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Abstract

The growth inhibitory effect of germanium, or soybean sprouts cultured with germanium, on cancer cells was
determined in the cultured gastric cancer cell line, AGS. The growth of AGS was significantly inhibited by the
addition of 0.01~1% organic germanium (Ge-132) and germanium stone powder in MTT cytotoxicity assays.
The juice from germanium treated soybean sprouts (GTS) inhibited the growth of AGS gastric cancer cells by
78 ~88% at concentrations of 2.5 or 5ul. The juice from Seomoktac GTS revealed an especially higher growth
inhibitory effect than that from the control soybean sprouts (germanium non-treated soybean sprouts, GNTS) in
AGS. The results suggest that soybean sprouts cultured with germanium may exert an anticancer effect against

gastric cancer cells.
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23 AR F71AIZvlE Ge-132 {carboxyethyl
germanium sesquioxide, O3(GeCH,COOH),}+ (F)&+st
vho] e oA g AolAth FUE Auol) Ag
@ Azeky BRe 9T Bue] Bl 42
A 7HB@ AZehy $6 FARL FF zAwA
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Ao 158 AFAA 17~20TA 59
b A stAT old X E, Adte F 25%9 A=
T HEDE AHS BE A8S TUES A
wj Sk},

A FUHEE FF7IE Zob 9,000rpmoAf 20
2 44 FYsden o 459ES o} (045um
pore size, milipore, filter, Corning Co., USA)$F F1}
2 FAg AEZ AT

N >
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2. R1F| B 2o

Azvbe gaEee 2719 Fue 3337 9

3 #=Z2F ZHiv $E £387] (Inductively
Coupled Plasma Atomic Emission Spectrometer;

Shimazu ICPS 1000, Japan)E ©]&38l¥oH, A|& U
9] A=ZvulEe FZLS ICP/MS (Fisons PQ3 STE)=
S35kt

2 717]

AENFE A3 AHEF RPMI 1640, fetal calf
serum(FCS), trypsin-EDTA 2 penicillin-streptomycin-
GibcoAl (USA)ZH-B FUstA o™ Al XL CO,
incubaior(Sanyo, model MCQO96, Japan)ol] 4] 3 5} t}.

2) AE 2 W}
ALl 9)bA) E(human gastric adenocarcinoma cell)
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Jl AGSE F= AEXF 2PHE deziy £
kol incubatoroll A wj FetHA AFPo ALE3H T}

100units/mf2] penicillin-streptomycin® 10%2] FCS
7} @93 RPMI 16402 AL23k] 37°C, 5% CO,

incubatoroll A/ AMEE Wl FEHETE vWiSH AEE
AFYol] 2~33) refeedingdlty YFY HHo=m
0.05% trypsin-0.02% EDTAZ RZIH AN EE 23

o A w) st o,

3) MTT assay

vl e GAEE 96 well plates] 1x10° cells/wello]
HA 180 EFst 4F FEY AIRE 20u H
7vate] 37T, 5% CO; wiE7[AA 72X F<2t vl
st ofr]e] QBB A E o] Smgmle] FEE
A ZF  3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium
bromide(MTT) &< 20/E B7}ake] 37ToNA 4AIZ
o wjgstach olE 2000pml A 1083 A%
o) &AL AAsL, 7 well G DMSOE 1501
7}8ked 3087F kgt & ELISA reader(ELx800, Bio-
Tek Instruments, INC. USA)Z 540nmo|A] SH=E
&g s,

4) FAE AAAE 23

AGS YFHEE 24 well plated] 2x10° cells/ml 5]
A oldste] 24417 B wlgste] A E7} plated]
FHE & 10% FCSet A 87F #A7td A2 wj g
o2 ASk CO, incubatorol A vl Y3t th 6Lzt
W gsk £ A EE PBSE A olA 0.05% trypsin-0.02%
EDTAZ EZAIZl ¥ &4 #9 M EFE hemocyto
meter® Ao tlz2F W st

4. SHEN

H2EF 2 NE2RE o
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o] AZoz 620% FHH) YA EF YEEF,
ZE 9 4ol 474 0.02%, 0.76% Z 042% T3
o slglem W3t 9, H& 77 249ppm, 316ppm,
120ppm #4506 AAT FUE Aol ALEH A
2ol GARTY Aoy FHES 248ppme] AL

2 gAHEAA

2. HZ0Hs| AME MNFAF 23}

MIT assaye A& GAXG T2FE] os)
MIT7} 8995 0] formazan crystal2 FAHE= JEE
FEEE F4soto o|ZFE FEA 8 M E
7F AR B F40l dAHE =S 2dse 4
FHoz 4¥xx9 Asst Jhestal Add e
AT ABEdE Fste] i A8y 12 A
Aol A Ao d#A JATHO,

w71 A2vkEeql GE-132¢ AZvts 44 EZl
A MIT 4¥9& &t FAL AE 4ALE 29
£ ZI= Table 29 2o GE-12E8 5% 0
1L00% HA drtstdle W = S7t mE FE=
7t gaste] GAEe] FEo]l AAHE Ae & F
A At GE-1329] FE 0.005%A+= W7t glle
1 001% AH7tatsle @ AGS AdAEE thEadl

Table 1. Mineral contents of germanium stone powder
analyzed with ICP/AES
Na Mg K Ca Fe Mn P
(%) (%) (%) (%) (%) (ppm)  (ppm)
0.02 13.6 0.76 0.42 6.20 249 316
S Cr Zn Co Cu Ge"
(ppm)  (ppm) (ppm) (ppm)  (ppm)  (ppm)
129 4.62 559 564 6.58 248
YGe was analyzed with ICP/MS.

