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The Effects of Ginsenoside Rg; as a Potent Inhibitor of Ca?* Channels and
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Abstract : Alternative medicines such as herbal products are increasingly being used for preventive and therapeutic pur-
poses. Ginseng is the best known and most popular herbal medicine used worldwide. In spite of some beneficial effects of
ginseng on the nervous system, little scientific evidence shows at the cellular level. In the present study, I have examined
the direct modulation of ginseng total saponins and individual ginsenosides on the activation of Ca®* channels and
NMDA-gated channels in cultured rat dorsal root ganglion (DRG) and hippocampal neurons, respectively. In DRG neu-
rons, application of ginseng total saponins suppressed high-voltage-activated Ca®* channel currents and ginsenoside Rg,,
among the 11 ginsenosides tested, produced the strongest inhibition on Ca®* channel currents. Occlusion experiments
using selective Ca®* channel blockers revealed that ginsenoside Rg, could modulate L-, N-, and P/Q-type currents. In
addition, ginsenoside Rg, also proved to be an active component of ginseng actions on NMDA receptors in cultured hip-
pocampal neurons. Application of ginsenoside Rg; suppressed NMDA-induced [CaZ‘L]i increase and -gated channels using
fura-2-based digital imaging and patch-clamp techniques, respectively. These results suggest that the modulation of Ca*
channels and NMDA receptors by ginsenoside Rg, could be part of the pharmacological basis of ginseng actions in the
peripheral and central nervous systems.

Key words : Ginseng total saponins, ginsenoside Rg,, antinociception, patch-clamp, intracellular Ca®*, neurotoxicity, sen-
sory neurons, hippocampal neurons
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1. 8=

Ginseng total saponins$} 1152} ZA|xAlol= d&S §

oAk ALR R E] A Z@tch. Ginseng total saponinse Al
F9] galol] 4H =Hgon 1159 7 AMxAlel= AEEE
& 2T (100 mM)E 100% DMSOe| =<1 ¥ HF 552
M E9) golol] Zoia) FElo] 28] AMEel M= HlEe]
aole) DMSO A% BEE 01%2 YA 9/ Stk N-
Methyl-D-aspartate NMDAYe #AFEHZ Z8=e e oF
EAY A2" g o]f3te ) 4~5EulTh 1027 AlEol A
stk AEuekel] o]4d RE AEAEE Gibeo(Grand
Island, NY, USA)lA F4=2122 NMDA, glycine, D(-)-2-
amino-5 phosphonopentanoic acid (D-APV), nifedipine=
Tocris (Ellisville, MO, USA)Z%¥|, w-conotoxin-GVIA (0-
CgTx-GVIA)® w-agatoxin-IVA (w-Aga-IVA)= Alomone
Labs (Jerusalem, IsraeDZ3E zHzh 7Y=L 2 9 BE
A oFES Sigma Chemical (St. Louis, MO, USA)Z 7]
TRk

2. DRG cell preparation

Z2ko] 100~150 g A= =& Sprague-Dawleys] HFollA
AZz2 AH&HA 145mM NaCl, 5mM KCl, 10mM
HEPES, 10mM glucose 232} Ca?*, Mg**-free HEPES
=gol ol Yeth AHEY HFe woz et T A
Azl Q@3 2 HAZH 3ol Y& dorsal root ganglionS
stk 2a9 gangliaS 37°C &304 0.15% colla-
genase® 158, 0.125% trypsin® = 5% Ft & A F
10% fetal bovine serum, 1mM sodium pyruvate, 2mM
L-glutamine, 100 U/ml penicillin, 0.1 mg/ml streptomycins
Z35l= DMEM sikeiol|A] fire-polished Pasteur pipette
2 gangliaol 4158l DRG & MEZES Bt o &
Bal" AETE 35mm culture dish Stell 2] F¥I3) &
poly-Llysine #2]® AMEH o 1~2x10° cells/dish7} =]
A wleFstsith. 37°C, 95% humidity/5% CO, atmosphere
o] wjekr)olA] wjok® DRG AlEe Ea88 T 1~2Y <
electrophysiological recordings 43§ 3itt.

