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Abstract

TWO-MONTH experiment was lined up to examine the harmful impacts of Fibronil in Nile

Tilapia (Oreochromis niloticus) beside studying the mechanism by which vitamin C can
attenuate these effects. One hundred eighty fish were randomly classified into four groups, with three
replicates in each (n = 45/group, 15 per replicate). The first group kept as control, the second group
was supplemented with vitamin C by (50 mg/L) in water, the third group was exposed to Fibronil by
(0.0021 mg/L) (1/20 of 96 hr. LC50) in water, and the fourth group was exhibited to vitamin C and
Fibronil together with the same dose of group two and three. There was a significant decrease in
BWG and SGR in the fish of group three compared to control and group four. Total RBCs, Hb
concentration, and Hct % of Fibronil treated group were significantly decreased than the other groups.
The exposure to Fibronil results in a significant elevation of serum levels of ALP, ALT, AST, urea,
creatinine, and cortisol with suppression of IgM and lysozyme activity. This toxic effect appeared to
be improved by treatment with vitamin C in group (4). Supplementation of vitamin C led to higher
Superoxide dismutase (SOD) levels and total antioxidant enzyme capacity. Liver, kidney and intestine
of group (3) that treated with Fibronil revealed different histopathological changes which were
improved by the addition of vitamin C in group four. Results showed improvement in performance,
hematological, biochemical and antioxidant activities by addition of vitamin C.
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Introduction Fibronil (FP), a wide-ranging phenylpyrazole
insecticide, is officially known by the International
Union of Pure and Applied Chemistry (IUPAC) as
(x)-5-amino-1-(2, 6-dichloro-a, a, a-trifluoro-p-

Globally, freshwater ecosystems are significantly
important but are currently threatened, experiencing
a harsh decline in biodiversity [1]. Freshwater

ecosystems face many threats: climate change,  tolyl)-4-trifluioro methyl  sulfinyl  pyrazole-3-
nutrient fluctuations, over-use, acidification, habitat carbonitrile [4]. Moreover, the U.S. Environmental
destruction, and biological invasions. Furthermore, Protection Agency (US EPA) recognizes Fibronil,
chemical pollution is a key issue, heavy use of which is employed as a replacement for
pesticides in farming is the most typical form of this organophosphate chemicals [5]. Fibronil applied on
and pollutes waterways, endangering aquatic life [2]. many crops [6], as well as being used in aquaculture

to manage the rice water weevil (Lissorhoptrus
oryzophilus Kuschel) [7] and rice-crayfish issues
(Procambarus clarkii) [8]. Fibronil usage has
significantly increased, mainly replacing very
dangerous and cancer-causing organochlorine and

Because of its advantageous traits, such as fast
growth, ability to withstand poor environments, and
the capacity to thrive on diverse protein diets, Nile
tilapia (Oreochromis niloticus) is considered a highly
valuable and commonly farmed fish globally [3].
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organophosphate  insecticides  [6].  Fibronil's
metabolic  byproducts impede GABAA-gated
chloride channels in the central nervous system. This
triggers excessive neuronal stimulation, which leads
to insect death [9]. Fibronil poisoning in fish leads to
injury of red blood cells [10], Immune system
suppression, impairment of tissue's normal function
and eventually death [11].

Because of the rise in the use of toxic substances
in the environment, many studies are underway to
identify solutions when animal organisms are
exposed to insecticides, pesticides, and other harmful
chemicals. Vitamin C, known scientifically as L-
ascorbic acid, is regarded as an antioxidant, it is a
strong reducing agent that prevents lipid peroxidation
[12]. It's advantageous even in small quantities, for
the redox regeneration of other antioxidants [13].
Vitamin C shields biological membranes from harm
caused by peroxides. It acts by neutralizing singlet
oxygen, superoxide, hydroxyl radicals, water-soluble
peroxyl radicals, and hypochlorous acid.
Consequently, it is recognized as a highly potent free
radical scavenger in the fluids outside of cells [14].
Past research indicates that vitamin C can eliminate
free radicals caused by pesticides, which lead to
oxidative stress in fish [15]. Moreover, [16] indicated
that vitamin C might serve as a feed supplement,
enhancing the structure of the intestinal lining and
boosting the immune response in tilapia.

Given that people eat a lot of Nile tilapia, and
insecticides are used in farming, the harmful impact
of these chemicals on fish tissue is really important
to study. Thus, this research was done to assess how
Fibronil exposure affects the well-being and immune
system of O. niloticus. The research also aimed to
see how vitamin C might reduce these effects. This
was achieved by looking at blood-related, chemical,
and immune system factors, along with examining
the tissues under the microscope

Material and Methods

Ethical approval

This study was reviewed and approved by ZU-
IACUC committee at Faculty of Veterinary

Medicine, Zagazig University, Egypt. Ethical
committee approval number: ZU-
IACUC/2/F/261/2024

Chemicals

Fibronil (C12H4CI2F6N40S) (with a purity of
99.1%) was acquired from Bio Quest International
Private Limited, located in Mumbai, India. The 96-
hour LC50 value of FP for O. niloticus is 0.042 mg/I.
[17].

Vitamin C (L-ascorbic acid), with the chemical
formula C6H806, was acquired from Research-Lab
Fine Chem Industries, located in Mumbai, India.
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Fish collection and maintenance

We obtained Nile tilapia fingerlings (averaging
27.07 £ 0.15 g) (n=180) from Abbassa Fish
Hatchery, Sharkia Province, Egypt. The fish were
transported to the lab in plastic bags with ample
hatchery water and oxygen. Upon arrival, the fish
were put into well-aerated glass aquaria (dimensions:
80 x 40 x 30 cm) filled with 60 L of dechlorinated
tap water, with around 25% of the water changed
daily. For two weeks before the experiment began,
the fish were kept in the aquaria and given a basal
diet (Table 1). Water quality parameters were
computed following [18]. Throughout the
experiment, dissolved oxygen (7.17 = 0.4 mg L-1),
temperature (22.4 = 1.02 °C), pH (6.7 = 0.1),
ammonia-N (0.035 £ 0.01 mg L-1), and nitrite levels
(0.12 + 0.02 mg L-1), along with a set photoperiod
(12 h light, 12 h dark) were kept up in the lab. Waste
products were removed each day by siphoning to
avert the stress of ammonia buildup. The water
parameters were checked twice daily throughout the
study to keep the values of parameters inside the
range that's recommended. To avoid a decline in
water quality, any dead fish were promptly taken
away, and the tanks were refilled with clean water.

Experimental protocol and diet preparation

Fish were classified randomly into four groups
with  three replicates in each (n=45/group,
15/replicate), group one (G1) kept as normal control,
group two (G2) was supplemented with vit. C by (50
mg/L) [19] in water for 2 months, group three (G3)
was subjected to Fibronil by (0.0021 mg/L) (1/20 of
96 hr. LC50) [20] in water for 2 months and group
four (G4) was subjected to both vit. C and Fibronil
by 50 mg/L and 0.0021 mg/L respectively for 2
months.

The fish were given 5% Bwt. of their specific
diets, three times daily. The diets were formulated at
the Fish Research Center, which is part of the
Faculty of Veterinary Medicine, Zagazig University,
Egypt. The baseline diet, in dry pellet form, consisted
of 2944.41 kcal/kg metabolizable energy (ME) and
30.80% CP and was intended to fulfill the nutritional
needs of O. niloticus [21] (Table 1).

