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HVA

[e)

R

A A =] AT 43+5 %,

HA

S

A A
protopanaxatriol(PT, 0.3 mg/mL)

Al o) EE F=
19924 protopanaxadiol(PD, 0.3 mg/mL)2]

w77t

aa
=
5

[

7}
22)

P QA=A

3|

3l

O]

_?4
HVA)

=

=

activated,
IA(38+2 %, n

=
=

=
T

= Aol o]
J(GTS, 0.3 mg/mL)<

o
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S
paa

12). GTSY F71A 8 &4
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(high-voltage
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el
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5]
PTO} <A &3}

1

9
pal

Joll =tol7} gi%dth. PTOl 93 HVA Z
Hl sl ZEAF o

W F2A3} pertussis toxin(PTX, 500 ng/mL)2] Z =] x|l 2|3}

o A9 AUk hET

)
X

GDPES 2] A



= AdA N-8 Z5EE ZHAQ w-conotoxin GVIAS AX X3 & 74

Hdth PT= 3 FPL64176° ol&] Az ow Z7iEE L-¥ tail AF

(405 %, n=7)2} nimodipine¥} w-conotoxin GVIA®] WIZI3}A] ¢S non-L

non-N& AFZ AL tH2624 %, n=4). PTE %3 & whdqtol s &
&

AgtE e T-8 Z2ed7E AAsAH PT o3 4EFlA Re’b HVA

& 7125 AFsd & Aot

YAE = L. FFHAAEE, AAEAIE, Protopanaxatriol, Protopanaxadiol,

Q4t, GTs, 2427
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(species)°l] W&t B2 AFol7k Atk th

Y ZRFAAM= WA AAH o2 o
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TH(Langworthy, 1965; Dail

(o3}
AR
S

A1g A2

=1

J

H A 21 A o] 21841734 %7 (autonomic regulation)

[e)

2 93

[e13
=

o1
3

Eia

< (pelvic plexus)

.
o] =8

gl
o]
AA

=4
ol

I

AN

o
ﬁo

bei, o)

747 (major pelvic ganglion, MPG)©] 2} 3]
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]i]l'

M

=
T
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o
N
T
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o
wjr

24874 # 39417 A (paracervical ganglion)©] 2}

ZHA AL AL, T
Booth, 1993a;

3=
=
=]
=

1o A7FA A
zto] 7} ) thH(De Groat

=

.

71% "M Adsex)oll

w
=
(pelvic nerve) > 2 H-

Keast, 1999).

=



A A 7133 A5 H(bowe) o] AA XS FHTh(Langworthy 1965;

kr

Dail &, 1975; Keast, 1991; De Groat 2 Booth, 1993a). 7|5 & =2 = Hj
(micturation)t} %t 7](erection) 4} 5 ZA S tH(Zoubek T, 1993). 53] w
349 2f] (bladder outlet obstruction)t} 27|57 (erectile dysfunction)¥} 72 H %
FEiol A MPGEl FEjZA B 71eAQl sy BRaod" uk uMills T,
1992). webx] Sxk Z7]e] ASARBA - B3 A 52 HEH A
2 AT oA dHAZIA] MPG= wl$ 83 wdolzt & 4 Ay

(Keast, 1999).

M}t B AAES] 5 7FA] ol (subpopulation)S A 7FA AL St
A7 A5}y AT Ay wAAAEE ol=d'd A (adrenergic) H-

WAL FE A (cholinergic) o] 2= AMA o] &<lo] HATHZhu &, 1995,

Had 3, s SAgelq BAHE T8 ZHERE XD JE ww
RANAALE A 277 A0 T-8 BEERE AT A 2]

)=}
B
ol FEHozY AR or 80 7hestthi(Zhu 5, 1995; Zhu

)
)

Aol NAASEAY

2 Yakel, 1997; Park %, 2001). MPG A ZAANZE 1732l k= 2
S ZHANE)o| Y ol EFH(ACh)L| o= neuropeptide Y, vasoactive

inhibitory peptide, adenosine triphosphate, nitric oxides TF¥3F A FHAEEZ

=

il

S HEHeleE Aow IdHA JthDail 5, 1975; Keast 2 De Groat, 1989;
Keast, 1991; Zhu 5, 1995; Keast, 1999). w2} MPGo| 2|3t H]=AY 2] A 2]
]

(o3
i

N

e ol ARATEL g8 s 24E Ao FEHT Yok



A

hd

o

H

Azl

2529 WZ(neurotransmitter release), ZE2E°o] EH| A JIAA

2
r
EY
QL
rr
i)
o
of
f
rr
2

739l & E A (excitability), A7

(plasticity) B 7 x}2] 23 (gene expression) 5 TFU3 7]|5S ZHdI= U

WS Fod 9L GYAh oF BEFEE 4B

2
[-'O
J|m
oX,
=2
N
P

=
st e Hto A &3} = =(low-voltage activated, LVA, == T-3) Z&

F29 =& oA A 3}E =(high-voltage activated, HVA) ZH5 =

e

UE 4 9tk Fystdoz HVA Z#E=2E A dihydrophyridine(d,

nimodipine)s] W73 L83 9787 2& nonl Foz P 5 9]

K

rSL‘

non-L¥ 2 ii-conotoxin GVIA®] WIZFsE N-3, w-agatoxin IVAS] W7
P/Q-8, 1¥]al SNX-4820] W3k R-Fo =z s 7 At (Zhang T,
1993; Catterall, 1995). A ESHAQ AFE S L-¥& alC, alD, a
IF, 228]3 al1Se] Y] 71A] fF-RAA}] & ZH ™, nonL & T o] N-3,
P/Q-8, 1¥]a R-¥& 77} alB, alA, 183l alE @A) 98] =Y
He Aoz gAY ofF FHZol LVA =, T-8 ZH52E G, H, 19
319 Al 7FA] o} & (subtype) o2 Al G M| o] W ETE AR o] AT

(Perez-Reyes, 1998; Perez-Reyes &, 1999; Lee 5, 1999). kAl A7)3F MPG

>

AAFEANE FE HVA ZHEE2 N-Fo] $A8HA ey, 977} L-
&7} nimodipine@} w-conotocin GVIA®S] ®73}A] 22 non-L/non-N-& (R-F
o7 F=HoA ) Ao g 3AFHUtHZhu 5, 1995; Zhu 2 Yakel, 1997;

Park 5, 2001). 3+ MPG T A AA X AdHo g A= T-§ 2

Eﬂ

H#EZE F2 H-3olge Aol FHZo g FHthLee 5, 2002). oA ¢



Hatle o= LA Ao ile, 1994). 5 S MPGol EAteE

HVA Z55 2+ NE, ACh, VIP, o}tX=2l Tol 93l JAH= Aoz &

2

ATHZhu 5, 1995; Zhu E Yakel, 1997). o|5 A FALEZAES] o3+ Z+

FE5Z9 AL FEA AdZF A= G protein o 3| vifE= AL

=

2 4tH(ginseng)> F S AT oFFoE de EEA Aow, opxfop U
FrHolA o] &Eo] i, AA F=H AUl A= AA L (naturopathic
treatment)©]] ©]-& %1 YtINah 5, 1995). <l1xe] Fa3 YA =F
(physioactive component)< <14t AFEd(ginseng saponin) &2 T A|:=Alo]| =

(ginsenoside)2} St} A :Alol=E= TE 2E4A] EAEHE AMEd

b

(saponin)@} ARG FZE 71 ¥HA O @37 =g]3, 54 (toxicity)©]
°Fgk Aol EAolthKaku F, 1975). 1 1914 B uiel o] A mAto]
To FxE zg=zom9t HAEIH, 30719 BA dx=z FAE
triterpenoid dammarane®] %3] & 3SFyo]ti(Choi 5, 2001). I Ax=Alo|=
+ oleanoic acid, protopanaxadiol(PD), protopanaxatriol(PT)2] 37}%] 8 JE|
7} EA8t=d 22 Ry, R, Rygba 3t B FER side chain)E 7FA 1
At (Nah, 1997). °o]& B FxE ©F, o9, 3o T2 Ho Jon
ol Y&l 7} WAmAtel=o] FFRVF AHAT. AA7FA oF 3052 A
EAo|=7F el A 9lal, PD(protopanaxadiol)©ll = 20S-PT, Ra;, Ray, Ras, Rby,

