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ABSTRACT
In the present study serum Thyroid Stimulating Hormone (TSH) and histopathology of hepatic
cells of two cat fishes Clarias batrachus (Linn.) and Heteropneustes fossilis (Bloch.) from three
selected polluted wetlands of North Bihar were investigated through ELISA technique, light and
transmission electron microscopy (TEM). The results obtained were compared with that of the fish
from the reference site, considered as control. A comparative study of some physico-chemical
parameters and presence of organochlorine residues in water of both reference site and test zones
were also done. Serum TSH showed an enhanced level in the fishes of all the three test zones. The
mean serum TSH of C. batrachus from test zones showed fluctuation between 0.032 ± 0.010 IU /mL
to 0.027±0.022 IU/mL in comparison to the control fishes (0.002± 0.012 IU/mL). The mean serum TSH
level of H. fossilis also showed elevation (0.019 ± 0.033 IU/mL) as compared to the control fish from
the reference site (0.002 ± 0.011 IU/ mL). A plethora of histopathological changes were incurred in
the hepatic cells of fishes from the test zones including persistent vacuoles in hepatic parenchyma,
eccentric nucleus, peripheral fibrosis, increase in dimension of bile duct, hyperplasia, infiltration
of lipids and congestion of central vein etc. TEM observations revealed heterochromatization,
enucleation, dissolution of hepatic lobule boundary wall, prevalence of Kupffer cells and
lysosomes with increased phagocytic activity. The study revealed a positive correlation between
altered serum TSH and the structural deformities in hepatic cell of fishes of the test zones and
polluted physico-chemical characteristics of water bodies. Altered TSH and hepatic atrophy in fish
may be considered as biomarkers to know the pollution status of aquatic bodies.

KEY WORDS : Clarias batrachus, Heteropneustes fossilis, Hepatic cells, LM,
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INTRODUCTION
The remarkable characteristic of North Bihar, India,
is the presence of large number of natural water
bodies in the form of rivers, ponds, beels, mauns,
chaurs and railway side depression. The entire
North Bihar is traversed with rivers resulting in
formation of large number of flood plain wetlands.
These wetlands constitute the reservoir of fisheries
and diversified groups of aquaphytes, which meet
the energy and protein demands of the suffering

