HEE SO BESE 2013 45 2 H 25 30 %55 2 ] J Environ Occup Med, Feb. 2013 Vol.30 No.2 - 117

TEHE: 1006-3617(2013)02-0117-05

FESES: R114 XEAARERD : A

ok 5% OO SD R AMALI DNA Ha 5 FE AL R 55

I&, 2%, R, G, ZaMm, B, AL, HER, FER, R

HE. (B4 ] FRERABAANNE AR E LDNA RG A KA MRS TH, [Fx] BT #SDAR
EA0 A A A4, BAI0R, BE2 R, 4405 B BN ACKE ) &30, 100, 300 mg/L E 4 5 47 ( K.Cr,0, )
KIER AR, B 3RIBEEERAKEHFEHRIEN KCr0, B R, EREREMNEERERS, F. G M. BARE
7, AR R AR B RKE, 0% 4 E i DNA 545 Ko 3¢ & 8- % 3 fi 4, & # ( 8-hydroxydeoxyguanosine,,
8-OHdG ) A1 77 — B ( malondialdehyde, MDA ) By & &, [ 4R | M5 300me/L 41 B R F 1w KT X BB 41 (P<0.05); JE
. 300 mg/L 41 | # B 100 mg/L 71 300 mg/L 41 89 F ¥4 H 4K K & H 1K T % B 41 (P<0.05, P<0.01 ), 300 mg/L 414 | 4 K &
DNA #145 % 4n & (P<0.05 ), ¥ . 100 mg/L F2 300 mg/L 41 1 . F 8-OHAG 4 & K B 3 /5 & 4147 4 5 100, 300 mg/LL 41 1
K MDA A EH B EE TR EA(P<0.05, P<001), [£Z# ] HWAREC(VI) T KR4 E L DNA $i 50 E, H4E
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Oral Exposure to Hexavalent Chromium by Drinking Water Increases DNA Damage and Oxidative
Stress in Peripheral Blood of SD Rats WANG Yu, JIN Ling-zhi, SONG Peng, GAO Ming, WU Nan-
Xiang, XU Dan, LIU Ke-cheng, LOU Jian-lin, TAN Yu-feng, SONG Yang (Institute of Hygiene, Zhejiang
Academy of Medical Sciences, Hangzhou, Zhejiang 310013, China). Address correspondence to LOU
Jian-lin, E-mail: jianlinlou@163.com + The authors declare they have no actual or potential competing
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Abstract: [ Objective | To study changes of DNA damage and oxidative stress in peripheral blood of rats induced by
hexavalent chromium exposure through drinking water. [ Methods | Forty male and forty female SD rats were randomly divided
into 4 groups with 10 in each group and 2 in each cage. The rats were exposed to potassium dichromate (K>Cr,0-) through drinking
water at doses of 0, 30, 100, and 300 mg/L. for 4 weeks, respectively. Water consumption per cage was recorded 3 times a week and
the water was replaced by freshly prepared K,Cr,0; solution. The rats were neutralized after 4 weeks. Body weight and weights of
heart, liver, kidney, lung, stomach, and spleen were recorded, and organ coefficients and mean daily water consumption per rat were
calculated. The DNA damage of whole blood cells and the contents of 8-hydroxydeoxyguanosine (8-OHdG) and malondialdehyde
(MDA) in rat plasma samples were measured. [ Results ] The body weight increment in the 300 mg/L female rat group was
significantly lower than that of the controls (P <0.05). The mean daily water consumption per rat in the 300 mg/L. female rat group
and in both the 100 mg/L and 300 mg/L. male rat groups was significantly decreased than that in the control group (P<0.05, P<0.01).
Blood DNA damage increased significantly in both the male and female rats administrated with 300 mg/L. K,Cr,0; as compared
with the controls (P<0.05). The contents of 8-OHdG in the 100 mg/L. and 300 mg/L. female rat groups were significantly increased
(P<0.05, P<0.01). The contents of MDA in the plasma samples of female rats in all exposed groups and male rats in the 100 mg/L
and 300 mg/L groups increased significantly compared with the controls (P<0.05, P<0.01). [ Conclusion | The increments of
blood DNA damage and the contents of 8-OHdG and MDA in rat plasma may due to hexavalent chromium exposure through drinking water.

