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Electroacupuncture downregulates P2X3
receptor expression in dorsal root ganglia
of the spinal nerve-ligated rat

Yi Liang'?, Yanping Gu?, Renyi Shi', Guangwen Li?, Yong Chen?,
and Li-Yen Mae Huang?

Abstract

Electroacupuncture has been shown to effectively reduce chronic pain in patients with nerve injury. The underlying mech-
anisms are not well understood. Accumulated evidence suggests that purinergic P2X3 receptors (P2X3Rs) in dorsal root
ganglion neurons play a major role in mediating chronic pain associated with nerve injury. The aim of this study is to
determine if electroacupuncture stimulation alters P2X3R activity in dorsal root ganglia to produce analgesia under neuro-
pathic pain condition. Peripheral neuropathy was produced by ligation of the left lumbar 5 (L5) spinal nerve in rats. Low-
frequency (2 Hz) electrical stimulation was applied to ipsilateral ST36 and BL60 acupoints in rats. The P2X3R agonist
(o,,p-meATP)-induced flinch responses were reduced after electroacupuncture treatment. Western analyses showed that
P2X3R expression was upregulated in nerve-uninjured lumbar 4 (L4) dorsal root ganglion neurons ipsilateral to the spinal
nerve ligation. Electroacupuncture-stimulation reversed the upregulation. In nerve-injured L5 dorsal root ganglia, P2X3R
expression was substantially reduced. Electroacupuncture had no effect on the reduction. We also determined the injury
state of P2X3R expressing dorsal root ganglion neurons using the neuronal injury marker, activating transcription factor 3
(ATF3). Immunohistochemical assay showed that in L4 dorsal root ganglia, almost all P2X3Rs were expressed in uninjured
(ATF3—) neurons. Spinal nerve ligation increased the expression of P2X3Rs. Electroacupuncture reduced the increase in
P2X3R expression without affecting the percentage of ATF 4 neurons. In ipsilateral L5 dorsal root ganglion neurons, spinal
nerve ligation reduced the percentage of P2X3R + neurons and markedly increased the percentage of ATF3 + cells. Almost
all of P2X3Rs were expressed in damaged (ATF3+) neurons. Electroacupuncture had no effect on spinal nerve ligation-
induced changes in the percentage of P2X3R or percentage of ATF3 + cells in L5 dorsal root ganglia. These observations led
us to conclude that electroacupuncture effectively reduces injury-induced chronic pain by selectively reducing the expres-
sion of P2X3Rs in nerve-uninjured L4 dorsal root ganglion neurons.
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Introduction

Chronic pain resulting from tissue or nerve injuries is

difficult to treat and often leads to a great deal of patient
suffering.' Electroacupuncture (EA), a method com-
bining acupuncture and electric stimulation, has been
increasingly used in treating pain patients.* Better under-
standing of underlying mechanisms of EA analgesia is
important to improve its effectiveness and usage.

It has been shown that EA produces analgesia by
modulating the activity of receptors that are involved
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in pain transmission.”® Ligand-gated purinergic P2XRs
were found to express in dorsal root ganglia (DRGs) and
the spinal cord. Among them, P2X3, P2X4, and P2X7
receptor subtypes are particularly important in mediat-
ing pain signaling. P2X3R is the most abundant P2XR
subtype expressed in DRG neurons.” The P2X3R direct-
ly participate in signal transmission from peripheral to
central terminals.®” P2X4Rs are expressed in injury sur-
veillance glial cells, i.e., microglia in the spinal cord and
macrophages in DRGs.'” They modulate the P2X3R
activity under injurious conditions.'®!! P2X7R are
expressed mostly in satellite glial cells. They modulate
the activity of P2X3Rs in neurons under both normal
and injurious conditions.'? In this study, we concentrat-
ed our study on the effect of EA stimulation on the
P2X3R activity in DRGs.

