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a non- prescription analgesic and antipyretic drug. It was a safe drug
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used in prescribed dose, but overdose may lead to renal failure. It was
detected in our water bodies and also has harmful effects on aquatic
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organisms and experimental animals. In the present study fishes were

Dr. Rema L. P.

exposed to sub lethal concentration of 1/5th and 1/10th of

Associate Professor, Post

acetaminophen for 96 hours. A control was run along with it. Effect of

Graduate and Research

acetaminophen on kidney tissues increased with overdose and long-
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term exposure. Fishes exposed to 1/5th of acetaminophen showed more
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tissue damage in kidney, compared to 1/10th of sub lethal

Ernakulam, Kerala, India.

concentration. Drug induced renal injury has become a major
challenge. The result indicates that the acetaminophen at overdose cause nephrotoxicity in
experimental fish. The major pathological changes observed in the regions of kidney are
presence of pyknotic nuclei, necrosis, congestion, glomerular edema with decrease in
bowman’s space etc.
KEYWORDS: pharmaceutical pollution, acetaminophen, nephrotoxicity.
INTRODUCTION
In a global context, pharmaceutical pollution is an emerging type of water pollution. The
discharge of pharmaceuticals in freshwater bodies is increasing day by day. These
compounds enter into aquatic compartment by many ways including excretion after
therapeutic use, disposal of domestic surplus drugs directly, and inadequate treatment of
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effluents mainly from manufacturing industry and domestic sewage.[1] In addition to the
dispersion of liquid manure and its ultimate leaching into water streams, specific compounds
used for veterinary treatment or growth promoter in aquaculture activities and live stocks are
also a major source of such chemicals.[2] The accumulation of pharmaceuticals in the
environment can have adverse ecological impacts and affect human and animal health,
especially in aquatic organisms.
Fishes are the important tool for evaluating the degree of pollution. Gill, liver and kidney of
fishes are considered as important biomarker for determining the health of fishes. The
pollutant induced histological changes in the various organs of fish throw light to its adverse
impact on a given aquatic ecosystem. In eco toxicological studies (behavioral, morphological,
histological assays) fishes are used as an ideal indicator for various stressors and other
harmful compounds, due to their direct interaction with aquatic habitat, ecological
importance and tolerance capacity.[3-5]
Kidneys are important organ which function as endocrine, hematopoietic and excretory. In
addition to this, kidney perform other functions such as osmoregulation, balancing of water
and electrolyte, maintaining the balance of internal environment, excretion of waste products
such as ammonia, urea and creatine.[6,7]
Histological examination is a useful method for evaluating the toxic effect of pollution. It is
an indicator of exposure to pollutants.[8] Histopathological examinations have long been
recognized to be reliable biomarkers in fish due to stress. In this context, a histological
examination carried out on the fish to determine the health status of fish as well as the aquatic
ecosystem.[9]
MATERIALS AND METHODS
The male Oreochromis niloticus of average length 15 ± 1 cm and weight about 100 g were
collected from fish farm at Maliankara, Ernakulum district in Kerala, India. The fishes were
brought to the laboratory and were acclimatized for a week. After the period of
acclimatization, fishes were divided into three groups of 10 each. Group I served as control
group. Group II and III fishes were exposed to 1/10th and 1/5th of 96 hr. LC50 of
Acetaminophen respectively. For histopathological examination, the kidney was carefully
dissected out from the fish. It was washed and wiped thoroughly with blotting paper to
remove blood and other body fluids. Then the sample was fixed in Bouins fluid for 24 hours
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and further processed to form the wax block. Block with the tissue is cut into thin section of
5micrometer thickness using a microtome. The sections were stained using Haematoxylin and
Eosin.
The sections are observed under phase contrast microscope with attached photomicrography
machinery (NIKON ECLIPSE 80 i) under 400 X magnification.
RESULT
Acetaminophen-induced histopathological changes in kidney of Nile tilapia observed, are as
follows. In control group, kidney of fishes showed normal arrangement of cell. Kidneys have
normal tubules. Both proximal and distal convoluted tubules have normal architecture. Each
tubule begins from cup like Bowman’s capsule. Normal arrangement of glomerulus with
normal Bowman’s capsule (Fig 1. A)
Fishes treated with 1/10th of sub-lethal concentration of Acetaminophen showed almost
normal architecture of tubules. But mild congestion in the region of kidney parenchyma was
visible. Mild expansion of Bowman’s capsule in the glomerulus is also noticed (Fig 1. B)
In fishes treated with 1/5th of sub-lethal concentration of Acetaminophen, kidney showed
advanced degenerative changes with cellular details. Glomerular oedema with decrease in
bowman’s space was observed. Glomerular edema is a sign of kidney failure. Kidney tubules
showed degenerative changes. Necrosis and presence of debris in the tubular lumen. In the
kidney parenchyma blood vessels are filled with blood i.e., blood vessels are highly
engorged. A major pathological change is the nuclear pyknosis. It is the condition in which
disappearance of nucleus. Some cells are in the stage of cell death (Fig 1.C)
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Fig. 1: Histopathological changes in kidney of Nile tilapia treated with Acetaminophen.
