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ABSTRACT

Indoxacarb, (S)-methyl 7-chloro-2,5-dihydro-2-[[(thexycarbonyl) [4-(trifluoromethoxy) phenyllaminalbonyl]
indeno[1,2-e][1,3,4]oxadiazine-4a(3H) carboxylatis, a pyrazoline broad spectrum insecticide. Theokatarb
containing technical formulation was evaluated itsreffects on the liver oxidative stress prodwid enzymes in
male albino mice. Normal Swiss albino mice of 9¢sdald weighing about 25-30g were used in the expt. The
mice were administered with 6, 12, 18, and 24 mbbdy wt indoxacarb for 30 days. The mice admirgstavith
distilled water were served as control and miceensacrificed on day 3'or 24 hours after the terminal exposure.
Liver dissected out were freed from adherent tisand weighed to nearest milligram. Liver oxidatistess
byproducts of Lipid (Malonaldehyde) and protein dfin carbonyl) contents were increased where a$i GS
(Glutathione) and ascorbic acid contents were daseg in mice treated with 18 and 24 mg/kg/day iadasb. In
mice treated with 18 and 24 mg/kg/day of indoxacstibwed increase in SOD (Superoxide dismutasepl&zat
and GST (Gluthathione-s-transferase). However, éhelms no change in the oxidative stress byprodaots
enzymes in the mice treated with 6 and 12 mg/kgilddgxacarb. The results of the present study ssigteat
chronic exposure to indoxacarb insecticide hastéeleus effect on liver.

Key Words: Liver, Indoxacarb, Oxidative stress byproducts,dative stress enzymes.

INTRODUCTION

Oxidative stress is defined as a disruption ofgheoxidant antioxidant balance in favor of the femmleading to
potential damage [1]. It is reported that free cati and other reactive species are derived eftber normal
essential metabolic processes or from externakssusuch as exposure to x-rays, pesticides, tigamoking, air
pollutants, industrial chemicals, etc [2]. It isesult of one of three factors i.e. an increaseattive oxygen species
(ROS), an impairment of antioxidant defense systemnsan insufficient capacity to repair oxidativandage.
Damage induced by ROS includes alterations of legllmacromolecules such as membrane lipids, DNAI an
proteins. The damage may alter all function throaglanges in intracellular calcium or intracellufad, and
eventually can lead to cell death [3,4].

There are reports that both acute and chronic éamdoo exposure results in perturbations in oxidastress, several
studies provide evidence that antioxidants maydssl@as biomarkers of exposure to environmentalifawits [5,6].
Moreover, many reported that various pesticidesigeunce oxidative stress in different tissues 1,8t has been
reported that indoxacarb induces oxidative stresestes and kidney [10,11] and induces changé&sochemical
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constituents of liver, ovary and uterus [13,14] atsb induces effects on estrous cycle and ovdubicles in
albino mice [12]. A number of previous studies haeported that lindane causes oxidative stressénliter
[15,16]. Several studies with liver, brain, andtéesindicate that lindane causes oxidative stre82B]. Reactive
oxygen species (ROS) generated by exogenous arajemaus factors, cellular metabolism and etc [RAdxin
(2,3,7,8-tetrachlorodibenzo-p-dioxin) and polycitated biphenyls, which act as hepatic carcinogen®dents,
induced CYP1A1/2 and 1B1 and increased the ROSugtmh in the rodent liver, and that ROS may play a
important role in a variety of diseases [25-30]eTHody has developed major antioxidant defense amestms for
the removal of free radicals include glutathiongpesoxide dismutase (SOD), glutathione reductasmxidase,
glutathione-s-transferase and catalase (CAT) eng\i®&,32]. Antioxidant such as ascorbic acidamin E and
GSH protect cells against oxidative DNA damage play a important role in detoxification [33]. Théee the
present investigation was under taken to studeffezt of indoxacarb on oxidative stress enzymespgidants and
oxidative stress byproducts of the liver in albinize.

