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Abstract

This study was carried out to investigate antimutagenic and anticancer effects of ethanolic extract of Korean
traditional doenjang added sea tangle. Most of the mineral content of doenjang was increased by addition
of sea tangle. In the Ames test, the antimutagenic effect of ethanol extract of Korean traditional doenjang added
5% sea tangle was higher than that of control (no additive), 10%, and 15% sea tangle additions. The inhibition
rate of ethanol extract (200 pg/plate) of doenjang added 5% sea tangle in the S. typhimurium TA100 strain
showed 97.0% inhibition against the mutagenesis induced by MNNG. In addition, the suppression of ethanol
extract (200 pg/plate) of doenjang added 5% sea tangle in the S. typhimurium TA98 and TA100 strains showed
60.2% and 69.1% inhibition respectively, against the mutagenesis induced by 4NQO. The suppressions under
the same condition against B(a )P and Trp-P-1 in the TA98 and TA100 strains were 71.7% and 87.3%, and
66.6% and 80.8%, respectively. In the anticancer effects, the cytotoxicity of doenjang added 5% sea tangle
on the cell lines with human lung carcinoma (A549), human hepatocellular carcinoma (HepG2), and human gastric
carcinoma (KATOIII) were inhibited with increasing the extract concentration. The treatment of 1.0 mg/mL
Doenjang added 5% sea tangle showed strong cytotoxicity of 56.4%, 87.6%, and 89.5% against A549, HepG2,

and KATOIII, respectively.
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2] & o) 9l (directmutagen) 2.2 4] 4-nitroquinoline-
1-oxide(4NQQO), N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG), glucose-6-phosphate 7|3 Sigma 3] A} 2 3-€]
F93tsdct. 2P E<d9¥ o)l (indirect mutagen) 2. & benzo
( @ )pyrene(B{ @ )P)Z} 3-amino-1,4-dimethyl-5H-pyrido -
(4,3 blindol( Trp-P-1) 18] 32 L-histidine< Y & Fl:Hlig
SFAS Fdsisich Axuofe] #ag ulx| 2 RPMI
1640} Hepes buffer, Fetal bovine serum(FBS), Tripsin-
EDTA< GibcoAHUSA)EZ 3-8l Fd3tsdch. £ Al o] 4
# QA7 A E AS49(Lung carcinoma, Human), 217t 7}
oAl £ HepG2(Human hepatocellular carcinoma), 817F £
st A| £ KATOIN(Gastric carcinoma, Human) 2 A4 2
293(ransformed primary human embryonal kidney)<- Korea
Cell Line Bank (KCLB) 28] 731 3te] & AP A ol 4] ulj}
st A Aol Abg-stodnt 19 5 Sl &2 57
Al eFE AE-slgl ).
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HL S typhimurium®] ¥Wel5-¢l TA9SH TA100L o[-&3}
o Ames test® 7023} preincubation™ (20022 A A3}
t}, 7AdEFA) 7] glass cap tubedll 27t A|RE 50 ug/
plate®) 718t o 7)o AulF A1 v fY 100 uLE 73k

4 0.2 M sodium phosphate buffer(pH 7.4)2 * A gFo]
700 nL7F | =& sFod ) o] A& 37°Coll A 208-7F Al etalioF
3} v}-& histidine/biotin®] 37} top agar(45°C)& 2 mL4
7}t & £33 ¥ vie] 248 £ minimal glucose agar
plate’doll =%tz A 3}A A 37°Coll4] 48417 W
o] A7 BHEAW °] (his+ revertant colony)+35 =43}
o FdwoeldAY 75 #A U

