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Objective(s): This study aimed to investigate the function of transient receptor potential vanilloid 1
(TRPV1) in regulating periodontal lesions. In addition, we explored the underlying mechanism of the
phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) pathway.
Materials and Methods: Lipopolysaccharide (LPS) stimulation of human periodontal ligament cells
(HPDLCs) was used to construct a periodontitis cell model, and experimental periodontitis (EP) rats
were established by ligation. The mechanism by which TRPV1 regulates periodontitis was further
verified by injecting the TRPV1 agonist capsaicin (CPS) and antagonist capsazepine (CPZ) into the
gingiva of rats; the alveolar bone losses in each group were measured by stereomicroscopy. Realtime quantitative polymerase chain reaction (qRT-PCR) and Western blotting (WB) were used to
research the expression of TRPV1 and proinflammatory cytokines, and WB was performed to test the
phosphorylation of PI3K and AKT.
Results: In vitro experiments showed that LPS induced the upregulation of TRPV1 and proinflammatory
cytokines and promoted the phosphorylation of PI3K and AKT proteins in HPDLCs, which was
consistent with their expression in the rat periodontitis model. Moreover, in vivo studies indicated that
CPZ had anti-inflammatory effects through the PI3K/AKT pathway and inhibited bone loss induced
by periodontal ligation in rats, while CPS had the opposite effect.
Conclusion: TRPV1 was involved in the process of alveolar bone defects and the inflammatory
response in rats with periodontitis induced by ligation. Its mechanism might be related to the
phosphorylation of related proteins in the PI3K/AKT signaling pathway.
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Introduction

Chronic periodontitis is an inflammatory disease
caused by bacterial infection, with extensive clinical,
microbiological, and immunological manifestations (1),
resulting from interaction between microbial community
of the periodontal environment and the host immuneinflammatory response. It’s the main cause of adult tooth
loss and seriously damages the health of periodontal tissue.
Therefore, the pathogenesis, clinical diagnosis and treatment
of periodontitis have been paid more and more attention by
scholars at home and abroad.
At present, the treatment strategies for periodontal
diseases are mainly periodontal scaling and root planing,
aiming at removing dental plaque. However, these
treatments usually ignore the host immune response of
periodontitis patients (2, 3). In local inflammation, the
interaction between immune cells and immune effectors
in oral bacteria triggers autoimmune reactions, resulting
in a series of cytokines (4), including interleukin 1β(IL1β),and tumor necrosis factor α (TNF-α) (5, 6), being
continuously released into periodontal tissues, stimulating
the production of secondary mediators such as chemokines
and prostaglandins, and chronic inflammation is gradually
established (3, 7).

TRPV1 is a nonselective cation channel that can be
directly or indirectly activated by various physical and
chemical factors, such as mechanical stimulation, thermal
stimulation, and inflammatory mediators (8, 9), resulting
in an influx of divalent cations and the corresponding
physiological or pathological reactions (10). Previous studies
have shown that TRPV1 is widely expressed in neuronal cells
(11–13), but increasing evidence has shown that TRPV1
exists in some nonneuronal tissues, including immune cells
such as T lymphocytes (14), macrophages (15), bronchial
fibroblasts (16), vascular endothelial cells (17), and renal
tubular cells (18). Moreover (19), the upregulation of TRPV1
is associated with many inflammatory diseases, including
periodontitis. Sireerat Sooampon, Waranyoo Phoolcharoen
et al. (20) a nociceptive ion channel receptor, by capsaicin
led to the up-regulation of the osteoprotegerin (OPG found
that TPRV1 was activated in periodontal ligament cells
under thermal stimulation, and Ca2+ influx could be used as
a secondary messenger to promote the expression of TNF-α.
In addition, inhibiting TRPV1 ion channels was found to
interfere with the differentiation of periodontal osteoclasts
and osteoblasts in vitro (21, 22). Therefore, whether TRPV1
can be used as a drug target and an essential auxiliary means
of periodontitis treatment is an essential research direction.
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Moreover, periodontitis is regulated by a series of complex
signaling pathways within the tissue. PI3K / AKT signaling
pathway is a classical pathway to regulate inflammation,
which is often activated in the development of a variety
of inflammatory diseases, including periodontitis. It plays
a significant role in the proliferation and apoptosis of
periodontal ligament cells, osteoclast differentiation and
cytokine secretion by affecting the activity of downstream
effectors (23–25). However, whether PI3K/AKT is directly
involved in releasing proinflammatory mediators induced
by TRPV1 remains unclear and needs to be further clarified.
In this study, we established periodontitis cells and
animal models with the goal of exploring the issues above.
It was preliminarily proven that TRPV1 might regulate
inflammatory factors through the PI3K/AKT pathway,
thereby affecting the occurrence and progression of bone
destruction and providing new approaches to the diagnosis
and treatment of patients with periodontitis.

