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ABSTRACT 

Aims: To clarify the nephrotoxic effect of paracetamol in adult male albino 

rats. 

Methodology: In this study, fourteen adult male albino rats were divided 

equally into two groups; Control group and paracetamol-treated group. Kidney 

specimens were processed for biochemical and histological analysis. 

Results: Administration of paracetamol revealed a noticeable deterioration 

of both biochemical and histological changes detected in the paracetamol-

treated group. The biological changes were in the form of significant increase 

in serum urea and creatinine levels. The histological changes markedly 

affected the tubular system; the proximal and distal convoluted tubules 

showed marked degeneration, dense nuclear staining, cytoplasmic 

vacuolization and partial loss of the brush borders. Most tubules were 

dilated, irregular and filled with hyaline casts. 

Conclusion: Paracetamol made biochemical and histo-pathological changes 

in the rats kidneys. These findings revealed that this nephrotoxicity was 

associated with an increase in oxidative damage and apoptosis.  
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INTRODUCTION 

aracetamol or acetaminophen (N-acetyl-p-

aminophenol [APAP]), is an acylated 

aromatic amide, a metabolite of phenacetin, that 

was firstly introduced into medicine as an 

antipyretic/analgesic by Von Mering in 1893 

and has been in use as an analgesic for home 

medication for over 30 years (1). 

Though paracetamol is generally 

considered safe for human use at recommended 

doses, potentially fatal liver damages occurred 

when an acute overdose was used or even, in 

rare cases, when normal doses were taken by 

certain individuals. Accordingly, paracetamol 

overdose is one of the most common causes of 

drug poisoning world-wide. In the United 

States, the United Kingdom, Australia, and 

New Zealand, paracetamol is the most common 

cause of drug overdoses (2). Additionally, in 

both the United Kingdom and the United States 

it is the most common cause of acute liver 

failure as well in Egypt (3). 

Although hepatotoxicity is more 

addressed than nephrotoxicity in paracetamol 

overdoses, paracetamol -induced renal 

damages, such as renal tubular damage and 
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acute renal failure are usually life-threatening 

and there is no specific treatment for them but 

there are protectants could prevent their 

happening (4). 

The toxic dose of paracetamol is highly 

variable. The recommended maximum daily 

dose for healthy adults is 4 grams. Higher doses 

lead to increasing risk of toxicity. In adults, 

single doses above 10 grams or 200 mg/kg of 

body weight have a reasonable likelihood of 

causing toxicity (5). Toxicity can also occur 

when multiple smaller doses within 24 hours 

exceed these levels (6). 

Toxicity of paracetamol is related to 

production of the reactive intermediate N-

acetyl-p-benzoquinoneimine (NAPQI) by the 

hepatic cytochrome P450 system. When the 

production of NAPQI exceeds the capacity to 

detoxify it, as can occur in overdose, the excess 

NAPQI binds to cellular components and can 

cause death of hepatocytes (7). 

Because APAP (acetyl-para-

aminophenol) is a phenacetin metabolite, 

nephritic syndrome and renal papillary necrosis 

are possible (chronic analgesic nephropathy). In 

addition, patients at risk of increased NAPQI 

production as a result of CYP450 enzyme 

induction (from INH, rifampin, most anti-

convulsants, ethanol) or reduced glutathione 

stores (alcoholism, HIV/AIDS, malnutrition, 

starvation) are at increased risk of 

hepatotoxicity from APAP (8). 

MATERIALS AND METHODS 

The study was performed according to The 

Institutional Review Board Zagazig University 

(ZU- IRB) instruction. 

Experiments complied with the ARRIVE 

guidelines and was carried out in accordance 

with the National Institutes of Health guide for 

the care and use of Laboratory animals (NIH 

Publications No. 8023, revised 1978). 

The study was approved by the research ethical 

committee of Faculty of Medicine, Zagazig 

University. 

