Trave Science Inc.

ISSN : 0974 - 7435 Volume 6 Issue 10

LioSechn o/oyy

A Indian Yournal

—====> F'yrL PAPER

BTAIJ, 6(10), 2012 [304-311]

Induction of oxidative stressin a freshwater ciliated microorganism
Paramecium sp., after treatment with Indoxacarb

Shartai Ibtissem, Berrebbah Houria, Rouabhi Rachid*, Sbartai Hana, Djebar Mohammed Réda
Laboratory of Cellular Toxicology, Gener al Direction of Scientific Resear ch and Technological Development, Algeria,

Biology department, Tebessa Univerdty, (ALGRRIA)

ABSTRACT

Many years, protozoaare used as cellular modelsin toxicological studies
and as bio-indicators of water pollution. They allow specifying the inter-
action between atest molecule and target cells. The main objective of our
work was to study the effect of an insecticide: Indoxacarb on freshwater
ciliated microorganism: Paramecium sp. We tested the effect of this
xenobiotic at different concentrations (10, 20, 40 and 80uM) on aliquots of
50ml of culture of paramecium done beforehand. The results obtained
showed that the growth of paramecium was sensitive at the high concen-
trations to the product. Thetoxicity was evaluated by determining the IC
50. The dosage of enzymes of phase Il including glutathione S-trans-
ferase and antioxidants (catalase and ascorbate - peroxidase) showed
fluctuations with time and concentration of the xenobiotic. The measure-
ment of respiratory activity showed inhibition of oxygen consumption
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reflecting a del eterious effect of thisinsecticide.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Sincethe advent of synthetic pesticides, contami-
nation of theenvironment hasgrown tothe point where
the Earth’s surface, as a whole contains molecules of
thisnaturewithout necessarily having beentreated di-
rectlyt. In recent years, it is becoming increasingly
awarethat pesticidesdo not act only against thetarget
for which they have been approved but on thewhole
ecosystem!?, Theeffectson biodiversity andincluding
floraandfaunainterrestrial and aquatic areundeniable.
Over 90% of synthetic insecticides are organophos-
phates, carbamates and pyrethroidswith locaized sSites

of action inthe nervous systemi®. Among these prod-
uctswe have chosen aninsecticide: indoxacarb. Thisis
anew broad spectrum insecticide effectiveagaingt in-
sects*® which showsalow toxicity to mammalsand
does not show resistancewhenit iscrossed with car-
bamates, pyrethroids, spinosad, cyclodiene,
benzoylureas or organo-phosphates®. Thisisthefirst
insecticide blocking Na + channels of the class of
oxadiazinewhich wasmarketed. Its sdectivetoxicity
against insectsisduein part tothefact that thisisapro-
insecticide, bio-activated ininsects by esterasesand
amylases®3. Itisamodulator of nicotinic receptors of
acetylcholineneuronsin mammal$°1%, anditsactivity
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issimilar tothat of pyrazolines.

This study was undertaken to better characterize
the mechanism of action of theinsecticidelndoxacarb
at different level sof organization of thecell dlowingto
gpecify theinteractions between thexenobiotic and cdl -
lular targetsthrough monitoring of respiratory metabo-
lismand exactly on thebiomarkersthat are considered
detectiontool srelevant pollution and thus constitutea
new approach to assessthe effects of environmental
contamination on ecosystemsand human hedlth.

MATERIALSAND METHODS

Chemicals
Indoxacarb

(S)-methyl 7-chloro-2,5-dihydro -2 -
[[(methoxycarbonyl) [4-(trifluoromethoxy) phenyl)
amino] carbonyl] indeno [1,2-€]**4 oxadiazine-4a
(3H)- carboxylate.

OCF;
Cdl culture

The culture of paramecium was performed accord-
ingto themethod of ™. It istoinfusethehay in acon-
tainer containing 1 liter of rainwater and leaveinawarm
place (15 to 20 ° c¢), dark and well ventilated. Few
more days |ater flagel | ates appeared, these organisms
feed a theexpenseof bacteriad veil. The purification of
the culturewasthrough multiple subcultures.

