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The present study was assessed to determine the acute toxicity and the changes in oxidative stress enzymes and some other biochemical
parameters at the sublethal level of a thiocarbamate pesticide cartap hydrochloride on freshwater fish Oreochromis mossambicus.
The study reveals that the 96h median lethal concentration (LC, ) value of cartap hydrochloride is 20.7 pg/l. Besides, the exposed
fish also exhibited erratic behavioral responses at the acute level. The effects of cartap hydrochloride at the sublethal concentration
(30% of 96h LC, value) after 15d and 30d exposure induces alterations in biochemical parameters of freshwater fish Oreochromis
mossambicus. Moreover, the modulatory effects of Ocimum sanctum powder (20 gm/kg feed) on the toxicity of cartap hydrochloride
were investigated. The investigation demonstrated that sublethal concentrations of cartap hydrochloride increased the levels of liver
catalase (CAT), superoxide dismutase (SOD), glutathione S-transferase (GST), malondialdehyde (MDA), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT). Additionally, the exposed fish treated with dietary Ocimum sanctum abridged the toxic
effects of the pesticide. Moreover by using integrated biomarker response (IBR) and biomarker response index (BRI) the change in the
health status of pesticide exposed fish upon addition of Ocimum sanctum supplemented diet over control diet was determined. These
results indicate that cartap hydrochloride alters the survivability and behavioral responses of Oreochromis mossambicus at the acute
level and changes the biochemical parameters at the sublethal level which was modulated by the additament of Ocimum sanctum.

CARTAPHYDROCHLORIDE, OREOCHROMIS MOSSAMBICUS, BIOMARKER RESPONSE INDEX,
OCIMUM SANCTUM, OXIDATIVE STRESS ENZYMES, BIOCHEMICAL PARAMETERS.

The increasing density of the human population over the
past few decenniums, rapid urbanization and industrial
development lead to pollution in the freshwater ecosystem.
Every year 80 percent of residential wastewater and
commercial wastewater are dumped in natural water
bodies worldwide which disrupt the aquatic ecosystems
(Carazo-Rojas et al., 2018). It is reported that agrochemicals
were estimated at around US$7.55 billion in 2017 and are
anticipated to hit US$ 9.8 billion by 2050 (Nishimoto 2019).
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This indicates that pesticide utilization has been gradually
increasing (Maurya et al., 2019). Extensive utilization of
pesticides lingers in the soil and finally enters the aquatic
ecosystem by agricultural runoff thereby inducing water
pollution and adversely affecting several non-target aquatic
organisms like fish (Ozkara et al., 2016). The pesticides alter
endocrine processes and cause developmental anomalies
with subsequent death of organisms (Maurya 2019 and
Zhang 2017, Ogunnupebi et al., 2020).

Amongst the pesticides, carbamates are water-soluble
and actively utilized for both residential and agricultural
applications (Tsagkaris et al., 2020). Cartap hydrochloride
is a thiocarbamate pesticide and is widely utilized in
agriculture in India (Costa 2015 & Gilden 2016). It has been



routinely used against pests of rice, sugarcane, fruit trees,
vegetable crops, tea plantations, rice-fish farms and tea
farms (Boorugu & Chrispal 2012). The WHO relegates it
as a moderately hazardous (Class 1) technical grade active
pesticide. The maximal acceptable daily intake (ADI) level
is 0.05 mg/kg but in severe poisoning, death can occur
(Kalyaniwala 2016 & Vivek 2016).

Fish are considered as bioindicators for aquatic contamination
and serve as a potential model for environmental monitoring
as they accumulate contaminants water (Ali et al.,
2020). Recent studies denoted that fish are consequential
sources of proteins and lipids (Balami et al., 2020). In our
investigation, Oreochromis mossambicus is selected as a
model fish species due to its high growth rate, prosperous
adaptation to different diets, susceptibility to diseases,
and effective tolerance to a wide range of environmental
conditions (Ghane et al., 2020). Several experiments
have been carried out in apes, rabbits, plants, and humans
regarding the adverse effects of cartap hydrochloride (Gupta
etal., 2015). However, research regarding the toxic effects
of cartap hydrochloride on aquatic organisms especially fish
Oreochromis mossambicus is scarce.