The P2X3R is abundantly expressed in small and
medium (20-32 pm) diameter DRGs.'* There is good
evidence that ATP-P2X3R plays an essential role in
transmitting and processing nociceptive informa-
tion.”'*!> It was found that damaged skin cells can
induce an increase in cytosolic ATP release to evoke
large P2X3R-mediated current responses in DRG neu-
rons.'® P2X3Rs in central processes of DRGs facilitate
transmission of nociceptive signals from peripheral to
spinal dorsal horns.®’ Increasing ATP release after
tissue injury was shown to enhance pain behaviors.'”
Tissue injury potentiates P2X3R expression, increases
current responses, and promotes the excitability of
P2X3Rs in DRG neurons.'® These changes can be
blocked by selective P2X3R antagonists'*° or by anti-
sense oligonucleotides.?'*?

Several nerve injury models have been used to deter-
mine changes in P2X3R properties following chronic
nerve injury. They are (1) chronic constriction injury
(CCI) model in which the sciatic nerve proximal to tri-
furcation®® or the trigeminal mandibular inferior alveo-
lar nerve is loosely ligated,** (2) spared nerve injury
(SNI) model in which the tibial and common peroneal
terminal nerve branches of the sciatic nerve are trans-
ected,” and (3) spinal nerve ligation (SNL) model in
which the spinal nerves in one lumbar 5 (L5) or L5
and L6 are tightly ligated or transected.’®*’ In CCI,
and SNI models, P2X3R protein and mRNA expression
in DRGs are increased after nerve injury.’**%?
Membrane expression of P2X3Rs was found to increase
three to seven days after SNI injury.” In contrast, in L5-
6 SNL model, P2X3 expression in both L5 and L6 gan-
glia is downregulated.®'-*?

EA was found to reduce P2X3R activation and
expression to produce analgesia in CCl-induced
injury,*® to reduce chronic visceral hypersensitivi-
ty>’>% or to downregulate SNI-induced hyperalgesia.*
It is unclear if EA analgesia is associated with P2X3Rs
in DRGs of SNL rats. We therefore determined if

changes of P2X3R activity in L4 and L5 DRG neurons
can contribute to EA-induced analgesia. A unique fea-
ture of SNL injury model is that damaged (axotomized)
L5 DRG neurons are separated from neighboring
undamaged L4 and L6 DRG neurons. Using this
model allowed us to distinguish EA effects on P2X3R
activity in injured or uninjured DRGs thus contributing
to EA-induced reduction of neuropathic pain. In addi-
tion, we also used activating transcription factor
3 (ATF3),* a neuronal-injury marker, to monitor the
damaged state of P2X3R containing DRG neurons in
L4 and L5 DRGs.

Materials and methods

Animals

Adult male Sprague-Dawley rats weighing 180 to 200 g
were obtained from the Animal Resource Center of
University of Texas Medical Branch. All rats were accli-
matized for five days before the experiments. The ani-
mals were subjected to light/dark cycles of 12 h at a
constant temperature (254 1°C). Food and water were
available ad libitum. The animal experiments were
approved by the Institutional Animal Care and Use
Committee at the University of Texas Medical Branch
and performed in accordance with the guidelines of the
National Institutes of Health and the International
Association for the Study of Pain.

SNL model

SNL model was established using previously described
method.?®?” Briefly, the left L5 spinal nerve was exposed
and tightly ligated with a 5-0 silk thread under isoflur-
ane anesthesia (5% for anesthesia induction, then adjust-
ed to 2% for continuous anesthesia). The wound was
sutured and maintained with postoperative care. Sham
surgery consisted of exposing the nerve in the same
manner but without nerve ligation.

Forty-seven rats were used in our studies. They were
randomly divided into three groups: The first group
received only sham surgery nerve, the second group
received SNL and sham EA stimulation, and the third
group received SNL and EA stimulation. The experi-
ment timeline is described in Results section.

EA application

To minimize the stress of immobilization, rats were accli-
mated under a black cotton head retainer for 30 min/day
for seven days (Patent No. ZL 2014 2 0473579.9, State
Intellectual Property Office of the P.R.C), with both
hind legs and the tail exposed. After the acclimation
period, rats would stay clam during EA stimulation.
The fur on the left hind leg of rats was shaved.



