Journal of Inflammation Research Dove

ORIGINAL RESEARCH

Anti-Inflammatory Activity and Wound Healing
Effect of Kaempferia galanga L. Rhizome on the
Chemical-Induced Oral Mucosal Ulcer in Wistar
Rats

Indah Suasani Wahyuni@®'"?, Irna Sufiawati®?, Wipawee Nittayananta®?, Jutti Levita@®'*

'Doctoral Program in Pharmacy, Faculty of Pharmacy, Universitas Padjadjaran, Sumedang, West Java, Indonesia; 2Department of Oral Medicine, Faculty
of Dentistry, Universitas Padjadjaran, Bandung, Indonesia; 3Faculty of Dentistry, Thammasat University, Pathum Thani, Thailand; *Department of
Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Universitas Padjadjaran, Sumedang, West Java, Indonesia

Correspondence: Indah Suasani Wahyuni, Faculty of Pharmacy, Universitas Padjadjaran, JI. Raya Bandung-Sumedang km 21, Jatinangor-Sumedang, West
Java, 45363, Indonesia, Tel +62-842-888888 Ext: 3510, Email indah.wahyuni@fkg.unpad.ac.id

Introduction: Kaempferia galanga L. (K. galanga; local name kencur, Zingiberaceae) is a plant commonly used as a kitchen spice,
and empirically it is often used for medicinal purposes. This plant has been shown to have an anti-inflammatory role, but no research
has been found on its effect on oral mucosal ulcer. This study aimed to investigate anti-inflammatory activity and wound healing effect
of the ethanol extract of K. galanga L. rhizome (EEKG) on the chemical-induced oral mucosal ulcer in Wistar rats.

Methods: In this study, 35 rats were divided into 7 groups (normal, negative, triamcinolone acetonide, and 4 EEKG groups). Acetic
acid 70% was used as the oral mucosal ulcer inducer. Parameters observed were macroscopic and microscopic histopathological
examinations.

Results: The results revealed that dose of 0.5% of the EEKG was effective in increasing the percent recovery of ulcer area and
inflammation sign scores. Meanwhile, doses of 0.5-2% of EEKG were effective in reducing the histopathological score. Interestingly,
topical EEKG in our study was more effective compared with triamcinolone acetonide (the conventional therapy for oral mucosal
ulceration).

Discussion: The EEKG has been confirmed its anti-inflammatory activity by accelerating the healing process on the chemical-induced
oral mucosal ulcer in Wistar rats, based on the percent recovery of the ulcer area, the percent recovery of the inflammation sign score,
and the histopathology score.

Conclusion: Taken together, K. galanga L. is very potential to be developed as a prospective phytopharmaceutical for the treatment
of oral mucosal ulceration in human after clinical trials.
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Introduction
The mouth is the gateway for the entry of food that can sustain human life, although not directly, this organ plays an
important role in maintaining general health. Thus, oral mucosal health problems will affect the function of the mouth.'~
The most common oral mucosal health problem is ulceration, which can be self-healing, recurrent, or persistent, and the
ulcerative lesion is also the most common sign of inflammation of the oral mucosa. Oral mucosal ulceration is an
inflammatory condition that begins with the disintegration of the oral mucosal epithelium by various causes.> This
condition eventually affects the quality of life of the patients.

Four phases of wound healing which include: hemostasis, inflammation, proliferation, and remodeling, partially
overlapped. Impaired immunity locally and or systemically will prolong the inflammatory phase and delay wound

healing.* In vivo studies on wound healing of the induced-oral mucosa required 10 days to approach the completely
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cicatrized condition without any therapy.” To suppress excessive inflammatory reactions and speed up the healing
process, we need drugs that work as an anti-inflammatory which will stimulate the wound healing process.

The treatment of oral mucosal ulceration mostly requires steroid anti-inflammatory drugs (SAIDs). These drugs can
be administered orally or topically."® SAIDs, eg, glucocorticoids, are recognized to initial steroid binding to intracellular
NF-kappaB, which inhibits its translocation to the nucleus and DNA-binding, and also IKK activity.”* However, topical
SAIDs, eg, triamcinolone acetonide topical gel preparations, or oral prednisolone tablets, are not recommended for long-
term use due to their effect on the suppression of the immune system, both locally and systemically.*® Topical
administration of triamcinolone acetonide gel has also been reported, showing unsatisfactory results for the treatment
of oral mucosal ulceration of rats, both in normal rats and diabetic rats.’

