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Simultaneous determination of veterinary drug residues of quinolones and tetracyclines
in animal tissue by ultra performance liquid chromatography-tandem mass
spectrometry with automatic solid phase extraction
LIANG Su-dan, CHEN Jian-gang, ZHANG Yan
(Zhuhai Center for Disease Control and Prevention, Guangdong Zhuhai 519000, China)

Abstract; Objective To establish a method for the simultaneous determination of ofloxacin, norfloxacin, ciprofloxacin
pefloxacin, danofloxacin, lomefloxacin, enrofloxacin, ciprofloxacin, pefloxacin, oxolinic acid and flumequine,
tetracycline, chlortetracycline, oxytetracycline and doxycycline in animal tissue by ultra performance liquid
chromatography-tandem mass spectrometry ( UPLC-MS/MS) with automatic solid phase extraction. Methods The samples
were extracted with 0. 1 mol/L EDTA-Mcllcaine buffer solution (pH =4.0), and the resulting extracts were cleaned-up on
HLB solid phase extraction column, and then eluted with 100% methanol. The target components were separated on a
UPLC C g column (100 mm x2.1 mm, 1.6 pm), with 0. 1% formic acid water and methanol-acetonitrile (40: 60, V/V)
solution as mobile phase in gradient elution. Multiple reaction monitoring ( MRM ) in positive was used, qualitative
confirmation was performed from retention time and secondary mass characteristic ions, and the matrix-matched external
standard calibration curves were used for quantitative analysis. Results The target components and impurity could be well
separated, it was showed good linearity in the range of 1.25-50.0 pg/kg (r =0.998 5 above). The detection limits and
quantitation limits of 11 kinds of quinolones were 0.013-0.069 and 0.043-0.23 pg/kg, the limits of 4 kinds of
tetracyclines were 0. 033-0. 093 and 0. 11-0. 31 wg/kg. The recovery tests at high, medium, and low spiked levels: the
recoveries were 70. 8% -105.4% , and relative standard deviation ( RSDs) were 0.5% -7.4% in chicken; the recoveries
were 75.6% -115.2% , and RSDs were 0.8% -8.9% in pork; the recoveries were 73.7% -117.5% , and RSDs were
0.5% -14.8% in shrimp. The method was applied to the analysis of 60 samples from Guangdong, and the result showed
that ofloxacin, ciprofloxacin, enrofloxacin and doxycycline were detected in 4 samples, the maximum content of
enrofloxacin and doxycycline in shrimp was 400 wg/kg, the content of doxycycline in chicken was 220 pg/kg, which
exceeded the limit value of 100 pg/kg. Conclusion  The method was accurate, efficient and simple, synchronous
confirmation and quantitative analysis of the residues for chicken, pork and shrimp meat and other musculature of

quinolones and tetracyclines, and was suitable for analysis and confirmation in food safety risk monitoring.

Key words: Ultra performance liquid chromatography-tandem mass spectrometry; quinolones; tetracyclines; automated
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solid phase extraction; meat; veterinary drug residues; food contaminants; determination

s 3% W 2% ( quinolones, QNs) A1 JY 3 & 2%
(tetracyclines, TCs) 2542 ) il Hi £ £, KEZHRE A
HILHZ, M HR L HE Bk R RN
LA T AE S W AR 3R o AR P R R 2 &
W, SRS Y FEE RS PR I E R Y
Gl AN 75 % 00 B 7 AR T 251, QNs 25438 A
VR E 1) SO A O 3 A R L B KA R L [
5 WSS 25 W 1 O 9 L35 e 4 (PPCPs ), EL 51 T 4
S e R DL R R T AR A B
S H ARG EZ ALK QNs F1 TCs 51 A BR
{ff I 25 25 42 B v, 9 o A2 AR O I B 6 R PR
(MRL)

IR XE QNs Fl TCs B I 7 1 3 A4 W 1K 4
5 (ELISA ) ¥:1°0  fz o vkt L v 280 W AR 8 3%
(HPLC) 37" FiIA 5 2 00 €53 - £ 1% J3 3% ( UPLC-
MS/MS) 3% ELISA #: il i 2E 4 16 45 B 1E R
B {5 BH P 2 HPLC 3 45 S v ot | 5 b v, (2
HH TR AE 11 2%, HOE P BE J1 2% ; UPLC-MS/MS %

