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+ x 3£ (Chinese Abstract)
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X E (English Abstract)

The semiconductor industry has experienced rapid growth since its
origin 46 years ago with the invention of the transistor. Semiconductor
manufacturing is a chemically intensive industry involving many
potentially hazardous materials such as organic solvents, strong acids,
strong caustics, metals, reactive gases, and dopants. There are a large
number of intermetallic compounds from group II- group V that have
been made and could be used in semiconductor devices, circuit chips and
other components used in the electronics industry. These compounds not
only include binary compound, but also could include ternary and higher
compounds of these elements. Workers in semiconductor industry
exposed to the reactants and products of the group II-V intermetallics
when the apparatus used in the processes are opened to add materials or
remove products. There is also exposure when large crystals are cut into
smaller wafers with diamond- bladed saws. There wafers are also washed,
lapped and polished during the preparation process. It showed be noted
that the genotoxic effects of those intermetallic compounds. Although the
metalloid arsenic (As) has been studied is detail, while information on
genotoxic effects of Ge, Ga, In, Sb and other intermetallics in cultured
mammalian cells is not enough available.

In the present study, the frequency of micronuclei (MN) and
trypan blue exclusion were assayed to evaluate the cytogenotoxic effects

of semiconductor metals (Ge, Ga, In, and Sb) in V79 Chinese hamster

lung cells (V79 lung cells). The effects of semiconductor metals on -

cellular morphology and viability of V79 lung cells were conducted with

or without 3 1 g/ml cytochalasin B (Cyt-B). The frequency of MN was



also assayed to explore the genotoxic interactions among the four
semiconductor metals. In order to shed more light of the mechanism of
semiconductor- induced genotoxicity and antidotes for semiconductor
metal poisoning, we investigated the effects of D- penicillamine (D-PA),
dimercaprol (BAL), superoxide dismutase (SOD), and catalase on
semiconductor- induced genotoxicity as qualified as by MN.

Without Cyt-B, both Ga and Sb significantly decreased the
viability of V79 lung cells as compared with control. However, Cyt-B
potentiated the inhibitory effects of Ga, In and Sb on viability of V79
lung cells. Ge didn’t affect the viability of V79 lung cells with or without
Cyt-B. On the other hand, both Ga and Sb markedly affected the cellular
morphology of V79 lung cells. Cyt-B is known to interfere cytoshkeletal
formation, and then induce cytotoxicity. Accordingly, we tentatively
assumed that Cyt-B might potentiate the inhibitory effects of Ga and Sb
on cytosheletal formation of V79 lung cells and then caused more severe
cytotoxicity.

Among the four semiconductor metals, both In and Sb at
concentrations of 0.01-3 ¢ M significanity increased MN frequency in a

concentration- dependent manner in V79 lung cells, but both Ge (3-300 g

M) and Ga (1-100 £ M) didn’t induce any significant genotoxicity. In the
periodic table of the elements, both antimony and arsenic belong the same
GrV, elements, and a chemico- toxicological similarity to arsenic is often
found when referring to antimony and its toxicology. Accordingly,
antimony is suspected to be a carcinogen although it is not clear whether
antimony is carcinogenic to man. To our knowledge, there are no reports
about In- induced genotoxicity in mammalian calls, we first found that In
induced genotoxicity in V79 lung cells. In addition, Ge attenuated

genotoxic effects of Sb and In. Ga potentiated Sb- induced genotoxicity,



but did not affect In induced genotoxicity. However, the genotoxic
interactions between Sb and In didn’t appear significant difference.
Obviously, the genotoxic interactions among those semiconductor metals
are very complication.

All concentrations of SOD and catalase tested alone did not

‘induce genotoxicity, but BAL and D-PA at higher concentrations (BAL=

10uM; D-PA=3 uM) tested alone induced significant genotoxicity.
However, both SOD and catalase significantly inhibited the genotoxic

effects of In and Sb. Similarly, BAL at lower concentrations of 1-3 u M

produced the antigenotoxic effects. On the other hand, 1 © M D-PA only
attenuated the genotoxic effect of In. The results appear the mechanism of
the genotoxicity of In and Sb are party attributed to be their reaction with
SH moieties in the molecules and oxygen radical production. In this study,
Ge also attenuated the genotoxic effects of In and Sb by undetailed
mechanisms. These findings show that the mechanism of the genotoxicity
of In and Sb might be complex and not based on a single mechanism.
Both In and Sb caused pneumoconiosis and pulmonary fibrosis

following long- term exposure in workers. In this study, both In and Sb

were effective in inducing genotoxicity at very low concentrations (0.1

«M) in V79 lung cells. Accordingly, both In and Sb may be especially
hazardous to the workers who exposure to the semiconductor process
environment. On the other hand, both Ge and Ga didn’t cause significant
genotoxic effects in this study or other reports. However, some authors

reported that both Ge and Ga caused nephrotoxicity in human, and

induced teratogenesis in pregnant hamster. We can’t neglect the risk of .

semiconductor workers who exposed to Ge and Ga.



4m B A B 4o 4% 4047 75 ( The Cell Cycle and

Micronucleus Assay )

A~ B A #( The Cell Cycle )

HEFFREN W o RMARNERETRYSRHAEE
IAfA AR B B 8 ( Cell Cycle ) R BAHBTEHES AN
( Interphase ) » MR 5 #H#(Mphase ) o BEXT o5 GE(G
phase ) S#3( S phase ) G:#3( Gz phase ) S FHEAXT tay
23789 ( Prophase ) % #5( Metaphase ) > 4% #3( Anaphase )&
% % #3( Telophase ) - |

ho B — AR 0 fm BB AR R ER 469 0% B 2R R #2 B # ( Interphase ) o
LI M R ERNAERLI SR ENNE - AN G
phase Fo G2 phase & 77 M phase #2 S phase = R » # XFE A gap
phase = &£ Gi#7 » Hau# M phase 24% S phase 2 &7 © FfoA4E sb 2R
S DNA AR BEER G BEELERRAS—15Le i
(Chromatid) - Gi#A&4& 2@ R HE16Y 30-50% - S #A 4 = ifT DNA
SRALemARES 0 LGB EMI 35-40% - G EAIN
W SEAZ A MEIZAT > IR EAENERTAEE I LEMK
TR 2HERESR 0 AR AL 10-20% -



B—. Bk G i Ek

“ﬁﬁ‘gﬁ 613 REBRE—HEESRE
i pemuN(Sy) EEBLELBEY S Bz
N\ TR RSN
N sammasssenss

B R l %gﬁ 2 ik & (Albert et
" al.,1989) -

—fERR 0 R4

i L8 Mt A E e BE B E7
ITHRREMERE D gk
246 14 15 o B G A S 8 G 374
%5 %3 (M phase) 8 - gt
—REHBREU—THREEIT TBErE2BEIEANGEN

e 4238 check point > ##E18:® check point @ RIIEH] 8 £4T 5B
— R B> Hiel & ERB check point Bl a8 RAT
(apoptosis) Rkt be B #8745 L7 Go phase (Bl =.A) - @i E i
check points AE4F#|4afe B BA AT )R A Fo b A B E & DNA 48 #
UERERyBELTHEH » § %5 E  check points € fa
BB LA E T RAGHEE SRS EERZ AR &
A F B ARBETAEE check points & M RIEFafmib e fta
BB P RET 54 3 48 check points: 431 A&3E#] DNA # 2 &y
check point® & J&DNA %45 &) check points (X %4-Gi/S check point »



S phase check point #= Go/M check point)Fu % 4| 45 6% 44 48 4- &9 check
point (B =. B) - 24+ & DNA 28|48 F8 > (/S check point
i g Gl ESHER TR HFEEHEEEH DNA-

s nvironment favorable?

‘.._.-w»-

B— A BErapREiTTHelz 8t FEghzan
REHET > d 61BN Gof (Alberts et al., 1994) -




DNA replication ‘ Spindle assembly

checkpoint checkpoint
Contact

inhibition
. _
’ > l Replication Unattached kinetochores
y":..}“*u\ a structures Misaligned chromosomes

e \ﬂ}—a— el . & BN TR Prophase’ Me’ta;:h'ase‘ f}naphase Cytohinesfs
=L T
”,.r/ DNA damage
Negauve DNA damage
growth checkpoint
factors

B — B. BamiE#ltafo B B 474 check points fu L 4a B4 & 4
%1% DNA %45 check points( 61/S point » S phase point fu 6./M
check point ) #4Eg 44 check point( M/A ) (Elledge SJ,
1996) -

—f R > & DNA %48 > # 4% G/S check point #ITH ERE S
# 348 53] ATM (ataxia telangiectasia Mutatel ; Painter et
al., 1980 ) ph3d (Yin et al ., 1992 ) » p21 ( Brugarolas et al.,
1995 ) o & DNA £33 e & ATM ¥ o B 45 BB 4| K B pdd &)
REHR » pdd AH4RE p2l 89 &R - p2l Fv ODK &SR E1FIEH ba
s N S #1 6y Cyclin-CDK 48 &4 ik s> SABU SR A 7 E2F &%
# RB-E2F B EeMBR R84 AR R XEL RAGREEEZE -
AN S EAmAZ LR Gi#f - pd3 BT AL iEib Bax & af ICE 588
ty &R A apoptosis » R4E e 7EAL GADDAS & & ey R M AT DNA s9f548(
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=.C)e ZHDNA %A tmptss EATM & & &3 MiELS check point 3.G/M check-
point » B ATAf4efe pB3 &6 o 4B =D Aiow - & DNA B3R KA &8 - pbd
EERBELH AN mted R oM K EFE Mt apoptosis( Enoch and
Norbary, 1995 ) -

A\ A\

- (BAX?) ——eeep~  Apoptosis

P (GADD45?) ceewe—a»  Repair

E2F

!
i
t

¥

Transcription of S-phase-snecific genes

B—.C. Ba-;~% DNA %38 #1 pb3 Aa Ml ) & # R B 4]
( Enoch T et al., 1995 )-
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B=.D. Bt emeAr - pb3 Eam ATM &4 (a) £F
& ATM#H (b) rris R i AP L R ¥ it 8 = (Enoch T
et al., 1995 )-

B —¥e#4m 0 B B9 2 check point Bl4u 4544k A 0587 - H 2

#& & MAD1 > MAD2>MAD3 ( mitotic arrest defective, Li etal., 1991 )

% BUB1 » BUB2 - BUB3( budding uninhibited by benimidazole )&

FEH - THEREFT  CLETOEAELE@BARENEE

% % MPSL( Roberts et al., 1994 Y gt » 47k — it # 8035 {uta B
FamapiritaAtH( B=. E)-

B — .E. 8 £ S.

