
ABSTRACT
In the present study we have investigated various enzymatic (SOD, CAT and GST) and non-enzymatic antioxidant 
parameters (GSH and MDA/LPO) and histopathological biomarkers in the liver and kidney of Mystus tengara 
collected from the upstream and downstream of Chambal River. Results revealed that the activities of antioxidant 
enzymes like SOD, Catalase (CAT) and glutathione S-transferase (GST) activities were significantly higher in both 
the tissues of fish from downstream than from reference site (p < 0.05), demonstrating initiation of antioxidant 
defense mechanisms. Similarly, LPO levels (MDA) were elevated in both the tissues of fish from the downstream 
site than reference site while reduced glutathione (GSH) concentrations in both the tissues were significantly 
decreased in the fish of downstream (P<0.05). The histopathology of the liver of fish from downstream exhibited 
marked differences like vacuolization, hemorrhage, presence of glycogen granules, necrosis, dilation of sinusoids 
and congestion of blood vessels while kidney showed a reduction in Bowman’s capsule space, degeneration of 
glomerulus, hemorrhage, necrosis vacuolation and reduction of tubular lumens. The histopathological changes were 
evidently associated with contamination, being more severe in kidney than the liver. The activities of antioxidant 
enzymes like superoxide dismutase (SOD), catalase (CAT) and glutathione-S-transferase (GST) were significantly 
increased in renal tissue than liver tissues which were clearly reflected also in histopathology. These results point 
out that wastewater from urban and neighbouring industries discharged into downstream of the river provoked 
the most significant oxidative stress in the native fish which was also reflected in histopathology. On the whole, 
the current study recommends that the biomarkers of oxidative stress along with histopathological studies can 
serve as a valuable tool for examining the adverse effects of wastewater effluents on fish..
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INTRODUCTION

Freshwater environs are frequently used as dump yards 
of the industrial and urban wastes. Such anthropogenic 
activities severely affect the aquatic ecosystem and 
its biota. Anthropogenic activities are the main cause 
of aquatic pollution. Several organic and inorganic 
chemicals like plastics, pharmaceuticals, insecticides, and 
heavy metals have frightening impacts on freshwater 
ecosystems (Reddy 2016, Srivastava and Reddy 2019). 
Yet, our knowledge to predict their adverse effects 
correctly is still inadequate. Periodically, the organisms 
undergo for local adaptation or maladaptation upon 
the exposure to chronic pollution which could cause a 
high intraspecific unevenness of sensitivity among wild 
populations (Jacquin  et al, 2020). Many pollutants, 
especially the heavy metals and xenobiotics present 
in wastewater are regarded as most hazardous due to 
their and persistent and non-degradable nature (Fatta-
Kassinos et al, 2011, Kumar et al, 2019, Kumar et al, 
2020). Many of these pollutants induce toxic effects 
through the production of reactive oxygen species (ROS) 
(Reddy 2017). The oxidative degradation of lipids (lipid 
peroxidation, LPO) is the widespread cause of reactive 
oxygen species (ROS) and therefore universally employed 
as a biomarker of fish health (Srivastava and Reddy 2017, 
Renuka et al, 2019, Brahma and Gupta 2020).

A number of antioxidant enzymes such as catalase 
(CAT), superoxide dismutase (SOD), glutathione  
S transferase (GST) and non-enzyme reduced glutathione 
(GSH) etc. are capable of protecting the tissues by 
stabilizing, neutralizing and or deactivating the effects 
of free radicals (oxidative damage).  The role of these 
antioxidant enzymes against lots of toxicants was well 
studied in mammals (Kapoor  et al 2010, Bhowmick et al 
2015, Verma et al 2016, Singh et al 2018, Sutradhar et al, 
2020) but still, such studies are comparatively scarce in 
fish species which can be effectively used as biomarkers 
for aquatic pollution (Javed et al, 2016, Srivastava and 
Reddy 2017, Louiz et al 2018, Corredor-Santamaría et 
al 2019, Tenji et al, 2020). It is well-known fact that the 
results of oxidative damage is directly associated with 
histopathology of the tissues (Alchalabi et al 2016, Wei 
et al 2019). Therefore, the studies on histopathological 
examination of target tissues along with the examinations 
of oxidative stress markers would provide an inclusive 
risk assessment and toxic potential of River pollution 
in fish and other organisms (Ratn et al 2018, Awasthi 
et al, 2019, Kucukler et al 2020).Hepatic, branchial and 
renal tissues of the fish are predominantly used as target 
organs for biomarker studies (Camargo and Martinez 
2007, Kroon et al 2017, Mohamed et al 2020).

