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The article concerns study of the role for serotonin-modulating anticonsolidation protein (SMAP),
being in linear relation with serotonin level (Mekhtiev, 2000), in regulation of aggressive behavior.
The studies were carried out on aggression (induced by electroshock) and dominant (food depriva-
tion) behavioral models, on the 5-month-old Wistar male rats. The studies were conducted in 5 series.
In the 1% series of studies, undertaken on the aggression model with application of solid-phase
ELISA-test, significant downregulation of SMAP (p<0.001) was revealed in the amygdala of the ag-
gressive animals. In the 2" series of studies, conducted on the aggression model, single intracerebral
administration of SMAP brought to significant increase (p<0.001) of aggression in the animals of the
experimental group, while administration of heat-inactivated SMAP to the control animals did not
have any effect. In the 3" series of studies, carried out on the dominant model, sharp downregulation
of SMAP (p<0.001) in the amygdala of the dominant animals, though sharp upregulation of SMAP
(p<0.001) in their platelets (corresponds to its level in the brain cortex) relatively to the intact animals
were observed. In the 4" series of studies, undertaken on the dominant model, a single intracerebral
administration of SMAP to the submissive animals brought to their transformation into the dominant
animals (p<0.001), maintaining for 7-day timeframe, while inactive SMAP did not have any effect.
In the 5" series of studies, conducted on the dominant model, a single intracerebral administration
of rabbit polyclonal anti-SMAP antibodies to the dominant animals transformed them into the sub-
missive animals for 1 day (p<0.001), while non-immune y-globulins did not reveal any influence. On
awhole, the obtained data indicate to positive regulation of aggressive behavior in the rats by SMAP
and its downregulation in the amygdala of the aggressive animals in both behavioral models is, ap-
partently, attributed to high rate of its utilization.

Keywords: aggressive behavior, dominant behavior, Wistar male rats, serotonin-modulating anticonsoli-
dation protein (SMAP), polyclonal anti-SMAP antibodies, indirect ELISA-test.

INTRODUCTION

Aggressive behavior belongs to inborn behav-
iors. Aggressive behavior is a complex form of so-
cial behavior which advents in a context of protec-
tion or capture of resources (Nelson & Trainor,
2007). Animals demonstrate aggression to protect
themselves or their progeny from the predators, to
struggle for female and food and to maintain a cer-
tain hierarchic position inside the community
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(Popoda, 2008). Usually such behavior is charac-
terized as undisguised behavior having goal of
bringing physical damage to the other individuum
(Soma et al., 2008). Some researchers define ag-
gressive behavior as a type of agonistic behavior
directed to establishment of the hierarchic domi-
nance, getting an access to any goal or a right to
any territory (Haind, 1975).

Different researchers for a long time with ap-
plication of different behavioral models showed
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that aggressive behavior is triggered by neurotrans-
mitters within the certain brain structures and the
most part of such regulation is referred to neuro-
transmitter serotonin. The bodies of serotonergic
neurons are located within the nucleus raphe in the
brainstem and their axons reach each brain struc-
ture (Hornung, 2012). The most body of publica-
tions, related to the aggression studies on animal
models, show that there is an inverse correlation
between serotonin level in the brain structures and
aggression (Carrillo et al., 2009; De Boer et al.,
2009). It has been proved that upregulation of ser-
otonergic system on account of precursors of sero-
tonin, serotonin specific reuptake inhibitors or ag-
onists of of receptor 5-HT 4 inhibit aggressive be-
havior (Nelson & Trainor, 2007). Furthermore,
damage of nucleui raphe, being a locus of conglo-
meration of serotonergic neurons, brought to
clearly seen downregulation of serotonin and in-
crease of aggression in the rats: 50% of the rats,
subjected to surgical damage of nuclei raphe and
which had not demonstrated predatory agression
prior to operation, turned to become “killers” of
mice. The inverse correlation between downregu-
lation of serotonin and increased level of aggres-
sion in the rats after damage of nuclei raphe was
analyzed by administration of serotonin precursor
—b-oxytryptophan to a part of the rats after surgery,
leading to suppression of aggression (Popova et al.,
1978). Along with it, a number of scientists have
demonstrated the existence of direct correlation be-
tween serotonin level and manifestation of aggres-
sion: in their studies 10-fold upregulation of sero-
tonin level in the organism of the knock-out mice
for tryptophan dehydrogenase synthesizing gene
was accompanied with acute increase of aggres-
sion level (Shih et al., 2000).