Sampling

At the end of the experiment after 24 hours of
fasting, fish were chosen and anesthetized using
buffered tricane-methane sulfonate (E10521-10G;
Sigma—Aldrich) (100 mg/L; for 5 min.) [22]. Blood
samples were collected from caudal vein in two
syringe one with anticoagulant for hematological
studies and the other one without anticoagulant for
serum separation, serum was stored at -20 °C until
use for biochemical and immunological studies.
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Growth performance and mortality rate

Initial and final body weight and feed
consumption were recorded. Feed conversion ratio
(FCR), percentage of body weight gain (BWG %),
and specific growth rate (SGR %) were computed
based on the data [23] by the following equation:

- Body weight gain (g/fish) = (WT-WI)
[where WT = final weight of the fish in grams and
WI = initial fish weight in grams]

- FCR = total feed intake (g)/body weight
gain (9)

- SGR (%/day) = 100 x (In WT—In)/time in
days [where In denotes natural logarithm]

- Survival rate (%) = (final fish count in each
group / initial fish count) x 100.

Hematological parameters investigation

We determined erythrocyte counts using an
improved Neubauer hemocytometer, employing Natt
and Herrick solution as a specific diluent, as
described by [24]. The packed cell volume was
determined using a micro hematocrit centrifuge, as
mentioned by [25]. Hemoglobin concentration was
determined via the cyanmethemoglobin colorimetric
technique following centrifugation, as earlier
expressed by [26]. Mean corpuscular volume (MCV)
and mean corpuscular hemoglobin concentration
(MCHC) were calculated. Blood smears were made,
set with methyl alcohol, and colored using Giemsa to
assess the differential white blood cell count, as
described by [27].

Biochemical parameters investigation

All biochemical parameters were measured using
commercially available kits, each parameter followed
the manufacturer's manual's recommended technique.
The liver transferases (alanine aminotransferase ALT
and aspartate aminotransferase AST) activities were
estimated according to [28]. ALP was estimated
according to [29]. According to [30], serum urea was
measured, and serum creatinine was approximated
using [31], Serum lysozyme activity was determined
according to [32].

Serum levels of cortisol were detected using the
ELISA technique and test Kkits supplied by
CUSABIO, Catalog Number, and CSB-E05112r.
Determination of immunoglobulin M (IgM) was
according to [33].

Antioxidant capacity

Malondialdehyde concentrations (MDA) were
measured using the protocol outlined by [34],
superoxide dismutase (SOD) was calculated using a
colorimeter according to [35]. Total antioxidant
capacity (TAC), assessed spectrophotometrically
using commercially available kits (Bio-Diagnostic
Company, Cairo, Egypt; catalog humber TA2513).

Histopathological examination

Samples from the liver, kidney, and gut were
collected. They were preserved in a 10% buffered
neutral formalin solution, dehydrated using a series
of ethanol concentrations (70-100%), made
transparent with xylene, and then embedded in
paraffin wax. Afterward, the samples were stained
with Hematoxylin and Eosin (H&E) stains and
examined under a microscope [36].

Statistical analysis

Analysis of variance (ANOVA) was used for the
statistical analysis. Duncan's Multiple Range test
[37] identified treatment differences, at a 0.05
significance level. The SPSS software [38] was
employed for all statistical evaluations.

Results
Growth performance

The detailed growth performance parameters are
listed in (Table 2) as, BWG and SGR were
significantly higher in the vitamin C treated group
(G2) than the control group (G1) (p<0.05), in
contrary the previous parameters were significantly
lower than control in Fibronil treated group (G3) and
the group treated with both Fibronil and vitamin C
(G4) (p<0.05). FI and FCR were increased
significantly in Fibronil treated group than in other
groups, on the other hand, the same parameters were
significantly decreased (p<0.05) in vitamin C treated
group than in other groups. The highest survival rate
was recorded in group (G2) which was supplemented
with vitamin C, also, group (G4) recorded an
increased survival rate than group (G3).

Hematological evaluation

Our results as, noted in (Table 3) revealed
significant decrease (p<0.05) in each of the total
erythrocytic counts (RBCs), hemoglobin
concentrations (Hb) and hematocrit (Hct) of Fibronil
treated group than the other groups, additionally it
showed significantly higher mean corpuscular
volume (MCV) (p<0.05). Group 4 (treated with both
Fibronil and vitamin C) showed non-significant
changes in erythrogram than the control group.

Concerning leukogram, (G2 & G4) that were
treated with vitamin C announced a significant
release (p<0.05) in total leukocytic, lymphocytic, and
monocytic counts than control and Fibronil-treated-
groups while Fibronil treated group showed
decreased lymphocytic count than the other groups.

Serum biochemical indices

The impact of Fibronil, vitamin C, and both of
them on serum biochemical parameters and
antioxidant enzyme capacity were documented in
tables (4) and (5) respectively. The serum activities
of AST, ALT, ALP, urea, creatinine and cortisol
showed a significant increase in (G3) when
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compared with (G1). Group 4 which exposed to
vitamin C and Fibronil showed a significant increase
in ALP, urea, and cortisol levels compared with (G1)
while it showed non-significant increase in ALT,
AST and creatinine. Group 2 which received vitamin
C showed non-significant increase in ALP, AST and
urea when compared with control group. A
significant decrease recorded in ALT and cortisol
with a significant increase in creatinine in (G2) when
compared with (G1).

Serum immunological and antioxidant activities

Group 2 (G2) and (G4) showed significant
improvement in IgM, lysozyme activity and MDA
compared with (G3), which revealed a significant
decrease in IgM and lysozyme activity as well as a
significant increase in MDA when compared with
(GY).

Superoxide dismutase (SOD) showed a
significant increase in (G2) while it showed a non-
significant change in G3 and G4 when compared
with (G1). Total antioxidant enzyme capacity
showed a significant increase in (G2) and a
significant decrease in G3 and G4 compared to
control group.

Histopathological analysis

The liver in (G3) revealed congestion of the
hepatic blood vessels, pyknosis, karyolysis, and
coagulative necrosis in the hepatocytes and
pancreatic islands. Moderate inflammatory cell
infiltration around the pancreatic island (Fig. 1a).
Some instances (Fig. 1b) showed diffuse fatty
changes, vacuolations and hydropic degenerations in
the hepatocytes. While, the hepatopancreas of (G4)
displayed notable betterment with remaining slight
vacuolar deterioration in the liver cells (Fig.1c). The
pancreatic islands showed mild congestion focal
hepatic cellular degeneration, focal areas of hepatic
necrosis, peri-portal aggregations of melano-
macrophages and round cell infiltration.

Regarding (Fig. 2a), the kidney of (G3) exhibited
severe necrosis of tubular cells, with congestion,
degeneration glomeruli, enlarged Bowman’s space,
edema, atrophic cells, and shrinkage of the lumen of
renal tubules in (Fig. 2b). In contrast, (Fig. 2c)
exhibited the kidney of (G4) which revealed some
preservation of histological structure, but some
cloudy swelling of the renal tubules, congested blood
vessels and shrinkage of some glomeruli were
present.

