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IMCUXONATOJIOTMYECKHUE PACCTPOIMCTBA KAK
KOMOPBUJHOCTbH V BOJIBHBIX TICOPHA30OM (OB-
30P)

Bonornas JI.A., Capuan E.U.

XapvKosckask MEOUYUHCKAST akademus NOCIeOUNIOMHO20 00pa-
306anus, Ykpauna

[Icopuas sBisleTCs CHUCTEMHBIM HMMYHOOIIOCPEIOBAaHHBIM
3a00/1€eBaHUEM, CBA3aHHBIM C IIOBBILICHHBIM PHCKOM BO3HHK-
HOBEHUsI KOMOpPOUIHBIX 3aboneBanuii. [Icnxonaronornueckue
paccTpoiicTBa y HalMEHTOB C ICOPUA30M IO Cei JeHb Helo-
CTaTOYHO M3YUCHbI, HECMOTPS Ha 0OJIbILIOE KOJIMYECTBO MyOiu-
kaiui. Llenbro ucciienoBaHus SIBISETCA aHAJIU3 IICUXOJIOTHYe-
CKHX U ICUXMYECKHX PacCTPOMCTB y MAallMEHTOB € IICOPUA30OM
U BBISIBJICHHE BO3MOXKHBIX OOIIMX MEXaHHU3MOB IaTOreHe3a Ha
OCHOBAaHUHU H3YYCHUS HAyYHOW PETPOCIEKTHBHOM M TEKyIleH
JIUTEPATYPBL.

VY GonbIIMHCTBA OONBHBIX Pa3BUTHE IICOPUA3a CBA3aHO C BbI-
paKEHHBIMH HETraTUBHBIMH SMOLMSMHU. BoiibHBIE TCOpHa3oM
YacTO yKa3bIBAIOT Ha HEraTMBHOE BIMSIHUE 3a00JIeBaHUs HA Ka-
4yecTBO >KU3HU. K OCHOBHBIM KOMOPOUIHOCTSM IICOpHAa3a ICHU-
XOJIOTHUECKOT0 M TMCHXHUATPUYECKOro MPOQMIS MPUHAIICKAT
QJIEKCUTUMMUS, TPEBOra U JCIPECCHsi, CEKCyaJbHbIE PAcCTPO-
CTBa U HapyuleHus cHa. [lcuxuyeckue U ncuxonorudeckue pac-
CTpoiicTBa y OOJBHBIX MOT'YT OBITh IIEPBUYHBIMHU, HO Yallle OHU
SBJISIFOTCS] BTOPUYHBIMHU T10 OTHOLLCHHUIO K IICOpHA3y.

HccnenoBanus OEeMOHCTPUPYIOT ydacTHE MEIMaTOpOB BOC-
najeHus (MPOBOCHANUTEIbHbIE LUTOKUHBI) M MEJIAaTOHMHA B
[IaTOreHe3e Kak IICopHasa, TaK M IICUXONAaTOJIOTHYeCKUX pac-
CTPOMCTB, MPU 3TOM KJIFOYEBBIM 3BEHOM SBJISIETCSI HMMYHHOE
Bocrasienue. OLeHKa MCUXOJOrHYECKOro M MCUXHATPUIECKOro
craryca OOJIBHOIO ICOPHa3oM O0ECIEUUT CBOCBPEMEHHOE BbI-
SIBJICHHE KOMOPOUTHO# IaTOJIOTUH, YTO ITO3BOJIUT ONTHMHU3HPO-
BATh JICUCOHYIO TAKTHUKY.
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CARDIOMYOCYTE DNA CONTENT AND ITS LINK TO CSE/H,S SYSTEM
IN THE HEART OF EXPERIMENTAL DIABETIC RATS

Palamarchuk I., Zaichko N., Melnyk A., Nechiporuk V., Yurchenko P.

