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Carboxyethylgermanium sesquioxide (Ge-132) D ¥ A4 L ARRFIERCHTEHBEE =Y RADM v
Tz R E FAREWTRE Lico 10LDy BOA v 7 4= vk BRI~ Y AT 100
mg/kg B Ge-132 »EOMERBE ST 5 &, ERAEKEEOMBRCKS, 1) £FR0L
H, 2) BAY 4 A RORFENME, 3) Fil= v v ) F—v g vOHBENE, 49 HAL 5o £
Wl EnTd bR, FEAWOBRLHHENE O Ligotc, & OEMEITFHHRS TR
BT, w4 L ARLETHES XOEES D OTFE « BEAD 5V BREORS THEETH-» 1%
#+-100mg/kg @ ip, sc, ¥ X7¢ im fr & DHPET, BB\ ik 33~300 mg/kg DFEARET Ge-
132 OH Y 4 L AHBELSHER I NI, EOMHK 100mg/kg BEXFEEHRET 508 RIEHTH
ol Ge-132 (% in vitro TY A A ARFR X ORPMAMCEEN L ¥E ¥ REELVOT, in
vivo TR BHE DX 5 iR, BEOHEE LN LTRAIhD b0 LBbh Do BAI Ge-
132 % interferon-y %Z5#& L7z b, natural killer MIBSOEM X TTHE IR 5 L3 T TEND D

hTwa.

FHEO VAN ARPE RO HAT I vE -7 =
ey (IFN) %, 727 vVvORBREXNELVWIALRA
BARERCR LTI EFCLORAHETE S effec-
tor THHY, HlxiX %< 0 PFRBERIE (influenza,
RS w4 4 ARM¥GE, Rhino v 4 A ARPIER L) 2~
N_RAY ANV ABE (HSV, CMV, VZV i) oRPE
el Thd, IFN oFHRIBHER 0 viree ¥
EFLTHEROP TLTCRE2DOATHWAY, LT
AT IFN. v A7 A TE hs BREPHABEL e b
PEHYCIGATIHE RIE, FHEATCRKEEELL
IFN ER* AL LTRECRSE TS FkdbEnrC
e, IFN« Y A7 AORBYHRE £EHTHY
L3> 5%E (FN HEAD *»EHENCBEC &ETS
LV HELBTECEIND B, BE T BETF
I¥o#ESTCESBOEEe YV avEF v IFN
HBHABEFRAB IO REY, Thb¥AVRER
BEBRIBEThbhTWAMp, Lt LT
BHpekETcrrRen0oH IFN BREANFRAS
b, ThoXAVTEBDO VA WV ARRPECELEE
AERELDIIETHEENIFECEETHH 5 LA
bhd, in€ked IFN« v A7 ARTRBESE X £ L

LTREL S 5B HRKo—2TH Y, »HREEL
AR EO Y FALDLERNCREII®RD A =
XAl DT, dLABrLThERENCHELTL?
zenceErhl, EERENAETEZAEYE LTORET
FTORPECTLAI ZLREEINDTHBY RER
#®pgte effector IFN) o &% 4h 0 & kP o K H
E+n, IFN 5F 0 F3 5 SEM & £EBEY 28
FHL, ZORKCRLEL (33VBELHETS)
BHHEDO AN = XARBBHT DY, EROH VA
A AR HBAELOBEANHRE LAY TARERE
BiEEZELRIRLRWIDLTH B,
Carboxyethylgermanium sesquioxide (Ge-132) %
trichlorogermane & acrylic acid X Y AR X h5HH
¥r==v atBH? ¢, IFN-r BRIEA k¥ ET
BREREHR (BRM) TH 519, Ge-132 ok ik
Bz SR define Thie?, EAO#RS O TE
Y ESSIID o L BEARBEERBO SREDT
ZEUOBENZ ERELDOhEHYETHIHEVITL
THBH1, rrehhbhiy, T0X57sGe-132%
BUTy 4V ARBEL BB LD D L ATENIED
YEBRBHO VA TRETH L ERA T, b L Ge-
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132 ABHRR S RBELRPET LR~ DIGH b TTHE
hoT %o RERTR YAV ADBYEBRET L L
LThbhbhOHRLES Y2y 204 v7 1= v¥RK
pRx v, IFN« v 27 AR FB) X @ TRBEY
BRCEL OTHRIE, — V4 A RLBYOEEL
grfbhiwEBbhz,
I. 5% & ##H

