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Calcium channel blockade and anti—-free‘。radical actions 

of panaxadiol saponins Rbl，Rb2，Rb3，Rc，and Rd 
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AIM ：To identify the calcium channeI block— 

ade and anti—free—radicaI actions of panaxadiol 

saponins Rhl， Rb2， Rb3， R ， and Rd． 

M ETH0DS： On ventricular myocardiocytes 

W istar rats，single channeI activities of L， 

T ，and B type Ca channels were recorded 

with the cell—，attached configuration of patch—r 

clamp technic．and free radicaI contents were 

measured with electron spin resenance 

method． RESULT富： Rb】，Rb2，Rba，andR 

200~tmol·L一 shortened the open times。pro— 

longed the close times，and reduced the open— 

state probabilities of calcium channels and 30 

~tmol·L一 antagonized the increase of free rad— 

ical content induced by xanthine 0． 42 

mmoI·L一 xanthine oxidase 5．3 nmoI·L一 ． 

but Rd in the same dose behaved none of the 

effects． CONCLUSION： Rb L， Rb2， Rba， 

and& had both the calcinm channeI blockade 

and anti—free—radicaI actions． 

KEY W ORDS calcium channels； ginseng； 

saponins； patch clamp； electron spin reso— 

nance spectroscopy；Bay k 8544；verapamil； 

myocardium ；cultured cells；free radicals 

PanaxadioI saponina have calcium channel 

blockade ” and anti—free—radicaI acrions(∞． 

raise the activity of superoxide dismutase，and 

reduce the content of superoxide anion free 

radicals in the myocardium ”． This experi— 

ment was to combine the observations on cal— 

cium channel blockade and anti—free～radical 
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actions of panaxadiol saponins Rhl，Rh 2，Rba， 

R ，and Rd，using patch—clamp technic and 

electron spin resonance (ESR )method，cam— 

pared with calcium channeI blocker verapamiI 

(Ver) and calcium channeI activator 

Bay k 8644． 

M ATERIALS AND METHoDS 

])rugs and reagents Five kinds of ginsenoside 

monomers(purity> 95 )were extracted from stems 

a12d leaves of Panax ginseng C A M ey by depa~ment 

of Organic Chemistry in our University． Rb】，Rb2， 

Rb a， R ， and Rd are aU dammra12e type tetracycllc 

triterpenoid saponins． Their aglycone is 20一S— 

protopana—xadio1． The difference among them s the 

glycochain connecting with the aglyco ne ‘。． 

Xaathiae(Xar~，Donghai Pharmaceutical Factory， 

Shanghai)_xanthine ox[dase (XO，Shanghai Institute 

of Biochemistry，Chinese Academy of Seiences)；Bay 

K 8644 (Calb[ochem Co。UsA){Ver (Shanghal／3io— 

chemistry Reagent Factory)l DulM cco’s modified 

Eagle medium (DMEM ，Life Technologies，USA )l 

Hanks’balance salts(Flow Laboratories．USA)：Fe— 

tal bovine serum (FBS．our lahoratory)． 

Rigording of single calcium channel a~tl,,bty 

U12der sterile condition，the apices of hearts were tak— 

en from 12eonatal W istar rats． After digestiort 12 

Hanks’solution (without Ca and M g⋯ containing 

0．1 trypsin and O．1 bovine serum albumin．the 

dispersed sing le rayoeard[ocytes were cultured with a 

medium consisted of 80 DM EM and 20 FBS． 

The cells were cultured in 5 CO2十 95 air at 

36．5℃ for 24— 48 h． 

Bath solution ：aspart Je potassium 140，egtaz[e 

acid 10，HEPES 10 mmol·L～ ．pH 7．4． M icroelec 

trode filling solution {BaCI 2 l10，HEPES 10 mmol 

·L_。，pH 7．4．The resistance of microelectrode was曙 
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一 5 Mn．The seal resistance between microe[ectrode 

