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Abstract—Previously, stress responses in gray Norway rats (Rattus norvegicus) selected for the
absence or enhancement of aggressive and defensive behaviors toward humans (tame and
aggressive behaviors, respectively) were studied mainly to nonsocial factors, whereas data on the
consequences of social stress induced, specifically, by interactions with conspecifics are scarce. As
has already been shown, the above selection of Norway rats causes attenuation or enhancement of
intraspecific intermale aggression. To find out whether the differences in aggressiveness are
accompanied by hormonal alterations, we addressed the dynamics of corticosterone and
testosterone blood levels after intermale aggression testing in tame and aggressive rats, and
unselected rats bred in a vivarium for 7–8 generations as a reference. The goal of this work was to
investigate the effect of selection toward humans on agonistic interactions under conditions of an
unfamiliar cage or neutral territory and on the subsequent dynamics of blood corticosterone and
testosterone levels in tame, aggressive, and unselected rats. In our experiments, tame males, as
compared to their aggressive or unselected conspecifics, demonstrated a longer attack latency, as
well as a shorter duration and smaller number of patterns of aggressive behavior, approximating
zero values. When tested on neutral territory, aggressive male rats were inferior to their unselected
conspecifics in the total time of confrontations. More pronounced manifestations of aggression in
unselected males compared to aggressive or tame animals arose against the background of elevated
basal corticosterone levels and enhanced stress responsiveness to interacting with an unfamiliar
male. At the same time, reduced aggressiveness of tame rats in the neutral territory test, as
compared to unselected or aggressive animals, correlated with the lower testosterone level.
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INTRODUCTION

Aggressive behavior is a common symptom of

many psychological disorders and psychic dis�
eases, such as schizophrenia, bipolar disorders,
increased anxiety, and autism [1–4]. Multiple
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factors that contribute to the development of
aggression include genetic, environmental
(aggression training at childhood, parental care
impairment), ontogenetic (i.e. disturbing the
development of the central nervous system), hor�
monal and neurotransmitter dysfunctions. Com�
pelling evidence for the hereditary component in
the manifestation of aggression has been obtained
during selection of animals for the specific param�
eters of aggressiveness [5–7].

The involvement of the hypothalamic–pitu�
itary–adrenal (HPA) axis in the regulation of
aggressive behavior is being widely discussed in
the relevant literature [8–11]. In experiments on
rats, it was shown that corticosterone administra�
tion enhances the manifestation of aggressive
behavior, while the inhibitor of its synthesis,
metyrapon, quite the contrary, attenuates it [8].
By the Haller’s data (2014), when animals
encounter with unfamiliar subjects and have to
mobilize their resources to gain control over the
situation, the HPA axis is already activated at
early stages of social interaction, yet before the
onset of fights, and glucocorticoids secreted in
response to an encounter quickly stimulate
aggressiveness [11]. In males of the rat strain
selected for low anxiety�related behavior (LAB),
in contrast to males of the rat strain selected for
high anxiety�related behavior (HAB), intermale
aggression was noted to be enhanced and the basal
corticosterone blood level, as well as that of adre�
nocorticotropic hormone (ACTH), were found to
rise 15 min after the onset of the resident–
intruder test [6, 10]. In contrast, stress responses
to non�social interaction induced by open�arm
conditions of the elevated plus maze proved to be
lower in LAB rats than in their HAB counterparts
[12]. Meanwhile, in contrast to rats of these
strains, the mice of the behaviorally opposite
strains selected in different labs for enhanced
(SAL, TA, NC900) and attenuated (LAL, TNA,
NC100) aggressiveness did not differ substantially
by their basal corticosterone level [13].

Testosterone, which is synthesized in testicular
Leydig cells, is known to have a stimulatory effect
on aggressive behavior, as evidenced, specifically,
by the effects of castration of male rodents fol�
lowed by testosterone administration [14, 15]. At
the same time, according to the challenge hypoth�

esis, cause�and�effect relationships between tes�
tosterone and aggressiveness are transient and
arise only in polygamous competitive species,
when males have to contest for the status and/or
resources needed for reproduction [16]. However,
in the above�mentioned HAB and LAB male rats
differing by the degree of aggressiveness, testoster�
one blood levels differ neither in the quiescence
nor one hour after the onset of the resident–
intruder test [10]. In this case, only in more
aggressive LAB males vs. less aggressive HAB
males, one hour since the onset of the resident–
intruder test, the authors observed an increase in
the number of c�Fos�positive cells in the parvo�
cellular region of the hypothalamic paraventricu�
lar nucleus (PVN), indicating neuronal activation
of this region.

