
Hilal et al.                                                                                                                                   87 
 

 

          Egypt J. Forensic Sci. Appli. Toxicol.                                 Vol 19 (1), March 2019 

AMELIORATIVE ROLE OF ALPHA LIPOIC ACID ON 
PARACETAMOL INDUCED RENAL TOXICITY AND 

OXIDATIVE STRESS IN RATS 
 

Maha A. Hilal
1
, Reda M. Elsayed

1
, Sheren F. Mahmoud.

2
, Amany A.Abdallah

3
, Sara E. 

Kasem
1
 

1
Forensic Medicine and Clinical Toxicology Department 

2
Pathology Department 

3
 Clinical Pathology Department 

Faculty of Medicine, Sohag University.Sohag, Egypt 

 

Corresponding Author: Sara E. Kasem 

E-mail:sara_alsayed86@yahoo.com 

Postal address: Department of Forensic Medicine and Clinical Toxicology, Faculty of Medicine, 

Sohag University, Nasr city, Sohag, Egypt. 

 
ABSTRACT 

 

Background: Paracetamol, is the most widely used over-the-counter analgesic and 

antipyretic medication in the world, which has no adverse effect at therapeutic dosages. But 

in high doses causes renal failure. Objectives: The current study was designed to investigate 

paracetamol toxic effects upon the kidney and oxidative stress after repeated oral dose and 

evaluate possible protective effect of alpha lipoic acid when co-administered with and after 

paracetamol. Methods: forty eight white albino rats were divided equally into four groups. 

Each group was subdivided into two sub groups A & B. Group I received gum acacia 

suspension. Group II received Alpha lipoic acid (50mg/kg) orally. Group III received 

paracetamol (1 gm/ kg orally) for 4 weeks. Group IV received paracetamol and alpha lipoic 

acid at the same doses. Sub groups A were euthanized after 4 weeks, while sub groups B 

were euthanized after 8 weeks. Blood was collected for evaluation of kidney functions and 

oxidative stress markers. The kidneys were preserved for histopathological examinations. 

Results: The study proved that repeated administration of paracetamol induced disturbed 

kidney functions and oxidative stress. But this toxic effects decline markedly when alpha 

lipoic acid was co-administered with paracetamol. And more improvement occurs when 

ALA was administered for another 4 weeks after stoppage of paracetamol. Conclusions: 

The present study concluded that repeated paracetamol administration has nephrotoxic and 

oxidative stress effect and alpha lipoic acid has a protective effect against such harmful 

effects. 

KEYWORDS: Paracetamol; renal toxicity, oxidative stress, Alpha lipoic acid. 
 

INTRODUCTION 

Paracetamol is one of the most 

commonly used antipyretic and 

analgesic drug in the world, which has 

no adverse effect when used at the 

therapeutic dose (Kanno et al., 2006). 

It is available in more than 200 

over the counter (OTC) and 

prescription medications, either singly 

or combined with other drugs (Patrick 

and Eugene, 2007). 

Paracetamol is mainly 

metabolized via sulfation and 
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glucuronidation pathways into non-

toxic products (glucuronide and 

sulfate) that are excreted in the urine. 

Less than 5% of paracetamol is 

converted via the CYP (Cytochrome 

P) pathway, in particular CYP2E1, 

into a highly toxic metabolite, N-

acetyl p benzoquinone imine 

(NAPQI). NAPQI is rendered non-

toxic by being conjugated to 

glutathione. With larger doses of 

paracetamol, the accumulation of high 

levels of NAPQI leads to depletion of 

glutathione (Ben-Shachar et al., 

2012). 

Paracetamol is the first step of the 

World Health Organisation (WHO) 

analgesic ladder for cure of cancer 

pain (Carlson, 2016). Also, it has 

been recommended as the first choice 

in long term treatment of mild to 

moderate pain in patients with chronic 

knee or hip osteoarthritis (Zhang et 

al., 2010). 

Paracetamol toxicity may occur 

even at therapeutic dose in presence of 

risk factors as diabetes mellitus (Song 

et al., 1990), obesity (O’Shea et al., 

1994) and chronic under-nutrition 

(Zhang et al., 1999). 

Concomitant use of other 

medications, especially cytochrome 

P450-inducers, as isoniazid, rifampin, 

and phenytoin increases the risk of 

chronic paracetamol toxicity (Heard 

et al., 2012). 

The kidney is the second target 

organ of paracetamol toxicity (Chen 

et al., 2015). Chronic use of 

paracetamol may lead to renal 

impairment which occurs in dose 

dependent manner (Perneger et al., 

1994). 

The paracetamol nephro-toxic 

effect occurs possibly due to local 

formation of NAPQI or other toxic 

metabolites from paracetamol by 

cytochrome P450 or COX enzymes 

(Bessems and Vermeulen, 2001). 

Also, it is believed that lipid 

peroxidation and diminished 

antioxidant enzymes is a fundamental 

mechanism in paracetamol toxicity 

(Hinson et al., 2004). 

