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The interaction between P2X3 and TRPV1
in the dorsal root ganglia of adult rats
with different pathological pains
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Abstract

Peripheral inflammatory and neuropathic pain are closely related to the activation of purinergic receptor P2X ligand-gated

ion channel 3 (P2X3) and transient receptor potential vanilloid 1 (TRPV1), but the interaction between P2X3 and TRPV1 in

different types of pathological pain has rarely been reported. In this study, complete Freund’s adjuvant (CFA)-induced

inflammatory pain and spared nerve injury (SNI)-induced neuropathic pain models were established in adult rats. The

interactions between P2X3 and TRPV1 in the dorsal root ganglion were observed by pharmacological, co-

immunoprecipitation, immunofluorescence and whole-cell patch-clamp recording assays. TRPV1 was shown to promote

the induction of spontaneous pain caused by P2X3 in the SNI model, but the induction of spontaneous pain behaviour by

TRPV1 was not completely dependent on P2X3 in vivo. In both the CFA and SNI models, the activation of peripheral P2X3

enhanced the effect of TRPV1 on spontaneous pain, while the inhibition of peripheral TRPV1 reduced the induction of

spontaneous pain by P2X3 in the CFA model. TRPV1 and P2X3 had inhibitory effects on each other in the inflammatory pain

model. During neuropathic pain, P2X3 facilitated the function of TRPV1, while TRPV1 had an inhibitory effect on P2X3.

These results suggest that the mutual effects of P2X3 and TRPV1 differ in cases of inflammatory and neuropathic pain in rats.
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Introduction

Pain is a subjective and complex psychological process

that involves sensation, emotion and cognitive impair-

ment and has complex underlying mechanisms.1

Conventional drugs can alleviate pain well, but due to

many inevitable side effects, their curative effect remains

unsatisfactory. Many receptors and ion channels, such

as transient receptor potential receptors (TRPs) and

purinergic receptors (P2Xs), play important roles in the

generation and processes of pain.2,3 Among these recep-

tors, P2X3 and TRPV1 have been confirmed to be close-

ly related to pain.4–7

TRPV1, which is well known to be a capsaicin recep-

tor, is easily activated by capsaicin, protons, heat, etc.8,9

Previous studies have suggested that TRPV1 can be acti-

vated in various ways, such as by increased

phosphorylation and protein overexpression, to partici-

pate in the generation of pathological pain.10–13 P2X3,

which has been reported to be a subtype of the P2X

family, plays an important role in the process of patho-

logical pain and has been confirmed to be co-expressed
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with TRPV1 in small- to medium-diameter primary sen-

sory neurons.14–16 A preclinical study found one-way

cross-desensitization between P2X purinoceptors and

vanilloid receptors in adult rat dorsal root ganglion

(DRG) neurons, which indicates that a physiological

relationship may exist between P2X3 and TRPV1.17

Another study revealed a physiological inhibitory

effect between TRPV1 and P2X3. The mechanism of

the interaction between P2X3 and TRPV1 may be relat-

ed to the promoter of the P2X3 carboxyl terminus.18

However, there have been few reports concerning the

interaction between TRPV1 and P2X3 in the patholog-

ical state, particularly during the induction and develop-

ment of pain. The purpose of this study was to

investigate the possible correlation effect between P2X3

and TRPV1 in different types of pathological pain and

to identify the critical ion channel and its relationship

with pain formation.

Materials and methods

Animals

Male Sprague-Dawley (SD) rats (160-180 g) (Shanghai

Laboratory Animal Centre, Chinese Academy of

Sciences (animal certificate no. SCXK (沪) 2013-0016))

raised by the Laboratory Animal Centre of Zhejiang

(SYXK (浙)2013–0184) were used. The rats were freely

fed standard pellets and water (provided by the experi-

mental animal centre) and housed on a 12-h light/dark

cycle at 6 animals per cage in a temperature- and

humidity-controlled environment (25� 2�C, 55%�
5%). All experimental procedures were approved by

the Animal Ethics Committee of Zhejiang Chinese

Medical University (ZSLL-2015-022).

Pain models

Complete Freund’s adjuvant (CFA) model establishment.

Inflammatory pain was produced by the injection of

0.1 ml of CFA (Sigma, USA) into the right plantar sur-

face of the hind paw of each rat.

Spared nerve injury (SNI) model establishment19

SD rats were fasted for one day before the operation.

Under 2% isoflurane anaesthesia, the right hind limb of

each rat was shaved and disinfected. The skin was

incised 1 cm above the middle point between the greater

trochanter of the femur and the tibia head, and the three

terminal branches of the sciatic nerve were exposed. The

common peroneal and tibial nerves were ligated and cut,

and the sural nerve was sutured. Penicillin (160,000

units) was administered for three days after the

operation.

