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Inhibitory effects of vinpocetine on sodium current

in rat cardiomyocytes!
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AIM: To study the effects of vimpocetine {Vin) on
the sodium current ( 7, ) in candiomyocytes.
METHODS: The sodium current in adult rat
ventricular myocytes was measwred by whole cell
patch-clamp technique. RESULTS: The [y, in
cardiomyocytes was blocked reversibly by Vin, in
concentration-dependent and voltage-dependent
manner, but not rate- or use-dependent. The Ijy, was
aftenvated by 13 % -75% when the Vin
concentration was raised from 10 to 80 pmol* L~
The IC5 {95 % confidence lLimits) was 36,4 (28.1-
47.1) pmol * L™!'. When the membrane potential
depolarized over the range of — 90 mV to +40 mV in
10-mV step, inhibitory effect of Vin on the Iy, was
39 % at first, then maintained at a higher level, about
52 % +5 %, The maximal depression (57 % )
reached at about 0 mV. Vin influenced both the
activation and inactivation processes of sodium
channel, and resulted in attenuation of the window
currents ( the slowly inactivating sodium currents).
CONCLUSION: Vin inhibited sodium currents in rat
ventricular myocytes.

Vinpocetine ( Vin ), ( ethyl apovincamin-22-
oate ), has been wused in the treamemt of
cerebrovascular diseases: dementias, convulsion, efc.
Vin was first described as cerebral vasodilate because it
increased global cerebral blood flow under normal and
hypoxic conditions in animals’. Then it was found
that Vin reduced the loss of hippocampal neurones in
rat cerebral ischemia®, and potentiated the
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neuroprotective  effect of adenosine against hypoxic
damage®).  Recently, it was reported that Vin
improved the deformability of erythrocytes'* and Vin
had a block effect as potent as phenytoin on the
voltage-gated Na* channel in rat primary cultured
cerebral neurones'™ . They may be the main role of
Vin in ischemia. The Na* channel in cardiomyocytes
was also dealt with the damage of ischemia . The
fast sodium current was responsible for the upstroke
phase of action potentials, which influenced excilability
and conduction of impulses in heart tissues'™. The
slowly inactivating or late sodium cutrent which precise
information was obtained from single channel recording
would have a special meaning from the clinical point of
view, eg, in ischemial®®’. To clarify the role of Vin
to cardiovascular diseases, we studied the action of Vin
on voltage-gated Na™ channel in rat ventricular cells.

MATERIALS AND METHODS

Isolation of cardiemyocytes Adult Sprague-Dawley
rats, L. weighing 232 £ 5 19 g, { supplied by Amimal
Departroent of Shanghai Brain  Research Institute, Chinese
Academy of Sciences, conventions] animals, Certificate No 00S)
were stunned. Langendorff hearts were perfised at 37 C with a
nominally zero calcium (existed a litle C2* in distilled water)
solution for 8 min, then perfised with enzymatic solution, ie,
zero calcimn solution phus type [ collagenase ( Sigma) 0.26 -
0.31 g*L~" and albumin ( fatty-acid-free, V Bochringer) 1 g*
L~! for 5- 15 min. When the heart was soft, the ventricle was
chopped and gently stimed in KB solution. Cardiomyocytes
appeared in the supermatant were filtered, stored in fresh KB
solution at 18— 22 ., and wsed within 10 h.

Whole cell patch-clamp recording Cells  were
examined with an inversed mmicroscope {Nikon, Japan). Afier
attached to the bottom of the hath, the cells were perfused by the
extracellular solution 6 - 7 mL*min~". The solution in the bath
was feplaced completely within 1-2min,.  The gass
microelectrodes were pulled in two stieps by rmcroelectrode puller
{Narrishage, Japan), resistance 0.8 - 2.8 M{} after filled with
intracellular solution. An Ag-AgCl electrode was used as the
reference electrode.  Membrane currents were recorded with an
Axopatch 200A amplifier { Axon Instument, USA). The
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PCLAMP 6.0 software ( Axon Instrument, USA) was used to
produce signals, collect and process data.  Capacitive transients TTX Vin washing out

and series resistance were comopensated and linear leakage
currents were subtracted using the p/4 protocol ( leakage current
was calculated based on 4 smal? and short hyperpolarising pulses
before conditioning and test-pulses. See user manual of
pCLAMP 6.0). The temperahme in bath was kept at
8-22 T.

