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The aim of this study was to evaluate the effects of N-stearoylethanolamine (NSE) on the number of
biochemical parameters that are involved in the development of the stress response (corticosterone, catecho-
lamines, testosterone, TBARS, nitric oxide, serotonin), memory state, exploratory activity and antinociceptive
response in rats, using a model of chronic social stress. It has been demonstrated that administration of NSE
(14 days , intragastrically, 50 mg/kg) after chronic social stress developed (stress was induced by daily ago-
nistic interaction between animals), normalizes plasma content of corticosterone, testosterone, epinephrine,
norepinephrine, dopamine, TBARS, nitrite-anion and increases serotonin level that leads to memory state
improvement and increase in exploratory activity in rats. The tail-flick latency did not change, that is it re-

mained at the level of stressed animals.

Key words: N-stearoylethanolamine, chronic social stress, corticosterone, catecholamines, testosterone,

TBARS, nitric oxide, serotonin.

T he impact of stress on human health is widely
recognized, primarily, long term and inten-
sive stress factors cause a depletion of body’s
compensatory mechanisms, where stress response
from adaptation link changes to stress-illness link,
contributing to the pathogenesis of many diseases
(mental, endocrine, cardiovascular, gastrointestinal,
etc.) [1, 2].

In recent years, social stress factors have gained
considerable effect on life of a contemporary human
that triggers different disturbances in the functioning
of internal organs, followed by the complex of men-
tal disorders and behavioral changes [3, 4].

Therefore, one of the most important tasks of
modern biology and medicine is the prevention of
the damaging effects of stress by finding new effec-
tive, natural, non-addictive and safe compounds with
strong anti-stress activity, which do not cause aller-
gic reactions, do not have any side-effects or age re-
strictions and are compatible with other medications.

In this field the promising pharmacological
tools may be the family of bioactive compounds
N-acylethanolamines (NAE). NAEs are naturally
occurring membrane components with a wide range
of biological and pharmacological actions that do
not exert toxic effects. In view of the diverse biologi-
cal actions of N-acylethanolamines, it is reasonab-
le to study the effect of N-stearoylethanolamine on
memory state, exploratory activity and antinocicep-
tive response, in addition to a number of biochemical
parameters in rats with chronic social stress.

Materials and Methods

N-stearoylethanolamine with the 99.8 percent
of purity was synthesized in the Department of Li-
pid Biochemistry of the Palladin Institute of Bioche-
mistry [5].

The study was carried out on 74 mature outbred
white male rats (controls — 14 rats, domestics — 30
rats, intruders — 30 rats). For one week before the

© 2017 Horid’ko T. M. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

68



T. M. Horid’ ko, H. V. Kosiakova, A. G. Berdyshev et al.

start of the experiment animals were housed in plas-
tic cages with iron lattice top either individually to
remove the previously obtained social experience
(control and intruders, body weight 185 + 17 g,) or
with a harem of females to increase aggressiveness
(domestics, body weight 350-400 g). Domestics were
used only to induce chronic social stress in experi-
mental animals (intruders). Only rats from control
group and intruders were involved in biochemi-
cal and physiological investigations. Animals were
given ad libitum access to food (granulated diet, Vi-
tameks, Ukraine) and water. All animal procedures
were conducted in accordance with the requirements
of European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

Experimental animals were divided into 3
groups: controls — 14 rats, chronic social stress induc-
tion — 15 rats (intruders); N-stearoylethanolamine-
treated after induced chronic social stress — 15 rats
(intruders).

Stress was induced by daily agonistic interac-
tion between animals (intruder and domestic) [6].
Daily during 14 days unfamiliar male (intruder),
which was smaller in weight, was put into the home
cage of the domestic for 30 min. For 10 min they
were held together in agonistic interaction. During
the next 20 min they were separated by transparent
membrane with tiny holes for visual and olfactory
contact. After the last stress-inducing interaction
N-srearoylethanolamine was administrated intragas-
trically to 1 group of animals daily during 14 days
at a dose of 50 mg/kg of body weight. Other groups
of animals without NSE treatment received equal
volume of distilled water by the same administration
method.

Rats of all groups were tested in the Novel
Object Recognition (NOR) behavioral test [7]. The
results of NOR test are presented as Discrimina-
tion Index (DI) measured by the difference in the
exploration time of “novel” and “familiar” objects
divided by the total time of explorations. In addition,
the level of rats’ exploratory activity was estimated
as the total time spent for exploring both objects.

