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Abstract The present study evaluates the haemato-
biochemical responses associated with fipronil exposure
[(£)-5-amino-1-(2,6-dichloro-a,a,a-trifluoro-p-tolyl)-4-tri-
fluoromethylsulfinyl-pyrazole-3-carbonitrile] in Cyprinus
carpio fry. Fish were exposed to sublethal concentration
(1/3rd of LCsg) (0.142 mg L_l) for 15 days and corre-
sponding changes in different haemato-biochemical
parameters were recorded at the end of experimental period.
Significant (P < 0.05) increase in white blood cell counts,
blood glucose, serum complement reactive protein and
serum cortisol level were noticed, whereas haemoglobin
and serum total protein contents were significantly
(P < 0.05) decreased. Aspartate amino transferase, catalase
and super oxide dismutase activities were significantly
(P < 0.05) increased while alkaline phosphatase and malate
dehydrogenase activities were significantly (P < 0.05)
decreased. Similarly, 47 % inhibition in acetylcholine
esterase activity was noticed due to fipronil stress. Results
indicated that sublethal exposure of fipronil can induce
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haemato-biochemical alterations causing stress to C. carpio
fry. Thus, haemato-biochemical parameters can be used as
biomarkers for the sublethal toxicity of fipronil in the water
bodies.
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Introduction

Applications of pesticides have been increasing ever since
the onset of first green revolution to feed the overgrowing
population of the world. This phenomenon is evident over
the last few decades especially in tropical countries like
India, where majority of the population is reliant on agri-
culture for their livelihood. Pesticides are substances widely
used in current agriculture practices and have become a
necessity to ensure increased productivity through the pest
control. However, indiscriminate use of pesticides ulti-
mately leads to pollution of aquatic environment and
becomes hazardous to the aquatic life. Kilgore and Li [1]
emphasized that concentration of pesticide residues were
found to be more in aquatic ecosystem rather than in ter-
restrial ecosystem because pesticides are transported to
greater distances in the hydrosphere affecting many non-
target organisms. In India as high as 70 % of the chemicals
employed in the agricultural practices, find their way into
freshwater bodies [2] and affect various non target organisms
including fishes even at sublethal concentrations [3]. Fishes
are one of the most important groups of aquatic organisms,
which are vulnerable to such conditions and can be consid-
ered as an important indicator of environmental stressors [4].

Among the different species of fish cultured in India,
common carp (Cyprinus carpio) is the most extensively
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cultured species in paddy cum fish farming system due to
its omnivorous feeding, tolerance to diseases, superior
growth, prolific breeding and capability to sustain wide
fluctuations in environmental conditions. In paddy cum fish
farming various kinds of pesticides are applied as a means
to protect rice crop from the attack of various pests. The
use of the eco-friendly insecticides to suppress the pest
population is gaining considerable attention in integrated
pest management programmes.

A new class of insecticide, the phenylpyrazole, is
replacing organochlorines and organophosphates as agri-
cultural insecticide. Phenylpyrazole insecticide has been
shown to enter the aquatic environment from agricultural
runoff or drift from aerial or ground based spraying appli-
cations where they may pose threat to young fishes [5-9].
Fipronil is a new broad-spectrum phenylpyrazole insecticide
which is commercially sold in the Indian market under var-
ious trade names. Because of impending bans on application
of dieldrin, lindane and DDT, use of fipronil is gaining
considerable attention in recent years [10]. Even minute
concentration of fipronil is highly effective against various
insects and pests of crops, notably rice insects, thrips, and
termites [11] owing to its lipophilicity and persistency. Fi-
pronil is used to protect paddy crop from the attack of various
pests in paddy-cum fish integrated farming system and also
to control bund-destroying crabs in rice field. Thus, there is
potential threat on non-target species such as fish. Moreover,
fipronil is reported to be toxic to rainbow trout (Oncorhycus
mykiss) and bluegill sunfish (Lepomis macrochirus) with
96 h LCso0f 0.246 and 0.083 mg L™", respectively. It is also
toxic to Japanese carp with 96 h LCs value of 0.34 mg L™
[12] and sheephead minnows (Cyprinodon variegatus)
(LCsp = 0.13 mg L") on acute basis [13]. However, there
is not much information available pertaining to the toxicity
of fipronil on the heamato-biochemical responses of C.
carpio, one of the important aquaculture species with high
commercial demand in the domestic market. Hence, the
present study was aimed to delineate toxicity of fipronil to C.
carpio fry in terms of median lethal concentration (LCsq) and
subsequently to assess the risks of haemato-biochemical
perturbations in C. carpio fry as a result of short term
(15 days) exposure of sublethal concentration of fipronil
which may prove to be useful indicator of the health status of
a specific aquatic ecosystem.

