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ABSTRACT

Introduction: Stomatitis is the most common oral mucosal lesions characterized by round ulcers
with yellow-white color and usually heals up to 14 days. Many recent studies have demonstrated that
glycyrrhizin (GL) and C. sappan extract (CSE) exhibits anti-inflammatory, anti-ulcer and antioxidant action
but no study has demonstrated the effect on the oral mucosal ulcer. Objectives: To evaluate the effect of
GL and CSE in experimentally chemically induced oral mucosal ulcers using rats. Methods: Male Sprague-
Dawley rats were randomly distributed into seven groups: the control group, the comparison group of
0.1% triamcinolone acetonide (TCA), a single treatment group of 3% GL and 3% CSE, combination groups
of 3% GL + CSE (1:1, 1:2, 2:1). The oral ulcer model was induced by 15 pL of 50% acetic acid. The
clinical healing was evaluated by measuring the ulcer size and body weight from day 0-14 and evaluate
the leukocyte number on days 0, 4, 9 and 14. Histological examination was conducted at the end of the
treatment. Results: The group of 0.1% TCA and GL:CSE (2:1) showed greater ulcer closure (>80%) and
decreased leukocyte number since day 4 (p<0.05). Body weight loss was observed after ulcer initiation
and started to increase after day 4 of treatment. While the histological examination showed similar
tissue regeneration profile only from the GL:CSE (2:1) group with the healthy oral mucosa. Conclusion:
Combination treatment of GL:CSE (2:1) enhanced the closure of oral mucosal ulcer and demonstrate

complete tissue regeneration.
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INTRODUCTION

Stomatitis is recognized as the most common
oral mucosal disease characterized by symptoms
of inflammatory conditions such as the presence
of vesicles, erosion, aphthae, and ulceration.! The
ulcers usually affect the nonkeratinized mucosa of
buccal, labial, surface of the tongue, non-attached
gingiva, or soft palate.? It presents as painful round
shallow ulcers with circumscribed margins, a
fibrin clot that covered the lesions, a yellow-white
appearance and heals within 10 to 14 days.’ This
oral ulcer also called recurrent aphthous stomatitis
that occurs recurrently because the etiology and
pathogenesis remain unclear.* Many factors may
be involved to cause oral ulcers such as traumatic
injury, infection, hormone imbalance, immune
dysregulation and medications.” The current
treatment like topical corticosteroids, analgesics
and antibiotics are intended to reduce the pain and
ulcer duration. However, frequent and long-term
exposure to these drugs may further lead to more
adverse effects and often drug resistance.*’

Natural medicines have become increasingly
used in many countries. These become popular
among consumers who search for natural ways as
an alternative therapy and the general feeling that
natural medicines are safer than synthetic drugs.
Treatment of stomatitis with natural medicine
might be best based on their anti-inflammatory,
antioxidant, antistress, membrane protective
activity because the oral mucosa membrane is
susceptible to stress by contact with teeth, food and
fluid intake and oral hygiene.” The natural agents
such as licorice (Glycyrrhiza glabra) and sappan

wood (Caesalpinia sappan) have already reported
having anti-ulcer, anti-inflammatory, antioxidant,
antibacterial, and antiviral properties.®’

Licorice has been used worldwide as a sweetener and
a flavoring additive in food and medicine and has
been given Generally Recognized as Safe (GRAS).!
The major active compound and abundantly present
in the root of licorice is glycyrrhizin (GL). Many
studies have reported that the anti-inflammatory
activity of licorice is majorly influenced by that
compound.'' The other study showed that licorice
enhances immune function and potentially increases
mucosal immunity and anti-inflammation effects in
the peripheral tissues of pigs.'* Licorice mouthwash
in the comparison study with 0.2% chlorhexidine
both showed an equally effective treatment against
chronic gingivitis up to 4 weeks in a total of 104
individuals.”