I-Chemicals used: 

1- Paracetamol 

 Paracetamol (C8H9NO2) (N-acetyl-p-

aminophenol [APAP]), in the form of Cetal 500 

mg tablets manufactured by EIPICO Company. 

II- Experimental animals and dosing: 

The present study was carried out on 14 

adult healthy male albino rats with average age 

of 50-60 days, each weighing from 150 to 200 

gm according to IRB instruction. They were 

obtained from the animal house unit in the 

Faculty of Medicine, Zagazig University. All 

animals were housed in environmentally 

controlled rooms, in wire mesh cages. They 

were kept under good hygienic conditions and 

fed on a balanced diet and tap water for two 

weeks before study. Temperature was 

maintained at 23±2°C. Later, these animals 

were equally divided into 2 groups (7 animals 

for each). 

• 1st Group (control group): The rats received 

balanced diet and tap water. 

• 2nd Group (paracetamol-treated group): The 

rats received a daily dose of paracetamol 2g/kg 

in 5 ml distilled water for 2 weeks. (9) 

III- Experimental methods: 

The body weight of rats in different 

groups was estimated initially at day 1 of the 

experiment before administration of food and 

drugs and daily till the end of the experiment 

using the same digital balance.  

Venous blood samples were collected 

from animals by means of micro–capillary glass 

tubes from the retro–orbital plexus under 

thiopental anaesthesia as described by Joslin 

(10). 

           The rats were sacrificed using cervical 

dislocation (breaking of the neck). 

Kidneys were gently released from their 

fatty covering connective tissue and weighed by 

digital balance. 

Each kidney was cut into two halves 

across the renal pelvis along its longitudinal 

axis to expose cortex, medulla and papilla. The 

specimens were immediately immersed in 10% 

formal saline for 48 hours to be processed and 

embedded in paraffin according to Bancroft 

and Gamble (11). 

IV. Morphometry:  
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• Image analysis and morphometry was 

performed by ImageJ (FIJI) software. For the 

sections stained by Hematoxylin and eosin, 

Capillary tuft area (µm)2, Bowman space (µm), 

proximal tubule diameter (µm) and distal tubule 

diameter (µm) were measured. 

• The collected data were computerized and 

statistically analyzed using Graph Pad Prism 

5.01. Quantitative data were expressed as mean 

± SD (Standard deviation). 

• Differences between mean values of 

experimental groups were tested with analysis 

of variance (ANOVA). Bonferroni's multiple 

comparison test was carried out as post hoc test 

of ANOVA. 

• The results were considered statistically 

significant when the P value <0.05. Different 

stages of significance were considered. High 

significance (***) when P value < 0.001, 

Moderate significant (**) at 0.01 >P value 

>0.001 and low significance (*) when P value < 

0.05. (Table 4) 

V- Statistics: 

• The collected data were computerized and 

statistically analyzed using SPSS program 

(Statistical Package for Social Science) version 

18.0. Quantitative data were expressed as mean 

± SD (Standard deviation). 

• The results were considered statistically 

significant when the P value <0.05. Different 

stages of significance were considered. High 

significance (***) when P value < 0.001, 

Moderate significant (**) at 0.01 >P value 

>0.001 and low significance (*) when P value < 

0.05. 

RESULTS 

I. Gross features: 

• Final body weight showed highly statistical 

significant difference among different groups. 

• Regarding kidney weight, there was statistical 

decrease in kidney weight in paracetamol 

treated group (2nd group) in comparison with 

control group. 

• Concerning the comparison of final body weight 

of different groups, the 1st group, there was 

statistically significant difference with the 2nd 

group. As, body weights showed highly 

significant decrease in the paracetamol-treated 

group (2nd group). (Table 1) 

 

II. Biochemical results 

• concerning the kidney biochemical results, 

paracetamol-treated group showed highly 

significant increase.  

• In current study, administration of paracetamol 

at dose 2g/kg in 5 ml distilled water orally (2nd 

group) significantly (P ≤ 0.05) elevated serum 

Cr and BUN levels as compared to their 

respective levels in control group.  

