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Abstract

Paracetamol (Acetaminophen) in toxic doses caused hepatic centrilobular necrosis while L-arginine could offer wide range of bio-
benefits. Thus, this study investigated the effect of L-arginine on some bio-indicators of hepatic functions of Paracetamol-intoxicated 
Wistar rats. Twenty five rats (average weight, 88.00 g) were randomly allocated to five groups (n = 5). Rats in Group A (Control) were 
fed with feed and water while those in Group B (Arginine) were administered 60 mg/ kg body weight of L-arginine. Rats in Group C 
(Paracetamol) were administered 1000 mg/kg body weight of Paracetamol whereas those in Group D (Arginine/Paracetamol) were 
administered L-arginine and paracetamol at 60 mg/kg and 1000 mg/kg body weight, respectively while rats in Group E (High dose 
Arginine/Paracetamol) were administered 120 mg/kg and 1000 mg/kg body weight of L-arginine and Paracetamol, respectively. 
Treatment was daily and per oral for 14 consecutive days. Results showed that, compared with the control, alanine aminotransferase 
(ALT) activity was significantly increased (p < 0.05) in paracetamol-intoxicated group of rats but reduced (P < 0.05) in rats exposed 
to L-arginine together with intoxicating dose of Paracetamol. A converse but similar trend was observed in the albumin concentra-
tion of the rats. Aspartate aminotransferase (AST) and total bilirubin activities were significantly increased (p < 0.05) in all treated 
groups, compared with the control. Alkaline phosphatase (ALP) and total serum protein decreased significantly when compared with 
the control. Thus, L-arginine may mitigate Paracetamol-induced adverse effect on some bio-indicators of hepatic functions of rats.
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Abbreviations 

ALT: Alanine Amino Transferase; AST: Aspartate Amino Transferase; ALP: Alkaline Phosphatase; TP: Total Protein; SPSS: Statistical Pack-
age for Social Sciences; LSD: Least Significant Difference; CNS: Central Nervous System; NAPO1: N-Acetyl-p-Quinone Imine

Introduction

Paracetamol (acetaminophen), a popular and commonly used analgesic and antipyretic drugs around the world, was discovered 
100years ago [1]. Due to its availability, incident of accidental and intentional abuse are numerous. As a result of the high rate of abuse, 
paracetamol has been described as one of the most common cause of liver failure [2,3]. Paracetamol is metabolized in the liver via three 
pathways-glucuronidation, sulfation and hepatic cytochrome P450enzyme system. At intoxicated dose, paracetamol causes hepatic cen-
trilobular necrosis [3], which has been linked with excessive generation of the highly toxic metabolite N-acetyl-P-benzo-quinone imine 
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(NAPQI). Paracetamol is oxidatively transformed to N-acetyl-P-benzo-quinone imine (NAPQI) by the Cytochrome P450 enzyme system 
particularly the CYP450 2E1 [4,5]. Endogenous glutathione binds to NAPQ1 and detoxifies it to a non toxic metabolite (Mercapturic acid) 
which is excreted in urine. However, at toxic level, hepatic glutathione depletion occurs when NAPQ1 formation exceeds the available 
supply of glutathione [5]. The undetoxified NAPQ1 eventually binds to cellular macromolecules [3,6] like cellular proteins resulting in 
impairment in mitochondrial respiration [7], opening of the mitochondrial permeability transition pores [8], elevation of the oxidative 
stress [8] as well as hepatic necrosis [9]. The risk of paracetamol toxicity increases with malnutrition [10], application of paracetamol 
combined with drugs inducing cytochrome P450 [11,12].

Paracetamol mechanism of action is dependent on the inhibition of prostaglandin and other pro-inflammatory chemical synthesis that 
takes place in the central nervous system (CNS) which blocks pain impulse generation. It provides relief from mild to moderate pain and 
fever [13,14]. 

L-Arginine, a semi-essential amino acid found in many dairy products. [15]. It plays a role in several important mechanisms in the 
body; ‘in cell division [16], in healing of wounds [15,18], in the removal of ammonia from the body, immune function, and the secretion 
of important hormones [19,20,21]. L-Arginine is required for synthesis of proteins and serves as a precursor for synthesis of creatine, ag-
matine, urea, polyamines, proline, glutamate [22]. The body also uses arginine to synthesize nitric oxide, which relaxes the blood vessels 
(vasodilation) [23].

Bio indicators of hepatic functions such as: Serum Bilirubin, Alanine Amino Transferase (ALT), Aspartate Amino Transferase (AST) and 
Alkaline Phosphatase (ALP) are used for the investigation of suspected liver diseases and injuries [24].

