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Antimutagenicity of Soybean Sprouts Cultured With Germanium
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Abstract

SELER

This study was carried out to determine the antimutagenic effect of soybean sprouts cultured in water
containing germanium by Ames test and SOS chromotest. Germanium significantly inhibited the mutagenicity
induced by aflatoxin B; (AFB)) in Salmonella typhimurium TA100 by Ames test, and 4-nitroquinoline-N-oxide
(4~NQO) in SOS chromotest. Juice from germanium treated soybean sprouts (GTS) inhibited 57 ~75% mutage—
nicity induced by AFB,;, N-methyl-N’-nitro~N-nitrosoguanidine (MNNG) and 4-NQO compared with 20~48%
inhibition rate of control soybean sprouts (germanium non-treated soybean sprouts, GNTS) in the Ames test.
Also, methanol extracts from GTS inhibited 65% mutagenicity induced by AFB, in Salmonella typhimurium
TA100, and 51% mutagenicity by 4-NQO in SOS chromotest. Therefore, it suggests that GTS has strong

potential antimutagenic effect.
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wE-S A satdch
Az Az Yo} 2e] At FHEE FF7 = 2o}
9000 rpmell A 2087F A Feslg o 2 A5 NS mil-
ipore filte-(0.45 um pore size, Sartorius AG, Goettingen,
Germany) 2 I#3te] FuiE FH o2 AHEES
=3 2 ’]'E-»] methanol $+&8-& 97] 98 94 &
< 54 223 ¥ vkl B eI AR ]
goll 20u8 2] methanolt—-r A7}ste] 124744 33 mykg &
o] 3}3}ef (whatman No. 42) 3] 413135 % 7] (Buchi labor-
3}

technik AG, Germany)2 ¥33}5ic}.
H=zols
Ao 143k 6§71 A 2t Ge-132{carboxyethyl ger-

manium sesquioxide, O3(GeCH:COOH)z} &= (F)wtEhnto] 2.
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Ames test : 23l A48 & Salmonella typhim-
urium TA1002-2 ]+ Zle] o} tf&+e] Ames BFALZ ¥
E] Aguketen] 433}l7] A histidine 2743, deep rough
(rfa) BArdol, wrB 9 ¥e], R factor 59 F+33AE &
A3ttt

Aflatoxin Bi(AFB1)-& "3 Sigma | Alelir] 913}
dimethyl sulfoxide(DMSO)ell =] A& o] A}-&8}9 37, N-
methyl-N' -nitro-N-nitrosoguanidine(MNNG)+ 7] =F Al-
drich 3|2} 258 T3ty FHFoll Hoix &bl on
4-nitroguinoline-N-oxide(4-NQO)+&= Sigmag 3| AHUSA)
ofl A} 8] shed 95% NEEL-of g AF el AbE-short

Maron®t Ames(16)2] ¥ o] w}2} Sprague-Dawley rat
9] 718 A E3le] 59 wHES L o] S9 fraction(10%) ¢l
MgCl-KC. salts(2%), 1 M glucose-6-phosphate(0.5%), 1
M NADP(1%), 0.2 M phosphate buffer(pH 7.4) @ B# 4%
Eg3te] S9 mixtured A s}

FEadnie] AgE 3| Aol Alge] 54 AL 33t
EXo] vhehtal ghe W HelA A5 F=E 2438
ol 1:]-

S9 mix 0.5 mL(ZHA Sddolql %) -2 914t
05 mL(zg Sddolal %), 5 wloks #5(1~2X%
10° cells/mL) 0.1 mL, /‘]E 50 pLe} ol 50 uLE- ice
bathel] &7 cap tubee| Y3 7}H Al vortexdr 3 37°Cel| 4]
3087}k of ] wj ok}l 45°C-4 top agar 2 mL*¥ = 7} tube
of] B3 3%7F vortex3dte] minimal glucose agar platedl] %=
w3} 37°Col A 484 7 Fob vl k3t & B Ede]d ¢

Aoz A FuiEe] g

o] A7} 931

25 A3t TH17).

SOS chromotest : AH&-¥ # 5= Escherichia coli GC-
44360 A R E. coli PQ37/plasmid pKM101(PQ37)E
90% glycerol® L wj ek ol 4] a}5nF wloddt A4S 112
Egsle] -20°Cell Bastdch 674 Y vtk FF5 A2 £
stgon oot B SdWoel, o 9o} PHOC #
A=+ constitutivity 2 sfiAlacZ fusiond] inducibility &
PPN Seao

