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Ak F Cj3 2L o] 83k LC-ESUMS/MSE X513t &2 A8 7] $151¢d positive ion model]
A1 SRM(selected reaction monitoring)'H-S ©]-&-3l3tk. MS/MSS] SRMYH o 2 Fal e &3 SUH
HIE-D92] A-0]2(precursor ion), A/d ] (product ionyS 22} m/z 227203, m/z 2865204 F41 3k
A )M e FUREE] AFEAL 3582 7 02 ngkg 84.3~91.1%010 3L, $-FrolA 2l
A9 3582 717} 0.05 pgkgdt 87.7-98.3%C1 ATH.

Abstract: A liquid chromatography-electrospray ionization tandem mass spectrometry (LC-ESI/MS/MS) method

=2, op [0

was developed for the determination and confirmation of clenbuterol in bovine muscle and milk. Clenbuterol
and clenbuterol-D9 using as an internal standard in samples were extracted with ethyl acetate after hydrolysis
and evaporated to dryness. The extracts were dissolved in 20% methanol and cleaned using HLB solid-phase
extraction cartridge. The analytes were detected by LC-ESI/MS/MS on a C,3 column. Mass spectral acquisition
was done in selected reaction monitoring (SRM) in positive ion mode to provide a high degree of sensitivity.
Using MS/MS with SRM mode, the transitions (precursor to product) monitored were m/z 277—>203 for
clenbuterol, and m/z 286—204 for internal standard. The limits of quantitation (LOQ) and mean recoveries
of clenbuterol in bovine muscle were 0.2 pg/kg and 84.3~91.1%, respectively. The LOQ and mean recoveries
in milk were 0.05 pg/kg and 87.7~98.3%, respectively.
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D9 W F 3% =3, protease, Trizma Base (Tris[hydorxy-
methylJaminomethane)+= Sigma’k(St. Louis, Mo, USA)
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Fig. 1. Chemical structures of (A) clenbuterol, (B) clenbuterol-D9 (L.S).
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Aol AL e =98 Milli Q (Millipore Co.,
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y
5g bovine muscle

5 mL 0.1M Tris-buffer(pH 9.5)

Protease 5mg
A —

60T, Overnight
15 uL Acetic acid
1 mL 2M acetate buffer(pH 5.2)

40 % B-aulcuronidaselarylsuIfatase

37T, 2h

10 M NaOH (pH>12)

10 mL Ethyl acetate
Shake 10 min

Centrifuge 6000 G, 5 min
Repeat twice

Dry N, gas, 50°C

e -

oeE - ol FS

-
5g milk

200 pL Acetic acid
5 mL Acetonitrile
10 mL Ethyl acetate
Shake 10 min

Centrifuge 4000 G, 5 min

Top layer
Dry N, gas, 50°C

*

Extract
20% MeOH

3 mL Heptane
Shake 10min

Repeat twice

Adjusted pH 1 by HCI

Centrifuge 4000 G, 5min, 4°C
Discard Heptane

Down layer

2 mL 0.1 M phosphate buffer (pH 6.0)
10 M NaOH (pH 7)

Fig. 2. Scheme of the sample preparation.

P ARES dEs
9] & PTFE 02 pm #WEH < 2
LC-ESI/MS/MSZ 43193t}
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2.7. LC-ES/MS/MSOf| 2o|st 24

SRR 2] B0 HPLC 2A-E Table 19] "
Woll wstch 244 HLS Shiseido Capcell Pak Cig
(1.5 150 mm, 5 pm)®] FAHE o] &3,
A AE B oHEYUEZ95 : 5) 299 10 mM
UEF OMAHET} HES 531 F oM EASR
pH 4302 243 A&, o5 BE SHEHUEL S
o] &3t th EAAIZE 0RA 2871A] o] 5 A
100%2 &2 s}, 23894 682714 linear gradient=

SPE (HLB 200mg, 6mL)

