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INTRODUCTION 

Copper, an essential micronutrient vital for the well-

being of all living organisms, plays a crucial role in a 

wide range of cellular functions. It acts as a necessary 

cofactor for antioxidant enzymes, aids in neurotrans-

mitter production, and supports cellular respiration. 

These functions collectively underpin critical biological 

processes (Jomova et al.,2022); when obtained from 

the environment, either through diet or water intake, 

copper binds to α-globulin and is subsequently distrib-

uted throughout various body tissues (Mhaske and 

Shukla, 2023). Copper is required in very low (5-20 µg/

g) concentrations (Kumar et al., 2020), but it becomes 

toxic when it exceeds more than 20 µg/g, can harm 

fish, shellfish, and other aquatic organisms (Maurya et 
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al., 2019).Copper enters the aquatic world through 

many ways, such as mining and metallurgical activities, 

Urban runoff which includes stormwater and 

wastewater discharges from urban areas, copper-

containing pesticides and fungicides used in agricul-

ture, industrial processes such as electroplating and 

wastewater treatment (De Zwart et al., 2018; Rehman 

et al., 2019; Chowdhary et al., 2020; Elalfy et al., 2021). 

The persistent presence of copper, its resistance to 

biodegradation, and its potential to trigger the formation 

of harmful free radicals, teratogenic effects, and irregu-

larities in chromosomal structure, all contribute to sig-

nificant environmental and health risks(Mitra et al., 

2022; Lawrence and Hemingway, 2008). Ingesting ex-

cessive amounts of copper has been associated with a 

range of negative health outcomes, including intravas-

cular hemolysis, liver cirrhosis, rapid heart rate, and 

acute kidney failure (Karim, 2018).  

Release of excessive copper sulphate into water 

sources can seriously harm the quality of the water. 

This makes it difficult for aquatic animals to live. Fishes 

are the most common part of aquatic ecosystems, and 

their health indicates the overall health of those who 

consume them. They are highly sensitive to changes in 

their surrounding environment. Monitoring their health 

and survival can provide early warning signs of poten-

tial health problems (Lieke et al., 2020). Channa punc-

tatusis called "poor man's" fish because of its excellent 

nutritional value and affordability. It exhibits a broad 

range of toxin affectability and is often recommended 

as a crucial model for eco-toxicogenomic testing 

(Trivedi et al., 2022).Gradually, when copper builds up 

in this organism over time, it starts causing a serious 

threat. This includes harmful changes in their haemato-

logical parameters, micronucleus formation and nuclear 

abnormalities. Moreover, different body organs, like the 

liver, kidneys, and gills, go through histological changes 

(Javed and Usmani, 2019). That is why it is important 

to bio-monitor aquatic systems at regular intervals. 

Thus, the present study aimed to determine the effect 

of copper sulphate (CuSO4) on micronuclei induction 

and histological changes in the kidney and liver of C. 

punctatus.  

MATERIALS AND METHODS 

Test chemical 

Analytical grade copper sulphate (CuSO4), manufac-

tured by Central Drug House (CDH) Pvt Ltd, New Delhi 

- 110002, was used for the experimental work.  

 

Experimental animals and its acclimatization 

Freshwater fish C. punctatus was obtained from Gomti 

River, Lucknow (latitude 26.84° N and longitude 80.94° 

E) in well-aerated, wide-mouth plastic tanks with water 

from the collecting site to reduce stress. The fish were 

treated with a 0.05% KMnO4 solution for 4-5 minutes to 

prevent cutaneous infection. They were kept in 10 days 

of pre-filled tap water in tanks (APHA, 2017) whose 

carrying capacity was 120 litres to maintain 4g/l body 

weight of fish. Before the experiment began, the fish 

were acclimated for 15 days and kept in aerated, 

dechlorinated water under natural photoperiod (12 

hours light:12 hours dark) and laboratory settings 

(temperature 26°C). Water was changed regularly to 

remove waste metabolites. During acclimatization, fish 

were fed twice a day with artificial fish food called 

"Optimum" (produced by Perfect Companion Group 

Co., Ltd., Thailand). One day before the experiment 

began, the randomly selected fishes, which were ap-

proximately 15±2 cm long and weighed 35±5 g, were 

kept without feeding until the experiment ended 

(OECD, 2019). 

 

Ethical approval 

 According to the guidelines set forth by the Committee 

for Control and Supervision of Experiments on Animals 

(CPCSEA), the University of Lucknow, in Lucknow, 

established an Institutional Animal Ethics Committee 

(IAEC) with registration number 1861/GO/Re/S/16/

CPCSEA. The authors experimented with the work fol-

lowing the CPCSEA's specified protocols. 

