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ACTION OF HYDROGEN SULFIDE DONORS ON NITROSO-OXIDATIVE
PROCESSES IN SMALL INTESTINE OF RATS WITH METHOTREXATE-
INDUCED ENTEROPATHY

Introduction. Medication-induced enteropathy plays an important part among factors leading to the develop-
ment of small intestinal injury. There are some evidences indicating a potential preventive action of hydrogen sulfide
(H,S) donors against drug-induced enteropathies based on that fact that the use of the most of enterotoxic medica-
tions including anti-tumor drugs leads to the suppression of this gaseous mediator production.

The aim of the study — to compare the action of H,S donors in small intestine of rats on parameters of NO-
synthase system and oxidative stress under condition of methotrexate-induced enteropathy.

Research Methods. The experimental procedures were carried out on rats which on the background of
methotrexate-induced enteropathy received H,S donors NaHS (1 and 10 mg/kg) and L-cysteine. Following bio-
chemical parameters were measured in small intestinal mucosa: activity of NO-synthases, myeloperoxidase, su-
peroxide dismutase and catalase; concentrations of NO, (nitrite/nitrate) and malonic dialdehyde. H,S concentration
was determined in blood serum.

Results and Discussion. Administration of methotrexate didn’t cause any visible changes of small intestine
surface, however led to serious biochemical changes. NO concentration increased as a result of INOS activation
(more than fivefold (p<0.01). Simultaneously concentration of H,S decreased in blood serum. Administration of H, S
donors practically returned these parameters to their normal value. Methotrexate-induced enteropathy caused the
increase of myeloperoxidase activity by 66 %, p<0.01, indicating of inflammatory process formation and activation
of lipid peroxidation. Administration of NaHS didn’t cause any serious changes in myeloperoxidase activity, how-

ever increased SOD activity and practically retuned it to its norm.
Conclusions. Nirtoso-oxidative stress plays the key role in enteropathy formation resulted in methotrexate
administration. H,S donors modulate parameters of NO-synthase system and activity of SOD.
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INTRODUCTION. Increased toxicity of different
medications in the gastrointestinal tract is a common
and serious medical problem; the number of drugs
that can harm the gastrointestinal tract is impressive
[1]. Enteropathy is known to be one of the most
commonly appeared pathologies resulting in the
use of medications such as: nonsteroidal anti-in-
flammatory drugs (NSAIDs), anti-tumor drugs and
hypotensive medications [2]. Among anti-tumor
drugs methotrexate and 5-fluorouracil is known by
its ability to damage the small intestinal mucosa by
preventing crypt mitotic activity, inhibiting dihydro-
folate reductase and leading to the development of
malabsorption syndrome and diarrhoea [3]. There
are some evidences indicating a potential preven-
tive action of hydrogen sulfide (H2S) donors against
drug-induced enteropathies [2, 4] based on that fact
that the use of the most of enterotoxic medications
including anti-tumor drugs leads to the suppression
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of this gaseous mediator production. The most
common way to generate H.,S for experiments is to
use common salts such as NaHS and its precursors
such as L-cysteine [5]. Cytoprotective effects of
donors of H,S were previously demonstrated on
the model of indomethacin-induced small intestinal
injury in rats [2, 4]. However, their effects in metho-
trexate-induced enteropathy are still poorly studied.
The aim of the study — to evaluate the action of
H_S donors in small intestine of rats on parameters
of NO-synthase system and oxidative stress under
condition of methotrexate-induced enteropathy.

RESEARCH METHODS. The structure of this
study and the experimental procedures performed
on the animals were approved by the Ethical Com-
mittee of Lviv National Medical University. The
experimental procedures were carried out in ac-
cordance with the international guidelines for the
use and care of laboratory animals. Male, outbred
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albino rats weighing 200—-220 g were used. Animals
were randomly divided into 5 groups: group 1 —in-
tact animals were used as controls; 2—methotrexa-
te, an anti-tumour drug was introduced in a single
dose of 10 mg/kg, intraperitoneally [6] to induce
enteropathy; animals in the groups 3, 4 and 5groups
received NaSH (1 mg/kg), NaSH (10 mg/kg) and
L-cysteine were introduced intraperitoneally twice
after methotrexate. 3 days after injection of metho-
trexate enteropathy had developed.

