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Abstract. Background. Endothelin (ET-1) is one of the most significant regulators of the functional state of
vascular endothelium. It is the most powerful vasoconstrictor and marker for endothelial dysfunction. The endothe-
lium plays an important role in regulating vascular tone. ET-1 has both inflammatory and proliferative effects and
contributes to pathogenic processes in the cardiovascular system. In diabetes mellitus (DM), the rise of glucose
and glycated hemoglobin (HbA1c) concentration impact the formation of ET-1. The purpose of the work was to
study the blood concentration of ET-1 in diabetic patients with various indicators of body mass index (BMl), the
duration of the disease and the level of HbA1c. Materials and methods. The concentration of ET-1 was evaluated
by ELISA in 103 individuals: 17 healthy volunteers and 86 patients with DM. To determine the ET-1, the endothelin
(1-21) EIA kit (Biomedica) was used. Glycated hemoglobin was determined using one HbA1c FS kit — DiaSys
Diagnostic Systems. Results. The average blood level of endothelin in patients with DM was 0.536 + 0.047 fmol/ml
(control — 0.118 + 0.017 fmol/ml). All diabetic patients had blood ET-1 level higher than the control group and it
increased in proportion to the amount of HbA1c. With increasing of the DM duration, the ET-1 concentration rises,
reaching the highest values with a disease duration > 11 years. ET-1 level in patients with obesity (> 30 kg/m?) is
significantly higher than in patients with BMI less than 25 kg/m? and in the range of 25-30 kg/m?. Conclusions.
Thus, the expression and secretion of ET-1 in patients with diabetes mellitus rise up with increasing of the disease
duration, BMI and HbA1c content. Cardiovascular morbidity is a major burden in patients with type 2 DM with
endothelial dysfunction as an early sign of diabetic vascular disease that is related to the presence of a vascular
low-grade inflammation. Alteration in ET-1 balance of the endothelium is the key event in the initiation of arterio-
sclerosis via activation of leukocyte adhesion, which is linked to the presence of a vascular inflammation.
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Introduction

Endothelin (ET-1) is one of the most significant regula-
tors of the vascular endothelium functional state. It is the
most powerful vasoconstrictor and marker for endothelial
dysfunction (ED). ET-1 is a bicyclic polypeptide consis-
ting of 21 amino acid (Aa) residues formed from the pre-
cursor Big-ET-1 under the influence of some enzymes. Its
expression mostly occurs in endothelial cells, as well as on
the surface of the underlying smooth muscle cells. ET-1
affects receptors of vascular smooth muscle in a paracrine
way, causing their contraction and growth, and endothelial
cells — in an autocrine-paracrine way, causing the produc-

tion of vasorelaxants and growth-promoting factors. ET-1
activates some effector systems, including phospholipases
C, D, A2, protein kinases, adenylate and guanylate cyclases
[1,2].

The endothelium represents a monolayer of cells co-
vering the lumen of blood vessels. It provides a continuous
barrier between blood elements and the artery wall. The
endothelium plays an important role in regulating vascular
tone by balancing the release of vasodilator factors origina-
ting from the endothelium, such as nitric oxide (NO) and
prostacyclin, with vasoconstrictor factors, including ET-1,
angiotensin II, and reactive oxygen species (ROS) [3].
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ET-1 has both inflammatory and proliferative effects
and contributes to pathogenic processes in the cardiovas-
cular system. ET-1 counteracts the effects of NO at several
levels. It directly inhibits eNOS, decreasing NO release,
increases ROS production, activating NADPH oxidase,
responsible for the formation of superoxide anion (O*),
which can absorb NO to form peroxynitrite (ONOO"), a
powerful free radical that promotes a further decrease in the
bioavailability of NO. ET-1 also blocks tetrahydrobiopterin
that leads to the uncoupling of eNOS, which begins to pro-
duce O* instead of NO [4].

In diabetes mellitus (DM), the concentration of glucose
and glycated hemoglobin (HbAlc) increases, which stimu-
lates the formation of ET-1. The imbalance between the va-
sodilating and vasoconstrictive actions in the endothelium
in this disease is considered to be the most important event
in the atherosclerotic process initiation [5, 6].

The purpose of the work was to study the blood content of
ET-1 in diabetic patients with various indicators of BMI, the
duration of the disease and the level of glycated hemoglobin.

