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ABSTRACT : Ginsenyg {the root of Panax ginseng C. A. Meyer, Araliaceae} has been used for tradifional
medicine in China, Korea, Jupan and other Asian couniries. It is most often used as a general tonic, and it
involves a wide range of pharmacological actions. such as antiaging, adaptogen-like effect to foreign dele-
terious infringement, immunoenhancement. antistress, antitumor, and antioxidant actions. Red ginseng
showed anticarcinogenic activity against various chemical carcinogens in mouse and cancer-preventive
effect on human being as on mice in experimenial and epidemiological studies. In the present study, we
have found the protective properties of red ginseng agaihst vinyl carbamate (VC) which is the proxtmate
carctnogen of ethyl carbamate and its ulfimate carcinogenic epoxtdes. Red ginseng exhibited dose-depen-
dent inhibition on the mutagenic activities of both VC in the presence of 89 mix and vinyl carbamate
epoxide (VCO] without meiabolic activation in Salmonella typhtmurium TA1535. Formation of DNA
adducts from VOO was also attenuated in the presence of red ginseng. Oral adminisitration of red ginseny
prior to the fopical application of each of the above carcinogens and TFA treatment resulted in significant
reduction in hoth incidence and multiplictiy of skin turmors in mice. These results indicate that red ginseng
possesses a strong chemopreventive effect against mouse skin carcinogenesis induced by VC or VCO.

Key Words : Vinyl carbamate, Vinyl carbamate epoxide, Red ginseng, Antirmutagenic activity, Anticar-
cinogenic activity. DNA adduct
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PHeancery A A HL = of 7004 5 o] AR2] Al
glo] W& Azkez of HAEF 212 9l AJE-S
T AL Svksted 2000 2ol Al 19 APdale
7oz FAF) (American Cancer Society, 1997). %&]
2|2 3t an], A 89, 29 S Sol e
AREE T glent A kA=A ekem A8 8 A=
olgh FaHm W A o|c), o]of we} RE o A
el el uprbA 2 qhel] glefAx Ane] SR o
o T osjdds ke AxEM FHT HEE 4

“To whom correspendence should be addressed

(Wattenberg, 1978: Greenwald 5-, 1990; Sporn, 1991). %
2 gleldfelat 1) Bl ESA] odoFEA] (non-cytotoxic
nutrients)e| b R8-S AMEEle] ohMER] Eqe] FE
(mutant clone)e| Aot} WL vlxjghoza] gF wka)
AHE FalskAu 282 A= A (Sporn. 1976), 2)
Al E& A FRIES o]-&sle] FkstA (preneoplastic
stageell M A & Aledsted efdgopoRe] Al S
2H= 7 (Greenwald. 1996), 3) SFolv}t S4]2] 74 AR
o R sh) 32 I o] A S AF e sy
sh elukahs 2l (Morse 5. 1993) 527 A= 9o},
22 Delol} H3 Absl e AT o AL o
A = gls =2e] we] E 9 (Morita §. 1978;
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Bhatthachaya 5, 1987: Robinson#} Nelson, 1989), °|&
F EAe] Y3 it oA B} Hed FHE B ol
Flod YN RL AAFT ATHKelloff . 1996).

o] HEHel Alekel olib(Panax ginseng, C. A.
Meyerye 3. ZFAA| 2 AMSEIgl e g f e
o] ZgA2 AAEH7E doke 5, 1968; vk 2, 1974;
wlal A} 1977, Massey. 1977). =3k =34 (Sugaya
5, 1988), HAHEA(Deng ., 1989), LEH A
(Bhattacharya 5, 1991), 8F}t(Abe &, 1979 Sato 5,
1994), #-4FEHDeng %, 1990: Deng -5, 1991; Sohn &,
1993; Zhang %, 1996)) 59 vleFal gulabd-e] e
41t}. Panax ginseng C. A. Meyers 37guPgel ol 5=
Al oAk Bako R RREY 53] 34k 31k g
v fafel| tsie E'%’fi A7} A=Y, Yon 5
o F7e 3E UekeAd] s i w2 #H FoF
of Higt EAF FEE2| PP A ) (anticarcinogenic
effecty= B rslelem (Yan 5, 198C; 1983; 1987, 1995;
Yuns} Kim, 1988; Yun, 1992), wh$2ef|A{ 2} gho] Afghe]
Am Eare) 437 gfe] S oA gl A9E I
s193CH(Yuns} Choi, 1990; 1995a; 1995b).

