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The lethal concentration (LCg;) of methyl parathion and its effect on the lipid peroxidation
and antioxidant enzyme systems are elucidated in Labeo rohita of size 75 + 6 g at 96 h exposure.
The probit analysis showed that the lethal concentration (LC,;) for 24, 48, 72 and 96 h were
15.5, 12.3, 11.4 and 10.2 mg I"! respectively. Besides lipid peroxides (LPO), the toxicity effect
was followed from the activities of liver antioxidant enzymes catalase (CAT, EC 1.11.1.6),
glutathione peroxidase (GPx, EC 1.11.1.9), superoxide dismutase (SOD, EC 1.15.1.1) and
glutathione S- transferase (GST, EC 2.5.1.18). The effect of methyl parathion on tissue
glutathione content and the inhibition of brain acetylcholinesterase (AChE, EC 3.1.1.7) activities
were also studied. The LPO level and GST activity increased five folds and two folds
respectively on exposure to methyl parathion at 10.2 mg I'l. The SOD activity increased by
seven fold compared to control. AChE activity was inhibited by 74% at a concentration of
1.8 mg 1" and 90% at 5.4 mg 1! signifying the effect of methyl parathion on the nervous system
of fish. The study indicate that changes in antioxidant enzymes and decrease in the AChE

activity can be used as biomarkers for momtormg tox1c1ty due to methyl parathion exposure

in aquatic orgamsms like fish.
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Pesticides are substances, or mixtures
used to control pests. Even though the use
of pesticides has a very positive impact on
food production, the associated risks include
water contamination, livestock poisoning,
death of beneficial insects, wildlife endanger-
ment, pesticide tolerance and deterioration
of human health (Gupta, 2004). Currently,
the consumption of pesticide contaminated
food is showing a slight declining trend,
probably due to shift of farmers towards
biopesticides, natural plant sources and
other alternate methods (Das & Mukerjee,
2003).

Aquaculture areas are not exclusive

areas of contamination and usually get

Methyl parathion, Labeo rohtta, LC 50, 0x1dat1ve .stress, antioxidant enzymes,

exposed to influx from surrounding water
bodies particularly during rainy seasons. The
environmental toxic chemicals that are
released in to the land eventually find their
way to the rivers and sea as the final
repository. Estuaries which are the links to
the freshwater and marine systems, contain
a variety of xenobiotics, having the potential
to affect normal physiology of aquatic
animals. Methyl parathion is an orgahophos-
phorus pesticide intended only for outdoor
use and is classified under category I (viz.,
most toxic) in USEPA. Methyl parathion is
rapidly metabolized to biologically active
methyl paraxon, which can chemically bind
to acetylcholine esterase leading to a variety
of clinical manifestations.
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Most of the toxicological studies in fish
are confined to the effects of pesticides on
fingerlings and not much study is available
on growing/grown out fish. The intoxication
by xenobiotics can happen at anytime in an
open farm environment. Therefore, the
objectives of the study were to determine the
lethal concentration (LC,)) of methyl par-
athion in growing Labeo rohita (75 + 6 g), an
important candidate species in polyculture
system and to evaluate its effect on acetyl-
cholinesterase activity in. brain and antioxi-
dant enzymes in liver. The experiments were
conducted in accordance with the guidelines
of the Committee for the Purpose of Control
and Supervision of Experiments on Animals
(CPCSEA), New Delhi, India and with the
approval of the Animal Ethic Committee of
the Institute.

Materials and Methods

Rohu (Labeo rohita) weighing about
75 + 6g and with mean body length
23 + 5 cm were collected from a fish farm
near Ernakulam, Kerala, India. The fish were
brought to the laboratory and acclimatized
for more than 15 days in plastic tank. The
temperature and pH of water were main-
tained at 6.74 + 0.4 and 32 + 2°C respectively.
The fishes were fed with commercial fish
feed, the fish tanks were well aerated and
the physical and chemical parameters were
kept nearly constant. During the experimen-
tal period to supplement pesticide loss, if
any 20% water in the tank was replaced on
daily basis.

Methyl parathion-50% (O, O-dimethyl-
O-4-nitrophenyl-Phosphorothioate-Bayer,
Germany) a synthetic organophosphrous
insecticide was obtained from market in
Cochin. All other chemicals were purchased
from Sigma (USA), Merck (Germany) and
SRL (India).

