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Determination of 3-methyl quinoxaline-2-carboxylic acid of olaquindox
marker residue in porcine liver by liquid chromatography-
tandem mass spectrometry
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[Animal and Poultry Products Quality Control, Inspection and Testing Center (Guangzhou), Ministry of Agriculture and
Rural Affairs, College of Veterinary Medicine, South China Agriculture University, Guangzhou 510642, China]

ABSTRACT: Objective To establish an analytical method for the determination of 3-methylquinoxaline-
2-carboxylic acid of olaquindox marker residue in porcine liver by liquid chromatography-tandem mass spectrometry.
Methods Olaquindox 3-methylquinoxaline-2-carboxylic acid in porcine liver homogenate was extracted with
acetonitrile, purified by a MAX solid-phase extraction column, eluted with 2% ethyl formate solution, collected, and
concentrated to a constant volume. The analytical samples were separated on a C;g column using acetonitrile and
0.1% formic acid solution as the mobile phase, determined by multiple reaction monitoring (MRM) mode and
quantified by internal standard method. Results The linearity of olaquindox residual marker 3-methylq
uinoxaline-2-carboxylic acid was good in the concentration range of 0.5-100 pug/L, and the correlation coefficient r
was greater than 0.99. The detection limit and quantitation limit of the method were both 0.5 pg/kg. The recoveries of

3-methylquinoxaline-2-carboxylic acid at the 0.5, 5.0, and 20 pg/kg addition levels were 97.7%—-101.4%, and the
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relative standard deviations were less than 3.54%. Conclusion This method is simple, rapid, accurate and sensitive,

and is suitable for the rapid detection of 3-methylquinoxaline-2-carboxylic acid, a marker of olaquindox residues in

porcine liver.

KEY WORDS: olaquindox; liquid chromatography-tandem mass spectrometry; 3-methylquinoxaline-2-carboxylic

acid; porcine liver; residue
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W 7 T SRRV R, JE TR 25, S 1965
AR TR H A RS A O — Rl sh W & 2. HAA i
I7, AR AEARAE, W v n] 4 s R R Ak R,
FA BRI A KA N, DR s 2B S AR s i ) o 22
W HTEE LA, AEERERY, ¥R
WHPIAFAE = BOE (BN S0RE . B0 . 82827, g A
XiF M R E— A5, & PR £ A AT i AN R T
A L IR S e R ST 2 2 Ak )
B, BREA T 1988 4E4% 1w 2, e vl gtk sh s i, WS
2 [ S5 1 F AL WE BRSO B R AR 25 .
(rh 2y ) 2005 RBABILE, M IEAS TR & KoK
FEIRAE, ORI TFASEE A, M 201945 A 1 5L,
ATl sh ™, (HJE T L N RS AR, L
AR, 22200 R 25 M OR i, FREE P 16 A R 1 i AR o
AEWINBLR T E, ST BT H W

W 2 REAE S AR AR R, 7 A Z A0S 4,
3o FH s E IR -2- 2 iR (3-methylquinoxaline-2-carboxylic
acid, MQCA)/& F ™ Wz —, BRI RK, 5%
B AR RS, I PR B v LT B ST M R B
BRI I LA, X 2 sk BRI 5 TR E AR 22,
A R R i AL AR R AT RCR . A Mg A
FEIK T b BOK P2 S SRt B 00 X E & 2R . 1
Wik XSP L XSEE L B A 2 SR B AR R MQCA G
Oy A g S A A T e A s 2 R B AR
¥ MQCA MRzl ko850, 2020 45 7RG X 2 %
AL WA A IR R TR G T IR, 455
FH, M 2R N Y MQCA TEHE I R B H St v F
il 7= o IZ WL SR B R bR iE GB/T 20746—2006 € 2 | 4
FEREFOALA B AR, 1 2L S A 5k B8 R s
AR T - BRI T o DA WA, 12 YRR I CHL i
AL BT 16~18 h), AHERIHRZ, G FEIEH
JOUB . PR, ARBFSEER TR AR S b MQCA (R Iy 730
TTHRVE, HORERBUEN R MQCA, £ [ FKAn i
GB/T 20746—2006, Tl MAX [EAHZEBU 4, FF3H4Hk
TR TRIAL, S — A3 F T MQCA 5% 82 6
BB 1%, ARG I RS AR IR AR R 5 5%

