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ABSTRACT

In agricultural fields, excessive application of pesticides often leads to the contamination of aquatic ecosystems. 
The present study aimed to evaluate the effects of Mancozeb (MZB) exposure in gills, liver, kidney, and muscles 
of Channa punctatus (Bloch, 1793). Acute exposure of the test fish to MZB for 96-h resulted in oxidative stress 
due to elevated levels of reactive oxygen species. In the exposed group markers of oxidative stress such as lipid 
peroxidation and glutathione showed significant increment and decrement in their activity, respectively. Furthermore, 
histopathological anomalies were observed in the vital organs of the fish of the treated group. DNA damage was also 
observed in the erythrocytes, in the form of micronuclei (MN) in the fish, under toxicant exposure. The study clearly 
reveals that fish, C. punctatus is highly affected when exposed to MZB-contaminated aquatic medium.

1. INTRODUCTION

Nowadays, rapid industrialization and extensive human activities 
have a great impact on the environment. Industrial discharge of 
waste containing harmful compounds in the environment and the 
wide use of pesticides in agricultural fields reaches nearby soil and 
water through various means and adversely degrade their quality. 
These toxicants finally enter the food chain and distress crop quality 
and health of humans and animals. Pesticides as a whole or in their 
metabolized form are potent to cause eco-toxicological risks. In aquatic 
environments, they adversely affect the aquatic organisms and the 
complete food chain including humans through ecological cycle and 
biomagnifications. Toxic chemicals even at very low concentration 
can generate anomalies in various body tissues and organs that hinder 
the proper growth, development, and physiological processes leading 
to certain disorders or abnormalities.

Fungicides are a class of pesticides, applied to control the emergence 
or growth of fungi, responsible for causing fungal diseases in crops [1]. 
The ethylene bis-dithiocarbamate fungicide, Mancozeb (MZB), a 
polymeric mixture of zinc- and manganese-ethylene dithiocarbamates, 
is widely used in agricultural fields as a broad-spectrum contact 
fungicide acting as a disruptor of cellular metabolism in the target 
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organism, and its consumption has been significantly increased in 
the recent years [2-4]. Though MZB has restricted persistence in the 
environment, upon exposure it accounts for high toxicity in non-target 
species such as aquatic organisms [5]. It is recognized as a potent 
marine pollutant, harmful for aquatic life [6]. Many studies illustrate 
MZB-induced toxicity in fish and mammal species, affecting their 
vital organs and associated physiological processes [7-9].

Pesticides function via imbalanced production of reactive oxygen 
species (ROS) or free oxygen radicals causing oxidative stress in target 
species to control their actions. Similarly, they affect nontarget species 
thus, cause different diseases and anomalies. To manage the generation 
of free radicals, anti-oxidant system of the body functions naturally, 
however, it gets disturbed in the state of oxidative stress. Thus, over-
produced radicals induce changes in levels of oxidative enzymes [10]. 
Oxidative stress has been associated with triggering DNA breakage, 
resulting in genotoxicity. Formation of MN in nucleated erythrocytes 
provides signal of genotoxicity in fish. MNs are small nuclei formed 
from the stripped DNA and are present along with the main nucleus 
in the cells. Both clastogenic and aneugenic events may generate MN 
during the anaphase stage of the mitotic cycle under the influence of 
pesticide exposure [11]. Studies have reported that toxicants are potent 
to cause histological damage, thus reducing their proper growth and 
development. Damage in tissue serves as a constraint in the normal 
function of the related organ [10]. The aforementioned impairments 
have been studied in different species of fish under the exposure of 
pesticides; however, the information on acute toxic effects of MZB in 
terms of oxidative stress, genotoxicity, and histopathological changes 
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in vital organs of fish is not sufficient. Therefore, this study has been 
undertaken to investigate the same in a freshwater teleost, Channa 
punctatus.

2. MATERIALS AND METHODS

2.1. Test Chemical
The fungicide, MZB (Lumizeb-  MZB 75% W.P., Monsoon Agro 
Chemicals Pvt. Ltd. Azadnagar, New  Delhi, India; and Batch No. 
M0152/031) was purchased from a local retailer for the toxicological 
study. Other chemicals and reagents of analytical grade were used.