• There was statistically significant negative 

correlation between final body weight with 

serum creatinine and urea nitrogen level and 

statistically significant positive correlation with 

initial body weight and kidney weight (Tables 

2,3) 

III. Hematoxylin and eosin features 

1st Group (control group): 

Control group showed that the renal cortex was 

formed of renal corpuscles and tubules. Each 

renal corpuscle was consisted of a glomerulus 

containing tuft of capillaries. The renal corpuscle 

was surrounded by visceral and parietal layers of 

Bowman's capsule which were separated by 

Bowman's space. The outer parietal layer was 

formed of flat cells while the inner visceral layer 

was closely related to the glomerular capillaries. 

The cortical renal tubules were formed mainly of 

proximal and distal convoluted tubules (Fig.1). 

The medulla of a rat kidney showed normal 

collecting tubules and loops of Henle with flat 

capillaries (Fig.2). 

2nd Group (paracetamol-treated 

group): 

There was congested renal blood vessel with 

markedly thick wall. Tubules showed necrotic 

epithelial lining cytoplasmic vacuolation. 

Disorganized tubules with desquamation in 

their epithelial lining were seen (Fig.3). 

Remnant glomerulus and a shrunken 

degenerated glomerulus with dilated Bowman's 

space were noticed (Fig.4).  
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The medulla showed congested capillaries in 

the loops of Henle, vacuolated cells, some 

pyknotic nuclei in the tubules and dilated 

collecting ducts (Fig.5). 

 

 

Table (1): Comparing final body weight between the 2 groups 

* *Statistically highly significant difference (P ≤ 0.001) 

 

Table (2): Comparing creatinine level between the 2 groups  

 

 

Groups 

 

 

Number of rats 

(14) 

Serum creatinine 

mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

(Range) 

 

F-Test  

 

 

     p-value 

 

 

 

1st group  

Control 

 

7 

 

0.27±0.08 

(0.21-0.42) 

 

 

5.9 

 

 

0.001** 

 

2nd group 

Paracetamol 

 

7 

 

 

0.37±0.05 

(0.3-0.44) 

* *Statistically highly significant difference (P ≤ 0.001) 

 

 

Table (3): Comparing urea nitrogen level between the 2 groups 

 

 

 

Groups 

 

 

Number of 

rats 

(14) 

Urea ⃰⃰⃰⃰⃰nitrogen ⃰⃰⃰⃰⃰level ⃰⃰⃰⃰⃰mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

(Range) 

 

F-Test  

 

 

     p-value 

 

 

 

1st  

 

 

7 

 

11.8±0.47 

(11.1-12.2) 

 

 

 

16.9 

 

 

 

 

 

0.0001**  

2nd 

 

7 

16.6±0.9 

(15.1-17.8) 

* *Statistically highly significant difference (P ≤ 0.001) 

 

 

Groups 

 

 

Number 

of rats 

(14) 

Final body weight 

 mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

(Range) 

 

F-Test  

 

 

     p-value 

 

 

 

1st group  

Control 

 

7 

 

227.1±15.7 

(205-250) 

 

 

19.6 

 

 

 

 

0.001** 

 

2nd group 

Paracetamol 

 

7 

 

 

172.8±12.1 

(159-191) 
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Table (4):   Morphometry table 

         Parameter 

 

Group 

Capillary tuft 

area ⃰⃰⃰⃰⃰(µm)2 

Mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

Bowman space 

(µm) 

Mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

Prox. tubule 

diameter ⃰⃰⃰⃰⃰(µm) 

Mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

Dist. tubule 

diameter ⃰⃰⃰⃰⃰(µm) 

