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ABSTRACT

Novaluron is a chitin synthesis inhibitor belongitigthe class of benzoylphenylurea. A commercrahditation of
novaluron (MCW-275) was tested at different conegians, ranging between 0.2 and 1.6ug/l, agaihstdtand
fourth-instar larvae of Culex pipiens. Treatmentsrevdone on newly moulted larvae for 24 h (WHO)eund
standard laboratory conditions. Mortality was obged for both stages, after incomplete developmedtthe LG,
and LG, were estimated at 0.32 and 1.2 pg/l for the thivstar larvae, respectively, while these respectizkies
were 0.58 and 2.2ug/l for the fourth-instar larvdeurthermore, the compound was applied atsd&nd LGq
against the fourth instars larvae and its effectésvnvestigated on development duration, biocheneicaposition
of larval body and body weight. Metabolite analyseswed that novaluron affected significantly tmeoant of
carbohydrates, lipids and proteins of fourth instdarvae starting day three following treatment.rRbe same
treated series asignificant decrease was also recorded in the bwdyght with an increase of development
duration. The final step of the chitin biosynthgsé&hway is inhibited by the novaluron and the prsor is not
converted in to chitin and this leads to deathh® increase in life time of the larvae.
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INTRODUCTION

Mosquitoes are medically and veterinary importagttors, responsible for the transmission of masgakes [1]
Culex pipiensrepresents the most interesting mosquito specieélgeria, particularly in urban areas and is
generally controlled by conventional insecticid2sd]. Because of the secondary effects of coneaatineurotoxic
insecticides on the environment, the insect groketulators (1.G.Rs) seem promising because of theécific
mode of action on insects and their lower toxicifjainst non-target organisms than conventionattitsées. Thus,
the insect growth regulators (I.G.Rs) such as rhgginthesis inhibitors affect the hormonal regolatof molting
and development processes in many orders of ifdpdtlovaluron is a chitin synthesis inhibitor be@ing to the
class of benzoylphenylurea, showing a high toxilgtyel and effectiveness against several diptepagiss [5, 6, 7].
Laboratory bioassays were carried out against sfaod fourth-instar larvae @ulex quinquefasciatusndAedes
aegyptiusing Novaluron [8,9] and the results indicateat thovaluron was highly effective against mosqglatvae
and pupaeAedes aegyptivas found to be more susceptible to novaluron thalex quinquefasciatug\nopheles
species were less susceptible than the other twergeField studies in artificial and natural hatsitshowed also
that novaluron 10% EC was effective against pojorat of Aedes aegypti, Anophelespecies andCulex
quinquefasciatugb].

In insects, the haemolymph undergoes metabolic finatlon during the developmental stages and thecymal
forms of storage of energy are represented by bgdvates and lipids. The carbohydrates, as endegyents play
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a crucial role in the physiology of the insectse ttates of glycogen and in tissues are closelytagléo the
physiological events such as the flight, the mauit the reproduction [10]. The exposure of an dsyarto
xenobiotic product can modify the synthesis afaia metabolite [11].

In the present study, we assessed the toxicityowhluron against third and fourth larval stagesCafex pipiens
and the duration of both stages were determinedaddition, its effects at Lfg and LG, were studied on
biochemical composition and on the body weighthef fourth larval stage in order to provide bettesights in the
physiology of its mode of action.

MATERIALS AND METHODS

Mosquito rearing

The larvae ofCulex pipiengDiptera: Culicidae) were obtained from a stoclong of the laboratory and reared as
previously described [2]. Each 25 larvae were le®yrex storage jar containing 500 ml of storepl water and
maintained at temperature between 25-27°C and topbood of 14L:10D. Larvae were daily fed withghefood
consisting of a mixture of Biscuit Petit Regal-drigeast (75:25 by weight), and water was replaceztyefour
days.

