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Cytotoxicity on Human Cancer Cells and Antitumorigenesis of Chungkookjang,
a Fermented Soybean Product, in DMBA-Treated Rats

Kwak, Chung-Shil"™® - Kim, Mee-Yeon™  Kim, Sung-Ae™*" - Lee, Mee-Sook™""

Aging and Physical Culture Research Institute, ™ Seoul National University, Seoul 110-810, Korea
Department of Food and Nutrition,”” Hannam University, Daejeon 306-791, Korea

ABSTRACT

It is reported that a fermented soybean food, Doenjang, has strong antimutagenic and cytotoxic effect on cancer cells.
This study investigated the effect of Chungkookjang, another traditional popular Korean soybean fermented food, on
growth of cancer cells: HL—60, SNU—638 and MCF—7, and also its in vivo antitumorigenic effect in DMBA—in-
duced mammary tumor rat model. For the in vitro study, Chungkookjang and steamed soybeans were extracted with
ethanol and sequentially fractioned with 5 kinds of solvents differing in grades of polarity such as hexane, dichlorome-
thane, ethylacetate, butanol and water. Almost all Chungkookjang extracts significantly inhibited the growth of HL.—60
(human leukemic cancer cell), SNU—638 (human gastric cancer cell) and MCF—7 (human breast cancer cell) when
compared to steamed soybean extracts. Butanol fraction of Chungkookjang extract especially showed a remarkable inhi-
bitory effect in all the three kinds of cancer cells. To induce a mammary gland tumor, DMBA (50 mg/BW) was admi-
nistered to 50 day—old female rats and followed by Chungkookjang or steamed soybean supplemented diets. Freeze-
dried Chungkookjang powder (20% of diet in wet weight) was added to AIN—93G based diet for the Chungkookjang
group of rats. Likewise, steamed soybean powder containing equal protein content to that of Chungkookjang powder was
supplemented to soybean group of rats. At 13 weeks later, the mammary tumor incidence, average tumor number and
tumor weight a rat were lower in Chungkookjang group compared to the control or soybean group. In conclusion, Chung-
kookjang showed a strong inhibitory effect on cancer cell growth in vitro, as well as a more preventive effect against che-
mically induced mammary tumorigenesis in vivo, while steamed soybeans did not. Therefore, these results suggest that
Chungkookjang acquire its anticancer activity through the fermentation process. (Korean J Nutrition 39(4): 347 ~ 356, 2006)

KEY WORDS : chungkookjang, fermented soybeans, cancer cell growth inhibition, DMBA (7,12—dimethylbenz [a]
anthracene) , mammary tumor.
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Fig. 1. Scheme of ethanol extract and sequential fractionation of
food samples.
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7] 9510l 3% UFel ARTE FTABAADEL
el £4 A2 F PRsele) FARZ Ao
AZRY F&8 AT, 54 AZE 229 FE, ©
WA, A, HolHfY TS FHRANAATAC
Fafo] 2T,

4, SN WAz HAY
QIZt 9k MESF (SNU-638), ¢t AlxF (MCF-
NG Pk MEF (HL-60) | tigt 7'54’—'_1‘7&9] 73

FEAEEY ATIAEHE AT AEE Hig “‘5}7]
#3te] SNU-6383 HL-60+= RPMI Hﬂook‘-’l.], MCF-7
+= DMEM #jjo¥¥e)] 5% FBS (fetal bovine serum) ¢} 1%
9] penicillin—streptomycing d7F8te] AR89k Ax
o A AT E doli 7] £151 96 well plate?] ZF welll
180 w9 wjoklz) 8] 2 MEEo] 2,000~3,0007] &
o7} A1, 37T, 5% CO, 272 wjg7lelA 4413k

o1} QFAFAIH T 70% ethanold)] Ho] =8 B3I 22
ANEE 0.22 pm pore size®] B7EE] (Millipore, USA)
2 Qg F oA wjekRo g FAste] HFEE7F 100,
200, 400, 800, 1,600 pg/ml 7} EHE= 20 w19 Bk
of Fo] ZF welloll H2jsl o, thzTolE FF2) 70%
ethanole A sk3it} 2] F 48A17F BARE o cell
counting kit—8 (Dongindo Laboratories, Japan) = Zt well

o 5 pl A W1 37CoAX 447+ o} 8jst o5 ELISA
reader (Molecular Devices, USA) & 0]€3}% 450 nm
AN FFTE sk 2T 4Tl digh 48F
9 FHEHE (W& 78 F HAE AL 50% AAEk=
ANEY FE (ICy) E AAsISith

