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Abstract:
Liver of fish represents a pattern typical to that of a vertebrate.
In some fishes pancreatic tissue has been found to invade liver tissue
along with the portal veins. Liver of CdCl2 treated forms exhibits
conditions such as separation and vacuolar degeneration of
hepatocytes, condition of necrosis,degeneration of nuclei, hypochromia,
appearance of cloudy regions, , increased haemopoietic activity (during
early period of treatment), cellular swelling and congestion of blood
vessels with the production of occlusion material.
In fishes, pancreatic tissue invades the liver along with blood
vessels. Such pancreatic tissue when observed in treated fish indicates
signs of tissue separation. Blood cells get destroyed on a large scale
with increased concentration of the pollutant and exposure time.
Key words: Vacuolar degeneration of hepatocytes, hypochromia,
occlusion material
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INTRODUCTION:
Urbanization and development of large scale industries has led
to increased water pollution. Anthropogenic contamination of
the aquatic environment by heavy metals too has drastically
increased in the last several decades. (Kumar et al. 2009 &
2007; Ashraj, W. 2005). This eventually has led to bioaccumulation and bio-magnification in the aquatic organisms at
all trophic levels, thus becoming a huge cause for concern.
Cadmium is one such heavy metal which easily bio accumulates
in aquatic organisms like fish leading to histological,
pathological and biochemical changes in the gills, kidney, liver
and alimentary canal. (Okacha R. C. and Adedeji O. B. 2011,
Javed N. and Usmani N. 2011, Puneet Kumar and Anu Singh
2010) Liver and kidney are primary target organs and highest
levels of cadmium accumulation were detected in the fish.
(Loganathan K. et al. 2006, Van Dyk J. C. et al. 2005, Thopon et
al. 2003 & 2004). Infact Cd causes poisoning in various tissues
of animals including man. (Jarup L. 2003).
In the present study, liver of fish has been taken up to
study the effects of CdCl2 with respect to histological changes.
Fishes were treated to study changes with different dosages of
the pollutant for different periods of exposure.
MATERIALS & METHODS:
The experimental fish Oreochromis mossambicus were collected
from Masunda Lake situated in Thane. They were acclimatized
in the laboratory for two weeks. Subsequently the fishes were
grouped into five batches of twenty each; one control and others
treated with sub-lethal concentration of 1ppm, 2ppm, 4ppm,
6ppm of CdCl2 exposed for 1, 2, 4 and 6 days. They were fed in
live Tubifex worms on alternate days. To maintain the
concentration of the toxicant the test water was changed every
24 hours. Tanks were aerated with oil free air and test water
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quality was evaluated by employing standard methods. (APHA
1985)
Fishes from all five tanks were sacrificed and the liver
tissue collected was fixed in neutral Formalin and chilled
alcohol. Sections were stained with Haematoxylin/Eosin (Gurr
E. 1956) to study the histological changes.
RESULTS AND OBSERVATIONS:
Histological features of fish liver although represents a pattern
typical to that of a vertebrate, has a uniqueness atleast in some
forms such as carps, sillago and in certain others. In these fish,
the pancreatic tissue has been found to invade the liver tissue
along with the portal veins. (Hideo A. and Asuka I. 2004, Pai
Vinaya L. 1993, Takashi Hibiya 1982) Fig. No. 1 and 2

Fig No 1
Fig No 2
Section of liver (Control fish): A single blood capillary from the region
enlarged to show the pancreatic cells. Stain H/E.
Key
hc – hepatocytes; cl – capillary lumen; bc – blood capillary; hmp –
haemopoietic region; pc – pancreatic cell

