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EFFECT OF 7-DAY INTRODUCTION OF GLUTATHIONE ON ACTIVITIES
OF H,S-PRODUCING ENZYMES IN THE LIVER OF RATS UNDER
EXPERIMENTAL NEPHROPATHY CONDITIONS

Introduction. Kidney diseases are a worldwide health problem. The renal dysfunctions cause the production
of reactive oxygen species and can co-exist with different liver disease, or stimulate their development, so scientists
are becoming more interested in the study of the influence of antioxidants such as glutathione on metabolic pathways
of the body under conditions of different disease. Hydrogen sulfide has anti-inflammatory, anti-oxidant and anti-
apoptotic effects that are mediated by its ability to downregulate the synthesis of lipid peroxides and reactive oxygen
species-producing enzymes and may play an important role in the mechanism of development of nephropathy.

The aim of the study — to learn the effect of glutathione introduction within 7 days on the system of H,S pro-
duction in the liver of rats under conditions of experimental nephropathy.

Research Methods. The experiment was conducted on albino mature male rats. The animals in experimental
group were administered a single intraperitoneal dose of folic acid (250 mg/kg). Glutathione was introduced intragastral
(100 mg/kg) within 7 days after intoxication. The activity of H,S-producing enzymes, the concentration and produc-
tion of H,S were measured in the liver.

Results and Discussion. Under conditions of experimental nephropathy there was a decrease in the concen-
tration and production of hydrogen sulfide compared with the control group. The introduction of glutathione increased
the content of hydrogen sulfide and promoted the growth of the activities of H,S-producing enzymes in the liver of
rats.

Conclusions. It was found that the content and production of hydrogen sulfide in the group of animals with
nephropathy were diminished by a decrease in the activities of hepatic H,S-producing enzymes. The introduction
of glutathione increased the content of hydrogen sulfide by stimulation the activities of cystathionine-3-synthase and
cysteinaminotransferase in the liver of rats. As reasons for this effect, antioxidant properties of glutathione and the

possibility of including tripeptide as a source of cysteine in the synthesis of hydrogen sulfide are considered.
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INTRODUCTION. Renal disease is a common
worldwide health problem. Kidney disease can lead
to the oxidative stress related to an imbalance
between free radical production and decreased
antioxidant capacity. The renal dysfunctions can
co-exist with a different liver disease, or stimulate
their development.

H,S has been established [1, 2] to possess
potent antioxidant and anti-inflammatory properties
suggesting that it could protect or retard progression
of some disease. Hepatic H,S metabolism affects
glucose metabolism, insulin sensitivity, lipoprotein
synthesis, mitochondrial biogenetics and bio-
genesis [3, 4]. Malfunction of H,S metabolism may
be involved in many diseases. It is known that
plasma H,S level markedly reduced in patients
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with nephropathy, so the use of antioxidants is
important for the protection of the body by renal
disease.

Therefore, investigating the association be-
tween kidney disease and metabolism of H,S in the
liver and influence of glutathione (GSH) as one of
the antioxidants [5-7] that may take part in the
metabolism of H,S has important practical value
because the understanding of metabolic pathways
by pathophysiological conditions will help to improve
therapeutic strategies for patients with kidney and
liver diseases.

The aim of the study — to determine the effect
of glutathione introduction within 7 days on the
system of H_S-producing enzymes, concentration
and production H,S in the liver of rats under condi-
tions of experimental nephropathy.

OPUTTHAJIBHI AOC/II>KEHHA

ISSN 2410-681X. MenuyHa Ta KiIiHiyHa xiMidg. 2019. T. 21. Ne 1

%)




OPUTI'THAJIBHI AOCIIA>KEHHSA

RESEARCH METHODS. The experiment was
conducted on 83 male albino rats with the body
weight of 0.16-0.18 kg. Experimental nephropathy
was modeled by injection of a single intraperito-
neal dose of folic acid (250 mg/kg) [8]. In order to
confirm the pathology the kidneys were examined
by morphometric analysis. Glutathione was intro-
duced daily (100 mg/kg) by intragastric way for
7 days following after the injection of folic acid.
Animals were devided into 3 groups: | — control
group (n=36), Il — nephropathy (7" day (n=24)),
[l —nephropathy + 7 days of glutathione introduction
(n=23). Rats were kept under the standard vivarium
conditions at constant temperature and basic
allowance. Animals were narcotized with chloroform
and sacrificed on the next day after the last gluta-
thione introduction. All manipulations with animals
were carried out according to European Convention
for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes and
law of Ukraine “On protection of animals from
cruelty”.