Quillardet®} Hofnung(18) ¥ Baik®} Ham(19)¢] W&
o] 8-3}ed SOS chromotestE d§atgicl HF B3 PQ37
T 50 uL& 5 mLe] L ufeked ol 3 F3}e 37°Coll A4 12~18

A7k A gk v oFste] o} Al 5 mLe] L vlefd el A g F 37
°Coll Al #3333 A (Shimadzu UV-2401PC, Shimadzu Co.,
Japan)& AHE-31ed 660 nmell A F3=7F0.3~0471 2 97}
22X 7k A = Alek wekatich o] df o)Al FHE L ul kY
o] 1/102 )4 3le] zt = 2 FulR Al 5ot Fodweldd
+ E¢3 A8 20 uLE "] £53t] & 96 well plated]
100 pLH B-F3}edr}, o) 7 -& 9087k 37°Cel|l A A &tsled SOS
uF2-S $r %3 T Z o= B-galactosidase(B-G) &4 &
#]-& %]3}93 O-nitrophenyl-B-D-galactopyranoside(ONPG)
100 uLE, c}& #9|| & alkaline phosphatase(AP)2] &4 &
223}7] $]38}e] P-nitrophenyl phosphate disodium(PNPP)
100 iLE H7Esbsicth 44 A7hE 30822 e B-G
+ 1.5 M NayCO; 100 iLZ, AP+ 1 M HCI 50 pL2 &4
o) gk kA uk-e-g A2 A F ) 58 F APZofl 50 uLe] 2 M
tris buffer& A 7}3led HCIE F3HA1 72 B33 EAE 420
nmell 4] &R 52 223 Miller®] ZAH20)o] 28 en-
zyme unit(Ew#-< 3tH o}

Eu = (1000X A 420)/t (min)

Ames testoll 2|8t g=eio| £}

AZvbge] dEadle] &34 : #7] A=ZrHa(Ge-132)
2 FUE Aol ALE3E A2 ebE 7FRol A Ames testel
23 ol g A 2H8-& Ae# Z %= Table 13 2
t}. FF Salmonella typhimurium TA100Y 4] AFB1°1] 213

St Edwol: Ge-1329) A =vkE J1EE plate®d
0.005~20 mg 715t o F= F7tel wet JAgo) F
Z}E i}t & A1 7 0.1, 1, 10, 20 mg/plate 7}l Bfsted Ge-
132+ 27} 39%, 48%, 54% H 87%9] FAHo] £ A4}
2o ey 1z A 2 ebg 75 36%, 46%, 52% = 56%9]
A& Jeblle] F A 87t vl AR FEAHe] &
5 B2} F% 20 mg/plate H7HA] Ge-132% A 2 vhw
b R 52 o] A 2HgE vehlisic
Lee $(21)9] 43ol|4] F4 o] <2l henzopyreneol| t3}e]

Ge-132E 10 mg, 20 mg, 30 mg A 718152 o 24z}t 25%,



932 7184

Table 1. Antimutagenic effect of germanium and germa-
nium stone powder on the mutagenicity induced by AFB; (0.5
pg/plate) in Salmonella typhimurium TA100

Treatments (mg/plate) Revsll;t; nts/ Irr;}t“ebl(t ;/2;1

Spotaneous 128+11"

Control (AFB)1) 1771£133

AFB; + Germanium
0.005 1398+17 23
0.01 1285+50 30
0.1 113158 39
05 1127+65 39
1 98757 48
5 984+4 48
10 887152 54
20 33558 87

AFB;+Germanium stone powder
0.005 1301+45 29
0.01 1262+ 21 31
0.1 1187+74 36
05 115646 37
1 1018 x50 46
5 966+35 49
10 9153 52
20 853162 56

1}
Each value represents mean = SD.

69%, 100%9] AW o] b A] 2H4-0] Q) vhx B w3l
Ge-132% o2 7bA] ol el hah o &) hgo] 9l &8 <
& glet.

