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ABSTRACT

AIM: To explore the modulatory effect of baclofen on
NMDA-activated current in rat dorsal toot ganglion
(DRG} neurons. METHODS: Whole-cell patch-
clamp technique was used o record NMDA-activated
current in isolated DRG nenrons. Drugs were applied
by rapid solution exchange. RESULTS: Preapplica-
ton of baclofen 1 — 100 jemol * L™' induced a
concentration-dependent  inhibition of the inward
NMDA-activated corrent  markedly.  NMDA (100
pmol- L™ " )-activated current was inhibited by 52 % =+
14 % (n =11, P < 0.01} by preapplication of
baclofen 100 umol * L™'. The inhibitory effect of
baclofen was reversible, and was removed by saclofen
100 pmol * L=!, which was a selective antagonist of
GABAg receptor.  CONCLUSION: Preapplication of
baclofen exerts an inhibitory effect on NMDA-activated
current in the primary sensory nemrons.

INTRODUCTION

GABA , and GABAg receptors existed separately or
cocxisted i the membrane of primary sensory
nearons™t ¥, NMDA receptors of glutamate receptors
existed in the membrane of dorsal root ganglion (DRG)
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neurons'* 7). Since these receptors were coexpressed

in the same DRG meuron'®, if they were activated
simultaneously, an interaction might occur between the
responses mediated by these receptors. 1t has been
shown in our recemt investigation that baclofen., a
specific agonist of GABAp receptor. inhibited
membrane responses mediated by GABA 4 receptor in rat
DRG neurons'”.  GABAp receptors mediated
inhibition of the NMDA component of synaptic
transmission in the rat hippocampus'® . The present
study was to explore the modulatory effect of baclofen
on NMDA-activated cumrent in the neurons freshly
isolated from rat DRG.

MATERIALS AND METHODS

Cell isolation  Young Sprague-Dawley rats
(100 - 150 g, wrade [, Certificate No TILA-Y2) of
either sex, were decapitated, the vertebrate column in
the thoracic and lombar segments was dissected ot and
longitndinally divided into two halves along the median
lines on both dorsal and ventral sides. The DRG
together with dorsal and ventral roots and spinal nerves
attached were taken out from the inner side of each haif
of dessected vertebra and wansferred into Dulbecco's
modified Eagle’s medium ( DMEM. Sigma: DMEM
13.84 g+ L', NaCl 2.64 g-L"!) at pH 7.4, 340
mOsmol*kg™'.  After removal of attached nerves and
surrounding comnective tissues 8 — 10 DRG were minced
with dissecting spring scissors and incubated with
trypsin (type [, Sigma) 0.5 g-L-!. collagenase
(type T A, Sigma}l.0 g-L™', and DNase ( type [V,
Sigma) 0.1 g*L™' in DMEM 5 mL at 35 C in a
shaldng bath for 35 — 40 min. Soybean trypsin
inhibitor ( type II-$,Sigma} 1.25 g'L ™! was added to
stop the enzymatic digestion. The isolated peurons
were transferred into a 35-mm culture dish for 30 min.
Experiments were performed at (25+2) 1T,
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Recording Whole-cell patch-clamp recordings
were carried out by a PC-Il patch-clamp amplifier
( Huazhong Univ of Sci & Tech). The micropipette
was filled with intemal solution, composed of { mmol -
L~'): KCI 140, MgCl, 2. HEPES 10, egtarzic acid
(EGTA) 11, ATP 5. Osmolarity was adjusted to 320
with sucrose and pH was adjusted to 7.4 with KOH,
The external solution contained (in mmol+L~'): NaCl
150, KC1 5. CaCly 2.5, MgCl, 1, HEPES 10, d-
glucose 10.  Osmolarity was adjusted to 340 with
sucrose and pH was adjusted to 7.4 with NaOH. The
resistance of recording electrodes was 1 —4 M. After
a whole cell configuration was established. a series of
resistance and capacitance comnpensations were adjusted
before the experiments. Membrane currents were
fikered at 10 Hz ( —3 dB}. Data were analyzed in a
super 386 computer with a data acquistions of software
and hardware system ( Huazhong Univ of Sci & Tech)
or recorded by a pen recorder. Experiments were
carried out at a holding potential { HP) of —40 mV.

