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WE . it L4 2 T 25 (cadmium telluride quantum dots,CdTe QDs) Cd*" Bt 5 HAK N B tEZ B E R . ¥ 24 B MEdE ICR /)
f(24. 7~ 26. 8)RHAL A 4 4. B4 6 L, 4351k 0 nmol 4L (¥t BB 41) .5 nmol 4 7 41 .50 nmol 423 41 1 500 nmol 42 7 41(Lh Cd*
PR IR Wk BETH0R) . SR FH R i ik i 5 AT e 2 Y B A S 0.15 ml AN TR R B 19 CdTe QDs ¥ W % B 24 3 5[] S5 AR R Y 2B
PR K . Ye R 24h J5 /N BUBE AR BE , 153 I % 22 50, 00 A7 I AN AL A AR R AR AT LA RO VB LU B AL S A A . B
4 J& B 2 M (metallothionein , MT)E S A= 9 1 4 12 2 Cd> 7K 7 1 A= W A 75 4 » 38 3 16 16 4 928 W S 56 (BLIS A) 0 4 928 41 814k 2%
FARK DN B VAL R MT K. S5 R R, S Y F 4l B VB IERS R A5 XA A b, 25 7 B 512 3 (P> 0.05),
FRF FKF 5 XF B AR LG 3 B AR (P<<0. 01), BEE 44 35 0 5 3G, /s RN L 5 20 435 JUL o3 72 340 9 n 5 JHF 200 e T L A ()
4 7K AR A R i B 5 /I R K T B L R AN B KRR AR L DL R N K R e TR LN BRURF LB 418U MT 9 Fr B 5 R R
ZHAH E A B TH 5 (P<<0. 05). HLFfi %5 42 22 7t 34 0 MT k8508 . DF X 45 R 7R . CdTeQDs X /N BRI L IF AR A — & M AE
L HBEH RN CdTeQDs B BERL Y liF B Cd™ & it B IEARK,
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Abstract: Hepatotoxicity and nephrotoxicity of cadmium ion (Cd*" ) released from cadmium telluride quantum dots
(CdTe QDs) in mice were investigated. A total of 24 ICR male mice (24.7~26.8 g) were randomly divided into four
groups, and exposed to different concentrations (0, 5, 50, 500 nmol) of CdTe QDs via tail vein injection. The control

group was injected with normal saline. After 24 h of the treatment, the organ coefficient and pathological changes

ES&TE . H K A AR 3405 H (81273131)
1EE BT . T W (1988-), 2, 1 #F B BF K0 -0 5% 4F L W58 J7 1n) o T2 4R 5 32 , E-mail: wangmengmeng1462@ 163.com
* 18 W AE & (Corresponding author) , E-mail: huangpl@ ccmu.edu.cn



%3 EWH A R AR T R CT RO/ BUIT B 2 1 2 VR T BRI 58 257

of livers and kidneys, the serum biochemical indexes, hematologic indexes were measured. Metallothionein (MT)
was selected as a biomarker of Cd** exposure and determined by the enzyme-linked immunosorbent assay (ELISA)
and immunohistochemistry. The results showed that the blood urea nitrogen levels in serum of mice were all de-
creased (P<<0.01) without obvious changes of the organ coefficient (P>>0.05). Pathologic examination demonstrated
hydropic degeneration of hepatocyte around the central vein, hepatocyte disorder, distal tubular expansion in liver
and renal tubular muddy swollen, renal artery expansion hyperemia in kidneys. Compared with the control group,
CdTe QDs exposed groups significantly induced the MT expression (P<0.05). Since the MT levels increased along
with the exposure dosages, it suggested that the free Cd** might be released from CdTe QDs in liver or in kidneys.

