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ABSTRACT KEYWORDS
Most of researchersin toxicology regard just toxic effects of xenobiotic, Chitin synthesis inhibitors;
whereas the detoxication and neutralization systemsdidn’t get yet a value Novaluron;
as objective of experimental studies. Chitin synthesis inhibitors (CSls), Calcium;
pesticides of the third generation, formed a crucial matter for recent toxi- VitaminE;
cological studiesespecially for BPUs, whose we choose the Novaluron as Paramecium sp.;
representative of this class of pesticides. Our work includes two sections, Cytotoxicity;
the first one concern the study of toxic effects of Novaluron on a eukary- Detoxication;
ote unicellular model Paramcium sp. Asanon-target living specimen, the Glutathione.

second section interested in the investigation about the neutralization
capacity of the mixture Calcium/Vitamin E on the harmful effects of
Novaluron on Paramciumcells. The evaluation of toxicity and neutraliza-
tion are tested by two concentrations (10 and 20ug/ml) in strictly con-
trolled conditions. Damaged effects of Novaluron are demonstrated by
perforated cell walls of Parameciumsp. dueto theinhibition of the Chitin
synthesis and justified by neutral red coloration method, also Novaluron
inhibits the growth of Paramecium sp cells in a dose-dependent manner,
especially for the concentration (20pg/ml), in addition Novaluron increase
response percentage, reduced number of generation, slow down the speed
of moving with hazardous path of swimming, biochemical analyses exhibit
that Novaluron exhaust the cellular supply of glutathione. Calcium and
Vitamin E combined with Novaluron reduce its destructive effects on the
cell wall of Paramecium sp., but each of them by its mode of action,
calciumasacontroller agent of ciliary reversal and discharge of trichocysts
by exocytosis, and Vitamin E as antioxidant agent who interferesin the
detoxication system as an aternative agent of neutralization.
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INTRODUCTION andtheseiswherewastheinvention of biorationa in-

secticideswell inserted in theintegrated pest manage-

Inthelast three decades, therewasabigdemand ment programs, in the context new insecticideswhere
onthesdectiveinsecticidesthat sparesnatura enemies  devel oped as chitin synthesisinhibitors (CSls), where
and non-target organismslife-history traitsof beescan  the benzoyl phenylurea(BPUs) asaprincipal group of
showswell thepotentia impactsof insecticided®®4"®1,  this pesticides. BPUsinterferewith thechitin biosyn-
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thesisand whenthelarvaispreparingto molt, theavail-
ablechitinisinsufficient for completingthecongruction
of theouter cuticle, and corollary thelarvadies.

Zbigniew et al. (2009) proved that Diflubenzuron
isavery toxic BPUsfor micro arthropodsin soil after a
long term exposition, Kim et al. (2007) displayed that
after the exposition of eggs of Palpita indica to
Bigtrifluron, hatched larvadied after 24 hoursafter birth.

Novauronisusedinthecontrol of mites, aleurodes,
psillyds, bollwormsand related insects, it hasalarge
activity specter, itisapplied onfieldsof fruits, cotton,
mai ze gppletrees, citrusfruits, potatoes, and ornamen-
tal plants, in some of countries (WHO, 2008).
Novaluron belongsto the chitin synthesisinhibtors
(CSls), whichinhibit theformation of chitininlarval
stagefor amultipleinsects (Lepidoptera, Coléoptera,
homoptéra, and diptera) , he acts via ingestion or con-
tact causing abnormal endocuticular deposition abor-
tivemolting whiletheincompatibility with natural en-
emies has been reported , Novaluron hasinsecticide
strong activity onimportant cropsinsects pests, and
low toxicity for mammals, birds, and earth wormg*4,
but highly toxic for some crustacean (WHO, 2005).
Consider it asareduced risk insecticide; Novaluron
was used asan alternativeinsecticidereplacing orga-
nophosphorus. Thetoxicity of Novaluron waseva u-
ated for the domestic mosquito’s larva Musca
domestica, alsoinwastewater for mosquito’s larva, it
efficacy inthe control of apple maggot fly was con-
firmed for Rhagoletispomonelle.

Vitamin Eisan essential vitaminfor humansand
animas, however, itisexclusvely synthetizedin photo-
synthetic organismg®.