{a

1o

3 # Sprague—Dawley 36 #}&l& A
i () OETH T4 T Mg =3} U AFAFEAT
e FEARGAS BFE 84 (23+£17C, 50 £10% &5,
07 : 00~19 : 00 light cycle) X gyl THAIEE Fof A}
33k AF 5040] HYE o iz (ControD), HF
T (SOY), =3 (CKDL2g 7 79 127k4
Qom, FUES 2AE 8] Aske} 7,12-Dimethyl
benz [al] anthracene (DMBA, 50 mg/kg BW) & S
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Table 1. Diet composition for rats ) (g/kg)

Control SOy CKJ
Casein 200 155 155
Corn starch 400 373 380
Sugar 200 200 200
Lard ‘ 50 50 50
Soybean oil 50 26 27
Cellulose 50 4] 42
Mineral mix 35 35 35
Vitamin mix 10 10 10
DL-methionine -3 3
Choline chioride 2 ' 2
Steamed soybean - 105 -

powder
Chungkookjang - - 96
powder

Dietary fiber 50.0 50.3 50.1
Protein 175.6 176.2 175.7
Carbohydrate 606.8 609.0 608.3
Lipid 100.0 101.7 102.0
Energy (kcal/kg) 4029.6 4052.3 4053.8

SQOY: steamed soybean diet, CKJ: chungkookjang diet

Froll o) 20i8 olg3lo] 13] AT ol
DMBA Feof thg GRE 2} 2o sigss HF 2o
Z Table 13 2& 2A 02 AlZsl] FU1, Aol &
& TEHE AHES itk dixds A% 7Bl
AIN-93GE vl g o] 7H42l 20%, 2lot= 5%} o
T 5%7F TRE EHRAIRER ARSI, F= Hoje
71820le] A& FH FAZ 20% sgehs
HE RIS, O ol ATEE Aol B8 4
27 w920 3 $9¥ DUAL PRIE 3% OF
2o rlesit. AZAIRS 7B A% BARRE Tz
2 3l 37 dlo)o] daFejolka 1l 49 ko] A}
£ 7hIQ), S5 AR, o4 W ABEoxe FE 2
Atk FHA91& Scerma (France), S55AE-2 oA
318} glolEs Rl AP, uiFfel AR AYATE, A%
2 9*, dl-methionine, choline chloride, DMBA+ Sigma
(USA), vitamin mix 2} mineral mixE Dyet (Beth-
lehem, USA) A& T4t} AHE3Hith. DMBA £
135 3ol overnight fastingdte] 3|AAIATE A8 Al o
HEZ ni38 o dlgidlo] 59 gle FAPIE Egii
Moz RE] gAg AHT F FE st ¥Esisich
7} AFEE47] (Technicon Inc, USA) & ©|&319] albu-
min, lactate dehydrogenase (LDH), blood urea nitrogen
(BUN), aspartate aminotransferase (AST), alanine ami-
o= 575] },gir,]_
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notransferase (ALT
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Table 2. The yields of solvent fractions from steamed soybean
and Chungkookjang by sequential extraction (%)

e SAS T 7RE o] &3l t—test = ANOVA/
duncan’ s multiple range test®l] &J&lo] A8}tk

2

i}

B ==

t 59 gujd &
Table 29} Zt} 7}

9} 80] 3.98%%
S AR E Q) fgo]

