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Cancer Preventive Effects of Doenjang in vitro and in vivo

-1. Antimutagenic and /n vivo Antitumor Effects of Doenjang-

Kun-Young Park, Mi-Hyun Son, Suk-Hee Moon1, and Kwang—-Hyuk Kim?
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“Department of Microbiology, College of Medicine, Kosin University
Pusan 602-702, Korea

Antimutagenic and /n vivo antitumor effects of doenjang (hexane, methanol and boiling
extracts) were studied by using Ames test, SOS chromotest and Sarcoma—180 tumor
cell-transplanted mice. The hexane, methanol and boiling extracts from doenjang
showed strong antimutagenic activities (90 ~ 91% inhibition) toward aflatoxin By (AFB;)

Salmonella tyohimurium TA98 and TA100. In SOS chromotest using Escherichia coli

PQ37, the extracts also exhibited strong antimutagenicity toward N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG). The solid tumor growth was inhibited when 5 mg/kg of the
hexane, methanol and boiling extracts were administrated to the Balb/c mice by 64.0,
79.3 and 49.7%, respectively and the life span (prolongation effects) of the mice
increased by 58.2%, 66.3% and 38.9%, respectively, showing the methanol extract was
the highest effect. Spleen index, a marker for immunological activity, increased in the
mice administrated the doenjang extracts compared to the control group. The
phagocytic activity of the mice increased about twice by the treatment of the hexane
extract. The nitroblue tetrazolium (NBT) reduction rate in the peritoneal phagocytic cells
of the mice also increased about 3 times when the hexane extract was treated.

Key Words: Doenjang, Antimutagenicity, Sarcoma—-180 cells, Antitumor, Phagocytic
acitivity
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(1) AgaF: o =otio| RYUSA: Salmonelia
tyohimurium TA98 2 TA1002 Salmonella typhi-
murium LT-2°| histidine 274 #F2AM 0=
Californiathste| B. N. AmesEAIZ £E X & 2o
7|MO 2 histidine 274, deep rough (/7a)
ol, wwB =HHO0|, R factor 52 FHUEYES &o
HA Mgl AREsSIIcH  =eddHol FEEHQ
aflatoxin By (AFB:)2F N-methyl-N'-nitro-N-nitroso—
guanidine (MNNG)= Sigma Chemical Co. (USA)2f
Aldrich  Chemical Co. (USA)OIM 5t Zt2f
DMSO ¥ &0l 50 Ao ALEstRACt
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ol ALEsH| Mol SMAMES |
LIX| b= wHel oM Alze] 558 ZMstct ¢
X HWHE cap test tubeodll top agar 2
ZF 100 pl (172x10° cells/ml)ot A|ZE HIlstn
HA vortexs & nutrient agar platedd|
37°COlM 24A|1ZF HiQMA|ZI C}S, O EMFFE TS
o] E'I' 15,16)
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(3) gEoivio] aAE: 7Y S#H0| Y (AFB)S &
M5IA17|7] 91510 MaronZt Ames@| ghe'>'%f| w2}
S9 mixtureS H7ISICE S9 mixtures el o2
FEl @2 359 fraction 10%0l MgCl- KCI salts (2%),
1M glucose—6-phosphate (0.5%), 1 M NADP (4%
0.2M phosphate buffer (pH 7.4) ¥ EH+E
0{ S9 mixture2 Z=HSIHCE THEAHO
preincubation mutagenicity test'’2 0|85
AL HHAAZ] cap test tubedl S9 mixture 0.5 ml
N =dddiolgol AR) £ QA k5% 0.5 ml (F
=oigdolel H), st

FofrEl 23 0.1 ml (4
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3) SOS chromotest