B A M= BEAE Lo THF ethyl carbamate
(urethane)®} THA} A E22] vinyl carbamate(VC)2} |
Z Ber2-44] vinyl carbamate epoxide(VCO) (Fig. 1)=.
27} SR o9 m bk Aol TRl ol
A A 2AEkE.em . Sde|A ¥l DNA adduct 37
o gk A FIE FEe| ZAFEIEH

[
ch‘_CHz"O_C_NHz
Ethyl carbamate

l Cyt P-4502E1

Il
H,C=CH—O0—C—NH;
Vinyl carbamate (VC)
l Cyt P-4502E1
o

|
H,C—CH—O—C—NH
2 \ / 2

Vinyl carbamate epexide (VCO)

Fig. 1. Possible metabohc pathway of ethyl carbamate (vrethane).

IL A2 o ahe
1. MEIE ¥ 7|7

AHo]| AM:3F} vinyl carbamate, vinyl carbamate epoxide,
7-(2-oxoethyguanine(OEG), N 3-ethenoguanine(EGH
ot o] ghAdsle] AlEs)eitt. VO Dahl 52 Hhg
(Dahl %, 1980).2% vinyl chloroformate®} 100% ammo-
nia gas® °l83kd 43 F 5 ethyl ether® 7| E7%
st

VCO $Ae] 23  dimethyldioxirane(DMDO) 2
OXONE®{Aldrich Chemical Co., Milwaukee, WI)¥ ]|

o] 8&led Adam Fof WHHOoZ A8 viE(Adam
%, 1987), 0.1M2] DMDO-o}HE Bo| Molecular
sieve 4AS 715led E-& AAS)|Z A-eielA] A EE
oj#fgh F AMEEETh VCOE Park Fol WEOR 4
sl Park 5. 1993). &, DMDO2} VCE “§H22 4
it ApellM el = wf7lA] 9hEAF - AFEES
o] 83led A3 ZAsoiet YA VCOE e E F
Fsled -70°C W Eale] Baksled om] AMEEIAL W Al
ol o H7|seict

worad 2 HE A% 4 93 DNA adduct(Fig. 2)21
QOEGst EGES 438} DNA adduct A=A EEEAE
A8t OEGE Pak 50 Bhio® gh4lsiglc) (Park
5, 1993). & =2zAke| guanosine®} glycidol(2,3-epoxypro-
panolyg 7}aled MRS-AlH 7-(2,3-dihydroxypropyl)guano-
sinium acetate® 911 )AL A AlefellA]  sodium
periodate. AkEHA]H OEGH hydroxide forme §14]3)d
AMgsledeh. EGE Oesche) Doerjer®] WPH.9E. guanine
3} chloroacetaldehyde= -6 351 th(Oeschel Doerjer,
1982). PAgE IFEES-Z 4484, NMR, Mass spectro-

scopyE- o|-&5te] £F '—}Ji T el AREB1}
A A4 BAYe ATUHAZATL2HE
CI
C—CH-0— E—NH Q
HN k’zN OH =COZ+NHJ 1 Hz(':_cfH

N
J\ /'- o —< . M 4 od
HENJ\\\N N

o
If

26 CH-0—C—NH,

o] DNA

I
DNA

vCo + Hy 0
7-(2'-px0ethylruanine-DIN A
€Oy +NHy
+ Hy0
HN on-
OH~ HN
HN
\Jl JL/D i Ji@
Guanine-INA DNA ‘ A DNA
C CHZ H—c—CHg

OH N",3 cthenopuanine-DNA
(EG)

Fig. 2. Passible reactions of VCO with DNA to form base adducts.



Furol AMgstalnt.

