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ARTICLE INFO ABSTRACT

Edited by Dr. A.M Tsatsaka The intensive application of pesticides without proper disposal management has led their excess residues to reach

the neighbouring aquatic ecosystem and its inhabitants mainly fish. In natural water body pesticides get diluted,

Keywords: and therefore to study the silent toxic effect, a low dose of malathion (0.4 mg/L; 1/20th of 96-h LCs( value) for

Channa punctatus (Bloch) the different duration (1, 4, 8, 12 days) was evaluated through biochemical and histopathological biomarkers of

1?/[61h :1“:_:50 the blood and hepatorenal tissues of Channa punctatus. With the increase in pesticide exposure periods, the
alathion

biometric indices: Condition Factor (K), HSI and KSI and hepatorenal tissues weight decreased. Among the
biochemical alterations in malathion exposed fish, serum glucose levels reduced by 72.23 % while protein
amounts increased by 29.03 % in 12 days malathion exposed fish. Other parameters, viz., cholesterol, albumin,
and phosphorous, remained the same as control fish after malathion exposure. Though serum bilirubin (total and
direct) followed a biphasic response, it reduced by 60 % after 12 days of malathion exposure compared to
control. Biochemical changes are reflecting the induction of compensatory energy mechanism to cope up with
the malathion stress. The transaminases and ALP biomarker enzymes used for liver functionality test declined in
the order of AST > ALP > ALT in a time-dependent manner in malathion exposed fish serum, indicating liver
injuries in fish due to malathion. The elevated levels of urea, BUN, creatinine, and Ca®" in the serum of 12 days
of malathion exposed fish revealed renal dysfunction. In the treated fish, antioxidative (SOD and CAT) and LPO
activities were significantly higher in the liver followed by the kidney than their controls. Further, histological
examination registered progressive damages in the hepatorenal tissues of malathion exposed fish with the
increased exposure periods compared to control. Thus, even a small dose of malathion in water could severely
deteriorate the structure and function of tissue on its prolonged exposure, and therefore utmost care should be
taken to prevent their seepage into the water bodies.

Hepatorenal toxicity
Transaminases activity
Antioxidative assay
Histopathology

1. Introduction

Pesticides are the diverse group of synthetic chemicals applied
commonly to control pests in agriculture and vector-borne disease
eradication programs to enhance crop production and protect public
health, respectively [1-5]. Globally, the organophosphate class of pes-
ticides (OPPs) consumption alone has reached almost 50 % out of the
various kinds of insecticides available worldwide [123]. Such intensive
application of OPPs with a lack of proper disposal management has led
their excess residues to accumulate in the air [6,7], water [8-10], soil
[11-14], and biological components [15-20]. However, heavy load of
pesticides in the aquatic ecosystem is a major ecological concern
because their bioaccumulation in the non-target organism tissues can
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induce deleterious health impacts on them, particularly to fish and their
consumers, including humans [21-25]. For instance, malathion (O,
O'-dimethyl S-(1, 2-dicarbethoxyethyl) phosphorodithioate) is one such
OPPs whose intoxication has been reported to cause severe pathologies
like neuronal [26,27], hepatorenal [28,29], metabolic, [21,30,31],
reproductive and development dysfunctions [32,33] in the aquatic or-
ganisms. Although malathion pesticide can cause genotoxicity and
cancer in humans (Group 2A) [34-37], it remains one of the most
generally applied pesticides worldwide. Literatures studies have also
revealed that the most important water resources are now tainted with
malathion. For instance, rivers of the Central Amazon [38,39], U.S.
urban streams [8,40], Mediterranean coastal zones [41], the Jiulong
River estuary in China [42], the Babolrood River in Iran [43], the Nile
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River in Egypt [44], the Llobregat River in Catalonia, Spain [45,46] and
the Ganga River in India [12,9,13] are all polluted with malathion now.
Furthermore, investigations have shown that fish are also now
contaminated with the malathion [12,47,13,2,48]. Consequently, acci-
dental consumption of malathion contaminated fish by humans has
potentially increased the risk of health hazard associated with malathion
toxicity in them such as Parkinson’s disease, neurocognitive disorders,
weight gain, and its allied metabolic disorders [25,49-53]. Therefore,
there is an urgent need for the surge to determine malathion toxicity in
fishes. Although, the harmful impact of some of the insecticides have
been investigated in some of the fish species [54-60]. There is minimal
evidence on the effects of low concentration of malathion on fish, and
most of the studies are limited to lower invertebrates [28,38,61-63].
Therefore, efforts have been made to analyse the toxic manifestation of
low concentration of commercial malathion on the economically
important fish Channa punctatus using various biochemical and histo-
pathological bioassays. Since fish are highly susceptible to any changes
made in the water quality, batteries of tests are employed at their tissue
levels to determine the toxic manifestation of xenobiotics on aquatic
biota [38,64,65]. The fish’s blood and hepatorenal tissues were chosen
for the present study because blood acts as a carrier medium for
distributing the toxicants as well as metabolites to different parts of the
body while the liver and kidneys are the major organs of accumulation,
biotransformation, detoxification, and excretion [47,57,58,60,66].
Literature survey also revealed that analyses of histopathological and
biochemical deformities in the blood and hepatorenal tissues of fish
could act as a sensitive indicator for deciding early signs of pollutants
stress over the analytical techniques [67,68]. The analytical tools often
failed to detect the low concentration of chemicals in the aquatic
ecosystem, thereby failing to analyse their ecological impacts [69,70].
Furthermore, because OPPs are known to induce oxidative stress, they
may alter fish tissues’ antioxidant status [71,72]. Therefore, estimation
of activities of certain antioxidant stress marker enzymes, i.e., viz., su-
peroxide dismutase (SOD), catalase (CAT) and lipid peroxidation (LPO),
was also aimed to be conducted in the hepatorenal tissues of malathion
exposed fish.

2. Materials and methods
2.1. Fish sampling

Irrespective of sex, healthy specimen of C. punctatus (Bloch) fish of
almost uniform size (23 + 3 cm) and weight (wt) (120 + 10 g) (Family:
Channidae; Order: Perciformes) were collected from a single population
from the Dubbaga fish market, Lucknow, Uttar Pradesh (U.P), India
during the month January 2019 and were brought to the Laboratory at
BBAU, Lucknow. They were acclimatized for a month in glass aquaria
(100 L capacity) containing fresh tap water (pH-7.2 + 0.2, DO-7.0-7.4
Temperature-18 + 2 °C, photoperiod-12 h (h) light:12 h dark). Ten such
aquaria with 20 fish each were maintained. After every 24 h, they were
fed ad libitum with mined goat liver. Routine cleaning of aquaria was
performed after every 48 h to remove the excretory waste and food
debris.