HA Mo R o A ) BRA L o A% B A
LE MO — R B RO BRI AW R A 0
PEAE B0 T B9 A 1 TR BE (A 4R O AL
WX P £ ROk B S T Ik AR £ L
AR BT B — XS 1A B Y, T EL AR T 4 25 ) el
RAEY S BB b 2 & W P R I m AN g . A
B FEAG P 5 A AR Y 3 AR LS R 1L Bl QNs K
4 FhTCs 259 N IF 58 X5 4, Gt — X P 28 ) Jot 9 iy Ak
R, JF F UPLC-MS/MS [F] i} 73 #7 , 43 2% #9 45 4
RS IR ] A FE 22 4 KU e I v QNs il TCs 2
W i) 3 A 0 s 00 B B R R Y U5 ik o

| #HRE5H*
1.1 bR
1.1 X564

X PR K TR R R K S5 R i DA T 37 B T T
KPR AR Ay o MR A, BT - 18 C
PUF UKAE A AE 4 H .
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112 2SS E0R

L 1 00T AF €5 3% - F B D 2 B 3 R A A (1-
class UPLC/Xevo-TQ-3) \HLB [& £H # B A (60 mg/
3 ml) #0 [ 3€ H Waters , i i 2 250 AL, e i iR
B, Milli-Q 8 4l K 2 G5, 7 I35 Uk 47, OA-SYS
RIRAL, 4> A 3l [E AR A UL (GX-274, £ [E 7 KK ) o

11 Ff QNs FlI 4 Fft TCs 245 ¥y b5 i i 29 1 B 18 [
Dr. Ehrenstonfer, #fi ¥ >95% (W% 1), L . H
B 1 SR OB AR 9%, R (5 9%)  Fr R .+ =K
BUEIR A N L W LR AN A B 4k,
gfi7k (18.2 MQ - em), & Zf& D4 & R (EDTA)-
Mecllcaine 22 i : 43 B FREL 12.9 g #7858 .10.9 ¢
WEPR S 4N 37. 2 g & e VU L TR 41, oK % i OF
EFR AT 000 ml, S ALY pH fH 2 (4.0 =
0.05),

x 1 ARMEMEE

Table 1  Standard information

&Ly e T 5 4
ARV R OFL C15717000
Hwi R PELX C15905000
IR R NOR 15648000
EINR cIp 11668500
EEDE LFLX C14646000
BUS RUY DANO C11960500
Bigib B ENR C13170000
(U TR SAR 16908000
TR A DIF C12627000
W W TR 0X0 C15788000
I FLU C13718000
TR oTC C15820000
Uz TC €17396150
BER CTC C11509100
[EWIE: % DOXY 13084280
L2 Jrik

12,1 S Ak 2

HETAR I 2 g 22 CWE I 50 00 S W LA R A T
50 ml B 0 4, i A 10 ml 0.1 mol/L EDTA-
Mcllcaine 2 vh i , T iR 1R A 1 min, #8745 $E L 10 min,
10 000 r/min B.0 5 min(JREMKTF 5 C) , 08 L2
WO IR AR BRI 08, EVE WA . a2 A 3
[F] FH A< O B 240, 20 B T 3 ml FE 3% 4L (3 ml K
A HLB A, 5 ml 42 O LA 3 ml/min /Y 3 5 5
A, FE B, 2 ml 5% PR 7K VA Wbk VR B 2% T
H2S T AE NIRRT, 23 PO A BV (3.2 ml) ¥
JBE L AT O B R R R e 4 (40 C) = FL, 1.0 ml
0. 1% WK F i, e iR S 5 0.22 pm JEJE 5
f# UPLC-MS/MS 434,

