
CELL JOURNAL(Yakhteh), Vol 14, No 4, Winter 2013 292

Original Article

1 2 3 4
5

Netherlands

* Corresponding Address: P.O.Box: 14515-775, Department of Medical Radiation Engineering, Science and Research 
Branch, Islamic Azad University, Tehran, Iran

Email: mihandoost.e@gmail.com

Abstract
Objective: 
of free radicals that attack various cellular components. Melatonin has been shown to be 
a direct free radical scavenger and indirect antioxidant via its stimulatory actions on the  
antioxidant system.The aim of this study was to evaluate the antioxidant role of melatonin  
against radiation-induced oxidative injury to the rat liver after whole body irradiation.

Materials and Methods: In this experimental study,thirty-two rats were divided into four 

day and 30 mg/kg on the following days), group 3 only received whole body gamma irradiation 
of 10 Gy, and group 4 received 30 mg/kg melatonin 30 minutes prior to radiation plus whole 
body irradiation of 10 Gy plus 30 mg/kg melatonin daily through intraperitoneal (IP) injection 

livers were excised to measure the biochemical parameters malondialdehyde (MDA) and glu-
tathione (GSH). Each data point represents mean ± standard error on the mean (SEM) of at 
least eight animals per group. A one-way analysis of variance (ANOVA) was performed to 
compare different groups, followed by Tukey’s multiple comparison tests (p<0.05).

Results: The results demonstrated that whole body irradiation induced liver tissue damage by 
increasing MDA levels and decreasing GSH levels. Hepatic MDA levels in irradiated rats that 

Conclusion: The data suggest that administration of melatonin before and after irradia-
tion may reduce liver damage caused by gamma irradiation. 
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Introduction

-
-
-

plication in treatment. Therefore, the treatment op-
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Lipid peroxidation is believed to be an impor-
tant cause of destruction and damage to cell mem-
branes and has been suggested to be a contributing 
factor to the development of oxygen radical-me-

peroxidation is a free radical process (7). Since 
these radicals initiate lipid peroxidation, it is ex-
pected that patients who undergo whole body ra-
diation will have high levels of lipid peroxidation. 

with high cytotoxicity and inhibitory actions on 

The antioxidant system consists of low-molec-
ular-weight antioxidant molecules, such as glu-

-
ecules in the cellular defense against chemically 
reactive toxic compounds that induce oxidative 

primary factors that permits lipid peroxidation to 

-

-

gland in the human brain (10-12). Studies have 

potentially useful radioprotector, such as the direct 
scavenging of free radicals; the ability to stimulate 

-
tion in all tissues, cells,and cellular compartments 

all biological membranes; ability to provide radio-
protection without receptor interaction; tolerance 
to high doses of melatonin by living organisms and  
little toxicity in the species tested; ease of oral ad-

-
tonin at the time the cells and  tissues are irradiated 

in subcellular compartments such as cytosol, nu-

cleus, mitochondria, and cellular membrane have 
allowed it to effectively protect various normal 

protects or reduces gamma radiation-induced chro-

damage in human peripheral blood lymphocytes 
in their in vitro and in vivo/ in vitro investigations.  

-

-
crosomal membranes and thereby probably helps 

radio-protective effect of melatonin against organ 
damage induced by irradiation has been reported 

In this study the antioxidant role of melatonin 
against oxidative damage caused by gamma irra-
diation in liver tissue after whole body radiation 
was investigated.

Materials and Methods
Chemicals

-
-

used in this study were obtained from both sigma 

Animals 
Adult male albino wistar rats weighing 200-

-
cal Sciences, and were housed in stainless steel 
cages and supplied with wood chips, in a tem-

access to tap water and a standard diet for the 
duration of the study. The experimental proto-
col was in accordance with the guidelines for 
care and use of laboratory animals as adopted 

-
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Tehran, Iran.