In our earlier studies, undertaken on the condi-
tioned shuttle-box model, the significant increase of
aggression level in the rats after intracerebral admin-
istration of serotonin-modulating anticonsolidation
protein (SMAP; Guseynov, Mekhtiev, 2013), being
in linear relation with serotonin level (Mekhtiev,
2000), was noticed visually (biting the researcher’s
hand and gnawing the iron grid floor by specimens
of the experimental group). Basing on these obser-
vations, the goal of the present study was the analy-
sis of the role of SMAP in realization of aggressive
behavior in the rats on two behavioral models de-
signed for studies of aggressive behavior.
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MATERIALS AND METHODS

SMAP was purified from the cow brains
through the following 2-step potocol: 1) precipita-
tion of proteins under final 40% concentration of
ammonium sulfatis; 2) gel-chromatography on the
column (3 X 60 cm) of Sephadex G-150
(Mekhtiev, 2000). SMAP purification was carried
out under screening control of solid-phase indirect
ELISA-test with application of anti-SMAP immu-
noglobulins.

Anti-SMAP  polyclonal  immunoglobulins
were produced as a result of 6-month immuniza-
tion of 4 rabbits with the purified SMAP always in
a mixture with equal amount of Freund’s complete
adjuvant (Sigma, Germany). Blood samples were
taken from the edge ear vein, serum was saved and
immunoglobulins were precipitated by adding
100% ammonium sulfate solution to final concen-
tration of 50% in the mixture.

Anti-SMAP polyclonal antibodies were puri-
fied from the solution of anti-SMAP immunoglob-
ulins through immuno-affinity chromatography on
the column (1 x 5 cm) of CNBr-Sepharose 4B with
priorily immobilized SMAP. The elution proce-
dure of the anti-SMAP antibodies, bound specifi-
cally to the affinity resin, was realized with appli-
cation of chaotropic agent — 3 M potassium
rodanide. In one cycle approximately 12 mg of
anti-SMAP antibodies were purified from the col-
umn.

The studies were realized on the male Wistar
rats having body mass 150-180 g. Behavioral stud-
ies were carried out on the aggression model, based
on an electric shock stimulus, and on the dominant
model, based on confronting for food.

In the 1* series the studies were carried out on
the aggression model. In this model the aggression
was triggered in the animals by applying the pulses
of electric current to the the animals’ limbs through
the iron grid floor (Rylov, Sherstnev, 1984). Elec-
tric current was changed in a step-wise manner
from 0.048 to 1.5 mA. Within each group the ani-
mals were culled into pairs and each pair of the rats
were put into the experimental box daily, for 5
days. The fights between the animals, initiated by
electric current of the highest value (1.5 mA), were
estimated as score 1, though the fights under the
lowest value of electric current (0.048 mA) — as
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score 42, and the fights, initiated by the intermedi-
ate values of electric current, — by the scores within
1-42 points, deployed in an inverse order to the val-
ues of applied electric current. At the end of 5" day
all animals were sacrificed and amygdala was
taken off from their brains, water soluble proteins
were extracted and used as antigens in solid-base
indirect ELISA-test on the polystyrene plates of
moderate adsorption (Sigma, Germany) at a con-
centration of 20 pug/mL in the Tris-HCI buffer (pH
8.6). Anti-SMAP rabbit immunoglobulins were
used as the first antibodies in the buffer designed
for antibodies (pH7.2), and anti-rabbit goat anti-
bodies with conjugated horseradish peroxidase
were used as the second antibodies in the same
buffer. Orthophenylendiamine was used as a sub-
strate for peroxidase. The reaction was stopped 20
min later from addition of substrate solution by
pouring 50 uL of 3 M NaOH into each well. The
results of the reaction were registered in the pho-
tometer for the ELISA-test “Spectra Max 2507
(Molecular Devices Co., USA) on the wavelength
492 nm.

