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Abstract: Purpose: Currently, there is no favorable treatment plan for inflammatory pain, so exploring new analge-
sics is still a research hotspot in this area. Cyclin-dependent protein kinase 5 (Cdk5) is a pain-related protein kinase, 
but its mechanism in inflammatory pain has not been clarified. This research aimed to explore the mechanism of 
Cdk5-synaptophysin (Syn)-soluble N-ethylmaleimide-sensitivity factor (NSF) attachment protein receptor (SNARE) in 
acute and chronic inflammatory pain. Methods: Rat models of acute and chronic inflammatory pain were induced 
by formalin and complete Freund’s adjuvant (CFA), separately, and some rats injected with normal saline through 
intraplantar injection were divided into a control group. Thirty minutes before modeling, rats were given Cdk5 in-
hibitor (Roscovitine, Ros), SNARE scavenger (botulinum toxin A, BTTA), glutamate receptor inhibitor (MK801), and 
dimethyl sulfoxide (DMSO) through spinal canals, and the paw withdrawal threshold (PWT) and thermal withdrawal 
latency (PWL) at difference time points were compared. Results: Compared with rats in the control group, those in 
the rat models of acute and chronic inflammatory pain showed lower PWT and PWL, higher Cdk5 enzyme level, tight 
correlation of Cdk5 with Syn, SNARE, p25 proteins, and higher levels of Cdk5, Syn and SNARE. And the above situa-
tion was dramatically reversed under intervention of Ros, BTTA and MK801. Conclusion: Cdk5-Syn-SNARE pathway 
is a therapeutic target for inflammatory pain. Blocking the activation of this pathway is beneficial to exert analgesic 
effect.
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Introduction

Pain is a complex physiological process, medi-
ated by the body’s nociceptors and responded 
by mechanical and thermal signals. It is also 
the main basic feature of inflammation [1, 2]. 
Acute and chronic inflammatory pain is the 
main type of inflammatory pain, causing major 
public health problems. The current therapy 
still needs to be upgraded and perfected, 
because it has not yet solved the problems of 
complete pain relief and tolerance [3, 4]. 
Therefore, exploring the pathological mecha-
nism of inflammatory pain is still practical for 
developing new analgesics.

The pathological process of inflammatory pain 
involves pain signal conduction, nerve trans-
mission and release, and activation of gluta-
mate receptors [5, 6]. In this research, we 
mainly focus on the mechanism of Cdk5-
synaptophysin-SNARE pathway in acute and 

chronic inflammatory pain. Cyclin-dependent 
protein kinase 5 (Cdk5) belongs to serine/thre-
onine kinase and is responsible for the overall 
coordination of neuronal cytoskeleton dynam-
ics. Abnormal changes of CDK5 will stimulate 
neurodegeneration, pain signal transmission 
and other behaviors [7-9]. Synaptophysin (Syn) 
is reported to be involved in Cdk5-related ther-
mal hyperalgesia of rats. Activation inhibition of 
Cdk5-Syn pathway is a new type of sniper point 
for anti-inflammation and pain relief [10]. It is 
understood that Syn is a synaptic protein that 
basically exists at all presynaptic terminals, and 
its expression in the dorsal root ganglion (DRG) 
is dramatically positively associated with the 
severity of neuropathic pain, and it is also cor-
related with inflammatory state [11-13]. Solu- 
ble N-ethylmaleimide-sensitivity factor (NSF) 
attachment protein receptor (SNARE) and Syn 
are both related to neurotransmission, respond-
ing to neuropathy after traumatic brain in- 
jury [14]. SNARE can also coordinate the neu-

http://www.ajtr.org


Mechanism of Cdk5 in chronic inflammatory pain

1076	 Am J Transl Res 2021;13(3):1075-1084

rotransmitter homeostasis under pain stimula-
tion and regulate the steady-state in chronic 
inflammatory pain [15].