The intestine of (G3) showed severe necrosis of
the villi, complete sloughing, infiltrated by
lymphocytes and macrophages, and desquamated
epithelium of intestinal lamina (Fig. 3a). The
intestine of (G4) showed focal necrotic villi,
mucinous degeneration, goblet cell, and infiltrated by
leucocytes in the lamina propria (Fig. 3b).
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Discussion

Water-soluble vitamin C has been documented to
remain stable when dissolved in water [39]. In our
study we investigated the effect of addition of
vitamin C directly into aquaria water to attenuate the
biochemical and tissue damage after exposure of
Tilapia fish to toxic dose of Fibronil.

As outlined in results table (2) indicating that
vitamin C supplementation resulted in improved
performance of Nile tilapia fish even with exposure
to Fibronil. This might be linked to vitamin C's role
in boosting growth hormone in the bloodstream,
modifying the intestine's form, and fortifying the
gut's surface for absorption in fish [16]. Vitamin C
ability to energize protein synthesis may explain why
fish grow faster and gain weight [40, 41],
additionally, vitamin c accelerating the digestibility
and absorption of nutrients in fish" s body as
explained by [42] Our results revealed increased
FBW and WG with decreased FI and FCR in groups
treated with vitamin C and this was in harmony with
[43, 44] in Nile tilapia (Oreochromis niloticus) and
in common carp (Cyprinus carpio) [445]. Also, we
are in agreement with Nile tilapia supplemented with
dietary vitamin C and vitamin E by a level 420 and
100 mg/kg achieving high growth performance and
feed utilization compared to the control [46].while,
[47] were in difference with us as they found that the
parameters of juvenile large yellow croaker were
unaffected by dietary vitamin C. Fish survival
improved after being treated with vitamin C. This
supports earlier research suggesting that vitamin C
can lessen the effects of toxins and boost fish
survival by helping to return physiological functions
to normal [48].

Concerning hematological indices, we concluded
that Fibronil leads to decreased RBCs counts, Hb
conc., Hct % and lymphocytic count. Previously,
[10] discussed that a Fipronil concentration of 0.0002
mg/L (0.2 pg/L) leads to damage in the red blood
cells of silver catfish, Rhamdia quelen, resulting
from the harmful effects of Fibronil on the creation
of red blood cells. A lowered Hb level could result
from the quick conversion of hemoglobin to
methemoglobin. Alternatively, it might be due to the
release of oxygen radicals, a consequence of the
toxic impact and oxidative stress caused by Fibronil,
as found by [49]. Scaling down of hematological
values could be also due to a substantial reduction of
hematopoiesis in kidneys. Moreover, we found that
these effects can be counteracted by the addition of
vitamin C as vitamin C functions not only as a free
radical scavenger [48], but also elevates fish's innate
immunity [50].

The findings mirrored those of [51] as they
found that exposing carp fry (Caprinus carpio) to a
sub lethal dose (1/10th LC50) of Fibronil for 45
days led to a considerable reduction in red blood
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cell count, total white blood cell count (WBC), and
hemoglobin  percentage.  Nevertheless, these
findings were at odds with those reported by [52]
who reported increased erythrocyte, pack cell
volume, and platelets in Clarias gariepinus exposed
to pesticide. Increased heterophil count in Fibronil-
exposed groups may be attributed to immunological
reactions expressive of injury to different tissues in
exposed fish [53] and this was similar to results
reported by [54] in common carp, Cyprinus carpio,
also, with [46] who reported increased WBCs count
in Nile Tilapia supplemented with vitamin C and
vitamin E in their diet.

In terms of serum biochemistry and immunology,
the elevation in liver enzymes (ALP, ALT, and AST)
and cortisol in the Fibronil-exposed group indicated
Fibronil's harmful impacts on the liver and overall
health. ALT serves as a marker for liver health and is
highly susceptible to pollutant toxicity [55]. The
increasing which observed in the liver AST is
attributed to mitochondrial membrane damage [56],
the same outcome was explained by [57] who
imputed this increase to either enzyme induction
from insecticide-induced stress or the detrimental
influence of the insecticide on oxidation via the
Kreb's cycle. Consequently, the notable rises in liver
AST and ALT observed in this research might be
linked to the stress response caused by Fibronil (used
as an insecticide) and its potential for liver toxicity.

Supplementation with vitamin C reduces the
harmful effect of Fibronil, and this effect was seen
through the improvements in serum ALP, ALT,
AST, urea and cortisol levels in group which treated
with both vitamin C and Fibronil. These results were
in agreement with [58] who reported that, the ALT
and AST levels exhibited significant decrease after
treatment with adequate vitamin C, suggesting the
efficacy of this vitamin in protecting hepatic cells
from damage. Also, ourfinding was in harmony with
[59] who reported that optimal dietary vitamin C is
helpful to keep the normal function of the liver in
juvenile Chinese sucker (Myxo cyprinus asiaticus)
and juvenile striped catfish (Pangasianodon
hypophthalmus).

Creatinine is filtered out by kidney thus; blood
creatinine level can interpret how well the kidneys
are working [60]. Our study showed that the
Fibronil-treated group had elevated levels of urea and
creatinine that result in the same line as [17] who
reported that this elevation could be attributed to
Fibronil's impact on the kidney's detoxification
function. Elevated cortisol level was noted and this
was in accordance with [51] who stated that cortisol
level in Cyprinus carpio fry were seen to increase
after a 45-day exposure to Fibronil at 0.0428 mg/I
(equal to one-tenth of the 96-hour LC50).

Both IgM and lysozyme are helpful indicators of
immune health in fish. Vitamin C is known to
improve immune function as it boosting

macrophage presence, complement system function,
lysozyme amounts, leucocyte  phagocytosis,
cytokine synthesis, and antibody production [16].
Our experiment revealed that Fibronil exposure
reduced the serum levels of IgM and lysozyme
activity when compared to a control. Conversely,
using vitamin C either alone or together with
Fibronil was effectively improved their levels, This
improvement may correlate to the stabilization of
gut microbiota, physiological adaptation and
accelerated immunological responses as explained
by [61,62]. These findings were in agreement with
the results of [63] on Cyprinus carpio.

Antioxidants like vitamin C are responsible for
protecting cells from harms caused by neutralizing
free radicals [64]. Increasing of MDA and decreasing
in TAC in the Fibronil exposed group were observed
in this study, like us [49] observed that exposing
Cyprinus carpio to 0.65 mg/l of Fibronil for 7, 30,
and 90 days yielded sever harmful consequences
expressed by clear decreases in the quantities of
antioxidant enzymes and immune function. Like us
[65] stated elevated levels of MDA linked to
exposure to Fibronil and fibronil sulfone. These
effects may be related to the ability of Fibronil to
raise lipid peroxidation (suggested by MDA levels)
and suppress GSH level, in addition to its
suppressive effect on the expression of hepatic
antioxidant enzymes CAT and SOD. In this study,
the fish consuming a vitamin C treated diet showed
increased serum SOD levels and overall antioxidant
capacity. There is an improvement in the results of
SOD and MAD in the group treated with both
vitamin C and Fibronil when compared with the
Fibronil group. These findings were linked to the
potent antioxidant properties of vitamin C, as
documented earlier by [66]. This also restores typical
cell functions related to cell survival, inflammatory
responses and cells' capacity for phagocytosis.The
improvement of antioxidant enzymes may related to
vitamin ¢’s ability to donate electrons as mentioned
by [67]. Our results also corresponded to those that
presented by [68] for Juvenile yellow catfish
(Pelteobagrus fulvidraco) that were fed a diet with
an added 156.5 mg kg-1 of vitamin C, and those by
[69] for juvenile for young black carp
(Mylopharyngodon piceus) that were fed a diet with
63.0 mg kg-1 vitamin C added. Our results also,
similar to [42] who reported elevated TAC, SOD,
CAT, and GSH-Px with decreased levels of MDA in
the serum of Nile tilapia that supplemented with
vitamin c.