Rb;-C, Rby, Rb,-C, Rb;, Rc, Rc-C, Rd, Rd-C, Rgs, Rhy, Rs;, Rs;5©] & A



%1 3l, PT(protopanaxatriol)°l<= Re, Rf, Rg;, Rgy, 20S-Rf, Rh;, Notoginsenoside
Ri5ol ¢&A AtkNah 5, 1995). Ql4ke] HIE A &F oJekFol nlaf ofz]s}
2 ayrb =g)a, v B3R 9k 3F<Stanticancer; Zhu 5, 1995; Lee 5, 1996),
3} 313 9} (antihypertension; Chen 5, 1984), 3+3 Z (antiplatelet; Teng 5, 1989),

= (antidiabetes; Yokozawa &, 1991), &2~ E d| 2 (antistress), 7|5 74,

SHEE P43t AL AN 5o AYES Yt AoE Bud

2 oFg|¥4 =Z(pharmacological active component)E°] 2| H O ZH T

F A=A =g A A0 A ) 2o g A

olye} M FFY A4, AEW 4% Y (signal transduction)®] A

k= FEo A sl g we 4o gl EEE

o] Z}£-7]H(action mechanism)©]Y 2859 (action site)7} A= 18 & U&=
A o2 2y ol AR AT 1g e R AT WY =

5o REoR AE FEOIU BA £79 A7t nER AFolx, o ¥






A2 Az H WY

21. 488 & FE

2.1.1. A3 &9

ZEAT 242 da) AHEE A= Y 899 ZAHmM)S 120 N-methyl-
D-glucamine(NMG) methanesulfonate(MS), 20 tetraecthylammonium(TEA)-MS, 20
HCI, 11 EGTA, 10 HEPES, 1 CaCl,, 4 MgATP, 0.3 Na,GTP, 14 Tris-
phosphocreatine(pH 7.2, 290 mOsm)©2.Z 3}ttt AE e #F A ZA(mM)
< 140 MS, 145 TEA-OH, 10 HEPES, 15 glucose, 10 CaCl,, 0.0003

tetrodotoxin(TTX)(pH 7.4, 320 mOsm)S. 2 3} A3 5%t

212, ¥E

Collagenase type D%} trypsin> Boehringer ~Mannheim Biochemicals
(Indianapolis, IN, USA)Z HE TU3}N 2™, guanosine 5’-O-thiodiphosphate
(GDPES), nimodipine, norepinephrine(NE), DNAse type I Sigma Chemicals(St.
Louis, MO, USA)ZH, u-conotoxin GVIA(u-CgTx)= Alomone(Belmont,
CA, USA)ZHE], tetrodotoxin(TTX), FPL64176 Tocris(Avonmouth, Bristol,
UK)ZH-F, pertussis toxin(PTX)T List Biological Laboratory(Campbell, CA,
USA)ZHE TFY3IATY. Ginseng total saponin(GTS), protopanaxatriol(PT),
protopanaxadiol(PD), Re, Rg;, Rg,, Rfe U5E "MAHAEW T S s
At )2 RE 7|FEsith a8 AEe gy #AE 2E wA 2 oF

=2 GibcoBRL(Grand Island, NY, USA)ZFH FY3}F . Nimodipine,



FPL64176 DMSO9| A4 X2 10008 o] o 2 F=3te wrEglom
UMz GFEE2 3x SHRIFJE ol&ste wEo] AMES)
polyethylene tube®} 912 gas chromatography-& capillary tube &= 217343

9 100 pm ool A =S st} T o3 Az ThA =S st

22. 99 AABAE &2 2 7R

AHFEZE= 250g Wl 47 F(Sprague-Dawley)E  AH&-3}93th.
Pentobarbital sodium(50 mg/kg, ip)C-2 FHE vlFHAZ FH, FA] HE
A YA (prostate gland)®] 9]Zol At F+ IRAAFES HEsta(2E 2),
o]Z x}7}(4 T) Hank’s balanced salt £} (HBSS, GibcoBRL)S. &2 27T}
AN7AAE E# M connective tissue(F 2 X 2NE "l 7| st 22 X
HAA Fe EAE W 3, o]E 0.7 mg/mL collagenase(type D), 0.1 mg/mL
trypsin®} 0.1 mg/mL% DNAse type 1¢] £+ 10 mL9 modified Earle’s
balanced salt &<1(EBSS, pH 7.4, GibcoBRL)%| A 1417} 9t wjok35 C)a}
FoHZhu 5, 1995; Lee &, 2002). °]u EBSSol= 3.6 g/Le] glucose9} 10
mM®] HEPESS EIAZA. wiF F wF Set2as 50 9 A3A
XEZ #E3 &, clinical centrifuge(International Equipment Company, MA,

USA)E ©]&3te] 1000 ipme] $22 A4 FEah a9 ¢ AAA

b
il

S 10 % fetal bovine serum, 1 % glutamine, 1 % penicilin-streptomycin©]

!

o
i

MEM(GibcoBRL)?l A F-f-(resuspend)A] 21 F, poly-L-lysine > &
coating® ] = polystyrene culture dish(35 mm)©l| plating St Th. ©]E 37 C

A E vl % 7] (humidified incubator; 95 % air-5 % COpolA HjFsIR oW, &

- 10 -



G% F 2443 ool APel AT BE ATF) YA A7
e

Ae 719 30 etk

A4y EH ZFHF+= patch clamp amplifier(Axopatch 1D, Axon Instru-
ments, Foster city, CA, USA)E A}&3}od, A& Z Q0 whole-cell patch clamp
WHo g 7)|E3 th(Hamil 5, 1981; Jeong % Ikeda &, 1998). A=<
borosilicate glass capillary(2]7d; 1.65 mn, W7; 1.2 mm, Corning 7052, Garner
Glass Co., Claremont, CA, USA)E P-97 Flaming-Brown micropipette
puller(Sutter Instrument Co., Novato, CA, USA)S Al-&3lo] whEQit} whHEof
=2 microforgeZ FA sl TR, AFHHF] EH4S QS w

Aol 1~3 Mee] He As AREstAT. AAAE7 £0] A= culture dish

A

-

2

5 =Y &Y A (inverted microscope) ¥ & Fi, AEZYAS FH <93
°F 1~2 mL/min £ THFHEE 3t AlExo] A 7|8 (membrane
capacitance)?} 2 & % (series resistance)< amplifierZ 80 % ©]/F X A3}
o ALY 2 AEAFY 7SS olgEZ/YAE 37| (Digidata 1200,
Axon Instruments Co.)7} AZAEH WINEA] FHiFE o “F2rE S4(Stephen R.
Ikeda BMAAE) softwareE ©|&3tA . ZEZFE= 2~5 kHzZ low pass
filterdt %, W EA] FHAFE | AHAH I, IGOR PRO(Wave-Metrics, Lake
Oswego, OR, USA)E EA3IYt. RE A3 A& 20~22 T)dA A3
st o, Ao AHEH AF/F SAHAAAE 19 49 =AFoZ YERY

At

- 11 -



24. "ol 4 9 FA A
EE Awe 7= L ARINES pulse AlFF 10 ms )l A Bl
o, tail AF= A= pulse’} EF & 10 msol] SA43H T SAHH A

A
ol A7l AlES A7) W& AolE HAGsHr] Hsix 2 AlEEe] A

3l IGOR "lHZ22 F3IAth RE Ade Hd + X232 XSS
31 BAZQ 9o]= Student t-7 7Y (unpaired)o. 2 A3 Th p<0.05 A

F F0% Ael7h Yrkn BFSA,

- 12 -



GTS—[PT Rf (M.w 800)
PD |Re(M.w 946)