humanity in far flood ridden localities. Nature has
given a big natural hatchery to North Bihar
(Banerjee, 1994). Physico –chemical quality of any
water body plays a vital role in primary
productivity, as it determines the biological
productivity including fish production and growth
of other aquatic animals. A large number of studies
have been conducted so far to understand the
physico- chemical characteristic of freshwater
bodies of Bihar (Sinha et al., 1990; Kumar, 1996;
Sharma et al., 2002; Nath et al., 2000; Nath et al., 2003;
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Suresh et al., 2005; Verma et al., 2009). But scanty
information is available regarding it from wetlands
of North Bihar (Verma and Chand, 2008). Extensive
anthropogenic activities to improve the agricultural
practices in these wetlands by the use of various
agrochemical products have led to the occurrence of
pesticides residues and heavy metals in the water
and soil, causing alarming conditions for the
existence of the fishes and the other aquatic fauna
(Nath et al., 2003; Verma and Rani, 2013). Aquatic
ecosystem has a very limited capacity to assimilate
the influx of toxicants from agricultural runoff. Once
it reaches beyond threshold limit, it starts reflecting
its impact on the physiology of fish.
The wetlands of North Bihar are rich belt of
commercially important air breathing fishes. In
recent years the production of fishes have declined
very significantly and their growth, reproduction,
immune system as well as nutritional value have
been adversely affected due to several agricultural,
industrial and domestic effluents discharges,
besides unhealthy unscientific fishing strategies
(Verma and Chand, 2008).
Several environmental factors viz. temperature,
photoperiod, rainfall, humidity, salinity, pollutants
and any other stress have profound effect on thyroid
function (Swift, 1986., Hoar and Randall, 1983).
Assay of serum TSH has been considered as the bio
indicator of pathological status in teleosts (Chand et
al., 2006). At the same time, it also provides
information about eco-toxicological status of the
water bodies. With these background, the present
study is aimed to investigate the physico-chemical
characteristics and pesticide residues in some
selected wetland ponds of North Bihar and to
establish its correlation with biochemical and
histopathology of two highly priced medicinal
valued fish Clarias batrachus (Linn.) and
Heteropneustes fossilis (Bloch.), commonly called as
‘Mangur ’ and ‘Singhi’, through ELISA, light
microscopy (LM) and TEM.
MATERIALS AND METHODS
Test animals
In the present investigation, the test animals
considered were C. batrachus (Linn.) of 6-8" length &
50-110 g wt. and H. fossilis (Bloch.) of 13-12" in length
and 25-55 g.
Test zones
Mithapur fish farm, Patna served as reference zone
and the fishes collected from the reference zone was
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considered as control group (c). Three wetlands,
namely Tarha pond and Majhol pond of
Satarkataiya block and Patori bazar Mandir pond of
Patori block of Saharsa district of North Bihar were
designated as Test zones 1, 2 and 3 respectively.
These ponds with having area of approximately 2-4
acre and vast catchment area, were surrounded by
paddy fields and are known for Makhana cum Fish
farming, A systematic preview of available research
works have revealed that no scientific study carried
out so far with respect to physico-chemical
characteristics and accumulation of pesticide
residues in the area.
Collection and Analysis of Water sample
Water sample from all the test zones were collected
in separate polyethylene bottle with stopper and
bought to the laboratory within minimum possible
time. The various physico- chemical parameter of
the water samples were determined by standard
APHA method (2005). The parameters studied were
pH, water temp, dissolved O 2, B.O.D., free CO 2,
alkalinity, sulfate, nitrate and phosphate. The final
data were expressed as a mean ± SE of ten replicates
(n= 10) in each parameter for all the test zones. The
physico- chemical data have been summarized in
Table 1. Rest of the water sample was preserved at
4 oC for assessment of pesticide accumulation.
Estimation of organochlorine pesticides
Estimation of organochlorine pesticides in water
sample from the reference site and test zones were
done following standard methods of APHA (2005).
According to it, one liter water sample was
homogenized and extracted with n-hexane by using
soxhelete apparatus for 4 to 6 hours .The n-hexane
extracts were pooled and concentrated. Then
samples were cleaned up by using silica gel column.
The extracts were further cleaned up with 5%
fuming sulfuric acid. Estimation was made on a gas
chromatograph (Varian Aerograph series 2400)
equipped with 63 Ni electron capture detector and
moving needle type injection port. The pesticides
were quantified from individually resolved peak
heights with corresponding peak heights of the
standard. Various organochlorine pesticide
accumulations in water samples were depicted in
Table 2.
Collection of Blood Sample and Serum Analysis
for TSH
At autopsy, the fishes were anaesthetized with g/3L
of MS222 (Tricaine Methane sulphonate). The blood
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samples were collected in a citrated hypodermic
syringe by resorting to pelvic vein puncture. The
blood were homogenized @ 15,000 rpm for 15
minutes twice and clear supernatant fluid were
stored as blood serum in ependorf at 4 oC in deep
fridge for further analysis. Serum TSH assay was
done on Merck ‘mini mios’ ELISA reader by
Herichson Method. The serum TSH of control
group, and fishes of different test zones, 1, 2, and 3
have been depicted in Table 3. The data have been
presented as mean m IU/mL±SE of ten replicates
(n=10) in each case.
Histopathological Analysis
The hepatic tissues of the fishes of both reference
zone (C) and those of various test zones were
dissected out and fixed for light microscopy (LM)
and Transmission electron microscopy (TEM)
studies. For light microscopy, tissues were fixed in
neutral formalin. After dehydration through graded
series of alcohol, clearing, embedding and
microtomy were done. 5  section were stained in
Delafield;s haemotoxylin and eosine, mounted in
DPX and photographs were taken on Trinocular
microscope (Labomend CXRIII) fitted with
Olympus digital 5.1 megapixel camera.
For Transmission electron microscopy, tissues

were fixed in 2.5% gluteraldehyde in 0.1M
phosohate buffer (pH=7.4) at 4 oC. After one hour,
the tissues were placed in 1% OSO 4 in 0.2M
phosphate buffer solution (pH 7.4) at 4 oC for 2
hours, followed by its dehydration in graded series
of alcohol and amyl acetate, cleaning in toluene and
embedding in araldite mixture. Ultrathin sections
were obtained through Reichert Jung supernova
ultra microtome, stained in Uranyl acetate and lead
citrate, transformed to copper grid and viewed
under Philip’s EM-10 transmission electron
microscopy at SIF-EM Unit, Dept. of Anatomy,
AIIMS, New Delhi. The Micrographs have been
shown in respective photo plates. (I-IV)
RESULTS
A. Physico-chemical analysis (Table 1)
B. Organochlorine analysis (Table 2)
C. Hormonal assessment (Table 3)
D. Histopathological observations (Table 4)
The light microscopic photographs of normal
C.batrachus liver, collected from reference zone
showed distinct central vein and peripheral portal
triads through the stromal ramification of liver. The

