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Introduction

Oxidative stress has been shown, both in experimental 
and clinical studies held in recent years, to play a key role 
in the pathogenesis of many diseases. Oxidative stress is ef-
fective on the pathological processes of diseases like cancer, 
cardio-vascular diseases, rheumatoid arthritis, diabetes mel-
litus, and neurological disorders such as Alzheimer and Par-
kinson (1). Oxidative stress has been shown to be effective 
on both the etiology of DM and the occurrence of DM com-
plications (1, 2). The increased reactive oxygen species (ROS) 
in DM has various sources such as auto-oxidative glycation, 
activation of protein kinase C, mitochondrial respiratory chain 
deficiencies and increased oxidase enzyme activities (3, 4).  
However, the body has its antioxidant system to prevent 
ROS production and the probable damages ROS can cause. 
The most important elements of the intracellular antioxidant 
defense are superoxide dismutase (SOD), catalase and glu-
tathione peroxidase (GPx) enzyme activities (2). It is a well 
known fact that alterations occur in the antioxidant defense 
systems in case of DM (1). The most important cause of the 
increases in the mortality and morbidity rates in DM is end-
organ injury. Considering the role of oxidative stress in this 

process, antioxidant treatment can be expected to reduce/
prevent organ damages in DM. It has been shown in recent 
studies that antioxidant agents such as apocynin, lipoic acid, 
simvastatin,coenzyme Q10 and acetyl L-carnitine have posi-
tive effects in DM (5-9). 

Another molecule with a potent antioxidant effect is quer-
cetin, a common flavonoid in Nature. It exists in many nutri-
ents, mostly in red onions, grapes, berries, cherries, broccoli, 
citrus fruits, tea (Camelia sinensis) and capers (10). Quercetin 
is able to preclude oxidative stress by directly inactivating 
free radicals, by inhibiting xanthine oxidase and lipid peroxi-
dation, and by affecting antioxidant pathways both in vivo 
and in vitro (11-14).

Quercetin, as a potent antioxidant agent, can be expect-
ed to reduce the damages in diabetic tissues considering the 
role of oxidative damage in the occurrence of organ injuries 
in DM. On the grounds that end-organ injuries occur in the 
later stage, it is particularly important to understand both the 
long-term effects of DM and the effects of the treatment ad-
ministered on oxidative stress in tissues. The aim of this study 
is to investigate how the extent of oxidative damage and the 
antioxidant capacity in the lung, aortic, cardiac, brain, liver 
and renal tissues of rats with DM induced by streptozotocin 
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ABSTRACT

Objective: The role of oxidant damage on the development of end-organ injuries caused by diabetic rat is well known. The aim of this study is to examine 
the effect of quercetin, which is a strong antioxidant bioflavonoid, on oxidant damage and antioxidant capacity in various organs in the case of medium-term 
or long-term diabetic rat.

Material and Methods: Forty-eight male Wistar rats were divided into five groups, namely, control group, diabetic group of 8-weeks, diabetic group 
of 16-weeks, quercetin treated diabetic group of 8-weeks, and quercetin treated diabetic group of 16-weeks. At the end of the experiment, malondial-
dehyde levels, superoxide dismutase, catalase, and glutathione peroxidase activities were measured in the lung, aorta, heart, spleen, liver, and kidney 
tissues.

Results: MDA levels were elevated in all tissues except in the lung in non-treated diabetic groups. Quercetin treatment increased the antioxidant en-
zyme capacities and considerably reduced oxidant damage.

Conclusion: We suggest that quercetin has a protective effect on the aorta, heart, brain, liver, and kidneys from oxidant damage in the case of medium-
term or long-term diabetic rat. It can be argued that quercetin is effective by increasing the antioxidant defence capacity in this process.
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are affected by the administration of quercetin in medium  
(8 weeks) and long (16 weeks) terms. 

Material and Methods

Animals
Forty-eight male (age: 2-3 months) Wistar rats were used 

and allowed to acclimatize for 7 days. The animals were kept 
in stainless steel cages and maintained under standard labo-
ratory conditions of temperature (20±2°C), relative humidity 
(50±15%), 12 h light-dark cycle, standard food pellets and 
water ad libitum. The rats were randomly divided into five 
groups:

1- Control group (CONT) (n=16): As we wanted to show 
the time related changes in this study, we used two control 
groups, namely 8 weeks and 16 weeks, each containing 8 rats.

2- Group having DM for 8 weeks (DM8) (n=8)
3- Group having DM for 16 weeks (DM16) (n=8)
4- Diabetic group treated with quercetin for 8 weeks 

(QUER8) (n=8)
5- Diabetic group treated with quercetin for 16 weeks 

(QUER16) (n=8)
All experimental protocols were reviewed and approved 

by the Kırıkkale University Animal Ethics Committee (08-
16/26).

