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Kak mpu caxapHoM nuabdere, Tak U IpU METa0OJINYECKOM CHUHIPOME B BUAE KOMOPOUIHOIO
COCTOSIHUSI Pa3BHBAETCS JKUPOBasi AUCTPOQHs MMEUCHH, Mepexosiias aajiee B HeKpo3 mneueHu. B
CTaThe NMPEAJIOKEHbI BAPUAHTHI (PaPMAKOIOTHYECKON KOPPEKLUU HIIeMUU-penepdy3uu nedeHu
aroHUCTaMHM UMUJA30JIMHOBBIX PeLenTopoB. Mamepuanvl u memoopl. IKCIIEPUMEHT ITPOBOUIICA
Ha 70 xpbicax 0boero moia, pazaenéHHsix Ha 7 rpynn (n=10): UHTaKTHAS TPYIIA; JOKHOOIEPH-
pOBaHHbBIE XUBOTHbIE (BCKpBITHE OPIONIHOM CTEHKHM O€3 JIMTUpOBaHUs MEYEHOYHBIX COCYIOB);
rpymnmna unieMuu / penepdy3un 0e3 KOppeKLUUu MpenapaTamMy; KUBOTHBIE, MOJBEPTIINECS UIlle-
mun / peniepdys3un nedeHu + merdopmut (50 MI/Kr); )KUBOTHBIE, TIOJBEpPrIINecs UIIEMUU / pe-
nepdy3uu nedyeHu + MOKCOHUAMH (1 MKI/KT); )KMBOTHBIE, MTOABEprIIrecs uieMuu / penepdysuu
neuenu + C7070 (10 mr/kr). s OLIEHKH UCHOIBb30BATIH KO3 (DUIIMEHTHI, HCUUCIIIEMBIE U3 YPOB-
HS TIEYEHOUYHBIX TpaHCAMHUHA3: adaHuHamMuHOTpaHcdepasza (AJIT) u acmapratamuHOTpaHcdepasa
(ACT), — a Takxke MOPPOMETPUIECCKIX OTHOIICHUH TUIOIIAIN HEKPO3a U TITyOOKOW MINEMHH ITe-
YEeHU 10 JIaHHBIM THUCTOJIOTUYECKOTO HcciefoBaHus. Pezynvmamel. ATOHUCT miepu(epruuecKux
UMH1a30JIMHOBBIX perentopoB C7070 B 3HAUUTENHHO OOJIBIIEH CTENEHH CHUYKACT UIIEMUYECKH-
penepdy3uoHHbIE TOPaKEHUS IEYEHHU, B CPABHEHUU C MpenapaTaMyd MOKCOHUIWH U METQOPMUH.
I'enatonporexTopublil d3pdpext C7070 cHUMANCS TMpeaBapUTEILHBIM BBEJACHUEM OJIOKaTOpa Iie-
pudepudeckux UMHAa30JUHOBBIX perentopoB. Koaddummentsr AJIT/ACT ana C7070, mokco-
HUJMHA 1 MeT(HOPMHUHA COCTAaBUIIM COOTBETCTBEHHO 72,8/62,13; 44,99/34,20 u 36,88/21,02. Ko-
3¢ GUIHEeHTl MOP(OJIOrHYECKONW TenaTONpOTEKTOPHOW aKTUBHOCTH MPENapaToB COCTaBWIIM:
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C7070 — 82,61, mokconunuu — 72,33, metrdopmun — 38,96. Bs160d. ATOHUCTHI UMHUA30TMHBBIX
PEIEenTOPOB JOCTOBEPHO M 3HAYUMO CHUKAOT (PYHKIIMOHAIBHBIE U MOP(]OIOrHIecKrue MpOosBIIe-
HUS uieMud / penepdy3uu MeyeHu.

