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THE INFLUENCE OF GLUTATHIONE ON THE
PROOXIDANT-ANTIOXIDANT ACTIVITY IN KIDNEYS
AND BLOOD OF RATS WITH RHABDOMYOLYTIC
MODEL OF ACUTE KIDNEY INJURY

SH-groups andceruloplasmin content.

The influence of glutathione on the prooxidant-antioxidant balance in rats’ kidneys and blood under the condi-
tions of rhabdomyolytic model of acute kidney injury was studied in the experiment. It is observed that intraperitoneal
administration of glutathionein dose 30 mg/kg normalizes the prooxidant-antioxidant balance, confirmed by the
reduction of lipid and protein peroxidation intensity, normalization of catalase and glutathione peroxidase activity,
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INTRODUCTION

Rhabdomyolysis is a life-threatening clinical syndro-
me caused by the destruction of skeletal muscle with re-
lease of large amount of myoglobin into the bloodand de-
velopment of acute kidney injury (AKI). The causes of
rhabdomyolysis include muscular trauma, use of narcotics
and some medicines, influence of toxins, infections, hyper-
thermia, seizures and electrolyte disturbances causing
lysis of cells due to ischemia or acidosis. There are three
pathogenetic mechanisms of rhabdomyolytic AKI: renal
vasoconstriction, ischemia and oxidative stress,initiating
cellular damage with disturbances of energy supply and
metabolism.

It is estimated that 15 % of AKI cases in the inten-
sive care unitsare induced by rhabdomyolysis[11, 2, 14].
Therefore the search of remedies with nephroprotective
properties able to prevent and correct this clinical syn-
drome is an important task of the modern medicine.

In this connection a potent antioxidant glutathione,
providing the function of glutathione antioxidant system
of the organism, have attracted our attention[1, 15]. Glu-
tathione is an oligopeptide consisting of glutamate, cys-
teine and glycine, and functioning as a hydrogen dona-
tor and cofactor of antioxidant enzymes, e.g. glutathione
peroxidase.

The aim of research was to study out the influence
of single glutathione administration on the processes of
lipid and protein peroxidation under the conditions of
rhabdomyolytic model of AKI.
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MATERIALS AND METHODS

Research was conducted on 21 non-linear adult white
rats weighting 180-220 g. Animals were divided into 3
groups (n = 7): I group - control, II group - pathology
model. Animals of the III group received a glutathione
after the modeling of rhabdomyolytic AKI. Pathology mo-
del was induced by intramuscular injection of 50 % glyce-
rol (10 ml/kg) [10]. Glutathione (TAD 600, “Biomedica
Foscama”, Italy) was administered intraperitoneally at a
dose of 30 mg/kg 40 min after glycerol injection. 24 h
after the AKI modeling animals were decapitated under
the ether anesthesia, blood and kidney samples were col-
lected. Research was conducted accordingly to “European
Convention on the protection of animals used for expe-
rimental and other scientific purposes” (Strasburg, 1986).

Malonedialdehyde (MDA) level in blood plasma and
kidney tissue was determined by the reaction with 2-thio-
barbituric acid [9], catalase (CAT) activity - by the reac-
tion with ammonium molibdate [4], glutathione peroxi-
dase (GPX) activity - by the amount of oxidized glutath-
ione formed from reduced glutathione during the neu-
tralization of hydrogen peroxide [1]. Ceruloplasmin (CP)
level was estimated using the reaction of phenylenedi-
amine oxidation [3]. Oxidatively modified proteins (OMP)
level in kidney tissue was determined by formation of
hydrazones by the interaction of the 2,4-dinitrophenyl-
hydrazine with carbonyl groups [6]. SH-groups level in
blood was estimated by the interaction of 5,5’-dithiobis-
2-nitrobenzoic acid (Ellman’s reagent) with free SH-groups
and formation of thionitrophenyl anion [7].