Treatment Schedule 
DM was induced in thirty two of the rats by single intra-

peritoneal injections of streptozotocin (Sigma, St. Louis, MO), 
prepared in 0.1 mol/L citrate buffer (pH 4.5), 60 mg/kg body 
wt, following an overnight fasting. The remaining sixteen (ve-
hicle injected) rats served as controls. The induction of DM 
was predicated 3 days later by measuring tail vein blood glu-
cose level using a blood glucometer (AccuChek, Roche Diag-
nostics, Indianapolis, USA). Animals with a blood glucose level 
higher than 300 mg/dL were considered diabetic. Diabetic 
rats were given subcutaneous injections of insulin (Insulatard, 
Novo Nordisk, Istanbul, Turkey) at a daily dose of 1-3 units in 
order to avoid ketoacidosis and weight loss. Blood glucose 
levels were monitored at least once a week in all diabetic rats 
and occasionally in nondiabetic rats for comparison purposes. 
The animals in QUER8 and QUER16 groups started to receive 
quercetin treatment on the third day following the induction 
of DM. Quercetin (Sigma, St. Louis, MO) dissolved in dimethyl 
sulfoxide was administered intraperitoneally at a daily dose of 
15 mg/kg (15).

The rats were anesthetized by intramuscular injections of 
a combination of ketamine and xylazine (100 mg/kg and 10 
mg/kg, respectively) for 8 weeks (for DM8, QUER8 groups 
and half of the control group) and 16 weeks (for DM16, 
QUER16 groups and the other half of the control group) af-
ter the STZ or vehicle application. Animals were sacrificed by 
cardiac puncture. The kidney, brain, liver, lung, aorta, spleen 
and heart tissues were harvested and washed with ice-cold 
phosphate-buffered saline to remove residual blood. All tis-
sues were kept frozen in liquid nitrogen and stored at -68°C 
until used.

Biochemical analysis
Tissue homogenization: All tissue samples were homog-

enized in ice cold phosphate buffer (0.5M, pH=7.4). Malondi-
aldehyde (MDA) levels were studied in homogenates after all 
samples were homogenized. 

Then the supernatant was separated after 20-minute cen-
trifuging at a speed of 3000 rpm. SOD, catalase and GPx ac-
tivities were determined in the separated supernatant. 

The MDA levels were measured as a thiobarbituric acid-
reactive material. The MDA levels in homogenates were mea-
sured spectrophotometrically as described previously (16). 
Tetramethoxypropane solution was used as the standard. The 
MDA values determined in this way were expressed as nano-
moles per mg protein. 

SOD activity was assayed using the nitroblue tetrazolium 
method of Sun et al. (17) In this method, nitroblue tetrazolium 
(NBT) is reduced to blue formazan by O

2.
-, which has a strong 

absorbance at 560 nm. In order to obtain blue formazan, SOD 
assay reagent was prepared using 0.3 mmole/L xanthine, 0.6 
mmole/L EDTA Na2, 150 µmole/L NBT, 400 mmole/L Na2CO3, 
and 1 g/L bovine serum albumin (v/v, 20:10:10:6:3 respectively). 
Then 2.85 ml SOD assay reagent, 0.1 ml supernatant and 0.05 
ml xanthine oxidase (167 U/L) were mixed and incubated for 
20 minutes at 25°C. After 20 minutes of incubation, 1 ml 0.8 
mmol/L CuCl2 was added to the mixture and formation of the 
blue formazan was assessed by using a spectrophotometer at 
560 nm. The SOD activity was expressed as U/mg protein. 

Catalase activity was determined using the method of 
Aebi (18). Briefly, the supernatant was diluted 50-fold with 
phosphate buffer, and 200 ml of the diluted supernatant was 
added to 2.8 ml of 30 mM H2O2. The change in absorbance 
was read at 240 nm. The rate constant of a first-order reaction 
(k) was used: k = (2.3/∆t) x log (A1/A2), where ∆t is a measured 
time interval (30s) and A1 and A2 are the absorbances at the 
initial and final measurement times, respectively. The catalase 
activity was expressed as k/g protein.

GPx activity was measured using Paglia and Valentine’s 
method (19). The reaction mixture contained 2.65 ml of 50 
mmol/l phosphate buffer (pH 7), 0.1 ml of 150 mM glutathione 
solution, 0.1 ml glutathione reductase (10 mg/ml), 0.1 ml of 
3 mM NADPH-Na salt, 0.1 ml 50 mmol/l hydrogen peroxide 
solution and 0.02 ml of tissue homogenate. The GPx activ-
ity was monitored by the decrease in absorbance due to the 
consumption of NADPH, which absorbs at 340 nm. The GPx 
activity was expressed as U/mg protein.

