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NMEFERHERRT © (EBRET S AT M P s AR AR B s i rh - I T &AL es
(GeO) I #EFH(Ge-132) - FHEEBRAESREET  GeO Bt B AJE 757 I el (A431)
Je EEATARR (Raw264. 7)FEL » T Ge-132 SR R AN SR 22 > BT
— TG [REAIIESE e A2 A A L (apoptosis) » FAMiF &8 Bl YAl
HUAET TS EiS DNA BY73T Al R A - DNA JLEdgig A Bl - HJeRl Huang
L 1999 FERIMFFERS FREDT - AT S B F A A ) 24 T
F(MAPK)EERELS - FTDARS T fissah SRt R » MR 04T MAPK &
SHPS AR IRSZHLE > FRMHEL GeO A A431 Al - EiE kA 205k
EER Ry ERK - {H¥ INK J p38 B fikse 8 » /¥ B R G 1 #8557 c-Jun
(8 B A HIEREE GeO I ABIIFRTE NI BTt GeO: LA Raw 264.7cell #% »
&k INK ~ ERK #9iEAL » [RERAYRRERER 1 c-Tun t & t@hn - Hth—#5 SRS 08%
Hitr s B AR R EIM A 2= 2 5 7o bT B RS 5 22 Bilh K $8
AR HYEAR » Bl AT AE A431 fHIHR AT EE AR NO By RIEEEE nitric oxide
synthase (INOS)HYZRHR » BffTEEH A8 KAl & ahE INOS RYFRBIFIGN - &7
GLLEAGR  ATREEE R A S P TREE A MAPK SIS ELERS ISR AR IE
(= » i H INOS IR AT RE2 B ELSEAR - mhFAMPrAl - &R —(ER I E S B AE

HHE T TRERT AR INOS 25 E A A HIISE -



Abstract

Despite the extensive use of germanium (Ge) in the electronic industry and
optical devices, the potential risks of exposure to germanium compounds have not
been evaluated. The effects of germanium on cell physiological functions were
studied. We first asked if germanium oxide (GeO,) or carboxyethylgermanium
(Ge-132) could affect cell viability. We found that GeO,, but not Ge-132, reduced
cell viability in a dose-dependent manner in epidermoid carcinoma A431 and
macrophage Raw 264.7 cells. In order to test whether apoptosis contributes to
germanium cytotoxicity, DNA fragmentation was evaluated in A431 and Raw 264.7
cells treated with GeO, or Ge-132, respectively. We found that neither GeO2 nor
Ge-132 had effect on chromosomal DNA fragmentation. Previous studies by Huang
(1999) et al indicated that sodium arsenite (NaAsQO;) cytotoxicity is mediated through
mitogen-activated protein kinase (MAPK) pathways. In order to study the
mechanism(s) by which GeO, mediates cell death, we analyzed the signal
transduction pathways triggered by GeO, ~ We found that GeO, stimulated the
extracellular signal-regulated kinase (ERK) activity and transcription factor c-Jun in a
time-dependent manner, but not c-Jun amino-terminal kinase (JNK), or p38 MAPK in
A431 cells. Treatment of the Raw 264.7 cells with GeO, induced activities of ERK,
JNK and c-Jun in a time-dependent manner. Collectively, these results suggested
that GeO, effects might be cell type specific. To test whether free radicals were
involved in NaAsO; or GeO, mediated cell death, the expression of inducible nitric
oxide synthase (iNOS), which produced the NO free radical, was determined in A431
cells treated with NaAsO, or GeO,. We found that expression of iNOS was induced
in a time-dependent manner in NaAsO, or GeO,-treted A431 cells. Taken together,
our results indicated that GeO,-induced cell death may be mediated through MAPK
signal pathways and that iNOS may contribute to NaAsO, or GeO, mediated cell
death. To our knowledge, this is the first report that iNOS may contribute to heavy

