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Abstract

Heavy metal pollution poses a great threat to aquatic ecosystem, ultimately threatening the survival of safe and healthy life on
earth. Contaminated water persuades pathological alterations and behavioural changes in fish. Mercury is highly toxic and seri-
ously affects aquatic organisms, ultimately affecting humans.The present study aimed to assess the histological alterations in
tissues like gill, liver and stomach of Indian catfish Clarias batrachus. The fish were divided in to four groups i.e. one control
(Group |) and three groups of different concentration of mercury chloride treated groups, i.e.0.0002mg/I (Group 1), 0.002mg/
(Group 1l1), and 0.02mg/I (Group V) for 14 days. Each group contained 25 number of fish.The results indicated degenerative
changes in gill, liver and stomach tissues of exposed fish. Level of changes were higher with respect to higher in concentraton.
Rupture of epithelial layer, club shaped gill filament, broken gill lamellae, hyperplasia of interlamellar epithelium, deletion of
secondary lamellae, formation of vacuoles, blood conjugation and necrosis in gill filaments were observed in gill tissues of ex-
posed fish. Liver damage included hepatocellular dissociation, inflamed hepatocytes, cloudy swelling, vacuole formation and
hydropic degeneration. Besides, stomach tissues showed alterations such as thinner serosa, vacuolization, muscle damage,

and necrosis at several points. The study confirmed that mercury is life hazardous even at very low concentration.
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INTRODUCTION

Aquatic ecosystem is delicate and its pollution by heavy
metals has beena major global problem in recent times.
The cluster of communities in the cities and elevated
industrial practices are the two main sources of thou-
sands of metals and chemicals that come into the envi-
ronment. Although heavy metals, in minimal amounts,
are essential for our normal body functions, still slightly
higher amounts than necessary of any heavy metal can
cause toxicity resulting in variations in the genetics of
living beings (Vardhan et al., 2019, Kumar et al., 2019).
Direct discharge of effluents from industries and sewer-
age contains heavy quantities of organic and inorganic
chemicals, suspended solids, high BOD and COD, toxic
oils etc. that cause ruinous effects on the aquatic envi-
ronment (Dutta et al., 2018, Jha and Jha, 1995, Chagas
et al.,, 2019). Problems in aquatic environment aggra-
vate more rapidly than in other environments, affecting

aquatic life and posing a threat to terrestrial lives direct-
ly or indirectly (Jiyavudeen and Puvaneswari, 2016,
Abiona et al., 2019). Heavy metals are persistent envi-
ronmental toxins. They rapidly accumulate but are
slowly metabolised and excreted from animal bodies
(Jaiswal et al., 2018).

Mercury is very much toxic in its every form and is ab-
lack-listed element by eco-activists. It is released into
our surroundings by different natural sources such as
volcanic eruptions, weathering of rocks, forest fires etc,
while anthropogenic sources are the combustion of
mining and fossil fuels, thermal power plants, medical
wastes, use of pharmaceuticals etc (Maheswaran et
al., 2008, Zulkipli et al., 2021, Zheng, et al., 2019). In
water, heavy metals accumulate in fish tissues, result-
ingin the cumulative deleterious function of various
body organs leading to their death (Vutukuru and Basa-
ni, 2013). Consumption of these organisms leads to-
food chain contamination.The Indian walking catfish
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Clarias batrachus has high demand throughout our
country as it is economical as well as it has high nutri-
tive value ( Mudgal et al., 2010, Jaishankar et al,
2014). Since it can survive less amount of water for
some days it can be a good model for scientific study.
In aquatic toxicology, histopathology is a gifted field for
research as it provides real image of changes in specif-
ic target organ, cells and organelles infected in vivo. It
is one of the easiest methods of assessing short- and
long-term toxic effects on body organs (K AL Taee and
Al-Mallah, 2020, Sun et al., 2018, Jayakumar and Sub-
buraj, 2017). The study aimed to highlight various histo-
logical changes in the gill, liver and stomach tissues of
Clarias batrachus exposed to different concentrations of
mercury chloride.

MATERIALS AND METHODS

Test fish

The healthy fingerlings of freshwater Indian catfish
(Clarias batrachus) with mean body weight of 7.2 £2 g
and length of 6.1+2 cm were procured from the fisher-
men in June 2022, raised at a nearby commercial
hatchery in Balaramgadi, Balasore. The walking catfish,
C. batrachus does not have a special status on the US
Federal List or by CITES, and it is classified as a spe-
cies of "Least Concern" on the IUCN Red List. Thus no
animal ethical approval was required for present study.
The fish were cleansed with a 0.1% KMnQO, solution to
prevent cutaneous infections. Now they are acclimated
to the laboratory environment for 15 to 20 days in large
plastic tubs.

