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IR, AER, B O, M &, Rk Be2 & % # K DL W
(PR LY S &M .0, Ba 210009)

¥ OE: B 2K s Y & (norfloxacin, NFLX) 5% B #9485 30 Ak 2% & % 9 58 0 5 ¥k
(chemiluminescence immunoassay, CLIA). % DARGHEROR N A EA, @l L b b gk B . REmoRi
RERE | SN (8] K2 pH B, El 7 —F el LUK 0 i S0 B ik B i Ak 2 RO el e v . S8R ok
H ARG I T M 0.1668~68.6804 ng/mL, A IMFR A 0.1161 ng/mL, WHERAE N 94.52%, RALE N 1.8717 ng/mL, 2
FRE<10%, NFLX H5EEVRE . AR E. BnE . RNDERL X RNRIK. &g AU r
NFLX-CLIA W7E ke Stk . RBUE . MERfEE . R MEATG2OR, FEARTAL LM M, et E s, S TR
i R D LR B R

KEA: WA BRI RO E ROk

Study on the tubular chemiluminescence immunoassay for the determination
of norfloxacin residues in food

WANG Yi-Qian*, LONG Yun-Feng, CHEN Lei, LIU Han, ZHANG Xiao-Yan, JIANG Lu-Yan,
GAO Ling, FENG Zhen, MA Li

(Animal Plant and Food Inspection Center of Nanjing Customs, Nanjing 210009, China)

ABSTRACT: Objective To establish a method for the determination of norfloxacin (NFLX) by tubular
chemiluminescent immunoassay (CLIA) with high sensitivity and specificity. Methods Magnetic particles were
used as solid phase carrier to establish the CLIA method for the determination of norfloxacin residues in food by
optimizing the concentration of antigen coating, dilution of magnetic particles, reaction time and pH value.
Results The NFLX-CLIA showed an excellent performance with a liner detection range of 0.1668~68.6804 ng/mL,
the detective limit of 0.1161 ng/mL, the accuracy of 94.52%, the sensitivity of 1.8717 ng/mL, and variation
coefficient of less than 10%. The cross reaction of NFLX with lomefloxacin, ofloxacin, enrofloxacin and
ciprofloxacin was very low. Conclusion The NFLX-CLIA assay established in this study has high specificity ,
sensitivity, accuracy and repeatability. The sample pretreatment is simple and the detection time is short. It is suitable
for the determination of norfloxacin residues in food.
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TP B (norfloxacin, NFLX)J& 5 =0 s inBi2s 2y
), BABEET . ERARE . HEFEE W, MR
S, T TS BOK T SRR R I6 T AT
FLADPEML 35 22 B0 240 P 4 D SR IV A1 DNA SR 5E i
WEYE, MIIBH A4 DNA Zili 5k BEmE4. A
B, T O TR R ) F R KRR | AR
VR BV R R R . RN ESED, R ER
H—EMERER, KEEASHRRDENSIYRE N,
SSEBUERAENMENRBER, AR 2512
i A A4 RN, 7 Bt 2 £ 2 A B A
R @EDE . B, BeRAE)PL

SR SN =l i o L B QR LR
(enzyme-linked immunosorbent assay, ELISA)® | E41%
YK ¥ (capillary electrophoresis, CE) . ¥ A8 €4 % v (high
performance liquid chromatography, HPLC)™ | AR i 1532
(mass spectrometry, MS)® | ¥ A 213 &5 Bt 5 3 ¥ (liquid
chrometography-mass spectrometry, LC-MS)!'12 fh2 %5

il

A2 % ¥ (chemiluminescent enzyme immunoassay assay,
CLIA)%F . B4R Hmikril r kAR 2, {H &M LLAE fRUE R
L AR R R SE B AS B AR A . B A B UK T R U
Bk, REEPER 2, MS, LC-MS FikREL TRE B, &
DA AR, — A X PH P 5 AN o A ) T e
HPLC JEkril 25 i Ae e, REBUEES, HiF s
i E B IR, A BRE DL — 25 AR, LA AL R A R
P Bl A8 A2 RO S e I e 1 2 Ak 27 R b Sy D
SE TR — R ARG ORE R AR A, TR
PUARFE 51k S 0 — Bh G g B i, B R
S R R A s U AT R R A R S R
KRTLT A

