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ABSTRACT
OBJECTIVES: The aim of the current study was to investigate the possible radioprotective effects of melatonin 
against hepatic radioiodine (RAI) toxicity. 
METHODS: Thirty-six rats were randomly divided into three groups: untreated control (Group 1); oral radioiodine 
(RAI, 111 MBq) administrated rats (Group 2), and melatonin group (oral RAI and daily intraperitoneal injection 
of 12 mg/kg melatonin-Group 3). In the third group, melatonin administration was started two days before and 
continued for fi ve days after RAI administration. Twenty-four hours after the administration of the last dose of 
melatonin, liver samples were taken for biochemical and histopathological evaluation.
RESULTS: Oxidative stress parameters demonstrated that melatonin treatment decreased the tissue malondial-
dehyde (MDA), advanced the oxidation protein products (AOPP) levels, and increased the total-SH (sulphydryl) 
levels when compared with RAI group. The differences were statistically signifi cant between these groups for 
all parameters (p < 0.05). The histopathological damage in the melatonin-treated group was signifi cantly less 
than the damage in RAI group (p < 0.05 for all pathological parameters). 
CONCLUSION: The results of this study demonstrated that melatonin reduced the harmful effects of RAI treat-
ment on the liver. Anti-infl ammatory and antioxidant activities are likely to be involved in the mechanism under-
lying the radio-protective effects of melatonin (Tab. 3, Fig. 1, Ref. 30). Text in PDF www.elis.sk.
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Introduction

Iodine-131 (I-131) is a well-known and widely used radionu-
clide which radiates beta as well as gamma rays. High dose I-131 
targeted radionuclide therapy is associated with hematological 
toxicity. There are also known to be non-hematological toxicities 
from the use of I-131 therapy including transient nausea and vom-
iting, sialoadenitis, transient hepatic abnormalities, lacrimal gland 
dysfunction, and hypothyroidism of differing degrees. Thyroid and 
liver functions are of specifi c importance after I-131 administra-
tion because the radioactivity is generally concentrated in these 
organs via sodium/iodide symporter (NIS) system. However, there 
is limited information available to be able to evaluate the acute 
and late effects of I-131 therapy on thyroid and liver functions (1). 
Cell death caused by the ionizing radiation is achieved through 
free radical formation. In patients with thyroid cancer, it is known 

that oral radioiodine (RAI) therapy following thyroidectomy can 
induce oxidative stress, resulting in substantial damage to cellular 
components such as lipids, proteins and DNA (2).

Melatonin (N-acetyl-5-methoxytryptamine) is a powerful an-
tioxidant produced by the pineal gland and various other organs 
including the ovaries, testes, bone marrow, gut, placenta, and liver. 
Although melatonin was fi rst considered to solely be a circadian 
cycle regulator, several studies have shown that it is effective as 
a free radical scavenger and antioxidant agent. In addition to the 
regulation of circadian biology, melatonin has also been shown to 
modulate several molecular pathways of infl ammation, oxidative 
stress, and cellular injury and have vasorelaxant and anti-fi brotic 
properties (3, 4).

Various studies have demonstrated the hepatoprotective ef-
fects of melatonin against numerous conditions, including hepatic 
steatosis (5), hepatic ischemia/reperfusion injury (6), fructose-
mediated metabolic syndrome model (7), exposure to microwave 
radiation (8), non-alcoholic fatty liver disease (9), carbon tetra-
chloride-induced liver fi brosis (10), and thioacetamide-induced 
liver fi brosis (11).

With the consideration of antioxidant and anti-infl ammatory 
properties of melatonin, the aim of the current study was to in-
vestigate the possible radioprotective effects of melatonin against 
hepatic I-131 toxicity. To the best of our knowledge, this is the 
fi rst study to evaluate the protective effect of melatonin against 
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the damage and oxidative stress generating effects of I-131 on 
liver tissue.

Materials and methods

This study was conducted in the Husnu Sakal Experimental 
and Clinical Practice Center, Ankara, Turkey. All procedures were 
performed in accordance with the National Guidelines for the 
Use and Care of Laboratory Animals. Approval for the study was 
granted by the Local Animal Ethics Committee of Ankara Train-
ing and Research Hospital (Ankara, Turkey).

