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Puerarin inhibits tetrodotoxin-resistant sodijum current in

rat dorsal root ganglion neurons
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AIM: To test if puerarin {Pue) affects slow sodium
current in dorsal root ganglion (DRG )} neurons.
METHODS: Tetrodotoxin resistant { TTXr) sodium
current was recorded with whole cell patch clamp
technique en DRG neurons of young adult rats.
RESULTS: Pue 0.0l — 2 mmol = ™! inhibited
TT¥r sodium current by 9.5 % - 83.2 % . The
inhibition was concentraticn-dependent and partially
reversible, but was not use-dependent nor voltage-
dependent. Pue did not affect the inactivation but
changed the potential {for hall maximal conductance
from —26 mV to — 16 mV, suggesting the activa-
tion process was inhibited. CONCLUSION: Pue
moderately inhibits TTXr sodium current of rat
DRG neurons.

Sodium ion influx via slow sodium channels
may be related to hypoxic and ischemic damages in
heart and brain, while sodium channel blockers may
have protective actions’! “*. Puerarin {Pue), an
isoflavone compound isolated from Pueraria lobata
{ Willd), has been used for the treatment of cardio-
vascular diseases due to its hypotensive action, anti-
myocardial ischemia and anti-arrhythmia effects by

57 Therefore,

lowering myocardial excitability
the protective effects of Pue may be a result of Ma®
channel blocking and, if so, may also be used in the
protection of brain. To test this possibility, we
have chosen dorsal root ganglion {DRG) cells as a
neuronal model of slow sodium current becanse DRG
neurons are endowed with tetrodotoxin-resistant
{ TTXr} sodium channels with a characteristic

kinetics of slow inactivation® ™% .

MATERIALS AND METHODS

Isolation of DPRG neurons  Young adult § Wistar rats
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(weight 83 = 21 g) were killed by stunning and cervical dislo-
Dissected ganglia were minced and incubated at
37 T in a solution of collagenase (Sigma) 1.2 g+ L"! and
trypsin (type II1, Sigma) 1 -1 in Ca®* - and Mg " -free
phosphate buifered saline for 50 — 60 min. Newborn calf
serum (10 % ) was added as a trypsin inhibitor and incubaved
Cells were harvested with trituration and plated
on glass eoverslips coated with poly-L-lysine {Sigma), cul-
tured in Dulbecco’s modified Eagle’s medium supplemented
with newborn calf serum {10 % ) at 37 T, and were used for
patch clamaping after 8 — 36 h of incubation.
Electrophysiological recording Sodium currents were
recorded with whole-cell patch clamp technique™. The
piperie solution contained: CsF 110, MgCl; 5, egtazic acid
(EGTA) 11, NaCl 10, N-(2-hydroxyethyl) piperazine- N'-
{2-ethanesulfonic acid) ( HEPES) 10 mmol* L™ !, The pH
was adjusted 1o 7.2 by uris { hydroxymethyl ) aminomethane
{Tris). The external solution contgined: MNaCl 60, CsC1 5,
choline chioride 50, tetraethylammonium { TEA)} chloride 20,
KCl 5, CaCl, 0.01, MgCl; 5. glucose 5, HEPES 5,
Na-HEPES 5 mmol+1.”', The pH was 7.4%% | The clec-
trode resistances were 1 MII - 3 M{1 .  An Ag-AgCl peller-
internal solution-agar bridge was used as the reference elec-

cation.

for 15 min.

trode. The membrane currents were recorded using an Ax-
opatch 200A amplifier { Axon Instruments, USA ).
pCLAMP 5.51 program was used to produce signals, collect
and process data. The junction potential was corrected end
series resistance was compensated by more than 70 %. The
leak currents were subtracted digitally unless otherwise stated
All experiments were performed st 21 € - 24 T. The
bathing chamber. comtaining 0.7 mL solution, was perfused
with the complete change of solution within § min.

