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Abstract— This study was initiated to investigate the effective action and mechanism of GE-132
(Carboxyethylgermanium sesquioxide)on benzo(a)pyrene, which have strong carcinogenicity and
mutagenicity. To confirm desmutagenic effect (inhibition of metabolic processes of benzo(a)pyrene
with S9 Mix or inactivation of the mutagenicity of benzo(a)pyrene metabolites) and antimutagenic
effect (inhibition of gene-expression of reverted genes) of GE-132 against benzo(a)pyrene using
with Saimonella typhimurium TA98 Ames test was performed. The revertants in desmutagenicity
test were decreased significantly in the combined groups of benzo(a)pyrene and GE-132 than benzo-
(a)pyrene only, without inhibition the metabolism of benzo(a)pyrene by S9 Mix. The ideal combined
groups of benzo(a)pyrene and GE-132 were 10uM and 10mg, 20 pM and 20 mg, 100 uM and
30 mg, respectively. Then, the revertants in antimutagenicity test, which was studied the direct
action of GE-132 on the induction of revertant cells by Salmonella typhimurium TA98 and activated
benzo(a)pyrene were decreased significantly in the treated groups of GE-132 than no treated
groups. The number of revertants of Salmonella typhimurium TA98 were reduced with increasing
amounts of GE-132. From the above results, it was found that GE-132 inactivated the mutagenic
metabolites of benzo(a)pyrene without inhibition of the enzyme action in the S9 Mix, and GE-
132 showed antimutagenic effect which have inhibitory action of reverted gene expression.

Keywords [ ] GE-132, benzo(a)pyrene, desmutagenicity, antimutagenicity.
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HHEH Jubd e g diol epoxided C-10 x| ¢} gua-
nine?} ol IF N-2 $H7} ukgsheE Zew
o2z gJo}, o)9le) % guanine N-7, uracil residue
(RNA), adenine 3% u-g-3tA] 4o
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GE-132+= 19673 Asai Germanium Research Ins-
tituteel] 4] Oikawa®} Kakimoto¥el] 2]3] -f-7]93 A ) )
carboxyethylgermanium  sesquioxide [O3(GeCH;
COOH),]= §td=le] GE-1322 E&#A sod
thdzke) A7 Az gk A 52HEE AU gl
o2 wa{Aa gl

Kumano %2 in vivo % in vitro 4@+ GE-
1329] ahgokasE BaslHA| o]7le] GE-1329] in-
terferon AAdell 7]]1gtctr 3l om? 11 ojFom
Ishida 592 op¢29) Fokg o= GE-1327}
interferon-inducing agentd-g #<l3t v} 9171, Sa-
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GE-1327} Al254 glo] dFFaste] g A5
Ae velidy By wh gl

o]9} Zr-e& GE-1329] §F4a ) o] ollw gEad
Hol 280 th A o2 x] 1L 9le] Mochizuki®}
Kada®] od-7+A3fol| &) Escherichia coli®] B/r up
trp , strainol} 4] Y-rayel|l 2l&) FE¥ Foiwo]g A4S
GE-1327} & stAl 2t 2lckal HarshH 4 GE-132
7} DNAsHAY A 9] fidelity S 231A]17) 28 Y-rayell
)3+ DNA-replicating enzyme%2] error-proneness
of HEgE Foletar sldch? o)} e AT A
radiation mutagenesisol| Z3}sh= GE-1322] #47)
A ATl = o Sl e Fu)E B dose
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suppressor cell®] &A3}E Tisl= Wo7tslag
Fol AdB® wpelE|a Zhde] Ame} FrpA A
AE P x4 FoheSe Hge &gl dokn
BaEa glom 69 fxo) shagFs F7HIE
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4, AT 283 FEE 528 So| dexxn
9\14’20'26)

& ATl M HE FHelsiA el hag sk
T ZFAA]A oske] ool B4 0 glen xy)
radiationel| 23 EdwelRAE Az o
defA i 9l F71A 2ekEe] BAPS] EeddolUA
o v|X= d3S& Salmonella typhimurium-s o] £
AmesA @Y 83l Fyslual sgick

HEYy

Al2F—Benzo(a)pyrene(BAP)-2 Sigmast A F& &
7187 dimethylsulfoxide(DMSO, Merck#))el] &3}
AlA  Algstelem,  §-7)4 2olg(carboxyethylger-
manium sesquioxide : GE-132, Mitsuwas pure che-
mical Co.)& 43} FF-o Saf2)A ALg-3sisdch

