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Simultaneous identification and detection of four novel
isoxazoline drugs in bovine-origin foods using ultra-high
performance liquid chromatography coupled to
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Abstract: Isoxazoline drugs (ISOs) are a class of five-membered heterocyclic compounds containing
N and O atoms. They can inhibit y-aminobutyric acid gated chloride channels and are widely used
in the treatment of parasitic diseases in poultry. The intake of animal-derived foods by humans is
an important way to come into contact with ISOs. Excessive use of ISOs can lead to their residues
in animal-derived foods, thereby threatening human health and causing neurotoxicity and hepa-

totoxicity. To address the safety issues caused by ISO residues in animal-derived foods, an ultra-high
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performance liquid chromatography-quadrupole/linear ion trap mass spectrometry (UHPLC-Q/Trap
MS) analytical method for four novel ISOs (fluralaner, sarolaner, afoxolaner, lotilaner) in bovine-
origin foods (including milk, beef and bovine liver) was established. The sample was first extracted
with acetonitrile and then purified with PRIME HLB solid phase extraction (SPE) column. Using
5 mmol/LL ammonium acetate aqueous solution and acetonitrile as the mobile phase, after separation
by Shim-pack GIST C18-AQ (100 mmx2.1 mm, 2.7 wm) chromatography column, the analysis was
carried out in the multi-reaction monitoring (MRM) mode by information-dependent acquisition
(IDA), enhanced product ion scanning (EPI) and spectral library retrieval, and quantification was
performed using the external standard method. The results showed that the four ISOs had good linear
relationships within their respective mass concentration ranges. The correlation coefficients () were
all 20.993 6, and the limits of detection (LODs) and quantification (LOQs) were 0.2-0.5 ng/kg and
0.5-1.0 wg/kg, respectively. Under the low, medium and high spiked levels (1, 2 and 10 pg/kg),
the recoveries of the four ISOs ranged from 67.6% to 118.9%, and the relative standard deviations
(RSDs) ranged from 2.0% to 20.0%. In addition, in this study, qualitative screening and analysis of
the target compounds were conducted through MRM-IDA-EPI combined with spectral library re-
trieval. Dual qualitative analysis of the target compounds was carried out based on information such
as retention time and EPI fragment ions, which improved the accuracy of qualitative analysis and
effectively eliminated the interference of false positive results. This method features low LODs and
good recoveries. It is also simple and rapid to operate, with high sensitivity and accuracy. It can
achieve qualitative and quantitative analysis of new ISOs residues in bovine-origin foods. This study
can provide technical support for food safety agencies to implement preventive measures against
new ISOs in animal foods.

Key words: solid phase extraction (SPE) ; ultra-high performance liquid chromatography-
quadrupole/linear ion trap mass spectrometry (UHPLC-Q/Trap MS) ; isoxazoline drugs (ISOs) ;

