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Abstract: Objective: To investigate the effects of Toutongning on the expression level of purinergic receptor (P2X3)
and calcitonin gene-related peptide (CGRP) of hyperalgesia-related neurons in rat model of early neuralgia and
to study the therapeutic effects of Toutongning on neuralgia. Methods: Forty male SD rats of clean grade were
randomly divided into normal group, sham operation group, spinal nerve ligation model group (SNL group) and Toutongning group (SNL+TG group), 10 rats in each group. In the SNL group, a rat model of neuralgia was established
through the spinal nerve ligation. The rats in the SNL+TG group were treated with Toutongning based on the operation of SNL group. On the 7th day after modeling, the levels of P2X3 and CGRP in the L5 dorsal root ganglion at the
operation side of the rats in each group were analyzed in histology and protein level through immunohistochemical
and Western blot methods respectively. Results: The positive expression rates of P2X3 and CGRP in the SNL+TG
group were 30% and 20% respectively, which were lower than those in the SNL group with statistical difference
(both P<0.05); in terms of the difference of them between the SNL+TG group and the normal group, sham operation group, there was no statistically significant difference (all P>0.05). The expression levels of P2X3 and CGRP
protein in the SNL+TG group were lower than those in the SNL group, and this difference was statistically significant
(both P<0.05); in terms of the difference of them between the SNL+TG group and the normal group, sham operation
group, there was no statistically significant difference (all P>0.05). Conclusion: The experimental results suggest
that early neuralgia is associated with elevated levels of P2X3 and CGRP, and Toutongning can lower the levels of
P2X3 receptor and CGRP, thus effectively improving early neuralgia.
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Introduction
Neuralgia is a relatively common and frequently-occurring refractory disease in clinic, which is
featured by complicated occurrence and development and regulated by pain-sensing neurons, hyperalgesia-related substances and others [1, 2]. Relevant data show that purinergic
receptor (P2X3) is involved in the formation of a
variety of neuralgias such as primary trigeminal
neuralgia and transmission and modulation of
pain signals [3]. It has also been found that calcitonin gene-related peptide (CGRP) plays an
important role in the development of neuralgia
[4]. P2X3 receptors are involved in the pathogenesis of neuralgia such as migraine. The possible pathogenesis is that in the course of neu-