Azvtirez Aug Thze) FEAMo] 55: Az
b el Aue Azety THEH SETE AT
At FrhE2 F9E 0] 8-3ko] Ames testel] &gt EAW
o] A 3E At ¥kl (Table 2). &3 Salmonella typhim-
urium TA100& A48} AFB-& Sdolde g 43
Aol #5237 2| she2 g duk FHE9) F9 100
Table 2. Antimutagenic effect of juice from soybean sprouts

cultured with germanium on the mutagenicity induced by
AFB, (0.46 ng/plate) in Salmonella typhimurium TA100

RED

L

uL/plate A 718}3 & wf 29, 200 uL/plate A 7}8t9l & o 20

~29%2] EAde] i AAAEE ehgl e, 143
Fo| F5 08 Aole A9 gidh 2y AzntES
A7 ete] Augk FUES H2-2 AYPolA 100 uL/plate
# 2] 2] 19%, 200 UL/plates * 2] 3151 & w] 57%2] Edw o]
Frd Al 288 velllo] dul FUER Y HEadde] &
H7F 5 A 4 5 A p<0.05).

Table 32 Al ZubF FrHE2] methanol 55E¢f ojdF &
Edye] A8 &4 Aalolo}t, FF Salmonella typhi-
murium TA100¢] 4] AFB, o] t3 Edwo] $rod 4] 2H4
2 A FF Foz AulE FE9 methanol 3%
AN 17~31% 2 vhephgon, 7 FollA 2322 g
FTEe] U F2 A ES Y2 A g FUHES 43
EA debgos, FuE Ao A4 $EEF Fslee
gEawe] Avtel] FAGE AR ey} o=y A=
g2 A7 FYE-9) methanol 352 65%9 549
o] A AH&-& Hol TUE FAH vbrA 2 dnk FHE
B} gEWo] 2F4o] £ A& 4 F UK HP<0.05).

AZvbg FohEo] AFB # 22 ZH o] ] ¥k of
Yzt Aol ol o3 F9we] 1&g AlslexR
At B 7] 23t MNNG2} 4-NQOE- S Hojgl oz o] &

3t} Table 4 MNNGE] Zoido] fube] ojgl F}&
FN9 gEdwe] A3-5 AYE Axzy 371x] FEF9
Foz Aulgt FohE9 F92 100 pl/plate 22 8453-& o
FEEH A2 At Tl E-2 4~14%, 200 pL/plate
Al A 37~39%9] A& &5 Jebfisich ubg A 2ehE T
B9 F4-2 100 ul/plate} 200 pL/plateol| A 232+ 40% <}
75%2 Edwo] frEedA 2H4-g Jelichp<0.05).

=3 4-NQOE AH8-31% & ol = Table 49} v] 523t A5

Table 3. Antimutagenic effect of methanol extracts from
soybean sprouts (2.5 mg/plate) cultured with germaniun on
the mutagenicity induced by AFB; (0.46 ng/plate) in Saimo-
nella typhimurium TA100

Treatments Revertants/plate (Inhibition rate: %) Treatments Revertants/ Inhibition
100 uL/plate 200 uL/plate plate rate (%)

Spontaneous 132 +6Y Spontaneous 132+6Y

Contro! (AFB)) 1024+ 10° Control (AFB)) 1024+ 10%

AFB; +Eunhakong H?  1007£7% ( 2) 846+9° (20) AFB, +Eunhakong H” 871+15° 17
Subaktae H? 1006 £8° ( 2) 765+ 11° (29) Subaktae H” 7881 6° 26

AFB; + Seomoktae H?  1008+6® ( 2) 842+ 10° (20) AFB, + Seomoktae H” 743+ 9° 31
Seomoktae F¥ 1008+6™ (2)  844+10° (20) Seomoktae F¥ 763+8° 29
Seomoktae G 851x9° (19) 51613 (57) Seomoktae G 447+ 10" 65

‘i)Each value represents meanXxSD.

“H-Cultivated with tap water.

YF_Cultivated with underground water at the factory.
YG-Cultivated with tap water containing germanium stone
Dowder
3The different superscripts are significantly different at the p<
0.05 level of significance as determined by Duncan’s multiple
range test.

YEach value represents mean=* SD.

YH-Cultivated with tap water.

F-Cultivated with underground water at the factory.

YG-Cuitivated with tap water containing germanium stone
_powder.