fluralaner; bovine-origin foods
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WA 43 (HPLC) 1AM 60335 - 7 1% (GC-MS) %5 4%
AR RH F25 58 8 o B TAE R K
H, UHPLC-MS/MS $ AR G5 H s 5 43 B e 1 &
W B DL B N Y TR A R B 2
R i BB iR, Bl 2 EE
A2 5 UHPLC-MS/MS # A, #57 TN h v %
PN 5E B0 43 B 7 i o AR N IR 3R ARl A
A4S 657 5 HLE , R ] UHPLC-MS/MS I 5E 3
YR R S (RS XS AR ) H ) SR
Y ERER L i RIORAE €5 - U R AT/ S B T
i (UHPLC-Q/Trap MS) 1 £ [ i Wi I -5 8 4K i v
KA M8 T 8 7 1 (MRM-IDA-EPT) £ X, H %% 58
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Bl 454k PR R %, AR 6% i b XF 1k & W i A7
P 2R A 2 A B 4 TR A PR 2 0 R
Sy AT AR AE TR A R SN Rk T AR R
UHPLC-Q/Trap MS £ R #3717 #E 3 176 Fhik 24
5% BRI PR 0 A 2 A7 7 ik, 7 MRM-IDA-EPI £l
BT, 176 Fh 25 5 85006 5 1 DC FE (38 K F 67%.
Zhou %"'F| f] UHPLC-MS/MS # R FF & T —Fh &
AR v FLBE B 4 0 O vk T AR RE S b 9 R
il B g Az 0 1] B >R FH MRM-IDA-EPI 45 i 5 X Ok
TH B B PE PR 5 L A G T i R EL A RE I e RE A
il 4% 1 {8 25 4% 45 . Zhou 25" % Ji] UHPLC-Q/Trap
MS %t 15 F S R BR AR 25 58 B AT T R G0
Br, FEFIH EPL & 3% X 77 B8 #F & o 0 203 W 8 g Ak
AT A . SR, H R R WA B R HZ R
XiF 2 W VR £ A 1SOs 1Y 5% B3 1 A7 1 O A e
AT

H A, B PG AR A 45 A A SEAUR AL E
FAE JURR B 40 455 A ISOs 76 4= B 6 v 0 5% 7
B H s o, T R o G A O PR A R, HL M R KR
F) A4 P A 5 b ISOs K6 4 R 56 3 L

AT K [ A #E HLEE R 5 UHPLC-Q/Trap MS
H AL 4 I MRM-IDA-EPI $13# 88, gt sr 7 —
Fofr ][] B 3000 2 A VR R A 2R AR R A ) 4
FfBT 28 ISOs (FUTE FLAN I8 B hr gl Vb % i 4 BT A
LGN 19 53 BT 5 5 o % 15 BB 8 W] B X6 B 78 1SOs
HEAT R PR B b, R AR S R DN A AT
B, N B W IR B b ISOs 1Y 5% B3 G I 2 B R
A
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1.1 8GR A 5 R

AB 4500 QTRAP ¥ A1 4 3% - 5t 115 3k H R 468 (5%
[E AB SCIEX A 7)), KQ-300DE % %45 1 74 ik 7 Uk
ar (R Tl M A A A B W) ), WIGGENS Vortex
3000-Elite i i 4 3% # (4ER F AR A R A7), 24 {7
[ AF A% Ik B (i 22 3 S S B e A A R A A
CF15RXII & .0> HL( H /& Hitachi /A ), DS-1 & i#
42045 BEHLC g R Sl A BR A |l ) L 112N-
EVAP112 & WY ( 2% [# Organo-mation associates
/v ), PRIME HLB [& #H % Bk (60 mg/3 mL, 3 H
Waters Al ). 0.22 wm A HLIER (SRR A R o

TR BLAN AR LA R R gl D B gl
HECRL, 2B 349 299%, & K TRC A H ) LR# . &
E (ACN) | H B (MeOH) #l F iR (FA) ({035 2% , 55 [
Fisher A Al ), 25%~28% 24 7K (43 # 2l , 116 4 5 bk
A AL BB A BR A R ) o 525 M 4K (18.2
MQ-cm) i Milli-Q 4k & %t (32 [E Millipore 23 H)
il & o

Ay AR DRRITAS JERE 5 N T AN [ X
sk S KA R R B RE S B AE T -20 CUKAE
g L, AR WO RE A R A RS A T 4 CURAR TR AR .
1.2 BiKRAIEF

K % FREL 4 B ISOs Xf & i 45 1.0 mg, FH & G
i B¢ 2 10 mL, Fe i o 5T 5 € B2 4 100 mg/L #Y bR
it % W, IFAEAF T —20 CUKAE o 40 590 o 7 Wi B3
bR R, B O IR AR RS BC I B 4 P
ISOs i vk BE 340 1 mg/L (IR S Fr P AW .
5 mmol/L & REKBEW -G (1:1,v/v) & G Fi Bk
A o T DY, T AR B T v B 3 0l 1.2.5.10,
50,100,200, 500 weg/L i iR & Fr E T /6%, 3L H
BT
1.3 HmarkE

