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Recently for the treatment of reperfusion syndrome (RS) the use of inhibitors of proteolysis and antioxidants is more often
recommended. This is due to the fact that today pathogenesis of RS is considered from the standpoint of development of the
systemic inflammatory response syndrome, which occurs with the excessive activation of the proteolytic enzymes, cytokines
and other inflammatory mediators. In this regard, it seems appropriate to have simultaneous exposure to the pathogenetic
links mentioned. However, at present the possibility of the combined use of these drugs to potentiate their effect and simul-
taneous influence on different links in the pathogenesis of RS, as well as their influence on the reactions of cytokine homeo-
stasis are not understood well. The aim of this study was to provide the pathogenetic substantiation of efficiency of the com-
bined use of inhibitors of proteolysis (“Gordox” medicine, 20 000 IU/kg) and antioxidants (“Corvitin” medicine, 10 mg/kg)
for drug correction of the experimental RS. The combined use of inhibitors of proteolysis and antioxidants for correction
of the experimental drug RS is most effective in reducing the total proteolytic activity and concentrations of major pro-
inflammatory cytokines in the blood serum compared to the effects of monotherapy due to the simultaneous effect on
several main pathogenetic links of RS and potentiation of the effects of the drugs used.

Recently for the treatment
of reperfusion syndrome
(RS) the use of inhibitors of pro-
teolysis and antioxidants is more
often recommended [1, 7]. This is
due to the fact that in the patho-
genesis of RS the leading role is
played by the excessive activation
of the proteolytic enzymes, cyto-
kines and other inflammatory me-
diators. The excessive activation
of biologically active substances in
critical conditions are increasingly
interpreted in terms of develop-
ment of the systemic inflammatory
response syndrome (SIRS resulting
in changes of homeostasis with dys-
function of the kallikrein-Kkinin sys-
tem, blood coagulation and com-
plement systems [2, 3, 5, 6, 8-10].

It is believed that medicines
of the group of proteolysis inhi-
bitors (aprotinin) reduce the total
proteolytic activity, inhibit the kal-
likrein-kinin system, have hemo-
static and antifibrinolytic effects.
Of the drugs that have the anti-
oxidant effect, quercetin is quite
often used in critical conditions,
its effect is due to decrease of cy-

totoxic superoxide anion produc-
tion, blocking of the lipoxygenase
pathway of leukotrienes synthe-
sis, which is accompanied by the
inhibitory effect on the membra-
notropic enzymes involved in de-
gradation of the cell membrane
phospholipids. However, nowa-
days the use of these medicines
for correction of reperfusion dis-
orders is a subject of debate, and
the possibility of their combined
use for the simultaneous influen-
ce on different links in the patho-
genesis of RS is still under study.

In this connection, the aim of
this work was to provide the pa-
thogenetic substantiation of effi-
ciency of the combined use of in-
hibitors of proteolysis and antioxi-
dants for drug correction of the
experimental RS.

Materials and Methods

Experiments were carried out
on 58 white Wistar male rats with
the body weight of 180-210 g in
accordance with the principles of
bioethics. The ischemia-reperfu-
sion syndrome was simulated by
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applying rubber bands on both
hind limbs at the level of the in-
guinal fold for the period of 6 hours.
The width of the clamped tissues
was 2-3 mm. Indication of the cor-
rectness of the tourniquet’s appli-
cation was the absence of edema
of the limbs and their pale colour-
ing. Revascularization was perfor-
med at once by dissection of the
rubber bands after six-hour appli-
cation [1].

Animals were euthanized in
12 hours after reperfusion under
thiopental anesthesia by decapi-
tation; then the blood sampling
was taken for research. Each group
of animals with RS without treat-
ment and on the background of
treatment included 12 rats. The
group of intact animals (n = 10)
was as the control group.

Treatment of the experimen-
tal animals was performed in dif-
ferent way for three groups: the
first group was treated with the
proteolysis inhibitor (“Gordox” me-
dicine (Gedeon Richter, Hungary))
in the dose of 20,000 IU/kg of the
body weight, the second group had
the treatment with the antioxidant
(a water soluble form of querce-
tin, “Corvitin” medicine (Borshcha-
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Table 1

Changes in the protease-inhibitor blood system
of rats in development of the ischemia-reperfusion
syndrome under the drug correction (M+m)

ELA, TLA, »
Group | mem/mlmin|  1U/ml a-1-IP AS|
Control (n=10) | 2.19+0.14 | 0.26+0.02 | 34.67+157 | 6.83+0.30
RS, 12h(n=12) | 0.41+0.02* | 0.73+0.06* | 25.76+1.76 | 3.39+0.30*
?nszﬁ zfordox 1.17+0.08* | 0.44+0.02* | 28.48+2.23 | 535+037**
Fnszﬁ zfor‘”t'” 1.13+0.13* | 0.29£0.07% | 22.95:2.18 | 5.22+0.41%*
RS +"Corvitin"+ | 4 10.000% | 02140.03* |36.2642.17%*| 6.93+0.57*