 

Estimation of LC50 Value of Copper sulphate 

The fish were exposed in ten aquariums (consisting 10 

fish in each Aquarium) with 10 different concentrations 

of CuSO4 (3.00, 3.20, 3.40, 3.60, 3.80, 4.00, 4.20, 4.40, 

4.60, 4.80 mg/l) on a logarithmic scale up to 96 h. to 

estimate the test chemical's approximate hazardous 

range,  Fish deaths were noted after 24, 48, 72, and 96 

hours, and the corpses were removed from the Aquari-

um right away. Based on mortality, the toxic range of 

CuSO4 was determined between 3.88 and 4.88 mg/l. 

Again 10 nominal concentrations (4.00, 4.01, 4.02, 

4.03, 4.04, 4.05, 4.06, 4.07, 4.08, and 4.09 mg/l) rang-

ing in logarithmic series were used to establish the pre-

cise LC50 value of CuSO4 after determining the approxi-

mate hazardous range. The proportion of fish deaths 

was recorded up to 96 hours after exposure. To ensure 

that experiments could be reproduced, they were run 

three times. CuSO4 96-hour LC50 value and their 95% 

upper and lower confidence limits were calculated us-

ing the Trimmed Spearman-Karber Method (Hamilton 

et al., 1977). 

 

Experimental setup 

After getting the LC50 value of CuSO4, one hundred and 

forty-four (144) healthy fish C. punctatus were divided 

into 4 Groups with three replicas of each separately 

with 12 fish in each Aquarium. Group 1 served as con-

trol without any exposure, whereas Group 2 was ex-

posed with 0.1 mg/l of CuSO4 (96 h-LC50/40), Group 3 
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with 0.2 mg/l of CuSO4 (96 h-LC50/20) and Group 4 with 

0.4 mg/l of CuSO4 (96 h-LC50/10). No deaths were no-

ticed during the investigational period of 28 days. One 

fish from each replicate was anaesthetized with 0.01% 

(v/w) diethyl ether and dissected lengthwise from the 

ventral side, where the necessary organs, such as the 

liver, kidney, and gills as well as blood, were collected 

for the genotoxic and histological study. This was done 

after each desired period of exposure (7, 14, 21 and 28 

days). 

 

Physico-chemical parameters 

The physicochemical analysis of water throughout the 

experiment followed the standard methods (APHA, 

2017). During the experimental period, pH, temperature

(ºC), hardness (mg/l), alkalinity (mg/l) and dissolved 

oxygen(mg/l) were estimated with their respective 

standard methods. 

 

Micronuclei (MN) Induction and Nuclear Abnormali-

ties (NAs) 

Genomic instability was measured by micronuclei in-

duction (Alimba and Laide, 2019). Slides that had al-

ready been washed were smeared with a drop of blood 

from the caudal region. All night, the smeared slides 

were left at room temperature. Following a 5-minute fix 

in absolute methanol, slides were stained for 3 and 5 

minutes, respectively, with May-Grunwald's stain solu-

tions 1 and 2 (0.125%; Himedia). The slides were now 

counterstained for 30 minutes with 5% Giemsa 

(produced in phosphate buffer, pH 6.8; Sigma Aldrich, 

USA) and then mounted in PX (a compound made of 

distyrene, plasticizer, and xylene). Two thousand eryth-

rocytes were examined from each slide under light mi-

croscope (Nikon Corporation in Tokyo, Japan) and MN 

frequencies were calculated (MN% = Number of eryth-

rocytes containing micronucleus ×100 / Total erythro-

cytes counted).Apart from the micronuclei induction, 

other abnormalities of nuclei(NAs) were also observed 

in the peripheral blood cells, which were identified pre-

viously by several authors(Anbumani and Mohan-

kumar, 2011; Shahjahan et al., 2020; Sarangi, 2021). 

