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(# ZE]1 B K rEmEE BRI WA RE A0, VPR B S Tk, iR 45 H SPF Gk
CSTBL/6J /NG (7 JElS ) , BEHIL 2 BT R I FE LR ok BE 4, A2 15 I AR AL/ BRTMIRMR BE 7K (0. 6 mg/L CdCL, ) B SR,
o T BE LA/ BT Rk BE AR /K (3. 6 mg/L CdCL ) TR X IRATIE W POK o A Bl /s BRUPAC B e 22 20 JIie . A8 12 D H UG, O EHE
TR , LIRS & 55 18 1R BT A (TCP-MS ) A DU /INBURE VB G2 20430 25 ik, Rz 370 A D00 B 2 X9 8 (MDA ) 5 i i 1L )
WAL (SOD) I JIE A B H I A ALYl ( GSH-Px) 15 JJ 1, Western blot £l ' 421 cleaved Caspase-3 Bel-2/Bax £ [ #I ) %k
o BROKAUNT ~20 R AR 225G R (P > 0.05) o IR BE A AN i U BE A/ BURE VLI ZE 2 b ARG F 6
Ay, o B AU & R e o S0k IR LU AR BE 2 R e v B2 2H MDA 35 5 24988 5 (P < 0. 05)  fIR ¥ B 21 SOD 1§ Jj {f . GSH-Px {§
THESIHE (P <0.05) = H B 4L SOD 35 J3 (i . GSH-Px I (¥ JCM R AZ L (P >0.05) o 5538 B2 HU A, ARk 52 4 D o vk 2 4
cleaved Caspase-3 Bel-2/Bax F AN RIX IR FE R (P>0.05) . Fik S PEM R/ RIF .V NHS A oA, K H
LR SRR, 2 i U VAU
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Study on cadmium distribution in liver ,kidney and brain of chronic cadmium exposed mice and nephrotoxicity
of cadmium
LUO Yan, DENG Ping, CHEN Meng-yan, XIE Jia, TIAN Li, LIANG Yi-dan, PI Hui-feng ( Department of Occupational

Health, College of Preventive Medicine/Key Laboratory of Ministry of Education on Electromagnetic Radiation Protection, Army Medical
University , Chongqing 400038 , China)

Abstract: Objective To detect the distribution of cadmium in liver,kidney and brain tissues of chronic cadmium exposed mice and to
investigate the nephrotoxicity of cadmium. Methods Forty-five SPF male C57BL/6] mice (7 weeks of age) were randomly divided into the
control group,the low concentration group and the high concentration group,with 15 mice in each group. Mice in the low concentration group
were fed with low-concentration cadmium water (0.6 mg/L CdCl, ) , mice in the high concentration group were fed with high-concentration
cadmium water (3.6 mg/L CdCl,) ,and mice in the control group were fed with normal water. Body weight of mice was monitored every week
until 20 weeks of age. Twelve months after cadmiun exposure , cardiac perfusion were performed for sampling. Cadmium content of liver, kidney
and brain tissues were detected by inductively coupled plasma mass spectrometry (ICP-MS). Malondialdehyde ( MDA) content, superoxide
dismutase (SOD) activity and glutathione peroxidase ( GSH-Px) activity of kidney tissues were detected by corresponding kits, and relative
expression levels of cleaved Caspase-3 and Bcl-2/Bax proteins were detected by Western blot. Results  There was no significant difference in
body weight of mice among groups at 7 to 20 weeks of age (P >0.05). Cadmium was detected in liver, kidney and brain tissues of mice both
in the low concentration group and the high concentration group,and the cadmium content in kidney tissues was the highest. Compared with
the control group, MDA contents in the low concentration group and the high concentration group were increased (P <0.05) ;SOD activity
and GSH-Px activity in the low concentration group were increased (P <0.05) ,while those in the high concentration group had no significant
changes (P >0.05). The relative expression levels of cleaved Caspase-3 and Bel-2/Bax protein in the low concentration group and the high
concentration group had no significant difference from those in the control group (P >0.05). Conclusion Cadmium is distributed in liver,
kidney and brain tissues of chronic cadmium exposed mice,and the cadmium content in kidney tissues is the highest, resulting in oxidative
stress changes in kidney tissues.
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% (cadmium, Cd) & —F V2 A7 AE T 345 b i) =
BIRIE I, AR, 7 AR T i A W2
10 ~30 451 g A AR R K SRR AR B IR
ANEZZRTHE N BEREHAGE D, ESE .
WILS R i AL . R R BN
VR B AR LR IR AR A L 50% & BRTE
BET R B B T RN S /N, AT RO LR
AL AR AR PR L 18 R v A R T B
BRI R, BB L RS T B

