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ABSTRACT 

Objective: To study the comparative effects of aqueous Neem leaf extract with N-Acetylcysteine on the basis of 

liver enzymes (AST, ALT, ALP) and histopathological changes in paracetamol induced liver damage. 

Study Design: Experimental / Interventional comparative study. 

Place and Duration of Study: This study was conducted at the Pharmacology Department, Al-Tibri Medical 

College, Karachi from January 2015 to June 2015. 

Materials and Methods: Total sixty (60) albino rats of either gender were equally divided into four (04) respective 

groups. Each group comprised of 15 animals. Animals of group A were considered as un-treated or control group. In 

group B animals were treated with a single dose 2mg/kg b/w of paracetamol orally. Group C animals with neem 

extract 500mg/kg b/w orally for 15 days along with oral administration of 2mg/kg b/w paracetamol. In group D, 

animals were treated with same dose of paracetamol and 140mg/kg b/w of N-Acetylcysteine intraperitoneal for 06 

days.   

Results: The results showed that the liver enzymes were markedly increased in paracetamol treated group of 

animals, but decreased when animals were treated with Neem and N-Acetylcesteine.  The mean serum level of 

enzymes such as AST, ALT and ALP were found to be more i.e, 110.8, 40.00 and 444.33 respectively but the mean 

level decreased in the animals of group C such as 29.133, 20.00 and 240.33. However, liver enzymes were also 

reduced in group D but their levels were relatively lesser than animals of group C. Regarding histopathological 

review, the tissue sections showed necrotic hepatocytes, congestion in blood vessels in paracetamol treated group of 

animals. However, the changes were found significantly reversed in group C and group D, but marked changes were 

seen in animals of group C as compared to N-Acetylcysteine treated group of animals. 

Conclusion: Paracetamol is a hepatotoxic drug causing histomorphological damage in liver along with alteration in 

the level of Liver enzymes. Azadirachta indica leaves have given better results compared to N-Acetylcysteine, on 

the basis of significant differences in biochemical parameters. 
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INTRODUCTION 

Liver is the most important organ which plays a pivotal 

role in regulating various physiological processes in the 

body. It is involved in several vital functions such as 

metabolism,  secretions,  storage,  regulation  of   serum  
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glucose concentration, lipid metabolism and 

detoxification of various waste material1. The liver is 

also involved in the metabolism and detoxification of 

drugs and their unwanted substances which may be 

hepatotoxic other wise2,3 

The variety of substances including chemicals, alcohol 

consumption and viral infections can cause lethal injury 

to hepatocytes. The probable mechanism involved in 

the injury to the hepatocytes induced by the chemicals 

is mainly through lipid per oxidation and other 

oxidative enzymes. Long term use of alcohol 

potentially causes liver diseases, hypertriglyceridemia 

and cirrhosis by changes in oxidant–antioxidant system 

by generating free radicals. The pathogenesis involved 

in the drugs induced hepatic damage is usually through 

production of toxic radicals and other metabolic 

enzymes, which in turn results in per oxidation of lipid 
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bilayer of hepatocytes causing hepatocytes cell death, 

fatty change and other inflammatory changes4,5. 

An estimated 1000 drugs have been implicated causing 

liver diseases eg: Halothane and Anticonvulsants drugs 

etc6. Few of the drugs especially, Acetaminophen, if 

misused either intentionally or accidentally can cause 

significant liver damage7,8.  Paracetamol is metabolized 

in liver via three pathways i-e: Glucoranidation, 

sulphation (both account 95%) and via cytochrome p-

450 (5%). A small amount of Acetaminophen is 

converted by cytochrome p-450 to a potentially 

hepatotoxic quinone intermediate compound. In 

therapeutic doses, this compound is rapidly inactivated 

by conjugation with glutathione, but in case of hepatic 

glutathione depletion, this causes accumulation of 

quinone intermediate compound which results hepatic 

necrosis9. Acute renal toxicity (acute tubular necrosis) 

has also been seen with acetaminophen over dosage10,11. 

Paracetamol over dosage is also having effect on heart 

which results abnormalities in ST segment, T-wave 

flattening, pericarditis and myocardial necrosis12,13. 