 

Histology 

The required organs, such as the kidney, liver, and 

gills, were removed and rinsed in saline (0.9% NaCl) 

solution to eliminate pollutants. Tissues were first fixed 

for 48 hours in Bouin's fluid, and then for 4-5 days, they 

were washed twice daily with 70% ethanol to eliminate 

any remaining Bouin's fluid. Various ethanol concentra-

tions (50%, 70%, 90% and 100%) were used to dehy-

drate the tissues. The tissues were washed in Xylol for 

30 minutes, dipped in liquid paraffin wax heated to 60°

C, and embedded in blocks.The sample blocks were 

cut into slices of 5 µm thickness using a rotatory micro-

tome (Biocraft and Scientific Industries). Sections were 

mounted on slides that had already been cleaned, flat-

tened on a heated plate, stained with haematoxylin for 

a minute, and then counterstained with eosin for two 

minutes. After proper preparation, sections were 

mounted with DPX (Trivedi et al., 2022). The images 

were captured using an oil immersion microscope from 

the Nikon Corporation in Tokyo, Japan, with a 40X ob-

jective lens magnification. Image J software was used 

to execute image analysis techniques. 

 

Statistical analysis 

Each exposure was carried out in triplicate using sepa-

rate fish (N = 3) to guarantee the accuracy of the data. 

SPSS software (version 26.0, SPSS Company, Chica-

go, IL, USA) was used to analyze the data. One-way 

analysis of variance (ANOVA) and post hoc analysis 

were used to assess the results from each experiment. 

The Tukey-Kramer post hoc test was used to deter-

mine the Groups' significance. At P<0.05, the findings 

were declared significant. The means and standard 

errors (SE) of the means were calculated for the Data.  

RESULTS AND DISCUSSION  

LC50 of copper sulphate (CuSO4) 

The estimated 96-hour LC50 value of CuSO4 for C. 

punctatus was 4.07 mg/l, with 95% lower and upper 

confidence limits of 3.88 mg/l and 4.28 mg/l, respec-

tively, shown in Graph 1. 

  

Analysis of physicochemical parameters 

During the experimental period (i.e., on 7, 14, 21 and 

28 days), analysis of physicochemical characteristics 

comprising temperature, DO, alkalinity, pH, and hard-

ness made in all Groups, including the control and ex-

posed Groups, is given in Table 1. All values were 

found to be within the parameters required for the fish's 

survival, as mentioned in APHA (2017).  

 

Assessment of micronuclei induction and nuclear 

abnormalities (NAs) 

After being exposed to three sublethal test concentra-

tions of copper sulphate, MN frequencies in the eryth-

Graph 1. Showing percentage of test animal (C. puncta-
tus) that died after being exposed to a range of CuSO4 



Kumari, N.   et al. / J. Appl. & Nat. Sci. 16(1), 17 - 26 (2024) 

20 

rocytes of C.punctatus exhibited a significant difference 

(P < 0.05). After each exposure period of 7, 14, 21 and 

28 days, the frequencies of MN in Group 1 or the con-

trol were noted as 0.78±0.003, 0.78±0.003, 0.79±0.000 

and 0.78±0.006. Group 2 exposed with 0.1 mg/l of 

CuSO4 were estimated as 5.19±0.048, 6.17±0.100, 

7.04±0.054 and 8.40±0.052 after each exposure peri-

od. Group 3 treated with 0.2 mg/l of CuSO4, showed the 

frequencies as 7.27±0.083, 7.83±0.064, 9.03±0.045 

and 10.37±0.098 while Group 4, with highest 0.4 mg/l 

of concentration recorded the MN frequencies as 

8.17±0.043, 9.53±0.050, 10.00±0.079 and 10.90±0.024 

after the given exposure period. Following 28 days, 

Group 4 had the highest frequency (10.90 ± 0.024) of 

MN. Additionally, among all exposed Groups, there 

were significant (P < 0.05) differences in MN frequen-

cies (Fig. 1; Graph II). To enhance the comprehensive-

ness and standardization of the micronucleus (MN) 

assay, a concurrent assessment of nuclear anomalies 

was conducted on the blood cells of the experimental 

species C. punctatus, as depicted in Figure 2. Various 

nuclear irregularities were identified, including (Fig. 2b) 

nuclear buds (NB) characterized by the presence of 

micronucleus-like structures attached to the nucleus. 

(Fig. 2c) Nuclei exhibiting vacuoles and significant in-

vagination, lacking nuclear material, designated as 

notched nuclei (NN). (Fig. 2d) Blebbed nuclei (BN) dis-

play minor invaginations in the nuclear membrane. (Fig. 

2e) Karyorrhectic nuclei (KN) are marked by fragment-

ed and disrupted nuclear structures. (Fig. 2f) Lobed 

nuclei (LN) presenting two or more differentiated lobes. 