Thus, we suspect that Cdk5-Syn-SNARE path-
way is involved in the mechanism of acute and 
chronic inflammatory pain, and it may be a new 
target for anti-inflammation and pain relief. We 
verified the correlation mainly through putting 
Cdk5 inhibitor (Roscovitine, Ros), SNARE scav-
enger (botulinum toxin type A, BTTA) and gluta-
mate receptor inhibitor (MK801) into the inflam-
matory pain models of rats.

Material and methods

Animal research 

All the animal experimental procedures were 
approved by the animal research Committee of 
Hebei General Hospital and were operated in 
strict accordance with the guidelines. One hun-
dred SD male rats (Junke Bioengineering Co., 
Ltd., Nanjing, China, J001) were bought, weigh-
ing 200-220 g, and they were reared in 12 
h-alternation of day and night for 7 days, with 
natural drink and food.

Establishment and grouping of inflammatory 
pain models

As mentioned above [16], 30 min before the 
test, the rats were acclimatized in the plexi-
glass observation room (10×20×15 cm). Next, 
50 μl 2.5% formalin (G-clone Biotechnology Co., 
Ltd., Beijing, China, RS1920-500 ml) was 
injected into the left plantars to establish the 
acute pain models (n=40), and 50 μl physiologi-
cal saline (Taize Bio (Beijing) Technology Co., 
Ltd., China, MA0083) was injected into the 
plantars as the normal group (n=10). Subse- 
quently, they were put back into the observa-
tion room. Thirty minutes before model estab-
lishment, in the model group, dimethyl sulfox-
ide (DMSO) (DASF Bio, Nanjing, China, dasf-
5310), Ros (100 ug) (Fengce Biotechnology Co., 
Ltd, Beijing, China, FCBTI02429), BTTA (Insti- 
tute of Biological Products, Lanzhou, China, 
S10970037), MK801 (Hanxiang Biotechnology 
Co., Ltd., Shanghai, China, BCP201706205655) 
were administered to the spinal canals, and 
they were divided into DMSO (n=10), Ros 
(n=10), BTTA (n=10), MK801 (n=10). The time 
or frequency of licking and biting the injected 
paw was measured 0-5 min (Phase I) and 

10-40 min (Phase II) after formalin injection, 
and it was considered as an indicator of pain 
response [17].

As mentioned above [18], a chronic inflamma-
tory pain model (n=40) was established by 
injecting 100 μl of Freund’s complete adjuvant 
(CFA) (Chreagen Biotechnology Co., Ltd., Beijing, 
China, YZ0152) into the left plantars of rats, 
and normal saline was injected into their plan-
tars (n=10). Other steps and the grouping 
method of model groups were the same as 
before.

Behavioral research (PWT, PWL)

The mechanical and thermal hyperalgesia of 
rat models with chronic inflammatory pain were 
investigated by recording the paw withdrawal 
threshold (PWT) and thermal withdrawal laten-
cy (PWL). The measurement method was as fol-
lows [19]: each rat was measured 3 times, and 
the average value was taken as the final result. 
The main recorded time points were 0 h, 1 d, 3 
d and 5 d after surgery.

PWT: The rats were placed 30 min in a trans-
parent plastic cage with the bottom of wire 
mesh. At first, the plantar surface of their left 
hind paws was pressed for 5-6 s by 2 g von Frey 
filament. If the rats withdrew their paws or 
licked their feet, 1.4 g filament was used 
instead. If they did not have the aforemen-
tioned reaction, we employed 4.0 g filament. 
Among them, 50% withdrawal threshold was 
determined according to Dixon’s up-down 
method. 

PWL: The rats were placed 30 min in a trans-
parent plastic box and acclimatized. The left 
paw of each rat was heated and injured by the 
radiant heat beam from the glass plate. If the 
rats withdrew their paws or licked their feet, we 
cut off the radiation heat source and recorded 
the total irradiation time. If they did not have 
the above reaction until 30 s, to prevent poten-
tial skin injury, the radiant heat source would be 
automatically cut off and would be recorded as 
“30 s”.