Experimental design 
In this experimental study, thirty-two rats were 

divided into four groups. Group 1 did not receive 
melatonin or irradiation (Control group) but re-

was exposed to 10 Gy whole body gamma irradia-

-

-

their livers were excised to measure the biochemi-

Irradiation

-

were exposed to a whole-body gamma radiation 
dose of 10 Gy. Irradiation was performed using a 

energy of Canada limited, Canada) at a dose rate 

Tissue preparation and biochemical analysis
Three days after irradiation the rats were anes-

for access to and examination of the liver. After 

opening the abdomen, 1ml of 0.9% cold saline was 
injected into the portal vein. The liver was excised 

-

MDAanalysis

-
-
-

ing water bath. Four cubic centimetres of n-butanol 
were added to the cooled mixture and the sample 

rpm for ten minutes, the organic layer was removed 
-

centration was calculated from the standard curve. 

for setting up the calibration curve.

GSH analysis
-

2 ) 

and incubated for ten minutes at room temperature. 
The absorbance of the resulting yellow color was 

-
centration was calculated from the standard curve. 

the calibration curve.

at room temperature using a spectrophotometer 

Statistical analysis
Each data point represents the mean ± standard 

per group. A one-way analysis of variance (ANO-
VA) was performed to compare different groups, 
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Results
MDA levels
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Fig 1: The effect of melatonin on MDA levels in rats subject-
ed to whole body gamma irradiation. Data represent mean ± 
standard error ofthe mean (SEM) (n=8 animals  per group). 
a; P<0.05 (compared to control group), and b; P<0.05 (com-
pared to the radiated groups).

GSH levels

-
-
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Fig 2: The effect of melatonin on GSH levels in rats sub-
jected to whole body gamma irradiation. Data represent 
mean ± standard error of the mean (SEM) (n=8 animals 
per group).a; P<0.05 (compared to control group), and b; 
P<0.05 (compared to the radiated groups).

Discussion
Several studies have demonstrated that melatonin ap-

pears to ameliorate irradiation-induced injury in various 

melatonin crosses biological membranes and reaches 

shown to be a direct free radical scavenger and indirect 
antioxidant via its stimulatory actions on antioxidant en-

The results of the present study suggest that whole 
body irradiation caused tissue damage in the rat liver 

-
ated group demonstrates the role of oxidative mecha-

high cytotoxicity and inhibitory actions on protective 
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-
able protection against oxidative injury through 
its role in the cellular system of defense against 

-
els after whole body irradiation may be due to its 
consumption during the oxidative stress induced 
by irradiation. On the other hand, melatonin ad-
ministration before and after radiation, alleviated 
the radiation toxicity to the liver by reversing the 
radiation-induced effects. The mechanisms where-
by melatonin inhibits lipid peroxidation probably 
include the direct scavenging of the initiating radi-

-
tonin through its indirect antioxidative properties 

Several studies have indicated that tissue injuries, 
-

Also,research in the last decade has demonstrated that 
melatonin, by its free radical scavenging and antioxida-
tive properties, ameliorates radiation toxicity in different 
tissues. Koc and colleagues investigated the antioxidant 

body gamma irradiation induced oxidative damage in 

demonstrated that in irradiated rats, pretreated with me-

lowered, whereas the activities of superoxide dismutase 

-
cantly increased. The authors concluded that pretreat-
ment with melatonin may prevent irradiation induced 

-

-

glutathione-S-transferase (GST), and  catalase (CAT) 
activities close to the control group values.

in liver, lung, colon and intestinal tissues. The results 
demonstrate that both 12 hours and 72 hours following 

In a study from our laboratory, we assessed the 
radio-protective effects of melatonin on biochemi-
cal, histopathological, and clinical manifestations of 

another study have shown that radiation exposure de-

in the lens, but these values were within normal lim-

In our current study, results for the irradiation plus 
melatonin groups were similar to the results of previous 
studies in which treatment with melatonin increased 

results are in agreement with other studies and support 

20, 22).In our most recent study prior to this one, we 
investigated the possible radio-protective effects of me-

blood at different time points after exposure. Treatment 
-

fects irradiation by increasing the lymphocyte count 

-
-

therefore, that the  radio-protective effects of melatonin 
are dose-dependent (27).

-
tonin may enable the use of higher doses of irradi-

alleviating the complications of cancer treatment.

Conclusion

oxidative damage while melatonin, due to its anti-
oxidative properties, ameliorates radiation induced 
injury to the rat liver. In conclusion, our results 

-
ings hold the promise that in future higher concen-
trations or long-term administration of melatonin 
may provide more protection against higher doses 
of irradiation induced oxidative stress in various 
organs. Further experiments and clinical trials re-
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