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Background: In the central nervous system, post-inhibitory rebound firing (RF) may mediate overactivity of neurons under
pathophysiological condition. RF is also observed in dorsal root ganglion (IRA) neurons. However, the functional significance of
RF in primary sensory neurons has remained unknown. After peripheral sensory nerve/neuron injury, DRG neurons exhibit
hyperexcitability. Therefore, RF may play a role in neuropathic pain.

Methods: Chronic compression of DRG (CCD) is used as a neuropathic pain model. Rats were divided into 2 groups: Sham and CCD
groups. Patch clamp was performed on the whole DRG and cultured DRG neurons to record RF and T-type Ca*" currents. The blocker
of T-type Ca®" channels, NiCl,, was applied to DRG neurons.

Results: Rebound neurons were more excitable than non-rebound neurons. And they discharged RF with prominent after depolarizing
potentials, which were blocked by NiCl,. After DRG injury, the proportion of rebound neurons augmented, and rebound neurons’
excitability increased. Meanwhile, the steady-state activation curve of T-type Ca>" channels was shifted toward the left.
Conclusion: RF may be related to highly excitable neurons and sensitive to both depolarization and hyperpolarization. T-type Ca*"
channels were critical to RF, potentially enhancing the spontaneous firing of rebound neurons in response to resting membrane
potential fluctuations.
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Introduction

Normally, depolarizing inputs may induce neurons to generate action potentials (APs), whereas hyperpolarizing inputs
reduce neural excitability. However, rebound neurons exhibit post-inhibitory-rebound firing (RF) following the termina-
tion of hyperpolarizing inputs." Rebound neurons are widely distributed in the central nervous system (CNS).>> RF is
associated with the rhythmic activity of central neural networks and is crucial in both onset and offset responses.®”
T-type Ca”" channels and hyperpolarization-activated channels contribute to RF,'®'" which has also been associated with
neurodegenerative disorders ranging from epilepsy to motor neuron disease.'*'* In neurodegeneration of CNS, hyper-
excitability of rebound neuron may be self-corrected against neuronal loss and neurological impairment following
neurodegeneration.'® In Parkinson’s disease, the basal ganglia project inhibitory outputs to the thalamus, which may
elicit rebound bursts in thalamic neurons. And the rebound firing may account for the unexpected excessive movements
(eg, tremors) of patients.'®!'*"'® Walsh found that nucleus reuniens of a mouse model of Alzheimer’s disease exhibited an
increased propensity to rebound burst following hyperpolarizing current stimuli, and this may contribute to hippocampal-
thalamo-cortical hyperexcitability.'” In the peripheral nervous system (PNS), a small number of low-threshold medium-
sized dorsal root ganglia (DRG) neurons also generate RF.'®'” In neuropathic pain conditions, DRG neurons become
hyperexcitable after DRG injury.”’?* To some degree, the hyperexcitability of DRG neurons after injury resembles the
hyperexcitability of central rebound neurons in neurodegenerative disorders, suggesting DRG rebound neurons may be
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hyperexcitable and involved in neuropathic pain. Therefore, RF may play a role in neuropathic pain signal transmission.
However, the features of RF and ion channel mechanisms in DRG remain unknown. In this study, we applied chronic
compression of DRG (CCD) rats, a neuropathic pain model, to investigate the mechanisms of RF in DRG neurons.

Materials and Methods

Animals

Young male (6-8 weeks old) Sprague-Dawley rats weighing between 100 and 150 g were provided by the Medical
Experimental Animal Center of Xi’an Jiaotong University (Shaanxi Province, China). Rats were housed under climate-
controlled conditions at a 12-h light/dark cycle with food and water ad libitum. The experimental protocols were
approved by the Institutional Animal Care Committee of Xi’an Jiaotong University. The experiments were performed
in accordance with the ethical guidelines of the International Association for the Study of Pain.*> All efforts were made
to minimize the number of animals used and their suffering.

