EByr<==9 ate Ge-132 D=V AL v TN V/HF T LR
RGPFE T 2% R

R E R -BERE=R  GTHAERE
HIAFEEFHHEEERE

KX B £ %
EAKREEFMBENFRE

(FEfM 6143 817 HEMD

By v—= =17 ~r8i#) Ge-132 (Carboxyethylgermanium sesquioxide) ® <=7 ADA v 7 L= v
F 7 AN ARBFEC R T HBIHEZIR 2 KRG Lic,

DDI =% ReAf v 7= v v 4 A (A/HBA/HN, ) % 10LDs, FREARP I, RKEY
HXb1H1ME 60 Ge-132 »EHEEOHE L-L 5, 100mg/kg H#E, 23\ Tik 20mg/
kg ETHERESDRELED, FERRE~Y ATH VTR Y 1 4 2 OBFEME & fifi D =
VIV F—v g VOEREILNHER I i, Ge-132 (X in vitro TIXEZEOM Y 1 V AEBA%Z£L
RN EMD, =Y RARETBA v 7= v FRREEDEIL Ge-132 5k v FRINI
IFN 2EEOGRERYRIEL LIHER EE LI, ik Ge-132 DERFE & fTle-Tcw v AlLE
WTEBe NK BEOHEABARF T, MARTLRD LN, HCER <7 ARBWTEY
Thoteo Ge-132 5T in vivo THMH(LIhic NK Ly 1 L ARG <t L BBER
BRLIZ EMD, Ge-132 D=v AL v 7 = vHEY A L ARG HESRIL Ge-132 #5 Tk
Shic NK #REHBHAY A v AOHERAIETA L LIV V)V F—v g vOEREIE L

BREEZDLRD,

RYADA VIV FILNARPE S WTRRE
SERRY YA ROBER X VEIERE Ih B0 RE
AVY YT =y V) LEXDRE R ZAFRALTDH
530, oz vV Y F—va v x—F=v AL X KRB
HRYVARA VIAZVHFIL N ARRKRBIRTLES
VEERY, bl vARAE CAELE Y AREL
CRREALHBERY, ~vAREFTHY, Lal,
DXV AREWTHATDOS v 7=V H Y
(VADHEFAIBERB IR TV BY, kA vIr=v¥F
74N ARRR < v APHEFIC 3\ TRBD I REE &
R3¢ THA Lyt 1*) RHBEL, SHICRELN
fliTasTHR Lyt 2°) KHBALTL Bz enAbRT
§hY, RABAVINZVFOALA LA =Y R Ta
IVVF v YRR LT Y AN B OIRRE
ADBEBFC LB EE LTV B,

—7, natural killer (NK) 0 HEIEEEE DR
MY L ARP T5 BEFME KA TEEVWIH
LLAR, YAALARER LY R DRRLE
KRy BAIh <Y ARED V4 L AT 5K
T EETELVIBMENRD Y, FhUvA L RAER

Migst NK @loEWMRcih2eTwa et no
HEED Y4 L AR HBEC VT, NK il EERE
B FCOHcE T EEXLbh %0

Ky v<=7 4 {t4% Ge-132 (Carboxyethylger-
manium sesquioxide) X &R K LickBEEFRY
A==y aMbAYDOVEDTHHY, TOHRETREN,
KEFMLVIRFRNED DR, GEALEREDORWE
ENbhot, ¥i, Ge-132 B BAR/ER XD Ty
P, =y AW CHBEERY R TR in vitro T
WCKIRRBEES R 2R &Y, ToRNEBHRIBEE
DOEF HBHEY N LIcfEREE LTV 51170, LhdEA
et R =vRARBARETH LA VE—Tzn Y
(IFN-7) ###&L, NK BHELHERL ~/=27 -9
DERAYFET 5 2 L X 1819 mgiagk (BCG2,
C. parvum?h, OK-43222 7z &) ofibw STRL, %
CEOEchERe IFN-r #FE#, NK EEHas s
Exbhb,

LEDEREZLE X, KFERCHVTR Ge-132 0=
VADA V7A=Y LA ARBIEC T BB HBR
R LT,
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54— 500mmHg OEHT 30 HFEAEER

