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+ x# & (Chinese abstract)

47 (Copper) ~ 45 (Manganese) ~ 4% (Nickel)#fv 44 (Lead)
NEELBREEZSAEDBARIY  TAT hbEEFP
Bl -ERXLAETFTTRRBFERIE -ET X -
BEI¥E RBE MELMGBASIE - BAMANE
NAABABRENALET  EL404FTBHRBRHYEEN
EHAE R FEPO UL AT LEFREAT L8
BRETEERAFZLEHNE  BLELEHETZIHFHKRE

CRERIER > AREHR A ERELRBMBF @R
BT RABEDEFHOF N N mEELEAEL Y
AETRAEAFERZESL  FTRAPEEGER » o448
FRAPEREBRAE BCA 288 - FURIELRA L
MEREREF AFREEL AR P ANARE HES
M EFETETERBRNFTE BLEAULRZZLY
M AR AR KT R EL B Ex o in-B1EFH M

A5 B AN F B (In vitro) » #F V79 F B 48 & A 4=
EZEABFNM(CU) 4 (Mn?*)- 42 (Ni*") Fo 4 ( Pb?)
BIER Y 0 & &F A MO % ik (Micronuclei method) #8
B K12 % 1 (Genotoxicity)fe s4 MTT 35 (MTT assay)ig 3+ &
émﬂ@ﬁ-&(CytotoxnClty) I B B E(NDDH 3 £ 4
M K BE o KB bR K a8 (Flow cytometry)
BEAHwmp B (Cell cycle)x 2 A B e EE » URIZE
FHEEATER V79 M e 474 B~ (Apoptosis) ?
A EmBEEER SR FERE R ¥ A w8 (Antimony)
fam(ndium) A EARFER > BHARFTHEZmBR LB
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FHPERFMNE? L AR Z @ 45 (Calcium) R 4
(Magnesium)# F & R E » AR LU EL B 2 @in &
Ml R EEROBRE ARETFURL BT EZBEH > D-
penicillamine(D-PA)#= Dimercaprol(BAL) » £ #F :t £ 4
4~ 4R M Z B EFEREIEE UHMRHEEETHR S
# -

ERERZARERERZTRAEY Cu”(1TmM) ~ Mn?*
(200-300 ¢ M)#= Ni?* (0.3-1mM) 4 B & %3t & £ 3% jv V79
OB FE R e e AL SR F 0 PR £ KB (0.1-3 ¢ M)
R B 2R ER E-EHM c BEEEFMHZLER
BBow P2 BB FHBRASFER T HhwEELBEETH
B 4w B In®T 8 S EE o In®t 2 K % F M T 4% Ni* A % 48> Sb3”
Al CUl i mATC s+ BT R A ERERARTEL
HER O BAAYEREZLB R AR T AR - AN
AR P A Ca* sl Mg? whiE & » Ca? 4 %0 I 18 Pb?'pr 34
foz Mo @ MgP R # R 8 Mn®"fo Pb'pr i & 4y i
BEM > kBT Mn?'f P2 &8 DNA 8946 £ > 4o
T4 Ca® fo Mg 2 s st A M -

M EHZHRERBET > HEEH Cu® (1mM) -
Mn2* (200-300 ¢ M) Fo Ni?* (1mM) 3539 %] NDI 3% 2
wEmBp oy 2R o  MTT S22 & 2587 Cu* » Mn?'4o
NP B F ST TR BEReaBHTETER - 55 > Po>AaH
FEEHRBENETBZE NDI> {2 3uM ey Pb> A A 8R4 tm
ok EELBEAEINTX SO 2 R B mp iRy &

H Pb*fo SO R E R €kl E % - 3mMF 10mM

/
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Ca?*f R #& Mn?*'s% Pb**z &M » 3mM Mg¥ # w i 4
B Tztmpshiy T il E5REN (10mM) Al R
e R CuPsk Mn*z2 e ik 2 BB EBZHARTLER
B 3uMD-PA g wism#EL B 2ttt 30u MBAL
T L Pb¥ AT i R #h e IR M o

2 FACScan 4 # V79 Bt B 2 DNA content s & 43
Cu?"~ Mn?*~ Ni**fo PO* R B e AT 2 & RLERHA
sub-G; H#H. » TR W R EL BB TEAARKETFE
B V79 Mtz tafm A o sbih BRBRASBHRLE
Cu?* ~ Ni?*fo JF ¥} 88 48 2 Adriamycin » 34 4 G,/M phase
Z %a BB B0 B 3 Av 0 & — L4 cell cycle distribution analysis
w g Cu? -~ Ni*"fo Adriamycin # F ¢ &£ V79 A % 8 % &
G,/M phase block -

fEmBpAEL nEELBASHHRT M5 £
vHRHBALBRASEBEEL Mn?i R V79 M i
o MARBEHB R A4 THREALERRLFEALNK
Al fftef k@R A K@ 2R EERLBRY -

N EERBETF VI HMehadMAZ A4 R L E 8
E4£K Cu® >~ Mn*" ~ Ni*"3, Po™ @y RiL o » ¢ 4 4 fo -
EEEMN > BN Ca? i Mg? o & V79 B fm B 2 fm B -3K
B HEMMAUAERALOREELBETEDN S TIES T4 8t
Fzhaeim F2% VIO EAmp-EEFH - Lo Pb?x
mipHEMHT A BAL § 58 - FEREBMIRZ mp-
EREFEMZR T 2% - CuP NI TH E V79 M e o 55
4 G,/M phase block» M Mn?'sA Bl & e po A RE » 88 &
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English abstract

Copper, manganese, nickel and lead are widely
distributed in the biosphere, being released into the
atmosphere by degreasing from the earth crusts and the
oceans. In addition, these metals are released into the
environment by human activities, such as combustion of
fossil fuels and other industrial release. Recent studies
suggest that semiconductor workers have an increased
incidence of worker-related illness. Semiconductor
manufacturing is a chemically intensive industry
involving many potentially hazardous operations, the
relatively high toxicity of compounds routinely handled by
employees. The important health effects of major
solvents, acids, caustics, reactive gases, metals, energy
and dopands were evaluated by many authors, whereas
there are few studies on metals-induced
cytogenotoxicities in cultured mammalian cells.

In this study, the frequency of micronuclei (MN) was
assayed to evaluate the genotoxic effects of Cu?*, Mn?",
Ni?* and Pb?* in V79 Chinese hamster lung (V79) cells.
The cytotoxic effects of the four heavy metals were
conducted by using MTT assay, and nuclear division
index (NDI) index. In addition, effects of the four heavy
metals on cell cycle distribution and apoptosis in V79

lung cells were assayed by flow cytometry. We also
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studied the cytogenotoxic interactions of the four heavy
metals with Sb3*, In®*, Ca?" or Mg?*, respectively. Since
D-PA and BAL are metal chelators and have been widely
used as antidotes in cases of heavy metal poisoning, we
also studied the effects of D-PA and BAL on metals-
induced cytotoxicity in V79 cells.

All of Cu?", Mn?* and Ni?** at higher concentrations
(1mM Cu?*; 200-300 ¢z M Mn?*; 0.3-1mM Ni?*) significantly
increased MN frequencies in V79 cells in this study.
However, Pb?* at lower concentrations of 0.1-3 ¢y M
significantly increased MN frequencies, but Pb**-induced
genotoxicity was not in a concentration-dependent
manner. The results suggested that Pb?" induced
genotoxicity in V79 cells with more specific effect. The
results of genotoxic interactions of the four metals with
In®* or Sb*" were complication: Ni?* decreased In%'-
induced genotoxicity, Cu?" increased Sb3*-induced
genotoxicity, but genotoxic interactions between other
metals were not significant. In addition, Ca?" decreased
Pb?*-induced  genotoxicity. Mg?*  reversed the
genotoxicity of Mn?* or Pb?' to the control level,
respectively. It appears that both Mn2*- and Pb?*-induced
genotdxicity might relate to interfere the biological
functions of Mg?* and Ca?".

Cu®* (1mM), Mn?" (200-300 ¢ M), and Ni?* (1mM)
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significantly decreased NDI, but Pb?* at all concentra-
tions treated didn’t significantly decreased NDI. The
results of MTT assay also showed that all of Cu?*, Mn?",
and Ni?* at higher concentrations significantly decreased
cell viability, but Pb?* at lower concentration of 3 y M
significantly induced cytotoxicity. In addition, just only
Pb?* significantly increased Sb®'-induced cytotoxicity.
Ca?" at concentrations of 3mM and 10mM significantly
antagonized the cytotoxicity of Mn?* or Pb?*, respectively.
Mg?* at concentration of 3mM significantly reversed
cytotoxicity of the four metals, but 10mM Mg?" only
reversed cytotoxicity of Cu?* or Mn?*. The data of metal
chelators study showed that 3 4 M D-PA significantly
increased all of the four heavy metals induced
cytotoxicity, but 30 4 M BAL significantly reduced Pb?*-
induced cytotoxicity.

The results of hypoploidy analysis showed that all of
Cu?*, Mn?*, Ni** and Pb?* didn’t induce sub-G, V79 cells,
the results indicated all of the four metal ions didn't
cause apoptosis in V79 cells. However, both Cu?* and
Ni?* as adriamycin (positive control) caused G,/M phase
block and increased population of V79 cells with higher
granularity. Cell cycle distribution analysis further
demonstrated that both Cu?* and Ni?* as adriamycin

increased population of V79 cells in G,/M phase.



There is only Mn?" among the four metal ions as
adriamycin mairkedly changed morphology of V79 lung
cells. In addition, Mn?* caused black precipitation, which
might react with ingredients of medium or serum.

These results showed that all of Cu?*, Mn?*, Ni?** and
Pb?* induced cytogenotoxicities in V79 cells after two
hours exposure. However, both Ca?" and Mg?
significantly decreased their cytogenotoxicity.
Accordingly, we suggested that the mechanism of the
four metals induced cytogenotoxicity might be partly
related interfere with the biological functions of Mg?* and
Ca?*. In addition, BAL decreased Pb?"-induced
cytotoxicity. Cytogenotoxic interactions between
semiconductor metals were complication. Both Cu?* and
Ni?* caused G,/M phase block. Mn?* markedly changed
morphology of V79 cells. These results showed that the
four heavy metal ions induced cytogenotoxicities in V79

cells is in different properties.



4 % (Introduction)

1. 48 (Copper)

B-FE 6354 RF# 20 AMce A &K -
A b4k B F +1 fv+2 {B (Harrison, 1974) - 48 B A & & M >
TEAERFGHEFHONEEHE -

Ak~ TN AR EERERATHEESAESR - K
BAE - FWERARNEFEMS B FHER & G
et HHeARANAEHE  MNE BRAEE  BA
BreehME B BAFREARERAH AL
HHETERE 1-2 % 5 BAERTUARLEEANE &
(Pimental and Marques, 1969) - m CuO, & # # & # ¥}
Bz R AR T LB % R BE e 4 01%4) Cupric oleinate
(Cuprol) R -THAMNBEENEHE - A4 AR ERE &S
oo &L bR BAMME LABMUGBH 21
Be R LRV HE i EAH % (Sorenson, 1982) -

EEM - REHADMBRNEARLBOHRELE ¥R
BABES AOEBIFTHRTEES AN AHEFHR T
8 B & > 15 4o ferroxidases » cytochrome oxidase >
superoxide dismutase 2L & amine oxidase - H jt > 48 &)
BRH N e EFELHERBRETER - — K0T KA
—REHBRY 2mg A A BE - MAEHEBRKE (156-
75mg) R HREHBMEE > AFMHNERRANEE LR
Boda R BRAMEN ¢ R FRG EHAEH (metal
fume fever) - BAT AR L AR HE T HEH 6 F -
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2R BNReRBEREETE=BE L P-type
Cu?*-ATPase wy &% - — BB B 2 Cu**-ATPase 7
R F > R BB T 44 M 5| &2 Menke's disease
(Danks et al.,, 1972; Danks, 1988); # & A B £ X H &
HAEF > EANBEXHEMEa (ceruloplasmin)
i $& ok B A HE w48 M & & Wilson’s disease o

EAEALCEZFEMBRBESDAFRE ALK
B dm i de B ¥ A8 E &Y Cupric ions (Cu®™) > & i 5
e B B 89 R 452 &£ ( Chvapil et al.,1972 ; Forman et
al.,1980) - & 41 » #dk ey Cu® & fvtm o B L sulfhydryl
groups ( SH groups) & 4& > #1& #& cupric copper & &
A& cuprous - M sulfhydryl Bl 44 2 &1t A & &
disulfides - & %+ & (0O,) # #F » cuprous ions 7 i
A AR B R & cupric form m O, BRE R B H &4
&5 O, ( Superoxide radical) » O, % & & s & i® 4 1t
( lipoperoxidation ) - ( Kumar et al.,1978 ; Forman et
al.,1980) - & A L+ &£ & H,0, v Ascorbic acid 77 4&
F 49 (Coppersalts) €48 £ # & 4 (Daune: 1974 ;
Stick et al.,1976) - Sirover #v Loeb (1976) # ¥ » DNA

