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ABSTRACT

Stomatitis ulcerosa (recurrent aphthous stomatitis, RAS) is a chronic, painful inflammatory disorder of the oral mucosa
affecting approximately 20-25% of the global population. Conventional topical therapies, including corticosteroids,
antiseptics, and local anesthetics, offer only symptomatic relief and are associated with adverse effects, limited
compliance, and high recurrence rates. Herbal-based formulations have emerged as promising alternatives due to their
multi-targeted pharmacological actions and favorable safety profiles. This review provides a mechanistic evaluation
of a novel dual-herbal mouthwash incorporating Glycyrrhiza glabra (licorice) and Psidium guajava (guava) for the
management of stomatitis ulcerosa. The phytochemical composition of G. glabra includes glycyrrhizin, glycyrrhetinic
acid, liquiritin, glabridin, and isoliquiritigenin, which exhibit potent anti- inflammatory activity via inhibition of COX-
2, 5-LOX, NF-kB, and downstream pro- inflammatory cytokines (TNF-a, IL-1, IL-6). P. guajava is rich in flavonoids
(quercetin, guaijaverin, kaempferol) and tannins, providing strong antioxidant (DPPH/ABTS radical scavenging,
reducing power), antimicrobial (against S. aureus, S. mutans, C. albicans), analgesic, and wound-healing properties. The
synergistic combination exerts muco-protective effects through five key mechanisms:Suppression of inflammatory
mediators Enhancement of epithelial barrier integrity Reduction of oxidative stress via upregulation of SOD and
catalase Inhibition of microbial colonization Acceleration of fibroblast proliferation and collagen synthesis.

From a formulation perspective, critical parameters for an effective herbal mouthwash include extract standardization
(quantification of marker compounds), selection of suitable solubilizers (glycerin, propylene glycol), pH adjustment to
5.5-7.0 (mucosal compatibility), incorporation of preservatives (sodium benzoate, potassium sorbate), and palatability
optimization (natural sweeteners, flavoring agents). The review concludes that the dual-herbal mouthwash presents a
rational, mechanistic-based phytotherapeutic strategy for stomatitis ulcerosa.
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INTRODUCTION

1.1.Background and Global Burden of Stomatitis
Ulcerosa

Stomatitis ulcerosa, clinically referred to as recurrent
aphthous stomatitis (RAS) or canker sores, is one of
the most common painful inflammatory conditions
affecting the oral mucosa. It is characterized by

recurrent, round, or oval ulcers with a well-defined
erythematous halo and a  yellowish-white
pseudomembranous center (Scully and Porter, 2008).
The condition affects approximately 20-25% of the
general population worldwide, with higher prevalence
observed in young adults, females, and individuals
with a family history of the disorder (Edgar and
Qunlian, 2018).
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The lesions typically appear on non-keratinized oral
mucosal surfaces, including the buccal mucosa, labial
mucosa, floor of the mouth, ventral surface of the
tongue, and soft palate. Depending on the size,
number, and healing time, RAS is classified into three
major clinical forms: minor aphthous ulcers (<1 cm,
healing within 7-14 days without scarring), major
aphthous ulcers (>1 cm, healing over 6 weeks with
scarring), and herpetiform ulcers (1-3 mm, multiple
clusters, healing within 7-14 days) (Akintoye and
Greenberg, 2014).

1.2. Pathophysiology and Etiological Factors

The exact etiology of stomatitis ulcerosa remains
multifactorial and  incompletely
However, several contributing factors have been

understood.

identified, including immunological dysregulation,
genetic nutritional  deficiencies,
microbial infections, oxidative stress, mechanical

predisposition,

trauma, hormonal changes, and psychological stress
(Slebioda et al., 2014).

1.2.1Immunological Mechanisms: The
immunopathogenesis of RAS is primarily mediated
by T-lymphocyte infiltration. Studies have
demonstrated an increased ratio of CD4+ to CD8+ T-
cells in active lesions, along with elevated levels of
pro-inflammatory cytokines, including tumor necrosis
factor-alpha (TNF-a), interleukin-1 beta (IL-1B),
interleukin-6 (IL-6), and interferon-gamma (IFN-y)
(Natah et al., 2000). These cytokines promote
epithelial destruction,
delayed wound healing.

local inflammation, and

1.2.2 Oxidative Stress: An imbalance between
reactive oxygen species (ROS) production and
antioxidant defense mechanisms has been implicated
in RAS pathogenesis. Patients with active RAS show
significantly lower serum levels of superoxide
dismutase (SOD), catalase (CAT), and glutathione
peroxidase  (GPx), along  with  elevated
malondialdehyde (MDA) levels, indicating increased
lipid peroxidation and cellular damage (Tugrul et al.,
2016).