Itisalipid solubleantioxidant and in green plant
tissuesitislocalized in the chloroplast envel ope and
thylakoid membranes, but a so in plastoglobules, small
structureswithin the chloroplastsattached to thethyla-
koid membranes and composed of lipids and pro-
ta n§28,39,72].

Spinach thylakoid membraneswere supplied with
exogenoustocopherol (Vitamin E) to determineif el -
evated tocopherol levelswould protect lipidsfrom deg-
radationinduced by UV radiation exposure, dataindi-
catethat elevated level s of tocopherol conferred anti-
oxidant protection UV exposed thylakoid membrane
lipids®. a-tocopherol protects biological membranes
from oxidativestress”#. Higher vitamin E concentra:

tion saturated the membrane architecture and quenched
the propagation phase reactionsthat |ead to extensive
fatty acid destruction(*¢l,

Ca* regulatesmany cellular processes, like stimu-
|ated secretion by exocytosis, genetranscription, and
cdl divison*™ and ciliary activity!’®™, asin mamma-
lian cells, these aspectsalso occur in ciliated protozoa
including Paramecium“,

Usage of non-target organismsin environmental
toxicol ogy isneeded to understand the wide range of
toxic effects caused by the pesticideson different or-
ganismg™.

Fish and other aquatic biotawere commonly used
ashioindicatorsof persistent organic pollutants™, have
been replaced inrecent years successfully by ciliates™.

Protozoan cellsare often used as bioindicators of
chemica pollution, especidly in agueousenvironment,
among protozoans, Parameciumisoneof theciliate
models, most commonly used for laboratory re-
searchi*Y,

Thisunicdlular ciliatefacilitatesthe study of physi-
ologica processesand effectsof pollutantsonlocomo-
tory behavior; it hasbeen widely used to evaluate the
toxic effectsof several food dyes, carcinogens, syn-
thetic chemicals, carbamates pesticides, and pollut-
ant§18,53,67,78] .

Inthis study we uses Parameciumsp. Ascellular
mode to evaluaethecapacity of calciumandvitamin E
inthedetoxication of Novaluron.

MATERIALSAND METHODS

Material

A. Biological material

Thecdlular mode usedinthisstudyisaciliatePro-
tistaParameciumsp. Considered asagood bio indi-
cator for chemica pollution in aguatic environments,
moreover ciliatesof Parameciarepresentssimilarly char-
acterswiththoseof therespiratory epithdiad humancells,
thisprotozoafacilitatesthe study of biological and bio-
chemica processes, theseiswhy amultitude of studies
intoxicology took micro-organismsascellular models.

B. Chemical material

Thechemica substancethat weeva uatethetoxic-
ity isNovauron, and the chemica agentswhichwein-
vestigate about their detoxication effectsare Calcium
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and Vitamin E. two concentrationswere used 10 and
20ug/ml and 3 repetitions are used for each treatment.

Methods

A. Cdlsculturing and treatments

Paramecium strain was used in the logarithmic
phase of growth. The cellsweregrown at exponential
phasein Proteose Peptone Yeast Medium (PPY), 2%
proteose peptoneand 5% yeast extract at pH 7.0-7.5,
at 24+2 °C. The density of cells cultureswas adjusted
infresh PPY inorder toobtainat least 10* cellsper m.
Beforethe experimentson respiration metabolism, the
cdllswerewashed with fresh culturemedium and were
resuspended at the concentration of 5x10* cellsmlin
200ml flask; wetake 1 ml to test in oxygraph (each
timewe added the appropri ate concentration of DFB/
Nova uronto thereactive chamber by microsyringe).
Thecelswerenot exposed to combined moleculewere
used ascontrol, the acetoneis used to dissolvethe pes-
ticide so we obliged to investigate the impact of ac-
etoneon cellsby addition of 5ul/ml to the medium cells
(acetone-controal). For theeva uation of Diflubenzuron/
Novaluron effect on Paramecium popul ation growth,
generation timeand number, chitinintegrity; we added
the pesticidein culture medium beforethe addition of
Parameciumcells, the used cellsare starved for 96 h
to become encysted. After theregenerationin culture
medium that contains Novauron, weinvestigatethe ef-
fect on new chitinintegrity.