(Fig. 2g) Shrunken nuclei (SN) indicative of reduced 

nucleus size due to hypoxic conditions. (Fig. 2h) Lysed 

nuclei (LN) display incomplete or ruptured nuclear in-

tegrity. These observations contribute collectively to a 

more comprehensive understanding of nuclear anoma-

lies and their implications in C. punctatus. 

Shah et al. (2021) have examined the effects of copper 

on the production of micronuclei and nuclear abnormal-

ities in common grass carp (Ctenopharyn godonidella 

Valenciennes). After the fish were exposed to copper, 

the authors noticed a substantial rise (P < 0.05) in the 

frequency of micronuclei and nuclear abnormalities. In 

one more study by Canalejo et al. (2016), the authors 

examined the genotoxic effects of copper in Dicentrar-

chus labrax. TheAstyanax altiparanae (Francisco et al., 

Table 1. Detailed analysis of physicochemical parameters of water or test medium 

Groups Conc. 
(mg-1) 

Experimental 
time 
(in days) 

Alkalinity 
(mg/l) 

DO 
(mg/l) 

Hardness 
(mg/l) 

pH Temp. 
(ºC) 

Group 1 Control 07 
14 
21 
28 

77.50±0.05 
76.30±0.10 
75.30±0.05 
73.80±0.05 

6.76±0.03 
6.66±0.03 
6.63±0.03 
6.66±0.03 

74.50±0.17 
74.56±0.08 
73.43±0.12 
73.36±0.03 

7.13±0.03 
7.16±0.03 
7.13±0.06 
7.16±0.08 

27.40±0.15 
26.40±0.05 
26.03±0.12 
25.46±0.08 

Group 2 mg-1 
(LC50/40) 

07 
14 
21 
28 

71.13±0.03 
69.40±0.05 
68.70±0.05 
68.16±0.03 

6.46±0.03 
6.13±0.03 
6.60±0.05 
6.20±0.05 

72.73±0.08 
71.56±0.12 
69.70±0.05 
68.50±0.05 

6.76±0.03 
6.66±0.03 
6.63±0.03 
6.46±0.03 

27.63±0.12 
26.30±0.05 
25.90±0.11 
25.46±0.06 

Group 3 mg-1 
(LC50/20) 

07 
14 
21 
28 

73.16±0.03 
72.36±0.03 
71.73±0.03 
71.46±0.03 

6.43±0.03 
6.50±0.05 
6.40±0.05 
6.20±0.05 

73.33±0.06 
73.70±0.05 
72.46±0.06 
71.66±0.03 

6.83±0.03 
6.73±0.06 
6.70±0.05 
6.60±0.05 

27.53±0.23 
26.60±0.15 
25.80±0.05 
25.33±0.18 

Group 4 0.4 mg-1 
(LC50/10) 

07 
14 
21 
28 

75.40±0.05 
74.80±0.05 
74.16±0.03 
73.53±0.03 

6.46±0.03 
6.36±0.03 
6.56±0.03 
6.13±0.03 

74.30±0.11 
73.36±0.03 
73.26±0.03 
72.30±0.05 

6.86±0.03 
6.80±0.05 
6.73±0.03 
6.76±0.03 

27.46±0.08 
26.70±0.05 
25.93±0.08 
25.33±0.12 

Fig. 1. Microphotograph showing Group 1 without exposure with no micronuclei (MN) formation while formation of MN in 
peripheral blood cells of C. punctatus in Group 2, Group 3 and Group 4 with exposure of CuSO4 at 100X magnification  
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2019), C. punctatus (Nagpure et al., 2015), and On-

corhynchus mykiss (Stankevičiūtėet al., 2016) are just 

a few of the fish species that have been the subject of 

studies looking into the genotoxic effects of various 

heavy metals like copper, Chromoum and zinc. These 

studies showed a large variation, indicating that copper 

buildup causes genotoxic consequences on fish spe-

cies. The present study found a significant difference (P 

< 0.05) like observed above by authors, in the mean 

frequency of micronuclei following copper exposure to 

different concentrations of copper sulphate.  

 

Histological analysis of kidney 

The component of kidney tissue is altered by repeated 

exposure to CuSO4, and the alterations in the test ani-

mal's kidney are expressed as a percentage of dam-

age.Comparatively to the control group (Fig. 3a), the 

kidneys exposed to sublethal concentrations of CuSO4 

after 28 days showed multiple changes. Cavity reduc-

tion in renal tubule (CRRT) (Fig. 3b)was the most sig-

nificant alteration seen in the renal tubule, while necro-

sis (Fig. 3c), hypertrophy (Fig. 3d) and vacuolization 

(Fig. 3e) were the most frequent modifications in the 

tubules. Kidney tissue of Group 1 was healthy and did 

not show any damage. The CRRT damage percent-

ages in Group 2 and Group 3 were 32% and 38%, re-

spectively, while in Group 4, it was 51% after 28 days. 