H SRR 5 45 B9 7 14 5 1% {X (inductively coupled
plasma mass spectrometry , ICP-MS) 1] F FAk 220 & 1Y
SIHTRIN , JEHXT 42 I8 T R 1 HT KRG . Egger
SRR ICP-MS JI5E T 4 44 AR F I Ik 1 40 4>
AR H LU R HCEE | A BRRER 112 B E B AT ARt
B FELAFIAR I ZH L h IR A 43 A ICP-MS Bk
RARHL K E s A ) T A

FERTHIBESE A B, R ECE BEMERY T ZHLHA TS I
SEHERL ORI i AL A T R
M, FPE SN BN AR ZH 2 B P 18 23 A 15 DU ATS A T
#, HARR B R AL o A B . ORI
0 ol ) A A R D SRS, W T/ B o e
O, A TCP-MS A6z /)N BRUTE B 10 2H 21 v i) 8
i, IF i — 2D/ BB 2H S AL s bR AR T A
KA FFRIRAKF 224, DLSRTHE 1 0 2 5 /)N B
BT HIEIRIT

1 #R5FE

1.1 ZBMHE EZXA

SPF 2 ik C57BL/6J /NRRL 45 B,7 [, ik ZE
FEBER A 5290 3 W) b o B4 [ A2 7 V7 FTHIE 5 SCXK
(#1)20170002 , {8 FHF AT HIE5 : SYXK ( #7) 20170002 ] 5
JIEA Bl S 4 T JE Yo AR A Il 7 2 B2 R e i s W 1
PR A 22 5L oAt E (HEHES : AMUWEC20224998 )

FALHRE (CACL, ) B3 K (Sigma-Aldrich, &) ;N —
1 ( malondialdehyde , MDA ) 32071 £ | #8481k W) 1B Ak il
(superoxide dismutase,SOD ) 57| & . & BE H ki &4k
Yy ( glutathione peroxidase , GSH-Px ) 1857 & ( B it &t
B TREREFE AT, 1 ) 5 5Bt/ B cleaved Caspase-3
Yifk At/ B Bax $i {4 ( Affinity Biosciences, 32 [H ) ;
JNER BT/ Bel-2 HiA (Invitrogen , 35 [F) 5/ BT/ B
B-actin i {4 (CST, 3£ [H ) ; RIPA L ff ik . BCA [
W 120 & (B s RAEYRH T, i) .
ICP-MS Nexion 2000P (4 4= 3% /R Bk 0 b 8 L A R
ol B

1.2 #MEramiE ) SRR

HEPE CSTBL/6) /NBR 45 L, 78 SPF 25t B B3 v
T g% RN 25 °C, A POK b 12 A~ H o /DR
ML g % B AR FE R vk R, T 15 H,
X BT IE B oK AR BE 4 R BE 47 7K (0.6 mg/L
CdCl,) M 5%, v W B2 40 1 = ok B2 4% 7K (3.6 mg/L
CdCl, ) 5%, SEBG R X RE L RN & vk FE AL A& 98T 1
H B AT R S i B A B 14 H
1.3 Bl SRR 23 KoL

M I 7 F /DN B A T o, 4 R 0 4 4 5
i, DU BRI 1 /MR BT 2/ BR 20 JE .
1.4 ICP-MS #al > AT B AL R 4m e &

/NI PERRRERR 12 N H S, DL 25% S43H 5 ml/kg
NIRRT, A FHLER A O R 1 2 70 RO TR TR AR
BUF BRI AZ (B2 6 ~8 NFEA) , T AU
Ml R AE . BUM 58 58 5 BT AR AT T - 80 C
UKFADRFE o T UKIZ %k 2 FIE a5 R BRI 8 2EA PR
8] R ICP-MS K B G 2H 2R v &