Elevated levels of these bio-indicators of hepatic functions reveals hepatocellular damage, toxic or ischemic liver injury, liver tissue 
degeneration and necrosis [25,26]. 

Aim of the Study

In view of these, the present work aimed to evaluate the effect of L-arginine on some Bio indictors of paracetamol intoxicated wistar rats.

Materials and Methods

Chemicals and reagents

L-Arginine (Anala R) manufactuered by BDH Chemical Ltd, Poole England and purchased from Fecotex Chemical Ltd, Abia state, Nige-
ria, Paracetamol (Acetaminophen) manufactured by Emzor, procured from Orchad Pharmacy, Nigeria. All other chemical reagents were 
of analytical grades.

Concentration determination/justification

L-arginine concentration (60 mg/kg b.wt) used in this study was based on the recommendation from WHO as used in previous studies 
[23,24-30]. Paracetamol dose used in this study (1000 mg/kg b.wt) was based on intoxicating doses used in earlier studies [31].

Animals 

Twenty-five male Wistar rats (Average weight, 88.4g) procured from the animal house of the College of Vertinery, Micheal Okpara Uni-
versity of Agriculture Umudike. The animals were housed in cages under standard hygienic condition in accordance with the guidelines 
of the National Institute of Health, USA, for ethical treatment of laboratory animals as adopted by Ethical Committee of Michael Okpara 
University of Umudike.



Citation: Uzoma Sydney C., et al. “Effect of L-Arginine on Some Bio-indicators of Hepatic Functions of Paracetamol-Intoxicated Rats”. EC 
Pharmacology and Toxicology 9.9 (2021): 04-09.

Effect of L-Arginine on Some Bio-indicators of Hepatic Functions of Paracetamol-Intoxicated Rats

06

Experimental design

Animals were randomly assigned into five groups of (n = 5). Group 1 and group from 2 to 5 served as control and experimental groups 
respectively. Group 2 were administered 60 mgkg body weight of L-arginine dissolved in 0.2 mls of distilled water. Group 3 were adminis-
tered 1000 mgkg body weight of paracetamol dissolved in 1.0 mls of distilled water. Group 4 were administered 60 mgkg (low dose) of L-
arginine and 1000 mgkg of paracetamol dissolved in 1.2 mls of distilled water. Group 5 were administered 120 mg kg (high dose) of L ar-
ginine and 1000 mg /kg of paracetamol dissolved in 1.4 ml of distilled water. Treatment was daily, oral intubation and lasted for 14 days. 
The rats were sacrificed on the fifteenth day of experiment.

Blood sample collection and preparation

24 hrs following the last set of treatments, the animals were sacrificed via cervical dislocation, Blood samples were collected through 
cardiac puncture. Whole blood were allowed to coagulate in plain containers, from where serum was separated for other biochemical 
assay, while the liver of the rats were harvested after dissecting through a midline abdominal incision passing through the abdominal 
wall musculature into the peritoneal cavity. The organs tissues were viewed, washed in cold saline and fixed in 10% normal saline for 
histopathological examination.

Biochemical assays

Determination of alanine aminotransferase (ALT)

ALT activity was determined following the principles described by Reitman and Frankel (1957).

Determination of aspartate aminotransferase (AST)

AST activity was determined following the principles described by Reitman and Frankel (1957).

Determination of total serum proteins

The principle is based on the fact that at alkaline pH 7.0, proteins form a stable complex with Cu2+, which is photometrically measured. 

Determination of total bilirubin

This was done according to the method of Jendrassik and Grof (1938) as contained in Randox assay kits manual.

Determination of alkaline phosphatase (ALP)

ALP activity was determined following the principles described by Englehardt (1970).

Statistical analysis

SPSS version 20 was used for the statistical analysis. Results were analyzed using mean ± Sem (Standard error of the mean). The differ-
ences between the groups were tested using the least significant difference (LSD) p-values < 0.05 were considered statistically significant. 

Results 
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Discussion

Following acetaminophen toxicity, activities of ALT and AST increased significantly in the positive control group. This is in line with the 
findings of Ghaffar and Jadvi [7] which showed dramatic increase in AST and ALT activities following paracetamol intoxication. Damage 
to hepatic cells, can cause hepatocellular enzyme leakage into the serum from the cytosol, which shows peak activities between 24 to 48 
hour after a toxic insult [23,32]. However, treatment with L- arginine decreased the activity of ALT and AST. Results of ALP activity showed 
significant reduction in the positive control group compared to the normal. This observation was different from that reported by Oyedepo 
[16] who observed an increase in ALP activity after intoxication with paracetamol at 2 g/kg body weight. This could mean that at 1 g/kg, 
paracetamol do not cause alterations in the excretion of bile by hepatocytes. Liver injury as a result of toxicants can lead to defects in the 
excretion of bile by hepatocytes which are manifested as their activity increases in the serum [19]. 