Material and Methods
Experimental Animal and Site of the Experiment
Cyprinus carpio fry, with an average weight of

3.26 £ 0.43 g, were procured from Palghar fish farm
(19°41'0"N; 72°45'0"E), Maharashtra during the month of
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February 2011. Fishes were transported in a big circular
container (500 L) with sufficient aeration and were carefully
transferred to cement tank. The next day, fishes were given a
salt (NaCl) treatment (1 %) for 5 min to ameliorate the
handling stress if any. The stock was acclimatized under
aerated conditions for 15 days by using tap water supply,
free from any pesticide or toxicant contamination. During
acclimation, fish were fed to satiety (4 % of body weight)
with control diet having 30 % crude protein (CP). Feeding
was stopped 24 h before the treatment of the fish with fi-
pronil and no feeding was done during 96 h of exposure to
the fipronil. The laboratory analysis was carried out at the
Fish Nutrition and Biochemistry Laboratory of Central
Institute of Fisheries Education (CIFE), Mumbai.

Chemicals

Technical grade fipronil (C,H4Cl,F¢N4OS) (99.1 % pure)
manufactured by Bio Quest International Private Limited
Mumbai, India, consisting of alpha and beta isomers at the
ratio of 50:50, was procured from Malti enterprises,
Mumbeai. It was kept in an airtight container in the refrig-
erated condition. All other chemicals used in the experi-
ment were of analytical grade. Stock solution of fipronil
was prepared using analytical grade acetone (solubility of
fipronil in acetone is 545.9 g L™"). Required quantity of
fipronil was drawn from this stock solution for the further
experiment. Range finding test was conducted using
methodology of APHA [14]. Experiment was carried out to
determine the median lethal concentration (LCsg) of fi-
pronil in C. carpio fry for 96 h by probit analysis [15].

Bioassay

Cyprinus carpio fry of average weight, 3.26 + 0.43 g were
used for bioassay experiment in uniform sized rectangular
glass aquaria (50 L capacity). In each glass aquarium total
volume of water was maintained at 40 L and was provided
with round the clock aeration. Test organisms were
exposed to a logarithmic increasing range of concentrations
such as 0.01, 0.1, 1.0 and 10.0 mg L~!'. Static non-
renewable bioassay was conducted with 15 test animals for
each concentration. Percentage mortality was observed
every 24 h interval at 24, 48, 72 and 96 h. In range finding
test of fipronil, it was found that mortality of 0 and 100 %
lies in between 0.1 and 1.0 mg L™".

For definitive test, six fipronil concentrations 0.37, 0.39,
0.41, 0.43, 0.45 and 0.47 mg L~ were selected and the
tests were conducted in triplicates for each concentration
containing 15 fishes in each replicates. Side by side one
control was also kept slightly away from bioassay tank to
avoid contamination. No feeding was done during this
period. Percentage mortality was recorded at 24, 48, 72 and
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96 h interval and dead fishes were removed immediately.
The data obtained from the experiment was processed by
probit analysis using statistical software package SPSS
16.0. During the experimental period different water
quality parameters were measured using standard proce-
dures and were within optimum range.

Sublethal Toxicity Studies

To study the haemato-biochemical alterations due to sub-
lethal exposure of fipronil, an experiment was conducted
using uniform sized rectangular tubs (50 L capacity) as
experimental units. Ninety fishes were distributed into two
experimental groups in triplicates following a completely
randomized design. The treatment groups were control and
exposed. The total volume of the water in each tub was
maintained at 40 L throughout the experimental period.
Round the clock aeration was provided. In the exposed
group, sublethal concentration of (1/3rd of LCsg) (0.142
mg L™") was maintained to simulate the fipronil contami-
nated water bodies of India. Fishes were fed with control
diet having 30 % CP and given to satiation level at 09:00 h
and at 18:00 h daily for 15 days. The uneaten feed and
faecal matter were removed by siphoning out about 50 %
of the tank water on alternate days with care to avoid stress
to the test organisms. About 50 % of the tank water which
was siphoned out on alternate days was renewed with 50 %
fipronil treated water prepared from stock solution in order
to provide constant sublethal effect of the fipronil. Similar
methodology was followed for sublethal toxicity studies by
Das and Mukherjee [16]. The physico-chemical parameters
of the rearing water were within the optimum range (dis-
solved oxygen: 6.56-7.1 mg L™'; pH: 7.25-7.8; tempera-
ture: 26.6-28.2 °C; alkalinity: 46-58 mg L' hardness:
48-64 mg L_l; ammonia: 0.09-0.15 mg L_l; and nitrite;
0.04-0.06 mg L™") throughout the experimental period
which is in agreement with Prusty et al. [3].

