2020; 19(1): 67-72 PervoHapHoe kpoBoobpalueHune U MUKpounpkyAsums / Regional hemodynamics and microcirculation

UDC 616.13.002-004.6+616.12-008.46]:612.017.2
DOI: 10.24884/1682-6655-2020-19-1-67-72

S.S. LAZUKO, L. E. BELYAEVA

Benzimidazole Derivative, 2-ETH Prevents Poststressor
Disorders of Coronary Vascular Tone and Myocardial
Contractility

Vitebsk State Order of Peoples’ Friendship Medical University, Vitebsk, Republic of Belarus
27 Frunze str., Vitebsk, Republic of Belarus, 210009
e-mail: lazuko71@mail.ru
Received 15.01.19; accepted 21.02.20

Summary

Introduction. Due to unpredictability of stressors exposure, prevention of stress-induced coronary vascular tone disorders with
new classes of drugs with pleiotropic action is quite relevant. At the present time, besides traditionally used vasoactive substances,
benzimidazole derivatives with antioxidant and anti-inflammatory activity are considered. The goal of the present study is to test
the hypothesis that infusion of the 2-ethyl-thiobenzimidazole hydrobromide (2-ETH) before stress is able to effectively prevent
stress-induced disorders of coronary vascular tone and myocardial contractility disorders and clarify mechanisms of such 2-ETH
action. Materials and methods. Coronary vascular tone and myocardial contractility were investigated using Langendorff isolated
rat heart model. The BKCa-channel inhibitor, tetracthylammonium (TEA) was added to the Krebs-Henseleit solution to the final
concentration of 1 mM. Concentration of the stable products of NO degradation (NO2-/NO3-) was determined spectrophoto-
metrically; activation of lipid peroxidation was assessed in the myocardium using a spectrophotometric method; concentration
of iNOS, eNOS, and IL-1pB was detected with enzyme-linked immunosorbent assay; concentration of C-reactive protein was
estimated with immunoturbidimetric method. Results. 2-ETH pretreatment prevented stress-induced decrease in BKCa-channels
and eNOS activity, limited iNOS activity in coronary vessels and restored myocardial contractility. These 2-ETH’ effects together
with its ability to prevent alterations of stress-sensitive organs and limit oxidative, nitrozative stress and systemic inflammation
argue why 2-ETH should be considered as a useful tool for pathogenetic prevention of stress-induced pathology. Conclusions.
2-ETH should be considered as a useful tool for pathogenetic prevention of stress-induced pathology.
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Pesiome

