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Abstract: Objective: In order to summarize the advance of study on cytotoxicity and application of the metal nano-
particles, the typical representative: gold, silver, copper. Method: The national and international literatures looked up in
recent years were analyzed. Results and Conclusions: Metal nanoparticles have proved to be a potential in anti-cancer.
But they are still needed to be further understood and optimized with their powerful characteristics, so that they could
be used more effectively in treatment strategies in the fight against cancer with a wide range of clinical applications.
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2. K&

G 99K R F(gold nanoparticles, GNPs) i # F &
WOT A R R, AR B a)— & WK
AEWRIBFEE NG ERIE IR, B bR R0k ) ]
%o Brust @M A T R EHAEIL) GNPs,
BARIT R SRR e A AE R %64~ 8 NaBH,
5 AuCl-2h, R1F 7RI AHE. FoHEr
GNPs, JHILIFHEFEER, ZAEWHE 1.5~6 nm 8
WA . fEILFERE B, Murray ZPIURIE T &K%
JLLIfE GNPs (771, BIGI N AMESR LIRS A GNPs
MR S

2.1. SHRKLT X AR LARREY 2R St

EYNARL T B2 2T B, AROKRE Bk
T A AR 3R, SRR SRk 5
AN R SRS ER ED . DRI AR 7 A R 2
S FH P A AR 2R A i S SR, Bl I
R AT RE B9 KRL T A B Pk bL AN A B P R
SR O TSR3 NS K b S A AN DAY 337
FHORO, AR, BRGNS T (¥ T REEE T2 1Y
ATTHL, SRR E AL REENE, EInA R
BENAAE, I AT, fERE TR, B
TUEE RN, AB (1 9 RORE 28 1 52 4T 2 B
FIXT AL F I B AR ELAR 2,

2.1.1. SRR FHIMNOLFEE R

LI TR, S9Kh Tl S AR
FEF AR, B, MFREEAE 1.4 nm & PIKRLT
HeLa 5 290 240 B 22 30 th 14 0 v PR S (ROS) Y 7= A
AR S, S8R B R AR U A, SRk
The ™ E 2P, Ham st FRERIRTE R,
Z.VAD-fmk, & FAGH0H 77 2 TCVE PR RO SE (1 40 i,
A SN AEAET: . Rk, 22 FE4 0 mRNA &
L HTIRAE, F&9RRFIRIT I 5 ERE BT
TR 98 S 58 R 7 200 o ) B 5 DR ik [ e il /b Bt
SRR, AN AR PN R T SRR R T Y PR P R
i, RS S S ECR T AR IR, RAFEURE.
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2.1.2. EFERASHRRFHIMEFERR

12 H B T g0KRR T 144 N B VT AP
RIS S B IE A P EE S YRR T EAR N I A4
I3AT o R ERSERY IR — TR 5T Sl s g KR 1 /N5
WO A o B R S R B S R A AR T 1 43 A
FASE o N 10 nm IS AURRLF R IR 2 9040,
EBEB MO T RS, WIRAE, R G
ARG, RS, MM, BIEARM . mHORRSS
(50, 100, 250 nm)HI&A KR+ R e 2, HHE
FRAE A, — SRR AT, S ARA9 K T (40
W RIS AR AR A 15, 50, 100 F1200 nm
SYIRRLT R R RS S0K kT 9K+ R BE
FRRAEF KRS BN AR N T, IR ZH S ks
MBI /N RS ISR, AHE IR A A28 &,
WORE, M, R, OCE, RN, BRLCAENY. BTSRRI,
LGN RIS AR SR R N R TN PN ]
S TN ST oK RLT I E A0 [ 3 V2 B 3

S — AN VPR CE R I GOK B, 7R 13
nm FIEGKK T 5 R (L) 4 —FE(PEG) 45 /) ik
HFHEPRRT, FRFENRTF. BRITKIE—DE
W, IE51E Sk JORE R AN T2 1M 4 nm B 100
nm 5 2 R Z &P N R BRI,
YA A, S, AL AR FR A DG L
DRI E AR R T 4 P 2 M 7 A Bh A
LA EPNE ST

2.2. EMRRTFERIEGTT PR

2.2.1. SHRKF R THRME RS FIR IR e 41 A
EINARRLTAERR DN AR I B A, BUAEAT
FERT OGN AR EAE I RE IR . R0 T iR, fEEa)
KoRL7 SR 5 B B i R P RAR R G A N e
TIAR, SRS SRR T B8 70 5 B SORI 23t vl WL
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AP P o T aE R I H AR

