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A Ginseng Saponin Induces Production of Nitric Oxide in Macrophages
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Abstract — Ginseng root is an important remedy in oriental countries, which has been used for thousands of years.

Saponins of ginseng root has been known to be the major component which mediate diverse pharmacological actions of the

ginseng. Heat processing of ginseng root potentiates its biological activity such as anti-tumor and anti-oxidative activities.

The butanol fraction of heat-processed ginseng (HGB) induced the production of nitric oxide in macrophages in a dose-

dependent manner with IFN-y (30 U/ml) priming. The active component was identified as ginsenoside-Rg 5 from the activity-
guided purification. Ginsenoside Rg; is one of major components of heat-processed ginseng and red ginseng that is respon-
sible for the potentiated biological activities of processed ginseng. The induction of NO production by heat-processed gin-

seng might contribute to the potentiated biological activity of heat-processed ginseng.
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£ Aol G e AEde] tiiAEE G4sisho.
24 D451 4 (nitric oxide, NO) A4S FEslo] Aey]
of F3E mA 5= Qg 73S HESIITL

s N0y ARt Sz EA ALY )E,
NS W U U A diEsle WelE o o
o] L&A1 UTh NOT dArsta A4 & A (nitric oxide
synthase; NOS)1l 2J8fl L-arginine® 25E] A= A 714] &
el NOS7F <A 3
& P33 constitutive NOS(NOS)= ﬂ?é &21 (type I,
neuronal NOS: nNOS)3} U] 51 4| ¥ (type III, endothelial NOS:
eNOS)oIM 2=, o] 52 Ca?t gEAoln

)

] s S )
NOE Adsh= Eaolth” 3H8, H53 NOS(type II, inducible
NOS: iNOS) = Ca®* 2J&A4o] §lon], Haiols AL Yo &
AR ot At FEHW ZARE B2 U] NOE A%
oh¥ o)g} e INOSE ¥ Al tis whs W 95 22 W

guto]7]de] thekst g wislieh= Ale]E71R1%] interleukin
1B, tumor necrosis factor-o(TNF-o) & E&5 9 YEi
(lipopolysaccharide: LPS) 5l 23} #-=% 37 glucocorticoidH
of osfl 1 549 57t Asfels 2oz LAt o)} 2+
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FHT BN EE ARA A7|sEEC] NOE sk
AZ AL o] BojFhth= kst oEo] B Uk ojy
AR BFAlolA NO $EAS fishe E2EE vkst 4
B9 gl glycyrrhetinic acid %+ ursolic acid®} #-&-
terpene 723 714 SEEC] L ok Qlite) vt
A% Y24 Z oA nuclear factor kappaBINF-xB)2] &4 35
$3lod NO g8 Ao ss HdS3a8-2 Jehgs 3]
BT FHohM AR ursolic acidd ¥ AF|Ro|E w8
T fAReE FERE 7H D QeE R, GA ikl ogh akid
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do] & RAOE 7Mgst ¥ AT SISt

SERTE

HEI7] Y Al

FEEY Ax W AEEEE A% 8ulE A9k8E, HPLC
£ Hsixs HPLCE 895 2 ARgaigict. Aei-aE <18l
2] ARE-SF TLCH Kieselgel Foo (ART 5715, Merck)s 23
A=rlE TS YalE Kieselgel 60(particle size 230~400
mesh ASTM, Merck)& AF8-31%th. HPLCE JascoAl8) PU-
986 LA} UV-975 AE71E ARESIaith. A7 A9 EY
2 Varian INOVA 400(400 MHz)?llA] tetramethylsilane V)5
EF2AE, pyridined;T $UIE Abgetel Zgargon,
chemical shifts 8 ©92, coupling constant= Hz @2 2zt
EAES T HYMAHEHL Jasco FT/IR-430S AHE3lo] =
519311, frequencys cm 2 HABIGICE AgAdER S MS
AX505WAS AHg-3lo] EI 9 FAB modeZ A1) 82
Buchi A}¢] B-5455 ARE-31] S48I5 oM BASH] Wttt

