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and the relationship of this reaction with the other 
light reactions that this species exhibits. 
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Neuro-Anatomical Site in Tick Paralysis 
PREVIOUS studies1 have shown that tick 

paralysis, induced in mongrel do?9 _by ~pplying 
the wood tick Dermacentor andersoni Stiles, 1s due to 
failure in transmission at the neuro-muscular junction 
because: (a) the anterior tibial musc_le i!1 a par~lysed 
dog responded to direct but not to mdrrect stimula­
tion through the peroneal nerve; (b) the motor 
nerve fibres conducted an impulse. 

More recent investigations have demonstrated the 
following : The muscle contracts on rapid_ cl<;>se 
intra-arterial injections of acetylcholine ; neostigmme 
does not facilitate transmission in a fully paralysed 
muscle and causes only a slight improvement in a 
partially paralysed one ; neither cathodal nor a.nodal 
current facilitate transmission in a fully paralysed 
muscle ; the paralysis is intensified by cura~e, ~ut 
is uninfluenced by pentamethonium ; tet~n~zat1on 
via the nerve slightly facilitates transnnss10~ of 
subsequent individual pulses in both the partially 
and completely paralysed muscle and in the_ fo~mer 
the tetanus is well maintained. These results indicate 
that the neuro-muscular block is dissimilar to that 
produced by the competitive and depolarizing 
blocking agents and anticholinesterases. . . . 

Functional activity of the end-plates 1s md1cated 
by (a) contraction of the muscle on close intra-arterial 
injection of acetylcholine, (b) their depolarization by 
succinylcholine. 

Table 1 shows the response of the normal, partially 
and completely paralysed anterior tibial muscle to 
close intra-arterial injections of acetylcholine. Increas­
ing paralysis apparently produces an i~creasing 
sensitivity of the muscle to acetylcholme, the 
paralysed muscle behaving like a denervated one. 

End-plates could be located in the paralysed 
anterior tibial muscle by sweeping its undersurface 
with a wick electrode after an injection of succinyl­
choline, the technique being similar to that described 
by Burns and Paton•. Usually four or more end-_pl~te 
regions could be located in this way. The depolar1zmg 

Table 1. SBNSITmTY OP Al'i'TBRIOR TIBIAL MU~OLJII TO RAPID CLOSE 
lNTRA·ARTIIRIAL lNJEOTION OP ACBTYLCHOLINJII 

----
Approximate average dose (µgm.) 

No.of of acetylcholine to produce 
Anterior expert-

tibial muscle ments Threshold Contraction= max-
contraction imal muscle twitch 

-
Normal 4 5 50 
Partially paralysed 3 1 15 
Fully paralysed 1 ? 1 

effect of the succinylcholine was then permitted to 
wear off. In an apparently paralysed muscle, usually 
one or more muscle fibres contracted on nerve 
stimulation and the site of minimum latency of the 
action potential corresponded to only one of the 
located end-plate regions. Neither action nor end­
plate potentials could be detected at the other 
located end-plate regions. The findings ~ug_gest that 
the probable mechanism for the ~aralys1s 1s due. to 
failure in the liberation or synthesis of acetylcholme 
at the nerve terminals. 

In an attempt to localize exactly the site of the 
neuro-muscular block, the anterior tibial muscle was 
stimulated directly in a completely paralysed animal 
before and after the administration of curare. No 
difference could be detected in the magnitude of the 
mechanical responses indicating that the block is 
probably located at the nerve terminals in contra­
distinction to that in botulism poisoning, whare the 
block is evidently proximal to the terminals•. 

The only effective method, known to date, of 
producing tick paralysis is by applying the wild 
ticks. When a saline extract (1 gm./ml.) of 128 
engorged female ticks removed from paralysed_ dogs 
was injected intra-arterially (3ml. x 1 ml.) and mtra­
venously (1, 10 and 10 ml.) into a normal anresthe­
tized dog, it produced no detecta?le e~~t on the 
mechanical response of the anter10r tibial muscle 
during indirect stimulation. Evidently continuous 
secretion of a 'toxin' by the ticks is necessary to 
produce paralysis because rapid recovery occurs on 
removal of the ticks. 

As the tick 'toxin' appears to interfere with the 
liberation of acetylcholine at the neuro-muscular 
junction, one might expect that it would also inter­
fere with acetylcholine liberation at other sites, for 
example, ganglionic and neuro-effector cholinergic 
junctions. Stimulation of the central end of the 
cervical sympathetic, proximal to the superior cervical 
ganglion, resulted in a normal dilation of the I?upil 
and retraction of the nictitating membrane m a 
paralysed dog and stimulation of the per~pheral ~nd 
of the vague in the neck caused normal cardiac slowmg. 
In addition, if acetylcholine liberation in sympathetic 
ganglia was diminished in a paralysed animal one 
might expect to find a low blood pressure. . TJ_ie 
blood pressure in five paralysed dogs were within 
normal limits (130, 150, 100, 170 and 190 mm. 
mercury). Evidently the tick 'toxin' exhibits a 
specific predilection for the neuro-muscular junction. 

This study was aided by a grant from the Depart­
ment of Agriculture, Ottawa, Canada. 

MAURICE F. MURNAGHAN 

Dept. of Pharmacology, 
University of Ottawa, 

Ottawa, Ontario. 
'llfornaghan, M. F., Proc. Tenth Internat. Congr. Entomol. Montreal, 

Canada, August 1956 (In the press). 
'Burns, B. D., and Paton, W. D. M., J. PkyBiol., 115, 41 (1961). 
• Burgen, A. S. V., Dickens, F., and Zatman, L. J., J. Pkyswl., 109. 

10 (1949). 

Anthocyanins in Blackcurrant Fruits 
Robinson and Robinson1 investigated the antho­

cyanin pigments of the fruit of the blackcurrant 
(Ribes nigrum) and stated that the skins contained a 
cyanidin-3-bioside. Cyanidin was the only aglycone 
found ; but it was thought possible that small 
amounts of delphinidin were pre8E'llt. Fouassin• has 
recently examined blackcurrant pigments by paper 
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