B. Cytotoxicity tests
B-a. Mesureof growth kinetic

We estimated the opticd density on 600 nmwave
length on aliquots of 2,5 ml of culture, and we used
distilled water asablank.

B-b. Microscopic observations

Thedaily microscopic observation must takein con-
Sderation: matility, morphology, path of swvimming, Sze,
cdlular divison, number, peed, membraneintegrity, time
of colorationwith neutral red.

B-b-1. Coloration with neutral red technic

Thetoxiceffect of Novauron ontheintegrity of the
membranein Paramecia, and the neutralizer effect of
cacium and Vitamin E were estimated by the method
of Fournier, 19932, modified for protozoaby Rouabhi
et al.BY, by calculaingthetimeof coloration of thefirst
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digestivevacuole, after 3 minuteswetake photosfor
control and treated cells.

B-b-2. Speed of moving

With the use of graduate ocul ar we estimated the
speed with which the cellule can crossanumber of the
ocular graduations (distance), the chronometer allow
usto calculate therun of timewhen moving, the mea-
sureof thespeed isdone on magnifying power (x100).
B-b-3. Cdlular count

Thecd lular number will bedefined by the count of
cellsexisting in 1 ml of culture (Gerson and Staine,
1995), for thisreason we used photonic microscope
on magnifying power (x35).

B-b-3-a. Response per centage
We gppliedthisformula

_CN-EN
- CN

PR %100

PR : Response percentage; CN: Number of control
protozoa; EN : Number of treated protozoa

B-b-3-b. Number and time of gener ation

Based on the counting of the Paramecium sp. Cells, the
number of generationsand timerequired per each gen-
eration was ca culated by thefollowing formulae

N = |0gN1-log No™

B log2
N : number of generation; N1 : number of protozoain
the 10" day; NO : number of protozoain the 9" day

Timeof growth™”

N
G : Time of generation; N : Number of generation
Timeof growth : 24 hours.

B-b-4. Protein ratedeter mination

Protein content was determined by the Bradfort!®,
dye-binding procedure, using bovine seurum abumin
as standard.

B-b-5. Glutathionemeasuring

We performed the measuring of glutathionein ac-
cordance of the protocol of Weckbecker et cory™!,

B-c. Satistical studies

All experimentationsare repeated for 3times, re-
sults were expressed by medium and standard of de-
viation, we used the Minitab 16.1.0 program for the

G=
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contribution of statistical testsasvarianceanadysesand
Dunnett test.

RESULTS

Effectsof Novaluron and calcium/vitamin E on the
Kinetic growth of Paramecium sp.

Theinhibitor effect of Novaluron onthekinetic
growth of Parameciaat the concentration of 20pg/ml
isgreater than the concentration of 20 pg/ml (figure
1), theanalysisof variance show that thereisahigh
significant difference between control and treated cells
(p<000.1).

Thefigure 2 reveal thetreated cellsby Novaluron
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Figure 1 : Effects of Novaluron on the kinetic growth of
Paramecia
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Figure?2: Effectsof Novaluron, calcium and vitamin E on the
Kinetic growth of Paramecia

combined with calcium/vitamin E arenot inflected by
any inhibition during growthin thelast 6 days of the
treatment and the growth reach its peak inthe day 11
withan O. D. of 0.58 very closeto control cellsoptic
density (0.63) and lower than the cellstreated only with
Novaluron (0.42).

Dunnett test confirmsthat the medium of treated
cdlsby Novauron-Ca cium/Vitamin E (0.53) isgpproxi-

mated to control’s cells (0.59), comparatively with
Novaluron’s only treated cells (0.40)

Effectsof Novaluron and calcium/vitamin E on
the mor phology and the wall integrity of Para-
mecium sp.

Red neutral test

A. Célsappearance

Parameciaswimming pathway isdisrupted inthe
presence of Novaluron (figure 3a, b, ¢), especidly for
the 20ug/ml concentration with a pathway, and a massif
entry of neutral red.

Inthe presence of Cacium (figure4a, b), Parame-
ciaswiminareversa way differently than control cdls,
and lower entry of neutral red coloration, whereasin
the presence of Vitamin E (figure 5a, b) the speed is
higher and with aregulated pathway swimming and a
lower entry of neutral red.