Rats were anesthetized with 1 ml of urethane
atadose of 1.1 mg/kg injected intraperitoneally and
sacrificed by cervical dislocation. A blood sample
from the cervical vessel was immediately collected
into vials containing 0.1 ml of heparin. The samples
of small intestinal mucosa were homogenised in
phosphate buffer pH 6.0 1:4 and centrifuged at 3000
rpm, supernatant was used to determine values of
biochemical parameters. Activity of NO-synthase
isoenzymes (inducible iNOS and constitutive cNOS)
was measured by the method described in detalil
[7]. NOS activity was expressed in nmol L-citrylline/
minxmg of protein. NOx (nitrite/nitrate) concentration
in homogenates of small intestine was assayed by
the Griess reaction-dependent method of [8]. In
order to determine total (NO,/NO,) concentration
to deproteinised homogenates (1:100) of zinc for
reduction of nitrate to nitrite or manganese sulphate
for measurement of nitrate-anion were added.
Naphthyl-ethylenediamine was used to perform
Griess reaction. The absorbance was read in a
Statfax at 520-560 (550) nm. Concentration of stable
products of NO was expressed as nitrite+nitrate
(mmol/g). Myeloperoxidase (MPO) activity in small
intestinal homogenates was assayed spectropho-
tometrically by the method [9] with some modi-
fications. The MPO activity was analysed spectro-
photometrically as follows: 1 ml of homogenate was
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added to 2.9 ml of 0.1 M K,PO, buffer (pH 6.0) in-
volving O-dianisidine dihydrochloride (0.167 mg/ml)
and 0.005 % hydrogen peroxide of the resection
mixture was recorded at a wave length of 450 nm.
One unit (V) of activity was defined as that degrading
1 umole of peroxide/mg of protein. Lipid peroxidation
levels were determined as malonic dialdehyde
(MDA) concentration in homogenates of gastric
mucosa, according to the procedure [10]. MDA
levels were expressed as mmol/l. Activity of
superoxide dismutase (SOD) was determined by
the reaction of reduction of nitrotetrazolium blue to
nitroformazan [11]. SOD activity was expressed in
mmol/minxmg of protein. Catalase (CAT) activity
was determined by measuring of the decrease in
hydrogen peroxide concentration at 410 nm [12].
Catalase activity was expressed in mmol H,O,/
minxmg of protein. H,S concentration was deter-
mined by reaction with para-phenylenediamine [13].

The statistical processing of the data was done
by conventional methods for analysis of variance
using MS Excel software for Student’s test. The
difference was considered to be significant at
p=<0.05.

RESULTS AND DISCUSSION. Administration
of methotrexate didn’t cause any visible changes
of small intestine surface. It should be pointed out
that methotrexate-treated animals were suffering
from severe enterotoxicosis manifested by diar-
rhoea and vomiting.

Methotrexate-induced enteropathy was accom-
panied by significant changes of gaseous mediators
production manifested by the decrease of H,S
concentration in blood serum by 20 % (p<0.01) and
the increase of NO, concentration in small intestinal
mucosa by 40 % (p<0.01) (Fig. 1). In recent years
it was shown, that hydrogen sulfide plays animpor-
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Fig. 1. Concentrations of H,S in blood serum and stable products of NO in homogenates of small intestinal mucosa at the

background of methotrexate-induced enteropathy of rats of the following groups: group 1 — control group, group 2 — methotrexa-
te-induced enteropathy, group 3 — methotrexate +1 mg/kg of NaSH , group 4 — methotrexate+ 10 mg/kg NaSH, group 5 —
methotrexate+L-Cys. Mean+SD, n=8 in each group of animals. * — p<0.05, ** — p<0.01, in relation to control animals; #— p<0.05,
# — p<0.01 as compared to the methotrexate action.
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tant role in promoting resolution of inflammation,
and restoration of normal tissue function [14], thus
the suppression of its synthesis in medication-in-
duced small intestinal injury may play a crucial role
for development of enteropathy.

H,S donor NaHS displayed the tendency to
increase of H,S concentration whereas L-cysteine
administration returned it to its normal level. H,S
donors dose-dependently decreased NO,
concentration in correspondence to the existence
of metabolic relationship between both gaseous
mediators.

Changes of NO, concentration in group of
methotrexate-treated animals were resulted by the
increase of INOS activity (more than fivefold
(p=<0.01) as compared with induced of control group)
(Fig. 2). Simultaneously cNOS activity decease by
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15 % (p<0.05). All studied inhibitors decreased iINOS
activity and practically returned it to its normal levels.

Enterotoxic action of methotrexate was accom-
panied by the development of oxidative stress in
small intestine manifested by the rise of MDA con-
centration by 61 % (p<0.01) (Fig. 3) and the signif-
icant decrease of antioxidant enzyme SOD (Fig. 4).
Simultaneously the activity of MPO was increased
by 66 % (p<0.01) as compared to the control group
which suggests neutrophil infiltration resulting in the
development of inflammatory process in small in-
testine.

