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Abstract— The widespread use of agrochemicals such as fertilizers in agricultural practices have been predicted to show
adverse effects on fish, since bulk of the fertilizers sprayed on agricultural crops find way into water bodies. The effect of
commonly used fertilizer, urea on histopathology of fresh water teleost fish Channa punctata was studied. The median lethal
concentration after exposing fish to urea for 96 hours (96-h LCs,) was found to be 19.75 gL ™ and for the chronic toxicity tests
spanning for 28 days, sublethal concentrations of urea, viz., 1.97 g L' (1/10™ 96-h LCs) and 9.87 g L' (1/2 of 96-h LCs)
were considered. Accordingly, two test groups having 3 replicates with 5 fish in each one were exposed to 1.97 g L' and 9.87
g L™ urea. Control in tap water without urea was simultaneously run. After 28 days of chronic exposure fish liver samples
were collected, processed, stained in Hematoxylin-Eosin and observed under light microscope for histopathological alterations.
The liver of control group were normal while the fish exposed to urea showed signs of hepatic alterations such as dilation
of sinusoids, vacuolation and necrosis, with severity increasing with dose. This study revealed that urea, which seems
innocuous, could actually induce various histopathological anomalies in fish, posing a threat to ecosystem.
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biomarkers, which indicate certain biochemical or cellular
modifications due to the presence and magnitude of toxicants
[6]. Histological techniques have long been assumed to
reflect the effects of exposure to a variety of anthropogenic
pollutants [7], [8]. Hence, in the present study efforts have
been made to assess the histological anomalies inflicted on
liver tissues by the sublethal doses of the fertilizer urea at 28
days exposure durations in snake head, Channa punctata
(Bloch), a teleost fish.

l. INTRODUCTION

The use of agrochemicals such as fertilizers, insecticides,
herbicides, and fungicides has now become a Vvital
component of modern day agricultural practices, however,
the disproportionate use of these agrochemicals may lead to
the problem of environmental contamination [1]. The
eventual sink for many of these contaminants is the aquatic
environment, either due to direct discharges or to run-offs
and other processes [2]. Such anthropogenic compounds and
their metabolites which contaminate aquatic ecosystems have
been reported to impact on aquatic life, especially fish [3].

Urea [(NH,),CO] is the most commonly used nitrogen
containing fertilizer and its utilization is escalating

1. METHODOLOGY

A. Maintenance of fish

progressively. The use of urea as a nitrogen fertilizer and
feed additive has been increased 100-fold in the past few
decades in the world, with a doubling in just the past
decade alone [4]. There are number of evidences which
prove that urea can be transported to aquatic bodies despite a
common belief that urea fertilizer is retained in soils [4].
Recently, fertilizers have been found to impact fish health by
way of spray drift [5].

The sequential order of responses to pollutant stress within a
biological system can be measured by using suitable
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Channa punctata weighing 27.6£0.7 g with an average
length of 14.8 £0.2 cm was bought from a local fishery,
which was free from pollutants. The fish were transferred to
a large aquarium with chlorine-free tap water and
acclimatized for three weeks under laboratory setting prior to
experiments. Fish were nurtured with commercial fish food
(Tokyu fish pellet obtained from Fish Aquarium Home,
Laxmi Nagar, Delhi) two times a day. Water was changed
regularly and dead animals (if any) were removed as quickly
as possible. The pH, dissolved oxygen of the water in the
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aquarium is found to be 6.5-6.7 and 6.9-7.2 mgL™ and
having temperature 23.4-25.9° C and electric conductivity
between 81.9-84.5 uS cm ™.

B. Test chemical

Urea (46% nitrogen, manufactured by Indian Farmers
Fertilizer Co-operative limited, Ghiyanagar, Alahabad) was
bought from agrochemical retailer. LCs, values for 96 h for
urea to Channa punctatus were found to be 19.75gL™ in a
prior study as per [9] and two sublethal doses, viz., 1.97
gL' (1/10™ 96-h LCs) and 9.87 gL' (1/2 of 96-h LCs)
were selected for chronic studies.

C. Experimental design

Two investigational doses of urea, and a control set were
maintained for 28 days under constant aeration and renewal
of entire test waters every day. For each set, there were three
replicates and each replicate had 5 fish. Fish were fed twice
daily with commercially available fish food. All the
experiments were performed as per the Assam University,
Silchar Bioethics guidelines and in compliance with the
guidelines of [10].