Western blotting (WB)

The test samples were mainly taken from lum-
bar enlargement (L4-L5) of DRG ipsilateral seg-
ment and spinal cord tissue of rats. The total 



Mechanism of Cdk5 in chronic inflammatory pain

1077	 Am J Transl Res 2021;13(3):1075-1084

protein of the sample was extracted by RIPA 
lysis method, and the concentration was 
detected by BCA kit (Chreagen Biotechnology 
Co., Ltd., Beijing, China, 120982). The dilution 
ratio of all primary antibodies was 1:1000. We 
used rabbit polyclonal antibody to detect all pri-
mary antibodies bought from Xiamen Huijia 
Biotechnology Co., Ltd. The membrane was 
rinsed and incubated with horseradish peroxi-
dase labeled goat anti-rabbit secondary anti-
body. Excess liquid on the membrane was 
absorbed by filter paper. Afterwards, it devel-
oped in a dark room using the enhanced chemi-
luminescence (ECL). Finally, we analyzed the 
gray value. 

Co-immunoprecipitation

Totally 50 µg protein lysate from L4-L5 was 
incubated 1 h with 2 µg CDK5 or SYN antibody 
as control at 4°C. It was mixed well with 40 μl 
protein G agarose gel (Baiaolaibo Technology 
Co., Ltd., Beijing, China, WE0270) pre-washed 
with 1X PBS at 4°C. Being washed with lysis 
buffer (SenBeiJia Biological Technology Co., 
Ltd., Nanjing, China, SBJ-0161), the immuno-
precipitated and related proteins were ana-
lyzed by WB.

Real-time quantitative PCR

Firstly, the total RNA in cells was extracted with 
Trizol (Baiaolaibo Technology Co., Ltd., Beijing, 
China, QN2070-ZOG). Then, 5 μg was taken 
respectively to reverse transcripted cDNA in 
view of the instructions of reverse transcription 
kit (Huada Protein Research and Development 
Center Co., Ltd., Beijing, China, BPI01030), and 
1 μL synthesized cDNA was taken for amplifica-
tion. We employed β-Actin as internal refer-
ence, and the data were analyzed via 2-ΔΔct. 
Thereinto, Cdk5 sense sequence 5’-ATTAGC- 
AGGTTCTGGGGCTT-3’, antisense sequence 5’- 
AATGGTGACCTCGATCCTGA 3’; SYN sense se- 
quence 5’-CAACACCTCGGTGGTGTTCG-3’, anti-
sense sequence 5’-CCTGAGGCCCGTAGGAATC- 
3’; SNARE sense sequence 5’-ACCAGTTGGCTG- 
ATGAGTCG-3’, antisense sequence 5’-CAAAGT- 
CCTGATACCAGCATCTT-3’; β-Actinsense sequen- 
ce 5’-CTTACGGCAATCAGGAAAGC-3’; antisense 
sequence 5’-GACAGACAGCACCTTCAGC-3’.

Statistical analysis

All the data were analyzed and pictures were 
drawn via GraphPad 6. The comparison be- 
tween both groups was assessed via indepen-
dent-samples T test, and that between multiple 

groups was assessed via one-way analysis of 
variance (ANOVA) and expressed as F. Post hoc 
pairwise comparison was analyzed through 
LSD-t test, multi-time point expression was 
analyzed through repeated measures ANOVA 
and expressed as F, and back testing adpoted 
Bonferroni. There were statistical differences 
when P < 0.05.

Results

Pain response in acute pain models of rats 
improves dramatically under the intervention 
of Ros, BTTA and MK801

In order to investigate the effects of Ros, BTTA 
and MK801 on the pain response in acute pain 
models of rats, we recorded their effects on the 
licking time and biting times of the models in 
phases I and II. The results showed that the 
rats in the DMSO group showed longer licking 
time and more shaking times compared with 
those in the normal group (P < 0.05), and the 
licking and biting in the treatment group were 
dramatically improved under the intervention of 
the above three (P < 0.05). However, the phase 
II acute pain models of rats seem to show rela-
tively more licking time and biting times that 
those of phase I. These results indicate that 
Ros, BTTA and MK801 can markedly reduce 
the pain response of acute pain model in rats, 
and there are effective in both phases I and II 
(Figure 1).

