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Quercetin, a powerful antioxidant bioflavonoid, attenuates renal 
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ABSTRACT 
Objectives: Diabetes mellitus (DM) can cause serious 
complications such as nephropathy in long term. One of 
the factors of diabetic nephropathy pathogenesis is the 
increase of oxidant stress. The aim of this study is to 
examine the effect of quercetin, a powerful antioxidant 
agent, on renal functions in streptozotocin-induced 
diabetes mellitus and the change in balance of oxidant-
antioxidant capacity in this process. 
 
Methods: Five groups of rats were used: Control, DM 8 
and 16-week (DM8, DM16), DM 8 and 16-week + 
quercetin (QUER8, QUER16). Rats in QUER8 and 
QUER16 were treated with IP quercetin (15 mg/kg/day) 
until the end of the experiment. 
Results: Malondialdehyte increased in the DM8 and 
DM16 groups. On the contrary, it decreased in the groups 
which were given quercetin. Accordingly, increase in 
NADPH oxidase activity, and decrease in superoxide 
dismutase and catalase activities in diabetic rats were 
determined. In the QUER8 and QUER16 groups, NADPH 
oxidase activity decreased while antioxidant enzyme 
activities increased. Functional kidney parameters were 
considerably corrupted in the diabetic rats. Sodium and 
water excretion via urine and plasma creatinine level in 
the QUER16 group were lower than in the DM16 group. 
Conclusion: These findings suggest that the 
administration of quercetin attenuated renal dysfunction 
and totally prevented the increase of kidney oxidant 
damage in DM. 
 
Keywords: Quercetin, Diabetes mellitus, Nephropathy, 
Oxidative damage, Antioxidant enzymes, NADPH 
oxidase 

ÖZET
Amaç: Uzun süreli diabetes mellitusta (DM) nefropati 
gibi çok ciddi komplikasyonlar ortaya çıkabilmektedir. 
Oksidan stres diabetik nefropati patogenezinde rol 
oynayan faktörlerden biridir. Bu çalışmanın amacı, güçlü 
bir antioksidan olan quercetinin streptozotosinle 
oluşturulmuş DM'ta böbrek fonksiyonlarına ve oksidan-
antioksidan kapasite arasındaki dengeye etkilerini 
araştırmaktır. 
 
Yöntem: Kontrol, 8 ve 16 haftalık DM (DM8 ve DM16), 
8 ve 16 haftalık DM + quercetin (QUER8 ve QUER16) 
olmak üzere beş grup sıçan kullanıldı. QUER8 ve 
QUER16 grubundaki sıçanlara deney süresince periton 
içi quercetin (15 mg/kg/gün) verildi. 
 
Bulgular: Malondialdehit düzeyleri DM8 ve DM16 
gruplarında yüksek bulunmasına karşın quercetin 
verilen gruplarda azaldı. Diabetik sıçanlarda süperoksit 
dismutaz ve katalaz aktivitelerinde azalma ve NADPH 
oksidaz aktivitesinde artış gözlendi. QUER8 ve QUER16 
gruplarında ise NADPH oksidaz aktivitesi azalırken, 
antioksidan enzim aktiviteleri arttı. Fonksiyonel böbrek 
parametreleri diabetik sıçanlarda önemli ölçüde bozuldu. 
Oysa, QUER16 grubunda idrarla su ve sodyum atımı ve 
plazma kreatinin düzeyi DM16 grubundan daha düşüktü. 
 
