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METFORMIN EXERTS CARDIOPROTECTION
IN ISOPROTERENOL-INDUCED CARDIOMYOPATHY IN RATS

Introduction. Due to neuropathy in diabetic patients, the dysfunction of the autonomic nervous system occurs,
and cardiac activity undergone excess sympathetic stimulation which is named cardiac autonomic neuropathy.
Patients with cardiac autonomic neuropathy are at higher risk of left ventricular hypertrophy and are predisposed to
cardiovascular events. It was established that metformin, a first-line agent for the initial pharmacotherapy of type 2
diabetes mellitus, poses significant cardioprotective effects. Nevertheless, its activity in the myocardium, subjecting
the increased sympathetic tone, remains poorly investigated.

The aim of the study — to explore the effects of metformin on cardiac remodeling after prolonged isoproterenol
administration at a low dose.

Research Methods. To induce cardiomyopathy, Wistar rats were injected intraperitoneally with isoproterenol
(Iso — 5 mg/kg) in the continuous presence of metformin (M — 100 mg/kg) or vehicle only for 7 consecutive days.
Tissue samples were stained with Hematoxylin&Eosin using standard method. The serum level of brain natriuretic
peptide was estimated using the Rat BNP ELISA Kit. Statistical comparison of multiple groups was performed by
one-way ANOVA followed by Bonferroni Test using GraphPad Prism version 5.00.

Results and Discussion. The results of investigation demonstrate that metformin treatment significantly aboli-
shed cardiac hypertrophy in rats induced by isoproterenol administration at the daily dose 5 mg/kg for 7 days. Anti-
hypertrophic effect of the drug was confirmed by its ability to diminish the serum level of brain natriuretic peptide.

Structural fibrotic reorganization was prevented as well.

Conclusions. Metformin exerts cardioprotection after prolonged isoproterenol administration at a low dose
preventing hypertrophic and fibrotic remodeling and fetal genes reprogramming. Thus, it might be a potential tool
in the prevention of cardiac remodeling in patients with sympathetic overactivity.

KEY WORDS: metformin; isoproterenol; hypertrophy; fibrosis; brain natriuretic peptide.

INTRODUCTION. Diabetes mellitus leads to
dysfunction in the autonomic nervous system, cau-
sing various cardiovascular disorders, i.e. resting
tachycardia, postural hypotension, higher intra/
perioperative cardiovascular instability, more fre-
quent asymptomatic myocardial ischemia and in-
farction, and greater mortality after myocardial in-
farction [1]. Cardiac autonomic neuropathy (CAN)
significantly decreases quality of life and is followed
by unfavorable prognosis [2]. CAN is caused by
damage of the autonomic nerve fibers that innervate
the heart and blood vessels and leads to abnor-
malities in cardiovascular dynamics [3].

Various pathogenic pathways are involved in
the process of CAN development in the diabetic
patients, while hyperglycemia is the leading cause
of these complex interaction initiation [4]. Hypergly-
cemia-induced oxidative stress increases mitochon-
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drial production of free radicals which together with
impaired neuronal activity, membrane permeability,
mitochondrial and endothelial function are involved
in the pathogenesis of diabetic CAN [5].

Neuropathy first affects the longest nerve fibers.
The first feature of diabetic CAN is usually vagus
nerve damage. Since this nerve is responsible for
nearly 75 % of parasympathetic activity, alteration
in its function causes resting tachycardia, since
sympathetic influences become predominant [6].
After about five years increased heart rate even-
tually diminishes due to progressive sympathetic
nerve fiber damage, however, it remains higher than
in the healthy patients [1]. Declines in parasympa-
thetic tone occur at night and CAN subjects expe-
rience more frequent left ventricular hypertrophy
and are predisposed to cardiovascular events [7].
Therefore, searching for new therapeutic strategies,
which can modulate adverse cardiac remodeling
and prevent heart failure, is an urgent matter.
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Metabolic state optimization is considered to
be the only effective strategy in the therapy of dia-
betic CAN [8]. Metformin, according to the American
Diabetes Association’s current clinical practice
recommendations, remains a first line pharmaco-
logical agent for type 2 diabetes mellitus treat-
ment [9] that can reduce risk of cardiovascular
events and death [10]. The cardioprotective effects
of metformin have been considered related to its
beneficial actions on lipid metabolism, endothelial
function, calcium homeostasis, hypercoagulation,
and platelet reactivity [11].

