DOI: 10.4149/BLL_2012_002

Bratisl Lek Listy 2012; 113 (1)

EXPERIMENTAL STUDY

The effects of dexamethasone on oxidant/antioxidant status in

kidneys of rats administered mercuric chloride
Turgay M!, Turgay F?, Devrim E3, Kucuksahin O!, Caydere M*, Durak I*

Rheumatology Department, Ankara University Faculty of Medicine, Ankara, Turkey. devrim@ankara.edu.tr

Abstract: The study was aimed to evaluate the possible effects of dexamethasone on oxidant/antioxidant status
in kidney tissues of rats administered mercuric chloride (HgCl,). Thirty male Wistar-albino rats were enrolled in
this study. Rats were divided into 4 groups: G1 (n=7) underwent no therapy (control group), G2 (n=8) received
HgCl, + physiological saline, G3 (n=7) dexamethasone (DM) + physiological saline and G4 (n=8) received HgCI2
+ DM. HgCl, was injected subcutaneously into rats in the G2 and G4 on the first day of the study. Dexametha-
sone was injected intraperitoneally into rats in the G3 and G4 for 3 days. Malondialdehyde (MDA) levels, cata-
lase (CAT), glutathione peroxidase (GSH-Px), xanthine oxidase (XO) and superoxide dismutase (SOD) activities
were evaluated in the kidney tissues. Serum creatinine levels were also measured. Xanthine oxidase activity was
increased in the G2 compared to the control group. Catalase activity in the control group was significantly higher
compared to the other groups. In the histopathological examination of kidneys, there was a tubular degenera-
tion in G2 and G4. It was concluded that HgCl, administration may cause oxidative stress through increasing
XO and decreasing CAT activities. Dexamethasone injection may partially protect the rat kidneys against oxi-
dative reactions by preventing the increase in XO activity (Tab. 1, Ref. 33). Full Text in free PDF www.bmj.sk.
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It is believed that there is a balance between oxidants and an-
tioxidant defense mechanisms under normal conditions, and dis-
turbance in this balance leads to oxidative stress. Reactive oxygen
species (ROS) such as superoxide anion radicals (O,) are known
as potent oxidants (1). The tissue levels of these products could
reach very high levels during oxidative stress and antioxidant mol-
ecules have an important place in defense systems of organisms.

Free radicals can develop during normal metabolic events.
Although these free radicals have potential detrimental effects to
organism, it is inevitable to discontinue these metabolic events in
our body (2). Antioxidant defense systems have been developed to
avoid causative effects of free radicals (3). In this system, enzymes
such as glutathione peroxidase (GSH-Px), superoxide dismutase
(SOD), catalase (CAT), and some other molecules like ceruloplas-
min and vitamin E have important roles. Xanthine oxidase (XO) is
a molybdenum-containing enzyme that evolves from conversion
of xanthine dehydrogenase and catalyses xanthine and molecular
oxygen reaction that generates superoxide anion. Malondialde-
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hyde (MDA) is a lipid peroxidation end product, and it can be
used to evaluate lipid peroxidation, constituting oxidative stress.
Free radicals and antioxidants have a balance in healthy individu-
als. Due to increased free radicals or decreased antioxidant levels,
oxidative stress can develop and result in oxidative injury. It has
been accepted that oxidative stress and oxidative injury can play
an important role in inflammation, aging, atherosclerosis, hyper-
tension, ischemic injury, carcinogenesis, mutagenesis, immuno-
logical, neurological, urological diseases, digestive system, and
eyes, skin, lung, and hepatic disorders (4).

Glucocorticoids (GCs) have important roles in the treatment
of several diseases due to antiinflammatory and immunosuppres-
sive effects. It has been shown that GCs can activate antioxidant
enzymes in different tissues. The effects of dexamethasone on an-
tioxidant enzyme activity in lymphoid tissues have been studied,
and it was suggested that GCs have a mechanism of action here.
The effects of GCs on oxidative system are various at different
tissues and organs. To our knowledge, kidneys are the target or-
gans in predominantly inflammatory autoimmune diseases and
play important roles in morbidity and mortality. The aim of this
study was to evaluate the possible effects of dexamethasone on
oxidant/antioxidant status in kidney tissues of rats administered
mercuric chloride (HgCl,).

