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Effectsof Di�ubenzur on on the Integument of Fifth Instar
Galleria mellonellaLar vae

SadettinUnsal,HalukOzparlak
�

andAbdurrahmanAktumsek
�

Effectsof thechitin synthesisinhibitor di�ubenzuron(DFB) on theintegumentof 5th instar
Galleria mellonellaL. larvaewereinvestigated. Whenlarvaewerefed with semi-arti�cial
dietscontaining250,500and1000ppmof thecompound,DFB affectedtheintegument.The
affectedlarvaefailedto ecdysis,their cuticlewasruptured,lost haemolymphandblackened.
In treatedlarvae,cuticledepositionwasdisruptedandthecuticlethicknesswasdecreasedby

� 50% comparedwith the untreatedcontrol, particularlyat day 3
�

� . However, statistically
therewas no signi�cant differenceamongthe threeconcentrations(P � 0.05). This may
indicatethat all threeconcentrationsareequallyeffective in decreasinglevel. DFB at 500
and1000ppmalsoaffectedtheepidermalcellsandcausedtheoccurrenceof vacuoles.
KEY WORDS:Galleria mellonella; greaterwax moth; di�ubenzuron; DFB, benzoylurea;
integument;cuticle.

INTRODUCTION

InsectGrowth Regulators(IGRs)haveoftenbeencalled“third generation”insecticides
becausethey altercuticle formation,eventuallyresultingin thedeathof thetreatedinsect
during molting. On the basisof the mode of action, IGRs were groupedinto three
categories: (i) juvenilehormonesandtheir analogs,(ii) ecdysoneagonistsand(iii) chitin
synthesisinhibitors (CSIs) (17). They aremore likely to be hazardousto larval insects
thanto adults(28). Benzoylureacompounds(acylureas,benzoylphenylureas),which are
CSIs,have beenusedon many larvae,especiallylepidopterouspests.Thesecompounds
arerelatively speci�c, with a low toxicity for �sh, birdsandmammals(8).

The�rst benzoylureacompounddevelopedwasdi�ubenzuron(DFB) [N-(4-chlorophenyl)-
N�-(2,6-di�uorobenzoyl) urea].As known, mostof theintegumentin insectsis procuticle
and20–50%of the procuticleis chitin (1). DFB (an inhibitor of insectchitin synthesis)
disturbscuticle depositionby inhibiting the formation of chitin micro�brils in newly
synthesizedcuticleandin this way preventsmolting of insects(2,12,24,25,27).However,
DFB affectsbothmitosisandDNA synthesisin epidermalcells(24,25).It is alsoknown to
affect theproductionof theperitrophicmembrane,which containschitin, anextracellular
materialthatlinesthemidgutandprotectsit from abrasion(24).

This insecticideis highly effective against larval stagesof many speciesof nuisance
insects.It is usedextensively to controlmosquitos,midges,gnats,weevils, variousbeetles,
caterpillarsof mothsandbutter�ies, �ies andrustmites(5). Larvaeof Galleria mellonella
L. (greaterwax moth)usedin this studypassthroughsevengrowth stages(instars)during
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feeding,with most growth occurringin the last two stages. This moth lays its eggs in
crevicesin thewoodenbodyof thehiveoutof reachof thebees.Thenewly hatchedlarvae
burrow into thecomb,forming tunnels.Theolder larvaeconsumethecombs,converting
themcompletelyinto frass,andthesilkenwebthey spinsticksneighboringcombstogether
(21). The purposeof the presentstudy was to investigate the histopathologicaland
histometricaleffectsof lethal andsublethalconcentrationsof DFB asa function of time
on theintegumentof 5th instarlarvaeof thismoth.

MATERIALS AND METHODS

Theeffect of DFB asa stomachinsecticideon thelarvaeof G. mellonellawasstudied
by oral administration.G. mellonellalarvae(5th instar)thathadjust moltedandwerestill
untannedwereusedthroughoutin orderto obtainsynchrony in the life cycle. Insectsfor
feedingexperimentswerestarvedfor 18 h beforeusein orderto achieve anevenfeeding
rate.Assayswererepeatedthreetimes.TechnicalDFB (99.9%)wasobtainedfrom Riedel-
deHaen(Seelze,Germany).

