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Effect of Soybean Saponins on Aflatoxin B,-induced Mutagenicity
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ABSTRACT

Free radicals formed duting the metabolism of environmental chemicals are known to induce mutagenicity, while different
types of antioxidants suppress this event. The purpose of this study was to determine the antioxidative and antimutagenic
effects of soybean saponins, and to examine the relationship beteween these two effects for the elucidation of mechanisms
involved in the anticarcinogenicity of soybean saponins. Also, antioxidative and antimuragenic effects of soybean saponins were
compared with those of known antioxidants. For the measurement of antioxidative capacity, soybean saponins, L-ascorbic acid,
o-tocophoerol, and BHT at concentrations between 0.05 and 1.0mg,/ml were tested for their ability to donate hydrogens and
to reduce the formation of thiobarbituric substances(TBARS). Antimutagenic activity was examined using the Ames salmonella
test system at concentrations of 600, 900 or 1200pg/ml. Study results showed soybean saponins and all of the other
anrioxidants tested possessed dose-dependent antioxidative activites. The ability of hydrogen-donadon to DPPH was in the
order of L-ascorbic acid> a-tocopherol>> BHT > soybean saponins. TBARS formation was also inhibited by these compounds,
in the order of BHT > ¢-tocopherol=L-ascorbic acid>soybean saponins. Soybean saponins and other antioxidants also showed
antimutagenicity in a dose-dependent manner. Especially, soybean saponins and BHT were excellent antimuragenic compounds,
wnhibiting near 80% of the mutagenic effects at a concentration of 1200 pg/ml. The correlation coefficients between antioxidative
capacity and antimutagenicity for each compound was statistically significant at p<(0.05. Thesc results indicate that soybean sapon-
ins possess antioxidative and antimutagenic capacities. Also, antimutagenicity of saponins and other antioxidants is partly due to
their antioxidative activities. (Korean J Nutrition 32(1) : 110~117, 1999)
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1. N AR 2R

L-ascorbic acid, DL-a-tocopherol, linoleic acid.
DPPH(1,1-diphenyl-2-picryl hydrazyl), SDS(sodium
dodecyl sulfate), 2-thiobarbituric acid, trichloroacet-
ic acid, EDTA, aflatoxin B., DMSO(dimethy! sulfoxi-
de), NADP, L-hisidine - HCI. biotin, sodium ammo-

nium phosphate’s< SigmarHSt Louis, U.S.A) AZL

FELERERE

Bl ZE 32(1): 110~117, 1999/111
T3t AMESlE . bacto agar nutrient broth= Dif-
coAHGrand Island, NY)AE S A&t 0 & 2&24

T2 THE EFALS o] & EY YFAlEYL AR
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2. A %5 (Electron donating ability) &%
T2FTAT £74-2 Bliose] ¥l £l DPPHe o
Fo]5(EDA! electron donating ability)& =4 s}
o F2EHE A4l & DPPH 20mge 5-E 150ml
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mi 7ok 54 522 U e 308 $3H 4R
5 51TomelA 3= E“FJE- 5‘7“751-051 ol ther 4
= 2pe| 2 HAF A% (EDA) S Aslslan). d3bs ¢lo] 4
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Fatstald BA AAse 71dEA 11n0161c acidZ AH&
319 thiobarbituric acid reactive substances(TBARS)
A Aeants S48k Hrielgd & sodium lauryl
sulfate-€<4(0.8% w/v)el linoleic acid& 0.1% (w/v)7} =
=2 AT o] 7]AE9 0.8mlel 50mM Tiis buf-
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Salmonella mutagenicity test= Maron® Ames7} H ¥
) 9ol 23l Salmonella typhimurium TA 1000-3
ALgale] Al @i, Salmonella typhimurium TA 100
192 A histidine 274 . deep rough(rfa) 2
. R factor 5] 32 S &elsled AMgstd. g2
o] d¥g #8 S9-mixe Aroclor 1254(Analabs Inc..
1.8.A)E FAS Sprague Dawley® HEE2E 748 )3
FHlstitt. 489S 98 279 cap tubedl 0.5mle]
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112 /R FAh 23] HEE 0|4