Animals  
The study included 36 female Wistar-Albino rats, each weigh-

ing 250 ± 25 g. Before starting the study, the rats had one week of 
adaptation to laboratory conditions. The animals were housed un-
der standard laboratory conditions at a constant temperature of 21 ± 
2°C and a 12-hour light/dark cycle. All the rats were kept in poly-
propylene cages with disposable absorbent cloths under sterile pad-
dy husks to avoid contamination from radioactive urine. The ani-
mals were fed with standard laboratory chow and water ad libitum. 

The study entitled ‘Hepatoprotective effect of dexmedetomi-
dine against radioiodine toxicity in rats: Evaluation of oxidative 
status and histopathological changes’ (12) published by the same 
research team was conducted at the same time and under the same 
conditions in accordance with the Experimental Animal Research 
Regulations. The biochemical and histopathological results of 
Group 1 (untreated control) and Group 2 (radioiodine) were used 
by both that study and the current study. 

Experimental design
The rats were randomly divided into 3 groups of 12. The fi rst 

group was the untreated control (UC) group, which received no 
RAI therapy or melatonin (n = 12). Radioiodine (Mon-Iyot-131 
Eczacıbaşı/Monrol Nukleer Urunler Sanayi ve Ticaret Anonim 
Sirketi Gebze, Kocaeli, Turkey) was applied at 111 MBq (3 mCi) 
after replacing the orogastric catheter in the rats in Groups 2 and 3. 
No other medication was given to the rats in Group 2 (RAI group, 
n = 12). The rats in the Group 3 (melatonin group, n = 12) were 
treated with a daily intraperitoneal injection of 12 mg/kg body 
weight melatonin (Melatonina®, Przedsiebiorstwo Farmaceutyc-
zne, Zakroczym, Poland) which was started 2 days before the RAI 
administration and was continued for 5 days after RAI. At hour 24 
after the administration of the last dose of melatonin, the animals 
were sacrifi ced by high dose of anesthetic. Liver samples were 
taken for biochemical and histopathological evaluation.

Evaluation of oxidative stress
The evaluation of oxidative stress parameters was performed 

in the Biochemistry Department of Ankara Training and Research 
Hospital. Tissues were stored at – 80 °C until assays. Measurements 
were taken of tissue malondialdehyde (MDA), total-SH (sulphy-
dryl), and advanced oxidation protein products (AOPP) levels. 

Rat liver tissues were weighted and homogenized in 10 vol-
umes of cold phosphate buffer saline (PBS; 50 mM, pH 7.4) using 

an automatic homogenizer (Heidolph DIAX 900). MDA levels 
were calculated using the fl uorometric method as described by 
Wasowicz et al (13). Following the thiobarbituric acid (TBA) re-
action with MDA, the reaction product was extracted in butanol 
and measured spectrofl uorometrically at wavelengths of 525 nm 
for excitation and 547 nm for emission. A standard 0–5 μmol/L 
1,1,3.3-tetraethoxypropane solution was used. For the measure-
ment of tissue MDA levels, 50 μL of homogenate was added and 
introduced into 10 mL glass tubes containing 1 mL of distilled 
water. After the addition of 1 mL of the solution containing 29 
mmol/L TBA in acetic acid and mixing, the samples were placed 
in a water bath and heated for 1 h at 95 –100 °C. The samples were 
then cooled, 25 μL of 5 mol/L hydrochloric acid (HCL) was added 
and the reaction mixture was extracted by agitation for 5 min with 
3.5 mL n-butanol. After separation of the butanol phase by cen-
trifugation at 1500 x g for 10 min, the fl uorescence of the butanol 
extract was measured with a fl uorometer (HITACHI F-2500) at 
wave-lengths of 525 nm for excitation and 547 nm for emission. 
0–5 μmol/L 1.1’,3.3’-tetraethoxypropane solutions were used as 
standard. MDA levels were presented as μmol/g wet tissue (13).