W A= TRRT A JFERE R R S RS L & PRI 200
g, HEAT A AL T, IF K 2 5 S 0 A A R A AR A
FEF-18 Tk has H . 5135 19 40 R RLAR IF R
wn i R 2 AR B S A PR 2.00 g RS A & 0.05 g)
A TR R A JERE i B AR AR AL 43 B B T 50 mL O
B mA 5 mL OB, R HESR T 1 min, 8 5 5 H
10 min, 22 J5 7£ 5 000 r/min F &.0> 5 min, B i
W F BV WO 4K E 45 2 10 mL, Fridefl . 4
49 ¥ AL RE W 3 PRIME HLB [ AH 2 BUNEE , 2 )5
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Ay S 1 mL 4K A1 mL 10% Y 7K I ik Bk
[ AH A€ BU/NRE 57 R RS L A 2 mL 5% 2K B
B AT VR WO AR VI, BT 40 TR A MR 23k T
i, H 5 mmoVL L REKIFEW -G (1:1,v/v) 5E
% 1 mL, fid 022 pm 3§, ff UHPLC-Q/Trap
MS S8 8T o 2 FF R I A AN A s 1 2R 0 42
PR, D0 AT 35 > 7 B 5 PR I
1.4 UEE&EH
141 &5 1HF

Shim-pack GIST C18-AQ & % #£ (100 mmx
2.1 mm, 2.7 pm) ;¥ .50 Cs; PEAEE .10 wL. R
At 5 mmol/L Z, MR &% /K ¥ W (A) M Z i (B) £
B, U A 300 wL/ming BB FR )T :0~4.0 min,
50%B;4.0~4.1 min,50%B~75%B;4.1~7.0 min,75%B;
7.0~7.1 min,75%B~50%B;7.1~12.0 min, 50%B.
1.4.2  Jrig &t

B R A B (ESD R, f s A B
YA HL R 25 500 Vi AFTHL R 2 10 Vs 5 fh S )
345 kPa; A IR 7 2 172 kPas fin # i B <R
379 kPa; B TR IR & : 550 C. 4 Ff ISOs Ay Wi I &5
FXF R FESHEFE R W E 1. Y MRM {5 5 iR ¥
KF IDA Fri% & B9 BIE (1 000 cps) B}, Al H S 82k
PEES T BFY EPT ZhAE . EPT HSE0L B W R . A
G [ R m/z 50~500, 047 2 A 5 S bR A HEBR
HI %, F14 3% 8 20 000 Da/s, filf i i (CE)
H(35+15) eV, HAZ%45 MRM #AH [F]

F1 4FISOs R BRFEMFIESH

Table 1 Retention times and MS parameters of the four
isoxazoline drugs (ISOs)

Reten- Parent Product
Compound tion ion ions DP/V CEs/eV
time/min  (m/z) (m/z)
Sarolaner 6.99 579.0  147.7°,508.7 120 30, 25
Fluralaner 7.14 554.0  534.0°, 5140 120 25, 30
Lotilaner 7.71 594.0  180.9%, 160.8 120 28, 40
Afoxolaner 7.87 624.0 604.0°, 564.0 150 30, 35

* Quantitative ion. DP: declustering potential; CEs: colli-
sion energies.

1.5 EPI-MS #HEEMEL

FIH 4 B ISOs IR A bR #E TAFE W (100 pwg/L)
£ MRM-IDA-EPI #250F %F H b5 4 #4746 D0, 3K B
FETHM S E s @ 3% FE T ISOs 1Y
EMM R, 7F SCIEX OS # 4 (3.4.5 it , £ [{ AB
SCIEX A ) BLA 3% ) 1 L ik b K H A5 9 19 7 F

L .CAS 5 e K L DL L& BPT #1486 78 1
Jot T P AF AR B S AR I ST 4 BB R ISOs 1
EPT 3% J7E o 76 52 Pk it dz 0 i A b o A bR 5%
JoE BT T A 23 B =85 43, UK B dh v 5 1SOs.

