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Neuropathic pain (NP), a highly complex and prevalent 
disease, is common clinically but without effective 
treatments[1]. It can cause substantial disability in 
patients, reduce quality of life, and potentially result 
in a chain of secondary complications. NP is supposed 
to be characterized by spontaneous pain, hyperalgesia, 
an enhanced pain evoked by a noxious stimulus, and 
allodynia, pain evoked by innocuous stimulus[2]. In 
fact, a variety of diseases, trauma, infection, surgery, 
tumour, metabolic diseases, chemoradiotherapy, 
can give rise to NP. NP is an intricate phenomenon, 
including various ascending and descending neuronal 

pathways, and involving the central nervous system[3]. 
The mechanism is unclear, but recent reports have 
indicated that peripheral sensitization and central 
sensitization are correlated with NP[4,5]. The peripheral 
sensitization can cause central sensitization; and 
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after central sensitization, it does not depend on 
peripheral injury stimulation. Afferent axons from 
sensory neurons, whose cell bodies are located in the 
dorsal root ganglion (DRG), carry information from 
peripheral sensory receptors to the central neuron[6]. 
DRG is an aspiring part in the development of NP; 
DRG stimulation has multiple impacts on the abnormal 
changes that occur within the DRG as a result of 
peripheral afferent fiber injury[7]. The cell bodies of 
the DRG neurons are separated from each other, lying 
outside of the blood-nerve barrier[6]. DRG can play 
a crucial part in signal processing and transmission, 
which are essential for pain[8]. 

There are some special ion channels and receptors, such 
as the transient receptor potential (TRP), P substance, 
glutamate receptor, and potassium, calcium, sodium 
channels[9]. During the progress of NP, the C-fibre 
neurons can cause pain[10,11]. The DRG can deliver 
the stimulus to the sensory neurons; and afferent 
axons from sensory neurons carry information from 
peripheral sensory receptors to the central neurons[6,12]. 
The TRP KO mice testified the function of TRP in 
the development of NP. Compared with the wild-
type mice, the KO mice were more sensitive to the 
mechanical pain[13]. The TRP family is broadly reflected 
in the nervous system. TRP vanilloid 1 (TRPV1), TRP 
vanilloid 2 (TRPV2), TRP vanilloid 3 (TRPV3), TRP 
vanilloid 4 (TRPV4), TRP ankyrin 1 (TRPA1) and 
TRP melastatin 8 (TRPM8), which belong to the large 
TRP ion channel superfamily, are critical contributors 
to normal and pathological pain[14,15]. Smith et al. 
concluded that there was increased expression of 
TRPA1, TRPV1 and TRPM8 in DRG neurons[16].  
Pan et al. reported that the TRPM8 and TRPA1 
expression were up-regulated in both acute and chronic 
pain[14]. Ceppa et al. considered that TRPV4 could 
contribute to pain and TRPA1 might contribute to 
inflammation[15]. TRPV3 is coded for by an open reading 
frame, transcribed from a gene adjacent to TRPV1, and 
is structurally homologous to TRPV1[16]. TRPV1 and 
TRPV2 are first isolated from a cDNA library from rat 
sensory neurons[17,18]. Generally speaking, the TRP ion 
channels are widely linked to the NP.

Danggui Sini decoction (DGSD), a traditional Chinese 
medicine formula, has been widely used as a remedy 
for NP and other diseases in recent years[19]. DGSD 
consisted of 7 herbs[20]: Angelica sinensis (12 g), 
Cassia twig (9 g), Paeonia lactiiflora (9 g), Tetrapanax 
papyriferus (6 g), Asarum (3 g), Glycyrrhiza uralensis 
(6 g) and Ziziphus jujuba Mill (10 g). Cheng et al. 