Experimental design

The animals were divided into two groups, the inflam-
matory pain model (CFA) and the neuropathic pain
model (SNI), and each group was subjected to two
experiments (in vivo and in vitro). Each experiment inves-
tigated two issues: (1) the influence of P2X3 on the func-
tion of TRPV1 and (2) the influence of TRPV1 on the
function of P2X3. The in vivo study explored the corre-
lation between P2X3 and TRPV1 in three parts. In part
I, the rats were randomly divided into the SNI/CFAþ
vehicle group, low-dose agonist group, medium-dose
agonist group and high-dose agonist group to identify
the appropriate agonist concentration for subsequent
experiments. In part II, the rats were randomly divided
into the agonist control group, low-dose antagonist
group and high-dose antagonist group to identify the
appropriate antagonist concentration for subsequent
experiments. In part III, the rats were randomly divided
into the basic agonist group, agonistþbasic agonist
group, and antagonistþbasic agonist group. In vitro,
we used whole-cell patch-clamp recordings to further
determine the correlation between P2X3 and TRPV1
in different models.

Drug administration

The chemicals used in this study were capsaicin (TRPV1
agonist, St. Louis, USA), capsazepine (TRPV1 antago-
nist, Tocris, UK), a,b-methylene adenosine 50-triphos-
phate lithium salt (a,b-meATP, P2X3 agonist, St.
Louis, USA) and 20,30-O-(2,4,6-trinitrophenyl)adeno-
sine-50-triphosphate tetra(triethylammonium) salt
(TNP-ATP, P2X3 antagonist, Tocris, UK). Capsaicin
was dissolved in 100% dimethylsulfoxide (DMSO) and
further diluted in saline containing 2% Tween 80 at low,
medium and high concentrations of 3, 7.5 and 30 lg,
respectively. Capsazepine was dissolved in 100%
DMSO and further diluted in saline containing 5%
Tween 80 at concentrations of 113 lg and 400 lg.
a,b-meATP was dissolved in saline and further diluted
in saline to concentrations of 10 nmol, 50 nmol, and 250
nmol. TNP-ATP (TNP) was dissolved and diluted in
saline to final concentrations of 50 nmol and 250
nmol. All these drugs were subcutaneously injected at
a volume of 25 ll into the dorsum of the right foot of
CFA or SNI rats once 3 days after modelling.

Spontaneous pain behaviours

The rats were placed in a transparent observation box
(30 cm x 40 cm x 40 cm) for 30 min for acclimatization
and then placed into boxes and administered different
concentrations of drugs once 3 days after modelling. The
number of flinches and the licking times in 2-min inter-
vals at 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 min were
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recorded by a digital video camera for statistical

analysis.

Co-immunoprecipitation

Co-immunoprecipitation was performed using a previ-
ously described method.20 L4-6 DRGs from SD rats

were harvested immediately after the behavioural test

and lysed in RIPA buffer (Beyotime) for phacofragmen-

tation and centrifugation to obtain the supernatant.

Rabbit anti-TRPV1 (1:1000 in 5% normal donkey

serum, Abcam, USA) or mouse anti-P2X3 (1:1000 in

5% normal donkey serum, Santa Cruz, USA) was

added to the tissue lysates and incubated at 4�C over-
night, and partial total protein lysates were used as the

input. The other compound was incubated with resus-

pended protein A/G plus-agarose (Santa Cruz, USA) at

4�C for 4 hours and washed with phosphate-buffered

saline (PBS). The agarose bead antigen-antibody com-

plex was resuspended in loading buffer, and the boiled

protein samples were then separated by 8% SDS-PAGE

and transferred to polyvinyl difluoride (PVDF) mem-

branes (Bio-Rad, USA). After incubation with an anti-
TRPV1 (1:1000 in 5% normal donkey serum, Abcam,

USA) or anti-P2X3 (1:1000 in 5% normal donkey

serum, Abcam, USA) primary antibody, the membrane

was washed and incubated with horseradish peroxidase

(HRP)-conjugated goat anti-rabbit IgG (1:10000, Santa

Cruz, USA) or HRP-conjugated goat anti-mouse IgG

H&L (1:1000, Abcam, USA) as the secondary antibody.

An ECL kit (Pierce, USA) was used to visualize the band
density, and the signals were captured with an Image

Quant LAS 4000 system (EG, USA). The density of

each band was measured using ImageQuant TL 7.0 anal-

ysis software (GE, USA).