ralgia such as migraine, P2X3 receptors can
cause headache through its mediated ATP, and
CGRP can continuously and selectively up-regulate the activity of P2X3 receptors to contribute
to the transformation of P2X3 receptors. The
role of P2X3 receptors in the onset of neuralgia
such as migraine provides a new idea for the
study on pathogenesis of neuralgia. At present,
Toutongning capsule is a Chinese patent medicine made from gastrodia, saposhnicovia divaricata, polygonum multiflorum, etc. Recent study
shows that Toutongning can be used to effectively treat and prevent neuralgia such as
migraine with few complications, but the specific mechanism of pain relief is unclear [5].
Therefore, in this study, based on the rat model
of neuralgia established by spinal nerve ligation
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(SNL), the effects of Toutongning on the expression of pain-producing factors P2X3 and CGRP
in early neuralgia of SNL rats were analyzed in
protein level to investigate the mechanism of
Toutongning in relieving neuralgia.
Materials and methods
Experimental animals
Forty healthy male SD rats of clean grade
(Shanghai SLAC Laboratory Animal Co, Ltd.,
China) were selected, weighting 210±15 g.
Those rats were raised with standard pellet
feed and allowed to drink water freely. All experiments and operations were in line with the
requirements of the Animal Experimentation
Ethics Committee of The Eighth Affiliated
Hospital, Sun Yat-sen University.
Reagents and instruments
Toutongning capsule (Shanxi Buchang Pharmaceutical Co., Ltd., China), rabbit anti P2X3
polyclonal antibody (Santa Cruz Biotechnology
Inc, USA), rabbit anti CGRP monoclonal antibody (Promega, USA), SP kit (Sigma, USA), rabbit anti-mouse HRP-labeled secondary antibody (Sunbio, ROK), rabbit anti-goat HRP-labeled secondary antibody (ImmunoReagents Inc.,
USA), murine anti β-actin monoclonal antibody
(Santa Cruz Biotechnology, USA), formalin
(Zhongshan Kangnaixin Biomedical Technology
Co., Ltd., China), chloral hydrate (Jinan Jiage
Biological Technology Co., Ltd., China). Chemiluminescence apparatus (Shanghai Flash
Spectrum Biological Technology Co., Ltd.,
China).
Grouping, modeling and treatment
Forty male SD rats were completely randomly
divided into normal group, sham operation
group, spinal nerve ligation model group (SNL
group) and Toutongning group (SNL+TG group),
10 rats in each group. A rat model of neuralgia
was established through the SNL based on references [6]. Specific steps of SNL: The skin in
the L5-S1 of a rat back was incised to separate
the muscle to the transverse process of L6; the
transverse process was bit to expose the L5
spinal nerves and they were ligated with silk
threads to suture muscle and skin. In the sham
operation group, the nerves were not ligated,
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while other operations were consistent with
those in the SNL group. On the 1st day after
modeling, the rats in the SNL group began to be
treated with Toutongning capsule suspension
from Toutongning Capsule (380 mg/kg) by continuous gavage for 7 days, once a day. The rats
in the normal group, SNL group and sham operation group were given normal saline by continuous gavage for 7 days, once a day. The
postoperative foot pain threshold of the rats
under modeling was measured every other day
after surgery. The results showed that all rats in
the model group were successfully modeled
[7].
Immunohistochemical method
On the 7th day after modeling, rats in each
group were given anesthesia by intraperitoneal
injection of 10% chloral hydrate (3.5 mL/kg).
Cardiac perfusion was carried out with normal
saline to create a surgical space to remove the
L5 dorsal root ganglion (DRG) at the operation
side of the rats, and then the isolated L5 DRG
was placed in liquid nitrogen and stored in a
refrigerator at -80°C for later use. The DRG was
taken out and fixed with neutral formalin, followed by dehydration, investment and sectioning. At the time of detection, the paraffin sections were deparaffinized and rehydrated,
incubated in 3% H2O2 for 5 minutes at room
temperature, and washed twice in PBS (1X), 5
minutes each time. Then the specimen was
blocked with 10% normal goat serum (diluted in
PBS) and incubated for 10 minutes at room
temperature. Rabbit anti P2X3 polyclonal antibody (working concentration of 1:500) and rabbit anti CGRP monoclonal antibody (working
concentration of 1:50) were added dropwise,
placed at 4°C overnight, and then washed in
PBS (1X) three times, 5 minutes each time.
Horseradish peroxidase was added to label the
secondary antibody, incubated at 37°C for 20
minutes, and then washed in PBS (1X) 3 times,
5 minutes each time. And then color development was done with DAB for 5-10 minutes and
counterstaining was done with hematoxylin.
Positive P2X3 was indicated by brownish yellow
particles in cytoplasm. Positive CGRP was indicated by brownish yellow particles in cell membrane or cytoplasm. Positive rate = The number
of rats with positive immunohistochemistry
results/10 * 100%.
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Table 1. Comparison of immunohistochemistry results in P2X3 (n, %)
Group
Normal group (n=10)
Sham operation group (n=10)
SNL group (n=10)
SNL+TG group (n=10)

P2X3
2 (20.0)
3 (30.0)
9* (90.0)
3 (30.0)

Note: Compared with SNL+TG group, *P<0.05. SNL,
spinal nerve ligation; TG, Toutongning.

Table 2. Comparison of immunohistochemistry results in CGRP (n, %)
Group
Normal group (n=10)
Sham operation group (n=10)
SNL group (n=10)
SNL+TG group (n=10)

CGRP
1 (10.0)
2 (20.0)
8* (80.0)
2 (20.0)

Note: Compared with SNL+TG group, *P<0.05. CGRP, calcitonin gene-related peptide; SNL, spinal nerve ligation;
TG, Toutongning.

was adopted to detect the protein concentration. After SDS-PAGE electrophoresis and transfer membrane (PVDF membrane), the specimen was added with primary antibodies (rabbit
anti P2X3 polyclonal antibody, rabbit anti CGRP
monoclonal antibody, and murine anti β-actin
monoclonal antibody), incubated at 4°C overnight, and then added with secondary antibodies (rabbit anti-mouse HPR-labeled secondary
antibody and rabbit anti-goat HPR-labeled secondary antibody), and incubated at room temperature for 1 hour. After color development,
Chemiluminescence apparatus was used for
detection and photographing. The gray value of
the objective protein was measured through
the Image-pro plus (version 4.1) software.
β-actin was an internal parameter.
Statistical analysis
SPSS 20.0 software was adopted for analysis.
Measurement data of multiple groups were
compared through one-way ANOVA, and the
approximate F test Welch method was adopted
if the variances were unequal. The comparison
between two groups was performed with LSD
test and enumeration data were analyzed by
chi-square test. The result of P<0.05 is considered statistically significant.
Results
Immunohistochemistry results

Figure 1. Comparison of P2X3 protein level between
each group. A: Results of P2X3 protein detected by
Western blot; B: Semi-quantitative analysis of P2X3
protein level. Compared with SNL group, **P<0.01.
SNL, spinal nerve ligation; TG, Toutongning.

