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ABSTRACT 

Introduction: Acetaminophen is known for its analgesic and antipyretic properties. Its use in therapeutic doses is safe 
but overdosing or misuse makes it harmful. It has toxic effects on the cell of liver and kidneys. Scientific evidence 
highlights the antioxidant effect of flax seed oil in preventing the damage caused by acetaminophen on the kidneys. 
Aims and Objectives: To observe the nephrotoxic effect of acetaminophen and see the protective effects of flax seed oil 
on nephrotoxicity induced by acetaminophen. 
Place and Duration of study: The study was carried out in the research lab of University of Health Sciences, 
Lahore with ERB number No. UHS/ANAT/6827. The duration of the study was three months. 
Material and Methods: Twenty-four male Albino rats were divided randomly into three groups, consisting of 8 animals 
each. The rats were 6-8 weeks old and weighed between 175-225 gm. Animals of group A served as control and were 
given 5ml/kg normal saline (NS) each, intraperitoneally on day1. Animals of group B were given 1000 mg/kg 
acetaminophen (AAP) intraperitoneally dissolved in 5ml of NS on day1. Group C animals were given flax seed oil 
(FSO), 2 ml at a dose of 1.86gm/kg orally, once daily. On the 14th day, a single intraperitoneal dose of acetaminophen, 
1000 mg/kg dissolved in 5ml/kg normal saline was given, one hour after giving flax seed oil. The animals of group A 
were sacrificed on the 15th day, whereas animals of group B and C were sacrificed 48 hours after giving acetaminophen. 
Kidneys were removed and excised after necropsy and prepared for histological examination.  
Results: The cortical region in the kidneys of group A showed normal histological finding. All the AAP treated animals 
showed evidence of renal damage. In Group C, FSO pretreatment significantly reduced AAP induced changes in kidney 
as shown by restoration of its histological structure.    
Conclusion: AAP is nephrotoxic and FSO ameliorates its effect in rats. 
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INTRODUCTION 

AAP is one of the most popular drugs used for 
pyrexia and analgesia1. It is considered as a safe 
drug for those in whom nonsteroidal anti- 
inflammatory drugs (NSAIDS) are contraindicated2. 
AAP (paracetamol) in therapeutic doses is a drug of 
choice in children and adolescents3. It can be used 
alone or combined with other medications in 
conditions like cough, flu and fever4. Although it is 
a safe drug but its misuse results in renal damage, 
leading to its failure. 
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However, the relative risk of renal failure is much 
lower with AAP than other NSAIDs5. When taken 
orally, the digestion of AAP starts in the proximal 
part of small intestine6, with peak plasma 
concentrations reaching 30–60 min after ingestion7. 
In therapeutic doses, it is primarily metabolized in 
the liver by enzymes, glucuronyl transferases (50–
60%) and sulfotransferases (25–30%); The 
remaining AAP is metabolized by oxidation with 
cytochrome P450 (<10%) resulting in the formation 
of a small amounts of N- acetyl-p- benzoquinone 
imine (NAPQI), a toxic metabolite; NAPQI is 
reduced and detoxified by glutathione and excreted 
by kidneys as benign compounds, mercapturic acid 
cysteine7. In acute AAP over dosage, 
glucoronidation and sulphation pathways get 
saturated, diverting the excessive amount of AAP to 
be metabolized by cytochrome P-450 system. 
Glutathione, which detoxifies NAPQI in liver, gets 
depleted, resulting in the formation of increased 
levels of un-conjugated metabolite, NAPQI; which 
binds covalently with cellular proteins, producing 
their oxidation and starting lipid peroxidation 
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resulting in oxidative stress resulting in injury to 
liver and kidney cells8. 
FSO obtained after extraction from flax seeds is 
famous for its nutritional and pharmaceutical 
values 9. Nutrients present in flaxseeds and their oil 
are known for their antioxidant and anti-
inflammatory properties. 10. Flax seeds contain 
dietary fiber, alpha-linolenic acid and lignans. 
Together alpha-linolenic acid and lignans have 
antioxidant and anti-inflammatory properties11. 
FSO, lignans and fiber are very beneficial for health 
and bring improvement in diabetes, heart diseases, 
atherosclerosis, arthritis, osteoporosis, autoimmune 
disorders.12and blood cholesterol13. Its 
anticarcinogenic14, hepatoprotective15 and 
nephroprotective16, 17 effects have also been studied. 
Since nephroprotective effect of FSO has never 
been explored in AAP induced nephrotoxicity, this 
study, therefore, was designed to observe AAP 
induced histological changes in the kidneys of rats 
and the effect of FSO in restoring the histological 
parameters of the kidneys. 

