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ABSTRACT

Objective: Liver is the most important organ involved in the biotransformation of drugs and hence also a prime site for drug-induced liver injury 
(DILI). Among the hepatotoxic drugs, paracetamol which is commonly used is a major offender, leading to about 40% of DILI. N-acetyl cysteine is 
commonly used to manage paracetamol poisoning. However, it has its own disadvantages. This study has been designed to probe into the possibility of 
an alternative drug for paracetamol-induced hepatotoxicity. The objective is to study the hepatoprotective effect of melatonin on paracetamol-induced 
hepatotoxicity in albino rats.

Materials and Methods: After prior approval from the IAEC, 36 albino rats were divided into six groups of six each. Each group received distilled 
water, paracetamol, paracetamol+N-acetyl cysteine, paracetamol+melatonin, and paracetamol+melatonin+N-acetyl cysteine, respectively. The liver 
function tests and histopathology of the liver of all the groups were compared. One-way ANOVA and post hoc Dunnett’s test were used.

Results: Melatonin alone and in combination with N-acetyl cysteine is found to have significant hepatoprotective effect in paracetamol-induced acute 
liver injury.

Conclusion: The main reason for hepatotoxicity is depletion of glutathione which is essential for conjugating the toxic metabolite N 
acetyl-p- benzoquinonimine (NAPQI) and CYP2E1 is playing the vital role of being the rate limiting enzyme initiating the cascade of events leading to 
acetaminophen hepatotoxicity. This is postulated to be reversed by melatonin.
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INTRODUCTION

Drug-induced liver injury (DILl) is the leading cause of acute liver 
failure in the United States also due to under-reporting, the incidence of 
hepatotoxicity is largely underestimated in the general population  [1]. 
More than 50% of acute hepatocellular injury is caused by DILl [2], 
which includes hepatotoxicity caused by an overdose of acetaminophen 
and idiosyncratic liver injury triggered by other drugs (13%) [3].

Liver toxicity is the most common form of adverse drug reaction 
resulting in aborted drug development or withdrawal after licensing 
and is usually predictable with known drugs [4]. It has been postulated 
that to detect a single case of DILl (with 95% confidence), the clinical 
study would require approximately 30,000  patients. As a result, 
hepatotoxicity of several drugs fails to be detected during clinical 
trials, as the number of patients involved in a clinical study rarely 
exceeds 5000. Furthermore, a better understanding of the underlying 
mechanism of DILl is imperative for the development of improved 
preclinical screening and effective clinical trials to evaluate hepatotoxic 
effects of drugs before its release into the pharmaceutical market [1].

Because of the significant patient morbidity and mortality associated 
with DILl, the U.S. Food and drug administration (FDA) has removed 
several drugs from the market, including Bromfenac, Ebrotidine, 
and Troglitazone. Other hepatotoxic drugs, such as Risperidone, 
Trovafloxacin, and Nefazodone, have been assigned “black box” 
warnings.

DILl represents an important diagnostic challenge for physicians, 
as it may mimic features of both acute and chronic liver disease. Of 

particular concern is the acute presentation, which is often severe and 
life-threatening. Drugs account for more than 50% cases of acute liver 
failure, with acetaminophen accounting for the majority, according to 
an ongoing prospective study [5]. Acetaminophen toxicity produces the 
most common form of acute liver failure in the United States, accounting 
for 39% of cases

At present, N-acetylcysteine is used as an antidote to paracetamol 
poisoning. The limitations with its use are fatal anaphylactoid reactions, 
dose-dependent hypotension, and bronchospasm. In addition, it should 
be started with in 8 h of poisoning. In view of all these shortcomings and 
paracetamol poisoning being one of the commonest one reported, the 
search for a better and safer antidote is always there. Hence, the present 
study is to find a better alternative treatment for acute paracetamol-
induced hepatotoxicity.

Drug hepatoxicity can be nonidiosyncratic (predictable), as in 
the case of acetaminophen, or idiosyncratic (unpredictable) [6]. 
Idiosyncratic DILl accounts for 13% of cases of acute liver failure in 
the United States [7].

MATERIALS AND METHODS

Materials
Animals: 30 adult albino rats of either sex weighing 200–250 g.

Drugs: Tab. Paracetamol, Tab. N-acetylcysteine, Tab. Melatonin, distilled 
water, Inj. Ketamine.

Equipment: Infant feeding tube and Syringes (1 ml, 2 ml).
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Methods
Albino rats of Wistar strain with the weight of 200–250 g were used 
for this study. Animals were obtained from Central Animal House of 
Madurai Medical College, Madurai, inbred and grown under suitable 
laboratory conditions. The study was conducted with the approval of 
the Institutional Animal Ethical Committee (Ref. No:17956).