The results of this study indicated decrease in the activity of AST and ALT in the groups administered L- arginine after intoxication 
with paracetamol. AST activity was reduced dose dependently. The therapeutic effect of L-arginine may be the result of stabilization of 
plasma membrane, in other words preserving structural integrity of the cell as well as the repair of damages induced on the hepatic tis-
sues by paracetamol [16]. The significant increase in the activity of serum AST in paracetamol intoxicated rats was also accompanied by 
significant increase in total bilirubin. In addition, the hepatotoxicity of acetaminophen was confirmed by the results of total protein (TP) 
and albumin concentrations. As both were significantly decreased. Most plasma proteins are synthesized by the hepatocytes, abnormal-
ity of which indicates a lower serum concentration. Decreases in total protein and albumin concentration was also observed at high dose 
paracetamol intoxication [9,16]. A reduction in TP and albumin concentration reflects synthetic incapability of the liver of rats intoxicated 
with paracetamol. This may interfere with active participation in fluid exchange binding and transport function, buffering action and 
enzyme activities of plasma protein [1]. 

The increase in total bilirubin in rats intoxicated with paracetamol, compared to the control reflects an increased breakdown of hemo-
globin or other heme containing proteins. In addition, failure of a damaged liver to conjugate and excrete bilirubin results in the increased 
concentration of bilirubin in the serum [3,14]. Treatment of paracetamol intoxication with L-arginine did not reduce serum total bilirubin 
concentration. Also observed, was the increase in serum total bilirubin in L-arginine treated group. This indicates that administration of 

L-arginine at 60 mg/kg body weight could result in moderate increase in serum total bilirubin concentration. This explains the non reduc-
tion of serum total bilirubin concentration in the groups treated with L-arginine at different doses.

Conclusion 

Intoxication of experimental species with paracetamol at 1000 mg/kg body weight caused liver damage with the extent of damage 
depending on the dose and duration of exposure. L-arginine at 60 mg/kg body weight ameliorated the damaging effects of paracetamol 
overdose therefore; caution must be taken with the prescription and rampant use of paracetamol.

Groups AST (IU/L) ALT (IU/L) ALP (IU/L) Albumin (g/dl) Protein (g/dl) T-Bil (mg/dl)
Group 1 Control 61.60 ± 1.03 33.80 ± 0.37 11.00 ± 1.48 3.20 ± 0.12 7.94 ± 0.08 1.20 ± 0.12

Group 2 Arginine 65.00 ± 5.47 35.00 ± 0.84 5.25 ± 0.37* 3.05 ± 0.16 7.35 ± 0.50 1.43 ± 0.03*
Group 3 Paracetamol 81.50 ± 2.69* 37.25 ± 1.65* 6.25 ± 0.19* 2.43 ± 0.08* 5.60 ± 0.18* 1.45 ± 0.04*
Group 4 ARG & PARA 78.20 ± 1.32* 26.60 ± 1.03* 6.60 ± 0.24* 3.64 ± 0.19* 5.42 ± 0.12* 2.53 ± 0.05*

Group 5 High Dose 
ARG and PARA

72.25 ± 1.53* 43.25 ± 0.97* 8.75 ± 0.37* 2.18 ± 0.07* 5.38 ± 0.14* 1.46 ± 0.03*

Table 1: Effect of L-arginine on Bio-markers of Hepatic functions of paracetamol intoxicated wistar rat. 
Results = Mean ± SEM. Means marked * is significantly different from normal control (P < 0.05).



Citation: Uzoma Sydney C., et al. “Effect of L-Arginine on Some Bio-indicators of Hepatic Functions of Paracetamol-Intoxicated Rats”. EC 
Pharmacology and Toxicology 9.9 (2021): 04-09.

Effect of L-Arginine on Some Bio-indicators of Hepatic Functions of Paracetamol-Intoxicated Rats

08

Bibliography

1. Chatterjee S., et al. “Synergistic therapeutic potential of dexamethasone and l-arginine in lipopolysaccharide-induced septic shock”. 
Journal of Surgical Reserve 140 (2007): 99-108.

2. Davi VT., et al. “Hormonal response to L-arginine supplementation in physically active individual”. Food Nutrition Research 58 (2014): 
10.

3. Deepak V., et al. “Abnormal findings on liver function tests: Interpreting result to narrow the diagnosis and establish a prognosis”. 
Postgraduate Medicine 107.2 (2000): 100-114.