A% 3B %% A A% 8% 0 Cupric salts € & {& nucleotides &y 42
Je o B AR T B T MR E LR RS
( Kuratsune et al.,1974) > R F & & 6948 Fv E 8 % 5 B
AERAFEEBE BRI YRIFLEIHETHER - 4877
TEFBBRENAE > EAKBILRT &M E LML CNS
8o B ANBER TR ANEBRZE  HHEHWE
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A ABEAEI -

LN B EMEE > F 8T A 1% potassium
ferrcyanide #% § (Moeschlin, 1965): # s R /& M & cupric
ferrocyanide» 3 B EM LB E W AR THYE ok -
R FOE b & Bk Fo o SR8 1 B 4 A BF 0 corticosteroids
BlJE¥E H k- &M P H U Rk Wilson’s disease 5 A -
7 4 A D-pencillamine & %% - K 97 3% jo 4R & B B &9 3R
(Holtzman et al., 1966) - 8% & W40 14 % 2% & 5§ & &8 -
# 3k hydrocortisone # §F Bl & 1R 4F 49 % 2 (Saltzer a.nd
Wilson, 1968) - % s+ » & F H 4 % 4 # triethylene-
tetramine #v dimercaptosuccinate » B aAJ 4% ¢ R A »
pencillamine intolerance % A (Walshe, 1973;

Aaseth,1983) -

2. 4 (Manganese)

B F & 54.94 B F# 25 AKXk & &4 K (whitish-grey
metal) - § itk &%F O~ +1~4+2-~4+3~+4~ +5- +6
Fo+ T MEBTACKER 24 -

GEXFRXAANEEBR > K&OF 90%8 4 A /£ 48 &
g # o o ] 4 £ A 4t (deoxidizing) #» £ R 1t
(desulfurizing) - 2 ey A B A H S48 T ~ s ¥
B EZEZAR c BRI IEER  SAERALH - %
BHoBEURERTDEAFTF - FRET DN AR S T
EEREHRX -

SHARRE S AHALE TR CKFTAMRET S E
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MEE 0 R oL A - it Pibthzmkm + o
EERDFZANL -BR -FEF LA BTRENE  E -
W AkRGERD -

HAEABRLANMEALFZ - BEEEKISET S
EHFAE HPESERS  BIERMBD - FHE
ZHHRRE RHRF O0O01%E LRIEE - MRKEBEH -
TRAEAERER EABREFRHR K K4 2-5 @
Al mAEBAOFRRAER TBERKL LR TH
TR -

4% & & M . pyruvate carboxylase #» superoxide
dismutase 89 X — @ B EEHEILHF % enzyme -
H A 35 0 45 9T L 4] # chondroitin sulfate 4 & » #7124
CARBRKATEF AR PR ELYNYHE  EERDFE
HREZHRE  AEMERT THBZTETHRFTEEFTR
A # & & ( Underwood,1977;Hurley,1981.) » i & K
(ataxia)fo ;g B 4248 (Hurley,1976) - Doisy (1973)# & #
FPALRGEGRY  BRNSGETBR RERA LS
X BHEEARYE RERAFLERURERKREEEEE o
JE o

Gl BABRXT  A8AHFELE ABEMET
FHEBRBRDR - P FHREHE SRR KMNO, ¥ %
methemoglobinemia (Mahomedy et al.,1975) 3 4 » &

FABAERRFENREE %R LER - #l o
e R TEE D RMERTETRIRGREE
(Newberne,1973) s RABENEZE T HE M AP XA EF X
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LR LR iomB R FEMGEN o &I RIS

EWET R ME AR E » Cotzias et al.(1986a)
HBHBEIHELE MNO, 2 REY » B AEMRETHEFMER
RT#H e E E %K 0 42 Ef Parkinson's disease 48 {1 o
Zielhuis et al.(1978)45  » B E A S AL WEREBET » &
MR FENRE REASGHESAEEMYE LY
porphyrins o ¥ 2k - & 49 § 845 > & 484k 2 45 £ red cells
& Fu porphyrin & 4 (Diez-Ewaldet al.,1968) -

GERNEFEIRBRSDAAZHR  2HH T R

BF T -ARAFERAEZLE  REREAENEH £ B
Bz ) 3 % ( dopamine depletion ) ( Neff et al.,1969 ;
Mustafa and Chandra > 1972 ; Bonilla and Diez-Ewald -
1974) - Watanabe et al (1981) # & » £ 8 A2 % 42 5%
EATFIREREBERAE WOFEN - KM PRAAFABMMEY
EHEEAENRRPETLEMERAIINRE > TAAHE

EHBTABRAEBRENECERBERRRE AL &
BEE - LAABBBEITODFPABRAIBALEGT TR
R RE -

12 145 F & ¥ BE M Parkinson’s disease T £ {& A

dopamine #v serotonin 4 & (Mena et al.,1970) - @ & &
% 4 %l (chelating agents)g| /2 & & &

3. 42 (Nickel)
BFES8TI RF#H 28 AROGLAEALEMZ S
B BALHREH O +1~ +2 +318 -
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K&K A0%H AR NMBMAHEL > CTARER L0
AL Bl - RPEERY X, nickel sulfate =
A #» & 4% > nickel hydroxide B 742 -43 8 i a9 # 3% » nickel
carbonate A N¥F 4 EFibdh » B AXZENTEH -

S AERMTAEIEY Y » Szadkowski et al. (1969)
CHREXFBE Y LE TS 22230 LEALEEF B 2B
A5 10-20% RAOMAFRELRE P UMMERBHFLE?
{e A b # 3 #5 5~ &P & nickel carbonyl -

BHRBRE LG LBNLE  EAABERKE
wmE o AR EaEa@bumin) ZA T EHHEE S
(transport protein) - 4% & 3% % 3 £ nickeloplasmin -
nickel-containing «a -macroglobuin X & ultrafiltrable
serum fraction (Sunderman Jr.,1977) - 4 ultrafiltrable
serum fraction 4 %+ 3 #| nickel-histidine complex
(Lucassen and Sarkar,1979)ut & 2 albumin & & &, &35
albumin-nickel-histidine complex (Glennon and
Sarkar,1982) -

EH-HPRAGYAHBHZHRERZHRSE
(Nielsen and Sauberlich,1970; Sunderman Jr. et al.,1972;
Anke et al.,1974; Nielsen and Ollerich, 1974; Schnegg
and Kirchgessner, 1975, 1976)&. 3t 4 k2% ~ 8 s fo &
1& enzyme &) &1L o

it A& W T B P A RBEM (carcinogenic) - R
ABSTREBRTHFENAREN TS F3H - AREHE L - 44
it 4 & & % Syrian hamster embryo cells #& #! (Costa et al.,

15



1981a) - 73’;\%91‘%% » #% hamster embryo cells 8 E » %
mPET A E > A DNA B ZE -DNA BB R B &
= % (Miyaki et al., 1979; Ciccarelli et al., 1981; Robison
and Costa, 1982) U A £ ASE M B tm i & 38 o b &k 4 &
o B oph 1 3 (Saxholm et al.,, 1981; Newman et al.,
1082) - A BB H Y F A HELEHHBEHEAM -
BRETHNFERBOREN - AHHERT 0 BRAKE
MEZBILY  GERERBAOEARE  RIRE
EABROERT  HFELE X - - AWM ERWE 0 RE
AARARE 2484 F 0 4% & oxide fu subsulfide & &
BHBRAREER BRIBFENSAUBRET  HBRWERK
v Z & (Zislin et al., 1969; Jones and Warner, 1972) -
8% & f£ K £ nickel carbonyl & ¥ 2 &M ¥ # (NAS, 1975) »
MMAEERBRER  Fllo2o BEHE - FTREEUARMRE
BRERABREE L EEB 12 5 E 5 R EK
B KR R R B HE A R 60 AK R L M P K
MHEAHBEPECETIEH/MER > TRERET - 4
CHENERBEHOGEER—RASI AL BFREEH
HEBEAMYERTEL Bl - F& - BE...H
ERBLE LR ES - AANRR - EmALEKE BB Y
it e

12 M4a ¥ £ T4 A sodium diethyldithiocarbamate >
EwELBRVAEER  AHA - LEHFTEREFEFER
b o
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4. & (Lead)

AR ABMEAB N Vark R-F & 20719 & F# 82>
HBRABEERZER » RALKRER 0 +2 fu+d > K
oEARE A2 AR -

BTHARREELHEE (60%) - BHE B E &
(14% )~ shiZfo e (6.6%) UR FEHEEy £ RS o
FEHeesH S50%U L ANAETEZHAE Tt
E 2 H % o Tetramethyllead ( TML ) #o tetraethyllead
(TEL) AR EZH A M - BEZH B F 23
BHR  EFAEFRTELAECABRSRNAERB G HmE
B D A e

BEANANREE &4 0% IrFEFTHE FRHH 20
ELNR A AR R e F RS 20 X -2 x 2
whR (& 80%) FE AR ML EIHLT -~ Tk
ERURFBTFHRE -

B K-CafoFedhy Rt e mast B> REaoR
M o] s & 3 s+ F (Six and Goyer,1970 ; Goyer and
Mahaffey,1972) - F — S B2 R AEKERAEA M AR » &
HHAN R B Z o T e F A FEP (free erythrocyte
protoporphyrin) 4% ; 2448 B &9 PbB (Blood of lead)
g BMFEP S FRA&LMH D (Zielhuis,1977) -

ABEENBHOERT  THHeELEREEHYE R
( chromosomal aberrations ) 12 E kx# £% > R AP A
# % F % B F ) 4 4k fo 45 ( Schwanitz et al., 1975 ;
Bauchinger et al.,1976) - Forni et al. (1976) 3% % 11
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LR EEBRHYERRET > PLANTERERBAERLE
wOH R E B A B OFE 4 ¥ 4w ( abnormal chromatid
metaphases) - AmiE R4EX E invivo sg EERE > G »
RN RFETROTE » #2FTERNAE DNA SR ta i
HEFIHELEYE > ATBRTREAIRLAMI GG
E o HMRRSBARAARTOEBET LSV EABNLE
BoAABLAFEHEERLAREY 22 - LHH T
BRBREBEEBEREHLCERRAMPPELER - B M
Cooper #v Gaffey (1975) HRATBR LM ERE » A T T
BIteERTEREREN I BEABBERE ST AR Y
mBEEBOBE - BEAFASNHM T REE - 2 IARC
(1979) T I RBAREEN LB > WHHZFEE
REBTEMMBEMER  FIUARALRZABZREY -

g X v e B xR ZERBIDHT B A
tetratogenesis & B (Ferm » 1969 ) 4% fv 4% F 48 v 4F A
( synergistic) ; m 4 Bl s L & 89 4% B ( Cheh and
Neilands, 1973 ) -

EHRFTFRFYERAFTHER  DERF S HHEZ
FEERER  EEANBRA  BESFTHFHEREZT L 0 &
AT ) O -Re A L ¥ Bk (6 -aminolevulinic acid 5 &
-ALA) dehydrase L & heme synthetase m #p #] o XX % 8%
A A (heme synthesis ) B M 3 o 4z o 3K 89 B % F
( protoporphrin) ~ FEP (free erythrocyte protoporphrin)
#u ZPP ( zinc protoporphrin) i & & -ALA » 3 2 3 ho fk
% O -ALA #o coproporphrin 3 » U R Bk baiz &4 F -
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FRASST HFRLAMARA LT S EF > URELT FEP - ALA
Fo coproporphyrin 2 4% » Bl FEP $32 W [\ E e P
E=HBEER R CRARTESA MR L LK (hemoglobin)
Fo o 4 F fm BE &Y “§ &k M FB24 ( basophilic granulation) 4
ETHRAELEZ TN -

TRFHFETF  ALAEBREZR 2B ELSB TG
BaRiEMHedE - 2 BAL (British antilewisite) -
calcium-EDTA ( monocalcium ethylenediaminetetraacetic
acid) & D-penicillamine - m calcium-EDTA & &% % H
RBEABZBER > LBV BALWE R EDLE S -

A FE RO R AR E TR R BR Y
FERATSILEME  BEAEHEZHFHKRBRE - B
B R RER A F RS 2B AMRRD F F B
BE BN L R ELB LU AETALEF S8
BN TRABEGHER Hl o8l % AN R ERIRAE BGA
ZHE FERIXELAGARBELPEH  EFTER
EBEFTASBAEARYE LR ELAFARECALALFER T
(ETREZGANECIELNSPEFTASE  EMNTELEH
ITHHBRERRBET LB HLERTFTREEAAR -

HATUE G SROBR 2 S A RBRBH > 23]
B R B mMEENER PR AEH AR AT LEHE
ME st Esbxemip-BE SRS HMFHR A
UAHERATH @Bl iEDd > A wmeEL
zwmfp-BREMN  FHREPRFRHMERLE-FHTH -
1. A M NE (MN) % &% Cu® ~ Mn?" « Ni*"fo Pb?"
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£ V79 Mitaph 2 B HFM - B4 B A ERE
BERGELE In®3 Sz n#@EMH Ik —
F ¥ Ca2fo Mg R#B w4 B 2 EEH M ayse
jy o

U E (NDI) B2 MTT s odbmEd E8F 48
#H VIO e Xtmisit  FEHFAEH Ca® ~» Mg* -
In**% Sz R ZmMbiEt UAEHFELBEZHME
# (D-PA R BAL) £MitwmiEE 4B 2 et F M8
j] o

A& tm it (Flow cytometry) ko dibwiE &4 B
# V7O MahtepBHROHARERATZE
@ .

