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ABSTRACT: Histopathological alterations in the selected organs of a freshwater
fish Oreochromis niloticus (L.), exposed to sub lethal concentration (17.5 ppm) of
cadmium chloride (CdClz), were studied at laboratory conditions. Static bioassay
test was carried out to determine the sub lethal concentration. The changes in gill,
liver, kidney, stomach and intestine of the fish were observed after 7 and 30 days
exposure. The degenerative changes exhibited in fish organs were more severe and
pronounced at long term exposure than that of at short term. The
histopathological changes observed in the gills were fusion of secondary lamellae
due to hyperplasia and hypertrophy, lifting and rupture of lamellar epithelium,
oedema of primary lamellar tip, necrosis, damage of pillar cell system, congestion
in blood vessels and haemorrhagic gill rays. Changes in the liver included
disruption of cords, highly chromatic and irregular shaped shrunken hepatocytes,
pyknotic nuclei, rupture and loss of cell boundaries, congestion in blood vessels
and sinusoid, and presence of yellow brown bodies. Degeneration of tubular
epithelium, tubular lumen with cellular debris, necrotic and swollen glomeruli,
and haemopoietic tissue degeneration were marked in the kidney of exposed fish.
Stomach tissues revealed rupture and separation of mucosal epithelium, swollen
epithelial cells, degeneration of gastric gland cells, scattered blood cells all over
the tissue and necrosis in the mucosal epithelium and lamina propria. In
intestine, disintegration and rupture in mucosal epithelium, sloughing off
epithelial and mucous cells, blood congestion in lamina propria, increased goblet

cells, etc., were observed during the present study.
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INTRODUCTION

CADMIUM CHLORIDE INDUCED HISTOPATHOLOGICAL ALTERATIONS IN
THE SELECTED ORGANS OF NILE TILAPIA OREOCHROMIS NILOTICUS (L.)

Department of Zoology, University of Chittagong, Chittagong 4331, Bangladesh

Environmental pollution, especially aquatic environment, is

now a global

concern. Among the pollutants, heavy metals, recognized as the strong biological

poisons because of their persistent nature, toxicity, tendency to get
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accumulate in organisms and bio magnification (Dinodia et al. 2002), are the
major contaminants of the aquatic environment. The levels of these natural
trace components are increasing, at alarming rates, due to effluent of both
industrial and household wastes, geo-chemical structure, agricultural and
mining activities (Ali et al. 2019). Some heavy metals, at low levels, are
essential for living organisms (Akter et al. 2021, Rohani et al. 2022), others, even
at a trace level, are toxic and detrimental (Sardar et al. 2013, Sarkar et al. 2016).
Among the aquatic organisms, fish accumulate heavy metals and affected
adversely (Baki et al. 2019, Mohanta et al. 2019).

Cadmium is one of the major contaminant of aquatic ecosystem, having
acute and chronic effects on the environment even at very low concentration
(Islam et al. 2017). Cadmium related contamination of the aquatic ecosystem
has greatly increased in the last few decades and have constantly being
increasing (Giles 1988). Cadmium is released into the aquatic environment from
wide range of natural and anthropogenic sources (Ali et al. 2019, Shukla et al
2023). Waterborne cadmium can be accumulated in different organs of fish from
polluted water bodies (Rajeshkumar and Li 2018, Parvin et al. 2019, Pinkey et
al. 2024), and also from commercial fish feeds contaminated with heavy metals
(Saha et al. 2021, Sarkar et al. 2022, Bhowmik et al. 2023) resulting in varying
degree of structural and functional alterations (Zeitoun and Mehana 2014,
Shahjahan et al. 2022).

Oreochromis niloticus (L.), commonly called tilapia is a part of the daily diet
of more than 50% of the population (Islam et al. 2021). It is widely cultured in
Bangladesh to meet the increased protein demand and due to its profitability,
rapid growth rate, high market demand and increased consumer acceptance
(ADB 2005).

Histological studies, along with physiological and biochemical data,
provide the more complete and accurate description of the activity of a chemical
agent (Mehrle and Mayer 1985). It is the basic effort for understanding the real
impact of pollutants on the ecosystem (Gardner and Laroche 1973) and provides
the first detectable indicator of injury in cells, tissues and organs (Baki et al.
2019). Information on metal and organ specific histopathological changes in fish
is very scarce in Bangladesh. So, the present study was aimed to investigate the
histopathological alterations in different organs of Oreochromis niloticus (L.)
exposed to sub lethal concentration of cadmium chloride (CdClz) under
laboratory conditions.

