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Pioglitazone Reduces Oxidative Stress in Kidney Against

High Sucrose Diet-Induced Metabolic Syndrome in Rats
Pioglitazon Siganlarda Yiiksek Stkrozla Baslatiimis Metabolik Sendromda Bobrekteki Oksidatif
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Ayca Bilginoglu

Department of Biophysics, Faculty of Medicine, Yildirim Beyazit University, Ankara, Turkey

ABSTRACT

Aim: The metabolic syndrome (MS) is an important risk factor for
the development of chronic kidney disease. Thiazolidinediones
(TZDs) provide renovascular protection, probably in the MS.
However, reports about the effect of pioglitazone on renal oxida-
tive stress in high sucrose diet-induced MS remains to be deter-
mined. The aim of this study was to assess the effects of piogli-
tazone on oxidative stress markers in kidney tissues of MS rats.

Material and Method: Male Wistar rats (200-250 g in weight)
were used in present study. They were divided as control (Con)
group, MS group (receiving 935 mM sucrose in drinking water)
and pioglitazone treated MS group (MSP) received pioglitazone
treatment (30 mg/kg/day, via gavage) for two weeks at the end of
the 18th weeks of MS group. Aspartate aminotransferase (AST),
lactate dehydrogenase (LDH), total oxidant status (TOS), and total
antioxidant status (TAS) levels were measured using commercial
kits. Thiobarbituric acid reactive substances (TBARS), reduced
glutathione (GSH), urea, uric acid and creatinine were measured.
Thioredoxin 1 (TRX1) level was measured in cytosol and mem-
brane tissues by western blot. TRX1 activity was measured in cy-
tosol and membrane tissues using commercial kit.

Results: Compared with control rats, the sucrose-fed rats exhibited
several characteristics of MS, including central obesity, insulin re-
sistance, hyperinsulinemia, and hypertriglyceridemia. Furthermore,
changed levels of AST, LDH, TOS, TAS, TBARS, GSH, urea, uric
acid, creatinine and TRX1 activity and protein levels in the MS group
were reversed to control levels by administration of pioglitazone.

Conclusion: Pioglitazone reduced the elevated oxidative stress in
kidney of MS rats.
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0ZET

Amac: Metabolik sendrom (MS), kronik bébrek hastaliginin ilerle-
mesinde 6nemli bir risk faktériidir. Tiyazolidindionlar (TZDs) muhte-
melen MS’de renovaskliler koruma saglar. Bununla birlikte, ylksek
stikroz baslangiclh MS’de pioglitazonun bébrege ait oksidatif stres
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lizerine etkisinin aciklanmasiyla ilgili calismalar devam etmektedir.
Bu calismanin amaci pioglitazonun MS’li sicanlarin bébreklerindeki
oksidatif stres belirleyicileri lizerine etkisinin incelenmesidir.
Materyal ve Metot: Calismada erkek Wistar tiri sicanlar (200-250
g agirlikta) kullanildi. Onlar kontrol grup, MS grup (935 mM siikroz
icme sulanna katilarak) ve pioglitazon uygulanmis MS grup (MSP);
MS grubun 18. haftasindan baslayarak 2 hafta pioglitazon (30 mg/kg/
glin, gavajla) uygulandi. Aspartate amino transferaz (AST), laktat de-
hidrojenaz (LDH), toplam oksidan durum (TOS), toplam antioksidan
durum (TAS) seviyeleri ticari kitler kullanilarak 6lcildd. Tiyobarbittirik
asit reaktif maddeler (TBARS), indirgenmis glutatyon (GSH), (ire, (irik
asit and kreatin 6lguld. Tiyoredoksin 1 (TRX1) dlizeyi sitoplazma ve
hiicre zaninda western blot ile diculdi. TRX1 aktivitesi sitoplazma ve
hiicre zannda ticari kit kullanilarak S¢dld(i.

Bulgular: Kontrol sicanlari ile karsilastinldiginda, stikroz ile beslen-
mis olan sicanlar abdominal obezite, insulin direnci, hiperinsilinemi,
ve hipertrigliseridemi iceren MS’nin bir cok 6zelligini gbstermistir.
Bunun yaninda, MS’de degismis olan AST, LDH, TOS, TAS, TBARS,
GSH, dre, Urik asit and kreatin, TRX1 aktivitesi ve protein dlizeyleri
pioglitazon uygulamasiyla kontrol seviyelerine dénmdstir.

