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Effects of Atropine, Pilocarpine and Morphine on Footshock-induced
Aggressive Behaviour in Rats after Lesion of Hippotampal
Pyramidal Cells with Kainic Acid

Wplyw atropiny, pilokarpiny oraz morfiny na agresywne zachowanie sie sZczuréw
z uszkodzonymi kwasem kainowym piramidalnymi komérkami hipokampa

Bausuue aTpomMHa, NUJIOKApPOMHA M MOp(gMHA Ha arpecCUBHOE NOBEAEHME XpbIC
C NOBPEXACHHLIMM KaMHOBOM KMCJOTOM NUPAMMAANLHBIMM KJIETKAMM TMINOKAMIA

It is generally considered that central cholinergic pathways influence
the aggressive behaviour in rats (1). Electrolytic lesions of the dorsal
hippocampus attenuated the footshock-induced behawvioral suppression
(6, 8, 23), but medial septal lesions greatly increased aggressiveness and
resulted in hyperreactivity (24). The hippocampal pyramidal cells which
contribute to the feedback regulation of septal cholinergic neurons (18,
19, 30) project also to the hypothalamus (27). Septal (9) and hypothalamic
(2) cholinergic mechanisms have bee}l shown to be mainly involved in
the control of aggressive behaviour. However, it has been implicated
that septal-hippocampal cholinergic neurons have an inhibitory role in
emotional behaviour (26). On the other hand, following kainic acid-induc-
ed lesion of the hippocampal pyramidal cells, the activity of the cholin-
ergic spetal-hippocampal neurons was unaltered (30). In this respect the
possibility arises that the septum can display its activity in the absence
of hippocampal feedback control (31). Thus, the changes in the septal
activity and its behavioural consequences, following acute stimulation in
hippocampally lesioned animals with the use of kainic acid, appear to
be an open question. Since the role of the hippocampal glutaminergic pro-
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jection in the regulation and control of agressive behaviour is unclear,
the present studies were designed.

MATERIALS AND METHODS

Animals. Experiments were performed on male "Wistar” rats weighing from
180 to 230 g. The animals were housed in colony cages, being maintained with
a natural light-dark cycle. Chow pellets (Murigram®, Bacutil) and tap water were
continuously available.

Electrical Foot Shock Aggression. "Foot-shock” aggression was
evaluated by means of the procedure described by Tedeschi et al. (29), with.
minor modifications. Paired, male Wistar rats were placed in a glass circular
compartment, 20 cm in diameter and 20 cm high. Its ﬂ-o‘or was constructed with
stainless-steel rods (0.2 cm in diameter) spaced in parallel (0.5 cm apart, center to

- center). Electric shocks (0.9 mA; 0.1 sec) were delivered through the grid floor every
1 sec for 10 min. Upright boxing posture of both rats standing face to face, and
pushed with their forepaws has been accepted as a fighting position. Aggressive
behaviour has been recorded by two separate observers. Aggression intensity was
assessed as a total time of fighting expressed in seconds., Moreover, the number
of fighting positions, lasting 1—5, 6—10, 11—20, 21—30, 31—40, 41—50 and 51—60 sec
during the whole test, has been considered. Each pair of rats was used only once.
Sham-control rats were treated by means of the identical procedure and were
always tested at the same time. )

Kainiec acid administration. Kainic acid (KA; Sigma, St. Louis, Mo,
USA) was freshly dissolved in sterile buffered saline (pH=7.35) and administered
in a dose of 0.1 pg and in a volume of 10 pl into the lateral brain ventricle of
unanesthetized rats, using Hamilton microsyringe, according to Herman (10),
procedure in details described by Kleinrok and Turski (11) elsewhere.
Control animals received saline injections by intracerebroventricular route.

Drugs. The following drugs were used: atropine sulfate (Polfa, Warsaw,
Poland), pilocarpine hydrochloride (Polfa, Warsaw, Poland) and morphine hydro-
chloride (Polfa, Kutno, Poland). All drugs were dissolved in sterile saline and were
given intraperitoneally (IP) in a volume of 0.5 ml/100 g body weight. Atropine
was given in a dose ‘of 5.0 mg kg1, pilocarpine — 1.0 mg-+kg~! and morphine —
1.5 mg-kg-1. Drugs were administered 30 min before the test, after 240 h from
the time of KA injection. Control rats received saline only. All doses of the drugs
refer to the salt forms.