AvIn=vHFEI A NAZ =7 AE[{L D Ay/Kuma-
moto/Ys/67 (HoNo) BR%{Hf Lico XV M LV ADEESE
JCD 50% B (EIDso) ik 10°9ml T, <v 2T
0 50% REEBIEZHE (LDso) 1% 10%/ml TH -7z ¥
AvAD BRizhbhvbho BR LI E ¥R 7 ¥ (50
mHg OEHT 30 HHEOREBEBERID'® TTik-
Yo RVARARBELVEA VL NAR AL a7 5 X<RJsD
v DDI % (7~8:B#) =V A%FH o A LA
ORABEILE W TRRE LR, BRE%
U Lic< v A DR BHHFET CHASTT h o8
L, 7423V T10% Drev=%—t2fEH, Thi
REBMERETHAZ LRI D ERE LI, Ge-132 3%
krr==v AR OBILH, ER) X h#EEIhic
PFER (Lot 770615a) %, ZEOMK, A L RARLD
Uk LU 3RGMHIET, 3WpfEEE, L1 B 1E=7 BREAR
WEES- Lico ¥1ob B ERTIIHDEN B EHTEELR
Hatedie, FHHRR, T - BEOCD D \VITERE
s Lich) @EERA Yy 0 o — L OB, BEOMAL
YRR (BEEBROKRE) Li, YA rAD~
YANDREREIX 101Dy & LcH:, T OERFROBE
WLDy BARRFP B E = v 2318 M N ACRE
(%, Wo5ywrFEE) L, A 10~11 HE XD
REFEARE D, B 15 BEE CRIBETXNTORERE

By —ANR—BIITH 50, B~ RDOFEDOEEDF
A v AV ADIREENG ZE& - THE LBV Y
V) F—va VEEF SR ATEA D EB b A T\
616’”)0

RYB R OHIE T FE BRI T 5B DR
% 30 BROAFREEHEFRABLEEZEL LTTk-
i, BEBETIEANE~ Y ADMsFBr Y A1
AHFE AR BREO T HE LIBOBARIBEL L
Too F MBS U THR G BEE O/ o M R HL A
(HAI fli) ®ffioa vy V) F—va vELHELBE L
Lico HAI fliRea vy ) F—va vOBEFEXE
B 0T L ThHDo REBEADELHET 5 BEOH
HXRIE L LT ribavirin #8\ %=, Ribavirin 1 v
7 h= RPN TAREYHUERT TR I<Abh T
519, ERTIROHE Y, 50mg/kg BxEFH
10 @ Ge-132 LRED R 7 & = — L CHEAR S L,
BONICERD > BEHEF B OVTIX STubENT'S
t-test T, LHFERIOWTIL X? analysis T, XfRBEIC
HARICHEEE 2R L, B ShicP{E0.05
DT OBCHESRED D LHE L, Ge-132 DEHEH
ey A VARFANBLERARSA v I r= vy A LR E
% 2 DYSLEE DIRK % 37°C T 12 B5ME incubate Lo
TEARTHE LD, w41 2ewd 5 HEmEremE
FEHIME (1,000 pg/ml) EDLHLBIITI v 7=y
F oA N ADIEIET BB THE L

II. & ®

Bz 100 mg/kg © Ge-132 (§£A) ¥ X U 50 mg/kg
@ ribavirin (EHER) ZZThLh 25 DO v 1 /L A REH
=y ARHERE L, FOH YAV ABHREE LI
SREE (50 IO IXEEACRAKED Ay ¥ 2 — A TO0.5

Table 1 Antiviral effect of Ge-132 on influenza virus infection® in mice

Drug? (rrll)go/slfg) I\::i'czf Mea::llail;:,wal P sufv(;vgz %) P
Ge-132 100 25 >20.2 <0.001| 13 (52) | <0.001
Ribavirin 50 25 >17.4 <0.05 7 (28) | <0.001
Saline 0.5ml/mouse | 50 13.1 0

9 A 10 LDy, dose of influenza virus (H,N,) was infected by inhalation.

» Mice received a 100mg/kg dose of Ge-132 orally or a 50mg/kg dose of
ribavirin ip 24 and 3 hours before and 3 hours after virus infection, and
every day for a total of 10 treatments.

© Mice were observed daily in order to determine the mean survival days
in each group. Experiments were terminated 30 days after virus infection,
and the percent survival was calculated from the number of mice which
survived more than 30 days after virus infection.