In summary, the results showed that CdTe QDs could induce toxicity and further pathologic changes of liver and

kidneys, which might be positively correlated with the Cd*" released from CdTe QDs in mice.
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T M. (quantum dots, QDs). X FR by 2 Sk 4 >k
A A 2 — A I~ VIR B I~V % T8 2 25 1Y 94
KIORL , JTAE R, QDs R B A 2R 1 2 6 R MEAE
S 1 RCE AL SO BRE T I T T A R LA
BE bR IC & — 26 AR Wy 2 Oy T BF 52N . 4@ (cadmi-
um,CA)JCEK , &M R QDs W EZ W4y, th TE LR
TR Cd &y T 5 AL A8 I e A0S I 20 2L, I X AL
FNEAH 28 AR 1™ L DR X QDs ¥ 7 2 M 1 AF 58 1L
24 iR R AR PR B R, BT, BN A OE T
QDs Xof 240 Jfd 35 P 8007 (14 W 5 i B AR 22, B AL
WE5E EE AL P AENF RS Cd™ BB Al A v i
4 (reactive oxygen species, ROS) Y 7= 4= L K 1% 4 4
H H A 09 AL N B (oxidative stress, OS) 45 5 T
MIFET . Chen 58PN H QDs 19 8 1 5 S fk i 2
Cd™ MR B 40 ¢ ; Tang 46 9MIAH ROS J2& 7
3 QDs FEME A= 1Y J5L K s Cho S5 38 i 4% 41 55 56 TE
BT QDs FE MR = A= & Cd* A1 ROS FL[W]4E FH Y 45
Ao 5 QDs 241 i 75 PE B 5T A [A) . QDs X A ) 1A 7
PEAE ) 438 AR U 25 45 . Wei Liu 589 8 58 & /)N
AER SR QDs 2 d Al 6 J J& 43l LA 51 & JIF Ak 25 1 .
i Iz 102 A5 PV F 5 DA A AR R B Y QDs K ] 2 R X
HAEH M., Ken-Tye Yong 45" 42 H i 4
TEYHE QDs 3 A Y I K R I, A & BL 5 5 1
. T HE— T QDs BRI B PE AR JOH Y
Wi DR 2R AR BF 5 1k BCME PE TCR /N B, 8 bk 0 B
SR [ 3 B B9 CdTe QDs 5 ¥ - 38 5zt 40 7 /1N B I 3
PRI I A A FE AR ST LB 2 210 s B4 22 s
BT QDs 1 B MEAE . ¥EHL 4 J& i & 1 (metallo-
thionein, MT)E R A= WK Ui B Cd> 7K F 19 A= Wb
AR T o iR I A 2 T A S 4 (ELIS A) 1 #2982 4H 24k
SRR N B A2 Ry MT K RO

CdTe QDs [ fif Jr B B W Ui B2 Cd* & 1 XF 7 BUIF
B 2 2L EEAE FH R 520,

1 ##5 7% (Materials and methods)
1.1 S5 sh 5 i)

HEPE ICR /N B IR 24.7~26.8 g, g Tt 5t 4
i 425255 2 ) B R A BRA 7] 5 CdTe QDs T B 5t
FEGN R AT BR 2 R (K& B 1 490 nm, & 51 )% K 620
nm); ARG HHELL(4AEE 99.9% , 35 [ Sigma A A/
B M il B¢ e 328 A6 003 390 8 (ol 26 ) T R F
FERTY s How ik 0 38 Sk 43 b g, T b 25 A B
NI
12 XA

& 20 & 0 ML (% [® Eppendorf 2 7). RF-
5301pc %6 WAL (H A Shimadzu /23 7). JEM-
1400 75 5 HL 1 2 Sl BE (H A Jeol 22 F]), Mili-Q 8 4l
KL E Milipore 23 &), MEK-6318K . Ifil ¥z 43 #7 1Y
(H 7% Nihon Kohden 2\ F]); BX50 #U {5 & AH 2= I iU 5%
(H 7 Olympus 24 ),
1.3 shiscss

