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PSR HEA T M R T, R 8 ML AR TS BRI A B, (ELRPEIE IR M R AT,
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Determination of 8 kinds of quinoxalines and their metabolites in chicken
meat by applying high performance liquid chromatography-quadrupole/
lectrostatic field orbit trap high resolution mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of eight
quinoxalines and their metabolites in chicken by ultra performance liquid chromatography-quadrupole/electrostatic
field orbitrap high resolution mass spectrometry. Methods The chicken samples were respectively subjected to
extraction of five quinoxalines prodrugs with 1% formic acid-acetonitrile and extraction of three metabolites with 1

mol/L hydrochloric acid solution. After ultrasonic treatment, oscillation treatment and high-speed centrifugation, the
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samples were purified and collected using multiple matrix adsorption fillers and an Oasis HLB solid-phase extraction
column, respectively. The samples were blown dry with nitrogen, and fixed in volume with 0.1% formic
acid-acetonitrile solution. The samples were combined for analysis. The separation was performed on an Acquity
UPLC BEH Cig (2.1 mmx100 mm, 1.7 um) column with gradient elution using 0.1% formic acid in water and 0.1%
formic acid in methanol as the mobile phase. Qualitative and quantitative analysis was performed in parallel reaction
monitoring mode on the mass spectrum. Results The eight compounds could be separated well, and the linear
relationship was good in the linear range, and the correlation coefficients were all greater than 0.999. At the 1, 10, and
100 ng/g spiked levels, the average recoveries of the eight compounds were 76.1%—112.8%, and the relative standard
deviation was less than 15%. The detection limit and quantitation limit of the method were 0.04-0.1 ng/kg and
0.12-0.3 pg/kg, respectively. Conclusion The method has the advantages of simple sample processing process,
short analysis time, accuracy, reliability and high sensitivity, and can be used for monitoring a plurality of
quinoxaline drugs in chicken products.

KEY WORDS: high-resolution mass spectrometry of electrostatic field orbital ion trap; solid phase extraction

purification; multi-function impurity adsorption solid-phase extraction; chicken; quinoxalines; metabolites
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(enzyme linked immunosorbent assay, ELISA)!'82% S 4R,
i - 5 3% B¢ FH 9% (gas chromatography-mass spectrometer,
GC-MS)*'! | 5 %% ¥ A {5 1% % (high performance liquid
chromatography, HPLC)** 25 | 8 s 0RO €33 5 Bk B i =
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Vanquish™ Flex UHPLC Systems i##4 i 20 OH (31 (36
E Thermo Scientific 2\ #]); Q-Exactive DU AT = 1Bk
B 37 B0 IE BIE R 20 B B, A B T 55 e U
(heatable electrospray source ion, HESI)(3% [E Thermo Fisher
AHl); Acquity UPLC Beh Cjg 8 i%4E(2.1 mmx100 mm,
2.7 um), Oasis HLB EAHZ /ML Oasis MAX [EIFHAEEL
JNEE@3 ce, 60 mg) (35 E Waters 23 F]); AR I VLA (FTHE
“F Fungilab A F]); 3-16KL & &2 E.OHL(EE Sigma 2
rl); EOF0-945066 2% A i fiEii & & (hE 1% ANPEL
2 El); 0.22 um FEPUFH L% (poly tetra fluoro ethylene, PTFE)
B N (b3 2 1% SRR B 0 A BRZA Wl); RiOs 150 ALK £
(32 MERCK MILLIPORE /A Al); JYS-A960 42 PIAL(PF i
JUBR AR B2 D)

RALFRIG B4 #) Cleanert S Crg: #4250 um . Cleanert
S SLE(FE#E 1): k42 150 um. Cleanert S FR {4 1L48
(Alumina-N): k7% 150 um, Cleanert S i PEfk (Carb): ki
120~400 mesh ., Cleanert S Nano Carb: /4% 10~20 nm(3 [
Agela Technologies A 7l), W fl#4 %} BONDESIL-SAX: #i