78l %k nutrient brothi= oxoide nutrient broth
No. 25 A}8-8l9l3L, petri plate§ agarg} nutrient
broth= Difco & Al8-3lsiom, #5894 sensi
discs= Becton dickson#] ampicillin disc2} blank
discE AH&3tglen, crystal violet-2 Merck# & A}
B3t et

Ammonium sodium hydrophosphate(4hydrate),
sodium phosphate(monobasic), sodium phosphate
(dibasic, 12hydrate), sodium sulfate, potassium ch-
lorid(e] 4 Wako pure chemical industries), magne-
sium sulfate(7hydrate), citric acid(e]4} Yakuri pure
chemical Co.) dextrose, NaCl(¢]”}+ Junset), L-Histi-
dine HCl, ampicillin 3H,0(Sigma), D-biotin(Fluka
AG) & A% SFEL Asisch

SS9z A] A%} polychlorinated biphenyl(KC-400,
Sigma)-2 olive oil(Sigma)ell 50 At&-3}¢] o, S9
Mix =34l #8237 cofactort Y& oejalet Fw
A8 AFE AHEsedch

Gas chromatography(¢]3l, GCE %7])& BAP &
Al A2 #-7]8-vll ethylacetatet= Merck®) & A}
£-3hsich
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Table 1—Operating condition of gas chromatography for detecting of benzo(a)pyrene

Shimadzu GC-7AG with CLH-702 capillary column holder and injection system

Gas chromatography Condition

Model

Column Capillary CBP-1.25m, L.D-0.25 mm
Injector temperature 300

Initial temperature 200C, 2 min

Final temperature 280C, 8 min

Temperature program 16C /min

Detector temperature 300

Detector FID (flame ionization detector)
Carrier gas nitrogen

Make-up gas nitrogen 30 m//min

Air pressure 0.5 kg/cm®

Hydrogen pressure 0.6 kg/cm?®

Range 10

Attenuation 2

Injection volume 2w

AKR?|7|— 3}3hal )
heating block % A& 3 &37)+=

Ainsworth, X &7,

RECRTE

34} aE-g A235tel 3, clean benchy o F-all x|
oz AEE AHEskeich
WEAlRe}7]= Beckman(L5-75B), homogeni-

zer:= Wheaton overhead stirrer& A8-3}gix, wj
¢}71%= Fisher Isotempg& A}4-3tdc}. GC+= Shima-
dzu GC-7AGel CLH-702 capillary column holder}
injection system% F-z3le] Apgshelx, A2 A4
o7l glasiab Al E(HA-12)S AHEskslch

BAP2} GE-1329] Xyt ofF ZHE-—- AU
Yell 4] 2mM BAP 0.1m/2} GE-132 100 pg/md, 1
mg/ml, 10 mg/ml, 100 mg/m/, 278 0.1 m/% 10 m/
QAR A F Aol o] 2 EF’E F 37C ol 4 30%
7F v okdl L 2 mi2] ethylacetate 2 2¥ % BAPS 3
Zatel GCZ Aekslalc) o] FAARE 37C o4
3057 wokstz] edar Aol W& 759} wla
stz GE-1327} wlekx 7o oz} BAPo| 2% wh
Seh=r9] dEgedy-5 FEsledcl. Ethylacetate &
FEA fdE 7
A A skl o, GC

S BF FEAR) & FAA Al ethylacetate 1
m/ 2 t}A] mass updled cappingF GC +4 6}"* © v
Ag e 332 skgdx, BAPS] GC #Ma7le
Table Tol EAlsle] 9]

£ sodium sulfate anhydride=

=
ZefA] ethylacetate ¥-8-& vialZ
7l

BAP2S| cHApi oO|xl£ GE-1329] H3—A3d3
Well 4 BAPE tHAbA]7]= S9 Mixe] ZAgAddl v
*|+= GE-1329] <dsk& #33t7] 913l 2mM BAP
0.1 m/2} GE-132 100 ug/m/, 1 mg/ml, 10 mg/m/, 100
mg/m/ 22+ 0.1mi¥ el S9 Mix 0.5 m/4 S
10m/ GAE-2] Agdae Yol 2 &3 § 37C ol 4
3057} vl oFala 2 mi 9] ethylacetate 2 2'H4) BAPE
#%3}o] Table 17} 2& 27el|4 GCZ BAPE A
gkalelc). o] EAAINE 37C oA 3087} vl dslA
oki Ao A wAF g} wasteg GE-1327)
BAP2] thfel] w]2| = of8k-& #Astich AT
332 shodch