.. N
S. cerevisiae cerevisiae ¥ & 4% & & 4

Spindle defects

M (spindle assembly) &5 47
‘Lf,‘ﬂ;?_ v # check point 2 3G #
&3&; #1( Elledge SJ, 1996) -

Gl S (2/M-3» Anaphase



s 6,8 & G phase * S phase * G: phase BF H A A& f FA UK
(Decondensed )> Zémfon HAAHAH > LoBMBLETRE &
GBI - AP 6 5 2 42 ( Kinetochore ) 45 4 %4
( Spindle fiber )4ai& » B FiEIRE > ML EHERTHEMK
B LABRPRERIHAGESLYRE S REAERNALECEMS
%H YrmTempeEis - wiake’d s ( Cytokinesis )&
min s B R mFEE > TARBEEANBHIRLE X FRHLT
REEANFRBEEER AT EGH  SH  GH > 7 EH
UE R R8s MART@RARTYARETF =8 -

B~ BHHapAx s
L AT REENTRER@BANGEE > HTHEH
BER
L o A6 T 8% & 88 o 4 25 ( Kinetochore )£ 45 4% 4
( Spindle fiber )48i& - HEF| 42 FriE 4k ( equatorial plate )
E BREeR2HMBRIH FERETHERE> FELR
R HRNHM o AUAEBRENERTABEY
colcemid 2% colcichine # {8 /~8 > H & fo )%
( microtube &4 » mALLiELOER EReBEE
TEELRER S B min )RR > ¥ AREAN T #( Metaphase)
Z @ AF B AR AR
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2. @ q 4 R ( cytokinesis )éﬁi&ﬁ%%’;}%éﬁéﬁa%h\%ﬁ 2
BFéafe > HALBAERFET@ETREMAYROKER
( contractile furrow ) sbiEFRETHIR @ AE|E B &5
R2¥ EILEEH — R B ER M4 (nicrofilament )
B3R BREEEeBE - MU TREEELERNRKEG
( microfilaments ) & E1E 4B Z RS > Moy ER 2E
Fap( B= Bw )-

BiA=H R B — MaEs R e m

LR OE
HNEEBER

;%géﬁg.y §J§-§i§ﬁ3§,

M E Ok ERE @ )

o

=
)

ERNE 1l o e A
s B BE S A
LN AP s NN

B=. BrosREztrimipd»® (Alberts et al.,1989) -



Bw. BB Ey>HEeE® (Sadava et

al., 1993) -

3. 1969 # Schreder #& Cytochalasin B Fiw

EEAFMRKERGERBEE(Niltella) %
RSB AR MIREECE L E R

A& *  Ff L0 Cytochalasin B & & Br 44 %4

( Microfilaments )¢y 4 mralimpd o &

( cytokinesis )&yiE4T ©

4 LHEBMBLEBOILEMELLERY

BATE & B S phase bfEILZHE 2R
# #% % S-dependent * & b #AL L4 % A S-independent > &
e G > HhANBER > TAREZNSHTHAL
RERMBEE S PIUALENANENEE B & — 1B 4 B B 34
% BRELER -

50 BEEFHEALT 0 eRBHNFRA T BBz
%o GHTRMER > RETREYEN GH > AAUEE
to e R B e B R I ARAE K -

LRl PHBLELEB N OATREII R L ERLEE
¢y 2 % ( Chromosomal structural aberrations ) HTHEEZdHH
B-fegzreBmindiamismi mEXNTNLESH
P 27 8% 7T 48 LA BT R ( Fragments )74 > 357 Atk dm o o RAR T A
I ERHSFREREEBASRBERERT 0 AMUEAE
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AR R R B — B B e T RKERE . SRS
o B EMER 0 7k F e se s ( Asynchronous cells ) »
AlmE—EFBHRK LR EE  2EooE e NE
Ko RAEARUERAFMRTEA2ER BRI e FH -

C~ o4 7%( Micronucleus assay )

— ~ #h B2 A ( Micronucleus formation )

#oh(MN D& R A B e o R 697 %1 ( Anaphase )% &
RARATEEEMSESHEBENGHEENE > UE AT R
#aEEkosETeme x4 ( Heddle, 1973 ) - £ H ehi@s
TOoMNRERAE—EF@ET > R—ERFEHR IS HEN R E
v o FdaDNASERTTRM B RS F & ( Acentric )&y %
& 58 b A7 A ( Heddle and Carrano, 1977 ) B4 tapp@d
GERFNRIEE 0 BEEABRAMINERFoEEp s R
Gash THMEeE RS Le B8 L B3 £( Lagging
Chromosomes ) & 4 #& KX #) MN - ( Yamamoto and Kikuchi, 1980 :
Lynch et al., 1993 ) W8 A% a0 34758 B3k 0 Aol Heddle
( 1983 DEAE o4 MN k48 » BBBDBUET A RIFFBEHH -

B DNA RBEMHERE) FEE— RS REAEEXRI N ik

LERTHEBEARER s e R ERM I MR HRR
ForHiaBo bt R A 0 S a RARFR( 4o Tokeg Eifo
100%0H > RS R—RFop R R DBZER I H R - Fenech



Fo Morley( 1985a )34 & DNA R thtafo @i — R U Ly 5 HeF
MABBERGBEESRY - R E AR LELEREBET
BB R MBI AFTRATE  WIE# LB NG HEY
FBE—RyHEegtmiE - ¥ Fenech # Morley( 1985a,b,c )# &
cytokinesis-block( CB )ik » 4% DNA 2488 B T —RA 4o
¥ x CytochalasinB#p#] > #Htalo 0 HZ 2B E MW R EM b=
foor ERERTHEMIR S RETHEEBB T N> A
CB/MN #9 o A R A M kB xR R EELBHEAR &
"HTMWEREEEREAK(ER ) -

{A] @E:} E}
4

cytokinesis-block

BZ. A. B v iz 3 &ME A ( acentric fragment )

Fo 248 4 & 22 32 88 ( lagging whole chromosome )4& & il 2 4 /7 5
RN » B . BASR 4 dicentric bridges #Y 2 itmih @ i o
REMU RN E s dhThEEGWR TSR ZHEAY
EERBES T ERABELmBY 24 (Fenech, 1997) -
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— ~ Cytokinesis-block( CB )z {&#r 2k

. #& CB/MN B R -
L 32 MN &0 BR B2 B ok B

#d CB/MN TR AREB— Rk pE2talp » FAUASGE
Mmpmaeae W ZmiEae WhEERER B E( L

Stathmokinetic techniques # DNA synthesis labelling assay )¢

FrReytbE B 2EC Bx )

Comparison of conventional
and cytokinesis-block assay
o T
g A
T 650
g
2
T2 s00-
$3
g, 150
8
&> 10054
g 5o
) &
olm ;
<2+ 3 0.01 O 100
[MMC] vgimi
*7 &)
404
,—ﬂ; groverons ooy T
3 304 1
z
@ T
se 207 7
10+
0 ! s

0.00 2.01 0.10 1.00

[MMC] ug/ml

BN, Al EAH
HEKRZ Gt
A Mitomycin-C
( MMC )3t &
EEB @ 2
EKE %@
aHE )REH
i R e
B - CB &# ik )
A SN
MN =z &| & 48 B
o B, Hd#
#% &1 JE P 4B 2 EG

RRoW BT ERELY G TaL@E RS MMC ARt R2ZE -
RBE > HihwHsmsEzss g5 (Fenech, 1997) -
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2. 324tk S Huy#542( Nuclear division index > NDI )

e EAb S R IZE 0 AR MN 40 BT & CB/MN %3
B R S Remp R EE > TiFiiLE

AR BE o mpRRENA Cyt-B - RE > 3T E

Bix- #5 S %mm2iEE K44 Eastmond and Tucker ( 1989 )
ATz AR E & NDI -

NDI= ( MI + 2MII + 3MHI+ 4MIV )-+N

MI-IV R F —# 2| w ik s B 20

N R & AT R Z AT A dm JR B

e
k]
St
N
&
hval
[y
e
s

3. CB/MN /% 7r e & & Chromosome-specific centromeric probes &9
Ae N KA B dicentric bridges: 7R Az antikinetochore
antibodies 2, chromosome specific centromeric probes & #£ 3%
MN & & % whole chromosome 7F 45 #5 b F| B — 8 -FAH N &8 F
P & B % & 838 %k ( chromosome )2k 3 & #2 % A % ( non-
disjuction ) H s HIB T R EIGEATE R B KAIE
( base lesions )z DNA 42#4 ( DNA adducts ) 7R =T &4 fu A
cytosine arabinoside( ARA -C )¥p#| DNA 1£4% 45 /7 ( excision
repair )ik ag MNC & DNA 544 2 dpales » BA LB R
RECHIBEEEELEHE R Do tan > CB 8 IF TR
taipx HPRT AR ZF RE( B A )7
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HE 5 A
(meErxwEs || sEspoEs |