On the other hand, an ethanolic fraction of C.
sappan showed significantly higher inhibition of
oral pathogenic bacteria that cause dental caries
and gingivitis than 0.12% chlorhexidine."* In
that study, the polar fraction of C. sappan has the
highest antibacterial activity. Another study of
the hydroalcoholic extract of C. sappan reported
that the extract exhibits gastroprotective activity
and healing potential of ulcer lesions.'"* The main
constituent that plays an important role in the C.
sappan pharmacological activity is brazilin which
is reported to have strong antioxidant, antibacterial
and anti-inflammatory activity."

However, the research data is very limited about the
effect of glycyrrhizin and C. sappan extract to treat
an oral mucosal ulcer. Therefore, this study was
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designed to investigate single and combination treatment’s role and
histologic effect in experimentally chemically-induced oral mucosal
ulcer using rats.

MATERIALS AND METHODS

Materials

Glycyrrhizin 98% (GL) in fine powdery form was purchased from
Shaanxi Jintai Biological Engineering Co., Ltd. (Shaanxi, China, Batch:
JT190819); Sappan wood (Caesalpinia sappan) dried powdered extract
(CSE) was purchased from Hunan Greenplant Resource Development
Co., Ltd. (Hunan, China, Batch: GR-20200916-1); Triamcinolone
acetonide (TCA) was obtained from Dexa Medica (Palembang,
Indonesia, Batch: 408011658); and analytical grade solvents like ethyl
acetate, n-hexane and acetic acid (Merck).

Thin layer chromatography (TLC)

The presence of brazilin in the sappan wood extract was identified
through Thin Layer Chromatography (TLC) silica gel 60 F,,, (Merck).
The mobile phase was ethyl acetate:n-hexane (6:4 v/v). The TLC plate
was visualized by ultraviolet (UV) light at 254 and 366 nm.'* The major
compound of the extract was confirmed with brazilin (Sigma Aldrich,
USA) as a reference standard.

Animals

Male Sprague-Dawley rats aged 7 weeks (200-300 g) were used after
one-week acclimatization. The animals were maintained on a 12 h light/
dark cycle (06.00 to 18.00 lights on) and housed in a temperature and
humidity-controlled room (22-25°C and 40-60%) with food pellets
and water provided ad libitum. The protocol for animal study (No.
20-09-1195) was approved by The Ethics Committee of the Faculty
of Medicine, University of Indonesia. All animals were treated by
following the procedures and guidelines according to the institutional
and national guideline for the care and use of animals. All efforts were
made to minimize animal suffering.

Oral mucosal ulcer model

Animals were anesthetized intraperitoneally (i.p.) with ketamine
(50 mg/kg; Agrovet Market S.A., Canada) and xylazine (10 mg/kg;
Interchemie, Netherlands). A round filter paper (d: 5 mm, Whatman
No. 1) was soaked in 15 pL of 50% acetic acid and was used to create
round ulcers. This acid-soaked paper was applied onto the oral mucosal
region for 30 s””. This chemical stimulation would induce tissue necrosis
and created an obvious ulcer form 3 days later (+5 mm in diameter).
Complete wound healing of oral ulceration normally occurs up to 14
days.'®

Experimental design and treatment

Animals were randomly selected and divided into seven groups (n =7
in each group). Group 1 received no treatment and their measurements
served as the control. Group 2 was administered with 0.1% TCA.
Group 3 and 4 were administered with a single dose each of 3% GL and
3% CSE. Then, groups 5 — 7 served as 3% GL + CSE groups wherein
animals received various combinations between GL and CSE (1:1, 1:2
and 2:1 respectively). All samples were diluted with distilled water and
treated once a day into the oral ulceration started after ulcer initiation
(day 0).

