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Rapid detection of dexamethasone in milk by time-resolved
fluorescence immunochromatography
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ABSTRACT: Objective To establish a method for rapid detection of dexamethasone residues in milk based on
time-resolved fluorescent microspheres, and evaluate the performance of the method. Methods The time-resolved
fluorescent microspheres were labeled with dexamethasone antibodies and the test strips were prepared by wet format
and dry format, respectively. The sensitivity of the two methods was compared, and the optimal amount of antibody
labeling of the microspheres was determined. The repeatability and detection sensitivity of the test strips were
evaluated. Results With the labeling amount of 20 pg antibody/mg microspheres, the test strip prepared by wet
format was more sensitive. The coefficient of variation (CV) of the method was 8.2%, and the limit of detection of
dexamethasone solution was 0.07 ng/mL, the half maximal inhibitory concentration (ICso) for the dexamethasone
detection in milk was 0.24 ng/mL. Conclusion The method has the characteristics of simple test and high
sensitivity, and the prepared test strip can meet the detection requirements of dexamethasone residues in milk.
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b ZE K (dexamethasone) X FR I SN . 95 B 5k MM B,
Fe— RN A BB B R, AR EERBIR . B
IR B PR SEEF, AR BRI IR iz A
FRIT R RN, sUSHA: RICA TR T IR MR,
It H BB S AR AL, it E AR, BEhYA
e A a8 il S 2 ) 2 S O AE sh W TR £ v 8%
B, REhYEa s 225y 5k i mRAL, HEK
. AUKEWE R RS A SRR, EFSENE. 4
RETRVE . RE M. AN, SR A E Y R
[ AT A6 25 1kl SERARE R A A B R (T, ) R
Hil 25 A F sh IRk & b, JE4R T A Y B K
FH GB 31650—2019 ( B ML L EZARME PR
TR AR L ) HP X ZE KA £ P ) e AR B B et
BB AR ES 7, GB 31650—2019 txfs- . 5% . DL
U Rl ZEOR A ) B v R BA B 1 vk, P AR e i 5%
BRI 2 ng/ke, A5 A9 B R ik BR BR 2 0.3 pe/kg.

H B 20 90 5 1 b o 2 OR A B BRI vk R
A ARG T o AR A AT R R A
T A S B E AR R i R
T P AR 1OT S R OB € 1 5 SR T R0,
X EA S EE S SR REESERS,
FE AN i 22 R R R, ER IR ik 18 4% B Bt
HATAL BT 2 2 2%, SRR 2 e, XHHRE N R Ll FiAR
BREAE, PR T A2 0T R il A . e
PESTHT IR B F A S AT PRI SR W B . AgE )2
Mk A BAER R R PG S, 1B S I P,
{H R AR AR WS ik AR . 5T A
R W iR e N BT 7Y oal L R (BN 3
AN #fE, HRERBENALS, A5 EB0R %, A atE
WK AT 10 ZHRIL T UM AL s EHTH AR P &
J&é, JLHENF B ) S O e H AR AR £, B AR
FTRAITKGER . & . &) MEFTOeME R, BAa50tHE
K. Bt R . RIHE SRR S, 5 E
Fe s H AR, RENSHE A IR M L, DT 4 v G 1
TR R E PO SRR IR IR BRI . SR
BT ZIYIER AN | A P TR R A S TH A
BT B KR AR RO E i OE TR R B ] 4
AR R A= 7% v ) b ZER AN 5% B A HRGE . (R, ASDF
5% 2K FH A I 8] 2 B o e ek S foiibric ¥, sr — i
B P L SO X A W b SR AN A TR Y
FEXFHM B HAR . A RE A TER R AN, LAt —
Tl R PRHUAR I 25 475 v L SR B IR B8 1R AT ik, BT
GEWERMS%,
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1.1 MR TSNS

