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Abstract

Widespread use of fipronil threatens non-target aquatic species while sustainable aquaculture is a significant
solution for global food security. The present research investigated the protective effects of carotenoids on fish
Cirrhinus mrigala, and Catla catla, during 1/3" LCso of fipronil exposure. A three-month experiment was
conducted with five dietary carotenoid treatment (Lycopene and Astaxanthin) i.e. (T, 100 mg/kg LYC), (T2, 200
mg/kg LYC), (T3, 100 mg/kg ASX), (T4, 200 mg/kg ASX), (Ts 100 mg/kg LYC + 100 mg/kg ASX) and (T,
fipronil without carotenoids). All these six groups were exposed to 1/3 LCs of fipronil insecticide with LC50
values ranging from 5-8ugL! for experimental fish species. Results revealed that the higher LYC (T,) and ASX
(T4) doses improved growth and reduce FCR in both species). The combination of both carotenoids (LYC100
mg\kg + ASX100 mg\kg) in Ts showed the highest weight gain, (138.4+ 0.976) and (122.76+1.183) for Mori and
Thaila respectively. The Lysozyme, IgM and WBCs were significantly increased (P<0.05) with LYC and ASX
supplementation as compared to fipronil exposed group. Antioxidant enzyme activities (CAT, SOD, and POD)
were highest in liver of both fish species among all other organs. Enzymes level were significantly reduced
(P<0.05) in Ty due to fipronil toxicity while carotenoid based diet showed improved antioxidant profile with
highest (P<0.05) values in Ts fed with combination of carotenoids. Therefore, these findings suggest that LYC
and ASX supplementation particularly their combined use, alleviated fipronil toxicity in fish.
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Introduction

Aquaculture is involved in the financial industry,
primarily in nations with low income (Dayani et al.,
2024). Aquaculture provides almost 50% of the
world’s sea food and fish and is expected to provide
60% of food for Human consumption by 2030 (FAO,
2018). The gap between supply and need of sea food
can be bridged by the efficient production of
aquaculture. To increase the production of aquaculture
environmentally sustainable food ingredients has
become the focus of commercial applications and
research (Dunham, 2011).

Pesticides and insecticide derivatives discarded from
agriculture can contaminate drainage water used in
raising aquatic animals. Bio-magnification of residual
derivatives in the fish body usually has harmful effect
on growth and overall health (Gewaily et al., 2021).
Rearing water get these pollutants from drainage water
which excreted from Agriculture sector (Fiorino et al.,
2018; Stara et al., 2020). When these contaminated
organisms consumed by human beings for feeding
purposes can ultimately cause toxic effects and some
serious health hazard (Abdel-Latif et al., 2020). These
toxic substances which are accumulated in aquatic
organisms suppress their oxidative state and immune
system (Abdel-Tawwab et al., 2022).

Fipronil is an insecticide that is a member of the
phenylpyrazole chemical class. Because it is less toxic
than organochlorine and organophosphate, it is widely
used in veterinary medicine, agriculture and
residential and public hygiene to get rid of insects and
other pests (Caboni et al., 2003). When xenobiotics
like fipronil enter an aquatic environment, they change
biologically, chemically and physically produce a
variety of metabolites (Mamboungou et al., 2024). In
addition to blocking chloride channels (GABA-gated),
it disrupts the neural network and GluCl muscles of
insects. The enzymatic  antioxidant  system by
catalyzing the breakdown of reactive oxidative
molecules these enzymes play a crucial role in
protecting cells against oxidative damage caused by
external stressor. (Li et al., 2022). High
concentrations of these reactive oxygen species (ROS)
have the potential to severely destroy important
biomolecules and will negatively impact physiological
processes (Juan et al., 2021). Due to the phenomena of
bio-magnification these chemical pollutants have the
disastrous effects on living organisms.

A variety of useful feed additives are added to the aqua
feed to improve the feed conversion ratio, disease
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resistance, antioxidant enzyme activity and immune
response of aquatic animals (Abdel-Latif et al., 2020).
The eco-friendly substance with antimicrobial and
immunostimulant properties is progressively being
examined as alternatives in feed (Buck et al., 2017 and
Suphoronski et al., 2019).Innovations in the research
and application of natural antioxidants because of their
robust defense mechanisms that remove reactive
oxygen species, plants and their extracts are useful for
medical purposes and serve as potent antioxidants in
the diets of many organisms (Hasanuzzaman et al.,
2020).

In recent years, medicinal plants have been utilized for
the cure of vast variety of xenobiotic, pharmacological
and chemical toxicity (Ebrahimi et al., 2024). To
enhance the feed conversion ratio, disease resistance,
antioxidant enzyme activity and immunological
response of aquatic animals, a variety of functional
feed additives are added to the aqua feed (Dawood et
al., 2018). More research is being done on natural
substances with immunostimulant and antibacterial
qualities as feed substitutes (Wang et al., 2024).
Carotenoids have attained a lot of interest and have
shown financial advantages in the aquatic sector.
Carotenoids are particular pigments found in the
flowers, leaves and fruits of several plants (Caser et
al., 2018). Additionally, carotenoids have been shown
to enhance the physiological functions of organisms,
including lipid metabolism, immune system function
(Olatunde et al., 2020). Astaxanthin antioxidant
properties are very strong (Ambati et al., 2014). It has
been shown to have several significant processes,
including immunomodulatory, anti-inflammatory and
anti-cancer properties (Abd-El-Hack et al., 2019).
Astaxanthin protect the oxidative damage by
scavenging free radicals and extinguish single oxygen
to terminate the chain reaction. It has beneficial impact
on growth pigmentation and biochemical biomarkers.
(Micah et al., 2022). Supplements with Astaxanthin
may help to reduce the toxicity and also reduce the
mortality and deformity rates (Dong et al., 2021).
Lycopene (LYC) is another fat-soluble carotenoid
present in fruits, vegetables, tomato extracts and their
byproducts. Numerous research unequivocally
demonstrate their contribution to enhancing fish
development performance and antioxidant status
(Souza et al., 2020). It is a powerful antioxidant and is
47 times more powerful than vitamin E. It can
neutralize the single oxygen (O), oxidize unsaturated
fatty acid, amino acid, or nucleic acid. By scavenging
ROS, LYC included in diets helps humans, rodents