Antinociceptive response was determined
using tail-flick assay [8]. Animals were placed in a
clear plastic box, where application of thermal radia-
tion (by focused light) on a blackened spot 1-2 cm
from the tip of the tail of the animal provoked with-
drawal of the tail by a brief vigorous movement. The
withdrawal time was recorded as tail flick latency

by using an analgesiometer (Panlab, LE 7106 Light
Beam Analgesy-Meter, at an infrared intensity of
50).

At the end of the experiments, the rats (con-
trols and intruders) were decapitated under CO,-
anesthesia and blood was rapidly collected for bio-
chemical assays.

The level of plasma corticosterone, epineph-
rine, norepinephrine, dopamine and serotonin was
measured by ELISA (IBL, Germany), testosterone —
ELISA (LDN, Germany) using BioRad 680 micro-
plate reader (BioRad Laboratories Inc., Hercules,
California, USA).

The intensity of lipid peroxidation was ana-
lyzed by estimating the amount of TBA reactive
substances [9]. Measurement of nitrite-anions was
made by Green method [10].

The data, presented as mean values + standard
errors of the means (SEM), were compared using
Student’s unpaired t-test. The differences were con-
sidered significant at P < 0.05.

Results and Discussion

The results of the experiments, presented in a
Figure, indicated that chronic social stress causes a
significant increase in plasma level of corticosterone
(A), epinephrine (C), norepinephrine (D), dopamine
(E), serotonin (F), TBA reactive substances (G) and
reduction in testosterone (B) and nitrite-anion (H)
content. In addition, stress development resulted in
the decreased value of DI (J) and enhanced latency
time in tail flick test (I). In contrast, the level of ex-
ploratory activity did not change (K).

The NSE administration normalized plasma
content of corticosterone (A), testosterone (B), epi-
nephrine (C), norepinephrine (D), dopamine (E),
TBA reactive substances (G), nitrite-anion (H) and
triggered remarkable increase in serotonin level (F)
compared to stressed animals. This effect of NSE
was accompanied by normalization of DI value (J)
and considerable increase in exploratory activity
level (K). The tail-flick latency did not change, it re-
mained at the level of stressed animals (1).

One of the main mechanisms of adaptation to
stress is activation of the hypothalamic-pituitary-ad-
renal system and increased secretion of stress hor-
mones, primarily, glucocorticoids.

Glucocorticoids directly or indirectly regulate
main physiological and biochemical processes in
the body. Namely, the increased level of glucocorti-
coids has protective effects against the development
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Plasma level of corticosterone (4), testosterone (B), epinephrine (C), norepinephrine (D), dopamine (E), sero-
tonin (F), TBA reactive substances (G) and nitrite-anion (H), in addition to tail-flick latency (I), DI value in
selection phase (J) and duration of objects exploration in test of object recognition (K) in rats with induced
chronic social stress and under NSE treatment. Values represent the mean = SEM; * P < 0.05 versus Intact
rats; # P < 0.05 versus Stress rats; ** P < 0.0] versus DI=0.5

of post-traumatic symptoms triggered by traumatic It is also noteworthy that significantly pro-
stress [11]. longed glucocorticoid elevations caused hippocam-

On the other hand, the enhanced level of gluco- pal atrophy (the brain structure which is responsible
corticoids induced by prolonged stress leads to nega- for memory formation and learning, mood, regu-
tive consequences — indigestion, irritability, obesity, lation of neuroendocrine stress hormones, which
diabetes, hypertension, insomnia, immunosuppres- is extremely sensitive to stress, injury, oxygen and

sion, poor memory, etc.
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glucose deprivation) and deficits in hippocampus-
dependent memory tasks [12-14].

As in the case for the hippocampus, glucocor-
ticoids also affect morpho-functional characteristic
of other brain regions, namely, the prefrontal cortex,
which is important for working memory, executive
function, and self-regulatory behaviors, controls
anxiety, emotions and is suggested to control ag-
gressive behavior) [12]. Thus, recent findings indi-
cate correlation between enhanced level of glucocor-
ticoids and synapse loss in the prefrontal cortex, in
addition to impairedworking memory [15].

In recent years, a large number of studies con-
firmed the leading role of elevated glucocorticoids’
level in inflammation development in certain brain
regions (namely, hippocampal damage) and in the
entire central nervous system [16, 17].