For histopathological alterations liver of Fibronil
subjected group (G3) exhibited congestion of hepatic
blood wvessels with necrosis, fatty changes,
vacuolation and hydropic  degeneration in
hepatocytes, these findings go in harmony with [54]
who recorded congestion, necrosis of hepatocytes,
increased sinusoidal space and fatty infiltration in the
liver of common carp that received different
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concentrations of Fibronil and also, in accordance
with previous studies of [70] which were done on
fish exposed to different kind of pollutants, this
confirms a general toxic effect of Fibronil on Nile
Tilapia liver. In this study supplementation of
vitamin C in G4 led to modulation of toxic effect of
Fibronil presented by presence of melano-
macrophage which indicate increasing the fish
immunity, in a similar vein [43] said that liver
sections from Nile tilapia that supplemented with 200
mg/kg-1 diet of vitamin C exhibited normal hepatic
histo-structures with congested sinusoids and fish
supplemented with 300 mg/kg-1 diet of vitamin C
presented normal hepatic tissues with just a few
Kupfer cell hyperplasia while fish fed 400 mg/kg-1
diet showed normal liver architecture with few lipid
vacuoles which may due to the antioxidant effect of
vitamin C’s hepatoprotective effect [71].

Fish kidneys are crucial for removing waste,
producing red blood cells, and maintaining balance
in their watery habitat [72]. Our research on Nile
Tilapia kidneys exposed to Fibronil showed
substantial necrosis of tubular cells, congestion,
glomeruli degeneration, expanded Bowman’s space,
edema, and atrophic tubular epithelium cells,
comparable to findings by [54] in common carp
supplemented with Fibronil.

Regarding the intestine of (G3), our finding
showed severe necrosis of the villi, lymphocytes, and
macrophage infiltration in the submucosa and
desquamated epithelium of intestinal Lamina. These
findings were in harmony with the findings of [17]
who supplemented Nile tilapia with different
concentrations of Fibronil.

The improvement of intestinal histology in G4
may be due to the effect of vitamin C in attenuating

the toxic effect of Fibronil and this was in the same
line with [16] who mentioned that Nile tilapia fed a
vitamin-C-treated diet for 28 days had better
intestinal anatomy. Also, in agreement with [43] who
reported that dietary vitamin C improved villus
height, goblet cell count, and IELs. This confirms
boosted intestinal absorption and immune defense,
and as a result, growth efficiency. In the contrary,
[73] recorded that no pathological changes take place
in the intestine of rainbow trout fed oxidized fish oil
in conjugation with of vitamin C and vitamin E.

Conclusion

It can be concluded that extended exposure of
Nile tilapia (O. niloticus) to Fibronil led to stunted
growth, blood and biochemical shifts, weakened
immunity, and oxidative stress. Furthermore,
employing vitamin C as a natural feed supplement
was seen as a Vvaluable dietary addition for its
protective effects against the detrimental effects of
Fibronil. Recommendations ~ for  consistent
supplementation of vitamin C in aqua feed are
important for boosting the overall well-being of fish,
helping them to combat serious toxicological effects
of certain newly-appearing aquatic pollutants.
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TABLE 1. Ingredients and calculated composition of the basal diet.

Ingredient%

10 Wheat flour

35 Yellow corn

18 Soyabean meal

16 Fish meal

14 Poultry byproduct meal
55 Vegetable oil

1.5 Vitamin and mineral mixtures®
Calculated composition%

84.28 Dry matter

30.79 Crude protein

9.92 Ether extract

2.40 Crude fiber

7.09 Ash

38.99 Nitrogen-free extract
294441 Digestible energy”

a. Vitamin and mineral supplement (alfakema): Each 1 kg provided 580000 IU vit. A, 8600 IU vit. D3, 0.1 mg vit. C, 720 mg
vit. E, 142 mg vit. K3, 58 mg, vit. B1, 34 mg vit. B2, 34 mg vit. B6, 58 mg vit. B12, 8 mg pantothenic acid, 86 mg folic acid,
65 mg manganese sulfate, 3000 mg zinc methionine, 2000 mg iron sulfate, 3400 mg copper sulfate, 25 mg calcium iodide,
572 mg cobalt sulfate, 25 mg sodium selenite, , and calcium z (filler) to 1000 g.

b. Calculating digestible energy using the values: 3.5 kcal/g for protein, 8.1 kcal/g for fat, and 2.5 kcal/g for nitrogen-free

extract.

Egypt. J. Vet. Sci.



AN OVERVIEW ON THE IMPACT OF VITAMIN C IN ATTENUATING TOXIC EFFECTS...

TABLE 2. Impacts of treatment with Fibronil and vitamin C on growth performance of Nile tilapia.

Groups Group 1 Group 2 Group 3 Group 4
parameters
IBW (g) 27.04+0.17 27.02+0.13 27.18+0.11 27.06+0.15
FBW (g) 53.46+0.23° 62.16+0.31° 46.2+0.19¢ 51.4+0.29°
BWG (g) 26.42+0.12° 35.14+0.18° 19.03+0.08¢ 24.34+0.14°
SGR (%/day) 1.13+£0.01° 1.38+0.00% 0.88+0.00¢ 1.07+0.002¢
FI (g/fish) 39.76+0.16° 38.64+0.13° 40.92+0.16 40.08+0.10°
FCR 1.5£.01° 1.1£.01¢ 2.15+.01° 1.65+.01°
Survival % 94.7 97.4 71 77

The data is presented as the mean + standard error. Values with different superscript letters in the same row show a
significant difference (P<0.05). (n=5).

TABLE 3. Impacts of treatment with Fibronil and vitamin C on hemogram of Nile tilapia:

Groups Group 1 Group 2 Group 3 Group 4
parameters
RBCs (X 10”6/cmm 332+0.182 3.74+0.24 a 2.78+0.13b 3.28+0.16a
Hb (g/dl) 11.66 £0.34 a 12.06 £0.38 a 10.06£021b 11.16 £0.29a
PCV (%) 3434+£0.63b 372+0.88a 31.66 £0.42 ¢ 33.12+0.58 be
MCV (fl) 103.43+1.80b 99.47+1.70b 113.88+£2.90 a 10098 £2.30b
MCH (pg) 3512+ 1.18 32.25+1.32 36.18 £1.42 34.02+1.25
MCHC (g/dI) 33.95+1.15 32.42+£1.09 31.17+1.18 33.69 + 1.24
WBCs (X1073/cmm) 39.16£1.82b 46.96+1.16 a 4034+0.96b 44.67+127a
Lymphocytes 26.16+£091b 3229+093a 22.36+0.84c 28.08 +£0.88b
Heterophils 8.88+0.71 b 9.79+£0.63b 13.98+0.82a 1216 +0.74 a
Monocytes 1.89 +£0.28 ab 2.54+040a 1.61+£0.23b 2.12+0.36 ab
Eosinophils 1.42+£0.19 1.51+£0.21 1.54+£0.23 1.49+£0.18
Basophils 0.81£0.09 0.83£0.08 0.85+0.07 0.82+£0.08

The data is presented as the mean + standard error. Values with different superscript letters in the same row show a
significant difference (P<0.05). (n=5).