B. Coloration time

Figure3: Microscopicvu of Paramecia (x100). a: Control,
b: Novaluron 10pg/ml, ¢: Novaluron 20pg/ml

By |

Figure4: Microscopicvu of Paramecia (x100). a: Novaluron/
Ca? 10pg/ml, b: Novaluron/Ca? 20pg/ml

Wenoaticed accordingto the (figure 7) that cell walls
treated only by Novaluron (20ug/ml) are the most af-

fected by aminor timeof coloration (1mn 2sintheday
9), wheress, the cell streated by Novaluron beside the
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Figure5: Microscopicvu of Paramecia (x100). a : Novaluron/

Vit E 10pg/ml, b : Novaluron/Vit E 20pg/ml

Figure6. Microscopicvu of Paramecia (x100). a : Novaluron-
Ca?/Vit E 10ug/ml, b : Novaluron-Ca?/Vit E 20png/ml
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Figure 7 : Coloration by neutral red time variation; N:
nuvaluron

combined treatment calcium /vitamin E showsahigher
timeof coloration (3mn 28 sintheday 11), whichmean
lessaffected cell wall.

Effects of Novaluron and calcium/vitamin E on
moving speed of Paramecium sp.

Theeffect of Noval uron on the moving speed of
Parameciagtart being seen fromthefirst day of thetresat-
ment, with adose dependent dow-moving (figure8)

Theanaysisof variance provesthat thereisahigh
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Figure 8 : Effect of Novaluron on the moving speed of
Paramecium sp.
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Figure9: Effectsof Novaluron, calcium and vitamin E on the
moving speed of Paramecium sp.

significant difference between control and treated cells
(p<000.1).

At the concentration of 20pg/ml calcium/vitamin E
neutraizetheeffect of Nova uron onthemoving speed
of Paramecia (figure 9), the value of speed can reach
1,12 mnVsinthe 9" and the 10" day of treatment, whiles
the speed of the cell streated only with Novauron don’t
exceed 0.45 mnv/s,

Dunnett test showsthat the medium of treated cells
by novaluron-cal cium/vitamin E is adjacent to control
cdls.

Effectsof Novaluron and calcium/vitamin E onthe
response per centage of Paramecium sp.

N 20pg/mil
N/Vit E 20pg/mil

Noval uron accentuate the percentage response of
Paramecia (figure 10) for the two concentrations (10
and 20ug/ml), whiles the presence of the combined mix-
ture calcium/vitamin E decreaseit wherewe saw the
negetivesvaues.
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Figure 10: Effectsof Novaluron, calcium and vitamin E on
theresponse per centagein Paramecium sp.

Effects of Novaluron and calcium/vitamin E on
generation number and time of Paramecium sp.

Thenumber of generation isnon-existent for the
cellstreated only by Novauron for the two concentra-
tions (10 and 20ug/ml) whiles the presence of Calcium/
Vitamin Einfluence positively thenumber of generation
comparatively with control cells(figure 11).



322

Combination between vitamin E and calcium into the neutralization

RRBS, 6(11) 2012

Regular Paper =

0.2

0,25
0,2
0,15 -
0,1 -

Ol II 1

0,05
Control N 20ug/mil N/Ca N/VItE N Ca/vit E
20pg/mil 20pg/mi

number of generation

20pg/ml
Samples

= Control =N 20pg/mi = N/Ca 20pug/mi

- N/VItE 20pg/mi

Figure 11 : Effectsof Novaluron, calcium and vitamin E on
thenumber of generation in Paramecium sp.
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Figure12: Effectsof Novaluron, calcium and vitamin E on
thetime of generation in Paramecium sp.

Generationtimeof cellstrested by cacium/vitamin
E besideNova uron isapproximated to control’s cells
time(figure12).

Effectsof Novaluron and calcium/vitamin E on the
rateof proteins

Thefigure 13 elucidate that proteinsratein cells
treated by combined treatment Calcium/Vitamin Ein
the presence of Novaluron are higher than the control
cellsandthe cdlstreated only by Novaluron.

