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BWHARSREE LA E ) UPLC-MS/MS
¥ i 3% K ELE R A

IwE RER ONEE FEAC
AR BB B LR 100193)

O E AREZBARFRLRFTLFARGTAL N BAE, LI 25~30 B8 AA A% 100 R, 4KEH 1.0 ke,
BALBRTLAEENF 3 meg/ke b, FTREE—RLHEH 0d.6h1d.2d.3d.5dF8dFHEAmNEELR
Ry, REHE AN BRI A 5 A ENEH R RIFAFE-20 CHR A, BHERXELZHk
OB, LR ORI, ETIRNIE, B A E B, R A A & S0k E - RN SRR R PR A
WTL 4 Sk th 28 A SF A0, B REM X F HAMNRA 1.5 pg/kg, R FRA 5.0 pg/kgsd AR 0%
Ao B A T4 8 ~91. 1% .3 A BbE E A 39 <T11.5% ; 5% G A M) £5 1 R 9 WL A Ao R+ b 4R 4% 49 R 25
HOod, BIEARKREA 4 AFBARAKREMASd, B, KFEPEMNF EREHL, ARELES.TH
TEBPEERTLREGHENFSN. FRIAARRERAMREZFFR LGP R, AL B F LAk
B R A S d,
KA AAMM; ZUEBRFLE; BRIRMEE-BHAE; RGHL
hESES  S859.84 MEHE  1007-4333(2019)03-0072-06 XEEARER A

Determination of halofuginone residue and its depletion
chicken tissue by UPLC-MS/MS

SUN Xiaojuan, LIANG Xueyan, HAO Zuhui, LI Jiancheng”
(College of Veterinary Medicine, China Agricultural University, Beijing 100193, China)

Abstract The purpose of this research was to determinate the halofuginone residue and its depletion in chicken tissue.
A total of 100 AA broilers aged 25 — 30 d and weighted about 1. 0 kg were selected and fed with recommended
halofuginone dosage of 3 mg/kg. Ten chickens of each timepoint were sampled at 0 d,6 h,1 d,2 d,3 d,5 d and 8 d
after the last time administration. Their pectoral muscle, skin + fat, liver and kidney were then respectively collected and
stored at — 20 C. The samples were extracted with ethyl acetate after enzymatic hydrolysis of trypsin solution,
degreased with n-hexane, and purified on solid phase extraction column. UPLC-MS/MS was used to detect the
halofugimone residue. External standard method was used for guantitative analysis,and the data of the residues were
processed using WT1. 4 software to calculate the withdrawal time. The results showed that: The detection limit and
quantitative limit of this method were 1.5 and 5.0 ;1g/kg.respectively. The recovery rates of these four different tissues
were ranged from 74.8% to 91. 1% ,and the coefficients of variation were less than 11.5% . The residues test results
showed that withdrawal time was O d for muscle and skin + fat tissues,4 d for kidney and 5 d for liver. In conclusion, this
method was simple for operation with higher sensitivity,and could be used for the detection and analysis of halofuginone
residues in chicken tissues. Considering the influence of environment and individual differences, the withdrawal period of
halofuginone was determined 5 d tentatively.
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SRR H 1L (Halofuginone) J& — Ff 25 2 b Bk
W2 R RO B RIE R OF BB RRR
(R 2 S5 R AN 25 5 77 A 58 ST 24 1 T 3 8 R
LT R F O AE R R . B TR
i 7 B 8 SR AH 1 0 K L ST TR S
st R LR B B R 0 v B AR 2530 L ORIE
B R ., BT, B L R AR B
W B R RS I D 3 R 8% BRI B a5 ) E O
A HE 2004 A, A HE ST T XS AR LB A v A0
MR TEAG I 7 ik . AN S LR A I ik )
FARZ . e WL S WROAE 65 1 . 2 DL Fhu ek 2 i
L5 W 5E BCAE Ak v SRR L IR ) R T A X
LA E XS 4 B AL VO IE B E LA LB R+ i
) v G BR R I A /T R T AR L R ARG
2R R R AR BR B KM 4 A2 10 A0
30 pg/kgt . AR I AU R FH A 1R 5 TR A A 3 - e EK
Jo T o A B SR R ORS A A I T PR XS AR
P4 B4l 21 R R LR Y gk BR o, R T
WL, 4 Bt 85 fi 8 47 Ak 1, 3 50 AR 25 300, o il
PRAR 5 FH 24 e FH 24 22 4 3 (L AR 3 B AIK 2 40 Tif 245
(7 A TR IE Sh M & i i B 24

