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WFFER R OB (3530) : The actions of neurotransmitters and modulators have well been
investigated in superficial spinal dorsal horn neurons, but little is known about those

in deep dorsal horn neurons. Our previous studies suggested that SP, CGRP and



somatostatin play important roles in synaptic transmission to deep dorsal horn
neurons. In this study, responses of SP and mENK to deep dorsal horn neurons were
examined by the blind patch clamp technique used freshly sliced spinal cord of the rat
(3-4weeks). About 60% of deep dorsal horn neurons in the deep lamina (III-V) showed
the slow inward currents more than 5 pA by the bath application of SP (1 pM) for 1 min.
These currents are considered to be evoked though G protein-Coupled SP receptors on
the patched cells. Some of the recorded neurons enhanced the number and the peak
amplitude of spontaneous EPSCs and/or IPSCs by the application SP. On the other
hand, about 60% of the deep dorsal horn neurons showed the slow outward currents
more than 5 pA by the bath application of mENK (5 pM), DAMGO (mu-receptor
agonist. 1 uM), or DADLE (delta-receptor agonist; 1 uM) for 1 min. These currents are
also considered to be evoked though G protein-coupled mu/delta-receptors on the
patched cells. The responsive neurons to mENK always displayed the outward current
by DAMGO, DADLE, or both. The amplitude of outward current was not suppressed
by the repetitive application of mENK. Most of deep dorsal horn neurons with the slow
inward currents by SP showed the slow outward currents by enkephalin, DAMGO, or
DADLE, and vice versa. The present study suggests that about 60% of deep dorsal
horn neurons receive both excitatory inputs though the NK1 receptors and inhibitory

inputs though the mu-/delta-receptors.
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Patch pipette electrode

Fig.1 A photograph showing a 650-um-thick
transverse slice which was freshly prepared
from rat lumber spinal cord. Whole cell
recordings were obtained from single neuron
in deep dorsal horn (lamina IlI-Vl) using the

blind patch clamp technique
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Fig. 2. The sEPSCs and sIPSCs recorded in
deep dorsal horn neurons and the effects of

CNQX/AP5 and bicuculline/strychnine on



The sEPSCs (al > a2) and
sIPSCs (b1 > b2) were blocked by these

these currents.

antagonists.

(VH)=-70 mV, .

al and a2; holding potential
bl and b2; VH=-50 mV.
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Fig. 3 The slow outward current evoked by
mEnk in a deep dorsal horn neuron, and the
effects of Enk and SP on membrane currents
in the presence of TTX. The slow outward
and inward currents by Enk (3 pM) and SP (1
1LM) were observed in the presence of TTX (1
pM). al and a2; VH=-70 mV, . bl and b2;
VH=-50 mV.

£7-. BEENMAZ-50 mV TEE L7,

H M OE WIHIE > T 7 A% E R
(spontaneous IPSC; sIPSC) % £ 7-5tdk <
7= (Fig.2-b1), #EMEIL 10 pA~50 pA T,
$EIL 0.2 Hz~5 Hz Tho7z, T HD
sIPSC 1%, GABA-A (gamma-aminobutyric
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WTh, SP UM HIR & AARIZREER T &
7-(n=4) (Fig. 3-a3), 52, CNQX (10
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strychnine (1 pM)AE FIZHB W TH slow
inward current |%ité% T & (n=4) (Fig.
4-b1), wash out (2 F 7= [AERIZFlek S
7= (Fig. 4-b2),

—J., @ ==2—n>iZ mEnk (@1~5
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current /3 GCdk T & 72 (Fig. 3-al, 4-al, 5-a,
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IZ81F 5 slow outward current OHRIE X
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Fo. 1 uM BETITINE Lo T n
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o L72b O oRMEIX 86 09
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Fig. 4 The slow outward and inward currents
evoked by Enk and SP in deep dorsal horn
neurons, respectively, and the effects of Enk
(3 uM) and SP (1 uM) on the membrane
currents in the presence of CNQX, APS5,



bicuculline and strychnine. al and a2; VH=-50
mV,. blandb2; VH=-70 mV.
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Fig. 5 The membrane currents evoked by
Enk (1 uM), DAMGO (p-agonist, 1 1M), DADLE
(6-agonist, 1 uM), and dynorphin (Dyn, 1 pM)
in deep dorsal horn neurons. Most of
Enk-responsive neurons (4/5 cells) have the
sensitivity for both p- and &-agonists (a).
Although Dyn-responsive neurons were rare
(3/15 cells), all of these neurons (3/3 cells)
were sensitive to Enk (b1, b2). a, bl and b2;

VH=-50 mV.
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Fig. 6 The membrane currents evoked by Enk,
DAMGO, DADLE and SP in deep dorsal horn
neurons. Slow outward and inward currents
were observed by Enk (5 uM) and SP (1 pM),
in one neuron (a). Thus, a half of neurons
observed were response to Enk and SP.
Although the outward currents were observed
by DAMGO (1 pM) and DADLE (1 uM) in
another neuron (b1), the inward current was
not shown by SP (1 uM) (b2).

were rare. al, a2 and bl; VH=-50 mV, . b2;

Such neurons

VH=-70 mV.
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(14.9£2.9 pA, n=13)7 L 724 (Fig. 7-al),
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(1/35¢cells) ., —FH, BE==2—m1 T R

LU (@ uM for 1 min) & 592 &
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inward current (13.4+3.4 pA, n=7)7~x L
7273, slow outward current (9.1+1.0 pA,
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cells T - 72(2/35 cells)(Fig. 7-a2) .
5HT B3 LOT FLF VU NUSET D ==
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current % s~ L7=(Fig. 7-a3),

Adrenaline
=

Fig. 7 The membrane currents evoked by
5-HT, adrenaline, and SP in a deep dorsal horn
neuron. This neuron showed slow inward
currents by the application of 5-HT (3 uM),

adrenaline (3 M) and SP (1 uM), respectively.

al and a2; VH=-50 mV, . a3; VH=-50 mV.
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