and fish avoid oxidative stress (Sharma and Goswami,
2011).

Fish in aquaculture experience stress and are exposed
to many toxicants. LYC lessen the antioxidant damage
that fish experience while exposed to dangerously high
endosulfan levels (Zeng et al., 2021). Natural

antioxidants are widely recognized for their
exceptional  antioxidative  and  antimicrobial
capabilities, offering significant benefits in

aquaculture and seafood preservation. Their inclusion
in animal feed helps prevent lipid and protein
oxidation as well as microbial spoilage, thereby
enhancing the quality, safety and shelf life of the feed.
These properties highlight the critical role of natural
antioxidants in supporting sustainable aquaculture by
improving both productivity and product quality
(Beltran and Esteban, 2022).

The overuse of chemicals in agriculture to increase
crop yields has put major carps in South-East Asian
nations, including Cirrhinus mrigala and Catla catla
in grave risk. Fipronil exposure was expected to
induce oxidative and physiological alterations in fish,
Therefore, this study aimed to evaluate the effects of
LYC and ASX supplementation individually and
combined on the growth, antioxidant enzyme activity
and immune response of fish exposed to fipronil.
These carotenoids in feed was expected to alleviate
these effects and improve antioxidant, growth and
immune responses.

Material and Methods

Experimental setup and fish
Healthy fingerlings of Cirrhinus mrigala (common
name, Mori) and Catla catla (common name, Thaila)

Asian Journal of Agriculture and Biology

were obtained from the Government Fish Seed
Hatchery Faisalabad, Pakistan and transported to the
Fish Toxicology Laboratory Fisheries Research
Farms, University of Agriculture Faisalabad. The
fishes with average body weight of 20.53+0.15g, were
acclimatized for one week prior to experimentation.
During the study, water quality parameters were
maintained between the ranges: pH (6.8 -7.4),
Temperature (30.1-30.8 °C), DO level (5.1-5.6 mg/L),
Hardness (165- 176 mg/L), Alkalinity (275- 286
mg/L) for both fishes. Both fish species were placed in
different aquaria with a water capacity of 100 liters.
Fresh solution of fipronil were added to the aquaria
and water was replaced every day to avoid
deterioration of organic matter, Oxygen level were
sustained using mechanical air pumps.

Determination of 96-hr LCso OF fipronil

The median lethal concentration (LCs¢) for Fipronil
over 96 hours was determined for Mori (Common
name of Cirrhinus mrigala) and for Thaila (Common
name of Catla Catla). Technichal grade fipronil
(97.2%) was used to prepare the stock-1 in analytical
grade methanol (95%) at a 1 g/100 ml. stock-2
(working) was prepared by further dilution of stock-1
with deionized water which is used to obtain the
required values. Fipronil concentration was started
from 0.0 with the increase of 0.1ugL!. Dead fish were
taken out of the aquarium every twelve hours, (12, 24,
36, 48....96) and the death rate was noted. Probit
analysis with a 95% confidence interval was used to
determine the 96-hour LC50 of fipronil and one third
of its sublethal concentration was selected for the
experiment (Table 1).

Table-1. Lethal concentrations and 96-hr LC50 for the fish exposed to Fipronil.

Fish species LCso C.I Lethal C.I 1/3" LCs
Pesticides (ugLh)  (95%)  conc. (95%)
(ngL™)
“ Cirrhinus mrigala 23.8866 21.6-25.9 36.5 33.4-41.5 7.9622
!
.E =-
E N’
=
=
Catla catla 15.5084 14.2-16.7 22.8 20.8-26.0 5.1694

Fipronil= FIP, C.1.= Confidence Interval (ugL"); Lethal Concentrations (ugL™').
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Experimental design

A 90 days’ experiment was conducted at intensive
culture system to check out the ameliorative effects of
lycopene and Astaxanthin carotenoids for fipronil
insecticides toxicity on C. mrigala and C. catla. This
research was conducted with fipronil exposed control
group Ty in which water was treated with Fipronil and
fish fed basal diet without carotenoids and five
experimental groups in which T, contain (100 mg/kg
LYC), T» (200 mg/kg LYC), T3 (100 mg/kg ASX), T4
(200 mg/kg ASX) Ts, (100 mg/kg LYC+100 mg/kg
ASX) were used. Diluted solution of fipronil at a
concentration of 1/3" LCsy of Fipronil (Determined
previously) were added in all the treatments groups.
The stocking density was 10 fish per aquarium with
three replicates (10x3=30 and 06 treatments, 30x6=
180 fish for Mori and 180 for Thaila, total number of
fishes were 360 in this experiment). Growth metrics
and Physiochemical parameters were observed on
weekly basis throughout the experiment. The
oxidative stress and immune response were measured
at the end of trial.
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Test chemical and feed ingredients