Toxicity bioassay

A commercial formulation of novaluron (MCW-275) wassted at various concentrations prepared inlldibti
water. Appropriate aliquots (0.1-1ml) were addedréatment beakers to give the following final cemnications of
0.2, 0.4, 0.8 and 1.6 ug of active ingredient fier.INewly ecdysed third and fourth-instars lared€ulex pipiens
were exposed to the different concentrations foh@drs when the control larvae were exposed torveatly. After

the exposure time of 24 hours, according to the ldlvbiealth Organization (12), the larvae were renthwand

placed in clean breading water. The test was choug with three repetitions containing 25 larvaete The growth
and development was examined and mortality wastexgid daily until adult emergence. The mortaligycentage
recorded at various developmental stages was tedr¢t3] and toxicity data were studied by prolvialysis [14],

and LG, (50% lethal concentration), confidence limits (95%nd slope of the concentration-mortality linesrev
calculated by the method of Swaroop et al. [15].

Biochemical procedure

Newly moulted fourth instar larvae @fulex pipienswere treated as above with two concentrat{tu@;=0.58u.g/l

and LGy=2.22ug/l) and sampled during the larval developnanl, 3, 5 and 7 days. Each pooled sample (10
individuals, starting with more than 150 larvaegswweighted and subjected to extraction in triddetic acid
(TCA 20%) [16]. After a first centrifugation, theigernatant was used to evaluate the carbohydi@desdescribed

by [17], and to the pellet was added a mixturetb&€eand chloroform (1V/1V) for making a secondtaéigation

The lipids were quantified from the supernatantl8][ Therefore the protein bioassay was carriedfauh the
dissolved pellet 2 in NaOKD.1N) [19]. Data were expressed in pug/mg wholeybadeanst SD were analysed
based on three replicates per treatments each asBigdent’s t test at p = 0.05. Analyses were gotadl on the
survivors of the treatment.

RESULTS

Insecticidal Activity

Dose-response relationship was determined for movalapplied for 24 h to newly ecdysed third angrtio-instar
larvae ofCulex pipiensand the mortality was recorded up to adult emergeThe product exhibited a larvicidal
activity against the treated mosquito larval stagé® highest concentration tested, 1.6ug/l ca@3éd and 83%
mortality against the third and the fourth inst@vhe ofCulex pipiensrespectively (Fig. 1 and 2). With probit for
the stage L3, the Ligwas calculated as 0.32 pg/l (N= 261; 95%; CL = @Z7 ug/l; Slope= 2.50) and the §LC
was 1.16 pg/l (95% CL = 0.98-1.36 pg/l), and far ftage L4 the L&gwas found as 0.58 pg/l (N=180; 95% CL =
0.47-0.71 pg/l; Slope= 2.81) and the @as 2.22 ug/l (95% CL = 1.80-2.73 pg/l). The obatons of death
larvae after treatment showed that most mortalityuored after an incomplete moult. The chitin sgsth inhibitor
proved to affect growth and development in mosqGitdex pipiens After about 2 days of treatment, intoxicated
larvae showed a change in their behaviour by sinkinthe bottom of the jar and remain stabiil they died.
Morphological examination of intoxicated larvae apdpae of the mosquitoes revealed the absence eof th
exocuticle, and only the presence of the endoeytad the previous stage, that still attached eodhidermis (Fig.
3). The new cuticle synthesis novaluron-treatedaearin this cases was completely inhibited (FigaB)l as a
consequence larvae or pupae died trapped within ofek exuvium. In some cases the treated larvaehed the
pupal stage but without or with incomplete formatiaf the new cuticule and the absence of the dbilat could
explain the absence of the chitin synthesis proaadshe melanization. The figure 3 shows a lanea did not shed
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the old head capsule nor completed ecdysis aftiys following treatment with novaluron. Furtherauring the

development, novaluron presented toxicity up tdtaslmergence because treated insects failed tcseddio pupae
and adults and died within the respective exuvium.
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Fig. 1: Dose-response relationship for treatment dflovaluron, applied for 24 h to newly ecdysed thd- instar larvae of Culex pipiens
(R?= coefficient of determination)
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Fig. 2: Dose-response relationship for treatment dllovaluron, applied for 24 h to newly ecdysed fotin- instar larvae of Culex pipiens
(R?= coefficient of determination)

