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ABSTRACT

Antitumor activities of Gamdutang aqua—acupuncture solution
Sang-Hoon, Han - In-Kyu, Park - Jin-Young, Moon - Jong-Kook, Lim=*

*Dept. of AM-Pointology, College of Oriental Medicine, Dongguk University

Gamdutang aqua-acupuncture solution(GAS), Gamdutang water-extracted solution{GWS) and
Degamdutang aqua-acupuncture solution(DGAS) were prepared and tested for potential antitumor
activities. It was used three biomarkers (quinone reductase, ornithine decarboxylase, glutathione)
to test chemopreventive potentials of GAS, GWS, DGAS. GAS was potent inducer of quinone
reductase activity in Hepalclc7 murine hepatoma cells in culture, whereas GWS is less potent.
GAS, GWS and DGAS were significantly induced quinone reductase activity in cultured rat
normal liver cell, Ac2F. Glutathione levels were increased about 1.8-fold with GAS, 1.0-1.1 fold
with GWS, DGAS in cultured murine hepatoma hepalclc7? cells. In addition glutathione
s-transferase levels were increased with GAS, GWS and DGAS. The effects of GAS, GWS and
DGAS were tested on the growth of Acanthamoeba castellanii. Proliferation of Acanthamoeba
castellanii was inhibited by GAS, GWS and DGAS at concentrations of 1Xand 5X. These
results suggest that GAS has chemopreventive potential by inducing quinone reductase and
quinone reductase activities, inhibition of ornithine decarboxylase activity, and increasing
glutathione levels.

Key Words : Gamdutang, quinone reductase, ornithine decarboxylase, glutathione s-transferase
» FRO%n gl Fesay

I.A4 & 4ys AR 24 $AZ9 FY ¥ Aol pe

S Eojgg AUXL Yo} AP AU 2AY B

/9% ¥(malignant neoplasia)ol w3t} B2 ol ojysz WA AFAA YoM 7HF & HYA
SHoz qoldt FAHL Uor ME YEY e N4 F@oz AN ok vl @

_.129_



K. A M. 8. Vol 17, No. 1, 2000

3 AEEEE Aisie =d7%9 APt

AYFE FAAE AAGE TYo FAYLE |

A odAgse NALAHA ST F48 woy
P ool e tHEYE HaSY s F&E
W, A e, setay 9 wdeds s
2Y 28 AR Aoy 488 PAHL
He 223 AzWoly] Wl A o
T, AA2Y HALYE FARME MBWY
o] Aol YA Y& AeHoln UYL =
AEAE okd HAsA Ren e Aot
59 olelg BAlE MQsy] A uete ¥FY
%0 $5F A2 HANEA tnyo] QU
t oEsigel 278w Nin ueAL. FF

GlOWe g wwMME Ek RE I

%, BB, fad, Bam, ME, WE 2EH SREE,
BiliE e NEd $4£IUT W daw 7z
v MbhLiR#EE s E%= HmbgEHEdcn
Ak ZE2E YAAIE WEned F3e od
A 2B Eolw UHL Glyrrhiza Fissche &
Ae Ags kit BT, EEol L, M, B
R Bl ERETT. 22y £%%e mER
#, AWNAWS EMIE, BHE, BRTE KB
M, MW, MEfh, HemE EE AR EE
A, R5E, ARESEE, BRIE BASHH,
—GIiiR, FIEIE, SRR, KM, HEE, B
i, BRAOL, HAOEE, MERE E 28 B
o, RE, 4H, EES EREge #°% 52
A, RS, T G, BRER, S
o, AEA, LB, RBER, LEm So ¥
A% AT RudYc FFE FH Agy
ZdFe FAaT He FA2M ¥Ye
Glycine max (L) Merr ol2ti 30 Bk HM
HED e AW RS O, W T L TR
e, ¥59 ASPPe mil, MWHE %
1, OMNT, NG, MoK, BERIRE, MORE, R
#E,  -GDMl, IR, BR LMD, (i4EZG, HEE, O
MW, UG, RUUN, B R, R W,
BUEADY, MIE, SRR, BN, YR, WL
M, mmk 5o $83ud 7P 5o 5%
o H5ago] B AYARE 2aY w3