1 #H5RFIE

1.1 RXIe 44
1.1.1 &X&zH4y

BEMLPEEMERR AA XS 100 H, 7 E il R
AL N B B SR A A R E 25 H k. R
1.040.3 kg, HHIRK . RE, MRS 259 110
B ORI UART AT 259 . &R R 7 d 5
THERIE S B H 45 5 A SRR H LR TR )
3.0 mg/kg MM meh. &1 15 d,
1.1.2 X5 25 &b fe X A

SRR L TR X RE S Al R 99. 206, 1l v S
PUARZG L A R A w5 S0 R L R TR 7] (5T 6 43
$.0.6%) 4520151101 1l 74 36 P AR 25 L A FRZA
Al HEE O VR , (35 9, Fisher A w5 K AR &
GB/T 6682 FiE I — oK 5 HoAh i 75 & ky 43 A 4k
1.1.3 £&MBEE

B R R i A, 52 [ Waters 23 w5 B AY
QUATTRO LC;E.0:HL,eppendorf Centrifuge 5804R,
[ eppendorf 24w s e IR G4, LI RIE A F] .
1.1.4 = &5 7% Beh

1 mg/mL V5 R H LR AR oAt 25 Y < 0 ff B B

AR H WL AR Y T 259 10 mg (X RS, T
10 mL AR H . 50% & KE %+ 2 & 2 %
BE LR 1 mg/mI S0 B2 LR A o6 A W 2 T
PR B A4 CROBIRAE, AT AR E
6 NH.

1 pg/mL SRR H LR % 0 1Y) E 1 - DA UK A
oS A E A A O E = R, B B 100 WL T
100 mL FE oz B b . FH 50 %0 21 /K % O B p
HERE B W 1 pg/mL AR S BRGS0, 2% B, 66
FERAE 4 CHOBRAF. R E 6 N H .

SRR H L A o A R T - RS TR
TBUAE 1) b o A A VT 45 R o R O D A A R O
SEZS IR 5.10,50,100,500,1 000 pg/mL (iR
WET AR . B B o

0. 125 mol/L Z T % 2% v ¥ 0 1) T w1 - o 1 Bk
9. 64 g LRET 1 L AR, i 15 mL 17K
B R » K B - M B R 20

3.0 mg/kg SR IR H 1Ly R 15 IR 70 ) Ak 9 T ) -
Fi 18 0. 375 mg/kg (R H (DL A TR R # 1L 1) o
TR o T o VR IR R L I IR L T R A AR R
AR 5F) 3. 0 mg/kg B2 W 1k,

UPLC i shAf : i sh A i A0, 1% H R /K ¥ W
B 1.0 mL R MK @ 255 1.0 L) A BCO. 1% iR
CHEWWL L0 mL FERM R 2 A% 1.0 L)
ZH N .

1.2 KWFHE
1.2.1 A28 % 8088 % .0 ER K

MRBGR B 2. 0040, 05 g F 50. 0 mL B.OEW .
JA 2.0 mL R FI A KW (25 mg/mL) , A 10%
B TR 4 VA e JH pH 7 ~8, 5 F 40 °C /K 155 v il it
AR, BRI EE R I 10 % BB 4N 1. 0 mL
RA) N2 R 2B 10,0 mL. 8 3h 1 min. 76 KK IR A
Yy 3 min, L EIFE 4 °CL,5 000 r/min & .0
3 min W BIHWE A — T E L& . BT IK
KIBEYH ., CROHE 10.0 ml TR K, &
HZMROBERE., fn 0. 125 mol/L Z BR & 22 sh ik Wi
7.5 mL, %3 1 min, 7£KKIE &Y # E 3 min, 37
B #E 4 °C 7,5 000 r/min &.0> 3 min, [KEKEEF
VKR A . B 0. 125 mol/L 7, 8 % 28 v ¥ Wi
7.50 mL MR OHR)Z 1 k. &IFK)ZmMIE
C4E 5.0 mL, B ¥IEH 20 s,5 000 r/min B .0
3min,[FREZRMLROEE . FREIECKE. TER
WHINIEC%E 5.0 mL Biig, 7 L ECk)ZE, TR
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WAE R 2 W
1.2.2 B ABFERAAL

HLB [ A % B/ MK O 3. 0 mL BB
3.0 mL 7K F1 0. 125 mol/L Z a4k 2% whyA W 3. 0 mL
S A7, B4 A G A L B 2K 3.0 mL PRI 4R
JE W 8.0 mL YEME . IF AR DR T 10. 0 mL
B, 45 C BTN KT U B A I O 2
£ 0.5 mL, R WRIES, BEWET 0.2 pm 3§
S o A R v A VA €5, 3 - 3 I B S 5
1.2.3 X8 H Xk it