Gray Norway rats selected for a long period of
time (80 generations) at the Institute of Cytology
and Genetics (Novosibirsk) for the absence and
enhancement of aggressive defensive responses
toward humans (tame and aggressive behaviors)
allow investigating the genetically determined
features of intermale interactions and hormonal
alterations caused thereupon, which can provide
better insight into the mechanisms behind aggres�
sive behavior which forms during selection. Previ�
ously, it was demonstrated that in tame male rats
aggressive behavior toward conspecifics abates in
the resident–intruder and neutral territory (or
unfamiliar cage) tests, and that the anxiety level
declines as judged by rat behavior in a light–dark
chamber and the startle–response test [17–19]. In
contrast to the resident–intruder test, when male
rats defend their own territory, in the neutral ter�
ritory test male aggressiveness manifests itself
weaker [17, 20]. In a previously published work on
rat intermale interactions on neutral territory,
there were no data on the results of this test in
unselected male rats. In one of the recent publica�
tions, there were reported data on the corticoste�
rone blood level dynamics in tame, aggressive and
unselected rats after restrictive stress [21]. How�
ever, it still remained unknown what features of
the dynamics of this hormone are in tested rats
after their interaction with an unfamiliar conspe�
cific. In a study of intermale interactions in the
resident–intruder test, data on the corticosterone
blood level were presented only for a single point
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after the test [18]. In this case, unselected rats
were superior to aggressive and tame conspecifics
in the hormone level both before and after the
test. Furthermore, regardless of the behavior, the
corticosterone blood level in male rats increased
after the resident–intruder test vs. the basal level.
In a number of previous studies carried out both
on adult male rats and during ontogeny, tame,
aggressive and unselected males were almost
indistinguishable by the basal testosterone blood
level [21, 22], but it was unclear how behavioral
selection of rats influences the testosterone level
after intermale interactions.

It was hypothesized that agonistic interactions
among unselected male rats on neutral territory
may have characteristic features in contrast to rats
selected for tame and aggressive behavior, and
that the vector of behavioral selection may influ�
ence the dynamics of corticosterone and testos�
terone levels after intermale interactions.

The goal of this work was to study the influence
of selection toward humans on the parameters of
intermale interactions under conditions of an
unfamiliar cage (neutral territory), as well as the
subsequent dynamics of corticosterone and tes�
tosterone blood levels in tame, aggressive and
unselected male rats.

MATERIALS AND METHODS

Experimental animals
This study was carried out in compliance with

the principles of the Basel Declaration and rec�
ommendations of the Bioethics Committee at the
Institute of Cytology and Genetics of the Russian
Academy of Sciences (ICG SB RAS), protocol
no. 8 of March 19, 2012. Experiments were con�
ducted in the Center for Collective Use “Vivar�
ium of Conventional Animals” at ICG SB RAS
on 2�month�old male gray Norway rats (Rattus
norvegicus) weighing 270–300 g obtained due to
an 80�generation selection for the absence and
enhancement of aggressive defensive responses
toward humans, hereinafter referred to as tame
and aggressive, respectively. Rat responses were
assessed in arbitrary units or so�called scores of
the behavioral response to a human gloved hand
under home�cage conditions in the interval from
+4 to –4 scores [5, 23]. While testing, the frontal

wall of the cage was reclined, and the experi�
menter extended his/her gloved hand into the
open cage. Population mean scores of behavior
reached (+)3.45 ± 0.05 in tame and (–)3.05 ±
0.07 in aggressive males. As a control, unselected
males bred for 7–8 generations in a vivarium were
used. The mean score of behavior in these ani�
mals, (–)2.26 ± 0.07, was significantly different
from those in tame and aggressive males (p <
0.001 in both cases). Animals were kept in metal
cages (50 × 33 × 20 cm), by 4 males per cage,
under natural photoperiod with free access to
food and water. A week before testing, male rats
were separated by one individual per cage. All
tests were carried out from 2 to 6 p.m.

Intermale aggression testing on neutral territory
The test was carried out in a cage made of trans�

parent plastic (40 × 40 × 60 cm) separated by a
partition into two identical compartments [23].
Two unfamiliar males of the same weight from the
each test strain were simultaneously placed into
these compartments, one at a time, and then the
partition was taken away. Totally, 18 tests were
carried out: 6—between wild (unselected) pairs,
6—between aggressive pairs, and 6—between
tame pairs. Male behavior was recorded for 5 min
on a video camera Panasonic SDR�H280EE�S
(Japan). Eventually, video records were processed
using a software developed in our laboratory,
enabling the assessment of the number and dura�
tion of behavioral patterns, namely the latency of
the first aggressive interaction, the number and
duration of attacks, chases, hindlimb kicks, rear�
ing, pinning, aggressive grooming, lateral threats
[24]. Additionally, the duration of such social
behavior patterns as approaching and sniffing a
partner, as well as stretched attend (but not
approach) postures toward a partner, was
recorded.

