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Abstract

Effects of kimchi extracts on the immune response related to its antitumor activity in vitro and
in vivo were investigated. The extracts of kimchi fermented for O(fresh) and 3 weeks at 5°C showed a direct
cytotoxic effect on sarcoma-180 cells, tumor cells in vitro. Methanol extract(4mg/ml), MSF(methanol
soluble fraction : 3mg/ml) and hexane extract(fresh : 2.0mg/ml, 3 weeks : 0.3mg/ml) of the kimchi(3
weeks, 5°C) markedly decreased the total numbers of sarcoma-180 cells, but not their viability. The phago-
cytic activity of peritoneal macrophage of mice was significantly augmented by these extracts of the
kimchi compared with that of control in vitro and in vivo. These extracts also raised the phagocytic index,
indicating that the number of phagocytized microbes per macrophage increased. Thus, kimchi might
show a anti-tumor activity by enhancing the phagocytic cell activities.
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Table 1. Ingredients and preparing compositions(%) of

kimchi
Ingredient Composition”
Chinese cabbage 100%(3000g)
Red pepper powder 2%( 60g)
Crushed garlic 2%( 60g)
Crushed ginger 05%( 15g)
Salt solution 10%(300ml)

UFinal salt concentration : 3.0%
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Eagle’s minimum essential medium(EMEM, GIBCO
Co., USA), fetal calf serum(FCS, Boehringer Mannheim,
Germany), 100units/ml penicillin-streptomycin(GIB-
CO Co., USAYE &7 7443l A4-3hdcth

Trypan blue, phosphate buffered saline(PBS, pH
7.2), RPMI 1640(GIBCO Co., USA), Wright 149, 24
wells microplate(Costar, Cambridge, MA, USA)E 4
Yol AHg3lsich
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E-E2 93 Balb/c mouse(3+54H

Sarcoma-180A|

Balb/c mouse?] 7oA 15Y 7tH2 g A
ufofsled B2 9lE sarcoma-18041 £& A1-8-314)
t} & AP EE B A 15U 7k vl sarcoma-
18041 8 B9} 3| F3l3 PBSE dg3ta A ¥
2] (1200rpm, 10%)8te] FFAEZS 834} £
= AEE ohA] PBSO 27-A1A AAL A4l 2e]ste] A
Z g AT F sarcoma-1804 Z(1 x 10°ells/ml)7}
HEE ZGAE FF9L BHE] 1Iml¥ & BFAL
slo] o)A RE3pHA AP AHE-ss o

Cytotoxicity test

Sarcoma-18041 % 1% 10°%ell/mlE& Balb/c mouse?]
B}k FAbsled 1045 vh¢- Bk o 256 sarcoma-
1804 2.5 A F 3t 1x10°cel/ml HA AZ5E A
3}ted 24 wells plateel] 1ml#¥ 58 F, complete EMEM
medium 1miE A7tstdeh 24 A 8§ 0F (A=
35 71x)¢] MeOH 3% %, MSF(Z+2} 4, 3mg)=} 4
22Z(05F : 2mg, 35F : 0.3mg)2 2 78 ¥ 37°C, 5%
COzincubatorol 4] wiekslgicl. o] A7} A2 A2
o} ez Foll A wjokE Al £ viability(12-14)E ¥l
3}7] $18te] 24417 e] A7 ¥ 2+ Nl EE trypan blue
2 gAste] Abolgle Al x5 F-& AEFE ALt
of Alxe] ZA3} Abd e A e & v 7 B FH15).
o] 7] o} = hemocytometerel| 4] A% A ¥ (non-viable
cel)¢t A= =] 9-2 Al E(viable cel)E Al A via-
bility(viability=dead cells/total cells)}& # 3t}

Phagooytic activity test(13)
In vitro test
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Fig. 1. Viability of sarcoma—180 cells in culture medium
containing the methanol(MeOH) extract of kim—
chi(Fermentation periods: Oweek/3weeks at 5°C).

Fig. 2. Photomicrographs of cytotoxicity of sarcoma—
180 cells in culture medium containing the me—
thanol soluble fraction(MSF) of 3 weeks fermen—
ted kimchi(X 400).

A : Control, B : MSF(3mg/ml) treated
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Table 2. Cytotoxicity of sarcoma—180 cells in culture
medium containing the hexane extract of 0 week

kimchi"
Dose Total Viability
(mg/ml)  cell number(X10°/ml) of the cells(%)

Control 1.75+0.05 99.1%16

Hexane ext.
1.0 1.62+0.06 97.0x3.0
15 1.20£0.05 95.9+4.0
2.0 0.97£0.08 94.7+5.6
25 0.850.09 759*85

Y1 x 10%/ml sarcoma-180 cells were cultivated in 20% fetal
calf serum(FCS) containing Eagle’s minimal essential me—
dium(EMEM) in the presence of various concentration
of the above sample for 24hr. Viable cells were counted
by trypan blue dye exclusion method

Table 3. Cytotoxicity of sarcoma—180 cells in culture
medium containing the hexane extract of 3
weeks fermented kimchi”

Dose Total Viability
(mg/ml)  cell number(X10%/ml) of the cells(%)

Control 272+0.25 97009
Hexane ext.