G FEMEr R/ Rk
) ZARA-Coy T
R FEASHAE S

® REREMAN
BB 3%
dit g e e
¥ FH A
W R Rt
N v

(i)

fm e s H =
RIE s Hph dm B
THzZER

W 748 HPRTA B

T 43k
2 RE

(i)

M BEEERSENLE
B . B~ Cytokinesis-block Fist E A 27 % B B (Fenech,
1997) -

. #d CB/MN 8 HER:

1. Cyt-B TimpEx o+ 246086 ME E48 ML H
actin polymersation #» microfilament assembly » FAf AR [F] 4a
%%%%ﬁﬁﬁ%@%B%&%éi%ﬁ%mem$&MWk-
A ER6FEA( Surrall’es et al., 1992 ) -
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2. EANER vdmfh s ERIERACREE - ZRBERE
TERE AeRe@BBRABGEREET  (vtB IREHHE
1-6penl REFEH Z/HMe9HF T NN #4531 ( Fenech and
Morley > 1985a ; Wakata and Sasaki » 1987 ; Prosser - 1988 :
Linholm > 1991 ) » f2f£ — 5% i ( 4o EL4 Fo BW5147 » T-cell
lymphoma lines )R] #7 Cyt-B 48 & 84k 5 & 2% DNA Bf B @7 A%
MN -

3. Bdfd iz AMNEHEEIAEE a8 1020 L -
RN AL EREENERRSMIECYV-BAER > B
LR HE R ERE AR S BE P R AT m iR B o
4 2B EB RO ELER Cyt-B — % B F 4
microfilament assembly : Jwhu A Cyt-B ¥ 45 & 4o 3% sbfE L2
ME 2 BEFEH( BERBATHEEEBE I nicrofilament
assembly B EM N E 2 MMk EEFEBEETRE
M T REFARB A Cyt-B 47T 3] cytokinesis-block &4z4 %
( Migliore » 1994 ; Schultz and Onfelt » 1994 ) o

Q

N

=~ #ohZ%keER ( The application of micronuclei
assay )

Schmid §EZey A FREey"E % &4 3k ( Polychromatic
Erythrocytes ) ZR4E 384/ 4% > Polychromatic erythrocytes
( PCEs )x@mp v 45 A 556 RNA> ArA T8 & Giemsa F= May- .
Gruenwald % &> £ARFRIHE > mTIomERid & &2 nature
normochromatic cells ( NCEs D& 4> HEfBzk h+E 2000 B b
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Hemht o f£4% 100018 PCEs 2 &t EF7H NCEs & B » &
Ml—fE#e®E s 1.1 2% PCEs & B HTFHEltk
ZE| R ZPCEs# B TR BrAFMeaRERIE S -
hEZTH% PCEs vAUNZEEEB ( BEEHHFE 1000-2000
PCEs ) o Ak Heddle (1983 )z235 MNs ik -T A RIFFFEEHMH > &
AT Lo R e ERUNET AR S R m E L 0 PR
WA MNs Rt R RAE A At fa e BB HME - LHEA
Fenech o Morley ( 1985a )& CB /& & £ 4%ttt - CB/MN % 2 &
Z AR A E T b4 E M antibodies # e N R 4B RIIE S 4E A
i & 4 &9 chromosome dicentric bridges: #REZHEIELER
( whole chromosome )z 5 k 7 % & 88 ( fragment chromosome )A7 &
£ RFEERLEARF( non-disjunction ) o TAEHE G
ARA-C Z m N R FIETEL RS B & BB T a2 excisionrepaire it
gh 0 TEHE@myHeyb R > HPRTgene R FH E 7 URH /IS0
tafp B (apoptosis DX BB - HLFEREEFLFZITERENX
BEFIRMDAE Y A EEAM o &k CB/MN RdofeBe & H b
o T4 p ik 1275 ( molecular cytogenetic methologies )#% =1 4% 7%
B IR Jo T RN 8 o

W~ HErFe#E MN 892 8] (The criteriaof the scoring

of micronuclei ):

"
.

WN 2 EEF IR ERELZZ 2 —
EBRMETRER ZAMHRL
MN & 28 & 92 2 448 00 5, 8 2 40 4% 98

o
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4. MN 2B Em > ERAERIBMEEL &
S MmmmrEBEEeEEE—f 0 AIRHE
6. Bt —EA L MN &> 2i—18 NN 3+3
Kk B tale 0 RUNMEm ke B A AR o



4235 ( Introduction )

MEABIXANES > FERRASCHOABRLFTLSHH
FIAEFRFERIEFRRFR - FERESEEABSHREM
miTeRMAR > EAF4C(In)~ 4(Sh)~ 4(G6a)~ #(Ge)
HHEERANERT - FERIEZDARRBELHELES =
ERA AR SNBRECAFIATHILLENE  wEEREHRA
BAGHAFABGERE T RERE ) BHRFTROREABRTRR
THFRLAR PHAAREILEEREAR 2 e R rEl
BB H AR R A EA S e e F AR EFRR
B R L EEFRERSOHAR AUBEFEE LBy
M e ERERIEE A THRELFERLBEUBENL -

— ~ 4% ( Antimony )

AEBEEATEHNRTFEDL D RFE 121760 4 VAR%E
BT TR S sam. LA AF 3BRLEILEY
EABARY > He8 sulfur B & stibnite( SheSy) & 50 H 44 E 7
.4 /% ¥&( ores )( Bureau of Mines., 1979 )« AT YRR ¥ > 4
BECHRSRALRLAE S EL > ZHBREIGHES stibine
( SbH: ) gas- N FHERAEGHR - HEELPH XA EEL
¥r ERGAEFERIATELHETERNAL . FERLE
% #4%( Stibophan )ik A 4 514 B R A A E (Cipleaetal.,
1966; Arfaa et al., 1967; Ress et al., 1980 ) - & &M E41t
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TR GTIAREERSE - AALRBRARETHEERR Y ALEE
TEAR S FHR - FELRARINRE > ZRARNSCESIHR
EHRRET ST AN EN BREEE S KRR B
# A B 7 ( Pneumoconiosis ) % # £ ( Potkonjak and Pavlovich
1983 Do A4 EXATRFTEERENRAGILEHEEA N
FEJE &t 2R FH ( Leffler et al., 1984 ) -

R IR B E B 5 5 RS T b R
B BARBLanRES > AUAMEOREIRE > @ 3 B4a
gluthathione & &% @HITREFEETHE®HEL - A 3EHEE
BB OIKES > AUALLEHSERBMY - —RBASHNE
M E A AR 0 AH S BEEFHEAA sulfhydryl group #5840 7
Bd o ERMEBREBES THOARRLRAESNSTE > &
A BENSTTHAELT RBELERIB RS T A F H

Dimercaprol -

= ~48( Indium )
B TFE 49 RF2114.8 mpBHiIA% > AF 1
B 2R IMERET > BEHEALSTE - SRS an
EBAERNE s GFRBERANFERGLEL > @A AR E
MAMERERERSETHFBAEB LA L( Stern et al.,
1966 )« —MRRAME G RY R —RETREMRBEAGE LA E
b BEREHBMERILNGE AR
SAEFBRERO S BRI PIANLSBLEMOHR > &
ionic indium €4 & transferrin #E ZHAFTH > BREFETER
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%%y > @ colloidal indium oxide B AERKN L A4 > W™
RATHE - BROEE - EBTFEZEGARIEE 0 EAEF - FA
EAFHZEMBTAZLOAEEKRN Y ERE &G T AL R
89> B invivo#EH T P& InCls: EEAFHRAZR
B B ALAD 4% #p#]( Wood and Fowler, 1982 ) °

FEERE In-111 ¥4 A R 8% % ( Present, 1988 )» # 3%
#EHRSLEE( Adamson, 1975 ) BAFREMKETLZIRE - &
B EWA RSB TRIL S M EAF L F M ( Castronovo and Wagner,
1971; Fower, 1983 ) & & 4 #4% £ ( Yoshikawa and Hasegawa, 1971 )
BAE/NE >~ #-Fx hemoglobin #v neutrophil 4 & €&/ ( Down,
1959; Yoshikawa and Hasegawa, 1971) » {22 BI7 48 & 4 64 110
MRTEHAEL > EFE— TR -

= ~ 4 ( Germanium )

SR F# 32 BRFET2.59 MHNEEAKIVA HFoL M -
fHEESES Topn MEFHRENNLBEFLB XM - &8
FTERA2BRAE » EEBARARTR4IBHESB RS £ 1945
FeFsEE A AN E &8 (transistors )0 ®mAEEE % (diodes )
2R B ( rectifiers ) M 70 FREZHRHERN > HIIRSA
BN EARBOEEREMUBARLELR G L TRUR LS
24 BN ER—SF AL PIE spirogermanium A
carboxyethylgermanium sequioxide 483¥ 3% & R e MBI A A .
PG RETE © BT ST AR T -