Thesemi-arti�cial diet usedin theexperiments[600 g honey + 492g glycerol+ 120g
beeswax + 1200g wholewheatmeal]waspreparedaccordingto Hegazyet al. (12). The
1000ppmconcentrationusedin ourexperimentsis theLC ��� valueof DFB for the5thinstar
larvaeof G.mellonellawhenaddingDFB to asemi-arti�cial diet(12);500and250ppmare
sublethalconcentrations.DFB wasdissolved in acetoneandthe resultantsolutionswere
addedto 20g of thesemi-arti�cial dietandmixedthoroughly;acetonealonewasusedasa
control. 40 individual larvaewereplacedin eachof theglasscontainerswith thediet with
DFB. Thecontainerswith thelarvaewerekeptin anincubatorundercompletedarknessat
28	 2
 C and78%r.h.

After treatmentevery 12 h from day
�

� (12 h) to day 7, larvae affected by DFB
(blackened)aswell ascontrol larvaewereusedasspecimensfor the study. Deadlarvae
werenot takeninto consideration.

Treatedanduntreatedlarvaewere�x edin neutralformol or Bouin's �uid aftercutting
off their headsand their ends,placedin a vacuumto obtain complete�xation for 6 h,
dehydratedin ethyl alcoholandclearedin xylene.Thespecimenswerethenembeddedin
soft paraf�n and�nally transferredto hardparaf�n, andcut into 6-
 m-thick slicesbefore
staining.Sectionswerestainedwith Harris'shematoxylin-eosinor Crossmanmodi�cation
triple stain,andobservedunderaNikonlight microscopeat400xmagni�cationto measure
thickness.Tenrandommeasurementsweretakenof eachsampleandthenaveraged.Data
wereanalyzedusinganalysisof varianceandthemeanswererankedby Duncan'sMultiple
RangeTest.

RESULTS

Integument structur e of controls The integumentof G. mellonella5th instarsconsists
of a single layer of epidermalcells anda cuticle secretedby thesecells. The cuticle is
formedby horizontallamellae,andtheexocuticlelayercanbeobservedonly at theendof
the instar(Figs. 1, 2). Averagemeasurementsof cuticle thicknessin control andtreated
groupsaregiven in Table1. Cuticle thicknessincreasedregularly from day

�

� to day2
�

� ,
stoppedatday3 andreachedits maximumlevel atday3

�

� . Controllarvaemoltedbetween
day4 and4

�

� .
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TABLE 1. Averagecuticle thicknesses(in � m) in 5th instarGalleria mellonellatreatedwith 250,
500and1000ppmDFB (means� S.D.,threereplicatesof tenmeasurements)

Daysaftertreatment Control 250ppm 500ppm 1000ppm
�

� 7.05� 0.65a� 4.94� 1.03b 5.22� 0.19b 5.04� 0.80b
1 9.32� 1.59a 6.58� 0.98b 6.19� 0.69b 6.26� 1.42b
1

�

� 10.39� 2.33a 6.78� 1.34b 6.43� 0.17b 6.24� 2.25b
2 11.81� 2.47a 8.05� 2.13b 7.53� 0.55b 6.98� 1.58b
2

�

� 12.77� 2.10a 9.45� 2.52ab 8.41� 1.43b 7.15� 1.38b
3 12.70� 0.98a 7.59� 1.67b 8.15� 2.51b 6.84� 0.67b
3

�

� 13.72� 0.75a 7.34� 2.73b 6.97� 1.19b 6.96� 1.15b
� Within rows,valuesfollowedby thesameletterdonotdiffer signi�cantly (ANOVA, Duncan'smeanseparation,
P � 0.05).

Fig. 1. Typical integumentstructureof untreatedGalleria mellonellalarvaeat the endof the �fth
instar. ex, exocuticle;en,endocuticle;ec,epidermalcell; h, hemocyte (Crossmanmodi�cation triple
stain;bar=5 � m).

