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Abstract

Kimchi showed proteclive effect from oxidative damage generaied by hydrogen peroxide and paraguat.
To investigate the major components of kimchi which reduce the cytotoxicity againsl reactive oxygcn
species, keralinocyte(A431, epidermoid carcinoma, human) and fibroblast(CCD-986SK, normal control,
human) were cultured under oxidative stress condition provoked by paraquat, a superoxide anion
generator, and hydrogen peroxide in the absence or presence of kimchi ingredients. Most keratinocyte
and fibroblast cells were killed by hydrogen peroxide and paraguat over 1mM concentration, but
kimchi ingredients showed protective effects from oxidative damage generaied by hydrogen peroxide
and paraquat. In keratinocyte cell, the cytotoxicity of hydrogen peroxide was surpressed by leek, garlic,
and onion, among those, garlic showed the most remarkable preventive effect. Most of kimchi ing -
redients showed protective effect against paraquat, especially leek notably increased cell survival.
For fibroblast cells, ginger had the preventive effect from cell killing by high dose of hydrogen peroxide,
but mosi. ingredients were nol effective againsl paraquat.
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Table 1. Cell survival rale of keratinocyte in kimchi ingredient extracts

Concentration of kimchi ingredient extracts(%s)

20 10 5 2.5 125 0.62 0.3 015
Chinese cabbage 29 4 936 96.3 1349 99,1 940 118.8 116.1
Radish root 68 6.5 339 I5'515] 916 1058 1200 126.0
Leek 174 133 10.1 78 7.3 587 850 103.7
Green omon 115 14.2 110 80,7 104.1 37.6 1400 1647
Onion 8.7 321 1032 169.2 1372 1174 138.1 158.2
Ginger 5.6 a8.7 92.3 93.8 1137 1975 113.3
Concentration of kimeh ingredient exiracls{24)
3.3 1.6 083 0.42 0.2 0.1 0.05
Garlic 11.0 100 14.3 w2z 116 62.2 76.3
Table 2. Cell survival rale of fibroblast in kimchi ingredient extracts
Concentration of kimchi ingredient extracts{%s)
20 1o b 25 1.25 062 03 015
Chinese cabbage 79.5 85.5 93.1 09.4 953 91.3 85.4 86.3
Radish root 424 698 97.2 05.2 95,2 93.8 831 886
Leek 15.3 155 131 54.3 834 93.8 103.2 982
Green onion 1190 531 78.3 80,7 1072 101.0 96.6 909
Onion 23.2 64.7 719 86.8 977 100.3 974 95.0
Ginger 248 913 812 935 893.3 294 860
Concentration of kimehi ingredient extracts(2s)

33 146 083 042 0.2 0.1 0.05
Garlic 224 an.7 239.8 96 8 03.2 952 ag.2
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Fig. 1. Effeci of kimchi ingredienl exlracls on cylolo—
x¥icity of HzOz on keratinocyte during 4-day ex -
posure,

Keralinocyte cells were plated at the concentralion
of 10%eils/well and incubaled for 24hr Then 125%
kimchi imgrechents other than leek, ginger and garlic
exlracts were added and incubaled [or another 24hr,
followed by exposure of cells to different concentra—
lions of HeOs for 4 days The concentration ol leek
and gmger exmracls used 06% and that of garlic ex-
tracl. 0.1%

—4— Control, -M- Chinese cabbage, —&— Radish root,
~@- Leek, == Green onon, -5- Onion, =4 Garlic,
-&- Ginger
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Fig. 2. Effect of kimehi ingredient extlrucls on cyltoto—
xicily al Fa02 on keratinocyle during 24hr expo—
sure.

Keralinocyte cells were plated al the conceniraiion
of 10"cells/well and incubaled for 4 days. Then 1 25%
kimchi ingredients othar than leek, ginger and garlic
exlracts were added and incubaled for anclher 24hr.
followed by exposure of cells to dhifferent concenira—
tions of HyOy for 24hr. The concentration of leek and
ginger extracts used 0.6% and thal of garhc extract
0.1%
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Fig. 3. Effect of kimchi ingredient extracts on cyloto-
xicily of PQ on keratinocyte during 24hr expo-
sure.