Ames Al8%—BAPS} GE-132% ojgoz g
Ames E9d®e] 238 Fig 154 %ro] demutagenicity
test?} antimutagenecity fest@ —8-3}o] Ax)3lg] v
25 zb7t 484 A Alskedch

A4 7= frame shift type S1io]7Zo] »
o x)i=  Salmonella typhimurium TA98S Berlin
Freie thato 2RE] #|gute} Aol ARg-3lgich 2
2] A A 552 HEEA] histidine 8743, rfa,
uvr-B E<dHo] 2} R factorel] WHEk #-A3AE el
s} ch

S92} S9 Mix ~22] 37 Minimal glucose agar plate<}
Top agar?] Az Ames 5279 whdol] ul=} A=
shodch
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Benzo(a)pyrene *—b:r* Metabolites of benzo(a)pyrene

S. typhimurium
TA98

Mutagenized cells

%k

Revertant «—— Gene expression

*Action site of desmutagen
**Action site of antimutagen

Fig. 1-—Principle of studies on the mechanisms of GE-
132 effect against benzo(a)pyrene mutagenicity.
Desmutagenic effect : The inhibition effect on
the enzyme activities in S9 Mix or the inacti-
vation of the active mutagenic metabolites of
benzo(a)pyrene.

Antimutagenic effect : Direct action on the
gene expression of mutagenized cells.

BAP+= DMSO® o %7} 2 uM, 10 uM, 20 uM,
50 uM, 100 puM, 1mMe] H= = zbzh za)sle] (.1

m/E FHale] AP LA e g slglon, GE-132& 43}
Fhrel Hod A4 01lmiE HYL o wwv)
10 pg, 100 pg, 1 mg, 10 mg, 20 mg, 30 mgo] HEE-
ZAsH) o] FEEL thkdt AnAYPE Eiko
A g FrEolcl BAP A4 AyH 4C of
Aell4, GE-132& 4T oA Tt 2 Badsiolc)

Desmutagenicity test—Ames 5472} ulel| ulzl
AAl skl o)

T 01l miE 45C 2 H#}4)7) top agar
(agar 0.6%, sodium chloride 05%<] W&oz}
L-histidine, D-biotine 0.5 mM W848 10:12
E3hell Y2 A ERVNR EPR F o] EFAL
minimal glucose agar plateo] o] ZF = =]#]
§} q_g_ 37T ol 4] 4847} vl oFa}to] revertant colony

S Al&3}9lcHScheme 1).

Antlmutagemclty test—Ames 572 M-S £3A
g Sakai 509 ubyel we} AA)sledc

Todete) 5miet 1 mM BAP 1m/ 22) 1 89 Mix
SmiE 20ml IAEe] AlgRe)] do] B EgAI7
F 37C Ao A 60+-7F wioFA)A 4500 rpm
o4 1587 QAlFel stk AR #FE 0C 2
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S. Typhimurium TA98
overnight culture

. Add Benzo(a)pyrene with or
without GE-132 in top agar (45C)

- Add S9 Mix or Phosphate buffer
in top agar (45C)

+ Mixing with vortex

Bacterial
suspension

Pore onto minimal
glucose agar plate

. Incubation (37C, 48 hrs)

Revertant colonies

Counting of revertant colonies/plate

Scheme 1-—Procedure for the desmutagenicity test of
benzo(a)pyrene and GE-132 using Ames
et al. method.

AbgkEgano 2 3 AHY F o}r] 5mio] QLA
F4do g Fa3}ste] antimutagenicity testol] Al-g-
o
AA

e updo g ode Fryedol (0.1 mie} GE-
132 848 T 01m4 E¢3i S9 MixE
=1

d7bste] 37C ol A 20%-7F xedeokgl & 45

F2A17] top agarell WL Al EvR &

3tk ¥ o] Z3ted-2 minimal glucose agar plateoi]
Fol g HAA 3 opE 37C oA 48217 wiF
3o revertant colony 55 7 4+8}9icHScheme 2).

$19) A3l Waisted cell survivorsel
GE-1322] <j#& ololrr] flsle] BAPE Ae]3)7]
Heol el g 102 34 H 0.1miE #Hat
o] GE-132 $Ng Fxrdz 01m/¥ &3tsl S9
Mix= 05ml 37}sle] 45C 2 #2217 top agarell
War Al el A E§eE F o] £39-2 nutrient agar
platecl] - $)o} FAstAl 37C ol 48417F wi <k
8ol surviving cell?] =& 4l¢ich

BAPS| E¢IH0| M0 " GE-1322] Xalg |
At—BAP2} GE-132%&
test2} Antimutagenicity test&

u] X =

o2 Desmutagenicity
AR F 9103l per-
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S. Typhimurium TA98
overnight culture

Bacterial suspension
+ Benzo(a)pyrene
+ S9 Mix.