However, the damage percentage of necrosis, hyper-

trophy and vacuolization (treated with the highest con-

centration, i.e., 0.4 mg/l of CuSO4) was 46%, 43% and 

37%, respectively, after 28 days. Among all four kinds 

of damage, the percentage of CRRT was the highest in 

the kidney tissue. 

In fish, the kidney is essential for filtration, excretion, 

and maintaining osmotic balance. The present study 

aimed to look at the kidney histology in C. punctatus 

exposed to copper buildup. Numerous studies have 

been done on the effect of copper on the kidney histol-

ogy of several fish species. Several studies have found 

varied degrees of damage depending on the amount 

and duration of copper exposure. The study by Wu et 

al. (2019) on the kidney histology of Gobiocypris rarus 

treated with copper showed moderate damage, includ-

ing tubular necrosis, interstitial oedema, and cellular 

Graph 2. MN frequency induced by CuSO4 in Group 2, 3 and 4 in comparison with Group 1 (control Group) for 7, 14, 21 
and 28 days of exposure periods  

Fig. 2. Microphotograph showing nuclear abnormalities (NAs) in blood cells of C. punctatus in all the Groups at 100X 
magnification 
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infiltration. The authors suggested that copper accumu-

lation in the kidney might decrease renal function and 

ultimately lead to fish mortality. Abdel et al. (2021) re-

ported kidney damage in Oreochromis niloticus ex-

posed to copper. The kidney showed severe tubular 

necrosis and interstitial fibrosis, leading to decreased 

renal function. The study by Tavares-Dias (2021) on 

the kidney histology of fish Labeo rohita exposed to 

copper showed congestion of blood vessels,  tubular 

necrosis of glomerulus, interstitial oedema, and cellular 

infiltration. The authors (Kumar et al., 2023; Yu et al., 

2020; Malhotra et al., 2020) suggested that copper ac-

cumulation might lead to oxidative stress and kidney 

damage. The present study is consistent with previous 

research on the effect of copper on different fish spe-

cies. The results show multiple damages as earlier ob-

served, such as reduction of cavity in renal tubules, 

necrosis where cells get injured, and hypertrophy caus-

ing tissue enlargement and vacuolization.  

 

Histological analysis of liver 

The liver's histology displays hepatocytes, or polygonal 

cells with rounded nuclei, which are Grouped in the 

liver parenchyma, blood arteries, and bile ducts. Figure 

4 displays the histological findings of fish liver tissue 

from the exposed and control groups of C. punctatus 

after 28 days. The major modifications that originated in 

the liver were vacuolization (Fig. 4b), cytoplasm degen-

eration (Fig. 4c), pyknotic nuclei (fig 4d) and necrosis 

(Fig. 4e). Liver tissue of the control Group was healthy 

and did not show any damage while Cytoplasmic de-

generation shows the highest damage percentage 

among all kinds of damage. After a 28-day exposure, 

there was 31% necrosis in Group 2, 39% in Group 3, 

and 45% in Group 4. Similarly, the damage percentage 

of vacuolization and pyknotic nuclei in Group 2 was 

15% and 10%, in Group 3 was 18% and 13%, while in 

Group 4,it was 23% and 16%, respectively, after the 

completion of the experimental period. Vacuolization, 

pyknosis, necrosis, and cytoplasmic degeneration were 

noted in all the treated Groups with an escalating pat-

tern and dose-dependently; however, the greatest mod-

ifications were seen in Group 4, which was given the 

highest dosage.  

Noureen et al. (2018) investigated the outcome of cop-

per on the histology of the liver in Cyprinus carpio. They 

found that when fish were exposed to higher copper 

concentrations, liver damage, such as vacuolation, con-

gestion, and necrosis, increased in a dose-dependent 

manner. Similarly, the study by Kaur et al. (2018) on 

the liver histology of Labeo rohita exposed to copper 

showed severe damage, including degeneration, necro-

sis, and fibrosis. It was discovered that there was a 

positive correlation between the concentration of cop-

per exposure and the severity of liver damage. In con-

trast, the research done by Sangeetha and Aruljothi 

(2019) on the liver histology of common carp C. carpio 

exposed to copper showed mild damage, including vac-

Fig. 3. Microphotographs of the kidney section taken from the exposed and control Groups of C. punctatus. Section of 
the kidney displaying the following conditions: (a) control; (b) cavity reduction in the renal tubule (CRRT); (c) necrosis; (d) 
hypertrophy; and (e) vacuolization brought on by CuSO4 exposure shown at 40X 
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uolation and lipid accumulation. The authors (Zeng et 

