

T A B LE IV
D efibrination of the circulating blood by polyanthinium compounds

o = blood totally incoagulable. sm = small clot in undiluted blood.
A = trimethyl-polyanthinium-iodide; B =  dimethylethyl-polyanthinium-iodide; C — dimethyloxyethyl- 
polyanthinium-chloride.

compounds of polycation character may interact with clotting factors 
and exert an anticoagulant activity. Animal experiments revealed that 
these compounds really possess a considerable anticoagulant and anti- 
thrombic activity. Their mode of action is quite different to that of 
recognised anticoagulant substances. Injected intravenously they induce 
a rapid fall of the fibrinogen content of the blood and in higher doses an
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afibrinogenaemia lasting for several hours. After 24-48 hr. the fibrinogen 
level again becomes normal.

As Table IV shows, this peculiar effect could be equally well demon
strated on rats, rabbits, cats and dogs. In these experiments the fibrin 
titre was determined by the method of Schneider (1952) with minor 
modifications. Citrated blood is diluted and the highest dilution in 
which visible coagulation occurs when thrombin is added is determined. 
As can be seen, before the experiment is made, clot formation is detec
table in a dilution of 200 or 250, whereas, at the peak of the effect, even 
the undiluted blood does not clot or only a small clot is formed. 
Thrombin was added as a powder to the undiluted blood.

TABLE V

N. JANCSO

Inhibition by polyanthinium compounds of the inflammatory oedema of the 
HIND PAW OF RATS. ALL FIGURES MEANS FOR 6  ANIMALS WEIGHING 160-200 G.

Compound 
mg./kg. 
dose i.v.

Killed
after
min.

Wt. increase of oedema- 
paw

Interval
min.

Inflammatory agent 
subplan tar

pretreated 
per cent

control 
per cent

Inhibition 
per cent

A
1 00

A
60 comp. 48/80

10 lig.
60 14*3 45-4 6 8 -6

125
A

60 dextran 
600 pg.

80 14*8 58-0 74-5

1 00

A
60 kaolin

0-1 ml. 10 per cent
140 130 600 78-0

1 00

c
60 cephalin 

5 mg.
60 130 46-6 71*8

65 60 cobra venom 
1 mouse U

60 11-7 45-7 74-4

The animals tolerated large, fibrinogen-depleting doses well. In 3 
cats, after administration of 65 mg./kg. of the trimethyl derivative, the 
blood pressure showed only minimal changes during the experiment. 
The blood pressure was measured without using anaesthesia by means 
of a polythene tube inserted into the aorta.

In view of the fibrinogen-depleting effect it could be expected that the 
polyanthinium compound will exert an antithrombotic action too. We 
investigated, in rats whether pretreatment with polyanthinium exhibits a 
protective action against lethal thrombosis caused by an intravenous 
injection of thrombin. The animals were given 100 mg./kg. of tri- 
methylpolyanthinium iodide intravenously (LD50 =  160mg./kg.). It 
could be established that even tremendous doses of thrombin, such as 
2000 units, did not evoke thromboembolic death. In controls the 
injection of 400 units is nearly always fatal. For these experiments the 
standardised thrombin preparation Thrombofort-“ Richter” was used.

As these findings show, with the aid of polyanthinium compounds, 
the aim which was always in our mind in the course of our work is easy 
to achieve. A single injection of polyanthinium brings about a lasting 
disappearance of fibrinogen, whilst the animal maintains its fit condition. 
Thus we possess a simple and reliable method with which it could be

590



unequivocally decided how inflammatory reactions develop in the absence 
o f fibrinogen.

The inflammatory experiments on polyanthinium treated animals 
revealed important results which confirmed our previous conclusions in 
every respect. We found that on such animals oedematous inflammation 
is so reduced that it can be hardly detected by inspection and the local 
fixation of injected colloidal silver is totally absent.

Table V shows the far reaching inhibitory effect of polyanthinium 
compounds on the oedematous swelling of the paw of the rat due to

INFLAMMATION AND THE INFLAMMATORY MECHANISMS

a b

Fig. 10. Prevention  o f  the  inflam m atory  fixation o f in travenous injected 
collo idal silver by trim ethyl-polyanthin ium  iodide, 100 m g./kg. intravenously 
1 hr. before app lication  o f the  inflam m atory stim ulus. P lan ta r skin o f a  norm al 
(a) and of a  po lyan th in ium -treated  ra t  (b) after su bp lan tar injection o f 10 jig. 
o f com pound 48/80.

compound 48/80, dextran, kaolin and cobra toxin, respectively. The 
inflammatory agents were applied in these experiments 1 hr. after the 
polyanthinium compounds, at which time the blood is already free of 
fibrinogen.

The local hyperaemic reaction was not inhibited by the polyanthinium 
compounds; this is in accordance with our previous experiments which 
all showed that this symptom is independent of clotting factors. The 
xylol-painted ear of the pretreated animals becomes vividly red just like 
that of the normal animals, but, the oedematous swelling fails to occur. 
In the same way, if a capsaicin solution of 0T per cent is instilled into 
the eye vasodilatation is obvious, but the usual conjunctival oedema does 
not develop.

To study the silver fixation phenomenon rats were defibrinated with 
trimethyl-polyanthinium iodide and dimethylethyl-polyanthinium methyl- 
sulphate respectively. Of the former 100 mg./kg. of the latter 80 mg./kg.
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was administered intravenously and then we waited for 1 hr. for the 
blood to become free of fibrinogen. Subsequently, different inflammatory 
substances were applied locally and ultimately 120 mg./kg. of colloidal 
silver was injected into the tail vein. The experiments demonstrated 
that the usual silver deposition does not take place. Neither angiotaxis 
nor granular accumulation in the histiocytes of connective tissue could 
be observed. Thus, no visible silver deposition was found in the xylol- 
painted ear and capsaicin-treated conjunctiva. The same negative result 
was obtained in the plantar skin and musculature after subplantar 
injection of compound 48/80, 10 and 20 /j .g., dextran, 600 /rg., toxin of 
the rattle snake C r o ta lu s  d u r is s u s , 10 f i g , ,  and thrombin, 40 U., respec
tively. In the controls, as usual, ample deposits of silver could be

a b

F i g . 11. Silver fixation in the  om entum  o f the rat after the in traperitoneal 
injection o f a suspension o f fine glass particles ; (a) norm al ra t ; am ple deposition 
of the intravenous injected collo idal silver on the internal surface of the vessels 
and in extravascular histiocytes, (b) “ defibrinated” r a t:  no  visible silver de
position. D efibrination  was effected by the intravenous injection o f 80 m g./kg. 
o f d im ethylethyl-polyanthinium  m ethylsulphate 1 hr. before the  application  
o f the inflam m atory stim ulus.

observed in all inflammatory sites. Figs. 10 and 11 show in an 
impressive way, the difference in response of the depleted animals and of 
the controls. It should be noted that in the Kupffer-cells of the liver a 
fine and even storage of silver could be observed in the polyanthinium- 
treated animals too.

All these findings strongly support our view that in rats fibrinogen 
plays indeec a fundamental rôle in the mechanism of acute oedematous 
inflammation.

According to current views the increase in vascular permeability is an 
outcome of the direct action of the so-called mediators of the inflammatory 
reaction such as histamine or 5 -h t . It is generally believed that it is an 
intrinsic property of these substances to induce increased vascular 
permeability. I do not want to deny the important rôle played by these 
mediators in the elicitation of inflammatory responses. For instance, 
the experiments of Rowley and Benditt (1956), Parratt and West (1957,
1958), Doepfner and Cerletti (1957) and Stenger (1958) suggest very 
strongly that dextran- or eggwhite-oedema in rats is mainly caused by
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the liberation of 5-ht or 5-ht plus histamine. There is, however, no 
proof that these mediators exert their effect by a simple direct action on 
the vascular wall. The whole affair seems to be far more complicated 
since our results suggest that the intervention of the coagulation system 
is a pre-requisite to typical inflammatory vascular reaction.

The assumed coagulation process in the vascular wall may be initiated 
by the inflammatory agent itself or by endogenous thromboplastic factors 
produced under the influence of these agents. Unfortunately, we are at 
present completely ignorant of the nature of such endogenous thrombo
plastic factors.

In retrospect it may be stated that a wealth of observations suggest 
that the blood clotting system plays an important rôle in the mechanism of 
inflammation in addition to its function in haemostasis and thrombus- 
formation. Apparently, a coagulation process is involved in the 
inflammatory tissue reaction taking place in the walls of the terminal 
vessels. In all probability it is this coagulation process which induces 
the most characteristic vascular inflammatory reactions, that is, the 
angiotaxis phenomenon and the excessive increase in permeability. Such 
a conception would then be in good agreement with the observation that 
neither angiotaxis nor gross oedema formation can be achieved in the 
absence of fibrinogen or if the coagulation is inhibited by an appropriate 
anticoagulant.
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Changes in the urinary sodium and potassium concentration and 
17-ketosteroid excretion patterns of rats treated with large doses of 
salicylate have been compared with those seen in animals given a 
standard pituitary-adrenal stimulus (exposure to cold). The sig
nificance of the general lack of correlation of responses to these two 
forms of treatment is discussed in the light of the frequently accepted 
theory that salicylates stimulate the adrenal cortex.

T he  claim of Hetzel and Hine (1951) that salicylates stimulate the adrenal 
gland by way of the pituitary to increased release of cortical hormones 
has been supported by many observations in experimental animals and 
man. In a recent review Smith (1959) emphasises the general acceptability 
of the evidence, disputing only that the antirheumatic effects of salicylate 
are mediated via the adrenal cortex.

The conclusions of the early workers in this field were based on adrenal 
ascorbic acid or cholesterol depletion in rats after heavy dosage with 
salicylate (Robinson, 1951; van Cauwenberge, 1951) and the absence of 
these responses in the hypophysectomised animal (van Cauwenberge,
1951). More recently, conclusive evidence of increased levels of circulat
ing plasma 17-hydroxycorticosteroids after treatment with salicylate has 
been obtained for rats (Done, Ely and Kelley, 1958; Roskam, 1957; 
van Cauwenberge, 1954); dogs (Done, Ely and Kelley, 1958); guinea-pigs 
(Good, Done, Ely and Kelley, 1957); and man (Done, Ely and Kelley, 
1955; Roskam, 1956).

The increased plasma corticosteroid response to massive salicylate 
dosage is not paralleled in the urinary steroid metabolites where there 
is considerable disparity in reports of levels after salicylate administration. 
While increase in urinary excretion of reducing corticoids is reported by 
van Cauwenberge and Huesghem (1952), they found no consistent response 
in 17-ketosteroid output of salicylate-treated adults with rheumatic 
diseases. Pellegrini and Sala (1952) and Roskam (1956) report similar 
findings. Other workers confirm the absence of a consistent urinary 
increase after salicylate treatment in either 17-ketosteroids (Boe and Stoa, 
1953; Bonati, Bertolani and Lorenzini, 1951; Henly, 1952; van Cauwen
berge and Huesghem, 1951); the 17-hydroxycorticosteroids (Smith, Gray 
and Lunnon, 1954), or reducing steroids (Boe and Stoa, 1953). In fact 
Done and co-workers (1955, 1958) report consistent depression of steroid 
excretion during salicylate treatment.

* Present address: Sub-Department of Pharmacology, The University College of 
the West Indies, Jamaica, W.I.
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Until recently there appear to have been no detailed studies of urinary 
sodium and potassium levels after salicylate administration, and yet the 
sodium : potassium ratio of the urine is known as a sensitive index of 
adrenal mineralocorticoid activity (Hetzel, McSwiney, Mills and Prunty, 
1956; Simpson and Tait, 1955). However, in 1959, Hetzel, Charnock 
and Lander reported low sodium and high potassium levels in the urine 
of human subjects within a few hr. after administration of 5 g. of sodium 
salicylate, a finding which is in close accord with our own preliminary 
observations in man (Blane, 1957).

The plasma and urinary electrolyte changes resulting from acute cold 
exposure have been shown in rats to be compatible with a theory of 
increased adrenal activity in both normal (Munday and Blane, 1960, 1961) 
and hypothermic animals (Munday, Blane, Chin and Machell, 1958). In 
the normal rat so stressed there is also a marked increase in the short
term (12-36 hr.) output of 17-ketosteroids (Munday and Blane, 1960). 
It was decided therefore to test the value of the same criteria in the 
assessment of salicylate as a pituitary-adrenal stimulant. The response 
to salicylate of the urinary sodium and potassium levels, and the 17-keto- 
steroid excretion was studied in rats.

Experimental Methods

Male rats of the Hooded strain were used and during the 12-hr. experi
mental periods were housed in metabolism cages constructed to avoid 
dilution or contamination of urine by drinking fluid.

Normally rats were supplied with a standard cube diet and water. 
Solid food however was withheld during the test periods to avoid urine 
contamination and instead a 5 per cent glucose in 0-85 per cent saline 
solution was available a d  l i b i t u m . This short-term change of diet has 
been shown to be without effect on plasma electrolyte and 17-ketosteroid 
levels (Munday and Blane, 1960).

Techniques used in the measurement of urinary electrolytes and 
17-ketosteroids were the same as have been described previously (Munday 
and Blane, 1960).

Both adrenal glands were removed from rats of 100 to 150 g. under 
pentobarbitone anaesthesia. Until required they were maintained in 
draught-free cages and supplied with 1 per cent saline and rat cake. 
On this régime their plasma electrolyte levels remained within the normal 
range. Careful macroscopic examination at autopsy confirmed the 
completeness of adrenalectomy in all animals.

Acetylsalicylic acid was given to rats by stomach-tube as 1-0 ml. of 
6 per cent solution in 2 per cent sodium carbonate. Since the intact 
animals used in most experiments weighed between 300 and 350 g. the 
dose of 60 mg. per rat corresponded to something less than 20 mg. per 
100 g. weight. Proportionately reduced doses were used for the smaller 
adrenalectomised rats. Other groups of rats were given sodium salicylate 
instead of acetylsalicylic acid at an increased dose (30 g./100 g.) corre
sponding to the reported lessened therapeutic activity of the sodium salt. 
The “control” animals received a 1-0 ml. placebo of sodium bicarbonate

G. F. BLANE AND K. A. MUNDAY
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solution containing an amount of sodium equivalent to that given to the 
“ experimental” rats in their salicylate solution.

