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ABSTRACT 

Objective: To compare the impact of doses of heavy metals like copper on renal tubules in albino rats. 
Study Design: Comparative Cross-sectional study. 
Place and Duration of Study: Pathology Department of Services Institute of Medical Science, (Animal House) University of 
Health Sciences, Lahore Pakistan, from Nov 2018 to May 2019. 
Methodology: Two groups of Wistar Albino rodents were categorized as control and study groups consisting of ten rodents. 
Only standard pellets diet of mice with tap water was given to all control group members. On the contrary, the heavy metal 
dose was calculated according to the bodyweight of the rodents in the study group. The dose was given to the rodents every 
alternate day for up to eighteen weeks. At the end of the experiment, changes in renal tubules were compared microscopically 
and statistically analyzed in both categories, keeping the p-value of <0.05 as significant.  
Results: The results showed that morphological changes in renal tubules in tubular epithelial necrosis and dilatation were 
significantly different in all members of both categories’., epithelial necrosis; (n=10, 100%, p<0.001), followed by dilatation 
(n=10, 100%, p<0.001), casts (n=10, 100%, p<0.001), basement membrane thickening (n=10, 100%, p<0.001), and vacuolization 
(n=10, 100%, p<0.001). 
Conclusion: This study found that heavy metals like copper can cause renal tubular necrosis, dilatation, and inflammation. 
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INTRODUCTION 

In prehistoric times many heavy metals have 
been used in medicine, but they have potentially toxic 
effects on humans. Consumption of various foods and 
water is also the primaeval cause of exposure to 
human beings; indeed, copper from food is a prime 
source.1 Human health is reported in the danger zone 
after close and prolonged contact with these heavy 
metals, such as cadmium, copper, lead, nickel, and 
zinc.2 Some heavy metals products treat tuberculosis, 
arthritis, sexual weakness, growth failure, and asthma. 
Unfortunately, these modes of treatment are quite 
popular in Southeast Asia for their quick and prompt 
action. Critical oxidative renal dysfunction has been 
clocked in after extended use of copper metal in 
various research studies.3,4 These heavy metals 
preparations are in powder form, well absorbed after 
oral intake and are deposited mainly in the liver and 
kidney, likely to be damaged.5 

Proximal renal tubules in kidneys are the first 

target site for accumulating an excess of copper 
compounds. They primarily cause hyaline drop and 
hydropic dystrophy in various tubular cells. The 
glomeruli remained unchanged at first, but epithelial 
cell necrosis appeared in the tubules. Tubular necrosis 
in kidney tissue is caused by damage to the basal 
tubule membrane.6 

The primary site of heavy metal toxicity is the 
renal tubules. On the other hand, these metals  
Congestion of the glomeruli and denudation of the 
tubular cells can result in a prolonged usage of these 
heavy metals, especially copper compounds.7 Spotted 
tubular epithelium edematous medulla and 
Eosinophilic casts are developed as the most familiar 
renal morphological changes.8 Vulnerable 
morphological changes in the renal tubules of Wistar 
albino rodents after consumption of heavy metal 
copper are discussed in this manuscript. There is only 
a little scientific research on these products, mainly 
due to the lack of communication among traditional 
healers, physicians, and scientists. We need to conduct 
this histopathological study to assess the changes in 
renal tubular injury in albino rats after using heavy 
metal copper dosage. The study will help to know if 
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there is any significant difference in the severity of 
renal tubular injury in albino rats after using different 
dosages of copper. 

METHODOLOGY 

This comparative cross-sectional study was 
conducted at the Pathology Department of Services 
Institute of Medical Science, (Animal House) 
University of Health Sciences (UHS), Lahore, from 
November 2018 to May 2019. Approval from the 
institutional review board has been taken vide letter 
no. IRB / 2021 / 886 / SIMS. The sample size of 61 
was calculated while keeping a 20% expected ratio of 
hypertrophy, proliferation and swelling in the lining 
endothelium of the glomerulus, severe renal cortical 
congestion, 95% confidence interval, and 10% margin 
of error. However, due to the limited resources and 
financial constraints sample size of 20 was taken.9 

Inclusion Criteria: Male and female rats of the six to 
eight weeks age group weighing 200 to 250 grams 
were included. 

