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 Anti-apoptotic and antioxidant effects of melatonin 
protect spleen of whole body γ-irradiated male 

Sprague-dawley rats 

INTRODUCTION 

For long time, radiotherapy has been used in 
cancer treatment for removing tumors,             
preventing cancer recurrence, reduction of  
physical pain and prolongs life (1). However,            
radiotherapy is not restricted to cancer cells  
only; as it has several acute and chronic side  
effects such as fibrosis, bowel destruction,  
bleeding, diarrhea and the appearance of                
secondary cancers (2). Ionizing radiation reacts 

with water molecules inside the cells leading to 
the formation of free radicles such as reactive 
oxygen species (ROS) and reactive nitrogen        
species (RNS) (3). These free radicles have the 
ability to attack cellular DNA and other                
organelles inside the cells. Many studies              
confirmed that irradiation can trigger cell death 
through several mechanisms such as apoptosis, 
necrosis and autophagy (4). Moreover, as the 
dose of irradiation increases, damaged cells           
releases danger alarms that will be recognized 
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ABSTRACT 

Background: Spleen is the largest lymphatic organ that is seriously affected 
during irradiation. Radiation exposure reduces both of spleen size and weight; 
that in turn decreases the numbers of immune cells. Melatonin is an effective 
free radicals scavenger. Therefore, this study aimed to evaluate the effects of 
melatonin on both blood and spleen of whole body γ-irradiated male Sprague 
dawley rats. Materials and methods: Animals were intraperitoneally injected 
with 100 mg/kg melatonin prior to radiation exposure by 30 minutes. 
Experimental groups were group I: control rats, group II: irradiated rats, group 
III: melatonin administrated unirradiated rats and group IV: melatonin 
administrated irradiated rats. Blood and spleen samples were collected 24 
hours post irradiation for biochemical, immunological and blastogenesis 
measurements. Apoptosis, pro- and anti-apoptotic proteins of spleen cells 
were measured by flow cytometry techniques. Results: Melatonin 
significantly upregulated the activities of superoxide dismutase (SOD), 
glutathione (GSH) and catalase (CAT); and reduced malondialdehyde (MDA). 
It down regulated the expression of pro-apoptotic proteins (p53, Bax, caspase
-3 and caspase-8) and up regulated the expression of anti-apoptotic protein 
Bcl-2 in spleen cells; that in turn reduced the radiation-induced apoptosis. 
Levels of pro-inflammatory cytokines (TNF-α, IFN-γ and IL-1β) were 
significantly reduced in group IV. Blastogenesis assay showed that melatonin 
protects PBMC and spleen B lymphocytes and stabilized their proliferation. 
Conclusion: Melatonin administration prior to whole body γ-radiation 
successfully protected rat's spleen from the consequences of radiation 
exposure. This was due to its free radicle scavenger nature, its reduction of 
lipid peroxidation and its anti-apoptotic effects. 
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by lymphocytes and macrophages (5). All these 
processes are responsible for the production of 
ROS and several cytokines such as: IL-6, IL-4, 
TNF-α, IFN-γ, IL-1β and others (6). This massive 
progressive inflammation leads to the reduction 
of the antioxidant defense system inside the 
cells, an increase in oxidative stress, DNA                
fragmentation and cell death (7).  

The reticuloendothelial system consists of 
blood monocytes, connective tissues                       
macrophages, liver, lung, bone marrow and 
lymphoid organs especially spleen. It is                    
responsible for the removal of immune                  
complexes from the circulation. Spleen is                
considered the largest reticuloendothelial organ 
that is composed of lymphoid tissues and vessels 
(8). It is responsible for the filtration of abnormal 
red blood cells, inclusion bodies and foreign  
particles as it regulates both humoral and              
cellular immune response; and contributes to 
the body defense mechanisms. In addition, it has 
a significant role in the deposition of circulating 
blood cells and platelets, hematopoiesis,                
hemoglobin degradation, iron recycling and 
plasma volume regulation (9). During whole body 
irradiation, all body tissues especially spleen will 
be affected. Irradiation causes a reduction in the 
spleen size and weight; and eventually a               
significant decrease in the numbers of immune 
cells (10). 