1.2.2 o 5 T

43 BIKE B FREL QNs Fll TCs 2545 HES 0.010 0 g
BT 10 ml A h, B B O A R 2L B
4 1.0 mg/ml (Y BRI AV, BT - 20 C vk A AR A7
(T T R 8 Y TC ALV 0 0.5 mg/ml) .
3 9 3% AR B TE AR 1. 0.0, 1 wg/ml (TR A b v 1
FHR, T 325 S5 A v 1l 28 1 T 1) o
1.2.3 U1

3% . CORTECS® UPLC® C,, {3 FE (100 mm x
2.1 mm,1.6 pm) JBHAH:A R 0. 1% H R /K %R,
B g W iE-2 Jif (40: 60, V/V) W W, 16 BE VR (0L 3R
2) 0. 25 ml/min, FE 40 C#FHAATR 2 pl,

22 BRIV R
Table 2 Gradient elution program for HPLC

i [B) /min A/ % B/ % curve
0. 00 90 10 —
5.00 70 30 6
8.00 10 90 6

12. 00 90 10 1

VE s curve U 30 HH B HE A5 1K Y 5 — 2 AN 5
JE i HL I B IR IR B T (EST+ ) 4 B
SRAE(0.00 ~5.20,5.20 ~ 12.00 min) , £ /2 J& W5 il
(MRM) ., EYI45HE 3.5 kV, HEFLHLE 30 V, 5 75
TREE 150 C B FNREE 500 °C . HALZEILFE 3,
%3 11 % QNs il 4 Fi TCs 19 i3l 28K

Table 3 Mass spectrometric parameters for 11 QNs and 4 TCs

ey ﬁ%ﬁa‘l‘ﬂ BN FET il 41 78 1k
/min /(m/z) /(m/z) /eV
AU E 3.31 362.3 318.1" ,261. 1 18, 28
TR 3.38 334.3 290. 1% ,233.1 17, 24
WY & 3.32 320.3 276.1% ,302. 1 21, 17
WA 3.53 332.3 288.1% ,314.1 17, 20
WEDE 3.86 352.3 265.0* ,308. 1 23,17
Fuy TRUY 3.90 358.3 340.0% ,314. 1 22,18
B A 4.05 360. 3 316.1% ,342.0 18, 21
(ALY} 4.74 386.3 342.0% ,299.0 18, 28
THERV A 4.77 400. 3 356.0% ,299.0 20, 28
T s iR 6.55 262.2 244.0% ,216.0 17, 28
8 g 7.89 262.2 244.0% ,202.0 17, 31
+HEE 3.41 461. 4 426.0% ,443.0 18, 12
UEZS 3.76 445. 4 410.0% ,427.0 19, 12
SEE 5.76 479.4 443.9" 154.0 20, 26
[Pk % 6.70 445. 4 428.0" ,154.0 17, 26
T AT
2 BEREHNH

2.1 BRUEY) R
AHIFGE W 15 i 245 W d5 i FH HR T 3 i o 1 900 ok
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I AR W 75 W, AT 2 SR B VD v BRI R
b B T R, W v R A T PR U A
<L.0% e WitE Y i, 5 % F IR o0 1 7
M AEAR 22 24 35 W D 58 vh OF 1 A 1 Bt v 1 )
A S B0 B DY VT T B B T T A TR T B AIR
WPE N1~ 2 i K S R 2R A, oA
SRR T M O ARV R F — 2D R UE AR
VT 7 ) TR A
2.2 IR
2.2.1 g Rk

QNs 25 49 (¥ A0 28 3 F #2565 66 T e FE /K R
KRB €0 T AT B A 2R TR AR A A L R 4 R
B A i S B R s e A A R 2R B QNs £k
G, B 0 R R R B RS R BT K,
B A AR AE b, S B0 R R RO 4 B R R
A E % CORTECS® UPLC®  C 38 H R & 4
FHETEAEAE R 40 B A, R 2 pum 520 4% 90RE 32
A HET A pH S [ 0] 52 SRR E 19 R R
PR P OR BR R e, S0 I R FE K

QNs Fl TCs ¥4 4y 2 0 9 1 1k & 4, HL s Aok s
FILE T 2 AH v 1) 35 i M B O 30 A 1 pHL (T A2 Ak