Inclusion criteria
The following criteria were included in the study:
•	 Body weight of 200–250 g.
•	 Rats previously unused for any other experiment.

Exclusion criteria
The following criteria were excluded from the study:
•	 Rats weighing more than 250 g and <200 g.
•	 Pregnant female
•	 Thirty albino rats of either sex weighing 200–250 g were selected 

and randomly divided into five equal groups, each containing six 
rats.

Normal control (C1)
This group received distilled water (2 ml/day) orally at 0, 24, and 48 h.

Hepatotoxic control (C2)
In this group, the acute hepatic injury was induced by single oral 
administration of paracetamol at a dose of l.5  g/kg body weight at 
0  h. of the experiment followed by distilled water orally at 24 and 
48 h.

Standard group (S)
In this group, rats received a single toxic dose of paracetamol 1.5  g/
kg body weight orally followed by N-acetylcysteine 650  mg/kg body 
weight orally at 0  h of the experiment followed by N-acetylcysteine 
325 mg/kg at 24 and 48 h.

Test group (T1)
In this group, rats received a single toxic dose of paracetamol l.5 g/kg 
body weight orally followed by melatonin l00 mg/kg body weight orally 
at 0, 24, and 48 h.

Test group (T2)
In this group, rats received a single toxic dose of paracetamol 
1.5  g/kg body weight orally followed by a combination of 
N-acetylcysteine 650  mg/kg bodyweight and melatonin 100  mg/kg 
body weight orally at 0 h. combination of N-acetylcysteine 325 mg/kg 
and melatonin 100  mg/kg at 24 and 48  h. After 72  h of paracetamol 
administration, the animals were anesthetized using ketamine. Then, 
blood was withdrawn directly from heart and serum was separated by 
centrifugation for the study of biochemical parameters such as,
•	 Serum protein
•	 Serum bilirubin
•	 Aspartate aminotransferase (AST)
•	 Alanine aminotransferase (ALT)

Liver was removed en-mass after sacrificing the animal by carotid 
bleeding and preserved in 10% formalin for histopathological studies.

Statistical analysis
One-way Analysis of Variance (ANOVA) was used for multiple group 
comparisons followed by Post hoc Dunnett’s test for inter group 
comparison of biochemical parameters.

RESULTS

In the present study, thirty albino rats were selected and evaluated 
for the hepatoprotective activity of melatonin in paracetamol induced 
liver injury. Both biochemical parameters, namely, serum AST, ALT, 
bilirubin, and protein were estimated as well as the histopathological 
examination was done. Results were tabulated and analyzed using one-
way ANOVA followed by post hoc Dunnett’s test.

Biochemical parameters
Normal control group (CI)
The normal control group (C1) rats level of serum AST, ALT, 
bilirubin, and protein of about 30.5±3.33  IU/L, 38.16±1.722  IU//L, 
0.68±0.10 mg/dl, and 7.367±0.4 g/dl, respectively (Table 1).

The hepatotoxic control group (C2)
The hepatotoxic group (C2) rats showed a significant increase in values 
of serum AST, ALT, and bilirubin to 219±21.33  IU/L, 127±11.6  IU/L, 
and 1.33±0.22  mg/dl, respectively, and significant decrease in serum 
protein level to 5.9±0.237  g/dl (Table  1) when compared to control 
group (Cl)

Standard group (S)
In rats in the third group (S), there was significant decrease in 
mean values of serum AST, ALT, and bilirubin to 55.8±6.62  IU/L, 
65.8±4.91  IU/L, and 0.70±0.09, respectively, and significant elevation 
of serum protein level to 6.6±0.26 (Table  1), when compared to the 
paracetamol treated group.

Test group 1 (Tl)
The test Group 1 (T1) showed significant decrease in values of serum 
AST, ALT, and bilirubin to 68.3±4.17  IU/L, 37.16 ±3.18  IU/L, and 
0.90±0.09  mg/dl, respectively, and significant elevation of serum 
protein level to 7.05±0.18 g/dl (Table 1), when compared to the group 
treated with paracetamol alone.

Test group 2 (T2)
The test Group 2 (T2) showed significant decrease in mean values of 
serum AST, ALT, and bilirubin to 62.33±2.42 IU/L, 39.00±4.33 IU/L, and 
0.7±0.08 mg/dl, respectively, and significant elevation of serum protein 
level to 6.96±0.19 g/dl (Table 1) when compared to the group treated 
with paracetamol.

The statistical analysis was done with one-way ANOVA test for 
intergroup comparison for each parameter followed by post hoc 
Dunnett’s test for intragroup comparison

Comparison of mean values of serum protein showed statistically 
significant difference ***(p<0.001) with F value of 21.51. Serum 
protein in the groups which received melatonin (Tl) and combination 
of N-acetylcysteine with melatonin (T2) did not differ as that of 
normal control group (C1), while melatonin (TI) and combination 
of N-acetylcysteine with Melatonin (T2) were equally effective in 
improving serum protein. Rest of groups showed statistically significant 
difference.

