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Abstract: The antioxidant and protective effect of resveratrol against irradiation induced oxidative damage were researched. 
Twenty-one rats were seperated into 3 groups; First group was the control group. Second group was the irradiation group; 
received physiological saline intraperitoneally (i.p.) for three days, then 9 Gray (Gy) irradiation was applied. Third group was 
irradiation+Resveratrol group; received 10 mg/kg resveratrol i.p. for three days and then the same dose of radiation was 
applied. As a result of irradiation, a significant increase was found in the level of malondialdehyde (MDA) in the liver, kidney 
and brain tissues of rats ;Pख़Ϭ͘ϬϬϭͿ͘ Glutathione peroxidase (GSH-Px) activity in all the tissues and superoxide dismutase (SOD) 
activity, Glutathione ;GSHͿ levels in liver decreased ;Pख़Ϭ͘ϬϭͿ, GSH levels in kidney, spleen and ovarium tissues significantly 
increased ;Pख़Ϭ͘ϬϱͿ͘ The giving of resveratrol significantly reduced the MDA levels increasing in liver, kidney, and brain as a 
result of irradiation ;Pख़Ϭ͘ϬϬϭͿ and the liver MDA levels reached to the control levels͘ By giving resveratrol, it was determined 
that all the antioxidants studied reduced significantly compared to the control group andͬor the irradiation group ;Pख़Ϭ͘ϬϱͿ͘ 
According to the data obtained as a result; It was concluded that resveratrol shows a corrective effect by changing the 
oxidant/antioxidant balance against oxidative stress caused by irradiation, therefore resveratrol is a powerful antioxidant. 
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RadǇaƐǇŽŶa MaƌƵǌ KaůaŶ Raƚůaƌda OŬƐidaƚif SƚƌeƐ ÜǌeƌiŶe ReƐǀeƌaƚƌŽůƺŶ EƚŬiƐi 

Öǌ: Radyasyonun yarattığı oksidatif hasar üzerine resveratrolün antioksidan ve koruyucu etkisi araştırıldı͘ Yirmi bir rat ϯ gruba 
ayrıldı; Birinci grup, Kontrol grubu͘ İkinci grup, Radyasyon grubu; Üç gün fizyolojik tuz solüsyonu intraperitoneal ;i͘p͘Ϳ olarak 
verildi ve sonra ϵ Gray ;GyͿ radyasyon uygulandı͘ Üçüncü grup, Radyasyon н Resveratrol grubu; Üç gün ϭϬ mgͬkg olacak 
şekilde resveratrol i͘p͘ verildi ve sonra aynı dozda radyasyon uygulandı͘ Radyasyon sonucu ratların karaciğer, böbrek ve beyin 
dokularında malondialdehit ;MDAͿ seviyesinde önemli artış saptandı ;Pख़Ϭ͘ϬϬϭͿ͘ Çalışılan tüm dokularda glutatyon peroksidaz 
(GSH-PxͿ aktivitesinde ;Pख़Ϭ͘ϬϭͿ, yine karaciğer süperoksit dismutaz ;SODͿ aktivitesi ve glutatyon ;GSHͿ seviyesinde azalış 
;Pख़Ϭ͘ϬϭͿ, böbrek, dalak ve ovarium dokularında GSH düzeyinde ise önemli artış tespit edildi ;Pख़Ϭ͘ϬϱͿ͘ Resveratrol verilmesi 
radyasyon sonucu karaciğer, böbrek ve beyinde artan MDA düzeylerini önemli azalttı ;Pख़Ϭ͘ϬϬϭͿ ve karaciğer MDA düzeyleri 
kontrol düzeylerine ulaştı͘ Resveratrol verilmesiyle çalışılan tüm antioksidanların kontrol veͬveya radyasyon uygulanan gruba 
göre önemli azalma gösterdiği tespit edildi ;Pख़Ϭ͘ϬϱͿ͘ Sonuç olarak elde edilen verilere göre; resveratrolün radyasyona bağlı 
oluşan oksidatif strese karşı oksidanͬantioksidan dengeyi değiştirerek düzeltici bir etki gösterdiği, bu nedenle resveratrolün 
güçlü bir antioksidan olduğu kanaatine varılmıştır͘  

