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ABSRACT

The present work aims to study the effects of ibgide Bacillus thuringiensis var israelinsis, agat non-target
adults of water mites Eylais hamata Koenike, 1885 ,well as its associated host species Physa maitaor
Fitzinger, 1833. After 12 days of oral treatmentadiilts with lethal concentration (LC50:0.08ug/ndgtermined
from essays on"4instar larvae of Culex pipiens (hematophagousdtsje No adverse effect has been recorded for
adult individuals of Eylais hamata, contrary, snBitysa marmorata were sensitive for this dose ofiBiparallel,
after treatment at the Bti by LC50, the enzymessttgomarker glutathione S-transferase, was measafer 24,

48 and 72 hours. The enzymatic activity of GSTitaeased following treatment.
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INTRODUCTION

Chemical control continues to be the major meansoafrol despite its adverse consequences on thioament;
inter alia, by toxicity in the food chain, the pgibn of surface water and groundwater [1]; [2]}; [BH; [5], the

appearance of resistant strains [6]; [7], due &uhtimely, unconditional and irrational chemicakficide use [8];
[9]; [20]; [11].

The achievement at the level of non-target spes&sreported following the impulsive use of chensicdfecting
the viability and reproduction of non-target fauiidie water mites (Acari: Hydrachnidia) constitute important
group in ecological monitoring, these excellentiéatbrs of the quality of the habitat have radiafegin the
Triassic to over 5000 described species, occupgimpst all freshwater [12], and parasites for mapgcies. Also,

the freshwater gastropods are host species of éberwmiteqd13], thereby, their presence in the same enviraninse
important.

Because of their predatory potential for larvaeCaficidae[14]; [15]; [16],water mites are an important means of
biological control against this harmful specieseTulicidae include many species that were identiimong the
most important hematophagous ectoparasites. Howdhely are vectors of diseases and viruses [17], as
plasmodium [18], Malaria [19] and the West Nileugmmainly transmitted by tHeulexgenus [20]; [21].

To combat these pathogens, and to preserve théangei- fauna, biological control is an effectivéesbative in
natural environments, because it offers viabletgmis for his activity of entomopathogenic and mipgthogenic
microorganisms because of their specificity forgédrorganisms, their intrinsic compatibility withet natural
environment and their evolutionary action with andhout human interventionAt the present timeBacillus
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thuringiensisvar israelinsisis among the most commonly species used in fightrast harmful insect®ti is used
for the selective control of larval populationstbé mosquito diseases vectors in many types ofrmmtal aquatic
ecosystems [22]; [23], as well as black flies [d2FB]; [26], and species of Diptefa7].

Bti is known for its biodegradation and its specifidior non-target species as well as its mode dbaawhich is
specific. WherBti proteins are ingested by larvae of mosquito, #i@gporal body dissolves in the alkaline juices
of the midgut activating protoxin to release actpmteins of delta-endotoxin [28], because, theogsxns are
originally bound in stable molecules of protoxin9]2[30]. Once linked to specific receptors present the
membranes of midgut epithelial cells, the toxinuoes the formation of pores in the membrane oheliil cells
and causing the death of cells and infected la8%§ [32]; [33]; [34].

The glutathione S-transferase (EC: 2.5.1.18) haveola in the detoxification of xenobiotics substascor
endogenous in catalyzing the conjugation of thagestances with the endogenous glutathione thiolimi@5];
[36]; [37]; [38]. These class GSTs contribute tee thhase Il conjugation securing endogenous hydliophi
derivatives on the functional groups of the phasehkse enzymes are used as a biomarker for thededection of
the presence of the present xenobiotics in theremwient.

The aims of this work is to demonstrate the toXieat of theBti on Culex pipiensas well as to determine the effect
by oral application of th&ti on adults ofEylais hamataand its associated specieeysa marmoratain order to
show its effect on non-target populations of waties and of freshwater gastropods. We studiedthsonetabolic
effects after treatment with LC50 Bfi as a response to exposure to the biocide of babiesp ofEylais hamata
and Physa marmorataThis is by measuring the enzymatic activity of gthtone S-transferase, biomarker of
environmental stress.

MATERIALS AND METHODS

Sampling sites

Culex pipiensmosquitoes were collected in the region of SidinAan, suburban zone in the Wilaya of Annaba,
located in the North-East of Algeria. Species ofalisyhamata were sampled from the Lake of Beards (@es
Oiseaux) in Wilaya of El Taref, extreme AlgerianrioEast. The presence of water mites were obseavdde
level of the stations whose depth is extremely maij in association with the snaiRhysa marmorata

Biological material

Culex pipienshelongs to the Culicidae family, which includessgoitoes which are Diptera Nematocera, female is
temporary hematophagous ectoparasites, its lifledpgolves two phases, an aquatic larval developn larval
and nymphal stages), and one aerial phase withakedimorphism. Culicidae represent nuisance instudy area,
and main vector of West Nile virus in the world.eThydrachnidae, order of the Acari, include theawatites that
are little studied throughout the worlgylais hamatds the most abundant species in the Lake of biktEter mites
larvae are parasites for many species in freshrwRlgsa marmoratgastropod mollusc is living in stagnant or low
current fresh water, and feeds on algae. It canrbednvasive in favorable conditions.