metal mediated cytotoxicity.
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VTR ASEEN BB A AIEC R R 2 — > BRI i _E YT S8 AN s
{H— A B EIRAN TR LB S A R - BAMAIRSE > BIEEET—FAH & 24
HOPTRASESL— 8% SR - ECHERE" SERePUE” WEHARREHE 2
1o EEE T BAHEE"  nIDUAESEIE  E S o B HIE ST 8L a1
5y o BeAh > RIEER— AR BN > HESHTREE R D) -
I H E BT 850.9~2.03 1 g lg), fEfFA(1.23 e lg), U151 e l), FTG.76
we DM EEHEITTEESERFE 4~ 5) - (ERENIRFSE - QTSSO GIE(ERE 208
6) © AISRAR A SRR GeO: (1000ppm) A& g i S0%HIFEL-H ; 100ppm [AIf e S
R EEHIEAR © (BF 30 T) © T —TEEEI L5 Ge-132(carboxyethylgermanium
sesquioxide) eI EREAINAAE R - A6 HAE—CIRE 2 MRS E A GE
(ZE 308 8)  FAMHFZ T H B2 8151 Ge-132 Kz GeOn BTN 2 A= AU AT R -
RGBT Y BRI Sl s AR A= BT RE -

(Z) WHFETTEEERE

(1) NZE_E Rz A431 flfarsse

A431 HlRFEREAE &4 10% fetal bovine serum(FBS) / DMEM 5588742 [HA% 10 cm
FORFEI > B5EAENEFSH 5 % COx K2 95 % air - YL 37°C RUMNME &5 -
EEEf(confluence) « A& 0.05 % EDTA £ 0.025 % trypsin HBHEAREN
(phosphate-buffered saline, PBS)E-E A0 EE N2k » B Cs 80 xg » 5 min » 2L
IR DAGE E BB GRS & (subculture)

(2) ZEERARaw 264.7) 25558

BB B S 10 % fetal bovine serum (FBS)HJ DMEM o F#HAE 75cm’ FUAHHuEs &
M - HHMEEFEREREE 51 5% CO2, 95% air, EE 37 CHUMIIEES SR > SRR
AL« & AR R (confluence) » [EEERF TSR BTN - IEBEIN AT fERS
BHAARE > FoOSEEMEEENL > DIt AR EEBERECESZ (subculture) » #9K
AR

(3)HEHI(A43 )8

RFREETIY A431 AHAEI(10cm dish)fdst MDEM » fTLA trypsin 2ml > % 50515
) sl BN trypsin 2ml JRASHIERZZEFE( 5% CO», 95% air, 37°C )15 min & °
HHERIE FH SR TG L i B P AR - #2284 0% > S0 A MDEM 8 ml ©
RAEAIHBEE 10 o] ZEERELE > A 10 ¢ 1 7Y trypan blue Y47 > FERIR
G145 0 B0 1] REEIIEES b o R g -



(BT (Raw264.7)8
TIEZERIT Raw 264.7(10cm dish)fhiH DMEM Z#e /& - IS & T

AR - BAEEE OB > WA > B0 1] REHINCEI b AERREE T 8
g o
(5)DNA 7347

B 1.5 x 10°EMIAES R 10 emZ B2 MIA— BRI R I EE_ 3R 15 ml
HECVAE > FELA trypsin AR FHESZ MRS T AR 2 H—32 15 ml BE0EE - R
3000rpm BECs 10 7388 > EBR LIE#ER > DL S ml PBS #RFERIRE VeI 1 & > LA
3000rpm 0o 10 S8 Z5BR _EIEW > FFRL 1 ml PBS ARENET TG > R
1.5 ml 2 S O © FFRLA 1500rpm B0 10 7368 - KB B30 A0 L
100 11 lysisbuffer FEHEENFE3FTHL » FERIA 5400rpm MEfECs 5 4388 - MR Hifk
A S FERFIIA 20 21 22 SDS (10%) K 50 112 Rnase ( 20mg/ml)
A 3TC N HEF TR SIE » SR AIA 150 1] BB Z(1OMF 1.2 ml .2 100%3P9k5(4
C) > ¥ DNA PR ° 2 #%7F DNA LL 12000rpm #f/(» 10 min > #26x_EIRHEGE L
15 121 TE buffer & DNA % » 52 1 111 2 loading dye * 1 1% 2Bk » FA 30 R
7 N 8 hrs > 2% LA ethidium bromide %% DNA #59 10 min » £F UV light box FEIH]
% DNA FrEY -

(AR E)

*Lysis solution -

NP40 1 ml
EDTA 0.76 ¢
Tris-HCI 0.79 ¢
FHfEFKk 100 ml
AGERAEE pH 2 7.5

*10% (SDS) -

SDS 10¢g
MK 100 ml
*Rnase A (20mg/ml)