FEAXTFEBE/%

t/min

PRI A 2 50 R 0. 1% R /K 4% i 9t 3h A 19 pH
18,7 R0k s 0 AL, sl B T Ak AN, B e R
HEELNE0. 1% B R K% W & 0. 1% W R K %
W - i (40260, V/V) 35 W PI A  3 AH X 23
B4 B 1 AR RN €6 3% 0 Y 10 5 Wi o B AR 0 3 )
Mr AN BERTE @45 b 58 4 50 85, (0 QNs 259 1 77 1%
BB T B3 YA R A AR A, G e s R
WETR 4 HA 262.2 >244.0 B 1 XF, & 45 5K 7E £
g e e El w7 O 0 2 R R L E
0. 1% 1R /K % WA H -2, B (40: 60, V/V) % K
BF, % 5 BB BRI Y A R ORI ) A R W A
JxE BRI B, 8 B B E PR (W2 2) , 98 s A
W s TR B o 42 0 B

2.2.2 MRM JR i & 11 i sk %

HT 1 2259 1) 45 0 R0 I 25 S AR, T I
KMoy 41 2 38 38 R 5, I 43 0 0 B A R L HE AL
L Al T B A A U S B T A, R A E B
MRM #55C, ¥E 86 F BB i 1 2 A8 F1F b e ik
PERRAE 5 7 AL s A W 3 | 1 o & (X8
PIRESE HRAS I 11 Ff QNs F1 4 B TCs 259 19 B8 F
T (TIC) K HARAE B 7 i B (MRM)

EE) 2
\oci
,,,,,,
\qu
o
;;;;;;
44444 .1
N o
£33
o~
N
) \cc!
- CE) T e aasias )
B i cre
L 0 e e RS A > M PR T )
¥ WRM of & Channels Es+
576 irod
100 CTC Saed
LA
ol 2
TR e LIS
100 s DOXY
e\
L o i g e O A A S M R 0T )
VRN of 6 o
100 sfm DOXY
oA SEAN
T T TR
,uu] 5/\ T FLU
T AT e
m_l Vﬁ FLU
[ A
} u/\ 0XO ’ﬁ
TR T T
,m,_! 7\ 0XO
o
TR

t/min

BT 25 X8 P ANARAE i B9 888 T U P (TIC) B FUARAL B 7 (438 1 (MRM)

Figure 1

2.3 PRI EAR AR e
QNs M PEAL & 91, 5 T Ak MK 3 A7 B

TIC and MRM chromatograms of a blank chicken with mixed standards

AT TR R B R, AN T T AR R R R . sh TR
PEE kP ONs B SR BGR R o] 730 4 Fl: 1) KA
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PEA LI - — S W b5 2) s AR AT HLIE ) - n &
JiE H BEA R TR 53 ) ZK W 1 A AL IS 300 R Lk 110
R, WL R/ B TR L TR-Z 5 % 5 4) B8 v i
W - U R A R % oP i e S T TCs W R
BohHSeRE TESERIUE, 56 % &, Al
JH EDTA-Mcllcaine 2% ik /E S £ B 5, BE A1) DA 48 ik
& JE B X TCs ¥y 5w iy 52wl , 42 (AR V19 pH (B 2%
4, SCAT LA 2 QNs 49 5T A 41 MRCBE 5K, B sk A fi )
REA LR GG

HLB /AT 2 3 B 26 IR A28 7K e A B9 R A A
XA S W B G 0 Ok B RE . Ak sk B
VR4 [ Bl [ AR A€ 0k 8 2R AT, AP 2 4R O
AR R O (<5 C) g Wy A, JF A &
JIt i i 1R i 2 B B U RN IR W S b RE R AR [
HR A RS [ A A 2 T 5 R AR W R R T
DA TR B A B 44 3 #F 5, 2 R FERT 29 3.5 h, 7] 52