Analysis of Fipronil

For analysis of fipronil, experimental water sample
(200 mL) was ground in a high speed blender with excess
anhydrous sodium sulfate (100 g). Acetonitrile and satu-
rated petroleum ether were used for pesticide fractionation.
Petroleum ether was then collected and evaporated to
10 mL. The concentrate (2 pL) was injected into GC
(Shimazdu 14 B) with capillary column of 1.85 m length,
4 mm internal diameter, made of glass, packed with 10 %
D.C. 200 (w/w) on solid support 80—100 mesh chromosorb
WHP, and with electron capture detector (63 Ni). Nitrogen
was the carrier gas with flow rate of 30 mL min~'. The
column temperature was increased from 150-250 °C at the
rate of 10 °C min~' held at 250 °C for 16 min. The

temperature of the detector and injector was 270 °C. The o
and B isomers of fipronil were identified using specific
standards. Fipronil was analyzed in Reliable Analytical
Laboratories, Thane, Mumbai, India.

Tissue Homogenate Preparation

At the end of 15 days of sublethal exposure of fipronil, six
fishes per treatment groups were sampled and anaesthe-
tized with CIFECALM (50 pL L™") for blood collection
and were sacrificed for tissue collection for enzyme stud-
ies. CIFECALM is an herbal anesthetic formulation con-
taining natural alcoholic extracts of Eugenia caryophyllata
and Mentha arvensis. The muscle, liver, gill and brain
tissues were dissected and weighed carefully. A 5 %
homogenate was prepared with chilled sucrose solution
(0.25 M) in a glass tube using Teflon coated mechanical
tissue homogenizer. The tube was continuously kept in ice
to avoid heating. The homogenate was centrifuged at
5,000x g for 10 min at 4 °C in a cooling centrifuge. The
supernatant was collected and stored at —20 °C for
enzyme studies [3, 10].

Haematological Studies

Blood was collected by puncturing the caudal vein using a
medical syringe (No. 23), which was previously rinsed with
2.7 % EDTA solution (as an anticoagulant) and shaken
gently in order to prevent haemolysis. The blood samples
were used for determination of haemoglobin (Hb) content,
total RBC (erythrocyte) counts, total WBC (leukocyte)
counts and for nitroblue tetrazolium assay. For serum, two
fresh fishes from each replicate with a total of six fish from
each treatment groups were anesthetized with CIFECALM.
The serum was collected without anti-coagulant and allowed
toclot for 2 h, centrifuged (3,000 X g for 5 min) and then kept
at —80 °C until use. The Hb percentage was determined by
estimating cyanmethemoglobin using Drabkin’s fluid
(Qualigens, India). Five mL of Drabkin’s working solution
was taken in a clean and dry test tube and 20 pL of blood was
added to it. The absorbance was measured using a spectro-
photometer (MERCK, Nicolet, Evolution 100) at a wave-
length of 540 nm. The final concentration was calculated by
comparing with standard cyanmethemoglobin (Qualigens,
India). Total RBC and WBC were counted in a haemocy-
tometer using erythrocyte and leukocyte diluting fluids
(Qualigens, India), respectively. Twenty microliter of blood
was mixed with 3,980 pL of diluting fluid in a clean glass test
tube. The mixture was shaken well to suspend the cells
uniformly in the solution. The cells were counted using a
haemocytometer.

The following formula was used to calculate the number
of RBCs and WBCs counts per ml of the blood sample
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Number of cells mm ™ = (Number of cells counted
x dilution)/(Area counted
x depth of fluid)

Packed cell volume or Heamatocrit (Hct %) was
determined by the Wintrobe and Westergreen method as
described by Blaxhall and Daisley [17].