The total observation period was set as 14 days and the examination
was performed every day including measurement of ulcer size and
body weight. Ulcer size was measured along its longest diameter using
a sterile vernier caliper. In each group, the blood sample was collected
on days 0, 4, 9 and 14 for leukocyte examination. The clinical healing
was defined by the decrease in the ulcer size and the leukocyte number.
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Histological study

Tissue specimens of the oral mucosal were excised and fixed in 10%
neutral buffered formalin (Bio-Optica) on the fourteenth day. Those
specimens were embedded in paraffin blocks for histological processing.
Tissue sections (4 um thick) obtained from each paraffin block were
stained with hematoxylin-eosin (HE) and evaluated histologically. The
healthy oral epithelium was used for comparison.

Statistical analysis

Statistical descriptive were performed. All data were expressed as mean
+ standard error of the mean (SEM). The difference of the mean ulcer
size between the groups on each observation day was analyzed using
one-way ANOVA. For the comparison, t test was used to perform a
comparison between group and observation days. The significant
difference was considered when the p value <0.05. Many literatures were
used to determine and compare the result of histological examination.

RESULTS AND DISCUSSION

TLC profiles of reference standard and CSE are shown in Figure 1.
The extract presented a chromatographic band corresponding to
the brazilin standard. The C. sappan extract has known to contain
various types of phenolic compounds, such as brazilin, protosappanin,
chalcone, xanthone, and homoisoflavone.®** In CSE there is a very thin
chromatographic band. According to the previous study,'s the very
thin chromatographic band was protosappanin A with a similar TLC
profile. In addition, brazilin appeared as a brown spot observed under
visible light and the spot has similar color and Rf value with the brazilin
standard.

In this study, the oral mucosal ulcer was used to determine the
effectiveness of GL and CSE on ulcer closure during healing process.
We presented an animal model with a uniform oral ulcer and identical
position on the oral mucosal region using acetic acid. Ulcer models
also can be produced by various agents, such as mechanical, radiation

- g}

Figure 1: TLC profile of brazilin standard (1) and CSE (2). The stationary
phase was TLC silica gel 60 F,., and the mobile phase was ethyl acetate:n-
hexane (6:4 v/v). Detection: A = visible light, B = UV 254 nm, C = UV 366
nm.

210



Sulkhan AAR, et al.: Effect of Glycyrrhizin and Sappan Wood Extract on Chemically-Induced Oral Mucosal Ulcer: An In Vivo Animal Study

and thermal trauma.'” ? In previous study, a white rabbit model of
oral ulceration with the use of 15 pL of 50% acetic acid applied to the
maxillary labial mucosa was reported in the formation of uniform
circular ulcers.?! The initial treatment was started after ulcer initiation
(day 0, Figure 2C, black circled) when the round ulcer formed around
5 mm in diameter with a filter paper disc (d: 5 mm) as the calibration
of the ulcer size.

The ulcer usually presents on the movable or nonkeratinized oral
mucosa with the buccal and labial mucosa being affected frequently
and heal without scarring up to 14 days.> According to this, a 14 days
healing period was used to obtain a complete ulcer healing. The ulcer
size of the samples on days 0, 4, 7 and 9 are presented in Table 1. The
largest ulcer sizes were observed on day 0 and there is no significant
difference between the ulcer initiation on day 0 (p = 0.16). Although
all sites showed a healing progression, a significant difference could be
observed. After 4 days of treatment, there are three groups that showed
a highly significant decrease in ulcer size from 0.1% TCA group (0.43
+ 0.16 mm), GL:CSE (1:2) group (2.20 £ 0.11 mm), and GL:CSE (2:1)
group (0.55 + 0.20 mm) compared to control (p<0.0001). But, only from
GL:CSE (2:1) group showed no significant difference compared to the
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0.1% TCA group. The mean percentage of ulcer closure showed >80%
of ulcer closure for both 0.1% TCA and GL:CSE (2:1) groups attaining
91.53 £ 3.20% and 89.24 + 3.90% respectively (Figure 3) and there is no
significant difference. Otherwise, reduction of the ulcer diameter was
up to 9 days of treatment at the control group (Figure 2D-F) with the
percentage of ulcer closure only 47.53 + 1.91 (<50% healing).