Exclusion Criteria: Underweight (less than 200 grams) 
and overweight animals (more than 250 grams) were 
excluded. Underage rodents less than six weeks were 
also excluded. 

These Wistar albino rodents were taken from 
UHS. All twenty rodents were kept in separate cages 
in UHS' highly monitored animal nursery. The 
temperature of 220 to 250 degrees Celsius, with 65%±5 
humidity, was maintained. The dark and light cycles 
were also kept to a 12-hour cycle each. On alternate 
days, the prescribed dose for each rodent was 
administered. After an acclimatization period of one 
week, rodents were divided into two groups control 
and study group. 

Control Group: Ten healthy rodents were given tap 
water and a regular diet for 18 weeks. 

Study Group: Ten healthy rodents received oral food 
on alternate days for 18 weeks. The food was given in 
the form of pellets prepared using Cu 0.15 mg/kg 
body weight, homogenized and mixed with wheat 
flour. 

The guidance for the exact quantification of 
copper in the food of Wister albino rodents was taken 
from Biochemistry Department-UHS. According to 
their suggestion, rodents in the study group were 
given customized pellets. Oral LD50 of rats for copper 
metal has been reported as 2 mg/kg body weight, 
which is also supported by the extant research.10 The 
dose of copper was adjusted according to the weight 

of each rodent to make sure that the rats received 0.15 
mg/kg of copper metal in their food on the days they 
were given pellets. 

At the end of the experiment, animals were 
sacrificed under anaesthesia (with carbon dioxide), 
necropsied and dissected according to proper 
procedure and ethics.11 The kidneys were fixed in 10% 
neutral buffered formalin, dehydrated in alcohol, 
cleared in xylene, and embedded in paraffin; 4–6-
micron thick sections were prepared and stained with 
haematoxylin and eosin. With more than five years of 
experience, two consultant pathologists evaluated all 
sections. There was no blinding, and all of the findings 
were discussed openly. 

All the data were analyzed in Statistical Package 
for the social sciences (SPSS) version 23.00. The 
categorical variables, i.e., gender, presence, or absence 
of features, have been presented as frequency and 
percentages. The quantitative variables, i.e., weight, 
have been presented as mean and standard deviation. 
Fisher Exact Test has been applied to associate 
histopathological features among groups. A p-value of 
<0.05 was taken as significant. 

RESULTS 

A total of 4(20%) male and 16(80%) female 
rodents with an average weight of 227.54±13.05 grams 
(Range: 201.80-245.70 grams) were included. Histo-
pathologically, there were significant differences in the 
degree of renal tubular injury in the copper-treated 
group compared with the control group. The most 
common finding in the copper-treated group was 
epithelial necrosis; an important feature of early 
toxicity (n=10, 100%), followed by dilatation (n=10, 
100%), casts (n=10, 100%). There was also a significant 
increase in the number of basement membrane 
thickening (n=10, 100%) and vacuolization (n=10, 
100%) (Table-I). The number of rats with epithelial 
necrosis (p<0.001), dilatation (p<0.001), casts (p<0.001), 
basement membrane thickening (p<0.001), and 
vacuolization (p<0.001) was significantly different 
between the two groups. These results indicate that 
exposure to copper is associated with an increased risk 
of renal tubular injury in albino rats. 

Figure-I represents that the glomeruli and renal 
tubules in the control group do not show thickened 
basement membrane or any signs of inflammation 
(Figure-I). Figure-II and III represent that renal tubular 
epithelial cell cast reflects renal epithelial cell damage 
in the collecting ducts (formed by solidifying the 
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proteins within the tubular lumen, making it expand 
and fill) in the study group, and Figure-IV represents 
dilatation and thickened basement membrane in the 
study group. These findings indicate that the rats in 
the copper-treated group experienced renal tubular 
injury after exposure to heavy metal copper dosage, 
likely due to the toxicity of copper, which can damage 
the epithelial cells lining the renal tubules and cause 
inflammation and basement membrane thickening. 
Vacuolization may result from cell death or damage, 
and casts can form when renal tubules are damaged 
and cannot properly filter waste products from the 
blood. 