Solutions and drugs  Solations: zero calcium solution
contained: NaCl 120, KC1 10, KH, PO, 1.2, MpCh 1.2,
taurine 1), pyruvate 5, glucose 20 (mmol-L™'}, and its pH
was adjusted to 7.2 with N2OH. KB solution contained: KOH
70, KQ1 4, KiLPO, 20, MgCl, 3, L-ghatamic acid 50, taurine
20, egtazic acid 0.5, HEPES 10, glucose 10 {mmol-L~'}, and
its pH was adjusted to 7.4 with KOH. Intracellular ( pipetts)
solution contained: CsCl 130, NaF 13, MgCL 2, egtazic acid
2, HEFES 10 (mmeal-L71), and its pH was adjusted to 7.2
with CsOH. Extracellular solution confained: NaCl 75, CsCl
75, MgCh 1, KQ1 5, CoCl, 2.5, TEA 10, glocose 5, HEPES
10 (mmol: L'}, and pH was adjusted to 7.4 with CsOH.
Dmgs: vinpocetine { Takeda Chemical Inc Lid, Japan} was first
dissolved in HC1 T mol-L~! at a concentration of 20 mmol+ L',
and then diluted with extracellular solution. The pH was
adjusted to 7.3 with CsOH. Tetodotoxin ( TTX } was
purchased from Fisheries Research Instinme, Hebei Province,
China.

Data analysis and curve fitting Data are presented as
X t 5, and analyzed by peired or group ¢ test.  The steady-state
inactivation or activadon curves were fitted with Boltzman
equation: fy, = hua/[1 + exp{ V = Ve KM, (or Iy =
Tue/[1 —exp( V= Vy5)/K]). The Iy, is the sodium current;
Ivy, 15 the maximal amplitnde of sodinm cument; V is the
voltage of the conditioning pulse; Vs is the voltage for half
inacivation; and K is a slope factor. The concentration-
response curve was fitted acconding to the equation: fyy, = e/
{IC5,/C+1), where the Iy, and I, are the same as above.
The C is the concentration of Vin and ICy, is the concentration of

RESULTS

Effects of Vin on sodium current
Quiescent, single, small-sized ventricular celis with
clear striations were selected for recording sodium
currents.  When the cell was evoked by a 50-ms step
depalarization to - 30 mV from a bholding potential of
-9 mV, an inwand current with amplitude of 4.2
+1.6 nA (n = 24) appeared. It was blocked
partially by adding TTX 30 pmol- L !(Fig 1) or
completely by 100 pmol* L™, After 5 - § min of
equilibration, the sodium currents were recorded.

30 pymot-L~'
Waah out

' Control
Cantro

Fig 1. Inhibition of myocardial sodium current by TTX
or Vin.

One cell was used for only one concentration. The
inhibitory effect appeared within 2 min after adding
Vin, and increased with raising concentrations. As
the Vin concentrations were 10, 20, 40, and 80 umol
L."', the amplitudes of the currents were attenuated
by1l3 %x2% (n=6, P<0.03), 29 % 6 %
(n=6, P<0.01}, 53%+6% (n=6, P<
0.01), and 75 % + 6 % (n =06, P <0.01},
respectively (Fig 1). There was a corelation { r =
0.99684, P < 0.01) between the log conceniration
{(X) and the % inhbition { ¥) (the regression
equation: ¥ = — 0.5876 + 0.6976X ). The ICy
(95 % confidence limited) was 36.4 (28.1 - 47.1)
pmol *+ L™'.  The [y, recovered completely after
washing out of Vin from the extracellular solution
(Fig1).

