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Histopathological lesions in the selected tissues of Cirrhinus mrigala (Ham.)
fingerlings exposed to a sublethal concentration of mercury
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Abstract: In the present investigation histopathological lesions in the selected tissues such as gills, kidney and eye of the fingerlings
of Cirrhinus mrigala exposed to a sublethal concentration of mercury, i.e. 240 µg/l from static bioassay have been studied. The
primary gill lamellae showed degeneration in the middle and distal region. In distal region, spherical structure showing complete
degeneration and fusion of pillar, epithelial, mucus producing gland and blood cells in the secondary gill lamellae. Degeneration and
necrosis in glomerulus, interstitium tissue and epithelium lining of renal tubules in kidney have also been seen in mercury treated
fingerlings. Whereas periorbital region of eye showed exudation in choroids layer and degeneration in oedematous tissue or
adjacent sclera. The results have been discussed in relation to respiratory and excretory physiology and probable cause of fish
death due to mercury poisoning.
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Introduction
Large scale of mortality of spawn, fry and fingerlings
in most of the water bodies has been reported due to discharge
of metallic ions including mercury in the form of industrial
effluents. Limited studies on the effect of mercury at cellular
level particularly in gills, liver, kidney and other vital organs in
the fish have been available (Kendall, 1977; Mustafa, 1995;
Gupta and Rajbanshi, 1995; Prasad et al., 1995; Banerjee and
Bhattacharya, 1997). In the present study histopathological
changes have been investigated in gill, kidney and eye of
Cirrhinus mrigala fingerlings exposed to a sublethal
concentration of mercury from 96 hr static bioassay.
Materials and Methods
Short-term (96 hr) static bioassay was conducted to
evaluate the toxicity of mercury (as HgSO4) for C. mrigala
fingerlings (average length 5.8 cm and weight 2.352 gm.)
following standard methods (APHA, 1989). The 96 hr LC50,
presumable safe and dischargeable concentration of mercury
at a temperature of 35°C for C. mirgala fingerlings have been
computed 342.164, 73.510 and 1.118 µg/l respectively as per
methods of Finney (1971) and Hart et al. (1945). During the
bioassay test, pH, DO, alkalinity and hardness of the water
were 8.5, 5.0, 700 and 270 mg/l respectively.
After 96 hr of biassay, treated fingerlings were
carefully removed from a sub-lethal concentration of mercury,
i.e. 240 µg/l and sacrificed immediately. The samples of gills,
kidney and eye were excised carefully, washed in running
water and fixed in 4% neutral formaline. The serial sections of
5-8 µ thickness were cut and stained using eosin and Mayre's
haematoxylin. The histopathological changes if any in the
tissues of treated fish were observed carefully.

Results and Discussion
Sublethal concentration of 240 µg/l of mercury
brought about marked changes in the gill structure of the
fingerlings of C. mrigala (Figs. 1 and 2). The gill filaments
showed severe pathological changes in the distal region as
compared to that of middle region. The secondary lamellae as a
whole, including the flanges of the pillar cells have been fused
together forming large spherical structure in the distal region of
the gill filaments. The fusion was of the highest order and no
distinction could be made among pillar cells, epithelial cells,
blood cells and mucus cells in such region (Fig. 2). The blood
cells were also found accumulate in this spherical structure.
Kidney of the fingerlings of C. mrigala exposed to a
sublethal concentration of 240 µg/l of mercury revealed various
histopathological changes (Fig.3). The most remarkable
histopathological change was the expansion of the renal tubules
to such an extent that it covers the area of the lumen. Further,
the cells lining the lumen also ruptured causing tubular necrosis.
In lumen of the renal tubules, cellular debris was also noticed.
At places the glomeruli found engorged with blood. The
haemopoietic tissue of the renal interstitium was also
considerably reduced and degenerated.
The choroids tissue of eye showed considerable
exudation by inflammatory cellular infiltration of the periorbital
tissue (Fig.4). Whereas remarkable degeneration was seen in
oedematous tissue or adjacent sclera of the periorbital tissue.
In the present investigation mercury ions induced
severe histopathological changes in gill such as degeneration in
the middle and distal region in the primary lamellae. In the distal
region spherical structure was formed due to degeneration and
fusion in pillar, epithelial and mucus producing gland cells along
with large number of blood cells of the secondary gill lamllae.
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Fig. 1: Photomicrograph of the section of gill filament of Cirrhinus mrigala fingerlings treated with a sublethal concentration of
240µg/l of mercury for 96 hr (X-70). PGL-Primary gill lamellae showing degeneration in the middle and distal region.

