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Makalenin diizeltilmis tam metni sayfa 3’te baslamaktadir.

Danisman Notlari igin Agiklamalar:

1. Danisman Notlari:

1- Calismada kullandigimiz insilin miktarlari haftada en az bir kez yapilan, her bir sicana ait kan glikoz
diizeylerine gore belirlendiginden dozda standart bir uygulama yapmak miimkiin olmamistir. Bizim
kullandigimiza benzer hatta daha yiiksek olan (4-6 U/giin)doz aralig1 6rneklerini literatiirde bulmak
miimkdnddr. Bizde bu ¢alismalari temel alarak bu uygulamayi yaptik. Bu konudaki 6rnek
¢alismalardan bazilar séyledir:

- Komers R, Lindsley JN, Oyama TT, Allison KM, Anderson S. Role of neuronal nitric oxide
synthase (NOS1) in the pathogenesis of renal hemodynamic changes in diabetes. Am J
Physiol Renal Physiol 2000;279:F573-83.

- VallonV, Kirschenmann D, Wead LM, Lortie MJ, Satriano J, Blantz RC, Thomson SC. Effect
of chronic salt loading on kidney function in early and established diabetes mellitus in
rats. J Lab Clin Med 1997;130:76-82.

- Shevalye H, Stavniichuk R, Xu W, Zhang J, Lupachyk S, Maksimchyk Y, Drel VR, Floyd EZ,
Slusher B, Obrosova IG. Poly(ADP-ribose) polymerase (PARP) inhibition counteracts
multiple manifestations of kidney disease in long-term streptozotocin-diabetic rat model.
Biochem Pharmacol 2010;79:1007-14.

- GorinY, Block K, Hernandez J, Bhandari B, Wagner B, Barnes JL, Abboud HE. Nox4
NAD(P)H oxidase mediates hypertrophy and fibronectin expression in the diabetic
kidney. J Biol Chem 2005;280:39616-26.

- Bhatti F, Mankhey RW, Asico L, Quinn MT, Welch WJ, Maric C. Mechanisms of
antioxidant and pro-oxidant effects of alpha-lipoic acid in the diabetic and nondiabetic
kidney. Kidney Int 2005;67:1371-80.

2- Tablolar daha kolay anlasilabilecek sekilde degistirilmistir. Parametreler tablolarin basina eklenmis
ve gruplar arasindaki farklar daha kolay gériinecek sekilde diizenlenmistir.

3- Yazim hatalari dizeltilmistir.

2. Danisman Notlari:

1- Giris bolim kisaltilarak 524 kelimeden 403 kelimeye indirilmistir.

2- Sonuglar béliimiinde gerekli degisiklikler yapilmis, tablolarda verilen sayisal degerler ¢ikarilarak
sadelestirilmistir.

3- Tablolardaki gruplarin sirasi 6neri dogrultusunda CONT, DM8, QUER8, DM16 ve QUER16 olarak
degistirilmistir.
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4-Tartisma bélimi konunun 6ziinii bozmayacak sekilde kisaltilmistir (Onceki 1781 kelime iken son
gonderilen hali 1438 kelimedir).

5- Literatiir sayisi 46’dan 33’e dustrilmustdr.

3. Danisman Notlari:

1- Calismanin planlanmasi asamasinda Etik Kurul’'un denek sayisindaki hassasiyetleri dikkate alinarak
power analiz maalesef yapilamamistir. Buna karsin, kullandigimiz gruplar benzer sekilde planlanmis
deneysel ¢alismalarda kullanilan denek sayilar gbz 6niine alinarak belirlenmistir.

2-Calismamizda elde etigimiz sonuglarin istatistiksel analizinde Bonferroni diizeltmesi yapiimistir.
Buna gore 8 karsilastirma yapildigindan p<0.00625 alti anlamli kabul edilmistir. Tablolar ve metinde
gerekli duizeltmeler yapilmistir.

3- Tablolarda ve bulgular kisminda énerilen degisiklikler yapilmistir.

4- Tablolara denek sayilari eklenmistir.
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Giiglii bir antioksidan bioflavonoid olan quercetin uzun siireli diabetik sicanlarin cesitli
dokularindaki oksidan hasar onler.

ANAHTAR KELIMELER: Quercetin, diabetes mellitus, oksidan hasar, antioksidan

enzimler.

Querecetin, a powerful antioxidant bioflavonoid, prevents oxidative damage in different
tissues of long-term diabetic rats.

