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Abstract

#<r 20013 Et Panax ginseng®] T 237 A HolA Stk Panax ginseng®l 58 2
) A4E91 ginsenosidest 2.2 At AR AR OIX] & saponin®|th H 0] A, A
L B3 ow Byw HEA ginsenoside’} Ca”, K, Na', CI channelo]t} ligand gated ion
channel (5-HT3, nicotinic acetylcholine, NMDA receptor) ¥} 72 ThF3h jon channelS Z43t=
ZAS0] wEa 9t} Ginsenoside™ voltage-dependent Ca®, K, Na' channel®] 43S o143}
= WA Ca”-activated CI channelo]tt Ca”-activated K channel®] @4& 571 Al7]E Ao®
vebgt) ek £8A ligand-gated ion channel]l 5-HTs, nicotinic acetylcholine, NMDA receptor
o] gAlo ot} B EFAHAE HA7A] el ion channel EAJo thdl ginsenoside® %A
23 o]z 0% sl of¥ A AETA & AAo] HojG=Aol| tiste] o]opr|etala} gty
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[. A= 7HA g3l tigk 7)2ke Al dERA] Edr &
A AR ATSel olahd ginsenoside”}t 914t
o] =9 FAAEClT (Fg. 1) ol&2 7l 494t
2 A9 triterpencid dammarane®] FFEAZE St
22X 19 ringS 7HAL Y= LHRol=eh
ARRE 725 7L Yk @A Panax ginseng®
B 2RE oF 309%F9] ginsenoside”} ¥ 31Tk
5 C39 Coel BE Tl R =

14 (Panax ginseng C.A. Meyer?] ¥a])2 <
2de] A ANE g T, it 22 Ssof
Alop w7bEelA tEAR] AR AREE oA
sttt dAle A AAHeR TP Wol An|Eo
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protopanaxadid PD)S} - protopanaxarid(PDE 2730
(2). Ginsenoside™ 7} type = C-3, C-6, C-20
of Z+z} X2 3709 side chaing 7FA1aL laL o]
£ free forme]AY monomer W= dimer,
trimers X33t Gy} Aty o9t o]ygh g
Z}7} ginsenoside’} A= o cellular 3= o}

thi= Solde Lkt (3-5).

Ginsenosides Ry R, Ry PDor PT
Rb; -Glc,Gle -H -Gleg-Gle PD
Rb, -Glc,-Gle -H -Glcg-Ara(pyr) PD
Rc -Gle,Gle -H -Gleg-Ara(fur) PD
Rd -Gle,Gle -H -Glc PD
Re -H -OGlcyRha  -Glc PT
Rf -H -O-Gle,Glc -H PT
Rg; H -O-Gle -Glc PT
Rg, -H -O-GlcyRha  -H PT
Rg; -Gle,-Gle -H -H PD

Fig. 1. Structures of the nine representative
ginsenosides. They differ at three side
chains attached to the common steroid-like
ring. Abbreviations for carbohydrates are
as follows: Gle, glucopyranoside; Ara
(pyr), arabinopyranoside; Rha, thammopyrancsice,
Superscripts indicate the carbon in the
glucose ring that links the two
carbohydrates.

oA A58 vke} 7o) ginsenoside™= in vivo,
in vitrooll A wrFeE oA 23E dEhdth
AAHA] ofe] HIMELS ARA e A8 A
AN ENA ginsenoside”} channel typeo] wl t}&
T35 Pt weha] 2 FEXE ginsenoside
7} =3 ion channel 24280 )3t A=
< THAEAL o2 Q3 WA= 7hsdk AESH