Changes of Cdk5 enzyme in acute pain models 
of rats

To investigate the effects of Ros, BTTA and 
MK801 on Cdk5 enzyme in acute pain models 
of rats, we detected the changes of protein lev-
els of p-Cdk5 and Cdk5 in phases I and II. The 
results manifested that the rats in the DMSO 
group showed a higher level of p-Cdk5 than 
those in the normal group in phases I and II (P 
< 0.05), and the p-Cdk5 levels in the treatment 
group decreased markedly under the interven-
tion of the above three (P < 0.05). Besides, a 
higher level of p-Cdk5 was found in acute pain 
models of rats in phase II. These data indicate 
that Ros, BTTA and MK801 can improve the 
pain response of acute pain model by down 
regulating the p-Cdk5 level (Figure 2).

Protein relationship between Cdk5-Syn-SNARE 
in acute pain models of rats

In order to understand the reasons behind the 
effects of Ros, BTTA and MK801 on Cdk5 
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enzyme in acute pain models of rats, we ana-
lyzed the potential relationship between Cdk5-
Syn-SNARE proteins in the models. The results 
showed that the levels of Cdk5-SYN, SYN-
SNARE and Cdk5-p35 in the DMSO group were 
dramatically higher than those in the normal 
group (P < 0.05); and under the intervention of 
Ros, BTTA and MK801, the level of immuno-
coprecipitation protein decreased obviously (P 
< 0.05). There was no remarkable difference in 
Cdk5-p25 coprecipitation protein levels among 
the three groups (P > 0.05). Thus, there was 
interaction between Cdk5 and Syn, Syn and 

and PWL in the DMSO group reduced dramati-
cally in 1-5 d compared with the normal group 
(P < 0.05), while the two increased obviously 
under the intervention of Ros, BTTA and MK801 
(P < 0.05). These data reveal that the three can 
improve PWT and PWL of chronic pain model in 
rats (Figure 5).

Changes of Cdk5 enzyme in chronic pain mod-
els of rats

Our research found that Cdk5 enzyme also had 
similar changes in chronic pain models of rats. 

Figure 1. Effects of Ros, BTTA, MK801 on pain response in acute pain mod-
els of rats. A. Effects of Ros, BTTA, MK801 on licking time in acute pain 
models of rats; B. Effects of Ros, BTTA, MK801 on frequency of biting in 
acute pain models of rats. Note: compared with the normal group, *means 
P < 0.05, **means P < 0.01, ***means P < 0.001; compared with DMSO, 
#means P < 0.05.

Figure 2. Changes of Cdk5 enzyme in acute pain models of rats. A, B. Ef-
fects of Ros, BTTA, MK801 on p-Cdk5 in DRG neurons of acute pain models 
of rats and its protein map; C, D. Effects of Ros, BTTA, MK801 on p-Cdk5 in 
spinal cord neurons of acute pain models of rats and its protein map; Note: 
compared with the normal group, *means P < 0.05, **means P < 0.01; com-
pared with DMSO, #means P < 0.05.

SNARE, Cdk5 and p35 pro-
teins, but there was no obvious 
interaction between Cdk5 and 
p25 proteins; the interaction 
between Cdk5 and Syn, Syn 
and SNARE, Cdk5 and p35 pro-
teins could be obviously weak-
ened by Ros, BTTA and MK801 
(Figure 3).

