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Abstract

The study was camried out to evaluate the anticancer effects in Korean soybean paste(doenjang) added with
sun-dried salt(S-D), roasted salt(R-D), bamboo salt roasted once(B1-D) or bamboo salt roasted nine
times(B9-D). In MTT assay, S-D, R-D, B1-D and B9-D exhibited a significant inhibitory activity(64-87% and
68-92%) against the proliferation of AGS human gastric adenocarcinoma cells by adding 0.05% and 0.1%
of methanol extract. Among Balb/c mice injected with sarcoma-180 cells, the bodies, livers, spleens, kidneys
and heart weight of the mice administered with 4 kinds of doenjang extracts were heavier than the
non-administered ones of the group. However, no difference was found between the control and doenjang
administered groups. Four kinds of doenjang inhibited significantly the tumor growth, especially R-D and
B1-D showing an inhibition of tumor cell growth up to 97% by the administration of 1.0 mg/kg methanol
extracts of doenjang. The activity of natural killeNK) cells was relatively high in mice administered with
four kinds of doenjang. Particulaly, mice administered with R-D methanol extract showed a stronger activity
of 88.2% The activity of glutathione S-transferase(GST) in mice administered with four kinds of doenjang
was higher than that of the non-administered group. In particular, the GST activity was the strongest in the
group with B1-D. As these results indicate the various kinds of salt have different effects on the anticancer
activity of doenjang.

Key words: anticancer effects, doenjang, salt, MTT assay, sarcoma-180, natural kille(NK) cells, glutathione
S-transferase(GST)
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2. MTT assayE 0|85 Sals

1) SMIEZO| HHE

/%]6‘40]] }\]__Q.E] /\],FJ—_O/] ﬂol—kﬂﬁ_‘: AGS= z:sl—»z-
AEZFEPA e oFishew e &
okt Al wf<fel] AHEE BRI = 100 units/
mL®] penicillin-K-streptomycin®} fetal bovine se-
rum(FBS) 10%7} &-3-%¥ Dulbeco's modified
Eagle's medium (DMEM, Gibco Co., USA)°| 3] S
™ 5% COF &%= 37C humidified in-
cubator(Mco96, San-yo, Japan)ollA ¥l 3} tt.
AFUo) 2~33] feedingdlil 6~7Y Wl PBSZ
HA e 2 0.05% trypsin-EDTAZ F-2HE Al X5
Eajslo] Al 8 eI thGoldin A et al. 1979;
Park JG et al. 1990; Hwang WI et al. 1980;
Franceschi RT et al. 1985).

2) MTT assay

A EE 96 well plate©l] 1x10* cells/well =] A
180 uLA 553 5 Al= 20 uLE H7Isted 377,
5% CO, v ek7] oA T2A]7F Z<t vl ekalsit). <l
A 5 mgmLe] T2 AZT 3-
(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bro-
mide (MTT) £ 20 yLE 3 7lske] 37Tl A 4
AIZEE ekl o] RS 2000 rpmell A 1032
F 94 #2](Combi 514R, Hanil
Industrial, Korea)d}to] “FZ&-S #| 73}, DMSO
£ 150 L 7}ste] 30423 wRkek £ ELISA read-
er(ELx800, Bio-Tex Instrument, Inc. USA)= 540

e FHEE 2ol AZSYL A

o=

th(Park JG et al. 1987; Skehan P et al. 1990).
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Cytotoxicity(%) = = x 100
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. Sarcoma-180 SLMEE 0|=s!
SIOIAIS
o=

