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ABSTRACT

Inflammation is a complex response to tissue injury caused by factors such as infection, trauma, and environmental
stressors. Plant-derived phytochemicals have gained attention as potential anti-inflammatory agents. This literature
review evaluates the anti-inflammatory properties of Averrhoa bilimbi Linn using sources from PubMed and Google
Scholar. The plant, widely used in traditional medicine, contains bioactive compounds with analgesic, antioxidant, and
anti-inflammatory effects. Its leaf extracts inhibit key inflammatory mediators, including prostaglandin E2 and TNF-a,
and reduce oxidative stress. Mechanisms may involve suppression of cytokines and IgE production. Overall, Averrhoa
bilimbi Linn shows promising potential as a natural anti-inflammatory therapy.
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1. INTRODUCTION

Inflammation is a complex biological response to tissue
injury caused by trauma, infection, environmental factors,
toxic chemicals, or overuse. It is characterized by classic
signs such as warmth, pain, edema, erythema, and loss of
function. Both cellular and humoral immune mechanisms
regulate this process. Increased production of reactive
oxygen and nitrogen species (ROS and RNOS), which can
damage DNA, is closely associated with inflammation.!
Common inflammatory biomarkers include cytokines such
as tumor necrosis factor-a (TNF-a), interleukins (IL-1, IL-
6, IL-8), and monocyte chemotactic protein-1, as well as
enzymes and proteins like cyclooxygenase-2 (COX-2), 5-
lipoxygenase (5-LOX), C-reactive protein (CRP), matrix
metalloproteinases (MMP), and vascular endothelial
growth factor (VEGF).? Failure to resolve inflammation
can lead to chronic inflammatory diseases, emphasizing
the need for effective therapeutic strategies, including
herbal medicine.?

Herbal medicine, one of the oldest healing systems, uses
plant materials to treat diseases and promote health. The
World Health Organization (WHO) reports that
approximately 80% of the global population relies on
herbal medicine for primary healthcare, partly due to the
adverse effects of conventional drugs.* Plant-derived
bioactive compounds have gained attention for their
antioxidant and anti-inflammatory properties, supporting
oxidative balance and enhancing therapeutic efficacy
while minimizing toxicity.® Advances in extraction and
isolation techniques have enabled the identification of
numerous active constituents used clinically to treat

conditions such as cardiovascular diseases, obesity,
cancer, diabetes, and chronic inflammation.®®Para-
inflammation, or chronic low-grade inflammation,

represents an intermediary phase between Dbaseline
homeostasis and inflammatory conditions, triggered by
tissue stress or dysfunction via tissue-resident
macrophages. Prolonged exposure to stressful conditions
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may lead to the progression of para-inflammation into a
chronic state. Many human diseases are linked to systemic
chronic inflammatory disorders resulting from the
dysregulation of para-inflammation. Phytochemicals
derived from plants have emerged as innovative agents for
the prevention of chronic inflammation.?

Chronic low-grade inflammation (para-inflammation)
arises from prolonged tissue stress and can progress into
systemic inflammatory disorders. Phytochemicals offer
promising preventive and therapeutic potential in this
context.® One notable plant is Averrhoa bilimbi Linn
(Belimbing Wuluh), widely found in Indonesia. All parts
of the plant exhibit medicinal properties, particularly anti-
inflammatory effects.® This study reviews the anti-
inflammatory potential of Averrhoa bilimbi leaves,
focusing on their efficacy, safety, and mechanisms of
action, while addressing gaps between traditional use and
scientific validation.

2. MATERIALS AND METHODS

This literature study aimed to collect, assess, and
synthesize pertinent papers, on the anti-inflammatory
properties of Averrhoa bilimbi Linn leaf. Scientific
databases such as PubMed and Google Scholar were
searched to retrieve peer-reviewed articles, clinical studies,
and relevant scientific reports. Keywords used in the
search included “Averrhoa bilimbi Linn,” “anti-
inflammatory,” “phytochemicals,” “medicinal plants,”
“traditional medicine,” and “safety profile.” Inclusion
criteria comprised studies published in peer-reviewed
journals, focusing on the anti-inflammatory effects of
Averrhoa bilimbi or its bioactive compounds, and written
in English. Exclusion criteria included studies lacking
relevant data, non-scientific sources, and review articles
without original research. Only publications from the past
five years were considered to ensure up-to-date findings.
Extracted data included study methodology, key results,
identified bioactive compounds, and safety evaluations.