R (ZEIN A H T 4) o

HOFERAMRESL(10 pg/mL, fE[E Dr. Ehrenstorfer GmbH
Nl); AR F 2 H (bovine serum albumin, BSA)HEHIZEK
MAHLZERM-BSAWRIF(14.6 mg/mL) ., HiZEAKVALIT 68G6 4
Mtk (8.6 mg/mL)(J ML Z AR, B ] 4 HESE LBk
FCEU002(%i4% 196 nm, [E&H 1%, m:V; #UAHEK 365 nm,
RHTHK 615 nm; 35 [F Bangs Laboratories 23 l); “F4T UG
FREE AU (immunoglobulin, IgG)(ZEE =90%, 5[E Arista 2
f)); CNOS fMRET 4 & iE(nitrocellulose filter membrane, NC
JB)(FEE Sartorius 24 H); BERELFYE . WoKAT, RERLF4E
WA LN IEM (polyvinyl chloride, PVC JEHR) . il K72 (
TN D), BSALERE =98%, SE[E Sigma Awl); 1-2.3E
3-(3- O H 3 & L TR 3L ) ik O IE ER R Eh [1-ethyl-3-
(3-dimethylaminopropyl) carbodiimide, EDC]. 2-(N-NZHEm)Z,
fitiFR[2-(N-morpholine) ethanesulfonic acid, MES]. Tween-20.
R . WRD . BERREEN. BRI AN, EfkEh. Sk, R
Z. % 4000 (polyethylene glycol-4000, PEG4000) ., FEME(SMHT
ali, [E2GERAARRA FRA E).

HM3030 R 4 #1 . 2Q2002 B ¥ #HL( b &t Al);
AFS-100 ZEHBEMHL M 2 7]); DHG-9000 54X
A . DZF-6050 F25 T4 ( FiE—2H); UV-3300
G3IEIERETH(EIR EE R AL A PR F)); KQ-250DE R4
MR BIE TR RS EN A R A A, TG16-WS &3
1o B O LB R AR T & A B2 WD), PHS-3C RYR
THCEHEEBCP R PR H)); QB-128 e 15 7 e (i 1)
AR RALER A R AT
1.2 REHE
1.2.1 #4684 &

(HZtfERbR D

THYE: B 300 pL R EHERIIA 1000 pL pH 6.0 0.05 mol/L
WA )% il MES, 7 /8O 5 s 15 3 s, 42 5 1K),
Pl 15650xg B> 10 min J5F-2< LI, 1 600 uL pH 6.0
0.05 mol/L MES & i3k, # ik Ji i = k.

Frid: BEOEMERE S AF 3 AELEH, RA
20,4080 pg (143 FEKANHUA I AFAE 100 pL SO K H),
B HGE 5 s 15 3 s, 5L 5K), 37°CliEkk R 30 min;
FEITHIA B EEFLHIAY 3 uL 10 mg/mL EDC ¥, 1% ik
Dy A, & e OB 30 min.

B LL 15650xg B LEOGMER 10 min, 7 FIHWR,
JIA 100 L P % 2% #h 3 (0.005 mol/L HIRREREE 2% vhigd b
&K 1% BSA, pH 8.0), ‘% IR ie#% 2 % 30 min.

(2)9 EIHERIGE A5,

{81 1 0.005 mol/L AYBIIAR E6 28 th i (7 1% BSA . 0.05%



%522 1 JA 55, F IR B G SR R ERS I A 47 Hh s FER AL 7333

Tween-20. 0.02% PEG4000, pH 8.0)/E MAric ¥ B XHhn
ICPUARJE P EHEREAT 10 5B DL 6 pL/om YT &
B )E ARG S TR AT it [ B g 44k, THz
TR H IR T8 12 he

1.2.2 NC K&k

B b ZERAA BT & 1% 85057 0.01 mol/L Y PBS #i
Bk 0.5 mg/mL, FHRIREIE & —RHUKG 6 BELT FOBL IR s T
P 1 pL/em WS SR¥RAE NC B 1, FE AR (test line, T
28); KPR 1gG F & 1%BERE Y 0.01 mol/L 4 PBS #s
BN 0.5 mg/mL, FH RIS 4 — PR HLKE 75 B 4 19 9 W LA
1 pL/cm FYBEEIRTE NC I F, 1N B4k (control line, C
£8), T 455 C £ [AIfE 4 mm. ME4F T. C £A NC B8 Tt
KA A 37°CT 4 4 he
123 RKEWE

