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ABSTRACT

Sublethal concentrations of organophosphorous pesticide Chlorpyrifos (0, 0-Diethyl - 0 - 3, 5, 6 - trichloro-2- pyridy
phosphorothioate) were investigated with fresh water teleost fish Channa punctatus. Fish were exposed to 1/3rd (1.46
ul/l) and 1/10% (0.538 pl/l) of 24 h LCso for the period 3 days toxicity (short term exposure) and 7 day (long term
exposure) through static renewal test. Liver and gill samples were collected after 3 & 7 days of exposure to chlorpyrifos
(CPF) and lesions were analyzed by upright microscopy. The main histopathological changes caused by CPF in gills
exposed to the highest concentration were edema, lifting of lamellar epithelia and an intense vasodilatation of the
lamellar vascular axis. Although less frequent, lamellar fusion caused by the filamentar epithelium proliferation and
some lamellar aneurisms were also found. Gill disorders include hypertrophy; hyperplasia and lifting of epithelial cells
and fusion of secondary lamellae were pronounced in all treatment. The liver of control group exhibited a quite normal
architecture, while the fish exposed to CPF showed vacuolation and necrosis. These hepatic alterations were more
evident in fish exposed to higher concentrations and long term exposure tenure. Liver suffered from toxicity as
hypertrophy of hepatocytes, infiltration of leukocytes, necrosis and fibrosis. Even low dose of CPF produced severe
pathological lesion for long term exposure in gills as well as liver.
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INTRODUCTION

Water pollution is a major problem of this century owing to the addition of various pollutants in water
bodies through many ways and they changes their natural qualities of water [27]. In case of inland water
contamination pesticides are known commonly, closer to areas of their applications which affect growth,
reproduction and nutritional value of fish, when their concentration in water exceeds the critical
maximum limit [15]. Among different classes of pesticide organophosphate are more frequently used,
because of their high insecticidal property, low mammalian toxicity, less persistence and rapid
biodegradability in the environment.

Chlorpyrifos (0, 0-Diethyl - 0 - 3, 5, 6 - trichloro-2- pyridy phosphorothioate) is an organophosphorous
pesticide commonly known as cholinesterase inhibitor and may cause disorders in the physiological by
inhibiting the enzyme acetylcholinesterase (AChE), which modulates the amount of neurotransmitter,
acetylcholine. Alterations in the cellular morphology of pesticide treated fish [1] and their physiological
functions upon exposure to different pesticide concentrations have been observed by Gupta and Saxena,
[10]. The investigation of histopathology of various organs may therefore, prove it is cost effective tool to
determine health of fish population and reflecting the health of entire aquatic ecosystem [23, 25, and 26].
The study of fish liver is very important in the field of aquaculture induced by many problematic
condition and aquatic pollution [2]. It is also well known that gills are among the most sensitive organ,
which reacts first in changed environment. Since respiration, osmoregulation and excretion are
performed through the gills [12, 22].

To rescue the living world from the harmful effects of these chemical substances as well as to find some
alternative ways to control the pests, it is very necessary to carry out works on diversity of organisms by
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applying varying concentration of pesticides. However, the reports on the effects of low dose of
Chlorpyrifos in fresh water teleost fish Channa punctatus are still scanty. In the light of above information
and ideas, present investigation is aimed to study the effect of sub-lethal concentration of Chlorpyrifos on
liver and gill of the fresh water teleost fish Channa punctatus.

MATERIALS AND METHOD

Test chemical and animal model

Hilban® (20 % EC chlorpyrifos) and other chemical of analytical grade were purchased from scientific
suppliers locally.