A 2 5 = 5 e Aot

. 2
1. Voltage-dependent Ca* channel
O 4P ginsenosided 2

Ca” ione NAAEL] 24D Fa 24 <
Z}olt}. Voltage-dependent Ca™ channel-2 AU
free Ca® ion ¥% Ao F03 dTS )
Neurone AlES] FFol webd o] typed]
voltage dependent Ca®" channel (L-, N-, P/Q-,
R-, T-type)s 7FAaL vk 2oy HwsiAl Al
el Ca¥ ione] EAIBH HW ol cell
damages IstAl Hi A=ole ARzt SA
#t}  (6). Ginsenosides= sensory  neuronolA]
PTX-sensitive G proteind]l $12% high-threshold
Ca” channel?} N-type Ca® channel® 7}994 o
2 gAshs Aer HT B Hojya oy &
2 ginsenosideFoNME Rf7} 71 oA #go] &
Aoz Uepdth (3, 7). Wbl AEA FofA
catecholamines #-H]8h= thEA Q] 217l H £
% 31l rat chromaffin cellA% Ca® channel
AAsH= Ao Hal HojH a1l T ginsenoside]
A AEE= Re> Re> RE> Rg> Rby 02 ettt
(8). E3F hovine chromaffin cell*|4] ginsenoside
= Ltype Ca” channel& A|9]3 N-, P/Q-, R-type
S Al A9AdS YERAY (9). Rat sensory
neuron?] L-, N-, P-type Ca’ channelo| A= t}
£ ginsenoside 2.t} Rgy7t 7F4 2 dAE9E B
ATk (5). HEI rat chromaffin cellolis 9
menbrane  capacitance (ACm)E AN ZITE A
Cm2] inhibitory potencyt ©@% ginsenoside Rf>
Rc> Re> Rgi> Rby &olvh wbA o]dh
ginsenosideo] <18 Ca®* channel®} ACme] A
ke AAEGo R RE AFAEEAL HHE &
Aal= el #Agh A& AARSTE

2. K chamel®|| Gft ginsenoside®| 21t

RE AZolE= tofst £7o] K' channelo] &



54

Aim

ECRIERLD

rlo
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AFIEE hEA0 2 voltage-dependent, Ca” —activated,
ATP-sensitive K' channel, G protein coupled
inwardly rectifying K (GIRK)%5°] 2t} (10). o)
Rl K channel& 3849 Ao &&= A
= 2843} AEAA K ionS FEAo=ZH
Ags oY 712 Beke] BrelA] QA
2A| Tt ginsenoside= &S EA7|a U E ¥
S oA Ao 4EA dvk (1. E7)

Azl HEZAFo| A total saponind Rey=
Ca’'-activated, ATP-sensitive K channel®] 24
& s7F Al Aes Ba Ha gld (12, 13).
ol2]gk HELA ¥ ] Ca”-activated K~ channel ]
4 S7h= ginsenoside] ©JEiA S7HE AU
Ca” ion 2 Q& WAsH= Aoz AHmuo]
o (14). o]¥3 AHEe vt 2 2AES
Fsk 4= A 3t} ginsenosideE A5 o=
Az JRe AFstA ste] AFEd Ca’ionE
S/ olZA F9" Ca¥ ind Cal-
activated K channel®] &4& S7MA17dol ule}
el = oA Al s freE gE
o 2NE HETS AEFAIL

e GIRK channel firing rate, membrane
potential, 2173 AEEd WS Ao =N A7
A dekie] IS BAEH St olE2 F
2 39 olfactory bulb, hippocampus, dentate
gyrus, cortex®l] EREH UL} A A= Tl
HAog BH|E acetylcholine®] m2 muscarinic
receptorol] A%} GIRK channels &4 A7
AR og A vrerE =87 sivh Xenopus
oocyte®] GIRK channel?} Rat brain mRNAE 2
o] WAANAHL A ginsenoside RfE GIRK
channel S &4 Al7]a1 ¥ T2 ginsenoside
(Rby, Rgn% ot & Al7]= Zlo2 Halxof
A3 v} Ginsenoside Rfell 93t #AE GIRK
current= Ba” 0% JA|Fo}X|3L GDPbSE AlEL)
o FYIE Afolle Fart He 2As &9

AK16). o213k Avk= ginsenoside Rf7F €] &l

_1

[ oJo

A e SR Agsta o= GIRK
channelt 17Z0] f& Aol F5sH & + 3l

© % ginsenoside® A¥EY] Ca®
ionS F7MNZoZM Ca’-activated K channel
U= GIRK channel & S/3A71 024 SAAES
sk 9s @ Aolth UlxAO 2 Xenopus
oocyteol] & A)71 voltage-dependent K channel
(Kvig)+E ginsenoside Rgzell oJ8fA A F ozt
7).

3. Voltage-dependent Na' channel®]
Oi$t ginsenoside? 2

Voltage-dependent Na“~ channel S &4 A|7]&=
A7 M E2] axonal, somatic portiond] &5
WA 7= Aot AL AlZA|Ee] %
ANA thE FEoE HHE ddste A 2
. &4 ginsenoside= Xenopus oocyte2} tsA201
o] W& 2171 neuronal Na' channel 24< 9
stk B HojRh (17, 18). ¢18] ginsenoside
AAEIE e AL AT 2Tl A= Rgy7t
7P 2 AAAES Rt (17).
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4. Excitatory ligand-gated ion channel
of Giot ginsenoside? 2if

nicotinic acetylcholine receptor= ¢J2] ligand-
gated ion channel(LGIC) 7F#-d| 7 #¥{18H]
AFE A= AE F ST acetylcholinedl] 2
)4 o] channele] &4do] W cation, 53] Na’
ion®] AXEUZ
receptor channel2 albldg (embryonic form)@}
alblde (adult form) o2 FAE oIt} (19). A7
Al A nicotinic receptorE a (a2-a9)¢} b
(b2-b4) subunits&.2  FAE 1),
subunit7}b  ©5S2  functional  homomeric
receptorS  FAAL a9t b subunit7} ¥