Immunofluorescence imaging

Immunofluorescence imaging was performed as previ-

ously described.21 After the behaviour test on day 3,
the rats were anaesthetized by an intraperitoneal injec-

tion of 10% chloral hydrate (0.35 ml/100 g) and sacri-

ficed. The animals were perfused with 4%

paraformaldehyde in 0.1 M PBS. The L4-6 DRGs

were quickly removed, placed in 4% paraformaldehyde

and fixed for 6 h. Dehydration was performed in 15%

and 30% sucrose solutions for 24 hours. The collected

L4-6 DRGs were then embedded in OCT (SAKURA,

USA). After complete immobilization, the tissue was
sliced at a thickness of 12 lm. The samples were

attached to positively charged slides, blocked with 5%

donkey serum in TBST (0.1% Tween-20) and incubated

at 37�C for 1 h. A rabbit anti-TRPV1-antibody (1:1000

in 5% normal donkey serum, Abcam, USA) and a

guinea pig anti-P2X3-antibody (1:400, in 5% normal

donkey serum, Abcam, USA) were used as the primary

antibodies, and FITC-conjugated donkey anti-rabbit

(1:400, Jackson) and Alexa Fluor 647-conjugated

donkey anti-guinea pig (1:800, Jackson) were used as

the secondary antibodies. The number of cells co-

labelled with P2X3 and TRPV1 in the L4-6 DRGs was

observed by a Nikon A1R laser confocal microscope

under a 10� objective lens. Five sections were selected

from each rat. The positive cells were counted by NIS

Elements AR software, and the mean values were

obtained.

Whole-cell patch-clamp recording

Whole-cell patch-clamp recording was performed as pre-

viously described.22 After intraperitoneal anaesthesia,

the L4-6 DRGs were quickly removed and immediately

placed in ice-cold oxygenated fresh dissecting solution

(130 NaCl, 5 KCl, 2 KH2PO4, 1.5 CaCl2, 6 MgSO4, 10

glucose, and 10 HEPES; pH¼7.2, osmolarity ¼305

mOsm) before being immediately removed and placed

in pre-cooled DMEM. Then, the DRGs were transferred

to digestive solution, which contained collagenase and

trypsin (collagenase: 1 mg/mL, trypsin: 0.5 mg/mL),

digested for 25 min at 37�C and washed for single cell

suspension. The cells were plated on acid-cleaned cover-

slips. For patch-clamp recording, the neurons were per-

fused at room temperature with a normal external

solution (130 NaCl, 5 KCl, 2 KH2PO4, 2.5 CaCl2, 1

MgCl2, 10 HEPES, and 10 glucose; pH¼7.2, adjusted

with NaOH, osmolarity ¼295–300 mOsm). Recording

pipettes were pulled with a P1000 control instrument

and typically had a resistance of 3�5 MX when filled

with a solution containing 140 potassium gluconate, 10

NaCl, 10 HEPES, 10 glucose, 5 BAPTA, and 1 CaCl2
(pH¼7.25 adjusted with KOH, osmolarity¼295 mOsm).

Currents induced by TRPV1 and P2X3 were recorded

under current-clamp conditions. The cells were clamped

at -60 mV, and 10 lM a,b-meATP and 0.3 ll of capsa-
icin were administered. The obtained data were stored

and analysed by Clampfit 9.2 software. The entire exper-

iment was carried out in a shielding cage at a room tem-

perature of 22–24�C.

Statistical analysis

SPSS 19.0 software was used for statistical analysis. All

experimental data are presented as the mean�s.e.m.

Student’s t-test was used to compare two independent

samples, whereas analysis of variance (ANOVA) fol-

lowed by Bonferroni or Dunnett’s T3 multiple compar-

ison tests was used to compare three or more

samples. Differences were deemed statistically significant

at P <0.05.
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Results

Correlative effect of P2X3 and TRPV1 in SNI
rats in vivo

Different concentrations of agonists and antagonists of
TRPV1 and P2X3 were used in SNI rats in this study.
Based on flinching and licking time comparisons, 3 lg
was selected as the final concentration of the TRPV1
agonist capsaicin, and 400 lg was selected as the final
concentration of the TRPV1 antagonist capsazepine for
subsequent experiments on SNI rats. In addition, 50
nmol was chosen as the final concentration of the
P2X3 agonist a,b-meATP, and 250 nmol was chosen
as the final concentration of the P2X3 antagonist
TNP-ATP for subsequent experiments on SNI rats
(SFig1,2).