EFFECTS OF SALICYLATE IN THE RAT

R e s u l t s

Rats supplied with glucose in saline produced large volumes of clean 
urine in the 12-hr. test period and the urinary sodium and potassium

TABLE I
Effects of acetylsalicylic acid, sodium salicylate and  exposure to cold
ON THE 12-HR. VALUES OF URINARY SODIUM, POTASSIUM AND 17-KETOSTEROID 

EXCRETION IN MALE RATS

Controls Acetylsalicylic acid Sodium salicylate Cold exposure (0° C.)
Na 150-7 ± 0-56(12) 1411 ±0-63(12) 143-9 4- 1-42(12) 137-6 ±0-89(10)
K 13-73 ±  0-62(12) 34-25 ±  2-78 (12) 38-30 ±  2-19(12) 15-89 ±  0-27 (10)

Na:K 11-21 + 0-52 (12) 4-37 ± 0-33 (12) 3-86 ± 0-19(12) 8-68 ±  014 (10)
17-KS 53-9 ±  1-45 (18) 26-2 ± 1-02(8) 23-6 ±1-11(8) 62-5 ±  2-14(8)

Na and K concentrations as m-equiv., 17-KS as fj.g./12 hr./rat, numbers of animals in parenthesis 
means ±  standard errors.

concentrations as well as the 17-ketosteroid excretion were found to vary 
within very narrow limits under these conditions (Table I).

Urine collected in the immediate 12-hr. period after administration 
of either salicylate showed a much depressed Na : K ratio by virtue of 
a fall in sodium level and rise in potassium (Table I). The directional 
similarity of these electrolyte changes to those obtained on cold exposure

Fig. 1. Typical effect o f a  single dose o f sodium  salicylate on  the u rinary  17-keto
stero id  excretion o f a  group  o f 8 m ale ra ts. Base line =  m ean value o f 52-9 fig./ 
12 h r ./ra t from  16 ra ts with S the  s tan d ard  deviation. C olum ns represen t the  m ean 
change in 17-ketosteroid excretion from  the  co n tro l level (A  fig.) m easured fo r the 
w hole g roup  o f salicylate-treated  anim als a t 12 hr. intervals. These m ean differ
ences a t 12, 24 and  36 hr. are highly significant with P  <  0-005. D ose a t zero tim e 
=  30 mg./lOO g. rat.
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is also illustrated in Table I and supports the contention of earlier authors 
that salicylate stimulates the pituitary-adrenal axis.

In direct contrast to the increased 17-ketosteroid excretion on short
term cold exposure, the 17-ketosteroid excretion of rats treated with 
acetylsalicylic acid or sodium salicylate was significantly diminished 
(Table I). Longer term experiments provided conclusive evidence that 
the urine 17-ketosteroid excretion of rats is greatly reduced during the 
first 12 hr. after dosing with salicylate and that there is a gradual return 
to normal over the following 36 hr. (Fig. 1).

Bilaterally adrenalectomised rats were given sodium salicylate and 
their urinary sodium and potassium levels determined after 12 hr. (Table 
II). In the adrenalectomised control animals the régime on which they

G. F. BLANE AND K. A. MUNDAY

T A B LE II
Effects of sodium salicylate on urinary sodium and potassium concentration 

OF adrenalectomised rats

N a K N a /K

A d re n a le c to m is e d  u n tre a te d  
A d re n a le c to m ise d  tr e a te d  w ith  so -

160-2 ±  2 -6 2 (1 4 ) 14-1 ±  1-01 (14) 11-68 ±  0 -7 2 (1 4 )

d iu m  sa licy la te 190-1 ±  6-25 (14) 49-7 ±  4-00 (14) 3-94 ±  0-23 (14)

N a  a n d  K  c o n c e n tra t io n s  a s  m -e q u iv ., n u m b e rs  o f  a n im a ls  in  p a re n th e s is , m e a n s  ±  s ta n d a rd  e rro rs .

were maintained caused only a slight elevation of both sodium and 
potassium urine concentrations and the N a : K ratio was within the normal 
range. On treatment with salicylate there was, by contrast with intact 
animals, a marked rise in the urinary sodium level. However, the 
potassium concentrations rose at the same time to such high levels that 
the N a : K ratio was as low in these adrenalectomised as in the intact 
animals.

D is c u s s io n

It has beer, established earlier that the urinary sodium and potassium 
changes in rats caused by exposure to cold are dependent on the integrity 
of the adrenal gland (Munday and Blane, 1960). That an essentially 
similar change in electrolyte pattern should have been observed in man 
receiving heavy doses of salicylate (Hetzel, Charnock and Lander, 1959) 
and is now shown in intact rats appears to further support the long- 
established hypothesis that salicylates have an effect in stimulating the 
pituitary-adrenal axis. There are difficulties in the way of accepting 
this interpretation.

In all salicylate-treated intact animals, loss of potassium was massive 
compared to that seen in cold-stressed rats and furthermore potassium 
excretion was also greatly increased in adrenalectomised rats receiving 
salicylate. It appeared therefore that potassium excretion may be affected 
by salicylate without the intervention of adrenal corticosteroids. Guest, 
Rapoport and Roscoe (1945) found the potassium loss in men treated 
with acetylsalicylic acid or sodium salicylate to be secondary to an 
alkalosis caused by hypernoea, and it is noteworthy that the rats in our 
experiments were frequently observed to be hyperventilating after dosage
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with salicylate. The high urinary potassium in salicylate treated rats 
may represent—in part at least—a loss of fixed base consequent on 
respiratory alkalosis. A further possible alternative explanation is 
suggested by the in  v i t r o  work of Hicklin (1959) and Manchester, Randle 
and Smith (1958) which has yielded some evidence that salicylate may act 
directly to bring about potassium loss from tissues through interference 
with the energy supplies for active transport of this ion. Hence, for the 
present, potassium loss in salicylate-treated subjects and the N a : K 
ratio must be rejected as reliable indices of adrenal activity.

Sodium excretion on the other hand was reduced in intact salicylate- 
treated rats and raised in adrenalectomised animals receiving the same 
treatment. This could be interpreted to suggest that a sodium-retaining 
factor is released from the adrenal cortex in increased amounts by salicy
late and that urinary sodium concentration may provide an adequate 
indication of the level of adrenal activity in these circumstances, at least 
for mineralocorticoid output.

The reduced urinary steroid excretion in subjects receiving salicylate 
presents another problem and should not immediately be taken as an 
indication that adrenal activity is depressed. Done, Ely and Kelley 
(1958) have found consistently low urinary 17-hydroxycorticosteroid and 
17-ketosteroid levels in human subjects and animals treated with salicylate 
at a time when plasma corticosteroid levels were consistently high. Simi
lar plasma changes did not occur in hypophysectomised or adrenalec
tomised experimental animals. In considering mechanisms to account 
for the low levels of urinary steroid metabolites while plasma cortico
steroid levels are high it is of interest that salicylate may be secreted in a 
significant proportion as the glucuronide (Kapp and Coburn, 1944). 
Steroids too are mainly excreted as conjugates, and combination with 
glucuronic acid in the liver is known as a major pathway (Dorfman and 
Ungar, 1954). Salicylate might therefore act as a competitive inhibitor 
of corticosteroid excretion in a manner comparable to that already 
demonstrated for A-acetyl-p-aminophenol (Corte and Johnson, 1958). 
In this instance there would be a concentration of circulating cortico
steroid while the steroid-glucuronide levels in the urine, including the 
17-ketosteroid fraction, would fall.

The demonstration of N a : K ratios as low in adrenalectomised as 
in intact rats treated with salicylate, and the dramatic fall in 17-keto
steroid excretion of salicylate-treated rats shows clearly the inadequancy 
of these indices in the assessment of salicylate as a pituitary-adrenal 
stimulant. Sodium alone followed an excretion pattern that paralleled 
that seen in animals given a standard stress. Further detailed studies 
are required in this field with particular attention paid to the effects of 
salicylate on plasma corticosteroid levels, having regard to the possi
bility that these may be raised only because renal clearance of steroids 
is inhibited.
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A N T IT R IC H O M O N A L  A G E N T S
5 -N IT R O T H IA Z O L E S , 5 -N IT R O P Y R ID IN E S  A N D  5 -N IT R O -  

P Y R IM ID IN E S

B y  R. M . M ic h a e l s  a n d  R. E . S t r u b e

From the Research Division, The Upjohn Company, Kalamazoo, Michigan 

Received A pril 21, 1961

Some 5-nitrothiazoles, 5-nitropyridines and 5-nitropyrimidines have 
been synthesised and evaluated against T r ic h o m o n a s  v a g in a lis  and 
T r ic h o m o n a s  fo e tu s  in  v itro  and in  v ivo  in the mouse, hamster and 
monkey. Although 2-amino-5-nitropyrimidine, 2-acetamido-5-nitro- 
pyrimidine and 2-trifluoroacetamido-5-nitropyrimidine were highly 
active in mice infected with T . v a g in a lis  the activity was not superior to 
the standard 2-acetamido-5-nitrothiazole. The nitropyrimidines were 
highly species specific, being much more active in  v ivo  against T . 
va g in a lis  than against T . fo e tu s . One compound, 2-amino-5-nitro- 
pyrimidine was selected as the best of this series because of the high 
blood levels obtained after a single oral dose in a monkey, and its 
presence in a biologically active form.

T r ic h o m o n a s  v a g in a l is  (Donné, 1836) and T r ic h o m o n a s  f o e t u s  are flagellate 
parasites of the genito-urinary tract of man and bovine, respectively. 
In the female, T r ic h o m o n a s  v a g in a l is  causes an overt disease of the genito
urinary tract (Kean, 1955; Kean and Wolinska, 1956; Perl, Guttmacher 
and Raggazoni (1956), while the male serves primarily as an asymptomatic 
carrier (Perl and others, 1956). Evidence is accumulating that the 
parasite localises in Skene’s glands, Bartholin’s glands and the urinary 
tract (Kean, 1955; Kean and Wolinska, 1956; Perl and others, 1956), 
thus making it extremely difficult to eliminate the infection by local 
treatment.

2-Amino-5-nitrothiazole and a few of its acyl derivatives, in particular 
2-acetamido-5-nitrothiazole (Cuckler, Kupferberg and Millman, 1955; 
Prince, 1960) are active in animals infected with T .  v a g in a l is  and T .  
f o e t u s .  The antibiotics Trichomycin and Fervenulin are also active 
(Hosaya, Soeda, Komatsu, Okada and Watanabe, 1953; Deboer, Dietz, 
Evans and Michaels, 1959-1960). Early clinical evaluation of these 
compounds was promising (Perl and others, 1956 ; Plentyl, Grey, Nelson 
and Da Lali, 1956; Magara, Nittono and Senda, 1955), but later they 
were shown to be without effect (Gardner and Dukes, 1956; Barnes, 
Bontwood, Haines, Lewington, Lister and Haram, 1957 ; Catterall and 
Nicol, 1957). Because of its toxicity, Fervenulin has not been tested in 
man. The only compound which has been found effective in laboratory 
animals (Cosar and Julou, 1959) and man is the recently discovered
l-(2'hydroxyethyl)-2-methyl-5-nitroimidazole. Cure rates above 85 per 
cent in females have been reported when the drug was used locally (Durel, 
Coutre, Collart and Girot, 1960) or systemically (Durel and others, 1960; 
Nicol, Barrow and Redmond, 1960; Rodin, King, Nicol and Barrow, 
1960; Wilcox, 1960) and in males treated systemically (Nicol and
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others, 1960; Rodin and others, 1960; Sylvestre, Gallai and Ethier, 1959; 
Sylvestre, Belanger and Gallai, 1960).

The need remains for other effective systemic treatments for this 
disease.

R. M. MICHAELS AND R. E. STRUBE

C h e m ic a l

The biological action of isosteric compounds often differs only in 
degree, therefore, we investigated isosteric compounds of 2-amino-5- 
nitrothiazole and 2-acetamido-5-nitrothiazole. The replacement of the 
sulphur atom of these thiazoles by the C H = C H  and C H = N  groups 
gave the isosteric compounds 2-amino-5-nitropyridine, 2-amino-5-nitro- 
pyrimidine and their corresponding acetyl derivatives. The in  v i t r o  
antitrichomonal activities of 2-amino-5-nitrothiazole and its acetyl 
derivative are similar but in mice, the acetyl compound is much more 
active (Tables I and II). Whether this greater activity is due to more 
favourable distribution of the acetyl derivative in the animal body or 
whether the compound is actually more active in the body is not yet 
known. As a working hypothesis it was postulated that there might be 
a relation between the rate of deacylation and activity. For this reason 
the synthesis of the more rapidly hydrolysable trifluoroacetyl derivatives 
of 2-amino-5-nitrothiazole, 2-amino-5-nitropyridine and 2-amino-5- 
nitropyrimidine was undertaken.

In the evaluation of a series of 5-nitropyridine derivatives, 2-hydroxy-
5-nitropyridine was found to be active in mice. This prompted the 
synthesis and evaluation of the isosteric compounds 2-hydroxy-5-nitro- 
thiazole and 2-hydroxy-5-nitropyrimidine (Roblin, Winnech and English, 
1942; Hale and Brill, 1912).

E x p e r im e n t a l

2 - T r i f l u o r o a c e ta m id o - 5 - m tr o th ia z o le .  To a stirred suspension of 2- 
amino-5-nitrothiazole (14-5 g .; 0T0 mole) in 100 ml. of ether was added 
over 5 min. 50 g. (0-24 mole) of trifluoroacetic anhydride. After 15 min. 
the solution was treated with charcoal, filtered and distilled. The 
residual, slightly yellow product was washed with light petroleum and 
dried. Yield, 18-5 g .; m.p. 150-151°. Found: C, 25-21; H, 1-31; N, 
17-40. CgH-jFgNgOgS requires C, 24-98; H, 0-84; N, 17-43 per cent.

2 - H y d r o x y - 5 - n i t r o th i a z o l e .  This compound was synthesised as des
cribed by Babo and Prijs (1950), the product melted at 143-144° decomp. 
(Babo and Prijs gave m.p. 136° with decomp, at 142°). Found: C, 
24-87; H, 1-77; N, 19-25; S, 21-57. C3H2N ,0 3 requires C, 24-66; H,
1-39; N, 19-17; S, 21-94 per cent.

2 - A c e ta m id o - 5 - n i t r o p y r id in e .  Acetylchloride (7-9 g .; 0-10 mole) was 
added dropwise over 30 min. to a cooled solution (10-15°) of2-amino-
5-nitropyridine (13-9 g .; 0-10 mole) in a mixture of dry acetone (100 ml.) 
and dry pyridine (10 ml.). Stirring was continued for another 30 min. 
at room temperature and for 15 min. at reflux temperature. The reaction 
mixture was poured into water (200 ml.) and the solid formed was removed 
by filtration. After recrystallisation from ethanol a slightly tan coloured
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product was obtained melting at 198-199°. Tschitschibabin and 
Posdnjakow (1926) gave m.p. of 196° using acetic anhydride.

2 - T r i f l u o r o a c e ta m id o - 5 - n i t r o p y r im id in e .  2-Amino-5-nitropyrimidine 
(Roblin and others, 1942; Hale and Brill, 1912) (14-0 g .; 0-10 mole) was 
heated under reflux with trifluoroacetic anhydride (100 ml.) for 3 hr. 
with stirring. After cooling to room temperature the product was 
removed by filtration and recrystallised from toluene. The almost 
colourless product (12-9 g.) melted at 131-133-5°. Found: C, 30-45; 
H, 1-28; N, 23-50. C6H3F3N40 3 requires C, 30-52; H, 1-28; N, 23-50 
per cent.

