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W OE: B A s GIE- B BT E L (ultra high pressure liquid chromatography-mass spectrometry,
UPLC-MS/MS) iill =& %' 9k 1 vh 8 Z B (olaquindox, OLQ) A H: AU f # 3- B JE - vds U8 ik -2- 2 B
(3-methyl-quinoxaline-2-carboxylic acid, MQCA)& w01 5%, F3k FEARZE 10 mL 50%H R 50 °CoK
TP PRI, PPL MAHZEO MG L, 28 2 mL 2B F/KMkEE . 2 mL 60%F BRE R Ve, LLZIE-0.1%F A i
B, % syncronis Cg (i HE AN, SR Z SO0 Wl E 2 PR e f o v B AT, 455R OLQ M1 MQCA
7£0.01 ~ 5.0 pg/mL JEFE LR HE 2 2R BRIF, MIERB()RT 0.998, ¥R 0.003 mg/kg #10.001 mg/kg, &
PR 0.01 mg/kg 1 0.003 mg/kg, OLQ F) 3 7Ktz i 28 87.0% ~ 98.0%, RSD 24 3.3% ~ 4.7%; MQCA
(9 3 A KFER BICE K 79.0% ~ 84.0%, RSD 4 1.4% ~ 3.6%. & 1% HA REUE R . R fEm
JEE R Rl T A A T RS o MR A O A, 3 T B AR A b s S R LAY MQCA R o 580 1
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Determination of olaquindox and its derivatives in tilapia mossambica by
ultra high pressure liquid chromatography-mass spectrometry

SHI Zhen'"", YANG Zai-Ying”, ZHANG Rui-Yu', ZHAO Li', LI Wen-Ting'

(1. Kunming Center for Disease Control and Prevention, Kunming 650228, China;
2. Kunming Medical University, Kunming 650500, China)

ABSTRACT: Objective To establish a method for determination of olaquindox and its metabolite 3-methyl-
quinnoxaline-2-carboxylic acid (MQCA) in tilapia mossambica by ultra pressure liquid chromatography-mass
spectrometry. Methods The samples were extracted by 10 mL 50% methanol solution in 50 °C water bath, purified
by PPL solid phase extraction column, eluted by 2 mL deionized water and 2 mL 60% methanol solution, separated
by syncronis C;g column with acetonitrile-0.1% formic acid as mobile phase, and analyzed qualitatively and
quantitatively by multi-reaction monitoring positive ion mode. Results The linear relationship between OLQ and

MQcA was good in the range of 0.01-5.0 pg/mL, the correlation coefficient (r?) was greater than 0.998, the detection
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limit was 0.003 mg/kg and 0.001 mg/kg, the quantitative limit was 0.01 mg/kg and 0.003 mg/kg, the recovery rate of
three levels of OLQ was 87.0%—-98.0%, the RSD was 3.3%—4.7%, and the recovery rate of three levels of MQCA was
79.0%—-84.0%, the RSD was 1.4%-3.6%. Conclusion This method has the advantages of high sensitivity, good

repeatability, high accuracy, easy operation of sample pretreatment and fast detection speed. It is suitable for rapid

and efficient quantitative and qualitative analysis of olaquindox and its metabolite MQCA in tilapia mossambica.

KEY WORDS: olaquindox; methyl-3-quinoxaline-2-carboxylic acid; tilapia mossambica; ultra performance liquid

chromatography-tandem mass spectrometry
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ws 2 (olaquindox, OLQ)EARYIA: RAHTHfEE K
25, BEdRZh W ERE, [ AT e g s AL, 1
R, RBEEEAERK, e AR, T
AWK A S B B iR . 20 4D 90 4EAUTFHIR,
PAMEE T R PIOLQ R ILARE ™4 3-FH Hk-ns Utk -2-
¥£ 12 (3-methyl-quinoxaline-2-carboxylic acid, MQCA)Z:1E
RN IR E RGN AR E iR
W& TRB — & BRI 2 X s AN AR BOw; . BUs . B
AR =HOER, ERENANRE, EERE LIS
BUEINE MR AR IR, 45 N 28 B IR Ml B RV e A
Fo Eth, SEEFIRR WA A8 1 M £ FRE ARl ER
55 2638 S AR EALE, 2019 45 5 H 1 AR A Ik
AR v LR A2 . E A DG R R A
WOV ik 32 AT T OB R U OB - R K
JR AU SRR G vk . POk S R . kA
RIS o B TR R Sy vk — M R RE IVERI ALt ik, 455
IR BH LS R POURER R R AT IEA A =, 2=l
FERN RIME; ARSIk o A 48 R A AE 2 R s
BSOBAE B T I S K v L REAE AR S R A A% . SRt
BB, X PR K E EEERAAAE SR R R AR £ % - R I
TR L e . RS . el . BT
PRCRESF, AWTE A RTAL B v . G Bis 2k F,
PR R RCHRORE AT A R, MR T R KT
M B B AR, DAL KT s 2 B B A I DU B AL
AWy A