2.2.2. {ERRRMBAABENEPARKLTF

G NIRRT 1 — A 9 H 1R R P 2 A% 330 3 40 g
ST . ST ORI “ G RIRI
YUKRBARITIE”, HTHG THRMIaeth. X
AR ER, URAERIS R PR SR SRifd, &
D5 THI (¥R 3R T B R — AN UM 2% R G
GYUKRRLT, WEATR/N,  H g AR T b 2 M O
B AIE BH 52 18 45 40 K0 - 1) 5 ECHE N 48 B DL B2 A AT B
SIS . BRAL, RN 25 e g R T A
A FH DA B 25 0 R T3 400 B 1 N 25 s Kok T i
EPP, AR EGKRRL U N N A,
AT LA AT AT 5 A 0 58 R 4 L B AR D — bl A2
BEAR IO AL TR, HTmdn A BRI 2593697 %k
SEFARMP, IR YR BA—UOE B S H KGR
GirpihkR, B e, IRBR G AR P SRR
M.

Ty AN ST 1] 2 4 4 R 4 N TR 4
FOAT BB A, R bR R P 7 A 2
YNGR B 7 IR = B kS . R &Kok TR
FA i S0 35 B 68 A 53 2% 50 400 i % B L X S bk
L N R 40 B AR K ALY 3 e WU i3
A, T REAR A FH Y0 B 24592585 4 9 KR TR e N e
B, AN B R VR 3R A S R T {5 B A I 0
W —HFR N R OE R, R HF R AR R
ST RS A AT B K R A R ) 38028 8 L ) ) R % R

B

2.2.3. SR TR FERRETTHIN A
fe gt bl BN AT IR AR R I E i TR dT
JEAE, ZRAE A B R A AR SEARATT . SRR RIS IEAS
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IMEBCA R AR, DO IR 25 R
H R LR R AL A RZUREH 5 GORBRBT L1
Bk, CEEFLOCRITIONEN. FFRENRAR
AN AL U0 < AR (B4 AR T I 40K
Bk, KaE, K REIEOGEET, R E AT
A RSO . SRZLAIRIG A REOEIR YT
LAf /I 450 35 IR o) B i RR AL . oKk 1 4
AT PRI L S SPR(E THI 46 B T 3R £
ARYEARAE o X TRV T A 73Uk, 2Ra
SIS R PR T RS I RERRZT 1 ps &
Ao BRI R BRI 2,
29100 ps BT Pod AL B R RS . AR
(33 AT B A A, dR T — A R T BLRE
O 75 ST HE S QAR T AUKRRL T I, HIAT G
NN o AE RS e (R TRLSE S5 A PR B 1 i R 4 R B PO
PR3 AN AT A R 5

A PR PUARIEHE A RN & S AR Kok 14
X 96 240 L FR) 2 SRR AL A b B A, 5 DT )
B RIEAE IE AR A PR LR 20 L F T ot
PR Bl AR IR N R B B A 7324k 2(HER2),
i BT HER2 St M G Kbl 748 K e b 5
NS AT £ A B AR TR RE 6 18 508 < 40 KR T 4K R
Fio 53 HDEIRON CARE FIFT A 3 AL ) SR 2
R BIANR G 9K AN A2 SR B B f 7 )
PIRIIIERIA R e NIZ B 1 H R e oKL 1
RRL T RIL DGR TR E S0 T — N EK
(K3 77, IR L 11X R AT

224, EHRRFEBSHAT A EMMR

VFZ W R R &Kk W] B AE N )
(BN, IXEEGHETTRIE PSR A B B EH .
W R BN T IA EMT-6 FLIE A& 448k
b7 BA (BEAAN 1.9 nm)JEEE 1M 512 B I A Py
TEER, AMATHA EE I LR R X S RIRIT RN, T
HR B ELLEN 86%, A 20%H) X HFLF1 0%
B gk TP BRI, FBoCE B R EE R 1.9
nm & PRRF 00T B R S i i 7y, sl
10— TR 50 R I S VA B R 14, DNA 45105 AR BE 40 i
7SR EAS A ST T 1.9 nm &g0Kk
TR X HERE 5 T IRIRR SRR T T U T
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TRIGTT ERE IS 20 PR P S S R T o
2.2.5. @HRRFEA BRI AMET