Depression and post-traumatic stress disorder
is often associated with the hypersecretion of glu-
cocorticoids and impaired hippocampal function
[13, 14].

Elevated glucocorticoid levels are observed in
many neurodegenerative disorders including Alzhei-
mer’s and Parkinson’s diseases [18]. Recent studies
confirmed cause-effect relationships between pro-
longed stress, elevated levels of glucocorticoids,
memory impairment, brain aging and neurodegene-
rative disorders [2].

In the model of chronic social stress or social
deprivation across individuals of different primate
societies with subordinate status exhibited higher
relative levels of circulating glucocorticoids [19].
These findings suggest that aging in this animals’
subtype correlates with behavioral disturbances that
are similar to dementia in humans.

Thus, elevated levels of corticosteroids, which
occur during chronic stress, lead to impaired brain
morphology and neuroplasticity, with following
changes in behavior, memory state and learning.

This finding is consistent with our data on the
corticosterone level (Fig., A) and confirms that so-
cial stress induced daily for two weeks in rats causes
memory impairment (significant reduction of DI
(Fig., J)).

Daily administration of NSE for two weeks
after chronic social stress improved memory state
and attention ((Fig., J), an increase in DI value), and
caused an increase in the level of exploratory activi-
ty in rats (Fig., K). Thus, the normalization of cor-
ticosterone level under the NSE administration may
be one of the causative factors for the improvement
of memory and exploratory activity in rats.

It is well known that N-acylethanolamines
(mainly N-palmitoylethanolamine, anandamide,
N-oleoylethanolamine) exert membrane protective,
antioxidant, immunomodulatory, anti-inflammatory,
anti-toxic and other activities. Furthermore, NAEs
regulate blood-brain barrier permeability [20] and
exhibit regulatory effects on the adrenal cortex
function in rats [21]. Some representatives of the
N-acylethanolamines family, mainly with unsatu-
rated fatty acids, bind to cannabinoid receptors and
are included in the endocannabinoid system. Satu-
rated NAEs (such as N-palmitoylethanolamine and
N-stearoylethanolamine) also exert cannabimimetic
activity, however, in contrast with unsaturated mem-
bers, they do not interact with cannabinoid receptors
and exhibit their effect through activation of other
receptors (e.g., vanilloid, PPARS) or via receptor-
independent mechanism [22]. In addition, saturated
NAEs inhibit the degradation of unsaturated NAEs
that leads to an enhancement of their tissue levels,
thus, increasing their biological action [23].

Endocannabinoid system (a well-studied en-
dogenous ligand is anandamide and other members
of the NAEs family), which is activated immediately
by the stress offset and elevated level of circulating
glucocorticoids, plays an important role in the for-
mation and regulation of stress response, modulation
of cognitive and emotional processing. The impair-
ment of endocannabinoid signaling that is triggered
by chronic stress leads to an increase in stress-rela-
ted and anxiety-like behavior, development of men-
tal and emotional disorders that are accompanied by
the impairment of memory and learning ability.

Meanwhile in rodents exposed to chronic so-
cial stress the inhibition of FAAH (fatty acid amide
hydrolase)-induced degradation of N-arachidonoy-
lethanolamide reduces the hypothalamic—pitui-
tary—adrenal axis, followed by the decrease in basal
hypersecretion of glucocorticoids and prevention of
anxiety disorders [24].

Furthermore, it was demonstrated that FAAH
inhibitors ameliorate memory state and learning
ability [25]. The FAAH inhibitors can produce their
effects through PPARa and through cannabinoid
CB1-receptors [26].

It is known that stress increases the perme-
ability of the blood-brain barrier (BBB), resulting in
dysfunction of the central nervous system. The in-
hibition of endocannabinoids’ hydrolysis can help to
preserve the integrity of BBB and, thus, prevents the
development of neurological and behavioral disor-
ders in rats [20].
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The results of our study showed that NSE may
compensate changes in the level of circulating gluco-
corticoids (corticosterone) and cognitive alterations
in rats with chronic social stress. This effect of NSE
may be mainly associated with its adaptogenic, neu-
roprotective and anti-inflammatory properties, in ad-
dition to inhibition of FAAH-mediated degradation
of anandamide and modulation of BBB permeability.

