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�Modulatory and protective role of vitamin C on the toxicity of chlorpyrifos.
� Experiments include control group, E1 and E2 groups.
� The E1 group showed less weight gain, survival rate and changes in other parameters.
� Potential impacts of Vitamin C on improvement of toxic stress are discussed.
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The study was conducted to explore the modulatory effects of chlorpyrifos and protective role of vitamin
C in tissues of Clarias batrachus. Treatments include E1 group (basal diet plus 1.65 mg L�1 CPF) and E2

group (basal diet + 200 mg kg body weight vitamin C and 1.65 mg L�1 CPF) along with a control group
of fishes (fed on basal diet only). After 1, 7, 15, and 30 d of treatment, fish tissues (brain, blood and liver)
were used for the estimation of growth, biochemical and haematological parameters. The results of E1

group indicated significantly lower weight gain and survival rate. Brain AChE activity was inhibited.
The RBC, Hb, respiratory burst activity, total protein and HSI were also reduced whereas WBC count,
plasma glucose and haematocrit were elevated. In contrast, liver glycogen content, lactate dehydrogen-
ase, alkaline and acid phosphatase activities were inhibited and malate dehydrogenase, aspartate, alanine
amino transferase were enhanced. The E2 group of fish exhibited significant improvement in growth,
survival, haematological indices, brain AChE, liver glycogen and oxidative enzyme activity. The findings
support that dietary vitamin C supplementation might be helpful in abrogation of chlorpyrifos toxicity
and improves growth, survival, biochemical and haematological conditions in fishes.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction runoff, individual misuse, and improper disposal (Gilliom and
Aquatic ecosystems are becoming more vulnerable to pesticide
contamination, which is debilitating the sustenance of life.
Pimentel (1995) reported that often less than 0.1% of an applied
pesticide reaches the target pest, leaving 99.9% as an unintended
pollutant in the environment. Presently, pesticides are found all
over the aquatic habitats and even found their way into subsurface
groundwater resources at varying concentrations due to direct
overspray, drift, atmospheric transport, agricultural and residential
Hamilton, 2006; Singh and Singh, 2008).
Organophosphate chemicals are widely used as pesticides in

residential settings and in agricultural practice to increase crop
yields. The use of organophosphate pesticides have been remain
pervasive in both developed and developing nations, concerns
are increasing regarding the relative safety of these chemicals to
the environment, wildlife and fish. One such organophosphate, is
chlorpyrifos [O,O-diethyl-O-(3,5,6-trichloro-2-pyridyl) phospho-
rothionate] which is widely used throughout the world under the
registered trademark (LORSBAN and DURSBAN). It has been
detected in air, rain, and fog (Majewski and Capel, 1995), and very
highly toxic to fish and has caused fish kills in waterways near
treated fields (USEPA, 2000). Sun and Chen (2008) reported CPF
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effects in controlling arthropods in soil and foliage. Santerre et al.
(2000) reported 11% of farm raised Ictalurus punctatus samples
contained CPF residues ranging from 0.01 to 0.32 mg kg�1.

Vitamins and minerals are included in fish food to promote
optimal growth and health. Dietary vitamin C significantly
enhanced growth, non-specific immunity and protection against
infections (Zhou et al., 2012); however, high level was required
to improve stress resistance of fish (Garcia et al., 2007). Vitamin
C served as an antitoxic agent against pesticide stress (Vani et al.,
2011) and enhanced nonspecific immune responses and disease
resistance (Lin and Shi-Yen, 2005). It has been observed that
increased tissue reserves of AA through dietary supplement helped
Heteropneustes fossilis to counter stress induced by cypermethrin
(Saha and Kaviraj, 2009). A low level (50 mg kg�1 bw) in the diet
did not, but a high level of AA (100 mg kg�1 bw) removed stress
induced by the pesticide fenvalerate (Datta and Kaviraj, 2003).
Misra et al. (2007) reported 100 mg kg�l body weight vitamin C
stimulated immune response and growth in Labeo rohita.