SRR T BA P A s e v 2 akiEt ., 3
WUIE RALEI ST, Bl , &9eKh1E
TR AR S AR S A @S R /L N
Je KK T (VPE/VEGF)-165  FUHs It B 2T 45 40 it A= K
K7 (bFGF). BEBFFER I, <BghoKns i i) i
A BT 22 43 410 T 40 B I A A B BE S 7 1 R Ui

{52052,
3. KR

AR, P F A 3 B R R
IR, BEEGORRIET AR, IRAUR L RE
B2 7RISR . —J7 T, UKRERRL T B BRI
FEER A AR T RS, PUIAE PE REIZ I L T R AR
oy JFRIREFEYANE, BTz B B
2 RATTH . BRILZ AN, WEFCRM], GRHREAT Rr
M EEPERE . e EVEREAMEAIEYE, JFRTIE R T
SRRSO HIIEIR . BRI, R T AKAR ) 45 A0 R
B 7 IRTE . 3L, PURERTERERIIL 75 Bk
TARGUKHE T I RS AR, Rk, dnfer 45 2R AR AN
TR A2 ML ATESR B GIRAR, RO GRAR Bl 8 AT 7T e
IIPS+ ¥

3.1, GRIRA SF AR SR

3.1.1. XTRRET4ELRRaFnfa B Ak 4B B R Sh B i

YRR BT LR U BT R RN, —
oy IR R R AE BRI T, HR T T DUR AR KA, R
R B . i, Acticoat {EMIVEIAIE T, A LAAI$E
R SR M P A P ) B (50~100 ug/mL) AR E 1. 1H
&, Hollinger™ M i PR FH SR BORHE , HH &H
L&A IR PRI o Innes 2B 5 B, KA Acticoat
AEFRBE R X 5, X IRAEAREE, G A i T e
I EERWE I, HifREIENERE.

Poon 20V SN F A R 4 I FAO 47 1 3% 5%
KR AR, X B g, — Ak
RERL R R SRS EAH K, HRERERIFA
JEIXFE, f1 Contreet Foam 8% &4 13 ug/em®, Poly
Mem Silver A& &R 139 ug/em?®, 15 F KR EE
BRART AT . A4h, BEVERSII e PR 3= A HE
BHAPEBT . Bilan, FERT ST 30 7 PR g oR AR db A 1)
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HRl ActicoatTM 1 PolyMem Silver, 2 #7, ActicoatTM
FERIR AL N AT LUNR R R B T, 1 PolyMem
Silver 23 TIHEIERE, 76 5 Flckl B A & &
WCOGTEAE, HAE 3 MR R AR S 7 B 2
B PR AR . BRI “BiE” ik, 2%
[l RRINY st ik & s ST A ] W SIS 90 U | o 5970 T
S A R AL

3.1.2. SRR FINSE

Soto Z5B03THa ot ot/ BRIV B R 41 . RAW264.7
FMNEMEAIH THB-1 VAR _E R4l AS49 HItT
FLo RIRTEA [FRIGNKRLT55F N AT LA L 2h 0 1 44
LR A B RIS PR 22 3 o

W70 & SR KR T R AR A A S AT T
RAE, FTHAYKERIAZEN 3~100 nm, FIRMAEREN
25 nm~1 um, HLERMHABET )28 15 mYg, IKEH
5 ug/mL FNZAPKRER R EEERECN 1.8, 10 ug/mL 1184
0.1 BEM 3 M 7 ANKRLT B 51 RS I 40 A7 2 1R A2 4L
TEZTET 5 ug/mL WHZGUKER 48 h 5, =Fhdiipf7
WERITE 03 A, JF H I/ BRI B 40 i
PAW264.7. N EWGE4HH THB-1 A1 L 2 40l A549
HI 2R FE AR IR Z99 1 ug/mL 5 ug/mL. 1 ug/mL.
AL, R NI B4 SR U, b B 20 M B 4 i %o
YRR UK, 1X 0T RES R A R HE B &
AR NAZ A ) e 3 B R Ok

3.1.3. X BFRMEARaRY R B

SRR IR N R R, Kk T AT g
SHE N NE G DE s, RIHAR AT 8 2068 U 4 ffa
BRI AFFREXRAAEN 15 nm A 100 nm
VAR /N BRI IR 40 B bk BPL3A (38 7E Rt
HEAT T VRS B FOR A Gn T BE R AR S - 40 B
A MTT 56 AR i A B (LDH) 525 . 25 bk H Bk (GSH)
K ROS ZKF 2Rk IE HL A (MMP), %o HE ZH
24 h FR R A A PRAREEAT TR EEAR T, DAVEAR 9K R
XoF IR 7L 20 40 P A4 P 3 A B T g ) s e RV A
.