The protein amounts in tissue homogenates were deter-
mined using Bradford protein assay kit. Fasting blood glucose, 
serum total protein, creatinine, alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) levels were determined 
by an Olympus A800 (Olympus Optical, Tokyo, Japan) auto-
analyzer using kits from Olympus.

Statistics
A statistical analysis was performed using SPSS statistical 

software (version 13.0). The results are expressed as means±SE. 
The data were not normally distributed, so differences among 
multiple groups were assessed using the Kruskal-Wallis test. 
A value of p<0.05 was considered to be significant. Post-hoc 
evaluation to determine the between group differences was 
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carried out by the Mann-Whitney U-test in which the Bonfer-
roni correction was applied for comparisons within groups. A 
value of p<0.00625 was considered to be significant.

Results

Eight-week and 16-week results of the control group in all 
parameters were very close to each other and there was no 
statistically significant difference between 8 and 16-week con-
trol groups. Therefore, in order to simplify the presentations, 
the values of these two groups were combined and shown as 
one group.

Fasting blood glucose, serum total protein, creatinine, 
ALT, AST and body weight levels can be seen in Table 1. Fast-
ing plasma glucose concentrations were significantly higher 

in groups having induced DM. Quercetin treatment did not 
decrease fasting blood glucose values. 

It can be clearly seen in Table 2 that MDA levels deter-
mined as the indicator for oxidative damage were elevated 
in all the tissues studied except lung tissue. It was found that 
long-term diabetes (DM16 group) increased oxidative dam-
age more in the brain and the renal medulla. Quercetin treat-
ment decreased the elevated MDA levels in DM16 group, and 
even equated those levels with the levels in the CONT group 
except in brain and cardiac tissues. 

SOD enzyme activities can be seen in Table 3. It can be 
seen that SOD activity in the lung tissue did no change in the 
groups having induced DM. The aorta SOD activities in DM16 
group were increased. No differences in tissues other than 
the aorta were found between the DM8 and DM16 groups. 
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 CONT  DM8 QUER8 DM16 QUER16 
 (n=16) (n=8) (n=8) (n=8) (n=8)

Fasting blood glucose (mg/dL) 101.50±9.84 321.37±44.46 311.75±18.40 343.50±39.12 306.87±33.09 
  *(p=0.0001) *(p=0.0001) *(p=0.0001) *(p=0.0001)

Body weight (g) 251±3 242±6 243±5 240±6 241±5

Total protein (g/dL) 6.12±0.40 6.01±0.29 5.17±0.63 5.82±0.31 5.67±0.27

Creatinine (mg/dL) 0.33±0.02 0.87±0.26 0.97±0.19 1.23±0.03 0.75±0.13 
  *(p=0.001) *(p=0.002) *(p=0.0001) *(p=0.005)

ALT (IU/L) 45.94±3.99 79.13±12.60 60.50±12.74 96.88±11.52 49.37±5.96 
    *(p=0.001) ***(p=0.005)

AST (IU/L) 145.56±13.04 260.25±27.51 165.50±26.04 272.75±27.97 139.12±20.79 
  *(p=0.002)  *(p=0.001) ***(p=0.006)
*: significant versus CONT, ***: significant versus DM16. p values are presented in parentheses

Table 1. General characteristics of normal, diabetic and quercetin-treated diabetic animals. Data are the mean±SEM

   MDA levels

 CONT  DM8 QUER8 DM16 QUER16 
 (n=16) (n=8) (n=8) (n=8) (n=8)

Lung 0.75±0.08 0.88±0.09 0.79±0.14 1.05±0.13 1.03±0.24

Aorta 0.97±0.06 2.05±0.56 1.11±0.20 1.98±0.05 1.05±0.18 
  *(p=0.0001)  *(p=0.0001) ***(p=0.001)

Heart 0.38±0.08 2.14±0.49 0.60±0.15 1.71±0.31 0.74±0.08 
  *(p=0.0001) **(p=0.003) *(p=0.0001) *(p=0.002)

Spleen 0.35±0.04 1.38±0.09 0.39±0.07 1.73±0.10 0.42±0.03 
  *(p=0.0001) **(p=0.001) *(p=0.0001) ***(p=0.001)

Brain 0.33±0.01 1.10±0.06 0.68±0.11 1.56±0.05 0.68±0.10 
  *(p=0.0001)  *(p=0.0001) *(p=0.003) 
    **(p=0.001) ***(p=0.001)

Liver 0.45±0.08 1.86±0.50 0.26±0.11 1.26±0.45 0.28±0.09 
  *(p=0.002) **(p=0.003)  ***(p=0.005)

Kidney cortex 0.69±0.09 2.42±0.13 0.49±0.09 2.69±0.19 0.73±0.11 
  *(p=0.0001) **(p=0.001) *(p=0.0001) ***(p=0.001)

Kidney medulla  0.62±0.16 2.08±0.10 0.92±0.20 2.88±0.25 0.73±0.18 
  *(p=0.0001) **(p=0.001) *(p=0.0001) ***(p=0.001) 
    **(p=0.005) 
*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values are presented in parentheses

Table 2. Effect of 8 and 16 weeks treatment with quercetin (15 mg/kg IP) on MDA levels (nmol/mg protein) in streptozoto-
cin-induced diabetic rats. The MDA levels were measured as a thiobarbituric acid-reactive material. Data are the mean±SEM



Long- term DM caused a greater increase in aorta SOD activ-
ity than medium-term DM did. SOD activities in spleen, brain, 
liver and kidney tissues in the 8-week and 16-week DM groups 
receiving no treatment were decreased.