Cdk5, Syn and SNARE levels 
are up-regulated in acute pain 
models of rats

We further detected the Cdk5, 
Syn and SNARE expression in 
acute pain models of rats, and 
found that compared with the 
normal group, the levels of the 
three in the DMSO group were 
dramatically up-regulated (P < 
0.05), while Ros, BTTA and 
MK801 could obviously down-
regulate the levels of the three 
in varying degrees. The above 
data indicate that the abnor-
mal expression of Cdk5, SYN 
and SNARE in the rat acute 
pain model can be reversed 
from the three to nearly normal 
levels, which may be used as a 
potential target for improving 
acute pain (Figure 4).

PWT and PWL in chronic pain 
models of rats improve dra-
matically under the interven-
tion of Ros, BTTA and MK801

We induced the chronic pain 
models of rats by CFA and con-
ducted similar studies. The 
results manifested that PWT 
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Figure 3. Protein connection between Cdk5-Syn-SNARE in rat acute pain model. A. Close relationship between Cdk5-
Syn protein in acute pain models of rats and its protein map; B. Close relationship between SYN-SNARE protein in 
acute pain models of rats and its protein map; C. Close relationship between Cdk5-p25 protein in acute pain models 
of rats and its protein map; D. Close relationship between Cdk5-p35 protein in acute pain models of rats and its 
protein map. Note: compared with the normal group, *means P < 0.05, **means P < 0.01; compared with DMSO, 
#means P < 0.05.

Figure 4. Cdk5, Syn and SNARE levels in acute pain models of rats. A. Cdk5 is dramatically up-regulated in acute 
pain models of rats; B. SYN is dramatically up-regulated in acute pain models of rats; C. SNARE is dramatically up-
regulated in acute pain models of rats. Note: compared with the normal group, *means P < 0.05, **means P < 0.01; 
compared with DMSO, #means P < 0.05.

That was, after one-day CFA induction, the 
DMSO group showed a higher level of p-Cdk5 
than the normal group (P < 0.05), while the 

p-Cdk5 level recovered obviously under the 
intervention of Ros, BTTA and MK801 (P < 
0.05). These data manifest that the three can 
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reduce the p-Cdk5 level to improve the PWT 
and PWL of chronic pain model in rats (Figure 
6).

Protein relationship between Cdk5-Syn-SNARE 
in chronic pain models of rats

Similarly, the protein connection between 
Cdk5-Syn-SNARE in chronic pain models of rats 
also showed similar results. Compared with the 
normal group, the levels of Cdk5-SYN, SYN-
SNARE and Cdk5-p35 in the DMSO group 

Acute inflammatory pain is a self-limiting host 
protection state, while chronic inflammatory 
pain is a potentially extremely harmful disease 
manifestation. Acute inflammation that has not 
been solved promptly or effectively can cause 
chronic inflammatory pain, which can further 
develop into more serious neurological diseas-
es, and it may cause great medical burden to 
individuals and even society [20, 21]. Therefore, 
it is vital to explore the pathological mechanism 
of inflammatory pain and potential anti-inflam-
matory and pain-relieving targets.

Figure 5. Effects of Ros, BTTA, MK801 on PWT, PWL in chronic pain models 
of rats. A. Effects of Ros, BTTA, MK801 on PWT in chronic pain models of 
rats; B. Effects of Ros, BTTA, MK801 on PWL in chronic pain models of rats. 
Note: compared with the normal group, **means P < 0.01; compared with 
DMSO, #means P < 0.05.

Figure 6. Effects of Ros, BTTA, MK801 on Cdk5 enzyme in chronic pain 
models of rats. A, B. Effects of ROS, BTTA, MK801 on Cdk5 enzyme in DRG 
neurons of chronic pain models of rats and its protein map; C, D. Effects of 
ROS, BTTA, MK801 on Cdk5 enzyme in spinal cord neurons of chronic pain 
model of rats and its protein map. Note: compared with the normal group, 
*means P < 0.05, **means P < 0.01; compared with DMSO, #means P < 
0.05.

increased (P < 0.05), while the 
levels of the three decreased 
in the intervention of Ros, 
BTTA, MK801 (P < 0.05). There 
was no marked difference in 
the level of Cdk5-p25 immuno-
precipitation protein among 
the three groups (P > 0.05). 
Hence, Cdk5 and Syn, Syn and 
SNARE, Cdk5 and p35 also 
showed interaction relation-
ship; and this connection was 
inhibited by Ros, BTTA, MK801, 
while Cdk5 and p25 had no 
remarkable connection (Figure 
7).