2 MRERE

2.1 X5

1290 1T 8 = 550 A (3% (3 Agilent Technologies
Zyw]); 4500 QTRAP Ji/rAril(3EE AB SCIEX /2 w);
3HI16R1 T Al 5 2 380 R 25 O AL G e 6 PG 43 2 A B
25 7l); GM200 BB AF 43 (75 [ Retsch 24 F); KQ-500DE
TR S I VRS (R R 500 W, B L i A AL A B

/A7]); Thermo syncronis Cig (100 mmx2.1 mm, 1.7 pm);

Agilent Bond Elut-PPL( 200 mg 3 mL, 0.22 um),

M CEERREY BT L 3- HE L - v TR bR - 2- R TR A HE ) T
(99.0%, f%[E Dr. Ehrenstorfer Gmb H A #]); HEL, 2.
MR iksl, 25E Sigma-Aldrich 2AW)); 258 F/K 4k
Ab PR AL (32 [E Sartorius 23 B il 5o

FE b T B B AR A, BRI R A AT A AR 4 TR
STBIE IR BE
2.2 FRERRIVECH

PRI 2 5 | 3-H - k-2 R R A v i, B
G EA BAREE R, 2 E KBS 100 pg/mL AR
WERKAS I, T-18 °CHEYGIRAT
2.3 HEmBETRLE

R E T RIS B R R, Bt 5] & A
(& HNAE DY RN, 23 Tt EEAUR i, 35
MHEERE, B TR AL, BHT-18 CHMUTR
TAf

PRI 2 gOFE T 22 0.01 )44 o L BERE il 28 50 mL &.0 8
H, A 10 mL 50% AW, 1RSI BT 50 °CKitH i
FHEHL S min, 7£ 4 °CLL 5000 t/min &.0> 5 min, W& )2
AU (2 50 5 AR ikt SR 2 BT o

A5 PPL [EIFHAE UM, HiYEH 2 mL FEE. 2 mL K
TEAL/RE, TR 2 mL RE SR IBOROIN ATE L5 B R A AL
/ANFE, F 2 mL HO ki T, R EER, TR 2 mL 7K
WRPE/MRE, FR R0 AU, 55 2 mL 60% F BKIA
TWRGENE, MR, G IFUCERE, 1 0.22 pm BB =
FREERER A, ER IS5 T HEAT 2 il 22 -

24 UEBFEH
241 &Lt

{3 syncronis C g fA3%41:(2.1 mmx100 mm, 3 pm);
WM A: 2, Wi B: 0.1%F BR/AKE W 4 Hrisfia):
5 min; FEREARAL 10 pL; FEIR: 40 °C; FRSHAH S & A
0.3 mL/min; BHEEVEMLFERF L3R 1.

242 LM

B U5 L BE 55 B U5 (electron spray ionization, ESI+);
iy 2: 2 50 Wil (multiple reaction monitoring, MRM)
R, BEBIE: 5.5 KV; BTFIREE: 550 °C; WiE Lk
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J3: 55 psi; RARIETT: 25 psi; HBHAGEHE: 55 pL/min;
WEDESFXF . BTk A5 L3R 2.

