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Simultaneous Determination of Clenbuterol, Chloramphenicol and Diethylstilbestrol
in Bovine Milk by Isotope Dilution Ultra Performance Liquid
Chromatography — Tandem Mass Spectrometry

ZHU Yong, CHEN Guo, YANG Ting, WU Yin-liang, HUANGFU Wei-guo
(The Supervision, Inspection & Testing Center of Agricultural Products Quality & Security,
Ministry of Agriculture, Ningbo 315040, China)

Abstract: A method for the determination of clenbuterol, chloramphenicol and diethylstilbestrol in
bovine milk was developed by isotope dilution ulira high performance liquid chromatography — tandem
mass spectrometry. Samples were directly purified through HLB cartridge with 5 mL water and 5 mL
hexane as washing solution. The analytes were eluted with 15 mL ethyl acetate. Then the eluate was
evaporated to dryness at 40 °C under nitrogen and redissolved with 5 mmol + L™" of ammonium acetate
solution — acetonitrile(90 : 10, by volume). The analytes were analyzed by LC - MS/MS on an Ac-
quity UPLC® BEH C,; column using acetonitrile —5 mmol - L™ ammonium acetate as mobile phase
by gradient elution. The mass spectrometer was operated under multiple reaction monitoring( MRM )
mode. The samples were quantified by the internal standards labeled with stable isotopes. The cali-
bration curves of clenbuterol, chloramphenicol and diethylstilbestrol were linear in the ranges of
0.2-20, 1.2 -100, 2.0 —-200 pg - L™, respectively, with correlation coefficients more than
0.998 5. The limits of detection of clenbuterol, chloramphenicol and diethylstilbestrol were 0. 009,
0.007, 0.04 ng - g~', respectively. The recoveries of three drugs in bovine milk sample at the for-
tified levels of 0. 05 — 0. 10 ( clenbuterol ) , 0.30 — 0. 60 ( chloramphenicol), 0.50 — 1.0 ng - g™*
( diethylstilbestrol) were in the range of 94% - 107% with RSDs less than 10% . The method was
suitable for the determination of clenbuterol, chloramphenicol and diethylstibestrol residues in bovine
milk.

Key words: clenbuterol; chloramphenicol; diethylstilbestrol; liquid chromatography - tandem

WS HE: 2010 -09 -27; fEEIHEA: 2011 -01 - 13
HEWE: T RLEEEBIRE (2010C10008) ; T RBREREEESEBIHRE (09 -12)
EIREE: R¥E, Tel: 0574 —87928060, E - mail: wupaddyfield@ tom. com



®aHl R B% AUEHREERBWHECERBRUEERNIESHTRELRES, KERECHEDR 431

mass spectrometry; isotope dilution; bovine milk; residue

SPRAREENRRZ—, SEGIAREE, HZL2UBRFIEAREHREY . ELEBAA
Yk E SR AE, RAYRYE REERAMNPIERRE, MEENEHZEEROAWRE, B
PUAEERES, FPPNEANANFENZRERNBIIET AMIWEMR, 705 (Clenbuterol ) |
& % & ( Chloramphenicol ) F1 )7 MBS ( Diethylstilbestrol ) 2B A EEK 3 #Z4Y), HEi w8 P Sk E
#iEATFERLAEY, SERUERACERETERARAPT AN, REHEE T REAFRE
0.30 ng - 7' ; REMCZLCHEBEBR AW AP RHERY, REESHFRH, AELHEH
LR FRDBRERW R, HLERIIX 3 MAWES ST KRN %,