1.5 X575 &4m B2a42 MDA 4% . SOD & A i A
GSH-Px & #14

HERAPRIBU N B 2 SUA BT &, # AR B i (mg) © K
(L) =19/ LLElmA 9 FEIARRBY 215 A 5 (0. 9%
AEFRERIK) o VKOKIE SR T HL A3, 48 1 10% 1)
13,3 000 r/min Z§.0> 10 min, B b 35 A 1 D
FES o bR i VR A o it 4, B8 AR A AR
W (mg/mL) ,

1.5.1 MDA & &E FERRER L AR 2 A
PR o BRAE AN S 48 o AR TR A, A8 1 IR
BERREFL T FL 1 A /NAL,95 C k¥ 40 min, K
1,4 000 r/min B0 10 min, TP 532 nm A0 1%
Y6 (optical density, OD) {H, 13 2y 3: MDA & &
(nmol/mg) = (M7EF OD fi - XF R OD {8 / (bR
OD fH - =5 4 OD fi) x A5 #E iV B2 (10 nmol/mL)/
FRIAE it B VR BE (mg/mL) ¢

F1 MDA KFIEIRIER(mL)

a1 PREE =08 s popikss
10 nmol/mL FRfE 1

JoK 1 1

R DUAE 1 1
i — 1 1 1 1
H = 3 3 3 3
R = 1 1 1

50% YKL R 1

1.5.2 SOD {GAfEME #5824y X A
A A TP AR — = R A, 2R AR K
51,37 CHEH /K 40 ming BEJS A G5, 78
10 min J5 AT RAA KN, T H A 550 nm 401 OD fF,
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P SOD I S H (U-mg™") = (X4 OD fH -
DZESE OD {E) /%f B4 OD fi/50% x Sz I ke #4 F1
(3.31 mL)/HUHE 5 (0. 01 mL)/Rf U FE i 25 11 ¥ 2
(mg/mL) , 1 mg HHLUEFAE 1 mL J )i SOD
3K 50% B Fir X R ) SOD &t 4 1 4~ SOD i 7y
B (U-mg '),

2 SODIKF&#HIER(mL)

iR 7 W xf HEAE
A — 1 1
FEIAE 0.01

FEIIK 0.01
172971 0.1 0.1
R = 0.1 0.1
sl 0.1 0.1
B 2 2

1.5.3 GSH-Px i S{E I 52 FieHE S 3 () G RAE AN
e A GSH FRUERE A RIS &, 127,37 Tk
WUHE 5 ming BEJG ALK — 159,37 CoKEEE
NS ming PRI A ZARE AL 5,4 000 r/min
B30 10 ming XJ FEAE FIIN @ 4 45 B F VW 1 mL 647
WA, IR 4 7S A PRAER X IR RTI
B G AT B N, RS, E R ERE 15 min,
TP A 412 nm L0 OD f, ++5 2420 GSH-Px % J)
fH(U-mg™") = (X HE4F OD fH - 24 OD {H)/
(hrifERE ODfH - 25 48 OD fH) x b fE 48 Wk B2
(20 pwmol/L) x i B A% % (5)/ 5 i B[] (5 min )/
(B x FRAE R VW) o & 1 mg SR B0 b
FnBRARBHE S A9 VR A S AR 2 v GSH. ¥k B2 B AIG
1 wmol/LJy 1 ANEHE S8 (Uemg ™) 6
#3 GSH-PxiX# EEE K IR 1EZR (mL)

=il Xt B e
1 mmol/L GSH AR7EMR 0.2 0.2
T IUAE &y 0.2
B — 0.1 0.1
W = 2 2
TR 0.2

*4 GSH-PxRFIEBERMNIE{ER(mL)
A THE S RE e
GSH ¥ 7 1
20 wmol/L GSH 1
IEW 1 1
A= 1 1 1 1
] 0.25 0.25 0.25 0.25
a7 A 0.05 0.05 0.05 0.05