Keralinocyle cells were plated at the concenlralion
of 10'cells/well and incubated for 4 days, Then 1.25
% kel ingredient extracts other than leek, minger
and garlic exiracis were added and mcubated for
ancther 24hr. [ollowed by exposure of cells Lo different
concentrations of PQ [or 24hr. The concentration of
leek and ginger extracts used 0.69 and thal of garhe
extracl 0.1%

—4— Control, - Chinese cabbage, 4 Radish root,
—@ Leek. <& Green anion, £ Onion, —— Garlic,
~=+ Ginger
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Fig. 4. Effcct of Kimcehi ingredienl exlracls on cytoto-
xicity of HzOz on Tibroblast during 41-day cxpo~-
sSurc.

Fibroblast cells were plated at the concentration of
5% 10%ells/well and mcubated for 2dhr Then 2 5%
kdmchi inpredients olher than leek, ginger and garhic
extracls were added and mcubated for another 24hr,
followed by exposure ol cells 10 different concent-
rations of HzQs for 4 davs The concenlralion of leek
and ginger extracis used 1.2526 and thal of garhc
exlract 0.83%.

—4— Control, - Chinese cabbage, —&— Radish rool.
— Leck, < Green onion, = Onion, —~— Garlic,
~2- Ginger
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Fig. 5. Eifect of kimehi ingrediendt extiracts on cyloto—
xicity of HzOz on fibrohlast during 24hr exposure.
Fibroblasi. cells were plaled al the concentration of
5 x 10°%cells/well and incubated for 4 days. Then Z.5%
ldmchi ingredicnls olher Lhan leek, ginger and garlic
extracls were added and incubated lor another 24hr,
followed bv exposure of cells to different, concent-
ralions of Hx: for 24hr. The concenlralion ol leck
and ginger exlracls used 1.25% aned thal of garhc
extract 0.83%.
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Fig. 6. Effect of kimchi ingredienl extracts on cylolo—

xicily of PQ on fibroblast during 24hr exposure.
Fibroblast cells were plated at the concenlration of
5% 1{Fcells/well and incubated for 4 days, Then 2 5%
kimchi ingredient extracts olher than leek, ginger and
garlic extracls were added and mcubaled for another
24hr, followed by exposure of cells to different con-
cenlrations of PQ for 24hr. The concentration of leek
and ginger extracts used 1.25% and that of garhc
exiract 0.83%.
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—&- Leek, =5 Green omon, 5~ Onion, =2~ Garlic,
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AEa A AE a4 igkar A EE
AEHA AstinE 7 o2 vhehylt) 2mME
EeollAE ok, 5, Aote] HET R A ZAAZE

A=
e
=

ofx}t el ob A =haake] ot AmMel e Ealr) el
Al W 2E el

72 8] = 21 7ke] 712 d9E i sk] Hee
o] =g E ) A £ keratinocytesh 415 A Z 2l fi-
broblast2 ©]-4-5te] 73 F - A5 F2] A Aliel
A% FAAAERE B A3 keratinocyteo] o
A s kgl e Aed g vlEld L A
5w, o), Aol A EEA stEta st 24 v



AR T - AR B

ehyt 2e] B3| viHge) 44 spababpae] 32 e
A Z 7L 9l ) Paraquat 2. AH3lE] 275 7
& Aol 3 A7 ol 2ep F27le)
vtERsbeh Fibroblastsll el A+ 4kl 42 4154
SEHSFE 2L o, Babsg g FEA dE
o B2 g7re| A EEA S iast #A 5} 1ot
127t wolxH AT vz Habr) U5 Aoz
vlebde}, Paraquat® = 3l A+ paraquat®] 57| 2
& wWolls A7) B3] DBy ot BRI} E0A
A 3 s fabr) & slez ey
ol= A A=A F - ¥ABRE F vHe, A7 lf—‘“"] iy
AAqkAel] o g A 25 Sl adrl rhak f A Al
2 =iy} ohie satababg = 9ol gl aﬂ
A= Fa) o] (3-10)l £ #)] e R g E e gz vl
garhc oil, alliin ' ethanol fractionel] ) & & &)41 8}
A3E El gty o vha] shabs A7) 2 AT gar
lic nil®| percxidase$l superoxide dismutase(SOD)
4L 2422 ¥ oslT ook Azke] ahalEEa)
o FalAw we AFs) o] 2el=] gl =u(11-15), =
F(11-14)+) 238 AR FFES] H5F T, A4
L o]-i2] AtzbebR Al ol #odaln] F3 2kL afejm s
4 AAFHAHE ] oA speivtz 2 uskw gl
X, 358 3-"’5_—% gingerold = 4 vl 9lt} I+
(265 A, 23 wiEde] fze b ghiksbes
epg ‘?'——:—3'] A 55| Alzke] ghaksidag o] =7
[ = Sk ]'“-1 T AAE HakPE Tk
58] s a2 e 2 ek 97 ok
thztE 2 o] Reld g2 o
zhs} g o] F2 B 7']- ®l, =l
5]'?2]"' T AHgE W Aol dRTT L]'E'a‘: ?:-F’r
ol YR 3 gl 2 B (27) HFellA] i F
J’]'/]' 1) HE A AR ol ehek EE 9
ﬂﬁ:&];_] Zz g g i s =R e | K=
2 e A gl= =k el Ak A
| °""1 ETEe ] =] el T FHALE A A-E Liebd o)
Fal=l nt 9l eh(@8,20). =] (30)2] 7 2| 2] ghiksbalka
g el A2 28 shtkalEA R In-2E
2] EAE u) gl SRR 2| o]2fg) it az)
= gz 27} bR ol 7)ahd (31), Tamehan®t Wolff
Ble 22T 0 FEAZ dFSALE A AT
24 ahats g v g epditia duste gl dE5
AbA-el FRBREIFE Abe] 9 whi-& vlESgHEa
ksl Al 2Ha-ghc o she] (32) 728 A4 27
ol FE=He] Fadt Ga-S & A5 S SR s)