*The different superscripts are significantly different at the p<
0.05 level of significance as determined by Duncan’s multiple
range test.
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Table 4. Antimutagenic effect of juice from soybean sprouts
cultured with germanium on the mutagenicity induced by
M-methyl-N’-nitro-N-nitrosoguanidin (MNNG, 0.27 ng/
plate) in Salmonella typhimurium TA100

Revertants/plate (Inhibition rate: %)

Treatments

100 pL/plate 200 nL/plate
Spontanenus 186£9Y
Control (VINNG) 126422

848+15% (39)
862+32% (37

839+25% (39)
850+33¢ (38)
609+10° (61)

MNNG + Eunhakong H”
Subaktae H”

MNNG + Seomoktae H”
Seomoktae
Seomoktae G

1109+24° (14
12105 11°%( 5

)
)
114776 (11)
)
)

1225+63% ( 4
1007£14° (24

YEach value represents meanSD.

H-Cultivated with tap water.

PF-Cultiveted with underground water at the factory.
YG-Cultivated with tap water containing germanium stone
powder.

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

Table 5. Antimutagenic effect of juice from soybean sprouts
cultured with germanium on the mutagenicity induced by
4-nitroquinoline-N-oxide (4-NQO, 0.125 pg/plate) in Sal-
monella tvphimurium TA100

Revertants/plate (Inhibition rate: %)

Treatments

100 uL/plate 200 uL/plate
Spontaneous 143+6Y _
Control (4-NQO) 97413

601+ 21% (45)
579+ 38" (48)

696+ 14° (33)
782+ 12° (23)

4-NQO + Eunhakong H?
Subaktae H”

687+ 10% (34)
731 +£12° (29)
645+18" (40)

573+8% (48)
66116 (38)
353%16" (75)

4-NQO+ 3eomoktae H”
Seomoktae F*
Seomoktae G

l”Each value represents mean*SD.

PH-Cultiveted with tap water.

PF-Cultivated with underground water at the factory.

YG-Cultiveted with tap water containing germanium stone
_powder.

> The different superscripts are significantly different at the p<
0.05 level of significance as determined by Duncan’s multiple
range tes..

veh G ch(Table 5). A o] £l ube} 2k3He] X}o)

ot duk FuhEe F84 100 ul/plate X 2] 315 &
@) 23 ~34%, 200 uL/plate 2] A] 38~48°/9] Edde] f
o A 2H-&-& et ) Al 2ubg FuES F-2 100 pL/
plates} 200 ul/plate A28 o 7+zh 24%9) 61%9] =

Auio] it A A 2F8-& vehllo] dut FulEe v]3le 2
v A zo) ghEdoe] ARt 9l&& & 4 A HDP<0.05).

o9} zo] A ZvhE A7} Al FriEo] dut FriEol v
glod FEFado] AU} =& 2L Kim 5(3)9] 714 A
g A 2 alg¥at ol 2} vitamin C, dietary fiber, total phe-
nolics &3 22 A= &4 37} Holdt B3| ko] o
7] el Aoz ALgdc)

SOS chromotestoll 2|5t &=¢igio] &1}

Al 2 v}gE-2] 3-Edwo) F3} : SOS chromotest E. coli
PQ374) genotoxine] ZH-§-3ted DNAC] £A2 4 =549
SOS uk-go] ft=EHA WA E = B-galactosidase®} A
£ v A Fsle] DNA7F #lo]flol] &= A EE
uh o] th(22).
ggode] A&-2 317] Ao 4-NQO9] dose responsed
g oo 1 A3 ONPG/PNPPS A& 30¥ 0.2 34
doseel] ©& SOS chromotest 2 32 %8 #2 =2l 6ng/
assay & T3 th

E. coli PQ37 TF5 AH&-3te] 4-NQO2 E4Ho] fit
o of3le] Ge-132F 5 pg/assay, 10 pg/assay, 50 Ug/assay
A28l & w) 7k 27%, 47%, 57%9) A A&-& Yo
(Table 6). WetA A FAE Ames teste] 29} nlart
A2 AZvkES T FolA S5 Faie] JA Edrt
M 4 5 Udgldh

Azvhy 380 o) &3 : A=ty S35
2 AuE A2 vhy FYES O FHEF vl 2 dked SOS
chromotestg 33t 23+ Table 79 Zt} 4-NQOE &4
Wolgl o2 ALE-3tlS Wl FREE A duk TrhE9
methanol &5 36~49%2] o] it A E3E v}
gl o FFol whebA sutel 2 ek FohEe] 49%
2 & Ede] f8 A 2SS Vel g A EE)

243

rlr

Table 6. SOS response of germanium (Ge-132) against 4-nitroquinoline-N-oxide (4-NQO, 6 ug/assay) in E. coli PQ37