KEY WORDS: Quercetin, diabetes mellitus, oxidative damage, antioxidant enzymes.
OZET

Diabetes mellitusun (DM) neden oldugu son organ hasarlarinin gelisiminde oksidan hasarmn
oynadig1 rol iyi bilinmektedir. Bu c¢alismanin amaci orta ve uzun siireli DM ta ¢esitli
dokulardaki oksidan hasara ve antioksidan kapasiteye giiglii bir antioksidan bioflavonoid olan

quercetinin etkisini aragtirmaktir.

Kirksekiz erkek Wistar sigan bes gruba ayrildi:
1- Kontrol grubu

2- Diabetik 8 haftalik grup

3- Diabetik 16 haftalik grup

4- Quercetin verilen diabetik 8 haftalik grup
5- Quercetin verilen diabetik 8 haftalik grup

Calisma sonunda akciger, aort, kalp, dalak, karaciger ve bobrekteki malondialdehit

(MDA )diizeyleri, siiperoksit dismutaz, katalaz ve glutatyon peroksidaz aktiviteleri saptandi.

Quercetin verilmeyen diabetik siganlardaki MDA diizeyleri akciger disindaki tiim dokularda
yiikseldi. Quercetin antioksidan enzim kapasitelerini artirdi ve oksidan hasar olusumunu

Onemli miktarda Onledi.

Calismamizin sonuglarma gore, quercetinin orta ve uzun siireli DM ta aorta, kalp, beyin,
karaciger ve bobrekleri oksidan hasardan koruyucu etkisi vardir.Quercetinin bu siiregte

antioksidan savunma kapasitesini artirarak etkili oldugu sdylenebilir.

ABSTRACT
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Objectives: The role of oxidant damage on development of end-organ injuries caused by
diabetes mellitus (DM) 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 case of medium-term or long-term DM.

Materials and Methods: Forty-eight male Wistar rats were divided into five groups:
1- Control group.

2- Diabetic group of 8-weeks.

3- Diabetic group of 16-weeks.

4- Quercetin treated diabetic group of 8-weeks.

5- Quercetin treated diabetic group of 16-weeks.

At the end of the experiment, malondialdehyte 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 lung in non-treated diabetic
groups. Quercetin treatment increased the antioxidant enzyme capacities and considerably

prevented oxidant damage.

Conclusion: We suggest that quercetin has a preventive effect on aorta, heart, brain, liver,
and kidneys from oxidant damage in case of medium-term or long-term DM. It can be argued

that quercetin is effective by increasing the antioxidant defense capacity in this process.
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INTRODUCTION:

Oxidative stress has been shown both in experimental and clinical studies held in recent years
to be playing a key role in the pathogenesis of many diseases. Oxidative stress is effective on
the pathological processes of diseases like cancer, cardio-vascular diseases, rheumatoid
arthritis, diabetes mellitus, and neurological disorders such as Alzheimer and Parkinson.™
Oxidative stress has been shown to be effective on both the etiology of DM and the
occurrence of DM complications.! 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.!* ! 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 glutathione peroxidase (GPx) enzyme activities.[? It is a well
known fact that alterations occur in the antioxidant defense systems in case of DM. ™M The
most important reason of the increases in the mortality and morbidity rates in DM is end-
organ injuries. 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,®

acetyl L-carnitine’® have positive effects in DM.

Another molecule with a potent antioxidant effect is quercetin, a common flavonoid in nature.
It exists in many nutrients, mostly in red onions, grapes, berries, cherries, broccoli, citrus
fruits, tea (Camelia sinensis), capers.™® Quercetin is able to preclude oxidative stress by

[11]

directly inactivating free radicals, by inhibiting xanthine oxidase*? and lipid

peroxidation™®, and by affecting antioxidant pathways both in vivo and in vitro.*

Quercetin, as a potent antioxidant agent, can be expected to reduce the damages in diabetic
tissues considering the role of oxidative damage in the occurence of organ injuries in DM. On
the ground that end-organ injuries occur in the later stage, it is particularly important to
understand both long-term effects of DM and the effects of the treatment administered on
oxidative stress in tissues. The aim of this study is to search 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 are affected by the administration of quercetin in

medium (8 weeks) and long (16 weeks) term.
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MATERIALS 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 laboratory
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 (QUERS) (n=8)
5- Diabetic group treated with quercetin for 16 weeks (QUER16) (n=8)

All experimental protocols were reviewed and approved by Kirikkale University Animal

Ethics Committee (08-16/26).
Treatment Schedule

DM was induced in thirty two of the rats by single intraperitoneal 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. VVehicle injected the remaining sixteen rats served as controls.
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 subcuteneous 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 were started to receive

quercetin treatment on the third day following the induction of DM. Quercetin (Sigma, St.
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Louis, MO) dissolved in dimethyl sulfoxide was administered intraperitoneally at a daily dose
of 15 mg/kg.™™!