gEoiniolgd oY
Ames testZ 7083} preincubation® o] w}et 3-E<idl o]
HA AY-L A kg, A el AF8-g o] JEA L ANQO,
MNNG, B(@)P ¥ Trp-P-1o]cth. Add-#F A7} glass cap
tubeoll Al &) F&E-& 747 50 uLA A 718l o] oA wo]
d BAE 7zt 50 uLH itk 4 woldel A%
10% S-9 mixE 250 uL¥ Arpstdct. ol 7)o FHujekAl 2]
TH-E 100 uL4 FY37F Fol 0.2 M sodium phosphate buffer
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SRB[sulforhodamine Bl assay= A 2 whuzl g 8.8 o]
435te] A x FA v 5A4-& FA4 sk W (DL R 10%2]
fetal bovine serum} z4z+2] HIEF—OL 17F s oF ] 3£ (A549),
Q17 7¥3hA) E(HepG2), Q17 A AHA| £(293) 8 3= RPMI
1640 w1 A) & 5% 10 cel/mL % =2 100 uL4 Z}+ wellell 7}
ale] st FFaF Wk (37°C, 5% CO)Al 7! T PBSe| &1l &
ZEE5S 247} 0.25, 05, 0.75, 1.0 mg/mL¥ H7}3ke] o}
482) 7t wiF A A e}, 1 F AF59-S aspirator® 24 =% A
ANA s 27He 10% TCAMC) €48 50 uLA & 718l
A ZE2 well vt 2R A AT} A3 9 4°Coll 4] )
FAIZ ¥, TCAS WA &5 A|A%}7] §3to] FFHF2E ot
AW 8 Fglr}. PlateE A A 7] 3 91 7] ol 1% acetic acidell
*9) 0.4% SRBZ H7}sl A 308 <k A7) F Ads}x|
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%> SRBE Y A& A A 5] Y8l 1% acetic acid £ 2
W Al A sty Az o4 AZH platew 10 mM Tris
buffer 100 uLE. A& 383 4] F 540 nmeol| A micro-
plate reader2 &3 =% ZA3}gc}

MTT(3-[4,5-dimethylthiazol-2-v11-2, 5-diphenyl tetra-
zolium bromide) assay= A X9 AL Y 232 =A==
W (22) 824, o] AL Aol 9l AES v EEZ=z] o}
9] dehydrogenase”} 34 =84 E2 ¢l MTTH 93] dark
blue formazan QA shll= H & 7122 el QA7 A
E(KATOM)A Z2} 10% fetal bovine serums -3+ RPMI
164000 %] & 5% 10" cell/mL ¥x2 7-7+9] wellsl] 100 nL*
H7Vale] 2447k F¢F vik(37°C, 5% CO)A 7l F Zhzhe)
A 8% 0.25, 050, 0.75, 1.0 mg/mL9] FX= 100 uL® H-}
ahod 48X 752t thA] v eFseich. o 7)o MTT(5 ug/uL)
|4 L 20 uLA A3t 447k 59k vl FA A formazans
HAAR F 2A 23 A aspirator® A5 A S A AAH
Z.8] 32 DMSO(dimethyl sulfoxide) 150 HL-& & 7}3}<] for-
mazane =4 ¥ 540 nmel| 4] microplate readerZ ©]-8-3}¢]
TREE EFAsA

EDA(%) = [1-(A/B)] X 100
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sixte| YaheA

A m}, o pA] e} Bukg g Hake] dubAd E P4
Z 3= Table 1 2 Table 201 vrehigic). cb A vp 228 A 7}

T AEHA] F4871 =He o oAvk 28z 239
Ay & A& A ;{(23)54 wlalate] B o, 9f71e] Ao
A8 2 FU8 A7), Az, 7%,
1 59 o 1 ZZ9) 7113 Ao Algsd).

tA| v} Bt A7 g Ze| A= 2ehila gleke] 195%9] 9
3, kA vl Bk A7k 5%, 109, 15%9] Ao A
gHeko) 7z} 17.0%, 15.1%, 13.0% 2 thA vl Hut 237} =]
Aol vlsl kA Feko] 25%0| A 4kt 2A)4
F3HE % ohAlwh B FA7L PAbel vle) ATl =
7Z+7t 1.49%, 1.3% oA A=z, o8 48] gL o