1% 40 pm .BONDESIL-SCX: #if2 40 um .BONDESIL-PSA:

kit 40 um. BONDESIL-FL: $if& 200 pm(3£[E Agilent
Technologies A Fl). #& 34k £ BE ik 44 K 8 (hydroxylated
mwents, HMCN): $if% 30~50 pm(5GEAKARRH: A R
AN . Z AT IR FREL 6 g BONDESIL-SAX, 3 g
Cleanert S Cj3 F 50 mL =i, IREWS, &M,

QCT. OLA. MEQ. CYX. CBX. DCBX #5ffh (4l
B 99.0%, f%[E Dr. Ehrenstorfer /A 7)); QCA., MQCA
QCA-D4 MQCA-D4 b ifii i (45 ¥ 99.8%, H1[E F i ANPEL
25 Fl); OLA-D4 FRifE S (A1 98.0%, fE[E Witega A w]); H
FR(taibal, f5E Sigma AR, M. HEE(G%a, €H
Fisher ChenAlert Guide A7]); HAIX Y K434k 7],
S 7K R Mili-Q 2ifb)E AR 4K (> 18 MQ),
1.3 FREE R AR &

B CYX. MEQ, CBX. OLA, QCT, DCBX. QCA.
MQCA I MR 5h 4538 i, W% PR, F W BV A, ik
500 pg/mL FIFRUERE AT, T-20 °CARRATE, A 3N 6 4

H; W% IR —E it OLA-D4, QCA-D4, MQCA-D4 Fifi
W, R B 500 ng/mL AOIR G ARG, F-20 °C
B, AR 6~ H; K% I 8 Fl QELs ARt &)
FimE, BFR—FaRRmS, &P e, HE
500 ng/mL ARG PRl TAEWR, PUAPLAC.

L4 HamATtE

141 % #

G RRE G, ZRPLF IR0 B 5 ORE, BT
WA IS, T-20 CHRIT.

1.42 #d&F DCBX. QCA. MQCA #4R IR

FRECS RS 5 (R 2 0.01 g) T 50 mL T4 80>
B, o MA—ERMES NS, WIEIR G, I
X FHL RS A 10 ng/g; HEFIAILA 20 mL 1 mol/L Ay
EMEW, WIEIREES 5 min, # % 30 min; B THK
125 r/min, 40 °CTEIE T #E#E 2 h; 9000 r/min &.0> 5 min; %
B EWERT 50 mL 2048 B Oasis HLB [ AHZEBUNE, K
A 3 mL FEEAT 3 mL /K S) 80 LS8 40d 4k, A
S mL B3R, mHEEREINA 3 mL Kl 3 mL 5% BEK
WRBEIEEF T A 5 mL 2% FF R RS E I 2 10 mL 58
H B0, 1640 °CTF AT, fA 0.5 mL 0.1%H fR-
ZIEO:1, VIVIER, RIEdRY 30 s Zi%

143 #H&F CYX. MEQ. CBX. OLA. QCT #4853

FREGSAEE 5 gORE#6Z 0.01 g) T 50 mL P .0
B, MA—ERMES NS, WIEIR G, I
TR RS A 10 ng/g; A 20 mL 1% B2 2 5%
W, WHERE 5 min, % 30 min; & THEK 125 r/min,
40 °CTEIE FRHEE 1 h, BARE 40 min, 9000 r/min &.0»
5 min; FH FIHW 5 mL T 10 mL &.04, A 50 mg £
AL SHECR, IRAERAHA 15 min, 9000 r/min 2.0
5 min, BEEEE K 40 °CTFASKT, A 0.5 mL
0.1%H BR-Z 16 (9:1, VIVYTE T, IRIEIRT 30 s BiR.

¥ 2 WIRBUGWE BB, VIVIRERE, &
0.22 um RV A BRI )S, H Q Exactive HF, HRMS
WAE
1.5 ®BESRIEENt

{4,384 Acquity UPLC Beh Cig (3.1 mmx100 mm,
1.7 um); iR 30 °C; FHFEE: 5 pl; A A R 0.1%H R
K, B R O1%FIRHFEE. Fim. FEHFBEEVEIILE 1.

