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Abstract Methyl benzoate (MBe) is a plant-derived volatile compound used to control insects in store
products. It is recognized as a promising, alternate fumigant due to its high insecticidal activity and low
environmental persistence. However, its sublethal effects and impact on endocrine regulation in pests are
insufficiently characterized. In our study, we investigated the fumigant toxicity of MBe and its effects on the
development as well as juvenile hormone-related gene expression of the red flour beetle, Tribolium castaneum, in
store products. Adults and larvae of the red flour beetle were exposed to either MBe by fumigation or
pyriproxyfen through a treated diet. Median lethal doses (LDs,) were estimated by probit analysis, and
sublethal effects were assessed at the LD,, level. Methyl benzoate showed development stage-specific toxicity,
with LDs, values of 3.92 pL in adults and 34.4 pL in larvae. However, we observed toxic effects of pyriproxyfen only
in larvae with a high LDs, value of 131.74 mg. At LD,,, MBe increased larval growth in length and weight,
more than doubled the larval growth period, and induced supernumerary molts. In contrast, pyriproxyfen
reduced larval growth rates and consequently delayed development at LD,,. Real-time quantitative PCR (RT-
gPCR) analysis revealed distinct gene transcriptional signatures: MBe downregulated the expression of juvenile
hormone epoxide hydrolase (JHEH) and strongly upregulated that of Broad-complex (BR-C). Pyriproxyfen
downregulated juvenile hormone acid O-methyltransferase (JHAMT) and JHEH but upregulated juvenile hormone
esterase (JHE), Kruppel-homolog 1 (Kr-hl), and BR-C. These findings suggest that MBe not only acts as an
effective fumigant against 7. castaneum but also disrupts growth and endocrine regulation at sublethal doses
through a mode of action distinct from pyriproxyfen. Our results support the potential of MBe as an alternate
fumigant and underscore the need for further mechanistic studies of action.
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ol FZAEE wegH Zulo]=(Methyl bromide)} F2
H(Phosphine)e] F] AMEEISITE 22y Hlg@HEnfole=
o2 T3 B2 AMge] FAAT, TAW Ael
oz Qe Al F5A el ool tiFEL it
(Hagstrum and Phillips, 2017).

AdH o7 EAchs A FEES T siFS WA
317] 3k A8 A=A 2 FE Qs EeEo] E}(Kordah
et al., 2008; Miresmailli and Isman, 2014) ol AE F=&
2wk el vgA Aedd tigh W 5402 <3|
AREo] HAE T JATHCopping and Duke, 2007; Adorjan
and Buchbauer, 2010; De Oliveira et al., 2014). W21l o]
©]E(Methyl benzoate, MBe) Fgt EQF ZhRAdo] vl H]
24 Aol gk 54do] & EAS JHItH(Zhao et al.,
2022). o] B4 Fo|Z(4ntirrhinum ssp.)(Dudareva et al.,
2000), BT oH(Petunia ssp.)Negre et al., 2003)5 2] Eol|A]
AdH o7 WAL, W(Onza sativay’t 22173 250 o]
49 W= HEEtH(Zhao et al., 2010). MBe= tfst 2%
ol sl A5 @} ofx|Al @ 7H(Sublethal effect)’}
RuEow Gal71Fol(Bemisia tabaciolM = A% G
ofet 719] B ARHIA| a7} SRIEA (Mostafiz et al,
2018), E7Nul(Solenopsis invicta)o| X< 7383t 58 4=
HATHChen et al, 2019). =3t FulAA v (Spodoptera
frugiperda)®] &, %, 4% DANA ASEIE e O,
fFreoMe =& 719 2 A A, Aslde =2 A
A 37t BHAE AT Zhao et al., 2022). Yo7} MBex
B-cyfluthrin, sulfur-pyrethrin &&, 715 44 2
3= ] HPUF =R (Halyomorpha halys), W51
Y (Plutella xylostella), Manduca sexta 3% T3l <F 5-20 1)
=2 =45 Y th(Feng and Zhang, 2017).