Samples. B-Galactosidase (B) Alkaline phosphatase (a) 8/ SOS induction Inhibition
(ug/assay) oD 420 Unit oD 420 Unit ¢ factor rate (%)
Spontaneous 0.435+0.012" 145 0.343£0.004 114 1.27 1.00
Control 1.337£0.008 44.6 0.318£0.001 10.6 4.20 3.31
Germaniam

1 1.290%0.018 43.0 0.332£0.002 11.1 3.88 3.06 11

5 1.130+0.018 37.7 0.332+0.001 11.1 3.40 2.68 27

10 0.987+0.065 329 0.350£0.006 11.7 2.82 2.22 47

25 0.938+0.032 313 0.343%+0.001 114 2.73 2.15 50

50 0.840£0.029 28.0 0.333£0.001 11.1 2.52 1.98 57

1)
Each valte represents mean=®SD.



934 zeA .

]

o173

o‘:l .

upA o)

Table 7. SOS response of methanol extracts from soybean sprout cultured with germanium against 4-nitroquinoline~-N-oxide

(4-NQO, 6 ng/assay) in E. coli PQ37

Samol f-Galactosidase (B) Alkaline phosphatase (¢« ) b/ SOS induction  Inhibition
mpes OD 420 Unit oD 420 Unit factor rate (%)

Spontaneous 0.229+0.003" 7.6 0.195*0.001 6.5 1.18 1.00
Control 1.409%+0.019 47.0 0.175%0.005 58 8.07 6.84
Eunha-kong H” 1.049+0.057 37.0 0.194+0.016 6.5 541 458 39
Subaktae H” 0.843£0.078 28.1 0.179%0.022 6.0 4.72 4.00 49
Seomoktae H? 1.015+0.066 33.8 0.183£0.029 6.1 5.56 4,71 36
Seomoktae F* 1.038+0.018 34.6 0.159%0.011 53 6.52 5.52 23
Seomoktae G* 1.105£0.002 36.8 0.241 £0.002 80 459 3.89 51

'”Each value represents mean=*SD.

Yq-Cultivated with tap water.

¥F-Cultivated with underground water at the factory.

YG-Cultivated with tap water containing germanium stone powder.

FoB RE, A%s U Azrky $052 A FHE Bl w)stel YEQo] Eirh 35T S 2 4 gk

& 7Z+7b 36%, 23% 2 51%9 E9Ho] M &5 el

Azohy Srhgo] 714 B FEAMo) 242 AU T 9 2 8

+% & 5 Adddeh

ool AY A} Asnty F4Ho At FHES
AZutES TREHA FHar o] 2 Qlsle] -3t gHEde]
28-S 7HA = A2 vebieh weba FuhEe] $e]9) A
oA Z ujFE AR Qe R AZekE FHEY
o] 82 Il A7 =gE& EF F US ALE A w )

e <of

Ames test®} SOS chromotest & ] &3¢ f-7] Al 2oty
I A2 vkES bt QMg FUEL sEdwoe] Ad
£ Axstgd. 5 Salmonella typhimurium TA10090 4]
AFB;ol| 83t 88 EdWo]= Ge-132¢9 A2 vty 7}
Foll ol Fx & 22 A ARy} EA Vet o,
&3] §7) A2052 20 mg/plate FrHebglS o] 2T

vl &te] 87%9] Edwe] f¢ A& e} £
AgA AN Azvkgs Arbst] A FES] 954
methanol $Z&& T 552 Al THE v]sle] 54
“3°] Frrd A zh-go] oA o2 FA bk E=3 24

AW o]4dql MNNG#} 4-NQO9|| o futd Fdol=
%B]’i‘/}i’] %1% 200 nL/plate H 71315 & o 242} 37~
39%, 38~48%2] M sl & 7}+E5 vehdl Wb 22 FEeA Al
2oty FE9] 9L 61%9} 75%2] Al &S vehlie]
AZokE 7 FEE g F9do| Q¥ ohz) Ay
Edol el a4 sl Fduol® AATS &4 4 3
o} &9 E. coli PQ37 &F2 A48 SOS chromotest el 4]
71 AZvbgE AHEE FEe] Sl ol Edde] {08
A A 2hg-o] Frtsld o, Al 2rbE 152 methanol 5
FE2 A FTEA vlEle 2 E9 o] F A AS
£ Jehligd o} el Ames test®} SOS chromotestE %38}
o] AZrekeg Hrbete] A FHES SEEZ Al F
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