Histological examination. After completion of the behavioral expe-
riments the lesioned . animals were sacrificed by decapitation. The brains were
dissected carefully and fixed in 10% neutral buffered formalin. Then the brains
were embedded in paraffin and 10 micron sections were taken. The brains were
cut coronally and every fifth section was collected and stained with hematoxylin
and eosin.

Statistics. The data collected from the behavioural experiments were treated
by means of Mann-Whitney U-test.
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RESULTS

Histology

Unilateral intravemtricular injection of kainic acid in a dose of 0.1 pg
was found to cause neuronal degeneration of hippocampal pyramidal
cells in the subfield CA 3/CA 4. Additional damage included small de-
crease of neuronal density in the hippocampal subfield CA; and the
layers V and VI of the neocortex above the injection site. The histo-
logical documentation was presented elsewhere (13).

Aggressive behaviour

Effects of kainic acid lesion on electrical footd
shock aggression. Relatively selective lesion of the hippocampal
pyramidal cells with kainic acid (0.1 pg) considerably prolonged the total
fighting time and increased the number of fighting positions lasting from
51 to 60 sec. These effects have been shown from 24 h up to 480 h after
kainic acid injection (Figs. 1 and 2).

Effect of atropine, pilocarpine and morphine on
the aggressive behaviour in sham-rats (Figs. 3 and 4).
Atropine in a dose of 5.0 mg-kg™!, administered IP 30 min before the
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Fig. 1. Footshock-induced aggressive behaviour in the rats after lesion of the

hippocampal pyramidal cells with kainic acid; kainic acid was administered 24, 120,

240 and 480 h before the test; each value: mean of the total time of aggression in

8 pairs of the animals; 1 — sham-lesioned; 2 — kainic acid 0.1 pg; values of kainic

acid were compared with those found in sham-lesioned; * P<0.01 for the entire
period of observations
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Fig. 2. Effect of the lesion of the hippocampal pyramidal cells with kainic acid on

the time-schedule of the episodes of fighting; episodes lasting 1—5, 6—10, 1120,

20—30, 31—40, 41—50 and 51—60 were scored during 10 min. test; kainic acid was

administered 24, 120, 240 and 480 h before the test; each point: mean of 8 deter-

minations; 1 — sham-lesioned, 2 — kainic acid 0.1 pg; values of kainic acid in

both doses were compared with those found in sham-lesioned; P<0.05, filled squares;
P<0.01, doubled squares
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Fig. 3. Effect of atropine, pilocarpine and morphine on footshock induced aggressive
behaviour in the rats after lesion of the hippocampal pyramidal cells with kainic
acid; kainic acid at the dose of 0.1 ug was administered 10 days before the test;
atropine (5.0 mg - kg—1), pilocarpine (1.0 mg-kg~!) and morphine (1.5 mg-kg~1) were
administered 30 min before test; each value: mean of measurements in 8 pairs of
the animals; values of the kainic acid-lesioned rats treated with atropine, pilocar-
pine or morphine were compared with those of the kainic acid-lesioned+saline;
values of sham-lesioned rats treated with the above drugs were compared with
those of sham-lesioned +saline; values of sham-lesioned rats treated with the above
drugs were compared with those of sham-lesioned-+saline; * P<0.05 ** P<(.01
(Mann-Whitney U-test)
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Fig. 4, Effect of the lesion of hippo- o—o — 1
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acid+saline were compared with
those of kainic acid+atropine (P<
<0.05 filled squares, P<0.01 doubled
squares). Middle panel: 1 — sham-
-lesioned +saline, 2 — kainic acid+
+saline, 3 — sham-lesioned+pilo-
carpine 1.0 mg-kg~!, 4 — kainic
acid+pilocarpine; values of sham-
-lesioned +pilocarpine were compa-
red with those of sham-lesioned+
+saline (P<0.05 filled triangles, P<
<0.01 doubled triangles); values of
kainic acid+pilocarpine (P<0.05
filled squares). Lower panel: 1 — S 60 M- 2-30 I 450 H60 S