We can noticeaccording to figure 14 that the high-
est amountsof GSH arelocaized inthecellstreated by
cacium, and vitamin E inthe presence of Novauron,
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Figure 13 : Fluctuation of protein rate according to
treatmentsat theconcentration of 20pug/ml
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whereasthecdllstreated by Nova uron only possessed
aminor amount of GSH.
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DISCUSSION

Protozoaarered eukaryotic cellsand ubiquitousin
theaguatic and terrestriad environment, their normal be-
havior in naturemay berelated to the presence of pol-
lutantsand to air, soil and water quality. Thisfact has
led toxicol ogists and ecotoxi col ogists to use protozoa
astest systemsfor studies on xenobioticsand health
risk assessments?4, in our study we choose Parame-
ciumsp. Asan alternative cellular modd to evaluate
toxic effectsof Noval uron and the detoxication effects
of cdciumandVitaminE.

Novauron asarepresentative of the BPUsinsecti-
cidesgroup hasinhibitor effect on growthrate of Para-
mecia, reveaing by our results and confirmed by,
especidly for the higher concentration 20pg/ml and from
the 6" day of treatment asastartingtime of inhibition.
Thisinhibitionisdueprincipaly for themodeof action
of Novauron, whichistypically the samefor the CSls,
having the cuticlecompositionin Parameciaasatarget,
gpecifically Chitinsynthes's, leading to theformation of
abnormal cuticle, fragileand permeablewhichiscon-
firmed by thetest of neutra red, whereamassiveentry
of coloration in areduced time was shown, also the
presence of rounded cdlls (encysted form) withthedis-
appear of lashesand mouth, the body issurrounded by
aprotector membrane.

Other modes of action have been suggested for
BPUs, they can: (1) inhibit the transport of UDP-
GIcNA c across biomembranes; (2) block the binding
of chitinto cuticular proteinsresultingininhibition of
cuticledeposition andfibrillogeness, (3) inhibit thefor-
mation of chitindueto aninhibition of the proteasethat
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activateschitin synthase, and activation of chitinasesand
phenol oxidases, which are both connected with chitin
catabolism; (4) affect ecdysone metabolism, resulting
inecdysoneaccumulationthat simulateschitinase, which
inturn digestsnascent chitin; (5) block theconversion
of glucoseto fructose- 6-phosphate; and (6) inhibit the
DNA synthesig42444550 reveal ed that BPUs integrate
on the N-glucosamine, so the perturbation of the chitin
synthesis. Other studiesinginuatethat BPUsinhibit the
growth of protozoaby the reduction of the thickness of
chitin due to the incorporation of BPUs on protista
ARNEZ,

The production of freeradicalsand variousreac-
tive oxygen species(ROS), derived exogenoudy from
oxidativeinjuriesrelated to pollution, radiation?Y. Pes-
ticidesarerecently knownto beabletoinduceinvitro
andinvivo generation of ROS2. Inour caseNovauron
isresponsiblefor the production of ROS by itsown
metabolism or by accel eration respiratory metabolism.
Which explainthe higher response percentage of cells
treated only by Novauron. Theantioxidant property of
vitamin E, asachain-breaking donor molecule, isex-
creted through the phenolic hydroxyl group, which
readily donatesits hydrogen (H) to thelipid peroxyl
radical, resultingintheformation of astable species, in
donating theH, vitamin E becomesare atively unreac-
tivefreeradical, asthe unpaired e ectron becomesde-
localized into the aromati ¢ ring 37406689 Therol e of
Vitamin E asan antioxidant agent can explainitscapac-
ity to neutrdize del eterious effectsof Novaluronwitha
rate of growth approximateto the control cellsalower
response percentage, anumber and time of generation
imminent to control cells. Calcium neutralize Hazard-
ouseffectsof Novaluron by itsproper mode of action,
and specificadly in Paramecium sp. Cells, because Para
mecia are able to regulate exocytosis of secretion
vesicles(trichocysts) asaresponsefor the presence of
cacium, dischargeof trichocystsisan efficient defense
of Parameciaagainst pollutants, the possible defense
functionisthereversa swimming, after trichocystsdis-
charge when the meeting of pollutant and Parame-
cid®%, afast augmentation of intracellular calcium
launch directly regul ated exocytosis, proved by Jeff et
al. (2005). Thetest of neutral red coloration we pre-
cede confirmed that calcium and vitamin E preserve
cdl wall of Parameciawith ahigher timeof coloration.