Fipronii MW 437.16; CAS 120068-37-3 is a
comparatively recent addition to the arsenal of
insecticides, classified as an N-phenylpyrazole.
Technical grade of fipronil was purchased from Peart
Agro chemicals Faisalabad Pakistan. Carotenoids
including Lycopene (empirical formula: CsHss) and
Astaxanthin (empirical formula: C4Hs,O4) were
bought from Sigma-Aldrich Nottingham, UK (NG9,
2JR). Different feed ingredients were purchased from
Faisalabad market and basal diet were prepared using
fishmeal, corn gluten, vitamins, mineral premix. All
the ingredients including carotenoids were weighed
and grounded and then mixed thoroughly to increase
the palatability. To improve the digestibility oil was
incorporated in the dried ingredients and mixed for 5-
7 minutes. Five different diets were prepared by using
different concentration of carotenoids T1-T5 and one
control TO (fipronil+feed without carotenoids).

The proximate composition and feed formulation are
given in Table 2.

Table-2. Feed formulation and proximate composition of feed.

Ingredients Ty T T, T; T, Ts
Fishmeal (g) 24 24 24 24 24 24
Soybean Meal (g) 24 24 24 24 24 24
Wheat Flour (g) 12 12 12 12 12 12
Wheat Bran (g) 18 18 18 18 18 18
Rice Bran (g) 15 15 15 15 15 15
Fish Qil (g) 4 4 4 4 4 4
Vit. + Min. 2 2 2 2 2 2
Methionine 1 1 1 1 1 1
Total 100 100 100 100 100 100
LYC mg/kg -- 100 200 - -- -
ASX mg/kg -- -- -- 100 200
LYC+ ASX mg/kg -- -- -- - - 100+100
Proximate composition (AOAC protocol)
Ingredients D.M. C.p E.E Ash C.F
Fishmeal 92.2 51.8 10.6 15.5 1.4
Soybean meal 91.8 43.7 4.5 6.8 6.5
Rice bran 92.3 11.6 8.6 17.8 13.6
Wheat flour 91.1 13.5 1.2 0.9 0.2

DM= Dry mass, C.P= Crude protein, C.F= Crude Fiber, E.E= Ether extract, AOAC= Association of Official Analytical

Chemists.
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Evaluation of growth performance

Growth parameters

Different growth parameters in terms of weight gain
(WQ), length gain (LG), feed conversion ratio (FCR)
and specific growth rate (SGR% day™') were measured
weekly. The given formulas were used to determine
these parameters.

Weight gain (WG g) = Final weight- Initial weight
Length gain (cm) = Final length — initial length

Feed Conversion Ratio:
Total feed consumed by the fish
FCR = Y

Final weight—Initial weight

Specific Growth Rate % day':
SGR = In (Final weight) — In (Initial weight) X100

Number of days

Immune response

Blood sampling

At the end of experimental duration 5 fish per
aquarium captured for blood sampling. Blood
sampling was done for the conduction of
hematological analysis. Blood was obtained from the
fish caudal vein by using a Sml plastic syringe. After
collecting the blood sample, it was centrifuged for 10
minutes at 4000rpm. During centrifugation, serum was
separated from blood to obtain the serum samples and
this sample was stored at -20 OC.

Total white blood cell count

To calculate the white blood cells, a Neubaur
hematocytometer was used. Turk’s solutions were
used to dilute the blood. Counting of WBCs was done
in hematocytometer under the light microscope and
was observed as 103 /microL. The following formula
was used to calculate the WBCs.

No of WBCs (103

No.of WBCsxdiluion counted
Area counted xXdepth of fluid

/microL) =

Immunoglobulins

A two-site sandwich ELISA to quantitate [gM in Fish
serum, plasma. A microplate had been pre-coated with
an IgM antibody. The wells were pipetted with
standards and samples, and any IgM present was
bound by the immobilized antibody. Following the
extraction of any unbound materials, the wells were
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supplemented with an I[gM-specific biotin-conjugated
antibody. Following washing, the wells were filled
with streptavidin-conjugated horseradish peroxidase
(HRP). Addition of a substrate solution to the wells,
after a wash to eliminate any unbound avidin-enzyme
reagent, results in the development of colour
according to the quantity of IgM bound in this initial
stage. The colour development was halted, and the
intensity of the colour was measured (Khandige et al.,
2022).

Lysozymal activity

Serum lysozyme activity of fish were examined by
turbidometric assays described by (Dawood et al.,
2024). The wells of microplate were filled with 10ul
of serum or mucus samples and then additional 190ul
of substrate (0.2 mg Micrococcus lysodeikticus,
lyophilized cell; Sigma-Aldrich) mL' PBS, pH 7.4
were added. After five minutes their absorbance was
measured and then incubated with gentle shaking at
constant room temperature, at 450 nm with
ImmunoMini NJ-2300 (Tokyo, Japan).

Antioxidant enzymes activity

To study antioxidant enzymes samples were obtained
at the end of trial. Different levels of enzymes viz.
SOD, CAT, and POD were measured from selected
organs of fish. Organs (kidney, liver and gills) were
removed from the sample and homogenized using a
blender. Each organ was then separately placed in cold
phosphate buffer (pH 6.5, 0.2 M) at a ratio of 1:4
(w/v). Following that, homogenates were centrifuged
for 15 minutes at 4°C and 10,000 rpm. After that, clear
supernatants were collected to measure the enzyme
assay. (Giannopolitis and Ries, 1977) approach was
used to measure the activity of SOD. The CAT enzyme
lower the H>O, concentration at 240 nm and were
measure by the method of (Chance and Mehaly, 1995).
The action of POD enzymes in different body organs
of fish were measured to determine its potential to
minimize the level of H,O at A470 nm by (Civello et
al., 1995).

