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Abstract

Inhibitory effecls of kimchi extracts on carcinogen—induced cytotoxicity and transformation in C3H/10T1/2
cells were siudied. The methanol extract(500pg/ml) of fresh{unfermented kimchi), and 3-week-fermented
kimchi(properly ripened kimehi at 5°C} inhibited 3-methylcholanthrene(MCA)-induced cytoloxicity in C3LL/
10T1/2 cells by 84 and 99%, respectively. The inhibitory eflect of 3—-week-fermented kimchi was higher than
that of the fresh kimehi at same test condition. The methanol soluble fraction, and haxane extract of 3-week
fermentied kimchi also surpressed the cytotoxicity of C3H/10T1/2 cells mediated by 7,12-dimethylbenz[a]
anthracene{DMBA) and N-methyl-N"-nitro-N-nitrosoguanidine(MNNG). Furthermore, MCA-induced trans—
formation of C3H/10T/1/2 cells was significanily inhibited by the methanol soluble fraction of 3-week fer—
mented kimchi., With these results, we suggest that kimchi mighl have anticarcinogenic effect in part due
{0 inhibition of carcinogen—induced cytotoxicily and transformation of C3H/10T/1/2 cells.
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INTRODUCTION

Kimchi 1s a traditional, fermented Korean food which
is prepared with various vegetahles such as Chinese cab-
hage, radish, spices, and other seasonings. There are many
types of kimchi, depending on the raw ingredient and pre-
paration methods used.

Kimechi 1s fermenied by the microoganisms, mainly
the lactic acid bacteria, naturally present in the raw vege—
tahle substances. Numerous physicochemical and biolo—
gical factors affect the growth and sequential appearance
of principal microcrganisms involved m the fermenta-
tion. Salt concentration, temperature, and pH greatly in-
fluence the rate and extent of the fermentation of kimchi
{1). Nutriticnally, kimchi is an important source of vita-
mins, minerals, dietary fiber, and other nutrients. The
vitamin B group and ascorbic acid are already present
in the raw materials and may be svnthesized during the
fermentation process(2,3). And considerable amounts of
amino acids are present in kimchi compared to some
other fermented vegetables(l).

Kimehi contains large amount of ascorbic acid(4,5),
carotenoids(6), dietary fiber, and flavonoids(7} which are
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known to suppress the formation of carcinogenic or mn-
tagenic compounds, and to inhibit mutagenicity induced
bv several carcinogens. The extracts of red pepper(8) and
garlic(9} used as kimchi ingredient, and lactic acid bac—
teria(10) dominating the fermentation of kimchi are be-
lieved 1o have antimutagenic and anticarcinogenic effects.
It was also reported that the properly rpened kimchi
with 3% salt concentration itself had he inhibitory effects
on the growth of cancer cells and might have anticarci—
nogenic activity{11,12), Additionally, kimchi is known to
improve digestion, prevent constipation, control intestinal
microflora, and have other pharmaceutical functions(1,12).

In this study, in order to better undersiand the protec-
tive action of kimchi against cancer, we investigated the
effects of kimchi extracts on the cytotoxicity and cell
transformation induced by carcinogen, using C3H/0T1/2
cell{mouse embryo fibroblast cell) system.

MATERIALS AND METHODS

Preparation of kimchi

Gurack baechii, a kind of Chinese cabbage grown in
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Table 1. Ingredients and preparing composition(%) of

kimchi
Ingredient Composition
Chinese cabhage 3000g(10026)
Red pepper powder 60g(  2%4)
Crushed garlic G0gl 2%)
Crushed ginger 15g{ 0.5%)
Final salt concentration 3.0%

Kimhae, was used as major raw ingredient for kimehi.
Garlic, ginger, red pepper powder and Aan—ju salt were
purchased from a local market, The cabbage was cut
4 to Sem in size, brined in 10% salt sclution for 10 hours,
rinsed with fresh water, and drained. The Ingredients and
their proportions for kimechi are shown in Table 1. The
final weight percentage of salt in kimchi was adjusted
Lo 324, The unfermented fresh kimchi(fresh kimchi) and
the kimehi fermented for 3 weeks at 5°C(pH 4.3, 3- week-
fermented kimchi) were used as test samples.