Fig. 3: Treated larva that did not shed the old hed capsule nor completed ecdysis after 5 days follawg treatment with novaluron (left).
Comparison of the appearance of a pupae of the cant of Culex pipiens (middle) with pupae of a larva treated with novaluon (right).
Note the absence of the melanization and the arrovissdicate the old cuticle attached to the epidermiand the absence of new cuticle.
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Effects on larval development duration

The results of developmental duration, of the thind the fourth instars larvae Gtilex pipiensafter treatment with
lethal concentrations, (L&g= 0.32 pg/l, LGy = 1.16 and LG, = 0.58ug/l, LGy = 2.22ug/l) respectively (Table 1),
showed that Novaluron inhibits the growth, by egieg the age of the larval development, for bo#tyss with the
highest concentrations (GJ). The effect on development duration of the tiénd/al stage was recorded only with
CLg, the duration was 5.53 days compared with conltrail was 4.35 (P>0.05). However the effect, onfthueth
instar larvae was significant for the both lethahcentrations (Cdy P>0.05 and C4y P>0.005) with a duration of
7.33 days for LGy and 9.16 days for L§g whereas for the control the age was 6.80 days.

Table 1: Effect of Novaluron administered at lethalconcentrations (Clso & CL o) on the developmental duration of the third and tke
fourth instar larvae of Culex pipiens. (Data are expressed as means = SD, n=15-42)
For each duration and each instar, means valudsvi@d by different letters are significantly diéet (P<0.05)

Duration (days)
Third instar larvae Fourth instar larvae

Control 4.35+0.3a Control 6.80+ 0.40a

LC;,O:(_).32 uoll 453 0.4% LC;,O:(_).SS pgl/l | 7.33+0.51a
n=42 n=30

LC90=E.16 uag/l 5.53:0.58 LC90=E.22 pg/l | 9.16+0.61a
n=20 n=15

Effects on the larval body weight

The whole body weight measurement Gfilex pipienslarvae showed that the compound applied at two
concentrations (L& and LGy to newly ecdysed fourth instar larvae affectegirthveight. In control, the larval
body weight was 2.92 0.13 mg and increased to reach a maximum at daiyh74v60+ 0.17 mg weight coinciding
with the pupal ecdysis (Table 2). In treated sgréesignificant decrease in the body weight staday 3 for the
two tested concentrations, and the highest bodghteecordedat day 7 was only 3.48 0.26 mg for LG, (P =
0.012) and 3.3& 0.20 mg for LG (P = 0.003) as compared with controls

Table 2: Effect of novaluron administered at lethalconcentrations (LG=0.58 and LGy = 2.22 pg/l) on the fresh body weight (mg),
during the fourth instar larvae of Culex pipiens (means + SD; n=10)
Asterisks indicate a significant difference witimtrol of the same time; ** =P<0.005

. Body weight(mg)
Time (days) = ;nirol LCx LCa
1 2.92+0.13 2.71+0.25 2.830.76
3 3.76£0.25 | 2.60£0.17 ** | 2.86+0.11 **
5 4.26£0.25 | 3.23:0.32** | 3.03+0.05 **
7 4.60+0.17 | 3.40:t0.26* | 3.30+0.20 **