High performance liquid chromatography(HPLCY= UGK
injecior, solvent programmer, solvent delivery system
(Walers, USAP} flnorometric detector{Kraios, Schoeeffel
Division, Westwood, NIy} @3 chromatography system
£ AMg31gor]. Chromegabond reverse-phase strong
cation exchange(RP-SCX) column{5 pm particle size, 4.6
mmx250 mm, ES Induostries, Marlion, NI'¥t RP-18
precolumn(7 pm particle size. 3.2 mmx 15 mm, BrownlLee
Labs, Santa Clara, CAye Algsleict,

2. ASEE

oy

Aozl Yaestd e AdEERelA T
WA AR 675 A ICR mH2aE AN PR
Aol BF TIALRE INEllon F9 A5
alglal Ad A7) 7 9 g, A5 E A

3. S¢Ho| d=

ngr

Salmonella tvphimurium TA1535 ¥5-2 AMSle] vC
2} VCOel| &3 Edwe| Aol Higr SAd2e] AR
2 Ames 59 #hHo 2 2aslE v Ames 5. 1975). VC
9] 79l NADPH generating system(NADP, glucose 6-
phosphate. glucose 6-phosphate dehydrogenase)®} of|gh-&
< A=E ICR v e =5E Fel¥l postmito-
chondrial fraction(S-9yS A7}3l3e vC0O 7Zgel=
8-95 A7k W FAREE IsAv A1k ek
el 4] WA= = mistidine positive revertants 2] 5 4|

oot
4. DNA adduct 42 &3

Calf thymus DNA(2 mg)2} VCO(S mgpell 44520
mgyE AV ¥R o2 Aol A HE Y271 2mi) H
=% Sl 37°Cel|l A 30537F vRS-Al#H o). Sedium acetate
£ 3%7) HEF 7Iska 20§59 e ofekE, 75%
o5k, ellgbg, o2 02 M &, vhage] o™
of|e|o] EZ. M3 sl t). A=Azl DNAZ 15 mM NaCl-
1.5 mM sodium citrate €F58- (pH 7.00¢ o] 260
el A UV 328 FAsle] A F, 110 ¥
1M HCI 4-4-F 7Fsted 37°CollA] 18417k 53t A7 ¥
s}t HPLCE ARE3led Fedtke 52 W22 75
-8l A1=¢] OEGS} EGE- Aekalsvh(Fedike 5, 1989).
ofd] 10% obH|Erte]E- o] g%l ammonium formate
988 pH 2.8% AREER flow rate’= 0.5 mimin®-=

11

&1 20 255 nm excitation wavelength®} 345 nm emmition
cut-off filterd AH-8}dct

5 L7 B dd A

A ICR v 3RS AREled opAls
Mejehr] gk dE2T, TR AT, VO AT
VCO A3, Ve E4E A=, veoost 34
AMe| oz Esle] Agstdoh by T2l B 4432
webA|E vk27] 8 Aol 0.2 ml oS e 3¢l 15
nmol 12-O-tetradecanoylphorbol-13-acetate(TPAYS e}
F0 k|2 58 umol] VO 3= VCOE DMSO-2H|
B BA(15:85), 0.2mpd] Fod v el =Fslglch
kA RS A FHE] Al F ¥ TPA &
HE 147 ot FARIS T T AR U A
35 A 105 Aol A2 | mel 5 med] R
£ o] 9 Fed (0.5 mi10 g body weight) 3Hel.om
o] Fofl = 3 mg/miE Al Gl Salfste] v Fosis ot

. A o}
1. EMEE| S¢iH0| &N 53}

Salmonella typhimurinm TA1535 155 AMEle] S-9
2.2 Hg vot HelaA 42 VCOE 77t §443 &
dwolge] g TRl dAEAE zAlslgd.
VC(50 pg/plate) 88 Qe o] F4AFe] 45F
o J&H 02 oA gl e (Fig. 3A), 500 ugel SAFYE
o2 A VC| FEZ 10-50 pg7hA] W a7 A F-
uhgk Eolule] s} #12] 93] A3l ckFig. 3B). Ve
H T AR VCO(S uglplate)dl] 215k S el dw &
AR R ofs) felEAoR oAyl or (Fig. 4A),
VOO X2 10~50 nmol(1.03~5.15 ug/plate)d. H3}4A)
714 ek Squlelz} 500pug B 1000 pg) E5hAg 8
o 2la) HAE| A== 7L FAs)}eIck(Fig. 4B).

2. EAEEC DNA adduct 4 AN F

DNA adductZ HAS=ZF A& o] vCoe+
DNAZ 4F-A17] &, ke R Az|sled 7peRalslgrt. A
7R A2 HPLC= 2218 & o n Ak
Z3} guanine adducty] OEGS} EG7} #AHES) S-S Fel
shsavh 345 adduct®] HFES OBEG3S™ EGE 5%
o]alz A4 F)%i}. DNA adduct 3444 F4AAEE 7|5
A ARl 23led OBG A4 254% JAIH%2
m, BGe] AA->- 28.5% A= $IHFig. 5).
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Fig. 3. Inhibition of mutagemcities of VC by red ginseng. (A) Indicated doses of red ginseng were 1ested for protective effects on mutagenesis
induced by various doses of VC 1n the presence of 5%. (B) The dose response curve with regaid to red ginseng were obtained with 50 (g of VC.