Kawata 25 PV — THF 72 o, A7) & (<0.5
mg/mL) K4 KAR AT AINGE HepG2 [H385H. 1H2 &7
H(>1.0 mgmL)MYPKRR 5 R EN B, &
PR 4E S 4 B 2 ARMTEAR, HY5 Ag,COs #HLEL,

27



Sp AR Y KORL T (10 20 R P e LN P T

G KR 2 BGRB8 U A O #
47.9%, FIMRILH HERA ROk i, £t iE
DR R 2 T e A R B LA T KR 51
TR AE ORI BE BRI 1 2k

3.1.4. STHERT AR EIN ST

MCF R B & — MR R, TCHR R &R
e BURI Z 0T R . IR 2R DL EER T
PC T4, B S e 5 M A A i T e o L= AR
W%, REERSSEAE . mAE, JFHax IRIa
REFAEANREM . flhn, L5285 240 i
J A A S8 AT ) R DR AR DA G 0 A4 25 K RN H T e
/E[4O,4|]0

AT AT RN, K S I 5 K B s S A oK
Ky e, SRR T RBREIR Z AR aih, A
RIS, d WG KRE 7T LU B 2 B i fii f o A
m%ﬁ IS%[42,43] .

Braydich-Stolle %5 DIt R T-4Hfa At AL, J@idot
FRYEE . 2 R S AN AR A S A B A AT T
B — RN GKRL 1T BT A2 58 41 il 7= 28 1 5% i gk
17 TV, Hrb T AR EF K24 15 nm, WKEE
ICT 10 ug/mL, PRIy o ek 52 (R AR oK R P B 1 2850V A
BRI A SN TV T oV Ak SEE AT A T, % HEZH SR FH ik
BRI o

3.1.5. &S A AR FohHit

Gopinath 255t 44 4 67 B 410 BHK21 I\ &5
s n i HT29 WA SRR AL, 75— @ iR
B, GoRAR T DL S| gl e P PR sE Tox — 4, B
BN AL RGO 7. AT A 9K s 7E
DMEM 1, AS[E KR FE 1) AgNOs #% NaBH,, i JR 15 31
XA TR BE O K AR IO 4l B B 1, I 0 R TR S A
1k EB HIBEATIERZ G (0 . LDH IR ) B AL RS 1,
BT TRAIAE . e, 3RS N 107 mol/L 1
Ag+ RSN, TREZN 1 x 10 mol/L Al 1 x 107
mol/L 1] Ag T4l @ LM . miKkSE(>44.0 ug/mL)
MIGRERNG 5 A PRIAGE, S0 M P i 2L
ok, KRR 1C50 SN 27.0 ug/mL, 1B IR EE 44K
W RAERE. EXHIR AR L, MATiEe e
SIRMMEALT:, T OAHRFRE I 11.0 ug/mL KR
BEATHE— BT . 2B R I, AL FE A 4 AR [,

28

FEBER R AR, dH AL H > A Al
BRI R, HR&FEABEM R FRIH IS, 6 h &5
AT DAY 5% 3] BH S ) 20 R A P A X RS R 4
Mo RERAE TR T B — 20 B RY e B/ AL 2
(AO/EB)M LS8 R, TEMIAGIKER 4 h~6 h i,
YT R AR T o SR AR YT P A 0 5 56, . L 4 M 0
Tk PR SRR ISR I R A . TEGKRER B 16 h
Ji » XT4T L DNA #5347 BrdU Aaic i BBk S 28 I B
RIS (ELISA)SE 7R, 20 M T i F2 v i A b
Ak, AL N VIR S, 2 ek DNA XUBE
e, WiZd, DNA Wit oG K A TERZ/ IME Z 1],
JERL 180~200 bp 1A%/ IMA BT AL /IMAIE . TE
DNA B flg&E H vk 7~ %/ IMA R ZIN(180~200 bp) )
DNA Hft , 12 H AT 0 W7 20 A 2B 1 1 g 2 22
PR, HE— RN T AR TR 51 R G K AR S R
H YT A T 1 T AL