Cdk5, Syn and SNARE levels 
are up-regulated in chronic 
pain models of rats

In addition, the Cdk5, Syn and 
SNARE levels in chronic pain 
models of rats in the DMSO 
group were dramatically up-
regulated compared with the 
normal group (P < 0.05), but 
the above levels were dramati-
cally suppressed under the 
intervention of Ros, BTTA and 
MK801 (P < 0.05). And there 
was still obvious difference 
between the two groups (P < 
0.05). These results signify 
that Ros, BTTA and MK801 can 
cut off the mechanism of Cdk5 
pain signal transmission by 
down-regulating the levels of 
Cdk5, Syn and SNARE in rat 
chronic pain model, and then 
relieve chronic pain (Figure 8).

Discussion
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Figure 7. Protein connection between Cdk5-Syn-SNARE in chronic pain models of rats. A. Close interaction relation 
of Cdk5-Syn protein in chronic pain models of rats and its protein map; B. Close interaction between Syn-SNARE 
protein in chronic pain models of rats and its protein map; C. Close interaction between Cdk5-p25 protein in chronic 
pain models of rats and its protein map; D. Close interaction between Cdk5-p35 protein in chronic pain models of 
rats and its protein map. Note: compared with the normal group, *means P < 0.05, **means P < 0.01; compared 
with DMSO, #means P < 0.05.

Figure 8. Cdk5, Syn and SNARE expression levels in chronic pain models of rats. A. The Cdk5 expression in chronic 
pain models of rats is obviously up-regulated; B. The Syn expression in chronic pain models of rats is obviously up-
regulated; C. The SNARE expression in chronic pain models of rats is obviously up-regulated. Note: compared with 
the normal group, *means P < 0.05, **means P < 0.01; compared with DMSO, #means P < 0.05.

In this research, we mainly propose that Cdk5-
Syn-SNARE pathway may play a key role in 

acute and chronic inflammatory pain as a pain 
conduction signal, and Ros, BTTA and MK801 
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are used for related interventions, which are 
inhibitors of Cdk5, SNARE and glutamate recep-
tors respectively. We aimed to analyze whether 
the block of Cdk5-synaptophysin-SNARE path-
way affects the pain conduction mechanism of 
acute and chronic inflammatory pain models, 
so as to probe into the dual therapeutic targets 
of the two inflammatory pain models. It is 
understood that Cdk5, Syn and SNARE all medi-
ate the release of excitatory neurotransmitter 
glutamic acid directly or indirectly. The mecha-
nism of the three is that Cdk5 adjusts phos-
phorylated gated voltage calcium channels and 
different vesicle proteins acting on presynaptic 
sites, while Syn mediates the formation of 
SNARE [22-25]. We induced acute inflammato-
ry pain and chronic inflammatory pain models 
in rats by formalin and CFA respectively. First of 
all, we tested the pain response or hyperalge-
sia. The results showed that the acute inflam-
matory pain model group had more frequent 
licking or biting after coping with injury stimula-
tion, especially in formalin phase II. However, 
the above phenomenon was dramatically allevi-
ated under the intervention of the three inhibi-
tors. The chronic inflammatory pain model 
group showed dramatically lower PWT and PWL 
in the later stage of injury (1-5 d), and also 
showed varying degrees of improvement under 
the action of the three inhibitors. Li and others 
[26] pointed out that rats in the inflammatory 
pain models established by ischemia/reperfu-
sion also showed lower PWT and PWL in the 
late stage of injury. All the above results sug-
gest that the three inhibitors may have analge-
sic effects, and Cdk5-Syn-SNARE pathway may 
be involved in the pathological mechanism of 
two inflammatory pains. At the same time, the 
pain response time of the two models also 
showed similar Cdk5 enzyme levels, and the 
time showed higher levels of Cdk5 enzyme, 
mainly reflected in the increase of p-Cdk5 in 
DRG and spinal cord neurons; but under the 
action of the three inhibitors, this up-regulation 
was markedly weakened, suggesting that Cdk5 
enzyme might respond to pain actively in DRG 
or spinal cord neurons in acute or chronic 
inflammatory pain models. Zhang and others 
[27] reported that p-Cdk5 had also been obvi-
ously up-regulated in two inflammatory pain 
models, which had a positive effect on periph-
eral inflammatory pain hypersensitivity and is a 
crucial trigger mechanism for activation of 
Cdk5 in spinal cord neurons, similar to our 
results.