Previously we have reported that metformin
protects cardiomyocytes from hypertrophy and
apoptosis caused by metabolic stress, hypoxia and
ischemia-reperfusion, resulting in gene expression
profile changes [12]. Nevertheless, its activity in the
myocardium, subjecting the increased sympa-
thetic tone, is still poorly investigated.

The aim of our study was to explore the effects
of metformin on cardiac remodeling after prolonged
isoproterenol (ISO) administration at a low dose.

RESEARCH METHODS. The study was per-
formed according to the General Ethical Principles
for the Use of Animals in Research. The Wistar male
rats were maintained in a temperature-controlled
room (25°C) with a natural day/night cycle, fed a
standard chow diet and given ad libitum access to
water. Animals were randomly divided into 4 groups:
C (vehicle injection), C+M (metformin injection), Iso
(isoproterenol injection), Iso+M (isoproterenol and
metformin injection). To induce cardiomyopathy,
rats were injected intraperitoneally with isoprote-
renol (Iso-5 mg/kg) in the continuous presence of
metformin (Met-100 mg/kg) or vehicle only for
7consecutive days.

Tissue samples were stained with Hematoxylin
& Eosin using standard method. The serum level
of brain natriuretic peptide (BNP) was estimated
using the Rat BNP ELISAKit (Elabscience). Statis-
tical comparison of multiple groups was performed
by the one-way ANOVA followed by the Bonferroni
Test using GraphPad Prism version 5.00 (GraphPad
Software, Inc).

RESULTS AND DISCUSSION. First of all the
effect of metformin on cardiac hypertrophy was
investigated in rats induced by isoproterenol ad-
ministration for 7 days. Previously it was shown that
low doses of isoproterenol (0.3 to 6 mg/kg) injected
repeatedly during 1-3 weeks induce cardiac hyper-
trophy accompanied by fibrosis and necrosis of the
tissue [13].

As shown in Fig. 1, in the rats with cardiomyo-
pathy, treated with vehicle, isoproterenol caused a
two-fold increase in cardiomyocyte size: cell area

in the Iso group was (482.6+8.78) um? against
(222.34£3.85) um? in the control group, p<0.001.

Metformin treatment prevented cardiomyocytes
hypertrophic response in the rats with isoprote-
renol-induced cardiomyopathy: cell area in the
Iso+M group was (285.1 + 4.25) um? against
(482.648.78) um?in the Iso group, p<0.001.

The data attained from histomorphology
analysis, which proved anti-hypertrophic effect of
metformin, was further confirmed by the assessment
of BNP serum concentration. Previously it was
established that cardiac hypertrophy induced by
B,-adrenoreceptors stimulation was followed by
increased protein synthesis and upregulation of
early response genes, and fetal gene expression
(e.g. the natriuretic peptide genes) [14].

Itis proved (Fig. 2) that isoproterenol provoked
augmentation of serum BNP level in the rats treated
with vehicle in 85.5 %. Nevertheless, metformin
administration significantly declined BNP serum
concentration in the rats with isoproterenol-induced
cardiomyopathy compare to the untreated animals.
This results confirm our previous findings that
metformin prevents fetal genes reprogramming [12].

Chronic administration of isoproterenol causes
progressive fibrotic changes in the myocardium,
which eventually leads to left ventricular
dysfunction [15]. Thus, fibrotic remodeling
prevention is a prospective therapeutic targetin the
heart failure treatment [16].

Also, the impact of metformin on fibrotic
remodeling in increased sympathetic tonus was
studied. Isoproterenol caused the augmentation in
fibrotic tissue accumulation in the myocardium of
the rats. Metformin treatment prevented fibrotic
reprogramming induced by isoproterenol (Fig. 3).

Thus, the conclusion can be drawn that metfor-
min exerts significant cardioprotection in rats with
isoproterenol-induced heart damage.

The impact of metformin on hypertrophic and
fibrotic reprogramming of myocardium in the rats
with isoproterenol-induced cardiomyopathy is pre-
sented in the study.

Isoproterenol is a sympathomimetic that acts
selectively on beta-adrenergic receptors and pro-
duces powerful stimulation of the heart to increase
its rate and power of contraction, causing increased
cardiac output. It dilates the arterioles of skeletal
muscle (B2 effect), resulting in decreased periphe-
ral resistance that greatly reduces mean arterial
and diastolic blood pressure [13].

