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Rebound depolarization of substantia gelatinosa neurons and its modulatory mechanisms

in rat spinal dorsal horn
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Abstract: Objective To investigate the rebound depolarization of substantia gelatinosa (SG) neurons in rat spinal dorsal horn
and explore its modulatory mechanisms to provide better insights into rebound depolarization-related diseases. Methods
Parasagittal slices of the spinal cord were prepared from 3- to 5-week-old Sprague-Dawley rats. The electrophysiologic
characteristics and responses to hyperpolarization stimulation were recorded using whole-cell patch-clamp technique. The
effects of hyperpolarization-activated cyclic nucleotide gated cation (HCN) channel blockers and T-type calcium channel
blockers on rebound depolarization of the neurons were studied. Results A total of 63 SG neurons were recorded. Among
them, 23 neurons showed no rebound depolarization, 19 neurons showed rebound depolarization without spikes, and 21
neurons showed rebound depolarization with spikes. The action potential thresholds of the neurons without rebound
depolarization were significantly higher than those of the neurons with rebound depolarization and spikes (-28.7+1.6 mV
v5-36.0+£2.0 mV, P<0.05). The two HCN channel blockers CsCl and ZD7288 significantly delayed the latency of rebound
depolarization with spike from 45.9+11.6 ms to 121.6+51.3 ms (P<0.05) and from 36.2+10.3 ms to 73.6+13.6 ms (P<0.05),
respectively. ZD7288 also significantly prolonged the latency of rebound depolarization without spike from 71.9+35.1 ms to
267.0 +68.8 ms (P<0.05). The T-type calcium channel blockers NiCl2 and mibefradil strongly decreased the amplitude of
rebound depolarization with spike from 19.9+6.3 mV to
9.5+4.5 mV (P<0.05) and from 26.1+9.4 mV to 15.5+5.0 mV
(P<0.05), respectively. Mibefradil also significantly
decreased the amplitude of rebound depolarization
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Fig.1 Morphology and representative responses of SG neurons after hyperpolarization current stimulation. A, B:
Representation of the position of SG in a parasagittal spinal cord slice (A) and IR-DIC image (B); C: No rebound
depolarization; D: Rebound depolarization without spike; E: rebound depolarization with spike.
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Tab.1 Electrophysiologic characteristics of SG neurons

Characteristics Total No rebound wi I?]Z?J?L;g(ijke V\Ilqltef? (sJFl)Jinkde
n 63 23 19 21
RMP (mV) -53.5+0.8  -55.3+1.6 -52.8+1.0 -52.1+1.5
Cm (pF) 61.247.2 532451 56.5+4.9 74.2+20.8
AP-T (mV) -31.6£1.0 -28.7+1.6* -30.3+1.0 -36.0£2.0*
AP-A (mV) 71717  66.9+2.3 72.6+1.6 76.3+4.1
AP-HF (ms) 1.2+0.1 1.5+0.2 1.0+0.1 1.0+0.1

RMP: Resting membrane potential; Cm: Membrane capacitance;
AP-T: Threshold of action potential. AP-A: Amplitude of action
potential; AP-HF: Half width of action potential. The action potential
thresholds in no rebound depolarization group are significantly higher
than those in rebound depolarization with spike group (*P<0.05).
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Fig.2 Effects of HCN channel blockers on amplitude and latency of rebound depolarization with spike in SG neurons. A: Response
of a SG neuron to -120 pA hyperpolarization current; B: Response of a SG neuron to TTX; C: Response of a SG neuron to TTX and
CsCl; D: Superimposed traces of control, TTX, and CsCl shown in (A-C), which are from the same neuron; E: Rebound
depolarization before and after ZD7288 treatment; F: CsCl and ZD7288 significantly delayed the latency of rebound depolarization
with spike vs control (*P<0.05) but had no effect on the amplitude (7>0.05).
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Fig.3 Effects of T-type calcium channel blockers on amplitude and latency of rebound depolarization with spike in SG neurons. A:
Response of a SG neuron to -120 pA hyperpolarization current; B: Response of a SG neuron to TTX; C: Response of a SG neuron to TTX
and NiCl; D: Superimposed traces of control, TTX, and NiCl, shown in (A-C), which are from the same neuron; E: Rebound
depolarization before and after mibefradil treatment; F: NiCl, and mibefradil significantly decreased the amplitude (*P<0.05 vs control)
but did not affect the latency of rebound depolarization with spike (P>0.05 vs control).
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Fig.4 Effects of HCN channel and T-type calcium channel blockers on amplitude and latency of rebound depolarization without spike

in SG neurons. A: Response of a SG neuron to-120 pA hyperpolarization current; B: Response of a SG neuron to ZD7288; C:

Superimposed traces of control and ZD7288 shown in (A-B), which are from the same neuron; D: Response of a SG neuron to -120 pA

hyperpolarization current; E: Response of a SG neuron to mibefradil; F: Superimposed traces of control and mibefradil shown in (D-E)
which are from the same neuron; G: ZD7288 significantly delayed the latency (*P<0.05 vs control) but did not affect the amplitude (P>

0.05) of rebound depolarization without spike. Mibefradil significantly decreased the amplitude (*P<0.05 vs control) but did not affect

the latency (P>0.05) of rebound depolarization without spike.
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