Table 1. Proximate composition of sea tangle, meju and

doenjang (unit: %)
. a . Addition of sea tangle doenjang
Composition Meju
tangle 0% 5% 10% 15%
Moisture 104 9.2 425 448 46.0 50.2
Protein 73 420 195 17.0 151 13.0
Fat 1.2 145 136 12.2 11.1 9.0
Ash 30.8 58 101 12.3 134 136
Salt 18.7 0.1 9.0 9.7 104 10.9

Carbohydrate 316 284 53 4.0 4.0 3.3

DEES

o154 - A

Table 2. Mineral content of sea tangle, meju and doenjang
(unit: %)

Addition of sea tangle doenjang

Inorganic Sea

. Meju -
composition tangle 0% 59% 10% 15%
Fe 115 130 29 3.0 3.3 34
Mn 05 42 1.4 14 1.5 14
Cu 0.1 1.0 0.7 0.5 0.4 04
Zn 1.2 5.1 24 19 1.8 1.6
P 1682 8116 1778 1784 1863 1945
Ca 939.2 1976 111.1 1206 1325 1401
Mg 7648 2962 71.2 79.7 86.6 89.8
K 8159.3 18905 7923 9120 9861 1006.7
At 2 A7k Aol THVERC} 37hE AR vt

_xz

3t F7] % 5 Fe, Mn, P, Ca, Mg, K& 32 27159
%Eﬂ 53], K9 g3 ohAlvt 2% 537 FA el vl &)
H7brel A 1197 mg% o4 2718t} Cu, Zne] k-2
chalul Bt R} dde] opAlwt 3 At Aol v s
247k 0.2%, 0.3% o)A 7HAas Ao 2 et} o] & th A\t
o] Arieke] Sl et FAR WF9 k2 3
H7) d¥a Ae2 FAHA

Ames testE 0|88t S¢it{0[|d Y E=¢idold

S. typhimurium TA983} TA100% ©]-4-3F Ames testE
g3t A7 SAHETY 53 Fdde] A= TAS]
17+3 18] 32 TA100- 174701}, o} A vt 28 A7}
g = ol Bh-g 522 50, 100, 150, 200 pg/plated] o1
FTEE Avbsie A37 A3 ARert SA AL v
of 3= W3l upE A4 Z HsE bz ddenR
At Bh-g Hole @7 o'E FEEL S|
< YehiR] 94 Ao gaE ok (dol el A, oS °ﬂ
EAdo)dA JA LS HES] 913l Ames testel A

FANEE Fehln, 2 2 A2 EAWel S H05
£ 27 Wol9 24 2 MNNGSH ANQO 2} 7 vhAFA &

o}

Hag dle 714 Held &4l B(e)PH Trp-P-1& A
3lo] ZH7te] B = l wE FduelUA A aRE HEs}
Aok ohA et Bgg AR AR g FE2ES A

gEdwo] 4 ‘d-g g A, A Ee A F A
Felgh whol A 24 Aol Y o2 AME-5l MNNG(04 ng/
plate)e] 7% S typhimurium TA100 TF4] ABF=
200 pg/platecl| A 5% thAln} £ H71 "Abe] 97.0%9] =
< AAEHE Jep gl o oA vk F -7 10%, 15%2
Aol ZHzd 89.3%, 83.6% L2 AL 82.1%.2 5% thAl vt
Euk-g 73 kol uls) o2t G AAAAE et
tHFig. 1). Fig. 2% 4ANQO(0.15 ug/plate)ll W&t S. typhy-
murium TA98Z} TA1002] AP AN F AF EF 5%
o) tA v} i Ao " Ao A of Al vlE 22 A A
E3E Byt TARY A$e dwE 58 A85E
200 pg/platecl| 4 60.2%% viebddl v)sl F-H 7}, 109, 15%
thA =l A7 fHAre] A9 2hzh 495%, 43.7%, 45.8%2 oAl
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Fig. 1. Antimutagenic effects of doenjang ethanol extracts
against MNNG (0.4 ug/plate) on S. typhimurium TA100.
—@— control (no addition), —O—: 5% addition of sea tangle,
—w—: 10% addition of sea tangle, —7—: 15% addition of sea tangle.
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Fig. 2. Antimutagenic effects of doenjang ethanol extracts
against ANQO (0.15 pg/plate) on S. typhimurium TA98 and
TA100.