Blood sampling and plasma hormone level determi�
nation

Immediately after a 5�min neutral territory test,
blood was sampled from the tail tip, and then
males were returned to their home cages. After
that, blood was sampled after 30 min, 1 and 2 h
after the end of testing. To assay the basal hor�
mone level, blood was sampled 6 days after test�
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ing. Blood was centrifuged, and the resultant
plasma was frozen to –20°C until hormone assay.
Corticosterone and testosterone plasma levels
were assayed by the immunoenzyme technique
using special EIA kits (IDS Ltd., UK). Sample
staining intensity was recorded on a plate spectro�
photometer Perkin Elmer 1420 Multilabel
Counter. Each group comprised 9–12 animals, as
indicated in figure captions. A part of samples
dropped out either during the determination pro�
cess or from the calibration curve.

Statistics
All values of the tested parameters were pre�

sented as M ± SEM. The influence of the geno�
type factor on behavioral parameters of male rats
were determined using a one�way ANOVA, while
that of the genotype factor and intermale con�
frontations on the hormone dynamics before and
after confrontations was assessed by a two�way
repeated measures ANOVA. Statistical signifi�
cance of intergroup differences was assessed using
Kruskal–Wallis and Fisher LSD post hoc tests.

RESULTS

Testing of intermale interactions in male rats on
neutral territory revealed a statistically significant
influence of the genotype factor on the total
aggression time F2, 36 = 26.74 (p < 0.001), attack
latency F2, 36 = 15.09 (p < 0.001), attack number
F2, 36 = 15.61 (p < 0.001), rearing number F2, 36 =
18.18 (p < 0.001), lateral threat number F2, 36 =
12.72 (p < 0.001), pinning number F2, 36 = 7.02
(p < 0.05), and wrestling number F2, 36 = 25.09
(p < 0.001).

The attack latency was significantly longer
while the duration and number of all aggressive
behavior patterns significantly less in tame vs.
aggressive and unselected males (Fig. 1). By the
total aggression time, aggressive males were infe�
rior to unselected ones (p < 0.05).

A two�way repeated measures ANOVA showed
the influence of the genotype and confrontation
factors (F2, 25 = 34.28, p < 0.001 and F4, 100 =
63.38, p < 0.001, respectively) on the blood corti�
costerone dynamics in unselected, aggressive and
tame males, while the interaction of these factors
was statistically non�significant (F8, 100 = 1.98,

p > 0.05). In all tested rat groups, the blood сorti�
costerone level significantly increased vs. its basal
level (p < 0.001 in all cases) immediately after
interactions with an unfamiliar male, reching
maximum values in wild and tame males 30 min
and in aggressive males 1 h after the end of testing
(Fig. 2). Two hours after testing, corticosterone
levels in all tested rat groups became lower than
the corresponding levels measured after 1 h (p <
0.001 – for unselected, p < 0.01 – for tame, p <
0.05 – for aggressive) but did not reach the basal
values.

In unselected males, the blood corticosterone
level, both in a quiescent state and at all test points
after testing, was higher vs. aggressive and tame
animals. Differences in the corticosterone level
between aggressive and tame males were only
detected 30 min after testing, with tame males
being superior to aggressive ones (p < 0.05).

A two�way repeated measures ANOVA
revealed that the influence of the genotype and
confrontation factors (F2, 27 = 3.41, p < 0.05 and
F4, 108 = 5.67, p < 0.001, respectively) on the
blood testosterone level in unselected, aggressive,
and tame rat males, while the interaction of these
factors was non�significant (F8, 108 =1.65, p >
0.05). By the basal testosterone level, rat males of
all three genotypes did not differ significantly, and
only in tame males there was observed a tendency
toward a lower level of this hormone vs. unse�
lected animals (p = 0.06). Immediately after
intermale interactions, the testosterone level
became significantly lower in tame vs. unselected
and aggressive males (p < 0.01 in both cases) and
30 min after the end of testing remained lower
than in aggressive rats (p < 0.05). Although in an
hour after testing the testosterone level in tame
males exceeded the basal level (p < 0.05), it was
indistinguishable from the corresponding hor�
mone levels in aggressive and unselected rats
(Fig. 3). Two hours after testing, only in unse�
lected males the hormone level fell below the
basal one (p < 0.05).