Quillardete] 2H S B{3A|7I Wi} 5H00| ghH g A}
239t Ws E3E 73 50 yg 5 mlel L medium
(o]

of &5t 37°ColM sHRYE ZIE Hi st = 0| & CHA|
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phosphatase?| &MHEHME 25| PNPP (p-nitrophe-
nyl phosphate disodium) 100 p& X7}t Ct kA
AlZ+2 10222 31920 B-galactosidase= 1.5M
Na2COs 100 ul, alkaline phosphatase= 1M HCI 50 y
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5111, phosphate buffered saline (PBS)2F &7 €
=£2/(1,200 rpm, 10 min.)std SAMEZE E2|5}
. 22| MZE CiA| PBSO| £FAIF MAF HAl
o M4SHS HMASH = sarcoma-180 MZE,
x10° cells/mi7t HE5 LM Z ERUS 2HE0f
NG L FAH0] 0|4 HESIHM MEHo| ALE
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(4) V|ab|l|ty test (Cytotoxmty test): &grety
LIERA EE& AlZo| ZFMOl MESYEE 7
Aol 7] s M dye exclusion methodE 0|&3H0{ /n
vitrooll M viability testE #stRCH? 138 24 well
plateoil =Xt ZAMZE 23U 01 ml (2.5%10°
cells)?t #&Z =T 20% HFCS (Heat inactivated
Fetal Calf Serum: Gibco Lab., USA)Sl EMEM
(Eagle's Minimal Essential Medium: Gibco Lab.,
USA) B X 2 mIE ZIstict 0{7]oll 100 uel EZ& Al
25 Y0{M 37°C, 5% CO. incubatordil A 24A|Z+ s
FSIFCE 24A|1ZF BiAE MZ 50 YE 0.2% trypan
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of MA 2 M=ot HMEO{Zl MEZ(non-viable cell)
3 HAMEX| 22 MZ(viable cell)2| =5 Attt Cf
=, 2% AREE 49X 22 ZMEZI dlwstod

viability H| &8 AlAHetict
Number of viable cells per
) ml of aliquot
Viable _ % 100
cells (%)
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%" 0.2 ml (6x10° cells/mouse)X
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Phagocytic activityel =& A& SmithE>e|
w2l 22|= MEZE RPMI 1640 (Gibco, USA)
ol  <EforEH(FCS, Boehringer  Mannheim,
Germany)2 10%=H Z&AlZl 8iX](10% FCS RPMI
1640)2 £7AI7 2x10° cells/mI= A =X 5Ct. 0f
MZRERHS o|2| coverglassE UAAIZ] 24 well
microplate(Coster, Cambridge, MA, USA)o 1 mI#
235t 37°C, 5%C0, =M 4520t 25t

ch. 2t wellE2 PBS (pH 7.2)2 71HH Aojiez M
H|REMel MEZE HMASIRCE FEAHel CfAM=ZI}
Z/st=  coverglassatol  2x10° cells/mlel  C.

albicans (ATCC 10231) 0.2 mI2 Zt2A|Zict. ool

B X|= RPMI 16400 OFA2| autologous serume

10%E Al Z&HA|7] ALESIICE £ CRAl plateE
37°C, 5%C0, =M 4520t v kstqict. v kol

22 = F coverglassE PBSZ JHHA Aol ckz
Wright stain®ofl 1027+ 22 A|Zict E=2 1,000X



o ¢io|d 3F01|1 CH Al
albicanse
(9) Nitroblue tetrazohum ( T) reduction®
Ao &= alMZe IMEE(07) MAHse H
Z=M5t7| 9/5t0f OstremS*e| kol Z=stod Al
AT|2F Z0| FALE DOfRAS SLOZRE
2lst & 1.5%10° cells/mI=lAl =¥ 3I%ct.
MZH 0.2 mlol PMA/NBTS 0.2 mIE 430
C &=Z0lM 30&=¢t YASIACE PMA/NBTH2
PBS, mIZ phorbol- 12-myristate—13-acetate (TPA,
Sigma)E 100 mg 2|1 nitroblue tetrazolium (NBT,
Sigma)S 1 mg Z&A|F =H I CH BS2 1000X
so|dstol A MzZUo| AFE formazan &&=
?rﬁE MEZE hemocytometeratoll o ZHEHSIH
& 200709 M=ZE A3
(10) Nitric oxide (NO)S| MA: ofAo| AR
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77| 2o A= NO, & st =ct. Nitrite Ol

microplate ZAAHH0| Z=3+04
S2RE 0.1 mMe AHXME
CHS  GriessAl2H(1%
diamine

|AAI°

96 well microplate2 7!
sulfanilamide/0.1% naphthylethylene
dihydrochloride/2.5% phosphoric acid) 0.1
AEAZI = A20M 10252 EA[SICE Optical
density= multiscannerg 0|-&35t0 540 nmolA &X
slen], EFEZME sodium nitrite2 XA SIRACE