4% S-9 mix, 0.1mi(1~2x10° cells/ml)2] &3, T4
o]¢ o g A4% aflatoxin B./(AFB) 50i & FZAE 5
HE o) ZhgA A"E & 37Tl 3087 d8luiorskd
o} 2+ @3l 45T top agar 2ml¥S B 327 R
E+5le] minimal glucose agar platee] =%k 377CHA
48A|7F HFSE ¥ revertant ©AE AT old HrkR
B0 A(AFB) Y F&e AMRE F3d ddte] B8
YElA] @ FE2A lpg/plates 393, A9 T
= JujdEe Fated 600, 900, 1200pg/plate® AR
o Alge] dEeic)s e Wold EZ(AFB)S 849
3 A 22 A8 (inhibition rate) = WERSIE)

5. SHIAME

kgl glate] ghitsls B FEdEe) 4de A=
SAS program< |83l Zt AQTEE HE I EFHA}
o g ANOVAZAAE stk #eldel sle A%l=
Duncan’s multiple range test® tHA] T 7te] f-o4 2

<
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1. % AFEH W UF SMEAAEY FASOs R AN
RSN 2t

£ dFelME b5 AlE U itese Fa PtEE
A£3) ¥z, B7457) 98 DPPH(1.1-diphenyl-2-pi-
cryl-hydrazyl)d] tgh WAFsz AudzAle g
AAAtEE 4 JATE SASHTH

DPPH #xje] s 44 22 gelEdo 24 g
et 223 ghgdle] o] e S gojrEs A
A& 7, B 4729 OiF ARds 4% sislEdE
9] DPPH & Mx}&<d5& L-ascorbic acid> o-to-
copherol> BHT> hF AlZEHe] o2 YERITHFig. 1).
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« Bars with different letiers(a, b, ¢, d, e)are significantly different from each other at p<{0.01 as determined
by duncan’s multiple range test.

Fig. 1. Electron donating abilities(EDA) of soybean saponins and major antioxidants to DPPH radicals.



HE AREY-L 0.5mg/mlolA 14.7%. 1.0mg/mldlA 24.
6% 2 s Ed 9o i vE] o Fakalsol
Fo3HA 718t (p<0.01). L-ascorbic acid®] A4+
We =T = (0.05mg/ml) 96%7} U B& FaF%
< BojEo g2y u$¢ FAHQ AXA TS sk A=
Bt} o-tocopherol® BHTY Z-$%= (.5mg/mlEE=ol
A 90%7 9 B2 T4 HYD BEE TolA As
o) %57} Z/tSE gz tE HalgelEo] 97
o2 Z71e B £ JvHp<0.01).
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AL P LA 3R 32(1) 1 110~117, 1999/113
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218144 291 malonaldehyde$t A2 AN A F3sle] &
< 842 B44%0 B3 linoleic acd =¥ arachidonic
acideel thEEsA4ke AR e) 1A Bl &
fr=0o] glo] AT lsiAE BAPS FEEH o)e
AZe] DNA £451 239 #dS 2=re, s AlEd
2 75 kgl QlRke) zpe) A 2Ale) ofgh A aibal A
AAsg AWE A7} E=E(0.05. 0.1, 05, 1.0mg/mDE
ANRE Htede W 75 dTA o dIsAde] A
o] A AL ES YU Fig. 2). AT ALEe] 24 1
Omg/ml 7] el ¥l3] A AFEE A4S 60% 4 A
e Ao g Jehgth atocopherol® Lrascorbic acid 9
7% 1.0mg/ml A7) dhz=Tel ws] 2o Fatslgd e
77} 71.2%. 68.5% AEt8o™ BHTY 74 1.0mg/m)
H7MA iz vig] ADAAIE 78.2% AASE AL
Z Jehth 22 g4 A ATS vlas) £ 4
3 BHT>> a-tocopherol=ILrascorbic acid > th5 AREd
Fo= 43¢ AolE B AATHp<0.01). 53] dF
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= g =
20 T
0 Il 1 1 1 1 ] [l
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[0 soybean saponin | L-ascorbic acid J
a
100 g: %
E- 8 g =
g8 ® % =3
E B / £z
5% 60t 53
20 b b 23
é & 40 - % ? T d 2 [
ol é % %
SIBA RN .
0 0.05 0.4 0.5 1.0 0 005 01 0.5 1.0
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» Bars with different letters(a, b, c, d, e)are significantly different from each other at p<{0.01 as determined by
duncan's multiple range test.