Therefore, the present study evaluated (i) weight gain and sur-
vival performance of fish, (ii) hepatosomatic index (HSI), Ascorbic
acid (AA) levels of liver and plasma, (iii) haematological parame-
ters such as red blood cells (RBC), white blood cells (WBC), haemo-
globin (Hb), hematocrit (Hct) levels, plasma proteins, glucose and
respiratory burst activity (NBT), (iv) assay of liver enzymes; such
as malate dehydrogenase (MDH), lactate dehydrogenase (LDH),
acid and alkaline phosphatase (ACP, ALP) and aspartate and alanine
aminotransferase (AAT, AlAT) and (v) and assay of brain acetyl-
cholinesterase enzyme.
2. Materials and methods

2.1. Pesticide and chemicals

All the chemicals used in the present study were purchased
from Sigma–Aldrich chemical company (Saint Louis, USA). The test
compound chlorpyrifos (20% EC) was purchased from local market
(NOCIL Bombay-India).

2.2. Animal maintenance

The freshwater catfish, Clarias batrachus, were obtained from a
local supplier and were transported to the laboratory in large aer-
ated drums. They were first given prophylactic dip in 2% salt solu-
tion for 1 min followed by oxytetracycline treatment (15 mg L�1)
for the first three days, and were then acclimatized to laboratory
conditions for 4 weeks prior to the experiment, during which they
were fed basal diet.

2.3. Experimental diet

Two types of feed was prepared, one is basal diet and the other
is an extra vitamin C (200 mg kg�1 bw) (Table 1A). The source of
Table 1A
Composition of the basal diet.

Ingredients (% dry weight)
Rice bran 18.43 Fish meal 40.71
Wheat flour 18.43 Vitamin mixa 02.00
Mustard oil cake 18.43 Mineral mixb 02.00

Proximate composition (%)
Dry matter 94.30 Crude protein 31.08
Lipid 15.00 Ash 11.32

a Vit mix (%): B1, 7.14; B2, 2.55; B4, 10.2; B6, 1.02; B12, 0.012; Biotin, 0.025;
Calcium Pantothenate, 2.55; Niacin, 76.3; Vit A, 0.10; Vit C, 0.103.

b Mineral mix (%): Cu, 3.12; Co, 0.45; Mg, 21.48; Fe, 10.8; I, 1.6; Zn, 21.30; Ca,
30.0; P, 8.25; Mn, 3.00.
vitamin C is L-ascorbyl 2-polyphosphate (Sisco Research Labs
Pvt., Ltd, Mumbai-India). All ingredients were mixed thoroughly,
and dough was prepared with required amount of water. The
dough was kept for half an hour for proper conditioning followed
by steaming for 20 min in a pressure cooker. After cooling, vitamin
and mineral mix (Agrimin; Glaxo India Ltd, Mumbai-India) were
added to the dough and pellets were made to feed E2 group of fish.

2.4. Pesticide preparation and experimental design

The LC50 (96 h) value of CPF was determined in the laboratory
using the semi-static method of Finney (1971) and 1/10th of LC50

(1.65 mg L�1) was selected for the study. 72 healthy fishes (average
weight 40 ± 5 g and 22 ± 2 cm length) were distributed in three dif-
ferent groups (Control, E1 and E2), of 24 fish per tank. Each group
was maintained in 140 L of water (40 � 70 � 50). Control group
was fed with basal diet and kept in pesticide free water, E1 was
fed with basal diet and exposed to 1.65 mg L�1 chlorpyrifos pesti-
cide whereas E2 was fed with basal diet and vitamin C
(200 mg kg�1 body weight) and exposed to 1.65 mg L�1 pesticide.
Fish were fed twice a day to a level of 2.5% body weight.
Siphoning of uneaten feed and fecal matter was done daily
evening.