To further understand the principle behind the 
above pain phenomenon, we explored the 
underlying mechanism of Cdk5-Syn-SNARE 
pathway in the two inflammatory pain models. 
Our co-immunoprecipitation results showed 
that Cdk5-Syn, Syn-SNARE, and Cdk5-p25 pro-
teins were closely linked in both inflammatory 
pain models, but the interaction between 
Cdk5-p35 was not obvious, and the above-
mentioned link would be weakened remarkably 
under the influence of the three inhibitors. Tang 
and others [18] also pointed out that the ther-
mal hyperalgesia of Cdk5 in chronic inflamma-
tory pain was related to p25, but had nothing to 
do with p35, and Ros had no marked effect on 
p35. Then, we also found that rats in the model 
group all had abnormal up-regulated Cdk5, 
Syn, SNARE, and the inhibitor intervention 
could dramatically prevent this abnormal disor-
der. All our above research results point to that 
Cdk5-Syn-SNARE pathway mediates the mech-
anism in acute and chronic inflammatory pain. 
Cdk5 may regulate the movement of vesicles 
and the release of excitatory neurotransmitter 
glutamic acid by mediating the interaction of 
synaptic vesicles protein, thus regulating the 
pain response of acute inflammatory pain and 
the mechanical or thermal pain threshold of 
chronic inflammatory pain. Hence, blocking the 
transitional activation and coupling of Cdk5 
and synaptic vesicles protein will become a 
new therapeutic target for chronic inflammato-
ry pain.

The innovation of this study lies in: 1. We have 
confirmed that Cdk5 can mediate inflammatory 
pain through presynaptic SNARE complex, and 
further explore the pain signal transmission 
mechanism of Cdk5. 2. We have proved that 
Cdk5-synaptophysin-SNARE pathway is a dual 
therapeutic target for acute and chronic inflam-
matory pain models. Blocking this pathway can 
inhibit inflammatory pain signal transmission 
and relieve inflammatory pain. Although we 
have confirmed the potential of Cdk5-Syn-
SNARE pathway in anti-inflammatory and anal-
gesic, there is still some room for improvement. 
In the first place, we can increase the research 
on the effect of this pathway on glutamate 
release from synaptic space, further confirming 
our guess. In the second place, we can also 
supplement its effect on electrophysiological 
responses of the two models, which is helpful 
to understand the underlying mechanism of 
this pathway in depth. We will further improve 
our research from the above two points. 
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To make a long story short, we first propose 
that blocking Cdk5-Syn-SNARE pathway is ben-
eficial to treat acute and chronic inflammatory 
pain, and we clarify the mechanism of this 
pathway in acute and chronic inflammatory 
pain, thereby providing a new direction for the 
development of anti-inflammatory and analge-
sic preparations in inflammatory pain. 

Conclusion

To make a long story short, we first propose 
that blocking Cdk5-Syn-SNARE pathway is ben-
eficial to treat acute and chronic inflammatory 
pain, and we clarify the mechanism of this 
pathway in acute and chronic inflammatory 
pain, thereby providing a new direction for the 
development of anti-inflammatory and analge-
sic preparations in inflammatory pain. 
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