Western blot method
After being ground, the DRG specimen was centrifuged to take the supernatant as tissue protein solution, and the solution was stored in
liquid nitrogen for later use. The BCA method
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The positive expression products of P2X3 and
CGRP were brown particles. The positive rates
of P2X3 and CGRP in the SNL+TG group were
30% and 20%, respectively, which were lower
than those in the SNL group (P=0.022,
P=0.025). The difference of the positive rates
of them between the SNL+TG and the normal
group, sham operation group was not statistically significant (all P>0.05). See Tables 1, 2.
Results of Western blot test
The protein expression levels of P2X3 and
CGRP in the normal group, sham operation
group, SNL group, and SNL+TG group were different with statistical significance (all P<0.01).
The protein expression levels of P2X3 and
CGRP in the SNL+TG group were lower than
those in the SNL group (both P<0.01).The difference of protein expression levels off P2X3
and CGRP between the SNL+TG group and the
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16]. P2X3 receptors, on the other hand, can
lengthen and extend CGRP in a feedback way,
thus triggering neuralgia [17, 18].

Figure 2. Comparison of CGRP protein level between
each group. A: Results of CGRP protein detected by
Western blot; B: Semi-quantitative analysis of CGRP
protein level. Compared with SNL group, **P<0.01.
CGRP, calcitonin gene-related peptide; SNL, spinal
nerve ligation; TG, Toutongning.

normal group, sham operation group was not
statistically significant (all P>0.05). See Figures
1, 2.
Discussion
P2X3 receptor is a subtype of P receptor, which
is specifically expressed on dorsal roots [8].
Relevant data show that ATP can activate P2X3
receptor to promote its formation of pain signals [9, 10]. Studies show that intrathecal
application of P2X3 receptor antagonists with
high selectivity and high affinity can effectively
reduce tactile allodynia in rats with chronic sciatic nerve ligation or spinal nerve ligation [11,
12].
CGRP is a potent vasodilator peptide abundant
in trigeminal ganglion. Some data indicate that
synthesis and release of CGRP are often regulated by many factors such as capsaicin receptor (transient receptor potential vanilloid type1) and intracellular Ca2+ concentration, and
there is a difference in the release level of
CGRP between different organs and tissues of
a body [13, 14]. CGRP can increase the transcription and activity of P2X3 receptor, and promote the release of impulse signals of the P2X3
receptor to trigeminal nuclei of brainstem [15,
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Toutongning capsule is a drug for various types
of neuralgias such as migraine. Previous studies have confirmed that Toutongning capsule
has good effects on inhibiting platelet aggregation and promoting blood circulation in patients,
but its treatment mechanism is yet to be further investigated [19-21]. Studies show that the
mechanism of Toutongning capsule for neuralgia may be closely related to the reduction of
P2X3 mRNA overexpression of trigeminal ganglion for the reduction of pain information
transmission [22-24]. Meantime, one study
shows that electrical stimulation of trigeminal
nerve can cause greatly increased CGRP content in the peripheral blood and increased meningeal blood flow of rats, and Toutongning can
effectively inhibit the expression of CGRP, thus
treating migraine [25]. In this study, the influence of intervention therapy with Toutongning
on the expression of P2X3 and CGRP was
examined from the histological level and protein expression level. The results of the study
showed that the protein expression levels of
P2X3 and CGRP in the SNL+TG group were
lower than those in the SNL group, both after
immunohistochemistry and Western blot test.
But the difference of them between the SNL+TG
group and the normal group, sham operation
group was not statistically significant. It indicates that Toutongning capsule can significantly reduce the P2X3 and CGRP protein levels of
DRG. The results of this study are consistent
with those results of the above studies, which
suggests that the intervention of early neuralgia with Toutongning capsule is related to the
down-regulation of P2X3 and CGRP levels of
DRG.
In summary, early neuralgia is associated with
elevated levels of P2X3 and CGRP, and
Toutongning can down regulate P2X3 and CGRP
levels, thus effectively relieving early neuralgia.
However, a more in-depth treatment mechanism is yet to be further investigated.
Acknowledgements
This work was supported by the Basic Research
(Free Exploration) Project of Shenzhen Science
and Technology Plan for The role of CGRP in spinal pain sensitization in neuropathic pain rats