~@— control (no addition), —O—: 5% addition of sea tangle,
—w—: 10% addition of sea tangle, —v—: 15% addition of sea tangle.

a5 bl TAL00 @52 7ol = 5% =10t
3 AR AR A FE A8FEANAH 69.1%R, F
A7}, 10%, 15% chAleh H7F RAbell A Zh2h 53.7%, 63.4%
223 57.2% o2 vrebyget. o] gt o] tiAvh Fg
5% H71ek "3 gt g FE2E2 AR 55 Sl vt
TA937 TAIQ0 #5 E5olA 7 ol lel| gt ExH o]
AA &} E FrHtdct

3r#, microsomal enzyme2] tA}&Al o] o) s qt
oA S Vel = ZHHe| e B A AR AESE 53
F49 4= 9)& polycyclic aromatic hydrocarbon?! B( @)
9} o}m| 4t td E8| B4l Trp-P-18 AH&3te] Agg 4
gt ct.

B( @ )P(10 ng/plate) & AH&-gF 7-%(Fig. 3l A<= S. ty-
phimurium TA98, TA100 F @5 ZFlA A 85% Z7lel
whet A A &34 w3 Fr48he A 3kg By o) 5% oh Al e B
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Fig. 3. Antimutagenic effects of doernjang ethanol extracts
against B(a)P (10 ug/plate) on S. typhimurium TA98 and
TA100.

—@—: control (no addition), —O—: 5% addition of sea tangle,
—w—: 10% addition of sea tangle, —/—: 15% addition of sea tangle.

A7 o = TAIR HFolA A 5E% 200 ng/plate? &

AT o AR ga w2 71 7%94 A && et
O*E} TA1009] 749+ 5% thAlet 23-& H7|3E fAto]
2 ERoA 873%E vt A 7}?—14 e JAEAHRE B
giu} =3+ Trp P-1(0.15 ug/plate) ol Al & TA98 #52] 74
9 A B2 % 200 pg/plate FX A 5% thA|nf E b

o] 66.6% 2, thA vt FA 71, 10%, 15%H 7+ 22} 57.7%,
61.3%, 58.1%2] QA14-& Jehliirh TAL00 FFlA&
thA m B 59 I o ¥hg FEFo] A EFE 200 ng/
plate =04 80.8%°] A A} g on e Ero
A g A mE - 7E10%, 15% H 7oA 2H2F 63.5%, 71.4%,
73.8% 2 5%°] A7lErct 47t 3 AA&& et}
(Fig. 4).
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Fig. 4. Antimutagenic effects of doenjang ethanol extracts
against Trp-P-1 (0.5 pg/plate) on S. typhimurium TA98
and TA100.

—@—: control (no addition), —O—: 5% addition of sea tangle,
—w—: 10% addition of sea tangle, —~—: 15% addition of sea tangle.
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gEdue] AxE vepiglch. 53] oAt £ Hrbe ©
A3e] AdA A5 vetdle] o8 52 A8 A3E
el g}, o)21% A= Park $(2)0] B g A EH 29
FEde] Adtel] A3 A7 E X s AFAE e
Ak & Aol A fAdel oA m} Ei-& Hrpghe 24 A
A &5 Bl AL oA vk 33 A o4l fucoidant
alginate(11)] A& S-o] 23] Q@A &3} F522
243 Ao 2 Algd) 2|2 oA et 23 Avleke] 10%,
15% 2 715}l aie} gEadyeldAde] ezt YA el
AL Qe ZA o] AR A3 thAl vl 5%U) £] & A 7 ako]
o AdAolgts A& A AT o7t A= oA vt
F2 2] Ae] A1} alginate, fucoidan 59 A2l &A 7152
Zk3 ol AEE3 5o A gA A4l isoflavones 5
ol AW EL 2Hg0 7 7hE HF AT e 242 YA
" v A9 gt Eo] s ANE A FE ALZ AR