The liver and kidney of the fish is the major metabolic 
and vital excretory organ respectively. The failure of 
kidney function leads bioaccumulation of pollutants 
which cause major deformities in the renal tissue. Periodic 
examination of these biomarkers in fish may offer an 
estimation of both ecosystem and fish health. However, 
as pollutants are usually present as complex mixtures 
in the natural environment, the correct assessment 
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and prediction of probable toxicity is a big challenge 
(Dévier et al 2011, Altenburger et al 2019, Kumari and 
Kumar 2020). Because of this complicatedness, the use 
of biomarker responses of an organism to a stressor as a 
tool at the individual, tissue, cellular, molecular levels is 
well established in ecotoxicological studies (Reddy 2012 
a, b, Reddy and Baghel 2012, Reddy 2016, Srivastava and 
Reddy 2017, 2019).

Fish may ingest a cocktail of pollutants through 
the food chain, gills and skin. Fractions of certain 
chemical pollutants can accumulate in tissues and 
cause weakening of fish health. A number of pollutants 
in freshwater ecosystem could lead to oxidative stress 
in exposed populations. Our earlier studies performed 
in the Chambal River at Nagda (M.P.india) confirmed 
municipal and industrial pollution in this region  
(Reddy 2012 a, b, and 2017). Therefore, the present study 
is aimed to explore the association of oxidative stress and 
histopathological injuries induced by aquatic pollution of 
Chambal River in the liver and kidney of Mystus tengara 
which is commonly prevalent in this zone.

MATERIAL AND METHODS

Fish collection: The live adult tengara catfish,  
(Mystus tengara, Hamilton, 1822) irrespective of 
the sex and of similar size and weight (n=10),  
(8.3 ± 0.6cm; 7.2 ± 0.42g) were caught at two different zones  
(upstream and downstream) by means of a cast net with 
the help of skilled local fisherman, of the Chambal River 
at Nagda, Ujjain (23’27N and 75’25), (M.P.India) during 
winter months of 2018. The fish were placed in two 
separate containers (upstream and downstream) with 
river water and immediately transported to the laboratory 
for histopathological and oxidative stress examinations. 
Fish were washed and anaesthetized by 0.1 g/L of 
benzocaine and liver and kidney tissues were dissected 
out for the study of enzymatic and non-enzymatic 
antioxidants and histopathological studies. 

Homogenate preparation: Both hepatic and renal tissues 
were taken out of the fish body. They were washed 
carefully with phosphate buffer and soaked. Afterwards, 
10% of homogenate was prepared using homogenizing 
buffer (50 mM Tris -HCl mixed with 1.15% KCl at pH 
7.4) by using a Teflon tissue homogenizer (Remi, India). 
The tissue homogenate was centrifuged (Refrigerated 
centrifuge Remi, India) at the 10,000 rpm for 20 min at 
-40C and the collected supernatant was directly stored in 
aliquots at -200C in glass vials for further analysis.

Oxidative stress markers
Antioxidant enzymes
Superoxide dismutase (SOD):  The activity of Superoxide 
dismutase (SOD) in both hepatic and renal tissue was 
determined by an indirect method given by Marklund and 
Marklund (1974) with slight modifications. The technique 
is based on the ability of superoxide dismutase (SOD) 
to inhibit the autoxidation of pyrogallol into a yellow 
solution. The absorbance can be measured at 420 nm and 
expressed as µ/mg protein.
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Catalase: Catalase (CAT) is a universally known 
antioxidant enzyme that degrades the hydrogen peroxide 
(H2O2) into water and oxygen. The activity of CAT was 
calculated by monitoring the decline in absorbance of 
H2O2 at 240 nm and expressed as μmol/mg protein/
min (Aebi, 1984). Glutathione S-Transferase (GST): GST 
activity was measured by the procedure given by Pabst 
et al (1974) with few slight modifications. This method 
is based upon the ability of GST to conjugate 1-chloro-2, 
4-dinitrobenzene (CDNB) to reduced glutathione.  
The absorbance of conjugation is determined at 340 nm 
and expressed as units /mg protein.