Oral ulcer is an inflammatory condition with a lesion, disintegration,
and ulceration of epithelial tissue. This ulceration with mixed
inflammatory cell infiltrates is caused by dysregulation of the immune
system in the oral mucosa.? In this study, we found that total leukocyte
number increase significantly (>14000 /uL) in response to the oral ulcer
(Figure 4A). On day 4, the number of leukocyte started to decrease as
long as ulcer closure started to increase. The treated group of GL:CSE
(2:1) showed a significant decrease compared to control (p = 0.0006)
with the number of leukocyte 9650 + 170.8 /uL that achieve the normal
values (4000-10000 /uL)? since day 4, while the number of leukocyte
from 0.1% TCA group is 10475 + 332.6 (p = 0.001). At the end of the
study, all sites showed a decrease in the number of leukocyte that
indicates complete ulcer healing. All animal groups also experienced
body weight loss on the day 0—4 and started to increase after day 4 of

B

Figure 2: (A) Healthy rats oral mucosa. (B) Acid-soaked filter paper disc (d: 5 mm) application. (C) Ulcer initiation on day 0 (d: 5 mm).
Measurement of the (D) 4 days ulcer, (E) 7 days ulcer and (F) 9 days ulcer from the control group.

Table 1: Mean ulcer diameter on day 0, 4, 7 and 9

Ulcer diameter (mm)

Group

Day 0 Day 4 Day 7 Day 9
Control 5.02 £ 0.03 4.18 £ 0.06 3.41+0.12 2.63 £0.08
0.1% TCA 5.04 £ 0.02 0.43 £ 0.16 0.00 £ 0.00 0.00 £ 0.00"
3% GL 5.06 £ 0.02 3.42 £0.32 2.23£0.19 1.20 £ 0.04
3% CSE 5.06 £ 0.03 3.82£0.22 2.27 £0.22 1.16 £ 0.05
GL:CSE (1:1) 4.98 £ 0.04 2.97 £0.26 1.37 £ 0.09® 0.78 £0.21°
GL:CSE (1:2) 5.07 £ 0.04 220+0.11° 0.91 +£0.16 0.00 + 0.00°
GL:CSE (2:1) 5.10 £ 0.04 0.55+0.20™ 0.00 £ 0.00° 0.00 + 0.00
p (one-way ANOVA) 0.16 <0.0001 <0.0001 <0.0001

n=7; *p<0.0001 compared to control; *not significant and °p<0.0001 compared to 0.1% TCA group (t-test)
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Figure 4: (A) The number of leukocyte (/L) and (B) Mean body weight (g) measurement on day 0, 4, 9, and 14. *p<0.0001; **p<0.001;
***p<0.01 compared to control; °not significant compared to 0.1% TCA group (t-test).

Figure 5: Photomicrograph of histological sections of (A) the healthy oral mucosa showing normal epithelium without any inflammatory
cell infiltration and thickened epithelial cells (HE, 10X). (B) day O of ulcer initiation showing epithelial disruption and inflammatory cell
infiltration (HE, 40X). Tissue remodeling after day 14 treatment of (C ,) untreated group, (D,,) 0.1% TCA and (E, ) GL:CSE (2:1) (HE,
40x). Black arrow demonstrates normal epithelium of oral mucosa; red arrow demonstrates inflammatory cell infiltration; green arrows
demonstrate tissue remodeling; the black lines demonstrate epithelial thickness.

treatment (Figure 4B). The loss of body weight indicates that the ulcer
symptoms may affect the food intake and causing pain during eating or
swallowing.*

Decreasing ulcer size is amongst the determinants of healing but the
resolution of pain is the most important issue that can be assessed from
the epithelialization of the oral mucosa.”* Based on the data analysis,