49t muscular  nicotinic

olE a
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functional heteromeric receptorS A3} ol&
o] W= AEAL AU 71| typeel whet
tzot (0). FuEAE H AT7E] F=
a3b4d nicotinic acetylcholine receptorE 33k
bovine chromaffin cell& acetylcholine®.2 &4
NAL 7% ginsenoside= Na' 95 A8t
catecholamine®] W&& #asHll st} (21, 22).
T3k ginsenoside:= Xenopus oocyteol] &A1
nicotinic  acetylcholine receptor alblde, a3b4
subunit®] A& AASHAT a7 subunite] 24
o= dFE FA ¥tk olE  ginsenoside’}
nicotinic acetylcholine receptor channel®] Aol A
= 0e ow Ag3ite TFeAS BoFal
Qlt} (23). ©]213 ginsenosided] A &¥= basal
currentell = S FA @Al 7HH, BAAA,
voltage-independent manner® Yepbdt}h JnlE
A% PTA ginsenoside(Re, Rf, Rgi, Rg>5)7F PD
Al ginsenoside(Rby, Rby, Re, Rd &) Rt A&
W 9 2 BeR yepgth (23). %3¢ human
neuronal nicotinic acetylcholine receptor a3b4,
adh2, adb4, adb2 subunitS FEAIZ] oocyteol A
Reoi= peak currents 74A17)aL B3 acetylcholine
of oa) F=¥ inward current®] B7HEHS St
A7) AoRE HERETE (24).

5-HT3 receptor 94| LGIC superfamily% 3ht
0] 1L nicotinic acetylcholine receptor®} ¢J2] HHoj|
A ARSI o] channele] E4Jo]=™ Na 2
K'iono] AZEWE ¥l 5-HT3 receptor=
primary sensory nerve ending®ll:= =EA £¥3}
I 913, mammalian central nervous systemol|
= B¥3la v} 5-HT3 receptors= antagonist”}
A, TE AAA, HPA|, FArIgeFor A
S57] witel] wig- oJghHow wie- Fasik
R}  ginsenoside  metabolite=
Xenopus oocytedll W&A|Z] 5-HT; receptord] &
e YAl Zlew Ba wolxlnh (26, 27). ©l
23t ginsenoside Rgx2] Al &¥= nicotinic

Ginsenoside

acetylcholine receptor®] 74-9-2F FAKHAl 71994,
H73AA voltage-independent manner® e TH
(26, 27).

Z3 2177 (central nervous system)o] thEZ
TR AAEAEEHS] glutamate™ neuronal
plasticity$} neurotoxicity® 83 9ag 3}
Gutamate $34] LAIC ©]aL NMDAREE non-NVDA
receptor?} W& 4= Itk o] channelEo] 4
3ol we} Ca™', Na', K9} 2 cation®] AlEU]
2 FYHA == receptord] subtypeol] wEbA
o] cation®] eI GERRITH (28). 217 A EZAA
= Zh AEY CFS longterm potentiation
TP} 22 neuronal plasticity®} neurotoxicity©ll
Hojghth  (28). Rat  cortical  culture®l A&
ginsenoside Rb;¥} Rgs”} nitric oxide?] % A4F,
malondialdhyde®] &4, Ca™ ion?] F+9<& A%
o224 glutamate?t NMDAe] <JsiA  fxd
neurotoxicity S AAAIZIY (29). B8 rat hippocanpal
cultureol /%= ginsenoside Rgs7b  high K,
glutamate, NMDA®] 9J8] =8 Ca™ )& ]
AAF)AL rat astrocyte?] glutamate®  F-E=¥
swelling®™= 7+AA171t} (30). WHE v E rat9] in
vivo testoll Al T2 Fol¥ ginsenoside Rbie
dentate gynusell Z3# gk A&l ]3] ok7]% long
term potentiation (LTP)e] AHEZS A
low—frequency testoll 9] 4§71 basal synaptic
WRgol= s A &ttt (31). Intrathecal
routes E3F ginsenoside o]+ glutamateol] ]38k
o] oz} NMDA 5+ substance P2 oF7|¥
nociceptive behaviorE At} (32, 33). &3k &
U ZE ginsenosideE A5t 7Z-$-oll= kainate
2 olal] A7 hippocampal neuron®] cell deathZ
o=t} (34). o3t AFELS ginsenoside”} ¢
2] 7H] S AAAGED FEA FFE v
Aa a2 AsAE FoEm AAEA
excitotoxin®l] THa}F neuroprotectiono] A= o)

the 2t sAlstar sl
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5. GinsenosideZ QI¥t jon channel
ST