2]
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A

X

pu———

# k¥ F2 F 7k (Materials and Methods)

B R R B

~

B XA

A~ T3 ®%EA Sigma 238 (£H)

1.Cytochalasin B

2.Adriamycin

3.Cppper nitrate

4 Manganese nitrate

5. Ribonuclease A ( RNase A)

6.3-[4,5-Dimethylthiazol 2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT)

7.Glycine

8.Propidium iodine (PI)

9.D-penicillamine (D-PA)

10.Dimercaprol (BAL)

B FT##%mmma Gibco N3 (£H)

1.Trypsin (0.25%)
2.Dulbecco’s phosphate Buffered Saline
3.Minimum Essential Medium
4.Fetal Bovine Serum
5.PSN (Antibiotic mixture)
4 Penicillin
Streptomycin

Neomycin

C~ T##&mgs Merck 23 (18 H)
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1.Potassium Chloride
2.Giemsa
3.Fix sol'n (Methanol : Acetic acid =3: 1)
4.l ead nitrate
5.Dimethyl sulfoxide (DMSO)
6.Sodium chloride
7.Ethanol absolute
8.Calcium chloride
9.Magnesium chloride
~ T F % g B Aldrich a3 (£ R )
1.Nickel nitrate
2.Antimony chloride
3.Indium chloride
TRAERRBERZEY
Copper nitrate : B i & copper nitrate (30 M-
TMM) B R B ABARY  BHE SR HEE A
T REIRA -
Manganese nitrate : B i € manganese nitrate
(30-300u M) Emnmb e ABMAKT » LHBH S5
HRBEMENRALIRE
Nickel nitrate : B & % nickel nitrate (30 p M-
TMM) BN BB EABRKT  IRE>HNHEREEMR
FEHIRBERE -
Lead nitrate : & i# & lead nitrate (0.1-3ug M) &
ook B e ABAKT  EHESNBBEMTHRE

22



10.

1.

12.

13.

R e

Adriamycin @ i € adriamycin (0.3-1¢ M) &
NREEBRY EBHESNRBERETORYL
R e

Indium chloride : & i& & indium chloride (0.1y
M) BRBENABRY  ERESHEEZRE
B R EIRE -

Calcium chloride : B i# & calcium chloride ( 3-
10mMM) BRKE o RBAT > BRASHHEE
P B W REIRE -

Magnesium chloride @ B i# & magnesium chloride
(3-10mM) ZEn kB ABARY LKL HH
BEMEBEHRERE -

BAL: 3i# & BAL(30u M) Bk E ) AAK P >
EREGHNMBEMFORKRE -

Antimony chloride : 5 i# & antimony chloride (0.1
uM) Bk E ey DMSO + » 5 H 5 3] #% % Z Ay
FHRBERE -

D-PA: BEi# & D-PA (3uM) Bm»»k#@Es DMSO
PoAERESHNMBENTHORKIRAE -
Sorensen’s glycine buffer: # 0.1M & NaCl jo
30ml gy 7% 487K » & A0 0.1M glycine» A 1M NaOH
3 pH 2 105 ;B w A 48K E S50ml-

MEM

BB TEE - ANHF MEM & # K o ho A5 B & 4
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(NaHCO;) 2.2g B —2HFx X8FAKF - 3B pH
BET725%  BERBRE °
14.Cytochalasin B (Cyt-B)
4 Cyt-B sz # % # 49 DMSO + 45 L2 E & 2mg/ml
i X HBSS # £ & 0.5mg/ml» A B & R EEE A 3
wag/mle o
15. 75mM KCI (& 5k & &)
B 0.54g KCIl:x# 100ml = % 48K F -
16.5 1 | RNase
B A0 ug/ulmm —RAHBER 0.050g/
17. Pl
¥ 0.5mgl/c.c..xx PBS #% i Sugl/c.c.

= A3
1. # @ # % 4 (Laminar Flow Biological Safety
Cabinet) :
a. ki : Bellco
b. .#% : 8001-74000
c. . £ ¥ : Canada
2.3 % 45 (Incubator) :
a. Ep% . Nadaire
b. &%k : IRAUTOFLOW
c. HAEM U S A
3.8t o # (Centrifuge) -
a. & he : Hettich — Zentrifugen

24



b. &5 : ROTANTA/R
c. # & ¥ ¢ Tuttlingen
4.4 B #(Slide Warmer) :
a. e he . Fisher Scientific
b.  Hk 77 |

c. H AH U S A
5.7k 5 #% (Shaker Bath 130) :
a. B ke . Firstek
b. A3k : B202 - Tr
c. A3 U S A
6. % B 3t # % (Hemacytometer) :
Reichert-Jung
7.5 % 88 #% 4% (Microscope) :
a. B Nikon
b. # % : Microphot — FAX
c. A ¥ ' Japan
8.% + x ¥ (Electrical balance):
a. E ke . Mettler
b. 3% © AE 240
c. # £Z#  Canada
O.48) 31 88 #% 45 (inverse microscope):.
a. Bre . Nikon
b. #l % : phase contrast 2 ELWD 0.3
c. & & ¢ Japan
10. 8 & B € 4 (pH meter) :
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a. FEerg - WTW
b. &3 : PH 537
c. & &3¥  Germany
1.2 # X 3k % £ (Roating Plate Form Shaker):
a. e : Firstek Scientific
b. &% : S101D
c. H & # : Taiwan
12. % & % B 3 (Microplate Reader) :
a. Rk kg Metertech
b. &3k - ¥ 960
c. H & ¥ @ Taiwan
13.:% X % 88 % #7 14& (Flow cytometer) :
a. B Becton — Dickinson
b. #3% : FACS — Calibur
c. H A& ¥ : Japan
W~ B BN ARB
1.8 B 88 % & . Kodak T-max
2.8 h Ba#% # * Dektal
3B R A& A ZHE - Kodak T fixer
4. %k R : Kodak
5.8 R : liford
6.7 KA -
a. Frg : Meopta
b. A5  OPEMUS 6
cC. HE# : Japan
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—

N TERIBRT %k
~  #mje 3z % (Cell Culture) :
*PTRBRM (VIO )B4 12 /) 8%
#| B = B0 2t 2 % (Hemacytometer)8 4% 5x10%48@ V79
M EANGFEZEER P
\
1w H A4 10% /4 & % (Fetal bovine serum ; FCS) &
1% Antibiotic mixture (Penicillin, Streptomycin,
Neomycin ; PSN)&y 5ml 2 & & (Minimum Eésential
Medium ; MEM) ¢
\’
BN K 5% CO, R ARFRME 37TCHAH
\!
& 24 e
\
aNEFERERES BEY
W R Ak B PSN w35 %k ¥
\J
£ A 218/ eF
s
BEREBAERILU PBSERFR@R 2R
\!
MAMBELOFNRAEARANTIH T ERIALELE
# V79 Miapz M e e FE i@ f
AT HE
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=~  ta BB H Kk (Micronucleus Assay ;5 MN)
1. ta e : 5x10% 48 V79 i fm i

2.

Copper nitrate (30pM-1mM)

j* 4
=2 B

5

Manganese nitrate (30-300uM)
Nickel nitrate (30uM-1mM)
Lead nitrate (0.1-3uM)
Calcium chloride (3-10mM)
Magnesium chloride (3-10mM)
Indium chloride (0.1uM)
Antimony chloride (0.1pM)
Adriamycin (0.3-1uM)
Cytochalasin B (0.5mg/ml)
Trypan blue (0.4%)
Trypsin (0.25%)
KCI (75mM)
Fix sol'n (methanol : acetic acid =3 : 1)
3% Giemsa (pH6.4)

3. & % : Microscope

4. 7% BIRAE
5x10° {8 V79 AF 4m 8
\
WAk 24 N
\s
fo NTR B iR B

28



B 30u Cyt-B# R 4 0% & PSN 238 i %
\’

YR 2B

\

#HERBAEARILA PBS Hhmpm 2 %

!

A 30ul Cyt-B R4 wiF 2z kit kh

\}

& 18 18 /) 8%

\’
4a fo 48 0.25%Trypsin & 32
\’

ME R T
5. Micronucleus = % 4
% 5% 64 4= B X 1200rpm # = 8min
\’
U TIEMMKCI A 3min t % e B 35riy sy
\’
2L 1200rpm # . 8min
\:
Bl 42 £ F R
\)
wEBE N SmI B ZREIFH I E 30min
\’
A 1200rpm # .o 8min

29



d
#ELFRLEMA 5M B £ REE 5min

\

2 1200rpm #: . 8min

42 bk 3 Ao A 3ml B 2% & ¥ 3min
\’

A 1200rpm # . 8min

\

MANDHERRLE M IR

\2

HRCREREFALACENE R B ERESHE A L
\:
FH R etk o A 3%F KE & E (Giemsa)# & 5min
\:
EBMBETEERE 1000 @Emem ¥ Rre MN 2 &
B
=~ tmB it & % (Viability) :
1.4a 8 1x10° 18 V79 Af %48 8 /each well
2.8 &
Copper nitrate (1mM)
Manganese nitrate (300uM)
Nickel nitrate (1mM)
Lead nitrate (3uM)
Calcium chloride (3-10mM)
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Magnesium chloride (3-10mM)
Indium chloride (0.1uM)
Antimony choride (0.1uM)

D-PA (3uM)

BAL (30uM)

MTT (50ul)

DMSO - Sorensen’s glycine buffer (8 : 1)
3.4 B

ELISA

4. R IR AR -

1x10* 18 V79 B 43 jo/each well % 96-well microplate
\!

¥ & 24

\

AN R R E B
R A fE R PSN 2 32 H R &
\

Y5 A 2/ BF

\’

BERER

ho N 2B R R A

\’

¥ & 18 18 /) B

\’

B e AR
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5.t oty 3 54 ¢
t KRR R

\

18 well o A Be%F 49 200 MTT 2 &
"

W E — ) BF

\

% MTT /&%
18 well e A 200ul DMSO-Sorenen’s glycin buffer

B R

J

ARG REE 10 548
J

# N ELISA & B £ & 570nm 478 O.D.&
2
W & B
W~ R e B4R 947 & (Flow Cytometry) :
1. =g 5x10° 18 V79 B 4= g
2.
Adriamycin  (0.3-1uM)

o .
ug o

B’

Copper nitrate (1mM)
Manganese nitrate (300uM)
Nickel nitrate (1mM)

Lead nitrate (3uM)
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PBS
Ethanol absolute
Trypsin (0.25%)
RNase (50 pug/c.c.)
Pl (5ug/c.c.)
3. & B
Flow cytometer
4. RILAAE
5x10° 18 V79 B s o
I
s % 24 5%
\’
AN iR BB
AR 4 fE B PSN 2 3 H ks &
\X
1E A 2 /B
\’
#HERBERLA PBS Fibtalo 2 R
\
ha N A 2 3% KR &
\’
& 18 18 B
\’
40 B0, 2% 0.25%Trypsin & 32
!
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il S kR )
5. tmpp ey B
R F e
2
A 1200rpm #: . Smin
\!
#F E#FEkiEmA Iml PBS B&F X
\2
2L 1200rpm # . 5min
\’
#% % FE kit 1ml PBS A& F %
\!
2 1200rpm #: . 5min
\:
#BELFEREEEWASOUPBSBREZ #HH T
& v A 700ul Ethanol absolute & & B &
!
# E-20°C 24 /) wF
\J
B LS e
6. b #% AT & =
Wm0y o ik 1200rpm & o Smin
\)
BN KB
\!
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D-PBS #% ( & Triton-X)
\!
L 1200rpm & Sminy £ EF &% /v X 1ml D-PBS
o e R R
A
LTc.c st Fie i mBe R ER 0 K14 0 300 B A B R
\2
B 985 pl PBS

sz 5 ul RNase .