Rgi (M.w 800 )
Rg:(M.w 783 )
Ginsenoside R; R> R;
Rf H O-Glc-Gle H
Re H 0O-Rha-Glc Glc
Rg: H O-Glc Glc
Rg» H O-Rha-Glc H

a9 1. AA|xA}olES] FX
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PROSTATE

UROGENITAL DIAPHRAGM
= =
PENIS

29 2. 31 fFY F A7 (major pelvic ganglion)9] 3% R 7=

- 14 -
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MPG Neuron

o
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A3 2 3

31 uz g Fuzk FENAREE AXEY #AAETH T3

2" MPG 2179 ZAYE -80 mVel 13 T3 +80 mV7ZEA|
Z(ramp) AFS 7FEAS W YElUYE Hd oEF ZEHARFE 19 59
et Ath olw 9t 9E 24 Na' I FE TTIXE 718t 2dsia, K
AFe AE o 319 ZE K'S TEA 2 02 ooz X3NFoz

A AAL F AT AA AExe 2 A0 ~ 20 mV)ellA &4
Axzer aA vs & JAW Zh 519959 Hare] ostH
3]

hydroxylase©l] o g} W -2 54
¢l W, T-3 AR7E gle AlEe R

HA o HE e Hd AMAET A8 FH(capacitance)> T-8 AFE 713
7 A M ET(82+3 pF, n=50)°] F 7t AGAM XET(47+3 pF, n=54)9
Hlal A YeEtg o™ 6A). SHE A/ A7E MEY AVE WY
st MER A& FoZ BT B9(pA/pF), ol AFY X (current
density)”} ®th. 19 6Boll YEFA ul9} o] =2 whHk(-10 mVold)l
Al &3 EE HVA 25759 44 2= 7 AET 3 /F93

ztol & HolA &t th(p>0.05).

- 17 -



Sympathetic Parasympathetic

+80 mV7HA @ Z(ramp) A=5 7] ZEdFE 7ISsAH. ©

25 @e DAgelA B43stH0] umpz UEFEEHIE) T-

ZEAF77F EA= a7 (sympathetic) A7 A EZ 9L EA5HA] &

N

331 7} (parasympathetic) 417 A E 2 3},

- 18 -



#k

(50)

—B— Sympathetic
—— Parasympathetic

o o
N <

(4d/vd) juoxmn)

(54)

80

T T T

o o o o

© < N

(jd) ddueyede)

Sympathetic Parasympathetic

Test Potential (mV)

wK

K
o

E

el

-70 mVol Al +60 mV7}A]

ke
T

-80 mV=Z 113t

A (current-voltage relationship) ©] TF.

o

9/]

19’_
A2 e oM,

|

o

s

57

o] =X (pA/pF)

E

2ol 7F - § A THp>0.05).

p<0.005S w3t

T
T

**

- 19 -



32. azt F IR A XAA JA ALl % AR AA &

AAwAel 22 w7 F BuAZA AEY 2EAT NAEe adE
gelats] 91sh F WOl +10 mV test AT ol AT Abole] BF wE T

(+80 mV) A=2S. & ©o]F0{Z double-pulse protocol(ZLE 7B, inset)Z ZHF 7
FE Fdstdth. 28 7AE o8 7HA FF9 A=A =(GTS, PD, ¥
PD)E 7I8tS ol Algte] W& ZEHRFe WsE 715 Aol oy

ABAES] e B AR 2do] AR doju= A FUs)

e

[1

At dxFoz vhcte] o]&E4(voltage-dependent) &2 L4

£

2 o4

4

ity &R NE(norepinephrine)?] &3 % o] 7|23ttt oA A

ol
o

Hlo} o] QeI EE® A wAlol=E BE T FEE GTS(ginseng

total saponin)= =7 PD(protopanaxadiol)®} PT(prptopana-xatriol)2] < fraction

o7 s ¢ dtha¥ 1 #X). o]F 1% %9 PD0.3 mgmL)E 7}39S
[e3]

W Za AFode W37 A sldvm=4). I PTO.3 mg/mL)st

GTS(0.3 mg/mL)e] A% ZEAFE 247 38+2 %(n=22), 40+5 %(n=10) <]
Aste Ao 2 Yehyth Z7¢ NEQ A$ ZHHAFE 5313 %(n=20) <
Aste Aoz vetwth 27 7B A WA test A=l o3 AFEHF
WHStE Bt ZAEd7o steady-state(F, HNAZ7)7 2 wi7bA] Aee=

AlzFo] GTSSF PTo 9lal ZojRE A Ab(kinetic slowing)S 2 F JYe

An)

-

|

o] AL A &4 A (voltage-dependent inhibition; VDI)7} Hol= 53

v}

Z gt 4EA AthElmslie 5, 1990; Ikeda, 1991). ©]¢} 34 VDIC

v
il
[

N,

J Q1 prepulse facilitation &S #ZT = QA=d], o] +80

mvVe 7 B3I A4 9 ZHAF7E GTSS PTo| o8 AAZRE

- 20 -



o

3 HEe Adolth. AFelAN HoAREntel o] g diEF A5 7hE
T Fox F WA test AF(O)HollE A HA test A5 (@)Wl BIE] GTS
o} PTO] AA&A7F FE8HA A=A 18 8BollA HoAsntel o]
A gES AT AT Fotest AT Al YEUE ZEAFY A7) H
(Post/Pre; facilitation AxE)= FAGE%4 JAE YHelle HEFQA AHFA
2=22 NE9| AF 132029014 2.1£04m=2002 F7}stA. ©]9k frAls)
A GTSS PTol 98X % Z+zb 133013 1.3:0.1914 1.9£0.2(n=10)2}
6+0.1(n=22)2 F7I9S sttt o) de] Aa==25H GTSS PT ¢
g ZEAFY dAle FE GHY gEFHoE dojEds AT & AUSTh
M =Atel= PTO ogk Zf AR/ JAVE s= vl#Hs o YeElvds
2 #elsly] s PTS zHzb 0.03, 0.1, 03, 1 2 3 mgmLY %2 7}38}

ot 1" 9o 7+ PT w59 Ze A7e A A=7F et Ao PT

N

0.03, 0.1, 0.3, 1 ¥ 3 mg/mL F=ol|A Z}7} 1745, 3247, 41+8, 51+10, 53£8

%2 2% ARES AAeEe Aoz deyd

- 921 -
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-6
o 244
S
& 20
g 16—~
A ]
1.2
T T T T T T 1
0 100 200 300 400 500
Time (Sec)
B +80
+10 +10
-80 mV

nud

A(@) - F(0) F Wl +10 mV test Aol B3 SEZ(+80 mV)
A= 7hete] test A=l o3 E43lE = dEdRY A7) 2 oH
(post/pre) S UEFNATE B AZZ oA A =ALe] = GTS(0.3 mg/mL),
PT(0.3 mg/mL), PD(0.3 mg/mL)9} NE(10 kM) Fo AFo] gjEF A
7150l

- 929 .