Materials and Methods

HPDLCs culture and drug treatment
All experiments were conducted under The Code of Ethics
of the World Medical Association, ARRIVE guidelines,
The Guide for the Care and Use of Laboratory Animals of
the National Research Council, and were compliant with
the agreement approved by the Ethics Committee of the
School of Stomatology, Chongqing Medical University
(NO:2022(LSNo.010)).
Fresh healthy and caries-free premolars of patients aged
10-18 were extracted for orthodontic reasons. Informed
consents were obtained from the patients. The periodontal
membrane was carefully scraped from the middle 1/3 of
the tooth root surface. After digestion in 3 mg/ml type I
collagenase (Sigma–Aldrich Company, USA) for 30 min
at 37 °C, periodontal ligament tissue was inoculated into
a culture flask with α-MEM medium (HyClone, USA)
containing 15% fetal bovine serum (Gemini, USA) and 1%
penicillin–streptomycin solution (Beyotime, China). The
cells were cultured in a humidified atmosphere at 37 °C with
95% air and 5% CO2 by the enzymatic tissue block method.
Until the cells migrated out of the tissue block, the medium
was changed every three days. When the HPDLCs grew to
80% confluence and fused, they were digested with 0.25%
trypsin (Sigma–Aldrich, USA) and seeded in a 10 cm petri
dish with 10% α-MEM complete medium. Three- to fourgeneration HPDLCs were inoculated in a six-well plate for
24 h at 2 × 104 cells/well and then grouped into the control
group, PBS group (negative control group), and LPS group
(periodontitis cell model group). LPS (Sigma–Aldrich,
USA) was resuspended in PBS solution (Mengbio, China)
until completely dissolved to reach a 1 mg/ml concentration
and then added to 10% α-MEM complete medium to dilute
it to a final concentration of 10 µg/ml (26–28). The LPS
group was incubated with an equal amount of LPS. After
incubation with different media for 24 hr, three groups of
cells were collected to measure the subsequent indicators.
Flow cytometry assay
The third generation of HPDLCs in the logarithmic
growth period were digested and adjusted to 1 × 106 cells/
ml for further use. Subsequently, primary antibodies
(conjugated with secondary antibodies) against CD31,
CD45, CD73, CD90, and CD105 (Biolegend, USA) were
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added to the HPDLCs. The signals of the labeled cells were
detected by flow cytometry, and the data were analyzed by
FlowJo software.
Establishment of animal models and grouping
administration
SPF Sprague–Dawley (SD) rats were purchased
from the Experimental Animal Center of Chongqing
Medical University, placed in sterile rooms designated
by the Chongqing Key Laboratory of Oral Diseases and
Biomedicine, and provided with free access to water and
food by the Animal Health Service Centre.
Construction of the periodontitis model: Male SD
rats were anesthetized with isoflurane inhalation, a tip
probe was used to separate the gingiva of the first molar,
and the gingival sulcus was ligated with sutures (4-0) and
orthodontic stainless-steel wires (0.4 mm).
We selected 200–220 g SD rats and divided them into
six groups: control group, experimental periodontitis (EP)
group, EP + PBS group, EP + capsaicin (CPS) (Abmole,
USA) group, EP + capsazepine (CPZ) (Abmole, USA)
group, and EP + LY (PI3K/AKT inhibitor LY294002,
Abmole, USA) group, with three rats in each group. CPS,
CPZ, and LY294002 were dissolved in dimethyl sulfoxide
(Sigma, USA) for storage until the above drugs were
injected locally and then they were diluted with PBS to a
final concentration of 10 µM (17, 19, 21). Immediately after
dilution, they were injected into the gingival tissues of the
maxillary first molars of the SD rats (200 μl on the buccal and
lingual sides) and ligated simultaneously. Drug treatment
and model construction continued for four weeks, with a
one-day interval of administration and frequent checks
of the ligation. If necessary, the ligation was replaced. The
experimental rats were euthanized four weeks later, and
the free gingiva of the maxillary first molar and residual
periodontal tissues (including the teeth) were selected for
the subsequent experiments. Each experiment was repeated
at least three times, and all operations were performed by
the same experimenter.
Morphological and immunohistochemical analysis of
alveolar bone in rats
The maxillary bones of rats in the control and EP groups
were fixed in 4% paraformaldehyde (Biosharp, China) for 24
hr and then decalcified in 10% ethylenediaminetetraacetic
acid (EDTA, Solarbio, China) solution for 4-6 weeks until
the tissue was softened entirely. After gradient ethanol
dehydration, paraffin embedding, sectioning, routine HE
staining, and neutral resin sealing, the destruction of the
periodontal tissue was imaged on a digital slide scanner.
The paraffin sections were dewaxed, rehydrated, and
antigen-repaired in a water bath. Afterward, they were
blocked with 3% hydrogen peroxide (H2O2) solution for
10 min and with goat serum (Bioss, China) at 37 °C for 30
min. After incubation with mouse anti-rat TRPV1 antibody
(1:100, Santa Cruz Biotechnology, USA) overnight at 4
°C and anti-mouse secondary antibody (Bioss, China) at
room temperature for 1 hr, diaminobenzidine (DAB, Zsbio,
China) and hematoxylin (Solarbio, China) staining and
neutral resin sealing were applied. Then, the sections were
observed and imaged on a slide scanner.
Detection of alveolar bone loss in rats
Alveolar bone loss was imaged under a stereomicroscope,
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and the distance between the cement-enamel junction
(CEJ) and the alveolar crest was measured by Zeiss Zen
(2012) image analysis software to calculate the alveolar
bone absorption value. The specific measurement steps
were as follows: After removing the soft tissue under a
stereomicroscope, the maxillas of the rats were put into
EP tubes filled with 1% methylene blue (Bkmam, China),
stained for 10 min, then rinsed with flowing water for 10
min. The angle of view when the buccal tip of the first molar
overlapped with the tongue tip was selected for imaging at
a total magnification of 16.3. The mesial, central, and distal
sites of the buccal and palatal alveolar bone of each tooth were
measured, and their mean values were used as the alveolar
bone loss values. Each sample was measured three times,
taking the average as the final result. The same experimenter
performed all of the imaging and measurements.
Real-time PCR
The total RNA of HPDLCs and rat gingival tissues was
extracted with TRIzol according to the manufacturer’s
instructions (Sigma, USA). A Nanodrop 2000
Spectrophotometer (Thermo Scientific, USA) was used to
detect the optical density of the extracted RNA at 260 nm and
280 nm, and the concentration and purity were calculated.
Reverse transcription was performed using PrimeScript
RT Master Mix (Perfect Real Time) (Takara, Japan). A 10
μl reaction volume was used for PCR amplification on a
CFX Connect Real-Time System (Bio-Rad, USA), with 5
μl of 2× TB Green Premix Ex Taq II (Takara, Japan), 0.4 μl
of upstream primer and 0.4 μl of downstream primer at a
concentration of 0.4 μmol/l, 1 μl of DNA template, and 3.2
μl of DEPC water. The primers were synthesized by Takara
(Table 1). Quantitative calculation of gene expression
followed the 2-△△Ct method.
Western blotting
Total protein was extracted from HPDLCs and rat
gingival tissue with RIPA lysis buffer (Beyotime, China)
containing the protease inhibitor phenylmethanesulfonyl
fluoride (Beyotime, China) and phosphatase inhibitor
cocktail (Abmole, USA). Protein concentrations of the
samples were detected by a BCA protein quantification kit
(Beyotime, China); 30 μg of total protein from each sample
was subjected to 10% SDS–PAGE. After transferring the
protein in the gel to a polyvinylidene fluoride membrane
(Millipore, USA) with a 0.45 μm pore size, nonspecific
binding sites on the PVDF membranes were blocked
with BSA at room temperature for 2 hr. Subsequently, the
membranes were incubated with primary antibodies against
TRPV1 (1:500), PI3K (1:1000, Affinity Biosciences, USA),
phospho-PI3K (1:1000, Affinity Biosciences, USA), AKT
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(1:1000, Affinity Biosciences, USA), phospho-AKT (1:1000,
Affinity Biosciences, USA), IL-1β (1:1000, ZenBioScience,
China), and GAPDH (1:1000, CST, USA) overnight at 4
°C, followed by an anti-rabbit or anti-mouse HRP-labeled
secondary antibody (Bioss, China) at room temperature for
90 min. Finally, the signal was revealed with BeyoECL Plus
solution (Beyotime), and the gray values of the image were
analyzed by ImageJ software.
Statistical analysis
GraphPad Prism 7.0 (GraphPad Software, USA) and
SPSS 23 (IBM, USA) were used for data processing and
statistical analysis. The data results of three independent
repeated experiments are shown as the mean ± SD. Student’s
t-test was used to compare two mean values. Differences
were statistically significant when P<0.05. All experiments
were repeated at least three times independently.