Total SH groups were measured spectrophotometrically using 
the Sedlak and Lindsay method (14). Aliquots of 250 μl of the su-
pernatant fraction of the tissue homogenate were mixed in 5 mL 
test tubes with 750 μl of 0.2 M Tris buffer, pH 8.2, and 50 μl of 
0.01 M 5,5′′-dithiobis (2-nitrobenzoic acid) (DTNB). With the ad-
dition of 3950 μl of absolute methanol. The mixture was brought 
to 5 mL. A reagent blank (without sample) and a sample blank 
(without DTNB) were prepared in a similar manner. The test tubes 
were stoppered with rubber caps, the color was let to develop for 15 
min and the reaction mixtures were centrifuged at approximately 
3,000g at room temperature for 15 min. The absorbance of super-
natant fractions was read in a spectrophotometer at 412 nm (14).

AOPP were determined according to method described by 
Witko-Sarsat et al (15). AOPP were measured by spectrophoto-
metrically and were calibrated with Cloramin-T solutions that in 
the presence of potassium iodide absorb at 340 nm. In standard 
tubes, 50 μL of 1.16 M potassium iodide (KI) was added to 1000 
μL of chloramine-T solution (0–100 mmol/liter) followed by 100 
μL of acetic acid. In test tube, 1000 μL of tissue homogenate di-
luted 1/5 in PBS, 50 μL 1.16 M KI and 100 μL of acetic acid were 
mixed and the absorbance of the reaction mixture is immediately 
read at 340 nm on the spectrophotometer against blank containing 
1000 μL PBS, 100 μL acetic acid and 50 μL 1.16 M KI. 

Histopathological examination
The histopathological analyses were performed at the Pathol-

ogy Department of Harran University Faculty of Veterinary Medi-
cine. For light microscopic analyses, the samples were obtained 
from the liver and fi xed in 10 % neutral buffered formalin solution 
for 2 days. The tissues were washed in running water and were 
dehydrated with increasing concentrations of ethanol (50 %, 75 
%, 96 %, 100 %). After dehydration, the specimens were put into 
xylene to obtain transparency and were then infi ltrated with and 
embedded in paraffi n. The embedded tissues were cut into 5-μm 
thick sections using a Leica RM 2125 RT microtome and stained 
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with hematoxylin&eosin. Histopathological examinations were 
performed with a light microscope (Olympus BX-50, Tokyo, Ja-
pan) by a pathologist blinded to the study design. Histopathological 
parameters including hyperemia, presence of infl ammatory cells, 
steatosis, capsule thickening, cellular changes (multiple nucleus), 
bile duct proliferation, fi brosis, venous lesions (endothelial loss, 
subintimal thickening and fi brosis), and granuloma formation 
were evaluated semiquantitatively according to modifi ed histo-
logical activity index (HAI) (16, 17). The scoring system of these 
parameters are given in Table 1.

Statistical analysis
Data analysis was performed using the Statistical Package 

for Social Sciences (SPSS) version 15.0 for Windows (SPSS Inc, 
Chicago, IL). All variables were normally distributed about the 
mean. Data were presented as mean ± SD. Differences between the 
groups were evaluated by one-way analysis of variance (ANOVA) 
or Kruskal-Wallis variance analysis, whichever was appropriate. 
When the p values from the variance analysis were statistically 
signifi cant, the Tukey honestly signifi cant difference (HSD) or 
Mann-Whitney U multiple comparison test was used to determine 
which group was different from the others. A value of p < 0.05 
was considered to be statistically signifi cant.

Results

Oxidative stress parameters
The mean levels of the oxidative stress parameters of the liver 

(MDA, total SH, and AOPP) are summarized in Table 2.
There was a signifi cant difference in tissue MDA levels be-

tween the RAI group and the other groups (p < 0.05). The highest 
tissue MDA levels were detected in the RAI group. The levels in 
the melatonin group were signifi cantly lower than those of the RAI 
group (p = 0.012). The MDA levels were lower in the untreated 
control group than in the melatonin group, but the difference was 
not statistically signifi cant (p > 0.05).

Just as in the MDA level comparison, total tissue SH levels 
were signifi cantly different between the RAI group and the other 

groups (p < 0.05). Total tissue SH levels were lowest in the RAI 
group. The levels of the melatonin group were higher than those 
of the RAI group and the difference was statistically signifi cant 
(p = 0.001). Although the total SH levels were higher in the un-
treated control group when compared with the melatonin group, 
no signifi cant difference was found between these groups (p > 
0.05).