/\szﬂ o] %})\4 o 7].th u;H’— ;QE;G o7 ;(] /\].E/H (lethal
toxicity)ll $HE Fo] gkou} o= oFx|AKsublethal)
T I Brvehs Aol wisketal vt A48 d4d
AZA ] v e AEAle dAZ FA5(acute
toxicity) 49 A7t o] Fo|A E}. et ol2gk A&
e AAE Y e e T 5S40 Qs oA
TER 34 AEA =22 7FeAol Erh B O}Hﬂ'

o e

HE2 AEoiA % =ZEo] A4 ¥sts o & v
(Turchen et al, 2020). 54 EZ9] ofxA} T2 =22 FQ

28 FA Qox B4A (secondary) ¥4 Aszkes 4
Aow, =4 24 oo frEsHE diE 540 W Sk
AR 2ol ek A3 uh;l-o] 7)uto] & = Qir}, ek
AES FAA] A A37gold WA 58S A sk
AJ2] 4 7d5(physiological trade-offyS F23HCH Guedes et
al., 2016).

2 A7NE 2 AFHE T sl AREESAA
2|(Tribolium castaneum)®] MBeE 5 2|3t A3}, ey

ot
S HEAsITh 2= MBert ool gzl Asast
ool & Al F2 olalsh] fsle] FefzaE Agdt

E3jlo] #oI3= Juvenile hormone acid O-methyltransferase
(JHAMT), Juvenile hormone esterase (JHE), Juvenile hormone
expoxide hydrolase (JHEH) 532}, 223 22 A& A
ol #J3= Methoprene-tolerant (MET), Kruppel-homolog
1(Kr-h1), Broad-complex (BR-C) f-3#}e] & zFS £4
SIAT). oA AT Ttoa orientalisd| A FE3F A& 2
A% AJE9 TItol AZ S, fugiperda®l A FS wl, HAR
oA JHAMT®] 2 7H46}al JHESH JHEHS| 23>
Z7Y8lo] o] Bdo] ftEERE AE wedithe Bt
AT Xu et al., 2022). =3F Tribolium castaneum®)| +2F
Z2E FAAC] Pyriproxyfens 23S © Kr-h1e] @&
o] F7F= Y% A THCharles et al., 2011). 231t
Methyl benzoate®l] thallA= 213} 442 Aal] a3fol| ot
Hie UAAT, FFs2Es Add ] S
Hstel] gk A= F=eiet ofol & AFollA= Methyl
benzoate”t AAVEESAA 2|9 W] vX= FFS BTt
sl Al F5EEEA G 7R BRI

R

HAUEZSHAE MS

Aol AE ARBESAAYE FTUFAHGEY
AERA7|EAHZRE A, sig 25 o] 2ES
7R iH] 10% (wiw) H71E QFAIE R ARSRloH, A8
10 cm®] 98 Z2F2EE9 ¢F | em 710]& AEE AL T
7] <3S Y8l AL Qe A4S Hol ARsidit B
TEE 2542°C 2%, AEE 6 0 70% ZZANA ARSE
Ak,
Mg o

Methyl benzoate (500 g, 99%, CAS No. 93-58-3)= Sigma
Aldrich(St. Louis, Mo, USA)lA 743tk ¥4 thzt
S 2 AE-E Pyriproxyfen (25 g, >98%, CAS number: 95737-
68-1)2 TCI(Tokyo Chemical Industry Co., Ltd., Tokyo, Japan)
oM Ykt

ofr 4=HF

MBe$} Pyriproxyfen®] 5432 Blusl7] flsted EAES
F8Jsle] WA AR (Median lethal dose, LDso)yS AHE313
ok MBe A2l A7 5 em®] FEZ|U4] 2= Wi Y
=1719] dggo|s & gk 7, s ZE|# o] MBeE
AA st =2AF T HE2-S S/HFDW)E JA ekt
WA Pyriproxyfen AlS 544 T% Aglol AetsiA] ol
73T A= Pl ol& {8l A7 5 emé] HEZT