The range finding bioassay was con-
ducted following APHA-AWWA-WPCF,
(1975) and Reish & Oshida (1987) with
fish exposed to a range of sequential
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concentrations (0.002, 0.02, 0.2, 2, 20 mg. 1)
of methyl parathion. Mortalities were re-
corded at 24, 48, 72 and 96 h and dead fish
were removed immediately. To determine the
lethal concentration (LC,), eight fish of
approximately equal size were released into
different fish tank, containing different con-
centrations (1.8, 3.6, 54, 7.2, 9.0, 10.8, 12.6,
144, and 16.2 mg I') of methyl parathion.
LC,, was determined as per the methods of
Reish & Oshida, (1987) and the mortality of
fishes was recorded at 24, 48, 72 and 96 h.
The dead fishes were removed immediately
and kept frozen at -20°C pending analysis.

At the end of the experiments, fish were
killed by decapitation. Liver and brain
tissues were dissected, washed in physiologi-
cal saline (0.9% NaCl), and kept at -20°C
until analysis. The tissues were homogenized
for 5 min in ice-cold 0.1M Tris-HCI buffer
solution pH 7.2 (1:5 w/v) using Polytron
homogenizer (PT3000, Kinematica, Switzer-
land) and centrifuged (Remi, India) at 8000
rpm for 30 minutes. Supernatant were used
for determination of enzymes.

Lipid peroxide (LPO) (Ohkawa et al.,
1979), superoxide dismutase (SOD) (Misra &
Fridovich, 1972), Catalase (Takahara et al.,
1960), Glutathione peroxidase (Pagila &
Valentaine, 1967), total reduced glutathione
(Ellman, 1959, Glutathione-s-transferase
(Habig et al:, 1974) in the liver were estimated
by standard methods. Acetylcholinesterase
(AChE) activity in brain tissues was assayed
by the method of Ellman et al. (1961).

Mean cumulative mortalities were
calculated across the treatment duration for
each of the three trials and one-way ANOVA
was run using the SPSS 10.0. followed by
Duncan’s new multi-range test to calculate
the significant difference between control
and experimental mean (Daniel, 1987).

Results and Discussion

The range finding test showed no
mortality upto 2 mg 1" methyl parathion
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concentration while at 20 mgl? concentra-
tion, 100% mortality was observed (Table 1).
The lethal toxicity study showed no mortal-
ity upto 5.4 mgl?'. The exposure of fish to
96 h, at a concentration of 7.2 mgl” of methyl
parathion showed 10% mortality, while at a
concentration of 16.2 mgl? 100% mortality
was noticed in 48 h (Table 2). The probit
analysis showed that the LC, at 24, 48,
72, and 96 h were 15.5, 12.3, 11.4 and
10.2 mgl? respectively, for Labeo rohita (Table
3). The LC,, varies with size of fish and type
of pesticide used. There are reports indicat-
~ing LC, of 7.34 mgl? for juveniles of Labeo
rohita (Nair et al., 2007). The LC,; of the
organophosphorus pesticide RPR-II was
found to be 0.17 mgl? for Oreochormis
mossambicus of size 5 + 1 g (Venkateswara
Rao, 2006) while that of azinphosmethyl,
parathion and carbaryl were 7.18, 6.46 and
13.86 mgl™ respectively for goldfish (Carrassius
auratus) of size 2-5 g weight range (Ferrari

Table 1. Test for range finding of Labeo rohita exposed
to methyl parathion

Concentration

Sl. No Percentage of
(mgl?) mortality
1 0.002 0
2 0.02 0
3 0.2 0
4 2 0
5 20 100

et al, 2004). For pyrethroid pesticide
cypermethrin the 96 h LC, | was reported to
be 0.139 mgl? for Labeo rohita of size 8.52 +
254 g

The abnormal behavioural changes viz.,
opercular movement, dullness, loss of equi-
librium, stopping of food intake, erratic and
hysteric swimming, swimming at the water
surface, circling movement and gasping
were noticed immediately in fish exposed to
15.0 and 20.0 mg I concentrations of methyl
parathion. Prior to death, the fish became
less active or inactive, remained hanging
vertically in the water or lay down on their
sides at higher concentrations. The clinically
observed toxic signs such as darkening of the
body surface, erosion or rotting of fins and
tails, loss of fish scales and haemorrhagic
patches on the body surface are similar to
earlier reports on pesticide poisoning (Rao
et al., 1967; Anees, 1975)