DISCUSSION

Data on the corticosterone blood level dynam�
ics in tame, aggressive and unselected rats after
intermale interactions do not differ significantly
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from those obtained previously on these animals
after restrictive stress [21], although on the other
selection model it was demonstrated that differ�
ences in stress reactivity in rats contrasting by the
anxiety and aggressiveness levels (LAB and HAB)
depend on the social or nonsocial nature of stress
exposure [10, 12]. For instance, stress reactivity
toward a competitor male in LAB rats with
increased aggressiveness is higher than in HAB
rats with reduced aggressiveness [10], while stress
reactivity toward nonsocial stressors, on the con�
trary, in LAB males is lower than in HAB conspe�
cifics [12]. From the results obtained in this study,
it follows that during rat selection toward humans
stress reactivity of tame and aggressive males does
not depend on the nature of stress exposures.

Parameters of aggressive rat behavior on neutral
territory indicate an enhanced aggressiveness in
unselected male rats compared not only tame but
also aggressive rats. The tendencies we observe
toward a larger number of attacks and rearings in
unselected rats vs. aggressive ones was previously
noted also in the resident–intruder test [18].
Moreover, in the present study it was shown that
confrontations on neutral territory between unse�
lected males take place over a longer time period
than between aggressive animals (Fig. 1), while in
the resident–intruder test such differences were
not observed. Probably, a less pronounced mani�
festation of aggressiveness on neutral territory
than while defending one’s own territory in the
resident–intruder test, as already mentioned

Fig. 1. Parameters of intermale aggression in unselected, aggressive, and tame rats on neutral territory. The top panel shows
the duration of aggressive social behavior and its latency before the first aggressive interaction event. The bottom panel shows
the number of specific aggressive behavior patterns. *** p < 0.001, ** p < 0.01,* p < 0.05 vs. unselected rats, ххх p < 0.001, хх p <
0.01, х p < 0.05 vs. aggressive rats. Values presented as M ± SEM, n = 12.
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above, makes it possible to reveal the differences
in the duration of aggressive interactions between
unselected and aggressive rats. These differences
may also be determined by such a selection crite�
rion as the reaction to a glove, which is related
rather to the latent period of aggressive behavior
than its duration.

From our results it follows that more pro�
nounced manifestations of aggression in unse�
lected vs. aggressive and tame males occur at the
background of a higher basal corticosterone level
and increased stress reactivity, since during 2 h

after testing the blood corticosterone level in
unselected rats remains higher than in two other
strains (Fig. 2). These results are consistent with
the data that corticosterone administration in rats
enhances agonistic confrontations, while a corti�
costerone synthesis inhibitor metyrapon, by con�
trast, attenuates them [8]. More aggressive LAB
males, compared to their HAB conspecifics, also
exhibit elevated corticosterone levels before and
after the resident–intruder test [10], although, in
contrast to the LAB strain, unselected rats are
characterized not only by increased aggressiveness

Fig. 2. Blood corticosterone levels in unselected (a), aggressive (b), and tame (c) rats before and after intermale interactions
on neutral territory. *** p < 0.001, ** p < 0.01 vs. unselected rats; x p < 0.05 vs. aggressive rats. Values presented as M ± SEM,
n = 9–12.

Fig. 3. Blood testosterone levels in unselected (a), aggressive (b), and tame (c) rats before and after intermale interactions on
neutral territory. ** p < 0.01 vs. unselected rats; xx p < 0.01 vs. aggressive rats. Values presented as M ± SEM, n = 10–12.



GULEVICH et al. 

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  57  No. 2  2021

266

but also anxiety, as judged from a pronounced
tendency toward a shorter time of being in the
open field center compared to aggressive and
tame rats [22].

The observed differences between unselected
and aggressive rats in the total confrontation time
and blood corticosterone level allows us to point
out that selection for aggressive bahavior toward
humans does not compensate the process of labo�
ratorization which ensues from prolonged breed�
ing and maintenance of rats under vivarium
conditions.