found that DGSD mediated the abnormal metabolic 
pathways, which could help treat rheumatoid 
arthritis[21,22]. The main ingredients of DGSD are ferulic 
acid, glycyrrhizin, cinnamic acid, cinnamaldehyde, 
z-ligustilide, hederagenin, paeoniflorin, albiflorin, 
sitosterol, ascorbate. DGSD is used to treat arthritis, 
diabetic peripheral neuropathy and coronary 
atherosclerotic heart disease. Gao et al. deemed that 
a mixture of glycyrrhizin, cinnamic acid and ferulic 
acid can protect the myocardium from the ischemia-
reperfusion injury[23]. Ferulic acid and z-ligustilide 
relieved the cold-induced vasospasm partly via TRPM8 
and TPRA1 pathway[24,25]. Ferulic acid has ameliorative 
potential in mitigation of the pain associated with 
vincristine-induced painful neuropathy[26]. In this 
investigation based on an assumption that the 
composition and the thermodynamic properties in 
DGSD might restrain the cold-sensitive TRP channel, 
while cold-natured herbs might promote. Literature 
revealed that some constituents in DGSD could calm 
pain. This investigation comprehensively sought the 
role of temperature-sensitive TRP channel in NP; and 
explored the therapeutic effect of DGSD on NP as well 
as its impact on the TRP pathway.

MATERIALS AND METHODS

DGSD instant granules were obtained from Guangzhou 
Oversea Ology co. Ltd. Absolute ethyl alcohol and 
xylene were obtained from China Pharmaceutical 
Group Chemical Reagent Co. Ltd (Shanghai, 
China). Haematoxylin and eosin stain, PBS buffer, 
paraformaldehyde (4 %), propyl ketone, saccharose, 
Trionx, TBS, and Balsam neutral were acquired in 
Saiguo Biological Technology Co. Ltd (Shenzhen, 
China). Polyclonal rat antirabbit TRPV1-4, TRPA1, 
TRPM8 (ab6166, ab6183, ab85022, ab39260, ab58844, 
ab3243), and WB antibody diluent WB antibody 
were obtained from Abcam (Cambridge, UK), while 
PageRμLer prestained protein ladder and marker 
were from Thermo (Waltham, US). These were used 
for western-blot and immunohistochemistry. PVDF 
membrane was procured from Millipore (Billerica, 
US). And BCA protein content test kit, as well as RIPA, 
purchased from Biyun Tianye Biotechnology Co., Ltd 
(Shanghai, China).

Experimental animals:

Male Sprague Dawley rats (SD, 250-280 g, 7-8 w 
old) were purchased from the Experimental centre of 
Guangzhou University of Chinese medicine (License 
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no. SYXK 202-0117; Guangzhou, China). Four rats 
were housed in individual cages under controlled room 
temperature (20-22°) and humidity (40-60 %), with 
alternative 12 h light/dark cycle in animal experimental 
centre of Medical College of Jinan University SPF 
animal housing management. Rats were acclimatized 
to the laboratory conditions for 1 w before starting 
the experiments and were provided food and water 
ad libitum. All animal studies conformed to the 
Regulations of Experimental Animal Administration 
promulgated by the State Committee of Science and 
Technology of the People's Republic of China on 
November 14, 1988.

The NP model (CCI)[27]

Rats (n=128) were anaesthetized with sodium 
pentobarbital (3 %, 40 mg/kg, ip). The sciatic nerve 
was exposed at the level of the middle of the thigh by 
blunt dissection through biceps femoris. Proximal to 
the sciatic was tied loosely (using 4.0 suture) around it 
4 times with about 1 mm spacing under the dissection 
microscope, while 32 rats did not get nerve ligation, 
but were exposed to surgery. Then, gentamicin (2 ml, 
10 mg/ml, im) was given after the suture of the wound.

Behavior tests:

