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Microorganism contamination can induce dental pulp 
inflammation and generate pain. In this process, complex 
communication occurs between the immune and nervous system 
components until pain perception occurs. An improved 
understanding of the interactions involved in the dental pulp 
inflammatory pain process can be the basis for developing 
potential therapeutic agents. The current study aims to analyze 
the inflammatory pain process that follows the application of 
Porphyromonas gingivalis lipopolysaccharide (LPS) to dental pulp 
tissue by examining the expression of calcitonin-gene-related 
peptide (CGRP) in neurons (neuron-CGRP) and macrophages 
(macrophage-CGRP) as well as the expression of NaV 1.8 in 
neurons (neuron-NaV 1.8). This experimental laboratory study 
utilized 32 Spraque Dawley rats, divided into two groups. In the 
mandibular incisors, the control group only had access openings, 
while the treatment group had access openings and P. gingivalis 
LPS injections. Each group was terminated after 48 hours. Then 
slide preparations were made, and immunohistochemical 
staining was done to observe the expressions of neuron-CGRP, 
macrophage-CGRP, and neuron-NaV 1.8 using a light microscope. 
The LPS administration induced a significant increase in the 
expression of neuron-CGRP, macrophage-CGRP in macrophages, 
and neuron-NaV 1.8. There was no significant difference 
between the neuron-CGRP and macrophage-CGRP expressions. 
The neuron-CGRP is significantly and positively correlated with 
neuron-NaV 1.8. The microbial contamination via P. gingivalis 
LPS application to dental pulp tissue can increase the expression 
level of CGRP in both neurons and macrophages. However, only 
neuron-CGRP has been proven to significantly cause an increase 
in neuron-NaV 1.8 expression.  
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Introduction 

Many studies have been conducted on the 

inflammatory response in the dental pulp, 

which is a dynamic and complicated response 

involving neuronal, vascular, and 

immunologic responses to different damages 

such as dental trauma, caries, periodontal 

disease, and operative dentistry procedures. 

However, the invasion of bacteria and its 
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elements is the primary cause of pulp 

inflammation [1]. A diverse microorganism 

habitat mainly consists of gram-negative 

bacteria, particularly obligate anaerobic 

species, is a characteristic of pulp tissue 

infections. Porphyromonas gingivalis was 

shown to be highly prevalent (58.8%) in the 

bacteria linked to primary endodontic 

infections and irreversible pulpitis, according 

to research by Zargar et al. (2020) [2]. 

Gram-negative bacteria have 

lipopolysaccharide (LPS) in their cell walls, 

which is a potent endotoxin that triggers an 

inflammatory reaction. LPS can therefore 

directly affect the host's immune system and 

vulnerability to disease [3]. LPS stimulates 

several downstream signaling pathways by 

attaching to the cell's Toll-Like Receptors 

(TLRs), which results in the production of 

inflammatory mediators. Bacterial 

lipopolysaccharide (LPS) is a crucial starter in 

the pathophysiology of pulpitis. It enters the 

afflicted dental pulp tissue and stimulates the 

significant production of inflammatory 

mediators, which in turn sets off the pulp's 

inflammatory response [4].  

The 37-amino acid peptide known as 

calcitonin gene-related peptide (CGRP), 

which was initially discovered in 1982, is 

created when the calcitonin gene (CT/CALCA) 

is spliced alternatively. The peripheral and 

central sensory nerve systems are where 

CGRP is mostly distributed. The most typical 

associations of CGRP are with sparsely 

myelinated Aδ nerve fibers and small-

diameter unmyelinated sensory C nerve 

fibers [5]. The G protein-coupled receptor 

(GPCR), also referred to as the calcitonin 

receptor-like receptor (CALCLR/CLR), is 

responsible for mediating its biological 

activity. It forms a receptor complex with 

accessory proteins, namely receptor 

component protein (RCP) and receptor 

activity-modifying protein (RAMP), to modify 

the transduction of signals from ligand 

binding and its selectivity [6]. Depending on 

where it is expressed, CGRP can have a 

variety of physiological functions, including 

as nociception, metabolism, vasodilation, and 

inflammation [7]. The sensory nerve fibers 

that innervate the tooth pulp include CGRP, 

one of the numerous neuropeptides in the 

trigeminovascular system. By boosting the 

production of inflammatory mediators, 

inducing vasodilation, influencing pulp blood 

flow and collateral circulation, and even 

inducing vascular collapse, CGRP and SP work 

in concert to alleviate the dental pulp 

inflammatory process [8].  Depending on the 

level of each stimulus, CGRP may also be 

associated with the mechanism of orofacial 

inflammatory pain brought on by orthodontic 

movement forces, occlusal trauma 

stimulation, or their combination [9]. It is 

possible that CGRP regulates odontoblast 

development and function during dentin 

bridge formation and wound healing [10]. 

