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THE EFFECT OF PARGYLINE AND DESMETHYLIMIPRAMINE ON
MONOAMINE CONCENTRATIONS AND AMPHETAMINE-INDUCED

GLYCOGENOLYSIS IN THE MOUSE BRAIN

D.A. HUTCHINS

Department of Pharmacology, School of Pharmacy, Leicester Polytechnic, Leicester LE1 9BH

1 Pargyline (100 mg/kg) increased the concentration of cerebral noradrenaline dopamine and 5-hy-
droxytryptamine in the mouse. Amphetamine (5 mg/kg) reduced the concentration of noradrenaline
and increased the concentrations of 5-hydroxytryptamine and dopamine.
2 When amphetamine was administered 4 h after an injection of pargyline, the effect of the
sympathomimetic drug on the concentrations of noradrenaline and 5-hydroxytryptamine was not
altered. The effect on the dopamine content was reversed, amphetamine causing a decrease instead
of an increase.
3 Pargyline increased the concentration of cerebral glycogen, whereas amphetamine caused a de-
crease.

4 The administration of amphetamine 4 h after pargyline resulted in a decrease in brain glycogen
similar to that seen after amphetamine alone.
5 These results suggest that the potentiation of the effect of amphetamine on animal behaviour
by pretreatment with an inhibitor of monoamine oxidase is not mediated through a central action
on noradrenaline release.
6 Amphetamine-induced glycogenolysis was antagonized by 71% by desmethylimipramine (10
mg/kg).
7 The change in glycogen concentration as a function of time after an injection of amphetamine
was not modified when 2 consecutive doses of amphetamine were given with an interval between
doses of 30 minutes.

Introduction

The administration of amphetamine to the mouse
results in an initial decrease in the concentration of
brain glycogen (Hutchins & Rogers, 1970; Rogers &
Hutchins, 1972) which can be antagonized by the
prior injection of a fl-adrenoceptor blocking drug
(Hutchins & Rogers, 1971) or drugs that deplete the
catecholamines of the central nervous system (CNS)
(Hutchins & Rogers, 1973). It is possible therefore
that amphetamine-induced glycogenolysis in the
mouse brain is mediated by the release of catechol-
amines from central nerve endings, the extracellular
catecholamines then being available to stimulate the
P-adrenoceptors of the brain and activate the adenyl
cyclase system. Depletion of central catecholamines
by inhibition of their synthesis or storage is likely
to result in a reduced amount of the monoamine
available for release and this leads to a diminution
in the effect of amphetamine on the concentration
of brain glycogen (Hutchins & Rogers, 1973). Con-
versely, inhibition of the metabolism or re-uptake of
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the catecholamines is likely to increase the amount
of monoamine potentially available for release, or
stimulation of receptors and this might lead to a
potentiation of the cerebral glycogenolytic effect of
amphetamine.

In this paper the effect of amphetamine on the con-
centration of the monoamines, noradrenaline, dopa-
mine and 5-hydroxytryptamine and on the concen-
tration of glycogen in the brains of mice treated with
pargyline has been determined. The effect of desmeth-
ylimipramine (DMI) and a consecutive dose of
amphetamine on amphetamine-induced glycogeno-
lysis has also been examined.

Methods

Experiments were performed on male albino mice
weighing 20 to 30 g. The mice were kept in a labora-
tory with a 12 h light and 12 h dark cycle (06 h
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00 min to 18 h 00 min light) and were allowed free
access to food and water before and during experi-
ments. The environmental temperature was main-
tained at 20 to 22°C.

In order to minimize the effect of the circadian
rhythm in the concentration of brain glyocen
(Hutchins & Rogers, 1970) the injections were given
at a time such that the experimental mice were killed
within 1 h of the control animals during the late
evening.

Estimation of brain glycogen

The mice were killed by immersion in liquid
nitrogen and the brains were chiselled out of the skull
whilst in the deeply frozen state. Each brain was

weighed rapidly before crushing on a stainless steel
anvil cooled with liquid nitrogen. One mouse brain
was used for each estimation. Cerebral glycogen was
determined by a modification (Hutchins & Rogers,
1970) of the method of Le Baron (1955).