Biological

The culture of T r ic h o m o n a s  v a g in a l is  (Trussell and Plass, 1940) and 
T r ic h o m o n a s  f o e t u s  (Morgan and Campbell, 1946) made possible the 
in  v i t r o  testing of compounds for direct trichomonacidal properties. 
Effective contact agents have been found against T .  v a g in a l is  (Johnson 
and Trussell, 1943; Lynch, Holley and Salmirs, 1955; MacDonald and 
Tatum, 1948; Seneca and Ides, 1953; Trussell, 1947) and T . f o e t u s  
(Morgan and Campbell, 1946; MacDonald and Tatum, 1948) in  v i t r o  
and against T . f o e t u s  in  o v o  (Pierce and Morgan, 1950).

Further evaluation of compounds requires an in  v iv o  system. The 
Rhesus monkey ( M a c a c u s  m u la t t o )  is the only species other than man 
which harbours T .  v a g in a l is  naturally and is susceptible to experimental 
vaginal infection. But few chemotherapeutic studies have been made 
with this animal.

Recently, Schnitzer, Kelly and Leiwant (1950) reported that white mice 
can be infected intraperitoneally, subcutaneously or intramuscularly 
with T . v a g in a l is ,  T .  f o e t u s  and T .  g a l l in a e . Mice infected subcutaneously 
with either T . f o e t u s  or T .  v a g in a l is  have been used to study the effect of 
local treatment with either chemicals or antibiotics (Lynch and Stephens, 
1955-56; Lynch, English, Morrison and Maven, 1954; Lynch, Holley 
and Margison, 1955). The systemic activity of compounds has been 
investigated :n mice infected intraperitoneally with either T . f o e t u s  
(Cuckler and others, 1955) or T .  v a g in a l is  (Bushby and Copp, 1955; 
Hosaya and others, 1953).

To ascertain whether drugs given systemically reach the vaginal secre
tions in an active form, a vaginal infection is required; this has been 
obtained by Kradolpher (1954) in golden hamsters with T . f o e t u s .

M a t e r ia l s  Experimental

Cultures of T .  v a g in a l i s * and T . f o e t u s  strain MSCt and strain L i 
were maintained at 37° in fluid thioglycollate medium§ and 5 per cent

* O btained th rough  the  courtesy  o f D r. A. C. C uckler o f the M erck Institu te  
for T herapeutic  R esearch, R ahw ay, New Jersey, U .S.A .

f  O btained th rough  the courtesy of D r. W. D . L indquist o f M ichigan State 
U niversity, E ast Lansing, M ichigan, U .S.A .

% O btained th rough  the  courtesy o f D r. D . T. C lark  o f M ichigan S tate U n i
versity, E ast Lansing, M ichigan, U .S.A .

§ F lu id  thioglycollate  m edium  obtained  from  B altim ore B iological L aboratories 
B altim ore, M aryland, U .S.A . M edium  01-140.
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horse-serum. For the cultivation of T .  v a g in a l is , the pH was adjusted 
to 6-0. No adjustment in pH was required for the growth of T .  f o e t u s .  
Unless otherwise indicated, experiments with T .  f o e t u s  were with the 
MSC strain.

D e te r m in a t io n  o f  in vitro E n d  P o in t s

Aliquots of logarithmically growing (24 hr.) flask cultures of either 
species were diluted with fluid thioglycollate medium to contain 110,000 
cells per ml. checked by direct counts. The “medium-inoculum” was 
prepared by combining 10 volumes of diluted cells with 5 volumes of 
horse-serum and 85 volumes of fluid thioglycollate medium. Solutions 
or finely divided suspensions containing 2 mg. of drug per ml. were pre
pared. Serial two-fold dilutions of these were made in 0-85 per cent 
saline. 0-5 ml. of each drug dilution was added to an experimental 
tube. Control tubes received an equal volume of saline. The medium- 
inoculum was added to each tube in 4-5 ml. amounts using a Cornwall 
semi-automatic syringe. The cells were agitated during this process by a 
magnetic stirrer. The highest concentration of any chemical tested was 
200 /xg./ml. against an initial concentration of 10,000 cells/ml.

After 22 hr. incubation at 37°, while the cells were still growing 
logarithmically, determinations of cell populations were made by direct 
counts. The 90 per cent inhibitory level was calculated arithmetically 
using the expression per cent inhibition equals (C — E)C X 100, where 
C =  number of cells per ml. in a control tube and E =  number of cells 
per ml. in an experimental tube. When the end point could not be 
calculated in this manner, the results were plotted on semi-logarithmic 
paper, and the end point read graphically.

P la s m a  L e v e l  D e te r m in a t io n s

Plasma levels of 2-acetamido-5-nitropyrimidine were determined micro- 
biologically by titration, in the way just described, against a standard. 
Controls included plasma obtained before the administration of drug, 
together with an estimate of the 90 per cent inhibitory level of this 
compound.

E v a lu a t io n  o f  C o m p o u n d s  in  A n im a l s  I n f e c t e d  b y  th e  S u b c u ta n e o u s  R o u te

Groups of 5 adult male albino mice (CF 1 strain) or female golden 
hamsters, were infected subcutaneously with 200,000, 24 hr. cells, con
tained in 0-2 ml. Compounds for treatment of these infections were 
homogenised in 50 per cent Plazmoid*. Beginning with the Tolerated 
Dose (in this study the T.D. is defined as the maximum amount of drug 
in mg./kg./day which can be administered for six consecutive days and 
still allow weight gains comparable to those of the control animals), 
drugs were given in serial two-fold dilutions either orally or intraperi- 
toneally. The treatment was first given immediately after infection, and 
continued once daily for five days. Controls were dosed with 50 per 
cent Plazmoid. Since the pathogenicity of the cultures varied, an

* Sterile so lu tion  o f  5 per cen t gelatin .
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estimate of the 50 per cent infective-dose (ID50), the number of organisms 
successfully infecting 50 per cent of the animals, was made for each 
individual experiment.

Animals were killed and examined seven days after infection. The 
presence of trichomonads in the lesions at the site of injection was verified 
by microscopic examination of an eosin stained wet smear.

The 50 per cent curative dose (CD50) and the ID50 were calculated 
according to the method of Reed and Muench (1938), while the ED50 
was obtained graphically by the method of Litchfield and Wilcoxon 
(1949).

The relative activity of the compounds was obtained by comparing 
their Therapeutic Quotients. For our purpose we define the Therapeutic 
Quotient to be the Tolerated Dose of a compound divided by the CD50.

E v a lu a t io n  o f  C o m p o u n d s  in  H a m s t e r s  I n f e c t e d  In t r a v a g in a l ly

Four to six months before study, virgin female hamsters were infected 
intravaginally on three successive days with 100,000 to 200,000 (48 hr.)
T .  f o e t u s  cells contained in 0-05 ml. Vaginal smears for microscopic 
examination were made daily for 6 days before beginning treatment and 
only animals showing positive smears were used.

Groups of 5 animals were treated orally once daily for six consecutive 
days with suspensions of the drug in 50 per cent Plazmoid. The drug 
suspensions were so prepared that the animals in any one group received 
the same amount of a drug on a mg./kg. basis.

During the treatment and for two additional weeks, vaginal smears were 
examined daily. After a rest period of 2 weeks, this procedure was 
repeated for an additional week. Animals which became negative 
during the course of treatment and remained so during the entire follow
up period were considered to be cured.

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

A series of 2-substituted-5-nitropyridines, pyrimidines and thiazoles 
have been examined for their in  v i t r o  activity against T . v a g in a l is  and T .  
f o e t u s .  I n  v i t r o  end points are listed in Table I both in /xg./ml. and in 
/xMoles/1., since it is only on the latter basis that a direct comparison of 
activities can be made. With two exceptions (2-acetamido-5-nitro- 
pyridine and 2-hydroxy-5-nitropyrimidine), all of these compounds were 
more active in  v i t r o  against T . v a g in a l is  than T . f o e t u s .  The 2-acetamido- 
5-nitropyridine was inactive, while in the pyrimidine and thiazole series 
the 2-hydroxy compounds were nearly so. Of the remaining compounds 
the activities are close together, so that there is only a ten-fold difference 
between the least and most active. Within the limitation of the few 
substituent groupings at C (2) studied no radical was found to enhance 
activity. Except in the pyridines, the difference in activity is not more 
than threefold. The activity of 2-amino-5-nitropyridine was 5 times as 
great as 2-hydroxy-5-nitropyridine and 6 times that of the trifluoroacet- 
amido compound (Table I).
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The most active compounds were 2-amino-5-nitropyridine, 2-amino- 
5-nitrothiazole and 2-acetamido-5-nitrothiazole.

There was almost a direct correlation of in  v i t r o  and in  v iv o  results 
(Table II). All compounds inactive in  v i t r o  were inactive in  v iv o . In 
the pyridine and pyrimidine series activity followed the same pattern

T A B LE I

R. M. MICHAELS AND R. E. STRUBE

The effect of 5-nitropyridines, pyrimidines and thiazoles against T. vaginalis
A N D  T. fo e tu s  IN  V ITR O

T . vaginalis T . fo e tu s

End point End point
Compound Hg./ml. UM/l. Hg./ml. UM/L

P y rid in e  s
2-Amino-5-nitropyridine 0*8 3-6 0-9 4-0
2-Acetamido-5-nitropyridine 4-200 — + 2 0 0 —
2-Trifluoroacetamido-5-nitropyridine 5-0 2 1 -2 6-2 26-4
2-Hydroxy-5-nitropyridine 2-5 17-8 3-1 2 2 -0

P y rim id in es
2-Amino-5-nitropyrimidine 2-1 150 2-7 19-2
2-Acetamido-5-nitropyrimidine 6 -2 34-0 3-1 17-0
2-Trifluoroacetamido-5-nitropyrimidine 3-1 13-1 5-2 2 2 -0
2-Hydroxy-5-nitropyrimidine + 2 0 0 — 150-0 1060-0

T h ia zo les
2-Amino-5-nitrothiazole 0-62 4-3 0-8 5-5
2-Acetamido-5-nitrothiazole .. 0-62 3-3 0-8 4-3
2-Hydroxy-5-nitrothiazole 62-0 424-0 140-0 960-0

TA B LE II
The A C T IV IT Y  O F  5-nitropyridines, P Y R IM ID IN E S  a n d  thiazoles i n  M ICE IN F E C T E D  

subcutaneously with T. vaginalis

CD50* TDf TCi t

Compound Oral i.p. Oral I.p. Oral I.P.
P yrid in es

2-Amino-5-nitropyridine 78-8§ 77 2 0 0 250 2-5 3-2
2-Acetamido-5-nitropyridine Inactive
2-Trifluoroacetamido-5-nitropyridine 188§ 194§ 600 400 3-2 2-1
2-Hydroxy-5-nitropyridine .. 144§ 1345 1000 400 6-9 3-0
P y rim id in es
2-Ami no-5-nitropyrimidine 35-3§ 28-6§ 250 2 0 0 7-1 7-0
2-Acetamido-5-nitropyrimidine 77-0 71-0 500 2 0 0 6-5 2-8
2-Trifluoroacetamido-5-nitropyrimidine 58-85 50-0 500 2 0 0 8-5 40
2-Hydroxy-5-nitropyrimidine Inactive

T h ia zo les
2~Amino-5-nitrothiazole -— 70-6 -— 100 — 1-4
2-Acetamido-5-nitrothiazole .. 11-65 I l l s 1 00 100 8-6 9-0
2-Trifluoracetamido-5-nitrothiazole .. Inactive
2-Hydroxy-5-nitrothiazole Inactive

1
* CD50 Median curative dose mg./kg. 
t TD == Tolerated dose. 
t  TQ = Therapeutic Quotient.
§ Geometric mean of more than one trial.

in  v i t r o  and in  v iv o . A comparison of the in  v iv o  activity on a molar 
basis shows that the same number of moles of 2-amino-5-nitropyrimidine 
and 2-trifluoroacetamido-5-nitropyrimidine are required for cure. This 
was to be expected since experimentally it was found that the half-life 
of 2-trifluoro-acetamido-5-nitropyrimidine in solution is 4 min. Tri- 
fluoroacetic acid is not active systemically, nor does it influence the
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CD50 of 2-amino-5-nitropyrimidine when the two are administered 
simultaneously at the same molar ratio as is found in 2-trifluoroacetamido- 
5-nitropyrimidine. While 2-amino and 2-acetamido-5-nitrothiazole were 
equally effective in  v i t r o , the 2-acetamido compound was more than six 
times as active in  v iv o  intraperitoneally.

However, in  v iv o  chemotherapeutic efficacy is a resultant of the effect 
of the drug on the parasite and the host. There was a host variation in 
toxicity of compounds in the pyridine and pyrimidine series. When the 
Therapeutic Quotient of the compounds is calculated for the oral route, 
it is evident that 2-hydroxy-5-nitropyridine is twice as effective as other 
compounds in the pyridine series and that all the compounds in the 
pyrimidine series are of about the same efficacy. These, together with

T A B LE III

ANTITRICHOMONAL AGENTS

The effect of 5-nitropyridines, pyrimidines and thiazoles against T. fo e tu s  
AND T. vaginalis IN local subcutaneous lesions in mice

I.P. Oral
Compound T . vaginalis T . fo e tu s T . vaginalis T . fo e tu s

P y rid in es
2-Amino-5-nitropyridine 77-0* 89-2 ■— —
2-Acetamido-5-nitropyridine .. Inactive — — —
2-Trifluoroacetamido-5-nitropyridine 194 .— -— —
2-Hydroxy-5-nitropyridine 134 _ 1440 260-0

P y rim id in es
2-Amino-5-nitropyridimidine 28-6 — 35-3 77-5
2-Acetamido-5-nitropyrimidine 71-0 — 710 177-0
2-Trifluoracetamido-5-mtropyrimidine
2-Hydroxy-5-nitropyrimidine

50-0
Inactive

1 0 0-0 58-8 142-0

T h ia zo les
2-Amino-5-nitrothiazole 70-6 56-6 — —
2-Acetamido-5-niirothiazole .. 1M 14-1 .— —
2-Trifluoroacetamido-5-nitrothiazole Inactive .— — —.
2-Hydroxy-5-nitrothiazole Inactive

* CD 50 mg./kg.

2-acetamido-5-nitrothiazole, had Therapeutic Quotients of 6-5 or more 
against T .  v a g in a l is . Compounds in the pyrimidine series exhibited 
species specificity, since they were almost three times as active against
T .  v a g in a l is  as against T .  f o e t u s .  (Table III.)

2-Hydroxy-5-nitropyridine and 2-acetamido-5-nitrothiazole were given 
by mouth to treat hamsters infected intravaginally with T .  f o e t u s .  When 
hamsters were treated with 500 mg./kg. of the pyridine derivative it was 
consistently found that 100 per cent of the animals were cured, but none 
were cured by half this dose (Table IV). Both compounds were less active 
against the vaginal infection than against the local infection since it took 
almost T5 times as much of the pyridine derivative orally and almost 
four times as much of the thiazole compound given intraperitoneally to 
achieve the same level of cure (CD50) in the hamsters as in mice (Tables 
III and IV).