Hitx FReHS, KEENCHAER AN AYRNCEEDT —HADHNSREBINT T ERE,
T R 2 FAPPRER D, WARRLE 3 YR SITHRE, E¥HTX3 SN TEES
PP B B B 4 TR Bt i (ELISA) P KA - BRIk (GC - MS) [ | %k i AH a3 vk
(HPLC) M=) R i 35 v AF £ 3% B B JT 1% 2 ( HPLC — MS/MS) 12~ Hidh GC - MS 1 LC - MS/MS X #
EFVE, GC-MS EREF XN ENSE, M LC - MS/MS [IATA B A X & 8, ABFRESL T 435
hEEE T AE SN MR FER TR LC - MS/MS ik, HEMER., RE, wEdhiX3 f
e BESNTNTRE,

1 R4
1.1 NFB5RA

Waters Acquity UPLC Xevo™ TQ MS YRAH il BB FUEA (R E Waters AH]), BCEHBIZEFIR; B
FEUY (EE Supelco AH]); Sigma BLHl, HBREARESY, KER. CHEM, 0% P-D, (100 mg -
L™ MREBE-D;(100 mg - L") ¥ H Dr. Ehrenstorfer; )% MEE)-D, ( Cambridge Isotope Lab. Inc), Zf.
HREM Z R A aika; FEokhasing,

1.2 {U&BEH

Acquity BHE C,, B34 (50 mm x2. 1 mm, W& 1.7 pm); FEIAHA 55 mmol - L™ ZHR4Z¥W, B
FAZHE, BEVEBE&M:: 0~1.5 min, 10% B, 1.5~4.0 min, 10% ~80% B, 4.0 ~4.5 min, 80% B,
4.5~4.6 min, 80%~20% B, 4.6 ~7.0 min, 20% B; ¥i#: 0.3 mL - min"'; BEREE. 10 pL; K.
30 °C,

&M, ESIFIE/AE FAEEE, SRMBN(MRM); BAEHEE. 3.0 kv; EIUGELA
JBE: 20 V; REZBESEHEE: 0.5V; BTHEERE. 150 °C; BHEFASERE: 500 C; #ASHEE: SOL-
h!y BREHASME: 1000 L-h™'; AHEREE: 650 V; “HAHES. E5(Ar); HeEFHRLERL

R1 BAYmett, cBETX, @A BELMERER

Table 1 Qualitative ion pair, quantitative ion pair, cone voltage and collision energy of drugs

Drug Qualitative ion pair m/z Cone voltage U/V Collision energy E/eV
Clenbuterol ( 74247 %', CLEN) 277.0>202.8* , 277.0>131.7 22 16, 28
Chloramphenicol (& &, CAP) 321.0>151.8*, 321.0>257.0 24 18, 12

Diethylstilbestrol ( T4 #EEY, DES) 267.2>222.1, 267.2>237.0* 43 35, 28
Clenbuterol-Dy ( 3T 16475 -D,, CLEN-D, ) 286.0 >204.0 16 22
Chloramphenicol-Ds ( & %-Ds, CAP-D;) 326.0>156.9 35 24

Diethylstilbestrol-Dg ( C.J#% MEBY-Dg, DES-Dy) 275.2 >245.0 35 43

* quantitative ion pair

1.3 HRAE

FRER 10 g RFFCRHZE 0. 01 g) T 50 mL BOEH, JIA 100 wL WHRE I (CLEN-Dy: 25 pg - L7';
CAP-D, fil DES-Dy: 100 pg - L"), #iE30 s, REBIREZEL 5 mL FEERA S mL KiG4L ) OASIS®
HLB(60 mg, 3 mL)/ME L, frefftEmfa/MEE, S mL KL, #iT A, BHS mL ECk
We, B 15 mL ZRRZERSEHR . WEREE T 40 C/KRBEHFRSKRTEH 500 pL 5 mmol - L' ZER4&%k
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MZIERE SRR, WRBTE0.22 wm MG, 4T LC - MS/MS 247,
1.4 FHELEXE