Sonuç: Bulgularımıza göre, quercetin uygulamasının 
DM'ta oluşan böbrek fonksiyon bozukluğunu azalttığını 
ve böbrekteki oksidan hasarı tamamen önlediğini 
söylemek mümkündür. 
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Nefropati, Oksidan hasar, Antioksidan enzimler, NADPH 
oxidase 
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INTRODUCTION 

One of the most common endocrine-
metabolic disorders seen in developed countries is 
diabetes mellitus (DM). End-organ injuries occurring 
in DM decrease the quality of life while highly 
increasing medical costs and mortality rates. One of 
the most important complications in which end-
organ injuries occur is diabetic nephropathy that 
becomes manifest in the long term. The amount of 
evidence showing reactive oxygen species (ROS) 
plays a significant role in the increase of the 
pathogenesis of diabetic nephropathy1-4. Cellular 
damage begins to occur when the production of 
ROS exceeds the antioxidant capacity. When this 
process occurs, macromolecules that exist within 
the cellular composition such as proteins, lipids and 
carbohydrates are oxidized and damaged3. The 
antioxidant capacity decreases while the production 
of ROS increases in DM5-7. The elevated levels of 
ROS in a diabetic kidney come from various 
enzymatic and non-enzymatic sources, including 
auto-oxidative glycation, activation of protein kinase 
C, mitochondrial respiratory chain deficiencies and 
increased oxidase activities3,8, whereas decreases 
in the superoxide dismutase (SOD) and catalase 
enzyme activities play an important role in the 
decrease of the antioxidant capacity5,6. As a result, 
the oxidant/antioxidant balance significantly 
deteriorates in favour of oxidants. In fact, there are 
studies showing that renal damage is reduced by 
administering agents that decrease the level of 
oxidant damage9-11. 

One of the molecules that have been 
researched in many recent studies due to their 
antioxidant effect is quercetin. Quercetin is a 
flavonoid prevalent in nature. Flavonoids are 
molecules with potent antioxidant qualities. As to 
quercetin, because it scavenges free radicals12, and 
meanwhile also inhibits xanthine oxidase (XO) and 
lipid peroxidation13 and affects antioxidant pathways 
both in vivo and in vitro14,15, it has been studied on 
immensely. DM is also among the many disease 
patterns in which effects of quercetin have been 
investigated. In Mahesh and Menon's study, a 
significant fall was observed in the blood glucose 
levels of the diabetic rats that were given two 
different doses of quercetin. It was also shown that 
the plasma lipid peroxidation levels were likewise 
decreased in both groups (diabetic animals that 
were given high and low doses of quercetin). In the 
study mentioned above, quercetin was shown to 
have also increased the superoxide dismutase and 
catalase enzyme activities in erythrocytes, which 
was a remarkable result16. In a 
streptozotocininduced experimental DM model, it 
was shown that damage in the beta cells of 
pancreas was reduced and that, as a result, the 
effect of streptozotocin could not emerge 
adequately when quercetin was given before the 
onset of DM17. Anjaneyulu and Chopra suggested 
that quercetin improved renal functions in 8 week-
old diabetic rats18. The common point of these 
studies is that they draw attention to the antioxidant 
activity of quercetin as the cause of its curative 
effects on DM. 

Considering the facts that the increased 
ROS level plays a major role in the pathogenesis of 
diabetic nephropathy and that quercetin has 
antioxidant effects, it appears that quercetin can 
prevent renal dysfunction caused by DM. The aim of 
this study is to find out whether long-term (16 
weeks) quercetin treatment can prevent the 
formation of nephropathy and to investigate the 
change that occurs in the balance between oxidant 
and antioxidant capacities during the treatment. 

 METHODS 

Reagents: Unless otherwise stated, all 
chemicals were purchased from Sigma Chemical 
Co., St. Louis, MO. 