MATERIALS AND METHODS
Insecticide
The sample of indoxacarb (indoxacarb 14.5%) usedxjperiments was commercial insecticide suppliedEdy
DuPont India Pvt., Ltd., Haryana obtained from lieal company’s market containing Indoxacarb (&4)5 (w/w)
in active enantiomer 6% (w/w) amorphous siliconxdie 7% (w/w) polyethoxylated polyalyl phenol 9%/
polyethoxylated polyalyl phenol phosphate 6% (w/ig}iled methyl soyate 57.5%(w/w).
o

Indemncarh  X=C00CH;
nerw X=H

Fig. 1. Struciure of mdosacarh and DEIW

Structural Formula of Indoxacarb ¢gH;7CIF3N3;0O-)
Indoxacarb: (S)-methyl 7-chloro-2, 5-dihydro-2- Kthoxycarbonyl) [4-(trifluoromethoxy) phenyl] amjno
carbonyl] indeno [1,2-€] [1,3,4] oxadiazine-4a (3ldarboxylate

Animals and treatment

Laboratory bred adult virgin Swiss albino mice weised in the experiments. Mice aged 90 days oldhirg
between 25-30 g were used. The mice were maintam#éte P.G. Department of Studies in Zoology, Kaahka
University, Dharwad. Mice breed quite normally, akhthroughout the year and permitted through lethical
committee. They were housed in separate polypropyt&ges containing sterile paddy husk as beddaterial.
The mice were provided with standard mice pellet 8Gold Mohar” (Hindustan Liver Company, Mumbaid
waterad libitum The mice were maintained under normal day/nighedule (12h L: 12h D) at room temperature
25+ 2C.

The doses were given orally in distilled water,dvetheir acute level of intoxication according beir weight. The
mice were divided in to 5 groups’ group used as control and remaining 4 groups weee for graded dose studly.
Each group consists of 10 mice. The mice were géet2, 18 and 24mg/kg body weight indoxacarb fordays.
Control mice were received distilled water. All miwere autopsied by cervical dislocation on day@dy or 24 hrs
after the terminal exposure.

Oxidative Stress parameters Estimation

Oxidative stress parameters such as estimatioGdubiithione by (GSH)34], ascorbic acid by [35], Thiobarbaturic
acid (TBARS)[36], protein carbonyl [37], catalabg [38], superoxide dismutase (SOD) [28]d Glutathione-s-
transferase (GST) [40].
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Statistical Analysis
Statistical significance between control and experit data were subjected to analysis of varianddQ%A)
together with Dunnett’s test (P<0.05).

RESULTS

Antioxidants, oxidative stress byproducts and oxidtive stress enzymes

Results of the present study on antioxidants, aidatress byproducts and oxidative stress enzyht® liver in
mice revealed that the mice treated with 6 and tRimloxacarb showed no significant change in thvellef
antioxidant, oxidative stress byproducts and oxmastress enzymes. Whereas, treatment with 182dndng
indoxacarb caused significant decrease in the l@v&lSH and ascorbic acid and significant incréagbe level of
TBARS, protein carbonyl and showed significant @age in the activity of catalas8©D, and glutathione s-
transferase enzymes when compared with that afdh&ol mice (table 1).