2.2. Chemicals and reagents

Commercial-grade malathion (50 % emulsified concentration, Saral
Crop Science, Uttar Pradesh, India), was procured from the local market
Lucknow, Uttar Pradesh, India. The bovine serum albumin (BSA),
cholesterol, Folin and Ciocalteu’s phenol reagent, hexokinase, glucose-
6-dehydrogenase, L-lactate dehydrogenase, L-malate dehydrogenase,
p-nitrophenyl phosphate (PNPP), p-nicotinamide-adenine-dinucleotide
reduced disodium salt hydrate (NADH) were purchased from Sigma-
Aldrich. Routinely used other chemicals were of analytical grades and
were procured from Thermo Fischer and SRL Pvt. Ltd. (Mumbai) from
the local supplier, Lucknow, India.
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The lysis buffer used was 0.1 M phosphate buffer (pH 7-7.4). For the
total protein estimation BSA standard (1 mg/mL) was prepared. Alkaline
solution used for protein estimation contained 2% NayCOs, 0.1 N NaOH,
1% KNaC4H406-4H20 and 0.5 % CuSO4-5H20, For the glucose analysis
hexokinase reagent was used. It contained 100 mmol/liter Tris-HCI
buffer (pH 7.8), 1 mmol/L magnesium acetate, 0.66 mmol/L. NAD" and
0.40 mmol/L ATP, hexokinase 0.66 U/mL and glucose-6-phosphate
dehydrogenase (0.66 U/mL). For the total cholesterol measurement,
standard cholesterol solution prepared in absolute ethanol (0.4 mg/mL)
and Liebermann-Burchard reagent containing chilled acetic anhydride,
conc. sulfuric acid and glacial acetic acid were used. The diazo reagent
was used for bilirubin determination. It contained sulphanilic acid (1 g),
conc. HCl (15 mL), sodium nitrite (0.5 g) and distilled water. ALP sub-
strate contained p-nitrophenyl phosphate (PNPP 20 mM/L) prepared in
0.1 M bicarbonate buffer (pH 10). ALT substrate contained L-alanine
and 2-oxoglutaric acid prepared in phosphate buffer. AST substrate
contained L-aspartic acid and 2-oxoglutaric acid. The sodium hypo-
chlorite (0.02 M), sodium aquopentacyanoferrate (AqF) solution (0.005
g of Naz[Fe(CN)sH;0]O-H0 in 100 mlL distilled water) and chlor-
ophenol stock (1 M, 11.5 g of 2-chlorophenol in 95 % ethanol, 100 mL)
were used for urea measurement. The bromocresol green reagent (0.12
mmol/L, pH 4.2) and albumin standard (5 g/dL) were utilized for al-
bumin estimation. The calcium reagent solution contained 250 mg of
sodium naphthalhydroxamic acid, 5 mL of ethanolamine, 2 g of D-tar-
taric acid and 9 g of NaCl. Alkaline EDTA solution contained 2 g of EDTA
and 0.1 N NaOH. Colour reagent solution contained 60 g Fe(NOs)s and
15 mL of concentrated HNO3. Standard calcium solution contained 100
mg of CaCOs3 and 0.1 N HCI (30 mL). The SDS (10 %), ammonium 1-ani-
linonaphthalene-8-sulfonate (ANSA, 0.025 % w/v) and acid molybdate
reagent were utilized for phosphorous determination. The acid molyb-
date reagent contained 2.5 % ammonium molybdate prepared in 5 N
sulfuric acid. The TBA reagent contained SDS (8%), acetic acid in 5 N
NaOH (20 %, pH 3.5), 0.8 % aqueous solution of thiobarbituric acid
(TBA) and 0.8 % butylated hydroxy toulene (BHT) in ethanol. The L-
methionine (20 mM), hydroxylamine hydrochloride (HAC, 10 mM),
EDTA (50 pM), Triton X-100 (1%), riboflavin (100 pM) and Greiss re-
agent were utilized for SOD assay. Greiss reagent contained naphthyl-
ethylene diamine (0.1 % NED), 1 % sulphanilamide and 5%
orthophosphoric acid. The phosphate buffer (50 mM), hydrogen
peroxide (H205, 60 mM), absolute ethanol and Triton X-100 (10 %) were
used for CAT analysis. The Bouin’s fixative contained 2% picric acid
saturated aqueous solution (750 mL), 40 % formaldehyde (250 mL) and
glacial acetic acid (50 mL). The 10 % neutral formalin contained 100 mL
formaldehyde (37-40 %) and 900 mL distilled water.

2.3. Experimental design

2.3.1. Experimental setup I for malathion LCs estimation

Based on literature studies, acclimatized C. punctatus fish were sub-
jected to six randomly chosen concentrations (1.0, 2.0, 4.0, 6.0, 8.0, and
10 mg/L) of malathion for 24, 48, and 96 h respectively to determine the
value of 96-h median lethal concentration (LCsp) of malathion using an
arithmetic procedure of trimmed Spearman-Karber method as described
by Hamilton et al. [73]. The stock solution of different concentrations of
malathion was prepared in acetone. The feeding was stopped 24 h before
the experiment’s initiation and was not fed during entire experimental
periods as per guidelines of the Organization for Economic Co-operation
and Development recommended for testing the effects of chemicals on
aquatic organisms [74]. Control group of fish were not exposed to
malathion. The experiment was conducted in triplicate with a sample
size of 5 in each concentration selected for the investigation.

2.3.2. Experimental setup II

The sublethal toxicity of low concentration of malathion on the liver
and kidneys of fish C. punctatus was determined by the static bioassay
method following the OECD [74] guidelines. The 1/20th of 96-h LCsg
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value was randomly selected to investigate whether this dose of mala-
thion can be considered NOEC (no observed effect concentration) for the
fish. According to Sprague [75] and USEPA [76], NOEC is 1/10 or
<1/10 of LCs0 value of a toxicant that does not cause any visible adverse
effects on fish pertains to today’s aquatic ecosystems. The 1/20th of 96-h
LCsp malathion (0.4 mg/L) was prepared by diluting the stock solution
with distilled water. The acclimatized fish were divided into two groups:
experimental and control. Malathion was not added in the control
groups of fish, whereas the experimental fish were exposed to 1/20th of
96-h LCs¢ of malathion. The experiment was terminated after 12 days
because fish started displaying abnormal behaviour {erratic swimming
with increased opercular movement and surfacing frequency (not pub-
lished)}. The experiments were conducted in triplicate with ten fish
each. Aerators were used to maintain the levels of DO in both the control
and experimental groups of fishes. After completing 24 h, 4, 8, and 12
days, the liver and kidneys tissues were dissected from both the exper-
imental and control batches of fish. They were processed accordingly for
biochemical and histopathological tests. Before the tissue collection,
blood samples were obtained by cutting the caudal peduncle of fish.

2.3.3. Biometric assay

The fish fork length (cm) and weight (g) were measured to analyse
the general health condition of fish, applying Fulton’s condition factor
(K). It was calculated following equation given below:

W x 100

K=""75

@
Where W is the weight of fish in g

L is the length of fish in cm

Hepatosomatic and kidneys somatic indices were measured accord-
ing to the formula given below:

ST — wt of organ (g)
" total body wt (g) — organ wt (g)

X 100 (2)

Where OSI in general stands for Organosomatic index

2.3.4. Serum biochemical assays

The serum was obtained by centrifuging the fish blood samples at
3500 rpm for 15 min and were stored at -20 °C. The biochemical
parameter was analysed in the fish serum of both control and experi-
mental groups of fish after 24 h, 4, 8, and 12 days of malathion exposure
applying their standard protocols. The concentrations of total protein,
glucose, and cholesterol were estimated following Lowry et al. [77],
Schmidt [78], and Abell et al. [79], respectively. The activities of
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and
alkaline phosphatase (ALP) were measured by Bergmeyer et al. [80].
The urea [81], creatinine [82], albumin [83], bilirubin [84], calcium
[85] and phosphorous [86] were determined with their respective
methods. The activities of ALT, AST and ALP enzymes were represented
in IU/L of serum.