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, QUERS 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. Animals were sacrificed by cardiac
puncture. The kidney, brain, liver, lung, aorta, spleen, heart tissues were harvested and
washed with ice-cold phosphate-buffered saline to remove residual blood. All tissues were
kept frozen in liquid nitrogen and stored at -68°C until they were used.

Biochemical Analysis

Tissue homogenization: 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 and GPx 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  previously.™®
Tetramethoxypropane solution was used as the standard. The MDA values determined in this

way were expressed as nanomoles per mg protein.

SOD activity was assayed using the nitroblue tetrazolium method of Sun et al.%™ In this
method nitroblue tetrazolium (NBT) is reduced to blue formazan by O,.", 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 Na,, 150 umole/L NBT, 400 mmole/L
Na,COs, 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 CuCl,
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 Aebi.!*® Briefly, the supernatant was

diluted 50-fold with phosphate buffer, and 200ml of the diluted supernatant was added to
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2.8ml of 30mM H202. The change in absorbance was read at 240nm. The rate constant of a
first-order reaction (k) was used: k = (2.3/At) x log (A1/A2), where At is a measured time
interval (30s) and Al 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.™ 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.

The protein amounts in tissue homogenates were determined 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) autoanalyzer 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 carried out by Mann-Whitney U-test in which Bonferroni correction was applied for

comparisons within groups. A value of p < 0.00625 was considered to be significant.
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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 control
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. Fasting 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 determined as the indicator for oxidative
damage were elevated in all the tissues studied except in lung tissue. It was found that long-
term diabetes (DM16 group) increased oxidative damage more in the brain and the renal
medulla. Quercetin treatment 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 didn’t change in the groups having induced DM. The aorta SOD activities in DM16
group were increased. No differences in tissues other than aorta were found between DM8
and DM16 groups. Long- term DM caused a bigger increase in aorta SOD activity 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 aorta and brain catalase 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 tissues except kidney in QUER16 group.
Catalase activity level in the lung tissue in the groups receiving quercetin was significantly
higher than those in DM8 and DM16 groups.

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

particularly in cardiac tissue in QUER16.
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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
levels, 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 QUERS and
QUERL16 groups (Table 2), the prevention of oxidative damage in DM by use of quercetin, a
potent antioxidant flavonoid, is one of the most important findings of our study. The
improving effects of quercetin treatment on organ functions are seen by looking at the
changes in levels of ALT, and AST in QUER16 group.

We found that MDA levels in lung tissues in DM8 and DM16 groups were not different from
those in the control group. There are publications among the few studies done which showed
that MDA level in the diabetic lung tissue either increased ! or did not change.” Our more
interesting finding about lungs was that although MDA concentration did not change, catalase
activity decreased in DM8 and DM16 groups while GPx activity increased in QUERS8 group.
These results are consistent with those Ozansoy et al obtained in their study. In their study on
hamster tracheal cell culture, Shull et al determined that mRNAs of catalase and GPx, which
are natural antioxidants, were expressed in different amounts depending on the type of the
stimulus.’??l GPx and catalase use the same substrate, H,O, . Baud et al used the term “suicide
substrate” for H,O, in their study because catalase was inactivated in high concentrations of
H,0, . It was also determined in the same study that GPx was more resistant to be inactivated
by H,0, than catalase in the cells in oligodendrocyte culture.”® These data elucidate our
findings on oxidant and antioxidant parameters of the lung. However, lungs might still be
affected by long term DM even though they don’t normally draw the attention among DM-
affected organs, for the reason that they use glucose via transporters stimulated by insulin.

Therefore there is need for detailed researches studying the effects of DM on lungs.