 

Table: Renal Histopathology Parameters in terms of Renal 
Tubules (n=20) 

 
Control 
Group 

Study 
Group 

p-value 

Epithelial 
necrosis 

Present 0(0%) 10(100%) 
<0.001 

Absent 10(100%) 0(0%) 

Dilatation 
Present 0(0%) 10(100%) 

<0.001 
Absent 10(100%) 0(0%) 

Casts 

RBCs 0(0%) 10(100%) 

<0.001 WBCs 0(0%) 10(100%) 

Proteins 0(0%) 10(100%) 

Crystals 
Present 0(0%) 0(0%) 

-- 
Absent 10(100%) 10(100%) 

Basement 
Membrane 

Normal 10(100%) 0(0%) 

<0.001 
Thickened 0(0%) 10(100%) 

Thickened+ 
Focally Thick 

0(0%) 0(0%) 

Vacuolization 
Present 0(0%) 10(100%) 

<0.001 
Absent 10(100%) 0(0%) 

 

 
Figure-I: Glomeruli and Tubules with Normal Morphology of 
Group One Hematoxylin and Eosin Stain (10 Power field) 
 

 
Figure-II: Renal Tubular Cast in Members of Group Two 
Hematoxylin and Eosin Stain (40 Power field)  
 

 
Figure-III: Renal Tubular Cast in Members of Group Two 
Hematoxylin and Eosin Stain (20 power field) 
  

 
Figure-IV: PAS Stain Showing Dilatation and Thickened 
Basement Membrane (20 power field) 
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DISCUSSION 
Copper compounds can harm renal epithelial 

cells either directly (by producing reactive oxygen and 
peroxidation) or indirectly (by depleting cellular 
glutathione). In epithelial necrosis dilatation, cast 
formation, and vacuolization, the present study 
supports the metallic toxicity of kidney tubules.12,13 
Numerous studies indicate tubular necrosis is 
frequently caused by intravascular hemolysis and 
direct copper action on the kidneys. Human health is 
harmed by copper accumulation in proximal tubules, 
which leads to tubular necrosis in Wilson's disease.14,15  

Tubular and glomerulus necrosis and 
eosinophilic intranuclear inclusions in the lining 
epithelium of some renal tubules were observed in all 
toxicated rats.16 Similarly, Akintunde et al. found that 
20% of exposed rats had severe renal cortical 
congestion; hypertrophy, proliferation, and swelling in 
the lining endothelium of the glomerulus, and 40% 
had glomerular tubular degeneration with 
degeneration in the lining epithelial cells of renal 
tubules, and 60% had cortical congestion with protein 
cast.9 According to a recent Iranian study by 
Shahsavari et al., the highest concentrations of metals 
were found in the kidney. In renal tissue samples, 
hyperemia, haemorrhage, necrosis, degenerative 
damage to tubule epithelial cells, and the presence of 
hyaline casts and, in one case, mononuclear leukocyte 
infiltration were observed.17 

Researchers studied copper toxicity on thirty 
male Wistar rats, and they found deranged renal 
parameters, especially serum creatinine levels 
indicating the reversible renal parenchymal damage. 
In our study, it is proved by histopathological changes 
within renal tissue.18 Most of the studies are in 
accordance with our findings that there is a direct 
relationship between heavy metal intoxication and 
renal injury. This damage may be due to the 
production of free radicals that overwhelm the 
antioxidant defence system, causing oxidative stress. 
LIMITATION OF STUDY 

This study has a few limitations. Firstly, it is a small 
study with only 20 rats. This study cannot conclude the toxic 
effects of heavy metals on other body organs. Studies on a 
more significant number of rats with different treatment 
durations are warranted to elucidate further the renal 
tubular injury associated with copper exposure. Secondly, 
this is a histopathological study, and the degree of renal 
tubular injury was only scored semi-quantitatively. A more 
detailed quantitative study is required to determine the 
exact extent of renal tubular injury caused by copper 
exposure. 

CONCLUSION 

In conclusion, exposure to heavy metal copper dosage 
is associated with an increased risk of renal tubular injury in 
albino rats, as evidenced by epithelial necrosis, dilatation, 
casts, basement membrane thickening and vacuolization on 
histopathological examination. These findings suggest that 
caution should be exercised when using copper-containing 
products and that further research is needed to understand 
the mechanisms by which copper causes renal tubular 
injury. 
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