Drugs Pue was supplied by the Instuute of Materia
Medica, Chinese Academy of Medical Sciences ( purity
>55 %). TTX was purchased from Sigme Co.

Analysis of data Results are expressed as ¥ £ 5. Sta-
tistical significances were analyzed by r tesi.

RESULTS

Isolation of TTXr sodiom current Among
132 DRG neurons tested in the presence of TTX 2
pmol* L™ ! in the bath solution, 102 cells with the
diameter of 20.5 * 2.7 um were found to have in-
ward current with the holding potential of — 50 mV
and a step depolarization to 0 mV. This current
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disappeared, or even the direction of current
reversed when extracellular Na™ was completely re-
placed by choline (Fig 1A}. These features are in
accordance with the TTXr sodium current described

. . i
in the literature'®?' .

Ay

I

10 ms

Figf. TTXr sodium current. A} Identified by the com-
parison of inward cnrrent when perfused with the standard
external solution and the Na” -free external solution [ ar-
row). The correnis were recorded In the presence of TTX 2
uwmol-L~!, and the potential was stepped from — 50 m¥ to
0 mV for 50 ms. B) Before and after {arrow) additon of
Poe [ mmol' L™!. The inhibition of Pue un this cell was
49 %.

Effect of Pue on sodiom current Upon the
addition of Pue {1 mmol-L™!) to the bath, the in-
ward current declined to 60 23 % {2 =7, P<
0.05) with a delay of 1 — 2 min, and reached steady
state within 5 — 8 min (Fig 1B}. The time to peak
of T'T'Xr sodium current was 12.3 * 0.8 and 13.5
+0.8 ms { # =5} before and after the addition of
Pue, respectively. In 7 out of 12 cells, the peak of
TTXr sodium current retrieved from 38.9 % to
71.3 % (P < 0.01} of their original amplitude
when Pue was washed out.

Current-voltage relationship
voltage relationship of TTXr sodium current in 5
cells before and after the addition of Pue 1 mmol

The current-

+L.7! was shown in Fig 2. The membrane was
Leld at - 50 mV and inward current was evoked by
step depolarization to various levels once every 60 s.

The maximal activation of TTXr sodium current

TTXr current/nA

- 1

—1lk .
—&0 —a0 0 30 &0
Command potential /mV
Fig 2. Relationship between peak amplitude of TTXr MNa*

corrent {evoked by 50 ms depolarization to various levels
from a holding potential of — 50 m¥) and command poten-
tial. m=5, Fxs. "P<0.05 v& control.

C Control, @ Ppe { mmol-L~',

appeared at — 10 mV for control and 0 mV for Pue
applicated. TTXr sodium current was decreased by
Pue at the membrane potentials from — 20 mV to
30 mV. The activation threshcld potentials were
— 40 mV for control, and — 30 mV for Pue. The
mean reversal potentials were about 54 mV in both
conditions.

The shift of the curremt-voltage relationship
was seen more clearly when the sodium conductance
{ g} was plotted as a {unction of membrane potential
{Fig 3) according to: g=I/{V - V,}, where V,
is the reversal potential. The maximal sodium con-
ductance was not signilicantly affected by Pue, but
the potential which elicited half maximal conduc-
tance was estimated to be — 26 mV before and — 16
mV after the addition of Pue 1 mmol*L™!.

Steady-state sodium current inactivation The
steady-state inactivation { % ., } curves of TTXr sodi-
um current were measured with a 1000 ms pre-pulse
in the range of — 50 1o 40 mV ( conditioning poten-
tial}, followed by a 50 ms test pulse to 0 mV (Fig
4}. These currents were not leak-subtracted. The
half-inactivation potential { V), and the slope fac-
tor of the ko curve { K,), were determined with
inactivation equation:

Ilemf’-rma: = 1/11 + EKP[ V- Vh).f’Kh] i

In control condition {x = 3), V, and Ky were
-36.8+1.8 mV and 4.0+ 0.4, respectively. In
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Fig 3. Conduoctance-voltage relationship for TIXr sodium

current before and after the application of Poe 1 mmoi-L™'.
The conductance were calcniated from the data in Fig 2.

rn=5. {J Control, @ Puoe.