It can be seen in Table 4 that the aorta and brain cata-
lase enzyme activities did not change in DM induced groups. 
However we detected an elevated cardiac catalase enzyme 

activity in DM8 and DM16 groups. Spleen, liver and kidney 
catalase activities in DM8 and DM16 groups were found to be 
significantly lower than those in the CONT group. Quercetin 
treatment significantly elevated enzyme activities in these tis-
sues except the kidney in the QUER16 group. Catalase activity 
level in the lung tissue in the groups receiving quercetin was 
significantly higher than those in the DM8 and DM16 groups. 
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   SOD activity

 CONT  DM8 QUER8 DM16 QUER16 
 (n=16) (n=8) (n=8) (n=8) (n=8)

Lung 9.55±1.52  4.76±0.95  6.41±0.98 4.67±0.79 7.85±2.26

Aorta 2.36±0.47 3.29±0.55 4.20±0.85 6.35±0.95 3.37±0.76 
    *(p=0.0001) ***(p=0.006) 
    **(p=0.006)

Heart 9.68±1.99  20.21±4.72 21.06±1.48 18.75±3.42 21.25±3.28 
   *(p=0.001) *(p=0.002)

Spleen 8.82±1.37  3.34±0.37 6.49±1.06 3.97±0.48 7.71±1.14 
  *(p=0.0001) *(p=0.004) 

Brain 6.12±0.88  2.51±0.61 6.31±0.99 1.87±0.39 8.10±1.71 
  *(p=0.001) *(p=0.0001)  ***(p=0.003)

Liver 13.11±1.76  4.28±0.38 10.99±1.48 4.96±0.76 12.47±3.64 
  *(p=0.0001) **(p=0.001) *(p=0.0001)

Kidney cortex 14.51±2.07  6.37±0.84 15.70±3.60 7.29±1.44 14.82±3.10 
  *(p=0.0001)  *(p=0.006)

Kidney medulla  10.86±1.98  3.93±0.40 11.82±1.19 6.06±0.90 18.68±3.69 
  *(p=0.001) **(p=0.001) *(p=0.002) ***(p=0.002)
*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values are presented in parentheses

Table 3. Effect of 8 and 16 weeks treatment with quercetin (15 mg/kg IP) on SOD activity (U/mg protein) in streptozotocin-
induced diabetic rats. Data are the mean±SEM

   Catalase activity

 CONT  DM8 QUER8 DM16 QUER16 
 (n=16) (n=8) (n=8) (n=8) (n=8)

Lung 256±91  29±6 110±24 32±3 160±48 
  *(p=0.0001) **(p=0.003) *(p=0.0001) ***(p=0.001)

Aorta 186±26 205±24 318±115 237±16 296±54

Heart 71±4  149±5 141±5 144±21 140±31 
  *(p=0.0001) *(p=0.0001) *(p=0.0001)  

Spleen 1002±56  263±32 618±69 247±18 607±40 
  *(p=0.0001) *(p=0.0001) *(p=0.0001) *(p=0.0001) 
   **(p=0.002)  ***(p=0.001)

Brain 7±2  6±1  5±1  5±1  6±1 

Liver 927±128  232±35 985±104 307±59 843±86 
  *(p=0.0001) **(p=0.001) *(p=0.0001) ***(p=0.001)

Kidney cortex 989±216  267±60 1140±209 326±89 772±157 
  *(p=0.0001) **(p=0.001) *(p=0.002) 

Kidney medulla  791±158  117±14 1392±200 262±77 1205±345 
  *(p=0.0001) **(p=0.001) *(p=0.001) 
*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values are presented in parentheses

Table 4. Effect of 8 and 16 weeks treatment with quercetin (15 mg/kg IP) on catalase activity (k/g protein) in streptozoto-
cin-induced diabetic rats. Data are the mean±SEM



In our study, GPx stands out as the antioxidant enzyme 
which was least affected by diabetes mellitus (Table 5). Quer-
cetin treatment elevated the levels of GPx activity in the lung 
and the heart even above those levels in the control group. 
This impact is very significant particularly in cardiac tissue in 
QUER16. 