9 STUDENT's t-test.

9 »% analysis.
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Fig. 1

Effect of Ge-132 on the growth of in-
fluenza virus in mouse lungs.
Mice infected with a 10 LD;, dose of influenza
virus received Ge-132 (100 mg/kg, orally,
—QO—), ribavirin (50 mg/kg, ip —A—) and
saline (0.5 ml/mouse, ip —@—) under the
multiple administration schedule. The EIDsq
was calculated by the method of Reed and
Meunch.
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Fig. 2 Effect of various doses of Ge-132 ad-
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survival of mice in-
fected with influenza virus.

Mice (20 each) were challenged by inhalation
with a 10 LDyy dose of influenza A, (H;Ny)
virus and were given various doses of Ge-132
orally 24, 3 hours before virus and 3 hours,
1, 2, 3, 4,5, 6, 7 days after virus infection.
—@—. control (saline, 0.5 ml/mouse, ip) ;
—A—, 300mg/kg; —A—, 100 mg/kg ;
—{J—, 33mg/kg ; —ll—, 11 mg/kg.
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Table 2 Influence of various routes of administration
of Ge-132 on survival of mice infected with
influenza virus®

Drug” Route of No. of 30 day po
administration| mice |survivors(%)

Ge-132 po 20 11 (55) <0.001
Ge-132 ip 20 8 (40) | <0.001
Ge-132 sc 20 5 (25) 0.004
Ge-132 im 20 6 (30) 0.001
Ribavirin ip 20 7 (35) <0.001
Saline ip 30 0

® Mice were infected with a 10 LDs, dose of influenza
A,(H,N,) virus.

Y Ge-132 (100mg/kg), ribavirin (50mg/kg) and saline
(0.5ml/mouse) were administered 24 and 3 hours
before and 3 hours after virus infection, and con-
tinued one a day for a total of 10 treatments.

9 x? analysis.

mi/mouse DAEAIEK (ER) ¥BE Lz, Bohifg
F% Tablel iR Licht, BRH 30 HEDEERITHE]
BN 0% KoteDrxf L, Ge-132 #58C 52% (P<
0.001), ribavirin 58 Tix 28% (P<0.001) C, 7.
FBORERBHBENTD i, ¥z ORORH4E!
FHBUIAEBEA 13.1 B, ribavirin B2 >17.4 3
(P<0.05), Ge-132 HL5#A >20.2 B (P<0.001)
KoleDT, FHEFARCIVCOBBLRYAAR,
REIPHER I iz,

RICREREENBRDOBEDIA Y 1 L A DBEOEE
PRE Lo VAL AES 1, 3,5, T X009 B~
VAEEHRL, MY L, EIDy Ric THBERY 1
NABEYER LichF Thoa, BohickkEy Fig.l
KR Lico BB~ v A DIPI Y 4 & A DRIRILERS 2
B#icimi¥ e — 7 (10" EIDy/lung) 13 L, LUSHIR
L, 7TH#IC 10 AT Eigntc, hicht L Ge-132 £
ribavirin ¥ EFHETIY, YA AL AYBEOT L ENDZF
RBHEDOLH LRIEA L TH o108, €— 7BD EIDy
fEI XX & e (# 10° EIDso/lung) 235 h, & 0K
FIDIGER 7 A & A DEREMENER LS FER I Ntz LEL
7ehi D Ge-132 5 8¢ L ribavirin 58 L ORICE
BREQRDORh ot ChEFFLTIROE
TODER, Ge-132 35 L 1¥ ribavirin g5~ v A% Y4
MABRTBRCEBRL, o2 vy)F—v . vOR
E2HE Lic, ZOKR 80% Lbnayy ) F—va
KPR~ v ADTRTIRbI, KRR EORE
T S~40% DT ¥ Bdtec+ &S, 2v v ) F-v
a VOB CLHERLERABOR B Z LB L
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ki HAL BUEOH Bl % 72 b Lic, Tiebb4R,