Q Exactive HF, HRMS X B B S5 B 7, IEB T
#E, 47 KW W (parallel reaction monitoring, PRM);
ST 40 Arb; HHBVSFE 10 Arb; WESEHE 3.50 kV;
BB IREE: 320 °C; S-lens HLJE: 55 V; 4B HE R
300 °C. WIS AL IR AR &<k
i LA B R U IR BRI SR . SIS B R 2
YIRS SR 2. % 3,
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Table 1 Mobile phase gradient condition
I} ] /min ¥ /(mL/min) Al% B/%  MiZkEm 21 BiESFEIEEGE

0.000 0.400 90.0 10.0 5 X ETEAT P, O [RSEDR Yt i A 2 S ROR AN
0.500 0.400 90.0 10.0 5 IE], Z'KE}F%&FHT ACquity UPLC Beh C]g(Zl mmx100 mm,
1000 0.400 700 300 S 1.7 p{m)@lﬂ%‘ﬂ;, %%%Eﬁ X#%%it%%i\&ﬁ%é&“ﬂff: H
VERTIE] , A3 W RNT, iR A IE B R TR

2.500 0.400 20.0 80.0 5 N e JE, e N N e
MRS, 38 AE — R R, DA S
4.000 0400 0.00 1000 5 ST AL b AE HLAE, AT SR I A R A . ARHIFSE b
5.000 0.400 0.00 100.0 5 T U INAS [R) e B 0% B TR T V) 1 o R, S5 R 3R, 7E
5.100 0.400 90.0 10.0 5 KA MR EIETINA 0.1%H iR, fefgfedla =, AL
6,000 0,400 0o 100 s VR RO . WAL SR, BERSLE 6 min PIARC
Mo 8 FLAY, 4058 T HREESIA], [RIBZEAR RREEE |
TH THFIEFE, BART T AR . 5281k G

2 RiEAHEN Yy i ek e 1.
Table 2 Scanning parameters of mass spectrometry ﬁﬁ}%%}ﬂﬂ@%“ﬁ“%%%ﬁ, E%%*ﬁfﬁ, qzﬁffi@%
PRI S5 WE W, AR — AT . ORI e MR
e A, BEBXT HAR AT HEAT BE BRI, AT SEBLXT B AR
Fti PRM PR N
YA T A X it . I PSR T i A A A R ), A
TUESELES positive QI HeFE HARIIOBEES T 50 R FERS JE S0 W7 2 e — SR
gl B TR 2e4 i ARG FIT P BE B TR TN R R A R A
T B F 1% 55 35 5 2 07 W I 451 415 (selective reaction monitoring,
BEREA T 20 ms SRM)FI1Z Jz b A6 1 $14# (multi reaction monitoring, MRM)
SrPER 120000 SURI H A7 73 A, PRM R {UEAT SRM/MRM
— o R 5 BB RE 7, TR B 4 T AT bERE S s
A RO TE bR TR LR A TP, RORIR R R
A — kAl i R 35

JE o 8 Rl B 1 2 R T 1 LI 2.

R3 OSTEIEWER. 3 FMRIEYRE 3 MASRLAIRIERG

Table 3 Mass spectrometry conditions of five quinoxaline prodrugs, three metabolites and threez of their internal standard compounds

[a=L/ k0N {5 54 15} [ /min —ET (m/2) ZHEF (i)
OLA® 3.67 264.0979 177.0656* 143.0601 160.0627
QCA® 3.79 175.0449 147.0549* 117.9796 161.0096
MQCA® 3.68 188.1066 109.1012* 143.0601 67.0546
cYx:® 3.43 272.0771 188.0451* 143.0602 238.0720
MEQ?* 3.80 219.0761 143.0602* 185.0607 160.0627
CBX* 3.81 263.0767 229.0713* 145.0392 159.0549
DCBX* 4.25 231.0872 199.0610 * 143.0601 171.0662
QCT* 4.45 307.1066 131.0489* 143.0601 273.1013
OLA-D4 3.67 268.1215 250.1119
QCA-D4 3.79 179.0750 151.0801
MQCA-D4° 3.68 193.0493 151.0801

