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ABSTRACT 

Objective: To evaluate protective role of melatonin against methotrexate induced hepatotoxicity. 
Study Design: Randomized controlled trial. 
Place and Duration of Study: Department of Pharmacology Army Medical College, duration of the study was, 
from Apr to Aug 2016. 
Material and Methods: Eighteen mice were randomly divided into three groups (n=6). Group (Gp)-1 received 
normal saline. Gp-2 received single intraperitoneal injection of methotrexate (MTX) while Gp-3 received 
melatonin along with MTX. Blood samples for measuring serum alanine amino transferase (ALT), aspartate 
amino transferase (AST) and alkaline phosphatase (ALP) along with liver samples for hepatic histological 
examination were taken after 24 hours of last dose. 
Results: In Gp-2 MTX there was significant rise in serum ALT, AST and ALP as compared to its control gp        
(p<0.05). There was significant attenuation of serum ALT, AST and ALP with protective Gp-3 (MTX + Melatonin) 
when compared with Gp-2 (p<0.05).  The histopathological findings in the liver of mice of Gp-2 MTX showed 
mild fatty changes which were markedly reduced in mice treated with melatonin along with MTX though 
minimal inflammation was seen. 
Conclusion: Melatonin has hepatoprotective potential when administered along with methotrexate. 
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INTRODUCTION 

Methotrexate (MTX) is an antifolate subclass 
of antimetabolites. It is widely used in cancer 
chemotherapy as well as in autoimmune diseases, 
alone or in combination with other drugs. It is 
used in low doses (<50 mg/m2) in rheumatoid 
arthritis and in high doses (>500 mg/m2) in 
leukemias and in severe psoriasis resulting in 
hepatic fibrosis and cirrhosis1. 

The incidence of hepatotoxicity with mean 
dose of 12.5 mg/wk MTX when used for 3.5 to 4 
years has been calculated for both elevated liver 
enzymes and liver biopsies. The incidence of 
Liver function tests (LFTs) above upper normal 
limit is 49% and 17% of rheumatoid arthritis 

patients have raised LFTs 2 to 3 times the upper 
normal limit. Liver biopsies showed 15.3% of 
patients with mild fibrosis, 1.3% with moderate 
to severe fibrosis and 0.5% with cirrhosis 
showing chronic liver damage2,3. 

Melatonin, a methoxyindole derivative of 
amino acid tryptophan, is a neuro-hormone that 
is secreted by the pineal gland. It is a potent 
antioxidant with immunomodulatory, anti-
inflammatory, anti-cancerous, sleep inducing and 
anticonvulsant properties4,5. Therapeutically 
efficacy of melatonin has been shown in 
treatment of sleep disorders, acute pancreatitis, 
irritable bowel syndrome, ulcerative colitis, 
myocardial ischemia, neurodegenerative 
diseases, epilepsy, depression, aging, diabetes 
mellitus, rheumatoid arthritis, chronic pain 
disorders, infectious diseases and drug induced 
toxicities6,7. It is used as adjunct to cancer therapy 
due to its oncostatic, chemoprotective and 
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radioprotective properties8. In a review of 
melatonin role in hepatic damage, Chojnacki et al 
confirmed the beneficial effects of melatonin in 
non-alcoholic fatty liver disease (NAFLD) and the 
complications associated with partial resection of 
the liver in humans9. Moreover, Melatonin, due 
to its antioxidant properties, was used during the 
Fukushima Daiichi nuclear disaster in Japan in 
2011 to prevent the damage caused by ionizing 
radiation10. 

The purpose of this study is to establish the 
hepatoprotective role of melatonin in MTX 
induced hepatotoxicity in mice. 

MATERIAL AND METHODS 

Methotrexate, Melatonin and other 
chemicals used were of the analytical grade from 
standard companies. 