Isoproterenol initiates imbalance between oxy-
gen supplementation to the heart and response
from cardiomyocytes, which is related to myocar-
dial hyperfunction due to the increase both in chro-
notropism and inotropism as well as to hypotension
in the coronary bed. Despite of this an elevation of
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Fig. 1. Metformin decreases cardiomyocyte hypertrophy induced by isoproterenol administration.
Notes. The rats were divided into 4 groups: C (vehicle administration), C+M (metformin (100 mg/kg) administration), Iso
(isoproterenol (5 mg/kg) and vehicle administration), Iso+M (isoproterenol(5 mg/kg) and metformin (100 mg/kg) administration).

Treatment was maintained for 7 days.

Upper panel — microscopic examination of heart tissue, stained with H&E. Scale bar is 10 pm.

Lower panel — quantification of cardiomyocyte area.

Data information: Data are presented as mean+SEM. Two-way ANOVA followed by Bonferroni's post hoc test: ***p<0.001

between the conditions.

Ca?* overcharge inside the cell does occur that
activates adenylate cyclase enzyme and depletes
ATP levels. All these events produce negative im-
pact on the heart, thus isoproterenol is used in the
experimental medicine for cardiac injury models
inducing [13].

According to the literature analysis the isopro-
terenol-induced effects on heart could be divided

into 3 groups depending on the dose and duration
of isoproterenol administration. The high dose of
isoproterenol causes myocardial damage as acute
myocardial infarction, while at the low doses (0.3-
6 mg/kg) it produces cardiac injury with the features
common for chronic adrenergic hyperactivity [13].

Adrenergic neurotransmitters of the sympa-
thetic nervous system are significant in the regula-
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Fig. 2. Metformin declines BNP serum concentration in the rats with isoproterenol-induced cardiomyopathy.
Notes. The rats were divided into 4 groups: C (vehicle administration), C+M (metformin (100 mg/kg) administration), Iso
(isoproterenol (5 mg/kg) and vehicle administration), Iso+M (isoproterenol (5 mg/kg) and metformin (100 mg/kg) administration).

Treatment was conducted for 7 days.

The serum level of BNP was estimated using the Rat BNP ELISA Kit.
Data information: Data are presented as mean+SEM. Two-way ANOVA followed by Bonferroni’s post hoc test: ***p<0.001

between the conditions.

tion of heart activity, although prolonged and extra
adrenergic receptors stimulation leads to cardiac
dysfunction and cell death [17], and are an important
factor in the pathogenesis of cardiomyocyte hyper-
trophy [18]. Sympathetic overactivity is considered
to be an essential feature in the patients with heart
failure, and norepinephrine plasma level correlates
with the stage of left ventricular dysfunction [19].

In prolonged -adrenergic receptors activation,
hypertrophic phenotype occurs that is associated
with extra protein synthesis, proto-oncogene ex-
pression, enchased oxidative stress, inflammation
and stimulation of mitogen-activated protein ki-
nase [20].

Besides, B-adrenergic receptors stimulation is
a trigger for fetal genes expression [20], in particu-
lar, brain natriuretic peptide (BNP) [14].

BNP expression is increased in heart failure
development, and circulating BNP plasma level is
a marker of left ventricular dysfunction [14] and is
followed by a high risk of mortality in the patients
with cardiovascular pathology [21].

The results of histomorphological analysis
proved that isoproterenol administration at the low
dose for relatively long period induced significant
hypertrophic response followed by enlargement of
BNP serum level that correlated with the data of the
literature reviewed.

Metformin is a clinically widely used oral anti-
diabetic agent that is extensively used in the treat-
ment of the patients with type 2 diabetes melli-
tus [22, 23]. Recent studies have reported that

metformin, in addition to its hypoglycemic effect,
have anti-inflammatory effects and improved ener-
gy metabolism and endothelial function [24, 25],
significantly reduces the incidences of great vessel
disease and acute myocardial infarction in diabetic
patients [26], exertes a cardioprotective effect and
attenuated myocardial ischemia/reperfusion in-
jury [27].

In the present study metformin treatment coun-
teracted cardiac hypertrophy by preventing cardio-
myocyte growth. Furthermore, brain natriuretic
peptide expression was attenuated that was con-
firmed by ELISA analysis of its serum level.