Beeoenue. HempenckazyeMocTh BO3ICHCTBHS CTPECCOPOB TUKTYET HEOOXOANMOCTh MOMCKA HOBBIX KIIACCOB IPETMapaToB C
TUICHOTPOITHBIM JIHCTBIEM, TIO3BOIIIOIINM IPEIYTIPEKIaTh HAPYIICHIS TOHYCa KOPOHAPHBIX COCYIOB, 00y CIIOBICHHBIE CTPECCOM.
B HacTosimiee Bpemst, TOMIMO TPAIUIIMOHHO FCIIONb3yEeMBIX Ba30aKTHBHBIX BEIICCTB, HAUMHAIOT AKTUBHO M3y4YaThCs IPOM3BO-
JHBIe OeH3UMHIa3011a, 00IaaroNIie aHTHOKCHIAHTHON W IPOTHBOBOCHIATUTEIEHON aKTUBHOCTHIO. [[eb MCCIeIOBAHUS — TIPO-
BEepKa THITOTE3bI O CITIOCOOHOCTH 2-3THITHOOCH3MMUIa30i1a ruapoopomua (2-9TT), BBOTUMOro 10 Hadasla MOJIEITUPOBAHHS
crpecca, 3hPEeKTHUBHO MPEyNPEKAaTh CTPECC-UH/IYIUPOBAHHbBIC HAPYIIEHHs] TOHYCA KOPOHAPHBIX COCY/IOB U COKPATHTEIbHOM
aKTUBHOCTH MHOKap/ia, a Takke YTOYHEHHE MEXaHM3MOB TaKkoro ABoiHoro neiicteust 2-OTT. Mamepuanvt u memoowi. Tonyc
KOPOHAPHBIX COCYIOB U COKPAaTUTENBHYIO CIIOCOOHOCTh MHOKap/a KPhIC M3ydaln Ha Mperapare H30JIMPOBAaHHOTO Cepla Io
meronty Jlanrennopda. Maruburop BK  -kananos, Terpastunammonnii (TEA), nobasnsmm x pactsopy Kpebea — Xenseneiita
B KOHeqHOH koHuenTpaiuu 1 MM. KonnenTpanuio crabuibhbix mpofaykros gerpaganuu NO (NO, / NO,") 1 HHTEHCHBHOCTb
MEPEKHCHOTO OKKCIICHHS JIUIH/IOB ONPECIISUIA B MUOKAP/IE JICBOTO JKEITYI04YKA C UCIIOIB30BAHUEM CIIEKTPOPOTOMETPUICCKOTO
MeTtona; koHneHTpanuto iNOS, eNOS u IL-13 onpenensiuia B CBIBOPOTKE KPOBH € MOMOIIBEO METO[a IMMYHO(DEPMEHTHOTO aHa-
JTU3a; KOHIeHTparuto C-peakTHBHOTO OelTka B CBIBOPOTKE KPOBH KUBOTHBIX OICHUBAII UMMYHOTYPOUTUMETPUUICCKUM METOJIOM.
Peszynomamer. Tlpenapurenbaoe ucnoib3oBanue 2-OTT npemypekaeT mocTCTpecCOPHOS CHIKEHHUE (PYHKIIMOHAIBHOM aKTHB-
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Hoctu BK  -kananos u camkenne aktusHoctd eNOS, orpaHuumBaet nosbieHie akTiBHOCTH iNOS B KOpOHapHBIX cOCyiax 1
BOCCTaHABJIMBACT COKPATUTEIBHYIO CITIOCOOHOCTHh MHOKapa. DTH 3PdekTsl 2-ITT COBMECTHO € €ro CIIOCOOHOCTRIO MPEIOTBPA-
1aTh U3MEHEHUS CTPECC-IyBCTBUTEIBHBIX OPTaHOB M OTPAHNYMBATH OKHCIUTEIHHBIA ¥ HATPO3WIUPYIOMIHI CTPECC, a TakKe
CHCTEMHOE BOCITAJICHHE CBHICTEIBCTBYIOT O ToM, 4To 2-OTT cienyer paccMaTpuBaTh B KadecTBE YPPEKTUBHOTO CPENICTBA IS
MaTOreHeTUIECKH 000 CHOBAHHOM MPOPUIIAKTHKH CTPECC-MHIYIMPOBAHHOM MATONIOTHU. Buigoowt. 2-OTI cineayer paccMarpuBaTh
B KauecTBe (P PEKTHBHOTO CPEJICTBA IS TATOTCHETUUECKH 000CHOBAaHHOM MPOQUIIAKTHKH CTPECC-UHIYIUPOBAHHON MATOJIOTUH.

Knrouesvie cnosa: 2-smunmuoben3umudazona 2uopoopomuod, nepeKucHoe OKUCeHUe TUNUO08, MOHYC KOPOHAPHBIX COCYO08,

NO-cunmasa, BKCa—KaHa]lbl

st wurupoBanus: Jlasyko C. C., Bensiesa J1. E. IIpouszsoonoe densumudasona 2-2TI npedynpesicoaem nocmempeccophuvle HapyuieHus: momyca Kopo-
HAPHBIX COCYO08 U COKPAMUMENbHOU cnocobnocmu muokapoa. Pecuonaphoe kposoobpawenue u muxpoyupxyiayus. 2020;19(1):67-72. Doi: 10.24884/1682-

6655-2020-19-1-67-72.