L ##&%E L2, & 4 42 EEZER 10LDs & L1z,

1. =Y RADAvIA=vHF I AL ARER

-y ARFILAZESREHERMER X v 5 Shic
DDI %, He6BREE® B\ o fv7r=v¥FuAr
A=Y A LKL LicA v 7r=vs A/RRAE
(H,Np) #x B, = 0w A A RDEREREIL 10%°
EIDs, T, DDI =¥ Az & L REfffiix 10°LDso %H
Lo

2. Ge-132

Ge-132 (B » L~ = AR L 5 1TERD
#8% PBS (phosphate buffer saline) 2% L pH %
i RRE B,

3. IFN E&

Ge-132, 100mg/kg % DDI =¥ 2z &Rk L L,
24 BERIRICIE & R fc MiER Ge-132 Fig IFN (Ge-
IFN) ER & Li, ComEF@dbhiciiy 1 v A
FEMIT L 929 gfa & VSV (Indiana #k) 075 — 7 ¢
B X hBEIEL 300 U/ml Th-te (EBREAMBAR 5
& NIH = = IFN, Cat. No.022-904-511), IFN a/B
WIRERIEE GRVERRER X ofEShic~y
A L-cell IFN (107 U/mg protein) # M\ 1o,

4, AN AR F®

TYANDYANARRI AR —-FT 4 ) vEIOXRT

Fig.1 Protection of mice from influenza A,
virus infection by oral administration of
Ge-132. Mice were intranasally infected
with 10 LDy of influenza A,(H,N,) virus
by inhalation. Various doses of Ge-132
or PBS in 0.2 m] amounts were perorally
given once daily for 6 consecutive days
after infection. The generalized WILCOXON
test (U test ; n=10) was used for statis-
tical analysis. PBS (@) ; Ge-132: 20 mg/
kg (A), 100 mg/kg (O), 500 mg/kg (A)

3 (P<0.001)
< 50
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]
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5 finavyyF—va vOHEFELHAY A
ADEEE
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Fig.2 Inhibitory effect of Ge-132 on the deve
lopment of lung consolidation in mice in-
fected with influenza A; virus. Mice and
administration schedule were the same as
in Fig.1. The grade of lung consolidation
was determined by the HORSFALL method.
PBS (@) ; Ge-132: 20 mg/kg (A), 100
mg/kg (O), 500 mg/kg (A)
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Fig. 3 Inhibitory effect of Ge-132 on virus
growth in mouse lungs infected with in-
fluenza A, virus. Mice and administration
schedule were the same as in Fig. 1. PBS
(@) ; Ge-132: 20 mg/kg (A), 100 mg/kg
(O), 500 mg/kg (A)
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DONHS5ETOAIT7TTHEL, 1H5EDOFHTE
Fllko a2 vV VF—v g VH:5=%T Tl 100%
DYV Y F—v g v, 4=80%, 3=60%, 2=40%, 1=
20% DavIVF— a3V, 0=0% avV)F—va
7o

AT ALARBIEIY ANV ARE Lic~= Y &2 X b B
¥hES 2 FAY— (EY e :PT10.35) #AWT
ERL, 10% O+ Ay 5 v% PBS T, 2, 000
xg 30 DELEBFBCOVWTHARRBIZ I W ERE LT,

6. NK EHRIEE

NK &E#i %'Cr 5 ~u YAC-1 #ifa * #o13 Meth-A
AL BRI DR Lk Y v BRE@ED B\ TR
) Bkl L R EAIEE (B/T H 50:1) L, 4B
BEFCBE IR SCr BX W EB LA, T 3'Cr
TS~ L Meth-A #ifa (2x108 @) ¢4 v7r=
vHFUANAR Ar/fEAR (HoNp) #k 10%°EIDs, &% 5%
€O, [ v a~—x— TlIRMERE Licilaty 1
AMBERIME (Inf-Meth-A) & L,

7. HEETEFRIERES
= v ADFHAEFE B R TIE Stubent t BE, 2RO

HIER T WiLcoxon BEXFHVRE Lico NK &0
¥ 1Zi3 STupenT t HE R,

II. # £

1. Ge-132 BnfprEn=v AL v 7L = vFo L
ARG RIETHE

DDI =v 2itA4 v 7= v 2 4L A% 10LDgy B
FEARE XY, Ge-132 #5513 20 mg, 100 mg, 500 mg/
kg O3FL LKL OHBBXY5BBET1HI1IMEEG
EIEn#HE L, Ge-132 A v 7= vy A L ARY
wr 3 Bz R ¥ BE Lic (Fig.1),

