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An inflammatory cytokine called tumor necrosis factor alpha 
(TNFα) is responsible for coordinating the body's reaction to 
injury and illness. TNFα expression can cause nociceptors to 
become hypersensitive to pain in addition to promoting 
inflammation. Based on a neuroimmunological approach, the 
immunohistochemistry image was examined by looking at the 
expression of TNFα and Hsp10 in macrophages and voltage-
gated sodium channel 1.7 (Nav1.7) in nerve cells. Fifteen Sprague 
Dawley mice were used in the laboratory experiment; the 
animals were split into three groups, each with five mice: a 
control group, a group that removed normal pulp tissue, and a 
group that removed inflammatory pulp tissue. Tissue samples 
were taken from dental apical field of the mandibular incisor. 
The samples were all analyzed by immunohistochemistry 
techniques. When compared to the normal pulp tissue extraction 
group, the inflamed pulp tissue extraction group revealed a 
substantial drop in Nav1.7 expression, suggesting that Nav1.7 
expression can be disrupted by increased Hsp10 expression. It 
implies that the discomfort risk during pulp extraction surgery 
will be reduced if the tooth pulp is infected or inflamed. The pulp 
tissue experiences an upregulation of TNFα expression upon 
extraction. Pain is caused by an increase in TNFα expression, 
which also raises Nav1.7 expression via the TNFR pathway. In 
the meantime, removing inflammatory pulp tissue significantly 
increases Hsp10 expression, which results in a drop in TNFα and 
Nav1.7 expression. When normal pulp tissue is removed, the 
pain response is more intense than when infected or 
inflammatory pulp tissue is removed. 
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Introduction 

Adult permanent teeth with irreversible 

pulpitis require immediate root canal therapy 

or endodontic treatment because the 

inflamed, critical pulp cannot recover. A root 

canal, also known as an endodontic therapy, 

is a medical operation used to treat pulp 

inflammation and necrotic pulp tissue 

brought on by dental caries or trauma. For 

endodontically treated teeth to support the 

outcome of a root canal, clinical and 

radiographic examination is necessary. The 

whole pulp tissue in the root canal must be 

removed, followed by cleaning and bioinert 

material restoration [1-3]. A root canal 

treatment involves a three-dimensional 

hermetic obturation after a combination 
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chemical and mechanical technique to 

eradicate pulpal and periradicular illness and 

promote periradicular tissue healing and 

restoration [4].  

Endodontic flare-ups, which may be 

excruciating for both the dentist and the 

patient, occur when endodontic therapy 

exacerbates symptoms like pain and swelling 

during or after the procedure. A flare-up is 

characterized as an abrupt worsening of 

periradicular pathosis following the start or 

continuation of endodontic therapy, 

necessitating an unforeseen patient visit and 

dental intervention [5,6]. Studies have 

demonstrated that various variables, 

including mechanical, chemical, and 

microbiological ones, contribute to flare-ups 

[4]. Between 3% to 58% of all endodontic 

patients have postoperative discomfort, 

which is a relatively common occurrence [7]. 

The greatest frequency of flare-ups occurs 24 

hours following root canal therapy, per 

studies by Aoun et al. and Vieyra et al. [8,9]. 

The painful illness known as pulpitis, 

which is mostly caused by Gram-negative 

bacteria, is an inflammation of the tooth pulp. 

The Gram-negative bacterial outer membrane 

contains lipopolysaccharides, which 

contribute to the inflammation of the tooth 

pulp [10]. Since lipopolysaccharide (LPS) is 

the main component of the cell walls of gram-

negative bacteria, it is well-known to be a 

powerful activator of monocytes and 

macrophages. In addition, LPS can induce an 

acute inflammatory response by inducing the 

release of a large number of inflammatory 

cytokines in a variety of cell types [11]. 

Interleukin (IL) 6, IL 8, TNFα, and matrix 

metallopeptidase (MMP) 9 were all 

significantly upregulated by LPS [12]. In vitro 

studies employ LPS to cause inflammation in 

human dental pulp cells [10]. 

Blocking the TNFα/TNFR1 pathway or 

lowering immune cell TNFα production may 

be helpful for the illness advancement during 

the early stages of immunological damage, 

when TNFα secretion increases significantly 

[13]. Multipurpose cytokine tumor necrosis 

factor α (TNFα) has a strong pro-

inflammatory impact [14]. TNFα controls 

immune system development, cell survival 

signaling pathways, proliferation, and 

metabolism [15]. The transgenic mouse 

model (TNFαglo) can be utilized to analyze 

pulpitis discomfort since TNFα expression on 

its own can generate inflammation that is 

comparable to osteitis and pulpitis [16]. 