A oky BEY A Ytrsel wako
BIY S glo) TR A Y AYe

B4sA Q0. sto] BAY MM ATATE

YHE 4E AEY & de A ALz g9
AYAYE AAY 5 UAY & ¢y oy
T e B3 g QYoM ojFojxm Ytk
53l ggAlY B4 A% Fagez ¢go] @
Wyl e =g £ e ¢ 44 B3
(chemopreventive agents)®] 7i'¢o] FHAHeog
oA T AP, oot B W A
WA e s HHeAY 4y 2y
(carcinogenesis)Al MAEE HAIER Ex g}
HAA BAEHE FAEY wgEo Fies
YoslAY B4 Hae WY B JlEg WA
7182 <l EAEL o8 Aoy EAL
Mg, A 4 gloh dB8HQ RO quinone
reductase(QR)A14, omnithine decarboxylase(ODC)
B A=, glutathione(GSH) A4 F9 =
Aol P, wetd B AT 2EY Gy
Adolje} AE APHoz Az B oFEo)
quinone reductase(QR) A4 £ %,
decarboxyase (ODC) inhibition, glutathione,
glutathione s-transferase®] ¥Ajol hé 4
st

ornithine

0. 4948 % 34
ANENE

1. Al

Minimum Essential Medium Eagle’s(MEM),
antibiotics, Dimethylsulfoxide (DMSO), {3-45-
Dimethylthiazo!-z—yl—2.5-di-phenyltetrazolium
bromide(MTT), 99% ethyl alcohol anhydrous,
NaCl, KCI, KH;POs NaH:PO, Tris-HCI, bovine
serum albumin (BSA), tween-20, flavin adenine
dinucleotide(FAD), glucose-6-phosphate, &
-nicotinamide adenine dinucleotide phosphate( 8
-NADP), glucose~6-phosphate dehydrogenase,
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menadione, dicuomarol, potassium phosphate,
crystal violet, KOH, glucose, thiamine HCI,
biotin, vitamin By ferric citrate, CaCl; - HO,
MgSQ; - TH20, yeast extract, proteose peptone,
Na-phosphate, Na-EDTA, triton X-100, 5,
5'-dithiobis- (Z-nitrobenzoic acid) (DTNB),
glutathione reductase, NADP’, bicinchoninic
acid protein kit¥ SigmadlA TFYU3H 1, fetal
bovine serum(FBS)< Gibco (USA)IA 3t
o AlREgen viE Al ZE 7|E} Aleke
AE wjgg R 1§ AekE AHEstd

2. 259 43 A

B YA 5% (Gamdutang) FH4E A
Z387] s FRUYR FLEggYols F
4 d7@ze F425F 9 EdFE AM3A A
4391, 3340 &L ojlenPsAE T
N7l FR48 A4S

B o HYH

1. 5% 9 T YA Az

Z5g FHARL FA-dEUYA Jild =4
st chFig. ). £25& 3% 60g(l:)7 23}
o A< 400mE 7HE  H  rotary
evaporator(BUCHI RE121, Switzerland)ollA} 3A)
%t AR FE3A(n ARy F 47T, 3,000mpm
A 1083 d4Eeslel 9 ¥ 200 mg
#dEEsAd. o] F&5¢E SAo) 99.9% ethanol
2 748 75%, 85%, 95%92] ethanol #%o|
A gt FHEE ¥}, pH 742 AP ¥
Ao A 24417t WX 8] membrane filter (0.22
(m, Whatman. Germany)2 o #3¢c}. 2eln 3
2t FHTE 7kl 200mio} SA do 1x 9 ¢
FAdog AHEEHFYo™ 10X, 5X, 3x gL
1x9 AN g AAFZ3d L3R, FF
44 phosphate buffered saline(PBS)& ¥7}3}¢
01%, 05% ¥=2 At @¥ dyFD
g AE F4AF dA JUFE AE3d
st Y Poz AN

HeA TSR] A17d Al

— Add 400 mt of dHO

- Boiling for 3 hrs

~ Filter

— Centrifuge the filtrate at 2,500
rpm  for 10 min, 4T

I Pellet I___l Supernatant |

— Vacuum concentration
— Add 50 ml of dH;O
— Add ethanol for 75%
- Precipitate at 4T

— Filter

| Precipitate |__| Filtrate |

- Vacuum concentration
— Add ethanol for 85%
— Precipitate at 4T

- Filter

| Precipitate |__| Filtrate |

~ Vacuum concentration
- Add ethanol for 9%
— Precipitate at 4T

I Filter

| Precipitate || Filtrate |

- Vacuum concentration

I~ Add saline:for 200 mi

I~ Adjust the final pH to 7.0

= Place solution at cool
temperature

— Sterilize by membrane filtration

[ Precipitate || Filtrate |

[ Gamdutang Aqua-acupuncture Solution (GAS) ]