In the 2™ series the studies were carried out
again on the aggression model. The pairs of ani-
mals were put into the experimental box of the ag-
gression model for 5 days, daily and thereafter 3
groups were formed: 1) intact group (n=12); 2)
control group —the animals were administered with
inactive SMAP (60°C on a water bath, 35 min;
n=12); 2) experimental group (SMAP; n=18). The
preparations were administered once, into the brain
lateral ventricle of the anesthetized rats (sodium
etaminali, 40 mg/kg of body mass) at a concentra-
tion 1.5 mg/ml, in a volume 10 pL, in saline, 24 h
prior to the behavioral 10-day studies, in which
fighting scores, according to the schedule de-
scribed above, were awarded daily to each of the
rat. In this series application of electric pulses was
started from the lowest values, in step-wise manner
increasing them to the values that induced fighting
between animals.

The studies of the 3" series were carried out
on the dominant model. The experimental box,
constructed from transparent organic glass, is com-
posed of two compartments of sizes 30 X 30 X 20
cm, connected by a narrow tunnel with a small
feeder, containing sweet milk, in its center (Mala-
tynska et al., 2007). At the beginning of the studies

all the rats were culled into pairs and numbered.
Prior to the beginning of the studies all rats were
deprived for food for 2 days, while water was given
ad libidum. At the end of the 5" day of the daily
studies the animals were sacrificed, amygdala was
removed from their brains, water soluble proteins
were extracted and used as antigens in the indirect
ELISA-test which was conducted as in the 1% series
of studies. In parallel, blood samples were taken
from the rats into the sample tubes containing 5%
EDTA as anticoagulation agent, centrifuged at
1,000 g for 10 min, plasma was saved into the Ep-
pendorf sample tubes and centrifuged at 9,000 g for
20 min for platelet precipitation, which were saved
and used as antigens in the indirect ELISA-test at a
concentration of 20 pug/mL.

In the 4™ series the studies were carried out on
the dominant model. At the beginning of the stud-
ies all the rats were culled into pairs and numbered.
Prior to the beginning of the studies all rats were
deprived for food for 2 days. Thereafter the paired
and numbered animals were culled into 3 groups:
1) intact group (n=6); 2) control group — inactive
SMAP (n=6); 3) experimental group — SMAP
(n=6). During the experiment the animals of the
control and experimental groups were paired only
with the animals from the intact group.The prepa-
rations were administered the same way as in the
2" series of studies. The studies were conducted
for 5 min, daily, during 5 days. On the 5" day the
duration of staying of each animal at the feeder was
recorded.

In the 5" series the studies were realized on
the dominant model. The animals were culled into
3 groups: 1) intact group (n=10); 2) control group
— rabbit non-immune y-globulins (n=10); 3) exper-
imental group — anti-SMAP polyclonal antibodies
(n=10). During the experiment the animals of the
control and experimental groups were paired only
with the animals from the intact group. The prepa-
rations were administered the same way as in the
2" series of studies, except for their concentration:
they were used at concentration 1.8 mg/mL.

The results of studies within each series were
grouped, averaged within each group and analyzed
on t-Student’s criterion.
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RESULTS

In the 1*" series of studies in the course of 5-
day experiments on the aggression model gradual
increase of the minimal values of electric current
(corresponds to decrease of aggression scores),
submited to the iron grid floor, that induced fights
between specimens within pairs, was noticed.

The observed increase of the minimal values of
electric current (i.e. decrease of aggression scores),
required to induce fights between the rats, reflects
elevation of the threshold level of onset of aggressive
behavior at the end of 5-day experiment. The results
of the indirect ELISA-test showed noticeable
downregulation of SMAP in the amygdala of the rats
of the aggressive group relatively to the intact group
(0.088+0.006 vs 0.134+0.002 optic units of
extinction, p<0.001), though in the amygdala of the
submissive animals the level of SMAP (0.126+0.002
vs. 0.134£0.002 optic units, p<0.01) changed less
prominently (Fig. 1).

Optic units of extinction, 492 nm
o
53

Intact group Submissive Aggressive

Fig. 1. Levels of SMAP in the amygdala of the rats in
aggression model.**-p<0.01,***- p<0.001.

In the 2™ series of studies gradual increase of
fighting scores, reflecting correspondent signifi-
cant gradual decline of the threshold of aggression
initiation from the score 6 prior to SMAP admini-
stration to the score 24 (p<0.001) on the 10" day
since single intracerebral administration of SMAP
was revealed (Fig. 2). At the same time no effect of
inactive SMAP on the threshold of aggression
initiation throughout of 10-day research was noted.
These results indicate to strengthening of aggres-

100

sion in the rats under the effect of a single intra-
cerebral administration of SMAP.
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30

*k*k *k%k
25

*k%k

20

15

L

\ Injection of SMAP or
inactive SMAP

Aggression scores
*
*
*
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Fig. 2. Dynamics of levels of aggression after i.c.
administration of SMAP. *** - p<0.001.

