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W OE: BM 7S SO g - B B RS 7% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) | iF % A ' i Z % (olaquindox, Ola) Kz HoAC Mt # 3- Y 35 - s W8 bk -2- R R
(3-methyl-quinoxaline-2-carboxylic acid, MQCA)¥% B it M 77 ik, JFWFRAER VB ZR 1 R & A Ola J¢
MQCA WFaE k. 3k R K #IREE A Ola &% MQCA, ZHIRA R B 7 S He b Ml AL Bk ek, L
CIER 02% W RIS W RSN, & Cig BREAEVEN > 5, rmess 1 & AU 2, 2 50 e (multiple
reaction monitoring, MRMBEZURIIN, MRk &, @ FAE2, 281 & AT Ola Ml MQCA 7ER FRIEM A T
FaErE. 458 Ola J2 MQCA 7E 0.5~100.0 pg/kg JUFEIPN, J5T % 1w i B2 5 0BT i o 5 R AR G 27,
KR E(r)=0.9996; Kt BRIIH 0.1 pg/ke, RN 0.5 pg/kg; MAREISCER S 92.7%~98.6%, FIXHHriEw
254 1.2%~3.7%; Ola & MQCA 7E-20 °CHif# 180 d EAE M . LR KILFEAN AT PR 00 | R L 5
KERELF, A% A Ola & MQCA #k B iR 4= 115 Jr ik

X RSO - BRI L B M O 3-F L mE N 2-JR 1R

Determination of olaquindox and its metabolite residues in meat by ultra
performance liquid chromatography-tandem mass spectrometry
and the study on their frozen storage stability

REN Long-Mei’

(Department of Agronomy and Potato Engineering, Ulangab Vocational College, Ulangab 012000, China)

ABSTRACT: Objective To establish a method for the determination of olaquindox (Ola) and its metabolite
3-methyl-quinoxaline-2-carboxylic acid (MQCA) by ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS), and study the stability of Ola and MQCA in livestock meat under frozen storage
conditions. Methods Ola and MQCA from animal meat were extracted by using alkaline hydrolysis, purified by
mixed anion exchange solid phase extraction column, using acetonitrile and 0.2% formic acid solution as mobile
phase, eluted and separated by C;3 chromatographic column, ionizated by electrospray positive ion mode, detected by
multiple reaction monitoring (MRM) mode, and quantified by external standard method. Storage stability of Ola and
its metabolite MQCA in livestock meat under freezing conditions was also investigated. Results The results showed
that the mass concentration of Ola and MQCA showed a good linear relationship with the mass spectrometry response

value in the range from 0.5 pg/kg to 100.0 pg/kg, and the correlation coefficient (r) were not less than 0.9996. The
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limits of detection were 0.1 pg/kg, the limits of quantitation were 0.5 ng/kg, the recoveries rates were in the range

from 92.7% to 98.6%, and the relative standard deviations were in the range from 1.2% to 3.7%. Ola and MQCA

were stable when stored at —20 °C for 180 days. Conclusion

This method has the advantages of simple

pretreatment, high accuracy and good precision, and can provide a method for the detection of Ola and MQCA

residues in livestock meat.
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3-methyl-quinoxaline-2-carboxylic acid

0 3| =

M Z, ¥ (olaquindox, Ola), X 44 Mt HemsE . £ & i
P R, RPN, g R R
BT AR B8 @ iRk A %, fedkRg g Em ik, H R
ARRABOABER, TERAT®E. £, F. 9, fREX
FERKMPHIRYT, (HAW A Ola S 1 1l 4t 14 if 24 1 3
i, KZERE Ola 5 YL & & A AT A g g HLifit 24 M 1 4
P, kI E RS SR E AR R, Ola A
S AR EEME L BOREE R ZESh RN AR
Wy ok 3- B OJE - ms W Bk -2- ¥R R (3-methyl —quinoxalin
e-2-carboxylic acid, MQCA), ‘&Rl DNA )& AL, XF
Yt phm s A s BRI EF 1998 4EAK 11 Ola i
AT gtEsh Y, FER AR E A 201945 1
e, FIEZE . A Ola JsURk 2y K25 Rl ), A — 235
B AR AR M A LY e, SRR SR E S R
I Z APk, R sy A . Efh . REUhE & W
Ola N HAREIY MQCA & 57k, & W Al &
P R S