Drugs d,[-Baclofen{ RBl). N-methy- D-aspa-
rtic { NMDA, Sigma ).  2-amino-3-
phosphonovalerate ( APV . Sigma?. saclofen ( Sigmal,
glycine {Gly., Shanghai No 3 Phammaceutical Factory,
China). All drugs were dissolved in external solution
and applied by gravity flow from an array of twbules
{OD/LD = 500 nm<300 pm), which were connected
to a series of independent reservoirs. The distance
from the mouth of fubule to the cell was from N to 110
pm.  This rapid solution exchange system was
manipulated by shifting the tubule horizontally with a
micromanipulator.

Statistical metheds The values of NMDA-
activated current were presented as ¥ + 5 and compared
with r test.

acid

RESULTS

The isolated DRG neurons had a round or oval
shape with a residoe of stem process, which was cut off
by enzymatic and mechanical treatment,

NMDA-activated inward currents A large
number of cells {68096, 71 %) were semsitive to
NMDA (1 - 100 yamol « L™') applied externally.
Application of NMDA 1 — 100 gmol - L™" induced a
concentration-dependent inward current {Fig 1A, n=5

neurons) . The concentrations of NMDA that induced

S) % of the maximal response { ECy,) and the maximal
response ( £, ) were around 12 pmol-L~ ' and 287 pA
(NMDA 100 pmol - L'). respectively. The
amplitude of NMDA {100 pumol* L™ )-activated current
was 1M pA + 21 pA (n =117, ranging from 129 to
258 pA. A selective NMDA receptor antagonist, 2-
amino-3-phosphonovalerate { APV, 100 zmol - L71).
blocked NMDA-activated current { # =6) (Fig 1B).

NMDA 03 L 3 1n R} 1
{(umol L'y — — —_ - —_ - .
-
< U
30s
APY
A1
NMDA LC] .um__ul-L ' wWash
(100 pmol 17"y _ —_ —_ <
B e T v §
s
Saclofen
Baclofen (100 _umol L'
NMDA {100 pmol-L'}
{180 pmol-1L7) _ — — Wash -
c U U w8
s
s
Fig 1. NMDA-acdvated cmrents in rat DRG
neurons,

The amplitude of NMDA (100 wmol + L1 )~
activated current was rather small as compared with that
of GABA (100 pmol - L™')-activated current. The
recordings of NMDA (100 ymol * L") and GABA
(100 grmol « L1 )-activated currents showed that the
amplitudes for these two kinds of currents estimated in a
single DRG cell were 112 pA and 1 nA { voltage
clamped at - 60 mV), respectively (Fig 2).

Another discrepancy between them was that the
desensitization of GABA-activated current was very
apparent, ie, though GABA is present continually and
its concentration remained unchanged, the amplitnde of
the current decayed exponentially after it reached a peak
value ( /., ) and then maintained at a level of steady
state { 7). In contrast to that, NMDA-activated
current showed a very slow desensitization {Fig 2}.

Inhibitory effect of baclofen on NMDA-
activated current No change im membrane current
was observed when baclofen (| - 100 yemol-L~") was
applied for 30 s prior to application of NMDA, an


http://www.cqvip.com

ISSN (253-9736  Acta Pharmacol Sin T B H2FH 1099 Apr; 20 (4)

Phn/Fan, 86-21-6474-2629

- 326 - E-mail aps@ server shenc.ac on
Baclolen
Control [ ——— Wash
NMDA — —
Control .B_lfﬂl_ Wash
GABA —_— -
-

-

ul \I
2
« | 200 pA

Fig 2. Inhibitory effect of baclofen 100 pmol-L~! on
NMDA (100 mml-L'll- and GABA (100 p.mol-L'l}-
activated current in the same DRG neurons [n=5).

attenuation of NMDA-activated current occurred.
Baclofen reversibly depressed NMDA-activated currents
in most of the neurons (49768, 72 %), while in the
remaining 19 DRG neurons baclofen did not affect
NMDA-activated current { 19768, 28 % ). The
inhibitory effect of baclofen was concentration-
dependent and increased gradually with the increase in
baclofen concentration {Fig 3).
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Fig 3. Baclofen inhibition of NMIDA (100 pmol-L-1)-
activated carrent. 8 — 11 DRG cells voltage clamped at
—-40mV. Tts.

A 10-min interval was interposed between each
baclofen preapplication and recovery responses of
NMDA-activated currents.  On average, the current
activated by NMDA 100 umol-L~! was suppressed by
9% +5%.32% 5%, 37T% +6 %, 42 % =+
6 %, 52 % 6 % by baclofen 1. 3, 10, 30. and 100
pmol-L-!, respectively. The 1C5{95 % confidence
limits) were 18 (15.75 - 20.25) umol-L~'.