Discussion

The results of this study have clearly shown that oxidative 
stress increased in the studied tissues of the medium and long 
term diabetic rats, except for lung tissue. Moreover, MDA lev-
els, as the indicator of oxidative damage, were even higher in 
the brain and renal medulla in long-term DM (DM16 group). 
As can clearly be seen in the MDA results in QUER8 and 
QUER16 groups (Table 2), the prevention of oxidative dam-
age in DM by the use of quercetin, a potent antioxidant flavo-
noid, is one of the most important findings of our study. The 
improving effects of quercetin treatment on organ functions 
are seen by observing the changes in levels of ALT, and AST in 
the QUER16 group.

We found that MDA levels in lung tissues in the DM8 and 
DM16 groups were not different from those in the control 
group. There are publications among the few studies done 
which showed that the MDA level in the diabetic lung tissue 
either increased or did not change (20, 21). Our more interest-
ing finding about lungs was that, although the MDA concen-
tration did not change, catalase activity decreased in the DM8 
and DM16 groups, while GPx activity increased in the QUER8 
group. These results are consistent with those Ozansoy et al. 
(21) obtained in their study. In their study on hamster tracheal 
cell culture, Shull et al. (22) determined that mRNAs of cata-
lase and GPx, which are natural antioxidants, were expressed 
in different amounts depending on the type of the stimulus. 
GPx and catalase use the same substrate, H2O2. Baud et al. 
(23) used the term “suicide substrate” for H2O2 in their study 

because catalase was inactivated in high concentrations of 
H2O2. It was also determined in the same study that GPx was 
more resistant to being inactivated by H2O2 than catalase in 
the cells in the oligodendrocyte culture. These data elucidate 
our findings on the oxidant and antioxidant parameters of 
the lung. However, lungs might still be affected by long term 
DM even though they do not normally draw attention among 
DM-affected organs, because they use glucose via transport-
ers stimulated by insulin. Therefore there is need for detailed 
researches which study the effects of DM on the lungs. 

Another remarkable result of our study was that antioxi-
dant enzyme activities in the aorta and heart in the DM8 and 
DM16 groups increased togather with the increase in the 
MDA levels. Catalase activities in the heart in the DM8 and 
DM16 groups and SOD activities in the aorta in the DM16 
group were found to be higher than those in the control group 
(Table 3). The fact that antioxidant enzyme activities in the 
heart and aorta in diabetic groups were high shows that there 
is an adaptation against oxidative stress. The increase in SOD 
and catalase activities also reflect increased production of su-
peroxide anion and hydrogen peroxide. As is known, super-
oxide anion is transformed into hydrogen peroxide by SOD, 
which is then broken down into water and oxygen by cata-
lase. Other researchers also reported that in diabetic animals 
there were different antioxidant enzyme activities in heart and 
aorta tissues from other tissues. Noyan et al. (24) found SOD 
and catalase activities in the hearts of diabetic animals to be 
higher than those in the control group. Similar to our study, 
their study also indicated that heart MDA levels were higher 
indiabetic animals. Alıcıgüzel et al. (25) found that catalase 
activities in the hearts of the animals in early stage diabetic 
(8-day) and late stage diabetic (56-day) experimental groups 
were higher than those in the control group, while Cu/Zn SOD 
activities were lower. Similar results can be seen also in the 
study done by Hünkar et al. (26) Here MDA levels increased 
correspondingly as GPx and catalase activities increased both 
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   GPx activity

 CONT  DM8 QUER8 DM16 QUER16 
 (n=16) (n=8) (n=8) (n=8) (n=8)

Lung 0.66±0.21  0.63±0.08  1.47±0.28 0.47±0.03  1.14±0.33 
   *(p=0.004) 
   **(p=0.005) 

Aorta 0.28±0.13 0.36±0.11 0.55±0.10 0.25±0.05 0.35±0.06

Heart 0.41±0.11  0.85±0.25  1.10±0.28 0.71±0.17 2.16±0.53 
     *(p=0.0001)

Spleen 0.48±0.07  0.41±0.08  0.53±0.06  0.44±0.07  0.44±0.03 

Brain 0.52±0.07  0.32±0.04 0.58±0.09 0.43±0.04  0.55±0.07

Liver 0.61±0.16  0.77±0.09  0.67±0.10  0.78±0.13  0.68±0.11 

Kidney cortex 0.47±0.12  0.97±0.27  0.52±0.13  0.81±0.20  0.62±0.09 

Kidney medulla  0.30±0.10  0.44±0.14  0.70±0.36  0.25±0.04  0.42±0.06 
*: significant versus CONT, **: significant versus DM8. p values are presented in parentheses

Table 5. Effect of 8 and 16 weeks treatment with quercetin (15 mg/kg IP) on GPx activity (U/mg protein) in streptozotocin-
induced diabetic rats. Data are the mean±SEM 



in the heart and the aorta. The expression of antioxidant en-
zymes by force of oxidative stress can differ depending on the 
type of stimulus or cell (22). This suggests that the antioxidant 
enzyme regulation in the heart and aorta can be different from 
those in the other tissues tested in our test conditions. 

