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Abstract : Cu/Zn superoxide dismutase (SOD1) is a protective enzyme responsible for the dismu-
tation of superoxide radicals within the cell by converting superoxide radicals to oxygen and hy-
drogen peroxide, which is in turn changed to oxygen and water by catalase. Previously, we reported
that the panaxadiol (PD) and its ginsenoside Rb, induced the expression of SOD1 gene through AP2
binding site and its induction. Here, we examined the effect of subfractions of panaxadiol gin-
senosides, which were extracted from different parts of ginseng root that possess various ratios of
panaxadiol to panaxatriol, on the induction of SOD1 gene expression. To explore this possibility, the
upstream regulatory region of SOD1 was linked to the chloramphenicol acetyltransferase (CAT)
structural gene and introduced into human hepatoma HepG2 cells. We observed that the tran-
scriptional activation of SOD1 was proportional to the contents ratio of panaxadiol ginsensides. Con-
sistent with this results, the total extract portion prepared from the finely-hairy root, which con-
tains the higher ratio of panaxadiol to panaxatriol about 2.6, increased the SOD1 transcription about 3
fold. This results suggest that the panaxadiol fraction could induce the SOD1 and total extract of the
ginseng finely-hairy root would be a useful material as a functional food for the SOD1 inducer.

Key words : Panax ginseng, Panaxadiol ginsenoside, Superoxide dismutase, Catalase, Induction, Tran-
scription.

S 24 B4 AnE HzOzi Wy sle] Abste) 2k =

Az Al xze]e 2ils Aakst o285

Superoxide Dismutase(SOD)+= O, radicalZ ¢l elfich? A4E o] 83l AEAE 3 Aksh
T AE 439 27] W] 71AeR Agehe B4 97 A e S AW AL slen, Bl
TR mvo) Bt 2oL o] AAAE g Zhdolvt dake] Aol %01] ofzle] WL 2
(A3}) 02-880-6688; (H2) 02-872-1993 H$ Ak: 7¢ EA4(reactive oxygen interme-

44



Vol. 23, No. 1(1999)

diates; ROD $-0] AAE 7ol Atshe) &3t =
A £xaro)l Ar= 74 ZrhElch ROPY 2438
Az BdzE i, g 4 AxtS o] R e
AAEZHN ol2g EHEe] ROI ol &3 F4& v
Al = AEe] 7)) A B ot Azt A
= AbgalA =+dH, ROI 5 superoxide®] 7%
thiols, ascorbate, tocopherol, catecholamine 5%
Abgl A17lt), Superoxideg] #AA7F 238 ALS
9] <J#<¢] Familial amyotrophic lateral sclerosis
(FALS)®} #x}ollA] fA=o}t Cu/Zn superoxide
dismutase(SOD1) F+312}2] -2 #-919] W3]
onto] AAE g on o] A EWY superoxide A
7150 AaA= ] FALS 7F dow3-& AAkshe
AL R B FPA AFe] EAA el 9 oldE 3}
A & Bugle? |

k3l 491 SOD+= superoxided w7402
hydrogen peroxide ¢} oxygen®2 %% A|7]=
A9ld], o] 2hg-of| 93] FAlo = hte] el EAlal
ks 4T} BAVE R EAIgl) o))’ FAbst A
£ AlAs] 15t Al Zuof = o} 2 aks) a9l
catalase7} &zt A2 F3l 22 FAatkst
A5 B3 A4 R ulre] 0 24 oxidative stress
2HE AEE B33k Aolvh MEW2 catalase®]
AL wS 2 AHE fA31=E SODE| &4 el
we} A ZWe superoxide FE7F BAEA Ho,
Superoxides} 13 &4 Ab4 of ofal] A== AE
o] BA1 849 AAd SOD7} H &2 didste &
224 % 22839 catalase} A d4ks} 2He
2.2 NO ¢} superoxide & 33H4 AgS ol F5
AZRAE 35T 5 3= Fdd AALE A4 o
SOD#} catalase®] 42 ¥d 2AAF= o dHF
A3} o9 Aok B 5 Qleh g A7)
olE AR R ] WF AFE Eae] ¥4
W3S AAA LR FlatAvt A o gleiA 2]
W3l T2 WA Aow vlg w|nEi} 2o
SOD +34APE 24 =9HA o =24 A7) 843}
=2 el T2 7% copper 2&EA A 24 Q)
zkel ACEle] &2l SOD promoterdl] Zgsle] A
AFE X3k Zleo] 9Ezlen ZREE Mt
Lutropin®} Cu® ionell 2J8j4] SOD &Ale] Zr)sl=
& [AAC) =3 N X RIS FEsAY 43
+ 23S d SOD &Ade] ZHaglvh= B3} 99l

bo

shaclol e Al eAlol2e] SaldaAAEL SEEs 4s

o} X-rayv} UV-ray 5¢] 2Atell 23 A x5 4
Al Oyl 23 mizi=ee} A= glen olzgh
ROI ] st3he} w3lo)] d=e] glou]z) Q7w
v} 2we]olA] Cu, Zn-SOD$} catalse & Zepda
A7 molecular oxidative damage 9 %4-& =&
22 A Zge|Y $EE AFAZITh= 2w} 9l
sdth® o] SOD#} catalse”} =348 A| A4 == §)
th= 9Jvle]7|= 39 oxidative stress7} =3} o] &
L83 ddolgks S e = gt ojald 22
= ks AA A9 SODS] HdT o] &4
A f 2t AAA A BeAYE BT
it