The mean corpuscular volume (MCV-fL), mean cor-
puscular Hb (MCH-pg) and mean corpuscular Hb con-
centration (MCHC-g dL ") were determined according to
following formulae as proposed by Dacie and Lewis [18].

MCV = (Het)/RBC x 10
MCH = (Haemoglobin)/RBC) x 10,
MCHC = (Haemoglobin/Hct) x 100.

where Hct represents Haematocrit percentage.

Blood Glucose and Serum Cortisol

Blood glucose was estimated by the method of Nelson-
Somogii [19]. Serum cortisol levels were determined using
a commercially available cortisol specific competitive
binding enzyme linked immunosorbent assay (ELISA) kit
(Neogen Corporation, Lexington, KY, USA) from tripli-
cate samples. These cortisol ELISA kits and methodologies
have been successfully validated and utilized in many fish
species [20-22].

Serum Protein, Albumin and Complement Reactive
Protein (CRP)

Serum protein was estimated by biuret and BCG dye
binding method of Reinhold [23] using the kit (total protein
and albumin kit, Qualigens Diagnostics, division of Glaxo
SmithKline Pharmaceutical Limited). Albumin was esti-
mated by bromocresol green binding method of Doumas
et al. [24]. The absorbance of standard and test were
measured against the blank in a spectrophotometer at
630 nm. CRP determinations were carried out by Olympus
AU commercial kits.

Enzyme Assays

Lactate Dehydrogenase (LDH) and Malate
dehydrogenase (MDH)

Lactate dehydrogenase (L-lactate NAD + oxidoreductase;
E.C.1.1.1.27) was assayed in the liver and muscle tissue
homogenates using 0.1 M phosphate buffer (pH 7.5),
0.2 mM NADH solution in 0.1 M phosphate buffer. The
reaction was initiated by adding 0.2 mM sodium pyruvate
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as the substrate and optical density (OD) was recorded at
340 nm as described by Wroblewski and Ladue [25]. A
similar reaction mixture was used for the estimation of
malate dehydrogenase (L-malate: NAD + oxidoreductase;
E.C.1.1.1.37) except for the substrate (1 mg oxaloacetate/
mL of chilled triple distilled water) by the method of
Ochao [26].

Acetylcholine Esterase (AChE)

Acetylcholine esterase enzyme (E.C.3.1.1.7) was assayed
in the brain tissue homogenate by the method of Hestrin
[27]. Acetylcholine esterase assay system comprised of
1.0 mL of M/15 phosphate buffer (pH 7.2), 1 mL acetyl-
choline (0.004 M, pH 4.0) substrate buffer mixture (1:9
dilution), and 0.2 mL of homogenate and incubated for
30 min at 37° C. Alkaline hydroxylamine (2.0 mL) was
added to terminate the reaction. The solution was mixed
thoroughly and 1 mL of HCI (2:1) was added followed by
thorough mixing. Enzyme solution was then added to the
control tubes. The color was developed by addition of
1 mL of FeCl; (10 %) and OD was recorded at 540 nm
after thorough mixing.

Alkaline Phosphatase (ALP)

ALP (E.C. 3.1.3.1) enzyme activity was determined in the
liver tissue homogenate by the method of Garen and
Levinthal [28]. The assay mixture comprised of 0.2 mL
bicarbonate buffer (0.2 M), 0.1 mL of 0.1 M MgCl,,
0.1 mL tissue homogenate, 0.5 mL of distilled water and
0.1 mL of freshly prepared 0.1 M para-nitrophenyl phos-
phate. The reaction mixture was incubated in water bath at
37 °C for 15 min and the reaction was stopped by 1.0 mL
of 0.1 N NaOH. OD was taken at 410 nm. Phosphate lib-
erated was estimated at OD of 660 nm [29].

Alanine Aminotransferase (ALT) and Aspartate
Aminotransferase (AST)

Alanine amino transferase (L-alanine 2 oxaloglutarate
aminotransferase; E.C.2.6.1.2) activity was assayed in the
liver and muscle tissue homogenates as described by
Wotton [30]. The substrate comprised of 0.2 M D, r-ala-
nine acid and 2 mM o-ketoglutarate in 0.05 M phosphate
buffer (pH 7.4). In the experimental and control tubes,
0.5 mL of substrate was added. The reaction was started by
adding 0.1 mL of tissue homogenate. The assay mixture
was incubated at 37 °C for 60 min. The reaction was ter-
minated by adding 0.5 mL of 1 mM 2.4-dinitrophenylhy-
drazine (DNPH). In the control tubes the enzyme source
was added after DNPH solution. The tubes were held at
room temperature for 20 min with occasional shaking.
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Then 5 mL of 0.4 mL NaOH solution was added, the
contents were thoroughly mixed. After 10 min, the OD was
recorded at 540 nm against a blank. The procedure adopted
for aspartate amino transferase (L-aspartate: 2 oxalogluta-
rate aminotransferase, E.C.2.6.1.1) activity was same as for
ALT activity except the substrate comprised of 0.2 M D, L-
aspartic acid instead of alanine.