Key Words: hexavalent chromium; DNA damage; oxidative stress; exposure through drinking water

[ SETGHE )

[E€WA IHZARFAILEITH (45 81001242 ); WA HARF
SILEIA (45 Y2100687 ); HiTA L LAEHTA
AR H (45 2011RCA001 ); HIT4S B2 3 2R
HEBITH (45 . 11-2€02)

[1EZEN 1 TEE(1989—), &, Wi-bA; #F55 Fin . BREE DA%,
E-mail: wangyu_03270026@126.com

[BEEMEE IEMEITIFE S, E-mail: jianlinlou@163.com

[ VB BN ITVLAR oAb Bt AESARIESE R, Wil AUl 310013

AR LCCrC V) T8 32 FI T RUBE A B B AR 4 K Bz o
EP YR Tk, 3 884l 14 2 7K HE A K2 % T 25 ST 24 ] 5 e
S R ARG i AR HRME A 2 55 o MR R BE A AT, ]
B Cr(CVE) 20 il VE RN IEYE P o Sl SCse S A T 2 ok
FEIR WA Ce( VL) JORL ) AT 38 T i s 1) 2% 2, i W AT
P Cr( VI AL A W R 988 13 AR 006, fEL S ] [l 53 21 2%
I ONTP) BIRFSE R, 28 A AT Cr( VD) AT BOR
/N FR e S 1 R 2 2 A g AR 2 IRA TR AR R R



- 118 - HEE SO BES~ 2013 45 2 H 25 30 %55 2 W] J Environ Occup Med, Feb. 2013 Vol.30 No.2

HH, ARRZ Co( VD) T5 Y /KR 2 b BB R v A 63,
THOMPSON %54 4238, K. /NEUROK 2 22 Cr( VI )90d AT 53k
Pk .+ 382U ALY . {H DE FLORA %85 4
I, POKEREE Cr( VIO A, /N IR, Bt 8 &+ 38 %%
LA R BRIRE R A5 | i 200 A 0 3 k3 ZH 20 DNA
P45 . DNA- 2R [ sC Bk SR L dp o . R, IROK 28R Cr( V)
HIFEVERIF AR, s AE4ns, Co( VD) IR —Fh 225 B 1k
Y, dEAMUAIT Cr( VD) RIFE 288 A, HATRFIE 0,
S Cr( VI (A B BEFE AR B i T i T 2 R,
AT E A AR K B A )5 2 1) Cr (VL) 4 JE K BRUARER | ik
FEM KoK R AN E I DNA $544% #1232 8-OHAG B MDA %
TR, AR SCHRE I 4551 .

1 #HR5AHE
L1 XA AME

TR (K.Cr0, ) = 99%, #it5: 207802) 1 [ 3
Sigma/A w8 EE( malondialdehyde, MDA ), 8- FE LI A
15,4 ( 8-hydroxydeoxyguanosine, 8-OHdG ). [k ft 32 W [ 32 56
( enzyme-linked immunosorbent assay, ELISA ) 632 74 5 1
35 [E RBZA 1) o X245 HANGPING FA1104N J1 202 —/3Hr
T RS ), BXSITF 2 6 B 5U8E ( H 248 Olympus
/N w) ), Synergy 2 ZUIRERFHR X ( 35 BioTek A H] ), DYCP-38C
IR IRAL (AU T AR—AUER ) %
1.2 SRR A2