Cold hyperalgesia was estimated by application of 
acetone and cold plate. About 100 μl of acetone was 
released via a 100-μl pipette onto the plantar surface of 
each hind paw[28]. Acetone was expelled out with forcing 
air through, thereby avoiding mechanical stimulation 
of the paw with the pipette[29]. Total time lifting or 
clutching each hind paw was recorded with a maximum 
cutoff time of 120 s. Approximately 30 min after cold 
acetone, the lateral plantar surface was exposed to a 
cold plate; the withdrawal latency and duration were 
recorded. Cold stimulation was repeated 3 times at 
an interval of 10 min for each paw and the mean was 
calculated. Mechanical allodynia was assessed with 
von Frey filaments[30,31]. The plantar surface of each 
hind paw was stimulated 10 times with each filament 
(2-30 g), starting with the 2 g filament and increasing 
until the rats responded by clutching and/or lifting the 
paw off the surface of the test apparatus. Paw lifting was 
coded as a positive response. Once a positive response 
was detected, sequentially lower weight filaments 
were used to estimate the sensory threshold for each 
paw. Then, the pain threshold was calculated. Heat 
hyperalgesia was evaluated by hot plate experiment. 
The lateral plantar surface was exposed to the heated 

plate. The first withdrawal latency and duration were 
recorded. The heat stimulation was replicated 3 times 
at an interval of 10 min for each paw and the mean was 
calculated.

Groups: 

One hundred and twenty eight SD rats were separated 
randomly into 4 groups, the sham-operated group 
(SG), CCI model group (CG), pregabalin group 
(PG), and DGSD-treated group (DG). The rats in SG 
underwent surgery, but no nerve was ligated. All drugs 
were administered orally for 21 d. Given the surface 
area ratio of human to rats, 0.1 g DGSD was dissolved 
in normal saline, which could be irrigated to the rats of 
DG in 8 ml/kg/d, bid. Rats in SG and CG were gavaged 
with saline 8 ml/kg/d, bid. Rats in PG were given 
pregabalin (10 mg/kg/d, bid). Besides, each group was 
subdivided into 4, 7, 14, 21 d of the group of time, 
there were 8 rats in each time group. Cold acetone 
and detection plate cold hyperalgesia, Von Frey test 
for the detection of mechanical allodynia and thermal 
hyperalgesia detection of hot plate experiments were 
conducted.

Hematoxylin-eosin (HE) stain: 

Ligation of the sciatic nerve was stored in 4 % 
paraformaldehyde for 24 h and then embedded 
in paraffin and sectioned in accordance to routine 
procedures[32]. After being deparaffinized with xylene, 
sections were dehydrated with ethanol (100, 90, 80 
and 70 %, respectively) and then rinsed in PBS for  
5 min. Then a pathologist who is blinded to experiments 
assessed the severity of tissue damage by HE staining 
to evaluate the inflammatory injury and neurochemical 
change.

Immunohistochemistry in rat DRG tissues: 

DRGs were fixed in 4 % paraformaldehyde with  
0.1 % picric acid for 24 h and then transferred into a  
20 % (w/v) sucrose solution for cryoprotection[33]. 
DRGs were sectioned at 9 μm utilizing a standard 
cryostat. Sections from individual animals were 
homogenized in sodium citrate antigen repair solution 
(1:1000 attenuation, pH=7). Primary antibodies 
(1:200) were diluted in 5 % NGS and 1 % BSA with 
0.2 % Triton and incubated overnight at 4°. Primary 
antibodies used in this study are as follows, TRPV1, 
TRPV2, TRPV3, TRPV4, TRPA1 and TRPM8. After 
washing with PBS, the sections were incubated with 
the corresponding second antibody. Immune-stained 
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sections were reviewed under a Leica fluorescence 
microscope, and images were captured with a CCD 
spot camera.

Western blots: 

Western blot was used to determine the expression of 
TRPA1,TRPM8, TRPV1-4 in offside DRGs. DRGs 
(L4-L6), corresponding to the afferent pathway from 
the hind paw, were carefully removed and processed as 
previously described[34]. The DRGs were homogenized 
in RIPA cell lysis buffer, with the homogenates  
(1.5 μl) were centrifuged at 14 000 rpm at 4° for 10 min. 
The supernatant was separated into 3 equal portions. 
The extracted protein solution and upper sample buffer 
were mixed in 4:1, and placed in 100° boiling water 
bath to boil for 10 min, cooled to room temperature, 
centrifuged at 3000 rpm for 5 min and then stored in 
a –20° refrigerator. The samples were then loaded on  
10 % sodium dodecyl sulphate-polyacrylamide gels and 
transferred to polyvinylidene fluoride membranes. The 
blots were incubated with a primary antibody against 
TRPV1-4, TRPA1 and TRPM8, respectively overnight 
at 4°. After that, the sections were incubated with the 
corresponding second antibody at room temperature 
for 1 h. In the meantime, the protein concentration was 
measured (BCA protein content test kit).