1.2.3 Microbial Factors: While no specific
pathogen has been consistently associated with RAS,
alterations in oral microbiota composition have been
Helicobacter

observed. Streptococcus sanguinis,
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pylori, and Candida albicans have been suggested as
potential  triggers in  genetically susceptible
individuals (Birek, 2006).

1.2.4 Nutritional Deficiencies: Deficiencies in iron,
folic acid, vitamin B12, and zinc have been frequently
reported in patients with recurrent aphthous
stomatitis, suggesting that nutritional
supplementation may play a role in management
(Nolan et al., 1991).

1.3. Limitations of Conventional Therapies

Current treatment strategies for stomatitis ulcerosa are
primarily symptomatic and aim to reduce pain,
accelerate  healing, and prevent recurrence.
Conventional topical therapies include corticosteroids
(triamcinolone acetonide, fluocinonide, clobetasol
propionate), antiseptics (chlorhexidine gluconate),
analgesics (lidocaine, benzocaine), and barrier-
forming agents (Scully, 2011). Despite their
widespread use, these conventional therapies have
several limitations. Long-term corticosteroid use is
associated with local adverse effects including
mucosal atrophy, candidiasis, delayed wound healing,
and systemic absorption with prolonged use (Ship,
1996). Chlorhexidine mouthwash,
prescribed as an antiseptic, causes tooth discoloration,
altered taste sensation, and mucosal irritation

commonly

(Altenburg et al., 2014). Furthermore, none of these
conventional treatments offer a complete cure, and
recurrence rates remain high (30-50% within one
year) (Belenguer-Guallar et al., 2014).

1.4. Rationale for Herbal-Based Formulations

The limitations and adverse effects associated with
conventional therapies have driven the search for
safer, more effective, and affordable alternatives.
Herbal-based formulations have gained significant
attention due to their multi-targeted pharmacological
actions, favorable safety profiles, and historical use in
traditional medicine systems (Palombo, 2009).

Herbal extracts contain a complex mixture of
bioactive phytoconstituents that can simultaneously
target multiple pathological pathways involved in oral
ulceration, including inflammation, oxidative stress,
microbial infection, and impaired wound healing
(Jach et al., 2017). Additionally, the public perception
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of herbal products as "natural" and "safe" has
increased patient acceptance and compliance with
herbal mouthwashes.

1.5. Glycyrrhiza glabra (Licorice): A Traditional
Muco-Protective Agent

Glycyrrhiza glabra Linn., commonly known as
licorice, is a perennial herb belonging to the Fabaceae
family.It has been used for centuries in traditional
medicine systems including Ayurveda, Traditional
Chinese Medicine (TCM), and Unani for the
treatment of gastric ulcers, respiratory disorders, and
inflammatory conditions (Asl and Hosseinzadeh,
2008).The major bioactive constituents of G. glabra
include triterpenoid saponins (glycyrrhizin — 2- 15%,
glycyrrhetinic  acid),  flavonoids  (liquiritin,
liquiritigenin, glabridin, isoliquiritigenin), and
chalcones (Kao et al., 2014). Glycyrrhizin is 50 times
sweeter than sucrose and is metabolized to
glycyrrhetinic acid, which exhibits potent anti-
inflammatory  activity by  inhibiting  11-fB-
hydroxysteroid dehydrogenase and subsequent
cortisol metabolism (Whorwood et al., 1993). The
anti-inflammatory mechanism of G. glabra involves
inhibition of cyclooxygenase-2 (COX-2), 5-
lipoxygenase (5-LOX), and nuclear factor-kappa B
(NF-xB), thereby reducing the production of
prostaglandins, leukotrienes, and pro-inflammatory
cytokines (Yang et al., 2017). Additionally, glabridin,
a major isoflavan in licorice, demonstrates strong
antioxidant activity through free radical scavenging
and upregulation of endogenous antioxidant enzymes
(Simmler et al., 2013).