Many researches have been 

peformed to discover and develop 

agents, which is protective against 

oxidative stress and have antioxidant 

effects (Knight et al., 2003). 

Alpha-lipoic acid (ALA) is a well-

known natural antioxidant that is 

found in our diets, but appears to have 

more efficacy when given as a 

supplement (Wollin and Jones, 

2003). 

This metabolic antioxidant can 

scavenge a lot of of free radicals 

(Moini et al., 2002). In addition, ALA 

can regenerate endogenous 

antioxidants in the body as vitamin C, 

vitamin E and intracellular reduced 

glutathione (GSH) (Wollin and 

Jones, 2003). 

The present study aims to 

investigate paracetamol toxic effects 

on the kidney and its oxidative stress 

effect after repeated oral dose and 

evaluate the possible protective effect 

of alpha lipoic acid. 

MATERIALS & METHODS 

 Animals 

48 albino rats were used. They were 

purchased from the animal house at 

Faculty of Medicine, Assiut University. 

They were kept in the animal house at 

Faculty of Medicine, Sohag University, 

in metal cages under ambient 

temperature, 21± 3 °C, and they were 

allowed to acclimatize to the condition 

of laboratory for 24 hours, then the 
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treatment protocol was started. The 

ethics and husbandry conditions of 

animal research were considered and 

the study was approved by the Ethical 

Committee at Faculty of Medicine in 

Sohag University. Animals were fed 

with standard pellet feed and water. 

 Chemicals and Reagents 

 Kits of urea and creatinine 

were purchased from Beckman 

Coulter Inc. Company. 

 Kits of superoxide dismutase 

and malondialdhyde were 

purchased from Bio diagnostic 

company. 

 Paracetamol, 

GlaxoSmithKline (abimol) from a 

commercial pharmacy. 

 Alpha lipoic acid, Eva 

pharma (Thiotacid 300) from a 

commercial pharmacy. 

 Gum acacia from a 

commercial market. 

 Hematoxylin and eosin 

stains purchased from 

ALPHACHEMIKA 

 Instruments 

Apparatuses: 

A- Beckman Coulter AU480 

Clinical Chemistry System: Fully 

automated, Analytical Principles: 

Spectrophotometry and potentiometry. 

Present in Clinical Pathology 

Department – Sohag University 

Hospitals. 

B- UV 2300 spectrophotometer 

(USA): It is a Split Beam Scanning 

UV-Vis Spectrophotometer which has 

a wave length range of 190-1100 nm 

and comes with a programmable 5-

turret sample compartment. Present in 

Faculty of Science, Sohag University. 

C- Centrifuge, Hettich 

Zentifugen – model (EBA20) at 

Clinical Toxicology laboratory, Sohag 

University 

D- Micropipettes:  HTL – 

model: OP1000, OP100, serial 

micropipette. 

E- Olympus CX 41 RF Light 

microscopy. At Pathology department 

at Faculty of Medicine, Sohag 

University. 

 Animals groups and 

methods 

48 male albino rats were used. The 

rats were divided randomly into 4 groups, 

12 animals each; each group was 

subdivided into 2 sub-groups A, B. 

Group I:  Gum acacia was 

administered orally as 2 ml of 2 % 

suspension. Group IA was sacrificed after 

4 weeks, while group IB was sacrificed 

after 8 weeks. 

Group II: Alpha lipoic acid (ALA) 

was orally administered, dose 50 mg /kg 

/day (Pradhan et al., 2016) suspended in 

2% gum acacia in dark bottle. Group IIA 

was sacrificed after 4 weeks, while group 

IIB was sacrificed after 8 weeks. 

Group III: Paracetamol was orally 

administered, dose 1 g/ kg /day (Kiran et 

al., 2012 and Pachaiyappan et al., 2014) 
suspended in 2% gum acacia. Group IIIA 

was sacrificed after 4 weeks, while group 

IIIB was left without treatment for another 

4weeks then sacrificed. 

Group IV: Group IVA was treated 

with paracetamol and ALA of the same 

previous doses for 4 weeks then sacrificed, 

while group IVB was treated with 

paracetamol and ALA for 4 weeks, then 

treated with ALA only for another 4 

weeks then sacrificed. 

 Collection of samples 

   Three ml of blood had been 

drawn from each rat from 
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cervical blood vessels during 

slaughtering into clean dry 

tubes. The serum was obtained 

immediately after sampling by 

centrifugation (4000 rpm for 5 

minutes) for analysis of urea, 

creatinine and malondialdhyde.  

 One ml blood was drawn in 

heparinized tube then centrifuged 

(4000 rpm for 10 minutes). Then 

aspirate off plasma. While RBCs 

was washed four times with 3 ml of 

0.9 % NaCl solution, centrifuging 

for 10 min at 4000 rpm after each 

wash, then made up to 2 ml with 

cold distilled water then stored at -

70 c until analysis of superoxide 

dismutase. 

