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Assay
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Abstract: To establish a method for detecting sparfloxacin (SPFX) residues in pork, which has the characteristics of high specificity, low
background, and no need for sample pretreatment, an indirect competitive enzyme-linked immunosorbent and a specific anti-spafloxacin
monoclonal antibody were prepared in this paper. The results showed that the antibody had almost no cross-reactivity with flumequine (11.99%),
fleroxacin (11.14%), enrofloxacin (4.60%), and ciprofloxacin (0.31%). This method measured drug residues in pork with SPFX, and the
intra-detection coefficient of variation was less than 5.68%, and the inter-detection coefficient of variation was less than 5.51%. The average
recovery rates between and within the test were 102%~106% and 101%~104%, respectively. The ICs of this antibody against SPFX is 31 pg/L,
and almost no antibody has four structurally related compounds and other compounds. The results of high-performance liquid chromatography
(HPLC) and enzyme-linked immunosorbent assay (ELISA) further confirmed the reliability and accuracy of the rapid detection of SPFX in pork
by icELISA. This study shows that the icELISA method to detect SPFX residues in pork is a reliable, simple, and low-cost method.
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KARBEE (MRL) FIGRUE T RS JFR 25 ()15 241 a) .
HRAE £ AN AN TRISRUR, TR v T S SR 24 1) e
KR B B EAE 30~1500 pg/kg!™ e FRE A5 E b
SE T IR R G A2 IR, HVEATE
Z5HABR (N0.278, 2003.5.22). N T WS4 &
SPFX [FkF &, A B EIE, PO dr k.

BT, it i b w2 b ik
BHEDMED SRR ERE. Rtk 2%
FJEREVE WA - B B A AN B4 kIk . H A2
5 K B Z AR, XS T A s A
SPFX [f—8Bife i, BIanFERf. S5, KFEE. &
R TR M. Rk, A 0EEE S — R
RIS KB SPEX 34T 715

ELMERIB T, B b (ELISA) &
I N TSRS A, g, B B
HEANFLD AL SR SR 25 LE P IR 25k R (1) 7
S, — SR ERRSR 2, IR R R
BRI R, G E. RN EASERIVE, O
WA T R S ™, W 4E A AT4RkiE, ELISA
VR E ZN I AT R SPEX [ARIEILAR 2D o

AHIE T 3 B H A ST — B G g2 B T A
ELISA Al FREE . 7ERTIISE A A SPEX SR B, BA
RretE s, S ICRTE TR S TAL B AR A

1 MRERE

1.1 KA

A AR, FPVE. BiEDE. BMRYPE. &
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AN E Sigma-Aldrich (3% 75 B 2ERE S0,
YUIE EE AR IS R AW E i B AR AR
Aw] (P EifE) . mHiR-20 F1NN- L FR I
W E AR TMNT AR ZE T AR 3,3.5,5-PU FEAE R
J&ZW4 E Amresco (Solon, OH). LlIZEPif IgG BRI
AUt S B ERE T ChEIERD.
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ELISA TEERAK M 96 FLIMETR €M (Bio-Basic
AFED HER. RSN H L AR U-4100 4
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ChnAE Je MM B A3 o B4 7K milipore (Bedford,

MA) 315,
1.3 Z ol R Fn i il
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147 mmol/L KH,PO,. 136.9 mmol/L NaCl. 268.3
mmol/L KCI F1809.7 mmol/L Na,HPO,- 12H,0 ZH .
PR (PBST) AEH 0.05%M-20 () PBS 2%
PR (0.01 mmol/L, pH 7.4). {#iH 0.05 mol/L BRIRE:
ZE (e 17.5 mmol/L NaHCO; A1 7.5 mmol/L
Na,CO; %, pH9.6) il &R . KGR
4 0.1 mol/L BERRENATIFIR Eh G Ml (pH 5.00. &H
0.05% 4% IMLI5 HIPEER 2 MBUN BRI 2 M . i 28 5=
JRIERL B 1.27 mg 3,3',5,5"-DY SRR T 0.5
mL FEEF A0 0.5 mL HH