M ethod of tr eatment

Xenobioticsweretested in diquotsof 50ml of cul-
ture according to, four concentrationswere chosen:
10, 20, 40 and 80uM (the tests were repeated three
timesand resultswere expressed astheaverage +/ -
theSTDEV).

Kineticsof growth
Thekineticsof growth of parameciumisdoneby

measuring theoptical density (OD) at wavelengthd =
600 nm asafunction of time by spectrophotometry!**,
Thetoxicity was evaluated by determining the IC 50,
that determined the concentration, which, under stan-
dard conditions, inhibited 50% of theincreasein popu-
lation*,

Deter mination of phase Il enzymes and antioxi-
dants

(a) Therateof glutathione (GSH)

Thisassay was performed according to the proto-
col oft* witch isbased on measuring the optical den-
sty of theacid 2-nitro-5-mercapturic. Thisfollowsthe
reduction of theacid 5,5 - dithio -2 - nitrobenzoic acid
(DTNB or Ellman’s reagent) by groups (-SH) glu-
tathione
(b) Glutathione S-transférase activity (GST)

Measurement of GST activity iswasperformed by
themethod of ¢, which isto providetheenzyme sub-
strate[usudly chlorodinitrobenzene (CDNB)], which
reactseasily with many formsof GST and glutathione.
Thereaction catalyzed by the combination of thesetwo
products|eadsto theformation of anew moleculethat
absorbslight at awavel ength of 340 nm.

(c) Catalaseactivity (CAT)

The spectrophotometric determination of catalase
activity (CAT) wascarried out following the method
of*"). The decrease in absorbance was recorded for
three minutes (JENNWAY spectrophotometer) at a
wavel ength of 240nm.

Polar ogr aphic measur ement

Theaircraft used was an oxygen electrode, type
HANSATECH, which allowed the measurement of
output or oxygen consumption{8l,

Satistical analysis

Theanaysisof variance with two controlled fac-
torswas used to estimate the differences reported for
thedifferent parametersstudied.

RESULTS

Effect of Indoxacarb on cellular growth

Figure 1 shows adecreasein the growth of cells
from the beginning of the second day up to the4th day.
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Cdllstreated with 10 uM illustrate a condition almost
identical to that of control. For thosetreated with 20,
40 and 80 M, a gradual inhibition and aninhibitory
effect highly significant (p<0.001) of cell growth was
observed almost from the second day of treatment.
To characterizethetoxicity, wedetermined the 50%
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Figurel: Effect of indoxacarb on cellular growth of para-
mecium

inhibitory concentration (1C 50). Therates corrected
of normality obtained weretransformed into probit and
alowedto establish astraight-lineregression based on
thedecimal logarithms of the concentrationsused. Ac-
cordingto the curve, we could determineall the out-
standing concentrations(Cl 50), and thed ope (thed ope
of theregressionline). Wenoted that theinhibitory con-
centration decreased with the duration of exposure
(TABLE 1).

Phasell enzymesand antioxidants

TABLE 1: Determination of the50% inhibitory concentra-
tion (1C 50) of Indoxacarb

" Indoxacar b
Exposition
Cl 50 (uM) Sope
72h 83.67 0.271
96 h 52.81 0.426
120 h 44.83 0.243

(a) Glutathionevariations(GSH)

The summarized resultsin Figure 2 represented the
variation of GSH according to the different concentra-
tionsof theinsecticidein aperiod of time (1h - 96h).
After 1 hof exposure, therewas adight induction of
GSH 4,310° uM / mg of protein in treated cells at a
concentration of 40 uM while it was worth (2,71%° uM
/ mg of protein) in control cells.