Physico-chemical parameters

Water quality parameters were determined on a
regular basis to maintain the fish health. Dissolved
oxygen and temperature of water were recorded and
measured by electronic meter (HANNA HI-9146)
while pH was measured by a digital meter (HANNA
HI-98107).



Statistical analysis

The statistical model of this study was Complete
Randomized Design (CRD) and data was analyzed by
One-way ANOVA and Tukey's test was used to
compare the standard error means. Software statistics
8.1 and Origin lab used for statistical analysis. A
significant criterion of p< 0.05 was agreed upon.

Results

Growth performance of Cirrhinus mrigala and
Catla catla

A statistically significant difference in growth metrics
were observed between the fipronil exposed control
and experimental groups. Weekly assessment of
growth parameters throughout the trial showed
improved weight gain, increased specific growth rate
(SGR % day™), and reduced feed conversion ratio
(FCR) in the groups treated with carotenoid
supplemented for both fish species. In contrast,
exposure to fipronil and basal diet without carotenoid
supplements in the fipronil exposed control group (To)
exhibited growth suppression for both species,
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highlighting the detrimental alterations of fipronil
toxicity on growth performance.

The results demonstrated that the highest weight gain
(138.4+ 0.976) and (122.76+1.183) was measured in
T5 (100mg/kgLYC +100mg/kgASX) treatment for C.
mrigala and C. catla respectively as compared to
control (fipronil exposed) and other experimental
groups. The outcomes revealed that addition of
carotenoids improved the growth performance such as
weight gain, specific growth rate and decrease the feed
conversion ratio. The average weight gain for Mori
with 200 mg/kg carotenoids was 122.8+0.783 (T>)
with LYC and 118.86+0.952 (T4) with ASX and for
Thaila 117.2+0.871 (T2) with LYC and 112.26+1.386
(T4) with ASX. It was noted that the specific growth
rate was also highest in treatment Ts which was 2.5+
0.084 and 2.6+ 0.115 for C. mrigala and C. catla
respectively. The addition of LYC and ASX
significantly (p < 0.05) enhanced the feed utilization
and growth indices (Table 3). While the addition of
100 mg/kg of both carotenoids in fish diet also
improved the growth values of targeted fish species as
compared to control group which was treated only
with toxicant fipronil, and fed with basal diet with no
carotenoid.

Table-3. Growth performance (WG, LG, SGR% day!, FCR) of Fish Mori and Thaila after 3-months exposure of
induced Fipronil toxicity in control and treated groups with the supplementation of carotenoids.

variables TO0 T1 T2 T3 T4 T5 P
values
Mori
LW (g) 20.53+0.145a 20.5+ 0.088a 20.7£0.120a 20.6+0.185a 20.9+0.176a 20.7£0.066a 0.3525
F.W (g) 103.9£1.013e¢  124.7£0.976¢c  143.56+0.751b 118.5+£1.026d 139.8+0.814b  159.2+1.026a  0.0000
W.G(g) 82.5+£1.097e 104.2+1.058¢  122.8+0.783 b 97.86+1.189d 118.86+0.952b 138.4+0.976a  0.0000
LL (¢) 13.5+0.202a 13.8+0.145a 13.5+0.202a 13.6+0.173a  14.2+0.176a 13.6+0.120a 0.0916
F.L (¢) 21.8+0.317¢ 22.9+0.185abc  23.3+£0.264ab  22.2+0.491bc 23.5+0.233ab  23.9+0.202a 0.0032
L.G(¢) 8.3+£0.120 ¢ 9.1£0.264 abc  9.7+0.392 ab 8.6£0.333 bc  9.3+0.264 ab 10.2+0.296 a 0.0055
FCR 2.440.066 a 2.0+£0.088 b 1.4+0.057 ¢ 2.240.057ab  1.6+£0.057 ¢ 1.4+0.066 ¢ 0.0000
SGR % 1.6+£0.064 d 1.8+0.057 cd 2.2+0.088 ab 1.8+0.066 cd  2.1+0.057 be 2.5+0.084 a 0.0000
Thaila
LW (g) 20.53+0.145ab  20.63+£0.088ab 20.53+0.088ab  20.33+0.088b 21.06+0.202a  20.66+0.088ab 0.0261
F.W (g) 96.5+1.069d 118.43+1.098¢c 137.73+£0.895b 114.1+£1.249¢ 133.3£1.183b  143.43+1.270a 0.0000
W.G(g) 7596+1.166d 97.8+1.135¢ 117.2+0.871 b  93.76+1.160c 112.26+£1.386b 122.76+1.183a 0.0000
LL (¢) 12.44+0.176a 12.4+0.202a 12.5+£0.120a 12.9£0.218a  13.2+0.208a 12.6+0.202a 0.0793
F.L (¢) 20.1+0.290c¢ 20.7+£0.233bc  21.9+0.202ab  20.5£0.290 ¢  21.0+0.296abc 22.1+0.288 a 0.0013
L.G(¢) 7.7£0.2 ¢ 8.3+0.208 abc  9.4+0.251 ab 7.6+£0.493 ¢ 7.8+0.166 bc 9.4+0.491 a 0.0037
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FCR 2.6£0.033 a 2.2+£0.057 ¢ 1.6+0.066 d

2.5+0.057 ab  2.2+0.088 bc 1.6+0.057d 0.0000

SGR % 1.6+0.115 ¢ 1.8+0.088 bc ~ 2.3+0.088 a

1.7£0.057c¢  2.24#0.115ab  2.6£0.115a 0.0001

The results are presented as mean value £SE= Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (P < 0.05). . W= Initial weight, F.W= Final weight, W.G= weight gain, [.L=
Initial length, F.L= Final length, L.G= Length gain, FCR= Feed conversion ratio, SGR= specific growth rate.