The ambient condition of natural photoperiod was maintained
(light:12, dark:12) throughout the experiment period. The average
mean values of water quality during investigation are; tempera-
ture 25 ± 3 �C, pH 7.4 ± 0.4, dissolved oxygen 8.24 ± 0.22 mg L�1,
total hardness 415 ± 1.2 mg L�1 as CaCo3, alkalinity
348 ± 1.6 mg L�1 as CaCo3, and total chloride 245.57 ± 1.44 mg L�1.

2.5. Sample preparation

At the end of the experimental period (interval of 1, 7, 15 and
30 days), six fish per group were sampled, weighed and anaes-
thetized on ice for 10 min and dissected, liver tissue was used for
the estimation of different parameters. Brain was used for the
assay of AChE enzyme. Blood was collected from the caudal vas-
culature by syringe from fish selected randomly and divided into
two aliquots. The blood samples were transferred to tubes (con-
tained 1.0% (v/v) of 15% EDTA), centrifuged (9000g for 10 min at
4 �C) and plasma was collected for haematological assay.

2.6. Survival and growth performance

Weight gain ð%Þ ¼ Final weight� initial weight=initial weight

� 100

Survival ð%Þ ¼ Number of fish survived after 30 d=
initial number of fish stocked� 100
2.7. Hepatosomatic index (HSI)

Whole liver was removed, weighed to calculate hepatosomatic
index (HSI) according to equation of Adams and McLean (1985)
(without gall bladder): Liver weight (g)/whole body weight
(g) � 100.

2.8. Ascorbic acid analysis

The levels of AA in liver and blood were determined by the
method of Roe and Keuther (1943) by using UV spectrophotometer
(E-Merck, Germany) at 540 nm (using 2, 4-dinitro-
phenylhydrazine).
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2.9. Haematological studies

The RBCs were measured using a Neubauer haemocytometer
after dilution with Grower’s solution (Voigt, 2000). The white
blood cells were counted using a Neubauer haemocytometer after
dilution with Dacie’s solution (Dacie and Lewis, 2001). The haemo-
globin (g dL�1) content was determined by the method of cyano-
haemoglobin. The micro hematocrit method was used for the
determination of hematocrit level (Ren et al., 2005). Plasma protein
was estimated by total protein kit (Biuret method using dye
reagent, Qualigens Fine Chemicals, Mumbai, India). Plasma glucose
was estimated using a commercially available kit (GOD-POD based
kit for estimation of blood glucose procured from Diatek, Kolkata,
India).
2.10. Respiratory burst activity

Respiratory burst activity was done by the method of Secombes
et al. (1990) as modified by Stasiack and Bauman (1996) (OD/
540 nm). Briefly; blood sample (50 lL) was placed into the wells
of ‘‘U’’ bottomed microtitre plates and incubated at 37 �C for 1 h
to facilitate cell adhesion. The supernatant was discarded and the
plates were washed three times in PBS after which 50 lL of NBT
(Nitroblue tetrazolium) was added and incubated for an hour.
The cells were then fixed with 100% methanol for 2–3 min and
again washed with 30% methanol. Plates were air-dried and
60 lL of potassium hydroxide plus 70 lL of dimethyl sulfoxide
were added into each well. This dissolves the formazan blue pre-
cipitate which was read at 540 nm (ELISA reader).
2.11. Liver biochemical enzymatic analyses

The glycogen content was determined by the method of Carool
et al. (1956). MDH was assayed according to Nachlas et al. (1960)
and LDH (L-lactate, nicotinamide adenine dinucleotide (NAD) oxi-
doreductase) by Srikanthan and Krishnamurthy (1955) method.
For the estimation of AAT and AlAT enzymes, 5% liver homogenate
was prepared in 0.25 M ice cold sucrose solution and the assay was
performed by the method of Reitman and Frankel (1957). The alka-
line phosphatase activity was estimated by the method of Moss
et al. (1986) and acid phosphatase by the method of Jabeen
(1984). Brain tissue was homogenized in ice-cold 100 mM L�1

phosphate buffer pH 7.4 and centrifuged at 9000g for 30 min at
4 �C. AChE activity was measured by the method of Ellman et al.
(1961).
2.12. Statistical analysis

The data were subjected to Statistical Package for the Social
Sciences (SPSS, version 12.0, Inc, 233, South Wacker Drive,
Chicago, IL, USA). Duncan’s multiple range tests were used to
determine the differences among treatment means at p > 0.05,
and each value is the mean ± SE of six individual values (n = 6).
Table 1B
Consequences of vitamin C supplementation on weight gain and survival performance
of Clarias batrachus.