___T:.“ {10}
‘; - | (12
.E —_— "-'H:?:-'n
— —
M B
: ] [ . i -
i= ——— wrs
— ——— e
= —
= i (4}
=104 —— A
— 2 Tty
N , ——— . S &;}"S"- ,
ME GiTs P FT
24+
[ basal
2.2 4 I 2gonist

2.0 1

1.8 4

1.6
1.4
Al
1.0 , , ,

NE GTS PD PT

Prepulse facilitation ratio

“

C AAArol 2o o7 Wk F IRIAA R AR £E. As

M =AFO] = GTS(0.3 mg/mL), PT(0.3 mg/mL), PD(0.3 mg/mL)%}
NE(10 pM)°ll & Z+=HF/ A 8°f B 7 AAbo]=of 9
Sl prepulse facilitation B]Z R QF o]J&A 9l BE A= Ht

s BEOAR UBRon, BE oo 245 49 A S,
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FAF7F YEIUA &+ Fugt AAAMEA PT(0.3 mg/mL), HETOZE
NE(10 EM)3} Oxotremorine M(OxoM; 100uM)<S Z+zh X 28t S A 5o
HVA Zs53d7/7F JAEE e BodFe didd AF7ISoo. 19
10B] UrERG wRe} o] = A AE o] wik AAAEe} Fugk A7
AZAA AMxAte]= PTAl 93t ZEHFO A A== 242 3849
%(n=22)%} 35+12 %(n=7)Z FTAASZE FYs Aol& Ho|A LUTHp>
0.05). WetA olgiol A RolFE ddo AFEL BF w7 A LA

SECFS

34. AA AL E0] 23 ZgE 22 ZE)A G protein?] T

ARG ZH g3t 2R/ 282 G proteind] sl wi7jEvha &
oEl & QuhHille, 2001). wWebd A wAlo]=o] o] ZHAFO o7}
G proteinol] 93] wINEHE=XE FQlstr] fEt TlEEHA %
(non-hydrolysis) GDP(guanosine diphosphate) +%=#]¢! GDPESQ2 mM)E A}
stAth olE S Wl & go] AlE el 7+ B9 Go subunit¥}

st GTPe A¥FS AAFo=Z W5t G proteino] FA3}E = AS

ol

ih

K

AAste], A2 O 2 G proteine WHE e EHES A9 F Jot
AdH A UthHolz &, 1986; Ikeda, 1991; Jeong 2 Wurster, 1997). 1% 11B

of yebdt ukel o] GDPESO] s uzF FIHHAIZAE A EoA A=

- 925 -



Alol= PT(0.3 mg/mL)$} thEFS NEU0 uM)ol] 23 ZgAF A7t &
7} 4148 %(n=22)°llA 1844 %(n=4)E, 5013 %m=9)N| X 7+7 %m=4)Z %
2343, AXNAH Fo] ZHAFY 7150 28 1A YEY Uk

AMmAfol 2o o3 24 A7 AAE WASE G proteine] o}

‘It
o

o

A

517 93] G protein®] subfamily] 3112 G2 Ao oxsitta &
71 pertussis toxin(PTX)S 500 ngmLe] &%=/} X3+d A oA 14~18A7F

o] ZA|:=Alo]= PT(0.3 mg/mL)2}t NE(10 uM)oll o3 ZHAF A ad=

jus)

m

PTX A=A o] oa ztzb 385 %m=4)°1* 242 %(n=4)(p<0.001), 50+13
%Bn=8)°1 A 3+2 %(m=8)(p<0.00NZ TAaFS A& 5 AUk ol Az
E2 HFo E o JAN=A|E PTY 93 ZEdR{ JAaHdE F2 PTX

DA Gy proteine 7l E YEldTt=E AS & 5 ok

35. 98 7R ZEAF oY m A= PTY FF
Wit FERAAE A ZAA ZEEE of¥ (subtype)ol] wE FA|mALo]
= PTYAlaHE #2135} w-conotoxin GVIA(w-CgTx) WA ZHE5=Z

91 N-3, nimodipine V174 L-8 Z#E29 L-Folth N-Bo] o}l t2 3

]o

(non-L/non-N)S FES AREste] gt & A =Ale]= PT(0.3 mg/mL)<]

.

FFES AR T. 1" 13Co| YERG uRel o] FIRAAA A A
w-CgTx U744 N-8 ZE5Z< 63+7 %n=8)Z YE}ISIL, nimodipine W17+
A L3 ZEE5EE 1624 %m=5), 282 YA < 20 %= non-L/non-N

HFoz yelgd WA wCgTx(l1 mM)C.E N-F ZgEEZE 2dA7]7]

- 26 -



A - 3o QAleAlol= PT &S lwatel, @] QAlAlol= PTe] &3}
% N3 2HER 24| Jdee A2 214 §Ud. 19 1349 Dol

Uehd whsh o] WAleAbolE PTO] ol@ N3 Z4AF oA AdE w

12

CgTx A XA 4246 %(n=22)°1* X & 28+4 %m=4HE AA| ZHAF
A 5 N3 Zsd{c A7 2AAS= vHlFo] 4 % ZEZE YESTH

Nimodipine W74 L-8 ZgS2d vX& IAM=Atol= PTY 93-S

ol

13}7] 913t dihydropyridine Z%5 = €/ Al(activator)Ql FPL64176(1 1M)
o &) o}F =gA YeldE L-¥ tail AFS A0 T A=A}
= PTY &35 FAsYGTh L-8 tail IF+= THLEES 80 mVE 3L
H +10 mve]l g8 AFE 20 ms 5 7S H 40 mvE 284
(deactivation)A| A SR THLE 13B). Tail A/ sampling rateS 20 kHz
2 3to] 7]1F3A AL, test AFF0] € ¥ 10 msol A &% L-F 25 AR

9] A7]E &3 FPL64176S 7138l L-8 ZEAFE AN &

2
X
b
>
>
9
[
a”l

TE 759 S W tail AF= 3624 %(m=7)9 7AE 3213}

oft
©
i)
)
>

SGth 3 w-CgTx¥F} nimodipineS $HA A X]ste] N- 3 L
FE sty ¢ T % PT Ao 93] non-L/non-N e ZHHAFZ 26
4 %mn=4) AASFITHTE 13D Box). o] AFEZRE HA|xAlol=

PTE= HVA ZgAFo BE ofgo) ks F= ACE Yyt

3.6. HVA ZgA 59 3 PT fractiond <3
M x=A] = PTY & fraction(Rg;, Rgz, Re, RHO| 7k ZREAZFA A
XA L HHGo A &4 3} E =(high-voltage activated, HVA) ZH¢ 7 7|

nXE JEFES AT ZEAFE F RO +10 mV test AT o] E



A= Abol9] st dE=(+80 mV) A=O. 2 o] F 0] double-pulse protocol
2 stk Al Ale]l= PTY o}y F RgWtol #FosiA ZEARFE
42+2 % (=5)9 A5\t Rg® AEdF o

NAE 3148 % m=3) At Aoz vehyth o4 Az AAwA

37. T-8 420 W@ AAmAol=e] 9%

M| =Ao]= GTS, PT, 28]31 o3 7}A] PT fraction(Rg:, Rgs, Re, Rf)©]

i

WAEHAZEA AEAgA e GG GgstE e T-3 ZdFF2 v
e JdFE 2AEET M EAlol= GTSSF PTY J3S ALy 98
9AQtS 80 mVE A3, -80 mVE-E +60 mV7ZFA] ramp A=(0.875
mV/ms)S 7Fste] 2 ARE 7ISeAo A xAel= GTSS 4% 1d
14A A Be vtel o] T-8 ZEdFde T3t 43S vxA &3k,
PT(0.1 mgmL)2] A% T-8 ZHEAFE A= A2 YEET A=

Abo]= PTE] Z} fraction T Rf, Re, Rgi, Rg: ZF 100uMS A A8t wf 2z}

N

P T-8 ZHEAFE 242 %(n=4), 212 %(n=4), 124 %(n=4), 546 %(n=5)

AAst At o)de] Ad#4E EW ZAx=Ale]= PT fraction Rg,7} T-3

o

ZEdFE JAsteH 7HE a3 2 Ae AT 5 U™}
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+80

Parasympathetic MPG neuron _g, mv_,i'_|_|+—w|_

1nA
20ms

75 7 1 Sympathetic
@ I Parasympathetic
< (20)
=
_g 50
2 @
=
= 12)
E 25
@
B
Bt
=
Q

0

PT NE

. AA=Abol= PTO o7 F+ WA ZH Fubild Aaxe] dgd

F AL A =Atel= PTO o ZFgAF A7 wiAld s 7
WAAE AES ZEAF JA &2l PT(0.3 mg/mL), NE(10 uM).
T W9 +10 mV test AFFALolo] gt ©E5(+80 mV) A& 7}
ated, A -5 test Ao Y3 EAASEH= ZEHAFY WHIlE H
. BE Ade ¥ o+ EFLAE UEeH, 25 k2 A

g A ).