Non-enzymatic Antioxidants: Reduced glutathione (GSH): 
GSH is the common intracellular low-molecular-weight 
thiol. It involves metabolic defensive roles, including 
reduction of hydroperoxide, detoxification, and free 
radical scavenging (Reddy 2016). With few modifications, 
the levels of GSH were determined as per the protocol of 
Jollow et al. (1974) and the absorbance was measured 
at 412 nm. Lipid Peroxidation (LPO): Lipid Peroxidation 
in both hepatic and renal tissue homogenates was 
estimated by the method given by Buege and Aust 
(1978). It was determined by quantifying the formation 
of thiobarbituric acid reactive substances (TBARS) which 
enumerated as malondialdehyde (MDA) equivalents and 
the absorbance was measured spectrophotometrically at 
530 nm.

Histopathology:  Hepatic and renal tissues of downstream 
and reference site fishes were taken out and fixed in 
Bouin's fluid for 48h. Tissues were cleaned under running 
tap water and dehydrated in ascending grades of alcohol, 
cleared twice in xylene and finally embedded in paraffin 
wax and 7µ thick sections were made by using a rotatory 

microtome. Sections were cleared in xylene, hydrated in 
serial dilutions of alcohol, stained with haematoxylene 
and eosin and finally mounted with DPX. The stained 
micro sections were evaluated under a compound 
microscope (Olympus BX46) and photographed by using 
the Omax 8.0MP Digital USB Microscope Camera.

Statistical analysis: The results of the current investigation 
were expressed as mean and standard error (mean ± 
standard error mean) for all the parameters. The data were 
tested for the significance by employing the software of 
student ‘t’test in Microsoft Excel Windows 10 version.

RESULTS AND DISCUSSION

Water quality is vital as it plays a central role in 
regulating various metabolic and physiological processes. 
The results of our earlier publication evidently revealed 
that physicochemical properties of surface water 
at downstream of Chambal River at Nagda, Ujjain 
(M.P.India) exceed the standard limits of CPCB.

Enzymatic and Non- enzymatic Antioxidant parameters:  
The activities of enzymatic and non-antioxidant 
parameters in the liver and kidney of Mystus tengara 
from the Chambal River at Nagda are presented in Table 
1. Results clearly reveal that the SOD, CAT and GST
activities were significantly elevated in both hepatic and 
renal tissues of fish from the downstream ((P>0.05) but 
the percentage of increase was much higher in kidney 
than in the liver. The percentage increase of SOD, CAT 
and GST activities were 115.1% and 103.4%, 78.99% and 
277.2% and 80.77% and 94.96% for liver and kidney 
respectively.
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Parameter LIVER KIDNEY 
Upstream Downstream % Upstream Downstream %

Superoxide dismutase (SOD) 11.2 ±0.6 24.1± 3.3* 115.1 26.2 ± 3.1 53.3± 5.2* 103.45
 U/mg protein 
Catalase (CAT) n mole/ 11.9 ±0.7 21.3 ±4.1* 78.99 2.2 ± 0.4 8.3± 0.8* 277.2
min/mg protein 
Glutathione-S-transferase 82.4 ±5.3 148.6±12.6* 80.77 53.6 ± 4.1 104.5 ± 9.7* 94.96
(GST) µmole/ min/mg protein
lipid peroxidation (MDA) 
n mole/ hr/mg protein 7.1± 0.31 29.3± 3.9* 312.6 4.1 ± 0.3 24.2 ± 2.2* 490.2
Reduced glutathione (GSH) 
n mole/mg protein 158.6 ±9.8 97.2 ± 7.2* -38.7 133.8 ± 9.7 53.3± 5.4* -60.1

Table 1. Enzymatic and non-enzymatic activities in liver and kidney of Mystus tengara, Values are mean 
±SE of six individual observations. Comparisons of means (upstream and downstream fish) were done 
by Student’s t-test. * Significant at 5% level (p <0.05).