N-acetyl-5-methoxytryptamine, known as 
melatonin, is an endogenous compound secreted 
by the pineal gland in the brain. Melatonin                
regulates several physiological mechanisms, 
pathological conditions (11) and circadian 
rhythms of diurnal organisms (12). It is                  
characterized by half-life time of 30 to 57 
minutes in serum (13), small size and high                  
lipophilicity. These properties enable melatonin 
to cross biological membranes and reach all 
cells' compartments (14). Upon its synthesis in 
pineal gland, it is released into the blood stream 
then into other fluids of the body (15). Therefore, 
melatonin can protect various body organs 
against different side effects of radiation because 
of the ease with which it penetrates all types of 
cells in the body (16). It has been reported, by 
many studies, that melatonin is a potent free 
radical scavenger and has an antioxidant effect 
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(17-18); as it stimulates the antioxidant enzymes' 
activities such as catalase (CAT) and superoxide 
dismutase (SOD) (19). Melatonin has                        
radioprotective properties as it reduced                     
radiation-induced apoptosis in retinal cells (20), 
bone marrow (21), mice thymocytes (22) and rat 
neurons (23). It is a powerful antioxidant and anti
-inflammatory agent, which shows some                 
anticancer effects. It is able to reduce different 
types of free radicals and pro-oxidant enzymes 
that were stimulated after radiation exposure 
and played a significant role in normal tissue 
protection (24). Melatonin saved hematopoiesis 
during chemotherapy of Lewis lung                            
carcinoma-bearing mice (22). Vijayalaxmi et al. (25) 
observed that human peripheral blood                   
mononuclear cells (PBMC) pretreated with               
melatonin in-vitro prior to γ-radiation showed a 
significant decrease in the occurrence of                  
micronuclei and chromosomal aberrations. 
Anwar et al. (26) showed that melatonin                      
protected bone marrow and lymphoid tissues in 
rats exposed to cytotoxic drugs. Canyilmaz et al. 
(27) reported that melatonin supplementation 
before irradiation protected mice against                
radiation-induced nephrotoxicity. Kamal El-Dein 
and Anees (28) have reported that the                       
ameliorative effect of melatonin against                      
γ-irradiation induced testicular damage was a 
result of its antioxidant properties. Also, Seker et 
al. (29) examined the protective effects of                   
melatonin, amifostine (WR-2721), and                        
N-acetylcysteine on radiotherapy-induced              
uterine tissue injury in rats. They found that 
melatonin was the most successful one and can 
be an alternative to amifostine. 

However, a successful radioprotector would 
selectively protect normal cells without adverse 
effects on tumor response (30). Furthermore, a 
good radiosensitizer should not elevate the              
toxicity of normal cells. Several studies, in recent 
years, have showed that melatonin has                     
radiosensitizer effects on tumor cells in addition 
to its radioprotective effects. These dual natures 
of melatonin make it a good candidate for              
radiotherapy. Samei et al. (31) reported the            
radioprotective effects of melatonin in addition 
to its anticancer effects; and their results 
showed that melatonin led to an elevated level of 
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radiation induced chromosomal aberrations in 
lymphocytes from breast cancer patients. Also, 
Alonso –Gonzalez et al. (32) showed that                     
pretreatment of breast cancer cells with                  
melatonin led to cell sensitization to ionizing 
radiation by the down regulation of proteins  
involved in the breakdown of DNA. 

In view of the previous facts and because of 
the controversies over the role of melatonin  
during radiation exposure, the present study 
aimed to evaluate the effects of melatonin on 
both blood and spleen of whole body                            
γ-irradiated male Sprague dawley rats. This was 
accomplished by administrating rats with 100 
mg/kg of melatonin 30 minutes prior to                   
radiation exposure. Blood and spleen samples 
were collected for biochemical, immunological 
and blastogenesis measurements. Apoptosis, pro
-apoptotic proteins (p53, Bax, caspase-3 and 
caspase-8) and the anti-apoptotic protein Bcl-2 
in spleen cells were measured by flow cytometry 
techniques.  
 
 

MATERIALS AND METHODS 
 
Chemicals 

Melatonin (Sigma-Aldrich, St. Louis, MO, USA) 
was dissolved in ethanol (Al-Gomhoria Company 
for medicines and medical supplies, Egypt) to 
reach 1% concentration then diluted in 0.9% 
sodium chloride (Al-Gomhoria Company for 
medicines and medical supplies, Egypt). Animals 
received intraperitoneal injection of 100 mg/kg 
melatonin 30 minutes before radiation exposure. 