DISCUSSION

The present findings revealed that, an increashdrdose of indoxacarb showed, decrease in theeotration of
Glutathione (GSH). GSH plays a fundamental rolethie antioxidant biology of mammals. GSH is widely
distributed tripeptide and found mainly in the cejtosol. As a water-soluble tripeptide, glutatt@os the most
abundant intracellular small thiol molecule andrademinant defense against ROS in tissues. GSHsrdaectly
with ROS and electrophilic metabolites, protectseasial thiol groups from oxidation, promotes thgeneration of
a-tocopherol, and serves as a substrate for GSkkrtelnzymes, e.g. glutathione peroxidase (GPx)gandthione
s-transferases [40]. It has been reported thatansgenic mice there is rapid depletion of GSHédspobnse to
paraquat exposure. This GSH depletion may resaih fparticipation of GSTs in the removal and recductof
(hydro) peroxides at the expense of GSH utilizatiime heightened paraquat sensitivity is also padadl in light
of the general increase in GST expression in VPRIRXce. Paraquat is a quaternary nitrogen herbitidecauses
toxic effects mainly via oxidative stress-induceédamanisms [41]. The level of GSH showed a drastituction
(76%) after acute exposure. On the contrary, clkroarbofuran exposure resulted in significant insee(67%) in
GSH levels as compared with control. A rapid anaistic reduction in GSH level has also been obsebyefd2]
after carbamate exposure. It has been reporteddthtthe exclusive exposure of animals to dimethoas well as
combined intoxication with dimethoate and pyrangetrate triggered a decrease in the GSH contenati liver
only in the first period after intoxication (up tee 24th h). However, a greater decrease was aabafter mixed
intoxication. Corresponding results were obtainadier by Wysocki and Zasadowski, (2005) [43] wheed a
concentrate of technical dimethoate and pyrantddarate. It has been revealed that 8-week oral adirtion of
chlorpyrifos (at a dose of 13.5 mg/kg b.w.) to rf@4] observed a decreased level of hepatic GSldy Buggested
that under oxidative stress, the content of GSHI useglutathione-dependent enzymes decreaseselprésent
study the reason for decreased GSH level in testder the influence of indoxacarb treatment in rmieey be due
to the indoxacarb is a fluorinated compound prankind various antioxidants and anti-oxidation eneg as it has
been observed oxidative stress in the liver of nagposed to different doses of F (NaF) [45-48]. Wah the
metabolites of pesticides are also conjugated glittathione, causing depletion of the glutathioeserve [49]lt is
reported that the levels of lipid peroxidation warssessed by estimating TBARS and lipid peroxidatind the
antioxidant levels were assessed by estimatindetels of GSH, SOD, CAT and GPx. Significant inaeswas
observed in the levels of TBARS and hydroperoxid€dCI2 treated rats [50].

The present findings revealed that, an increasbdérdose of indoxacarb showed decrease in the ntratien of
ascorbic acid. Vitamin C-mediates quenching of otittndrial ROS during normal and oxidative condiion
correlate with the protective effect of vitamin € inhibiting oxidative insults on the mitochondrightDNA).
Pyrantel tartrate administered to rats twice atdbee of 85 mg/kg b.w. did not cause any significdranges in the
content of ascorbic acid in the liver. Throughdwé experimental period, vitamin C concentrationlzded around
control values. In an earlier study by Spodniewskd Zasadowski (2006) [51], pyrantel embonate aihteired to
rats at a dose of 1/5 LD50 for 3 consecutive dews demonstrated to decrease the concentratioscoflzc acid.
The rats were intoxicated with dimethoate in therfoof a Bi 58 Nowy preparation, a decrease in vita@
concentration was observed till the 3rd day of éixperiment. The diminished concentration of vitarirmay
indicate intensification of oxidative stress, gettien of free radicals, and damage to the cellai@mbrane of
hepatocytes as affected by the compounds appli¢deirexperiment. A decreased vitamin C concentratiothe
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liver was previously reported in a study by Spodisiea and Zasadowski (2006) [51] after intoxicatidirats with
dimethoate (a technical concentrate) at a dosél6f ID50. However, the decrease occurred from gth hour till
the 7th day. tukaszewicz-Hussain and Moniuszko-Jako (2003) [52] have observed that when adminisger
various doses of chlorfenvinphos to rats (0.02,&hd 0.5 LD50), resulted in decrease in vitamire@l in serum,
however, the decrease appeared to be greatemdfténistration of lower doses of the pesticide educed level of
vitamin C in the testicles was also reported by] [BBer intoxication of rats with methylparathiolm the present
study the reason for decreased concentration oflgiscacid may be due to the diminished concermtnadif vitamin
C may indicate intensification of oxidative stregeneration of free radicals, and damage to tHalaeimembrane
of hepatocytes as affected by the compounds. Aedsed vitamin C concentration in the liver was regabby [51].
The observed decrease in vitamin C concentratiothénliver may also be explained by its utilizatifor the
regeneration of alpha-tocopherol, one of the eldmai non-enzymatic antioxidant defense, whose erint
decreases under conditions of oxidative stress;iwias been suggested by [54,55].

