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Effects of tetrandrine on changes of NMDA receptor channel
in cortical neurons of rat induced by anoxia
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ABSTRACT

ATM . To study the effects of tetrandrine { Tet) on the
changes of NMDA receptor channels in cortical neurons
induced by anoxia. METHODS: Cell-attached
configuration of patch-clamp techniques.  Anoxia was
produced by perfused cells with 95 % N: +5 % COs
gassed bath solution. RESULTS: During anoxia, the
open time constanl (12 ), open probability ( P,) of 35-
pS and 100-pS channels increased. Tet 7.5 umol-L ™!
reduced the P, of 35-pS and 100-pS channels. 15 and
30 umol * L~ inhibited open of 100-pS channel fully,
and changed the open time constant of 35-pS from o
CONCLUSION.
Tet inhibition of the open of NMDA receptor channels

to single exponential distribution.

induced by anoxia was one of its protective
mechanisms.
INTRODUCTION

N-methyl- D-aspartate (NMDA) receptor was one
of the most important receptors which played an
important role in physiologic and pathologic processes.
MDA receptor subtypes formed cafion selective ion
channel, NMDA teceptor channel.
activated due to increased release of excitatory aniino
acids [ EAA) i brain induced by anoxia, which
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resulted in Ca™* inflow across the cell membrane,
intracellular Ca®*  concentration raising and cell
injury' % . Previous study in our lab demonstrated
that tetrandrine (Tet) inhibited the release of EAA from
ischemic brain, and decreased the intracellular Ca™*
concentration in rat brain synaptosome induced by
EAA™ | In this study, we investigated the effects of
Tet on the changes of NMDA receptor channel induced
by anoxia in rat cortical neurons.

MATERIALS AND METHODS

Drugs and reagents Tet. a product of Jinhua
Pharmaceutical Factory ( Jinhwa, Zhejiang Province,
China), with a purity of 98 % . Trypsin, NMDA,
HEPES, and L-giycine were purchased from Sigma
Chemical Co (St Louis Mo, USA). Tetrodotoxin
(TTX) was produced by Aquatic Institute of Hebei
Province.

Isolation of rat cerebral cortical neurons'*
Wistar rats {2 — 4 wk old, Certificate No 24301050
supplied by Experimemal Animal Center, Third
Military Medical University, were decapitated. The
cerebrum was cut imto 0 — 500 pm thick coronal
slices, then transferred to artificial cerebrospinal fluid
(ACSF} containing NaCl 126, KCI 5. NaH-PO, 1.25,
NaHCO; 26, CaCl, 2, MpSO, 2, glucose 10 mmol -
L™, pH 7.2, gassed continuously with 95 % O, +
5 % CQ.. After 30 min, two slices were transferred
to 2 mL. ACSF containing trypsin 2 mg to be digested
for 30 min at (23 +2) . The slices were rinsed with
ACSF containing HEPES 10 mmol-L™'. then cut into
1 -2 mm’ blocks, and the cells were dissociated using
fire-polished Pasteur pipette with tip diameter of 0.2 —
0.5 mm. The suspension of dissociated cells was
dropped onto poly-£.-lysine coated coverslips to allow
neurons settled on.
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Single channe! recording
recording was performed at (23 £2) T using the cell-

Single channel

attached configuration of the patch-cltamp techniques * .
The electrode was pulled at two stages by puller ( PP-
84, Narishige., Japan) with a tip diameter 1 — 1.5 pm
and resistance 4 — 5 M{l. Single channe! currents were
detected by a patch-ctamp amplifier 2200, Nihon
Kohden, Japan) and gap-free recorded by Feichex
program in the pClamp software { Ver ©.0.2, Anon
Instrument. USA at a frequency 20 kHz. The cell
holding potential was set at — 80 mV.

Solution Bath solution contained NaCl 140,
CoCt 5, CuCl 1.8, HEPES 10, TTX 0.001, and
ghucose 10 mmol+1.~'(pH 7.2). The patch electrode
sotution contained NMDA 20 jemot-1.7 ! and £-glycine
1 pmol+L71.

The anoxia bath solution was the same as the
nonnal bath solition except glicose, and gassed with
95 % Ne+35 % €O, for 1 h before use.

Groups
anoxia + Tet 7.5, 15, 30 pmol *L~' and anoxia +

There were & groups: control, anoxia,

dizocilpine maleate 0.05 g-1.7'.

Anoxia was obtained by adding anoxic bath
sohution to cellg!™7- .

Tet was made up as concentrated stocks in HCE 1
mmol-1.~'.  After the anoxic currents were recorded.
Tet was added cumulatively into bath sohution at an
interval of 15 min. then the currents in the same patch
were recorded.  There was no effect on pH when Tet
wis added into bath solution. In anoxia + dizocilpine
maleate group, dizocilpine maleate was preadded into
bath solution before recorded.

Data analysis
exponential fitting.