Estimation of cerebral monoamines

Mice were killed by decapitation and the brains from
two animals were pooled and frozen in liquid
nitrogen until used for assay. The monoamines were
extracted simultaneously by the method of Shore &
Olin (1958). Aliquots of the final acid extract were

used for the assay of noradrenaline (Anton & Sayre,
1962), dopamine (Carlsson & Waldeck, 1958) and
5-hydroxytryptamine (Bogdanski, Pletscher, Brodie &
Udenfriend, 1956).

was administered by the same route and the mice
were killed at suitable time intervals thereafter. Ani-
mals in the control groups were injected with pargy-

line and killed at various times up to 8 h after injec-
tion, or treated with amphetamine and killed 30 or

60 min after injection.
The concentrations of noradrenaline, dopamine

and 5-hydroxytryptamine in the brain were increased
for at least 8 h after treatment with pargyline (Figure
1). An injection of amphetamine resulted in a decrease
in the concentration of noradrenaline and increase
in the concentrations of dopamine and 5-hydroxy-
tryptamine. The administration of pargyline 4 h
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Body temperature was measured by means of an elec-
tric thermometer (Light Laboratories, Brighton) and
an oesophageal probe (Brittain & Spencer, 1964).

Drugs

The drugs used were (+)-amphetamine sulphate, par-
gyline- hydrochloride and desmethylimipramine
(DMI). They were dissolved in distilled water and in-
jected in a volume of 1.0 ml/100 g body weight. Doses
are expressed in terms of the salt where these were

used.

Results

Pargyline-amphetamine

Mice in groups of 4 to 5 were injected intraperi-
toneally with pargyline hydrochloride (100 mg/kg); 4
h after this injection amphetamine sulphate (5 mg/kg)
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Figure 1 The effect of amphetamine sulphate (5
mg/kg) on the concentration of cerebral monoamines
of mice treated with pargyline hydrochloride (100
mg/kg). The figure shows the concentration of cerebral
noradrenaline (NA, *-U); dopamine (DA, A A)
and 5-hydroxytryptamine (5-HT, *-*) of mice
treated with pargyline, and the concentration of cere-
bral noradrenaline (U-----U), dopamine (A-----A) and
5-hydroxytryptamine (0---*) of mice treated with
amphetamine 4 h after an injection of pargyline. The
concentration of the cerebral monoamines of control
groups of mice is indicated by open symbols. Each
point is the mean of five estimations. Vertical lines indi-
cate the s.e. mean. Difference from the control value,
*P < 0.05, Student's t test.
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before an injection of amphetamine did not appear
to influence the effect of the sympathomimetic drug
on the concentration of noradrenaline or 5-hydroxy-
tryptamine. However, the effect of amphetamine on
the dopamine content was reversed; instead of an in-
crease there was a decrease of 21% in dopamine con-
centration.

Pargyline caused an increase of 25% in the concen-
tration of brain glycogen. However, there was no sig-
nificant difference in the extent of the depletion of
brain glycogen of animals treated with either amphet-
amine or pargyline and amphetamine (Table 1). Gly-
cogen was depleted by 23% (P < 0.002) in the brains
of amphetamine-treated mice and was reduced by
19% (P < 0.002) in the brains of animals treated with
pargyline and amphetamine.
The body temperature of the mice was reduced by

approximately 3.5°C and the hypothermia lasted for
4 h, following an injection of pargyline (Figure 2).
The maximum body temperature attained after the
administration of amphetamine to pargyline pre-
treated mice was the same as that achieved by the
control mice injected with amphetamine, i.e. a
hyperthermia of 2.5 to 3.0°C. The increase in loco-
motor activity and intensity of the central excitation
caused by amphetamine was enhanced and prolonged
by pretreating the mice with pargyline. None of the
animals died as a result of this treatment.

Desmethylimipramine-amphetamine

Mice in groups of five were injected subcutaneously
with an appropriate dose of DMI 15 min before an
intraperitoneal injection of amphetamine (5 mg/kg).
The mice were killed 45 min after the initial injection.
Control groups were injected with DMI, amphet-
amine or distilled water.