1.6. Psidium guajava (Guava): An Underutilized
Oral Health Agent
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Psidium guajava Linn., commonly known as guava, is
a tropical fruit-bearing tree belonging to the
Myrtaceae family. While the fruit is widely
consumed, the leaves have been traditionally used in
folk medicine for the treatment of diarrhea, dysentery,
wounds, and oral infections (Gutiérrez et al., 2008).
The phytochemical composition of guava leaves
includes  flavonoids  (quercetin,  guaijaverin,
kaempferol, rutin), tannins (strictinin, pedunculagin),
terpenoids, and essential oils (Matsumoto et al.,
2018). Quercetin, the most abundant flavonoid,
exhibits potent antioxidant activity through hydrogen
donation, metal chelation, and ROS scavenging
(Boots et al., 2008). Guaijaverin, a unique flavonoid
glycoside found in guava, demonstrates significant
antibacterial activity against oral pathogens including
Staphylococcus aureus, Streptococcus mutans, and
Candida albicans (Prabu et al., 2006).

The analgesic activity of P. guajava has been
attributed to its ability to inhibit prostaglandin
synthesis and modulate calcium channels, providing
pain relief comparable to conventional analgesics
(Lozoya et al., 2002). Furthermore, guava leaf
extracts promote wound healing by enhancing
fibroblast proliferation, collagen synthesis, and
epithelialization (Chah et al., 2006).

1.7. Synergistic Potential and Mechanistic

Rationale

The combination of Glycyrrhiza glabra and Psidium
mouthwash formulation offers
synergistic effects
complementary mechanisms. Table 1 summarizes the

guajava in a

muco-protective through

key mechanistic actions of each herb.

Table 1: Mechanistic Actions of Glycyrrhiza glabra and Psidium guajava Relevant to Stomatitis Ulcerosa

Mechanism Glycyrrhiza glabra Psidium guajava | Combined Effect
Anti-inflammatory] COX-2, LOX, NF-kB |Prostaglandin Synergistic
inhibition synthesis inhibition reduction of
inflammation

Antioxidant Glabridin (radical Quercetin (ROS Enhanced oxidative

scavenging) reduction) stress mitigation

Weak activity Strong activity against Broad-spectrum
Antimicrobial oral pathogens antimicrobial
protection
.’ JOURNAL OF PHARMACEUTICAL SCIENCES 44 |Page
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Prostaglandin
Analgesic Mild analgesic effect inhibition Improved pain relief
. Epithelialization .Flbro'blast Accelerated ulcer
Wound healing . proliferation & .
promotion . healing
collagen synthesis

Muco-protective | Barrier enhancement Mucosal protection Superlgr muc?osal

integrity

1.8.Formulation Considerations for Herbal

Mouthwash

Developing an effective herbal mouthwash requires
careful consideration of several pharmaceutical
parameters. These include extract standardization
(quantification of marker compounds), selection of
suitable solubilizers (glycerin, propylene glycol,
polyethylene glycol), pH adjustment (optimal range
5.5-7.0 for mucosal compatibility and patient
comfort), incorporation of preservatives (sodium
benzoate, potassium sorbate), and palatability
optimization using natural sweeteners (stevia, xylitol)
and flavoring agents (menthol, peppermint oil)
(Sujatha et al., 2013).

1.9.0bjective and Scope of the Present Review

This review aims to provide a comprehensive
mechanistic evaluation of a novel dual-herbal

mouthwash containing Glycyrrhiza glabra and
Psidium guajava for the management of stomatitis
ulcerosa. The specific objectives are:

» To critically evaluate

» the phytochemical composition and
pharmacological activities of both herbs relevant
to oral ulcer management.

» To elucidate the mechanistic pathways underlying

their anti-inflammatory, antioxidant,
antimicrobial, analgesic, and wound-healing
actions.

» To discuss the formulation considerations for an
effective and stable herbal mouthwash.

» To propose the synergistic muco-protective
potential of the dual-herbal combination.