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 laboratory 
conditions at a temperature of 20 ± 2 °C, relative 
humidity (50 ± 15%). They were fed 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 
a single intraperitoneal (IP) injection of 
streptozotocin, prepared in 0.1 mol/L citrate buffer 
(pH 4.5), 60 mg/kg body weight, following an 
overnight fast. The induction of DM was predicated 
3 days later by measuring tail vein blood glucose 
level using a blood glucometer (AccuChek, Roche 
Diagnostics, Indianapolis, USA). Animals with a 
blood glucose level higher than 300 mg/dl were 
considered diabetic. Diabetic rats were given an 
injection of insulin subcutaneousy (Insulatard, Novo 
Nordisk, Istanbul, Turkey) at a daily dose of 1-3 
units in order to avoid ketoacidosis and weight loss 
without normalizing hyperglicemia19. 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 the QUER8 
and QUER16 groups were put on quercetin on the 
third day following the induction of DM. Quercetin 
dissolved in dimethyl sulfoxide was administered IP 
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at a daily dose of 15 mg/kg17,20. All animals were put 
into metabolic cages and 24-hour urine samples 
were collected once in every four weeks. 

The rats were anesthetized by 
intramuscular injections of a combination of 
ketamine and xylazine (100 mg/kg and 10 mg/kg, 
respectively) 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) after the STZ or vehicle application. The 
kidneys were kept frozen in liquid nitrogen, and 
blood samples were centrifuged immediately for 
plasma separation. All samples were stored at -
68°C until they were used. 

Biochemical Analysis 

Tissue homogenization: The renal cortex 
and medulla were carefully separated. All tissue 
samples were homogenized in ice cold phosphate 
buffer (0.5M, pH=7.4). Malondialdehyde (MDA) 
levels were studied in homogenates after all 
samples were homogenized. 

Then supernatant was separated after a 
20- minute centrifuging at a speed of 3000 rpm. 
SOD, catalase, glutathione peroxidase (GPx), 
nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase and XO activities were 
determined in the separated supernatant. 
 

The MDA levels were measured as a 
thiobarbituric acid-reactive material. The MDA levels 
in homogenates were measured 
spectrophotometrically as described previously21. 
Tetramethoxypropane solution was used as the 
standard. The MDA values determined in this way 
were expressed as nanomoles per gram protein in 
the renal cortex and medulla. 

SOD activity was assayed using the 
nitroblue tetrazolium method of Sun et al22. In this 
method nitroblue tetrazolium (NBT) is reduced to 
blue formazan by superoxide, 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, 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 the blue 
formazan formation 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 Aebi23. Briefly, the supernatant was 
diluted 50-fold with phosphate buffer, and 200ml of 
the diluted supernatant was added to 2.8ml of 
30mM H2O2. The change in absorbance was read at 
240nm. The rate constant of a first-order reaction (k) 
was used: k = (2.3Æt) x log (A1/A2), where Æt 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/mg protein. 

GPx activity was measured using the 
Paglia and Valentine's method24. 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 activity 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. 

NADPH oxidase activity was determined by 
lucigenin enhanced chemiluminescence (CL)25 
using a multichannel luminometer (OrionII/MPL4 
model, Berthold Detection Systems, Pforzheim, 
Germany). Tissue homogenates were incubated for 
5 min at 37°C in 50 mM potassium phosphate, 1 
mM EGTA, 100 mM sucrose, 0.23 mM lucigenin and 
pH 7.0. The background CL of the samples was 
recorded before the reaction was started with 100 
μM NADPH. After an equilibration of 20 s, CL was 
monitored over 10 min. NADPH oxidase activity was 
calculated as average counts per minute minus 
background counts per minute. The results were 
normalized with respect to the protein levels and 
expressed as multiplies of control. 

XO activity was measured by means of 
Luminescence26. The samples were incubated for 5 
min at 37°C in 0.1 M Tris-Cl, 1 mM EDTA, 0.23 mM 
lucigenin (pH 9•0). Background CL of the samples 
was monitored before the reaction was started with 
50 μM xanthine in 0.1 M Tris-Cl (pH 9). The 
subsequent phases were determined using the 
same method used for determining NADPH. 

The protein levels in the tissue 
homogenates were determined using Bradford 
protein assay kit. Plasma creatinine, sodium, 
glucose levels and urine creatinine, sodium and 
albumin levels were determined by an Olympus 
A800 (Olympus Optical, Tokyo, Japan) autoanalyzer 
using kits from Olympus. 