1 MR5RE

1.1 & SR

Agilent 1290-6470 AR G -3 XS (X (35 [ 242
5 wl); MS3 basic iR IETRA#F \HS501 digital #ik7%#% \HB-10
KGR E KA 23 H]); Reeko Auto EVA-60 4= H 3l F4TiHk
AL (h EERHERT); STI6R A H B OHL(EE R |
R B D, Milli-Q Advantage A10 #BZliK RS (EE
Millipore 23 7]); VISIPREP 24™ DL [ AHZEICE & (£ H
Supelco 23 Fl)o

NG, WEE. WHER(I%4l, 32 Fisher 2NF]); 4R
ZEROTHTEE, T HIEE2EEFITT); CNW Poly-Sery MAX iR
BT B A SPE /ME(6 mL, 200 mg, | IEZEREA D),
NYLON 0.2 pm U8R (3E E LR A F); 3-F FEmdsigngg-2- 2
R (PP ] 5 2 W2 T ) 3- FF S WS BE R - 2- SR R - Dy (P [l 1
B RHE A BRA FD) .

TG IERE e WS RT J7 (E TiT .

1.2 XWHE
1.2.1 HoudE

WERFRES YIRS, 519, KA GB/T 20746—2006 5%
JriE R, KIS RO B, A IR, BT
—18 °CIRAF, % H .

122 BB

3-FE BE MR- 2- R R (MQC AR At 25 T VR AR 3-
PR s IEERRR 2R TR 10 mg (RS = 0.01 mg), JHFF BT
FEZSE 100 mL, FCHIBBTERAE R 100 mg/L AIARHERE &
W F-18 °CI#AF .

3- B i s IEE AR -2 3R R - Dy (MQC A-Dyy) PN A5 i 45 5
PRI 3-F LM DR -2-FR 1R -D, 10 mg(A5H % 0.01 mg),
H AR 2452 100 mL, Bl BUE B A 100 mg/L
FI ARG R . T—18 °CIR~-AE o

3-F M E R -2 R IR (MQC A b e T AR W BUE it
MQCA trUEfE &R, FRIF 2 ZE 1000 pg/L BIARAE L
VR, 4 °CIRHF .

3- Ff1 3 s E R -2- SR 1R -Dy(MQC A-Dy) N b T4 15 i :
& i MQCA-D, WARME &R, MBI EAZE 100 pg/L
(9 AR AR, 4 °CIRAF

0.1%H B /KW B 1.0 mL W/, FIKBRIFER
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2% MR Z TR IRV : 400 mL Z TR Z WA
10 mL R, HINA LR IR 2 500 mL.

0.1% 1 fig+H B i (19:1, V:V): 190 mL 9 0.1%H i
WS 10 mL PEHES .

123 Hsara

FREUCSIHAT I 5 ¢RI ZE 0.01 g), B E T 50 mL
DA, A 100 nL MQCA-Dy AR AR 10 mL &
EIRI, RBE 30 s, IR%% 5 min, IREEET 65 °CKI
30 min, BUHBEIEER, 7€ 4 °CE&FT 12000 r/min 2.0
10 min, Y24 B3G5, & .