Selective GABA receptor antagonist saclofen { 100
wmol + L™!} prevented the suppression of NMDA-
activated current by baclofen 100 gemol - L™1(1 — 100
pumol:L™"} {n=7, Fig 1C).

Not only NMDA-activated current. but also
GABA-activated current were inhibited by baclofen
{100 ymol* L") in the same DRG neuron { n = 5,
Fig 2).

Effect of voltage on the inhibiton by
baclofen of NMDA.activated current It was
desirable to hold neurons at depolarized potentials for
long periods. The pipette solution contained { mmol *
L~1): CsCl 140, MgCl 2, EGTA 11, HEPES 10.
pH was adjusted to 7.4 with CsOH. Baclofen
suppressed NMDA-activated current at all holding
potentials between ~ 180 mV and + 40 mV. The
reversal potential for NMDA-activated current was
around +10mV {# =5). Strong outward rectifica-
tion of NMDA-induced cumrent at membrane potentials
more hyperpolarized than — 40 m¥. The suppression
by baclofen of NMDA-activated current was in a
voltage-independent manner and the reversal potential of
NMDA-activated current remained unchanged in the
presence of baclofen (100 pmol-L™1) {n =35, Fig4).

Inhibition of NMDA-activated current by
baclofen The inhibition of NMDA-activated current
appeared at 30 s after preapplication of baclofen (100
umol-L ™1, n=7) and reached its peak at about 2 — 4
min. It took about 8 ~ 10 min to get a full recovery
from baclofen inhibition. Tf the interval between
pretreatment with baclofen and application of NMDA
was less than 30 s, no effect was observed (Fig 5).

DISCUSSION

In the present study, the NMDA-activated inward
current was identified to be the current mediated by
NMDA receptors, since it could be potentiated and
attenuated by coapplication of Gly and Mg**
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Fig 4. I-V relation for NMDA {100 pmol - L-!})-
actvated currents with and without pretreatment of
baclofen {100 pmol:L™') (n = 5 neurons) .
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Fig 5. Baclofen (100 pmol- L'} inhibition of NMDA
(100 pmol- L~ 1) -activated current (# =7 neurons) .

respectively and blocked by NMDA receptor antagonist
APV completely. The amplitude of NMDA-activated
current recorded was too small to detect in the normal
extemal solution at holding potential of — 60 mV, so in
this experiment the holding potential was  always
clamped at the level of — 40 mV for favouring to get

more obvious recordings.

The result that preapplication of baclofen produced
an inhibitory effect on the NMDA-activaied current was
convincing, becanse the GABAy receptor antagonist
saclofen could almost reverse the inhibitory effect of
baclofen completely ( Fig 1C ), in addition, the
baclofen inhibition revealed an obvious concentration-
dependent relation (Fig 3). Tt is evident that the
attenuation of NMDA-activated current by baclofen is
more profound than the blockade by high Mgt of
NMDA-activated current.

What is the physiological significance for the
inhibition by baclofen of NMDA-activated current? It
is not clear now. As we know gamma-aminobutyric
acid ( GABA} is the major neurctransmitter related to
the generation of presynaptic inhibition of primary
afferent terminals'-.  GABA as an inhibitory
neurotransmitter acts not only on GABA, receptor,
opening the C1~ channel and involving in formation of
primary afferent depolarization [ PAD), but also on
GABAg teceplor, mediating inhibition of Ca’* influx
and shortening APD during action potential'?'¥,
These two actions of GABA result in the decrease of
release of neurotransmitter including substance P ( SP)
and glutamate (Glu) from primary afferent terminals.
According to the reports published recenily® 7, there
exists NMDA/Glu antoreceptor in  the presynaptic
sensory terminals, which enhances the further release of
Glu via positive feedback mechanism. Taking these
findings with the present study together, it suggests that
the activation of GABAg receptor in the primary afferent
terminals may produce presynaptic inhibition of Glu
release both by suppressing of Ca®* influx during AP
directly and by breaking down the positive feedback
linking of activaion of NMDA autoreceptor
immediately .

There are  several  possible  rontes  of
intramembranous and intracellular transduction. It is
believed reasonably that the activation of PKC gives rise
to phosphorylation at the site for cAMP-dependent
phosphorylation in the cytoplasmic loop of NMDA
receptor and results in closure of NMDA receptor
channel and thus decreases in Ca"* influx in DRG

neurons-'*) .
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