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Abstract

Heavy metal exposure to biota has become a severe threat to the environment, as its
bioaccumulation, toxicity and persistence is happing at an alarming rate. Heavy metal
presence in water bodies has been reported by various researchers. Henceforth their
exposure to aquatic organisms is certain. An investigation on the possible toxicological
impact of Zinc sulphate on fish Clarias batrachus is carried out in laboratory. Histology
of gall bladder was used as a marker for evaluation of toxicity after sub lethal exposure.
Fish were exposed to sub-lethal concentrations of 5mg/L, 10mg/L and 15mg/L for 20
days. Simultaneous control was also maintained. Principle histological alterations were
deformities in the normal structures of columnar epithelial line, muscular layer, and
mucosal folds. 15mg/L and 20mg/L exposure of zinc sulphate altered the sub mucosa
besides leading the formation of bile crystals, an indication of water loss. The severity
of histopathology was exposure dependent. Histopathological alteration in gall
bladder can be regarded as sensitive biomarkers of Zinc sulphate toxicological
manifestations hence can be utilized for ecotoxicological biomonitoring of aquatic

bodies.

Introduction

Our habitats are being depreciated day by day due
to increased environmental pollution by means of
various anthropogenic activities. The industrial sewages
that contain toxic substances like heavy metals,
pesticides and other chemicals are discharged into the
water bodies. Unrestrained release of heavy metals into
the environment through discharge of industrial
effluents, sewage and agro-chemicals into the water
resources constitutes a potential threat to natural
ecosystems because of their toxicity, persistence and
tendency to bio-accumulate in food chains (Jan, A.T.,
Azam, M et al., 2015). It also tends to change the
internal dynamics of the aquatic ecosystem into
irreversible and inflexible condition leading to severe
damage and even death of aquatic fauna including fish
(Panigrahi, A. 2014). Zinc is one of the most common
elements in the earth’s crust. It is commercially one of
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the most widely used metals in the world (Emoyan, O.
0., Ogban, F.E., and Akarah, E. 2006). Heavy metal
contamination of aquatic ecosystem has long been
recognized as a serious problem and may have lethal
effect on ecological balance of recipient environment
and diversity of aquatic organism (Charjan, 1997;
Farombi et al., 2007). Presence of heavy metals have
been reported in the water and are further added into
water bodies as a result of direct input of atmospheric
deposition, leaching of mineral and soil erosion due to
rainwater which causes the hazardous effects on aquatic
biota particularly fishes (Mulley et al., 1996). When
fishes are exposed to elevated level of heavy metals,
they tend to take these metals up from their direct
environment (Hoo et al., 2004). Once these toxic
substances enter body, they damage and alter the fish
physiology (Arasta et al., 1999; Begum, 2004) and finally
accumulates in various body tissues. In this context, one
of the most heavy metal contaminant, Zinc sulphate was
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taken in account and its toxicity was studied at
histological level. Zinc sulphate has an important role in
cellular metabolism acting as co-factors for number of
important enzymes. However, it can become toxic when
elevated level is found in the environment (Marr et al.,
1996; Karan et al., 1998). Zinc sulphate has an important
role in cellular metabolism acting as co-factors for
number of important enzymes. However, it can become
toxic when elevated level is found in the environment
(Plum, L. M., Rink, L., & Haase, H. 2010). Studies on the
toxicity of metals on fish have been focused at short-
term exposure, rather than investigating the toxic
impact at long-term exposure. Under conditions of
acute, high-dose metal exposure, the maintenance of
branchial osmoregulation and gas exchange is of prime
importance for the survival of the fish; whereas under
conditions of sublethal, chronic metal intoxication, the
adaptive capacity of internal metal accumulating organs
such as the liver may gain importance (McDonald and
Wood, 1993; Schlenk et al., 1999; Stubblefield et al.,,
1999). Bioaccumulation of metals reflects the amount
ingested by the organism, the way in which the metals
are distributed among the different tissues and extent
to which metal is retained in each tissue type.
Accumulation of zinc has attained a serious dimension
causing a pathogenic stage like Alzheimer’s disease. Zn
in certain concentrations is desirable for the growth of
freshwater fish’s but it’s over accumulation is hazardous
to exposed organisms as well as to those who consume
directly or indirectly through food chains.

Fishes are very sensitive to any change in their
environment and play significant role in assessing the
contaminant water bodies (Lakra and Nagpure, 2009;
Badroo et al., 2019). The test organism used for the
present study is one of the most edible fish C. batrachus
in India. Heavy metals besides contaminating the
aquatic life have an indirect effect on humans, as fish
constitutes a valuable commodity of human
consumption. Eco-friendly environment is a necessary
condition for the wellbeing of human race. The degree
of contamination in aquatic environment is frequently
assessed by comparing containment concentration in
associated biota. Since bioconcentration of compounds
have been determined in the environment, it has been
observed that there are many quantitative relationships
between structure and biological activity of chemicals
established in aquatic system Thus, became a serious
concern from human health point of view. However, the
main sites of these heavy metal uptake and
accumulation are the gills and gastrointestinal tracts.