Pesticide contaminants are toxic to non-target species in
the aquatic ecosystem (Dar et al., 2015). Their propensity
for the formation of free radicals and reactive oxygen
species (ROS) is potent to cause oxidative stress in aquatic
organisms, leading to a disruption of ROS and antioxidant
defense, and therefore can contribute to organism stress
(Bhattacharya et al., 2021; Chatterjee et al., 2021). In
addition, ROS affects most bio-molecules, including DNA,
proteins, and lipids (Bhattacharya et al., 2021). Thus the
evaluation of alterations in biochemical enzyme activity is
a paramount approach for the evaluation of stress and may,
consequently, serve as a possible implementation for aquatic
toxicology (Tan et al., 2018). Several studies have been
carried out on alterations of stress enzymes in fish exposed
to pesticides (Bhattacharjee 2020 & Yang 2020). However,
evidence regarding the toxic effect of this pesticide on
alterations of biochemical stress enzymes in Oreochromis
mossambicus is limited.

Medicinal plant science has been gaining great interest
globally in recent years. Tulsi (Ocimum sanctum) is a
shrub of the Lamiaceae family that has been established
in northern Central India and is now native to the Eastern
tropics. In a variety of research trials, tulsi has been
recorded to possess immunomodulatory and antioxidant
properties and are significantly effective towards several
diseases (Smita 2018 & Sethi 2004). Integrated biomarker
response (IBR) provides a methodology that combines all
the biomarker responses and plays a vital role in determining
the toxicity of contaminants (Beliaeff and Burgeot, 2002;
Serafim et al., 2012). Moreover, Biomarker Response Index
(BRI) has been widely utilized in recent years to integrate
multiple biomarker responses (Hagger et al., 2008). It
is rudimentarily focussed on the alteration level (AL) of
biomarker responses in contamination treatments relative to
those in the control. The AL of each biomarker is graded into
four stages. The score of each biomarker is subsequently
multiplied by the corresponding weighting to compose an

integrated index for evaluating the general impact and health
status of the organism (Hagger et al., 2008).

The objective of the present study is to evaluate the acute
toxicity and alterations in oxidative stress enzymes and
some other biochemical parameters in Tilapia (Oreochromis
mossambicus) exposed to cartap hydrochloride and the
modulatory effects of Ocimum sanctum supplementation
to treated fish. The entire biomarker dataset was evaluated
using integrated biomarker response (IBR) and biomarker
response index (BRI) to assess and compare the health status
of exposed fish fed with control diet and Ocimum sanctum
supplemented diet.

Ethical Approval: The experimental bioassay was
conducted as per the guidelines approved by Institutional
Animal Ethics Committee.

Test chemical: The test chemical cartap hydrochloride, used
in the study was collected from the local market. Its stock
solutions (1% w/v) and subsequent dilutions were made
following a standard protocol (APHA. (2005).

Test organism: Adult Oreochromis mossambicus (Class:
Actinopterygii, Family: Cichlidae) of mean length
7.240.49 cm and mean weight 17.4+0.68 g was used for
acute and sublethal bioassay. The specimens were given
prophylactic treatment by bathing them in 0.05% potassium
permanganate (KMnO,) solution for 2 min to prevent any
dermal infections.

Maintenance condition: Fish of different sizes were
placed in outdoor cement vats for acclimatization for 7
days and were provided with commercial feed. During this
acclimation period, continuous aeration and daily water
exchange were conducted for all the tanks. The values of
the different physicochemical parameters of water used in
the study were as follows: temperature 29.5 + 0.5°C, pH
7.1 £0.5, free CO2 18.3 + 2.0 mg/l, dissolved oxygen 6.2
+ 1.5 mg/l, total alkalinity 164 + 7.6 mg/l, and hardness
120 £ 4.5 mg/1 as CaCO,.