The liver in fish is mainly composed of a continuous compact
field of hepatocytes and scattered with islands of connective
tissue enclosing the bile duct and arterial vessels. The hepatosinusoidal structures of fish liver are cord like in Tilapia.
Gross changes after treatment:
1) Liver of treated fish appears pulpy and pale yellow in colour.
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2) It is also shrunken in appearance.
Treatment induced histological changes seen with
different dosages are as follows:
1ppm:
Peripheral portion of the liver section indicates presence of
vacuoles which gradually increase in number and size as period
of exposure increases from day 1 to day 6. Stained pinkish
brown but nuclei not seen. The central region appears to be
darkly stained from day 4 onwards due to increase in no. of
cytoplasmic granules. Cytoplasm surrounding nucleus appears
highly irregular with patches of vacuolar degeneration. Hepatic
cells located in the interior region are slightly enlarged by end
of day 2. Nuclei are stained blue, cytoplasm is lost; hazy and
few cracks are seen in the hepatic tissue which gradually
increases with exposure period.
Pancreatic tissue cells wherever seen in peripheral
region are stained feebly. Gradually cracks appear and cells are
with vacuoles. Presence of occlusion material is also found.

Fig No 3
Fig No 4
Section of liver (Treated fish 1ppm 1day & 2 days): Cells appear
irregular, nuclei fails to stain, haemopoiesis on the increase. Stain H/E.
Key
vd – vacuolar degeneration; crk – crack; hmp – haemopoietic region;
h – hepatocytes; oclm – occlusion material; pc – pancreatic cell
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Haemopoietic tissue – Initially appears normal with blood cells
giving a clumped look. Gradually increases by day 2 and day 4
and blood vessels start getting constricted. By end of day 6,
there is a reduction in haemopoiesis and wherever seen appears
as a pink patch. Fig No 3, 4, 5 and 6.

Fig No 5
Fig No 6
Section of liver (Treated fish 1ppm 4 days & 6 days): Increase in
cracking of tissue evident and capillary shows occlusion material. Stain H/E.
Key
vd – vacuolar degeneration; crk – crack; hmp – haemopoietic region;
h – hepatocytes; oclm – occlusion material; pc – pancreatic cell

2ppm:
Nuclear degeneration is seen over peripheral extremities.
Stained pale pink. As period of exposure increases, nuclei not
visible and the degenerated nuclei appear brown in colour. Rest
of the tissue appears cloudy. End of day 4 shows cracks of the
tissue with indistinct cell boundaries. The hepatic cells are seen
in the form of cords of cells separated from each other.
Differential staining of reddish-brown and violet stained areas
are seen in the tissue with H/E.
Pancreatic tissue cells stained light and individual cells
not clearly seen.
Haemopoietic tissue occurs in the form of eosinophilic
patches which initially increase but by end of day 4 and 6,
erythrocytes start forming clumps which may be seen in the
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lumen of the blood vessels as well as in the haemopoietic tissue.
Fig No 7 and 8.

Fig No 7
Fig No 8
Section of liver (Treated fish 2ppm 4 days & 6 days): Nuclear
degeneration, cracks in tissue, hypochromia and occlusion material. Stain
H/E.
Key
Oclm – occlusion material; hmp – haemopoietic region; crk – crack; vd
– vacuolar degeneration; pc – pancreatic cell; l – lumen

4ppm:
Hepatic cells appear somewhat bulged and spherical. Nucleus
with surrounding cytoplasm pushed to one side. Vacuoles start
appearing and regions of the liver appear to be in different
stages of degeneration. Cloudy regions start appearing. By end
of day 2, bulged cells and appearance of vacuoles characteristic
more so near the sinuses. By end of day 4, hepatic tissue
appears cloudy with indistinct cell boundaries. Cracks start
appearing and unequal staining of liver tissue is seen. Pink
cytoplasm with blue nuclei or yellowish-brown nuclei is
observed with H/E stain. Occlusion material is seen.
Pancreatic tissue cells stained feebly and gradually get
separated with cracks appearing by end of day 4 and 6.
Haemopoietic tissue – Blood cells are enlarged,
haemopoietic tissue increases, seen with eosinophilic
substances, heterogeneous staining property seen. Day 4 shows
occlusion material at various sites, especially within the lumen
of blood vessels. RBCs are entangled within. On day 6 blood
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cells show clumping with eosinophilic material. Fig No 9 and
10.