_/
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ol 1 g AFALES} Pyriproxyfens # ¥k st
st e et 38 yHro® FaiglaL, vhE
AABEEAAL 20v2E ARgsle] 38 {5 A5

=4S Bkl Ag &, RE dEHAE 25£2°C,
ATEE 60-70%2] =3 AR ZAN Rl 2%
&2 MBex= #g] 72h, Pyriproxyfen *2] 120he]
c At

>

o X2l mE L
B Aol mhE W WS Rl 8, "7 84
AR 7HA] %4 Az dolg F7]
NsJoﬂl: /\]—a]_ 3?___101 ;(]1‘,_]. 1{-35]
AR 10013}34 oo ARSSITE AE2 100 x40 mm
A71¢] 2% ARE710l QIFAEE 10 g& ¥ol 3k
MBe A= FEZH4] Z=o] 274 100 mm ZEF 0| E
235 H LD,g(14.5 pLyell 3EHe &3S M3 sl
EE3AIFT A Tl Pyriproxyfen LD,%%(94.94 mg)
& AR FYEH Este] =AY T oA B
Tt ohd &8 71E0E AYsision, A %71 ‘T‘J’]‘%‘
I =2 208 Y s RS o Ale 1Y
A0 2 Mtk 52 XY AAAV]73(TAESHIN
BIO SCIENCE, Korea)o2 #Y3T Image ] T2 1HS
olgste] dolE FAUL, AFS HAAZ(OHAUS,
USA)Z A3t 8L FA9=2 353 10vEE U
4o F 239 7HAo = R F4 AR e
EE A¥e 33 vk o syt

.110
0g
0z
° Hr
1

Total RNA £&
A3l L‘:‘:ﬂxﬁl 6% % 257 HS HEZHS (60 x
15 mm)dll AFAIE 1 g& ¥ Lj"’ S ZF3ATt o

Table 1. Primer sequences used in this study for RT-qPCR analyses

A% A B2 NAEE HWERLOE ARSI oA
Age et 2ol Falsisith MBew LDyo#k(1.959 pL)
< o)y ol A A2|8taL, Pyriproxyfen LDy
#4(9.494 me)yS AFALE EFate] A sttt M &
24N 7F L 48X 7k0] AFNES w), 7+ A7F A -ei) e
FAR)2 AEste] AA A 22S AHSS) total RNAE
FZ319 Y. RNAE SmartGene Total RNA Extraction Kit
(SmartGene, Koreayg AM-3te] FZ3I00TE & A2 33
HREO 2 eE3ith. DNA 298 AlASH] 918te] DNase
(smartgene, Korea) #|2] A4S AFLoH, FZF RNAY
T8} &=+ NanoPhotometer® NP80 -3-3 =] (IMPLEN,
Germany)& ARS8t gR1sHTH

Reverse transcription-quantitative PCR (RT-gPCR) =4
MBe =&l & 7 A FHxe] XS IRls]
A3, FFEEE(0H) 3 o7l f-2A] g RT-gPCRS

Y31} cDNATAIL oligo(dT) Z2}o]™ 2} PrimeScript™

Ist strand cDNA Synthesis Kit(Takara, Japan)S A}-8-3}<]

AzZAE A Wk 44319t RT-qPCR2  LightCycler

96(Roche) A|Z=83} Smartgene Sybr Green Q-PCR Master

Mix with Low RoxE ARS-3ISITh AME-¢h 3Zeto]m A g2

Table 19 A|AEITE PCR AHze] SolAds} wrlde Wy
1_ l‘i—éi (melting curve analysis)&i el B E

Y3t

2 HE g S18 viﬂﬂ-(RPSlS)# 2% §-A A (reference

gene)= ARE-ste] 7+ Bl fdbe] S Atst apick

(Liu JinBo et al., 2014). AthZ]9l v 538 thxa thH]

274aCt Wl S o] 8-3lo] AL THLivak and Schmittgen,

2001).