Rnase A 20 mg
MK 1 ml

JR7KE B 15 min » RS -20C -
*Proteinase K (20 mg/ ml) -

Proteinase K 20 mg
EHETK 1 ml

* Ammonium acetate  (10M)

Ammonium acetate 77.08 g
MK 100 ml



(6) Cell lysate HHELfH

iR 10-cm Petri dish Y A431 AR > DLUKIERY 1x PBS JEVERIZ A 1 ml
Z RIPA JEHHRICER 2K » DA tip RIEHHIR R A 4°C R LA 3500 xg BfELs S
min > B ERRENES cell lysate » BEFERY -70°TC

(AL

*Lysis buffer (RIPA)

IM Tris-HCI (pH 7.5) 25 ml
NaCl 438 ¢
IGEPAL CA-630 5ml
Sodium deoxycholate 25¢
Add H:0 to 500 ml

*Modified lysis buffer (RIPA)
FEf ] RIPA B » & ml A

0.5 M Sodium orthovanadate 2 ul
0.1 M EGTA 2011
5 mg/ml aprotinin 21l

0.IM PMSF 1011

() FEFEEEHEE

MRPE Lowry S5 AU 72252000 » BeEL SRR YA FH £21H (bovine
serum albumin, BSA) : 0, 0.025, 0.0625, 0.125, 0.1875 Kz 0.25 mg/m] BAEHE L, o ¥
REHE L SRR AR L i 22 > P& FINIA 2 ml alkaline copper ¥&W(HT 2%
Na:COs /0.1 NNaOH : 1% CuSOx + 5H:0 : 2% Na-K-tartrate 2L 100 : 1 : 1 LLFRE S
M) HAERE » FEE N 20 min © £ FIA 0.2 ml 1 N Foline-Ciocalteris
phenol reagent EE &R A HuFE 30 min° DL Hitachi U2001 £84856-1] B8 EqE
f# (spectrophotometer) #idk 660 nm < ISEAE » FLAERTEEIFEAE 30 min 58K °
I PSS (R B LR S R ol B e A 59— 1 vE AR e bbb e ] AR

HEHERE -

(A E)

*2 % Na.COs / 0.1 N NaOH solution -

Na:CO:s 20 g

1 N NaOH 100 ml

TIAKMQEIRERER 1L » &R EIRARAT -

*1 % CuSOs solution -

CuSO: - 5H:0 1.6 ¢
7k MQZEEERERS 100 ml > &R EIRLRAT ©



*2 % Na-K-tartrate solution :
tartrate + 4H.O 26¢g
HIZKMQ)ENBERE S 100 ml » B EIRAFAE -

(8)75 7252417 (Western blotting)

ATREE T EsN R N Ml e I BE V2 (sodium dodecy] sulfate-polyacrylamide gel
electrophoresis,SDS-PAGE) -

) SDS-PAGE HJ#Eff -

*Hlfi gel YRR -

- a YUK 30g acrylamide, 0.8g bis acrylamide f17KZ 100ml

- b YA * Tris buffer  12.1g Tris AI7KZ 100ml, ph6.8

- C AW * Tris buffer @ 12.1g Tris hi17KkZ 100ml, ph6.8

- d YA * 10g SDS 7k 2 100ml

--109% A.P.(ammonium persulfate) : 0.2g ammonium persulfate JII7KZ 2ml
-- TEMED

NP 149 HEFEEEIE(149% stacking gel) Z IAWAH L -

- a IR 0.248ml
- b B 0.185ml
- C AR 0.015ml
- d B 1.043ml
*/INFT 14% 7 BiEEEIE(14%  separatinging gel) LIS,
A VAW 2.3ml
- b IAWE 1.87ml
- d AW 0.05ml
-- HHOMQ) 0.82ml
-- 10%9ammonium persulfate 16.7 11
-- TEMED 34ul
*Bd G gel -

AL separating gel .2 a ~ b ~ d B HOMQREETTS » FINA 10%
ammonium persulfate sz TEMED E& 2 » B Ekt o sdil e mEd o EACHE LT
ZHHEREA > BAIACKMQ) SR EHE L A > 457 gel BEAETR » BRZEAKE -
MMARG T stacking gel MG [AIRHRF—{& T g REHaE A - A HEERERENTE R
SDS-PAGE HY#Eff; °
Q)3