The lipid peroxidation levels (MDA) formation in both 
liver and kidney of Mystus tengara from upstream and 
downstream were displayed in Table 1. Results from 
Table 1 clearly reveal that MDA levels were significantly 
elevated in both the tissues of the fish from downstream 
of the River compared to that of control fishes from the 
reference site (upstream). The percentage of increase in 

MDA levels was significant (P<0.001) and were found 
as 312.6% and 490.2% in liver and kidney respectively. 
However, the levels of GSH in both the tissues (liver and 
kidney) significantly reduced compared to that of control 
(upstream). The percentage increase in GSH levels were 
81%, and 83% respectively for liver and kidney.
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Histopathological studies: The specifications of 
histopathological examinations in the liver and kidney 
of M.tengara from the reference site (upstream) and 
downstream site are shown in Figs. 1&2 respectively. 
Fish liver from reference site showed normal architecture 
(Fig1) with central veins, sinusoids, normal hepatocytes 
and glycogen granules. However, the micro sections 
of liver from downstream fish had shown several 
histopathological anomalies like necrosis, vacuolation, 
ruptured and congested central vein and few broken 
hepatocytes. Aggregation of Melanomacrophages (MMC) 
and a higher amount of glycogen granules was also 
seen (Fig1.B). The micro sections of the kidney of fish 
from upstream (control) exhibited normal structure with 
Bowman’s capsule (BC), renal tubules (RT), epithelial cells 
(EC) glomeruli (G), proximal convoluted tubules (PCT), 
and distal convoluted tubules (DCT) with brush borders 
(BB) (Fig 3). However, the photomicrograph of renal 
tissue from downstream showed several pathological 
lesions including a reduction in Bowman’s capsule space, 
degeneration of glomerulus, necrosis vacuolation and 
reduction of lumens (Fig 2.C&D).

about 8000 Kl/day urban untreated wastewater at Juna 
Nagda area (downstream) which is found to be a major 
source of river pollution (Reddy and Baghel 2012, MPCB 
2019). Fish species are so sensitive to changing the water 
quality and are subject to encounter with several types of 
chemical pollutants. Several researchers have conducted 
experiments to study the harmful effects of pollutants 
and many of those are linked it with the induction of 
oxidative and such studies will be useful to prevent or 
minimize the impacts of oxidative stress in animals stress 
(Reddy 2016, Srivastava and Reddy 2019).

In the present study, we estimated the impact of 
pollution on certain biomarkers of oxidative stress and 
histopathological biomarkers of aquatic pollution in a 
native catfish   Mystus tengara from the Chambal River 
at Nagda (M.P.india).  Several researchers reported that 
environmental pollutants could lead to the formation of 
excessive free radicals which cause oxidative stress and 
disturb cellular homeostasis in fishes (Lackner 1998, dos 
Santos Carvalho et al 2012, Yadav et al 2015). Oxidative 
stress markers like SOD, CAT, GST and GSH can serve 
as perceptive bioindicators of aquatic pollution in fishes 
(Javed et al 2016, 2017, Reddy 2016, Srivastava and Reddy 
2017). SOD converts the superoxide radical anion (O.−2•) 
to H2O2. CAT counteracts or decomposes the toxic effects 
of H2O2. GST is the phase II type of detoxifying enzyme 
that protects the cellular macromolecules from ROS. 
Activities of enzymatic (SOD, CAT and GST) and non-
enzymatic antioxidant parameters (LPO/MDA and GSH) 
were analyzed in hepatic and renal tissues to determine 
the impact of pollution on oxidative stress of liver and 
kidney of the fish and summarized in Table 1.

Results (Table 1.) clearly revealed a significant (p<0.05) 
and elevated levels of SOD, CAT, GST and reduced 
levels of GSH in the liver and kidney of the exposed 
fish compared to fish from upstream (reference site). The 
arrangement of SOD/CAT may be the earliest defense 
mechanism against ROS which are produced by the 
induction of pollutants. (Sharma et al 2012). The observed 
increase in SOD and CAT levels in liver and kidney of the 
fish exposed to wastewater specifies a strong detoxifying 
mechanism against the pollution-induced toxicity. We 
found similar interpretation in the hepatic tissue of the 
same fish, Mystus tengara exposed to wastewater in 
downstream of the river (Reddy 2016).

Similar results have also been documented by many 
workers in gill, liver and kidney of other fish species  
(Javed et al 2016, 2017, Reddy 2016, Srivastava and 
Reddy 2017, Tyor and Pahwa 2017, Ratn et al 2018, 
Kumar et al 2019, Chowdhury and Saikia 2020). 
Enhanced levels of  CAT is frequently observed in various 
fish species frequently in the presence of ecological 
pollutants (Yadav et al 2015, Reddy 2016) as CAT in 
combination with superoxide dismutase SOD) stands 
for the first line of defence against oxidative stress  
(Ighodaro and Akinloye 2018). For that reason, increased 
levels of CAT in the current investigation reflect a 
tough and resistant antioxidant response generated by 
wastewater. 