"I\__*1

Genes Direction Primer sequences (5’-3”) Amplicon size (bp) Tm (°C)
JHAMT Forward TGCCAGCAACCCGATTTA - &

Reverse ATTCTCCAGCTCGGTTTCAG
Forward CTCGAGAGCTTACATGTCCTTC

JHE 123 62
Reverse GCGTCCTTGGTTCCGTTTAT
Forward CGCTTATCGCCCAACAAATG

JHEH 132 62
Reverse CCACCCATGAAGGGTACAAA

BR.C Forward GAACGAGGAGAACGTGAAGAG 14 6

i Reverse CGGCCCTTGAGGTAGATTATTAG

Forward CTACGTGTGTACGGTTTGCT

Kr-hl 127 62
Reverse GTGGTTGTAGCCGAAGGATT
Forward GATTGACGGCCGCATAATTG

MET 124 62
Reverse CATCACCCATCGAACATCCT
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SHEH zpol & Hrstginh. At AR zfel= Zh AIZF AR
RE BAEAL IBM SPSS Statistics 26.0 (IBM Corp., ol A] U YPEAHLM (one-way ANOVA)S A -&-3lo] 2|7t

Armonk, NY, USA)S AHg-3te] =8)&k3th. LDy 2 95% vl S F8llaL, Folnleh 2fol7} & 7% Tukey’s HSD
AFTF7H95% Cle Z2H 3]HA S Fall A=t ARFAA S ST B B4 BAE Rl
37 g B %] Hat Zol(mm) ¥ AT (me)y a=0.05(P < 0.05)2 443}

AZF 7ol wh} Z2g38I9AaL, Al (treatment)™} A7 K(time)

2 A5AE 835 Brkeb| flste] o] s AHEA (two- a I
way ANOVA)% A& T TS AT E O] z}olE AR

at7] flate] AY FFRAS FAsion, X5 A A, HH
Y& Hg do| e Hg AFo= AHIINL AP 7& 7
37 71e71(B)st AAAFRHE HlaLste] A £29 A

=

FESAXE| O thE MBe| S
AeEAAE ] 5 2 AFol MBe} Pyriproxyfens:
T, LDy, 32 ARSIt Table 2). AR =S 714 2]

POl SN m

Table 2. Toxic effects of methyl benzoate and pyriproxyfen on Tribolium castaneum larvae and adults

Insecticide Stage LDs,” 95% CL Slope (+SE) ¥ (df, p)
. Larva 131.743" 84.841-214.024 0.73720.084 3.381(4, 0.486)
Pyriproxyfen
Adult - - - _
Vet bermoat Larva 34.4039 21.736-53.530 0.676+0.075 9.720(5, 0.084)
cHy benzoate Adult 3.9219 3.096-4.893 0.448+0.038 16.054(6, 0.013)

9Lethal Dose 50%. mg. © ul.
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Fig. 1. Effects of methyl benzoate and pyriproxyfen on the larval growth of 7. castaneum. (A) Average body length (mm) of larvae
over time. (B) Average body weight (mg) of larvae over time. (C) Linear regression of body length (mm) by days after treatment. (D)
Linear regression of body weight (mg) by days after treatment. Colored lines in (C) and (D) represent the regression models fitted to
each treatment group (Control, Methyl benzoate, Pyriproxyfen). Slope (B) and R? values are reported in the main text. Each dot
represents the mean value at a given time point from repeated experiments.



Methyl benzoateQ| HEMEZEHKXE|(Tribolium castaneum)®f CHSt

4501 MBe2| LDy, %52 3.92 ul (95% CI: 3.00-4.89)°] 3,
FrZollA MBe2 LDy, 2 344 pl (95% CI: 21.73-53.53 pl)=
UERTE S Al mE MBeell tigh /o] Adolstal
o, AFM fEREY oF M) =& 5A4S Bk Uiz
SFA|Q] Pyriproxyfen AR RESAA TS| fZolAnt =
e Uitk £59 LDs#t2 131.74 mg (95% CL:
84.84-214.02 mg)-& YERT).