(DTt gt Akl &%

TE PVC AR FJEfRIG NC 65 558 R r 45
A R OKAG REFDIPLE HDIE B R 0.4 cm
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Fig.l Structure of fluorescence immunochromatography test strips
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0.4 cm MIRACS%, FFRACAEE AR R 50 i BRI .
MBS IR, 5 2 T L ORI 25 B35 57
DU VA VB R N S, PR TR, T LUK I A 2 SRR 1Y)
LEAHYIEN 0.8 cmx0.4 cm A/NIERR, T35 T a4y
.
1.2.4 Ay aRye

(TR

W5 L FERANFRUERE S F] 0.01 mol/L () PBS ALl A
0. 0.1, 1.0, 10.0. 100.0 ng/mL A4 A [F] J5 v B (1 3 2K
AREATS I, 76 TR ACAMAEEFL i 80 L FRIFRAYE
&, 10 min J5 FAB ) 23 BEEOGMER 4TS AN A BG4t
Z b T &M C RMZOLES, 1857 T/C, LI RMMEE
AEW RS T/C LR,

(2)¥ Azl

A FEAKFAFR RS £ 7 FH 0.01 mol/L Y PBS BN 0.

0.05, 0.10, 0.20, 0.40, 0.60, 0.80, 1.00 ng/mL FJA[A] 5
TR R H ZE KRR AR TR TR, ZERFHRARARFL Ao 80 pL fE
FEATS I, AR BT T 1 LT s DU BRI 25 & 48, s
2 min, 5RO EE R 4R AR IEE L, 10 min J5
ERF 1] 3 2 iR AR A A S BBUR AR 4% | T 4R C 4%
MM, 103 T/C, 23 SEKAME A VA o vk S
5 T/IC XFRML,
1.2.5 KA REITN

(IR AP UA PR IC R e

3 Fhbuibric e, RIS mg 2GRk A
20. 40. 80 pg HZEKRFAHLM, &5 0. 0.05. 0.10. 0.20.
0.40. 0.60. 0.80. 1.00 ng/mL JTi et V¢ Ji 1) i ZE K IARE A 1
W, 1ok T/C, LMk & (half maximal inhibitory
concentration, 1Cs), 1Cs Fe k& h REBUE e fEE .

Q)EZ MM e

it PRI 3 ) 45 (R AR A B P R AR A 10 9K,
it T/C, HHEFI{E . Al #E(standard deviation, SD)
FIAE 5 2 $ (coefficient of variation, CV).

(3K HiBR

5 i FEAANFRUERE 25T 0.01 mol/L 1) PBS Rl A
0. 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07. 0.08, 0.09,
0.10 ng/mL AN [vl J5 5 Vi J35 114 H SERMARE AT W,
Tl A A AR A% X AR [) 5 R T 1) b FE KA AR TR 7
R, 225 s v i 2 o DA BH AR AR (R R I T/C Y4B 2% 28D,
PR ZE 0.06~0.10 ng/mL BT 2Bk vk BEFEAKG I T/C
{ELY 28D, 13EIFEA T/CAH, RASRHERZ IR, THEXT
(AR, B0 A i ZE R AR AR T VR G B

(4) 2 W B AR AR R i A

T 2= 475 TP I L ZEOK A B A, O AR A
B 1.0, 0.5, 0.4, 03, 0.2, 0.1 ng/mL, {5 R ¥:H
25 IR GRS I 5 B A [R) S5 ViR R b FE KA 14 A 5 R oA
TSI FEOR S AR W50 T/C (H, 2585 4= WHRE AR I 1) R £
JE K HER T
1.2.6 HIEAE

T 30 5 0 SR A 5 9 e g A BT AN A AR S8 R
il 3d Micrsoft office Excel 2019 2 ¥l &, R Origin 2022
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2.1 FEEEEARFZENTEELLE