The study was a laboratory based 

randomized controlled trial which was carried 
out in animal house of the department of 

pharmacology and therapeutics, Army Medical 
College, Rawalpindi. The biochemical analysis of 
serum was performed with the collaboration of 
Department of Chemical Pathology, Army 
Medical College, Rawalpindi. Study protocol was 
approved by Ethical Committee of Centre for 
Research in Experimental and Applied Medicine 
(CREAM) Army Medical College, Rawalpindi. 
Eighteen (18) Balb/c male mice of age 8-12 weeks 
and weighing 30-40 grams were obtained from 
NIH National Institute of Health (NIH) 
Islamabad, Pakistan. The animals were kept in 
the animal house of Army medical college, 
Rawalpindi, for two weeks before the 
commencement of actual study for 
acclimatization to the new environment. 
Standard laboratory conditions of twelve hour 
light and dark cycle, 20-25º C temperature and 70 
± 15% humidity were maintained. Mice were 

given same rodent pellet diet and tap water ad 
libitum for the entire time period. 

Table: Comparative analysis of serum LFTs between group 1 (control) and group 2 (MTX) and between 
group 2 (MTX) and group 3 (MTX + Melatonin) mice. 

Comparative groups ALT (IU/L) AST (IU/L) ALP (IU/L) 

Gp-1  (normal saline) 31.33 ± 3.28 87.83 ± 3.57 94.67 ± 4.91 

Gp- 2 (MTX) 73.67 ± 3.67 128.50 ± 7.77 315.33 ± 12.44 

p value  0.001*  0.001*  0.001* 

Gp- 2 (MTX) 73.67 ± 3.67 128.50 ± 7.77 315.33 ± 12.44 

Gp- 3 (MTX + Melatonin) 44.50 ± 4.46 95.17 ± 3.80 155.33 ± 8.83 

p value  0.001* 0.002*  0.001* 
p <0.05 highly significant (*) 
p >0.05 non-significant (NS) 

 

 
 Figure-1: Graph showing comparison among different groups. 
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The animals were selected by non-
probability convenience sampling method and 
divided randomly into 3 groups by lottery 
method. All groups contained 6 animals each. 
Group (Gp) 1 served as control and was given 0.2 
ml normal saline intraperitoneally. Gp 2 served 
as toxic group and received single intraperitoneal 
injection of MTX 20 mg/kg11. Gp 3 received 
melatonin 10 mg/kg orally via oral gavage for 7 
days12 with MTX at day 4. Blood samples for 
measuring serum alanine aminotransferase test 
(ALT), aspartate aminotransferase test (AST) and 
alkaline phosphatase level test (ALP) along with 
liver samples for histopathological analysis were 
taken after 24 hours of last dose. Liver was fixed 
in 10% buffered formalin, processed, imbued 
with paraffin wax and sections were cut less than 
3μ thick rotatory microtome. Tissue sections were 
then stained with Eosin and Haematoxylin dyes 
and examined thoroughly under light 
microscopy for histopathological changes. 

Results were expressed as mean ± S.E.M. 
Statistical analysis was done on SPSS 23. One way 
ANOVA followed by Post Hoc Tukey Test was 
used for multiple comparisons of biochemical 
markers between the groups. The difference 
between two observations were considered as 
significant if the p-value was <0.05. 

RESULTS 

Total number of study animals was eighteen 
(each group n=6). One way Analysis of Variance 
(ANOVA) of serum ALT, AST, ALP among all 

the three groups was highly significant (p =0.001). 
Post Hoc Tukey Test showed significant rise in 
serum ALT, AST and ALP in Gp-2 (MTX) as 
compared to its control group (table, fig-1). There 
was significant attenuation of serum ALT, AST 
and ALP with protective Gp-3 (MTX + 
Melatonin) when compared with Gp-2 (MTX) 
(table-I, fig-1). 

The histopathological findings in the liver of 
mice of Gp 2 (MTX) showed mild fatty changes 
which were markedly reduced in mice treated 
with melatonin along with MTX though minimal 
inflammation was seen (fig-2,3 & 4). 