Introduction

It is well known that even single but intensive stressor
exposure could lead to acute coronary blood flow disor-
der in intact vessels or progression of inflammation in
the vascular wall in case of an atherosclerotic lesion [1,
2]. Endothelial dysfunction, which in particular is char-
acterized by disorders of NO and ROS hyperproduction,
as well as ion channels disorders are thought to be some
of the major mechanisms of stress-induced vascular tone
disturbances [3, 4]. Due to unpredictability of stressors
exposure, prevention of stress-induced coronary vessels’
tone with new classes of drugs with pleiotropic action
is too relevant. At the present time, besides traditionally
used vasoactive substances, benzimidazole derivatives
with antioxidant and anti-inflammatory activity are in
the scope of view [5]. The goal of the present research
is to testify the hypothesis that preliminary infusion of
the 2-ethyl-thiobenzimidazole hydrobromide (2-ETH)
before stress is able to effectively prevent from stress-
induced disorders of coronary vessels’ tone and myo-
cardial contractility disorders and clarify mechanisms
of such 2-ETH action.

Materials and Methods

Experimental animals. The study was performed on
mongrel female white rats weighing 180-240 g. Rats were
provided standard rat chow and tap water ad libitum. Ex-
periments were performed in compliance with require-
ments of the Council for International Organizations of
Medical Sciences (CIOMS) and the International Council
for Laboratory Animal Science (ICLAS) as described in
«International Guiding Principles for Biomedical Research
Involving Animals» (Geneva, 1990). The study protocol
was approved by the Committee for Bioethics and Humane
at the Vitebsk State Medical University (19.01.2018).

Four groups of eight rats were studied: Group 1,
Control Rats, which received saline, i.p., for three days;
Group 2, 2-ETH Rats, which were injected with 2-ethyl-
thiobenzimidazole hydrobromide, i.p., 3 mg/kg for three
days; Group 3, Stress Rats, which were exposed to re-
straint stress; Group 4, Stress+2-ETH Rats, which were
exposed to stress following i.p. 2-ETH pretreatment.

Restraint stress. Restraint stress was induced by fixing
rats on their back for 6 h. Then the rats were allowed to
rest for 1.5 h, and were sacrificed by decapitation under
urethan (0.1 g/100 g body weight, i. p.) anesthesia and
blood was collected.

Blood and tissue collection. Blood serum was stored
frozen in Eppendorf tubes at —20 °C. After unfreezing, se-
rum concentrations of interleukin 1f, C-reactive protein
(CRP), endothelial NO-synthase (eNOS) and inducible

NO-synthase (iNOS) were measured. The heart was
excised, immediately immersed into cold Krebs buffer
solution. Left ventricle was isolated, wrapped in foil
and stored at —80 °C. After unfreezing, the myocardial
tissue was homogenized, and tissue concentrations of
stable products of NO metabolism (NO,/NO,"), conju-
gated dienes, and malonic dialdehyde were measured.
Stress-responsive organs (adrenal glands and spleen)
were isolated and their relative wet weight was detected
immediately (g/100 g of body weight).

Experiments on Langendorff isolated heart. Coro-
nary vascular tone and myocardial contractility. Prior to
thoracotomy in anesthetized rats heparin was injected 1.
p. (500 IU/kg). Coronary vascular tone was measured in
Langendorff isolated hearts as described earlier using a
IH-SR 844/1 system (HSE-HA, Germany) equipped with
Isotec Pressure Transducers for measurement of aortic and
developed intraventricular pressures. Isolated hearts were
perfused at a constant coronary flow of 10 ml/min with
Krebs-Henseleit buffer solution aerated with carbogen (95
% O, +5 % CO,). Computer recording and processing of
the measured parameters were performed using the soft-
ware ACAD (HSE, Germany). The coronary vessels were
perfused retrogradely from the aorta, and thus coronary per-
fusion pressure (CPP) was equal to aortic pressure. Hearts
were paced at a constant rate of 240 per minute by a C-type
224 stimulator (HSE-HA, Germany). After a 15-min stabi-
lization period, developed intraventricular pressure (DIVP)
was recorded from a constant-volume latex balloon inserted
into the left ventricle. Computer recording and processing of
the measured parameters were performed using the software
ACAD (HSE-HA, Germany).