Statistical methods: 

Image Analysis Software (Adobe, California, US), 
Grayscale analysis software (Alpha Innotech, Silicon 
Valley, US), fluorescence microscope (Leica, German) 
were employed to acquire, film, observe the image. All 
data were statistically processed using SPSS13.0. The 
experimental data of normal distribution are expressed 
as mean±standard deviation, compared between the  
2 groups by independent T-test. The mean values of the 
bleaching protocols in each session were analysed by 
one-way ANOVA supplemented by SNK or Tamhane's 
test. All analyses were performed at the 5 % significance 
level. 

RESULTS AND DISCUSSION

Cold plate experiments (fig. 1A and B) and the results 
of the acetone experiment (fig. 1C) indicated that cold 
pain sensitivity and cold pain in CG appeared in d 4, 
while they were enhancing during 7-10 d, reaching the 
highest peak d 14, yet, declining by d 21. Compared 
to SG, these variations have statistical criteria (4, 7, 
14, 21 d, p<0.05). DGSD decreased the hyperalgesia 
and allodynia obviously between d 4-21 (p<0.05) 

especially on d 7 and 14. The effect of DGSD on the 
pain was superior to the curative effect of PG (14, 21 d, 
p<0.05; Table 1). 

The sequels manifested that the rats in CG appeared 
to be in apparent mechanical pain sensitivity on 
the postoperative d 4, however the mechanical pain 
threshold on d 4 was significantly reduced. On d 14, the 
pain threshold (PWL) reached a minimum, and then 
increased (4-21 d p<0.05). DGSD could relieve the 
mechanical pain sensitivity of NP rats more obviously 
than pregabalin (4-21 d). Furthermore, DGSD analgesic 
effect continues to increase (fig. 1D, Table 2).

Compared to the SG, CG rats showed an obvious 
decrease of thermal pain threshold on the postoperative 
d 4, a decrease by the d 14 to the lowest level, and a 
pain threshold at d 21. DGSD compared to pregabalin, 
had a more pronounced effect on the CCI model 
of thermal hyperalgesia (14, 21 d, p<0.05; fig. 1E,  
Table 3). 

On the d 14 after CCI operation, the inflammatory 
cell infiltration was observed in the CG, moreover 
the structure of the sciatic nerve was destroyed, some 
neuronal cells were devastated, while the sections in 
PG were no different from those in the CG. And the 
inflammatory factors were substantially reduced in 
DGSD, and a small number of regenerated Schwann 
cells also appeared (fig. 2).

From the immunofluorescence study results, the 
expression of temperature-sensitive TRP channel 
protein in the DRG of CG rats altered in varying 
degrees at different time points. Cold-stimulated 
receptor channel proteins TRPM8 and TRPA1, which 
the expression of TRPM8 and TRPA1 increased over 
time, reached the highest peak on d 14. The explicit 
expression of TRPM8 commenced lower on d 21 after 
the surgical operation. The expression of TRPV1 and 
TRPV4 continued to increase on d 7. The decisive 
expression of TRPV1 and TRPV4 increased to the 
highest level on d 14, and decreased on d 21. The 
expression of TRPV1 and TRPV4 protein, which is 
sensitive to high temperatures increased sharply from 
d 4 after operation. The increasing was initiated on the 
d 7, while the expression increased to the highest level 
on d 14, and decreased on d 21. In immunofluorescence 
studies also, the distribution of positive sites of TRPV1 
and TRPV4 in the CG was also apperceived, and the 
TRPV1 distributed in small diameter neurons rather 
the large diameter neurons, whereas TRPV4 spread 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 926September-October 2019