Fig. 1. Preparation of Gamdutang Aqua-
acupuncture Solution -(GAS)

2. AT 453499y Az

2T ZE 60g 1LDE UMY FASF
400mé-€ 7+¥ H rotary evaporator (BUCHI
RE12], Switzerland)ol A 3713t A9t g8
2 Q3% F 4T, 2500 rpmo A 1083 Q4R
g5t A& A4S 200 & FYFHSS pH
748 AAY F ALo4A AUANT BAdqo
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membrane filter (0.22 (@, Whatman. Germany)
2 o331 PBSE 718l 200 meo] SA 8hAo
1x9] dFFegdez ALgdHen, 10x, 5x,
3x EFFEYL 1x9 d5FEdE Y4sH
alo AlgE Y3, £F4Y phosphate buffered
saline (PBS)8& A7t8ld 01X, 05X Fx&8 %
A& At

3. Quinone reductase (QR) 44 &%

1x10°782] Hepalclc?7 A X9} Ac2FMEE 200
w22 MEM #jAjol $#A#A 96-well plates]
ZFA17)3L CO; incubatorel Al 24A)12F wiF ¥, A}
wjokol 190utst FEYE AFE FHH0.1X%, 05
X, 1%, 3%X,5%) B¢ ¥&d 5% 45 F
ZH(01%, 05%, 1x, 3x, 5x)F 10z4 2z
wellol 7}atgict. AXE Y £= d53E9
o] H7tE whgHelM 48A17F WY F vjydE
waln MAXE lysisAlZch.  200uf reaction
mixture{7.5n¢ of 0.5M Tris-HCl(pH 7.4), 100mg
of bovine serum albumin, 1 of 1.5%
tween-20, 0.1 of 7.5mM FAD, 1m¢ of 150mM
glucose-6-phosphate, 90 of 50mM NADP,
300U of yeast glucose-6-phosphate
dehydrogenase, 45mg MTT, 150uf of 50mM
menadione in 150m¢ H:O}& 2t wells] @i 5%
7+ 9% % 03mM dicuomarol(in 0.5% DMSO)
7} 5mM potassium phosphate?} Eoile £
508 H7t3lo) microplate reader@ ©¢| 4§38
630mmei A FF=& AU

4 . X glutathione A% 23

Hepalclc78& wW¥std 75 43d % 3
Z oo} o3 AXY glutathioned] ¥& FAH3A
ot 1x10'¢] AEE 200 g¢ MEM#I Aol {4
# 96-well plate] F A7) CO: incubatorol
A 24N WF F 10w BEE FFE A
(0.1%, 05X, 1x, 3%, 5%) & ¥5¥ 759
A4 F&9(0.1x%, 05x%, Ix, 3%, 5x)o] 2§
g g Z wellel 7hsAck. ANz ¥ 48
AlZb 5 A& vBela PBSE M 43 ARE

lysisAlZl ¥ 404 stock  buffer(125mM
Na-phosphate, 6.3mM Na-EDTA, pH 74)8& 7}
i 170449 reaction mixure {20z 6mM 5,
5'-dithiobis-(2-nitrobenzoic acid) (DTNB) in
stock buffer, 10uf glutathione reductase
solution(S0units in 10ml stock buffer), 140uf of
the NADPH- generating system {25 mf 0.5M
Tris-HCl(pH 7.4), 3304t 150mM
glucose-6-phosphate, 304 50mM NADP’,
100units of glucose-6-phosphate dehydrogenase
in 50m¢ distilled water)}s} ¥H$AFct F&AA
587t shaking ¥ 40nmolX FRE=& 33
=

5. Al XU glutathione S-transferase Y4 ¥ &
]

GST a, GST ¢ & ¥¥3+ Hepalcle? cell
€ A8849 GST ¥4 &3¢ g
Hepalclc7 cell& 96-well plate®] 2t wellol 1x
10* cells& HFA712 37°C, CO; incubatorol A
24X g F A g 190us vEE T
g kyA(0.1x, 05x%, 1X, 3%, 5X) E& &
¥ #5% 44 F&901%, 05%, 1%, 3%, 5
X)& 10 7 wellell H2)3igict. AXE o3
d F= de & Ao HeE mFAqA 484
7t vl ¥ PBSE 33 41, 339 freeze-thaw
cyclesol o8l MEE lysisAlAch GST &4 &
A& 9 100p reaction mixture(2.5mM GSH,
ImM CDNB in 0.IM potassium phosphate
buffer, pH 6.5)& ¥7}3t2 183t plate shakerol
A shaking & ¥ 405nmoiA 387 E3=9 &
7}€ microplate readerol A # A& 9. GST @
4 &3& ¥ plaes} o) A plateo] A9
ea  #2%&  binchinchoninic acid protein
assay kit Ah8-3td FAHHY.