Mean ⃰⃰⃰⃰⃰± ⃰⃰⃰⃰⃰SD 

1st group 

Control 

1109.60±198.1 5.174±1.691 27.78±3.604 47.83±5.923 

2nd group 

Paracetamol 

641.3±102.1 

aa 

9.785±2.265 

aaa 

36.88±3.494 

aaa 

67.32±7.703 

aaa 

F 6.799 20.81 9.009 9.672 

P 0.0001  

*** 

< 0.0001 

 *** 

< 0.0001 

 *** 

< 0.0001  

*** 

 (control group) 

 

 
Fig. (1): A photomicrograph of a section of adult male albino rat kidney showing the glomeruli 

(G). The glomeruli are surrounded by visceral (curved arrow) and parietal (arrow head) layers 

of ⃰⃰⃰⃰⃰Bowman’s ⃰⃰⃰⃰⃰capsule and separated ⃰⃰⃰⃰⃰by ⃰⃰⃰⃰⃰Bowman’s ⃰⃰⃰⃰⃰space ⃰⃰⃰⃰⃰(BS). ⃰⃰⃰⃰⃰Proximal ⃰⃰⃰⃰⃰convoluted ⃰⃰⃰⃰⃰tubules ⃰⃰⃰⃰⃰with ⃰⃰⃰⃰⃰

narrow lumen (p) and distal (d) convoluted tubules with wide lumen are also seen. 

(H&E 400)  
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Fig. (2): A photomicrograph of a section in the medulla of a rat's kidney tissue showing normal 

collecting tubules (CT) and normal loop of Henle (H)with flat capillaries. 

(H&E 400)  

 (paracetamol-treated group) 

 
Fig. (3): A photomicrograph of a section of adult male albino rat kidney showing congested renal 

blood vessels (BV) with markedly thick wall (W). Tubules show dilatation (T) and cytoplasmic 

vacuolation (V). 

(H&E 400)  
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Fig. (4): A photomicrograph of a section of adult male albino rat kidney showing lobulated glomerulus 

(LG), remnant glomerulus (RG) can be noticed. A shrunken degenerated glomerulus (DG) with dilated 

Bowman's space (BS). 

(H&E 400)  

 

 
 

Fig. (5): A photomicrograph of a section in the medulla of a rat kidney showing congested 

capillaries (CC) and vacuolated cells (V). 

 

(H&E 400)  
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DISCUSSION 

In the current study, the paracetamol treated 

group showed a statistically significant 

decrease in the final body weight when 

compared with the control groups. This result 

was in accordance with Patra et al (12) who 

reported that in uremic control rats, the 

percentage of the increase in body growth was 

dramatically lesser than the other groups due to 

the toxicity of paracetamol, gastrointestinal 

toxicity, reduced feed and water intake. On the 

other hand, Payasi et al (13), who gave a very 

small dose of 66.6 mg/kg paracetamol infusion 

for 28 days, reported that there was no 

significant change in the mean body weight 

when compared with control group.  

In the paracetamol treated group, the 

body weight gain of animals may be due to an 

increase in their appetite (14,15). 

In current study, administration of 

paracetamol at dose 2g/kg in 5 ml distilled 

water orally significantly (P ≤ 0.05) elevated 

serum Cr and BUN levels as compared to their 

respective levels in control group.  

These results were in agreement with 

Ijaz et al (16) who reported that administration 

of paracetamol significantly (P˂0.05) elevated 

serum Cr and BUN levels as compared to their 

respective levels in control group.  

It was reported that paracetamol toxicity 

caused glutathione diminution and ultimately 

lipid peroxidation and starts its intracellular 

accumulation where its reactive metabolite, N-

acetyl-p-benzoquinone imine (NAPQI), after 

making covalent bond with renal tissues, causes 

deterioration and death of cells which in turn is 

associated with electrolyte imbalance and 

creatinine and blood urea nitrogen instabilities. 

It has been documented that elevation in serum 

Cr and BUN were found to be more reliable 

and well reported parameters for scrutinizing 

the drug induced renal damage (17,18). 

Even with a single oral dose of 

acetaminophen, BUN and serum creatinine 

significantly increased, as in Das et al (19) 

study on the male adult albino mice of Swiss 

strain and as with Fouad et al (20). 