Liang et al.

Stainless steel acupuncture needles (0.18 mm in diame-
ter, 13 mm in length, Wuji USA Co., Austin, USA) were
inserted to a depth of 5 mm at ipsilateral ST36 (Zusanli)
(5 mm lateral to and below the anterior tubercule of the
tibia) and BL60 (Kunlun) (at the level of the ankle joint
between the tip of the lateral malleolus and the Achilles
tendon). The needles were connected to a HANS
Acupuncture point Nerve Stimulator (HANS-200E,
Huawei Co., Ltd., Beijing, China). Three consecutive
square waves of 0.6 ms duration and amplitude of 0.5,
1.0, 1.5 mA for 10 min each (a total 30 min) were applied
at 2 Hz frequency.*' The EA stimulation was given once
per day for seven days. Sham EA group rats received
oblique needle-insertion into subcutaneous layer of the
same point (approximately 2 mm in depth) but without
electrical stimulation.

Paw withdrawal thresholds

Mechanical allodynia was determined by measuring paw
withdrawal thresholds (PWTs) in response to von Frey
filament stimulation on days 0, 7, and 13 after SNL.
Using up and down method, a series of von Frey fila-
ments (ranging from 0.4 to 15.0 g) were used to the lat-
eral plantar surface of the ipsilateral paw. To avoid
injury during tests, the cutoff strength of the von Frey
filaments was set at 15 g. PWTs were calculated using the
method described by Chaplan et al.**

o, [F-meATP induced nociceptive flinch responses

At day 14 post-SNL, the nocifensive behavior elicited by
activation of P2X3Rs was analyzed using a previously
described procedure.’®* Briefly, rats were placed under
individual cages and acclimated for 1 h before EA stim-
ulation. Immediately after the completion of EA or s-EA
stimulation, a 50 ul of o,f-meATP (1 mM) was injected
intradermally into the plantar surface of rat’s left hind-
paw. The rat was returned to the cage immediately and
flinching behavioral tests were performed. Paw flinch
durations (PFDs), an accumulative duration that the
hindpaw was lifted in the air in a 1-min time bin, were
used to assess flinching behavior. By taking into account
both paw lift frequency and duration, PFD gives a more
accurate measure of nociceptive behavior than measur-
ing paw lift frequency alone. All behavioral studies
including PWTs and PFD measurements tests were
obtained under blind conditions.

Western blotting

Protein extraction was prepared using described proce-
dures.*** Ipsilateral L4 or L5 DRGs were homogenized
in radio-immunoprecipitation assay lysis buffer
(Beyotime Biotechnology). The homogenate was centri-
fuged at 14,000 r/min at 4°C for 5 min and the

supernatant was collected. The protein samples were
loaded into wells of 8% sodium dodecyl sulfate/poly-
acrylamide gel eclectrophoresis gels (15ug/well) and
underwent  electrophoresis. The samples  were
then electro-transferred to a polyvinylidene difluoride
membrane, which was subsequently incubated in
a Tris-buffered saline blocking buffer containing
5% w/v fat-free dry milk at room temperature (RT)
for 1 h. The membrane was then immunoblotted
with rabbit anti-P2X3R primary antibody (1:1000,
Alomone Labs) at 4°C, overnight followed by
horse radish peroxidase-conjugated goat anti-rabbit
IgG (1:10000, Abcam) at RT for 1 h. Glyceraldehyde
3-phosphate  dehydrogenase = (GAPDH), probed
with rabbit anti-GAPDH antibody (1:1000, Cell
Signaling Technilogy), was used as loading control.
The immunoreactive proteins were detected by enhanced
chemiluminescence kit (Beyotime Biotechnology) and
analyzed by using Image Quant TL 7.0 analysis software
(General Electric).