BT, Ola L HATHIHY MQCA AR T i A TR S e
W BRI A A 0 AR R R A
VRORH €00 335 - 5 3 B P 9 02220, e I 92 W O SR A0
L Ao IR PO R DEOURIK s Z ik 2 &
BN ERIME; WAL ZE A BT R PR — R 22 WA TR AT
TESEIUE 2% | BELR B AR i R AROHORH € 3 - Jo T K T
orPERE . REUTE . EERER . BT IURE SR SE T
JRPTSE M SR L TF A Ola Rl MQCA 7614 Rk 4 1
TR E MRS R IE . Ola KILACH MQCA HRE S HiAL
PRy 1 SRR AR K A, (ARG IRAERT K, MK 3R
BICRAAR, HIFLe b RORAE . Ht, AR T
R RO AR 8T - BB B T3 9 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
M2 F A Ola K ILACHH MQCA 5% B3 B AR 73, )
PRI FE 7 DA o Ola Sz HARIA) MQCA FEV& VR 261 T it
FasEtk, LUV b Ola S HARHM MQCA Bk B2 Wil 42
BERRSCHE

1 RS T

1.1 MR5RF

Ola N HAREY) MQCA HrUEY) FT(LEERT 99%,
F[H Sigma 2Aw]); HEE, NG, WER. WEd. IECkE. &
1R 2.l (0354, S5 Tedia Z\H)); Protease 75 [ Jif(3E [
Sigma A F)); HAVKF(SrHral, Kanish ek =il 5 A
B2 D)

WL FRL ERE S ) BRI AR R
T
1.2 UE5E&

Agilent 1290-6460 triple quad 75 S0R AR (4,33 - = 5 PUHKL
FRER LR RE( (S Agilent 23 H]); S810R R B A VR B0 bl
(#[# Eppendorf 2A8]); WH-12 MR BTG T AL ES
A7 B2 ]); MESO2E Hi, K- (it - MR - 46 1) 224 H));
5982-9120 F.45 [EIAH A UK B (321 Agilent 23 w]); S10 7538
SIEMLCT B Z AR A A BR/A F]); Sartorius arium
confort IIFA4E/KES(FEE Sartorius 23 H)); -G HIHE 738
e FEFHZE B A 60 mg/3 mL, REHA LA /REHE A
B
1.3 XWHE
1.3.1 #onara

(DTSR

BT fef ol A VR 9 & PA A2, BTRE, 10000 r/min 5J3%K
1 min; MEFFRELS.0 g SIRIEMER, BT 50 mL RN
BT, A 2 mol/L NaOH ¥ 20 mL, WIERS G
60 °CZ= I HEIK KA 1 he

)k

IK AR HZ 30, A 10 moL/L R VA WK K it
W pH {HEZE 1.0, 10000 r/min &.0> 5 min, ¥ 35 REER
% 50 mL RN EOE T, A 20 mL IFE G LR GRS,
5000 r/min #.0> 10 min, FEFECLE, FERESHE AR
B B B 5 e [ A 2K BURE o, RERRI R S,
10 mL ZRHN-H AR (19:1, V:V)IKEE OB IRS
U BH 8 1 28 4 A AL A, FRVA IR e, Eas
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T+ 1 min, FEMZEBAMKKA 6 mL /K. 6 mL 1 mmoL/L
FK-FF W (4:1, V:V)FI 6 mL F Bk wE, EasHhT
1 min, i 2% 8RR CERV IR 3 mL PN, 45 °CRIKIE
T, WA 1.0 mL WA T SIAHIE SR, 0.22 pm L
HHLIENE L3, it UPLC-MS/MS JI5E .
1.3.2  AFf4k &R B4