Materials and methods

The amount of ET-1 was evaluated with ELISA in 103
individuals: 17 healthy volunteers and 86 patients with dia-
betes mellitus. Of these, 16 patients with type 1 DM and
70 — with type 2 DM. The study protocol was approved by
the Institute Ethics Committee.

All participants provided written informed consent to
the use of their biomaterials for further research. Blood was
obtained by standard venipuncture and stored in EDTA va-
cutainer tubes. Plasma was separated by centrifugation wi-
thin 10 min after blood sampling. The samples were stored at
—80 °C until use. To determine the concentration of ET-1, the
endothelin (1-21) EIA kit (Biomedica, Austria) was used. The
determination was carried out at an optical density of 450 nm.
Glycated hemoglobin was determined using one HbAlc FS
kit — DiaSys Diagnostic Systems GmbH (Germany). The
measurement was carried out at an optical density of 660 nm.

Statistical calculations and data presentation were per-
formed using Origin 7.0 software. The results of the study
are presented as M = SD. To compare the data groups,
Student’s 7-test and one-way ANOVA were used. Values of
P <0.05 were considered as significant.

The work is a fragment of scientific research “Epidemio-
logy of cancer in patients with diabetes and the effect of anti-
diabetic drugs on markers of oncogenesis” (State registration
number 0117U005263), which is included in the comprehen-
sive research of Ivano-Frankivsk National Medical Univer-
sity “Organs of the respiratory, endocrine, nervous systems in
simulated pathological conditions and their correction” (State
registration number 0117U001758) without special funding.

The study followed the principles of bioethics: the main
provisions of the Council of Europe Convention on Human
Rights and Biomedicine (04.04.1997), GCP (1996), the
World Medical Association Declaration of Helsinki on the
ethical principles of scientific medical research involving
human subjects (1964—2000) and the order of the Ministry
of Health of Ukraine No 281 from 01.11.2000. All surveyed
individuals personally and voluntarily signed an informed
consent to participate in the study. The study was approved

by the Commission on Biomedical Ethics of the V.P. Komi-
sarenko Institute of Endocrinology and Metabolism of the
National Academy of Medical Sciences of Ukraine (Proto-
col 2 of March 5, 2019).

Results

The average blood level of endothelin in diabetic pa-
tients (n = 86) was 0.536 *+ 0.047 fmol/ml (control —
0.118 £ 0.017 fmol/ml; n = 17). Differences in the amount
of ET-1 in the blood of patients with type 1 and 2 diabetes
were insignificant. The dependence of ET-1 concentration
on the content of glycated hemoglobin in the blood of pa-
tients was most revealing. All patients with diabetes mellitus
had blood ET-1 level higher than the control group and it
increased in proportion to the amount of HbAlc (Fig. 1).
In the blood of patients with HbAlc concentration > 9 %,
the amount of ET-1 exceeded the control level by almost
6 times. Differences in the amount of ET-1 between the
groups with different HbAlc contents were also observed.

An important indicator of diabetes mellitus is the disease
duration. Table 1 shows that even in a relatively short du-
ration of the diabetes mellitus, the amount of ET-1 in the
blood of patients increases, reaching the highest values with
a disease duration > 11 years.

Another significant parameter, especially for patients
with type 2 diabetes, is the body mass index (BMI). ET-1
level in patients with obesity (> 30 kg/m?) is significantly
higher than in patients with a BMI of less than 25 kg/m? and
in the range of 25—30 kg/m? (Table 2).

Thus, the expression and secretion of ET-1 in patients
with diabetes rise up with increasing of the disease duration,
BMI and glycated hemoglobin content.

Discussion

The molecular mechanisms of the pathological factors
influencing ET-1 secretion in diabetes mellitus are not yet
fully understood. Synthesis of the biologically active ET-1
peptide (21 Aa residues) is a multistep process. Transcrip-
tion of the human ednl gene yields a 2.8-kb mRNA that
encodes the 212-Aa preproET-1. A 17-Aa leader sequence
targets preproET-1 to the endoplasmic reticulum where
it enters the secretory pathway [7]. Prior to exocytosis,
furin-like proteases cleave preproET-1 to a protein called
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Figure 1. The dependence of plasma ET-1 concentra-
tion on the content of glycated hemoglobin (%)
Notes: differences from the control are significant for
all groups; * — differences from the previous group are