N X2 & ANEZSAXLD 25 S8 HE
MBe7t AAREEAA L] 5 Fol vAs IS
[¢] O

2 e SI9) BE AL B
CHFig. 1A, B). 521 o]
way ANOVA) A3}, Zo

2§59 ol fFoshA Een (F(2,125)=35.78,
P<0.001), &3} F7]E 1 = 03642 A H5<] 364%7} %]
% g7 AgEQi) Aol W 29 AFe 2l
ggkom (F(2,89)=3591, P < 0.001), 83 F7]& ' = 0447
B A HEe] 447%7 AE] & a3 A9EAT 2+
7F Al S S A8 3RS FEk] westee]
H3}Eks Belsleith(Fig. 1C, D). A3 B4 43 gz
oA Aol A2l 71871 0.13 (R*= 0.92, p < 0.001)°]¥% 2L
AF A7) 71471 0.09 (R = 096, p < 0.001) $Ach. MBe
Ao 3% tz= im] Zo] +12.1% (B = 0.14, R?
=095, P < 0.001), A% +31.9%(B = 0.12, R*= 0.96, P < 0.001)
2 FosHA Wkt vhH pyriproxyfens tE- tid] Zo]
9.8%(B=0.11, R*=0.95, P<0.001), A= -12.8%(B = 0.08, R
=096, P < 00012 474 &=7F 7P =®thFig. 1C, D). 75
717k tiEat 38 + 4.8l Hlal] MBe A2l 763 + 147,
Pyriproxyfen *]2]* 582 + 59U 2 A A= tHFig. 2A). =

AT
ke

A

r r—-
“l *uj
50 L e

el

Larval period (day)

Control Methyl benzoate Pyriproxyfen

5 8 2 g

Larval survival rate (%)

»
S

PlR=)

2= Aol He 313

oX = 38Y A3 § HRlo] 6 olA MH7|E &3} st
S}, MBe®} Pyriproxyfen A2l X = ] 78714
7 5 g3kalA Ealal HAKIITHFig. 2B).

al E iz B ¥3kE RT-gPCRE
A 5FAtHFig. 3). JHAMT f37= 24717 AJRdellA
Pyriproxyfen Z2]s2o] 330 ZHad B 55 BIlon,
4877 Ao E Al A7t frolvlet jsh #EE XA
UAUTHFig. 3A). JHE 2R 24A17H} 48417kl A
Pyriproxyfen %}2]0] Z¥z} 3234, 9,554 Z718131thFig. 3B).
JHEH f3A= 2477414 MBe, Pyriproxyfen #2]¢]
Z}7F 1.554, 2.350] 7+43t3ith. 48Xkl A = frefm gk &}
o]2 HolA| ¥tth(Fig. 3C). BR-C F4AH= 2447kl A
Pyriproxyfen *|2]xto] 5.630 7HASFAIL, 48A17 o4 MBe,
Pyriproxyfen #2]2o] Zbz} 12,758, 947 Z71s8ldTh
(Fig. 3D). Kr-hlf-3-AR= 2477k} 4871734 Pyriproxyfen
Aol ZHzt 19.8640, 28.358) Z718HAtHFig. 3E). MET
TS SAH SR fFolnlstA] FUAITE 2477104 MBe,
Pyriproxyfen® 2]s¢] 2z} 1.254] 57}, 2.598) 7HA8kdth
(Fig. 3F). 2°F5PH, MBe= 24417F A1 -olA JHEH §-7341<]
WS FHA7)5L, 48A7F ARl BR-C fradate] wels
Z7AIFTE Pyriproxyfens 24X7F Aol JTHAMTSF
JHEH fr7zte] dS 74171 Wi, JHESF Kr-hl 4
A= A AR eA déo] F718KA5L, BR-C Ak 48417
Ao wdo] ST ol¥ e A3 MBeZt A3
2] Pyriproxyfens} TFe Whlo 2 A7 e {7l
HAS wks AL W Ae-S AL