HUHE Y 50 1 g & FVE SRMIARI - A5 2 —#81E/Y 5 x sample buffer
BE1E) BERE OB 95~100°C WK Fg B S o048 (d Hrp & (Ve e
TR A stacking gel B SAE PR BE KR AR R > RIZMEEFEILA running 4%
R DV BEIE 30mA FEIRAS 30~50 4388 - frfa nilth G R Bt IR -



BUE e -

(A TEACIE)

*running buffer :

Tris 15.15¢
Glycine 72.1g
SDS 5g

PR MQYSHEESARES SL > FAABHR B 4 CRAF -

*5x sample buffer :

Tris 0.757¢
Glycerol Sml
SDS 0.20g
DTT 0.77¢g

bromophenol blue :  10mg
HIZkMQ)ZEBEFEFS 10ml » DL 12N HCl #4155 ph6.8 » B HA-207C AT ©
B. /B Kk semi-dry B i (transfer)

HBFELSER) SDS-PAGE BEIBEL T > FIIFH SemiPhor™ % LA semi-dry Y EEE
T > HOGERUTT SR EEREE 5 7048) - KR 5 4088 BIEE AR (iR
15 /)RR A PVYDF 5 > EHAWY B E AR AR R AM AR BT B
TRHEERBNE PVDF % I et SR s E R =R Y M JEARAEZ - iR
HUGRE o BEREITEEE T 0 A 4°C FEL 200mA FUBEFR(INA 10V 1 /)N © dEE]]
1 PVDF i r] s ggett -

(A TEACIE)

*HEE AR (blotting buffer)
Tris 16.5¢
Glycine 78.4¢g

TIZKMQ)4.4AL » EHA 4 CHER-AE » 1.1L 4 methanol FAE FHRTEIIA °
C.EFHA & (blocking) :

BEHEN5E AR PVDF BEE @ s B AR EV - iR E - /2 4C Nl
TEER T 1 /NKf > DISHBR IR RS S

(AR E)
AR TR (washing buffer)
1x BEERARMETZ(PBS) 2L
Tween 20 2ml(0.1%)
BEHE%RER 4 CIRF
*$FBH #B 77 (blocking buffer) :



non-fat milk powder 2.5¢(5%)
TV PEAB TR SOml AR A -

D. R YL

HRFZ L PVDF Y blocking buffer ZBf » LA washing buffer ¥EER ( Z -7
2R e 2 R > FAEE 2 R ) LAEBRIERF EIERS S o FRIIALL washing buffer
WRRE—R PR - 4°C N E » ST % LA washing buffer PEEER (-8
2R o3 2 R 0 sy 2 %) 0 FHINALL washing buffer B H it (LB 3558
FEAY AR o =0 T SE 1 /NEF o RESEFR LA washing buffer JEER (=43
2R 82 R FArEE 2 R) 0 DIEBRIEFRRRMERES - B2 FIA BCL i
S AIA lumion A FE(EHERER PVDF [ FH GBS EEE NS IR N FE 1 4
$ > FEAREDEYE - vIHIFIEDSEE R X ST > I ENETAS R 0 It
JIEERERR -

— RIS eI
p-ERK 172(1 * 2500) goat anti-rabbit IgG(1 : 2000)
p-JNK(1 * 250) goat anti-rabbit IgG(1 : 1000)
INOS(1 = 1000) goat anti-mice [gG(1 = 2000)
p-p38(1 - 1000) goat anti-rabbit IgG(1 * 500)
p21(1 + 2000) goat anti-mice [gG(1 = 2000)

(=) ~ IHFEREREE R G

WRAER -
— ~ ¥#5F NaAsO: » GeO: » B Ge-132 ¥} A431 B Raw264.7 MG 2
BRI E RS - FRIE T AR 24 /NREZ 1% > A ESEH
SERIBHAAYE N o T H Raw264.7 A Rl EL A431 TR > B iR anY A431 A
HUhmA NaAsO:(10~50 £ M) » 48 /NEF.Z 7% > 35 HEFEE NaAsO: JEEERIIEIN > el
AHFERARERIEC (B ) » BRI - & A431 AHHES 3 BUMIAJERRE £ 10 ~ 100 ~ 1000 2 g /
ml 1 GeO: > EF 48 /NR#f% > FERERIERE T n] B2 SR R E RO AR - B
M2 > RSN - BSOS o A EEE R DR (E =) - B
GeO: MEE A MBEME - Ge-132 DUFIBEIRE I AMAG - (ER 48 /NKF% > 1418 -
BT BB AS R Ge-132 N HAIISEL (B =) » GeOn %
Raw264.7 HHIfEEE 1 » F1 GeO: B A431 MRS 22 2E IR - BIAE GeO: fE 3
Raw264.7 NENRE TN - BrErEp izl (EY) - {2 Ge-132 AR 2% (data not
shown) » FHEA FASSREUR GeO: BLAfl— R EF & 257 A431 Sz Raw264.7 AHHIZEL