6. Polyamine metabolism #4234

Acanthamoeba castellanii®l %2 & &7 3o
ODCE#A4E  ZAsAL. 2x10° cells
Aaanthamoeba castellanii€ 3mé OGM (3N
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KOH, 30% glucose. 2,000 X vitamins(0.2g
thiamine HCI, 40mg biotin, 200ug vitamin Bz
/100ml 95% ethanol), 100X salt I (0.4g ferric
citrate, 0.1g CaClz - HzO, 3.1g MgSOy *+ TH20 in
250m¢ dH-0), 100x KH:PO4 (136g/ ¢, pH 7.0),
yeast extract—proteose peptone (7.5g/¢)}ol] ¥
FAA T-25 tissue culture flaskolA 258 of
A (1%, 5%) £ dF F&9 (1%, 5%) 150
w0 Wt el 24, 48, 96, 120, 144,
168417+ %2 4 ¥4 E Hemocytometer& ©]§3
o A3t

m A4 4ds

1. Quinone reductase (QR) Aol miAle A%

A5 oyt AnE AWRI| Haid @t
248 FE5A4%AI71x phase O enzyme, QR
AAel % AXNE 23 HepalclcTHE
o tig Agolr FYA 5xFEAA M ¥
£ 1899 44 FE&E RAY (Fig. 2).
d4 ZgdodEs 22599 05x9A LI #
=8¢ YelAY (Fig. 3). dd5Fg G
He 245 4393 QR #E&°) vl
(Fig. 4). Zdztel ¥z gl d3&dug
A3 AN QR AAHFEI ¥A Jebwth #
ZA AH UM EQ Hepalcle7olM €4 F
2o, ozl 25 QR AHE REIFoV
Ao A$ 180 HnFXUd vy dF &
de 118 FEEL 2o FAdo] dFF2 o
v ol € QR A44¢ fE3dd

BH AcF AX] Uiy 759 QR &
g 248 2 ¥, dAdde BFF FE 01X
A 109 #X& Beltrt ¥E 5xME %
F 412 ¥A3 &L QR Aol #EIHUC
(Fig. 5). 9% 298 Ac2Fd MPE
= %% 3xdA 23812 QRY A Fel 73
Aqom, ¥= 5xAME 158 239 (Fig.
6). T FHAe] A4 01xolM 5x2 F

AT A17E M1

€99 FEI wolyo T QR YA FE 2ol
Z7H8te 5xFEA 399 713 & QR 44
#E§& YeEAUG (Fig. 7). o449 ZFolA
AcZF M Xol UMM E Hepalclc7e] Zzs}l
o] I¥% gFido] dF FEARC Lo F
ol o & QR HAREES HAFAUL

2. AE W glutathione AN v]lX&= &

#A5gd ¥ glutathione 84-& Hepalclc?
AEAN Aougth 01X 1xFES] oA
dg Al MFAM d2FFA 22 glutathione
level& Holtlr}t 5xelA 138& BYHd (Fig.
8). 44 F&ddME ZF9 AFE FxolM L
0~1.1vle] X8 2} (Fig. 9. dAF 43
Aol A¢ zzte] x| glutathione levelo] 1.0
o2 dAHAU (Fig. 10). AHAM Ha%
Hepalclc? MEZWe| glutathioned ¥ Fx
5xollA 714 ol WA =AU

3. A ¥ Glutathione S-transferase g4 &3

Z5go] 2% glutathione S-transferase 84
T8 93Y A, 5 3y, 47 FEd9 W
HWa5FE e HA$ 10~133=y F71E
Bgon 94 Fedoln Hohe odde B4
TS @$4¢ AT (Figs. 11, 12, 13).