1.4 % 9% B Fo 3 508 o ) &

Gy JELm 8 NHS BvE (B 1) K SPEX 5
BSA 56 RE M. H, #HFPUR (1.5 mg) BT
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DCC (320 mg), FEHIGHIEIR TG 12 he A5,
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FURERER T NHS i, ARG EEIR FHE 4 he
w5, FEPUER-BSA S5 EW0E 4 CIET 72 he K3k
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Fig.1 Synthesis of BSA-SPFX conjugate
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SIS ATIE S 4 SYXK(E)2021-0003). /NRAE
JEREEIR 12 h, 23R 2442 C ARG RHK A T hsE.
F 558 )5 BSA-SPFX 230 7 T e /N o HIaRHERh
RIS 0.15 mg £56%, I 0.5 mL PBS (0.01
mol/L, pH 7.4) F10.5 mL AN5e4hil. H4x 3 ki
A EILL 0.5 mL PBS(0.01 mol/L, pH 7.4) 1 0.5 mL
iFA J3:5F 0.25 mg SPFX-BSA, (8]l 20d. M=%
JEFFAR, 8 ELISA v @ M RE . PG 78
PR IR, A MLRERE 4 CII s

I ELISA VAN E MR, i MR AE 4 °C
RS B A P i . R4 AR E A R A
05 B 2% PR A A E T LR

NSO B iR 4HI/ER A 100 HFA7/mL. 10%
FBS. HH X R 100 pg/mL ] RPMI-1640 T4
TEFEBUE K B BN SPEX 34 Beom. i
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e o B ARG T 96 FLESFRAR Y, /N BRI B
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Friwan SPFX &, DL BRAG BT 3e % 3 K.
HVRIE S A RIEA 10% K (DMSO) )
BRFRIE AR, ARG 3 IR LLIEEE AR I T B LA
ke M o BEAMETE BALB/c /N RIS IEE S (ip 0.5 mL
i 10 d HIHE32 1P 3N FH 2 3 4, v a9 )5 10 d
MK /N 10%7K &5 1~2 mL JENVEST,
SR JE AR U (1 S FRAR R B e (CAASP) 2 fff
mAb [4ift. mAb FEX I TAE -SRI H 5 e R
FRBUE . BTA SEIFE T B OB M R 23 B
IR AE RN SIS S FH 22 L 22 B4R S 7 5T .

1.6 |5 # %% ELISA

¥ 50 pL SPFX-OVA A (TEABEZE M N
5000 pg/L) G rERANFLH. 37 CHER 2h, MBI
GRS K. ARG, KBS (250 uL)
ANEARF, 4 CIGIER . RPN b
%4 Wa, LI 50 L & 4FRI9T SPEX Fitik
150 uL £, 37 CHEE 30 min. FHRGERIUIR, =
Fif IgG-HRP (50 uL/4L, 1:1000) 37 ‘CH¥HE 30 min.
2.5 mL i 2.5 mL RPIIETREIER A B R,
FHREY) (50 pL/AL IIAFERH, HHRIEER T
HEH 10 min, FL 50 L &I B B ER
IXTE 450 nm AbIE SHRAE A RS YE . GRERTHREL
(LI E BT E

L7 A o RGUE A 1
7€ B/BO LLAE N 0.5 I M EE (ICs 18D
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fh IR RS2 N 45 5 RE 03t AT 1 PR R VDR
WP VE. wTE, RRWE. KUk, KRE
B W TR RRA AR AR R P AR I ELISA
2 WIER 1 s, AZIRERSRAT 1 ICso (& 2 Pl
BRI 1Cso (B LTAHSE AR SEA /7 o
R 1 SPRX BIISTFUAIEI CR
Table 1 The CR of SPFX mAb with compete compounds
Compound  ICs¢/(ng/L) CR/%
Sparfloxacin 31.00 100
Flumequine 258.47 11.99
Fleroxacin 278.21 11.14
Enrofloxacin 674.36 4.60