Antioxidant enzyme activity

At the end of experiment samples from each aquarium
were taken (n=3) dissected and different organs were
isolated to determine the antioxidant enzyme activity
of both species. The results of antioxidant enzyme
activities, including Catalase, Superoxide Dismutase,
and Peroxidase, are detailed in Tables 4, 5 and 6 for
Liver, Kidney and Gills. Initially, groups T; (100
mg/kg LYC) and T3 (100 mg/kg ASX) with Fipronil
exposure showed no significant improvement as
compared to the fipronil exposed control group (To),
which fed basal diet (0% ASX, LYC) which
experienced a decline in enzyme levels. However,
higher doses of LYC and ASX (T2: 200 mg/kg LYC;
T4: 200 mg/kg ASX) demonstrated better results than
Ty, and T;, (100 mgkg LYC, 100 mgkg ASX)
sustaining higher enzyme concentrations even in a
pesticide-contaminated environment.

The enzyme activity in different organs showed
different results as the liver is detoxifying organ the

highest level of enzymes was observed in it. In liver
different levels of enzymes SOD, 142.21+0.954 CAT,
184.8+0.964 and POD 3.64+0.023 were observed for
Mori, and different values of CAT, 176.83+1.128,
SOD 140.31+0.722, POD 3.15+0.020 for Thaila were
observed. Action of these enzymes were higher in
kidney as compared to gills in both species.
Particularly, the combination of 100mg/kg LYC and
100mg/kg ASX in Ts resulted in the highest enzyme
levels, indicating that this combination of both
carotenoids effectively mitigated damage caused by
fipronil and enhanced enzyme activity in fish. This
pattern persisted throughout the trial, with Ts
consistently showing superior results compared to all
other treatments. While T2 and T4 showed slightly
better results than T1 and T3, the combination in T5
remained the most effective, these findings underscore
the protective role of carotenoids against pesticide-
induced oxidative stress, with combined treatments
offering enhanced benefit.

Table-4. Measurement of Liver antioxidant enzymes (CAT, SOD, POD) in Mori and Thaila following 3-month
fipronil exposure and different levels of dietary carotenoids (LYC, ASX).

variables TO T1 T2 T3 T4 T5 P
values
Mori
CAT 0.000
U/mg 107.71+0.848d 145.72+0.939¢ 182.66+1.225a 143.33+1.068¢c 152.48+0.736b 184.8+0.964a
SOD 0.000
U/mg 74.97+0.938 d  101.62+1.082¢c 139.3x1.126a 98.7+1.081 ¢ 113.73+1.146b 142.21+0.954a
POD 0.000
U/mg 2.35+£0.020 e 2.94+0.020d  3.42+0.026 b 2.94+0.020 d 3.28+0.012 ¢ 3.64+0.023 a
Thaila
CAT 0.000
U/mg 115.294+0.276e 138.57+0.176¢c 169.68+0.174b 122.36+0.294d 140.75+0.296¢c 176.83+1.128a
SOD 0.000
U/mg 69.67£0.912¢  95.96+0.913d 134.21+0.954b 94.2+1.081 d 110.64+0.879¢ 140.31+0.722a
POD 0.000

U/mg 2.224+0.017d 2.61£0.020c  2.73+0.011b

2.6240.014c 2.794+0.008b 3.1540.020a

The results are presented as mean value +SE.= Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (p < 0.05). CAT = Catalase, SOD= Super oxidase Dismutase, POD=Peroxidase.
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Table-5. Antioxidant enzyme activity (CAT, SOD, POD) in Kidney of Mori and Thaila after 3-months exposure
to Fipronil insecticide and different levels of carotenoids Lycopene and Astaxanthin.

variables TO T1 T2 T3 T4 T5 P
values
Mori
CAT 0.000
U/mg 84.48+0.610e 99.54+0.927d  125.23+0.642b 98.56+0.433d  108.88+0.389¢  142.87+0.955a
SOD 0.000
U/mg 58.72+0.560e¢ 101.46+0.522¢ 105.55+0.538b 79.243+0.433d 103.49+0.595bc 117.75+0.867a
POD 0.000
U/mg 1.15£0.006 ¢ 2.81+0.017 b 2.88+0.348 ab 2.86+0.018 ab 3.18+0.012 ab 3.53+0.086 a
Thaila
CAT 82.79+0.641 0.000
U/mg d 104.56+0.554b 141.03+0.808a 90.24+0.332¢ 105.40+0.308 b  142.47+0.783a
SOD 51.67+0.552 0.000
U/mg e 96.17+0.583 ¢ 110.32+0.600b 69.63+0.490d 109.83+0.808 b 122.41+0.671a
POD 0.000
U/mg 1.11+£0.025¢ 2.57+0.012bc  2.63+0.011 b 2.52+0.016 cd 2.46+0.020d 3.08+0.032 a

The results are presented as mean value £SE=Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (P < 0.05). CAT = Catalase, SOD= Super oxidase Dismutase, POD=Peroxidase.