HETRFREL Ola J2 HACHIY MQCA FrifEdh % 10 mg, H
LIEERIFEZRZE 100 mL, B R R 100 ng/mL
AR A A5 T
133 RABEELM

3R ZORBAX SB-Aq (150 mmx=2.1 mm, 3.5 pm);
FEIR 35 °C; i 0.3 mL/min; #EFER 10.0 pL; RshAH A H
0.2%H TR, s B A 2N . BREEVEBARF: 0~0.2 min,
90%A; 0.2~4.0 min, 90%~10%A; 4.0~7.0 min, 10%~5%A;
7.0~8.0 min, 5%~90%A; 8.0~12.0 min, 90%A ,
1.3.4 i

B AR LS5 L OF B F AR (electron spray
ionization, ESI+); #illl =X: £ /i il (multiple reaction
monitoring, MRM); & F iR BE: 150 °C; BAIE H K
3500 V; FHRSIEE: 100 °C; TS FE: 15 L/min; 51k
SE ST 35 psi; BYSIRE: 350 °C; ¥ iR 12 L/min,
b BEiE S AT S E 2R 1 Fis .

#F1 Ola REAB MQCA BRI S TS H
Table 1 Mass spectmmetric paramenters for olaquindox
and its metabolites

B RGY BT FeTmg LR R
/eV v
212.0%* 28
1 Ola 263.8 177.1 20 30
145.0* 18
2 MQCA 188.9 171.0 12 50

R T

1.3.5 AR B H

HTFEHERBSES, &5 REEAR. BB, ok
Y. Y. GERSERWEE, W REAE A I BTSN
(matrix effect, ME), AFRRE AT, #EEEER
p Ola & H AT MQCA (¥ UPLC-MS/MS Jy B it o,
TIFRHETR IR AE & AR SIAHZE 20 2 RIS Ola
FILACH Y MQCA AREYI T, 43 5 FH A W 55 BT g 57 11
UPLC-MS/MS il 5 JL e o7 B, 3145 3L 44 % ME (&
(ME=A/Bx100%, L+ A 5% K+ Ola 5 MQCA 141 1 A,
B A4l Z,IiE H Ola 5 MQCA HIIR Y {E) . 7 ME < 90%F, 3
AT R RSB ; # 90% < ME < 110%, M ARIETE

BTN ; #5 ME > 110%05F, 2 778 35 o )i 55 s 32 J 48
SRAL
1.4 f#EmFREMSLE

TEART Ola &t MQCA WYBIME=S 1 & PAE L s in sz
HIRE 05, 1.0, 2.5 ngkeg W HERENY, EH5ET
—20 °CH#ME, 1E 1. 7. 15, 30, 60, 90, 120, 180 d &K
[F] B IR R AT 38 AR SR Ola B MQCA & BRI, 43
B e 1
1.5 HUEALIE

AL ELE 6 K, 45 RFR N FEIME, KA SPSS
25.0 A AT R LA

2 HR55%

2.1 KEBHXAEE

53 125 S T K A . TR K A FUBR K A 25 K i O kT &
P Ola S FLARCEH Y MQCA /KRR o 25 2R 3R il
K ek AR A, BRI AR (16 h DA 1), FROK
fifp ok PR AN, AR KR BRSO R A RE A
MQCA 5 & WA £ 22l LN s 45 &, SR FH K fig
TR K T MQCA W& WAL o8 2 g 85 Bk
fifp S L R RN Z, REAH A DY P AR SO RBOK AR, H
Ola N AR Y MQCA M F P ZH L b fife B o HOK AR 7 =X
TE PR AK i o