Materials and methods
Thirty Male Wistar-albino rats (180-240 g body weight) were

included in this study. Rats were purchased from Laboratory Ani-
mals Growing and Research Center. The study was approved by
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Tab. 1. Oxidant/antioxidant parameters in Kidney tissues and serum creatinine levels in the groups (Mean+SD).

Group—1 Group—2 Group-3 Group—4
(Control group) (HgCl, group) (DM group) (HgCl, + DM group)
Kidney
MDA (nmol/mg) 0.757+0.112 0.696+0.096 0.522+0.153 0.728+0.407
XO (mIU/mg) 0.137+0.013 0.177+0.011* # 0.199+0.075 0.132+0.032#
SOD (U/mg) 58.34+2.23 54.37+3.80 56.94+14.39 50.52+5.66
GSH-Px (IU/mg) 0.053+0.006 0.055+0.013 0.043+0.016 0.040+0.011
CAT (IU/mg) 84.29+10.79 54.63+10.91* 37.15+11.30%* 44.93+15.52*
Serum
Creatinine (mg/dL) 0.39+0.03 2.41+1.72% 0.46+0.07 2.48+1.70* #

* Compared to control group; p<0.05 # Compared to DM group; p<0.05

the Ethics Committee of Ankara University Veterinary Faculty
(Decision date, and number: 30 October 2003, 2003/31). They
were divided into the 4 groups. The Group G1 (n=7) underwent
no therapy (control group), G2 (n=8) mercuric chloride + physi-
ological saline, G3 (n=7) dexamethasone + physiological saline
and G4 (n=8) mercuric chloride + dexamethasone administrations.
Mercuric chloride was injected subcutaneously (s.c.) at the dose
of 1.5 mg/kg/body weight into the G2 and G4 rats on the first day
of study. Dexamethasone (DM) at a dose of 1 mg/kg/body weight
was injected intraperitoneally into the G3 rats and G4 rats for 3
days. Rats were sacrificed on the fourth day after the injection.
Thoracic cavities of rats were opened. Blood samples were ob-
tained from right ventricles of the animals for the determination
of serum creatinine levels. Serum creatinine levels were measured
to evaluate kidney functions and renal damage. Kidneys, removed
from the rats, were fixed in 10 % formalin and kept in aluminium
foil for ten days at -30 °C before examined. Kidney sections were
transported to Ankara Hospital Pathology Clinics and stained with
hematoxylin-eosin. Sections were prepared for conventional his-
topathologic examination; enzymatic activities were measured in
kidney homogenates.

Biochemical analysis

The levels of malondialdehyde (MDA), and the activities of
antioxidant (SOD, GSH-Px and CAT), and oxidant (xanthine oxi-
dase (X0O)) enzymes were measured in kidney tissue. The tissues
were homogenized in the physiological saline (1 g in 5 ml) using
a homogenizer (B. Braun MelsungenAG 853202, Germany) and
then, centrifuged at 5000 x g for 20 min (Heraus Labofur 200,
Germany). Clear supernatants were removed to be used in analy-
ses. Protein levels were measured by using the Lowry’s method
(5). MDA levels were determined by the thiobarbituric acid reac-
tive substances method (6), and XO activity was determined by
measuring the uric acid formation from xanthine substrate at 293
nm (7). GSH-Px activity was measured by subsequent changes in
NADPH absorbance at 340 nm (8), and CAT activity by measur-
ing a decrease of H,0, absorbance at 240 nm (9). For the activity
calculation (IU-international unit), extinction coefficients of uric
acid, H,0, and NADPH were used for XO, CAT and GSH-Px,
respectively. SOD activity was measured by the method based
on nitroblue tetrazolium (NBT) reduction rate. One unit for SOD
activity was expressed as the enzyme protein amount causing 50
per cent inhibition in NBT reduction rate (10). Serum creatinine

levels were measured by the method based on the color reaction
between alkaline picrate and creatinine (11). All spectrophotomet-
ric measurements were made by the UV-visible spectrophotometer
(Unicam He\ios alpha, England).