RF 3 FhBUAFRIC R M DOGTER, 25 LA
T 3 AT A% I S [] o R 1) M SR AV W . T4
I 25 SR L2 1 AN 2; (AN 4R 25 S o Mk %y
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FEKMNE W B MR BE R E TE 0~1.00 ng/mL, Z55H L% 2 A
P 3. (6T ANRIE WA ki, 3 R v
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Table 1 T/C results of different dexamethasone concentrations detected by dry format
AN [ Joi o e B b S KA T T/
(ng/mL)
T 0 0.1 1.0 10.0 100.0
20 pg Pithk/mg ER 1.4103 1.3833 1.0155 0.3104 0.0000
40 pg Prik/mg ek 1.4089 1.5440 1.4187 0.4018 0.0379
80 pg Pk /mg fER 1.8036 1.6733 1.4665 0.4382 0.0323
= ® 20 pghiif/mefiEk LA AR R AR ARAL R RS 2 min, ST RN R
1.5000 | : ‘818 ugﬁ%mggg i1 FE KA L A8 | A s FE R AT AR S iR A4 422 fnh st 1],
L mgi(3> ST e 3 N
%me,\ reE I 26 ST TE A T P R W B AA B 12
3 \ MregaEAT, AT REAFFE 1 ZERAN RN SE A3 b B D B iiEk ik
05000 | G RSEATEAY, PR A i A I i R U . T
0 BARARSEIY ICso # A T 2.7 ng/mL; XL 20 pg A /mg 1%

0 200 400 600 800 1000
o FEAAA T WL LR 2 /(ng/mL)

K2 L IERMNFER S T/C AIOGHE P (T12)
Fig.2 Correlation diagram of dexamethasone concentration
and T/C (dry format)

BRMARIC R, {4 1Cs 294 0.10 ng/mL, 41U
40, 80 pg Huidk/mg WIEK HFRIC AT, 1C5) £9°4 0.40 ng/mL,
HNT T RARARIRI 1Cso, HIH T IR 5 R U &,
DL BEBET 5 i 25 IR AR 45 i T E SR G

2 ERRKFRNFRREREMERRE T/IC HR

Table 2 T/C results of different dexamethasone concentrations detected by wet format

7] 5 A JBE i ZE R AN W/

ng/mL) 0 0.05 0.20 0.40 0.60 0.80 1.00
EiR LN N TaNi

20 pg Hifh/mg Bk 2.1953 1.3556 1.0352 03532 0.0330 0.0000  0.0000  0.0000

40 g HifA/mg ek 0.8932  0.8961 0.8200 0.6739 0.3929 0.0802 0.0653 0.0111

80 ng Hifk/mg Mk 0.8918 0.8689  0.8139 0.8226 0.4278 0.1786 0.1598 0.0226
2:5000 1 u 20 ughit gk B L ZERFAREA TS IR, 20 pg PUiA/mg ERAR 10 140
o 2.0000 | :gg téi%&fﬁé% 2k, TEREHE, 140, 80 pg Hrik/mg MEkiRic & A4l
O 1.5000 | g%, T 2RI M o] W, UL %0 20 pg T /mg fERIARIC
a 1.0000 | ENMER R B RAE, AR 2 P ERW 3 FPLiRbR D
05000 | 1 BOBR ) 1 90 0 20 RO ) 9 9K
o AV, 20 pg Piik/mg WMIKPRICE FIRKAUAR, 1Cs0 A

(I) 0.I20 0.:10 0.60 0.80 1.00 1.‘20
H FERPAV W T i 7K B/ (ng/mL)
[ 3 M ZEAKPA T RS T/C AHOCHERI Q%)

Fig.3 Correlation diagram of dexamethasone concentration
and T/C (wet format)

22 WEkEERKIFICE

AT 3 A AbRIC R, TERRIE A 0t ac EAA
[Fi o L M FE RN, 2RI 4 B, al LA A
TR IC R B PR 5 1IN AR IR, BEA R M ZE K
P HE )3, T R B3 o A6 0.40 ng/mL

