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ABSTRACT

Water pollution poses a global hazard to aquatic biota and ecological sustainability, causing a hazard
to aquatic organisms such as fish. The aim of this study was to evaluate the impact of toxic chemical
contaminants on histopathological biomarkers in the liver and kidney of olive barb (Puntius sarana)
collected from the Surma River in comparison to a control group of fish. The histological bio-moni-
toring assessment involved the sampling of thirty (30) table-sized fish collected from the four-sam-
pling sites (i. Kajir Bazar, ii. Keane Bridge, iii. Shahjalal Bridge and iv. Burhanuddin Majar) of the Surma
River on a monthly basis during the period of September 2019 to February 2020. Twenty (20) ta-
ble-sized fish of the same species were reared in the Fish Disease Diagnosis and Pharmacology
Laboratory, which has a controlled water quality system. In the present study, the river temperature
was found to range from 19.7+1.57°C to 30.00+1.29°C. Dissolved oxygen of the surface water was
observed to range from 4.15+0.31 to 4.82+0.67 ppm. The pH was found to range from 7.42+0.33 to
6.50+0.12. We observed several pathological changes viz., haemorrhage, lipid droplet, hypertrophy
and hyperplasia, erythrocyte infiltration into blood sinusoid, pyknosis and hepatocyte degeneration
in the liver tissues of P. sarana. The histopathological analysis of the kidney showed tubular degener-
ation of the distal tubule, tubular degeneration of the proximal tubule, melanomacrophage centre,
glomerular shrinkage, vacuolisation, necrosis and haemorrhage. The evidence of pathological alter-
ations in the liver and kidney of olive barb P. sarana appeared to be a useful biomarker to assess the
impact of the toxicity of water pollution in the Surma River.
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INTRODUCTION danger from anthropogenic activities and
wastewater. Urban discharge in various unau-
thorized dumping zones, farming techniques,
and tannery discharges that have been dis-
posed of without sufficient treatment were re-

ported to have degraded the superiority of

Bangladesh is a territory which is bordered by
around 230 rivers of different sizes and an abun-
dance of water resources. Being one of the
most densely inhabited nations in the world,
these resources are constantly becoming con-

taminated (Hasan et al., 2019). Over the last few
decades, freshwater contamination with a vari-
ety of contaminants has gained noticeable at-
tention (Vutukuru, 2005). The Surma River's wa-
ter supply has subsequently been in significant

the water (Howladar, 2013). Besides this, envi-
ronmental issues have affected all types of
aquatic species due to the unregulated dump-
ing of agricultural waste into waterways (Deng
et al., 2017). Industrial leakage is also a signifi-
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cant contributor to water pollution because they contain hazard-
ous metal compounds which directly mix with the waterbody (Pa-
tra et al., 2007). Aquatic contamination has been reported to be
responsible for the survival disturbance and incapability of regu-
lar production processes (Ogamba et al., 2016), so these effects
may reduce biodiversity and alter ecosystems’ constitution.

One of numerous rivers in Bangladesh, the Surma River is locat-
ed in the northeast part of Sylhet city. It is considered a large riv-
er and is abundant with 51 varieties of fish species. At the same
time, a majority of people rely on the Surma River basin for their
daily needs (Akter et al., 2019). Currently, community waste and
metro pollutants are either directly or indirectly dumped into the
Surma River. Wastewater discharge has resulted in water quality
deterioration over time in the Surma River (Alam et al., 2007). Pol-
lutants discharged from the water body may be ingested by fish
through their food and water and may then accumulate in large
concentrations in various tissues (Mohammed, 2009).

As a result of aquatic pollution, fish have become vulnerable to
water contamination because their morphology is highly depen-
dent on the quality of the surrounding water (Islam et al., 2020).
Fish can absorb or accumulate toxic chemicals either from the
surroundings or indirectly via other living things such as tiny fish,
aquatic invertebrates and underwater vegetation (Polat et al.,
2016). Heavy metal (Chromium) contamination has been report-
ed in the Surma River, but no extensive research has been con-
ducted yet (Islam et al., 2019). Effluents of all kinds have negative
impacts on metabolism and behavioural propagation, as well as
the potential to cause clinical distortions in the cells and tis-
sues of different parts (Nikalje et al., 2012). Numerous harmful xe-
nobiotics, which induce biochemical and histological changes in
fish, are often found in water bodies (Reddy, 2012).