Evaluation of BK ., channel contribution to coronary
tone regulation. Each experiment was performed in two
stages. During the first stage, the hearts were perfused with
Krebs-Henseleit solution. During the second stage, the
BK_-channel inhibitor, tetracthylammonium (TEA) was
added to the Krebs-Henseleit solution to the final concentra-
tion of 1 mM. The BK_ -channel contribution to regulation
of the vascular tone was estimated by the magnitude of
TEA-induced vasoconstriction, i.e., by the increase in CPP
expressed as percentage of the baseline value.

Measurement of serum iNOS and eNOS activities
and concentrations. NO synthases activities of blood
serum were measured spectrophotometrically at 340 nm
wavelength by changes in NADPH concentrations in a
medium consisting of 0.1 M Tris-HCI buffer (pH 7.4),
ImM NADPH, and 1 mM L-arginine. For measuring
eNOS activity, 10 mM CaCl, was added to the medium,
and for measuring iNOS activity, ]| mM EDTA was
added. NO synthase activities were expressed in nmol/g
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Fig. 1. The relative weight of the adrenal glands (a) and spleen () in mg/100 g of body weight of the animals after 6-h restraint stress:
* — significantly different from control, p<0.05

protein per minute. Serum protein was measured by the
biuret reaction using commercial kits (Cormay, Poland).
Serum concentrations of iNOS and eNOS were mea-
sured using ELISA test kits and reagents (for iNOS,
Uscn, Life Science Inc. China, Lot L130827587 and for
eNOS, Cloud-Clone Corp. USA, USCN, Life Science
Inc., China, Lot L141013209). The concentrations of
iNOS and eNOS were measured photometrically with
universal photometer at A=450 nm and expressed in ng/
ml and pg/ml, respectively. The sensitivity of the assay,
or Lower Limit of detection was defined as the lowest
protein concentration that could be differentiated from
zero. Detection range was 1.56 nmol/L — 100 nmol/L.
Measurement of serum interleukin 1. Serum concen-
tration of IL-1p was measured by ELISA using test kits
(Thermo Scientific, USA, Lot LD145322) and expressed
as pg/ml. The assay sensitivity was < 1 pg/mL and the intra-
and inter-assay coefficients of variation were both<10 %.
Measurement of serum C-reactive protein. Since C-re-
active protein expresses inflammation intensity and thus
indirectly indicates the risk of vascular events, we mea-
sured serum concentrations of C-reactive protein with a
diagnostic kit C-Reactive Protein (CRP) (BioSystems,
Spain) according to the manufacturer’s instruction. C-re-
active protein concentrations were expressed as mg/l.
The assay sensitivity was 0.05 mg/l, and the intra- and
inter-assay coefficients of variation were both<5 %.
Measurement of tissue NO metabolites. Concentra-
tions of NO stable metabolites, nitrite and nitrate, were
measured in homogenized left ventricle. Nitrate was re-
duced to nitrite using zinc powder in alkaline medium
in the presence of ZnSO, ammonium complex. A sample
aliquot was mixed with an equal volume of the Griess
reagent, and the total content of nitrite and nitrate was
measured spectrophotometrically at 540 nm [6].
Evaluation of lipid peroxidation activity. Activation
of lipid peroxidation was evaluated by accumulation of
conjugated dienes and malonic dialdehyde in the myocar-
dium using a spectrophotometric method. The content of
conjugated dienes was calculated using the molar extinc-
tion coefficient at 233 nm for conjugated acids [7]. The
content of malonic dialdehyde was calculated using the
molar extinction coefficient for trimethine complex [8].
Statistical analysis. Data were analyzed statistically with
STATISTICA 10.0 and MS Excel software. Quantitative

data are presented as mean = SEM. The Mann—Whitney
U test was used to determine significance of differences
between independent samples. Statistical hypotheses were
tested at the critical significance level of 5 % (p<0.05).