Gordox" (n=12)

Note: An asterisk indicates reliability of differences in relation to the control group:
* - p <0.001, ** - p <0.01, n — the number of animals.

hiv CPP, Ukraine)) 10 mg/kg of the
body weight, the third one rece-
ived the combination of the pro-
teolysis inhibitor and the antioxi-
dant (in appropriate doses). The
drugs were introduced intraperi-
toneally to all experimental ani-
mals with a single dose 30 minu-
tes before revascularization of the
limbs.

Determination of activity of the
components of the protease-inhi-
bitor system were carried out using
enzymatic methods [4] on a “Bio-
mat 5” spectrophotometer (UK).
The trypsin-like activity (TLA) was
measured by the rate of elimina-
tion of N-benzoyl-L-arginine from
the synthetic substrate of ethyl ester
of N-a-benzoil-L-arginine ethyl es-
ter hydrochloride (BAEE) (Sigma).

Determination of elastase-like ac-
tivity (ELA) was based on the stu-
dy of the hydrolysis rate of a syn-
thetic substrate Boc-L-alanine-4-
nitrophenyl ester (Boc-Ala-ONp)
(Sigma). Determination of the con-
centration of alpha-1-proteinase
inhibitor (a-1-1P) was performed
measuring the inhibition of the tri-
psin-caused decomposition of BAEE.
Similarly the activity of acid-stab-
le inhibitors (ASI) was determi-
ned after pretreatment of the se-
rum by warming in the acidic me-
dium.

Identification of the concen-
tration for major pro-inflammato-
ry cytokines, IL-13, IL-6 and TNF-a
was performed by the solid pha-
se enzyme immunoassay using kits
of reagents manufactured by “Ray-

Table 2

Changes in the system of cytokines in the blood
of rats in development of the ischemia-reperfusion
syndrome under the drug correction (M+m)

Group IL-1B, pg/ml IL-6 TNF-a
Control (n=10) 555.2+40.3 28.2+5.5 4.4+0.8
RS, 12 h (n=12) 5303.8+289.5 670.1+49.0 71.1+11.0
?ns; zfordox 1440.1+47.4 153.1422.4 13.3+13.3
FnS:J; 2?‘”"'“” 1276.4+61.8 270.2+48.9 18.6+4.4
RS+"Gordox” + 518.5+21.9 164.7+127.6 154415

Corvitin” (n=12)

Note: reliability of differences in relation to the control group for all values

of p<0.001. n — the number of animals.

Bio” (USA). The results were re-
corded using a microplate scanner
with the wavelength of 450 nm.
Statistical data processing was
carried out using the methods of
variation statistics with the cal-
culation of the mean values (M),
estimation of the probabilities of
discrepancies (m), estimation of
the reliability of changes using the
Student’s t-test. Difference between
the mean values was taken as the
reliable difference with p<0.05.

Results and Discussion

As is shown in our earlier stu-
dies, development of RS is accom-
panied by activation of the non-
specific protease activity with si-
multaneous inhibition of activity
of their inhibitors and increased
concentrations of the major pro-
inflammatory cytokines in the blood
serum. All these changes are ma-
ximally expressed in 12 hours af-
ter reperfusion [5].

Drug correction of the expe-
rimental RS showed that the com-
bined use of proteolysis inhibitors
and the antioxidant led to the most
effective reduction of the severi-
ty of changes of the parameters stu-
died (Table 1). For example, TLA
after the proteolysis inhibitor mo-
notherapy decreased by 1.7 times,
after the antioxidant monothera-
py - by 1.5 times, and after the com-
bined use of the drugs - 3.5 times as
compared to the untreated group.
a-1-IP reached its maximum value
with the combined use of the pro-
teolysis inhibitor and the antioxi-
dant, becoming 1.3 times higher
compared to the proteolysis inhi-
bitor monotherapy and more than
1.5 times higher in comparison with
the antioxidant monotherapy. A si-
milar trend was observed in the
dynamics of the ASI-activity.

In the system of pro-inflam-
matory cytokines the most effec-
tive reduction of the concentra-
tion of IL-13 more than 10 times
compared to the untreated group
was achieved in the case of the com-
bined use of the proteolysis inhibi-
tor and the antioxidant (Table 2).
However, the concentration of IL-6
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and TNF-a in the case of the pro-
teolysis inhibitor monotherapy, as
well as in the case of the combi-
ned therapy decreased approxi-
mately four times compared to the
untreated group.