—fRRR RMT - BE - HEUREREMEHLY
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Tek FUBESIZRACHRDIANTERR THERAM
I HAASLAMERRE RN EELHE G F 3 E (Schroeder,
1967 ) HEZHH 14 R LB IVHSERAEN 5> B §
B WA B S e B UARR IpiES 454 %] £ 4% ( Schroeder, 1967 )
XK B Aop2( Mehard, 1975 ) ABEREHETBRAZMBEL T EL
PERBELEESHE B BATELT LT HRSEE(Nagata,
1985 )« NERBRAZBRENS TLERAFTHBERL » AT XA
o] B MR X e

BILE L RHEEMAEREEGMRABNRARBRTFERER R
BEEeE o R 50 4844 89 Long-Evans # & F 25 £ K F FH Ao
Sodium germanate — & BRI SR E S hoBE S A R 0 (28T 4]
b B AR IR E 2 R B2 P9 iE 3] bppm 49 Sodium germanate BF AE B B8 MK
g 2 44945 4 ( Kanisawa and Schoeder, 1969 )- %4> HERFTL
TS T L ERE R BT R s BHREERYTIR B
fetk S Abéprtdi( Han, 1992 ) o DM AMRR BBEWIBAHLEA
B ¥ & HL neoplastic e97F M » — KRR BT tetrahydrate
germane fh > ey EFM R > S HBURNE - EERRELRE
bR E 655 & 0 4% Spirogermanium % A #4E L AW EEEIRB e
( Schien and Slavik, 1980) c ZEZE FeEdh PR SRE &
PP RULE L R 3 ho s FER4LBET R A Dimethylgermanium oxide
& & £% 8 (Caujolle et al., 1965) FIMAGEAABTMAEAH

EMRBIBALTEY -
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v~ 4£( Gallium )

HRNBMEENMA%ERE % BATAREIIRLAY
EEME—SEMIERARTRAOFERESEH -GN
Harris( 1983 )2 H 45 B d & i F 4 transferrin &4 ° HEdjk
REEH > PTUAE i P8y transferrin #eafon 0 BN ET AL S
e BTBEEGHAFRIFLEFTEARAN ;K EREHE P
FHREF R ETERE W TREEEILEME el b LBAF X 4
T oA @ AR AF 3R 3 R B A H M -

FREETEEMBENRRHABAM 0 EEAKEZLTG
transferrin( Tf )& & ( Harris et al., 1983 )R R JE1K 53
t Tf receptor & & s & A\t ( Chitambar et al., 1992 ) -
18 &k ( Leukemic )% g & 55 3 K A8 40 ) 4m fie 4% TR 4R R TR BT
ribonucleotide reductase &5 :7% M f¥#p$| 4m fe 69 & & ( Chitambar et
al., 1986 ) -

JBE AR E Ga(NOs)s B ATHL A R EAFIL 26 B BIBR S BB £96
B R BB ( Warrell et al., 1983 ) o {2/b #2206 % 25
Ao ERFHFHERFEFME -

mEL R B X ABRFEP LD FEHRT A i
Aebh s Ko B H-FERR NAFZRTSHEME - M
BEXERERM- & & HRehAGsHRARE > Hit
2R EZAMER » RZBRBEHRE > ATARHRAA DA% RAR
WEERERAL M 8- & KL V9 TEBEA B
Wi R EREIRFCELBMOREZ/EA 0 L d Catalase &
SOD 9o NRFEFABEESFHNIBBETPAREGEAFHN? AR



D-penicillamine( D-PA )#= dimercaprol( BAL )E:ziik{s A &4
B ¥ % FUAFIA D-PA R BAL RIEH AR FRMEMFERELE AT
AAERENR? PEARRELEREH ORI EH LB ah
FEARREBTEGEN -
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ke F % ( Materials and Methods )
B vk B
— ~ B A
AL T3 & %LpEA Signa g (£H)
1. Trypan blue
Cytochalasin B

Catalase

SOD

D-penicillamine (D-PA)

Dimercaprol (BAL)

B. FTo&spEAE Gibcord (£H)
1. Trypsin (0. 25%)

SEE L e

Dulbecco’s phosphate Buffered Saline
Minimum Essential Medium

Foetal Bovine Serum

PSN (Antibiotic mixture):
4 Penicillin
Streptomycin
Neomycin
C. T #&&pEA Aldrich 3 (£H)
1. Germanium (IV) oxide
2. Gallium (II) sulfate
3. Indium (II) chloride



4. Antimony Chloride

D. TH & LA Merck 3 (F&8H)
1. Potassium Chloride
2. Giemsa

3. Fix sol’n (Methanol: Acetic acid=3: 1)

- FRERRERERZEY
1. &1 ( GeO:z ):
# GeO: & 423 B 49 0. 001N NaOH ¢ » 322 0. 005N HCI 38 %= pH {&
28 BHESHNHBEMBORKIRE
2. %47 [Ga:(S00)s]:
H Gar(S00)s BB E B 248K T » BHFESHBBEM TR
BIRE -
3. #&A48( InCls ):
# InClaiah i B ey A8k T BB ESHHBREMEHRLR
.
4. #.4t45( SbCls )
# SClam W B &y DMSO + » B E S ABBREM T HRER
o
5. MEM
BCETEE 1 A MEM et R Ao As 8% 840 ( NallCOs )2. 2g 7%
W1tz REETAKY > FAPHMEET.254 > BRARRA °
6. Cytochalasin B (Cyt-B):
#§ Cyt-Biam ik B 69 DISO + » & £IRE A 2mg/ml 3k 24 HBSS #%

31



#5% 0.5mg/ml -
7. 0.075M KC1 (U&3kiEi):
B 0. 5dg KC1 &5 100 ml 2 Af8KF -

= KRB
1. & &#%%4( Lanina Flows ):
a. Bhg: Bellco
b. #A35%. 8001-74000
c. & A¥: Canada
2. 3% # ( Incubator ):
a. Bk : NADAIRE
b. #3%:. IR AUTOFLOW
c. HAEH: U.S.A
3. #u#( Centrifuge ):
a. K. HETTICH- Zentrifugen
b. A5%: ROTANTA/R
c. H EH.: Tuttlingen
4. R #( Slide Warmer ):
a. MBhg: Fisher Scientific
b, AR 177
c. HAEM: U.S.A



5. 7kis#( Shaker Bath 130 ):

a. Fhg: FIRSTEK

b. #4%: B 202- Tr

c. HAEH: U.S.A

6. zmpaxt2 % ( Hemacytometer ):
Reichert-Jung

T. 245 Microscope ):

a. Bk : Nikon

b. #%E: Microphot- FAX

c. HAEH,: Japan

8. &FRF:

a. Fchg: METTLER

b. A% AE 240

c. H&#: Canada

9. el BRSNS

a. Fchg: Nikon

b. #%E: phase contrast 2 ELWDO. 3

c. HAEH: Japan

10. BEgshal 24

a Fhg: WIW

b, A%%: PH 537

c. W &H: Germany



g~ BAE BH R ERHE

L.

PO

JE R 8% & Kodak T-max

R #AF A Dektal
BhAEERZHE: Kodak T fixer
.J& B Kodak

B R Ilford

R

a. B kg . Meopta
b. A 5% . OPEMUS 6
c. H A Janpan
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BRIV BRF E
— ~ Rtk

ok PEAEH (V19) et pEing 12 8/ 6

#| A %o fo 3t 3 % ( Hemacytometer )E4% 5X 10°48 V79 4= 8 E
HERHm P
|
&4 10% 4 4% ( Fetal bovine serum; FCS )& 1%
Antibiotic mixture( Penicillin, Streptomycin,
Neomycin; PSN )&y 5ml 3% % ( Minimun Essential Medium; MEM )
i
J
BANAA O% COp ARFFRM G 3TC 8R4
)
g 24 B
!
MNEFEREREANEB T4 o F e RmRd
!
YE R 2 48] 8%
{
3 B3 AR I A PBS R E e tm Bl 2 R
b
ha N EE B A b E e 3 R IR AR T V19 fe B2 b BT 7 R Ao B
¥
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A tmpafziE £ ( Viability )

1. 4a88: 5X10° V19 ta 8

2. B 5h:
£.164#( Germanium oxide ) ; 30-300 uM
#HEs4%( Gallium sulfate ) 5 10-100 uM
#£.4648( Indium chloride ) 3-0.3 uM
#4648 ( Antimony chloride ) ; 3-0.3 uM
Cytochalasin B( 0. 5mg/ml )
Trypan blue( 0.4% )
Trypsin( 0.25% )
3. KRB
Microscope
Hemacytometer
B R
4. RE M.
5X10° V79 4= it
!
¥ 24 /N BF
b

AN ERE &Y

B 30ul Cyt-BRAARFR4EaE A4 PN 2R RIBH
|

(IR

|



A PBS iFiktmin 2 &

|

AN 301 Cyt-B B iF 2 38 k8%
J

34 18 1B/ eF

|

a4 0. 25% Trypsin & 3=

\

WERFmE

S

b. tapE &y 4

W tmpp R 3 E BN 0.4% Trypan blue K

J

# ¥ Smin

{
2L Hemocytometer fe 48] 3 s\ BASU4E T 3T 848 a B 2L R S 4m RO 2L
( 3T ém Btk 3 éﬁi?ﬁ?%?\éj BB ARRE ) mapFiEE
EUE S ST ATV fd