QA 2EF 2z digE A v] 5o A
< 73N 7 2 AAE AASAA TR AFst
= AAZAE 2EY AT N HI3= F1EF
2 28-S woeltky ¥ y¥ wg)c).? alAt saponin £
ginsenoside Rbi2 oF3F 2A2Hg, §-8woizhgol
U3 ek gl A ZF AAANA AAAIAeA] Al
AE7] A& &3 8} ginsenoside RgellE H =
3] 8 Zx12}8-0] 9)3L ginsenoside Rbs, Re, Rgi 3l
F S5AZ DNA AT, i 94, AAF8E
2N 7w BaE o] gleh” it ik Fok A
a3k} 31844 shilAl(chemical carcinogen)ell
2|7t Fopibd A Ao} ol &dr}t diA gl
oh? B 7= o] el He Al DNAZ
B #2]3F SOD1 FAAPE o] &3l Arlxdr-9]
of gt A7 AA, 2 FE=AE FHEEkh oA
Bade A5 o -3 W 3t Tl digt &
Fol dezl Ak AkE #35% PD9F Rb.E SOD-
CAT &% fradatell Melste] 1 Fr=asr} ouf ©]
g SHEi e, Alxd #38 F Rby) SolA
2.2 SOD -FAAte] AxtzAd izt AP-29] = &3}
£ R o] FoE FAA WE T ¥R
A ap e sl £ ol 7]l
2] A3E EY|Z panaxadiol ginsenosides(PD)2]
A2 3Hfalel wES0D W S 23 sl
o] 2418l PDY] &iul7l b-& o' dAEE U8
4 QARE FoEE RSl Zhh FARS], div,
0], Alv], AAlelE AR 242t Qo] B9y
A2 (Extract)F54 A82 AME3Ig o, o714
F29 A 859 72 2538 PD/PT ratioS &A%
¥ SOD f-AAt F-=A ZHZ Aol A3l

b

=~




46 PRy
M2 @

1. B4 298 A (extract) M= 2 AFEH &
2t XM BN

dugate] R A7 A¥E-¢agg FAE Y
2 F24%-¢] (main body), "1 (big-tail root), I
(mid-tail root), Alvl(slender-tail root), AAlI=](fi-
nely-hairy root)2 F¥3te FAMe] H9pH ox
(Extract)3%&-8 A82 AHg3ldc) #-48 8%
Aol 70% ANRLZ(V/V)E 71sted 75C =8 Akl
A 6AIZHA 53F &S FE2YE T A7
AA FE28E F/42 FFAGE, oA 97
(Toyo filter paper No.2)ll «J3gF 3 60°CellA 3t
SEEAA HTTEFFl °F 36~40%2] H7t =
=2 FEleoh Alxde F 24 EALS ohg
oz st dxd Alxd A8E 5% v
e gl Fos Ayl wel] MG F
Chloroform/Methanol/Water (65/35/10, V/V) %7}
|2 TLCE 83led, 30%-sulfuric acidsE ¥
ahe 110CoAlA 1027 BE 7halA] darAtzd A
& El sldch o] Zhzhe] AR-2 Lichrosorb-
NH2 column£o]§3ted Acetonitrile/Water/1-Bu-
tano(80:20:10, V/V) £ 2 8-&3+= HPLCH
IR LR o e

2. FEX "E "=

FralabaA A Z(SODD) S A pxE 918 2%
3= SOD-CAT §3El &= ohg-0] W22 A =3}
At KimE2 93 #Hx=z Fl=lo] »u¥ rat
SOD1¢] #47F |7|-9=25€E] DNA 971-d=
AAzA QA QA H-9E 7]Eo2 SOD1 AA}
24 3299l 1.6 kb2 BamHI/Smal DNA(%714<¥
-1633-+85) 7% pBLCAT22] BamHI/Smal
F-olol 923 =2 F2d sgirh Axd HEe
DNA 97144 4% F3 gusisich

3. MIZufek, SSMHIEFC| FHETQ| U AFEL X2|

a7k ZkebA|E3! HepG2 Al ¥+ Dulbecco's mod-
ified Eagle's medium(DMEM)/10% fetal calf se-
rum/penicillin G sodium at 100 units per ml/strep-
tomycine sulfate at 100ug per ml/amphotericin B
at 250 ng mi®] ZZAstA wFsigivl. PR
2417k 0131 o)) 60 mm Wik EekF ol halufofe e
2 10 cm plate®d ¢F 5x10709) Al27) HES 3tz

-H7E - x¥ER

a2 ]lAketsl %]