N-Acetylcysteine (NAC) has been used as an 

antioxidant in the patients with acetaminophen over 

dose14,15. It induces the glutathione synthesis and due to 

this action it enhances the detoxification of free radicals 

in acetaminophen poisoning16,17.  

The Neem leaves and its other components have been 

used as traditional medicine, killing of insect and 

antiseptic activities. Beside this current studies have 

reported its antitumor, anticancer, antiviral, antimalarial 

and hypoglycemic activities18-20. The effects of neem 

leaves extract in paracetamol induced hepatic damage 

in rats have been studied. A significant reduction in the 

hepatic enzymes to the normal levels was found with 

the use of neem leaves extract21.  

Reducing the paracetamol induced effects by the use of 

aqueous neem leaves extract and N-Acetylcholine is yet 

to be validated. The objective of the present study is to 

identify the hepatoprotective effect of Aqueous Neem 

Leaf extract in comparison with N-Acetylcysteine 

(known Antidote ) in paracetamol overdose induced 

liver toxicity on the basis of liver enzymes including 

AST, ALT, ALP and histopathological changes in liver. 

MATERIALS AND METHODS 

This is an experimental interventional comparative 

study conducted in Pharmacology Department, Al-Tibri 

Medical College and Hospital Karachi during Jan 2015 

to June 2015. In this study a total of sixty adult albino 

rats of wistar strain of either gender having weight 

between 150-200 gms were included and were divided 

into four groups each containing fifteen animals. 

Group A Healthy control (n=15) animals were given 

normal diet and water for 15 days. While in Group B 

(n=15) animals were treated with paracetamol 2gm/kg 

body weight orally single dose21 and observed for 24 

hours and then were sacrificed. Liver was exposed to 

see any macroscopic hemorrhage on it and sample was 

taken to confirm the hepatotoxicity through 

microscopic examination and blood sample was taken 

for biochemical parameters i-e Liver enzymes (AST, 

ALT, ALP).  

Rats in Group C (n=15) were given aqueous neem 

extract extract 500mg/kg/day orally for 15 days and 

same group also received paracetamol 2gm/kg body 

weight orally (21). The hepatoprotective effects were 

seen by histopathology of liver and biochemical 

parameters through blood sample drawn from heart of 

the rats. In Group D (n=15) rats were given 

Paracetamol and N-Acetylcysteine at a dose 140mg/kg 

intraperitoneal for 06 days (22) and hepatic effect was 

seen by histopathology of liver and biochemical 

parameters through blood sample drawn from heart of 

the Rat. 

RESULTS 

In the present study the effects of paracetamol, neem 

compound and N-acetylcysteine were observed. The 

results revealed that the toxic effects of paracetamol 

were reversed by the use of neem extract and N-

acetylcysteine and results further analyzed statistically. 

Blood Serum (AST) Levels of Rats: Mean serum 

(AST) level of animals in group A, was 22.8U/L 

whereas in group B was 110.86U/L. The results showed 

loss of liver function in Group B when compared with 

Group A with significant p value of less than 0.001. 

Mean serum (AST) level of animals in group C was 

20.133U/L. A non significant loss of liver function in 

Group C when compared with Group A with p value of 

less than 0.15 was observed. Mean serum (AST) level 

of animals in group D was 31.26U/L. While comparing 

the serum AST levels in Group A with Group D, the  

p value was found to be <0.03 as shown in the Table 

No-1. 

Table No.1: Serum AST level in different group of 

animals 

 Mean Standard 

Deviation 

Standard 

Error of 

Mean 

Group A 22.80 7.55 1.94 

Group B 110.86 12.17 3.14 

Group  C 29.13 5.06 1.30 

Group  D 31.26 5.95 1.53 

Blood Serum (ALT) Levels of Rats: Mean serum 

(ALT) level of animals in group A was 33.86U/L 

whereas in group B was 110.20U/L. The serum ALT 

levels were elevated showing significant loss of liver 

function in Group B when compared with Group A. 

The p value was found to be <0.001. Mean serum 

(ALT) level of animals in group C was 35.33U/L. A 

non significant loss of liver function in Group C when 

compared with Group A with p value of less <0.08 was 
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observed. Mean serum (ALT) level of animals in group 

D was 37.73U/L. While comparing the serum ALT 

levels in Group A with Group D, the p value was found 

to be <0.01 as shown in the Table No-2. 