YEFFREL CLEN, CAP, DES Ml DES-D, 4 Fifr#fi & 10. 0 mg THHNH 100 mL F &M, FFE
BRI EZ, BF 100 mg - L' MIARYERE &9, VER TR I AREAE WK 1 mL FAHM A 100 mL &
H, AFEERFER, B 1.0 mg - L HREFRE, SAERBERSFEPRBEE, Bk
0.2, 0.5, 1.0, 5.0, 10, 20 pg - L™'(CLEN), 1.2, 3.0, 6.0, 20, 50, 100 pg - L™'(CAP) % 2.0,
5.0, 10, 25, 100, 200 pg - L™'(DES) MR FIFr#E TIEWE W, H 5 & LW S CLEN-D,, CAP-D,
DES-D, fIREWREHHIH 5, 20, 20 pg - L™,
2 HR5VE
2.1 BHEAERIES

HFReED BRmEY R, B ESI*#To; MY TREZNCHER, HTHEER
YR, EHRH ESI #7000, A ME3 HAYWRAZRGFHBEENR, DZF - 2ZREBR
(10 : 90) YW, FIEFIR (20 WL - min ") XX 3 F 25 Y R0 N PO bR 0 5238 S R AT AL, SR E
B, ZBREWREAEIT 20 mmol - L' Af DES HImif B T, (B ZEREIRE N 0 iF CLEN F1 CAP FImi[
WE—ERET M, MZMBERENS mmol - LK, 3 FeyWrow N B8, R4k K5 &4 1L
“1.27 MF1, £ LR EETERMAT, WwHEEER. ZaFRFMMRFER K MRM A5 ERE 1, WE
HETIL, 3 R TR, R B AT,

A B G
327 CAP-D, 326>156.9 225291348 CAP-D, 326>156.9

3.29 CAP-D_ 326=>156.9

= 100 = 100 R SR = 100
g\f -I }\ g L—lﬁﬁ_(l._.._..J ‘u"‘h"“ ; < 1 Jf\
) T T T T T T == 0 T T T T T T wtt 0 T T T T T T
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=100 329 =100 2.753.20 2100 o
£ 1007 “ Sl T ¢ 21007
= 0 T T Y T T T ~ 0 T T T T T T = 0 T T Y T T T
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t/min t/min t/min
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4.06 3.734.11 4.06
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R, 0-‘ T T n'—J' T T T i O-I T T T T T T ;= ()-I T T T ik T T
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4.06 3.75 . 4.06
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aedl| A 2] o280 325588636 ¥ I\ 456
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= 100 ' = 1001 88 100 N
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B1 ARAEER(A) . FPZE AR (B) MAFYRMEER(C) i MRM & E
Fig. 1 MRM chromatograms of standard solution( A), bovine milk blank sample(B) and fortified bovine milk sample(C)
A the concentrations of CLEN, CAP, DES, CLEN-D,, CAP-Ds and DES-Dg were 1.0, 6.0, 10.0, 5.0, 20.0, 20.0 pg - L°t,
respectively; C: the fortified levels of CLEN, CAP, DES, CLEN-D,, CAP-Dg and DES-Dg were 0. 05,
0.30, 0.50, 0.25, 1.0, 1.0 pg - L', respectively

2.2 REBRLNAFZEHEESHKE

HEr, 9 dRBHsthiEREERNE QRS BEHEBAHEIRE, W50 84
R, THETEMEERGL,; TR SH HLB M C,/MERTEME, SRS EEE 1 ~
2 mL - min~'; TIBALIEAER 28 A0 SCX I MCX MG RAEENE ,

BE LS BN F P HERRAFEMERNREENAE T, $8T HLB Ml C,/ME
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(500 mg, 3 mL) X4 %5 CLEN, CAP H1DES 3 #EiykEib R, T CAP M1 DES, M5 mL LR
ZERYELET, PR/ MEY B B R IR E (KF 90% ) ; MxtF CLEN, H4r51H 5. 10, 15, 20
mL ZFR ZBEBEIR I, Co /MERIEIERRIR A 0. 2% ~3% . 15% ~17% F1 31% ~34% , T HLB /MEER)
B e AR IR K 62% ~ 65% . 87% ~90% . 93% ~97% F1 94% ~97% , HUbA LI KA HLB PMEHEIT#
., YEBIWAH 15 mL ZMRZ.B,

