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Abstract : Nitric Oxide (NO), derived from L-arginine, is produced by two types (constitutive and
inducible) of nitric oxide synthase (NOS). The NO produced in large amounts by the inducible NOS
is known to be responsible for the vasodilation and hypotension observed in septic shock. We have
found three polyacetylene compounds which inhibited the production of NO in LPS-activated RAW
264.7 cells. Their structures were identified as panaxynol, ginsenoyne A and PQ-6 by the spec-
troscopic analysis (ICy values were 32.3 uM, 2.3 uM, 1.5 uM, respectively). These polyacetylenes
may be useful candidates for the development of new drug to treat endotoxemia and inflammation

accompanied by the overproduction of NO.

Key words : Ginseng, polyacetylene, nitric oxide, macrophage, inhibitor, panaxynol, ginsenoyne A, PQ-6.
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o
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PG-1(457 mg), PG-2(148 mg), PG-3(264 mg), PG-
4(884 mg), PG-5(1800 mg), PG-6(405 mg) 22 v}
L 7h 23l tste] LPSE #4313 macropha-
geollA NO2| A s 2Ad-S A sledrt. Zat 23]
% oA #Ade] 7hek PG-4(884 mg), PG-5(1800
mg), PG-6(405 mg) 226 Ae|ziA A=z}
EaeaE qkEsle] ol 248 compound 1(1,
980 mg), compound II(2, 16 mg), compound HI(3,
27 mg)E A7t &3k delslkdo)

(1) Compound 12| Ei2|

PG-4(884 mg)¢} PG-5(1800 mg) 38 §s}d
o] 54 Hexane/CH.CL(5:1)2.2 Ae|7}4 Ad=ag
ol X el 9] 8 sl 94 HPLCE(2<:u-Bonda-
pak C-18, 3.9%300 mm, °]54: MeOH/H.0O, 70:
30) o]&3te] £xE Hrlate] whd FAAE com-
pound (1, 980 mg)-& E&J3ksit}. Compound Iell
ek 25 E3EA AR E o] gsle] FREAS 3
gt A3} panaxynol2 1 735 &elalglch

compound I(panaxynol; heptadeca-1, 9-diene-4,
6-diyne-3-ol; CiH0:), 'H-NMR (500 MHz, CDCl,):
80.82(3H, t, J=7.0 Hz, H-17), 81.15~1.25(8H, m,
H-13~H-16), 61.29(2H, br t, J=6.9 Hz, H-12), &
1.95(2H, AB quartet, J=7.3 Hz, H-11), 82.92(2H,
br d, J=7.0 Hz, H-8), 64.84(1H, br d, J=5.3 Hz, B-
3), 85.16(1H, ddd, J=10.2, 1.2, 1.1 Hz, H-1a), 85.30
(1H, dtt, J=10.5, 7.0, 1.6 Hz, H-9), 85.41(1H, ddd,
J=17.2, 1.2, 1.1 Hz, H-1b), 65.44(1H, dtt, J=10.5,
7.3, 1.7 Hz, H-10), 5.87(1H, ddd, J=17.2, 10.2, 5.3
Hz, H-2). "C-NMR(100 MHz, CDCl,): 814.09(q, C-
17), 617.67(t, C-8), 822.63(t, C-16), 827.18(t, C-
11), 629.14(t, C-14), 829.17(t, C-13), 829.22(t, C-
12), 831.81(t, C-15), 863.53(d, C-3), 863.98(s, C-
6), 871.29(s, C-5), 674.18(s, C-4), 680.28(s, C-7),
0117.04(t, C-1), 6121.88(d, C-9), 8133.09(d, C-10),
0136.12(d, C-2).