 An autopsy was done for all 

animals where both kidneys were 

removed and preserved for 

histopathological examination. 

 

 Bio-chemical Tests: 

The serum biomarkers of renal 

function (urea and creatinine levels) were 

investigated. 

Oxidative stress markers were 

investigated: super oxide dismutase and 

malondialdhyde, as well. 

 

 Histopathological 

Examination: 

The kidney was fixed in formalin 10% 

and paraffin embedding and cut at 5 µm 

sections, hematoxylin and eosin (H&E) 

stain was used. Sections were examined 

by light microscope then photographed. 

 Statistical Analysis: 

All statistical procedures were 

computed using the Statistical Program for 

Social Science (SPSS), version 16.0 

computer software. SPSS Inc. Chicago, 

USA. All data were presented as mean ± 

S.D and they were compared by Student’s 

t-test and ANOVA. Significance was 

considered at p-value less than 0.05.  

 

RESULTS 
Results of kidney functions tests: 

For urea, there was no significant 

statistical difference in mean values of 

serum urea between groups IA (50.33 

mg/dl), IB (52.17 mg/dl), IIA (51.83 

mg/dl) and IIB (52 mg/dl) where P value 

was 0.756.  As shown in table 1&3.  

There was a significant statistical 

increase in mean value in group IIIA 

(70.83 mg/dl) as compared to group IA 

(50.33 mg/dl) and in group IVA (62.17 

mg/dl) as compared to group IIA  (51.83 

mg/dl) where p values were < 0.001, < 

0.001 respectively. As shown in table 

1&3.  

Also, there was a significant statistical 

increase in mean values of serum urea in 

group IIIB (58.17 mg/dl) as compared to 

group IB (52.17 mg/dl) where p value was 

0.006, but there was no significant 

statistical difference in mean value of 

serum urea in group IVB (50.83 mg/dl) as 

compared to group IIB (52 mg/dl), where 

p value was 0.305. As shown in table 

1&3.  

There was a significant statistical 

decrease in mean value of serum urea in 

group IIIB (58.17 mg /dl) as compared to 

group IIIA (70.83mg /dl), where p value 

was 0.001, and in group IVB (50.83 mg 

/dl) as compared to group IVA (62.17 mg 

/dl) where p value was < 0.001. As shown 

in table 1&3. 

There was a significant statistical 

decrease in mean value of serum urea in 

group IVA (62.17 mg /dl) as compared to 

group IIIA (70.83mg /dl) where p value 

was 0.007, and in group IVB (50.83 mg 

/dl) as compared to group IIIB (58.17 mg 

http://www.ncbi.nlm.nih.gov/pubmed/21356829
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/dl) where p value was 0.004.  As shown 

in table 1&3.  

For creatinine, there was no 

significant statistical difference in mean 

values of serum creatinine between groups 

IA (0.35 mg/dl), IB (0.34 mg/dl), IIA 

(0.35 mg/dl) and IIB (0.36 mg/dl) where P 

value was 0.810.  As shown in table 2&3. 

There was a significant statistical 

increase in mean value in group IIIA (0.5 

mg/dl) as compared to group IA (0.35 

mg/dl) where p value was < 0.001, but 

there was no significant statistical 

difference in group IVA (0.36mg/dl) as 

compared to group IIA (p value 0.935), as 

shown in table 2&3 . 

Also, there was a significant statistical 

increase in mean value in group IIIB (0.4 

mg/dl) as compared to group IB (0.34 

mg/dl) where p value was 0.005, but there 

was no significant statistical difference in 

mean value in group IVB (0.34 mg/dl) as 

compared to group IIB (0.36 mg/dl) where 

p value was 0.892, As shown in table 

2&3. 

 

There was a significant statistical 

decrease in mean value of serum 

creatinine in group IIIB (0.4 mg /dl) as 

compared to group IIIA (0.5 mg /dl), 

where p value was 0.004, and in group 

IVA (0.36 mg /dl) as compared to group 

IIIA (0.5 mg /dl) where p value was < 

0.001. As shown in table 2&3  

There was no significant statistical 

difference in mean value of serum 

creatinine in group IVB (0.34 mg /dl) as 

compared to group IVA (0.36 mg /dl), 

where p value was 0.846. As shown in 

table 2&3. 

There was a significant statistical 

decrease in mean value of serum 

creatinine in group IVB (0.34 mg /dl) as 

compared to group IIIB (0.40 mg /dl) 

where p value was 0.034.  As shown in 

table 2&3. 

 
Table (1): The mean values of serum urea in the different study groups. 

Serum urea (mg/dl) Groups 

Mean± SD
*
 

50.33 ± 3.61 Group IA 

52.17 ±1.47 Group IB 

51.83 ± 4.02 Group IIA 

52.00 ± 3.41 Group IIB 

70.83 ± 5.67 Group IIIA 

58.17 ± 4.02 Group IIIB 

62.17 ± 2.64 Group IVA 

50.83±2.64 Group IVB 

* SD: standard deviation 
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Table (2): The mean values of serum creatinine in the different study groups. 