Acute toxicity bioassay: The static replacement bioassays
were conducted in 151 glass aquaria with 101 of non-
chlorinated tap water each containing 10 fish. The values of
the physicochemical parameters of water used in the study
were as follows: temperature 29.7 +0.8°C, pH 7.2 £0.3,
free CO2 26.7 £2.4 mg/1, dissolved oxygen 5.3 + 0.5 mg/I,
total alkalinity 174 + 13.9 mg/l as CaCO,, hardness 125 +
3.8 mg/l as CaCO,. Each test was accompanied by three
replicates with a control consisting of tap water without
any toxicant.

The fish were not fed for 24h before the commencement
of the test. Initial range-finding tests were conducted to
estimate the spectrum of concentrations of the test chemical.
Then the selected concentrations of cartap hydrochloride
(00, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 ng/l) were
used to estimate the 24, 48,72, and 96 LC, to Oreochromis
mossambicus. The number of dead organisms was counted
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at every 24h of exposure during the experiment and was
removed immediately to avoid any organic decomposition.
From each aquarium, 10% of water was removed every
24h and replaced with the desired quantity of cartap
hydrochloride to assure a fixed concentration of the toxicant
in the solution.

The safe level of cartap hydrochloride was calculated based
on application factors (AF) using standard protocols (Burdick
1967 & Edwards et al., 1967). The ratio of the maximum
harmless concentration of a toxicant to the concentration
that is lethal, after a given exposure period, to 50 percent
of test animals (median lethal concentration, LC, ) has
been termed the "application factor. Application factors are
used to establish acceptable toxicant concentration ranges
depending on water, quality, species under study and life
stage (Edwards & Brown, 1967).

Collection of plant material and preparation of
experimental diet.: Fresh leaves of Ocimum sanctum were
collected from the campus of The University of Burdwan,
Golapbag, West Bengal. They were washed thoroughly in
running tap water and subsequently dried for 10 days. After
10 days of sun drying, the leaves were crushed and ground
using a mixture grinder. The powdered form of Ocimum
sanctum was then added to the control diet (containing
fish meal, wheat flour, wheat bran, fish oil, sunflower oil,
vitamins, and minerals) at an amount of 20 g/kg of fish feed.
The amount of 20 g of Ocimum sanctum powder/kg feed
was selected in our investigation as this particular amount of
Ocimum sanctum powder/kg feed was reported to stimulate
growth rates in fish (Sikotariya & Yusufzai, 2019).

Experiments on biochemical parameters during the
sublethal bioassay: Bioassays on biochemical parameters
were also conducted in 201 glass aquaria, each containing
10 1 of water and five fish. 6 ug/l (30% of' 96 h LC, value)]
was employed for the experiment along with a control. The
design of the bioassay is depicted in Table 1.

Table 1. Experimental design

Group Treatment
I Control without any
contaminant + control diet
II Cartap hydrochloride (6pg/1)
+ control diet
I Cartap hydrochloride (6pg/1)
+ 20 gm of Ocimum sanctum powder/ kg diet
v Control without any contaminant

+ 20 gm of Ocimum sanctum powder/ kg diet

Fish was fed at 10% of the bodyweight daily. Amid the
experiment, 20% of the test medium was renewed and
replaced with the required amount of pesticide. After
15 and 30 days respectively, fish was anesthetized by
immersing them in 0.1% 2-phenoxyethanol. Then the fish
were decapitated, and the liver was immediately collected
for biochemical examination.

Tissue Homogenization and centrifugation: The liver
tissue was homogenized in 2ml of phosphate buffer saline
(PBS). The homogenized tissues were spun in a refrigerated
centrifuge (REMI C Model, India) at 5000rpm for 15
minutes at 4°C. After centrifugation the supernatants were
used directly as aliquots and were stored at -20° C for
enzymatic analysis.