In contrast to unselected rats, in which a more
pronounced aggressiveness is accompanied by a
higher basal corticosterone level and increased
stress reactivity toward tame and aggressive rats,
in the latter, the corticosterone level before testing
is nearly the same as in tame rats and becomes
even lower 30 min after testing. Previously, it was
noticed that tame and aggressive rats exhibit no
differences in the basal corticosterone level and
stress reactivity after the resident–intruder test
[18]. It is noteworthy that at early stages of selec�
tion the corticosterone level, both basal and after
stress, was significantly higher in aggressive males
than in tame ones [5, 23], whereas at leater stages
the differences in the corticosterone level between
aggressive and tame rats became more smoothed
[21, 26]. It can be assumed that during selection
for aggressive behavior the other mechanisms join
in or become more significant, causing aggres�
siveness against the background of smoothed or
even reduced functioning of the HPA axis com�
pared to tame rats. A lack of differences in the
basal corticosterone level was also reported for
mouse strains selected both for the duration of the
attack latency (SAL and LAL) and the frequency
of attacks toward a social partner (NC900 and
NC100) [12]. In this case, more aggressive
NC900 mice demonstrated an increased anxiety,
as well as a reduced level of the GABAA receptor
α(2)�subunit in the frontal cortex and amygdala
[27]. It is worth noting that aggressive rats are also
characterized by increased anxiety compared to
tame rats [19, 28]. Furthermore, magnetic reso�
nance spectroscopy revealed in the dorsal hippo�
campus of aggressive rats a reduced, compared to
tame rats, percentage of GABA in the total
amount of neurometabolites [29]. Probably,

selection of rodents for the reactivity both toward
a social partner and human hand influences the
GABA system in those brain regions that are asso�
ciated with aggressiveness and anxiety.

In males of all three rat strains, the blood corti�
costerone level, immediately after 5�min interac�
tions with a conspecific on neutral territory, rises
compared to the basal level, which was also
observed previously after the resident–intruder
test [18]. Such an increase in the corticosterone
level indicates that the nearby presence of an
unfamiliar conspecific partner exerts a stressful
influence on all males, irrespective of their behav�
ior, and causes confrontations in unselected and
aggressive rats but not in tame ones in which the
latent period of aggression continues throughout
the entrie 5�min test and all other parameters of
aggressive behavior are close to zero values. Since
it was shown previously that there is a fast positive
feedback between the stress response and central
mechanisms involved in the regulation of aggres�
siveness [9], it can be assumed that during selec�
tion for tame behavior such a feedback is
impaired.

By the basal blood testosterone level, males of
all three strains were significantly indiftinguish�
able, which supports the previous data [21, 22]
and agrees with the results obtained on LAB and
HAB males differing by the degree of aggressive�
ness [10]. The testosterone level in tame rats
becomes significantly lower than in aggressive and
unselected animals only after interactions with
competitor males. These findings are consistent
with the challenge hypothesis according to which
the link between aggressiveness and testosterone
level shows up in the period when males get into a
fight for status or resources needed for reproduc�
tion [16]. In an hour after testing, all differences
in the testosterone level in males of the three tes�
tes strains become leveled off. In LAB and HAB
male rats, which exhibit different degree of
aggressiveness, testosterone levels 1 h after the
onset of the resident–intruder test are also statisti�
cally indistinguishable, but no data were reported
therewith on the level of this hormone immedi�
ately upon cessation of testing [10].

It was shown immunohistochemically that in
tame and aggressive male rats, after the resident–
intruder test, the number of cells expressing the
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transcription factor c�Fos, a neuronal activity
marker, increases in the bed nucleus of the stria
terminalis, medial amygdala and hypothalamic
attack area compared to control aminals [30]. In
this case, tame males were inferior to aggressive
ones in the number of these cells in the hypotha�
lamic attack area. The cells in this area, which
refers to ventrolateral regions of the ventromedial
hypothalamus [31, 32], send axons to other hypo�
thalamic areas and, specifically, to the preoptic
area [33] playing an important role both in aggres�
sive and sexual behaviors [34]. Moreover, the pre�
optic area is the residence of GnRH neurons [35]
which secrete the gonadotropin�releasing hormone
(GnRH) stimulating the production of pituitary
gonadotropins which, in turn, boost testosterone
synthesis in the testes. In this regard, it can be
assumed that the increased number of c�Fos�posi�
tive cells in the hypothalamic attack area of
aggressive male rats after intermale interactions
contributes to the activation of GnRH neurons in
the hypothalamic preoptic area, which leads to a
higher testosterone level in these animals com�
pared to tame males.

Thus, in unselected rats and those selected for
the enhancement of aggressive defensive
responses toward humans, aggressiveness is
accompanied by different functional levels of the
HPA axis before and after the interaction with a
competitor male on neutral territory, while tame
males are distinguished from aggressive and unse�
lected animlas by a lower blood testosterone level
after the interaction with a competitor male.