Immunohistochemistry

For immunohistochemical staining DRG neurons in
slices, rats were deeply anesthetized with 1% pentobar-
bital sodium (50 mg/kg i.p.) and perfused with 4°C saline
followed by 4% paraformaldehyde in 0.1 mol/L
phosphate-buffered saline (PBS) (pH 7.2-7.4). The ipsi-
lateral L4 and L5 DRGs were removed, post-fixed for
2 h and cryoprotected in 30% sucrose in 0.1 M PBS
overnight at 4°C and then cut into 10 pum sections in a
cryostat. Sample sections were blocked with 0.2% H,0,
for 20 min, then with 10% normal goat serum and 0.3%
Triton X-100 for 1 h at room temperature. Tissue sec-
tions were incubated with guinea pig anti-P2X3R
(1:5000, Millipore) for 36 h, and then with rabbit anti-
rat ATF-3 (1:500, Santa Cruz) overnight at RT. All anti-
bodies were diluted in PBS containing 1% Normal Goat
Serum and 0.3% Triton X-100. Sections were then incu-
bated with Alexa Fluor 594 labeled goat anti-guinea pig
IgG (1:500; Molecular Probes) or Alexa 488 labeled goat
anti-rabbit IgG (1:500; Molecular Probes) for 1 h at RT.
Tissue sections were imaged with a confocal microscope
(A1IRMP, Nikon). Positive cells were counted by Image
Pro Plus 6.0 software. To avoid the possibility of double
counting the same cell, every fifth DRG sections were
analyzed. Positive ratio is representative as (number of
positive neurons/total number of neurons)x 100%. A
minimum of five DRG sections per rat were analyzed
to evaluate the percentage of immunoreactivity (ir)
cells. To determine the intensities of P2X3R labels, inte-
grated optical densities (IODs) of P2X3R-labeled neu-
rons in L4 DRG neurons were also determined.
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Statistical analysis

All data were expressed as mean +standard error.
Statistical analyses were performed using SPSS 20.0 soft-
ware (Serial CN 2010096, SPSS China). Comparisons
between multiple means were done with one-way analy-
sis of variance followed by Student—Newman—Keuls
post hoc test. P<0.05 was considered statistical-
ly significant.

Results

Experiment timeline

Rats were divided into three groups: (1) rats received only
sham surgery (Control), (2) SNL rats received sham EA
(s-EA) stimulation (SNL+s-EA), and (3) SNL rats
received EA stimulation (SNL+EA). Following five
days acclimation period, on Day 0 (D0) before SNL sur-
gery, PWTs (1° PWT) in response to von Frey filament
stimulation were measured on the left paw of all three rat
groups (Figure 1). Afterward, SNL procedure, i.c., tight
ligation of the left lumbar 5 (L5) spinal nerve, was per-
formed on groups 2 and 3 rats. Seven days (D7) after the
SNL operation, PWTs were measured the second time (2°
PWT). Sham-EA and EA stimulations were subsequently
applied to rat groups 2 and 3, respectively, for 30 min
once/day for seven consecutive days. On D13, PWT
measurements were performed the third time (3° PWT).
On day 14, PFD in response to intraplantar injection of
o, B-meATP on the left paw was obtained. Rats were sub-
sequently sacrificed and L4 and L5 DRGs were removed
for Western or immunohistochemical analyses.

SNL-induced tactile allodynia was reduced by EA
stimulation

Prior to SNL, no significant difference was found in
ipsilateral PWT measurements obtained from three rat
groups (Figure 2). Seven days (D7) after SNL, PWTs of
both SNL +s-EA and SNL + EA rats were significantly
reduced, a sign of tactile allodynia. On D13, seven days
after s-EA or EA stimulation, PWTs in SNL + s-EA rats
remained at same low level. In contrast, PWTs in
SNL + EA rats were significantly larger than those in
SNL +s-EA rats, although they were still lower than

Acclimation || SNL || (SNL+ s-EA) or (SNL+EA) |

| | ] ] ]
I | | |
D (-5) DO D7 D13 D14

Sacrificed

1° PWT 2° PWT 3°PWT PFD
(before SNL) || (after SNL) (after EA) || (after EA)

Figure I. Experiment protocol. Detailed under results. SNL:
spinal nerve ligation; EA: electroacupuncture; PWT: paw with-
drawal threshold; PFD: Paw Flinch Duration.