4. Egbuonu ACC., et al. “Some biochemical effects of sub-acute oral administration of L-arginine on monosodium glutamate-fed Wistar 
albino rats 1: Body weight change, serum cholesterol, creatinine and sodium ion concentrations”. Toxicological Environmental Chem-
istry 92 (2010c): 1331-1337.

5. Englehardt A. “Measurement of alkaline phosphatase”. Aerztl Labor 16 (1970): 42.

6. Fayh AP., et al. “Effect of L-arginine supplementation on secretion of human growth hormone and insulin-like growth factor in adults”. 
Arquivos Brasileiros Endocrinologia Metabologia 51 (2007): 587-592. 

7. Ghaffar UB and Naser Ashraf Tadvi. “Paracetamol Toxicity: A Review”. Journal of Contemporary Medicine 2 3.12 (2014). 

8. Hwang EI. “Inhibition of chitin synthase 2 and antifungal activity of lignanas from the stem bark of lindera erythrocarpo”. Planta 
Medica 73.7 (2007): 679-682.

9. Iyanda AA and Adeniyi FAA. “Biochemical and Histologic presentation of female wistar rats administered with different doses of 
paracetamol and methionine”. Nigerian Journal of Physiological Science 26 (2011): 151-160.

10. Jaeschke H., et al. “Oxidant stress, mitochondria, and cell  death mechanisms in drug-induced liver injury: lessons learned from 
acetaminophen hepatotoxicity”. Drug Metabolism Review 44 (2012): 88-106.

11. Jendrassik L., et al. “Acute Liver Failure Study Group. Acetaminophen-induced acute liver failure: results of a United States multi-
center, prospective study”. Hepatology 42 (2005): 1364-1372.

12. Jendrassik and Grof. “Vereinfachte, photometrische methoden zur Bestimmung des blutbilirubins”. Biochemische Zeitschrift 297 
(1938): 81-89.

13. Marta JB and Jerzy ZN. “Paracetamol: Mechanism of action, applications and safety concern”. Acta Poloniae Pharmaceutica-Drug Re-
search 71.1 (2014): 11-23.

14. Mankani KL., et al. “Evaluation of hepatoprotective activity of stem bark of Pterocarpus marsupium Roxb”. Indian Journal of Pharma-
cology 37.3 (2005): 165-168.

15. Mohamed ZG. “Anti-aging effects of arginine”. Journal of Advanced Research 1 (2010): 169-177.

16. Oyedepo TA. “Hepatoprotective activity of Annona muricata leaf extract against paracetamol induced hepatotoxicity”. Journal of Ad-
vances in Scientific Research and Application (2014): 1.

17. Philip H and Johny C. “What are the real functions of the liver ‘function’ test?” Ulster Medical Journal 81.1 (2011): 30-36.

18. Reitman S and Frankel S. “A colorimetric method for determination of serumglutamic pyruvic transaminases”. American Journal of 
Clinical Pathology 28 (1957): 5663.

https://pubmed.ncbi.nlm.nih.gov/17292408/
https://pubmed.ncbi.nlm.nih.gov/17292408/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3967014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3967014/
https://pubmed.ncbi.nlm.nih.gov/10689411/
https://pubmed.ncbi.nlm.nih.gov/10689411/
https://www.tandfonline.com/doi/abs/10.1080/02772240903450645
https://www.tandfonline.com/doi/abs/10.1080/02772240903450645
https://www.tandfonline.com/doi/abs/10.1080/02772240903450645
https://pubmed.ncbi.nlm.nih.gov/17684620/
https://pubmed.ncbi.nlm.nih.gov/17684620/
https://www.researchgate.net/publication/276463640_Paracetamol_Toxicity_A_Review
https://pubmed.ncbi.nlm.nih.gov/17538872/
https://pubmed.ncbi.nlm.nih.gov/17538872/
https://pubmed.ncbi.nlm.nih.gov/22547184/
https://pubmed.ncbi.nlm.nih.gov/22547184/
https://pubmed.ncbi.nlm.nih.gov/22229890/
https://pubmed.ncbi.nlm.nih.gov/22229890/
https://pubmed.ncbi.nlm.nih.gov/24779190/
https://pubmed.ncbi.nlm.nih.gov/24779190/
https://www.ijp-online.com/article.asp?issn=0253-7613;year=2005;volume=37;issue=3;spage=165;epage=168;aulast=Mankani
https://www.ijp-online.com/article.asp?issn=0253-7613;year=2005;volume=37;issue=3;spage=165;epage=168;aulast=Mankani
https://www.sciencedirect.com/science/article/pii/S2090123210000573
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3609680/
https://pubmed.ncbi.nlm.nih.gov/13458125/
https://pubmed.ncbi.nlm.nih.gov/13458125/


Citation: Uzoma Sydney C., et al. “Effect of L-Arginine on Some Bio-indicators of Hepatic Functions of Paracetamol-Intoxicated Rats”. EC 
Pharmacology and Toxicology 9.9 (2021): 04-09.