Chronic-Compression of DRG (CCD) Rat Model

The CCD rat model of neuropathic pain has been reported previously.”*** Briefly, rats were anesthetized with sodium
pentobarbital (45 mg/kg, i.p.). Then, the skin and muscles along the lower lumber vertebra were cut to expose left L4 and
L5 intervertebral foramina, and L-shaped rods made of stainless steel (4 * 2 mm in length and 0.6 mm in diameter) were
carefully inserted. A transient twitch of the ipsilateral hind leg muscles of the animal was observed when the DRG was
touched by the steel rod. After the surgical procedure, antibiotics were administered systemically. Sham animals were
also anesthetized and the left L4 and L5 intervertebral foramina were exposed, but no steel rods were inserted. There
were 20 rats in CCD group and 16 in sham group.

Preparation of DRG Neurons
The DRG neurons were prepared from the CCD rats or sham rats on the day 3 ~ 6 post operation, as described
previously.?® Briefly, the rats were deeply anesthetized with sodium pentobarbital (55 mg/kg, i.p.) and then decapitated,
left L4 and L5 DRGs were removed and placed in a tube containing protease (0.4 mg/mL; Sigma) and collagenase (1 mg/
mL; Sigma type 1). The tube was bathed for 3040 min at 35°C. Later, the ganglia were rinsed three times with Hank’s
balanced salt solution (HBSS) to remove enzymes. They were then kept in oxygenated artificial cerebral spinal fluid
(ACSF) (95% O, and 5% CO,) at 24°C for 1 h. The ACSF contained (in mM): 125 NaCl, 3.8 KCI, 1.2 KH,POy, 1.0
MgCl,, 2.5 CaCl,, 25 NaHCO3;, 10 glucose. The ganglia were then fixed in a recording chamber with a grid of nylon
threads glued to a “U”-shaped platinum frame. The chamber was mounted on the stage of microscope (BXS51WI;
Olympus, Tokyo, Japan). During recording, ganglia were perfused with oxygenated ACSF.'°

In order to record T-type Ca®" currents, left L4 and L5 DRG were cut into sections and placed into a tube containing
trypsin (I mg/mL; Sigma) and collagenase (2.0 mg/mL; Sigma, type 1) at 37 °C for 45 min. Then, the tube was
centrifuged, the supernatant was removed and the cell pellet was resuspended. The cell suspensions were later plated onto
35 mm dishes. The cells were grown in Dulbecco’s modified Eagle’s Medium (DMEM), supplemented with 10% fetal
bovine serum (FBS) and penicillin/streptomycin (100 U/mL) at 37°C with 5% CO,. The recordings were performed on
DRG neurons grown in vitro for 2-6 h.

Cellular membrane capacitance (Cm) was measured in patch clamp recording, which was related to neuron size. The
unit of Cm is picofarad (1pF is 10™'? farad).

Electrophysiological Recordings

Whole-cell patch-clamp recordings were performed at room temperature using a Multiclamp 700B amplifier (Axon
Instruments, Sunnyvale, CA, US). A dish with DRG neurons was mounted on an inverted microscope (Olympus 1 x 71).
Patch pipettes were pulled from thick-wall borosilicate glass pipettes using a horizontal puller (Model P-97, Sutter
Instruments). To record RF and hyperpolarization-activated currents, a recording electrode with a resistance of 1 ~ 3 MQ
was filled with physiological solution (140 mM KCl, 5 mM NaCl, 5 mM Mg-ATP, 1 mM MgCl,, 5 mM ethylene glycol
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tetraacetic acid (EGTA), 2 mM CacCl, and 15 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), pH was
adjusted to 7.3 by adding KOH). The bath solution contained the following: 144 mM NaCl, 2.5 mM KCI, | mM MgCl,,
2 mM CaCl,, 5 mM HEPES and 10 mM glucose with pH adjusted to 7.3 by adding NaOH. Na" free external solution
contained the following: 125 mM N-Methyl-D-glucamine (NMDG), 2.5 mM KCI, 1 mM MgCl,, 2 mM CaCl,, 5 mM
HEPES and 10 mM glucose with pH adjusted to 7.3 by adding KOH.*®

