BIBLID: ISSN 0253-9756

Acta Pharmacalogica Sinica ' B # # F41

L‘{tfr - L’J—!'f’

1998 Sep; 19 (5) * 455 -

and glutamate release.
] Neurochem 1989; 53: 1693 -9,

9 Goneales-Carcia C, Cena V. Keiser HR, Rojaz E.
Catecholamine sectexion induced by 1earaethylammonivwm from
cullured bovine adrenal chromaffin cells.

Biochim Biophye Acta 1993; 1177: 99 - I05.

10 Buchheit KH, Engel G, Mutschler E, Richardson B.  Study
of the contractile effect of S-hydroxytryptamine {S-HT) in the
isolated longitudinal muscle smip fom guinea-pig ileum.
Naurmyn Schmiedebergs Arch Pharmmacol 1985; 329: 36— 41.

1I Kilpatrick GJ, Jonea BJ, Tyers MB.

Identification and distribution of 5-HTy receptars in rat brain
Nature 1987; 330: 746- 8.

12 Yuan YM, Xu DY, Hu GY. Pinacidil suppression on 5-HT;
receptor-mediated contraction of guinea pig ileum in witro
Acte Pharmacol Sin 1998; 19: 31 -5,

13 Sianfield PR. Tetmethylammonium ions and K* permeability
of excitable cells.

Rev Physiol Biochem Phemmacol 1983; 97: [ - 67.

14 Jonas EA, Kaczmarek 1K,

Regulation of K* channels by protein kinases.
Curr Opin Neurobiol [996; 6: 318 - 23,
15 Wickman KD, Clapham DE.
(-protein regulation of ion chanmels.
Curr Opin Neurobicl 1995; 5: 278 - 85,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BIBLID: ISSN 0253-9756

Acta Pharmacologica Smica FHFBEFM

M7 g0 4 MBI S-HT, IS4
Wk R A"

EER, B A%, AEAN (FEREELEEY )
FRFHEHHAEARESALTRE, ¥ 200031, FEH)

RG7/
744

XEA DHESE; MZELESH: 8L 0V

I BE ; BALA: FEMEE; Mﬁ?ws
mEREHY; B ARLE

BN AR MW EE(TEA) ., 4-F M (4-AP) T
5-HI,ZEN S BRI B EEnER. A&k %
KEERic A BUE,; *H]CR65630 &5 il I
W E 5-HT, ZHEESRE. HMR: TEA, 4-AP 3|
EEBHWEFHMBAEEES, HWESE®E
MDL72222 fHET. TEA, 4-AP 338 2-FR E-5.-HT #1
5-HT 5| & i) W4 ; 198 85 5 5 5] ZR X Benesetron #9341
HIER:; REWREEHES EBAOWSE. TEA.
4-APAREE W 5-HT; ZHREG SREK. Hik: TEA.
4- AP fi37 i BH Br 28 A AT 39 4 7049 (B 1B JH 58 5-HT,
3 500 B o .

1998 Sep; 12 {5): 455 — 458

L-type calcium channel blockade mechanisms of panaxadiol saponins
against anoxic damage of cerebral cortical neurons isolated from rats
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AIM: To identify the changes of L-type Ca’*
channel on cerebral cortical neurons of rats
during anoxia and the protective mechanisms of
panaxadiol saponins ( PDS ) against anoxic
injury. METHODS: Patch-clamp technique of
cell-attached configuration and in witro cerebral
anoxic modle built with actuely isolated cortical
cells of Wistar rats. RESULTS: The open time
of L-type C&* channel of contical neurons
increased significantly from {(2.85+0.21) ms to

' Corespondence to Dy KAI Li.  Phn 86-23-6875-2292,
Received 1997-08-29 Accepted 1998-02-24

{9.1£1.0) ms { P <0.01) under anoxia. The
particular change was a long-lasting open, which
was more than 20 ms in some cases. At the
same time, the close time decreased from {38 +
8) msto {10x3) ms { P<0.01) and the open-
state probability raised from {0.047 + 0.008) to
{0.165 £+ 0.025) (P <0.01). PDS (1.5 g"
L™!') inhibited the activity of L-type Ca**
channel both in normal and anoxic condition
[open time from (2.23 + 0.47) ms and (9.1 z
1.0) ms to (1.03 £0.25) ms and (2.1 +0.4)
ms; close time from (38 £ 10) ms and {10 x 3)
ms to {74 + 16) ms and {46 + 10 ms); open-
state probability from {0.043 : 0.006) and
(0.165 + 0.025) to (0.012 x 0.004) and
(0.021 £0.009) , respectively, P all <0.01].
The results of PDS were similar to those of
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verapamil, but were weaker compared with
verapamil. CONCLUSION:; The L-type Ca®*
channels of rat cerebral cortical neurons were
obviously opened during anoxia. The channels
in normal and anoxic condition were effectively
blocked by PDS. Tt was one of the important
mechanisms by which PDS protected brain from
the anoxic injury.