10 pl PI

\!
N 845 5 8y Eppendorf ¢
J
HER BB AEME (37C 30 54%)
7.L#% 54 @mpp (Flow cytometer): dx 4 15000 18 4%
B & AREF S DNA &2
A A% -
VA m psing ik (o PBS 2 a k)
VB AH ~ @ Roa8ER
l# Sample % PBS buffer
l# Prime 44 2 Standby €4 2 %
L 47 High Speed-- “Run” 2 44
LB I LA O e
W%
l3ml &y 5%2akERE A4k 2m - B E ¥4
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High-Runb5 4 4%
l# Standby @ 2% + (44 1ml DI water)
Ui% 5 4844 04
B~ & 4 #7 (Statistical Analysis)

4= H@Z’?—;‘%%(Viability) » o (MN)Z & R 2L mean
TSEMER > mERabhHREZIMOKIT ER £
7] L Student’s t-Test = & L4 one way analysis of
variance (ANOVA)#-#7 » 24 24 Dunnett’'s Test & ¢
f&5 0 2 p<0.05 B 45 & B % £ £ o) #) W7 £ 7 -
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& % (Results)
— ~ & # (MN):
1. &£ V79 YEBAMNtals > Bifhén > B8R4 - B4
BT IBR
B 1234 4u5& F£&8 5 Cu* (1TmM)~ Mn?* (200
Fo 300 £ M) ~ Ni?* (3004 M $ 1mM)& Pb?* (0.1-3 4 M)
SpEHlmt s FEFRTERBE WM DBEE > &
THEEFERELBABTLERET  H VI MHap e
EAEEEMN -
iE ¥ B8 4 Adriamycin (4« B 57 ) B A B E 2 1L
o X Bk T34 AL DNA & @mip 4] RNA & & %
EMBEHBO SR DE - TREAOILMEF » X
E¥h VIO Mtafneh B B - 2 1uM B R Mg %
NAZBCR Y 0 T RE B % B B 2 adriamycin fE R 4 4 ik
hrik FE T AR AR o
2. FHERSA > RIERAE ~c BB PR s N RILERE A
bz X B XM FH
A. 6 FEaET01uMIn® (MN:27.50+£0.87)8 % 5%
A (MN: 10.752.08) b B A 43t B £33 v V79 M
B2 BN SE %E o TmM Cu?* ~ 300 M Mn?* ~ 1mM
NiZ*& 3uM Pb?* 23wt 0.1y M In®* 2 80 4% 8 5
%] % 29.75+2.29-24.75+3.04-21.00=3.24 # 27.50
+3.97 # In** %54 (MN: 27.50+£0.87)tb & » NiZ* &
Fast &R Izl B EM > Mn? R PO R T F
& InY Az MR R ER B ST &L CUPTR
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FERE I EEEMN -
B. 6 & %8 0.1 M Sb>*(MN : 18.50+2.18) 4 % 2
8 (MN : 10.75+£2.06) b 35 B4 4 3t & £ 3 ho V79 AF
t B Z BN SR FE - TmM Cu®* ~ 3004 M Mn? ~ 1mM
Ni®*& 31 M Pb? 234k 0.1y M Sb¥* 2 2 ]\ 4z #% 5
29.00+3.79 ~ 22.75+2.50 ~ 19.50£2.60 #v 24.25=+
2.06 2 Sb>*E 5w (MN: 18.50+2.18)tb & » Cu*' &
B st & K B8 o SO AT 38 e RO B8 = & ¥ Sh
ERERZPEFESRATEL
3. HEE - HRE FREPHERSE NP RIS R L
ez xR FHR
74 R8T V79 Mitmfp 5% wA 10mM Ca?* & 1L
Cyt-B RIE#H 23T Rkt EE MU AN
N tmZ B > @ 3mM Mg? (MN:9.50+166) &
Bk BB H 44300 M Mn? (MN:23.50+2.90)
Fo 34 M Pb2* (MN : 19.50+1.94) 4 %] $1 g1 % 53 4 (MN :
825125k B B A At B £ WA V7O M ta o 2 B0/ M
SAE % 2448 5% 10mM Ca? & 3mM Mg?*# -
Pb2*z i/ & M T4 Ca?prmm (Pb*: 19.50+£1.94 ;
Pb%*+Ca?": 11.67+£2.02) Mn?**z if 1% % M Al X % Ca?"
B2 % (Mn?*:23.50%£2.90; Mn**+Ca?":21.25+1.11) -
s 0 MBI T 2 %l R 28 R Mn®"fo Pb* 2 &% i
(% 8 %4 @ 825+1.25; Mg?+Mn2" : 7.00 % 1.41 ;
Mg2*+Pb?* : 7.50+£1.44) -
=~ #maH&HEHE (NDI)
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1. Adriamycin 8 V79 + BB A i = NDI g B % :
B & 187 £ %8B 4a Adriamycin 0.3 % 1 4 M 2 NDI
>3 A 1.51+20.014 1.06£0.01 2% 7 42 (1.84+£0.02)
b B FBEE % £ R $ B 2 dose-dependent g 4] 4 o
Hig# TEFTEZREMEMMIrH EMepmzig -
2. ¥ ERLSRE B EEA - HERE HBRAPHBRE  H
V79 + B A M mfa 2 NDI 4 4 -
A. BR 2HEREBET FRKRE# Cu® (30 M-1mM) =
NDI #

30 1 M(1.85+0.02) ~ 100 1 M(1.82+0.01) ~ 300 g
M(1.85£0.01)~ 1mM(1.47+0.01)= NDI {4 52 % B8 41 (1.81
+0.01)tb# » 30-300u M Cut B IR F st £ B2 B &
V79 it tm e 2 NDI 45 - 1mM Cu®* 8] B 43t 2 & 49 %] NDI -
o IMMCUP FAEG S ERBERERBLZHE -
B. &k 28948 R Bv > RERESH Mn?(30 ¢ M-300 1 M)
z NDI 4 :

30 1 M(1.88+0.02) ~ 100 £ M(1.83+0.02) ~ 200 g
M(1.794+0.01)% 300y M(1.49£0.02)= NDI e 8B 4
(1.94+0.01)tb & » 30-100u M Mn*"i & 88 % 4.3 2 B &
2, % V79 ffta 2 NDI 44 » 200-300 4 M Mn?"B] & & % 3t
£ 82 % 2 dose-dependent #p 4|4z 4 H 45 2 - L sh > 300y
MMn>* R E4%s EA BT IR EL@BZER -

C. vk 2 W& RE~ > ARBEAEHN Ni¥@B0yLM-1mM)=
NDI 44
30 4 M(1.82+0.01) ~ 100 1 M(1.82+0.01) ~ 300 4
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| M(1.81£0.01)~ 1mM(1.680.01)2 NDI & 2 % 28 41 (1.81
+0.01)tb# » 30-300u M NIt B B E SR I LB B Y
V7O i ta fo 2 NDIfE > 1mM NiZ* gl B 43t 2 B4 440 » &
FEH oo s ITmM NIZ'R B s 3t & 5 b 5 84 B fe i 2
B -
D. 8k 28 & RBE+~ AR AKEH Pb?(0.3-3 4 M)z NDI
1

0.3 4 M(1.83£0.01)~0.3u M(1.792£0.01)~1 1 M(1.77
+0.03)& 34 M(1.8120.02)2 NDI 44 2 % ¥ % (1.85+
00N BB A BRITZENEM - R - s B
HRAEH SRRz HBEYELERENR
=~ taffEE & (Viability)
1. B4R ~ B BRSE ~ BB Y VI apiFd R

ZHE

AR AEWE 2B FERE B EHEERE
MARFHIESOBR TS ez OD A (RAwBEE
% Yo 0 /v 85 :Control:0.35+0.02>Cu?*:0.37+0.02>Mn?* :
0.36+0.01 » Ni** : 0.30£0.01 > Pb?": 0.294+0.01; 4 /)
8 : Control:0.56+0.04 » Cu®*: 0.4620.02 » Mn?': 0.48
4+0.02 » Ni**: 0.43+0.02 Pb?": 0.41+0.02; 8 /8% :
Control:0.63+£0.03Cu?*:0.55+0.02-Mn?*:0.51+0.02 -
Ni?*:0.51+0.02> Pb?*:0.51+0.03; 16 /85 : Control:1.06
+0.06> Cu®*:0.79£0.05> Mn?": 0.66+0.04 > Ni?*: 0.71
+0.02 > Pb? : 0.85+004 (B 8) - i £ % 3% 84 1
Cu?*(1mM) ~ Mn?*(300 ¢ M) ~ Ni#*(1mM)#a Pb2"(3 1 M)#p
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VIO Mmp T T2 2 AMSHX AR mAEAMEIL - 2
B1% 0 /e am Nivfo PP*Sit B a it B A 43 & £
sl VIO Mtah 2 775 % > Cu?fv Mn?'Rl & 43t £ 2
4 shwF Cu*™ ~ Ni*"fo PO @1 Bt B A %3t & & e dp
H VIO Mtmz BER > MNTal &% £ 8 58 gl
L EEELE Cu?~ Mn? ~ Ni2'Fo Pb¥ 4 g 1773 £ 5 3
MHBALLRIEELE KT EEYE VIO Mwibhx &%
2o hwEe BTN VIO MR tExER » TH
Gl 16 B LEE T Nif PO R E 4 te
BEME o CuPkz > Mn?"%18 » FEwXx2lenF g T#H
BAR A o
2 RACEEFERE - HRGE FHEAHBEAE V9 e
B2 X E &M

% 4 z# 287+ 1TmM Cu?(0.669+£0.020) ~ 300y M
Mn2*(0.580+0.042) ~ 1mM Ni?*(0.557 +0.031)#% 3y M
Pb?*(0.383+0.013)#2 % 2 4 (0.812+£0.049)tb &% » #v & 5
z % 2 87 1mM Cu?*(0.609+0.042)-300 £ M Mn?*(0.596
+0.050) ~ 1mM Ni?*(0.581+0.059)% 3« M Pb2?*(0.415+
0.019) 4 8 4 (0.732£0.032)tb &% » M A K 43t & & &
Y& V79 Bampz 3% % - 3mM Ca?" (0.715+0.027)
2 10mM Ca?* (0.658+0.052) ¥ A H%E V79 B4 2
HiER o tw#ELB 53w E 3mM Ca?*sk 10mM Ca?* s
Mn?f Pb**z &M T# Ca?f ERHEHK (Mn*:
0.580+0.042 > Mn?*+3mM Ca?*: 0.904+0.059 ; Mn?*:
0.596+0.050 » Mn?*+10mM Ca?" : 0.856+0.050 ; Pb?":
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0.38340.013> Pb2*+3mM Ca?*:0.722-0.029; Pb?*:0.415
+0.019» Pb2*+10mM Ca?*: 0.736+0.046 )+ {2 Cu*~ Ni2*
2l B M F % 3 40 10mM Ca® %% (Cu® : 0.669
+0.020 > Cu?*+3mM Ca?* : 0.736+0.042 ; Cu?* : 0.609
+0.042 » Cu**+10mM Ca?* : 0.495+0.070 ; Ni?* : 0.557
40,031 NiZ*+3mM Ca?* : 0.604+0.032 ; Ni**: 0,581+
0.059 » Ni2*+10mM Ca?* : 0.655+0.043 ) -
3. RALBE M AN s - A - B AR EAL VIO A
mpZ X A H M

£ 6 24 EmEa 1mM Cu?(0.836-0.046) ~ 300 4
M Mn2*(0.71020.037) « 1mM Ni?*(0.896+0.040)%= 3 4 M
Pb2*(0.874%0.030) 82 % 12 4 (1.124+0.097) k8 » Fo & 7
2 4 2 887 1mM Cu?"(0.924+0.035)-300 1 M Mn?*(0.528
+0.001) ~ 1mM Ni2*(0.826+0.031)4 3z M Pb?*(0.826+
0.015) %} 58 42 (1.066 40 044) 1k & » 4 A 4 % 3t & £ &
3B V79 Bhm gz EE & - @ 3mM Mg2'(1.109+0.028)
4o 10mM Mg?*(0.9940.044)8 F % 4 V79 B in i 2 75 7%
% o & Cu? -~ Mn? -~ Ni2* - Pb2" 4 3] su £ 3mM Mg & 52
#% 0 3mMM Mg T2 2R bmE L SR ETLB At my
i &1 (Cu?* 1 0.836+0.046 » Cu2+3mM Mg?* : 1.108
+0.054 ; Mn?* : 0.7100.037 » Mn?*+3mM Mg?* : 0.882
+0.058 ; Niz* 1 0.896+0.040 » Niz*+3mM Mg?* : 1.070+
0.063 ; Pb?* : 0.874+0.039 » Pb2*+3mM Mg?* : 1.109+
0.071); £ &L & 10mM Mg? R f& A4 Cu>4s Mn2 z fa
&M (Cu? : 0.924+0.035 Cu*+10mM Mg®* : 1.092
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+0.047 ; Mn?* : 0.5280.001 > Mn?*+10mM Mg2* : 0.767
+0.073)» {2 % Ni**f0 Pb¥4p 2 % %% (Ni®:0.826=%
0.031 » Ni?*+10mM Mg?* : 0.851+0.055 ; Pb?* : 0.826+
0.015 > Pb2*+10mM Mg2* : 0.896+0.037) -
4. AR RIS R ERE - HEE - FREIHBELEE
VIO Mitafh 2z X B ta o 1 ¢