Sonug: Pioglitazon, MS’li siganlarin bébreklerinde artmis olan ok-
sidatif stresi azaltmistir.

Anahtar kelimeler: bdbrek; metabolik sendrom; oksidatif stres; pioglitazon

Introduction

Previous studies reported that the distribution of vis-
ceral fat is a major risk factor for cardiovascular dis-
eases (CVD)! and chronic kidney disease (CKD)? also
obesity by itself is considered an independent risk fac-
tor for the development of the CKD?**. Furthermore,
metabolic syndrome is also related with at increased
risk of morbidity and mortality associated with the
CVD and the development of the CKD?.

Peroxisome proliferator-activated receptor y (PPARy)
is a member of the nuclear hormone receptor su-
perfamily, members of which are ligand-activated
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transcription factors related to retinoid, steroid and
thyroid hormone receptors®. In addition, selective acti-
vation of PPARy with specific agonists has been shown
to exert therapeutic effects on cardiovascular disease,
diabetes, inflammation and tumors’?. In the case of
kidney disorders, pioglitazone, a PPARy agonist, is
capable of protecting the kidney from ischemia-reper-
fusion injury by enhancing the antioxidant capacity’.

The mechanisms of impaired renal function in obesity
largely remain unclear. In addition to hemodynamic
factors, inflammation and oxidative stress have been
implicated", along with the decreased antioxidant de-
fenses, represented by lower antioxidant enzymes (e.g.,
SOD and catalase) in the kidney in obese individuals.
Oxidative stress triggered by the overproduction of re-
active oxygen species (ROS) or inefficient antioxidant
systems is also involved in the development of renal
injury".

The hypothesis of this study is that pioglitazone
whether affects or not on the augmenter effect of MS
on oxidative stress in isolated kidney from sucrose-fed
induced MS rat model.

Material and Method

Animals and Induction of Metabolic Syndrome

Three-months-old male Wistar Albino rats (200-250
g) were used and maintained under standardized con-
ditions (12-hour (h) light/dark cycle, 2442°C, 35—
60% humidity). Rats were fed with standard labora-
tory chow with free access to water. The animals were
randomly divided into the three groups consisting of 8
rats each. Control group (Con) received standard lab-
oratory diet and drinking water. Metabolic syndrome
induced group (MS) received 32% sucrose (935 mM)
including drinking water for 20 weeks". Pioglitazone
treated MS group (MSP) received pioglitazone treat-
ment (30 mg/kg/day, via gavage) for two weeks at
the end of the 18" weeks of MS group. Homeostatic
model assessment (HOMA) is a method for assessing
B-cell function and insulin resistance (IR) from basal
(fasting) glucose and insulin concentrations. HOMA-
IR is calculated using following formule: HOMA-
[R=fasting blood glucose (mmol/L) x fasting insulin
(mU/L)/22.5. HOMA-f is calculated using following
formule: HOMA-$=[20 x fasting insulin (mU/L)]/
[fasting glucose (mmol/L)-3.5]."*" The units used ac-
cording to IU (International units of system) Insulin
and triglyceride were measured using commercial kits
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(Cayman). All animal procedures and experiments de-
scribed in present study were approved by the Animal
Ethics Committee of Ankara University Faculty of
Medicine (2015-2-37).

Tissue Homogenization

Kidneys were homogenized with a motor-driven tef-
lon to glass homogenizer in cold (mM) TrisHCI 20
(pH 7.4), NaCl 150, KCI 2, EDTA 2, DTT 0.5, pro-
tease inhibitor cocktail 100, PMSF 0.4 and 2% NP-40.
And then centrifugation step was done to separate the
cell membrane and cytosol. Protein content of cyto-
sol was used in biochemical assays and western blot
measurement.