Catalase and Super Oxide Dismutase (SOD)

Catalase (E.C.1.11.1.6) was assayed in the liver and gill tissue
homogenates using 50 mM phosphate buffer (pH 7.0). The
reaction was initiated by adding 30 % H,0O, as the substrate
and O.D. was recorded at 240 nm [31]. Superoxide dismutase
(E.C. 1.15.1.1) activity was estimated by the method of Misra
and Fridovich [32]. This is based on the oxidation of epi-
nephrine—adrenochrome transition by the enzyme. The reac-
tion mixture consisted of 50 pL of sample, 1.5 mL phosphate
buffer and 0.5 mL epinephrine. The solution was mixed well
and OD was immediately read at 480 nm.

Total Protein Estimation

Quantification of protein in the different tissues was carried
out using Lowry et al. [33]. All the colorimetric assays
were carried out using UV-Vis spectrophotometer (E-
Merck, Germany)

Statistical Analysis

The statistical significance for various parameters between
the control and fipronil exposed groups were determined
using student’s ‘¢’ test according to the method of Baily
[34] using SPSS 16.0. The data was presented as
mean * SE of six replicates per group and the significance
were tested at P < 0.05.

Results

Data pertaining to acute toxicity test of technical grade
fipronil on fry at 24, 48, 72 and 96 h and corresponding
LCs values with 95 % confidence interval are presented in
Table 1. The 96 h LCs, value of fipronil to C. carpio fry
was found to be 0.428 mg L™" with 95 % confidence limit
ranging between 0.418 and 0.439 mg L™' at temperature
range of 26-28 °C and pH 7.25-7.5. The values showed a
gradual decrease with increase in exposure time. Concen-
tration level of fipronil in control and exposed groups were
confirmed by the results of fipronil analysis before the start
of sublethal toxicity experiment. In the control group no
fipronil was detected however sublethal concentration of
0.142 mg L' was found in the exposed group (Fig. 1).

Table 1 Median lethal concentration (LCsg) of C. carpio fry exposed
to fipronil for a period of 96 h

Period of exposure (h) LCsy (mg L™ 95 % confidence interval

Lower limit Upper limit

24 0.539 0.492 0.743
48 0.467 0.450 0.500
72 0.440 0.429 0.455
96 0.428 0.418 0.439
= 0.16 1

= 0.14
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Fig. 1 Concentration of fipronil in control and exposed groups
analysed before start of the sublethal experiment. Data represent the
mean £ SE of three replicates. ND not detected

Effects of Sublethal Fipronil Exposure
on Haematological Parameters

WBC count, MCH and blood glucose in fipronil exposed
group was significantly (P < 0.05) increased over the control
group whereas Hb percentage was significantly (P < 0.05)
decreased (Table 2). No significant (P > 0.05) differences
were observed in erythrocyte count, haematocrit percentage,
MCV and MCHC between the control and exposed group
(Table 2). Total serum protein was significantly (P < 0.05)
decreased while albumin values were not affected signifi-
cantly (P > 0.05) due to fipronil exposure (Fig. 2). Significant
increase (P < 0.05) in serum CRP (Fig. 3) and cortisol
(Fig. 4) were observed in fipronil exposed group.

