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ABSTRACT
The present study is aimed to assess the histological changes in the gill of freshwater fish, N. botia exposed to
sublethal concentration of Bis (tributyltin) oxide (TBTO). In this study, sub lethal concentration is determined
based on one tenth of lethal concentration. Light microscopic studies exhibited severe histopathological changes in
the gill. The histopathological changes in gills were characterized by the hyperplasia of epithelial cells lining,
mucus cells, bulging of mucus cells, dilation of blood vessels, increase in sub epithelial space and disorganization
of secondary filament were noticed after short term exposure to a sublethal concentration of TBTO.
KEYWORDS: Nemacheilus botia, Toxicity, Bis (tributyltin) oxide, TBTO, Gill.
INTRODUCTION
Organotin compounds are a highly versatile group of
organometallics used in industrial and agricultural
applications, including polyvinyl chloride stabilizers,
catalysts, industrial and agricultural biocides, and woodpreserving and antifouling agents (Moore et al., 1992[1]).
These chemical through surface runoff reaches to the
unrestricted areas like ponds and rivers which alters the
physicochemical properties of water and is toxic to non
target aquatic organism. The environmental destruction
caused by anthropogenic factor lead to further
destruction of aquatic fauna and especially the fishes
(Vidyarani et al., 2010[2]). Organotin compounds are
readily incorporated into the tissues of filter feeding
zooplankton, grazing invertebrates and eventually higher
organisms such as fish, water birds, and mammals where
it accumulates (Hussein et al., 2011[3]). TBTO is a
xenobiotic Organotin compound that may affect the
internal vital organs and alter behavior (Triebskon et al.,
1994[4]).
Several workers investigated the toxicity of Organotin
compounds to aquatic animals (Rabbito et al., 2005[5],
Shejule et al., 2006[6]). In fish, gill is a main vital organ
for their respiratory and osmoregulatory functions. They
have generally considered a good tissue indicator of the
water quality and are appropriate for the assessment of
environmental impact (Mazon Fanta et al. 2002[7], Fanta
et al. 2003[8]). Histopathological studies are performed to
evaluate the direct effects of contaminants on fish in
laboratory bioassays (Ortiz-Delgado et al., 2007[9]).
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Some studies have reported the toxic effects of TBT on
morphological and functional alterations of teleost gills
in aquatic media (Schwaiger et al. 1992[10], Tsuda et al.
1992[11], Wang and Huang 1998[12]). Exposure to TBT
cause histopathological lesions in liver, kidney, eye and
gill epithelium in medaka Oryzias latipes and guppy
Poecilia reticulata (Wester and Canton, 1987[13]; Wester
et al., 1990[14]), and masculinization in Japanese flounder
Paralichthys olivaceus (Shimasaki et al., 2003[15]).
Changes in the respiratory activity of fish have been used
by several investigators as indicators of repose to
environmental stress (Gopal and David, 2010[16]; Magar
and Afsar Shaikh, 2012[17]; Jothinarendiran, 2012[18];
Maharajan et al., 2013[19]; Ram Nayan Singh, 2014[20]).
The aim of the present study is to study the
histopathological alternations in the gill of freshwater
fish N. botia, common, cheap, palatable and easily
available exposed to sublethal concentration of Bis
(tributyltin) oxide for 24, 48, 72 and 96 hours.
MATERIALS AND METHODS
The fish Nemacheilus botia were netted from Nandur
Madhmeshwar Dam, in Niphad Taluka of Nashik
District in Maharashtra State, India located on the
coordinates of 19°59’ to 20°4'N and 74°2’ to 74°10’E.
The fishes were brought to laboratory and release in
glass aquaria (size 0.909 X 0.303 X 0.303 m.), where a
continuous and gentle flow of tap water was maintained.
The fishes were fed on fishmeal procured from the
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market and allowed to acclimatize to laboratory
conditions for one week. Water was aerated twice a day
to prevent hypoxic conditions. Stock solution (1ppm)
was prepared in tap water (Laughlin et al., 1983[21]). The
LC50 values for 24, 48, 72 and 96 hours were determined
by Finney’s probit method[22]). For the histopathological
study, sublethal concentration is determined based on
1/10th of LC50 values for 24, 48, 72 and 96 hours were
used. For each experiment six fishes, N. botia of
approximately same weight and size were exposed to
sublethal concentrations of TBTO for 24, 48, 72, 96
hours and control was run simultaneously. At the end of
the experiment, fish per treatment was captured and
sacrificed. Gills were removed and washed with buffered
normal saline and fixed into Bouins solution for 48 hrs.
They were processed through graded series of alcohols.
Then they were cleared in xylene and processed for cold

and hot impregnation before embedded in paraffin wax.
Sections were cut to 6 microns thickness. Stained with
Ehrlich hematoxylin and Eosin (dissolved in 70%
alcohol) and were mounted in DPX for permanent slide
preparation. Slides were viewed under a microscope. The
possible changes in tissues of fish, N.botia treated with
TBTO were observed and photographs were taken.