Table 2. Lethal concentration values and 95%
confidence limits of cartap hydrochloride to Oreochromis
mossambicus

Point Exposure concentration (ng/l)
24h 48h 72h 96h
LC 38.6 33.4 26.8 20.7

50

(34.1-43.7) |(28.7-38.8) | (22.1-32.4) (16.0-26.9)

Table 3. Safe concentrations of cartap hydrochloride to
Oreochromis mossambicus at 96h exposure period

Pesticide 96h Method | Application | Safe
LC,, Factor Level
(ng/D (AF) (ng/D
Cartap
hydrochloride | 20.7 Edwards 0.4 8.3
& Brown,
1967
Burdick, 0.1 2.0
1967

Protein estimation: The protein content in liver tissue
was measured by using the method of Lowry et al. (1951).
Bovine serum albumin (BSA, Sigma) was used as a
standard.

Oxidative stress enzymes analysis: Catalase (CAT) activity
was measured following the reduction of hydrogen peroxide
to water and molecular oxygen using a standard protocol
(Aebi 1984). The estimation of the superoxide dismutase
enzyme (SOD) was carried out by the protocol of Kakkar
et al. (1984). Glutathione S-transferase (GST) activity was
measured through the conjugation of GSH with 1- chloro-
2,4-dinitrobenzene (Habig et al., 1974). Standard protocol
was employed for the analysis of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) (Bergmeyer,
1965) was followed with some minor modifications.
The colorimetric assay of lipid peroxidation (LPO) was
performed following the standard protocol (Buege & Aust
1978). The units of CAT, SOD, GST AST, and ALT were
expressed as units of activity per milligram of protein (U/
mg protein). MDA level was expressed as nmol TBARS
per min per milligram of protein (nmol TBARS/min/mg
protein). All the parameters were measured using a UV-
Vis spectrophotometer (Cecil Aquarius CE 7400) at room
temperature (28 °C). All assays were run in triplicate.
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Determination of IBR and BRI: IBR was determined
by utilizing standard protocol with minor modifications
(Beliaeff & Burgeot 2002). The IBR analysis for each
biomarker was performed as follows:

1. Estimation of the mean and standard deviation for
each treatment

2. Standardization of the results for each treatment as Fi’
= (Fi - mean F)/S, where Fi’ is the standardized value
of the biomarker, Fi is the mean value of a biomarker,
F is the mean of the biomarker and S is the standard
deviation (SD) calculated for the treatment-specific
values of each biomarker

3. Using the standardized data, X was calculated as +
Fi’" in the case of activation and —Fi’ in the case of
suppression and the minimum value for each biomarker
for all treatments was obtained and then added to X.

4. Eventually, the score S was measured as B = |min Fi'| +
Z, where B is the actual value of the minimum Fi’ and
|min Fi'| is the actual value of the minimum Fi'.

5. Finally, IBR was determined by multiplying the
obtained value of each biomarker (Bi) by the value of
the next biomarker and dividing each measurement by
2, and thereafter summing all the values.

Moreover, the biomarker response index (BRI) for
determining the health status of the organism was performed
using a standard protocol (APHA. 2005).

Statistical methods: Finney’s probit analysis method was
employed for estimating LC,  values. The Shapiro-Wilk test
was used to assess normal distributions and Levene's test
was employed to evaluate homogeneity. All data obtained
from our study fulfilled the parametric criteria and were
analyzed using One-way ANOVA followed by Tukey
multiple comparisons test to compare the means among
the different treatment groups within each exposure period.
The correlation matrix and principal component analysis
were performed using software Graphpad prism 9 and JMP
Pro 14. p< 0.05, p < 0.01 and p < 0.001 and p<0.0001
were accepted as levels of statistical significance. Data are
presented as mean = SEM.

RESULTS AND DISCUSSION

Acute toxicity and Behavioural Responses: The 24,
48, 72, and 96 h LC50 values of cartap hydrochloride to
Oreochromis mossambicus with 95% confidence limits are
depicted in Table 1. Based on the 96h LC,; value, the safe
permissible limit of cartap hydrochloride was determined
which is depicted in Table 2 and is reported to be within
the range of 2.0 — 8.3 pg/l.

Oxidative stress and biochemical parameters: The
effects of cartap hydrochloride on oxidative stress and
biochemical parameters as well as their modulation by
using Ocimum sanctum supplemented diet are depicted in
Fig.1 respectively.