None of studied H,S donors decreased MPO
activity as compared to methotrexate action. It
should be pointed out that ability of hydrogen sulfide
to modulate MPO activity was previously shown
[15]. However in our study only H,S precursor L-
cysteine has demonstrated the tendency to de-
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Fig. 2. Activity of nitric oxide synthases (INOS and cNOS) in homogenates small intestinal mucosa at the background of
methotrexate-induced enteropathy of rats of the following groups: group 1 — control group, group 2 — methotrexate-induced
enteropathy, group 3 — methotrexate+1 mg/kg of NaSH, group 4 — methotrexate+10 mg/kg NaSH, group 5 — methotrexate+L-
Cys. Mean+SD, n=8 in each group of animals. * — p<0.05, ** — p<0.01, in relation to control animals; # — p<0.05, # — p<0.01 as

compared to the methotrexate action.
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Fig. 3. Activity of MPO and concentration of MDA in homogenates small intestinal mucosa at the background of methotrexa-
te-induced enteropathy of rats of the following groups: group 1 — control group, group 2 — methotrexate-induced enteropathy,
group 3 —methotrexate+1 mg/kg of NaSH, group 4 — methotrexate+10 mg/kg NaSH, group 5 — methotrexate + L-Cys. Mean+SD,
n=8 in each group of animals. * — p<0.05, ** — p<0.01, in relation to control animals.
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Fig. 4. Activity of SOD and catalase in homogenates small intestinal mucosa at the background of methotrexate-induced
enteropathy of rats of the following groups: group 1 — control group, group 2 — methotrexate-induced enteropathy, group 3 —
methotrexate+1 mg/kg of NaSH, group 4 — methotrexate+10 mg/kg NaSH, group 5 — methotrexate+L-Cys. Mean+SD, n=8 in
each group of animals. * — p<0.05, ** — p<0.01, in relation to control animals; # — p<0.05, # — p<0.01 as compared to the

methotrexate action.

crease of MPO activity in small intestine of metho-
trexate-treated rats (Fig. 3).

It is well known that H,S exhibits strong anti-
oxidant properties. In our study an antioxidant action
of H,S inhibitor NaHS was manifested by the in-
crease of SOD activity as compared to methotrexa-
te group (Fig. 4). Surprisingly, L-Cys didn't de-
monstrate such action. However all studied donors
didn’t decrease MDA concentration. Catalase acti-
vity significantly increased as a result of 10 mg/kg
NaSH and L-Cys action. (Fig.4)

Thus, although methotrexate is widely used in
clinics as an anticancer agent, it's utility is limited
by its gastrointestinal toxicity which is one of the
most serious side effects in its treatment. However,
the mechanism of the toxicity has not been
completely clarified [16]. On the other hand, the
oxidative stress is known to play an important role
in various diseases and drug-induced side effects.
In our study the administration of methotrexate in-
duced the development of oxidative stress. On the
other hand many studies have suggested an im-
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HO. O. Cknsaposa, I. C. ®omMeHKO

JIbBIBChKWIA HALIOHA/IbHWM MEANYHNA YHIBEPCUTET IMEHI JAHW/IA TA/INLIBKOrO

BIIVIB JOHOPIB I'IIPOI'EHY CYJIb®1]Y HA HITPO30-OKCUJZATUBHI ITPOINECH
B TOHKIM KHUIIIIII IITYPIB ITPY METOTPEKCATIHIYKOBAHIN EHTEPOIIATII

Pestome

Bcmyn. Ceped YUHHUKIB, W0 rnpu3sodsimb 00 pO38UMKY eHmepornamil, Bax/iuse Micye rnocidaroms Meouka-
MEeHMO3HI, 3yMOB/IeHI MpuliMaHHM HU3KU thapMayesmuy4HUX rpenapamis. 30Kpema, BUPaXKEHi eHMEPOMOKCUYHI
s/racmugocmi Mae npomunyx/auHHUl npenapam “Memompekcam”. [TomeHyiliHUMU YUHHUKaMu Kopekyii to2o
MOKCUYHOR20 BI/IUBY MOo2/iu 6 6ymu GOHOpU 2idpoaeHy Cy/ibehidy (H,S), OCKi/IbKU GIOXiMIYHI 3MIHU 8 MOHKIU KULWUYI
npu pi3HUX MedUKaMeHMO3HUX eHMmepornamisix NPosiB/ISIFOMbCS 3HUXEHHSIM MPOodyKyBatHsI eHdo2eHHo20 H,S, ujo
nMpu3sodumMs 00 smpamu (o020 YumonpomeKmusHUX grnacmusocmed.