Besides, there are non-steroids anti-inflammatory drugs (NSAIDs) that also can be used for the treatment of oral
mucosal ulcerations, eg, hyaluronic acid (gel preparations, topical use), benzydamine hydrochloride (liquid preparations/
lozenges, topical use), or diclofenac sodium (tablet preparations, oral use). These NSAIDs could alter prostaglandin
biosynthesis by inhibiting the cyclooxygenase enzyme (COX). NSAIDs mostly work by blocking both isomers, causing
gastric irritation,'” as well as other side effects, such as numbness/discomfort of the tongue, or hypersensitivity.®
Therefore, it is necessary to develop the alternative for high quality and efficacy anti-inflammatory drugs, with safer
and fewer side effects. Recent research has begun to lead to the development of potential medicinal plants because they
are usually edible, then believed to be safer, and cause fewer side effects.!!

K. galanga L. thizome, local name kencur, is one of the Indonesian-originated plants, that have been utilized empirically
as pain-reducers. It has shown various activities including anti-inflammatory, analgesic, and antioxidant effects, due to their
secondary metabolites content.'>'* K. galanga L. is easy to grow in Indonesia and other countries on the Asian continent.'*
The results of our preliminary study have identified the content of ethyl-p-methoxycinnamate (EPMC) and flavonoids in the
ethanolic extract of K. galanga L. rhizome.'®> We also have reported that the best percentage of yield and water, as well as the
secondary metabolites content, was obtained from plants harvested in the rainy season.'® The phytochemical screening of
K. galanga L. rhizome indicated the presence of: kaempferol;'*'* EPMC and ethyl cinnamate, that have showed anti-
inflammatory and antinociceptive activity better than that of indomethacin as the COX inhibitor'” and aspirin;'® quinones
and terpenes;'® polyphenols and flavonoids.'> It has been reported in a study that diarylheptanoids can be isolated from
K. galanga and stated to have a potential effect for the treatment of diseases associated with inflammation.*°

K. galanga L. exhibited inhibitory activity against several inflammatory parameter proteins, namely: IL-6 and
PGE2.?! Moreover, this plant also showed inhibition of PGH2 formation via the COX signaling pathway.'® The acute
and sub-chronic toxicity study showed that K. galanga L. rhizome extract on Wistar rats did not indicate toxicity and
mortality.”> Moreover, the purified EPMC was confirmed its safety at 2 g/kg BW (the LDs value >2 g/kg BW).!” In vivo
studies of K. galanga L extract had been carried out and showed an effect on relieving carrageenan-induced paw edema
of rats better than controls.”>*> Based on this, K. galanga L., is very possible to be developed as a prospective
phytopharmaceutical. Several in vivo studies of other medicinal plants have been conducted to determine their
therapeutic effect for oral mucosal ulceration.”2°

A clinical trial study of K. galanga L. extract has been carried out and concluded that the extract in oral adminis-
tration (dose 160 mg/day, for 10 days) has the same effectiveness as meloxicam for the treatment of knee osteoarthritis.>
Meanwhile, another clinical trial of topical K. galanga extract on 16 patients with recurrent aphthous stomatitis has
showed good results in reducing the ulcer size and pain.>'

Nevertheless, there is a lack of information about the effect of the ethanol extract of K. galanga L. rthizome (EEKG)
on the chemical-induced oral mucosal ulcer in Wistar rats. This particular plant still needs further exploration to be
developed as an anti-oral mucosal ulceration phytopharmaceutical, therefore this research aimed to investigate the effect
of the EEKG on the chemical-induced oral mucosal ulcer in Wistar rats, via macroscopic and microscopic histopatho-

logical examination.
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Materials and Methods

Plant Material and Extract Preparation

K. galanga herbs and fresh rhizomes were purchased from Subang, West Java, Indonesia. The herbs were identified and
the specimens were stored at the Bandung Institute of Technology (ITB) Bandung, Indonesia. The herbs were extracted
using cold-maceration method (for 3x24 hours at room temperature). Ethanol 70% was employed as the solvent. The
excess solvent was removed using a rotary evaporator (Buchi®, R-220, at 40-45°C) to a thick extract.'>'® CMC
(dissolved in ddH,O) was prepared as an extract solvent and as a material applied to the negative controls. EEKG
was dissolved in 2% (w/w) of carboxymethylcellulose sodium salt (CMC, Merck®, CAS Number: 9004-32-4, C4888).
Concentration of the extract in 2% of CMC were: 0.5%, 1%, 2%, and 4% (w/w). The extracts were provided in semi
solid gel formula.

Animals

Male Wistar albino rats were obtained from the Iratco™ Laboratory (animal experiment laboratory), Bogor, Indonesia.
The animals were strain identified at the Iratco® Laboratory, Bogor, Indonesia, by a certified veterinarian. Calculation of
the number of the rats was based on the Federer formula. Based on these calculations, the minimum total sample required
is 28 rats. In order to avoid a shortage of sample size in the event of a drop-out, in this study we used 35 rats divided into
7 groups. The inclusion criteria for the animals were: healthy male Wistar albino rats, aged 10-11 weeks, weighing 150—
200 gram. Exclusion criteria were: the rat looked sick or died, or decreased in weight loss during the acclimatization
period more than 10%.