Current-voltage relationship The mem-
brane potential was held at - 80 mV and the inward
current was evolked in every 10-mV step depolarization
to various levels. The maximal activation potential
appeared at — 40 mV for control and ~ 30 mV for Vin
40 pmol - L~'. Sodium currents were decreased by
Vin at membrane potentials from - 30 mV w + 10
mV, The exteat of % inhibition was from 33 % 1w
60 % (P <0.05). The mean reversal potential did
not change and was at about + 29 mV in both control
and Vin group (Fig 2).

Steady-state sodium current inactivation
Various membrane potentials between — 120 mV and
~20 mV were held for 5 s and then depolarized by test
pulses to - 30 mV. Vin 40 pmol - ™! had an
inhibitory effect to inactivation course of sodium
channel. These currents were not leak-subtracted.
The curve was fitted with Boltzman equation, The
haif- inactivation voltage and slope factor were - 72.8
mV¥ and 7.9 for contol, and - 82.4 mV and 9.7 for
Vin (P <0.05), respectively (Fig 3).
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Fig 2. Current-voltage relationship of sodium current

for control and Vin 40 pmol+ LY. n=5 cells, 2 & s.
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Fig 3. Steady-state inactivation curve of sodiim
current. The inactivation course was inhibited by Vin
40 pmol- L', n=5cells, X1 5. "P<.05.

Effect of Vin on activation and inactivation
The Vin 40 pmol - L™! inhibited both activation and
inactivation of sodium channel, and attenuated the
window current (Fig 4} .

Voltage-dependent and use-dependent
blocking The membrane potentials were held from
-9 mV to + 40 mV by condition pulses, then
depolarized to — 30 mV by a test pulse. The results
( Fest” Teongiion) indicated that the blocking effects of
Vin 40 pmol - L~! were produced below the threshold
(- 60 mV) of sodium current and stronger when the
potentials were increased. There was a correlation { r
=0.5464, P <0.05) between the % inhibition { ¥)
and the log membrane potential { X} (the regression
equation: ¥ = 0.1634 + 0.2021X). The maximal
blocking effact was sbout at 0 mV. Afterwards, the
effect was not increased obviously (Fig 3).
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Fig 4. Activation and inactivation curves of sodium
current for control amd Vin 40 pmol-L-'. n=35 cells,
35
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Fig 5. Voltage-dependent blockage of sodivm current
by Vin 40 pmol-L-!. The normalized I, (the peak
amplitude of sodiwm current during the test pulse) was
plotted as a function of the membrane potential during
the conditioning pulse. n=5cells, £+5. P <0.05.

To test the use-dependent blocking of the sodium
curents, a train of 20 depolarizing pulses ( the
stimulating frequencies were 1, 3, and 5 Hz)} was
applied to a holding potential of — 100 mV, and the
membrane potential was depolarized to — 30 mV,
When the frequencies were 1, 3, and 5 Hz, the Iy,
did not decline for control, but decreased by 36 %,
34 %, and 24 % for Vin 40 pmol-L~!. However,
the relative current ( amplimde of 7y, at each
stimulation compared with that of the initial one) was
not much decreased for the presence of Vin 40 pmol -
L™!. For example, the peak amplitude of Zpy
compared with that of 7,,, the % decrease was 10 %,
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7%, and 6 % (n =6, P>0.05} respectively, no
obvious differences were found between 1, 3, and 5
Hz. So, we did not find the use- or rate-dependent
effect of Vin.

DISCUSSION

The present results indicated that vinpocetine
inhibited sodiurn curremt in isolated rat ventricular
cells. This effect is the same as that in neuron
cells’.  The inhibition was reversible and
concentration-dependent.