0.1 2.7210.13 96.3+0.2

0.2 2.58x0.03 948+t1.2

0.3 2.02£0.06 95,0127

0.4 192+0.15 804134

UThe experimental procedure is the same as Table 2

Table 4. Cytotoxicity of sarcoma—180 cells in culture
medium containing the methanol soluble frac—
tion(MSF) of 0 week kimchi”

Dose Total Viability
(mg/ml)  cell number(X 10°%ml)  of the cells(%)
Control 1.89£0.06 93.2t15
MSF

1 1.87+0.14 955+1.7
2 1.40%0.09 94.1£2.0
3 1.28+£0.08 975%43
4 1.00x0.10 86.4%75

DThe experimental procedure is the same as Table 2

Table 5. Cytotoxicity of sarcoma—180 cells in culture
medium containing the methanol soluble frac—
tion(MSF) of 3 weeks fermented kimchi”

Dose Total Viability
(mg/ml)  cell number(X10%ml)  of the cells(%)
Contro}l 2.53+0.03 987x1.2
MSF

1 2.42%0.06 96.6t2.4

2 2.23£0.08 97.0£1.2

3 1.78£0.06 96.3+3.2

4 1.43+0.21 81.5+4.2

UThe experimental procedure is the same as Table 2
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Table 6. Effects of kimchi methanol extract, hexane ext-
ract and methanol soluble fraction(MSF) on the
phagocytic activity and its index in the periton—
eal phagocytic cells”

. . . o Phagocytic
0,
Kimchi extract  Phagocytosis(%) index
Control 413%16 1.63+0.06
MeOH Owk 54.7%3.9 221+0.04
3wks 573125 243+0.06
Hexane 0wk 462£1.0 1.83%0.12
3wks 49.2+0.6 1.89+0.10
MSF  Owk 422+23 1.73+0.04
3wks 447125 1.81+0.08

DPeritoneal phagocytes(2 x 10°cell/ml) from normal mice
were exposed with MeOH extract(2.5ul), MSF(1.9u1), he-
xane extract(0 week kimchi: 1.3ul, 3 weeks: 0.2u1) and PBS
(511, Control) 1 time each. Phagocytic activities were cal-
culated with C. albicans(4x 10°cell/ml) to be phagocyti-
zed in 200 phagocytes

Table 7. Effects of kimchi methanol extract, hexane ext-
ract and methanol soluble fraction(MSF) on the
phagocytic activity and its index in the perito—
neal phagocytic cells of Balb/c mice"

Kimchi extract Phagocytosis(%) Phagocytic index

Control 243*06 1.37+0.01
MeOH Owk 37.3+21 1.61+0.02
3wks 57.0x15 2.15%0.11
Hexane Owk 30.8+1.6 1.71%=0.16
3wks 372123 1.79+0.16
MSF Owk 465*1.1 1.93+0.05
3wks 55.0x29 232010

“Mice were injected LP. with MeOH extract(0.25mg/mo-

use), MSF(0.19mg/mouse), hexane extract(0 week kimchi

: 0.13mg/mouse, 3 week : 0.02mg/mouse) and PBS(0.5ml,

Control) 1 time each. Phagocytic activities were calculated

with C. albicans(4 X 10°cell/ml) to be phagocytized in 200
phagocytes

L o eg 22 E A, in vivodlA & 3F A& ot
€32 23} methanol soluble fraction(MSF)°ll4] Fig. 3
oAl B ule} o] A AME NG FF 27] o]
Candida albicans& 94313 9)&& FFE 4 A
o}, G4 Astelx FFo] 0F(PAA]) Bk 3F
AAA o A3}E Jeld L, in vitrodl X8 A E
& dgf2Fe] 41.3%0l vl 3, 35 A A9 wREESE
2 57.3%, YA B = 49.2%8 Yehch In vivo
A E tlETo] 24.3%¢ w3 35 A Wsh&S
282 57.0%, MSFoll A = 55.0% 2 ©A3]-&¢] 324 &
7bA et ol F Ao AAREL x| HASA T
A AR EE J271R] B E 23 FAH 7]
Sadelm fAf B 7oA AR AEFEEe|
gAl A ze] 275 Aso2 H9¥YE S/
e A3 gl A9 Aol )8 oh(21,22).
ZAANA 221% L plantarumd Fd & A A=
g0 gAAZEE FA3) A 3}E ] AFFE]
Z7}E ke A(23)9 A AEse AR 7
2N 87} 3] ] AE G438 oo W A2
A 9o 71Ade @43 Fol 7|AE AoE AZEr.

Fig. 3. Photomicrographs of phagocytic activity of mouse
peritoneal macrophages stimulated with methanol
extract of kimchi.
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