Fig. 2. [nhibitory effect of lipid peroxidation induced by U.V. radiation by soybean saponins and major antioxidants.
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A 9] aglyconed] 2EE DDMP(2,3-dihydro-2,5-
dihydroxy-6-methyl-4H-pyran—4-one)s] 2] Zgo] %

4 Ase) he AR AIAED F

HPLY, F2 T AL soyasaponins I,I, MW
5} Vi 2% DDMPE £43hT Qi 208 e,

AAZ Img/ml FE9| °|E ALEJL superoxide dismu-
tase 17.lunits 959 superoxide 2452 A/3 Ao
2 B, B ATAE R 258 AEd &
9] DPPHe] thgr "i:_):‘:—ér‘#—'*} IR E JASS
AR A7 F8 g T 1 B9 AL
02 S EdeRtE et veRdet 2 99 F
YR g5l A7) e AlEd E3EL ARSI
7] M2 FeE Helth F Z4zte] Atz o] gakst
A 59 ARIEAL Al o] BEatEe] 27e) o]Eo]
aglyconed} ZAgE X Toll o) kg wol 1 FI/}
o} Thkg Ao 2 ®u vl o,

H B dyolA ARRE FUH AEAACNA 2 F &
FEEZE T Fileteel ZolE AR L-ascor-
bic acids ThF%Fe] Hojt v BHTS a-tocoph-
erole #F1E A2 FA AA 5] SFeget. & L-asco
rbic acid ¢ 7% DPPHO gt $43F SH0A=
7Va 2379 22 scavenger® 53 ¥ X AS o)
£ ¥)F4] ¥h&Ao A= BHTY o-tocopherol?] &35
L= s A = A AR F R R R “*013]—“— Ao R VB
t}. o] ascorbic acid7} ZAJo gtE g Zk7] wjFof B
=4 wkgA M B ’“%—‘."6194 LS AlA A EE
A g 2ok gaA 07 AAE] diE]d] Aoz B
itk & 2AFe] Al gk =
2} o-tocopherolo] &8 3%

A Ao A= ascorbic acid

bR A gz A

+ WA a-tocopherole] @8t 48 AFE F a-to-
copherol #Htjzte] =1 ascorbic acidE o1 2 & o-to-
copherol& AABA71E 22 delA Uoh*?. 53] 32
o] AFE* M a-tocopherol®] F4kE g2 FAAH
ol& A&zl B2 Fo35H) gFolxx vt BHT=
butylphenol =219 ¥%2=2 tocopherol ¥ 7]E]
polyphenol3}3H2-£3} o] | AFkstE o] AL oA
3= 222 gol ARgH 3 et g vhe-g AX A
B FAl AalE g FEE FAPgEn} 38 Caru-
belli¥®¢] Exel WEWH 2-acetylaminofluorene ©.&
=¥ 3 #AHRAeA BHTE 438 2-a-
cetylaminofluorenes A o 2H 71t A& o
Adhs Ao YEhgTh