Farming

Adults of Culex pipiens were kept in cages untilitg. Eggs have been maintained in the laboratorplastic
boxes filled with dechlorinated water, and larvae fad with algae of fish, under a temperature betw30 - 35 C °
and a photoperiod of 12 h until the fourth ins@vae. The individuals dEylais hamataand Physa marmorata
have been maintained in the laboratory for stabiimghe boxes made of plastic filled with dechle® water, at an
ambient temperature of 25-27 ° C.

I nsecticide
The insecticide used is the bioci@acillus thiringiensisvar israelensisin its commercial form Vectobac WDG
37.4% active ingredient.

Toxicity essay

The toxicity essays were carried in round plastigds 10 cm in diameter x 7cm in height and filleithv200Oml of
dechlorinated water. Colonief Culex pipiend 4 were treated separately by tB& with different concentrations,
0.04pg/ml, 0.06pug/ml, 0.11ug/ml, 0.22ug/ml. Threplicates were used, for each 20 individuals haenkested
with the controls.
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Le Bti has been prepared in distilled water, and the L@308 pug/ml was applied on non target spedssais
hamataand Physa marmoratal-or each dose, 3 repetitions and 3 controls has barried. Each test contains 20
species.

GlutathioneS-transferase essay

The LC50 was applied orally to individuals Bf/lais hamataand Physa marmorata, Btivas dosed at his LC50.
Then, samples were collected at 24, 48 and 72eh métatment. For GST activity measurements, we dsgooled
bodies per repeat and 4-5 repeats per time intefbe assay of GST was carried out according tb 8% use of
GSH (5 mM) and 1-chloro-2-4-dinitrobenzoic acid (€B, 1 mM). Adult decapitated bodies of water mitesl
shelled gastropods were individually homogenizedl ml of buffer phosphate (0.1 M, pH 6). The homuage was
centrifuged (1400 rpm for 30 min) and the supematallected used for the enzymatic assay. Aftef) gl of the
resulting supernatant were added to 1.2 ml of theume GSH-CDNB in phosphate buffer (0.1 M, pH Thanges
in absorbance were measured at 340 nm every mimugeperiod of 5 min.

Statistical analysis

The mortality percentages were corrected for comtartality (<20%) with Abbott’s formula. We useklet software
Graphpad Prism5 to calculate the lethal doses (LB&& LD90) with their corresponding 95% fiduciamits
(95%FL).

Results are presented as means * standard deviatijnThe significance between different serias wested using
Student’s t-test at 5% level. Statistical analyaese performed using MINITAB software V16 and p €% was
considered statistically different.

RESULTS

Bti activity against Culex pipiens

The 4th Instar larvae dfulex pipienstreated withBti showed low activity followed by death and darkenif

species. The percentage of mortality after treatm@&s determined according to different doseBtd{0.04pg/ml,
0.06pg/ml, 0.11pg/ml and 0.22pg/ml) and the tim&gedtment (24, 48 and 72 h). After treatment Witihest dose
of Bti (0.22ug/ml), the corrected mortality increased3a3, 98.61 and 100 after 24, 48 and 72h respégtive

Table 1. Lethal doses oBti by oral application on of 4th instar larvae ofCulex pipiens. The data are expressed as lethal doses LD50and
LD90 (ug/ml) together with the corresponding 95% filucial limits (95%FL) as function of the exposure ime (hours)

Time (hours) Slope LCSO(?ISI;% FL cho(?ﬁ;% FL
24 0.53 (0.845.46] 355.1 (276.3-45614)  712.7 BA29A)
48 0.32 (1.96-4.73] 2958 (260-336.9) _ 569.9 (4T774:9)
72 0.26 (1.69-3.93] 270.4 (236.7-308/9) _ 590 (4B282)

Effect of Bti on Eylais hamata

We observed mortalities iBylais hamataadults treated witlBti and for controls. The percentages of mortality,
were determined based on LC50 (0.08pg/ml) andithe of treatment (days 3, 6, 9, 12); (Fig.1). Thertality rate
increased from 5% to 50% and 5% to 45% in the eéckadults and controls respectively for 9 daystis$tzal
analysis indicates th#ti is not toxic with a non significant effect (p >08) during the 6th and 9th days.