To observe whether P2X3 in the DRG can regulate
the function of TRPV1 in vivo, a,b-meATP and TNP-
ATP were intraplantarly injected into rats to regulate the
spontaneous pain behaviours induced by capsaicin injec-
tion. Compared with vehicle, both a,b-meATP and
TNP-ATP increased the flinching times and the licking
time induced by capsaicin in SNI rats at 10 min after the
injection (P<0.05) and the licking time at 8 min after the
injection (P<0.05) (Figure 1(a) and (c)). Compared with
vehicle, only a,b-meATP increased the flinching times
induced by capsaicin in SNI rats during the first 10
min and the last 10 min. However, TNP-ATP had no
effect on the spontaneous pain behaviours produced by
TRPV1 in licking time (Figure 1(b) and (d)). These
results indicated that activation or inhibition of periph-
eral P2X3 receptors can enhance the algogenic effect of
TRPV1 in SNI rats.

To determine whether TRPV1 could regulate the
function of P2X3 in vivo, capsaicin or capsazepine was
intraplantarly injected to impact the spontaneous pain
behaviour induced by a,b-meATP injection. Compared
with vehicle, capsaicin increased the licking time exhib-
ited by SNI rats at 8 min after the injection (P<0.05).
However, capsazepine had no effect on the spontaneous
pain behaviours produced by P2X3 (P>0.05) (Figure 1
(e) and (g)). During the first and the last 10 min, both
capsaicin and capsazepine had no effect on the sponta-
neous pain behaviours produced by P2X3 (Figure 1(f)
and (h)). All the above results indicated that the activa-
tion of TRPV1 can promote the algogenic effect of P2X3
in SNI rats and that the inhibition of TRPV1 may have
no effect on the algogenic effect of P2X3.

Correlative effect of P2X3 and TRPV1 in the DRGs
of CFA rats in vivo

Different concentrations of agonists and antagonists of
TRPV1 and P2X3 were used in CFA rats in this study.

Based on the flinching and licking time comparisons, 30
lg was selected as the final concentration of the TRPV1
agonist capsaicin, and 113 lg was selected as the final
concentration of the TRPV1 antagonist capsazepine for
subsequent experiments on CFA rats. In addition, 250
nmol was chosen as the final concentration of the P2X3
agonist a,b-meATP, and 250 nmol was chosen as the
final concentration of the P2X3 antagonist TNP-ATP
for subsequent experiments on CFA rats (SFigs 3, 4).

To further determine whether P2X3 could regulate
the function of TRPV1 in vivo, a,b-meATP and TNP-
ATP were intraplantarly injected to regulate the sponta-
neous pain behaviours induced by capsaicin injection.
Compared with the vehicle, a,b-meATP increased the
flinching times induced by capsaicin in CFA rats at 14
min after injection (P<0.05) and the licking time at 2 min
after the injection (P<0.01); TNP-ATP had no effect on
the spontaneous pain behaviours produced by TRPV1
(P>0.05) (Figure 2(a) and (c)). TNP-ATP and
a,b-meATP had no effect on the spontaneous pain
behaviours produced by TRPV1 in flinching times and
licking time (Figure 2(b) and (d)).These results indicated
that the activation of peripheral P2X3 receptors can
enhance the algogenic effect of TRPV1 in CFA rats,
while the inhibition of peripheral P2X3 receptors has
no effect on the algogenic effect of TRPV1.

To determine whether TRPV1 could regulate the
function of P2X3 in vivo, capsaicin or capsazepine was
intraplantarly injected to observe the regulation of spon-
taneous pain behaviour induced by a,b-meATP injec-
tion. Compared with the vehicle, capsazepine decreased
both the flinching and licking times exhibited by CFA
rats at 2 min after the injection (P<0.05). However, cap-
saicin failed to have an effect on the spontaneous pain
behaviours produced by P2X3 (P>0.05) (Figure 2(e)
and (g)). During the first and the last 10 min, both cap-
saicin and capsazepine had no effect on the spontaneous
pain behaviours produced by P2X3 (Figure 2(f) and (h)).
All the above results indicated that the inhibition of
peripheral TRPV1 can relieve the algogenic effect of
P2X3 on spontaneous pain in CFA rats and that the
activation of TRPV1 may not impact the algogenic
effect of P2X3.