A

Control (GTP) GDPBS (2 mM)
PT
PT
NE
— lina ~ Jina
20 ms 20 ms
B o 60 [—1 Control ©)
S 5+ BN GDPBS T
g ok
g 40 :
= ©
= 30 =
= 30-
= 20 @
=
S ol ‘ N
PT NE

. AAAe]l = PTO] o8 ZgdR{ AA AT G protein "i7H &
°l.  GTP(0.3 mM) ™4l GDPESQ2 mM)7} ¥3td HAITgHow
AZWE FFAIZ F 5% o] Ad th3, NE(10 M) B A=
AFo]= PT(0.3 mg/mL)o| 93+ ZFHF

£ W ZF(contro)¥} HIWSIHAT. BE A= HiT £ XFLAE

el e, A A A Fm.



Control

NE PT
Control Control
PTX (500 ng/mL)-treated cell
PT
Control Control
1 nA
ek 20 ms
- ]
_ 60 @
s\i 504 sksksk
a
.S 40 &)
B
% 30 [ Control
= B PTX
= 20
£
5 107 ®) “
04 : J’—_|
NE PT
. AM=Abo]= PTO| oSt A F SAEH o pertussis toxin 7+
A G protein(Gip) 2] &l 22l 500 ng/mLe] PTX7} E91d+= HiA|
ol A 14~18A1ZF st AAMEAN g7 dALHRE TF

3l o]E YFTy vlwstyth PT ¥ NEY ETrv Z+7F 03
mg/mL¥} 10 pMZ 34tk RE AdE

AL S=(m).

H +

q]/v\—tq Z3 oo Ay
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>

Current (nA)

Current inhibition (%)

B |
PT PT
©-CgTx GVIA
FPL64176
1nA
10 ms
T T T T
100 200 300
sec
100 D Box
50 ®
e (7
2 s
80+ s 40 - -
®) =
e g
60 Z 30 - “ )
E ——
= 20
40 =
£
10 1
201 5) 3
0
M S ~ 3
T T 1 o <
©-CgTX GVIA Nimodipine o g’}*\ ¥ S

7Y 13, AARAIE PIZF HVA 24AF ofgel e 9% TAge 80

mVE 1A AEolA, +10 mVE &&= A=S 71et9s o veRd
= ZEAF7Y =27 HWIkE 71239t A= HVA ZgEE0 fig
PT(03 mgmL)¢] aH}E #Fsl, N-F ZHEETE A2AR] w
-conotoxin  GVIA(i-CgTx; 10 Mol &gk A Wste] 7]Folth. Be
FPL64176 2.2 B431A17] L-8 25§29 PT03 mgmL)oll ©Jg %A
Al HEAQ] o] 2HF 7otk c' WA ZHEHF T NI L-F

o] A= HlE. DE uCeTx X A - F9} FPL6AIT6C.E A3}

B L8 24520 O AAEARIE PT £3E Wasit BE
At Bit + FFeAE ehiglon, 25 e 43 Al S,



B C 1 Sympathetic
60 7 60 - I Parasympathetic
~ (5) )
S ® g ] © -
= T e
é 40 _C 40 4
2 2 € &)
c =
z c
é 20 A é 20 4
] ]
S S
© (3) “ *)
e T
0 [ ]I 1 [ 1 0
Re Rf Rg, Rg, NE Rg, NE

a9 14. HVA Zg73Fo] vX & PT fraction®] 43k A9t B F W2l +10
mV test AFSAFolO] g EE=(+80 mV) A5 Tkste, A - &
A=l Yl BAsE e ZAedT wste] iR V1S3 Hd gk
Ct Rz % NEO| o3 w7 9 Fuzh AAAMEANA &3 HlaL
M= Alo]= PT fraction(Rf, Re, Rg;, Rg all 100 pM). Z& A=

B + FFOAE Yehhglon, 25 oke AF AH o).
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@)

-80mV

-30mV

+70mV B -100Iﬂ| I_

I o
S $

Current Inhibition (%)
N
o

~
Control

)

Control

T-8 ZFAFo| vXE AMxALe]E PT fractiond 3k A=

2
2

tS -100 mVE A3}, test AH=FS -30 mVE 200 ms =<

L=,

N
32

<= W UEhd= LVA 2Rl vA= A Abol= GTS$} PT

o 9% B

fr
=
<
>
N
1Y
)
4
=
=
N
rr
=g
el

3
2
z
w0
aa
&

all 100 tM)9] eSS FAL CE LVA ZgAF mlxe A=A
o]= PT9} PT fraction®] RS sk gt FE AY+= Y + #%

FoAm Yehlglon, 25 ke AW A ).
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A 4% 1 Z

o

-

o>
Hd
re

Fo] Q3 Agl&A  EH(physioactive component)> A4+ A}
(ginseng saponin) .2 M| ’=A}o] =(ginsenoside)2} T QA4to] HIE X QF
o] ekEo Hls| <Fgstd @yl “gar, v H AR 39 (anticancer; Zhu 5,
1995; Lee 5, 1996), ¥ 313t (antihypertension; Chen 5, 1984), I A
(antiplatelet; Teng 5, 1989), &%= (antidiabetes; Yokozawa 5, 1991), I ~E
2l Z(antistress), t71s MA, StEEe 4 SFAE A S A
£S5 Uedle 2o 2 BuHdth

B AZE £ Fo HnAAAE Aste FEUAAE A XA A

Zol] FIHAAFAEL AEAAAANA LA g 719l ganglion capsule U
of w7t @ Buzt AAAETE 2% F3e YhDail, 1992; Keast, 1999).

Hepn v AFAEE BeE AhdAt A6 olgn A Axsel

M
2
2o
g
lly
o
AN
o
ol
2
-
it
ot
o
32

th(Zhu 5, 1995). E4), w7 A7 A
Zo] ANAAGEAFHZ o) FAo #AS= &R tyrosine hydroxy-

lase(TH) E£A1E W9 3}8H4 (immunohistochemical) 3 Y (staining) &2  &+<13}
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N
()
(o))
(]
x
i
)
A
0
o
M
=
it
jus}
=
%
~
8
=)
o
O
o
\O
N>
2
X,
re
>
o)
-3
>

<
T
WA A EF (8243 pF, n=50)°] F A7 M ETL(47+3

flo

(capacitance)
pF, n=54)°] W3] A YERRI(LY 5A), ol< °lv] K1 E© AR} I
3tYth(Zhu 5, 1995; Karhula &, 1993). 4 H {9 7S Axe =7
S Wgste Ax AVEFeE BAPT AS@EA/pP), ol T WA

O AF9 U (current density)’} Hth I8 5B YERH uie} o] =&
29 (-10 mV o]/l Al /] 8} = =(high-voltage activated, HVA) 53 F/F=

o A REe F AlET ol 723 Aol HolA &} TH(p>0.05).

MPG M| X0 E£x]3l= HVA ZHAFe A4 59 Ae BE JAM AL
ol=EE 7HA UeE FEEQ GTSH 93] FxoEHo =z JA|EHUL. o]

3t A Alol =0l 9t ZEAFe JAEFH+= adrenal chromaffin Al
oA HuE A3 XA (Choi 5, 2001; Kim T, 1998; Nah, 1994).