Ca®" currents were recorded using the whole-cell configuration. The pipette solution contained the following: 135
mM tetramethylammonium hydroxide (TMA-OH), 2 mM MgCl,, 10 mM EGTA, 40 mM HEPES and 1 mM Mg-ATP
with pH titrated to 7.2 using hydrofluoric acid (HF), F~ was used to facilitate high voltage activated (HVA) Ca®" current
rundown. The external solution consisted of 135 mM tetracthylammonium chloride (TEA-CI), 1| mM MgCl,, 10 mM
BaCl,, 10 mM HEPES, and 11 mM glucose, with pH adjusted to 7.3 using TEA-OH. The osmolarities of all pipette
solutions and external solutions were approximately adjusted to 2957305 mOsm/L. On the recording day, nifedipine (10
uM) and tetrodotoxin (TTX, 500 nM) were added to the bath solution.?’

The rheobase was determined to be the minimum current able to elicit an AP with incremental depolarizing current
injection of 10 pA for 500 ms. The RF was recorded similarly, with a hyperpolarizing current provided for 500 ms with
—10 pA increments.

T-type Ca®" currents were recorded in voltage clamp mode, in step sweeps of 250 ms duration beginning at —90 mV
and increasing in 10 mV intervals to 50 mV, or ramp sweep of 500 ms duration ranging from —90 to 30 mV. Current
amplitudes were normalized to Cm to determine the current density (pA/pF). Activation curves were plotted according to
the step voltage clamp recording described above. In the inactivation analysis, T-type Ca”" currents were evoked by
a 50mV test-pulse of 200 ms duration after a pre-pulse of 3-s duration ranging from —120 to —50mV in 10 mV
increments. The voltage dependencies of steady-state activation and inactivation were described with single Boltzmann
distributions of the following formulas:

Activation: G(V) = Ga/(1 +exp[-(V — Vs0)/k])
Inactivation: I(V) = L,ax/(1 +exp[(V — Vs)/k])

where Gy, is the maximal conductance, I, is the maximal amplitude of current, Vs is the voltage at which half
the current is activated or inactivated, and k represents the voltage dependence (slope) of the distribution.

The data were analyzed using Origin Pro 8.0 (OriginLab Corporation, Northampton, MA, USA).

For electrophysiological recordings, the resting membrane potential (RMP) was more negative than —50 mV.
Membrane properties were monitored with the pCLAMP membrane test. Data acquisition was filtered at 10 kHz and
sampled at 20 kHz with the Clampex 9.0 software system (Axon Instruments) through the Digidata 1322A (Axon
Instruments). The series resistance was <10 megohms. The data were analyzed using Clampfit 10.4 (Axon Instruments)
and Origin Pro 8.0 (OriginLab Corporation, Northampton, MA, US).

Drugs
All reagents were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).

Statistical Analysis

All data are reported as the mean =+ standard error of the mean (SEM). Statistical comparisons were performed using
independent #-test, chi-squared test and one-way ANOVA. Statistical analysis was performed using Origin Pro 8.0
(OriginLab Corporation, Northampton, MA, US).

Results

Patch-clamp recordings were performed on 70 injured and 70 sham DRG neurons. Among them, 45 out of 70 injured
neurons and 20 out of 70 sham neurons were rebound neurons exhibiting RF (CCD group vs sham group: 45/70 vs 20/70,
P < 0.0001). The rebound neurons were small (Cm < 35 pF) or medium-sized (Cm > 35 and < 70 pF). An overview of
the electrophysiological properties of the neuronal subgroups is shown in Table 1. Because there were only 2 small
rebound neurons in both the CCD and sham rats, the parameters of small rebound neurons were not compared between
them. Regarding RMP, there was no significant difference in RMP between the CCD and sham rats in the same size
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Table | The Electrophysiological Parameters of DRG Neurons in the Sham and CCD Rats