Table No. 2: Serum ALT levels in different group of 

animals 

 Mean Standard 

Deviation 

Standard 

Error of Mean 

Group A 25.00 7.11 1.83 

Group B 40.00 13.00 3.35 

Group  C 20.00 6.26 1.61 

Group  D 15.00 4.77 1.23 

Blood Serum (ALP) Levels of Rats: Mean serum 

(ALP) level of animals in group A was 220U/L whereas 

in group B was 444.33U/L. The serum ALP levels were 

elevated showing significant loss of liver function in 

Group B when compared with Group A with p value of 

<0.001. Mean serum (ALP) level of animals in group C 

was 240.33U/L. A non significant loss of liver function 

in Group C when compared with Group A with p value 

of <0.06 was observed. Mean serum (ALP) level of 

animals in group D was 244.33U/L. While comparing 

the serum ALP levels in Group D with Group A, the  

p value was found to be <0.01 as shown in the Table 

No-3. 

Table No.3: Serum ALP level in different group of 

animals 

 Mean Standard 

Deviation 

Standard Error 

of Mean 

Group A 220.00 17.92 4.62 

Group B 444.33 32.23 8.32 

Group  C 240.33 18.36 4.74 

Group  D 244.66 16.08 4.15 

Histo-Pathological Observations in Group A 

(control): The biopsy specimens of liver from control 

Albino rats were observed for morphological and 

histological structure following the staining with 

routine Hemotoxyline and Eosin (H&E) stain.  

Histopathological Observations of Group B: 

 Normal parenchyma distorted. 

 Dilated and engorged central vein. 

 Congestion in hepatic sinusoids. 

 Marked necrotic hepatocytes seen. 

Histopathological Observations of Group C:  

Regenerating hepatocytes with reduced necrotic cells 

and retrained hepatic architecture seen. Few 

inflammatory cells and dilated sinusoids indicate 

recovery and resolution.  

Histopathological Observations of Group D: 

 Mild congestion in central vein. 

 Mild to moderate inflammation near hepatic cords. 

 Few necrotic hepatocytes. 

DISCUSSION 

Liver plays an important role in metabolism of drugs 

and detoxification in the body. Liver injury caused by 

toxic chemicals and certain drugs has been recognized 

as one of the toxicological problems23. Acetaminophen 

has antipyretic, analgesic and weak anti-inflammatory 

effects because of weak ability to inhibit COX on 

inflammatory site due to the presence of peroxides24. 

Hepatic necrosis is a severe adverse effect of 

paracetamol over dosage. The process by which it 

causes the hepatocellular injury and then death is by the 

conversion into intermediate quinone compound which 

is not excreted by kidney, and due to depletion of 

glutathione which causes oxidative stress that lead to 

apoptosis of highly susceptible hepatocytes25. 

N-Acetylcysteine has shown its hepatoprotective effect 

by increasing the synthesis of glutathione with marked 

improvement in Liver enzyme (ALT, AST, ALP) as 

well as on histopathology of the organ. In various 

studies it has been proved that synthetic drugs being 

used in the treatment of hepatotoxicity are having 

serious adverse effects26. In view of this, it is prudent to 

look for an alternative like medicinal plants since few 

or no side effects have been reported for neem extract 

and also to evaluate on scientific basis for their efficacy 

which has been claimed to possess or having 

hepatoprotective effects.  

Many herbal plants like Parkia Biglobosa stem bark 

have hepatoprotective effect on paracetamol induced 

Liver damage27. In present this study alkaline 

phosphotase level was not significantly reduced as 

compared to Parkia Biglobosa plant. Omega-3 has three 

essential fatty acids which protect the liver from the 

paracetamol induced liver damage among the swiss 

albino rats. This effect occurs only because of 

antioxidant action and it markedly decreased the level 

of liver enzymes like ALT, AST and ALP28. Another 

study also showed the hepatoprotective effect of neem 

leaf in diabetic albino rats induced by the Alloxon. Leaf 

extract of neem was also used for the hepatoprotective 

activity against the administration of CCL4 (75mg/k 

s/c) in albino rats29. 