Solvent extraction of kimochi(13,14)

Two kinds of kimchi samples({resh kimchi and 3 weeks—
fermented kimechi) were freeze—dried and minced in a bl-
ender. The minced kimchi samples(Z5g) were extracted
with hexane(500ml), three times, by shaking for 12 howrs.
After taking hexane extract, 500ml methanol was added
to the residues and shaken for 16 hours, followed by re-
flux for 90 minutes at 70~ 80°C water bath. After filtration.
methanol soluble fractioniMSF) was taken. The kimchi
extracts were dried by rotary vaccum evaporator{Buchi
011 & 461, Switzerland) and then dissclved in dimethyl
sulfoxide(DMSO),

Carcinogens/Chemicals

3~methylcholanthrene{MCA), 7,12-dimethylbenz[alan-
thracenetDMBA) and Giemsa slain were abtained {rom
Sigma Chemical Co.(St. Louis, MO, USA). N-methyl-N'-
nitro-N-nitrosoguanidine(MNNG) was purchased from
Aldrich Chemical Co.(Milwaukee, WI, USA). Eagle's basal
medium, fetal calf serum (FCS), 0.06% trypsin~0.02 EDTA,
penicillin—streptomycin were obtained from Gibco Chermi—
cal Co.(Grand Island, NY, USA).

Cells{15}

C3H/10T1/2 cells, mouse embryo cells, were obtained
from Japanese Cell Line Collection{Tolkyvo, Japan). The
medium used for the cells was Fagle's basal medium sup-

plemented with 10% fetal calf serum(FCS) and 100unit/
ml penicillin-streptomycin. Cultures were maintained in
a humidified atmesphere of 5%¢ CO2 at 37°C. A medium
change is made on the 5th day after seeding. The cells
were translerred every 10 days, using phosphate buffered
saline and 0.05%5 trypsin-0.02% EDTA, and new flasks
were seeded with 5% 10" cells in 5ml of medium each.

Cytotoxicity assay

Cytotoxicity was determined by measuring the inhibi-
tion of calony formation as described previously{16,17).
C3H/10T1/2 cells were plated at 2x 10° cells/60mm dish.
Twenty—four hours at 37°C under 5% COs after seeding,
the test compounds were added to serum-free Eagle's
basal medium. The cells were treated with MCA(Gug/ml),
DMBA{Iug/ml), and MNNG{1pg/ml) in the absence or
presence of kimchi extracis(hexane extract: 100ug/ml,
MSF: 100, 200ug/ml). Following the freatment lor a period
of 48 hours, the medium was changed, and the cells were
allowed to grow an additional 7 days in the medivm sup-
plemented with 10% FCS. Surviving colonies were fixed
with methanol, stained with Giemsa stain and counted. Cy—
totoxicity was expressed as the number of surviving col-
onies on the treated dishes divided by the number of sur-
viving colonies on the control dishes, and is expressed
as the survival fraction.

Transformation lest

Transformation expernments were performed by a mo—
dified method of Reznikoff et al.(18). 2x 10° C3H/10T1/2
cells were seeded in 60mm dish{10dishes/group). Twenty-
four hours after seeding, the cells were loaded with serun-
free Eagle’s basal medium containing MCA(Bug/ml) and
MSF of kimchi extract(100, 2001g/ml) or DMSO(the con-
trol) for 24 hours. Alter 2 days, the medium was changed
io complete medium supplemented with 1026 FCS. Sub-
sequently, the medium was changed twice weekly until
the cells reach confluence, then once a week. At the §
week, cells in the dishes were fixed with methanol and
stained by (Glemsa, and the morphologically {ransformed
foci were counted. Transformed foc1 were classified as
three types(type I, I, and II) by the morphaological cri-
teria initially estahlished hy Reznikoff et al.{18).