Kniouesvie cnosa: uwemus nevenu, penepdysus neuenu, caxapuviti ouabem, C7070, mox-
COHUOUH, MeMPOPMUH, A2OHUCTNbL UMUOAZ0TUHOBBIX PEYENNOPO8.
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A comorbid condition both in diabetes mellitus and in metabolic syndrome is fatty dys-
trophy of the liver that further progresses to hepatic necrosis. In the article variants of phar-
macological correction of ischemia-reperfusion of the liver with agonists of imidazoline re-
ceptor are proposed. Materials and Methods. The experiment was conducted on 70 rats of
both sexes divided into 7 groups (n=10): intact group; pseudo-operated animals (incision of
the abdominal wall without ligation of hepatic vessels); animals subject to ische-
mia/reperfusion without drug correction; animals subject to ischemia/reperfusion of the liver +
metformin (50 mg/kg); animals subject to ischemia/reperfusion of the liver + moxonidine
(1 pg/kg); animals subject to ischemia/reperfusion of the liver+C7070 (10 mg/kg). For evalua-
tion coefficients were used calculated from the level of hepatic transaminases:
alaninaminotranspherase (ALT), aspartataminotranspheras (AST), — and also from morpho-
metric ratios of the areas of necrosis and deep ischemia of the liver on the basis of histological
examination. Results. Agonist of peripheral imidazoline receptors C7070 reduces ischemic-
reperfusion damages to the liver to a significantly larger extent than moxonidine and metfor-
min. Hepatoprotective effect of C7070 was removed by preliminary introduction of peripheral
imidazoline receptor blocker. ALT/AST coefficients for C7070, moxonidine and metformin
were 72.8/62.13; 44.99/34.20 and 36.88/21.02, respectively. Coefficients of morphological
hepatoprotective activity of the drugs were: C7070 — 82.61, moxonidine — 72.33, metformin —
38.96. Conclusion. Agonists of imidazoline receptors reliably and significantly reduce func-
tional and morphological manifestations of ischemia/reperfusion of the liver.
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Ischemia is both a triggering point and a
stage of pathogenesis of many pathologic con-
ditions [1]. Both in diabetes mellitus and in
metabolic syndrome fatty dystrophy of the liver
develops as a comorbid condition that further
progresses to hepatic necrosis [2]. The drugs
used in treatment for the metabolic syndrome
and diabetes mellitus do not produce a sufficient
protective effect on the damaged liver. In this
context of doubtless interest is a study of a pos-
sibility of using biguanides for additional phar-
macological correction of standard therapy [3].

Thus, a study of pleiotropic hepato-
protective properties of agonist of peripheral
imidazoline receptors C7070 seems interest-
ing from the point of view of its practical ap-
plication in medicine.

Materials and Methods

Hepatotropic anti-ischemic activity was
studied using the method described by D.A.
Lopatin [4]. The experiment was conducted
on 70 rates of both sexes divided into 7
groups: intact group; pseudo-operated ani-
mals (incision of the abdominal wall without
ligation of hepatic vessels); animals with
modeled ischemia/reperfusion not given any
medicinal treatment; animals with modeled
ischemia/reperfusion given treatment with
Metformin (50 mg/kg); animals with modeled
ischemia/reperfusion given treatment with
Moxonidine (1pg/kg); animals with modeled
ischemia/reperfusion given treatment with
C7070 preparation (10 mg/kg); animals with
modeled ischemia/reperfusion given treatment

with C7070 preparation (10 mg/kg) with sim-
ultaneous introduction of peripheral imidazoline
receptor antagonist BU224 (BU224 hydrochlo-
ride solid, Sigma-Aldrich, Switzerland).

All selected doses corresponded to min-
imal therapeutic doses of the drugs recalcu-
lated for rats using common formulas. Dose
of C7070 was selected on the basis of the
minimal therapeutic dose of the closest ana-
log — Diacamph (Ukraine).