Effects of Sublethal Fipronil Exposure on Enzymatic
Activities

Changes in the activity of certain enzymes in fish exposed
to fipronil were recorded at the end of experimental period
(Table 3). AST activities in both liver and muscle were
significantly (P < 0.05) higher in fipronil exposed group
than the control (Table 3), whereas exposure of fipronil led
to significant (P < 0.05) decline in acetylcholine esterase
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Table 2 Changes in the indices

of blood plasma in a C. carpio Parameters Control Exposed
fry treated with sublethal WBC(10? cells mm™3) 238.25 + 0.80 288.24 + 1.49%
concentration of fipronil 6 3
RBC (10 cells mm™") 1.03 £ 0.02 1.01 £ 0.01
Hb (gm %) 7.16 £+ 0.10 6.30 & 0.11*
Hct (%) 16.20 + 0.62 14.55 + 0.59
Values are represented as the MCV (fL) 144.67 + 339 159.80 + 7.08
mean + SE of six replicates. ,
Asterisks indicate significant MCH (pg) 4248 £ 1.16 65.78 + 2.60*
difference from control and MCHC (g dL™h 41.20 £ 2.44 46.66 £+ 1.41
fipronil exposure where Blood glucose (g dL.™%) 9271 + 4.22 121.16 + 6.16*
* P <0.05
1.6 - 180 1
14 — 0O Control 160 | .
OExposed -
1.2 4 140 1
£ =
S 120 =
11 £
& S 100 -
E 03 2
£ 80
0.6 8
£ 60 -
0.4 - ]
g 40 4
0.2 - 20
0 T 1 0 T 1
Total protein Albumin Control Exposed

Fig. 2 Total serum protein and albumin content of control and
fipronil exposed C. carpio fry at the end of 15 days exposure. Data
represent the mean £ SE of six replicates. Asterisks indicate signif-
icant difference from control and fipronil exposure where *P < 0.05

47 - "
46.5 -

46
455
45

—

44.5 A

44 -

CRP (mgL

——

43.5
43 A

42,5 T 1
Control Exposed

Fig. 3 CRP of control and fipronil exposed C. carpio fry at the end of
15 days exposure. Data represent the mean & SE of six replicates.
Asterisks indicate significant difference from control and fipronil
exposure where *P < 0.05

in brain (Fig. 5). ALP activity in the liver and MDH
activity in muscle were significantly (P < 0.05) decreased
in the exposed group than the control group. However,
there were no significant changes in ALT and LDH activity
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Fig. 4 Serum cortisol level of control and fipronil exposed C. carpio
fry at the end of 15 days exposure. Data represent the mean + SE of
six replicates. Asterisks indicate significant difference from control
and fipronil exposure where *P < 0.05

in both liver and muscle tissues as well as MDH activity in
muscle tissue (Table 3).

Activity of catalase and SOD in the liver of fish exposed
to fipronil were increased significantly (P < 0.05) whereas
activity of catalase and SOD in gill did not vary signifi-
cantly (P > 0.05) (Table 3).

Discussion

Cyprinus carpio, is the most important exotic carp species
widely used in composite fish culture systems with Indian
major carps. It also forms vital component of paddy cum
fish integrated fish farming system due to its omnivorous
feeding and hardiness to the fluctuating environmental
situation. High growth potential coupled with consumer
preference in domestic market has established C. carpio as
one of the important freshwater species cultured not only in
India but also in the other parts of the world.

According to environmental protection agency (EPA),
fipronil is highly effective, broad-spectrum phenylpyrazole
insecticide and is toxic to many fishes [13]. Sublethal dose
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Table 3 Changes in the different enzyme parameters in C. carpio fry
treated with sublethal concentration of fipronil

Parameters Control Exposed

AST (liver) 2.67 £ 0.05 4.01 £ 0.21*
AST (muscle) 2.55 +0.34 3.45 + 0.20%*
ALT (liver) 1.94 + 0.24 2.67 + 0.23
ALT (muscle) 2.08 + 0.31 2.56 + 0.29
ALP (liver) 36.62 + 3.90 23.89 £ 3.56*
LDH (liver) 1.18 £ 0.15 0.83 £ 0.14
LDH (muscle) 0.32 + 0.02 0.33 £ 0.03
MDH (liver) 0.10 + 0.03 0.07 £ 0.02
MDH (muscle) 0.07 £ 0.01 0.03 + 0.01*
Catalase (Liver) 5.35 £ 0.80 8.79 £ 0.51*
Catalase (gill) 5.15 £ 0.46 4.52 £ 0.25
SOD (liver) 81.96 + 1.20 110.03 £ 1.40*
SOD (gill) 55.63 £ 4.80 5145 £ 3.11

Enzyme activities are expressed as follows ALT: specific activities
expressed as nano moles of sodium pyruvate formed/mg protein/min
at 37 °C. AST specific activities expressed as nano moles of oxalo-
acetate released/min/mg protein at 37 °C. LDH: specific activity
expressed as U min~' mg™" protein at 37 °C MDH: specific activity
expressed as U min~! mg*' protein at 37 °C. nanomoles p-nitro-
phenol released/mg protein/min at 37 °C (ALP). Catalase: m moles
H,0, decomposed/min/mg protein at 37 °C; SOD: p mol mg™'
protein/min at 37 °C