24 HUMEYE ICR /N FL(24.7~ 26.8 g)BEHL /> N 4
H,54H 6 B, 5~ 0 nmol £H (X} FE4H). 5 nmol 4
FE2H .50 nmol JeEE4H A1 500 nmol e FE4H (L) Cd* 1Y
JE IR VR BT ALY . R R i ke 6 O sRtE AT Y 7 L e
BEZH ST 0.15 mL AN [F] ¥ BE 9 CdTe QDs ¥ ¥ , X if
TS R SRR AR FRER K . 24 h S5 SME IR AR BE
N B TR ORI BRUCE T Uk S b B A LB O B
o, —HBor FH 10% H R [ . A /N BUFE S5 56 i A
Qb BE T I8 R AT PR I i0 sk, T A 2 U AR BLER K
YRGB T —80°C vkAE L4 .
1.4 I B0 R T8 AR A6 G I 5

A H/N BUE 1 HR BRI, 20 oL 4 1 T i
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PSR R A CARE i N S N i I o N EAR A S 79 A
211 UM A AN 1 AN I N N AN B e v TR i
K, HAem®Ll 1500 min', &> 10min, /3 5
MLV & 53 BT 4% DO 2 I A 5 S g L LIS R PR R A
N E DI REAE AR .
1.5 HFE 800 bt

V5 11 7 I B AL ZUE B OK A R R
il 4 pm R A Y R S 0R AR - 40 G (5 (H&E
Yo, 76 BB T AR B LA 4k
1.6 MT f g 20 U002 43 B S 2 5

V5 181 7 B B B A SR K, A B YD
PR AW R AT e Ak e o, W BRI 5
Sy ZE R SR ELISA U %E MT (& &,
17 it

BRI 6 B A1, 45 SR 1 5Rk F SPSS 16.0 3R {4 X 4%
PerE 4l 5 B4 2 (R AT SR 3R O 25 b L A SRR
B R FH - Y850+ FRiE 25 (Mean =+ SD) /R , ik 16
U5 R TR 52 i, P<<0.05 /R 2253 HA G2
B, P<001 RREREABEFERIHE L,

2 Z53R (Results)
2.1 CdTe QDs f¥FA1F

CdTe QDs (i AL B2 R UL 1, 45 5 R W, 45
THY CdTe QDs kLA HLIA S KidR KE R 3~4 nm,
2.2 I BRI A AL AR bR

SEH A /N BRARE AR S R oK E R R
DL B S H R B A& LG AN L A R RS X
TR R, 2 T TG E (P >0.05)(% 1), 7F
UM 2= 48 b5 o BR IR R A LASE e fE bR S

Wi o % 75 700 5k A 18 I 22 48 3G ke B BRI
AH 308 %) 390 6 A0 G ZR 5 HE v bk £ 4 i R v e R 40 i
TE 500 nmol Y 7E 2 735 °h 5.05+2.33,1.50+0.42. 5
Xf BRZH AR L 52 T iR (P <<0.05), S5 2H 19 IR
AR5 B4R 2 2 PR AR (P <<0.01)(F 2).

EHHEE T ,CdTe QDs 94> % (#5 R =20 nm)

1
Fig. 1 TEM image of CdTe QDs(bars= 20 nm)
1 CdTe QDs Xf/NRAF . B AEEE R B
20 (Meant SD,n=6)
Table 1 Theorgan coefficient of liver and

kidneys for mice treated with CdTe QDs.All data are

represented as the mean+SD, n= 6

WES 2 B %
0 nmol 5 nmol 50 nmol 500 nmol
Organ coefficient/%
HFHE Liver 5064026 5274041 5014034 5244020
% JIE Kidneys 1.3240.05 1524015 1.50+0.14 1.6540.06

Fz 2 CdTe QDs 3t/)s R I & # F0 1 55 4 £ 5 4R A9 52 1 (Mean£SD,n=6)

Table 2 The serum biochemically indexes, hematology indexes for mice treated with CdTe QDs.All data are

represented as the mean®=SD, n= 6

Z$0 Indexes 0 nmol 5 nmol 50 nmol 500 nmol

F 404109 « L')White Blood Cell/(109 « L") 3454145 428+2.16 5.44+2.04 6.171+2.80

B 40 /(109 « L") Lymphocyte/(109 « L) 2.65+0.64 433+0.87 424+1.72 5.0542.33"

rf Mk 40 /(109 « L)Neutrophil/(109 « L) 0.47+0.06 0534021 0.88+0.40 150042

2 N5 & WE /(U » L'')Alanine Aminotransferase/(U * L) 27.343.08 29.07+0.95 30.90+5.47 29.70+7.81
7 EEE /(U » L") AspartateAminotransferase/(U « L) 85.70+10.89 119.70+11.88 90.23+2.58 137.23+52.14