T ogleh

jc»

=

‘-Li

CEEPEL SR EE ) 1003
f-rr=2ele] Gagabs AR 2 28] gler
(19,20}, 538 Y AT Lol F43) 3-F3o] $lo-
tocophcro] n|ekel C, propyl gallaie S 218k 2441
475 ] Bisselt S(33)¢l 24 75 v} gloh &=

BC_]‘ 4lo] glucosinalate?} A E 55+ alel GSH2} qui-

none reductagee) ZHE A 24} & 44 o] A4S £71A
ZAvl= v ue glth(34,35).
upali] 72 A 22 AEEE -5}

Srof 27
A A 4] 31X 8] ghala Bt} fado] 31%
2 oAz, 7 B4l v T
o] Ak 4%o] fEEe] 9lg A
o}, zelu AR DA 48 ~E rilMlI o &t 2

Afo]| 23 A o)A AR Fhalola Z A 2] 8

Falsl A RES vE ¢ 222U HTE 4
A8 o) whE 2| ahel| wpet A Astebd WstE sl
Qe Ao G w9 e (@) o £ Wt 2
8] gHataAl g Aol FA S E ¢ ss A
2 A o), whela 23] AR F o) B AREY
Wahs} 71z o] BA B AbAEe] 5oF ghabalasle]
el Fak Fde] ezl malm el

L= oF
= —

7 A4 F4] keratinocyte(A43]: Epdermoid rarci-
noma, human}2} fibroblast(CCD-9865K, skin, normal
contral, human)el] AHElE ~Eez A28 FisledS o
A2 B 84 AbA S 2 AEEAAE FA 5

A shatA ) o Mgl 7] 5 9] Baibae) 215 A X5
A stslmme] Y2l A Erl ¢ske A F
- FAER AMSEE AlRES AFAE T8}
A Abr o] i 2wk E S e Bodv) Keratinooy—
teoll Tt =2 F - 47 H 2ol v, 5, pF AT
of5), nbE, A7k 54 AE5EANEEAF Thed o5
o] A= 109 ~20%, Dc;&—l}g} A 7be 5~10%, 72 4
= 25~5%, Y38 0.62% ~1.25% o v vpsd &
Aea] #HE}e] 0.1~0.2%% c}. Fibroblast«] 4] = 8l 5=
2096l = S 2 Trda] HelA] ehglar -, AT, oF
e 10~20%, AL 5~ 10%, ¥-55 2 5-5%, L&
2 nbEE 1.6~3.3%9 v} okabA,| keratinocytesle
o} AL 062%, "hEE 0.1%, WA Al 2= 1.25%
2] 5‘-5:._% ToFl 2 fibroblastel| & ¥5f A2k2 126
%, b2 0.83%, oA Al 2 25%8] FER T
stgih nelw, akslkE 2edH g A v Tika)
0} paraquats FE=HE Fofsle] 552 #A
AbAee] i3l #S2heo A gl Keratinocyte|