control rats. Thus, EA stimulation partially reversed
the SNL-induced reduction in PWTs.

o, F-meATP-induced flinch responses were decreased
following EA stimulation

We then studied EA effects on P2X3R-mediated activity.
On D14, the P2X3R agonist, o,f-meATP, was injected
into the plantar surface of rat left paw to activate
P2X3Rs to elicit nociceptive responses. This induced
rapid flinching and prolonged paw withdrawal, thus
resulting in an increase in PFD. PFDs were peaked
~2 min after o,B-meATP injection and returned to the
control level 10 min later (Figure 3). The peak PFD in
SNL +s-EA rats (~8 s) was significantly longer than
that in control rats (~2 s). The peak PFD measured in
SNL+EA rats (~3 s) approached to the control level
(Figure 3). These results suggest that P2X3R-mediated
responses were enhanced after SNL and EA stimulation
inhibited P2X3R-mediated hyperalgesia in SNL rats.

P2X3R protein expression in ipsilateral uninjured L4
DRG neurons was lowered after EA stimulation

P2X3R protein expression in ipsilateral L4 and LS
DRGs was determined wusing Western analyses
(Figure 4). The level of P2X3R expression in ipsilateral
L4 DRGs obtained from SNL + s-EA rats was 1.4 times
higher than that in control rats (Figure 4(a) and (b)).
P2X3R expression in SNL + EA rats was close to the

20 -
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_— %k
3 124 = £
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= 8- =3
A
e
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DO D7 D13
Time after SNL (day)

Figure 2. EA stimulation increased paw withdrawal threshold in
SNL rats. On DO, under control condition, PWTs of control
(Con), SNL+s-EA (s-EA) and SNL+EA (EA) rats were similar in
magnitude (Con: 11.9+0.4 g, s-EA: 10.9+03 g, EA: 11.8£05 g).
Seven days after SNL prior to EA application (D7), PWTs of s-EA
and EA rats were significantly lowered to a similar extent (Con:
11.4£0.3 g, s-EA: 1.3£0.2g, EA: 1.4£0.11g). On D13, seven days
after s-EA stimulation, PWTs remained at the same low level (1.2
£ 0.1 g). In contrast, the PWTs of EA rats were significantly higher
than that of s-EA group. Rat number (n), Con:n=13,s-EA:n=17,
EA: n=17. *P < 0.01. SNL: spinal nerve ligation; EA: electroacu-
puncture; PWT: paw withdrawal threshold.
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Figure 3. EA stimulation reduced o,3-meATP-evoked prolonga-
tion of paw flinch duration. Following injection of a,3-meATP
(50 nmole in 50 pl) into the plantar surface of rat left hindpaw, the
peak PFD increased from 2.2 £0.2 s in control rats to 8.1 +£0.6 s
in SNL rats. Following EA stimulation, the peak PFD reduced to
3.5 s, which was not significantly different from that in control rats
(Con: n=6,s-EA:n= 11, EA: n=11). *P < 0.0] compared to the
control group. EA: electroacupuncture; PFD: Paw Flinch Duration.

level of control rats. Thus, EA treatment significantly
lowered the increased P2X3R expression induced by
SNL injury. Studying P2X3R expression in ipsilateral
L5 DRGs isolated from SNL +s-EA rats, we found
that P2X3R expression was much lower than that of
control rats (Figure 4(a) and (c)). EA stimulation did
not change the reduced P2X3R expression in SNL rats.