Effect of DFB on the integument Theintegumentof G.mellonellalarvaewasblackened
from day 1 onwardsafter treatmentwith 250, 500 and 1000 ppm DFB. Larval growth
decreasedin treatedlarvaewhencomparedwith the control group. The affectedlarvae
becamevery lethargic, lost hemolymphat the endof the instar, andfailed to molt. Such
affectedlarvae were selectedfor histologicalsections. The endocuticlehad a lamellar
appearancein histologicalsectionsof healthy larvae (Fig. 2), but the cuticle of treated
larvaedid notdisplaya lamellarappearance(Figs.3, 4, 5).

Anothereffect of DFB on the integumentof G. mellonellalarvaewasthebreakdown
of the molting period. In control larvae, the new cuticle begins to be synthesizeda few
hoursaftertheheadslipsdown andnormallythereis suf�cient endocuticledepositedto be
seenin sectionsundera light microscopeby at leastthe �nal third of theperiodbetween
headslippageandecdysis.Theecdysisperioditself is relatively short,1–2h at themost.
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Fig. 2. A view of the horizontallamellae(hl) in the endocuticleof untreatedGalleria mellonella
larvae(Harris'shematoxylin-eosin;bar=5 � m).

However, in the DFB-treatedlarvae ecdysiswas not completedand the old cuticle was
not removed. Theecdysistime of old andnew cuticleswasobservedcontinuouslyin the
histologicalsectionsuntil day 5

�

� for 250 ppm anduntil day 6
�

� for 500 and1000ppm
DFB.

Theeffect of DFB on the integumentcouldbeobservedalsoin epidermalcells. DFB
causedthe occurrenceof vacuolesboth large andsmall in epidermalcells. From day4

�

�

onwards,thesevacuoleswereeasilyobservedunderthemicroscopein larvaetreatedwith
500and1000ppmDFB (Figs.3, 4, 5).

Thoselarvaewhich were treatedwith DFB but not usedassamplesfor histological
sectionswereobserved for further growth. Most of the larvaetreatedwith 250 and500
ppmDFB reachedthepupalstage,but noneof thesepupaedevelopedinto healthy adults.
This �nding provesthelong-terminsecticidaleffect of DFB. All of thelarvaetreatedwith
1000ppmDFB diedbeforereachingthepupalstage.

Effect of DFB on cuticle thickness Averagemeasurementsof the cuticle thicknessin
thehistologicalsectionsof the larvaetreatedwith 250,500and1000ppmDFB aregiven
in Table 1. It is seenthat the cuticle thicknessof the groupstreatedwith DFB was
signi�cantly lower than that of the control group. The effect of the 250, 500 and1000
ppmconcentrationscanbeobservedfrom day

�

� onwards,andat day3
�

� cuticlethickness
wasalmost50%thinnerthanthatof thecontrolgroup.Thelattergroupreachedmaximum
cuticlethicknessat thesametimeasthetreatedgroupsexhibitedmaximumthinningof the
cuticle.

Cuticlethicknessin thecontrolgroupdifferedsigni�cantly from thatof all thetreated

46 S.Unsaletal.



Fig. 3. Vacuoles(arrows) in theepidermalcellsof Galleria mellonellalarvaeatday5 aftertreatment
with 500ppmDFB. oc,old cuticle;nc,new cuticle(Harris'shematoxylin-eosin;bar=5 � m).

groups(Table1), with all threeconcentrationsof DFB leadingto a considerabledecrease
in cuticlethickness.It is interestingto notethattherewasno signi�cant differenceamong
theconcentrationsapplied,i.e., all threeconcentrationsresultedin nearlyequalthinningof
thecuticle.

DISCUSSION

As describedby Hegazyetal. (12),thecuticlestructureof G.mellonellalarvaeconsists
of an epicuticleanda procuticle. The procuticleis formedby seriesof parallel lamellae
patternsof chitin �bers and pore canals. Chitin is usually the main constituentof the
endocuticleandis alsopresentin theexocuticlebut completelyabsentin theepicuticle;the
bulk of thenon-chitinousmaterialin thecuticleis protein.Leeetal. (15)andYin-Changet
al. (30) statedthatendocuticularlamellaeareaddedto theprocuticleduringtheintermolt
periodin lepidopterouslarvae.Similarly, cuticlethicknessof controlG. mellonellalarvae
wasalsoincreased.