The specific level of lipid peroxides
(LPO) on methyl parathion exposure during
lethal toxicity exposure for 96 h was higher
than that of a control fish (Table 4). At 10.2
migl! (LC,), . the hepatic LPO increased
almost 5 times (p<0.05). There are reports
indicating the generation of ROS in the
presence ‘of organic contaminants like
organophosphorus pesticides in aquatic
animals (Monserrat et al., 2003; Dorval et al.,
2005). LPO has been reported as a major

Table 2. Test for lethal toxicity of Labeo rohita exposed to methyl parathion

SI. No Conc. log Con No. of Percentage of mortality

(mgl™) fish taken 24 h 48 h 72 h 96 h
1 07.2 1.9741 8 0 0 0 10
2 09.0 2.1972 8 10 20 20 30
3 10.8 2.3795 8 20 30 40 40
4 12.6 2.5337 8 30 30 50 60
5 144 2.6672 8 30 60 100 100
6 16.2 2.7850 8 40 100 100 100

24 h R=0.990 R Square=0.979 S.E of Est. 2.111E-02 Y=0.861 + 7.064E-03X ;
72 hR=0.964R Square=0.930S.E of Est. 3.886E-02Y=0.881 + 3.163E-03X ; 96 hR=0.987R

4.730E-02Y=0.894 + 7.064E-03X;
Square=0.974S.E of Est. 2.390E-02Y=0.823 + 3.666E-03X

48 h R=0.947R Square=0.896S.E of Est.
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Table 3. Lethal toxicity value of methyl parathion in
Labe rohita

SI. No  Exposure LG, 95% confidence limit
Time (h) (mgl™) Upper Lower

limit limit

1 24 15.5 26.74 13.30
2 48 123 13.91 11.03
3 72 114 12.65 10.57
4 9% 10.2 11.48 08.83

contributor to the loss of cell function under
oxidative stress conditions (Storey, 1996;
 Hermes-Lima et al., 1995). LPO disintegrates
the biomembrane rich in polyunsaturated
fatty acids (PUFA) which are susceptible to
oxidation (Rady, 1993). The results sug-
gested that the exposure to methyl par-
athion enhanced ROS synthesis in the liver
of Labeo rohita and that antioxidant defences
were not totally able to effectively scavenge
them, thus leading to lipid peroxidation.

The SOD activity in the liver of Labeo
rohita after methyl parathion exposure was
higher than that in the control (Table 4).
There was significant (p<0.05) increase in
SOD activity with increase in the concentra-
tion of methyl parathion, and a 11 fold
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increase was noticed at a methyl parathion
concentration of 10.2 mgl' compared to
control. Increase in SOD compares well with
increase in LPO and induction of SOD could
occur during the increased production of
superoxide anion radical.

The catalase (CAT) activity increased
(61%) significantly (p<0.05) with the
increasing concentration of pesticide upto
5.4 mg 1" followed by a decrease at higher
concentrations (Table 4). The increase in
catalase activity in liver after 96 h appears
to be due to the increased generation of ROS.
At higher concentrations, however, the cells
are unable to increase the production of
catalase probably due to cell damage and are
limited by their inability to counter the effect
of methyl parathion toxicity. The increased
SOD and CAT levels in Labeo rohita indicate
an elevated antioxidant status attempting to
neutralize the impact of the ROS. This result
supported the statement (Alves et al., 2002),
that the exposure to pesticides elicits pro-
oxidant conditions that trigger adaptive
responses such as increase in the activity of
the antioxidant enzymes.

The hepatic glutathione peroxidase
(GPx) activity in the liver of fish increased

Table 4. Effect of different methyl parathion concentrations on LPO, liver specific antioxidant enzymes and AchE

in brain in Labeo rohita after 96 h exposure

S.No  Conc LPO SOD CAT GPX GSH GST AChE
(mg I")

1 Control 069 = 01° 17 + 04* 79 + 1.1* 1.6 + 02 1.5+ 03° 1909.5 + 583° 147 + 15°
2 1.8 087 + 02° 26 +020 71+08% 43+12% 29+ 01° 23103 + 309 390 + 6
3 36 1.09 £ 03* 42+ 08° 104 + 1.1° 72 % 0.6° 32 + 0.66 29733 + 118 219 + 3t
4 54 154 + 03 38 + 06 129 =+ 113 £ 22¢ 39 + 0.6~ 31292 = 180 147 + 4
5 7.2 198 + 066 113 + 06 7.2 + 05% 41 + 1.85 45 + 099 36480 + 198 139 + 4
6 9.0 234 + 03 118 = 1.1° 62 + 38 +03° 51 + 08¢ 46607 + 2490 129 + 3¢
7 102 353 + 0.9° 124 £07¢ 79+ 36+ 04> 52+ 039 47337 +292¢ 112 + 1°