2.3.5. Antioxidant enzymes assays

The liver and kidneys samples were dissected from the experimental
and control (unexposed) fish and weighed. To analyse the antioxidant
enzyme activities, tissue homogenates were prepared in ice-cold 0.1 M
phosphate buffer saline (pH 7.0) using Potter-Elvehjem glass homoge-
nizer fitted with Teflon pestle. They were initially centrifuged at 2500
rpm for 10 min at 4 °C. The supernatants were collected and redissolved
in the buffer and recentrifuged at 12000 g for 20 min at 4 °C to obtain
the post mitochondrial supernatant (PMS). The PMS was stored at -80 °C
for further enzyme analyses. Their activities of superoxide dismutase
(SOD), catalase (CAT) and lipid peroxidase (LPO) were measured by the
methods of Das et al. [87] Aebi [88], and Ohkawa et al. [89], respec-
tively. The SOD activity was expressed in unit/mg of protein, CAT in
nano (n) mole of H,O2 decomposed/min/mg of tissue wt, and LPO in n

445

Toxicology Reports 8 (2021) 443-455

mole of MDA formed/100 mg tissue wt respectively. The total protein
concentration in the liver and kidneys were estimated at 660 nm using
bovine serum albumin (BSA) as a standard, according to Lowry et al.
[771.

2.3.6. Histopathological analyses

The tissues were pre-washed in fish saline (64 % NaCl) and blot dried
before their fixation in Bouin’s and 10 % neutral formalin, respectively,
for 24 h and 48 h. Subsequently, tissue blocks were prepared, and sec-
tions were cut at 6 pm thickness using a rotatory microtome. Later, they
were treated with different ethanol grades, stained with Ehrlich hae-
matoxylin and eosin, and mounted with DPX. Finally, the slides were
observed under the imaging microscope and were photographed.

2.3.7. Statistical analysis

Data were represented as mean + standard error of means (SEM).
The significant differences between the two mean values were analysed
using one-way analysis of variance (ANOVA) followed by Duncan’s
multiple-range test (DMRT). Differences were considered significant at
the level of p < 0.05. Since the variation in the biological parameters
obtained for the controls (unexposed) and 24 h of malathion exposed
fish were not significant, the results were not further discussed.

3. Results and discussion
3.1. Malathion LCsy value

The 96-h median lethal concentration (96-h LCsg) of malathion for
(50 % mortality) C. punctatus fish was determined 8.0 mg/L. Our results
were comparatively higher than those of the 4.65, 6.65, and 5.93 mg/L
96-h LCsq values reported previously by Singh et al. [90], Pandey et al.
[91], and Kumar et al. [92] for C. punctatus, respectively. While inves-
tigating the acute toxicity of insecticides on fish, several workers
revealed that LCs( values of pesticides varied widely from fishes to fishes
due to their differential rate in absorption, accumulation, metabo-
lization, and excretion [55]. Further, the LCso value of OPPs also de-
pends on the rate of hydrolysis, which is a function of water’s
physicochemical properties [2]. In our experiment, the pH of the water
range between 7—7.4. According to USEPA [2], the malathion hydro-
lyzes rapidly (half-lives of 6 days and 17 h) in neutral or alkaline water
into several byproducts: malaoxon, a-malathion, diethyl thiomalate and
0, O-dimethylphosphorodithioic acid that might exert higher toxicities
to fish, leading to increase in LCsq values [93,125]. Further, El-Nahhal
[39] explained that malathion might undergo metabolic biodegrada-
tion in fish tissues, resulting in smaller toxic fragments that might in-
crease the LCsg values. Thus, the previous findings support our result
showing a higher value of 96-h LCs for malathion exposed C. punctatus
fish.

3.2. Environmental relevance of the experimental dose of malathion used

The previous studies showed that the 96-h LCsq value of malathion
varies with fish species differences and water physicochemical proper-
ties. Therefore, to prescribe the safe levels of malathion for fishes,
malathion should be diluted in lower fractions. Mount and Stephen [94]
have suggested that the safe levels of malathion for fishes lie somewhere
between 1/15 and 1/45 of the 96-h LCso concentration. Further, Singh
et al. [90] recommended 0.070 to 0.117 mg/L range of malathion
concentration to be safe for fish based on their estimated LCsq value.
Paradoxically, few authors proposed that even the low concentrations of
malathion may influence the fish’s growth, metabolism, and survival on
its long-term exposure [63,95]. Because pesticides containing agricul-
tural runoff or floods ultimately reached into the water regime; there-
fore, it again becomes necessary to examine the detrimental effects of
diluted concentration of malathion on fish. This study will help au-
thorities regulate the amount of malathion that could be safely
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discharged into the neighbouring wetlands. A few authors have tried to
investigate the impact of the low amount of malathion on some of the
fish’s biological parameters. Inbaraj and Haider [32] found significant
(p < 0.05) dose-dependent inhibition in the activity of the brain AchE
(acetylcholine esterase) and ovarian steroidogenesis after 120 days of
exposure to low concentrations of 1/8, 1/16, and 1/24 of the 96-h LCsq
of malathion (4.48 mg/L 96-h LCso) in C. punctatus fish. Further, Kumar
et al. [92] revealed genotoxic effects of sub-lethal concentration (1/4,
1/8, and 1/10 of 5.93 mg/L of 96-h LCsp) of malathion on the gills,
kidneys, and blood profiles (lymphocytes) of fish C. punctatus at different
periods (0, 1, 3, 7, 15, 22, and 29 days) using micronucleus test and
comet assay. Their results demonstrated a concentration-dependent in-
crease in DNA damage up to day 3, followed by a nonlinear decrease
with increased exposure duration. However, to date, the biochemical,
physiological, and histopathological effects of low concentration of
malathion on the hepatorenal tissues of fish are scanty. Hence, the
present study was undertaken to analyse the impact of a single dose of
1/20th of 96-h LCsq value of malathion (i.e., 0.4 mg/L) on fish’s vital
tissues.

a

Condition Factor HSI

Control (Unexposed C. punctatus) fish
4 days malathion exposed fish
8 days malathion exposed fish

BUnexposed O4d Mal Exp Fish ®8d Mal Exp Fish ®12d Mal Exp Fish
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3.3. Bioassays

3.3.1. Biometric assay and organosomatic indices

In general, the K and organosomatic indices (HSI and KSI) are
applied to assess pollutants’ deleterious effects on an individual’s
overall health and fitness [96-98]. Therefore, to determine the mala-
thion effects on the general health status of C. punctatus fish, biometric
indices were evaluated at different exposure intervals. The values ob-
tained for the K, HSI, and KSI of both controls and 0.4 mg/L of malathion
exposed fish were represented in Fig. 1. The mean value of K estimated
for the untreated fish was 1.36 + 0.056 while it was 1.17 + 0.018, 1.15
=+ 0.022, and 1.06 + 0.03 for 0.4 mg/L malathion exposed fish after 4, 8,
and 12 days respectively (Fig. 1). Though compared to the controls, a
progressive decrease in the K values were noticed with an increase in the
exposure periods up to 12 days, none of the alterations were significant
(p < 0.05, DMRT) as evident by the insignificant changes in the body
length (Fig. 1a and b). The HSI and KSI of control groups of fishes were
found to be 0.877 + 0.017 and 0.618 + 0.024, respectively. Following 4
and 8 days of 0.4 mg/L of malathion exposure, the HSI of C. punctatus
fish declined significantly (p < 0.05, DMRT) by 35.57 % and 46.97 % in
comparison to their controls, respectively (Fig. 1). Similarly, compared
to the untreated fish, the KSI values also significantly (p < 0.05, DMRT)

Fig. 1. (a) Changes in the Condition Factor (-K), hepatosomatic
index (HSI) and kidney somatic index of C. punctatus fish
exposed to 0.4 mg/L of malathion after 4, 8, and 12 days of
exposure.