Functional kidney parameters 

Urine flow, fractional excretion of sodium 
(FENa), fractional excretion of water (FEwater) and 
glomerular filtration rate (GFR) were calculated 
using proper formulas27. Creatinine clearance was 
used as an indicator of GFR. 

Statistics 

A statistical analysis was performed using 
SPSS statistical software (version 13.0). The results 
were expressed as means ± SE. The data were not 
normally distributed, so differences among multiple 
groups were assessed using the Kruskal-Wallis test 
and those between two groups with the Mann-
Whitney U test. A value of p < 0.05 was considered 
to be significant. 

 RESULTS 

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

Plasma glucose and sodium levels 

The fasting plasma glucose concentration 
in the CONT group was found to be significantly 
lower other in the four DM-induced groups (Table I). 
It was observed that quercetin treatment did not 
decrease the fasting plasma glucose concentration. 
In contrast, plasma sodium levels in QUER8 and 
QUER16 groups were found to be close to those in 
the CONT group, although the levels in DM8 and 
DM16 were significantly lower than the levels in the 
CONT group (Table I). 

Functional kidney parameters 

The GFR values in all groups were 
decreased dramatically compared to the values in 
the CONT group (1537 ± 99 μl/min). GFR values 
were 274 ± 55 μl/min in DM8 group and 174 ± 27 
μl/min in the DM16 group. An eight-week quercetin 
treatment did not cause any increase in GFR values 
(which were decreased due to DM, 208 ± 44 μl/min), 
whereas a sixteen-week quercetin treatment was 
shown to elevate GFR values significantly (434 ± 76 
μl/min). However, the GFR values in this group 
(QUER16) were still lower than the values in the 
CONT group (Fig 1). Despite these changes in GFR 
levels, no similar changes were observed in the 
urine flow (Table I). Urine flow in the DM8, QUER8 
and QUER16 groups was found to be lower than the 
values in the CONT group. However, the urine flow 
values in the groups receiving quercetin treatment 
did not present any statistically significant 
differences as compared to the urine flow values in 
the DM8 and DM16 groups (p=0.059 DM8 versus 
QUER8 and p=0.059 DM16 versus QUER16). FENa 
and FEwater values were also higher in all the four 
groups than the values in the CONT group (Fig 2, 
Fig 3). It was observed that distortion in tubular 
functions becomes evident especially in long-term 
DM. No differences were observed between the 
FENa and FEwater values of the DM8 and QUER8 
groups. However, the FENa and FEwater values in 
QUER16 that received quercetin treatment were 
lower than those in DM16. Plasma creatinine level 
which is an important indicator of renal functions 
was elevated in diabetic rats (Table I). However, the 
plasma creatinine levels decreased due to 16-week 
quercetin treatment. Daily albumin losses via urine 

are shown in Figure 4. It could be clearly seen that 
the 24-hour albumin amounts in the urine samples 
collected once in every four weeks gradually 
increased up to the 16th week in all the groups 
whether receiving quercetin treatment or not. 
Although urinary albumin losses in animals receiving 
quercetin were lower than those not receiving, the 
differences were statistically significant only in the 
first measurement (week 4). 

Oxidative damage 

MDA levels in the renal cortex and medulla 
were determined as the indicator of oxidative 
damage (Fig 5). MDA levels both in the renal cortex 
and in the renal medulla were found to be increased 
approximately fourfold as compared to those in the 
CONT group. In contrast, MDA levels in the renal 
cortex and medulla in QUER8 and QUER16 groups 
were significantly lower than those in diabetic rats 
not receiving quercetin treatment, and close to 
those in the CONT group. 

