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Effect of Soybean Trypsin Inhibitor and Isoflavone on Chemically Induced
Skin Tumor in Mice
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ABSTRACT

Isoflavone and trypsin inhibitor are known as anti-carcinogenic substances of soybean.
Whenever we eat soybean products, we usually ingest both components, therefore, we do not
know the individual and comparative effects of them. In this study, 2 experiments were
conducted to compare the effects of isoflavone and trypsin inhibitor on chemically-induced skin
tumor in mice. In Experiment 1, hairless mice were fed control diet (isoflavone-free, trypsin
inhibitor-free), soybean protein isolate diet (isoflavone 60 mg/100 g, trypsin inhibitor 459 U/100
g), whey diet (isoflavone 56 mg/100 g, trypsin inhibitor 1,448 U/100 g) or soybean embryo bud
diet (isoflavone 37 mg/100 g) for 24 wks. On the 7th day on the diet, tumor initiator was applied
on the back of the mice. One week later, the tumor promoter was also applied at the same area
(twice weekly) until the end of the study. The tumors over 1 mm in diameter were excised and
weighed. In Experiment 2, the mice were fed control diet (isoflavone-free, trypsin inhibitor-
free), 2% embryo bud diet (isoflavone 15 mg/100 g), 5% embryo bud diet (isoflavone 38 mg/100
g), or whey diet (trypsin inhibitor 1,440 U/100 g) for 16 wks. Other methods were the same as
those in Experiment 1. The results showed that the effects of both isoflavone and trypsin
inhibitor on skin tumor were not statistically significant, however, the effects of trypsin
inhibitor in two experiments were rather opposite, isoflavone in both experiments showed
adverse effects, soybean protein isolate had little effect, and the effect of dose in isoflavone was
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not observed. The present study indicates that the anti-carcinogenic effect of soybean varies

complicatedly depending upon the combination and concentration of isoflavone and trypsin
inhibitor. Rep. Soy Protein Res. Com., Jpn. 18, 112-119, 1997.

Key words : trypsin inhibitor, isoflavone, skin tumor, mouse
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Table 1. Dietary composition and trypsin inhibitor and isoflavone
concentrations in Experiment 1 (/100 g)

Control SPI Whey 6% EB
Casein (g) 30.0 0.0 0.0 24.0
SPI (g) 0.0 30.0 28.0 0.0
Whey (g) 0.0 0.0 2.0 0.0
Embryo bud (g) 0.0 0.0 0.0 6.0
a-Cornstarch (g) 35.3 35.3 35.3 35.3
Sucrose (g) 17.7 17.7 17.7 17.7
Mineral mixture (g) 5.0 5.0 5.0 5.0
Vitamin mixture (g) 2.0 2.0 2.0 2.0
Cellulose powder (g) 5.0 5.0 5.0 5.0
Soybean oil (g) 5.0 5.0 5.0 5.0
Trypsin inhibitor (U) 0 459 1,448 0
Isoflavone (mg) 0 60 56 37

SPI: soybean protein isolate, Whey : soybean whey, EB : embryo bud.
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Table 2. Dietary composition and trypsin inhibitor and isoflavone

concentrations in Experiment 2 (/100 g)

Control 2% EB 5% EB Whey
Casein (g) 30.0 28.0 25.0 27.5
SPI (g) 0.0 0.0 0.0 0.0
Whey (g) 0.0 0.0 0.0 2.5
Embryo bud (g) 0.0 2.0 5.0 0.0
a-Cornstarch (g) 35.3 35.3 35.3 35.3
Sucrose (g) 17.7 17.7 17.7 17.7
Mineral mixture (g) 5.0 5.0 5.0 5.0
Vitamin mixture (g) 2.0 2.0 2.0 2.0
Cellulose powder (g) 5.0 5.0 5.0 5.0
Soybean oil (g) 5.0 5.0 5.0 5.0
Trypsin inhibitor (U) 0 0 0 1,440
Isoflavone (mg) 0 15 38 0

EB: soybean embryo bud, Whey : soybean whey.
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Table 3. Food intake and final body weight in Experiment 1

Control SPI Whey 6% EB
n 10 11 11 10
Food intake (g/day) 4.91+0.06 4.85x0.06 4.76=0.05 4.75x0.10

Final body weight (g) 42.3+0.8* 40.9+0.8* 41.5+0.5* 38.7£1.6°

Values are mean+SE. Figures with different letters indicate significant differ-
ence by Duncan’s multiple range test (P <0.05).
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Control SPI Whey 6%EB Control SPI Whey 6%EB
Fig. 1. Percentages of tumor bearing mice fed Fig. 2. Average tumor weight/tumor bearing mice
control diet, soybean protein isolate diet in Experiment 1. Values are mean+SE on
(SPI), soybean whey diet (whey) or 6% the 24th wk. A significant difference was
embryo diet (6% EB) for 24 wk in Experi- not observed by Duncan’s new multiple
ment 1. Numbers of mice were 10-11. The range test (P>0.05).

difference was not significant by chi-
square test (P >0.05).