PBS #50 WBEI YA LA REEIAB X VIR
1he> 14 BB F Tt XNTHRE Lic, Ge-132 H5EFT
RIIhDOEM PBS 5L Y 2~3 HER, K
#% 20 A B D¥ETIL 20mg/kg #5 T 40%, 100 mg/
kg ¥ 5T 60%, 500mg/kg TI10% DEFEXRINEBELN

Table 1 Enhancement of splenic NK activity after oral administration of Ge-132
to mice infected with influenza A, virus®

% Lysis”
Treatment | Infection Days after infection
1 3 5 7
PBS - 4.2+1.7 3.0+1.7 5.6 +1.2 6.4+2.4
Ge-132 - 12.0+1.1*" 13.4 £0.5*""* 6.2+1.4 5.6 1.1
PBS + 7.8+2.1 28.8+£2.5 43.6 £ 2.2 15.1+2.1
Ge-132 + 8.1+2.0 40.0 £4.0° 63.4 +3.2*** 26.1 £2.6**"*

* Mice were infected intranasally with 10 LD;, of influenza A, (H,N,) virus:by inhalation.
Ge-132 (100 mg/kg/0.2ml) was perorally administrated once daily for 6 consecutive days

after infection.

PBS was used as a negative control.

NK cell cytotoxicity was

determined in a 4-hr *'Cr-release assay at a 50:1 effector to target ratio.

» Mean + S.D. (n=3)

* Compared to each PBS control. (STupENT t-test ; " : P<0.05, **: P<0.01,

e

: P<0.001)

Table 2 Enhancement of NK activity in lung after oral administration of Ge-132
to mice infected with influenza A, virus®

% Lysis”
Treatment | Infection Days after infection
1 3 5 7
PBS - 1.0%0.3 3.3+0.1 2.4%1.7 3.7+1.7
Ge-132 - 1.0 £ 0.5 2.2+0.3 1.2 +0.7 2.4+0.3
PBS + 1.1+1.3 13.3+1.5 36.5 + 3.7 36.1+2.9
Ge-132 + 2.2+2.5 24.0+1.8" 424+1.8 60.3 +3.4""

* Mice and treatment protocols were the same as in “Table 1 ”.

» Mean + S.D. (n = 3)

* Compared to control treated with PBS. (StupenT t-test; * : P<0.01, **: P<0.001)
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foo HEHME 30 AXY - TEHAEFEREYRD D LN
BB 11.6 R L, Ge-132 20 mg/kg BER21.4H
(P<0.001), 100 mg/kg #58 24.6 B (P<O0.001),
500 mg/kg 58 16.6 B (P<0.05) THj 2 HTIEXR
EHNBERETFABRDIERZRDTS,

2. EA—BEEAO2 VY TF—v s VERIETE

3

2V ) F—v g VIEREDEEID 02H5ETD
11 Epsc/rd, 185 moFgE L b Redic (Fig.2),
5 B BT Ge-132 58\ T PBS f5HII
NI LA RIEN REIh BEA %Y Bdica, 11 RET
7. PBS BEBENTFEHA 2T 4.5 ThoTlcDITHN, E
SEE AT St Ge-132 20 mg/kg T 2.8, 100 mg/
kg T25&avyyF—v g vOMEHIELICED
bh, HAFHCLAEEENRDLIIS

3. A—BEEIHAYALVABCIRETESE

RPIL DR Y A L A D HiEY HA Ry AV 15
5 EEDFEHT & bR (Fig. 3)o MY 1 4 A BT
F3HBTRRVThOREETONBHELORMCEYR
»ighots, LinL, 5HBIRAB L PBS EFLE
BHEMNHE DID LA 500mgkg BERFITHW
TR E LTy A L AEN 6,400 HAU B|&E Li-Dictt
=, EHREITED bhic Ge-132 100 mg/kg, 20 mg/
kg EBE T FhFh 200HAU, 320HAU v A
ASETEDB Lo T (1/20 LITF) MEED bR,