When compared to healthy pulps, pulps with 

irreversible pulpitis have noticeably greater 

levels of CGRP expression [11,12]. 

It is commonly known that neuronal cells 

generate the neuropeptide CGRP. 

Nevertheless, CGRP may also be generated by 

non-neuronal cells, as many investigations 

have demonstrated. Emerging evidence  

indicates that immune cells and nerve cells 

can both emit neuronal peptides that regulate 

the immune system's reaction to external 

injuries [13]. It has been demonstrated that 

immune cells such B lymphocytes [14,15] and 

monocytes [16] generate CGRP, 

demonstrating their function in regulating 

inflammatory and immunological responses. 

Research conducted by Ma et al. [17] shown 

that LPS endotoxin at dosages of 0.1 and 1 

μg/mL escalated the amount of CGRP in 

peritoneal macrophages of Spraque-Dawley 

rats. In the meanwhile, Ma's 2010 study [18] 

shown that RAW264.7 macrophage cells' 

release of CGRP was markedly enhanced by 

LPS induction at doses of 0.1 and 1 μg/mL for 

6, 12, 24, (the maximum release), and 48 

hours. 
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Inflammatory pain and peripheral 

sensitivity in the tooth pulp are significantly 

heightened by CGRP [19]. In the meanwhile, 

macrophages play a part in inflammatory and 

immunological responses and are a 

significant source of CGRP [13]. Nevertheless, 

only a few  studies has been done on the 

CGRP that macrophage cells create. In fact, no 

studies have been done to discover CGRP 

expression in tooth pulp tissue macrophages. 

The expression of CGRP by macrophages in 

dental pulp tissue in response to P. gingivalis 

LPS administration, as well as its possible 

role in dental pulp inflammation and pain 

mechanism, were therefore among the goals 

of this current work. 

One of the clinically utilized signs and 

symptoms to diagnose pulp inflammation is 

pain, which is one of the pathophysiological 

changes brought on by pulp inflammation. 

Transduction, transmission, modulation, and 

perception are the four primary mechanisms 

involved in pain perception. Afferent nerve 

terminals convert inputs into nociceptive 

impulses through a process called 

transduction [20]. One of the main processes 

behind dental pain during inflammation is the 

reduction in the threshold for ectopic action 

potentials arising from the nociceptive 

pathway, which increases the sensitivity of 

primary sensory neurons and generates 

spontaneous pain. Increased expression of 

voltage-gated sodium channels (VGSC) in 

primary afferent neurons lowers the action 

potential threshold, which in turn causes an 

increase in action potential [21,22]. 

Transmembrane ion channels known as 

voltage-gated sodium channels (VGSCs) 

contribute in the initiation and development 

of action potentials as well as the excitability 

of the cell membrane [21,22]. NaV 1.8. is one 

of the tetrodotoxin-resistant (TTX-R) sodium 

channels that is primarily located in the 

unmyelinated C nerve fiber, the major group 

of sensory nerve fibers that innervate the 

dental pulp tissue. Nav1.8 is an isoform that is 

more upregulated in diseased teeth 

compared to normal pulp. Its location along 

the nerve axon promotes faster conduction of 

impulses from the terminal to the central 

terminal, thereby mediating the spontaneous 

and sharp pain that is characteristic of 

pulpitis. It is assumed that NaV 1.8 has an 

essential function in regulating the pain 

features of irreversible pulpitis since this 

channel can form clusters in myelinated 

segments of unmyelinated axons [23]. Studies 

demonstrated a considerable increase in NaV 

1.8 expression in primary tooth pulp that was 

inflamed [24,25]. 

The aforementioned explanation gave rise 

to the idea of researching the process of 

inflammatory pain in the dental pulp that 

follows the application of P. gingivalis LPS to 

dental pulp tissue through the expression of 

CGRP in neurons (neuron-CGRP) and 

macrophages (macrophage-CGRP) and the 

expression of NaV 1.8 in neurons (neuron-

NaV 1.8). A deeper comprehension of the 

immune system's and nervous system's 

interactions throughout the dental pulp 

inflammatory pain process may serve as the 

foundation for the identification of viable 

targets for dental pulp inflammatory pain 

treatment. 