TNFα is distinct in that it uses its two 

receptors, TNFR1 and TNFR2, to activate 

pleiotropic signaling [17]. TNFα expression 

can cause nociceptors to become 

hypersensitive to pain in addition to promote 

inflammation [16]. The enhanced regulation 

of NaV1.7 in DRG rat nerve cells is caused by 

TNFα, and NF-κβ is the signaling pathway 

implicated in this process [18]. 

Heat shock proteins are found in cells 

regularly and are among the most conserved 

proteins in evolution. However, they become 

overexpressed in response to stressors such 

abrupt temperature changes. The primary 

function of heat shock proteins (Hsps), which 

are conserved molecules, is to aid in the 

folding of other proteins. Because they are 

especially significant cytoprotectors in cells 

under stress, most Hsps are generally stress-

inducible. Certain Hsps are released to the 

cell exterior, especially in reaction to stress, 

according to recent research. They are 

therefore typically thought of as danger 

signaling biomarkers. Moreover, it has been 

discovered that Hsp10 is increased and has a 

separate role in immunological regulation. 

Furthermore, Hsp10 by itself plays a major 

role in shielding prokaryotic or eukaryotic 

cells from environmental stressors brought 

on by inflammation, infection, and other 

factors [19,20]. 

Research has indicated a connection 

between a tooth's pulpal condition and a 

flare-up that occurs after endodontic therapy 

[21]. Compared to teeth with necrotic pulp, 

teeth with living pulps exhibit a decreased 

frequency of flare-ups [22]. When viable pulp 

is treated with a root canal, the incidence and 

severity of post-endodontic pain are much 
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higher than when pulp or tooth necrosis is 

treated with a root canal [23]. There is 

ongoing debate on the correlation between 

the severity of pain, the frequency of flare-

ups following endodontic treatment, and the 

pulp's state (necrosis or vitality) [24]. The 

diagnosis is crucial in predicting when flare-

ups may occur [25]. Significant alterations in 

the levels of NaV1.3, NaV1.5, and NaV1.7 are 

brought on by nerve damage. Following nerve 

damage, NaV1.7 is highly expressed in the 

spine and is connected with pain [26]. This 

work uses a neuroimmunological method 

based on TNFα, Hsp10 expression in 

macrophage cells, and NaV1.7 expression in 

nerve cells to examine the incidence of 

immunohistochemistry flare-ups in normal 

and inflammatory dental pulp following pulp 

tissue extraction. 

Materials and methods 

This study used an experimental laboratory 

design with a control group that was only 

used for the post-test. ANOVA was used to 

statistically examine the data. In this 

investigation, fifteen male Sprague Dawley 

mice were watched and given an appropriate 

setting for seven consecutive days to allow 

for adaption. The mice met the inclusion 

requirements by being in good condition, 

weighing 450 g, being 20 weeks old, and 

having fully erupted incisors. They also 

received normal maintenance and basic food 

(NIH #31 rodent diet). They were split up 

into three groups, each with five mice: a 

control group, a group that had normal pulp 

tissue extraction, and a group that had 

inflammatory pulp tissue extraction. The 

members of the treatment group were 

terminated concurrently with the control 

group, which did not receive any therapy. 

Before pulp extrusion, the mandibular 

incisors of Sprague Dawley mice were given 

intraperitoneal injections of ketamine (80 

mg/kg) and xylaxine (10 mg/kg) diluted in 

sterile Phosphate Buffer Saline (PBS) for the 

normal pulp tissue extirpation group. To 

create a flat surface using a fissure bur (Dia-

Burs TC-21 ISO 160/014 FG LOT 

D14G007800 MANI Inc 8-3 Kiyohara 

Industrial Park Utsunomia, Tochigi, Japan) 

and open the pulp chamber using a round bur 

using a high-speed handpiece pana-max NSK 

OM-T0307E Japan, the lower incisor of the 

pulp tissue extraction group was severed 

down to the level of the interdental papilla (3 

mm). Using a barbed broach (VDW Gmbh-

Bayerwaldstr. 15-81737 Munich, Germany), 

the tooth was extracted to a depth of 

approximately 11 mm. After inserting the 

barbed broach into the root canal and 

rotating it 360 degrees, the pulp tissue was 

removed. Since the greatest frequency of 

flare-up was thought to occur 0-24 h 

following root canal therapy before dropping, 

the tooth was thereafter sealed with glass 

ionomer cement and ended after 24 h [27]. 

