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TR P A I e 7 HK-2 40 )5 7. B B SE SR 24 h 45 BPCBG 151 24 8% 48 h, SR CCK-8 71 Gk i 40 fu A7 7% %,
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Effect of the chelator BPCBG on the decorporation of uranium in vivo and
uranium-induced damage of human renal tubular epithelial cells in vitro

BAO Yi-zhong, WANG Dan, HU Yu-xing, XU Ai-hong, SUN Mei-zhen, CHEN Hong-hong"
(Institute of Radiation Medicine, Fudan University, Shanghai 200032, China)

Abstract: This study is to assess the efficacy of BPCBG on the decorporation of uranium (VI) and
protecting human renal proximal tubular epithelial cells (HK-2) against uranium-induced damage. BPCBG at
different doses was injected intramuscularly to male SD rats immediately after a single intraperitoneal injection
of UO,(CH3COO),. Twenty-four hours later uranium contents in urine, kidneys and femurs were measured
by ICP-MS. After HK-2 cells were exposed to UO,(CH;COO), immediately or for 24 h followed by BPCBG
treatment at different doses for another 24 or 48 h, the uranium contents in HK-2 cells were measured by ICP-MS,
the cell survival was assayed by cell counting kit-8 assay, formation of micronuclei was determined by the
cytokinesis-block (CB) micronucleus assay and the production of intracellular reactive oxygen species (ROS)
was detected by 2', 7'-dichlorofluorescin diacetate (DCFH-DA) oxidation. DTPA-CaNa; was used as control.
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It was found that BPCBG at dosages of 60, 120, and 600 umol-kg ' resulted in 37%—61% increase in 24 h-urinary
uranium excretion, and significantly decreased the amount of uranium retention in kidney and bone to 41%—-31%
After HK-2 cells that had been pre-treated with
UO,(CH;COO), for 24 h were treated with the chelators for another 24 h, 55%—60% of the intracellular uranium
was removed by 10-250 pmol'L™' of BPCBG. Treatment of uranium-treated HK-2 cells with BPCBG
significantly enhanced the cell survival, decreased the formation of micronuclei and inhibited the production of
intracellular ROS.  Although DTPA-CaNa; markedly reduced the uranium retention in kidney of rats and HK-2
cells, its efficacy of uranium removal from body was significantly lower than that of BPCBG, and it could not

and 86%—42% of uranium-treated group, respectively.
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protect uranium-induced cell damage.

further investigation.

It can be concluded that BPCBG effectively decorporated the uranium
from UO,(CH;COO),-treated rats and HK-2 cells, which was better than DTPA-CaNas;.
the uranium-induced intracellular ROS and protect against the uranium-induced cell damage.

It could also scavenge
BPCBG is worth
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Figure 1 Chemical structure of BPCBG
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AL A N, N'-1, 2-T0 ZFEXU[N-(2, 3-FRFE I
FOTH R, X TR 4200 ZAEYIN R0
R, 2ERER 98%, It FHTH 255 17K 8% NaHCO;
VARG, pH N 6~7. ZALA W 45 K ik A
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LIRS 0K 604 120 F1 600 pmolkg ' (B4
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L2540 . BEAFIVE 24 h JEWCEAN M. 5, i
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MR 35 mm BrFRIL TR, A 600
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J&, %F 50 1250 pmol-L™' BPCBG A1 250 pmol-L™"
DTPA-CaNa; 4K 4:55 9% 48 h, [H] I} 58 & 25 (A0 40
MU, SRIFMAR 1 pgmL ™" Cyt-B (B e
FERAE 21 26 ho FFEEFRU. PBS ¥k 2 1K, 41
W -yKESE (9 0 1) [H5%E 15 min, Giemsa Y¢f0 )5 & &
TS NS4 500~1 000 ANXURZ AN MY, 1AMk
KRR WRZE (%) = (W2 B/ BZ 41 M2 %100%.
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300600 F1 900 pwmol-L™" AN [l 34 5 1) it R 16 40 1) 5
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AN 48 h, [AIIBCE S AN A A g . DL %
SN AN 2 ERE A THEUS, B 6x10° AN Bz
BT 96 LB, BE 4 A PATHL, B59E 24 h EREAL
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LB, HiFR 5~6 h Ardil M BE J5 i\ CCK-8 %l
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i K/ 42 P 4 B A50)/ Ot B4 A7 35 4N M K/ B Al i
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CaNa; K & 250 pmol- L' EEFIALIE, A
DCFH-DA ffi HL & W5 4 10 umol-L™", B 41 Ju s 3744
MIEE 20 min. FHJCIMLIE R IR BER A M 3 U5, R
2 Ihefibri (BioTek) 7F 488 nm A i K. 525
nm KA ALK P GTREE, THE 41 ROS 2E &
o N ROS & (Ch = AN RALI%) = (552541
(1079 658 JE /2% 16 B ALK 28 3% ) x100%