Materials and methods 

This was an experimental laboratory study 

utilizing thirty-two male Spraque Dawleys 

that matched the inclusion criteria (full 

eruption of mandibular incisors, age of 

twenty weeks, weight as a whole of 425-450 

grams, and fair health). The Federer formula 

was used to determine the sample size. The 

rats were assigned randomly into the control 

group and the LPS application group. The unit 

of analysis was the mandibular incisors. The 

Health Research Ethical Clearance 

Commission, Faculty of Dental Medicine, 

Airlangga University, examined and 

authorized every technique used in this study 
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(Certificate Number: 882/HRECC. FODM/ 

XII/2022). 

To sedate each sample in all treatment 

group, an intraperitoneal injection of sterile 

Phosphate Buffer Saline (PBS) diluted with 80 

mg/kg of ketamine and 10 mg/kg of xylazine 

was given. Using a high-speed handpiece and 

a fissure bur, the pulp chamber was opened 

by creating a flat plane at the level of the 

interdental papillae (3 mm), and then 

perforation of the pulp chamber was done 

with a round bur. Following this procedure, 

the pulp chamber was injected with 10 µl 

Porphyromonas gingivalis lipopolysaccharide 

(Ultrapure lipopolysaccharide from 

Porphyromonas gingivalis–TLR4 ligand, 

Catalog # tlrl-ppglps. Version #14F18-MM. 

InvivoGen, San Diego, CA USA) and sealed 

with glass ionomer cement. This was done in 

the LPS application group. In contrast, the 

control group's cavity was sealed with glass 

ionomer cement without the LPS injection. A 

ketamine and xylazine overdose injection was 

used to terminate all samples 48 hours later. 

The mandibles were then isolated, fixated, 

and left in 10% buffered formalin for 24 

hours. After being decalcified for 30 days 

using 4% ethylene diamine tetraacetic acid 

(EDTA), the tissues are made into a paraffin 

block. Using a microtome, tissues in paraffin 

blocks were cut into a thickness of 4 μm, then 

put on polysine slides and heated to 56-58 °C 

for an entire night. The slides were then 

immersed in 3% hydrogen peroxide for 30 

minutes at room temperature to eliminate the 

endogenous peroxide activity. After 

deparaffinizing the 4 µm periapical tissue 

slices in xylol, they were rehydrated using a 

graded alcohol and water (xylol for 20 

minutes, 100% alcohol for 5 minutes, 95% 

alcohol for 5 minutes, and 70% alcohol for 5 

minutes). Afterwards, they were rinsed for 5 

minutes under running water. 

Using immunohistochemical staining, the 

expression of neuron-CGRP, machrophage-

CGRP and neuron-NaV 1.8 were examined. 

The antibody of CGRP and NaV 1.8 (Anti-rat 

monoclonal antibody, Santa Cruz 

Biotechnology Inc., Texas, USA) were used. A 

light microscope (Nikon E100 LED binocular 

microscope, Nikon, New York, USA) with a 

1000x magnification was used to examine the 

preparations. 

Results 

Figures 1, 2, and 3 demonsrtate the 

histological observation results for the 

expression of neuron-CGRP (Figure 1 (A-B)), 

macrophage-CGRP (Figure 2 (A-B)), and 

neuron-NaV 1.8 (Figure 3 (A-B)). The LPS 

application groups showed a higher 

expression compared to the control groups. 

The data obtained from the study on 

dental pulp inflammation following 

lipopolysaccharide administration based on 

the expression of neuron-CGRP, macrophage-

CGRP, and neuron-NaV 1.8 are presented in 

Table 1. The Shapiro-Wilk and Levene tests 

were performed to look at the data 

distribution and homogeneity for each group 

before the difference test (Independent T-

test) was applied to each group. The data 

distribution for each treatment group is 

normal (p > 0.05) and the variance is 

homogeneous (p > 0.05). 

As shown in Table 1 and Figure 4, LPS 

application on dental pulp tissue group 

showed a significantly higher neuron-CGRP, 

macrophage-CGRP and neuron-NaV 1.8 than 

in control group (p = 0,001).   

Afterwars, the CGRP expression level 

following LPS application was  compared 

between neuron-CGRP and macrophage-

CGRP. The mean value of macrophage-CGRP 

expressions seems higher than neuron-CGRP 

expression. However, as listed in Table 2, the 

Independent T-test revealed that there was 

no significant difference (p = 0.328). 