Values were represented as Mean + SEM.

Significant differences between mean values at different stages
of exposure were analysed by One-way analysis of variance
followed by Duncan’s multiple range test (DMRT) at the level
of p < 0.05.

Significant data is shown by small progressive alphabetic let-
ters (a—d); similar consequent alphabetic letters present no
significant changes between the two means.

(b) The images of control (unexposed) and malathion exposed
C. punctatus fish at different durations.

KSI

12 days malathion exposed fish
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deflate by 62.38 and 56.98 % after 4 and 8 days in 0.4 mg/L of mala-
thion exposed fish, respectively (Fig. 1). Following 12 days of the mal-
athion exposure, HSI and KSI of fish reduced by 63.13 % and 48.28 %,
respectively, concerning controls (Fig. 1). Correspondingly, the weight
of liver and renal tissues of 0.4 mg/L of malathion exposed C. punctatus
fish were also found to be decreased by 62.43 % and 54.33 % after 12
days (Table 1). Agbohessi et al. [18] noticed a reduction in the K and HSI
in the Guinean tilapia and African catfish inhabiting in cotton basin
heavily impacted by pesticides in West Africa. Similarly, Gandar et al.
[99], while evaluating the combined effects of seven pesticides with
temperature on the behaviour and metabolism of Carassius auratus, also
found insignificant differences between the K values of control and
experimental groups of fish but noticed a significant decline in the HSI
values of the fish exposed to 8.4 pg/L of pesticides mixture (S-metola-
chlor, isoproturon, linuron, atrazine-desethyl, aclonifen, pendimethalin
and tebuconazole) at 22 °C with respect to controls. Further, Bacchetta
et al. [98] also noticed insignificant changes in the K and HSI values of
Piaractus mesopotamicus fish exposed individually to low concentrations
of endosulfan (ED) and lambda-cyhalothrin (LC) and in contrast, a sig-
nificant decline in the HSI values of fish exposed to their combined
mixture compared to the controls. Velisek et al. [100] also revealed
insignificant alterations in the biometric indices (K ad HSI) of common
carp fish exposed to 0.06 pg/L simazine pesticide. Their study strikes out
that the changes in the K and HSI values of fish depend on the pesticides’
concentration, quantities, and water regime temperature. Thus, our re-
sults corroborate with the previous findings of Velisek et al. [100],
Bacchetta et al. [98], Agbohessi et al. [18], and Gandar et al. [99]. Ac-
cording to them, the HSI values of fish facing pesticide stress decreased
probably due to mobilization of its stored energy reserves biomolecules
towards maintaining the homeostasis instead of utilizing them for their
somatic growth. Thus, the evident decrease in hepatorenal indices of 0.4
mg/L of malathion exposed C. punctatus fish in the present study in-
dicates that even a low amount of malathion could decline the weight of
vital tissue in fish and might hamper their overall fitness and growth.

3.3.2. Analysis of serum biochemical parameters

The biochemical profile of blood helps forecast the physiological
disturbances that might occur in organisms either due to pathological or
chemical stress [101,59,97,102]. Therefore, the toxic manifestation of a
low dose of malathion was evaluated in terms of variation in the fish
serum biochemical parameters such as total concentrations of glucose
(mg/dL), protein (g/dL), and cholesterol (mg/dL), urea (mg/dL),
creatinine (mg/dL), bilirubin (mg/dL), and activities of biomarker en-
zymes (ALT, AST, and ALP) in the serum of unexposed (controls) and 0.4
mg/L of malathion exposed C. punctatus fish after 4, 8, and 12 days of the
experiment. Following the malathion exposure, fish serum total glucose
level decreased while the total protein concentration enhanced with
increased exposure periods (Fig. 2). The glucose levels in C. punctatus
serum decreased (p < 0.05, DMRT) by 44.45 %, 75 %, and 72.23 % after
4, 8, and 12 days of 0.4 mg/L of malathion exposure respectively relative
to their controls whereas the total protein levels in fish serum remains
significantly higher than those of untreated control (Fig. 2). However,

Table 1
Variations in the weight (g) of liver and kidneys tissues of C. punctatus fish
exposed to 0.4 mg/L of malathion after 4, 8, and 12 days.

Fish sample Liver Kidneys

0.681 + 0.001%
0.263 + 0.003"
0.257 + 0.002°
0.311 + 0.001¢

0.9644 + 0.0108°
0.527 + 0.014°
0.431 + 0.003°
0.362 + 0.001¢

Control

4 days exposed fish
8 days exposed fish
12 days exposed fish

Values were represented as mean + SEM.

Superscript of different small alphabets (a—d) symbols on values represent the
statistical difference between the different exposure periods at the level of p <
0.05 by ANOVA followed by DMRT.
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[ Unexposed
C— 4d Mal Exp fish
mmmm 8d Mal Exp fish a

afFa 2
mmmm 12d Mal Exp fish
a
100 -
b
C C

a N
8 8

(4]
o
L

[=]
I
o
o
0
0

Variations in serum parameters of 0.4 mg/L Mal exposed
C. punctatus fish at different days (d) of intervals

Fig. 2. Changes in the serum biomolecules concentrations of C. punctatus fish
exposed to 0.4 mg/L of malathion after 4, 8, and 12 days of exposure.

Values were represented as Mean + SEM.

Significant differences between mean values at different stages of exposure
were analysed by One-way analysis of variance followed by Duncan’s multiple
range test (DMRT) at the level of p < 0.05.

Significant data is shown by small progressive alphabetic letters (a—d); similar
consequent alphabetic letters present no significant changes between the
two means.

the serum protein amounts maximum enhanced by 54.84 % in 4 days of
0.4 mg/L malathion exposed fish compared to controls (Fig. 2). Also, the
changes in the fish serum cholesterol levels were insignificant (p < 0.05)
at all the periods of the experiment in comparison to controls (Fig. 2). It
is well established that glucose monitoring in blood indicates an or-
ganisms’ physiological health, therefore widely applied in ecotoxico-
logical studies [97]. Since cholesterol and proteins are essential
components of cell membranes, enzymes, and several stress marker
hormones, determination of alteration in their concentrations in the fish
blood could also provide critical information about liver and kidney
tissue dysfunctions, impairment in metabolic pathways, and immune
disorders. Besides, they may also substitute for the supplementary need
of energy to accomplish the detoxification processes and maintain the
organism’s homeostasis when the supply of glucose gets exhausted in
extreme stress conditions [101,97]. Venkataraman and Rani [103]
revealed hypoglycemic conditions in the serum of Clarias batrachus fish
exposed to 0.05 mg/L of malathion for 72 and 96 h. It was stated that
hypoglycemic conditions in fish could arise due to the impairment in
carbohydrate metabolism or increased conversion rate of glucose into
lactate under anaerobiosis to meet the organism’s energy demand under
toxicants’ stress. Similarly, Agrahari et al. [104] observed an 11 % and
50 % decrease in the serum glucose level of fish after 15 and 60 days of
exposure to 1.86 mg/L monocrotophos, respectively. However, they
noticed that a lower dose (0.96 mg/L) of the same pesticide did not
cause any noteworthy changes in the fish serum glucose levels after the
same exposure periods. Further, Sharma [105] also noted that 15 days of
exposure to 4 mg/L of carbaryl caused a significant reduction of 24 % in
the blood glucose levels in Clarias batrachus. The author suggests that
since malathion toxicity is executed via cholinergic inhibitions in or-
ganisms, a drop in the blood glucose levels might reflect their utilization
to cope with the general aftereffects of OPPs toxicity, such as hyperex-
citability, tremors, and convulsions. Hence, serum hypoglycemic con-
ditions of C. punctatus exposed to 0.4 mg/L of malathion could be due to
the pesticide’s toxic nature on its long-term exposure. Our results are in
agreement with the findings of Sharma [105], Agrahari et al. [104], and
Venkataraman and Rani [103], whom all suggested that hypoglycemic
conditions in fish serum inhabiting in pesticide-contaminated water
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might occur to aid energy for performing normal physiological activ-
ities. Furthermore, the increased blood protein level in fish might be due
to the synthesis of essential enzymes to detoxify the pesticides under
stress. According to Sharma [105] and Saravanan et al. [106], the in-
crease in protein synthesis is a general adaptation syndrome under
toxicant stress. Similar results of disruptions in the biochemical com-
positions of blood were also observed in a few fish species due to mal-
athion poisoning [92,101,39,107].