The aim of present study is to figure out
histopathological changes in gallbladder of C. batrachus
after sub lethal exposure to Zinc sulphate. Study of
histological alteration may prove helpful in establishing
water quality guidelines (Mc Bride and M. B. 1995)
besides knowing the histopathological response at
sublethal dose. Any peculiar type of alteration of cells
may indicate the presence of disease or the effect of
toxic substance.

Material and Methods
Experimental Fish Specimen

C. batrachus was selected as model organism in
this study, because it has well documented general
biology, short developmental time, easy culturing and
year around reproduction. It is a hardy fish and can
stand with the aquarium condition very well, because of
these characteristics C. batrachus is consider suitable for
toxicity test.

Collection, Transport and Acclimatization

Samples of live C. batrachus were brought from
market (Machi Bazaar Ghanta Ghar, Dehradun),
(latitude and longitude coordinates are:
30.316496,78.032188) India. The sample fish were
immediately brought to the laboratory in well aerated
containers, to avoid hyperactivity, physical injuries and
stress to the fish. The fish were transferred to glass
aquaria (30 L capacity of water) individually and
acclimatized for one week in static system as suggested
by Mohapatra, (1989,1995).

Exposure

The acclimated fish were divided into four groups.
One control and three tests, each test was treated with
different concentration of Zinc sulphate (5 mg/L,
10 mg/L and 15 mg/L) respectively as reported by
Srivastava and Prakash (2018). In 4th aquaria Zinc
sulphate was not added, and this was kept as controlled
setup. The fish were kept under observation for 20 days
in Zinc sulphate containing water. The effects of Zinc
concentrations on histology of gall bladder were
investigated after 20 days. During the exposure
morphological and behavioral changes were also
monitored as suggested by (Saxena, M. P., & Saxena, H.
2008)

Histopathological Studies

The fish was killed by decapitation and the
gallbladder was removed. The gallbladder was first
washed with tap water and cut into small pieces. Before
cutting down into pieces the gall bladder was washed in
buffer phosphate. Preserved tissue was carefully
removed and was fixed by Immersion in Bouin’s solution
for 24 hours and dehydrated in graded series of alcohol.
Each Sample was run through the 6 grades of alcohol
separately, each for 1 hour, in increasing order from 30%
to 100%. Two changes of Xylene of 1 hour each were
followed by cold impregnation and hot impregnation (2
changes) of 20 minutes each. After complete fixation to
support the tissue during sectioning process the tissue
was processed, sectioned, and stained by following
standard histological technique of dehydration, clearing
and embedding in paraffin wax (melting point between
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58-60°C) and after that block making was done, serial
thin sections or slices of 4-5 um were cut using the
microtome. Standard procedure was followed as per
(Humason, 1972). Stained with hematoxylin and counter
stained with eosin, cleared in xylene and mounted in
Digital Picture Exchange (DPX).

Microscopy

The slides were observed under Compound
microscope and compared with the slides from control
group for the determination of histological alterations of
the gallbladder.

Results and Discussion

Heavy metals are known for their strong action on
biological tissues. Metal ions once absorbed into body
are capable of reacting with a variety of active binding
sites and thus can disturb the normal physiology of an
organism. In the present study, an attempt was made to
examine the sub-lethal toxic effect of zinc sulphate on
the gallbladder of C. batrachus. Changes in the fish often
reflect alteration of physiological and histopathological
state of fish after exposure to different concentration of
zinc sulphate. Gallbladder is a pear-shaped sac like
structure for bile storage. It is made up of mucosa,
submucosa and muscularis layer. Histology of control
gallbladder showed normally differentiated muscular
layer (M), submucosa (SM), muscular folds (MF) and
epithelium (E) (Figure 1). Sub lethal exposure of Zinc
sulphate (5 mg/L) altered the normal structures of
epithelial line, muscular layer and mucosal folds, besides
altering the columnar epithelial cells (Figure 2).
Histological alterations were evident after exposure to
concentration (10mg/L) of Zinc sulphate. Principle

alterations made were rupturing of mucosal folds and
formation of crystals of bile in the lumen of the gall
bladder (Figure 3). In case of 15mg/L, alteration in the
tissue was severe mainly marked with rupturing of
submucosa and crystallization of bile salts (Figure 4). Sub
lethal exposure to Zinc sulphate induced tissue
alteration becomes severe with increasing exposure
period and was dose dependent.

Among heavy metals, zinc is used in various forms
which eventually find its way into the river or sea.
Although, small quantities of zinc are required for the
normal development and metabolism (Srivastava and
Sharma, 1996; Srivastava and Kaushik, 2001; Shukla et
al., 2002), but if its level exceeds the Physiological
requirements, it can act as a toxicant. Accumulation of
zinc in various organs of fish has been described by
Gupta and Sharma (1994), Pandey et al.,, (1995) and
Singh and Gaur, (1997). Chronic exposure of Zinc, to fish
has been shown to cause a variety of histopathological,
behavioral, biochemical and physiological changes
including loss of appetite, reduced growth, decreased
aerobic scope and mortality (Mc Geer et al.,, 2000;
Sloman et al., 2003). Histopathological investigations
are a sensitive tool to detect direct effects of xenobiotics
and toxic chemicals within target organs of fish
(Schwaiger et al., 1997).