Condition 5 mL MeOH
5mLH,0

Loading
Washing 3 mL
Elution

mL M2e0H

Extract
Dry N, gas, 50°C

Residue
2 mL 10% MeOH

LC/MS/MS

Table 1. Analytical conditions of HPLC for analysis of

clenbuterol
Flow rate 150 pL/min
Injection vol. 10 puL
Column Temp. 40°C

Detector Quadrupole MS/MS analyzer

A : 0.01 M ammonium acetate(in 5%
ACN, pH 4.3)

B : ACN

0-2 min (100:0), 6 min (10:90), 8min
(0:100), 10-15 min (100:0)

Mobile Phase

Analytical conditions

°]5%4 B } 90%7F HEE g tha 8E7HA] 100%E
o] 5’4 BE FAISIHA] 150 uL/min®] f502 £
S AA o}“ﬂr EAAHY] 28 25E 40°CE 44
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st sksitt.

HAES 913 MSMS X274 0 2 ESI (electrospray
ionization) ©]-23}1WF4S A€l I, positive ion
modeo] A} SRMHHH S AL-8-3}91 T} Nebulizing gas®
A 2712, collision gas® L2 7122(99.999%)S A}
43193, 71ek MSMS #4  IElW|E = spray
voltage 3,500 V, sheath gas pressure 60 psi, aux gas
pressure 20 psi,
lens offset 78(FAFH| ), 57(FAFEHZS-DO)Z A
stel #HSATE FAVE S YR EZEDA FA

capillary temperature 330°C, tube

Aa17)9}F $-

Frollx o] SRFHE A 539

HEZE-Do2] AFo]e Z+zt m/z 277, 2862] A+
TRl (MHH] )& AHE-8slom, Aol 22t m/
z 203, 204 A1&-3}93 T}

3. &3t o n&
237)9 ol DFEL JE SARH 2SS 24
&7 918ke] LC-ESIMS/MSE A3l ., B4 24

2 Table 26 YERN AT

FAHH S} YEEFEZQ FAFHE-D #

Table 2. Mass detection conditions of LC-ESI//MS/MS for analysis of clenbuterol

QI mass Q3 mass Collision
. . Tube lens
Precursor ion (m/z) Product ions (m/z) Engergy (eV)
Clenbuterol 277.25 258.94, 202.93 16 78
Clenbuterol-D9 286.14 268.05, 204.00 16 57
lnburo2 atsOMTIOS0 81 BT D01 AV 1 N TTIET —— ,
© ESI sid=-3.00 Q1MS [100.000-350.000] 125 T " CESI sKd=-3.00 Full ms2 277. mn@cms 00 [150 000400 000]
100 - 100
9 95
9% %0 Cl
w .
o ® FaN 203
7 7
7 m CCHys
c NH
65 65
60 60 OH
s 8
i g
b £ 259
550 350
H ]
245 245
£ 21908 H
40 $40
E E
3 hd 258.94
* 20311 »
2 28030 2
20 20
1 "
25100
» i 261.08 L
270
s 1026 5 167.21
o 1340 137.37 14924 8 por.14 24542 2712 31313 33708 o 16415 || 17486 185.98 197.41 20616 22096 230.95 236.84 24943 _ 262.96 201.32
) s s w0 20 ot 0 P 0
e iz
dklmbulcrol 080808165951  #1 RT: 0.00 AV: 1 NL: 5.75E6 ns clenh iterol_080808171328 #1 RT: 0.01 i1 NL: 14387 -
< ESI sid=-3.00 Q1MS [100.000-350.000] ¢ ESI sid=-3.00 Full ms2 286.200@cid16.00 [|5l) MGJW 000]
210
0 0
M M
w0 w0
5 o
w0 w0
s -
) -
o o
280 hd
g5 gss
3% g
S s
s 288.34 £
EN
E H
» 3 268.05
30 30
2 20413 2
»
2 268.14
15 21119 27016 15
2311 l297.44 33047 "
o
11 :
s 193.25 23715 250.09 200.00
10549 12040 14924 ., 31414 334.16 o 18188 167.93 186.06 19930 | 206.65 22200 23060 237.90 25351 27486 I...20831
100 120 140 160 180 200 220 240 260 280 300 320 340 160 180 200 L miz %0 0 20 00
e

