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Establishment of an in vitro screening model for uranium decorpora-
tion chelators based on the competitive ELISA method

WANG Meng-meng, ZHANG Xu-xia, YIN Jun, REN Xiang-yi, LI Xin-yue, CHEN Hong-hong"

(Institute of Radiation Medicine, Shanghai Medical College, Fudan University, Shanghai 200032, China)

Abstract: Uranium [U(VI)] in the blood is known to form stable complexes with apotransferrin (apo-Tf),
which plays an important role in mediating the cytotoxicity induced by U(VI) transported to cells. The present
study aimed to establish an new in vitro screening model of U(VI) decorporation agents through exploring the capa-
bility of chelating agents competing with U(VI) binding to apo-transferrin based on enzyme-linked immunosorbent
assay (ELISA). The optimal concentrations of apo-Tf coated antigen, Tf antibody, secondary antibody and U(VI)
treatment were achieved and the stability and reproducibility of this method were validated by methodology study.
Using this model, the ability of four chelating agents to mobilize the U(VI) binding to apo-Tf was evaluated, and
the rank of competitiveness was catechol-3, 6-bis(methyleiminodiacetic acid) (CBMIDA) ~ Tiron > apo-Tf >
DTPA-CaNa, ~ DTPA-ZnNa,. The efficacy of these chelating agents in removal of U(VI) was tested by animal
experiments. The results showed that immediate administration of CBMIDA or Tiron after injection of U(VI) in
mice significantly promoted urinary U(VI) excretion and reduced U(VI) accumulation in kidneys and femurs, while
DTPA-CaNa, and DTPA-ZnNa, have no obvious effects as compared to U(VI)-exposed mice alone, which was
consistent with the results of competitive ELISA method. The animal experiments conform to the rules of the
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Animal Research Ethics Committee of School of Pharmacy of Fudan University. These results show that the new

proposed method is rapid, simple and convenient with good reproducibility and has the potential to be used for

in vitro screening of U(VI) decorporation agents.
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screening method
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Figure 1 Determination of optimal concentration of the coated apo-Tf Ag (A), Tf Ab (B) and the dilution ratio of 2" Ab (C) for the indirect
ELISA assay. A: Absorbance; Apo-Tf Ag: Apo-Tf antigen; Tf Ab: Tf antibody; 2" Ab: Secondary antibody. n =3, X s
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Figure 2 Effect of U(VI) on Tf Ab and apo-Tf Ag combination.
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Table 1
ELISA method for chelating agents competing with U(VI) binding

The intra- and inter-day precision of the competitive

to apo-transferrin. The working concentration was 125 umol-L*;
°n = 6; °n = 15. CBMIDA: Catechol-3, 6-bis(methyleiminodiacetic
acid)

Precision (RSD/%)

Group

Intra-day® Inter-day®
Control 8.36 9.34
u(VI) 7.26 19.94
U(VI) + CBMIDA? 9.93 16.56
U(VI) + Tiron? 9.21 12.10
U(VI) + DTPA-CaNa,* 9.33 17.46
U(VI) + DTPA-ZnNa,* 8.42 17.69
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Figure 3  Ability of competitive combination of chelating agent
and apo-Tf with U(VI). n = 3, X £ s. ""P<0.001 vs blank control;
~P<0.05 vs U(VI)-treated group alone
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Figure 4 Effect of chelating agents on urine U(VI) excretion (A), kidneys U(VI) accumulation (B) and femurs U(VI) accumulation (C) in
U(VI)-exposed mice. n = 6, X + s. "P<0.05, "P<0.01, "*P<0.001 vs U(VI)-exposed mice alone. ID: Injected dose
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Figure 5 Schematic illustration of competitive ELISA. A: Prepare a microtiter plate; B: Coating apo-Tf Ag; C: Blocking with BSA; D:
Incubating with UO,?*; E: Incubating with chelators and Tf Ab; F: Incubating with HRP labeled 2" Ab; G: Color-developing with O-phenyl-