B)

Control &
e
=~ Pyriproxyfen
Methyl benzoate

ad™] -
<001

30 40 50 60 70

Time (Days)

80 80 100 110

Fig. 2. Effects of treatments (Methyl benzoate and Pyriproxyfen) on larval period and survival. The control group was untreated, and
all individuals were monitored until pupation, whereas in the treated groups observations continued until the insects failed to pupate
and died. (A) Larval period (days) by treatment. Boxes show the interquartile range (IQR), the red line indicates the median, and
points represent individual observations. (B) Kaplan—-Meier larval survival curves for Control (blue), Pyriproxyfen (green), and
Methyl benzoate (red). Overall log-rank test: ¥*(2) = 507.2, P < 0.001. Sample sizes: Control n = 300, Methyl benzoate n = 300,

Pyriproxyfen n = 300.
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00
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Fig. 3. Relative expression levels of juvenile hormone- and ecdysone-related genes in 7. castaneum larvae after treatment with
methyl benzoate and pyriproxyfen. Gene expression was measured at 24 h and 48 h after treatment using RT-qPCR and is shown as
2724 yalues. (A) JHAMT; (B) JHE; (C) JHEH; (D) BR-C; (E) Kr-h1; (F) MET. Different letters indicate statistically significant
differences between groups at each time point (p < 0.05, Tukey’s HSD test). Error bars represent standard error of the mean (SEM).

i
™~

o

MBe= EH|7FF0|(Bemisia tabaci), &7V (Solenopsis
invicta), SINAA TG (Spodoptera frugiperda), WiFE1
W (Plutella xylostellays THFst 5o tsl] A% a4&
Uebdtiy ¥ o] Itk (Feng and Zhang, 2017; Chen et

al., 2019; Zhao et al., 2022; Mostafiz et al., 2018). ¥ I+
M= MBee AAEE=SAAZ ] tal &5 545 B3
o}, olgjst A% FIo|= B3l MBed 2H-g7]%e
e 4158 Ho] st AR WixdoE =
AEE kst 23olx 2% @48 Holes Z10= duA
ATHMostafiz et al., 2019; Larson et al., 2020; Kamel et
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al,, 2024). dlS E9], Benzyl alcohol& HAVAE=EA A2
2] Al acetylcholinesterase (AChE)2] A4S f2lmlshA|
A 519921 (Aboelhadid et al., 2023), Benzyl benzoate=
Acanthoscelides obtectus®| *12] A AChEQ] 4428 oA
S} THAbdel-Baki et al., 2024). MBe= Aphis gossypii, Musca
domestica, A. obtectus®|~] AChES] 84S JAsl= Zo=w
RIEAH(Kamel et al., 2024; Abdel-Baki et al., 2024;
Mostafiz et al., 2020). 3] M. domestica®) 5| WlZol
O|E fAKAIE At W HE Tl 79 7% Sl
Ak Wydo] BAElen, ol 557] HAE i F
RNe 722 HIlE s ¥rh(Kamel et al., 2024). F3F
MBew= A8} gzt 2S frste] A2 kst 55
7713, S ZEE}HQ—(GSH) TS A2 e T
2eld 2EYAE FUshe FoE HIEStHAbdel-
Baki et al., 2024). oliﬁj Wzo|o]E §E4] S& AChE
A, thAF ol e, E24 &4 T tds s B
4 S U 7 ,JDP(Mostaﬁz et al., 2022a).
2 Aol MBe 5 A2 & ARBESAA D 5
ek 717ke] frelaiAl dojgom, tiEe] A7 M7
GAR ke Fapdt. ol 7&#—\: A. gossypiil A
=2 7)7bo] freulElA A A= AL (Mostafiz et al., 2020),
Culex pipiens?|¥ AL =3 Al 10%2] 71A7F W77k
)R] FE 718 Aol A A3 Mostafiz et al., 2022b).
a8y £ Ao|A= Pyriproxyfen 2]t} MBe *2|
A e A% SE7F o wepslon, 6% o] 7R
g7} A&E = Aey d4% #2E Q) Bartiling et al.
(2024)2] Aol W2, AFAE oHAFEER A0S
o 2%9] 4 S5t 7ISEAY A9E = vkl BarE
v Slth o8 ek HS vl E $-Ele= MBert 4783 &
AE FoFE 2 (juvenile hormone) 425 W& 4= 318
Aolghe 7FsAdE Al71atsitt. olol wt fof sEFe
At Ealll 4404 3= JHAMT, JHE, JHEH #3114},
83 28 A% A Foisk= MET, Kr-hl, BR-C
Az B S T8It 2 A3 MBee 4 thxa<l
Pyriproxyfenze TF2 Wjoz {2z @S wash=
Aog HAY fofe=w AP 2 Fa #d A
(JHAMT, JHE, JHEH)®] ¥&2 Pyriproxyfendt 2
Wt gldlon, 58] 328 Als dgxt A-€E BR-C
fFrzre] o] FEgFTh BR-Ce driol& 9 {9
s25 /\]ioﬂ g]—g—,H ws]o] ZAEE quz]_i El—;q 2 HE)
Z-o) Fag TS v} frofeEEe dEEAM B4
W, SEEERTS dRtElEEY 2 A7
Hepol=, theker Al 2b=ol os) 4. 3, At}
& FEske PTTHE 9 AFEHAZAA &
WS A=}, Drosophila melanogasterl X
opEEd A2Al, PTTH wHolA YR ogEd
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:|o
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PTTH #4]& FZ5k= A0 2 B =S th(Hao et al., 2021).
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Methyl benzoateQ| HAMEEHXE|(Tribolium castaneum)d| CHet s XMaf &