 

Experimental animals 
Forty male Sprague-Dawley rats of age 16 

weeks (180±20 g) were purchased from                    
Theodor Bilharz Research Institute; and                    
randomly divided into 4 groups (10 rats each). 
Group I: control unirradiated rats receiving 
0.9% sodium chloride only, group II:  irradiated 
rats receiving 0.9% sodium chloride only, group 
III: unirradiated rats receiving 100 mg/kg                
melatonin and group IV: irradiated rats                 
receiving 100 mg/kg melatonin. The animals 
were allowed to acclimatize for two week before 
the start of the experiment. Animal handling, 

care and all experimental procedures were done 
according to the international care and use of 
laboratory animals’ guidelines. Animals were 
kept in plastic cages with stainless-steel grid 
tops under controlled temperature (22±2°C) and 
on 12/12 hour dark/light cycle with standard 
diet containing all nutritive elements (proteins, 
fats, carbohydrates, vitamins, salts and minerals) 
and water ad libitum. Experimental protocols 
used in this study were approved by the ethics 
Committee of Cairo University, Egypt on October 
2019.  

 
Irradiation protocol  

Animals were subjected to whole body                    
γ-radiation using a Gamma Cell-40                          
Carloirradiator, 137Cs source. Rats were                   
irradiated at an acute single dose level of 6 Gy 
that was delivered at a dose rate of 0.713 cGy/
sec. Animals were starved for 12 hours before 
radiation exposure and were anesthetized by a 
combination of Ketamine 50 mg/kg, Xylazine 5 
mg/kg and Thiopental sodium 50 mg/kg                  
(Sigma-Aldrich, St. Louis, MO, USA). 

 
Samples preparation 

At the end of experiment, 24 hours post           
irradiation; animals were anesthetized with  
pentobarbital (80 mg/kg) (33). Blood samples 
were collected by cardiac puncture in                       
heparinized tubes and centrifuged at 500 g for 
10 minutes. Plasma samples were separated and 
kept at -80°C. Spleen samples were                         
homogenized in cold Tris-HCl buffer (0.1 M, pH 
7.4, Sigma-Aldrich, USA) for preparation of 10% 
homogenate followed by centrifugation at 4°C. 
The supernatant was used for biochemical and 
immunological measurements of the spleen. 

 
Blood analysis 

Number of red blood cells, white blood cells, 
platelets and hemoglobin level were determined 
in 2 ml of heparinized blood samples using an 
automatic counter (Labcompare, USA). 

 
Biochemical analysis of spleen samples 

Malondialdehyde (MDA) was measured by 
lipid peroxidation (MDA) assay kit (RTEB1739, 
ELISA Genie, Ireland). The antioxidant levels 
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were measured through determining the               
activities of superoxide dismutase (SOD, 
MBS036924, MyBioSource, USA), catalase (CAT, 
EKU03009, Biomatik, USA) and glutathione 
(GSH, RTEB1811, ELISA Genie, Ireland).  

 
Flow cytometry technique 

Apoptosis was evaluated in spleen samples 
using annexin-V-FITC/PI apoptosis detection kit 
(ab14085, abcam, USA) according to the               
manufacturer's instructions. For measuring           
intracellular proteins, rat spleen tissue samples 
were disaggregated using a syringe and stainless 
sieves, filtered and centrifuged. Cells were fixed 
in 2% paraformaldehyde (Sigma-Aldrich, USA) 
then permeabilized by saponin (0.5% v/v in 
PBS, pH 7.4; Sigma-Aldrich, USA). Spleen cells 
were suspended in PBS/BSA (2%), divided into 
aliquots and stored at 4°C for flow cytometric 
analyses. Also, pro-apoptotic proteins p53, Bax, 
caspase-3 and caspase-8 and the anti-apoptotic 
protein Bcl-2 were determined using anti-p53 
antibody [pAb122] (ab90363, ABCAM, USA), Bax 
monoclonal antibody (6A7) (MA5-14003,                 
Thermo Fisher Scientific, USA), FITC anti- active 
caspase-3 (Clone  C92-605, RUO, 559341, BD 
Biosciences, USA), anti-caspase-8 antibody [E6] 
(ab32125, ABCAM, USA) and FITC Bcl-2               
monoclonal antibody (10C4, 11-6992-42, Ther-
mo Fisher Scientific, USA), respectively. 