— ~ BT GeOn & R AMAESEC YR
(1) DNA B tir

BRI A 10~ 100~ 1000 12 g / ml B GeO2 K Ge-132 {EFH 48 7NEFZARAY DNA
3T AEREUR I A DNA e A& 1) » FTLA GeO:2 Al Ge-132 gt A
JEL (apoptosis) °
(2) GeO: T 2NE N IR 522

FH 2 BRI FTAG S A5 %0 NaAsO: tEndaAiay2EL (8 =) » 3 H NaAsO:
fiefsi A431 At MAPK FOTEA(Z2520RK) » A AT — 2 2K BT GeOr 2 A5
AR MAPK SHUE BRI AR e e HL AT AR BHIDRERY 5222 - JRF A431 At g 2
Img/ml B GeO AEAR AR RTEL 1530 min ~ 1~ 36~ 12~ 24 ~ 48 hrs » fE# GeO:
R BRI I > @S k ERK - A6AE GeOAERT 0.5 /INEFFIERf » ERK #%iE LAY
FERERIER R A - A IS CE nI R 6 /NEF(E/S.A) > {HAE MAPK & HHY
INK Rz p38 BN 52 2] GeO: 52 2%(data not shown) ° TI4E GeO: %f Raw264.7 #llfig
i MAPK FREVERRS S22 fHlEE.A ~ B 14 BE# GeOo /F FIRF R I ERK
B INK EFgriidifl, > 1H p38 Al g@r(data not shown) °
(3) GeOn SR F- c-Jun S HANE FE R 522

KIS GeO: &5 b MAPK FRUEELIERE TS » FTLARE T AR BAME BRI E MAPK
IIFRIYYE » AL S ELERTE GeO: P2 HUAIIIEL. © B SeBAMEES c-Jun B
SRR TR M4 - FIEZSB) KBS (OFR4] > GeO: B Erfill A431 & Raw cell HIHY
c-Jun FELEIGNN - HEEEEIRRFRISE N - A431 cell HHY c-Jun B I(E <
B) o AT AT AR SE T iR H /2 AE c-Jun RELEIGNNE - S A e (e i FEee B R wiE 1L -
BlaneEELE NO B INOS B /2 2 Bl fuE I p21 &8 » 2 atEst
GeO. 58 o FHE RS BLEETRAE A431 cell §1 > GeO MEEF &35 INOS > GeO. JEEHH
30 st RIEE R A B (@S C) » 5341 NaAsO: B GeO,—7HE » JREr{# iNOS =g
I {HEE GeO: 727G %] Raw cell H1A4 INOS & A= 522 (data not shown)

7 EtASFASEN > GeOAE N FIRYATINY » FLPmE LAY MAPK B&{AE » HERT

7B PE L BRI E TTRE R AR -

EEC

FRERHT e =CHRHE /) - SRR PR PRI RS (28— eR A S %
P EEE Ras/Raf/MAPK & FRESTS - RS GeOr G EAMIIEIELC 1R - HMTEHR
[R5 MAPK - #5371 A431 cell HUEY ERK #ififl > 1M Raw cell H1#Y INK ~ ERK 4%
Tl AE— P WFEE MY o-Jun BEERE H > PLE FUE 2 BIPERIRE BRI Ry R -
EERAE c-Jun HAlafk - 5591 > 8 A431 cell H1 » INOS HYEI IR E 52 E] GeOs
Frafsid > HEERoRAiligth NO YR alRERE. LN - R EHE A431 APy B ERAS
RIATHEH] GeO: 755 INOS FYSE TR RE/ZAEFH MAPK FHUEELEESTE > ({5 c-Jun
R S A INOS FEKIZRH » 47 INOS REUG L - HENO E& LIt
W FGHRISEC - TS — 51 » #ERTE Raw264.7 Mg GeO: [AIERE AL