Viability( % )= 4A3iejpsadi-stmpas X100%

23 4 B 21




B. #fmpass %k ( Micronucleus Assay ;s MN )

1. &mfa: 5x10° V79 ta

¢

ARE: P

A48 ( Germanium oxide ) ; 3-300 uM
4% ( Gallium sulfate ) 1-100 uM
#4648 ( Indium chloride ) ; 300-0.01 uM
#4645 ( Antimony chloride ) 5 300-0.01 uM
Cytochalasin B ( 0.5mg/ml )
Trypan blue ( 0.4% )
Trypsin ( 0.25% )
KC1 C 75mM )
Fix sol’n ( methanol : acetic acid = 3:1 )
3% Giemsa ( pH6.4 )

3. 4% % : Microscope

4. REHRAE:
5X10° V19 tm gt
l
A& 24 eF
|
ANTKERE B4
B 301 Cyt-B A4 fik & PSN 2 324k 3n %k
{
R 21BN
|
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#BERLEHZRILA PBS Fihtaia 2 &
)

daN 30l Cyt-B B4fuiF 2 32 ik inkh
|

J
& 18 8/ e
J
4m e 42 0. 25% Trypsin R 3
!
MER e
5. Micronucleus = # 4 :
MoEeytaih ot 1200rpm &2 8min
v
2L ToMm KC1 & 22 6min fiF4mfaiei%35 4
|
24 1200rpm 28 8 min

¢

foi4% L

‘L ,

4 B Sl B KR 525 4 4 E 30nin
¢

A 1200rpm 8¢ 8 min
|

# £ FEk it Sml B F & & I Snin
}
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24 1200rpm & 8 min

b

Bl L F R A 3nl B 2 &R FE 3min

l

24 1200rpm 2 8 min

{

AN o Bl R I tm BRI 538 4)

|

IR RIS A T E AR R LR A b
|

Pk h stk 0 A E A F EEI( Glemsa ) & 5 min
|

ARG TEERE 1000 €@ TAme N 228

#3t 4 #r (Statistical Analysis)

a7 E % (Viability) » #0004 (IN) = & R 2L mean=®SE
23, mEWAS 4 I 2 ML Student’s t-test R #R4E 0 E p<0. 05

A R4 E SR -
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# % (Results)

A mlfFEER

1. ¥3pug/ml Cyt-BRHEFEALT > Ge» Ga:> In-> Sb # V79 ffita
e %

B — 887 0 V79 Mtsfnss Ga 30~ 1004 M FREAEZEERLH]
2 90.6+1.52% 88.6+130% >4 Sb03~ 1 ~3uMBELET > &
SR 2 58 £0.79% » 64.5+1.96% > 355+ 1.82% ¢ #: Ga & Sb
T EBRIT BRI H VT a2 55 E > @ Ge (30-300uM) © R
In(0.3-3uM) ¥R s - EARIPH VIO Mlafo 255 % o

2. ¥3ug/ml Cyt-BHFAT Ge» Ga» In> Sb# V79 Fimh
ZHE
B =%~ V79 Mitape Ga 4£ 30~ 300uM FAETFHAFFE

23124 882+137% 523 +3.45%¢ 4 Inl~ 3uM AT > % 94.3
+0.61%> 94+0.68% 4 Sb03~ 1~ 3 uM F> BlA 6.98%0.64% -
08+0.18% 65+1.71% %5 Ga~ In~ Sb¥E&ITEZHH
% VIO Mita 2 275 % > H bl SheyipslARAE > M InfEE
wEaeirsleLast&L > @ Ge 30-300uM) HFLE T ERESH
Batad RE4t &4 -
3. RELEBEE-—FEH-_EX:

o ZBER M Gedh o Ga(30-300 uM) > In(1-3uM): Sb
(0.3-3 M) #p%] V79 Mitm e 25 R 24E A T# Cyt-B G ug/ml) E4
HER G -
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B tmppAlAE

— > RWAFERELBZ VI Fitags :
1. Blw#E~R4 3 ug/ml Cyt-B 2 V79 fifa
a. Wmig 2 454E-% AR RIFF flask (Ao dm FTAZ AR 7)) o
b. e fo HABIZRER (B ZAARWLAT)
C. WA FEW TR RF O ABILAHR) -
2. BA#E T4 3 ug/ml Cyt-B 2 V79 B tm i,
a. &3 tafn 2 B BRAK 2 S EE R M flask o

= AwA 300 uM Ge Z V79 Bhém s :
1. BlNB7A8 3 ugml Cyt-B 2 V79 i 4= e
a. SLE wiE b bm B AR 3E o gt o
2. Bl#7% 3 ug/mlCyt-B 2 V79 Bita i,

a. LB AARL B 4m o A AR 3E S A 4 o

=+ huA 100 pM Ga z V79 Bida i
1. BIABE= A4 3 ug/ml Cyt-B 2 V79 i fa iy
HmEwWABLLE > VMGl E R

a. B 20K (ke fTAR R R) -

b e BB LR ETY B ABRNAT) -
b. Ak m8xm s EEN YL (oF = BB W

) e

PUIN ——



2. BAEFA 3 ugml Cyt-B 2 V79 fifiém e,
HREAEtLE 0 VIR LR
a. e ZAS K (Ao dm STAR AR ©
b. tafp B Blafo i LRE D QB ARLHT) -
c. REptap ZEHHZ ZBRKN flask (W FCZ A

) e

W A luMIn 2 V79 fitmps -

1. B+ R4 3 ugml Cyt-B 2 V79 ff b i,
a. MLE|WAMLLRaBELERE -

2. B+ —874 3 1ug/mlCyt-B 2 V79 fitafs
a. SIEAARtL BB ELEERE -

F o~ A 0.3 uMSb 2 V79 Bida i ¢
1. B+=87~%4 3y gml Cyt-B 2 V79 it i
R R R o o N B o i
a. fafio 2 454%-% A AR R flask (R0t FTAZ 2P oT) o
b. tafle T X MBARNBER (BN ZARREAT) -
C. Mot RAEE (WwEF W= AAZWEHT) -
2. B+=874 3 ug/ml Cyt-B 2 V79 Bf = it
B BB R mp R R R
a. ta g 2454E-% A ARR M flask (4o ba STAZ 30 ATT) o
b. a8 3 BRBNIERE (B Q= AARLAT) o
C. i RABE(E O AARILAR) o
d. B3R T ta BB b o

2 30 PR



C- #ob#k (MN) :

— EFHEBER VI HmBET  FERLE A MHE K
IR AN ER B TS S 2003

BB+ ey & 285~ Ge (3-300 pM) A Ga (1-100 uM) T &3 4]
BRI EMRERF TN ERLR T ENEE > BEH
B 48 % Mitomycin C (MMC) & T %0 84 & ) 35 45 & & 41b &
( Biofunctional Alkylating Agent) > H 4552 DNA # 4 X g 4 »
W % & 4% 8 (Nucletic Acid) 2z 4 g #3542 (Crooke and Bradner,
1976) » #Emik R DNA % - MMC £ V79 Mt R R E(EE
SR ERM B NEIEER o BHRBEAELE 0 Sb v In ¥ V79 fite
Moe A A EEmEN o AFHRT 0 Sbiw In # 0.01-0.3 uM F A El
E-A8 M3 VT Mitmie 2 MN 2 o ZRE S 03 uM 58] &
B mia s > {545 MN 2B S48 iR -

=~ LAVEBEE V9 My wEEERSE 2 BEEMEMHE
AR
A . GesiInxz X B/R
bolB +EEET > Ge 30~ 100~ 300 uM F HAfE & 2 8400
ME AR A 11.85+1.03 5 10.63+£092 1251221 @mix#la (9.73
+0.49) AL RAE A T EH 9> 12 0.1 uM (14.9£0.88) & 1 uM
(1434 £ 1.04) 2 In RIEF F £ 93w MN 2> & Ge » 100 &

300 UM F 0 HAei&) 0.1 pM A 1M In A A2 MN (AT£ 55

% 10.67+1.90> 105+1.28; #F» %5 10.00+£1.5> 10.7x1.14)-
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B. Ge 21 Sb 2 X 54k R

BB +NBET Gef£ 300 100> 300 uM E %1% 8 2 31
21133 +£1.05> 10.63+0.92> 1033 +0.67 #1344 10.29 + 0.56
AMLLBREREATEMEH M SOMH 0.1 & 1puM FTHAERFLR
GitEH 6 MN # (17.71+£046 > 17.00+0.61) > & Ge # 100
BR300 uM T » HE45zlsem 0 0.1 uM Sb & 1 uM FF# sz MN (3T
E5 R A 11.67+1.200 10.00+1.00; &% % 1025+2.62> 10.00
+1.95) 0

C. SbO.O3uM 2 Inx X T4 H
HE+ 8T Inf 003> 0.1uM & Sb £ 0.03uM FHE
BN EL SR B 1544+ 132 1623 +£0.89 18.5+ 1.64 #ayr4)sa
1032 + 0.50 48t 2 &£ £ 693w M 0.03 uM = Sb 23] 0.1
R 003 uMIn R EAER AU NAZE 3] 2 1945+ 1.75 0 164+ 1.22
MEIF2 003 uMShbARLL R E R BEH#ITE S -