A 6 mL HEFR 6 mL /KiGfb MAX #:, FifZesd
MAX [EAHZEBGEAEI, 6 mL FEE, 6 mL /KkyE, fnE®RT
2 min. 13 mL ZMRCERMGERIA ARG, 775200
W, mJEH 6 mL 2% W R LR it, W&ET
15 mL 35 .08 v R U RSO A {UAE 45 *CIR & ik
F, AWM 1.0 mL 1Y 0.1%F B+H B R 19:1, VIV
7, 0.2 pm JERITE, ARV 5 - AR BT (SO R
1.2.4 Al G- 8 BR A F

(D AR s 4514

{4,7% 4 : Phenomenex Luna Cg(150 mmx2 mm, 5 pm);
FESR: 35 °C; FEREAFH: 5 uL; FBhHE A: 0.1%FERK; i
N B: Zi; WH: 0.3 mL/min; BfEEVEML S0 LEE 1,

=1 RohiEHEE R

Table 1 Gradient elution mode of mobile phases

Asf ] /min 0.1% M 27K /% L%
0.00 90.00 10.00
4.00 65.00 35.00
6.00 5.00 95.00
6.50 90.00 10.00
8.00 90.00 10.00
QB A&t

B SRR ESI(+); ARy 22 R
(multiple reaction monitoring, MRM)#2(; &4l H %
3500 V; FALARIRIE: 45 psi; “UHIEEE: 300 °C, U
5 L/min; $§CE 300 °C, Uit 8 L/min. MQCA K H Az
¥ MQCA-D, iS5 L3 2.

2 MQCA KAHRY MQCA-D, [Ri&2 %
Table 2 MS parameters for MQCA and MQCA-D,

EMAT BEFmz) FET(mz) 24EHE/V iERE eV

MQCA 189.01 143 70 16
145" 70 12
MQCA-D, 193.1 149.2 85 24

T *9 MQCA E B 1.

2 FER5HH

2.1 HmEICIESENEN
211 £ R

M 2 BETE SR AR ERAR S, = AR =4 MQCA TE
NS E ARG SIS AET, H iR Ry
— e e o Al AR O RK U Y R A ST Oy
WL, K A ERZE B . B4, B XK
R AT, e Ja PO (35 - SR I B0 2 . Bk
f S R IR AR U, T 16~18 h, Hg b Ab Pt
FEAER B Sl/NFE SR R MK MRk, SRR K 4R H
MQCA, BAES T B A AL B e Ak, hl i 25 48 Ak A 125,
FAEAHK AR MQCA, M T B AL B 4k o A
2 I MQCAGAR IR BE R 2 pg/kg)VE MR INAE
mi, i BB /N A2 ROV L 0 1R K 7 i Rk ek 2 ST 1 Y
K A7 3 AIAHEA ARG, 45 SRS RERE S MQCA L A 5T
FI AN R R, SO FE A0 TR 51K ik, EEam
AN TERES KW M U RIK, G Bk B,
AT LAHEE AP, 86 (2 (B 4540 & AR A2, S ok
MQCA H5EA R AR LS. ZIERRE IR MQCA 5
BT EE &, MW U5k, HOMEEN
FREGAF, LR RER> MQCA MTFLHL B -

ABFEXS 2RI R 2 Fpis A LA TG 25
FENT 5 g BSINE MQCA 200 ng MIFRHERRTR, 430 IR RN Z
5 10 mL $2E, 2505 HIBEREUE 0.5 mL, FJ 0.1%H i+
FESAT(19:1, VIV)ERZE 5 mL, 0.2 um JEMIS0E, HERAH o
TE- RO A . Z5RRI, ORISR 60%,
FHH FEHRIURCRA 30%, BORFCHGTENIRIGAR . 5056
WFFTIREENT Z AR B AR BB KRR 0.5 h, 7K
RSN B E R (LI E IR 25 °C). 45.65.75 °C,
TR 25 5 R BA M B (A E bR GB/T 20746—2006
DA A BAME) TEARRREE R, HMRE, S5R%0, B
SERAN 45 °CRY, MRS 60%H 65%, A 65 °C
5 75 °Chf, [IRIHIH 78%5 80%, TR MR-
TEOLT, SEBGEE R ANINAY 65 °CHENHRIGRIE .
212 #tu5E%