Effects on biochemical composition

In a second series of experiments novaluron wasdex two concentrations (&= 0.58pg/l and Lgy = 2.22 pg/l)
on the changes of metabolite amounts, carbohydigigts and proteins, of the fourth instar lanadeCulex pipiens
during different times of the developmental stage §, 5 and 7days) (Fig. 4). The results showed tha
carbohydrates and lipids level did not change atldaut an increase was recorded (P = 0.032, ®0and P =
0.013, P = 0.061) starting from the day 3 for thebohydrates and lipids respectively for both cotedions. The
differences in amounts were significantly higher5P.004) at day 7 compared to control for bothcemtrations
(Fig. 4A and 4B). Whereas novaluron-treated-larwb€ulex pipiensvas found to undergo a high significant (P<
0.05) suppressed protein level as compared toaopuinring the periods of bioassay 3and 5days.tik@day 7 the
decrease of protein amount was significant (P 4&).®nly for Clyy compared to control series. In control, the
changes in protein amounts presented a single thealoccurred at day 5 during the larval developn(Eig. 4C).
The bioassay measurements of metabolites in théewdaly of larvae revealed that Novaluron at the tested
concentrations shifted the moment of this peak (8gyand it increased their values. Indeed, dudag 3, the
values of components of lsand LG treated series were significantly different congglto control of the same
age.
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Fig. 4: Comparison of the effect of Novaluron at tw concentrations (LG, = 0.58ug/l and LG, = 2.22 pg/l) during the fourth larval stage

development ofCulex pipiens on the amount of the metabolites in the larval bog (g /mg body weight). (A)=Concentrations of
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DISCUSSION

The potency of Insect growth regulators (I.G.Rsj foosquito control has been the subject of intensiv
investigations [20, 6, 21]. A few reports documentine larvicidal efficacy of novaluron under labiorgy
conditions against the larvae Aédes aegypf{B] and Culex mosquitoes [9, 22]The present study was to evaluate
the effects and the mechanism of an insect groegfulator novaluron, which is considered too as raaperine
disrupting compound (E.D.Cs) for insect speciesCalex pipiensThese results showed that the novaluron exhibits
toxic effects via the disturbing the growth and tleelopment irCulex pipiensand this is similar to diflubenzuron
when used against the same species [21]. The typxassays conducted under laboratory conditionsCalex
pipienslarvae indicated that novaluron presented a latalcactivity when applied to newly ecdysed larvaee
same results were found when the novaluron was agahstCulex quinquefasciatysn small and medium-scale
Trials, [7] andAedes aegypiB, 9].

In insects, the haemolymph undergoes metabolic ficaton during the developmental stages [23, EHergy
expenditure while flying, running and swimming r@gs the mobilization of metabolites in insects] &ime storage
and release of carbohydrates, lipids, proteins amiho acids are strongly under endocrine contrél.[Zhe
exposure of an organism to xenobiotic product cawdify the synthesis of certain proteins (enzymes of
biotransformation, proteins of stress) and it dbmtes in the melanization of the insect when th#cule takes
place and then used for the tannin synthesis [Irideed, beside the exposure to a chemical prodimt,
fluctuations would happened, are related to theouar physiological process of insect such as thelinmthe
nymphosis, the diapauses and metamorphosis pritgss

The bioassays of the mean metabolites (carbohygrgtéds and proteins) in this study reveal a rfiodiion of the
amounts in the whole body of treated larva€afex pipienscompared to control during different times of klrv
development (1, 3, 5 and 7 days). Biochemical amayperformed on fourth instar larvaeQiflex pipiensafter
treatment with two lethal concentratioa novaluronreveal an increase in the contents of carbohydaatésthe
lipids in the treated larvae, compared to the adn®imilar results were observed using other ghoregulators
againstCuliseta longiareolatg[3]. The quantity of lipids available for the reses seems to be the result of a
balance between the catch of food and the reqimstsserves by processes such as reproductiomtenaince and
growth, and this balands disturbed by any toxic product [27]. Carbohydraies mobilized mainly from glycogen
reserves in the fat body, under neuropeptide inoluctresulting in increased level of soluble canmates in
haemolymph [25]. They form a group of importantnedmts, some represent the energy source for tihmgliv
organisms, either immediately usable, or in thenforf reserves, others have a structural role likicke synthesis.
The carbohydrates, as energy elements play a tnodéain the physiology of the insects, the ratéglycogen in
tissues are closely related to the physiologicainés such as the reproduction, the moult and tgbtfJ10] which
are infected by the chitin synthesis inhibitor. Tipéds represent the independent source of energysects and are
transported via the haemolymph; from their synthege of storage, to be used at the time of vigelhesis [26]
and cuticular synthesis [28].