4. BAEREEREAY vk NK FEiEoRIE

Rk, FAKCIEMi LAY v 3RD NK EiE%
BITE Lico Ge-132 B E DRIzt 5 NK EEEBRHE
% Table 1 iz7R Lichs, JERRF < 21z Ge-132 (100
mg/kg) %1 H1[E, 6EBEHFEQHE T LEMBD
NK &E#i3 1, 3 B Hiz PBS 5B e ~NAE CHH
Lo RRAVIN= Vv HFIANATREP LIce Y R T
Mo NK EH0EFI3HE X B OTED
bh, 5HET43.6% L\ 5 EWEHENELRT,
Z D=7 AZ Ge-132 100 mg/kg X IAFEEER L EEDO A
ryoa-ATEORETHE, BREIHENS 40.0%
LIEECE Y NK GEHEIEDLR, BREEHO S5
BHE, 7HEIZHWT Ge-132 5Bt 1 BB 0
9L PBS 5B L HNBEETH - T

RIS 5 NK BHOBE TH 503, FERYG
=7 ATIAY v 3o NK EiEiL Ge-132 oy s
DHEZ 2DbOLTIREA L D LRI - o (Table
2o RIA VTN HF oL L AR = v 2 TIRD
NK EEAEHT 5 &, BEROZh X 032080 3
HEMOEEAIEDONSAETEY— 7L 7HE
¥ THE L1c (Table 2), Ge-132 (100 mg/kg) #&E [

Table 3 Augmentation of NK activity not by Ge-ig
itself, but by Ge-132 induced IFN in vitrs”

Treatment % Lysis®
None 4.0+0.8
Ge-132 2 pg/ml 3.3£1.0
20 pg/ml 4.4+0.2
200 pg/ml 4.1*1.4
Ge-IFN 0.3 U/ml 8.0+1.2°
3 U/ml 18.5 2.1
30 U/ml 20.0 £0.5*
IFNa/g | 100 U/ml 19.2+0.7*°

9 Splenocytes (2.5 X 10°cells/ml) of normal DDI
mice were cultured in the absence or presence
of different concentrations of Ge-132 or IFNs.
After 24 hr, NK cell cytotoxicity was determined
in a 4-hr *'Cr-release assay at a 50:1 effector
to target ratio.

» Mean £ SD. (n=3)

* Compared to the control. (STUDENT t-test;

*. P<0.01, **: P<0.001)

BEoHs GreE) LB T PBS #EHICHANK
EMOMEMN3H, SETRHDHR, 7THETEVR
60.3% LIFEFCHEVEEEEHELRL, OL)ERL
BUELFERIGA T 7 5 HETL B o hich»1bo
THhbo

5. Ge-132 H A\ 3 Ge-132 Fig IFN 0 in viln

Tl NK Bt bz s 8

in vitro O REMARREEE I Ge-132 % 2 pg, 20 pg, 20
pgiml FRPAL, 24 B§RAEEE L NK Ethic s x s 08%
BRES LIchNEHE ORBRIERD b ighr o T L L Ge
132 i IFN % 3U/ml % 5\ ~i% 30 U/ml pflfases
IZINx T 24 BERIEEE Lic b & 5, HEir NK Fiko#
EWrED I, 2hibh Ge-132 #5ic & 5 NK &
DL, FRIN IFN X330 HEE L,

6. A v7r=v¥Ey AL ANBEBERHARCRTHE

Ml NK &tk omss

= Akt 5 NK S0z x YAC-1 Ml
IEM L LB AR DR, Meth-A fifaics LT
Edbhich ot (Table 4), & = A NIEHTTAL
Ge-132 ## O#y s L YAC-1 1oxi3 5 gt OfHs
DN BMIAILA v 7 A vFE Y A AR TRELE
Meth-A gt LT in vitro TEEFEYRTE
512t »t (Table 4), Fads & DRREREFED Meth-A#
e BEHR YR ILNC L3R L VALITH
Do TOEMDOHEIIA v 7L vy 4 L AREY
A2 DB OWT S FCBIC b Hh, PBS B
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Table 4 Augmented NK cell activity directed to target cells

treated with influenza A, virus®

)

% Lysis”
Treatment | Infection Target cells
, YAC-1 ‘Meth-A Inf-Meth-A*
PBS - 3.3£0.5 0.0%1.0 45+1.3
Ge-132 - 17.2 +1.8"" 2.1%+1.3 10.2 +0.8"°
PBS + 32.0+2.8 3.5+1.6 19.0 £ 2.1
Ge-132 + 48.0+1.2"" 5.0 3.2 28.0+1.1"

* Mice were infected intranasally with 10 LDs, of influenza A, (H,N,) virus
by inhalation. Ge-132 (100 mg/kg/0.2ml) was perorally given once daily
starting on the day of infection. PBS was used as a negative control.
Splenocytes from infected mice were obtained 5 days after infection.
Splenocytes from uninfected mice were obtained 24 hr after administration
of 0.2ml of PBS or Ge-132 (100 mg/kg).