Days Weight gain Survival

Control E1 E2 Control E1 E2

1 0% 0% 0% 100% 100% 100%
7 30% 6% 36% 100% 90% 100%

15 70% 13% 90% 100% 90% 100%
30 96% 35% 155% 100% 80% 100%
3. Results

3.1. Growth performance and survival

The sub-lethal effects of chlorpyrifos caused significant (over
5%) reduction in weight gain. The lowest weight gain was observed
in E1 group on 30 days (35%), and the highest in E2 group (155%).
The survival percentage also follows the same trend at the end of
the experimental period (80% in E1 and 100% in E2 group)
(Table 1B).
3.2. Ascorbic acid, liver HIS and plasma biochemistry

Table 2 explained the AA levels of fish exposed to CPF. Tissues
ascorbic acid concentration increased significantly with the
increasing days in E2 group (56%, 99%) and decreased in E1 group
(20%, 28%). The hepatosomatic index also showed similar results
as that of AA. Plasma glucose increased on all days in E1 group
(53%) and remained unaltered in E2 group (below 10%). Plasma
totals proteins are significantly (p < 0.05) lower (41%) after chlor-
pyrifos exposure (E1) whereas increased in E2 group on day 30 as
compared to control.

3.3. Haematological characteristics

The haematological characteristics are presented in Table 3. A
significant reduction in the total number of RBCs (32%) in E1

whereas increased (22%) in E2 compared to control at the end of
experimental period. WBC count increased (33%) in E1 and E2

group count was near to the control. The haemoglobin (Hb) level
is significantly decreased (34%) in E1 and 30% increment observed
in E2 group as compared to control. The Hct (haematocrit) is sig-
nificantly influenced in both groups (13%, 25%) and throughout
the experimental period. The respiratory burst activity (NBT) was
significantly (20%) reduced in E1 group and elevated (26%) in E2

group as compared to the control.

3.4. Liver biochemical enzymatic analyses

The AChE activity of brain tissue was inhibited significantly in
E1, maximum inhibition (50%) was recorded on day 30. where as
in E2 group the inhibition was reduced. The result revealed that
vitamin C protects the inhibition effect of chlorpyrifos on AChE
(Fig. 1A). Compared to the control, CPF treatment significantly
reduced liver glycogen (54%) in E1 and the opposite was observed
in E2 (Fig. 1B). The decreased LDH activity was found in E1 group
(39%), which was insignificantly different from the control. The
E2 group is nearby control (8.5%) on day 7 but at the end of day
30 it was recorded insignificant (p > 0.05) from the control
(Fig. 2A). Maximum elevation in MDH activity was observed in
E1 group (21%) and in E2 it did not differ from control group of fish
(Fig. 2B). The AAT and AlAT activities of the E1 group was found to
be significantly (p > 0.05) higher (36%, 65%) whereas E2 group differ
(4%) from controls (Fig. 3A and B). Activities of both acid and alka-
line phosphatase (ACP, ALP) decreased significantly in E1 group
(55%, 33%) and remains somewhat elevated in E2 (2.3%, 4%)
(Fig. 4A and B).
4. Discussion

The present study examined the anti-stressor potential of vita-
min C in fish exposed to CPF. Zhou et al. (2012) reported that the
dietary supplemented vitamin C significantly influenced the
growth performance and immune response in juvenile
Rachycentron canadum. Survival and growth performance was
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Table 2
Effects of dietary vitamin C supplemented feed on the Ascorbic acid (AA) levels (plasma and liver), Hepatosomatic index (HSI), plasma glucose and total protein of Clarias
batrachus exposed to 1.65 mg L�1 chlorpyrifos.