There was a signifi cant difference in tissue AOPP levels be-
tween the RAI group and the other groups (p < 0.05). The highest 
tissue AOPP levels were determined in the RAI group. The levels 
of the melatonin group were signifi cantly lower than those of the 
RAI group (p = 0.001). The AOPP levels were lower in the un-
treated control group than those of the melatonin group and the 
difference was statistically signifi cant (p = 0.001).

Histopathological results
The mean scores of the histological activity index (HAI) of 

the groups are given in Table 3. Statistical analyses of the HAI 
scores demonstrated that the histopathological damage in the 
melatonin-treated group was signifi cantly smaller than the that 
in the RAI group (p < 0.05 for all pathological parameters). The 
HAI scores of the untreated control group were signifi cantly lower 
than those of the RAI group (p < 0.05 for all parameters). There 
was a statistically signifi cant difference between the untreated 
control and melatonin groups only in respect of the infl amma-
tion score, which was signifi cantly lower in the untreated control 
group than in the melatonin group (p = 0.039). No difference was 
determined between the untreated control and melatonin groups 
in respect of the mean scores of the other pathological parameters 
(p > 0.05) (Tab. 3). 

Hyperemia
Grade 0: no hyperemia 
Grade 1: mild hyperemia 
Grade 2: severe hyperemia 
Grade 3: very severe hyperemia

Presence of infl ammatory cells
Grade 0: absent 
Grade 1: few infl ammatory cells 
Grade 2: severe infl ammatory cells 
Grade 3: very severe infl ammatory cells

Steatosis (Microvesicular)
Grade 0: absent 
Grade 1: mild steatosis 
Grade 2: severe steatosis 
Grade 3: very severe steatosis

Cellular Changes (Multiple Nucleus)
Grade 0: absent 
Grade 1: mild cellular changes 
Grade 2: severe cellular changes 
Grade 3: very severe cellular changes

Bile Duct Proliferation
Grade 0: absent 
Grade 1: mild proliferation 
Grade 2: severe proliferation 
Grade 3: very severe proliferation

Fibrosis
Grade 0: absent 
Grade 1: mild fi brosis 
Grade 2: severe fi brosis 
Grade 3: very severe fi brosis

Venous Lesions
Grade 0: absent 
Grade 1: mild lesions 
Grade 2: severe lesions 
Grade 3: very severe lesions

Capsule thickening
Grade 0: absent 
Grade 1: mild thickening 
Grade 2: severe thickening 
Grade 3: very severe thickening

Granuloma formation
Grade 0: absent 
Grade 1: mild granuloma formation 
Grade 2: severe granuloma formation 
Grade 3: very severe granuloma formation

Tab. 1. Grading of histopathological changes of the groups.

GROUPS MDA TOTAL SH AOPP
Group 1 (Control) 2.28±0.24 157.37±22.90 15.50±3.14
Group 2 (RAI) 3.16±0.47a 114.29±15.28a 29.20±2.45a

Group 3 (Melatonin) 2.43±0.66b 149.42±23.94b 23.32±4.41a,b

a – Signifi cantly different, control versus other groups; b – Signifi cantly different, 
RAI versus melatonin group

Tab. 2. Mean oxidative stress parameter levels of the groups.
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The histopathological fi ndings are presented in the Figure. 
Liver tissue sections from the untreated control group exhibited 
almost normal morphology. RAI caused marked hyperemia, in-
fl ammatory cell infi ltration, steatosis, capsule thickening, cellu-
lar changes, bile duct proliferation, fi brosis, venous lesions, and 
granuloma formation. It was observed that melatonin signifi cantly 
diminished the histopathological abnormalities when compared 
with the RAI group. 