e-132 36 X Uf ribavirin 5 <o 2 (1845 1C) 2R
M@ AMC 5 OB L, MR 5HE L, BT
HAI iR TR Lichl Th Do, BROFMITRIIR
#, 3B 4 BRI Uad TREAAL (20~40 U/ml)
o HAI ik bh, B TIRR7 Bk th
#1,280U/ml ¥ CTER LA, LAL Ge-132 XU
ribavirin B 5B T2 Z D X 5 fe&s HAIffio EF X
apbh?, R 7 B O HAIL {I3XBEO 50% L
Tthoto DEEFR, FHEFBE MRV AL AD
#iE, 2 vV ) F— > a2 vOE, HAL filElEOKR
1D, Ge-132 0 ribavirin @3 & H L ig\ in vivo
REdBHA v v EE R B Lo tehld
Thbho £ T DR LXEFF LLLET 51D
K, EADHREBPR R E A CELIRIBTD
| A RRE Lic, Tich bbb L B 0BIR R
BEBRTIL, BEHERLY MV ADORREGEY— TR
LT, Ge-132 Dt 5B D&% 11~300 mg/kg ORI T4
AREEL XY, BERER EEDEOBIRYANSKR
CI—EE (100 mg/kg) D Ge-132 ARG T HE
ERERI A WA WAREL IR T, BRYP~v RADOETE
YEELIchblT Thb, BOIIEROSD Fig.2 ©
it Ge-132 DB L KRB INHHHE DB, Table
DR SR L AR B ORR YR Lico T ORER
1, Ge-132 DpsEZHE X 100 mg/kg BHEE L LIk
KBEVHRBLBAZ ENTE, ThIhIKETHA

BTt oA IRE»oh5S 0D, 100 mg/keg #
EDERIIIS DT ENHE Lic, RRCREER LA
NRIERN S, JER OB Th HHBREDHER
RixBohsd o0, EFRMEENRIFE LV LW
SHERNEONI, Ri Ge-132 DR L BRI 5 A7
Ca—AEBE Lic, Tishb v A A AR w3
LT, Zof] (FORE), #igk CFB - WRESE)
¥ IV (REMES) i 100mg/kg &0 Ge-132 %
1~10 EERFRDAY & 2 — A TEORE Lichid T
5B, BoNT-iER%Y Table3 R LA, Ge-132 #
v A N ARRETRC AR 5 LIt ek b AV B AR
2NELh, BRATo HEIHEH TRV LA HBEL
Foo 1w A A ARGILIT Ge-132 5 L CHHHARE
1B DTy, REBOBMNERCEETHH T
EMNHBA Lo BlZENT Ge-132 o f v 7 r= v
v 4 VAR T B EEN T NEER L HENHIER
PHEBECRE - TR Lic, BOhIcfER%Y Tabled
R, Ge-132 Xz OHEDOEM X B LT isdh»
oo
I11. % =

Ge-132 O v 7 M= v ¥RPFERIT HERMEY <
v ADRBRGE F AR AVWTIKRE Lico EROHIEIIXR
B i ABHO £FXRO LR, FHEFBEDOIE
B, avv)F—v . vEROWNEH, MATALADH
R, HAL itk DEERIL ER X - TiTTe» 7223,
Ge-132 I\ Tho Sk \WTd BRELRRGHGRE %

Table 3 Influence of various administration schedules of Ge-132 on survival
of mice infected with Influenza virus®

Administration schedule of Ge-1320 | N o | 30 day PO
mice | survivors (%)

Prophylactic

4, 3, 2, 1 days and 3 hours before virus 20 1(5)

1 day before virus 20 2 (10)
Prophylactic-therapeutic

24, 3 hours before and 3 hours 1, 2,

3, 4, 5, 6, 7 days after virus 0 11 (55) <0.001

1 day before and 1 day after virus 20 3 (15) <0.05
Therapeutic

1, 3, 5 hours and 1, 2, 3, 20 9 (45) <0.001

4, 5, 6, 7 days after virus (

1, 2, 3, 4, 5 days after virus 20 8 (40) <0.001

3, 4, 5, 6, 7 days after virus 20 4 (20) <0.01

6, 7, 8, 9, 10 days after virus 20 1}
Control 50 0

» Mice were infected with a 10 LDs, dose of influenza A,(H,N,) virus,
» A 100mg/kg dose of Ge-132 was administered orally.

9 »? analysis.
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Table 4 Lack of virucidal and virustatic activities
of Ge-132 against influenza virus

A. Virucidal activity

Influenza virus Ge-132 Residual virus titer
(EIDso/ml) (ug/ml) (EIDso/ml)
1050 0 1052
10%° 10 10*¢
10%° 100 10%°
10%° 1,000 1051
B. Virustatic activity®
Virus inoculation Ge-132 Virus titer
(EIDso/egg) treatment (EIDso/ml)
. = Less than 10°
L + Less than 10°
S 1085
3
10 + 10%

» The infectivity of 10°° EIDso/ml of influenza
virus was determined after incubation with various
doses of Ge-132 in serum-free Eagle's MEM at
37°C for 12 hours.

