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Purpose: Acute dental pulp inflammation necessitates early treatment to alleviate inflammation and pain. In the inflammatory phase,
a substance is required to lower the inflammatory mediators and reactive oxygen species that play a crucial role in that phase. Asiatic
acid is a natural triterpene obtained from the Centella asiatica plant with a high antioxidant value. This study examined the effect of
Asiatic acid’s antioxidant, anti-inflammatory, and antinociceptive properties on dental pulp inflammation.

Methods: The research is an experimental laboratory, with a post-test only with a control group design. The study utilised 40 male
Wistar rats weighing 200-250 grams and aged 8—10 weeks. Rats were divided into five groups (control, eugenol, Asiatic Acid 0.5%;
1%; 2% group). Dental pulp inflammation was created in the maxillary incisor after six hours of administration of lipopolysaccharides
(LPS). The dental pulp treatment then continued with the administration of eugenol and three different Asiatic acid concentrations
(0.5%, 1% and 2%). In the next 72 hours, the teeth were biopsied, and the dental pulp was analysed using the enzyme-linked
immunosorbent assay (ELISA) to measure the level of MDA, SOD, TNF-a, beta-endorphins and CGRP. Histopathological examina-
tion and the Rat Grimace Scale were utilised to determine the level of inflammation and pain, respectively.

Results: The effect of Asiatic Acid on MDA, TNF-0, and CGRP levels decreased significantly compared to the control group
(p=<0.001). On the SOD and beta-endorphin levels, Asiatic acid treatment resulted in a considerable rise (p =<0.001).
Conclusion: Due to its antioxidant, anti-inflammatory, and antinociceptive characteristics, Asiatic acid can reduce inflammation and
pain in acute pulp inflammation due to its ability to decrease MDA, TNFa, and CGRP levels while raising SOD and beta-endorphin
levels.
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Introduction

Pulpitis is an inflammation of the dental pulp tissue that causes moderate to severe pain in the affected individual.'
Pulpitis that persists might result in dental pulp necrosis. Dental pulp necrosis causes the tooth structure to become more
frail and prone to fracture, so it is essential to preserve the vitality of the pulp for the teeth to function properly.>> Pulpitis
is divided into reversible and irreversible types, with reversible pulpitis being an acute inflammation of the pulp that can
still recover.* The inflammatory response begins when microorganisms and their byproducts irritate the pulp. This
activates the host cells (odontoblasts and pulpal fibroblasts), producing proinflammatory cytokines and chemokines that
attract neutrophils to the wound site.’

The production of proinflammatory cytokines, such as tumour necrosis factor o (TNF-a), can cause inflammation.
Inflammatory conditions can also increase the production of reactive oxygen species (ROS), which induces oxidative
stress in cells and worsens inflammatory conditions.® Reactive Oxygen Species (ROS) generate free radicals; when these
free radicals react with lipids, Malondialdehyde (MDA) molecules are produced.”® By producing antioxidant enzymes
such as Superoxide Dismutase (SOD), cells can reduce ROS levels.” The occurrence of the inflammatory process causes
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pain, which can cause anxiety and psychological stress in patients.'® In response to pain, the body produces Beta
Endorphin hormones, which act as an analgesic by enhancing p-opioid activity and inhibiting the production of
Calcitonin Gene-Related Peptides (CGRP).'"'? If pain can be suppressed, the inflammatory environment will subside,
resulting in a homeostatic state that can stimulate pulp healing.

Asiatic Acid isolate is a component of saponins (triterpenoids) derived from Centella asiatica that has anti-
inflammatory, antioxidant, antinociceptive, and antibacterial properties and promotes wound healing.'*'* Asiatic acid
has the ability to enhance the Nuclear factor erythroid 2-related factor 2 (Nrf2) through the inhibition of oxidative
stress.'> The transcription factor Nrf2 plays a key role in the regulation of antioxidant enzyme expression. The inactive
form of Nrf2 interacts with Kelch-like ECH-associated protein 1 (Keapl) in the cytoplasm under normal or unstressed
conditions.'®'” Excess oxidative stress may cause Nrf2 to split from the Nrf2-Keap! complex and enter the nucleus.'®'?
Nuclear factor erythroid 2-related factor 2 (Nrf2) binds to an antioxidant response element (ARE) in the upstream area of
the nucleus, initiating the transcription of antioxidant genes.”**' In order to prevent tissue damage, the production of
SOD catalyses the release of free radicals and reduces ROS levels.?>*