Period Plasma (AA) Liver (AA) Liver (HSI) Glucose (Plasma) Proteins (Plasma)

1 d Con 20.23 ± 2.41 42.46 ± 7.41 1.38 ± 0.12 12.85 ± 2.61 8.45 ± 1.05
E1 20.35 ± 2.42 N 42.43 ± 7.61N 1.32 ± 0.11N 14.51 ± 1.82 7.95 ± 0.65
E2 20.64 ± 3.02 N 42.55 ± 8.52N 1.36 ± 0.23N 15.12 ± 1.72N 8.15 ± 0.91N

7 d Con 22.26 ± 3.42 45.65 ± 5.93 1.42 ± 0.25 12.54 ± 2.86 7.92 ± 0.95
E1 18.25 ± 2.53 36.34 ± 7.31 1.02 ± 0.21 7.34 ± 1.32 6.27 ± 0.66
E2 22.67 ± 3.44 55.32 ± 6.04 1.36 ± 0.12N 13.68 ± 1.68N 8.21 ± 0.73N

15 d Con 25.26 ± 3.53 47.12 ± 6.94 1.48 ± 0.13 11.66 ± 2.37 7.65 ± 0.64
E1 17.05 ± 3.92 32.53 ± 6.41 0.98 ± 0.35 18.86 ± 1.48 5.92 ± 0.34
E2 28.85 ± 2.54 66.37 ± 5.52 1.48 ± 0.17 12.64 ± 1.67 8.38 ± 0.82

30 d Con 26.05 ± 3.52 51.26 ± 8.42 1.52 ± 0.23 11.28 ± 2.64 7.37 ± 0.62
E1 16.76 ± 4.05 30.23 ± 9.94 0.96 ± 0.34 17.24 ± 1.75 4.32 ± 0.82
E2 32.85 ± 2.64 84.44 ± 8.25 1.63 ± 0.26 12.22 ± 1.48 8.64 ± 0.54

Ascorbic acid levels in plasma (mM L�1), liver (mg g�1), liver HSI (g kg�1), glucose (mg dL�l) and total proteins (lg mL�1). Values are represented (mean ± SE) of six individual
values.

N Indicate values that are significantly different from control and exposure (p < 0.05).

Table 3
Consequence of dietary vitamin C supplemented feed on the haematology biochemistry of Clarias batrachus exposed to sub-lethal (1.65 mg L�l) chlorpyrifos.

Period RBC WBC Hb Hct NBT

1 d Con 1.28 ± 0.08 185.2 ± 22.31 9.68 ± 1.34 31.20 ± 2.50 0.96 ± 0.08
E1 1.12 ± 0.07 202.5 ± 20.64 8.65 ± 1.05 29.24 ± 4.21 0.81 ± 0.04
E2 1.18 ± 0.09 201.3 ± 20.15 8.71 ± 1.03 32.07 ± 3.64N 0.94 ± 0.10N

7 d Con 1.31 ± 0.10 165.3 ± 20.54 8.26 ± 1.28 28.34 ± 4.11 1.05 ± 0.07
E1 1.02 ± 0.12 220.5 ± 22.55 7.64 ± 1.11 22.64 ± 3.81 0.86 ± 0.06
E2 1.29 ± 0.11N 189.8 ± 15.67 10.2 ± 0.92 29.67 ± 6.24N 0.98 ± 0.09

15 d Con 1.32 ± 0.08 159.5 ± 21.61 8.94 ± 1.54 30.24 ± 4.51 0.95 ± 0.05
E1 0.92 ± 0.08 215.8 ± 19.84 6.28 ± 0.98 32.82 ± 3.21 0.79 ± 0.03
E2 1.48 ± 0.15 165.5 ± 19.64 10.8 ± 0.85 32.45 ± 3.84 1.08 ± 0.08