The ethical recommendation for health research using animals already approved to fulfil the proper health research
requirements, from the Ethical Committee of Health Research of Universitas Padjadjaran (http://kepk.fk.unpad.ac.id/,
recognized by the FERCAP-Forum of Ethics Review Committee in Asia & Western Pacific Region since 2014). The
document number was 523/UN6.KEP/EC/2020 and the amendment of the ethical approval was document no. 031/UN6.
KEP/EC/2021. Ethical considerations on the use of experimental animals paid attention to the 3R principle, namely:

reduction, refinement, and replacement.** This 3R principle combined with the 5F principle for animal welfare, namely:
freedom from hunger and thirst; freedom from feeling discomfort; freedom from pain, injury, and disease; freedom from
fear and distress; and freedom to express their normal behavior.*?

The rats were fed and drank ad libitum. Feed and water consumption was measured every day. The feed provided was
75 grams per day per group/cage for 5 rats and 350 mL of water/day/cage for 5 rats. The standard pellet feed used in this
study contained a low fiber (5%), protein (20%), and fat (5—10%). Rats were placed in cages with a length of 55 cm
x width 45 cm x height 45 cm, a maximum capacity of 5 rats with the same treatment group. The cages were facilitated
with a husk that will be replaced every day and ventilation was facilitated by a special air conditioning machine. The
environmental humidity was also considered around 30~70%, normal room temperature (18-26 C), and the environment
was kept clean. The dark-light cycle of 12 hours using a lamp was facilitated to provide the natural life and behavior of
the rats.

Experimental Study Design and Treatment
A total of 35 male Wistar rats were used in this in vivo study. Rats were grouped randomly into 7 groups (n = 5), namely:
normal control group (Normal), negative control group (NegCon), Triamcinolone acetonide (TRA) group, test 1 group
(T1), test 2 group (T2), test 3 group (T3), and test 4 group (T4). Each group consisted of 5 rats. Rats in the normal control
group were not given induction of oral mucosal ulcer and were not given any treatment/administration. Rats in the
NegCon, TRA, T1, T2, T3, and T4 groups were given oral mucosal ulcer induction. Rats in the NegCon group were
treated with 2% CMC while rats in the TRA group were treated with Triamcinolone acetonide 0.1% in oral-base
(Kenalog in oral-base, Taish0®). Rats in groups T1, T2, T3, and T4, were treated with 0.5% EEKG, 1% EEKG, 2%
EEKG, and 4% EEKG, respectively.

All rats in TRA and EEKG groups (T1 - T4) were anesthetized with intraperitoneal ketamine (80 mg/kg) and xylazine
(10 mg/kg) to facilitate the procedure of oral mucosal ulcer induction. Antisepsis was performed with a mouthwash
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solution of 0.2% chlorhexidine gluconate in sterile and disposable cotton balls before the induction process. Induction of
oral mucosal ulcer was using a cotton ball 10 mm in diameter, in a syringe without needle moistened with 70% acetic
acid as much as 100 microliters, applied to the ventral of rat’s tongue for 2 minutes (modification from Kang and Kim,
2018; Miao et al, 2019; Idrus et al, 2019).%%*”** The induction technique was standardized for all animals and performed
by the same operator.

Triamcinolone acetonide (TRA) in oral-base (Kenalog® in oral-base, Taisho) was used as a comparison material,
because it is commonly used in the conventional therapy of stomatitis. TRA was applied topically to oral mucosal ulcers
of rats once a day, as well as EEKG in several concentrations, according to the group of rats.

After the experiment finished, the rats being euthanized using overdosed sodium pentobarbital. The rat’s tongue was
taken as a sample and placed in a closed container (5 mL tube), then stored in the freezer —20°C until the next
experimental procedure. A small portion of the tongue tissue was taken and then stored in a vial container containing
10% formaldehyde (Indokimia®™), for tissue staining and histopathology examination. Furthermore, the dead rats were put

in a freezing box and then sent to a special incinerator to destroy the research animals.