SD fift F 6~8 Jif] i e ME Al R B, E BRI R 143~149 ¢, A
KT 164~170 g, HHITLAA LY OAREE, ShYAHEIES N
SCXK( # )200-0033, i #% 5&AF h (24 + 1) C= M, IFA T A
FHARE o KM R RRLAS 40 HURHAL Y R 4 41, A4 10 1, 424308
2 HWEFE; WFIRA A kA ARoK, 3NS50 41551 B i iR
30, 100 300 mg/L KoCryO7 I o KoCroOy I 45— 58 i ik Y
TR R ULV TR I AR B B K B A, H Ce(VT)
T I 1, B e SRR, AJE 5K 3 R H AR
WO e S R TR A T A AR, I B 48 B ) KoCra O T VR AR
P K B SEBR KR | KoCrO, BRI | K BV R e 7 it [ 25
HEKEOEH RSB A Cr( VD) & (1), Jed54
JE b FER B

R1 RAKPRLES 4 FEHEXRFHEREBAN K.Cr,0,f

Cr(VI)&E
e PR A EE (mg/L) 344 H S2PRE A (mg/kg - d)
SRS
KoCr0, Cr(vI)® K>Cr,07" Cr( V)
0(n=10) 0 0 0
, 30(n=10) 10.6 10.22 3.61
i R ( 7=40 )
100( n=10) 354 25.27 8.94
300( n=10) 106.1 72.32 25.58
0(n=10) 0 0.00 0.00
_ 30( n=10) 10.6 7.04 2.49
TR (=40 )
100( n=10) 354 21.40 7.57
300( #=10) 106.1 60.52 21.41

[ 1 RARIER A A H K0, B 7 51 KCr0; # Cr( VI B L E &
AlitsE; P REARNEZRRAEITE; @ REFHEE
KoCra07 ZE R BN E K KCrO, 7 Cr( VD) 8y JE & it 5
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ZeF) 1.5 mL B0, 3000 x g &0 10min( BLOF4E8.5em ),
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Tris-HCI, pH 7.5 )23k 2K, )i Gelred B4 €4, 52 Fr K oA
F Olympus BXSITF % 3 & % ( 200 fi5 ) T MELHBEHLIAHE
1004~ L 40, I AT CASP-1.2.2 £ 2 43 Fr 8¢l 4 5 5L 2
HBDNA B 437 o SLIRITEROE T AT, LUBERASMY DNA
i o
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2 $#HR
2.1 HREHERIMKERE

2 frzs, e 300 me/L 7] 8 28 A {4 T8 im0 % B
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F 2 R B R DNA 4 e i F X IE41 (P <0.05) -9
Ab, HAh ST BH DNA H 20 b ST A L, 22 7 T05

F2 KCrnO £H54FEHEXREEEMER FHFARKEETNL(X+s5)

REIEINE (g)

SFHEE AR (mlL)

.
A HERL( =40 ) HEEL(n=d0) HERL( =40 ) HEEL( =40 )
0mg/L KoCr04 (n=10) 101.06 £9.13 184.13 +37.51 56.29 + 15.60 67.98 + 10.56
30mg/L K,Cr,0; (n=10) 86.93 +23.93 199.47 + 20.20 64.02 + 14.44 62.53 + 8.26
100 mg/L K>Cr,0, (n=10) 87.46 + 16.82 193.32 + 28.41 48.18 + 8.66 56.03 +9.73"
300 mg/L K,Cr,07 (n=10) 79.47 + 13.44* 163.68 +33.4 4511 +7.91* 50.89 + 10.83™*

[E]*: 50mg/LK,Cr,0;, 414, P<0.05; **: P<0.01,

£33 KCrO, L5 4FEHEXRMBSE R (T +5)