3.3.3. Liver function test- (LFT)

The transaminases (AST and ALT) and ALP regulate physiological
processes, catalyzing trans-amination reactions to facilitate xenobiotics
and other macromolecules’ metabolism. Therefore, alterations in their
activities allow direct identification of damages in liver and kidney
functions and act as the markers to illustrate these tissues’ integrity in
the organisms [108,101,97]. Thus, in the present study, we also exam-
ined the enzyme activities (IU/L) of ALT, AST, and ALP in malathion
exposed C. punctatus fish serum samples collected after 4, 8, and 12 days.
It was noticed that the transaminases and ALP enzymes’ activities in
malathion exposed fish serum decreased in time dependent manner
(Fig. 3). Further, compared to the controls, the enzyme activities in the
malathion exposed fish serum reduced significantly (p < 0.05, DMRT) in
order of AST > ALP > ALT (Fig. 3). The AST activities in malathion
exposed fish serum declined by 45.02 %, 79.38 %, and 87.52 % after 4,
8, and 12 days respectively, relative to their controls (Fig. 3). Similarly,
ALP and ALT’s activity levels in fish serum also fall by 38.8 %, 71.57 %
and 82.57 %, and 26.61 %, 67.89 %, and 77.98 %, respectively, after 4,
8, and 12 days of exposure to malathion compared to the unexposed
(controls) fish (Fig. 3). Luskova et al. [109] and Bacchetta et al. [110]
also recorded reductions in the activities of AST and ALT in fish serum
following exposure to endosulfan and diazinon (OPPs) insecticides,
respectively. Their study suggests that the pesticides’ effects on fishes
varied with the variation in the fish species and concentrations, dura-
tions, and types of insecticides applied for toxicity testing. Contrary to
our findings, Sharma [105], Agrahari et al. [104], Velisek et al. [100],
Banaee et al. [124], and Karmakar et al. [71] noticed increased activities
of AST, ALT and ALP in the blood and liver tissues of fish exposed
respectively to various concentrations of carbaryl, monocrotophos,
deltamethrin, diazinon, - and malathion for different time intervals.
They revealed that ALT and AST activities might increase in the blood of

_ 1000 5
2 [ Unexposed
g 800 - [ 4d Mal Exp fish
g: I 8d Mal Exp fish
5 600 + b a I 12d Mal Exp fish
- =
gé 400 -
%2 200 -
4
3§
3
<5
o
5§
2%
i
s
2
2
c
F)
2
-
0 -

448

Toxicology Reports 8 (2021) 443-455

fish exposed to pesticides due to induction of metabolic shifts in protein
catabolism or lysis of hepatic cell membrane and leakage of these en-
zymes into the bloodstream of fish. Thus, it is suggested that further
examination of the effects of low concentration of pesticides on various
fish species will help to describe the kinds of metabolic disorders
develop to conquer the insecticides toxic stress. Moreover, Toledo-Ibarra
etal. [111] and Stoyanova et al. [112] explained that the decline in ALP
activities of fish tissues depends on the dose and time of insecticide
exposure. Thus, in the present study, the apparent reason for the
declined ALP activity levels in C. punctatus fish serum might be due to
the low dose of malathion applied for examining their effects on fish
metabolism. In addition, a biphasic mode of alteration was observed in
the concentration (mg/dL) of total bilirubin, bilirubin (direct), and
bilirubin (indirect) in fish serum following malathion exposure to
different exposure periods. However, at the end of 12 days of 0.4 mg/L
of malathion exposure, the fish serum total bilirubin levels decreased
significantly by 60 % concerning to their controls (Fig. 3). Contrary to
our findings, Jyothi and Narayan [113] found hyperbilirubinemia con-
ditions in the blood of Clarias batrachus (Linn.) following exposure to
carbaryl and phorate (OPPs). The probable reason stated by the author
for hyperbilirubinemia was obstruction of the bile ducts in the pesticide
exposed fish.

3.3.4. Kidney function test- (KFT)

The renal function test- was determined in the blood samples of
C. punctatus fish after 4, 8, and 12 days of 0.4 mg/L of malathion
exposure to determine the physiological damages caused to kidneys
(Fig. 4). Following 4 days of 0.4 mg/L of malathion exposure, the
reduction in urea (mg/dL), urea nitrogen (mg/dL) and creatinine (mg/
dL) were 52 %, 52 %, and 14 % respectively. On subsequent exposure to
8 days, there were significant (p < 0.05, DMRT) elevation of 144 %, 144
%, and 71.428 % in the urea, urea nitrogen (BUN), and creatinine
quantities, respectively compared to the controls (Fig. 4). However, after
12 days of 0.4 mg/L of malathion exposure, their levels remained
elevated by 68.00 %, 103.14 %, and 42.85 %, respectively, compared to
controls (Fig. 4). Further, following 0.4 mg/L of malathion exposure, the
calcium (Ca2+) level in blood samples of fish remained to be increased
significantly by 150 % (p < 0.05, DMRT) each after 4, 8, and 12 days
respectively relative to untreated fish (Fig. 4). Whereas, no significant
alterations were observed in the levels of albumin (g/dL) and

Fig. 3. Changes in the liver function test in blood tissue of
C. punctatus fish exposed to 0.4 mg/L of malathion after 4, 8,
and 12 days of exposure.

Values were represented as Mean + SEM.

Significant differences between mean values at different stages
of exposure were analysed by One-way analysis of variance
followed by Duncan’s multiple range test (DMRT) at the level
of p < 0.05.

Significant data is shown by small progressive alphabetic let-
ters (a—d); similar consequent alphabetic letters present no
significant changes between the two means.



