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be depleted by procedures which cause transmission
failure or a reduction in ACh stores does not necessarily
imply that these vesicles are intimately involved in the
storage and release of ACh1%

Résumé. La stimulation préganglionique a 60/sec pen-
dant 4 min produit un épuisement des vésicules synap-
tiques et une réduction de 30% du contenu de I'acétyl-
choline. Aprés cette période de stimulation, on observe
fréquemment I’enflure de I’éclatement des mitochondries
aux extrémités des nerfs. Ces changements dans 1'ultra-
structure de ces derniéres ne se sont pas encore montrés
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reversibles lorsque I'on laisse par la suite les ganglions
se reposer pendant plusieurs minutes.

A. J. D. Friesen and J. C. KHATTER
Department of Pharmacology, Faculty of Medicine,

University of Alberta, Edmonton 7 (Alberta, Canada),
17 August 1970.

11 This research was supported by a grant from the Medical Research
Council of Canada.

Pharmacological Effects of Carbaryl 1I. Modification of Serotonin Metabolism in the Rat Brain

In a previous paper! it was reported that the admin-
istration of a mixture of DDT, parathion and carbaryl
(Lt-naphthyl-N-methylcarbamate) induced an increased
elimination of urinary 3-methoxy-4-hydroxy-mandelic
acid (VMA) and 5-hydroxy-3-indolylacetic acid (5-HIAA)
in the rabbit. It was postulated that a stress mechanism
is involved, featuring an increased synthesis rate of the
catecholamines and Serotonin respectively. Hassan?
demonstrated an increased sympathoadrenergic activity
in the rat, following the oral administration of carbaryl.
This increased activity involved increased synthesis of
norepinephrine periferally (and probably centrally) with
concomitant increase of urinary VMA excretion.

O—CO—NH—CH,

~
Q\j {Carbaryl)

The purpose of the present investigation was to study
the effect of a single carbaryl dose on serotonin metab-
olism in the rat brain.

Male albino rats (Holtzman) weighing 150-180 g were
used in this study. All animals were housed in groups
for several weeks, and fed a standard diet of Purina
laboratory chow. Carbaryl was administered orally as
a suspension in peanut oil at a single dosage of 60 mg/kg.
Control rats received only peanut oil. Animals were
killed by decapitation, and the brain was quickly re-
moved and extracted. All determinations were made
on whole brain. Serotonin was determined by the pro-
cedure of Bogpanski® and 5-HIAA by the method of

Effect of a single carbaryl dose on brain 5-HT and 5-HIAA

GiacaLoNE and VarzeLLi‘. The concentration of cor-
ticosterone in the plasma was estimated by a fluorescence
method 8, The Aminco Bowman Spectrophotofluorometer
was used for all fluorescent measurements.

The results of the study on the level of 5-HT and
5-HIAA in the brain are shown in the Table. The con-
centration of the amine and its metabolite increased
significantly after 2, 4 and 6 h following carbaryl admin-
istration. After 24 h the level of both substances returned
to normal.

In order to investigate the effect of carbaryl on brain
5-HT formation, endogenous stores of the amine were
previously depleted by inhibition of its synthesis. Car-
baryl was given 72 h after p-chlorophenylalanine (PCPA)
administration and animals were sacrificed 4 h later.
The amine level was significantly higher when compared
with PCPA control value (Figure 1). Reserpine-pretreated
animals showed the same trend. Plasma corticosterone
level was also increased by about 1259, one hour after
the oral administration of the carbamate (Figure 2).

1 A. Hassan and C. Cugro JRr., Z. Naturforsch. 25b, 521 {1970).

2 A. HassaN, Biochem. Pharmac. (1971).

3 D. F. BoobaNskl, A, PLETSCHER, B. B. BropiE and S. UpEN-
FRIEND, J. Pharmac. exp. Ther. 777, 82 (1956).

4 E. Giacarone and L. Varzerws, J. Neurochem. 73, 1265 (1966).

5 R. H. SiLBer, R. D. Busu and R. Osraras, Clin. Chem. 4, 278
(1958).

Hours after 5-HT 5-HIAA Ratio
Carbary} - 5-HIAA
Concentration % Increase Concentration % Increase 5-HT
uglg £S.E. uglg £ S8.E.
0 0.61 4 0.05 - 0.25 4 0.02 - 0.41
2 0.78 4 0.07 28 0.30 £ 0.02 20 0.38
4 0.78 4- 0.08 28 0.31 4- 0,03 24 0.40
6 0.80 4-0.07 31 0.31 4 0.03 24 0.39
24 0.60 -+ 0.06 - 0.24 - 0.02 - 0.40