sham-lesioned +saline, 2 — kainic acid+saline, 3 — sham-lesioned+morphine
1.5 mg-kg-1, 4 — kainic acid+morphine; values of sham-lesioned+morphine were
compared with those of sham-lesioned+saline (P<<0.05 filled triangles); values of
kainic acid+saline were compared with those of kainic+morphine (P<0.05 filled

squares)
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test did not affect the intensity of the aggressive behaviour regarding
the total fighting time and the number of fighting positions in sham-
-operated rats. On the other hand, pilocarpine at the dose of 1.0 mg- kg™
(IP, 30 min before the test) comsiderably increased the fighting time
(P<<0.01), and the number of fighting positions lasting 6-—10 sec and
51—60 sec. Morphine, administered IP at the dose of 1.5 mg-kg™!
(30 min) significantly shortened the total fighting time in the sham-
-lesioned animals but failed to influence the number of fighting positions.
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Effect of atropine, pilocarpine and morphine on
the aggressive behaviour in the kainic acid-lesion-
ed rats (Figs. 3 and 4). Atropine significantly shortened the total
fighting time (P<{0.01) and considerably decreased the number of fight-
ing positions lasting 51—60 sec in the KA-lesioned rats. However, pilo-
carpine did not increase aggression scores in the KA-lesioned rats. More-
over, morphine was also ineffective regarding the inhibition of the ag-
gressive behaviour in the KA-lesioned rats.

DISCUSSION

The most characteristic feature of the KA administration was a de-
generation of the pyramidal cells within the hippocampal area. It is of
particular interest that the imitial symptoms of the degeneration were
reported to occur as early as 3 h after injection of the neurotoxin (22).
The results shown in the present experiments indicate that relatively
selective lesion of the hippocampal pyramidal cells with KA markedly
increases the aggressive behaviour in the rats. Specifically, the total
time of fighting has been greatly prolonged in the KA-lesioned rats
which additionally exhibited a significant increase in the long-lasting
fighting positions. However, the apparent increase of the aggressive be-
haviour was attenuated by atropine which was ineffective regarding
electric footshock-induced behaviour in the sham-rats. These observations
may suggest that cholinergic mechanisms have been involved in the
facilitation of aggression in the KA-lesioned rats.

Hippocampal pyramidal cells project to the lateral septum (5, 20)
where they contribute to the feedback regulation (via GABA-ergic in-
terneurons) of the cholinergic cells (17, 18, 19). A partial liberation of
the cholinergic neurons from the feedback control, involving the intact
pyramidal projection, might be responsible for the increase of the ag-
gressive behaviour in the KA-lesioned rats. In a separate paper, we
reported on a decrease in the activity of glutamic acid decarboxylase
(an enzyme synthetizing GABA) and in the level of GABA in the hippo-
campus of the KA-lesioned rats (14). On the other hand, GABA-ergic
stimulation was shown to inhibit the aggressive behaviour (16) so the
GABA deficit in the KA-treated rats might be another factor potentiat-
ing the aggressive response.

Furthermore, pilocarpine was shown to enhance significantly the
fighting time and the number of fighting positions in the sham-operated
rats, which is in a good agreement with the results obtained by Ro-
linski and Herbut in mice (24), while it failed to influence ag-
gression scores in the KA-lesioned animals. One may assume, that in
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the KA-treated rats the septal-hippocampal system, deprived of the
feedback inhibition, is totally activated and this might be the reason for
the lack of any pilocarpine effect.