3.1.6. XA E BRI EE

2007 4, Shin 25T T KA A A s iz 4l
JL(PBMC) 1 25 14 LA R Stof HG 18 B et R v 77 A 11 40 B T
THIFM . KGRNS5 nm. 45 R ER, 49
KA E AL 15 ppm B, 24 40 1938 5, MTT
F1 CellTrackerGreenCNFDA M JL0EE 72 h J5, i
HAY RN T0%H1 30%. K PBMC SiEYE 4 5 (PHA)
HEIR 72 h )5, MR TR Bt m ) 3.5, 24l
KARAE N 1.5 ppm BFAN S XHZAR E01 3 A 52 m,
T 10 ppm B, 2 SEmagnia s, #—>
X L R T ARSI B, MK E & T 10 ppm
B, IL-5 fP=AE 2 ], SRR Em T 3
ppm I, IFN-y I TNF-a 7= AR B2 .
e, BEARFIRE YRR S XM E S EEM, H
J2 ARV I 490 K A mT LA 3G ik 10 ) 200 o A1 1 = A
KA 9ERE A KA

2009 4E, Yen S5O T ARSMSLLE, BEAL T EWELN
JL X AN [RDRLAR B G ER BT 7 A B S S o SIEB R
T EMRAARVE B AORER, 70 2~4 nm. 5~7 nm Al
20~40 nm. Z5REIH, 10 ppm LL_EFIGEKER AT RIS #D
5 A PR S ) D AR R PR3 R . (H 2 SR8 R F 1
Ippm FIPIRERA L 51 S B EGH i IL-1. IL-6 1 TNF-o
FOBHRZFE NN . S8 A I E A o =FpAs
A RLA G K AR e S A B 2 X 5 LA RS 5 45 R —
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B, @i TEM, AATTHRALSEE] 190K T 24 L A
AT BRI R, (BT IR B N .

3.2. ZEESTAEMNEA

3.2.1. iEAESHEHN

FEBE B4 I3 T, U AR E THWT AR R . 52
W . BT ZHUR g 9K e B e K%
PR BT DO R 10 IR PRI 2 (R AL S R R R IR 2K
IHRAFARITUR ZhRE) IR B AR AT AL 2R E
SEVERT . XL R AR TR A B A AR
Gliho W%, ORI A7 4 RN 80K ZE 45 M
TARZ AU 1) AT CRE R R 2T 4| e {1 32
PSSR The 2 3« e 1 HeL B AN bk K 2 05 I i 7K
R 2) HT9eRRYI G 90oRER G475 G Y
illid ARSI T oM Btk AMRHR AR I GesE
Tt BEEBAREANHELH, HAHFIUEY, 1t
SRR A0 AN 1 B9 o s H At 18 1k R e B T R
JEHEE; 3) BAGUKIRPUE MBI PUR = B
MRy #HFL Bh R BER AR AT IR B B A A PR
IR A T A R B 7 2P 2T 4 b 3 il s S
g, IFrbe s AL .

322. EfrsasmW S ERMH

B B TR AN BT AR IR R
= FH SRR PR i S skl vz, S E AN
T P SR e 1] R PR P8 AT T 30 P ) B 2 1
“OPRMRADIRH S8 B REPTHE AR, THeE
AN A, A NEGOREMA BN TT 4%
G e UL INE N L AN =N T N e B e
PR RSP ACR R, RIS 9K R
AN o HL B S DB PR RS . B AT H AR )10
PR T CAS UK R RAVE I BB 3% . 4k,
Y KR P B IS BAT 7 BHIU B A RIS 1) v 47
.

3.2.3. fEEIAKIRARMEER BT

210 19 9 fr 2 0 Bl (SEPS) A — i FH TR Wl A0 %5
SE ST A i R A TH, EE BT
B FAS IS, R A4 T4 DNAL B A R A
AR A i /N - RS WU A58 S A R G ORI
 [48-50]
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W RS 1) 0 K AR 2 T 1) 40 7 Oz 245 5
FLIEH M4 T8 508 106 HEF®, HAEANEES
MRS, EAEHAEEERNCOSHIAT. K
— I MO R, GURER IR R G KR
FEZ P R 3R T 25 28 P AR R 5Ok G, S8R
B, GRER s gk F X R (1) SR R A5 AT AR f Y
R Re R R HokRA T CT(HATH: )%
B, 05 TR TFE S &R Z R EhE i .