Y Mean + SD. (n=3)

@ SICr Tabeled Meth-A cells (2 X 10°) incubated in the presence of 10°° EIDs,
of influenza A, virus for 1hr, washed with RPMI-1640 medium, were used

as target cells.

® Compared to each PBS control. (StupenT t-test; * : P<0.01, ** : P<0.001)

BTN Ge-132 # 58D Inf-Meth-A EEMIIE
BrgmIh T,

1. % ®

By v~ = v s8H| Ge-132 13 in vitro TR\ T
BORV AL AMEBAELLRIKVLI EnLD, <o 2
REFTHA v 7 1= v FRREPHERIL Ge-132 ¥ 51T
IVEGDRERERMBL LICHEREEXOR T,
SEOER TESHEY R TOEHERE (100 mg/kg,

Fig. 1) OoFER REI R, ZOBEXERO~Y
ARKFAVNEBDRERO 1o O EHEEEL—FKL
129, 72k 1/5 B 20mg/kg T HESEMIE 100

mglkg I AHEIBS I,

Ge-132 5~ v At R\ T B /e NK B 0ean
Dbtz Lk Ge-132 L X hHFRIN D IFN-y i©
EBbDEEZ LR (Table 3), E#ED effector I
AL T AR TR ~ v AR\ TR

Lic NK ffg & #%E L= (Table 1,2), “hbo NK

RS Y A v ARG BT LT in vitro CTHRBIER
FRTERER® (Table 4) #BBT 5 &, Ge-132 D
RYPADA VTN VvHFY L LR RRBEEELE 1T Ge-
182 #5352 Lic X bigm I hic NK JRas M
VANADHBEREIEL, Lrdazvy V) F—vavD
ERZEL LIERRI b DEE LT, Ge-132 D

JFN-y DEE£ DD BINT 5 AR VLTRSS

DWFEHH H?, Ge-132 13 in vitro TR\ TUTS v %
—rAFv212X% IFN-y EEX B T 52, k¥
Ge-132 3 THEfEA & Tix 72 < NK #ifgh 5o IFN g
R TH I LA in vitro TIEBINTE H2, Ge-
132 13 NK #ifaicfEf L, NK #ifa %&b T 2 520
7t BRM TH 5 LRI hic,
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ANTIVIRAL ACTIVITY OF Ge-132 (AN ORGANIC
GERMANIUM COMPOUND) IN MICE INFECTED
WITH INFLUENZA A, (H,N,) VIRUS

Hisasur Aso, Takusasuro EpiNa and Nakao IsHipa
Department of Bacteriology, Tohoku University School of Medicine

Fujio Suzukr
Department of Microbiology, Kumamoto University Medical School

Ge-132 [Carboxyethylgermanium sesquioxide ; O3(GeCH,CH,COOH),], an organogermanium com-
pound, has been shown to have antitumor activities in mice and rats, as revealed by inhibition of
tumor growth in and prolongation of survival period of these animals. It has also been proved to
have, in both human and mice, immunopotentiating activities, through both the induction of inter-
feron-y in serum and the augmentation of natural killer(NK) cell activity. On the basis of these
observations, we study in this paper the effects of Ge-132 on influenza virus infection in mice. When
DDI mice were infected with 10 LDy of influenza A,(HyNy) virus by inhalation, administration of 20
mg/kg or 100 mg/kg of Ge-132 for 6 consecutive days starting on the day of infection was found to
have a significant protective effect. An increase in the survival fraction, a prolongation of the mean
length of survival, an inhibition of the development of lung consolidation, and a decrease in virus
titers in the lungs were found in treated groups as compared to control which was given PBS. NK
activity in the spleens and lungs of the virus-infected mice was also significantly augmented by orally
given Ge-132. In addition, NK cells whose activity was augmented by Ge-132 in vivo revealed a definite
 killing activity towards NK-insensitive Meth-A cells when the latter were sensitized with influenza
" virus in vitro. Nevertheless, no direct virocidal or virostatic activities of Ge-132 on the influenza
~ virus were ever found in vitro.

These results indicate that the protective effect of Ge-132 against influenza virus infection in mice
 seems to be explained by its IFN-7 inducing activity and in particular through its augmentation of
NK cells.