Table 1: Effect of melatonin alone and as an adjunct to N-acetyl 
cysteine in paracetamol induced hepatotoxicity in albino rats

Parameters Serum 
protein 
(g/dl) 

Total 
bilirubin 
(mg/dl) 

AST 
(IU/l) 

ALT  
(IU/l) 

Groups (n=6)
Normal Control 
(Cl)- distilled 
water

7.367±0.48 0.68±0.10 30.5±3.33 38.16±1.72

Hepatotoxic 
Control (C2)- 
paracetamol

5.9±0.23 1.33±0.22 219±21.33 127±11.6

Standard (S)- N- 
acetyl cysteine

6.6±0.26 0.70±0.09 55.8±6.62 65.8±4.91

Test Group (Tl)- 
melatonin 

7.05±0.18 0.90±0.09 68.3±4.17 37.16±3.18

Test Group (T2)- 
melatonin and 
N-acetylcysteine

6.96±0.20 0.76±0.08 62.33±2.42 39±4.33

Values are expressed as mean±standard deviation; SD. Statistical significance 
was calculated with ANOVA followed by Dunnett’s test comparing the treated 
group with the paracetamol group
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Comparison of mean values of serum bilirubin showed statistically 
significant difference ***(p<0.001) with F value of 22.98. The reduction 
in the serum bilirubin level in the group which received combination of 
N-acetylcysteine and melatonin (T2) did not differ as that of the normal 
control (C1). The values in the groups which received melatonin (T1), 
N-acetylcysteine (S) was not statistically different. Rest showed statistical 
significance between the groups. Comparison of mean values of Serum 
AST showed statistically significant difference ***(p<0.001) with F value 
334. post hoc Dunnett’s test showed significant difference in all groups

Comparison of mean values of serum ALT showed statistically 
significant difference ***(p<0.001) with F value 255. Melatonin (Tl) 
reduced serum ALT level to almost normal level and both Melatonin 
and its combination with N-acetylcysteine (T2) were equally effective 
in reducing serum ALT level. Rest of the groups showed statistically 
significant difference.

Histopathological study
Gross examination of rat liver from control group (C1) (Fig. 1) showed 
normal appearance, red color, smooth, and regular under surface 
without any evidence of hemorrhage and necrosis. Paracetamol treated 
group (C2) (Fig.  2) showed multiple areas of necrosis and massive 
hemorrhagic patches. Liver weight was also decreased in this group.

N-acetylcysteine treated group (Fig.  3) the architecture of the liver 
was well maintained. Groups receiving melatonin (Tl) (Fig.  4) and 
combination of melatonin and N-acetylcysteine groups (T2) (Fig. 5) liver 
showed near normal appearance of liver regarding color under surface 
and organ weight. Histology of liver from control group showed portal 
triad, rows of hepatocytes with normal arrangements of hepatocytes 
with nuclei. Paracetamol treated liver sections showed abundant 
centrilobular necrosis (3rd  and 2nd  zone), bridging type of necrosis, 
cloudy swelling, pyknotic nuclei, loss of ribosome, cytoplasmic matrix 
swelling, and eosinophilic cytoplasm. There were small lipid globules in 
surviving hepatocytes, congestion of central vein and sinusoids and gross 
prominent hydropic vacuolation. Histology of liver sections from treated 
rats revealed mild centrilobular hepatocytes degeneration, few areas of 
congestion with mild fatty changes, decrease in inflammation, and very 
scanty degeneration of hepatocytes without any necrotic changes.

DISCUSSION

Liver, the major drug metabolizing and detoxifying organ in the 
body, is subjected to potential damage by the pharmaceutical and 

environmental chemicals [8-10]. Many of the widely used therapeutic 
drugs, including over the counter drugs can cause hepatic injury. Of 
the numerous medicinal agents, chemicals, and herbal remedies in 
existence, more than 600 are recognized as being capable of producing 
hepatic injury [11].

Acetaminophen, the active metabolite of phenacetin, is one of the 
commonly used analgesic and antipyretic. The most serious acute 
adverse effect of over dosage of acetaminophen is a potentially fatal 
hepatic necrosis. Acetaminophen, as an example of a drug with dose 
related toxic effects, rapidly causes hepatocyte injury, predominantly in 
the centrilobular region [12-15]. It is well known that N-acetylcysteine 
is widely used as hepatoprotective drug for acetaminophen toxicity, 
which acts by replenishing glutathione stores [16-18]. Due to its life 
threatening adverse effects such as anaphylactoid reaction, acute over 
dosage  - bronchospasm, and hypotension, there is always a quest for 
identifying a better alternative to treat paracetamol toxicity. This 
study was undertaken to find the effectiveness of Melatonin, which is a 
cytochrome P450 2El down regulator [19].

