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Abstract: [Objective]l Flumethrin belongs to the second generation pyrethroid insecticides and acaricides, which is used for the

control of honeybee mites. Because of the toxicity of acaricides, it can not only kill mites, but also threat the health of honeybees.
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The different metabolites of Apis mellifera worker larvae treated with different concentrations of flumethrin were tested using liquid
chromatography-mass spectrometry (LC-MS) technology and the metabolic pathways involved of different metabolites were
analyzed, so as to explore the toxicological effect of flumethrin on honeybees and provide references for scientific using in
beekeeping. [Method] The queen was controlled to lay eggs on an empty worker frame for 12 h, and the spawning area was divided
into four groups. From the 5th day, the small larvae of each group were fed with sugar water containing different concentrations of
flumethrin (0, 0.5, 5, 50 mgkg™), the dose was increased daily from day 5 to day 8 (1.5, 2, 2.5, 3 uL), and lymph fluid from larvae
was collected on day 9. The metabolites of 4. mellifera larvae were analyzed by LC-MS and the metabolites with significant
difference were screened by principal component analysis (PCA) and partial least squares-discriminant analysis (PLS-DA), while the
metabolic pathways of common differential metabolites in flumethrin treatment groups were analyzed. [Result] Compared with the
control group, a total of 190 different metabolites were found and 87 types were identified in 0.5 mg-kg™ group, and a total of 275
different metabolites were identified and 97 types were identified in 5 mgkg" group, while there were a total of 275 different
metabolites and a total of 131 species were identified in 50 mg-kg" group. Meanwhile, 29 common differential metabolites in
treatment groups were screened, of which 16 metabolites were up-regulated, 12 metabolites were down-regulated, and 1 metabolite
was down-regulated in 0.5 and 50 mg-kg™ groups while it was up-regulated in 5 mg-kg™" group. These differential metabolites include
ribose, purine and its derivatives, fatty acids with their conjugates. After enrichment analysis of metabolic pathways, significant
differences (P<<0.05) were found in the metabolic pathways, which include amino sugar and nucleotide sugar metabolism, drug
metabolism-other enzymes, a-linolenic acid metabolism and other pathways. [Conclusion] The LC-MS technology can effectively
analyze the changes of metabolites in the honeybee larvae treated with flumethrin, and flumethrin can cause the contents of
UDP-N-acetylglucosamine, azathioprine, traumatic acid, 9-oxononanoic acid and 13(s)-HPODE abnormal in honeybee larvae. The
changes of these different metabolites confirm that flumethrin causes various substance metabolism disorders in honeybees. The
analysis of these metabolic processes can further explain the mechanism of honeybees metabolizing toxic compounds, and provide a
theoretical basis for the stress of acaricides and other toxic compounds on honeybees.
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Fig. 1 Overlapping BPC (base peak chromatogram) plot of the control group and flumflethrin-treated groups
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Fig. 2 PCA scores plots of honeybee metabolites between the control group and flumflethrin-treated groups
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Fig. 3 PLS-DA scores plots of honeybee metabolites between the control group and flumflethrin-treated groups
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Fig. 4 Plots of response ranking test for PLS-DA analysis model between the control group and flumethrin-treated groups
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Table 1 Differential metabolites and identification results

A5 =RREYEHK =RREWE e H Up Down
Group Total number of differential metabolites Identified number of differential metabolites

0.5 mg-kg™'-Control 190 87 96 94
5 mg-kg'-Control 275 97 209 66
50 mg-kg™'-Control 275 131 147 128

0.5 mg-kg'-Control: 0.5 mg-kg™ 215X FE41 2 A1) 22 A4 The differential metabolites between the 0.5 mg-kg™ and control group; 5 mg-kg'-Control:
5 mgkg™ 2H 5042 0] 1) 22 FACEM4 The differential metabolites between the 5 mg-kg™ and control group: 50 mg-kg™'-Control: 50 mg-kg™ 415 %/ 4]
2 [ {1 2% 5484 The differential metabolites between the 50 mg-kg™ and control group. # 2 [ii] The same as Table 2
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Table 2  Differential metabolites between the control group and flumethrin-treated groups

acy B 50 mg-kg"'-Control 5 mg-kg'l-Control 0.5 mg-kg'l-Control

C d

ompound name VIP FC P B VIP FC P ##H VP FC P =)
Trend Trend Trend

PRAF IR -N- £ B A B 1% 2.1451 3.7838 0.0175 1 1.0349 2.0512 0.0494 1 1.4664 24830 0.0277 1

UDP-N-acetylglucosamine

fiR IS Azathioprine 3.5178 229131 0.0038 1 22240 6.6142  0.0216 1 2.8184 12.1241 0.0135 1

JZ 2K Z Trans-zeatin 3.4573 273706 0.0012 1 2.1436  10.783  0.0109 1 3.5919 29.5094 0 1

PR — LI Diethylpyrocarbonate  1.8239  2.6369  0.0126 1 13799  2.1616 0.0312 1 1.8167 2.6558 0.0272 1

i 57 (L i 24076  6.6251 0.0210 i 1.5393  3.6759 0.0056 1 2.5201 7.6114 0.0272 T
Methyl alpha-aspartylphenylalaninate

