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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

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 glutathioneіn 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, 
SH-groups аndceruloplasmin content.
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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.

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 © Drachuk V. M., Zamorskii I. I., Goroshko O. M., 2016



[21]

UKRAINIAN BIOPHARMACEUTICAL JOURNAL, No. 4 (45) 2016 ISSN 2311-715X

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.

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 + ТАD 600 (30 mg/kg)

MDA level in kidney tissue, µmol/mg of protein 57.5 ± 1.50 75.9 ± 2.19 
p1 ≤ 0.001

66.7 ± 1.54 
p2 ≤ 0.05

MDA level in blood erythrocytes, µmol/l 15.9 ± 0.57 22.3 ± 0.90 
p1 ≤ 0.001

18.9 ± 0.85 
p2 ≤ 0.05

OMP level in kidney tissue, o.d.u./g of protein 15.2 ± 0.16 24.5 ± 0.24 
p1 ≤ 0.001

17.1 ± 0.29 
p2 ≤ 0.001

OMP level in blood, o.d.u./ml 0.79 ± 0.09 1.20 ± 0.01 
p1 ≤ 0.01

0.93±0.08 
p2 ≤ 0.05

CAT activity in kidney, µmol/(min × mg of protein) 5.7 ± 0.07 6.2 ± 0.11 
p1 ≤ 0.01

5.2 ± 0.27 
p2 ≤ 0.05

CAT activity in blood, µmol/(min × l) 32.3 ± 0.07 36.9±0.11 
p1 ≤ 0.001

31.3 ± 0.23 
p2 ≤ 0.001

GPx activity in kidney tissue, µmol/(min × l) 272.1 ± 9.54 158.4 ± 3.86 
p1 ≤ 0.001

221.3 ± 8.69 
p2 ≤ 0.001

GPx activity in blood, µmol/(min × mg of protein) 123.4 ± 2.13 92.1 ± 4.76 
p1 ≤ 0.001

118.5 ± 3.26 
p2 ≤ 0.01

CP level in blood, mg/l 154.4 ± 3.66 112.7 ± 8.43 
p1 ≤ 0.01

133.6 ± 1.48 
p2 ≤ 0.05

SH-groups level in blood, µmol/ml 3.55 ± 0.05 2.16 ± 0.06 
p1 ≤ 0.001

2.90 ± 0.07 
p2 ≤ 0.001

Note: р1 – index of significance comparing to control; р2 – index of significance comparing topathology model group.
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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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В. М. Драчук, І. І. Заморський, О. М. Горошко
ВПЛИВ ПРЕПАРАТУ ГЛУТАТІОНУ НА ПРООКСИДАНТНО-АНТИОКСИДАНТНИЙ БАЛАНС У НИРКАХ  ТА 
КРОВІ ЩУРІВ ПРИ РАБДОМІОЛІТИЧНІЙ МОДЕЛІ ГОСТРОГО ПОШКОДЖЕННЯ НИРОК

В експерименті досліджений вплив препарату глутатіону на прооксидантно-антиоксидант-
ний баланс у нирках та крові щурів за умов рабдоміолітичної моделі гострого пошкодження 
нирок. При дії препарату спостерігали, що внутрішньоочеревинне введення глутатіону в дозі 
30 мг/кг маси тіла тварин нормалізує баланс прооксидантно-антиоксидантних показників, 
що проявляється зменшенням інтенсивності пероксидного окиснення ліпідів і білків, норма-
лізацією активності каталази, глутатіонпероксидази, вмісту SH-груп та церулоплазміну.
Ключові слова: гостре пошкодження нирок; препарат глутатіону; прооксидантно-антиокси-
дантний баланс
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В. М. Драчук, И. И. Заморский, А. М. Горошко
ВЛИЯНИЕ ПРЕПАРАТА ГЛУТАТИОНА НА ПРООКСИДАНТНО-АНТИОКСИДАНТНЫЙ БАЛАНС В ПОЧКАХ  
И КРОВИ КРЫС ПРИ РАБДОМИОЛИТИЧЕСКОЙ МОДЕЛИ ОСТРОГО ПОВРЕЖДЕНИЯ ПОЧЕК

В эксперименте исследовано влияние препарата глутатиона на прооксидантно-антиоксидант-
ный баланс в почках и крови крыс в условиях рабдомиолитической модели острого поврежде-
ния почек. При действии препарата наблюдали, что внутрибрюшинное введение глутатиона 
в дозе 30 мг/кг массы тела животных нормализует баланс прооксидантно-антиоксидантных 
показателей, что проявляется уменьшением интенсивности пероксидного окисления ли-
пидов и белков, нормализацией активности каталазы, глутатионпероксидазы, содержания 
SH-групп и церулоплазмина.
Ключевые слова: острое повреждение почек; препарат глутатиона; прооксидантно-антиок-
сидантный баланс
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