In another study hepatoprotective effect was compared 

between Neem leaves and Silymarin in Albino rats 

which concluded that both herbal medicine is having 

same hepatoprotective effect, and having no significant 

difference in biochemical parameters21. In the present 

study effects of aqueous neem extract on paracetamol 

induced liver toxicity was compared with N-

Acetylcysteine, which is known antidote widely used to 

prevent hepatic toxicity since very long time. This was 

confirmed from our study on the basis of significance 

difference of biochemical parameters and histological 
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slides. Neem leaves extract is having better 

hepatoprotective effect with least side effects. 

Neem leaves extract has anti-lipoprotective property 

because it is rich in flavonoid content, which is well 

known antioxidant and similar findings was also 

confirmed by another study30. Decreased glutathione 

levels influenced by paracetamol over dose results in 

oxidant antioxidant imbalance and programmed cell 

death of hepatocytes. In this study neem leaves aqueous 

extract has reversed the hepatic injury. The possible 

suggested mechanism is through anti-oxidant and anti-

apoptotic activity of Neem leaves extract, similar 

findings were also confirmed in another study31. 

CONCLUSION 

Paracetamol is a hepatotoxic drug causing 

histomorphological damage in liver along with 

alteration in the level of Liver enzymes. Azadirachta 

indica leaves have given better results compared to N-

Acetylcysteine, on the basis of significant differences in 

biochemical parameters. 

Conflict of Interest: The study has no conflict of 

interest to declare by any author. 

REFERENCES 

1. Guyton and Hall. Text Book of Medical 

Physiology. 12th ed. Saunders Elsevier;837. 

2. Shahani S. Evaluation of Hepatoprotective 

Efficacy of APCL-A Polyherbal Formulation in 

Vivo in Rats. Ind Drugs 1999; 36: 628–31.  

3. Achliya GS, Wadodkar SG, Dorle AK. Evaluation 

of Hepatoprotective Effect of Amalkadi Ghrita 

Against Carbon Tetrachloride-Induced Hepatic 

Damage in Rats. J Ethnopharmacol 2004;90:229–

232.  

4. Kaplowitz N. Biochemical and Cellular 

Mechanisms of Toxic Liver Injury. Semin Liver 

Dis 2002; 22:137–144. 

5. Kaplowitz N. Drug-induced liver disorders: 

introduction and overview. Marcel Dekker 2002: 

1–13. 

6. Shear N, Spielberg S. Anticonvulsant 

Hypersensitivity Syndrome: In Vitro Assessment 

of Risk. J Clin Invest 1988; 82:1826–1832. 

7. Pham TV, Lu S, Kaplowitz N. Acetaminophen 

Hepatotoxicity. Gastrointestinal emergencies. 2nd 

ed. Williams & Wilkins;1997.p.371–88. 

8. Samudram P, Rajeshwari H, Vasuki R, Geetha A, 

Sathiya MP. Hepatoprotective Activity of Bi-

Herbal Ethanolic Extract on Ccl4 Induced Hepatic 

Damage in Rats. Afric. J Biochem Res 2008;2: 

61-65. 

9. Brenner GM, Stevens CW. 4th ed. 2013.p.320. 

10. Cobden I, Record CO, Ward MK, Kerr DNS. 

Paracetamolinduced acute renal failure in the 

absence of fulminant liver damage. BMJ 1982; 

284: 21–22. 

11. Von-Mach MA, Hermanns-Clausen M, Koch I, et 

al. Experiences of a poison center network with 

renal insufficiency in acetaminophen overdose: an 

analysis of 17 cases. Clin Toxicol 2005;43:31–37. 

12. Pimstone BL, Uys CJ. Liver necrosis and 

myocardiopathy following paracetamol 

overdosage. S Aft Med J 1968; 42: 259. 

13. Will EJ, Tomkins AM. Acute myocardial necrosis 

in paracetamol poisoning. Br Med J 1971; 4: 430. 

14. Mitchell JR, Jollow DJ, Potter WZ, Gillette JR, 

Brodie BB. Acetaminophen-induced hepatic 

necrosis. IV. Protective role of glutathione. J 

Pharmacol 1973.  

15. Prescott LF, Park J, Ballantyne A, Adriaenssens P, 

Proudfoot AT. Treatment of paracetamol 

(acetaminophen) poisoning with N-acetylcysteine. 