Even at an infecting dose of 1 X 10® organisms, hamsters were refrac
tory to subcutaneous infection with the MSC strain of T .  f o e t u s .  Three 
additional strains of recent isolation were obtained*. One of these,

* T hrough  the  courtesy o f D r. D . T. C lark  o f M ichigan S ta te  University, E ast 
Lansing, M ichigan, U .S.A .
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strain L, infected hamsters when injected subcutaneously. When the 
infectivity of strain MSC and L was compared subcutaneously in mice 
it was found that the ID50 for the former was 66,600 and for strain L, 
2,140.

In a single experiment mice and hamsters were infected subcutaneously 
with T . f o e t u s  (L) and treated orally with a 2-hydroxy-5-nitropyridine,

T A B LE IV
A  VAGINAL INFECTION IN  HAMSTERS TREATED WITH 2-H Y D RO X Y -5-N ITRO PY RID IN E AND 

2-A CETA M IDO -5-NITROTHIA ZO LE BY MOUTH

R. M. MICHAELS AND R. E. STRUBE

Compound
Dose

mg./kg./day
No. cured

Per cent 
cured CD50No. treated

2-Hydroxy-5-nitropyridine 500 5/5 1 00 350
250 0/5 0 —

2-Acetamido-5-nitrothiazole 1 00 5/5 1 00 50
50 2/5 40 —

25 1/4 25 —

Plazmoid .. 0/5 0 —

2-amino-5-nitropyrimidine or 2-acetamido-5-nitrothiazole. The pyridine 
and pyrimidine were found to be significantly less active in hamsters than 
in mice (Table V). The apparent differences in response to the sub
cutaneous and vaginal infections were entirely due to the host.

The specificity of 2-amino-5-nitropyrimidine against T . v a g in a l is  and 
its stability in acid and basic solutions led us to study this compound in

F ig . 1. T he concen tra tion  of 2-am ino-5-nitro- 
pyrim idine in fig./ml. o f  p lasm a afte r oral 
adm in istra tion  to  a m onkey.

more detail. Plasma concentrations were estimated microbiologically 
in one nonfasted monkey after oral administration of an aqueous sus
pension of the drug at 500 mg./kg. The data shown in Fig. 1 shows
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T A B LE V
T he efficacy of three compounds by mouth in  mice and  hamsters infected

S U B C U T A N E O U S L Y  W IT H  T. foetus (L )

Compound
ED50 and range mg./kg. Significant (+) 

or not
Significant (—)*Mice Hamsters

2-Amino-5-nitropyrimidine 108 (76-145) 196 (145-265) +*2-Hydroxy-5-nitropyridine 165 (126-214) 312 (268-350) +2-Amino-5-nitrothiazole ,. 30 (20-45) 16 (7-6-33-5)

* Significance at the 5 per cent level of confidence.

that the drug, present in a microbiologically active form is slowly absorbed; 
probably from the intestine and is even more slowly excreted. The peak 
drug levels were obtained in 8 hr. The plasma level 24 hr. after drug 
administration is 50 times the amount of drug needed to kill the organism 
in  v i tr o .

The stability of 2-amino-5-nitropyrimidine in acid, base and body 
fluids, its ability to produce good blood levels in monkeys, absorption 
in a biologically active form and ability to cure experimental infections in 
mice indicate that it should be an effective systemic treatment for the 
clinical disease evoked by T r ic h o m o n a s  v a g in a l is .

Qualitative differences in the carbohydrate metabolism of T .  v a g in a l is  
and T .  f o e t u s  exist but despite these, various investigators have used these 
species indiscriminately in the search for compounds which will inhibit
T . v a g in a l is . Results from these experiments indicate that the two 
species probably utilise similar metabolic pathways in  v i t r o  but that T .  
f o e t u s  may change its metabolic pathway in  v iv o . If  T . f o e t u s  only had 
been used to evaluate the compounds in the pyridine and pyrimidine 
series, their therapeutic potentialities would have been missed.
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ANTITRICHOMONAL AGENTS 
TRIAZEN DERIVATIVES

By  R. E. Str u b e  a n d  R. M . M ichaels

From the Research Division, The Upjohn Company, Kalamazoo, Michigan 
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Six new triazens have been synthesised. One of these compounds,
3-(2'-diethylaminoethyl)-3-ethyl-l-(p-nitrophenyl)-triazen was active 
in mice against T r ic h o m o n a s  va g in a lis  but inactive against T rich o m o n a s  
fo e tu s .

As outlined previously (Michaels and Strube, 1961), there is a need for 
a suitable systemically active agent against T r ic h o m o n a s  v a g in a l is . While 
screening many compounds the in  v i t r o  and in  v iv o  activity of 3-(2'-diethyl- 
aminoethyl)-3-ethyl-l-(p-nitrophenyl)triazen against T .  v a g in a l is  was 
uncovered. Therefore, the syntheses and evaluation of a number of 
triazen derivatives related to I was undertaken.

o 2n / “ "A
\ = / N  =  N-N<

c h 2- c h 3 

c h 2 c h .
-N

C Ä

Q H 6
I

C h em ica l

Triazens are derivatives of the unknown base triazen, H N = N -N H 2, 
a compound consisting of a chain of three nitrogen atoms, two being 
united by a double bond. A number of triazen derivatives are important 
intermediates for the dyestuff industry (Saunders, 1949). These triazens 
are prepared by treating aromatic diazonium salts with secondary amines 
carrying solubilising groups such as sulphonic acid, carboxyl or hydroxyl 
groups. Attempts to solubilise certain insoluble sulpha drugs by

> N H  +  C lN 2- ^ / _  --------> \ - N = - N - N /
R " x =  = /  X R'

transforming the aromatic amino group to a solubilising triazen group 
have been made with the supposition that the active sulpa drug would 
be liberated again in  v iv o .

The triazens reported in this communication were prepared by treating 
aromatic diazoniumchlorides with l-diethylamino-2-monoethylamino- 
ethane (C2H5)2NCH2CH2NHC2H6.

E x p e r im e n t a l

G e n e r a l  p r o c e d u r e  f o r  p r e p a r in g  t r ia z e n s  o f  t y p e  I . A filtered aqueous 
solution of the benzenediazonium salt, prepared in the usual way from 
the aromatic amine (OT mole), was added dropwise in about 30-45 min. 
from a cooled dropping funnel to a cooled (0-35°), stirred solution of
l-diethylamino-2-monoethylaminoethane (Damiens, 1951) (OT mole) in 
water (150 ml.) containing an excess of 30 per cent sodium carbonate
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over that required for the neutralisation of the acid. After adding the 
diazonium salt solution, stirring was continued for 30 min. The triazen, 
which separated as a dark coloured oil, was extracted with ether and

TABLE I
Triazens
/ C 2Hj / C 2H5

A r-N = N -N <  /N <
c h 2- c h /  'Q H ,

Analysis

Comp.
No.

B.P .°l 
mm.

Yield
per
cent

Calculated Found
Triazens Ref. C H N C H N

1 3-(2-Diethylaminoethyl)-
3-ethyl-l-(p-nitrophenyl)-
triazen

Saunders
(1949a)

19570-08 60 57-32 7-90 23-81 57-41 7-77 23-62

2 l-(p-Chlorophenyl)-3-(2-
diethylaminoethyl)-3-
ethyltriazen

Shirley (1951) 127-1347
0 0 2 - 0-1

68 59-45 8-14 12-54 
Cl -  19-81

59-87 8-58 12-50 
Cl =  19-11

3 3-(2-Diethylaminoethyl)- 
3-ethyl-1 -(p-methoxy- 
phenyl)-triazen

Shirley (1951a) 14570-07 46 64-71 9-42 20-13 64-41 9-26 19-56

4 3-(2-Diethylaminoethyl)- 
3-ethyl- 1 -(p-methy 1- 
sulphonylphenyl)- 
triazen

Waldron and 
Reid (1923) 214-2177

008-009
61 55-18 8-03 17-16 

S = 9-82
55-17 7-85 16-92 

S = 10-03

5 3-(2-Diethylaminoethyl)- 
3-ethyl-1 -(p-cyano- 
phenyl)-triazen

Waldron and 
Reid (1923)

167-1717 
0-03-0 04

67 6 6 -8 8  8-51 25-62 66-28 8-38 25-26

6 3-(2-Diethylaminoethyl)- 
3-ethyl-1 -(o-nitro- 
phenyl)-triazen

Jacobs, 
Heidelberger 
and Rolf 
(1918)
Shirley (1951b)

162-1667
004-006

54 57-32 7-90 23-81 57-14 8-07 23-2

dried over anhydrous magnesium sulphate. After removing the solvent 
the residual triazen was distilled under reduced pressure. For this 
distillation the distilling flask was immersed as far as possible in the 
oil bath. Table I summarises the results.

B io lo g ic a l

The methods for evaluation of compounds against T r ic h o m o n a s  
v a g in a l is  and T r ic h o m o n a s  fo e t u s  have been outlined by Michaels and

TABLE II
In  v itro  activities against T. va g in a lis and  T. f o e tu s

Compound
No.

T . vaginalis T . fo e tu s

Endpoint Endpoint
ttg./ml. (j.M/1. tig./ml. (jlM/1.

1 500 1700 2 0 0 682
2 500 1770 100 355
3 2 0 0 1720 2 0 0 17204 Inactive Inactive
5 Inactive

in  vivo
6 Inactive

in  vivo
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Strube (1961). All the triazens mentioned were inactive in  v iv o  against
T . f o e t u s .  Besides 3-(2'-diethylaminoethyl)-3-ethyl-l-(/)-nitrophenyl)- 
triazen, none of the other triazens were active in mice against T . v a g in a l is .  
The median curative doses (CD50) of this compound were 25 mg./kg./ 
day and 20-6 mg./kg./day by the oral and intraperitoneal route of admini
stration, respectively. The tolerated dose was 100 mg./kg. by either 
route. Table II summarises the results obtained in  v itro .
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THE BREAKDOWN OF ATROPINE BY BACTERIA*
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744 strains of micro-organisms have been examined for their ability 
to break down atropine. Many strains of the genera C o ry n e b a c te r iu m  
and P se i'd o m o n a s  may occur as contaminants of atropine and eye 
preparations containing atropine.

St e r i l i t y  tests on atropine eye drops (Polish Pharmacopoeia III) often 
demonstrated the presence of Gram-negative motile rods which could 
survive and even multiply in the eye drops. There are many reports o f 
soil bacteria which are able to break down tropine alkaloids (Lypacewicz, 
1930; Kuster, 1952; Mozejko, 1955). We have now examined the 
organisms isolated from contaminated atropine preparations and from 
other related environments for their ability to break down atropine.

E x p e r im e n t a l

M a t e r ia l s  a n d  m e th o d s . Altogether 744 strains of micro-organisms 
belonging to 15 genera were examined. The strains were isolated from 
atropine eye drops, from solid atropine, from the air of the Pharmacy 
Division rooms at the Clinic Hospital No. 1 in Gdansk, and the Depart
ment of Microbiology, from clinical material, from soil and from a 
departmental stock culture collection. The micro-organisms were isolated 
from air by the plate sedimentation method, from soil by Lypacewicz’s 
1930 method, and from drugs and preparations by Kedzia and 
Barteczko’s method (1959). Media used were Lypacewicz’s (1930) and 
a modification of this, and also 1 per cent atropine eye drops.

The number of viable cells was determined by Chabbert’s method
1955) and a surface plate method, the quantity of alkaloids in the media 

and the drugs by /»-dimethylamidobenzaldehyde (Wasicky, 1915), or a 
colorimetric method (Vitali, 1881) and a modification of this method 
(Allport and Wilson, 1939; Allport and Jones, 1942).

R e s u l t s

Table I shows the occurrence of atropine breakdown by micro
organisms of 15 genera; 54 strains out of the 744 were able to break down 
the alkaloid; 38 of these belonged to the genus P s e u d o m o n a s , 10 to the 
genus C o r y n e b a c te r iu m , 3 strains to B a c i l lu s , one to A s p e r g i l la c a e  and 
one to S a c c h a r o m y c e s .

The ability to break down atropine was not a stable property. The 
storage of strains in meat broth agar led to a loss of this ability in less 
than 45 days. Frequent subculturing on meat broth agar shortened

* Research work subsidised by the Committee for Pharmaceutical Sciences at the 
Polish Academy of Sciences.
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this time. Strains which had lost their ability to break down atropine 
could again acquire this character after making 7-15 subcultures on 
meat broth agar containing atropine. Fig. 1 shows the time course of 
atropine breakdown in a modified Lypacewicz’s medium caused by two

TABLE I
A bility of the isolated strains to breakdown atropine

Total
Number of 

positive strains
1. M ic ro co ccu s 88 1
2. Sarc in a 291 —
3. G a ffk y a 11 —
4. N eisser ia  .. 18 —
5. S ta p h y lo co ccu s 4 —
6 . E scherich ia 48 —
7. S erra tia 19 —
8 . P ro teu s 17 —
9. A c h ro m o b a cter 12 —

10. P seudom onas 41 38
11. C o ryn eb a c ter iu m  . . 11 10
12. E rw in ia 2 —
13. B ac illu s 6 6 3
14. A sperg illaceae 70 1
15. S a cc h a ro m yces 1 1
16. N o n -id e n tified 45 —

744 54

of the most active strains belonging to the genera C o r y n e b a c te r iu m  and 
P s e u d o m o n a s , and by filtrates of 48-hr. cultures of these strains. Active 
strains of C o r y n e b a c te r iu m  and P s e u d o m o n a s  immediately after isolation 
destroyed almost 100 per cent of the alkaloids present in the medium in 
36-48 hr. of incubation at 30°. Active strains belonging to other genera 
destroyed atropine at a slower rate and to a lesser extent.

F ig . 1. The time: concentration course of atropine breakdown caused by cultures 
and filtrates of the C orynebacterium  (No. 31) and Pseudom onas (No. 32) strains on 
the modified Lypacewicz’s medium.

— • — • — No. 32, culture. — O — O — No. 31, culture. — — No. 
32, filtrate of 48-hr. culture. — A — A — No. 31, filtrate of 48-hr. culture.
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Sterile filtrates of 48-hr. cultures of P s e u d o m o n a s  and C o r y n e b a c te r iu m  
strains caused atropine breakdown indicating the presence of alkaloid 
inactivating enzymes in the filtrates. Atropine-destroying strains were 
also able to break down hyoscine (scopolamine). The maximum atropine 
concentration was 0-5 per cent of strains belonging to the genus 
C o r y n e b a c te r iu m , and about 3-4 per cent for strains belonging to genus 
P s e u d o m o n a s .

