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W OE: BB @k vE R 25 5k B Y i I 4 % 49 AT 5 ¥ (enzyme-linked immunosorbent assay,
ELISA). 735% X EESEMF R, AR ERIEMREE . PUARBATE . Eani ., frdEi MBIl pH %2
BT uAl, XPRESL AT RTAL B, ZARBUAL IR S TR I, JEXT ELISA Rl 25 R S0 kit Tl b, 4558
ViR ELISA 7 kSR S by 2510 R PUFERBRATECK 100000, FLRRBATECH 150000, FrdhHsBaR pH
N 7.5, sade OB R 20 mine FEEERN AT R, kbR HERRLE, PR Y ICs o 1.32 pg/L, LTk
M 0.16~6.95 pg/L, Bt FRA 0.09 pg/L. FHDEFE 0.16. 032, 1.6 pg/kg 0K 1Y B4 510 0
80.31%~113.81%, 7257 REUL T 10%, H SZERFE G 00 2 25 5 5 S 500 AH 53 3K 5T 15 2% A9 A0 O 1 R 4
(7=0.9962). L5 AWFFHE A ELISA Jrik A 5w ) R fohE, 154 76 D52 ok B A
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Determination of cimaterol residue in animal-orgin foods by enzyme-linked
immunosorbent assay
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ABSTRACT: Objective To establish a method for the detection of cimaterol drug residues by enzyme-linked
immunosorbent assay (ELISA). Methods The main influencing factors, including coating original dilution multiple,
antibody dilution multiple, competition time, pH of standard diluent and other parameters were optimized. The
samples were pretreated, extracted and purified, and detected. The ELISA test results were compared with the
instrument method. Results The optimal reaction conditions for the detection of cimaterol by ELISA method were
as follows: dilution ratio of antigen was 100000, dilution ratio of antibody was 150000, pH of standard diluent was
7.5, and competitive reaction time was 20 min. Under the optimal reaction conditions, the standard curve was drawn.
The ICso of cimaterol was 1.32 pg/L, the linear range was 0.16—-6.95 pg/L, and the limit of detection was 0.09 pg/L.
The recoveries of cimaterol at the addition levels of 0.16, 0.32, and 1.6 pg/kg were 80.31%—113.81%, respectively,
and the coefficient of variation was less than 10%. The correlation between the results of the actual samples and

UPLC-MS/MS was good (°=0.9962). Conclusion The ELISA method established in this study has high sensitivity
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and is suitable for the detection of cimaterol residues.

KEY WORDS: animal-orgin foods; enzyme-linked immunosorbent assay; cimaterol
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P8 45 2 (cimaterol, CIM) X & & D45 | EBFEY,
B ERE . SRS FIV T MeRE 2 J5 s — 1 g-5
F R 3R 2 A, AFg gz, P S — Rl
BRI R G2, E T SR R IR T Y
IR, 8 3 Ol Hr A R 8 b (5 P PG TR 20 T DA/ i ¢
REMF A B, B, 5. XS 0 EESYE AR, 1
o UL A v 8 A ATV R R 0L R A R
FEE ARSI R T Sh I bl A R B R 3
THAEAESRZWEME ST EhEE, fa R SRR
A e e FREARO A 193 530 IR LS P
R R RS AT M. BRTC & m
o i 5 vk B = RORAH 35 5 (high performance liquid
chromatography, HPLC)!'™'7 | AR £ 3% - J3 335 3¢ FH 2 (liquid
chromatography-mass spectrometry, LC-MS)!"*2 8 213 il
AH €83 - 5B B 53 7% (ultra performance liquid chromatog
raphy-tandem mass spectrometry, UPLC-MS/MS)*27 S #f
4,3 - i 3% Bk i 2% (gas  chromatography-mass spectrometry,
GC-MS)*¥ | 5 %L B 40 4% X 4 L 9K 75 (capillary  zone
electrophoresis, CZE)> 714 , 33 sty ph AR A7 AE — E B BB,
AR TR, (ERE S AL BB B | liAs R LR
Lolr N BORHRAE, JCEE R BUIAAGINC 2 T S S
DA R . R . RV T REA AT A
] BpUbd | AR (R g 0

AW G DA BT P RFR RS ER . A o A BV pHL
S A S S RGHAT AL, BUR S S, d e e o
W 20 W S0 % 43 B 7 ¥k (enzyme-linked  immunosorbent
assay, ELISA), Al & a6 b W 8 5 e 2 259 1 SE B
K R R 2%

