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ABSTRACT 
 
The pulpal inflammation can lead to elicit pain in trigeminal nociceptor,  produces prostaglandin (PG-E2), activating transient receptor potential 

vanilloid (TRPV1), causing substance P (SP) release. Here, we investigated the potential of epigallocatechin 3-gallate (EGCG) for topical 

medication to  inhibit pain conduction in pulpal inflammation. This research on 28 male Wistar rats (Rattus norvegicus) as rat models with pulpal 

inflammation. Topical 0.01% or 0.1% EGCG was applied to the tooth cavity of pulpal inflammation. The treated pulp tissues were then observed 

using immunohistochemistry (IHC), and calculation of the amount of PG-E2, TRPV1 and SP. Results show the treatment with topical 0.1% 

EGCG in 24 hours pulpal inflammation showed a significant inhibit the expression of PG-E2, TRPV1, and SP compared with 0.01%  EGCG, 

and untreated controls (P< 0.001). In conclusion, the results suggest a potential to inhibiting pain conduction of 0.1%  topical EGCG in  pulpal 

inflammation. 

____________________________________________________________________________________________________________________

INTRODUCTION 

 

In daily dental practice, pulpal and periapical pains are the 

cause for patients seek dental care (Estrela et al., 2011). Dental pain 

originated from pulpal inflammation and stimulation of dental pulp 

nerve fibers (Jain et al., 2013). Recent studies in pulpal 

inflammation exhibit evidence for the over expression of tumor 

nekrosis factor - α (TNF-α) (Zhan et.al., 2007), and reached the 

peak in 24 hours (Ji et al., 2015). The cellular metabolism process 

in pulpal inflammation triggers excessive reactive oxygen species 

(ROS)  and results in malondialdehyde  (MDA) cause surface cell 

damaged (Burdan et al., 2006),  and cause the enzymatic 

conversion of arachidonic acid (AA) (Jain et al., 2013). High ROS 

and cyclooxygenase (COX2) would catalyze AA into PG-E2 

(Fukata et al., 2006). The expression of PG-E2  which activates 

TRPV1 on sensory nerve endings on dental pulps (Moriyama et al., 

2005), occurs which triggers neuropeptide caused pain impulse 

conduction along the sensory nerve membrane. The two keys 

component of pulpal inflammation are microcirculation and the 

activity of nerve fibers produces augmentation caused by the action 

of neurokinins, particularly SP released from afferent fibers (Jain et 

al., 2013). Neuropeptide SP is increased at the initial stage of 

pulpal inflammation (Reader et al., 2009; Chung and Oh., 2013).     

Neuropathic pain originated from injury or disease to the 

peripheral or central nervous network. Neuropathic pain via 

activation of  production of inflammatory cytokines (Kiguchi et al., 

2012), and the stimulation of  nuclear factor kappa B    (NF-κB) 

cascade (Niederberger and Geisslinger., 2008).  Therefore, the 

establishment of new pharmacological agents could be a 

therapeutic answer for the neuropathic pain. 

Epigallocatechin 3-gallate (EGCG) the most important active 

catechin, is known to have therapeutic properties in many systems, 

including the nervous system. Several investigations have a 

multiple phenolic units in their chemical structure (Shay  et al., 

2015). These beneficial effects have been attributed cutback of pro-

inflammatory cytokines expression (Kuang et al., 2012; Khalatbary 

and  Ahmady and., 2011). EGCG could block TLR4 (Kuang et al., 

2012), thus it can reduce the expression of TNF-α (Kuang et al., 

2012; Tipoe et al., 2010). The ability of EGCG to inhibit 

inflammatory process starts from the first 1-2 hours after the 

exposure (Song et al., 2006).  Some experimental works showed 

antinociceptive effect of EGCG.  Lately, it has been revealed in rats 

that EGCG may inhibit the opening of voltage gated channel of 

Na+ ion, and therefore alleviate the sharp pain (Kim et al., 2009). 