FItESW LA X+ s Fox. KH SPSS
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24 h JRBIHE L E R, Ll ) A B 2y
37%~61%, . B EREN] WS, 7t
XL BRI 2T 59%~69% Fil 14%~58%, B4 247
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REAE 24 h JRANHE BB 20 AN 23%, &
BlE R 20 AL B R S S51%, (HIY W3
ik 7- BPCBG (120 1 600 umol-kg ") AR, H4h
BRI S MRS E BT WA 1.
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B R e rE ) B AL W PR L) 55%~60% (P < 0.05,
P <0.01), {H =3 " % 2. 250 pmol-L ™' DTPA-
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Table 1 Efficacy of uranium removal from rats by promptly injected BPCBG. X =+ s.
P <0.01 vs DTPA-CaNajs-treated group

uranium control; AP<0.05, S0P < 0.01, fnb

P < 0.05, P < 0.01, 7P < 0.001 vs 24 h-

Ligand dosage Uranium content at 24 h / pg
Group n -1
/pmolkg Urinary excretion Kidney retention Bone retention

24h-uranium control 14 - 16.36 +£3.39 7.83 £2.59 20.31+2.47
BPCBG 5 60 22.42+5.46" 327 £1.49" 17.43 £1.74

8 120 24.94 + 5554 2.64 029" A8 11.71 + 1.6377444

5 600 2633 £2.87"48 249 +0.10""44 8.61 2367444
DTPA-CaNas 5 600 20.10+ 1.18 3.82£0.84" 22.21+6.13

CaNa; tH 2 L H B W (R HEAASCR (P <0.05), A4 e
TR FRY 52% (B 2).
3 BPCBG M#1iFS HK-2 4HRRIZ B A 2
600 pmol-L ™" A1 4LE HK-2 41/l 72 h 7] S mk%
HIEHIL 16.9%, 35w T2 AL (P =0.000).
BhYE 40 24 h J545F 50 A1 250 umol-L™' BPCBG,
AT AEAAZ 20 e Al e 2 6 R 2L B 5 N PR 42%
52% (¥J P =0.001), 250 pmol-L ™' DTPA-CaNa; {XA# 1%
KR L 15% (P > 0.05), Lahgeds a4 b
B 25 5, R sl SO R B R E T .
* 2,
4 BPCBG il HK-2 4 paiE5E R 520
YL 75 HK-2 410 48 h. &l 5 A 100 pmol- L™

101
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Treatment/ umol-L™!

Figure 2 Efficacy of uranium removal from HK-2 cells by
delayed BPCBG administration. n=3, X+£s. P < 0.05, "p<
0.01 vs uranium control group

Table 2  Effect of BPCBG on uranium-induced micronuclei formation and ROS production in HK-2 cells.

#2900 pmol-L™" I, 4 77 3% 5 B gl e #4771 R 184
T R R B A S L RPN 250 pmol-L7
BPCBG £ 48 h )i, fit f %2 600 Al 900 pmol-L™"
B AR O AETEH (P < 0.01, P < 0.05). A [H¥ %
f) DTPA-CaNa; W62 WKl 3.
5 BPCBG MHiES HK-2 IR ROS 7=4 B 82
f 2 2 7] WL, 600 pmol-L™" A1+ HK-2 41 48 h
Jii 55 HK-2 4 iid 5y ROS S35 38 T, 204 25 (o0 41
(1) 2.7 %o Geit)a LRSS FIEER 24 h A
#77, 50 A1 250 pmol-L™" BPCBG it i 2kl ih
7521 ROS £k, ROS BGLAlZ 43 Al FRARL) 19%~
36% F 18%~32%, B 24403 5 388 i il 4 FH A7 38 hn
#3411 250 pmol-L™' DTPA-CaNa; i % ROS K
YEH .

0 100 300 600 900

Survival fraction

- -4 - - Uranium control
— —m — BPCBG 250 umol-L."!
—&— DTPA-CaNa; 250 pmol-1.”!

001 L . o
Concentration of

UO2(CH3C00)2/ pmol-L"!