Fig. 1: Cold hyperalgesia estimated by cold detection plate and cold acetone experiment 
A. shows the frequency of paw withdrawal from day one to day 21. B. indicates the total time lifting or clutching the hind paw 
from the experiment to the end of the experiment. C. states the results of the acetone experiment (p<0.05). D: manifests frequency 
of paw withdrawal. E: demonstrates the PWL. *States the contrast of SG and CG, **means the comparison of DG and CG, while 
#demonstrates the comparison between DG and PG. (▬●▬) SG, (▬■▬) CG, (▬▲▬) PG, (▬▼▬) DG

Group 1 d 4 d 7 d 14 d 21 d

Number of withdrawal responses (times)

SG 1.00±0.02 1.17±0.75 0.83±0.41 1.00±0.63 0.83±0.41
CG 2.17±1.47 4.67±1.21* 6.50±0.66* 9.00±1.41 4.50±1.05*
PG 2.33±1.03 3.50±1.05 2.67±0.97 3.67±0.82# 3.17±0.98**
DG 1.67±1.03 1.50±1.05** 1.83±1.17** 1.34±1.03** 1.83±0.75**

Time of withdrawal responses (s)

SG 4.83±1.35 5.83±1.52 4.67±1.70 2.83±1.40 4.17±1.62
CG 9.33±1.73 18.67±1.75* 22.00±1.52* 34.3±2.42* 19.50±2.14*
PG 8.50±1.43 15.83±1.32 17.00±2.25# 23.2±1.71** 14.17±2.04
DG 8.17±2.14 10.17±1.93** 10.33±1.73* 16.2±2.04** 13.00±1.74**

Acetone score (times)

SG 1.17±0.41 1.00±0.63 1.17±0.41 1.00±0.24 1.00±0.26
CG 1.83±0.75 4.00±0.89* 4.50±0.49* 7.67±0.46* 4.17±0.47*
PG 1.67±0.52 2.17±0.75 4.17±0.67# 3.50±0.38** 3.33±1.03#

DG 1.17±0.75 1.50±0.55** 2.17±0.37** 2.83±0.57** 1.83±0.35**

TABLE 1: COMPARISON OF COLD ALLODYNIA BEHAVIOR IN DIFFERENT GROUPS OF RATS AT 
DIFFERENT TIME POINTS

*States the contrast of SG and CG, **means the comparison of DG and CG, while #demonstrates the comparison between DG and PG

over the large diameter neurons. Similarly, TRPV2 
and TRPV3 expression in DRG overall trend were 
further increased and TRPV2 and TRPV3 on d 4 also 
showed a significant increase trend. TRPV2 positive 

expression reached its peak on d 7, declined on d 14, 
and the expression of TRPV3 on d 14 relative to that on 
d 7 decreased, but the definite expression on d 21 rose 
to a small peak (fig. 3).
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The expression of TRPM8 and TRPA1 in DRG 
increased evidently on d 4 after the operation in 
the CG. The protein levels of TRPM8 and TRPA1 
continued to increase on d 7, reaching the highest level 
on d 14, while it decreased on d 21. DGSD restrained 
the expression of TRPM8 and TRPA1 at 4, 7, 14 and 
21 d (p<0.05), and the suppressive effect was more 
pronounced as the time passed. That was to say, DGSD 
could down-regulate TPRM8 and TRPA1 expression. 
The pregabalin analogously had an inhibitory 
effect on the abnormally increased TRPM8 protein, 
but the pregabalin did not curb TRPA1 distinctly  
(p> 0.05). TRPV1, TRPV2, TRPV3 and TRPV4 were 
remarkably having high levels of expression in each 
pathological period of CG. In CG, the content of 
TRPV1, TRPV2, TRPV3 and TRPV4 protein in DRG 
increased markedly on d 4 and since then all are in a 
highly perverted state of expression. However, DGSD 
repressed TRPV1-TRPV4 protein expression on d 4, 7, 
14 and 21 (p<0.05). Pregabalin had a certain inhibitory 
effect on TRPV1 channel (4, 7, 14, 21 d, p<0.05), 
but no obvious inhibition on the TRPV2-V4 pathway  
(fig. 4).