Discussion

The recommended treatment for most patients diagnosed with 
papillary and follicular thyroid carcinoma is thyroidectomy fol-
lowed by RAI ablation. The objectives of RAI treatment include 
the elimination of residual normal or tumoral thyroid cells, an im-
provement in the sensitivity of serum thyroglobulin assays, greater 
sensitivity of detection of locoregional and/or metastatic disease on 

follow-up RAI whole-body scans, and for post-treatment scans to 
identify additional previously undetected foci of disease. Although 
RAI therapy is generally well tolerated, complications may develop 
such as transient neck pain and edema, dysfunction in the pulmonary, 
gastrointestinal, and hematopoietic systems, salivary glands, naso-
lacrimal apparatus and gonads, in addition to second primary ma-
lignancies. These complications are rarely life-threatening, but they 
can have a negative effect on the quality of life of the patient (18).

Despite the general toxicity of radioactive I-131 to thyroid 
cells that accumulate iodine from the bloodstream, it can be bio-
distributed to other organs and the entire body. In patients who 
have undergone total thyroidectomy, the lower gastrointestinal 
tract, kidney, stomach, heart wall and liver have been seen to ab-
sorb relatively high doses per unit of administered iodine activity 
(19). It has been reported that post-therapy scans often reveal dif-
fuse I-131 uptake in the liver (18, 20).

Few studies have evaluated the harmful effects and hepato-
toxicity of I-131. In a study by Vasiľev et al. (21) investigating 
the liver and kidney functions of thyroid cancer patients on RAI 
therapy, a decrease in absorptive and secretory hepatocytic func-
tion, and a decrease in total renal function after RAI therapy were 
determined on hepatography and renography. These changes were 
stated to be stable and at a moderate level.

In a study of rat livers, Atilgan et al (22) demonstrated that 
I-131 resulted in histopathological changes such as hyperemia, 
steatosis, fi brosis, and capsule thickening in the third month fol-
lowing I-131 treatment. Montelukast sodium was also found to be 
effective in protecting the liver against the morphological damage 
resulting from the administration of I-131.

Jhummon et al (23) reported two cases of extremely uncom-
mon but severe complications of RAI treatment. Liver toxicity 
associated with I-131 developed in previously healthy patients 
with Grave’s disease, and provision of hepatoprotective treatment 
regimens, recovery was obtained. It was concluded that although 
hepatic toxicity after RAI treatment was not a common event, phy-
sicians should be aware of this potential complication.

The formation of reactive oxygen species and reactive nitrogen 
species results from exposure of biological systems to ionizing 
radiation. These free radicals react with cellular macromolecules 
such as DNA, RNA, proteins, membrane etc., causing cell dys-
function and mortality. In addition to these reactions in the tumor, 
they can also occur in normal cells when exposed to radiation. De-
pending on the dose, exposure to high doses of ionizing radiation 
results in damage to the hematopoietic, gastrointestinal or central 
nervous systems. As the level of cell turnover in the hematopoi-
etic system is high, it is one of the most radiosensitive tissues in 
the body. Compared to hematopoietic syndrome, higher doses of 
irradiation are required to induce gastrointestinal and central ner-
vous syndromes (24, 25).

It is known that reactive oxygen species (ROS) are involved 
in a variety of cellular processes ranging from physiological to 
pathological responses. Not only cell survival, proliferation and 
differentiation are driven by ROS at the physiological level, but 
also cell death by apoptosis or necrosis at the higher level. An 
imbalance between cellular oxidant species and antioxidants is 

Group 1 
(Control)

Group 2 
(RAI)

Group 3 
(Melatonin)

Hyperemia 0.08±0.02 1.41±0.41a 0.50±0.18b

Infl ammation 0.00±0.00 1.33±0.38a 0.50±0.18a, b

Steatosis 0.08±0.02 1.41±0.41a 0.41±0.07b

Capsular thickening 0.00±0.00 1.16±0.24a 0.25±0.12b

Cellular changes 0.00±0.00 1.08±0.21a 0.33±0.17b

Bile duct proliferation 0.00±0.00 0.91±0.18a 0.00±0.00b

Fibrosis 0.00±0.00 1.33±0.38a 0.16±0.05b

Venous lesions 0.00±0.00 1.08±0.21a 0.08±0.02b

Granuloma formation 0.00±0.00 1.41±0.41a 0.16±0.05b

a – Signifi cantly different, control versus other groups; b – Signifi cantly different, 
RAI versus melatonin group

Tab. 3. Mean pathological scores of the groups.