EA stimulation reduced P2X3R-containing neurons in
uninjured L4 DRGs

Immunohistochemical studies were conducted to further
determine changes in P2X3R-immunoreactivity (P2X3R-
ir) in neurons of nerve-uninjured L4 DRGs. ATF3, which
is expressed only in nuclei of injured cells, was used to
identify damaged (axotomized) neurons in DRGs. We
found no significant difference in the percentage of
P2X3R-ir positive neurons between control and
SNL +s-EA rats. The percentage of P2X3R + neurons
in SNL + EA rats was significantly reduced (Figure 5(a)
and (b)). This was in contrast to the Western analyses in
which P2X3R expression in SNL+s-EA rats was higher
than that in control rats (Figure 4). We then determined if
the difference between the two analyses was a result of
changes in the intensity of P2X3R fluorescent labels
after SNL treatment. IOD of P2X3R labels in DRG neu-
rons was studied in the three rat groups. The IOD level in
SNL + s-EA neurons was higher than that in control neu-
rons suggesting an SNL-induced increase in P2X3R

(a) L4 DRG
Con s-EA EA

o

L5 DRG
Con s-EA EA

GAPDH e wmm wmm  eme eun e
(b) (c)
161  |4DRG 161 1L5DRG
[ Con

z ) % msEA
z ’ % mEA
2 =
=
= 0.8
z
=
< 0.4

0.0

Figure 4. SNL-induced changes in P2X3R expression in ipsilateral
L4 and L5 DRG were altered by EA stimulation. (a) Examples of
P2X3R expressions in different rat groups. (b) EA-induced changes
in P2X3R protein expression in L4 DRGs. Following SNL+ s-EA
stimulation, P2X3R expression was 1.4 times (= 1.1/0.77) higher
than that in control rats. The expression was retuned close to
control level (0.7/0.77 =0.9) after EA stimulation. (c) EA-induced
changes P2X3R protein expressions in L5 DRGs. The expression
of P2X3R was much reduced after SNL+s-EA treatment (0.2/
0.97 =0.21) or after SNL+-EA treatment (0.16/0.97 =0.17). (n=6
for each rat group, *P < 0.01). DRG: dorsal root ganglion; EA:
electroacupuncture; GAPDH: glyceraldehyde 3-phosphate
dehydrogenase.

expression (Figure 5(c)). In SNL+EA neurons, the IOD
level of P2X3R-containing neurons was much reduced. To
investigate the state of neuronal injury in ipsilateral L4
DRGs, the number of ATF3 + neurons was determined.
Following SNL, the percentage of ATF3 -+ neurons in
DRGs of SNL+s-EA and of SNL+EA rats was
increased moderately. No significant difference was
found between the two rat groups (Figure 5(d)), suggest-
ing that EA stimulation had no effect on SNL-induced
damaged neurons. We then determined the percentage of
P2X3R + expressed in injured neurons by double labeling
P2X3R and ATF3 in L4 DRGs. There was no P2X3Rs
expressed in damaged neurons, i.e., (P2X3R+/ATF+)=0
(Figure 5(b)). All P2X3Rs were expressed in uninjured
neurons. Thus, EA stimulation reduced P2X3R expression
in L4 DRG neurons to produce analgesia.

EA stimulation had no effect on SNL-induced P2X3R
and ATF3 + expression changes in nerve-injured

L5 DRGs

When we did the same analyses on ipsilateral nerve-

injured L5 DRGs, different observations were obtained.
After SNL, the percentage of P2X3R + neurons in
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Figure 5. The effect of immunohistochemical study of P2X3R-ir and ATF3-ir expression in L4 DRG neurons. (a) P2X3R-ir (red) 4+ ATF3-

ir (green) double labeled DRG neurons in Control (Con), SNL+ s-EA (s-EA) and SNL+EA (EA) rats. Bar =100 pm. (b) Percentages of
P2X3R+ expressing neurons in Control and SNL+ s-EA rats were similar (28.24 + 1.69% in Con vs. 26.83 £ 0.9% in s-EA rats), The
percentage of P2X3R+ neurons in SNL+ EA rats was significantly reduced (15.37 &= 1.75%). (c) Integrated optical density measured in
SNL+s-EA rats ((9.21 = 1.08) x 10°) was higher than that in control rats ((6.64 = 0.75) x 10°) and much reduced ((2.81 +0.39) x 10°) in
SNL+-EA rats. (d) The percentage of ATF+ neurons in SNL+ s-EA and in SNL+EA rats were not significantly different (6.7 += 1.7 vs. 6.1
£ 0.6%, P> 0.05). Both were higher than control rats (0%). (€) Almost no P2X3-+/ATF3+ neurons were expressed in the three rat groups.
Thus, all of the P2X3R+ were expressed in un-injured neurons (Con: n=7, SNL+ s-EA: n =3, SNL+EA: n=3). *P < 0.01. EA: elec-
troacupuncture; ATF3: activating transcription factor 3; IOD: integrated optical density.