SIxbo| Bl Ak
Ames testof 2|5t
Table 10f LiEME  HEQL
tyohimurium TA1000{| A &AL
2 5k °|&XHozZ AFB:¢
10%0 A Z+2t 92%2t 89%2| X
EZ221%9 Y2 %_'.:_OHA‘I_'.:_ 60%2| =0
Tof| meiME gEA

7b Letto] Hobs 0
S TA98 AT ME TA1009|

7b 3| EHGCE

fob

Table 1. Antimutagenic effect of the hexane, methanol and boiling extracts from doenjang on the mutagenicity induced
by aflatoxin Bi (AFBs 0.3 ug/plate) in Sa/imonella typhimurium TA98 and TA100

Revertants/plate

Treatment
TA98
TA100
Spontaneous 103+13" 11548
Aflatoxin By (AFBy) 970+14 1216414
AFBi+Hexane ext. 1.0% 527+12 (51)? 899+16 (29)
2.5% 349+17 (72) 562+71 (59)
5.0% 221+15 (86) 375+45 (76)
10.0% 166+13 (93) 208+32 (92)
AFBi+Methanol ext. 1.0% 771+14 (23) 918+24 (27)
2.5% 727+13 (28) 669+21 (50)
5.0% 684+17 (33) 503+18 (65)
10.0% 285+11 (79) 232+35 (89)
AFB+Boiling ext. 1.0% 790+13 (21) 558+14 (60)
2.5% 658+23 (36) 356+27 (78)
5.0% 564+15 (47) 302+13 (85)
10.0% 126+£12 (97) 205+15 (93)

"The values are means of triplicates £SD.
“The values in parentheses is the inhibition rate (%).
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Table 2. SOS response of hexane, methanol and boiling

nitrosoguanidine (MNNG 0.007 ug/assay) in £. coli PQ37

9| 39l :

In vitro % in vivooll A EIZe| etojet 3 73
0{ dose responses =3l A
T351%ct. PNPP/ONPGE| g+

doseoll 2 SOS response

SEE Toich 2Y sk

A_||4
o ANZRE FH A
MNNG2| &
0ol sE& Z& Agof 75.%0}9“1'1.
1 po/mioll A MNNGO!l CHal 85%

pg/midl M= 91%2] Ml zns
10 yg/mldl M= 99%2| o< =

=3
T

g/assay2AM 0|

El &t MAMFEER

o XMajgns, 2.5
X

LEIA AL, HIts

extracts from doenjang against N-methyl-N'-nitro—N-

Sample Concentration (ug.ml) *Auzo **xEu Inhibition rate (%)

Spontaneous 0.158 7.9

Control 0.232 11.6

MNNG+Hexane ext. 1.0 0.169 8.5 85
2.5 0.165 8.3 91
5.0 0.161 8.1 96
10.0 0.159 8.0 99

MNNG+Methanol ext. 1.0 0.172 8.6 81
2.5 0.171 8.6 82
5.0 0.167 8.4 90
10.0 0.163 8.2 93

MNNG+Boiling ext. 1.0 0.213 10.7 26
2.5 0.209 10.5 31
5.0 0.209 10.5 31
10.0 0.201 101 41

*As00 iS the optical density at 420 nm.
*+Eu means enzyme unit. Eu=(1,000XA42)/20 min.

Table 3. Effect of hexane, methanol and boiling extracts from doenjang on antitumor activities and life span of mice

transplanted with sarcoma-180 cells to Balb/c mice

Sample

Tumor weight' (g)

Survival time* (day)

S-180+PBS 3.28+0.29°
S-180+Hexane ext.
S-180+Methanol ext.