SERS FIVEMEIR Z R R IE, W4 @A N4
JE KN 4 R 3R T FORDRE FE P o SERS RUMEFEAR 4
& Jo—Seg g SR MR AR R B g2 2, AR A R
ORI 1 5 (i 4 7 iR AE B Ok e, 4
YN SERS Flf & miK. T4k R 115
BRI R SRR O, R, KB THRE
T HIE A o S IR S LG H b 2 D iR SRR 1)
HU  JE I Tollens 58l £ (1B TS S 7E 56 -G 4 A
BT b AR . SCHURE AOAR F b e —Fh 1
SIFRE R, AR RBUER R R I —% .

WA, KRR EREH) A TS EEA
JRCN W TS R 259 5 B R AR AR PSP TR
pH RIHAd PR 2 2 (R A B sem Y Rk
(10~13 mol/L) ] DNAPL & PR ik ra M 3 (RER T 2 A=)
%%%[56]0

3.24. HBEIAKIRNE B IERTEN

RN — BN 92 B AT A A I ) Al
JUE IR TR A & R, (AP AR G i
—HFR. SREERET SRR UKD TR
TG RINAKRLT B, 2GRS R B R RN . HAR
HIVLEE SERS W RE s . Bk, 48
458 58 (MEF) o] LUK K SO A B R GER, FHAE
TR . RIERAYTEIE . RAENE . RS KA
& AR — & A A RE AR B ORI RN . B LR
B, AR AR e A SO A O R B R RT3 A D 1Y
% 3 {57,

H i O A 20077450 Rl % MEF 7 Z 148K
AR IR, AFEFIH Tollens S N8O 17E Bl 3 5L g
FBEHLUTAR G oK AR L BIORE 8 IR N AL 2 i 2%
{1 B BRAR A R A TR, DA SR eI B AR gk
BRZ1 ok 45 AR 5 F T RO B A A5 35 B 43 B R ok
.
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4. PAKSE

AR AR & — Tl SR RIS A 287 R R it 3 20 K
KiLo B QKA R AR e, KA v Reidid 2
ey ELEZ R sPIE o N C NN N S T G TP O
FEEN AT IO A RN AR I T LR T 52 B
1, WSl E AN, L, FEE ., AR,
VFZHIFLRY, (R TR R SR AT AL S ACHE
B ThEEA A AL RN 5 B IR
SR RS A BURLAR B (ROK B4, 9KaE A
BRI BRI Z 5, ROF G AR
AT AN RN M N R . Tk 2 —
ZRIETPAY Y = D I R 7 oY KRR TR € p i B RS SR
HE A — DM AE B

4.1. GEREX A B§/NVE LR AEHK-2)H
SEFHN

B 3L S /N b S A L AT R R R 5 4 AT B E R
€ T BN ANEYEAL & )15 3 B R R I AR A AU
R, B, BANE bR AR A B T R R T
AT

4.1.1. GK$Ex HK-2 2R 2SS0 LDH R A&

KA RLF(5~20 um/mL)% HK-2 414 28
RN B RIOR 3G n, 40z AR, R
B PEAR 2, Juva AE T B0 g I, S I R (7
B . FLIR B S (LDH) B BOR 2 40 ffy 2 FE 27 1
U R A 200 58 R P P R AR, AR RS2 A )
LT, IS A ) LDH 2 A Py BRI 40 4
AOARHIEH] T HK-2 400, 7E 0~40 ug/mL, i N 4Y
KA T 240 B A PR 3 5 S IR Al v, ol o R
WREERISE N, SRR B 3E 0, LDH (R85 2 120
.

4.1.2. 4K$ART HK-2 MBS R SR
XA FHRm

RSN N I« RE B L) B Ca2+ i A7
SE e A TEPE AN (reactive oxygen species, ROS)I)
FEERA o B PYIE B Ca® I ROS Tl LA — &
H e (AR ST EOE P T4 T caspase ZK 5, AT
FL R AE AR BB T . — B SR BEBE(DL-dithiothreitol, DTT)
VERE IEIET, AR, e iRy i
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T LR RS, ERRn RIS, R B 1
FIH DTT 0] DA e oK A kL1 H T HK-2 208 s
PR & 77 A 0~40 ug/mL (40 K4R 7 I T HK-2
YRS 215 TN ROS S &IN5 .