Intrathecal injection of EGCG reduce mechanical allodynia and 

thermal hyperalgesia after chronic constriction nerve injury (Kuang 

et al., 2012)  

Nevertheless, there are only few studies disclosing the 

antinociceptive effect of EGCG in pulpal inflammation. Therefore, 

this research aimed to reveal the inhibition of pain conduction in  

pulpal inflammation by using topical 0.01% and 0.1% EGCG was 

applied to the tooth cavity of pulpal inflammation.  The teeth of 

Wistar rats (Rattus norvegicus) suffering from pulpal inflammation 

within 24 hours were utilized as the models, while the variables to 

analyze included the expressions of PG-E2 macrophage cells,  

TRPV1 and SP sensory nerve cells.  
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MATERIALS AND METHODS 
 
Materials 
The starting materials,Lipopolysaccharides (LPS),   (obtained 

from Escherichia coli (E.coli), serotype 0111: B4, Sigma 

Chemical Co, St. Louis, MO, USA; product number L2630), 

EGCG (Xi'An Rongsheng Biotechnology Co., Ltd., made in 

China, batch number 2013101512 RS), Ketamine (Ketalar®, 

PT.Pfizer Indonesia), Xylazine base (Xyla®, PT Tekad 

Mandiri Citra,  Indonesia), glass ionomer cement (GIC) (Fuji 

7, GC Corp, Tokyo, Japan), round-shaped diamond bur, 1 

mm diameter, and a straight fissurotomy bur, 1 mm diameter 

at the tip (SS White burs Inc., Lakewood, NJ, USA), rabbit 

anti rat PG-E2  polyclonal antibody, primary antibody (Bioss-

USA; catalog number: bs-2639 R), mouse anti rat IgG 

antibody  (H+L), Biotin, conjugated secondary antibody 

(Bioss-USA; catalog number: bs-0293M-Biotin), mouse anti 

rat TRPV1 monoclonal antibody (NeuroMab; University of 

California at Davis/NIH NeuroMab Facility, catalog number: 

N 221/17), mouse anti rat SP monoclonal antibody (Abcam; 

ab14184). 

 
The acute pulpal inflammation modelling and 
procedures of topical EGCG  
The study outline accepted by the Health Research Ethics 

Committee (KKEPK) in Faculty of Dentistry, Universitas 

Airlangga based on the Ethical Clearence 

No:181/KKEPK.FKG/XII /2014. This research is an 

experimental laboratory, using 28 male rats (Rattus 

norvegicus, Wistar strain), and aged 2.5 months. The samples 

were divided into normal group (N), positive control group 

(C) which induced with 0.5  microliters LPS for 24 hours, 

and treatment group (T1) which induced with 0.5  microliters  

LPS for 24 hours, and then, topical of 0.01% EGCG, and T2  

induced with 0.5 microliters of  LPS for 24 hours, and then, 

topical of 0.1% EGCG for 24 hours.  

    Every rat in the group C and T, was intra-muscularly 

anesthetized with 0.2 cc of the mixture of 0.5 cc ketamine 

and 0.5 cc xylazine. The teeth were prepared in the disto-

cervical region of the upper right incisors with a new sterile 

round-shaped diamond bur, and a straight fisturotomy bur. 

The preparation was made with 1.5 mm deep and a diameter 

of 2 mm, creating open dentin tubules without exposing the 

pulp chamber. The cavities then irrigated with sterile saline 

solution and then dried with sterile cotton pellet. The pulpal 

inflammation modeling for group C, T1 and T2, was 

performed using 0.5 microliters of LPS, applied to freshly 

cut dentin (Chung et al., 2011). To apply LPS by using fine 

flattened microbrush was utilized as a bearer to convey liquid 

to the cavity, and then allowed to dry and filled with GIC. 

After 24 hours, in group C, 0.5 microliters aquadest was 

applied onto the tooth cavities, while in groups T1, 0.5 

microliters of 0.01% EGCG was applied onto the tooth 

cavities, and in groups T2, 0.5 microliters of 0.1% EGCG 

was applied onto the tooth cavities and then filled with GIC. 

After 24 hours, the topical aquadest and EGCG was 

repeatedly, the cavities were filled with GIC, and settled for 

24 hours. Rats were then euthanized on day 4 for molecular 

studies. The rats were put down in order to conduct surgery 

to remove the first right maxillary incisors along with the jaw 

(±12 mm) to be used as analysis specimens, the analysis unit 

was the dental pulp. Immunohistochemistry (IHC) staining 

was then conducted using peroxidase staining of PG-E2, 

TRPV1and SP. Two operators who were blinded to the 

technique examined section by a light microscope at x 400 

magnification with 5 perspective points (E 100 Dr; Nikon, 

Tokyo, Japan). In each group, the number of PG-E2 

Macrophage cells, TRPV1 and SP Sensory nerve cells were 

recorded. The images were captured with a digital camera 

(A7; Sony, Tokyo, Japan) (Fig.1, 2 and 3). Data were 

analyzed with kolmogorov-smirnov test, levene’s test, and` 

one-way anova-test. The level of significance was set at 

P<0.001.  