WLET [(umol « L)Creatinine/(;zmol « L) 16.33£3.79 17.00+3.47 15.542.89 21.00+3.46

JR % % /(mmol « L ")Blood Urea Nitrogen/(mmol + L'!) 10.364-0.77 7.16£1.26"" 6.61+1.44"" 8.44+0.92""

W 5 AMIL, " P<0.05," " P<00l,
Note: compare to control group,* P<<0.05," * P<C0.01.
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5 nmol

50 nmol

2 CdTe QDs /MR BREAAZHELER (H&E L &,400)
Fig. 2 Pathological changes of liver and kidneys were measuredfor mice treated with CdTe QDs (H&E, X 400)

23 HGUH B U

nlE 2 fios /NG TR 24 h S BB G R B
A 154100 JEF O R 9 o L A ol AR S BB R
i mE AL . 5 XA A . 5 nmol B F 4/
SN IO A @ i N o o (BT N B 5 B €
W 40 ) KA A e S B0 DR /N i i 300 38 v e ) A2 A
i # ;50 nmol Y B 4H 1Y IE H B 7R 18 M KRR A8 14 F
B AERAE A AR LW B 5 500 nmol By 7 20 (1) 7K
FEAS SAN ™ H, SCBRFE AR 3G 22, JHF 20 B AR ) PR A
XTI EZL 2, 5 nmol By 3 20 09 B Il A5 50l B /NS
B R K i AR A5 5 45 5 50 nmol B34 A9 B /N

0 nmol 5 nmol

JFFRE

Liver

B HE
Kidneys

LK RE S M R AR R R 4L 5 nmol Bt
ZH ™ ¥ ; 500 nmol J% 7 41 2 I G 0 f IR 5 156 1 K i
TN H (R ) - 2z /N8 AR B K i, 3K 37 5
JF HLB A SIS, 240 L 30 b T 40 5%
24 REEHALULE T

JF VB MT g H AL #4851 R W] b &

Ye ARG AN, BT LB 4 MT BH P 40 i Ok 6
BEE L e o IR (K 3), 5 XFHBLHAH . MT &

77
Py
HERE PR ENE MR LTS, ER A S
i L(P<0.05)(A 4),

50 nmol 500 nmol

3 CdTe QDs X/MRFF.EHA MT R BARUZLER((400,FR =50 pm)
Fig. 3 Immunohistochemistry with specific antibody against MT in liver and
kidneysfor mice treated with CdTe QDs( < 400, bars= 50 p. m)
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O i Liver
*  m ¥ Kidneys

11 &/nmol
Dose/nmol

500

B4 MRIF.BEHEHAD MTHEEZE R (MeantSD, n=6), 53X RAMLL, " P<0.05
Fig. 4 MTconcentrationdetermined by an ELISA in liver and kidneys for mice treated with CdTe QDs(Mean—+ SD),

All data are represented as the mean= SD, n= 6,compare to control group, = P<<0.05

3  i7Fit (Discussion)

WF5E & B, QDs # &y iff A B HF Ik | B RE L B 0k 4
PR DA B 00 A i R e . AS BRIZ I Y S e
UL PNRER# kY7 QDs J5 . QDs F# & BUE
I 1S A £ s 1V = 1 e o 7/ R N A ]
AR5 HE M2 B L DR A A 55 DA F O LS E A T
QDs M EEPEE AT T HF5E