(2) Compound H9Q| £2]

PG-6(405 mg)S ©]54+ Hexane/EtOAc(20:1).2
= Ay AgaEvteads gsie] PG-6-
1(4 mg), PG-6-2(42 mg), PG-6-3(248 mg), PG-6-
4(54 mg)E A1 1 F PG-6-2 £AEHS t}A o] %
4} Hexane/Acetone(15:1) o2 Ag|7}A Aatag
ot E 22| 5 st g4 HPLCE (2% 1 u-Bonda-
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pak C-18, 3.9x300 mm, °|54 : MeOH/H.O, 70:
30) o] 8-t} ==F Hriatel ok #AAE Com-
pound II(2, 16 mg)& W-2lsldch vl &AdAdfoll
el 2H5 EREAREE o8t FREAME 3
gt A3} 11 T35 ginsenoyne A= )}t

compound II (ginsenoyne A; 9, 10-epoxy-hep-
tadeca-1, 16-diene-4, 6-diyne-3-ol; C.-H.(.), 'H-
NMR(400 MHz, CDCL): 61.39~1.57(8H, m, H-11
~H-14), 81.91(1H, brd, J=6.5Hz, 3-OH), 82.07
(2H, m, H-15), 62.38(2H, dd, J=17.7, 7.1 Hz, H-
8a), 82.71(1H, dd, J=17.7, 5.5 Hz, H-8b), 82.97
(1H, br td, J=6.2, 4.2 Hz, H-10), 83.15(1H, ddd, ]
=7.1, 5.5, 4.2 Hz, H-9), 84.93(1H, br d, J=5.5 Hz,
H-3), 84.94(1H, ddd, J=17.1, 3.3, 1.6 Hz, H-17a),
85.00(1H, ddd, J=10.2, 3.3, 1.2 Hz, H-17b), 85.26
(1H, ddd, J=10.2, 1.5, 0.9 Hz, H-1a), 85.47(1H,
ddd, J=17.1, 1.5, 0.9 Hz, H-1h), 85.81(1H, ddt, J=
17.1, 10.3, 6.7 Hz, H-16), 85.95(1H, ddd, J=17.1,
10.2, 5.5Hz, H-2). "C-NMR(100 MHz, CDCl,):8
19.44(t, C-8), 626.30(t, C-12), 827.46(t, C-11), d
28.75(t, C-14), 628.89(t, C-13), 833.62(1, C-15),
854.25(d, C-9), 856.87(d, C-10), 863.49(d, C-3),
866.29(s, C-6), 870.87(s, C-5), 874.89(s, C-4), &
75.00(s, C-7), 8114.40(t, C-17), 8117.19(t, C-1),
0135.98(d, C-2), 3138.91(d, C-16).

(3) Compound I112| £2|

PG-6-3(248 mg)& )54 Hexane/Acetone(10:
Deg Aepypl Agtazete aa)9E 3ste] PG-
6-3-1(130 mg), PG-6-3-2(73 mg), PG-6-3-3(12 mg),
PG-6-3-4(57 mg)-& U1 2% PG-6-3-4(57 mg)%
thA o]=Ab Hexane/Acetone(10:1) 28 Ag|z}A
Zeagete e s sl QA HPLCE(Ash
p-Bondapak C-18, 3.9Xx300 mm, ©]%4: MeOH/
H:.0, 70:30) °]-&-3le] +==F Hrishe] bl A
% compound (3, 27 mg)& VYt w+d A
ol gk Zhg Bashd AR5 o] 43le] TREA
& g A3 0 F2E PQ-62 Fqlslglor ol
Foll 4 213 #-2] % polyacetylene Ad#-o|%lc},

Compound II(PQ-6; 8-acetoxy-9, 10-epoxy-he-
ptadeca-1-ene-4, 6-diyne-3-ol; Ci.HxO. 'H-NMR
(400 MHz, CDCL.): 80.88(3H, t, J=7.0 Hz, H-17),
61.22-1.40(10H, m, H-12~H-16), 81.55(2H, m, H-
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11), 82.11(3H, s, 8-acetyl methyl), 83.02(1H, td,
J=6.0, 3.8 Hz, H-10), 83.21(1H, dd, J=7.7, 3.8 Hz,
H-9), 84.93(1H, br d, J=5.3 Hz, H-3), 65.25(1H,
d, J=7.7 Hz, H-8), 85.26(1H, br d, J=10.2 Hz, H-
la), 65.47(1H, br d, J=17.0 Hz, H-1b), 85.93(1H,
ddd, J=17.0, 10.2, 5.3Hz, H-2). "C-NMR(100 MHz,
CDCL): 814.03(q, C-17), 820.61(acetyl methyl), &
22.57(t, C-16), 826.47(t, C-12), 8627.53(t, C-11), &
29.13(t, C-14), 829.26(t, C-13), 831.68(t, C-15), &
56.37(d, C-9), 857.94(d, C-10), 861.72(d, C-3), &
63.37(d, C-8), 869.91(s, C-5), 870.48(s, C-6), 674.70
(s, C-4), 8678.70(s, C-7), 8117.42(t, C-1), 8135.60(d,
C-2), 8168.89(acetyl carbonyl).
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(1) RAW 264.7 NIZE2| HjQ¥