{HAR g {41 INOS ZRIUE N # GeO: At BTSRRI FIAHA R L 22
E 3TN > Y GeOo WHAl{# Raw264.7 MHIEZEL (BEAR INOS HYZRIIAE
ZH GeO: IR ) » EHBTRS LA - it GeOr &2 Raw264.7 Al F INK
HTEAL > {ETE A431 MRS > FTlL > 7E Raw cell 1 GeO: B A REE 25 INK Y
A B R LY E RS - 1 AR SEC -

£ NaAsO» #f A431 MRz B8 > ' @is{k ERK ~ INK ~ p38 F1 c-Jun -
AEEBAMIIEL » BT i RSB AS S SEtE— e EE IR NaAsO:
A A431 JfHR INOS ZEAYIENN o AT LAHER] NaAsO:F1 GeO: &R AR ZE
[ HEAPRES] e S B i R RS BIRER R o BEIRAHELEE AN B A A —RRYTT
F (BT EEIZE EAEA H R RS - BAMHERM R rTaEa AH R AT
B -

AREBFTE S0 e EY) - —BH#IEMYI(GeO,) » SH—RAEEH
Ge-132(carboxyethylgermanium sesquioxide * CsHiGe:0r) » FAM = AT E R
TEERIEE AR S A —E A AE S - BEAR L —F b SRS S
{8 > (E/E RIS SR GeO: & SEAHIESELS » 1H Ge-132 Ny » Hg ZHHEAAR[A
AL - BERYIBEERILEY) - (H A EAARFEBIMEE © 2010 GeO 424
e TEMAENRE  HARAEE  FE/AVOPIH - mAaResEa T4 > BefEE
T EHMI R EE AN AEARTTB AP ESaE W T > K
drar  [HEAE A C LM =7 AE - T DAERHI R A RS0y s B S T
0o AL AR EEEY L S A TEEE - TV ERER AR E R JTREE A
o

() ~ FhEmEEiE M -

FER A T A B Re s B B gk > BME T NSRS
. NEPEZH#ELEY) > HEME R FER -
2. GeO» BHAME7E I F i AZer B Er IR MR R A RIS A= 52 -
3. SRS R A R B A L - TSRt AT RE B — B N A4
FHIFHEEE -
4. EBBATAEASRMLEIER rTREE RS H INOS HVEIL AR B A -
RAGEFHE— S BIZAEN T GeO: 1 NaAsO: BEHAME S BAVIRIL T > £ MAPK
ARS8 E#5 MEK ~ Raf %48 B R S e danfl - ARE L EH S E Al 6E
mei—EE > AFoRIbE AW BB RIS A S - 6 HRefe
LM HEAH I SR S A HHERIZE R Ren e e S A E |
HEARMT - AEER T > AWFFERE it 17— (B PR BB B AN A v A A e A BRI
SRR HpRH T — (B e R AN SEY AR R B AR - R M A e A
e tfr > WH7EE —(ERESHYRER - pLAh  SE (TSRt S aR i > ST —FEgey) -
FEHE R TR T > F BEMEE B fE SV \ B2 - Wl 2ae S h i L
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2. FEIEF; (H. S. Huang) @ BRI RS AL RS S SR T a2l Bil@ st
BE AL A LR > 1999

3. 2 BINLEI KRBV RIS B SE AT Tam 2L > Ha-ras BUSBEERIAE
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Cell number ( x 10°)
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(ng /ml)

Bz GeO,¥Raw 264.7 m% 13 /& 2 58
Hotm P e LA ek R 603 1 45 (GeO,, 100~1000 pg/ml)
48] P2 18 > 3F B dm Fe chig B R 0 WAL § 1 4

)k B A e € TR e P BE DY < o



M: marker

" 1: control
GeO, | 2:10
(ng/ml) | 3: 100
L 4: 1000
Gel32 gf 180
/ml '
(ng/mb) | 251 000

Bl GeO,% Ge 132%fA431m% ¥ 4 ¢ FEDNARTH
thgs o
#im e B2 H T kR 0F 1 45 (GeO,, 100~1000 pg/ml) 2
 # 45 (Ge 132, 100~1000 pg/ml) 48] pF2_ {5 » 12§ 749}
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