At 24h of treatment, therewasastrong induction
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Figure2: Effect of Indoxacarb on GSH induction
of GSH in most of thetreated cellscompared to con-
trol where the rate peaked at 40uM concentration
(about 3 timesthe control), whereasthe highest dose
80uM achievedthelowest level. Findly, the GSH de-
creased from 48 h with time and concentrationin a
highly significant manner (p<0.05).
(b) Glutathione S-transferaseactivity (GST)

Dataobtained after determination of GST specific
activity expressed innmol / min/ mgof protein mea-
sured inthecellsof paramecium weregroupedin Fig-
ure 3. Wenoted that the GST increased with timeand
withincreasing concentrationsand sgnificantly (p=0.05)
and peaked at 48 h at alevel double of the control.
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Figure3: Effect of Indoxacarb on GST activity

(c) Catalaseactivity

Themonitoring of thecata aseactivity reveded that
itincreased fromthefirst h of treatment compared to
the control and concentration of (10 and 80 uM). A
peak was observed at 48 h for the concentration of 40
uM. However, there was a decrease in catalase at 96 h
and very highly significant (p~ 0.001) (Figure4).

(d) Ascor bate peroxidase activity (APX)
Figure 5 showstheresultsof ascorbate peroxidase
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activity determination. Notethat APX activity increased
inahighly significant (p HS 0.01) manner with time and
concentration and peaked at 48 hright from thelowest
concentration whereit was approximately threetimes
the control. However, APX activity decreased at the
end of treatment and for al concentrations.
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Figure4: Effet of Indoxacar b on catalase activity

O control
@10 M
o20 pM
040 M
oso uM

0.0000025-
0.000002

0.0000015

0.000001
0.0000005- m
04

1H 24H

pwmole/ min/ mg of
Proteine

48H 96H

Time (H)

Figure5: Effect of Indoxacar b on ascor bat per oxidaseactiv-
ity
Effectsof Indoxacarb on therespiratory metabo-
lism

Figure6illustratestheeffect of Indoxacarb onthe
respiratory metabolism during 4 days (96 h) of treat-
ment. We noted that the control cellsbreathed by con-
suming oxygen, which varied from 58.57 to 39.6 nmol
O, onthelast day with apeak of 160.71 nmol / ml of
O, at 24h. Therespiratory function registered at 24 h
was about threetimes higher than that obtained at 1h.
Theparalld processing by Indoxacarb at |ow concen-
trations caused adight reduction of therespiratory func-
tion withtimeand thisin proportion compared to con-
trols, it wasabout 20% at concentrationsof 10uM and
25% at 20uM

However, it isimportant to notethat themost sig-
nificant changeswererated at 24 h.
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Figure6: Indoxacar b effect on therespiratory metabolism of
paramecium

Regarding the high concentrations, wefound that
vaidaionsin 24 hweretwicemoreimportant thanthose
obtained at 1h with amuch moresimplistic to 80uM,
the paramecium consumed only 7.95 nmol. After 48,
72, and 96h. Therespiratory activity of paramecium
wasvery low and reflected theinhibitory effect of these
concentrationsand highly significant differenceswere
observed between concentrations and therate of oxy-
gen consumed (p <0.001).

DISCUSSION

Many pesticides are used indiscriminately by the
farmersto control pests. They arelikely to causewater
pollution and affect the organismsthat inhabit thewa
tersincluding the paramecium®¥. Parameciawere used
inthe past for the rapid assessment of thetoxicity of
pesticides?>?3. These are protists, ubiquitousin the
aquatic and terrestria environment, characterized by a
short life cycle, and arapid growthi®! and whose be-
havior in theenvironment could be affectedinthe pres-
ence of pollutants, which led usto usethemascdlular
model sto study theimpact of xenobioticsand the as-
sessment of health riskg™,