An access opening was created on the 

lower incisor for the group that had the 

inflamed pulp tissue extraction before an 

intrapulpal injection of lipopolysaccharide 

(LPS) stock isolated from Porphyromonas 

gingivalis (Ultrapure lipopolysaccharide from 

Porphyromonas gingivalis-TLR4 ligand, 

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

InvivoGen. 3950 Sorrento Valley Blvd. Suite 

100 San Diego, CA 92121-USA) was given 

using a micropipette with 10 µl. Afterward, 

glass ionomer cement was used to seal the 

teeth. The pulp tissue was removed after 48 

hours, which is the amount of time needed for 

LPS induction to cause acute inflammation. 

Following a 24 h period, the teeth were 

extracted and cemented using glass ionomer 

cement [27]. 

Each jaw piece was fixed in 10% neutral 

formalin buffer for 24 hours after the pulp 

tissue removal in the treatment group was 

finished. It was subsequently decalcified at 

4% Diamine Tetraacetic Acid (EDTA) for 30 

days before a paraffin block preparation was 

created. Mandibular incisor analytical units 

were removed and subjected to 

immunohistochemistry analysis. Placed on 

polysine slides, the 4 μm thick paraffin block 

tissue slice was heated for an entire night at 

56-58 °C. By immersing the incision in 3% 
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hydrogen peroxide for 30 minutes at room 

temperature, endogenous peroxide activity 

was eradicated. After deparaffinizing a 4 μm 

apical tissue incision in xylene and 

rehydrating it with a graded alcohol and 

water solution (xylene for 4 x 5 minutes, 

absolute alcohol for 5 minutes, 95% alcohol 

for 5 minutes, 70% alcohol for 5 minutes, and 

finally washing with running water for 5 

minutes), anti-rat monoclonal antibodies 

against NaV1.7, Hsp10, and TNFα were used 

for immunohistochemical staining. A light 

microscope with a 1000x magnification was 

utilized for reading preparations [28]. 

Results 

Tables 1, 2, and 3 provide the mean and 

standard deviation for each phrase. The 

Levene test revealed homogenous findings (p 

> 0.05) and the Kolmogorov Smirnov test 

revealed normal results (p > 0.05) for the 

examination data in all treatment and control 

groups. The homogeneity of homogeneous 

variants and the normal data distribution are 

present in every treatment group.  

Table 1 shows that the Normal Pulp Tissue 

Extirpation group had the greatest mean 

expression of TNFα.  

Figure 2 presents the findings. Table 2 

indicates that the Inflamed Pulp Tissue 

Extirpation group had the greatest mean 

expression of HSP10. Figure 3 presents the 

findings. Table 3 shows that the Normal Pulp 

Tissue Extirpation group had the greatest 

mean expression of NaV1.7. Figure 4 displys 

the findings. 

 

 TABLE 1 Mean and standard deviations of TNFα expression 

Research 
Variable 

Treatment Group Mean ± SD 

TNF 
Control 0.6 ± 0.8944 

Normal pulp tissue extirpation 11.8 ± 1.0955 
Inflamed pulp tissue extirpation 7 ± 1.5811 

 
TABLE 2 Mean and standard deviations of Hsp10 expression 

Research 
Variable 

Treatment Group Mean ± SD 

Hsp10 
Control 1 ± 0.7071 

Normal pulp tissue extirpation 10 ± 0.7071 
Inflamed pulp tissue extirpation 15 ± 3.3167 

 
TABLE 3 Mean and standard deviations of NaV1.7 expression 

Research 
Variable 

Treatment Group Mean ± SD 

NaV1.7 
Control 0.8 ± 0.8367 

Normal pulp tissue extirpation 10.6 ± 1.1402 
Inflamed pulp tissue extirpation 5.4 ± 1.1402 

 

 
FIGURE 1 Expressions of TNFα, Hsp10, and NaV1.7 
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ANOVA statistical tests were used to 

ascertain the variations in TNFα expression, 

Hsp10, and NaV1.7 across treatment groups. 

The ANOVA test yielded a p value of 0.001 (p 

< 0.05). This demonstrates that there are 

notable variations in TNFα, Hsp10, and 

NaV1.7 expression throughout the therapy 

groups (Figure 1). The Tukey HSD statistical 

tests were run to determine whether 

treatment groups vary from one another. 