AHIF 5 ) FF G A SO i e VD AR M Bk, fE U
TR NS BT BT R PO G S g, IRk RN S, JF
PEAG LR RE, MM ST T —FEsn S s . EE I r a0
A2 5% e % M 78 5 (norfloxacin chemiluminescent enzyme
immunoassay, NFLX-CLIA), Jf X 52 bR A g 47 17 46 00
VURA R i G v B 10 2 S AG I P — o R 5 1y =, S KR
R ) 30 A 4 e 52

2 MREREE

2.1 #RESIG

FIERERORL( FIGERTRL T A R, W R AR (ol
BN 99%, [E Sigma 2% #l); UUIE A 2K F (ovalbumin,
OVA). N-F2IEBEHIE T 7 (N-Hydroxysuccinimide, NHS)

1-2,35-(3- - H 3L P9 3% ) B b — W 1% (carbodiimide, EDC) .
N,N- B 3 FH ik B (dimethylformamide, DMF)(ZE[E Sigma
oA, RV B - B0 B B R 8K R A W (norfloxacin -
ovalbumin cross-linked complex, NFLX-OVA). 1Y I lig -4t i7#7
D R BT (LT EE A ), R B s BT IAROR
PR ) o

REWOREAS B . 0.05 mol/L WM — 4N - A —
B, CLIA &I6J53h: HoO, W I T . WE O 15 AL i :
50%% TR REAIREBU: 10% I EE-B T TR T TRERER
(polybutylene succinate, PBS)¥& W (43 #Hr4li, [E 254571k
2R F G BRZAFD); PBS W : 0.01 mol/L AR EEZE il
(pH 7.4)(ULIR LA W AR e A B2 |l); %% — g
T %5 (polybutylene butylene terephthalate, PBST)%E
W 0.05% AEiE-20 A9 PBS IFT, pH 7.4, HMHW: 1%
OVA B JEWORLAE AR : T 2R -BSA I W (3£ [F Sigma
UNEIDE
22 U ;|

iFlash 3000 fk2% & EAL RN AEIE L) w]); FM-2
BTENL(EHERME L FD); TS100 15 R [FHESR 7 (T Hi ik
UNEIDE
23 XWHE
2.3.1 NFLX-CLIA 5 #7931 5

(1) NFLX 5 OVA 347 {H 5k

FREL 20 mg NFLX, 12.5 mg EDC F 10 mg NHS i
it 1 mL DMF ', =iEHEHE 24 h AIASNAETR A; FR
B 50 mg OVA, FE/r#T 3 mL PBS 91, 34BN
WB; o AMBHEEIMAR B, EEHEFEIh X
MEEER G A BT, 4 °)CE&F T PBS i&#r 3 d, &
7~9 h #e—YGENTR; BB TR IERL(0.22 pm)id IE S

(2) NFLX-OVA 715 B SORL 255 34 7 500

1 mg BEMCKLE TR 08T, BB b, A
TEALRAE 30 min, #E45rE2% [, PBST vEV 2 1k, A
10 pg/mL NFLX-OVA % 37 °CIEIR e s bk
2 h, BEAYESE W, A OVA I T 37 °ClElE [l iEE
8 EE 20, @RS B, PBST Whik 2 WK B 85
fHck: 2 uL %218 1:300 #i BRJE PBS ke, Wiors2 B3, fn
F51 NFLX R faliE FrlREAS 100 pL LLK Y BE RS -HL
NFLX #5g BTk 100 uL F 37 °ClE e Z %4 b
30 min, A 100 puL CLIA %&¢)8 shill, BEHUE B8
(ralative light units, RLU),
2.3.2 NFLX-CLIA R AR % 694540