Theevauation of cytotoxic effectsof axenobiotic
can be performed us ng different parameters, including
cell growth, which reflectsthe state of metabolism of
the cell™>?4, To reach their molecular targets, the
acaricides penetrateins dethe body through either the
cuticleor thewallsof thedigestivetract. Thispenetra-
tion occursat aspeed which, for thesametoxin, varies
from one speciesto another. If thekinetics of penetra-
tionissufficiently dow, the acaricide can be degraded
by thedetoxification sysemsand will havelittleeffect’3.
Thus, our results showed that at |ow concentrations,
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thelndoxacarb haslittleeffect on cdll growth. Thisbrings
usto confirmtheinflux of the pesticideinsidethecdlls,
despite the presence of the cell membranethat consti-
tutesabarrier against the entry of xenobiotics massbut
remains permeabl €™ which explains moreover, the
toxic effectswhich were detectable only from 40uM.
Thisisthe main similarity between theseinsectsand
microorganisms?®!. Theseresultsare consistent with
those of Ujwaaet al. (2007)1* which show adecrease
in population density of paramecium exposedto 1 and
100 ppm of monocrotophos (MCP). Thesameistrue
for Rouabhi et al. (2006). At high concentrations, a
concentration-dependent inhibition of cell growthwas
observed almost from thefirst day of treatment. Our
resultsarein the samedirection asthose reported by
Liebiget al. (2008) who studied the effect of methyl
parathion and prometryn on the growth of flagellates
(Cryptomonas sp.) and ciliate predators (Urotricha
furcata). Thus, it seemsclear that the xenobioticisan
inhibitor of thegrowth of parameciumto high concen-
trations. Thistoxicity of indoxacarbispartly duetoits
chemicd productscontaining halogenssuch aschlorine
and fluorine. When microorganisms are subjected to
changesintheir environment, they are stressed. This
stress can be intense, and causes the death of these
organisms. It may aso belessintense, dlowingthemto
deploy abattery of responsesthrough the activation of
detoxification mechanismstofight, surviveandinsome
cases, to acclimateto this new setting®?”). Biomarkers
represent theinitial biological response of microorgan-
ismsintheface of disruption or contamination of the
environment in which they live?!. Among these
biomarkers, theglutathione systemisprovided by glu-
tathioneitsalf in the presence of several enzymesthat
areessentid e ementsof thissystemwiththemostim-
portant isglutathione S-transferase (GST) involved in
thereactionsconjugeation of dectrophiles®!. Glutathione
isthemost abundant cellular thiol involvedintheme-
tabolisminthe processesof transport and in protecting
cellsagainst thetoxic effectsof endogenousand exog-
enous compoundsincluding ORS®. By interceptinga
hydroxyl radicd, glutathionegeneraies superoxideradi-
cal that needs to be supported by a superoxide
dismutase. Inadditiontoitsroleasareducing agent, it
also operatesasecond leve inthedefenseagainst free
radicals through its involvement in the reactions of

BioTechnology — ammm—

detoxification catal yzed by glutathione S-transferase®Y.

Inour study, we noticed that when parameciawere
subjected to chemical stress, the GSH and GST activ-
ity appeared to be sensitive and responded quickly to
thepresenceof the pollutants. Thiscould beexplained
by thefact that at |ow concentrationsthereisatrigger-
ing of detoxification systems, which for themost part,
congst mainly of enzymecatdase. Thisallowsthecell
totolerate and adapt to xenobiotic thusresultinginan
increaseintheseenzymes (catalase). Ontheother hand,
and accordingto Haet al. (1998) direct capture of
free oxygen radicals (FOR) caused by thisinsecticide
isprovided by radical scavengers or compounds by
enzyme systemslocated in thevicinity of the place of
initid production. Theseradicascan betrapped by glu-
tathione, somedipeptides, proteinsrichinthiol groups
(-SH), amino acids, unsaturated faity acidsnonesterified
and phospholipids. At high concentrations, the systems
were the very outdated and the enzymes were com-
pletdyinhibited. Thisisin perfect agreement withthe
work of Chaoui et al. (1997) and Cho and Park
(2000)134, Enzyme systemsinvolved accordingtothis
mechanism haveafunctioning chain. Theenzymesin-
volved are superoxidedismutase, acopper-dependent
enzymethat eliminates superoxideradical by convert-
ing it into hydrogen peroxide, glutathione peroxidase
and catal ase, which remove hydrogen peroxide, glu-
tathione reductase, which regenerates glutathionere-
duced, and glucose-6-phosphatase, which providesthe
high energy needed to operate the chain of reactions.
Thesesystemsarelikely to wear themassiveinflux of
freeradicag%®.

