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Calcium channel blockade and anti-free-radical actions
of panaxadiol saponins Rb,, Rb;, Rb;, R., and Ry
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AIM: To identify the calcium channel block-
ade and anti-free-radical actions of panaxadiol
saponins Rb,, Rb,, Rb;, R., and R,.
METHODS: On ventricular myocardiocytes
of Wistar rats. single channel activities of L.
T. and B type Ca’* channels were recorded
with the cell-attached configuration of patch-
clamp technic, and free radical contents were
measured with electron spin  resenance
method. RESULTS: Rb,, Rb;, Rb,, and R,
200 pmol L~ shortened the open times, pro-
longed the close times, and reduced the open-
state probahilities of calcium channels and 30
umol *L~' antagonized the increase of free rad-
0. 42
mmol «L.7?- xanthine oxidase 5. 3 nmol + L.77,

ical content induced by xanthine
but R, in the same dose behaved none of the
effects. CONCLUSION: Rb,, Rb,. Rb,,
and R, had both the calcium channel blockade

and anti-free-radical actions.
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Panaxadicl sapconins have calcium channel
blockade'"’
raise the activity of superoxide dismutase, and

and anti-free-radical actions®™',
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 Rb; . Rb;:» Bb;,
R.. and R., using patch-clamp technic and
electron spin resonance (ESR} method, com-
pared with calcium channel blocker verapamil
( Ver ) and channel
Bay k 8644.

calcium activator

MATERIALS AND METHODS

Drugs and reagents Five kinds of ginsenoside
monomers (purity >95 ") were extracted from stems
and leaves of Panax ginseng C A Mey by department
of Organic Chemistry in our University. Rb;, Rb;,
Rb;. R.. and Ry are all dammrane type tetracyclic
triterpenaid Their aglycone 20-§-
protopana- Xadiol. The difference smong them is the

saponins. is
glycochain connecting with the aglycone™’.

Xanthine (Xan. Donghai Pharmaceutical Factary.
Shanghai); xanthine oxidase (XO, Shanghai Institute
of Biochemistry, Chinese Academy of Sciences}; Bay
K 8644 (Calbicchem Co, USAY; Ver (Shanghai Bio-
chemistry Reagent Factory }; Dulbacco's modified
Eagle mediom (DMEM, Life Technologies, USA 3
Hanks® balance salts (Flow Laboratories, USAY; Fe-
tal bovine seram (FBS. our laboratory).

Recording of single calcium channel activity
Under sterile condition. the apices of hearts were tak-
en from neonatal Wistar rats. After digestion in
Hanks' solution (without Ca** and Mg®**) containing
0.1 % trypsin and 0.1 % bovine serum albumin, the
dispersed single myocardiocytes were cultured with &
medium consisted of 80 % DMEM and 20 % FBS.
The cells were coltured in 5 % CO:+ 95 % air at
36.5 C for 24—48 h.

Bath solution : aspartic potassiom 140, egtazic
acid 10, HEPES 10 mmol - L', pH 7. 4. Microelec-
BaCl; 110, HEPES 10 mmal
*L7' pH 7. 4. The resistance of microelectrode was € °

trode filling solution .
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— 5 M. The seal resistance between microelectrode
and cell membrane was maore than 10 GIt. The single
channel activity of calcium channeis was recorded with
cell-attached configuration of patch-clamp technic.,
with a Dagan 8800 ampliflier. The activity ol L type
calcium channe] was induced by stepping {rom a hald-
ing potential of —50 mV to +10 mV. The activity of
T type calcium channel was induced by stepping {rom
—70mV to —10 mV. The spontaneocus single channel
activity ol B type calcium channel was recorded ar — 60
m¥ holding potential. When the activity of any type
caleium channel was recorded, cne of the saponins 200
pmol-L~' or Ver 79 pmol-L~" ar Bay k 8644 5 umal
+L7! was added. The amplitude of Ba®* current flow-
ing through the calcium channel was obtained by {i1-
ting the current sequent density histograms with

Gauss curve (Fig 1),

* Mean current; 1. 4§ pA
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Fig 1. An exmmple of fitting the currenmt sequent den-

sity histograms with Gaoss curves to get the amplitude
of Ba*' 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.