Doses of 1 and 4 mg/kg of DMI did not alter the
concentration of cerebral glycogen whereas a small
but significant increase in concentration was pro-
duced by a dose of 10 mg/kg (Figure 3). Ampheta-

mine-induced glycogenolysis was antagonized by 71%
at a dose of 10 mg/kg of DMI. Although DMI (10
mg/kg) caused a depression of locomotor activity,
there was no obvious antagonism of the excitation
caused by amphetamine.

Amphetamine-amphetamine

The effect of two consecutive doses of amphetamine
on the concentration of cerebral glycogen was deter-
mined. Mice in groups of five were injected with
amphetamine (10 mg/kg) and killed at 30 or 60 min.
Mice from a third group were injected with amphet-
amine at the beginning of the experiment and again
at 30 min. This group of animals was killed 60 min
after the initial injection.
The greatest depletion of brain glycogen occurred

at 30 min (Table 2). Administration of a second dose
of amphetamine at this time did not result in further
depletion of brain glycogen. Sixty min after the initial
injection, the concentration of glycogen did not differ
significantly in the brains of mice treated with either
a single dose or two doses of amphetamine.

Discussion

Inhibitors of monoamine oxidase (MAO) are known
to facilitate the effect of amphetamine on behaviour
(Stein, 1964) and to potentiate amphetamine-induced
toxicity (Brownlee & Williams, 1963). It has been sug-
gested that the enhanced effect of amphetamine
occurs as a result of an increase in the release of
catecholamines (Sjoqvist, 1965).
The concentrations of the monoamines (Figure 1)

and glycogen (Table 1) of the mouse brain were ele-
vated for at least 4 h after the injection of pargyline.
Inhibition of MAO leads to an increase in the concen-
tration of intraneuronal monoamines with little or no
increase in the concentration of the extracellular
monoamine (Carlsson, Dahlstrom, Fuxe & Lindqvist,

Table I The effect of amphetamine on the concentration of brain glycogen of mice treated with pargyline

Brain glycogen
Dose Time concentration

Treatment (mg/kg) (h) (mg/100 g ± s.e. mean)

Control 39.8 + 1.4
Amphetamine 5 0.5 30.5 + 1.3
Pargyline 100 4 49.8 + 1.0
Pargyline + 100 4
amphetamine 5 0.5 40.4 + 1.3

decrease

23.4*

18.9*

Glycogen values show the mean + s.e. mean for 5 estimations. Difference from the control values, *P < 0.002,
Student's t test.
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Figure 2 The effect of amphetamine sulphate (5 mg/kg) on the body temperature of mice treated with pargyline
hydrochloride (100 mg/kg). Mice in groups of five were injected with pargyline 4 h before the administration
of amphetamine (0). Mice in the control group were injected with pargyline (A), amphetamine (0) or distilled
water (U).

1965). Thus the increase in the glycogen content may
be due to a reduction in the release of noradrenaline
onto central receptor sites, even though the total
monoamine content of the brain is increased
(Hutchins & Rogers, 1970). However, neither the de-
crease in noradrenaline content nor the loss of gly-
cogen caused by amphetamine was enhanced when
amphetamine was administered to animals pretreated
with pargyline. The same peak values in body tem-
perature were achieved also, although the behavioural
response of the mice was intensified and prolonged.
This finding that inhibition of MAO does not poten-
tiate the effect of amphetamine on noradrenaline or
glycogen argues against the possibility of the facili-
tated effect of amphetamine on behaviour being

mediated centrally by an action on noradrenaline
release. Brittain, Jack & Spencer (1964) have sug-
gested that the increase in amphetamine toxicity in
animals treated with an inhibitor of MAO arises from
an enhanced effect of amphetamine on peripheral
tissues rather than on the CNS.

It is of interest that amphetamine caused a decrease
instead of an increase in the concentration of dopa-
mine, in mice treated with an inhibitor of MAO. If
the decrease in dopamine content is due to the release
of central dopamine, this may contribute to the facili-
tated behavioural effect of amphetamine in these ani-
mals, although stimulation of dopamine receptors
would not therefore appear to promote cerebral gly-
cogenolytic activity.