MATERIAL AND METHODS 

The study was carried out in the research lab of the 
University of Health Sciences, Lahore with ERB 
number No. UHS/ANAT/6827. The duration of the 
study was three months. It was an experimental 
study. Twenty-four healthy male Albino Wistar rats, 
weighing between 175-225 gm and aged 6-8 weeks 
were obtained from the animal house of University 
of Health Sciences (UHS), Lahore, Pakistan. The 
sample size was calculated using open epi software 
at 95% confidence level, power of study at 80% and 
anticipated factor as mean difference in superoxide 
dismutase levels (SOD, an antioxidant) among AAP 
group alone and AAP plus FSO group. In AAP 
group, SOD level was 50.36±2.63, whereas in AAP 
plus FSO group, mean SOD levels were 
53.23±1.9918. The calculated sample size is 22. We 
have recruited 24 rats for this study. 
Random balloting was done, and the animals were 
divided into three groups A, B, and C having eight 
rats each; the groups were individually housed in 
stainless steel cages. The animals were fed on 
standard rat diet and water ad libitum and were kept 
at controlled room temperature (23±2°C), humidity 
(50±5%) and light and dark cycles of 12 hours each. 
The study was carried out in the research laboratory 
of UHS Lahore. The experiment started one week 
after acclimatization of the animals. Intra peritoneal 
route was opted for the experiment 19. Group A was 
the control group and received intraperitoneal 
injection of NS, 5ml/kg on the 1st day. Group B 

received intraperitoneal injection of AAP, 1000 
mg/kg dissolved in NS, 5ml/kg on 1st day. Group C 
was given FSO, 2ml orally, once daily for 14 days, 
followed by a single intraperitoneal injection of 
AAP, 1000 mg/ kg dissolved in 5ml/kg of NS. The 
animals of group A were sacrificed on day 15, 
whereas animals of groups B and C were sacrificed 
48 hours after administration of AAP(Table1). The 
animals were then sacrificed painlessly, and kidneys 
were removed; from the tissue pieces of kidney 5  
thick sections were prepared for histological 
examination after H&E staining. The proximal and 
distal convoluted tubules were selected and 
examined for epithelial necrosis, vacuoles and 
protein casts as histological parameters; PCTs were 
also examined for brush border. Changes in the 
histological parameters of tubules were noted and 
were considered as normal (N), mild (+), moderate 
(++) and severe (+++). The damage was marked as 
mild (+), when it involved less than 25% of the total 
number of tubules, moderate (++), when involved 
26-50% of the tubules and severe (+++) when more 
than half of the tubules were involved and showed 
necrosis (>50%). Luminal casts were also similarly 
graded. 
Data Analysis 
Data analysis was done using version 20 of software 
SPSS; frequency and percentages were given for 
qualitative parameters. Comparison of 
morphological features among groups was made by 
applying Fisher Exact / Chi-square tests. The level 
was considered statistically significant with p-value 

0.05. 
RESULTS 

.?????   The histology of kidney cortex comprises of renal 
parenchyma showing renal corpuscles having a tuft 
of capillaries, surrounded by Bowman’s capsule, 
lined by squamous epithelial cells and cortical 
tubules consisting of proximal and distal convoluted 
parts. PCTs were lined by simple cuboidal 
epithelium with prominent brush border and narrow 
lumen; DCTs also lined by simple cuboidal 
epithelium with rounded nuclei and wide lumen 
(fig. 1).  
 