Due to necrosis of cardiomyocytes induced by
isoproterenol, enhanced fibrotic tissue accumulation
in the myocardium occurs [28]. Fibrosis, as a main
component of cardiac remodeling, includes micro-
scopic scarring, which serves to replace lost con-
tractile cells after necrosis with non-functional scar
tissue and thereby is essential in preserving myo-
cardial structure. The extension of fibrosis evi-
dences widespread and ongoing necrosis of car-
diomyocytes [29].

Furthermore, an imbalance between synthesis/
degradation of extracellular matrix (ECM) proteins
finally results in excessive accumulation of fibrillar
collagen, which is found in cardiac fibrosis, stiffen
the ventricles and impede both contraction and
relaxation, impairing the electrical coupling of car-
diomyocytes and the global cardiac function [28].

In the rats administered with isoproterenol for
7 days the development of a pronounced perivas-
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Fig. 3. Metformin decreases extent of fibrosis in the rats with isoproterenol-induced cardiomyopathy
Notes. The rats were divided into 4 groups: C (vehicle administration), C+M (metformin (100 mg/kg) administration), Iso
(isoproterenol (5 mg/kg) and vehicle administration), Iso+M (isoproterenol (5 mg/kg) and metformin (100 mg/kg) administration).

Treatment was conducted for 7 days.

Upper panel — microscopic examination of the heart tissue, stained with H&E. Scale bar is 10 pm.

Lower panel — quantification of cardiomyocyte area.

Data information: Data are presented as mean+SEM. Two-way ANOVA followed by Bonferroni’s post hoc test: ***p<0.001

between the conditions.

cular and interstitial fibrosis in the myocardium was
proved.

Cardiac fibrosis is a major factor in the progres-
sion of heart failure thus its prevention might be a
potential strategy in the treatment of heart fai-
lure [16]. Metformin treatment reduced extent of
fibrotic tissue in the hearts of the rats with isopro-
terenol-induced cardiomyopathy.

CONCLUSIONS. The results prove that met-
formin exerts significant cardioprotection caused
by chronic isoproterenol administration. Thus, it
might be a prospective means in prevention of
cardiac remodeling in the patients with sympa-
thetic overactivity. Investigation of new mechanisms
in the drugs protective action is needed to provide
a better understanding of the pharmacodynamic
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particularities. The future perspectives of the study
are exploring molecular and genetic targets of the
drug, which are involved in the producing of effects
aimed to preventthe formation of cardiac remodeling.
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I. 4. Noii, B. B. NaBniok, C. b. Kpamap, M. M. Kopaa, O. M. Oneluyk
TEPHOIM/IbCBKVV HALJIOHA/IbBHVV MEANYHWW YHIBEPCUTET IMEHI 1. 5. TOPBAYEBCBHKOIO

MO3 YKPAIHV

MET®OPMIH ITPOABJIAE€ KAPJIOIIPOTEKIIIO
TTPU I30ITPOTEPEHOJIIH/IY KOBAHIVM KAPAIOMIOIIATII B IITYPIB

Pestome

Bcmyn. Y x8opux Ha yykposuli diabem y 38’s13Ky 3 Heliporamieto BUHUKAE OUCGPYHKYiSi aBMOHOMHOI HepBoBoT
cucmemu, BHac/1i0oK Yo2o cepyesa 0isi/ibHicmb niddaembcsi HAOMIPHIT cumnamudyHit cmumy/isayii, Wo Hasusaroma
KapOia/lbHOK aBMmoHOMHOK Heliporiamiero. NMayieHmu 3 Heliporiamiero Maroms niosueHul pusuK BUHUKHEHHS
einepmpodhii /1iB020 WIYHOUKa ma 6i/lbW CXU/IbHI 00 pO3BUMKY cepueso-CyOUHHUX YCK/1a0HeHb. BcmaHos/ieHo,
wWo MemeopMiH, penapam fnepuiol iHii 07151 mo4amxosoi thapmakomeparnii Yykposozo diabemy 2 murly, nNposis/sie
BUpaxeHi kapoioripomekmopHi echekmu. FNpome io2o akmusHicmb y MiOKapoi, Wo niodaemscsi HAOMIPHOMY CUM-
MamuyHOMy Br/iUBY, BUBYEHO HEOOCMAMHbO.

Mema 0ocnidxeHHs1 — BCmaHoBUMU ehekmu Mem@OPMIHy Ha Kapoia/lbHe PeMOOesIioBaHHs, BUK/IUKaHe
PO/IOH208aHUM BBEOEHHSIM [3011POMEPEHO/TY B8 HU3bLKIU 003i.