4. Polyamine metabolismel ¥ %]+ o4&

ODC@&A4l 9# polyamineo] AAEHX 3
o] polyamine® ojvjrl F Aol HFHolmz
ODCRAol e 5" e Jgg o}
H7] 9 olvuie] FAE FAHHAT 2x
10°cells®] Acanthamoeba castellaniiol 1508 3%}
FHETHE Mg T 2443, 48213, 9%BAIZE,
120717}, 144717, 168A17HE @3 #g @, old
uhe] HE5E 20X10° 7.7X10°, 44X10°2.2 96
Az A3 FoEchzl 12043 ol ¥ §3
3 HESe F7HE Ho 168A1AE 14.1x10°
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72 FhsATE 4 M Aol BF Gy
92 Fx 1X, 5X& MIARE W ¥E 5% #F
i B M 168413t0) A X, 60x10°2 o
27 H#8A 57% 4 %9 JA A7 dElg.
T 2 v5 1x9 4HY FEAME gz
ol vl3] 28%9] ojuulel Z4 oA FZIE B
Aok (Fig. 14). °ol¢} Zo] ZF FiAde ¥k
qEM oz ofdul FA& APk ODCol
N A5G 4 FE99 ojunl F4 dA%F
& 4¥yEr] A SIY Ad¥Em o] 2x
10°cells®] Acanthamoeba castellaniiol 150 w02
FRT % AT €432 dE vxHEE A
ot} 168AIZF Fo] diZF, 1X, 5xof s} A
EFE 238 24€ @ 141x10° 137x105,
04x10°¢] ME4E B 2T W E$
F29 1%, 5xNA 3%, 97%<9 ofviu} F4
g A Jeldt (Fig. 15). dizd5e 3¢
M= o vHN & JAERLE B
t}. (Fig. 16)
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Fig. 2. Effect of GAS on induction of quinone
reductase activity in murine hepatoma
hepalclc7? cells. Cells were treated with
GAS for 48 hours, and the change in the
levels of QR was measured. Each point
represents the mean of three separate
experiments.
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Fig. 3. Effect of GWS, on induction of quinone
reductase activity in murine hepatoma
hepalclc7 cells. Cells were treated with
GWS for 48 hours, and the change in the
levels of QR was measured. Each point
represents the mean of three separate
experiments.
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Fig. 4. Effect of DGAS on induction of quinone
reductase activity in murine hepatoma
hepalclc? cells. Cells were treated with
DGAS for 48 hours, and the change in
the levels of QR was measured. Each

- 134 -



point represents the mean

of three
separate experiments. '
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Fig. 5. Effect of GAS on induction of quinone
in rat Ac2F cells. Cells
were treated with GAS for 48 hours, and

the change in the levels of QR was

reductase activity

measured. Each point represents the mean
of three separate experiments.

o v -
0 1 2 3 4 5 6
Concentration- 00

Fig. 6. Effect of GWS on induction of quinone
reductase activity in rat Ac2F cells. Cells
were treated with GWS for 48 hours, and
the change in the levels of QR was

e TG A M7H Al

measured. Each point represents the
mean of three separate experiments.

Fig. 7. Effect of DGAS on induction of quinone
reductase activity in rat Ac2F cells. Cells
were treated with DGAS for 48 hours,
and the change in the levels of QR was
measured. Each point represents the mean
of three separate experiments.

Ratio {treated/ control)}

0.1 0.5 1 3 5
Concentration (X)

Fig. 8. Induction of glutathione levels by GAS
in murine hepatoma hepalclc7 cells. Cells
were treated with GAS in concentration
range of 0.1X-5% for 48 hrs, glutathione
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levels of sample-treated cells were cells. Celis were treated with DGAS in
analyzed and compared with a solvent concentration range of 0.1X-5X for 48
control to calculate the ratio of GSH hrs, glutathione levels of sample-treated
induction. cells were analyzed and compared with a
2 o e : : - solvent control to calculate the ratio of
GSH induction.
~18 "
% 2 -
1 }
3 ~ 15
< £
go.s - §
N
0 . X . .
0.1 05 1 s 5 io.s I
Concantration (X)
Fig. 9. Induction of glutathione levels by GWS 0 . . . .
in murine hepatoma hepalclc7 cells. Cells 0.1 0.5 1 3 5