2.3 FERZETEE, HHR, EWERBEE

ME 1A H L, DES FryfEss vl B it HE R B EF IR 4. 06 min &b I —/Ne, TOAE 1C 7T &y
4.38 min &I —NHEXBUP R R E R E R DES BIR R Sk, 25K % A trans-DES, {EIERT
AbFR S FEHERSY trans-DES 34k K cis-DES™ | R A S b cis-DES HBil A B R A AL E A x,
SERA A trans-DES IIEER, R\ “1.47 BTEELE, UIRERBEWRAERE (2, g L)
AR, EERBE TS AR TS RIETAR L (y) AP AER, SHlbRMELNE, HNEHETEE.
SMATBERMARENE 2, SRBRPATEEHTX 3 AWK ERI T,

X33 MAYEFPZ ARERPITT 3 NKPRINARERER, 8MKPET 6 REE, LRS
RERE2, NR2TR, FPPwiiEs . KEENCHER KRR 94% ~ 107% , LA iR
Rz (RSD) } 2. 4% ~4.5% , #LIAI RSD 4 3.9% ~5.3% , &REHZHEEGRGNHERENES Y,
¥ 3 RV EZ AN AR S . SRR CARRER IR PR 4> 514 0.009, 0.007, 0.04 ng - g7',

R2 APHRARE . KERNDHERKLNE, MR, B S IRHERZE

Table 2 Linearity, limits of detection, recoveries and RSDs of clenbuterol,

chloramphenicol and diethylstilbestrol in bovine milk

Linear range o Limit of detection Fortified level =~ Mean recovery Intra-assay Inter-assay
Drug Calibration curve ?
o/(pg- L w/(ng+g™') w/(ng-g™") R/% RSD s,/% RSD s5,/%
CLEN 0.2~20 y=0.216 4% +0.0121 0.998 5 0. 009 0.05 98, 103, 104 2.4, 3.7, 3.5 4.7
0.075 101, 104, 98 3.0, 3.9, 4.1 4.9
0.10 97, 97, 104 2.9, 4.0, 3.5 4.5
CAP 1.2~100 y=0.036 1x+0.029 3 0.998 8 0. 007 0.30 104, 95, 97 3.2, 4.1, 3.6 4.9
0.45 97, 107, 105 3.6, 3.0, 2.8 3.9
0. 60 100, 98, 96 3.1, 3.2, 4.2 4.6
DES 2.0~200 y=0.0559x+0.0671 0.999 2 0.04 0.50 94, 104, 106 3.7, 4.2, 4.0 5.3
0.75 102, 98, 98 3.1, 2.9, 4.5 3.9
1.0 98, 98, 105 4.0, 3.5, 3.3 5.0

2.4 FRHESBINE
FIFZ T X 60 N4k B (¥ CLEN. CAP I DES # 4TI, #ARHKH CLEN f DES, {UH 2
ANBERRHER CAP, SEB451250.03, 0.17 ng - g~*, RBHEKEIE R BEAFREW0.30ng - g7™"),

3 & i

AT R LY CLEN, CAP A1 DES 3 259 i [ AL & 7 B A8 0 BOR A 38 5 BE R ik
T, % HLB PMEF, SERBER RS I #1747, 4959 CLEN, CAP Fl DES i)
Bk [l 22 4 94% ~ 107% , #EA RSD 4 2.4% ~4.5% , #itId RSD 4 3.9% ~5.3% , A& Hi B2 514
0.009, 0.007, 0.04 ng - g™', HIEMIMH, WA, RE, ReWL4Y+ CLEN, CAP Fl DES 3 #2545
B FIN e =T,
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