Table 1 Effect of indoxacarb on liver oxidative sess parameters in female albino mice

Treatment Antioxidants Oxidative stress Oxidative stress enzymes
Group mg/kg/d . _ byproduc_ts
GSH? Ascorbic acid® | TBARS® | Protein carbonyl® Catalase® e} GST?Y
| Control 1.75+0.18 430 +40.0 14.00+ 0.47 1.40400 0.045 +0.001| 46.18 +0.3%5 0.83+0.03
I 6 1.45+0.10 400 +45.0 18.3+ 2.95 1.48+0.15 04@.+ 0.002 47.08+0.46/ 0.88+0.04
11 12 1.38+ 0.08 375+ 30 22.20+1.95 1.59+0.10 | 0.049+0.003| 47.90+ 0.34 0.95+0.02
\Y 18 1.30+ 0.05* 345 + 38* 25.6+ 2.25¢ 1.65+0.08* | 0.055+0.003*| 48.55 +0.407 1.03 +0.02*
\Y 24 1.20+ 0.04* 320 + 25* 28.0+ 2.10¢ 1.78+0.09* | 0.059 +0.002*| 49.65 +0.361 1.08 +0.03*

a umole of glutathione(GSH)/ mg protein

b ngm of ascorbic acid

d nmoles of protein carbonyl/mg protein
Values are mean + SEM of 10 animals.

e pmole of HO, /min

f super oxide dismutase(SOD) unit/mg protein
¢ nmoles thiobarbaturic acid(TBARS)/gm protein g Glutathione-s-transferase(GST)

pmole/min/mg protein
*  Significant P< 0.05 compared control.

In the present investigation the increased levEBBARS contents in liver of mice are found witlgher dosage.
Lipid peroxidation is a chain reaction between palaturated fatty acids and ROS, and it produpés fieroxides
and hydrocarbon polymers that are both highly tdgi¢he cell. Malonyldialdehyde (MDA) is an end guoat of
peroxidation of polyunsaturated fatty acids andateel esters, and is, therefore, used as a markdipidf
peroxidation. Lipid peroxidation has been showmtwease in plasma and some tissues in Cypermd®@¥PR) and
other insecticides toxicities [56-59]. The liophilcharacteristics of CYP indicate that the siteaction is sodium
channels in the neuronal membrane [60-62] andciimcilates mostly in fat, skin, liver and kidney (WH1989), it
has been reported that, the concentrations of Mibtheé liver (63.3%), brain (31.8%) and kidney (24)lin alone
CYP treated group were significantly higher thaa ¢ontrol group. A number of previous studies hapmrted that
lindane causes oxidative stress in the liver [1238 Hincalet al, (1995) [63] reported that the oxidant stress
inducing effects of endosulfan, with an increasépid peroxidation and a significant alterationglutathione redox
cycle in cerebral and hepatic tissues of raisdings suggested that the carbofuran [CF] indupedative stress as
evidenced by increased levels of lipid peroxidatidecreased GSH contents, and lowered activitientbxidant
enzymes. These results suggest that aqueous exttéictcharantialeads to a significant improvement [64]. the
present study the reason for increased TBARS lievéler under the influence of indoxacarb treattngnmice
might caused due to the conjugation of indoxacarlitsometabolites to the polyunsaturated fattidaor by
production of ROS reacts with polyunsaturatedyfattids or accumulation of liphophilic compoundsijogated
with the fatty acids.