1.6 Western blot & 'B-482% cleaved Caspase-3,Bcl-2/
Bax & & A0xF KA &

HEBPRIBUN U L B, 55 100 mg 'BFAH LRl

N RIPA SRR (25 A £ P 6 300 10 790 APl g o4 1l 791 )

0.1 mL, e KB BEBFBS 5 T 0k B 24f# 25 min, Bifi)5

20 000 x g,4 CEJ.Lr 25 min, B VE W, br i 0

SERE T, PR AW AEE(99 °CL 15 min) J5,
-80 C AT o

12% Tl e, #:4L 20 wg bAFE. fHH 80 V SDS g
VK2 ho HERE BB S 2 R 9 £ (polyviny-
lidene fluoride , PVDF) i | [H% 250 mA #1551 h, Jil
AR B P WECE I B AT 20 ming fin AN BB/ B
B-actin PL A& (1 : 1 000) ., /) B #t 7 Bl Bel2 i
A (1:500) Aehi/NE Bax ik (1:1 .000) | Fadi /R
cleaved Caspase-3 LA (1:1 000) ,4 CHIRFE 117K -
TBST i 3 U<, B 10 min, fin AHH I (4 38R 1o 48 Ak
Y46 W I E TR 1eG s bt/ R 1gG(1:5 000) ,
FURFERIFE 1 h, TBST PEJBE 3 K, Bk 10 min, T A
ECL AL ARG, 18 Tmage lab BEIK M4 & 48 B2
Jto KM Image lab B4 #4500 I BEAE, IF 5 H 1Y
HHSNSHEH B-actin JKJF HAE,
1.7 it3am

K H] SPSS 22. 0 GE it B A #4720 T , S 9 K dis LA
BB + B 22 (x £5) TR o XF BRAH IR 32 20 v vk
JEH BRI R R I 2250, P <0.05 Ry 225 HA
giiter Lo
2 #R

2.1 & RARREH L
BN T RS R AR T i 25 g A
(P>0.05) ,£541/INEL T ~ 20 J i o {4 o 2 14 K A O
ZR GBS (P >0.05) WK S5, FH/NRT ~
20 JE) A A T A I i 2R LI 1
x5 MRVBERENEREEKERL(2)

2651 W) 1A 5 i (¢3S
Xif B4 18.286 +1.935 5.857 +3.015
I BE 21 20.197 +1.354" 4.803 £2.247*
TR 21.943 +1.913 " 4.639 £2.736"