Sham Rats CCD Rats
S-NR S-R M-NR M-R S-NR S-R M-NR M-R
n 10 2 40 18 10 2 ) 43
RMP (mV) —=50.50 + 0.22 —50.00 + 0.00 —57.05 + 0.47 —56.94 + 1.03 —50.60 + 0.22 —51.50 + 0.50 —57.53 £ 0.63 —57.67 + 0.59
Rin (MQ) 206.90 £ 23.12 264.00 £ 16.00 165.40 £ 9.64 419.70 £ 34.74%%F 212.00+ 11.81 300.00+ 42.00 195.90 + 33.32 344.30 + 28.78 **
Rheobase (pA) 244.00 £ 14.54 35.00 + 5.00 289.50 + 13.64 47.78 £ 3.08 *¥¥* 214.00 £ 15.79 25.00 £ 5.00 220.70 + 16.34 50.00 + 5.65%+*

Notes: ****P < 0.0001 and **P < 0.01 with the independent t-test between NR and R neurons in the same size category.
Abbreviations: n, number of neurons; S, small; M, medium-sized; NR, no rebound firing; R, rebound firing; RMP, resting membrane potential; R;,, input resistance.
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category. The rheobase was significantly lower and the input resistance was significantly higher in rebound neurons than
in non-rebound neurons, implying that excitability was higher in rebound neurons than in non-rebound neurons.

Rebound Neurons

Rebound neurons (40 out of 45 in the CCD rats and 20 out of 20 in the sham rats) generated RF with prominent after-
depolarizing potentials (ADP) (Figure 1A-al, a2, a4). It is known that T-type Ca®" currents contribute to ADP.**?° In
order to reveal the role of T-type Ca*" channels in RF, we classified rebound neurons in 3 groups according to the
occurrence of ADP: group 1 (Figure 1A-al) and group 2 (Figure 1A-a2) generating RF with ADP, and group 3
generating RF without ADP (Figure 1A-a3). More specifically, group 1 generated AP with ADP, while group 2 and 3
generated AP without ADP.

The latency of RF decreased in response to increasing hyperpolarization, suggesting that the latency of RF is related
to the hyperpolarization level (Figure 1A-a4). It is known that hyperpolarization-activated current (Ih)'' and T-type Ca*"
currents contribute to RF of CNS rebound neurons. Hyperpolarization-activated cyclic nucleotide-gated cation channels
opened in response to hyperpolarization and then induced a sag on membrane potential. In response to hyperpolarization
pulse, although some rebound neurons exhibited sag (Figure 1A-a3), some non-rebound neurons also exhibited sag
(Figure 1B-bl), whereas some rebound neurons did not exhibit any sag (Figure 1A-al, a4). We applied ZD7288 (10 uM),
a blocker of hyperpolarization-activated cyclic nucleotide-gated cation channels,*® to rebound neurons. ZD7288 did not
inhibit RF (Figure 1B-b2), suggesting that Ih was not essential for the generation of RF. ZD7288 slightly inhibited the
amplitude of ADP (n = 3, from 23.67 = 4.98 mV to 15.67 = 4.70 mV).

(A) type Ca®" channels opened and then induced a depolarization potential, which may be ADP. NiCl, is a non-specific
blocker of T-type Ca>* channels.'” In group 1 and group 2 rebound neurons, the delivery of NiCl, (50—100 uM) inhibited
RF and ADP (Figure 1B-b3). The Na' free bath blocked RF but not the depolarization potential (Figure 1B-b4),
suggesting that T-type Ca®" channel was critical to the generation of RF through the rebound depolarization potential. In
group 3 rebound neurons, a high concentration of NiCl, (500 uM) did not fully inhibit RF (Figure 1B-b5). The amplitude
of RF was reduced (n=3, from 91.67 + 4.41 mV to 48.33 + 1.67 mV), while the latency was shortened from 18.33 £2.40
ms to 7.67 + 1.45 ms (n = 3). The application of TTX (300 nM) fully inhibited the RF (Figure 1B-b6).