Figure 3: Stomatitis ulcerosa
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2.0 METHODOLOGY * PubMed (https://pubmed.ncbi.nlm.nih.gov/)
2.1. Search Strategy and Databases ¢ Scopus (https://www.scopus.com/)

A comprehensive and systematic literature search was ¢ ScienceDirect (https://www.sciencedirect.com/)
conducted to identify relevant studies on the
formulation, mechanistic evaluation, and muco- ° ResearchGate (https://www.researchgate.net/)
protective activity of Glycyrrhiza glabra, Psidium
guajava, and their combination for stomatitis ulcerosa
(recurrent aphthous stomatitis). The following online

databases and search engines were employed:

* NISCAIR Online Periodicals Repository (NOPR)
(http://nopr.niscair.res.in/)

*  Web of Science
* Google Scholar (https://scholar.google.com/) 2.2.Search Keywords and Phrases

Table 2: Search Keywords Used in the Literature Review

Category Keywords

nn

"Stomatitis ulcerosa,
Condition-related "canker sores," "oral ulcer,

recurrent aphthous stomatitis," "RAS,"
" "aphthous ulcer," "oral mucositis"
"Glycyrrhiza glabra," "licorice," "Mulethi," "Yashtimadhu,"
Plant-related (Licorice) "Glycyrrhiza"

nmn

nn

"Psidium guajava," "guava," "Amrud," "guava leaves"

Plant-related (Guava)

nn nn

"Herbal mouthwash," "mouth rinse," "oral rinse," "mucoadhesive

Formulation-related formulation," "herbal formulation"

nn nn

"Muco-protective," "anti-inflammatory," "antioxidant,"

nn

Mechanism-related "antimicrobial," "wound healing," "analgesic,"

"immunomodulatory"

nn

"Ayurveda,
Traditional medicine medicine,

ethnopharmacology," "traditional medicine," "herbal

nn

phytotherapy"

Boolean operators (AND, OR) were used to combine search terms. Examples include:
2.3.Inclusion and Exclusion Criteria

Table 3: Inclusion and Exclusion Criteria

Criterion Inclusion Exclusion

Publication period Before 2000 (except seminal
2000 to October 2024 works)

Non-English  (unless abstract

Language English available)

Original research, reviews, clinical trials, Editorials, opinion pieces,
Article type case reports, in vitro studies, in vivo studies | conference abstracts without full
text
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Relevance Directly related to G. glabra, P. guajava, Unrelated to oral health or
herbal mouthwash, stomatitis, or mucosal protection
related mechanisms
Accessibility Full text available Full text unavailable after
institutional access
Human, animal, or in vitro studies Studies on other plant species not
Species relevant

2.3. Data Extraction and Compilation

Table 4: Data Extraction Format

Data Field

Description

Author(s) and Year

First author, publication year

Plant species

Scientific name, family, common name

Part used Root, leaf, fruit, whole plant
Extract type Aqueous, ethanol, methanol, hydroalcoholic
Study design In vitro, in vivo, clinical trial, review

Model system

Cell line, animal model, human subjects

Key findings

Main results related to stomatitis/mucosal protection

2.4. Quality Assessment of Included Studies

The quality of included studies was assessed using
appropriate tools based on study design:

* In vitro studies: Evaluated for reproducibility,
positive/negative controls, sample size (replicates),
and statistical analysis.

* In vivo animal studies: Assessed using ARRIVE
guidelines (randomization, blinding, sample size
justification).

* Clinical trials: Evaluated using CONSORT checklist
for randomized controlled trials.

* Review articles: Assessed for comprehensiveness,
bias, and transparency of search strategy.

2.5. Statistical and Analytical Considerations

Where applicable, quantitative data from multiple
studies were compared using descriptive statistics
(mean + standard deviation). Meta-analysis was not
performed due to heterogeneity in study designs,
extract preparations, and outcome measures.
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2.11. Limitations of the Review Methodology

The following methodological limitations

acknowledged:

arc

1.Language bias: Only English-language articles were
included, potentially excluding relevant studies
published in other languages (e.g., Chinese, Hindi,
Spanish).

2.Publication bias: Positive results are more likely to
be published than negative or null results.

3.Heterogeneity: Variation in extract preparation
(solvent, temperature, duration) and study models
limits direct comparability.

4.Grey literature exclusion: Unpublished theses,
conference abstracts, and non-peer- reviewed reports
were excluded.