The concentration of intracellular Ca**
([Ca’* 1;) was elevated gharply in ischemic
brain cells, which was closely related to cell
damage during ischemia and delayed neuron
death after ischemia' =2, The Ca’* channel
was seen very important in accumulation of
[Ca®* ]; because Ca®* channel blocker markedly
decreased the damage and the infarct size of
jschemic brain®-*'. But the changes of
membrane ion channel after anoxia in vitro have
not been reported. Total saponins of Panax
ginseng and Rb;, Rg; decreased the high level of
[Ca®* ]; and reduced the injury of brain cell from
ischemia®~ %),  While there was no report yet
about the effects of panaxadiol saponins ( PDS).
We used the paich-clamp technique of cell-
attached configuration to further investigate the
properties of L-type Ca?* channel in rat cerebral
cortical neurons induced by ancxia and the effects
of PDS on it in normal or anoxic condition. We
intended 1o disclose some molecular mechanisms
of protective effects of PDS against anoxic damage
of cerebral cortical cells.

MATERIALS AND METHODS

Drugs and reagents PDS were extracted
from the leaves and stems of Panax ginseng C A
Meyer ( purity >92 % ) containing Rb,, Rb,,
Rb;, R, and R4, purchased from the Depart-
ment of Organic Chemistry, Norman Bethune
University of Medical Sciences, analyzed with
HPLC and thin layer sweep technic; trypsin
(Sigma); N-trimethylsilyldiethylamine {Sigma) ;
poly- L-lysine hydrobromide {Sigma).

Cell preparation Procedures for prepara-
tion of cortical neurons of Wistar rats (2 — 4 wk
old) were essentially identical to that described
by Tang”'. Briefly, rats were rapidly
decapitated. The cortex was isolated and cut in
(400 — 500) pm sections. The slices were

incubated at room temperature {20 — 24 C) for
at least 30 min and then digested by 0.1 %
trypsin for 30 min.

Single channel recording  After cells
were settled on the coverslips coated with poly- L-
lysine hydrobromide before, bath solution
containing { mmol-L~! ): K-aspartate 130,
HEPES 10, egtazic acid 10, MgCl; 5, glucose
10 {pH 7.3) was added. The cell-attached
configuration of patch clamp was used. Paich
electrodes were pulled from GG-17 glass in 2
stages on micropipette puller { model PP-83,
Narishige , Japan) with a resistance of 2 - 4 M{}.
The tip of elecrodes was coated by N-
irimethylsilyldiethylamine and  fire-polished.
Pipette solution contained { mmol- L~'): BaCl,
110, HEPES 10 (pH 7.3).

Current recordings were obtained using a
patch-clamp amplifier ( CEZ-2200, Nihon
Kohden, Japan) and were filtered at 1 kHz. L-
type calcium channel was elicited by depolarizing
pulses ( — 40 mV—>0 mV, lasting 150 ms) at
intervals of 3 s to allow Ca®* channels to recover
from inactivation using the pClamp 6.02 software
{Axon Instrument, USA)., The seal resistance
was usually more than 5 G2.

Groups In normal condition, there were 4
gruops: conirol; PDS; control; verapamil. In
anoxic condition, there were 4 groups: control;
anoxia; anoxia + PDS; anoxia + verapamil.
Anoxia was induced by adding bath solution
containing no glucose and bubbled with 95 % N,
+5 % COy at least 1 h before experiment.
After the normal activity of L-type calcium
channel was recorded, PDS (1.5 g-L~!) or
verapamil { 20 pamol L-!) was added into bath
solution, 5 min later, the currents in the same
patch were recorded. In anoxia + PDS and
ancxia + verapamil groups, PDS or verapamil was
added into solution 20 min before recording.
Ten paiches were used in each group.

Data analysis Linear leak currents and
capacitive currents were subtracted digitally using
the average of sweeps containing no channel
activity. The open and close times were fitted
exponential fitting. Current amplitudes were
fited by Gaussian distributions.  Open-state
probability was calculated from the sum of open
time for each sweep divided by sweep duration.

Statistic analysis Data were treated with ¢
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test and ANOVA.