. . R Concentration (X)
were treated with GWS in concentration

range of 0.1X-5X for 48 hrs, glutathione Fig. 11. Induction of glutathione S-transferase

levels of sample-treated cells were by GAS in murine hepatoma hepalclc?
analyzed and compared with a solvent cells. Cells were treated with GAS in
control to calculate the ratio of GSH concentration range of 0.1X -5X for 48
induction. hrs, glutathione S-transferase level of
2 sample-treated cells were analyzed and
compared with a solvent control to
calculate the ratio of GST induction.
—~ 1.5 2 ;
% ;
E L ,§1.5 : 5
ias H 1 , i i b
0 . . : . | '
0.1 05 1 3 5 i“
Concentration {X) :
Fig. 10. Induction of glutathione levels by 0 . . . -
o1 05 1 3 5

DGAS in murine hepatoma hepalclc? oo o 00
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Fig. 12. Induction of glutathione S-transferase

Ratio (treated/ control)

o
o

Fig.

Celi number (1105)

by GWS in murine hepatoma hepalclc?
cells. Cells were treated with GWS in
concentration range of 0.1X -5X for 48
hrs, glutathione S-transferase level of
sample-treated cells were analyzed and
compared with a solvent control to
calculate the ratio of GST induction.

2

0 ] I l I
0.1 05 1 3 5

Concentration (X)

-
o

—

13. Induction of glutathione S-transferase
by DGAS in murine hepatoma hepalclc?
cells. Cells were treated with DGAS in
concentration range of (.1X-5X for 48
hrs, glutathione S-transferase level of
sample-treated cells were analyzed and
compared with a solvent control to
calculate the ratio of GST induction.
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WY T A17¥ Al

Fig. 14, Inhibition of the growth of
Acanthamoeba castellanii by GAS.
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] 1 2 4 5 6 7
Days
Fig. 15 Inhibition of the growth of
Acanthamoeba castellanii by GWS.
160
o ¢ ~s- Control
1%
: 120 s
T 100
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b=
= ®f
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]
w s
2
0
0 1 2 4 5 6 7
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Fig. 16. Inhibition of the growth of
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34-40).
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HARA LFEDS] ARG 19 BARME
Wg-3le sl §e @uv|Ag AHNESE
AR oot Edz 3G oy %4
ZAENE QR, ODC, glutathione (GSH),
glutathione s-transferase(GST) Fo] Al4EH:
2Ath. Quinone reductase A X W F2 EE
s} 2om*? quinones® quinoneimines&
HAAN Axo] e S4& AATYY, QR
- glutathione S-transferase$} UDP-
glucuronosyl transferase$} #o] phase 1
enzymel.2 9|9 FAio] 9l EAR EAW
ol¥4 (mutagen) ¥E A (carcinogen)2%-H
AXg REPc) phase O enzyme B4 F%
=, & d¥A (anticarcinegenic activity) 2.2
AAAP? B AFelA RFEY FAAL 43
9] JIYMXE Hepalclc79l A2sHE o 5% ¥

EdA 1399 QR A4 RFEEL HAL, 0.1x
AM 5xAtole] prolr HFEY GHde Fx
7t Eoldel wel QR FEEE Eold ¥E 9
EXoz FESHAT #fH ARF M XoA9)
A5 dH49 QR AHAEE HFH9 NUYA
oM B o A FESH], FHA 5%
41909 ¥& RE=E8E HY3 94 35937 y
25 S =% 47 23, 3999 FEES B
Aut AF2 WE FHUAHY I43EHL phase
Oenzymed) QRS A4 & #E&AT. a2z
HEE FAAL SdVolYY, EYEAY A}
FJAl MY quinoned] A MEUY =4 %
AEW DNAEAE glodlg Rez F2¥y
FE S4aHs g ¥ ol & A7 7
F %o QR HAHAFEE VR B o pEY
A UtEH9 F YA neoplastie effcct)
€ Yol phase I enzymed! QRS € #%3
o AEo] PAE EHE QolFE Roz 2z
€.

el B3 A7) ALgHE B 39
U2l ODCE polyamine AAgA Ao
putrescine$] Ao} sl Aholw FAHT
9} #%MXE (neoplastic cel)®] Z4]o] Y4 o]
o9 =9 ODCY 4= 4&F  (tumor
promotion) = 8.8 71%& @I o] 4
Feld FRYg 221 APAM ODCRAY =9
e BdY &7 Yty U4HY #A B
2HReH g ZAGME ¢ 32 (tumor
promotor)E¢] ODCE4& F =8+ Aoz v
HAG®® Difluoromethylornithine (DFMO)3
Ze ODCY A#MAE g4 (carcinogenesis)
£ AHANL F UG