In the 3" series of studies, carried out on the
dominant behavioral model, the results of the
indirect ELISA-test studies showed sharp downre-
gulation of SMAP in the amygdala of the dominant
animals relatively to its level of the intact animals
(0.248+0.001 vs. 0.263+0.002 optic units,
p<0.001; Fig. 3). In the amygdala of the submissive
specimens downregulation of SMAP (0.253+0.001
vs. 0.263+0.002 optic units, p<0.001, Fig. 3),
however, less pronounced than in the dominant
animals, was as well observed. In the platelets of
the dominant animals sharp upregulation of SMAP
relatively to the intact animals was noted
(0.253+0.002 vs. 0.237+0.003 optic units,
p<0.001; Fig. 4), while in the platelets of the
submissive animals not too prominent SMAP
upregulation was observed (0.247+0.003 vs.
0.237+0.003 optic units, p<0.05).

In the 4" series of studies, undertaken on the
dominant behavioral model, a single intracerebral
administration of SMAP to the animals, defined as
submissive ones in the preliminary studies, brought
to their transformation into the dominant animals. In
particular, if the staying time at the feeder of the
submissive rats prior to SMAP administration made
109.8+7.3 sec, 24 h after SMAP administration it
grew noticeably up to 180+1.5 sec (p<0.001; Fig. 5).
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The observed effect of transformation of submissive
animals into dominant ones lasted for 7 days and to
the 8™ day the values of staying time at the feeder
declined to 141.7+1.9 sec (p<0.001 relatively to the
values of the 1* day; Fig. 5).
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Fig. 3. Levels of SMAP in the amygdala of the rats in
dominant model. *** - p<0.001.
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Fig. 5. Transversion of the originally submissive rats
into the dominant ones after i.c. injection of SMAP in
the domiunant model. *** - p<0.001.
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Fig. 4. Levels of SMAP in the platelets of the rats in
dominant model. * - p<0.05; *** - p<0.001.

As intracerebral administration of heat-
inactivated SMAP did not have strengthening ef-
fect on the original aggressive level of the submis-
sive animals (Fig. 6), the obtained data indicate to
specific effects of SMAP on animal behavior.
These data support the conclusion on promoting ef-
fect of SMAP on launching aggressive behavior on
the rats, noticed in the 2" series of studies on the
aggression model.

Fig. 6. Effect of i.c. injection of inactive SMAP to the
originally submissive rats in the dominantg model. ***
- p<0.001.

In the 5" series of studies on the dominant
behavioral model a single intracerebral adminis-
tration of anti-SMAP antibodies to the animals,
defined as dominant ones in the preliminary
studies, transformed them into the submissive
animals. In particular, if the staying time at the
feeder of the dominant rats prior to SMAP
administration was 235+7.3 sec, after SMAP
injection it declined drastically to 73+£5.8 sec
(p<0.001: Fig. 7). This transformation of dominant
into submissive animals lasted only for 1 day, then
the values of the “transformed” animals returned to
the original values of staying time at the feeder,
characteristic to the dominant rats (Fig. 7). At the
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same time intracerebral administration of rabbit
non-immune y-globulins to the dominant animals
did not change the level of their aggressiveness
(not shown on the figure).
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Fig. 7. Transformation of the originally dominant rats
into the submissive ones after i.c. injection of anti-
SMAP antibodies in the domiunant model.

*** - p<0.001.

Hence, the data show that both in the aggres-
sion and dominant models significant downregula-
tion of SMAP was revealed in the amygdala and its
upregulation — in the platelets of the aggressive an-
imals. Intracerebral administration of SMAP to the
rats brought to sharp increase of aggression level
on the both models used in the study, especially
prominent increase was noted in the dominance
model under its administration to the submissive
rats. Meanwhile, intracerebral administration of
anti-SMAP antibodies to the dominant rats resulted
in their transformation into submissive ones.