TABLE 4. Impacts of treatment with Fibronil and vitamin C on serum biochemical parameters of Nile tilapia.

Groups Group 1 Group 2 Group 3 Group 4

parameters
P (ng/ml) 162.60+6.43° 149.00+7.92° 242.20+21.03 203.80+9.39°
T (ng/ml) 41.60+2.06" 28.80+2.09° 69.30+2.49% 43.70+1.91°
T (ng/ml) 103.20+3.09" 73.80£10.07° 179.40+17.30° 86.40+8.35"
:a (mg/dl) 33.84+1.06° 34.66+1.77° 55.36+3.32° 42.64+0.77°
:atinine (mg/dl) 0.32+0.02° 0.550.04° 0.60+0.05% 0.42+0.04°
‘tisol (ng/ml) 9.74+0.07° 9.0740.25° 12.95+0.17? 10.24%0.06"

The data is presented as the mean + standard error. Values with different superscript letters in the same row show a
significant difference (P<0.05). (n=5).

TABLE 5. Impacts of Fibronil and vitamin C on some serum immunological and antioxidant activities of Nile Tilapia.

Groups Group 1 Group 2 Group 3 Group 4
parameters

IgM (pg/ml) 4.10+0.29° 4.55+0.42° 2.80+0.12° 450+0.17°
Lysozyme activity (Unit/ml) 41.80+2.83° 51.20+3.73% 17.403.70° 44.40+1.86°
MDA (nmol/L) 106.40+8.69" 102.60+5.24 141.40£10.11° 110.00+3.50°
SOD (U/L) 43.80+7.48" 60.20£3.99° 42.20+2.48° 51.20+2.99%°
TAC (umol/L) 432.60+13.20° 546.00+14.97° 351.60£9.55° 368.40+8.35°

The data is presented as the mean + standard error. Values with different superscript letters in the same row show a
significant difference (P<0.05). (n=5).
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Fig. 1a. Section of liver of group (3) showing focal hepatic necrosis, thrombus in portal vein and hepatic sinusoid
(H&E X200), Fig. 1b: Section of liver of group (3) showing diffuse fatty changes, vacuolations, and hydropic
degenerations in the hepatocytes (H&E X200), Fig. 1c: Section of liver of group (4) showing focal areas of
hepatic necrosis, and peri-portal aggregations of melano—macrophages (H&E X200).

Fig. 2a. Section of kidney of group (3) showing severe necrosis of the renal tubular cells (H&E X100), Fig. 2b: Section
of kidney of group (3) showing degeneration of glomeruli, increased Bowman’s space, edema, atrophic cells,
and atrophy of the lumen of renal tubules (H&E X200), Fig. 2c: Section of kidney of group (4) showing cloudy
swelling of the renal tubules, congested blood vessels and shrinkage of some glomeruli (H&E X100).
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Fig. 3a. Section of intestine of group (3) showing severe necrosis of the villi, complete sloughing, submucosa infiltrated
by lymphocytes and macrophages (H&E X200), Fig. 3b: Section of intestine of group (4) showing focal
necrotic villi, mucinous degeneration, goblet cell, and infiltration by leucocytes in the lamina propria (H&E

X200).

References

1.

Geist, J. Integrative fresh water ecology and
biodiversity conservation. Ecol. Indic., 11, 1507-1516
(2011).

Schafer, R.B., von der Ohe, P.C., Kuhne, R.,
Schuuuurmann, G. and Liess, M. Occurrence and
toxicity of 331 organic pollutants in large rivers of
north Germany over a decade (1994 to 2004). Environ.
Sci. Technol., 45, 6167-6174 (2011).

Ng, W.K. and Romano, N. A review of the nutrition
and feeding management of farmed tilapia throughout
the culture cycle. Rev. Aquac., 5, 220-254 (2013).

Tomlin C.D.S. The Pesticide Manual, A World
Compendium. 14" edition. British Crop Protection
Council: Hampshire, England, pp: 462-464 (2006).

Chiovarou, E.D. and Siewicki, T.C. Comparison of
storm intensity and application timing on modeled
transport and fate of six contaminants. Sci. Total.
Environ., 389, 87-100 (2008).

Tingle, C.C.D., Rother, J.A., Dewhurst, C.F., Lauer, S.
and King, W.J. Fibronil: environmental fate,
ecotoxicology, and human health concerns. Rev.
Environ. Contam. Toxicol., 176, 1-66 (2003).

Barbee, G.C. and Stout, M.J. Comparative acute
toxicity of neonicotinoid and pyrethroid insecticides to
non-target crayfish (Procambarus clarkii) associated
with rice —crayfish crop rotations. Pest. Manage. Sci.,
65, 1250- 256 (2009). http://dx.doi.org/10.
1002/ps.1817

Chagnon, M., Kreutzweiser, D., Mitchell, E.AD.,
Morrissey, C.A., Noome, D.A. and Sluijs Vaner, J.P.
Risks of large-scale use of systemic insecticides to
ecosystem functioning and services. Environ. Sci.

10.

11.

12.

13.

14.

Pollut. Res., 22, 119-134
http://dx.doi.org/10.1007/s11356-014-3277-x

Li, M., Li, P., Wang, L., Feng, M. and Han, L.
Determination and dissipation of Fibronil and its
metabolites in peanut and soil. J. Agric. Food Chem.,
63, 4435-4443 (2015).
http://dx.doi.org/10.1021/jf5054589

Ghisi Nde, C., Ramsdorf, W.A., Ferraro, M.V., de
Almeida, M.l., Ribeiro, C.A. and Cestari, M.M.
Evaluation of genotoxicity in Rhamdia quelen (Pisces,
Siluriformes) after sub-chronic contamination with
Fibronil. Environ. Monit. Assess., 180, 589-599
(2011). http://dx.doi.org/10.1007/s10661-010-1807-7.

Gupta, S.K., Pal, AK. Sahu, N.P., Saharan, N,
Mandal, S.C., Prakash, C., Akhtar, M.S. and Prusty,
A.K. Dietary microbial levan ameliorates stress and
augments immunity in Cyprinus carpio fry (Linnaeus,
1758) exposed to sublethal toxicity of Fibronil. Aquac.
Res., 45, 893-906 (2014b).
http://dx.doi.org/10.1111/are.12030.

Erdman J.r.J.W., MacDonald, I.A. and Zeisel, S.H.
(Eds.) Present Knowledge in Nutrition. John Wiley &
Sons. (2012).

Bruno, R.S., Leonard, S.W., Atkinson, J., Montine,
T.J., Ramakrishnan, R., Bray, T.M. and Traber, M.G.
Faster plasma vitamin E disappearance in smokers is
normalized by vitamin C supplementation. Free Radic.
Biol. Med., 40, 689-697 (2006). http://dx.doi.
0rg/10.1016/j.freeradbiomed.2005.10.051.