Memoodu docnidxeHHs. LL|ob sukiukamu kapoiomionamito, Wypam /iHii Bicmap s8HympiluHbL04epesHoO BBOOU-
U i3ornpomepeHorn (Iso — 5 ma/ke) 3a npucymHocmi memabopmiHy (M — 100 ma/ke) abo hi3po34uHy BrpoooBX
7-MU OHIiB. 3pa3ku mkaHUH 6ys10 3aghapboBaHO 2eMamoKCU/IIHOM i €03UHOM 3 BUKOPUCMAHHSIM cmaHo0apmHo20
Memody. Cuposamkosuli piBeHb MO3K0B020 HampillypemuyHo20 rnenmuady 00c/lioXeHo 3a doriomozoto Rat BNP
ELISAKit. O0HoghbakmopHul oucriepcitiHuli aHasi3 ANOVA 3 nonapHUM ropisHSIHHAM 2pyr 3a Kpumepiem BOHGepoHi
rposedeHo 07151 cmamucmuyHoI OUiHKU pesy/ibmamig 3a 00rnomMozoto rpoepamu GraphPad Prism sepcii 5.00.

Pe3ysibmamu Ui 062080peHHS. Y pe3y/ibmami MposedeHuUx 00CiOXEHb BCMAHOB/IEHO, WO /liKyBaHHS Mem-
hopMiHOM OOCMOBIPHO 3MEHWYe cepyesy 2inepmpoito 8 Wypis, iIHOyKoBaHy BBEOEHHSIM [30pomepeHosIy 8 003i
5 me/ke npomsizom 7-Mu OHiB. AHmMuzinepmpogiyHuUl eghekm npenapamy nidmsepoxxeHo mum, wjo oao 3acmo-
CyBaHHS1 CIPUsI/IO 3HUXEHHIO PIBHS MO3KOB020 HampillypemuyHo20 rnenmuoy 8 cuposamuyi Kposi. CmpyKmypHi
hibpomuyHi 3MiHU 8 MIOKapoi 6y/10 MaKoX MornepeodxxeHo.

BucHosku. MemchopMiH rposis/isie Kapoionpomekyito npu rpo/ioH20BaHOMY BBEOEHHI [30pOmMepeHo/1y 8
HU3bKIl 003i, 3arnobizaroyu ainepmpohiyHoMy ma hibpomuyHOMY peMoOe/ItoBaHHIO i pernpoz2pamyBaHHIo themarsib-
HUX 2eHis. Tomy rpernapam Moxe 6ymu nomeHyitiHUM 3aco60M 07151 MPOIsIakKMUKU peMOOesIIoBaHHsI MiOKapoa,
CrIPUYUHEHO20 HaOMIPHOK akmuBHICmM0 cUMamuy4Hol HepBoBOI cucmemu 8 rnayjieHmis.

KNHOYOBI CNNOBA: meTdopmiH; isonpoTepeHon; rineptpodis; hi6po3; MO3KoBUiA HaTpidlypeTUUHuii
nentup,

ISSN 2410-681X. MenuuHa Ta KiIiHiuHa XiMid. 2019. T. 21. Ne 4



I. 4. Noii, B. B. Masntok, C. 6. Kpamap, M. M. Kopga, A. M. Onewyk
TEPHOIMO/ILCKNA HALIMOHA/IbHBIA MEAVNUMHCKNIA YHUBEPCUTET UMEHW W. . TOPEAYEBCKOIO
MO3 YKPAVHbI