Measurement of free radical content
The whole ventricles were taken from Wistar
rats 24 — 48 h after birth. The ventricle was
cut into pieces. which were dispersed in
0.1 37 trypsin with mechanical agitation. The

myocardiocytes were cultured in 5 % CO,

100
- Open time; 4.5 my
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Fig 2. An example of exponentially fitting the open

timve distributlon histogram to get the mean of open
time.

+95 9 air. pH 7.4 at 36.5 C. Myocardio-
1} Control
group was composed of 80 % DMEM and
20 % FBS; 2) Xan-XO group, Xan 0. 42
mmol-L 7' and XO 5. 3 nmol *L 7! were added
into the medium, 16 h before ESR assay; 3)
Xan-X0O+Rb;; 4) Xan-XO+Rk;; 5) Xan-X0O
+ Rb;; 6) Xan-XO+R.: 7} Xan-XO +R,.
The saponins were all in the concentration of
30 pmol L7, After 5 d. the clusters of my-

ocardiocytes were detached from the culture

cvtes were divided into 7 groups:

vessels mechanically and their contents of free
radicals were measured with ER2000-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. 53 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


http://www.cqvip.com

+ 257 -

1995 May: 16 ()

TEHZEM

Acta Pharmacologica Sinica

BIBLID, ISSN 0253-9756

*S[Punegd

wnpopex Ay g L 7 Jo saAfor Uo [quedeias puw ppOR ¥ Ang ‘P Y QU QY ‘'qy Jo dwenppuy ¢ 4

T (owr 6, . jowrlg . owrd 0oz 1T+ [owd 007 1_Te oW 002 -7+ [owd 00z T-Towrdooz P
[turedeiap V798 Y 4 Y N qy qy 811 001 o
" el N |||T
- - - M
. adiy T
: ! PR ) T I
. 3..| _— N 1 TR wlth \
e | e ISR SN 7 Il e s Lsh A A
> P L fe——— AL, - e
VU oty IV BN . BN W b At
adf1 g
e——— 1y e TN T I 2l — | LA
_I,Ill S ! il ; A L - el
[ S T i - o
_..!I_Hllrﬂ_. i b IL.LI"-! e ———— ..ILI_-IL-_..I
DT ] lll.elr_l. J I.l.lllbl.ll. N
! i adfy



http://www.cqvip.com

- 258 -  BIBLID; ISSN 0253-4756

Acta Pharmacologica Sinuca P B &1 ¥ 4

1595 Maye 16 (3)

controls (before medication), Rb,. Rb,. Rb,,
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 Bay k 8644 had
ne effect on T type calciurn channels. R, ex-
hibited no apparent effect on the activities of
any type calcium channels (Fig 3, Tab 1).
ESR spectroscopy The ESR spectral
curve forms and durations of warious 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 all the same.

The standard sample was weak pitch
{spin number 1. 29X 10'*), Being directly pro-
portional to ESR spectal area. the spin num-
ber that is the free radical number of each
group was calculated. To exclude the influ-
ence of the guantitative 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 radical content of Xan-XO
group was higher than that of control group.
Eb,. Rb:;; Rb;, and R, antagonized the in-
crease in free radical content induced by Xan-
XO. while R had no effect on it (Tab 2).

Tab 1. Open time, close time, Ba*" carrent amplitude. open-state probability of B. L. T type calcium channels
before and after medication. Rb,+ Rb;. Rby. R.. Ry: 200 umol-L ", verapamll 79 umol -L~'; Bay k 8644 § umol-
L™'; n=-5 channels except control (#=35 channels}; X+s. “P>>0. 05, "P<. 05, “P< 0. 01 vs conlrol.