The activity of H,S-producing enzymes (cys-
tathionine-y-lyase (CSE), cystathionine-B-synthase
(CBS) and cysteinaminotransferase (CAT)), the
concentration and production of H,S [9, 10] were
measured in the postmitochondrial fraction of the
liver. The protein level was determined by Lowry
method [11]. The type of distribution was estimated
using Shapiro-Wilk test. Significant differences
between group were evaluated by using Wilcoxon
test with p<0.05 considered. All results are
represented as median minimum-maximum values
(Me[min-max]).

RESULTS AND DISCUSSION. Under the
conditions of experimental nephropathy the H,S
concentration decreased by 45.3 % on 7 expe-
rimental days and production of hydrogen sulfide
was decreased by 27.8 % compared to the control
group (Table). H,S-producing activities of CSE,
CBS, and CAT in the liver of rat with nephropathy

were reduced by 31 %, 32.12 % and 32.7 %, res-
pectively, relative to control animals. Such changes
can be caused by a violation of the regulation of
intracellular metabolism under condition of develo-
ping a disease.

The introduction of glutathione led to increased
production of H,S by 36 % and concentration by
43 % compared to animals with nephropathy.
Glutathione increased the content of hydrogen
sulfide by increasing the activity of CBS by 27 %
compared to the group of animals with nephro-
pathy. And the activity of CAT was increased by
49.7 % after glutathione introduction within 7 days
and in this case exceeded the activity of the
control group of animals. At the same time, the
activity CSE after the introduction of glutathione
remained significantly lower compared to the
control group.

Glutathione is involved in maintaining oxidative-
reducing potential in the processes of detoxification
of endogenous and exogenous xenobiotics directly
and as a substrate for biotransformation enzymes,
and its use is effective in conditions of nephropathy
caused by high doses of folic acid. Antioxidant by
binding of free radicals, inactivation of products of
peroxide oxidation of lipids, protects cell membranes
from the generation of free radicals under conditions
of nephropathy.

It can be assumed that the cysteine present in
glutathione is used in the synthesis reactions of
hydrogen sulfide, and the glutathione as a strong
antioxidant [4] contribute to the improvement of the
investigated parameters in the liver of animals with
experimental nephropathy. On the other hand, it
was previously demonstrated that H,S protects cells
against oxidative stress via increasing GSH produc-
tion [2].

Itis, therefore, logical to expect (Fig.) that GSH
also contributes to the increase of H,S, and our
experiment confirms this hypothesis.

Collectively, these results suggest that glutathi-
one by increasing activities of H,S-producing

Table — Indicators of hydrogen sulfide production in the liver of rats under conditions
of experimental nephropathy and introduction of glutathione (M+m)

Investigated indicators Control (n=36) Nephr?rf)jé?)/, 7day Nephro;)(:letlgy(;ilgé?thlone,
H,S-concentration, nmol/l 21.33+0.24 1.68+0.66™ 20.49+0.61"
H,S-production, nmol/min/mg of protein 38.20+0.27 27.56+0.91" 37.64+0.79%

CSE, nmol H,S /min/mg of protein 3.31+0.06 2.26+0.11" 2.46+0.13"
CBS, nmol H,S /min/mg of protein 2.49+0.06 1.69+0.15" 2.16+0.15%
CAT, nmol H,S /min/mg of protein 2.69+0.05 1.81+0.10" 2.71+0.13%

Notes:

1. ** — p<0.01, relative to control.

2. #—p<0.05, relative to animals with nephropathy.
3.#—p<0.01, relative to animals with nephropathy.
4. Mtm; the data are presented as mean+SEM.
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Fig. Scheme of cysteine involvement in hydrogen sulfide synthesis.
Note. CSE - cystathionine-y-lyase, CBS — cystathionine-B-synthase, CAT — cysteinaminotransferase, MST —

3-mercaptopyruvate sulfurtransferase.

enzymes has an influence on the production of H,S.
The regulation of H,S metabolism by GSH-depen-
dent pathways will greatly improve our understan-
ding of general metabolism changes in the body
and also provide new insights into the control of the
state of the liver diseases by nephropathy.