 

RESULTS AND DISCUSSION 

Table 1 Effects of topical EGCG 0.01% and 0.1% on the 
expressions of PG-E2 in    Macrophage cells,  
TRPV1, and SP in Sensory nerve cells  

 

Group             PG-E2            TRPV1              SP                      

 
                              Mean ±SD              Mean ±SD           Mean ±SD                                                                 
 

N                          2.30 0.70
a           

2.17 0.75
a       2.33 0.52

a
 

C                   19.17 0.75
c       18.33 2.65

c       
16.10 0.98

c
 

T1                 17.67 1.03
c          17.00 1.90

c       15.00   1.41
c
 

T2                 8.83 0.98
b        9.83 2.04

b    
    5.50 2.35

b 

 

The result of the conducted data normality test, the data in 

this research are in a normal distribution (p> 0.05). Table 1 

shows the number expressions of PG-E2 in Macrophage 

cells, TRPV1 and SP in Sensory nerve cells in each group. 

The application of LPS for 24 hours produced significantly  

increased in the expression of  PG-E2, TRPV1 and 

SP.Topical 0.1% EGCG in 24 hours pulpal inflammation 

showed a significant inhibit the expression of PG-E2, 

TRPV1, and SP compared with 0.01%  EGCG, and untreated 

controls  (P< 0,001). Topical  0.01% EGCG also showed a 

inhibit the expression of PG-E2, TRPV1, and SP, but no 

significant.  The analysis of IHC for the expression of  PG-

E2, TRPV1, and SP in rat teeth is shown in the following 

pictures.  

 

 
 
Fig 1  IHC coloring technique with 400 time magnification 
Positive expression of  PG-E2 in Macrophage cells arrows on 
cytoplasm 

 

 
 
Fig. 2  IHC coloring technique with 400 time magnification 
Positive expression of  TRPV1 in Sensory nerve cells is shown 
by the red arrows on  cytoplasm 
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Fig. 3  IHC coloring technique with 400 time magnification 
Positive expression of  SP  in Sensory nerve cells is shown by 
the red arrows on  cytoplasm 

 

The pictures above depict groups with a number of cells with 

expressions of PG-E2 in Macrophage cells (fig. 1), TRPV1 

and SP in Sensory nerve cells (fig. 2 and 3). The comparison 

of the number of cells with expressions of PG-E2, TRPV1 

and CGRP between normal group, control group and 

treatment group can be seen in table 1.  

Pulpal inflammation is a complex and multifactorial 

inflammatory condition.  The cellular metabolism process in 

pulpal inflammation triggers excessive ROS and results in 

MDA, cause surface cell damaged (Burdan et al., 2005). 

High ROS and COX2 would catalyze AA into PG-E2 

(Fukata et al., 2006).  Previous studies have shown that the 

expression of  PG-E2  which activates TRPV1 on Sensory 

nerve endings on dental pulps (Moriyama et al., 2005),  occur  

increased of SP caused pain impulse conduction along the 

sensory nerve membrane (Reader et al., 2009; Chung and  

Oh., 2013).    

Former research indicated that induction of LPS  causes 

the up-regulation of TRPV1 in trigeminal nociceptors as a 

result of bacterial infection could contribute to hyperalgesia 

under pulpitis conditions (Chung et al., 2011). TRPV1 is a 

nonselective cation channel expressed in sensory neurons 

and initiated by various noxious stimuli (Moriyama et al., 

2005). The expression of TRPV1 increased on inflamed 

dental pulp (Ingle et al., 2008). Initiates TRPV1 channels on 

sensory nerves causing in the opening of a cation channel 

and increasing calcium entry through this channel and 

through voltage-gated calcium channels activated by sodium-

induced depolarization. These effect increase the release of 

SP from sensory neuron (Gazzier et al., 2007; Sacardote and 

Levrin., 2012). Macrophages inducted by SP create the 

inflammatory mediators of PG-E2 and tromboxane as well as 

the proinflammatory cytokines IL-1, IL-6 and TNF. All of 

these molecular occurrences finally sustain the synthesis and 

release of new SP, thereby perform the vicious cycle and 

further increasing pain sensitivity (Jain et al., 2013).  