D. Sb0.1 pM 2 In 2 X T4 A
2B+ A7 Inf 003> 0.1pM & Sbi 0.1 uM FH#
AL A A 1544 £ 1325 1623 £0.89 0 16.96 + 0.65 fix 4l
1032 £ 0.50 ABLL B 2 A B & 6938w M 0.1 uM 2 Sb 2%/ 4 0.03
EZO1luMIn X 2tk A A8 %353 A 1758 £3.56 0 17.87 £ 1.57
MBEIF2 0.1 pMSh Bt R A% E £ -
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E.Gan3#InR SbxZa 4R

BAk—ERET Ga & 30 30uM FRBIMIENF A
11.0 £ 1.00 > 11.5+ 0.65 #4F 448 10.4 £ 048 dB b E R A 43t &
£ @ 1luM =z In & 0.1 uM Sb 8980 MEB 4 5] & 15.8+ 046> 15.6
+ 052 24T E S E 340 30 uMGa 4 318 1 pM In /£ A
BFEAUNZE B A 1402 1.000 145+ 1440 £#EH2 1 uMIn
PEi kB E R 2235 30uMGa 0.1 pM 2 Sh#ER S H
BONEE SR A 20521.70 0 19.5+2.50 Bl B #3E H a3 ho o

D~ £ V79 Bt ? ¥ S4B rmEL2 MN #bEHE
B NBRELRE

a.SOD SR InAMELAZRE
MERZHEREHET 03uM 2 Sb B In H4EA B £
V79 Mitm B2 403 (19.5+£ 044> 184 +£0.67) > M SOD £ 75
B 150 uM BEEFAT ER 4w Mg (103 £ 131> 9.0 £
1.29) BReA &E &MV 03 UM 2 Sb & In A7 & 4 2 #4453 (10.8
+1.10> 85+0.64> 120+1.827 13.8+1.10) -

b.Catalase 2 Sb A In AR AL ZRE
BEAZHERET 03uM 2 Sb B In AR E £

V79 Fita 2 B0 58 (19.5£1.61 > 181 £0.42)  Catalase 42

75 B 150 uM BB F £ T R €8 ot %3 (9.0 £ 0810 8.0 &
0.40) BHAZEHRY 03 M 2 Sb & Inff & &£ 28 g (17.3
+0.94 > 133+0.75> 11.0+0.57 > 14.8£1.75) -
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c. Dimercaprol (BAL) #2# Sb A In ¥k AAEAA X RE
hEwWeEREET 03uM 2 Sb & In HAEA B R &M
V79 B fm a2 4N s (18.6 £ 0.58 5 185 £ 0.27)» @ BAL % 1
B3 uM F 3R €8s g3 (1052095 9.75+£0.75) {24
10 & 30 uM F @i RA %23 he (143+1.76 0 16.7+£24) » %
MBALAZ 1 RA3uUM FTEARENAD 03 UM 2 Sb A InATEAZ
BolES (123+1.255 125420955 9.7+£0.62> 8.5+1.84) ¢

d. D-Penicillamine (D-PA) 2 Sb R In f AAE A X RE

BERAEHERET 03uM 2 Sb & In H4eh & £ 493 o
V79 Bitm B2 4% 45 # (183 +£0.64> 17.6+0.76): M D-PA £ 1 uM
T HE ARG s %S (9.1 £ 0.63)0 124£3010 Z30uM Fe
BB e (117 £1.655 1654260+ 17.0+1.00) » M
D-PA £ 1uM FTE&HFEEZMMRYD 03 uM =2 In AT E £ Z BN E
(14.1+ 0.70) - f2f&kx’> 03 uM Sb Fr& 4 2 #4042 (173 +
1.10)
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3% (Discussion)

ERETERT > Gado Sb 254 Cyt-B THEEEMR VI 4
e fFE % > M GaFo Sb AR V79 tafe /778 B2 4/ A T4k Cyt-B 3%
Flhsge InERESCyt-Bz V) mmd HamrsRtapE {2
fito N Cyt-B e MumiantEE&ind V) w2 miEzs s B
Ge Z4ERR% Cyt-BEZ - Cyt-B &4 44| actin polymerization
2z %% (Brehner and Korn , 1980) » M st X Thodk Ga- Sb
Fo In Ztap 1% > b 488 actin polymerization fofm o fE %
RE M- M Gar Sbie In¥phléa f 778 F AR T AL 030 4] actin
polymerization Z &b E F (4w Ca*) WA o  Altman et al. (1993)
= 4% B2 hybridoma e o 4238 — BB ] 4 R B 4 F mM = tert-butyl
hydroperoxide 2 ferrous iron &#| A M #& 4 o755 £ 447 /% trypan
blue #o fluorometric & fLtb# > Altman RIEFF 345 £ 32 4 2L trypan
blue ¥ T tmfe e RENRE R L FARE > AR WETF
EE - BERBFAE miedrEF U fluoronetric 447 i A BT &)
WA o PR ST ER P oL Trypan Blue RFARtmp 2 f75% » ]
FEBIE BRI Y RIE 0 PTUAE 6 B B i — 8y ik R AR
A o

MR Ry B2ME dNeEEEIELEM4K
Eamak (1D #h# Mcerofilaments) £ L& & & 4 &
(Actin) > H e %%da (linking protein) B &HF| R B E 4 -
AXE% > LS EZE4RAR LT b BEREFES
(memberane anchoring protein) #9E A M Z e g £ > 34
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b B BE MR IR B X AF o LN TR T v fm e B B AT R AL &
transmembrane protein # & > M miapp-WiiEsi (cell-cell
adhesion) z i#%:% (adhesion belt) A R&mf-K Ei&% (cell-
matrix adhesion) % & #f#:A§ (focal contacts) @ fE Fefx$)
FasR@Eg TRl efoRigigia g (2) %% (Microtubules)
EHaRBHBERES (tubulin) UBEBES F AT R R &
(protofilament) » ETH AtamEH 2 @M% » EEBBE G L
dynein M E @ fmfe ¥ S48 » & kinesin R|TT{E M E & B B %
2 WMETABARBR @R T ER LT SR E @R E K
H7 > By R THEEemafmibieEs - (3) F
B4 (Intermediate filaments) H=T#4=mfgff k4 transmembrane
protein i & R b -4afniE %k (cell-cell adhesion) X pot5/)~ 42
(Desmosome) A 4= it 2 € F5i& (cell-matrix adhesion) = ¥ jaA& I
%% (hemidesmosomes) > M P ] & 7R =T 2 ankyrin & & fm B £ E
AR BETiREER G (lon channel protein) - RN Lz 4E G &
EZREAECREN mIE LB ZMMERNHR TN HEZ
ZEREMER > ER-ELRAFEELEFARGKRET AT
U BFRTHFEEZI mpRE > RepEHR I ERE
# (Goodman et al., 1994 Alan et al., 1991) -

£ A B % & » Cytochalasin B 4t r8 #7 #% % & & &
(polymerization) PR & & F o -4afhiEft 2 2 28 % (Adhesion
belt) MR fafo-RKH&562 5 (focal contracts) @ Afllém
Mde Cyt-BAunig & s B 3k 2 25 Li (1987) % 42 & Paraquate
eHERMMENEET LA IS e BRAHLEBEETHRR
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Bl meEEN TR HE o TUAERTRYT > oA Ga & Sb 24
f R tm i B 42 (Cytoskeleton) BAZEZ % B e Cyt-B &y EF e
by R4 R BA BT RE R B Ga B ShAEM g Rss K
FPUBRENGEARREF 2R T I EHER LI PDERA LR
EERABRTHE - B4 THMRIXeBpVETHREME S F
B /1 PR actin filaments BE 44 2 H 4 £k (Lazarides and
Revel, 1979)» @ ShA%E Cyt-BREGAMABRIRLEER (B
+= +=) AR Sh TrREWELBETIH VI ppEdE
MRRE > ENERE@BRLEELE S ReBLBRCEHBHE