Numerous studies have been conducted on using natural substances, particularly those with anti-inflammatory,
antioxidant, and antinociceptive qualities, to treat inflammation and pain in the dental pulp. However, no research has
been conducted on using Asiatic acid as a component of dental pulp inflammation treatment. Based on all of this
information, it is hypothesised that Asiatic acid may decrease inflammation and pain in the dental pulp through increased
antioxidant enzymes. This study investigated the effect of Asiatic acid on the levels of MDA, SOD, TNF-, beta-

endorphins, and CGRP in pulpal inflammation induced in rat incisors.

Materials and Methods

Materials

Asiatic acid (Asiatic acid 95%, catalogue number 546712-500MG, Sigma Aldrich, St. Louis, Missouri, United States); Dimethyl
sulfoxide (DMSO) (Merck, Germany); Lipopolysaccharides (LPS) (Lipopolysaccharides from Escherichia Coli O55:BS, Sigma
Aldrich, St. Louis, Missouri, United States); ketamine (KTM-100, Bernofarm, Indonesia); xylazine (Xyla, Interchemie,
Holland), glass ionomer cement (Fuji II, GC, Japan) and Eugenol (Ghimas, Bologna) was used in this experiment.

Asiatic Acid

Asiatic acid was stored at 2°-8°C. Asiatic acid was dissolved with DMSO to make three different concentrations. The
concentrations were Asiatic acid 0.5% (v/w), Asiatic acid 1% (v/w) and Asiatic acid 2% (v/w).

Animals

The study used male Wistar rats (Rattus norvegicus), aged 8—10 weeks, that weighed 200-250 g. The 40 rats were
adapted for over one week. This study’s sample size was determined using a power analysis of the mean results of
preliminary research with a significance level of 0.05 and a power of 0.80. The rats were fed a regular diet of pellets, with
a feed volume of about 15-25 grams. They drank sterile water, about 50-100 mL per day. The rats were kept in a room
with a constant temperature of 20-23°C, the humidity of —55% and standard lighting. Wood shavings that were dried and
autoclaved at 120°C for 10—15 minutes were used for bedding. The area of the cage, which measured 30x20 x 20 cm for
each rat, was expected to allow the rats to move freely.

Dental Pulp Inflammation Model

Before the procedure, the animals were anaesthetised using ketamine at 75-100mg/kg body weight and xylazine at 5-10 mg/
kg BB, intraperitoneal. Inflammation of pulp tissue was generated experimentally by treating pulp tissue with bacterial LPS,
as described earlier.”*** The treatment procedure for rats’ teeth is illustrated in Figure 1. Two maxillary incisors of rats were
utilised to model dental pulpitis. Using a low-speed diamond disc bur (Ortho Technology, USA), the maxillary incisors were
cut to the cervix to initiate the modelling process. Subsequently, a low-speed, #010 carbide bur (H1SE, Komet, USA) was
used for drilling, and access to the pulp chamber was widened with a number #1545 K-file (SybronEndo, Glendors, USA)
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Figure | An illustration of the dental pulp inflammation procedure and the treatment procedure.

until bleeding was observed on the exposed roof of pulp. The cavity was cleansed with a saline solution until hemostasis was
achieved. The cavity was then filled with paper points (Gapadent, China) containing 20 mg/mL LPS for six hours and sealed
with glass ionomer cement. After six hours of LPS application on rat dental pulp, the paper points containing LPS were
discarded. Then apply paper points containing Asiatic Acid as the treatment group and Eugenol as the control group, as
described in Table 1. The cavity was sealed with glass ionomer cement for 72 hours. After 72 hours, the rats were sacrificed.
Five rats per group had their maxillary incisors biopsied, and the dental pulp was removed from the apical region using a #40
barbed broach (SybronEndo, USA). The pulp was cleaned of blood with NaCl before being placed in a microtube and frozen
at —20° C for ELISA examination. For histopathological analysis, maxillary incisors from three rats per group were used.