0.10 ng/mL, 40. 80 pg ¥iif/mg RERFFICE MLL0L,
1Cs0 2124 0.40 ng/mL, LW 20 pug Pilk/mg HERAIARIC =
HIOR RS fefd: . BOKF 20 pg itk /mg HORAFRICRY
ER, 1E NG Stk BE #1451 o
23 EEMKE

i 20 pg HiiAk/mg HER AR IC & A Sk il AR i iR
YR, XTRAPEREAUEA TG MR . 23153 10 A BHPERE A
) T/C {E°M 1.9891+0.1634, AFFZHB CV N 8.2%, HE M
BT, ULAAHESE M 0 20 pg Bt /mg R BOARIC & 13
Bl A W A AR A A2 M A L FH ARG 0 ZEOR A
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Fig.4 Results of different dexamethasone concentrations detected by 3 kinds of microspheres labeled with different amount of antibody

24 R

DA KA 14 3 R BE (X, ng/mL) WAL, LL T/C
) I AARER, i hRiERNZL, Il 5 FioR. 4% 1.2.5
T3 T AR B 0.07 ng/mL. 1277 A M 5E
RARVE T R L
2.5 SRR BUEFERERNER

Xt 5 A AN T o b SE A ) A= WA ARG, AR

HUFEKAN TR (X, ng/mL) KA, DL T/C {E(Y) A
AeRR, ARG ST, IHZILEL 6, 153 4 ZHdUAihk
IR Y=AEAYTHXX PHA,, = A=4.4903 |
A=0.4805 . X=0.2366. p=3.1146. r’=0.9967; | A, Ky 7€
KA TR R 0 ng/mL X E T/C, Ay Rt ZEAHA e
49 1.0 ng/mL X Rz A T/C; Xo A HEZERARFAITIHR E ICs,
P A ICso AN AR o LA 2R 5 A A1 1C50=0.24 ng/mL,
REA T XA 47 rh R bt SEORAA 1 B e 5% P R el
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Fig.5 Response curve of dexamethasone solution

50000 1 Y=A,H(A A (1+(XIX;) p)
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4.0000 A4,=0.4805
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30000 f p=3.1146
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= 2.0000 |
1.0000 -
0 . .

0 0.2 0.I4 O.I6 0.I8 l.IO 1.2
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Pl 6 A4 mp s FE KA S JEE IR )i 2

Fig.6 Response curve of dexamethasone concentration in milk

T 25 12 45 v 43 S0 S 0 A T) J5 kR ) 2 K A
b ME VSR, TR R R, R LR 3, i R
77.63%~121.58%, AMr&s R R, 78 0.3 ng/mL ZEAH
FERMN B IR TG, 256 RS SR, Rk
T 0T

=3 WES PSS ERNE B E

Table 3 Spiked recoveries of dexamethasone in milk samples

MR 0.2 03 04 05 1.0
JE R /(ng/mL) ' ' ' ' :
b FEOR A o e Vi BE

e 0.078 0210 0290 0.420 0.480 1.220
2 {8/ (ng/mL)

TS5/ % 77.63 103.67 96.34 103.84 96.67 121.58

2.6 SEPRHEMRINE
W A A IR AR &0t 3 Al B A W AT E,
3 PR L ZE KA 2GR B

3 %

AR T Ao 6 FRF 15 53 B9 SRR b i ZE KA B4
WA Tk Sl AR AU RBUE R A, LT
Rl 1) 73 B Gt JE AT DR A A 4 s FE KA 1) T
o INEEENERG I AL 5 R B CV O 8.2%, HIZEKI

WA HBRR 0.07 ng/mL, BN 77.63%~121.58%,
A 2 475 v b FE KA Y 1Cs0 47 0.24 ng/mL(BP 0.24 pg/kg)o
2T R R AR W Y B R AR PR (0.3 pg/kg) R 2
sk, BERVERIEPEE, IEE 10 min J5BIW] HIZE R, &AW
Gy P haril, by 2 4% v Hb ZE K AN 25 ) 5 B T DR ARG 0 442
T gtz
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