Serum creatinine (mg/dl)  

Groups Mean ± SD
*
 

0.35 ± 0.03 Group IA 

0.34 ± 0.03 Group IB 

0.35 ± 0.05 Group IIA 

0.36 ± 0.04 Group IIB 

0.50 ± 0.06 Group IIIA 

0.40 ± 0.03 Group IIIB 

0.36 ± 0.03 Group IVA 

0.34 ± 0.05 Group IVB 

* SD: standard deviation 

 

Table (3): Statistical comparison of serum urea and creatinine among different study groups 

Groups 
Serum urea Serum creatinine 

*
P value by t- test 

*
P value by t- test 

IIIA versus IA < 0.001 < 0.001 

IIIB versus IB 0.006 0.005 

IVA versus IIA < 0.001 0.935 

IVB versus IIB 0.305 0.892 

IIIA Versus IIIB 0.001 0.004 

IVA Versus IVB < 0.001 0.846 

IIIA Versus IVA 0.007 < 0.001 

IIIB Versus IVB 0.004 0.034 

** IA, IB, IIA and IIB 0.756 0.81 

* Significant difference at p value < 0.05 

                                                 ** Analyzed by ANOVA test. 
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Results of oxidative stress markers 

For MDA, there was no significant 

statistical difference in mean values of 

serum MDA between groups IA (5.65 

nmol/ml), IB (5.62 nmol/ml), IIA (5.51 

nmol/ml) and IIB (5.50 nmol/ml) where P 

value was 0.386.  As shown in table 4 & 

6. 

There was a significant statistical 

increase in mean values of MDA in group 

IIIA (11.34 nmol/ml) as compared to 

group IA (5.65 nmol/ml), and in group 

IVA (8.10 nmol/ml) as compared to group 

IIA (5.51 nmol/ml), where p values were 

0.001, < 0.001 respectively, as shown in 

table 4& 6. 

There was a significant statistical 

increase in mean value in group IIIB (8.15 

nmol/ml) as compared to group IB (5.62 

nmol/ml) where p value was 0.001, while 

there was no significant statistical 

difference in group IVB (6.01 nmol/ml) as 

compared to group IIB (5.50 nmol/ml) 

where p value was 0.128. As shown in 

table 4& 6. 

There was non-significant statistical 

decrease in mean value in serum MDA in 

group IIIB (8.15 nmol/ml) as compared to 

group IIIA (11.34 nmol/ml) where p value 

was 0.063. While, there was a highly 

significant statistical decrease in mean 

value in serum MDA in group IVB (6.01 

nmol/ml) as compared to group IVA (8.10 

nmol/ml) where p value was < 0.001. As 

shown in table 4& 6. 

There was a significant statistical 

decrease in mean value in serum MDA in 

group IVA (8.10 nmol/ml) as compared to 

group IIIA (11.34 nmol/ml) where p value 

was 0.034, and in group IVB (6.01 

nmol/ml) as compared to group IIIB (8.15 

nmol/ml) where p value was 0.003. As 

shown in table 4& 6. 

For SOD, there was no significant 

statistical difference in mean values of 

serum SOD between groups IA (199.96 

u/ml), IB (200 u/ml), IIA (200.83 u/ml) 

and IIB (202.33 u/ml) where P value was 

0.876.  As shown in table 5& 6. 

There was a significant statistical 

decrease in mean values of SOD in group 

IIIA (139.90 u/ml) as compared to group 

IA (199.96 u/ml) and in group IVA 

(169.93 u/ml) as compared to group IIA 

(200.83 u/ml) where p values were < 

0.001, < 0.001 respectively. 

Also, there was a significant statistical 

decrease in mean values of SOD in group 

IIIB (159.69 u/ml) as compared to group 

IB (200.u/ml) and in group IVB 

(184.98u/ml) as compared to group IIB 

(202.33 u/ml) where p values were < 

0.001, 0.003 respectively, as shown in 

table 5& 6. 

There was a significant statistical 

increase in mean value of serum SOD in 

group IIIB (159.69 u/ml) as compared to 

group IIIA (139.90 u/ml) where p value 

was 0.002, and in group IVB (184.98 

u/ml) as compared to group IVA (169.93 

u/ml) where p value was 0.002 as shown 

in table 5& 6. 

