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Effect Of Paracetamol(Acetaminophen) Toxicity On Oxidative Stress and Antioxidant Enzymes In Albino Rats
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Abstract: This study aimed to investigate the impact of paracetamol on oxidative stress and some antioxidant markers in male rabbits.Methods: 30 growing rats reared under high ambient temperature were divided into three equal groups, 10 rats. The control was administered with normal saline in the first group, and the second and third groups were paracetamol-treated rats (1000 & 2000 mg/kg b.w. orally) for 30. Blood samples were withdrawn to measure serum Glutathione (GSH), malondialdehyde (MDA), Superoxide dismutase (SOD), and catalase (CAT), and activities were assayed. Results: In the paracetamol-treated group, significant increases in malondialdehyde (MDA) levels and significant decreases in catalase (CAT), glutathione, SOD, and GSH levels compared to the control group.Conclusion: paracetamol administration produces noticeable biochemical changes in a dose-dependent manner associated with increased oxidative stress markers and decreased antioxidative activity.
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1. Introduction
Minimizing toxicity remains one of the major barriers to bringing a drug to market. Approximately 92% of all developed compounds fail because of adverse effects of the candidate during clinical development. Millions worldwide use paracetamol (acetaminophen – APAP) as a safe analgesic drug at therapeutic doses 1-3. After oral administration, about 63% of paracetamol is metabolized via glucuronidation and 34% via sulphation, primarily in the liver. The water-soluble metabolites consisting of these metabolic pathways are excreted via the kidney. N-acetyl-p-benzoquinone (NAPQI) is a reactive intermediate that occurs when the microsomal P-450 enzyme system4,5 oxidizes the <5% percent of paracetamol. The main reason for the development of such medical complications is that when the toxic dose of paracetamol is ingested, excessive NAPQ1 is produced and consequently causes serious GSH reduction as well as overproduction of reactive metabolites leading to covalent attachment of sulfhydryl groups in cellular proteins. This disrupts homeostasis and starts apoptosis or programmed cell death, leading to tissue necrosis, organ dysfunction and oxidative stress6.
2. Materials and Methods
The experimental study was conducted on 30 rats (200 mg) from 15/3/2022. It has been achieved in the animal house of the College of Veterinary Medicine / Tikrit University. They were left to acclimatize for 1 week. They were housed in metallic cages at room temperature and kept under constant healthy environmental and nutritional conditions. Animals were kept under a schedule of diurnal lighting conditions (12 h of darkness and 12 h of light); they were fed on ordinary food and housed under standard laboratory conditions. The animals were divided into 3 cages of 10 animals each.
Control group 1 (G1): It included 10 adult rats. The animals of this group received 1 ml of normal saline 0.9% for 4 weeks.
Treated group 2 (G2): It included 10 rats. Each animal received 1000mg/kg/day of paracetamol daily for 30 days.
Group 3 (G3): It included 10 rats; each animal received 2000mg/kg/day of paracetamol daily for continuous 30 days.
  Blood samples (5 ml) were collected through retro-orbital puncture. Serum samples were prepared for biochemical assays by centrifuging for 10 min at 3000 rpm. All serum samples were kept at −80°C until the assays were performed. Serum SOD, GSH, MDA, G-Px, and catalase levels were measured by spectrophotometric kit.
2.1. Statistical Evaluation
Data was expressed as mean ± SD. Differences between groups were compared by ANOVA using the SPSS software (version 16). A p-value of less than 0.05 was considered to be statistically significant.
3. Results
Table 1. Effect of paracetamol administration on biochemical parameters of rats
	SOD
	GSH
	MDA
	CAT
	Parameters
Groups

	666.0±43.6
A
	290.1±16.0
A
	0.573±0.082
A
	6.110±1.092
	G1

	384.0±24.6
B
	262.6±18.8
Ab
	0.669±0.173
A
	a 2.776±1.197
B
	G2

	97.8±23.5
C
	0.702±0.014B
	0.702±0.014
A
	1.709±1.083
b
	G3

	0.050 *
	0.049 *
	0.393 ns
	0.044 *
	P – Value




Figure 1. Effects of paracetamol on the serum MDA in adult rats

Figure 2. Effects of paracetamol on the serum catalase in adult rats

Figure 3. Effects of paracetamol on the serum GSH in adult rats

Figure 4. Effects of paracetamol on the serum SOD in adult rats
4. Discussion
Oxidative and reductive stress are dual dynamic phases experienced by the cells adapting to an endogenous or exogenous noxious stimulus. The former arises due to the imbalance between the production of reactive oxygen species (ROS) or free radicals and antioxidant defense, which may induce tissue injury and play a significant role in the pathogenesis of many diseases and mechanisms of complications 7-9. Malondialdehyde is a decomposition product of auto-oxidation of polyunsaturated fatty acids, used as an oxidative damage index. The high concentration of MDA in those patients indicates increased membrane lipid peroxidation. Enhanced lipid peroxidation may occur as a result of the fact that naturally occurring scavenging mechanisms are suppressed, and the free radical generation processes are enhanced10-11. The high concentration of MDA in those patients indicates increased membrane lipid peroxidation. Regarding serum MDA levels, which are decomposition products of auto-oxidation of polyunsaturated fatty acids, the index of lipid peroxidation and oxidative stress significantly increased in the paracetamol group compared to the control group. Glutathione (GSH) is a non-enzymatic tripeptide protecting the tissues and organs against the adverse effects of ROS. It plays a role in eliminating free radical species such as H2O2, superoxide radicals and membrane protein thiols. It is also known as a substrate of the GPx enzyme.GSH significantly contributes to the detoxification of NAPQI and scavenging of peroxynitrite in APAP hepatotoxicity. Nevertheless, excessive NAPQI induces prominent depletion of GSH and subsequently results in lipid peroxidation, which is indicated by MDA accumulation12,13. The infiltrating inflammatory cells also generate ROS and free radicals, including hydroxyl radical superoxide anion, hydrogen peroxide and singlet oxygen. Superoxide dismutase (SOD) is widely distributed in oxygen-metabolizing cells and can catalyze the dismutase conversion of superoxide to oxygen and hydrogen peroxide. Then hydrogen peroxide is catalyzed to water by catalase and glutathione system. SOD and other enzymatic antioxidative agent activities decline in severe inflammatory and oxidative stress conditions14,15. The SOD and catalase levels were significantly decreased in the paracetamol-treated rats, which might be due to the decrease in the capacity to eliminate increased H2O2, which is converted to highly reactive hydroxyl radical through Fenton reaction at the existence of enriched Fe2+/Cu1+ 16. These results were in agreement with a study done by Mervat 17. Catalase, GPx and SOD are the two scavenging enzymes that enhance superoxide anion’s breakdown by converting them into H2O2 and are catalytically converted by catalase into groundstate oxygen and hydroxyl radicals 18,19. GPx serves to prevent oxidative stress. GPx, a selenium-containing enzyme, and GST collaborate with GSH to degrade H2O2 or other organic into non-toxic compounds. The treatment of paracetamol in rats decreased the levels of Catalase, GPx and SOD20.   
5. Conclusion
Paracetamol administration produces noticeable biochemical changes in a dose-dependent manner associated with increased MDAm and decreased Catalase, GSH and SOD.
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