Another remarkable result of our study was that antioxidant enzyme activities in the aorta and
heart in DM8 and DM16 groups increased along with the increase in the MDA levels.
Catalase activities in the heart in DM8 and DM16 groups and SOD activities in the aorta in
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’s an adaptation against oxidative stress. The increase in SOD and catalase activities also

reflect increased production of superoxide anion and hydrogen peroxide. As is known,
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superoxide anion is transformed into hydrogen peroxide by SOD, which then is broken down
into water and oxygen by catalase. Other researchers also reported that in diabetic animals
there were different antioxidant enzyme activities in heart and aorta tissues than in other
tissues. Noyan et al 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 in diabetic animals. Alicigiizel et al found that catalase
activities in the hearts of the animals in early stage diabetic (8-day) and late stage diabetic
(56-day) experiment 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 Hiinkar et al.
Here MDA levels increased correspondingly as GPx and catalase activities increased both in
the heart and in the aorta.’® The expression of antioxidant enzymes by force of oxidative
stress can differ depending on the type of stimulus or cell.’? 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 suggested according to our results that
quercetin reduces oxidative stress and elevates antioxidant capacity in DM. Quercetin is an
abundant flavonoid in plants including also the ones used as food, and it also makes up the
backbone of other flavonoids such as rutin (a glycosylated quercetin), hesperidine and
naringenin.®® The average daily intake changes 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 normal 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). ™

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 nutraceutical,’?”! was administered to normal animals clearly show that it does
not affect oxidative/antioxidative parameters in healthy animals.??*3% 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 International Agency for Research on
Cancer concluded that quercetin was not one of the carcinogenics for human beings.!® In a

recent review where results of short and long term human and animal studies were presented
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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.*!

Quercetin, due to having such a wide spectrum, has been searched in many recent researches,
and there are also researches which investigated the effects of quercetin on the DM. In their
study Sanders et al administered a 2-week quercetin treatment starting after the induction of
DM.P® In this study, in which it was found that oxidative damage increased only in liver
tissues in DM group and this damage could not be prevented by treating with quercetin, and
that levels of oxidative damage were not different in the other tissues than 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 oxidative damage increased in renal tissue, and that quercetin
treatment both prevented this increase and reinforced antioxidant capacity.” In our study we
investigated a quite large group of tissues and it was also clearly seen in our study that there
was a significant increase in antioxidant capacity (particularly in SOD and catalase activities)
in the groups treated with quercetin. It is well known that quercetin reduces oxidative damage
by affecting as a free radical scavenger,*! but there is little information about its effects on
the regulation of antioxidant enzymes. However a recent study showed that quercetin plays a
role in the modulation of antioxidant enzymes in liver cells.*2 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 interleukin 1f, tumor necrosis factor o ve
interferon y. Quercetin was also shown to affect NF-«xB activation, which is closely related to
antioxidant enzyme expression.®®! It is clear that the relationship between quercetin and
antioxidant enzyme regulation is a complex process in which a lot of 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 increased because of DM in various tissues in medium
and long term. Considering the key role oxidative stress plays on the occurrence of end-organ
damages/injuries in DM, one of the most important findings of our study is the antioxidant
effect of quercetin in medium and long term DM. In addition to this effect of quercetin, we

found that it also causes a substantial increase in antioxidant enzyme activities. By
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completely revealing its connection with antioxidant enzyme regulation via further researches,
quercetin can become one of the most important supporting agents in preventing DM

complications.
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CONT DMS8 QUERS DM16 QUER16
(n=16) (n=8) (n=8) (n=8) (n=8)

Fasting blood 101.50+9.84 321.37+44.46  311.75+18.40 343.50+39.12  306.87+33.09

glucose (mg/dL) * (p=0.0001) * (p=0.0001) * (p=0.0001) * (p=0.0001)
Body weight (g) 2513 242+6 243+5 240+6 24145
Total protein 6.12+0.40 6.01+0.29 5.174+0.63 5.82+0.31 5.67+£0.27
(g/dL)
Creatinine 0.33+0.02 0.87+0.26 0.97+0.19 1.23+0.03 0.75+0.13
(mg/dL) * (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) *x% (n=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) *x% (n=0.006)

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

*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values

are presented in parentheses.
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Lung