GB/T 20746—2006 % MAX BTG S &
450 MAX FEIEURLEA [ B FAS 40 F0 S 1 I 2 Fbfi, 7 R
IR KRR, FEAPLETI R, RIS E GB/IT
20746—2006, F MAX A1 14k, T ZIERIDTTREE A1E
R, RBORTETE, A& EFARE g p i 24
PRI, R B BRI DR (58 ) Sk BRI 9 T 0 s 4
R, AWFFESHIH CNW Poly-Sery MAX 1R-ATIBH B 132
# SPE /M 3 mL/60 mg., 6 mL/200 mg., 6 mL/500 mg 3 Fh#L
FAETLAL, Y BRBEVEIR . 3 mL/60 mg HIARH MAX A1
1 mL ZERGTR LRI AT MQCA &V, Jo 1 i e AR
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H MQCA, {HZ [ HA 10%,6 mL/200 mg.6 mL/500 mg
FIME B MAX F: [ 24 80%, 6 mL/200 mg MM AT MAX
HA 3 mL BRI EN AT RER 4 MQCA BEBE 2K, 6 mL/
500 mg KA MAX AEF7E 6 mL BEBURA REIT A7
MQCA Ve Tk, Halt BRI, 252 iE%E. Fit,
AFFTIERE 6 mL/200 mg FUAS I MAX b5 5 4.
RAEEIE- BRI A ARENL

43 S BT VA 8 VR PR A TR, R I R AR
5 pg/mL B TAEWR, ANIEEREF(EHER), KPR
(MS2, Positive #0) 4, 155618 F i b o FFERE)
A 3 1 4k 35 g (Optimizer #E3X), 2+ %I % MQCA 5
MQCA-D, MBS TR IR, Sl fb )5 i BT 45

2.2
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S wm)PEAFSEEG . ST A R, AT L Bk
KUK AVMEEY S22 B, BUCRA 0.1%00 H iR
IKEEANE A 7K AH o T8 HLAH 73 3R I A0 R B A 5 L SI2 6,
MRM EREWNPE 1 fiR. S8R, FEAE AU, @
T U Ay i 7 (LR AR TRV BE T, TR B MR Ll 52.6, &
AR N 760.6), LT T-ATIRH, PIESE 0.1%H iR
VWS CIEE TR AR . S8 xhas (AP IE R I MQCA
VEM LSS 5, XHRAH AR UMk, A3 BB gt e 4
PEne1.2.400 I 1R,

*5.371
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Fig.l MRM chromatography of MQCA of two mobile phases
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2.3 EFRMMN
4 MQCA i TAET S B F Bt shAR I 25 (5 3L B B
W BERUR MR J9 0.5, 5.0, 10, 15, 20 pg/L, FHLK:
W DA RS R A br, WETRIBUCMOARER, 4 BIVERRIERRZE
Wit 2 AHZ BRI TR, TR o 2R Y AE 2
SRR IR 70%, 156 BH I AR A vh 2 7 2 — S 1 s F
PSR o SR Mz RS, NS B4V vh v B iR 22, AR
x10?
10 |
09 |
08 |
07}
06 |
0.5 F
04}
03}

RIS

0F
—0.1 £

ot | | .

R MQCA-D, fE N NbR, RAIFIAL 2 AR h ek
TR,

25 U IFER AT MQCA Hil MQCA-D, i MRM 41 & 3%
W 2~3 Fis. SR, ZEATRSE R S AT 3
Z1FF, MQCA MR &5, MRS, 5 R 4% 54y
BRF, IR 5.3 min, AR 8 min 52N, 4655
TS EHLEARI ], 4 TR ACR o

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75

B} 1] /min

B2 25 BRI 2 ng/kg MQCA K MQCA-D, 1.6 B T o i [l
Fig.2 Total ion chromatogram of blank porcine liver spiked with 2 pg/kg MQCA and MQCA-D,

x10? . +ESI MRM Frag=85.0V CF=0.000 DF=0.000 CID@24.0(1*9§J .zlé)20->149.2000)stdc..d