These experimental data show
that the combined use of proteo-
lysis inhibitors and antioxidants

is more effective in comparison
with monotherapy. Efficiency of
using such combination is expla-
ined by the simultaneous influen-
ce on several major pathogenetic
mechanisms and is confirmed by
an effective reduction in the to-
tal proteolytic activity and con-
centrations of the major pro-in-

flammatory cytokines in the blood
serum. The use of antioxidant pro-
motes the protection of the pro-
teolysis inhibitor from oxidative
damage, thereby potentiating the
efficiency of the latter; and the use
of a water soluble form of quer-
cetin promotes more rapid achieve-
ment of the therapeutic effect.
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INIATOTEHETUYHE OBI'PYHTYBAHHA E®EKTUBHOCTI MEAUKAMEHTO3HOI KOPEKIIIi EKCNEPUMEHTAJILHOTO
PENEP®Y3IMHOI'O CHHAPOMY NNOEAHAHUM 3ACTOCYBAHHSAM IHT'IBITOPIB IIPOTEOJII3Y TA AHTUOKCUJAHTIB

M.I.®edocos, /1.B.AHucumoesa, A.B.Ky6uwkin
Kpumcokuii depicasruti meduyHuii ynisepcumem im. C.IL.Teopzieecbkozo

Karwuosi caoea: penepgysis; npomeinasu; yumokiu,; iHei6imopu npomeosizy; aHmuokcudaHmu

OcmaHHIM vyacom 0ns AikysanHst penepdysitinozo cundpomy (PC) ece vacmiuie pekoMeHOYEMbCS1 BUKOPUCMAHHS IH2i6imopie
npomeosizy ma aumuokcudanmie. Le nog’azano 3 mum, wjo Ha cyvacHomy emani namozeres PC, sk i 6inbwocmi KpumuvHux
cmatie, po32as10aembcsl 3 NO3Uyitl po38UMKy CUHOPOMY CUCMEMHOT 3anaibHoOi peakyil, npu IKOMy BUHUKAE HAOMIpHA akmu-
sayist npomeoAimu4Hux hepmeHmia, npo3anaibHUX YUMOKIHIe ma iHwux mediamopis 3anasieHHs. Y 368’3Ky 3 yum npedcmas-
JI51EMbCS1 00YLNbHUM 00HOUYACHUL 8N/1US HA nepeaideHi 1aHKU namozeHe3y. OOHAK, Ha Cb0200HIWHIT OeHb MOXHCAUBICMb 0OHO-
YACHO20 3aCMOCY8AHHS 8KA3AHUX hpenapamis 3 Memor NomeHyit8aHHs ix eghekmy i 00HOUACHO20 8NAUBY HA PI3HI NAHKU
namoeeHe3y PC, a makodic ix anaue Ha peakyii yumokiHo8020 20Meocmasy sus4yeHi HedocmamHso. Memoro Yybo2o docidiceH-
Hs1 6)/10 namozeHemuyHe 062pyHMy8aHHs egheKmugHocmi NOEOHAHO20 3acMoCcy8aHHsl iH2ibimopie npomeoidy i aHmuokcu-
danmie 04151 MedukameHmosHoi kopekyii ekcnepumenmasbHoz2o PC. PC M00ea108aAU WASXOM HAKAAOEHHs 2yM08UX 0xcaymis
Ha o6udai 3a0Hi KIHYieKu wjypie Ha pisHi naxoeoi ckaadku cmpokom Ha 6 200uH. JlikyeaHHs1 nposoduau nocepiliHo 3 8uUKopuc-
maHHM iH2ibimopie npomeonisy (npenapamy «lopdokc» y do3i 20000 0/]/kz), aumuokcudanmis (npenapamy «Kopgimuh» y
dosi 10 m2/k2) ma ix kombiHayii'y 8ionosidHux dosax. Ompumari pesyrbmamu nokasaau, wo Npu 00HOUACHOMY 3ACMOCY8aAHHI
iHei6imopie npomeoidy i aHmuokcudanmis a3 medukameHmMo3Hoi Kopekyii ekcnepumenmasnvHozo PC gid3Hauaemubcs Hall-
6ibwW edheKkmuaHe 3HUNCEHHS CyMAapHOT npomeoaimu4Hoi akmueHocmi i KOHYeHmMpayii OCHOBHUX NPO3aNA/ILHUX YUMOKIHI8
Yy cuposamyi kposi nopisHsaHo 3 egpekmamu 8i0 MoHomepanii, ujo 06yM08,1eH0 00HOHACHUM BNAUBOM HA KiNbKA OCHOBHUX
namozeHemuy4Hux 1aHok PC i nokpawjeHHsAM edhekmy 8i0 suKopucmaHux npenapamis.