Animal collection and acclimatization

Live specimens of 36 * 4g weight & 16 + 4cm. lengths Channa punctatus were collected from local market
and water bodies (pond, river, canal etc.) in vicinal area of Lucknow. They were acclimatized in
laboratory for 1 week under normal photoperiod (12 h light & dark) and temperature (23 + 1.5 0C).
Experimental design

To study the sublethal effect of Hiban® on tissue anatomy (short term), an experiment was conducted in
which the experimental fishes were divided in to three groups. In first group: fish were exposed to 1/3rd
of LCso (1.46 ul/1) for 3 & 7 days exposure period. The second group: fish were exposed to 1/10t% of LCsq
(0.538 pl/1) for 3 & 7 days and in third group a control set of fish was running with experimental group.
The LCso of Hiban® for 24 h was found 5.38 ul/1 through the probit analysis. In each set 10 fish were
taken. During this period dead fish were removed immediately and the water was changed regularly at 24
h intervals with the same amount of the toxicant. The fish were fed daily. At the end of specified period of
experimental exposure, tissues were dissected out for histological process after sacrificing the fish.
Histological study

Tissue (gills and liver) were collected from the treated as well as control fish and preserved in Bouin’s
fixatives. The method of Bernet, [3] was adopted for processing of tissues for histological studies. Tissue
were dehydrated in different graded series of alcohol, they were cleared in xylene and embedded in
paraffin. Further the sagittal sections (5 pu thickness) were cut using a rotary microtome and mounted on
glass slides. Sections were deparaffinized in xylene, hydratated in ethanol and stained with haematoxylin
and alcoholic eosin (H&E) for general histological evaluation. Photomicrographs of stained sections were
made using Nikon upright microscope.

RESULTS

In the present study a variety of histopathological changes were observed in the liver and gill of Channa
punctatus. The severity and frequency of organ lesions was found to be more pronounced in fish treated
with higher concentration of Hilban because of alterations were does and duration dependent.

A. Histopathological observations of Gill

The gill is composed of numerous gill filaments which have two rows (primary gill lamellae, PL) and
secondary lamellae that run perpendicular to each filament (Fig. 1A). The lamellae are lined by a
squamous epithelium composed by pavement (PV) and nondifferentiated epithelial cells. Each lamella is
made up of two sheets of epithelium delimited by many pillar cells (PC), which are contractile and
separate the blood (capillary) channels (BC) in which one to two erythrocytes are usually recognized
within each capillary lumen. Between the lamellae, the filament is lined by a thick stratified epithelium
constituted by several cellular types, such as chloride cell (CC), mucous or goblet cell (GC) and pavement
cells (Fig.1B). Mucus cells and pavement cells are also present in the epithelium of the filament and at the
base of lamellae, but they are smaller than chloride cells the gill filaments are covered with squamous
pavement cells showing characteristic concentric patterns of microridges (Fig. 1B).

Fish showed some signs of epithelial lesions when exposed to both sublethal concentration of CPF which
was time dependent even treated with low concentration. The main changes observed at long term period
(7 day) of CPF exposure were accentuated lifting of the lamellar epithelium (LE), oedema in the
filamentary epithelium and an intense lamellar vasodilatation. The section of gills treated with 1.46 pl/1
CPF exhibited lamellar fusion in numerous areas of the secondary lamellae with hyperplasia in chloride
cell (CC), pillar cell (PL), pavement cell (PV) and mucus secratihg globlet cells (GC) for short term (3 days)
exposure time [Fig.1C]. At long term treatment of CPF gill showed lamellar aneurism (lesions of blood
vessels), synechiae (adhesion of tip) and congestion & leucocytes infiltration, interlamellare oedema (10),
congestion in secondary lamellae and telengesis (T) were noticed (Fig. 1D). Gills of 0.538 ul/1 CPF treated
group showed also histopathological changes through the treatment period those were extensive
hypertrophy and hyperplasia of epithelial, mucus secreting cell (GC) and chloride cells (CC) due to
complete fusion of secondary lamellae and, haemorrhage in cartilaginous core (HC), at the end of 3 day
treatment (Fig. 1E). At the long term (7 day) 0.538 pl/1 CPF shows hypertrophy and proliferation in the
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erythrocytes of cartilaginous core (HPC); complete destruction of the secondary lamellae, obliteration of
normal lamellae architecture as lifting of epithelial cells (LE) affecting the apical distal ends of the gill and
the distructed blood capillaries aggregate and showed lamellar aneurism (LA) (Fig. 1 F).