RF of DRG Neurons

The features of RF were compared among group 1, group 2 and group 3 rebound neurons, including the rheobase, the
hyperpolarizing current threshold, the latency and the amplitude of ADP. The rheobase of classical AP was 35.31 +2.54 pA (n
= 32) in the CCD rats and 46.5 + 2.93 pA (n = 20) in the sham rats (Figure 1C). In group 1 rebound neurons, the
hyperpolarizing current threshold evoking RF was —42.50 + 2.69 pA (n = 32) in the CCD rats and —50.00 = 3.70 pA (n =
20) in the sham rats (Figure 1D). There was no difference between the CCD and sham rats on hyperpolarizing current
threshold evoking RF and the rheobase. In group 2 rebound neurons, the hyperpolarizing current threshold evoking RF was
—65.00 = 9.06 pA (n = 8), which was higher than in group 1 rebound neurons (Figure 1D, —65.00 + 9.06 pA vs —42.50 + 2.69
pPA, ** P <0.01). Similarly, the rtheobase was higher in group 2 rebound neurons (n = 8) than in group 1 rebound neurons
(102.5 £ 13.86 pA vs 35.31 + 2.54 pA, P < 0.0001) (Figure 1C). In group 3 rebound neurons (n = 5), the hyperpolarizing
current threshold evoking RF was —212.00 + 23.32 pA and the rheobase was 80.00 = 8.94 pA (Figure 1D). The hyperpolariz-
ing current threshold evoking RF was the highest among 3 groups (P < 0.0001), and the rheobase in group 3 rebound neurons
was not significantly lower than in group 2 rebound neurons (80.00 + 8.94 pA vs 102.5 + 13.86 pA, P> 0.05) (Figure 1C). The
amplitude of ADP and the latency were measured for RF in response to the threshold hyperpolarizing current evoking RF
(Table 2). Concerning RF, the amplitude of ADP was larger in group 1 rebound neurons than in group 2 rebound neurons. The
latency of RF was longer in group 1 rebound neurons than in group 2 rebound neurons and 3 rebound neurons.

Spontaneous Firing of Rebound Neurons in the CCD Rats
We evaluated the excitability of neurons collected for the present study and other 60 chronic compressed neurons from
other studies that were not recorded for RF. The spontaneous firing patterns in these neurons were similar to RF,
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Table 2 The Latency of RF and ADP Amplitude of RF in the 3 Groups of Rebound Neurons

Sham Rats CCD Rats
Group | Group | Group 2 Group 3
n 20 32 8 5
Latency (ms) 68.25 + 7.03 68.59 + 5.08 31.25 £ 3,120 16.4 + 2.29**
Amplitude of ADP (mV) 16.50 + 2.23 21.53 +2.03 5.38 £ |.0[*¥*

Notes: **P < 0.001 with independent t-test between groups | and 2 in CCD rats. **P < 0.01 with independent t-test between
groups 2 and 3 in CCD rats.
Abbreviation: n, number of neurons.

indicating that the excitability of rebound neurons after injury may increase. Among them, four injured neurons
discharged spontaneous ADP-firing (Figure 2A). Two injured neurons discharged spontaneous burst firing (Figure 2B).
The other two injured neurons discharged spontaneous tonic firing. After a slight hyperpolarization, the spontaneous
tonic firing changed to a spontaneous repetitive burst firing (Figure 2C), implying hyperpolarization modulated neuron’s
excitability and firing pattern.

T-Type Ca** Currents in DRG Neurons

The T-type Ca”" currents were recorded according to a voltage protocol shown in Figure 3A-al (inset). A total of 18/32
injured DRG neurons and 18/60 sham DRG neurons exhibited T-type calcium currents (56.25% vs 30.00%, P < 0.05).
Low voltage activated (LVA) T-type Ca®" currents and high voltage activated (HVA) Ca®* currents were recorded with
ramp voltage command from —90 mV to 30 mV (Figure 3A-al, a2). The LVA T-type Ca®" currents peak was around —40
mV, while the HVA Ca®" currents peak was around 0 mV (Figure 3A-al, a2). The voltage at which the currents
approached peak (Vpear) was different between the CCD and sham rats (n =18, —=41.39 +1.40 mV vs —48.22 = 1.88 mV,
P <0.01) (Figure 3A-a3).