Values are represented as the mean £ SE of six replicates. Asterisks
indicate significant difference from control and fipronil exposure
where * P < 0.05

is a potentially lethal dose of a substance which is not large
enough to cause death. Therefore, sublethal fipronil con-
centration of 1/3rd of LCsq (0.142 mg L") was selected
for the study, which may produce considerable alterations
in the haemato-biochemical responses, resulting into
delayed adverse health effects and ultimate death of fishes.
Thus, it may lead to heavy economical loss to the fish
farmers.

Significant increase of WBC count in fipronil exposed
group indicates the hypersensitivity of WBC to fipronil,
which may be due to immunological reactions to produce
antibodies to cope up with stress induced by fipronil.
Increase in WBCs count can be correlated with an increase
in antibody production which helps in survival and
recovery of fish exposed to pesticides [3, 35]. Decrease in
the Hb content in this study may be resulted from rapid
oxidation of Hb to methaemoglobin or release of O,
radical due to the toxic stress of fipronil. It is well docu-
mented that xenobiotics capable of undergoing redox
cycling can exert toxic effects via generation of oxygen
free radicals. Results of the present study are in agreement
with the findings of Matkovics et al. [36], who observed a
quick decrease in Hb content in C. carpio due to paraquat
toxicity. Although, there were no significant (P > 0.05)
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Fig. 5 Acetylcholine esterase (AChE) enzyme activity of control and
fipronil exposed C. carpio fry at the end of 15 days exposure. Data
represent the mean £ SE of six replicates. Asterisks indicate signif-
icant difference from control and fipronil exposure where *P < 0.05

changes in the RBC count and Hct values in the fipronil
treated group, but sublethal exposure of fipronil resulted in
significant (P < 0.05) increase in the MCH values. The
mechanism by which MCH values were elevated in
exposed group is not known.

Significant increase in the blood glucose level in fipronil
exposed group might have resulted from gluconeogenesis
to provide energy for the increased metabolic demands
imposed by fipronil stress. Changes in blood glucose have
been suggested as sensitive indicator of stress in the teleost
[37]. The stress related hyperglycemia reported in many
species of teleost is mediated mainly by the effect of cat-
echolamine on glucose release from the liver, the main
carbohydrate store in fish, with epinephrine being more
potent than nor-epinephrine [38].

There was significant decrease in total serum protein
content of the C. carpio fry in the fipronil exposed group,
which is in agreement with the finding of Jenkins et al.
[39]. Fish utilizes protein mainly as a source of energy to
meet the metabolic and physiological demand of the body,
but on exposure to stressors more protein may be mobilized
via oxidation of amino acids. Thus decreased serum protein
level may be attributed to stress mediated mobilization to
accomplish an increased energy demand by the fish to cope
up with stress [39]. The depletion in total protein content
may be due to enhanced proteolysis and possible utilization
of their product for metabolic purposes as reported by
Ravinder et al. [40]. However, Neff [41] has suggested that
decline in protein content may be related to impaired food
intake, increased energy cost of homeostasis, tissue repair
and detoxification mechanism during stress.

Serum cortisol level is widely used as a primary stress
response to exposure of pollutants, handling and space
restriction such as confinement, air exposure and crowding
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[42]. The hypothalamo-pituitary-interrenal axis of fish is
activated to produce cortisol and other corticosteroid hor-
mones for the maintenance of disturbed homeostasis [43,
44]. In the present study, plasma cortisol level increased
from baseline control values of 123.73-156.55 ng mL™"
upon fipronil exposure. Elevated cortisol level upon dif-
ferent environmental stressors in teleost fishes has been
reported by many workers [45-47]. Basal circulating cor-
tisol levels show diurnal and seasonal fluctuations and
interspecific differences and therefore the normal ranges
are highly variable in aquatic vertebrates including fish.