30 d Con 1.30 ± 0.12 165.8 ± 20.94 9.21 ± 1.27 30.57 ± 4.42 0.89 ± 0.09
E1 0.88 ± 0.07 212.8 ± 15.67 6.12 ± 0.92 34.57 ± 5.24 0.71 ± 0.06
E2 1.59 ± 0.13 192.2 ± 21.64N 11.9 ± 0.67 32.02 ± 3.64N 1.12 ± 0.07

RBC (106 cells lL�1), WBC (103 cells lL�1), Hb (g dL�1), Hct (%), and NBT (OD/540 nm). Values are represented as (mean ± SE) of six individual values.
N Indicate values that are significantly different from control and exposure (p < 0.05).
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Fig. 1A. Effect of CPF on brain acetylcholine esterase and its amelioration
performance with dietary vitamin C in C. batrachus for 30 days. Con: control; E1:
pesticide plus basal diet; E2: pesticide plus diet with vitamin C. (n = 6).
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(n = 6).
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found to be reduced in E1 group whereas increased in E2 group. The
elevation of vitamin C in liver and blood concurred with better
growth and survival. Similar results were observed in some fishes
exposed to pesticides (Sarma et al., 2009; Saha and Kaviraj, 2012).
Other researchers also observed a strong correlation between the
growth and tissue levels of AA in fish Saha and Kaviraj, 2009;
Goa et al., 2013).

Hepatosomatic index (HSI) is particularly used as an organ-level
biomarker to identify possible contaminants of liver diseases and
the nutritional state of the fish. Decreased HSI in E1 group indicates
that the energy drain imposed by CPF stress or depressed feeding
due to toxicity, in turn is correlated with loss of energy stores
(Heath, 1995). Ai et al. (2006) showed liver AA concentration as
an indicator of tissues status in fishes. Our results indicated that
dietary AA significantly increases AA concentration in blood and
liver of C. batrachus.

In the present experiment plasma proteins were significantly
reduced in E1 group as compared to the control, it may be due to

https://www.researchgate.net/publication/223589064_Effects_of_dietary_vitamin_C_on_survival_growth_and_immunity_of_large_yellow_croaker_Pseudosciaena_crocea?el=1_x_8&enrichId=rgreq-eac304630687415089c7b83c99188c64-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxODUxODtBUzoyMzAzOTczNjc4MTIwOTZAMTQzMTk0MjQyMTY4MA==
https://www.researchgate.net/publication/263484699_Effect_of_dietary_oxidized_fish_oil_and_vitamin_C_supplementation_on_growth_performance_and_reduction_of_oxidative_stress_in_Red_Sea_Bream_Pagrus_major?el=1_x_8&enrichId=rgreq-eac304630687415089c7b83c99188c64-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxODUxODtBUzoyMzAzOTczNjc4MTIwOTZAMTQzMTk0MjQyMTY4MA==
https://www.researchgate.net/publication/39004320_Water_Pollution_and_Fish_Physiology?el=1_x_8&enrichId=rgreq-eac304630687415089c7b83c99188c64-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxODUxODtBUzoyMzAzOTczNjc4MTIwOTZAMTQzMTk0MjQyMTY4MA==
https://www.researchgate.net/publication/23665059_Effects_of_cypermethrin_on_some_biochemical_parameters_and_its_amelioration_through_dietary_supplementation_of_ascorbic_acid_in_freshwater_catfish_Heteropneustes_fossilis?el=1_x_8&enrichId=rgreq-eac304630687415089c7b83c99188c64-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxODUxODtBUzoyMzAzOTczNjc4MTIwOTZAMTQzMTk0MjQyMTY4MA==
https://www.researchgate.net/publication/221821972_Dietary_ascorbic_acid_as_a_means_to_counter_the_stress_of_cypermethrin_on_the_growth_of_freshwater_catfish_Heteropneustes_fossilis?el=1_x_8&enrichId=rgreq-eac304630687415089c7b83c99188c64-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxODUxODtBUzoyMzAzOTczNjc4MTIwOTZAMTQzMTk0MjQyMTY4MA==
https://www.researchgate.net/publication/275097348_Dietary_high_protein_and_vitamin_C_mitigates_endosulfan_oxicity_in_the_spotted_murrel_Channa_punctatus_Bloch_1793?el=1_x_8&enrichId=rgreq-eac304630687415089c7b83c99188c64-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxODUxODtBUzoyMzAzOTczNjc4MTIwOTZAMTQzMTk0MjQyMTY4MA==