The result of this research reveals that the expression of 

PG-E2, TRPV1 and SP can be recognized in inflamed and 

non-inflamed pulp tissue.  The dentinal application of LPS 

for 24 hours present increase in some inflammatory 

mediators. An 8.3-fold increase in PG-E2, an 8.4-fold 

increase in TRPV1, an 6.9-fold increase in SP compared with 

normal groups.  

In this paper we describe the ability of the topical 0.01% 

and 0.1% EGCG to act as an inhibitory of pain conduction in 

pulpal inflammation on rat models. The mechanism of 

inhibitory pain conduction of EGCG could probably be due 

to blockade of the effect or the release of endogenous 

substances that excite pain nerve ending. Recently, EGCG 

have been revealed to employ inhibitory effect on various 

mediators on inflammation. This comprises repression of 

LPS- stimulated activation nuclear factor kappa B (NF-κB) 

(Kim, 2009), TLR4 (Kuang et al., 2012),  TNF-α (Kuang et 

al., 2012; Tipoe et al., 2010),  COX2 and PG-E2 bio-

synthesis by metabolism  pathway of AA (Altavilla et al., 

2009). EGCG pertains the capability to both directly or 

indirectly scavenge ROS through chemically reacting with 

ROS or by modulating pathways that regulate ROS 

scavenging and various enzymes (Shay et al., 2015). The 

structure of the benzene ring will capture free radicals so as 

to prevent the continuation of chain reaction continues and 

free radicals are no more produced (Barceloux, 2008). 

Inhibition of  ROS and COX2 would inhibition catalyze AA 

into PG-E2 (Fukata et al., 2006). 

This study differs from the earlier reports on the analgesic 

activity of EGCG, primarily with respect to the  expression 

of PG-E2, TRPV1, SP, and the doses employed. We 

demonstrate that topical 0.01% EGCG showed no 

significantly inhibit the expression of PG-E2, TRPV1, and 

SP. Topical 0.1% EGCG significantly decreasing the 

expression levels of PG-E2, TRPV1, and SP are higher 

compared with normal groups. Topical 0.1% EGCG 

significantly  decreasing the expression levels of PG-E2 

(2.17 fold),  TRPV1 (1.86 fold), and SP  (2.92 fold) 

compared with pulpal inflammation 24 hours. Previous 

studies have shown that  EGCG could block TLR4 (Kuang et 

al., 2012), thus it can reduces the expression of TNF-α 

(Kuang et al., 2012; Tipoe et al., 2010). 

Inhibition expression of TLR4, can reduce sintesis of 

COX2 and PG-E2 bio-synthesis (Kim et al., 2009; Zhang et 

al., 2013). Polifenol can inhibit the expression of TNF-α and 

production of ROS, cause inhibit surface cell  damaged and 

PG-E2 expression (Altavilla et al., 2009; Zhang et al., 2013;  

Ishida, 2007). Inhibition of PG-E2 expression  can’t activates 

TRPV1 and decreased of SP expression.  The earlier reports 

demonstrate that EGCG may inhibit the opening of voltage 

gated channel of Na+ ion on the culture neuron cell of the rat 

dorsal root ganglion (DRG)  and therefore alleviate the sharp 

pain (Kim et al., 2009). EGCG may inhibit the opening of 

voltage gated channel of Na+ ion on the primer culture 

neuron cell of rat hippocampal CA1 (Deng et al., 2008). 

Based on that researches, results showed that topical 0,1% 

EGCG can inhibit pain conduction  in acute stage. We 

related this effect inhibition of the PG-E2, TRPV1 and SP. 

Our findings give a reasoning for further pre-clinical 

investigation on therapeutic regimen based on SP inhibitors 

in acute stage of pulpitis to current therapies. 

 

CONCLUSION:                                                                     

The results suggests a potential to inhibiting pain conduction 

of 0.1% topical EGCG in pulpal inflammation through to 

PG-E2 expression suppressing, with the effect inhibiting 

TRPV1 and SP neuropeptides release. 
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