Int J Clin Exp Med 2018;11(11):12494-12499

Effect of Toutongning on neuralgia in rat by inhibiting P2X3 and CGRP expression
caused by nucleus pulposus (JCYJ20160428180919224) and the Public Health Scientific
Research Project of Futian District, Shenzhen
for Study on the mechanism of food additive
tBHQ causing Alzheimer’s disease by mobilizing zinc ions and inhibiting phosphatase PP2A
(FTWS20160012).
Disclosure of conflict of interest

[8]

[9]

None.
Address correspondence to: Ziliang Qian, Department of Pain Management, Women and Children
Health Institute Futian, No.2002 Jintian Road,
Futian District, Shenzhen 518048, Guangdong
Province, China. Tel: +86-0755-83816757; E-mail:
qianziliang5b10@163.com

[10]

References
[1]

[2]

[3]

[4]

[5]
[6]

[7]

Baron R, Maier C, Attal N, Binder A, Bouhassira
D, Cruccu G, Finnerup NB, Haanpää M, Hansson P, Hüllemann P, Jensen TS, Freynhagen R,
Kennedy JD, Magerl W, Mainka T, Reimer M,
Rice AS, Segerdahl M, Serra J, Sindrup S, Sommer C, Tölle T, Vollert J, Treede RD. Peripheral
neuropathic pain: a mechanism-related organizing principle based on sensory profiles.
Pain 2017; 158: 261-272.
Huang Q, Mao XF, Wu HY, Liu H, Sun ML, Wang
X and Wang YX. Cynandione a attenuates neuropathic pain through p38β MAPK-mediated
spinal microglial expression of β-endorphin.
Brain Behav Immun 2017; 62: 64-77.
Mah W, Lee SM, Lee J, Bae JY, Ju JS, Lee CJ,
Ahn DK and Bae YC. A role for the purinergic
receptor P2X3 in astrocytes in the mechanism
of craniofacial neuropathic pain. Sci Rep
2017; 7: 13627.
Lin X, Li M, Wei N, Wang T, Yao Q, Yang B, Xiong
Y, Wu Y and Gong P. Effect of lentiviral vector
overexpression α-calcitonin gene-related peptide on titanium implant osseointegration in
α-CGRP-deficient mice. Bone 2017; 94: 135140.
Ren S and Chen ZG. Clinical study on toutongning formula in treatment of migraine.
Chin J Inf Tradit Chin Med 2016; 23: 12-15.
Jiang YL, Yin XH, Shen YF, He XF and Fang JQ.
Low frequency electroacupuncture alleviated
spinal nerve ligation induced mechanical allodynia by inhibiting TRPV1 upregulation in ipsilateral undamaged dorsal root ganglia in rats.
Evid Based Complement Alternat Med 2013;
2013: 170910.
Ren SF, Zhang LJ, Wang PX, Peng CL and Hu
AK. Establishment of neuropathic pain model

12498

[11]

[12]

[13]

[14]

[15]

[16]

[17]