) /\Io‘l

APl AT BRE

(RFFABAL Hg)i Asac 54
o] LEE 22417, HFEE 55:5%0| QT 124]
ol
AR

HA 0 2 light-dark cycles A8t om =3
ARE S0 FEEA

2) Sarcoma-180 ZNIZE

A&l 8 FFMEQ sarcoma-180 A 3E(3HrA|
2.3 4-2)E Balb/c mouse2| 57 157U
2o Al wjFste] BEsHA ARSI
=, AREE 574 HollA 157Ut vl E sar-
coma-180 M35 &2} &7 # 3l phosphate
buffered saline(PBS, Gibco, USA) S #7}ste] ¢
A1 E-2](1,200 rpm, 10 min)3te] LA EE F
sieith weld AlEE A PBSel| FRAlA ¢
Al sl FedS AAF T 1x10° cells/mL
7f HEE FEAE RS w5 | mLA
o] BAol| FAkste] o]2] HEShHA] Ayl A}
|35k

=
=
T

N

3) N=9| =Xl

A& ETE PBSE A&t ZAlSka 7
AF2 vk AT kg 1 mge 2 skl e, o
Ztoll= it PBSHE Folstgit

4) NESMAS
Azel APA) AL S48 §75 24
3}7] $13ke] dye exclusion method(Priest JH 1977,
Jakoby WB - Pastan IH 1979)E ©]-8-3}3 in vitro
o| Al viability testE AT ZAI TFA L
5 1 mL2x10° cells)9} #HF5= 10% HFBS
(heat inactivated fetal bovine serum: Gibco, USA)
2] RPMI 1640 B R](Gibco, USA) 1 mLE- 24 well
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platec]] 7}kAtt o37]9 100 uLe] A|EE ¥
A 37T, 5% CO, incubatorol| 4] 24A]17t vl oF&}3
o} vk & Al3E 50 uLE 0.2% trypan blue £
50 uLe} 2 41©] hemocytometerE AR-&-5ke] A
A Zge} AAE A EZFE St AEES A
e

The number of viable cells per

o mL of aliquot
Viability (%) = x 100
The number of total cells per
mL of aliquot

52 7t 73 eulg ALkt A
AR A B F0 TEAE
-8 0.2 mL(6x10° cells/mouse) & F 2] & A
& (left groin)ell 9|5} o]2}sto] 24417 FH-E
20971 vl 134 A7 &S Bt TR
. FHNEE o4 T F 2694 H= 2 A4S
o 4AE 1 ete AEst] FAE S §
thel el olste] T ZJ?ﬂxl‘ﬂi%f:%(tumor
growth inhibition ratio, IR; %)<= 7
MH 1995; Ryu BH et al. 1989; Lee YS et al.
1992).

ﬂ.lo_l

Cw - Tw
LR. (%) = x 100
Cw
Cw : thETe] BE FF
Tw : Aelze] B 2P

1) Mouse HIE 0| 22|

Balb/c mouse2] Y7 clean bench WellA] -
TA o2 A ZE3}] penicillin(100 U/mL)} strep-
tomycin(100 pg/mL)S ¥HF3F 5 mLe] RPMI
1640 ¥iA| 2 33] AH gk & FA wisfsiitt. of
M E FF9S 70 um nylon meshZ o] 7sha ¢
Al Eelste] |EZFE RopA] vix|o] F-AlZiTh

< histopaque-1077(Sigma, USA)-S 0]£’<ﬂ—°ﬁ
AAEZ)(500 x g, 30 min, 18C)3le] YZFE &

2) Effector cell@ Z=H]|

Qo] Wyoz FH)E AEE 10% FBS, 2 mM
L-glutamine, penicillin(100 U/mL),
cin(100 pg/mL)< &3 RPMI 1640 vl =] A
FHEeA 7] 3, 37T, CO, incubatorellA] 1~2A]7F vj
FAAAM A FE7}F i ZeF2~=(60 mm dish)oll
A =5 otk B2 A ZE 9

streptomy-

AEE Bl Fhsel Ao AR
T P D

3) AIAAGHMIES &M =5

A}A Akl (Natural killer, NK)A| 2] &4 =4
< MTT WS o] &3l em(Park JG et al.
1989; Skehan P et al. 1990). Yac-1 mouse2] lym-
phoma cell S target cell® A8} T) Yac-1 Al
3EE 10% FBS, 2 mM L-glutamine, penicillin(100
U/mL), streptomycin(100 pg/mL)-& -3 RPMI
1640 B A]of] 5x10* cells/mLe] W=7} H =5 3
A 7, 7} wellell 50 L 7FeRith Ahd 4
Al Z= 1x107 cells/mLe] Y= FEAIA 50 uL
A 96 well flat-bottomed microtire plate®l] 3 7}3}