Among the diverse array of fish in Bangladesh, Puntius sarana
(Hamilton, 1822), commonly known as the ‘olive barb’ and be-
longing to the group Cyprinidae, is an indigenous fish which is
reported to be critically endangered and found at a stage of vul-
nerability in neighbouring India (Mikherjee et al., 2002). P, sarana
is a very well-known small indigenous species (SIS), however,
aquatic pollution is increasing day by day and generating a lot of
complexities in the cell, tissue and other major organs of this
small species (Mahabub et al., 2008). To assess the effect of con-
tamination, histological analysis is a widely supported approach
(among a number of identifiable approaches) to distinguish be-
tween the healthy and unhealthy status of an animal (Vinodhini &
Narayan, 2009).

Fish liver is a major organ because it is crucial for the metabolic
and biochemical processes involved in consuming food and nu-
trition storage (Ostaszewska et al., 2016). Variations in fish liver
tissue serve as a reliable indicator of the species’ overall health
(Nunes et al., 2013). Liver is utilized to assess water quality be-
cause it is generally accepted in biomarker research and because
its histopathological abnormalities might be linked to water con-
taminants (Marcon et al., 2016). On the other hand, another pri-
mary organ responsible for maintaining the equilibrium of bodily
fluids in vertebrate creatures is the kidney, considered another vi-
tal organ of the fish body (Ojeda et al., 2003). Various hazardous

substances disturb the kidney, which impairs its functioning and
temporarily or permanently disturbs homeostasis (Miller et al.,
2002). Fish have already been found to experience a variety of
histological alterations (cardiovascular, degenerating, advanced
changes) with a lot of inflammatory changes due to exposure to
numerous environmental stresses (Guardiola et al., 2014; Ro-
drigues et al., 2017).

Histological alterations determine the environmental stressors
that can cause organ-specific response in animals (Madureira et
al., 2012; Raskovil et al., 2013; Rodrigues et al., 2017). Several
species were reported as the grand receiver of river water con-
tamination, which led to histological alterations in various organs
like the gill and liver of sneep (Chondrostoma nasus) and chub
(Leuciscus cephalus) (Triebskorn et al., 2008), the ovary of fresh-
water Channa punctatus (Magar and Bias, 2013) and the liver and
kidney of Mystus cavasius (Karim et al., 2022).

Considering the above aspects, the aim of the present study was
to assess Surma River pollution through histopathological alter-
ations that took place in the kidney and liver of P sarana, relative
to control fish that were reared in laboratory conditions. Also, we
anticipated that fish from polluted river sites would exhibit more
abnormalities than control fish.

MATERIALS AND METHODS

Fish collection

The Surma River in the Sylhet region is continuously polluted
with a large number of toxic chemicals from a variety of indus-
tries and sewage wastes, which rapidly reduces the water quality
parameters necessary for aquatic flora and fauna. P. sarana were
harvested from i. Kajir Bazar, ii. Keane Bridge, iii. Shahjalal Bridge,
and iv. Burhanuddin Majar (Figure-1). After collection, fish were
then immediately transported in an isothermal box (equipped
with a refrigeration system) to the Laboratory of Fish Disease Di-
agnosis and Pharmacology in the Department of Fish Health
Management at Sylhet Agricultural University, Bangladesh. The
whole experiment was conducted for 6 months (180 days), from
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Figure 1. Map showing the sampling sites on the Surma River.
(1. Kajir Bazar, 2. Keane Bridge, 3. Shahjalal Bridge
and 4. Burhanuddin Majar)..
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September 2019 to February 2020. Thirty (30) fish samples were
randomly collected on a monthly basis from four sampling sites.
For the control study, fish specimens (fingerlings) were collected
from a local fish farm (Sreemangal Fish Hatchery) in the Sylhet re-
gion. Control fish were fed with commercial food twice per day.

Water sampling

Water samples were collected from the different pre-selected
points of the river. The samples were collected at approximately
30 cm depth from the top of the river, and care was taken so that
no floating film or organic material could enter the bottle. The
samples were analysed in the Fish Disease Diagnosis and Phar-
macology Laboratory, under the Department of Fish Health Man-
agement. The Digital Multimeter (YSI Professional plus multipa-
rameter water quality meter, USA) recorded various water quality
parameters.