P<0.005.
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Fig. 4. Inhitition of mutagenicities of vinyl carbamate epoxide (VCO) by red ginseng. (A) Indicated doses of red ginseng were tested for protective
cffects on mutagenesis induced by various doses of VCO without 89, (B) The dese response curve with regard to red ginscng were obtained with

5 ug of VCO. P<0.005.
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Fig. 5. Inhibition of red ginseng on DNA adducts, OEG and EG [ormation. VOO was incubated with calf thymus DNA in the absence and presence
of red ginseng. *P<(L05 (by Student's t-test)
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Fig. 6. Protective effects of red ginseng on mouse skin tumongenesis by VC and VCO, Female ICR mice (6 weeks old, 30 per group} were
administered red ginseng (0.5 m/10 g body weight, 5 mg red ginseng/m{} or vehicle by gavage a day and 10 mun prior to a single topical apphcation
of 5.8 pmol of each carcinogen m 0.2 m/ of 15% DMSO in acetone or the same velume of the solvent. One week later, 15 mmnol TPA in 0.2 m{
acetone was applied topically twice weekly for 20 weeks. Red ginseng was supplied with water for 20 weeks. (A) Tumor vield (percentage of mice
with skun tumeors), (B) Tamor multiplicity {average numbers of skin tumors per mouse} Skin tumors of diameter >1 mm were counted and recorded

every 2 weeks. *P<0.05 (by Student's t-test)
3. EHEEY Lot HANEY

VO VCOE ICR v ¥ 3ol SA ¥ 3le] o) s
g TR A BAAREE Fosisls W, T4
Aol &l FokggAde] w7 AR 248
gict UdAH S FA4wxs)s] sl At 108 el 9kt
FolF 83, TPAS ZAFEIE= 205 59 2952 &
RS wheell T Bl S (omor yield;
Alglol| ARl B35 5 Fofo] E 582 %o} Tk
A A& (tumor multiplicity; A 8555 PA3% FeF S0
Highe 4519 Fig. 68 25 d9ich Ad 2054
A VCOE w335 Adlvels] AS5EF 7 3.97
2 kel AAEglen AgEES] 97%ellA Foko)
sl et 3RS T ARFeME AEEE
T B\ LY el FEEYa AYEEY 53%
AN FrEekel REEYY). =3 veos] Ak 22
VCE A= E31 Ag el ¥ 2057004 Ag5Ed
= 1ohe] FFEek AT 63%elA Rkl
Al vbE, TAAEE Tt ZolAE HE 067712
ekl AFEY 47%M Foko] BEbEw o)
A e FAgEe] VO B VCOR sl vhes
Fgoke] Y-S HA43] JAlEE AE & ¢ lgich

Iv. 11 &
42 urethane,  9,10-dimethyl-1,2-benz[ajanthracene

(DMBA), N-2-fluorenylacetamide, aflatoxine B, gl <
7] gEE 2 HEHeE gt ne Foke] AL

A AL 21921719 (Yan £, 1980; 1983: 1987; Yunsh
Kim, 1988; Yun, 1992; 1996). DMBA%} croton oibs At
A3 oA shlE qAA7E ez deA qld
(Xiaoguang &, 1998). 37k opjg} o &lxal At qliks
85 ARliAE 7198 BE F4olA] shibgge] @
A v (Yun®}t Choi. 1990: 1995a; 1995h). o]} 7
o Fate| stellrlel]l Hed A7) gl Aoz 2AMHG
Tl = Eakal obF] sl EAE el Aol
v Z1A-E A oA A g