Fig. 2: Photomicrograph of the section of distal region of the gill filament of Cirrhinus mrigala fingerlings treated with a sublethal
concentration of 240 µg/l of mercury for 96 hr (X-700). SS - Spherical structure showing complete degeneration and fusion
of pillar cells, epithelial cells, mucus producing gland cells and the blood cells in the secondary gill lamellae (SGL), arrows
indicate blood cells accumulated inside the spherical structure.
Khangarot and Somani (1980) have also exposed fish Puntius
sophore to high levels of dissolved inorganic Hg or methyl
mercury (MeHg) and suggested that mercury ions severely
damaged the gill. Gupta and Rajbanshi(1995) have also
studied the surface architecture of the gill of Rasbora
daniconius treated with a sublethal concentration of mercury
(0.05 mg/l). These authors (op. cit.) also observed significant
changes such as damage, fusion and clumping in the middle
and distal parts of the gill lamellae resulting into considerable
decrease in the over all surface area. Whereas, Ribeiro et al.
(1996) reported an increased proliferation in the interlamellar
region lead to a thickening of the secondary lamellae of the gills

of Trichomycterus brasiliensis exposed to mercury ions. It is
suggested that severe damage in gill of fish exposing to high
levels of dissolved inorganic mercury or methyl mercury (MeHg),
interfered with physiological processes involving the gills,
including gas exchange and ions regulation (Renfro et al., 1974;
Borquegneau, 1977; Lock et al., 1981; Stinson and Mallat,
1989; Gupta and Rajbanshi, 1995). Skidmore (1970), Eisler
(1971), Burton et al. (1972) and Bilinski and Jonas (1973) have
also described the deleterious effect of heavy metals and
suggested that the death of fish in acute poisoning was due to
disruption of respiratory process caused by the damage of gill
epithelium. Further, Skidmore (1970) suggested that the
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Fig. 3: Photomicrograph of the section of kidney of Cirrhinus mrigala fingerlings treated with a sublethal concentration of 240 µg/l of
mercury for 96 hr (X-700) RT- Renal tubule expanded, Arrows indicate necrosis in epthellal lining the lumen. GLDegeneration in the glomerulus, IT- Degena\eration in institium tissue.

Fig. 4: Photomicrograph of the section of periorbital region of the eye of Cirrhinus mrigala fingerlings treated with a sublethal
concentration of 240 µg/l of mercury for 96 hr (X-700). EC- Exudated chorold region, Arrows-degenerated oedematous
tissue of adjacent sclera.
respiratory handicap imposed by lifting of the epithelium (as
swellings) must out–weigh any protective effect against
pollutant uptake in the later stage of acute poisoning. Burton et
al. (1972) demonstrated that tissue hypoxia precedes death
when maximum gill ventilation is no longer efficient to supply
the oxygen needs of trout because of gill deterioration due to
which the gas exchange system is altered. Gardner and Yevich
(1970), Skidmore and Tovell (1972), Bilinski and Jonas (1973),
Gardner and LaRoche (1973) and Gupta and Rajbanshi (1981,
1982, 1988 a,b and 1995) have the same opinion that the
depression in respiratory activity is a common feature in acute
metallic poisoning caused due to alterations in the cellular
component of the gill of the fishes.

The pathological changes noticed in the kidney of
mrigal fingerlings by a sublethal concentration of mercury
include degeneration in the glomerulus and interstitium tissue,
necrosis in epithelium lining the lumen and expansion in renal
tubules which possibly caused the impairment of kidney
function. Sastry and Agrawal (1977) have also noticed
desquammation of the tubular cells, enlargement and pycnosis
of nuclei, shrinkage of glomerular network, rupture of the
glomerular wall and haemorrhages in the interstitial
haematopoietic tissue in the kidney of C. mrigala treated with
mercuric chloride. Whereas Ribeiro et al. (1996) have reported
that the kidney of Trichomycterus brasiliensis treated with
mercury were disorganised and tubule cells decrease in number
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and change in size. Gupta and Rajbanshi (1979, 1986) have
observed pathological symptoms in kidney of Heteropneustes
fossilis and Channa punctatus exposed to different
concentrations of copper include modifications in renal tubules
by expansion and necrosis in the outer and inner epithelial
lining and accumulation of cellular debris. Presumably, the
observed pathological alterations in the kidney of mrigal
fingerlings may be due to the internal exhaustion that brought
about a change in the metabolic activity as a result of
interaction between mercury ions and renal tissue through
blood, resulting in disorder of the divalent ions as also
suggested by Rasquin and Rosenbloom (1954). Trump and
Bulger (1967), Kendell (1977) and Trump et al. (1975) in their
superb studies have described both light microscopical and
ultrastructural changes in the tubules associated with mercury
poisoning in the southern flounder. Such studies have shown
the main effects of levels of mercury as binding S-H groups to
the protein of cell membranes, thus inhibiting enzyme system.
The C. mrigala fingerlings exposed to a sublethal
concentration of 240 µg/l of mercury ions also revealed
histopathological lesions in the periorbital region of eye include
exudation by inflammatory cellular infiltration in choroids tissue
and remarkable degeneration in oedematous tissue or adjacent
sclera. Weis and Weis (1977b) studied the development of
killifish in the methyl mercury–exposed groups revealed a
spectrum of optic and cephalic abnormalities, the appearance
of which correlated with dose level and length of time exposure.
Weis and Weis (1977a) further also reported that even in more
severe cases the entire axis is reduced in size and the embryo
can consist of only a cyclopic head, anophthalmic head or in
some cases no axis at all. Ribeiro et al. (1996) have recorded
that optic nerve of Trichomycterus brasiliensis in mercury
concentrations show disorganised disposition of axons and
mainly disruption and dissociation of myelin sheath, leading to
decrease in motility and coordination. The pathological lesion in
the periorbital region of the eye may in turn produce
abnormalities in the optic nerve and cephalic region of the brain
leading to decrease in motility and coordination in the
fingerlings of C. mrigala.
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