MATERIAL AND METHODS

Collection of fish and their acclimatization: Live specimens of Oreochromis
niloticus (L.), collected from a local hatchery, were brought immediately to the
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laboratory of the Department of Zoology, University of Chittagong for
acclimatization to laboratory conditions. The experiment was carried out with
only live and healthy acclimatized specimens. Feeding was stopped for 24 hours
before starting the bioassay experiment.

Dose and duration: The fish were exposed to sub lethal concentration (17.5
ppm) of CdCl; salt for short (7days) and long term (30 days).

Collection and fixation of the organs: After the stipulated time, tissues from
gill, liver, kidney, stomach and intestine were collected from both control and
CdCl; treated specimens.

Preparation of histological slides: Histological slides were prepared following
Humason (1972). Transverse and cross sections of tissues were taken by a
rotary microtome (OSK, 8225, OGAWA SEIKI CO. LTD) at 3-5um thickness. The
photomicrographs of the histological slides were taken by using a digital camera
(Cannon Power Shot A 640). Normal tissue structure was studied following
Bevelander (1965), Reith and Ross (1966), Khanna (1988) and Junqueira et al.
(1995).

RESULTS AND DISCUSSION

Histopathological alterations in the gill, liver, kidney, stomach and
intestine of fish Oreochromis niloticus (L.) due to short (7 days) and long term (30
days) exposure to sub lethal concentration (17.5 ppm) of cadmium chloride
(CdCly) were observed. The degenerative changes in fish organs were more severe
and pronounced at long term exposure than that of at short term.

Effects on gill: The gill of O. niloticus (control) show the typical pattern of
normal gill histology consisting of primary gill lamellae borne by gill arches and
secondary gill lamellae lined by a single layer of squamous epithelium. Pillar
cells system and blood capillaries present between the two layers of epithelia of
the secondary lamella. Between the secondary gill lamellae, the primary gill
lamellae are lined by a thick stratified epithelium, constituted by chloride,
mucous and pavement cells (Fig. 1. A). CdCl, induced extensive changes in the
gill structure of O. niloticus during 7 days exposure at sub lethal concentration
included cellular proliferation (hyperplasia) and swelling of the epithelial cells of
the lamellar epithelium causing fusion of secondary lamellae, resulting in
disappearance of inter lamellar spaces between them, hypertrophied gill rays
and excessive blood congestion and necrotic areas in the gill lamellar
epithelium, detachment and rupture of lamellar epithelium at the base of the
primary lamellae with mucous cell congestions, damaged blood vessels and
oedema at tips of the primary lamellae (Fig. 1. B and C). The degenerative
changes in fish gill at long term (30 days) exposure to CdCl, included complete
fusion of secondary lamellae due to hyperplasia and hypertrophy of the
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epithelium, degenerated pillar cell systems having congestion of blood vessels
and hemorrhagic gill ray duo to rupture of blood capillaries, necrosis and
hypertrophied cells with pyknotic nuclei, and lifting of the lamellar epithelium at
the base (Fig. 1. D).

The fish gills, participate in respiration, osmoregulation and excretion,
remain in close contact with the external environment and particularly sensitive
to changes, even minor chemical or physical, in the surrounding water, are the
primary target of the contaminants (Movahedinia et al. 2009). CdCl, exposure
can alter the gill morphology and damaged the gill shape (Adam et al. 2019). The
severity of the alterations increased with dose and time (Otlodil et al. 2017).

Like the present study, hypertrophy and hyperplasia of the lamellar
epithelium and fusion of the secondary lamellae were also reported in tilapia
(Otlodil et al. 2017, Gulzar et al. 2023) and many other fish species (Ahmed et al.
2014, Jayakumar and Subburaj 2017) exposed to cadmium. Initially, such
changes represent an adaptation to new conditions and is a protecting
mechanism against excessive penetration of toxins from water to the blood
vessels in the gills and thus to the blood (Hinton and Lauren 1990, Fernandes
and Mazon 2003).

Lifting of lamellar epithelium, was a common symptom exhibited by the
present cadmium stressed fish gills. The oedematous separation of gill
epithelium from the basement membrane, due to the increased -capillary
permeability or lowered efficiency of the epithelial cells in maintaining normal
water balance (Roberts 2001) is often associated with cell infiltrates and is a
symptom of disorders of osmoregulation (Movahedinia et al. 2012). In the
present investigation, degenerative changes observed in gills, specially damaged
pillar cell system, which were more prominent in long term exposure, might
affect the gill by reducing the supply of blood and can cause respiratory
impairment (Gupta and Rajbanshi 1988).