There was a significant statistical 

increase in mean value of serum SOD in 

group IVA (169.93 u/ml) as compared to 

group IIIA (139.90 u/ml) where p value 

was < 0.001, and in group IVB (184.98 

u/ml) as compared to group IIIB (159.69 

u/ml) where p value was < 0.001, as 

shown in table 5& 6 
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Table (4): The mean values of MDA in the different study groups 

MDA (nmol/ml) 

 
 

Groups 

Mean± 
*
SD 

5.65 ± 0.25 Group IA 

5.62 ± 0.30 Group IB 

5.51 ± 0.17 Group IIA 

5.50 ± 0.27 Group IIB 

11.34 ± 3.08 Group IIIA 

8.15 ± 1.2 Group IIIB 

8.10 ± 0.81 Group IVA 

6.01 ± 0.48 Group IVB 

* SD: standard deviation 

Table (5): The mean values of SOD in the different study groups 

SOD (u/ml) 

 
 

Groups 

Mean± SD
*
 

199.96 ±7.00 Group IA 

200.00 ± 7.87 Group IB 

200.83 ± 12.42 Group IIA 

202.33 ± 15.25 Group IIB 

139.90 ± 7.33 Group IIIA 

159.69 ± 8.78 Group IIIB 

169.93 ± 7.07 Group IVA 

184.98 ± 5.17 Group IVB 

* SD: standard deviation 
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Table (6): The statistical difference of MDA and SOD in the different groups 

Groups 
MDA SOD 

*
P value by t- test 

*
P value by t- test 

IIIA versus IA 0.001 < 0.001 

IIIB versus IB 0.001 < 0.001 

IVA versus IIA < 0.001 < 0.001 

IVB versus IIB 0.128 0.003 

IIIA Versus IIIB 0.063 0.002 

IVA Versus IVB < 0.001 0.002 

IIIA Versus IVA 0.034 < 0.001 

IIIB Versus IVB 0.003 < 0.001 

**IA, IB, IIA and IIB 0.386 0.876 

* Significant difference at p value < 0.05 

                                                 ** Analyzed by ANOVA test. 

Histopathological results 

Group I: Haematoxylin and eosin 

(H&E) examination of a kidney section of 

group I showed the normal histologic 

pattern of kidney parenchyma (fig 1). 

Group II: H&E stained slides of a 

kidney of group II exhibited the normal 

histologic pattern of kidney parenchyma, 

as well (fig 2). 

Group IIIA: Stained slides of a 

section of kidney of group IIIA revealed 

marked hydropic degeneration of renal 

tubules in the form of swelling of the cells, 

small clear vacuoles in the cells cytoplasm 

and pale nucleus. There was widening of 

urinary space (figure 3). 

Group IIIB: H&E examination of 

group IIIB revealed moderate hydropic 

degeneration of renal tubules and 

moderate dilated congested blood vessels 

(figure 4). 

Group IVA: Histo-pathological 

examination of group IVA revealed 

moderate hydropic degeneration of renal 

tubules (figure 5). 

Group IVB: H&E examination of 

group IVB revealed mild hydropic 

degeneration of renal tubules (figure 6). 
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Figure (1): A photomicrograph of a section in the kidney of group I showing normal renal 

glomeruli (G), proximal convoluted tubules (P.C.T.) and distal convoluted tubules (D.C.T.) 

H&E x400 

 

Figure (2): A photomicrograph of a section in the kidney of group II showing normal renal 

glomeruli (G), P.C.T. and D.C.T. H&E x400. 
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Figure (3): A photomicrograph of a section in the kidney of group IIIA showing widening of 

urinary space (vertical arrow) and marked vacuolar degeneration in D.C.T (horizontal 

arrow). H&E  x400. 

 

Figure (4): A photomicrograph of a section in the kidney of group IIIB showing moderate vacuolar 

degeneration in renal tubules (horizontal arrow) and moderate dilated and congested blood 

vessels (vertical arrows). H&E  x400. 
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Figure (5): A photomicrograph of a section in the kidney of group IVA showing moderate vacuolar 

degeneration in P.C.T. (white arrow) and moderate vacuolar degeneration in D.C.T.(black 

arrow). H&E x400. 

 

.  

Figure (6): A photomicrograph of a section in the kidney of group IVB showing mild vacuolar 

degeneration in P.C.T (white arrow) and mild vacuolar degeneration in D.C.T (black arrow). 

H&E x400. 
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DISCUSSION 

Paracetamol administration in high 

doses causes renal impairment in humans 

as well as animals (Pradhan et al., 2016). 

Toxicity of paracetamol is primarily due to 

its metabolism in the kidney and other 

tissues (Gu et al., 2005). 

The present study was conducted in 

order to evaluate the nephro-toxic effects 

and oxidative stress of repeated oral 

administration of paracetamol to albino 

rats and study the effect of alpha lipoic 

acid on such toxicity. 

In the current study, serum urea 

level showed a significant statistical 

increase with toxic dose of paracetamol 

and lesser increase when ALA was co-

administered with paracetamol. 

Improvement of serum urea level occurred 

after period of recovery for 4 weeks. 

While, a better improvement followed a 

similar period of treatment with ALA. 

There was a significant statistical 

increase in serum creatinine with the toxic 

dose of paracetamol, which did not occur 

when ALA was co-administered with 

paracetamol. Improvement occurred after 

recovery period following paracetamol 

administration but did not reach normal 

level as control. 