Table-6. Antioxidant enzyme activity (CAT, SOD, POD) in Gills of Mori and Thaila after 3-months exposure to

Fipronil insecticide and feed with different levels of carotenoids Lycopene and Astaxanthin.

variables TO0 T1 T2 T3 T4 T5 P
values
Mori
CAT 0.000
U/mg 116.9+0.814f 126.5£0.665d 136.43+0.497b 123.26+0.664e 130.36+0.371c 139.6+0.435a
SOD 0.000
U/mg 69.4+0.642¢  89.46+0.554d 109.96+0.895b 88.3+0.642d 103.80+0.577¢ 117.09+0.232a
POD 0.000
U/mg 1.60+0.017c 2.78+0.020b 2.89+0.291 b 2.75+0.014 b 3.16£0.020 ab  3.48+0.038 a
Thaila
CAT 0.000
U/mg 73.09+0.726d 94.86+0.913¢ 105.4+0.550b  93.7+0.945¢ 105.46+0.611b 111.23+0.635a
SOD 0.000
U/mg 67.02+0.353d 86.86+0.783¢ 115.43+0.638b 84.46+0.664c  114.63+0.231b 120.21+0.412a
POD 2.48+0.014
U/mg 1.33+0.011 e bc 2.54+0.026 b 2.35+0.014d  2.41+£0.023 cd 2.95+0.023 a

The results are presented as mean value £SE.= Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (P < 0.05). CAT = Catalase, SOD= Super oxidase Dismutase, POD=Peroxidase.

Immune efficiency

At the end of 90-day dietary trial samples were taken
and investigated the immunomodulatory effects of
carotenoid-enriched (LYC and ASX) diets. Results of
the several immune parameters showed significant
improvements for both fish C. mrigala and C.catla.

https.//doi.org/10.35495/ajab.2026.174

The addition of carotenoids to the diet positively
influenced key immune markers, including
immunoglobulin (IgM), lysozyme activity, and WBCs
as compared to the fipronil exposed control group
which was given basal diet without carotenoids.
Treatment Ts with combined supplementation (100



mg/kg LYC + 100 mg/kg ASX) elicited the strongest
immune response and showed the highest [gM level in
C. mrigala, followed by the T5 the next best response
was seen in T, and T4 in which 200 mg/kg LYC and
ASX were given as compared to T and T3 in which
100 mg/kg of these two carotenoid supplements were
added in diets. From T,-Ts elevated lysozyme level
were observed as compared to Ty in both fish. A
significant reduced level of white blood cells was
observed in only fipronil induced group (TO).
Furthermore, in C. catla marked increase in IgM and
Lysozyme were seen in Ts where the combination of
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both carotenoids were given surpassing the single
carotenoid diet (Ti, T,, T3, Ts4). Increasing the
carotenoid concentration to 200 mg/kg in T», and T4
resulted better response of immunological markers as
compared to 100 mg/kg supplementation in Ti, T3
groups. Lycopene alone was more effective than
Astaxanthin alone in enhancing immune parameters.
These findings showed that dietary supplementation of
carotenoids boosted overall immunity of fish of C.
mrigala and C. catla. The Figure 1, 2, 3 showed the
variations in results for immune efficiency of Mori (a)
and Thaila (b).
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Figure-1. Expression of Immune parameters (IgM) of fish at the end of trial (a) Cirrhinus mrigala and (b) Catla
catla after 3-months fed with dietary Carotenoids supplemented (LYC, ASX) diet during Fipronil exposure.

The results are presented as mean value £SE.= Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (p < 0.05). Error bars shows standard errors between means.
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Figure-2. Calculations of (WBCs) of fish after completion of trial (a) Cirrhinus mrigala and (b) Catla catla after
3-months fed Carotenoids (LYC, ASX) supplemented diet during Fipronil exposure.

The results are presented as mean value £SE.= Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (p < 0.05). Error bars shows standard errors between means.
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Figure-3. Measurement of Lysozymal activity of fish (a) Cirrhinus mrigala and (b) Catla catla after 3-months
fed Carotenoids (LYC, ASX) supplemented diet during Fipronil exposure.

The results are presented as mean value £SE.= Standard Error (n = 3 replicate aquaria per treatment). Significant differences
are denoted by different superscripted letters (p < 0.05). Standard bars shows standard errors between means.

Physiochemical parameters

The physicochemical parameters were monitored on
weekly basis to maintain a suitable environment for C.
mrigala and C. catla during the 3-month dietary trial.

https.//doi.org/10.35495/ajab.2026.174

Regular maintaining and monitoring is essential for
reliability of trial. The mean values for all the
parameters for both species were remained constant.
The recorded range for pH 6.8-7.4, Temperature 30.1-

10



30.8°C, dissolved oxygen 5.1-5.6 mg/L, Hardness:

165-176 mg/L, Alkalinity: 275-286 mg/L as presented

in Table 7. These consistent and stable water quality

Asian Journal of Agriculture and Biology

parameters throughout the experimental period ensure
the stable environment and minimal environmental
stress for fish and increase the accuracy of the results.

Table-7. Water quality parameters during 3-month exposure of fipronil and carotenoids based diet for Cirrhinus
mrigala and Catla catla, T= Temperature, DO= Dissolved Oxygen, ALK= Alklanity, HRD= Hardnness.