Enhanced glucocorticoids secretion that is
mediated by chronic stress also contributes to sup-
pression of the reproductive system [27]. Findings in
women indicate that chronically high cortisol levels
may disrupt the menstrual cycles and reduce fertility
[27]. Meanwhile in man chronically elevated levels
of cortisol inhibit testosterone release, resulting in
erectile dysfunction and loss of libido. Low testo-
sterone levels correlate with memory impairment,
reduction of concentration abilities and co-occur-
rence of irritability, anxiety and depression [28]. In
agreement with this, the reduced level of testostero-
ne has been found in plasma of subjects with subor-
dinate status [29].

In our study we also found the reduction of
plasma testosterone level and exploratory activity in
rats with chronic social stress (Fig., B, J).

Daily administration of NSE for two weeks
to stressed rats led to normalization of testosterone
level, improved memory state and attention (Fig., J),
and increased the level of exploratory activity that
is consistent with longer time exploring new object
(Fig., K).

According to the published data, the decline in
testosterone level is associated with structural and
functional changes in the testis as a result of an oxi-
dative and other types of stress development, as well
as a result of an enhanced level of estrogen in males
under different pathological conditions such as meta-
bolic syndrome, diabetes, obesity etc. [30].

In our previous studies, it has been shown
that N-stearoylethanolamine prevents pathological
changes in tissues via different biochemical mecha-
nisms.

The key role in the formation of stress response
is played by hypothalamo-pituitary-adrenocortical
and sympatho-adrenal axises. Firstly, in response
to stress exposure there is an increase in the level
of blood catecholamine, which causes physiologi-
cal responses such as heart palpitations, increased
blood pressure, inhibition of digestive functions and
excitement. In addition, it mediates the release of
epinephrine by adrenal cortex and glucocorticoids.
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State of the sympathetic division of the autonomic
nervous system remains tense throughout the period
of the stressor action and this may be one of the
causes of psychosomatic diseases and post-traumatic
stress disorder.

Moreover, the level of circulating catechola-
mines plays an important role in the formation of
“fight-or-flight” response and modulation of mor-
pho-functional characteristics of brain regions that
are involved in memory formation. Thus, earlier it
has been shown that epinephrine, released into blood
from the adrenal medulla in response to stress, is a
potent and dose-dependent enhancer of learning and
memory processing [31]. Low doses of epinephrine
have little effect on memory, moderate doses en-
hance memory, and high levels impair memory. One
of the possibilities, regarding the mechanisms by
which epinephrine can influence brain functions, is
through the activation of B-adrenergic receptors on
afferent neuronal axons of vagus nerve that mediates
glucose release [31]. Additionally, the role of norepi-
nephrine was confirmed in mediating the actions of
other stress hormones on the preservation of memo-
ry (including epinephrine and glucocorticoids) [32].
Other studies demonstrated the powerful influence
of dopamine on cognitive functions. In addition, do-
pamine regulates the processes of adaptation, emo-
tional perception and motivation [33].

As noted above (see. Fig.), in plasma of rats
with chronic social stress we detected increased
levels of catecholamines — epinephrine, norepineph-
rine and dopamine that indicates the activation of
sympatho-adrenal system and significant memory
impairments.

Daily administration of NSE to rats after two
weeks of stress induction normalized the plasma
level of the above catecholamines, improved memo-
ry state and increased the exploratory activity in rats
(Fig., C, D, E, J, K).

Furthermore, NAEs with saturated and unsatu-
rated lipid chains can modulate steroidogenesis in
the adrenal cortex [21, 34]. Nowadays, there is no
published information on the possible mechanisms
of NAEs’ influence on synthesis of catecholamines.

It is known that nitric oxide inhibits the release
of catecholamines from the adrenal glands and nerve
terminals. Inhibition of NO synthesis leads to acti-
vation of sympatho-adrenal axis, followed by the
modulation of catecholamines content. Previously, it
has been shown that NSE regulates the level of nitric
oxide by modulating the activity of constitutive and



T. M. Horid’ko, H. V. Kosiakova, A. G. Berdyshev et al.

inducible NO synthase in various pathological condi-
tions [35]. Thus, we can suggest that normalization
effect of N-stearoylethanolamine on the plasma level
of catecholamines in rats with chronic social stress
(Fig., C, D, E) can be mediated by its modulatory
activity on the nitrogen oxide content (Fig., /).

Biogenic amines such as serotonin and catecho-
lamines are involved in the modulation of pain [36].
Peripheral dopamine modulates peripheral pain re-
sponse [37], the reduction of serotonin level is asso-
ciated with major depressive disorder and increased
antinociceptive response [38]. In addition, alterations
in function of central serotonin and noradrenergic
systems cause pain syndrome and emotional discom-
fort [36].