Before modeling, the animals were in-
troduced the drugs in single dose and saline
per os. The animals were narcotized by
intraperitoneal introduction of chloral hydrate
solution in the dose of 300 mg/kg. A narco-
tized animal was made the midline laparotomy
along the white line. Using a blunt method, the
major hepatic ligament was isolated that car-
ries vessels supplying blood to the liver. This
ligament was clamped with an atraugrip for 15
minutes. After that the contents of the ab-
dominal cavity were placed back, and the sur-
gical wound was sutured layer-by-layer.

Within 3 days the animals were intro-
duced the studied drugs and saline per os. In 3
days after the experiment the animals were
subject to euthanasia through overdose of in-
halation diethyl ether narcosis after which
blood was taken from the heart for biochemi-
cal examination, and the liver was isolated for
morphological analysis. No mortality of ani-
mals was noted in experiments.

Function of the liver was evaluated by bi-
ochemical markers of hepatocyte damage —
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AST and ALT in blood taken from the heart
of experimental animals immediately before
euthanasia (after 3 days of the experiment)
[5]. Biochemical parameters were evaluated
on the biochemical analyzer Olympus AU 640.
The parameters were determined using sets
of Olympus reagents: «AST/GOT (ASPAR-
TATE AMINOTRANSFERASE)», «ALT/GPT
(ALANINE AMINOTRANSFERASE)».

For evaluation of structural changes his-
tological sections of the liver of experimental
animals were obtained with their subsequent
morphological analysis [6].

Morphological evaluation of structural
changes was carried out on the base of Re-
gional Pathanatomical Bureau of Healthcare
Committee of Kursk Region according to the
internal standards. The preparations were
of
hematoxylin and eosin with subsequent digi-

stained with a standard mixture
tal microscopy and planimetric calculation of
the detected areas using Adobe Photoshop CC
computer software (2015.2).

Statistical analysis of the obtained da-
ta was carried out using pair-wise Student-
test (for parametric set) and Mann-Whitney
U-test (for nonparametric set). The mean
(M) and error of the mean (m) were prelim-
inarily calculated. All calculations were car-
ried out using Statistica 10.0 software. All
differences obtained from comparison of
parameters of different groups of animals as
well as all changes were considered statisti-
cally reliable at p<0.05.

Results and Discussion
Modeling of 15-min ischemia of the
liver followed by reperfusion led to 5-fold
increase in the levels of ALT and AST on the
34 day of the experiment (Tab. 1). The param-

eters of the pseudo-operated animals did not
show any reliable differences from those of
intact animals. At the same time, morphomet-
ric measurements of the areas of ischemic and
necrotic zones were 0.387+0.014
0.207-£0.021mm?, respectively (Tab. 2).

Application of the studied preparations

and

shows a statistically significant reduction of
the level of enzymes in blood of experimental
animals. Of all used preparations, the highest
activity was seen in C7070 (10 mg/kg), with
levels of ALT and AST 143.27+16.931 and
395.85+33.311, respectively (Table 1). In
parallel with this, C7070 significantly and
reliably reduced the areas of ischemic lesion
and of necrosis 0.058+0.029
0.046+0.013, respectively. Moxonidine and
metformin also reduced biochemical markers

to and

and morphometric parameters, but to a lesser
extent than C7070 (Tab. 1-2).

For convenience of evaluation it is rea-
sonable to compare the extent of reduction of
the level of hepatic transaminases in different
groups of animals using a simple mathemati-
cal formula:

ALT (exp)

RALT =100— ALT (contr)

= 100%,
where ALT (exp) is ALT level in blood of ani-
mals of experimental groups, ALT (contr) is
ALT level in blood of animals of control group.