Aok 9 nitric oxideNO) SH AP A=, BiFA e
Dulbecco's Modified Eagle's Medium(DMEM)< Gibco Labo-
ratories(Detroit, MDoll A, LPS(Escherichia coli, 0127:B8),
bovine serum albumin, sodium nitrite, N-(1-naphthyl) ethylene-
diamine, polymyxin B, pyrrolidine dithiocarbamate(PDTC)-&
SigmaAHSt. Louis, MO)oll A #+9)8t¢ith. ELISA #+%7]|=
DynatechA+¢] MR 5000 2 2% AFg5190c).
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a1 749t skl FEI] FEE145 902 A vEE =
E-g Hof| B3l ether & 5%310] ether 7FE-E-8 (76 912
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A, ALl 55 B3 3 #-BuOHE o] 8319 5&3}
&) BuOH 728 FAILUEE, 4597 HE BREC=E
o] Zpof tidt NO 84S BRI

NO *3H=84do] #2¥ BuOH 7H-7-3(HGB) 20 goll ©
3lo] CH,Cl, : MeOH (7 : 1-5 : 13 : 1) & o84 eE =
A& F7MRIPIEA A7 dea2ete gdelsie] 49 &
Z(F1: 3.8g, F2: 29g, F3: 8.1g F4: 1.89)& ¥tk 1 5
gAo] 73t F2 £8& CH,CN-H,09] o] 4oz 34
AY A2 rtE 13 ([RP-18, 13~40um particle size)3t I,
CH;CN-H,0(51 : 49)& ©]- 5422 semi-preparative HPLC(u-
Bondapak C18 3, Waters, 10X300 mm, 204 nm UV AF)
£ o]-&s}o] FAAE compound 1(18 mgrs FHsT,.

Compound 1 [ginsenoside-Rg;, (20E)-3B,12B-dihydroxy-
dammar-20(22), 24-diene-3-O--D-glucopyranosyl-(1—2)-3-D-
glucopyranoside], white powder(MeOH); mp 189°C~192°C;
[0 +6.09%(c=0.43, MeOH); FAB MASS(myz) 789[M+Na]*;
IR vEB* em™ 3400(0H), 2900(CH), 1630(C=C), 1080(C-O);
"H-NMR(400 MHz, pyridine-ds) & 0.88~1.81(8 < CHy), 2.79
(2H, dd, J=7.1, 6.9 Hz, H-23), 3.27(1H, dd, J=11.9, 4.6 Hz,
H-3), 3.90(1H, brs, H-12), 4.101H, dd like, H-2"), 4.21(1H,
dd like, H-2), 4.90(1H, d, /=7.8 Hz, H-1), 521(1H, tq, /=
7.1, 1.4 Hz, H-24), 5.33(1H, d, /=7.5 Hz, H-1"), 549(H, t,
J=6.9 Hz, H-22); *C-NMR(100 MHz, pyridine-ds) & 13.15(C-
21), 15.79(C-29), 16.43(C-18), 16.58(C-19), 16.70(C-30), 17.70
(C-27), 18.41(C-6), 25.68(C-26), 26.73(C-16), 27.44(C-23),
28.10(C-2), 28.82(C-28), 32.22(C-11), 32.61(C-15), 35.31(C-7),
37.00(C-10), 39.24(C-1), 39.69(C-8), 40.22(C-4), 50.43(C-13),
50.74(C-9), 50.88(C-17), 51.00(C-14), 56.36(C-5), 62.67(C-6"),
62.83(C-6), 71.61(C-4', 4", 72.55(C-12), 77.16(C-5"), 77.95(C-
2", 78.13(C-5"), 78.28(C-3"), 78.33(C-3), 83.45(C-2'), 88.89
(C-3), 105.13(C-1"), 106.06(C-1), 123.89(C-22), 124.95(C-24),
131.24(C-25), 140.12(C-20).

RAW 264.7 M[Zo] i & Aj2o| &2

AAIFEAILS] RAW 264.7 ¥ American Type Culture
Collection(Rockville, Maryland, USA)IlM Tdsko] ARE3IS1C.
©, DMEM=- 8]¢Fo%(10% fetal bovine serum, 2 mM glutamine,
1mM pyruvate, penicillin 100 U/m/ % streptomycin 10 pg/m!
X o= 37°C, 5% CO, Hijck7]elx] vioketar 157Ul 23 A
o ujeFste] X3kt RAW 264.7 AIX5E 10% FBS
DMEMCE 2X10° cel/m/= 310} 24 well plateol] 1 mp¥ £5
3] 2412 FqF F2HA]7) 3 FBS7E ErEA] 92 AHER
DMEM x| & 1wt tha Al§E3 A3kt 37°C, 5% CO,
Hjek7lol M 20A1F wielst 3 7} welld] wijeko® 2" NO
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Fig. 1 - Effects of solvent fractions of heat-processed ginseng on
the NO synthesis. RAW 264.7 cells (2x10%well) were
treated for 20 h with solvent fractions prepared from the
extracts of heat-processed ginseng (100 pg/ml) with or
without IFN-y priming (30 U/mf). NO released into cell
culture medium was measured by Griess reagent as nitrite
form. Data represents the mean +SD of three independent
treatments. Medium: medium control, LPS: lipopolysac-
charide (10 ng/mJ), HGM, HGE, HGB: methanol, ether,
butanol fraction of heat-processed ginseng, WGB: butanol
fraction of white ginseng, respectively.