®1 BERBRERF

Table 1 Gradient elution procedure

B ] /min A% B/% i34 /(mL/min)
0.00 10 90 0.3
2.00 10 90 0.3
5.00 40 60 0.3
8.00 90 10 0.3
11.00 90 10 0.3
12.00 10 90 0.3
15.00 10 90 0.3

*2 RiEEY

Table 2 Mass spectrum parameters

N BET  TFET  EHpE 6k
&Y
(M2) (M) N JE/V
211.8* 80 28
M 2, T 263.9 177.1 80 22
143.0 80 40
143.0* 50 20
3-F 2 - IR 188.9 145.0 50 18
2-BRIR ’ 171.0 50 12
W ERE T
3 #RE55H

31 HEELCEEHNHE
3.1 RIUEH ayikE

245 SCHRUY, ARSI A EE T NaH, PO, . ZJiE . H B
OLQ 1l MQCA MIIEBUSIR . 25 F W H B BCICR
CIRBGIEELT, T OLQ 7EA PRI i ik 2, R
P OLQ AYIVER & M RE HLZE K i MOV i 5, 26 FH R
PR IR A R S B B

e A F R S5 K 7R [ E BB 5 F T B SR RO R,
EIREE N 30 °C, 2RI 10%, 20%. 30%. 40%. 50%.
60% . 70% . 80% . 90% . 100% ! Ei £ T %+ OLQ Al MQCA
TR A 0.1 pg/mL FESHRIBCHCR, 45 WLIE 1. HE 1
AL, AE 50% I EELHI] T OLQ Fil MQCA (4R BUSCR M
X, R SRR 50% H BEA AR A IR BGRF .

T8 0 B 7 ok B PR AR, LR AR T A
7B 50% B, 7E 30, 40, 50, 60, 70, 80 °C&fF Xt
OLQ HI MQCA HFrfE M 0.1 pg/mL FE 5 B FRIBUSCR, 455
DLPE 2 B &l 2 AT Rl KR EE TR, SRBUCREET TR,
MR R 30 °ChY, REGRE TR, RIS 30 °CIE
A IR
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Fig.l Extraction efficiency under different methanol concentration
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Fig.2 Extraction efficiency at different temperatures

3.1.2 i Xy

KPR AR F L BEZE . KB . AR
MRS LR BT T HUK, ISR B AT 3k G ho 0 4 2
Fi—FF IR, FEERBOR A E 2% . R, MAGEN
AL N ORI 0 T4 . — g =R AR 2K
R AE R o MR BRI B 2s . RS R E
AL T AR ZE ORGSR g, RAH R . AR R
FH A A Bk Ak

245 SCHRO) B P A AR AR BORE 43 B4 HLB .
MCX. PEP, PAX, PPL, EMR %, ARSZI/I%FET
it 6 AR, 4 HEORUKIGALS, 2 mL KRk 2 1%,
2 mL 60% " BEKEMRENL, ik OLQ 1 MQCA 7
HLB., MCX. PEP s RIS 3:4%, PPL AT EMR A% [l
W v, B PPL Fil EMR Sl EEXTAERL, & B EMR /hEE
X MQCA fR- 8, X OLQ JEAARLRE, PPL /IMEXT OLQ Al
MQCA H{RE, BEEATHboE b R, T BRI 4 B0
FAISZ A

ASZEYE ] PPL WIARAEHUR:, #E IR IOR BBl i
2 EEAUKIE AL 9 PPL /M S, 2 mL ZKikEE 2 IR,
2 mL 60% M BRI RVEDL, 4> AIcaE T vk,  EALA I,
RINMBESS 2 Lrh R RBIER, BAE. WRESE 1 20, W
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R DR ER R, ILFF RSt 2 B, WE L
FELOWRBEES 1 4, SRR, ARG DAL, 45520
FL R SR IIAE  OLQ F1 MQCA 1Y [R1 At S8 4413k 3 5K |

3.2 RiEERMHEEF

A5 OLQ I MQCA 43 HIHEA T 1E B 4 H Fn 671 15
FH, & YR AEE TR, 155 CE
1l DP, S26#MI6E FHUF OLQ mi i (4K, AFF
OLQ A, 2 STk I3 OLQ Ml MQCA 4+ F45H4
AR, fE—-GURIETR S S H A, PR IR T
IM+H]", Zad —geniis, A RRMRE NIRRT BT, L
FRER R miz211.8., m/z 143.0 7EK 2 Fib-&- Wi 2 58
+, ERHER R &, HEZRMEN MRM £ TR
RTRAR . EPRIEE . B3R MBS
3.3 RENHENESE