B. Histopathological observations of Liver

The liver of untreated fish was exhibited parenchymatous appearance and mainly consisted of polygonal
shaped hepatocytes (H) with their central nuclei. Sinusoids (S), are irregularly distributed between the
polygonal hepatocytes. Hepatopancreatic alveoli of the exocrine pancreas were seen to be placed in the
parenchyma and the melanomacrophase centres stained light brown in colour, were located closed to the
hepatopancrease. Some of the hepatocyte nearby the hepatopancrease was slightly vacuolated it could be
due to storage of glycogen and lipid (Fig.2 A).

The fish exposed to both sublethal concentrations showed moderate to severe changes. The degree of
histopathological lesions was seemed to be related to the increasing exposure period of CPF treatment.
The main alteration found in the liver was: nuclear hypertrophy (NH), nuclear vacuolation (V), granular
cytoplasm, bile stagnation (BS) as brownish yellow granules in the cytoplasm and necrosis (N). The
intensive hepatocelluar vacuolization i.e. steatosis (S) was raised from 3 day (Fig. 2B) exposure of 1.46
ul/1 CPF and more pronounced on 7t day treatment such as granular cytoplasm and degeneration of
hepatocytes (DH) with dialation of sinusoids (DS) lumen (Fig. 2C). Cellular breakdowns and cytoplasmic
vacuolation (CV) were distinguished in combination with pyknosis (P) and karyokinesis (K) was observed
in the liver of 0.538 pl/1 exposed CPF for 3 day (Fig.2D). In the hepatopancreatic region of liver section of
fish exposed to 0.538 pl/1 CPF for 7 day showed damage which was characterised by widen extracellular
spaces and loss of contact between hepatocytes and pancreocytes (Pn), and lysis of pancreatic membrane
(M) was observed (Fig. 2E).
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Figure 1(A-F): Photomarphograph of the gill control Channa punctatus showing the primary

(PGL), with cartilaginous core (C) with erythrocytes cells (EC), [14, 20X] and in magnified part of Fig 1A
of secondary gill lamellae (SGL), showing epithelial cells - pillar cells (PC) separated by blood channels
(BC), pavement cells (PV), chloride cells (CC), goblet cells (GC) [1B, 40X]. Photomarphograph of the gill
section treated with 1.46 pl/l for 3 day showing epithelial hyperplasia (EH) and sloughing of secondary
lamellae (SSL): chloride cells, pillar cell and goblet cells [1C] and for 7 day showing intraepithelial oedema
(I0), congestion of entire secondary lamellae (CSL) and telengiectiasis (T) [1D]. Photomarphograph of gill
section treated with 0.538 pl/l for 3 and 7 day [1E&F] marked epithelial hyperplasia with leukocyte
infiltration and lamellar synehiae (S), sever telengiectiasis (T), haemorrhage in the central venous sinus
(CVS) of cartilaginous core (HC) and hypertrophy and proliferation in the erythrocytes of cartilaginous
core (HPC); complete destruction of the secondary lamellae, obliteration of normal lamellae architecture
as lifting of epithelial cells (LE) affecting the apical distal ends of the gill.
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Figure 2 (A-E): photomarphograph of the liver section of fish Channa punctatus showing
parenchymatous structure in which sinusoids (S) are arranged with polygonal hepatocytes (H) and a
central vein (CV) arranged RBC, in between. And there was no lesion (2A). Photomorphograph of liver
section of fish treated with 1.46 ul/l of CPF for 3 day (short term), showing necrosis and dilatation in the
sinusoids (ND), necrosis in hepatpcytes (N) hepatocytes vacuolation (V) and central vein with no RBC
(2B). Photomorphograph of liver section of fish treated with 1.46 ul/l1 of CPF for 7 day (long term),
showing dilatation in sinusoid (DS), degeneration of hepatocytes (DH) and cytoplasmic (CD) (2C).
Photomorphograph of liver section of fish treated with 0.538 ul/1 of CPF for 3 (short term) & 7 day (long
term), showing cytoplasmic vacuolation (CV), severe dilation in sinusoids (DS), pyknosis (P), karyokinesis
(K) (2D) and widen extracellular spaces and loss of contact between hepatocytes and pancreocytes (Pn),
and lysis of pancreatic membrane (M) (2E).