Figure 3 Effect of BPCBG on cell survival of uranium-treated
HK-2 cells

n=3, X+s. P <0.001

vs normal control group; “P < 0.05, “““P < 0.001 vs uranium control group

Micronuclei frequency/%

Intracellular ROS (% of control)

(Uranium+ligand) 48 h 24 h uranium + 24 h ligand

Group Ligand dosage/umol-L™"
24 h uranium + 48 h ligand
Normal control - 6.0+ 0.1
Uranium control - 16902
BPCBG 50 9.7+0.14%°
250 8.1+0.5°%"
DTPA-CaNa;s 250 142+24

1 1

2.72 +0.08 2.77 £0.04
2.20 +0.09” 2.27 £0.02°
1.73+0.11° 1.89£0.01°
2.64+0.07 2.69 £ 0.03
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WA 77 BPCBG ik 26 7 48 2 4~ CAM 2%
BAA SR 2 AN BRI FL AIAE R, AT 5H R R
ARG AT 707 | iR HRRO . T
Wi oT R B 7, BPCBG Ao U P LA AR 4 i e HE
ROR, KBUEEBKES Gv) 2Th JFZ BV S (im)
BPCBG 500 mg-kg ™' (#124F 1.19 mmol-kg "), 48 h J&
PATh fE AT RN 51%, T, B EREL 2'Th
R BRIRZ) T1%H1 93%. AWFFTEhYScs 45 R %
W, B% BPCBG [H45 2578 HE 2*Th A RGHE M
5% (60 pmol-kg ")+ 10% (120 pmol-kg™") 1 50% (600
umol-kg ") I, Xt b 5 K U HAT B AP IR HERIUR,
B 4T DTPA-CaNas, 24 h JRAhHE L & LAl b 285x)
AN 37%~61%, . HHEIE & FIKL
59%~69%F1 14%~58%, Bfigh 247548 n e HEcR
B G145 1] DTPA-CaNas (600 pmol-kg™") f# &4l %5
TR A T BE 0T AL B BRAR LT 51%, JRA0HE 1Y
N2 23%, HAlE B R BTN, "TEES DTPA
AR 5 RS AN e AR N L2 (15 2> 4147 5% . Durbin
DG RIE, CAM REE A7 5S-LICAM (S) BRI
B B e, K B IR S A e i S S R i o
(ip) A7 30 umol-kg ' (A FIAMEE R EL N 91 ¢ 1),
A A Al S R A R ) R R PR AR 49%,
Bl IR BRI 62%, FRAHET SR ah b
SRALHE LT 35%, (HIE AWM #ETER & . HOPO
HKEEAH 3, 4, 3-LI (1, 2-HOPO) #1 5-LIO (Me-3, 2-
HOPO) FAAIC Al R defE, mIf K Bl 5 A o
Bl EEN B S 2 PRAIKLY 81%A1 84%, 1H KR FEAIC
HANE R, RANHE Al e A 43 0 5
25 T%H1 20%. H1E A UL, BPCBG HIHE1E A 3L A
SR, BEIFIET B PRACE . B ERE, e
PRAUHE

AW FOR Tl G B Al /N Bz HK-2 40 g 1)
JivE, B NG MK T3 20 48 B G 0T 4
PBI IR HERCR, RIS BPCBG X il 5040 3t 5
PEFC TG ARSI DR EH . 45 R i, 104 50
H1250 pmol-L™" BPCBG (E4 71/ BE IR L 43 I 40
8.8 44 F1220) FEIR 24 h 452 v {40 g o8 ik
Eb Al G 75 06 AL B8 N2 55%~60%, — & 8] LW &
ZER, AH AT Al EE R LE AN 8.8 A nE 44 I, HE
B AT S I HA, S BN 4 2 5 HE Al ROR
FREE . LA Bl 4 5 50 R A0 P S 56 1) HE RIS R I,
BPCBG fg {2 & FCN BUEF & A, JRpe 2 K

HK-2 411 i 98l 15 L DTPA-CaNas 1 fE 1H 5 FF A
R EURFBTE BUE, JRAE 3 FRIC HK-2 40 1 ) Al & AR
i, HIKT BPCBG M8 . H ik ml U 4 fifd 51246 1)
g5 Wy s g AR A, RYR A E T /N
b e HK-2 4 AT HEA R S0 & v AT 1, ] N4
71 WL B FR0S AN R Bl R 2 1 (i 8 R YR
FHAH R (1 40 i R AT 0T