National Pirogov Memorial Medical University, Vinnytsya, Ukraine

Diabetes mellitus (DM) is an important health problem be-
cause of high prevalence, rapid complications and high mortal-
ity [27]. One of the serious complications of diabetes is diabetic
cardiomyopathy (DCM). Diabetic heart injury is characterized
by several main mechanisms such as impaired insulin signaling,
endoplasmic reticulum stress, mitochondrial dysfunction, sym-
pathetic nervous system activation, oxidative stress, inflamma-
tion, impaired coronary microcirculation which lead to myocar-
dial fibrosis, hypertrophy and heart failure [1,8,19,22].
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One of the crucial factors in pathogenesis of DCM is disin-
tegration of cell cycle and activation of pro-apoptotic pathways
[3,13], but the molecular mechanisms behind these changes are
still unknown. It has been shown recently that hydrogen sulfide
(H,S) is an important modulator of cardiomyocyte proliferation
and apoptosis, and is involved in the regulation of cardiovascu-
lar functions and insulin secretion [2,7,15]. However, the role of
the CSE/H,S system and disruption in proliferation and apopto-
sis in diabetic heart remains unclear.
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The aim of this work was to evaluate the effect of modulators of
H,S system on the level of DNA fragmentation and H,S concentra-
tion in myocardiocytes of rats with experimental diabetes mellitus.

Material and methods. The studies were performed on 40 white
non-linear male rats (180-250 g), which were obtained from the
Scientific-Experimental Clinic of National Pirogov Memorial Med-
ical University, Vinnytsya. Animals were housed in a standard facil-
ity at 22°C room temperature and a twelve-hour alternate between
light and dark; water and feed were given ad libitum. The stud-
ies were conducted according to the general ethical principles of
animal experimentation, approved by the First National Congress
of Ukraine on Bioethics (Kyiv, 2001) and the European Conven-
tion on the Protection of Vertebrate Animals Used for Research and
Other Scientific Purposes (Strasbourg, 1986).

Experimental diabetes in rats was induced by intraperito-
neal injection of streptozotocin (STZ, Sigma, USA) in 0.1
mol/L citrate buffer, pH 4.5 at dose of 40 mg/kg. Diabetic
and age-matched non-diabetic rats were randomly assigned to
three groups: controls, untreated diabetic controls (STZ-DM)
and treated diabetic administrations: STZ + propargylglycine
(STZ+PPG) and STZ + H,S donor (STZ+NaHS). Rats of the
control group were given equivalent volumes of 0.1 M citrate
buffer (0.1 ml /100 g). Substances were administered after a
previous 24-hour food deprivation. The development of STZ
diabetes was confirmed on day 3 by determining glucose in pe-
ripheral blood using an Accu-Chek Active electronic glucom-
eter (Rouche Group, Germany). Animals that had blood glucose
greater than 13 mmol/l (234.0 mg/dl) as of day 3 were selected
for further experiment.

Propargylglycine (an irreversible inhibitor of cystathionin-y-
lyase (CSE) - a key H,S - synthesizing enzyme in the heart and
vessels and NaHS (inorganic H,S donor) performed the modula-
tion of H,S system. Modulators of H,S system were adminis-
tered i/p once a day (0.1 ml/100 g) from the 14th to the 28th day
after the injection of streptozotocin. D, L-propargylglycine (Sig-
ma, USA) was administered at a dose of 50 mg/kg, and NaHS -
H,O (Sigma, USA) at a dose of 3 mg/kg. Doses, routes and du-
ration of administration of H,S modulators were borrowed from
the literature and did not cause animal death [11,12,28]. Rats of
the control and STZ group received 0.15 M NaCl solution (0.1
ml/100g i/p once per day) after the induction of diabetes.

