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Abstract

developed for the detection of dienestrol through indirect competition with K Fe ( CN), acting as the redox

An ultrasensitive electrochemical immunosensor modified with graphene and dienestrol ( DE) was

probes. The results revealed that under optimized conditions a calibration for DE was obtained with a linear range
of 500 —5 000 ng/mL and the detection limit was up to 0.2 ng/ml, showing that the proposed electrochemical
immunosensor had excellent sensitivity and wide detection range. The immunosensor was examined in real sam-
ples for the analysis of DE. A good recovery in the range of 83. 8% —97. 7% was obtained in pork samples.
Key words  graphene; electrochemical immunosensor; indirect competition; dienestrol; pork; determination
of content

This study was supported by the Technology Support Program of Science and Technology Department of Jiangsu Province ( No.
BE2014720) and Jiangsu Agricultural Science and Technology Innovation Fund Project ( No. CX(14)2127)

O K M B3 ( dienestrol, DE ) J2&—Fp A T & B¢
FRIE B SV R, X sl W A= A A B R A2 R
YT S e R AR AR T i
PER G P O IR ARG, S0 HLATE 1
A PR HE A R BUREAE ], R DL IR 2

W EHE 2015-03-30 “IBIS1EE Tel:021 -51909621

BRI R E ARSI £ il AR ARG Y, i e
T AR TARB R HET, C
e T ARG U P41 2 R T ik R
SR BB B HERA Y S R U (BB A AL P
Fe Mk BBt HAE & I R, ok —Fb

E-mail ; chuanxian. wang@ 163. com

HEWE i 4AH T L4534 % K877 B (No. BE2014720) 53T 27 5 R AL A4 8 2413 R4 K 877 B (No. CX(14)2127)



684 Y@ & # X #2H Jounal of China Pharmaceutical University 2015,46(6) :683 — 688

46 %

f R | R O A E AR I T vk B
B

HEL A B A TR s i 1 N A S AR T Y
PR -UARRE RS 5 5 R B AL A5 528 A 5
B AP R LA b R R
sty AR B ) LA L, AR R IS 5 B e TR
PPN A B AT O R S LA
BRI HE TR, 8 W T BB R T T AR 1o
(BRSAIP L N T | v SE R EP Y. -
IR BT 18 e O 1 P Al 2 G 8 A2 SRt 1 R DL 41
1o RS HTT ik AR B R ik R B
OB ATIR RS AR Y AT S 96 2R W, >R
FHERBE ik AL AR 52/ R BUEAR, I
FLAT S EAB MR L [ T BB iR
FAEAT S8 A M O I ME /1N 0 5 Y 5 4 e g
gk, BA BT B RO S S R U R
o ST U, AR TR DR AT G I 5317 J5 15
AHLES G OH T A SRR B 6 1 F T 2 0 ME
AR I Ry AL A S BE AR Tt , R H PR SE B
HA L T P ) R AT ARG

1 # #

1.1 a7

O %5 ME 5 ( dienestrol , 35 [E Sigma-Aldrich 2
A]) A IiE HAEE (BSA, Jb 5t o F 2 B AR Y HORDE
FEIT) 5 8K AU B/ B AL B (K, [Fe (CN)g ]/
K,[Fe(CN), ], EZ LR 2R A PR A A ) s HR
RN S T B S AT 4lt, S5 FH /K34 o — stk o
.2 & &

UV1700PC BLEAM ] TR0 B 11 (i JRURL
2R A B T ) 3 ISM-T600F 425 73 B 447 %
SHAH i AT ( H A iR att) .

2 F &

2.1 GEWABAE R B &

A7 B 8 1 R A Hummers 3546 4627 3
WA 1T 8 4 0 7E 0.3 A1 0. 05 wm A AL O, 1%
Ky AT LR I, B A VS e, i R PR
i, DA AR 22 /T 100 mV, B4