We planned this study with the thought that treatment 
with antioxidants could have positive results, considering the 
important role oxidative stress has in the pathogenesis of DM, 
and we used quercetin as the antioxidant agent. It can be sug-
gested according to our results that quercetin reduces oxida-
tive stress and elevates antioxidant capacity in DM. Querce-
tin is an abundant flavonoid in plants including those used as 
food, and it also makes up the backbone of other flavonoids 
such as rutin (a glycosylated quercetin), hesperidine and nar-
ingenin (10). The average daily intake varies between 10 and 
100 mg, depending on nutritional habits. However, it is clear 
that the doses we used in this study cannot be reached by nor-
mal intake with nutrients. A 70 kg person needs to consume 
about 7 kgs of apple in order to reach the dose used in our 
study (15mg/kg/day) (10). 

In this study, we did not use a group of healthy animals 
which were administered quercetin only. Results obtained 
from studies in which quercetin, which is now in the stage of 
being accepted as a nutraceutical, was administered to nor-
mal animals, clearly show that it does not affect oxidative/anti-
oxidative parameters in healthy animals (27-30). At this point, 
the toxic effects of quercetin should also be mentioned. While 
at first it was reported that quercetin had mutagenic effects, 
subsequent studies showed that it was antimutagenic due to 
its protective effect against genotoxic agents. Moreover, in 
1999 the International Agency for Research on Cancer con-
cluded that quercetin was not one of the carcinogenics for 
human beings (10). In a recent review where results of short 
and long term human and animal studies were presented in 
detail, it was concluded that there was not enough evidence 
regarding quercetin’s mutagenic and carcinogenic effects and 
that it was a dependable agent (31).

Quercetin, due to having such a wide spectrum, has been 
investigated in many recent researches, and there are also re-
searches which investigated the effects of quercetin on the 
DM. In their study, Sanders et al. (28) administered a 2-week 
quercetin treatment starting after the induction of DM. In 
this study, in which it was found that oxidative damage in-
creased only in liver tissues in the DM group which could not 
be prevented by treating with quercetin, and that levels of 
oxidative damage were not different in the other tissues from 
those in the control group, the durations of both DM and 
the treatment protocol were shorter than those in our study. 
However in their study Anjeneyulu and Chopra used a longer 
DM+treatment protocol (4+4 weeks) and showed that oxida-
tive damage increased in renal tissue, and that quercetin treat-
ment both prevented this increase and reinforced antioxidant 
capacity (29). In our study we investigated quite a large group 
of tissues and it was also clearly seen in our study that there 
was a significant increase in antioxidant capacity (particular-
ly in SOD and catalase activities) in the groups treated with 
quercetin. It is well known that quercetin reduces oxidative 
damage by acting as a free radical scavenger (10), but there is 

little information about its effects on the regulation of antioxi-
dant enzymes. However, a recent study showed that quercetin 
plays a role in the modulation of antioxidant enzymes in liver 
cells (32). It was found in this study that the expressions of 
SOD, catalase and GPx mRNA changed in the presence of a 
cytokine mixture consisting of human recombinant interleu-
kin 1b, tumor necrosis factor a and interferon g. Quercetin 
was also shown to affect NF-kB activation, which is closely re-
lated to antioxidant enzyme expression (33). It is clear that 
the relationship between quercetin and antioxidant enzyme 
regulation is a complex process in which several mediators are 
involved. It is highly probable that quercetin can be used as 
a supportive treatment element in treating certain diseases in 
the future, due to its reducing power on oxidative stress, and 
there is need for further studies to fully understand its effects 
on the antioxidant defense system of the body. 

To conclude, according to the data obtained in this study, 
it is possible to suggest that quercetin prevents oxidative 
damage increase due to DM in various tissues in medium and 
long terms. Considering the key role oxidative stress plays in 
the occurrence of end-organ damages/injuries in DM, one of 
the most important findings of our study is the antioxidant ef-
fect of quercetin in medium and long term DM. In addition to 
this effect of quercetin, we found that it also causes a substan-
tial increase in antioxidant enzyme activities. By completely 
revealing its connection with antioxidant enzyme regulation 
via further researches, quercetin may become one of the most 
important supporting agents in preventing DM complications. 

Conflict of Interest 
No conflict of interest was declared by the authors.