- Shaking incubation in water bath
(60 min, 37C)

[ Strain solution

- Centrifuge at 4500 rpm
(15 min, room temperature)

- Wahing with phosphate buffer (0C)

- Centrifuge at 4500 rpm
(15 min, room temperature)

] Three times repeat

- Suspending with phosphate buffer (0C)

Strain solution

]

+ Add S9 Mix with or without GE-132
- Shaking incubation in water bath (20 min, 37C)
- Mixing in top agar (45C) with vortex

Pour onto minimal
glucose agar plate

+ Incubation (37C, 48 hrs)

Revertant colonies

Counting of revertant colonies/plate

Scheme 2—Procedure for the antimutagenicity test of benzo(a)pyrene and GE-132 using Sakai et al, method

(modified Ames test).

cent inhibition®] #4Fe Ong S22 Wiy ujz}
the 3 o] A4rstadch

Percent inhibition

Number of mutants per plate  Number of spontanecus
in the presence of GE-132 mutants per plate
=[1- 4 Jxa00

Number of mutants per plate  Number of spontaneous

in the absence of GE-132 mutant per plate

SEASE Z4H—Ames A YL AlAEt Qo=
AP A EAEA 1AL 25 AT zelE
AA s v 24 54 Q) Mann-Whitney U test&

o] g-ste] 7 4ahaic,

N

LRl

BAP2} GE-1322] =Xut2 off #Hel-dA &
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0 0.01 0.1 1 10
Concentration of GE-132(mg)

Fig. 2—Influence of GE-132 on the recovery of benzo
(a)pyrene with or without incubation. Each va-
lue represents the meant SD. (n=3).
(--@--) with incubation, (—C—) without incu-
bation.

%o BAP9} 48] ¥x9] GE-1328 & 3§35lo] ikt
& wokslA] kot wel BAP 3<&-& wlad A=
Fig 29} zto] wiofslz| <ok 72l BAP 3%
(90~94%) i F3t% & 7-+-2] BAP 3|&(85~91
%)ell & o)z} ¢lel BAPS} GE-1327F A&
uhe-3lx] o= & gHeldkdch

BAPS| CHAWI o|xl&= GE-1329] ¥#-BAPE
akA71E S9 Mixel EAAl »|A&= GE-1329)
Ags wHs}r] fske] o2 Fxo BAPS} GE-132
g #§std S9 Mixet @7 Wit & BAP9] 3]
482 wikabx] odohe we) BAP 383 wlas)
B8 z uwg BAP dAHHEE fasidck 1
As} wFRe W] BAP 3|5-8(30~41%)3% W
2] orsks W] 358(92~96%) 23 xpeolst
olelx, w3 TU itz el 4 GE-132% Fois}
2] e A$st Foid 99| BAP 3]5¢E7)l
$-918 x}ol7} 91l BAPe|] GE-132 10 mg} &l
W Fssl-e oo BAPY 34§23 of 35% A=dch
(Fig. 3).

ol9} 7+& ATE GE-1327} S9 Mixell 2§+ BAP
AbE AHsfslA) e S 4 5 ddch

BAP E¢itHo|§tde| R-vRSEA|—Salmonella
typhimurium TA98 4] 25 BAP2] Fofkel upE
Eoio)| A EE Fig 49 2sich

BAP 2~10 pMell 4 S9 Mix 7} 334 plated
revertants®] #Fi= 39~167 revertants®] H$ %
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Fig. 3—Influence of GE-132 on the metabolism of be-
nzo(a)pyrene by S9 Mix with or without incu-
bation. Each value represents the mean= SD.
(n=3).

(--@--) with incubation, (—(>—) without incu-
bation.
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Fig. 4—Dose-response relationship for mutagenesis in
S. typhimurium TA98 induced by benzo(a)py-
rene with S9 Mix. Each value represents the
meant SD.
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Table 11—Demutagenic activities of GE-132 against mutagenicity induced by benzo(a)pyrene in S. typhimurium

TA98 with S9 Mix.