Pain Assessment

After treatment, the rat was monitored for 72 hours. During the trial, rat pain symptoms were noted, as were rat pain
scores using the rat grimace scale (RGS).?® The scale includes orbital tightening, nose/cheek flattening, ear, and whisker
changes. The rating scale uses a score of 0 = no change, 1 = moderate change, and 2 = severe change.

Histopathology Evaluation of Dental Pulp Inflammation

Rapidcal Immuno (PathChem) was used to decalcify the maxillary incisors before preparing preparations with hematoxylin-
eosin staining. Observation at 400x magnification in three fields of view of the two-thirds pulp’s coronal portion. All sections
were viewed under an optical microscope (CX23, Olympus). Inflammation grading according to the intensity of inflammatory

Table | The Dental Pulp Treatment in Animals

Code Animals (n) Treatment
AA 0.5% 5 Induce LPS for 6 hour + Asiatic acid 0.5% using paper point + glass ionomer cement
AA 1% 5 Induce LPS for 6 hour + Asiatic acid 1% using paper point + glass ionomer cement
AA 2% 5 Induce LPS for 6 hour + Asiatic acid 2% using paper point + glass ionomer cement
Eugenol 5 Induce LPS for 6 hour + Eugenol using paper point + glass ionomer cement
Control 5 Induce LPS for 6 hour + glass ionomer cement
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cells, with scores of 1 (0-20 cells), 2 (2140 cells), 3 (41-80 cells), and 4 (>80 cells).?” Other histologic features were also
recorded, such as the location of inflammatory cells, oedema, vascular leakage and necrosis in the pulp.

ELISA’s Analysis

The values of MDA, SOD, TNF-a, beta-endorphins and CGRP were analysed using ELISA. Before homogenization, the
pulp tissue was properly rinsed in phosphate buffer saline (PBS) (pH 7.4) to eliminate excess blood and weighed. With
a glass homogenizer on ice, the tissue was minced and homogenized in PBS (tissue weight (g): PBS (mL) volume = 1:9).
The suspension was sonicated using an ultrasonic cell disrupter to break up the cells further. To obtain the supernatant,
the suspension was homogenised and centrifuged for five minutes at 5000 x g. The levels of MDA, SOD, TNF-q, beta-
endorphins and CGRP were measured using an MDA ELISA kit (Rat MDA, BZ-08186510-EB, Bioenzy) SOD ELISA
kit (Rat SOD, BZ-08188610-EB, Bioenzy), TNF-alpha ELISA kit (Rat TNF-a, BZ-08184670-EB, Bioenzy), beta-EP
ELISA kit (Rat Beta Endorphin, BZ-08187000-CPEB, Bioenzy), and a CGRP ELISA kit (Rat CGRP, BZ-08187430-EB,
Bioenzy) according to the manufacturer’s protocols.

Statistical Analysis

Data are presented as the mean, standard error. Statistical analyses were performed using SPSS software (IBM SPSS,
Armonk, New York, USA). The homogeneity and normality of the data were tested first, followed by a one-way analysis
of variance (one-way ANOVA), followed by post hoc least significant differences (LSD), and the significance level was
set at p < 0.05. For categorical data analysis, use Kruskal-Wallis’s test for the analysis of the entire group and the Mann—
Whitney test for the analysis between two groups. No rats or tooth samples were excluded or dropped out in this study.

Results

Pain Assessment

According to Kruskal-Wallis’s test, the RGS score did not differ significantly (p = 0.070). Whereas the Mann—Whitney
test revealed a statistically significant difference between the 1% Asiatic acid group and the control group (p=0.032).
Similar outcomes were also observed in the eugenol group (p = 0.032). (Figure 2).
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Figure 2 The result of pain assessment using the RGS scale. The differences between parameters were analysed using Kruskal Wallis and the post hoc test. *p<0.05 and ns =
not significant (not shown). The replication of the group was 5.
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Histopathology Evaluation of Dental Pulp Inflammation After Treatment

The application of Asiatic Acid 1% to pulpal inflammation resulted in the highest decrease of inflammatory cells, with
a value of 80% on a score of 1 compared to the other treatment groups. The effectiveness of Asiatic acid 2% and Eugenol
in decreasing inflammatory cells was equivalent. In contrast, the Asiatic acid 0.5% group received a score of 2 in each
sample. There was no score of 4 in any of the sampled groups (Figures 3 and 4).