52 B Noruron 2.5040 5.7411 0.0237 i 1.8949 5.3422  0.0312 1 24082 5.7124  0.0272 T
PUZE £ Ethanal tetramer 3.1358 10.8657 0.0022 i 1.6834 4.3428 0.0168 1 1.9323  4.0922 0.0240 T
HLE4F Y Xamoterol 1.7021 2.5619 0.0303 T 1.6402  2.9414 0.0271 1 2.3289  4.8191 0.0272 1
I #k Dimetofrine 2.0830 5.3298 0.0337 T 1.9187 6.1752  0.0216 1 23776 6.4440 0.0434 1
41-F: il Asarone 3.5178 229131 0.0038 1 22168 7.7327 0.0301 1 2.4104 5.5813 0.0399 T
SN Propofol 1.9412  3.3387 0.0169 1 1.7439 3.4319 0.0121 1 22298 4.1785 0.0135 T
JTHE % Apigetrin 2.7393  7.0597 0 T 2.1954 5.8356  0.008 1 22192 5.1848 0.0070 1

4.4- " FEIEIEE 4,4'-dinitrobibenzyl  3.5924  36.459  0.0024 T 1.7819  5.2543  0.0073 T 3.1705 15.6981 0.0019 T

FLAEE Precocene ii 28581 112521 0.0012 1 10312 2.0035 0.0439 1 21354 38515 00428 1
LR A4 Benazeprilat 13429 2.0242 00438 1 18099 64223 00188 1 26353 102252 00135 1
SRALTTH Azacortid 26960 127132 0.0305 1 24081 155769 0.0188 1  3.5251 356758 0.0048 1
14 Toluene 15881 0.4467 00226 | 14841 02876 0.0301 L 19802 02721 0.0235 |
Fff51 Traumatic acid 24552 0.1909  0.0021 ! 15634 02683 00121 | 20103 02575 0.0079 |
9-# 3L T 9-oxononanoic acid 29634 0.0980 0.0006 | 13122 02638 00139 | 27705 0.1129 00015 |
U5 LM Pregabalin 1.6876 04322 0.0028 | 12720 04581 00178 | 1.0768 0.5848 0.0389 |
B 4% 5 4F Avanafil 19936 03237 00253 | 11258 04234 00347 | 17236 03553  0.0235 |
1-F# 1-nonanoic acid 26990 0.1060 00104 | 20052 01232 00238 | 25335 01151 00260 |
JLA% )15 Pivagabine 28956 0.1266 0.0057 | 20864 01468 00560 | 21990 0.1935 00135 |
SEWERG Metixene 26297 01776 0.0012 | 11710 03815 0.0271 | 14653 03801 0.0277 |
H 1B (+/-)-camphor 22568 02106 00169 | 14478 02932 00247 | 22074 02177 00216 |

FL¥4: Y Xamoterol [usan:ban:inn] 1.8083  0.2538 0.0229 l 2.1189 0.1402  0.0056 l 1.8550 0.2617 0.0235 l

. HIFEHR Dimetofrine 2.5825 0.1265 0.0139 ! 2.1321 0.1535 0.0238 ! 2.6898 0.1118 0.0199 !
2 . Acetophenone 1.7796  0.3617  0.0213 ! 1.8288  0.2989 0.0139 ! 1.5460  0.4091 0.0387 !
SRS AL WAL 13(s)-HPODE 1.1855  0.5253  0.0414 ! 1.6963  4.7824  0.0331 1 1.5777 0.4183  0.0235 !

VIP: At FEE R, %MK, RIFZ XY (1) TR 2 8K Variable importance in the projection, the larger the value, the greater the
contribution of the component to the model; FC: L5, % Rk T ALBELH 555 FE A1) 25 5% Fold change, which reflects the difference between the
treated groups and control group. i “17, WYX ERAUM L RIE s <V 7, AbFRAL S X R A1IAH LKA T i Trend: “1”, metabolites in the group
treated with flumethrin are up-regulated expression compared to the control group; “ | ”, metabolites in the group treated with flumethrin are down-regulated
expression compared to the control group
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Table 3 Metabolic pathways of differential metabolite aggregation

W.E&Y4%FR Compound name Pathway ID JB B Pathway

JRFF R -N- WA B 1% UDP-N-acetylglucosamine Map00520 ZHENE S5 HE AR Amino sugar and nucleotide sugar metabolism
Tif RAZERS - Azathioprine Map00983 Zi AR - AR Drug metabolism-other enzymes

JX KK Z Trans-zeatin Map01100 HALARH£4%2 Metabolic pathways

FIZK Toluene Map01100 HAbARI£42 Metabolic pathways

@i Traumatic acid Map00592 a-WV KRR alpha-Linolenic acid metabolism

9-}2 X TR 9-oxononanoic acid Map00592 a- W RIRA i alpha-Linolenic acid metabolism