Results

Isolation, culture, and identification of HPDLCs
HPDLCs were cultured by enzymolysis of the tissue
block, and they showed long spindle shapes when passaged
to the third generation (Figure 1A). The surface antigen of
the HPDLCs was detected by flow cytometry, demonstrating
high expression of the mesenchymal stem cell (MSC)
markers CD73, CD90, and CD105, while the markers CD31
and CD45 of hematopoietic stem cells were negatively
expressed (Figure 1B).

Figure 1. Isolation, culture, and identification of HPDLCs. (A) Morphology
of the third generation of HPDLCs (×40). (B) Expression of cell surface
molecules by flow cytometry: CD31 (1.34%) and CD45 (1.59%), CD73
(99.2%), CD90 (95.2%), and CD105 (93.2%)

Table 1. The sequence of primers used in this study for the real-time PCR reaction
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Figure 2. Effect of inflammatory stimulation on transient receptor potential
vanilloid 1 (TRPV1) and PI3K/AKT in vitro. (A) The mRNA levels of
TRPV1, TNF-α, and IL-1β in HPDLCs of the LPS (lipopolysaccharide)
PBS and control groups were detected by real-time PCR. (B) Western
blotting was used to detect the expression levels of TRPV1, PI3K, phosphoPI3K, Akt, phospho-Akt, IL-1β, and GAPDH. (C) Analysis of the protein
expression levels of TRPV1 and IL-1β relative to GAPDH. (D) Analysis of
PI3K and AKT phosphorylation levels. The data are expressed as the mean
± SD of three independent experiments. *P<0.05, * *P<0.01, * * * P<0.001,
ns = no significant difference

LPS upregulated TRPV1 expression and induced
phosphorylation of PI3K and AKT in HPDLCs
To study the expression of TRPV1 ion channels and
the PI3K/AKT signaling pathway in HPDLCs under
inflammatory conditions, we established LPS PBS and
control groups to detect the differential expression of related
molecules. The periodontitis cell model was established by
LPS stimulation of HPDLCs, and the increased expression
of inflammatory factors proved the successful establishment
of the model. TRPV1 mRNA and protein expression in the
LPS group was significantly higher than that of the control
and PBS groups, and the ratio of phospho-PI3K/PI3K and
phospho-AKT/AKT was also increased (Figure 2).