Our observationson themacroscopicaleffectsof DFB on the larvaeof G. mellonella
areconsistentwith thoseof Hegazyet al. (12) in G. mellonellalarvaeandof Mitsui et al.
(16) in Manducalarvae. All threeconcentrationsusedin the presentstudyresultedin a
considerabledecreasein thecuticle thicknessof the5th instar, andtheseeffectscouldbe
explainedby theinhibitionof chitinsynthesis,andblockingof cuticlesecretionbyaffecting
epidermalcells, just like otherCSI compounds(14,18,22,26,29).However, therewasno
differencein the effectsof the variousconcentrations,which may indicatethat the three
concentrationstestedinhibit chitin synthesisequally. It is importantto notethat250ppm
DFB wassuf�cient to inhibit chitin synthesis,whereastheLC ��� valuefor the insecticidal
activity of DFB is quotedas1000ppm. Nevertheless,ascanbeseenin Table1, in some
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Fig. 4. Vacuoles(arrows) in theepidermalcellsof Galleria mellonellalarvaeatday5 aftertreatment
with 1000ppmDFB. oc,old cuticle;nc,new cuticle(Crossmanmodi�cation triple stain;bar=5 � m).

casesthe highestconcentrationsresultedin lesserthinningof the cuticle,e.g. thecuticle
thicknessat day3 was7.59 
 m for 250ppmDFB whereasit was8.15 
 m for 500ppm.
Possibleexplanationscouldbethatthelarvaemayconsumethefoodatdifferenttimesand
in differentamounts,or thelarvaemaylike or dislike thefood.

Electronmicroscopestudiesof thecuticleof 6th and7th instarG. mellonellashowed
no effect on thedepositionof new cuticulin andproteinepicuticleafter injectionof DFB;
onthecontrary, theformationof chitin lamellaein theprocuticlewasprevented,but protein
depositionwasnotaffected(12). After topicalapplicationof DFB to thenewly molted5th
instarManduca, the rateof cuticledepositiondecreasedto only two-thirdsof thenormal
(16). In Spodoptera littoralis (Boisd.) larvaetreatedwith DFB, the cuticle thicknessof
thoracictergum platesdecreased� 20%, and the cuticle thicknessof abdominaltergum
decreased10–22%comparedto the control larvae(20). The processof chitin synthesis
wascompletelyinhibited by DFB at the LD ��� level in poisonedlarvaewhenappliedat
the early stage(within 8 h after the 5th molt) to 6th instarMythimnaseparata (Walker)
andAgrotis ypsilonRott. larvae. Thepoisonedlarvaediedbeforeor during theprepupal
or pupalstage,mainly dueto the failure of molting (7). Histologicalevidencerevealed
thatecdysialfailureandmortality wereinvariablyrelatedto theblockingof endocuticular
formationand,in casesof higherdosagesof DFB, alsoto developmentof extra layerand
globularbodiesbetweenendocuticleandepidermisin Tenebriomolitor L. andM. separata
larvae poisonedwith DFB (23). The cuticle of Leptinotarsa decemlineata(Say) larvae
treatedwith DFB (LC ��� value)showed thinner lamellaeand a procuticlethicknessless
thanhalf of thatof theuntreatedones,with no lamellarappearanceto theprocuticle;this
indicatedincompleteand disruptedformation of chitin micro�bers (10). In the cuticle
of S. littoralis larvae, the ultrastructurallesionscausedby DFB and �ufenoxuron were
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Fig. 5. Vacuoles(arrows) in theepidermalcellsof Galleria mellonellalarvaeatday6 aftertreatment
with 1000ppm DFB. ce, cytoplasmicextensionswhich belongto epidermalcells; nc, new cuticle
(Crossmanmodi�cation triple stain;bar=5 � m).

similar and,after topicalapplicationof DFB, therewasno depositionof stabilizedchitin
micro�brils into the endocuticleand the numberof lamellaedid not increase(15). The
epicuticlewaslaminatednormally, while the affectedprocuticlewaslacking lamellaein
thecuticleof MuscadomesticaL. larvaefed a diet with DFB (11). Thein�uence of DFB
is exertednot only on the thicknessof the larval cuticle. It wasreportedthat DFB also
decreasedconsiderablythecuticlethicknessof pupaeandadultsof T. molitor (25).