Daily Visual Observation

The weight of rats, feed, and water consumption were evaluated every day. The base-line weight of the rats was measured
on the day before induction. The first day was the day when ulcers formed on the oral mucosa of rats after induction. On
the Ist day of the ulcer formation, the maximum ulcer area (consider to be 100% of ulcer area) and the maximum
inflammation signs score/ISS (consider to be 100% of ISS) were also measured. Then from the first day until the 6th day,
treatments were given in the form of topical drug administration, 1 time/day. Ulcer photography documentation was
carried out every day to obtain data on ulcer area (in mm), with the help of a dental probe or scaled dental pinset, and ISS
in all groups. Final body weight was measured before euthanasia was performed on the 7th day. The percent weight loss

was measured in all rats. The percent weight loss formula is:

(Last Day Weight — Baseline Weight)

Percent Weight Loss = - -
Baseline Weight

% 100% (1)

The area of ulcer/lesion with a tendency for linear regression with time then observed and analyzed using digital
photography and Imagel® computer software (https://imagej.nih.gov/ij/) (modification from Cavalcante et al, 2011;
Oliveira et al, 2016; Kang and Kim, 2018; Miao et al, 2019).5’9’2(”27 The first thing to do was to calibrate the scale
(Analyze>Calibrate>select “Straight freehand tools”). Measure the known length of the scale on the dental pinset or

dental probe and make adjustments (Analyze>set scale). The known distance was 10 and unit of length in mm. Then
click OK, select the “Freehand selection tool”, and start measuring the ulcer area by circling the edges of the ulcer.
Furthermore, the results were obtained in the form of ulcer area in millimeters (Analyze>Measure). The percent recovery
of ulcer area was measured in all rats.

The percent recovery of ulcer area formula is:

(Ulcer Area Day 1 — Ulcer Area Day—n)

P t R f Ulcer Area =
ercent Recovery of Ulcer Area Ulcer Area Dayl

x100% Q)

The visual inflammation sign score was measured by observing the presence of the signs of inflammation, namely:
edema, tissue necrosis, erythema, and lesions. The four signs were scored as +/presence or -/absent, then the results were
summed for each rat in all groups (minimum score = 0, maximum score = 4) (modification from Kang and Kim, 2018;
Miao et al, 2019).2%*” All measurements were performed by the same operator. The ISS day 1 was considered to become
100% when ulcers were formed after induction using acetic acid. The percent recovery of the ISS was compared the
last day to the first-day measurement. The percent recovery of inflammation sign score formula is:

(ISS Day 1 — ISS Last Day)

Percent Recovery of ISS = ISS Day 1

x100% 3)
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Histopathological Analysis

The collected mucosa fragments that will be identified, immersed in 10% formalin for 24 hours. After fixation, the
specimens were subjected to dehydration in crescent alcoholic series, diaphanized in xylol, impregnated in paraffin, and
melted at 60°C. Then, the fragments were placed into paraffin-forming blocks at room temperature, and were sectioned to
5 um in thickness using a microtome. Finally the slides were stained with hematoxylin-eosin.>”’

The analysis was performed with an optical microscope and the histological characteristics of the ulcer along with
their corresponding wound healing phases will be described. The histopathological score was measured by two
examiners who had received training and were calibrated, with a good agreement level of kappa score = 0.85. The
histopathological parameters were determined and scored from 0 to 4 according to the previously published criteria.>*=®
0 = No ulcer, remodelled epitel.

1 = No ulcer, fibrosis, and slight inflammation.
2 = With ulcer, fibrosis, and moderate inflammation.
3 = With ulcer and inflammation, with granulation tissue.

4 = With ulcer and acute inflammation process (dilated vessels, mixed inflammatory infiltrate with neutrophils).

Statistical Analysis

The feed and water consumption, percent weight loss, percent recovery of ulcer area, and percent recovery of
inflammation sign score were analyzed by the one-way and two-way ANOVA test (Excel 2020 software). The Mann—
Whitney test was used to analyzed the histopathology scores (using the online software at https://www.statskingdom.

com/170median_mann whitney.html). A 95% confidence level (p<0.05) was used to compare the differences and

significance between variables.

Results

Feed and Water Consumptions
Table 1 shows the average and standard deviation of daily feed and water consumption of rats. The average daily feed
consumption of the rat groups that were given oral mucosal ulcer induction in our study, tended to show an increase

Table | Daily Feed Consumption (Gram) and Water Consumption (mL)

Group

Normal NegCon TRA Test | Test 2 Test 3 Test 4
Feed Consumption
Average 46.88 52.73 48.05 49.22 46.88 49.22 49.22
SD 10.02 9.94 11.69 9.70 10.02 13.02 13.02
p-value™ - - 0.4021 0.4860 0.2600 0.5536 0.5536
p-value™ - 0.2600 0.8326 0.6420 1.0000 0.6927 0.6927
Water Consumption
Average 290.00 229.75 284.50 279.00 251.63 202.38 246.13
SD 52.02 101.32 52.35 52.02 116.37 96.28 104.44
p-value® - - 0.1960 0.2415 0.1608 0.5883 0.7550
p-value™ - 0.1568 0.8361 0.6788 0.4088 0.0399* 0.3055