h R B LA L

=7 300 go g
AZFE A 582
FE & vE
Aoz Jhg EL v AGAe

2.56% = 7% Eokch

2. AN E AN 2t

AFFo Ry I FIY 55 3 GHE A%
AAEHNE HAUs| Hste] WEF AL (HL-60),

S Tsovh P AzZE ALAE (SNU-638), FHLAE MCF-7) & ]
eamed soybean ungkookjan
SO0 gal] 2Helglon, 24 dEwe U $EY vz
Hexane 0.44 2.56
Dichrolomethane 0.10 0.22 él’]—\: Flg 2: 3; 42}' 71‘:}-:1—’—-, Z‘]-Z}E’] IC‘;()%):T: Table 3“’}' 71;‘:]'
Ethylacetate 0.08 0.21 AXEE A3 B3, HL-600XM = F=3e] St &
Butanol 0.53 0.79 3 2£2-2 3800 pg/ml o)A Xalskis o < 5o
Water 3.98 0.72 njao] frolshA MES A dAsl o (p<0.05), H
Hx (HL-60) --0-- SOY DM (HL-60) --0-- SOY EA (HL-60) --0== SOV
1200 —e— CK/ 1200 L —— CKJ 1200 —+— CK
100.0 X 100.0
80.0 80.0
400 40.0 i 400 + **
200 | 200 | 200
0.0 s s s ) 0.0 i L I i 0.0 L L L |
0 400 800 1200 1600 o} 400 800 1200 1600 0 400 800 1200 1600
ug/mi ug/mi ug/mi
Bt (HL-60) --0-- SOY Wt (HL—60) --o-- SOY
1200 —e— CKJ
1000
80.0
® 600 Fig. 2. The cytotoxicity of Chungkookjang
200 and steamed soybean extracts in HL—60.
' CKJ: chungkaokjang extracts, SOY: stea-
200 | med soybean extracts, Hx: hexane fraction,
) DM: dichloromethane fraction, EA: ethyla-
0.0 . ) 1 ; 0.0 . . . ; cetate fractior, B: butanol fraction, Wt: wa-
0 400 800 1200 1600 0 400 800 1200 1600 | ter fraction. Means are significantly different
ug/m ug/ml between CKJ and SOY atf * p<0.05, ** p<

0.01 or **x p<0,001 by t—test.
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® €00 & 600 Fig. 3. The cyfotoxicity of Chungkookjang
and steamed soybean extracts in SNU—638.
00 400 CKJ: chungkookjang extracts, SOY: stea-
200 200 med soybean exiracts, Hx: Hexane fraction,
' r : f DM: dichloromethane fraction, EA: ethy-
00 ) ) ) ) 00 . ) ; . |lacetate fraction, Bt: butanol fraction, Wi:
0 400 800 1200 1600 0 400 800 1200 1600 WOTet; frocﬁon.CMicns Oé% f{fgﬂiﬁconﬂg diffe-
rent between CKJ and at * p<0.05, **
ug/mi ug/mi 4
© © p<0.01 or x+* p<0.001 by t—test.
Hx (M CF-7) --0-- SOV DM (M CF-7) --o-- SOY EA (M CF-7) —0-- SOV
120.0 —e— CKJ 140.0 - —— CKJ 1200 —a— CKJ
120.0 100.0
100.0 80.0
. 80.0
s 600+ ® ® 600
800 *
400 400
F w0l I
200 200} 200 +
0.0 L L L ) 0.0 L L L 4 0.0 L 1 L J—
a 400 800 1200 1600 ] 400 800 1200 1600 o a0 800 1200 1600
ug/ml ug/m! ‘_._1 ug/ml
Bt (M CF-7) ~-0-- SOV Wt (M CF=7) —-0-- SOY
1200 —e— CKJ 1200 ,—l —e— CKJ
100.0 ii—-‘l “““““ L 10004 orBmmans B 3
80.0 80.0
® 600 ® 600 Fig. 4. The cytotoxicity of Chungkookjang
and steamed soybean extracts in MCF-7.
400 400 CKJ: Chungkookjang extracts, SOY: stea-
med soybean exiracts, Hx: Hexane fraction,
200 F 00 DM: dichloromethane fraction, EA: ethy-
00 ) X . 00 lacetate fraction, Bt: butanol fraction, Wt:
"o 200 800 1200 1600 "o 200 800 1200 1600 | Water fraction. Means are significantly diffe-
ug/mi ug/mi rent between CKJ and SOY at * p<0.05, **

P <0.01 or *+x p<0.001 by t—test.
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gz $8 2228 Aol7t it Agoelel=
8 FEES 200, 400 1600 pg/ml M2A| T HF
o velel #9I AAAE il R ¥ 228