MET®OPMUH ITPOABJIAET KAPAUOIIPOTEKIIUIO
ITPU N30ITPOTEPEHO/IMHIYIIUPOBAHHOM KAPAVIOMUOIIATUH Y KPBIC

Pestome

BcmynisieHue. Y 60/1bHbIX caxapHbiM duabemom 8 C853U ¢ Heliponamuel BO3HUKaem ouchyHKYUS aBmOoHOM-
Hol HepsHOU cucmeMbl, 8 pe3y/ibmame ye2o cepoeyHasi 0esime/ibHoCmb rnodsepaaemcsi YypesmepHol cumnamu-
yeckol cmuMy/Isiyuu, Ymo HasblBarom kapouasibHol asmoHoMHoU Helponamuel. MayueHmsl ¢ Heliponamuel
UMerom osbIWeHHbIU PUCK BO3HUKHOBEHUS 2urnepmpogbuu /1e8020 xe/lydodka U 60/1ee CK/AOHHbI K pa3sumuro
cepoeyHO-CcocyoUCMbIX OC/IOXHEHUU. YemaHos/1eHo, Ymo MemgbOpMUH, ripenapam nepsoli JUHUU 07151 Ha4a/lbHOU
thapmakomepanuu caxapHo20 duabema 2 muna, nposis/siem BblPaKeHHbIE KapoOUOMPOMEKMOPHbIE 3¢heheKmbI.
OO0HakKo e20 akmusHOCMb B MUOKapoe, Ymo NodBep2aemcsi 4pe3mepHOMY cuMnamuyecKkomy 8o3delicmsuro, usyye-
HO HeAoCmMamoyHo.

Llenb uccnedosaHusi — ycmaHoBUMb 3ghghekmbl MemghopMuUHa Ha KapouasibHoe peMooe/iuposaHue, Bbl-
38aHHOE MPOJIOH2UPOBaHHbIM BBEOEHUEM U30IPomepeHo/ia 8 HU3Kol 0o3e.

Memoodb! uccredosaHusi. Ymobbl BbI3Bamb KapOUOMUONamuro, Kpbicam JIUHUU Bucmap 8HYmMpubprowHO
B8B800OU/IU u3orpomepeHo (Iso — 5 ma/ke) 8 npucymemsuu memcpopmuHa (M — 100 me/ke) usu ¢huspacmsopa 8
meyeHue 7-Mu OHell. O6pa3sybl mkaHel 6bl/Iu OKpaweHbl 2eMamoKCU/IUHOM U 303UHOM C UCIMO/Ib30BaHUEM CmaH-
0dapmHo2o Memooa. CbIBOPOMOYHbIU ypOBeHb MO3208020 HamMpuUlypemu4yecko2o nernmuoa ucc/1e008aH € MOMOWbHO
Rat BNP ELISA Kit. O0HoghakmopHbili ducriepcuoHHbIl aHaiuz ANOVA ¢ nonapHbiM cpasHeHUeM 2pyrir ro Kpu-
meputo boHghepoHu nposedeH 0719 cmamucmuyeckol OYeHKU pe3y/Ibmamos ¢ NoMowbio rpozgpammsl GraphPad
Prism sepcuu 5.00.

Pe3ysibmambi u obcyxoeHue. B pe3ysibmame npoBedeHHbIX Ucc/1edosaHull ycmaHoB/IeHO, Ymo /ieyeHue
MemgopMUHOM OOCMOBEPHO YMEHbUWAem cepoeyHyro 2unepmpoguro y KpbiC, UHOYYUPOBaHHY0 BBeOeHUEeM U30-
rpomepeHosa 8 003e 5 Ma/ke 8 medeHue 7-Mu 0Hel. AHmuaunepmpochuyeckuli aghchekm rpenapama noomsepix-
0eH meM, Ymo €20 MPUMeHeHUe CrocobCcmBoBasIO CHUXKEHUIO YPOBHS MO3208020 Hampullypemu4eckoao nenmu-
0a 8 CbIBOPOMKeE KpoBu. CmpyKmypHble chubpomuyeckue U3MeHeHUs1 8 MUOKapoe 6bl/1u makxxe npedynpexoeHsl.

Bbi800bI1. MemgopMuH rposigzisem KapouornpomeKyuro npu nposioH2upoBaHHOM BBEOEHUU U30IPOMepPeHo-
/1a 8 HU3KoU 003e, pedomapawjas 2unepmpoghuyeckoe u ghubpomuyeckoe pemMooesiuposaHue u perpoepamMmu-
posaHue hemasibHbIX 2eHO8. [Toamomy npernapam Moxem 6bimb MoMeHyuasibHbIM cpedcmsom 071 Mpoghusiak-
MUKU pemode/IupoBaHusi MUOKapOa, BbI38aHHO20 Ype3mMepHOU akmuBHOCMbIO cuMamuyeckol HepsHOU cucmemMbl
y nayueHmos.

K/TIOYEBBIE C/TOBA: meTthopMUH; n3onpoTepeHos; runeprpodus; onépos; Mo3roBoii HaTpuilypeTu-
yeckuii nenTupg,.
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