Test medium

After the acclimatization period, these healthy and
equal-sized fish were sorted into 4 groups (Groups | to
IV) for 14 days of the experimental period with a con-
trol (Group 1) and mercury chloride exposed i.e- 0.0002
mg/l (Group 1I), 0.002mg/lI (group IlI), and 0.02mg/I
(Group IV ) groups. 25 fish were there for each group
and each group of fish were transferred into the same
size tubs, each with 30 litre capacity and non-
chlorinated tap water (APHA, 2005). The experiment
was conducted in the P.G Department of Zoology labor-
atory in July and August, 2022. Once each day, the fish
were fed with commercial fish food. The chemical used
for the exposure study was Sisco research laboratories
Pvt Ltd mercury chloride. The water of each experi-
mental tub was changed at regular intervals along with
waste feed and faecel material and aerated with the
mechanical air pump.

Every day throughout the exposure period, the condi-
tion and behaviour of the treated fish were documented.
The water quality was measured and the photoperiod
was kept at 12 hours of light and 12 hours of darkness
during the acclimation and exposure period. The aver-

age values for the test water's characteristics, which
included pH of 7.1£0.02; dissolved oxygen of
6.2+0.5mg/l; temperature of 27+2 °C; alkalinity of
224+2.6 mg/l; Total suspended solid of 4312 (mg /L)
and total hardness as CaCOj; of 42+5 mg/l, were estab-
lished. The test medium and dead fish were taken out
right away after the LC50 values (0.04 mg/l) were
determined with the formula-

LC50 = LC100 - Y conc. diff. x mean % mortality / %
control. Eq.1

Fish from each group are collected and offered as
sacrifices after 14 days. Carefully harvested tissues for
sectioning from the treatment and control groups
included gills, liver and stomach tissues.

Histopathology

The collected gill, liver and stomach tissues were
rinsed with physiological saline (0.75% NaCl) to get rid
of the blood and clean the mucus that was adhered to
the tissues. After that, the tissues were preserved for
24 hours in fixative (Bouin's fluid). Following that, both
the controls and treated tissues were immediately
transferred to 70% alcohol, followed by repeating this
alcohol transfer process twice more with an 8-hour gap
between each transfer to remove the fixative complete-
ly. The tissues were subsequently prepared for paraffin
blocks at a temperature of 56 to 60 °C and sectioning
was made at 3-5 microns with a semi-automatic micro-
tome of Radical scientific equipment, model RNT-35.
The various tissues were stored using haematoxylin
following the standard laboratory method (Younis et al.,
2013).

RESULTS

The gill tissue of the control fish (Group I) showedlong
filaments with well-distinguished primary and second-
ary lamellae (Fig.1A). Fish (Group IlI) exposed to
mercury chloride (0.0002 mg/l) showed mild degenera-
tive changes, including rupture of the epithelial layer,
club shaped gill filament, broken gill lamellae, hyper-
plasia of interlamellar epithelium and deletion of some
secondary lamellae (Fig.1B). Similarly, the effect of
mercury(0.002 mg/l) on gill (Group Ill) where damages
were more pronounced. The formation of vacuoles,
blood conjugation, necrosis in gill filaments were the
additional features (Fig.1C). Further, exposed to mer-
cury (0.02 mg/l) gill (Group 1IV) showed loss of normal
structure which included complete necrosis of gill fila-
ments and fusion of lamellae at several points (Fig.1D).
Hepatic tissue ofthe Control fish (Group |) showed nor-
mal hepatocytes with granular cytoplasm and darkly
stained nuclei. Typical hepatic central veins were seen
with thin endothelium, flattened nucleiand endothelial
opening (Fig.2A). Fish liver (Group Il) exposed to mer-
cury (0.0002 mg/l) showed hepatocellular dissocia-
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Fig.1A. Section of gill showing normal structure (Control)
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Fig. 1B. Section of gill showing small degeneration of tis-
sue exposed to mercury at 0.0002 mg/I conc.