We also showed theincrease of catalase activity in
parameci atreated with indoxacarb at the start of treat-
ment. Thisisdueto thefact that catalaseisconsidered
asan enzymewith aclear answer and rgpid contamina
tion by xenobiotics. Indeed, the catalase activity isa
transformation of hydrogen peroxide (H,O,) intowa-
ter and molecular oxygen (O,). Yet, the production of
H.,O, isinduced by the presence of exogenous com-
poundsto the body such as our pesticides®!. There-
activederivativeof oxygen can causeoxidation of mac-
romolecules (DNA, lipidsand proteins)*’. Catad ase
playsarolein protecting the body against damagefrom
oxidative stressand superoxide dismutaseiswith the
first line of defense®®. It is considered as one of the

Hn Tudian Jounual
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mogt sensitive biomarker of oxidativestress, epecidly
toward chemica pollutantsintheaguatic environmentt9,
The decreasein Catalase activity at the end of treat-
ment could beexplained by theincreased level of ORS
resulting from exposure of parameciato high concen-
trations of the xenobiotic. Peroxidasesare oxido-re-
ductases enzymethat catalyze the oxidation of glyco-
protein of many organic and inorganic compounds by
hydrogen peroxide (H,0,)1. APX activity, an enzyme,
very important inthe defense system, inducesaresponse
to different treatmentsin Paramecium. It protectsthe
cell againgt oxidativedamageby H,O, toxicity. Thein-
creasein APX under oxidative stress caused by this
xenobiotic demonstrated itsrolein the elimination of
hydrogen peroxide (H,0,) formed. It reducesH,O, to
water using ascorbate as an el ectron donor resulting
from dehydroascorbate. It isrecycling ascorbateusing
GSH as an electron donor and oxidized glutathione
(GSSG) isconvertedto GSH by NA DP-H-dependent
enzymeglutathionereductase. Indeed, during the phase
| metabolism of mono-oxygenases cytochrome P450
catalytic reactionsby incorporating their O,aominthe
xenobiotic resultingin greater need for O,*. Thuswe
have shown adisturbance of the respiratory metabo-
lism of microorganismstreated with different concen-
trations of the xenobi oti ¢ studied compared to control
cells. Our resultsare cons stent with those of Druez et
al. (1989)1“4 who tested the effect of gossypol onthe
morphol ogy, mobility and metabolism of Dunaliella
biocul ata (flagellate proti sts) regarded asacell model
of human sperm. The perturbation of therespiratory
activity obtainedin our work showed that ow concen-
tration of Indoxacarb generated an oxidative stressthat
led to release of ROSwhich areknown asdisruptive of
respiratory metabolism*4, The mgjor role of theen-
dogenous production of ROSistheregulation of the
activity. TheseROS are quickly neutralized by thesys-
tem of defense/ detoxification. The high respiratory
activity recorded at 24 hours supported thisfinding.
Also after 24h and after trigger of the defense system
of theparamecium, the changesinitialy recorded at 24
hourswerereduced strongly beyond thistime. Onthe
other hand, high concentrations of Indoxacarb caused
asharpreductioninrespiratory activity of cellsclosely
related to the decreasein the number of paramecium,
withastrong release of ROS capableof interferingwith
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the componentsof the respiratory chain specifically at
the siteresponsible for substrate oxidation from the
Krebs cyclecausng mafunction which couldinhibit it
totally. Thisleadsto the apoptosis®. Our resultsarein
the same direction as those of Bonsoltane et al.
(2005)18 who reported that the stimul ation of respira-
tioninthe parameciatreated withNH , NO . Onthe
other hand the excessive consumption of oxygen could
explantheeutrophication of aguatic environmentsdue
to pollution by chemicals. The eutrophication of lakes
hasled to the death by asphyxiation of freshwater fish*7.
After consderingdl theexperimentd dataobtained
throughout the study, it appearsthat the ciliate protists
used in our work isamaterial of choicefor studiesin
toxicology, and occupiesaprivileged positioninaguatic
ecosystems becauseit isone of the basic elements of
food. Hencethe need for adeep study of theimpact of
pollution on our environment isessentialy required.
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