A biomarker represents a biological response ofirtiact or presence of xenobiotic in the organiang not the
direct evidence of this one. This response musnbasured in an organism or its products and ineliaathange
compared to the normal state. This reaction cabeatetected at a healthy organism. The chitin gishinhibitor
Novaluron is considered too as endocrine disruptimgpounds, consequently it acts on the hormonal ie the
haemolymph to announce the synthesis degradatitimeanhibition of the metabolites. In this case thetabolite
modification recoded is related to the presenceofluron in the organism. Therefore the energgries are can
to be considered as biomarkers that give informatio the health condition of the organism [29]tHis case the
metabolite modification recoded is related to thespnce of novaluron in the organishine high value of proteins
recorded, during the larval stage at day 3 (Fig. i8@robably in relation with the transport of $keproteins in the
haemolymph, released from the mobilization of #&erves, destined for the synthesis of the newudat[30]. The
proteins would also come, from the digestion ofcptulaire deep layers of the old cuticule andrfran exogenic
origin (31). The proteins enter at various reawdisuch as the hormonal regulation and are inedjiatthe cell as
a structural element at the same time as the cgdoates and the lipids [23]. The modification ie ttoncentration
of the proteins results from the volume of haemgdiirchanged under stress of the insecticide [24]thisdexplain
the decrease in protein content of the treatedatarhis induction of proteins could be used as biomarnkf
exposure which is the response to an interactitwd®n a xenobiotic agent and a molecule or targkt like the
athrocytes, in insect, which have been suggestddniziion in protein synthesis and secretion in themolymph
[32].

Our results show that the total protein contentsetese after treatment by novaluron during theetektrval stage
of the mosquito specie€ulex pipiensA fall of the proteinemy is observed alsd_aptinotarsa decemilneatafter
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application of other growth regulators like 20E, 8849 and the RH-5992 [33] and RH-0345 reduced with
same way the rates of proteinsTanebrio molitorpupae [34]. Azadirachtin, a phytogenic insect groimhibitor,
exhibited the same effects on the treated L4 aaed Hlarvae ofHelicoverpa armigerd35]. These results confirm
the observed drop in protein amounts in treatettserf fourth instar larvae d@ulex pipiensWhereas, a topical
application of a juvenile hormone analogue, metbopr on flyBactrocera cucurbitaexhibit an increase level of
the proteins [36].

In fact the metabolites essays did not explainrblehe mode of action of the chosen substanceiargmains
unclear if the observed effects are linked to ernidecdisruption. Insect growth and morphogenesistigtly
dependent on the capability to remodel chitin-cioiig structures [37]. In the presence of chitimtbgsis
inhibitors, the final step of the chitin biosyntieegathway is inhibited and the precursor is natvested in to
chitin. Haemolymph volume changes under insectisitless resulting in alteration in protein concatidn [23].
These arguments support and explain the decredbke imody weight of the treated larvae and extéedduration
of development stages.

Beyond the toxic effect, the novaluron may eitherr @an the hormonal level in the haemolymph to amceuthe
synthesis, degradation or the inhibition of pratedn on the neuro-secretion cells which controloenide glands. It
can also change the behaviour feeding of larvaardsvaction to avoid food and to maintain the matain of the
body to the expenditure of storage out of cellplaoteins. In most insects, the chitin synthesisbibr, novaluron
exhibits a toxic effect by preventing metamorphogiseach of the larval molts and has a good pateii
formulating novel IGR-based control agents agaimssquitoes.
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