In the present investigation the increased levedrofein carbonyl in liver of mice are found witilgher dosage of
indoxacarb. Many environmental pollutants or chexsiexert their toxic effects by generating ROS,§65 ROS
are unstable free radical species in cells prodwdeen oxidative stress occurs [65]. These unstibke radical
species can attack cellular components, inducimgadg to lipids, proteins, and DNA and are assatiafeh many
disease states, including cancer [66]. Proteinsrejer targets for ROS and can scavenge 50-75%08,Rs they
are the major component of most biological systgge$. Some ROS-induced protein modifications casultein
unfolding or alteration of protein structure anehdtions [67]. Protein targets of ROS are of inciegsnterest in
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environmental toxicity as they may provide insighdstoxicity mechanisms and may identify novel barkers.

ROS can modify and inactivate proteins in a varigtyvays [68,69] this could be one of the reasardase in
protein carbonyl. Generally, ROS may cause reviersibd/or irreversible modifications on sensitivetpins [69].

Reversible modifications, usually at cysteine resg] may have a dual role of protection from irrside damage
and modulation of protein function [68]. Zaet al, (2003) [70] have reported that protein carbongtatbut not
thiol modification, in the mouse liver increasedrsficantly during propiconazole induced oxidatsteess. [71] The
GSH/GSSG ratio was reduced in the livers of prapézmle-treated mice, and the increased proteiroogtation

could be a result of decreased GSH content thikldmianother reason for the increase in protaiborgyl.

In the present investigation the increased actioftgatalase and SOD in the liver of mice are fowitth higher
dosage of indoxacarb Similar reports have beenrregpohatSOD and CAT are the most important antioxidants in
the body that play an important role in scavendR@S It has been reported that the increased actofitgAT,
SOD and GPx was observed at the same time aftexidgation with endosulfan. It has been reported linaane-
induced oxidative stress in the heart, liver arglete higher levels of SOD and catalase followingptation might
have protected the myocardium from more severeyirgue to oxidative stress [49]. In the presendgtine reason
for increased activity of catalase and SOD underitifiuence of indoxacarb treatment in mice mightdoe to the
efficient clearance of ROS, however, requires tberdinate actions of antioxidant enzymes, suchuperexide
dismutase (SOD) and catalase (CAT) [72]. Investigat indicated that mammalians have a good defense
mechanism for lipid peroxidation because it caméase the hepatic CAT activity when needed. HoweDAIT is
generally localized in peroxisomes and therefaie rale in the other parts of the cell is limited i& has been
observed in the present findings. In particulaiQkat low concentration is destroyed by this enzy#g14].

In the present investigation the increased actmitlutathione S-transferase in liver of mice fimend with higher
dosage of indoxacarb. In addition to SODs and CHE, glutathione -¢ransferases (GSTs) are important in the
oxidative stress response. GSTs belong to a famfiiphase Il enzymes that catalyze the conjugatfdB®H into a
wide variety of electrophilic compounds [75-77].eTheightened paraquat sensitivity is also paraabikiclight of
the general increase in GST expression in VP-hPXBe mGlutathione-s-transferases are a major farofly
detoxifying enzymes that catalyze the conjugatib@8H with electrophilic centers of liophilic substes, thereby
increasing its solubility and aiding their excretivom body depicts the activity of GST in liver afute and chronic
carbofuran-exposed animals [78]. A pronounced see(131%) in the activity of GST was observedrimals
chronically exposed to carbofuran. In the animajsosed to acute dose of carbofuran, the increa&Sin activity
was 24% of that seen in controls. Carbofuran has lveported to be metabolized in liver and is decteas a
conjugate of GSH by the reaction catalyzed by G%3,90]. Allen et al., (2006) [81] have reported that the
percentage of LW (liver weight)/BW (Body weight) damctivity in liver toxicity marker GST were incrsed
significantly in the liver of propiconazole-treatedice. In the present study the reason for incibasgivity of
Glutathione S-transferase under the influence dbxacarb treatment in mice kidney due to ROS preduzy the
indoxacarb or to detoxify the pesticide or in ortieeliminate the pesticide from the body by coafimn with the
GSH to become more water soluble. It is revealed tbncentration dependent increase in lipid peeation and
alkaline phosphatase along with reduction in enzigrend non-enzymatic antioxidants. Hence duririgtexin
infection and after exposure [82].
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