% 8 2z &R &7 1TmM Cu?*(0.996+0.078) ~ 300 u M
Mn2*(1.049 & 0.058) ~ 1mM Ni2*(1.027 = 0.052) ~ 3 ;4 M
Pb2*(1.001+0.026)% 0.1 x M In®(1.028+0.029) % % B3
48 (1.257+20.047)tb &> fv % 9 2 & £ 8 -~ 1mM Cu?*(0.998
+0.084) ~ 300 u M Mn?*(1.048+0.057) ~ 1mM Ni?*(0.936
+0.025) ~ 3¢ M Pb2*(0.959+0.014)%= 0.1 1 M Sb**(0.860
+0.050) % % 18 42 (1.31820.094)tb &2 » ¥ B A 43t & &
s VIO Mlalp 2z 5% - muBELRE A wARE
o O 1uM IN*Hl & T % RAH %t £8 (Cu? : 0.996+
0.078 » Cu*+In3 : 1.08040.046 ; Mn?*: 1.049+0.058 >
Mn2*+In®*: 1.063+0.050; Ni?*: 1.027£0.052» Ni?*+|n* :
0.985+0.050 ; Pb2": 1.001£0.026 » Pb?*+In% : 1.048+
0.047) - {2 Sb*>* 4 #u 3% Pb*> 4 p & (Pb? : 0.959+
0.014 » Pb2*+Sb% : 0.692+0.040) m Cu? -~ Ni?"fv Mn?*
zwmpEMN RS SO B E (Cu?: 0.998+0.084
Cu2*+Sb®:0.977+0.068; Ni?>*:0.936+0.025> Ni>*+Sb3* :
0.817+0.034 ; Mn?* : 1.048+0.057 > Mn?*+Sb% : 0.963
+0.051) -
5.BAL Siaidhdn -~ A Ek4E - HEA B E VIO Mk
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Z X BB EMN:

% 10 2 & £ 87 1mM Cu?*(1.037£0.051) ~ 300 4
M Mn?*(0.933+0.079) ~ 1mM Ni?*(0.855+0.038) ~ 3 4 M
Pb27(0.769+0.018) 32 % 53 42 (1.285+0.065) b & » ¥ A 4
ST BRI H VIO Mgz 7% % - 304 M BAL 2R
% % 4 B 77 7% % (Control : 1.285+0.065 » BAL : 1.207 =
0.054) - ¥ w4 B > % mkt 30uM BAL > Pb?* 2 ta b &
W Tk BAL A & £ &9 %45 (Pb% 1 0.769+0.018 » Pb?*+30
«M BAL : 1.109+£0.068) 12 Cu?' -~ Mn?"fs Ni**x =
%M 5p R % BAL 7 % #( Cu?*:1.037+0.051-Cu?*+ BAL :
1.176+0.060 ; Mn?*: 0.933+0.079 » Mn?*+ BAL : 1.034
+0.038; Ni?*: 0.855+0.038 > Ni®*+ BAL:0.980+0.078)-
6. D-PA Bl 4m ~- iBLEE ~ BRSPS A VIO it
XL FEH

% 11 2% 2 %7 1mM Cu?*(1.012+0.078)~ 300 1
M Mn2*(0.711+0.046) ~ 1mM Ni?*(0.926+0.038)4s 3 ¢ M
Pb27(0.922+0.024) 81 % 88 @ (1.223+£0.057) b &% > ¥ A &
gt B R GIPH VIO MapzfFEE - 3uM D-PA £ 45
H4F 0 B B # M (Control : 1.223+0.057 > 34 M D-
PA : 0.807+0.022) = & Cu? -~ Mn?" ~ Ni?* ~ Pb® 2 3] o
ANBuM# » hradEs B 2 i E Mk 3u M D-PA Fi fo
2% (Cu?*: 1.012+0.078 » Cu?*+D-PA : 0.790+0.042 ;
Mn2*: 0.711%=0.046 » Mn?*+ D-PA : 0.538+0.023; Ni%*:
0.926+0.038 » Ni?*+ D-PA : 0.715+£0.049 ; Pb?" : 0.922
+0.024 > Pb?*+ D-PA : 0.701+0.049) -
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WANEBRZISHER
B MTT assay 8 Cu? ~ Mn?* ~ Ni**fo Pb%'e4 ta i

FHE - BAE—FTHEHLEwREFLRLEI LYt
TRAREEB@IEATHRE?CU(IMM) ~ Mn2* (300 u
M)~ NiZ*(1mM)Fo Pb?* (3 u M)& 32 V79 fita i 2 /85 7% %
e BB LM EMEARBEL K 16 185 > 2 Pl i
DNA i 6,44 > ¥ & 35 & 84 4= f6 8 © #5 42 (hypoploidy cell ;
BESLER@B)ER(FIQ9) L AR ABELESLE V7Y
MmfeZ EHA s m (RE@pEEHE K D) (Fig.10)5
{2 Cuz*ﬁﬁn Ni*4o adriamycin =T 3¢ fo il 8 4t % 5 6 (K &
mpe R ) (Fig.11) « 24 ModFit LT 4547 4a fo 8 #7 2
o E S (Fig.12) » 40 Table. 12 pr & » Cu?" ~ Mn?* ~ Ni?*
Fo Pb?" ho % 48 15 %0 B0 B #7 G,/G, phase Fr 4k 2 F 4 tb 5 7
2 13.11~29.87 ~ 20.41 v 27.02; ££ S phase ik 2 &
St B A 24.37 ~ 49.55 -~ 20.73 4v 50.05; G,/M phase
Pl Z B o tb o Bl A 6252~ 20.58 - 58.86 f» 22.93 5 M
#Eam (G,J/G, phase : 27.61; S phase : 52.01; G,/M
phase : 20.83)xA A E#H B & 1y M adriamycin (G,/G,
phase : 15.54 ; S phase : 27.19; G,/M phase : 57.28) 43
th Mn?"fo Pb?"# V79 M2 e a8 # > 04 4 %A &8
g {2 Cu®fo Ni"glo E# 8@ 1uM ADM & G,/M
phase block ¢ 3% £& -
. Rz &

WMo Mt p (Fig13) A - RAZBEMET 400 4
Fria e o tm e A RE R 12 48 3 BA 4% UL phase 3 (400 4%)r7
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¥ - Figld A Baz VIO Mmih » mip 244 — % f
RBEMENREZm L > @iod ABEER @B F %58
BHXEBAERA et - Fig15 A A TmM Cu*z
V79 Mitmpe > mpb @ ABER S REBLFW  LF RN
Hoar stz tm s o Fig. 16 ZwA 3004 M Mn?* 2 V79 A 4
o R et Bgl  ZH@&KERD > @ikl
REMEZRLETBRS - BTRALFREZRZERY Y
R MARRERGLEY  AHhEHFoRalp F ST
BRINZEAEZANEN  FHTARA L @B E el
o AR B BRHERLRAEE - Fig.17 o Fig.18 431 &
ImM Ni**fo 3uM P>t afas > BRBYFE » 4=
FERBEEMR BB LFN TR AT FRD
Bytmps o Fig.19 A AEHBE (14 M ADM) = V79 m
mip > MR REGER > BEebiFw > Bl up
RBEHFEHME o TREEARAEZYFE B i E XA B
MEEZE @B IE UBRBELAEMRYE 20 FED

wHKEX R o
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31 #% (Discussion)

AAARERBT  FEBRELB A (300uM
1mM) ~ B 84E (200 v 300 M) Forfdsss (300 M Hu
TMM) WHBEE TS A VIO Mla i 2 B N3R5 > M 5
B (0.1-3uM) AERET @ @& A% E &3 w2
HOEXREHE-HHE Lo EELEH s R ERE
ey & AL P H MR E - Bhunya o Jena (1996)
BF %45 & 0 ARk i.p.7x 8% Copper sulphate (CuSO,)# /s &
By o W% oa i Rk R R g 2 ( Chromosome
aberrations » CA)» DR R ¥ hw B M b % N2 > @™
P A S X F R AEE AR 4 BB BIE S
pe 0 Bk A CuSO, N I HABEF RISV ERF M -
Joarder #v Sharma (1990) = {x £ b & &L 1L &4
MnSO, #o KMnO, - £/ A BN EEHFME - o RE T A
Bl & & & MnSO, o KMNnO, &/ R =B 2% > £ F el
%ﬁﬁzé%wﬁuﬁﬁ$ﬁ%mﬁ%? SRy B
R A O S 0 A F X BT MnSO, & #
f KMnO, M # A4 Mn?"> @ Mn*"# e fta R B A & &
| Ao /7 o Shamy (1993 ) » # A8 #k B 2w A nickel sulfate
REZBZHERARMIEEBEBEEAR T EROY v > Beb R
BAHARGMBREREY - R EFAHZR NCl, T3 o &
BB te e X 2o 4% & (Dihir et al.,1991) 5 «a -Ni,S, &
polychromatic erythrocytes #4 /s 4% # 3% /v ( Arrouijal et
al.,1990) - Jagetia ## Aruna (1998) #% F K E & & &9 #
BR 4L 7 R 0 3R B 38 7 2 micronucleated polychromatic
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erythrocytes (MPCE) 2L A micronucleated
normochromatic erythrocytes (MNCE ) 34 2 32 4.3t & &
w2 REREZ-FBHME - M ERENE DR P K
XN B B LR RF S 0 BT BB H N RN R
B 5 EAEMEM - Tachi et al. (1985) 4% Lead acetate
B-BEXREAR IPDEHNDABRN  BERXERTH&R
PEBEFAREENENY (KIF 4 A chromatid gaps »

Lo RE R AT OB RRDEE) BRI B M
ROoEAABRLEBRAMA S TR > Ek lead acetate
R FHREW - Lin et al. (1994) 45 E #at 4 & CHO
WA g R ERERENRFE ZHEHE W
e (SCE) sk > BRABUGHKEE SR
RMEAPEEBZAGFHREL - DAFTHRERP L
HEEMEGRE BTHOELBILLAMAELEBANT R
BT R UFRFAMNBERARA @B ERERF
o RRBACORELALEHHET IR ERFN
Bho R R RHEEES A VTO B fm B =T 38 ho M A2 R
s 40 Lin et al. (1994) | E 2| s dk 45 & CHO % jio 7 3%
o BB ERAR  TAAR e eBETIRETH
AR BEHALBS®TXIREASL  BEH2HPEHR A
BHMTRAMAR  AMUBREAMER - FTUARET &
BHFzRREREMEIDOKRN  EX R @R HA
A~ RE E 1R B BT K Rk

4o B F M Z R R A5 R BA T A B4R (ImM )~ &4 8% 45 (300
LMY~ BEkss (1mM) forisiss (3uM) B EAHTE
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Aot dleanf il HRefFXTREBUORSE -
Bumgardner et al. (1993) RS EZ T H 4 2% K o i
WRXENEARBEZMA LEEEwp Tcell Fo Bcell
24 IR BRE IL-2 o 1gG &y ¥t B RE R AL = 18 e
Rz FER S TR LEAG@BREEAURAETER L
T E (IL-2) A4 &EmBYE 196 2 4 B &g b
%323 % - Schmalz et al. (1997) L EHF F #4444
Fra2z42B Cu-~2Zn-~Pd-~Ni~Sn-Co #v In $» A%
fibroblast-keratinocyte co-culture = % éaﬁ’\%ﬁ ¥ 45
e A AR FRAF REELMAB immunoassay 448 iE
2B Y PCGE, B B » X483 Cufe Ni B amp
HEERETE»NE 14-25%R 87% i+ B Cu 3%/ PGE,
23 & 6-25 4% - Floquet et al. (1997) &35 B 548 4 &
mAAEmipp ¥ o A1 A colony forming method # % 2|
Cu Bz % F FTMH - Sokol et al. (1996) i K &
UANEFSHERSHBENRY  ERER LB EH
ZREBEEM@BXIBEFREASRFERRD L HLH
Ao B5 % i@ & 1t (lipid peroxidation ) - Kishimoto et al.
(1992) #% copper sulfate (CuSO,)s2 A human vascular
endothelial (HVE)#s Human fibroblasts (HAIN-55) » % 33
—Hmp kR EE R miE kKRR DNA & B % #
Cu2 B E-mMtkird > £ 8 Co¥btBmmpi & 5
bR Cu®¥ HVE 2 @mis &% AN HAIN-55 > B i
A CUTHERAEFRNEZEET  BEMmAELCHE ER