2.2. Test Animal and Acclimatization
Healthy specimens of freshwater edible fish, C. punctatus, (25 ± 5 g 
in weight and 16 ± 2 cm in length) were procured from the natural 
water bodies of Lucknow, Uttar Pradesh, India, (Longitude 26° 55′ 
N, Latitude 80° 59′ E) and were subjected to primary treatment, to 
disinfect them [11]. Thoroughly sorted, 150 healthy and disinfected 
fish were acclimatized to the laboratory environment for 20 days in 
de-chlorinated tap water by following the guidelines of [12,13].

2.3. Estimation of 96 h-LC50 of MZB
The 96-h LC50 of MZB was estimated by following the procedures 
as given by OECD guidelines for acute bioassays of fish (OECD203, 
92/69/EC, method C1) and protocols of APHA [12,13]. Primarily, 
the toxicity range for MZB was determined, by exposing fish to its 
different concentrations, viz., 9, 10, 11, 12, 13 mg/l. The toxicity on 
the basis of percentage mortality, ranged in between 11 and 12 mg/l. 
Thereafter, to evaluate the 96-h LC50 fish were exposed to 11.06, 11.16, 
11.26, 11.36, 11.46, 11.56, 11.66, 11.76, 11.86, 11.96 mg/l of MZB. 
Throughout the experiment, fish were loaded in aquaria at the rate of 
4g/l of water [14]. The mortality of fish in percentage was recorded up 
to 96 h of exposure period. To ensure the reproducibility, experiment 
was continually repeated thrice. Probit analysis method was used for 
the determination of 96-h LC50 of MZB [15].

2.4. Experimental Setup
Three different groups were designed in glass aquaria each having 
duly acclimatized 10 fish, control was designated as group I, group II 
contained 1.156  mg/L of MZB (1/10th  of 96-h LC50) and group  III 
contained 2.312 mg/L of MZB (1/5th of 96-h LC50). No mortality was 
observed during the experimental period. Aquaria were kept clean 
throughout the experiment. Physico-chemical parameters namely 
pH  7.3, temperature 27°C, dissolved oxygen 6.3  mg/l, alkalinity 
3.6  mg/l and hardness 58  mg/l were recorded before the start of 
the exposure period and at its end. At the end of the 96-h exposure 
period, clove oil (0.40 mL/L) was used to euthanize three fish from 
each replicate [16]. Thereafter, blood samples were collected for the 
estimation of ROS and MN. Vital organs (gills, liver, kidney, and 
muscles) were dissected out, for the assessment of biomarkers of 
oxidative stress and histopathology.

2.5. Measurement of ROS
In MZB-exposed fish, ROS was measured in blood cells 
using 2´, 7´-dichloro dichlorofluorescein diacetate fluorescent 
dye (DCFH-DA, Sigma Aldrich, USA; CAS Number 4091-99-0). 
Succinctly, for 30  min whole blood was incubated with DCFH-DA 
dye and slides were prepared and dried in the dark. Afterward, slides 
were examined under a fluorescent microscope (Nikon Corporation K 

12432) to view and capture ROS-generated intracellular fluorescence. 
Quantification of the fluorescence intensity in cells of every captured 
picture was done through Image J software (version 1.50, USA) and 
expressed as corrected total cell fluorescence in the experimental 
group to the control.

2.6. Estimation of Oxidative Stress-Related Biomarkers
2.6.1. Measurement of reduced glutathione (GSH) activity
In the sample tissues, the activity of reduced GSH was measured by 
following the methodology of [17]. First, trichloroacetic acid (TCA 
5%  w/v) was added to the supernatants of gills, liver, kidney, and 
muscle tissues separately and was centrifuged for 10 min at 6000 rpm. 
Thereafter, supernatants were separately mixed with Tris-HCl buffer 
and 0.01 M DNTB (2, 20-dinitro-5, 50-dithiobenzoic acid, Ellman’s 
reagent) and incubated at room temperature for 10 min. The UV–VIS 
spectrophotometer (Shimadzu, UV-1800 pharma spec, Kyoto, Japan, 
EW-83400-20) was used to record the absorbance of the reaction 
mixtures at 412  nm. The activity of GSH is denoted as μg/mg 
of protein.