Table 4. Food intake and final body weight in Experiment 2

Control 2% EB 5% EB Whey
n 30 30 29 30
Food intake (g/day) 4.82£0.03 4.81%0.03 4.84%+0.03 4.84%0.04

Final body weight (g) 40.4+0.8 40.8+0.7 40.0=0.5 41.8+0.6

Values are mean=+SE. Figures with different letters indicate significant differ-
ence by Duncan’s multiple range test (P <0.05).
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Percentages of tumor bearing mice fed
control diet, 2% embryo bud diet (2% EB).
5% embryo bud diet (5% EB) or soyhean
whey diet (whey) for 16 wk in Experiment
2. Numbers of mice were 29-30. The differ-
ence was not significant by chi-square test
(P>0.05).
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Fig. 4. Average tumor weight/tumor bearing mice
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fed control diet, 2% embryo bud diet (2%
EB), 5% embryo bud diet (5% EB) or
soybean whey diet (whey) in Experiment
2. Values are mean=+SE on the 16th wk. A
significant difference was not observed by
Duncan’s new multiple range test (P>
0.05).

Fig. 4 EE%* b o~ A—EHi-h OEHEER
BERLE, BEZERRVLOOEEERI, 2%8 &
U S% IR, Az AHTCay to— VLD HEL
AN - Tz,

e =

{EERICER LIV ADEERECNT 2 ) 7y
YAYEEY —E AV T TRYDFIRIZOVWTIZOD
EE AT/, £H5DERTHHKSOEERS
Riaohizpole, TNTHOEBRTHRIAWEER
ZiXBVLOD, RIAFHOFBRIIER]L L 2 THD
WEEICH Y, 4V 75 RVIFHERTE L 2 EEED
KEWEAKZH -T2, EBE2D4 V7 IRV EREDE
Wik BERASNE N,

WEBRO R LA B CTET 2EAN D> FERE L
TE—~FEZND I L, ABLAAEDRNTD
255, $RbbHER]1I CROMAREIABRETHD,
EE2 TCRAXA v EESRIETHE, DEERER
AHBEDEA VORI T 2R ICOVWTERIH
E TR OLOWTELH B8, AIEICERE LD EOH
BEEAXDPLETLLDE, ZREVETIHOES
»NB2, SEIOEE 1 OFSR, V€4 v L FHRE
ABEBDEERBICT 2RICEEBR sk o Tz,
L LAWs, RAHBEL N Yy e By =3
FRFCIEET 2 0B TR ICE DD H 5 RIS
ETEROODT, ZORMDIDITIEE 5T SL
BHThsI,

BABHEDENTEZOND DI —DDEELT,
BRRICRT 2HEND L, LAHBEOEYEDENT
BRRICENDZEH 0, HRORETHBFEEHHIE
T5ZEBMoNT B2, - AREF AR, # ¥
4 VBFHERE I ABEBE LD EVLS, SEO LD
CAERZAHBLY ARSI ENE X IBOERT
v, ERIC, RREEIHEERE DS AFFLa Y
PO —VEETEBNEN T, IO EMS, TTAHRE
DOFEFEDENICLB2HEDED, FFR1L2TOFRT
ABEOFIE L IAEROREE & 13# 212 W,

SEOZDODEBROFERIE, M) Sy 4 reEES
— A Y7 IRV, BEMTRE LA EEEEIF S
ZENBEFE T, HEL TV 3 L X EIBR RIS
TEIERERBLTWERb LKL, Thbb, B
BlRAHEERE L THBERERABE 2RV EER 1
DEZABIFZIN) YA EEY—E ALY T TRy
EEATOIN, 2¥AVYRAVWEER2ORZA &
TREIN)V Iy A EY —DAEEATOR

KELABEWRSSE Vol 18(1997)