In our study, chronic social stress in rats led to
a significant increase in plasma content of epineph-
rine, norepinephrine, dopamine and serotonin (Fig.,
C, D, E, F) that was associated with an increase in
thermal pain threshold (Fig., 1). The NSE adminis-
tration to rats with induced chronic stress triggered
normalization of catecholamines level and signifi-
cant increase in serotonin content, thus, did not af-
fect the level of the pain threshold in rats.

It is well known that lipid peroxidation plays a
crucial role in the adaptation, however, the exposure
to intense and chronic stressors, which correlates
with increased release of stress hormones (glucocor-
ticoids and catecholamines), transforms lipid peroxi-
dation from adaptive response to damaging effects.

Recent data, obtained using models of social
stress in rats and chronic stress in mice, demonstra-
ted the correlation between the intensity of oxidative
stress, inflammation and anxiety-depression-like be-
haviors, as well as memory impairment [39]. In addi-
tion, enhanced levels of glucocorticoids and catecho-
lamines in response to long-term stress directly or
indirectly intensified oxidative and nitrosative stress
[40, 41].

According to the results of our study, chronic
social stress in rats led to a significant increase in
plasma content of corticosterone and catecholamines
(Fig., A, C, D, E), enhanced formation of TBA reac-
tive substances (Fig., J) — markers of the lipid per-
oxidation intensity and memory alterations (Fig., J).

The treatment with NSE after stress induction
for two weeks normalized the level of TBA reac-
tive substances, corticosterone and catecholamines,
and moreover, ameliorated the memory state and
exploratory activity in rats (Fig., A, C, D, E, G, J, K).

This effect of NSE on TBA reactive substances
content may be mediated by its antioxidant, mem-
branotropic and anti-inflammatory activity, in addi-
tion to its compensatory action on the level of circu-
lating glucocorticoids and catecholamines.

Interestingly, nitric oxide also plays an impor-
tant regulatory role in the stress response and adap-
tation to stress action [42], and is also involved in
pain modulation and mechanisms involved in long-
term memory [36].

The results of our study, which are shown in
Fig., H suggest that chronic social stress causes a de-
crease in the content of one of the stable metabolites
of nitric oxide — nitrite anion to almost 44% in rat
plasma. Daily use of N-stearoylethanolamine after
two weeks of stress induction causes normalization
of plasma nitrite anion content in rats.

These findings support the earlier reported data
about the plasma level of catecholamines in stressed
rats and under the NSE treatment (Fig., C, D, E).

Therefore, two-week administration of
N-stearoylethanolamine after induction of chronic
social stress in rats normalizes plasma content of
corticosterone, testosterone, epinephrine, norepi-
nephrine, dopamine, TBARS, nitrite-anion and in-
creases serotonin level that contributes to the im-
provement of memory state, an increase in the level
of exploratory activity and preserve the value of an-
tinociceptive response in rats that confirms an anti-
stress and adaptogenic action of NSE.

Finally, these findings can form the basis for a
drug development to treat chronic stress in humans
caused by the influence of socio-political, economic,
and other traumatic factors.

Publications are based on the research provided
by the grant support of the State Fund for Funda-
mental Research (F64/28-2016).
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Ha Momeni XpoHIYHOTO COIiaIbHOTO CTPECY B
Ty piB TOCIiKEHO BILIHB N-cTeapoilleTaHOJIaMiHy
Ha HU3KY OiOXIMIYHUX TIIOKa3HUKIB, IO 3aJisTHi
y ¢opMmyBaHHI CTpec-peakiii opraHizMy (Kop-

THUKOCTEPOH, KaTeXoJaMiHH, TBK-akTuBHI
MPOAYKTH, HITPUT-aHIOH, CEpPOTOHIH, TECTO-
cTtepoH). TakoX JOCHIIKEHO CTaH MaM’sTi,