Figure 1: A & B. Photomicrographs of the liver of 
Mystus tengara inhabiting in reference and polluted 
water. (A): Reference fish liver (B) Exposed fish liver; 
BV (blood vessel), H (hepatocyte), HM (hemorrhage) 
LG (lipid granule), P (pancreatic tissue), S (sinusoid), V 
(vacuolization). C &D. Photomicrographs of the kidney 
of Mystus tengara inhabiting in reference and polluted 
water. (C): Reference fish kidney (D) Exposed fish kidney; 
BC (Bowman’s capsule), DE (degeneration of epithelium) 
GS (Glomerular shrinkage), N (necrotic cell), RT (renal 
tubule), H (haemopoeitic tissue), HT (hypertrophy) LG 
(lipid granule), P (pancreatic tissue), S (sinusoid), V 
(vacuolization). Sections were prepared from multiple 
fish liver and kidney tissues (four animals). All the 
sections were stained with haematoxylene and eosin and 
photomicrographs were taken using a light microscope 
with 400×magnification.

Earlier studies performed in the Chambal River at Nagda 
(M.P.india) confirmed municipal and industrial pollution 
in this region (Reddy and Renu Singh 2011, Reddy 2012 
a, b, and 2017). The River Chambal at Nagda  (M.P.India) 
is receiving approximately 18,500 to 19000 kl./day 
treated effluent from various industrial complexes and 
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and kidney of Mystus tengara exposed to polluted water. 
The higher MDA levels potentially denote the damage of 
cell membranes. We found similar rationalization in the 
hepatic tissue of the same fish, Mystus tengara exposed to 
wastewater in downstream of the river (Reddy 2016). The 
elevated levels of LPO serve as a compensatory mechanism 
against surplus production of ROS/free radicals due to less 
effective antioxidant defence mechanism. The increased 
enzyme activities are indicative of the beginning of 
self-defence actions to alleviate impacts of ROS and free 
radicals to reinstate the redox balance and homeostasis 
in cells. The enhanced LPO and CAT, SOD, and GST in 
fish from downstream signify as combat mechanism 
against overproduction of ROS to minimize harm to the 
fish. The outcomes of current investigation evidently 
imply that the fish inhabiting downstream water were 
subjected to oxidative stress because of the high amount 
of pollutants and inadequate levels of antioxidants. 
Therefore, liver and kidney tissues were further processed 
for histopathological examinations.

A number of researchers applied histopathological 
signs as direct indicators of chemical exposures (Reddy 
and Rawat 2013, Javed et al 2016, Kumar et al 2017, 
Samanta et al 2016, 2018, Nofal 2019, Weber et al 
2020). The liver is the chief metabolic organ and is 
the site for xenobiotics metabolism, detoxification and 
elimination of the toxicants. Exposure to xenobiotics 
induced histopathological changes in the hepatic tissue 
such as necrosis and hypertrophy. The apparent tissue 
damage in the liver and kidney might also be linked to 
the impact of oxidative stress. It is quite oblivious that 
the interactions of both ROS and toxicants interact with 
cellular apparatus cause tissue lesions and other forms 
of damage. The extensive accumulation of fats and 
portal swelling observed in the hepatic tissue reveals 
the detrimental effects of wastewater on native catfish. 
Accumulation of fat is a general cellular reaction to toxic 
pollutants that affects the lipid metabolism and weakens 
liver function. In such conditions, fish may be susceptible 
to parasitic infections due to reduced immunity  
(George et al 2017, Tan et al 2018). 

Reduction in the immunity, enhanced secondary 
infections, impaired health in fish could ultimately 
result in a reduction in the reproduction process and 
an overall decline in the fish catch. The kidney is an 
important haemopoeitic and osmoregulatory organ in 
fish. It is also the site of excretion and transformation 
of xenobiotics. For this reason, entry of pollutants 
through the branchial artery may potentially induce 
histopathological alterations and alter the biochemical 
composition. Therefore, the expected pathological 
alterations in renal tissue can be used as biomarkers of 
environmental pollution. 