enediamine (OPD); H: Detecting A,q,
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EREEIKEE Y 1110 B, B2 U(VT) J& AT i, Boxd
4 A () B 1 Bl O (VL) 94 52 P 358 v 365 005 35 S H 4 )
%2 B U(VI) PTvE T 48 Mo i 129, 2% BH ik B AR A A
U(VI) FIECARLE U(VI) 3E N 40 i S04 i 5 v v R 35 &
BAEH . WMEARLIAR R, £E pH 7.4 FIBR R IR A7 12
(B R #h -5 U(VI) FOBE R LR 100 1] 1461, M 22 2
U(VI) &5 apo-Tffa 45 &, W & PRIRARR R ALY, X
R 36 4 ELISA VARG I 28 & 1) 5 apo-TF 55 4 45 &
U(VI) 1A 38 17 EE M EAL . M B, A SO %3
G+ ELISAVE AT B it — D IRE 7T H A G
TR e MR E B
N TR AR FR W E B A ) S apo-TE e §+ 45 &
U(VI) BEJJ M RIAT M, A SO0 W42 T 2 /N BH 4 U (V) 1
HE# 4 7] CBMIDA 1 Tiron P& 2 4N B 4 U(VI) 12 HE
4 771 DTPA-CaNa, Il DTPA-ZnNa, [ 14 41 35 4+ 45 &
U(VI) KR 77, Lan %504, CBMIDA PL ' H 7 &
()R 25 3R B 12.5 mg-kg LIRS K5, FE i 2594
Croax N 14.18 pug-mL™* ({1 35.45 pmol-L 1), AS2E6 R &
T LW 1.8 1% (62.5 pmol-L™1). 3.5 1% (125 umol-L?)
F7.16% (250 umol- L) B EE A AT R, &I = T
IR 3.5 /% 1) 125 umol-L't CBMIDA Al Tiron 13 a] {4

U(VI) Ab3EAAk 2 AE B S0l FF, i o T e ik B 7.1 % 11
250 umol-L* DTPA-CaNa, f1 DTPA-ZnNa, 1 /5 4 fE 51
EE U(VI) b2k 2 AE 3 I, 22 B CBMIDA Al Tiron
Bt 55 apo-TF 38 445 & U(VI), H &4 U(VI) fIfE fH
KT apo-Tf, 1fij DTPA-CaNa, 1 DTPA-ZnNa, Il % & 7~
X} apo-Tf 454 U(VD) B AEH . Hib ] W, 1X 4 Fp 2
& 7 5 apo-TF 38 4+ 45 & U(VI) BE 1 (0 58 55 I F
CBMIDA=Tiron>apo-Tf>DTPA-CaNa;~DTPA-ZnNa;.

A5 ik — 25 R H 2 ) S 56 LIS IE X 4 M
AIHEUVL) ZOR . S2Ee W42 3], CBMIDA Al Tiron A7
R 5 24 B 55 3% AR S U(VL) S 55 /08 BB I R 1
U(VI) & A2 ik SR U(VI) $F ;i DTPA-CaNa, Al
DTPA-ZnNa, 37 Bl 45 245 25 /I8 B3I B J0E A i & U(VD) &
L PR U(VI) HE 55 B4l U(VI) Yesp 4000 e e B 25 2
5. Fukuda %5045 5, CBMIDA RE S (L 3k 2t U(V)
HrEE R BRUUR U(VIL) HEH, AR B U B2 B 0 0 45 2H 41
1 U(VI) B, 1ZSCHRRE 5 A )P S50 45 KA &
AR VR R ZH AT HA 20 i S 36 RE 5T 3R B, CBMIDA g % [%
BB I /N b R HK-2 41 s U (V) A $EEER, fi 3k4m
f P9 UVI) (R, 9805 U(VI) 5 5 (1) DNA #5475 fi 41
4545, 32— 0 AR /K ST i B 7 CBMIDA {24t i
U(VI) HEH AP U(VI) S i 2 /9 /Ef - Domingo
SRR E, Tiron SZRIZA 2580 U e85 J5 I8 1 h W45 24
BIRe A B 2t UV /AN R IR U(VT) HEH, BE
fIC B WEAH B U (VL) & A4 1 DTPA-CaNa, i 76 B & 1)
TRHEH, 1Z SRR TE TR 5 A8 2y S B 45 R AH — 3.
(R 1, A B4 52 56 3E— 25 IE 523X 4 Fh A 57 HE U(VDD)
2B [ 5% 55 0 7 4 : CBMIDA=Tiron>DTPA-CaNay~
DTPA-ZnNa,, 5 A 7t & 37 1) 5 4+ ELISA J7 & K
A 715 apo-Tf 58 4+ 45 & U(VI) 8 77 1 58 55 5 AH
W4 .

g5 LR, AT L 5T apo- T 156 4+ ELISA
R TN A R 25 A (VD) 1R T, TR AL
i 166 U(VI) i H 2 A 70 1R A SN ARY 5 12 07 925 (1) 42 S 7
Sy FEAth TSRS 4 A 2 0 R AR HE B R ) i S R R
PO T B R .
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