DISCUSSION

Although the role of amygdala as a pacemaker
of aggressive emotions has already been proven by
numerous studies, the brain structure, accepting
plenty incoming afferent pathways from different
brain structures including the amygdala and being
the final brain structure responsible for regulation
of animal’s aggressive behavior, is the brain cor-
tex. Serotonin turnover, its synthesizing and de-
grading enzymes and types of receptors in the
platelets are similar to those in the brain cortex (Da
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Prada et al., 1988; Elliot & Kent, 1989; Collins et
al., 2012). Basing on these grounds, the observed
upregulation of SMAP in the platelets of the ag-
gressive rats, apparently, reflects its upregulation
in the brain cortex of these animals. In this relation,
in our earlier studies, undertaken on the condi-
tioned shuttle box model, noticeable upregulation
of SMAP in the brain cortex of the control animals,
which received acoustic stimulus (unconditioned
stimulus) and electric shock (conditioned stimulus)
in an uncombined, occasional order and, for this
reason, got numerous unescapeable electric
shocks, was observed (Guseinov, Mekhtiev, 2013).
From this standpoint, intracerebral administration
of SMAP to the submissive rats, whose original
baseline levels of SMAP in the platelets (corres-
pond to SMAP levels in their brain cortex) were
lower than in the aggressive animals, should bring
to their significant upregulation in the brain cortex
and further — to elevation of aggression levels that
was actually observed in the present study.

The effect of intracerebral administration of
anti-SMAP antibodies on the aggressive annimals,
“transforming” them for short-term timeframe (for
1 day) into the submissive ones, can reasonably be
explained from standpoint of baseline upregulation
of SMAP in the platelets (corresponds to its upreg-
ulation in the brain cortex) of the aggressive ani-
mals. In this case, the administered antibodies
through blocking the SMAP activity bring to de-
cline of the level of the active molecules of SMAP
in the brain cortex of the submissive animals,
which was manifested finally in lowering the ag-
gression level to the one, characteristic to the sub-
missive specimens.

The observed noticeable changes of SMAP
level in the platelets of aggressive animals can be
used in psychiatry as a biochemical marker of ag-
gression in psychiatric disorders to prevent
splashes of their manifestations or in revealing
criminals, involved in terroristic affairs.

According to the available literature data,
amygdala is the subcortical brain structure respon-
sible for formation of aggression as emotion
(Gouveia et al., 2019). From this standpoint, stud-
ies of the amygdala are very important for under-
standing the mechanisms of aggression formation.
The revealed downregulation of SMAP in the
amygdala of the aggressive animals on the both be-
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havioral models, designed for the studies of aggres-
sive behavior, is consistent with the results of the
experimental studies on the animal models by other
researchers, demonstrating inverse correlation be-
tween downregulation of serotonin and increased
level of aggression (Popova, 2008).

Looking through the most body of publica-
tions demonstrating existence of the inverse corre-
lation between downregulation of serotonin in the
brain structures and increased level of aggression,
it is important to perceive the underlying mecha-
nism. The level of serotonin in the brain structures
is defined by interplay of two types of enzymes:
serotonin-synthesizing  (tryptophan-hydroxylase
type 2) and serotonin-degrading (monoamineoxi-
dase A) enzymes. The found low level of serotonin
in the amygdala of the aggressive animals might be
due to either low activity of serotonin-synthesizing
enzyme, or, otherwise, to upregulation of seroto-
nin-degrading enzyme. In our studies downregula-
tion of SMAP in the amygdala of the aggressive
rats, apparently, is related to high rate of its utiliza-
tion by the cells of this structure. This idea is based
on the important role for SMAP in regulation of
aggressive behavior, bringing to its mighty utiliza-
tion, and supported by the observed increase of ag-
gression level under intracerebral administration of
SMAP both in the rats on the aggression model,
and in the submissive rats on the dominant model.
Conversely, decline of the aggression level as a re-
sult of antibody-mediated downregulation of
SMAP molecules confirms its active engagement
in positive regulation of aggressive behavior.
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Sicovullarin iki miixtalif davranis modelinds serotoninergik sistemin
agressiya davranisinin tanzimindas istirakinin tadqiqi