Table 4 presents the findings of the Tukey 

HSD statistical test. Table 4 shows that there 

is a p-value of less than 0.05 for TNFα 

expression across all treatment groups. This 

indicates that TNFα expression varies 

significantly across all treatments. The Hsp10 

expression has the p-value less than 0.05 in 

every treatment group. This demonstrates 

that there are notable variations in Hsp10 

expression across all treatment groups. P < 

0.05 is seen for NaV1.7 expression across all 

treatment groups. This demonstrates that 

NaV1.7 expression varies significantly 

throughout all treatment groups. 

 

 

TABLE 2 Mean and standard deviations of Hsp10 expression 

Research 

Variable 
Treatment Group Mean ± SD 

Hsp10 

Control 1 ± 0,7071 

Normal pulp tissue extirpation 10 ± 0,7071 

Inflamed pulp tissue extirpation 15 ± 3,3167 

 

TABLE 3 Mean and standard deviations of NaV1.7 expression 

Research 

Variable 
Treatment Group Mean ± SD 

NaV1.7 

Control 0,8 ± 0,8367 

Normal pulp tissue extirpation 10,6 ± 1,1402 

Inflamed pulp tissue extirpation 5,4 ± 1,1402 

 

 

TABLE 4 Tukey HSD test results for TNFα, Hsp10, and NaV1.7 expression in the control, normal 

pulp tissue extirpation, and inflamed pulp tissue extirpation group 

Research 
Variable 

 

   
Control 

  Normal pulp 
tissue 

extirpation 

Inflamed pulp 
tissue 

extirpation 

 Control   -   p = 0.001 p = 0.001 

TNF Normal pulp tissue extirpation   p = 0.001   - p = 0.001 

 Inflamed pulp tissue extirpation 
   

p = 0.001 
   

p = 0.001 
 
- 

 Control   -   p = 0.001 p = 0.001 

Hsp10 Normal pulp tissue extirpation   p = 0.001   - p = 0.005 

 Inflamed pulp tissue extirpation 
   

p = 0.001 
  

p = 0.005 - 

 Control   -   p = 0.001 p = 0.001 

NaV1.7 Normal pulp tissue extirpation   p = 0.001   - p = 0.001 

 Inflamed pulp tissue extirpation 
   

p = 0.001 
   

p = 0.001 
 
- 
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FIGURE 2 TNFα expression in dental pulp macrophage cells in control group (A), in normal pulp 

tissue extirpation group (B), and in inflamed pulp tissue extirpation group (C) at 1000x 

magnification 
 

 

 
FIGURE 3 HSP10 expression in dental pulp macrophage cells in control group (A), in normal 

pulp tissue extirpation group (B), and in inflamed pulp tissue extirpation group (C) at 1000x 

magnification 

 
FIGURE 4 NaV1.7 expression in dental pulp nerve cells in control group (A), in normal pulp 

tissue extirpation group (B), and in inflamed pulp tissue extirpation group (C) at 1000x 

magnification 

Discussion 

In this work, pulp tissue extraction in normal 

pulp results in an increase in TNFα 

expression. Damage associated molecular 

pattern (DAMP) is a result of cell damage in 

pulp tissue produced by extirpation, which 

increases the production of TNFα [29]. The 

expressions of Hsp70, NaV1.7, and CGRP 

were all elevated in the pulp tissue following 

its extraction. NaV1.7 may rise as a result of 

TNF being enriched by raising CGRP in nerve 

cells and Hsp70 in macrophage cells [30]. 

Release of ATP, HMGB1, DNA, HSP, and S100 

are indicators of the DAMP. The surface of 

macrophage cells has a receptor called TLR-4 

that detects the release of proteins from the 

cell. Moreover, it activates Myd 88, which in 

turn initiates an intracellular transduction 

signal, IRA activation, and the TRAF-

6recruitment, which phosphorylates 

inhibitors of IKK, activating I-κB kinase and 

inhibiting I-κB, which in turn inactivates and 

activates NF-κB. TNFα is stimulated by NF-κB 

expression, leading to an increase in TNFα-

expressing cells. Extracellular Hsp70 

stimulates the inflammatory pathways by 

interacting with membrane receptors such as 
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TLR2/4 or CD14. Lipopolysaccharides (LPS), 

a highly immunogenic bacterial endotoxin, 

may have been the cause of HSP70's pro-

inflammatory characteristics [29]. 

Harmful pulp extraction-related trauma 

can raise HSP70. TNFα expression can be 

elevated by increased HSP70 from 

macrophages, which happens when pulp 

extirpation reacts to physical trauma [30]. 