Determination of myocardial H,S content was performed by
the method of Wilinski, B., 2011. The myocardium was washed
with cold 1.15% KCI solution, crushed with scissors, homog-
enized in 0.01M NaOH at a ratio of 1:5 (mass/volume) at 3000
rpm (Teflon glass). TCA (250 ul of 50%) was added to 1 ml of
homogenate and centrifuged at 1200 g for 15 min, the content
of H,S was determined in supernatant by spectrophotometric
method by reaction with N, N-dimethyl-para-phenylenediamine
in the presence of FeCl,. All manipulations were performed in
sterile sealed plastic tubes of the Eppendorf type (to prevent H,S
loss). The content of sulfide anion in the sample was calculated
according to the calibration schedule. Aqueous Na,S « 9H,O
(31.2-3120 puM, Sigma, USA) was taken as the standard.

To determine the DNA content, we made a cut of 10-15 mm
in the apex of the heart, placed it in Eppendorf microtubes with
a cold 1.15% KCl solution and stored at -20°C for further anal-
ysis. DNA content was determined by flow cytometry. Nuclei
suspensions of mycoacaricide were obtained using a solution
for nuclear DNA research (CyStain DNA Step 1 by Partec, Ger-
many) according to the manufacturer’s protocol-instructions.
This solution enables the extraction of the nuclei and labeling of
nuclear DNA with diamidinophenylindole (DAPT). CellTrics 50
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um disposable filters (Partec, FRG) were used in the manufac-
ture of nuclear suspensions.

The flow analysis was performed using Partec PAS multifunc-
tional flow cytometer from Partec (Germany). UV radiation was
used to excite DAPI fluorescence. 10,000 events from G G, of each
sample of nuclear suspension were subjected to analysis. Cell cycle
analysis was performed using the software FloMax (Partec, Ger-
many) in full digital accordance with the mathematical model to
determine: G G, (G,%) - the percentage of cells of GG, phase to
all cells of the cell cycle (DNA content = 2¢); S (S%) is the percent-
age of cells in the DNA synthesis phase to all cells in the cell cycle
(DNA content> 2¢ and <4c); G,+M (G,M%) is the percentage of
cells in the G,+M phase to all cells in the cell cycle or cells with
DNA content = 4c¢ (polyploidy). Determination of DNA fragmenta-
tion (apoptosis) was performed by isolating the SUB- G G, region
on DNA histograms — RN, before the G G, peak, indicating nuclei
of cells with a DNA content <2c.

The results were statistically processed using standard meth-
ods MS Excel and Statistica SPSS 10.0 application packages
for Windows. The results are presented as arithmetic mean and
mean error (M+m). The likelihood of difference between the in-
dicators was evaluated by the parametric Student’s t-test (with
normal distribution) and non-parametric Mann-Whitney U-test
(with non-normal distribution). Pearson correlation analysis was
performed to evaluate the relationship between the indicators.
The data at p<0.05 were considered as plausible.

Results and discussion. Firstly, we analyzed the content of H,S
in myocardium after induction of streptozotocin-induced diabetes.
The development of DM was associated with a decrease in the level
of H,S in myocardium 4 weeks after the administration of strepto-
zotocin (2.21£0.17 nmol/mg protein) and was significantly lower
by 36.6% compared to the control (Fig. 1).

The study indicated that administration of propargylglycine
and NaHS influenced oppositely on H,S content in myocardium
of STZ-DM rats (Fig. 1). After 2 weeks of propargylglycine ad-
ministration, the level of H,S was 1.56+0.13 nmol/mg protein
that was lower than that of STZ-DM and control by 29.4%, and
55.3% relatively. On the other hand, the level of H,S showed a
significant increase in myocardium of rats treated with NaHS
(2.734£0.16 nmol/mg protein) compared to STZ-DM by 23.5%
and significant decrease compared to control by 21.8%.

Thus, the development of DM was accompanied by the de-
ficiency of H,S in myocardium that was severe in the group
administered with propargylglycine. Whereas, treatment with
NaHS corrected changes of H,S level induced by the diabetes
development.