Fig No 9
Fig No 10
Section of liver (Treated fish 4ppm 2 days & 6 days): Vacuolar
degeneration, occlusion material. Stain H/E.
Key
Pc – pancreatic cells; oclm – occlusion material; vd – vacuolar
degeneration; crk – crack; hmp – haemopoietic region

6ppm:
Hepatic cells compactly placed, stained feebly, appearance of
vacuoles and nuclear degeneration seen in peripheral region.
Interior region appears cloudy. From day 2 onwards,
degeneration of hepatic cells is seen in the form of cords which
are separated from each other. Eosinophilic occlusion seen.

Fig No 11
Fig No 12
Section of liver (Treated fish 6ppm 4 days & 6 days): Hepatic cell
degeneration, increase in vacuolar spaces, occlusion material present and
pancreatic tissue seen with cracks. Stain H/E.
Key
hc – haemopoietic cells; oclm – occlusion material; pc – pancreatic
cells; vac- vacuoles; bldc – blood cells;
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Day 4 hepatic cells are swollen; cytoplasm shifted to one side
giving a stellate appearance. Vacuoles, occlusion material and
nuclear degeneration on the increase with cloudy patches. Day
6 similar conditions in aggravated state.
Pancreatic tissue seen with vacuolar spaces on day 1
with cells giving a cloudy appearance. The vacuoles seem to
increase with time leading to degeneration of pancreatic tissue.
End of day 6 cracks are evident in the tissue.
Haemopoietic tissue is seen at various places. Initially
increases followed by occlusion material. By end of day 6
haemosiderin granules and occlusion material very evident.
RBCs are destroyed and only theirnuclei are seen. Tissue stains
differentially with H/E stain. Fig No 11 and 12.
DISCUSSION:
The study has shown that treatment affects the peripheral
region of liver much more in the initial stages, and the effect
extends to the central region gradually. The degenerative
changes extended to the central region are always dependent on
the period of exposure to the pollutant under study. Stained
sections of liver of fish that are exposed to shorter periods of
exposure when observed show two distinct regionsA peripheral degenerated region that stains poorly and a
central deeply stained intact region. The degenerated region is
also characterized by the appearance of cytoplasmic vacuoles.
Poor staining property is evident in the nuclear region too. The
affected cells have their cytoplasmic vacuoles at the peripheral
extremities and as a result, the cytoplasm is restricted to the
region around the nucleus and this gives a stellate look to the
cytoplasm. With the increased period of exposure, the numbers
and sizes of vacuoles are on the increase and this is followed by
degenerative changes of the hepatic cell nuclei. In sever
conditions; hepatocytes get separated from each other leading
to signs of necrosis.
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Exposure to pollutant affects the haemopoietic regions of the
liver. This is evident from the appearance of eosinophilic
granules within the cytoplasm of the erythrocytes. In the forms
treated for a longer period, an occlusion material appears at
various sites, especially in the lumen of blood vessels. The study
has indicated that treatment also affects the pancreatic tissue
of the fish. It loses its compactness and shows signs of cell
separation. The tissue cells are full of cytoplasmic vacuoles and
the number and size of these vacuole are proportional to the
dosage of pollutants as well as period of exposure.
In short, most of the ill effects like disruption and
separation of hepatic cords, engorgement of blood vessels,
congestion, vacuolar degeneration of hepatocytes, hypochromia,
necrosis of pancreatic cells, degeneration of nuclei with
increased haemopoietic activity during early stages and
production of occlusion material have all been reported by
earlier workers too (Jalaludeen M.D. et al 2012, Dangre et al
2010, Rangsayatorn N. et al 2004, Rani U.A. and Ramamurthi
R. 1989). Heavy metals basically alter the physiological and
biochemical parameters in tissues and blood of fish. Most of
these pollutants get absorbed and are finally transported to the
liver to be stored there or are possibly excreted through gills or
kidney. Bio accumulation and bio magnification cause harm not
only to fish but the entire ecosystem as these toxic substances
knock down the immune, nervous, reproductive and endocrine
systems thus affecting them at organ, tissue and cellular level
(Geeraerts and Belpaire 2009). Since liver is involved in
regulation of many metabolic and physiological processes of the
body, it was taken up for this study.
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