60 -
50 -
40
30 -
20 - = Control
10 = Bti LC50
O -

Rate of mortality (%)

3 6 9 12

Time(day9g

Fig.1: Effect of LC50 ofBti on Eylais hamata
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Effect of Bti on Physa marmorata

We observed mortalities iRhysa marmoratdreated withBti and for controls. The percentages of mortalityreve
determined based on LC50 (0.08ug/ml) and the tifnemtment (days 3, 6, 9, 12); (Fig.2).The motyalate
increased from 1.65% to 16.65% after 12 days efttnents. In controls, the mortality rate increasedh 1.65% to
10% during the 9th day. Statistical analysis intfisathatBti is toxic with a significant effect (p < 0.05) aft&2
days of treatment.

30 -
25 -
20 -

15 -
10 - m Control

E Bti LC50

Rate of mortality (%)

3 6 9 12

Time (days)

Fig.2: Effect of LC50 of Bti on Physa marmorata

Effect of Bti on specific activity of GST in non target species Eylais hamata and Physa marmorata

The Bti was administered by oral application in adult&glais hamateandPhysa marmorataThis biocidal effects
were assessed at different times (24, 48, 72 hjherspecific activity of the GST. The results wespressed by
contributions to the amount of protein (mg) obtdiftom a datum curve.

The specific activity of GST was assessed usingstbpes of the regression representatives the ladisoes lines
based on time in controls series.

Effect of Bti on specific activity of GST in Eylais hamata

The results obtained show that the activity of G8W/min/mg protein) increases not significantlyX®.05) after
24, 48 and 72 h the controls Bflais hamataAmong the series treated Byi (LC50: 0.08ug/ml), the results show
that the activity of GST (uM/min/mg protein) is n&ignificant after 24 h, it increases very highigrsficant (p <
0.001) after 48 h and significant (p < 0.05) aft2rh.

Table 2: Effect of Bti (LC50: 0.08ug/ml), on specific activity of glutation S-transférase (uUM/min/mg de protéines) ifEylais hamata
(mzsd ): Comparison of the averages at different thes for the same series (lowercase letter) and tekame time between the different
series (uppercase letters)

Time (hours) Control Bti (CL50)
24 0.084+0.029 A| 0.103+0.007 A
a a
0.091+0.020 A| 0.258+0.023 B
48 a b
72 0.121+0.018 A| 0.539+0.123 B
a c

Effect of Bti on specific activity of GST in Physa marmorata

The results show that the activity of GST (uM/mig/protein) increases not significantly (p > 0.08¢a24, 48 h.
In contrast, after 72 h there is a highly signific§p = 0.01) the controls dthysa marmorataAmong the series
treated byBti (LC50: 0.08ug/ml), the results show that the astiof GST (UM/min/mg protein) is not significant
after 24 h. contrary, after 48 h, we observed aifiggant increase (p<0.05), but no significant eiffnce after 72 h
(p > 0.05).
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Table 3: Effect of Bti (LC50: 0.08ug/ml), on specific activity of glutation S-transférase (UM/min/mg de protéines) ifPhysa marmorata
(mzsd ): Comparison of the averages at different thes for the same series (lowercase letter) and tekame time between the different
series (uppercase letters)

Time (hours) control Bti (CL50)
24 0.080+ 0.018 A| 0.122+0.013 B
a a
0.095+0.01 A | 0.235+0.013 B
48 a b
0.129+0.008 A| 0.310+0.122 A
72
b C
DISCUSSION

I nsecticidal toxicity of Bti against Culex pipiens

The transmission of diseases by the Culicidae nmesnain alarming phenomenoBacillus thuringiensisvar
israelensishas been used in large scale due to its spegificit Culicidae. Our results show a toxic effectBif
against the @ instar larvae offulex pipiensThus, laboratory and field studies show tB&thas an effect against
target species: Nematocerae, Culicidae, Simulijdaironomidae [40], [41]; [42]; [43]; [44]; [45]46]; [47]. His
larvicidal potential has been demonstrated on varltarmful species: larvae Gfilex pipiend.., Aedes geniculatus
[48], Aedes aegypfd9]; [50], Anopheles sergentifi9], Anopheles stephenf&0], Culex pipiensCulex univittatus
andUranotaenia unguiculat$49]. In other studies51] observed a reduction in the abundance of mtsdarvae
afterBti application in different sites.

The Bti which specifically affects the Culicidae, contaspores and parasporal crystals of the serotyp#&tidfl —
14, that must be ingested by the larvae of the mitstp cause mortality. After ingestion, the pa@sl crystals are
solubilized in the larval alkaline midgut, followdwy proteolytic activation of proteins into soluldeystals.The
toxin binds to a receptor cells of the midgut vialform pores in cell, leading to larval death [93]].

The specificity of thdBti reduces the possibility that the bacteria surewtside the aquatic environment. Studies on
the growth ofBti outside the favorable environment of the insectwshovery low multiplication outside the host
[54].