Anahtar Kelimeler: Oksidatif stres, Radyasyon, Resveratrol. 
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INTRODUCTION

onizing radiation ;X, γ-ray) has drawn a great 
deal of attention in terms of its advantages and 

possible harmful effects to human population (1,2). 
The reactive oxygen species (ROS) is produced by 
ionizing radiation as a result of the decomposition of 
cellular water, like superoxide anion radical ;ͼO2о), 
hydrogen peroxide (H2O2), hydroxyl radical (ͼOH), 
nitric oxide (NO), and nitrogen dioxide (ͼNO2). These 
ROS significantly take part in cell damage by causing 
lipid peroxidation, protein modification, and DNA 
strand breaks, and eventually leading to physical and 
chemical damage in tissues if not scavenged (3). The 
malondialdehyde (MDA), which is an end-product of 
lipid peroxidation, is among the markers of oxidative 
damage (4). Aerobic cells develop their own defense 
systems and the antioxidant system against to ROS. 
The antioxidant system has low molecular weight 
antioxidant molecules such as Ascorbic acid, α-
Tocopherol, glutathione (GSH) and various 
antioxidant enzymes such as glutathione peroxidase 
(GSH-Px) and superoxide dismutase (SOD) (5).  

One of currently proposed strategies is to use 
the addition of antioxidants for enhancing the 
efficacy of radiotherapy since antioxidants are able 
to scavenge free radicals from the radiolysis of water 
and to protect cells from damage (6). Resveratrol is a 
natural non-flavonoid, polyphenolic compound some 
plants contain like the skin of red grapes, peanuts, 
blueberries, and cranberries. Resveratrol realized 
several biological activities such as antioxidant and 
anticancer (7). As a polyphenolic compound, 
Resveratrol is also a scavenger of superoxide, 
hydroxyl, and metal-induced radicals (8). It is known 
that irradiation causes oxidative damage in the liver 
(1,9-11). The objective of study, the effect of 
resveratrol on oxidant (MDA) and antioxidant (SOD, 
GSH-Px, GSH) state of the kidney, heart, spleen, brain 
and ovarium tissues of the irradiated rats as well as 
their liver tissues was researched.  

MATERIALS and METHODS 

Animals 

Female fertile Wistar albino rats ;ϮϬϬ ц ϭϬ gͿ 
aged between 4ʹ5 months were supplied from the 

Animal Care Unit of Fırat University͘ They were kept 
in plastic cages with stainless-steel grid tops. The 
experimental conditions were environmentally 
controlled in terms of temperature ;ϮϯцϮ ΣCͿ, 
humidity ;ϱϬцϱйͿ, and light ;ϭϮ h of light and dark 
cycle). The animals were fed with pellet diet and 
water ad libitum. Three rats were kept together in 
polypropylene cages containing sterile husk bedding 
during the experiment. The experiments were 
carried out after the approval of the Local Ethics 
Committee of the Veterinary Research Institute 
(Official form date and number: 18.04.2013 and 
2013/4-ϭͿ in Elazıg͘ Chemicals were supplied from 
companies such as Sigma, Merck, Fluka. 

Irradiation of the Rats 

A γ-ray source was used to perform whole-body 

irradiation. The animals were put in PlexiglassR cages 

and irradiated in groups of seven rats, 

simultaneously. The source-to-skin distance was 291 

cm with a dose of 0.0233 Gy/s and absorbed dose of 

9 Gy (12). They were irradiated by a 160 MLC LINAC 

(Siemens Artiste linear accelerator, using 6 MV 

photons). The rats were irradiated under continuous 

isoflurane anesthesia in a specially fabricated 

plexiglass chamber radiating out from the center. 

Experimental Design  

The rats were separated into three groups 

including 7 rats in each.  

Control group, rats did not receive any 

treatment.  

Irradiation group, rats were treated with 

intraperitoneal injection (i.p.) containing a 

physiologic saline solution for three days. All rats in 

this group were irradiated with gamma-rays at dose 

of 9 Gy. 

Irradiation + Resveratrol group, rats were 

treated with i.p. injection containing Resveratrol 

(resVida, DSM, Basel, Switzerland) at dose of 10 mg/ 

I 
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kg body weight (9) for three days. Then, all rats were 

irradiated with gama-rays at dose of 9 Gy.  

Ketamine (ketamine hydrochloride, 50 mg/kg 
΀KetalarΠ ϱй, Parke-Davis]) and xylazine (8 mg/kg 
[RompunΠ Ϯй, Bayer΁Ϳ mixture was done i͘p͘ in order 
to anesthetize the rats. All rats were sacrificed at 
24th hour after irradiation exposure. After 
decapitation, whole liver, spleen, kidney, brain, heart 
and ovarium tissues were rapidly resected. The 
tissues were stored at -ϴϬΣC͘  