M4 [ 3h Ak [ A A B, s w R AN S, B R
PE LG T 2l [ AH 25 BCTE 4F B 2 4 J5 R ol i A B Y
K TT I
2.4 P MEIE I KRR

P T ot B 0 57 00 2 3 N0 5 e A K R
FHEEJR T AR 2. FREUXS PR 6 TR FIER (R 3 9
FEdh 2.0 g & 6 iy, 43 5l hm A 5.10,20 40,100,
200 ng 15 Fl 53 AR G An HE N W, #5 1. 2. 1 7 ik
Qb PR IF P & b e A, B R 1.25.2.5.5.0,
10.0.25.0.50. 0 we/ke LR TAE AR, HARfL &
Y EA RIFIILPE R FR KRB TE 0.998 5
PL b F8 3 505 M b A 10 £%5 45 Me be 338 ik fe Ik
o BRANE B 11 QNs 25 4 S IR Hh BR A E =
3 %1 A 0.013 ~ 0.069 FI 0.043 ~0.23 pg/kg,
4 FhTCs 259 ARG H BR A £ FR 43 1 o4 0. 033 ~
0.093 F10.11 ~0.31 ng/kg, 45 R34,

#4 11 Bl QNs I 4 Fft TCs 25 ¥y 5t AT i 26 79 2k A R 1 (010005 A8 VR 56 28 M0 de AR 1 PR 4 PR
Table 4 Linear ranges, regression equations, correlation coefficients, LOD and LOQ of 11 QNs and 4 TCs

pus =, o =X
6155 24 fff‘/ﬁ 95 7 HIX R Efgiﬁ/i;ﬁa ﬁj’f :
ARV R 1.25 ~50.0 y =60256. 4x —38277.7 0.999 8 0. 024 0.078
FRU R 1.25 ~50.0 y =31861. 1x -23767.6 0.999 9 0.013 0. 043
FR I B 1.25 ~50.0 y =11306. 9x — 16034 0.998 7 0. 039 0.13
E2NISRUSS 1.25 ~50.0 y =11321. 3x - 9630. 6 0.999 6 0. 060 0.20
BRI R 1.25 ~50.0 y =36540. 5x —37306. 1 0.999 9 0.028 0.093
.y R 1.25 ~50.0 y =16263.3x - 19754. 6 0.999 4 0. 022 0. 082
Bk 2 1.25 ~50.0 y =34845. 7x - 13905. 5 0.999 9 0. 023 0. 076
Wb & 1.25 ~50.0 y =11199. 5x - 13000. 2 0.999 2 0. 069 0.23
TR R 1.25 ~50.0 y =25030x - 11516.2 0.999 8 0. 052 0.17
e s iy 1.25 ~50.0 y =35224. 6x - 52073. 3 0.998 5 0. 024 0.078
o s 1.25 ~50.0 y =34370. 6x - 713. 092 0.999 9 0.019 0. 063
B+ 1.25 ~50.0 y =5502. 12x - 10247. 6 0.999 3 0.033 0.11
Y 3 22 1.25 ~50.0 y =5796. 49x - 7861. 86 0.999 3 0. 042 0. 14
SHE 1.25 ~50.0 y =1059. 23x - 1303. 34 0.999 9 0. 093 0.31
Ik 1.25 ~50.0 y =5188. 64x - 13070. 4 0.999 8 0.075 0.25

2.5 [l KGR

HLIH AL 9 60 15 FE bl (LG XS A H5 A RLER 1A ) 2k 47

3 AE B PR 04 X5 PR B LR R R R B O
Jin 10,20 .40 we/kg = FhAS R He B K S B9 RE &, B4
W REAE 5 WKCE S MAE o I LAAH I Bf i 35 5 e 1 T4
i 26 HEAT R IE 20T, 15 A H bR 43 v 48 1R in 7 [
Wk 70. 8% ~ 105. 4% , FH Xt bk fE I 22 (RSD ) 2y
0.5% ~7.4% ; % A B 0 A5 [\ 2 75.6% ~
115.2% ,RSD 5 0. 8% ~8. 9% ; U A 5 147 [ i 2
K 73.7% ~117.5% ,RSD K 0.5% ~14.8% ,1Z )7
BHEAT B R MR E I, WK 5,
2.6 SEBREE SRS

N IZ % 2017 AR R AR 4 A T X IR

Ko, 45 A 4 O3 FE df b 20 A H U T B BRI
BBV B MR R AR P R AR A b R Ve
SRR ) % 2 Y R I8 400 pe/ke, XY AR b
ST RE R R Ok 220 peske, O MR B (H
(100 wg/kg) o FHPERE M @ & WLIE 2