Figure 3. The experimental periodontitis (EP) rat model was established by
ligation. (A) The alveolar bone loss of rats in the EP and control groups was
imaged by stereomicroscopy, and statistical analysis was performed. Scale
bars = 1000 μm. (B) Periodontal tissue HE staining. Box areas represent
bone resorption. Scale bars = 500 μm. (C) Immunohistochemical staining
of transient receptor potential vanilloid 1 (TRPV1) in periodontal tissues.
The right figure is an enlarged image of the left selected area. Scale bars:
left= 500 μm; right = 200 μm. (D) The mRNA levels of TRPV1, TNF-α
and IL-1β were detected by real-time PCR, with GAPDH as a control. (E)
Western blotting was used to detect the expression levels of TRPV1, PI3K,
phospho-PI3K, Akt, phospho-Akt, and IL-1β. (F) Analysis of TRPV1 and
IL-1β protein expression levels, with GAPDH as a control. (G) Analysis of
PI3K and AKT phosphorylation levels. The data are expressed as the mean
± standard deviation of three independent experiments. * P<0.05, * * P<
0.01, * * * P< 0.001, ns = no significant difference.

Ligation induced periodontal tissue injury in rats;
LY294002 alleviated the above reaction
In vivo, we constructed a ligation-induced experimental
periodontitis rat model. Hematoxylin-eosin (HE) staining
results showed that the EP group showed more disordered
collagen bundles and more obvious attachment loss than the
control group, which confirmed the successful establishment
of the periodontal disease model in vivo. The upregulation
of mRNA and protein of inflammatory factors in the
gingival tissue of the EP group further verified the results
above. In addition, the qRT-PCR immunohistochemistry
and WB results showed that the expression of TRPV1
in the EP group was significantly higher than that in the
control group. WB results showed that the PI3K and AKT
protein phosphorylation levels were significantly increased
in the EP group, and the alveolar bone loss was elevated
under a stereomicroscope. The difference was statistically
meaningful (P<0.05) (Figure 3). To investigate the impact
of PI3K/AKT on periodontal tissue in rats, we used
the PI3K/AKT-specific inhibitor LY294002. The results
showed that LY294002 reduced the inflammatory response

of periodontal tissue caused by ligation and alleviated
periodontal damage (Figure 4).
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To explore whether the PI3K/AKT pathway is involved
in the process of TRPV1 regulating the periodontal
inflammatory response in rats, we used the TRPV1-specific
agonist CPS and antagonist CPZ to construct the TRPV1
overexpression and inhibition groups. The expression of key
molecules p-PI3K, PI3K, p-AKT, and AKT in the PI3K/AKT
pathway and inflammatory factors in the gingival tissues
of each group were detected. The loss of alveolar bone in
each group was observed by stereomicroscop. The results
showed that under the effect of CPS, the expression of the
proinflammatory factors IL-1β and TNF-α in gingival tissue
was increased, alveolar bone destruction was aggravated,
and the ratios of phospho-PI3K/PI3K and phospho-AKT/
AKT were upregulated, while CPZ had the opposite effect
(Figure 5).
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Figure 4. SD rats were given 10 µM PI3K/AKT inhibitor LY294002 (LY)
by periodontal injection and subjected to ligation for 4 weeks. (A) The
alveolar bone loss of rats in the EP (experimental periodontitis) EP + PBS
and EP + LY groups was imaged by stereomicroscopy. Scale bars = 1000
μm. (B) Statistical analysis of the alveolar bone loss of three groups. (C)
The mRNA levels of TNF-α and IL-1β were detected by real-time PCR, and
GAPDH was used as a control. (D) Western blotting was used to detect
the protein expression level of IL-1β relative to GAPDH, and grayscale
value analysis was performed. The data are expressed as the mean ± SD of
three independent experiments. *P<0.05, * * P<0.01, * * *P<0.001, ns = no
significant difference

Discussion

Periodontitis is a chronic inflammatory disease with
periodontal inflammation, attachment loss and alveolar
bone resorption caused by dental plaque, and its treatment
is the focus of many experts and scholars at home and
abroad. Therefore, the successful establishment of a standard
periodontitis model is the key to effective research.
First, our experiment relied on LPS to stimulate HPDLCs,
establishing a periodontitis model in vitro. LPS, derived
from Gram-negative bacteria accumulating on the tooth
surface, is the main virulence factor causing the immune
response of periodontitis hosts (29). It plays a paramount
role in periodontal disease and alveolar bone destruction
by producing proinflammatory mediators such as IL-1β,
IL-6, and TNF-α (30), which are multifunctional cytokines
produced by lymphocytes, monocytes, and fibroblasts with
extensive biological activities. Most cells can synthesize
and secrete inflammatory mediators after stimulation
by exogenous antigens or mitogens, causing cell damage
and periodontal ligament damage (31–33). Studies have
found that blocking the IL-1β receptor can significantly
reduce osteoclast formation and bone resorption activity,
thereby slowing the destruction of periodontal tissue (4).
Moreover, HPDLCs, which are similar to other fibroblasts,
are living periodontal cells around the alveolar bone that
Iran J Basic Med Sci, Vol. 25, No. 5, May 2022

Xu et al.