MATOTEHETHUYECKOE OBOCHOBAHUE 3®®EKTUBHOCTH MEAUKAMEHTO3HOM KOPPEKLIMH
JKCINEPUMEHTAJIBHOI'O PENEP®Y3HUOHHOI'O CHHAPOMA COYETAHHBIM NIPUMEHEHUEM UHT'HBUTOPOB
MNMPOTEOJIN3A U AHTHOKCUJAHTOB

M.H.®edocos, /1. B.AHucumoea, A.B.Ky6bl1uukuH
Kpwimckuii eocydapcmeeHHblil meduyuHckuii yHueepcumem um. C.H.Ieopzueackozo

Katouesbie cio8a: penepdysusi; npomeuHassl; YUmMoKUuHbl; UH2UGUMOPbLI NPOMEOAU3A; AHMUOKCUOAHMbI

B nocsaednee epems 051 neveHust penepgysuonHozo cuHdpoma (PC) ecé yawe pekomeHdyemcsi Ucno/1b308aHue UH2UbU-
mopos npomeousa U AHMUOKCUOAHMO8. IMo C8513aHO C MeM, YUMo Hd cO8peMeHHOM amane namozeHe3 PC, kak u 60.1b-
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WUHCMBa Kpumu4eckux COCMosiHUll, paccmampueaemcs ¢ no3uyull pazeumusi CUHOpoOMA CUCMEMHOU 80CNAAUMENbHOU
peakyuu, npu KOMopoM npoucxooum 4pe3mMepHasi akmugayust npomeoAUMu4eckux epMeHmos, Npo8oCcnaIUMeAbHbIX
YumokuHog u dpyaux meduamopos socnaeHusl. B cessu ¢ amum npedcmagasemcs yeaecoo6pasHblM 00HO8PeMeHHOe
so3delicmaue Ha hepevucieHHble 38eHbss namozeHe3d. O0HAKO, HA Ce200HAWHUL deHb B03MONCHOCMb COYEMAHHO20 NPU-
MeHeHUs1 yKA3aHHbIX NPenapamos ¢ ye/blo NOmeHyupo8aHus ux sggpekma u o0Ho8peMeHHO20 8030elicmeaus Ha pazaui-
Hble 38eHbs namozeHesa PC, a makaice ux 8ausiHue Ha peakyuu YumoKUHO8020 20Me0cmasa usyyeHsl HedocmamoyHo.
Lleavio Hacmosiujezo ucc1e008aHUs AB8UA0CL NAMozeHemu4eckoe 060CHO8aHUE 3P PHeKmuU8HOCMU COYeMaHHO20 npume-
HeHUsl UH2u6UMopo8 Npomeoau3a U AHMUOKCUAaHmMo8 0151 MeOUKAMeHMO3HOU KoppeKyuu skcnepumeHmaasbHozo PC.
PC modeauposanu nymém HaN03ceHUs1 pe3UHOBbIX Jc2ymos Ha 06e 3adHUe KOHeHHOCMU KPbIC HA yPOGHe NAax08oli ckaad-
KU CPOKOM Ha 6 4acos. JlevueHue ocyuecmesau noceputiHo ¢ UCno/ib308aHUeM UH2UGUMopo8 hpomeo/iusa (npenapama
«lopdokc» e doze 20000 E/l/kz), anmuokcudanmos (npenapama «Kopsumum» 6 dose 10 me/ke) u ux KOM6UHAYUU 8 COOM-
semcmayowux dosuposkax. [losyueHHble pe3yabmamsl NOKA3AAU, YMO NPU COYeMAHHOM NPUMEHEeHUU UH2UGUMOpo8
npomeoau3a U aHMUOKCUOaHMo8 0151 MeOUKAMEHMO3HOU KoppeKyuu skcnepumeHmaabHozo PC ommevaemcst Hauboiee
agpexmugHoe CHUNCEHUE CYMMAPHOL NPOMeoAUMUYecKoll AKMUeHOCMU U KOHYeHMpayuu 0CHOBHbIX NPOGOCNAIUMeb-
HbIX YUMOKUHOB 8 CbIBOPOMKe Kpo8U CPABHUMENLHO ¢ adhekmamu om MoHOmepanuu, Ymo 06yc/108,1eH0 0OHOBPEMeH-
HbLM 8030elicmaueM Ha HECKO/IbKO OCHOBHbIX namozeHemuyeckux 36eHbes PC u nomenyuposaHuem aghgpekma om ucnoo-
308aHHbIX NPENAPAMO8.



