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inhibition of the action of urokina.Ro was produced by 
unheated epidermis but not by the heated epidermis. 

Serial dilutions of blister fluid and of citrated plasma 
were similarly studied and were found to have inhibitory 
action. To rule out contamination of epidermis by blister 
fluid, equal weights of epidermis, blister fluid and plasma 
were suspended in equal volumes of veronal buffer. Serial 
dilutions of these demonstrated greatest inhibition by 
the epidermis. 

These findings indicate that human epidermis can 
inhibit fibrinolysis. The experiments do not define the 
natur::i of the inhibitory factor: that is, whether enzymatic 
and, if so, its site of action. Further experiments are 
needed to demonstrate inhibition of the lysis of human 
fibrin containing plasminog,n. The illhibition produced 
by blister fluid is most likely derived from inhibitors in 
plasma, but some contribution by epidermis is possible. 
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Tetanus Toxin, a Neuromuscular 
Blocking Agent 
I~ some cases of infectious tetanus a neuromuscular block 
with tetraplegia may follow the state of muscle spasms. 
We suggested' that this effect was caused by the tetanus 
toxin it.self rather than to an after-effect of muscle relax
ants or other drugs. This hypothesis, however, had to be 
verified by experiments with animals. 

Local tetanus in rats appeared to be the best way to 
study the effect of tetanus toxin on the neuromuscular 
junction. The toxin was injected in various amounts and 
dilutions into one hindleg and the animals were tested at 
various intervals aft.er the injection. Under urethane 
anaesthesia the peroneal nerve was out in the thigh, and 
tho distal stump stimulated by single and repetitive elec
tric shocks. The tension of tho anterior tibial muscle was 
registered by a strain-gauge attached to the tendon. 
Tho "healthy" opposite hindleg always served as a control. 
In addition, various neuromuscular blocking agents such 
as magnesium sulphate, 'Allofcrin' and succinylcholine 
were tested in idfmt.ical experimental conditions. 

The results can be summarized as follows: In severe 
local tetanus neuromuscular transmission may be abol
ishod, for oxamplo, the rnuscle becomes unresponsive to 
indirect but remains folly rcsponsivo to direct electrical 
stimulation. A small response to a single supramaximal 
stimulus and a further decrement of amplitude on repeti
tive stimulation arc observed in other instances. With 
tetanic stimulation the tension beeomcs almost oqual to 
that of the healthy side. Post-tetanic potcntiat.ion is 
marked (up to :mo per cont) whereas post-tetanic depres
sion is lacking or mild. Edrophoniumchloride (Tensilon) and 
'Neostigmin' improved the transmission only to a moderate 
oxtcnt. The neuromuscular block produced by tetanus 
toxin is similar to that observed in man and to that in rat 
after injection of magnesium sulphate. 

Our experiments in rats thus confirm that tetanm; 
toxin, besides its central action causing muscle spasms, 
also had a peripheral effect interfering with neuromuscular 
transmission. It seems likely that tetanus toxin inhibits 
the release of acetylcboline from the nerve terminals, but 
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a post-synaptic action cannot be ruled out without further 
investigations. In man, the peripheral action of the toxin 
may be responsible for the so-called recruiting response on 
voluntary contraction, for circumscript muscle weakness 
in local tetanus and for tetraplegia observed iu a small 
percentage of patients with severe tetanus. Damage to 
the nmscle fibres eausing a reversible myopathy is anotiwr 
feature that may be responsible for the slow recovery of 
muscle strength. 
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Additional Site for the Action of 
Cholera Toxin 
ASIATIC cholera is a disease of the gastrointestinal tract 
and its cardinal symptom is "rice-water" diarrhoea. Tho 
primary site of pathology is the intestinal canal where 
electrolytes and fluid arc poured in tho lumen and lost 
to 'tho body. Primary i;ystemic effects, if any, play little 
part in the pathogenesis of cholera. The gastrointestinal 
tract has naturally been the target. of study for the action 
of cholera toxins'-". Greenough', however, provided 
strong evidence for the involvement of the duodenum by 
demonstrating that, the aRpiration of the duodenal con
tents in cholera patients reduced the diarrhoeal volume. 
Finkelstein et al. 5 found in infant rabbits• that the caecum 
is unresponsive to cholera toxin, while Leitch and Burrows7 

found the colon of rabbit unresponsive to cholera toxin. 
Surprisingly enough, no studies have been carried out on 
the stomach, probably because no vibrio can survive in the 
acidic conditions of the stomach. 

We have found that the stomach is responsivt· to 
cholera toxin and here we report our preliminary findings 
and their significance. Eight to twelve day old infant 
rabbits of either sex, bred at the Haffkino Institute, wore 
used in the present experiments. The animals were given 
water freely for 48 h before being anaesthetized with 
ether, and their abdomens were opened and loops of tho 
stomach formed by tying ligatures at both the pylorio 
and cardiac ends. Ono more ligature was passed round 
the duodenum near the pyloric end and the continuity 
between tho stomach and duodenum was severed bv 
cutting in betwcon the ligatures. In the loop 15 mg .;-f 
syncaso toxin" (0·5 ml.) ,.vas injected while the control 
group received 0·5 ml. of water. The abdomen was 
i;t.itched and animals observed for 24 h. At the end of 
this period, the animals were killed and tho loops exam
ined. Fluid from the loop was withdrawn, measured arnl 
analysed for sodium, potassium and chloride. The metal 
ions were determined by standard flame photometry". 
while the chlorine was estimated by the procedure of 
W'l1itehorn•. pH determinations were made using E. 
Merck's narrow range pH papers. 

The control loops were dry, while those receiving toxin 
were full of fluid. The pH was highly acid (1·5-1·8), and 
largfl amounts of sodium and chlorides were present. 

T t, is very clear that the stomach responds vigorously 
to the toxin and pours out into the lumen its normal 
secretions, hydrochloric acid and sodium ions. The 
volume of accumulated fluid amounted to about 10 per 
cent of the body weight of the animal and this is very 
significant in view of the observation that when the loss 
of fluid reaches to the level of 10-15 per cent of the body 
weight, the animals do not survive"'. 

This raises the question of the possibility of the presence 
of cholera toxin in the stomach, for tho cultivation of 
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