Results and Discussion

Six-hour restraint stress induced changes in the
weight of stress-responsive organs. Thus, the relative
wet weight of the adrenal glands after stress increased
by 65 % (p<0.05 vs. Control Rats), and the weight of
the spleen decreased by 35 % (p<0.05 vs. Control Rats,
Fig. 1A and 1B). Pretreatment with 2-ETH alone did not
affects the relative wet weight of both adrenal glands
and spleen in groups Control+2-ETH and Stress+2-ETH
compared with control data.

In Control Rats, CPP and DIVP measured at the flow
rate of 10 ml/min were 82+2.2 mm Hg and 79+2.4 mm Hg,
accordingly. Addition of the BK . blocker, TEA, to the cor-
onary perfusate caused pronounced vasoconstriction, as re-
flected by a 95 % increase in CPP (p<0.05 vs. Control Rats;
Fig. 2), while DIVP remained unchanged. Without TEA
treatment, values for CPP and DIVP of Control+2-ETH Rats
were similar to those of Control Rats. In Control+2-ETH
Rats, supplementation of perfusate with TEA induced a 113
% increase in CPP (p<0.05 vs. Control+TEA Rats) up to
176+3.4 mm Hg (Fig. 2) while DIVP remained unchanged.
Therefore, the intraperitoneal administration of 2-ETH re-
sulted in increased BK_ -channels functional activity in
coronary smooth muscle cells of control isolated hearts.

In isolated hearts of animals exposed to stress without
TEA, CPP and DIVP were decreased by 23 % and 21 %,
respectively (p<0.05 vs. Control Rats; Fig. 2). There-
fore, restraint stress caused decrease of coronary tone and
impaired myocardial contractility. Isolated hearts from
rats exposed to 6-h restraint stress perfusion with TEA
caused a 68 % increase in CPP up to 105+8.0 mm Hg,
which was 27 % less than produced by TEA in Control
Rats (p<0.05, Fig. 2). Thus, 6-h restraint stress reduced
the effect of TEA on CPP, which could be due to the
decreased functional activity of coronary BK . -channels
in coronary circulation. However, TEA did not influence
the magnitude of DIVP in the Stress group. Perhaps, TEA
in selected concentration blocked mainly BK . -channels
located primarily in coronary smooth muscle cells rather
than in mitochondria of cardiomyocytes [4].
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Fig. 2. Effect of intracoronary tetraecthylammonium (TEA) on changes
in coronary perfusion pressure: Abscissa — experimental groups,
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8 — Stress+2-ETH+TEA; Ordinate — coronary perfusion pressure
(CPP), mm Hg. * — significantly different from control, p<0.05;
# — significantly different from group of «Control+TEA», p<0.05

Restraint stress produced in 2-ETH pretreated rats was
not associated with any statistically significant changes in
coronary vascular tone or myocardial contractile function;
CPP and DIVP values were comparable with the control. In
the Stress+2-ETH group, the intracoronary administration
of TEA induced an 89 % rise in CPPup to 154+5.4 mm Hg
(no difference from Control+TEA group, Fig. 2), whereas
DIVP after TEA infusion was unchanged. Therefore, the
prior activation of BK_ -channels with 2-ETH prevented
the stress-induced decrease in coronary vascular tone via
activation of BK_ -channels in coronary smooth muscle
cells and restored impaired myocardial contractility.

In the blood serum from stress-exposed rats, the iNOS
activity was increased 3.25 times and the eNOS activity
was decreased 2.0 times compared with the control (ta-
ble). In the Control+2-ETH group the iNOS and eNOS
activities were 2.6 and 1.6 times increased, respectively,
compared with the control. In the Stress+2-ETH group
the iNOS activity was raised only 2.3 times and the eNOS
activity was elevated 1.4, respectively, compared with
the control values (p<0.05, table).