significant (P < 0.05). For groups n = 17; 9; 22; 19; 27.
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big ET-1 (38-Aa). The final cleavage step is mediated by
endothelin-converting enzymes that cleave big ET-1 into
active ET-1. The regulatory mechanisms obviously exist
for each of these post-translational processing steps, howe-
ver, transcriptional regulation is thought to be the major
mechanism controlling ET-1 bioavailability. ET-1 localizes
in endothelial cells to both constitutive secretory vesic-
les and specialized regulatory granules — Weibel-Palade
bodies. Hypoxia, thrombin, and shear stress enhance the
ET-1 content via exocytosis of Weibel-Palade bodies but
are also known to stimulate steady-state edn I mRNA levels
[7]. ET-1 is synthesized and released continuously from
endothelial cells, and levels of preproET-1 are modulated
predominantly at the level of transcription, with impli-
cating numerous transcription factors including activator
protein 1 (AP-1), nuclear factor kappa B (NF-«B), fork-
head box protein O1, vascular endothelial zinc finger 1,
hypoxia-inducible factor 1, and GATA2. Both physical
and chemical stimuli contribute to alterations in levels of
preproET-1 mRNA in physiological and pathophysiologi-
cal conditions [8]. In the vasculature, shear stress is critical
in determining the balance between ET-1 and NO produc-
tion, and alteration in endothelial gene expression appears
to involve AMP-activated protein kinase stimulation of the
anti-inflammatory transcription factor Kriippel-like factor
2 [9]. Hypoxia also plays an important role in increasing
expression of endothelial genes including ET-1 that possess
hypoxic responsive elements in their promotors, contribu-
ting to disease progression [10]. One of the most important
regulators of ET-1 production in endothelial cells is trans-
forming growth factor-f [8].

Obesity generates hypertrophic signals, including ET-1
itself, which stimulate GATA-4 action. The signaling path-
way apparently involves activation of RhoA and p38 MAPK
and eventually leads to the phosphorylation and activation
of GATA-4. Leptin, which is predominantly secreted by
adipose cells and whose concentration increases with obesi-
ty, also stimulates the expression of ET-1 via JNK, ERK1/2
and the c-Fox/c-Jun heterodimer (AP-1). Fatty acids and
lipoproteins enhance the expression of ET-1 through pro-
tein kinase C (PKC), which can activate both AP-1 and
NF-«B. Finally, low-level chronic inflammation that occurs
in obesity and type 2 diabetes, and is associated with the se-
cretion of proinflammatory factors such as tumor necrosis
factor-a (TNF-a), interleukin-1p (IL-1B) and interferon-y
(IFN-v), also activates NF-kB via the PI3K/Akt/IKK sig-
naling pathway [7].

Table 1. The blood level of ET-1 in diabetic patients
depending on the disease duration

Glycated hemoglobin is known to reflect the blood glu-
cose level, and is a form of hemoglobin which is measured
primarily to identify the average plasma glucose concentra-
tion over prolonged periods. HbAlc is defined as protein
which is irreversibly glycated at one or both N-terminal
valines of the beta chains. HbAlc has been the most used
and accepted test for monitoring the glycemic control in
individuals with diabetes. Once a hemoglobin molecule is
glycated, it continues to remain in the red blood cell for the
rest of its life-span (~120 days) [11].

Damage action of HbAlc includes an increase of highly
reactive free radicals inside blood cells, which alter blood
cell membrane properties. This leads to blood cell aggrega-
tion and increased blood viscosity, which results in impaired
blood flow. Another way HbAlc causes damage is via in-
flammation, which results in atherosclerotic plaque forma-
tion. Free-radical accumulation promotes the increased
permeability of endothelium and production of proinflam-
matory monocyte adhesion proteins, which cause mac-
rophage recruitment on blood vessel surfaces, ultimately
leading to formation of plaques in these vessels. Highly gly-
cated Hb-AGEs go through vascular smooth muscle layer
and inactivate acetylcholine-induced endothelium-depen-
dent relaxation, possibly through binding to NO, preven-
ting its normal function. NO is a potent vasodilator and it
also inhibits formation of plaque-promoting oxidized form
of LDL. The degradation of blood cells also releases heme
from them that can cause oxidation of endothelial and LDL
proteins, which results in plaques [12].