Pharmacognosy Journal, Vol 13, Issue 4, July-Aug, 2021

group 2 (0.1% TCA) and 7 (GL:CSE = 2:1) showed the highly significant
both for the percentage of ulcer closure and decreasing the leukocyte
number since day 4 of treatment. So, the histological assessment of both
groups was compared to the healthy oral mucosa and untreated group
at the end of the treatment. On the initiation day of ulcer showed severe
damage of the epithelial layer accompanied by granulation tissue and
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inflammatory cell infiltration (Figure 5B) compared to healthy mucosa
(Figure 5A). The chemically injured epithelial cells became necrotic
and no longer adhered to one another.”” The healthy mucosa showed
intact epithelial layers and an absence of inflammatory cell infiltration.
After the treatment, all epithelial layers had completely closed and
showed the remodeling connective tissue. In the normal oral mucosa,
the epithelium was identified as the keratinized stratified squamous
type and a thick layer beneath the mucosa layer.””?* In this study, tissue
profile for GL:CSE (2:1) treatment had been completely regenerated
(Figure 5E), showed thickened epithelial cells and resembles the healthy
epithelium.

The combination treatment of GL:CSE (2:1) showed a significant result
on oral mucosal healing. As the major active compound of the licorice,
GL has been reported in many studies to have strong anti-inflammatory
activity.'>? In the previous study indicates that GL is not a reactive
oxygen species (ROS) scavenger but has the anti-inflammatory
action that was reported by inhibiting the generation of ROS by
neutrophils that is the most potent mediator of inflammation at the
site of inflammation.*® Another study showed that GL also suppressed
inflammatory activities in chronic periodontitis rats.** From the study,
we found that the effect of GL increases when given in combination
with CSE. For some constituents, there are synergistic effects when they
are given in combination. The use of licorice in Traditional Chinese
Medicine (TCM) is more commonly in combination with other
prescriptions. It has a unique effect on moderating and complementing
the characteristics of other herbs in low dosage.*? The reduction of the
oral ulcer may be caused by many factors. Combination with CSE may
provide strong antioxidant and antibacterial properties and accelerate
complete healing. A comparison study between brazilin rich extract
(BRE) and pure brazilin showed that BRE possessed antioxidant,
antibacterial and anti-inflammatory activity almost equal to that pure
of brazilin."” Those findings confirm the results of the present study that
the combination between GL and CSE (2:1) was almost equally effective
with the 0.1% TCA and the histological examination was more similar
with the healthy oral mucosa.

CONCLUSION

Combination treatment of glycyrrhizin (GL) and C. sappan extract
(CSE) with the ratio of 2:1 in a concentration total of 3% enhanced
the closure of oral mucosal ulcer and demonstrate complete tissue
regeneration. These results support positive evidence that GL and
CSE can be used as effective in the treatment of oral ulcer. This study
suggests that it could be developed as an alternative therapeutic agent
for oral ulcer disease.
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ABBREVIATION

BRE: Brazilin rich extract; CSE: Caesalpinia sappan dried extract; GL:
Glycyrrhizin; HE : hematoxylin-eosin; ROS: Reactive Oxygen Species;
SEM: Standard Error of the Mean; TCA: Triamcinolone acetonide;
TCM: Traditional Chinese Medicine; TLC: Thin Layer Chromatography.

REFERENCES

1. Sunagawa M, Yamaguchi K, Tsukada M, Ebihara N, lkemoto H,
Hisamitsu T. Kampo (Traditional Japanese Herbal) Formulae for
Treatment of Stomatitis and Oral Mucositis. Medicines (Basel).
2018;5(4).

2. Chiang CP Yu-Fong Chang J, Wang YR Wu YH, Wu YC, Sun A.

913

20.

21.

Recurrent aphthous stomatitis - Etiology, serum autoantibodies,
anemia, hematinic deficiencies, and management. J Formos Med
Assoc. 2019;118(9):1279-89.