Urea is a renal function biomarker 

as its rise means impairment of glomerular 

filtration which occurred with 

administration of paracetamol (Hamza 

and AL-Harbi, 2015). Creatinine is a 

more precise biomarker of renal function, 

it increases when glomerular filtration rate 

is reduced (Ismail et al., 2014). 

In kidney diseases, urea level rises 

when its production exceeds its clearance 

rate, while the rise in the creatinine level 

occurs when nephrons are extensively 

damaged (Hamza and AL-Harbi, 2015). 

Renal toxicity produced by 

paracetamol is due to its metabolism by 

oxidation to NAPQI, also its deacetylation 

to p-aminophenol which is further 

oxidized into amino-phenoxy radical as 

well as benzoquinone imine (Al-Harbi et 

al., 2015). 
NAPQI is rendered non-toxic by 

being conjugated to reduced GSH unless 

amount of NAPQI formed exceed the 

cellular capacity for GSH conjugation. 

The extra NAPQI binds to cellular 

proteins and induce oxidative stress, 

leading to disturbance of cellular 

homeostasis and tubular damage 

(Covington and Schnellmann, 2008). 

 These results are in agreement with 

results accomplished by Yousef et al. 

(2010) who reported worsening of renal 

function in the form of a rise in the urea 

and creatinine levels when paracetamol 

was orally administered to rats at dose 650 

mg/kg for 15 days. 

Also, Abdel-Zaher et al., (2008) 

reported that impairment of kidney 

function occurred when paracetamol was 

administered to rats at a dose of 750 

mg/kg/day for 7 days, which did not occur 

when ALA was co-administered orally at 

dose 25 mg/kg/day. 

In addition, Saleh et al., (2018) 

reported that there was a significant rise in 

serum urea and creatinine when 

paracetamol was administered (300 

mg/kg/day for 30 days), which was lesser 

when moringa and marjoram were co-

administered with paracetamol.  

The present study show that 

administration of paracetamol resulted in a 

significant decrease in superoxide 

dismutase (SOD) and a significant 

increase in malondialdhyde (MDA) level 
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as compared to control group. This was 

less evident when ALA was co-

administered with toxic dose of 

paracetamol. Further improvement has 

occured when ALA was administered as a 

treatment for another 4 weeks after 

stoppage of paracetamol.  

It has been reported that lipid 

peroxidation and diminished radical-

scavenging enzymes is a fundamental in 

paracetamol-induced toxicity (Hinson et 

al., 2004). 

It is believed that hydrogen 

peroxide (H2O2) and superoxide anions are 

formed during the metabolism of 

paracetamol via CYP450 system and from 

mitochondria during paracetamol toxicity. 

It is also suggested that the production of 

reactive oxygen species (ROS) appears 

prior to intracellular glutathione (GSH) 

depletion and cell damage (Hamza and 

AL-Harbi, 2015). 
The superoxide formation may 

stimulate peroxynitrite formation and 

nitration of proteins that may result in 

oxidative damage to proteins, DNA and 

lipids (Abdel-Zaher et al. 2008). 

In addition, both paracetamol and 

NAPQI can interact with mitochondria, 

leading to reduction of mitochondrial 

glutathione content, decrease in ATP, and 

uncoupling of its respiratory chain 

associated with electron leakage 

(Donnelly et al. 1994) 

Superoxide dismutase is declined 

by paracetamol toxic ingestion due to its 

consumption for detoxification of 

hydrogen peroxide released during 

metabolic activation of paracetamol (El- 

Megharbel et al., 2014). It is also known 

that antioxidant enzymes can be 

inactivated by lipid peroxides (AL-Harbi, 

2015). 
Lipid peroxidation, one of the 

oxidative stress effects, in which oxidative 

damage of lipids produce reactive oxygen 

species (ROS). Malondialdehyde (MDA) 

is a principal lipid peroxidation product 

that has an important value in the 

assessment of oxidative stress which is 

mediated by the production of NAPQI 

(S¸ener et al., 2005). 
Alpha-lipoic acid is able to act as 

an antioxidant in both aqueous and lipid 

media of the cell (Moini et al., 2002).  

 

 

The antioxidant properties of ALA and its 

reduced form are due to:  

 Its ability to chelate transition 

metals thus inhibiting the formation 

of hydroxyl radical, 

  Its capacity to scavenge reactive 

oxygen species and 

  Its ability to regenerate 

endogenous antioxidants such as 

vitamin C, vitamin E and GSH (Lu 

and Liu, 2002). 

  

Our results agree with the results of 

Yousef et al. (2010) who reported that 

paracetamol administration, at dose 650 

mg/kg orally for 15 days, caused a 

significant inhibition in the antioxidant 

enzymes; Glutathione peroxidase (GPx), 

glutathione transferase (GST) and SOD in 

rat plasma and kidney. 

Similar results were obtained by 

Abdel-Zaher et al., (2008). Their study 

revealed that ALA is able to defeat 

against paracetamol-induced nitrous 

oxide (NO) over-production, depletion of 

intracellular GSH and the increase of 

lipid peroxidation level. 