CAT activity: In 15d and 30d exposure period, catalase
activity increased significantly (p< 0.05) in pesticide
exposed fish supplemented with a control diet with respect

to control. But the activity was reduced significantly
(p<0.05) upon addition of Ocimum sanctum supplemented
diet to the fish exposed to 6 pg/l of pesticide on 15 and 30d
exposure period.

SOD activity: SOD activity significantly increased
(p< 0.05) in fish exposed to 6 pg/l of pesticide and
provided with control diet after 15d and 30d with respect
to control. However, the activity was significantly reduced
(p< 0.05) when the Ocimum sanctum supplemented diet
was incorporated to pesticide fish exposed on both 15d and
30d exposure periods.

Figure 1: Effects of cartap hydrochloride on A) CAT,
B) SOD, C) GST, D) MDA, E) AST and F) ALT levels in
Oreochromis mossambicus at different exposure periods.
CH indicates cartap hydrochloride and OS indicates
Ocimum sanctum. The values are represented as mean
+SEM, ns indicates non-significant and * indicates level of
significance (* = p<0.05, ** = p<0.01, *** = p<0.001 and
wkk% = p<0.0001).
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GST activity: In 15d and 30d exposure period, the activity
of GST increased significantly (p<0.05) in fish exposed
to 6 pg/l of cartap hydrochloride provided with a control
diet with respect to the control. However, the activity was
reduced significantly (p< 0.05) upon addition of Ocimum
sanctum supplemented diet to the fish exposed to 6 pg/l of
pesticide on both 15d and 30d exposure periods.

MDA activity: MDA activity increased significantly
(p<0.05) in fish exposed to 6 pg/l of pesticide provided
with a control diet in both 15d and 30d exposure periods
with respect to the control. However, a significant reduction
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in MDA activity was observed upon the addition of an
Ocimum sanctum supplemented diet to the exposed fish on
both exposure periods.

AST and ALT activity: ALT and AST activities in fish
exposed to 6 pg/l of pesticide combined with a control diet
increased significantly (p<0.05) in 15d and 30d exposure
periods compared to the control. However, adding an
Ocimum sanctum enriched diet to the fish exposed to 6 pg/l
of pesticide on both 15d and 30d treatment periods decreased
the ALT and AST activities significantly (p<0.05).

Chemometrics: The results of the correlation matrices
between the concentration of cartap hydrochloride and all
the tested parameters are depicted in Fig 2 a-b that was
quantified by principal component analysis (Fig. 2 c-d).
The statistical analysis demonstrated that CAT, SOD, MDA,
AST, and ALT are positively and significantly correlated
with cartap hydrochloride concentration (CH) (p <0.05).

Figure 2. Correlation matrix (a), pairwise comparison
(b) and ordination diagram of PCA (c-d) on biochemical
parameters of the liver in Oreochromis mossambicus. after
exposure to cartap hydrochloride (CH)
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IBR and BRI: IBR was utilized to determine the overall
stress of the exposed fish Oreochromis mossambicus upon
addition of a control diet vs supplemented diet. Higher
IBR values indicate high stressful conditions while lower
IBR values indicate the low stressful condition to the
organism. In our investigation, the IBR value of pesticide-
exposed Oreochromis mossambicus provided with a control
diet is greater than the IBR value of pesticide-exposed
Oreochromis mossambicus provided with Ocimum sanctum
supplemented diet (Fig. 3). BRI designated the health status
of pesticide exposed fish upon addition of control diet vs
Ocimum sanctum supplemented diet. According to BRI,
there are four classifications: no or slight effect (BRI>3),
moderate effect (BRI between 2.75 and 3.0), major effect
(BRI between 2.5 and 2.75), and severe effect (BRI <2.5).
Our results indicated that based on BRI values severe

adverse effect was observed in Oreochromis mossambicus
exposed to cartap hydrochloride and supplemented with
a control diet while the severity of the adverse effect was
reduced in Oreochromis mossambicus exposed to cartap
hydrochloride when provided with Ocimum sanctum
supplemented diet (Fig. 4).