Concentration of

Revertants/plat (percent inhibiton)

Benzo(a)pyrene
(uM/plate) 0 14 5¢ 107 20° 30°
- 32+ 6 19+ 5 16t 2 17t 4 215 16+ 3
10 56t 5 37+ 7 41+ 9 31+ 12* NT NT
(79%) (63%) (100%)
20 9+ 4 875 7029 59+ 3* 17+ 4* NT
(18%) (43%) (60%) (100%)
50 112+ 10 99+ 4 74+ 4 65+ 6* 52+ 3* NT
(16%) (48%) (59%) (75%)
100 167+ 4 129+ 2% 120+ 7% 107+ 8* 24+ 3%+ 16+ 5%**
(28%) (35%) (44%) (100%) (100%)
1000 66+ 8 NT NT 72+ 13 59+ 6 81+ 15

Each value represents the meant SD.

*p<0.05, **p<0.001 compared with benzo(a)pyrene only group.

“Concentration of GE-132 (mg/plate).
®Number of spontaneous mutant per plate.
“Nt, not tested.

X—3030]%ic}. GE-1329] 79+ GE-132 10 ug~30
mg A Wl el S9 E3f Ayl -7 Faigle)
revertants #7} thET2 fAbsted BASHA f2lg
x}o)7} gl9olem, BAPY 792 S9 Mixg 3713}
olalg uj o] revertants % F7} 3~ 12 revertants =
F-ofu] sheict

Desmutagenicity test—S. fyphimurium TA98S
thabo 2 BAPe] Eoiwio]l el digk GE-1322] de-
smutagenicity S %3 Z3 GE-132& %4398
) BAP9] Eodwo]dtAo] 10~100%7+#] * sl =}
t}.

BAP =% °4‘\11°ﬂ ulsle] 50% o439 AdEE
v ARFES BAP 10 M9} GE-132 1mg, 5
mg, 10 mg, BAP 20 M2} GE-132 10 mg, 20 mg,
BAP) 50 uM ¥} GE-132 10 mg, 20 mg, BAP 100 uM 2}
GE-132 20mg 30mg 5o WEFoATEeldew
152 v% BAP t}EFoifo wls] FAHes
s °4‘31°]§—i”% vielfi sdch(Table ID.

BAP 1mM °lA9] EEox+ GE-132¢9}2] A3
a9 #agl 5 ¢lglem, direct mutagenecityE

H#aAstuA —S9 Alefel 4] TAF plate @ reverta-
nts F A AT 25 2 A7 6~ 14 reverta-

ntse) WART LE APETN KA Hoh £

o

it

Antimutagenecity test—S. fyphimurium culture
solution(1~2X10° cell) 5miell 1 mM BAP(200 uM
BAP/1m/ strain) 1m/E& FoIsled S9 Mixet &4
Aga Jedl A wfekAlZ]l F 22 mutagenized cel-
lose 4o g GE-132 5mg, 10 mg, 20mg ¥ 30
mgS 77t 8-ste] GE-132% w431 ¥ A9
o] EE Blusiirh

GE-132% Foi3}A] o2 2399 3]l 1265 re-
vertants/platel] #]3}ed, GE-132 10 mg ©]4e] 5%
ol §2]5}7 W& revertants 5 2oj GE-132 10
mg, 20 mg, 30 mgeliA H revertants= 2+7 976
revertants/plate, 471 revertants/plate, 85 reverta-
nts/plate .27, percent inhibition GE-132 10 mg,
20 mg, 30 mgell 4 z+z} 25%, 69%, 100%%cHFig. 5).

BAPS| E¢it40|§H4Adol| i3t GE-1329] 2412
A —BAPel 93t Bowlo) &4 A#sh= GE-132
o) Ml g25E Fig 67 22 g=kubgS4E 78
T g

BAP 10~100 uMS tj4to 2 GE-132 1~30 mg®]
Haxud Az dolzl 16~100% HYel A8 7zt
7to] feEwt oAl S 7|F o8 Awd A Y=233

X+1359¢ 72 A3 ARAAS
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Survivors

Revertants per plates X102
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Concentration of GE-132(mg)

Fig. 5— Antimutagenic effect of GE-132 on the muta-
genicity induced by benzo(a)pyrene in S. fy-
phimurium TA98 with S9 Mix. Each value re-
presents meant SD.

Continuous line (@—@), revertant colonies :
one dotted broken line (—--—), spontaneous
revertants : broken line (O-O), survival
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Fig. 6 —Dose-response relationship of GE-132 for ben
zo(a)pyrene mutagenicity.
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