Table II shows the ability to cause atropine breakdown by strains 
isolated from the air of the hospital dispensary and from atropine eye 
drops contaminated while in use, and from solid atropine. Of the 555

TABLE II
A bility to breakdown atropine of strains isolated from air of the hospital
PHARMACY, FROM ATROPINE EYE DROPS CONTAMINATED IN THE COURSE OF THEIR USE 

AND FROM SOLID ATROPINE

Strains isolated 
from

Number of 
isolated strains

Number of isolated 
strains breaking- 
down atropine

C o ryn e
b a c ter iu m

P seudo
m o n a s

Air 303 ! _
Eye drops 2 0 2 - 8
Solid atropine .. 50 - 2

Total 555 1 10

strains 11 caused atropine breakdown. Eight of these were isolated from 
atropine eye drops, 2 from solid atropine and 1 from the dispensary air. 
All the atropine-destroying strains isolated from eye drops and solid 
atropine belonged to the genus P s e u d o m o n a s . The strain isolated from 
air belonged to C o r y n e b a c te r iu m . A loss of about 20 per cent was 
found in 2 of the 8 samples of atropine eye preparation from which 
alkaloid-destroying strains had been isolated.

D iscussion

The ability of bacteria to break down atropine can be frequently 
observed in micro-organisms of the genera C o r y n e b a c te r iu m  and P s e u d o 
m o n a s . Micro-organisms breaking down atropine are common contami
nants of eye preparations, and the air of the rooms where drugs are 
prepared may be the source of contamination. Species of C o r y n e 
b a c te r iu m  are of little importance as atropine inactivators, since the 
amount of atropine present is bacteriostatic for these organisms, but 
P s e u d o m o n a s  species are able to degrade atropine in the concentration 
commonly used.
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The butanolamide o f 1-methyl-lysergic acid (uml) and cyproheptadine 
are strong inhibitors o f the local inflammatory reaction induced by 
5-hydroxytryptamine (5-ht) in rats, but only cyproheptadine is active 
against histamine. As cyproheptadine is more active than uml in 
reducing the local oedema reaction induced by dextran and compound  
48/80 in intact and adrenalectomised rats, it is suggested that both 
histamine and 5-ht are involved in the reaction.

The local inflammatory reaction induced by compound 48/80 or dextran 
in rats is thought to be mediated by a release of 5-hydroxytryptamine 
(5-ht) and histamine (Engelhardt and Schwabe, 1960; Halpern, Lia- 
copoulis and Liacoupoulos-Briot, 1959; Parratt and West, 1957; von 
M orsdorf and Fehres, 1959; West, 1961). Exogenous 5-ht is many 
times more active than histamine in producing this reaction (Sparrow 
and Wilhelm, 1957; Spector and Willoughby, 1957; Ungar, Kobrin 
and Sezesny, 1959) and the problem needed further investigation.

Two recently-introduced drugs have been used: (i) uml, the butanol
amide of 1-methyl-lysergic acid, a specific powerful anti-5-HT agent with 
few central actions (Berde, Doepfner and Cerletti, 1960; Doepfner and 
Cerletti, 1958; Hillebrecht, 1959) and (ii) cyproheptadine (l-methyl-4, 5- 
dibenzo[a,e]-cycloheptatrienylidene piperidine), a powerful anti-5-HT and 
antihistamine agent (Stone, Wenger, Ludden, Stavorski and Ross, 1961). 
Gelfand and West (1961) have recently shown that uml reduces the oedema 
reaction produced in rats by dextran and by compound 48/80 but is 
ineffective against histamine. The effect of these drugs on the local 
inflammatory reactions induced by 5-ht, histamine, dextran and com
pound 48/80 have therefore been studied in both intact and adrenalec
tomised rats.

Experimental
M e t h o d s

The abdominal skin of groups of female Sprague-Dawley rats (weighing 
about 150 g.) was depilated 24 hr. before the test, u m l  bimaleate (kindly 
supplied by Sandoz, Ltd., Milan) and cyproheptadine hydrochloride 
(kindly supplied by Merck, Sharp and Dohme, West Point, Pa.) were 
injected intravenously 30 min. before 2 mg. Evans Blue dye (0-4 per 
cent in water) and then four intradermal injections were made on each 
rat with 0-1 ml. each of 5-ht (2-5 /ng./ml.), histamine (1 mg./ml.), dextran 
(1-2 mg./ml.) and compound 48/80 (10 ¿¿g./ml.). These doses produced 
similar degrees of blueing. The responses were evaluated by multiplying 
together the two maximum diameters of blueing 30 min. after the intra
dermal injections.

Control experiments were made to test the reaction arising from saline 
and that from the different sensitivities of the various areas of the 
abdominal skin.
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Similar experiments were also made in rats which had been adrenalec- 
tomised 72 hr. previously and maintained on food and salt water. The 
doses of the oedema-producing agents were half those used in intact 
animals.

Results and D iscussion

The results using intact rats are shown in Fig. 1. Small doses of uml 
prevent the oedema and blueing induced by 5-ht but have no anti-

Figs. 1 and 2. Ordinates—product of the 2 maximum diameters of blueing 
(log scale). Abscissae—intravenous doses of cyproheptadine (O) or uml (■) 
given 30 min. before Evan’s Blue dye.
The vertical bars represent the standard error of the mean.
Upper figure shows results obtained in unoperated rats; 
lower figure in adrenalectomised rats.
S =  Serotonin (5-ht) H =  Histamine D =  Dextran.

618



M E C H A N IS M  O F  L O C A L  IN F L A M M A T O R Y  R E A C T IO N

histaminic effect and only slightly reduce the effects after dextran or 
compound 48/80. Cyproheptadine is very active on both histamine 
and on 5-ht, although less active on 5-ht than is uml. Dextran and 
48/80 induced oedema are more markedly decreased by cyproheptadine 
than by uml.

In Table I are shown the percentages of rats responding to the treatment. 
The results using adrenalectomised rats are plotted in Fig. 2 and are 
similar to those with intact animals, except that uml is slightly less active

T A B L E  I
The effect of cyproheptadine and  uml on the blueing response in rats 

INDUCED BY 5-H T , HISTAMINE, DEXTRAN AND COMPOUND 4 8 /8 0

Treatment 
(ixg./kg. i.v.)

Experimental
condition

No. rats showing blueing/No. rats treated (and per cent) 
(controls = 1 00)

5 - h t Histamine Dextran 48180
Cyproheptadine 50 Intact rats 7/7 (100) 7/7 (100) 6/7 (85) 7/7 (100)

100 » 9/10 (90) 3/10 (30) 5/10 (50) 8 /1 0  (80)
250 » 5/9 (55) 1/9 (11) 0/9 (0) 6/9 (6 6 )
500 ” 0/5 (0) 0/5 (0) 0/5 (0) 0/5 (0)

UML 50 „ 3/4 (75) 4/4 (100) 4/4 (100) 4/4 (100)
125 » 0/4 (0) 4/4 1(00) 3/4 (75) 4/4 (100)
250 j? 0/7 (0) 7/7 1(00) 4/7 (57) 7/7 1(00)
500 0/7 (0) 7/7 1(00) 2/7 (28) 7/7 1(00)

100 0 0/4 (0) 4/4 (100) 0/4 (0) 4/4 (100)
Cyproheptadine 100 adrenalectomised 6/7 (85) 4/7 (57) 7/7 (100) 7/7 (100)

250 1' 3/4 (75) 0/4 (0) 3/4 (75) 2/4 (50)
500 ” 1/4 (25) 0/4 (0) 1/4 (25) 1/4 (25)

UML 125 3/4 (75) 4/4 (100) 4/4 (100) 4/4 (100)
250 -•1 2/6 (33) 6 /6  (1 0 0) 4/6 (6 6 ) 6 /6  (10 0)
500 2/9 (22) 9/9 (100) 9/9 (100) 9/9 (100)

against dextran and 5-ht. This suggests that the two drugs are chiefly 
acting directly on the oedema producing agents without interfering with 
adrenal function to any great extent. Since drugs with specific anti- 
histaminic effects only slightly reduce the dextran and 48/80 induced 
local oedema in rats (Halpern, Liacopoulos and Liacopoulos-Briot, 
1959; Parratt and West, 1957) it is concluded that these are best explained 
on the basis of a participation of, at least, both mediators 5-ht and 
histamine.

R eferences
Berde, B., Doepfner, W. and Cerletti, A. (1960). Helv. physiol. Acta, 18, 537-544- 
Doepfner, W. and Cerletti, A. (1958). Int. Arch. Allergy, 12, 89-97.
Engelhardt, G. and Schwabe, U. (1960). Klin. Wschr., 38, 145-152.
Gelfand, M. ar.d West, G. B. (1961). Int. Arch. Allergy, 18, 286-291.
Halpern, B. N., Liacoupoulis, P. and Liacopoulos-Briot, M. (1959). Arch. Int. 

Pharmacodyn., 119, 56—101.
Hillebrecht, J. (1959). Arzneimitt.-Forsch., 9, 625-628.
Mörsdorf, K. von and Fehres, L. (1959). Med. Exp., 1, 58-63.
Parratt, J. R. and West, G. B. (1957). J. Physiol., 139, 27-41.
Sparrow, E. M. and Wilhelm, D. L. (1957). J. Physiol., 137, 51-65.
Spector, W. G. and Willoughby, D. A. (1957). J. Path. B ad., 74, 57-65.
Stone, C. A., Wenger, H. C., Ludden, C. T., Stavorski, J. M. and Ross, C. A. (1961). 

J. Pharmacol., 131, 73-84.
Ungar, G., Kobrin, S. and Sezesny, B. R. (1959). Arch. int. Pharmacodyn., 123, 

71-77.
West, G. B. (1961). Int. Arch. Allergy, 18, 56-61.

619



By L. V. Coates, M elanie M . Pashley and  K. Tattersall

From Smith & Nephew Research Ltd., Hunsdon Laboratories, Ware, Herts.

Received June 14, 1961

The an tibacterial activity o f penicillin and  bacitracin  is rapidly 
destroyed in polyethylene glycol bases. A m inoacridine, neom ycin, 
oxytetracycline and  streptom ycin are affected less. A ttem pts to  
im prove the stability o f inco rpora ted  penicillin by m odifications 
to  the base, such as reform ulation , adjustm ent o f pH  to  neutrality  
and  heat treatm ent, were unsuccessful. Com m ercially available poly
ethylene glycols, particularly  the low er m olecular w eight polym ers, 
show ed oxidising activity though t to  be due to peroxides. C atalase 
and horse b lood destroyed the oxidising activity o f polyethylene 
glycol bases and  prevented the destruction  o f added penicillin during 
a test period o f 10 days. T he addition  o f reducing agents, although 
apparently  rem oving the oxidising activity w hen tested chemically, 
did n o t im prove the stability o f  penicillin mixed w ith the treated 
bases. Since catalase did n o t com pletely pro tect am inoacridine, 
neom ycin and  oxytetracycline from  inactivation  by polyethylene glycol 
bases, it was concluded th a t o ther inactivating factors were operative.

Consideration of the physical properties of polyethylene glycols, especially 
their water miscibility and excellent solvent qualities for many organic 
medicaments, suggests their usefulness as ointment bases for topical 
therapy. There is, however, conflicting evidence regarding their com
patibility with antibiotics, in particular, penicillin.

Aburaya and Shirahiga (1952) reported that a polyethylene glycol 
base was the best of four tested and the penicillin level was still effective 
after storage for 35 days at room temperature. Meleney (1946) reported 
losses of 50 per cent with penicillin in these bases after storage for
6-12 weeks at 5°. On the other hand, Ferlauto and Clymer (1947) 
and Sherwood and Mattocks (1951) record rapid inactivation in poly
ethylene glycol mixtures. Simone and Popino (1955), in their investi
gations of neomycin, observed that penicillin was unstable in polyethylene 
glycol mixtures. Bacitracin has been noted by a number of authors 
to be unstable in polyethylene glycol 400 or mixtures (Bond, Himelick, 
and MacDonald, 1947; Plaxco and Husa, 1956; Simone and Popino, 
1955).

As most of this work was carried out on polyethylene glycols manu
factured in the United States, an investigation of the compatibility of 
presently available material from British sources was thought necessary. 
The following report describes the compatibility of these ointment bases 
with a range of antibacterials and a more detailed study of the mechanism 
responsible for the destruction of added penicillin.

M aterials and  M ethods

The method of assay was a modified agar plate diffusion technique. 
The following medium with a very low content of sulphonamide antago
nists was chosen. 10 g. Difco Certified Casamino acids; 10 g. Oxoid

T H E  S TA B IL ITY  O F  A N T IB A C TE R IA L S IN  P O L Y E T H Y L E N E
G L Y C O L  M IX T U R E S
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Lab Lemco; 3 g. sodium chloride; 12 g. of appropriate agar and water 
to 1,000 ml. The final pH was 7-2-7-4 and the medium was sterilised 
by autoclaving at 10 lb./sq. in. for 20 min.

The choice of agar was dictated by the following considerations. 
Oxoid New Zealand Agar had been found to give the greatest diffusion 
with quaternary ammonium compounds and this agar was used for all 
assays except the large molecular weight antibiotics, bacitracin, neomycin 
and polymyxin B, where, following a recommendation by Bechtle and 
Scherr (1958), Ionagar No. 2 (Oxoid) was used.

The molten agar was poured into plates to a depth of at least 3 mm. 
and when solidified the surface was flooded with a suspension of the 
test organism standardized to approximately 100 x  106 organisms per ml.

ANTIBACTERIALS IN POLYETHYLENE GLYCOL MIXTURES

T A B L E  I
Concentration of antibacterial substances in ointment

BASES AND ASSAY ORGANISMS

Antibacterial substance Concentration in base Assay organism
Aminoacridine 10 mg./g. Staph, pyogenes Oxford H strainBacitracin 200 i.u./g. » ?j » >.
Benzalkonium chloride 10 mg./g. II M ,,
Chloramphenicol 2-5 mg./g. II II II I!
Chlorhexidine diacetate 2-5 mg./g. II SI 31 31Chlortetracycline 5 mg./g. 31 II 31 „
Neomycin sulphate 100 i.u./g. 33 33 .<! 33
Oxytetracycline 1000 lig./g. I * II II 11
Penicillin G . . 100 i.u./g. 3! I! II 33
Penicillin V . . 100 i.u./g. 31 31 13 >3Phenoxetol . . 200 mg./g. Escherichia coliPolymyxin B 100 ng./g. 31 33
Streptomycin (sulphate) 1000 [xg./g. Staph, pyogenes Oxford H strainSulphathiazole 20 mg./g. Escherichia coli

After drying the plates, holes of 6-25 mm. diameter were cut through 
the medium and the bottom of the wells sealed with a drop of molten 
medium. The polyethylene glycols used in the experimental formulations 
were obtained from Union Carbide Co. Ltd. and from Shell Chemical 
Co. Ltd. A 20 g. sample of each experimental base was used and the 
antibacterial was added either directly to the base at 45-48° or from a 
concentrated aqueous solution to the base at 45-48°. The final water 
concentration never exceeded 1-2 per cent. Two drops of the molten 
base, incorporating the antibacterial, were added to each test well, and 
standards were similarly added. Four test samples and four samples 
of each of five levels used to produce a standard curve, were assayed 
on every occasion. Test and standard samples were randomly distri
buted and the plates incubated at 37° for 18 hr. The resulting zones 
of inhibition were measured with callipers. To obviate temperature 
effects the standard solutions were held at 45-48° for the same period 
as the experimental bases.