Antioxidative enzyme activities (Fig 6, 
Fig 7) 

SOD and catalase activities in both the 
renal cortex and the renal medulla were lower in the 
DM8 and DM16 groups than in the CONT group. In 
contrast, SOD and catalase activities were found to 
have increased in all the tissues studied in the 
QUER8 and QUER16 groups. Moreover, the 
catalase activities in the renal medulla in the 
QUER8 group were statistically higher than in the 
CONT group. In particular, cortex GPx activities in 
the DM8 and DM16 groups were slightly higher than 
those in the CONT group; however, there were no 
statistically significant differences between the 
groups when the medulla and cortex activities were 
compared. GPx levels (U/mg protein) in groups 
CONT, DM8, DM16, QUER8 and QUER16 were 
respectively as follows: 0.51 ± 0.07, 0.97 ± 0.27, 
0.81 ± 0.20, 0.52 ± 0.13, 0.62 ± 0.09 in the cortex, 
0.31 ± 0.06, 0.44 ± 0.14, 0.25 ± 0.04, 0.70 ± 0.36 ve 
0.42 ± 0.06 in the medulla. 

Oxidase enzyme activities (Fig 8) 

It can be clearly seen in Figure 8 that 
NADPH oxidase activities in the renal cortex and 
medulla increased significantly in the DM8 and 
DM16 groups, while, in contrast, in QUER8 and 
QUER16, these levels approached the levels in the 
CONT group. It is also notable that the XO activity in 
the cortex and medulla was dramatically attenuated 
due to a sixteen-week quercetin treatment. 
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 DISCUSSION 

The results of this study have clearly 
shown that the renal functions impaired because of 
DM were attenuated by the administration of 
quercetin. Two different quercetin treatment groups, 
(8-week and 16-week treatments) were used in this 
study in order to evaluate the effects dependent on 
the duration of the treatment. The partially improving 
effect of quercetin on renal functions occurred more 
obviously in the longer (16-week) treatment. Both 8-
week and 16-week quercetin treatments fully 
improved oxidant damage causing noticeable 

changes in the balance between the oxidant and 
antioxidant systems. 

In our study, FENa and FEwater values 
increased significantly in the DM8 and DM16 groups 
while GFR values decreased. Furthermore, urine 
albumin levels also increased significantly. These 
findings indicate that end-organ injuries occurred in 
the rats with induced diabetes used in our study. It 
was observed in our study that quercetin treatment 
had significant effects on FENa, FEwater and GFR 
levels. We determined that the progressively 
elevated FENa and FEwater values decreased 
significantly after a 16-week quercetin treatment, 
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yet, the decreases did not reach the values in the 
CONT group (Figures 2 and 3). Considering these 
data, it can be said that the impaired tubular 
functions caused by DM were attenuated by long 
term quercetin treatment. A similar result can be 
seen in the GFR values (Figure 1). The GFR values 
in the QUER16 group were significantly higher than 
those in the DM16 group, even though lower than 
those in the control group. This increase in GFR 
values thus caused the plasma creatinine values in 
the QUER16 group to be lower than those in the 
DM16 group. However, the plasma creatinine values 
in the QUER16 group were still significantly higher 
than those in the CONT group. It is remarkable that 
these effects of quercetin on renal functions 
occurred in the group receiving the 16-week 
treatment. A previous study showed that an 8-week 
quercetin treatment ameliorated renal dysfunction 
caused by DM18, however we could not obtain the 
same positive effects before the sixteenth week. As 
can also be seen in Figure 4, the urine albumin level 
increased significantly in the fourth week, when we 
performed our first measurement consequent to the 
induction of DM. Albuminuria, increased 
progressively until the 12th week, then followed a 
stable course until the end of the study. Albuminuria 
followed a similar course in the animals treated with 
quercetin as well. According to the results of our 
study, quercetin treatment did not cause a 
significant decrease in albuminuria. Considering its 
attenuating effect on FENa, FEwater and GFR, 
quercetin can be expected to have a positive effect 
on albuminuria as well. Quercetin may be able to 
decrease albuminuria when used throughout 
protocols longer than 16 weeks and/or in dosages 
higher than the ones we used. 