3. RESULTS

Overview of Inflammation and Its Treatment
Challenges

Inflammation is primarily triggered by the innate and
adaptive immune systems in response to infection, serving
as a protective mechanism against harmful environmental
stimuli and chemicals. It plays a crucial role in tissue
repair, self-healing, and defense against pathogens.
However, excessive or prolonged inflammation can be
detrimental, as inflammatory substances may damage
cells, cause necrosis, and impair metabolic and immune
functions, ultimately leading to tissue injury and organ

dysfunction.'o,!

Inflammatory mediators are chemical substances produced
by body fluids or secreted by cells during inflammation.
Key mediators include prostaglandins, nitric oxide,
cytokines (e.g., IL-1B, IL-2, IL-6, IL-8), and chemokines.
Activation of toll-like receptors (TLRs) stimulates the
release of pro-inflammatory cytokines such as TNF-o and
IL-6, along with signaling pathways like nuclear factor

kappa B (NF-kB) and mitogen-activated protein kinase
(MAPK), which regulate immune responses and cellular
proliferation. Cytokines are classified as pro-inflammatory
(e.g., TNF-a, IL-1B) or anti-inflammatory (e.g., IL-10),
maintaining the balance of the inflammatory process.!®

Anti-inflammatory peptides act by inhibiting NF-xB and
MAPK pathways, reducing the production of pro-
inflammatory mediators such as iNOS and COX-2. MAPK
signaling  regulates cellular  functions including
proliferation, apoptosis, and immune responses, while
oxidative stress caused by excessive reactive oxygen
species (ROS) further exacerbates inflammation and tissue
damage. Furthermore, an excess of reactive oxygen
species (ROS) might have a negative impact on the
oxidative metabolism of cells or tissues, leading to
structural and functional impairment and intensifying
inflammatory responses (Figure 1).'0

Macrophage polarization is a key immunomodulatory
process in which macrophages differentiate into M1 and
M2 types. M1 macrophages promote inflammation and
pathogen clearance, whereas M2 macrophages support
tissue repair and regulate inflammatory responses.!?
Neutrophils, produced in the bone marrow, are early
responders to infection and inflammation, eliminating
pathogens and restoring homeostasis. They contain
oxidants, proteases, and other cytotoxic substances,
making them effective but potentially harmful,
contributing to non-infectious diseases.!*> Neutrophils also
form neutrophil extracellular traps (NETs), which enhance
immune defense but can amplify inflammation. NET
formation (NETosis) is associated with inflammatory
conditions such as sepsis, diabetes, and rheumatoid
arthritis.'*

The skin, constantly exposed to environmental stressors, is
highly susceptible to inflammation. This leads to immune
cell infiltration, keratinocyte hyperproliferation, barrier
disruption, and extracellular matrix remodeling,
contributing to inflammatory skin disorders (Figure 2).!°

Skin inflammatory disorders often begin with epithelial
barrier dysfunction, which triggers type 2 immune
responses. This conserved immune pathway promotes
tissue repair and protects against parasites and toxins.
When the barrier is disrupted, cytokines such as IL-25, IL-
33, and thymic stromal lymphopoietin (TSLP) recruit
eosinophils and basophils while activating mast cells,
dendritic cells, and group 2 innate lymphoid cells (ILC2s).
These cells coordinate the release of type 2 cytokines,
histamine, and other mediators to eliminate harmful agents
and restore tissue integrity. However, persistent barrier
damage or hypersensitivity can lead to chronic
inflammation and disease.''®

Common inflammatory skin disorders include psoriasis,
atopic dermatitis, and lupus erythematosus. Psoriasis
affects 2-3% of the population and is driven by T-helper
17 (Th17) cells, with key cytokines such as IL-17, IL-22,
and IL-23. It is characterized by epidermal
hyperproliferation, abnormal differentiation, and red, scaly
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plaques.'”® Atopic dermatitis (eczema) involves barrier
dysfunction, pruritus, and a Th2-dominant response with
elevated IL-4 and IL-13, while chronic stages also involve

IFN-y, IL-17, and IL-22. Systemic sclerosis
(scleroderma) differs by causing fibrosis through
excessive extracellular matrix deposition, vascular

damage, and immune dysregulation, often leading to
multi-organ complications.'