1 MR5ERE

1.1 #MR5E

RGP RSP A IRE SR F T 3 P S AR Ak
VO SRR GRS R S0 S i A IR AR P SRS (L
99%, EZGHEHLEIRF A R A a2 F); B A
A HEEFRIC P R 1gG(1 mg/mL) . BRI ALY BEbRiC
Ptk 1gG(1 mg/mL)(L AR AEMRHEAT I wl); EEprAl (R
IS A BR 2 |, G (i, 78 1= 8 528 \l);
FRR (L4, 75 CNW A D), ZIEGTal, KHthik kK
P20 B |, SRR (e drat, TR R R R
B FD); BEER B (e at, TR ), SA

T at, R EaE 2= A PR A A,
12 HF5RE

Wellwash MK, JE#AL . Multiskan MK BEFR{%(3E [E
Thermo A H); 6K15 & A 4 & .OHL(FEE Sartorius /A H]);
T % W (32 8] Eppendorf 22 w]); ACQUITY TM i = 380K
M3 . Waters XevoTM TQD MS = T UL AT H R i (X
(< 1E Waters A H))o
1.3 W HE
1.3.1 ELISA =#®4EH %

(s

AHE AR BERBEEASEWE, SBImA
100 uL, & T 37 CCHLIVE IR sl b AE rh Ll 7%

()&

PSRRI BRI iR 2 7K, EALANA 120 pL BCLs 5
P, BT 37 CRHRER/KIBAG SR 10 3 h, HR
H, BTSSPk, BT 37 AP T, &

(B)FE G I

TEN 2 M P AR LI 50 pl ZR 51Uk B B bR o S IR
WA 50 pL FRRRAFRPTIRIE IR, % IR SN — & B ] 5
BT 37 CCHBMETRK AR E .

(4Pt

FAVEEIBRDES S K, FEMRK AR 0T B fL P i

) =B

B AL A BRAR 3 44 £k 4 B (horseradish  peroxidase,
HRP)FRiIC I FEH0R/FEHi R —Ht 100 pL/fL, 37 CHEFE

30 min,

(6)BEMR
FHVEIBTEYS 5 Wk, EMK AR EFaT#efL rP A
(7). €8 ) g

BIUMARY ARSEYZE W B 1:1 SRR S
7 100 pL, 37 °CHLAE /KA FAIEE 15 min.

&)1k

FEALBNIAL LT 50 pL, FEBEFFRAY b 5E 4L
%{E A450 nmo

Qi€

Tl A s Sy PG 4 1 24 0 (A o Y VROV B A R, A
AR R W FOAB T 43 e B/BoY%, % Origin 8.5 #4:#E4T
ATk, s,
1.3.2 ELISA 7 ik #9414k

(DL B AT 1 5 B A 5L

B AR, AR RO B S E— RV R, TR
15504 5124 50000, 75000, 100000, 125000, F40AH: B
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WO PRV TR RS, FRRAEECR 100000, 125000, 150000,
175000, #H8 1.3.1 AP BRERAE, THEE AR o it 42 a5 R
FEEE Apax [Cso Fl Apan/ [Cso, 21 HHZR

)Pk 5 4 it ) RO o SR BRI Y pH

PL 10, 15, 20, 25. 30 min 3E4I )RS0, 08
131 BB B4R, T B ARE N R 1Y Amax JCso Fl Amax/ICs0,
25 2k .

A3 A E RS TR BRI pH R 4.5, 5.5, 6.5, 7.5,
8.5, Hel 1.3.1 ML AE, dA T4 pH fifk
1.3.3 Honara® ik

2 HESCHRU 2Vl 3 X il AT A L AR EBCHS B (5
5g, BT 50mL BE.LEH, A 25 mL 50 mmol/L HCI i##
RSN 30 min, DLAFIBG. FRELS g WIS T 1 g
WLAD, A LEH 10 °CEL 15 min, B EHRZES —
AE.OEF, S0 300 pL 1 mol/L NaOH, #7AIE 4 15 min,
JA 4 mL 500 mmol/L KH,PO,( Y5 pH & 3.0 Z£47), ik
IRATE T 4 °CUKEE N AR 90 min B /5 10 °CE5.0> 15 min,
B L VE AR
1.3.4 RmEn iy

TE 25 FURE S P 43 S0 S IAS T) Jo 0 %.(0.16.. 0.32,
1.6 pg/kg) P4 s B bR, Zalirkb s, FH kT
K, S8 EeR . A — UG g R RS A R TAG:
W, AR 4 AEE, RN S 2B AR S
EY i
135 BEFHRIE

SR ER 1025 520 45-11-2008 H1) UPLC-MS/MS
o Befil 0.5, 1.0, 2.0, 5.0, 10.0, 20.0. 50.0. 100.0 ug/L
VO B AR AT, @i UPLC-MS/MS #EA7AG
1.4 BUEGIH 7

LV 40 5 R o o R A X B R R A AR (), WOk
BE A E 43 L B/Bo % AL FR(Y), N Origin 8.5 344
BIEgr bR, RAERE SOG4 (8, mbsEhsk
AR R B, S LIFR AR, BIARE S SERRMk s . ff
FH Origin 8.5 B2 il #H¢ ELISA El%,