Co-expression and co-immunoprecipitation of TRPV1
and P2X3 in SNI rats

Co-immunoprecipitation was used to observe any inter-
action between P2X3 and TRPV1 in the DRGs of SNI
rats. Immunoblotting with an anti-TRPV1 antibody
revealed a strong P2X3-immunoreactive band (Figure 3
(a)), and immunoblotting with an anti-P2X3 antibody
revealed a strong TRPV1-immunoreactive band (Figure
3(b)), which suggested a correlation between P2X3 and
TRPV1 in SNI rats. We also used immunofluorescence
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Figure 1. The correlation effect between P2X3 and TRPV1 of SNI rats in vivo. (a) After TRPV1 is activated, the flinching times (2 min
intervals) of SNI rats with P2X3 agoinst/P2X3 antagonist. (b) After TRPV1 is activated, the flinching times (10 min intervals) of SNI rats
with P2X3 agoinst/P2X3 antagonist. (c) After TRPV1 is activated, the licking time (2 min intervals) of SNI rats with P2X3 agoinst/P2X3
antagonist. (d) After TRPV1 is activated, the licking time (10 min intervals) of SNI rats with P2X3 agoinst/P2X3 antagonist. Compared with
SNIþvehicleþcapsaicin group, �P<0.05, ��P<0.01, compared with SNIþa,b-meATPþcapsaicin group, #P<0.05, ##P<0.01,
(SNIþvehicleþcapsaicin group: n¼5, SNIþa,b-meATPþcapsaicin group: n¼5, SNIþTNP-ATPþcapsaicin group: n¼5). (e) After P2X3 was
activated, the flinching times (2 min intervals) of SNI rats with TRPV1 agoinst/TRPV1 antagonist. (f) After P2X3 was activated, the flinching
times (10 min intervals) of SNI rats with TRPV1 agoinst/TRPV1 antagonist. (g) After P2X3 was activated, the licking time (2 min intervals)
of SNI rats with of SNI rats with TRPV1 agoinst/TRPV1 antagonist. (h) After P2X3 was activated, the licking time (10 min intervals) of SNI
rats with of SNI rats with TRPV1 agoinst/TRPV1 antagonist. Compared with SNIþvehicleþa,b-meATP group, �P<0.05, ��P<0.01,
compared with SNIþ capsaicin þa,b-meATP group, #P<0.05, ##P<0.01, (SNIþvehicleþa,b-meATP group: n¼5, SNIþcapsaicinþa,b-
meATP group: n¼5, SNIþcapsazepine þa,b-meATP group: n¼5)

Yu et al. 5



Figure 2. The correlation effect between P2X3 and TRPV1 of CFA rats in vivo. (a) After TRPV1 was activated, the flinching times (2 min
intervals) of CFA rats with P2X3 agoinst/P2X3 antagonist. (b) After TRPV1 was activated, the flinching times (10 min intervals) of CFA rats
with P2X3 agoinst/P2X3 antagonist. (c) After TRPV1 was activated, the licking time (2 min intervals) of CFA rats with P2X3 agoinst/P2X3
antagonist. (d) After TRPV1 was activated, the licking time (10 min intervals) of CFA rats with P2X3 agoinst/P2X3 antagonist. Compared
with CFAþvehicleþcapsaicin group, �P<0.05, ��P<0.01, compared with CFAþa,b-meATPþcapsaicin group, #P<0.05, ##P<0.01,
(CFAþvehicleþcapsaicin group: n¼4, CFAþa,b-meATPþcapsaicin group: n¼5, CFAþTNP-ATPþcapsaicin group: n¼5). (e) After P2X3
was activated, the flinching times (2 min intervals) of CFA rats with TRPV1 agoinst/TRPV1 antagonist. (f) After P2X3 was activated, the
flinching times (10 min intervals) of CFA rats with TRPV1 agoinst/TRPV1 antagonist. (g) After P2X3 was activated, the licking time (2 min
intervals) of CFA rats with TRPV1 agoinst/TRPV1 antagonist. (h) After P2X3 was activated, the licking time (10 min intervals) of CFA rats
with TRPV1 agoinst/TRPV1 antagonist. Compared with CFAþvehicleþa,b-meATP group,�P<0.05, ��P<0.01, compared with
CFAþcapsazepineþa,b-meATP group, #P<0.05, ##P<0.01, (CFAþvehicleþa,b-meATP group: n¼5, CFAþcapsaicinþa,b-meATP group:
n¼5, CFAþ capsazepine þa,b-meATP group: n¼6).
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imaging to detect neurons that were positively stained for

P2X3 and TRPV1, and compared with that in the sham

SNI group, the number of P2X3-IR-positive and TRPV1-

IR-positive neurons was increased in the SNI group

(P<0.05) (Figure 3(c) and (d)), and P2X3 and TRPV1

were widely co-expressed in small- and medium-

diameter DRG neurons (Figure 3(e)).