Ciprofloxacin ~ 1.0x10*  0.31
Ractopamine  >1.0x10*  <0.31
Gentamicin ~ >1.0x10* <031
Terbutaline ~ >1.0x10*  <0.31
Clenbuterol ~ >1.0x10*  <0.31
Sabutamol >1.0x10* <031
1.0 -
Y=-0.3321x+0.9953
08} IC,=31 pg/L
IC, =31 pg/L
0.6+ R?=0.9827
o
R 04l
02}
00 1 1 1 ]
0 1 2 3 4
lg[m sssssssss tration of SPFX]

& 2 ELISA JEME MR SPFX B Se B i dhik g —F
Fig.2 Half of the inhibitive curve of mice SPFX monoclonal
antibody by ELISA

2.3 ICESIA 1t

i AL ALENN A AR PUR SPFX-OVA. Hiufk#l
GaRIgG HRP i E ), Ayl 5 ¥ SPEX-OVA %

9 2000 pg/L: HGCRE AR R A 1:1.6x105 ;
GaRIgG-HRP [{#i%E &N 1:1000.

TEAFE 4T (4 Cid 60 min 14 .37 C
R 120 min) RIEGHURE. £ 4 CFIREEREL
1£37 CTFiR7E 120 min, HHARILLE ZR. 4
FH, 1E37 CARE 60 min I, J ICs B R (320
ng/L), HAFE 37 CAR 120 min. i [ N a] 4
5179 30 min. 60 min A1 120 min. Z58EH, HIER
JZ 60 min R LT, 1Cso Ao

AL REE MR, RN e R TR ARy
SEMOEREEN, B 2000 pg/L OVA-SPFX 7E 37 °C F AL
2 h, PIFEH S%IEIE. S%BIEYHEL 0.5% BSA
£4L 200 pL 43 HI7E 37 C FE A 30 min. 1 h 12 he
L 1/1.6x10° #ke SPFX mAb 1E M FH X R o AP A ft
K P/N AR P SELFrRURT BELIT S 1) A5 o = e SEL 5771 L
Wr 1 h 12 h () PN R EMEZER . Fra Rt
R BRI GE A I, RITE 37 'C T 5 5% I
TEIFE 1 h, FTUAEARR T e P2 pii . =i
THFE 10 min, P/NAHEKA, WENAEMK, PNE
A R, PL 10 min AfREES

24 ikt

ICso EAETFAT ELISA RBUBMER B ZE4bR, 1Cso (L
A, Al R BUE B . FEABTFIH, 1C0~ICy {HTE
FEl A 3.87 &8 248.12 pg/L, R2=0.9827 (K 3). ICs) T
{EM 31 pg/L, REITEALY icELISA B A Wi R

M 1A LVE L, S USSR S PIRIHT
&1 CRAEN 0.31%~11.99%; $ifk5HEEYHIR
HIFARMK (CR<0.31%). CR {H 1] LATE 13K B AT
FUHIRAF ) BT BTN B bR SPEX R ILH AR
R T I E T EAERE A SPRX
B B S P )3 A PEEAT TR, S5 R NER 2 B
TEABFEH, RIS FERIRE fh 2 @i 7E PBS ke
SEHH & 1), ORI AL

7 2 F SPRX $ZMENSERIRNILIEI AN MZE RIS A SPFX (ue/L) HEMAHLE]
Table 2 Inter-assay and intra-assay variations of pork spiked with SPFX spiked SPFX (ug/L) intra-assay inter-assay measured

Spiked SPFX Intra-assay Inter-assay
(ng/L) Measured/% Recovery/% CV/% Measured/% Recovery/% CV/%
35 36.24+2.06 104+1.37 5.68 37.18+2.05 106+2.03 5.51
105 107.24+1.06 102+0.35 0.99 109.21+2.04 104+0.68 1.87
315 318.17+3.08 101£0.68 0.97 322.13+1.03 102+0.45 4.6

E BRAS TS 35, 105 A7 315 pg/L 49 SPFX Af5w, 88—l iXAE S (n=6) &I A, AT THINEAEE, S0 =3k
KA AR, EFTA AT, @it =k FEMZ A iE LR 2% (CV, %).
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25 RAM &S