Asiatic Acid’s Antioxidant Effect
MDA and SOD levels were used to assess the antioxidant effect of Asiatic acid on dental pulp inflammation. Compared
to the control group, administration of Asiatic acid 1% and Asiatic acid 2% significantly decreased MDA levels
(p<0.0001). The MDA levels in the Asiatic acid 1% and Asiatic acid 2% groups were significantly lower than in the
Asiatic acid 0.5% group (p<0.001) (Figure 5A).

The SOD level, administration of Asiatic acid 2%, Asiatic acid 1% and Asiatic acid 0.5% significantly increased than
eugenol and control group (p<0.01 and p<0.001) (Figure 5B). Based on these findings, it appears that Asiatic acid has the
potential to significantly decreased MDA and increase SOD levels after being administered.

Asiatic Acid’s Anti-Inflammatory Effect

TNF-a levels were used to assess the anti-inflammatory effect of Asiatic acid on dental pulp inflammation. TNF-a
levels in the Asiatic Acid group were significantly lower than and the eugenol and control group (p<0.0001). Among
Asiatic acid, the concentration of 1% showed lower TNF-a levels than concentrations of 0.5% and 2% (p<0.0001

and p<0.01). These findings suggest that the administration of Asiatic acid can significantly reduce TNF-a levels
(Figure 6).

Asiatic Acid’s Antinociceptive Effect
The antinociceptive impact of Asiatic acid on dental pulp inflammation was assessed using a beta-endorphins level. Beta-
endorphin level in Asiatic acid 1% and Asiatic acid 2% was higher than the control group (p=<0.01 and p<0.0001);
however, administration of Asiatic acid did not demonstrate a significant difference when compared with eugenol, except
Asiatic acid 0.5% (p<0.05) (Figure 7A).

The CGRP level, administration of Asiatic acid 1% and Asiatic acid 2% significantly decreased CGRP levels than
control groups (p<0.001 and p<0.01) (Figure 7B). According to these findings, 1% and 2% Asiatic acid concentrations
had the same effect as eugenol.
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Figure 3 Inflammation reaction based on the intensity of inflammatory cells. Score | (0-20 cells), score 2 (2140 cells), score 3 (41-80 cells). The replication of the group
was 5.
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Figure 4 The histopathology of dental pulp to assess the inflammation after treatment with Asiatic acid. The blue box indicated the coronal-pulp chamber and pointed as an
area of observation H&E staining. Yellow arrows represent vascular leakage, characterised by erythrocyte discharge from blood vessels, while black arrows represent
inflammatory cells. The replication of the group was 3.
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Figure 5 ELISA examination results from pulp tissue that had been treated for 72 hours. Examination of MDA (A) and SOD (B) levels. The differences between parameters
were analysed using One Way ANOVA and the post hoc test. *p<0.001; ***p<0.0001; ****p<0.0000 and ns = not significant (not shown). The replication of the group was 5.
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Figure 6 ELISA examination for TNF-a levels from pulp tissue that had been treated for 72 hours. The differences between parameters were analysed using One Way
ANOVA and the post hoc test. *p<0.001; ***p<0.0001; ****p<0.0000 and ns = not significant (not shown). The replication of the group was 5.

Discussion
Acute pulp inflammation begins with particular damage that causes soluble mediators such as cytokines, acute phase

proteins, and chemokines to stimulate neutrophil and macrophage migration to the site of inflammation.?®*° The acute
inflammatory process typically lasts between 1-3 days and is mediated by numerous molecules, including toll-like
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Figure 7 ELISA examination of beta-endorphins (A) and CGRP (B) from pulp tissue that had been treated for 72 hours. The differences between parameters were analysed
using One Way ANOVA and the post hoc test. * p<0.05; ** p<0.01; **p<0.001; ****p<0.0001 and ns = not significant (not shown). The replication of each group was 5.

receptors (TLRs) and reactive oxygen species (ROS).*>*! Induction of LPS in the pulp can be identified by toll-like
receptor 4 (TLR-4), which subsequently activates an innate immune response.*” LPS activates the NF-kB pathway, which
regulates the release of inflammatory mediators, including TNF-a, IL-1, IL-6 and IL-8. In this study, Asiatic acid doses of
0.5%, 1%, and 2% significantly reduced TNF-a levels. The ability of Asiatic Acid to downregulate the NF-kB and
MAPK signaling pathways enables Asiatic Acid to inhibit TNF-o expression.>® According to the findings of this study,
administration of Asiatic Acid can reduce the expression of TNF-q.