Statistical analysis

Data were evaluated by the SPSS for Windows (version 11,
SPSS Inc, Chicago USA). One way variance analysis (ANOVA)
and post-hoc Tukey HSD test were used to determine differences
between the groups. The result was considered significant if the
p-value was lower than 0.05.

Results

The results are given in the Table 1. Xanthine oxidase activ-
ity was increased in the G2 group compared to the control group.
On the other hand, there was no difference in the xanthine oxi-
dase activities between the control and G4 groups. The catalase
activity in the control group was significantly higher compared
to the other groups.

Normal tubular lumen, no tubular epithelial degeneration, nor-
mal glomerulus and diameter were observed on histopathologic
examination of the G1 rats (control group). In the G2 group, there
were tubular epithelial degeneration, dense eosinophilic appear-
ance, accumulation of eosinophilic material on tubular lumen.
Minimal hydropic degeneration on tubular epithelial, minimal
eosinophilic material on lumen were showed in the G3 group.
Minimal glomerulus edema, increasing glomerulus diameter, tu-
bular epithelial degeneration, and eosinophilic material on lumen
were evaluated in the G4 group. Especially, in histopathological
examination of kidneys, there was a tubular degeneration in the
G2 and G4 study groups, which received HgCl,.

Discussion

Oxidative stress may be the cause of changes in protein and
nucleic acid structures, and elevation of intracellular calcium lev-
els, injury of membrane permeability and lipid peroxidation. In
these effects, lipid peroxidation is an important reason for several
pathological conditions.

In our body, there are two defense mechanisms related to free
oxygen radicals. First, enzymatic system consists of mainly CAT,
SOD, and GSH-Px. Second, non-enzymatic antioxidant system
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consists of vitamin C, vitamin E, and uric acid, etc. If the balance
between antioxidant system and ROS is destroyed, tissue injury
can develop (12).

Oxidative stress associated with ROS has been suggested to be
involved in the pathophysiology of aging and various age-related
diseases, including cataracts, atherosclerosis, neoplastic diseases,
diabetes, diabetic retinopathy, chronic inflammatory diseases of
the gastrointestinal tract, aging of skin, diseases associated with
cartilage, Alzheimer’s disease, and other neurological disorders
(13). SOD, primary enzymatic defense system, resides in cytosole
(Cu/Zn) and in mitochondria (Mn), and catalyses dismutation of
superoxide radicals to hydrogen peroxide and oxygen, and so
protects aerobic organism against the potential damage of super-
oxide radicals (14). GSH-Px is a metalloenzyme that consists of
selenium and resides in cell membrane, decomposes H,0, to water
by converting reduced glutathione to oxidized glutathione. CAT
converts H,O, to water and molecular oxygen.

ROS have been implicated in the pathogenesis of various
models of glomerular disease (15). Xanthine oxidase is a molyb-
denum-containing enzyme that evolves from conversion of xan-
thine dehydrogenase, the prevailing form of the enzyme in physi-
ologic conditions (16). Compared to other organs, the activity of
antioxidative enzymes in kidney is rather high (17, 18) However,
this high activity is mostly confined to the renal tubules, whereas
the glomerulus is not so well equipped with antioxidative en-
zymes (19). Azhar et al suggested that there is a weak antioxidant
system in rat kidneys (20). In animals, oxidative stress could be
experimentally developed with ischemia-reperfusion model and
administration of heavy metals (21, 22). Mercuric may reduce free
sulphidril groups in renal tubules. This effect can cause oxidative
stress. Also, mercuric chloride may lead to acute tubular necrosis.
Mercuric can accumulate in kidneys, and in comparison to isch-
emia-reperfusion model, develops little systemic stress. So, in our
study, mercuric chloride was used to create oxidative stress in rat
kidney. Histopathological examination was made to show tubular
degeneration in rat kidney due to mercuric chloride.