533175 %% NaOH Bl W F£(0.5. 1.0, 1.5, 2.0, 3.0,
5.0 mol/L). BE/KSRMINE (15, 30, 45, 60, 90, 120 min)
Xt & A Ola S HARHH Y MQCA ARk il sk SR . 45 R %
H: 4 NaOH B8 BEAIR, Tk i Be B A #7
NaOH Bk 75 v JE 5, Bl /K fff ol FR AR IR B, (FUK i Tk
B, AFITFJEgkdde; 434 2.0 mol/L NaOH Fd/K fif &
P 60 min I, Ola Nz HACHI Y MQCA M7 A A7 20 5,
fi# B FE A 98.6%. WUHH/K i I 4544 R 2.0 mol/L NaOH .
KA B[] 60 min.
2.2 BUHNERE

o T & A 52 4, BROK A T pH (AR, A Ola Jo 3
G MQCA 255, /KFRT &M IL/E Ola R LA
Y MQCA A REJE Lo T R3S . Ha b A (AIUN) |
Mt AR A (AluA) . SR EAR AR AL (AuB) . RS T PH B
FHMCX) MR A B 2 A (MAX) 5 Fiig b At & A b
Ola K HARHIY) MQCA 1k mICECR . 455 R W] RE
RIF S FFE(MAX) R Ola S AR MQCA iy ek [l ek
AR, AL IR ik 98.4%(181 1), HI R MAX 1
AR
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100 - -OlaMQCA : ZORBAX SB-AQ C,3 fll Agilent Eclipse XDB C,g A, itiAL: 1]
L% F8055 8 Ola L HACHI MQCA, JiHJE SB-AQ Cq A1
% ol FE A FBRY ( e (A 5 . MR, X TR T
= SB-AQ Cys (ilfHE FUAT FK 02T, BV 20T 100%10
3 0 IRV A, LT LA A 2B 1155 2 M 453 B, 35 PR T
2 SIS B IR PR L B0, (R B S 5E R Cog HEEE
W HOAAR SB-AQ Cis G SMHTEE .

AluA  AlB MCX  MAX
BRI

K1 AR AR Ola B LAY MQCA i fL AR (n=6)
Fig.1 Purification effect of different purification columns on Ola
and its metabolite MQCA (n=6)

23 BIGFEREE

K FHAR T 3 8l AR 25 1R, Lo B AS [ 7l Ak 6 3%
(DiKMA Endeavorsil Cg., Agilent ZORBAX SB-AQ . Agilent
Eclipse XDB C;g3. Waters BEH C;g, Shim-pack XR-ODS III
Ci)%F Ola KA MQCA il BiqE . 4355 fE
Mg, M3 2 7] %, 5 Endeavorsil C;5. Waters BEH
Cig. Shim-pack XR-ODS III Cs kML, K FH Agilent

2.4 REHEBIERE

Pl ZORBAX SB-AQ Cg it o s, 44 B e/
M- B ZE-0.1% P BRI . H I 2 - 2 BR B v
R (1.0~5.0 mmol/L)5E ARl S AHX % P H Ola KL
MQCA 14 B RO I T35 i 5 5 . MAIEL 2 HhaT AL, 72,
5-0.1% RS IR HIA R T, WA PEN, Ola JJ
R MQCA WA BT HXTFR | (853 iHaliE L fba 9
W) 17 FL f 5, T F I/ U0 7K . R E-0.1% FR IRIB W . HR
T/ 2 - L FRSRVES R (1.0~5.0 mmol/L)23i s AHIE R T, Ola
R MQCA 114 €6 3 e 43 15 i R v oy 2 B 1 A 2%,
TR LR TR 2 BB —E P HIE R . Bk
15-0.1% H RV WM T sl AH

®2 TEEEFHSBHR

Table 2 Information of separation by different chromatographic column

i Ola M Ji; fE/cps MQCA i ¥ {E /cps EE EEMY%
DiKMA Endeavorsil Cs (150 mmx2.1 mm, 1.8 pm) 1.8x10° 1.6x10° 2.13 96.4
Agilent ZORBAX SB-AQ C5 (150 mmx2.1 mm, 3.5 pm) 5.1x10° 43%10° 2.79 97.2
Agilent Eclipse XDB Cs (150 mmx2.1 mm, 3.5 pm) 3.4x10° 3.2x10° 2.84 96.8
Waters BEH Cy5 (150 mmx2.1 mm, 1.7 um) 4.1x10° 4.1x10° 2.06 90.6
Shim-pack XR-ODS III C5 (150 mmx2.0 mm, 1.6 pm) 3.2x10° 2.5x10° 1.58 96.4