Biochemical Analysis in Tissues  

The tissues were homogenized by using a 
Teflon-glass homogenizer (CAT, Germany) with 
1.15% KCl to prepare 1: 10 (w /v) homogenate. 
Malondialdehyde (MDA) concentration of tissue 
homogenates expressed as the thiobarbituric acid 
reactive substances (TBARS) was assayed 
spectrophotometrically according to the method of 
Placer et al. (13). GSH concentration of tissue 
homogenates was measured by an assay using the 
dithionitrobenzoic acid recycling method by Sedlak 
and Lindsay (14). The GSH-Px activity was determined 
according to the method of Lawrance and Burk (15) 
which records the decrease of NADPH at 340 nm. The 
SOD activity was performed based on the method by 

Sun et al. (16). The SOD enzyme activity was 
measured based on the nitroblue tetrazolium (NBT) 
degradation by the superoxide radical, which was 
produced with the xanthine- xanthine oxidase 
system. The Formazan obtained at the end of the 
reactions exhibited a blue colour and was maximally 
absorbed at ϱϲϬരnm. Tissue protein contents were 
determined in accordance with the method of Lowry 
et al. (17). 

Statistical Analysis 

 The SPSS statistical software (SPSS for 
windows, version 22.0) was used for all statistical 
analyses͘ All the data were given in mean ;цͿ and 
standard error (SE). Analysis of variance (ANOVA) 
followed by Duncan test was done to determine 
whether there were significant differences among 
the groups. The 5% level of significance was used to 
establish differences.  

RESULTS and DISCUSSION 

The effect of resveratrol on lipid peroxidation 
(MDA), nonenzymatic antioxidants (GSH) and 
enzymatic activities (SOD, GSH-Px) in the tissues of 
the irradiated rats were presented in Table 1. 

 
Table 1. The effect of resveratrol on MDA and some antioxidant levels in the tissues of the irradiated rats.  
Tablo 1. Radyasyon uygulanan ratların tüm dokularında MDA ve bazı antioksidanlar üzerine resveratrolün etkisi͘ 

 Control Irradiation Irradiation + Resveratrol P 
LIVER 

MDA (nmol/g prot) ϰ͘ϱϲ ц Ϭ͘ϯϴb ϭϮ͘ϱϳ ц Ϭ͘ϱϲa ϱ͘ϱϬ цϬ͘ϳϰb *** 
GSH-Px (U/g prot) Ϯ͘ϭϮц Ϭ͘ϯϯa Ϭ͘ϳϱ ц Ϭ͘ϭϲb Ϭ͘ϴϱ ц Ϭ͘ϭϰb *** 
GSH (nmol/g prot) Ϭ͘ϱϵ ц Ϭ͘Ϭϱa Ϭ͘ϯϱ ц Ϭ͘Ϭϰb Ϭ͘ϰϭ ц Ϭ͘Ϭϱb ** 
SOD (U/g prot) ϭ͘ϴ ц Ϭ͘ϭϵa ϭ͘ϭϯц Ϭ͘Ϭϰb ϭ͘ϮϮ ц Ϭ͘ϭϭb ** 

KIDNEY 
MDA (nmol/g prot) ϵ͘ϭϬ ц 0.42b ϮϮ͘ϱϳ ц Ϯ͘ϴϲa ϱ͘ϲϳц Ϭ͘ϳϴb *** 
GSH-Px (U/g prot) Ϯ͘ϱϰ ц Ϭ͘Ϯϳ a ϭ͘ϭϬ ц Ϭ͘ϭϳ b ϭ͘Ϭϱ ц Ϭ͘ϱϬ b *** 
GSH (nmol/g prot) Ϭ͘ϰϭ ц Ϭ͘ϬϮb ϭ͘ϵϮ ц Ϭ͘ϰϯa Ϭ͘ϱϬ ц Ϭ͘ϭϭb *** 
SOD (U/g prot) ϭ͘ϱϮ ц Ϭ͘ϭϭa ϭ͘ϲϰ ц Ϭ͘Ϭϵa ϭ͘Ϭϱ ц Ϭ͘Ϭϵb *** 

HEART 
MDA (nmol/g prot) ϭϮ͘Ϯϰ  ц 0.98a ϭϱ͘ϬϮ  ц ϭ͘ϯϳa ϯ͘ϵϮ ц Ϭ͘ϲb *** 
GSH-Px (U/g prot) ϰϱ͘Ϯϵ ц ϭ͘ϱϴa ϮϮ͘ϲϭ  ц ϭ͘ϱϲb ϵ͘ϲϬ  ц Ϭ͘ϵϮc *** 
GSH (nmol/g prot) Ϭ͘ϳϯ  ц Ϭ͘Ϭϲab Ϭ͘ϴϮ  ц Ϭ͘Ϭϵϲa Ϭ͘ϱϬ ц Ϭ͘Ϭϲb * 
SOD (U/g prot) ϯ͘ϯϲ ц Ϭ͘ϯϯa Ϯ͘ϳϲ  ц Ϭ͘Ϯϰa ϭ͘ϲϳ  ц Ϭ͘Ϯϭb *** 
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Table 1. The effect of resveratrol on MDA and some antioxidant levels in the tissues of the irradiated rats 
(Continued).  
Tablo 1. Radyasyon uygulanan ratların tüm dokularında MDA ve bazı antioksidanlar üzerine resveratrolün etkisi 
;DevamıͿ. 