Fischer #a Skreb (1980) 45 # MnCl, 4 % 8 P9 5L 5 5 &
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B2 % ( lactic dehydrogenase ) #& & 3% 4w M & 1L B A2
(glycolytic) ## A > RUBEARE 4> Ry E » 2/ =
GBI Blm s > MNTH e A AL M E NP
DNA 4 A ik % ] 2 85 M) & B -48 B t£ &9 ¥ %) - Desole et al.
(1997) # % Mn* & ¥ % PCI2 mpp 775 % (MTT assay)
L R i g apoptosis (TUNEL technique) » @ 3t & 1t & N-
acetylcystein #v ascorbic acid T HHEBELE R » FFR X
22 Mn?*i® & % 3% parkinsonism £ & &4 8 8 4% (ROS)
R A& F M o Forgacs et al. (1998) 1% &5 B 48 o A/ &
Leydig cells» A MTT YRl sztt HEXJEAE

1mM NiZ* T D mppfzE % » 12 250u M NiZ"sp R g &

Sierra #fo Tiffany-Castiglioni ( 1991 ) # # glutamine
synthease (GS) & astroglial enzyme > £ B + 42 4
glutamate #v ammonia 4 s glutamine » H sk 88 1K & &
z P T H#EBMK GS 4 AAUBEHLTFT=X4 0-
0.25-0.5-1uMlead acetate A3t Hh K B 2 E K tm i F >
©“ 7~14-~21 R % BR@ipiFFFE (Trypan blue dye
exclusion) ~ za g # (Cell number) L & GS 2 &M » &
Z PoEdMfH E-HMAirdepFEs > L8 EH
E-t M H GS F - BATEH T Pb* T4 astroglia
ZHRE R IR o A2 Cu? s Mn?* s NiT'fo Pb2*sT £ R )
M AL mBEN 2 CuP s Mn R NI ERSEE &
EAmpER PPRAAEKRERE A LB HM > T V79
pitm g #t NiZ"R &l > @ Cu®fe Mn**B A KT F » AT %
mpHzZER Sz S Pb¥T@d Ca*z gl #aEm
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BN IABRGEBRENS -

AR RAFEBE (1mM) > 8845 (300 M) ~ & &%
# (1mM) Fosg 845 (3uM) &4 V79 M tm s 77 7% %
FARBE-FRF Ca®h Mg H HwmFhaBE - &
£~ 3mM F 10mM Ca? 5T x #& Mn?'40 Pb*' 2 w4
M IMMME* B TR B wmEELB @b F % m 10mM
Mg?* Rfestin Cufo Mn*"2 e $ M - & R LE £ » &
#—FE 10mM Ca?#0 3mM Mg?* 4 3] v Mn?* s, Pb?
EVIOMtmp 2 XA RFHME - EREH A 10mM Ca®”
RAED@BPBRBEMRSIEL T HEZEAM I ZEE > I
TH Cyt-B Ao Ca*"aapuprit s 43 L i — F A % o s 4 >
Ca” R #4n P2 E %M MnNRI & X% - % m
pa A 3mM Mg o %t B8 a4 tb R BB M > 3 B ¥ Mn?
fo PO 2 B EH ETHK - L2 5 FRE Ca’f Mg*
THRRESLB X mp-EEF M4 - Lipetz #v Douglass
(1975) 45 8 Ca®f AMRafo T (& T 51 Pb> 2 fa o
% M - Blackwell et al. (1997 ) 7 &£ %= B &8 & #
( Saccharomyces cerevisiae) # 3, Mg?" T & Mn?" =
mpENE > N Mg BA2T BEHx MnT4 282
Mk o AR E B MO TTAe BB — BB F 2 X B @8 o
B b MR Mn? 7% B B2 B 2 W Be % 1% o Conway et al.
(1987 )45 t # & %= B 5h & Mg® iR & s #4041 Ni*" & CHO
4 B PR % v 2 DNA #r 2 (DNA strand break) » DNA-% &
% B ik 4% ( DNA-protein crosslinks ) ~ ¥4 3 & » 8 X
# ( sister chromatid exchanges ) #v %4 i 3 A ( cell
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transformation ) - Hong et al. ( 1997 ) 7 # # Nickel
subsulfide £ CHO #v BALB/3T3 cell 3 o 2% /s 4 8 2L & %
B DNA-Z & H X mi &2 4F A T# Mg* i R4 - Mg
= [ 1& nickel subsulfide #p 4] BALB/3T3 fibroblasts = 4
AU RBRYmpbr NPE#eE - KAt NiZ"®n H,0,
% Ascorbic acid 724 F » # deoxyguanosine #& % 2 8-
hydroxy-deoxyguanosine z 4F B 78 T # Mg®* #r ¢ 41 - Ff
DEZEHZ Mg TER P e NP2 EX 488840
A AR NP2 mpp- B EF M - 82 £ A8 % Ca? ~ Mg
AR E Bz ap-EEEM0  TITAPERELR
A V79 fhmBa A M - sbsh > Ca?"fo Mg B K K&
AR T A6 G b5k B8 & (repair enzyme) Mk > £ 4 B
Z ta - R AR FH M

GREEBON AR LIS AN NBBREY  BE
RE2REB MU FERIEANR  THREMFE S#4
B I ABRXNTFEHRTAZFERELE In*f Sb>
W ELBYH VIO ez X tep-EFHFM - &R
BT In®Ho SO A A - A EHM - 2 InY 2 i i
FexEwBELRMBE PRk SO i F
Mo AR EEMERTE  CuUHo SOP¥HEREMEAY > & o
s an ey A o NIPB TR I BE &4 - ¥
Ut RPhEs Mo mp-EBFHERIEEHE
% o

SR YHES  RFEANEERA%ESHE (chelating
agents i@ ¥ H B F 2@ Loy &M E(electronegative
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group) o F IR TEB AR THAREEHHESL
o B d AP E-Dimercaprol (BAL)fs 14 B A % &
k4B A (SH group) =B84 mw $ TiE
iE % 4a B0 2 oh 55 - Penicillamine % penicillin K& M 5
# o D form(&F )8 L form(ZR%)EHMWBRFALREF
Moo REBERIT 4% 30uMBAL FE@pHEM > 3 8
#Hi P2t - SUMD-PARE A A &1 > I
BE i bmiEELRIH VIO a2 F 5294k R -
BARRKIFMELIEE BAL v D-PA 59 & B = ¥ & -
B D-PA FTAR Cu¥ v & KB AMLMB & - 12 & A5
RERBTRAE P 2w F T BAL AR - 4
& XERBET > BAL S EMTAMRREL R EHL LR M
& sk o Aaseth et al. (1987) 35 & Cu?*+ # & Wilson's
disease 4 }% 2,3-dimercaptopropan-1-sulphonate (DMPS)
THREEWAMERGELER > THEARA-_RILEYN Y
REER A s B8 b KA AR T B AY R f R
B o Chisolm #» Thomas (1985) A% 3 4% DMPS % ¥ »
Pb2* ¢ &6y N2tk > s R k448 (PbB)> A Pb* -
Zn*Cu*' Gtz E e m(ER R Y o ¥ Zn*H Cu™
BEE ) N DMPS Rt %A ~ Bl iR ohie > 1L
BHELIALELEBEERABS T EFRELEEXEFEKX - 404
4 3 % 3 # BAL - meso-2,3-dimercaptosuccinic acid
(DMSA) % # % 16 PbB » 35 % Pb®*+ & (Abuetal., 1987 ;
Graziano et al.,1992) - & A BB LI AA R Z & R A
& 0 BAL S HE 47 £ & ME 4K sz’fz%'fi;%?w&ﬂi%’& - D-PA
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AR RER CUP'F & 2 AmE D-PA KBt £ -
Rimpss Cu' i udeBztambit - 2% TR
D-PA /a2 CuSO, 7T #p 4] 4 H I 4T i A #24% © 3k (Akamatsu
etal.,1994) Fv A #2845 & %= B2 ( Matsubara and Hirohata »
1988) # A =2 /% B » Lee et al. (1998) 4 & D-PA =
su 3% phenylmercury acetate £ AAM P K 2 % 8 5 M4 o
D-PA milvEeBxtap stz BB G RF R
THe D-PA R ELBHABE@FERENLEELMRET
Riotghd o 82 D-PA 6% Cu v H RBEVEMHM & X
FhCIE s LEPPECERLANT -

AR AR e A PR & R B CuZ
Mn?*~ Ni**fo PO*" 2 S B E-mpp R ZHET > HAN
A osub-Gy s » MOFRAGTHFE VIO W AT - &
ShrtmpE R e RN ESRE S TRARRI @B ACHE
# 0 2 Cu?fo Ni2*34 480 ADM T 2 4% V79 B e o 19 2 %8
BE LR & KR G,/M phase # #/3 £ - & % ADM 3
Anthracyclic antibiotics » H 45 £ 4 % DNA = /] > FF L
i %] DNA dependent RNA polymerase m #p #] RNA & 4
Ao BRBETRER@BrEEME G E 06 RWEHH HE
ChpZ BB ML @EFEAE G/M phase o — f ta o 1%
4 &£ G,/M phase ¥ 48 75 1t P>* m i % 4= g 8 © - Shiao et al.
(1998) # 4 Nickel acetate =T £ CHO a3 v G,/M
phase tb 7] » 3 7F 4t P2 » L R s DNA-ladder > &
#AE NPTEZ CHO AT - REFEELERE > FAH
BRPRE— TRV EwHELBERTRATER VIO iy
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A ? LAER Cu®™fo Ni?'; &3t % Hypoploidy 4 #f i
(4o o Triton X-100 S U E B X RRAKTE ) £ A 7
& s TUNEL 447 7 & Annexin V -FITC 4 # 7% -
T

F4 B Cu® -~ Mn? - Ni*f Pb>*# g4 £ V79 it
P mEEFEE@BHENE > 2 Cu? s Mn? ~ Ni%* & R
-EEEREZRERR PP"A S BaR P % & V79 W
Mgz el -E R FHOERRAES E ML Cu o NiZ
H ¥ & G,/M phase block My % % 4a B0, B #7649 o 16 > B 3% jo
S HBERE 2 VT B 4o i # o Mn? ] B 2 4w B0 ) A8 89 88 2L
$omlhTooEwBELAR T TERwB-EEFML
e £EMEHLE - D-PA EAEBRAEEEIHALWHEE
b RrmpEMRR MminEX LB KR ERA D-PA & & Cu?
PERRARMEO XXM A A EHM RS - BAL 7
MR P2 mp M d b T 40 P> & m b & 1 2 S 4y
Bt b Rep N R IR ARALES  mTESF S8
2z Rz E - Ca? i B8 Mn?'H Pb 2 ta
&M Mg Cu® ~ Mn?" ~ Ni**fo Pb* 2 tm o & 12 35 T
M- f& o ghsh 0 Ca?' e Bk Pb** 2 1% H 1 > Mg? 8] 7T M 1%
Mn2*fo Pb2* 2 #4448 £ £ 82 % 88 48 48 {0 > A7 24 3 8] Ca??
Mg T A8k 2 V79 M da fp R Mn*" v Pb* & 4@ & & 1L
1% % 8 % (repair enzyme) MRy Hap-EAEHMH - 7
o hmBEELRBAACFERTAHELE InPTR Sb¥x
XEmp-EAEEEAEZER AR NPT R& In®
zHEHEE > CuPp Thsk S 2@ EMH - I 2 tafp
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FRFAZEMMOELBBE B S 2 e 5 A
Pb2*pf fu ik o 8z » Cu®* ~ Mn?" -~ Ni?*fo Pb2" 39 B 4 B -
EEFHE ARABREAEHBEIELBILESMO T B TF &
WEEEMENWMIANE  BEFELUFEEGHEHE
TERHAEAIMARATEBEILERBHEEE T 54
B O UBAGBRELZGEUARRBENAR
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Fig.1. Effect of copper nitrate (Cu**) on micronucleus induction
in V79 Chinese hamster lung cells.

Data are shown as mean = S.E. M.
n = 4 for 3 replicate cultures for each treatment group.

X p < 0.05 as compared with control.
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Fig.2. Effect of manganese nitrate (Mn**) on micronucleus
induction in V79 Chinese hamster lung cells.

Data are shown as mean + S.E. M.

n = 4 for 3 replicate cultures for each treatment group.

% p < 0.05 as compared with control.
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Fig. 3. Effect of nickel nitrate (Ni**) on micronucleus induction
in V79 Chinese hamster lung cells.

Data are shown as mean = S.E. M

n = 4 for 3 replicate cultures for each treatment group.

% p < 0.05 as compared with control.
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Fig.4. Effect of lead nitrate (Pb*) on micronucleus induction
in V79 Chinese hamster lung cells.

Data are shown as mean = S.E. M

n = 4 for 3 replicate cultures for each treatment group.

¥ p < 0.05 as compared with control.
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Fig.5. Effect of Adriamycin (ADM) on micronucleus induction in
V79 Chinese hamster lung cells.

Data are shown as mean = S.E.M

n = 4 for 3 replicate cultures for each treatment group.