3. Hippocampal cell preparation

U AMEZE S 198 (P19 Sprague-DawleyAl &
FHollA BEel=n 2 A4 goRs o 2t EEld
hippocampii= 0.25% trypsin 42 1587+ 37°C &-2x0
A §2A42) % firepolished Pasteur pipetteS ©|-83+ 7]
A zzroz vl dAAER BTt o|FA EH )
o £E5S  05mM  L-glutamine, 25uM glutamate,
25uM 2-mercaptoethanol, 100 U/ml penicillin, 100 ug/ml
streptomycing E3H81= neurobasal/B27 ¥t X Hit=
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4. Electrophysiological recordings

DRG A|3E)4] high-voltage-activated Ca?* channels 7]
£ 9%t whole-cell patch-clamp recordingsoll= standard
technique?VE o] &3] =3tk 24 MQ A3 3ol v
A #FEHdFE AdFe AEY 892 120mM CsCl,
10mM HEPES, 2mM MgCl, 10mM EGTA, 5mM
ATP-Mg, 03mM GTP-Tris, 14 mM Tris-creatine phos-
phate, 50 U/ml creatine phosphokinase® % A& I
pHE CsOHZ 727} HA 3tk 7158 Axy &4
150mM TEA-Cl, 2mM BaCl,, 1mM MgCl,, 10mM
HEPES, 10mM glucose® +Ad=o] 93 pHE TEA-OH
2 742 9&v}. High-voltage-activated Ca’?* channel
currents ¥ AYL -80mV oA F2]A171 F -20mV
78R At AFE u] 15%0hch 200 msec F¢F Fo] Ca?t
channele ¥2lAl & ¥, 2 AES Tl 2= Bt AFH
of th3t k2 AHE =3 RE HolHE meantS.EM.
o2 Jepiich

s} A7 EollAe] NMDA -84 wli7)] o] 2aide] =4
& perforated patch-clamp HH%& A28t Whole-
cell patch-clamp recording® A9 A3 3~4MQ ©]3L
120mM  potassium gluconate, 20mM NaCl, 2mM
MgCl, 10mM HEPES (oHE 742 NaOH= 2d) 24
o] AEU oz A}, T} mlEF] o] AlEY &
Ag 97] Hell DMSO| =<1 250 pg/ml nystains A=
Eol ma] 20¢] whole-cell mode A Xu] H7E B
AEe M)A FEE BEA Ak NMDA 584 vyl o)A
g A8 MEY fdoZE 150mM NaCl, 5mM KCl,
2mM CaCl,, 10mM HEPES, 10mM glucose, 1uM
glycine® 2 FAEo] 13 pHE NaOHZ 742 233ch
NMDA &4 w7} ol2ade -60mV ZdollA NMDA
AGE (107D S35 duk B2)lF Mg?t o2 FojA]
£ Al eg Mg?tfree Al ZEE §qol|r] SA AT

o]# 3§t high-voltage-activated Ca’* channels ¥ NMDA
S84 w7l channelsE $§ AFEL EPCO amplifier
(HEKA, Germany)?l] ¢&j3le] 71Z¥€ & Pulse/Pulsefit soft-
ware (HEKA, Germany) % Graphpad Prism software
(Graphpad Software Inc, USA)l sl = AxE #43}
At

&

2 US|

5. Intracellular Ca®* imaging

A Ca?t & ((Ca%1)) WsE 3H3e oz
#5324 Ca?"indicatord) fura-22] acetoxymethyl-ester form
ol fura-2/AM (Molecular probes, OR, USAYZ AR-3}ith.
I A3 o s vk M ¥EE serum-free WSO 2
W A2 £ 5uM fura2/AM3} 0.001% Pluronic F-127%
Esh= HEPES €65-890llA 24 40~60% &< A
2)3th. HEPES -89 2492 o3 2th: 150 mM
NaCl, 5mM KCl, 1mM MgCl, 2mM CaCl, 10mM
HEPES, 10mM glucose (pH 7.4). 2 § T XS 3}
# HEPES ¢80z Ao & Ay Ca* 5= 544
A3l &2E=rt Al EE xenon arc lampol] 2j3ke] ¥
o] 2RI fura-Z/AMOE FHHE Ca¥* 5% SHde
3407} 380nm (by computer-controlled filter wheel, Sut-
ter Instruments, USA)2] excitation wavelengths®} 510 nm
| emission wavelengthZ ©]&3lic). diolele v 2zt
ol Y =ZAlololl= ¥l B29] MEIE 2822 photo-
toxicityZ27E] AEZE RE3Irh o]FA Hoixl 515nm &
ElE S3sle] W 8% 22 cooled CCD cameraZ A
gy 72 259 Fre AT Ca* vEE eItk B
E AT Ca?t 55244 imaging datas= Universal Imag-
ing software (West Chester, PA, USAYE ARE-3le] E ool
At