and ceil m em brane more than 10 Gn The single 

channel activity ot calcium channels wBs recorded with 

ceil—attached configuration of patch clamp technic， 

with a Dagan 8800 amp[ifier．The activity of L type 

calcium channel was induced by stepping from a hold— 

ing potentml of一 5O mV to + 10 mV．The activity of 

T type~alc{um charmer waB induced hy stepping{roex 

— — 7O mV to——10 mV．The spontaneous single channel 

activity of B type calcium channel was recorded at--60 

mV holding potentia1．When the activity of any type 

calcium channel wins recordedt one of the saponins 200 

r~mol·L～ ，orVet 79 mDI·L一‘or Bay k 8644 5 m0l 

·L一’was ed ded．丁he amplitude of Ba current flow— 

lag through the calcium channel was obtained by fit— 

ting the current sequent density histograms with 

Gauss curve (Fig 1)． 

Current levd／PA 

Fig 1． An exm ple of fitting the current sequent den- 

slty histogram s- th Gauss curves to get the amplitude 

of Ba抖 current． 

The open time and close time were ob， 

tained by exponentially fitting the open time 

and close time histograms(Fig 2)．The open— 

state probability was obtained by dividing the 

sum of open time by the total sampling time． 

M easurem ent of free radical content 

The whole ventricles were taken from W istar 

rats 24— 48 h after birth． The ventricle was 

cut into pieces， which were dispersed in 

0．1 trypsin with mechanical agitation．The 

myocardiocytes were cultured in 5 COz 

Open time 0r~~ddum channel，m。 

Fig 2． An example of exponentially firing the open 

time distribution histogram to get the meita of ope n 

tim e． 

+ 95 air，pH 7．4 at 36．5 C．Myocardio— 

cytes were divided into 7 groups： 1)Contro1 

group was composed of 80 DMEM and 

2O ％ FBS；2)Xan—Xo group，Xan 0．42 

mmo卜L— and XO 5．3 nmol·L一’were added  

into the medium ，16 h before ESR assay；3) 

Xan—XO+Rb】；4)Xan—XO+Rb2f 5)Xan—XO 

+ Rb3；6)Xan—XO+ R ；7)Xan—XO + Rd． 

The saponins were al1 i12 the concentration of 

30 pmol·L～．After 5 d．the clusters of my— 

ocardiocytes were detached from the culture 

vessels mechanically and their contents of free 

radicals were measured with ER2000一SRC 

electron spin resonance spectroscopy ： tem— 

perature 85 。K ． microwave frequency 9．60 

GHz，microwave power 17 dB 4．1 mW ，mod— 

ulation frequency 100 kHz，modulation ampli— 

tude 3．2 G，gain 2．5× 10 ． 

RESULTS 

Single channel analysis The single 

channel activities of T，L，and B type calcium 

channels were recorded before and after medi— 

cations． As compared with their respective 
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controls(before medication)，Rb】，Rb2，Rb3， 

R shortened the open times， prolonged the 

close times，reduced the open—state probabili— 

ties，without apparent influence on the Ba” 

current flowing through the calcium channels． 

Their effects on L and B type calcium channels 

were similar to those of Ver，but opposite to 

those of Bay k 8644．Ver and Ba y k 8644 had 

no effect on T type calcium channels． Rd ex— 

hibited no apparent effect on the activities of 

any type calcihm channels(Fig 3，Tab 1)． 

ESR spectroscopy The ESR spectral 

curve forms and durations of various groups 

were similar to each other and the g value was 

2．0023 for all groups(Fig 4)，indicating that 

the free radicals detected from various groups 

were alI the same． 

The standard sample was weak pitch 

(spin number 1．29×10 )．Being directly pro- 

portional to ESR spectal area，the spin hum 

bet that is the free radica1 number of each 

group was calculated． To exclude the influ— 

ence of the quantitative difference in myocar- 

diocytes in different culture vessels，the spin 

number of each sample was divided by the dry 

weight of myocardiocytes to get the free radi— 

cal number in unit weight of dry myocardio— 

cytes． The free radicaJ content of Xan—XO 

group was higher than that of control group． 

Rbl，Rb2，Rb3，and R antagonized the in 

crease in free radicaI content induced by Xan— 

XO，while Rd had no effect on it(Tab 2)． 

Tab 1．Open time，close time，B●“ CUl'reRt amplitude，open-state probabtlIty of B，L，T type calcium cbaanels 

before and aftermedication．Rb_·R ，R ，R ，R．：200 u田 ·L一。l veralmmll 79 u田 ·L～ {Bay k 8644 5 vmol· 

L一。}H一5 chamaels except control(s=3S clmnaels)； 土 $． ‘P> O．05， P< 0．05，。尸< m 01 $contro1． 

Type Drug Open tlme／ms Close time／ms Ba“ c~rrent／pA Open state probability 

B Control 

Rb 

Rb2 

Rb3 

R， 

Verapamil 

Bay k 8644 

L ControI 

Rb 

Rb， 

Rb3 

R 

R 

Verapam iI 

Ba y k 8644 

T Control 

Rb． 

Rb， 

Rb 3 

R 

R 

Verapamil 

Ba y k 8644 

9．76土 1．13 

l_94土 0．4 

2．5O土 0．021 

2．1 7土 0．14。 

2．63土 0．07 

5．84土 O．36‘ 

2．84土0．20" 

lO．86土0．4 

4．46土0．21 

2．49士 0．45 

2．67土 O．77 

1．95土 0．53 

2．98土0．55 

4．13土 1．04" 