S
6.0¢5 g
5.0e°
&
% 4.0¢° | 3
H_,
e 3.0¢° |

14

0.0 2.0 4.0 6.0 8.0 10.0 12.0
B} 8] /min

2 Ola M JCACHIY MQCA Hr v 75 W 14 5 33 61 185 i 16
(50.0 ng/mL)
Fig.2 Total ion chromatograms of Ola and its derivatives MQCA
(50.0 ng/mL)

2.5 FiEEHSMmK

BT 1.0 pg/mL 1 Ola K HATH Y MQCA Frife
TR 3 (8384 B HEE A EST B i, 4> BI7E ESITFI
ESTHL kA7 ik, Ml —Zm ik e B sy
(ERE 7, RIS OG ARl R e AR 2 P, X ke o A B
T TR F R, LA EEAR Bk B i R e
B, DL BT SR B U A R AR e . 4
TREH: Ola S HARHIY MQCA 7 ESI' #5F A] P 4= 47 1F
FLAAT (9 53 B UM + H]W, HLIGm A%, # Ola ik
B m/z 263.8 1E BB T, MQCA ¥E#E: m/z 188.9 1 R HEE
F; X Ola B AR MQCA M F[M + H 775
T, S i R AR 2 R, e N 5 e
B 5o FH T AT, S I 0 5 B VR B S
FEMEST, PG TSSO 3.
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&3 Ola RENKBE MQCA FiEEH
Table 3 Optimum parameters and selected fragmentations of
Ola and MQCA

F5 AN BET FETFmy TOLEE  FERGE
/eV A%
212.0% 28
1 Ola 263.8 177.1 20 80
145.0%* 18
2 MQCA 188.9 171.0 12 50

s S R T

2.6 EFRMNSH

3R 4 FTH, AERCER . PR R) R s A sl
N 2 PRI A A AT R MR EEA 0.5.10.0.,100.0 pg/kg
Ola 2 MQCA FRifEFE T, ZAMFFT fiTd: UPLC-MS/MS il 22,
Ola } MQCA BN ME {E535I7E 92.3%~98.4%7FI
91.5%~98.6%, BNEIATEAERL RN
27 ZMXFR RUERSEZMR

PIAE Ola Bz MQCA 923 3 RN R, RIRELH Ola
K MQCA JREHIE/351 0.5, 1.0, 5.0, 50.0, 100.0 ug/kg
PRIV, RS T dE ST i) UPLC-MS/MS I, LA
Ola Fl MQCA iR FE(X, ng/kg) WHEAAR, L Ola FI
MQCA JFiima N 5 B2 (Y)W hA bR, ehibmuE iz, A&
Ola & MQCA M7 & WEFTH A MAREER Ola
MQCA #r #E &, >R I PR 4ife 5 0 ik 2= B & &
(International Union of Pure and Applied Chemistry, [UPAC)
L ARG HE BRI Sk BRI 2 i, DA M b (S/N=3) 3158 )7
PR hBR, LU S/N=10 T E R, & 5 v, &
0.5~100.0 pg/kg STk LA, Ola Fl MQCA fY it it i

JBE 5 T o 0 e R A AR R PR SR R, KBRS
0.1 pgrkg, TR N 0.5 pg/kg. AILTIF H, AJrkHEA
B RO, R ER
2.8 [EIERFEEE

FAP L S 2R3 FEs A B MR S SO R i
525, Ola M MQCA UHZKFR 0.5, 1.0, 2.5 pg/kg, B4~
TFR A 2 6 W 455 IR, Ola Jinks Bk % 7E
93.4%~98.6%, HH X} R #E i 2= (relative standard deviation,
RSD)H 1.2%~3.7%; MQCA JilAx FIRTE 92.7%~98.4%,
RSD H 1.4%~3.5%, FINZIEMEREE S . K%L
2.9 SEPRERAEVNE