a 3

1. DRG MAMZOA QI 22| Ca®* channel
currents SX| =1}

A73AGEZ Bulof 2 HH oz Aoshke AY 28 &
3] high-voltage-activated Ca?* channel?] DRG A1 7443
Mg 24 AL Cat o] 2th4l Ba?t o)LL o] gL
Azt H4E -80mV oA AN F -20mV 7H] A
252w 1527k 200 msec E9F Fo] BAISE Ca?t
channels 53} E2% Ba?* UlgFdfel uish A4k 23]
E3E #2359 Fig. 1A+ ginseng total saponins<]
DRG A17FA20] 2345 vellle 2822 100 ug/ml 5%
oM e ¥ 15~45%99l| peak inward Ca?' currentZ
AAPor (285%) L Ed= FEAA F HA IAEHL
A ¥ FEH osiME ¥HEA 02 UETh QAR
e triterpened] 29 B4 39, 6 2 2081 A &
= 3879 ZFo uwal panaxadiol saponins (PD)¢}
panaxatriol saponins (PT)E A A Wdled], o84 v
Hx PDF PTY QiAbEd AR Ca®t currentdl
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Fig. 1. Ginseng total saponins inhibited high-voltage-activated Ca?*channel currents in rat dorsal root ganglion (DRG) neurons. (A) Time
course of peak Ba®* current (IB32+) showing two exposures to 100 yg/ml ginseng total saponins (GTS). Inset, Leak-subtracted
currents at labeled points from the time course of peak currents. Ba“* currents were evoked every 15 s by a 200 ms voltage step
from -80 mV to -20 mV using Ba®* (2 mM) as the charge carrier. (B) Comparison of gmseng total saponins-, panaxadiol saponins
(PD)-, and panaxatriol saponins (PT)-mediated inhibition on high-voltage-activated Ca® currents. PD were a mixture of various
types of ginsenosides and the percentage of them in PD were as follows: Rb, (22.3%), Rb, (14.6%), Rc (22.8%), Rd (8.5%) and
other uncharacterized components. The composition and percentage of ginsenosides in PT were as follows: Re (30.4%), Rf
(8.0%), Rg, (24.8%), Rg, (7.8%) and other uncharacterized components.
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Fig. 2. Effects of individual ginsenosides on high-voltage-activated Ca®* channel currents in rat DRG neurons. (A)-(C) Time course of
peak currents illustrating effects of ginsenosides Re, Rf, Rg, and Rg, in different neurons. Among 11 ginsenosides tested,
glnsenos1de Rg, produced the largest inhibition on hlgh -voltage-activated Ca* channel currents in rat DRG neurons (summarized
in Table 1). (D) Pooled results are shown from Ca®* channel blocker experiments lllustratmg the percentage of ginsenoside Rg,-
mediated modulation in the presence of each channel blocker. The suppression of IBa by ginsenoside Rg, before the application
of toxin was calculated as 100% control for each cell tested. Nifedipine (Nif, 10 uM), m-conotoxin-GVIA (w-CgTx-GVIA,
1 uM), and w-agatoxin-IVA (®0-Aga-IVA, 100 nM) occluded about 23.1, 27.7, and 39.0% of the effect of ginsenoside Rg,,
respectively (¥*P<0.05 and **P<0.01, compared with each control value before the application of toxin). Numbers above each
point indicate the number of cells tested at each concentration.
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i3t 3= Fig 1B9 2ok & PD9 PTE= 7.6£1.1%
m=73} 104+12% (n=6)Z DRG A 7ZAE Ca** current
£ oArF L, o] ZHEL ginseng total saponins®] ]
QA& (21.6+1.5%, n=1DEct FA 3] 2},

PD2} PToll EA3ls @ M| mAlo|=o] AEH]E ok
3 7ol dEF T PD AE 2N Ao = Rb,; (22.3%), Rb,
(14.6%), Rc (22.8%), Rd (8.5%), PT A E-A A x=Ale]l=
Re (304%), Rf (8.0%), Rg, (24.8%), Rg, (7.8%). Lei}
A7) HAE JEE o9 EFES 7wy ¥ EA) %2
As] dHA UA gormz ¢lake] DRG AlZA XA
Ca®* current 9Alo] F FTL = AR 24S 98
T 29, FAE 9 IMxAlol= B, 53]
sl F | MAAlo|s JEE 1158 493k 2
Tl Al=g PD AEe] T IAHAl]E= ginsenos-
ides Rb,, Rb,, Rc, Rd, Rg;, Rh,, PT HE O 2= ginse-
nosides Re, Rf, Rg,, Rg,, Rhy & & 11F°|th 100 uM
SxolA DRG AZAEel| Azd ZA|x=Ale]= Re= Rg, el
H)& Ca?*currentd] A&7} 23 (32.1%, Fig. 2A),
ginseng total saponins®| WY = g7} FEAIA &
A FEET 3H Az 9 Mdx 1 ¥l I3}
Al Yebtth(Fig. 2B). 28 1159 Mol =EL o
2o Axd AHg A3} M uet A= o
o] Zpe]7} ot IAxAle]l= Rgot 7P & JAIES
eEpfidct & Al2e] vlwd R (Fig. 2C) A=Al = R,
Rg,, Re®] @3S ©|2ESH A3} R; Rew= ZH2t 14.8%%
59% AAE&S LEPH W R OF 654% JAIEE UE
WAL B Az A ZA3e Table 16 Q93T
o BAZE Aol = Rgt AA8HE Ca?* channel9)