Lancet II 1977; 432-434. 

16. Harvey RA. Acetaminophen Induced Hepatic 

Damage Treated With N-Acetylcysteine. 

Lippincott’s illustrated Review 5th ed. 2012.p.538. 

17. Galinsky RE, Levy G. Effect of N-acetylcysteine 

on the pharmacokinetics of acetaminophen in rats. 

Life Sci 1979;25:693-700. 

18. Imam H, Hussain A, Ajij A. Neem (Azadirachita 

indica A. Juss) A Nature’s drugstore: An overview. 

I Res J Biological Sci 2012; 1:76. 

19. Khosla P, Bhanwra S, Singh, J, Seth S, Srivastava 

RK. A study of hypoglycemic effects of 

Azadirachta indica (Neem) in normal and alloxan 

diabetic rabbits. Ind J Physiol Pharmacol 2000; 

44(1): 69 - 74. 

20. Bandyopadhyay U, Biswas K, Chatterjee R, 

Bandyopadhyay D, Chattopadhyay I, Ganguly CK, 

et al. Gastroprotective effect of Neem 

(Azadirachtaindica) bark extract: possible 

involvement of H(+)-K(+)-ATPaseinhibition and 

scavenging of hydroxyl radical. Life Sci 2002;71: 

2845-2865. 

21. Shivashankara-murthy KG, kiran LJ. Evaluation of 

Hepatoprotective Effect Of Aqueous Neem Leaf 

Extract Against Paracetamol Induced 

Hepatotoxicity In Albino Rats. Ind Pharmacol 

2011; 2:1013-1024. 

22. Prescott L. Oral Or Intravenous N-Acetylcystein 

For Aceaminophen Poisoning. Annuals Emerg 

Med 2005; 45 (4): 404-413. 

23. Kaplowiz N. Drug Induced Liver Disorders, 

Implication for Drug Development and Regulation. 

Drug Saf 2001; 24: 483-490. 

24. Betten DP, Cantrell FL, Thomas SC, Williams SR, 

Clark RF. N-Acetylcysteine for Acetaminophen 

overdose: when enough is enough. Hepatol 2007; 

46(3): 939-941.  

25. Larsom AM, Polson J, Fontana RJ, et al. 

Acetaminophen induced liver damage, results a 



Med. Forum, Vol. 27, No. 10  October, 2016 6 6 

united states multicenter study hepatology 2005; 

42:1364-1372. 

26. Saeed H, et al. Relationship Between Serum 

Acetaminophen Concentration And N-

Acetylcystemic, Induced Adversee Drug 

Reactions. Basic and Clinical Pharmacology and 

Toxicology 2010; 107, 718-723. 

27. Ajibola M, Olugbemi O, Stephanie A et al. 

Hepatoprotective effect of parkia biglobosa stem 

bark methanolic extract on paracetamol induced 

liver damage in wister rats. Science Publishing 

Group 2013; 1(4); 75-78. 

28. Meganathan M, Gopal KM, Sasikala P, et al. 

Evaluation of hepatoprotective effect of Omega-3 

fatty acids against Paracetamol induced liver injury 

in albino rats. Global J Pharmacol 2011;5(1):50-53. 

29. Kumari R, Parkash R, Suman PK, et al 

Hepatoprotective activity of Azadirachita Indica 

leaves on alloxan induced diabetic swiss albino 

mice. Int J Basic Applied Sci Res 1965;2014:2349. 

30. Bandyopadhyay U, Biswas K, Chatterjee R, 

Bandyopadhyay D, Chattopadhyay I, Ganguly CK, 

et al. Gastroprotective Effect Of Neem 

(Azadirachtaindica) Bark Extract: Possible 

Involvement Of H(+)-K(+) Atpase Inhibition And 

Scavenging Of Hydroxyl Radical. Life Sci 2002; 

71: 2845-2865. 

31. Dkhil MA, Al-Quraishy S, Aref AM, Othman MS, 

El-Deib KM, Moneim AEA.  The Potential Role   

Indica Treatment on Cisplatin Induced 

Hepatotoxicity and Oxidative Stress in Female 

Rats. Oxidative Medicine and Cellular Longevity 

2013;1-9. 

 