Antibacterial mixtures were assayed immediately after mixing and 
after storing for 24 hr. at 28°, a temperature which it was thought could 
be encountered under some storage conditions and during topical therapy. 
Standard solutions were stored in the same conditions and results were 
calculated as percentage potency remaining and are comparative with
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aqueous solutions maintained in the same environment. Concentrations 
of antibacterials and assay organisms used are in Table I.

L. V. COATES, MELANIE M. PASHLEY AND K. TATTERSALL

R e s u l t s

Results of initial testing using base A (83 per cent polyethylene glycol 
400; 17 per cent polyethylene glycol 4000) and the repeat tests where 
there was inactivation of an antibacterial substance, are found in Table II.

T A B LE II
Potency remaining in  ointment base a

Antibacterial substance
Potency remaining per cent
Immediate 24 hr. at 28°

Aminoacridine 12(51) 14 (2 0 )
Bacitracin 19 0
Benzalkonium chloride .. 100 100
Chloramphenicol.. 100 100
Chlorhexidine diacetate .. 100 100
Chlortetracycline 1 00 78
Neomycin 12 (38) 0 (37*)
Oxytetracycline . . 100 (42) 10 (45)
Penicillin G 0 (0 ) 0 (0 )
Penicillin V 70 0
Phenoxetol 100 100
Polymyxin B 100 100
Streptomycin sulphate .. 47 (80) 47 (27)
Sulphathiazole 100 100

* 24 per cent after 3 days at 28°. ( ) repeated test.

With the confirmation that polyethylene glycols had a rapid inactivating 
effect on penicillin, attempts were made to improve the stability of peni
cillin by modifications to the ointment formulation. Tests on the 
individual constituents had shown that the higher molecular weight 
polyethylene glycols and glycerol were not so incompatible with penicillin.

TA B LE III
Effect of ointment base formulation on penicillin stability

Ingredients per cent
Penicillin potency 

per centOint
ment
base

Polyethylene
glycol

Carbi-
tol

Hexyl-
lene

glycol Glycerol Water400 1500 4000 Immediate ! 24 hr. at 28°
A 83 _____ 17 _____ — — — 0 0
B — 2 0 20 60 — ■— — 0 1 0
C — — 25 — 75 — — 100 0
D — 45 35 2 0 100 0

1

The results are recorded in Table III, and show that penicillin stability 
is increased in formulations in which polyethylene glycols 400 and 1500 
are omitted.

In view of the limited increase in stability achieved with this approach, 
analytical investigations of polyethylene glycol mixtures were undertaken, 
which showed that heavy metals were absent. It was found, however, 
that the mixtures had oxidising activity when tested with an acid potassium 
iodide solution. This was thought to be due to peroxides as detailed 
tests for other common oxidising agents proved negative. Chemical
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methods of improving penicillin stability, such as adjustment of the 
pH to 7-3 with alkali, and incorporation of antoxidants were tried, but 
the lack of success achieved can be seen in Table IV.

T A B LE IV
Effect of chemical and  physical treatments of ointment

BASE ON PENICILLIN STABILITY

Treatment of ointment base A

Penicillin potency 
per cent

Immediate
mixing 24 hr. at 28°

Control base 0 0
Base autoclaved at 20 lb./sq. in. for 30 min. .. 77 0
Base adjusted to pH 7-3.. 67 0
Base adjusted to pH 7-3 and autoclaved 77 0
Base with Na metabisulphite 0-02 per cent 100 0
Base with ascorbic acid 0 02 per cent .. 100 0
Base with ferrous sulphate 0 02 per cent 100 0
Base at pH 7*3 ferrous sulphate 0-02 per cent 72 0
Base with Na dithicnite 0 02 per cent 48 0
Base with Na dithicnite 0T per cent .. 11 0
Base with Na dithicnite 0-2 per cent .. 23 0
Base with Na thioglycollate 0-01 per cent 28 0
Base with Na thioglycollate 0-22 per cent 80 0
Base with isopropanol 5-10 per cent .. 0 0

T A B L E  V
The EFFECT OF CATALASE AND OTHER BIOLOGICAL MATERIALS ON 

PENICILLIN STABILITY IN OINTMENT BASE A

Additions to ointment base A
(1 0 0  g.)

Penicillin per cent
Immediate 24 hr. at 28° 3 days at 28°

Base alone 38 (0) 0 (0 ) - ( - )
Base with 5 mg. per cent catalase .. 100 0 —
Base with 10 mg. per cent catalase .. 100 59 —
Base with 50 mg. per cent catalase .. 1 00  (1 0 0) 100 (64) 100 (52)
Base with 100 mg. per cent catalase 100 100 1 0 0 *
Base with 10 per cent horse blood .. 1 00  (1 00) 100 (75) *Too

Base with 10 per cent horse serum .. 100 (70) 0(41) - ( - )

* No loss after 10 days at 28°. ( ) repeated test.

T A B L E  VI
The effect of catalase on the stability of other

ANTIBACTERIALS IN OINTMENT BASE A

Antibacterial substance

Potency per cent
Immediate mixing 24 hr. at 28°

Without
catalase

With 50 mg. 
catalase/ 100 g.

Without
catalase

With 50 mg. 
catalase/ 1 0 0  g.

Aminoacridine .. 51 68 2 0 59
Neomycin 38 74 37 (24)* 78 (54)*
Oxytetracycline .. 2 2 42 33 45

( )* At 3 days.

Bases were then prepared in which the oxidising activity, if peroxide, 
would be removed by the addition of beef liver catalase (Oxoid). The 
tests showed this addition to protect the penicillin (Table V). The pro
tective action of catalase was then investigated with other antibacterial 
substances affected by polyethylene glycol mixtures. The results are 
given in Table VI.
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Penicillin is rapidly inactivated by ointment bases containing poly
ethylene glycols from British sources and other antibacterial substances 
are sensitive but less so. Taking penicillin as the most sensitive to 
inactivation, we have investigated some of the possible causes. That 
acid pH was not solely responsible was shown by the fact that adjustment 
of the mixtures to pH 7-3 had only a slight stabilising effect and that 
Penicillin V, which is acid stable, was also destroyed within 24 hr. of 
addition to an unneutralised polyethylene glycol mixture. The failure 
in our own analytical studies to detect the presence of heavy metals 
and the work of Sherwood and Mattocks (1951) who showed that di- 
mercaprol did not improve the stability of penicillin in polyethylene 
glycol mixtures, exclude heavy metal contamination as the cause of 
the inactivation. Chemical tests showed that the mixtures had oxidising 
activity thought to be due to peroxides. Since penicillin is known to 
be readily inactivated by oxidising agents, penicillin stability is likely 
to be improved by removal of such influences. The result of experiments 
in which catalase or horse blood were added to the ointment base, before 
the addition of penicillin, support the hypothesis that the major factor 
for penicillin destruction is peroxide. However, it is difficult to explain 
why the antoxidants, although themselves compatible with penicillin at 
the concentrations tested, failed to protect penicillin to the same extent 
as catalase.

Our results further show that antibacterials other than penicillin are 
inactivated by the mixtures. It is particularly interesting that chlor- 
tetracycline was not inactivated, whereas oxytetracycline is markedly 
affected.

The loss of activity by other antibacterials in the presence of poly
ethylene glycols does not appear to be due to the same causes that in
activate penicillin, since catalase has little protective action. One possible 
exception to this is bacitracin which according to Anker, Johnson, 
Goldberg and Meleney (1948) is sensitive to the presence of H20 2.
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In isolated and electrically stimulated rat ventricle strips, the activity 
of quinine and quinidine sulphate on excitability, rheobase and maximal 
rate of stimulation has been measured. By testing the two drugs on 
the same preparation at the same concentrations, from 5 x 10-6 to 
3 x 10 5, no statistically significant difference was detected in the 
relative potency of the two drugs. These findings are discussed in 
relation to the observed clinical inactivity of quinine.

T h e  first observations on the antiarrhythmia activity of cinchona 
alkaloids in man are attributed to Wenckebach (1923). Frey (1918) 
showed later the higher activity of quinidine. The superiority of quini
dine over quinine in auricular fibrillation was thereafter generally accepted, 
but the experimental evidence for this superiority is scanty. Alexander, 
Gold, Katz, Levy, Scott and White (1947) reported a clinical trial on 
patients with cardiac arrhythmias in which quinine was clearly inferior 
to quinidine. More recently Benthe (1956) reported quinidine to be a 
little more active than quinine on conduction velocity and on absolute 
refractory time in the ventricle strip of the frog.

In the present work we have studied the relative activity of quinine 
and quinidine on excitability, rheobase and on the maximal rate of 
stimulation (Dawes, 1946) using the rat right ventricle strip.

M e t h o d

Strips of the right ventricle of adult albino rats (Feigen, Masuoka, 
Thienes, Saunders and Sutherland, 1952) were placed on the electrode 
unit of Alles and Ellis (1948) in a bath at 32° with Krebs-Henseleit 
solution, and stimulated by square pulses from a Grass stimulator. 
The displacement of an optical level was projected on a screen and used 
as an index of adequate stimulus. Recordings were made before and 
after 30 min. contact with the drug.

A complete curve of excitability was obtained by plotting the voltages 
of stimulation against duration (from 100 to 0-01 msec.). The equation 
of Weiss (1901) and Hoorveg (1892)

V =  a/t +  R ................................................................  (1)
where V =  voltage; t =  duration (in msec.); a =  constant; R =  rheo
base, was transformed in a linear equation as follows, to permit an easier 
calculation.

2 +  log (V  — R )  =  A  +  B  (2  +  log 1/t) .. . .  (2)
The slope B of the straight line (2) is not affected by the presence of an 
antifibrillatory drug; it is therefore possible to express the action of the
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drug by measuring the displacement of the straight line (Libonati and 
Segre, 1960). The straight line (2) was calculated from the experimental 
values by the method of least squares (Figs. 1 and 2).

The per cent effect of a drug on the excitability is given by

ioo ( _ v - R) l - i L - R >
(V -  R)

where (V — R) =  the difference between voltage and rheobase, the 
voltage being calculated from equation (2) at 1 msec.; and (V — R)' =  
the same difference in presence of the drug.

f i g . 1. Effect o f qu in id ine  su lphate  (3 x  10~6) • — •  on excitability  curve O — O .

The value of the rheobase was obtained by the same excitability curve 
and corresponds to the voltage applied for 100 msec.

The per cent effect of a drug on the rheobase was

where R =  rheobase and R' =  rheobase in presence of the drug.
The maximal rate of stimulation (mrs) was determined at 5 V and 

1 msec.; mrs can be accurately estimated because of an abrupt change in 
the rhythm of the contractions by overcoming the maximal rate.

The per cent effect of a drug on mrs was calculated as 
jqq MRS — MRS'

MRS
where mrs' =  mrs in presence of the drug.
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The drugs used were commercial samples of quinidine sulphate and 
quinine sulphate. No difference in relative potency was detected whether 
quinine or quinidine was first introduced into the bath.

COMPARISON OF ACTIVITY OF QUININE AND QUINIDINE

2+log(v-R)

3.0-

2.0'

1.0

1.0 2.0 3.0
2+ logj

F ig . 2. L inear transfo rm ation  o f the values o f  the  experim ent o f F ig . 1.

TABLE I
Effects of quinidine and  of quinine on the excitability curve

Concentration

Effect of 
quinidine 
(per cent) 

(A)

Effect of 
quinine 

(per cent) 
(B) A -  B t P

5 x 10-« 0 0 0 0 0 0 0 -0 0
15-93 12-23 + 3-70
3313 64-25 -31-12
10-17 0 -0 0 + 10-17
42-41 62-60 -20-19
31-60 4-47 + 57-13 0-26 > 0-8

1 x 1 0 - 5 18-16 17-90 + 0-26
25-30 43-48 —18-18
7-20 8-94 -1-74

12-83 0 -0 0 + 12-83
96-25 34-57 + 61-68 0-80 >0-4

2  x 1 0 - 6 15-82 17-13 —1*31
95-07 279-83 -184-76

124-56 163-56 -39-00
36-65 132-44 -95-79
58-68 97-15 -38-47
47-36 13-47 +  33-89

500-66 26-03 +474-63 0-27 >0-7

3 x 10"ä 289-50 106-25 + 183-25
656-00 57-81 + 598-19
671-70 370-47 + 301-23 2-32 > 0-1

: On the total 1-41 > 0-1
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R esults

Tables I, II and II show the effects produced in 21 experiments on each 
parameter by the two drugs. (A — B) indicates the difference (per cent) 
of the effect between the two drugs on the same preparation. These 
differences were statistically analysed by the Student’s “ i” test at each 
concentration and for all the values of the tables. The levels of signifi
cance do not show difference (P >  0-05) between quinine and quinidine 
as far as the three parameters are concerned.

By using the Lineweaver and Burk (1934) double reciprocal trans
formation, the values obtained for excitability and MRS enable the best

T A B LE II
Effects of quinidine and  of quinine on rheobase

Concentration

Effect of 
quinidine 
(per cent) 

(A)

Effect of 
quinine 

(per cent) 
(B) A -  B t P

5 x !0~ 6 8-69 0 -0 0 + 8-69
17-07 0 -0 0 + 17-07
23-81 25-00 —1-19

10 0  0 0 95-83 + 4-17
26-47 35-29 -8-82
17-39 13-64 + 3-75 1-10 >0-3

1 x 1 0 - 6 4-35 0 -0 0 + 4-35
46-70 0 -0 0 +  64-70
12-19 6 -0 0 + 6-19

118-51 139-28 -20-77
88-57 76-47 + 12-10 0-95 >0-3

2  x 1 0 - 6 7-14 2 0 -0 0 - 12-86
11-54 0 -0 0 + 11-54
72-73 6 8 -0 0 — 4-73

500-00 28-00 + 47200
9-37 21-05 - 11-68

65-91 44-44 4-21-47
5-26 0 0 0 + 5-26 1 0 2 >0-3

3 x 10-n 247-83 190-91 + 56-92
400-00 58-82 + 341-18
284-61 233-33 + 51-28 1-56 > 0 -2

On the total 1-81 <0-05
> 0-1

straight line to be calculated between 1 -f- per cent effect (y) and 1 ~  
concentration X 105 (x) for the two drugs; one obtains:

Quinidine Quinine
Excitability . .  y =  0-01374 +  0-02303x y =  0-006271 +  0-04072x
mrs . . • • y =  0-00633 +  0-02439x y =  0-00163 +  0-03757x

Putting now y =  0-04, the concentrations giving 25 per cent effect may 
be derived.

Quinidine Quinine
Excitability .. x =  0-8770 x  10-6 x =  1-2074 x  10 5
mrs . .  . .  x =  0-7244 x  10~B x =  0-9025 X 10“5

It is seen that these values are very similar, agreeing with the estimate 
non-significance yielded by the t test.