The histopathological assessment of kidney demonstrated 
that fish exposed to pollution-induced the manifestations 
of degeneration of tubular epithelium, necrosis, 
hemorrhages, and shrinkage of the glomerulus and 
decreased the space between glomerulus and Bowman’s 
capsule. Similar results were found in Channa punctatus 
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The elevated GST activities in liver and kidney of the 
Mystus tengara from the downstream of the Chambal 
River could be provoked to defend against the toxicity 
of pollutants. Similarly, the study of Samanta et al (2016) 
showed elevated levels of antioxidant enzymes like SOD, 
CAT and LPO levels in association with histopathological 
alterations in liver and kidney of a crucian carp Carassius 
auratus exposed to sewage water. In the same way, 
Samanta et al (2018) again confirmed increased activities 
of antioxidant enzymes along with histopathological 
anomalies in three fish species collected from different 
water streams of Korea. In another study, Chang et al 
(2019) showed that urban effluent can cause oxidative 
damage by increasing MDA content and antioxidant 
enzymes in the liver of C. auratus.

The recent study of Huang et al (2020) confirmed that 
pollutants of UV filters used in personal care products can 
cause oxidative damage by inducing ROS and alterations 
in SOD, GST, GSH, and MDA in the hepatic tissue of 
zebrafish. The study had shown the enhancement of SOD, 
CAT, and GPx activities, as well as the reduction in GSH 
content. But, in contrast, dos Santos Carvalho et al (2012) 
observed decreased SOD and increased GST in the liver 
of fish Tilapia (Oreochromis niloticus) from downstream 
of Monjolinho River (Brazil). The in situ assessment of 
Kim and Jung (2016) has shown a significant decrease 
in the enzyme activities of CAT, SOD, and GST in fish 
(Z. platypus) liver from the downstream. Apart from the 
antioxidant defence mechanisms, the reduced glutathione 
(GSH) (non-enzymatic) can also aid in the protection of 
the cell by scavenging of ROS/free radicals. Glutathione 
(GSH) is a tripeptide and serves as an important cofactor 
for antioxidant enzymes like GST and GPx. In the present 
experiment, GSH levels were significantly (P< 0.05) 
reduced in liver and kidney of exposed fish (Table 1). 
The reduction in GSH in hepatic and renal tissues of the 
exposed fish could be due to its oxidation to GSSG which 
occur during higher oxidative stress (Reddy 2016).

The induction of antioxidant enzymes takes place as a 
protection mechanism against the increased production of 
ROS. However, the responses of antioxidant parameters to 
pollution are not identical but differ for different species 
tissues and the amount of single or mixed pollutants. 
Great, variation can be found in wild situations 
(Livingstone 2001, Aljahdali and Alhassan 2020). The 
outcomes of this study suggest that the fish exploits both 
enzymatic and non-enzymatic mechanisms to abide by 
the effects ROS induced oxidative stress. For that reason, 
quantification of enzymatic and non-enzymatic (SOD, 
CAT, GST and GSH) constraints has been established 
as useful biomarkers of environmental pollution.Lipid 
peroxidation (LPO) is one of the major actions linked 
with cellular damage which expresses itself in the form of 
tissue injuries due to oxidative stress. Lipid peroxidation 
(LPO) changes the organization of cell membranes and 
affects the physiological functions of cell membranes 
(Reddy 2016, Srivastava and Reddy 2017).

In the present study, the MDA levels (lipid peroxidation 
product) were significantly (P<0.05) higher in both liver 
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from sugar mill effluent at Aligarh, India (Javed et al, 
2016), Oreochromis mossambicus from Bhima River of 
Maharashtra, India (Kumar N et al, 2017), Carassius auratus 
from Sincheon stream of Korea (Samanta, P et al, 2018), 
Oreochromis niloticus from Manzala fish farm of Egypt  
(Nofal, M.I 2019) and Hoplias intermedius and 
Hypostomus affinis from Doce River basin (Weber, A.A 
et al 2020).

CONCLUSION

This study has evidently shown that fish in downstream 
of the river live in the polluted environment was 
experienced from oxidative stress and tissue damage 
which consequently affects the fish growth, vulnerability 
to diseases and reproductive survival. The results in the 
current investigation clearly exhibit the threat posed by 
continuous discharge of treated effluents in the River 
may impair the fish health by inducing oxidative stress. 
The adverse effects of wastewater on the native and non-
target catfish species is of concern as it may impair not 
only the fish health but also to the residents of the Nagda 
and neighbouring villagers who depend on the river for 
irrigation and for fish. The study recommends conducting 
more inclusive in situ measurements are required in order 
to resolve the current health status of fish populations 
in the Chambal River at Nagda (M. W.India).
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