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Indirect competitive enzyme-linked immunosorbent assay for rapid
screening of diclofenac in medicinal liquor
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ABSTRACT: Objective To establish an indirect competitive enzyme-linked immunosorbent assay for rapid
screening diclofenac (DCF) in medicinal liquor. Methods DCF was coupled to carrier protein using the active ester
method and the mixed anhydride method to obtain DCF immunogen and detection antigen. BALB/c mice were
immunized with DCF-bovine serum albumin, and then anti-DCF monoclonal antibody (mAb) was prepared by
hybridoma technology. An indirect competitive ELISA method was established based on DCF mAb, and the

performance (accuracy, precision and specificity) of the detection method was evaluated. Results Ultraviolet

ESTHE: WM ARSI H (212102110094) . J& 1F T TE 2 e Hr 74 45 B 400 2 B9t H
Fund: Supported by the Henan Province Science and Technology Agency (212102110094), and the Young and Middle-aged Backbone Teachers
from Zhoukou Normal University

MBIEEE: MR, L, BIEEE, FENR 5 ARG E A e R 4% R o E-mail: zkskyyxd@163.com
*Corresponding author: YANG Xing-Dong, Ph.D, Associate Professor, Zhoukou Normal University, No.6, Wenchang Road, Chuanhui District,
Zhoukou 466001, China. E-mail: zkskyyxd@163.com



40 B dn 2 4 R R I A 4R

FH15E

scanning results showed that DCF was successfully coupled to the carrier protein; the optimal hybridoma cell line

(4B9) against DCF was obtained, with an ICsq value of 0.61 ng/mL; the average recovery rate of DCF added in

medicinal liquor by this detection method was 85.9%, and the coefficient of variation (CV) for intra-assay

(5.3%-9.7%) was greater than the CV for inter-assay (4.9%-9.1%), and there was no cross-reaction with analogues

(ketoprofen, aspirin, indomethacin, ibuprofen, sulindac, naproxen, and rofecoxib). Conclusion

The indirect

competitive ELISA method established in this study provides a new screening method for DCF residues in medicinal

liquor.

KEY WORDS: diclofenac; synthetic antigen; monoclonal antibody; enzyme linked immunosorbent assay; medicinal

liquor
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WA SF W (diclofenac, DCF), .44 1-(2,6- — & A 3k)-2-
WSIWRER, R—FhelE AP R ), M TEMITTR . RRRE
KATR . Ak KRR 25 AR . R B!,
AR AR BRI T2 FH T 0 XU P 208 1 £ PR
2, EWN—ERRT RIMMERTL, E2 b DCF
SR HATAEY, SR SThat, SRBEEEARE . DCF R84 B W
ERI, KK DCF W25 2 A A AN RAgR
oM, AnE miE B | B R MRPLEE S BT 55—
JrTE, BT DCF ki, 1% KAb 3 ICHEA 3% Bk DCF,
USRS A5 0 R I A fr BT R G A
DCF #4%F H fL /7% A & (acceptable daily intake, ADI)JN
0~0.5 pg/(kg bw-d), 5% FR i (maximum residue limit,
MRL)24 1~10 ng/mL, “F#3#) MRL & 0.5 ng/mL, FH#
A WHFE DCF 752590 7 R = AR EA MRL, {HF
E (A 2ik ) BIsRLE, 16 s R & b h s in 2y
W EEAT R AR TP IR TG A DCF 5% 8 7
FARR L,

e A ke DCF Mt kB RZ, Hiln
TR RCBAR % 7 (high  performance liquid chromatography,
HPLC) "> HPLC- 5 /MG U1 R e OB 3%
P (reversed phase-HPLC, RP-HPLC)! 21 fb 24 122 |
TR AH 5,33 3% B (HPLC-mass spectrometry, HPLC-MS)2324
A 5% 5T 5 (gas chromatography-mass spectrometer,
GC-MS) B30 B SR 6y X A DCF AR 24 ik HLH.
HReSEME, HEATRER . 2501, 3F Bl T eI T &
TR IR (3 . SREURITITAEAL) . B B AR AR
A, PR Foegs s i . AR, JEFhia bk
() e S P 52 O P e 2000 T DA e R EL v 1 — S TRLE,
T G 92 W% [ 5 25 (enzyme linked immunosorbent assay,
ELISA) P78 ek b e TG S e W BRI i 712 2
& R K L R R A R Y
DCFPY, ELISA fRifb T & 24 (W AF S WAL B, I Hnf DA% 2.
FELE TR, R PR L PR Y Sege i e ik, Wl