High glucose on its own stimulates the recruitment of
NF-«B and p300 to the edn I promoter and binding of these
factors is associated with an increase in histone H3 acety-
lation [13]. NF-«B is a redox-sensitive transcription factor
known to activate ednl in a variety of cell types [13—15].
The promoter of edn I contains a functional NF-«B binding
site located at position —2090 bp [7]. It is noted that only
NF-kB heterodimers (p65/p50) appear to activate ednl in
endothelial cells because coexpression of p65 and p50 subu-
nits leads to an increase in ET, whereas expression of p50
alone leads to reduction in edn [ transcription. Recent evi-
dence indicated that the ednl promoter contained two ad-
ditional NF-kB binding sites located at —891 and —1214 bp
[14]. Stimulation of pulmonary artery smooth muscle cells
with TNF-a and IFN-y led to the binding of NF-kB to
all three sites. An increase in regional histone acetylation,
a marker of transcriptionally active chromatin, accompa-
nied this NF-kB binding. Several key components of the

Table 2. The blood level of ET-1 in diabetic patients
with various BMI

duration g (fnlfgl_/:nl) % BMI (kg/m?) | n (fnlfc-)rl-I:nl) >
Controls 17 0.118 0.017 Control 17 0.118 0.017
<5 years 12 0.42* 0.003 <25 19 0.412* 0.046
6-10 years 15 0.58* 0.203 25-30 26 0.426* 0.066
> 11 years 20 0.64* + 0.112 > 30 42 0.595%+ 0.083

Notes: * — differences from the controls are significant
(P < 0.05); + — differences from group 2 are significant
(P < 0.05).

Notes: * — differences from the controls are significant
(P < 0.05); + — differences from previous groups are
significant (P < 0.05).
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NF-«B signaling pathway leading to the activation of edn1
have been reported. For example, TNF-a treatment of glio-
blastoma cells led to association of NF-«B with the edn/
promoter through a pathway that involved PI3K activation.
Oleic acid stimulation of edn I required the activation of cal-
cium-dependent PKC followed by subsequent NF-«B acti-
vation [7]. Other cytokines related to obesity are also able to
activate NF-kB-dependent ednl expression. For example,
IL- 1P treatment resulted in increased NF-«B activation and
ednl expression in renal collecting duct cells [15]. A sub-
cutaneous infusion of IL-1f also resulted in increased re-
nal edn I expression in mice, and it has been suggested that
cytokine-dependent edn I expression is involved in several in
vivo inflammatory processes [17].

Conclusions

Thus, in diabetes mellitus, a high concentration of ET-1
was determined that exceeded normal values. The depen-
dence of the content of this marker on the increase in the
disease duration was noted. Even higher concentrations of
this peptide in the blood are observed in patients with diabetic
micro- and macroangiopathies, which suggests its partici-
pation in the development of late vascular complications of
diabetes mellitus. High glucose and HbAlIc levels as well as
obesity increase secretion of ET-1 apparently mainly through
stimulation of NF-kB-dependent edn I expression that causes
endothelial dysfunction. A manifestation of ED in diabetes
is an impairment of endothelium-dependent vasorelaxation
due to a decrease in the production of vasorelaxants and an
increased formation of vasoconstrictors, primarily ET-1.
Pathogenetically, this mechanism of ED is embodied by acti-
vating the polyol pathway of glucose oxidation under condi-
tions of hyperglycemia. Cardiovascular morbidity is a major
burden in patients with T2DM with ED as an early sign of
diabetic vascular disease that is related to the presence of a
vascular low-grade inflammation. Alteration in ET-1 balance
of the endothelium is the key event in the initiation of arterio-
sclerosis, via activation of leukocyte adhesion, which is linked
to the presence of a vascular inflammation.
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conflicts of interests and their own financial interest that
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of their manuscript.
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PiBeHb eHAOTEAIHY-1 B KPOBi XBOPUX HA LlYKPOBUN AIQBET 30AEXKHO
BiA XOPOKTEPUCTUK 30XBOPIOBOHHS