415 SR B L% ) A (% ) ili /44 (% ) B IRC% ) B/ (%) Jie/ (% )
WERL(n=10) 0.38 +0.03 3.33+0.20 0.47 +0.03 0.82+0.07 0.54 +0.06 0.20 +0.03
0mg/L KyCr,0;
HERL(n=10) 0.33+0.02 3.36+£0.27 0.30 £ 0.06 0.80 +0.08 0.44 +0.05 0.20 £ 0.02
HERL(n=10) 0.36 +0.03 3324033 0.44 +0.03 0.85 +0.08 0.56 +0.02 0.23 +0.02"
30mg/L K>Cr,04
HERL(n=10) 0.34 +0.03 336 +0.25 0.37 +0.05 0.80 +0.06 0.47 +0.05 0.19 +0.02
HERL(n=10) 0.38 +0.03 3454023 0.44 +0.04 0.83 +0.05 0.57 +0.04 0.23 +0.02"
100 mg/L KoCr,0,
HERL(n=10) 0.35+0.04 3.20+0.23 0.35+0.03 0.79 +0.08 0.46 +0.04 0.20 +0.02
HERL(n=10) 0.39 +0.03 3.41+0.22 0.46 + 0.05 0.92 +0.08"* 0.63 +0.05*" 0.23 +0.04"
300 mg/L KyCr0; N
HERL(n=10) 0.36 +0.03** 3.26+0.17 0.37 +0.03 0.82 +0.06 0.49 +0.04 0.19 + 0.02

[E]*: 50mg/LK.,Cr,0, AL, P<0.05; **: P<0.01,
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KoCryO5 e JEE ( mg/L ) [F]1* 5o mg/L K,Cr,0; A, P<0.05; **.
E 2 K,Cr,0, X‘fﬂf&’lﬁifﬂﬂﬂé’ﬁ 8-OHdG g% M %ﬂﬁﬂ

[ ]* 50mg/LK,Cr,0, 44}, P<0.05,
1 K.Cr,O, TR K R 5MNE £ M1 408 DNA #5115 I 520

P<0.01,

300

7
24 o 8-OHIG A= MDA 4 F 495 % i T E
P 2 13 3 KeCraOy 4 BRI R LB 0 3 1 = s . :
o WP 2 %, 5% R L, 0 B 100 mg/L A1 300 me/L 4] i 4
411137 P 8-OHAG 5 5 TH7 (P<0.05, P<0.01); e 45 53020 €,
359 8-OHAG 7 it SR HRALAIEL , 22 R RS2 B § )
X BELLAR LE, o B3 S50 2 MDA 5 5t 7H 5 ( P<0.01); =
FRL 30 mg/L 78 41 AR L TE B8 3243 X, 100 mg/L A1 300 mg/L 5] 0
MDA 5 T (P<0.05, P<0.01)( B3), H MR 3K 0 30 100
8-OHAG . MDA 75 1t S i BLIL3E MDA 5 1t 5 KoCr O 71 it ] KeCrOrE (mefL.)

TEAEIEERMERE (435020 r=0.746, P<0.01; r=0.724, P<0.01; [ 1% 50mgLKCr0; 44k, P<0.05; **: P<0.01.
r=0.533, P<0.01 ), B3 K.Cr,0, Xt ifi# K iR 2% MDA & 289505
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K2 5L JIURESIOR AR [ 1A, A [ Bl 28 Rk BE 7 Cr( V)
Al K V8 TR 65 AT 11 P 38 R[] 4 9% [ NTP 4iGE, Cr
(VI) 4 M35 5 R B R E T B, 33X AT A Al NayCry0, 7K I
MIAS B35 P25 iR BRUOK 2 R R 26, 1R Ce( VD I HE
FEREEVE L, AHFFE 300 me/L 2E E LA H SE- 24 1R0K it B A i
HEIR AT X RELL, AT NTP A9Z5 R —3, HE RUY H 31k
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W R BRI 22 52 TS
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B AT SE A R, R 2K 8-OHdG 75 & il KoCr,0, 71
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AR Cr( VL) XK Bt A Y DNA 350455 R0 48 A0 17 S04 4% e
W, Xl g Cr( VI 76 B AR A 56, Cr( VI 7E pH
TS T R A, EERYE S R R SR E R Ce(T)
AR REEAE B, ALAN 2205 360, KRLE IR . &9
WA BSR4 Cr( V) IR JERREE , 254 A Cr
(VD) HepE vy, el T B AR JERE S, KDL Cr( V) T2
LI, HURSZ BN K, AR, @Rl g K
DNA F 45 F1 A0 BSOS H AR R S 2 B 8, mTRES e 6, 5
[ NTP fBF5E 28, TR Cr( VDR s B )2 4E R K
BP0 7 e, T B 0 B IR N s A I ) ¥
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S 1A 2L 0 S EIABE 5 L e R R 2 IR A B
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M MDA BEASFH S e Cr( VI B EEXTHLA A A S AL 105
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TENHEREZRZESRFELEMRIMAS. ApoB 1 CRP B X< Ex