0

1

2

3

1 d 7 d 15 d 30 d

µ 
M

 o
f o

xa
lo

ac
et

at
e 

ut
ili

ze
d/

m
g 

pr
ot

ei
n/

m
in

Experimental period (days)

E1 E2 Con 

N N
N

N

(B)

0

40

80

120

160

1 d 7 d 15 d 30 d

µ 
M

 o
f o

xa
lo

ac
et

at
e 

ut
ili

ze
d/

m
g 

pr
ot

ei
n/

m
in

Experimental period (days)

E1 E2 Con 
N N

(A)

Fig. 2. (A and B) Effect of CPF on activities of LDH, MDH and its amelioration with
dietary vitamin C in C. batrachus for 30 days. Con: control; E1: pesticide plus basal
diet; E2: pesticide plus diet with vitamin C. N indicates not significant over control
(n = 6).
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Fig. 3. (A and B) Effect of CPF on activities of AAT, AlAT and its amelioration with
dietary vitamin C in C. batrachus for 30 days. Con: control; E1: pesticide plus basal
diet; E2: pesticide plus diet with vitamin C; N indicates not significant over control
(n = 6).
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Fig. 4. (A and B) Effect of CPF on activities of ACP, ALP and its amelioration with
dietary vitamin C in C. batrachus for 30 days. Con: control; E1: pesticide plus basal
diet; E2: pesticide plus diet with vitamin C; N indicates not significant over control
(n = 6).
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breakdown for energy purpose to counter the stress effect of the
CPF. Similar results were observed in fish L. rohita exposed to pes-
ticides (Nayak et al., 2004) and this may lead to increased effects
on immune system of the fish (Hussein et al., 1996). The increase
in total protein in E2 group indicates a reduction in enzymatic
breakdown of protein for energy purpose. The improved level of
total protein in E2 group (200 mg kg�1 bw) was able to strengthen
the immune system of fish under the stress of CPF.

The haematological results indicated significant decrease in RBC
and Hb in the E1 group, establishes a condition of erythropenia and
hemolysis in C. batrachus. The reduction in RBC and Hb might be
due to the inhibition of erythropoiesis, hemosynthesis, osmoreg-
ulatory dysfunction or due to increased rate of erythrocyte
destruction in the hematopoietic organ (Jenkins et al., 2003).
WBCs are involved in the control of immune functions and change
in count after exposure to different toxicants may indicate a
decrease in nonspecific immunity of organism. In the present
study, WBC count was significantly increased in E1 group through-
out the exposure period which may be due to generalized immune
response and a protective response to CPF stress.

In the present experiment, significant flection was observed in
haematocrit and respiratory burst (DNT) in E1 group whereas E2

group is near to control, which suggests that the immune system
has been compromised. Vitamin C is proved to increase phagocytic
activity, natural complement and respiratory burst activity in gilt-
head sea bream Sparus aurata, for a short period after which it
returns to normal level (Ortuńo et al., 1999). They also suggested
that vitamin C is highly interactive and may fortify antioxidant
defense and enhance immune response directly by maintaining
optimal vitamin C level. It is also an effective ameliorating agent
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against stress and can enhance nonspecific immune response in
Atlantic salmon exposed to 2 h confinement stress (Thompson
et al., 1993). The findings of our results suggests that vitamin C
(200 mg kg�1 bw) might be helpful in reducing the harmful effect
of chlorpyrifos on RBC, Hb, WBC, Hct and NBT.