 
Cytokines measurements 

Levels of pro-inflammatory cytokines (TNF-α, 
IFN-γ and IL-1β) were measured in plasma and 
spleen tissue homogenate supernatants using 
rat TNF-α (ab46070, ABCAM, USA), IFN-γ 
(ERIFNG, Invitrogen Thermo Fisher Scientific, 
USA) and IL-1β (BMS630, Invitrogen Thermo 
Fisher Scientific, USA) ELISA kits, respectively, 
according to the manufacturer's instructions.  

 

Spontaneous PBMC blastogenesis                        
measurements 

PBMC were separated from heparinized 
blood samples from all experimental groups by 
Ficoll-hypaque gradient separation and                     
suspended in culture medium [RPMI1640                
supplemented with10% heat-inactivated human 

serum, 50 U/ml penicillin, 50 mg/ml                  
streptomycin and 2 mM L-glutamine (Sigma             
Aldrich, USA)]. Triplicate cultures of 2×106 cells 
in 200 µl/well were dispensed into                          
round-bottomed microtiter plates. 50 μl,              
containing 1μCi, tritiated thymidine (3H-TdR, 
Sigma Aldrich, USA) (specific activity 2 Ci/mM) 
were added to each well, and the plates were 
incubated for 3 hours at 37oC in humid                
atmosphere containing 5% CO2. Cells were               
harvested using automated harvester (Inotech 
Cell Harvester, USA) and the incorporated                
radioactivity was determined by a scintillation 
counter (Beckman, USA). 

 
Spontaneous and mitogen-induced                         
blastogenesis of spleen lymphocytes: 

2 ×106/ml of viable carefully washed spleen 
lymphocytes were suspended in RPMI 1640            
medium (10% heat-inactivated human serum 
and 50 μg/ml gentamicin). One-tenth                         
milliliter  of spleen lymphocytes were                     
dispensed into microtiter plate with                                             
phytohaemagglutinin (PHA), concanavalin A 
(Con A), lipopolysaccharides (LPS) or no              
mitogen. Plates were incubated for 72 hours at 
37oC in humid atmosphere containing 5% CO2. 
50 μl, containing 1μCi, of 3H-TdR (Sigma Aldrich, 
USA) were added to each well and the plates 
were incubated for 24 hour. Cells were                      
harvested using automated sample harvester 
(Inotech Cell Harvester, USA) and the                      
incorporated radioactivity was determined by a 
scintillation counter (Beckman, USA).                      
Stimulation index was calculated from: (dpm 
with mitogen – dpm without mitogen)/dpm 
without mitogen, dpm: disintegration per                
minute. 

 
Statistical analysis 

Statistical analyses were accomplished using 
SPSS version 13 and the data were represented 
as mean±standard error (SEM). P values were 
determined by a two way analysis of variance in 
order to compare the mean of each individual 
experimental group with the control                             
unirradiated group. P values < 0.05 was                    
statistically significant.  
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RESULTS 
 

Blood analysis 
Irradiated group II showed a significant               

decrease in hemoglobin level (10.43g/dl) and 
hematocrit (30.11%) when compared to those 
of control unirradiated group I (15.03g/dl and 
56.42% for Hb and HCT, respectively). Also, a 
significant drop in the numbers of RBCs, WBCs 
and platelets was noticed after irradiation.                  
Melatonin administration, in group IV, prior to 
irradiation protected animals from radiation 
hazardous effects which was obvious in all 
measured blood parameters (table 1). Where 
melatonin administrated irradiated group IV 
showed an elevation in Hb, HCT, numbers of 
RBCs, WBCs and platelets when compared to 
those of irradiated group II. No significant             
differences were observed in MCV, MCH and 
MCHC among all experimental groups.  

 

Biochemical analysis of spleen samples 
MDA level was significantly higher in          

untreated irradiated group II when compared to 
normal control group I. Melatonin                       
administration prior to irradiation, in group IV, 
significantly reduced MDA level when compared 
to untreated irradiated group II (figure 1A).  On 
the contrary, radiation exposure (group II)              
decreased the antioxidant enzymes (SOD, GSH 
and CAT) in a significant way when compared to 
control group I.  However, the levels of SOD, GSH 
and CAT in melatonin administrated irradiated 
group IV were nearly similar to those of control 
group I (figure 1B,C and D). No significant 
change was observed between control group I 
and melatonin administrated unirradiated 
group III in all measured parameters. 