1004 2o o ==

-

N g e A =R S ) ) R - o S
nhE, kel A E54 SaLE I} vely)on] 23
nhEe) A2 palsle s ImM R A E B3} ¢le]
o} )2k Alge} dadete 2EAF AL AL
HEEo] daTd vls] 2A4 Vel o ke A4
0 125mM Fstr4m T ol A 135 %7bA] A Ege] 5
ZiElgl o 2 nls Ao A9 E A E8A gha)
Tzl ©71 3k paraquatell 2 E A7) 72 Sl 2

gz wls] RE A A2l A EAbde] 2 A=
Fen] 5] Fei g2 &S By ot v

&, A7kel Aol = AL APE 4 o34 A 3. Fibrob-
lasto) A = A7) 7} A B2l 3lalkElpiol] v &AL o
NEEA Saavst Teezlon 32 ex e 14t
Fp oA R2r) =2 Tl BRd A s A
4 vhE, FollA] 22 A2E54 5 EaE 2o} A
7+2] A8 atElg gt AmMET A E L Az EA
A A2 vpebglel 7o) 3E FabEhae]
A& w2017 FA RS w9} vhabrhA) 2 )2 5
ABEL AT 45 ass) WAsbg s 53 47t
ool e 7T AEgo] B4 4=
o}, Paraquatel] 2222712 o&] 22 = . ZAFEY
Al 2.2 F F3E fibroblastS A28

SRR
A% ghghont A4 A, ohE, RFelA L DA
& veheic,

EA

#Atel 2
o] AT FHPAF AN e gl At
54T (1995-200002] < u] =] Yel| 2] E 5t

3] d¥oeld o)el A=Y}
= ©
1. 2od 5 3415, Claus. L.t f=]e] o ok ghn] 5471,

A=) A2 i’]r‘i} AHEA Y LR, A o
(1994

. Hudson, B. ] F ! Food Antioxidants Elsevier Science
Publishing Co Inc., New York, p.102(1590)

. Bros, W. and Saran, M ! Radical scavenging by fla-
vonoid antioxidants. Free Rad Res. Comm, 2, 289
(1987)

Black, 3. H.: Potential involvement of free radical
reactions in ultraviolet light-mediated cutaneous da-
mage. Photochermstry and Pholobiclogy, 46, 213(1987)

. Tamehan, C. and Wolff, C. : Mechamsm of physical
quenching of singlet molecular oxygen by chlorophyl-
12 and related compounds by hiological interest, Pho-
fochem, Photoblology, A8, 277(1983)

. Vanderhoek, J. Y., Makheja, A. N. and Bailey, J. M.

pr

i0.

11

12.

13

14,

15.

16.

17.

18,

19

20

21

23.

24,

oft
<
1

e

At

i
&

* Inhibition af fally acid oxygenases by onion and
garlic ol Biochernical Pharmacology, 29, 3169(1980)
Block, E., Lyer, R, Grisoni, S., Saha, C,, Belman. S.
and Lossing, F, . : Lipoxygenase intubitors from the
essential ol of garlic. Markovnikov addition of the
allyldithio radical to olelins J. Am. Chem. Soc, 110,
7813(1983)

. AE A o] g nl5A R 9] 2)Elalx] Ak A Byl o
: zﬂly_ k) 7}31o]L T #abERE A G # E3)e) B
2= g3k Eﬂﬂ?]—ﬂﬁ_}i’]z] 24, 43(1986)

A8, ol A5 ok AR AbshpA Ao Tratk
T 2K, AlARe] A e] Ao #A = g g
7473 A, 24, 53(1986)

A, o) 4% vl $o ALsikA] A o)) gk ol
AR 74348 BaEA Al g A o 7)) L)
ozl g el wE A, 24 §7(1986)

s A7 2839 T2 95 e 22E
A oA E} oA a4l ?;eq ﬂ}ﬁ}g}xl 11, 365(1995)
e Tl Crudc gingerol ¢ EJ*WFE] FE (A7}
gingerol®] Qetal A 2 o] fF Fre) W=
AbskE ) ESrEe]#)EER), 9. 33(1983)

W T, B, A " o8] abEak Al el B
# & crude gingerol®] 23 %, dhgze] & s =], 9, 208
{1993

&2 Gingerole] 718! )l FH-2] 413 valE 2

&9 =33k $erxefase)=], 10, 121(1990)

o|Flod + A& o] DA wh2 3h4rE HaEl A
Alef e 4] 2 e 1998)

o] # &, AR 94dA, _,,]Eoi Z1A A, #HYaF - o)
7 Bo 9ol A capsacin 2 oleorcsin®] &4t at8-o0)
gt At A EEEE R 26, 496(1994)