There was a statistically significant increase of serum cre-
atinine levels in G2 and G4 rats compared to the control group
from blood samples on the fourth day of the study. Also, in the
histopathological examination of kidney tissues, tubular epithelial
degeneration, dense eosinophilic prospects, and accumulation of
cosinophilic material, cellular debris on lumen, tubular epithelial
necrosis were detected especially in the G2 and G4 groups. Ac-
cording to these findings, mercuric chloride has potent toxic ef-
fects on kidneys and can impair renal functions.

GCs have been used in the treatment of several diseases due
to their anti-inflammatory and immunosuppressive effects. The
effects of migratory cells and cytokines lead to oxidative stress,
and can activate antioxidant system during inflammation. It is
believed that GCs have an important role in immune system in
case of stress due to oxidative stress (23). This study was aimed
to evaluate the effects of GCs on this system by achieving oxida-
tive stress in kidney tissue.

It is possible that a single dose injection of IgG or heterolog
anti-serum to isolated tubular structures from rat kidney can form
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glomerular disease model in the kidney. In this model, the increased
ROS formation is responsible for proteinuria (24). On the mem-
braneous nephropathy model, the role of XO on proteinuria phys-
iopathogenesis had been studied (16). As we know, XO catalyses
xanthine and molecular oxygen reaction and produces superoxide
anion. It was showed that CAT, SOD, and GSH-Px activities are
reduced in rats with mesangioproliferative glomerulonephritis
(25). Another study suggested that XO had an important role in
renal disorders due to kidney reperfusion injury model (26). In
our study, there were statistically significant differences between
the G1-G2, G1-G3, and the G3-G4 groups regarding XO levels.
This meaningful finding was manifested in rats with HgCl, ad-
ministered. However, MDA levels were not increased after HgCl,
administration. Differences between oxidative stress models may
cause damages in different parts of kidney tissue. The results of
our study demonstrated that mercuric chloride injected rats had
tubular injury in their kidneys on histopathological examination.
We also showed that the increased ROS levels were associated
with decreased antioxidant enzyme activities, thus revealing a
profound impairment in the oxidant-antioxidative balance in this
model of kidney injury with HgCl, administration.

In the study, it was observed that SOD, CAT activities de-
creased significantly, but GSH-Px activities increased in rats with
injected carbon tetrachloride at the end of 72 hour (27). Another
study showed that antioxidant enzyme activities had not significant
differences in rats with renal injury due to adriamycine administra-
tion (28). Glucocorticoids administered in pregnancy accelerated
production of kidney antioxidant enzymes, and induced antioxidant
enzymes in fetal rat lungs (29). Stress or GCs increased glutathi-
one level in male rat kidneys (30). Methylprednisolone protected
glomeruli from oxidant injury by increasing antioxidant enzyme
activities (31). Stacchiotti et al. proposed that bimoclomol, a stress
proteins coinducer, lessened HgCl, nephrotoxicity in rats by early
recruitment of stress proteins in midcortical proximal tubules. They
concluded that bimoclomol might represent a different strategy
for the treatment of metal nephrotoxicity in humans (32). In the
study, effects of DM on small bowel and kidney oxidative stress
in bile duct ligated rats were evaluated and it was found that DM
reduced oxidative stress both in small bowel and kidney via in-
creasing SOD, CAT and GSH-Px enzyme activities and decreas-
ing MDA levels (33).

In our study, there was no a statistically significant difference
for other antioxidant enzyme except CAT. There were statistically
significant differences in CAT activities between the G1-G2, G1-
G3, and the G1-G4. According to this finding, compared to the
control group, CAT activities of other groups (G2, G3, and G4)
were lower. This may explain that glucocorticoids have local ef-
fects on oxidant/antioxidant system in kidney tissue. Several re-
sults associated with kidney antioxidant enzyme activities were
described in literature. These results can be obtained due to kidney
model differences, oxidative stress status, levels of glucocorticoid
receptors in tissues.

In conclusion, HgCl, administration may cause oxidative stress
through increasing the xanthine oxidase and decreasing catalase
activities in rat kidney tissues. Dexamethasone injection may
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partially protect the rat kidneys against oxidative reactions by
preventing the increase in the xanthine oxidase activity.
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