References 

1. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free 
radicals and antioxidants in normal physiological functions and hu-
man disease. Int J Biochem Cell Biol 2007;39:44-84. [CrossRef]

2. Altan N, Dinçel AS, Koca C. Diabetes mellitus ve oksidatif stres. 
Turk J Biochem 2006;31:51-6.

3. Forbes JM, Coughlan MT, Cooper ME. Oxidative stress as a 
major culprit in kidney disease in diabetes. Diabetes 2008;57: 
1446-54. [CrossRef]

4. Derubertis FR, Craven PA. Activation of protein kinase C in glomeru-
lar cells in diabetes. Mechanisms and potential links to the pathogen-
esis of diabetic glomerulopathy. Diabetes 1994;43:1-8. [CrossRef]

5. Asaba K, Tojo A, Onozato ML, Goto A, Quinn MT, Fujita T, et 
al. Effects of NADPH oxidase inhibitor in diabetic nephropathy. 
Kidney Int 2005;67:1890-8. [CrossRef]

6. Yi X, Nickeleit V, James LR, Maeda N. Alpha-Lipoic acid protects 
diabetic apolipoprotein E-deficient mice from nephropathy. J 
Diabetes Complications 2011;25:193-201. [CrossRef]

7. Manfredini V, Biancini GB, Vanzin CS, Dal Vesco AM, Cipriani F, 
Biasi L, et al. Simvastatin treatment prevents oxidative damage 
to DNA in whole blood leukocytes of dyslipidemic type 2 dia-
betic patients. Cell Biochem Funct 2010;28:360-6. [CrossRef]

8. Hamilton SJ, Chew GT, Watts GF. Coenzyme Q10 improves en-
dothelial dysfunction in statin-treated type 2 diabetic patients. 
Diabetes Care 2009;32:810-2. [CrossRef]

9. Chang KC, Tseng CD, Lu SC, Liang JT, Wu MS, Tsai MS, et al. 
Effects of acetyl-L-carnitine and oxfenicine on aorta stiffness in 
diabetic rats. Eur J Clin Invest 2010;40:1002-10. [CrossRef]

54
Balkan Med J 

2012; 29: 49-55
Edremitlioğlu et al. 
Effect of Quercetin on Oxidative Damage in Diabetic Rats

http://dx.doi.org/10.1016/j.biocel.2006.07.001
http://dx.doi.org/10.2337/db08-0057
http://dx.doi.org/10.2337/diabetes.43.1.1
http://dx.doi.org/10.1111/j.1523-1755.2005.00287.x
http://dx.doi.org/10.1016/j.jdiacomp.2010.07.004
http://dx.doi.org/10.1002/cbf.1654
http://dx.doi.org/10.2337/dc08-1736
http://dx.doi.org/10.1111/j.1365-2362.2010.02358.x


10. Bischoff SC. Quercetin: potentials in the prevention and therapy 
of disease. Curr Opin Clin Nutr Metab Care 2008;11:733-40. 
[CrossRef]

11. Hanasaki Y, Ogawa S, Fukui S. The correlation between active 
oxygen scavenging and antioxidative effects of flavonoids. Free 
Radic Biol Med 1994;16:845-50. [CrossRef]

12. Plumb W, Price KR, Wiiliamson G. Antioxidant properties of fla-
vonol glycosides from green beans. Redox Rep 1999;4:123-7. 
[CrossRef]

13. Fiorani M, De Sanctis R, Menghinello P, Cucchiarini L, Cellini B, 
Dachà M. Quercetin prevents glutathione depletion induced by 
dehydroascorbic acid in rabbit red blood cells. Free Radic Res 
2001;34:639-48. [CrossRef]

14. Morand C, Crespy V, Manach C, Besson C, Demigné C, Rémésy 
C. Plasma metabolites of quercetin and their antioxidant proper-
ties. Am J Physiol 1998;75:R212-9.

15. Coskun O, Kanter M, Korkmaz A, Oter S. Quercetin, a flavonoid 
antioxidant, prevents and protects streptozotocin-induced oxi-
dative stress and beta-cell damage in rat pancreas. Pharmacol 
Res 2005;51:117-23. [CrossRef]

16. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in ani-
mal tissues by thiobarbituric acid reaction. Anal Biochem 
1979;95:351-8. [CrossRef]

17. Sun Y, Oberley LW, Li Y. A simple method for clinical assay of 
superoxide dismutase. Clin Chem 1988;34:497-500.

18. Aebi H. Catalase. In: Bergmeyer HU, editor. Methods of enzy-
matic analysis, vol II. New York, Academic, 1974. p. 673-84.

19. Paglia DE, Valentine WN. Studies on the quantitative and qualita-
tive characterization of erythrocyte glutathione peroxidase. J Lab 
Clin Med 1967;70:158-69.

20. Di Naso FC, Forgiarini Junior LA, Forgiarini LF, Porawski M, Dias 
AS, Marroni NA. Aminoguanidine reduces oxidative stress and 
structural lung changes in experimental diabetes mellitus. J Bras 
Pneumol 2010;36:485-9.