Macrophage#|9de] RAW 264.7 Al%F+ Am-
erican Type Culture Collection{(Rockville, Mary-
land, USA)ollA] Zofitel ARg-atolom, 10% FBS
DMEMeC.2 37°C, 5% CO. incubatorol|A] viofs}
15| 21 Alhufefstel f2]stedvt.

(2) Al2e| 2|

RAW 264.7 A 255 10% FBS DMEM 2.2 8x
10° cell/miZ &}ed 24 well plateel] 1 mi¥ 53}
o 2417k Bk AR 10% FBS
DMEM® 2 5183k ohS- (- )LPS, (+)LPS, A8 4
2jgog vre] 27t 3 well® AHejslelr), 37°C,
5% CO. incubatorell 4] 20417k wjef 3 7} well2]
ekl o2 feldl NOE &4kt 2143 A%
o] Al eks A1 5ly] $le) victel Yaxl AEE
PBSZ 23] A&} 0.5 N-NaOH 500 wig o) &3}
o 100°CellA 302 Wl alg 8-slslict. Brad-
ford 22" BSAE RS EAR dlo] whizle] of
& AAskch

(3) GriessA|2 0|88t NO2| Mz

RAW 264.7 AZF LPSe} A8E 28l
20A17F wi ekt wlloke 100 wiE 96 well plateel] 33}
I GriessAoF” 150 W& 71skar 104 S<F ukg-
& A1A] v}& ELISA reader® 570 nmollA] 33 %%
43k e) o] NO7F w9 B¢ ste] NO, & &
Al WEks|og NO, & Aakshs dboe2A] so-
dium nitrites NO, F&F o2 slo] Ak =4

shaie.
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LPS= #4318 macrophageol4] NO A4-& ]|
sl RS Felslr] $dste] glibel w54
TEomRE AegpAg o83l ARz Rulg 1
95 whste] A7kA o] faA RS FalEgich o]
52 €% HPLCE o] 43l sy, &=
NMR, Mass, IR 59 2t& £33 402 e
oln] HAoZHE AUz FFEEQ panaxynol,”
ginsenoyne A,”' PQ-6*"2. & zt7} gtelsledr), ol &
o) zhE B-3sla] R Fdle deiAl x| e} of
A Ak olF F PQ-6= =i (Panax
quinguefoliwm)ol ) H =] ot e QA (Panax
ginseng)oll A= & Atel|l A g0 g Felxl slghE
olodch(Fig. 1).

LPS(1 pg/m)E  ©l8-31 macrophage” 2]
RAW 2647 A|¥58 DAIstspn A zujopalos
frElElE NO2| 527} of 20~30 uME ##3] 27}
shodr). LPSE &Ad31at of Qo 2 ye] Rejgl 4
55 Muisd = oEA 02 NO9 AJAle] 743
£ A7E Bl ek(Fig. 2). NO2| A2 509%
g8l FEE IC,082 THES o, ez RE
Ao 2 F2]3t panaxynol, ginsenoyne A,
PQ-69] IC.Zk ZHt 32.3 uM, 2.3 uM, 1.5 uMe]
ek ol oA Nz 2 E NOSe AHslA| 2 dedx]
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Fig. 1. Structures of panaxynol (1), ginsenoyne A (2)
and PQ-6 (3) isolated from Panax ginseng.
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Fig. 2. Ginseng polyacetylenes inhibit the production
of NO released into the media of LPS-ac-
tivated RAW 264.7 cells. Conditioned media
were collected after 20 hr activation and the
NO, levels were assayed as described in the
materials and methods section. Results show-
ed the representative inhibition of NO,  pro-
duction expressed as % control (LPS alone).