T * R 58 T (quantitative ion); a, b, ¢ MBI NEENIREA Y.
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Fig.1 Ion flow chromatograms of various compounds
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Fig.2 Augmentor ion scanning mass spectra of eight compounds
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R100 229.0713 R100
95 95 177.0656
90 90
3(5) 85 212.0814
80
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70 70
65 145.0392 65 OLA
® 60 2 60
3% £ s
= =
B s 159.0549 2 s
40 175.0496 40
35 203.0558 263.0767 35 160,0627 264.0977
gg 130.0521 i 3(5) £ 246.0866|
20 20 143.0601 189.0654
15 104.0495 187.0612 220287 158 ¢ 03(())'0341(:)9 1012
T St | L
s |
s AR . Sl gl et o C 0L
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R100 ¢ miz R100 mlz
95 | 187.0611 95 131.0488 273.1013
90 £ 90
85 85
80 © 272.0771 20 143.0599
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E CT
2(5) 163.0499 gg Q
% 601 % % 177.0654
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33 146.0472 3(5) 90,0340 o 245.1066
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Fig.2 Augmentor ion scanning mass spectra of eight compounds
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e 4 1R P A s AR D R A T D B RS A AERY,
— R R A A0 A At | S 2 T 2
HFMEA Y S5 58

AT EER T G/ ZBE:1, V), ST
ZE2:8, V:V), HIR/ZHE(1:99, V:V)., 1 mol/L LRI |
2 mol/L E A AL AN .10 mg/mL 2K [ % 8% OLA .QCT
R MQCA MR, W 3 Fin. Z5HEERH,
B KA B R P TR ) T s B AR, DR R
M ls. —HITIIRESERIE, SRR E,

PRUR & KRR MR R A R SR 400, S 1k
EROR, RIS Y A VA RO 2 A3 A A A
IS, BVMEGYTT LI, (AR R TR % 18 h
PLE, Joik i A e BRAE K T S AR SR BGR I, AT
VIARTEE AR, (B4 CBX F1 CAX By [EIJSERAN AL,
BRL U DA S T A R R AR S SR IBUR), T BR A E M o S 4
FEYIT IR . T CBX T OLA S 55mtk, amme
PE i I I ARE S R RO R, S, AR T
0.1%F iR- 2 WGV OR 1% R - Z S 1R, A RN mR B 1 s
Jix; CBX A1 OLA $2 UMM, He e LL 1% PR
4R QELs HY4RI%]; DCBX. QCA 1 MQCA & 55
P, KRR LIRS B 5 AR B, 4 0.1.1.2 mol/L
AR B (R IR R TR AL, gL, 2 mol/L #hig
RIS, 3R i -
23 AUEHFEE

FEAIRBUR R & A 2 B AR A=A KA 2%,
XA YA AT R B, BRI TR 2 b A B
AWFFE I Oasis HLB BEIAHZEEU/IME | Oasis MAX [EIFHZE
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BUNESEAT EL AR, 2 R ZEBUIMEXT QELs K HAR M 4 [l i
RUNE 4 Fos, 50KV, T MAX HEEF OLA F1 QCT 4]
WAL T 20%; Oasis HLB H: Al 52 pH JE T, A5
MIRTIREYE, X 8 Mk A A —E R, X DCBX.
QCA il MQCA A BUFRCR, (R Rk L IEHRELN 5 Al
J 24 [N SRR AIC, ASRE T 2S00 5 5, DRI e 28 0
{4 i Oasis HLB #1:%F MQCA. QCA #I DCBX 3 Fftift#y
HIFRBOR & b

120 -

100

B3 ASFSRIBOR XIS Y o QELs Mzl
Fig.3 Recovery efficiency of QELs in chicken meat by different
extraction solutions

Oasis HLB
Il Oasis MAX

100
80
&
M
% 60
40 %
%
20 é
M )
QCA MQCADCBX OLA CYX MEQ CBX QCT
et iz

Bl 4 2 FhEAHAEBUREXT QELs MR
Fig.4 QELs recovery efficiency of two kinds of SPE columns

QELs 5 Fift s 24 il A3 B 79 SR I Xl LA [ R A% Hi
AR, BRI, B IR AR R 2 |
FERTTHU ™ B AR R A —Fh e T4 B a3 L
W FH ZE B 5, e 12 T e 2 AR [RDRE AR T RE AL I

BEEAAORE, SRR i o B 2 BT PR OB, A 2O R B 1A
TR REAFAEROEAR . BB AR o0 3 TS, R PR
BB TERE AR, TR B RS B0 H B 5 TA R
BRI, RORORTT AR A AT AR B[R] AR L PR ORI
ORI 5 mL, il AR R A g, JE 10
FlU R A HEXT 5 F QELs J 245 (4 [T DL IAT 5.