Aorta

Heart

Spleen

Brain

Liver

Kidney cortex

Kidney medulla

MDA levels
CONT DMS8 QUERS DM16 QUERI16
(n=16) (n=8) (n=8) (n=8) (n=8)
0.75+0.08 0.88+0.09 0.79+0.14 1.05+0.13 1.03+0.24
0.97+0.06 2.05+0.56 1.114+0.20 1.984+0.05 1.05+0.18
* (p=0.0001) * (p=0.0001) *x% (p=0.001)
0.384+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)
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) *x% (p=0.001)
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) *x% (n=0.001)
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) *x% (n=0.005)
0.69+0.09 2.4240.13 0.49+0.09 2.69+0.19 0.73+0.11
* (p=0.0001) ** (p=0.001) * (p=0.0001) **% (n=0.001)
0.62+0.16 2.08+0.10 0.92+0.20 2.88+0.25 0.73£0.18
* (p=0.0001) ** (n=0.001) * (p=0.0001) *%% (n=0.001)
** (p=0.005)

Table 2. Effect of 8 and 16 weeks treatment with quercetin (15 mg/kg IP) on MDA levels (nmol/mg

protein) in streptozotocin-induced diabetic rats. The MDA levels were measured as a thiobarbituric

acid-reactive material. Data are the mean + SEM.

*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values

are presented in parentheses.
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Lung

Aorta

Heart

Spleen

Brain

Liver

Kidney cortex

Kidney medulla

SOD activity
CONT DMS8 QUERS DM16 QUERI16
(n=16) (n=8) (n=8) (n=8) (n=8)
9.55+1.52 4.76+0.95 6.41+0.98 4.67+0.79 7.85+£2.26
2.36+0.47 3.29+0.55 4.20+0.85 6.35+0.95 3.37+0.76
* (p=0.0001) *x% (n=0.006)
** (p=0.006)
9.68+1.99 20.21+4.72 21.06+1.48 18.75+£3.42 21.254+3.28
* (p=0.001) * (p=0.002)
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)
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) *x% (n=0.003)
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)
14.51+2.07 6.37+0.84 15.70+£3.60 7.29+1.44 14.82+3.10
* (p=0.0001) * (=0.006)
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) *x% (n=0,002)

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.

*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values

are presented in parentheses.
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Catalase activity

CONT DM8 QUERS DM16 QUERI16
(n=16) (n=8) (n=8) (n=8) (n=8)
Lung 256191 29+6 110+24 3243 160+48
* (p=0.0001) % (p=0.003) * (p=0.0001) % (n=0.001)
Aorta 186+26 205+24 318=+115 237+16 296+54
Heart 7144 14945 14145 144+21 140+31
* (p=0.0001) * (p=0.0001) * (p=0.0001)
Spleen 1002+56 263+32 618+69 247+18 60740
* (p=0.0001) * (p=0.0001) * (p=0.0001) * (p=0.0001)
** (p=0.002) *x% (n=0.001)
Brain 742 6=+1 5+1 5+1 6=+1
Liver 927+128 232435 985+104 307+£59 84386
* (p=0.0001) ** (p=0.001) * (p=0.0001) *x% (n=0.001)
Kidney cortex 9894216 267+60 11404209 326+89 772+157
* (p=0.0001) ** (p=0.001) * (p=0.002)
Kidney medulla  791+158 117+14 13924200 262477 1205+345
* (p=0.0001) ** (n=0.001) * (p=0.001)

Table 4. Effect of 8 and 16 weeks treatment with quercetin (15 mg/kg IP) on catalase activity (k/g

protein) in streptozotocin-induced diabetic rats. Data are the mean + SEM.

*: significant versus CONT, **: significant versus DM8, ***: significant versus DM16. p values

are presented in parentheses.
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Lung

Aorta

Heart

Spleen

Brain

Liver

Kidney cortex

Kidney medulla

GPx activity

CONT DM8 QUERS DM16 QUERI16
(n=16) (n=8) (n=8) (n=8) (n=8)
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)
0.28+0.13 0.36+0.11 0.55+0.10 0.25+0.05 0.35+0.06
0.41+0.11 0.85+0.25 1.10+£0.28 0.71+0.17 2.16+0.53

* (p=0.0001)

0.48+0.07 0.41£0.08 0.53£0.06 0.44+0.07 0.44+0.03
0.52+0.07 0.32+0.04 0.58+0.09 0.43£0.04 0.55+0.07
0.61+£0.16 0.77+0.09 0.67+0.10 0.78+0.13 0.68+0.11
0.47+0.12 0.97+0.27 0.52+0.13 0.81£0.20 0.62+0.09
0.30+0.10 0.44+0.14 0.70+£0.36 0.25+0.04 0.42+0.06

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.

*: significant versus CONT, **: significant versus DM8. p values are presented in parentheses.