Although the urine output values in DM8 
were lower than those in the CONT group, no such 
decrease was found in the DM16 group, whereas 
the GFR values both in DM8 and in DM16 were 
considerably lower than those in the CONT group. 
Assessing FEwater values can be a reasonable 
explanation for this situation. According to this, it is 
possible to claim that the urine output values in the 
DM8 and DM16 groups did not exhibit a decrease 
as dramatically as the GFR values did, a situation 
which was due to the inadequate tubular 
reabsorption of water. Thus, considering the 
FEwater values in the mentioned groups, our 
argument on this subject is also supported by the 
fact that while the GFR values in the QUER16 group 
were significantly higher than the GFR values in the 
DM16 group, the urine outputs contrarily tended to 
decrease (p=0.059). Given the facts that the FENa 
values in our study groups with induced diabetes 
increased and that glucose output with urine 
increases in DM (a well known fact even though we 
did not perform our own measurements on this 
parameter), it may be claimed that the osmotic load 
increases in the tubular fluid. However, it is a well-
known result of tubuloglomerular feedback that GFR 
consequently rises when the amount of sodium 
reaching the macula densa increases. As to our 
study, considering that the GFR decreased, it can 
be stated that the tubuloglomerular feedback was 
impaired. 

It is well-known that oxidative damage 
plays an important role in renal dysfunction28 and 
the pathogenesis of diabetic nephropathy1-3. Thus 
there are many studies that show oxidative damage 
increases in DM4,29-34. It has been shown that, Type 
IV collagen, which also exists in glomerular 
basement membrane, was reported to decrease in 
DM, however, this decrease was prevented by 
inhibition of advanced glycation end products with 
aminoguanidine35. In our study too, we observed 
that MDA levels, as the indicator of oxidative 
damage, increased significantly in the 
streptozocotin-induced diabetic rats (Fig 5). It is also 
well known that the determinant of oxidative 
damage is the balance between oxidative and 
antioxidative systems. Antioxidative enzymes play a 
very important role in preventing the damage in cell 
components caused by free radicals. SOD, 
catalase, and GPx are major antioxidative enzymes. 
Therefore, we not only evaluated the level of 
oxidative damage, but also studied how the 
oxidative and the antioxidative systems (SOD, 
catalase and GPx activities) in the renal tissues 
were affected by DM or quercetin treatment. We 
determined significant declines in renal antioxidant 
activities in the DM8 and DM16 groups. For this 
purpose we evaluated SOD and catalase activities 
and found that these activities were significantly 
attenuated both in the renal cortex and in the 
medulla. In contrast, DM did not affect GPx 
activities. Although it is well known that quercetin 
decreases oxidative damage by being effective as a 
free radical scavenger12, much less is known about 
its effects on the regulation of antioxidative 
enzymes. Nevertheless, in a recent study it was 
shown that quercetin played a role in antioxidative 
enzyme modulation in cultured liver cells36. In this 
study, it was determined that catalase and GPx 
mRNA expression changed in the presence of a 
cytokine mixture composed of human recombinant 
interleukin 1, tumor necrosis factor , and interferon. 
It was also shown that quercetin affects the NF-B 
activation which is closely related to antioxidative 
enzyme expression37. It is clear that the relation 
between quercetin and antioxidative enzyme 
regulation is a complicated process where many 
mediators are involved. New studies are needed in 
order to fully understand the effects of quercetin on 
the human body's antioxidative defense system as it 
may be considered for use in the treatment of some 
diseases in the future, due to its effects on 
decreasing oxidative stress. Taking into account 
NADPH oxidase activity in the renal tissue, which is 
an important source of superoxide, it can be said 
that the increase in oxidative damage in the DM8 
and DM16 groups was not only because of the 
deficiency in antioxidant defense mechanisms, but 
the increase in NADPH activity was responsible as 
well. In our study, we determined that NADPH 
activity increased progressively in DM both in the 
renal cortex and in the medulla. We also observed 
that XO activity, which is one of the important 
components of ROS production, was elevated in the 
renal cortex in the DM8 and DM16 groups. These 
findings clearly showed that the oxidantantioxidant 
balance was impaired in favor of the oxidant system. 
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When the results of the oxidative damage 
are taken into account, kidneys of diabetic patients 
are essential target organs and should be protected 
from the effect of ROS. Therefore, reinforcement of 
the antioxidant capacity seems to be occupying an 
important place among the novel approaches of 
treatment that will be used for preventing diabetic 
nephropathy in the near future. Quercetin has a 
strong antioxidant activity and is one of the many 
herbal molecules called flavonoids. Studies on the 
effects of quercetin on DM16,18,38,39 have called 
attention to its antioxidant effect. It is known that 
quercetin prevents oxidative damage by inhibiting 
the xanthine dehydrogenase/XO system12. In our 
study too, the decrease in XO activity in the renal 
cortex and the medulla in diabetic rats that received 
16-week quercetin treatment was remarkable. By 
evaluating NADPH oxidase activities in the renal 
cortex and the medulla in the QUER8 and QUER16 
groups, it can be clearly seen in our results that the 
inhibitory effect of quercetin on the oxidant system is 
not merely the XO inhibition. Quercetin attenuated 
the NADPH oxidase activity in these groups 
significantly. 