Notes: *Significant at p<0.05 (one-way ANOVA); data on average daily feed and water consumption for 5 rats in the same group; *p-value compared to NegCon; “*p-value
compared to normal.
Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test |; T2, test 2; T3, test 3; T4, test 4.
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compared to the normal group. However, this difference was not significant when compared to the NegCon (the highest
average of daily feed consumption) and the normal group. Meanwhile, on the contrary, the average daily water
consumption in the groups that received oral mucosal ulcer induction tended to decrease in water consumption when
compared to normal. A significant decrease in water consumption compared to normal only occurred in the test 3 group.
When compared with the NegCon, the group of rats treated with TRA and EEKG, except for group 3, tended to consume
more water on average. However, water consumption in all induced rat groups did not show a significant difference
compared to the NegCon.

Percent Weight Loss

The weight of the rats on the first day was considered as 100% body weight or baseline weight. Baseline weight of the
rats were not significantly different. Table 2 shows the average and standard deviation of percent weight loss of rats. The
weight loss of rats in the normal group and the EEKG treatment groups compared to the NegCon was not significantly
different. Only the TRA group showed a significant difference in percent weight loss compared to the NegCon.

Ulcer Area Measurement

Figure 1 shows the daily dynamics of the percent recovery of the ulcer area. Day first was one day after the induction of
ulcers in the oral mucosa of rats, so the percent recovery of ulcer areas in all groups was 0%. On day 3 only the NegCon
group did not show an increase in the percentage of recovery of ulcer area compared to day 2, while the other groups
showed an increase.

Table 3 shows the average and standard deviation of the percent recovery of ulcer area measurement of rats. The ulcer
area at day 1 is considered to become 100% when ulcers are formed after induction using acetic acid. The percent
recovery of the ulcer area was compared the day-n (3rd day and last day) to the first-day measurement. On day-3 all
groups, except rats of Test 2, showed a greater percentage in the recovery of the ulcer area compared to the NegCon, but
on day-6, only rats of Test 1 showed a greater percentage. Statistical analysis was carried out using one-way and two-way
ANOVA.

Inflammation Sign Score Measurement
Figure 2 shows the example of inflammation sign score (ISS) measurement of rats and Figure 3 shows the comparison of
ulcer healing between groups on day 6 post-induction.

Table 4 shows the average and standard deviation of percent recovery of ISS of rats on day 6 (the last day). It appears
that only the Test 1 showed a percent recovery of ISS greater than the NegCon group although not significantly different
(statistical analysis was carried out using one-way ANOVA).

Table 5 shows the frequency distribution of ISS based on the test group on the last day. The maximum total score is
20 and the minimum is 0, so if the total score is between 0 and 10 then the intervention is effective, whereas if the total
score is more than 10, then the drug is not effective, based on the visual observation of signs of inflammation. Only Test
1 group shows a better score than the NegCon group.

Table 2 Percent Weight Loss (%)

Weight Loss Group

Normal NegCon TRA Test | Test 2 Test 3 Test 4
Average —4.30 —0.82 —11.88 —7.61 I.19 —5.24 —6.45
SD 5.48 4.88 6.82 12.73 4.87 11.43 9.23
p-value - - 0.0184* 0.2978 0.5331 0.4491 0.2620

Note: *Significant at p<0.05 (one-way ANOVA).
Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test I; T2, test 2; T3, test 3; T4, test 4.
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Recovery of ulcer area (%)

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Figure | Daily dynamics of the percent recovery of ulcer area.

Histopathology Score Measurement

Figure 4 shows the differentiation in histopathological features (magnification 100x) between groups. The distribution of
inflammatory cells (purple spots of leukocyte/black arrows) increased in the inflammatory phase and lower when
approaching wound healing, on the other hand, fibrosis (yellow arrows) shows an increase when approaching the
wound healing stage. Green arrows show the dilated vessels which increased in the acute phase of inflammation and
decreased when entering the chronic phase or wound healing.

Table 6 shows the average, standard deviation, and p-value compared to the NegCon, of the histopathology score
measurement of rats. The difference test between groups was calculated using Mann—Whitney statistical analysis. The
level of significance is p<0.05. The T2 and T3 groups showed better effectiveness and significantly different than
NegCon in treating the oral mucosal ulceration of Wistar rats.