Figure 5. Transient receptor potential vanilloid 1 (TRPV1) positively regulated
the secretion of proinflammatory cytokines and aggravated periodontal
tissue damage, and the PI3K/AKT signaling pathway was involved. (A) The
alveolar bone loss in the EP (experimental periodontitis), EP+PBS, EP+CPS
(TRPV1 agonist capsaicin) and EP+CPZ (TRPV1 antagonist capsazepine)
groups was measured by stereomicroscopy and statistically analyzed. Scale
bars = 1000 μm (B) The mRNA levels of TRPV1, TNF-α and IL-1β were
detected by real-time PCR with GAPDH as a control. (C) Western blotting
was used to detect the expression levels of TRPV1, PI3K, phospho-PI3K,
Akt, phospho-Akt, and IL-1β. (D) Analysis of the protein expression levels of
TRPV1 and IL-1β relative to GAPDH. (E) PI3K and AKT phosphorylation
level analysis. The data are expressed as the mean ± standard deviation of
three independent experiments. * P< 0.05, * * P<0.01, * * * P<0.001, ns =
no significant difference

actively participate in tissue homeostasis and inflammation
through proliferation, differentiation, osteogenic induction,
and other functional activities (34). In this study, we
successfully simulated a periodontitis cell model by LPS
stimulation of HPDLCs. In addition, we found that ligation
around rat molars could lead to plaque accumulation and
eventually periodontal gingival injury and subsequent
bone resorption (35). On the above basis, our study
successfully applied the previous empirical methods of
animal modeling (36) of periodontitis and adopted a
double ligation of silk and orthodontic ligation wire. It
avoided the problems caused by the silk used by itself easily
falling off, and the orthodontic ligation wire used by itself
not being manageable to accumulate plaque, ensuring the
successful establishment of the periodontitis model. Bone
resorption and proinflammatory mediator expression in the
periodontitis model were closely related to the accumulation
of periodontal bacteria in the ligation area.
TRPV1 is involved in the process of immune activation
and the inflammatory response. Studies have found that
CD4+ and CD8+ T lymphocytes mediate the cellular immune
response, which is dependent on the Ca2+ channels in the
cell membrane. TRPV1 can trigger an influx of Ca2+ under
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the action of capsaicin, thereby causing the activation of T
cells and triggering the body’s autoimmune response (37).
In airway diseases such as asthma and chronic obstructive
pulmonary disease, the expression of TRPV1 in bronchial
fibroblasts is upregulated in the presence of potential
inflammatory stimuli (16). In addition, in patients with
atopic dermatitis and advanced osteoarthritis, the TRPV1
receptor also showed increased gene expression (38). This
phenomenon also existed in oral inflammatory diseases.
Rotpenpian N et al. found that the expression of TRPV1 in
the TMJ model injected with complete Freund’s adjuvant
was more potent than that in normal tissues (39). These
findings agree with the present results. In both in vivo and in
vitro inflammatory modeling environments, the expression
of TRPV1 was identically increased, suggesting that TRPV1
might positively affect periodontal inflammation and
become a new therapeutic target for inflammatory diseases
such as periodontitis.
In addition, active excitation of the capsaicin receptor
TRPV1 in inflammatory diseases such as pancreatitis,
nephritis, and pneumonia has been shown to promote
inflammation (40, 41). Vigna SR et al. (42) reported that the
activation of TRPV1 was involved in the occurrence and
progression of acute pancreatitis, and the TRPV1 antagonist
capsaicin could increase a variety of inflammatory
parameters, such as peroxidase activity and pancreatic
edema. Additionally, Chien-Lin Lu et al. (18) found that
hyperfunction of TRPV1 can activate caspase-1, release IL1β, and trigger tubule cell inflammation, while inhibiting
TRPV1 can alleviate the above symptoms. In periodontal
disease, N.-L. Avellan (43) reported that the local application
of capsaicin to the alveolar mucosa could cause a significant
elevation and activation of MMP-8, an essential destructive
protease in periodontitis.
The above studies agreed with our current research
results. In our study, the TRPV1 agonist CPS was injected
into the periodontal tissue of experimental periodontitis
rats, and the level of inflammatory mediators in the tissue
was increased, along with periodontal attachment loss. In
contrast, CPZ, an antagonist, had a negative regulatory effect.
However, previous studies have focused less on the specific
mechanism by which TRPV1 regulates the inflammatory
response, so our subsequent studies concentrated on this
aspect.
The PI3K/AKT pathway is one of the most frequently
activated signaling pathways in inflammation, including
periodontitis (44, 45). It can regulate various inflammatory
factors and chemokines, thus affecting the emergence and
development of inflammation. Farrerol, veratric acid, and
other drugs were found to inhibit the production of IL-6, IL8, or osteoclast formation in periodontal tissue by inhibiting
the PI3K/AKT signaling pathway (46–48). Therefore,
we detected proteins related to the PI3K/AKT pathway
in gingival tissues of the EP+CPS and EP+CPZ groups
by WB. The results showed that PI3K and AKT protein
phosphorylation levels, TRPV1 expression, and periodontal
inflammation levels had synergistic effects, suggesting that
the PI3K/AKT pathway may be one of the crucial pathways
of TRPV1-mediated periodontal inflammation and that it
positively affects the process of periodontal tissue damage.
Nevertheless, our experiment was merely a preliminary
exploration of the related mechanism and still had many
limitations. Upstream events leading to upregulation of
TRPV1 in periodontitis were not investigated. In addition,
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the specific molecular mechanism by which TRPV1
regulates the PI3K/AKT pathway and proinflammatory
mediator secretion remains unclear and should be further
investigated. Due to the complexity and diversity of
periodontitis, the expression level and biological functions
of TRPV1 need to be verified in other periodontal tissue
cells. At the same time, the relationship between TRPV1
expression and clinicopathological features in patients with
periodontitis needs to be studied in more clinical samples.
In summary, TRPV1 is involved in the regulation of
periodontal injury, and the PI3K/AKT signaling pathway
may play a significant role. Accordingly, TRPV1 has
the potential to become a new therapeutic target for
periodontitis; inhibition of TRPV1 gene activity may become
a new and biological-based treatment for periodontitis,
which has broad potential for clinical management of
periodontitis. An in-depth study of TRPV1 has prospective
and guiding effectiveness for the treatment and prognosis of
periodontitis patients.