The present results were in 

agreement with Pradhan et al. (2016) 

who stated that paracetamol overdose 

(500 mg\kg ip for 10 days) resulted in a 

significant decrease in the SOD activities 

and significant increase in MDA level in 

plasma and kidney. When rats were co-

administered with the ALA at two 
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different doses (50-100 mg\kg), the 

activity of SOD was increased and MDA 

was decreased significantly, and higher 

doses of ALA showed better response 

than lower dose.   

Similar study was performed by 

Hamza and AL-Harbi (2015).The study 

discussed the protective effect of other 

antioxidants (silymarin and N. sativa 

extract) on paracetamol toxicity. It was 

proved that administration of 

paracetamol induced significant increase 

in the level of MDA and a significant 

decrease in the level of SOD, indicating 

an increase in the formation of free 

radicals, and there is an ameliorative role 

of both Nigella sativa extract and 

silymarin in improving the antioxidant 

capacities. 

Saleh et al., (2018) studied the 

protecting effect of some Egyptian 

medicinal plants against paracetamol 

induced oxidative stress in rats, they 

concluded that the administration of 

Moringa or/and Marjoram are protective 

against oxidative damage of paracetamol 

as was confirmed by improvement of the 

measured parameters (MDA and GSH).  

Opposite results were recorded by 

Lebda et al. (2013) where ginger was 

used as antioxidant instead of ALA, they 

reported that co-administration of ginger 

with paracetamol had a negative effects 

on hepatic antioxidant enzymes and 

reduced glutathione which may be due to 

the interaction between the herb and the 

drug. 

In the present study, no abnormal 

finding was detected in the kidneys of 

control groups. While there was marked 

hydropic degeneration of renal tubules in 

the group received the toxic dose of 

paracetamol. Co-administration of ALA 

decreased the severity of damage to 

kidney tissue in the form of moderate 

hydropic degeneration of renal tubules. 

Better improvement in the kidney 

histology occurred when ALA was 

administered for another 4 weeks after 

stoppage of paracetamol administration. 

It is believed that proximal tubules 

are the part of the kidney which is more 

extensively affected by paracetamol 

toxicity due to their function in absorption 

and secretion (Seham and Awatef, 2008). 

Also, cytochrome p 450 is primarily 

localized in the proximal tubules which 

increase its susceptibility for toxicant 

injury by paracetamol (Covington and 

Schnellmann, 2008). 

The un-injured tubular cells 

undergo a complex process of 

regenerating the destroyed renal 

parenchyma by restoring cellular function, 

de-differentiate, proliferate, migrate, and 

finally re-differentiate to restore 

morphologic and physiologic function to 

the damaged nephron (Covington and 

Schnellmann, 2008). 

This is achieved by the presence of 

both endogenous renal stem cells and bone 

marrow stem cells which stimulate the 

gene upregulation and protein synthesis 

(Bussolati et al., 2005). 

Better results were achieved by 

Abdel-Zaher et al., (2008), who observed 

moderate hydropic degeneration of 

proximal tubules and moderate congestion 

of distal tubules in paracetamol toxicity 

group received 750 mg\kg for one week. 

This was not detected when ALA was 

used concurrently. The difference in the 

results may be attributed to the smaller 

dose of paracetamol and the shorter 

duration in comparison to the present 

study. 

Saleh et al., (2018) reported that 

paracetamol (300 mg/kg/day for 30 days) 

induced congestion of the blood vessels in 

the renal cortex, focal inflammatory cells 

aggregation between the congested 

glomeruli and fibroblastic cells 
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proliferation between the degenerated 

atrophied tubules. Adding of moringa 

or/and marjoram with paracetamol 

reduced the severity of these 

histopathological changes but some 

congestion in the cortical blood vessels 

with few inflammatory cells infiltration 

were still microscopically evidenced. 

On the contrary, Yousef et al., 

(2010) reported that no histo-pathological 

affection of kidney occurred when 

paracetamol was administered to rats, at 

dose 650 mg/kg orally for 15 days. The 

difference in the result may be due to the 

smaller dose and the shorter duration of 

paracetamol administration. 

Also, Ahmed et al., (2003) 

observed no histological changes in 

kidney tissue when paracetamol was 

administered (500 mg/kg /day) for 30 

days, possibly due to the smaller dose. 

 

CONCLUSION 
It has been found that repeated oral 

administration of paracetamol affects the 

kidney both functionally and 

pathologically. Also, oxidative stress has 

occurred in the form of increase level of 

MDA and decrease level of SOD.  Alpha 

lipoic acid is protective and even 

therapeutic against such harmful effect of 

paracetamol. 

 

RECOMMENDATIONS 

 It is advisable to restrict prolonged 

use of paracetamol to avoid its 

nephrotoxic and oxidative stress 

effect. 

 Physicians should prescribe alpha 

lipoic acid when prolonged use of 

paracetamol is indicated as in cases 

of osteoarthritis or cancer pain. 