* G AR P >0.05
2.2 ARERFEMFZHRAEED BRIV AL 4L S
E P
MR 12 D H I AR B AL A s B AL/ B
IR N LA Rh oAl K o o T E = A e e
ferr, W6 F 2,
2.3 &0/ R B4 MDA 48 SOD 7% 7 i = GSH-
Px & H1E
LM B 4l MDA 5 &, SOD 3§ Jj{H . GSH-Px {if /]
ESXTRANE, ZR ARSI FE (P <0.05);
R E 4] MDA &S5 IR i, 25 BAE S
BN (P<0.05), muF4 SOD 1% J7{H . GSH-Px %
JIEEX A L, Z R TSI E X (P >0.05),
DL 3,
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= g % _ ~ FE
28 R 2.4 B8 R B4R cleaved Caspase-3 . Bcl-2/Bax %&
26 B &k K
el Western blot £ 5. 7~ , PR ¥k & 25 Fi % RE24H He 3
g 22- B B LRI PR ZH AR, /N BRI 4HZH cleaved Caspase-3/
20 . .
= s B-actin ,Bel-2/Bax 5 A ik o OKJE(EHE) 25
- WG IR L (P>0.05) LK 4,
6 8 10 12 14 16 18 20 *6 RREANSREANAT. S NARFESE(pe/ke)
misB ® 413 412 Ha 412
30+ = 3 MCIREELL  32.413 £7.900  226.684 £21.006  0.449 +0.268
= FHREEH] s
BOWREAL 62.635£25.594 621.467 £155.139  1.086 £0.258
5%;25” v E LA o PR
t§ i)
% 20- o
]S 1 1 I 1 1 ] 1
6 8 10 12 14 16 18 20
A ®
a: A FE LA KK 2L S Kt 2 5 b A B4 A J N
20/ RARR E 3K &
B1 |BFHA/NREREEKEEE 2 RREANSREANRF. S RARBESHERL
_4- 1400 ~ 500~ "
g . =
g 4 " £ * £ 400-
— ] 5 .| =)
E 21000 <
£ = i 300
=2 = R
8 R I ¥ 200
& 14 . & £ ]
o o = 100
(7]
= o 0- © 0
R4l (MLl wHeEd] @ MPEEAL kIl pRHEA @ 00 WHEM]  RIRIEA SRIEY4L ©
a: /D RELEL MDA 4% ;b RUF 4848 SOD & A e D RUE 44 GSH-Px & A5 = : 5P B4, P <0.05
3 EZFHPMREHELE MDA £ =.50D iFH{E.GSH-Px FH{E
popilikal fﬁi‘f_iﬁﬁﬂ[ fereids il
cleaved Caspase-3 | e e oum -
(l‘lfjkDa) - amun e — — — —
(4[;&:;:3 S G s c— S S S— — — e &5
{ =3
Bel-2 - _ £
26kDs) | TEEREE 00 = !"r & 107 5 107
[2a] b
: A o
{4%"128:; S S N S S —— . g 051 2 0.5
S
Bax .
26kD2) | SEREER IR T e SR IR e 0.0 0.0
_ B B D ® B D B ©
B-act ﬁ‘%". 7§D \4}., & &
(421135:3 — e e m— ey, c— " 44 @"“& %{‘ﬁ% KN \@fﬁ- »{\é\&

a: B0/ RUE4 2R B #9% & (cleaved Caspase-3, Bel-2, Bax) #o 19 &£ & & (B-actin) &4 ;b c: & 20 R B4 2% cleaved Caspase-3/

B-actin Bcl-2/Bax & & A5 & A & (K EALAL)
4 HHENRESHEA cleaved Caspase-3,Bcl-2/Bax & QA RILE

3 it Qe MR Z RTAIBEST, A B 1R 2 S BUE Y iR
ERVIRN G N L AP G R 2 ER IRk 1
A B B0 BB ESRE 6 Hoh B Re i S EEES T K
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AT E T R B, 5 2% 55 518 M B O Z IR FTE
SR FLSCIE

SR, A 2 i 1) 0] B[], 7 A R 2500 AN 58 4 AH
[ R IRR A TE MR R R, BT AT T S
5 15 H 2R B EBE ) & (median lethal dose, LD50) &
105. 6 mg/kg, KR A 1/720 x LD50 J{Kifk E 4H = 7%
F, BAR/K I E A 0.6 mg/L, >R A 1/120 x LD50
TR VR A 2 i R i, RIAR/K VRl 3.6 mg/L, 55 Zhang
SEST I ST A R — B, A ST P B R I )N
12 A4 AT /N, 7 ~20 ] i 44 o e 48 1 2 I
Wi EEEE 3 A HJE /NIRRT RUE , SRR Ak Sk
4RI

TR IR B K B B R bt AR S S
4= B 1 ( metallothionein , MT) 254, B IS5 —4 @
WEAEGY (CA-MT) , Cd-MT j@ i il % )35 ¥, I
T2 PR, F B BN R RO AR
SRR RIEANBAN G, FEEREE , 530k
WL EAERR R, RS R 5
MR e TR, A REE, M ELEELT
JIFHOT ARSI 8 YRR R A AT