Zinc is essential for proper functioning of the body
and a necessary trace element that contributes to the
structure of more than 300 proteins which play a role in
the growth, reproduction, development and immune
system catalysts in fish (Chanda, S., Paul, B. N.et al.,
2015). It is used in various industrial operation forms
and excessive zinc finds its way into 150 reservoirs, lakes
and rivers. The source of zinc like other heavy metals in
natural waters is from geological rock weathering or
from anthropogenic activities such as industrial and

Figure 1. Slide of Gall Bladder of Control Fish Showing Normal histology (10X10) (M: Muscular Layer, SM: Sub Mucosa, E:

Epithelium, Lu: Lumen & MF: Mucosal Folds)
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Figure 2. Slide of Gall Bladder of fish of 5mg/L of ZnSO,4 Concentration Showing Loosing of Muscular Layer and Rupturing of
Mucosal Folds (M: Muscular Layer, SM: Sub Mucosa, E: Epithelium, Lu: Lumen & MF: Mucosal Folds)

Figure 3. Slide of Gall Bladder of fish of 10mg/L of ZnSO4 Concentration showing Loosing and Rupturing of Mucosal Folds (Lu:
Lumen & MF: Mucosal Folds) and some Bile Crystals (BCR)

Figure 4. Slide of Fish at 15 mg/L of ZnSO,4 Concentration Showing rupturing of Submucosa & Bile Crystals Due to Loss of Water
(10X10) (SM: Submucosa & BCR: Bile Crystals)
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domestic waste water discharge (Bradl, H. B. (2005).
However, it occurs widely in nature as sulphide,
carbonate and hydrated silicate ores, and frequently
accompanied by other metals like iron and cadmium
(Afshan, S., Ali, S., Ameen, U.S. et al.,, 2014). It is
ubiquitous aquatic pollutant.

Studies on the freshwater fish, C. batrachus when
exposed to zinc sulphate concentration shows
behavioral changes with histopathological alternations.
Control fish gall bladder shows normal structure and test
fish show anomaly in their histology. The histological
alterations were duration-dose dependent. In the
present study gallbladder showed the deformities in the
normal structures of epithelial line, muscular layer, and
mucosal folds. Columnar epithelial cells get destroyed at
many places due to zinc intoxication. In the same way
mucosal folds got destroyed and deformities in the
muscular layer appear due to destruction of smooth
muscle cells. Alterations in the main layers of gallbladder
were prominent affecting its vital function. The
alteration as discussed previously were in tune with
Katti and Sathynesen, (1984) in C. batrachus. They also
reported that Zn exposure lowered lipid content.
Corroborating results were found by (Nakagawa et al.,
1979; Waku et al., 1980; Rana et al., 1980 & 1981).
Rathore and Naik, (1994) investigated the effect of
Cadmium on gallbladder and found that it might have
lowered lipid metabolism hence less bile was utilized,
and good amount was accumulated which resulted in
swollen gall bladder. Sublethal exposure of high dose of
Zinc sulphate (10mg/L and 15 mg/L) lead the
crystallization of bile in the lumen of the gall bladder.
This may be due to excess loss of water. It also shows
rupturing of submucosa. These alterations are in tune
with the results of Tripathi et al., (2012). They reported
high concentration of Zinc causes formation of bile
crystals due to loss of water and in low concentration it
shows anomaly in normal histology. The results
apparent from the Figure 4 showed resemblance with
the reports found by (Montaser, M., et al., 2010;
Besirovic, H., et al., 2010). In the same way present
study is in agreement with the Bhoraskar and Kothari
(1997), Wong et al., (1997); Kumar and Pant, (1981).
Osman et al, (2009) recorded congestion and
hemorrhage in the hepatic sinusoids with dilation of
hepatic vessels, vacuolization and degeneration of
hepatic cells with fatty changes with atrophy of
pancreatic acini in liver of the Oreochromis niloticus
exposed to the polluted water containing heavy metal
salts. Moreover, it was also reported by several studies
that chronic heavy metal accumulation in the liver of fish
causes hepatocyte lysis, cirrhosis and ultimately death
(Rajkowska, M., & Protasowicki, M. (2013); Varanka et
al., 2001; Saxena, M. P., and Saxena, H. 2008). To check
the continual introduction of these heavy metals into
the food chain, a more cautious application of
insecticides and pesticides should be employed and
effluents from industries must be treated before
disposal.

Conclusion

Exposure to sublethal concentration of Zinc
sulphate caused dose-duration dependent
histopathological alterations. The alterations or lesions
made in gallbladder might result in the dysfunction of
important functions. Histological condition of fishes is
affected to large extent which is a sign of toxicity. Thus,
it can be concluded that Zinc sulphate is hazardous to
the aquatic organisms particularly to fishes. Post-
mortem artefacts are one of the limitations of
histological study hence other studies needs to be
carried out for greater significance.
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