OLA

UpzgetieS

Bl 5 ASIRWEZ BB LR QELs Mg 2
Fig.5 Recovery efficiency of QELs with different
adsorbent materials

& 5 al A, EEGK 4 FL. ALMN, SLE, NONO
AL IR B B, CYX AT CBX 3 Ak 0 B 8, [mISCR ARG S
Tl 25 285 SAX I C g 43 | W BFF e AL IS, A Bt VA V01 2
T8, Cg AR B 550G 207 1E T R0 A A Ptk A s
K, Cog Ji 32 B 5 AR P B S AR P, A B % AR
W o6 3 R ) R i ) TR 0 s A AR B, T T W B 8 g v
SRS Y, X OLA, CYX. MEQ, CBX #l QCT 5
T s EE b J5 750 2 49 [ oA Sk B A O RIOR o TR ) 4
SAX I Cg [F] FC 1T IR AT VAR 5, (R 25 50 & Bt
QCT M IR A I 60%, H LK SAX 1 C g il 1 A A it
LOIR B R AT IR B e Ak, F— 2048 IR . &R
[Fi) b 50 6 5 5 W B 2o I [ SO BR (5 5%, e 24H05E SAX
5 Cig Bk 2:1 B, [FRCRIK BN AR, AN H s
TR EALE Y SRR WL E 6. [R5 28 T 0 B ARG
AR, T 5. 10, 20, 50, 80, 100 mg A [F] & {4
W BRI A X 5 mL A S B O R 4 S v T R Y R
Wi, S5 5ERAH, 4RI KRR INA L35 50 mg B, 4%
S0 K W R 7 A9 D X R i 2 ST ) 1 A ISR R [T i R
TCH M . R K W B AR I A S R 8 9 50 mg.
I B 50008 B AR, T DA AR R 25 JE T R B T
o 15 D0 4 6 35 0 ) S W), i) B 9 2 2% SO R4S R A €8 A
8% .
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Fig.6 Recovery of each compound by different ratios of
adsorbent materials

2.4 EFRHMN

FERE SR AT, JE 50 AR U 5T 1) 43 47 A BB T
Yoo AUFA 0.1%F R-ZM5(9:1, V:V)IE BTl ik — & i
VORI 8 AibA iR G bn e, [RIRTARELZS O A
i, FRIRAC R BGS A, IEXT S R S B BOR L  R 51
[V BE 1) S VR A AR VA TR 2 AR E R 2R . LASE A it
TR VRIS SRR VA VR o T 2 Ak 38 LA SR i 3 B A
N, HAEAEHEER 1.0 UEBHIR RO M5 . 25 5 3R B st
FOTWILERG R rh 32 ZE B T PR AR 55, R ISR A1k
FHLEFIBEE , B2, [FIB7E R = 9% 6 PRM
ARSI T A1 B X PR v 5 B s o R
AT R B BTV AC bR th Ze b7 e i, i iRE a8

HOUR AN A1V B2 R R 20 4, Ak PR 4 VR 2 v RIS
W, DEME L =3, B kR RS 0.04~0.1 pg/ke;
DIEME L = 10 #2 Jrik e BE IR 0.12~0.3 pg/kg; 8 Flifk
BV MOC R B A R PR A R AN SR 4 R
2.6 EINERFEEE

FERRPRI S XS N AESL 5 g, IIA 1, 10, 100 pg/g Y
TRAPRERI, KRS TERD A T # Ik 2 h, fEHARMES
TWRE SR T4, BRI B TIE 6 Ik, 4% bk
ARG H SR IOy 2% R 2 A b B o 715545 H #% QELs
R HAC P i s i T S FAR G bR 22 . 25 SRR, 1%
DR . o w3 AWK TR Y [l R gk F]
76.1%~112.8%( L3 5), MXARAEM2ZE A 0.3%~11.4%
CBX [l &4 5k &A%, v 65 2k 5 3 i
A X
2.7  EHYDSEIHE A