I 25~30 Hi#® AA XS 100 H, k&2
1.0 kg BEHLAT W5 2540 (10 BDOFIZS [H4H (20 H)
WS 7 d R IERRE. BHEAS5HAR
TR IR 1L PR R 3 me/kg 4wk, A R &
FKOK, #H 15 do S — WA 255 0 d.6 h,
1d.2d.3d.5d 8 d%nE ., M4 KL 10 2
X, HEAT M AL FE L SR 4R B RO i g AL 100~ 200 g,
Bz kA8 W5 100 g, 4 R RUE | 23 2% A %% B14% , i
IARIE-20 CPRAE . SR B & 8 37 4 1 UPLC-MS/
MS i 75 25 A5
1.2.4 R hm Az A7 b & 22 )

Sy AER B 1 pg/mL SRR H LR AR o T
YEW 2.5.5.0.25.0 pL,10 pg/mL SRR 1L b
WETAEW 5.0.25.0.50. 0 pLARKANA 6 {1 2842 H
A AR AL P 1 23 1 OB A P I B A E Y R
0.5 mL, 784 1R 40, Bt B B h 5.10.50, 100, 500
A1 000 pg/kg A3 5 VT L 2 80 A o 5 T, 25 0 i
U JEE R R A0 VA e - R R S . DA A
SEAE BT T € 5 06 T B A A A R X 1) R v T
VROV S Al B o 22 ) 5 I D A v T %

1.2.5 & n kA g RN T
X2 R IR B R 1.2, 1 AL IR R AT b B

S o A8 R 7 AR R € i — B I T O U L 2 R SR
A AH L B OR B BE (E] 25 OB G 25 8 T . AR i
6 75 Y R 2k MR (E R P M (E L HAE R I
S/N=3 JT5, KRAF XG4 20 YL BE L B kL B2
Jok g 5D rh B E L 8% BR Y A T BR (LOD) , %
G S/N=10 J13 153 4 2L UL IE B
B 5+ B8 0 ek 1L ) 2 PR (LOQ) .
1.2.6 4 FAokh % M 2

R 2% 507 R O HERR BE RS % RE L E AT S o Tl ik
B . FEZS IS AL SO g U R R L TR A o T AR
TS (IS TN R B R PR (LOQ) | i i % PR
(MRL)FI 2 % % 5 5% B B i (2 MRL) . #4451k
BEG3 B2 FE G 6 0y B DU BE I 45 3 HEAE L . 9%
AR AR Ry A S e Y L
SRR BN S RO H AR R R
1.2.7 fZfmw LR gsitA

AL 1. 2.1 BYETAL I 7B A 1. 2. 2 ik
J7 35 b 3 3 3k R v AR AH 0 1 - AR D O SR AT U
FE S IF 4T AT A2 b SRR H L 1 v
c = ACs

AS

A ALy BE BT bR T R SRR R LR ) 0 TR
TR C, hy B 5T A o 4 v S0 TR R L IR A vk B
pg/Ls A Shy iR i R v S0 IR R B LR ey e TR
1.3 MEEG
1.3.1 &5t

WatersAcquity UPLC 705 £ % , % /| Quattro
LC = 5 PR AT £ B BT 35 A A7 B3 407

3k C18,50. 0 mmX 2. 1 mm, kiR 1.7 pm;

TS AL0. 12 IR K IE W B. 0. 10 H iR 2,
il V5 R

Tofs JBE O 50« o 85 R 0 A LR 1

x1 BERXBER

Tablel Gradient elution procedures

W /min VEEE/(mL/min) WM A/ VAR B/% RS
Time Flow rate Mobile phase A Mobile phase B Gradient curve

0 0.3 90 10 —

0.5 0.3 90 10 6

1.0 0.3 95 6

1.5 0.3 95 6

3.0 0.3 90 10 1
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Wik :0. 3 mL/min;

FEIR 30 °C

PEFER .10 pl.
1.3.2 JRig4&u

B R LIS 25 B U A O o IR B T A
il 7 =X, 22 N W s L ES L L 3. 0 KV B A
IR EE 100 °C 5 B4k . 350 C 3 4 FLA R .25 L/h;
FA WL 650 L/hy JLoE M B 7 %k 416, 1>
138. 3, B X4 416, 1>>99. 7 HEfLHL & 20 V,
fffE e 18 eV,

2 HRESH

2.1 TESRFEMR

R Bk 1. 2.5 /920 3R 25 11 okt i 47 Ab 22
Ja R ML S/N=3 3158 B AL LA T
JUE L L K2 R 4 B D B R R AR R A ke )RR
(LOD) W 1.5 pg/kg. #A5ME L S/N=10 3+5
XL LR UE B JE L B BBk Rg ) v i L R
R (LOQ N 5.0 pg/kg, FIRERH L 1) FE Ak
B U A R 8 04 06 P AR B EL R R L R AR rh 2 Jo
O3B RAF, O TP,
2.2 EFmiRtRAEm L

TR X A 20 L T 0 b b o R 26 RN AH O &R 500
2, ABMRHE ILBRNTE 5~1 000 pg/kg A ¥k 2
WEIRFRLMELR HLEREIY>0.990%k 2).