NADPH oxidase is an enzyme that consists 
of two membrane-associated (p22 phox, gp91 phox) 
and four cytosolic (p47 phox, p40 phox, p67 phox 
and small GTPase rac) components and plays a 
major role in the pathogenesis of diabetic 
nephropathy40. NADPH oxidase is present in the 
proximal tubule and mesengial cells, vascular 
smooth muscle cells, endothelial cells and 
fibroblasts in the kidney25. In physiological 
conditions, the amount of superoxide produced by 
NADPH oxidase is less than the amount of active 
neutrophils. However, it has been shown that an 
excessive amount of ROS is produced in the lead of 
NADPH oxidase7,41. In these studies, the 
impairment in the renal function caused by diabetes 
was prevented from occurring by the administration 
of apocynin, an NADPH oxidase inhibitor. 

As the information obtained from studies 
on the role of NADPH oxidase in the pathogenesis 
of diabetic nephropathy has accumulated, inhibition 
of NADPH oxidase has begun to be seen as a new 
approach in the treatment of diabetic nephropathy42. 
It has been recently shown that quercetin inhibited 
the overexpression of p47phox, the cytoplasmic 
subunit of NADPH oxidase43. This information, when 
evaluated together with our results, indicates that 
quercetin can become an important agent in 
preventing DM complications. 

In this study, we did not use a group of 
healthy animals which were administered quercetin 
only. Results achieved from studies in which 
quercetin, which is now in the stage of being 
accepted as a nutraceutical44, was administered to 
normal animals, clearly show that it does not affect 
the kidney functions and oxidative/antioxidative 
parameters in healthy animals18,38,39,45-47. 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 concluded that quercetin was 
not one of the carcinogenics for human beings12. In 
a recent review where the 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 
agent48. 

To conclude, it is possible to state that 
quercetin ameliorates renal functions impaired 
because of DM. The direct relationship between 
oxidative stress and renal dysfunction was shown28. 
In our study, oxidative damage increased by DM 
was completely precluded by quercetin. Quercetin 
clearly caused this effect both by increasing SOD 
and catalase activities and strengthening antioxidant 
defense mechanisms, and by inhibiting oxidant 
systems such as XO and NADPH oxidase. 
Considering the key role NADPH oxidase activity 
plays in the pathogenesis of DM complications, one 
of the most important findings of our study is the 
inhibitory effect of quercetin on this enzyme activity. 
Quercetin may become one of the important 
weapons preventing DM complications, but further 
data must be obtained from researches on the 
subject in the future. 
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