Figure 3: IBR values of cartap hydrochloride (CH) fish
Oreochromis mossambicus upon addition of control diet vs
Ocimum sanctum supplemented diet
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Figure 4: BRI values of cartap hydrochloride (CH) exposed
Oreochromis mossambicus provided with a control diet vs
Ocimum sanctum (OS) supplemented diet.
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In the present analysis, the 96h LC,  value of cartap
hydrochloride to Oreochromis mossambicus is 20.7ug/l,
suggesting that it is extremely toxic and is lower than
the LC,, value of other fish species such as 0.376 mg/l in
Cirrhinus mrigala and 0.3551 mg/l in Labeo rohita (Ali
2020 & Vani 2020). These variations between different fish
species in the LC, value of cartap hydrochloride depend on
species, age, bodyweight water physiochemical parameters
and duration of exposure (Saravanan et al., 2011). The result
of the present study showed that the difference in species,
water physiochemical parameters and duration of exposure
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is responsible for variations in LC,; value reported in our
study from the study of previous researchers.

Biochemical stress indices are considered as potential
biomarkers and are utilized as diagnostic tools to quantify
the effects of environmental stress (Faheem 2019 &
Theanacho 2020). Superoxide dismutases (SOD) are a
group of metalloenzymes that initially protects the cell
against injury mediated by reactive oxygen species (ROS)
(Bhattacharya et al., 2021; Chatterjee et al., 2021). These
enzymes catalyze the dismutation of superoxide anion free
radical (O%) into molecular oxygen and hydrogen peroxide
(H,0,) thereby damaging the cells (Bafana et al., 2011).

In the present study, SOD activity in the liver of exposed
fish increased significantly which is due to the induction
of superoxide ion that prevents the cell against oxidative
stress (Zhang et al., 2013). A similar increase in SOD
activity was reported in Pseudetroplus maculatus, Cyprinus
carpio, and Ctenopharyngodon idellus, upon addition to
Chlorpyrifos (Raibeemol, Chitra 2018 & Kaur 2017). CAT
is an significant enzyme in the antioxidant system that is
primarily involved in ROS detoxification and degradation
of H,O, into molecular oxygen and water. In the current
study, the increase in catalase activity in pesticide exposed
fish is likely due to the neutralization of the inimical effect
of the toxicant-induced increased ROS generation.

Moreover, the greater increase in CAT activity revealed
its efficient scavenging capabilities in eliminating H,O,
caused by pesticide-induced oxidative damage. An increase
in CAT activity has also been observed in the studies
with C. carpio after quinalphos exposure (Hemalatha
et al., 2016). This upregulation of enzyme production
might be a defense mechanism, providing the first line
of defense against pesticide toxicity. To make xenobiotic
chemicals more hydrophilic for excretion, GST promotes
the conjugation of electrophilic substances or groups into
tripeptide glutathione (Pontes et al., 2016). In the present
analysis increased GST level in the liver of exposed fish
is possibly due to the high rate of formation of glutathione
disulfide (Li et al., 2010). Native gel electrophoresis study
revealed that a significant increase in GST activity occurred
in Mugil cephalus and Chanos chanos upon the addition of
chlorpyriphos (Marigoudar et al., 2018).

One of the principal processes caused by oxidative stress
is lipid peroxidation. Lipid peroxides are produced from
the oxidative degradation of polyunsaturated lipids in the
membranes of cells and organelles (Grotto et al., 2009).
Bi-products of lipid peroxidation, such as malondialdehyde
(MDA), are utilized as markers of incremented cellular
reactive oxygen species concentration and symptoms of
cellular injury (Grotto 2009 & Ayala 2014). Increased
MDA in pesticide-exposed fish in the present study was
likely due to induced oxidative cell injury and increased
ROS generation (Faheem et al., 2019). In integration to
chlorpyrifos and dichlorvos, similar induction of the MDA
level has additionally been reported in Ctenopharyngodon
idellus and juvenile Clarias gariepinus (Kaur 2017 & ON
2018).