H2S, nmol/mg protein

STZ-diabetes +
NaHS, n=10

Control,n=10

STZ-diabetes, STZ-diabetes +
n=10 PPG. n=10

1stgroup 2nd group 3dgroup 4th group

Fig. 1. Effect of PPG and NaHS on level of H,S in myocardi-
um of STZ-induced diabetic rats (M+m; Notes: * — significantly
different: p<0.05 vs. control; #— significantly different: p<0.05
vs. STZ-DM)
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Pic. 1. DNA flow cytometry of myocardial cell nuclei. Non-
diabetic control
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Pic. 2. DNA flow cytometry of myocardial cell nuclei. STZ-
induced diabetes group

Table. Effects of modulators of H.S system on cell cycle parameters in myocardium of rats with STZ-DM (Mzm, n=10)

Cell cycle parameters, %
Animal group
G,G, S G,/M SUB- GG,
Control 95,6+0,19 0,97+0,04 3,4340,16 13,1+0,34
DM 94,2+0,11* 1,26+0,07* 4,53+0,09* 14,6+0,46*
DM + PPG 93,8+0,40%* 1,83+0,31%* 4,38+0,21%* 16,7+0,51*
DM + NaHS 95,3+0,25# 0,93+0,08# 3,74+0,26# 12,840,53*

notes: * — significantly different: P<0.05 vs. Non-di

According to cell cycle analyzes by flow cytometry, the num-
ber of cells in DNA synthesis (S phase) and in polyploidiza-
tion phase (G,+M, DNA=4c) was increased by 29.9 and 32%
(p<0.05) in hearts of diabetic rats, compared to control. More-
over, the number of cells with fragmented DNA (SUB-GG))
was increased by 11.4% (p<0.05).

Thus, the development of DM was associated with increased
activity of apoptosis (increased number of cells in SUB-G/G)),
polyploidization (increased number of cells in G,M phase) and
proliferation (increased number of cells in S phase) in compari-
son to non-diabetic control (Pic. 1 and 2).

The introduction of modulators of H,S/CSE system had oppo-
sitely directed effects on cell cycle parameters. Thus, the usage
of propargylglycine caused an increase cardiac cell apoptosis,
which indicates a 14.4% decrease in the relative number of cells
in the SUB-G G, phase relative to the control group. At the same
time, NaHS administration decreased the activity of apopto-
sis: the number of cells in the SUB-G G, interval decreased by
12.3% (p<0.05) relative to the STZ-DM.

The introduction of NaHS also reduced the number of cells in
S, G,+M phases by 26.2 and 14.4% (p<0.05) relative to the STZ-
DM, indicating a decrease in proliferation and polyploidization
activity in myocardium.

According to correlation analysis, modulation of H,S level in
the myocardium can be one of the factors in the regulation of
myocardial cell cycle in diabetic rats. A reliable negative rela-
tionship (r=-(0.69 -0.83), p<0.01) was found between H_S levels
and markers of apoptosis, proliferation and polyploidization.

Thus, rats with experimental DM had a higher activity of
apoptosis, because of decrease in functionally active myocardio-
cytes, polyploidization, and an increase in the number of cells in
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abetic control; # — significantly different: P<0.05 vs. DM

the synthetic phase, which is the basis for the development of
hypertrophy and myocardial fibrosis.