HE Fol A] NO 527t & 219! 10ng/m/ LPS ¥ 30
U/ml IFN-v& 718 2§ tial 2] NO AYFEE st 4
gr7oz ¥ Ao HEsisit

BxE] FoERE B veESF2ET ether ¥ BuOH 7}
232 NO BYFEEEE Frsh] Hatd 8 d5 ==
IFN-y2} 442 & 5, ALz e 4% NOoo H4=
& Fig. 1o Yepflct o2 Qikrtzdo] £3+¢ BuOH
HE(HGB)2.2 NO A=) AFHUCH, 100 ng/mie]
SEelM BuOH 718 o) -9 8.32+0.65 uMe] NO7}
AAE wbE) IFN-¢(30 Um)et B8-x)23t598 w 14.5410.12
uMe} NO7F A= Gic. e wiako 2 ] Al23% BuOH 7}
£R3(WGB)E 100 uyg/m! =04 NO S F5sh= B4
o] FA= A ekttt HGBE dAle] ojal 727} Hg=]o] A
AE= AREY o R 427 ginsenoside-F,, Rg;, Rgs ¥ Rk 5
< F3hs A& HPLC 402 RISt RAW 264.7 Al
oA IFN-y9} HE-8-A el &gk HGBS NO AGFEE2
10, 50, 100 pg/m/ FE=H oA FE SJEH 02 Frsil o
(Fig. 2), MTTH O = B71st A} o] FEolA ALE-3F RAW
264.7 A2l digt 4L FAEEA] it

HGBell 2Jgt NO AR50l st Alzk 2&/dE Fig. 30l W
ERISITE 1047 M2 AERE S48 NO A3/4d°] 71
18717kl izl o]21 o] o F7FeHA] 3tk NOg| %
2 A&} IFN-pll 28l A=¢ A ofal] Ad=lo] At
Mol] Z2H ke 533 Zolh. Fig. 4= HGBS} LPSE 747}
IFN-y@} Aol xj2]aha ] RAW 264.7 A|ZE 23012 o,
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Fig. 2 — Dose dependent induction of NO synthesis by butanol
fraction of heat-processed ginseng. RAW 264.7 cells (2 x10%
well) were treated for 20 h with butanol fraction of heat-
processed ginseng (HGB in pg/ml) with or without IFN-y
priming (30 U/ml). NO released into cell culture medium
was measured by Griess reagent as nitrite form. Data
represents the mean +SD of three independent treatments.
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Fig. 3 — Time dependent induction of NO synthesis by butanol
fraction of heat-processed ginseng. RAW 264.7 cells (2 X
10%well) were treated for 20h with butanol fraction of
heat-processed ginseng (HGB, 100 ug/ml) with IFN-y
priming (30 U/mf). NO released into cell culture medium

was measured by Griess reagent as nitrite form. Data
represents the mean=SD of three independent treatments.
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Fig. 4 - The effects of NO synthesis by butanol fraction of heat-
processed ginseng by the treatment of PDTC and poly-
myxin B. RAW 264.7 cells (2x10°/well) were treated for
20 h with butanol fraction of heat-processed ginseng (HGB,
100 pg/ml) or LPS (10 ng/m/) with IFN-y priming (30 U/m/)
in the presence of PDTC (100 pM) or polymyxin B (PMX,
1 uM). NO released into cell culture medium was measured
by Griess reagent as nitrite form. Data represents the
mean=SD of three independent treatments.
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Fig. 53 — Chemical structure of ginsenoside-Rgs.
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Fig. 6 — Dose dependent induction of NO synthesis by ginsenoside-
Rg; purified from heat-processed ginseng. RAW 264.7 cells
(2x10%well) were treated for 20 h with ginsenoside-Rg;
(Rgs in uM) with or without IFN-y priming (30 U/m/). NO
released into cell culture medium was measured by Griess
reagent as nitrite form. Data represents the mean +SD of
three independent treatments.
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