RESULTS AND DISCUSSION

C3H/10T1/2 cells have been widely used to study mech-
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anisms of neoplastic transformation in mammalian cells
and as a target indicator cell system to screen industrial
chemicals for carcinogenicity{19). Since the cytotoxicity,
mutation, and transformation of chemical can be studied
together in one cell system(18,20,21), C3H/10T1/2 cell is
believed very effective to investigate the mechamsms of
genotoxicily of the chemicals. Using this C3HA10T1/2 cell
system, we studied the effects of kimchi extracts on the
cytotoxicity and cell transformation induced by carcine-
gens.

Inhibitory effect of kimchi extracts on carcinegen—
induced cytotoxicity

C3H/0TL/2 cells were treated with MCA(GUg/ml),
DMBA (1ug/ml}, MNNG{1pg/ml) in the absence or pres-
ence of kimchi extracts(hexane extract: 100ug/ml. MSF:
100, 200ug/ml) in serum—free Eagle's basal medium for
48 hours. Following the treatment, the cells were allowed
to grow an additional 7 days in the medium supplemented
with 10% FCS,

Table 2 shows an inhibilory effecl of the fresh kimchi,
and J weeks-fermented kimehi extracts on MCA-induced
cytotoxicity in C3H/10T1/2 cells, 100, 200, 300ug/ml of
methanal soluble fraction(MSF) from fresh kimchi and
3 weeks—fermented kimchi suppressed the MCA~induced

Table 2. Effect of methanol soluble fraction{MSF} from
the fresh kimchi, and 3 week—fermented kim—
chi on 3—methylcholanthrene(MCA, 5Sig/ml)—
induced cytotoxicity of C3H/10T1/2 cells”

Trealment Cell colony S_urV‘nreL]:
fraction

ControltMCA) 463=32 1.00
MCA+MSF(100ug/ml)  fresh 51.3=72"  1114119%)
3wks 61.3=25  132(32%)
MCA+MSF{2000g/ml) fresh 620162  1.34(34%)
3wks 783145 1.63(63%)
MCA +MSF(5001e/ml)  fresh 25.3x561 1.84(84%)
Swks 925121 1.99(99%)

YTwenty four hours after seeding, 2% 10° C3H/10T1/2 cells/
B0rmm chish were cultured in serum-free Eagle's basal me-
cizm 1n the presence of various concentration of the above
kimchi exiracts and MCA (5lg/ml) for 48 hours. Following
the treatment, the cells were allowed to grow an additional
7 days in the medium supplemented with 1026 FCS, Sur-
viving colorues were fixed with methanol, stained, and co-
unted

Number of surviving colonies on treated dishes
Number of surviving colonies on control dishes

Values are means=SD

cytotoxicity in CIHAOTIL/Z cell system by 11, 34, 84% and
32, 63, 99%¢, respectively. Namely. increased concentra-
tiens of kimchi exiracts increased the survival fractions
of the cells. Since the inhibitary effect of 3-week—fer—
mented kimchi was higher than that of the fresh kimchi,
we again tested the inhibitory effects of the extracts of
3 weeks—fermented kimchi on the cytotoxicity induced
by DMBA and MNNG in C3H/10T1/2 cell system. 100n
g/ml of methanol soluble fraction(MSF) and hexane ex-
tract of 3 week-fermented kimchi reduced DMBA-me-
diated cytotoxicity hy 169, 35%. respectively(Tahle 3).
On the cytotoxicity of MINNG. hexane exlracl and meth-
enol soluble fraction of the kimchi also revealed an in-
hibitory effect{Table 4).

Inhibitory effect of kimchi extracts on the trans-
formation by MCA.