Table 7 shows the frequency distribution of histopathology scores based on the test group. The maximum total score
is 20 and the minimum is 0, so if the total score is between 0 and 10 then the intervention is effective, whereas if the total

Table 3 Percent Recovery of Ulcer Area (%)

Normal NegCon TRA Test | Test 2 Test 3 Test 4 p-value (2-Way ANOVA)

Day 3 0.0012*
Average 100.00 35.74 39.29 62.99 31.48 44.85 57.27

SD 0.00 39.01 31.46 75.05 20.04 65.59 9.54
p-value (I-way ANOVA) - - 0.8501 0.1658 0.8179 0.5924 0.3666
Day 6
Average 100.00 79.82 76.32 85.24 79.78 77.60 68.72

SD 0.00 22.76 21.82 17.75 20.37 10.51 42.84
p-value (I-way ANOVA) - - 0.8099 0.6854 0.9978 0.8478 0.6228

p-value (2-way ANOVA) 0.4412

Note: *Significant at p<0.05.
Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test |; T2, test 2; T3, test 3; T4, test 4.
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D. Day 4 E. Day 5

Figure 2 The example of inflammation sign score measurement (test I, rat no 5).

score is more than 10, then the drug is not effective, based on the histopathological picture. The T1, T2, and T3 groups
showed better scores than the NegCon, which means effective in reducing the histopathology score.

Discussion

This study revealed that EEKG exerts anti-inflammatory activity and promotes wound healing. The administration of
topical EEKG affected the ulcer area, reduced signs of inflammation, and improved histopathological feature of the
chemical-induced oral mucosal ulcer in Wistar rats. We proved that there is a positive correlation between the
development of the oral mucosal ulcer with their daily feed consumption. However, a negative correlation is observed
between the development of the oral mucosal ulcer with water consumption and bodyweight.

The study showed that the daily consumption of feed and water for all groups of rats was still within normal limits
(Table 1). Normally rats need feed as much as 5 g/100 g of BW per day.” This research used rats with body weight
ranging from 150-200 g so that in one cage/per 5 rats need between 37.5-50 g of feed. The average consumption of rat
feed per cage in this study was following this theory, which ranged from 46.88 to 52.73 g. The slight increase in feed
consumption in the ulcer-induced group suggests the possibility that the pain experienced by the rat triggered stress and
increased the instinct to eat more.*®

Meanwhile, the average water consumption requirement of normal rats is 10-25 mL/100 g of BW per day,” so that in
one cage/per 5 rats need between 75-250 mL of water. The water consumption per cage in this study was following with
this theory, which ranged from 202.38 to 290 mL per day. Water consumption is also related to the health condition of the
rats, in this case the ulcers were made on the ventral part of the tongue, so that it is possible to make difficulties or
disturbances for rats in consuming water. Rats are rodents that can gnaw/bite on feed using their teeth. However, the pain
caused by the ulcer lesions limited the movement of the rat’s tongue needed when drinking, so that water consumption
was decreased compared to normal. The results of this study are in line with research conducted by Kang and Kim, which
stated that there was no significant difference in feed and water consumption between the experimental groups.”®
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B. NegCon

D.T1

E-T2

F.T3

G.T4

Figure 3 The comparison of ulcer healing between groups on day-6 post-induction.

Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test I; T2, test 2; T3, test 3; T4, test 4.

The percent of weight loss measured by comparing the initial body weight (day-1) with the final body weight of the
rats after therapy (day-6), as shown in Table 2. When compared with normal (—4.30%), the percent weight loss in ulcer-
induced rats tended to be greater (—5.24% to —11.88%), except for the NegCon (—0.82%) and the Test 2 group (+1.19%),
even though not significantly different. The weight loss of ulcer-induced rats and treated with TRA appeared to be the
largest and most significant (—11.88%), compared to the negative control. This is in line with the study by Oliveira et al,
that the weight loss of rats treated with TRA was greater than rats treated with chamomile, on study of ulcer healing on

normoglycemic and diabetic rats.” However, this contradicts with the results of the study by Sari et al, which were
showed a significant increase in body weight of rats treated with TRA and areca nut-chrysanthemum extract for oral

mucosal ulcers in rats.”®

Table 4 Percent Recovery of Inflammation Sign Score (%)

Inflammation Sign Score Group
Normal NegCon TRA Test | Test 2 Test 3 Test 4
Average 100.00 71.67 56.67 76.67 71.67 48.33 66.67
SD 0.00 29.81 43.46 27.26 29.81 23.12 47.14
p-value - - 0.5423 0.7890 1.0000 0.2041 0.8461
Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test I; T2, test 2; T3, test 3; T4, test 4.
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Table 5 Frequency Distribution of Macroscopic Signs of Inflammation

Score Criteria Description Number of Samples

Normal NegCon TRA TI T2 T3 T4
0 No ulcer; normal mucosal appearance 5 2 2 2 2 0 3
| Visually observed | of the inflammation signs. 0 | 0 2 [ 2 0
2 Visually observed 2 of the inflammation signs. 0 2 3 | 2 | [
3 Visually observed 3 of the inflammation signs. 0 0 0 0 0 2 |
4 Visually observed 4 of the inflammation signs. 0 0 0 0 0 0 0
Total score 0 5 6 4 5 10 5

Notes: Inflammation signs were: ulceration, oedema, pseudomembrane/necrotic tissue, and erythematous. The presence of the signs of inflammation were scored as
+/presence or -/absent, then the results were summed for each rat in all groups (minimum score = 0, maximum score = 4).
Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test |; T2, test 2; T3, test 3; T4, test 4.