2.6.2. Evaluation of lipid peroxidation (LPO) activity
LPO activity in gills, liver, kidney, and muscles sample tissues was 
evaluated by the thiobarbituric acid reactive substances (TBARS) 
method described by Buege and Aust [18]. The homogenized 
supernatants were mixed with the solution of thiobarbituric acid, 
trichloroacetic acid, and hydrochloric acid, followed by boiling, 
cooling, and centrifugation of the mixture at 3000  rpm for 10  min 
at 4°C. The absorbance of the mixture was taken at 535  nm using 
UV–VIS spectrophotometer (Shimadzu, UV-1800 pharma spec, 
Kyoto, Japan; EW-83400-20). The value of LPO is expressed as 
nMoles of TBARS formed.

2.7. Histopathological Examinations
Tissue samples were sectioned, dehydrated, stained, and fixed for 
histopathological study by following the methods used by [19]. 
Briefly, tissue samples were rinsed with 0.9% NaCl saline solution 
to wash off the blood, mucus, and cellular debris. Thereafter, tissues 
were fixed in Bouin’s fluid for 48 h and were rinsed twice a day with 
70% ethyl alcohol for five continuous days. Thereafter, tissues were 
dehydrated in graded series of ethyl alcohol. Once dehydrated, tissues 
were washed with xylol for 30 min. Washed tissue was embedded in 
paraffin wax and was stored overnight in a refrigerator. The next day, 
tissues were sectioned using a Yorco Precision Rotary Microtome 
(YSI062), and flattened over clean glass slides by applying water and 
heat. Later, sectioned tissues were stained with hematoxylin for 1 min 
and eosin for 2 min respectively. The stained tissues were mounted 
with dibutyl phthalate polystyrene xylene (DPX). An oil immersion 
microscope was used to capture the microphotographs of the tissues 
and the obtained images were analyzed through ImageJ software 
(ImageJ bundled with 64-bit Java 1.8.0_172).

2.8. Measurement of Genotoxicity: Micronucleus Test
Genotoxicity was measured in terms of MN frequency, as reported 
previously [20,21]. A  uniform film of blood from each sampled 
fish was made on pre-cleaned slides and kept for drying at room 
temperature. Following drying, fixation was done by dipping slides 
in absolute methanol for 5 min. Subsequently, slides were stained for 
3-5 min with May-Grunwald’s dye and for 30 min with 5% Giemsa 
stain, respectively, and were mounted with DPX. The fixed slides were 
observed under Nikon Corporation K 12,432 oil immersion microscope 
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for identification and scoring of micronuclei in erythrocytes of the 
sampled blood.

2.9. Statistical Analysis
Data were analyzed statistically (Significance: P < 0.05) using SPSS 
software version 20.0. One-way analysis of variance with Tukey’s post 
hoc test was carried out to compare means between the experimental 
groups and control groups.

3. RESULTS AND DISCUSSION

Sustainable aquaculture primarily depends upon the health of fish. The 
biological functions of fish are greatly influenced by the surrounding 
medium. Fish widely encounter pesticides with varying concentrations 
and subsequently, their health gets affected. In the present study, health 
impairments in fish have been studied under the exposure to MZB. 
The findings demonstrate manifestations leading to oxidative stress, 
genotoxicity and histological anomalies in the gills, liver, kidney, 
and muscles of fish. Throughout the study, no change was observed 
in the values of physiological parameters. The 96-h LC50 value of 
11.56 mg/L of MZB to C. punctatus in this study is in correspondence 
with the earlier findings for Oreochromis mossambicus (11.68 mg/L), 
and Puntius ticto (12.95 mg/L) [22,23].