Using the fransformation test with C3H/10T1/2 cells,
we investigated the protective effect of kimchi extracts
aganist carcinogenicily. Transformation foct lormed by
MCA in these cells were separated into type I, O, II foci
(Fig. 1). Raznikoff et al.{18) reported that type I was not
malignant altered foci, but typell and I were scored as
malignantly transformed because a high percentages(50%
Tor type Il and over 85% for typelll} of these foci produc—
ed tumors after these cells are incculated s.c. into irra-

Table 3. Effect of methanol soluble fraction{MSF) and
hexane extract(IHE) from 3 week-fermented
kimchi an 7,12—dimethylbenzlalanthracene(D~
MBA, lug/ml)-induced evtotoxicity of C3H/10
T1/2 cells”

Treatment Cell calany Survival fractian®
Control{(DMBA) 237105 1.00
DMBA +MSF(100ug/ml} 623133 1.16(16%}
DMBA +MSF(200ug/ml) 753137 1.40¢10%)
DMBA -+ HE{1001g/ m) 727+3.4 1 35(35%)

B . )
The explanation is the same as shown In Table ?

Table 4. Effect of methanol soluble fraction(MSF) and
hexane extract{HE) {rom 3 week—[(ermented
kimchi on N-methyl-N'"—nitro—N-nitroso—
gnanidine{MNNG, 1ig/ml)—induced cytoto-
xicity of C3H/10T1/2 cells”

Treatment Cell colony Survival fraction”

Control(MINNG) 3B0x44 1.00
MNNG +MSF{{00ug/ml)  42.0=3.47 L.17(17%)

MNNG +MSF(200ug/ml)  55.3£3.2 1.53(535%)
MNNG-+HE(100pg/ml) 507142 1.42(42%)

[T . .
The explanation is the same as shown in Tahle 2
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Fig. 1. Photomicrographs of various lypes of foci formed in the transformation iest on C3H/10T1/2 cells treated

5ug/ml of 3—methylcholanthrene( x 40).

The expermmental procedure is the sgme as shown in Table o

Table 5. Inhibitory effects of (he methanol soluble fraction{MSF) of 3 week—{fermented kimchi on the transforma—
tion of C3H/10T1/2 cells treated with 3—-methylcholanthrene(MCA, Spg/ml)"”

Total number{foci)

Kimchi extract

Type 1 Typell Typelll Typell + 11T
Control(MCA) 24+09% 32+08% 42+11° 74
MCA +MSF(100ugz/ml) 42£13 28+ 5 22+1 5" a.0
MCA +MSF{2001g/mi) 18508 0.6+05° 02405 08

"Twenty four hours after seeding, C31/10TL/2 cells were treated with MCA(Sig/mi) and MSF(100, 200kg) from 3 weeks-
fermented kimchi for 48 hours, at which time a medium change was made. Medm with 10% FCS was changed twice
weekly until the cells reached confluence, then once weekly. At 6 weeks, the transformation frequency was calculated.

i) T
“Values are means=SD

*The different letters are significantly different at the p<0.05 level of significance as determined by Duncan’s multiple range test

diated C3H mice. As shown in Table 5, treatment with
MCA{Sug/ml) produced 7.4 foci of typell + 1 in C3H/
10T L/2 cell system, However, when 2001g/ml of methancl
soluble fraction{MSF) from the 3-week—fermented kimchi
were added to the test system, only 0.8 foci of type I -+ T
were ohserved{p < 0.05). Thus the methanol soluble frac—
tion(MSF) of 3 weeks—fermented kimchi significantly re—~
duced the transformation frequency(Typell or I pro-
duced by MCA.

Ascorbic acid, carotene, and dietary fiber in kimchi
are already believed to be compounds which have anti~
mutagenic and anticarcinogenic effects(4-7). The extracts
of red pepper, and the extracts of garlic used as kimchi
ingredients also suppressed the growth of cancer cells in
the previous reports(8.9),

We previously reported that kimchi extracts exhibited
a direct cytotoxic effect on tumor cells in vitro and in—

creased the phagocylic cell activities(22), Based on our
studies, we suggest that kimchi might have an anticarci—
nogenic effect by inhibiting the carcinogen-mediated cy-
totoxicity and neoplastic transformafion in the cells and
enhancing the immune response related to antitumor ac-
tivity.

But the question how kunchi extracts inhibited the
cytoloxicity and transformation induced by carcinogen
from this study remained to be investigated conlinuously.
More research regarding anticarcinogemnic etfect of kimchi
in viva on various types of cancer will have to be con-
tinued.
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