Greenberg MS, Glick M, Ship JA. Burket's Oral Medicine. Eleventh
ed. Hamilton: BC Decker Inc; 2008.

Akintoye SO, Greenberg MS. Recurrent aphthous stomatitis. Dent
Clin North Am. 2014,;58(2):281-97.

Fitzpatrick SG, Cohen DM, Clark AN. Ulcerated Lesions of the
Oral Mucosa: Clinical and Histologic Review. Head Neck Pathol.
2019;13(1):91-102.

Belenguer-Guallar |, Jiménez-Soriano Y, Claramunt-Lozano A.
Treatment of recurrent aphthous stomatitis. A literature review. J
Clin Exp Dent. 2014;6(2):e168-e74.

Hara'Y, Shiratuchi H, Kaneko T, Sakagami H. Search for Drugs Used
in Hospitals to Treat Stomatitis. Medicines (Basel). 2019;6(1).

Nirmal NP Rajput MS, Prasad RG, Ahmad M. Brazilin from
Caesalpinia sappan heartwood and its pharmacological activities: A
review. Asian Pac J Trop Med. 2015;8(6):421-30.

Sharma V, Katiyar A, Agrawal RC. Glycyrrhiza glabra: Chemistry and
Pharmacological Activity. Plant Antioxidants and Health2018. p. 87-100.

Sidhu B Shankargouda S, Rath A, Hesarghatta Ramamurthy P
Fernandes B, Kumar Singh A. Therapeutic benefits of liquorice in
dentistry. J Ayurveda Integr Med. 2018:1-7.

Thiyagarajan B Chandrasekaran CV, Deepak HB, Agarwal A.
Modulation  of lipopolysaccharide-induced  pro-inflammatory
mediators by an extract of Glycyrrhiza glabra and its
phytoconstituents. Inflammopharmacology. 2011;19(4):235-41.

Katayama M, Fukuda T, OkamuraT, Suzuki E, Tamura K, ShimizuY, et
al. Effect of dietary addition of seaweed and licorice on the immune
performance of pigs. Anim Sci J. 2011;82(2):274-81.

Jain B Sontakke P, Walia S, Yadav P, Biswas G, Kaur D. Assessment
of the efficacy of licorice versus 0.2% chlorhexidine oral rinse on
plaque-induced gingivitis: A randomized clinical trial. Indian Journal
of Oral Health and Research. 2017;3(1).

Puttipan R, Wanachantararak P Khongkhunthian S, Okonogi S.
Effects of Caesalpinia sappan on pathogenic bacteria causing dental
caries and gingivitis. Drug Discov Ther. 2017;11(6):316-22.

Nirmal NR Panichayupakaranant P Antioxidant, antibacterial, and
anti-inflammatory activities of standardized brazilin-rich Caesalpinia
sappan extract. Pharm Biol. 2015;53(9):1339-43.

Warinhomhaun S, Sritularak B, Charnvanich D. Comparative study
of semi-purification methods of Caesalpinia sappan L. extract :
Thin layer chromatography and free radical scavenging activity. Thai
Journal of Pharmaceutical Sciences. 2016;40:76-9.

Hitomi S, Ono K, Yamaguchi K, Terawaki K, Imai R, Kubota K, et al.
The traditional Japanese medicine hangeshashinto alleviates oral
ulcerinduced pain in a rat model. Arch Oral Biol. 2016;66:30-7.

Rivera C. Essentials of recurrent aphthous stomatitis. Biomed Rep.
2019;11(2):47-50.

Koray M, Tosun T. Oral Mucosal Trauma and Injuries. Trauma in
Dentistry2019.

Silva PGB, de Codes EBB, Freitas MO, Martins JOL, Alves A,
Sousa FB. Experimental model of oral ulcer in mice: Comparing
wound healing in three immunologically distinct animal lines. J Oral
Maxillofac Pathol. 2018;22(3):444.