Treatments
Parameters TO T1 T3 T4 T5
Catla catla
pH 7.26+0.145 7.03+0.088 6.86+0.120 7.1 £0.115 7.23+0.088 7.4+0.057
T 30.2+0.611 30.7+0.723 30.54+0.523 30.5+0.698 30.7+0.698 30.3+0.617
DO 5.434+0.328 5.06+0.218 5.2+0.208 5.36+0.233 5.1+0.230 5.5+0.233
ALK 283.46+1.762 282.43+1.877 283.33£1.876 280.86+1.361 279.13+1.348 276.9+1.682

HRD 180.7+£1.493  183.8£1.562 176.61£1.204 176.3£1.193  176.1+1.682 168.83+£1.297
Cirrhinus mrigala
pH 7.26+0.145 7.03+£0.088 6.86+0.120 7.1 £0.115 7.23+0.088 7.4+0.057
T 30.2+0.611 30.7+0.723 30.5+0.523 30.5+0.698 30.7+0.698 30.3+£0.617
DO 5.43+0.328 5.06+0.218 5.24+0.208 5.36+0.233 5.1+0.230 5.540.233
ALK 283.46£1.762 282.43+1.877 283.33£1.876 280.86+1.361 279.13+£1.348 276.9+1.682
HRD 180.7+£1.493  183.8£1.562 176.61£1.204 176.3£1.193  176.1+£1.682 168.83+£1.297

T= Temperature, DO= Dissolved Oxygen, ALK= Alkalinity, HRD= Hardness. The results are presented as mean value +SE.=

Standard Error (n = 3 replicate aquaria per treatment).

Correlation heatmap and polar heat map

The relationships between growth performance,
biochemical indices, and water-quality indicators in
Mori and Thaila were investigated using Pearson
correlation analysis as an exploratory method (Figure
4). Red and blue, respectively, indicate positive and
negative correlations in the heatmaps. Fish weight,
POD, SOD, IgM, WBCs, lysozyme activity, and
dissolved oxygen (DO) showed positive relationships
with a number of measured parameters for Mori
(Figure 4a), while FCR, hardness, and alkalinity
showed negative correlations with a number of growth
and biochemical indicators. Temperature and pH
showed different patterns of connection with the

https.//doi.org/10.35495/ajab.2026.174

variables that were measured. Similar to this, fish
weight and enzymatic indices generally showed
positive correlations in Thaila (Figure 4b), whereas
FCR and hardness have shown negative correlations
with a number of investigated parameters. A number
of growth and metabolic markers showed
unfavourable relationships with alkalinity and
temperature. Because some factors may be connected
and water-quality measurements may have shown
little change, these results should be regarded
cautiously as they indicate exploratory connections.
Further research is necessary to determine the
biological implications of the discovered correlations
since they do not prove causal links.
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Figure-4. Heatmap of Cirrhinus mrigala (a) and Catla catla, (b) T= Temperature, Do= dissolved oxygen, ALK=
Alklanity, HRD= Hardness, W.G= weight gain, FCR= Feed conversion ratio, SGR= specific growth rate, [gM=
Immunoglobulins, LYZ= Lysozymal activity, WBCs= white blood cells, SOD (G)= Super oxidase dismutase for
Gills, CAT (G) = Catalase for Gills, POD (G)= Peroxidase for gills, SOD (L)= Super oxidase dismutase for Liver,
CAT (L) = Catalase for Liver, POD (L)= Peroxidase for Liver, SOD (K)= Super oxidase dismutase for Kidney,
CAT (K) = Catalase for Kidney, POD (K)= Peroxidase for Kidney.

Discussion

The use of innovative eco-friendly feed additives to
promote fish development, immunological responses
and disease resistance has been the focus of study in
recent decades (Dawood et al., 2020; Van Doan et al.,
2020). Pesticide-induced water contamination is
known to negatively affect the survival, reproduction
and productivity of aquatic life, including fish,
(Shellfish and Finfish species) algae and aquatic plants
(Jabeen et al., 2015; Albano et al., 2021). One of the
most often used pesticides is Fipronil, which raises
questions regarding its effects on the environment
(Moreira et al., 2021). The aim of this study was to
mitigate the toxic effects of fipronil by using
carotenoids (LYC and ASX) to improve the overall
health of fish in terms of growth, oxidative stress and
immune efficiency.

Addition of Fipronil (pesticide) in present experiment
caused serious health hazards in fish it produces free
radicals which leads to oxidative stress which showed

https.//doi.org/10.35495/ajab.2026.174

by the fipronil exposed TO treatment. Similar to this
study, Arslan and Gunal (2023) observed at the
sublethal and acute effects of Fipronil in Unio
delicatus, an aquatic non-target species, using
histopathological observations, physical effects and
antioxidant mechanisms. Because they prevent
oxidative stress, the antioxidant enzymes CAT and
SOD are frequently employed to monitor the dangers
of pesticides and herbicides (Jin et al., 2010).
Similarly, these enzymes were taken as parameter to
observe the disturbed antioxidant activity during
fipronil exposure in current research in which fipronil
induced group To shows a considerable decline in
activities of SOD, CAT and POD as compared to other
treatments.

In present study fipronil exerted significant toxic
effects on vital organs like kidney, gills and
particularly in liver due to its detoxification activity.
Antioxidant enzymes CAT, SOD, and POD were
decreased across all treatments specially in TO, the
fipronil exposed carotenoide free group. Similarly,

12



Ramesh et al. (2023) determined the toxicity in C.
carpio of the pesticide pyrethroid alpha-cypermethrin
for 35 days and concluded that oxidative stress
biomarkers were affected in the gill, liver, and muscle
tissues.