3 Ihg

AR I 7 T 4 H gl [ AR H-UPLC-MS/MS
T ) B0 2 R P H TR RS TR A5 sh W LA AR 11 il
QNs F1 4 Fi TCs 254 ¢ 5% B 53 BT 7 i, %07 15 1] B
PR ER RS % RN E B AR, 15 B 2 i R
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5 11 Fl QNs 1 4 Fp TCs 244y ] Y A FURS 2 BEIL IR 25 R (n = 5)

Table 5 Recoveries and precisions of determination

RANK XA A LING|
5y % Bk - - -
/(pg/kg) iR/ % RSD/ % [B] U5/ % RSD/ % [ 2R / % RSD/ %
10 94. 4 2.5 97. 4 0.8 104.0 3.5
RV 2 20 91.4 4.6 89.6 1.8 95.3 3.1
40 93.2 1.4 82.0 1.0 88.2 3.5
10 100. 6 0.6 91.6 1.7 103. 1 3.7
Kb 2 20 93.9 2.0 89.9 2.6 100. 1 1.5
40 93.9 3.3 79.9 2.2 91.5 3.4
10 104. 8 2.2 84.0 2.2 100.9 0.7
Wi B 20 94.0 3.3 84.9 4.6 103.0 0.5
40 93.4 4.0 77.3 2.8 105.0 2.4
10 103.0 2.0 81.4 2.6 100. 7 0.9
R E 20 95.0 4.8 82.7 3.6 105. 1 3.0
40 98.0 4.0 77.0 2.3 105.7 1.9
10 97.2 0.5 91.6 2.0 103.5 4.8
BRI R 20 92. 1 3.7 84. 1 2.3 95.5 1.0
40 91.2 1.2 76. 4 1.4 88.5 1.2
10 95.7 2.7 115.2 1.9 103.7 2.7
KT R 20 91.1 5.2 113.7 1.2 109.2 1.7
40 90. 3 3.4 104. 1 1.6 107. 4 3.0
10 101.2 1.0 86.7 3.9 99. 8 1.9
Bk g 20 94.6 3.0 90.2 1.3 100. 4 0.6
40 94.6 2.6 87.2 2.7 93.6 4.6
10 103.9 2.9 86.7 1.7 105.3 4.8
YR R 20 96. 6 4.2 79. 1 2.8 110.2 0.7
40 93.9 1.3 75.6 1.0 104.9 1.6
10 96.2 3.0 75.9 3.5 106.3 0.5
W R 20 94.6 1.6 87.2 3.5 103.5 3.5
40 92.9 4.8 86.9 1.7 97.3 0.8
10 98.2 1.3 103.7 2.9 104.5 8.3
I 15 i 20 90.0 1.0 100.5 1.8 102.7 2.0
40 90. 1 1.0 94.7 4.2 95. 1 3.8
10 100. 7 1.5 87.5 2.6 105. 4 3.3
AL B e 20 96.7 1.8 96.9 2.3 106. 2 2.5
40 100. 6 1.2 96. 1 3.9 98.6 4.6
10 102. 6 7.4 86. 4 8.9 111.9 4.1
+ER 20 95.1 3.7 81.2 3.8 101. 4 3.0
40 75.2 3.8 81.0 3.8 73.7 1.5
10 104.0 3.5 94.0 3.9 101.6 1.7
UEZS 20 93.1 4.4 93.6 4.5 117.5 1.9
40 72.6 4.1 85.3 4.5 74.0 5.0
10 105. 4 5.3 89.2 5.1 103. 1 14.8
SEBE 20 101.8 7.3 91.9 7.4 110. 6 7.5
40 83.8 7.3 93.0 7.7 94.7 1.4
10 102.9 3.8 90. 3 2.7 116.0 9.9
W 20 92.6 2.3 93.3 1.6 101. 1 4.9
40 70. 8 4.2 95.4 4.6 79.6 6.2
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Figure 2 Chromatograms of positive samples of enrofloxacin (left) and doxycycline (right)
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