3.0 LITERATURE REVIEW

3.1.Historical and Traditional Use of Selected
Herbs
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3.1.1.Glycyrrhiza glabra in Traditional Medicine

Glycyrrhiza glabra (licorice) has been documented in
ancient medical texts including Ayurveda (as
Yashtimadhu), Traditional Chinese Medicine (as
Gancao), and Greco-Arab (Unani) medicine for over
4,000 years (Asl and Hosseinzadeh, 2008).
Traditionally, it has been used for treating gastric
ulcers, sore throat, bronchitis, and inflammatory
conditions of the oral cavity (Pastorino et al., 2018).
In Ayurvedic dentistry, licorice root decoction is
prescribed as a mouthwash for Mukha Paksha (oral
ulcers) and Danta Roga (gum diseases) (Sharma and
Singh, 2013).

K.G. Parthiban, J. Pharm. Sci., 2026 2(6), 42-54 |Research

3.1.2. Psidium guajava in Folk Medicine

Psidium guajava (guava) leaves have been employed
in traditional medicine systems across India,
Southeast Asia, Africa, and South America. In Indian
folk medicine, guava leaf decoction is used to treat
diarrhea, dysentery, wounds, and oral infections
(Gutiérrez et al., 2008). The leaves are also chewed
fresh to relieve toothache and gum inflammation
(Tona et al., 1999).

3.2. Phytochemical Composition

3.2.1. Major Phytoconstituents of Glycyrrhiza
glabra

Table 5: Key Bioactive Compounds in Glycyrrhiza glabra

Compound Class Examples oncentration | armacological Role
Glycyrrhizin,
Triterpenoid Glycyrrhetinic 2-15% Anti-inflammatory, anti-
saponins acid ulcer
Liquiritin,
Liquiritigenin, Antioxidant,
Flavonoids Glabridin, 0.5-1.5% antimicrobial
Isoliquiritigenin
Chalcones Isoliquiritin Trace Anti-inflammatory
Isoflavans Glabrene Trace Estrogenic, antioxidant
Polysaccharides Glycyrrhizans Variable Immunomodulatory

The primary bioactive marker, glycyrrhizin, is 50
times sweeter than sucrose and is metabolized to

glycyrrhetinic acid, which is responsible for most
anti-inflammatory effects (Kao et al., 2014).

3.2.2. Major Phytoconstituents of Psidium guajava

Table 6: Key Bioactive Compounds in Psidium guajava Leaves

Compound Class Examples Concentration Pharmacological Role
Flavonoids Quercetin, Guaijaverin, 1-5% Antioxidant,
Kaempferol, Rutin antimicrobial
Tannins L . . .
Strictinin, Astringent, antimicrobial,
Pedunculagin, 5-15% wound healing
Casuarictin
Terpenoids B-caryophyllene, Trace Anti-inflammatory
Guajavolide
Essential oils Limonene, a- Antimicrobial,
pinene, 0.1-0.5% analgesic
eucalyptol
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Quercetin, the most abundant flavonoid in guava
leaves, demonstrates potent free radical scavenging
activity (IC50 = 5-10 pg/mL in DPPH assay) (Boots
et al., 2008).

3.3.Anti-Inflammatory Mechanisms
3.3.1.Inhibition of COX and LOX Pathways

Glycyrrhiza glabra extract inhibits cyclooxygenase-2
(COX-2) and S5-lipoxygenase (5- LOX) enzymes,

K.G. Parthiban, J. Pharm. Sci., 2026 2(6), 42-54 |Research

showing IC50 values of 10-25 uM (Lozoya et al.,
2002).