Table 1. Physico-chemical properties of Reference and Test zones of North Bihar (During 2014- 15)
Parameter

Reference
Zone (C)

Test Zone 1
Tarha pond

Test zone 2
Majhol pond

Test Zone 3
Patori mandir
bazaar pond

Colour
Water temp oC
pH
D.O. (mg/L)
Free CO2 (ppm)
BOD (mg/L)
Alaklinity (ppm)
Sulphate (pp
85.2±0.02
Nitrate (ppm)
Phosphate (ppm)

Clear
25.5±0.98
6.4±0.50
6.7±0.18
1.2±0.05
10.40±0.20
205±1.50
m)

Clear
23oC±0.031
7.1±0.021
6.3±0.012
2.5±0.013
38±0.129
212±0.0124
14.7±0.31

Turbid
33oC-±0.031
7.8±0.032
5.4±0.0123
1.2±0.102
37.6±0.124
295±0.0102
20.8±0.010

Clear
20oC±0.022
7.8±0.034
5.1±0.24
2.0±0.014
18±0.33
198±0.022
75.2±0.120

2.20±0.06
0.76±0.02

2.35±0.012
0.78±0.123

2.6±0.134
0.4±0.101

4.0±0.54
1.4±0.052

Note: The data are represented as mean ± SEM for ten replicates (n=10) in each case.
Table 2. Concentration of organochlorine residues in water sample of reference zone (C) and Test zones 1, 2 and 3 of
North Bihar (during 2014-15)
Test zones
Reference zone-C
Test zone-1
Test zone-2
Test zone-3

á-HCH

â-HCH

ã-HCH

Aldrin

Endo

HCH

PpDDT

PpDDE

OpDDT

0.02
1.1
1.1
0.488

0.045

2
2.045
0.01

0.05
3.646
4.64
0.058

1.285
2.08
-

0.002
7.591
6.58
-

0.05
12.518
11.51s
-

0.08
15.107
12.1
-

-
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sinusoid is an irregularly dilated blood vessel lined
by flat cells and centrally placed nucleus having one
or more nuclei and scattered chromatin (Plate-I Fig1). The histological sections of liver of fishes from
test zone 1 showed congestion of central vein by
excessive deposition of fibrous tissues around the
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swollen wall of hepatocytes, irregular margin with
increased number of vacuoles and cross bridging in
hepatic parenchyma reflecting bridging necrosis
(Plate 1, Fig. 2). Fishes of test zone 2 showed clumps
of pycnotic nuclei got deposited into the central vein
(Plate 1, Fig. 3). Swollen hepatic artery and

PLATE 1

Fig. 1. T.S. of liver of normal Clarias batrachus from reference zone C showing polygonal hepatocyte (H), intact with dense
cytoplasm, sinusoids (S), opening in the central vein (C) X 200.
Fig. 2. T. S. liver of fish from test zone- 1 showing inflamed hepatocyte, necrosis (NC), enucleation (EN) X 200.
Fig. 3. T. S. of liver of fish from test zone- 2 showing Necrosis (NC), imprignation of bile canaliculi (BC) with aggregates
of RBC X 100.
Fig. 4. T. S. of liver of fish from test zone- 3 showing increased bile ducts (BC) dilated central vein (C) X 200
Table 3. Serum TSH value of fishes from reference zone (C) and Test zones 1, 2 and 3 of North Bihar (during 2014-15)
Parameter
Serum TSH IU/mL
(Mean ± SE)

Groups

Control (C)

Test zone 1

Test zone 2

Test Zone 3

C. batrachus
H. fossilis

0.002±0.012
0.0020.011

0.027±0.022
0.0010.014 NS

0.032**0.010
0.019* 0.033

0.031* ± 0.012
0.014*± 0.0112

(Values are expressed in Mean±SE for No. of observations 10 in each case)
1 = Tarha pond Sattarkataiya
* = significant P < 0.052 = Majhol pond Sattarkataiya
** = significant P < 0.0013= Patori mandir bazaar pond
NS = Not significant
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increased bile ducts were frequently marked in liver
cells of test zone 3 fishes (Plate 1 Fig. 4,). However,
severe necrosis in hepatocyte, widening of sinusoids
filled with macrophages and eosinophils were
observed in hepatic cells of H.fossilis from all the
three test zone 1, 2 and 3 respectively (Plate 2 Fig. 14), which was not recorded in normal liver of H.
fossilis, collected from the reference zone.
The transmission electron micrographs of liver
cell of both the control fishes C.batrachus and
H.fossilis, from reference zone, showed hepatocytes
with normal hepatoplasm, alignment of
mitochondria near the nucleus, surrounded by
granular endoplasmic reticulum and polyribosome.