Conclusion

Using models of periodontitis in vitro and in vivo, we
tested the hypothesis that TRPV1 was upregulated under
periodontal inflammatory conditions. The present findings
confirmed that phosphorylation of PI3K/AKT is involved
in TRPV1-mediated periodontal inflammation, and the
ratio of phospho-PI3K/PI3K and phospho-AKT/AKT had
a synergistic effect with the expression of inflammatory
factors in gingival tissue. Additional studies are required to
explore the function and internal mechanism of TRPV1 in
different periodontal-related cells and clinical models.

Acknowledgment

This work was sponsored by the Natural Science
Foundation Project of Chongqing (cstc2019jcyjmsxmX0191), Science Project of the Chongqing Municipal
Health Commission (Grant No.2021MSXM31), and the
Program for Innovation Team Building at Institutions
of Higher Education in Chongqing in 2016 (Grant No.
CXTDG201602006). And the results described in this paper
were part of student thesis.

Authors’ Contributions

All authors contributed to the research design. XX, YL
and ZhY Carried out experiments, analyzed data, made
figures, and drafted the manuscript. ZhY and ZhZh Revised
the manuscript. All authors approved the final version of the
manuscript.

Conflicts of Interest

All authors claim no conflicts of interest.

References

1. Van Dyke TE, Bartold PM, Reynolds EC. The nexus between
periodontal inflammation and dysbiosis. Front Immunol 2020;
11:511-519.
2. Miranda TS, Figueiredo N de F, Figueiredo LC, Silva HDP da,
Rocha FRG, Duarte PM. Cytokine profiles of healthy and diseased
sites in individuals with periodontitis. Arch Oral Biol 2020;
120:104957-104963.
3. Ebersole JL, Kirakodu S, Novak MJ, Stromberg AJ, Shen S,
Orraca L, et al. Cytokine gene expression profiles during initiation,
progression and resolution of periodontitis. J Clin Periodontol
2014; 41:853–861.
Iran J Basic Med Sci, Vol. 25, No. 5, May 2022