S. Bharti and F. Rasool

Toxicology Reports 8 (2021) 443-455

Fig. 4. Changes in the kidney function test in blood tissue of
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phosphorous (mg/dL) in fish serum following exposure to 0.4 mg/L of
malathion compared to controls (Fig. 4). According to El-Nahhal [39],
pesticide induces an energy crisis and altered protein metabolism.
Alteration in deamination and transamination of amino acid are asso-
ciated with nitrogen metabolism changes, which can be detected in
terms of plasma nitrogenous metabolite levels. Extensive exposure to
pesticides induces toxic changes in biochemical parameters in the liver
and kidneys. Creatinine is a metabolic waste excreted with urine, and its
proportion increases in blood with kidney malfunctions. Amin and
Hashem [114] reported abnormally elevated levels of blood urea ni-
trogen and creatinine in deltamethrin exposed Clarias gariepinus. They
explained that the increased concentrations of urea, BUN, and creatinine
could result from glomerular dysfunction or increased renal tissue
breakdown, or decreased urinary clearance by the kidney. Hence, in our
study also, the significantly elevated concentrations of urea, BUN, and
creatinine in the 12 days of 0.4 mg/L of malathion exposed fish serum
corroborates the findings of the renal histomorphological deformities
observed on continuous exposure to malathion that might hamper renal
glomerular filtration. Further, the role of electrolytes in the organisms
are well known for carrying out essential metabolic activities, neuro-
muscular irritability, intra and extracellular acidobasic equilibrium, and
maintaining the osmolarity of body fluids [109]. While we observed
significantly (p < 0.05, DMRT) increased concentration of Ca®" ions in
the malathion exposed fish serum, Luskova et al. [109] found significant
reduction (p < 0.05) in the blood Ca®* and phosphorous ions concen-
trations in the fish Cyprinus carpio following 4 days of exposure to 600
g/L of diazinon (OPPs). However, in the present study, the increased
Ca2" levels in the blood of malathion exposed fish might be explained on
the basis of their participation in hyper nerve excitability and muscle
convulsions induced by malathion toxicity. Furthermore, our study also
confirms that the blood metabolites could be used as an effective bio-
indicator to assess pesticide toxicity in fish.

3.3.5. Effect of malathion on antioxidative enzymes (SOD, CAT, and LPO)
in C. punctatus fish

OPPs such as malathion can induce oxidative damage in cells and
tissues of organisms via generating a huge amount of reactive oxygen
species (ROS), such as superoxide anion, peroxyl radicals, hydroperoxyl
radical, hydrogen peroxide [64]. Fishes exhibit a strong antioxidative
defense system to control ROS’s abnormal levels raised due to oxidative
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stress [64,98,110]. The organs prominently involved in antioxidative
responses are the liver and kidneys in fish. They are considered the
potential target for xenobiotic induced toxicity because the liver is the
principal metabolizing site for the biotransformation of OPPs and Kid-
neys’ for its primary role in excretion. Further, both are metabolically
highly active and can concentrate toxicants in higher magnitude than
the rest of the body organs [108,22,114]. Ecotoxicological consequences
of malathion, particularly its effects on antioxidative enzymes (SOD and
CAT) and LPO in the liver and kidneys of fish, are not well understood,
and only a few authors have demonstrated low concentrated malathion
effects on the antioxidant system of fish [71,72,107]. Therefore, to
evaluate the malathion toxicity, the variations in the activities of anti-
oxidative marker enzymes such as SOD (IU/mg of protein), CAT (n mole
of HyOy decomposed/min/mg of tissue wt), and LPO (n mole of MDA
formed/100 mg tissue wt) were measured in the hepatorenal tissues of
C. punctatus fish following exposure to 0.4 mg/L of malathion for 4, 8
and 12 days (Fig. 5a and b). The fish liver and kidney tissues displayed a
biphasic pattern of increments in the SOD activities following malathion
exposure to 4, 8, and 12 days (Fig. 5a and b). Significantly (p < 0.05)
enhanced values of 254 % and 167.69 % were found in the liver and
kidneys’ SOD activities of fish, respectively following 12 days of mala-
thion exposure compared to the controls (Fig. 5a and b). However,
almost linear increments were observed in the CAT activities of liver and
kidney of malathion exposed fish concerning increased exposure dura-
tions (Fig. 5a and b). Compared to control, liver and kidneys’ CAT ac-
tivities reached 248.09 % and 212.39 %, respectively subsequent 12
days of malathion exposure (Fig. 5a and b). On the other hand, the LPO
activities in the liver and kidneys tissues of malathion exposed fish
showed a varied response at different time intervals of the experiment
(Fig. 5a and b). In comparison to untreated fish, liver LPO activity in-
clined initially to 277.27 % following 8 days of malathion exposure,
which after 12 days remained high with 150 %, while in the renal tis-
sues, the activities of LPO increased (p < 0.05, DMRT) in a steady range
of 162-205 respectively after 4, 8, and 12 days of the experiment
(Fig. 5a and b). Thus, the activities of antioxidative enzymes in the liver
of malathion exposed fish followed an order of SOD > CAT > LPO while
the pattern of response observed in kidney was CAT > SOD > LPO
(Fig. 5a and b). Since SOD and CAT antioxidant enzymes provide the
first line of defense of organisms against ROS, therefore, the increased
activities of liver and kidneys’ antioxidant (SOD and CAT) enzymes were
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Fig. 5. (a) Changes in the antioxidative enzymes activities in liver tissue of
C. punctatus fish exposed to 0.4 mg/L of malathion after 4, 8, and 12 days of
exposure.

Values were represented as Mean + SEM.

Significant differences between mean values at different stages of exposure
were analysed by One-way analysis of variance followed by Duncan’s multiple
range test (DMRT) at the level of p < 0.05.

Significant data is shown by small progressive alphabetic letters (a—d); similar
consequent alphabetic letters present no significant changes between the two
means.

(b) Changes in the antioxidative enzymes activities in kidneys tissue of
C. punctatus fish exposed to 0.4 mg/L of malathion after 4, 8, and 12 days of
exposure.

Values were represented as Mean + SEM.

Significant differences between mean values at different stages of exposure
were analysed by One-way analysis of variance followed by Duncan’s multiple
range test (DMRT) at the level of p < 0.05.

Significant data is shown by small progressive alphabetic letters (a—d); similar
consequent alphabetic letters present no significant changes between the
two means.