The present study showed that 

paracetamol induced different histopathological 

changes in the renal cortex and medulla. 

Hypertrophy of renal glomeruli, hyper 

cellularity and congestion of glomerular 

capillaries observed in this study could be 

explained as mentioned by Ahmed et al (21) 

who stated that hypertrophy and severe 

congestion appeared in the glomerular tufts and 

the renal blood capillaries, with interstitial 

edema may be attributed to an increase in renal 

blood vessel permeability caused by a high 

dose of paracetamol.  Also, Aziz et al (22) 

reported that the increased proliferation of 

mesangial cells leads to presence of 

hypercellular glomeruli in the renal cortex. On 

the other hand, some renal glomeruli in the 

present study showed glomerular atrophy. This 

may be attributed to a decrease in the 

glomerular filtration of the drug as a result of 

capillary constriction. 

As regard to the renal tubules, there were 

tubular dilatation, tubular cell necrosis, 

sloughing of necrotic tubular epithelial cells 

into the lumens of tubules, marked cytoplasmic 

vacuolization and swelling of tubular cells and 

dark stained nuclei. These results were in 

accordance with Kirbas et al (23) who reported 

that an intensive deformation of epithelial cell 

structures of both proximal and distal tubules 

was observed. There were intensive 

degenerative structures related to the swelling 

of epithelial cells of the proximal tubules and 

there was cellular shedding of epithelium of the 

distal tubules due to the dilatations of the lumen 

and edematous fluid.   

Morsy et al (24) reported the same 

results; they stated that exposure of epithelial 

cells to oxidant stress leads to an elevation in 

nitric oxide release and nitrite production and 

decrease in cell viability. Nitric oxide has a role 

in the acute renal failure because of its free 

radical nature; through its reaction with the 

superoxide radical, it probably generates the 

very cytotoxic peroxynitrite that could damage 

the tubular epithelium cells. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/body-growth
https://www.sciencedirect.com/topics/nursing-and-health-professions/toxicity
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Also, this work demonstrated cytoplasmic 

vacuolization of tubular cells in the renal cortex 

of rats treated with paracetamol. These data 

could be explained by Suriyakumari et al (25) 

who demonstrated that cytoplasmic 

vacuolization occurs as one of primary 

responses to all forms of cell injury. They 

explained that increased permeability of cell 

membranes leads to an increase of intracellular 

water ending in cytoplasmic vacuolization. 

In the present work, examination of 

kidney sections treated with paracetamol 

revealed also marked inflammatory cell 

infiltration. These results were in agreement 

with Kumar et al (26). Pareta et al (27) also 

stated that paracetamol treated group showed 

severe tubular necrosis, permeation of 

inflammatory cells, tubular deterioration, 

hemorrhage, distension of tubules and 

vacuolization.  

Congested blood vessels with thickened 

wall observed in our study was in accordance 

with Abd El-Twab et al (28) who showed 

dilatation and congestion of renal blood vessels 

with leukocyte inflammatory cell infiltration. 

In addition, Kandemir et al (29) added 

that kidney tissue showed increased pro-

inflammatory cytokines such as renal tumor 

necrosis factor alpha (TNF-alpha), interleukin 1 

beta (IL-1b) and interleukin 6 (IL-6) which 

could be another explanation of renal injury-

induced by paracetamol. 

      On the contrary, Yousef et al (30) 

reported that paracetamol treatment at a dose of 

650 mg/kg for 15days did not produce gross 

renal histological changes. Also, Ahmed et al 

(31) observed that the ingestion of paracetamol 

at a dose of 500 mg/kg /day for 30 days did not 

produce papillary necrosis or interstitial 

nephritis; however, it reduced the urinary 

concentrating ability of the animals.  

In conclusion, it can be concluded that 

paracetamol administration produces marked 

degenerative changes in the histological 

structure of the kidney of adult male albino rats.  
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