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Modulatory effects of gonadorelin on GABA-induced depolarization
and GABA-activated current in rat spinal ganglion neurons'
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AIM: To explore the modulatory effects of go-
nadorelin on GABA-induced depolarization and
GABA-activated current in membrane of rat pri-
METHODS : Intracella-
lar recordings and whole-cell patch clamp tech-

mary SENSOry nNeurons.

niques were performed on neurons in rat spinal
ganglha (SG) preparation and neurons freshly iso-
lated from rat SG. respectively. Drugs were ap-
plied by saperfusion and/or by bath application.
RESULTS: In the majority of neurons GABA (10

pmel<L7'—1 mmol <L.7'} induced a depolariza-
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tion. which was blocked by bicucullin {100 pmol
*L 7). Pretreatment with gonadorelin (50 smol
+ L.7') decreased the GABA-induced depolariza-
tion by 79+ 22 % (2=29), while gonadorelin
elicited no effect or slight depolarization alone.
In 6 of 11 cells. GABA-activated currents were
also inhibited by pretreatment with gonadoerelin
{50 wmol+I.7"), while in 5 of 11 cells. there was
CONCLU-
SION : Gonadorelin exerts an inhibitory effect on
GABA-induced depolarization and GABA-acti-

vated current in the primary sensory neurons.

no change or a slight potentiation.

GABA is the major neurctransmitter in-
volved in the formation of primary afferent depo-
larization (PAD) and thus related to the genera-
tion of presynmaptic inhibition™*, Qur previous

study revealed that peptide gonadorelin modu-
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lated the responses of muscarinic receptors and
a-adrenoceptors in the somatic membrane of toad
Using the SG
neuron as a model for studying the properties of

spinal ganglion (SG) neuron®’.

primary afferent terminals of sensory neuron. the
present work was to investigate the modulatory
effects of gonadorelin on the responses mediated
by GABA, receptors in rat SG neurons by intra-
cellular recordings and whole cell patch-clamp
techniques.

MATERIALS AND METHODS

Intracellular recordings’!

Intracellular recordings
were made on SG in witro {rom 2-3-wk SD rats of either
sex. The rats were anesthetized with either. Laminec-
The SG with dorsal root and

spinal nerves attached was dissected out and transferred

tomy was done at L, or L..

into oxygenated balanced salt solution (BSS) containing
NaCl 140, KCI 5, CaCl; 2, MgCl, 1. glucose 5. Tris HCIl
Smmel*L""(pH 7. 4. 2543 C.) and then pinned onto a
silicone gum block. The sciatic nerve was placed on a
pair of platinum stimulating electrods in the neighboring
compartment. The flow rate was 3—5 mL+min"'.

The glass microelectrodes for intracellular recordings
were lilled with potassium acetate 4 mol+L ™!, tip resist-
ance being 25 — 60 M.
amplified by micreelectrode amplifier (MEZ 8201, Nihon
Kohden > and recorded with a pen recorder (LMS-2B,
Chengdu .

Isolated SG neurons

tated under ether.

Membrane potentials were

Immature SD rats were decapi-
The vertebrate celumn in theracic and
lumbar segments was dissected out and longitudinally di-
vided into two halves along the median lines on both dorsal
and ventral sides. The SG together with dorsal and ven-
trel rocts and spinel nerves attached were transferred into
Dulbecco’s medified Eagle’s medium (DMEM. pH 7. 4}
immediately. After removal of attached nerves and sur-
rounding connective tissues the SG were minced with iri-
dectomy scissors and incubated with the enzymes including
trypsin (type B, Sigma) Q.55 g-L~", collagenase {(type
1 A, Sigma? 1.1 g-L7" and DNase (type 1 A, Sigma}
.11 g-L7 % in DMEM at 35 C for 40 min.

enzymatic digestion soya bean trypsin inhibitor (Type -

To stop the

S, Sigma. 1. 25 g+1.7'? was added. The isolated peurons
were fransferred into a culture dish and kept still ar least
for 30 rin.

Patch-clamp recordings Whole cell pateh-clamp
recordings were carried out by PC-1 patch-clamp amplifier
{Huazheng University of Science and Technologyi. The
patch electrode was filled with internal solution KC| 141,
MgCl, 2. HEPES 10, egtazic acid 11 mmol<L™". The ex-
ternal sclution was composed of: NaCl 150, KCl 5, CaCl,

2.5, MgCl, 2. HEPES 10, d-glucese 10 mmol+1.7'. The

tip resistances of patch-clamp electrode were 2 — 4 MIUL.
A small membrane pateh underneath the pipette Yip was
aspirated to form a tight seal and then a more negative
pressure was applied o rupture it. _Compensation for ca-
pacitance and series resistence were done before the start
of experiment. Membrane currents were filtered at — 10

Hz (—3 dB).
vision/386 computer using a Labmaster data acquisition

Data were recorded apnd analyzed on an En-

system (Huazheong University of Science and Technology )
or recorded by a pen recorder {Nihon Kohden).

Drugs GABA, bicuculline . muscimol, isoguvacine.
diazepam, pentobarbital and gonadorelin were prepared by
dissolving in BSS (pH 7. 4). The drug solutions were de-
livered by gravity {low Irom a linear barrel array consist-
ing of fused silica tubes (OD 0. 5 mm), which were con-
nected to a series of independent reservoirs. The distance
from tube mouth to the cell was arround 100 pm (B0—120
pm?). This rapid solutiop exchange system was manipu-
tated by shifting the pipette horizootally with a micro-
manipulator. The inhibitory rate of gonadorelin on the
responses mediated by GABA, receptor = [(control of
GABA response —~ GABA response after application of
gonadorelin) / (contrel of GABA response )] X 100 2.