X p < 0.05 as compared with control.
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Fig. 6. Synergistic effects of Cu?* (1mM), Mn®*" (300 M), Ni®*(1mM)
and Pb* (3 M) with In* (0.1 M) or Sb** (0.1 M) on V79 Chinese
hamster lung cells. Metal ions-induced genotoxicity in V79 lung
cells was assay by MN method. Data are shown as mean % S.E. M.
n = 4 for 3 replicate cultures for each treatment group.

ap < 0.05 as compared with control. (Student’s t-Test)

®p < 0.05 as compared with In* alone. (Student’s t-Test)

¢ p < 0.05 as compared with Sb* alone. (Student’s t-Test)
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Fig.7. Effects of Ca®(10mM) or Mg?" (3mM) on heavy metal ions
(300 £ M Mn** and 3 ¢ M Pb**)~induced genotoxicity in V79 Chinese

hamster lung cells.

Data are shown as mean £+ S.E.M.

n = 4 for 3 replicate cultures for each treatment group.

* p < 0.05 as compared with control. (Student’s t-Test)

b b < 0.05 as compared with Mn®" alone. (Student’s t-Test)
¢ p < 0.05 as compared with Pb** alone. (Student’s t-Test)
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Fig.8. Time-course observation on cytotoxic effect of Cu*(1mM), Mn**(300

£ M), Ni** (1mM) and Pb* (3 £ M) in V79 Chinese hamster lung cells after

2hrs exposure. The viability of V79 lung cells was assay by MTT method.

Data are shown as mean *=S.E.M.

n = 4 for 3 replicate cultures for each treatment group.

* p < 0.05 as Cu* compared with control at the same time point,
respectively. (Student’s t-Test)

b p < 0.05 as Mn** compared with control at the same time point,
respectively. (Student’s t-Test)

¢ p < 0.05 as Ni** compared with control at the same time point,
respectively. (Student’s t-Test)

¢ p < 0.05 as Pb** compared with control at the same time point,
respectively. (Student’s t-Test)
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256

Fig. 9. DNA histograms from V79 cells treated with adriamycin (0.3 and
1)), Cu (1mM), Mn?* (300 M), Ni% (1mM) and Pb* (3 u M) for two hours.
Panel A. DNA histograms of FL2A for cell cycle analysis. Panel B. DNA
histograms of FL2H for hypoploidy analysis. Note, none of these
chemicals induced hypoploidy cells. The horizontal axis represented
the fluoresent intensity of DNA contents while the vertical axis
represent the relative cell numbers. The results are representative
of three experiments.
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Fig.10. No marked change in forward 1light scatter (FSCH)
properties of V79 cells treated with adriamycin (0.3 and 1 ¢ M),
Cu? (1mM), Mn* (300 M), Ni* (1mM) and Pb** (3 u M) for two hours.
The results indicate these heavy metals do not change cell size.

The results are representative of three experiments.
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Fig. 11. Changes in side light scatter (SSCH) properties of V79
cells treated with adriamycin (0.3 and 1 M), Cu®* (1mM), Mn? (300
« M), Ni%" (1mM) and Pb* (3 M) for two hours. The results indicate

adriamycin, Cu®*" and Ni%* change cell granularity. The results are

representative of three experiments.
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Fig.12. DNA cell cycle analysis program (ModFitLT) to analyze
the percentage of G,/G, phase (first red peak), S phase
(downward-hatched peak) and G,/M phase (second red peak) in each

cell cycle.
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Fig.13. Cytochalasin B caused binucleated cells, arrow
indicated the binucleated cell with one micronucleus (400X).

Fig.14. V79 cells morphology of control group (400X).
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Fig.16. Effect of 300 « M Mn* on cell morphology in V79 lung
cells (400X).
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Fig.17. Effect of 1mM Ni* :
(400X). on cell morphology in V79 lung cells

Fig.18. Effect of 3 1 M Pb* on cell morphology in V79 lung cells
(400X).
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Fig.19. Effect of 1 £ M adriamycin on cell morphology in V79 lung :
cells (400X). | |
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Table 1.
Effect of adriamycin on cell cycle kinetics in V79 Chinese hamster

lung cells.

Treatment Concentration Cell cycle kinetics / 500 Cells NDI
(M) 1 nucleus 2 nucleus 3 nucleus 4 nucleus
Control —_— 103.6716.65 379.331+6.24 9.50+0.92 7.50%+0.76 1.84:£0.02
ADM 0.3 262.6713.32 222.1712.98* 12.83+0.95 2.6710.61 1.51+£0.01*
ADM 1 473.00+2.98 23.67:+2.88* 2.00£0.63 1.00+£0.26 1.060.01*

NDI (nuclear division index) = (1xM;+2xM,+3xMs+4xM,) / 500
Data are shown as mean + S.E. M.

n = 4 for 3 replicate cultures for each treatment group.
¥ p < 0.05 as compared with control. (Dunnett’s Test)
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Table 2.

Effects of heavy metals, copper nitrate (Cu*"), manganese nitrate (Mn?*), nickel nitrate
(Ni*") and lead nitrate (Pb*") on cell cycle kinetics in V79 Chinese hamster lung cells.

Treatment Concentration Cell cycle kinetics / 500 Cells ND!
(M) 1 nucleus 2 nucleus 3 nucleus 4 nucleus
Control — 127.87+20.24 354.00+4.16 14.02£275 7.09%£230 1.81+0.01
Cu™* 30 63.12£4.13  379.63*550 14.04£1.18 1657£1.06 1.85%0.02
100 77.63£3.09 368274321 1625+128 11.52+0.83 1.82£0.01
300 70.69£2.58 37426449 1688%247 11.68E£1.26 1.85%0.01
1000 337.48+487 181.37+486* 830%1.17 2471045 147£0.01*
Control — 9037562 37923£269 19.22£241 1605E1.76 1.94£0.01
Mn** 30 83.47x3.17 374.63%£392 17.84%229 1342%140 1.88%+0.02
100 107.20£10.03 37941932 11.02+1.44  3.80%0.85 1.83+0.02
200 140491490 35291406 1154073  2.72x0.82 1.79%0.01*
300 281.15%6.11 211.67%£647* 8.7010.93 3511099  1.49%0.02*
Control — 127.0018.02 364.69%6.71 1048£1.80  3.69£0.76 1.81£0.01
Ni** 30 85.82%£9.42 385154227 11.53%x1.17 510%£1.36 1.82%0.01
100 113.63£3.12 382.124393  6.57%0.77 2601100 1.82%0.01
300 115.48£4.74 38330573  5.72%0.8] 0.84%031 1.81%0.01
1000 236.68£6.82 273.07£586% 1249%1.58  528+1.19 1.68:£0.01%
Control — 10649£12.56 376.20+11.60 1234202  7.11%137  1.85+0.01
Pb* 0.1 143.08+6.27 34271751 13.63x1.51 11.75%1.56 1.83%£0.01
0.3 158770317 328654328 1343£096 1022+0.67 1.79%0.01
1 1562912947 32429+27.08 1246131 10.80%+1.85 1.77£0.03
3 130.33£20.75 351.89£18.79 13.66+2.24  778%1.65 1.81£0.02

NDI (nuclear division index) = (1 XM, + 2 XM, + 3 XM, +4 XM,) / 500
Data are show as mean = S.E.M.

n =4 for 3 replicate cultures for each treatment group.
* p <0.05 as compared with control. (One way ANOVA)
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Table 3. Effects of heavy metals, copper nitrate (Cu®"), manganese nitrate (Mn*"),
nickel nitrate (Ni**) and lead nitrate (Pb*") on cell viability in V79 Chinese hamster

lung cells.
Treatment Concentration Cell viability
(LM (0.D)

Control — 0.91+0.02

Cu* 30 0.78+0.04*

100 0.75+0.06*

300 0.64+0.03*

1000 0.57+0.02*

Control — 0.74+0.05

Mn** 30 0.75+0.04

100 0.47£0.05*

200 0.51+0.03*

300 0.51+0.03*

Control —_ 0.91+0.03

Ni** 30 0.86+0.05

100 0.94+0.04

300 0.87+0.03

1000 0.74+0.02*

Control — 0.76+0.02

Pb** 0.1 0.72+0.02

0.3 0.65+0.03*

1 0.65+£0.02*

3 0.55+0.01*

Data are show as mean = S.E.M.
n = 8 for 2-3 replicate cultures for each treatment group.
* p <0.05 as compared with control. (One way ANOVA)
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Table 4. Effect of calcium ion (Ca®) oh heavy metal ions-induced cytotoxicity in V79

Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (0.D)

Control _— 0.812 + 0.049 100
Cu* 1 0.669 £ 0.020° 82.39
Mn** 0.3 0.580+0.042° 71.43
Ni** 1 0.557+0.031°% 68.60
Pb* 0.003 0.383 £0.013° 47.17
Ca™ 3 0.715+0.027 88.05
Cu**+Ca™ 143 0.736 + 0.042 90.64
Mn**+Ca® 0.3+3 0.904 £ 0.059°° 111.33
Ni ¥Ca™ 1+3 0.604 £ 0.032 74.38
Pb*"+Ca’* 0.003+3 0.722 £0.029° 88.92

Data are shown as mean + S.E.M.

n = § for 2-3 replicate cultures for each treatment group.

“P <0.05 as compared with control. (Dunnett’s test)
P < 0.05 as compared with Mn®>" alone. (Student’s t-Test)
°P < 0.05 as compared with Pb*" alone. (Student’s t-Test)



Table 5. Effect of calcium ion (Ca®*) on heavy metal ions-induced cytotoxicity in V79

Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (0.D)
Control — 0.732 +0.032 100
Cu* 1 0.609 £ 0.042° 83.20
Mn? 0.3 0.596 + 0.050° 8142
Ni** 1 0.581 £ 0.059°* 79.37
Pb** 0.003 0.415+0.019° 56.69
Ca™ 10 0.658 £ 0.052 89.89
Cu*+Ca* 1+10 0.495 £ 0.070° 67.62
Mn*"+Ca®" 0.3+10 0.856 = 0.050° 116.94
Ni**+Ca** 1+10 0.655 +0.043 89.48
Pb*+Ca’* 0.003+10 0.736 + 0.046° 100.55

Data are shown as mean = S.E.M.

n = § for 2-3 replicate cultures for each treatment group.
*P <0.05 as compared with control. (Dunnett’s test)

P < (.05 as compared with Mn®* alone. (Student’s t-Test)
°P < 0.05 as compared with Pb* alone. (Student’s t-Test)
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Table 6. Effect of magnesium ion (Mg”") on heavy metals-induced cytotoxicity in V79

Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (0.D)

Control — 1.124 +£ 0.097 100
Cu™ 1 0.836 + 0.046° 74.38
Mn** 0.3 0.710+0.037° 63.17
Ni** 1 0.896 + 0.040° 79.72
Pb* 0.003 0.874 £ 0.039°* 77.76
Mg 3 1.109 £ 0.028 98.67
Cu*+Mg*" 1+3 1.108 £ 0.054° 98.58
Mn*"+Mg* 0.3+3 0.882 +0.058*¢ 78.47
Ni*+Mg* 1+3 1.070 + 0.063¢ 95.20
Pb*+Mg** 0.003+3 1.109 £ 0.071° 98.67

Data are shown as mean = S.E.M.

n = 8 for 2-3 replicate cultures for each treatment group.

? P <0.05 as compared with control. (Dunnett’s Test)

P < 0.05 as compared with Cu® alone. (Student’s t-Test)
°P < 0.05 as compared with Mn?* alone. (Student’s t-Test)
4P <0.05 as compared with Ni** alone. (Student’s t-Test)

*P < 0.05 as compared with Pb* alone. (Student’s t-Test)

78



Table 7. Effect of magnesium ion (Mg*") on heavy metals-induced cytotoxicity in V79

Chinese hamster lung cells.

Cell Viability

Treatment Concentration % Control
(mM) (0.D)

Control — 1.066 + 0.044 100
Cu*™ 1 0.924 £ 0.035° 86.68
Mn** 0.3 0.528 £ 0.001° 49.53
Ni** 1 0.826 £ 0.031° 77.49
Pb* 0.003 0.826 +0.015°* 77.49
Mg 10 0.994 + 0.044 93.25
Cu*+Mg*" 1+10 1.092 £ 0.047° 102.44
Mn**+Mg* 0.3+10 0.767 £ 0.073%¢ 71.95
Ni**+Mg** 1+10 0.851 £0.055° 79.83
Pb*+Mg** 0.003+10 0.896 £ 0.037° 84.05

Data are shown as mean + S.E.M.

n = 8 for 2-3 replicate cultures for each treatment group.
*P <0.05 as compared with control. (Dunnett’s Test)

®P <0.05 as compared with Cu*" alone. (Student’s t-Test)
°P < 0.05 as compared with Mn*" alone. (Student’s t-Test)
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Table 8. Effect of indium ion (In**) on heavy metal ions-induced cytotoxicity in V79

Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (O.D)

Control — 1.257 £ 0.047 100
Cu® 1 0.996 £ 0.078* 79.24
Mn** | 0.3 1.049 £ 0.058° 83.45
Ni** 1 1.027 £0.052° 81.70
Pb* 0.003 1.001 £ 0.026° 79.63
In** 0.0001 1.028 £ 0.029° 81.78
Cu**+ In** 1+0.0001 1.080 £ 0.046° 85.92
Mn*'+ In** 0.3+0.0001 1.063 £ 0.050° 84.57
Ni**+ In** 1+0.0001 0.985 £ 0.050* 78.36
Pb**+ In’* 0.003+0.0001 1.048 £ 0.047° 83.37

Data are shown as mean = S.E.M.
n = 8 for 2-3 replicate cultures for each treatment group.

