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Sub-cellular Distribution of the Substance
P in the Nervous Tissues

Hebb and Whittaker! have described the isolation
of a gub-cellular fraction of brain tissue which contains
hound acetylcholine and choline acetylase. This
fraction was examined further by Whittaker® with
equilibrium centrifugation in a density gradient. His
results appear to provide evidence for physiological
significance of his “synaptic vesicle fraction™. We
have also attempted to apply his fractionation method
to study sub-ccllular distribution of substance P in
the nervous systom.

The preparation and fractionation of homogenatos
of brain and spinal cord (rabbit or guinea pig) were
carried out as described by Whittaker, the microsomal
and the cytoplasmic fraction not being separated but
combined as the supernatant fraction. Esecrine was
not used except for experiments on acetylcholine.
Asgay of substance P activity was carried out on the
isolated guinea pig ileum in the presence of atropine,
pyribenzamine and tryptamine, its specificity being
usually ascertained by desensitization treatment of
the iloum strip with a large amount of substance P
prepared from the bovine brain by Fuler’s method?.
Aspay of acetylcholine was carried out on frog’s
rectus abdominis muscle.

Tho highest activity of substance > (per gm. wet
tissue and per gm. protein estimated by Lowry’s
method*) was found in the synaptic vesicle fraction
and then in the supernatant fraction, while the mito-
chondrial and nuclear fraction contained only a small
amount of substance P. Such asub-cellular distribu-
tion of substance P was observed on all samples
prepared from different regions of the central nervous
system of rabbit and guinea pig; cortex, midbrain.
cerebellum, ventral and dorsal halves of spinal cord.
Of course, the total substance P activity recovered
was higher in the midbrain and dorsal spinal cord,
while homogenates of cerebellum and ventral cord
were lowest in its activity as reported by previous
workers®$, When the sub-cellular distribution of
substance ” and acetylcholine in the spinal cord of
rabbit was compsred, it was found, as shown in
Fig. 1, that the distribution of substance P might be
said to be nearly identical with that of acetylcholine,
if the word ‘ventral’ for acetylcholine is replaced with
‘dorsal’ and ‘dorsal’ with ‘ventral’.

1t seems worth noting here, however, that the
activity of acetylcholine measured was the sum of
free and Lound form, while the treatment such as
extraction by heating at pH 4 scarcely increased the
activity of substance P obtained; a fact which is
similar to that found on the particulate 5-hydroxy-
tryptamine by Whittaker®, The bound substance P
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Tig. 2. Comparison of intracellular distribution of acetyleholine
and substance P in the spinal cord. Lcft, ventral half of the
spinal cord; right, dorsal half of the spinal cord. Shaded, sub-
stance P; white, acefylcholine. &, Supernatant; V, vesicle
fraction; M, mitochondrial
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Fig. 2. Inactivation of substance P by incubation with each
fraction. ©, Supernatant; x, wvesicle; A, mitochondrial;
®, fraction A; @, nuclear. Fraction A4 corresponds to
Whittaker's Pgd

may be released by treatment with sucrose solution.
In this respect substance P differs from acetylcholine
and rather resembles 5-hydroxytryptamine.

It was also reported that choline-esterase activity
wag chiefly found in the fraction § 8. When cach sub-
cellular fraction was incubated with substance P,
inactivation of the latter was obgerved only on incu-
bation with the fraction § (Fig. 2). Such an inacti-
vation of substance I” was inhibited by adding strych-
nine (10-?) or lysergic acid diethylamine (10-f} into
the incubation mixture, just as that of acetylcholine
due to choline esterase by eserine. Lysergic acid
diethylamine potentiates the gut-stimulating action
of substance P. In this case, however, the response of
iloum strip was teo high to be ascribed to this poten-
tiation effeet alone, while strychnine (10-%) showed no
potentiation of aetivity of substance /. Henco a
specific enzyme or enzymes which inactivate substance
P seem to be present in the supernatant fraction®.

The increase in substance P activity after incuba-
tion with the fraction S for 5 or more hr. was only an
apparent ene, this gut-stimulating activity being not
abolished by high dose of gubstance P. This com-
ponent seems to be a kinin-like compound which
causes a slow contraction of guinea pig ileum with a
latency of considerable length and is more active on
rat’s uterus and colon than on the hen’s rectum and
not destroyed by trypsin'®.

These results appear to suggest a close relationship
of substance P to the transmission mechanism in the
central nervous system, even if it ig not & transmitter
itself.
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