Pe3tome. Axmyaavnicms. Enporenin (ET-1) € omnHum i3 Haii-
OibII 3HAUYIIMX DPEryJsiTOpiB (PYHKLiIOHAJIBHOTO CTaHy €HJO0-
TeJtito cynuH. Lle HalMmoTyXHilMii Ba30OKOHCTPUKTOP i MapKep
eHjoTeianbHoi AucdyHKii. EHnoreniit Binirpae BaxkjJauBy pojib
y perynsiiii Tonycy cyauH. ET-1 YMHUTD sIK 3amajibHy, Tak i Ipo-
JidbepaTUBHY [il0 i MPU3BOAUTD 0 MATOTeHHUX MPOIIECIB Y cep-
1eBO-CyanHHil cucteMi. [Tpu mykpoBomy miadeti (LI/1) minBuie-
Hi KOHIIEHTpallii TTI0KO3U 1 TirikoBaHoro reMorobiny (HbAlc)
BIUIMBAIOTh Ha yTBopeHHs ET-1. Memoro po6oTu Oyi0 BUBUCHHS
3micty ET-1 y KpoBi XBoprX Ha LIyKpOBUii 1ia0eT i3 pi3HUMHU I10-
KazHMKaMu inaekcy macu tina (IMT), TpuBasticTio 3aXBOpIOBaHHS
it piBHeM HbAlc. Mamepiaau ma memoou. Konuenrpauiro ET-1
ouiHoBanmu MeronoM IPA y 103 oci6: 17 3m0poBUX 10OPOBOJIBIIIB
i 86 mauienTis i3 L. dyisa BusHaueHHss ET-1 BUKOpUCTOBYBaIU
Habip Endotelin (1-21) EIA kit (1-21) («Biomedica»). HbAlc
BU3HAyaIu 3 BUKOpUCTaHHIM Habopy one HbAlc FS — DiaSys
Diagnostic Systems. Pe3zytsmamu. CepenHiil piBeHb EHIOTEiHY B
KkpoBi xBopux Ha LIJ] cranoBus 0,536 + 0,047 ¢omosb/Mi1 (KOHT-

posnb — 0,118 + 0,017 dmonb/mi). Y Beix nauienTis i3 LI piBeHb
ET-1 B XpoBi OyB BUIINM, HixX Y KOHTPOJIbHIN TPYIIi, i 30iIbIIy-
BaBCs MPOIOpILiitHO 1o moka3Huka HbAlc. 3i 3pocTaHHSIM Tpu-
Basiocti L1 koHtenTpaitist ET-1 306i1b11yeTbest, nocsiratouu Haii-
BMIIIMX 3HaUYEHb MPU TPUBAJIOCTI 3aXBOpIOBaHHS MMoHax 11 pokiB.
PiBenb ET-1 y nauienTiB 3 oxupinusm (> 30 kr/m?) 3Ha4HO BU-
i, HiX y nauieHTiB 3 IMT menie Bin 25 kr/m? i B miana3oHi
25—30 kr/m2. Bucnosxu. Excripecist i cexpettist ET-1y mauieHTiB i3
LIYKPOBUM /1ia0eTOM MiIBULLYIOTbCS 3i 30UIbLIEHHSIM TPUBAJIOCTI
3axBoptoBaHHs1, IMT Ta Bmicty HbAlc. CepueBo-cynuHHa nato-
JIOTisl € OCHOBHMM YCKJIAAHEHHSIM Yy mauieHTiB i3 L1 2-ro Tumy.
EnporenianbHa nUCOYHKILST HAJEXUTh 10 paHHIX O3HAK niabe-
TUYHOTO CYAVMHHOIO ypaxeHHs. 3miHa 6anancy ET-1 enmoreniio
€ KJIIDUOBOIO TOJIIEIO MPHU iHilliallii aTepocKiepo3y yepe3 akTUBa-
11i10 anare3ii JEMKOLMTIB, sKa OB’ 3aHA 3 HASIBHICTIO CYAMHHOTO
3araJeHHs.

KimouoBi cioBa: nyxkposuii miaber; eHuporesniH-1; riikoBaHuUit
reMOIJIO0iH; OXXUPiHHS

CokonoBa A.K., beabumHa tO.b., MNywkapes B.B., Yepssikosa C.A., Baueba T.C., KossyH E.W., Nywkapes B.M., TooHbko H.A.
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YpoBeHb 3HAOTEANHA-1 B KPOBU GOAbHBIX CAXOPHbIM ANAGETOM B 30BUCUMOCTHU
OT XOPAKTEPUCTUK 3060AEBAHUS