00t

Methyl benzoate2| HA &= =SHXE|(Tribolium castaneum)O|

TSR 2ok E A 2 S, TS $ 84 B 5

2 9 Methyl benzoate (MBe)w= H-2 A5 @43 W2 374 IFAHLE Q3 AslS WAE A 7%
Al EAE AL A= AE Fof A sehEolth. 224 MBed| Sublethal Ekob thw] e 1A
P AS] F3] FEEA Tk & AFeM e AT ARBE=SZAAE (Tribolium castaneum)& ™
O % MBed| &5 54 wE g A 3 A A o rlAe G Bl 453 52 MBedl
T5O8 =301 OH, Pyriproxyfens A2] ALRE S3l A-8-8I3ith T7F AAFFH(LDs > ZEHE A 08 AL,
Sublethal E¥1= LDy, oA #7181t MBew e 9 2j0]E Hol= 543 el A5 fr5dlxl 7t
7} 3.92 uLe} 34.40 uLe] LDso 343 B, Pyriproxyfen 5ol A7 548 YERN™Y LDso= 131.74 mge] ATt
LDy, <=olX MBew %9 Zeo] 2 AT S7F a0 5 717 F Hf o AL Y €95
=gk W, Pyriproxyfens AZES FAAT]L WEPIAZ BEE AAAFHT. RT-qPCR 4] 23}, MBex
Juvenile hormone epoxide hydrolase (JHEH)Z#-& 74:A17]3L Broad-complex (BR-C)E 73A| A3 24k v,
Pyriproxyfene Juvenile hormone acid O-methyltransferase (JHAMT)9} JHEH &S 7H4A]7]= SAlo Juvenile
hormone esterase (JHE), Kruppel-homolog 1 (Kr-h1) ¥ BR-C ¥&8& F7HA7]= 5 Aoleh Ax 24 djd S 2
t}. o] st A= MBeZt T castaneuml] W3l T340 TFAZ 28 et ol g} Pyriproxyfend= TR 2H8-
714& &3l Sublethal EEolA /373 WitH] 28-S weghs AAletH, A5 WAIE S5 Al S5 =A 9
AAYE sk 2 71Kl ik F7HR1 A FeA s Azt

rir et

oz
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