21 it H R A A 4 AL B (SOD) A A i (MDA) )
KPS VA 20 B 2B SR A B N L 2 R AR . SOD
JUFAFAET BTA B B A2 H,  H e 8 A A B
(Cu-Zn-SOD) FE ZAFAE T MU N, 3 B E R Ak kA ]
B (OBt N Hy0, F1 O, (I/EFT . MDA &40 i fiit
Jig 52 i A AR IS IO 28740, MDA 7= A= 1 A8
R4 . 40 MDA 18 BKFReig A R4
552 i o S8 A P AR

4.1.3. FK$AX HK-2 RSB MERARIENF D

4 J& % 5 [ (metallothinein, MT)Z K71 &
BEEERN SRS EEN, WikAE T M
W, A BN R ENES S ED, A s
F13(7~10 g/mol), T LAEEA 4L P K i 25 A 25 1

FEN 20 ug/mL WAOKREITER 24 h ATLLE S
HK-2 4 N & A A BRI Rk KCF Rl B
RIS, X (ARSI 2, X L
MT FZEREAMRK T, EEREEABRRR.

4.1.4. KA HK-2 YRRRSE IETh AERIRZ NG

Ctrl. Cox17. HAHI/ATOX1. Ctrl. P % ATP fi
(BLFE ATPTA BL ATP7B)%5H A2 2H M 7E 55 AN 4 32 4
HFHLHEI P EER KRS F. Cul HEHE TG, MT
AT LA G A A U B AR B, [EIAEAR 41 R DT SE R
T PN R 2 T R B o AT, b Cox 17 ¥4 & 1 e ia
ZRARIEAL LS Cyte FALEY, T HAHI/ATOX1 ¥4
Wi ie 2 RN m R BN 4, TR AL ey P Y
ATP B(f4% ATP7A B¢ ATP7B)H 4l 4 tH 4 i

KA R T HK-2 4 )5, % 214 54T
FIZH B RIS E AR mRNA e A — R
M. 20 ug/mL ZKE1EH T HK-2 404 R )4 he
8h.12 h.24 h 4N ))&, 4HiEH Ctrl. MT1X. MT2A.
ATOX1. Cox17 43FH) mRNA ik B FFL
(R

42, hKFIR A AR R AR SEE
R

NI A f(HepG2) & —FhUSLH )32 BB 72 T2
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PENLHI OB, EOREEVFZAMLhRE, worie, i
A IERAARNA SR EAER . BRER. al-HUHR
EARE. JREA. YRS A ERE L 7,

4.2.1. ZAK4EAXT HeoG2 HPAALASHN LDH BEIRAY
o

YRR L VF (40 ug/mL) 5 HepG2 41143 HiAE
A 0.5h, 1h, 2h, 6h /)5, LEFHEERN, &
SR 7 B IR T R 2 R P BT A L ) A B ER AR (1
T, ULBH HipG2 ZH A REFRHCAN KA KL T . 99K
(5~40 ug/mL){EF T HepG2 41l 6~8 h J& ] W.4H A
IR /NANZER 23, 11 40 ug/mL 49°K40 5 HepG2
YER 24 h JEERAT IO A0, LRk KA
—, WITMHESIZEL, MR AN B, A A
TEARAHEI, - 52 50 BA 2 P 750 B RO (R At . LR
(LD H) R 50 2 20 A 55 3 A 1 70 R AE 4l R i 5
BEVE B AR, EAHMESZ AR OL R, 4H A
1) LI i Sl 2 A PR R TEC B At L o o KA 4
T HepG2 #Hiffl, 1E 0~40 ug/mL 7 Fl A 44 KA bL1-%F
S B P 4547 5 IR AR B RO R ) 4
T, AHPRAE G, LDH IR B H I .

4.2.2. GRSAFTLRRELRIARFRFE AL MMP FIZARDET
A

1E 5 28 R A4 5 L f57 (mitochondria membrane po-
tential, MMP)JTE 5 OR¥F 2 EACBERR 10 b i) b 25
T2, MMP A] DL {2 2 A P JEES 2% e ) Jo F) ade A2k
FOIEZETE, AT SE5 Lo o (1 1E 5 4544 5 T Rg17),

iR 5 5 20 R T RN IR BE 1 i AR R A 4
W MMP F BRI, SRR s 44 10 400 3 AR W 2,
FET S A 0 A AR 453477 PT 6 2 44 K A 7% 3 4 i O T AN
IHCR AR P R S AT . Rh123 2 — g v dohs
MR BB gk, LR ISERE MMP B2
M 2AHNARAL, (HEAGIEATI MMP,  HIEAEf
AN PEY . R, AT DOE AR Rh123 128
590 PR S L MMP o