 

 Apoptosis and necrosis in spleen 
Irradiation exposure, in group II, significantly 

reduced the number of viable cells in spleen 
with an elvetion in the number of apoptotic and 
necrotic cells (figure 2A). This can be explained 
by the elevated expression in the levels of              
apoptotic intracellular proteins (Bax, P53, 
caspase-3 and caspase-8) and the significant  
reduction in the expression of the anti-apoptotic              

protein Bcl-2. Melatonin administration prior to 
irradiation, in group IV, succeeded in protecting 
spleen cells from apoptosis. This was evident by 
the reduction in both of the apoptotic cells              
numbers (figure 2A) and the expression levels of 
apoptotic intracellular proteins (figure 2B); with 
the elevation in the expression level of Bcl-2. 

 
Cytokines results 

Figure 3 showed that radiation exposure              
significantly elevated levels of pro-inflammatory 
cytokines (TNF-α, IFN-γ and IL-1β) in both             
plasma (figure 3A) and spleen samples (figure 
3B) of irradiated group II when compared to 
their corresponding levels in unirradiated                
control group I. Melatonin administration before 
radiation exposure significantly reduced the            
cytokines levels in group IV when compared to 
group II. No significant differences could be               
detected in cytokines levels among control               
unirradiated groups I, melatonin administrated 
unirradiated group III and melatonin                      
administrated irradiated group IV. 

 
Spontaneous and mitogen induced                           
blastogenesis  

Irradiation exposure significantly increased 
the spontaneous blastogenesis of PBMC and 
spleen lymphocytes, which was obvious by the 
spontaneous 3H-TdR incorporation in cells' DNA 
of irradiated group II in comparison to control 
unirradiated group I (figures 4 A and B). No            
significant differences were observed between 
control group I and melatonin administrated 
unirradiatted group III, either, in the                        
spontaneous blastogenesis of PBMC or spleen 
lymphocytes (figures 4A and B). Melatonin              
administration before radiation exposure helped 
in the reduction of spontaneous blastogenesis in 
irradiated group IV when compared to irradiated 
group II. No significant differences were noticed 
in spleen lymphocytes response to PHA or Con A 
in different experimental groups (figure 4C). On 
the other hand, LPS-induced blastogenesis was 
significantly reduced after radiation exposure in 
group II. Group IV, administrated with melatonin 
before irradiation, showed LPS- induced                   
blastogenesis nearly the same as control group I.  
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Parameters Group I Group II Group III Group IV 

Hb (g/dl) 15.03±0.46a 10.43±0.22b 15.61±1.20a 14.55±1.56a 

HCT (%) 56.42±2.03a 30.11±1.47c 53.21±0.99a 43.51±1.76b 

RBCs (106/μL) 7.21±0.24a 5.12±1.03b 7.11±0.44a 6.53±0.63a 

WBCs (103/μL) 8.01±0.12a 4.61±0.93b 8.93±0.77a 7.55±0.87a 

PLTS (103/μL) 495.22±65.01a 254.78±21.44b 512.01±44.56a 453.47±12.35a 

MCV (fl) 53.14±0.65a 55.74±1.51a 52.95±1.42a 53.04±2.10a 

MCH (pg) 19.35±0.72a 18.33±0.22a 18.43±0.30a 18.00±1.99a 

MCHC (g/dl) 29.11±0.46a 28.70±0.87a 28.00±0.43a 29.05±0.47a 

Table 1. Complete blood picture of different experimental groups. 

Data were presented as mean±SEM. Means followed by the same letter within the same row were not significantly different (P>0.05), whereas 
those marked with different ones were significantly different (P<0.05) using analysis of variance [ANOVA]; Tukey test. Hb: Hemoglobin, HCT:               
Hematocrit, RBCs: Red blood cells, WBCs: White blood cells, PLT: Platelet, MCV: mean corpuscular volume, MCH: mean cell hemoglobin, MCHC: 
mean corpuscular hemoglobin concentration. Group I: control unirradiated rats, group II:  irradiated rats, group III: 100 mg/Kg melatonin                  
administrated unirradiated rats and group IV: 100 mg/Kg melatonin administrated irradiated rats. 