2 H#R5WiE

2.1 FRGEGMHRL

4 Flr ISOs 1 25 k4 vh ¥ 8 A A [l B0 1 A HLAR
R E HEAT B 4y M e, T R A B 2 AR &R
W, 3k e [ {37 28 U 25 %k H B Ak A 0 1 2 0 5 U i
T, 25 e {5 5 A oA ARG 5 TR DL ) H AR
Wi R, PR, 43 M ISOs A LA R &R
(14 43 A 1% B0, X5 T E AR 40 10 o 1 R e pE LA
BE . FE R A ESI O X H AR 8 kAT 4 H
(Scan) B}, S THERF N FEELEBH 3 NHHLAFRN =
W, 430 S MU (3 F B 0§, m/z 554.0) \M+2 I
(m/z 556.0) il M+4 W (m/z 558.0) , H 5 % 0 =F fig
L2k 90601, Bk £ 15 C1 % i M g [M-H ]~
(m/z 554.0)VE N E RN EE T FEV P RN
() 4 43 H IS R, AT O 2 B [M-H ] 1§ (m/z
579.0) S H R i % C1 & F & [M-H] (m/z 581.0) ,
H °Cl & P s 5 E KT 7Cl & T s %
SR Bk PR M-H ] (m/z 579.0)1E h ¥ B R g8 iy
BEBS o fEBTAR L g0 0 B b AR B [ M-H |0
(m/z 624.0) & F W {7 & 7Cl & + 1 [M-H] (m/z
626.0) , H i F L 2 301, Wk [ M-H ]~
(m/z 624.0)VE N BT PN B BF B F o KB HI 9 &
A 3ANAHER T TS, £ mz
594.0 . m/z 596.0 .m/z 598.0 Fl m/z 600.0 {5 5,
Oy X M M M+2 1§ M+4 18R M+6 &, EAT1H
FEWA N 27:27:9: 1; K [M-H] (m/z 594.0)
HHF R 7Cl & FE[M-H] (m/z 596.0) ¥ B
b B 5 i {5 S H [ M-H] (m/z 594.0) (4 5
SRR WOk B M-H ] (m/z 594.0) 75 R i B R ah
RS-

WG BT 3% H AR 00 B B8 -, X 2 0 AT
DAk, AR F05 0 17 58 85 6 A X I Y F B F . ESITAR
T, 4 F AR 35 580 B 4 % i 7 5, BE 8 G
& B BRI E S BT TR R . FE S A i
4 F 1SOs M — A8 24 H AL A (HF) L% -
M B R BT REBN A B T 5
S SRy o P B T R S T [ 6 R
B XY 2 % i R (DP) AL i R i (CE) iff 47 8
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b, A 5 75 50 0 4% L BR 4 R S 8003 1,4 F : S
ISOs 7] € A9 Ji 1% 24 % 342 12 UL B B 1 (www.chrom- 120 B Flucalaner
China.com) . 100 % fiﬁ’fﬁi?er
2.2 EPLE 547 50l B LB B4 <50 f