The step voltage protocol to analyze activation and inactivation is shown in Figure 3B-bl (inset). At =40 mV, the
T-type Ca®" currents were higher in the CCD rats (n = 9) than in the sham rats (n = 10), but the result was not statistically
significant (44.04 + 8.71 vs 25.61 + 8.11 pA/pF, P > 0.05) (Figure 3B-b2). After CCD injury, the steady state activation
curve of T type Ca’" channel was shifted toward the left (CCDrats: n =9, V5o = —50.94 + 0.79 mV, K = 4.68 + 0.70;
sham rats: n = 10, V5o = —42.02 + 0.79 mV, K = 4.09 + 0.80; P<0.0001 for Vs and P>0.05 for K) (Figure 3B-b3),
indicating the activation of T type Ca®" channels in injured DRG neurons was enhanced. However, there was no
difference regarding the steady-state inactivation between the CCD and sham rats (CCD rats: n = 8, V5o = —73.39 = 0.80
mV, K = 537 + 0.40; sham rats: n = 8, V5o = —74.87 = 1.56 mV, K = 5.08 + 0.67; P>0.05 for both Vs, and K)
(Figure 3B-b4).

The ramp voltage command was applied to record Ca®" currents. In response to a long duration between 1 and 3 s, the
LVA Ca®" currents were divided into two peaks (Figure 3C). There were 5 neurons from the CCD rats and 3 neurons
from the sham rats exhibiting two peaks of LVA Ca®" currents. The first peak was around —60 mV, the second peak was
around —40 mV. In response to an increasing duration of ramp voltage command, the amplitude of the first current peak
did not change, while the amplitude of the second peak gradually reduced (Figure 3C), suggesting that the first peak was
not influenced by the ramp slope and may be spontaneously activated around RMP and then contribute to spontaneous
firing. The current peak amplitudes around —60 mV were 5.31 + 0.45 pA/pF in the sham rats and 3.62 + 0.51 pA/pF in
the CCD rats (Figure 3C).

Discussion and conclusions

The ability to generate classical AP in response to depolarizing input signifies cells’ excitability. However, some neurons
have the ability to generate RF in response to hyperpolarizing input. In the present study, we investigated the features of
RF of DRG neurons.
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Figure 2 Spontaneous firing of DRG neurons. (A) Spontaneous ADP firing. The arrow indicates a single, enlarged ADP. ADP: after-depolarizing potential. (B) Spontaneous
burst firing. (C) Spontaneous tonic firing turned to a spontaneous burst firing after a slight hyperpolarization.

Unlike an AP, RF is generated after the termination of hyperpolarization. Hyperpolarization makes more Na" and Ca*"
channels in a state of non-inactivated, which in turn open and then depolarize MP to reach AP threshold after the termination
of hyperpolarization. Therefore, theoretically rebound neurons should be low threshold neurons. Consistently, the rheobase is
lower in rebound neurons than in non-rebound neurons. In this study, we classified rebound neurons according to the
occurrence of ADPs in AP and RF. In group 1 rebound neurons, both classical AP and RF coexisted with prominent large-
amplitude ADPs. The value of rtheobase was similar to the hyperpolarizing current threshold evoking RF. In group 2 rebound
neurons, the classical AP did not coexist with ADPs, but RF coexisted with prominent small-amplitude ADPs. The value of
rheobase was higher than the hyperpolarizing current threshold evoking RF. Compared with group 1 rebound neurons, the
hyperpolarizing current threshold evoking RF was higher. The above results suggest that neurons’ ability to generate RF may
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the sham and CCD rats. LVA: low voltage-activated currents. HVA: high voltage-activated currents. Inset: the protocol of ramp voltage clamp. The arrow and gray rectangle indicate LVA
and HVA, respectively. a3: The V. of T-type Ca?* currents in the CCD and sham rats, *P < 0.01. (B) T-type Ca® currentsin step voltage recording and activation, inactivation of T-type
Ca® currents. bl: T-type Ca®" currents in step voltage recording. Inset: the protocol of step voltage clamp. b2: |-V plots of T-type Ca®" currents in sham and CCD group. b3 and b4:
steady-state activation and inactivation curves of T-type Ca®" currents in the CCD and sham rats. After injury, the steady-state activation curve shifted toward left. G is conductance and
Gunax is the maximal conductance, | is current and |y is the maximal amplitude of current. (C) the LVA Ca®" currents were recorded with increasing duration of the ramp voltage
command. Two dashed lines indicate the first peak and the second peak of current, respectively. The second peak gradually decreased with increasing duration of the ramp voltage