Y The embryonated eggs treated with or without
Ge-132 at a dose of 1,000 ug were inoculated
with influenza virus (10° EIDso/egg). After 72
hours incubation at 37°C, the allantoic fluid was
removed from each egg and then, they were
titered for EIDso.

AL, TOBHRIBHENBLE LTHWIRY 4 4+ 2F O
ribavirin B EH HE OV EXHELM LT oo
FcGe-132 D Z @ X 5 igBiEIZh R, 100 mg/kg R,
BRie, w4 ARYHIHRCHRBIR S LcRic i b B
ET, FEORES (EER, HE KARE) Th
VANARRBROBRETH, HHVLb - LABORE
(11~33 mg/kg) TH HHBERMRTHZ LN TE,
Ge-132 (3B A M oMM R LT fifask
ERIBVL, HENKY A LVARELLERR in vitro
TOMY AV AERLRIRLVDOT, T2 THLAKLR
BBE AR IIE T LT Ge-132 AMAl & s D) & psid
LCHERFIERBIIhERAZTHS D LEL LIS,
L2 AT Ge-132 (XAFOERIER w3 LTE LWHE
B AR T2, T OBOREREFIRD X 5 wHER
IR TWB, Tichbiai~ v 2 Ge-132 #5353
&, BB E LT THRAREL I, IFN-y £ &
DOFEEERF OFBEH’EHN NS, FEA X h i
AF (Fwc IFN-y LEbh3) (L resting =27 r7
- (M¢) %iEML Mg 1w X%, B L
tEib Mg Ie ERMEHICIERICT 2 » 7352 L3

LD THb, O H Ge-132 DHEBERIHFR I N
IFN-y R EOTEREFOWHE¥ELTRRAIh T/
BLVA B THBN, VA AARREOBACIED
X5 AN=RABHNTHBDTH S 5 b Ge-132
BFEET B IFN-y ZURBR~ Y ARBTHERA
Mg¢ »FEHET 5755 L, natural killer (NK) #ipan:
EHERRIEL L), MIRBEETHER (CTL) oge.
neration B Lic ) F 5125 TH 2%, ¥kths,
Mg, NK, CTL /gl o XMARIIHHREL v,
ARRGAIR AT LR T s FACE ke
HHB, T IFN (REBRMRCIER LTt o
RarHiy 4 L ARBCEL & L3 TEBZ0T, Bk
ChoNELDA-T Ge-132 Df v7 = ‘/-')’\74;1,;
AT HRAGHDREN BRI TE TR LI EY
bhs, FBE Ge-132 HF Lic IFN-y & F ik inl
vivo T in vitro T% resting M¢ wiEM{L L= 7
NK fIa0EHE TG Lic ) 35 2 L kF CRiihn b
HTWBE920 &1k Ge-132 DRRYBHHERIED 2 » = x,b
ARRER T B Icdiciy, P IFN-y Hifk, i asialosi
GM1 #ifk, H B\ THIFERZ D subset )3 5K~k
Vithic K25 LY, ¥ 3 immuno compromised }
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The antiviral effect of carboxyethylgermanium sesquioxide (Ge-132) was examined in mice infected
with mouse-adapted influenza A, (H;N,;) virus. A multiple administration of the compound at doses
of 300~33 mg/kg protected mice from virus infection. When a 100 mg/kg dose of Ge-132 was adminis-
tered orally, the protective effect was demonstrated on the basis of 1) survival of infected mice, 2)
reduction of virus growth in lungs, 3) inhibition of the development of lung consolidations, and
4) response for HAI antibodies. When mice were treated with the agent prophylactically, no clear
antiviral effect was obtained. However, when mice were treated with Ge-132 chemotherapeutically
in the early time after virus infection, survival rate of the infected mice was increased significantly.
Although the antiviral effect was displayed when Ge-132 was administered ip, sc, and im, oral treat-
ment of the compound resulted in the greatest protection. Since Ge-132 itself have no direct action
on virus perticles and virus infected cells in vitro, these antiviral effects of the agent against influenza
diseases in vivo may be expressed through a potentiation of host’s defense functions including an inter-
feron gamma (IFN-7) production and an augmentation of natural killer (NK) cell activity. The
IFN-7 inducing- and NK cell stimulating-activities of Ge-132 have been already demonstrated in ani-
mals and in man.