likely to be a species response to combat against the increased ROS
levels generated by malathion toxicity [98]. Further, comparatively less
elevated activities of LPO in the hepatorenal tissues in caparison to their
SOD and CAT activities of C. punctatus fish following malathion treat-
ment might be due to compensative role of SOD and CAT in effective
cellular regeneration [108,71]. The elevated levels of LPO in the tissue
also represent toxicant-induced oxidative stress in organisms [21].
Generally, the LPO mediates toxicity via generation of covalent adducts
{thiobarbituric acid reactive substances (TBARS) and MDA} formed by
the reaction between the protein (especially at their lysine residues) and
carbonyl groups of the malondialdehyde (MDA) that eventually interact
with the lipid bilayers of cells, causing severe cellular dysfunction or
tissue damage [115,116]. Hence, in the present study, the elevated
levels of MDA formed due to lipid peroxidation in hepatorenal tissues of
malathion exposed C. punctatus fish clearly demonstrate that deformities
in these tissues of fish are certainly due to poisonous nature of mala-
thion. Thenmozhi et al. [117] found increased activity of CAT in the
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liver of Labeo rohita exposed to 5 mg/L of malathion for 15 days. Further,
Yonar et al. [107], while analysing the effects of malathion on the ac-
tivities SOD and CAT in gills and liver tissues of Cyprinus carpio fish,
pointed out that increased activity of antioxidants in fish indicates an
adaptive strategy to defend against the deleterious effects of ROS
generated during insecticide metabolism. Similarly, Souza et al. [72]
also noticed an increase of 1.1 and 1.75 folds in the hepatic SOD and
CAT activities of Colossoma macropomum fish respectively, in compari-
son to their controls following 96 h of 7.30 mg/L of malathion exposure
(one half of 96 h LCsq value 15.77 + 3.30 mg/L). However, this author
found insignificant alterations in the fish liver LPO activity following
exposure to malathion relative to their controls. Furthermore,
Toledo-Ibarra et al. [111] also did not find noteworthy enhancement in
LPO activities of liver and gills of fish Nile tilapia on exposure to
different concentrations (0.97, 1.95, 3.95 ppm) of diazinon (OPPs) for
12 or 24 h durations suggesting that probably longer exposure time is
needed to oxidize lipids in the presence of diazinon. Thus, in the present
study, comparatively reduced elevation in LPO activity of the hep-
atorenal tissues of fish might be apparently resulted from the compen-
satory response of the antioxidant defense systems (SOD and CAT)
following low dose of malathion exposure [72]. On the contrary, some of
the authors such as Huculeci et al. [108], Dinu et al. [64] and Karmakar
etal. [71] noticed a prominent increase in the LPO activities in liver and
kidneys tissues of fish exposed to OPPs in comparison to untreated fish.
Huculeci et al. [108] demonstrated that liver LPO activities significantly
increased while SOD and CAT activities were transitorily inhibited post
three days of exposure to 0.05 mg/L of malathion in Carassius auratus
gibelio fish. They pointed out that, in the kidney also CAT specific ac-
tivity decreased in a time-dependent manner. Similarly, Dinu et al. [64]
demonstrated decreased SOD and CAT activities and increased LPO
activities in the liver of Carassius auratus gibelio exposed to 2 pg/L of
deltamethrin. Karmakar et al. [71] also found a
concentration-dependent increase in the levels of LPO activities in the
liver, kidney, and gills tissues of fingerling of fish Labeo rohita with
malathion exposure. According to the author, low doses of malathion
failed to induce mortality in fishes but are sufficient to cause significant
tissue damage via ROS generation, as manifested by the elevated levels
of LPO activity in the kidney of malathion exposed Labeo rohita.

3.3.6. Histopathological effect of a low dose of malathion on liver and
kidneys tissues

Following exposure to 0.4 mg/L of malathion for 4, 8, and 12 days,
extensive damages in the hepatic and renal tissues of C. punctatus fish
were noticed, whereas in the control groups, liver and kidney tissues
exhibited typical histological structure (Figs. 6a-d and 7 a-d). Further, it
was found that the tissue deterioration in fish increased progressively
with an increase in the malathion exposure periods (Figs. 6b-d and 7 b-
d). Moreover, no alterations were observed in the structure of these
tissues of fish after 24 h of 0.4 mg/L of malathion exposure than con-
trols, therefore, were not further discussed.

3.3.6.1. Liver. The control (unexposed) group of C. punctatus fish
showed a normal structure of hepatocytes with clear hepatic cord
(Fig. 6a) On subsequent exposure to 0.4 mg/L of malathion for 4 days,
considerable anatomical changes in the liver tissue of experimental
groups of C. punctatus fish such as dilation of sinusoids, hypertrophied
hepatocytes, and congestion of erythrocytes along the central vein were
noticed compared to the controls (Fig. 6a-b). In addition to that,
vacuolization in cytoplasmic content of hepatocytes, pyknotic nuclei,
rupturing of the hepatocyte’s cell membrane and efflux of their cyto-
plasmic content was also observed in experimental groups of
C. punctatus concerning unexposed controls (Fig. 6a-b). Deka and
Mahanta [29] found swelling of hepatocytes with pyknotic nuclei in
malathion exposed catfish Heteropneustes fossilis. According to Pugazh-
vendan et al. [66], Fahmy [21], and Mostakim et al. [59], damages in
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Fig. 6. Histopathological alterations in the liver tissue of 0.4 mg/L of malathion exposed Channa punctatus at different days of intervals compared to control

(unexposed) at 400 x .

(Fig. 6a) Liver (Control): H: Hepatocytes (polygonal in shape with a prominent nucleus), S: Sinusoids (fenestrated), HPV: Hepatic Portal Vein, RBCs: (Red Blood cells).
(Fig. 6b) Liver (4 days): HV: Vacuolization in hepatocytes, DH: Disintegration of hepatocytes cell membrane and oozing of cytoplasmic content, P: Pyknotic nuclei, C

RBCs: Congestion of RBCs in HPV of hepatocyte.

(Fig. 6¢) Liver (8 days): HV: Vacuolization in hepatocytes, DH: Disintegration of hepatocytes cell membrane, oozing of cytoplasmic content with lateral nuclei, P:

Pyknotic nuclei, HF: Hepatocytes fusion; CS: Congested Sinusoids

(Fig. 6d) Liver (12 days): HV: Vacuolization in hepatocytes, DH: Disintegration of hepatocytes cell membrane and oozing of cytoplasmic content, P: Pyknotic nuclei, C
RBCs: Congestion of RBCs in HPV of hepatocyte, HH: Hypertrophied Hepatocytes, HF: Hepatocytes fusion, M: melanomacrophages center, CS: Congested Sinusoids

the liver tissue of fish occurred relatively higher than any other tissue
probably because it is the metabolic centre for detoxification of toxicants
and has a greater capacity of absorbing OPPs residues. After prolonged 8
and 12 days of 0.4 mg/L of malathion exposure, necrosis of liver cells,
congestion of red blood cells (RBCs) into the hepatic portal vein and
fibrosis of sinusoids were evident in experimental groups of fish in
comparison to their controls (Fig. 6¢-d). Similar results such as vacuo-
lization in cytoplasmic content, degeneration, and infiltration of lym-
phocytes in hepatic tissue were also noted by Ibrahim [118] in fish
Oreochromis niloticus on individual exposure to both 0.1 mg/L and 0.3
mg/L doses of malathion. Magar and Shaikh [119] also noticed degen-
eration, vacuolization of the cytoplasm of hepatocytes, and atrophy of
liver cells in C. punctatus on subsequent exposure of 4 days to 0.8 mg/L
of malathion. They suggested that hepatocytes’ vacuolization might
indicate an imbalance between the rate of synthesis and the rate of
release of a substance in hepatocytes. Moreover, according to the Moore
et al. [120] and Tchounwou et al. [102], pesticides, like other toxicants,
induce the generation of free radicals that destruct the vital macro-
molecules constituents of the cells and therefore, the alterations in he-
patocytes of organisms are the only reflections of the toxic effect of
contaminants. Furthermore, El-Nahhal [39] revealed higher toxicity of
malathion to liver tissue of Tilapia nilotica compared to the brain due to
relatively more significant malathion deposition in hepatic tissue than
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brain where the blood-brain barrier prohibits malathion entry into it.
They further explained that liver is more sensitive to malathion toxicity
than brain because it might first lead to inhibition of carboxylesterase
(CE) in the liver and later causes inhibition of AchE enzyme. Therefore,
histopathological alterations in the liver could be used as the early sig-
nals for determining malathion toxicity in fishes [39]. The levels of in-
juries in tissues of malathion exposed fishes could differ from fish to fish
because physiological activities of each fish species are different from
others, and therefore pesticide toxicity varies from moderately toxic to
some species of fish to highly toxic to other species [59,39]. Thus, our
observation of damages in liver tissue of C. punctatus fish following
exposure to 0.4 mg/L of malathion might be due to excessive malathion
and its biotransformed metabolites accumulation in hepatocytes and
greater inhibition of liver enzymes activities compared to other affected
tissues. Furthermore, significant alterations in the vital bio-
macromolecules compositions and enzymatic activities (esterases) of
liver and kidneys tissues of Tilapia nilotica and Oreochromis mossambicus
fishes following exposure to varying concentration of malathion,
respectively were also previously reported by Zhang et al. [42] and
El-Nahhal [39]. Current investigations showed that even though a low
dose of 0.4 mg/L of malathion (1/20th of 96-h LCs¢ value) would not
cause the immediate mass death of C. punctatus fish, it could extensively
deteriorate hepatocyte configuration of fish on its continuous prolonged
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Fig. 7. Histopathological alterations in the kidney tissue of 0.4 mg/L of malathion exposed Channa punctatus at different days of intervals compared to control
(unexposed) at 400 x .