ol v g}, upeba] B Aol Me 4 HAEe did Az
A 7 Elr] 98] A ER A549, HePG2, KATOII ¢
Nz 2 AN E 2038 o] £31e] thAut 2 g E
9] o et-& F%E-of t)3}e] SRB assay ¥ MTT assay=
ket o] F NS FEEF M xS I AR Al
A5 A 23] Aol AFAZA N SHEAE A9R
gkl ai7ke] AARA £ 293¢ sl H 7 5% 1.0 mg/
mLell A 25 30%°]3}9] F& A AE vpehije] Ak
Ao e v & 54 535 el oH(Fig. 5).
Fig. 62 v} v} Bh-g AR FA] oeb F35 50|
U2t A A E A5499) Rt A&l An-S et el 2 A
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Fig. 5. Growth inhibitory effects of doenjang ethanol ex-
tracts on human transformed primary embryonal kidney (293).
[ control (no addition), 22 5% addition of sea tangle,
B33 109 addition of sea tangle, =3: 15% addition of sea tangle.
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Fig. 6. Growth inhibitory effects of doerjang ethanol extracts
on human lung carcinoma (A549).

¢ control (no addition), EZ: 5% addition of sea tangle,
B2 109 addition of sea tangle, E9: 15% addition of sea tangle.

0.5, 0.75, 1.0 mg/mL2] ¥ =4 c}Alnp Bah-g 59 2 7}3h
7o) ohE Hrlel vsl <f7F T2 36.7%, 42.6% 1B
56.4%¢] oA &FE Jebll el Fig. 7el4 = ebA k84
A7 AL ol ¥h-& $EES o] 4-3te] 17k 74HA| E Hep-
G2l & A aHE bl e, 05, 0.75, 1.0 mg/mLe]
A gs sl A opA vk Bk 5% H7EA] oAl vF F3- 7} 10%,
283 16% ohAlvh A7F 2] AR} o] & 532
9%, 74.4%, 87.6%2] JAAAE Jepglc}. 34 Fig. 82
KATOII A Zel gt chA vt Bub-g H713E A ol er-g 3
Z2o FAE AR A AFAESZ Jehdl A0 2 05,075, 1.0
mg/mL 37} o} A vh B2-8 5% H 713 fAte] o & A}
o) vl a) vl wA ¥ 554%, 78.6%, 89.5%2] oHAlE A AF
AAAZIAE b glot o] Ake] Aol A} 3Fo] Tl u} &
I TR E 2 AL A HepG29h KATOMI A dlsiA] o)
T =2 GAE AL A EARE el o H, 53] 5% t}A]
v} Buk 7ol 4] 8218 (p<0.05) 28 & A7)
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Fig. 7. Growth inhibitory effects of doenjang ethanol extracts
on human hepatoblastoma (HepG 2).

[C7: control (no addition), EA1: 5% addition of sea tangle,
B3 10% addition of sea tangle, £3: 15% addition of sea tangle.
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Fig. 8. Growth inhibitory effects of doenjang ethanol extracts
on human gastric carcinoma (KATQ II).

[__J: control (no addition), B3 5% addition of sea tangle,
B23: 10% addition of sea tangle, £3: 15% addition of sea tangle.

2 JA AL bl =8 A 8557 05914 1.0 mg/
mLE F71gel] we} JAEE #A4 vebde AeR Bo}
ABFEe} AA&EE AFBAL & AT
Choi 5-(24)2 24 £8 Eo] A5¥% 10uL/mLe] 5=
ol 4 ZkstA Z(HepG2)ell o shed o] ¥ 75901 4+] shA|l
AANEZINE JehlE Ao B st B AP Adte} A9
A st AL 4 4 ek T H F A= A EEY 934
o il 3] A 2aEe] glon, T wel A
FUdAEL 7)1 EA AL T2 sk A Sl v
oF, AR, A4 Sol A F2vi(2526), FollA e
= trypsin inhibitor7} vF-$-2, hamster 9 A3 54
A2, F74328), WAt} 7k (29), -, et
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