Biochemical Assays

After homogenization of kidney tissues, protein con-
tent was analyzed using the Bradford method (Bio-
Rad), and bovine serum albumin was used as the
standard. Then, important enzymes such as lactate
dehydrogenase (LDH) and aspartate aminotrans-
ferase (AST) were measured using commercial kits
(Cusabio, Biovision; respectively). Total oxidant sta-
tus (TOS) and total antioxidant status (TAS) such a
marker of oxidative stress were determined using com-
mercial kits (Rel assay diagnostics). Thiobarbituric
acid reactive substances (TBARS) were estimated in
sera as described by Wasowicz et al'®. Reduced gluta-
thione (GSH) was estimated in sera by the method as
described by Ellman et al'”. Markers of renal function
such as urea, uric acid and creatinine were measured in
sera according to the method of Berthelot reagent as
described by Hammes et al. *¥, the method of Enzyme
Colorimetric as described by Agbafor et al. , the
method as described by Barham®, respectively.

Thioredoxin 1 (TRX1) protein level and activity

Protein level of thioredoxin 1 (TRX1) was determined
by Western blot. Shortly, equal amount of proteins (20
ug) from samples were loaded and separated on 10%
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis under reducing conditions. After electrophoresis
(150 V; 1.5 h), the samples were electro blotted onto
a PVDF membrane (20 V, 2 h). TRX1 contents in the
samples were identified using anti-TRX1 (1/1000, rab-
bit, Abcam) antibody. Immunoreactive protein bands
were visualized using the ECL plus detection system.
TRX1 activity was measured using commercial kit
(Elabscience).



All parameters were expressed as mean + standard er-
ror of mean (S. E. M.). Statistical analyses were per-
formed using one-way analysis of variance followed
by Bonferroni post-hoc analysis. The p values less than
0.01 were considered to be statistically significant.

Results
MS animals had significantly (p<0.001) high glucose

levels compared with control animals at the end of the
20 weeks of experimental period (Table 1). During
this period, also they gain weight compared with
Con group. They also showed that both the serum
insulin level and triglyceride content increased sig-
nificantly (p<0.001) compared with the Con group.
HOMA (homeostasis model of assessment) index,
the other marker of MS, for measuring insulin resis-
tance increased 190% compared with the Con group.
There was a decrease of body weight in MSP group
compared with MS group. Pioglitazon treatment de-
creased significantly the elevated blood glucose level
of MS group. The serum insulin level of MSP group
significantly increased (p<0.001) compared with Con
group but it decreased significantly compared with MS
group. Triglyceride content of MSP group increased
compared with Con group but it decreased (not sig-
nificantly) compared with MS group (Table 1).

Table 1. General characteristics of animals
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Table 2 showed that the levels of urea, uric acid and cre-
atinine significantly increased (p<0.01) in MS group as
compared to the Con group. Pioglitazone administra-
tion significantly reduced (p<0.01) these levels as com-
pared to the MSP group. The activities of AST were
significantly increased (p<0.01) in MS as compared
to the Con group. MSP group showed increases (not
significantly) in AST levels as compared with the Con
group, but the activities of AST were decreased (not
significantly) as compared to the MS. The activities of
LDH were significantly increased (p<0.01) in MS as
compared to the Con group. Pioglitazone treatment
decreased (not significantly) the activities of LDH in
kidney as compared to the MS rat.

Figure la represents TBARS as a graph in tissues of
kidney. TBARS in MS group increased (p<0.01)
as compared to the Con group. Pioglitazone treat-
ment significantly reduced (p<0.01) the activities
of TBARS in kidney as compared to the MS group.
GSH level was shown as a graph in Figure 1b. GSH
level decreased (p<0.01) in MS group as compared to
the Con group. Treatment of pioglitazone significantly
increased (p<0.01) GSH level in MS group. The ac-
tivities of TOS in MS and MSP group in kidney tis-
sues showed in Figure 2a. TOS level was significantly
increased (p<0.01) in MS as compared to the Con

Body Weight (g) Blood Glucose (mg/dL) Insulin (ng/ml) Triglyceride (mg/dL) HOMA-IR HOMA-B