(Fig. 7a) Kidney (Control): Typical structure of renal tubules with glomerulus and well-defined Bowman'’s space (B) (inter-space between two layers), P: Parietal
layer, Ep: Inner layer made up of epithelial cells, Mi: Microvilli protruding the lumen, TPCT: Transverse section of proximal convoluted tubule, LPCT: Longitudinal
section of proximal convoluted tubule.

(Fig. 7b) Kidney (4 days): B: Decreased inter-space in Bowman’s capsule, P: Necrosis of parietal layer, Ep: Necrosis of epithelial cells of glomerular structure, GD:
Glomerular destruction, LPCT and TPCT: Hypertrophied cells of tubules and occlusion of tubular lumen, vacuolization of inner epithelial cell and detached
epithelium layer of the renal tubule

(Fig. 7¢) Kidney (8 days): B: Increased Bowman’s space, GD: Glomerular destruction, LPCT: Necrosis of parietal layer of PCT, Ep: Hypertrophied and vacuolized
epithelial cell of PCT, TPCT: Deformed renal tubules, shrinkage of glomeruli with narrow lumen of PCT.

(Fig. 7d) Kidney (12 days): LPCT: Extensive destruction of renal tubule with complete degeneration of the glomerular structure, hypertrophied and vacuolized
epithelial cell of PCT, TPCT: Deformed renal tubules, shrinkage of glomeruli with narrow lumen of PCT and infiltration of RBCs in their interstitial fluid.

exposure. exposure to 0.4 mg/L of malathion, the epithelial lining of renal tubules

deteriorates extensively, the lumen of renal tubules narrows down and
3.3.6.2. Kidneys. Histopathological examination of the kidneys tissue spaces in Bowman’s capsule increased. In addition to that, excessive
of the control group of fish showed a regular structure of tubules, degeneration of renal tubules was found in the 12 days malathion
glomerulus, and Bowman’s capsule (Fig. 7a). Following 4 days of exposed fish compared to 8 days (Fig. 7c-d). Such extensive damages in
exposure to 0.4 mg/L of malathion, kidneys tissues of experimental kidneys tissues of C. punctatus fish illustrates the toxic nature of the low
groups of C. punctatus showed shrinkage of glomeruli and renal tubules =~ amount of malathion. Uikey [121] also found marked degenerative
while no abnormalities were observed in the control fish (Fig. 7a-b). changes in renal tubules such as necrosis and increased spaces in Bow-
After 8 days of 0.4 mg/L of malathion exposure, the epithelium layer of man’s capsule of fish Labeo rohita following exposure to sublethal con-
the renal tubule detached from the basement membrane (Fig. 7¢). In centration of 0.8 mg/L of malathion. Similarly, histopathological lesions
addition to that, extensive vacuolization in the cytoplasm of renal cells, in kidneys tissue were also noticed in common carp following 14
hypertrophy, and renal tubules’ degeneration were also noticed (Fig. 7b- continuous days of exposure to 100 pg/L of chlorpyrifos pesticide [58].
d). Cristina et al. [122] reported cytoplasm vacuolization in renal cells, Their observations were cellular and nuclear hypertrophy, narrowing of
changes in cell and nuclear volumes, renal tubules necrosis, nuclear the tubular lumen, cytoplasmic vacuolation, nuclear degeneration, oc-
malformations of epithelial cells, anisogamy, nuclei pycnosis, and nuclei clusion of tubular lumen, dilation of glomerular capillaries, degenera-
hypertrophy following 72 h of 0.05 mg/L of malathion exposure in tion of glomerulus, and haemorrhage in Bowman’s space of renal tissue.

Carassius carassius fish. Further, in the present study, after 12 days of According to Prashanth [57], cypermethrin induced severe
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histopathological changes in the kidney of Cirrhinus mrigala. Some of the
alterations noted by them were necrosis of tubular cells and pyknosis of
nuclei followed by aggregations of more and more leucocytes and
macrophages around the tubules. According to Prashanth [57], Deka
and Mahanta [29], and Sharma and Sharma [60] the differential
sensitivity of animals to malathion toxicity is attributed to variations in
the activity of competing for hepatic and renal activities and detoxifying
enzymes. Thus, our findings of histological damages in the kidneys tis-
sue of malathion exposed C. punctatus fish corroborates with the results
of Cristina et al. [122], Uikey [121], and Pal et al. [58]. Further, the
histomorphological alteration in the renal tissues of malathion exposed
C. punctatus might be attributed to the elevated levels of antioxidative
enzyme activities and comparatively greater retention of pesticide than
the rest of the body organs till it gets eliminated out from the body [29,
54,57,60].

4. Conclusion

The toxic manifestation of the low dose of 0.4 mg/L (1/20 of 8.0 mg/
L of 96-h LC50 value) of malathion on C. punctatus fish was assessed
using the specific morphometric, serum, and hepatorenal tissues func-
tionality biomarkers on subsequent exposure to 4, 8, and 12 days. It was
clear from the findings that this malathion dose was low to cause any
significant alterations in the body form (insignificant changes in the
body weight, length, K after 12 days of exposure). However, continuous
exposure to the same dose of malathion, indeed induced distress
symptoms in the fish. Following 4 and 8 days of malathion exposure, the
HSI, KSI, hepatorenal tissue weight and glucose, bilirubin (total and
direct), activities of AST, ALT, and ALP levels in the fish serum decreased
significantly. In contrast, the serum concentration of total protein, urea,
urea nitrogen (BUN), creatinine and Ca’" elevated significantly
compared to values of control. The levels of antioxidative enzyme ac-
tivities (SOD, CAT, and LPO) and histological deformities enhanced
significantly in the hepatorenal tissues of 4 and 8 days of malathion
exposed fish concerning their controls. However, the percentage inhi-
bition of transaminases (AST and ALT) and ALP activities in serum and
elevations of antioxidative marker enzymes (SOD, CAT, and LPO) in
hepatorenal tissues were more pronounced in 12 days malathion
exposed fish than in 4 or 8 days. Further, the deterioration noticed in the
serum biochemical and tissues’ histopathological parameters was time
and tissue-dependent. Besides, the concentrations of total cholesterol,
albumin, and phosphorous in the serum of malathion exposed fish
remained comparable to controls’ values. Thus, our finding indicates
that even a low dose of malathion might induce physiological abnor-
malities in the fish at its constant persistence. Therefore, seepage of even
low amounts of malathion into nearby wetlands should be prohibited.
Moreover, the consequences of lower concentrations of malathion on
various fish species’ biology need to be investigated further to determine
their safe levels for the aquatic ecosystem.
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