D. Histopathological analysis

After 28 days of exposure, the treated as well as the control
fish were anaesthetized with 1 mg/L 2-phenoxyethanol
(Sigma, India) and the liver was dissected out. Small pieces
of hepatic tissue were and were put in 10% formaldehyde,
embeded in paraffin wax. Various sections (5p1) were
obtained and further stained with Hematoxylin and Eosin as
per standard protocol [11] and observed under a light
microscope at 400x magnification (Olympus Microscope,
model CX41RF with Olympus digital Camera, model: E-
420). A study was carried out cautiously to observe the

alterations of liver anatomy.

I1l. RESULTS AND DISCUSSION

On exposure to different sublethal concentrations of urea for
28 days, the liver tissue of C. punctata revealed marked
histopathological alterations. The tissue abrasion were
detected to be more marked and rigorous with exposure to
higher dose of urea (9.87 gL™') which indicated that
abrasions were dose dependent. No such histopathological
alterations were found in the liver of control fish (Fig.1).
Both the urea doses (9.87 gL' and 1.97 g L") adversely
affected the liver architecture of C. punctata after 28 days of
exposure. The most remarkable changes in the liver were
vacuolar degeneration, necrosis and damage of hepatocytes.
At 9.87 gL, the severity exaggerated with wide vacuolar
degeneration, necrosis, picnotic nucleus along with damage
of hepatocytes (Fig. 3) as compared to 1.975 g L™ with less
rigorous impact (Fig. 2).
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Discussion

Rapid, intense agricultural development has resulted in the
extensive use of fertilizers on farm-lands. Most of the
nitrogenous fertilizers are not absorbed products and they
make their way to both underground and surface water.
Researches show that only 10 — 15% of applied phosphate
fertilizer is absorbed by the crops, whereas the rest is lost
[12]. High doses nitrogen fertilizer increases the
concentration of ammonia which can toxicologically affect
gill, kidney, and liver tissue structure [13]. The liver of
Channa punctatus comprises of hepatic cells called
hepatocyte and sinusoids. Liver histoplogy of fish have
successfully established correlation between xenobiotic
exposure and pathology [14]. Report suggested that contact
to several types of toxicants result in puffy hepatocytes [15].
In a study conducted by [16] , amphibians exposed to
agricultural runoff had a higher proportion of parasitic cysts
relative to controls. Reports are there that pathological
changes are found in the liver and kidney of Mallards (Anas
platyrhynchos) and Coots (Fulica atra), collected from
fishponds in southern Poland were more severe in areas
contaminated by the high extent of urban stream [17].
Although, scarce reports are available on adverse effects of
fertilizers on liver of fish, it has been reported that different
tissues of Channa striatus were adversely affected by
fertilizer industry effluents, particularly at high sublethal
application inducing noteworthy changes in the levels of
protein and activity of LDH [18]. The main alterations
observed in this study were extensive vacuolar degeneration
and localized necrosis of fish liver, which indicated that
hepatic degeneration had occurred in the exposed fish.
Further, we also observed vacuolization, which were also
reported in fishes exposed to toxic contaminants [19]. We
also observed pycknotic or highly condensed nucleus in
hepatocytes that might be attributed to the deposition of
lipids and glycogen [20]. Microscopic examination of fish
tissue has become a crucial tool in detecting early effects of
xenobiotics on morphology [21]. This study revealed that
urea, which seems innocuous, could actually induce various
histopathological anomalies in fish, posing a threat to
ecosystem.

IV. CONCLUSION AND FUTURE SCOPE

In agricultural field use of fertilizer is a common
phenomenon. Considerable growth has been made in
understanding the environmental impact of urea on fish. The
present analysis revealed that even after manifold dilution,
urea causes deleterious hepatic damage indicative of
environmental toxicity. Therefore, it is, important to protect
our environment and aquatic ecosystem through good
pollution managing policy and to achieve a sustainable
future. More research work is necessary for further
meticulous explication of effects of urea.
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Fig 1. Transverse
after 28 days

Fig.2. Transverse section of the liver of Channa punctata after 28
days of exposure to 1.97 g L™/ (X400): (A)= focal necrosis, (B)=
vacuolar degeneration.
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Fig 3. Transverse section of the liver of Channa punctata after 28
days of exposed to 9.87 g L™/ (x400): (A)= focal necrosis, (B)=
extensive vacuolar degeneration, (C)= piknotic nucleus and (D)=
damage of hepatocyte.
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