Fig. 1C. Section. of gill showing moderate degeneration of
tissue exposed to mercury at 0.002 mg/l conc.
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Fig. 1D. Section of gill showing significant degeneration of
tissue exposed to mercury at 0.02 mg/l conc. [Primary
lamellae(PL) , secondary lamellae(SL), rupture of epitheli-
al layer(R), club shaped gill filament(C), broken gill lamel-
lae(B), hyperplasia of interlamellar epithelium(H), deletion
of secondary lamellae(D), formation of vacuoles(V), blood
conjugation(L), necrosis in gill filaments(N), fusion of la-
mellae(F)]

Fig. 2B. Section of liver showing a bit of degeneration of
tissue exposed to mercury at 0.0002 mg/l Conc.
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Fig. 2C. Section of liver showing more degeneration of
tissue exposed to mercury at 0.002 mg/l Conc.
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Fig. 2D. Section of liver showing prominent degeneration
of tissue exposed to mercury at 0.02 mg/l Conc.
[hepatocytes(H), central vein (CV), portal vein(PV), flat-
tened nuclei(FN), endothelial opening(EO), , inflamed
hepatocytes(l), cloudy swelling(S), vacuole formation(V),
hydropic degeneration(D), necrosis(N)]
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tionand some inflamed hepatocytes (Fig.2B). Liver
tissue (Group lll) treated with mercury (0.002 mg/l)
showed higher damage level which included cloudy
swelling, vacuole formation and hydropic degeneration
(Fig.2C). Further, mercury treated (0.02 mg/l) liver tis-
sue (Group V) showed abnormal structure with higher
level of necrosis, vacuolization and demolition of portal
vein (Fig.2D).

In Control fish (Group I), stomach showed usual muco-
sa, submucosa, circular muscle, longitudinal mus-
cleand serosa (Fig.3A). Fish (Group IlI) exposed to
mercury (0.0002 mg/l) explained small modifications in
stomach tissue like thinner serosa and vacuolization in
circular muscle layer (Fig. 3B). Mercury (0.002 mg/l)
treated stomach (Group lll) showed cellular dissocia-
tion in mucosa and submucosa, vacuolization in sub-
mucosa, muscle damage in the circular muscle layer
and necrosis (Fig.3C). Again stomach tissue (Group
IV) exposed to mercury (0.02 mg/l) showed unusual
structure with necrosis at several points on tissue
(Fig.3D).

DISCUSSION

Panigrahi et al. (2021) stated that fish could accumu-
late trace metals and act as indicators of pollution. De-
pending on the amount and length of exposure, as well
as other factors, including temperature, age, the inter-
action of one metal with another, water biochemistry,
and the metabolic activity of the fish, metals accumu-
late in fish tissues (Sonone et al., 2020). In target fish
organs, heavy metal-induced cell harm at the molecu-
lar and subcellular levels results in degenerative and
cancerous disorders (Malik et al., 2020). In order to
assess the harmful consequences, numerous studies
have been made on the histopathological changes in
different fishes like Clarias gariepinus, Salvelinus
alpines, Cyprinus carpio etc., which involved micro-
scopic analysis of tissues from various affected organs
such as gill, kidney, liver, olfactory epithelium etc.
(Alimba et al., 2019, de Oliveira Ribeiro et al., 2002, Al-
Tamimi et al., 2015).

Since the gill comes into contact with contaminated
water regularly, it is a crucial tissue for histology re-
search. Therefore, the response in gill cells is uncon-
trolled. Some chemicals can quickly destroy Gill lamel-
lae after only a few hours of exposure (Taee and Al-
Mallah, 2020, Pariza et al., 2019). C. batrachus gill
tissue exposed to mercury and cadmium at levels be-
low lethal levels displayed lamellar disintegration, vacu-
olization, fusion of secondary lamellae, and hyperplasia
of the epithelial surface (Selvanathan et al., 2013).
Fish, C. gariepinus exposed to effluent water contain-
ing aluminium, lead, cadmium, zinc, and heavy metal
showed signs of lamellar atrophy, telangiectasia, and

\ i ‘ A
Fig. 3A. Section of stomach showing normal structure
(Control)

Fig. 3B. Section of stomach showing slight degeneration
of tissue exposed to mercury at 0.0002 mg/l Conc.
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Fig. 3C. Section of stomach showing degeneration of tis-
sue exposed to mercury at 0.002 mg/I Conc.