Y33 20 /N B I A= Ak AR B e T 25 SR 2R . 1 4
M 9k 2% 240 L 0 v R 200 B B o g R R R Y 1 5
W E T # S, Horfh 500 nmol Y3 41 09 ik B 40 it Fin e
PERLAN A 5% AL T 2 S B A gt R XL
A5 TN Bt 2 il PN A B 2 I T v s R B RUKOT B
IR(P<<0.01), 32 755 £ W 1 o4 7T BE A7 76 2 MR e L R
PE L FF A0 M40 B W A 202 487 AR T BE R AT L R R
A AN B RN AL S U AR I

i HLAH A ke A R B, VR 28 CdTe QDs 4t B
Ji B BF AL 80 AS TR 2 B %) 200 e o L 5k 2 1 A R A
PEE A ZURT WL /NG A, SR AR . T
'V 2H 2R i 7 A R i % 1 ) 9 8 g n &
PR A WY b ) 500 d- B B G R i — P HIESE T CdTe
QDs X /N B U FETEME R .

QDs RSS2 5 5% 26 B, o't R a8 S Ak 3910 T LA fif
QDs & "= fif B ik Cd™ . 330 QDs & 41 i i & fn
PR E IS, Derfus %09 R Fl MTT ¥ 857 CdSe-
QDs i 4i i ) 2 P B & B0, 41 ) 42 40 6 B 5 A Cd-

SeQDs 1) 41 Jitd 1% 37 W, 0] LA {5 4 Jd 149 B TG 25 W gk
%, #2278 CdSeQDs 4 5 M 8% Wi 7] g 15 CdSeQDs [ it
B Cd Aok, IR EXEIEAY CdTe QDs Xf
JIN BT 40 6 R /NS I B 40 3 23R %) 5 i B
CdTe QDs 7E4H L N 1T LA R ik Cd™ L Ffi# CdTeQDs %
T R AN, Cdr A 40 A LB 5% L T A0 AR
TR B W T W . TEAAR N 256 1, Fitzpatrick™ % B 58 &
P, CdSe/ZnS-mPEG 5000 DA AF7E TN B 1) 6 24 22 42 Al
ZAERE T R B E Y QDs 286 1E 5 1T LL4E
FEARK TR, SO K AR AT H B WER, 3 — 4
P21 QDs TEAR N &A= T Wil . T QDs & fi AT LU
s Cd AR B T &
5 QDs (RN EHM R, Bt LS Cd i
55 QDs 9K W RS FNE a8 BE Wl 55 A G SR T
A= W) 2H 20 52 M R G SO B A A A M L AR A
i 9 e AT ik X QDs HEAT A ME R E = AT, H
JERHE A5 25 B R/ B 1% (ICP-MS) /U A Wl 4 T8 25 - F AR
FLA W R i R AR L (R ERB I AR R R Cd i R T
REEX MF S A Cd Fgs &80 Cd& . MT &—
FhT 2 AEAE T R 2800 3L 5 Wy ! E RS B O LA B
AR 3, BT U E L T RR 1) A 1Y, Cd> ] LU R
M MT %3k, Chia-Hua Lin 2271 QD705(CdSe/
Te-ZnS)H1 CACL 73 WAR FE 45 &0 Cd® FiiF B &Y
Cd™ A3 R 40 A, 45 SR & B, A CdClL b (1)
Y fif b MT &3k, 3 — 250 Tl B 9 Cd™ A BEifs
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S MT ik, ]I MT 7] LIRSl QDs 14 4 R fig B il Cd™
B4 PIbR Y . AL i ELISA Fl 6 i 41 44k
A T /NEUF CE A2 MT R EKF, 45158
ARG YE TR B A S MT A &5 B Fifi 25 e 75 70 & 10
HE T HE AN (P<<0. 05), MT == % 7 JT 40 i 5 A1 /N
b F 20 B R /N R R BT R R B A i
FHUER BRI B L 455 B A2 e AR
b AR 58 $2 7R . CdTe QDs i /N UL B 4 41 B A —
FEMEEVE T BB K/NS CdTe QDs R i BRI 1Y)
JiFES Cd™ Fri e,

BHAEE A2 H(1963—), %, AL 3 A+, & 46 & A
KEHZ L EFIH., RKAARFAERMHALANERS £ 4
AR TR,
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