CONCLUSIONS. The production and concen-
tration of H,S by experimental nephropathy in the
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BYKOBUHChKW AEPKABHUIV MEAVNYHWIA YHIBEPCUTET, YEPHIBLII

BII/INB CEMUJEHHOI'O BBEJEHHA ITTYTATIOHY HA AKTUBHICTDH EH3MMIB,
10 IMPOAYKYHOTbD H,S, ¥ ITEYIHIII IIIYPIB 3A YMOB EKCIIEPUMEHTAJIBHO{

HE®POIIATI

Pestome

Bcmyn. 3axsoprosaHHs1 HUPOK — 00Ha 3 HalinowupeHiwux ma HallakmyasibHilux rnpobsiem cy4acHoi meduyu-
Hu. lNopyweHHs1 hyHKYil HUPOK BUK/TUKAE MPOOYKYBaHHSI akmuUBHUX ¢hOPM KUCHHO, MOXe MOEOHYBamuCs 3 Pi3HUMU
3axB80prOBaHHSIMU MEYiHKU abo cmuMy/iro8amu ix po3suUmok, momMy Haykosyi 0edasi bi/ibwe Yikas/isimbCsi BUBYEH-
HSIM BI/IUBY @HMUOKCUOaHMIB, Makux, siK 2/ymamioH, Ha Memabo/liYHI W/ISIXU op2aHi3My 3a YMOB PI3HUX 3aX80-
progaHb. CipkosodeHb (2i0pozeH cynbghid, H,S) Mae npomusanasibHi, aHMUOKCUGaHmHI U aHmuarnonmosHi g/1ac-
musocmi, siki 3a6e3reqyromecsi 020 30amHICMI0 3HUXKYBamu CUHME3 NepoKcudis /1iMidis i peayirosamu akmusHiCMb
€H3UMiB, W0 nNPoOyKyomMb akmusHi ¢hopMU KUCHIO, & MaKoX sidigpae BaXk/1usy posib Yy MexaHiaMi po38UMKy Heghpo-
namii.

Mema 8ocn1ideHHs — BUBHUMU BI1/1UB CEMUOEHHO20 BBEOEHHST 2/1ymamioHy Ha cucmemy rnpodyKysaHHs H,S
Y NeYiHyi Wwypis 3a yMo8 eKkcriepuMeHmasibHoi Hegbporamil.

Memoodu 0ocnideHHs. EkcriepumMeHmasibHy Hegbpornamito MOoOesIrB8asiu W/IsIXOM BHYMPIWHbOYepeBHO20
BBEOEHHS1 Bi/luM cmameso3pi/IuUM wWypam-camysiM ¢hosliesoi kucsiomu 8 003i 250 ma/ka macu mina. [71ymamioH
B8B0OU/IU IHMpaz2acmpasibHo 8 003i 100 me/ke Macu misia BrpoooBX 7-MuU OHIB. Y NeyiHyi BU3HaYa/lu akmusHICMb
€H3UMIB, Wjo eeHepytoms H.,S, a makox (io2o KoHYeHmpauito i Mpodykyito.

Pe3ysibmamu Ui 062080peHHSs. 3a yMOB eKcriepuMeHmasibHOI Heghpornamii criocmepieasiu 3HUKEHHST KOHUEH-
mpayii ma npooykuyii 2idpoeeH cy/ibhidy MOpPIBHIHO 3 KOHMPOJIbHOK 2PYrNOK MBapUH. BBeOeHHs 2/1ymamioHy
CrIpUSI/IO 3POCMAHHI0 aKMUBHOCMI eH3UMIB, Wjo 2eHepyroms H,S, ma nidsuwjeHHIo (o2o smicmy 8 neqiHyi wypis i3
Hegbpornamieto.

BucHosku. BcmaHos/nieHo, wo smicm i npodyKyisi CIPKOBOOHIO 8 2pyri mBapuUH i3 Hegbporamieto 3HWXYHMbCS
3a paxyHOK Mpu2HiYeHHsT aKmusHOCMI eH3UMiIB, Wo Mpodykytoms H,S, y nediHyi. BeedeHHsi a/iymamioHy cripusie
HopMasii3ayii sMicmy CipKOBOOHIO B MEYIHYI Wypi8 W/ISIXOM MIOBUWEHHST akKmUBHOCMI yUCMamioHiH-B-cuHmasu i
yucmeiHamiHompaHcghepasu, W0 MOXHa MosICHUMU aHMUOKCUOaHMHUMU 8/1aCmusoCmsMU 27iymamioHy ma (mo-
BIPHUM BK/TOYEHHSIM mpunenmuoy siK Oxepesia yucmeiHy 8 CUHme3 2asompaHcmimepa.