The correlation between neuron-CGRP, 

macrophage-CGRP, and neuron-NaV 1.8 was 

ascertained using the Stepwise Regression 

Analysis Test. The results, as provided in 

Table 3, showed that there was a positive and 
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significant correlation between the neuron-

CGRP and neuron-NaV 1.8 (p = 0.001). The 

correlation between macrophage-CGRP and 

neuron-NaV 1.8 has a value of p = 0.556         

(p > 0.05), which means there is no 

significant relationship between macrophage-

CGRP and neuron-NaV 1.8 expressions. 

 

 
FIGURE 1 Expression of neuron-CGRP in control group (A), in LPS application group (B) 

 
FIGURE 2 Expression of macrophage-CGRP in control group (A), in LPS application group (B) 

 
FIGURE 3 Expression of neuron-NaV 1.8 in control group (A), in LPS application group (B) 

 

TABLE 1 The mean value, standard deviation, and Independent T-test result of neuron-CGRP, 

macrophage-CGRP, and neuron-NaV 1.8 expressions 

Variable 
Treatment  

Group 
x ± sd 

Independent T-test  
(P-value) 

neuron-CGRP 

Control 2.56 ± 0.964 

p = 0.001 
LPS 5.94 ± 1.436 

macrophage-CGRP Control 4.13 ± 1.586 
p = 0.001 

LPS 6.56 ± 2.065 

neuron-NaV 1.8 Control 3.31 ± 1.401 
p = 0.001 

LPS 7.00 ± 1.673 
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FIGURE 4 The expression of neuron-CGRP, macrophage-CGRP, and neuron-NaV 1.8  

 

TABLE 2 The mean value, standard deviation, and Independent T-test result of neuron-CGRP 

and macrophage-CGRP expressions 

 

 

 

 

 

 

 

TABLE 3 Stepwise Regression Analysis Test (Standardized Coefficient = Beta) 

Variable neuron-CGRP macrophage-CGRP 

neuron-NaV 1.8 

coefficient 
value 

p-value coefficient 
value 

p-value 

0.554 0.001 - 0.556 

 

Discussion 

Increased CGRP expression in neurons and 

macrophages after LPS application The 

present investigation validated the 

noteworthy elevation in CGRP expression in 

neurons subsequent to the LPS 

administration. The increase in CGRP 

expression is due to the recognition of LPS by 

its receptor, TLR4, on the neurons surface. 

Following its recognition of LPS, TLR4 will 

start the myeloid differentiation protein 88 

(Myd 88) pathway, turn on protein kinase C 

(pKC), and then subsequently bind to 

transient receptor potential vanilloid 1 

(TRPV1).  After that TRPV1 will control the 

production and discharge of CGRP, which will 

raise the expression of neuron-CGRP [13]. 

The findings of this investigation align with 

several previous studies that demonstrate 

injecting LPS intraperitoneally into male mice 

causes intracellular signaling by binding to 

the TLR4 membrane receptor, which 

subsequently modifies the release of CGRP 

Variable x ± sd 
Independent T-test 

(P-value) 

neuron-CGRP 5.94 ± 1.436 
p = 0.328 

 macrophage-CGRP 6.56 ± 2.065 



P a g e  | 564  Expression of CGRP and NaV 1.8 in neurons and … 

 

 

[26]. Increased CGRP expression also occurs 

when P.gingivalis LPS is applied, followed by 

extirpation of dental pulp tissue,  through 

TLR4 activation [27]. In Kaewpitak et al.'s 

research [28], it was demonstrated that P. 

gingivalis LPS rapidly stimulates trigeminal 

sensory neurons through the TLR4, TRPA1, 

and TRPV1 receptors, leading to enhanced 

production and release of CGRP. In 

comparison to teeth with healthy pulp, teeth 

with irreversible pulpitis showed a 

substantial increase in CGRP expression [11-

12,29]. 

The expression of CGRP by dental pulp 

macrophages following P. gingivalis LPS 

injection has been successfully proven by this 

study. When LPS binds to its receptor (TLR4) 

distributed on the macrophages surface, the 

Myd88 pathway is triggered, which in turn 

causes intracellular signal transduction in 

macrophages. The next step involves the 

activation of interleukin-1 receptor-

associated kinase (IRAK) leading to the 

recruitment of tumor necrosis factor 

receptor-associated factor 6 (TRAF-6), as well 

as turning on the inhibitor of IκB kinase 

(IKK). Physiologically, IKK will attach to I-κB, 

activate the cytoplasmic inactive nuclear 

transcription factor kappa-B (NF-κB), and 

release NF-κB into the nucleus of the cell. NF-

κB is a protein complex that regulates the 

transcription of deoxyribo nucleic acid (DNA) 

in the cell nucleus enabling the transcription 

and secretion of tumor necrosis factor alpha 

(TNF-α). By connecting to the tumor necrosis 

factor alpha receptor (TNFR) on the cell 

surface, the released TNF-α can re-enter the 

macrophage and activate tumor necrosis 

factor receptor associated factor-2 (TRAF-2). 