al., 2020; Zebral et al., 2019) suggested that fish might 

have developed adaptive mechanisms to cope with 

copper exposure, preventing severe liver damage. Dur-

ing the present investigation, it was found that continu-

ous exposure to copper sulphate leads to vacuolization, 

necrosis, and cytoplasmic degeneration, which causes 

collapsing of functioning liver cells and pyknotic nuclei 

where the nucleus becomes dense, compact and be-

gins to fragment (karyorrhexis), similarly like previously 

observed.  

 

Histological analysis of gill 

Fish gills have a huge surface area separating the 

blood from water, which is essential for breathing, ex-

cretion, acid-base regulation, and osmoregulation 

(Murali et al., 2018). The gill tissue of control Group 

(Fig 5a) does not show any histological changes, while 

the exposed Groups show hyperplasia, oedema, Com-

plete disintegration of secondary lamellae (CDSL), and 

Extreme swollen blood vessels (ESBV), out of these 

CDSL (Fig 5c) and ESBV (Fig 5b) were the major histo-

logical alterations. Except Group 1, the other Groups 

(Group 2, Group 3 and Group 4 were exposed Groups 

with 0.1 mg/l, 0.2 mg/l and 0.4 mg/l of CuSO4) were the 

exposed Groups, which showed multiple alterations in 

the gill tissue. CDSL was recorded at 28%, 39% and 

45%, while ESBV was 31%, 38% and 42% in Group 2, 

Group 3 and Group 4 respectively. The damage per-

centage due to CDSL was higher than ESBV. 

The gills of fish play a vital role in gas exchange, osmo-

regulation, and ion balance. Copper accumulation in 

fish gills can lead to damage and affect the normal 

functioning of the gills. A study by Aghamirkarimi et al. 

(2017) researched the adverse consequences of cop-

per on the histology of gills in Rutilus rutilus caspicus. 

They found that when fish were exposed to higher con-

centrations of copper, there was a dose-dependent 

Fig. 4. Microphotographs taken from exposed Groups of C. punctatus's liver segment. Liver section demonstrating(a)
vacuolization, (b)Cytoplasmic degeneration, (c)Pyknotic nuclei, and (d)Necrosis induced by CuSO4 observed at 40X  

Fig. 5. Microphotographs of C. punctatus's gill region taken from control and exposed Groups.Section of gills showing (a)
control, (b)extreme swollen blood vessels (ESBV) and (c)complete degeneration of secondary lamellae (CDSL) ob-
served at 40X 
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increase in gill damage, including filament fusion, epi-

thelial hyperplasia, and edema. Similarly, the study by 

Mansouri et al. (2017) on the gill histology of Cyprinus 

carpio exposed to copper showed severe damage, in-

cluding hyperplasia, necrosis, and gill lamellae fusion. It 

was discovered that there was a positive correlation 

between the concentration of copper exposure and the 

degree of gill damage. Abdel et al. (2016) reported se-

vere gill damage in Oreochromis niloticus exposed to 

copper. The gills showed congestion, epithelial lifting, 

and necrosis. The authors (Malhotra et al., 2020; Ale et 

al., 2018; Kumar et al., 2015) suggested that copper 

accumulation in the gill might decrease respiratory 

function and ultimately lead to fish mortality. In the cur-

rent study two types of damages were observed: first, 

extremely swollen blood vessels, where the blood ves-

sels of primary lamellae got swollen and second, where 

complete disintegration of secondary gill lamellae were 

observed in the test animal C. punctatus due to contin-

uous exposure of copper sulphate upto 28 days.  

Conclusion 

The present study concluded that copper accumulation 

in C. punctatus led to micronuclei induction, nuclear 

abnormalities, and histological changes in organs such 

as the fish's liver, kidneys, and gills. Though fish con-

sumption has many health benefits, consuming toxic 

contaminated fish can harm organisms, including hu-

mans. This study highlights the potential negative ef-

fects of copper accumulation on fish health and thus 

emphasizes the need for effective measures to prevent 

such accumulation in aquatic environments. The find-

ings can help develop strategies for the sustainable 

management of aquatic resources and ensure the long-

term health of the fish population. 
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