(1) i NFLX-OVA IR gk i

B 1 mg BEMCRLE T B0, fE5r B2 B, A
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TEALEAER 30 min, 4432 15, PBST Wik 2 X, 475
JIA 1. 5. 10, 20 pg/mL NFLX-OVA %W 37 °CHE i A1 g
P ar LA 2 h, B A LiE . W Brad-ford ¥5%F I
7 H NFLX-OVA ik B i 47 & & o #r, TF 58 45 W
NFLX-OVA IR E5 G 50%

(2) 1 5 REROR S R

B AT NFLX 4 0ki % B8 1:100,1:200,1:300,
1:400 HCAIHG S 2 BIHA 0, 100 ng/mL Y NFLX AR
AT, E & FME RLUp. RLU ggo

(3) #ffzE L i ]

WS RECR FRBERE, LA 0. 100 ng/mL [ NFLX F5
WEARIEAT RN 10, 20, 30, 40 min, 5E & G{E RLU,.
RLU 9o
2.3.3 NFLX-CLIA 8874

FH PBS W Bs il 4 241 NFLX #i/fESR 0.1, 1. 5. 10,
50, 100 ng/mL, #%HEASSZER ) NFLX-CLIA U2 ik,
TERRIERRZR o

I B 2 1C yo ST 0L AV BE A . A DU R : 1C5~1Co0
JIE Sk R v BB VI . R I ZEh 50%HT (ICs))
POV B HER L UG (VR (DAEAS, EARIIE 31k, MR
T b o 1 22 7 RSSO R A R A, TS O ME
(M), HUERE B=M/Tx100%. BEEM: M 2 NEMEH
FEREARTEEME 10 Wk, AR bR i 407 B F 3RS
NP R, 43 ) B RN AR AR 1Y O 38 18 (M) R AR
#E 22 (SD), T B A& 5 &R # (coefficient of wvariation,
CV)=SD/M=100%.

2.4 ARhnEBOREE

R FAFRAER NG, WS HAE R A A 1L 10 A
50 pg/kg HIHERID BEARIEM o £ WREEHAT 5 FEAEATIR
5, EE 3R, R RICE R R R
25 EYMRBVAIIE ST R AR TE

30 HIe A AA FIFIRS, 15 iR, TV
&R, W TILRE RLREBE R s e, &
J 28~31 °C, {RJE 55%~65%, FRIEHR 12~14 h, fF5EE X
3o K 30 H/NERENLSY R 3 4, 2SI AL IR AR
R B AIEE Y ATl Ed, S5 10 K 2 Axigd
B R EW A BEER K, R RV AR 4 4 R R VE R 5 2
10 mg/kg WA, WD E SRS RERSZ
25 mg/kg WEID R, HOMEW 3 K. 5 IRA 2R Rt
TTREE, BUULA 0.5 g, 2 mL REUEIRY 30 min, B
15 min i, B EIEAH .

2.6 HIEGITSR
R H SPSS 21.0 it X S i gt it AT e T4 A B,
Binab 3 E F 3 i GraphPad Prism 5 #F5E . 2HIE Ha

R Kage. L P<0.05 H22 A G4 X
3 ZR59M

3.1 NFLX-CLIA R R{&RHMHL
3.1.1 NFLX-OVA %& O3 E

B BE4R W 1. 5. 10, 20 pg/mL ¥ NFLX-OVA
WS T, D TEREH SR LEWR. N
Brad-ford ¥E%f 7%+ NFLX-OVA & 47 & &40 #r,
THE A5 M NFLX-OVA TR 45 G303, 45 G 33=(4
B TV VRV -5 6 i VS VROVR ) > 2 I AR R 4 TV TR
e RE > MR, R 1R, 1 pg/mL NFLX-OVA &
GEERFE N 0.069, 5 pg/mL NFLX-OVA ¥R 45 & 508 N
0.077, 10 pg/mL NFLX-OVA ¥R 454 30% N 0.106,
20 pg/mL NFLX-OVA 45440 0.113, 10 pg/mL
Ml 20 pg/mL NFLX-OVA K4S &30k 5 HAbg 40 t,
22 SR # (P<0.001), {H 2 H2ZEIEHI R 2R, FIEkK
W RN, YE$E 10 pg/mL /EH NFLX-OVA 13
R .