A BIIEAT R P I R

AT o 15 P B (activated ester, AE)E:AIR S R EF
(mixed anhydride, MA)¥%¥ DCF 54 Ifil i 11 & 1 (bull
serum albumin, BSA)FIBP [ %5 [ (ovalbumin, OVA)%5 4,
il %Pt DCF B35 i {4 (monoclonal antibody, mAb), #RJ5
ST T AESE 4 ELISA, FEAE bR M sL56 shgour 7IHR
TR . YRR RO R RRE Mk, Sh 25 DCF nyak R
WEEHE— R PR A 19 T B
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DCF . N-¥2 6 5% H 6 0 e . N,N- 2 H 356 H o iz
Na,B,0;. VUV IE4A b . 1-G-(CHREEF) R IE)-3-2
Rk MR ERER . ZIE T SRS T ER(aM A, 3
Sigma 2~ dl); —H B (dimethylsulfoxide, DMSO)(4)
Bréal, b oA ALRHE I A B2 D ); BSAL OVA(SY
Bradi, B AE YR BRA Fl). HRP-2EHTR 1gG(h
FEAYHARATBRA FD); 6~8 JEl#E SPF 4% BALB/c /NS5
BV IES: 016BJ18Q32528R2M, b &t 4k i ] 42 S 1
S HEARABRA A
1.2 UE5EE

Multiskan ff#5r{% . NanoDrop 2000c 284356+
[FEBR CHEREHE (F EDA R R, CP214 HL KR
0.0001 g, WEEHTERBRH 5 (L) B F]; SW-CIJ-LFD
M TAE B ORI & BRARD); MYP19-2 % S1iHE
i (VA AN AR A Tl A B |l ), 81 S AR (PR R
BRI LA S AR,
L3 WA
1.3.1  Soa R Ae LAR AR 69 1 &

RHWRI 7124 8 DCF-BSA il DCF-OVA Z544:
AE I MA 3. AE 3P ff 15 mg DCF ##£E 3.0 mL
N,N-ZFEFBE S, 35 6.0 mg N-FRELBEHAMEL I |
10.0 mg 1-(3-(— H ILAF) R 3E)-3- 2 360k — W M Eh B Eh 7
Z= . (room temperature, RT) FIRA 12 ho BHRA W ELL 5 B



5516 1 733

AR, A (Al T A ARG Oy IR R0

JE 1 PR A5 24590 Hh XU ST R 41

IEW 3 AR R ORI M B A ) I R AR 1 mL
DMSO H1, SRJ5 M MA 2.0 mL BSA ¥ (42 mg WAEAE
0.01 mol/L PBS H")zk OVA 1 (28 mg ¥ f#7£ 0.01 mol/L
PBS H)(&l 1a). MA 382 4 15.0 mg DCF il A 2.0 mL
UK B S VRN 27.0 L =OF T e, TEUKIB ST,
IRA W FE 4 BB 20 min, SRS MIRA P ITA 16.0 pL 54
RS THR, =W FEA 3 h. Ha, 4 3mL WK
BSA (42 mg ¥ T 0.1 mol/L Na,B40;)8 OVA IF
(28 mg T 0.1 mol/L Na,B,O0)Z M IMAIREGY H, FH1E
FEIRTHFE 24 h(E 1b).
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OVA A BIE, B P a5 4350 LLBiFh i
145/ DCF-AE-BSA F1 DCF-MA-BSA 1 b i 5 S
BALB/c /Mo
1.3.2  # DCF mAb #5414