Fig.1: (Below) Light photomicrograph of cortex of 
kidney sections from control group, A, showing 
normal structure of kidney cortex comprising of 
glomerulus (G) surrounded by urinary space (US) of 
Bowman’s capsule (BC); PCTs are lined by simple 
cuboidal cells with prominent brush border (BB) and 
DCTs are lined by simple cuboidal epithelium. H&E 
stain X400. 
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The AAP treated group resulted in marked 
degenerative changes both in PCTs and DCTs 
which showed marked necrosis and vacuoles with 
loss of brush border in PCTs. Luminal casts were 
seen in both types of convoluted tubules (fig. 2).  
Fig.2: Light photomicrograph of cortex from the 
kidney sections of experimental group B showing 
glomerulus (G), enclosed in Bowman’s capsule (BC); 
PCT with loss of brush border (BB); degenerative 
necrotic tubules (NT) with smudge like appearance. 
The lumen of DCT, cast (C) and desquamating cell 
(DC) are seen. Cytoplasmic vacuoles (V) are seen both 
in PCTs and DCTs. H&E stain. X400.  
 

 
 
Flax seed oil pretreatment in group C prevented the 
degenerative changes and the tubules appeared 
nearly normal, resembling those of group A; PCTs 
showed mild loss of brush border and vacuolation 
was discernibly reduced in both tubules (fig. 3). 
 
Fig.3: Light photomicrograph of cortex from the 
kidney sections of group C showing glomerulus (G), 
surrounded by Bowman’s capsule (BC). PCT is seen 
with partial loss of brush border (BB); this was 
comparable with group A in which there was no 
tubular vacuolation or loss of brush border in 
proximal convoluted tubules; DCTs are lined with 
simple cuboidal epithelium. Epithelial vacuolation is 
apparent and reduced. H&E stain. X400. 
 

 
A notable difference was observed in percentages of 
tubular necrosis (p <0.001), tubular cast (p <0.001), 
tubular vacuolation (p <0.001), and loss of brush 
border (p <0.001) among the groups (Table 2). 

Table 1: Showing experimental grouping of animals 
and intervention. 

Groups 

 

Interven
tion and 
Dosage 

Route of 
Administ
ration 

Duration of 
Administratio
n 

 

Day of 
Sacrifice 

Group 
A 

NS 
5ml/kg 

Intraperito
neal 

Day 1 

 

sacrificed 
on 15th  day 

Group 
B 

AAP 
1000mg/
kg 
dissolved 
in 5 ml 
of NS 

 

Intraperito
neal 

Day 1 

 

 

sacrificed 
after 48 
hours 

Group 
C 

FSO, 2 
ml at a 
dose of 
1.86 g/kg 

Orally Day 1 to day 
14 

 

 

sacrificed 
after 48 
hours of 
giving 
acetaminop
hen 

AAP 
1000mg/
kg 
dissolved 
in 5 ml 
of NS 

 

Intraperito
neal 

Day 14 

 

 

Table 2: Shows comparison of histological parameters 
among groups A, B and C 

 
Paramete
rs 

 Group 
A 

n = 8 

Group 
B 

n =8 

Group 
C 

n = 8 

 
p-
value 

Epithelial 
Necrosis 

Absent (-
) 

8(100
%)  

1(12.5
%) 

5(62.5
%)  

            
<0.00
1 

Mild 
(+)<25% 

 
0(0.0%
) 

2(25.0
%) 

3(37.5
%) 
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Moderate 
(++)26-
50% 

0(0.0%
)  

3(37.5
%) 

0(0.0%
)  

Severe 
(+++)>50
% 

0(0.0%
)  
 

2(25.0
%) 

0(0.0%
)  
 

Loss of 
brush 
border 

Absent (-
) 

