ooooooo o210 20
Keimyung Med J
Vol. 21, No. 2, December, 2002

U0 00 0ooududdld BDNFU GABAL
oo gooo o

o0o0b0 obdbo boobo b0 bobuoo ooob

goo- gboo- 0bobdg- 000

Effect of BDNF on GABAergic Currents in
Primary Cultured Rat Hippocampal Neurons

Jin Soo Whang, M.D., Dae-Kyu Song, M.D.,
Jae Hoon Bae, M.D., Won-Kyun Park, M.D.

Department of Physiology, Keimyung University School of Medicine &

Keimyung University Brain Research Institute, Taegu, Korea

Abstract : This study was performed to observe the effect of briefly (30-50 ms)
sprizing brain-derived neurotrophic factor (BDNF) on synaptic currents and to
evaluate the role of GABA receptor in this synaptic transmission. Thus rat
hippocampal neurons were prepared from 1700 18 day embryonic rats and cultured
for 7010 days to study the electrophysiological properties. BDNF inhibited the
frequency of spontaneous current and action potential within it's 203 min, but
did not affect it's amplitudes. Membrane potential was slowly hyperpolarized. The
evoked current by a brief application of GABA (30050 ms) showed the maximum
peak at 100 uM and GABA. The feature and amplitude of evoked current were not
different before and after BDNF administration. This GABAergic evoked current
was completely inhibited by a GABAA receptor blocker, 100 uM bicuculline. When
the current-voltage curve of GABAergic current was plotted, short-term
administration of BDNF did not alter the property of GABA receptor. In
conclusion, it is suggested that BDNF may hyperpolarize the membrane potential
by activation of GABAergic synaptic terminal of early developing hippocampal
neurons and inhibit the frequency of synaptic currents and action potential.
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Fig. 1. GABAergic synaptic currents in the cultured hippocampal neurons. Membrane was held at -60 mV during the
infusion of extracellular solution containing 0.5 mM TTX, 50 mM APV and 10 mM CNQX. A: Spontaneous
synaptic currents were noticed in a cell which was GABAergic because these currents were disappeared in the
solution containing 100 mM bicuculline (not shown). B: No spontaneous currents showed that this cell had no

GABAergic synapse.
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Fig. 2. Effect of BDNF (20 ng/ml) on the spontaneous currents in a cultured hippocampal neuron. Membrane was held
at -60 mV. A: The frequency of large currents corresponding to action potentials was decreased during the
infusion of bath solution containing BDNF (lower trace) comparing to the control. B: Spontaneous small

synaptic currents were inhibited by the infusion of BDNF in another neuron.
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Fig. 3. Effect of BDNF (20 ng/ml) on the membrane potential in the cultured hippocampal neurons. A: The frequency

of depolarization and action potential was decreased during the infusion of bath solution containing BDNF

comparing to the control. B: Membrane potential was hyperpolarized in small amount by the infusion of BDNF

(n=12). This stabilizing effect of BDNF on the membrane potential was significant (p<0.05).
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Fig. 4. Dose dependency of GABA-induced current in the hippocampal neurons. Membrane was held at -60 mV. A:
GABA of 100 mM (left) and ImM (right) was applied arround the recording cell for 30 to 50 ms by a

microinjector. B: Comparison of GABA-induced inward current amplitude between 100 mM (n=12) and 1

mM (n=7) GABA infusion: * p<0.01.
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Fig. 5. Effect of BDNF (20 ng/ml) on the GABA-induced current in the cultured hippocampal neurons. Membrane was
held at -60 mV. A: GABA of 100 mM was applied arround the recording cell in control solution (left) or in
BDNF solution (right) for 30 to 50 ms by a microinjector. B: GABA-induced current amplitude was not

different between control (n=12) and BDNF (n=11) solution.
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Fig. 6. Complete inhibition of GABA (100 mM) -induced current by application of 100 mM bicuculline in a

hippocampal neuron. Membrane was held at -60 mV. The amplitude of GABA-induced current was

disappeared at 3 min following the bicuculline infusion and there was no mechanically induced current change

by a microinjector.
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Fig. 7. Current-voltage relationship (I-V curve) of GABA-induced current in the hippocampal neurons. A: GABA

(100 mM) -induced current was changed in amplitude and direction according to clamped membrane potential

from -80 to 20 mV. Large inward current at -80 mV decreased when membrane potential was depolarized and

small outward current was shown at 20 mV. B: I-V curve of GABA-induced current in control and BDNF

solution (n=3).
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