S3MTEE R AR R T TR 4 wL A SR Ia AR E
WL ) 0.2 /L O W MEM PR AE W, 2530 T BT
Ja , BN T A TS PR ST 5% 1Y AR i3S B H AT

BT
2.2 MRy $ R TEARA R &
2,21 TR R FRAA R BC
B0 97 mg FF —E NI 6.5 mL, A G R
S TS 40 L 2% 30 min, FE 5% F 18 mL 14 50%
TARUSTIKERY 330 mg A IMYE A RN, TR
pH 2 8.0 747 4 CHiHEI K, EHT72h 5,4 CH
B, VKT, 152 s MEm S fi R
2.2.2 3k R & SRAEME R i
RS, LA 0 W 1 0 e oy B i i, e BE
1.5 mg/kg, B IR G IREp R F0 2 i 5 45 o 1 o [ 58
AR FNRA R, B T 2 s g kg
2 Ji I ERAS 58 4 A 790 8 48 91 1R 58 4 A 0 2R 47
SRAOLEE, R R e S JE — IR Ik
F,7 d g IR L, AR $2 ELISA 3330 22 1L 3 4T
R, T B ER AL DTVE VA1 B 2l A ) O 0 e
ZREPUR, 20 CIRAF
2.3 Hmegarasz

HERFRIBOE A LA A121 (1 £0.005 0) g FAf
A A BIAERE S OIS [R] VR BE Y )
ARG , e RS B0 JE B R, EE AR PR
1 RJE , Bt b a3 /T, A PBS 5 i
T E e
2.4 dewzikh R

ASEG R T = H AR AR & (CHISS2C Hifk % T
YEul \CHIGO0E Hi Ak~ TAE S, ik IRAEALAS A IR
A PR AR TAERAR , Ag/AgCl FAfl 2 L
FR , B 22 FELARCA R R o AR A AR SRS 1 FE b2
FOE I TG IR 235 (CV) DL RS i BT i
(EIS) SEATHH , R I 25 A D0 Ak A S & = s e 1)
Ao W38 2o 5 FH 22 43 Bk o AR 22 12 (DPV) A 744

7 M T %) RS T 2 L AR 32 1 1 7 )
PRSI E R EUR PR Z S, 2 =
WEMEm 5 H 2 e hUAR Z AR R 45 & 1518
TERTA YU LA B 25 /) © s ME R A PBS 15
HERTIRET I, I8 7 R AR R T 1) 8 0 O 3 AR W
O M A RE S PUAE T & © R MEm
G 38 S S P B B A 2 [RIEA T 5 4 2 B )
FEAE LI N AR A T S ER . JREEANE] 1 RN,
Horrid 7 (a) 327 [ T HUBZR 1T A% © 05 0 B A
W P R O R MR S PR TR A
WL (b) FARTE 2 mmol/L K, [ Fe (CN) g ] Hx 55 4



55 46 25 6 1] S

W <R P SR M e A e (R B R A8 A TP O 2 — K 7 I 685

S5 A YRR AT F A A R J
AR AN ) A HE R ) S U

1o M I LA 5

= == ! A
=
&

ik A g\

[FE(CN)s]

aJk

Hﬁk Hé

(>

[FE(CN) ] J\/
Graphene 2\ Dienestrol ’ BSA

Figure 1  Principle of the modifed immunosensor for detection
GCE : Glassy carbon electrode
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Figure 2 Scanning electron microscope (SEM) of graphene
( x10000)
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Figure 3  Ultraviolet-visible (UV) pectrophotometer of graphene/
dienestrol (DE)
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Figure 4 Cyclic voltammetry (CV) of bare GCE (a) ; graphene/DE
modified GCE ('b) ; graphene/DE modified GCE incubated in PBS
containing antibody (¢). CV conditions: pH 7.4 PBS solution contai-
ning 2 mmol/L K[ Fe(CN) ]
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Figure 5  Electrochemical impedance spectra ( EIS) of bare GCE

(a) ;graphene modified GCE (b) ; graphene/DE modified GCE (¢) ;
graphene/DE modified GCE incubated in PBS containing antibody(d) .
CV conditions; pH 7.4 PBS solution containing 0. 1 mol/L KCL and
5 mmol/L Ky [ Fe(CN)¢ ]/ K [ Fe(CN)¢ ]. Inset: Bare GCE(a) and
Graphene modified GCE (b)
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Figure 6 Effect of incubation time (A) and concentration of antibody
(B) in incubation solution on DPV peak current in pH 7.4 PBS solu-
tion containing 2 mmol/L K;[ Fe(CN)g ]
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Figure 7 Differential pulse voltammetry ( DPVs) of the immunosensor
after incubated in PBS buffer containing antibody and (a) 5 000 ng/mL,
(b) 4 000 ng/mL, (¢) 3 000 ng/mL, (d) 2 000 ng/mL, (e) 500
ng/mL, (f) 0 ng/mL cleubuterol. Inset: The calibration curve of

free dienestrol
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