Fig. 3. Full scan electrospray mass spectra of (A) clenbuterol (C) clenbuterol-D9 and daughter ion mode spectra of (B)
clenbuterol[(M+H)" 277] (D) clenbuterol-D9[(M+H)" 286] with a collision energy set at 16 eV.
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Apo] Lo &0l 93}e] positive ion modeo| A Q1
scang A SF 3L, SRM(selective reaction monitoring)
W2 o 7 Aol S A= oA Fig 3(A), (O

of YetlAt. o] ZelM Bel SHFHE2 m/z

Bovine muscle

EEERD R

2779014, SRFHE| FAUAAE FTFLYAR X
N7 FAFEHE-D9S] Aol d FHFHERT
m/z7} 97F Z7FeE m/z 2860014 73St AEAME B
ATt Aol dske 16 eVl collision energyE 7}

Milk

RT:0.00 - 15.00 :0.00 - 15.(
100 NL: 4.00E5 nmonoo 1800 NL: 2.00E5
TICF: + pEST TICF: + p ESI
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0 0
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is in
s % < 50
g a0 £
5 ]
2 30 s 30
&
20 20
10 10
9 8.67 NL: 1.05E6 o " - 867" NL:
. 2 1. . : 5.74E5
. TICF: + pESt e i TICF: + pEST
22000 SRM $id=10.00 SRM ms2
80 286.100@cid16.00 80 286.100@¢id16.00
70 [203.500-204.500] 70 [203.500-204.500]
60 60
50 50
40 40
30 30
20 20
10 10
0 0 .
[ 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time (min) Time (min)
:0.00 - 15. RT:0.00 - 15.00
m'1 0(:’ 00 - 15.00 867 NL: 6.31E5 8.68 NL: 3.4385
TICF: + pESI TICF: + p ESI
P 5id=10.00 SRM ms2 2 5id=10.00 SRM ms2
C 80 277.040@cid16.00 g 80 ’Z.,’;";'fn@i':;if:
gn [202540-203.540]  § 79 [202. .540]
H
3 60 260
3 50 § 50
2 3
2 %0 Z a0
2 30 2 30
20 20
10 10 [
LY bt b ol
1S 8.68 NL: 8.38E5 18 868 NL: 4.50E5
pos TICF: + pESI % TICF: + p ESI
5id=10.00 SRM ms2 $id=10.00 SRM ms2
80 286.100@cid16.00 80 286.100@cid16.00
[203.500-204.500] [203.500-204.500]
70 70
60 60
50 50
40 a0
30 30
20 20
10 10 )
0 P 0 o Nptsardti b
[ 2 4 8 10 12 14 0 2 a 6 8 10 12 14
Time (min) Time (min)

(©)
Fig. 4. Chromatograms of (A) blank sample (B) standard and internal standard (C) bovine muscle spiked at 0.4 pg/kg and