0.15
*kok
kskosk II=II
——
010fF
fé ’
g a
o [s
Y |.
0.05 e
e
1}
0.00 !
1 5 10 20

NFLX-OVAB A9/ (ug/mL)

Bl 1 R[S NFLX-OVA #R 45 G30%
Fig.l The binding efficiency of different concentrations of
NFLX-OVA solution

3.1.2  REMEAREE

T s ) 5 B8 B8 X S I 5 SR A — e 2, U] 2 By
IR, ZEMIALFE H7 0 ng/mL (4 NFLX AR UE S 4 %2 YA RLU,,
FA 0 ng/mL, 100 ng/mL i NFLX FRufldh i % 6 H Al
RLU,oo/RLUg. £ 1:300 RACRIHG B, RLU, {H1R,
RLU,oo/RLUq A%, Ho RS0 e, TR I i AOR 174 e
FERRRERE A 1:300,
3.1.3  RLATTE

S50 st ] K o T 52 17 285 SR A AR R I, R I
W 0 N A dal e 8] o an il 3 s, E AR 30 min J5,
Wt 25 SIS S IR R S RLU BB AR T 2%, 25 JEAdm
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o R U, AR B SOV IR (A] o R 30 min B
RLU,oo/RLU, 1Y HAEHEAR, RLU, 85, FFG R ISR,
I R e SONE IR 1) 2 30 miin

350000 10.06
= 300000 F {0.0s g
*R 250000 %
é}& 10.04 SM
yug
ij 200000 | o2
o 40.03 I%j
2 150000 +§
) \/ Jo02 E
£ 100000 F g
e f=]
L —- H0.01 &
50000 —e-RLU, RLU,,/RLU, 5
0 L L 1 O -
100 200 300 400
R/ (UL/uL)

P2 WO BEBE X NFLX-CLIA FO524 0
Fig.2 The effect of magnetic particle dilution on NFLX-CLIA

350000 [ 10.04
i
= 300000 | i?;:l
R 250000 1003 2
& &
2 500000 F og
ﬁ{ 10.02 1%
B
*g 150000 | 2
® i ®
£ 100000 oot §
L Y
50000 =0~RLU, =#=RLU, /RLU, 8
0 1 1 L 0
10 20 30 40
J2 o7 Fist (] /min

B3 i aI%E NFLX-CLIA AR
Fig.3 The effect of time on NFLX-CLIA

3.2 NFLX-CLIA JUEEHIEST

JH PBS & Be 4 #41 NFLX ARt 0.1, 1. 5. 10,
50, 100 ng/mL, $#REAT IC%=(1—2S25640 & GAE/%F R4
R 100%IHE AR RIUE NFLX S0 EPARSE 4 SO
BN RAE, AL B SR FE S TR o s 1 L
oAb K G I I 5 ¥ (NFLX-CLIA), i@ T hrithis.
PRUEITZE AN 4 PR, A58 H NFLX-CLIA U@ vk A
TEHN 0.1668 ~ 68.6804 ng/mL, FFEEREL r N 0.9999,
Gl PR A 0.1161 ng/mL, #EHG N 94.52%, REE N
1.8717 ng/mL. M$TJEWSEESr510 10 ng/mL Al 50 ng/mL
i, HASSRZRZE CV AN 6.14%F1 1.74%, FWZARE

VB, 2O INTE R IR dERE . EE Y
S T AR R
3.3 NFLX-CLIA MEERX N R M

Bk ED R . RRVE . BiFUE .. RNV B TE
BRI b S200 7 R R — RNV AR MER I, T 1Cs (H
R 58 SUR I3, A8 SN 38 (Yo y=(i FRID R 8 1Cs fH/HA:
TEAI 1Cs (H)* 100, M INEERInZ | froR, RV EYS
WEDR . AHRVRE . RIS E . RN RIS X Nk
3948