Besides, well defined nucleolus, with double
nuclear envelope and perinuclear space, and
abundant euchromatin with few aggregates of
heterochromatin were prominent (Plate 3, Fig.1 & 2).
The Transmission Electron Micrographs of the liver
of the fishes of test zones 1 showed hepatocytes
with scanty hepatoplasm, giving spongy
appearance and prominent enucleation. (Plate 3,
Fig. 3 & 4). Highly deformed pseudopodial shaped
nucleus, disrupted nuclear membrane with
increased diameter of nuclear pore (Plate 4, Fig. 1 &
2) and granular hepatoplasm with increased
heterochromatin material (Plate 4, Fig. 3 & 4) were
found in both fishes from test zone 3.

PLATE 2

Fig. 1. T.S. of liver of normal H. fossilis from reference zone C, showing polygonal hepatocyte (H) with distinct Nucleus
(N). X 200.
Fig. 2. T. S. of liver of fish from test zone-1 showing severe necrosis (NC), hyperemia and hemorrhage. X 400.
Fig. 3. T. S. liver of fish from test zone- 2 showing fatty changes in liver, clear vacuoles (V) aggregation of nuclei in the
central vein and karyorhexis of nucleus. X 400.
Fig. 4. T. S. of liver of Fish from test zone- 3 showing cross bridging necrosis X 200.
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DISCUSSION
The present study enlightens that the serum thyroid
hormone imbalance and structural anomalies found
in the hepatic cell of Clarias batrachus and
Heterpneustes fossilis from the wetlands (Test zones)
are due to the accumulation of organochlorine
pesticide residues and severe alterations of physicochemical parameters of test zone pond. The physico
chemical analysis of water bodies revealed low D.O.
and high B.O.D. content in nearly all the three test

S105

zones, in particular test zone 1 and 2, in comparison
to the reference test zone (C). It is evident that low
level of DO and high BOD affects the physiology of
the cell leading to hormonal imbalance of TSH and
degenerative changes in the hepatic cells. Free CO2
is moderate in wetland 1, 2 and 3. Alkaline range of
pH revealed that a considerable amount of free CO2
is channelizing into half bond carbon state. Mount
(1973) has reported the chronic effect of low pH on
fat head minnows on their survival, reproduction
and growth. However, for healthy growth of fish 3

PLATE 3

Fig. 1. Transmission electron (TE) micrograph of portion of hepatic cell of normal H. fossilis showing normal constitution
of hepatoplasm, rough entoplasmic reticulum (RER), sinusoidal spaces(S), nucleus (N). nucleolus (NL) and
uniform chromatin material (CH) X 6500.
Fig. 2. T E micrograph of portion of hepatic cell of normal C. batrachus showing hepatoplasm, sinusoidal space(S),
glycogen granules, mitochondria (M), parallel states of rough endoplasmic reticulum (RER), uniform Nucleus (N),
Normal chromatic Material (CH) X 6500.
Fig. 3. T E micrographs of portion of hepatic cell of H. fossilis from test zone- 1 showing degenerated hepatoplasm,
enucleation, widened sinusoids (S) and Space of Disse (SD) X 1550.
Fig. 4. T E micrograph of portion of hepatic cell of C. batrachus from test zone- 1 showing degenerated hepatic cells,
increase glycogen granules (G), abundance of Kuffer cell (K) yolk platelets (Y) X 1950.
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mg/L or less free CO2 is highly permissible. Usually,
the optimum level of D.O. in a water body remains
5.0 to 10 ppm. Here comparatively low level of D.O.
has been reported in Test zone 2. It is probably due
to slightly higher temperature and salinity, since
solubility of O2 in water is inversely proportional to
both temperature and salinity. Low D.O. has
profound adverse effect on growth, feed conversion
and tolerance to disease. The pH range of all the
three test zones is almost normal, since pH 7.4 to 8.2
is ideally suited for fish growth. An alkalinity of 80200 ppm is optimum for fish growth. Slight
elevation in the alkalinity of the test zones may be
correlated with some anthropogenic intervention of

local fish farmers. Various impact of lethal toxicity
correlated with altered physico-chemical
parameters in fish have been well illustrated by
Boyed (1982).
A comprehensive analysis of pesticides in water
sample of test zones shows presence of various
organochlorine pesticide residues like, HCH,
HCH, HCH, aldrin, endosulfan, DDE, DDT etc.
Out of which, aldrin, endosulfan and DDT
derivatives were present in almost all the three test
zones indicating the unscientific use of
organochlorine pesticides in the agricultural fields
in these areas. However, the water sample collected
from the reference test zone showed almost