2 SERBELUMMRERNEZRBEXRE
Table 2 Standard curve and correlation

coefficient of halofuginone

PRI A 2 21

Chicken tissue

e £

Standard curve

PN

Correlation r

WL Muscle Y=106.410X+169. 3 0.999 2
5 JIF Kidney Y=17.028X+102.6 0.999 8
JFWE Liver Y=77.724X+753. 22 0.999 2
B [+ Bg Y=287.777X-+449. 34 0.999 7

Skin and fat

A 3 AR i I U R YR )R R A R L
REAT
2.3 EMENMBEE

P25 VAL S0 S g LR A o A R
e e BE Ry iR (LOQ) | I 5 5% B4 FR & (MRL) Al
2 5 0 B v AR BE PR (2MIRL) . JIF U 0 55 i 20 4L 7R
INJE B R 5. 0,130, 0 Fl 260. 0 pg/ke, 2 Bk + 5
U7 4R 2L N5 W Sl 5..0,200. 0 T 400. 0 pg/kg.
JULPA 4 SR N e e B >R 5..0,100. 0 A 200. 0 pg/ke.
B AW 2 A R 6 . A R A 3 it
Rl e b AR AL BT R AT A Ty k) 2 ) Y
i A B R AR R R ORI A AR S R
(k3.

®3 BVALAPSRBELURNRINEDKREMETR R (n=6)

Table 3 Recovery and variation coefficient of halofuginone in the chicken tissues (n=6)

e BN/ #t A Intraday fitlE Interday
i
Samol (pg/kg)  SEHEYWER/ % BRRE/ % FHEWRER/ % AR R/ %
ample o
Addition Average recovery CV Average recovery CV
X 5.0 76.3 6.0 78.1 7.2
Ji e
) 130.0 85. 4 11.5 84. 4 .6
Liver
260. 0 75.2 6.6 76.0 5.7
- 5.0 89. 9 7.3 90. 7 7.6
I
130.0 76.2 3.4 75.7 6.3
Kidney
260.0 76.5 7.0 76.6 6.8
5.0 75.0 8.0 75.6 8.9
W ik + B8 i
200.0 71.3 .2 71.8 4.8
Skin+fat
400. 0 76.8 .6 77.8 .8
5.0 91.1 6.3 90.7 7.6
HLA
100. 0 92.8 2.5 90.7 6.3
Muscle
200.0 74.8 3.4 74.7 3.5
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M2 3 A A LLE I 4 2UFE 5. 0,
130. 01 260. 0 pg/kg 3 A FR JI ¥ B 4 LU R 9 °F 2
Wl R Ky 75. 2% ~ 85. 4%, N F R B K
6.0%~11.5% . HlLIAIAE S5 REUN 5. 7% ~8. 6% ;7
B 47 5.0.130. 0 I 260. 0 pg/kg 3 4SRN
LR f S 35 [ i %y 76. 2 % ~89. 9%, dik P AR S
REON 3. 4% ~T7. 3% AR REH 6. 3% ~
7.6% ;%% OBk -+ A8 WP ORE S 7E 5.0, 200.0 F0
400. 0 pg/kg 3 AU v B2 F 1L R 4 SF- 35 1l
75.0% ~76. 8% N R RECH 5. 2% ~8. 0%,
)25 S R E 4. 896 ~8. 9% s MY LA AE S 7E 5. 0,
100. 0 F1200. 0 pg/kg 3 /WS Jinvie B2 1L B 1) °F 3
M 2k 74. 8% ~ 91 1%, N ERF RE N

2.5%~6.3% At A T RECH 3. 500 ~7. 6%,
JE 520 B BRI B R L A B R R R K,
2.4 SRBELUMAEHAARHER

I R T A T A I R TR XS S
JEFIE B R 0 R bk B I ) 4 L R B R kR
ELER L 4,

i WTL. 4 3R xh 3% 4 4 Fh 20 2000 5% &
T B BHi 1 47 b B0, 31 530 M 0T IR R L IR AE P XY
TP B R 24 40 L 45 SR = WD L UL PR R R R+ B D 2 41
HIRZ5 8 R O d. B IEA 2L IR 25 81 3. 04 d. fiF
WEZH LR 25 90 R 4. 04 d, PR O 02 3 80, BT L
5T HE 28 T — K, B &G VR R LR 4 K 245 3 T E
5d,

x4 BALAPFSRBELURKEE(n=10)