Systemic inflammation can further complicate these
conditions, ranging from stable disease to severe
multiorgan failure?® It is crucial to address skin
inflammation promptly and appropriately in order to
prevent the condition from further deteriorating. The
preservation of the epidermis barrier is also crucial; it not
only influences the efficacy of the disease's treatment but
also influences its prognosis. Effective management
requires maintaining skin barrier integrity and using
treatments such as  moisturizers, corticosteroids,
immunomodulators, phototherapy, and antihistamines.
However, responses vary, and conventional therapies may
cause adverse effects. Consequently, interest in safer
alternatives has grown, particularly herbal medicine.?!
Averrhoa bilimbi Linn leaf has gained attention for its
potential  anti-inflammatory properties, offering a
promising natural approach for managing inflammatory
skin conditions.

Efficacy of Averrhoa bilimbi Linn Leaf Treatments in
inflammation

Averrhoa bilimbi Linn (Oxalidaceae) is a tropical plant
widely used in traditional medicine for conditions such as
asthma, rheumatism, and gastrointestinal disorders
(Figure 3). Native to Malaysia and cultivated across
Southeast Asia, its leaves show antibacterial,
anticoagulant, analgesic, and anti-inflammatory properties.
Abundant and underutilized, the leaves offer promising
therapeutic potential, supported by studies demonstrating
moderate anti-inflammatory effects of their methanolic
extracts.?>*

Scientific Classification:?®

Kingdom : Plantae — Plants
Subkingdom : Tracheobionta — Vascular plants
Superdivision  : Spermatophyta — Seed plants

Division : Magnoliophyta — Flowering plants
Class : Magnoliopsida — Dicotyledons

Subclass: Rosidae

Order : Geraniales
Family : Oxalidaceae — Wood-Sorrel family
Genus : Averrhoa Adans — averrhoa

Species : Averrhoa bilimbi Linn — bilimbi.

Averrhoa  bilimbi Linn contains diverse phenolic
compounds, including tannins, saponins, coumarins,
flavonoids, quinones, anthocyanins, and alkaloids, which

contribute to its antioxidant, anti-inflammatory, and
antibacterial properties.?*,?¢,” Flavonoids, anthocyanins,
and catechins are particularly effective in neutralizing free
radicals due to their ability to donate electrons or hydrogen
atoms. Among plant parts, methanolic bark extracts show
the highest phenolic content, while fruits have the lowest.?®
Flower extracts also exhibit antioxidant activity, attributed
to compounds such as hexanedioic acid, y-sitosterol, and
hexadecanoic acid, supporting their antibacterial and anti-
inflammatory potential.?® Flavonoids possess multiple
pharmacological effects, including antioxidant, anticancer,
and anti-inflammatory activities. They may also inhibit
tyrosinase activity, influenced by structural features such
as hydroxyl groups, which disrupt enzyme function.3°

Antioxidants in Averrhoa bilimbi act by reducing reactive
oxygen species (ROS), forming metal complexes, and
neutralizing reactive metabolites, thereby limiting
oxidative stress and inflammation.®® Additionally,
polyphenols may suppress inflammatory responses by
inhibiting MHC-II expression on dendritic cells, reducing
cytokine production by Th2 cells and IgE synthesis.>?

Experimental studies further confirm its anti-inflammatory
activity. Methanolic extracts of leaves and bark
significantly reduced carrageenan-induced paw edema in
rats, surpassing diclofenac sodium (10 mg/kg), likely
through inhibition of prostaglandin pathways and
mediators such as TNF-0.3* Another study demonstrated
that ethanolic leaf extracts, rich in flavonoids and
phenolics, effectively stabilized cell membranes and
inhibited hemolysis, indicating strong anti-inflammatory
effects.>

Beyond its anti-inflammatory effects, Averrhoa bilimbi
Linn leaves exhibit strong antioxidant activity that helps
prevent chronic inflammation. A study by Wardoyo et al.

showed that leaf extract significantly reduced
malondialdehyde (MDA) levels in diabetic mice,
indicating decreased oxidative stress, while also

prolonging clotting time, suggesting anticoagulant effects.
This is important because chronic inflammation is often
linked to oxidative stress, hypercoagulability, and
endothelial dysfunction. By modulating these pathways,
the extract may help prevent diseases such as diabetes,
arthritis, and cardiovascular disorders.?