The same formula is applicable to study
the level of AST:

AST (axp)

RAST = 100 - AST (contr)

= 10004,

where AST (exp) is AST level in blood of an-
imals of experimental groups, AST (contr) is
AST level in blood of animals of the control

group.
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Table 1

Influence of Agonists of Imidazoline Receptors on Level
of Hepatic Transaminases (ALT, AST) in Modeling
of Ischemia/Reperfusion of Liver

(M+m, n=10)
Group of Animals ALT (Un/ml) AST (Un/ml)

Intact 102.89+8.82 284.14+19.36
Pseudo-operated 110.27+£21.96* 289.80+16.29*
Ischemia/reperfusion (I/R) 526.90£17.97** 1045.16+£80.02**
I/R+C7070 (10 mg/kg) 143.27+16.93! 395.85+33.31!
I/R+moxonidine (1pg/kg) 289.86+15.27" 687.71+28.37"
I/R+metformin (50 mg/kg) 332.56+22.05' 825.49+22.46"
I/R+ 1 kg)+BU224 (1

/RHC7070 (10 mefkg)*BU224 (10| 50 4519 44! 798.59+21 34!
mg/kg)

Note: *p>0.05 in comparison with the group of intact animals;
**p<0.05 in comparison with the group of pseudo-operated animals;
'p<0.05 in comparison with Ischemia/Reperfusion group

POCCUUCKUA MEOUKO-BUONONMYECKUA BECTHUK I.P. PAVLOV RUSSIAN MEDICAL
umeHu akapgemuka W.MN. Maenosa. 2018. T. 26. Ne1. C. 21-35 25 BIOLOGICAL HERALD. 2018; 26(1):21-35



OPUI'MHANBHOE MCCIEOOBAHUE

ORIGINAL STUDY DOI: 10.23888/PAVLOVJ20182615-20

Table 2

Influence of Agonists of Imidazoline Receptors on Area
of Ischemic Damage Zone of Liver
and Area of Necrotic Zone of Hepatic Tissue in Modeling
of Ischemia/Reperfusion of Liver

(M+m, n=10)
. Area of Ischemic Area of Necrotic Zone,
Group of Animals ) N
Damage Zone, mm mm
Intact - -
Pseudo-operated - -
Ischemia/reperfusion (I/R) 0.387+0.014 0.207+0.021
I/R+C7070 (10 mg/kg) 0.058+0.029* 0.046+0.013*
I/R+moxonidine (1 ug/kg) 0.090+0.025* 0.075+0.015%*
I/R+metformin (50 mg/kg) 0.238+0.052* 0.125+0.020*
I/R+C7070 (10 mg/kg) +BU224 (10
(10 mg/ke) ( 0.159+0.031* 0.104:£0.008*
mg/kg)

Note: *- p<0.05 in comparison with the group Ischemia/Reperfusion
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Using the given formula, we obtained
the following data about functional protection

of the drugs (Tab. 3).

Table 3
Hepatoprotective Activity of C7070, Moxonidine and Metformin
in Modeling of Ischemia/Reperfusion of Liver according to Data
of Biochemical Examination
(M*m; n=10)

Coefticient of Hepatoprotective Activ- C7070 Moxonidine Metformin

ity, Unit (10 mg/kg) (1 pgke) (50 mg/kg)
Karr 72.81£1.71%* 44.99+1.23 36.88+1.02
Kast 62.13+1.34%* 34.20+1.21 21.02+1.49

Note: * — p<0.05 in comparison with coefficients obtained in treatment with moxonidine

and metformin

It follows from the given data that ago-
nist of peripheral imidazoline receptors (IR»)
C7070 possesses the highest anti-ischemic
activity among the drugs studied within the
frames of the given work.

For complete evaluation of anti-
ischemic activity of the drugs, evaluation of
only aminotranferases is insufficient.

For evaluation of hepatoprotective ac-
tivity of the drugs a coefficient was calculated
that characterizes the extent of protection of
hepatic tissue from damages induced by is-
chemia and the subsequent reperfusion of the
liver. This coefficient takes into account both
zones of ischemic lesion, and zones of necro-

sis.