Correlative effect of TRPV1 and P2X3 in neurons from

SNI rats in vitro

Whole-cell patch-clamp recordings were used to observe

the interaction between P2X3 and TRPV1 in the DRGs

of SNI rats. Compared with that of sham SNI rats, the

inward TRPV1 current of SNI rats was decreased

(Figure 4(a) and (b)) (P<0.01). Because P2X3 and

P2X2 are usually expressed in the same neurons and

because both are likely to be activated by a,b-meATP,

DRG neurons with specific P2X3 receptor expression

were selected based on the waveform of inward current

induced by the agonist. In the initial study, we found

that P2X3 activated by a,b-meATP produced a fast

inward current, P2X2 produced a slow inward current,

and heterogeneous P2X3/P2X2 receptors produced a

combined inward current (Figure 4(c)), which was con-

sistent with a previous study.23 In this study, we exam-

ined fast inward currents. Compared with that in the

sham SNI group, the inward current of P2X3 in the

SNI group was significantly increased (P<0.01)

(Figure 4(d) and (e)). Then, the effect of P2X3 on

TRPV1 was investigated, revealing that the inward

TRPV1 current was decreased by pre-treatment with

Figure 3. TRPV1 is physically associated with P2X3 in SNI rats. (a and b) Representative co-immunoprecipitation bands between P2X3
and TRPV1 in L4-6 DRG of SNI rats. Negative control: IgG control. (c) The number of P2X3-IR positive cells in L4-6 DRG of SNI rats. (d)
The number of TRPV1-IR positive cells in L4-6 DRG of SNI rats. (e) Immunofluorescence confocal micrographs of P2X3, TRPV1 and
merge in L4–6 DRG of SNI rats. Sections show immunohistochemical red labeling for TRPV1 positive neurons, green labeling for P2X3
positive neurons. Scale bars¼100lm.

Yu et al. 7



a,b-meATP in the sham SNI group (P<0.05) (Figure 4

(f) and (g)), which indicated that P2X3 inhibited the

effect of TRPV1 in DRGs in the physiological state.

However, in the SNI group, there was no difference in

the inward TRPV1 current after modelling or in the

absence of a,b-meATP (P>0.05) (Figure 4(h) and (i)).

Finally, the effect of TRPV1 on P2X3 was detected. The

administration of capsaicin did not affect the inward

P2X3 current induced by a,b-meATP in either the

sham SNI group or the SNI group (P>0.05) (Figure 4

(j) to (m)). These results indicated that in the physiolog-

ical state, peripheral TRPV1 may have no direct effect

on P2X3 but it may inhibit pain induced by P2X3 under

pathological conditions.

Co-expression and co-immunoprecipitation of TRPV1

and P2X3 in CFA rats

Co-immunoprecipitation was used to observe interac-

tions between P2X3 and TRPV1 in CFA rats.

Immunoblotting with an anti-TRPV1 antibody revealed

a P2X3-immunoreactive band, and immunoblotting

with an anti-P2X3 antibody revealed a TRPV1-

immunoreactive band, suggesting a correlation between

TRPV1 and P2X3 in the DRGs of CFA rats (Figure 5(a)

and (b)). We also used immunofluorescence imaging to

detect P2X3- and TRPV1-positive neurons; compared

with that in the normal group, the number of P2X3-

IR-positive and TRPV1-IR-positive neurons was

increased in the CFA group (P<0.01) (Figure 5(c) and

(d)), and P2X3 and TRPV1 were widely co-expressed

in small- and medium-diameter DRG neurons

(Figure 5(e)).

Correlative effect of TRPV1 and P2X3 in CFA

rats in vitro

Whole-cell patch-clamp recordings were used to detect

the interaction between P2X3 and TRPV1 in CFA rats.

Compared with that in the normal group, the inward

Figure 4. The correlation effect of TRPV1 and P2X3 of SNI rats in vitro. (a and b) Relative current of TRPV1 in Sham SNI group and SNI
group. (c) Screening of P2X3 specific DRGs. (d and e) Relative current of P2X3 in Sham SNI group and SNI group. (f to i) The effects of
P2X3 on TRPV1 in Sham SNI group and SNI group. (j to m) The effects of TRPV1 on P2X3 in Sham SNI group and SNI group. Compared
with Sham SNI group, *P<0.05, **P<0.01.
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TRPV1 current was increased in the CFA group
(P>0.05) (Figure 6(a) and (b)). DRG neurons with spe-
cific P2X3 receptor expression were selected as described
above (Figure 6(c)). The inward P2X3 current in the
CFA group did not differ from that in the normal
group (P>0.05) (Figure 6(d) and (e)). After TRPV1
was activated by capsaicin, the a,b-meATP-induced
inward current was decreased in both the normal
group and the CFA group (P<0.05) (Figure 6(f) to
(i)), which indicated that P2X3 inhibited the effect of
TRPV1 under both physiological and pathological con-
ditions. Next, the effect of TRPV1 on P2X3 was inves-
tigated. After capsaicin stimulation, the inward P2X3
current was not altered in the normal group (P>0.05)

but was decreased in the CFA group (P<0.05) (Figure 6
(j) to (m)). These results indicated that at the physiolog-
ical level, peripheral TRPV1 had no direct effect on
P2X3, but TRPV1 inhibited the effect of P2X3 in the
CFA model.