Results are given as mean £ SD (n = 3). Values that have a different superscripts (a,b,c,d) differ significantly (P<0.05,
Duncan’s multiple range test); Activities of enzymes represented as follow: LPO - nmol malonaldehyde ; SOD- one unit
is amount of protein required to give 50% inhibition of epinephrine autoxidation; CAT- nmol H,O, min! mg I'! Protein;
GPX - nmol min* mg I Protein; GSH- u mol g”'meat; GST- j1 mol min-1 mg 1! protein; AChe-n mols min-1 mg 1 protein
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(p<0.05) after methyl parathion exposure
upto a concentration of 5.4 mgl” followed
by a decrease at higher concentration
(Table 4). The GPx inhibition observed in the
present study reflects a possible antioxidant
defence failure, which is also reflected in the
increased LPO levels and decreased catalase
activity leading to cell damage. GPx plays
an important role against the LPO, since it
_is mainly involved in the removal of organic
xenobiotics and, to a small extent, hydrogen
peroxides. GPx activity increases on expo-
sure to chemical contaminants (Almedia et
al., 2002; Sayeed et al., 2003; Zhang et al.,
2004). The decrease in " GPx could be
attributed to the negative feedback from
excess of substrate or damage by oxidative
modification (Tabatavaie & Floyd, 1994).
Reductions in GPx activity indicate that
antioxidant capacity of the tissue was
surpassed by the amount of hydrogen
peroxide (Remacle et al., 1992).

The total reduced glutathione (GSH)
content increased (p<0.05) gradually with
increase in the concentration of methyl
parathion compared to control (Table 4),
and a 3.5 fold increase was noticed at
10.2 mg 1'. During a moderate oxidative
stress, the glutathione levels increased as an
adaptive mechanism due to increased
synthesis; however, a severe oxidative stress
suppresses glutathione levels due to the
impairment of the adaptive mechanism
(Zhang et al., 2004).

Considerable decline in GSH could be
due to an increased utilization of tissue GSH
(Monterrio, et al, 2006). In this study,
however, there was no decrease in GSH up
to the final concentration of 10.2 mgl!
indicating the effectiveness of the cell to
replenish GSH at this high level of pesticide
concentration. GSH depletion may reduce
the ability to scavenge free radicals raising
the general oxidative potential in the cell
(Elia et al., 2003).

The glutathione-s-transferase (GST)
activity in the liver of Labeo rohita after

methyl parathion exposure increased (p<0.05)
with increase in concentration of methyl
parathion (Table 4). The activity increased by
two fold on exposure to methyl parathion at
10.2 mgl? concentration. GST plays an
important role in protecting tissue from
oxidative stress (Fournier et al., 1992; Banerjee
et al., 1999). The increased GST activity in
liver observed in the present study after
exposure to methyl parathion suggests the
increase in detoxification processes in Labeo
rohita.

Acetylcholinesterase (AChE) activities
in brain tissues were gradually inhibited
(p<0.05) with increase in the concentration of
methyl parathion, after 96 h exposure
(Table 4). AChE is the major neurotransmit-
ter in the nervous system and was inhibited
by 74% at a methyl parathion concentration
1.8 mgl? itself and 90% of the activity was
inhibited at concentration 5.4 mgl'. Further
increase in methyl parathion concentration
did not inhibit AChE activity significantly.
Weiss (1961) and Zinkl et al. (1991) proposed
that depression of 70-90% brain AChE
activity -occurs in response to organophos-
phorus pesticide at the LC,. The inhibitory
effect on 'AChE activity indicates that
insecticides might interfere in vital processes
like energy metabolism of nerve cells (Nath
& Kumar, 1999).

The present study reveals that methyl
parathion toxicity in L. rohita is caused by
oxidative stress which the fish counter by
increased production of antioxidants. Fur-
ther, inhibition of AChE in brain causes the
ultimate death of the fish at higher concen-
trations. Therefore antioxidant status includ-
ing the level of antioxidant enzymes, higher
antioxidant potential in response to methyl
parathion and significant drop in acetylcho-
linesterase activity can be used as good
biomarkers for monitoring methyl parathion
toxicity.
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