2 HRE5HR

2.1 ELISA st &ML
2.1.1 @R FARREHRBZHNH

AWFFE LA Amax~ 1Cs0 TN Amax/ ICs50 E R TPEAN 25 52 M K 2
FIBRAE, 1Cs #/]N, i i AR A PO 4 Ays0 om i
WL ICso AR . Aman/ ICs0 5155 G A5 BN Ay i A A kIt
AR R RS M 1, 2 B, SRS RAE 5
BRI, ICso T Ay #B A IR B AE; WA T BEASECE I, 1Cs0
F Ao BHTREAR, 1EEPRFRRATECH 100000 f50T, I1Cs,
F Apman/ ICs0 53 5035 2 Fo MG AEL AR i D, ARSIk g B I

IR E, ICso THRT . Apmax/[Cso FEIRENRARMA . P, #iE
100000 F5AE R A4 S i Spe (AR A 45 TR, 0 s A
#1 150000 1E R P4 e G BT EK
2,12 F4 A ARk SRR pH 69 # 7

PUSEPURRE & 785045 & 5 HR N B R A 6, BT
D A A N L1 B e 113 I 7 N € e <3 A A b
]2 20 min B, Ay /ICso IR RAE; ARELFEAS S B 1]
ICso B K, Aman/ ICso BHTH/N o B, #EFE 20 min 1EH
BRI S A 58 4 S0 1

1€ ELISA JR WK R h, ilad it As pH {H, #m2i97E
R R, JE TS B R Z R B . A 4
A%, pH E R 7.5 B, 1Cs (EXT R A Apmay K, Amax/ICs0 LL
EBEK, 25 LR, PRifEs R ffE pHER 7.5,
213 HEMAGEL

I8 EA ELISA ZAFHRAbas i, LAVE h4RD bRl fh
VSO BEXT RO B AR AR (), DAMOGEE FUfE A 43 b B/B%
YPAFR(Y), bR, SR MR S Pim. SRS R
Y 2R B £ M AG T Bl (JC 00~ C0) 9 0.16~6.95 pg/L, Kot
Fi (limit of detection)LOD A 0.09 ug/L, ICso A 1.32 pg/L.
22 HBEEXR

ELISA J7 75 (RG22 LA P9 A8 S Ak [a) 48 555k R
AWFFE IR — AL 5, 6 AN TATARERRZR, T4
ASZGPUR B AL N AR S R A BRI 3 NG &L Bk
W2k, AR S E 25 B (E, TR AR R R
B SERANFE 1 PR, ORGP R R AR R R N T
10%, F&H S5 5 4 P4 AT
23 HFERMXE

BN SLIGEE RN 2 Fin, BT RS .
THEEE . ROEER A Fb, 5SS Rl D Re 2 el 1k
EWLE XL RNTF 1%, ZHALE YR N, FH
ELISA JikFEst i RAT.
24 TEMFSEARMEEE

RHRER . AR AP I D sE s, BT
DERBRA 1 RE. 245, 10 f509 3 KR EE (0.16
0.32. 1.6 pg/kg), ZERA13 3 iR FrlEE Sy oE DEES
B I0 EN ZRAE 80.31%~113.81% 22 18], b PN At a] 248
RN 10%. J7 S0 EE AR BRI Z0R, 18 H T30
Pk B bl P T SRR R
2.5 UPLC-MS/MS {2875 &%fEE

Wit A ELISA &5 UPLC-MS/MS M,
B UEAHIF T B 57 A9 ELISA 30 V5 T 4R 2 R 1 o AT
%5 BISR FHE 7. A PG SRS ELISA 3:5 UPLC-MS/MS ¥
X INR B BE S HEA TR, SR 38 4 R AT AT LA . DA
UPLC-MS/MS & fir il 5 i 7 S B U B2 Y %, LA
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ELISA M13AY VS SReZ Ve iy X %, 2l 6. 45
LUk 4 Prow, WP HEIHAFER ¥=1.0118X+0.056,
7 50.9962 . U FAEENT PG Th RS ) ELISA J5 3 I 2 25
SRUER ] 5

2.1 - 1194130
207 1181123
19+ 1 11.20
1.8 | 117115
17 1167110
I 1 4105
1.6 i 1151
1.5+ | ] 1.00
Lal 1147095
e 131090
40000 60000 80000 100000 120000
AW AR
K1 AR R DA (n=3)
Fig.1 Optimization of dilution ratios of coating antigen
for CIM (n=3)
= Amax
——IC,

0 A JIC, 1.70, 1.30
’ 1 a

1.9 \i A 1.657 1.25
18 . \ 1.60{ 1.20
. i\; \ S \

1.7 TNy « \ 1557 115
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1.5 ; 1.45] 1.05
1.4 1.40 1.00
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EAREN (SIS