GTSE PDS} PTY 5 AMEA}O|E fractiono & B 4 Y= f o=
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PTOl oJsiMwt ZgdF77F A= Zed7E 2dst= A2 =20]
PTI| 2 A= & F AT olHd WAleAitol=s w3k AAGAE

o Fazk AGAFEA o] HISZE A A8t Ao R g AT WA mALo]
= PTE t© EgAASH  Rg, Re, Rgs, Rf, Re, Rhy 59 fractions 9&
T e H =AY &2 dedRFdd vA= a37F 4 fraction®] T
o wa} ztolrt ULl EiETtHNah 5, 1995, Kim 5, 1998; Choi 5,
2001). & Eo°] Nah 5(1995)2 ZAxAto]l=  Rfgro]  f95}H)

DRG(Dorsal Root Ganglion) A7AA X9 9t )& AFHARFE & 9

|

P
Eﬂ

z2xdoz ARt HuaPth 1 B AFdHE RAwmAlE PT
obg Fo| RgTol HolahAl WA 9E2H ZHAFE dAsE AL &

Ak A

X
il
[-'Uf.
>
oY,
i)
=
b
2
>
L
o
Y
Hu

+ NE, Ach, adenosine, 18] 3l VIPol| ¢

& oAEdr dEA JthZhu 5 1995; Zhu 2 Yakel, 1997; Park 5

Gel A lThHille, 1994). L2 @A WA Aol =7} HeHow g

S 5849 EAE BAFEAA obHAA FAHA gx gk 17
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£ A 7to] thzTol Bla) ZojxE & b(kinetic slowing)S & 4 dEH], o]
A& Aol Hol: NEY 22 AAHGEA o) F&A7F &43ts

o] Yely= A oJ=A oA (voltage-dependent inhibition)”} H.ol& 53

ofy
p‘L
kg

2t 48 A UHElmslie 5, 1990; Ikeda, 1991). ©]$} A &= T} &

574 2 prepulse facilitation @7¢S #FT = AA=d, ol A E&=F

Aol o3 GTSF PTel &g ZFdF A7 & s ddoltt o]
s A A xAbol=d o AFEHFY AV HHY Aol
H3E Nah 5(1994)9] Ao} X3ty E4), AA=Alo|=e] F&A47}

EA5te] BAsETY A o] F8A0] AZH G proteind] B4 3} o]
of e} weha B ATolA MAlmAlol=d] )@ FIWAAE AE 2

AR AA7t BEFR APH 48] 4T AANA bW 5§

=2

AZA o] 9)& heterotrimeric G proteins Wi/ Z 3t oJy=XE &2l
stAt. olE Hdl 7FgEsIE A &= (non-hydrolysis) GDP %3] GDP
S2 mM)E AR&3te] Mxue] AT YN o2 GDPESt Al XUl
71 A9 Gast GRE ©]Fo1Z G protein®] o subunit®} ZAF3te] GTP
o] A3 AAHOoZ A)sta, ZAHOZ G proteinS Wi/ E = o]

EZo 2AS J9d 4 Yo IHA AckHolz 5, 1986; Ikeda, 1991;

Jeong 2 Wurster, 1997). & AF]X %  GDPESY AZEW FAd] o5
Aeatol = ot ZgdFIE oAl AAES FAst ATt oj# e A

mFo] ZAiAtol o o3 FZAFHE HIM BaEre 2PL
T2 AAHNGEAY @371 A 2 5849 AZE G proteino] 3 wj|=
o & 4 Stk
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4

drd o2 AAAGED Y3 ZdEdFY A= G proeind U] 7}HA]
ol+E (Gs, Gio, Gyi1, 12131 G)E 5 PTXOl W73 Gyoolu PTXOl 7+
32 &e Gyuol g8 FE wilddy d#A Jthdkeda 5, 1999; Hille,
1992; Jeong 5, 1999). 3+ Nah 5(1994)2 trigeminal ganglion A XEojA 2
AlmAtel= GTSl o3 2579 A7F PTX WA G proteindl] ]3]
vtk Bask wlzb ok T3 JAAM:Ale]= PTY ofd I RfV}
DRG(Dorsal Root Ganglion)o| 4] P U7 G proteine Wil E Sl A
AFE AT geA JYThNah 5, 1995). o]} FASHAl B Ao A]
AA=Abo] = PTol| 93t ZgHF AAZF PTX WA G protein?] Gip
E WHE St dojdte AMES st PTX W78 Geol 3l 4

Us A5 AQogEZ oA A4S Gaol G subunit FolA GEU}

O]
g2 s ALEA(second messenger)S TR &3 AFH AEEF 2o 1A
4

bt

o g dojdthar & Athlkeda, 1996; Hetlitze 5, 1996; Ikeda

2 Dunlap, 1999). welx ZA|Alo]=o] 93 ZHAF A=

=

o] }ko]
M E 2o = 3l% (membrane-delimited) W7} S0 2 do] & Aoz AztH
oh Wkl FEAe] A4 Al WMEEE GV osubunits: $FAA ZEEE|
283512 E3tes sl @A, o & £9] transducin®] Y} G protein receptor
kinaseE FLFANZES w ZEAFY A7 doAtA Fevkd Givr 2
FEZ &3t AHZHA EA47F 2 Aold(Jeong 5, 1999).
AstelEd ZesEc gHeHd 2 AEgsty 54 @E N, L,
P-, Q-, R- & T-§ 5o =2 Y} Xth(Fisher ¥ Bourque, 1995; Foehring %

Armstrong, 1996; Hille, 2001). 7} o}@ 59| £X= XA vt B2 3ol7} 9l
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i)
oty
of
fru

[rt
of
rot
N
iy
o
o
flo
2
ke
=
e
)Y

of oj& &AslsEv= HE ol F
2ES XHEstd Y W3 # A FEAES 2-™sie 8% 985
T3t (Clapham, 1995; Tkeda 2 Dunlap, 1999). Choi 5(2001)2 adrenal

chromaffin A 304 A xAlo]= GTS7} w-CgTx GVIA W74 N-8 Z¢
&

2
i

FE A8 Busgth B dFAME w-CgTx GVIA 74 N-3

i)
o
29

F7h QA=A S PTO] o3 HAY gEHOE A HTE AL

gttt o3 N-d 27T AdAe dHHez AFTolA o] A

ol

AEE49 e (seccretion} AE T4 T2 2HT F+ UL Aot
(Hille, 2001; Ikeda &, 1999). L-8 Zg&5=Z A =HHY &4
(voltage-dependent) .2 A, A%, ¥, Wut FolA WAHARAL, 77
o}go] ZEAYS=d alC, alF, alD © alS Fo] EAST L-3 ZAHEE
29 e Aoy HEZE, AT TolA gEFd g3 == ZdEol

29 fYo2 245% dosE dFeel 5

a

(Darrell 2 Nikolai, 2002),
YERA e AAAGEZ BEulox Aosle AoE HE A thBell

S, 2001). & AFolAM AREH F EWABAE ARox: AA G

HE9} o] nimodipine Y174 L-8 ZHEF5Z27F 15 % A= EAe A=
B E Yt (Park 5, 2001; Zhu 5, 1995). IRtAo 2 ANBMEE oY o}F
o ZHEFRES LHsY] Wil FPL 6417614 BayK 86449} 2 L-3
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DEAR BAAAES Tolste] L4 BHARY wil AFE =2 245
AR F ARAYELY EnE FAsE Wel 2eiA Uthleong 2

Wurster, 1997; Park ‘5, 2001; Bell 5, 2001). Choi 5(2001)¢] Ei1gt n}e}

Fs

©

FEHARE AEAME JAA A ol=E PT7F L-B Z5AF A 9

Asttte AMEES AT dH AP A nimodipine ©]Y w-CgTx

GVIA®| o= A A &= non-Linon-N & ZFAF7F ¢F 20 % A=

AT, FEHAEE A= PIQ-Fol 719 glval HuHlry] Wi
K

Ztzlm ko2 R-

=

o]
L

o
)
k1
FU
oBL
e
poy
o
fru
ox
d

Al SNX-4825 A}
837t RT-PCR #2 WO R-¥F ZHEEZE IAYs= alE FHAY
EAARE FQefor & Aotk IA=Atel =5 71832 W non-L/non-N
¥ ZedF

Hog AgdS & & UdT

=
MEoA Aegt uviel o] e whHQte A A 8E =(low-voltage

T AR o ZH AN =Alo|l=ETt B VA ZF5 20 HlAd

activated, LVA) T-8 ZFE5Zc <Y =AY (resting membrane potential) <]
60 ~ -50 mVollA dEl= AdFoE 92 AXE JHALR Y. o]y
T-d 2529 8% ABAEAM X et v A& pacemaker 2 A]

= (hyperpolarization) ¥ UE}FJ= rebound burst firing, =} ete] Z-&
(oscillation), %S JX= 717 &5 HU(ow threshold spikes)e] A Sol

L3 9

n&

S 3tv ASE HuEUtH(Huguenard 5, 1994; Huguenard,

of

1996; Perez-Reyes 5, 1998). A1 AAGEA o T-8 ZFAF7E A=
OH Ao FEA 7154 Wt

5, 2001). FA=Ale]l= PTO Z} o}ldE F RgWho] F93HAl alH o} & o]

il

o
29 4 Uthlee %, 2002; Kim



2t B3 H(Lee 5, 2002) T-8 Z

[

= &7

o]a1, A3 o

A

]

o
W

ai

e

X
ﬁo

B

;OL

A

Al

T

J))
B

it
-

J

o)
)

;o.._
N
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As5s¥ dE

s

= L
=

3 29, QAeAE GTS, PT7}

©
1=

e o

Aol JEUA

s

9l

o Atolel] FAAHOo =

-
X

Bzt A73A

Al=Ato]l= GTSS PTOl| 9]

7

I G protein©]

EEREE

E
T

GDPES 2]

B

—_
o

0
o

protein % pertussis toxin ]

44

L
.