Carotenoids are also called as immunostimulant that
can improve the immune function and antioxidant
capacity of organisms (Babin et al., 2015). Lycopene's
strong antioxidant scavenging effect makes it a chemo
protectant agent. Furthermore, it is regarded as the
carotenoid that works best in contrast to biological
ROS (Sahin et al., 2014). Results of current study also
showed the same pattern as in T> and T4 LYC
containing diet improve that antioxidant activity of
fish and reduce the toxic effects by depleting the ROS
caused by pesticide. Abd-El-Gawad et al. (2019)
studied a substantial increase of the antioxidant state
of Yellow Perch fed a Lycopene-incorporated diet for
2 months. They reported that the liver SOD and CAT
activity had significantly increased. As a potent
antioxidant, LYC has been proposed in a number of
studies to reduce the oxidative stress responses in fish
species exposed to pesticides by reducing free radicals
ROS (Dawood et al., 2020).

Pesticide-induced oxidative stress arises from direct
lipid membrane interactions or reactive oxygen
species (ROS) generation (Tahir et al., 2024), leading
to pathological conditions, heightened disease
susceptibility, and growth retardation. Similar effects
were evident in the TO (fipronil exposed) treatment of
this study, where fish experienced direct fipronil
exposure. To counteract fipronil toxicity, the current
study evaluated LYC and ASX as dietary supplements
to enhance fish health, including growth performance,
enzymatic antioxidants, and immune response.
Abd-El-Hakim et al. (2019) attempted reducing the
immune-toxic and antioxidant impacts of exposure to
fipronil (FP) on Oreochromis niloticus using the -
glucan (BG) natural or synthetic substances that can be
used to improve immunity in fish and gave fish
protection against infection by increasing the
production of antibodies. These results are compatible
with the results of the present study. Immunity
parameters (IgM, Lysozyme and WBCs) proved to be
adversely affected by Fipronil toxicity; showing the
lowest performance in Ty (Fipronil induced) and were
improved significantly by addition of synthetic
carotenoid in diet in all other treatments (T1- T5).

In the present study enhanced growth performance and
restored liver antioxidant enzyme activities (SOD,
CAT and POD) were observed in T, and T4 where 100

https.//doi.org/10.35495/ajab.2026.174
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and 200mg/kg Astaxanthin fed to the fish as feed
additives. These findings counteracted the pesticide-
induced suppression, aligning with the findings of
Chien et al., 2003 which have shown that Astaxanthin
effectively improves the immunity of aquatic animals
(Penaeus monodon) and increases their resistance to
pathogen infection and enhance its antioxidant defense
capability stress which support present research
results. Kaleshtari et al. (2019), investigated effect of
substituting synthetic ASX to check notable
improvements in growth performance in Rainbow
Trout. A 12-week study was conducted by Kalinowski
et al. (2023) on Rainbow Trout found that ASX
affected oxidative pathway and was good for the
trout's liver. In present study same results. In these two
treatment ASX improve the growth rate and
antioxidant enzyme activity of liver which was
reduced due to toxic effects of pesticide.

The present study shows the values obtained from

samples for antioxidant enzymes viz. Catalase,
Superoxide dismutase and Peroxidase showed
variations among the examined tissues, with

numerically higher activities generally observed in the
liver, followed by kidney and gills. The protective role
of lycopene and vitamin E against toxicity induced by
diazinon (DZN insecticide) was observed by Ibrahim
(2015). Hussain et al. (2022) conducted an experiment
to determine the effects of lycopene supplemented diet
on growth performance, nutrient digestibility and
antioxidant status of Catla catla fingerlings. Lycopene
supplemented diet optimally improved growth
parameters, nutrient utilization and antioxidant status
of fish at 40mgkg™. (Yonar et al., 2020) conducted a
study to investigate the ameliorating effects of
lycopene on TCF-induced toxicity in carp by
evaluating hematological parameters and
oxidant/antioxidant status. Notable increases in the
tissue MDA levels were observed in the TCF-treated
groups. Results of present study shows the dietary
supplementation of LYC and ASX with Fipronil
exposed groups (T1-TS5) succeeded in improving
examined parameters (Growth, Enzymatic indices
immunity) as compared with the (T0) which received
fipronil without carotenoid supplementation. Thomaz
et al. (2009) reported significant decreases of the SOD
and CAT activities in Oreochromis niloticus after TCF
exposure.

Conclusion
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In conclusion, the present study shows that
carotenoids significantly improve the fish health,
growth performance and oxidative capacity in C.
mrigala and C. catla. They improve the immunity in
terms of IgM and lysozyme activity when fed with
carotenoids containing diet. The study demonstrated
that exposure to fipronil 1/3™ LCs, induced significant
changes in the growth performance and
oxidant/antioxidant status in terms of SOD, CAT and
POD of C. mrigala and C. catla. Carotenoids (LYC
and ASX) supplementation in feed seemed to enhance
the antioxidant enzymes and mitigate the toxicity
triggered by Fipronil in the fish. This study may
enhance the knowledge on the prooxidant effects of
these carotenoids for sustainable aquaculture, as safe
additives for fish health, productivity and consumer
satisfaction.
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  FCR =   Total   feed   consumed   by   the   fish  Final   weight − Initial   weight


  SGR =   In   ( Final   weight )   −   In   ( Initial   weight )  Number   of   days X 100
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