Histopathology

The histopathology protocol adopted the following procedure
(Sultana et al., 2016). Desired organ liver and kidney tissues were
fixed with 10% neutral buffer formalin (40% formaldehyde) and
kept for 2-3 days for proper fixation. After, fixation tissue slices
were tagged and subjected to a dehydration process in alcohol

with a chronological process. After dehydration, tissues were
cleared in a Xylene solution. The embedding process was done
in paraffin wax overnight at 58°C in the oven. Excess bubbles
were removed and kept in refrigerated conditions for solidifica-
tion. Tissues were sectioned with 5um size with a microtome.
Soon after that, all sections of tissues were placed in an oven at
37°C overnight. Later, tissues were stained with Haematoxylin
and Eosin (counter-stains) dye. All prepared sections were
mounted with Canada balsam and coverslip used for permanent
preservation and kept for one night. The final histological slides
were observed and photographed with a microscope (Optika
camera; model B9, Italy) at 10X and 40X magpnification. All histo-
pathological changes were observed by comparing with the con-
trol and updated literature.

RESULTS

Water quality assessment

Several major water quality constraints, such as temperature ('C),
dissolved oxygen and pH, were measured from different sam-
pling sites. All gathered data is calculated and expressed in their
mean value + SD (Table 1). During the experiment, water quality
parameters were observed at different times. The average mini-

Table 1. Monthly fluctuation of water temperature, pH and dissolved oxygen of the Surma River during the study period.
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mum water temperature recorded from four different sampling
sites was in January (19.70+1.57 °C), while the maximum value
was found in September (30.00+1.29 °C). The minimum value
(4.15+0.31 mg/l) of dissolved oxygen was recorded at Kajir Bazar
in January, while the maximum value (4.82+0.67 mg/l) was re-
corded at Keane Bridge in October. The pH value was observed
to be higher in September (7.42+0.33) and found to be lowest in
January (6.50+0.12).

Histopathology of Kidney

After observing kidney tissues, no alterations were identified
in the control fish (Fig. 2a). On the other hand, several alter-
ations were observed in the wild fish tissues, such as tubular
degeneration of distal tubule and melanomacrophage cen-
tres (Fig. 2b). Vacuolation, necrosis, haemorrhage, tubular de-
generation of the proximal tubule (Fig. 2¢, 2d), degeneration
of the distal tubule and degeneration of the proximal tubule
showed severe damage, while vacuolation, glomerular shrink-
age, and haemorrhage were found with moderate levels and
mild necrosis was found in the tissue of the kidney from col-
lected wild fish (Table 2).

Histopathology of Liver

The liver of P. sarana did not show any histological alterations in
the control group fish (Fig 3a). At the same time, liver tissue from
wild fish was found with severe histological alterations, including
nuclear degeneration, cytoplasmic degeneration, cytoplasmic
vacuolisation, melanomacrophage centres, erythrocyte infiltration
into blood sinusoid, sinusoid dilation and hepatocyte degenera-

Figure 2. Photomicrograph of the kidney of P sarana from control
and experimental site (wild Group). Photomicrograph of
kidney from (A) Control Group- Distal Tubule (DT),
Proximal Tubule (PT), Glomerulus (G), Bowman'’s Space
(BS); (H and E; 40X). and (B, C, D) from wild Group-
Vacuolation (V), Necrosis (N), Haemorrhage (H), Tubular
Degeneration of Distal Tubule (TDDT), Tubular
Degeneration of Proximal Tubule (TDPT), Glomerular
shrinkage (GS), Melanomacrophage Centres (MMC). (H
and E; 10X, 40X).

tion (Figs. 3¢, 3d, 3e). Melanomacrophage centre, haemorrhage,
and hepatocyte degeneration indicated higher severity; on the
other hand, nuclear alterations and pyknosis were found to be
moderate, and minor hyperplasia was observed (Table 3).