Table 2 The effect of consecutive doses of amphetamine on the concentration of glycogen in the mouse brain

Time after
Dose initial injection

Treatment (mg/kg) (h)

Control
Amphetamine
Amphetamine
Amphetamine +
amphetamine

10
10
10
10

0.5
1.0

1.0

Brain glycogen
concentration

(mg/100 g ± s.e. mean)

41.8 + 0.5
28.6 + 0.4*
35.5 + 1.8*

35.8 + 0.9*

Glycogen values indicate the mean + s.e. mean for 5 estimations. Difference from the control value, *P < 0.001,
Student's t test.
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Figure 3 The effect of amphetamine sulphate (5
mg/kg) on the concentration of brain glycogen of mice
treated with desmethylimipramine (DMI). Mice in
groups of five were injected subcutaneously with DMI
initially, distilled water intraperitoneally at 15 min, and
then killed at 45 min (0), or they were injected with
DMI 15 min before the administration of amphetamine
and killed 45 min after the initial injection (A). The
horizontal lines indicate the glycogen concentration of
mice 30 min after an injection of distilled water (upper
line) or amphetamine (lower line). Broken horizontal
lines and vertical bars indicate the respective s.e means.
Difference from the control value, *P < 0.05, Student's
t test.

The tricyclic antidepressant drugs such as DMI and
imipramine are believed to act mainly by selectively
blocking the uptake mechanism of central mono-
amine neurones (Glowinski & Axelrod, 1964; Carls-
son, Fuxe, Hamberger & Lindqvist, 1966). Pretreat-
ment of several species with DMI has been shown
to potentiate the central excitatory effects of amphet-

amine (Carlton, 1961; Stein, 1964; Dolfini, Tansella,
Valzelli & Garattini, 1969). The potentiated effects of
amphetamine are not related necessarily to inhibition
of the reuptake mechanism by DMI, as the antide-
pressant drugs also inhibit the in vivo hydroxylation
of amphetamine, thus increasing the amount of unme-
tabolized amphetamine in the brain (Consolo, Dolfini,
Garattini & Valzelli, 1967; Lewander, 1969). How-
ever, the mouse does not metabolize amphetamine
by hydroxylation and in this species DMI does not
increase the concentration of amphetamine in the
brain, nor does it potentiate amphetamine-induced
excitation (Dolfini et al., 1969). In the mouse DMI
also has a much shorter half-life than in the rat
(Dingell, Dulser & Gillette, 1964).
The effect of amphetamine on the glycogen content

of the brain and on the behaviour of the mice was
not potentiated by DMI. These results are in accord
with the observations of Dolfini et al. (1969). The
antagonism of amphetamine-induced glycogenolysis
by DMI (10 mg/kg) is possibly due to the adrenocep-
tor blocking activity of the antidepressant drug
(Thoenen, Hurliman & Haefely, 1964). The anta-
gonism of the effect of amphetamine on brain gly-
cogen by f-adrenoceptor blocking drugs has been de-
scribed previously (Hutchins & Rogers, 1971).
A similar biphasic fluctuation in the concentration

of brain glycogen occurred in mice, whether amphet-
amine was administered as a single dose, or as two
doses with a 30 min interval between injections (Table 2).
Assuming that amphetamine-like compounds exert
similar effects on the adrenergic neurones of the CNS,
these results are consistent with the observations of
Jonsson, Grobecker & Holtz (1966). They found that
,B-phenylethylamine depleted the noradrenaline con-
tent of the rat brain, but when this drug was injected
in two doses, the second dose being given 1 h after
the first one, no further decrease of the noradrenaline
content took place. These observations may reflect
a temporary depletion of the noradrenaline stores
available for continued release. On the other hand,
if amphetamine exerts a glycogenolytic effect in the
brain by a direct action on receptors, a cumulative
decrease in glycogen content might be expected to
accompany successive doses of the stimulant drug.
However, the effect of the second dose of amphet-
amine may be over-shadowed by the rapid compensa-
tory glycogenesis which appears invariably to follow
the initial depletion of brain glycogen.

I wish to thank Dr K.J. Rogers for helpful discussions
during the course of this work.
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