SNL +s-EA (~14%) and SNL+EA rats (11%) was sub-
stantially lower than that in control rats (~29%)
(Figure 6(a) and (b)). The level of reduction was similar
in these two rat groups. Thus, EA stimulation could not
reverse the SNL-induced decrease in P2X3R expression.

To determine the degree of injury in L5 DRGs
induced by SNL, the expression of ATF3+in L5
DRG neurons was studied. In contrast to minimal
ATF3 + cells found in control rats, a majority (>80%)
of L5 DRG neurons in SNL+s-EA groups were
ATF3+ (Figure 6(c)). We also studied the co-
expression of P2X3R and ATF3 in ipsilateral L5
DRGs in SNL +s-EA rats. Almost all of the P2X3Rs
expressing cells were ATF3 + (Figure 6(d)). In addition,
the percentage of cells expressing in undamaged neu-
rons, i.e., P2X3R+/ATF3— cells, was reduced to lower
than 3% in SNL +s-EA rats (Figure 6(c)). Thus, very
few P2X3R +were expressed in undamaged, i.e.,
ATF3—, neurons. EA treatment did not reverse the
damage incurred in nerve-injured L5 DRGs.

Discussion

We showed in this study that following L5 SNL, P2X3R
expression was upregulated in ipsilateral uninjured L4

DRGs. This resulted in reduced PWTs in response to
von Frey filament stimulation (Figure 2) and a prolon-
gation of in o, B-meATP-induced flinch responses, i.e., an
increase in PFD (Figure 3). EA stimulation reduced
P2X3R upregulation in L4 DRGs (Figures 4 and 5),
thus increasing PWTs and reducing o, 3-meATP induced
PFDs to produce analgesia. In contrast, L5 nerve liga-
tion induced severe injury in L5 DRGs. This resulted in
a reduction in the percentage of P2X3R + neurons and
large increase in percentage of ATF3 + neurons. EA had
no effect on P2X3R expression and did not alter the
severe nerve injury in L5 DRG (Figure 6).

There is a great deal of evidence that P2X3Rs play a
crucial role in processing information in various pain
states. Different nerve injury models, including CCI,
SNI, and SNL models,>**>?” have been used by
researchers to study the involvement of P2X3Rs in
chronic pain. Because of differences in the injury states
produced by these models, changes in P2X3R activities
were different. In those partial nerve-ligated CCI and
SNI models, each ganglion contained a mixture of
injured and uninjured neurons. It is difficult to deter-
mine the effect of EA on P2X3R activity in different
injury state neurons. We therefore chose SNL model to
study EA effects on uninjured L4 DRG and injured L5
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Figure 6. EA stimulation did not affect P2X3R or ATF3 expression in injured neurons ipsilateral to L5 DRGs. (a) Examples of P2X3R-
ir + ATF3-ir double labeled neurons in L5 DRGs of three rat groups, Bar = 100 pm. (b) Compared to control rats, L5 nerve ligation
induced a substantial reduction in P2X3R+ expression in DRGs of SNL+ s-EA or SNL+EA rats (from 29.0 £2.1% to 13.7 4.9% and to
11.0 £ 3.3% respectively). (c) Unlike the minimal expression of ATF3+ cells (0.4 4= 0.2%) in L5 DRG of control rats, a majority of L5 DRG
neurons in SNL+ s-EA rat group (85.7 £ 1.6%) and in SNL+-EA group (81.7 £ 3.1%) were ATF3+. (d) Most P2X3Rs in injured L5 DRGs
were expressed in ATF3+4 neurons (P2X3R/ATF3+ =10.6% in SNL+ s-EA rats and =8.8% in SNL+-EA rats). (e) The cell count of
P2X3R+/ATF3— cells was reduced from 30.0 £ 2.0% in control L5 DRGs to 2.7 4-0.8% in SNL+ s-EA and 1.8 +-0.5% in SNL+-EA rats. EA
stimulation did not reverse the reduction in P2X3R expression induced by SNL (Con: n =7, SNL+ s-EA: n =3, SNL+EA: n = 3). *P < 0.01.