Phytochemical analyses reveal that Averrhoa bilimbi
contains secondary metabolites such as flavonoids,
alkaloids, polyphenols, tannins, and terpenes. These
compounds demonstrate strong antibacterial activity
against pathogens including Staphylococcus aureus and
Salmonella typhi3® Leaf constituents like saponins,
tannins, and flavonoids inhibit bacterial growth by
disrupting enzymes, cell membranes, and protein
functions, leading to cell damage and death.>”,>®

Despite promising findings, clinical evidence remains
limited. Most studies are in vitro or animal-based, with
few large-scale human trials. There is also insufficient data
on its effects across different inflammatory skin
conditions. Standardized dosing, safety, and long-term

1JDDT, Volume 16 Issue 6, 2026

Page: 565



Averrhoa Bilimbi Linn Leaves as a Potential Antiinflammatory Agent: A Comprehensive Review of Efficacy, Safety, and Mechanism

efficacy require further investigation to validate its
dermatological applications.

Safety and Toxicity of Averrhoa bilimbi Linn Leaf
Treatments

Averrhoa bilimbi Linn leaf extract demonstrates notable
anti-inflammatory and wound-healing properties, largely
attributed to bioactive compounds such as saponins,
tannins, and flavonoids. Experimental studies show that a
dose of 200 mg/kg body weight significantly enhances
incision wound repair in male rodents. These effects are
supported by its antibacterial, antioxidant, and anti-
inflammatory activities, as well as its ability to increase
fibroblast proliferation, a key factor in tissue regeneration.
Additionally, topical application of a 2% gel formulation
of the leaf extract has been shown to effectively accelerate
wound healing in rat models.>

Despite these therapeutic benefits, safety and toxicity
considerations remain important. Averrhoa bilimbi fruit
contains high levels of oxalic acid, which has been
associated with acute kidney injury and elevated creatinine
levels due to calcium oxalate crystal deposition in renal
tubules. Excessive consumption may lead to severe
nephrotoxicity ~ requiring  interventions  such  as
hemodialysis, although mild cases may resolve without
specific treatment.*®

The LD50 (lethal dose 50) values of the 80% ethanol
extract of Averrhoa bilimbi Linn fruit given orally to
female Sprague Dawley Rats were greater than 5,000
mg/kg BW, as determined by the acute and subchronic
toxicity experiments. The behavior of the test animal did
not change, and no mortality occurred during this
experiment. Practically, non-toxic is defined as an LD50
exceeding 5.000 mg/kg in accordance with acute toxicity
criteria. In a 28-day brief sub-chronic toxicity assessment,
the 80% ethanol extract of Averrhoa bilimbi Linn fruit was
orally fed to male and female Sprague Dawley rats. The
findings demonstrated that there were no fatalities, toxic
manifestations, or alterations in body weight at any of the
administered doses: 125 mg/kg BW, 250 mg/kg BW, and
500 mg/kg BW. The toxicity assessment of 70% ethanol
extract from Averrhoa bilimbi Linn leaves on shrimp
larvae (Artemia salina L.) with the brine shrimp lethality
test (BSLT) method revealed a moderate toxic effect, with
an LC50 (lethal concentration 50) value of 367.28 pug/mL.
The ethanol extract of 95% Averrhoa bilimbi Linn leaves
exhibited LC50 and LC90 values of 5.81 and 10.28
pg/mL, respectively, in shrimp larvae, as determined by
the brine shrimp lethality bioassay method.*!

Importantly, the safety profile of Averrhoa bilimbi leaves,
particularly for dermatological use, remains insufficiently
studied. While toxicity data are more established for the
fruit, limited evidence exists regarding the long-term
safety of leaf extracts. Potential drug interactions and
effects in vulnerable populations, such as children, the
elderly, or individuals with underlying conditions, are not
well understood. Therefore, further well-designed clinical
studies are essential to confirm the safety, efficacy, and

optimal use of Averrhoa bilimbi Linn leaf as an anti-
inflammatory therapeutic agent.