Con (n=8) 347.11£17.31 143.13+11.21 1.51+0.12 31.02+1.01 9.31+1.32 0.55+0.07
MS (n=8) 449.32+8.11" 359.02+41.13 3.12+0.21 42.01+3.02° 25.23+2.12 0.43+0.05
MSP (n=8) 395.23+19.12 211.22+4511° 2.23+0.12* 40.01+1.02° 16.91+1.32" 0.45+0.04
All parameters were expressed as mean =+ standard error of mean (S. E. M.).
Con, control; MS, metabolic syndrome; MSP, pioglitazone treated metabolic syndrome group; n, number of rats.
*p<0.01 versus Con.
#p<0.01 versus MS.
Table 2. Biochemical parameters

Con (n=8) MS (n=8) MSP (n=8)
Urea (mg/dL) 17.6+2.3 51.4+4.6° 30.7+3.4*
Uric acid (mg/dL) 1.6+0.1 6.3+0.3 3.9+0.2*
Creatinine (mg/dL) 0.21+0.01 0.55+0.03" 0.32+0.04*
AST (mU/mL) 0.28+0.03 0.54x0.04" 0.39+0.05
LDH (mg/g) 2.1+0.1 3.5+0.1" 2.6+0.3

All parameters were expressed as mean =+ standard error of mean (S. E. M.).

AST; aspartate aminotransferase, LDH, lactate dehydrogenase, Con, control; MS, metabolic syndrome; MSP, pioglitazone treated metabolic syndrome group; n, number of rats.

*p<0.01 versus Con.
#p<0.01 versus MS.
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Figure 1. a, b. Changes of thiobarbituric acid reactive substances (TBARS) (a) and changes of reduced glutathione (GSH) (b) in kidney of experimental groups. Bar
graph was expressed as mean = standard error of mean (S. E. M.) from control group (Con, n=8), metabolic syndrome group (MS, n=8), pioglitazone treated meta-

bolic syndrome group (MSP, n=8). * p<0.01 versus Con.
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Figure 2. a, b. Changes of total oxidant status (TOS) (a) and changes of total antioxidant status (TAS) (b) in kidney of experimental groups. Bar graph was expressed
as mean = standard error of mean (S. E. M.) from control group (Con, n=8), metabolic syndrome group (MS, n=8), pioglitazone treated metabolic syndrome group

(MSP, n=8). * p<0.01 versus Con.

group. Pioglitazone treatment decreased (not signifi-
cantly) the activities of TOS in kidney as compared
to the MS rat. The activities of TAS were shown as
a graph in Figure 2b for tissues of kidney. MS group
showed significantly reduced (p<0.01) levels of TAS
as compared to the Con group. Pioglitazone treatment
restored these elevated TAS levels in kidney tissues of
metabolic syndrome but not significantly.
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Figure 3a and 3b showed that TRX1 protein level sig-
nificantly decreased (p<0.01) in MS kidney tissues in
cytosol and membrane respectively as compared to
the Con group. TRX1 protein level in MSP group
significantly increased (p<0.01) in cytosol and mem-
brane as compared to the MS group. TRX1 activity
in cytosol was lower in MS group than control group,
but treatment of pioglitazone enhanced the activity
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Figure 3. a-d. Representative western blots of thioredoxin 1 (TRX1) for cytosol (a) and membrane (b) of kidney tissue in experimental groups is given at the top of
the bar graphs. Densitometric results are expressed as a percentage of the band obtained with control in each of the experiments. Activity of thioredoxin 1 (TRX1) for
cytosol (c) and membrane (d) of kidney tissue in experimental groups. Bar graphs were expressed as mean + standard error of mean (S. E. M.) from control group
(Con, n=8), metabolic syndrome group (MS, n=8), pioglitazone treated metabolic syndrome group (MSP, n=8) * p<0.01 versus Con, # p<0.01 versus MS.

of TRX1 in MS group (Figure 3c). TRX1 activity in
membrane was lower in MS group than control group.
Pioglitazone treatment enhanced the activity of TRX1
in MS group (Figure 3d).

Discussion

The present investigation was undertaken to assess the
effect of pioglitazone on sucrose-fed-induced oxidative
stress in renal system of rats. A high risk for chronic
kidney disease (CKD) in patients with the metabolic
syndrome has been recently reported in several investi-
gations>*'. Our results indicated that pioglitazone may
play an important role in regulation of oxidative stress
in sucrose-fed induced metabolic syndrome rats.