Pesticides are found to induce oxidative stress by increasing cellular 
concentration of ROS, such as hydroxyl ions, superoxide anions, and 
hydrogen peroxide that causes changes in various biological processes. 
Along with oxidative damage to the biological membrane, elevated ROS 
damages DNA and tissues [10,24]. Figure 1 shows a significant increase 

(P < 0.05) in the formation of ROS in erythrocytes of groups exposed to 
MZB in comparison to the control after the 96hr of the treatment period 
in the present study. Group III (1/5th of 96-h LC50 of MZB) recorded the 
highest generated ROS. These results are in accordance with the finding 
of earlier studies reporting that zinc and manganese, which are major 
constituents of MZB, induce ROS production in vital organs of fish 
such as C. punctatus and Danio rerio [19,24]. Due to the overproduction 
of ROS, the activity of antioxidant enzymes of the biological system 
gets altered, which are primarily involved in scavenging ROS and in 
repairing injured tissues [10,25-28].

Fishes contain large amounts of highly unsaturated fatty acids 
rendering them susceptible to LPO expressed in terms of TBARS, a 
major contributor to the loss of cell function under oxidative stress. 
Enzymatic marker of oxidative stress LPO, present in the cell 
membrane is vulnerable to acute exposure to pesticides [29]. Studies 
have reported increased LPO activity in different organs of fish species 
namely, D. rerio exposed to MZB and other pesticides [25,30]. In 
addition, Astyanax aeneus exposed to diazinon (organophosphate) and 
buprofezin [31]; whereas Catla catla and C. punctatus were exposed 
to methyl parathion and atrazine, respectively [32]. In agreement with 
the aforementioned findings this study shows a significant (P < 0.05) 
enhancement in the LPO activity in the gills, liver, kidney, and 
muscles tissue sample in fish of the MZB exposed group compared 
to the control, with the highest activity in tissues of group  III fish 
(Figure  2a). Among all the tissue samples highest activity for LPO 
was observed in group III of the liver. Conversely, negative relation of 
fungicides -metalaxyl and azoxystrobin with LPO has been observed 
in Astyanax aeneus [31].

Figure 1: (a) Graph shows a significant (P < 0.05) increase in ROS represented as corrected total cell fluorescence (CTCF) in exposed groups (II and III) as 
compared to the group I (control) after 96-h exposure period in erythrocytes of Channa punctatus (The data are expressedas mean ± SD; *denotes the significant 

(P < 0.05)) (b) Micro photographic images showing ROS induced DCF fluorescence in group II and III after 96-h exposure period. (Scale bar – 100 µm).

ba

Figure 2: Activity of LPO and GSH in gill, liver, kidney and muscle tissue of fish in control (group I) and MZB treated groups (II and III) (a) and (b), respectively, 
for 96hr of exposure period in fish Channa punctatus. (mean ± SD,*denotes the significant (P < 0.05) values of group II and III in comparison to group I).

b

a
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Detoxification of pesticides in fish can be achieved non-enzymatically 
by a tripeptide GSH, which is observed to scavenge ROS and other 
substrates of antioxidant enzymes [32-34]. In this study we observed a 
significant (P < 0.05) decrease in the activity of GSH in MZB-exposed 
groups in the test samples of the fish as compared to the control, as 
shown in Figure 2b. Group III of the experiment recorded the lowest 
GSH content. This decrease in levels of GSH in all the sample tissues 

demonstrates GSH is involved in neutralizing the generated ROS to 
mitigate oxidative stress. Results from the study are in accordance 
with Du et al., [35], who also observed the reduced GSH concentration 
in fish, Anguilla anguilla, and ethyl carbamate-exposed cuttlefish., 
exposed to potassium dichromate.