1T A 7 P U £ v B A BT L 7E R 2 o :
JH MRM #2317 4 A, %8 5 52 5103 I 48 19 3 o aﬂ
W S ECE PR TR B TR S R S M A o
Vi B 3 T 5 2 R M T
A5 B0 . MRM-IDA-EPT 4 A BT 4547 9 135 B4 1 . PR
W A T A IR T BB B T NS
B R AR R 27 R T 2 B T B o
UL BT ARG U B L AT K75 EPLIBA . 1
MRM 43 H7 450 B 490 9 {5 B 06 ) 09 25 0 L wl®
BT W AR £ B RN 38 b EPT 414 37— 4 120 J I Fluraaner
L A L 0 T A R X L T L A < 100 ] Lo
70T S5 3 R W TR A R RS R v E 4 5 0
700 9 5 A4 LR Bt L 0 A 0 2 w0l
IIHT . AEZE RE B TR A 1.0 wg/ke 9 LR 0]
Wy Fz 1.3 4507 B AT RTAL B, 8K U5 XK 4T MRM- 20
IDA-EPI E#ﬁﬁ@ﬂ ,JF ¥ EPI i%%‘l'ﬁi%ﬁ?ﬁﬁ It - P 5
o GBI 2 R SRR BT AR R K B R NS L,
I Vb % B 44 1 UC BE 4 43 5 99.3.99.6.,99.5 o @@ a8 &
98.9, iX— 44 HEF W], S S AL I BE P 1SOs ) o °
Sr BRI T A5 8 L SO B9 EPT R L o
T 5 4 2 5 4 0 B o] . ———
2.3 mIREEHHRK . 90 /'
231 BB ik ol —

ISOs % 47 C-F 284k Mo 3 U L b b/ i E ) // ————
IKAMBL BB (log P) O 4.86~6.38. kT sh ¥ J5 1 & ) 60 / R
i B RFPE R ISOs B IR, A BER B EE T O L L il o Huralaner
BE-7K(9:1,viv) 1% H R 2 B FH B FF -k (9: 1, w0l | | v Lotilaner
VA L 19 FRR FBE 6 RV IR 4 B ISOs HO B T

BOACR . Rl 1a s, ok FH BE S P - K (90 1,
V/v) HEAT H HUR B8 OR824 Fh ISOs Y [ul
WA 51K 61.2%~97.3% F1 39.1%~86.9%., IR TS
I 1% FR R e 05 B I B v FR G VD B R 4 R L
20 14 [l e =R, X T AT AR 7 48 0 3% 5 i 48 %) B2 UK
RADATAR . Sl 2N BEAT B HCRT , FLAR U
B AR T F O 0] i R 80.0%~105.5% , i % T
GB 2763-2021" 1}t & F 8- 2 5% B 4y M A oK L TR
i, 5 Al 2 A, 1% F R 20 A 2 G -k
(9:1,v/v)XF 4 Fp ISOs 11 4 HUAL AR - JC B W 42 7)o
PR, AR F 5 39 % 2 6 1 Sk 2 B 711

Elution solvent volume/mL

E1 (a)iRBURFIFZE (b)) EHBEFIME(n=3)R (c)ERAFEK
FAXT 4 7 1SOs B U = B9 510
Fig. 1 Effects of (a) extraction solvent types, (b) elution
solvent types (n=3), and (c¢) elution solvent vol-
ume on the recoveries of the four ISOs
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A HBF5E I # T Oasis HLB (60 mg/3 mL) . Oa-
sis PRIME HLB (60 mg/3 mL) ,Oasis WAX (60 mg/
3 mL) . Oasis WCX (60 mg/3 mL) , Oasis MCX (60
mg/3 mL) . Bond Elut C18 (150 mg/6 mL) il Sep-
Pak NH, (500 mg/6 mL)7 F W B ¥ G& A 5] i1 [ 47
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HEPOUNEXT 4 Fh 1SOs By E AL 3 R . S5 R KW, Y
fdi Fl WAX /N FIl Sep-Pak NHo/NkE i 47 e AL ),
[] i % B A 5 (80.1%~151.3%) , 76 B — % %} ISOs
B AL ROR A . WX /N T MCX /A 1 ¥4k
B 25 AN R i A XD B RN v AR ROR B
AN HLAR P 3 W 2 4 Bl 60.4% Fl57.4%.
PRiME HLB /M | Oasis HLB /M fil C18 /MRy
F AL AR B R BEAR RE S W R H R BT oK L
1E SR A 1R 09 4% B0 R, PRIME HLB %5 B/ A
1 Oasis HLB Z£ HUNE A H KM HM AR, 5
Oasis HLB /NME4H [, PRIME HLB /N % 0 % Fir 44
A AL RO B4 . Bk 4h , PRIME HLB /M E# H b
Yoy SRR AL GO — AP BRI RE AT b 2%
I A ot 5 BT e ) B T R 2 R U RN AR A TR
Wy, A5 R T s B I R B A Bh A R
T . B, A 5256 i & %8 ] PRIME HLB [ 4
AR XS RE A AT A