T8 2ok DA A ¥R 5 vk X S 4 S B A i AT RN, S
[ 5= 2 R A B RE S R T S AL B S SR 6 R, 7
RZEWIEE 1 d WA OLA, QCT, MQCA & &4 5lik%
1.69. 9.79. 5.93 pg/kg, 1524 14 d 5}, OLA 5 MQCA . &
K, T QCT #: R 4 0.06 pg/kg, T QCT 744 A Hhk
AR 2%, IR, Lok i AR T i —
T . HoAh 25 B AR

F4 SHLEMMLEMERE. &MHRE. RERREER
Table 4 Linear ranges, linear equations, correlation coefficients, limits of detection (LOD) and limits of quantitation (LOQ) of eight
kinds of compounds

sy’ LRV Rl /(ug/L) kR HHIE R B LOD/(pg/kg) LOQ/(png/kg)
OLA 0.15~200 Y=19030X-24997 0.9996 0.05 0.15
QCA 0.6~200 Y=97511X-103861 0.9992 0.05 0.15

MQCA 0.3~200 Y=50292X—17466 0.9998 0.1 0.3
CcYX 1.5~200 Y=3779.7X-6050.6 0.9995 0.05 0.15
MEQ 0.3~200 Y=129802X-50904 0.9998 0.1 0.3
CBX 0.6~200 Y=37259X-22927 0.9997 0.04 0.12

DCBX 0.3~200 Y=172133X+10978 0.9992 0.1 0.3
QCT 0.3~200 Y=42279X-24047 0.9997 0.1 0.3
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F=5 BAKMT 8 MLEHRMEREEENIRERE(N=6)

Table 5 Recoveries and relative standard deviations of eight compounds in chicken samples (n=6)

1/(ng/ke) 10/(ng/kg) 100/(ng/kg)
Ew
(BN & 7 RSD/% (B & 7 RSD/% (B & 7 RSD/%
OLA 76.6 5.7 93.0 9.8 82.7 3.1
QCA 108.8 22 112.8 5.5 100.9 5.4
MQCA 1113 11.4 110.8 5.1 102.9 7.3
CYX 88.1 1.9 106.4 3.7 90.6 0.7
MEQ 95.2 10.8 103.1 2.9 100.6 1.8
CBX 84.9 5.3 87.6 3.4 76.1 3.9
DCBX 84.5 4.3 88.1 1.4 86.5 2.7
QCT 94.6 0.3 96.7 5.9 91.1 1.3
F 6 FMPIZWARBEABREPULEMREKE 1017—1027.

Table 6 Metabolic concentration of compounds in chicken
during drug withdrawal period in animal experiments

f5Z5/d OLA/(ug/kg)  QCT/(uglkg) MQCA/(ug/kg)
1 1.69 9.79 5.93
3 1.54 5.71 2.48
5 1.49 2.50 1.49
7 1.02 1.35 0.79
9 0.17 0.71 0.12
14 ND 0.06 ND
21 ND ND ND

3 5Tt

AT ST ) P 15 280 A €0 1 B 06 DO AR AT/ R S U
BB PR R, @S T R E XS P 5 Al QELs
JRZ5R 3 AR ik, R TIRIGAR . WA BGS
oL . 23 I W PR Ak -5 O Sl A A D R 38 X A 245
FIREN . 383 1 mol/L #hR5 1%F IR LG HEHL, [EAHAEHRL
M55 22 8 5 W N AR Ak, RSP A T 52 1y 1 T - 34 58
BT E AR E BN E 8 FERIALAY . %7 R
HBRA 0.04~0.1 pg/kg, EEHFRS 0.12~0.3 pg/ke, 7 10,
100, 200 pg/kg WK, 8 FibA R Py v il -2 [m]
R R 76.1%~112.8%, HXHRMEMZE/NT 15%. A ER
O . R RRAR . RRUEELE . R, IRELA, REfE U
Hu X RE S A QELs #F 7T AT, & TR E
QELs MK, 7l A8 e iR AR R
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