(Tables 1,2). &7 B EREOINGIER %7 L7528 1
DHBERE R ABBR VKRS 2EZATW, Ll
B, KEEETESE A ER 2R LIS TORE(E
B 1 OICIAEE, EBR 2 O D OFEIEER L Uk 1 A )
T, NITFY oAV EEY—HB0RA Y T7TRY
DEL SM—F UL EA T » 572, Barnes 53
AVIZIRVEN) YAV EESY —DBHET 2,
LW ORETOIHBIEIERICE L TRt 254
T, NPy oA e By —OBE LT RNk
OB EEoHBRCREE OV > AL Lt 5%
DEETERECETHEZETH 555, 10%L LT
SRS, BFIZ20% LV~ BT 5 & BEESEE
ETHBD oIz, REBUWCED v ) AL vE
Y —EEREAS R RERERWEES, AT
DY INEBRICHIGL T, EHEEOIEINIED 5
NTwes, ZOLILBERE, AVZISREMNY S
YA ey —OHEIEHRE, ThonEET
B, ZORORL EORTFIEH LS HH-TE
B2 ER2RBLTVE, IHETIThbRTET:
% ORI OBIMNEEIR S A7-8ETH, KESIEK
H2RN—AZLRREBTHZO IV Sy f el
=4V 7 TR DML S A TV 52759,
SEDOEBRTIE, KOS OMELELY Y7
YA YEEY =AYV T TRUDBE b ICRIEINEI
ML THTLOESN TR BEE LT, FIALY
BEOMELEZ BT S, SEO->DE

23

BTHWEN) ZY A v e By —DESEE, ik
HOEESHIL, 450 U/100 g, < 7 A DEE 40 g,
BYERES—H4.8g THEZ e oHET 3L,
1,740 U/BE kg ThoT:. —F, BasflELRH
FAD—BHODI) Ay oA v e EY —EREL,
1U/MEE kg LT TH o729, ThbbiEELED T
KT 5L, BERTOBREIZ NOBRENTE
MBCHARTRTE 20 LRy, 5%, BEOME
EDOWTOREBBLETH S, =AYV 75K>D
HOBEEEESELHERIZLEAE RO TSH 5.,
Barnes 5"WOREMB L UVDHAEABEDES
E2TRBETIE, AV 7R DI 5~80mg/100 g
THY, 79 OB T 2RELBEEL TV,
B OEBRTOARETDA Y 75 R EEIX15~38
mg/100 g TH 7243, LD & 5 RiRELh S Hk L R
HERECTRE, T EEZOND,

PSS EEY— AV TITRUDBE IR
BHENCH L CLF L EThbro BB E LT,
FROB1-SBE T ADBTEYITH o720 ¥ D b b SBRE
LT DERHB S, BicA Y 79 R O5EIZY,
B EOMRVE VHEEST 2RET T TORESS
PDETHAS, SEOERIE, KERS L REOBMR
BHEMZOTIREL, BMERL T2 E-TAHATS
SHREIREFOFERTORBRERHASYE, RERE
ETNRETERELRST L CO» RIS BV &
BRBLTWS,

¥

AREOHEFR2FHEE T ZRGEL TR, A V7RV EN) P4V LBy —Hbh
TwoH, REMFEANGE, ~REHEAFPEBICEBIREINS, WEOEDEEI O
TRHPEVHONTHERLWDOT, RERTHSLICT 27D DOOERETo7. EEB1 T
W, "TVARTZRARarta—LAB ({VI75Ky, NIFYUA v EESY— L bIzEL),
DEEREIABER (4 Y778 60mg/100g, +) /vy 4>ty —459U/100g), &
AR Y 77R56mg/100g, bY 7Yy A e85 —1448 U/100 ), H 5\ Id A THREE
(4 Y778 >37Tmg/100 g) C2LEMFAE L7, EBE1BEBCE 7 At/ =y 1 —F—
ZEAL, LEMED»S 70—y —25E 2 BgA LET, BERCER 1 mm U EEOEED
EREZAELL., ER2 TR, 9 u—E U VYTIIRY, NI FY A EES L
L), 2%HER (1Y 7 7R 15me/100g), S5%EEIE (1Y 75 8>38mg/l100g) #
LZVEKIAR (M) 7Y 4 ey —1,440U/100g) CIGHAMEE L. i, =81 &
FERIC L7z, ZOREER, vV AOEBEIINT2 M) XY v A ey —L A4 V7S Ev DR
RiF, ELLD0EBTCLEELRYRIAONE» o, ZREROER CHEIREZE 11
WHDD, FTAHOBRIERL L2 TFETI2HEAIHD, AV 7SRV BHFERTRL
LR ERELT2EACH >, FRIOKELAEE, ER204 YV 75 R BOBE
A SNRpol, SEOBRIE, KIS & RBOBRITEML b OTIRE L, KTEhod

RELABEHRESEE Vol 18(1997)

117



1)

2)

4)

5)

7)

8)

9)

10)