In the Stress group, the serum concentration of eNOS
decreased 4.6 times and the serum level of iNOS in-
creased 9.7 times compared with the control (p<0.05,
Table). In Control+2-ETH and Stress+2-EHT groups,
eNOS and iNOS levels did not differ from the control.

Concentration of NO,/NO,” in the homogenized
left ventricle increased by 41.7 % in the Stress group
compared to the control (p<0.05, table). Concentrations
of NO,/NO," in homogenate were similar in the Con-
trol+2-ETH, Stress+2-ETH and the Control groups.

Concentrations of conjugated dienes and malonic dial-
dehyde in myocardium after stress were 3.4 and 3.7 times,
respectively, higher compared with control values (p<0.05,
table) while these concentrations did not differ from the
control in the Control+2-ETH and Stress+2-ETH groups.

In the Stress group, the concentration of C-reactive
protein increased twofold compared to the control where-
as it did not differ from the control in the Control+2-ETH
and Stress+2-ETH groups. The serum concentration of
IL-1P after 6-h restraint stress was 22.3+2.3 pg/ml (vs.
0.6+£0.02 pg/ml in the control, p<0.001, table). The se-
rum concentration of IL-1 in the Control+2-ETH and
Stress+2-ETH groups was similar to the control.

This study had shown that 6-h restraint stress reduces
basal coronary vessels’ tone, impairs myocardial contrac-
tility, produces lipid peroxidation and promotes acute
phase response. Basal tone of coronary arteries is an
integral value, which in isolated heart depends on the
structural properties of vascular wall and the balance
between locally produced vasoconstrictors and vasodi-
lators [9]. On the one hand, TEA-dependent functional
activity of BK_ -channels in coronary vascular smooth
muscle cells after stress was impaired. This fact could
be explained by oxidative and nitrozative stress, which
is characterized by superoxide radical and peroxynitrite
accumulation [10]. This notion is supported implied-
ly by our results demonstrating augmentation of lipid
peroxidation with accumulation of conjugated dienes
and malonic dialdehyde and NO hyperproduction with
accumulation of its metabolites in the myocardium of
stressed rats. Moreover, 6-h restraint stress produces in-
flammation, which is proved by statistically significant
increase of IL-1f and C-reactive protein concentrations
as a hallmark of the acute phase response. The CRP, in
turn, is able to activate iNOS [11, 12]. It was shown that
C-reactive protein activates monocytes [12], which pro-
duces proinflammatory cytokines with subsequent iNOS
activation and potentiation of inflammatory response.
This knowledge partially explains high incidence of
cardiovascular «catastrophes» after severe acute stress.
It is reasonable to assume the following sequence of
events which were caused impairment of BK, -channels
functional activity in the vascular smooth muscle cells
of coronary vessels after 6-h restraint stress [13, 14]:
oxidative and nitrozative stress — cell injury — synthe-
sis of proinflammatory cytokines (IL-18 and TNF-a) —
activation of transcription factor NF-Kf3 — accumula-
tion of iNOS enzyme in coronary vessels and systemic
iNOS activation — NO hyperproduction — and/or per-
oxynitrite formation — oxidation and/or nitrozylation of
modifiable-sensitive SH-groups of BK -channels mole-
cules — impairment of BK -channels functional activity.
So-called «poststress channelopathy» potentially may lead
to coronary constriction and myocardial ischemia which
are common events following distress. On the other hand,
restraint stress produces decrease in systemic eNOS activ-
ity, and, in contrast, elevation of systemic iNOS activity
and expression of the enzyme in coronary endothelial cells
with accumulation of NO metabolites in the myocardium
following 6-h stress. Hence, astonishing of BK . -channels
and eNOS functional activity after stress «compensatory»
promotes activation of iNOS as a «reserve echelon» to
prevent coronary vasoconstriction. However, excessive
coronary vasodilation persists in parallel with impaired
myocardial contractility, which could lead to a «hyper-
perfusion phenomenon» [15] in the isolated hearts after
stress with development of myocardial edema and diastolic
dysfunction with progression of myocardial contractility
disorders [16]. That is why such excessive stress-induced
coronary vasodilation has limited biological significance.