In agreement with previous studies that investigated
the effect of high sucrose diets in rodents™, we found

that wistar albino rats receiving 32% sucrose in the
drinking water had higher daily water intake, higher
glycemia and triglyceridemia, higher insulin resistance
and higher insulin values than those observed in con-
trol animals. Pioglitazone restored these parameters to
the near control levels.

Serum creatinine is an indicator of renal health, be-
cause it is an easily measured by product of muscle
metabolism that is excreted unchanged by the kid-
ney. In the present study the creatinine level of MS
group increased as compared to the Con group. Urea
which plays an important role in the metabolism of
nitrogen containing compounds by animal and is the
main nitrogen containing substance in urine of mam-
mals, when urea is high in blood can result to tissue
breakdown e.g. hemorrhage. In the present study, the
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results showed that there was a significantly increase in
urea concentration in sera from MS group. The other
marker of renal function is uric acid. Uric acid concen-
tration significantly increased in sera from MS group
as compared to the Con group. The levels of urea, uric
acid and creatinine in kidneys of MS rat were mark-
edly reduced after administration of pioglitazone, and
these results substantiated the renoprotective effect of
pioglitazone that was proposed in the previous studies.
Clinical surveys and animal model experiments have
revealed that raised level of AST activities are indica-
tive of organ damage; specifically, in pathologic and
toxicological events leading to cardiac and necrosis?**.
Our research showed that AST increased significantly
in kidney tissues of MS group compared with the Con
group. This increase may be caused by high sucrose in-
duced damage in kidney tissues.

The LDH enzyme activity can reflect the tissue dam-
age degree, which mainly presents in myocardium,
skeletal muscle, liver, and kidneys®. The increased con-
centrations of LDH are indicative of cellular injury
and inflammatory changes in tissues, particularly the
kidney?*?”. The results in LDH levels increased signifi-
cantly in kidney tissues of MS group as compared with
the Con group. The results showed that pioglitazone
can reduce the elevated levels of both AST and LDH
in kidney tissues in MS group.

Measuring plasma total antioxidant status is a sensi-
tive and reliable marker in evaluation of the effects of
different treatments such as exercise on plasma redox
status®®. In the present study, there was a significantly
increase in the TOS level of kidney tissues from MS
group as compared with the Con group. Furthermore,
there was a significantly increase in the TAS level of
kidney tissues from MS group as compared with the
Con group. In results, MS in rats was associated with
increased oxidative stress, indicated by the increased
TBARS level and decreased endogenous antioxidant
such as reduced glutathione level. These results showed
that there was a level of oxidative stress in high sucrose
induced MS?. It was shown that pioglitazone treat-
ment caused a protective effect in the renal system
against MS damage in rats.

Thioredoxins are ubiquitous antioxidant enzymes
that play important roles in many health-related cel-
lular processes. TRX1 is an oxidoreductase that plays
an important role in maintaining intracellular thiols
in a reduced state®. Our results indicated that TRX1
protein level significantly decreased in both cytosol
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and membrane of kidney tissues from MS group as
compared with Con group. Treatment of pioglitazone
significantly restored these levels in cytosol and mem-
brane of kidney tissues from MS group to the Con
group. Furthermore, activity of TRX1 in both cytosol
and membrane of kidneys in MS group lower than in
Con group. Pioglitazone elevated the TRX activity in
MS group.

In conclusion, the current study results demonstrated
that pioglitazone administration reduced the observed
level of blood glucose, triglyceride, insulin resistance the
other markers of MS as compared with Con group. In
addition, it was also observed that pioglitazone reversed
the levels of AST, LDH, TOS, TAS, TBARS, GSH,
urea, uric acid and creatinine in kidney tissues of MS
rats. Furthermore, TRX1 activity and protein level in-
creased in pioglitazone treated-MS group. Our results
showed that pioglitazone has protective effect in the
renal system against MS induced oxidative stress in rats.

The limitation of the present study is that unfortu-
nately, the blood pressure of metabolic syndrome in-
duced rats could not be determined before treatment
of pioglitazone and after treatment of pioglitazone.
Furthermore, the urine could not be collected from
experimental group to measure proteinuria and albu-
minuria levels.
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