 Control Irradiation Irradiation + Resveratrol P 
SPLEEN 

MDA (nmol/g prot) ϭϰ͘Ϭϵ ц ϭ͘ϭϱa ϭϲ͘ϳϲ ц Ϭ͘ϳa ϱ͘ϭϲ ц Ϭ͘Ϯϱb *** 
GSH-Px (U/g prot) ϭϴ͘ϯϱ ц ϭ͘ϭϮa ϭϭ͘Ϯϯ ц ϭ͘ϭϭb ϴ͘Ϭϱ ц Ϭ͘Ϯϲb *** 
GSH (nmol/g prot) Ϭ͘ϰϭ ц Ϭ͘ϬϮ Ϭ͘ϱϱ ц Ϭ͘Ϭϱ Ϭ͘ϯϯ ц Ϭ͘ϬϮ NS 
SOD (U/g prot) ϭ͘ϰ ц Ϭ͘Ϭϱa ϭ͘ϱ ц Ϭ͘ϭϯa Ϭ͘ϴϱ ц 0.03b *** 

BRAIN 
MDA (nmol/g prot) ϭϯ͘Ϭϳ ц Ϭ͘ϴϲb Ϯϭ͘ϲϱ ц Ϯ͘ϬϮa ϳ͘ϰϳ ц ϭ͘ϯϴc *** 
GSH-Px (U/g prot) ϯϴ͘ϰϭ ц ϭ͘ϵϴa Ϯϭ͘ϯϲ ц ϭ͘ϳϳb ϮϬ͘Ϯϰ ц Ϯ͘Ϭϯb ** 
GSH (nmol/g prot) Ϭ͘ϱ ц Ϭ͘ϭab Ϭ͘ϲϳ ц Ϭ͘Ϭϰa Ϭ͘ϰϴ ц Ϭ͘Ϭϯϴb * 
SOD (U/g prot) ϭ͘ϵϳ ц Ϭ͘ϭϰa ϭ͘ϵϳ ц Ϭ͘ϭϭa ϭ͘ϭϲц 0.12b *** 

OVARIUM 
MDA (nmol/g prot) ϭϮ͘ϵϯ ц Ϭ͘ϴϮa ϭϰ͘ϲϰ ц ϭ͘ϰa ϵ͘ϰϴ ц Ϭ͘ϱϯb *** 
GSH-Px (U/g prot) ϱϳ͘ϳϲ ц Ϯ͘ϵϵa ϯϴ͘ϳϰц Ϭ͘ϵϳb ϯϰ͘ϱϲ ц Ϭ͘ϲϵb *** 
GSH (nmol/g prot) Ϭ͘ϴϮ ц Ϭ͘Ϭϯb ϭ͘ϯϯ ц Ϭ͘ϭϱa Ϭ͘ϵϭ ц Ϭ͘ϭϱab * 
SOD (U/g prot) ϯ͘ϳϴ ц Ϭ͘ϭϱa ϰ͘Ϭϭ ц Ϭ͘Ϯϰa Ϯ͘ϴϰ ц 0.25b ** 

MDA: Malondialdehyde; GSH-Px: Glutathione peroxidase; GSH: Glutathione; SOD: Superoxide dismutase  
*Pख़Ϭ͘Ϭϱ, **Pख़Ϭ͘Ϭϭ, ***Pख़Ϭ͘ϬϬϭ, NS͗ No Significant  
abc Mean values with different superscripts within a row differ significantly. 
 