BALB/c /N T4 65 pg Sl 5 9, [HIRE 3 J&5.
WAE ZHiIm i 2 . BRI 4 ELISA (indirect
competitive ELISA, ic-ELISA)H 45 H fe £ e Pl e f
(half inhibitory concentration, 1Cso)f#)/N, TEZ AR5 HIIE
ST 100 pg i, lad ic-ELISA ik i 40l DCF
mAbs FIZ4ASIR, A BRFRE I b, R G S IR
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Synthesis of DCF-BSA using activated ester method (a) and synthesis of DCF-BSA using mixed anhydride method (b)
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(3) DCF mAb 4557 PEi it

Joi FH ic-ELISA 43 5 L2 Bl (B i 25 Bl =] DEAR
WIWEEE | MIKSE. AR . A BHEEN)M ICs
8, 1832 X2 i (cross reaction, CR)IEF/RHAF M, 1
S35 CR/%=(DCF 1Cso /2 AU 1Cs fE)*100%.

1.4 BUEALIE

ASLI A RSB IR E 3 AT, SR
RUFBEAbR M 22 51T 320R, 18 Excel 2021 SEit50
%3, GraphPad Prism 8.0 #4474 A,

2 HER5HH

21 EEMEHIE

K AE ¥4 R % )7 (DCF-AE-BSA) . g Hit )i
(DCF-AE-OVA), MA &4 55 i (DCF-MA-BSA),
HiJF(DCF-MA-OVA), DCF., BSA. OVA i Mg i i
ST 276, 280, 281 nm Ab, 44N s DCF-BSA .
DCF-OVA 5 BSA OVA HMiLt, Wi B Iieiigss &4
TARR(FE 2); HHESE AE B[1-G-(C R EEH)NEL)-3-2
Fffe — W BEER R /N ELBE FAME W IDCF 5 BSA. OVA
MBI Z43 7K 21.6:1 F116.5:1, MA % DCF 5 BSA, OVA
FMBIBER IR 17.2:1,15.9:1 ) LR MU 1Cs,
B 1), YEFEHUATRE N 1:5.12x10* F 1Cs, - 7.89 ng/mL
(/N TR 2e M ANEa &, AR AT 3 d I AE Babilas
DCF-AE-BSA #1758 578

40;
35
3.0f

™25 DCF

§ 20 ggg-BSA
L5
1.0
0.5}

T OVA
DCF-OVA

1 1 ' 1 L ]
R S A R M RO R

A /mm

K2 DCF. BSA. OVA. DCF-BSAFIDCF-OVA 444K

Fig.2 Ultraviolet-visible scanning spectra of DCF, BSA, OVA,
DCF-BSA and DCF-OVA

R 1 MA KR AE EF=4£ K941 DCF £ HMIE R & E4FE
Table 1 Optimal characteristics of anti-DCF polyclonal antisera
generated by MA and AE methods

ZHULTEMA) ZYLILIE(AE)
BHHUE M ICs St ICso
(x10°  /(ng/mL)  (x10°)  /(ng/mL)
DCF-AE -OVA 6.4 51.13 51.2 7.89
DCF-MA-OVA 12.8 25.41 6.4 43.76

2.2 DCF mAb [

Zerl HAERR S | (B3 ELISA 1 ic-ELISA ik, BEH T 4
RIS, B4 0 2F4 . 3A7. 3D4 #14B9., Hp
mAb 4B9 IIHTIATHEE A 1:1.024 x 108, ICso fH K 0.61 ng/mL([&
3, £ 2)o SME, 4B B3R H S H B (Ka) FIE 43 B A
1.5x10"" L/mol(3% 2)M1 Ig G1, KM H1EAYH DCF mAb Xj“
DCF EABIFHIEM A1, HiZ DCF mAb A RLE
R Rs kSR LS T ol 8

05

A
04+

Y=-0.3378X+0.4274

03r =0.9958

B/B,

02+¢

0.1}

0 01.5 I.IO 1I,5
1g[DCF i i ¥k £ /(ng/mL)]
s B/By Z /N MIATRAF: it (9 ODaso nm fELIR LAZS FARR & 1 ODyso nm AH