TRPV1 regulates periodontal damage via PI3K/AKT pathway

4. Izawa A, Ishihara Y, Mizutani H, Kobayashi S, Goto H, Okabe
E, et al. Inflammatory bone loss in experimental periodontitis
induced by aggregatibacter actinomycetemcomitans in
interleukin-1 receptor antagonist knockout mice. Infect Immun
2014; 82:1904–1913.
5. Hirayama A, Awano S, Seta Y, Ansai T. ADAM17 regulates
TNF-α expression upon lipopolysaccharide stimulation in oral
keratinocytes. Biomed Res 2017; 38:157–165.
6. Fujihara R, Usui M, Yamamoto G, Nishii K, Tsukamoto Y,
Okamatsu Y, et al. Tumor necrosis factor-α enhances RANKL
expression in gingival epithelial cells via protein kinase A signaling.
J Periodont Res 2014; 49:508–517.
7. Kawamoto D, Amado PPL, Albuquerque-Souza E, Bueno
MR, Vale GC, Saraiva L, et al. Chemokines and cytokines profile
in whole saliva of patients with periodontitis. Cytokine 2020;
135:155197-155205.
8. Kang S-Y, Seo SY, Bang SK, Cho SJ, Choi K-H, and Ryu
Y. Inhibition of spinal TRPV1 reduces NMDA receptor 2B
phosphorylation and produces anti-nociceptive effects in mice
with inflammatory pain. Int J Mol Sci 2021; 22:11177-11189.
9. Zholos A. TRP channels in respiratory pathophysiology: the
role of oxidative, chemical irritant and temperature stimuli. Curr
Neuropharmacol 2015; 13:279–291.
10. Güzel M, Akpınar O. Hydroxychloroquine attenuates
acute inflammation (LPS)-induced apoptosis via inhibiting
TRPV1 channel/ROS signaling pathways in human monocytes.
Biology(basal) 2021; 10:967-983.
11. Xu W, Liu J, Ma D, Yuan G, Lu Y, Yang Y. Capsaicin reduces
Alzheimer-associated tau changes in the hippocampus of type 2
diabetes rats. PLoS ONE 2017; 12:1-14.
12. Austah ON, Ruparel NB, Henry MA, Fajardo RJ, Schmitz
JE, Diogenes A. Capsaicin-sensitive innervation modulates the
development of apical periodontitis. J Endod 2016; 42:1496–1502.
13. Shen S, Al-Thumairy HW, Hashmi F, Qiao L-Y. Regulation of
transient receptor potential cation channel subfamily V1 protein
synthesis by the phosphoinositide 3-kinase/Akt pathway in colonic
hypersensitivity. Exp Neurol 2017; 295:104–115.
14. Bertin S, Aoki-Nonaka Y, de Jong PR, Nohara LL, Xu H,
Stanwood SR, et al. The ion channel TRPV1 regulates the activation
and proinflammatory properties of CD4+ T cells. Nat Immunol
2014; 15:1055–1063.
15. Kanno K, Shimizu K, Shinoda M, Hayashi M, Takeichi O, Iwata
K. Role of macrophage-mediated Toll-like receptor 4–interleukin1R signaling in ectopic tongue pain associated with tooth pulp
inflammation. J Neuroinflammation 2020; 17:312-326.
16. Sadofsky LR, Ramachandran R, Crow C, Cowen M, Compton
SJ, Morice AH. Inflammatory stimuli up-regulate transient
receptor potential vanilloid-1 expression in human bronchial
fibroblasts. Exp Lung Res 2012; 38:75–81.
17. Wang Y, Cui L, Xu H, Liu S, Zhu F, Yan F, et al. TRPV1 agonism
inhibits endothelial cell inflammation via activation of eNOS/NO
pathway. Atherosclerosis 2017; 260:13–19.
18. Lu C-L, Teng T-Y, Liao M-T, Ma M-C. TRPV1 hyperfunction
contributes to renal inflammation in oxalate nephropathy. Int J
Mol Sci 2021; 22:6204-6224.
19. Ying S, Tan M, Feng G, Kuang Y, Chen D, Li J, et al. Lowintensity pulsed ultrasound regulates alveolar bone homeostasis
in experimental periodontitis by diminishing oxidative stress.
Theranostics 2020; 10:9789–9807.
20. Sooampon S, Phoolcharoen W, Pavasant P. Thermal stimulation
of TRPV1 up-regulates TNFα expression in human periodontal
ligament cells. Arch Oral Biol 2013; 58:887–895.
21. Idris AI, Landao-Bassonga E, Ralston SH. The TRPV1 ion
channel antagonist capsazepine inhibits osteoclast and osteoblast
differentiation in vitro and ovariectomy induced bone loss in vivo.
Bone 2010; 46:1089–1099.
22. Ossola CA, Balcarcel NB, Astrauskas JI, Bozzini C, Elverdin
Iran J Basic Med Sci, Vol. 25, No. 5, May 2022

Xu et al.

JC, Fernández‐Solari J. A new target to ameliorate the damage
of periodontal disease: the role of transient receptor potential
vanilloid type‐1 in contrast to that of specific cannabinoid
receptors in rats. J Periodontol 2019; 90:1325–1335.
23. Han Y, Wang X, Ma D, Wu X, Yang P, Zhang J. Ipriflavone
promotes proliferation and osteogenic differentiation of
periodontal ligament cells by activating GPR30/PI3K/AKT
signaling pathway. Drug Des Devel Ther 2018; 12:137–148.
24. Liu F, Huang X, He J, Song C, Peng L, Chen T, et al.
Plantamajoside attenuates inflammatory response in LPSstimulated human gingival fibroblasts by inhibiting PI3K/AKT
signaling pathway. Microb Pathog 2019; 127:208–211.
25. Liu J, Wang X, Zheng M, Luan Q. Lipopolysaccharide from
porphyromonas gingivalis promotes autophagy of human gingival
fibroblasts through the PI3K/Akt/mTOR signaling pathway. Life
Sci 2018; 211:133–139.
26. Qiu X, Yu Y, Liu H, Li X, Sun W, Wu W, et al. Remodeling
the periodontitis microenvironment for osteogenesis by using a
reactive oxygen species-cleavable nanoplatform. Acta Biomaterialia
2021; 135:593-605.
27. Zhao B, Zhang W, Xiong Y, Zhang Y, Zhang D, Xu X. Effects
of rutin on the oxidative stress, proliferation and osteogenic
differentiation of periodontal ligament stem cells in LPS-induced
inflammatory environment and the underlying mechanism. J Mol
Hist 2020; 51:161–171.
28. Węglarz L, Wawszczyk J, Orchel A, Jaworska-Kik
M, Dzierzewicz Z. Phytic acid modulates in vitro IL-8 and IL-6
release from colonic epithelial cells stimulated with LPS and IL-1β.
Dig Dis Sci 2007; 52:93-102.
29. Kim E-N, Nabende WY, Jeong H, Hahn D, Jeong G-S. The
marine-derived natural product epiloliolide isolated from
sargassum horneri regulates NLRP3 via PKA/CREB, promoting
proliferation and anti-inflammatory effects of human periodontal
ligament cells. Marine Drugs 2021; 19:388-402.
30. Kang S-K, Park Y-D, Kang S-I, Kim D-K, Kang K-L, Lee S-Y,
et al. Role of resistin in the inflammatory response induced by
nicotine plus lipopolysaccharide in human periodontal ligament
cells in vitro. J Periodont Res 2015; 50:602–613.
31. Basso FG, Pansani TN, Turrioni APS, Soares DG, de Souza
Costa CA, Hebling J. Tumor necrosis factor-α and interleukin (IL)1β, IL-6, and IL-8 impair in vitro migration and induce apoptosis
of gingival fibroblasts and epithelial cells, delaying wound healing.
J Periodontol 2016; 87:990–996.
32. Garlet GP. Destructive and protective roles of cytokines
in periodontitis: a re-appraisal from host defense and tissue
destruction viewpoints. J Dent Res 2010; 89:1349–1363.
33. Romero-Castro NS, Vázquez-Villamar M, Muñoz-Valle JF,
Reyes-Fernández S, Serna-Radilla VO, García-Arellano S, et
al. Relationship between TNF-α, MMP-8, and MMP-9 levels
in gingival crevicular fluid and the subgingival microbiota in
periodontal disease. Odontology 2020; 108:25–33.
34. Bae W-J, Shin M-R, Kang S-K, Zhang-Jun, Kim J-Y, Lee S-C,
et al. HIF-2 inhibition supresses inflammatory responses and
osteoclastic differentiation in human periodontal ligament cells:
HIF-2α effects on inflammatory response and osteoclastogensis. J
Cell Biochem 2015; 116:1241–1255.
35. Jung J-I, Kim S, Baek S-M, Choi S-I, Kim G-H, Imm J-Y.
Ecklonia cava extract exerts anti-inflammatory effect in human
gingival fibroblasts and chronic periodontitis animal model by
suppression of pro-inflammatory cytokines and chemokines.
Foods 2021; 10:1656-1668.
36. Yang Y, Wang L, Zhang H, Luo L. Mixed lineage kinase domainlike pseudokinase-mediated necroptosis aggravates periodontitis
progression. J Mol Med 2022; 100:77-86.
37. Xia R, Samad T, Btesh J, Jiang L-H, Kays I, Stjernborg L, et
al. TRPV1 signaling: mechanistic understanding and therapeutic
potential. Curr Top Med Chem 2011; 11:2180–2191.
641