At} o]A & 37C, CO;, incubatorol] 4] 3U 7T vl

A T 5 mgmLe] FEZ A %3 3-(4,5-dimeth-
yl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bro-
mide(MTT) &2 10 pLA 7+ wellol] 713F T
37°CoAA 4XZE v FstiTt. o1 7]<ll SDS(10% in
0.02 N Hcl)% 25 uL H7}ste] AL 4] 3087
WA F 540 ol N FRES S
Cell cytolysis®] W& o2l F2]o <JsiA] Al
Ak

OD of non-lysed target cells
— OD of effector cell

OD of target cell alone

Cell cytolysis(%) = x 100
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1) 2229 X

Mouse HIAMAIZ] F 4T ol3te] el
2 7% #F3te] 17 Woll delgls PS4

Az & 202 AESATh 1124 1 gd 0.1 M po-
tassium phosphate buffer(pH 7.4)& 7}s}e] "Wy
3ol A teflon  homogenizer(PT 3100
Polytron, Kinematica AG, Switzerland)Z #1433}
i} ol whalel
™, o] 25 13,000 rpmel A 1053 94 £2]3lo]
& gl nlup A E 22 A Ak THA] 105,000
x goll A 1A]17E <t 2942 (Ultra 4.0, Hanil
Science Industrial, Korea)dle] -2 A58 cy—
tosol &7 3t} o|FA L2 cytosol +F
E-S glutathione S-transferase &4 =70l ©]-4-3]
S THKim SH et al. 1994).

glass

< homogenate T80 2 3} S

2) Glutathione S-transferaseQ| &A1 =&
0.1 M potassium phosphate buffer(pH 6.5)]l
0.04 M reduced glutathione 75 pL<} &4 0.1
£ 231 blankol]+= 20% trichloroacetic acid 0.5
mLE 7}ete] EAE AEDAIZ v 25CA 5
w3 WEEAIZTE Blank$t AlEC] 012 M
1-chloro-2,4-dinitrobenzene 25 pLE 7}ste] 25T
oA 2&xt WESAIHTE 37 20% trichloro-

olxe] Fetat 245

acetic acidE& %ol W& 2AAI7 T A4l &g
st} AL AL 340 nmol|A FHFEE S5
&} 1-chloro-2,4 -dinitrobenzene2] mole &4
T 9.6 mM'an' & o] &3te] GAEE LH ST
a4 g9 Ddel= 1827 mg proteino] A4 gH
2,4-dinitrobenzene-glutathione®] nmole = 3EA]
3} th(Habig WH et al. 1974).

CIHHEIO| &

I__IEII o
22 Lowry OH 5{Lowry OH et al.

o <3}l bovine serum albu-

sy

=1

o

it &

=] x]g

=1

1951)]
min(Sigma, USA)& EFFLE ato] 4313

foig
o
H

6. EH 2M

ZF AR RTE de AF ARE5EH ANOVA
£ 73 & Duncan's multiple range testE ©]-8-3
o] B4 EA313th(Steel RG - Torrie JH 1980).
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<Table 1> The effect of methanol extracts from traditional doenjang added with various kinds of salt on
growth inhibition by MTT assay in AGS human gastric adenocarcinoma cells

Treatment ODsi0
0.05(%) 0.1(%)
Control(PBS) 0.618+0.013" 0.619+0.003"
S-D 0.222+0.017°(64)" 0.195+0.007°(68)
R-D 0.122:£0.008°(80) 0.109:£0.006°(82)
B1-D 0.088+0.005%(86) 0.056+0.003°(91)
B9-D 0.083+0.004°(87) 0.0470.003°(92)

Control: Group added PBS without doenjang extracts. S-D: Doenjang used sun-dried salt. R-D: Doenjang used roasted salt. B1-D:
Doenjang used bamboo salt roasted once. B9-D: Doenjang used bamboo salt roasted nine times.