DISCUSSION

Histopathological changes have been used as important biomarkers in environmental monitoring that
allows examining specific target organs. The histological results observed in all the tissues of C. punctatus
in the present study indicate that sub lethal concentrations caused moderate to severe alteration in gill
and liver architecture, which are an important organs performing vital function like detoxification,
respiration, osmoregulation, acidbase balance, etc. Furthermore the alternations found in these organs
are normally easier to identify than functional ones [8] and sever as warning signs of damage to animal
health. Various lesions in gill were recorded in the present study such as epithelial hyperplasia and
hypertrophy, sloughing of secondary lamellar epithelial cells: chloride cells, pillar cell and goblet cells,
intraepithelial oedema congestion of entire secondary lamellae, telengiectiasis, leukocyte infiltration and
lamellar synehiae, haemorrhage in cartilaginous core, hypertrophy and proliferation in the erythrocytes
of cartilaginous core, lamellar aneurism and obliteration of normal lamellae architecture as lifting of
epithelial cells affecting whole structure of the gill. The different concentrations of CPF used in the
present study as well as the different exposure periods showed different degrees of pathological changes.
These result were recorded similarly in the freshwater fish (Puntius gonionotus), Oreochromis niloticus),
exposed to pesticides paraquat, and dimethoate [6, 7] respectively. In the present study, the epithelial
hyperplasia and hypertrophy could be a consequence of the epithelial detachment [13] fusion of the
lamellar epithelial cells and the adhesion of the lamellar tips, seen as synechiae [14]. Lesions associated
with the lamellar aneurysm were observed in the prevalence in all treatment could be due to the
disturbance of blood flow in the blood channels. Hypertrophy and hyperplasia, total fusion of the
secondary lamellae, dilation of capillaries of secondary lamellae and lifting up the gill epithelium in the
respiratory area observed in the current work, were considered to be of the first degree of gill lesions
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while lamellar aneurysms It was that extensive lamellar aneurysm (telagiectasis) takes considerably
longer time to resolve than the hyperplastic lesions of the gill [4]. Leucocytic infiltration in the gills was
also noticed it may be due to inflammatory reaction by which, fish fight constantly against the osmotic
influx of water in the toxic environment that occurs across the gill during respiration as studied by
Neskovic, [17] in carp fish Cyprinus carpio treated with glyphosate. Epithelium lifting (chloride cells,
pavement cells) increases the distance through which the toxicant reach to the blood stream that caused
oxygen uptake is impaired [11] and lamellar fusion could be protective as it diminishes the amount of
vulnerable gill surface area [18]. These epithelial lifting reactions could result in dysfunctional or even
non- functional gills, and eventually asphyxiate the fish. These pathological changes may be a reaction to
toxicants intake or an adaptive response to prevent the entry of the pollutants thorough the gill surface
and probably due to increased capillary permeability [19].

The organ most associated with the detoxification and accumulation process is liver and due to its
function, position and blood supply, it is also one of the organs most affected by contaminants in the
water [5] it also plays a prominent role in fish physiology, both in anabolism (protein, lipid, carbohydrate)
and catabolism (glycogenolysis, detoxification) and it acts as storage center for many substances, mainly
glycogen. The liver of the fish exposed to both low as well as high dose showed vacuolar degeneration,
hypertrophy in the hepatocytes with nuclear pyknosis and karyopyknosis [22] due to apoptosis and
fragmentation of the nucleus. These changes may be attributed to direct toxic effects of pollutants on
hepatocyte as found in pesticide toxicity [16], because of it is the site of detoxification of all type of toxins
and chemicals. The liver parenchyma showed sign of degeneration (cytoplasmic and nuclear), vacuolation
of the hepatocytes [21], probably due to metabolic damage related to exposure with CPF contaminated
water. In the current observations the bile stagnation in the liver characterized by remains of the bile in
the form of brownish yellow granules in the cytoplasm of the hepatocytes indicates that the bile is not
being released from the liver. This accumulation of bile indicates possible damage to the hepatic
metabolism [8].

CONCLUSION

The current study concluded that CPF induced highly toxic to fish Channa punctatus as even low dose by
producing hepatic and respiratory toxicity through damage in cellular morphology of gill and liver tissues.
As food source, fish interferes food chain including human'’s life quality.
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