Table 2. Effect of organic. germanium or germanium
stone powder on growth inhibition by MTT assay in
AGS human gastric cancer cell

Treatments Absorbance at 550nm
(%) Organic germanium Germanium stone powder
Control  0.599+0.048° 0.611+0.029"

0.005  0.594:0,082" (1)”
0.01 0.535+0.033" (11)
0.05 0.470+0.018™ (22)
010  0394+0.028% (34)
0.25 0.349+0.065% (42)
0.50 0.304+0.047° (49) 0.222+0.038° (64)
100 0.118+0.019° (80)  0.110:0.005' (82)
ODsso of control —ODsse of samplex
ODsso of control
*"Means with the different letters in the same column are
significantly different(p<0.05) by Duncan’s multiple range
test.

0.504+0.000" (18)
0.385+0.021° (37)
0.3062£0.044° (50)
0.291:0.016" (52)
0.265+0.035 (57)

UInhibition rate(%)= 100
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Fig. 1. The inhibitory effect of germanium on the

growth of AGS human gastric adenocarcinoma cells

after 6 days of incubation at 37T.

“IThe different letters are significantly different at the
p<0.05 level of significance as determined by
Duncan’s multiple range test.
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Fig. 2. The inhibitory effect of germanium stone powder

on the growth of AGS human gastric adenocarcinoma

cells after 6 days of incubation at 37T.

““The different letters are significantly different at the
p<0.05 level of significance as determined by
Duncan’s multiple range test.

Table 3. Effect of the juice from soybean sprouts on
growth inhibition by MTT assay in AGS human gastric
cancer cell

Absorbance at 550nm

Treatments 2.51lfassay 5.0uifassay
Control 0.431+0.021° 0.397+0.022°
Eunhakong H”  0.174£0.001° (60)” 0.118+0.013% (70)
Subaktac H" 0.342+0.055™ (21) 0.241+0.066" (39)

Seomoktae H” 0.172+0.054™ (57)
0.351£0.055" (12)

0.04920.002° (88)

0.324+0.052° (25)

Seomoktae F¥'  0.40320.049% (6)

Seomoktae G¥  0.096+0.002° (78)

YH - Cultivated with tap water.

F - Cultivated with underground water at the factory.

’G - Cultivated with tap water containing germanium stone
powder.

OD:ssp of control —ODssp of sample
x100

“Ihibition rate(%)= S S—
550 OF Ccontrol

“*Means with the different letters in the same column
are significantly different(p<0.05) by Duncan’s multiple
range fest.
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ul/assay A slae b 4z 21~25%9 39~57% A
ol JAHR LY 28F FUHELS 4 FEAA
60% ‘%1 0% &) QA FF @t FA
¥ JAGA= ZAolrt AT B 2L AEHFT
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AAE BEo] 4 78%9) 88% AP oEZN A=
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Table 4= AstT2 A A58 FUHER A=
v g2 A IUEY FAE AMEstY
A=Y MFE S48t 4 JAES AHE Ao
th A2 FEE 25 2 500 AHgE9E 9 Oz
ol Hlete] vk FUEE A7 28%9 45%9 A
Zol dA Y AZntg FTUHES 57% 2 74%
o] AR Aggol A=A

o3¢l AFA A=ntE FUEC] ¥t FUE
o Hlistd AAAEY A 237 FetA e
sow olEgd AL AZwkEs ¥EsSY FU1E,
dietary fiber, vitamin C, total phenolics 5] &8 7]
T8 88 EAY FFol it FUE Hlge E7)

£ol Aoz Agdn.

9 Kim 59 AT A=nEg Hristd
A FUHEY F4 FEE2 AT JUE
H|sto] AFB; 8] Edwol A A&l FHL
2 A JEEo B JY E9wHold] MNNG
¢ 4-NQO| ¢J&f F&d EdWHolE AZvE FY
9 Fdol 61% 75% A A=zels A7)
FTUES Ad sddoldRn opg 1+ 94
ol gsiA FddE EdHoE AASIETGL B
st eh. mEtA AZvks SlTE Aud FUE

Table 4. Inhibitory effects of juice from soybean sprouts
on the growth of AGS human gastric cancer cells after
6 days of incubation at 37C

Cell numbers (x10°* cells/mi)

Treatments 250 sul
Control 88.0+£9.00° 88.0+9.00°
Seomoktae F"’ 63.7+2.08° (28)7  48.7+8.08° (45)

Seomoktae G” 37.7+4.04° (57) 22.7+4.16° (74)

YF - Cultivated with underground water at the factory.

IG - Cultivated with tap water and germanium stone powder.

The values in parenthese are the inhibition rate(%).

““The different letters are significantly different at the
p<0.05 level of significance as determined by
Duncan’s multiple range test.
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