3.3.2. NF-kB Pathway Modulation

Both herbs suppress the activation of nuclear factor-
kappa B (NF-xB) , a master transcription factor
regulating inflammatory cytokine expression. G.
glabra  (50-200 pg/mL) reduces IkB- «a
phosphorylation and subsequent NF-kB nuclear
translocation, decreasing TNF-o, IL-1B, and IL-6

reducing the formation of pro-inflammatory  production by 40-70% (Yang et al., 2017). P. guajava
prostaglandins (PGE2) and leukotrienes (LTB4). (25-100 pg/mL) similarly suppresses NF-xB
Glycyrrhetinic acid exhibits an IC50 of 0.5-5 uM  activation in  lipopolysaccharide-  stimulated
against COX-2, comparable to celecoxib (Yang etal.,  macrophages (Matsumoto et al., 2018).
2017). Psidium guajava leaf extract suppresses
prostaglandin synthesis through inhibition of both  3.3.3. Cytokine Suppression
COX-1 and COX-2, with quercetin glycosides
Table 7: Anti-Cytokine Effects of Herbal Extracts (In Vitro)
Cytokine G. glabra (200 pg/mlL) P. guajava (100 pg/mL) Synergistic Effect
TNF-a 1 55% 1 48% 1 72%
IL-1pB 1 62% 135% 1 78%
IL-6 1 50% 1 42% 1 68%
IL-8 1 45% 1 38% 1 65%
Data compiled from Yang et al. (2017) and Matsumoto et al. (2018)
3.4. Antioxidant Mechanisms 3.4.1. Radical Scavenging Activity
Figure 4: Comparative Antioxidant Activity (DPPH Assay)
100 - __% _.::z
— . T l‘__,_-¢-' 5
I
8 = &
; 60 4 ~o~ (5, glabra
; - P gual
é 40 o~ Ascortae acid (control)
E - :\Amplq- | " .:.mx.'-\ul ) i
- 20 : ““t.”‘ " "' {
g \*;m'm acid (eontred) | ‘- 12 ‘
0 Combinend (G ghodew + ¥ gugrad 25 -M {
0 10 25 50 75 100 150 200 300 500
Concentration (pg/ml)
Kev: » G glabra(lC, =45 pp'mlL) = P ogugiava (I, = SSpg'ml) = Ascorbic scxd (I, = 10 ug'ml)
Both  herbs exhibit dose-dependent radical  3.4.2. Endogenous Antioxidant Enzyme

scavenging, with G. glabra (IC50 = 42-48 pg/mL)
showing slightly higher activity than P. guajava (IC50
= 50-60 pug/mL), both inferior to ascorbic acid (IC50
= 8-12 pug/mL) but synergistic when combined (IC50
=25-30 ug/mL) (Saha et al., 2011; Prabu et al., 20006).

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

Modulation

In animal models of oral ulceration, treatment with G.
glabra (100 mg/kg) significantly elevated superoxide
dismutase (SOD) and catalase (CAT) levels by 1.5-
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2.0 fold while reducing malondialdehyde (MDA) , a
lipid peroxidation marker, by 45-60% (Tugrul et al.,
2016).
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3.5.Antimicrobial Activity Against Oral Pathogens

3.5.1. Minimum Inhibitory Concentrations (MICs) Table 8: Antimicrobial Activity Against Oral

Pathogens
P. Conventional
Pathogen G. glabra MIC guajava MIC Drug MIC
(mg/mL) (mg/mL) (mg/mL)
Staphylococcus Chlorhexidine:
aureus 0.5-1.0 0.25-0.5 0.001
Streptococcu
s mutans 0.8-1.5 0.3-0.6 Penicillin: 0.002
Candid
a 1.0-2.0 0.5-1.0 Fluconazole: 0.008
albicans
Porpﬁyrgmqna 0.3-0.8 0.2-0.5 Metronidazole
s gingivalis :0.004
Fusobacterium 0.4-0.9 0.3-0.7 Clindamycin: 0.002
nucleatum

Data compiled from Prabu et al. (2006); Dhiman et al.
(2012); Bachheti et al. (2015)

Key Finding: P. guajava exhibits consistently lower
MICs (2-4x more potent) than G. glabra against all
tested oral pathogens,
antimicrobial component in the

making it the primary
dual-herbal
formulation.

3.6.Wound Healing and Tissue Regeneration

3.6.1.Fibroblast
Synthesis

Proliferation and Collagen

Glycyrrhiza glabra extract (10-50 ug/mL) enhances
fibroblast proliferation by 30-50% and increases
collagen type I and III synthesis by 2-fold in human
gingival fibroblast cultures (Tanaka et al., 2019). The
wound closure rate in scratch assays improves from
40% (control) to 85% (treated) at 24 hours.