Chronic constriction injury of the sciatic nerve is 
the animal model of peripheral NP selected in this 
experiment, and the advantages being less damage to 
the rats, superior model for stability, and can simulate 
the clinical pathological process and symptoms of 
NP patients. CCI model was established in 1988 by 
Bennett et al. The rats developed blatant cold, heat and 
mechanical hyperalgesia and spontaneous pain on the 
d 3-4 after CCI surgery, then the pain was aggravated from 
d 7 to 10, reaching the peak on d 14 and subsequently, 
the sensitivity of the pain was reduced. The operation 

that the sciatic nerve of rats was ligated 4 times loosely 
was constructed under the microscope, while the 
ligation did not block the adventitia of the sciatic nerve. 
Rats in the SG demonstrated increased mechanical 
hyperalgesia on d 1-3 after surgery, considered as a 
surgical wound caused, for the pain disappeared after 
d 3. The right lower limb of the CG exhibited apparent 
cold, heat and mechanical hyperalgesia on d 4, the 
hyperalgesia was more pronounced on d 7 to 10 and by 
d 14 it was at its peak, after which the pain started to 
decrease. All are essentially consistent with what was 
described in the literature[29]. Experimental animals did 
not develop ulceration of the limbs, autophagy or other 
abnormalities, indicating that the model development 
was successful.

Studies have manifested that DGSD could relieve 
diabetes-induced NP[35]. On the basis of cold plate 
test and acetone test, DGSD could visibly relieve 
cold pain sensitivity in CG rats on d 7, 14 and 21, and 
pregabalin could alleviate the pain to certain extent, 
but it was not comparable to that produced by DGSD. 
DGSD, as well as pregabalin, could alleviate the 
mechanical hyperalgesia. As for heat hypersensitivity, 
DGSD demonstrated greater ability to reduce heat pain 
compared to pregabalin. Therefore, DGSD appeared to 
not only relieve cold pain but also mechanical pain and 
heat pain. Given the HE-stained sections, the ligated 
sciatic nerve patch showed very high inflammatory 
cell infiltration, greater damage to the structure of 
nerve tissue and even the destruction of nerve cell 
morphology. 

TRPM8 and TRPA1 channel can be activated by cold 
temperatures or by a cooling agent[36,37], which result 

Group 1 d 4 d 7 d 14 d 21 d

MWT
(g)

SG
CG
PG
DG

15.00±1.16
11.33±0.94
15.00±2.16
17.50±2.74

14.17±1.04
7.67±1.51*
8.67±1.63**
9.83±2.99

19.33±1.08
4.67±1.03
6.67±2.42#

9.83±2.71**

21.17±1.22
2.13±1.03*
5.33±1.63**
11.83±1.54*#

20.17±1.49
5.67±1.51*
9.17±1.13**
16.67±1.58

**#

TABLE 2: COMPARISON OF MECHANICAL ALLODYNIA BEHAVIOR OF RATS IN DIFFERENT GROUPS AT 
DIFFERENT TIME POINTS 

*States the contrast of SG and CG, **means the comparison of DG and CG, while #demonstrates the comparison between DG and PG

 Group 1 d 4 d 7 d 14 d 21 d
 
PWL
(S)

SG 6.67±1.21 7.33±0.82 7.83± 0.75 8.50± 0.76 9.00±0.27
CG 6.83±0.75 5.83±0.45* 4.83±0.75* 3.00±0.49* 5.83±0.45*
PG 7.17±0.75 5.67±0.43** 5.33±0.33** 3.67±0.63** 5.50±0.55**

 DG 8.83±0.57 7.97±0.98** 7.00±0.49** 6.67±0.63**# 7.17±0.35**#

TABLE 3: COMPARISON OF THERMOPATHIC BEHAVIORAL BEHAVIOR OF RATS IN DIFFERENT GROUPS 
AT DIFFERENT TIME POINTS

*States the contrast of SG and CG, **means the comparison of DG and CG, while #demonstrates the comparison between DG and PG
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Fig. 2: Hematoxylin-eosin (HE) staining of rat sciatic nerve 
(a) Rats in the sham-operated group had intact nerve structure and no inflammatory cell infiltration. (b) The destruction of the 
nerve structure and the neutrophil infiltration were observed in pathological sections taken from CCI model mice. (c) Pregabalin 
relieved pain but failed to reconstruct neural structure, and neutrophil infiltration was observed in sections from rats of PG. (d) 
DGSD obviously decreased infiltration of inflammatory cells. All figures were taken at 400× microscope