RESULTS

Normal channel current and the effect of
PDS The L-type calcium channel in normal
state showed as: the average open time was 2.23
ms, the average close time was 38 ms, and the
open-state probability was 0.043. PDS (1.5 g-
L-!) blocked this channel; shortened the open
time, prolonged the close time, and reduced the
open-state probability without apparent influence
on the channel current amplitude. PDS
possessed the calcium antagonist action like
verapamil (20 pmol-L~'). But the effects were
less than those of verapamil (Fig 1, Tab 1).
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Figl. Effects of panaxadiol sapmins (PDS, 1.5 g' L)
and verapamil (20 pumol*L~") on L-type calchm channel
In cerebral cortical neurons ectnely isolated from Wistar
rats in normal and anoxdc condiion. The marks suitable
for all panels. A: hefore PDS added; B: after PDS
added; C: before verapamil added; D: after verapanmil
added; E: cootrol; F: snoxia; G: anoxia + PDS; H:
Anoxia + verapamil.

Anoxic channel corrent and the effects of
PDS Changes of L-type calcium channe] during
anoxia showed that the average open time was

increased from 2.85 ms t0 9.1 ms (P <0.01).
The particular change expressed a long-lasting
open (open time of some cells was more than 20
ms). At the same time, the close time
decreased from 38 ms to 10 ms (P <0.01) and
the open-state probability increased from 0.047 to
0.165 {( P < 0.01), but the channel current
amplitude exhibited no apparent change. PDS
(1.5 g'L'l) obviously inhibited the open of L-
type calcium channel induced by anoxia and led
to shorten the open time (9.1 ms to 2.1 ms, P
<0.01), prolong the close time (10 ms to 46
ms, P < 0.01), and decrease the open-state
probability (0.165 to 0.021, P <0.01), but
exeried no apparent role on channel current
amplitude,  These effects of PDS were also
similar to those of verapamil but weaker than
those of verapamil (Flg 1, Tab 1).

DISCUSSION

Previous researches have demostrated that
neurons in some cerebral regions possess at least
four different type Ca®* channels: T-, L-, N-,
P-Ca’* channels and each of them has distinct
single-channel properties. The characteristics
and behavior of the trace recorded in our test
showed that it was a typic L-type Ca’* channel
current -9

Many researches have proved the close
relationship between the [ Ca®* ]; accumulation
and the damage or death of brain cells under
ischemia. That Ca®* entry into cells is the final
common pathway leading to cell death, It was
deduced that high concetraction of [Ca’* ], was
involved in voltage-dependent calcium channel
and NMDA channel*'®. But the direct
evidence of changes on cell membrane ion
channel evoked by anoxia is absent. The data in
our experiment showed that anoxia induced L-
type Ca’* channel to be obviously actived, which
was one of the direct reasone to cause Ca®*
accumulation violently,

Total saponins and some components of
Panax ginseng could protect brain against
ischemia-reperfusion damage®’. In cultured
myocardiocytes, PDS could block Ca’* channel
and lower [ Ca?* ]; has been confirmed "), Qur
test showed that PDS had the effective blockade
ole on the L-type Ca’" channel in contical
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Tab 1. Effects of panaxadiol saponins (PDS, 1.5 g-L-') and verapantil (20 pmol-L-!) on open time {OT, ms), close time
(CT, ms}, aorent amplitnde {CA, pA} emd open-state probability (Po) of L-type calcium chamel in normal and anoxic

condition in cerebral eortical neurons. 1 = 10 cell patches of 10 rats.
Txs. "P<0.05 ‘P<0.0l vs Control. P < 0,01 »s Anoxia.
oT CT CA Po

Contrul 2.23£0.47 38+ 10 1.57 £ 0.05 0.043 x 0.006
PDS 1.03 £0.25° 74 £ 16° 1.5540.07 0,012 + 0,004
Consrol 2.40 £ 0,65 B9 1.57£0.06 (0,046 + 0.004
¥erapamil 0.61 £0.18° 120+ 19° 1.55+0.06 0.00%8 + 0.001°
Contrl 2.85+0.21 38+8 1.56+ 0.05 0.047 £ 0,008
Anoxia 9.1x1.0¢ W3 1.570.07 0.165 + 0.025°
Anoxia + PD5 2.14 +0.35% 46 + 107 1.56+0.09 0.021 £ 0,009
Anoxia + Verapamil 0.86 +0.11¢ 754 124 1.56 +0.06 0.014 + 0.009

neurons not only in nemal but also anoxic
condition. This action of PDS was similar to that
of Ca’* antagonmist verapamil. This result
suggested that the inhibition of L-type Ca®*
channel was one of mechanisms of PDS protecting
brain from anoxic injury.
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