In thehistologicalsectionswe observedthathealthy G. mellonellalarvaehadchanged
into the next instar at day 4 and day 4

�

� by removal of the old cuticle. Ecdysis,i.e.,
removal of old exocuticle,is a rapideventwhich takesonly a few hoursin healthy insects.
Therefore,it is quite dif�cult to observe both old and new cuticles in the histological
sections. However, old and new cuticleswere continuouslyobserved to co-exist up to
day5

�

� in thelarvaetreatedwith 250ppmDFB, andupto day6
�

� in thelarvaetreatedwith
500and1000ppmDFB. This shows that the larvaetreatedwith DFB have dif�culties in
removing theold cuticle,andcannotcompleteecdysis.This indicatesthatthestiffnessand
strengthof the new cuticle, asa resultof DFB treatment,is not satisfactory. The larvae
cannotremove their old cuticles,becausea new and healthy cuticle is not synthesized.
Reynolds(24) statedthat insectspoisonedwith DFB initiated themolting cycle asusual,
but whenthetime camefor ecdysis,they wereenfeebledandfailedto shedtheold cuticle
properlybecauseboth thestiffnessandthestrengthof thenew cuticlehadbeenseriously
impaired.Thereducedamountsof chitin in thecuticleappearto culminatein thedeathof
theinsectat themolt, apparentlybecausethelarva lackstheability to escapefrom theold
cuticle.ClarkeandJewess(2) suggestedthatthis is probablytheresultof a lackof skeletal
rigidity necessaryfor muscleattachmentandaction.
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Many vacuolesof varioussizeswereobservedin theepidermalcellsof thehistological
sectionsof G.mellonellalarvaetreatedwith 500and1000ppmDFB afterday4

�

� ; however,
no vacuoleswereobserved for the 250 ppm concentration.Thesevacuolesareprobably
thestructuresformedasa resultof toxi�cation. Ker (13) suggestedthatthis changein cell
morphologymaywell bea secondaryeffectof DFB, consequentto theinhibition of chitin
synthesis.It was reportedthat DFB causedabnormalepidermalcells in Thaumatopoea
pityocampa(Schiff.) larvae (3), Manducasexta L. larvae (9), and T. molitor and M.
separata larvae(23). Hegazy et al. (10) observed in L. decemlineatalarvaeandHegazy
andDegheele(11) in M. domesticalarvaethatDFB causedtheoccurrenceof vacuolesand
residualbodies.

In healthy adults of L. decemlineata, the mechanicalpenetrability of the elytra
decreasesuntil about10 daysafter adult emergence(6). Grosscurt(6) suggestedthat,
atany timeduringthisperiod,thechangein penetrabilitycanbeblockedby administering
DFB. This statemay be relatedto the cessationof cuticle thicknessincrease. Many
insectsareprotectedagainstthepenetrationof contactinsecticidesby thick andsclerotized
cuticles. Likewise, larvae and nymphs,as they develop within a given instar, become
progressively lesspermeableastheir cuticlesthicken (4). In general,penetrationoccurs
more rapidly througha thinner cuticle (19). Guo-Jeet al. (7) suggestedthat a thick
cuticularstructurecontributedto building up aneffective barrieragainstthepenetrationof
hydrophobicinsecticidesto epidermalcells.TheDFB-causeddecreasein cuticlethickness
probablyenhancesthepenetrationof contactinsecticidesthroughthecuticleandincreases
their effectivenes.Therefore,thecombinationof low concentrationsof DFB with contact
insecticidesmayenhancethesuccessof chemicalcontrolagainstharmfulinsects,andhelp
to reducetheamountof insecticideused.
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