The open and close times were
Current amplitudes were fitted by

Gaussian distributions.  Open probability { 2.7 was
calculated from the sam of open time for each sweep
divided by sweep duration. The conductance of
channel was calculated® . The data were expressed s
I+ 5 and reated with ANOVA.

RESULTS

NMDA-receptor channel in mat cerebral neurons
has two conductance levels. {35.15 = 0.181 pS and
(100.13 + 0.06) pS. The current amplitudes were
(2.79 = 0.14) pA and (7.7% = 0.05) pA,
respectively. The open time of 35 pS and 100 pS
channel accorded with two exporential distributions.,
and close time with single exponential distribution ( n =
8 cell patches in 8 rats, Tab I, Fig 1),

During anoxia. the open time constant =, and £,
increased in 35 pS channel. open time constant T, and
T, of 100 pS channel had no significant change in
comparison with control group, but P, increased. In
some cell patches which contained 35 pS and 100 pS
channel. the P, reached .90 +0.08 (n=7). The
close time constant t decreased .

We chose the cell patches which contained two
level channels for experiment.  After the anoxia
was recordad. Tet was added
cumnulatively to bath solution at an interval of 15 min.
The current in the same patch was recorded again.  Tet
7.5 pmol-L~! decreased the P, of 35 pS and 100 pS
channel, the open time constant T, of 35 pS channet and
T of 100 pS channel decreased, the close time constant
T increased when compared with that in anoxia,  Tet at
the concentration of 15 and 30 gemot+ L ™' inhibited the
open of the (W pS channel completely, and changed

channel current

Tab 1. Effect of tetrandrine  Tet, pmol*L-!) on changes of NMDA receptor channel of rat cortical neurons induced

by anoxia. x+s. na=7. P>0.05, P<0.01 vs control. %P> 0.05, P <0.05, 'P <0.01 vs anoxia.
I'F 3 Open time  ms ili
1t¥ x Open probabilicy
3B pS 100 S Close mme/ms Open g "
T Ta T T ?}'SPS 1 ps
Control S+ 10 7 +38 5+ 38 T80+ 174 el U6 e ]
Anoxia o2+ 15 431 + )5° 50+ |2° 701 + 2534 11 +4¢ 308 + 156 8+ |
Tet 7.5] 15+ gu3 + 137 31 +23 541 +87° H0x 10 62+ 10’ 2+7
Tet 113) 325 373 +36 g
Tet { 31 13w+ B0+ 8 t+1f
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the open time constant of 35 pS channel to single
exponential distribution, P, of 35 pS channe] decreased
{ n =7 cell patches from 7 rats, Tab 1, Fig 1).

Dizocilpine maleate. an NMDA  receptor
antagonist, also inhibited the open of NMDA receptor
channel induced by anoxia { r2 =5 cell patches in 5 rats,
Fig 1).
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Fig 1. Effects of tetrandrine [Tet, pmol L) on
changes of NMDA recepter channels. Holding
potential — 80 mV. A) single channel current in
normal condiden, B) 35 pS channel current in
anoxia, C) 35 and 100 pS channel currents in anoxia,
D) -G} Tet 7.5, 15, 30 pmol - L~! and dizocilpine
maleate 0.05 g L~! on channel current in anoxia,
respectively.

DISCUSSION

Many researchers have identified the NMDA

receptor channel properties.  The high Ca™*
permeability, non-selective permeability to Na* and
K* and not Cldeiermined Cz"* inflow when NMDA
receptor channel was activated ="',  The resuls
presenied here show that those properties of NMDA
receplor channzls are the same as others reporied, and
suggest that the traces in our test are the definite NMDA
receptor channels.

During anoxia, NMDA receptor channels were
activated, which induced an imerease in intracellular
Ca* concentration ([Ca®* ];). The elevated [ Ca®* |,
riggers a cascade of intracellular events, leading to
acute neuronal injury. When Tet was added to the
outside of the cells, the NMDA receptor channel
openings induced by anoxia were dramatically inhibited
in a concentration-dependent manner. Tet 7.5 umol*
L~! affected open charnel parameters including open
frequency and probability, 15 and 30 gmol - L'
inhibited fully the 100 pS channel opening, which
suggest that Tet have stronger effects on large
conductance subtype channel.  Furthermore, Tet
changed the open time constant distribution, which
indicate that it may inhibit the NMDA receptor channels
induced by anoxia through influencing the open model
and kinetics,  Qur results suggest that Tet protect the
brain from anoxic injury through inhibiting the open of
NMDA receptor channels, and reducing the [ Ca?* ],.
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Corrigendum

Acta Pharmacologica Sinica 1999 Jun.

20 (6, 487

In Methods: The tablets of Hup were manufactured by Joysun Aggregation/
Henan Zhulin Pharmaceutical Company Ltd, the trade mark is Haboyin, while the
capsules of Hup were provided by Ningbo Lihua Pharmaceutical Company Lid.
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