 
Fig. 3: Immunofluorescence stain of DRG temperature-related TRP channel 
Sham- sham-operated group (SG), 4 d CCI- d 4 CG, 7 d- d 7 of CG, 14 d- d 14 of CG, 21 d- the d 21 of CG. The graphs above showed 
the expression of TRPM8, TRPA1, and TRPV1-V4 in the sham operation group, CCI model group. Green and red fluorescence were 
on behalf of positive cells. All figures were taken at 200× microscope
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in NP[38,39]. The temporal and spatial abnormalities 
of TRPM8 and TRPA1 in DRG were detected by 
immunofluorescence, and up-regulation of DRG 
TRPM8 and TRPA1 channel proteins was observed 
on site of the NP model. This can also be confirmed 
by the Western blot. Cold-stimulated receptor channel 
proteins TRPM8 and TRPA1 were consistent with the 
tendency of neuropathic cold pain sensitivities, most 
likely involved in the pathogenesis of NP and were an 
important factor mediating cold hyperalgesia. Also, 
increased levels of DRG TRPM8 RNA and TRPA1 
RNA were detected at the genetic level in injured 
ipsilateral NP[40]. When TRPM8 and TRPV1 agonists 
were intrathecally injected, cold pain sensitization was 
increased in NP rats; while TRPM8 and TRPA1 blockers 
alleviated the cold pain sensitization[41,42]. TRPA1 both 
as a cold receptor stimulus, but also as a sensitizer of 

mechanoreceptors, was involved in the pathogenesis 
of NP mechanical hyperalgesia; TRPA1 knockout 
mice were less sensitive to mechanical stimuli as the 
normal[42]. TRPA1 antagonist subcutaneous injection 
can obviously relieve mechanical pain sensation, 
while intrathecal injection of the antagonist markedly 
suppressed the allodynia[43]. All these demonstrated that 
TRPM8 and TRPA1 were involved in the pathological 
process of NP, especially cold hyperalgesia. DGSD 
could down-regulate the expression of TRPM8 and 
TRPA1, specifically the TRPM8, than pregabalin, 
which might be the underlying mechanism that DGSD 
could treat NP.

As members of the TRP, TRPV1-4 are activated 
by distinct heat temperatures[44]. TRPV1 and 
TPRV4 are activated by mechanical stimuli as 
well, and are, therefore, closely associated with 

Fig. 4: TRP pathway protein expression 
*States the contrast of SG and CG, **means the comparison of DG and CG, while #demonstrates the comparison between DG 
and PG. It could be observed that the content of proteins of TRPM8 and TRPA1 on the (A) d 4, (B) d 7, (C) d 14 and (D) d 21, (