Sminorff, N. and Wheeler, G. L. Ascorbic acid in
plants biosynthesis and function. Critical Reviews in
Biochemistry and Molecular Biology, 19, 267-290
(2000).

(2014).

Egypt. J. Vet. Sci.


http://dx.doi.org/10.%201002/ps.1817
http://dx.doi.org/10.%201002/ps.1817
http://dx.doi.org/10.1007/s11356-014-3277-x
http://dx.doi.org/10.1021/jf5054589
http://dx.doi.org/10.1007/s10661-010-1807-7
http://dx.doi.org/10.1111/are.12030
http://dx.doi/

10

SARA A. GAD et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Yen, G., Duh, P. and Tsai, H. Antioxidant and pro-
oxidant properties of ascorbic acid and gallic acid.
Food Chem., 79, 307-313 (2002).

Abdel Rahman, A.N., Khalil, A.A., Abdallah, H.M.
and ElHady, M. The effects of the dietary
supplementation of Echinacea purpurea extract and/or
vitamin C on the intestinal histomorphology,
phagocytic activity, and gene expression of the Nile
tilapia. Fish Shellfish Immunol., 82, 312-318 (2018).

El-Murr. A, Imam. TS., Hakim, Y. and Ghonim. W.
A. M. G. Histopathological, immunological,
hematological and biochemical effects of Fibronil on
Nile Tilapia (Oreochromis niloticus), J. Vet. Sci.
Technol., 6, 5 (2015).

APHA, 1998. 1. APHA. Water Environment
Federation 1998. Standard Methods for the
Examination of Water and Wastewater; American
Public Health Association: Washington, DC, USA,
1998., 19 American Public Health Association:
Washington, DC, USA.

Ghazanfar, M., Shahid, S. and Qureshi. I. Z., Vitamin
C attenuates biochemical and genotoxic damage in
common carp (Cyprinus carpio) upon joint exposure to
combined toxic doses of Fibronil and buprofezin
insecticides. Aquatic Toxicology, 196, 43-52 (2018).

El-Murr, A. 1.., Abd EL Hakim, Y., Neamat-Allah,
A.N.F.N , Baeshen, M. and Ali, H. A. . Immune-
protective, antioxidant and relative genes expression
impacts of B-glucan against Fibronil toxicity in Nile
tilapia, Oreochromis niloticus. Fish and Shellfish
Immunology, 94, 27-433 (2019).

M. Jobling, National Research Council (NRC),
Nutrient requirements of fish and shrimp, Aquacult.
Int., 20 (3), 601-602 (2012).

Coyle, S., Durborow, R. and Tidwell, J. Anesthetics in
aquaculture. Southern Regional Aquaculture Center
(SRAC) Publication 3900 (2004).

Castell, J. and Tiews, K. Report of the EIFAC, IUNS
and ICES Working Group on Standardization of
Methodology in Fish Nutrition Research, Hamburg.
Federal Republic of Germany, 21-23 (1980).

Harrison, I. and Harrison, L. Clinical Avian Medicine
and Surgery. London, Tokyo and Hong Kong: W B
Saunders Co. (1986).

Coles, E. Veterinary Clinical Pathology (4th Ed)
Philadelphia: W.B. Saunders Co. (1986).

Van Kampen, E.J. and Zijlstra, W.G.
Spectrophotometry of Hemoglobin and Hemoglobin
Derivatives. In A. L. Latner & M. K. Schwartz (Eds.),
Adv. Clin. C- (1983).

Feldman, B.F., Zinkl, J.G., Jain, N.C. and Schalm,
O.W. Schalm’s veterinary hematology. Philadelphia:
Lippincott Williams & Wilkins. hem. Elsevier, 23:
199-257 (2000). https://doi.org/10.1016/S0065-
2423(08)60401-1

Murray, R. Alanine aminotransferase. Kaplan LA. et
al.,, Clin. Chem. The C.V. Mosby Co. St Louis.
Toronto. Princeton. 1088-1090 (1984).

Egypt. J. Vet. Sci.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kind, P. and King, E. Estimation of plasma
phosphatase by determination of hydrolysed phenol
with aminoantipyrine. J. Clin. Path., 7(4), 322-326
(1954).

Kaplan, L.A. Clinical Chemistry. The C.V. Mosby Co.
St. Louis Tornoto. USA. (1984).

Henry, R.J. Clinical Chemistry Principles
Technics. 2nd edition. Harper and Row (1974).

and

Demers, N.E. and Bayne, C.J. The immediate effects of
stress on hormones and plasma lysozyme in rainbow
trout. Developmental and Comparative Immunology,
21, 363- 373 (1997).

Naito, H.K. Diagnostic reagent for the quantitative in
vitro determination of IgM (immunoglobulin M) in
serum by turbidimetric assay. J. Clin. Immunoassay, 9,
155 (1986).

Uchiyama, M. and Mihara, M. Determination of
malonaldehyde precursor in tissues by thiobarbituric
acid test. Biochem. Anal. Biochem. 86, 271-278
(1978).

Nishikimi, M., Rao, N.A. and Yagi, K. The occurrence
of superoxide anion in the reaction of reduced
phenazine methosulfate and molecular oxygen. Mol.
Cell Biol. Res. Commun., 46, 849— 854 (1972).

Survarna, K.S., Layton, C. and Bancroft, J.D.
Bancroft's theory and practice of histological
Techniques. 7th edition. Oxford, Churchil Livingston,
Elsevier, England, pp. 654 (2013).

Duncan, D.B. Multiple range and multiple “F” test.
Biometrics, 11, 10 (1955).

SPSS. Statistical and package for social science, SPSS
for windows release14.0.0, 19, 2004."Standard version,
copyright SPSS Inc., 1989 (2004).

Mirvaghef, A., Mohsen, A. and Hadi Poorbagher, A.
Effects of vitamin C on oxidative stress parameters in
rainbow trout exposed to diazinon. Ege J. Fish. Aquat.
Sci., 33, 113-120 (2016).

Chagas, E. and Val, A. Effect of vitamin C on weight
and hematology of tambaqui. Pesqui. Agropecu. Bras.,
38, 397-402 (2003).

Faramarzi, M. Effect of dietary vitamin C on growth
and feeding parameters, carcass composition and
survival rate of Common Carp (Cyprinus carpio).
Glob. Vet., 8, 507-510 (2012).

Kaewda, J., Boonanuntanasarn, S., Sangsawad, P.,
Manassila, P. and Nakharuthai, C. Enhancement of
Growth, Antioxidant Activity, and Immunity in Nile
Tilapia (Oreochromis niloticus) Through Recombinant
Bacillus subtilis Expressing L-Gulonolactone Oxidase.
Antioxidants. 14(1), 50(2025).
https://doi.org/10.3390/antiox14010050

Ibrahim, R.E., Ahmed, S. A.A., Amer, S.A., Al-Gabri,
Naif A., Ahmed, A.l., Abdel-Warith, A.A., Younis,
E.M.I. and Metwally, A.E. Influence of vitamin C feed
supplementation on the growth, antioxidant activity,
immune status, tissue histomorphology, and disease
resistance in Nile tilapia, (Oreochromis niloticus).
Aquaculture Reports, 18, 100545 (2020).


https://doi.org/10.1016/S0065-2423(08)60401-1
https://doi.org/10.1016/S0065-2423(08)60401-1
https://doi.org/10.3390/antiox14010050

AN OVERVIEW ON THE IMPACT OF VITAMIN C IN ATTENUATING TOXIC EFFECTS... 11

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

El Basuini, M.F. Shahin, S.A. Teiba, I.I., Zaki, M.A.A,,
El-Hais, A.M., Sewilam, H. Almeer, R., Abdelkhalek,
N. and Dawood, M.A.O. The influence of dietary
coenzyme Q10 and vitamin C on the growth rate,
immunity, oxidative-related genes, and the resistance
against Streptococcus agalactiae of Nile tilapia
(Oreochromis niloticus). Aquaculture, 531,735862
(2021).