AUTHORS’ CONTRIBUTION

Konoshenko M.Yu., Gulevich R.G.: experi�
mental design and planning; Kozhemyakina R.V.,
Shikhevich S.G.: data collection; Konoshen�
ko M.Yu., Kozhemyakina R.V. and Shikhe�
vich S.G.: data processing; Gulevich R.G. and
Kozhemyakina R.V.: writing a manuscript.

FUNDING

Rat selection and the maintenance of the tested
rat strains in the Center for Collective Use
“Vivarium of Conventional Animals” at ICG SB
RAS were funded within a State budget project

no. 0259�2021�0016. Behavioral testing and hor�
mone studies were supported by Russian Scien�
tific Foundation, project no. 19�74�10041.

COMPLIANCE WITH ETHICAL 
STANDARDS

This study was carried out in compliance with
the principles of the Basel Declaration and rec�
ommendations of the Bioethics Committee at the
Institute of Cytology and Genetics of the Russian
Academy of Sciences (ICG SB RAS), protocol
no. 8 of March 19, 2012.

This study did not involve human subjects as
research objects.

CONFLICT OF INTEREST

The authors declare that they no conflict of
interests.

REFERENCES

1. Wu, Y., Kang, R., Yan, Y., Gao, K., Li, Z.,
Jiang, J., Chi, X., and Xia, L., Epidemiology of
schizophrenia and risk factors of schizophrenia�
associated aggression from 2011 to 2015, J. Int.
Med. Res., 2018, vol. 46(10), pp. 4039–4049.
https://doi.org/10.1177/0300060518786634

2. Garno, J.L., Gunawardane, N., and
Goldberg, J.F., Predictors of trait aggression in
bipolar disorder, Bipolar Disord., 2008, vol. 10(2),
pp. 285–292. https://doi.org/10.1111/j.1399�
5618.2007.00489.x

3. Neumann, I.D.,  Veenema, A.H., and Beider�
beck, D.I., Aggression and anxiety: social context
and neurobiological links, Front. Behav. Neurosci.,
2010, vol. 4, 12. https://doi.org/10.3389/
fnbeh.2010.00012

4. Mazurek, M.O., Kanne, S.M., and Wodka, E.L.,
Physical aggression in children and adolescents
with autism spectrum disorders, Res. Autism Spec�
trum Disord., 2013, vol. 7(3), pp. 455–465. https:/
/doi.org/10.1016/j.rasd.2012.11.004

5. Plyusnina, I. and Oskina, I., Behavioral and adre�
nocortical responses to open�field test in rats
selected for reduced aggressiveness toward
humans, Physiol. Behav., 1997, vol. 61, pp. 381–
385. https://doi.org/10.1016/S0031�
9384(96)00445�3

6. Veenema, A.H. and Neumann, I.D., Neurobio�
logical mechanisms of aggression and stress cop�



GULEVICH et al. 

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  57  No. 2  2021

268

ing: a comparative study in mouse and rat selec�
tion lines, Brain Behav. Evol., 2007, vol. 70(4),
pp. 274–285. https://doi.org/10.1159/000105491

7. Takahashi, A. and Miczek, K., Neurogenetics of
aggressive behavior: studies in rodents, Curr. Top.
Behav. Neurosci., 2014, vol. 17, pp. 3–44. https://
doi.org/10.1007/7854_2013_263

8. Mikics,  E., Kruk,  M.R., and Haller,  J.,
Genomic and non�genomic effects of glucocorti�
coids on aggressive behavior in male rats, Psycho�
neuroendocrinol., 2004, vol. 29(5), pp. 618–635.
https:/doi.org/10.1016/S0306�4530(03)00090�8

9. Kruk, M.R., Halasz, J., Meelis, W., and
Haller, J., Fast positive feedback between the
adrenocortical stress response and a brain mecha�
nism involved in aggressive behavior, Behav. Neu�
rosci., 2004, vol. 118(5), pp. 1062–1070. https://
doi.org/10.1037/0735�7044.118.5.1062

10. Veenema, A.H., Torner, L., Blume, A., Beider�
beck, D.I., and Neumann, I.D., Low inborn anxi�
ety correlates with high intermale aggression: Link
to ACTH response and neuronal activation of the
hypothalamic paraventricular nucleus, Horm.
Behav., 2007, vol. 51(1), pp. 11–19. https://
doi.org/10.1016/j.yhbeh.2006.07.004