CRP acts as secondary stress response parameter and is
considered as reliable biomarker for aquatic toxicity studies
[48]. Significant increase in CRP level in fipronil exposed
group is in agreement with Sinha et al. [49] who observed
induction of CRP level in Labeo rohita after exposure of
mercury and cadmium stress. Toxic agents increase the non
antibody proteins, in fishes as a first line defense towards
environmental pollutant. This increased the presence of CRP
in the acute phase response of invertebrates and some fishes
which suggests that they may have an important role in overall
host mechanism to toxicity exposure, directing attention to the
apparently reciprocating relationship between immune and
chemical detoxifying systems [49-51].

In the present experiment, significant inhibition of 47 %
was observed in brain AChE due to fipronil stress. AChE is
one of the most widely used enzyme known as a biomarker
for environment pollution studies. In general, fishes can
tolerate about 70-80 % inhibition of AChE activity before
death as reported by Sarma [52], but Devraj et al. [53]
showed 80 % inhibition of AChE activity in Oreochromis
mossambicus without recording mortality; however both
observed some behavioral changes like sluggish movement
and loss of balance etc. According to them, this may be due
to maximum inhibition of AChE activity in cerebellum,
which controls the muscular co-ordination. Results of the
current investigations are in agreement with the findings of
Tejpal et al. [42] in Cirrhinus mrigala, Sarma et al. [54] in
Channa punctatus and Akhtar et al. [55] in L. rohita on
exposure to endosulfan.

Significant increase of AST activity in both liver and
muscle tissues suggests that stress conditions in general induce
elevation in transamination pathway [56]. Involvement of
alternate pathways like aminotransferase reactions are also
possible due to inhibition of oxidative enzymes like MDH, a
situation also demonstrated by Ghosh [57] in L. rohita under
cypermethrin toxicity. Transamination enzymes transfer
amino group of an amino acid to a keto acid changing the latter
into a new amino acid and the original amine into a new keto
acid, thereby redistributing amino group among amino acids
forming new amino acids. Amino acids are the major source of
energy in teleosts [58]. Generally, stress hormone (cortisol) is
responsible for mobilizing protein and lipid source for glucose

@ Springer

synthesis. For this, amino acids are de-aminated to produce
tricarboxylic acid (TCA) cycle intermediates resulting in the
induction of elevation in transamination pathway.

ALP, a zinc-containing metallo-enzyme, plays an
important role in phosphorus metabolism in the body. The
activity of ALP in the liver reduced significantly in the
fipronil exposed group. Inhibition of hepatic ALP activity
in fipronil exposed group is consistent with other results
previously observed in C. punctatus [54] and also in C.
carpio fingerlings [59]. Such inhibition of ALP activity
could possibly be an indication of role of fipronil in
phosphorous metabolism. The MDH activity, an enzyme of
TCA cycle, which is involved in the reversible conversion
of L-malate and oxaloacetate, showed inhibitory effect in
muscle due to fipronil exposure. The inhibition in the
muscle MDH activity could either be due to changes in the
conformation of active site, formation of enzyme-inhibitor
complex leading to impairment of carbohydrate metabo-
lism. Results of present investigations are in agreement
with the findings of Sarma et al. [54] in C. punctatus on
exposure to endosulfan toxicity and Verma et al., [59] in C.
carpio on persistent sublethal exposure of chlorine.

The current study demonstrated significant increase in
catalase and SOD activities in liver of exposed group. The
increase in SOD activity in the liver of the fish may be due to
the production of superoxide anions which led to the induction
of SOD to convert the superoxide radical to H,O,. The
increase in catalase activity in the liver may be a response to
the hydrogen peroxide produced by SOD activity since cata-
lase is responsible for the detoxification of hydrogen peroxide.
Increase in the activity of catalase and SOD is usually
observed in the face of environmental pollutants since SOD-
CAT system represents the first line of defense against oxi-
dative stress [60]. Furthermore, the increase in antioxidant
enzymes in the liver demonstrates that liver has an important
role in the detoxification of fipronil. This is also corroborated
by the observations reported by Farombi et al. [61].

Conclusion

To summarize the above findings, haemato-biochemical
parameters clearly indicated the fipronil induced impairment
of metabolism as fish were observed to be under severe
metabolic stress. The evaluated parameters like haemato-
logical alterations and variations in different enzyme activ-
ities can be used as good biomarkers of fipronil pollution in
the water bodies. Cortisol, CRP and AChE are found to be
indicator parameters for the pesticide to ascertain the toxicity
of fipronil. Further research with toxicity testing methods in
same or other species of fish would give more comprehensive
picture which would be of great importance in monitoring
possible ecotoxicological risk assessments of fipronil.
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