EA: electroacupuncture; ATF3: activating transcription factor 3.

DRGs separately. In addition, DRG neurons were dou-
bled labeled with P2X3R and ATF3 antibodies. These
strategies allowed us to differentiate EA effects on
P2X3R activity in different injury state DRG neurons.
We found that EA stimulation reduced the P2X3R
expression in un-damaged DRG neurons (Figure 95).

In our immunohistochemical studies, we found that
SNL did not alter the percentage of P2X3R-containing
neurons in L4 DRGs (Figure 5(b)). Similar results were
obtained by Fukuoka et al.** who showed that SNL did
not change P2X3R mRNA expression in non-injured L4
DRG neurons. The results had led the authors to con-
clude that SNL induced an increase in TRPVI rather
than P2X3R expression to produce the thermal hyper-
algesia in their SNL-induced pain model. Nevertheless,
we conclude that P2X3Rs mediated EA-induced analge-
sia in our studies for several reasons. First, in our behav-
ioral studies, we studied mechanical-induced, not
thermal hyperalgesia as done by Fukuoka et al.*
Second, we studied not only PWTs induced by SNL-
induced injury (Figure 2), but also the effect of P2XR-
agonist, o,f-meATP on PFDs (Figure 3). Although
o,p-meATP is known to bind to both P2XIR and

P2X3R, the effect of the agonist observed in our study
is likely to be mediated by P2X3Rs because P2X1Rs are
minimally expressed in DRG neurons.*’” Our PFD
experiments clearly showed that activation of P2X3Rs
produced a large change in flinch behaviors after SNL
and EA stimulation reversed the enhanced PFD (Figure
3). Third, our Western analyses showed that P2X3R
expression in L4 DRGs was upregulated after SNL
injury and EA stimulation reduced the P2X3R expres-
sion in L4 DRG neurons (Figure 4(a) and (b)).

Using immunohistochemical technique, we determined
P2X3R expression in both damaged and undamaged
DRG neurons through changes in cell counts. This
method of analyses did not provide quantitative informa-
tion on the magnitude changes of protein expression of
P2X3Rs. We therefore performed additional analyses of
our immunohistochemical data by determining IOD of
P2X3R labels. These analyses showed that P2X3R
expression was increased after SNL +s-EA stimulation
(Figure 5(c)). It is also interesting to find that after
SNL, P2X3Rs were expressed in larger neurons (data
not shown). The IOD data were consistent with our stud-
ies of P2X3R expression using Western analyses in which
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SNL injury upregulated P2X3R expression in L4 DRGs.
(Figure 4(b)). In addition, the IOD analysis showed that
EA reduced P2X3R expression to a level lower than that
in control rats (Figure 5(b)). The reason for this observa-
tion needs to be explored in the future. In the study of EA
effect on nerve-injured L5 DRG, we found that EA had
no effect on SNL-induced changes in P2X3R expression
(Figure 6). The underlying mechanism of this EA effects
has yet to be defined.

EA was also found to reduce upregulation of TRPV1
and calcitonin gene-related peptide expression in unin-
jured L4 and L6 DRG neurons in SNL rats*® suggesting
EA can induce analgesia through multiple targets.
Furthermore, since ATP is not the only substance released
in response to injury, the release of other substances and/
or activation of other proteins in response to tissue injury
is also important.**>* It is of interest to determine the
relationship among different transmitters, neuropeptides,
and protein molecules in response to EA stimulation to
produce analgesia. From our studies, we conclude that
EA-induced analgesic effect in SNL induced chronic
pain through downregulation of P2X3Rs in L4 DRG
adjacent to the spinal nerve-ligated L5 DRGs.
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