Fig. 1. T E micrographs of portion of hepatic cell of H. fossilis from test zone- 2 showing granulated hepatoplasm, (H),
nucleus with enlarged nucleolus (NL), and extended sinusoids (S) X 2650.
Fig. 2. T E micrographs of portion of hepatic cell of C. batrachus from test zone- 2 showing increased granulation in
hepatocytes (H), distended sinusoids (S), microsomes ( m), peroxisomal autolytic vesicles (AV) X 15500.
Fig. 3. T E micrographs of portion of hepatic cell of H. fossilis from test zone -3 showing reduced hepatoplasm (H),
Enucleated cells and sign of severe autolysis X 1550.
Fig. 4. T E micrographs of portion of hepatic cell of C. batrachus from test zone- 3 showing degenerated lobules of hepatic
cells, increased glycogen granules (G), Kuffer cell (K)and signs of severe autolysis X 1550.

STUDIES ON SOME PHYSICO-CHEMICAL PARAMETERS AND PESTICIDE RESIDUES
negligible quantity of these pesticides. Donald et al.
(1984) have shown the effect of chemical pollutants
poses stress in bottom dwelling fish and these were
more prone to liver neoplasm and other disease.
Angela et al. (1992) have illustrated the
histochemical and cytochemical indices of toxic
injury in the liver of dab, Limanda limanda. Our
previous study also reveals occurrence of hepatic
neoplasm in air breathing fish due to
organochlorine deposition in the sediment of
wetland (Verma and Rani, 2013).
Study of serum TSH of Clarias batrachus and
Heteropneustes fossilis from test zones 1, 2 and 3
showed increased level when compared to the
fishes from reference zone C. Teleost thyroid is
involved in growth, sexual development,
reproduction, osmoregulations and energy
metabolism (Plumb et al., 1976; Swingle, 1961;
Turner, 1986; Verma and Chand, 2007; Chand et al.,
2006). The biphasic effect of thyroid hormone on
protein metabolism in fish has been reviewed
(Bentley, 1976; Matty, 1985; Eales, 1979). Several
environmental factors viz. temperature,
photoperiod, rainfall, humidity, salinity, pollutants
and stress have profound effect on thyroid function
and level of serum T 3, T4 and TSH (Leatherland,
1982; Swift, 1986; Hoar and Randall, 1983). TSH is
known to be released from thyrotrophs of pro
adeno-hypophysis of teleost and regulates the
secretion of T3 and T4 from thyroid gland. In turn the
secretion of TSH is regulated by negative feed-back.
The raised levels of serum TSH in a fish provides
first hand information about the toxic status of the
water bodies as well as altered biochemical and
physiological status (Nath et al., 2000; Towheed et
al., 1990 and Brucker Davis, 1998).
The raised serum TSH level in the fishes of test
zones, in particular the Clarias batrachus depicts a
state of endocrinal and biochemical imbalance. It is
further correlated with histo-pathological
alterations in the liver. Serum TSH level in H. fosslis
is nearly normal suggesting that they are well
acclimated for the physicochemical condition
prevailing in ponds of Saharsa districts. Increased
lysosomal activity and dilation of mitochondrial
cristae confirmed the high rate of energy
requirements in the cell to overcome the stress
which ultimately reflects the decreased process of
uncoupling of oxidative phosphorylation
(Subbotkin and Subbotkina, 2004). Increased
endoplasmic reticulum studded with ribosomes
indicates the higher requirement of protein
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synthesis which might be responsible for organ
defense system. Similar histopathological disorders
in liver cell of fishes have also been elucidated
(Lehninger et al., 1993; Ozelemas and Akey, 1995).
CONCLUSION
From the present study, it may be concluded that the
air breathing fishes of the wetlands of Saharsa
district of North Bihar is being adversely affected by
the prevailing physico-chemical and biological
conditions. Non judicious use of agrochemicals in
these wetlands has generated a potential threat for
the survival of several local Air-breathing fish
species. C. batrachus is more susceptible for all these
changes and worst affected. Probably this may be
one of the reasons for the great depletion in the
number of Clarias batrachus (Linnaeus, 1758) and
their mass substitution by the exotic Clarias
gariepinus (Burchell, 1822) from the market of
Saharsa district in Bihar. A very close biomonitoring
and positive interventions of the fishery personnel
and the Government is required for the bio
conservation and sustainable perpetuation of this
species.
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