Ginsenoside”} LGICE ZH3l= A ol9d &

A A 2 Axe AR A Jog o=

# voltage-dependent Ca” channelS A&}

Ca”~ activated Cl, GIRK channel& 4 Al7]th
= AL AFY (4, 33 40). Ginsenoside”} Al

ZOUFIE obd QoA Agste]  o]Egh
channel& &4 Al71th= A} PTX-sensitive G
protein (Ca® channel)& ¥ PTX-insensitive G
protein (GIRK, Ca®'~ activated Cl” channel)& ©]
Sshth= SAEC] Al EAlshs ojd
7t} s AEE itk Aol 1 SAoIth Atk
7} PLC inhibitor, PLChs antibody, BAPTA (free
Ca™ chelator), haparin (IP; receptor antagonist)Z
FdstogM Cl channelo] ™3k ginsenoside®]
qI7F AT oleldt AXNES Xenopus
oocyted]  PLChyIP;  pathway®l <14¥  PTX-
insensitive Gaq protein® &34 ginsenoside”}
2Hg3its S ongit) welA ginsenoside”}
G protein®} AZAH effectorE: A E= 2=

= AL G protein coupled receptor (GPCR)A
o AR Alaxer el Zggthes AS ofu)gitt
(29 2, 3 #x). 218y ginsenoside®t 25 A5
2HE ahe AlZE Azl disiAe g
B A9 e

Voltage dependent Voltage dependent
Ce?* channel Na'channel  Voltage dependent
K* channel

GRK
G protein G protein
Presynaptic ’/’ “ # “
terminal -~ ”
Ce?*

Na*

Ginsenoside ¥

Nar/Ce* Nar/Cef*
Postsynaptic Gingenoside angnosige|  ONNE
terminal
5HT.
Nicotinic Gutamete veoengta

acetyicholine receptor
receptor

Fig. 2. The hypothetical scheme on site(s) of
ginsenoside action in neuronal cells.
Ginsenosides might interact with
ginsenoside-binding protein (GBP), other
receptors, or various ion channels in both
presynaptic and postsynaptic terminals.
In presynaptic terminals, ginsenosides
mhibit voltage-dependent Ca”  channel
via PTX-sensitive G proteins, suggesting
that ginsenosides might inhibit Ca*
channels following activation of a novel
GBP coupled PTX-sensitive G protein
(3). Ginsenosides also inhibit voltage-
dependent K' (Ki14) and Na+ channels
(brain type) but it is not yet known
whether or not G protein is also involved
in the regulatory mode of Na by
ginsenosides (17, 18). In presynaptic
terminals, ginsenosides activate GIRK
channels via PTX-insensitive G proteins
(16). However, the evidences that GBP
exists in both presynaptic and postsynaptic
sites were not yet obtained. Ginsenosides
also inhibit stimulatory ligand-gated
receptor channel activities such as
nicotinic acetylcholine receptor, glutamate
receptor, and 5-HT3 receptor iIn
postsynaptic terminals. There is direct
evidences that ginsenosides inhibited
NMDA-induced ionic currents and recent
reports also showed that ginsenosides
attenuate glutamate-induced cell damages
in neuronal and glia cells (29, 30).
However, the exact binding site(s) or
regulatory mode of ginsenosides in
voltage-dependent ion channels and
stimulatory  ligand-gated ion channels
requires more investigations. For an easy
explanation, the possible ginsenoside
interaction site(s) with ligand-gated ion
channels, ginsenoside binding site(s), and
voltage-dependent ion channels are
drawn separately.
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N R . . Other
Ginsenoside Ginsenoside binding protein channels?