£ 100 pg/ml o732 wEoA, 281 & 8 FZ2E2
200 pg/ml o9 FEoA 25 793k ARdAAHNE

B3 (Fig. 2).
Table 3. ICx of extracts on cancer cell cytotoxicity (pg/ml)

HL-60 SNU-638 MCF-7

Hexane fr. SOy - - -
CKJ - 5232 4348
Dichloromethane fr.  SOY - 9185 -
CKJ 4776 3919 -
Ethylacetate fr. 0) 2672 - -
CKJ 636 2581 4861
Butanol fr. SOY - 6826 -
CKJ 329 352 1252
Water fr. SoY 5007 6022 -
CKJ 1029 346 6233

Represents more than 10,000 ¢g/mi. SOY: steamed soybean,
CKJ: chungkookjang

Table 4. The yields from stfeamed soybean and Chungkockjang
by freeze—drying

Wet wt, (kg) Dry wt. (k@) Yield (%)
Steamed soybean 156.0 6.11 40.7
Chungkookjang 15.0 7.20 48.0

Table 5. Basic nutrients and dietary fiber contents of casein and
dried steamed soybean ond Chungkookjang (%)

Casein iigggg Chungkookjang
Protein 87.8 37.2 413
Lipid 0.5 24.5 260
Carbohydrate 34 29.3 24,0
Dietary fiber 0.0 8.9 8.4

SNU-6389014 H=73e] 8k #38 28 Xz 9
3 A G FAUT) B s E W Fo3t 2jo]
7t 9, tEERvg 28 2222 800 pg/ml 50
A5t SAFRO S AT (p<0.05). ¥573Y
eotAlElo|E £3 &5 100, 1600 pg/ml F5
A F diFe] vigte] fejdt AAReiAanrt o, 2
Bhe & 2252 200 ug/ml olAtellA, 281 & 23
FE2EZ 100 pg/ml oPdelx B fojet 295 Btk
(Fig. 3).

MCF-79lX& ¥54<] 8 ¥4 F2E52 3% 800
pg/ml o) dellA Fe diFol nlste] ot A Az
2 383 (p<00D), tE22 g 23 2222 100, 400
pg/mlollAt $23F 332 29t (p<0.05). F=3+e] o
dohxelo|E #8 F£E-2 200, 800, 1600 ug/mloiA
% U5l vlste] H-9% szil RS B WA (p<
005) Pr%& —EQ FZEL2 200 pg/ml o)dellA, 18l

B3 22 100 ug/ml oPdellA folst A a
Jh Bk (Flg. 4).

ool dalek At Yt AE EFolM FZ] 5
7H) £ %‘%%‘101 W2 55 UTY FEEE vish
o AZ A FYSHA sk AL A 5= A
oo £3) —r%%ﬂr 88 E2E2E2Y A3} o$ 53t
Ak Wb, 4 diFrt dadsE gela] A ojd
FA BAE0] GAEY B ANH o7 AHe= A
o= FHH

ok2d, ol °Hﬂ£u S 50% AAE F Qe A7
2 S5 diFY 28 F259 75 (CE AHR%E
W ] AR FErt F4 diFel vlste] A Wtch
(Table 3). HL—60°1V1*‘= £3] 57l odolAHlo|E
Y7 Febs 23 F2E9 ICHakeo] 247 635.6 ug/ml

Fig. 5. The effects of Chungkook-
jang intake on tumor incidence
(A) and average fumor number a
rat (B) in DMBA—-induced mam-

--0-- Control —m— SOY —e— CKJ [
Tumor incidence Tumor number/rat

80 25

ol @

60 L 2

50 15
® 40 |

30 1

20

0.5
10 | . J
O _G’[,-I 1 1 1 1 1 1 1 1 t 1 1 1 1 L O
5 6 7 8 Q 0 ¥ 12 13 5 [} 8 Q 10 11 12 13
wk after DMBA treatment

mary gland tumor model using rat.
Control: basal diet group, SOY:
steamed soybean diet group, CKJ:
Chungkookjang diet group.




7} 328.8 pg/mlE Wokil, SNU-6380- = =3 2t
& 283 B 2 3559 1Cy #°) 77 3523 pg/ml
7} 346.1 pg/mt & VRGO MCF-79 thaiXes 33t

b HEe B8 2229 1G] 1,252.0 pg/mleg 7}
7 wiokth.