Ethyl carbamate -2 WFAFo} SRe)A WAE
= WA (Zimmerli and Schlatter. 1991)24] A= 572
o8] 7ol FoFE FEITH(Nettleship 5. 1943; TARC.
1974). ™5 microsomal esterasest} amidasesel] 23 of| gk
%, R o}, olakslElAng Flp R E A SH(Mirvish. 1968;
Park 5, 1993), ¥4 cytochrome P450 2El¢]] £J8) VC
E ARSI oA HE ddEE el VCOR epoxidation®
H(Miller2} Miller, 1983; Guengerich 5, 1991a; 1991b)
(Fig. 1). &4 9d7<l|A] ethyl carbamate®] 3t tjAlE=
al vCs}b #E AMAEESl VCO?} Salmonella typhimu-
rium TA1535 <A Sd9e]|E sl e veor)
o AEst Edwlo] IS vehie A IESIgY
(Park -5, 1993; 1993). =3} HF HAEAe veos &
TEABY Y o FA)e] Zlst wekEA 2 A, vl o
ol =Eags o ve Bt o 8 k2] epidermal
DNA adducts® 843l Mo} 95 7595 A
AEleTt (Park 5, 1993; 1995).

2 d7elME Ve VCOR Salmonella typhimurium
TA1535 7] f#st EqQiele] d3t T4 He] g4
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T 2ARR] vegl VOO E4lue] 24de] 4R
o 2l £k EH R AAlE AL FHFEETE S9
o7 Z2)g 50pge] Voo 2gk Fddelds] 500 ug?
T Bl 2] 3] AAlsl whell Z2E deHEEel
VCO. 5ugl® Fx8k Sdo] 2 2 mg?| T4 2
2lsf 3] A=) 895 Avjet vee] A%, 34
A Ro] cytochrome P450 2E1¢] 2)3f VC7F VCOZE Ak
A3k AL oAAEIEA Y TS Eae] SRR
=35] d5e] veoste) zhgsledr] wlw-o 2 At &
4F saponmn®] CCLE. %3} cytochrome P450 2E19| &
s Spej2aed odAFd Ale] Kim 5ol o8 B
T8} thKim %, 1997).

W e EewielEalel} wWekEale] A e
oAbz 3 AL AA HEEAle] At wekEAE v
F M DNASH ¥hE51e] DNA adducts 3484, 8
%l DNA adduct <15] DNA A7+ St Sl
7 doif= Aoz A givhGamer. 1998). DNA
adduct 3343 bk alA 9] 2o\l A TEkEE Fa
3 ®|#%ZA] DNA adduct SFS ZEAFEHOZ A WgkEAlo
HEh B % Rt ohe} gk Ae] HExEF o4 4 3l
“HOtteneders} Lutz, 1999), whebr] wieha2a2l9) DNAZ
adductZ} FAAEE= AL oAgcbd S SAS
oS AR Aztsle] W QF-Ee] AE)= Y rH(Tadi 5.
1991; Yzzotti S-, 1992; Balansky 5. 1996; Offord. &
1997; Kim %, 1999).

Hod7elA] A3 FelA DNAS VCOZE A=l 23
OEG7} 8. adductZ. BAE¢em EG= 5% ©8k2 A
AE ek, FAELR M)A OBG A2 254% A
sglem, EGel A2 28 5% A=} ORGE £4
WolZ ozl 4= gl B9E guanine Erh o] A 7F
E7]1= sA%F DNA A4 miscodings |l 5-23-2- 719]
gl Aoz oA ¢lvhBarbin® Lab, 1985: Laeb,
1985). ubhde] EBGE: &7 miscodings do7|=
adduct® ¥e]# 9lv}(Singer 5, 1987; 1991: Cheng &
1991y, 4 3e veodl 94 #4lxl DNA adduct F
OEG 1t ohiw}l DNA HAM] miscodings -fFish=
EGY AL AAgoza FAA FduelE A5
B ler Az

VO VCOE w2 d el SaieEsial 205 §4)
TPAZ A|abedS o), VCE A=lg -1} VCOE A7
&) ol Eopa&m) Fokl g el WY o A viEr
e, et et e- Aelslr] 4l TPAE A=lshs
Fob EARIEE el el SRR ET kA
Fo| 25 f43] «Al=dt

o] Abe] Atz RE] FAAR-LE VOl FE LAl
VCOZ 3AsEE= AE dAlsky, veoel DNAg

adduct AL | go 2 UehEd ) vOek VCoe| W
] Holyd gedl S viehlls e st L
et FA4ke] qleflul 7iAdelt e UETE b &
A Aol el F83] gl glA 2 WUF ol
that @t dF-Eo] AAEo]of & Ao ArpE

ZA2 2

E e 1990 = Gl ol ib Aol AlRlgk 2
Arrlgle] Atz olef] FRALZREL

i
]
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