TEE A S SO R HUHCR T RS, AR se
5T LA -0.1% H FR /K N 20 -0.2% 2 /K /K I
RAME RS, 43507 % T 1E 572 TR =X i H
P E S R, SRR, LG -0.2%% Kk RAE

SR S ARRE, OLQ Fl MQCA F (5 i 55 2% i W /) 8 FE 4522,

OLQ MR K H MQCA e Hi SR 56 ™ 5; LA ZNE-0.1%H
FR K VS TR 22 R i ShAr s, B0l E 2 Ak, H.2
Y FRIE B E N, VI, Hor st el 46, 7Eii

5.5e5
5.0e5
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2.0e5
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1.0e5 5

5.5¢4 %

I S\

51 /cps

[N)

B ) PR 55 R 58 B3 18 o A S 6 B 200 R W B A N 8 -0.1%
IR K . 2 —0.1% H IR /K Y WO sh AL 440 T AR e
Fr g E WA 3,
34 FHAEMRRERSH
341 ARfw AR, R ER

JH OLQ il MQCA #RifEffi AR, TC il B B 4351 R
0.01. 0.05, 0.2., 1.0, 5.0 pg/mL AR EHRAE T EAL
WIRE, DAAR R e A I A, H BRI A TR AR 20
bR, ZeilbriEhgk . 45 53RW: OLQ Hil MQCA £ 0.01 ~
5.0 pg/mL R LRI 56 R AT, HISERE(r) KT 0.998,
WRIEE S RAE, LIA/NT 3 4550 e e 2 46 BR (limit
of detection, LOD, IN=3), A/NT 10 550 i 2 E &t
FE(limit of quantitation, LOQ, IN=10), EV:IEH . Lrk)y
PR, KRR, ERRRILEE 3.
342 WEELHOKER

FEFEAS SR B AR 09 2 Al 25 (3 3 TRE A A T
BRI SEES, 435180 0.05. 0.1, 0.2 mg/kg 3 M K-
FIRRHETR W, B U BE KM 6 AEATHE, 4336
OLQ 1 MQCA &, 4558 OLQ W -3 e hy
87.0%~98.0%, MQCA Jy 79.0%~84.0%, #H X} #x #E I 22
(relative standard deviation, RSD) L3 4. £5 3 B/, OLQ F1
MQCA ¥ HAG B B AR [ SO R % B, 2Rnil Jy vk 45
RATEE,

e

00 10 20 30 40 50 6.0

7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
f5fE] /min

B3 0.1 pg/mL ARifEY) B ]
Fig.3 Spectrum of 0.1 pg/mL reference materials

=3 OLQ# MQCA HIZ&MEE. &MHE. HXAEHN,. RERMEZMR

Table 3 Linear range, linear equation, correlation coefficient, detection limit and quantitative limit of OLQ and MQCA

atd’] 2PV Fl/(ug/mL) a1y 5 F LIPS ide s i FR/(mg/kg) FE T R /(mg/kg)
OoLQ 0.01~5.0 Y=3.68323€6X+2500.25551 0.9987 0.003 0.01
MQCA 0.01 ~5.0 Y=7.91124¢6X+6957.28916 0.9995 0.001 0.003
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Table 4 Precision and recovery test results (n=6)

78 il -1l
oy JnR{E I K RSD/%
/(mg/kg) /(mg/kg) R %
0.05 0.048 96.0 3.3
0.1 0.087 87.0 43
OLQ
0.2 0.196 98.0 47
0.05 0.042 84.0 3.6
0.1 0.079 79.0 1.8
MQCA
0.2 0.165 82.5 1.4
4 % it

AW 5 57 [ B A 2 A s 20 R LR
MQCA i UPLC-MS/MS 43#i )ik, #EfhZE 10 mL 50%H
BT 30 °COKIA P 2L, PPL [WIAHZEIUIMT 1L, L
WE-0.1%F BKEWAE R i sh A, R EE 2 Med
Yy, Y v N TR A N ] PR R T R s . SRR R
T A R EEM . MERREE S . RRALET
Aeb FARATE a7 (58 ARSI S B PRI AR A, 3 P ARt
s S AR MQCA Pl s sl i @ b .
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