Effect of L-Arginine on Some Bio-indicators of Hepatic Functions of Paracetamol-Intoxicated Rats

09

19. Rajesh MG and Latha MS. “Preliminary evaluation of the antihepatotoxic activity of Kamilari, a polyherbal formulation”. Journals of 
Ethnopharmacology 91 (2004): 99-104.

20. Shivaraj G., et al. “A review on laboratory liver function tests”. Article in Pan African Medical Journal 11 (2009): 2102-2106.

21. Stirnimann G., et al. Liver injury caused by drugs: an update”. Swiss Medical Weekly 140 (2010): 13080.

22. Thapa BR and Anuj W. “Liver Function Tests and their Interpretation”. Indian Journal of Pediatrics 74 (2007): 663-671.

23. Ujowundu CO., et al. “Chemoprotective potentials of Ocimum gratissimum in diesel petroleum induced hepatotoxicity in albino wistar 
rats”. Journal of Applied Pharmaceutical Science 01.10 (2011): 56-61.

24. Vidhya Malar HL and S Mary MB. “Beware of Paracetamol Toxicity”. Journal of Clinical Toxicology 2.6 (2012): 1-3.

25. Morris SM. “Arginine: Beyond protein”. American Journal of Clinical Nutrition 83 (2006): 508S-512S. 

26. Larson AM., et al. “Acute Liver Failure Study Group. Acetaminophen-induced acute liver failure: results of a United States multicenter, 
prospective study”. Hepatology 42 (2005): 1364-1372.

27. Park BK., et al. “The role of metabolic activation in drug-induced hepatotoxicity”. Annual Review Pharmacology and Toxicology 45 
(2005): 177-202.

28. Mabalirajan U., et al. “L-arginine reduces mitochondrial dysfunction and airway injure in murine allergic airway inflammation”. Inter-
national Immunopharmacology 10 (2010): 1514-1519. 

29. Waring WS. “Expert Review of Clinical Pharmacology 5 (2012): 311.

30. Majeed SK., et al. “Long term toxicological effect of paracetamol in rats”. Iraq Journal of Veterinary Science 27.1 (2012): 65-70.

31. Yuan L and Kaplowitz N. “Mechanisms of drug-induced liver injury”. Clinical Liver Disease 17 (2013): 507-518.

32. Alisi CS., et al. “Inhibition of dehydrogenase activity in pathogenic bacteria isolates by aqueous extracts of Musa paradisiacal (Van 
sapientum)”. African Journal of Biotechnology 7.12 (2008): 1821-1825.

Volume 9 Issue 9 September 2021
© All rights reserved by Uzoma Sydney C., et al.

https://pubmed.ncbi.nlm.nih.gov/15036476/
https://pubmed.ncbi.nlm.nih.gov/15036476/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2984286/
https://smw.ch/article/doi/smw.2010.13080
https://pubmed.ncbi.nlm.nih.gov/17699976/
https://www.researchgate.net/publication/287857465_Chemoprotective_potentials_of_Ocimum_gratissimum_in_diesel_petroleum_induced_hepatotoxicity_in_albino_wistar_rats
https://www.researchgate.net/publication/287857465_Chemoprotective_potentials_of_Ocimum_gratissimum_in_diesel_petroleum_induced_hepatotoxicity_in_albino_wistar_rats
https://www.researchgate.net/publication/271102183_Beware_of_Paracetamol_Toxicity
https://pubmed.ncbi.nlm.nih.gov/16470022/
https://pubmed.ncbi.nlm.nih.gov/16317692/
https://pubmed.ncbi.nlm.nih.gov/16317692/
https://pubmed.ncbi.nlm.nih.gov/15822174/
https://pubmed.ncbi.nlm.nih.gov/15822174/
https://pubmed.ncbi.nlm.nih.gov/20840838/
https://pubmed.ncbi.nlm.nih.gov/20840838/
https://www.researchgate.net/journal/Expert-Review-of-Clinical-Pharmacology-1751-2441
https://www.researchgate.net/publication/332061646_Long-term_toxicological_effects_of_paracetamol_in_rats
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3793205/
https://www.ajol.info/index.php/ajb/article/view/58809
https://www.ajol.info/index.php/ajb/article/view/58809