A. Section of kidney from the control fish: shows normal arrangement of Bowman’s
capsule (B), normal glomerulus (G) and normal kidney tubules (T). B. Section of kidney
from fish treated with 1/10th of 96 hr. LC50: shows mild expansion of Bowman’s capsule
(MEB) and normal kidney tubules (NT). C. Section of kidney from fish treated with
1/5th of 96 hr. LC50: shows decreased bowman’s space (DBS), expanded blood vessel
(EB) and nuclear pyknosis (NP).
DISCUSSION
Histological studies in fishes are extremely relevant, since they have direct contact with the
polluted habitat. Thus, fishes are considered as an important model for assessing aquatic
contamination. They play a major role in food web, bio-accumulating and biomagnifying
harmful substances and also responding to low concentrations of mutagens.[10] Thophon et
al[11] observed that the teleostean kidney is one of the first organs to be affected by
contaminants present in the water.
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Many authors have previously documented Acetaminophen induced nephrotoxicity.[12-14]
When compared to hepatotoxicity, nephrotoxicity is less common in acetaminophen
overdose. But even in the absence of liver injury, renal damage and acute renal failure can
occur and lead to death in humans and experimental animals.[15,16] Toxicity of
Acetaminophen is associated mainly with liver damage. The nephrotoxicity or kidney
dysfunction may occur as a secondary effect to hepatotoxicity. Vermeulen et al[17] reported
that in rare cases acute renal tubular necrosis due to acetaminophen also occurred. Recently
more studies have been incorporated the kidney in biomarker research. Histological studies
have also used to identify in the renal tissue after exposure to toxicants.[18,19]
Histologically, teleost kidney consists of two parts - renal parenchyma and interstitial tissues.
In renal parenchyma functional unit is nephron and interstitial tissue consist of hematopoietic
tissues.[20] In fresh water teleost nephron is divided into many parts such as renal corpuscle
(malpighian body) consisting of glomerulus and Bowman’s capsule; renal tubule divided into
a neck segment, and proximal convoluted tubule consisting of two parts P 1 and P2; an
intermediate segment and a distal convoluted tube.[20] Kidney of control fishes showed all the
parts intact and with normal cells. Arrangement of glomerulus with normal Bowman’s
capsule and normal tubules are noted. Both proximal and distal convoluted tubules have
normal architecture.
Fishes treated with 1/10th 96 hr. LC50 of Acetaminophen showed almost normal architecture
of tubules. But congestion in the region of kidney parenchyma and mild expansion of
Bowman’s capsule in the glomerulus was observed. Various drugs and chemicals cause
nephrotoxicity. It occurs as a result of disturbances in renal function.[21] Rat treated with
cisplatin a chemotherapeutic drug at dose >5 mg/Kg body weight showed signs of
nephrotoxicity.[22,23]
Fishes treated with 1/5th 96 hr. LC50 of Acetaminophen showed advanced degenerative
changes with respect to cellular details. According to Jones and Vale[24] even in situations
where hepatotoxicity is not observed with toxic dose intakes, nephrotoxicity is reported. In
the present study kidney showed glomerular edema with decrease in Bowman’s space.
Glomerular edema is a sign of kidney failure. Kidney tubules showed degenerative changes.
Additional glomerular damage could be observed at the ultra-structural level.[25] Paracetamol
and gentamicin - the two drugs associated with renal tubular damage in man,[26,27] have been
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proved to cause morphological and/or functional alterations in the zebra fish pronephros
also.[28 - 32]
In the present study, kidney showed necrosis and presence of debris in tubular lumen. Das
and Mukherjee[33] reported dilation of renal tubules and necrotic changes characterized by
karyorrhexix and karyolysis in hexachloro-cyclohexane exposed Labeo rohita. In the kidney
parenchyma blood vessels are highly engorged. A major pathological change noticed is the
nuclear pyknosis. Degeneration in the epithelial cells of renal tubules, pyknotic nuclei in the
hematopoietic tissue, dilation of glomerular capillaries, degeneration of glomerulus, intra
cytoplasmic vacuoles in the epithelial cells with hypertrophied cells and narrowing of the
tubular lumen were observed in the kidney of fish exposed to deltamethrin.[34] Nasser et al[35]
observed that nephrotoxicity due to over dose of acetaminophen causes changes in the
cytoarchitecture of the glomeruli, proximal, distal convoluted tubules, as well as interstitium.
Tilak et al[36] confirmed severe necrosis, cloudy swelling in the renal tubules, cellular
hypertrophy, granular cytoplasm and vacuolization in kidney tissues of Ctenopharyngodon
idella exposed to fenvalerate.
Many pathological changes associated with kidney are reported by various scientists. It
includes dilation or inflammation of blood capillaries in glomerulus and thickening of their
walls, damage and fibrosis of glomerulus capillaries sclerosis, abnormal increase of epithelial
cells in Bowman’s capsule, cloudy swelling of epithelial cells present in renal tubules,
degeneration of hyaline droplet in epithelial cells of renal tubule, epithelial cell necrosis and
glycogen infiltration of tubular epithelium.[20]
CONCLUSIONS
Many pharmaceutical drugs are reported in considerable amount in water bodies. The
accumulation of pharmaceuticals in water bodies have adverse ecological impact. It may
harmfully affect human and animal health. Acetaminophen have toxic effect on kidney of
Nile Tilapia when exposed to sub lethal concentrations. Kidneys of fishes are very sensitive
to Acetaminophen in a dose dependent manner. Acetaminophen is a widely used drug and
detected in the environment. Its continuous exposure lead to harmful effect on fishes and also
affect the ecosystem.
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