21. Ozansoy G, Güven C, Ceylan A, Can B, Aktan F, Oz E, et al. Ef-
fects of simvastatin treatment on oxidant/antioxidant state and 
ultrastructure of streptozotocin-diabetic rat lung. Cell Biochem 
Funct 2005;23:421-6. [CrossRef]

22. Shull S, Heintz NH, Periasamy M, Manohar M, Janssen YM, 
Marsh JP, et al. Differential regulation of antioxidant enzymes in 
response to oxidants. J Biol Chem 1991;266:24398-403.

23. Baud O, Greene AE, Li J, Wang H, Volpe JJ, Rosenberg PA. Glu-
tathione peroxidase-catalase cooperativity is required for resis-
tance to hydrogen peroxide by mature rat oligodendrocytes. J 
Neurosci 2004;24:1531-40. [CrossRef]

24. Noyan T, Balaharoğlu R, Kömüroğlu U. The oxidant and antioxi-
dant effects of 25-hydroxyvitamin D3 in liver, kidney and heart 
tissues of diabetic rats. Clin Exp Med 2005;5:31-6. [CrossRef]

25. Aliciguzel Y, Ozen I, Aslan M, Karayalcin U. Activities of xanthine 
oxidoreductase and antioxidant enzymes in different tissues of 
diabetic rats. J Lab Clin Med 2003;142:172-7. [CrossRef]

26. Hünkar T, Aktan F, Ceylan A, Karasu C; Antioxidants in Diabetes-
Induced Complications (ADIC) Study Group. Effects of cod liver 
oil on tissue antioxidant pathways in normal and streptozotocin-
diabetic rats. Cell Biochem Funct 2002;20:297-302. [CrossRef]

27. Boots AW, Haenen GR, Bast A. Health effects of quercetin: from anti-
oxidant to nutraceutical. Eur J Pharmacol 2008;585:325-37. [CrossRef]

28. Sanders RA, Rauscher FM, Watkins JB 3rd.Effects of quercetin 
on antioxidant defense in streptozotocin-induced diabetic rats. J 
Biochem Mol Toxicol 2001;15:143-9. [CrossRef]

29. Anjaneyulu M, Chopra K. Quercetin, an anti-oxidant bioflavo-
noid, attenuates diabetic nephropathy in rats. Clin Exp Pharma-
col Physiol 2004;31:244-8. [CrossRef]

30. Coldiron AD Jr, Sanders RA, Watkins JB 3rd. Effects of combined 
quercetin and coenzyme Q(10) treatment on oxidative stress 
in normal and diabetic rats. J Biochem Mol Toxicol 2002;16: 
197-202. [CrossRef]

31. Harwood M, Danielewska-Nikiel B, Borzelleca JF, Flamm GW, 
Williams GM, Lines TC. A critical review of the data related to 
the safety of quercetin and lack of evidence of in vivo toxicity, 
including lack of genotoxic/carcinogenic properties. Food Chem 
Toxicol 2007;45:2179-205. [CrossRef]

32. Crespo I, García-Mediavilla MV, Almar M, González P, Tuñón MJ, 
Sánchez-Campos S, et al. Differential effects of dietary flavonoids 
on reactive oxygen and nitrogen species generation and chang-
es in antioxidant enzyme expression induced by proinflamma-
tory cytokines in Chang Liver cells. Food Chem Toxicol 2008;46: 
1555-69. [CrossRef]

33. Martínez-Flórez S, Gutiérrez-Fernández B, Sánchez-Campos S, 
González-Gallego J, Tuñón MJ. Quercetin attenuates nuclear 
factor-kappaB activation and nitric oxide production in interleu-
kin-1beta-activated rat hepatocytes. J Nutr 2005;135:1359-65.

55
Balkan Med J 
2012; 29: 49-55

Edremitlioğlu et al. 
Effect of Quercetin on Oxidative Damage in Diabetic Rats

http://dx.doi.org/10.1097/MCO.0b013e32831394b8
http://dx.doi.org/10.1016/0891-5849(94)90202-X
http://dx.doi.org/10.1179/135100099101534684
http://dx.doi.org/10.1080/10715760100300531
http://dx.doi.org/10.1016/j.phrs.2004.06.002
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1002/cbf.1168
http://dx.doi.org/10.1523/JNEUROSCI.3989-03.2004
http://dx.doi.org/10.1007/s10238-005-0061-8
http://dx.doi.org/10.1016/S0022-2143(03)00110-0
http://dx.doi.org/10.1002/cbf.977
http://dx.doi.org/10.1016/j.ejphar.2008.03.008
http://dx.doi.org/10.1002/jbt.11
http://dx.doi.org/10.1111/j.1440-1681.2004.03982.x
http://dx.doi.org/10.1002/jbt.10035
http://dx.doi.org/10.1016/j.fct.2007.05.015
http://dx.doi.org/10.1016/j.fct.2007.12.014