S-180+Boiling ext.

1.18+0.15 (64.0)°
0.6840.29 (79.3)
1.654+0.18 (49.7)

20.843.6

32.943.7 (58.2)°
34.610.8 (66.3)
28.9+2.7 (38.9)

'7-day-old sarcoma-180 ascites cells were s.c. transplanted into the left groin of inbred strain. 5 mg/kg of hexane,
methanol and boiling extracts from doenjang or the equal volume of phosphate buffered saline (control) was I.P.
injected once a day for 20 days from 24hr following transplantation. All mice were sacrified at 5 weeks following the

transplantation, and tumor weights were measured.
%Values are mean+SD of 10 mice.
*The values in parentheses are the inhibition rate (%).

*Balb/c mice were intraperitioneally injected with 1.0 ml (1x10° cells) of ascites tumor cells (7-day-old sarcoma—180
cell). 5 mg/kg of hexane, methanol and boiling extracts from doenjang or the equal volume of phosphate buffered
saline(control) was |.P. injected once a day for 20 days from 24hr following transplantation, and the survival time of

the mice was recorded.

*The values in parentheses are the prolongation rate (%).
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HEISZEE 2 EHFEES 5 A5 2tel H|20
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048t A7t Ch A LiENGCH MEe Hee o=
20| & MBY 0.57%2l0 dlsf =& AMFEES
0.55%, HEI2FEEZS 0.56%=, ZEHFES2
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Table 4. Effects of hexane, methanol and boiling extracts from doenjang on the spleen, liver, heart, kidney weights

of Balb/c mice

Spleen/body Liver/body Heart/body Kidney/body
Sample Body w. {g) wt. (%) wt. (%) wt. (%) wt. (%)

Control 26.613.6 0.52+0.15 5.471+0.46 0.57x0.05 1.58+0.29
Hexane ext. 27.312.9 0.68+0.11 5.3410.48 0.55+0.01 1.69%0.30
Methanol ext. 28.314.0 0.57£0.11 5.07+0.56 0.56+0.02 1.96+0.20
Boiling ext. 27.312.1 0.54+0.10 5.241+0.69 0.52+0.07 1.42+0.29
S-180+PBS 27.146.0 0.6140.14 5.5940.74 0.46£0.05 1.44+0.27
S-180+Hexane ext. 29.8+4.8 0.66+0.19 5.30+0.30 0.56+0.11 1.74+0.11
S-180+Methanol ext.  29.4%3.1 0.71+0.19 5.43+0.30 0.53+0.07 1.54+0.38
S-180+Boiling ext. 28.844.1 0.6840.20 5.0440.46 0.42£0.05 1.66+0.17

7-days sarcoma—-180 ascites cells were s.c. transplanted into the left groin of inbred strain. 5 mg/kg of hexane,
methanol and boiling extracts from doenjang or the equal volume of phosphate buffered saline (control) was I.P.
injected once a day for 20 days from 24hr following the transplantation. All mice were sacrified at 5 weeks following
the transplantation, and spleen, liver, heart and kidney weights were measured (n=10).
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Table 5. Effect of hexane extract from doenjang on the
phagocytic activity and nitroblue tetrazolium (NBT) reduc-
tion in the peritoneal phagocytic cells of Balb/c mice and
nitric oxide production in the blood serum of the mice

Phagocytic o Nitric

Sample activity NBT (%) oxide
Control 12.0+1.8 16.0£3.4 31.8%£0.5
Hexane ext. 20.0£3.9 44.7+£1.10* 26.6%£0.9

Mice were injected |.P. with hexane extract from doenj-
ang (0.125 pg/mouse) and PBS (0.5 ml, control) 1 time
each. Phagocytic activities were calculated with C. albi-
cans to be phagocytized in 50 phagocytes. NBT
reduction (%) were counted with cells to have intracellular
blueblack formazan in 200 phagocytes.

*. Significantly different from the control with p<0.05
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