233 RBMAEF M KR ENMLAN

ARSI 2 2 T R 5% FP R H OB L 5% & K H
I 2 5% HR 2 A 5% &K 25X 4 B 1SOs
BV AR . S5 1o TR, 4l 2 B R
PR R I, 3T LA FDICR (121.7%) , A FF
AT RRUE . ] 5% HER 2 A 5% &k &
I A A 8 58 s 00 B 8B B 44 1% AT i 3 4 SR AT i
R B T HY B A VR B R, 4 A
ISOs 1 [ e % 51.5%~72.7%, T 24 78 fin 5% HH iR
5 5% K5 Ve AR T W GE A L2 R, 5% &
JKFF P 11 2 J SR BN B AEL 4 b TSOs 1Y [B] i SR B
15 (71.1%~99.8%) o AL, 7R S 56 6 1 ) 5% 247K
FEEXT H AR P AT DB o A, S5 X ok i 7 A
M (1.2.3.4.5.6 mL)#F47 T4k, 25 R A 1c
B o MYeBiE R RN 1 mL 300 % 2 mL B [1]
WO BN S P R A T i 2 mL f5 , 4 Fl ISOs
W1 Tl %k T R, DR I e 4 S 5% &K
AT 2 mL, 76 & LS5 5T, 4 # ISOs 1)
MRM &3 B a1 2 firs
24 ERFE(ME)

RE S B AR A 40 LN B R4 Bk R 3 R, AE
fli /] UHPLC-Q/Trap-MS 43 H7 % ity I, & 57 v H A
G3HT W) 045 5 e 7 T RE 2% B A1 o B SR 2 1T 5
D7 I E R A AR SR 3 R A AR R
PEE S AR5 A0 ARV O/ AR i T, 4% 1.3 715
J5 1 EAT R AL B FRAS A5 1 5E HE IO R 3

b1 55 43 4
161 Flurglaner
144
121 w

" ]
=10 2
2 %5
A= o=t
£ 89 2=
g E
= 64 2
5]
4 E
e
2 3
0

0O 1 2 3 4 5 6 7 8 9 10 11 12
#/min

B2 JMREEWEHT4MISOsH MRM i &
Fig.2 MRM chromatogram of the four ISOs under the op-
timal experimental conditions