3. Ng9 FHHZ £&0 HTA RS |2 ¥R Y

FEAES Y3l 5 T A4S T A3
S o 2] 82 40.7%} 48.0%% (Table 4), =3
9] g0] ¢ F:odtt ol HaHgoM F= UFY FF

o] A EAFHN] WEeE oA

54 Az A5 aid, A, 'skE, AojAad
gtk B35 A9 S5 Tl AL A 9 Ho] A
F9) geEe bl o, whild e 77k 37.2%8) 41.3%
2 Aol o Foty, ©5eES 5 Tt 29.3%
o wislo] T2 24.0%2 55

4, AT AYE 3Yr X FT

DMBA T4 ¥ 717H8 TR 4 T8 o
& Az 55 FRE Fgo] A7V AL, A+ 7
o A& 7|7k WE FokdAl&2] ol= Fig. 5A% ¢t
FHEe) A717] AlEste) A AR Y] FEE
S B F& OFTFE I BAAE0] w2 711 Crdiis
B 2T 9F olF AA FNeIE, AT 7t
2 M3 F7HEE £ 4 Uitk DMBA £99 5T T
Bl 7537 5% U] 33.3%, txie] 18.2%,
Aol 8.3%2 FFATS] T4 DALl 7P Wt
1 F% diFTe] /P w8kt ad, dixTe ¢ 8
AEE 97 o]F wEA FUkste] HAAAARL 13Fde
72.7%% F% T 75.0%0 H2e wbd, A2
& oJH3] 33.3%% 713 Wi

3, vlE] 9 B 7 T 0] W) A Fehids
3} o] 2T F% T2 Alzte] el weEt wEA
S5 i, A=A e o) MAE] SIS B 4 A%
t} (Fig. 6B). ol F=re] F15 TA4E A7t o
2 7ol H|3le] A3 W) g o AuE 4 Qnk H
FHoz I A9 nlF FHE FEEFEY FE T
0] 1.55 + 1.670, 5% tiFTo] 1.92 & 1.7074:1d] 5k

12

=

HZATL 058 + 1.8102 &% 5T vl st
A AR (p < 0.05), vl FEEETFAE dixTo) 4.44
+ 529 g 2% t)5o] 5.55 * 6.26 g, F=ATo] 2.92

£ 600 goE Tl 71 ket WAV Heled B
AMoR ol Gt (Table 6).
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Table 6. Tumor number and turnor weight a rat at termination of
experiment

Turnor number/rat Tumor weight/rat (g)

Control 1.55 + 1.6® 4.44 + 529"
sovY 1.92 +1.70° 555 + 6.26
CKJ 0.58 + 1.81° 292 + 6.09

57} =3k} (Table 5).

Values are represented with mean £ SD (n = 12)

SOY: steamed soybean group, CKJ: chungkookjang group

a, b, ab: Means with a different alphabet superscript is not signi-
ficantly different among groups determined by ANOVA/Dun-
can'’s multiple range test af p<0.05

NS: not significantly different among groups at p<0.05

Table 7. Serum analysis

Control SOY CKJ
Albumin 3,13 £ 0.34% 3.02 + 043 2.82 +0.19
(g/dD
AST (UL 1366 =529  136.0 + 304 1269 + 37.9
ALT (U/D) 3355 £ 677° 3592 + 8,07 37.92 = 7.75
LDH (U/L) 1245.6 + 775.9"° 1228.0 + 4457 1050.2 + 399.4
BUN 14.36 + 2.87"° 12.83 = 1.95 12.83 + 1.59
(mg/dl)

Values are represenfed with mean £ SD (n = 12)

SOY: steamed soybean group, CKJ: chungkookjang group

AST: aspartate aminotransferase, ALT: alanine aminotransferase
LDH: lactate dehydrogenase, BUN: blood urea nitrogen

NS: not significantly different among groups at p<0.05

5. TRy
Aol £73k albumin, LDH, AST, ALT, BUN &
= 2l Helg 2ol7h ik

=3
-

Park 57 HA& olg3lol WANZ FTgo] 37
oA &b LEAZ] AFERG AT ARAHE (AGS) 9
& oS B3t o Aon, 4% ARYoeye
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