Sk hER 13(s)-HPODE Map01100 HABACHHRFE Metabolic pathways

S ZZIUT P e vk, LT RS o T
HAKKRE 2 OCHEZ, B R KRG 31— & I ]
LB S IHR B Al Rtk A S BERAKRM. L
T RS R PR R -N- L B A L T
JRM, B E AT AT, i R TR IR-N-4
TR AR e 5 R G 3R L, LT o O, IRt
PR T, BRI S IR IR 5, IX T
THI AR T 2130 H DR AT 57 48 SR v 0 e o IR 1) ke 5 30
%.

ot AR 15 30 S 2 I R IS 1, e 8¢ 78 Ay o
WSS TR 6 SUEMSAZ AT IR, IS R0, 52
Wi DNA [F52 1 & RNA [2IE T B A% sl e e,
B MEREERSE 50 mg-kg™! 410 () FC {H A 22,9131, 1fi
0.5 mgkg AN 12.1241, FEHIBHAE TR K T B
S, G PR A i R, A R A
MM . HERNANDEZ 20 RE5e &0, 2B H ik
S-# B MG (GST) i & H B A o S T35 G 5 25 0 711
(0 — L], M SOFE ) AR OR U B 2> (43 GST
FERRIE Bl BRItz b, AR SR A G S|
FLBR RIS 08 LI, R PRI I T K B I SR
PR B RS N, 5 IR 52 DR H Ik Ik 1,
XM G —J5 THAARE T S8 (1 A REATL A o

AR 9-FF 3L TN U e (AR =4, AT F
FRW, SRBEREAT o i ig | I R Ak 1 L
TEEWERN, GBI N AR A 9-F2 5L TR 2 3
Z Pl U T, L — AN I A b A 2 A T
(hydroperoxide lyase, HPL), HPL J& 141l Jfd (. 5 P450
(CYP450) ZE (RS IR, CYP450 £E41
KAEY, AR BTG YR BRI B
R B OCEEMER. BhA, CYP450 fE4EE
SR ASVRURR 7 198 (1 42 A R L[ ) 2 4 2

A ETAEHPY, CYP450 i AT LI i 32 AR AL Bl
RPN TR P PR e S B0 o 2
I PP 22 CYP450 Bl S8 AE S s B 2 7K
fift, TH4 GST M) LMk AR N sk #340 J SLAR
W5 IR TEY RS G, 0T R A sk AR HER .
CYP450 Jiff 22 B A PR S IFE A, T 9-F a0k
T2 R A E 82—, 9- R TR
SE R TRRAC AR E MR T, FIR 9-FR R TR
A 2 R o I IO AR KT TR S 3 ARG K U A
dIS T B AR Y. 50 mgkg! 41 9- 5L T 1% FC E1Y
i 0.098, FREAXTHRAL 9-FRJE IR IAHXS & &2 50
mg-kg ' 411 10 5. I HBEFE R =8I0, FC {1
BORBE, R 9-FRIL TR A I B A W R A
WA o 1T S SOR TS TR AL B Al 9-F2 0L T R
il & R B, XAl gL GST F1 CYP450 figdt [H] 1k
Gl

V. T A2 8 0 A P I g BB T AN R T I TR 2
YRR IR, &I R, REA
M. AERK R, W R AE A A R
CYP450 [H1ER N2 2 48 e%, (e MR A A i H
R T B A AT\ AR TR, T
CYP450 VEFH T, Wi BR ML 3RS AL T R S AL 27,
GST & AR N EE R wER 2 —, HnT LUk
BIEH IR S S HE, HInSKEH, BT
FEIRETE,  [R] I R A G SRR SR A TR A R I )5
28U N R T S g e AR PR TR TR
B, 2R H PRAEAENE R AL BRitbz 4b, 2
e H I A A I R A R LA AR ) S A
W, IR R A R A o A B IDE IR
BBt A O R I B, CALR S 4l P
AR AR e i S S O IR A W R i AR
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=42 —, Sk A SRR AH X 5 TR T U
AT W) 2 e ) A AL UK o A A AL R A
0.5. 50 mgkg' 41 FC {53514 0.4183. 0.5253, {H
J& 5 mgkg! 4l FC ik 4.7824, F W Z L 440 iR
TEAR R AR B Il T AL, 2 AR X
R TR AL, WTRE A e H AT AR, BHAE
T IMERSAA , AT K 3 LR Sk S i R 5 A7
TE2 57 o S0 S W JH R AN [ 711 i S T A i b 3
Y1 AR B 5 A B A IO IR X R ka4
ABL, 3X— 25 R A e H KA AR A ST A g b AR
H, 3E— 0 R WA B AR N S R S TR 5 RS TR A8 A Y,
ORI RE B I R DR H RS 5 IR

4 ZEig

32 FHWBOAH £ 085 - J5E % 3B P B30 AR 9 S A T 4 Wi Ak
B 1R 0 T4 U 22 AR AT 0 AT, ik 3
29 Fions HEZH b5 A BRAL () 3[R ) 22 A, AT 7
b 2 AU 2 2 R AR T U AL P IR A L 24
YA AR L o BRI A S5 iAW I Legh R
BE— 2 73 A LR SR A T4 RO S 0 )y HL PR A A AE
—E R, WA IR AT kD R I A A REAL
%
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