FAL IO RO BRI EENR Z — TEIEH
AFIEOL T AUAE — & 58 BT E L R 50 LA
A A A SOD & H v —Ff e E 4 AT T, fiE
g4 A BB A Ry AL R, I iE— 2P fE GSH-Px
HIAVE R T e Ak oK, DT Ik 3103 R i & 4 3 B AR H
o WFFERM], TR PSR 2 i 1 R I R, 4R
B LKA, T SOD il GSH-Px 2R 132 ]
RBUF R A4 Ak 2 Tt A 5 i 5, s B o
AR RN, 38 L2 7 ) MDA B HERR, TR, MDA &5
Al el S LA 7 8l SR AR . Renu-
gadevi 25"V HFSE KPR, 45 CACL, 5 mg/kg kbFH 4 )5,
KERIMIE PRER R ALK P-4 a7, LS B o
AR, IR R ER R R TN LI 1) % 5 ] AR, 48
7B S REA 5 i — 2B 90 R IR BV 22U i 4
fedEbr MDA Jh& , HrAU (Ll SOD GSH-Px Jzid %Ak &
By CAT W RRAIG, VB /N IR AL A | BRI R0 J5E |
HEHEEW, R NS 5 TR, A
5T 45 R TR S, AR 3 20 R v v B 2 /D B 4 41
MDA 57+ , $7s AELENR Boad S A i 40 5 SR T, ARk 2
H/N BT H A BT E AL SOD H1 GSH-Px JR# T , 4
AT RE 2 th TR B SR 2 58 J5 /) BUR HZH A — € 1Y
PRAERE 7, T e v J3E /N B 5 2 8 ) K, e It
], o A6 I 3 0 A A 1 2R S BT o

FaREE B SRS 0 T s A
Ko Caspase-3 & H AN MIA 2R 1B Fe ALl 5K x5t 2
— TEANE I TR R R A, BRSO T
JiH ) Caspase-3 L JCi P i i Ji ( pro-Caspase-3 ) J&
FAATE, 28 ToA5 5 30 O I, 75 22 R 2R /K A ity
YEHI T, pro-Caspase-3 & 4k 24 i 1 1% 1o 1% 1k 1Y
Caspase-3 ( cleaved Caspase-3 ) I H £ A K F 5
Caspase-3 FJTE R IEA G, Bel-2 &5 — M9l IA 1Y
REXTHUAN ML JA T LA, Horh Bel 2o A2 30 4 T2 1 32
BUEH . AR TR g 1Y Bax 5 Bel-2 YT, A BH
1E Bel 2o HUI TR A9 A 4%, 38 % Bel-2/Bax FL{E T
WA S I 308 6 (4 8 o Mo 251 % 3 HEK-293 41
JfEAE 30 ~60 wmol/L CACL{EF T Bax FikH& i1, Bel-2
FIKTRE, Caspase-3 1% VIG5, Tl AL B4 4 pcDNA3/
Bel2 OB , X SE B 153 5 2. Prozialeck %51
WFoE B, SD R4 TR B 6 Ji Jo , HoE Vg 4 g
B R TR, PRI B 45 371 GSH-Px 3,
T S s L 45 DA o ok R AR B
Y5 3O T 00 L, 75 PN DB I R, E T 15 S DNA
PR AL A AN 125 75— J7 T, 5 ] BB Caspase-8,
HETTEE Caspase-3 75 AN T, (HAZ X A IE LT
RETAVRMBENTEIL ., HAIREY, MR
AR R — /N A3 TR T, AR 18 200 i DU T B
HATCR T, T A B 3 48 B T B 1 kg
PT IR, A 5 & A R A s b T
PR SR e T T R A R e O R AR
ATF 8 AR F) 1 7 L 0 v e 8 2 P S 2 /N Bl
cleaved Caspase-3 25 H HU 15 , Bel-2/Bax A% ik
FUGF R FOBIN A 035 22 5 o HEDN AT e th T 2R i
IS, P2 R R 5 /D BV AU B A, s /D
BUEF A2 BRI SR B M e Ak, S B0 A ) 31 54
T H MBS . AT Jm BRIETE TR BE AR/ Bl
B ZUHATRGIRY) 7 LSS, ik 20 B 453 4 1) B 27 IE
I S I BB 3 — DT s W a8 40K -F itk tT
AR PR TR PLERIT 5T

L5 b ARWETE R B, N TS MR AR R /R, B 2
BERTEE 5 B LU A AR AR | 3 A 40
P BF 58 2R B, o 5 480 A0 0 3 T 2% A AR 1 T
P92 RN B IR A S B R R O 2 W5 T E I R IR
7 b R ORI i e B A F A IS 5
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