by ligated of L5 and L6 spinal nerve in rats.
Lab Anim Sci 2014; 31: 29-31.
Rao S, Liu S, Zou L, Jia T, Zhao S, Wu B, Yi Z,
Wang S, Xue Y, Gao Y, Xu C, Li G, Xu H, Zhang C
and Liang S. The effect of sinomenine in diabetic neuropathic pain mediated by the P2X3
receptor in dorsal root ganglia. Purinergic Signal 2017; 13: 227-235.
Jacques-Silva MC, Correa-Medina M, Cabrera
O, Rodriguez-Diaz R, Makeeva N, Fachado A,
Diez J, Berman DM, Kenyon NS, Ricordi C, Pileggi A, Molano RD, Berggren PO and Caicedo
A. ATP-gated P2X3 receptors constitute a positive autocrine signal for insulin release in the
human pancreatic beta cell. Proc Natl Acad Sci
U S A 2010; 107: 6465-6470.
Sundukova M, Vilotti S, Abbate R, Fabbretti E
and Nistri A. Functional differences between
ATP-gated human and rat P2X3 receptors are
caused by critical residues of the intracellular
C-terminal domain. J Neurochem 2012; 122:
557-567.
Dai H, Yan JQ, Xiao XS and Wang K. Effects of
low-dose ketamine on analgesia and expression of P2X3 receptor in dorsal root nerve in
chronic neuropathic pain rats. Guangdong
Medical Journal 2008; 29: 1795-1797.
Li Q, Liu YG, Wang XD, Zheng XB, Li SC, Xie CY,
Yang BL, and Liu ZX. Effect of 1,8-cineole on
neuropathic pain mediated by P2X3 receptor
in the dorsal root ganglions. Chinese Journal of
Anatomy 2017; 40: 429-432.
Luo XJ, Liu B, Dai Z, Yang ZC and Peng J. Stimulation of calcitonin gene-related peptide release through targeting capsaicin receptor: a
potential strategy for gastric mucosal protection. Dig Dis Sci 2013; 58: 320-325.
Maiese K. Warming up to new possibilities with
the capsaicin receptor TRPV1: mTOR, AMPK,
and erythropoietin. Curr Neurovasc Res 2017;
14: 184-189.
Peng H, Zou L, Xie J, Wu H, Wu B, Zhu G, Lv Q,
Zhang X, Liu S, Li G, Xu H, Gao Y, Xu C, Zhang
C, Wang S, Xue Y and Liang S. lncRNA NONRATT021972 siRNA decreases diabetic neuropathic pain mediated by the P2X3 receptor in
dorsal root ganglia. Mol Neurobiol 2017; 54:
511-523.
Jung YH, Kim YO, Lin H, Cho JH, Park JH, Lee
SD, Bae J, Kang KM, Kim YG, Pae AN, Ko H,
Park CS, Yoon MH and Kim YC. Discovery of potent antiallodynic agents for neuropathic pain
targeting P2X3 receptors. ACS Chem Neurosci
2017; 8: 1465-1478.
Oliveira-Fusaro MCG, Zanoni CIS, Dos Santos
GG, Manzo LP, Araldi D, Bonet IJM, Tambeli CH,
Dias EV and Parada CA. Antihyperalgesic effect
of CB1 receptor activation involves the modu-

Int J Clin Exp Med 2018;11(11):12494-12499

Effect of Toutongning on neuralgia in rat by inhibiting P2X3 and CGRP expression

[18]

[19]

[20]

[21]

lation of P2X3 receptor in the primary afferent
neuron. Eur J Pharmacol 2017; 798: 113-121.
Yamamoto Y and Nakamuta N. Morphology of
P2X3-immunoreactive nerve endings in the rat
tracheal mucosa. J Comp Neurol 2018; 526:
550-566.
Dou YF. Anxiety, depression, headache randomized controlled study toutongning joint
SSRI antidepressants (paroxetine) treatment.
Journal of Practical Traditional Chinese Internal Medicine 2016; 30: 61-62.
Wang JP, Guo JY, Wang TF, Wang JC, Chen XF,
Jiang ZT and Yu H. Study on the pharmacokinetics and brain targeting of toutongning nasal
spray in rats in vivo. China Pharmacy 2017; 28:
4804-4807.
Mei J, Wang CG and Bo L. Effect of SSRI anti
depression drugs combined with conventional
drugs for cerebral vascular disease on treatment of patients with post stroke depression.
Journal of Clinical Medicine in Practice 2017;
21: 25-27.

12499

[22] Liu PF, Fang HZ, Yang Y, Zhang QQ, Zhou QQ,
Chen SS, Zhou F and Zhang LC. Activation of
P2X3 receptors in the cerebrospinal fluid-contacting nucleus neurons reduces formalin-induced pain behavior via PAG in a rat model.
Neuroscience 2017; 358: 93-102.
[23] Yu J, Fu P, Zhang Y, Liu S and Cui D. Pregabalin
alters nociceptive behavior and expression
level of P2X3 receptor in the spinal dorsal horn
in a rat model induced by chronic compression
of the dorsal root ganglion. Anat Rec (Hoboken) 2013; 296: 1907-1912.
[24] Lynds R, Lyu C, Lyu GW, Shi XQ, Rosen A, Mustafa K and Shi TJS. Neuronal plasticity of trigeminal ganglia in mice following nerve injury.
J Pain Res 2017; 10: 349-357.
[25] Liu T, Shen FF, Wei JC and Wan Q. Toutongning
capsules impact on the dura artery blood flow
and cgrp level in the rats with electrical stimulated trigeminal ganglion. Chinese Journal of
Pain Medicine 2010; 16: 220-223.

Int J Clin Exp Med 2018;11(11):12494-12499