*P < 0.05 as compared with control. (Dunnett’s Test)
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Table 9. Effect of antimony ion (Sb’*) on heavy metal ions-induced cytotoxicity in

V79 Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (0.D)

Control — 1.318+0.094 100
Cu** 1 0.998 +£0.084* 75.72
Mn** 0.3 1.048 £ 0.057° 79.51
Ni** 1 0.936 + 0.025° 71.02
Pb* 0.003 0.959+0.014° 72.76
Sb** 0.0001 0.860 + 0.050* 65.25
Cu*+Sb** 1+0.0001 0.977 £ 0.068* 74.13
Mn**+Sb** 0.3+0.0001 0.963 £0.051° 73.07
Ni*"+Sb* 14+0.0001 0.817 +0.034* 61.99
Pb**+Sb** 0.003+0.0001 0.692 £ 0.0402° 52.50

Data are shown as mean + S.E.M.

n = 8 for 2-3 replicate cultures for each treatment group.
*P <0.05 as compared with control. (Dunnett’s Test)

P < 0.05 as compared with Sb*" alone. (Student’s t-Test)
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Table 10. Effect of Dimercaprol (BAL) on heavy metal ions-induced cytotoxicity in
V79 Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (0.D)

Control — 1.285 = 0.065 100
Cu** 1 1.037 £ 0.051° 80.70
Mn** 0.3 0.933 £0.079°* 72.61
Ni** 1 0.855 +0.038* 66.54
Pb* 0.003 0.769 £ 0.018° 59.84
BAL 0.03 1.207 £ 0.054 93.93
Cu*+BAL 1+0.03 1.176 £+ 0.060 91.52
Mn**+BAL 0.3+0.03 1.034 £ 0.038* 80.47
Ni*+BAL 1+0.03 0.980 £0.078? 76.26
Pb>*+BAL 0.003+0.03 1.109 + 0.068° 86.30

Data are shown as mean + S.E.M,

n = 8 for 2-3 replicate cultures for each treatment group.
*P < 0.05 as compared with control. (Dunnett’s Test)

®P < 0.05 as compared with Pb** alone. (Student’s t-Test)
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Table 11. Effect of D-penicillamine (D-PA) on heavy metal ions-induced cytotoxicity

in V79 Chinese hamster lung cells.

Treatment Concentration Cell viability % Control
(mM) (0.D)

Control — 1.223 £0.057 100
Cu™* 1 1.012 £0.078° 82.75
Mn** 0.3 0.711 £0.046° 58.14
Ni** 1 0.926 +0.038* 75.72
Pb** 0.003 0.922 +0.024° 75.39
D-PA 0.003 0.807 £ 0.022° 65.99
Cu*+D-PA 1+0.003 0.790 + 0.042°° 64.60
Mn?*+D-PA 0.3+0.003 0.538 £0.023%¢ 44.00
Ni**+D-PA 1+0.003 0.715 £ 0.049°¢ 58.46
Pb*+D-PA 0.003+0.003 0.701 £ 0.049°¢ 57.32

Data are shown as mean + S E.M.

n = 8 for 2-3 replicate cultures for each treatment group.
*P <0.05 as compared with control. (Dunnett’s Test)

®P <0.05 as compared with Cu** alone. (Student’s t-Test)
°P < 0.05 as compared with Mn*" alone. (Student’s t-Test)
4P < 0.05 as compared with Ni*" alone. (Student’s t-Test)
*P < 0.05 as compared with Pb*" alone. (Student’s t-Test)
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Table 12. Changes of cell cycle distribution induced by adriamycin (ADM), copper
nitrate (Cu®"), manganese nitrate (Mn*"), nickel nitrate (Ni**) and lead nitrate (Pb*") in

V79 lung cells when these drugs treatment for two hours.

Treatment Concentration 4 Cell cycle (%)
G,/G, phase S phase G,/M phase

Control — 27.61 52.01 20.38
ADM 0.3uM 18.68 63.72 17.61
ADM 1pM 15.54 27.19 57.28
Cu* ImM 13.11 24.37 62.52
Mn** 300puM 29.87 49.55 20.58
Ni** 1mM 20.41 20.73 58.86
Pb* 3uM 27.02 50.05 22.93
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( Cytokinesis-block micronucleus assay » CBMN assay )
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A~ s TFE R 5k (3-[4,5-dimethylthiazol-z-yl]-
2,5-diphenyltetrazolium bromide ; MTT assay)
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B formazan 2 H RAE B e B AFE R o

RoREHAREERAR BT TR RE wF R T LR
MTT assay (colorimetric method) » & # /% fa fo 2 8 & 4 A ¢
tetrazolium &R i & % &= formazans » £ R fE #2518 8] %% 5644

RIFT 13 fo tm B AF 78 B PRUALEME RARHT > 7T 283048 R B H) 4 b

X HE - ERENXETHRERE s hwighE B ~ MTT-
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formazan R JE 85 ~ 4a Ba Ak 69 #2 38 ~ Cell culture 2 3235 2 4 ~glucose
e s mkrz pH . B e 2% tetrszolium salt 89 F B RE » L
BRRBAAMERBE  FRUMIT TR FBRBRENELE -

—fE3t i m B g tetrazolium salts 2B B R E » ZFiB42%0 5
k42 52 dehydrogenase 72k (Gerlier, 1986 ; Chen et al., 1990 ; Cory
etal. ;1991 Hussainetal. 1993 ; Shietal.,1993) A, & & succinic
dehydrogenase LA Bk 4z 52 f£ *F % 4& F ubiquinone (Marshall,1995)
ZEFEHL HT@RNRERREETZRE A TREEMTT
Z BB RJE > f5]40 NADH ~ NADPH... %% -

B MTT Fo MTT-formazan —345+7 5% DMSO » # A% &
350-700nm FRTAARIAFE] > B THRAFREENBRAE 0 — P T e
o E AR B pH R £ A R &4 A 560-570 nm ; ez g
SRR pH B A RS 510 & 570nm - (Plumb et

al.,1989 ; Alley et al.,1988 )
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%~ K X@mp otk (Flow cytometry)

A X m e n ¥4k (FACS Calibur)» AR FEH T X BlE
b fp A FE MR AL R E M Pliota i R~ TR~ IR E S RRRE
FAY - 8B RKE -DNAF RNA A E - BEAFT - BZE -
E®EMpHE..EFE -

AR EEMA AR ORISR 48 - B mEELE
V79 mp AT L ReE AT UARNE i) B f£ibhe A
ag o
— ~ A+ (Apoptosis) it (Necrosis)

1. Apoptosis :

AT Rl ARFENET ) AFREIE R T K
Z— HBWAGFEENERL - §eaRElbEBR > & DNA £
1B URERBER T RBCE TR L - & DNA %38 0 g8 — i
J& & A (suppressorgenes ) & 3, f5l4w : bcl-2 ~ c-myc ~ras f= p53...
B pmipknARFORT MAEREBGEL -

mpp AT R RE@BRB Ry FRERY - aN ek
o et NEE D FEeHRE PAEASBEABRRERERK -
BEmo KA ERT S A& i TR AME 4% 554 DNA

% &, 0 54 @ 4,6-diamidino-2-phenylindole  ( DAPI ) + Hoechst
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33342 ~ Propidium iodide (PI) ... £ %8R HE¥/b - 218 > mpeik
W R EEEE eI T SRS RENBRBE RS B AT
(apoptotic bodies) - B E B thtmp sy 28 (pH 6.4) 4 ¥
g ry Ca® B €3 > Na'/K' pump ek m % » L Bd &5 b3
% &% > {5)4w : DNases -~ Proteases & Transglutaminase - &4 /8
TH WG T e TR A KERIE

2 38 DNA #me & 4 # 50-300 kb A/ NRE) & nucleosomal
#o oligonucleosomal R & Eea— S H s 180 bp 2 K &
SBENBBE > THEERFE RIS T RO ZEG4E - B AR
B “DNA ladder’ - da% DNA #H gl ATming) DNA 4588

P A G BRAARIE P 0 BT HR 2 2] AT #0841 & (forward angle light

scatter » FSC ; KK F&Z @ K-N) % » R34 % (side angle light
scatter » SSC X 4% right angle light scatter ; K& tappfEh E ) 41
ity o BFEEAFTE T GJ/G, EZare HH— B8 G/GC, Ei%
& sub-G, & o 7 s, 7] £ B — b Kits #24F > )4 Annexin V-FITC ~
TUNEL.Z2 » AR B LEEOREMERN B A TH L e o
1. Necrosis :

BR@REXRANGE  RFB N R ERBERLR T

BRI ERAYEMME T e intelig Ca¥EEUR %
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%+ Na'/K" pump - zaa}iézfi’éiﬁ??B%ﬁﬁ%%&%v@ﬁ@%&iﬁﬁ% » B e R
A BB RNEhEYL e NS Ead s MEE
(proteolytic enzyme) » H it R 5 X RE » A oF ¢ F2%e (scar)
WAL

(BRI DNA & Z 4 HAR > 122 h &35 R 4% apoptosis
ZHRMBKREE - A ZEN O REEE - LR A R ARNE
P it R4 A sub-G, 4% i/%’ A GJ/G, phase Z A ERH L E >
B AR R o
= BhRPMHEREE

AT tymie » Rem e B R AL A AR
FROAT # i Z AMER B RALEMNN AN @ ERARZ - £
N 8- FRAABALHRHE A CIE R T ik -
1.Trypan blue = Pl (propidium iodide)

B AT e R A e 0 AT AT L Trypan blue
& P& R NGERFRISRE > THRBBEL  2FEmpER
Be o b RET R EGFEAZ e > NTRAR@BREESE - M
Pl 2 Rta o @ik k¥ A2 208 ¥RIERE A 10-20 wg/ml -
2.FDA (fluorescein diaceate)

B AR Er & (esterases) FDA B A Etafig & 4 ki » 3
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BHESEEATEEENAME  EF @R ERGKERK - T
Blesg A FDA v Pl —f5d 8 h%  THeBERERR
(fluorescein) » M mp Z4c &, (P1) o
3.HO342 (Hoechst 33342)

HO342 T #:@i%taf 2 tm B DNA % & > sbik %8s Pl
LM ETRE W ETRABENEH - AThERI 80 il
amB P TRER T ZEE% K (HO342) » stapm il 24

& (P> FhpedhfAtar -
4.Rh123(rhodamine 123)
BN ACEE AR TR AR e a B E

Rz shhe > b T EA G EET o0 Rh23 > R s b 2 4
& &K sbik IR T LA Pl Bl R F e e ie 246 % £ (Rh123)
R 2o e Bk (P)-
5.A0 (Acridine Orange)

Z 37, lysosome TTA AO % & AT mipx lysosome %
FTERu &k A4 AO NI HBEZRII/AR WA RE S
% g% RNA (single-stranded ; ss) #=%£ g% DNA (double-stranded ;
ds) 24% > &4 dsDNA 2 AO B AMERTRELER L
M oss Bl 24 i s AT d denature FRL€ 230

RAAT BB T ERBINGES LA TR -
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6. TUNEL ( Terminal deoxynucleotidly transferase-mediated
2’-deoxy-uridine-5’-triphosphate nick end labelling)
B e B BT A TR e R iLE S 8 & 0 54w endonuclease ¢
E3 DNAET# - A F TUNEL % > %g TdT s DNA R &-# % (DNA
polymerase )44t » 45 3'-OH 3% f= dUTP biotin s dUTP digoxygenin
BE o REUASBARZIHE AR RAEHEREZHEALFITC-
dUTP #2zelif R 2 DNA - sbikdom E Pl 3 & > RAEE L F b
e~ b g ﬁtﬁaﬁ@,%ni}ii}i&i&@ﬁ@(%d necrosis) o
7.Annexin V-FITC (Annexin V -fluorescein isothiocyanat)
EFap Bl R ENBEE AR AAEHEAREL T @i
lipid = 4w » #5405 Bs 4k £. 8% ( Phosphatidylserine ; PS) 72 4 4a
RE - Athtafo Bk EARE  FIARESHSE PS o> ¥
B o Annexin VAo PS BRR¥2 &4 TEIEF @ik
AThfe BE Pl #F4LE XTE—FPH AT BB AELE

4T apoptosis s, & i 17 %] secondary necrosis —#& 4m ji B o
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