In addition, Vin influenced on both activation and
inactivation process of sodium  channel in
cardiomyocytes. Vin rmaised the threshold potential
and changed the activation curve toward depolarization
direction. These findings suggested that the activation
process of sodium channels be inhibited by Vin. The
inactivation curve was shifted to hyperpolarization. It
ndicated that Vin also blocked the inactivated state of
the channel. These results suggested that the window
currents were inhibited by Vin (See Fig 4). The
window current is a component of sodium current in
inactivating state'®’ , which can be depressed by TTX.
Furthermore, the 1y, blocking of Vin is, in a voltage-
dependent manoer, and is more suong ab potentials
positive to the region where steady-state inactivation
seems to have been completed.

There are increasingly evidences demonstrating
that the drugs that block the sodium channel may exert
a protective effect on peuron cells and cardiomyocytes
as well®1-%) A increase in intracellular free Na*
concentration during the early stage of ischemia is very
harmful because it may lead to Ca®* overload. The
voltage-gated sodium channel can indeed be a source of
significant increases in [ Na]; because the sodium
current inactivation is often incompletely m a large
voltage range in ischemic cardiac tissue™, So, our
findings can offer further evidence that the inhibitory
effect of Vin on slow inactivation component of sodium
currents may exert direct cardioprotection when the

In conclusion, Vin inhibited sodium curment in
isolated rat ventricular cells in a reversible manner.
This effect was concentration-dependent and voltage-
dependent, but not rate- or use-dependent.
Rurthermore, Vin blockage of both inactivation and

activation course of sodium channel resulted in the
attenuation of window current .
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Effects of moxonidine injected into rostral ventrolateral medulla on
blood pressure, heart rate, and renal sympathetic nerve activity in rats
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AIM: To examine the effects of moxonidine ( Mox)
injected into the rostral ventrolateral medulla (RVIM)
on blood pressure (BP), heart rate (HR)}, and the
renal sympathetic nperve activity ( RSNA ) in
anesthetized nommotensive rats. METHODS: BP,
HR, and RSNA were simultaneously recorded after 1
pL Mox 1, 10, and 100 umol*L~! was injected into
RVLM. RESULTS: Mox 1, 10, and 100 pmol -
L~ reduced BP from 13.9+ 1.0 kPa 10 13.0+ 1.7
kPa(P<0.05),13.8+1.8kPatw 11.4+1.5 kPa
(P<0.01), and 13.9+1.9kPat0 9.4+ 1.7 kPa ( P
<0.01), respectively. Mox did not influence HR.
RSNA varied with the doses: Mox 1 pmol - L~!
increased RSNA by 50 % { P <0.05), 10 pmol-L™!
insignificantly influenced RSNA (P > 0.05), and 100
pmol’L™! reduced RSNA by 23 % (P <0.05). In
sinosortic barodenervated mts, Mox 10 pmol - L~!
inhibited RSNA by 50 % (P < 0.05}, which
substantially differed from that in buffer nerve intact
rats { P < 0.01). CONCLUSION: Mox injected
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into RVIM decreased BP, but did not influence HR.
The changes of RSNA did not parallel with the
depressor effect of Mox,

Mozonidine (Mox), an imidazoline, Tepresents a
new gepneration of clonidine-like centrally acting
antihypertensive drugs, which acts via I;-imidazoline
receptor!’.  Mox injected into the rostral ventrolateral
medulla (RVLM; decreased blood pressute ( BP)} and
heart rate ( HR) in conscious or anesthetized
hyperensive rats’>"*).  Neurons in RVIM send
excitatory input directly to the spinal sympathetic
preganglionic neurons. It is assumed that Mox
produces its depressor effect by decreasing peripheral
sympathetic tone. But there was no report about the
effect of Mox directly applied into the RVLM on
sympathetic nerve outflow. The renal sympathetic
perve activity ( RSNA) is mostly used to evaluate
peripheral sympathetic tone. Intravencus injection of
Mox in the doses inducing hypotension inhibited RSNA
in anesthetized cats™ and in conscious rabbits'®, but
it was thought that the decrease of RSNA induced by iv
Mox was due to its central action as well as peripheral
presynaptic iphibition. The aim of the present study
was to investigate the effects of injection of Mox into
RVIM on BP, HR, and RSNA in anesthetized
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