command.
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be related to the amplitude of ADP in the 2 groups of neurons. In group 3 rebound neurons, both classical AP and RF did not
coexist with ADPs. The value of rheobase was not significantly different from that in group 2, but the hyperpolarizing current
threshold evoking RF was the highest among 3 groups of rebound neurons. Collectively, the ability to generate RF was low in
neurons without ADP in RF and the excitability was low in neurons without ADP in AP, suggesting that both the
hyperpolarizing current threshold evoking RF and rheobase may be associated with ADP. It is known that T-type Ca®"
currents contribute to the ADP.>%*° Considering the occurrence of ADP in RF and the effect of Ni** on ADP, we proposed that
T-type Ca”* channels contribute mostly to the generation of RF in group 1 and 2 rebound neurons. In group 3 rebound neurons,
TTX-sensitive Na" currents were mainly responsible for the generation of RF. In all rebound neurons, Ih was not essential for
the generation of RF, but it might enhance the generation of RF. Group 1 and group 2 rebound neurons were observed in both
the CCD and sham rats, but group 3 rebound neurons were only exhibited in the CCD rats, reinforcing that neurons’
excitability increased after DRG injury.

After DRG injury, the proportion of rebound neurons significantly increased. As previously described, DRG neurons
become highly excitable.** Consistently, more injured neurons displayed T-type Ca®" currents and the Vpeak shifted to
a more negative value, suggesting that the generation of RF and rebound neurons’ excitability might be enhanced. Thus,
rebound neurons can be sensitive to both hyperpolarization and depolarization. Highly excitable rebound neurons might
be able to generate AP/RF in response to a weak depolarization/hyperpolarization around RMP. Injured DRG neurons
also exhibited Ca®" currents with peak at —60 mV which were activated by ramp voltage with long duration and not
influenced by ramp voltage slope. Accordingly, injured neurons fired spontaneously. The spontaneous firing patterns were
similar to rebound firing patterns, including ADP-firing, non-ADP burst firing and tonic firing. In all, the above results
suggest that injured rebound neurons may contribute to tactile allodynia and spontaneous neuropathic pain through low
threshold firing and spontaneous firing.

Collectively, RF is one of the intrinsic properties of neurons. In the central nervous system, the inhibitory synapse
transmission may induce excitatory signals via RE.'%!416:3031 Although RF was elicited in vitro'****! or in vivo from
isoflurane-anaesthetized adult mice,>* however, Alvifia et al found that intact mouse or rat deep cerebellar nuclei neurons
rarely show RF under physiological conditions in vivo,*® implying RF may not be observed in awake behaving intact
animals but is most likely to contribute to neural hyperexcitability under pathophysiological condition. In PNS, different
from central neuron, DRG neurons do not receive synapse transmission, but there are a variety of receptors on DRG
neurons. Inhibitory receptors’ activation induces hyperpolarization of DRG neurons®* and then induces more activity of
DRG neurons via RF. As a result, inhibitory receptors of DRG neurons may not be an effective therapeutic target. It is
known that some DRG neurons exhibit membrane potential fluctuations.®” Injured rebound neurons potentially generate

spontaneous AP and RF in response to small membrane potential fluctuations, contributing to neuropathic pain.

Conclusions

After DRG injury, DRG neurons exhibited three types of RF: both RF and AP with ADP, RF with ADP and AP without
ADP, both RF and AP without ADP. Intact DRG neurons exhibited one type of RF: both RF and AP with ADP. Rebound
neurons are presumably low threshold neurons sensitive to both excitatory and inhibitory stimuli. The T-type Ca®"
channels are critical for rebound firing. After injury, more DRG neurons become hyper-excitable and exhibit RF or even
discharge spontaneously, potentially being responsible for neuropathic pain and allodynia.
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