118

BRTFOBRERPHAGY, SEHBET VR ETEMECHRBERS L 2TR LTV,

X

FeHE—(1984) 1 KE—% 07 AROEME 2l
W, K KEEfa, BESIELE - H LAES - PR
ERE, AR, ER, pp. 112-113,

Wz &, ELWERF, KB #E, Limtrakul
PN, Suttajit M (1992) : KE&R LA F- ABFEH~
7 AD LG RITTHE, KGOl AHEREY

et 18, 76-79.
Limtrakul PN, Suttajit M, Semura R, Shimada

K and Yamamoto S (1993) : Suppressive effect
of soybean milk protein on experimentally in-
duced skin tumor in mice. Life Sci, 53, 1591-
1596.

ANFIE, SHEBE, MRS, KEES, Fil
BEL, LA % (1994) 1 KE R A - AEEDSHT
g JE T RE, RERAOBENESS, 15,
130-133.

FORER, HRET, EHaE ABEE, EH
£F, £ $E, BER, LRESR, LB &,
A 5(1996) © WBFCEES <V R DK EE
WRIETHE, KTl AREVIRSSEE, 17, 84-
88.

Liener IR (1962) : Toxic factors in edible leg-
umes and their elimination. Am J Clin Nutr, 11,
281-298.

Troll W, Belman S, Wiesner R and
Shellabarger CJ (1979) : Protease action in
carcinogenesis. In : Biological Functions of
Proteinases. Holzer Z and Tschesche H, eds.,
Springer-Verlag, Berlin, pp. 165-170.

Troll W, Wiesner R, Shellabarger C]J,
Holtzman S and Stone JP (1980) : Soybean diet
lowers breast tumor incidence in irradiated
rats. Carcinogenesis, 1, 469-472.

Birnboim HC (1982) : DNA strand breaks in
human leukocytes exposed to a tumor pro-
moter, phorbol myristate acetate. Science, 215,
1247-1249.

Corasanti JG, Hobika GH and Markus G
(1982) : Interference with dimethylhydrazine
induction of colon tumors in mice by e-

aminocaproic acid. Science, 216, 1020-1021.

[

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Yavelow J, Finalay TH, Kennedy AR and Troll
W (1983) : Bowman-Birk soybean protease
inhibitor as an anticarcinogen. Cancer Res, 43,
2454s-2459s.

Clair WH, Billings PC, Carew JA, Keller M,
Newbern P and Kennedy AR (1990) : Suppres-
sion of dimethylhydrazine-induced carcino-
genesis in mice by dietary addition of the
Bowman-Birk protease inhibitor. Cancer Res,
50, 580-586.

Hendrich S, Lee KW, Xu X, Wang HJ and
Murphy PA (1994) : Defining food components
as new nutrients. J Nutr, 124, 1789s-1792s.
Barnes S, Grubbs C, Setchell KDR and Carlson
J (1990) : Soybeans inhibit mammary tumors in
models of breast cancer. In Mutagens and
Carcinogens in the Diet. Wiley-Liss, Inc., pp.
239-253.

Steele VE, Pereira MA, Sigman CC and Kelloff
CJ (1995) :
development strategies for genistein. J Nuty,
125, 713s-717s.

Coral A, Tinier L, Moore J, Holland M and
Barnes S (1995) : Neonatal genistein chemo-

Cancer chemoprevention agent

prevents mammary cancer. Proc Soc Exp Biol
Med, 208, 120-123.

Miyagi Y, Shinjo S, Nishida R, Miyagi C,
Takamatsu K, Yamamoto T and Yamamoto S
(1997) : Trypsin inhibitor activity in commer-
cial soybean products in Japan. J Nutr Sci
Vitaminol, 43, 575-580.

KHEE—, SZHAER, RE ¥, EZEHE(1980) :
REAY 77 RACEVOEEBRE 7 u~ b7 7
74— & 2508 - FE. BEARMIEFLSE,
27, 348-351,

Coward L, Barnes NC, Setchell KDR and
Barnes S (1993) : Genistein, daidzein, and their
B-glycoside conjugates: Antitumor isoflavone
in soybean foods from American and Asian
diets. / Agric Food Chem, 41, 1961-1967.
SHRBIEET AT — (1983) @ A TFBE & BETE.

KELABEHRESSIE Vol. 18(1997)



BEAENAREERFEFR, HEREBERLHS, BO7 S BERLFORAQEYM. KEEH
B5, pp. 115-130. R, E—hR, ®HE, pp. 89-110.
21) FAO #EHBRBCE LA RFBIESE (1970) 1 &

KELABERTESHE Vol 18(1997) 119