It was shown that 2-ETH pretreatment prior to 6-h
restraint stress completely abolishes stress-induced im-
pairment of coronary vessels tone. It was detected that
2-ETH enchances abnormally low eNOS expression in
the myocardium and increases systemic activity of the
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Notes: * - Significant difference from Control, p<0.05; # — significant difference from Stress, p<0.05.

enzyme after restraint stress, but prevents iNOS accumu-
lation in the endothelial cells of coronary vessels. Per-
haps, 2-ETH activates BK -channels in vascular smooth
muscle cells of coronary vessels, which was proved by
complete restoration of TEA-induced coronary constric-
tor response. Such positive effects of 2-ETH could be
explained partially by its ability to limit systemic low
grade inflammation due to its antioxidant activity as a
reactive oxygen species scavenger [17] with subsequent
reduction of damage-associated molecular patterns forma-
tion, which are able to initiate inflammation. Moreover,
different benzimidazole derivatives inhibit inducible cy-
clooxygenase (COX-2) [18] and suppress inflammasome
NLPR3 activity [19], a main source of proinflammatory
cytokines with subsequent decrease in the iNOS activity
and activation of eNOS. This notion is supported with
our data demonstrating that 2-ETH 1. p. injection before
stress entirely eliminates systemic low grade inflammation
and prevents lipid peroxidation and NO,/NO,~ accumu-
lation in the heart of stressed rats. Limitation of oxida-
tive and nitrozative stress as well as prevention of acute
phase response following 6-h restraint stress after 2-ETH
pretreatment, perhaps, also restored BK_ -channels func-
tional activity and myocardial contractility. Besides these
mechanismes, it is well known that some benzimidazole
derivatives sensitize myofibrils for Ca?* [20] and cause
positive inotropic action via phosphodiesterase inhibition
in guinea-pig heart [21]. Thus, 2-ETH abolishes stress-in-
duced coronary vessels’ tone and myocardial contractility
disturbances after 6-h restraint stress and adjusts coronary
perfusion to myocardial contractility.

However, analysis of 2-ETH effects in the Control group
lays oneself to ask: «Why did 2-ETH in contrast to Stress
group activate iNOS in the serum and increase expression
of the enzyme in the myocardium while didn’t affect serum
NO,7/NO," concentration?» Perhaps, 2-ETH could enhance
iNOS gene activity [22]. Different benzimidazole deriva-
tives modify cellular redox state by augmentation of GSH
synthesis [23], whereas iNOS is redox-sensitive enzyme
[24]. Moreover, 2-ETH pretreatment in the Control group
could stimulate aggresomes formation [25]. Aggresomes are
cytosolic multiprotein structures containing iNOS, which
produce NO in significantly less concentrations compared
to protein-unbound enzyme. Formation of aggresomes is
thought to be an important mechanism of limitation of iN-
OS-derived NO hyperproduction [25, 26]. 2-ETH-induced
moderate iINOS activation in the Control group creates
conditions for development of a robust adaptive response,
which reflects normal interrelations of local coronary tone
regulatory systems [27].

Thus, our results had demonstrated that 2-ETH pre-
treatment prevents decrease in BK -channels and eNOS
activity, limits iNOS activity in coronary vessels and
restores myocardial contractility following 6-h restraint
stress. These 2-ETH’ effects together with its ability to
prevent alterations of stress-sensitive organs and limit
oxidative, nitrozative stress and systemic inflammation
argue why 2-ETH should be considered as a useful tool
for pathogenetic prevention of stress-induced pathology.
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