FRE Lohu] el 2 A LA AT AL ol
Sgieh, QAo = Rg,o] W A Al A2 A, F

2 Yol B ZF FA=APl= Rgdl WS LE ATA
nifedipine (10puM), N-3 XA @-conotoxin GVIA (w-
CgTx-GVIA, 1uM)#} P/Q-3 A%+A] w-agatoxin-IVA (e-
AgallVA, 100nM) A8l=2 z} 7z} 2 wkgeo| 231, 277,
39.0% EAEUL Al 7HA] AGAE BT AT A
57.6%%) M x=At|= Rg®] T3 4% A2 RE 24
Atel= Rg,w= DRG AAFAHEAA L., N-2 PQ-¥

Ca®* channel 55 BFlog A 9182 o 2= 9ic}

2. sHORMZAM|ZOM QlatMES| NMDA 83| XS24

$e} o] TrAZEA] DRG AAAEANA 214k ZA
Alel= Rg.E B3] Ca®* currents A &35 Uehls 2
zZ-go] FFoAe 71HE ARt AR ERE dlE3d
FEFANAEA AZolHA 7] W o ANFIaL HHY A
7HE A ME APdo] TEEE eI AM| £ v oA £E)
oA <14Fe] NMDA G~gAe] tgh a3} 7 F E44E
< golHsith

el A ZANA Q14E] NMDA $~8-Ao] tigh &z
NMDA &3 &4 A #itsls A Zd Ca®* &9
Na*/Ca?* F2o= 1% WekARE Yehlie 43S o)&
of AT Ca*sxE (Ca)) 2% imaging 3
whole-cell patch-clamp ®PH-& AF&3}ed wlw FEA3)5t)
Fig. 3A= woE vl EelA] NMDAS] ©@7] Fog
(10x) 37H [Ca**), 3718 Ueille 202 1) 4~58n}
oF ¥HE Rof Al 2 ZotE 93 [Ca*t] S W B
Qo] RHEEAAME A & T7hE Yo7|A] gof £ 27

o g o

i)

Table 1. The summarized results showing the effects of individual ginsenosides on Ca®* channel currents in DRG neurons and NMDA

receptors in hippocampal neurons

Ginsenosides Subtype of ginsenosides

% Inhibition of peak Ca®* current

% Inhibition of NMDA-induced [Ca®*],

(PD or PT) in rat DRG neurons in rat hippocampal neurons

Rb, PD 12.0+£24 222424
Rb, PD 13.0£2.1 9.6%+1.5
Rc PD 22.8+4.9 21.5+2.8
Rd PD 11.2+3.9 5.810.6
Re PT 17.2£3.2 6.8+1.6
Rf PT 12.6x1.6 2.740.9
Rg, PT 132422 ND

Rg, PT 9.1+1.3 6.1+1.6
Rg, PD 47.8+6.0 70.0+4.5
Rh, PT 9.945.1 26.5+8.0
Rh, PD 19.0£3.6 18.61£2.7

ND: not determined
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Fig. 3. Effects of ginseng total saponins on NMDA-induced [CaZ”]i
increase in cultured rat hippocampal neurons. (@) Multig)le
applications of NMDA (100 uM) on the increases in [Ca*™"],
using fura-2-based digital imaging techniques. In most
cultured hippocampal cells, the acute application (10s) of
NMDA produced a rapid increase of [Caz+]i, which was
reproducible by the repeated applications of NMDA in
Mg**-free and 1 uM glycine-containing recording solution.
(B) Dose-dependent inhibition on NMDA-induced [CazJ’]i
increase by the NMDA receptor antagonist, D(-)-2-amino-5
phosphnopentanoic acid (D-APV). (C) Co-application of
ginseng total saponins (GTS, 100 ug/ml) with NMDA
caused 88.4+4.0% inhibition of NMDA-induced [Caz“']i
increase in hippocampal neurons (n=>5). Ginseng total
saponins were pretreated for 2 min in the cell before the
application of NMDA. Under the same condition, co-
treatment of estrogen (100nM, 5min) with NMDA
produced a mild inhibition on NMDA-mediated response in
hippocampal neurons (26.616.9%, n=5).