Mema 0ocidxeHHs — ropiBHMU sr/us doHopis H,S Ha rokasHuku NO-CuHmasHoi cucmemu ma cmyriHb
oKcudamuBHO20 cmpecy 8 MOHKIU KUWYi Wypis Ha m/i MemompekcamiHoykosaHOI eHmeponamil.

Memoou docnidxeHHs1. [Joc/1iou BUKOHYBa/IU Ha Wypax, SIKUM Ha mJ1i eHmepomOoKCUYHOI Oif Memompekcamy
8800u/1U 00HOPU H_S: NaHS y doszax 1 ma 10 me/ke, L-yucmeiH y 903i 30 me/ka. Y ¢nu308iti 060/10HYi MOHKOI KULIKU
BU3HaYa/IU akmusHiCmb CUHMAa3 OKcudy a3omy, MieJionepokKcudasu, cyrnepokcuooucMymasu i kamasiasu, KOHYeH-
mpauyjito cmabiibHuUx Memabosiimis okcudy azomy ma TEK-akmusHUX MpodykKmis; y cuposamuyi Kposi — KOHYEH-
mpauito H_,S.

Pe3ysnibmamu Ui 062080peHHs. BBeOeHHs npomuryx/IluHHO20 fpenapamy “Memompekcam”, Xo4 i He crpu-
YUHI0BA/10 3MIH MOBEPXHI MOHKOI KUWKU, pome npu3sodu/io 00 cymmesux GioXiMiYHUX 3MiH. 30Kpema, KOHYEeH-
mpayisi okcudy azomy 3pocmasia BHac/i0oK akmusayil iHOyyubesibHoi cuHmasu okcudy azomy (6iibie HiX y
5 pasis, p>0,01), npu yboMy criocmepiaasiu 3HUXEHHSI KOHUeHmpauii H,S y cuposamui kposi. BeedeHHs1 doHopis
H,S npakmu4Ho rosepmarso yi nokasHuku 9o Hopmu. MemompexkcamiHdykosaHa eHmepornamisi 3yMog/osasa
nioBUWEeHHs1 akmusHoCcmi Mie/siornepokcudalu Ha 66 % (p<0,01), wjo csid4yusI0 Npo hopMyBaHHs 3arnasibHo20 Mpo-
yecy ma akmusayiro rpoyecis sirornepokcuoayii. BeedeHHs1 NaHS He YuHU/I0 cymmeBo20 BI1/1UBy Ha akmusHICMb
Miesiornepokcudasu, npome rnidsuwWyBaso akmusHiCmb CyrnepokcuooucMyma3su, npakmuy4yHo rnosepmaroyu ii 0o
[OKa3HUKIB HOPMU.

BucHosku. K/i1o4080K0 6i0XiMIYHOK 3MIHO, WO Mpu3sooums 00 ¢(hopMyBaHHsS eHmepornamii rnpu 8Beo0eHHI
npomupakosoezo npenapamy “Memompexkcam”, c/y2ye Himpo30-okcudamusHuli cmpec. JoHopu H,S YuHsmb
Mody/iroroyull 8/IUB Ha nokasHUku NO-cuHma3Hol cucmemMu ma aKmusHICMb CyrnepokcudoucMymasu.

KMHOYOBI C/TOBA: eHTeponarTisi; MeToTpeKcar; rigporeHy cynbpif; CAHTa3n okcuay asoTy; oKCugaTuB-
HWIA cTpec.

OPUTTHAJIBHI AOC/II>KEHHA
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OPUTI'THAJIBHI AOCIII>)KEHHSA

0. A. CknsipoBa, U. C. ®omMeHKO
J1bBOBCKWV HALIMOHA/TbHbBIVI MEAVLIMHCKUA YHUBEPCUTET UMEHU AAHWIA TA/IALIKOIO

B/IMAHUE TOHOPOB CEPOBOJOPOJA HA HUTPO30-OKCUJATNBHBIE
ITPOIIECCHI B TOHKOM KUIIKE KPBIC ITPY1 METOTPEKCATUH/YIITIPOBAHHO
IHTEPOIIATUN