—F Wi -

MAEEEE Ty aAAFEREBH V9 e
FERFEMIARBRNERET > B98I S R ErkHe
¥ ho MN 2t AR BEEH TR EALEAARE Kuroda (1991)
# i Sb g 3gAe V19 tmpe SCE #9948 % » Gurnani et al. (1992) #&
2] V79 #mp oA SbCL, (1.3, 2.5 5 10+ 20ug/ml % Sb,0, (0.09,
0.17, 0.34 e g/ml ) R3E > H &340 SCE 694 % » LA Gurnani
et al. (1992) #HME52 B384 A SbCl, &2 6, 12, 18 & 24 /8542
BREEZEA TR T L Lo BT AR T AL EHEE
REEA A o Gebel et al. (1997) 7R% 8 Sb &3 ASE
#eskz SCE4E% » B4 Hantson et al. (1996) £/ &A1+ 2
J£ (leishmaniosis) & B4 F 2 E E A 42.5g & neglumine
antimoniate (CHgNOgSh) k4% » EHE M ek (Lymphocytes) %o
Mg FRAFCHERTIEFERETE SCE 895583
Ao 48& MN B 4p ZRBEM w0 LA E LR A ¢ T F 4
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IR e By MR TeE T LERBBNRY > HFER
Bl e G B AR A 4L o FRubx4h > Groth et al. (1986) B &
2| Sb MM AGRERMNERE  FIETRIVRKFIERT
YEZ R T BB L SRR RIS - 2 LAR B AZER
BREMRIGRIAEHERRHEEFE LAY HHAF TR
A BRME o Fldo Watt (1983) REAETHWEFRL T 1.6 &
4. 3mg/m* T ¥ A &y SbCly (4 0.02%e9%F) » &R @3 EEes s
REBEET > FAURMRRLREGRSFLEGLRILEH TR
HARBRNEH HoBx > SO HABRTARENH R TS
FR ESAETRERERERFNE S Xe@aMig- bsh A
Fob E B GV, 848 > kA EM X+ 585 (Gebel et
al.,1997) - Frul Sb HAZETREAZEY o WK In TFREAR
Mledsge MN 28 - Z|BATALE > &8 In AE5lRems R EE
FHORE FARBRER In ¥l B HH £
#. A B In 2% 3R %40 Yoshikawa (1971) #k% In ¢ R HBEET R
Bustamante (1997) #& & InCly; & 1, 10 &% 100 uM T2 B MR
(thymocytes) #E)3%% 6 /o253 InCl; €% S A MMk
# DNA ladder #i3R - b Ge (3-300 M) A Ga (1-100 M) &
i A VIO i N B #9300 » 303 Kuroda (199132 &
w0 EEER 0. 5mM GaCly & Ga(NOy)s- 5H,0 42 Salmonella % 4
Hd ¥ Aa 0.25-2 uM GaCly, & 1-8 M Ga(NOy)y SH,0 & V79 B 4m i
7 SCE R eySAF LKW oo Hoh» Lietal. (1992) 4= i 4 HGPRT
Rt P dibutylgermanium dichloride €4 CHO 4=fe & £ 50%% |
HAEESH2.33 0 mAeSZMN L mM FRI€EAREM » 2K
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Bk EERRN 0.20 i FTHAREREEER - RS
RAEER A —F - @ Lee et al. (1998) A ABMEIRTRER
Ge (0.05-5uM) BHEMEM - AU Ge AFEE Olm M) +
THEEA R > (2% Gely BAREAR & IRAT A AP L BIE MBI &
B - @7 GafIn ABBEAYTHBFEN% > 2htafFiEly
FHRY Cathtmfo HHAE DA In> MmAESEMLE In AT R8N
3G At 5@ Ga > ATUARRIFTRE R e he N Ga 2 V79 Ffi b L o
i B RZIGEMER@BIET > AN In 2R EEER
8938 hot 5 82 DNA 1548 2 Stk 3 1A Bl 2 40 & AR -

MR FERKEABRTRAFEERRGFEHLE - AU
BUARR 2B HIWARBREAHN V) miTRAELN YL &F
B+ TR Ge (300-100 M) %2> Sb (0.1-1 «M) & In (0.1-1 w
Wit V19 tafo 2 %R E (B2 >~ +55) 0 b Hanet al.
(1992) #HmEERLT 0.7, 1.4 % 2. Tmg/kg = CACl, £ B FHise
B, (bone marrow cells)Ff & 4 9488/ NEB3Y o B4 &, 52 6 B & T %
0.1 & 0.5mg/ml/kg = GeQ, ARV » 5 4 CA™Arid o2 Btt Slo
oAl R 2 B R AR B dm 2 SCE 48 % 6938 ho3fy T 4% Gel, A7 ¥
PR AR S A8 o @ Lee et al. (1998) 7735 i Ge0, 7T £ AZE M
B3 fa B P AR BE B R R PR 38 An 2 MNe P Ge Rie R A& &1
BT RAte Bz EEER @ SO A In (B+t~+A) @
A V19 m B R & ZAR Ao s8> Ga ¥ In B4R 1EAvik Sb 23k
BHEE (R—) » HBBFFELBRLBMIRARABEEARDE
B — 5 IR - |

—BARR 0 TALBEY - SRBORNHRE A TRRE N
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RS BEETREHAR 0y 0 L0 OH--Fawh 0,7F8H
AT pmgndy (el - BB BREEYE) LeERE
F4b > Rm{Esied > i fads MEReBARELRSL
BhRE N1 R BEEEME 0 SOD AedE Oy #4800, >0 A% Oy Etafarse
# 0 B oH0, T4k Catalase % i H,0 0 B L0, HawmipaHE -
FAHR Sb &R In A& 4 e84 se4k SOD & Catalase At (%
=~ k=) #b#t Trimenstein (1995) AR wALém o & 4 1-1000
«M potassium antimonyl tartrate (PAT) & 2453 PAT S8 & &
B S S @At R RmieF A TF
2 Sandra (1995) # & In sest %A A M R(TE FeX" S H 54 8
bz 3pE4aML o By SOD Fo Catalase £Fv Sb o In —FAw > AR A
SOD #o Catalase & U# & HH0 Sb> In omEKRLERFHD
FREGHFIWBHE? RIE Lee et al. (1998) =®/E > Fom &
ABEESZ REAREABRCKMBEZRABEFRE LRI v
SOD #v Catalase FF#H4L @ FAMAB AHRERETHEM > ATL SOD Fo
Catalase T AE4& V79 M fm o pr R E A B SR R A B A 82 >
SbE InTreAL&daaEimEReaByGE -
%46 % (chelating agents) A&B T HREBAF HHIAF

B THEALSWBETER 2Bty a TR (electronegative
group) & F > HEHAGHRTFELARTFHABEINESY 5
B HEd > Dimercaprol (BAL) » X #% British antilewisiter X
RABEASRES BireBaemark (S gromp)zassds
Mg %, T4 5| L% mieshe - Penicillanine % Penicillin #7k&
MoafgEy > DA Bk EHdu LA (A% FEFHEAXR

53



B BAAN,ELBARRAYFENE 0 ETERXPABAIN
S A (Sulfhydryl group: SH) &4 > N AaARFLEELR S
BEHAREHE ) MUETEFSESLARBRENIR - & D-
penicillamine (D-PA) #¢ Dimercaprol (BAL) % # R Rt AHE4B
&% (Lyle, 1981 ; Aposhian, 1989 5 Domingoetal., 1992 Li
et al, 1994) > FEABE ¥ T4 D-PA &R BAL 2554 5B & F(10-30
M) &3h V19 tafox MN > #Ex%M Sb & In (0.3uM) Fr
EAby MN 2 1= BAL £RET (1-3 uM) FerAEBEEsMHE
AR S A& In AT oz MN 20 12 D-PA R 4& | uM 65 4E %1 In AT
EAz WN # R4 &r88 SomEitey WH(GER X)) K
HILERIER TR A G BAL B& 2 @& s m D-PA R & 1 B &
Ao FTESMIEHEN REIATE -

3 Sbfe Infe V19 tmpe3y BS54 b #> S0D Fo Catalase
TrHEAL RSN AAUAEREREHIBBTRFAGERM -
BAL 7R T 54 Sb v In 2 1R H M U Fo 2 sh 8B E 2 d A M
Ak Ge R4 SbAo In 2 EEHMH EMRBBATHRFE. A
PLo SbAe In AR HMI ABERLS T @ MIERE KRBT
FRfg - wp S InfragmiRE (20 1u)D) B AEEEM > &
FoRZBHREHNLBEERE (F 10uM-10m M) o proistF 548
TY¥ZREITATHEBEELARME - GefoGa s R AEMEHM {2
Ca Btapp it AL L Ge o Ga £EAHE F&M (Schauss,
1991) » 22 FEALR#AE (Fermand Carpenter, 1970) > £
BEIARTREMERM A I FREERB (Fadeev, 19805 Arts,
1990) » PAARFARELREHF TR IAZERKE -

s
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120

100 -
80 —
= 60
Py
.E
Y
> 40 -
20 -
0

- Cyt-B

C 040,00 4030400 ¢34 3 34 3

Ge (puM)

Ga(pm) In(uM)  gp(um)

Bl—. ¥E#4B 844 (Germanium oxide), #hiEs4% (Gallium
sulfate), #.1t48 (Indium chloride), #.1t4% (Antimony chloride)
ECyt-BRELATH VI Mtalpz 775 %2898 %. Data are shown as
mean = S.E.. *P< 0.05 as compared with control.
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Sb (uM)

Data are shown as

In (M)
57

Ga (uM)

Ge (uM)
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e - e |,
[
RRAREERRRERREN )
_ ; w i W, * m | m ' AQ\\
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( % ) Apigein

FE o8 A4 (Germanium oxide), #5E£4% (Gallium
sulfate), #.4t48 (Indium chloride), #.t4% (Antimony chloride)

£ Cyt-BAETH VI Map G ERkaBE
mean = S.E..

B =.

*P< 0. 05 as compared with control.



Viability ( % )

110 w - Cyt-B
i ® + Cyt-B
1004 S In

o0 %k wk

| %

80 -
70 —
60 -1 Yk

50 -

40 -

30 -
20 -

10 - Sb * %k " sk

7/// ] | 1 | { |
03 1 3 10 30 300

Concentrations ( uM )

Bl =. tbax L Eae a8 f1t4t (Germanium oxide), #Et4% (Gallium
sulfate), #.1t48 (Indium chloride), #.t4% (Antimony chloride)
% 3ug/ml Cyt-B R AR REATH VI a2 tafa 7 iE R eh B L.
Data are shown as mean £+ S. E. . *P< 0. 05 as compared with control ,
**¥P<0. 05 as compared with Cyt-B absent group.



