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Study of the neurochemical basis of chronic stress,
aggression and formation of killer rats is one of the ac-
tual problems of modern neurobiology. This problem is
of great importance regarding former Soviet republics,
where the number of criminal actions and murders rose
2-3 times within the last 10 years. There is no doubt that
one of the main reasons of increased aggressive attacks
is of social nature: unemployment, business failures, bank-
ruptcy, alcoholism, drug abuse, etc.

With the use of the motivation-emotional analysis
method, a strong link between stress, aggression and
murder has been determined. Each form of emotional out-
burst is integrated by its own psychophysiological state
and is realised by the CNS using specific neurotransmit-
ters and neurochemical reactions. In particular, electrical
stimulation of the central and centromedial amygdaloid
nuclei increases fight and fear reactions. Aggressive out-
bursts may be elicited by stimulation of central grey mat-
ter, the dorsal and lateral hypothalamus. The increased
aggression evoked by stimulation of amygdala is associ-
ated with a decrease in the concentration of norepineph-
rine and serotonin in brain.

A similar phenomenon has been observed in cats with
decerebrating lesion. Bilateral lesions of the septal nuclei
induce aggressiveness that is not always goal-directed.
Septal lesions increase aggressive behaviour in the mouse-
killing rats as they attack mice and frogs [1].

Unfortunately, despite serious achievements in func-
tional neurochemistry, there are no significant data that
would allow us to determine cause-and-result interaction
between psychological and neurochemical processes. In
our opinion, these particular gaps could be filled out by
psychological attitude to this particular problem, using
the model of “killer-rats”. As shown previously, forma-
tion of the killer rats is the result of chronic stress and
development of pathological aggressiveness [2].

Bearing in mind the above mentioned, we have con-
ducted research of rats’ behaviour and neurochemical
correlations, during natural and pilocarpine stress, lead-
ing to pathological aggression and formation of killer
rats.

Materials and Methods
Experiments were performed on outbred male albino

rats weighing 100-250g. Rats with initially aggressive
nature were selected by Miczek method [3]. Behaviour of
the animals was assessed in the “open field”, and tested
with the computer [4].

Quantitative assessment of biogenic amines was
implemented, using HPLC with electrochemical detector
(“WATERS”). Biogenic amines from the brain extract were
isolated using aluminate reaction [5]. Protein concentra-
tion was detected by Lowry et al. [6].
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Stress was modelled for 4 weeks using Miczek method
with modification [3]. The rats were maintained in indi-
vidual cages at the 1:23 light/dark regimen and 15-180C.
Control animals were kept 5 per cage at the 14:10 light/
dark regimen (normal circadian rhythm). The animals were
decapitated after 1 month of exposition.

In order to investigate changes in the number of
lectinbinding receptor during chronic stress, the erythro-
cyte mass was obtained by blood centrifugation at 700g
for 10 min and 3-fold washout in physiological saline.
The erythrocyte membrane surface was examined using
lectins with different specificity to carbohydrates: Val,
mistletoe lectin from Viscum album L. (galactose, sialic
acid); PNA, peanut lectin from Arachis hypogaea L. (β-
D-galactose, lactose); PSA, pea lectin from Pisum sativum
L. (mannose, glucose); WGA, wheat lectin from Triticum
aestivum L. (N-acetyl-D-glucosamine, N-acetyl-D-glu-
cosamine oligomers, sialic acid oligomers); and SNA, el-
der lectin from Sambucus nigra L. (sialic acid - NANA).

Binding of lectins to erythrocytes was measured
using the method of Lutsik et al. [7]. The specific activity
(SA) of lectins was calculated as follows:

SA=T/C,

where SA is the limit dilution of 1 mg protein causing
hemagglutination; T is hemagglutination titer or protein
dilution in the last well with agglutination; and C is the
protein concentration (mg/ml).