In the result gill of control freshwater fish, Nemacheilus
botia is composed of filaments of primary lamellae
arranged in double rows and secondary lamellae arise
from these filaments. The secondary lamellae are lined
by a simple squamous epithelium which rests on
basement membrane covering the pillar cell-blood
channel system and which constitutes the main vascular
area of the gills. Large numbers of mucous cells are
present on the epithelial gill rackers, whereas primary
lamellae had comparatively small and less number of

mucous cells. No recognizable changes were observed
in the gills of the control fish (Fig.1).
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RESULTS
The evaluation of Lc50 concentration of pollutants is an
important step before carrying out further studies on
physiological changes in animals. In the present study
the N. botia exposed to TBTO, the acute toxicity level
was expressed in terms of Lc 50 values. The LC50 values
were found to be 0.01852, 0.0153, 0.01311 and 0.01099
ppm at 24, 48, 72, and 96 hours respectively.

After exposure to sub-lethal concentrations of TBTO at
24 hrs of exposure, hyperplasia of epithelial cells lining
and sub epithelial space was noticed (Fig. 2). Bulging of
mucus cells and disorganization of the secondary
filament was seen in the treatment after 48 hrs (Fig. 3).
At 72 hrs of exposure, enlargement of mucus cell and
hyperplasia of epithelial cells were noticed (Fig. 4).
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Significant damage to gill lamellae, bulging of mucus
cell, disorganization of secondary filament and
hyperplasia of epithelial was seen at the treatment after
96 hrs exposure of TBTO (Fig.5).
DISCUSSION
Chemical pollution in aquatic ecosystems, especially
freshwater systems, is a major environmental concern. In
the present investigation the freshwater fish,
Nemacheilus botia was exposed to different sublethal
concentration of TBTO.
The gills, which play an important role in many
metabolic functions in the fish, such as respiration,
osmoregulation, and excretion, remain in close contact
with the external environment and particularly sensitive
to changes in the quality of the water are considered the
primary target of the contaminants (Camargo and
Martinez, 2007[23]). Considerable interest has been
shown in recent years in the histopathological study
while conducting sub-lethal tests in fish. Tissue changes
in test organisms exposed to a sub-lethal concentration of
toxicant are a functional response of organisms which
provides information on the nature of the toxicant. The
mucus cells react instantaneously to the pollutants and
secrete copious mucus to form a thick protective layer
over the entire exposed surface (Jeebu Kumar Jha et al.,
2014[24]). A large amount of mucous secretion acts as a
defense mechanism against several toxic substances
(Handy and Eddy, 1991[25]; Mazon et al., 1999[26]). Due
to TBTO intoxication the hyperplasia of epithelial cells
lining, mucus cells, bulging of mucus cells, dilation of
blood vessels, increase in sub epithelial space and
disorganization of the secondary filament was observed
after exposure to sublethal concentration of test
toxicants.
The presence of necrosis is, in fact, one of the most
visible damages in tissues affected by a pollutant
(Rabitto et al., 2005[27]). In the guppy (Poecilia
reticulata) and medaka (Oryzias latipes), lesions in gill
epithelium were found (Wester and Canton, 1987 [13];
Wester et al., 1990[14]). Schwaiger et al., 1994[28] noticed
degeneration and necrosis of epithelial cells and chloride
cells in the gills in rainbow trout after exposure to TBTO
in concentrations ranging from 0.6 to 4.0 pg/l for 28
days. Marine teleosts such as Cyprinodon variegatus
(sheepshead minnow) showed 40% necrosis in gill tissue
after 28 days exposure to 4 μg/L TBTO (Bryan and
Gibbs, 1991[29]).
A number of histopathological changes have been
reported in fish exposed to different chemical
compounds are on these lines are Das and Mukherjee,
2000[30]; Rodrigues et al., 2001[31]; Tilak et al., 2001a[32];
Tilak et al., 2001b[33] and Anita susan and Tilak, 2003[34];
Ortiz et al., 2003[35]; Cengiz and Unlu, 2003[36]; Machado
and Fanta, 2003[37]; Altinok and Capkin, 2007[38];
Velmurugan et al., (2007)[39], which are in agreement
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with the observed histopathological changes under
tributyltin oxide exposure.
CONCLUSION
The gills, which participate in many important functions
in fish, such as respiration, osmoregulation, and
excretion, remain in close contact with the external
environment and particularly sensitive to changes in the
quality of the water are considered the primary target of
the contaminants (Mazon et al., 2002[7]; Fernandes et al.,
2003[40]). In conclusion, present study substantiates
earlier findings that in freshwater fish, N. botia when
exposed to sublethal concentrations of TBTO, gills
showed structural damage. Based on present results, it
can be concluded that tributyltin oxide is able to cause
various severe damages in gill as reported by Zhang et
al. (2008).[41] Therefore the application of TBTO in
various industries should be control.
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