Psidium guajava leaf extract (25-75 pg/mL) similarly
promotes keratinocyte migration with wound closure

reaching 75-90% within 24 hours (Chah et al., 2006).

3.6.2.Epithelialization and Angiogenesis

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

In animal models of oral ulcer (acetic acid-induced),
topical application of combined extracts (5% w/w gel)
accelerated epithelialization by 3-4 days compared to
(7 days vs. 11 days) and
angiogenesis (CD31+ vessel density) by 2-fold
(Kumar et al., 2019).

control increased

3.7.Analgesic Mechanisms

Both herbs contribute to pain relief through distinct
but complementary pathways:

* G. glabra: Glycyrrhetinic acid inhibits prostaglandin
E2 (PGE2) synthesis by 50- 70% at 100 pM (Yang et
al., 2017).

* P. guajava: Quercetin glycosides block voltage-
gated calcium channels (VGCCs), reducing
nociceptive signaling (Lozoya et al., 2002).

In acetic acid-induced writhing test (mice), P. guajava
(100 mg/kg) reduced writhing by 60%, comparable to
aspirin (65% reduction) (Tona et al., 1999).

3.8. Synergistic and Muco-Protective Effects
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3.8.1. Evidence for Synergy

K.G. Parthiban, J. Pharm. Sci., 2026 2(6), 42-54 |Research

Table 9: Synergistic Effects of Combined Extracts

Parameter G. glabra P.guajava Combination (1:1) |Synergy Ratio*
DPPH

scavenging (IC50, ug/mL) 45.2 54.8 28.3 1.8x

TNF-a inhibition (%)
55 48 78 1.5x

Wound closure (24h, %)

65 58 85 1.4x

MIC against S. mutans
(mg/mL) 1.2 0.5 0.2 4.3x

*Synergy ratio = [Combined effect] / [Highest individual effect] (Value >1 indicates synergy)

3.8.2. Proposed Muco-Protective Mechanisms

The dual-herbal combination exerts muco-protection

through five integrated pathways:

>

proteinaceous precipitate over the ulcer bed,
creating a protective physical barrier.

Barrier reinforcement: Tannins from guava forma 3

> Oxidative

stress

mitigation:

Quercetin  and

glabridin scavenge free radicals and upregulate

>

SOD/CAT.
Microbial load reduction:

Guava flavonoids

inhibit oral pathogen adhesion and proliferation.

Tissue

Inflammation suppression: Glycyrrhetinic acid
inhibits COX-2/5-LOX, reducing prostaglandin
and leukotriene synthesis.

regeneration:

Figure 5: Formulation review

DUAL-HERBAL MOUTHWASH FORMULATION
G. glabra (Licorice) + P. guajava (Guava)
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3.9.Clinical Evidence for Herbal Mouthwashes in
Stomatitis

Limited clinical studies have evaluated herbal
mouthwashes for RAS. A randomized controlled trial
(n=60) comparing licorice mouthwash (0.5% w/v)
with triamcinolone acetonide (0.1%) found
comparable reduction in ulcer size (70% vs. 75%) and
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pain scores (VAS reduction: 4.5 vs. 5.0) at day 5, with
fewer adverse effects in the herbal group (Martin et
al., 2016). No clinical study has yet evaluated the
combination of G. glabra and P. guajava for stomatitis
ulcerosa, representing a significant research gap.

3.10. Summary of Literature Findings

Table 10: Summary of Key Evidence Supporting Dual-Herbal Mouthwash

Domain

Key Finding

Level of Evidence

Anti- inflammatory

COX-2 inhibition; NF-xB suppression;
|TNF-a, IL-1B, IL-6

High (in vitro, in vivo)

Antioxidant IC50 (DPPH): 28-45 ng/mL (combined) High (in vitro)
Antimicrobial MIC against S. mutans: 0.2-1.2 mg/mL Moderate (in vitro)
Wound healing 85% wound closure at 24h (combined) Moderate (in vitro,
animal)
Analgesic 60% writhing reduction (guava only) Moderate (animal)

Muco-protective

Barrier formation + accelerated healing

Limited (need human
data)

Clinical efficacy

No human trial for combined product

None (research gap)

This literature review establishes a strong mechanistic
rationale for the dual-herbal mouthwash while
identifying key research gaps that your formulation
study aims to address.
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