12 Hiiseynov Sovqi Bayram oglu, * Mehdiyev Arif Dlévsad oglu
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Mogals serotonin ilo diiz miitanasib slagada olan (Mekhtiev, 2000) serotonin-modullu antikonsolidasiya
ziilalinin (SMAZ) aqressiya davranisinin tonziminds istirakinin todqiqine hasr olunmusdur. Tadqiqatlar 5
ayliq erkok Vistar sigovullar1 {izerindo aqressiya (elektrosok ilo yaradilan) vo dominant (qidadan mohru-
metmo ilo yaradilan) davranis modellorinds aparilmigdir. 5 seriya todgiqatlar hoyata kegirilmigdir. 1-cCi se-
riya todqiqgatlar agressiya davranist modelinds va bark-fazali ELISA testinin totbiqi ilo aparilmisdir, aqres-
siv heyvanlarin amiqdalasinda SMAZ-1n (p<0.001) migdarinin nazaragarpacaq doracads azalmasi miisahi-
do edilmigdir. 2-ci seriya tadqiqatlar aqressiya davranigi modelinds aparilmigdir, SMAZ-1n eksperimental
heyvanlara birdofslik beyindaxili yeridilmasi aqressiya soviyyasinin shamiyyatli derocads (p<0.001) yiik-
solmasinag sobab oldugu halda yiiksok temperaturun tosirindon inaktivlesdirilmis SMAZ-1n kontrol heyvan-
lara yeridilmosi heg bir tosir gostormamisdir. 3-cii seriya tadqiqatlar dominant davranis modelinds aparil-
migdir. SMAZ-1n migdarinin dominant heyvanlarin amiqdalasinda intakt heyvanlara nisbaton kaskin gokil-
do asag1 diisdiiyti (p<0.001) halda, onun miqdar1 aksina olaraq dominant heyvanlarin trombositlorinds in-
takt heyvanlara nisboton ciddi doracads yiiksalmisdir (p<0.001; beyin qabiginda onun miqdarini oks etdi-
rir). 4-cii seriya tadgiqatlar dominant davranis modelindo SMAZ-1n maglub (submissiv) heyvanlara birds-
falik beyindaxili yeridilmasi ilo hoyata kegirilmis vo naticads bu heyvanlar dominant heyvanlara gevrilorak
(p<0.001) va 7 giin bu tstiinliiyti saxlamigdir, lakin inaktivlesdirilmis SMAZ-1n yeridilmoasindon sonra heg
bir dayisiklik miisahids edilmemisdir. 5-ci seriya tadqgiqatlar dominant davranis modelinds SMAZ-a qars1
poliklonal dovsan anticisimlorinin dominant heyvanlara birdofalik beyindaxili yeridilmasi ilo hoyata kegi-
rilmis vo naticads onlar maglub heyvanlara g¢evrilorak (p<0.001) 1 sutka arzinds bu xiisusiyyati saxladiqlari
halda, geyri-immun y-globulinlorin totbiqi heg bir tosir géstormomisdir. Umumilikda oldo edilmis naticolor
gostorir ki, SMAZ aqressiya davranisini giiclondirir vo hor iki davranis modelinds aqressiv hevanlarin
amiqdalalarinda SMAZ-1n miqdarinin asag1 diismasi, giiman ki, onun yiliksok sovviyads utilizasiyasi ila
olagadardir.

Acar sozlor: Agressiya davranigi, dominant davranis, erkok sicovullar, serotonin-modullu antikon-
solidasiya ziilali (SMAZ), SMAZ-a qarsi poliklonal anticisimlor, immuno-enzim analizi
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H3yueHue posiu cepOTOHHHEPIUYECKOil CCTEMBbI B PeryJ/siiii arpecCUBHOI0
MOBe/IeHNs B ABYX MOBEAEeHYECKHX MOEJSAX Y KpbIC

L2 'yceiinos Ilosru Baiipam ority, ' MexTues Apug AJi0Bcaj oriay

Y Unemumym usuonozuu umenu akademuxa A60ymuol Iapaesa HAH Azepbaiioocana,
baxy, Azepbaiioscan
2[1Ikona MEOUYUHCKUX U OUOMEOUYUHCKUX Hayk umenu J{ocakoba
Yuusepcumema SUNY Baghgpano, CILIA