Thereby, it triggers mitogen activated protein 

kinase/extracellular regulated kinase kinase 

(MEK) to phosphorylate mitogen activated 

protein kinase (MAPK) and initiates the 

secretion and release of CGRP, resulting in an 

increase in macrophage-expressed CGRP.  

The macrophage-CGRP expressions shown 

in this current investigation verify the 

statement that CGRP can be secreted by non-

neuronal cells. This is consistent with the 

finding made by Assas [13] on mounting data 

indicating the potential role that neural 

peptides produced by both neuronal and non-

neuronal cells play in controlling the immune 

system's reaction to external injuries. A few 

recent studies that corroborate this claim are 

those by Yin et al. [30], which showed 

elevated CGRP expression in Aspergillus 

fumigatus-induced mouse corneal 

macrophages, and Duan's [31], which 

demonstrated increased CGRP mRNA and 

protein in mouse macrophages (RAW 264.7) 

induced by 1 μg/mL LPS. 

Table 1 indicates that the average 

expression level of macrophage-CGRP 

appears to be higher (6.56) than that of 

neuron-CGRP (5.94). Nevertheless, there was 

no noteworthy distinction in the expression 

of neuron-CGRP or macrophage-CGRP 

following LPS treatment, based on the  result 

of Independent T-test (Table 3). The presence 

of migratory macrophages, which are drawn 

from blood vessels to the site of inflammation 

and express CGRP, is likely responsible for 

the greater level of macrophage-CGRP. Acute 

phase proteins, chemokines, and cytokines 

are released during the acute phase of the 

inflammatory process following an injury. 

These mediators provoke neutrophils and 

macrophages to migrate over the blood 

circulation to the actual location of 

inflammation [32]. According to Tajima et al. 

[33], LPS stimulation of E. coli promotes 

macrophage migration through activation of 

Prostaglandin D2 and Prostaglandin E2. In 

conjunction with pulp tissue-resident 

macrophages, located in cell-rich zone, these 

incoming macrophages then express CGRP 

according to the signalling pathway described 

previously. Hence, the CGRP expression in 

macrophages appears to be greater in 

quantity than in neurons. Increased NaV 1.8 

expression in neurons after LPS application 

The level of neuron - NaV 1.8 expression 

increased significantly after LPS 
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administration. The next sections outline a 

few possible paths that might lead to this. 

CGRP, whether expressed by neurons or 

macrophages, will then be identified by its 

receptor on the surface of neurons, i.e. the 

calcitonin receptor-like receptor (CALCLR). 

The introduction of CGRP by CALCLR in 

neurons will activate phospholipase C (PLC) 

to create diacylglycerol (DAG). Furthermore, 

DAG will also activate protein kinase C (pKC) 

and phosphorylate sodium channels to 

regulate their function, leading to increased 

NaV 1.8 expression. On the other hand, CGRP 

binding to CALCLR on the neurons surface 

also activates adenylyl cyclase (AC), which in 

turn produces cyclic adenosine 

monophosphate (cAMP). Next, cAMP will 

activate cAMP-dependent protein kinase 

(pKA) and phosphorylate sodium channels to 

regulate their function, resulting in increased 

NaV 1.8 expression. This explanation is in line 

with Natura et al.'s [34] study, which showed 

that CGRP elevates TTX-R Na+ currents in a 

subset of DRG neurons and is adequate to 

generate action potentials. 

On another pathway, macrophage-

produced TNFα binds to neuronal surface 

TNFR, activating tumor necrosis factor 

receptor-associated factor-2 (TRAF-2) and 

then triggering mitogen-activated protein 

kinase / extracellular-regulated kinase kinase 

(MEK) to phosphorylate the protein 38 

mitogen-activated protein kinase (p38 

MAPK), thereafter modulating sodium 

channels to regulate their function. 

Ultimately, this results in increased 

expression of neuron-NaV 1.8. 