Discussion

Studies have shown that the activation of the TRPV1
receptor leads to a large influx of Ca2þ, which further
promotes the release of inflammatory mediators in
peripheral sensory terminals and, in turn, promotes
pain sensitivity.24–26 In our study, we found that the
number of TRPV1-positive neurons increased and the

Figure 5. TRPV1 is physically associated with P2X3 in CFA rats. (a and b) Representative co-immunoprecipitation bands between P2X3
and TRPV1 in L4-6 DRG of CFA rats. Negative control: IgG control. (c) The number of P2X3-IR positive cells in L4-6 DRG of CFA rats. (d)
The number of TRPV1-IR positive cells in L4-6 DRG of CFA rats. (e) Immunofluorescence confocal micrographs of P2X3, TRPV1 and
merge in L4–6 DRG of CFA rats. Sections show immunohistochemical red labeling for TRPV1 positive neurons, green labeling for P2X3
positive neurons. Scale bars¼100lm.
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response of TRPV1 channels to capsaicin was signifi-

cantly reduced after SNI modelling (Figures 3 and 4),

which indicated that neuropathic pain did not increase

the sensitivity of TRPV1 to capsaicin in the short term

or reduce the sensitivity of TRPV1. These results con-

firmed that TRPV1 might mediate pain sensitization in

rats through other mechanisms of activation, such as

increased protein, phosphorylation and mRNA levels,

in cases of neuropathic pain.11,27–29 However, in the

CFA model, the number of TRPV1-positive neurons

increased, and the response of TRPV1 channels to cap-

saicin increased (Figures 5 and 6), which indicated that

TRPV1 might mediate pain sensation during inflamma-

tory pain.
Many studies have confirmed that P2X3 is involved in

inflammatory and neuropathological pain. Our previous

study30 showed that in CFA-induced inflammatory pain,

both P2X3 protein expression and the number of P2X3-

positive neurons were increased. Studies have also

confirmed that P2X3 mRNA and protein expression

levels are increased in the DRG neurons of rats of dif-

ferent neuropathological pain models.31–33 In our pre-

sent study, the number of P2X3-positive neurons was

increased in the CFA model, which was consistent with

our previous study, and the response of P2X3 channels

to ATP was not increased in the CFA-induced inflam-

matory pain model but was increased in the SNI-induced

neuropathological pain model. These results indicated

that P2X3 might mediate pain sensitization in rats

through other mechanisms of activation, such as

increased positive cell numbers, in cases of inflammatory

pain.
In addition, we found that P2X3 and TRPV1 were

widely co-expressed in small- and medium-diameter

DRG neurons (Figures 3 and 5), which was consistent

with our previous study,34 and determined that a corre-

lation existed between TRPV1 and P2X3 via co-

immunoprecipitation. Our laboratory already reported

Figure 6. The correlation effect of TRPV1 and P2X3 of CFA rats in vitro. (a and b) Relative current of TRPV1 in normal group and CFA
group. (c) Screening of P2X3 specific DRGs. (d and e) Relative current of P2X3 in normal group and CFA group. (f to i) The effects of P2X3
on TRPV1 in normal group and CFA group. (j to m) The effects of TRPV1 on P2X3 in normal group and CFA group. Compared with
Normal group, *P<0.05, **P<0.01.
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an interaction between TRPV1 and P2X3 at the periph-
eral neuron level in naı̈ve rats. The P2X3 agonist did not
alleviate pain behaviour induced by the TRPV1 agonist,
but the P2X3 inhibitor did. The TRPV1 agonist
increased pain behaviour induced by the P2X3 agonist,
and the TRPV1 inhibitor did not reduce pain behaviour
induced by the P2X3 agonist.34 Stanchev et al.18 found
that TRPV1 and P2X3 interacted with each other in an
inhibitory manner in vitro via whole-cell patch-clamp
recording. However, there have been few studies on the
relationship between TRPV1 and P2X3 under patholog-
ical conditions. Previous studies have found that P2X3
interacts differently with TRPV1 under different patho-
logical conditions. Fang et al.35 found that the P2X3
protein expression in the DRGs of CFA rats was signif-
icantly increased in TRPV1 knockout mice compared
with wild-type mice, which indicates that TRPV1
might mediate peripheral pain sensitivity by antagoniz-
ing P2X3 receptor expression during inflammatory pain.
Kiyatkin et al.36 found that the combination of TRPV1
and P2X3 antagonists reduced peripheral mechanical
pain sensitivity in the colon and rectum to a greater
extent than one antagonist alone, which suggests a syn-
ergistic effect of TRPV1 and P2X3. Saloman et al.37