AA N-¥ ZesE

52 o

=~
o

dy
36 %, 18]3l non-L/non-N & ZHFE=Z

Atk 52 HRAGel M 243 = T-3

g

Al=Atol= PTO] 9

2

2,

o

27 % GA =

T
.

-
.

%, L-3¥ THEE5Z

A

A

54 %

11.9 %, Rgz‘lL_:‘

S
T

Aol &7 fl91aL, Re

L
L

fraction = Rf¢} Re

skt

Al

(2]
oa

AA Abo]

Fol Al

J|

A Gy, proteing w7 =

N

g 7

Tl T

- 43 -



. Bell DC, Butcher AJ, Berrow NS, Page KM, Brust PF, Nesterova A,
Stauderman KA, Seabrook GR, Nurnberg B, Dolphin AC. Biophysical
properties, pharmacology, and modulation of human, neuronal L-type
alpha-1D, Ca, 1.3 voltage-dependent calcium currents. | Neurophysiol.
85(2): 816-827, 2001

. Catterall WA. Structure and function of voltage-gated ion channels.
Annu Rev Biochem. 64: 493-531, 1995

Choi S, Rho SH, Jung SY, Kim SC, Park CS, Nah SY. A novel
activation of Ca”'-activated CI' channel in Xenopus oocytes by Ginseng
saponins: evidence for the involvement of phospholipase C and
intracellular Ca®* mobilization. Br J Pharmacol. 132(3): 641-648, 2001

. Choi S, Jung SY, Kim CH, Kim HS, Rhim HW, Kim SC, Nah SY.
Effects of ginsenosides on voltage-dependent Ca®* channel subtypes in
bovine chromaffin cells. | Ethnopharmacol. 74(1): 75-81, 2001

. Clapham DE. Intracellular calcium. Replenishing the stores. Nature.
375(6533): 634-635, 1995

. Chen X, Gillis CN, Moalli R. Vascular effects of ginsenosides in vitro.
Br ] Pharmacol. 82(2): 485-491, 1984

. Dail WG, Evan AP, Eason HR. The major ganglion in the pelvic
plexus of the male rat: a histochemical and ultrastructural study. Cell

Tissue Res 159: 49-62, 1975

- 44 -



10.

11.

12.

13.

14.

15.

Dail WG. Autonomic innervation of male reproductive genitalia. In: The
autonomic nervous system. Nervous control of the urogenital system, edited
by Maggi CA. London: Harwood Academic, 1992, vol. 2, p. 69-101
Darrell RA, Nikolai MS. Structure-function diversity of human L-type
Ca channel: Perspectives for new pharmacological targets. | Pharm Exp
Thera. 300(3): 724-728, 2002
DeGroat WC, Booth AM. Neural control of penile erection. In:
Nervous control of the urogenital system, edited by Maggi CA, London,
Harwood Academic, 1993a, 467-524
Elmslie KS, Zhou W, Jones SW. LHRH and GIP¥S modify calcium
current activation in bullfrog sympathetic neurons. Neuron 5: 75-80, 1990
Fisher TE, Bourque CW. Voltate-gated calcium currents in the
magnocellular neurosecretory cells of the rat supraoptic nucleus. |
Physiol 486: 571-580, 1995
Foehring RC, Armstrong WE. Pharmacological dissection of
high-voltage activated Ca®* current types in acutely dissociated rat
supraoptic magnocellular neurons. | Neurophysiol 76: 977-983, 1996
Hamil OP, Marty A, Neher E, Sakmann B, Sigworth F]. Improved
patch clamp technique for high-resolution current recording from
cells and cell-free membrane patches. Pfliigers Arch 391: 85-100, 1981
Herlitze S, Garcia DE, Mackie K, Hille B, Scheuer T, Catterall WA.
Modulation of Ca®* channels by G-protein beta gamma subunits.

Nature. 380(6571): 258-262, 1996

- 45 -



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hille BM. Modulation of ion-channel function by G-protein-coupled
receptors. Trends Neurosci 17: 531-536, 1994

Hille B. G protein-coupled mechanisms and nervous signaling.
Neuron 9(2): 187-195, 1992

Hille B. Voltage-gated Ca”" channels. In: Ion channels of excitable
membranes. Sinauer Associates, 2001, 3rd, 95-128

Holz GG, Rane SG, Dunlap K: GTP-binding proteins mediate
transmitter inhibition of voltage-dependent calcium channels. Nature
319: 670-672, 1986

Huguenard JR, Prince DA. Intrathalamic rhythmicity studied in vitro:
nominal T currents modulation causes robust anti-oscillatory effects. |
Neurosci 14: 5485-5502, 1994

Huguenard JR. Low-threshold calcium currents in central nervous
system neurons. Annu Rev Physiol 58: 329-348, 1996

Ikeda SR. Double-pulse calcium channel current facilitation in adult
rat sympathetic neurones. |. Physiol 439: 181-214, 1991

Ikeda SR. Voltage-dependent modulation of N-type calcium channels
by G-protein [¥ subunits. Nature 380: 255-258, 1996

Ikeda SR, Dunlap K. Voltage-dependent modulation of N-type
calcium channels: role of G protein subunits. Adv Second Messenger
Phosphoprotein Res 33: 131-151, 1999

Jeong SW, Wurster RD. Muscarinic receptor activation modulates
calcium channels in rat intracardiac neurons via a PTX- and

voltage-sensitive pathway. | Neurophysiol 78: 1476-1490, 1997

- 46 -



26.

27.

28.

29.

30.

31.

32.

Jeong SW, lkeda SR. G protein alpha subunit G alpha z couples
neurotransmitter receptors to ion channels in sympathetic neurons.
Neuron 21(5): 1201-1212, 1998

Jeong SW, Ikeda SR, Wurster RD. Activation of various G-protein
coupled receptors modulates Ca”* channel currents via PTX-sensitive
and voltage-dependent pathways in rat intracardiac neurons. | Auton
Nerv Syst 76(1): 68-74, 1999

Kaku T, Miyata T, Uruno T, Sako I, Kinoshita A.
Chemico-pharmacological studies on saponins of Panax ginseng C. A.
Meyer. 1. Chemical part. Arzneimittelforschung 25(3): 343-347, 1975
Karhula T, Soinila S, Happola  O. Comparison of
immunohistochemical localization of [Met’] enkephalin-Arg®-Gly’-Leu®,
vasoactive intestinal polypeptide and tyrosine hydroxylase in the
major pelvic ganglion of the rat. Neuroscience 54: 253-261, 1993

Keast JR, de Groat WC. Immunohistochemical characterization of
pelvic neurons which project to the bladder, colon, or penis in rats. |
Comp Neurol 288: 387-400, 1989

Keast JR. Patterns of co-existence of peptides and differences of
nerve  fibre  types  associated @~ with = noradrenergic  and
non-noradrenergic (putative cholinergic) neurons in the major pelvic
ganglion of the male rat. Cell Tissue Res 266: 405-415, 1991

Keast JR. Unusual autonomic ganglia: connections, chemistry, and

plasticity of pelvic ganglia. Int Rev Cytol 193: 1-69, 1999

- 47 -



33.