The exceeded level of oxidative stress beyond the activity of the 
antioxidant system in a body of fish is a probable reason behind the 
induced genotoxicity. The accumulation of ROS in nucleus triggers 
DNA damage in association with endonucleases under the state of 
oxidative stress. Endonucleases cleaves DNA either by breaking 
single strand or double strand thus, the stripped DNA results in the 
formation of MN [25,26,36]. A  significant (P < 0.05) induction in 
MN frequency in fish of MZB-treated groups II and III, as compared 
to control, in the present study (Figure 3), ascertains MZB-induced 
DNA damage. The highest frequency of MN was observed in 
group III. Similarly, previous studies done by Srivastava and Singh, 
2013  [37] and Marques et al., in 2016 [9] have addressed MZB-
induced genotoxicity in fish.

An increase in ROS can cause tissue damage which can be visualized 
by histopathological alterations. In the present study, the fish, 
C. punctatus in the control group were observed to have normal tissue 
histology, while all the tissue samples of fish in MZB exposed groups 
showed histopathological abnormalities after 96-h of exposure period, 
as represented in Figure 4. The gills are the source of the exchange 
of gases and are constantly exposed to the polluted water. The gills 
in fish of MZB exposed group III which recorded high level of ROS, 
were observed to have histological alterations such as destruction 
in gill arches and necrosis (N) in the present study. Likewise, liver 
tissues one of the major site of neutralizing toxicant, underwent 
anatomical manifestations such as vacuolization (V), necrosis 
(N), and cytoplasmic degeneration in fish of MZB treated group  III 
suggesting oxidative stress leads to tissue destruction. The kidney 
is also an important organ associated with the biotransformation of 
toxicants. The results of the present study show anomalies such as 
cavity reduction in renal tubule, hypertrophy, and vacuolization (V) in 
kidney tissue of MZB-affected fish of group  III that indicates an 
elevated level of ROS effects the metabolic process of kidney, thereby 
altering its growth. Motor functions of the body are completely 
associated with muscles hence, require their proper development. 
In the present study fish in MZB-treated group  III showed muscle 
degeneration (MD) and vacuolization (V) suggesting oxidative stress 
hinders the growth of muscle tissue. Similarly, earlier studies have 
also recorded the histopathological alterations in various organs of fish 
namely, C. punctatus and D. rerio exposed to toxicants demonstrating 
change in antioxidant properties of the body under the stress condition 
damages the tissue, subsequently, leads to damaged body tissue with 
minimal growth and associated functions [7,11,38].

Figure 3: (a) Increase in MN (%) in MZB-exposered blood cells of groups II and III in relation to group I (control) after 96-h of the exposure period (data 
are represented as mean ± SD, *denotes the significant (P < 0.05) values of group II and III in comparison to group I).(b) Microphotographic images showing 

formation of MN in group II and III in comparison to group I. (Scale bar – 100 µm).

ba

Figure 4: Microphotographs presenting the histopathology of gills, liver, 
kidney and muscles of Channa punctatus. (a) Group I (control) represents 
normal tissue histology, viz., PL-Primary Lamella, SL-Secondary Lamella 
and GA-Gill Arches in gills; H-Hepatocytes in liver; RT-Renal Tubules in 
kidney and MF: Muscle fibres in muscles tissues of the fish. (b) Group III 
(1/5th of 96-h LC50 of MZB) shows histopathological abnormalities, viz., 

DGA-Destruction of Gill Arches and N-Necrosis in gills; V: Vacuolization, 
N: Necrosis and CD: Cytoplasmic degeneration in liver, CRRT: Cavity 

reduced in renal tubule, HY: Hypertrophy and V: Vacuolization in kidney and 
LMT: Lesion of muscle tissue, MD: Muscle degeneration and N: Necrosis in 

muscle tissues of C. punctatus. (Scale bar – 100 µm).

ba
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4. CONCLUSION

The present study reveals that acute exposure of MZB induces severe 
morphological, anatomical, and biochemical alterations in C. punctatus. 
They include a significant increase in ROS causing oxidative stress 
and genotoxicity, leading to irreversible histopathological disorders 
in the vital organs (gills, liver, kidney, and muscles) of the fish. The 
results demonstrate detrimental effects caused in aquatic organisms 
by the use of fungicides like MZB and recommend limitations in the 
application of fungicides like MZB near aquatic habitats.
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