s+ L-NMMA 0.1 mM-g A-&-3ledc) o] 5 & &4
o] Bl 2kt panaxynol?] 3 ¢34l acetyl”] &
=]l o FAde] 3 A FvlEe S B
slgdon], 72 Fol acetyl?] S 73 PQ-69} T &
o] acetyl”]7} NO A s &Ad ol -f-2]3t 257ial
7o FA At

o]} - Ao digt 7|ZE FHEy] $lsled
NOSell gt 7127 A, NOSE A 2ol &k #] 4
g4 2 NOSe| F=A sl g4 Sofl dia) 7 x| ¢
sto] 71 &Ade] 7hgE PQ-6F ol &5t vlg-3
£ A& st Fig. 30l viebd ZAw} o) L-
arginine & A 24] L-argininedl] W3t 7144
AAIQl L-NMMA(0.1 mM)E  2]3lsle& wol=
NO AAde] §x3] 7kAaslgd ot 712l L-arginine
QA mM)e] Z=Fd7tel ofs NOS AAde] 3ujjo]at
7V S sk e PQ-6 (3 uM)el
2jgF NO QA 8|22 L-argininel] A7}l ofsl
M= #shrt ghabE] A) ofshel. uheba PQ-62] NO A
A e84 L-NMMAS}F 72 L-arginine” |2l
gk 7 Aol &gk Ze] ohd S A 5 Uk

Fig. 45 LPS% macrophage® #43te o PQ-
65 Helshe ue Felskd S we] Ao} &,
PQ-6 == L-NMMAZE}ell Al E5 20217F whek
gk Foll LPSE 20417 Aejgt A5 (A He]), A8E
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PQ-6 L-NMMA PQ-6

+ arginine

Effects of NO production by PQ-6 (3 uM) and
L-NMMA (0.1 mM) in LPS-activated RAW
264.7 cells, and the effect of the followed addi-
tion of L-arginine into the culture media. The
media were exchanged hy fresh one after 20
hr LPS-activation with effectors. After the
further 20 hr incubation with or without the
addition of L-arginine (1 mM), the amounts of
NO, were determined. Results represent the
mean=®S.D. of three experiments.

30

Nitrite (M)

Fig. 4.

L-NMMA
- PQ-6

pre co

post

Effects of PQ-6 (3 uM) and L-NMMA (0.1
mM) on the NO production in LPS-activated
RAW 264.7 cells. pre:cells were incubated
with effectors for 20 hr and then activated
with fresh media containing LPS for 20 hr.
co:cells were incubated with effectors in
the culture media containing LPS for 20 hr.
post : cells were activated by LPS for 20 hr
and then incubated in the fresh media con-
taining effectors for 20 hr. Results represent
the mean+S.D. of three experiments.
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WA, PQ-6 = L-NMMAZS 223 7(54
2])e} Al 2Fo R vl g Azfolck, 7o
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= NO A s stAdol] 3hatw] ) ?;8 uha PQ-bﬂ
Fajele] 735 &Ado] Ae] wabmE]A] dshvl

LPSE Hshalz el PQ-67F A3 NO91
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%Ho] FHakER] 9t 7 o R ol PQ-6% i-NOS9
=¥ -NOSe| thah fash

SEEHA S A s Eh,
*391 A aas g e gelFgc a8lw
PQ-6% A eg ¥ lﬂf& = NO A~ ss
A ehA] g A 7M%El°ﬂo1u B3}
52502 sl } e 232 38 PQ-67}F
20417 Sk Al FZoll Held o AEHE fdsle] 1
Qe el ez FAo] =glv} fﬁa& L-

NMMA= o}eqzl npe} zro] 712lal L-a
Aoz NOS andtAde] et 4
g2 W FAe] el w

217t} o)} 7He A A3
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LPS (-)2br(-)2br/iw Ohr  3hr  6hr

18hr

Fig. 5. Time course of inhibition of NO production
by PQ-6 (3 uM) in LPS-activated RAW 264.
7 cells. PQ-6 was treated to RAW 264.7 cul-
ture media at different times before/after
activation with LPS. LPS:LPS alone. (-)
2hr :treated at 2 hr before LPS-activation.
(=) 2 hr/w : treated at 2 hr before LPS-ac-
tivation and the media was exchanged by
fresh one. Ohr @ co-treated with LPS. 3 hr (6
hr, 18 hr) : treated at 3 hr (6 hr, 18 hr) aft-
er addition of LPS into culture media. After
20 hr LPS-activation, NO, assay was per-
formed. Results are mean=+S.D. of three ex-
periments. Significantly different from LPS
control, *p<0.001.
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