Fig. 3D. Section of stomach showing highest degeneration
of tissue exposed to mercury at 0.02mg/l Conc.[mucosa
(M), submucosa(SM), circular muscle(CM), longitudinal
muscle(LM), serosa(SER), thinner serosa(T), vacuolization
(V), cellular dissociation(D), muscle damage(M), necrosis

(N1

688



Mishra, A. and Behera, B. / J. Appl. & Nat. Sci. 15(2), 685 - 691 (2023)

necrosis of lamellar epithelial cells upon microscopic
examination of the gills (Van Dyk et al., 2009). Accord-
ing to Hussan et al. (2018), histological changes in the
gills of freshwater fish, Catla catla, included oedema,
haemorrhage, hyperplasia, hypertrophy, necrosis, curl-
ing, and fusion.

The principal organ for the detoxification of organic xe-
nobiotics is the liver. It tends to accumulate a variety of
metals and other hazardous byproducts in large con-
centrations, which has detrimental consequences on
the organ (Morovvati et al., 2012, Jabeen et al., 2018).
According to research by Zulkipli et al. (2021), expo-
sure to heavy metals caused a number of pathological
changes in different fish livers, including hyalinization,
hepatocyte vacuolation, cellular expansion, and blood
channel congestion. Hepatic cell degeneration, conges-
tion, and haemorrhages were all seen during the histo-
pathological analysis of the liver tissues. Similar results
were also discovered by Naz et al. (2021), for big carp
treated to two separate heavy metals. Histological
study of liver tissue of freshwater fish Clarias batrachus
exposure to mercury and cadmium showed degenera-
tion of hepatocytes showing distinct vacuoles, necrosis
and sinusoidal lesion (Selvanathan et al., 2013).

The digestive tract is the first organ to be exposed
when contaminated food is consumed. Therefore, the
fish stomach is one of the tissues required for the his-
tology analysis to determine the impact of pollution in
the water (Dane and Sisman, 2020, Shahin et al.,
2013). The effects of the histopathological alteration in
the stomach tissues of fish, Channa punctatus, treated
with various concentrations of the insecticide endosul-
fan were detailed by Haloi ef al. (2013). In an increas-
ing order towards the higher tested doses, the degener-
ative alterations comprised fused microvilli, fractured
microvilli's outer membrane, haemorrhage in the sub-
mucosa region, swollen cells, and vacuoles. Microscop-
ic examination of the gut tissues of Catla catla subject-
ed to various heavy metals revealed significant altera-
tions, including villi atrophy, epithelial villi sloughing,
and congestion (Naz et al., 2021).

In the present study, the qill tissue of Clarias batrachus
exposed to mercury (0.0002 mg/l) showed mild altera-
tions involving a break in the epithelial layer, damage in
gill lamellae, and club-shaped gill filament, hyperplasia
of interlamellar epithelium, deletion of some secondary
lamellae. But gill tissues exposed to higher concentra-
tion of mercury (i.e. 0.002 mg/l and 0.02 mg/l)
described elevated levels of damage. Here vacuole
formation, blood conjugation and necrosis of gill lamella
were the indication of unusual structure of gill tissues
(Fig.1A-D). Again, the present study showed some
remarkable degenerative pathological changes in the
liver tissues of freshwater walking catfish exposed to
different mercury concentrations (0.02 mg/l, 0.002 mg/I,

0.0002 mg/l). Hepatocellular dissociation, vacuole for-
mation and necrosis intensity were higher in treated
liver tissues with respect to the rise in metal concentra-
tion (Fig. 2A-D). The histological analysis of stomach
tissues of Clarias batrachus exposed to different mercu-
ry concentrations (0.02 mg/l, 0.002 mg/l, 0.0002 mg/l)
involved

cellular dissociation, vacuolization and tissue damage
at several points. Here degree of damage and structural
changes were higher at higher concentrations of the
test medium (Fig.3A-D).

Conclusion

The present study showed that mercury in different
sublethal concentrations (0.0002 mg/l, 0.002 mg/l, 0.02
mg/l) had severe consequences on tissues of Clarias
batrachus, such as the gill, liver and stomach. The
exposed tissues showed an elevated level of degrada-
tion where necrosis was clearly detected for the higher
concentration of mercury chloride exposure. Thus, it
was concluded that fishes were highly sensitive to
mercury chloride (HgCl, Damage to the fish tissues
may obviously affect the regular physiological process-
es and activities that could ultimately result in death not
only to fish but to other aquatic organisms. Thus, heavy
metals at least in effluents and municipal waste must
be thoroughly detoxified before being released into the
water body.
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