25 A 3 JO i UV 4 ) T ) 3R A O A R R ) i Jo D
Bic Y5 B b o A YA T B T 2 G T o A ) o o kA
VS FRNIE A BRI TR o KA ME = (35 5T DT C A o i &
AR 3/ 0 s o BT 8 AR — 1) X 10096 K - AS [ 4
BB R B B AN . 24 ME=0 i, 2 8 TG 5 Rk
R ;24 ME>0 B, 38 78 77 76 356 518 38 200 ; 24 ME<0
I, 278 A7 76 JE B s o dE— 2B b, 24 IMEI<
20% i, 18 BH B TR0 B 55, A S BRI v n 220 AN
35 24 20%<IMEI<50% 5% IMEI>50% I}, i3 B 77 75
ST T S T IO B R S T RN, U B R B g
5 e ofe /b e S5 Ak 6 H BRI T e . R 3
JIE7R R BN 8 R g Vb B R gl 0BT A B 44 7
3B AR PR R B S (AR AR R AR ) i ME 435
g —18.2%~12.9% . —13.0%~9.7% . —3.3%~18.0% F#l
—8.3%~12.3%. & W] K& 5T R0 76 W] #5525 A
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B3 3F4EEERERST 4MISOs WEFRYE (n=3)
Fig.3 Matrix effects (MEs) of the four ISOs in three bo-
vine food matrices (n=3)
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25 ZMEEEKEHR EER. BWREMBEEE
I GB/T 27417-2017¢ A % VF 2 b2 40 M
0 A GG TE T R ) e R 6 a3 AT O TR T R
Y5HIE . P R B T VR B Y 4 R ISOs IR A bR T
W, ¥ 1.4 AR BERE BT o LA A AR A Y 06 T AR
AR (y) T O AR R (a0, pg/L) 4 il b
HERNZE . 2 K 15 e EE (S/N) =3 T S/N=10 Fif %t 17
fA) 0 v R 1 R K S BR (LOD) Al a2 2 BR (LOQ) o
ZERUNZE 2 BTN, 4 Bl ISOs 7E4% F A 2R Pk 30 Bl
R TE R R ,r=0.993 6, 4 F ISOs () LOD
I LOQ 43514 0.2~0.5 wg/kg 1 0.5~1.0 pg/kg.
F2 4AMISOsMBHEE . BN TR ALXRL RERNERR

Table 2 Linear relationships, limits of detection (LODs)
and quantification (LOQs) of the four ISOs

R3 3WHHERERFIFHISOs WEIKRFBITIRERE (n=6)
Table 3 Recoveries and RSDs of the four ISOs in three
sample matrices (n=6)

Com- Spiked level/ Measured/ Recov- RSD/

Linear . LOD/ LOQ/
Linear
Compound range/ equation 7 (ng/  (pg/
(pg/L) a kg) kg)

y=4.31x10%r+

0.5-500 .
3.28x10

Fluralaner 0.9990 0.2 0.5

y=4.10x10"x+

1.0-500 ,
1.45%10°

Lotilaner 0.9996 0.5 1.0

Y=6.37x10%x+
1.0-500 0.9936 0.5 1.0

Afoxolaner 4
1.71x10

=1.31x10%-
1.0-500 Y T 09962 05 1.0

Sarolaner 5
4.81%x10

y: peak area; x: mass concentration, pg/L.

FE 25 F AR A TRRI AR BT RE & rb 2 00 AT
o E 3 K (1.2.10 pg/kg) 1 4 F ISOs 1R -A 5
WETR W, B A AR A AT I E 6 . 25 Rk 3
Bz A8 3 AN IAR KT L 4 Ff 1SOs /9 i1 b (1] i
9 67.6%~118.9%, FH Xf 5 #E f 22 (RSD) 24 2.0%-~
20.0%, RS ERAE R R % A K i R AR
JE ) B H A R A 0 o RORS % L3S T AR U
PE£ i ISOs AY KGN
26 S5HMAENILLE

AW T 3 BRSO L H AR B e Ty
2 AR EUR ) DL LOD A5 5 i H AR O ik 5 B iGE
SCHR T IR HEAT X H L AR 4 TR . 5 SCHR O
FH L, A B 5T r A 5 1 BLA B A #4, i LOD
G A IBCHSF R AR 6 50 5 TR S 92 v AT A3 Hr i B B
Wit & 7 4 FhGEr B ISOs. 7S J7 vk BE % Bl 2 X BE 5
th Z R 1SOs #E47 € & € P73 B i 75 5K L s 2
P A JEAE A 5 X 4 B ISOs A OC bk v A B A i
SESRAE T HOR S S T R