Carbaryl dose 60 mg/kg. Results are mean of groups of 5-8 animals -+ S.E.
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This probably represents the maximum elevation of the
glucocorticoid. The level drops thereafter and approached
pretreatment levels after 20h. In control experiments,
the administration of peanut oil alone did not cause an
increase in the plasma corticosterone, after 1 h.

The effect of carbaryl on cerebral serotonin metabolism
is believed to be related to a ‘stress mechanism’. The
effect simulates that of electric stress®, and is presumably
provoked by an enhanced synthesis and not by a.de-
creased utilization of the amine. This assumption is
supported by some complimentary evidence. 1. Serotonin

150
% [ Conirol

Garbaryl

PePA

Resgrping

Fig. 1. Effect of carbaryl on endogenous 5-HT levels in the brain
of normal and PCPA or reserpine-pretreated animais. PCPA pre-
treated animals received the drug i.p. (360 mg/kg) 72 h before
administration of carbaryl and animals were killed 4 h later. Reser-
pine (5 mgf/kg) was administered i.p., immediately before carbaryl
was given, animals were killed 4 h later. Results are expressed as a
percentage of control values 4 S.E. The endogenous 5-HT levels
in control animals were 0.61 4 0.05 p.g/g. * P << 0.01 when compared
with respective controls.

B

Jiq Corticosterone /100l plasma

1 :

g 10 8h
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Fig. 2. Effect of a single carbaryl dose (60 mg/kg) on plasma corti-
costerone. Points represent means of at least 5 animals and bars
indicate + S.E.
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level in the brain of carbaryl-treated animals, pretreated
with PCPA was 729, higher than their respective con-
trols. These results suggest that 5-HT synthesis is
accelerated by carbaryl. The possibility that the effect
of PCPA is diminished by carbaryl cannot be ruled out.
2. The depletion of brain 5-HT by reserpine could also
be partially antagonized by carbaryl. 3. The formation
of higher amounts of 5-HIAA in the brain is probably
a consequence of an increased synthesis rate of serotonin,
and may represent a higher functional utilization of the
amine. Since organic acids are removed from the brain
by an active energy-requiring process?, an effect on
transport by carbaryl could contribute to the changes
in cerebral 5-HIAA levels observed.

The increase in the biosynthetic rate of serotonin may
involve activation of tryptophan hydroxylase and/or
hydroxytryptophan decarboxylase. The possible activa-
tion of tryptophan hydroxylase receives support from
the PCPA experiments. The inhibiting power of PCPA
of tryptophan hydroxylase® could be ~ at least partially —
overcome by carbaryl. It is also worth mentioning that
stress induced by acute cold exposure significantly
increases cerebral tryptophan-5-hydroxylase activity®.

The changes in the brain amine level unlikely involve
monoamine oxidase inhibition, because of the conco-
mitant increase in cerebral 5-HIAA. In fact the ratio
5-HIAA/5-HT remained essentially unaltered (no signifi-
cant differences) (Table). The administration of carbaryl
into rats was reported to increase the degradation of
catecholamines, presumably through activation of mono-
amine oxidase?. This suggests in turn that the increased
formation of cerebral 5-HIAA in carbaryl-treated rats is
probably the result of MAO activation.

The administration of carbaryl also strongly stimulates
corticosterone secretion by the adrenals. Normally,
corticosterone secretion would be considered an index
of the release of ACTH. However, it is not known whether
the changes of serotonin metabolism are related to the
activation of the pituitary-adrenal system. Under con-
ditions of restraint stress, brain 5-HT level did not cor-
relate with the adrenocortical activation°.

Zusammenfassung. Nachweis, dass Carbaryl die Kon-
zentration von Serotonin und 5-Hydroxyindolessigsdure
im Rattenhirn steigert. Der Zusammenhang mit einem
Stress wird als moglich angenommen.
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