Effects on liver: The normal hepatocyte has a homologous cytoplasm and a
large central or sub-central spherical nucleus. The parenchymatous cells
separated by blood sinusoids, and portal veins, hepatic arteries, hepatic veins
and bile ducts were distributed throughout the liver (Fig. 2. A and B).

The marked histological changes in the liver of O. niloticus at 7 days
exposure included degeneration of cell membrane, cytoplasm and nucleus
resulting in loss of its normal polygonal shape. The cytoplasm was highly
chromatic and vacuolated. Nuclei pyknotic, atrophied, displaced and reduced in
size and shape. Blood vessels and sinusoids were congested, and hemolysis in
blood vessels and hepatoportal vessels observed. Brown bodies were found all
over the liver tissue (Fig. 2. C).
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Fig. 1. Photomicrographs of gill of Oreochromis niloticus: A. Control; B and C. At 7 days exposure to
17.5 ppm CdClz; D. At 30 days exposure to 17.5 ppm CdCl.. Abbreviations: BC -Blood capillary;
DBV - Damaged blood vessel; DLE - Detachment of lamellar epithelium; DPC -Degenerated pillar cell
system with blood congestion; FSGL - Fused secondary gill lamellae; GR - Gill ray; HGR -
Haemorrhagic gill ray; MC - Mucous cell congestion; NLE - Necrotic areas in the lamellar
epithelium; PC - Pillar cells; PGL - Primary gill lamellae; RBV - Ruptured blood vessel; SGL-
Secondary gill lamellae; SGR - Swollen gill ray.
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Fig. 2. Photomicrographs of liver of Oreochromis niloticus: A. and B. Control; C. At 7 days exposure to
17.5 ppm CdClz; D. At 30 days exposure to 17.5 ppm CdCl.. Abbreviations: AN - Aggregation of
nuclei; APN - Atrophied pyknotic nuclei; BV - Blood vessel; CS - Congested sinusoids; CV - Central
vein; DHP - Disruption of the arrangement of hepatic parenchyma; DPAC - Disintegrated pancreatic
acinar cell; HC - Hepatic cells; HCN - Hepatic cell with central or sub central nucleus; PAC -
Pancreatic acinar cell; PV - Portal vein; S - Sinusoids; SHC - Shrinkage of hepatocyte.
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Fig. 3. Photomicrographs of kidney of Oreochromis niloticus: A. and B. Control; C. At 7 days exposure
to 17.5 ppm CdClz; D. At 30 days exposure to 17.5 ppm CdClz. Abbreviations: BV - Blood vessel; CD
- Cellular debris; CT - Collecting duct; DBV - degenerated blood vessel; DHT - Degenerated
haemopoietic tissue; DT - Distal tubule; G - Glomerulus; PT - Proximal tubule; RLPT - Reduced
lumen of the proximal tubules; SG - Swollen glomerulus; SRT - Swollen epithelial cells of the renal
tubule.

Fig. 4. Photomicrographs of stomach of Oreochromis niloticus: A. and B. Control; C. and D. At 7 days
exposure to 17.5 ppm CdCle; E. At 30 days exposure to 17.5 ppm CdCl.. Abbreviations: CBV - Congested
blood vessel; DGG -Degenerated gastric glands; DHME — Degenerated, hypertrophied mucosal epithelial
cell; GG - Gastric glands; GP - Gastric pits; M - Muscularis; SMC - Sloughed off mucous cells in the
lumen; ME - Mucosal epithelium; ML - Mucosal layer; N -Necrosis; NME - Necrosis in mucosal epithelium
and lamina propria; RLME - Rupture and lifting of mucosal epithelia; RME - Ruptured mucosal
epithelium; S — Serosa; SM — Submucosa.
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Fig. 5. Photomicrographs of intestine of Oreochromis niloticus: A. Control; B. At 7 days exposure to
17.5 ppm CdClz; C. At 30 days exposure to 17.5 ppm CdCl.. Abbreviations: BCLP -Blood congestion
in the lamina propria; CMF - Circular muscle fibre; DEM - Disintegration of epithelial and mucous
cells at the tip of the villi; DHME - Degenerated, hypertrophied mucosal epithelial cells; GbC - Goblet
cells; LMF - Longitudinal muscle fibre; MCE - Mucous and epithelial cells exudation; ME - Mucosal
epithelium; RMM - Ruptured mucosal membrane; S - Serosa; SM - Submucosa.