Statistical analysis was performed with Statistica 10.0
software. Group means were compared using parametric
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Table

THE INFLUENCE OF GLUTATHIONE ON THE PROOXIDANT-ANTIOXIDANT ACTIVITY IN KIDNEYS
AND BLOOD OF RATS WITH RHABDOMYOLYTIC ACUTE KIDNEY INJURY (M + m,n=7)

Index Control AKI AKI + TAD 600 (30 mg/kg)

MDA level in kidney tissue, pmol/mg of protein 57.5+1.50 7::2 350119 62;7;0.16?4
MDA level in blood erythrocytes, pmol/I 15.9+0.57 zpzlz 38(?10 12;9510?(5?5
OMP level in kidney tissue, 0.d.u./g of protein 15.2+0.16 2:2 380214 1p7zi 380219
OMP level in blood, 0.d.u./ml 0.79 £ 0.09 1;)21(’;0%21 Orfz‘—‘o%of

CAT activity in kidney, pmol/(min x mg of protein) 5.7+0.07 6;12;(?0111 szzsi(;)()257

CAT activity in blood, umol/(min x 1) 32.3+0.07 ;16:3%(1)1 3;)122 380213
GPx activity in kidney tissue, pmol/(min x 1) 2721+ 954 1318'540%036?6 21[2)21-530%086?9
GPx activity in blood, pmol/(min x mg of protein) 123.4+2.13 1212 330716 11;22 33126
CP level in blood, mg/! 154.4 £ 3.66 111021'2 ;g-{” 13;52-2 3.(1);‘8
SH-groups level in blood, pmol/ml 3.55+0.05 21911: 38(?16 szgg 38(?17

Note: p, - index of significance comparing to control; p, - index of significance comparing topathology model group.

Student’s t-test (for normal distribution) and non-para-
metric Mann-Whitney U-test (in case of non-normal dis-
tributions). The level of significance was accepted with
p <0.05.

RESULTS AND DISCUSSION

MDA is a main product of lipid peroxidation allowing
an estimating the intensity of this process. An increase
of its level by 1.3 times (p < 0.001) in kidney tissue and
by 1.4 times (p < 0.001) in blood erythrocytes was ob-
served in animals from pathology model group compa-
ring to control (Table). Use of glutathione resulted in the
decrease of MDA level by 12 % (p < 0.05) in kidney tis-
sue and by 15 % (p < 0.05) in blood erythrocytes com-
paring to untreated animals.

Cytosolic proteins are the main targets for free radi-
cals. Reduced glutathione and cysteine play important role
in prevention of oxidative proteins modification, as their
sulfhydryl groups are oxidized first. Due to the primary
damaging effect and subsequent generation of active oxy-
gen species OMP level in pathology model group was also
increased by 1.6 times (p < 0.001) in kidney tissue and
by 1.5 times (p < 0.001) in blood plasma. Glutathione de-
creasedOMP level in kidney tissue by 1.4 times (p < 0.001)
comparing to pathology model group. In blood plasma
OMP level was reduced by 1.3 times (p < 0.05)and re-
stored to the control level.

Antioxidant system controls and inhibits all of the
stages of free radicals reaction. Under the conditions of
AKI a vasoconstriction and renal ischemia cause energy
depletion and deficiency of energetic substrates for an-

tioxidant enzymes, affecting the efficacy of protective
systems. As previously stated, the glutathione system di-
rectly neutralizes active forms of oxygen and is especial-
ly important under the conditions of oxidative stress [8].
GPX activity depends on reduced glutathione content,
which intracellular concentration is maintained by glu-
tathione reductase. In its turn, glutathione reductase ac-
tivity is determined by the reduced nicotinamide cofac-
tors content [5]. In our research a significant decrease of
GPX activity by 1.7 times (p < 0.001) in kidney tissue and
by 1.3 times (p < 0.001) in blood plasma of rats from the
II group was observed. In the group of animals under-
going the correction of AKI by glutathione a significant
increase of enzymatic activity by 1.4 times (p <0.001) in
kidney tissue and by 1.3 times(p < 0.01) in blood plasma
comparing to pathology model group was established.

Acompensatory increase of CAT activity by 8 % (p < 0.01)
in kidneys and by 14 % (p < 0.001) in blood plasma was
observed in pathology model group. In animals treated
with glutathione CAT activity restored to the control in-
dicesand was decreased by 16 % (p < 0.05) in kidney
tissue and by 15 % (p < 0.001) in blood comparing to
untreated pathology group.

Non-enzymatic part of antioxidant defense was es-
timated by the levels of ceruloplasmin and SH-groups in
blood plasma. It was established that glutathione caused
an increase in CP level by 19 % (p < 0.05), SH-groups
level - by 34 % (p < 0.01).