Nsonga, A.R., Kang Ombe, J., Mfitilodze, W., Soko,
C.K. and Mtethiwa, A.H. Effect of varying levels of
dietary vitamin ¢ (Ascorbic acid) on growth, survival
and hematology of juvenile tilapia, Oreochromis
Karongae (trewavas 1941) reared in aquaria. Braz. J.
Aquat. Sci. Technol, 13 (2), 17-23 (2009).

Sherif, A. H., Khalil, R. H., Talaat, T. S., Baromh, M.
Z. and Elnagar, M. A. Dietary nanocomposite of
vitamin C and vitamin E enhanced the performance of
Nile tilapia. Nature portfolio 14(1), 15648 (2024). doi:
10.1038/541598-024-65507-1.

Ahmed, M., Aboseif, Enas A. Ramadan and Ahmed K.
I. EI-Hammady. Effectiveness of dietary vitamin C on
the performance of common carp (Cyprinus carpio).
Egyptian Journal of Aquatic Biology & Fisheries, 26
(5), 257 — 287 (2022). ISSN 1110 - 6131.

Narra, M.R., Rajender, K., Reddy, R.R., Rao, J.V. and
Begum, G. The role of vitamin C as antioxidant in
protection of biochemical and hematological stress
induced by chlorpyrifos in freshwater fish Clarias
batrachus. Chemosphere, 132, 172-178 (2015).
http://dx.doi.org/10.1016/j.chemosphere.2015.03.006

Clasen, B. Loro, V.L. Cattaneo, R. Moraes, B. Lopes,
T. Effects of the commercial formulation containing
Fibronil on the non-target organism Cyprinus carpio:
implications for rice-fish cultivation. Ecotoxicol
Environ Safe , 77, 45-51 (2012).

Zhou, Q., Wang, L., Wang, H., Xie, F. and Wang, T.
Effect of dietary vitamin C on the growth performance
and innate immunity of juvenile cobia (Rachycentron
canadum). Fish Shellfish Immunol., 32 (6), 969-975
(2012). http://dx.doi.org/10.1016/j.fsi. 2012.01.024.

Gupta, S.K., Pal, A.K., Sahu, N.P., Saharan, N. and
Mandal, S.C. Dietary microbial levan ameliorates
stress and augments immunity in Cyprinus carpio fry
(Linnaeus, 1758) exposed to sublethal toxicity of
Fibronil. Aquaculture Research, 45, 893-906 (2014).

Doherty, V.F., Ladipo, M.K., Aneyo, |.A., Adeola, A.,
Odulele, ~ W.Y.  Histopathological  alterations,
biochemical responses and acetylcholinesterase levels
in Clarias gariepinus as biomarkers of exposure to
organophosphates pesticides. Environ Monit Assess,
188 (5), 312 (2016). https://doi.org/10.1007/s10661-
016-5299-y

Ghaffar, A., Hussain, R., Aslam, M., Abbas, G. and
Khan, A. Arsenic and urea in combination alters the
hematology, biochemistry and protoplasm in exposed
rahufish (Labeorohita) (Hamilton, 1822). Turk. J. Fish
Aquat. Sci., 16, 289-296 (2016).
https://doi.org/10.4194/1303-2712-v16_2 09

Abdul Ghaffar, H,R., Ghulam A.G., Kalim, M., K.A,,
Ferrando, S., G.L. and Ahmed, Z. F., (Phenylpyrazole)
induces hemato-biochemical, histological and genetic

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

damage at low doses in common carp, Cyprinus carpio
(Linnaeus, 1758). Ecotoxicology, 27, 1261-
1271(2018). https://doi.org/10.1007/s10646-018-1979-
4

Rao, J.V. Toxic effects of novel organophosphorus
insecticide (RPR-V) on certain biochemical parameters
of euryhaline fish, Oreochromis mossambicus. Pestic.
Biochem. Physiol., 86 (2), 78-84 (2006).

De Aguiar, L. H., Moraes, G., Avilez, I. M., Altran, A.
E. and Corréa, C. F. Metabolical effects of Folidol 600
on the neotropical freshwater fish matrinxa, Brycon
cephalus. Environ. Res., 95, 224-230 (2004).

Arshad, N., Shabbir, G., Aleem, S. and Arshad, M.
GOT is one of the enzymes, which gives valuable
diagnostic information for a number of disease
conditions. Asian. J. Exp. Sci., 21, 224- 239 (2007).

Xu, C.,, Yu, H,, Li, L., Li, M., Qiu, X,, Fan, X, Fan, Y.
and Shan, L., Effects of Dietary Vitamin C on the
Growth Performance, Biochemical Parameters, and
Antioxidant Activity of Coho Salmon Oncorhynchus
kisutch (Walbaum, 1792) Postsmolts. Aquaculture
Nutrition, 3,1-12(2022).
https://doi.org/10.1155/2022/6866578.

Daniel, N., Muralidhar, A.P. and Srivastava, P.P.
Dietary ascorbic acid requirement for growth of striped
catfish, Panga sianodon hypophthalmus (Sauvage,
1878) juveniles, Aquaculture Nutrition, 24 (1), 616—
624 (2018).

Walker, H.K., Hall, W.D. and Hurst, J.W. Reference
Clinical Methods: The History, Physical, and
Laboratory Examinations. 3rd edition, Boston:
Butterworths; Chapter 193 BUN and Creatinine,
Adrian O. Hosten (1990).

Haque, M.M., Hasan, N.A., Eltholth, M.M., Saha, P.,
Mely, S.S., Rahman, T. and Murray, F.J. Assessing the
Impacts of In-Feed Probiotic on the Growth
Performance and Health Condition of Pangasius
(Pangasianodon hypophthalmus) in a Farm Trial.
Aquac. Rep., 20, Art. No. 100699(2021).

Kumar, V. and Kumar, S. Effects of Dietary
Administration of Probiotic (Bacillus subtilis) and Iron
Oxide Nanoparticles on the Growth Parameters of the
Fish Labeo rohita. Int. J. Fish. Aquat. Stud., 12, 124—
127 (2024).

Gupta, S.K., Pal, AKK., Sahu, N.P., Saharan, N.,
Prakash, C., Akhtar, S. and Kumar, M.S. Haemato-
biochemical responses in Cyprinus carpio (linnaeus,
1758) fry exposed to sub-lethal concentration of a
phenylpyrazole insecticide, Fibronil, Proc. Natl. Acad.
Sci. India Sect. B Biol. Sci., 84 (1), 113-122 (2014a).