 TRPA1 and  TRPM8). Compared with the CG, DGSD refrained the expression of TRPM8 and TRPA1 at 4, 7, 14 and 21 d 
(p<0.05). It could be observed that the content of proteins of TRPV1, TRPV2, TRPV3, and TRPV4 on the (E) d 4, (F) d 7, (G) d 14, 
and (H) d 21, (  V1,  V2,  V3,  V4). Compared to the CG, DGSD could inhibit the expression of TRPV1-TRPV4 protein 
at 4, 7, 14 and 21 d (p<0.05)
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mechanical hyperalgesia and thermal hyperalgesia.  
Amaya et al. considered that inflammatory pain could 
cause an increase in TRPV1 expression[44]. Hong et al. 
demonstrated that TRPV1 expression was increased in 
large myelinated A-fibre DRG neurons, while it was 
decreased in small unmyelinated C-fibre neurons as the 
NP develops[45]. Barabas et al. deemed that abnormal 
expression of TRPV1 in the periphery of the skin could 
promote the release of the SP in DRG, thereby causing 
neurogenic inflammation[46]. In the central end of the 
spinal dorsal horn, TRPV1 is highly expressed as an 
important calcium source, thus promoting the release 
of pain neurotransmitters[47]. A single intrathecal 
injection of TRPV1 antagonists relieved thermal pain 
and mechanical hyperalgesia induced by peripheral 
nerve injury; the analgesic effect was more pronounced 
with successive multiple intrathecal and high doses of 
its antagonist[48,49]. Moreover, intrathecal injection of 
TRPV1-specific antagonists can relieve pain caused by 
sciatic nerve ligation[50,51]. Physiologically, TRPV1 is 
mainly expressed in small and medium-sized neuronal 
cells, and TRPV1 expression increased in diabetic 
neuralgia model and mainly distributed in small 
DRG neurons[52]. For hyperalgesia-induced model of 
paclitaxel chemotherapy, Hara et al. found in DRG 
TRPV1 held the characteristics of a volume-dependent 
redistribution[53]. In the SG, it was found that TRPV1 
was mainly expressed in small diameter neurons; that 
is, TRPV1 was distributed in small diameter neurons 
under physiological conditions, which was consistent 
with previous studies. Initially, TRPV1 expression 
was increased in small diameter neuronal cells in the 
CG; as time went by, at the d 14 and d 21, the TRPV1 
expression tended to gradually distribute from small 
diameter neurons to large and medium diameter 
neurons, which was not the same as the previous study. 
Preceding generations might not observe the expression 
of TRPV1 over time, which could be responsible for 
this. Results of imunofluorescence indicated that the 
expression of TRPV1 protein channel was similar 
to the tendency of thermal hyperalgesia. Therefore, 
it is believed that TRPV1 may be a determine factor 
in thermal hyperalgesia[54]. Frederick et al. found 
increased expression of TRPV2 mRNA on the ipsilateral 
DRG of the injured nerve[38]. Increased expressions 
of TRPV2 and TRPV3 in rat DRG operated side, 
which was not consistent with the specific trends of 
mechanical and thermal hyperalgesia, but overall they 
were comparable, were similar to previous research.  
Zhang et al. detected that TRPV4 mRNA content in 

DRG was considerably increased in all DRG chronic 
pain models (CCD) from d 7 to d 28 postoperatively[54]. 
Intrathecal injection of colchicine, TRPV4 antagonists, 
could down-regulate the expression of TRPV4 protein 
mRNA and alleviated the thermal hyperalgesia in 
CCD rats[55]. In this experiment, increased expression 
TRPV4 was consistent with the tendency of TRPV1, 
which verified the previously reported results[55]. 
And the distribution of TRPV4 tended toward larger 
diameter neurons in immunofluorescence. From the 
above, TRPV1, TRPV2, TRPV3 and TRPV4 were all 
involved in the development of NP in the CCI model, 
which might be a decisive element inducing thermal 
hyperalgesia and mechanical hyperalgesia. Pinnacle 
expression TRPV2 and TRPV3 is on d 7, indicating 
that TRPV2 and TRPV3 probably play a major role in 
the early stage of pain, while the level of TRPV1 and 
TRPV4 reached the highest peak on d 14, indicating 
that TRPV1 and TRPV4 mediate pain later in CG 
NP. Therefore, we can hold that the restorative effect 
of DGSD on thermal hyperalgesia and mechanical 
hyperalgesia in CG rats may be realized by down-
regulating the expression of TRPV1-TRPV4.

DGSD cannot only suppress the cold allodynia of NP of 
the CG rats, but also alleviate its mechanical allodynia 
and thermal hyperalgesia. TRPV1, TRPV2, TRPV3, 
TRPV4, TRPM8, and TRPA1 are involved in the 
pathological process of NP, while TRPM8 and TRPA1 
might be responsible for cold hyperalgesia. As for the 
pathological processes of mechanical hyperalgesia 
and thermal hyperalgesia, TRPV2 and TRPV3 may 
probably play a major role in the early stage, and 
TRPV1 and TRPV4 could mediate pain later. DGSD 
can down-regulate abnormally high expression of 
temperature-dependent TRP channel protein. 
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