Mechanisms of Action of Averrhoa bilimbi Linn Leaf
Treatments in inflammation

Averrhoa bilimbi Linn contains diverse phytoconstituents,
including alkaloids, glycosides, tannins, steroids, and
saponins, contributing to its therapeutic potential. Its fruit
extract exhibits strong antioxidant activity through free
radical scavenging, supporting its use in cardiovascular,
inflammatory, and aging-related conditions, as well as skin
care applications.? The methanolic leaf extract has
demonstrated significant anti-inflammatory effects in
carrageenan-induced edema, comparable to ibuprofen,
with activity lasting 2—4 hours. It also showed notable
analgesic effects (67.51%) at 400 mg/kg, similar to
diclofenac sodium.*

Despite these promising findings, the mechanisms
underlying its anti-inflammatory  effects remain
insufficiently understood. Limited studies explore its
interaction with key inflammatory pathways, including
cytokines and mediators such as TNF-a, IL-6, and NF-kB,
or its role in oxidative stress modulation. Additionally,
data on pharmacokinetics, bioavailability, and skin
absorption are lacking. Further mechanistic research is
crucial to establish Averrhoa bilimbi Linn as a
scientifically supported natural anti-inflammatory agent
and to determine its precise role in dermatological
treatments (Figure 4).4

Challenges and Limitations in the Use of Averrhoa
bilimbi Linn Leaf Treatments

The clinical use of Averrhoa bilimbi Linn leaf as an anti-
inflammatory agent faces key limitations. A major
challenge is the lack of standardization in formulation,
including variations in extraction methods, dosage forms,
and bioactive compound concentrations, leading to
inconsistent efficacy and safety. Additionally, the absence
of clear clinical guidelines reduces confidence among
healthcare professionals. Research is also limited in
specific populations, such as children, the elderly, and
patients with comorbidities. These gaps hinder its broader
application, highlighting the need for rigorous studies and
standardized protocols to ensure safe and effective use.

Future Directions and Research Recommendations
Future research on Averrhoa bilimbi Linn leaf should
prioritize large-scale randomized controlled trials to
confirm its efficacy and safety in humans. Standardization
of extraction methods, formulations, and dosage is
essential to ensure consistent results. Mechanistic studies
are also needed to identify active compounds and clarify
their roles in inflammatory pathways. Additionally,
developing clear clinical guidelines and educational
resources will support safe use. These efforts will
strengthen the scientific foundation for its application as a
natural anti-inflammatory therapy.

4. DISCUSSION
The leaf Averrhoa bilimbi Linn shows significant potential
as an anti-inflammatory agent, attributed to its abundant
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bioactive components such as flavonoids, tannins, and
saponins, which possess antioxidant and anti-
inflammatory characteristics. Initial research suggests it
may assist in controlling skin inflammation by regulating
oxidative stress and inflammatory mechanisms.
Nonetheless, despite these encouraging results, the clinical
data substantiating its effectiveness remains insufficient.
The absence of extensive randomized controlled trials,
standardized  formulations, and thorough safety
assessments presents considerable obstacles to its practical
implementation.

From a clinical perspective, the current findings suggest
that Averrhoa bilimbi Linn leaf could serve as an
alternative or complementary treatment for inflammatory
conditions, particularly in dermatology. Nonetheless, the
lack of standardized clinical guidelines and clearly defined
safety protocols hinders healthcare providers from
confidently incorporating it into conventional therapy
alternatives. Mitigating these restrictions is crucial to
guarantee its safe and successful application. Additional
research is necessary to address these deficiencies. Future
research should prioritize the execution of high-quality
randomized controlled trials to ascertain its therapeutic
efficacy, developing standardized dosage and formulation
guidelines, and exploring its precise mechanism of action
at a molecular level. Additionally, comprehensive toxicity
and safety studies, particularly long-term evaluations and
drug interaction assessments, are necessary to confirm its
suitability for widespread medical use. Strengthening
scientific evidence through these research efforts will not
only validate the therapeutic potential of Averrhoa bilimbi
Linn leaf but also facilitate its incorporation into evidence-
based anti-inflammatory treatments, ensuring both
efficacy and patient safety.
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Figure 1. ROS activate NF-kB through three pathways.'°
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