Silva, J.P. and Coutinho, O.P. Free radicals in the
regulation of damage and cell death - basic
mechanisms and prevention, Drug Discov. Ther., 4(3),
144-167 (2010).

Gripp, H.S., Freitas, J.S., Almeida, E. A., Bisinoti, M
.C. and Moreira, A. B. Biochemical effects of Fibronil
and its metabolites on lipid peroxidation and enzymatic
antioxidant defense in tadpoles (Eupemphix nattereri:
Leiuperidae) . Ecotoxicol. Environ. Saf., 136, 173-179
(2017).

Egypt. J. Vet. Sci.


http://dx.doi.org/10.1016/j.chemosphere.2015.03.006
http://dx.doi.org/10.1016/j.fsi
https://doi.org/10.1007/s10661-016-5299-y
https://doi.org/10.1007/s10661-016-5299-y
https://doi.org/10.1007/s10646-018-1979-4
https://doi.org/10.1007/s10646-018-1979-4
https://doi.org/10.1155/2022/6866578
https://pubmed.ncbi.nlm.nih.gov/?term=Freitas+JS&cauthor_id=27870966
https://pubmed.ncbi.nlm.nih.gov/?term=Almeida+EA&cauthor_id=27870966
https://pubmed.ncbi.nlm.nih.gov/?term=Bisinoti+MC&cauthor_id=27870966
https://pubmed.ncbi.nlm.nih.gov/?term=Moreira+AB&cauthor_id=27870966
https://www.sciencedirect.com/science/article/pii/S0147651316304298
https://www.sciencedirect.com/science/article/pii/S0147651316304298
https://www.sciencedirect.com/science/article/pii/S0147651316304298
https://www.sciencedirect.com/science/article/pii/S0147651316304298

12

SARA A.

GAD et al.

66.

67.

68.

69.

70.

Liang, X.P., Li, Y., Hou, Y.M,, Qiu, H. and Zhou, Q.C.
Effect of dietary vitamin C on the growth performance,
antioxidant ability and innate immunity of juvenile
yellow catfish (Pelteobagrus fulvidraco Richardson).
Aquac. Res., 48, 149-160 (2017).

Medagoda, N., Chotikachinda, R., Hasanthi, M. and
Lee, K.J. Dietary Supplementation of a Mixture of
Nucleotides, B-Glucan and Vitamins C and E Improved
the Growth and Health Performance of Olive Flounder,
Paralichthys  olivaceus.  Fishes, 8(6),302(2023).
https://doi.org/10.3390/fishes8060302

Yadav, S.S., Kumar, R., Khare, P. and Tripathi, M
Oxidative stress biomarkers in the freshwater fish,
Heteropneustes fossilis (Bloch) exposed to sodium
fluoride: antioxidant defense and role of ascorbic acid.
Toxicol. Int., 22, 71-76 (2015).

Hu, Y., Huang, Y., Wen, H., Huan, Z., Zhong, L., Mao,
X., Li, J. and Xiao, T. Effect of vitamin C on growth,
immunity and anti-ammonia-nitrite stress ability in
juvenile black carp (Mylopharyngodon piceus). J. Fish
China., 37, 565-573 (2013).

Abdel-Latif, H.M.R. and Khashaba, A.M.A. Sub
chronic toxicity of Nile tilapia with different exposure

71.

72.

73.

routes to Microcystisaeruginosa: histopathology, liver
functions, and oxidative stress biomarkers. Vet. World,
10, 955-963 (2017).
https://doi.org/10.14202/vetworld.2017. 955-963

Ozmen, |., Bayir, A., Cengiz, M., Sirkecioglu, A. and
Atamanalp, M. Effects of water reuse system on
antioxidant enzymes of rainbow trout (Oncorhynchus
mykiss W; 1792) Vet. Med.-UZPI (Czech Republic)
(2004).

Neelima, P. Cyril, L. Kumar Arun, J., Rao, C.S. and
Rao, N.G. Histopathological alterations in gill, liver
and kidney of Cyprinus carpio (Linn.) exposed to
Cypermethrin (25%EC). Int. J. Adv. Res. Biol. Sci., 2
(2), 34-40 (2015).

Rahimnejad, S., Dabrowski, K., Ilzquierdo, M.,
Hematyar, N., Imentai, A., Steinbach, C. and Policar,
T. Effects of Vitamin C and E Supplementation on
Growth, Fatty Acid Composition, Innate Immunity,
and Antioxidant Capacity of Rainbow Trout
(Oncorhynchus mykiss) Fed Oxidized Fish Oil.
Frontiers in Marine Science, 8 , 760587 (2021).

o Jrigondll dalud) cl il Adalea (B w Gualisd iU Jea dale 3

il b e

"araal) ae sran g el daadl e falba ) all il < ala e 5l

man e )30 gl S e el g g el saall Aaal) g dgna SISV La Tl g L o)L
e el 30 Esadl 58 e ¢G5 g A gl Aaall ¢ sag s g gall eliall and |

gaidlall

WA (o psie ol Y1 Al a Ll L il 3 syl 5 el il amil Syt o3 Cisel
) LYY A liall s &y pond) Al 5 Ay padll el agdi JM (o ol 5 Sl L0 ada Adlaay ous (ppali
dS B8 @l )ss &l cle gana C"J‘ S Bilgde ASan oy Bl s & o pall il Gasdll
‘&JM@MG})Y\@M\M (J\)SJJSX‘\.SA“ Vo ‘%}AM/‘LSAM ic—dwy‘J.\:)@w

‘“"}‘%-“-“ Cune Lu-r Ones 3 ()J/ee-h °*) 4—.mue alf.w” b Al ‘u‘—ye-d‘ R

u—ml-'-ﬁ u:u”-ﬂ-ae

dm}w;\umg@ﬁsuat_mmﬂm& AJLJ\}MU\UMQ)M\@LAS:JA\UM}%JQ\W
) LS Maa) il Al de sanally Alasbiall e panalls & e 2 de sanal) dland & (alall sail

Ljlie € J<5 gyl dallad)l de genall 3 s sl DAY ENIPRCHP W TS

S 5is sl yaall

uuy\y‘})um;aw)ﬁy‘wﬁj)@\ L.\Lyw@).\.\i&b:)\ L;‘ du}).usﬂua):_d\ da\ Ls)a‘}“ L_ILG)AMJL!
Colswslalll Bl Lol e 550805 0l 05 L slls Sl i sisal ST 5 D2 st 5 sisal
Al jekal 5auSY) Cilaliae ey 33 AASH 500 5 38 spaned Sl g Gl siase 15 ) é‘ o Ol

UMMMMDML;&\}MLMMJAMu\w@;ﬂb&@\u&;@\

s sl IS

c\d‘)!\&Mdﬂ;})ﬁﬂ\é]ﬂuthwhﬁguqd}ﬁ&\dmy‘wwu)@b\ ﬁa.}\)ﬂé.c)a;al\ o
Opalid O 5 ¢Jiisoudlls Aadlaall e ganalls 4 lie 32SY) Cilibina 5 4 guall AilaasSl 5 4y saall AaiiY)
gl ALl A e Cataill e JaSe 8 o

bl bl ¢ yall oy sl ¢ Aebiall ¢l (ial yal ¢ i g ju s AN cilal<l)

Egypt. J. Vet. Sci.


https://doi.org/10.14202/vetworld.2017.%20955-963