Figure 1. Levels of A) malondialdehyde 
(MDA), B) superoxide dismutase (SOD), C) 
glutathione (GSH) and D) catalase (CAT) in 
spleen samples of different experimental 
groups. The untreated irradiated group II 
showed the highest level of MDA and the 
lowest levels of the antioxidant enzymes 

(SOD, CAT and GSH). Melatonin                
administration prior to irradiation, in group 

IV, protected the spleen cells from the 
hazardous effect of radiation. This was 

obvious in the reduction of MDA level and 
enhancement of the antioxidant enzymes 
activities in group IV when compared to 
untreated irradiated group II. Data were 
expressed as mean±SEM, a represents 
significance compared with the control 

group I, b represents significance               
compared with the untreated irradiated 

group II (P<0.05). Group I: control               
unirradiated rats, group II:  untreated            
irradiated rats, group III: 100 mg/kg              

melatonin administrated unirradiated rats 
and group IV: 100 mg/Kg melatonin         

administrated irradiated rats. 

Figure 2. Changes in A)                
apoptosis level, B) apoptotic 

intracellular proteins (Bax, P53, 
caspase-3 and caspase-8) and 
anti-apoptotic protein Bcl-2 in 

spleen samples of different 
experimental groups. Radiation 

exposure decreased Bcl-2         
expression level and increased 

the apoptotic intracellular         
proteins expression levels that 
in turn increased the numbers 
of apoptotic cells. Melatonin 

administrated irradiated group 
IV showed decreased levels of  

all apoptotic proteins that          
consequently decreased the numbers of apoptotic cells when compared to untreated irradiated group II. Data were expressed as 
mean±SEM, a represents significance compared with the control group I, b represents significance compared with the untreated 
irradiated group II (P<0.05). Group I: control unirradiated rats, group II:  untreated irradiated rats, group III: 100 mg/Kg melatonin 

administrated unirradiated rats and group IV: 100 mg/Kg melatonin administrated irradiated rats. 
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DISCUSSION 

Ionizing radiation exposure has several                
hazardous effects such as inflammation,             
carcinogenesis, and apoptosis. Radiation          
exposure can occur through radiotherapy,           
experimentation, the work in nuclear stations, 
nuclear battlefields and nuclear accidents (34). 
Ionizing radiation encourages oxidative stress 

due to the increased production of free radicals 
that attack cell components leading to                     
biochemical disruption and macromolecule            
alterations such as lipid peroxidation and DNA 
fragmentation (35). More than 50% of cancer          
patients undergo radiotherapy (36-37), which has 
a beneficial face in controlling tumors and in the 
same time may induce damages to bone          
marrow, liver, spleen and other organs (34). 

Figure 3. levels of tumor necrosis factor (TNF)-α, interferon (IFN)-γ and interleukin (IL)-1β in A) plasma samples, B) spleen samples 
of different experimental groups. Radiation exposure elevated the levels of pro-inflammatory cytokines in untreated irradiated 

group II; on the other hand, melatonin administration reduced inflammation that followed irradiation in group IV. Data were         
expressed as mean±SEM, a represents significance compared with the control group I, b represents significance compared with the 
untreated irradiated group II (P<0.05). Group I: control unirradiated rats, group II:  untreated irradiated rats, group III: 100 mg/Kg 

melatonin administrated unirradiated rats and group IV: 100 mg/Kg melatonin administrated irradiated rats. 

Figure 4. A) Spontaneous blastogenesis of PBMC, B) Spontaneous blastogenesis of spleen lymphocytes and C) mitogen-induced 
blastogenesis of spleen lymphocytes. Radiation exposure increased spontaneous blastogenesis in both PBMC and spleen                

lymphocytes; and decreased LPS- induced blastogenesis. Melatonin irradiated group IV showed spontaneous blastogenesis and           
LPS-induced blastogenesis similar to those of control group I. Data were expressed as mean±SEM, a represents significance                

compared with the control group I, b represents significance compared with the untreated irradiated group II (P<0.05). Group I: 
control unirradiated rats, group II:  untreated irradiated rats, group III: 100 mg/Kg melatonin administrated unirradiated rats and 