L. AN 3upg/ ml Cyt-B = #8848 V79 Shsmsh,



B, o3 wg/ ml Cyt-B 40 300 udM Ge = V19 phitm gt
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B . pwANdug/ ml Cyt-B & 100 uM Ga = V79 A 4= 6.
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B+—. seAdug/ ml Cyt-BA1uM In= V79 Fitaps.



B+=. sAdug/ ml Cyt-BAE 1uM Sbzx V79 k= fp.
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Number of micronucleated cells/ 1000 binucleated cells

25

20

15

10

.
b T
™
I In
| MMC
C
Ga Ge
//// | i ] 1 H ]
0.01 0.1 1 10 100 1000

Concentrations ( ptM )

Bl+w. V7O fidafits P %2248 814t (Germanium oxide), #
84% (Gallium sulfate), #iMt4® (Indium chloride), #1tés

(Antimony chloride) W4 #itmpt & A% 2 24 % 2. Data are
shown as mean + S.E..
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Number of micronucleated cells/ 1000 binucleated cells
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c 30400300 4 30400400 g1 30400400
Ge(uM) Ge(pM) | Ge(uM)
In 1M In 0.1uM

B+3a. £ V9 MHmpe 30-300 pM 2 &164% (Germanium oxide) #
1 20.1 uM #4648 (Indium chloride)srss E 2 240 489 R JE. Data
are shown as mean + S.E.. *P< 0.05 as compared with control.
*xP<0. 05 as compared with 1 and 0. 1pM indium chloride alone.
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Number of micronucleated cells / 1000 binucleated cells

N
B
J

21 -
*
18 — * T
T
15 4
*x
12 *k
b ?‘
. Sl | N
P
K N
6 ] | | RN
i ’
' %)
3 - 5'§ . \
I |
3 |
0 i X :’:}
C 20400200 1 20400400 0.1 20400 400
Ge (M) Ge(pM) Ge(pM)
Sb 1uM Sb 0.1uM

o8 £ V19 Mitaie ¥ 30-300 pM 2 £4b4% (Germanium oxide) #
1 & 0.1 pM #4t4% (Antimony chloride) Af3s i 2 #0458 R JE.

Data are shown as mean + S.E.. *P< 0. 05 as compared with control.
*¥P<0. 05 as compared with 1 and 0. 1uM antimony chloride alone.
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Number of micronucleated cells/ 1000 binucleated cells

s

TTTTT T

TITTTTTT T 7777

M

[
!
i

777507

C 0.03 0.1 0.03 0.1
In(pM) In (uM)
Sb0.1uM

++t. A VIO M+ 0.03 uM = &1t4%p (Antimony chloride) #t
0.1 & 0.03uM &1t48 (Indium chloride) AAEE 284 N2 89 R .
Data are shown as mean = S. E.. *P< 0. 05 as compared with control.
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Number of micronucleated cells/ 1000 binucleated cells
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In (pM)

Sb 0.03 uM

B+ £ V19 Bt ® 0.1 uM 2 /e85 (Antinony chloride) %
0.1 &0.03uM #4148 (Indium chloride) #7# E2 MR,
Data are shown as mean + S.E.. *P< 0. 05 as compared with control.
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£ —. £ VI Fsmip Paisgss (Gallium sulfate) ¥ £4t48 (Indium
chloride) & #.4t4% (Antimony chloride)rr3s xR .

Treatment Concentration ( pM ) Number of binucleated

Ga In Sb cells / 1000 binucleated
cells

C —_— — 10.4£048 (7-16)

Ga 3 — — 11.0+£1.00 (10-12)
30 — — 11.5+0.65 ( 8-15)

In — 1 — 15.8+0.46 ( 14-18 )*

Sb —_ — 0.1 15.6£0.52 (12-19 )*

Ga+In 3 1 —_— 14.0£1.00 ( 13-15)

Ga+In 30 1 — 1451144 (11-18)

Ga+Sb 3 — 0.1 20.511.70 ( 16-24 y**
30 — 0.1 19.542.50 ( 17-22 y**

*P<0.05 as compared with control.

**P<0.05 as compared with antimony chloride alone.
Data are shown as mean=®S.E..

n = 4-8 from 2-3 replicate cultures for each treatment group.

Number in parentheses are the range of micronucleated cell number.
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2= &£ VI9ssmae+ SOD # 0. 3uM £1t48 (Indium chloride) &
£4t4% (Antimony chloride) AT E 2 U ZRIE.

Treatment Concentration Number of binucleated
Sb In SOD cells/ 1000 binucleated
(pM) (pM)  (pg/ml) cells
C — —_— — 8.0x£0.73 (6-13)
Sb 03 — —_ 19.5+0.44 ( 18-22)*
In — 0.3 —_ 18.4£0.67 ( 15-22 )*
SOD S — 75 10.3£1.31 (8-13)
— — 150 9.0+1.29 (6-12)
Sb+SOD 03 — 75 10.8£1.10 ( 9-14 )**
03 — 150 8.5+0.64 (7-10 )**
In+SOD — 0.3 75 12.0£1.82 ( 8-16 )**
— 0.3 150 13.8+1.10 (11-16 )**

*P<0.05 as compared with control.

**P<0.05 as compared with antimony chloride or indium chloride alone.
Data are shown as mean=®S.E..

n = 4-8 from 2-3 replicate cultures for each treatment group.

Number in parentheses are the rangeof micronucleated cell number.
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£=. £ V79 fitmpe ¥ Catalase ¥ 0. 3uM #1648 (Indium chloride)
B #f.44% (Antimony chloride) Fiss E 2 8/ R E.

Treatment Concentration Number of binucleated

Sbh In Catalase cells/ 1000 binucleated cells
(uM) (M) (pg/ml)

C —_ — e 7.9 +0.67 (5-13)
Sb 0.3 — — 19.5£1.61 ( 15-22 )*
In . 0.3 e 18.1£0.42 ( 15-22 )*
Catalase e —— 75 9.0 £0.81 (7-11)
— — 150 8.0+0.40(7-9)
Sb+Catalase 0.3 — 75 17.3£0.94 ( 16-20 )**
0.3 — 150 13.3£0.75 ( 12-15 )**
In+Catalase —_— 0.3 75 11.0£0.57 ( 10-12 y**
— 0.3 150 14.8+£1.75 ( 12-19 )**

*P<0.05 as compared with control.

**P<0.05 as compared with antimony chloride or indium chloride alone.
Data are shown as mean=*S.E..

n = 4-8 from 2-3 replicate cultures for each treatment group.

Number in parentheses are the range of micronucleated cell number.
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£w. 12 V719 #Fsa i ¥ Dimeracaprol (BAL) # 0. 3uM #1t48 (Indium
chloride) & £i4t4% (Antimony chloride) PRS2t ERIE.

Treatment Concentration ( £ M) Number of binucleated

Sb In BAL cells/ 1000 binucleated
cells

C —_ — — 7.9 +0.67 (6-13)

Sb 03 — — 18.6+ 0.58 (15-22)*

In e 0.3 - 18.5+0.27 (15-22 )*

BAL —_— — 1 10.540.95 (8-12)
— 3 9.75+£0.75 (8-11)
— — 10 143+1.76 (11-17 )*
—_— — 30 16.7+ 2.4 (12-20)*

Sb+BAL 03 — 1 12.3£1.25(9-15 )**
03 — 3 12.5+£0.95 (10-14 )**
03 — 10 16.0+ 1.78 (11-19)
03 — 30 15.0£1.47 (12-18)

In+BAL — 0.3 1 9.7 +0.62 (8-11 )**
— 0.3 3 8.5 £1.84 (5-13 )**
— 0.3 10 19.0+£ 1.29(16-22)
— 0.3 30 175+ 1.65(13-21)

*P<0.05 as compared with control.

**P<0.05 as compared with antimony chloride or indium chloride alone.
Data are shown as mean®S.E..

n = 4-§ from 2-3 replicate cultures for each treatment group.

Number in parentheses are the range of micronucleated cell number.
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% 7. &£ V7I9 fFtafst D-Penicillamine (D-PA) # 0. 3uM & t4R
(Indium chloride) & #.4t4% (Antimony chloride) A73s 284144
R E.

Treatment Concentration ( £ M) Number of binucleated
Sb In D-PA cells/ 1000 binucleated cells
C T e 7.4+0.67 (5-11)
Sb 03 — — 18.3£0.64 (15-22 )*
In —_ — 0.3 17.6+0.76 ( 15-20 )*
D-PA _ - 1 9.1 ®£0.63 (6-10)
—_— — 3 11.7£1.65 ( 8-15 )*
_ — 10 16.5+2.60 ( 11-22 )*
_ - 30 17.0£1.00 ( 16-18 )*
Sb+D-PA 03 — 1 16.3+0.88 ( 15-20)
03 — 3 16.5+£1.50 (12-18)
03 — 10 17.3+0.75 (15-18)
03 — 30 17.7£0.33 (16-18)
In+D-PA - 03 1 14.1+0.70 ( 11-18 )**
— 0.3 3 15.8+1.00 ( 12-20)
— 0.3 10 19.54+2.50 ( 15-26)
— 0.3 30 20.3£2.20( 14-24)

*P<0.05 as compared with control.

**P<0.05 as compared with antimony chloride or indium chloride alone.
Data are shown as mean=S.E..

n = 4-8 from 2-3 replicate cultures for each treatment group.

Number in parentheses are the range of micronucleated cell number.
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