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crease the dopa accumulation following dopa decar-
poxylase inhibition in both dopamine and noradrena-
.ne neurons indicating that these drugs increase the
s athesis of both amines. The effect on the dopamine
peurons is probably evoked by stimulation of muscarinic
receptors outside the dopamine nerve terminals leading
to enhancement of the nerve impulse flow.
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Modification of electroshock fighting by drugs known to interact with
dopaminergic and noradrenergic neurons in normal and brain
lesioned rats

M. ANnanD*, G. P. Guptat, K. P. BHARGAVAY, Industrial Toxicology Research Centre, Lucknow, and +Depart-
ment of Pharmacology and Therapeutics, King George’s Medical College, Lucknow, India

The stimulation of certain brain areas—septum, amyg-
dala and lateral hypothalamus, results in marked
changes in the electroshock induced fighting behaviour
in animals (Anand & Brobeck, 1951; Brady & Nauta,
1953; Woods, 1956; Morgane & Kosman, 1957;
Morrison, Barrnett & Mayer, 1958; Ahmad & Harvey,

® Correspondence.

1968). Changes in the concentration or metabolism of
cerebral catecholamines modify the behavioural pattern
(Strom-Olsen & Weil Malherbe, 1958; Schild Krant &
Kety, 1967; Rubin, 1968). Both adrenaline and dopa-
mine are believed to be involved in the production of
aggressiveness (Randrup & Munkvad, 1969; Eichelman,
Thoa & Andén, 1972). The present report is concerned
with the effect of certain drugs which interact with
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Table 1. Effect of certain dopaminergic and noradrenergic
drugs on foot electroshock induced fighting in normal rats.
(BEach group consisted of 10 animals; all the drugs were
given intraperitoneally).

Time No. of fighting responses
after (mean + s.e.)
treatment Before drug After drug
No. Treatment (h) lesion lesion P
1 Reserpine
(5 mg kg™ 3 11-0 & 045 10+ 0 <01
2 Apomorphine
(1 mg kg™1) 0-25 11'8 + 049 204 + 1'12 <01
3 L-Dopa
(150 mg kg™ 2 13:0 + 045 190 £+ 1-34 <01
4 Amantadine
(100 mg kg~?) 2 122 £+ 073 164 + 121 <01
5 Diethyldithio-
carbamate
(500 mg kg
daily for 3 days) 15 13-0 4 045 272 + 1-02 <01
6 Imipramine
(20 mg kg™ 2 158 +£ 040 96 + 0-51 <01

dopaminergic and noradrenergic neurons, on the
electroshock fighting behaviour in normal and brain
lesioned rats.

Adult male albino rats, 200 4+ 25 g, had free access to
food and water. Fighting was induced in randomly
selected pairs of rats by the application of electroshock
(2 mA at a frequency of 5 shocks s) in the foot in an
aggressometer as described by Tedeschi, Tedeschi &
others (1959). The fighting episode was considered to
have taken place when the animals converged abruptly
towards each other and stood face to face on their hind
legs and struck or bit at each other. The number of
fighting responses during 1 min period of electroshock
were counted.

Lesions were made in the septum, or lateral hypo-
thalamus or amygdala by electrolytic coagulation
using the stereotaxic instrument for rats (Narighigae
Scientific Instrument, Japan) according to Ungerstedt
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(1971) and the Atlas of DeGroot (1959). The lesioned
animals were used for experiments 72 h after the ODera.
tion. At the end of each experiment, the animals wepq
killed and the site of the lesion was confirmed higg,,_
logically.

The drugs used were reserpine (Ciba), apomorphipe
(Mallinkrodt Chem. Works, New York), L-do a
(Brocades), amantadine (Geigy), diethyl dithiocarbag.
mate (BDH) and imipramine (Geigy).

The effects of various drugs on electroshock fighting
behaviour in normal and lesioned rats are shown iy
Tables 1 and 2 respectively. Reserpine signiﬁcantly
reduced the fighting responses in normal and septy)
lesioned rats. Apomorphine, L-dopa, amantadine angq
diethyl dithiocarbamate increased the fighting responseg
while imipramine reduced them in normal animajg
(Table 1).