8(100
%)  

0(0.0%
) 

6(75.0
%)  

<0.00
1 

Mild 
(+)<25% 

 
0(0.0%
) 

2(25.0
%) 

2(25.0
%) 

Moderate 
(++)26-
50% 

0(0.0%
)  

4(50.0
%) 

0(0.0%
)  

Severe 
(+++)>50
% 

0(0.0%
)  
 

2(25.0
%) 

0(0.0%
)  
 

Absence 
of 
vacuolati
on 

Absent (-
) 

8(100
%)  

0(0.0%
)  

6(75.0
%)  

<0.00
1 

Mild 
(+)<25% 

 
0(0.0%
) 

1(12.5
%)  

2(25.0
%)  

Moderate 
(++)26-
50% 

0(0.0%
)  

4(50.0
%)  

0(0.0%
) 

Severe 
(+++)>50
% 

0(0.0%
)  
 

3(37.5
%)  

0(0.0%
) 

Protein 
casts 

Absent (-
) 

8(100
%)  

1(12.5
%) 

8(100
%)  

<0.00
1 

Mild 
(+)<25% 

0(0.0%
) 

2(25.0
%) 

 
0(0.0%
) 

Moderate 
(++)26-
50% 

0(0.0%
)  

4(50.0
%) 

0(0.0%
)  

Severe 
(+++)>50
% 

0(0.0%
)  

1(12.5
%) 

0(0.0%
)  

 

DISCUSSION 

Nephrotoxicity induced by AAP was evidenced by a 
variety of histopathological changes which were 
observed earlier in other studies20.21.22. 
In the present study, the histopathological features 
of nephrotoxicity produced by AAP were 
characterized by significant degenerative changes as 
evidenced by marked necrosis and vacuolization of 
tubular epithelial cells in animals of group B. These 

changes were seen in proximal as well as distal 
convoluted tubules, which showed that toxic dose of 
AAP was responsible for tubular damage after 48 
hours. Similar changes like tubular necrosis and 
degeneration, with hyper cellularity in the 
glomerulus have been reported earlier23. These 
changes are also evidenced by another study in 
which degenerative changes were observed in the 
PCTs. The tubules showed necrotic epithelial lining 
with cytoplasmic vacuolation. Disorganization of 
tubules and desquamation of epithelial cells was 
also seen24. In the current study, loss of brush 
border was seen in the animals of group B. These 
results are comparable to those reported earlier in 
which there was loss of brush border in PCTs when 
AAP was given in toxic doses24. In our experiment, 
pretreatment with FSO largely prevented tubular 
epithelial necrosis, vacuolation and brush border 
loss. Our results are supported by a previous study 
in which administration of lead acetate caused 
degeneration, vacuolation and dilatation of kidney 
tubules which contained many apoptotic cells. 
Treatment with FSO largely prevented lead acetate 
induced histopathological changes in kidney25. It 
has been reported that when AAP is given in toxic 
doses, glutathione gets depleted; so an intermediate 
toxic metabolite, NAPQI is produced in large 
amount which forms covalent binding with cellular 
proteins causing disruption of homeostasis and 
leading to tissue injury and dysfunction of 
kidneys23. Depletion of glutathione in the kidney 
causes mitochondrial oxidative stress21. The current 
investigations reported that FSO significantly 
restored nephrotoxic changes such as necrosis and 
vacuolization of epithelial cells in proximal and 
distal convoluted tubules and loss of brush border in 
PCTs which were evident in group C, pretreated 
with FSO for 14 days. These features were 
comparable to those of control group A and are 
attributed to the antioxidant properties of FSO due 
to the presence of alpha linolenic acid10.   
Future considerations and Limitations: 
The study would have been more meaningful if 
histopathological findings and biochemical testing 
had been combined to assess and correlate the 
nephrotoxic effects of AAP. 
 
 

CONCLUSION 

FXO prevents occurrence of renal damage induced 
by AAP in Albino rats. 
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