Table 4 Halofuginone residues in the chicken tissues (n=10)  pg/kg

i R ey e B+ e
Time Liver Kidney Skin—fat Muscle
0d 460. 14246, 2 373.5+191.5 32.2+12.8 17.1%+6.9

6 h 636.4+216.3 257.4470.2 29.2+7.2 16.7+3.4
1d 402.5+132. 4 164.2+67.2 25.1£9.4 12.5+4.0
2.d 212.14+77.2 78.2+27.6 15.6+5.4 9.4+3.3
3d 70.9433.9 37.84+20.2 <1.0Q <1.0Q
5d 12.7+£5.6 20.6+11.9 <1.0Q <1.0Q

8 d <1.0Q <1.0Q <LOQ <1.0Q

E:1L0Q NiE R IR,

Note:L.OQ, limits of quantitation.

3 Wit54it

A5, R A UPLC-MS/MS 75 £ I P 38 {4
P4 B AT 22U SRR R L R AR R A, LR T
Jnbs AR E M ZEAE 5. 0~1 000. 0 pg/kg ALK, 2
SRPEAE G AH G BB 0. 99, %5 B R I BR R
1.5 pg/ke ERMRN 5.0 pe/ke. R F &L 9 H
e 3% 1l A H 0 e R) B G F PR W R B A, B
VA SR TR0 8 3 - £ IG5 00 A A R} v SR R
LR, HCAS I BR Ay 25. 0 g/ kg € R 50. 0 pg/kg,
AL 22 R A6 (4 F 0 7 ik o R . AR TR eSS
FIXS AL AL JFF AIE B R RDA D 2 2 b 1 AT 5. 0 ~
400. 0 pg/kg WM, MR IE 7000 ~120% , 4it

P L R X o O 22 349 <220 26 15 T [ g % A R
PERGE . T H ATE B A 2 2R B0 f R sk R L
JE » AT FP e IR B A9 f K 5k B BR B ok 0 e ok B
o AKER R G R X pH O ZOR AR pH A
TE 7~8 S B A - w22 5 i B 25 9 i E] L H pH
R8T 52w R e il ORI G S BUR 2 L R
— IR A fr R 2 b RTIEAET R IR L
W75 LR LT v AN AR E - 25 Ty B it o DR g B 6 1 o AR
A RE PR IE S8 PR B A . AR AR A I i A
TR B TR £ TR AR USR8 9 IR OR 55 A6 AR T 2R 55
B AE KB T UK IR & W v B 8] S R LR AR
Wik e 1) TR A B 50 Y IR RE S B VAR A
AT RS BE R i T R A T I HLB
A N | o T - N T e S 5
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ik, B A P R Oasis HLB [& 46 % B/
FE L4 R L0 E8 0 LSR5 38 7090 L 1L AR S R A
<715 % U 2 T 5 25 5% B R 0 F R RV v
K B A RO H R R R R L R R A 2
R BRI BRI TR LA D . A8 4525 3 mg/kg
R H ILER 21 d J5 A5 145245 .4 d J5 A R XS
JFERE P9 1 25 9 5% B L 7E 38 pg/kg Z R, fEAR
W LA IR 24525 0 d J5 , AR R e
IC T4 H Y fie K B8 B8 R A (MR Ls) 5 i JUE A5 B 43
PRG54 d 5, HaR B a A K T4 A ik
FRE PR (MRLs) (% 4, SR & 1 E Bt BR L
SR FBEAE I WEAC 5 28 2 0 R B 7 HE o, O
E 45 20 2 TP i) W B AR U2 < T IOE =5 I > Bz bk + B
5 = LA 7 4L 20 e e A AR B e B R R
00 2 B LTS R H LR L IR T B R b D
K, RIS AR . JFEA L 5 6 /it
B BRI L TR O AETE I A I, S 8O i
AL WHBIE. A WTL. 4 AT 4 a2l

B BRI BRSNS AT Ab B U AS BAR 25 0. R,
JEE] AN R 2 S R SRR SR R R SRR
WILER ARG E N 5 d. 52T M B 5T & B
WILNEIARZGI 5 d FEAR—F0, 766 R 25 7
FERE AT ARG 0] B R Sh M PE A S e e
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