The question arises as to the cause and effect relationship be-
tween changes in the cell cycle parameters and H,S system in the
myocardium of diabetic animals. Among the main mechanisms
of DCM pathogenesis are oxidative stress, insulin resistance,
myocardial inflammation, and ER stress [6, 25]. Our findings
regarding the effect of H,S on cell cycle parameters are in ac-
cordance with those of other studies. In a case of decreased H,S
concentration in myocardium, oxidative stress can be activated,
which results in increased oxidative modification of numer-
ous proteins (enzymes, components of cytoskeleton, receptors,
transcription factors, etc.), mitochondrial pore dysfunction with
subsequent activation of receptor-independent apoptosis [17]. It
is known that H,S can stabilize mitochondria in a case of isch-
emic-reperfusion disorders [4]; decreases the number of apop-
totic myocardiocytes; increases the mRNA transcription of the
anti-apoptotic factor Bel-2. H S inhibits transcription of mRNA
of pro-apoptotic Bax, caspase 3, and cytochrome C release from
mitochondria through sulfhydration of NF-kf [17,21]. H,S par-
ticipates in the stabilization of Nrf2 via the CSE/Akt pathway,
thus suppressing myocardiocyte apoptosis [25], and can also
remove Bachl from the nucleus via the ERK1/2-dependent
pathway leading to the restoration of Nrf2 signaling [16]. It was
also shown, that H,S decreases apoptotic activity via the IGF1R/
pAkt signaling pathway, the AMPK/mTOR signaling pathway,
PI3K/Akt signaling pathway, and NADPH/JNK/NF-kB signal-
ing pathway [20]. The ability of H,S to decrease the activity of
myocardiocyte polyploidization may be related to its anti-fibrot-
ic activity, since the introduction of exogenous H,S donors to
diabetic rats is accompanied by a decrease in the activity of NF-
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kB, TGF-B1, MMP-2, procollagen-1 [5]. In addition, the anti-
fibrotic action of H,S can be realized by inactivating collagen
synthesis via the TGF-B1/Smad signaling pathway [18].

Thus, the regulation of H,S system can be a promising strategy
in prevention and correction of pathogenic changes in myocar-
dium associated with chronic hyperglycemia and DM. Stimula-
tion the activity of CSE/ H,S pathway, as well as by exogenous
donors such as NaHS, can reduce the severity of pro-apoptotic
and pro-fibrotic changes in heart associated with DM.

Conclusions. The development of STZ-DM is associated
with the decrease in H,S concentration and changes in cell cycle
parameters (increase the number of myocardiocytes in SUB-
G,G, G,M, S phases) in rat’s heart.

The decreased activity of CSE/H,S pathway induced by propar-
gylglycine results in stimulation of apoptotic activity, while H,S
donor reversed the changes in cell cycle parameters caused by the
development of STZ-induced DM in rats’ myocardium.
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SUMMARY

CARDIOMYOCYTE DNA CONTENT AND ITS LINK TO
CSE/H,S SYSTEM IN THE HEART OF EXPERIMENTAL
DIABETIC RATS

Palamarchuk 1., Zaichko N. Melnyk A., Nechiporuk V.,
Yurchenko P.

National Pirogov Memorial Medical University, Vinnytsya,
Ukraine

One of the most common complication of diabetes mellitus
(DM) is diabetic cardiomyopathy, which is associated with the
development of inflammation, fibrosis and the induction of
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apoptosis. Hydrogen sulfide (H,S) has recently been shown to
play an important role in the regulation of cardiac and vascular
function. The role of the H,S system in the mechanisms of dia-
betic heart development remains uncertain.

The aim of this work was to evaluate the effect of modulators
of H,S system on the level of DNA fragmentation and H,S con-
centration in heart of rats with experimental diabetes mellitus.

The experiment was performed on 40 white laboratory male
rats (180-250 g), randomly divided into 4 groups (n=10): healthy
(control), diabetes mellitus induced by streptozotocin (STZ),
diabetes mellitus + propargylglycine, inhibitor of cystathionine
gamma lyase (STZ + PPG), diabetes mellitus + NaHS, exog-
enous H,S donor (STZ + NaHS). The experimental DM was
induced by a single intraperitoneal injection of streptozotocin
(40 mg/kg). The animals from two groups (3rd and 4th groups)
starting from 14th to 28th day after the injection of STZ were
administered modulators of H,S system i/p once per day. D, L-
propargylglycine was dosed at 50 mg/kg body weight, while
NaHS - H,O - at 3 mg/kg body weight. H,S content in hearts was
evaluated by spectrophotometry (Wilinski, 2011). DNA content
was determined by flow cytometry (Partec PAS, Germany). The
development of DM in rats was accompanied by a significant
decrease in myocardial H,S concentration by 36.6% (p<0.05)
compared with control. The administration of proparglyglycine
led to an increase in H,S deficiency (29.4%, p<0.05) compared