100
80

60 -

I RAEIC/%

0 ] 1 1 )
0.01 0.1 1 10 100

NFLX¥ ¥ /(ng/mL)
4 NFLX-CLIA M5 AR 2

Fig.4 Standard curve of NFLX-CLIA

#F1 NFLX-CLIA QEEEMERSES MY R MY
Table 1 The cross-reaction to NFLX and other drugs detection

by CLIA
N 5 ICso/(ng/mL) S GFA L
R A 1.87 /
EED A 137.63 1.36%
A A 112.08 1.67%
Bk R 220.32 0.85%
SRS 121.43 1.54%

3.4 ARNIEWOREE
HEUR Lk 2.4 70, AE% VA 3 AR R
P S R 52 A A AT LM B AR ESIE AT 5 A
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FERTPATIAER, EE 3 W, KIS R IR 2, s =
WERLE 92%~109%Z 1], 285 REHI<10%, H BRI
W RE S U IR B AT, 3¢ B I R T 1 T A RE RS b
KA4f
3.5 NFLX-CLIA U E AN sh 4% BY 20 204 K
Has (xR L, BORIAL/ING B VS R, BBk
OV, fishRE, MENESET BB E. H
NFLX-CLIA I %E 5t a8 (Xt R4 . 3y AR R4l
IR B R AL/ LR REAR A A, SR angE 3 fr
N, TERCRLZ ALY b BB B AG I 2 D &

=2 BERPERERNERERRE@x=3)
Table 2 Recovery test of NFLX addition in pork (n=3)

WIRIE - pek o wEm cvme  Eck
/(ng/kg)
1 1.05+0.04 4.15 105.00
2 0.95+0.05 5.17 95.33
1 3 1.03+0.05 4.60 102.67
4 1.09+0.03 2.75 109.00
5 0.92+0.04 4.35 92.00
1 10.23+0.39 3.84 102.33
2 10.66+0.27 2.54 106.57
10 3 9.58+0.49 5.14 95.83
4 10.35+0.43 4.16 103.53
5 10.19 £0.23 2.22 101.90
1 51.84+ 1.65 3.19 103.68
2 52.45+1.34 2.55 104.91
50 3 49.48+1.76 3.56 98.96
4 48.37+1.12 2.32 96.73
5 51.65+1.91 3.69 103.31

4 &

A Al o R e S ) E T R R v R AR R
DRI 5 vy A S B S R A S ROk, TGN 4% i
PUR . EPUR . PO WL BRI E rEART
TR RO B R IC e SUA b, B S BT
P th s g )m, R AOGE, M B 24T E i,
P2 RO g Y BERR o 5L SRR IR S o AT A I, %
TEAAE R REE . ERERLMEEE E AR
2k

# 3 NFLX-CLIA MEZRNN RN ATIERDERE
(n=10)
Table 3 The concentration of NFLX detected by CLIA in tissues
from NFLX -toxic animal model (#=10)

S| WL /(ng/kg)
25 N R 0.64+0.05
R B Al 3.54+0.19
PR AL 6.42+0.25

WG R AP AR B | RATRORIRR BRI . SO
If i) K pH R, 7 7 — b a R B A M g ARG
BRI LR B A A2 R e e N e . Ok
FERETR, REUER, MIGERECY 0.1668~68.6804 ng/mL,
KBRS 0.1161 ng/mL, HEWIE N 94.52%, RAEE N
1.8717 ng/mL, ZE5EREL CV /NF 10%. Wi b 2 5% £
B, JEVE. B E . SR RN UL, %
D5 A AE S a0 o 2 30 L A v P R A A R B . R
NFLX-CLIA %) sh i s jILEA i selvb B2 2 b A TR,
g5 B AE LA R ORE S A T B U MY 2 . 8 b T i,
NFLX-CLIA Wi tt . RgE . MEfE . R
FFEHOR, FEAHTAL BT A0, A I E) %, 8 A TR
WD AR R ARSI

S E 3k
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