2．60工 0．25 

9．22土 0．39 

2．94土 0．42 

1．54土 0．27c 

1．73= 1．05 

1．96土 0．2O 

1．96土0．1 

2．29士 L 5 0日 

2．66土 0．27。 

2．32土 0．5 

83土 9 

115土 1 

114土 5 

123土 5 

1l5土 4c 

91土 9 

369土 4 

33土1 2 

104土10 

1 97士20 

135土 

162土 8 

183土 7 

109土8‘ 

158土 19 

75土 9c 

87土 7 

206土 21 

104± 6 

149土 5 

133土 

92土6。 

92土 9 

83土 15 

1．53士 0．51 

1．51土 0．1 9‘ 

1．43土 0．34。 

1．25土 0．12 

1．32土 0．14 

1．3O土 0．7 2． 

1．73土0．o2‘ 

L 51土 O．18l 

1．67土 O．66 

1．57土0．26’ 

1．97土0．65 

1．52土0．21‘ 

1．51土0．1 2． 

1_67土 0．89 

1．̈ 士 0．19 

1．59土 0．71 

0．78土 O．19 

0．77土 0．05‘ 

O．65土 0．50 

0．75土0 19 

0．68土0．17 

0．84士 0．03。 

0．78士 0．1 2． 

0．64士 0．08' 

0．081土 0．024 

0．023土 0．O15 

0．039土 0．00l 

0．OO5土0．00 

0．004土0．OO2。 

0．034士 0．006‘ 

0．009土 0．047 

0．365土 0．09 

0．064土 0．019 

0．O19土 0．004 

0．029士 0．004 

0．OO8土 0．003 

0．010土 0．005 

0．05I土 0．012 

0．023土0．00 

O．121±0．005 

0．037土 0．006 

0．010土 0．002 

0．O20土 0．001 

0．005土0．O0 

0．005土0．00 

0．034= 0．006 

0．033土 0．004 

0．039土 0．009。 
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丑1aak ESR tube 

DISCUSSIoN 

The inhibitory effects of ginsenosides on 

L，T ，and B type single calcium channels in 

this experiment demonstrated the calcium 

channel blockade action of RbI． Rb{． Rb3． 

and R and that the mechanism of their block— 

ing effects was related to the reduction in open 

time and open—state probability． 

Since T type calcium ehanneI is related to 

the pacemaking function ． L type calcium 

channel plays an important role in shaping the 

plateau of action potentiaI and in the contrac- 

tion of myoeardium ， and B type channel， 

the channel of background calcium current at 

resting state，takes part in the autodepolar— 

ization ，the inhibitory action of RbI，Rb2， 

Rb3，and R should exert an influence on the 4 

basic physiologic functions of myocardiocytes． 

As the permeability of calcium channel to 

Ba” was greater than that to Ca“ ”．the mi— 

croelectrode used here was filled with BaCI， 

instead of CaCI2 to enhance the signal／noise 

proportion． 

Fig 4, laflueace at Rb_·Rb】'Rbj'＆ 'R．，且ndx。n． 
used to induce the prod

In this experiment 
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Tab 2． Inflaence of L~ sxmdlol sapoalm  and Xaa—XO 

on spin num bers of etiltu~ed myocardlocytes． Xan 

O．42 stoo1．L-。，XO 5．3 nmo1．1J～ ；Rb_，Rb】．R ， 

＆ ，R_30 rJmol·L～ ；月= namber 0f calture bottles： 

i士j． > 0．05， P< 0．01 San—XO． 

anion free radicals in the medium ．increased 

the content of free radicals jn myoc ardio- 

eytes 】0】．Rb1，Rb2，Rb3 and R were able to 

antagonize the increase of free radicals induced 

by Xan—XO． 

RbI．Rbz，Rb3，and R had both calcium 

channeI blockade and anti．free．radicaI effects． 

These results were consistent with those of 

some calcium antagonists such as nifedioine， 

propranolo1， verapami1，and dihiazem ． In 

short，using patch—clamp technic and electron 

spin resenance method，we demonstrated that 

panaxadiol saponins RhI，Rh2． Rb3， and R 

had both calcium channel blockade and anti 
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free-radical effects，but Rd in the same dose 10 Kaminski ZW—Pohoreckl Rt BaHa cLt Domm。阻  

behaved n0ne 0f the two effects． Th f㈣  of h眦 acceptor。 。 ed ㈣ ⋯  
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目的：确切 判定 人参二醇组 皂 苷 Rb ，Rb：， 

Rb。，R ， 的钙通道阻滞作用和抗 自由基作 

用． 方法：在 Wistar大 鼠心室肌细胞上，用连 

细胞斑片钳技术记录 L型、T型、B型单钙通 

道 活动；用电子 自旋共振法测定自由基含量． 

结果：Rb1，Rb2，Rb3，R 200 pmol·L 使钙 

通道的开放时间缩短、关闭时间延长、开放概 

率减小．30 m0l·L 拮抗黄嘌 呤0．42 mmol 
·L-。一黄嘌呤氧化酶5．3 nmol·L 诱发的自由 

基含量增多，相同剂量的 Rd无此二 种作用． 

结论；Rb ，Rb：，Rb。，R 兼有钙通道阻滞作用 

和抗 自由基作用． 
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