 Clinical trials on the efficacy of 

ALA on sub-acute toxicity of 

paracetamol should be performed. 

 Another experimental study on the 

efficacy of ALA in paracetamol 

toxicity with addition of negative 

control groups to confirm our 

results. 

 Further studies should be 

performed on other antioxidants 

and evaluate its effect on 

paracetamol toxicity. 
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 الولخص العربي

هي عقار الباراسيتاهىل في  تأكسديال جهادوالا الكلىي تسونالالذور الىقائي لحوض الالفا ليبىيك في حاله 

 الجرراى.

 

ا.د. هها عبذ الحويذ هلال
1

، د. رضا هحوذ السيذ
1
،د  شيريي فراج هحوىد 

2
،د اهاًي عباس عبذالله 

3
قاسنط .سارة السيذ  ،

1
 

 جاهعت سىهاج -كليت الطب –قسن الطب الشرعي والسوىم الاكليٌيكيت  -1

 جاهعت سىهاج -كليت الطب –-قسن الباثىلىجيا -2

 جاهعت سىهاج -كليت الطب -ليٌيكيتقسن الباثىلىجيا الاك-3

 

دٌٔ ٔصفخ غجيخ . ٔيًزبص ثأَّ لا يزسجت  خذاوسزانزي ر انًسكُخ ٔانخبفعخ نهحشاسح ٔ يعذ انجبساسيزبيٕل يٍ أكثش الأدٔيخ :الوقذهت

 كهٕي ارا اسزخذو ثدشعبد عبنيخ. نكُّ قذ يسجت فشم عشاض خبَجيخ يع اندشعبد انعلاخيخ،عُّ أ

ٔالاخٓبد انزبكسذي انزي يحذس يٍ  رٓذف ْزِ انذساسخ اني دساسّ سًيّ عقبس انجبساسيزبيٕل عهي انكهي  :الهذف هي الذراست 

عُذيب يزى اعطبؤِ نحًط  الانفب نيجٕيك  ٔانعلاخي دساسخ انزأثيش انٕقبئي كًب رٓذف اني رُبٔل عقبس انجبساسيزبيٕل ثصٕسِ يزكشسح،

 .أ ثعذ انزٕقف عُّ ساسيزبيٕليع انجب

ثى رقسيى كم يدًٕعّ اني  يٍ ركٕس اندشراٌ انجيعبء ٔرقسيًٓب اني اسثع يدًٕعبد يزسبٔيخ 84رى اسزخذاو عذد  البحث: طريقة

رى اعطبؤْب حًط الانفب نيجٕيك ثبنفى  IIرى اعطبؤْب يعهق انصًغ انعشثي. انًدًٕعخ   IانًدًٕعA, Bّ. يدًٕعزيٍ فشعيزيٍ 

رى اعطبؤْب   IVكدى. انًدًٕعخ \خى 1ى ثدشعخ رى اعطبؤْب انجبساسيزبيٕل ثبنف  IIIكدى. انًدًٕعخ  \يدى  05ثدشعخ 

رى   Bايب انًدًٕعّثعذ اسثعخ اسبثيع  Aانًدًٕعّ  ئشاٌف. رى رثح انجبساسيزبيٕل ٔحًط الانفب نيجٕيك ثُفس اندشعبد انسبثقخ

رى حفع انكهيزيٍ نكم فأس . كًب ٔالاَضيًبد انًعبدح نلاكسذح . ٔقذ رى ردًيع عيُبد انذو نزقييى ٔظبئف انكهيرثحٓب ثعذ ثًبَيخ اسبثيع

 نذساسخ انزغيشاد انجبثٕنٕخيخ نهكهي.

هي ٔاَخفبض ف الاَضيى يزكشسح يإدي اني اظطشاة ٔظبئف انك صائذح أثجزذ انُزبئح اٌ رُبٔل انجبساسيزبيٕل ثدشعبد :النتائج

اسزخذو حًط الانفب نيجٕيك يع  رى حيًُب. ْزِ انزغيشاد كبَذ اقم ّ انكهيرإدي اني رغيشاد ثبثٕنٕخيخ في اَسدكًب   يعبد نلاكسذح

ثعذ رٕقف انجبساسيزبيٕل ادي اني رحسٍ يهحٕظ في  نًذح اسثعّ اسبثيع كًب اثجزذ اٌ رُبٔل حًط الافب نيجٕيك انجبساسيزبيٕل.

 . ٔظبئف انكهي ٔالاَضيًبد انًعبدح نلاكسذح

. كًب ٔاخٓبد ربكسذي اني اٌ رُبٔل انجبساسيزبيٕل ثدشعبد عبنيّ يإدي اني خهم في ٔظبئف انكهي انذساسخ خهصذ الاستٌتاج: 

 يٍ ْزا الاثش انعبس. ٔانعلاج رخهص اني ايكبَيخ اسزخذاو حًط الانفب نيجٕيك نهٕقبيخ