to the STZ group. The administration of NaHS resulted in a de-
crease in H,S deficiency (by 23.5%, p<0.05) compared to the
STZ group. Flow cytometry showed that DM was accompanied
by an increased apoptotic activity (increased number of myocar-
diocytes in the SUB- G G, phase by 11.4%, p<0.05), polyploidi-
zation (increased proportion of cells in the G,M phase by 32.1%,
p<0.05) and proliferation (29.8% increase in S-phase cells,
p<0.05) of heart cells compared with controls. The introduc-
tion of propargylglycine led to an increase in apoptosis (14.4%,
p<0.05) compared with the STZ group. Whereas NaHS admin-
istration decreased the degree of apoptosis (12.3%, p<0.05),
polyploidization (14.4%, p<0.05) and proliferation compared
(26.2%, p<0.05) with untreated diabetes. Correlation analysis
showed that impaired H,S metabolism is an important factor of
disregulation of cell cycle in diabetic heart: a reliable inverse
relationship was registered (r=-(0,69-83), p<0.01) between H,S
level and the indicators of apoptosis activity, proliferation and
polyploidization.

Disintegration of the H,S/CSE system is associated with an
increase in apoptosis activity, polyploidization, and proliferation
of myocardiocytes in experimental DM. Modulation of H,S me-
tabolism is a potential direction for the prevention of the devel-
opment of cardiovascular complications of diabetes.

Keywords: cell cycle, DNA, heart, cystathionine-y-lyase, hy-
drogen sulfide, diabetes mellitus.

PE3IOME

COJEPXKAHHUE JTHK B KAPIMOMHUOLIMTAX M EI'O CBSI3b C CUCTEMOM HOIUI/H,S B CEPALE KPBIC
IIPU DKCINIEPUMEHTAJIBHOM CAXAPHOM JJUABETE

Hanamapuyk U.B., 3auuko H.B., Meabnuk A.B., Heuunopyk B.M., FOpuenxko I1.A.

Bunnuykuii nayuonanvrvid meouyunckuil ynugepcumem um. H.U. Iupoeosa, Ykpauna

OpHuM H3 OCIOKHEHU# caxapHoro amadera (Cl) sBmsercs
nuabeTndeckas KapAHOMUOMATHs, KOTOpas COIMPOBOXKIACTCS
pasBuTHEM BocmajeHus, ¢udpo3a m MHAYKIUEH amonrtos3a. B
MOCIIeAHEE BPeMsI TOKA3aHO, YTO 3HAYUMYIO POJb B PETYIISIIUH
(yHKIMK cepaua M COCYNOB MrpaeT rujaporen cynbpun (H,S).
OpHako, 1O ceil IGHb 0CTAETCsl HEOTPEICIICHHOM POJIb CHCTEMbI
H,S B Mexanu3max nopaxenus cepaua mpu CJI.

Lens nccaenoBanus - OLEHUTD BIHSAHIE MOAYISTOPOB 0OMe-
Ha ruaporen cynbpuaa na yposensb JJHK u merabomusm H,S B
KapANOMHOLUTAX IIPU HKCIIEPIMEHTAILHOM CaXxapHOM Juadere.