A SEH IR W %€ #), BPCBG 1] W 2 (A% 5
HK-2 40 Ml i 3R 8 1, B it % 25 40 M 16 A7 3% 22,
X Bl 4 B A E A B S 0 ORAPE o ST AR
BLHI &I, BPCBG e 2 2 il 8l T 1 40l A ROS
(A2 i, 55 HAk 2 Gl A v B A A1 2R Iy ik 141 5 D) A
Ko VB LARTIGSEIG B UR 5L, & 402K Lz &
LA V5 B R A B 2 1 1 el AR A S T Tt 4R
RAER, ATRAAE R P 2 Th WIRS BT i fG, 1
BES7 4%, 1 DTPA-CaNas A & bt R IR AL #4771, 6
THERNML A ROS (AR, R B ORA Bl 350 40 i i)
Bifi. ARETRE, P LT DMSO X 345 A& 1)
NS5 2 BEAS-2B 41 i 453475 H A B Lr i 3 1
F, REATR0E BRBTRNTS & 140 M TS RS A, I
BRSP4 M ARG . B . DNA 4%
15 FOHE IR 58745, B 97 Sl & 4 Mo S Pk fk (B0
PR, DR, BRSO R A IR HE A AR B A
BFE EARAHER, [ SRS R = B i, 2R
k2 AORCE SR S G PIRr

TS e B 72 T 2 L B 255D
IG5 g s PR S5 a5, ST (] U A HE AR
R 4 B 5349 1R CR AR R, A i A0 975 D7 VA A4
NV

DL S A4 i s 56 24050F 2 BPCBG 4l v #:J58
HARUF R HSAR, 2T DTPA-CaNa;, JfH
A PR AN A B N AR B 3 AR AR, DRl
BOF NG b A i, R —AMEAR I PR
FUREN IR HER

Bigh: b AL 2 B LR TR ST 4 R 2 T X
ABFFETAE KK S S

References

[1] Liu S, Luo M, Chen G, et al. Efficacy of chelating agents for
treatment of acute uranium intoxication in rats [J]. Radiat
Prot CGEHFB4), 1995, 15: 186-189.

[2] Liu S, Luo M, Chen G, et al. Efficacy of lower dose 8102 in
removing uranium from rats [J]. J Shanghai Med Univ (I

BERL K224 4), 1996, 23: 275-277.



AR B BPCBG Xl (1402 HE R A B 57 B BN W /NS L e am i 5 3 1 4 <1313 ¢

Durbin PW, Kullgren B, Ebbe SN, et al. Chelating agents [7]  Yang Z, Sun M, Ni Z, et al. Structure activity relationship
for uranium (VI): 2. Efficacy and toxicity of tetradentate study of chelating agents of double molecular substituted
catecholate and hydroxypyridinonate ligands in mice [J]. Health phenols amino carboxylic acid for decorporated radiothorium
Phys, 2000, 78: 511-521. [J]. Chin J Radiol Med Prot (" #EJHU £ 2 5B A4 &),
Paquet F, Chazel V, Houpert P, et al. Efficacy of 3, 4, 3-LI 1999, 19: 183—185.

(1, 2-HOPO) for decorporation of Pu, Am and U from rats [8] Chen H, HuY, Zhang Y, et al. Studies of phenolic chelatinig
injected intramuscularly with high-fired particles of MOX [J]. agents on free radical scavenging activities and inhibitory
Radiat Prot Dosimetry, 2003, 105: 521-525. action in radiation-induced lipid peroxication [J]. J Radiat
Abergel RJ, Durbin PW, Kullgren B, et al. Biomimetic Res Radiat Proces (341 #F 90 5484 1.2 %% 4R), 1999, 17:
actinide chelators: an update on the preclinical development 209-213.

of the orally active hydroxypyridonate decorporation agents [9] Chen HH, Luo MC, Sun MZ, et al. Decorporating efficacy
3,4, 3-LI (1, 2-HOPO) and 5-LIO (Me-3, 2-HOPO) [J]. Health of catecholaminocarboxylate chelating agents for thorium-234
Phys, 2010, 99: 401-407. and protective effects on associated radiation injury [J]. IntJ
Yang Z, Sun M, Ni Z, et al. Synthesis of bimolecule Radiat Biol, 2005, 81: 309-318.

substituted phenols and their effect on rats for removal of [10] Huang B, Long Y, Li Z, et al. Hereditary toxicity of depleted
radiothorium [J]. Chin J Radiol Med Prot (W 48U = 2% 5 uranium and protection of DMSO in BEAS-2B cells [J]. Pract
B2k i), 1997, 17: 178—181. Prev Med (2 F il = %), 2009, 16: 639-642.

(MRBY5IRKR) 2012 F£EITRE

CBLARZIM S IRIRY (R (EAMEZY « M2 M) |, 2009 EHEHE 4) & f Ry st le . hE 2y
S ILE R RN T ST, B NAMATERAT .

AT AR [ Py Sh 250 5 BTk e T ER, DA eI R N F 5 T e Br s S b RN, b
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