RESULTS

Membrane responses induced by GABA
Experiments wete performed on 127 cells from 40
SG. The resting potential (RP) of the cells was
— 63+ 10 mV {(n=127), memhrane resistance
(Ro)=38+8 Mf} (n=18). The conduction ve-
locities were 1. 25—15 m+s~"(#=55). In major-
ity of neurons {(106/127) examined the depolar-
ization in membrane potential was induced by
GABA (10 pmol+L™'—1 mmol-L7'). The re-
sponses were concentration-dependent and sensi-
In 4/127
During depo-
larization the membrane conductance increased si-
multaneously (106/127).
rons biphasic response appeared in response to

tive to bicuculline (100 pmol -L7").
spontaneous discharge was seen.

In a small part of neu-

GABA, ie. depolarization followed by a more
lasting hyperpolarization (5/127). There ap-
peared hyperpolarization response only in one cell
(1/127) during application of GABA.

Inhibitory effect of gonadorelin on GABA-
induced depolarization Superfusing SG with
gonadorelin (50 pmol L ~')-contained BSS for 5
— 20 min, netther the RP nor the amplitude and
duration of action potential (AP) evoked by stim-
ulation of sciatic netve had any change in compar-
ison with the conirol.
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Gonadorelin (50 pmol+1.7') had no effect or
induced a slight depolarization in membrane po-
tential. However. pretreatment of SG with go-
nadorelin (10— 50 pmol-L" ') 30 s prior to the
application of GABA (0. 1—1 mmol -1 ""). the
GABA-induced depolarization was attenuated
markedly. The decrease in amplitude of GABA-
induced depolarization was 79+ 22 % {(a=29),
which recovered after washing for 10 — 30 min
(n=21).

Inhibitory effect of gonadorelin on GAEA-in-
duced response started from 30 s to 10 min fol-
lowing gonadorelin, The course of recovery var-
ied with the cells: in majority of cells examined
the removal of inhibitory effect of gonadorclin
was fairly slow, in 24/29 cells the restoration re-
mained incomplete even over 1 h (Fig 1), while
in 5 of 29 cells the recovery was rather quick and
complete after washing.

r
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Fig 1. Inhibitory effect of gonadorelin on GABA-indoced
response of rat $G neoron.

GABA receptor activated inward current

All experiments were done with the holding po-
tential at — 80 mV. Most of the 3G cells (67/
74) responded 10 GABA (10 pmol+L" '—1 mmol
- L.7') with a concentration-dependent inward
current, which was blocked completely by
GABA, receptor antagonist bicuculline (10 umol
« L"), This kind of GABA-activated inward
currents was mimicked by GABA, receptor ago-
nist muscimol (20 pmol+L~!) and isoguvation {20
pmol<L7!)., GABA-activated currents were po-
tentiated greatly by application of GABA zalloster-
ic modulatory agents; diazepam (10 pmol<L ")
or pentobarbital (10 pmol-L™'") (Fig 2).

LGABA SO pmal 4 1.7 100 penod = [, A0 peal - 1.
-
=
LABA TG0 pmal * . ' hoguvacne t mmal *1.7' Murecumol 1 mmol « L~

o e

Fig 2. GABA and GABA, receptor agonlsts (Isoguvacine.
muscimoel) activated corrents.

Modulatory effect of gonadorelin on GABA-
activated inward current There was no change
in membrane current or just slight outward cur-
rent (<Z 0. 6 nA) observed with applying go-
nadorelid’ (20 pmol-L7') to the SG cells,
ever, when gonadorelin was preapplied, inhibi-
tion of GABA-activated current reached 72 +
18 % in 6/11 neurons {Fig 3): no change or
slight potentiated in 5/11 cells, All the changes
were reversible but very slow.

How-

DISCUSSION

The changes in membrane potential induced
by GABA mainly were depolarization™ . In the
present study on the preparation of rat SG neu-
rons there appeared biphasic response and hyper-
polarization in response to GABA in addition to
the depolarization, The literatures concerning

the GABA-induced biphasic response up to now
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Fig 3. GABA-actlvated corrents after preapplication of
gonsdorelin.

-3 The similar phenomena have

are very few
not yet been reported in mammalian SG prepara-
tion. Moreover, the cause and ionic mechanism
of GABA-induced hyperpclarization is not clear.
So far as we know there 1s no direct evidence
for the existance of gonadorelin receptor in SG
neurcns. Our previous work demonstrated that
gonadorelin potentiated depolarization induced by
ACh and NA, while it attenuated the NA-
induced hyperpolarization'. As all

GABA is the main neurotransmitter mediating

know

presynaptic inhibition in primary afferent termi-
nals. If the results on investigation of GABA re-
ceptor obtained from somatic membrane of SG
neuron could be available to explain the status of
GABA receptor existed in primary afferent termi-
nals. it suggests from the observation in the pre-
sent study that gonadorelin may act as a modula-
tor taking part in the presynaptic inhibition in
primary afferent terminals by modulating the sen-
sitivity of GABA receptor.
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