(@) ™ (G8P) GIRK cr

~\—/PLC DAG | I I l | |Cazf‘
G protein (PLCD)\ \< /4 activated CI
(Gogy)
PKC A
u73122
@

ouT

1P, recept

Endoplasmic
Reticulum

Fig. 3. The hypothetical scheme on site(s) of
ginsenoside action in Xenopus oocytes.
The signal transduction pathway of
ginsenosides in  Xenopus oocytes has
been investigated in detaill. This figure
shows that the extracellular treatment of
ginsensides but not intracellular injection
elicited Ca™ ~activated CI’ channel activation.
Ginsenosides activated Ca’ -activated ClI’
channel in voltage-dependent manner and
Niflumic acid (a ClI channel blocker)
blocked the ginsenoside effect on ClI
channel. The effect of ginsenoside on Cl
channel was mediated via PTX-insensitive
G proteins, blocked by PLC mhibitor
(U73122), IP; receptor antagonist (heparin)
(4, 33). The mobilization of intracellular
Ca” by ginsenosides might activate other
many intracellular events that are
dependent on Cazi (40). The mobilization
of intracellular Ca™ might also activate
Ca” -activated K in blood vessels. In
blood vessel smooth muscle, ginsenosides
activate Ca”-activated K following the
mobilization of intracellular Ca® (13).

6. Ginsenoside:= AIEN|ZQf H|AIENZO|
N NEY Ca® ion 4£Z°| oot A
o= gy

WA AFFE A7} 720] ginsenosidei= voltage-
dependent Ca™', Na™ channel& A3 nicotinic

acetylcholine ¥ NMDA receptors®}t 2+ ligand-
gated on channel®] Ca® TS Ao ZH
Ca” ion TS JAAZITH (9, 23, 35). Ginsenoside
9} o]23t channel®] negative couplingS 2173 A
FoME AZEY free Ca” ion FE F7HE H=
7] oA & etk RMHE  macrophagett
NIEBT3AEZS Il AlEellA] ginsenosider= Al2E
U= Ca¥'s E9AIT (36, 37). Xenopus oocyte
A= ginsenoside®] MEU free Ca® FY&
ER9] IP; receptors EslA o]FoZt} (4, V).
T3} store-operated Ca®’ entry (SOCE) pathway =
AEU Ca¥ 122 7]%= WHA hippocampal neuron
o= ACh-mediated SOCEE &JA|gh} (39). u}
2}, ginsenosidet= €1l Ca¥ 7t frdol HA
AEY free Ca& ¥ EREFEQ] Ca¥ HES
AL} JFABMEANA M2 = 247 e
Ao o2 Al 9EE i itk oE
So] AA AN ginsenoside= ¢5-2H5E Ca”

FUS AASHAY agonistell o] AW Ca™
Vs QAT oEZHN AIAORE exocytosisE A
A7) depolarization, ion channel 2dell 23 Al
8A 824 (excitability) & AT A7
Ueh}E= 083t ginsenoside®] &3 excitotoxin
oluf H=t zp=el 9)sk 4 (damage) 2 5-H
BEshs £ 855 Ukl Zlow AlRdd
(3). ™oz JEAAAEAA SOCE pathway
T EREREH Ca' & B9d F2 Ca 942l
ofe] 7K MlE7|ss A=AIRIEL o] g ginsenoside
o] oy 7HA] g2 AL MEe FFHY 7]l
upe} AJEsHA Rkgo] thE A v Zlo|tt (40).
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U= FHECN Giore

&= fAE oA aE°] of9Al ion
channel®] &3S Fd3tal s ‘ZF"L:‘X]E oo}
Wol & Aot} =4, HAIAA  AFEA
Gag/11-PLC pathwayZ E3)] Ca’ -3— w31 A
= AlxE s "edler & Flojth Al
agonist T+ antagonist 24 T2 Fzhgo] Qe
A

QL

AelA 9] ginsenoside F=AS JfEsfjof g Aol
t}.

HE QA 2000 {A o] 3l ko s
T ke thkst Vs weula ofEEA EH
’\] ] of & Zlo]a HeA 0w Yy ATt HofR

AAIACE & Flo SHE AT FoRE
Gmsentology (A48 AZEH'Z 8o ARES
Aersitl. o]= ginseng + tonic + -logyE &3
Ao ® QAT BE Foks A sk Zlol1
Arks SAskgt Flojrh & E°] botanical

ginsentology= ¢4 A& AAE dysle BE
Fofo] a1 pharmacological ginsentolgy:= A
ke ol 4t oREA EHE ATehe
woks ofmlgith o dolrt QhF ATl S
TE Fofo] #eal AF7IE ginsentologist® A
Ashd = Aojrk

o 2A ] pre- B post-
synaptic siteol] &A= th3E receptor =+ ion
channel®ll ginsenoside”} 19 Al 2H&-3F=A] 714
Aol wAolty, 19 38 Xenopus oocyteolA]
A Ca”~ activated CI channelS &43417)%=
ginsenosided] Az AGHA4S HHs) =t 1
2y} thF3 ion channel 419 Aske x4 )
He of A BeetA AuE oA e¥kar oo
29| AR Holgl