TNFα increases trigger TNFR activation, 

which in turn triggers TRAF2 activation. MEK 

is activated by TRAF2 activation, which in 

turn activates MAPK. When MAPK is 

activated, NaV1.7 is activated as well, leading 

to an increase in NaV1.7 expression. Through 

methods that rely on the NF-κB and p38 

MAPK signaling pathways in CNS neurons, 

TNFα increases Na+ currents by speeding up 

channel activation and boosting the 

expression of VGSC [31]. 

TNFα expression rises in normal pulp 

following pulp tissue extraction, which 

accounts for the increased expression of 

NaV1.7. TNF Receptor-Associated Receptor 2 

(TRAF-2) can be activated by TNFα via TNF-

R. Mitogen-activated Protein Kinase (MAPK) 

is triggered after TRAF-2 activation, which 

also activates MAPK Kinase (MEK). Sodium 

or sodium channels NaV1.7 are expressed 

when MAPK is activated. NaV1.7 expression 

rises in response to elevated TNFα 

expression. In rat neuropathic pain DRG 

neurons, exposure to TNFα increases sodium 

current [32]. NaV1.7 mRNA was upregulated 

by TNFα in both DRG neurons and adrenal 

chromaffin cells [33]. TNF increased NaV1.7 

and raised the membrane p-p65, an active 

form of NF-kB, in cultured DRG neurons [34]. 

TNFα cytokine release, microglial cells 

regulate Na channels in bipolar neurons 

more intensely, and they form pyramids in a 

somewhat different way [35]. The 

sensitization process linked to neuropathic 

pain and inflammation is explained by the 

effect of TNFR activation on VGSC/NaV, 

which promotes excitation in primary 

afferent neurons [36]. 

Normal pulp exhibits increased 

expression of HSP10 following pulp 

tissue extraction because of its role in 

shielding cells from inflammatory and 

infectious stressors. Therefore, one of the 

intracellular stress proteins known as the 

resolution-associated molecular patterns 

(RAMPs) is binding immunoglobulin 

protein (BiP). When the RAMPs are 

decompartmentalized from inside the 

cell, they feed pro-resolution and anti-

inflammatory signals into immune 

networks. In addition to be founding 

members of the RAMP family, HSP10, 

HSP27, and aB-crystallin share many of 

the extracellular immunomodulatory 

features of BiP [37].   

After pulp tissue was removed from 

inflammatory pulp, Hsp10 expression 

was noticeably elevated. HSP10's 

extracellular appearance mediates its 

immunosuppressive properties. It 

increases the synthesis of the anti-

inflammatory cytokine IL-10 while 

opposing the inflammatory cytokine 

production generated by LPS [38]. Hsp10 

limits effector T cell infiltration into the 

spinal cord parenchyma in addition to 

downregulate the expression of adhesion 

molecules ICAM-1 and VCAM-1 as well as 

integrins LFA-1, VLA-4, and Mac-1 in the 

central nervous system (CNS) [39]. 

Hsp10 may target TLR signaling, 

preventing nuclear factor-κB activation 

produced by lipopolysaccharide (LPS) 

and the release of inflammatory 

mediators from human peripheral blood 

mononuclear cells and murine 

macrophages, including TNF-α, IL-6, and 

RANTES [38,19]. The expression of 

soluble TNFR, which binds to TNFα, is 

induced by an increase in HSP10. By 

competing with the cellular receptor 
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species for TNF binding and maybe also 

functioning as dominant-negative 

molecules, the soluble TNF receptor 

variations block TNF [39]. As a result of 

the natural TNF buffering system's ability 

to regulate the runaway cytokine 

response, the concentration of soluble 

receptors rises after exposure to TNF 

generated during infections or upon the 

injection of recombinant TNF [40]. These 

investigations are consistent with the 

decline in TNFα and NaV1.7 expression 

following pulp tissue extraction from 

inflammatory pulp. 

Conclusion  

One of the root canal therapy procedures, 

pulp tissue extraction, generates trauma that 

increases the TNFα production in pulp tissue. 

Pain is brought on by an increase in TNFα, 

which also increases NaV1.7 expression via 

the TNFR pathway. Following pulp tissue 

extraction in inflamed pulp, NaV1.7 

expression decreases as a result of a 

noticeably elevated expression of HSP10, 

which also causes a decrease in TNFα and 

NaV1.7 expression. In contrast to pulp 

extirpation after inflammatory dental pulp, a 

normal pulp tissue extirpation showed a 

more marked pain response based on its 

molecular nature. 
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