0.5

MQCA-D4

x10? | +ESI MRM Frag=70.0V CF=0.000 DF=0.000 CID@16.0(189.0100->143.0000)stdC..d

AHX R
o

#5333 MQCA

«102  +ESIMRM Frag=70.0V CF=0.000 DF=0.000 CID@12.0(189.0100->145.0000)stdC..d
*5.333
MQCA
0.5
0

05 1.0 15 20 25 30 35 40 45 50 55 60 65 7.0 75

At ] /min

B3 2SI 2 ng/kg MQCA & MQCA-D, ) MRM 4]
Fig.3 MRM chromatography of blank porcine liver spiked with 2 pg/kg MQCA and MQCA-D,
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24 ZMEE. RERSEER

L7 A= AR, f R 5.0 g, IRIRIE IR |
RHTAL IR AL B, BRI 0.5, 2.5, 5.0, 10,
25, 60 F1 100 pg/L A MQCA KR W, I H &
MQCA-D, JRHWR B R 10 pg/L o FH AR (3% - B8 R T 3
ME, L MQCA 5 MQCA-D, s 18 B LB I AR HR Y,
MQCA MM B R RE AL bR X, MEktEmIE TR, TSR
HERZR T 12 Y=1214.71X+734.87, HFXZEE r Jy 0.9970,
Sy B, MQCA 7E 0.5~100 pg/L W ETLE P, ikt
AR

MQCA Bk i H E FF 2 E P& X 189.01/143 Al
189.01/145, H:rp 189.01/145 By N E E 189.01/143 7, 2%
B, fERE s TR E. Ak,
(I (51 HL(SNY KT 3 BRI RIS (5T HE (SINY K
F 10 Ml T, BixFEd, Yty it
189.01/143 M@ IEIEFERLL KT 3 B, FReEtts e as
FXF 189.01/145 My IR (FME LT 10, B LLZ ik B9K:
H PR AR PR S AU AR S, ARV MQCA #5
WETAEM, 43— RVINAREE &, $EIR<1.2.371 5 Ak 3
B, MR FX 189.01/143 Hy@GIE(SIE AT 3
HIBARA A SE Hy 0.5 pg/kg, WEZN LMK LIRS &/
FRIM 0.5 pg/kg.
25 FHENRWERSEEE

FRECZS IR ITFRRSS 5.0 g, 20 5ITIA MQCA FrUEVATR,
Hil7% 0.5, 5.0, 20 pg/kg 3 MHEEEBMKE AR, B
BEG 6 ANEATRE, FielE<1.2.37 5 kab s, R 2 AR
HEATE &, O DR TR AR 22 . SCIR 25 SR
3 iR, BREW, AE MQCA M F-H
97.7%~101.4%, AHXFFRUEN 22 (relative standard deviation,
RSD)N 1.25%~3.54%. %715 MR 50 % 8 R AT
2.6 SERRAESRAEN

TR RE AR 30 ASHEATAEI, 45504 5
AFEIFEER K MQCA, FR &1 1.36~11.63 pg/kg Z [,
3 11,63, 7.56, 3.70, 1.36, 8.24 pg/kg, UiHME ZFE
FIACIE Y MQCA ARG sk IS ™ & .

3 4 i

AT ZNETE 65 CAREZMET, FEBUE I Y
MQCA, B REARBHE T MAX A2 B B 1k,
) 057 25 A b Bl 2 o o, T 1 BORE € T - R I v
FEREIT b 3-F R ngs W bk -2 SR R X 3R B8 40 BT I 12k o 1% YA
AEFRTTRATT AR | PR ERG . P IME, ST 2 EEsk
BB HE I, B TR

=3 BT MQCA MFxRE W R K IE % E (n=6)

Table 3 Recoveries and precision of MQCA in porcine liver (n=6)
WINHE/ (ng/ke) m/%  PHEIEEY%  RSD%

0.5 97.35 101.4 2.09

101.20
103.06
102.32
101.60
102.95
5.0 96.73 91.7 1.25
98.04
98.77
96.16
97.41
99.36
20.0 104.70 101.3 3.54
96.35
105.85
100.02
101.85

98.96
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