The elevated expression of neuron-NaV 

1.8 in the dental pulp seen in this study is 

consistent with the findings of several other 

studies. The NaV 1.8 function in the process 

of pulp inflammatory pain was demonstrated 

by research by Renton et al. [35], which 

revealed an increase in NaV 1.8 expression in 

the pulp tissue group of patients experiencing 

tooth pain as a result of the caries process. 

Research by Suwanchai et al. [24] 

demonstrated that inflamed primary tooth 

pulp had a considerable increase in NaV 1.8 

expression. Patients with lingual nerve 

neuroma who complained of pain were also 

shown considerably greater expression of 

NaV 1.8, according to the research by Bird et 

al. [36]. There was also a positive association 

between the patient's VAS score and NaV 1.8 

expression. These researchers suggested NaV 

1.8 as a potential target for pain therapy. 

Correlation between CGRP expression in 

neurons and macrophages with NaV 1.8 

expression in neurons after LPS application  

The results of pathway analysis, as 

summarized in Table 4, statistically prove a 

positive and significant correlation between 

neuron-CGRP and neuron-NaV 1.8. It means 

that the higher the neuron-CGRP expression, 

the higher the expression of neuron-NaV 1.8. 

This result proves that microbial injury from 

P. gingivalis LPS can trigger inflammatory 

pain transduction in the dental pulp by 

elevating the production of neuron-CGRP, 

which subsequently amplifies the expression 

level of neuron-NaV 1.8. This, in turn, will 

generate action potential. Further research is 

needed to develop neuron-CGRP and NaV 1.8 

as potential therapeutic targets for dental 

pulp inflammatory pain therapy. 

On the other hand, although having a 

greater average expression following LPS 

administration, pathway analysis revealed 

statistically that macrophage-CGRP did not 

have a significant association with neuron-

NaV 1.8 expression. The reason for this might 

be that neuron-CGRP and mecrophage-CGRP 

are distinct isoforms that play different 

function. CGRP exists in two isoforms: αCGRP 

and βCGRP. With just three distinct amino 

acids, the two share 94% of their structural 

similarities. Both, nevertheless, are 

distributed in different locations. Whereas 

αCGRP is mainly found in the peripheral and 

central nervous systems, particularly in the 

dorsal root ganglion cell bodies, βCGRP is 

mostly found in the pituitary gland, intestine, 

and immunological cells such as T cells [37]. 
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Research by Xing et al. [38] found that only 

βCGRP mRNA is expressed by mouse 

lymphocytes. Wang et al.'s research [15] also 

showed that human lymphocyte cells are 

capable of producing βCGRP. In mouse and 

human keratinocyte cultures, βCGRP mRNA is 

expressed greater than αCGRP, according to 

Hou et al. [39]. According to our estimation, it 

seems probable that following the injection of 

P. gingivalis LPS in the dental pulp tissue, the 

neurons will express more of the isoform 

αCGRP, whereas the macrophages will 

express more of the isoform βCGRP. Further 

examination is required to determine the 

CGRP isoform produced by nerve cells and 

macrophage cells in dental pulp tissue. 

The role of CGRP released by non-

neuronal cells is not yet clearly known, as is 

the function of CGRP expressed by dental 

pulp tissue macrophages. Some of these 

studies attempt to elucidate the function of 

non-neuronal CGRPP. Xing et al.'s study [38] 

shown that in rat cells, βCGRP mRNA 

functions as a negative modulator-feedback 

loop in response to immunological stimuli. 

According to research by Wang et al. [15], 

human lymphocyte cells' βCGRP is involved in 

limiting the growth and adjusting the 

functionality of human T-lymphocyte cells. 

According to research by Hou et al. [39], 

βCGRP mRNA in rat and human keratinocytes 

contributes differentially to pain situations 

and homeostasis maintenance. According to 

Hu et al.'s review [40], CGRP from non-neural 

sources is critical for regulating a number of 

physiological and pathological processes. It 

does this through a variety of channels, 

including autocrine/paracrine mechanisms. 

To fully understand how macrophage-CGRP 

contributes to the inflammatory process of 

tooth pulp tissue, more study is required. 

Conclusion  

The current study proved that microbial 

contamination via P. gingivalis LPS 

application can induce pain transduction, 

which is characterized by an increase in the 

expression of neuron-CGRP and macrophage-

CGRP as well as neuron-NaV 1.8. 

Nevertheless, it has been demonstrated that 

only neuron-CGRP may positively and 

significantly elevate the expression of 

neuron-NaV 1.8, which in turn generates 

potential action that commences the pain 

transduction process. 
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