Xu et al.

38. Bryk M, Chwastek J, Kostrzewa M, Mlost J, Pędracka A,
Starowicz K. Alterations in anandamide synthesis and degradation
during osteoarthritis progression in an animal model. Int J Mol Sci
2020; 21:7381-7399.
39. Rotpenpian N, Arayapisit T, Roumwong A, Pakaprot N,
Tantisira M, Wanasuntronwong A. A standardized extract of
centella asiatica (ECa 233) prevents temporomandibular joint
osteoarthritis by modulating the expression of local inflammatory
mediators in mice. J Appl Oral Sci 2021; 29:1-8.
40. Silverman HA, Chen A, Kravatz NL, Chavan SS, Chang EH.
Involvement of neural transient receptor potential channels in
peripheral inflammation. Front Immunol 2020; 11:590261-590278.
41. Yang M, Jung S, Sethi G, Ahn K. Pleiotropic pharmacological
actions of capsazepine, a synthetic analogue of capsaicin, against
various cancers and inflammatory Ddseases. Molecules 2019;
24:995-1008.
42. Vigna SR, Shahid RA, Nathan JD, McVey DC, Liddle RA.
Leukotriene B4 mediates inflammation via TRPV1 in duct
obstruction-induced pancreatitis in rats. Pancreas 2011; 40:708–714.
43. Avellan N-L, Kemppainen P, Tervahartiala T, Vilppola P, Forster
C, Sorsa T. Capsaicin-induced local elevations in collagenase-2

642

TRPV1 regulates periodontal damage via PI3K/AKT pathway

(matrix metalloproteinase-8) levels in human gingival crevice
fluid. J Periodontal Res 2006; 41:33–38.
44. Hoare A, Soto C, Rojas-Celis V, Bravo D. Chronic inflammation
as a link between periodontitis and carcinogenesis. Mediators
Inflamm 2019:2019; :1–14.
45. Kim T-H, Choi SJ, Lee YH, Song GG, Ji JD. Combined
therapeutic application of mTOR inhibitor and vitamin D3 for
inflammatory bone destruction of rheumatoid arthritis. Med
Hypotheses 2012; 79:757–760.
46. Wang Q, Zhang B, Yu J-L. Farrerol inhibits IL-6 and IL-8
production in LPS-stimulated human gingival fibroblasts by
suppressing PI3K/AKT/NF-κB signaling pathway. Arch Oral Biol
2016; 62:28–32.
47. Wang Q, Sun L, Gong Z, Du Y. Veratric acid inhibits LPSinduced IL-6 and IL-8 production in human gingival fibroblasts.
Inflammation 2016; 39:237–242.
48. Yuan F-L, Xu R-S, Jiang D-L, He X-L, Su Q, Jin C, et al.
Leonurine hydrochloride inhibits osteoclastogenesis and prevents
osteoporosis associated with estrogen deficiency by inhibiting the
NF-κB and PI3K/Akt signaling pathways. Bone 2015; 75:128–137.

Iran J Basic Med Sci, Vol. 25, No. 5, May 2022