Polyamine® W33 wZRHoz A¥A
so} wgHgo] YHY #AS YqonF gy
TE AXEY Y % PIE BdAEd 4%
E AE g Bd¥e] £ AAAE e
3l polyamine®] §A4& Tow MIXHYE =
vec a2 Y4%ES polyamine AYA
AAAE HEY 4FE AHY & Yy®®,
2 A7 H3 A5 FHAY dF Fede
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TE d&FHoz opvniel AL JA G
of A #HFW FPA} dF F2de) o
otefiute] =71 ZHAa3tE FHo| ol FA &%t
AdsHAeng A5 gYA I+ FEd99Y
EAel % o] #FA7 ofyel oldiul A
Y23 polyamined iZd} W& FALExe x|
dez Y F #5F% JIUY ¥ d¢ %
Ho] ODCEAY Y¥& T polyamine HA4&
A 71 oo AT FPA L FFE A A
e otuiule) ME Yol AHE Aoz B
ot ODCY BAAME BdE P Asg &
A7 retinoid, DFMO & ODC @42 A
A 24 2AE dAse ez g¥A 3l
o & d¥olAe opuint AFdAE ODC €4
AAR A3 A2z gAAY ol UH TP
A& JAY Rez dagfuz  goez
radioactivity & °l-83te ODCEAE FH =3H
e AL O guide 4dgols dhzld
Glutathione(GSH)& A X t4¥ 7158 717
o glon 53 Aol 7 EFE AANEH
e Re AHEHL  cytochrome
p-450-dependent monooxygenase systemol] A
A} o] A A 34 E 3 (electrophilic
product), epoxides T+ ¢ SAjo] #% 3
o] ATt¥Y” o] BAEE glutathione™ YA o
2 ZAFdAY glutathione S-transferaseo] 2]3j
Zujxle BAHE AF A3z @ o] e
E& 2EAMAA (detoxification pathway)o 2
A X glutathioneo] AHA FA4do] 7% dlA}
BFE0] wEoA AEJ &4E /FEAHA
mutagenesis, carcinogenesis® ¥922t® T§
Hepalclc7ol A 5% <GP A4& 1389 GSH
AN EE, 53 dL 11¥Y GSH HA4E=
718 GSTS A%, 10-1.3we] Y4 &
219 99 HH2 #AFY FUGL AE
glutathione A4 & 3t AXJ ¢A4F 4
B2 Jlele] EMHERE FEA ¢ Aoz
F& g Aflatoxine] 93 f=® el 2™
FHol e GSHE FUE W FHAHIEo|
%1129, butylated hydroxyanisole® GSH level

WEATRYA A7 AE

& F7HA SGEA ¥ EdE AN
2aHUG®. oo AFH GAde o8 2719
glutathione® 21232l #871¢] F7 (oxidative
free radical attack)S.ZHE MHEE HIsn
DNAY AEsl= HE HolFo mutagenesis
£ carcinogenesis® A ¥ Hoegw oAAC}
ol de AAE FYH & W FFE tyde &
T &9 v a0z HIZU QRY BE
€ 351 ODC 84& dFo & ¥ oz
GSH®e 4& F7H A R 83 £+ diAEd
g3 dojgd F YT EdRolY & THE IJA
3 Aoz Alg¥r)

v.d &

HaEs} E2FEFR), #29 ZoF(HRF
e A2 wigdtd AT G3ydFH Zz2
9 F2FE ¥R sty 2AY 5 F
Edg o83l o JWAAE 49 € A o
0 e dES 28 F Al

1 4dEAE FEAHA I quinone reductase
A4 28 AFHY IAAHER] hepalcle7H
rat®] THAIE Ac2FolM A& 49, 345 <
A, FEFFedEg 3T hepalclc7H
AcZFAl A QR4 FEHAen koo
g% F=&ol o EUTh

2. glutathione 44 & #4¥ ¥ Z3 hepalclc? Al
oA ZF FHATY da & 9@
glutathione A4 o] Z7alglch

3. glutathione S-transferase ¥4& Ao 2 3ta
hepalcle? MEAM T o] o
glutathione S-transferase 4ol 74319
=3

4. $5:¥ 75 SAd7 IFigdd g
Acanthamoeba castellanii 24 € 43 & 3
%, M dxn GFFBd0] Acanthamoeba
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