The coefficient was calculated from the
formula:

Mi(prepl+Mn(prep)
Mi(contr)+hn(contr)

K=100% — ( *1000%)

where Mi(prep) is the average area of ischem-
ic lesions of liver in rats of experimental
groups, Mn(prep) is the average area of ne-
crosis of liver in rats of experimental groups,
Mi(contr) is the average area of ischemic le-
sions of liver in rats of control group,
Mn(contr) is the average area of necrosis of
liver in rats of control group.

Thus, we obtain data of anti-ischemic
hepatoprotective activity of the studied prepa-
rations (Tab. 4).
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Table 4

Hepatoprotective Activity of C7070, Moxonidine and Metformin
in Modeling of Ischemia/Reperfusion of Liver according to Data
of Morphometric Examinations
(M+m; n=10)

Ne Group of Animals C0efﬁciilzt?jiifiiizrotective
L yR+€7070 (10 mg/ke) 82.61+3.22*

2. I/R+moxonidine (1ng/kg) 72.33+£1.04

3. | UR+metformin (50 mg/kg) 38.96+5.69

Note: * — p<0.05 in comparison with pp. 2 and 3.

Thus, among all preparations studied
within the frames of the given work, agonist
of peripheral imidazoline receptors C7070
possesses the highest hepatoprotective activi-
ty in ischemia/reperfusion of the liver.

The obtained data can be explained by
differences in mechanisms of actions of the
drugs. The main component of the mechanism
of metformin is reduction in production of glu-
cose by the liver which, according to the data of
numerous research, correlates with reduction in
glycemia. Metformin plays a role in improve-
ment of peripheral effects of insulin, in reduc-
tion of gluconeogenesis and oxidation of free
fatty acids in the liver, in increase in the activity
of anaerobic pathway of glucose metabolism
with production of lactate, and in suppression of
lipolysis. A number of studies conducted in vivo

and in vitro showed activating influence of met-
formin on cellular enzyme AMP-kinase that
plays a role in transmission of glucose across cell
membrane with the help of GLUT4 and in oxi-
dation of free fatty acids. The improvement of
glycemic profile in treatment with this drug is
probably as well associated with similar cellular
aspects of its mechanism of action. Besides, di-
methyl biguanide demonstrated an ability to re-
duce hardness of cell membranes which is com-
monly observed in patients with diabetes melli-
tus and may contribute to its complications [7].
Metformin activates AMP-activated pro-
tein kinase (AMPK) — a hepatic enzyme that
plays an important role in insulin signaling, as
well as in the total energetic balance of the
body, and in metabolism of glucose and fats,
including that occurring in the liver. Activation
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of AMPK is required for inhibitory effect of
metformin on hepatic gluconeogenesis [8].

Summarizing the above, it may be said
that anti-ischemic action of metformin is based
on accumulation of energetic resources of
hepatocytes and retardation of consumption of
the currently existing resources of nutrients.

Moxonidine being an agonist of central
imidazoline receptors (IP;) participates in re-
distribution of hepatic blood flow through
opening of collaterals originating from a.
gastrica sinistra that remained free from com-
pression. Besides, the additional activity may
be due to central influence of moxonidine on
the opening of hepatic vessels at the moment
of reperfusion of the liver. A certain influence
of moxonidine on peripheral imidazoline re-
ceptors should not be excluded either [9].

Agonist of peripheral imidazoline recep-
tors (IR;) C7070 realizes its hepatoprotective
effect by mechanisms analogous to those occur-
ring in ischemization of a skin graft. It is evi-
dent that its influence on preservation of mito-
chondria is realized through ATPase channels
present in the outer and inner membranes of
mitochondria. Retardation and block of the ava-
lanche flow of iron ions, in its turn, reduces ox-
idative stress with all its manifestations in
reperfusion of the liver [10].

Activation of imidazoline receptors
leads to enhanced synthesis of arachidonic
acid and to inhibition of Na'/H" ionic chan-
to think that
imidazoline receptors belong to the family of

nels. There are grounds
neurocytokine receptors [11]. Activation of
central I;-receptors decreases arterial pressure
and the heart rate. All these are results of the
influence on the peripheral sympathetic nerv-
ous system through its central inhibition.