ODs4 of control - ODs4 of sample

Dlnhibition rate(%) = ODe of contral
540

x 100

*“Means with the different letters in the same column are significantly different(p  0.05) by Duncan's multiple range test(n=3).
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FEES YA & gz vlste] 2k} 64%
o} 68%°] HHE BES AR T &
RS 47 80%54 82%2] Al &= YeERY
Atk T AL TR 1 T ST T=E
52 77 86%9} 91%, o & =HIF =
& 87%%F 2% GA|Ee] AES AAlst] F
TR SHEGE A9 v a9E ey

A ALFEGY T8 2FEGY vwsle] {2
AQl 20](p<0.05)F 7HA I AGS 1A A =
o] 45 AT

il

o

A FHE e A5t 4 Q)
om, o] FRI(1993) FHo] A=e] nlghd ¢4
of sl oW 2 /N EZI} vk St A
= 2 Ao Ao} A dAs 3, olelek A
= 599 R AE 453 F= Aol A%
#t}. 3 Hwang KM 5(2007)8] AgtellA] =t
o} AL A AT @] JEIe] &4
< FHe HsHA] @ EET wgkom, A
PAGA 2] A E=E =4 JeEgta

Haskit

2. OIRAE 0128t in vivoOIMQl &S}

1) SMIZ0 CHSE AlZ2
¢ 43,12 76 39 2 03] 78
Ro] ZpAEA A4 54
A B 7] 935} sarcoma-180 &
TR HAFEES WU &

Adq, T8
Zgoz g2 |

< YehheA]

GA Eof| o

Azl AEee B
28 993559 BE

| =4

2319 WTable 2). Aol A}

= 01,05 1.0 2 2.0

mg/mLo] M, 0.1~1.0 mg/mL FEA %
A E2] BEE0] 84~100%Z YERNA L A 52
E=7F 2.0 mymLe W HAFEGe] BEEo]
T4%E Grolxlth. 71E] ATl Z7sked(Park
KY et al. 2005) Al89] F=5 1.0 mgmL Fo3}

9e 9 B4o] A gl

Aoz ARHe] o]

= AgE Fo| B Foldte] nd 4%

A7) male Abwugh

{Table 2> Viability of sarcoma-180 cells in a culture medium containing the methanol extracts from traditional
doenjang added with various kinds of salt

Samples Final conc. Total cell Zlumbers Viability of cells
(mg/mL) (x10% (%)
Control - 30.0+0.0" 98
0.1 29.1:0.0™ 95
SD 0.5 28.2+0.7° 92
1.0 25.7+0.7° 84
2.0 22.7+0.2° 74
0.1 30.6+0.8 100
RD 0.5 29.7io.0"‘: 97
1.0 28.5+0.7 93
2.0 27.5£0.5° 90
0.1 30.0+0.7° 08
05 28.540.7° 93
BI-D X
1.0 28.5+0.5 93
2.0 27.2+0.7° 89
0.1 29.7+0.0™ 97
0.5 27.2+0.9° 89
- L0 26.6+0.7° 87
2.0 25.7+0.8° 84

Control: Group without doenjang extracts. S-D: Doenjang used sun-dried salt. R-D: Doenjang used roasted salt. B1-D: Doenjang used
bamboo salt roasted once. B9-D: Doenjang used bamboo salt roasted nine times.
“*Means with the different letters in the groups are significantly different(p { 0.05) by Duncan's multiple range test(n=3).
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{Table 3> The effects of methanol extracts from traditional doenjang added with various kinds of salt on the
spleen, liver, heart, kidney and heart weight of a Balb/c mouse