found that in P2X3/TRPV1-positive cells, the transient
Ca2þ current induced by capsaicin increased significant-
ly after P2X3 receptors were activated and that the acti-
vation of P2X3 receptors could induce the serine
phosphorylation of TRPV1 in trigeminal ganglia cul-
tured in vitro, which confirms that P2X3 and TRPV1
interact in a facilitated manner in the peripheral sensiti-
zation mechanism in masseter pain and that multiple
protein kinases may be involved.

In the present study, we studied the correlative effect
of P2X3 and TRPV1 in the DRGs of SNI and CFA
models in vivo and in vitro (Figure 7). In vivo, the acti-
vation of TRPV1 promoted the algogenic effect of
P2X3, but the effect of TRPV1 was not completely
dependent on P2X3 in the SNI model. In the CFA
model, the activation of peripheral P2X3 receptors
enhanced the algogenic effect of TRPV1, and the inhi-
bition of peripheral TRPV1 alleviated the algogenic
effect of P2X3 during spontaneous pain. All the above
results indicated that the interaction between TRPV1
and P2X3 has different effects in vivo under different
pathological conditions.

Whole-cell patch-clamp recordings were used to
reveal the correlation between P2X3 and TRPV1 in
vitro (Figures 4 and 6). Our results showed that P2X3
may promote the effect of TRPV1 in SNI rats, which is
consistent with Saloman et al.’s finding,37 and TRPV1
may antagonize the effect of P2X3. In CFA rats, we
found a mutual inhibitory effect of P2X3 and TRPV1
on inflammatory pain. These results differ from our
behavioural findings in vivo. This discrepancy may be

attributed to a number of factors. a,b-meATP had
been confirmed to be an agonist of P2X2/3 and
P2X3.38 In vivo, a,b-meATP may also increase the sen-
sitivity of P2X2/3, a pain receptor, which may also play
a role in the sensitization of TRPV1. Studies have con-
firmed that the activation of TRPV1 and P2X3 receptors
during inflammatory and neuropathic pain is related to
the release of CGRP, PKC and other substances.39–42

While these neurotransmitters increase the sensitivity

of TRPV1, additional transmitters can also simulta-
neously enhance the role of P2X3 receptors. However,
although these transmitter signal sources are retained in
vivo, they are reduced when cultured in vitro, which
potentially attributes to the correlative effect of P2X3
and TRPV1 in vivo and in vitro. Moreover, TRPV1
and P2X3 are known to exhibit different functional
expression patterns, such as those of protein expression,
phosphorylation, membrane translocation and channel
opening, during the occurrence and maintenance of
pain.13,42,43 The level of TRPV1 serine phosphorylation
in trigeminal ganglia increases significantly after P2X3

activation, suggesting that the interaction between
TRPV1 and P2X3 receptors may be related to protein
phosphorylation.37

However, our research had limitation: in vivo admin-
istration, the correlation of P2X3, TRPV1 and other

substances could not be excluded. So, the results were
not completely consistent with those in vitro. Therefore,
the difference in the relationship in vivo and in vitro may
be related to the pathological bases of different types of
pain, different factors that affect transmitters, different
pathological locations, different active expression forms
and the pathological mechanisms of TRPV1 and P2X3

Figure 7. Schematic diagram of the interaction between P2X3
and TRPV1 in the dorsal root ganglia of adult rats with different
pathological pains in vivo and in vitro.
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in rats under different pathological conditions. The
experiments in vitro may be more straightforward to
illustrate the interaction between P2X3 and TRPV1 in
different pathological pains, but the specific mechanism
needs further exploration.

In conclusion, we found that in vivo, TRPV1 could
promote the induction of spontaneous pain caused by
P2X3, but the induction of spontaneous pain behaviour
by TRPV1 was not completely dependent on P2X3 in
the SNI model. In the CFA model, the activation of
peripheral P2X3 enhanced the effect of TRPV1 on spon-
taneous pain, while the inhibition of peripheral TRPV1
reduced the induction of spontaneous pain by P2X3.
However, in vitro, P2X3 facilitated the function of
TRPV1, while TRPV1 had an inhibitory effect on
P2X3 in the SNI model, and TRPV1 and P2X3 had
inhibitory effects on each other in the CFA model.
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