Lea A. Cupul-Uicab, Rolv Skjaerven, Kjell Haug, Gregory S. Travlos, Ralph E. Wilson,
Merete Eggesba, Jane A. Hoppin, Kristina W. Whitworth, Matthew P. Longnecker

[HF] RENAREREN, ZEERMEAZETHELERLEHNR AN T FRERA, &
M, ZHEBETHMRFEHREDNRAXTORNCUAHE, [Be] FHEFERNRERERBES RFEY LK @0
M. # g B B(apoB)fu C- X BL & B (CRP) Z My X Bk, [ Ak ] AR R & TR F T # % (MoBa ) ¥ F 4
K, BT 479 4 F 1AM MG | apoB 1 CRP, AR 17 B, BHNAZF PR R BIFEE, ABAXTERNEER
FREB.NABBERAMGHEEFNAAGCER. [ER] REF®H.EKHED . #HF . AMAABEFE S5 (BMI)
B, R EBH LML, EFTENEETHEREN LU= ATFRE[ 45 10.7%, 95% 7 2 X |8 (CI):
3.9%~17.9% |, & % J& fg & ¢ fB B 8 ( HDL ) K -F B AKX (-1.9mg/L, 95%CI: -43~0.5mg/L), E W EZFE WL K=
Bt H 58 = 2000 mg/L[ 4 I HE L (aOR )=2.5, 95%CI: 1.3~5.1 ], #1 HDL<500 mg/L( aOR=2.3, 95%CI: 1.1~5.0 ) &y ¥
HHEEX REEREOEEHE ., SEEEMapB 5 FB LA, RELENCRP AR, ATMEBMIKEF, 18X
MreHk, (4] EZAHET, FTENRBTHERE S R4 RE 1844 F 5 )5 = Bt H i KK HDLAE X .

KB : BARLE; C-REEREG; RMHGEAIE; hlf; SHAERLIN; B\, ok

J& U W Environmental Health Perspectives, 2012, 120( 11 ): 1532-1537.

EE R FEADRRINERZSITIMREK
Yoon-Hyeong Choi, Howard Hu, Bhramar Mukherjee, Josef Miller, Sung Kyun Park

HE:. [#%) ERGHELEIWHEAFR R A RANE AR R R, EALBABRTNA D EH GRS
S5 AMXENRARFEHAR. (B ] ARUEFHRFMAMIESBTNARANARE R, 2ELRAH
PR RBEST BRI ERME, [ Fk] 2K E 3698 4 20~69 5 th £ E k4 A B, w1
N E R A E #5428 & ( NHANES ) %7 7 46 9 28 ( 1999—2004 ), i+ 5 77 7 B E AR H 0.5, 1, 251 4kHz Bf B9
W FFHE(PTA), H 2R ABAKNE—FPTAS25dB, [ 4R ] m48F0 4 i Ao LA 34 %k 451 4 0.40 [ 95%
X E(CI): 0.39~0.42 Ipg/LF015.4(95%CI: 14.9~16.0 )pg/L, K44 A 0% | I K W F % DL R BR b AndE 8]
VR EEERE, DRAERECTRE LA MENAL RIKEL LB H AL, PTA 453 v 13.8%( 95%CI:
4.6%~23.8% ) #118.6%( 95%CI: 7.4%~31.1% )( P15<0.05), [4#t] AXELHEABRPRRKE MG EE T
RNABMIMEERARE R T—RAXFEL RO TR REMERE,

KR 45 AATRE; UTH; 45 NHANES

& U W Environmental Health Perspectives, 2012, 120( 11): 1544-1550.
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