milk spiked 0.1 pg/kg.
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A3 product ion scang IS W FHHEHELS m/z A37] AlEE FARE Jde FRFEHEY] FE&
259, 203, S FHE-D9S m/z 268, 2040 4] ©]A] S E0]7] I3te] protease® AE-dte] T a‘% 3l
718 HAT oA Zk7he] A Fo] 290X benzylic A1Z1 T2 B-glucuronidase/arylsulfatase 2 7+ 3l 3}
hydroxyl group®] 21+ -OH®} N-substituted isobutene Atk 223 o dolAE o] EE AlE-5}e] "134 A
Aol WojA ik Axtolth” Fig. 3(B), (D)°] 4 AES 7848 RS M FE2T o FEld
A ol2E F AEAI7E 7P E m/z 203, 2045 S AFgsle] AW RS A A3, HLB 7HE A
FUFHE FHFEE-DS] HFEA oo £ Agete] AAE WEs 59 o] &ste]
AR, FANFEES] m/z 2599 SR FHE-D9 olde WAl EAS AASATE Bizel] o&tH 2
9] m/z 2682 ER10]20 2 AR T FHES X3 WElolIU2E ARES EE57]
Fig. 4A)= 231719 99 blank Al E°]3 Fig. 8te] HlEl-olT U AE] mj¢ AeFQ] FFEF RS
4BYE SAHEHE ¥FEZ FUHEHE-D9 iR SupelMIP(Supelco) & AH&3FR oYU B AFdA =

FEA, Fig 40 ANEB FAREHE} YEEFE
AL 7 A7 A E2A B Aol wet A
23 & LC-ESIMS/MSE 45l e g3
azntEaRolth Fig 4A)1A BW blank A o]
M olw gt Blar HEHA JSkAL, Fig 4B)S] 2
AR S5 FAFEHZ-Do2 I= oF 862U &
A3HA e O™ Fig 4(C)ollA el o] Al =ol A <]
7t JRES] HEE AME FFEEAS A5 Th
w3k 939 BYE FEEgon MS/MSY =& A
oz os) FURu S} AR S-D9| =
Qloli= oju st W A% HEEA] Pt

y = 0.8485x - 0.0182
R? = 0.9994

Area ratio

0 05 1 15 2
Con (ug/kg)

(A)

gl 0 2 AL EHE= 7}Ea];<]€ A}‘Q_o]_oﬂ*,_ - |
I E3 vk ghslSith. &l (limit of detection,
LOD)E LOD=(3.3x0)/SE A4, 277 0.066
ughkg, ¢ 0.0165 pgkgol Ath. A ZF3A (limit of
quantitation, LOQ)= LOQ=(]0><G)/S§ A AR AL,

&37]= 02 pgkegoldl, 5 0.05 pgkgol Sth.
431719 LOD®} LOQ7H —r‘rr°ﬂ vl gt A =4
vetsten of7]dM se HAZFAAe 71E7], o

blank A5 #4138t FFHA}o|T}
Fig. 5(Ay= &a7194 9] AAFAL R y=0.8485x
-0.0182, AFAF()E 099940, Fig. 5B)E
2
y =1.5961x — 0.0322
15 R? = 0.9978
o
S
g 1
Z
05
0
0 02 04 06 08 1
Con (ug/kg)
(B)

Fig. 5. Linear regression lines of clenbuterol in (A) bovine muscle and (B) milk. (area ratio = standard area/internal standard area)

Table 3. Recoveries of clenbuterol using clenbuterol-D9 as an internal standard in the spiked bovine muscle and milk

Foods Spl(k:;i/ kCg())nc. Number of trial Mean (l}/oe)covery Coefﬁmen(t (;:;c Variation
0.2 3 91.1 2.0
Bovine muscle 0.4 3 85.9 2.6
0.6 3 84.3 2.0
0.05 3 983 7.2
Milk 0.1 3 87.7 1.8
0.2 3 93.7 5.1
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Ao AFFTHNLRE y=1591x-0.0322, 7} 0.9978
ol E& A#AAAE YEALE o]A LR 0.0-2.0
ngmL F% WA Fast HH4E VeI O,
Codex(=+A| 2] F72 A1 4 3))oll A A A8k 718
>0.959] ¥HEaleE ol AT
7+ A8 et T2 3488 73817 {3t
WEEFEZDS AFESA =T £327]9A = 2.0 ng/
mLo] WREFEZS AHEHA, SFrelrle= 1.0 ny
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