11. Haller, J., Neurobiological Bases of Abnormal
Aggression and Violent Behaviour, Springer,
Vienna, 2014.

12. Landgraf, R., Wigger, A., Holsboer, F., and Neu�
mann, I.D., Hyper�reactive hypothalamo–pitu�
itary–adrenocortical axis in rats bred for high anx�
iety�related behavior, J. Neuroendocrinol., 1999,
vol. 11, pp. 405–407. https://doi.org/10.1046/
j.1365�2826.1999.00342.x 

13. Caramaschi, D., de Boer, S.F., and
Koolhaas, J.M., Is hyper�aggressiveness associ�
ated with physiological hypoarousal? A compara�
tive study on mouse lines selected for high and low
aggressiveness, Physiol. Behav., 2008, vol. 95(4),
pp. 591–598. https://doi.org/10.1016/j.phys�
beh.2008.08.019

14. Beeman, A.E., The effect of male hormone on
aggressive behavior in male mice, Physiol. Zool.,
1947, vol. 20, pp. 373–405.

15. Albert, D.J., Walsh, M.L., Gorzalka, B.B., Sie�
mens, Y., and Louie, H., Testosterone removal in
rats results in a decrease in social aggression and a
loss of social dominance, Phisiol. Behav., 1986,
vol. 36(3), pp. 401–407. https://doi.org/10.1016/
0031�9384(86)90305�7

16. Wingfield, J.C., Lynn, S., and Soma, K.K.,
Avoiding the ‘costs’ of testosterone: ecological
bases of hormone–behavior interactions, Brain.
Behav. Evol., 2001, vol. 57(5), pp. 239–251.

https://doi.org/10.1159/000047243 
17. Plyusnina, I.Z. and Solov’eva, M.Y., Intraspecific

intermale aggression in tame and aggressive Nor�
way rats, Zh. Vyssh. Nerv. Deyat. im. I.P. Pavlova,
2010, vol. 60(2), pp. 175–183.

18. Plyusnina, I.Z., Solov’eva, M.Y., and
Oskina, I.N., Effect of domestication on aggres�
sion in gray Norway rats, Behav.Genet., 2011,
vol. 41(4), pp. 583–592. https://doi.org/10.1016/
S0031�9384(96)00445�3

19. Albert, F.W., Schepina, O., Winter, C.,
Rompler, H., Teupser, D., Palme, R.,
Ceglarek, U., Kratzsch, J., Sohr, R., Trut, L.N.,
Thiery J., Morgenstern, R., Plyusnina, I.Z.,
Schonenberg, T., and Paabo, S., Phenotypic dif�
ferences in behavior, physiology and neurochem�
istry between rats selected for tameness and for
defensive aggression towards human, Horm.
Behav., 2008, vol. 53(3), pp. 413–421. https://
doi.org/10.1016/j.yhbeh.2007.11.010.

20. Toth, I. and Neumann, I.D., Animal model of
social avoidance and social fear, Cell Tiss. Res.,
2013, vol. 354(1), pp. 107–118. https://doi.org/
10.1007/s00441�013�1636�4

21. Prasolova, L.А., Gerbeck, Yu.E., Gulevich, R.G.,
Shikhevich, S.G., Konoshenko, M.Yu., Kozhe�
myakina, R.V., Oskina, I.N., and Plyusnina, I.Z.,
The effect of prolonged selection for behavior on
the stress response and activity of reproductive
system of male grey rats (Rattus norvegicus), Russ.
J. Genetics, 2014, vol. 50(8), pp. 846–852. https://
doi.org/10.1134/S1022795414080031

22. Gulevich, R.G., Shikhevich, S.G.,
Konoshenko, M.Y., Kozhemyakina, R.V., Her�
beck, Y.E., Prasolova, L.A., Oskina, I.N., and
Plyusnina, I.Z., The influence of social environ�
ment in early life on the behavior, stress response,
and reproductive system of adult male Norway
rats selected for different attitudes to humans,
Physiol. Behav., 2015, vol. 144, pp. 116–123.
https://doi.org/10.1016/j.physbeh.2015.03.018

23. Naumenko, E.V., Popova, N.K., Nikulina, E.M.,
Dygalo, N.N., Shishkina, G.T., Borodin, P.M.,
and Markel, A.L., Behavior, adrenocortical activ�
ity, and brain monoamines in Norway rats
selected for reduced aggressiveness towards man,
Pharmacol. Biochem. Behav., 1989, vol. 33(1),
pp. 85–91. https://doi.org/10.1016/0091�
3057(89)90434�6

24. Plyusnina, I.Z., Trut, L.N., Karpushkeeva, N.I.,
Alekhina, T.A., and Oskina, I.N., Some behav�
ioral and physiological characteristics of Nona�
gouti mutation in gray rats during breeding for
aggressiveness, Zh. Vyssh. Nerv. Deiat. im.