A

Fig. 1. Histopathological fi ndings of the RAI and melatonin groups. 
A – RAI group: Capsulated granuloma formation (star) and dense 
double-nucleated hepatocytes (arrows) in the rat liver tissue. H&E. 
X400; B – RAI group: Severe perivascular and interstitial infl amma-
tory cell infi ltration (star) with severe fi brosis (red arrow-head), and 
many hepatocytes with macronucleus (red arrow) and micronucleus 
structure (white arrow), H&E, X400; C – Melatonin group: Under-
developed granuloma formation (star) in the rat liver tissue, H&E, 
X400; D – Melatonin group: Mild perivascular infl ammation (black 
arrow-head) and fi brosis (red arrow-head), H&E, X400).

B

C D
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known as oxidative stress and this has a direct toxic effect on cells, 
leading to lipid peroxidation, protein oxidation or DNA damage. 
In almost all human pathologies, oxidative stress is seen to play a 
causative or adjuvant role, including cancer, neurodegeneration, 
aging, and chronic infl ammatory pathologies (26).

In a study by Ran et al (27), it was demonstrated that whole-
body irradiation resulted in a substantial increase in the MDA level, 
while there was a signifi cant decline in antioxidant enzyme activity 
(SOD and CAT) and reduced antioxidant molecular levels (GSH) 
in the liver and spleen. The administration of Dragon’s blood and 
the associated extracts prior to radiation were found to effectively 
mitigate oxidative stress in the liver and spleen.

Healthy cells and tissues can be protected from the harmful 
effects of radiation by prophylactic radio-protectors. However, the 
research to date on synthetic radio-protectors has brought little suc-
cess, mainly due to various toxicity-related problems. Therefore, 
no medication has been yet widely accepted in clinical practice.

Melatonin (N-acetyl-5-methoxytryptamine), is the hormone of 
the pineal gland, with a circadian rhythm generated by the circa-
dian pacemaker located in the suprachiasmatic nucleus (SCN) of 
the hypothalamus, and which is synchronized to 24 hours by the 
light-dark cycle acting via the SCN. Serum melatonin concentra-
tions are low during the day and increase signifi cantly at night. 
Melatonin synthesis is strictly controlled by lighting conditions. 
When synthesized, melatonin is not stored in pineal cells but is 
rapidly released into the bloodstream and then into other body 
fl uids, such as bile, cerebrospinal fl uid, saliva, semen, amniotic 
fl uid and ovarian follicular fl uid. The many functions of melatonin 
in organisms include helping to synchronize circadian rhythms, 
sleep promotion, immune stimulation, blood pressure regulation, 
seasonal reproductive regulation, oncostatic function, and antide-
pressive function (26).

Melatonin is a powerful free radical scavenger and a broad-
spectrum antioxidant. As it has small dimensions and highly li-
pophilic properties, melatonin is able to cross all cell membranes 
and easily reach subcellular compartments, including mitochondria 
and nuclei, where it seems to accumulate in high concentrations. 
Lipid peroxidation and damage to protein, and DNA are prevented 
by melatonin and it has been noted that optimal mitochondrial 
function and homeostasis are preserved by melatonin through the 
reduction and prevention of mitochondrial oxidative stress, with 
a subsequent curtailment of apoptotic events and cell death (26). 

Melatonin also has signifi cant anti-infl ammatory and immu-
nomodulatory effects and modulates the processes of angiogenesis 
and wound healing. The anti-infl ammatory activity of melatonin 
depends on the inhibition of iNOS and mitochondrial iNOS expres-
sion. The activation of the pro-infl ammatory enzymes COX-2 and 
iNOS in glioma cells is also specifi cally prevented by melatonin 
without simultaneous inhibition of COX-1 enzyme, thereby indi-
cating an anti-infl ammatory action (28). Using the livers of elderly 
female rats, Kireev et al. (29) researched the effects of aging and 
ovariectomy on various physiological parameters related to infl am-
mation and oxidative stress and whether long-term administration 
of melatonin had any effect. Melatonin, administered to both intact 
and ovariectomized rats, was seen to signifi cantly reduce the levels 

of NOx, LPO and pro-infl ammatory cytokines in the liver compared 
to the untreated rats. A signifi cant increase in IL-10 and reductions 
in iNOS, HO-1, IL-6, TNF-α and IL-1β protein expression were 
also determined in the rats treated with melatonin. 