DISCUSSION 

Rheumatoid arthritis (RA) is the third most 
common type of arthritis with the global 
prevalence of approximately 1 percent13. MTX is a 
commonly used disease modifying antirheumatic 
drug (DMARD), used in low doses. MTX, though 
relatively safe in low doses in RA, can cause my-
elosuppression, hepatotoxicity, gastrointestinal 
and mucocutaneous adverse effects14. The pooled 
data of 21 studies showed hepatotoxicity on low 
dose of MTX is the second common cause (18.5%) 
after gastrointestinal adverse effects resulting in 
10–37% cases of treatment discontinuation15. 

The outcome of our study suggests that 

MTX treatment causes hepatic damage in mice 
after single intra peritoneal injection. Serum ALT, 
AST and ALP raised significantly as compared to 
its control group. ALT is a cytosolic enzyme of 

 
 
Figure-2: Photomicrograph of the 
liver tissue in group-I (Normal 
saline) showing normal hepatic 
architecture (H&E 100X). 
 

 
 
Figure-3: Photomicrograph of the liver 
tissue in group-2 (MTX) showing mild 
steatosis and focal nuclear 
pleomorphism (H&E 100X). 
 

 
 
Figure-4: Photomicrograph of the 
liver tissue in group-3 (MTX + 
Melatonin) showing minimal 
inflammation around central vein 
(H&E 100X). 
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liver cells and its raised serum levels depict 
distortion in membrane permeability. It is the 
best marker of hepatic necrosis11. The raised 
levels of ALP more than that of ALT shows 
obstructive liver disease though no cholestasis is 
seen on histopathological analysis. It may be 
because of the single dose of MTX along with 
early sample collection. The findings are 
consistent with the Akbulut et al16 and Tag11 who 
also demonstrated elevation of LFTs with rodents 
treated with MTX in same dose and route of 
administration. The exact pathogenesis of MTX 
induced hepatotoxicity is still unclear though 
different mechanisms are thought to participate 
in causing liver damage like accumulation of 
polyglutamates in hepatocytes, depletion of 
hepatic folate store resulting in decrease nucleic 
acid synthesis, inhibition of methionine 
biosynthesis and resultant increased 
homocysteine leading to increase cellular 
sensitization to reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) along with 
lipid peroxidation of biological membranes and 
microvascular derangement. High homocysteine 
levels, in addition to the oxidative stress, can also 
mediate endoplasmic reticulum (ER) stress which 
disturbs the metabolism of cholesterol and 
triglycerides resulting in fatty infiltration of 
liver17-19. MTX also decreases the availability of 
intracellular NADPH leading to depletion of 
cellular glutathione making cells more vulnerable 
to damage by ROS20. 

In our study, melatonin administration with 
MTX in mice showed hepatoprotective effects as 
depicted by significant attenuation of serum ALT, 
AST and ALP. The findings are in agreement 
with the study of Issabeagloo et al21 which 
showed significant decrease in the levels of liver 
enzymes on administration of these two drugs to 
experimental rodents.  

Melatonin exhibits its intrinsic free radical 
scavenging property by donating electron and 
hydrogen atom22. It is a suicidal antioxidant 

without any pro-oxidant potential because of 
stable, non-reactive end product formation, 
which is its unique characteristic being an 
antioxidant23. Melatonin also potentiates various 
anti-oxidant enzymes. Moreover, melatonin, 
stabilizes the mitochondrial electron transport 
chain boosting mitochondrial respiration and 
ATP synthesis and preventing the intra-
mitochondrial glutathione loss and free radical 
generation22. These may be the mechanisms by 
which melatonin is effective for treating MTX 
induced hepatotoxicity. 

Our study suggests that MTX causes 
substantial hepatic damage in mice which may be 
avoided by melatonin administration due to its 
anti-oxidant potential. However, further research 
is necessary to understand the mechanisms by 
which melatonin prevents liver damage against 
MTx toxicity.  

CONCLUSION 

Melatonin has hepatoprotective potential 
when administered along with methotrexate  
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