Weight loss was observed in normal rat group which is predicted due to the possibility of experiencing stress, even
though the experimental environment has been well conditioned. Nevertheless, the negative control group showed
a lower percentage of weight loss compared to that of the normal group (provided in Table 2).

Figure 1 shows the dynamics of the percent recovery of ulcer area. It appears that on day 3 can be said to be the peak
of ulcer development in our study, this is indicated by the absence of an increase in the percent recovery of ulcer area in
the negative control group. This is in line with previous studies which stated that days 3 to 5 were the peak of oral
mucosal ulcer development in rats, if no intervention was given.*> Meanwhile, the group of rats that were given topical
drug intervention, both TRA and EEKG, showed an increase in percent recovery of ulcer area day by day. However,
after day 3, rats in the negative control group began to show an increase in the percent recovery of ulcer area. This is
thought to be because 2% of the CMC given acted as a coating agent which also had the effect of protecting ulcer from

D. T1 E.T2 F.T3 G.T4

Figure 4 The differentiation in histopathology features between groups. A black asterisk indicates an open ulcer, the black arrow shows the distribution of inflammatory
cells, while the green arrow shows the dilated vessels, and yellow arrows shows fibrosis (magnification 100X).
Abbreviations: k, keratin layer; ep, epitel layer; Ip, lamina propria; NegCon, negative control; TRA, triamcinolone acetonide; T1, test I; T2, test 2; T3, test 3; T4, test 4.
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Table 6 Histopathology Score

Histopathology Score NegCon TRA TI T2 T3 T4

Average 2.80 2.40 1.60 1.00 1.40 2.40

SD 1.30 1.34 1.82 1.23 0.89 1.52

p-value - 0.3322 0.1429 0.0348* 0.0462* 0.4564
Notes: *Significant at p<0.05 (Mann Whitney); The criteria description were: 0 = no ulcer, remodelled epitel; | = no ulcer, fibrosis, and slight inflammation; 2 = with ulcer,

fibrosis, and moderate inflammation; 3 = with ulcer and inflammation, with granulation tissue; 4 = with ulcer and acute inflammation process (dilated vessels, mixed
inflammatory infiltrate with neutrophils).
Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test I; T2, test 2; T3, test 3; T4, test 4.

Table 7 The Frequency Distribution of Histopathology Scores

Score | Criteria Description Number of Samples

Normal | NegCon | TRA TI T2 T3 T4
0 No ulcer, remodelled 5 0 0 2 2 0 0
| No ulcer, fibrosis, and slight chronic inflammation 0 | | | 2 4 2
2 Ulcer, fibrosis, and moderate chronic inflammation 0 | | 0 0 0 0
3 Ulcer, inflammation with granulation tissue 0 | 2 | | | 2
4 Ulcer, acute process (dilated vessels, mixed inflammatory 0 2 | | 0 0 |

infiltrate with neutrophil)

Total score 0 14 13 8 5 7 12

Abbreviations: NegCon, negative control; TRA, triamcinolone acetonide; T1, test |; T2, test 2; T3, test 3; T4, test 4.

external disturbances that could inhibit wound healing. It can be said that 0.5% of EEKG (T1) showed the best
effectiveness in increasing the percent recovery of ulcer area during the experiment.

The administration of 0.5-4% of EEKG (Test 1, Test 2, and Test 3) were better at reducing the ulcer area
macroscopically compared to that of TRA, on day-3 or day-6 (Table 3). Furthermore, 0.5% EEKG (Test 1) indicated
a better percent recovery of ulcer area (85.24%) compared to the NegCon (79.82%). The treatment with 0.5%, 1%, and
4% of EEKG (Test 1, Test 2, and Test 4) was better than TRA in reducing the inflammation sign score (ISS) by visual
observation (Tables 4 and 5). However, only 0.5% of EEKG (Test 1) indicated a better recovery (76.67%) compared to
the NegCon (71.67%). As a consequence, it is confirmed that the low dose of EEKG (0.5%) possesses the best anti-
inflammatory activity by healing the chemical-induced oral mucosal ulcer Wistar rats, both in terms of the percent
recovery on ulcer area and inflammation signs scores. Statistical analysis using one-way ANOVA showed that there was
no significant difference in percent recovery of ulcer area between the test group and NegCon (p-value >0.05).
Meanwhile, using two-way ANOVA showed that there was a significant difference in percent recovery of ulcer area
between day 3 and day 6 (p = 0.0012), but there was no significant difference in percent recovery of ulcer area with
increasing extract dose (p = 0.4412).