Throughout the period of existence of a
new generation of imidazoline receptors nu-
merous preclinical and clinical studies of ef-
fectiveness of these pharmaceutical drugs
were conducted.

Thus, for example, it has been demonstrat-
ed that intravenous application of moxonidine
increased diuresis, excretion of sodium and po-
tassium in rats. This effect was completely
blocked by a selective antagonist of imidazoline
receptors efaroxan and was weakened by o-
adrenoreceptor blocker yohimbine [12].

The central Ij-receptors of hypothalamic
region are involved into regulation of the level of
glycemia that was shown in the experiment with
selective agonist of Ij—receptors agmatine that
causes reduction in the blood glucose level. A
similar effect is seen in moxonidine. Besides,
imidazoline receptors are supposedly located in
the pancreas, and their activation leads to in-
crease in insulin secretion [13].

Application of moxonidine in rats of
Zucker line (obesity model) reduced the level of
hypothalamic neuropeptide Y which may be
one of mechanisms that can explain reduction
in body mass in treatment with this drug [14].

It should be noted that not all the men-
tioned effects can be attributed to activation
of central I;-receptors. It is likely that some of
them are nevertheless mediated by ap-
adrenoreceptors. Besides, a certain contribu-
tion is made by peripheral effect of drugs.

On the contrary, representatives of Khar-
kov pharmacological school paid attention to an
ability of agonists of peripheral imidazoline re-
ceptors to produce influence on blood glucose
level [15]. According to their research, prepara-
tions of this group are not inferior to metformin
in the hypoglycemic effect, but have much less
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side effects. Besides, unlike metformin, agonists
of peripheral imidazoline receptors do not cause
hypoproteinemia and hyperlactacidemia.

Besides other localizations, imidazoline
receptors are also found on the membranes of
adipocytes — fat tissue cells. Stimulation of
these receptors leads to enhancement of lipid
metabolism.

In treatment of patients with arterial hy-
pertension with moxonidine (0.4 mg/day)
within 8 weeks, a reliable decrease in the arte-
rial pressure was noted, while the levels of
total lipids, of oxidized low density lipopro-
teins and the ratio of different subtypes of low
density lipoproteins did not show any reliable
changes [16].

All the above evidences the advantage
of application of agonists of peripheral
imidazoline receptors (IR,) as medical drugs
reducing structural and functional damages to
the liver in its ischemia/reperfusion.

Conclusions

1. Agonist of II type imidazoline recep-
tors C7070 in the dose of 10 mg/kg 4.5 times
prevents increase in the levels of ALT and
AST and 2.5 times reduces the areas of is-
chemic lesions and necrosis in modeling of

15-minute  ischemia  of  the  liver.
Hepatoprotective effect of C7070 was 50%
reduced by antagonist of peripheral
imidazoline receptors BU224 (10 mg/kg).

2. Moxonidine possesses a less pro-
nounced hepatoprotective effect and reduces
areas of ischemic lesion and of necrosis 3.9-
4.5 times. According to the data of laboratory
studies, coefficients of hepatoprotective activ-
ity of moxonidine for ALT and AST were
44.99 and 36.88, respectively. Coefficient of
histologic  histoprotective  activity  of
moxonidine is 72.33.

3. According to morphometric coeffi-
cients, metformin decreases areas of ischemic
lesions and necrosis by one third and recovers
the levels of ALT and AST after preceding
ischemia/reperfusion of the liver only by
50%. Coefficients of hepatoprotective activity
of metformin for ALT and AST were 34.20 u
21.02, respectively. Coefficient of histologi-
cal hepato-protective activity of metformin
was 38.96.

4. In terms of hepatoprotective activity
the studied preparations were inferior to
C7070 (72.81/62.13/82.61 ALT/AST/ histo-

logy, respectively).
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