The lectin-binding activity of glycoconjugates of
erythrocyte ghosts was studied by the hapten inhibitory
method [7] and was estimated as the ratio between lectin

and lectin-binding protein. Lectin-binding glycoconju-
gates of erythrocyte ghosts were extracted with Triton
X-100 in phosphate buffered saline [8]. Erythrocyte
ghosts were homogenized with 0.1% Triton X-100 on ice.
The suspension was centrifuged at 16,000g for 20 min.
The supernatant was dialyzed against agglutination buffer
(40 Mm K+-phosphate and 0.9% NaCI, pH7.4) for 24 h.
The pellet was treated with 0.5% Triton X-100, after cen-
trifugation and dialysis, the pellet was treated with 1%
Triton X-100.

Analytical electrophoresis was performed in the pres-
ence of 0.1% SDS under dissociation conditions. The
study was conducted in a PAAG gradient (10-25%) on a
Hoefer Scientific Instruments SE-200 device. The gels
were stained with 0.2% Coomassie blue G-250. Carbohyd-
rate concentration in proteins was estimated in the Schiff
reaction. The results were analysed by Student’s t-test.

Results
During the first series of the experiments, quantita-

tive distribution of biogenic amines in various parts of
the brain was estimated during natural and pilocarpine
aggression. Intravenal injection of 12.5 mg/kg pilocarpine
significantly changed the behaviour of the rats.

Exploratory and stereotypical activity differed in natu-
rally aggressive rats against the control group: the num-
ber of grooming increased.

Bearing in mind that the aggressiveness increases
with the stimulation of lateral hypothalamus, midbrain
and hippocampus, quantitative distribution of biogenic

Table 1

Quantitative distribution of biogenic amines (mg/g) in various regions of the rat’s brain
during natural and pilocarpine aggression

•P<0.01, ••P<0.05 in comparison to the control.

Aggression 
Brain region Control 

Natural Pilocarpine-induced 

Midbrain 
 Dopamine 

Norepinephrine 
Serotonin 

0.32±0.04 
0.48±0.02 
0.50±0.05 

0.80±0.13 
0.68±0.21•• 

0.35±0.06•• 

0.52±0.03•• 

1.20±0.18•• 

0.25±0.02• 

Hypothalamus 
Dopamine 

Norepinephrine 
Serotonin 

0.58±0.05 
1.45±0.08 
1.12±0.09  

0.95±0.07• 

2.24±0.13•• 

0.62±0.02• 

0.73±0.04• 

2.83±0.20• 

0.45±0.06• 

Hippocampus 
Dopamine 

Norepinephrine 
Serotonin 

0.61±0.09 
0.75±0.06 
0.48±0.04 

0.85±0.02•• 

1.12±0.17•• 

0.24±0.04•• 

0.74±0.04• 

1.18±0.12•• 

0.28±0.06•• 
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bioqimia

qronikuli stresi da paTologiuri agresia rogorc
mkvleli organizmebis formirebis winapiroba

n. aleqsiZe

akademiis wevri, i. javaxiSvilis Tbilisis saxelmwifo universiteti, biologiis instituti

Seswavlilia qronikuli stresisa da paTologiuri agresiis neiroqimiuri safuZvlebi, rac
mkvleli organizmis fsiqoemociur substratad aris miCneuli da Tavis tvinSi biogenuri aminebis
metabolizmis darRvevasTanaa dakavSirebuli. agresiisa da mkvlelobis prevenciis mizniT, avtori
gvTavazobs: 1. Seiqmnas skolebSi fsiqologebis instituti da kompiuteruli banki TiToeuli
moswavlis mier fsiqoemociuri qceviTi reaqciebis darRvevis Sesaxeb; 2. yvela moswavleSi
citogenetikurad iqnes Seswavlili qromosomebis Tvisobrivi ganawileba genetikurad gansazRvruli
agresoris dasadgenad. 3. eriTrocitebis doneze dadgindes darRvevebi membranebis struqturul
organizaciaSi qronikulad stresuli da paTologiurad agresiuli axalgazrdebis gamosavlenad.
miRebul iqnes gadamwyveti zomebi fsiqoemociuri darRvevebis mqone bavSvebis medikamentozuri Tu
kognituri mkurnalobisaTvis.
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