CraTbsl MOCBSIIECHA WM3YYEHHIO DPOJIM CEPOTOHMH-MOAYJIHPYEMOTO AHTHUKOHCOJIMIALMOHHOIO Oeka
(CMADB), Haxopserocst B MpsIMOH 3aBHCHMOCTH OT ypoBHS cepoToHuHa (Mextues, 2000), B perymsmun
arpeccuBHOT0 noBelieHus1. MccnenoBanus ObUTH BBITIONHEHBI HA arpecCUBHON (BBI3BAHHON 3IEKTPHYECKUM
TOKOM) U TOMUHAHTHOH (TIUILEBast ACTIPUBALs ) IOBEACHYECKUX MOJETISX, HA 5-MECSYHBIX caMIax JMHUH
Bucrap. VccnenoBanus ObUH BBITIONHEHHI B 5 cepusax. B 1-if cepun uccnenoBanuii, BBITOIHEHHONW B MO-
JIeJId arpeccuu, ¢ MOMOIIBI0 TBEPA0(ha3HOI0 UMMYHO(DEPMEHTHOTO aHaN3a ObLIO BHISBICHO 3HAUYNTEIh-
Hoe cHikeHue ypoBHs CMAB (p<0.001) B amurane arpecCMBHBIX )KHBOTHBIX. Bo 2-ii cepum mccnenopa-
HUM, IPOBEICHHON B MOJENU arpeccHy, OOHOKPAaTHOE BHYyTpuMo3roBoe BeeaeHue CMAD npuBonuio k
3HAYUTEILHOMY yBeln4eHHI0 ypoBHs arpeccuBHOCTH (P<0.001) y JKMBOTHBIX 3KCIICPUMEHTAILHON
TPYMIIbI, TOT/Ia KaK BBEJICHNE MHAKTUBUPOBAaHHOT0 HarpeBaHueM CMADB KOHTpOJIbHBIM >KHBOTHBIM HE OKa-
3BIBAJI HUKAKOTO BIHUAHUA. B 3-i1 cepum uccnenoBanuii, mpoBeI€HHOW B JOMUHAHTHON MOJieNn, HabIio-
nanochk peskoe camwkenune (P<0.001) ypouss CMAB B amuriasic JOMUHAHTHBIX KUBOTHBIX, TOTIa KAK B HX
TpoMmboIruTax — 3HaunTenbpHoe yBeaudenue (P<0.001) ero ypoBHs (OTpakaeT ero ypoBEHb B KOPE T'OJIOB-
HOT'0 MO3Tra) OTHOCUTEIBHO 3HAUeHUI MHTAKTHBIX KUBOTHBIX. B 4-i1 cepuu nccnenoBaHuii, BEIMOIHEHHOM
Ha JIOMUHAHTHOW MOJENH, OJTHOKPAaTHOE BHYTpUMO3roBoe BBenaeHrne CMADB cyOMHCCHBHBIM KUBOTHBIM
BBI3BAJIO UX TpaHchopManuio B JOMUHaHTHBIX (P<0.001), coxpaHsBIIyIOCs HA TPOTSHKEHUH 7-CyTOUHOTO
MHTepBaja BpeMeHH, B TO BpeMs Kak HHakTUBHpoBaHHBI CMAD He oka3piBajl HUKAKOro BIUAHUA. B 5-if
CepUH UCCIICAOBAaHUH, BHITIOJIHEHHOM HA JOMUHAHTHOW MOJENIH, OHOKPAaTHOE BHYTPUMO3IOBOE BBEICHHE
KPOJIMYBHX MOJUKJIOHANBHBIX aHTUTENI K CMADB NOMUHAaHTHBIM ’KMBOTHBIM IPUBOAMIIO K UX TpaHchopma-
UM B CYOMHCCHBHBIX JKHBOTHBIX Ha cpok B 1 cyT (p<0.001), Torma kax HEMMMYHHBIE Y-TJIOOYJIUHEI HE
OKa3bIBAIM BIMSHUS. B 11e10M, MOTy4eHHBIE Pe3yJIbTaThl YKa3bIBAIOT HA MO3UTUBHYIO PETYJISILUIO arpec-
CHUBHOTO noBezieHus1 co ctoponbl CMAD, a ero cHmkeHue B aMurjane arpecCUBHBIX JKUBOTHBIX B 00eHX
MOBEJICHYECKUX MOJIEINISX, BEPOSITHO, O0YCIIOBIIEHBI BBICOKOH CKOPOCTBIO €T0 YTHITU3AIHH.

Knrwouesvie cnosa: Aepeccusnoe noseoenue, OOMUHAHMHOE NOGeOeHUe, KPbICLI-CAMYbI, CEPOMOHUH-MOOY-

aupyemulti anmuxoncoauoayuonnvii oenox (CMAB), noruxknonansnvie anmumena k CMAD, ummynogep-
MEHMHBIU AHATU3
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