UccnenoBanust mpoBenensl Ha 40 OeNbIX HEIWHEHHBIX
kpeicax-camiax (180-250 r), kotopple OBLIM pPaHIOMH3HPO-
BaHHO pacmpeneneHsl Ha 4 rpynmsl (n=10): 310poBBIe (KOH-
TpoJibHas Tpynma), caxapHblii amaber (STZ), caxapHbIil
Ia0eT+IpONapTUITININH, WHIHOUTOP HUCTaTHOHHWH-TaMMa-
nmuassl (STZ+PPG), caxapusiii quadet+NaHS, sx30reHHbIH 110-
nop H,S (STZ+NaHS). Oxcniepumentanbubiii CI unaynuposa-
TIM OAHOKPATHBIM BHYTPHOPIOIIMHHBIM BBEJCHHEM CTPENTO30-
touuna (40 mr/kr maccsr). JIBym rpynmam xuBoTHeIX (111 u IV
TPYIBI) C YETHIPHAALUTHIX CYTOK MO 28-¢ CYTKH MOCIe HHAYK-
nuu 1MabeTa BBOIMIN MOy IATOpbl 0OMena H.S B/6 1 pas B cyT-
ku. D, L-nmponaprunmmiusa BBOIWIN B 103¢ 50 MI/KT Macchl, a
NaHS-H,0 - B 1o3e 3 Mr/kr Maccel Tena. Yepes 9eThIpe HEAENH
9KCIIEPHMEHTA, CepAIa KPbIC OBUTH B3ATHI IS MCCIEIOBAHMS.
Vposens H,S B Muokapze onpenensnu 1o meronuke Wilinski
(2011). Conmepxxanne HK ompenensiii METOZOM MPOTOYHOM
nutomeTpun («Partec PASy», ['epmanms).

Passutne CJI y Kpbic CONPOBOXKIATOCH JOCTOBEPHBIM
cumwkenneM yposus H,S B muokapae na 36,6% (p<0,05) B
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CPaBHEHUH C KOHTpoJIeM. BBeneHnne nponmapruiriniuaa npu-
BOIWJIO K ycyrybnenunto nepuuunra H.S (na 29,4%, p<0,05)
B CPAaBHEHHH C HEJIEUCHBIMU AnuabeTHuecKkuMu kpeicamu. On-
nako Beenenne NaHS ymenpmano peduuur H,S na 23,5%,
(p<0,05) B cpaBHenuu c¢ rpynmnoii STZ. [lo pesympraTam
MpPOTOYHOW mHTOMETpuHu, passutue CJ| compoBoXkIaIoCh
YCHICHHEM amnonTo3a (yBeTHINBAIOCh KOINIECTBO KapaHo-
muonuTos B paze SUB-G G, na 11,4%, p<0,05), momumion-
Iu3anuu (poct Jonu KieTok B ¢paze G,M na 32,1%, p<0,05)
u nponudepannn (yBeIHYEHUE TOIU KIETOK B (ase S Ha
29,8%, p<0,05) B cpaBHEHUH C KOHTPOIBHOH Ipymmoil. Bae-
JeHNEe MPONapTIITIHINHA TPUBOANIO K YCHICHHIO alloITo-
3a (14,4%, p<0,05) B cpaBHenun ¢ STZ rpynmnoi, Toraa Kak
HazHaueHne NaHS cHmxamno cTeneHb MPOSBICHHUS alONTO-
3a (12,3%, p<0,05), nomumnonauzanuu (14,4%, p<0,05) u
nponudepanun (26,2%, p<0,05) B cpaBHEHUH C HEIEYEHBIM
nuaberom. KoppensnmoHHBIA aHanu3 mMoKas3ai, 4To amcOa-
nanc merabonusma H,S B MHMOKapje ABIAETCS 3HAYUMBIM
(hakTOpOM HapyIIEHHUS KIETOYHOTO LUKJIAa KapANOMHUOIUTOB
npu CJI: Mexay yposnem H,S B MHOKap/e u mokasareasimMu
AKTUBHOCTH aIOINTO3a, NPOIU(epauy U MOTUILIONIH3aHN
perucTpupoBanach I0CTOBepHas oOparHas cBA3b (r=-(0,69-
0,83), p<0,01)

Hapymenns B cucreme H,S/LIITI accouuupyroTcest ¢ yBenu-
YEeHHEM aKTHBHOCTH aIloINTO03a, MONMUTUIONIU3AIN U Ipoude-
paluy KapAHOMHOIINTOB B YCIOBHAX dKcnepuMenTansaoro CJI.
Monynsuust oomena H,S sBIs€TCs MEpCIEKTUBHBIM HaIpaBIe-
HHEM MPO(UIAKTUKH PA3BUTHUSI CEPJICTHO-COCYANUCTBIX OCIOXK-
nenuit CJI.
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