34.

35.

36.

37.

38.

39.

Kim D, Song I, Keum S, Lee T, Jeong MJ], Kim SS, Mcenery MW,
Shin HS. Lack of the burst firing of thalamocortical relay neurons
and resistance to absence seizures in mice lacking 191G T-type Ca’’
channels. Neuron 31: 35-45, 2001

Kim HS, Lee JH, Goo YS, Nah SY. Effects of ginsenosides on Cax+
channels and membrane capacitance in rat adrenal chromaffin cells.
Brain Res Bull 46(3): 245-251, 1998

Langworthy OR. Innervation of the pelvic organs of the rat. Investig
Urol 2, 491-511, 1965

Lee JH, Kim EG, Park BG, Kim KH, Cha SK, Kong ID, Lee JW,
Jeong SW. Identification of T-type alH Ca®* channels (Ca,3.2) in
major pelvic ganglion neurons. | Neurophysiol 87: 2844-2850, 2002

Lee JH, Daud AN, Cribbs LL, Lacerda AE, Pereverzev A, Klockner
U, Schneider T, Perez-Reyes E. Cloning and expression of a nevel
member of the low voltage-activated T-type calcium channel family. |
Neuroscience 19(6): 1912-1921, 1999

Lee YN, Lee HY, Chung HY, Kim SI, Lee SK, Park BC, Kim KW. In
vitro induction of differentiation by ginsenoides in F9 teratocarcinoma
cells. Eur | Cancer 32A(8): 1420-1428, 1996

Mills TM, Wiedmeier VT, Stopper VS. Androgen maintenance of

erectile function in the rat penis. Biol Reprod 46: 342-348, 1992

- 48 -



40.

41.

42.

43.

44,

45.

46.

Nah SY, McCleskey EW. Ginseng root extract inhibits calcium
channels in rat sensory neurons through a similar path, but different
receptor, as U-type opioids. | Ethnopharmacol 42(1): 45-51, 1994

Nah SY, Park HJ, McCleskey EW. A trace component of ginseng that
inhibits Ca>" channels through a pertussis toxin-sensitive G protein.
Proc Natl Acad Sci USA. 92(19): 8739-8743, 1995

Nah SY. Ginseng; Recent advances and trends. K | Ginseng Sci 21(1):
1-12, 1997

Park KS, Jeong SW, Cha SK, Lee BS, Kong ID, Ikeda SR, Lee JW.
Modulation of N-type Ca” currents by Aj-adenosine receptor
activation in male rat pelvic ganglion neurons. | Pharmacol Exp Ther
299(2): 501-508, 2001

Perez-Reyes E, Lee JH, Cribbs LL. Molecular characterization of two
members of the T-type calcium channel family. Ann N Y Acad Sci
868: 131-143, 1999

Perez-Reyes E. Molecular characterization of a novel family of low
voltage-activated, T-type, calcium channels. | Bioenerg Biomembr. 30(4):
313-318. 1998

Takahashi E, Murata Y, Oki T, Miyamoto N, Mori Y, Takada N,
Wanifuchi H, Wanifuchi N, Yagami K, Niidome T, Tanaka I,
Katayama K. Isolation and functional characterization of the
5-upstream region of mouse P/Q-type Ca’* channel 01A subunit

gene. Biochem Biophys Res Commun 260: 54-59, 1999

- 49 -



47.

48.

49.

50.

51.

52.

53.

Teng CM, Kuo SC, Ko FN, Lee JC, Lee LG, Chen SC, Huang TF.
Antiplatelet actions of panaxynol and ginsenosides isolated from
ginseng. Biochim Biophys Acta 990(3): 315-320, 1989

Yokozawa T, Fujitsuka N, Yasui T, Oura H. Effects of
ginsenoside-Rb, on adenine nucleotide content of rat hepatic tissue. |
Pharm Pharmacol 43(4): 290-291, 1991

Zhang JF, Randall AD, Ellinor PT, Horne WA, Sather WA, Tanabe T,
Schwarz TL, Tsien RW. Distinctive pharmacology and kinetics of
cloned neuronal Ca® channels and their possible counterparts in
mammalian CNS neurons. Neuropharmacol 32(11): 1075-1088, 1993

Zhu Y, Zboran EL, lkeda SR. Phenotype-specific expression of T-type
calcium channels in neurons of the major pelvic ganglion of the
adult male rat. | Physiol 489(2): 363-375, 1995

Zhu JH, Takeshita T, Kitagawa I, Morimoto K. Suppression of the
formation of sister chromatid exchanges by low concentrations of
ginsenoside Rh; in human blood lymphocytes. Cancer Res 55(6):
1221-1223, 1995

Zhu JH, Yakel JR. Modulation of Ca®" currents by various G
protein-coupled receptors in sympathetic neurons of male rat pelvic
ganglia. | Neurophysiol 78(2): 780-789, 1997

Zoubek ], Somogyi GT, De Groat WC. A comparison of inhibitory
effects of neuropeptide Y on rat urinary bladder, urethra, and vas

deferens. Am ] Physiol 265(3): 537-43, 1993

- 50 -



Abstract

Modulation of Calcium Channels by Gensenosides in Pelvic Ganglion

Neurons Innervating the Urogenital System

Lee, Young Soo

Dept. of Medicine

The Graduate School Yonsei University

(Directed by Professor jung woo Lee)

Pelvic ganglia, the autonomic ganglia innervating various urogenital
organs including the urinary bladder, the prostate, and the penis, play
physiologically important roles in autonomic reflexes such as micturition
and penile erection. Rat major pelvic ganglia (MPG) are unique among
autonomic ganglia in that a single ganglion capsule contains two
functionally distinct populations, sympathetic and parasympathetic
neurons. The purposes of the present study were 1) to investigate
whether ginseng saponin (ginsenoside) was capable of modulating Ca’*
currents in male rat MPG neurons and 11) to identify cellular and

molecular mechanisms underlying modulation of Ca®* currents. In this
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regard, Ca”" currents were measured using the whole-cell variant of the
patch clamp technique in enzymatically dissociated MPG neurons. Bath
application of ginseng total saponin (GTS, 0.3 mg/mlL) significantly
inhibited high-voltage activated (HVA) Ca’* currents (43+5 %, n=10). Of
the two main GTS fractions, protopanaxatriol (PT, 0.3 mg/mL) inhibited
HVA Ca® currents (38+2 %, n=22), whereas protopanaxadiol (PD, 0.3
mg/mL) exerted negligible effects (n=12). There was no significant
difference in the effects of PT on HVA Ca’ currents between
sympathetic and parasympathetic MPG neurons. The PT-induced Ca*
current inhibition was concentration- and voltage-dependent. Modulation
of Ca’* currents by PT was almost completely abolished when MPG
neurons were dialyzed with GDPES (2mM, n=5) or pretreated overnight
with pertussis toxin (PTX) (500 ng/mL, n=4). Compared with controls,
the inhibitory effects of PT on Ca’* currents were decreased after
application of i-conotoxin GVIA (i-CgTx GVIA), a selective N-type Ca”'
channel blocker (from 42t6 to 28+4 %, n=4). Furthermore, PT inhibited
FPL64176-induced L-type tail currents (405 %, n=7) as well as
nimodipine and uw-CgTxGVIA-insensitive non-L/non-N type currents
(264 %, n=4). In sympathetic MPG neurons, PT also inhibited T-type
Ca’" currents activated at low-voltages (49+5 %, n=5). Among various
fractions of the PT, the Rg», was an active component in modulating

both HVA and T-type Ca”" currents. Taken together these data suggest
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that ginsenosides modulate Ca®* currents via voltage-dependent and
PTX-sensitive pathways in male rat MPG neurons. These results may
provide fundamental basis for understanding action mechanisms of

ginsenosides at cellular and molecular levels.

Key words : Major Pelvic Ganglia, Ginsenoside, Protopanaxatriol,

Protopanaxadiol, Ginseng, GTS, Ca*" currents
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