The results of this study are not in accordance with the previous study on oral ulcers in rats, which reported that low,
middle, and high dose of Shuangjinlian mixture have anti-inflammatory effect and was effective for the prevention and
treatment of oral ulcers in rats, in dose-dependent manner.?” Likewise with the results of the study on the effect of acai
berry water extract (ABWE) on oral mucosal ulcers, confirmed that medium (3%) and high (5%) doses of ABWE were
better in the wound healing process, than the lower dose.?

In our study, signs of inflammation in the form of ulceration, pseudomembrane/necrotic tissue, and edema were more
commonly found in the early phase or day 1 to day 3 after induction of oral mucosal ulcers, while the appearance of
erythema lesions persist to the wound healing phase. The lesion in the form of pseudomembrane/necrotic tissue showed
thickening in the mid-inflammatory phase, around day 3 to day 4, then began to thin out as it entered the remodeling
phase and approached the wound healing phase (depicted in Figure 2).
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The administration of lower doses EEKG on the chemical-induced oral mucosal ulcers in Wistar rats, conveyed a better
histopathology score than the NegCon. The 0.5%, 1%, and 2% of EEKG exhibited a better effect than TRA, as shown in
Tables 6 and 7. Even the 1% and 2% of EEKG showed statistically significant differences (p<0.05), which was better than the
NegCon. Only the application of 4% EEKG which was not showing better effect than TRA application and NegCon.

The results of measuring the ulcer area and inflammation sign score through the visual observation method
(macroscopic) in this study were not in line with the results of the histopathology score measurement (microscopic).
This is presumably because physiologically the oral mucosal epitel has a very good healing speed, supported by various
components in saliva,* hence the lesions appear to heal with marked closure of the mucosal epithelial discontinuities.
Meanwhile, the microscopic observation revealed that the inflammatory process still occurs in the connective tissue/
lamina propria, even though the mucosal epithelial surface has been covered.

In general, the topical application of 0.5-2% of EEKG on the chemical-induced oral mucosal ulcer of Wistar rats,
could accelerate wound healing and manifested a better anti-inflammatory activity compared to TRA. This is in line with
the results of research by Oliveira et al.” In our study the effect of EEKG did not show a dose-dependent pattern, in line
with the results of research conducted by Sari et al.*®

Several studies have proven that infusion, methanol extract, ethanol extract, petroleum extract, and EPMC isolated
from K. galanga rhizome, possess an anti-inflammatory effect.'”'*23->*37-3% The EEKG used in this in vivo study has
been proven to contain various secondary metabolites such as polyphenols, flavonoids, alkaloids, triterpenoids, tannins,

13:16 which is in line with the research results of Elshami et al.** The identification of Ethyl-p-methoxy

and saponins,
cinnamate (EPMC) as the most abundant active substance in the EEKG has also been proven using the thin layer
chromatography (TLC) method, as well as spectrophotometric analysis and chromatogram profiles using High-
performance liquid chromatography (HPLC)."> These secondary metabolites in the EEKG are thought to work synergis-
tically as anti-inflammatory, thus facilitating the healing process of oral mucosal ulcers.

Triamcinolone acetonide is a steroid anti-inflammatory drug that is commonly used to treat various types of
stomatitis, but it is also able to inhibit wound healing in ulcerated oral mucosa of rats. In addition, because the oral
mucosal lesions of rats may be easily invaded by various microorganisms, the administration of steroids will suppress
local immunity which exacerbates inflammatory conditions, and delays wound healing.”** Meanwhile, EEKG was
thought to have an antimicrobial effect, so it could show superiority in accelerating wound healing.'* This could be
the answer to the phenomenon that EEKG is superior to TRA in treating oral mucosal ulceration in rats. Thus, the
development of this EEKG will be able to help solve the problem of discovering alternative drugs for oral mucosal

ulceration therapy.

Conclusion

The ethanol extract of K. galanga L. rhizome has confirmed its anti-inflammatory activity by accelerating the healing
process on the chemical-induced oral mucosal ulcer in Wistar rats, based on the percent recovery of the ulcer area,
the percent recovery of the inflammation sign score, and the histopathology score. However, clinical trials need to be
conducted for drug development and its application in humans. Taken together, K. galanga L. is potential to be developed

as a prospective phytopharmaceutical for the treatment of oral mucosal ulceration.
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