As a result of irradiation, a significant increase 
was determined in MDA of liver, kidney and brain 
tissues of the rats (P<0.001). As a result of irradiation, 
a significant decrease in GSH-Px activity in all the 
tissues and SOD activity, GSH concentration in the 
liver was determined ;Pख़Ϭ͘ϬϭͿ; whereas a significant 
increase was observed in GSH level in the kidney, 
spleen and ovary tissues ;Pख़Ϭ͘ϬϱͿ ;Table ϭͿ͘  

The giving of Resveratrol significantly reduced 
the MDA increasing in liver, kidney, and brain caused 
by irradiation ;Pख़Ϭ͘ϬϬϭͿ and the liver MDA levels 
reached to the control levels. In addition, by giving 
resveratrol, the MDA values in the tissues other than 
liver decreased compared to the control group 
;Pख़Ϭ͘ϬϬϭͿ͘ By giving resveratrol, it was determined 
that all the antioxidants studied reduced compared 
to the control group and/or the irradiation group 
;Pख़Ϭ͘ϬϱͿ ;Table ϭͿ͘ 

Oxidative stress emerges in case of increased 
production of ROS and/or deficiencies of 
antioxidants and leads to structural and functional 
modifications and chemical alterations of 
biomolecules (18). Irradiating biological material 
causes a rapid burst of ROS, generated mainly due to 

the ionizing of water molecules, which then interact 
with biological target molecules, resulting in lipid 
peroxidation, DNA damage and later cell killing and 
mutations (9, 19). The malondialdehyde is among the 
markers of oxidative damage and this is one of results 
of reaction of ROS with the unsaturated free fatty 
acids of membrane lipids (1). In several studies, it was 
revealed that irradiation caused oxidative damage by 
causing an increase in MDA levels and a decline in 
antioxidants such as SOD, GSH, GSH-Px depending on 
time and dosage (1,9,10,20-23). In this study, MDA 
levels in liver, kidney, and brain increased as a result 
of γ-radiation; whereas, a significant reduction in the 
GSH-Px activity in these tissues and also in the SOD 
activity and GSH levels in liver was determined. Also, 
as a result of y-radiation, significant decreases in 
GSH-Px activity were determined in the heart, spleen 
and ovarium tissues, where MDA had an insignificant 
increase. The antioxidant enzymes reduce because of 
the depletion of enzymes during oxidative stress 
induced by irradiation (1,10). When compared to 
studies reporting the decreased GSH in the kidney, 
ovarium and spleen (23-26), a significant increase 
was observed in GSH levels in these tissues as a result 
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of γ-radiation in the present study͘ Şimsek et al͘ ;ϮϳͿ 
stated that while irradiation did not change the 
ovarium MDA level, it increased GSH-Px and CAT 
activities. Hermes-Lima et al. (28) suggested that the 
activation of antioxidant defenses was a protective 
mechanism against the oxidative stress in order to 
reduce the production of oxyradicals.  

As is seen, irradiation causes oxidative stress in 
more than one tissue and usually depletes the 
antioxidants.  Cell's capability to counter increased 
ROS production is based on the endogenous 
antioxidant defenses; on the other hand, radiation 
exposure changes the balance of antioxidant defense 
systems (29). Exogenous antioxidants are able to 
effectively counteract the oxidative-stress state (30). 
Phenolic hydroxyl groups of resveratrol enable 
electrons to stabilize free radicals and ROS (20). In 
this study, MDA levels increasing in liver, kidney, and 
brain tissues as a result of irradiation decreased 
significantly upon addition of resveratrol and also 
MDA values were found to be significantly low in all 
the other tissues, except for liver, compared to the 
control values. The significant decreases in MDA 
levels in the tissues studied as a result of addition of 
resveratrol may be directly associated with the ROS 
scavenging characteristic of resveratrol.  The fact that 
these results were common for all the tissues 
indicates a strong protective effect of resveratrol 
against the oxidative damage. Li et al. (19) reported 
that the ROS levels increasing in the hippocampal 
tissue of the irradiated rats were reversed by giving 
resveratrol. In various studies, it was determined that 
the administration of resveratrol decreased MDA 
levels increasing in liver and ileum (9), and salivary 
glands (31,32) as a result of irradiation and elevated 
the decreasing antioxidant levels such as GSH (9,31) 
and SOD (32). Also, the addition of the extracts 
obtained from grape or grape seed decreased MDA 
levels increasing in heart and skin as a result of 
irradiation (20,33,34) and increased the decreased 
antioxidant activities such as GSH-Px, CAT, SOD, and 
GSH (33,34). On the other hand, the fact that the 
addition of resveratrol caused a reduction in the 

antioxidants compared to the control and/or 
irradiation group may be associated with the fact 
that resveratrol decreased the need for enzymatic 
and nonenzymatic antioxidants directly due to its 
ROS scavenging characteristic (8,20). As a result, we 
may mention that resveratrol may be an important 
antioxidant that may be used for the disorders 
including more than one tissue and causing common 
oxidative damage.   

As a result, as the administration of resveratrol 
created a significant decrease in MDA contents of all 
the tissues studied compared to the control group 
and/or the irradiation group, it may be asserted that 
resveratrol is a strong herbal antioxidant. 
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