INTERMALE INTERACTIONS ON NEUTRAL TERRITORY

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  57  No. 2  2021

269

I.P. Pavlova, 2003, vol. 53, pp. 730–738.
25. Oskina, I.N., Herbeck, Y.E., Shikhevich, S.G.,

Plyusnina, I.Z., and Gulevich, R.G., Alterations
in the hypothalamus–pituitary–adrenal and
immune systems during selection of animals for
tame behavior, Vestnik VOGiS, 2008, vol. 12(1/2),
pp. 39–49.

26. Herbeck, Y.E., Amelkina, O.A., Konoshen�
ko, M.Y., Shikhevich, S.G., Gulevich, R.G.,
Kozhemyakina, R.V., Plyusnina, I.Z., and
Oskina, I.N., Effect of neonatal handling on
behavior and stress�response in rats selected for
reaction towards humans, Russ. J. Genet. Applied
Res., 2017, vol. 7(1), pp. 71–81. https://doi8.org/
10.18699/VJ16.144

27. Nehrenberg, D.L., Rodriguiz, R.M., Cyr, M.,
Zhang, X., Lauder, J. M., Gariepy, J.�L., and
Wetsel, W.C., An anxiety�like phenotype in mice
selectively bred for aggression, Behav. Brain Res.,
2009, vol. 201(1), pp. 179–191. https://doi.org/
10.1016/j.bbr.2009.02.010

28. Kozhemyakina, R.V., Shikhevich, S.G., Konos�
henko, M.Yu., and Gulevich, R.G., Adolescent
oxytocin treatment affects resident behavior in
aggressive but not tame adult rats, Physiol.,
Behav., 2020, vol. 224, p. 113046. https://doi.org/
10.1016/j.physbeh.2020.113046

29. Gulevich, R.G., Akulov, A.E., Shikhevich, S.G.,
and Kozhemyakina, R.V., Proton magnetic reso�
nance spectroscopy of neurometabolites in the
hippocampi of aggressive and tame male rats,
Russ. J. Genet. Applied Res., 2016, vol. 6(4),
pp. 430–436. https://doi.org/10.18699/VJ15.057

30. Konoshenko, M.Y., Timoshenko, T.V., and Ply�
usnina, I.Z., c�Fos activation and intermale

aggression in rats selected for behavior toward
humans, Behav. Brain Res., 2013, vol. 2379,
pp. 103–106. https://doi.org/10.1016/
j.bbr.2012.09.022

31. Lin, D., Boyle, M.P., Dollar, P., Lee, H.,
Lein, E.S., Perona, P., and Anderson, D.J., Func�
tional identification of an aggression locus in the
mouse hypothalamus, Nature, 2011,
vol. 470(7333), pp. 221–226. https://doi.org/
10.1038/nature09736

32. Falkner, A.L. and Lin, D., Recent advances in
understanding the role of the hypothalamic circuit
during aggression, Front. Syst. Neurosci., 2014,
vol. 8, p. 168. https://doi.org/10.3389/
fnsys.2014.00168

33. Yang, C.F., Chiang, M.C., Gray, D.C., Prabha�
karan, M., Alvarado, M., Juntti, S.A.,
Unger, E.K., Wells, J.A., and Shah, N.M., Sexu�
ally dimorphic neurons in the ventromedial hypo�
thalamus govern mating in both sexes and aggres�
sion in males, Cell, 2013, vol. 153(4), pp. 896–
909. https://doi.org/10. 1016/j.cell.2013.04.017

34. Albert, D.J., Walsh, M.L., Gorzalka, B.B., Men�
delson, S., and Zalys, C., Intermale social aggres�
sion: suppression by medial preoptic area lesions,
Physiol. Behav., 1986, vol. 38(2), pp. 169–173.
https://doi.org/10.1016/0031�9384(86)90151�4

35. Dees, W.L., Hiney, J.K., Sower, S.A., Yu, W.H.,
and McCann, S.M., Localization of immunoreac�
tive lamprey gonadotropin�releasing hormone in
the rat brain, Peptides, 1999, vol. 20(12),
pp. 1503–1511. https://doi.org/10.1016/S0196�
9781(99)00162�X

Translated by A. Polyanovsky