During the long term exposure, the hepatic cells were extremely damaged,
cytoplasm eosinophilic, atrophied with pyknotic nuclei. Normal cordal
arrangement of the hepatic parenchyma was disrupted. Due to loss of the cell
boundaries many nuclei were found to aggregate at one place bearing empty
areas beside in different places of hepatic parenchyma and these were
prominent near the cell boundaries. Sinusoids and blood vessels were congested
and brown pigments were scattered all over the tissues. Pancreatic acinar cells
also disintegrated (Fig. 2. D).

Liver, mostly were associated with the detoxifications and
biotransformation process and due to its function, position and blood supply it
is also one of the organs heavily affected by contamination of water (Camargo
and Martinez 2007).

The degenerative changes like hepatocyte degeneration, pyknotic nuclei,
necrosis, vacuolation, congestion in blood vessels and sinusoid, etc., reported
during the present study, were observed in O. niloticus exposed to CdCl; (Omer
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et al. 2012, Younis et al. 2013) and waterborne heavy metals (Nofal et al. 2019,
Musa and Imam 2023).

The duration dependent changes, found presently, corroborates with Dar
et al. (2011) and these changes may be attributed to direct toxic effects on
hepatocytes since the liver is the only site of detoxification (Soufy et al. 2007).
Vacuolation of hepatocytes, seen in the present investigation, might indicate an
imbalance between the rate of synthesis of substances in the parenchymal cells
and the rate of their release into the circulation system (Gingerich 1982).

The bile stagnation in liver, in most fish studied, in the form of brownish
yellow granules in the cytoplasm of the hepatocytes, indicates that bile is not
being released from the liver (Pacheco and Santos 2002). The presence of brown
bodies in the liver tissue might be the cause of metabolic problem of the liver
due to histopathological changes (Camargo and Martinez 2007).

Effects on kidney: The kidney of O. niloticus is made up of numerous
nephrons, each consisting of a renal corpuscle, renal tubule and collecting duct.
The kidney tissue of the control fish exhibited an ordinary pattern with no
abnormal changes in the cells (Fig. 3. A and B). At short term exposure, kidney
tissue revealed inflammation of the epithelial cells with pyknotic nuclei of the
renal tubules. Lumens of proximal tubules reduced and have cellular debris.
Swollen glomeruli resulting in the reduction of Bowman’s capsule space, many
were atrophied also. Haemopoietic tissue and blood vessels were degenerated
(Fig. 3. C). Degenerative changes recorded at 30 days exposure were heavily
hypertrophied proximal and distal renal tubular cells, separating off from the
basement membrane, obliterating their luminal space but the lumen of the
collecting ducts were spacious with cellular debris. Cystic proximal tubules due
to complete sloughing of the lining cells. Swollen and necrosed glomeruli.
Haemopoietic tissue degenerated and fragmented. The renal tubular cells were
acidophilic (eosinophilous) in contrast to their normal basophilic condition (Fig.
3. D).

The kidney, organ to maintain homeostasis, is severely affected by
contaminants of the water (Thophon et al. 2003). Like the present study, tubular
degeneration and dilation of capillaries in the glomerulus and reduction of
Bowman’s space were reported in the kidney of fishes exposed to acute and
chronic exposer to cadmium (Kaoud et al. 2011, Salman et al. 2015) and
combination of heavy metals (Vinodhini and Narayanan 2009). The reduced
renal tubular lumen, specially the proximal tubules, and spacious collecting
duct lumen with cellular debris, etc., were much prominent in long term
exposure (30 days). Similar pathological symptoms observed in different fish
species exposed to Cd (Gupta and Rajbanshi 1988, Kaoud et al. 2011) were
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regarded to be due to an alteration in the metabolic activity, resulting in a
disorder of the useful divalent ions transport (Oronsaye 1989).

Highly degenerated epithelial cells of the kidney tubules, even ruptured
and detached from the basement membrane and became cystic which are in
consistent with that of Vinodhini and Narayanan (2009).

Swollen glomeruli, blood vessels congestion and haematopoietic tissue
degeneration, were the other alterations in the kidney tissue of the presently
studied fish that were also in agreement with the findings of Begum et al. (2001)
and Mohamed (2009), working with different fish species exposed to different
toxicants.