The LPS-induced inflammatory response is accompanied by neutrophil infiltration that produces free radicals and
proinflammatory cytokines.>* Free radicals and Nitric Oxide will increase 6 hours after LPS administration.>> The
production of MDA is caused by free radicals that attack the plasma membrane.*® Consequently, the inflammatory effect
will cause the accumulation of MDA. In this investigation, elevated MDA levels were found in the control group. The
first line of defence against oxidative stress is antioxidant enzymes, such as SOD.*” Superoxide Dismutase (SOD) is an
indicator of protective activity against free radicals resulting from MDA-containing lipid peroxidation.*® According to
the findings of this investigation, the administration of Asiatic acid can considerably lower MDA levels while
significantly increasing SOD levels compared to the control group. Asiatic acid inhibits lipid peroxidation and hence
the formation of malondialdehyde (MDA) in tissue by catalyzing reactive oxygen species (ROS) such as hydroxyl
radicals (OH-) and peroxynitrite (02-).* Asiatic acid influences the SOD increase via the Nrf2 pathway.*® Superoxide
dismutase is anti-inflammatory because it inhibits the activation of cytokines that increase the activation of NF-kB.*
Similar findings were also shown by Lv et al*' and Liu et al*> demonstrating that Asiatic acid could reduce MDA levels
and inflammatory indicators by blocking the activation of MAPK and NF-kB. The findings of this study indicated that the
administration of Asiatic acid was successful in lowering ROS levels.

In this study, Asiatic acid administration significantly increased beta-endorphins compared to the control group. Other
studies have shown that reducing ROS boosts Nrf2 and SOD, the antioxidant enzymes that stimulate POMC to release beta-
endorphins, which is consistent with this study.*>* Beta endorphins have been proven to show peripheral and central
analgesic activity, which produces a morphine-like effect by blocking C and A$ fiber activation signals.***” Beta
endorphins have a strong affinity for MOR receptors (opioid receptors), which can block cAMP and N~ and P/Q-type
Ca®" channels.*** The cAMP pathway via PKA, PKC, and CaMKII contributes to the pronociceptive actions of CGRP,
resulting in the sensitization of pain transduction receptors in trigeminal neurons.”™" In this investigation, Asiatic acid
administration was found to significantly reduce CGRP levels. Asiatic acid is able to decrease oxidative stress via the Nrf2
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pathway, but according to Abushik et al,”> CGRP induction is not mediated via the Nrf2 pathway and requires the activation
of protein kinase A (PKA) and Ca®*/calmodulin-dependent protein kinase II (CaMKII) simultaneously. For a time, it can be
presumed that a reduction in the inflammatory state leads to a decrease in pulp neuropeptides. The connection between
CGRP and antioxidant enzymes requires further study.

Asiatic acid concentrations of 1% and 2% demonstrated significant results in the levels of MDA and SOD compared
to the Eugenol group, although the results for the other parameters were not significantly different. Based on these
findings, it was concluded that concentrations of Asiatic acid 1% and 2% possessed the same anti-inflammatory and
antinociceptive properties as eugenol, whereas Asiatic acid possessed stronger antioxidant properties. Asiatic acid has
a larger influence on the Nrf2 pathway, producing high antioxidants and modulating pain markers in pulpitis after 72
hours or 3 days of treatment.

Conclusions

Asiatic Acid is abundant in antioxidants and can alleviate the pain of LPS-induced pulpitis. Based on the results, Asiatic
Acid has anti-inflammatory and antinociceptive characteristics due to its ability to decrease MDA, TNFa, and CGRP
levels while raising SOD and beta-endorphin levels.
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