Figure 3. Photomicrograph of the liver of P. sarana from

control and experimental site (wild Group).
Photomicrograph of liver from (A) Control Group (H
and E; 10X), (B) Control Group (H and E, 40X); (C, D,
E) from wild Group (H and E; 40X). Haemorrhage (H);
Lipid Droplet (LD); Necrosis (N); Pyknosis (P); Nuclear
Alteration (Na); Hyperplasia (HP) and hypertrophy;
Vacuole (V); Nuclear Degeneration (ND); Cytoplasmic
Degeneration (CD); Cytoplasmic Vacuolisation (CV);
Melanomacrophage Centres (MMC); Erythrocyte
Infiltration into Blood Sinusoid (EIBS); Sinusoid
Dilation (SD); Hepatocyte Degeneration (HD).

Graphical presentation of histological alteration observed in
the kidney and liver of P. sarana

In this figure, No. of histological alteration is represented in the Y
axis and observed months are represented in the X axis. Several
histological alterations of the kidney and liver were observed. On
the other hand, the control group of fish species represents low
to no histological changes in this study period, both in the kidney
and liver (Fig 4a, b).
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Table 2. Histopathological alterations observed in the
kidney during the experiment.
Wild fish
Abnormalities el w Shah-  Burha-
fish Kajir Keane . .
Bazar Bridge ].?Ial nUd.dm
Bridge Majar
Haemorrhage - ++ + +++ +
Necrosis - +F AFrar A AR
Degeneration i N iy N
of Distal Tubule
Vacuolation - ++ ++ + +++
Degeneration
of Proximal - ++ +++ + +
Tubule
Glomerular
. - ++ +++ ++ +
shrinkage

-, None (0%); +, mild (<10%); ++, moderate (10 to 50%); +++, severe (>50%).

Table 3. Histopathological alterations observed in the
liver during the experiment.
Wild fish
Abnormalities (SCIE, . Shah-  Burha-
fish Kajir Keane . .
Bazar Bridge sz\lal nudf:im
Bridge Majar
Hyperplasia - + ++ +++ +
Nuclear alter- - ++ & 4 S+
ations
Haemorrhage - + +++ ++ 4
MMCs - S ++ + ++
Hepatocyte - + +++ + SR
degeneration
Pyknosis - A AFar AR AR

-, None (0%); +, mild (<10%); ++, moderate (10 to 50%); +++, severe (>50%).

Liver
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— Hanomhage
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Figure 4. Histological alterations observed at different

months. Alterations observed for the kidney (A) and
alterations observed for the liver (B).

DISCUSSION

Water quality has been considered an important criterion for suc-
cessful aquaculture practice, proper growth and good health,
which is directly engaged with good water quality. Over the

course of time, the Surma River has been disturbed by a huge
number of pollutant-discharging industries (Islam et al., 2019).
Municipal waste and clinical discharging have a harmful effect on
the water quality of a water body (Igbal et al., 2003). All the sam-
pling sites in this experiment were chosen on the basis of water
turbidity and close contact between industries and the river. In
our experiment, the minimum temperature was found at the
19.70+1.57°C Kean Bridge site. Water temperature and pH val-
ues from different locations in a water body vary at different
times (Sazzad et al., 2017). The minimum temperature of a water
body plays a crucial role in disease outbreaks (Moniruzzaman,
2000). The lowest value of dissolved oxygen was found at the
Keane Bridge and the maximum value was found at the Mend-
ibag station. A DO level of 3mg/L or lower was reported harmful
for aquatic organisms; moreover, 5mg/L is considered a prefera-
ble limit (Ahmed et al., 2005). In the present study, the pH was
found to range from 6.50+0.12 to 7.42+0.33. The minimum pH
value was recorded at the municipal sewage disposal site Kajir
Bazar and the maximum was observed in Keane Bridge in Sep-
tember. pH value was at its minimum during the time of the mon-
soon because of heavy rainfall (Sridhar et al., 2008).