Effect of Bti on non target species Eylais hamata and Physa marmorata

Bti showed a weak effect on water mites, and this &tordance with the results of the investigatimiaboratory
studies, that confirmed the safety of B& in the presence of non-target species [55]; [3BUs, the results of
research on the density of aquatic invertebratesiligca, Oligochaeta, Crustacae, Hirudinea, Heterap
Ephemeroptera, Odonata, Trichoptera, Coleopterdiffierent sites in Druskininkai in Lithuania, shosveno
significant difference [56].

[57] showed no adverse effects of the treatments onathexdance of Polychaetsereis diversicolorand
Corophiumvolutator by Bti applications. According t§58], freshwater Cnidaria of the genus Hydra weot¢ n
affected byBti in laboratory tests at a concentration of 100 myf/Bti. In addition,[58] showed that oligochaetes
of the genus Tubifex were not affected By in laboratory tests at a concentration of 180 mgiLtheir 6-year of
survey observation on the effectsBt on non-target invertebrates in Minnesota wetlafte8] did not find any
significant difference in the abundance of anne(idsluding oligochaetes) between control and VBett® G-
treated areas. Similarly, [6@)und no effect of VectoBac® 12AS on the abundasfcmsect larvae crustaceans or
molluscs collected in sediment from temperate Newtl$ Wales saltmarshes. Other situ studies, found no
significantBti toxicity to chironomidg61]; [62]; [63]; [64]; [65]. In other studies, [$howed an increase in the
taxonomic richness and abundance of protozoanst Bft applicationin situ. After application of theBti by
spreading air against mosquitoes of the DaldlvimerRn the Sweden, there was a production of nesedts [63].
Laboratory and field tests showed tBdi can be considered as ineffective and harmlessdaido the environment
because of its selectivity [66]60]; [67]. The World Health Organization declaredti'is safe for use in aquatic
environments including drinking water reservoirs fbe control of mosquitoes, black flies and haidmfsect
larvae" [68].

Other indications show that non-target organismaetland can be affected by larvicides contairitig59]; [69];
[45]. That is according with our results concernthg gastropod®hysa marmoratawhose were affected bt
after treatment. The effect can be due from thetfaat Bti has a detrimental effect on the digestive systeahdan
be attributed to the activity of the toxin produdey the bacterium [70]JAlso, [71] have shown thaBti have a
highly suppressive effect on the population groeftBiomphalaria alexandrinanails. Moreover, [70] showed that
B. thuringiensis kurstak{Dipel-2x) has a potent effect on the survivor agh laying capacity of Lymnaea
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natalensissnails.Bacillus thuringiensis kurstakivas as toxic to snaiBiomphalaria alexandring72]. In addition,
[73] showed thaBtk (Dipel-2x) induced a 50% mortality (LC50) Bhysa acutaafter 24 h exposure to 270 mg / L.
Therefore Bti can affect non-target organisms in different ectesys such as stagnant water [74] or lotic freshwate
[75]; [76].

Effect on biomarker GST

The tolerance of the insecticides in some speagsesents an ability of the population to resisvaas the
introduction of exogenous and sometimes pollutimgdpcts into the environment. The introduction béde
substances promotes the induction of metabolicqesees of detoxification, resulting in the increakéhe activity
of certain enzymes including the GSTs [77]; [7819]; [80]. GST enzyme is known as an antioxidarfedse
mechanism [81]. The specific activity of the GSTadults ofEylais hamataas well asPhysa marmoratavas
measured after treatment wiBti. The increase in GST activity after treatment vi&tn reflects an established
system of detoxification which, is a form of defertf the organisms against the insecti¢&. Similarly, increase
of GST activity was found i\edes rusticugfter treatment witlBti [83]. It was demonstrated that viral infection
induces GST increasing in mosquitoes [8¥pplication of Bt to larvae ofGalleria mollonellg another species of
Lepidoptera, induces increase of GST activity [88]e activity of GST was also increased in mitdsratfeatment
by the Pyrethroid [86]. There has been an incr@a$eST activity in mitesSarcoptes scabieiar. hoministreated
with acaricides, Permethrin et lvermedi&Y]. The evaluation of the enzyme response foltmathe introduction of
exogenous products indicates the enzyme functiomindifferent susceptible species. Therefore, @sults are
consistent with previous surveys, indicating tHa bacterial infection increases susceptibilityaithropods to
insecticides and other exogenous toxins, [88];;[E8]].

CONCLUSION

Bti toxicity test was conducted dBulex pipiensthe LC50 was applied on non-target speciggdais hamataet
Physa marmorataBti has shown a toxic effect on the Culicidae. Howgtlez Bti affect differently the non-target
speciesBti induced enzyme stress in the treated organismthebincrease in GST activity, which can be exmdin
by the establishment of the system of detoxificatio
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