At high dosage levels it was noticed that quinidine displayed a more 
marked negative inotropic effect.
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D iscussion

The effects of quinidine on excitability, rheobase and mrs correspond 
to those found in this laboratory with the same method (Libonati and 
Segre (1960).

The findings of Benthe (1956) on the ventricular strips of the frog show 
that quinidine is a little more active than quinine at two concentrations, 
10-5 and 10~4, on the absolute refractory period; however, the experimental

COMPARISON OF ACTIVITY OF QUININE AND QUINIDINE

T A B LE III

Effects of quinidine and  of quinine on maximal rate of stimulation

Concentration

Effect of 
quinidine 
(per cent) 

(A)

Effect of 
quinine 

(per cent) 
(B) A -  B t P

5 x 10-« 25-00 13-95 + 1105
11-82 16-00 -4-18
17-39 34-78 -17-39
30-00 35-94 -5-94
38-23 7-69 + 30-54
12-76 8 0 0 + 4-76 0-75 >0-4

1 x 1 0 - 6 37-50 30-23 + 7-27
34-40 40-00 -5-60
29-09 40-95 —11-86
3400 35-13 -M 3
16-00 17-64 -1-64 1-31 > 0 -2

2  x 10-« 5400 100-00 -46-00
32-29 60-00 -27-71
52-17 100-00 -47-83

100-00 40-42 + 59-58
44-17 30-00 + 14-17
92-64 1 00  0 0 -7-36
82-76 55-00 + 27-76 0-48 >0-7

3 x I0- 5 89-23 58-26 + 30-97
100-00 100 -0 0 0 -0 0
100-00 1 00  0 0 0 -0 0 0-81 >0-5

On the total 0-08 >0-9

conditions and the test used were different from ours and he did not 
investigate the relative activities of the two drugs on the parameters 
investigated by us.

Only one clinical trial has been reported, in which the activity of the 
two drugs has been compared in man (Alexander and others, 1947); 
this trial showed no appreciable therapeutic activity of quinine. On the 
other hand it must be remembered that in the standard books of pharma
cology and therapy no mention is made to the use of quinine in cardiac 
arrhythmias which is also true of a recent review on the clinical treatment 
of atrial fibrillation (Migheli, 1958).

The experimental results of the present work do not show differences 
in potency between quinine and quinidine on the excitability parameters 
in isolated rat ventricle. To explain the discrepancy between the experi
mental and the clinical findings it might be worth while to make a controlled 
clinical trial in which the absorption rate, the distribution in blood and 
myocardium, the excretion and the inactivation rate of quinine and 
quinidine were compared.
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A NOTE ON THE INFLUENCE OF A METABOLITE OF 
ADRENALINE ON WATER DIURESIS IN RATS

B y  D. R o b e r t s  a n d  M a r y  F .  L o c k e t t

From the Department o f  Physiology and Pharmacology, Chelsea College o f  Science 
and Technology, London, S.W .3
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Solutions of an isoprenaline-like metabolite of adrenaline, and of 
isoprenaline itself which had been equated in potency both by depressor 
action on the mean arterial pressure of rats and by their inhibitory 
action on the rat uterus, equated also in effect on water diuresis in rats.
The metabolite, like isoprenaline, reduced the rates of excretion of 
water, sodium and potassium and raised the pH of the urine.

A m e t a b o l it e  of (—)-adrenaline, indistinguishable from isoprenaline both 
in R f  value and in pharmacological action (Lockett, 1954, 1957, 1959) has 
been found in the plasma of blood withdrawn from the lower aorta 
(Eakins and Lockett, 1961). It is therefore expected to be present also 
in the plasma of renal arterial blood. Earlier work from this laboratory 
has shown that in unanaesthetised rats the subcutaneous injection of very 
small quantities of isoprenaline (0-75 /ug. per 100 g.) diminishes the rates 
of excretion of sodium, potassium, ammonium and chloride and raises 
the pH of the urine (Botting, Farmer and Lockett, 1961; Farmer and 
Lockett, 1961, Lockett, 1959). We were interested, for these reasons, to 
compare the actions of isoprenaline and this metabolite of adrenaline on 
renal function in rats during water diuresis.

M e t h o d s

P r e p a r a t io n  o f  th e  m e ta b o l i t e  f o r  in je c t io n . Rabbits, 1-5-2-7 kg., were 
anaesthetised by slow injection of 5 ml. of 20 per cent urethane per kg. 
into a marginal ear vein. A tracheal cannula was inserted and 5 mg./kg. 
harmeline in 10ml. of 0-9 per cent aqueous NaCl was similarly injected; 
then a polythene cannula was introduced through a femoral artery so that 
its tip lay just above the bifurcation of the aorta. Next heparin, 1,000 
u/kg., was injected into an ear vein and the needle fixed in position for an 
infusion of (—)-adrenaline bitartrate 10 f i g./ml. in 0-9 per cent NaCl, 
begun 30 min. after the injection of harmeline and 5 min. before bleeding, 
and maintained at a rate of 4 /¿g./min. Blood was collected from the 
femoral arterial cannula into heparinised ice-cold tubes; plasma was 
separated without delay. The metabolite was isolated from protein free 
extracts of plasma by ascending paper chromatography, using phenol- 
hydrochloric acid as solvent in an atmosphere of carbon dioxide, and 
eluates were prepared for biological use as previously described (Lockett, 
1954, 1957). These eluates were assayed in terms of (±)-isoprenaline 
activity by their depressor action on the mean arterial pressure of rats 
anaesthetised with pentobarbitone sodium and by inhibition of the 
response of a quiescent dioestrus rat uterus to a fixed dose of acetyl
choline, submaximal in effect (Eakins and Lockett, 1961).
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R e n a l  f u n c t i o n  t e s ts .  Male wistar rats, weighing 225-275 g., accustomed 
to stomach-tubes and handling, were fasted for 12 hr. before experi
ments. Each received an hydrating dose of tap water, 2 ml./lOO g. 
weight, by stomach-tube, at zero time. At 1 hr., 5 ml. of tap water/100 g. 
weight was similarly administered and the bladder was emptied by gentle 
suprapubic pressure. A subcutaneous injection of isoprenaline, adrena
line metabolite or of normal saline was now given and the rat was placed 
in an individual cage for the collection of all urine excreted in the subse
quent 90 min., when the bladder was again emptied. Two groups of 12

EXP I
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— 0*2

—»1-2

3
1V
frf pH of urine

F ig . 1. A com parison o f the  effects o f isoprenaline and  a  m etabolite  o f  adrenaline 
(assayed as isoprenaline) on the  excretion o f w ater, sodium  and potassium  in the  90 
m in. after adm in istration  o f a  w ater-load  equivalent to  5 per cent weight. The 
m ean results o f tw o cross-over tests, each on 12 ra ts , are  show n. Open rectangles, 
co n tro l values. Black rectangles, subcutaneous (± )-iso p ren alin e  0-75 ftg./100 g. 
(Exp. I) an d  1 0  fig ./100 g. (Exp. II) weight. H atched  rectangles, Exp. I, 0-7 fig. and 
Èxp. II , 1-0 fig. ( i)- iso p ren a lin e -lik e  activity per 100 g. in eluate o f  m etabolite  
injected subcutaneously  (see also Table I).

rats were subjected to a 3 part cross-over test, made every third day, in 
which each animal received the three different subcutaneous injections in 
an order determined by randomisation within and between groups. 
Concentrations of Na+ and K+ in urine were measured in a flame photo
meter, and the pH of urines was determined by a glass electrode.

D r u g s . (±)-Isoprenaline hydrochloride (Winthrop Sterling Inc.), 
Harmeline (L. Light & Co. Ltd.), (—)-adrenaline bitartrate (Burroughs 
Wellcome Ltd.), and heparin, Liquemin (Roche Products Ltd.) were 
obtained commercially.
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R e s u l t s

Two three part cross-over experiments were used to compare the sub- 
maximal effects of subcutaneous injections of (±)-isoprenaline and of the 
isoprenaline-like metabolite of adrenaline on the elimination of a water
load by rats. The concentrations of metabolite in the eluates were 
assayed biologically for isoprenaline-like activity ; these answers enabled a 
calculated dose to be used in the cross-over tests. The mean results of these 
two experiments are shown in Fig. 1, and the significance of differences 
caused by the administration of either isoprénaline or the metabolite are 
examined in Table I. In the first experiment the effects of 0-75 /xg.

TA B LE I
Comparison of the effects of ( ± ) - isoprenaline and  a metabolite of ( —)-
ADRENALINE ON THE EXCRETION OF WATER, SODIUM AND POTASSIUM BY RATS, IN THE 
FIRST 90 MIN. AFTER ADMINISTRATION OF A STANDARD WATER LOAD. THE VALUES 
SHOWN ARE MEANS ±  STANDARD ERRORS OF THE MEAN. SIGNIFICANCE OF DIFFERENCES 

WAS DETERMINED BY t TEST, ONE ASTERISK, P =  < 0  05 ; TWO, P =  < 0  001.

Expt. I Control
Isoprenaline 

0-75 ¡xg./lOO g.
Métabolite as 
Isoprenaline 

0-7 ¡xg./lOO g.
Water load excreted in 90 min., per cent 
Urine, m-equiv. Na+/litre 

m-equiv. K+/!itre.. 
ix-equiv. Na+/min.
¡x-equiv. K+/min.
pH ..............................................

81-5 ±  3-55
8- 5 ± 0-93
9- 1 ±  0-75
0- 9 ±  014
1- 0 ±  0 09 

7 02 ±  0-03

52-6 ± 2-76** 
6 -8  ±  0-63* 
5-4 ±  0-71** 
0-5 ± 0 06** 
0-4 ±  0 05** 

7-28 ±  0-05*

52-0 4- 3-42** 
7*3 ±  0-88 
6  0 ±  0-53** 
0-5 ±  0 04** 
0-4 ±  0 04** 

7-24 ±  0 03**
Expt. II 1-0 [Xg./lOO g. 1-0 [Xg./lOO g.

Water load excreted in 90 min., per cent.
Urine, m-equiv. Na+/Iitre 

m-equiv. K+/litre..
¡x-equiv. Na+/min.
¡x-equiv. K+/min.
pH ..............................................

83-8 ±  2-78 
3-9 ±  0-50 

10-9 ±  1-05
0- 46 ±  0-06
1- 31 ± 014 
6-94 ±  0 04

51-8 ±  5-80** 
2-4 ± 0-32** 
6-7 ±  0-95** 

0 -2 0  ±  0 -0 2 ** 
0-52 ±  0-06** 
7-13 ±  0 01**

51-6 ±  5-3** 
2-4 ±  0-31** 
6-3 ± 0-73** 

0*19 ±  0-02** 
0-52 ± 0 07** 
710 ± 0-03**

isoprenaline per 100 g. weight are compared with those of 0-7 ±  0 05 /xg. 
isoprenaline-like activity of the metabolite per 100 g. weight in 12 rats 
weighing 250 ±  TO g. The second experiment differed in that the dose 
of metabolite was increased to TO ±  01  /xg./100g. and compared with 
TO /xg. isoprenaline in rats weighing 254 ±  5-3 g. Fig. 1 demonstrates 
that isoprenaline and the metabolite caused equivalent reduction in the 
standard water load per cent excreted in 90 min. and similarly reduced 
not only the rates of excretion of N a+ and K+ (Fig. 1), but also their con
centration in the urine (Table I). Both substances raised the pH of the 
urine, similarly. All these induced changes were of high significance 
(Table I). No significant differences were demonstrable by t  tests 
between the effects of isoprenaline and the metabolite of adrenaline.

R e f e r e n c e s

B otting, R . M  , Farm er, J. and  Lockett, M. F. (1961). Arch. Internat. de Physiol. 
E akins, K . E . and L ockett, M. F. (1961). Brit. J. Pharmacol., 16, 108.
Farm er, J. and  L ockett, M . F. (1961). J. Pharm. Pharmacol., 13, 412—415.
Lockett, M . F . (1954). Brit. J. Pharmacol., 9, 498-505.
Lockett, M . F. (1957). Ibid., 12, 86-96.
Lockett, M . F . (1959). J. Physiol. (Load.), 146, 15P.

633



PHARMACOPOEIAS AND FORMULARIES
T h e  E x t r a  P h a r m a c o p o e ia  ( M a r t in d a l e ) S u p p l e m e n t  1961*  

R e v ie w e d  b y  E d w a r d  G. F e l d m a n n , p h .d .

Director of Revision, U.S.A. National Formulary

T h e  Extra Pharmacopoeia Supplement represents a departure from the 
established practice of publication of new editions of each of the two 
volumes of the Extra Pharmacopoeia every four to five years. The 
present book, which appears at a time when the revised version of Volume 
II would normally be issued, is intended to serve a dual purpose. In 
addition to bringing up to date the material carried in the latest edition of 
Volume II (23rd edition, 1955) it also provides new and revised information 
for the more recent Volume I (24th edition, 1958). This explanation is 
necessary to understand the scope of the Supplement and the reason why 
a new Volume II has not been issued. The preface states that this change 
in publication policy was prompted by the most rapid change in “ the 
composition, general properties, actions and uses, dosage, and toxic 
effects of the drug and medicinal preparations in current use, and it is this 
information with which Volume I almost entirely concerned” .

The Supplement in itself is deceivingly small in physical appearance. 
Actually, however, it contains over 300 pages which are filled with a vast 
variety of useful information. Moreover, because of the fact that most 
of the material has not appeared in previous editions of the Extra Pharma
copoeia, it may well be that this single book presents more new information 
than any two-volume set of the previous editions. Those using “ Martin- 
dale” , however, must now exercise normal caution in checking the 
Supplement first before referring to Volumes I and II, in order to assure 
that the information they seek is the latest provided. The slight incon
venience this causes is more than compensated by the economies in size 
and cost which have been afforded.

The Supplement is divided into seven main sections: (1) analytical 
addenda, (2) bacteriological and clinical notes, (3) sterilisation, (4) 
disinfectants, (5) blood transfusion, (6) formulae of proprietary medicines, 
and (7) new drugs and proprietary medicines. In addition, a list of 
abbreviations, a directory of manufacturers, and a well-prepared- index 
are also provided.

The analytical addenda section gives informative summaries of scientific 
literature reports which deal with substances added to the latest editions 
of the British Pharmacopoeia, the British Pharmaceutical Codex, and the 
British Veterinary Codex. Also included are revisions of the subsections 
on barbiturates and sulphonamides, along with a number of abstracts of 
papers on miscellaneous analytical procedures of pharmaceutical interest. 
The bacteriological and clinical notes section brings up to date the corres
ponding discussions which appeared in Volume II. The sections on

* Pp. xi -f  315 (including Index). The Pharm aceutical Press, L ondon , 1961 
32s. 6d. (Postage Lf.K. Is.)
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disinfectants and on sterilisation, which are treated separately, likewise are 
intended to revise the corresponding chapters in Volume II to a significant 
extent. In this connection the recent scientific literature has been 
thoroughly reviewed. As a consequence, those responsible for compiling 
these sections have wisely chosen to cite liberally the original references, 
which further enhances the value of the summaries.