4.2.3. KRR FEILEEN D RIS F IR
XA FHF M
YR T HepG2 4B th &4y ROS
TrESHE, H24h FHEIEE K HK-2 40 2, &5
YK RLT-%F HepG2 AH AR AA (1) 451 £ 58 T~ HK-2 4
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o KRN 0~40 ug/mL KGR 5 515 HepG2 4l
HVEF 24 h, W0 40 M AL RO DGR AR AR Ak, AT
DL 2 R 2R R S AR R A — 2, A
GSH. 395 E3SWH I MDA 7K 15 5 78 A i itk T+
B, M4 A MDA, CuZn-SOD 7K FHE A B &

4.3. GKEXIEHE 11 B B 4RAR AS49 B
mEaE

AAKAT X 11 2 b e M AS49 (4T i 75 R R
RO S HRLRSF FRAEE R R 5 KRS IRCK R
CRLAZ)AH EL , 92K ST (R B U Rz 420 2R B0 L 5 5 1) 41
MEEE, JF FLIXR RS 2408 [RIRE -5 9K A R 55 75 A
H B PR 26

4.3.1. MHRATE TR

Y EE RIS, GO 4 h 530 78% 4
JZET, TR A R ORI 5 R 4 AE T 2%
A 4%, GIRE AR K AR SE AL B I A e 4 i
BT R BN E 6% K 4%, (HI LR EZER,

B T aKEA B AT SRR DAL, BRI
BRI BRI E A=) 2 S SO RN
DR 2R o AR SR AR R 55 3 07 350 7 O B ANV R Alkr)
FEAIA 18 h 5 27l 51 17% K% 12% 40 At T %,
T AR SR A B AR A B 335 SR VA 4 R & AN
PEGICRD) W AN 22 51 e B S O 4 a2 T

PR BOkE 7 T e TT 2 | 2 AS49 41 18 h i »
YRRLT 20 B AR 2 8 T ok kL 7 I3 18 h
Jei s AR B 9K S AL 5 R A0 BB T 3R 40 5N
91%F1 94%(P < 0.001), 1M AH [ 254 N HHOK R S S Ak 4
G R VA FRIE T 2 AR 8% 38%.

4.3.2. % DNA RGN

YKL B A K S A B L 7 S v 11 28
J AS49 Al 4 h J5, 430 512 30%F1 34%F) DNA F#
fil, FEBER VGRS T LR, TAEA RIS,
WOREALHTRL T K 1 DNA BEARIUN 14%, eKA
Wi E 2 %A 51 B S DNA $if) .

X T GRRFIGIOK S AR SRR T, A LA 37 2R
DNA 57357 (1155 10 #0845 7% G ANV M UL %o 44 o P 2 28
B T R IR R oy o BHAURIR, 9K
BRSO T ILIA MRS o 1 R DR PT Re 5 L A 5 o A A
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A 5RO ANTE] RS R F 4B R AT DNA 4545
122 530 T RE R SRR Z2 TS, KR T ISR A
FRANFE A T flohibs 1SR BRI B 7, T2
RE W FEAR T [ ARURL, PR HL o B 48 R A
fi%.

FURT, X ASFEPREAR AR T 1 RO AR A L O B 7T
BARA . CARITLER, R IRGUKRI & 51 2 4%
B, 0 EIRGORIER WA R i . 40
RAAEN T8 W A A 5 B I 2 PR TR A, 3K
o g e S M OB ) 1 IR A

5. &g

& )@ AN KR 7E 6 7 S iE 77 T B FE AT b T 2
HBL, RUNVR 2 R R AR E VR TT A I R B 1)
BSERT A A . S B AR T DURFEA AR
2 55 VB 1R 5 B AT FH 1 ot 9 40 B 1 40 KR B 5
A7y, HESRFNBORE WRA 7 1 R AL 38075 722 41 i L
BHEEIRCE . R R E R, e
TR — R T . T KRR
RIBLERF, 28D RE(0~100 49K)7EH,
MARAS 3R B gRRF/NGE R SR M o R e i
M, FTCAVEEE S R gIRR T, DUINsR X AN [ (e
SiE /975 22 441 D 1D 236 R0 0 A AL adE T 2 R R 9T
EEL .
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