In addition, morphine was ineffective regarding aggressive behaviour
in the KA-lesioned rats but significantly reduced the total time of fight-
ing in the sham-control rats. There is a concurrence of opinion that
B-endorphin, among other neurotransmitters, may affect the activity of
the septal cholinergic neurons (21). Moreover, it has been shown that
enkephalins may inhibit intrahippocampal inhibitory interneurons (15)
and increase a discharge of the hippocampal pyramidal cells. (7). These
findings directly demonstrated that opiate system exhibited inhibitory
effects upon the septal cholinergic neurons not only at the level of the
medial septum but also in the hippocampus. The attenuation of the
inhibitory effects of morphine in the KA-lesioned rats fits well this
hypothesis. On the other hand, it should be émphasized that the hipo-
campal pyramidal cells project also to the hypothalamus (28). The hypo-
thalamus has been suggested to be of importance in the control of ag-
gressive behaviour in rats (1). Taken together, it is not clear whether
the septal-hippocampal system is fully responsible for the observed be-
havioural changes following KA-lesion. Moreover, recent biochemical
data gave evidence for the existence of a specific cholinergic system in
the dorsal hippocampus responsible for stress-induced behavioural sup-
pression (26).

It is of particular interest that the KA-lesioned mice exhibited higher
susceptibility to chemoconvulsions (3, 12), and the activity of some anti-
convulsant agents was distincetly reduced in such animals (4). These re-
sults were also interpreted in terms of a disturbed feedback control of
the septal cholinergic cells. In summary, it is noteworthy that the septal
region has complex neuronal inputs involving different neurotransmitters
which may modulate behavioural responses of different types (30). Even
so, further investigations, possibly with the neurotoxins more selectively
destroying neuronal cell bodies, are required to elucidate the common
places and neurotransmitters involved in producing the behavioural phe-
nomena reported in the present paper.
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STRESZCZENIE

Wywolywane stymulacjg elektryczng agresywne zachowanie sie szczuréw by
nasilone po dokomorowym podaniu kwasu kainowego (0,1 ng na szczura), wywol
jgcego uszkodzenie komoérek piramidalnych hipokampa. Atropina hamowala wzrc
agresywnos$ci u szczuréw poddanych dziataniu kwasu kainowego, natomiast n
wplywala na parametry agresji u zwiérzat kontrolnych. Natomiast pilokarpi
wzmagala agresywne zachowanie sie szczuréw kontrolnych, lecz nie zmieniala ;
u zwierzat, ktérym uprzednio podano kwas kainowy. W przeciwienstwie do te:
morfina nie wplywala na agresywnosé zwierzat uszkodzonych, ale silnie hamowa
ja u szczuréw kontrolnych. Uzyskane wyniki wskazujg na role komérek piran
dalnych hipokampa w regulacji agresywnego zachowania u szczuréw.
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PE3IOME

Bbi3BaHHOE 3JIeKTPUYECKON CTUMYJAALMEH arpeccMBHOE IIOBEJAeHME KDBIC yCHUII
BaeTCA I0Cje NPUMEHEHMA B JlaTePaNbHbIM KeJyHO4YeK MO3ra KauHOBOM KMCJIO1
(0,1 pr Ha KpBICY), BbI3BIBAIONIEN IOBPEXKAEHME NUMPAMUIAAJIBHBIX KJIETOK TMIIN
KaMmna. ATPOIMH TOPMO3UT YCHMJEHME arpecCUBHOCTU KPhIC IOABEPTHYTBIX AEICTBI
KauHOBOJ KMCJIOTHI, a HE BIMAET HA NAPaMeTPhl arPecCuu KOHTDOJBLHBIX KUBOTHE
3aT0 IUIOKaPIIMH YCUIMBAeT arpecCHBHOE IIOBEJEHUE KOHTPOJNBLHBIX XUBOTHBIX, a
BJAMAET HAa arpeCCHMBHOCTD KDBIC MOABEPTHYTBHIX AEHMCTBUIO KauHOBOM KUCIOTHI, B np
TUBODEYMM € 3TMM MOD(MH He BJMAET HA ArPDECCUBHOCTH FKMBOTHBIX IIOABEPTHYTE
IEeMCTBUIO KaWHOBOM KMCJOTBRIL, HO OTYETIMBO MTODMO3UT €€ y KDBIC KOHTPOJLHE
Ha oOcCHOBe NIpOBEJEHHBIX MCCIEAOBAHMIA MOJKHO CAEJATh BBIBOA, YTO IMUPaMMIAJ
Hble KJIETKM TUNNOKaMna y4acTBYIOT B PETryJaAlUMM arpecCMBHOIO IIOBENEHMS KpE