Sample pound (png/kg) (pg/kg) ery/% %
Milk fluralaner 1 0.84 83.8 9.7
2 1.61 80.6 8.3
10 8.90 89.0 2.9
lotilaner 1 0.90 90.3 11.1
2 1.74 87.1 8.5
10 9.24 92.4 2.2
afoxolaner 1 0.90 89.8 7.1
2 2.15 107.7 7.8
10 10.75 107.5 3.2
sarolaner 1 0.96 96.2 9.7
2 1.73 86.4 8.8
10 9.19 91.9 2.7
Beef fluralaner 1 0.91 90.8 18.6
2 1.92 96.2 11.5
10 9.88 98.8 12.6
lotilaner 1 0.96 95.9 20.0
2 2.06 103.2 11.1
10 10.24 102.4 13.2
afoxolaner 1 0.96 95.9 19.1
2 2.06 103.0 13.2
10 9.63 96.3 13.3
sarolaner 1 0.95 95.3 17.2
2 1.88 93.9 13.7
10 9.07 90.7 15.8
Beef fluralaner 1 1.01 101.3 11.4
liver 2 1.56 781 9.4
10 11.85 118.9 2.0
lotilaner 1 1.00 100.2 13.5
2 1.35 67.6 4.5
10 11.40 114.0 4.8
afoxolaner 1 1.17 116.8 2.2
2 1.51 75.3 2.6
10 9.69 96.9 6.9
sarolaner 1 1.18 117.7 4.1
2 1.43 71.7 4.9
10 11.28 112.8 5.8

2.7 ERRERBKEN

R VAR T TR 0 A RO L SR AR SRR 43 B U7
TEXE BN T 3 AR [v il X4 T 65 28 Y AR 40 R 2R O
LT o Gy A b R IT 43 B A DU . G I &5 R 25 MRM-
IDA-EPI % R Rk — L E , iR 45 R W, i fy
FE i R A Y 4 BT L 1SOs.
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Table 4 Comparison between this method and the literature methods

Drent::}:;(i)(:in Sample types Compounds Purification method Et):z:/crt;z? (I;fg)fl);/) Ref.

UHPLC-MS/MS hen tissues fluralaner, lotilaner, SPE (PRiME HLB column) 15 2 [8]
afoxolaner, sarolaner

UHPLC-MS/MS porcine liver sarolaner SPE (PRiME HLB column) 15 2.0 [12]
UHPLC-MS/MS chicken tissues, egg fluralaner SPE (Oasis HLB column) 10 0.3-1.5 [13]
UHPLC-MS/MS pork fluralaner QuUEChERS (C18+PSA) 1.0 0.3 [22]
UHPLC-MS/MS chicken tissues, egg fluralaner SPE (PRiME HLB column) 32 2.0 [23]
UHPLC-Q/Trap MS milk, beef, beef fluralaner, lotilaner, SPE (PRiME HLB column) 10 0.2-0.5 this

liver afoxolaner,sarolaner

3 &g

AW 5T 8 [ A A B R 5 UHPLC-Q/Trap MS
HARLE S FIJH MRM-IDA-EPI 9 =8, dt 7 17—
] ] O E A JE AR (AR AR RTAR ) 4
Ff#T 8 ISOs (T FLAN I8 B hr gl Vb % i 4 F BT A
L) B9 50 M i o R 5T 6 R O Ak B T 9k RS2
OYNT SR HEAT TR A BB AR TR A B A 3 T
XEor AT as B A . R, 454 MRM-IDA-
EPI i ER RELAR & 1 ISOs 7 14 43 Bt 19 HE H
P, R0GEE S T IBCBH PSS S B, AR R B T
i R PR ORI S i R IR M R A B M A R R
K% 8 B, REUS W6 2 GB/T 27404-2008 AT KL 5E Y
Jo AR R . Oy T T 2% S R v
kT A ISOs 5% B 09 43 L A 2l W 5 Pk 1 vh ok A
ISOs 5 54 (1 W A SR T n] SE R S 4 .
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