The new chapter on Blood Transfusion represents a very comprehensive 
review on the subject which was not treated in either Volume I or Volume
II. This extensive chapter describes the clinical uses of blood transfusion; 
the various blood-group systems; the determination of blood groups; 
compatibility tests; blood collection, preservation, storage, and handling; 
transfusion practice; and transfusion reactions. Unquestionably then, 
this represents a near-classic work on the subject. Unfortunately, 
however, this chapter is not documented with original reference citations 
as in the case of the sections which have been discussed above. Such 
documentation is not perhaps as important here, and furthermore, the 
omission is somewhat offset by the list of general references given at the 
end of the chapter.

The last two sections of the Supplement then provide, respectively, a 
complete revision of the list of proprietary medicine formulae given 
previously in Volume II, and supplemental information on new drugs and 
proprietary medicines to that described in Volume I. The proximity of 
these two separate tabulations causes this reviewer to speculate that a 
single integrated list might well be considered for future editions. In 
such a tabulation suitable symbols, prominently placed to precede each 
item, might indicate whether that item is (1) a “counter” proprietary,
(2) an “ethical” proprietary, or (3) a substance subject to restrictions.

A most remarkable and striking feature of the Supplement is the 
inclusion of very recent information. A d d e n d a  have been inserted 
toward the end of the book, and through this mechanism information on 
products introduced as recently as April, 1961, has been included. When 
the publication date of July 7, 1961, for the Supplement is considered, 
those familiar with the problems of publication will recognise this as 
quite a noteworthy feat.

To those possessing the latest two volumes in the series, the Supplement 
represents an indispensable adjunct. For others, it will be a useful 
reference tool, particularly in the wealth of new information and tabula
tions which it provides. Those responsible for its compilation are to be 
congratulated once again on the splendid service they have rendered to the 
pharmaceutical and medicinal communities.
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LETTERS TO THE EDITOR
On the Chemical Structure of Lysolecithins

Sir ,—F or som e years the action  o f  phospholip ids, especially o f  lysolecith ins, 
on  the cardiac m uscle has been the subject o f  pharm acological studies in  our  
institute. T herefore w e have found the excellent R eview  A rticle on  lysolecith in  
by N . R ob in son  (1961) in this Journal o f  great use to  us. It seem s to  be o f  
general value to  report on  recent results concerning the chem ical structure and  
com p osition  o f  lysolecithins.

W hen lecith in  is attacked by lecith inase A , on e  fatty acid ester linkage is 
cleaved w ith the form ation  o f  lysolecith in  and a  long-chain  fatty acid. In the 
past several attem pts have been m ade to  determ ine whether the a'- or the 
(¡-ester linkage in lecith in  is attacked by lecith inase A . T he problem  seem ed  
finally having been solved  by H anahan (1954) and L ong and Penny (1954), 
w ho show ed fairly conclusively  that lecith inase A  attacks on ly the a'-ester 
linkage. T hus it has been assum ed that the fatty acid ester linkage in  lysolecith in  
is in  the (¡-position o f  the glycerol nucleus on ly  ( /1-acyl lysolecith in).

M ore recent investigations by M arinetti and h is colleagues (1959a) resulted  
in  the presum ption that lecith inase A  is n o t specific for cleaving the a'-ester 
linkage only, since their lysolecith in , obtained by incubation  w ith cobra venom , 
had also an a'-acyl structure. Later Tattrie (1959) w as able to  show  that 
lecith in  from  egg yo lk  had on ly saturated fatty acids on  the a '-position  and  
unsaturated ones on  the /S-ester linkage o f  lecithin. T he lysolecith in  resulting  
from  the incubation  o f  such a lecith in  w ith  phospholipase A  (from  the venom  
o f  Crotalus adamanteus) contained  on ly saturated fatty acids, as has been show n  
by gas chrom atographic analysis. F rom  this Tattrie concluded that lecith inase  
A  cleaves the unsaturated (¡-linked fatty acids specifically. W ith this op in ion , 
D e  H aas and van D een en  (1960) have agreed. T hey dem onstrated by m eans 
o f  synthesised “ m ixed-acid” lecith ins that lecith inase A  splits exclusively the 
fatty acids attached to  the (¡-position irrespective o f  w hether they were saturated  
or unsaturated. M eanw hile, H anahan and his colleagues (1960) have corrected  
their form er results. In the sum m ary o f  their recent publication  they state: 
“T hus it seem s that lecith inase A  attacks specifically the /3-ester p osition  o f  
lecith ins form ing a'-acyl lysolecith in .”

A nother way to  form  lysolecith in  is the acid hydrolysis o f  p lasm alogens. 
Prepared thus, lysolecith in  is proabably not exclusively a'-acyl lysolecith in  as 
described by G ray (1958), for  M arinetti and h is colleagues (1959b) reported, 
that in at least 68 per cent o f  all p lasm alogens o f  beef heart m uscle the fatty  
aldehyde residue was found  to  be attached to  the a '-position . T herefore the  
acid  hydrolysis o f  natural p lasm alogens yields to  a certain degree (up to  68 per 
cent for the beef heart m uscle) (¡-acyl lysolecith in  w ith a corresponding share 
o f  unsaturated fatty acids.

Institut für Pharm akologie,
T ox ik o log ie  und Pharm azie 
der T ierärztlichen Fakultät 
der U niversität M ünchen,
M unich,
G erm any.
A ugust 4, 1961.
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chem ical Problem s o f L ipids, July, 1960 (M arseille).
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Peroxide-Sulphuric Acid Test as an Indication of the Ripeness and Physiological 
Activity of Cannabis Resin

S ir ,— D u q u en o is and N egm  (1938) have reported a  reaction  w ith hydrogen  
p eroxide and sulphuric acid as a very sensitive but n o t specific enough test for the 
identification o f  cannabis. T his should  n o t be m istaken for the “D u q u en ois- 
N egm " vanillin-acetaldehyde test for cannabis, described in the sam e paper, 
w hich has found a w ide application  for  the identification o f  hem p resin. N o  
further data on  the use o f  the peroxide-sulphuric acid test for  cannabis have 
been m ade available since.

T o  exam ine the reaction o f  various types o f  cannabis resin, 49 sam ples 
originating from  11 countries have been analysed by m eans o f  the fo llo w in g  
procedure. C annabis w as extracted by m aceration in  light petroleum  (1 :2 0 )

T A B L E  I

Origin
Number of 

samples analysed Ripeness Colour obtained
Germany .. 5 Unripe Pink
Switzerland 1 »» »
Yugoslavia 2 Intermediate
Morocco .. 1 »» »
Spain 4 » Pink to reddish-brown
Cyprus 4 » »>
Greece 6 Reddish-brown to brown
Brazil 15 Ripe Mostly brown
Costa Rica 1 » Brown
Burma 1 Overripe Greenish-brown
Cyprus 1 Spoiled None
Canada 8

for 24 hr. 0-2 ml. o f  the extract was left to  evaporate in a porcelain  dish. 
T o  the residue 2  drops o f  a 20 per cent hydrogen peroxide and 0-5 m l. o f  co n 
centrated sulphuric acid  w ere added and  the d ish  rotated  gently for 1 m in. 
T h e co lou r o f  the liqu id  was observed after 5 m in.

M ost sam ples gave co lours w hich ranged from  p ink (tem perate regions) to  
brown or greenish brow n (m ostly  tropical sam ples). B ut som e o f  the sam ples  
did  n o t exh ib it any co lour at all. T he results are sum m arised  in T ab le I. F or  
com parison , their ripeness has been recorded in  the sam e T able. F u ll details 
o f  constants, based u pon  an indophenol reaction , are given elsewhere (G rlic, 
1961).

T o  elucidate the differences obtained, the sam e test w as m ade w ith  pure 
cannabinolic  com pounds. C annabid iol yields a p ink product, w hich in  higher  
concentration  appears blood-red. T etrahydrocannabidiol exhibits a v io let 
colour. S ix synthetic tetrahydrocannabinol hom ologu es show ed strong brow n  
colours. Synthetic cannabiol show ed at first a green co lour go ing  quickly
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into greenish brown. Cannabidiolic acid acetate reacted to give a colour 
ranging in various concentrations from orange to pink.

The results have been compared with those obtained by the indophenol 
method and explained in accordance with the classification of cannabis resin 
described in previous papers (Grlic, 1961; Grlic and Andrec, 1961). Samples 
exhibiting a pink colour correspond to the unripe or intermediate type, con
taining mostly cannabidiol or cannabidiolic acid, which is readily converted 
into cannabidiol (Schultz and Haffner, 1960). Samples in which the phyto
chemical conversion process of the cannabinolic constituents was more advanced 
(ripe cannabis) yield a brown reaction product. This group contains pre
dominantly tetrahydrocannabinols and consequently (Loewe, 1950) exhibits the 
highest physiological potency. The reaction was greenish brown for overripe 
samples, containing predominantly cannabinol, the final product of conversion. 
A negative reaction is exhibited by samples containing mostly disintegration 
products of cannabinolic constituents.

As it is seen, the peroxide-sulphuric test seems to be suitable as an indication 
of the progress of the ripening process in hemp resin. In addition, the test 
seems to be useful for a rapid and rough estimation of the potency of the drug. 
A highly potent cannabis will exhibit a strong brown colour owing to the 
presence of tetrahydrocannabinols. Cannabis yielding an orange, pink or red 
reaction contains precursors of physiologically active constituents. Such hemp 
may be considered as potentially active, being converted into an active form under 
favourable conditions. A greenish brown colour or a negative reaction indicates 
the loss of physiological activity.

Consequently, the proper use of the peroxide-sulphuric test does not appear 
to lie in its possible identification of the geographical source of drug, but to 
distinguish cannabis resin of various compositions and potency. This reaction 
may be of practical use as a simple and rapid substitute for the complicated 
chemical and biological methods where no quantitative analytical data are 
required.

A c k n o w led g e m en ts . I am indebted to the Division of Narcotic Drugs of the 
United Nations and to Professor Decio Parreiras, Faculty of Medicine, Rio 
de Janeiro, for the supply of cannabis samples; also to Dr. S. Loewe (College 
of Medicine, University of Utah, Salt Lake City), to Professor Dr. F. Korte 
and Dr. H. Sieper (Chemical Institute, Bonn University), and to Professor 
Dr. O. E. Schultz (Pharmaceutical Institute, University of Kiel) for the supply 
of cannabinolic compounds.

Institute for the Lj. Gru£.
Control of Drugs,
Zagreb, Yugoslavia.
August 2, 1961.
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New Glycosides from Senna

Sir,—The letter by Vickers in the August issue of this Journal (1961) has 
stimulated us to report the isolation of five anthracene glycosides from senna 
since our report of the separation of an active primary glycoside (Fairbairn, 
Friedmann anc Ryan, 1958).

R h ein -8 -g lu co sid e . This has been isolated from Alexandrian senna pod and 
appears to be similar to that reported by Vickers. We have shown it to be a 
rhein-monoglucoside by chemical analysis. Ultra-violet absorption measure
ments indicate that the compound is identical with synthetic rhein-8-glucoside, 
prepared from authentic rhein anthrone-8-glucoside by aerial oxidation in 
sodium borate solution at pH 9-2, and differs from a sample of synthetic 
rhein-l-glucoside, kindly supplied by Dr. A. C. Bellaart. Our experience is 
that the glucoside isolated by us is not readily decomposed by sodium bicarbonate 
solution with the formation of rhein, which does not accord with the inference 
that can be drawn from Vickers’ letter.

R h ein -8 -d ig lu co s id e . A second glycoside isolated has been shown to be 
rhein-8-diglucoside. This glycoside, is much more soluble in water than the 1- 
or 8-monoglucosides. It can be converted into the 8-monoglucoside by treat
ment with 0- In  hydrochloric acid at room temperature.

R h ein  a n th ro n e-8 -g lu co s id e , which is virtually half a sennoside molecule, was 
also found by us to be present in senna pod. This has been identified by 
hydrolysis to rhein anthrone, which was characterised spectroscopically, and by 
the formation of a green compound (Amax 640 m/i) with p-nitrosodimethylaniline 
in pyridine (Tsukida and Suzuki, 1954). The conversion of rhein anthrone-8- 
glucoside to rhein-8-glucoside has been shown to proceed slowly in sodium 
bicarbonate solution. Rhein anthrone-8-glucoside, in alkaline solution, can 
give end-products other than rhein-8-glucoside: for example, Stoll, Becker and 
Helfenstein (1950) were able to obtain sennosides, and under more vigorous 
conditions, rhein. We are investigating the reaction conditions and the mech
anisms which produce these different oxidation products.

P r im a r y  g ly c o s id e . Fairbairn and others (1958) have already described an 
active primary glycoside (related to the sennosides) having a molecular weight 
of 1164. We now report the discovery of a further primary glycoside having
a molecuar weight of about 2000. It is characterised by a greater solubility in 
water than any of the other substances we have isolated and can be degraded 
to the sennosides by mild hydrolysis.

A lo e -e m o d in  g lyc o s id e . This has been isolated from the non-rhein fraction of 
senna-leaf glycosides. It occurs as a pale-orange substance, soluble in water and 
methanol. Hydrolysis produces aloe-emodin and glucose, and quantitative 
work suggests it is a monoglucoside. We have good evidence also for the 
presence in the leaf of an aloe-emodin anthrone glucoside.

The important question raised by the discovery of these new glycosides is 
what contribution they make to the total activity of senna. Experiments on 
mice show that the new primary glycoside (MW 2000) is more active than the 
primary glycoside described by Fairbairn and others (1958), and significantly more 
active than the sennosides. Rhein anthrone-8-glucoside is about as active as 
the sennosides whereas Vickers’ rhein glucoside, according to his results, appears 
to be much less active. Our experience with Alexandrian senna pod indicates 
that the less active rhein glucoside it contains constitutes only about 4 to 8 per 
cent of the total acidic anthracene glycosides, and that the aloe-emodin 
glycosides are present only in insignificant quantities. As the result of routine 
assays on many samples, we confirm the earlier findings (Fairbairn, 1959) that 
the pharmacological activity as determined by bioassay (Lou, 1949) runs
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parallel with the sennoside content determined by the chemical assay (Fairbairn 
and Michaels, 1950). Both assay procedures have been shown to reflect 
adequately the laxative activity in man (Browne, Edmunds, Fairbairn and 
Reid, 1957).

When dealing with other varieties of senna or with extracts this satisfactory 
relationship between chemical and biological assays may not hold owing to 
varying proportions of active glycosides and the presence of breakdown products.

School of Pharmacy, 
University of London, 
Brunswick Square, 
London, W.C.l.

J. K. Crellin.
J. W. Fairbairn. 
C. A. Friedmann. 
H. A. Ryan.

Westminster Laboratories Ltd., 
Regents Park,
London, N.W.l.
September 7, 1961.
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