group IV: 100 mg/Kg melatonin administrated irradiated rats. PHA: phytohaemagglutinin, Con A: concanavalin A, LPS:                      
lipopolysaccharides. 
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Therefore, several studies have been searching 
for radioprotective substances to protect normal 
tissues from the hazardous effects of radiation. 
The fact that free radicles formation is the main 
cause of cellular damage, that follows radiation 
exposure, makes free radicle scavengers and 
antioxidants the most anticipated excellent             
radioprotectors. Melatonin has been reported to 
be a direct free radical scavenger and an indirect 
antioxidant agent via its stimulation of the               
antioxidant enzymes activities (17-18). Melatonin, 
in vitro, inhibits lipid peroxidation and scavenged 
∙OH, H2O2, and singlet oxygen (↑O2∙-) (13). It                 
elevates the levels of GSH by activating the              
production of γ-glutamylcysteine synthase that 
blocks pro-oxidative enzymes lipoxygenase and 
nitric oxide synthase. It has been observed that 
melatonin reduces free radicals production by 
elevating the efficiency of electron transport 
chain that decreases electron leakage (38); and 
assists microsomal membranes in resisting              
oxidative stress (39). On the other hand, many 
studies have reported the radiosensitizer            
properties of melatonin. Melatonin elevated 
chromosomal aberrations in lymphocytes from 
patients with breast cancer (31). Also,                    
pretreatment of breast cancer cells with                
melatonin prior to radiation exposure increased 
cells sensitization to radiation (32). This means 
that melatonin can act as a radiosensitizer agent 
on tumor cells and, in the same time, protect 
normal cells from the hazards that follow               
radiation exposure.  

The present study examined the                           
radioprotective effects of melatonin in whole 
body γ-radiated rats. Where, rats were injected 
with 100 mg/kg of melatonin before radiation 
exposure by 30 minutes. Whole body irradiation 
is a kind of radiotherapy that is commonly used 
for the treatment of some blood cancers            
before bone marrow transplantation. One of its 
complications is the drop in blood cell count. 
Our results showed that radiation exposure, in 
group II, led to a significant drop in hemoglobin 
level, hematocrit % and in the numbers of RBCs, 
WBCs and platelets. On the other hand,              
melatonin administration protected rats from 
these side effects. Where all measured                     
parameters of blood analysis, in melatonin      

administrated irradiated group, were nearly 
similar to those of control unirradiated group.  

Irradiation causes water radiolysis inside the 
cells that in turn elevates the levels of free               
radicles and reduces its anti-oxidant system. 
This increase in free radicals levels leads to the 
overproduction of MDA which is the final                
products of polyunsaturated fatty acids                  
peroxidation in the cells; and is considered a 
marker of oxidative stress and the antioxidant 
status of the cells. Levels of MDA have been 
shown to increase, after γ-radiation exposure, in 
brain (40), liver (41), serum (42), and lens (43) of rats. 
In this study, spleen samples of irradiated group 
II showed a huge increase in MDA level that was 
aligned with the decrease in activities of the            
antioxidant enzymes SOD, GSH and CAT. This 
decrease was, mainly, due to the formation of 
antibodies against the cellular antioxidant                
enzymes that in turn decreased the enzymatic 
activity. Mohye El-Din et al. (44) showed that lipid 
peroxidation was an important marker of                
oxidative stress that followed radiation                  
exposure. Zhang et al. (45) added that lipid             
peroxidation products led to apoptosis through 
the activation of caspases that in turn activated 
DNA degradation. In our study, a significant           
elevation in the numbers of necrotic and                
apoptotic cells in the spleen of whole body                 
γ-irradiated rats was observed with a significant 
reduction in the number of the viable cells. This 
was concomitant with an increase in the               
expression of p53, Bax, caspase-3 and caspase-8; 
and a decrease in the level of the anti-apoptotic 
protein Bcl-2. We observed that melatonin          
administration improved the anti-oxidant                  
system in the spleen cells; which was obvious in 
the levels of MDA, SOD, GSH and CAT. It, also, 
down regulated the overexpression of                     
pro-apoptotic proteins that followed irradiation 
and reduced the numbers of apoptotic and            
necrotic cells. Generally, Bax and Bcl-2 are the 
most common genes involved in radiation              
induced-apoptosis (46). Where the up regulation 
of Bax and down regulation of Bcl-2 activated 
casapase-3 leading to the release of cytochrome 
C from mitochondria. In our study, the reduction 
in apoptosis can be linked to melatonin               
administration because melatonin up regulated 
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Bcl-2 gene and down regulated Bax gene that in 
turn reduced Bax/Bcl-2 ratio. This was in               
agreement with the previous work of Shirazi et 
al. (47) who reported that melatonin blocked 
apoptosis in irradiated spinal cord by decreasing 
Bax gene expression and increasing Bcl-2 gene 
expression. And, Sharma et al. (48-49) showed that 
melatonin protected squirrel's lymphoid organs 
from the toxicity of X-rays exposure and reduced 
apoptosis by blocking the activity of caspase-3. 