Pestome

BcmynneHue. Cpedu ghakmopos, rnpusodswjux K pa3sumuro a3Hmeponamuti, BRXHOe Mecmo 3aHumarom
MeduKkaMeHmMO3Hble, 06yCc/I08/1eHHbIE yriompebieHueM psida chapMayesmuyeckux rpenapamos. B yacmHocmu,
BbIpaXXeHHbIMU 3HMEPOMOKCUYeCKUMU caolicmsamu g/1adeem pomusooryxo/iesbiti npenapam “Memompekcam’.
lMomeHyua/ibHbIMU ¢hakmopamu KOppekyuu e20 MoKCcU4ecKo20 8o3delicmsusi Mo2/iu 6bl 6bimb OOHOPbI CepPOBO-
dopoda (H,S), NOCKO/IbKY BUOXUMUYECKUE USMEHEHUS 8 MOHKOU KUWKE MPU Pas/iuyHbIX MeOUKaMEeHMO3HbIX 3H-
meponamusix rnposie/ISOMCS CHUXeHUeM podyyuposaHusi sH002eHHo20 H.,S, ymo npusodum K romepe eeo yu-
mornpomeKkmuBHbIX CBOUCMS.

Lienb uccnedosaHus — cpasHUMb 8/1UsiHUE 00OHOPOB H,S Ha nokasamesiu NO-cuHmasHol cucmeMs! U cme-
MeHb OKcUOamuBHO20 cmpecca 8 MOHKOU KUWKE KPbIC Ha hoHe MemompeKkcamuHOyyuposaHHoU aHmeponamuu.

Memoodsbi uccredosaHusi. Ornbimbl BbIMO/IHAU HA KPbICAX, KOMOPbIM Ha (hOHEe 3HMEPOMOoKcuYeckoao oel-
cmsusi Memompexcama s8s00u/1u 0oHopb! H,S: NaHS 8 do3ax 1 u 10 me/ke, L-yucmeuH 8 do3e 30 me/ke. B c/u3uc-
mol 060/104Ke MOHKOU KUWKU Orpedesisi/iu akmusHOCMb CUHMAa3 okcuda azoma, MUe/IorepoKcudasbl, CyrnepoK-
cudoucMymasbl U Kamasasbl; KOHYeHmpayuro cmabusibHbIX Memabo/iumos okcuda asoma u TBK-akmusHbIX
NpPoAyKMOB; 8 CbIBOPOMKE KPOBU — KOHUYeHmpayuto H,S.

Pe3ysibmamsi u obcyxodeHue. BeedeHue npomusoornyxosieso20 npenapama “Memompekcam”, xomsi u He
BbI3bIBA/I0 U3MEHEHUU M0BepxXHOCMU MOHKOU KUWKU, OOHAKO pUBoOU/IO K CyWecmBeHHbIM BUOXUMUYECKUM U3-
MeHeHusIM. B yacmHocmu, KoHyeHmpayusi okcuda azoma sospacmasia sc/iedcmsue akmusayuu UHOyyubesibHol
cuHmasbl okcuda asoma (bosiee 4em 8 5 pas, p=0,01), npu amom Habsiodasnu CHUXeHUe KoHyeHmpayuu H,S 8
CbIBOPOMKE KpoBU. BeedeHue A0HOPOB H,S npakmu4ecku so3spawjasio amu rokasame/iu K Hopme. Memompex-
camuHOyyuposaHHasi 3Hmepornamusi 06yc/108/1usasa MosbIEHUE akmusHOCMU Mue/ionepokcudassl Ha 66 %
(p=0,01), ymo csudemesibCMBOBa/I0 O hOPMUPOBAHUU BOCMA/IUME/IbHO20 Mpoyecca U akmusayuu rnpoyeccos
Jiuronepokcudayuu. BesedeHue NaHS He oka3biBasio CywjeCmseHHO20 B/IUSIHUS Ha akmUBHOCMb MUE/IONEPOKCU-
dasbl, 00HaKO MM0BbILIAI0 aKMUBHOCMb CYNEPOKCUOOUCMYMa3bl, NPaKmMu4yecku so3spawjasl ee K rnokasamesisivm
HOPMbI.

Bb1800bI. K/toyesbiv 6UOXUMUYECKUM UMEHEHUeM, NMpusBoosawWUM K (hopMUpPOBaHU0 3HmMeponamuu npu
B8Be0eHUU MPoMuUBOO0MNyX0/1e8020 fpenapama “Memompekcam”, c/iy)xum HUMPO30-oKkcudamusHbIl cmpecc. [o-
HOpb! H,S oka3kisaom Mody/upyroujee s/usiHue Ha rnokazamesiu NO-CUHmMa3sHol cucmeMb! U akmusHOCMb Cyrep-
OKcuOOUCMYmashbl.

K/TKOUEBLIE C/TOBA: aHTeponaTusi; METOTPeKcaT; CEpOBOAOPO/,; CUHTa3bl OKCUA a30Ta; OKCUAATUBHbI
cTpecc.
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