In respect of hepatoprotective effects, numerous articles have 
demonstrated the successful use of exogenous melatonin to treat 
many different pathophysiological conditions, including hepatic 
steatosis (5), hepatic ischemia/reperfusion injury (6), fructose-
mediated metabolic syndrome model (7), exposure to microwave 
radiation (8), non-alcoholic fatty liver disease (9), carbon tetrachlo-
ride-induced liver fi brosis (10), and thioacetamide-induced liver 
fi brosis (11). The hepatoprotective action of melatonin has been 
largely attributed to its antioxidant effects. Hepatic lipid peroxi-
dation (LPO), as measured through malondialdehyde levels has 
been shown to be highly attenuated by melatonin. Furthermore, 
melatonin also seems to increase the activity and/or expression of 
hepatic antioxidant enzymes such as superoxide dismutase (SOD), 
glutathione (GSH), and glutathione peroxidase (GPx) after most 
types of injury and increase hepatic catalase. The increase in serum 
enzyme levels of aspartate transaminase, alanine transaminase, lac-
tate dehydrogenase, alkaline phosphatase, γ glutamyl transferase 
and bilirubin, indicating the extent of cell damage, has been seen 
to be reduced with the administration of melatonin. The results 
of histopathology examinations have demonstrated that animals 
treated with melatonin typically present with reduced hepatocel-
lular necrosis or attenuated infi ltration of polymorphonuclear 
granulocytes. Decreased hepatic levels of myeloperoxidase also 
suggest that neutrophil granulocyte infi ltration is greatly reduced 
by melatonin. The hepatoprotective effects are exerted through 
suppression of the pro-infl ammatory pathway of the immune re-
sponse, in other words, through anti-infl ammatory effects (30).

There is a wide range of opinion concerning both the route of 
melatonin administration, as well as the dose, the latter ranging 
a thousand-fold from 100 μg/kg to 100 mg/kg. Very few data are 
available on dose-response relationships, and most studies have 
not included measurements of plasma melatonin levels (30). In 
the present study, melatonin was administered at the dose of 12 
mg/kg/day with daily intraperitoneal injections.

In the light of the known antioxidant, anti-infl ammatory, and, 
hepatoprotective activities of melatonin, the hypothesis of the 
present study was that melatonin would be effective against liver 
injury induced by oxidative stress and infl ammation after RAI treat-
ment. Histopathological parameters including hyperemia, infl am-
mation, steatosis, capsular thickening, cellular changes, bile duct 
proliferation, fi brosis, venous lesions, and granuloma formation, 
showed that melatonin protected the rat liver against RAI-related 
liver damage. The mean scores of all these histopathological pa-
rameters were lower in the melatonin-treated rats and there was a 
signifi cant difference between the melatonin and RAI groups (p 
< 0.05). Oxidative stress parameters demonstrated that melatonin 
treatment decreased the MDA and AOPP levels, and increased 
the total SH levels when compared with RAI group. The results 
of the current study, in accordance with the results of previously 
conducted studies, indicated that melatonin had signifi cant anti-
infl ammatory and antioxidant activities.
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To the best of our knowledge, this is the fi rst study to evaluate 
the radioprotective effects of melatonin on the liver. The results of 
this study demonstrated that melatonin reduced the harmful effects 
of RAI treatment on the liver. Anti-infl ammatory and antioxidant 
activities are likely to be involved in the mechanism underlying 
the radioprotective effects of melatonin, which can be considered 
for use as a hepatoprotective agent against the adverse effects of 
RAI therapy. 

Learning points

• Melatonin reduced the harmful effects of RAI treatment on the 
liver. 

• Anti-infl ammatory and antioxidant activities are likely to be 
involved in the mechanism underlying the radioprotective ef-
fects of melatonin. 

• Melatonin can be considered for use as a hepatoprotective agent 
against the adverse effects of RAI therapy. 
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