Thereby, use of glutathione with the aim of AKI cor-
rection caused a restoration of the antioxidant system
activity and normalization of some indices.
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Research results testify to the protective effect of
glutathione under the conditions of AKI. It is primarily
provided by the potent antioxidant effect as glutathione
is a key link in the three out of four existing antioxidant
systems of the body [15].

CONCLUSIONS

1. An experimental rhabdomyolytic AKI is accompa-
nied by an activation of the lipid and protein per-
oxidation in blood and kidney tissue.

2. Use of glutathione restores the prooxidant-antioxi-
dant balance in rats with rhabdomyolytic AKI, causing
a reduction of lipid peroxidation as well as protein
free radical oxidation against the background nor-
malization of antioxidant defense activity.
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B. M. [Ipauyk, L. I. 3amopcbkuii, 0. M. Flopomiko

BIL/IVB IPENAPATY IJIYTATIOHY HA IPOOKCUIAHTHO-AHTUOKCUJZAHTHUM BAJIAHC Y HUPKAX TA

KPOBI IYPIB [IPY PAB/JOMIOJIITUYHIIA MOJEJ/II TOCTPOI0 IOMKO/XKEHHS HUPOK
B excriepuMeHTi focai)KeHUH BIVIMB NpenapaTy IJyTaTioHy Ha MPOOKCUAAHTHO-aHTHOKCHAHT-
HUH 6aslaHC Y HUPKaX Ta KPOBi L1ypiB 32 yMOB pa64oMioiTUYHOI MO/ieJi TOCTPOTO MOIIKOAKEHHS
HUpOK. [Ipu Aii npenapaTy cnocTepirasy, 1110 BHYTPilIHbOOYEPEBUHHE BBeJIeHHA IJIyTaTiOHY B 1,031
30 Mr/Kr macu TijJla TBApUH HOpMaJli3ye 6ajJaHC NIPOOKCUAAHTHO-aHTHOKCUAAHTHUX OKA3HUKIB,
1110 TPOSIBJISIETHCSI 3MEHIIEHHSIM iHTEHCUBHOCTI epPOKCUHOTO OKUCHEHHS JiniAiB i 611kiB, HOpMa-
Ji3alli€el0 akTUBHOCTI KaTaJla3y, IJIyTaTioOHIepoKcuiasy, BMicTy SH-rpyn Ta nepysioniasMiny.
Kro4oBi c10Ba: rocTpe MOIKO/KeHHSI HUPOK; Npenapar [JIyTaTioOHY; IPOOKCUAaHTHO-aHTHOKCH-
NAHTHUH 6ajaHC
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B. M. Ipauyk, U. U. 3amopckuii, A. M. Topomko

BJIMSIHUE MPENAPATA IJIYTATUOHA HA ITIPOOKCUJAAHTHO-AHTUOKCUJAHTHBINA BAJIAHC B IIOYKAX

U KPOBU KPbIC ITPYA PABJOMUAOJIUTAUYECKOM MOJE/IN OCTPOIO IMOBPEXAEHUA MOYEK
B sKcneprMeHTe MCCIeI0BaHO BJAMSHUE NTpenapaTa [IyTaTHOHA Ha MPOOKCUAAHTHO-aHTUOKCH/IAHT-
HbIM 6aTaHC B MOYKaxX U KPOBH KPBIC B YCJIOBHUAX Pa6AOMUOIUTHIECKON MO/IE/IN OCTPOI0 TOBPEX/ie-
HUs noyek. [1pu eficTBUY npenapaTta HabJII0AaH, YTO BHYTPUOPIOIIMHHOE BBeJileHHe IIyTaTHOHA
B fio3e 30 Mr/KI Macchl TeJa }KUBOTHBIX HOPMa/IU3yeT 6a/laHC MPOOKCHAAHTHO-aHTHOKCHJAHTHBIX
NoKasaTeJsiel, YTO NPOSABJSAETCS YMeHbIIeHHeM HHTEHCUBHOCTH NMEePOKCU/IHOI'0 OKUCIEeHHUS JIN-
NUJI0B 1 6eJIKOB, HOpMaJ/M3altel akTUBHOCTH KaTasla3bl, INIyTaTHOHIEPOKCH/A3bl, COZepKaHUs
SH-rpynmn u nepysioniasMuHa.
KiroueBble c/I0Ba: 0CTpoe MOBPeXX/JeHNe [T0YeK; penapaT yTaTHOHA; IPOOKCHAHTHO-aHTHOK-
CUJIAaHTHBIN GaslaHC
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