From the results obtained it is observed that melatonin alone  (T1) 
and its combination with N-acetylcysteine (T2) provided 
statistically significant hepatoprotective effect when compared to 
N-acetylcysteine (S) in acute paracetamol induced hepatotoxicity. The 
hepatoprotective outcome was evidenced by both histopathological 
study and biochemical parameters. There was marked reduction in 
centrilobular necrosis and congestion of liver on histopathological 

Fig. 1: Histology of control group (C1) rat liver showing normal 
architecture of hepatic lobule in LPF (10×) and HPF (40×)

Fig. 2: Histology of PCM treated group (C2) rat liver showing 
intense centrilobular necrosis, bridging type of necrosis, 

congestion of sinusoids LPF (10×) and HPF (40×)

Fig. 5: Histology of melatonin, n acetylcysteine and PCM treated 
group rats (T2) showing almost normal lobular architecture with 

very mild centrilobular degeneration of hepatocytes and mild 
congestion in LPF (10×) and HPF (40×)

Fig. 4: Histology of melatonin and PCM treated group rats (T1) 
showing almost normal lobular architecture with very mild 

centrilobular degeneration of hepatocytes and mild congestion in 
LPF (10×) and HPF (40×)

Fig. 3: Histology of nacetylcysteine treated rats (S) showing 
almost normal lobular architecture with mild centrilobular 

degeneration of hepatocytes and mild congestion in LPF and HPF 
(40×)
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examination. There was statistically significant reduction in serum AST, 
ALT, bilirubin and elevation of serum protein levels in Tl and T2 when 
compared to S.

Inter-comparison between TI and T2 revealed variable results. Both T1 and 
T2 were equally effective in improving serum protein and reducing serum 
ALT, While T2 reduced bilirubin better than Tl. Liver injury can be reflected 
by elevated transaminase alone or its combination with elevated bilirubin 
and decreased serum protein. It may be inferred that Melatonin (Tl) is at 
least as effective as when it is combined with N- acetyl cysteine (T’2) with 
respect to serum ALT and protein. Since combination therapy (T2) was more 
useful when bilirubin was taken in to account, it may be preferred in cases 
with elevated serum bilirubin in addition to elevated serum transaminases.

The main reason for hepatotoxicity is depletion of glutathione 
which is essential for conjugating the toxic metabolite N acetyl-p-
benzoquinonimine (NAPQI) and CYP2E1 is playing the key role of being 
the rate limiting enzyme initiating the cascade of events leading to 
acetaminophen hepatotoxicity.

While Melatonin alone and/or its combination with N-acetylcysteine 
reverse the acetaminophen induced hepatic injury in experimental 
animals, the possible mechanism of inhibiting CYP2E1 is speculative and 
needs further evaluation. Furthermore, we need more human studies to 
arrive at a better alternative to the available antidote N-acetylcysteine.

CONCLUSION

The present work is to assess the hepatoprotective activity of 
melatonin versus melatonin as an adjunct to N-acetylcysteine, on 
paracetamol induced hepatotoxicity in albino rats, by comparison with 
hepatoprotective effect of N-acetylcysteine. Thirty albino rats, following 
overnight fasting were divided into five groups with six animals each. 
Normal control (Cl), Hepatotoxicity control (C2), Standard (S), Test 1 
(T1) and Test 2 (T2) which received distilled water, paracetamol alone, 
paracetamol and n-acetyl cysteine, paracetamol and melatonin, and 
paracetamol with melatonin and n-acetyl cysteine, respectively. The 
Hepatoprotective effect was assessed by the ability of the test group to 
produce statistically significant reduction in LFT biochemical parameters 
toward normal and in comparison with standard drug N-acetylcysteine. 
This was further confirmed by doing histopathological studies.

The results of present study indicated Melatonin, melatonin, and its 
combination with N-acetylcysteine provide hepatoprotective effect on 
paracetamol induced hepatotoxicity in rats, as evidenced by significant 
difference in biochemical parameters and histopathological study.

The efficacy and potency of hepatoprotective effect of melatonin, 
melatonin, and its combination with N-acetylcysteine is better when 
compared to N-acetylcysteine alone, as evidenced by significant 
difference in biochemical parameters and histopathological study.

Inter-comparison between melatonin, melatonin and its combination 
with N-acetylcysteine revealed variable results. Melatonin alone 
could be better drug in comparison with N-acetylcysteine, being more 
economical with better patient compliance and with no incidence of life 
threatening anaphylactoid reaction

Further studies are required to elucidate exact molecular and 
biochemical mechanisms involved and to establish its therapeutic role 
as hepatoprotective agents in humans.
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