Olga et al. (2013) reported increased blood glucose in gold fish
Carassius auratus exposed to herbicide 2, 4-dichlorophe-
noxyacetate. A significant reduction in liver glycogen level was
recorded in freshwater fish species following exposure to CPF
(Tripathi and Shasmal, 2011; Narra et al., 2012). Reduction of hep-
atic glycogen suggests expenditure of energy due to stress caused
by CPF. Glycogen depletion is a regulatory step, which increases
intermediary metabolism resulting in the protection of the hep-
atocytes under xenobiotic stress. Increases in plasma glucose level
along with depletion of liver glycogen suggest that some of the
hepatic glycogen is converted into glucose, which enters the cir-
culation. This indicates enhanced glycogenolysis and inhibited gly-
colytic pathway. Saxena and Gupta (2005) reported that fish brain
under stress condition secrete high amounts of catecholamine that
deplete glycogen reserves. In the present study, the elevation of
glucose and inhibition of total proteins and glycogen levels are
ameliorated in the E2 group fed with vitamin C (200 mg kg�1 body
weight) supplemented diet, suggesting their anti-stress ability.

The results of the present study showed that brain AChE activity
was significantly inhibited in chlorpyrifos exposed fish. Almeida
et al. (2010) also reported inhibition of AChE in brain of
European seabass Dicentrarchus labrax exposed to fenitrothion.
The decrease in AChE activity could be due to the decrease of
enzyme synthesis by the inhibitory nature of toxicant. In group
E2, supplementation of Vit C in the diet resulted significant alterna-
tion of AChE enzyme to normal. This could be attributed to the
antioxidant property of vitamin C. In the present study, the liver
LDH activity was inhibited maximum in the E1 group fed with
basal diet and exposed to CPF, whereas in the group fed with vita-
min C diet (E2) the activity was significantly increased. The results
indicate that the dietary vitamin C supplementation can counter
the LDH inhibition which might be due to higher glycolysis rate.
The liver MDH activity, an enzyme of TCA (tricarboxylic acid) cycle,
which is involved in the reversible conversion of L-malate and
oxaloacetate, also showed reveres trend to LDH. The activity of
MDH was elevated in the E1 group fed with basal diet. These results
agree with previous results (Amit et al., 2012).

The results of present findings indicate elevated aminotrans-
ferase activities in E1 group. Similar results are reported in differ-
ent fish species (Sancho et al., 2010; Narra et al., 2011; Amit
et al., 2012). When fish were fed with diet vitamin C (E2) no change
was observed throughout the experiment. Alkaline phosphatase is
a membrane bound enzyme, plays a major role in glycogen meta-
bolism and is capable of inactivating phosphorylase enzymes
thereby promoting glycogen synthesis. In the present investiga-
tion, ALP activity was significantly inhibited in E1 whereas it
remains insignificantly near to control in E2 group. Inhibited ACP
activity was observed in E1 group, no change was noticed in E2.
Similar results were reported fishes exposed to pesticides, when
fed with vitamin C to mitigates pesticide toxicity (Bhattacharya
and Kaviraj, 2009; Sarma et al., 2009). The cell/organ has several
ways to attenuate the toxic stress either by repairing the damage
or by directly reducing the pro-oxidative state via enzymatic and
non-enzymatic antioxidants (Korkmaz et al., 2009) Vit. C is an
antioxidant agent, could reduce the initiation of ROS production
which intern protect fish from pesticide stress.

In conclusion, dietary vitamin C supplementation is essential
for normal growth and physiology of the fish. In the present study,
a significant decrease in the AA level was observed in the liver of
fish fed with basal diet and exposed to CPF. These symptoms lead
to the utilization of vitamin C for detoxification process or for
prevention of cell peroxidation. Our results indicate that require-
ment of AA (200 mg kg�1 body weight) of dietary supplementation
to counter stress exerted by the CPF. The studied parameters are
not sufficient to explain the exact mechanism behind the AA
improving the health of CPF exposed fish. Further investigations
are warranted to understand the exact role of AA in pesticide stress
fishes. The data of such studies could be applicable in biomonitor-
ing of aquatic environment. However, it can be said that at the end
of culture period, feeding with AA diet can be beneficial in reducing
the contaminant load in the muscle of the fish for a better growth,
survival and market value.
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