B2 Hrikm RS (n=3)
Fig.2 Optimization of dilution ratios of anti-CIM antibody (n=3)

22 2.0
1.40
2.0 1.8{1.35
18 > 1.30
1.25
1.6 1411.20
1.4 1.15
L 121110
‘ 1011.05
1.0 1.00
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B4 20 I ] /min

B3 VRS Sl DAL (n=3)
Fig.3 Optimization of competition time for CIM (n=3)

—._Amax
——1IC,,
19 —— Amax/ICSO 1.9 L7
18 L 1.6
’ 18415
1.7 l 1.4
7113
1.6
16 1.2
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Bttt 3 W pH

P4 DY SRS B e AR TR BRI pH I AE(n=3)

Fig.4 Optimization of standard dilution pH for CIM (n=3)
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Fig.5

UPHC-MS/MSJ5 i 2 Mk B2/ (ng/L)

Fig.6

0.1 1
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5 ELISA il v o R: 2 (bR th 28 (n=3)
Standard curves for enzyme-linked immunosorbent assay of
CIM (n=3)
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Comparison of ELISA and UPLC-MS/MS methods for CIM
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*1 ADHEFHAFMMEETES
Table 1 Intra-batch and inter-batch variation of CIM
HEP 25 b A) 2 5
FTE R B/ (ng/L)
S REIMME AR E 2/ (ug/L)(n=6) A5 5 R A% IR IE TR/ (ng/L)(n=3) R ZRE/%
0.1 0.093+0.035 7.32 0.095+0.038 5.47
0.3 0.280.053 6.67 0.31+0.062 3.33
0.9 0.83+0.087 7.78 0.94+0.103 4.44
2.7 2.55+0.142 5.56 2.93+0.127 8.52
8.1 8.53+0.193 5.31 8.38+0.184 3.46
F*2 BADHTEMENUPAYZINREZE
Table 2 Cross-reactivity of anti-CIM pAb determined by ELISA
YRR ICso/(ng/L) 2SN ZE (%
[T 1.36 100.00
ENICE T AN 289.51 0.47
EN TR (s 0.58 234.48
T 17.64 7.71
AR 2 >4000 <0.01
4% >4000 <0.01
WO A 2.32 58.62
#3 HSHTHIMRERRANMEIREMERRZE (=9
Table 3 Recovery and coefficient variation of CIM determined by ELISA in samples (n=4)
Bt Al IR/ (ng/ke) S ARG I U Ml 22 /(g /kg) SB[ /%% e R R /% eI /%
0.16 0.146+0.021 91.25 8.41 6.97
o 0.32 0.285+0.045 89.06 6.32 7.31
1.6 1.821+0.073 113.81 5.83 9.03
0.16 0.173+0.034 108.12 4.64 7.16
(TR 4K 0.32 0.307+0.064 95.93 5.83 5.49
1.6 1.438+0.103 89.87 9.43 7.17
0.16 0.137+0.032 85.62 7.46 8.95
X A 0.32 0.257+0.047 80.31 5.57 7.91
1.6 1.524+0.095 95.25 8.94 6.26
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# 4 FS4 T M ELISA §1 UPLC-MS/MS 75 3A3tL
Table 4 Comparison of ELISA and UPLC-MS/MS methods for CIM

UPLC-MS/MS ¥:l ELISA 51
FE WA/ (ng/L)
T SEME/ (ng/L) FE IR % TSR/ (ng/L) - E R %

1.0 0.91 91.28 1.02 102.31
FE 2.0 1.98 99.07 1.83 91.65

5.0 5.07 101.44 491 98.28

1.0 0.98 98.31 0.92 92.12
4P 2.0 1.84 91.95 1.91 95.35

5.0 521 104.22 5.13 102.54

1.0 1.08 108.17 0.91 91.23
X5 2.0 2.07 103.70 1.86 92.95

5.0 4.92 98.36 4.83 96.68

3 0 i’e and pork liver by high performance liquid chromatography-tandem mass

AW G HE ST T R Bh vk S PO TR B AR R
ELISA il J7 s, RMEJEE } 0.16~6.95 pg/L, ICsy M
1.32 pg/L, KHFRA 0.09 ug/L, BT RILR eSS | 7
TRERE . KR A B E XN, ZHAMA S Y R
N, BHEWEES R, ERERMT, WY 5
InESERAY B 80.31%~113.81%, 2R REIUMET 10%;
ZoACER T AR, ARy I AG I A5 SR T &, AT DA AL Bl
Py bt b G TR B 2 0 SRS I R . 5 w9 A
B RAEM | YOON 2RI G 4l i M b, A ik
R T BAT B, Bee N T Sy
ThR % 3R R 2GR, HAA R A0 R A S
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