U5 AR 8 ] whgAld A A= g3
9 A Bt A 29 alkoxyl 2He]Zolit peroxy #HZ
o] 274 1] EHH o s ARl Ao gt B d
A= oAl 7led dhet 2¢] emulsified lipid sys-—
tem< o]&ste] A7) FH7IE B AYE FALEY
o AW o] 2E R A H Y ATl Zo] Bt 7
o Helth I'_f‘]t” 20|12 gtz FoA dFAEdS 4 -
TE FEtEe o HIHEE fEE A e &4
hyperhpldemla/} A Y= AF7Z =7 mag bh
12, Nishidad®2 tF A2 o] § 7+ microsomel]
o gz g ALAEE AsAnn BagozH
U5 AREU Y] At E S S v it 8 T A}
FU2 CCOLE FE8 7H¥XEAE Adsts #o) in vi-
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2. s A EY R 4T BUAANY Salmonella typhim-

urium TA100°1 ¥ aflatoxin B,2} SGMCl REY
o oAz =t
Aflatoxin B.(AFB)-2 A. flavus 8t A. parasiticus®l| €]

i

s

Table 1. Inhibition rate(%) of soybean saponins and major antioxidants on the mutagenicity induced by aflatoxin Bi(AFB;, 1pg/plate) in

Salmonella typhimurium TA 100

Treatment Inhibition rate(%)
Conc.(pg/ plate) Soybean saponin L-ascorbic acid o-tocopherol BHT
Positive control (AFB; only) 0*
600 52.04£1.0% 3211697 39.4+4.9% 77.7+59"
900 64.0+2.8" 43.0+3.5% 53.6%5.0% 83.6x0.4™
1200 81.4+2.9™ 62.6+3.7% 735434 94.4£2.2%

=« Means with different letters(a, b, ¢, d) within a row are significantly different from each other at p<{0.01 as determined by Duncan's mul-

tiple range test.

« Means with different lettersiw, X, y, z) within a column are significanlly different from each other at p<{0.01 as determined by Duncan's

multiple range test.



Table 2. Corelation coefficients between antimutagenicity and antiox-
idative activity for soybean saponins and major antioxidarits

AMES?
Soybean saponin L-ascorbic acid o-tocopherol  BHT
EDA" 0.93" 0.77 0.86" 0.89"
IR? 0.93" 0.79’ 0.80" 0.80"
"EDA ! Electron donating abilities(EDA) of soybean saponins

and major antioxidants to DPPH radicals
IR * Inhibition effect(%) of lipid peroxidation by U.V. radia-
tion of soybean saponins and major antioxidants
* Inhibition rate(%) of soybean saponins and major an-
tioxidants on the mutagenicity induced by AFB, in Sal-
monella typhimurium TA 100
*0<0.05 **p<0.01

“AMES

) AEET ¥ol9d 2 TN S XY FHo|ELEID
3] Salmonella typhimurium strains TA98%} TA100¢] tf
gl FE WolgdAg Adr}E® AFB-L 43 & 1o &
°]4 microsomal system¥} nuclear cytochrome P450
HHEA o8 dAN o2 A F e vl wkgAe] 7
& AFBr8,9-epoxide® Aghe % chilldzl A3 DNA
9] N-7 guanines} & AU AhEale] ANH)24 ]
A 2T U™,

Salmonella typhimurium TA100014 ZFEEAHo| g
AFBel i3 5 At 2 gatsiiRlEe) ghgddo
Z3E Hd PES 2= Table 13 2t} In vitro sys-~
temol] 4] 7+e] microsomal fraction2.Z. FEH AFB.]
Hol ¥4 42 plate?d 1251.7+64.7 His" revertant
colonies® WERANAL, FAISRARE A3 BE oA
T AFB.9] 99l 4ol feldom A=At p<
0.01). ¥ ARE D] 2§ AFBe] Ea%e] fEAdS A
sake gEdwo) =L Ao yehy 600pg/p1—
ated| A& ol W13 revertants=7} 50% 7-4stdn
900pg/plate F=oNAE 64%, 1200pg/plate FX=ol /HE
81%7HA revertantss-2 Z-aAlZAth ol W% ALz
9] Eol 9] As &= L-ascorbic acid. a-toco-
pheroH FoRt 84 =2 RAow Jehgt} g3y BHT
8] BFE Wiss ozl AFBOE fEH 429
°“tﬂ°] Fagdell g A EnE oj¢ 2 Ao vehdth
AFB.] E9d90] f24e] Zhhe B Agd ALgd 3t
32 BRoM ABY T gFHoz FoH A=
B (p<0.01).