NEDEE MR NEE S T
7], 6, 65(1998)

Hatano. T., Edamartsu, R., Hiramatsu, M., Mon, A.,
Fujita, Y., Yasuhara, T., Yoshita, T. and Okuda, T. :
Effects of the interaction of lannins with co-existing
substances, VI Effects of tanmns and related polyphe—
nols on superoxide amon radicals, and on 1,1-diphe-
nyl-Z-picrylhydrazyl radical. Chern Pharm. Bull | 37,
2016(1989)

Mathews—Roth, M. M and Krnsky, N. 1 . Carolenoid
dose level and proteclion against UV-B induced skin
tumors. Photochemisiry and Photobiology, A2, 35(1985)
Mathews-Roth, M, M @ Carolcnoids quench evolution
of exiled species in epidermis exposed to UVB(250~
320nm) light. Photochemistry and Photobiology, 43,

91(1936)
TEE A% WA BN A9 A
r4 R I LR ER e S

A8 o} =}343)A)], 25, 814(1997)

Mosman, T.: Rapid colorimetric assay for cellular
growth and survival ; Application to proliferalion and
cytotoxicity assays. J. frvnunol, Meth, 65, 90(1933)
Park, K. Y, : Antimulageme and anticancer funtions
ol kimchi. Proceeding of IUFeST 96 regional sympo-
sium on non—nutrittve health l[actors [or fulure foods,
S0O-12(1956)

Kim, E. S. and Chun, H. I : The anlicarcinogenic eff-
ect of garhc juice agamnst DMBA induced carcinoma



30.

3L

. ¢4, WA
ey

e, Bk, oA, AR, B AR

. Ende, Y., Usuki, R, and Kaneda, T.

Za 7

B

on the hamster buccal pouch. J Korean Soc. Food
Nugr., 22, 398(1993)
R Fed

SR}, A9

-

T, 3, 113(]993)
78] 8k g 2] BhalEl @ wej B3
SR 4] A1 Eg] 3= (1989)

i

&

=

K

—
T

S
2] M Fa} e A}

AARTH S 5E

=D FREAER AN el ek T
P o] 234 (1997)

» Antioxadant effects
of chlorophyll and pheophytin on the autoxidation of
oils in the dark, I .Comparision of the ihibilory efl-
ecls, J. Am. Qi Chem, Soc., 62, 1375(1585)

. Endo, Y., Usulu, R. and Kaneda, T. Antioxidant ellects

of chloraphyll and pheophytin of the autoxidation ot
oil in the dark. 0.The mechamsm of antioxidative
action of chlorophyll. J. Am Qif Chem Soc, 62, 1387
(1885)

aled -, 712 2] ¥ %E}E”# hisbA Sl e d
T WAt Ehar o akl wkatelg) =2 (1996)
Gutierrez, R. F, Garrido, F. [., Gallardo, G L, Gandal,

o g4

o &

32.

33.

34.

35

BE e 1005

AEHA

o B
=T

R. B. and Minguez, M. M. . Achons of chlorophylls
on lhe stability of virgin olive ol J Ane Ol Chem
Soc., 69, B866(1992)

Ho, C. T. ' In 'Phenolic compouncs wn food and their
effects on healthi I ), analyvsis, occurrence & chemisiry,
o, C. T, Lee, C. Y. and Huang, M. T (eds ), Am.
Chem. Soe., Washington, DC, p 2(1992)

Bissett, D. L. Chatterjee, R. and Hannem, D P. : Pho-
toprotective effect of superoxide-scavenging antioxi-
dants against ultraviolet radiation—induced chronic
skin damage 1n the hairless mouse. Photodermatol.
Photoimmunol. Pholomed , 7. 56(1930)

Sparmuns, ¥V L and Wattenberg, L. W. : Enhancement
af glutathione S (ransferase actvity of the mouse
farestomach by mhibiors of benzolalpyrene induced
necplasa of the forestomach. J. Natl Cancer Inst, 66,
763(1981)

Benson, A M. ' Induction ot DT diaphorase and func-
tionally related enzymes by anti—carcinogenic and an-
titoxic compounds. Cham. Scripta, 27a, 67(1987)

(19973 99 18Y HF)