Increased hepatic aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) activity as examined in the
current study is indicative of active amino acid catabolism
to slake immediate energy demand under toxicant stress
Hence, cellular damage caused by the toxicant was
accompanied by increasing cell membrane permeability and
enzyme leakage (Majumder & Kaviraj 2017). A high level
of MDA coupled with the increase in the activities of hepatic
enzymes in the liver was observed in our investigation. This
positive correlation between MDA concentration as well as
ALT and AST activities, suggests that the enhanced lipid
peroxidation may be linked to hepatic damage caused by
cartap hydrochloride. A similar induction in hepatic AST
and ALT was reported when Oreochromis niloticus and
Cyprinus carpio was exposed to chlorpyrifos (Stoyanova
2020 & Majumder 2017).

One of the oldest aromatic herbs, the leaves of tulsi
(Ocimum sanctum) have great medicinal value, which
keeps our body safe and averts the toxic effects of different
environmental and chemical-induced injuries and damage
by modulating the levels of anti-oxidant bio-molecules in
the body (Sah et al., 2018). The leaf of tulsi, contains many
bioactive compounds, including eugenol, ursolic acid,
B-caryophyllene, linalool, and 1,8-cineole that might act as
a potential immunostimulant. (Yang et al., 2020).

Several scientific studies reported that tulsi is a paramount
remedy for chronic lifestyle-cognate diseases such as
diabetes, metabolic syndrome, and psychological stress
(Jamshidi & Cohen 2017). In our research, the Ocimum
sanctum supplemented diet (20 g/kg diet) provided to
cartap hydrochloride exposed Oreochromis mossambicus
resulted in the substantial restoration of biochemical stress
biomarkers by minimizing stress and thereby improving
the health status of the fish as revealed from our IBR and
BRI values. This shows that Ocimum sanctum possesses
intrinsic antioxidant activity that resulted in the suppression
of pesticide-induced oxidative stress.

Administration of Ocimum sanctum supplemented diet (20
g/kg diet) in the pesticide-exposed group not only restored
oxidative stress biomarkers but also hepatic enzymes. The
increased activity of ALT and AST was ameliorated in
the group that received Ocimum sanctum supplemented
diet (20 g/kg diet), suggesting that Ocimum sanctum can
reduce hepatic enzyme activities after exposure to cartap
hydrochloride. It seems that the enhanced antioxidant
defense mechanism and diminished lipid peroxidation,
resulting from Ocimum sanctum treatment, was able
to protect the liver from oxidative damage caused by
cartap hydrochloride, as evidenced by decreased hepatic
enzyme activities. This may be attributed to the presence
of linolenic acid in the Ocimum sanctum, which can
suppress the cycloxygenase and lipoxygenase pathways of
arachidonic acid synthesis, resulting in anti-inflammatory
action (Upadhyay 2017). Furthermore, the presence of beta
carotene in the Ocimum sanctum aids in the prevention
of cellular damage. (Upadhyay 2017). A similar type
modulatory property of tulsi was found against arsenic
toxicity in fish (Bhattacharya, 2017).
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CONCLUSION

The present investigation revealed that Oreochromis
mossambicus exhibited alterations in survivability and
behavioral responses at the acute level as biochemical stress
responses at sublethal level upon addition of pesticide.
Thus, it is exposed from the work that cartap hydrochloride
is prodigiously toxic to aquatic organisms. Therefore, the
present findings on the toxicity of cartap hydrochloride
to Oreochromis mossambicus may be used as a potential
tool for creating awareness among people regarding the
excessive use of agrochemicals. Furthermore, our studies
also demonstrated that the addition of tulsi to the diet
potentially abridged the toxic responses in fish induced
by the addition of pesticide. Therefore, special attention
should also be given to manufacturing the feed of the
fish by including medicinal plant extracts in the feed to
reduce the stress responses in fish induced by exposure to
several contaminants in water. Further studies are required
to elucidate the toxic effect of cartap hydrochloride on
Oreochromis mossambicus and its modulation using
Ocimum sanctum supplemented diet at the molecular and
ultrastructural level.
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