KTKOYOBI C/IOBA: HedbponarTist; rigporeH cynbia; rnyTaTioH; eH3uMu.
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BYKOBWHCKW rOCYAAPCTBEHHBIV MEANLIMHCKUA YHWUBEPCUTET, YEPHOBLIbI

B/IMAHUE CEMUIHEBHOI'O BBEJEHUSA ITTYTATUOHA HA AKTUBHOCTD
9H3NMOB, KOTOPBIE ITPOAYLUPYIOT H,S, B IIEYEHH! KPBIC B YC/IOBUSX
3KCITEPUMEHTAJ/TbHOM HE®POIIATUN

Pestome

BcmynieHue. 3abo/1esaHusi oYeK — 00Ha U3 caMblX pPacrpocmpaHeHHbIX U akmyasibHbIX pob/iemM cospe-
MeHHOU MeduUUHbI. HapyweHue ¢hyHKYUU roYeK Bbi3bisaem npodyyuposaHue akmusHbIX (hopM KUC/1I0p00a, MOXem
cosmewamsCsi ¢ pa3/IuyHbIMU 3a60/1e8aHUSIMU NEYeHU U/1u CMUMy/Iuposams UX passumue, rodmomy y4eHble 8ce
60/1blEe UHMEPECYMCS U3ydeHUeM B/IUSIHUSI aHMUOKCUOAHIMOoB, Makux, Kak 2/1ymamuoH, Ha Memabo/iuyeckue
nymu opaaHusMa 8 YC/I0BUSIX pas/iudHbIX 3abosiesarudl. Ceposooopod (8000pod cy/behud, H,S) obnadaem npo-
muBoBoCna/IuUMe/IbHbIMU, @HMUOKCUOaHMHbIMU U aHMUANonmo3HbIMU cgolicmsamMu, KOmopble 0becrnequsaromcesi
€20 CrocobHOCMbIO CHUWXamb CUHMe3 epoKcU008 /IUMUO08 U pe2y/iuposams akmusHOCMb 3H3UMOB, Mpodyyu-
pyrowux akmusHble ¢hopMbl KUC/I0PO0a, @ makxe ugpaem BakHyH po/ib 8 MEXaHU3Me pa3sumusi Heghpornamuu.

Llenb uccnedosaHusi — usy4ums B/IUSIHUE CEMUOHEBHO20 BBEOEHUS 2/1ymamuoHa Ha cucmemy fpoodyyupo-
saHusi H,S 8 neyeHu KpbIC 8 yC/I0BUSIX 3KCepUMeHmMasibHol Heghpornamuu.

Memoodb! ucciedosaHusi. IKCriepuMeHMasibHy Hepponamur MooeIupoBasIu nymem BHymMpubpPHOWHO20
BBe0eHUs1 6e/1bIM 10/10803Pe/TbIM Kpbicam-camyam ¢hosiuesoll Kuc/omel 8 003e 250 me/ka Macckbl mesa. [7lymamuoH
BBOOU/IU UHMpazacmpasibHo 8 003e 100 me/ke maccbl mesia 8 medeHue 7-Mu OHel. B neyeHu orpeoesisiiu akmus-
HOCMb 3H3UMOB, 2eHepupyrouux H,S, a makxe e2o KOHUeHmpayuro u npodykyuro.

Pe3ysibmambi u 06cyx0eHue. B yc/iosusix akcriepumeHmasibHol Heghpornamuu Habs1t0da/iu CHUXEeHUE KOH-
yeHmpayuu u rnpooykKyuu 8000po0 Ccysibghuda no CPaBHEHUK C KOHMPO/IbHOU 2pynnol XusomHbIx. BeedeHue
2/lymamuoHa Criocob6cmasosasio POCmy akmusHOCMU 3H3UMOB, 2eHepupyroujux H,S, u nosbilueHuro e2o cooepxa-
HUS 8 NeYeHU KpbiC ¢ Heghpornamued.

BbI800bI. YcmaH08/1eHO, 4mo codepyxaHue U pooyKyuUsi ceposooopooa 8 2pynne XUsomHbIX ¢ Heghponamuel
CHUXXaKMCS 3a c4em yeHemeHUsi akmusHOCMU 9H3UMOB, Npodyyupyrouwux H,S, 8 nedeHu. BeedeHue enymamuo-
Ha criocobcmayem HopMasiusayuu cooepxxaHusi ceposooopoda 8 neveHuU KpbIC rnymem rMosbilueHUs akmusHoOCmu
yucmamuoHUH-3-CUHMa3sbl U yucmeuHamuHompaHcgepasbl, YmMo MOXHO O6BbSCHUMb aHMUOKCUOaHMHbIMU
csolicmsamu 2/1ymamuoHa U 8eposimHbIM BK/TIOYeHUeM mpurernmuoda 8 Kayecmse UCMOYHUKa YUCMeUHa 8 CUHMe3
2asompaHcMumepa.

KNHOYEBBLIE CNNOBA: Hedhponatusi; Bogopoa, cynbua; rnyTaTuoH; 3H3UMbI.
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