J%FH icELISA ¥AMIE 1 R T AIHh SPEX 8
o BN 1L RS 2 FORES 3 IR HHIRBE 730 48.77.
219.32 A1 614.63 ug/L (£ 3).
7R 3 18T ELISA F0 HPLC A E RS RES T SPRX RUIREE
Table 3 Concentrations of SPFX in pork samples determined
by ELISA and HPLC Sample
Sample/(ug/L) ELISA/(ug/L) HPLC(n=4)/(ug/L)

Sample 1 48.77+0.39 50.10+0.46
Sample 2 219.3242.65 224.74+3.58
Sample 3 614.63+£3.24 620.89+2.85

Er B R R I b SRR I A R A F
#RM, i8id HPLC %% 4 B4 3 # SPFX 4&. 1% /8 ELISA #=
HPLC Fik—X =M iuntiddst. 8T ELISA #= HPLC 5
LC-MS #) £, FF42 T ELISA #= HPLC 5471969 £ 5%,
1% 8] ELISA #4793 AT R 2 €N 69 24 £ 5%

26 Itip

W EATA, @it DCC il #iihs A LRk
AR o R EAMRIGEZ: 7 352 BSA L SPFX
FI SPFX-BSA. 7EE4MEIEEH, SPFX-BSA Wi
F 2R 43 A A% 1) 224 nm AT 292 nm (1] 3),
XEKE SPFX 5 BSA HI4:&MIh. WkiiH

SPFX-OVA 5 SPFX-BSA HA LI UV K.
6.5r

10 mm Absorbance

SPFX-BSA
SPFX S

0. 1 1 I I 1 I
220 240 260 280 300 320 340

Wavelength nm
3 224N BSA. SPFX-BSA. SPFX
Fig.3 UV scanning of BSA, SPFX-BSA, SPFX

JE: 425*%191 mm (80*80 DPI ).

UNHARBT TR, 20K TR T R R B P B3
PARER 5 ) e e SR A ORI S R I S G 1
Z A BA A SURBEER ), ) SPEX B CR 1A
Rk E. PV E. M. NI ESE 4 Fharg
AR 25 CRAB VAN T R R et

K ORI SPEX WInEEA T, FHEH MR
HRAE R HE I 2R34T 04T ¥R AN 35,105 11 315 pg/L
PR AR S P2 [mICR 70550 104,102 F1101 Gt
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WIESEZE) A1 1064 104 A1 102 (HEIED [, CV
5 250 a3 80 5E N 1) 0.97%~5.68%F1
WS A]HE 1.07%~5.51%. BT 35 pg/L #2358 31 pug/L 1)
FrINPR, - R 55 S B R A S MR A R T .
BIEE S e RS (ELISA) XA HHRWGHAT 17— &
GIFRE, JRELELT PBS SR IS R . SRHGHRARRE
1:10, iz 5 PBS Sl A—8. it
(IR R 31 Cg/Lo SR SPFX MR BE A BRI
FEAEPE 2 T 7 RGBT 90%. HPLC 5 icELISA
Mg REA R —8:, 325 7 icELISA 1)
CIE

PR [ E R O BT T M EER R 2R ik
GRBiE (MRLs) FUFZH, B DL U0 FE AT H
FRMEI AR (7 SPEX [RIERAEH . JLRAZ N
T A RAG I B i Vb B 2k R, AR ER 5 v
A, ARAR S Cagir 2 IR, (AR
MR BETRAT— 2250,  FETR A TR] 30 2 HH AR BE 1
Mgh R, FTUARERERRIIE T B 255k B b JilfESE
NV HPLC 6K SR = iy AR, 1%
JrAINEE RE# BHMERAR,  (E XA S ik
ITEABITACER, T H A B0, TR KEAARE
s AR AN A

3 g

AT T — MR R SR, RAER
o0 1) 42 5 4 WA RO S P2 M B2 000 S Sh A 1 & v 1)
SPFX, ICsy fffix®) 31 pg/L, HEIEAPIEEAN
Fhes MR A E A H AN A RIS R B AT T
BT L) ELISA Tk Bes RIQBE S, Fesmihm, #Eif
T, SERE, AN HPLC SEFE b, {g@ifE, r
T3tk il SPEX 7% BE (O EREAG I .
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