B ATFolAM = o]go] Zte italAdo] FEEMold T
ofw J#Ae =R E B

=8 uH

B7] 93] Spearman’s correla-

BE garEilzle glef
sl s fest A
T AR T REsL

tion coefficient S 73 2%
aE9] 2t FgEY ‘*‘O]“% gl
g Jeldci(Table 2). 53]

e
c

[r<t]

%Eim-;—.c:

= 5 ol

& & 32(1) - 110~117, 1999/115
7HA @atksbs Al LA 0.932.2 el 1(p<0.001)
BHT+= 0.89%} 0.80(p<0.01), L-ascorbic acid= 0.77%
0.799] (p<0.05), a-tocopherol 0.802 0.86(p<0.01)%)
FEAE JdeRdth weba 2 dels ALd A BE]
FEHOTE olFe| 7k sl o AgEEe] 7|49

#Hrba & 4 et 2oy A7 ZxelA vehd A A o
= AZUe A8E ASEAs vE) 1 gagge u
olAlE B gEAWe] g s A 2AHUT of
I A gEAHCTE FatskET o)) ® o

7176l 2l dojutn 98-S GABEL o] 2 AREY o]
F8 AEBYE wishs AsteA 7o) tekke o

B Flﬁ! in3

Hol 28712 k2] A7HA] S A dHE o)
g 9,114 A&, AANE fAE 33 daBde A
el A Tk e “—’E-Q}ﬂr AL 7 74] Hed A 1dAE
1%*401 %ﬂ&% ol F4 & w2 249
THo) w4 ‘%‘_% EF_-?_—' A& AXA Hot
Sd8d B4e A 28494 glucuronidation, sulf-

ation, methylation ‘:°] Hh2S =35 S8 o0F iy
F wj A=A "o ol A 1 @AM AP = Aeg e
tget Bz Pee] 43 A5G JAsle] DNA &
Ao sk FEIAEL o]E-2 DNAZ B3sl7
HIEE FAANYIE L& gt AA=Z BHTS 22 5
=835E9 A9 benzopyrene E£E alflatogin®] 2418
A2 A 2EsY cytochrome P450F-EE 3 o
So] DNASH 2%a1] Zoh=2 dhe Aoz ¥y v gl
0P EREs AXEdH0lE 4o § E Ndaars
£ A4S AASt D ol AAE B 9 Az
FHAHEE Afshs 9gx AP AR, FebtdE
dol A 12A) 2 FE8HA) 224 ol &= thoket
27t Befdhed| 72 £ AEERIAES o]8d EAE 24
sleled WS A WM S A o7 2RI §H &
AEIAEe A dEdME FYERE JEEY
5 AtEde] 39 3% 702 Alge] 4o sehioky
2] azoxymethane® T8 oA ¥el & ofgere] 44
o] AR aberrant crypt¥AdS AR 27§98 g
YEAE VERAJT. BHTS Z$-ol| & thaksl 79 5'}
S g R FEA gEF e 4L A=
o=z SHA b AP o9 AAE By tF "J%‘"—‘}
42 dFARE o] 2R3 #ilslso] 24 Adse o=
AWM 58 A0F B oko] ofuk-e 9J3t Alojel
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%f‘] | 7 ALZY ) EHE ofvw] & 437 F9 3t
#E4¢] L-ascorbic acid, «-tocopherol 22 BHT2| &3}
o} vla - BA st

A A9z gokstd vhgaf 2t

1) DPPHY tgt dxtz el g o] &g ditdls S4
M BE oA AR 5] Tt uie} tlzgel v
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