Effects on stomach: The stomach tissue of the fish O. niloticus in control,
showed the normal arrangement of the mucosal, submucosal, muscularis and
serosa layer. The inner most mucosal layer raised into primary and secondary
folds, composed of columnar cells, gastric glands and lamina propria. The
epithelial cells of the mucosal membrane and gastric glands exhibited normal
size and shape (Fig. 4. A and B).

Degenerative changes in the stomach tissue of O. niloticus, at 7 days
exposure included rupture and lifting of the mucosal epithelial layer, necrosis in
the lamina propria and mucosal membrane, hypertrophied and degenerated
epithelial cells with pyknotic nuclei, damaged gland cells and congested blood
vessels. No change was observed in the submucosa and muscularis layer except
excess blood cells all over the tissue (Fig.4. C and D). After 30 days exposure,
almost same but more prominent, degenerative changes reported were
hypertrophy of the epithelial cells of the mucosal membrane with pyknotic
nuclei, rupture and damage of the mucosal epithelium, necrosis in the
epithelium and lamina propria. Sloughed off mucous found in the lumen.
Epithelial cells of the gastric glands hypertrophied, degenerated and aggregated
in the middle, separating off from the basement membrane. Scattered blood cells
were found all over the tissue (Fig. 4. E).

The stomach is a target organ for accumulation of cadmium on acute and
sub-acute exposures (Tanhan et al. 2005). The visible alterations in stomach
histology, found presently, were also observed in the stomach tissue of O.
niloticus exposed to CdCl, (Kaoud et al. 2011) and other fishes exposed to
different heavy metals (Begum et al. 2001 and 2010).

The most notable alterations in the stomach tissue of the present
experimental fish, were rupture and lifting of mucosal epithelium and rupture
within the mucosal layer. The hypertrophy of the epithelial cells of the mucosal
membrane and digestive glands is known to be a protective mechanism that
usually shown in response to chemical or toxic stresses (Roberts 2001).
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Effects on intestine: The typical intestinal wall is composed of the mucosa,
sub mucosa, muscularis and serosa that form villi. In the present study
intestinal tissue of the fish O. niloticus in control, was normal in their structure
and showed no alterations in the histology (Fig. 5. A). In the intestinal tissue of
the 7 days exposed O. niloticus degenerative alterations included rupture of
mucosal membrane, mucous and sloughed off epithelial cells, hypertrophied
epithelial cells with pyknotic nuclei of the mucosal epithelium, disintegration of
epithelial cells at the tip of the villi, congestion of blood in the mucosal
epithelium and lamina propria (Fig. 5. B).

The epithelial cells of the mucosal layer were extremely hypertrophied and
degenerated, specially tips of the villi, increased goblet cells with wide apical tips
and mucous secretion along with sloughed off cells in the lumen of the intestine
was prominent (Fig. 5.C) after 30 days of exposure.

Metals uptake mainly occur via gills, but may enter the digestive tract of
fish via consumption of food and water, causing a deterioration of structures
and functions in the gut (Bano and Hasan 1990, Banerjee and Bhattacharya
1995). The presently found severe degenerative and necrotic changes,
desquamation and congestion of submucosal blood vessels in the intestinal
mucosa and infiltration of inflammatory cells in intestine were associated with
cadmium toxicity (Omer et al. 2012) and the oedema between the submucosa
and mucosa may be due to absorption of toxic heavy metals (Hanna et al. 2005).
The pathological alterations, found in the intestine of the present studied fish,
were agreement with the observations of Younis et al. (2013) and Kaoud et al
(2011) and were also common in different fish species exposed to different
toxicants (Mohamed 2009, Salman et al. 2015). The increased number of goblet
cells, blood congestions, degeneration in the connective tissue of the lamina
propria and scattered blood cells all over tissue, exhibited in the present study,
were regarded as response to the irritation of internal mucosa by the metals
(Crespo et al. 1986).

CONCLUSION

Exposure to sub lethal concentration (17.5 ppm) of cadmium chloride
(CdCl,) caused remarkable histopathological alterations in the gill, liver, kidney,
stomach and intestine of Oreochromis niloticus (L.), which became more severe
and pronounced at long term exposure than that of at short term. The
degenerative changes in these vital organs might have resulted in physiologic
and metabolic dysfunctions, which further led to behavioral alterations and
growth impairment. In the long-run, therefore, cadmium chloride exposures to,
even, sub lethal concentrations may pose serious threat to fish health and their
population, eventually to human.
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