13 DCF mAb Xf DCF ] ic-ELISA Ay i £k
Fig.3 Calibration curve of ic-ELISA of DCF mAb against DCF

2.3 (B4 ELISA 7535H0MiK 4 R
23.1 FHmEk LKL R

B 25 95 1 [BTSCRAE 83.3%~88.6%, “F-24 85.9%,
AR 5 2 (coefficient of variation, CV)N 7.2%~9.2%, -1
H 8.5%(F 3), MAETLE GB/T 27404—2008¢ £ FH ALK
FRUE )« S0 10T i S 36 Y [E1 U Rl 60%~120%( 4 1 26 43
<100.0 ng/mL), 13 EAEUFAMERTIE . S350, Tk 2578 (e
FEERZTE 38%~50%Z I, AEVLTEMEIAN, X%k i i e
WSS B ARG T 45 SR A T i 22

# 2 ELISA ¥£ZE#i DCF mAbs
Table 2 Characterization of anti-DCF mAbs by ELISA

mAb mADb Ka/(L/mol) PRI r’ ICs¢/(ng/mL)
2F4 1:1.024x10° 9.0x10" Y=-0.3823%+0.5091 0.9935 1.10
3A7 1:5.12x10° 7.5%x10" Y=-0.4842X+0.6562 0.9921 2.10
3D4 1:5.12x10° 7.5x10" Y=-0.4617X+0.6177 0.9927 1.80
4B9 1:1.024x10° 1.5x10" Y=-0.3263X+0.3986 0.9958 0.61
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%3 DCF EZBEHHEWE
Table 3 Recovery of DCF in medicinal liquor

DCF il I E B I i 2 /% CV/%
/(ng/mL) /(ng/mL)
2.0 1.67+0.15 83.3£7.5 9.2
5.0 3.43+0.31 85.7£6.2 9.0
15.0 12.29+0.96 88.6+6.4 7.2
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% 4 BN HLN CV 7E 4.9%~9.1%2Z 8],
YL CV N 6.9%; HttiE] CV 7E 5.3%~9.7%=2 8], SF-H CV
FECR 7.6%, LR CV KN CV, H AR
4y 5 E/NF 100.0 ng/mL Z544F, LN AIHEE] CV BN
10%, Ut BHIZAGIN 7 7k AR 2% B 4500

4 icELISA #NAENFEE
Table 4 ic-ELISA for the precision of testing medicinal liquor

DCF Sk I HEW EHME Ak
/(ng/mL) /ng/mL)  CV/%  /(ng/mL) CV/%
4 3 3.35 9.1 3.28 9.7
8 3 6.78 6.8 6.70 7.8
32 3 28.94 49 28.73 5.3
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25 BORZIL SIS . BIEIVCAR, WIS | Mg
IR EPRRR . 2R B ARSI RS R N F
/NF 0.1%, Ui DCF 53 7 f&E s Cr, #—
Ao U B A I Yk IR S A

%5 DCFmAb 5SHALIH CR%
Table 5 CR% of DCF mAb with its analogs

sy’ ICso/(ng/mL) CR/%
DCF 0.61 100
[[IRESS > 700 <0.1
o] ] DE R > 700 <0.1
|56 == > 700 <0.1
EiRl- 223 > 700 <0.1
FIARIR > 700 <0.1
A > 700 <0.1
L E IR > 700 <0.1

3 W55

DCF M43 FH K 296.15 Da, Z—FrEHiE, HA L
ANHA PR . A5 S F I RS AR A R B R
DCF 43515 BSA. OVA #& TS sy Jm Fd sl s, R H
DCF-BSA X BALB/c /]NERGFA T S o 38 13 38R H A K5
TR B/ BT AN NS, B B i a A, St
MORRTE . W TR SO AR KRS IR, R AR R R
J1. FESEERPT DCF mAb, & FHL DCF mAb @3, THT

¥l DCF 5% B 1Y 1813235 4+ ELISA #6532, %}F DCF )
ICsp 2 0.61 ng/mL. ZPEAESRHHEA . HLE CV 251%
4.9%~9.1%. 5.3%~9.7%, SOiEHPrikHL, mEES
ELISA Jrik HA KM, moAME, Ll AR5 e
Pat, PR, ke — Ry A TH, AT TRy
FESL H DCF MsRE, Wk~ —2B & & b DCF Pkl
or I G B R AT IR AR T SRR . 5 — i, Ak st
RIS T, TS EEMPUARRR, AERPEE
Yy 5 P 5% B AL T IR 6 ARG I T B
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