Open-state probability

Type Drug Open time/ms Close rime/ms Ba't current/pA
B Control 6.76+1.13 83+g 1.5310.51 0, 08140, 024
Rb, 1. 9440.42° 115+15° 1.51+0.19" 0. 02340, 015°
Rb, 2. 5040, 02° 1145 1. 4340, 34 Q. 0350, 001°
Rb, 2,174+0, 14 123+5 1,25+0.12" 0. 0050, DDZ°
R. 2.63+0.07 115+ 4 1.32+0. 14" 0. 00440, 002"
Ra 5,844 0. 36* 91+4" 1. 3040, 72 0. 034 + 0. 008"
Verapamil 2.8410, 207 3651+45° 1. 73x0. 02" 0. D0GE 0. D47°
Bay k B644  10. 86+ 0.4 331z 1.514+0.18" 0. 3651+ 0. 058°
L Control 4.4640, 21 10410 1, 67+0. 66 0. 06410, 016
Rb, 2. 490, 45° 197 +20° 1.57+0. 26 0. 01940, 004°
Rb, 2.67+0. 77" 1354+ 1.67+0. 65 0. 0290, g04°
Rb, 1. 9540, 53 162+ 8° 1. 5240, 21 0. 008+ 0, 003°
R. 2. 9840, 55° 183+ 1.514£0.12" 0. 010+ 0. 005°
Ra 4.1341. 04" 1088 1. 674+ 0. 89" 0.051+0. 012
Verapamil 2. 6010, 25° 158+£19° 1.1140. 19" 0. 02340, o0z
Bay k 8644 6. 2240, 39° 75+ 1. 5940, 71° 0. 121 +0. 005°
T Control 2. 6410, 42 87+7 0.7840.18 0. 0374 0. 006
Rb, 1.544+0.27 206+ 21° 0. 7740, 05 0. 01040, 002
Rb, 1. 73=1. 05° 104+ 6 0. 65D, 50" 0. 020+ 0. DO1°
Rb, 1. 960, 20° 148-5° 0. 75+0. 15" 0. 00540, 002
R. 1. 9640, 15 ° 133+ 3 Q. 680,17 0. 40540, poze
R4 2.29+1, 50 g2+6 D.B4+0.03 D. 034+ Q. Q0B
Verapamil 2. 66+ 0, 27 9249 0. 78-£0. 12" 0. 03341, 004
Bay k B644 2.32+0. 58 83+15 0. 640, 08 0. 03940, DOO
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Fig 4. Influence of Rb,. Rb;, Rb,, R.. R,, and Xan-
XO on ESR spectra.

Tab 2. Influence of panaxadiol saponins and Xan-XO
on spin mombers of coltured myocardiocytes. Xan
0. 42 mmol ‘L™', XO 5. 3 nmol-L"*; Rb,, Rb;. Rb,,
R., Ry30 ymol -L™'; n = number of culture bottles;
Xts. “"P>0.05. “P<0.01 v5 Xan-XO.

3 .
Xan-XO Saponin . 107 % Spin number/

g dry wt
— - 9 1923+ 199°
-+ 12 36604 353
+ Rb, 6 B3414122°
+ Rb. £ 14401153
+ Rb, 6 17951 181°
+ R. fi 15352147
+ Ra fi 31454 805"

DISCUSSION

The inhibitory effects of ginsencsides on
L. T, and B type single calcium channels in
this experiment demonstrated the calcium
channel blockade actien of Kb,. Kb;, Rb;.
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 channel is related 1o

'e L 1ype calcium

the pacemaking function®
channel plays an important role in shaping the
plateau of action potential and in the contrac-
tion of myocardium'™, and B type channel,
the channel of background calcium current at
resting state, takes part in the autodepolar-
ization”"*', the inhibitory action of Rb,, Rb,,
Eb;, and R, should exert an influence on the 4
basic physiolegic functions of myocardiocytes.

As the permeability of calcium chanmnel to

3 the mi-

Ba®" was greater than that to Ca
croelectrode used here was filled with BaCl,
instead of CaCl; to enhance the signal/noise
proportion.

In this experiment, Xan and XO were
used to induce the production of superoxide
anion free radicals in the medium,. increased
the content of free radicals in myocardio-
cytes”™, Rb,, Rb,, Rb; and R, were able to
antagonize the increase of free radicals induced
by Xan-XO.

Rb,. Kb;, Rb;. and R, had both calcium
channel blockade and anti-free-radical effects.
These results were consistent with those of
some calcium antagonists such as nifedipine.
propranclol, verapamil. and diltiazem''’. In
short, using patch-clamp technic and electron
spin resenance method., we demonstrated that
panaxadiol saponins Rb;, Rb,. Rb,, and R,
bad both calcium channel blockade and anti
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free-radical effects. but Ry in the same dose

behaved none of the two effects.
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