oA <14tk NMDAZ B4 Foiste <l4hel NMDAC]
3 gaE AAsIgeh & 97a3Ee CCD 7HHEkE ol
g [Ca®*), 27 imaging WHOE FA o3 AESEE F
Yo [Ca¥'), Aol 7Pedirg oy AEES FHS
)0 Jepd Zoloh A WA E A NMDA 842 4
ghAlE A 42z D(-)-2-amino-5 phosphonopentanoic acid
(D-APV)E E=43g 3% (Fig 3B) %= &EFo=
NMDA i [Ca**] & #AAFIZ 2 IC,#k B9uM)y
2 282 zhi) fAlgtez B Agxzio] NMDA
£4) A EA Ao L A gk AA olHd =4
oA ginseng total saponins (100 ug/myE NMDA F< 2
B =388 7S ginseng total saponinse 3FHIZAA
XA NMDA &% [Ca2'] o Z7H8 ZA 94 o
(88.4+4.0%, n=>5). 2 AAHNERE S 7 e Ao
U g5 EEQ o AEZA (100 nM)°] F4= NMDA
H [Catol FA PR FA Fd o)HT A= <
2o 31 2] i<k sjulAlAM EolA] NMDA 8419 842
AA S AAEL BA AT 1S EFE ZPEe of
2E2AY NATE gE2A A8 AAIFTHEFg. 30).
DRG A1AA ol et 7ko] sl o] NMDA &3]
oA ol tiet Qate] BAAES B sl &F FElE
A ALl 1058 HIZERT DRG 217342 520
108) e 10uM FEE ARS8 PD A& v A
Alo] =+ ginsenosides Rb;, Rb,, Rc, Rd, Rgs; Rhy,
PT 4802 ginsenosides Re, Rf, Rg, Rh; 5% EH
E39th. Fg 4A% NMDA +3 [Ca®*] o thg XAlx=
Alo]= Rg,, Rf, Rh,2l &35 vephd Jgo= 4712 sfjut
A ZoM e HFE JALL A mAlel= Rfd] oJsir=
45+1.4%2 A9 FiFo] YT AM A= Rhyell feir=
923246.2%0| 7 AAxAlolE Rgoll J8iAE 79.145.8%
B 2 S-S JERISITE 019 2ol 1059 T A
TAIEE ©E 22 oy 2FO R suIAAE Al &
Az} FAAM=Ale]= Rb, Rd, Re, Rf Rg,= 10% M|%9He
o4 €<, DM xACl= Rb, Re, Rhy, RhE 20% Hel¢]
A &S YERZ M AP|E RgRte] 70%c1/de] v
=2 NMDA 84 oA &aE RoFrh ol FH&
AFET DRG AZAAE) A7t §A Table 10 2k
th 1089 JAxAlIE HE F 7H & AAES B
F= AAZAP|E Rl Ede BE AFHoE YEiial
(Fig. 4B) 1 IC,, @2 38uM ot} o] WawAlol=
Rg,2l 9A E3= [Ca¥'1& 34T imaging SR
=5 7ol oYtk NMDA &4 848 A4 FA4ske
perforated whole-cell patch-clamp Ho.Z Z8HE wol=
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Fig. 4. Identification of active components responsible for ginseng-
mediated inhibition on NMDA receptors in cultured
hippocampal neurons. (A) Effects of different ginsenosides
Rg,, Rf and ha on NMDA--induced [CazJ’]i increase. At
10 UM concentration, ginsenoside Rg, (Rg,) and ginsenoside
Rh, (Rh,) inhibited NMDA-induced [Ca2+]i increase by
79.1£5.8% and 23.31+6.2%, respectively, while ginsenoside
Rf (Rf) produced no significant effect on NMDA response in
4 tested cells. Dose-dependent inhibition of ginsenoside Rg;,
on NMDA-mediated [Ca®*]; increase (B) and NMDA-gated
currents (C) in cultured hippocampal neurons. The effect of
ginsenoside Rg, on current responses induced by application
of NMDA (10s) using perforated whole-cell voltage-clamp
recordings. Ginsenoside Rg, rapidly and reversibly inhibited
NMDA-mediated currents with 1 min pre-treatment. The
mean values of NMDA-induced sustained currents were
calculated from current values for 1s at the end of NMDA
Tesponse.
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