Samples Dose Body weight Liver/BW Spleen/BW Kidney/BW Heart/BW
(mg/kg) BW)g) (%) (%) (%) (%)
Normal - 27.120.74™ 6.58+0.60™ 0.37+0.01™ 1.600.18™ 0.37+0.01™
Control - 26.4+1.04 5.90+0.26" 0.37+0.02 1.5140.07 0.37+0.02
S-180 + S-D 1.0 26.4+1.31 6.81+0.59™ 0.38+0.01 1.7340.21 0.38+0.02
S-180 + R-D 1.0 27.0+1.64 7.28+0.30° 0.3840.02 1.75+0.18 0.43+0.13
S-180 + BI1-D 1.0 26.9+1.33 7.37+0.51° 0.38+0.02 1.7440.21 0.38+0.02
S-180 + B9-D 1.0 26.6+1.03 6.89+0.76™ 0.3840.01 1.72+0.22 0.43+0.13

BW: Body weight. Normal: Group without S-180 and doenjang extracts. Control: Group added S-180 and PBS without doenjang extracts.
S-D: Doenjang used sun-dried salt. R-D: Doenjang used roasted salt. B1-D: Doenjang used bamboo salt roasted once. B9-D: Doenjang

used bamboo salt roasted nine times.

“’Means with the different letters in the groups are significantly different(p < 0.05) by Duncan's multiple range test(n=6).
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<Table 4> Antitumor activities of methanol extracts from traditional doenjang added with various kinds of sall
in a tumor bearing Balb/c mouse with sarcoma-180 cell

Samples Tumor weight(g) Inhibition rate(%)
S180 + PBS (Control) 4.6+0.3" -
S180 + S-D 0.5+0.1" 90
S180 + R-D 0.1£0.1° 97
S180 + BI1-D 0.120.1° 97
S180 + B9-D 0.3£0.1™ 94

Control: Group added PBS without doenjang extracts. S-D: Doenjang used sun-dried salt. R-D: Doenjang used roasted salt. B1-D:
Doenjang used bamboo salt roasted once. B9-D: Doenjang used bamboo salt roasted nine times.
““Means with the different letters are significantly different(p  0.05) by Duncan's multiple range test(n=6).
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A, Park KY $(2005)S 2 A9 2Ug =
Aoz mjd, vl L A7 AU
3 FAA LS 33k A} Auk

o
0
oX,

Sarcoma-180 F%A|EE o]2]3t FHof| 204 =

[

] JEates
= Fosilon, A
A Zsto] Bl NK A Z2E B3k F o5
Yac-1 cellol] gt Al Z3ly] 84S A
£ <Fig. 1>3} 2t} $-180 TUAEES A
PBSYF T3t oA B Ul NK AlEe]
Yac-1 cellol] that Al E3}y] gAdo] vigtor) =
o] e FEES Fog TollAs BT 7
Aol xto]E 71| H(p<0.05) S4o] ZA F7}E]

AUTE E T AFOR G HAFEES F
H]

f

100

U

£ [%4] &o =] -]
= = = = =
T T T T T

Target cell cytolysis{®)

[
=
T

20

a
L

1

Control

C
h |
S-D R-D

BI-D B9-D

<Fig. 1> The effects of methanol extracts from traditional doernjang added with various kinds of salt
on natural killeNK) cell activity of mouse splenetic lymphocytes.

S-D: Doenjang used sun-dried salt. R-D: Doenjang used roasted salt. B1-D: Doenjang used bamboo salt roasted once. B9-D: Doenjang

used bamboo salt roasted nine times.

*“Means with the different letters are significantly different(p  0.05) by Duncan's multiple range test(n=6).
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<Fig. 2> The effects of traditional doenjang added with various kinds of salt
on hepatic glutathione S-transferase activity.

S-D: Doenjang used sun-dried salt. R-D: Doenjang used roasted salt. B1-D: Doenjang used bamboo salt roasted once. B9-D: Doenjang

used bamboo salt roasted nine times.
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