& FAAHF ST BT 37 (0 UPLC-MS/MS XA 4P
WAL ER 3R E R4S S B BENLFE ST Ola K AR
MQCA F& R fEE . 45 R 88, 15 BrREPLmKGE A, 1L
1 M3 AR MQCA B8 B, il 1.7 pg/kg. KRR
T4 2638 BN EHAE A 2019 4 5 A 45 F4E HiH] Ola
JEURH2A R 45 AR I, Z A Ola K AR MQCA 5% 74
P3N TR, AR T S A — o R e,
H. Ola S HACHY MQCA 7E7 A e . A, # ikl 2
YR E—E M0, BEiTEE R ATREfEAE Ola KL
WY MQCA 5% 5 XS, 5ASRERCAA XS 3 PO H Ola R HARH
Y MQCA FR R W% .

2.10 Ola RERBEY) MQCA EERATHIEEIRE
4 54

& AT 8 B UPLC-MS/MS M5EZE A Ola
J MQCA e [R) it st 1] ) R A%, B 6 AT A1: Ola J¢
MQCA (RN 25%, 3B Ola K& MQCA 7E
-20 °CAif iR 1

# 4 Ola & MQCA EE4i Z BEMER P HERYK
Table 4 Matrix effects of Ola and MQCA in pure acetonitrile and livestock meat

MEqo./% MEwmqca%
FE it
0.5 pg/kg 10.0 ng/kg 100.0 pg/kg 0.5 png/kg 10.0 pg/kg 100.0 pg/kg
4N 92.3 95.4 97.9 93.1 96.2 97.4
$E 92.6 96.1 98.2 92.8 94.3 97.2
S 93.4 96.7 98.4 91.5 96.7 98.6
#z5 HAFE. RERFEER
Table 5 Regression equation, detection limit and quantification limit

&Y 2R METE L/ (ng/kg) Bl )= 5 A FHRFREL i B/ (ug/kg) R/ (ng/kg)

Ola 0.5~100.0 Y=3.83x10°X + 2.14x10° 0.9996 0.1 0.5
MQCA 0.5~100.0 Y=4.63x10°X + 1.85x10? 0.9997 0.1 0.5
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Table 6 Residues and degradation rates of Ola and MQCA in meat at different periods

k&Y TR &/ (ug/kg) 20 "CREfE %
1d 7d 15d 30d 60d 90d 120 d 180 d
0.5 1.3 1.8 3.1 6.9 11.4 17.2 19.6 23.5
Ola 1.0 1.2 1.7 2.9 5.4 10.2 15.1 17.3 21.4
2.5 1.3 1.7 2.8 4.7 8.6 133 15.7 19.6
0.5 1.6 2.3 2.8 3.4 8.2 12.7 16.1 21.8
MQCA 1.0 1.5 2.6 2.6 3.2 7.5 12.3 15.9 19.3
2.5 1.6 2.5 2.5 3.1 7.4 11.8 15.3 18.5

3

g 5T
ABIESE R AT OK e S8 RS I Ola B AR

MQCA, TR & BB 8 F 28 46 [ A0 26 B v fk, FA

UPLC-MS/MS Jll5E % A H Ola K HAC I MQCA 5% 7 i,
I3 3 P R A3 3 P R Ola Fl MQCA 72 W8 VR B 45 1 T
R e o TR A A B fRT B, AR X T IR S W

(RPN

FE | BOAR G E R UL = | MERR LT, 5

JHC A s 25RO € 335 - I T 925 1 SRR 11200 1 i

A7 RCHE B 5 S5 AR

, i B R0 & A p Ola Al

MQCA TEWR URERUACNT T BIRGETE, LAMIRZIE N T &
U E R B PR O 2 A R 3 v o 32 A R PR i i 40
RIEER, B 1 RIS SR A R T

EE P
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