LimYS, Kwon SK, Park JH, Cho CG, Park SW, Kim WK. Enhanced
mucosal healing with curcumin in animal oral ulcer model.
Laryngoscope. 2016;126(2):E68-73.

Pizzorno JE, Murray MT, JoinerBey H. 6 - Aphthous stomatitis

Pharmacognosy Journal, Vol 13, Issue 4, July-Aug, 2021



Sulkhan AAR, et al.: Effect of Glycyrrhizin and Sappan Wood Extract on Chemically-Induced Oral Mucosal Ulcer: An In Vivo Animal Study

23.

24.

25.

26.

27.

(aphthous ulcer/canker sore/ulcerative stomatitis). In: Pizzorno JE,
Murray MT, JoinerBey H, editors. The Clinician's Handbook of Natural
Medicine (Third Edition). Edinburgh: Churchill Livingstone; 2016. p. 60-4.

Blumenreich MS. Clinical Methods: The History, Physical,
Laboratory Examinations. Third ed1990.

Kurklu-Gurleyen E, Ogut-Erisen M, Cakir O, Uysal O, Ak G. Quality
of life in patients with recurrent aphthous stomatitis treated with a
mucoadhesive patch containing citrus essential oil. Patient Prefer
Adherence. 2016;10:967-73.

and

Boyko TV, Longaker MT, Yang GP. Review of the Current Management
of Pressure Ulcers. Adv Wound Care (New Rochelle). 2018;7(2):57-67.

Guo S, Dipietro LA. Factors affecting wound healing. J Dent Res.
2010;89(3):219-29.

Takaichi S, Muramatsu T, Lee JM, Jung HS, Shinozaki N, Katakura
A, et al. Re-epithelialization of the Buccal Mucosa after Alkaline
Chemical Injury. Acta Histochem Cytochem. 2014,;47(5):195-201.

SUMMARY

28.

29.

30.

31

32.

Murphy BG, Bell CM, Soukup JW. Veterinary Oral and Maxillofacial
Pathology. USA: John Wiley & Sons, Inc; 2020.

Yu JY, Ha JY, Kim KM, Jung YS, Jung JC, Oh S. Anti-Inflammatory
activities of licorice extract and its active compounds, glycyrrhizic
acid, liquiritin and liquiritigenin, in BV2 cells and mice liver.
Molecules. 2015;20(7):13041-54.

Akamatsu H, JinroKomura, Asada Y, Niwa Y. Mechanism of Anti-
Inflammatory Action of Glycyrrhizin: Effect on Neutrophil Functions
Including Reactive Oxygen Species Generation. Planta Med.
1991,57:119-21.

SunY, Zhao B, Li Z, Wei J. Beneficial Effects of Glycyrrhizin in Chronic
Periodontitis Through the Inhibition of Inflammatory Response.
Dose Response. 2020;18(3):1559325820952660.

Wang X, Zhang H, Chen L, Shan L, Fan G, Gao X. Liquorice, a unique
"guide drug" of traditional Chinese medicine: a review of its role in
drug interactions. J Ethnopharmacol. 2013;150(3):781-90.

This study was conducted to evaluate the effect of glycyrrhizin (GL) and C. sappan extract (CSE) in experimentally

chemically-induced oral mucosal ulcers using rats. The oral ulcer was induced by 15 pL of 50% acetic acid to

the seven groups of male Sprague-Dawley rats. The rats with oral ulcers were treated by various treatments.

GRAPHICAL ABSTRACT

\@é

Healthy
Oral Mucosa of Rat

-y
55

50% au,tic acid

Chemically-induced Oral Ulcer

oral mucosal ulcer

Groups:

1. Ulcer (Control)
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Combination treatment of GL:CSE (2:1) enhanced the closure of oral mucosal ulcer (>80%) and decreased leukocyte
number since day 4, also demonstrate complete tissue regeneration similar to the healthy oral mucosa.
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