Many emphas sstudies showstheroleof vitamin E
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intheneutrdization of ROS derived from expositionto
pesticides; supplementation of a-tocopherol to PCB
(polychlorobiphenyl) exposed rats showed aprotec-
tiveroleonfreeradical-inducedtoxicity inrat testicular
Sertoli and Leydig cdlsand brain regiong>®4 and ven-
tral prostatic dysfunction®. Vitamin E and selenium
were effective in partially aleviating degenerative
changesinduced by Mdathionintheliver of chicksby
attenuating process|eadingto lipid peroxidation. Dipd,
aBacillusthuringiens s-based bioinsecticide, induced
oxidativestressinrat liver that has been protected by
prior administration of o tocopherol™. Tocopherol
modulates liver toxicity of the synthetic pyrethroid
cypermethrin®, Application of tocopherol resultedina
lower sensitivity of Phaseolus vulgaris and Malus
Domesticaleavesto paraquat induced stress, ascom-
pared to treated with paraquat only™. In vivo, toco-
pherol has protectiverol ein organophosphate toxic-
ity1®, Naphtal eneinduces oxidative stress and tissue
damage, and that vitamin E providessignificant protec-
tion™.

Behavior is considered as a promising tool in
ecotoxicology!2%, and these studies are becoming
prominent intoxicity assessmentsin unicelular organ-
ismg®, |ocomotion has been found to be concisaly sen-
stivemeasureof toxic stressfor widerange of environ-
mental contamination™.

In our study of the locomotion of Parameciawe
saw thet Nova uron provokethed owing of moving speed
of Paramecia. At the concentration of 10ug/ml,
Novaluron accelerate cellular respiratory’>? therefore
abig production of freeradica sper mitochondria, those
|asts provoke oxidative degradation to mitochondria, a
deficiency of oxidative phosphorylation, wishinflict a
decline of ATP production®#! wherethe perturbation
of the swimming path as aconsegquence because of the
depletionin ATP produced by mitochondrianeeded in
themoving of Paramecialashes. But inthe presence of
Vitamin E, moving speed of Paremciaincreaseandwith
asimilar pathway of swimmingascontrol cdlls, because
vitamin E provoke the opening of potassic channels,
hyperpolarization of theplasmin membrane, theactiva:
tion of adenylcyclase and the production of AMPc,
AMPcinduce phosphorylation of anoxemic proteins
and rel easethe augmentation of ciliary beatsfrequency,
thisresultsare proved by*314:38,

Our resultsshowsthat the presenceof calciumin-
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creasethe moving speed of Paramecia, andinarever-
sal pathway of swimming, because Calcium regulates
ciliary beat™, itisrelevant for norma beat activity, not
only in ciliated epithelia***5 but also in Parame-
cium®34, Beyond that a[Ca?*] increasecaninducea
ciliary or flagellar beat reversal inlower eukaryotslike
the green alga Chlamydomonas®#2 ciliates“®49. The
frequency of ciliary beatsinthereversa directionwas
sgnificantly higher than thenormal direction, thisresults
indicatethat the contraction of thecdllular body isregu-
lated by calcium in Parameciain a dose-dependent
manner, intheother side, ciliary reversal and therising
of ciliary beatsfrequency wherelaunched by calcium,
theseresults are confirmed by!224¢1, There ationship
between ciliary beats and the presence of calciumwas
proved onthelashes of mammalian epithdid cells®.
Many experimentationsconfirmstheroleof caciumin
exocytoss.

Vitamin E neutralizestoxic effectsof Novauronin
asynergy with GSH, becauseit captivatesfreeradi-
cas, givingthemto GSH systemin order to neutraize
it, and go for histurn for the searching of other free
radical 9.

Proteinsratein cdlstreated by Nvauron combined
with cal cium/vitamin E ishigher that the cell streated
only by Novauron, which explain the capacity of
Vitamine E in thereduction of protein oxidation, the
rise of theactivity of the detoxication systemf®t,

GSH actsasace lular reducing reagent and pro-
tectsagaingt the cellular redox cycling changesinduced
by toxic substances, in cellstreated only by Nova uron,
we observethat there were adecline of GSH rate be-
cause of thedepletion of cellular GSH stock, whereas
cellstreated by Vitamin E therate of GSH ishigher,
because Vitamin E cooperate with GSH in detoxica-
tion, so no exhausted stock of GSH. Therole of GSH
in detoxi cation was demonstrated in many studies?,
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