Fish liver is the final receiver of all metabolic compounds, and
detoxification of all biochemical pollutants takes place in the
liver. Exposure to toxic materials and lesion accumulation with
other histopathology is very common in this organ (Mohamed,
2009). Wolf et al. (2015) found the liver to be the most sensitive
organ damaged due to toxic chemical exposure. The present
study demonstrates that the liver of control fish exhibit a nor-
mal architecture and there were no pathological abnormalities
(Fig 3a, b). In this experiment, liver tissue of P. sarana collected
from the polluted site (wild group) showed several abnormal
changes, including haemorrhage, lipid droplet, necrosis, pyk-
nosis, nuclear alteration, hyperplasia and hypertrophy, vacuole,
nuclear degeneration cytoplasmic degeneration, cytoplasmic
vacuolisation, melanomacrophage centres and erythrocyte in-
filtration into blood sinusoid (Fig 3¢, d, e). Exposure to contam-
inated water resulted in increased vacuolisation of the hepatic
cell, which is a deteriorating process (Pacheco & Santos, 2002).
Reddy & Baghel, (2010, 2012) noticed limited necrosis, vacuola-
tion in cytoplasm and nucleus and other deteriorative signs of
parenchymal liver cells in experimental fish exposed to industri-
al effluent. However, similar histological changes in the liver of
Sarcomento splittail were reported by (Teh et al., 2005). The
Mugill cephalus’s liver tissues, which were taken from the con-
taminated Ennore estuary, exhibited histological changes such
as vacuolisation in the hepatocytes, fibroblast growth, vacuole
formation, granular degeneration and necrosis (Vasanthi et al.,
2013). However, Pinto et al. (2010) reported that histological al-
terations depend on the length of the individual's exposure to
the polluted source. Several histological alterations in the fish
liver were also observed by Chavan & Muley, (2014) and Chai et
al., (2017). Additionally, diverse complications in the liver tis-
sues of freshwater fish gathered from various contaminated riv-
ers and streams hampered the routine activities of fish (Ahmed
et al., 2009; Karim et al., 2022), which fully corroborated our cur-
rent findings conducted on the Surma River.
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Fish kidney is another vital organ that plays an important role in os-
moregulation and removes all unnecessary contaminants. Various
studies reported that pollutant exposure causes several deformi-
ties in kidneys (Velmurugan et al., 2007). So, abnormalities in the
kidney can easily predict environmental contamination that can
lead to physical stress in any aquatic organisms (Ortiz et al., 2003).
Several alterations, including vacuolation, necrosis, haemorrhage,
tubular degeneration of distal tubule, tubular degeneration of
proximal tubule, glomerular shrinkage and melanomacrophage
centres resulted due to environmental contamination. In teleost,
cellular hypertrophy was separated from the degeneration of tu-
bular epithelial cells (Happ et al., 2008). Destruction of red blood
cells is mainly associated with melanomacrophage centre forma-
tion (Agius & Roberts, 2003). Numerous researchers have docu-
mented the histological alterations in the kidney at the level of the
glomerulus and tubule in fish exposed to pollutants such as insec-
ticides and weedicides (Benli et al., 2008; Yenchum, 2010). Several
abnormalities (renal injury, necrosis area, haematopoietic tissue,
degradation of renal tubules, shrinkage of glomerulus, increased
space within Bowman'’s capsule, distortion of glomerular capillar-
ies, intracellular droplets, enlarged glomerulus, abnormal nucleus)
have been observed in various species by many researches; the
occurrence of these abnormalities depends on the sensitivity of
the species and the toxic substances that are released into the en-
vironment (similar to the liver) (Capkin et al., 2006; Mahmoud et al.,
2008; Samanta et al., 2016). Researchers are worried about the se-
verity and consequences of water body contamination on a global
scale (Dutta & Dalal, 2008). The cumulative impact of several haz-
ardous contaminants, including heavy metals, industrial effluent,
pesticides and fertilizer waste, could have been the cause of all the
irregularities seen in the fish's liver and kidney in the proposed in-
vestigation. However, an effective study is needed to figure out
the precise causes of these histopathological disorders.

CONCLUSION

In the present study, a variety of histopathological changes were
caused by the high water pollution of the Surma River. This has a
number of harmful consequences on aquatic creatures, particular-
ly fish, and as a result, customers are quite concerned. This could
pose a serious danger to the river's biodiversity, causing losses in
the near future. The liver and kidney of fish show a number of his-
topathological diseases that can serve as a biomarker for investi-
gations that are linked. Therefore, the administration and appro-
priate authorities should take the required steps to safeguard this
river's ecosystem against all forms of contamination.
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