The septal lesioned animals showed a significant ip.
crease in the fighting responses (Table 2), Treatment
with apomorphine also increased the fighting episodeg
in reserpine treated septal lesioned animals (Table 2),
Animals with lesions in the lateral hypothalamus of
amygdala showed a marked decrease in fighting episodeg
which were not changed by reserpine or apomorphine
(Table 2).

Reserpine, a depletor of biogenic amines from brain
and other tissues (Pletscher, Shore & Brodie, 1955),
significantly reduced the electroshock fighting responses
in normal rats (Table 1). Apomorphine, a potent agonist
of dopaminergic receptors (Andén, Dahlstrom & others,
1966; Ernst & Smelik, 1966) induced a significant in-
crease in electroshock fighting responses. L-Dopa the
precursor of dopamine and noradrenaline (Carlsson,
1959) increased the fighting responses (Table 1).
Amantadine which increases the synthesis and release of
dopamine from the brain (Scatton, Cheramy & others,
1970; Vaatstra & Eigemen, 1974) also increased the
fighting responses in normal rats (Table 1). These

Table 2. Effect of reserpine and apomorphine on electroshock fighting responses in brain-lesioned rats. Each group
consisted of 10 animals. All the drugs were given intraperitoneally.

Drug . No. of fighting
and dose Time after . responses (Mean + s.e.)
No. (mg kg™1) drug (h) Site of lesion Before lesion After lesion P*
1 None Septum 133 £ 127 222 4 089 < 0001
2 Reserpine (5) 3 Septum — 13:0 & 0-58 N.S.
3 Reserpine (5) -+ 3 Septum — 202 + 099 < 0001
apomorphine (1) 0-25
1 None — Lat. Hypothalamus 120 4 1-10 1-0 4- 033 < 0001
2 Reserpine (5) 3 Lat. Hypothalamus — 1-0 + 033 < 0-001
3 Reserpine (5) + 3 Lat. Hypothalamus — 30 4+ 028 < 0001
apomorphine (1) 0-25
1  None — Amygdala 1244 + 0-33 125 4 0-48 < 0-001
2  Reserpine (5) 3 Amygdala — 225 + 1-03 < 0-001
3 Reserpine (5) + 3 Amygdala — 325 £ 1.8 < 0001
apomorphine (1) 0-25

* Difference from the responses obtained before lesion.
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alts suggest a facilitatory effect of dopamine in
electroshock fighting behaviour in rats. The fighting
onses were markedly increased in animals treated
with diethyl dithiocarbamate, a drug which increases
e concentration of dopamine and reduced that of
noradrenaline (Carlsson, 1959). A significant decrease
of fighting responses was observed in animals treated
with imipramine (Table 1), which is believed to block
the uptake of noradrenaline and increase its concentra-
tion at receptor sites (Glowinski & Axelrod, 1964).
Thus noradrenaline may be inhibitory for fighting be-
paviour. Support for the involvement of noradrenaline
and dopamine in fighting behaviour is also obtained
from our findings that lesion of the septum, an area of
the brain particularly rich in noradrenergic neurons
(Kaada, 1967) resulted in a significant increase in
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electroshock fighting responses (Table 2) which were
returned to normal by reserpine; further, apomorphine
significantly increased the fighting responses in reserpine
treated septal lesioned animals (Table 2). The lesion of
the lateral hypothalamus induced a significant decrease
of fighting responses (Table 2), which were not modified
by reserpine or apomorphine treatment. The lesions of
the amygdala which is believed to act through the lateral
hypothalamus (Magnus & Lammers, 1956; Fernandez
de Molina & Hunsperger, 1962) produced a similar
effect, that is, a decrease of fighting responses. The
results indicate that dopamine has a facilitatory effect
and noradrenaline an inhibitory effect in the modulation
of electroshock fighting behaviour in rats.

February 21, 1977
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