In addition to free radicals production,                
inflammatory process is another mechanism of 
indirect toxicity post-irradiation (50). Kryston et 
al. (51) reported that irradiation led to the              
induction of ROS and RNS that disrupt the                 
normal redox balance inside the cells leading to 
severe inflammatory processes. Farid et al. (52-53) 
reported that many pro-inflammatory cytokines 
were released shortly after irradiation such as IL
-1β, IL-6 and TNF-α which were of particular 
importance in radiation toxicity                         
pathophysiology. Farid et al. (54) added that             
cytokines are low molecular weight proteins 
that have a stimulating or inhibiting effect on 
immune system cells' proliferation,                             
differentiation and function. This was in              
agreement with our results, as TNF-α, IFN-γ and 
IL-1β levels in plasma and spleen samples of  
irradiated group were highly elevated than               
normal control group I. This elevation in                   
pro-inflammatory cytokines was down                
regulated in melatonin administrated irradiated 
group. The observed vigorous increase in                
pro-inflammatory cytokines, following radiation 
exposure, was mainly due to the elevated               
necrosis/apoptosis ratio that initiated NF-κB/
NLRP3 inflammasome pathway. This pathway 
was responsible for the production of many              
inflammatory mediators following irradiation. It 
can be conclude that the increased secretion of 
pro-inflammatory cytokines and apoptosis was a 
mutual process. As, the combined effects of             
increased secretion of IFN-γ, IL-1β and TNF-α in 
spleen of irradiated group II significantly                 
elevated necrosis/apoptosis ratio, and vice           
versa. On the other hand, melatonin                         
administration inhibited NF-κB/NLRP3                 
inflammasome pathway leading to the reduction 
of inflammation, cytokines secretion (55-56), and 

in turn necrosis/apoptosis ratio. Melatonin has 
been reported to reduce radiation-induced               
inflammation in the lung, heart and brain (57-58). 

In this study, spontaneous blastogenesis was 
performed on PBMC and spleen lymphocytes to 
measure the degree of cell proliferation after 
exposure to whole body γ-radiation. Based on 
this assay, radiation exposure significantly              
increased the incorporation of 3H-TdR into DNA 
of both PBMC and spleen lymphocytes. This              
elevation in spontaneous blastogenesis was              
associated with a significant drop in the count of 
WBCs. This can be explained by the fact that  
radiation exposure decreased cell count and  
enhanced DNA synthesis. Also, mitogen-induced 
blastogenesis was used to measure the change 
in spleen lymphocytes responsiveness after            
radiation exposure. The results showed that LPS
-induced blastogenesis was greatly reduced            
after radiation exposure in group II; while no 
changes were detected with PHA or Con A. This 
can be explained by: 1- radiation greatly                  
reduced the number of B lymphocytes than that 
of T lymphocytes (59), 2- LPS was a non-specific 
stimulator of B lymphocytes and 3- PHA and Con 
A were T lymphocyte mitogens (60). On the other 
hand, melatonin administrated irradiated group 
IV showed no significant differences with                
control group I either in the spontaneous or              
LPS-induced blastogenesis results. 

In conclusion, the study proofed that beside 
the radiosensitizer effect of melatonin on cancer 
cells (31-32); it has a radioprotective effect on             
normal cells. Therefore, melatonin can be                
recommended to be used as a radioprotector 
before radiation exposure in radiotherapy,               
experimentation…. etc due to: 1- it acted as a 
free radicle scavenger and an anti-oxidant agent 
in different cells and organs, 2- it up regulated 
the activities of SOD, GSH and CAT, 3- it reduced 
lipid peroxidation process as indicated by the 
decreased level of MDA, 4- it prevented the 
harmful effects of radiation on all blood                  
parameters, 5- it displayed an anti-apoptotic 
effect by the down regulation of pro-apoptotic 
proteins (p53, Bax, caspase-3 and caspase-8) 
and up regulation of anti-apoptotic protein             
Bcl-2, 6- it maintained an anti-inflammatory  
effect that decreases the pro-inflammatory      
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cytokines (IL-1β, IFN-γ and TNF-α) and 7- it  
protected PBMC and spleen B lymphocytes and 
stabilized their proliferation.  
 
Conflicts of interest: Declared none. 
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