Pe3iome. Axmyaavnocmo. Dunorenun (DT-1) aBnsercs OMHUM
U3 Hambojee 3HAUYMMBIX PEryJIsiTOPOB (DYHKIIMOHAIBLHOTO CO-
CTOSIHUSI DHIOTEJIMSI COCYIOB. DTO CaMblii MOIIHBI Ba30KOH-
CTPUKTOP U MapKep 3HAOTETUATbHON AMCHYHKIIMU. DHIOTETNIMA
WUrpaeT BaXKHYIO POJib B PETYJSILIMU TOHYca cocynoB. DT-1 oka-
3bIBaeT KaK BOCMAJIUTEIbHOE, TaK U MpoindepaTuBHOE NeiiCTBUE
M TIPUBOJAMT K MAaTOTEHHBIM MpolieccaM B CepAeYHO-COCYINCTOM
cucreme. [Ipu nuadeTte MOBBILIEHHbIE KOHLIEHTPALIMKM TJIIOKO3bI
YU INIMKUpoBaHHOro remoriobouHa (HbAlc) Bausior Ha obGpaso-
BaHue DT-1. IJeavto paboThl ObUTO U3yYeHHME comepxaHust DT-1
B KPOBU OOJIbHBIX CaXapHbIM IUAOETOM C pa3IMYHBIMU TOKa3a-
TelIsIMA MHAeKca Macchl Teja (MMT), mmrenbHOCTH 3a00J1eBa-
Hus u yposHss HbAlc. Mamepuaavt u memoods:. Konuenrpauusi
OT-1 onenuBanacy MmetogoM MDA y 103 gyenosek: 17 3mOpOBBIX
JOOGPOBOJIBIIEB M 86 TAIIMEHTOB C caXapHbIM nuabetoM. JIjst or-
penenenust DT-1 ucnonb3oBanu Hadop Endotelin (1-21) EIA kit
(1-21) («Biomedica»). [ITukupoBaHHBI TeMOTIIOOMH ONPEAC/IsIN
¢ ucnosb3oBaHueM Habopa one HbAlc FS — DiaSys Diagnostic
Systems. Pe3zyasmamoi. CpeHUIT YpOBEHb SHAOTEINHA B KPOBU
00JIbHBIX caxapHbIM nuadetoM coctaBui 0,536 + 0,047 dmonb/mi

(xkoHTposb — 0,118 + 0,017 dmonb/Mia). ¥ Becex MalMEHTOB C
caxapHbIM 1uabeToM ypoBeHb DT-1 B KpoBU ObLIT BBIILIE, YEM B
KOHTPOJILHOM IPYIIIE, U YBEJIMUMBAJICS PONOPLIUOHATBLHO TTOKa-
3atemio HbAlc. C yBeamueHrEM MIPOAOKUTEILHOCTA CaXapHOTO
nuabeta koHueHTpauust DT-1 Bo3pacTaer, JOCTUTAsT CAMBIX BbI-
COKMX 3HAYCHUII TIPU UTUTEJILHOCTHU 3a0oseBaHus 6osee 11 JeT.
VYposenb DT-1 y manueHtoB ¢ oxxupeHueM (> 30 Kr/m?) 3Hauu-
TEeJBHO BbILIE, YeM y manueHToB ¢ UMT menee 25 Kr/m? U B 1U-
arnaszoHe 25—30 kr/m2. Bbieodst. Dxcripeccust u cekpenust 9T-1y
MalKXeHTOB C TMabeTOM MOBBILIAIOTCS C YBETMUSHUEM MTPOIOJIKM -
TeabHOCTH 3aboneBanusi, UMT u comepxanus HbAlc. Cepneu-
HO-COCYJIUCTAsl MaTOJIOTUS SIBJISIETCSI OCHOBHBIM OCJIOXKHEHUEM Y
MaIlMeHTOB C CaXapHBIM AMA0ETOM 2-TO TUTA. DHIOTeTHaTbHAS
IUCGhYHKIIMS OTHOCUTCST K paHHUM TIpU3HAKaM TMabeTUIeCKOro
cocynucroro nopaxeHusi. smeHenue 6ananca 9T-1 sHgorenust
SIBJISIETCS] KJIIOUEBBIM COOBITHEM MPU MHULIMALIMM aTePOCKIIepo3a
M3-3a aKTUBAlUMU aAre3uu JEHKOLMTOB, CBA3aHHON C HaIMYUeM
COCYIMCTOTO BOCIIAJICHUSI.

KiroueBble ¢i0Ba: caxapHblii 11aGeT; SHIOTEIUH-1; IIMKUpPO-
BaHHBI TeMOTJIOONH; OXKUPEHUE
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