EHA2] 60% 71 HelA ek 3.0 pmole®] SOD-
CAT DNAE calcium phosphate DNA coprecipita-
tion WHWeR AT AjZch EAl 5 ugd
PRSV B-gal Z&}Av| =8 2 E AF ] I £lsle]
P =] 58-S A FA = o] EdF 364
ZF Fo)] 100 ug/mie] T2 34te] 7 H-2ollA] 5%
H Ak S Al ond, ALrd A e F 224178 o
2] v FEF A XS g3t

4. P-galactosidase EMEF UMY U CAT EMT
ZM2 =35 promoter &3 =X

CATZA = ZA-& Gormans29] ubyd] o8 5
Pt FA = AXELE Az A=t
% phosphate-buffered saline(PBS)Z F ¥ #lo]&
F il YAEEF AAEE 0.25M Tris-
Cl(pH 7.9) 100 wlell s0]x2 —70:Cell4] 587 F4
7} 37°CellA] 537 F4)5 uhE3lA] 33 AAJER] A
¥ 2255 9} o] Alxaly FE2ES 5o
2 3lod B-galactosidase EAl-2- AT o] B-
galactosidase®] BAEE TAHZ whilde] 325 7
Aste] BARE CATENE Ao 2R3l
ot FAAHE AxEHe dL FZ2EL 0.025
uCi (“C)chloramphenicol/0.25M Tris-Cl(pH7.6)/0.
4 mM acetyl Coenzyme AS+ §7 E4ste] 37°Co)
A 2A17F F<t ¥hg A1F o) o]F ethyl acetate 1
mie H7bste] vhg-& £3AFF f71408 &
Z3}e] speedvacellA] ZA=2FF 25 w ethyl ace-
tated] ThAS<2l%F thin layer chromatography
(TLC) ol AA3led chloroform/methanol(95:5)
o] AN E- o] 8- A/NAIFIc}, Autoradiography”}t
EdF TLCH 22HE acetylated, unacetylated
“C chloramphenicol® %o} radioactivityS 243}
o acetylated form 222 A E AAlsldrt
AeiA CAT 8=+ AhEdS A3 4232
AEE 7o E AgE %2 eIt

g o oF

Ags A FER AR, bl 2], A
o], A= 2 F-E-ate] ZAte] w9 A (Extract)
F24 ARE AMslgl o, dvlel Fole Foh)
2 Fako] uign| &= wigsle] daE4 A52
ALg-Elgirhol o) 2§29 e Ao B2 HE A2



Vol. 23, No. 1(1999)

shdabetol &

AAxApo| =9 Fafj A i FEas)

Table 1. Content distribution of PD and PT in the ginseng saponin extract from various parts of ginseng root

Contents S ) Ginsenosides PD*/ Rgy/
Extracts apont Rb, Rb, Rc Rd Re Rf Rg, **Total PT* Rb,
Ext A 15.85 2.19 0.88 0.72 0.20 0.80 0.36 1.41 6.56 1.55 0.64
Ext B 16.41 2.45 1.09 0.94 0.32 1.14 0.33 1.32 7.59 1.72 0.54
Ext C 21.65 2.97 1.36 1.19 0.46 1.27 0.30 1.09 8.64 2.25 0.37
Ext D 28.46 5.69 3.02 2.82 1.16 2.74 0.54 1.58 17.55 2.61 0.28

* PD: Protopanaxadiol saponin (Rb,+Rb,+Rc+Rd)
PT: Protopanaxatriol saponin (Re+Rf+Rg;)

** Each values represents the percentage of contents in dry weight of extracts. ExtA, main body; ExtB, big-tail
root+mid-tail root; ExtC, slender-tail root; ExtD, finely-hairy root.

Table 2. Content and distribution of major saponin ginsenosides in the extract of various parts of ginseng root

Ginsenosides

Saponin** PD*/ Rgy/

P Rb, Rb, Re Rd Re Rf Rg, PT* Rb,
Saponin (A) 1382 555 454 1.26 5.05 2.27 8.90 1.55 0.64
Saponin (B) 1493  6.64 5.73 1.95 6.95 2,01 8.04 172 0.54
Saponin (C) 1372  6.28 5.49 212 5.87 1.39 5.03 2.95 0.37
Saponin (D)  19.99 1061 991 4.08 9.63 1.90 5.55 2.61 0.28

* PD: Protopanaxadiol saponin (Rb,+Rb,+Rc+Rd)
PT: Protopanaxatriol saponin (Re+Rf+Rg,)

** Each values represents the percentage of contents in dry weight of extracts. ExtA, main body; ExtB, big-tail
root+mid-tail root; ExtC, slender-tail root; ExtD, finely-hairy root.
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Fig. 1. Effects of saponins, extracted from the vari-
ous parts of ginseng root that possess the dif-
ferent ratio of PD to PT, on the induction of
SOD1 gene. Ginseng saponins were added to
culture medium at 36h after transfection,
and the cells were maintained for additional
22h. CAT activities with or without saponins
were indicated by the solid bars and blank
bars, respectively. A, main body; B, big-tail
root+mid-tail root; C, slender-tail root; D,
finely-hairy root.
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