piBEHb JOCIITHUIIPKOI aKTHBHOCTI Ta OOJHOBOI
qymmBocTi 'y TBapuH. Ilokaszano, mo 3a 3a-
crtocyBanHs N-creapoineranonaminy (14 nHiB,
iHTparacTpayspHo, S50 MI/KT) micns pPO3BHTKY B
IIypiB XPOHIYHOTO COIIaJBHOTO CTpecy (SKuit
CIIPHYMHIOBAJIN IOACHHUMHU TIPOTATOM 14 1IHIB
aroOHICTUYHUMH B3a€EMOAISIMM MIDK TBapHHAMU)
Bif0yBasaca HOpMali3aimisi BMICTY KOPTHKOCTE-
POHY, TECTOCTEPOHY, aJpeHaJiHy, HOpaJIpeHaIiHy,
nonaminy, TBK-akTMBHUX TIpOAYKTiB, HITPUT-
aHIOHY Ta BIpOT1/THE 3pOCTaHHS BMICTY CEPOTOHIHY.
Lli 3MiHM CHpUSIN TOKPANIEHHIO CTaHy MaMm sTi
Ta 3pOCTaHHIO PiBHS AOCTIAHUIIFKOI aKTHBHOCTI B
mrypiB. [Ipu ibomy, 3a 1ii N-creapoinetaHoigaminy
piBeHb 0O0JBOBOI UYTIMBOCTI B TBapuH HeE
3MIHIOBaBCS, a 3aJIMINABCA Ha PiBHI 3HAYEHB Y CTpe-
COBaHMX TBapHUH.

KnmodaoBi cimoBa: N-cTreapoineranonamiu,
XPOHIYHUM COIIaIBHUN CTPEC, KOPTHUKOCTEPOH,
KarexolaMiHu, TecTocTepoH, TbK-akTtuBHI mpo-
TyKTH, OKCHJT a30TY, CEPOTOHIH.
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Ha Mozenm  XpOHMYECKOTO  COLMAJIBHO-
ro crTpecca y KpbIC HCCIIEIOBAHO BIMSIHUE
N-cTeaponn3sTaHoIaMUHA Ha psii OMOXMMHUYECKUX
IoKa3aTeNe, KOTopble 3aJeHCTBOBAHBI B Pa3BU-
THU CTpPECC-peakluu opraHuzmMa (KOPTHKOCTe-
poH, karexonamuHbl, TBK-akTUBHBIE NPONYKTHI,
HUTPUT-aHUOH, CEPOTOHUH, TETCTOCTEpoH). Tak-
K€  HCCIIENOBAJIM COCTOSHHE NaMSTH, yPOBEHb
HCCIIEIOBATEIBCKOM aKTUBHOCTH U OOJEBOM UyB-
CTBUTENIBHOCTH Y >KUBOTHBIX. Ilokazano, uto npu-
MeHeHne N-cteapomdTaHonamuHa (14 mgHEW, WH-
TparacTpaybHo, 50 MI/KT) 1ociae pa3sBUTHS Y KpPbIC
XPOHHMYECKOTO COLMAJIBHOIO cTpecca (CTpecc BbI-
3bIBAJIM KaXJJOJHEBHBIMU Ha NMPOTSHKEHUM 14 gHEl
ArOHUCTUYECKUMH B3aUMOACHCTBUSIMHI MEXIY KH-
BOTHBIMH) IPUBOJINJIO K HOPMaJIM3aLMM COJEepXKa-
HUS KOPTUKOCTEPOHA, TECTOCTEPOHA, aJIpeHaJInHa,
HOpaapeHaiuHa, gonaMuHa, TBK-akTuBHBIX mpo-
JIYKTOB, HATPUT-AaHHOHA U K JOCTOBEPHOMY YBEJIH-
YEHUIO COICPXKAHMS CEPOTOHMHA. DTU M3MEHEHHUS
CIIOCOOCTBOBAJIM YIIYUIICHUIO COCTOSHHS MaMsTH
1 TIOBBIIICHUIO YPOBHS UCCIIEIOBATEIbCKON aKTHB-
HocTH y KpbIc. [Ipu 3TOM ypoBeHb 00j€BOH 4yB-
CTBUTEJIBHOCTH Y JXHUBOTHBIX, KOTOPBIM BBOAMJIN
N-cTeapoun TaHoIaMUH, HE H3MEHSUJICA, a OcCTa-
BaJiCA Ha ypPOBHE 3HAYCHUH Yy CTPECCHPOBAHHBIX
KUBOTHBIX.

KnioueBbie caoBa: N-creapounadTaHo-
aMHWH, XPOHUYECKUN COLUAJBHBIA CTpecc, Kop-
TUKOCTEPOH, KaTexoJaMHUHBbI, TecTocTepoH, TBK-
aKTUBHBIE NTPOAYKTHI, OKCHJ a30Ta, CEPOTOHUH.
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