""ZB0 —70  —&0 —50 —40 —an —20 —1p

Conditioning potentinl/mV

Figd. Effect of Pue ! mmol-L~! on stendy-state innctiva-
tion for TTXr sodium current. The relative peak amplitode
of TTXr sodiom cuwrent doring a step depolarization was
plotted a5 a foncton of the conditioning potential. Two
corves, fitted with the inactivation equation {see text), over-
lapped almost completely, #=3, Fis.

{0 Coatrol, @ Pue.

the presence of Pue 1 mmol-L"'{ 2 =23), these pa-
rameters did not change significantly, being —37.0
+1.8 mV for V,and 4.0+ 0.4 for K;.

Concentration-response relationships TTXr
sodium current was evoked by a 50-ms step depolar-
ization to 0 mV from a holding potential of — 50
mV. The % of modified sodium currents by Pue at
0.01, 0.1, 0.2, 1, and 2 mmol- L™ were 9 £ 7,
15%+6, 35+£21, 60% 23, and 83 + 30, respectively
{Fig 5).

o
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Puerarin/—1g mol-1.7!

Fig 5. Concentration-dependent effect of Poe on TTXr Na®*
currents evoked by a 50-ms depolarization to ¢ m¥ from a
holding potentiai of — S50 mV (C) or — 80 mV ().
n=4-7. $ts. "P<0.05,

Use-dependent and voltage-dependent relation-
ship TTXr sodium currents were measured at the
stimulating frequencies of 1, 5, and 10 Hz before
and after the addition of Pue'®'.
rents ( Iy, at each stimulation compared with that of

The relative cur-

the initia] one} were not significantly decreased with
the application of Pue, suggesting that the effect of
Pue was not use- or {reguency-dependent. With
Pue 1 mmol'L™!, the modified sodium current per-
ceniages were 62.4+ 2.7 % (2 =4) at the holding
potential of ~ 80 mV (Fig 5) vs 60 £ 23 % at —50
mV (P > 0.05), indicating that the inhibition of
Pue on TTXr sodium current was not voltage-

dependent.

DISCUSSION

3

Cur results have shown that Pue inhibits TTXr
Since 1) TTX
sodium channels were blocked completely with 2
pmol* L™ TTX, 2) the TTXr current was abol-
ished in the Na ' -free externa] solution, and 3) F,

sodium current in rat DRG neurons.

Mg, and egtazic acid were used in the internal
and/or external sclution which were known to abol-
ish Ca®" currents, the possibility that the inward
current in this study might be the components of
TTX-sensitive sodium current or Ca®* current can
be excluded™®®

In DRG neurons, Pue attenuated the peak
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amplitude of TTXr sodium current dose-dependent-
ly. It did not affect the kinetics of tnactivation but
changed the potential {or half maximal conductance
and the activation curve toward the depolarization
direction, suggesting that the activation process was
partially inhibited.

TTXr Na® current, with similar characteristics
in electrophysiclogy and pharmacology, has been
found to be presented in cardiac cells, sensory gan-
hippccampal and striatal neu-
Several cardiovascular drugs known to

glicn neurons,
rons[l'g‘n] .
medulate Na® channels, such as lidocaine, pheny-
win and mexiletine, prevent neuronal damage in

— X} ~ .
(2-4.12,18" Evidently, in-

models of brain ischemia
creased Na* influx contributes to ischemic damage
via a large entry of Ca®" resulting from Na®-Ca?”*
exchange[l] . Based on the findings of this study, it
appears that the effect of Pue on myocardial is-
chemia may be due 1o inhibition of TTXr sodivm

Since Pue has been used in the treatmemt
[14]

current.
of retinal ischemia'™®', the possibility that Pue may
have neurgprotective action against brain hypoxia

and ischemia merits further investigation.
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