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Abstract

Piper betle L., commonly known as betel leaf, is a culturally significant and medicinally
valuable plant widely used across South and Southeast Asia. Traditionally incorporated in
Ayurveda, Unani, and folk systems, its leaves are known for antiseptic, carminative, and
stimulant properties. This review offers a comprehensive overview of Piper betle’s botanical
characteristics, traditional uses, phytochemical composition, analytical identification
methods, and pharmacological activities. Rich in essential oils, phenols, flavonoids, and
alkaloids, Piper betle demonstrates notable antibacterial, antioxidant, anti-inflammatory,
anticancer, antidiabetic, hepatoprotective, neuroprotective, and immunomodulatory
properties. Advanced analytical techniques such as HPLC, GC-MS, and NMR have enabled
precise characterization of its constituents. Despite its traditional significance, further clinical
and pharmacological validation is needed to fully harness its therapeutic potential and support
its integration into modern medicine and industry.
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1. Introduction

Medicinal plants have long played a pivotal role in healthcare systems worldwide,
particularly in traditional medicine. Among these, Piper betle L., commonly known as betel
leaf, holds significant cultural, medicinal, and therapeutic value, especially across South and
Southeast Asia 'l Traditionally used in Ayurveda, Unani, and various folk systems, Piper
betle is praised for its carminative, antiseptic, stimulant, and aphrodisiac properties. In
Ayurvedic texts, it is described as Tambula, known for its cardiotonic, expectorant, and
antimicrobial benefits . In Unani practice, it is used for respiratory, hepatic, and digestive

ailments. The leaf is often chewed with areca nut and lime for oral hygiene, digestion, and its
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refreshing effects. Beyond medicinal applications, betel leaf holds ritualistic and social
significance in many communities. Despite its widespread traditional use, comprehensive
scientific evaluations of its chemical composition and pharmacological mechanisms are still

emerging ¥

. This review aims to provide an updated and critical overview of the
phytochemical profile and pharmacological properties of Piper betle, emphasizing its
therapeutic potential and safety. By compiling data from ethnobotanical reports,
pharmacological studies, and phytochemical analyses, this article seeks to support the
development of evidence-based applications and encourage further research on this culturally
valuable medicinal plant I},

2. Botanical Description and Taxonomy

Piper betle L., commonly known as betel leaf, belongs to the Piperaceae family. It is a
dioecious, evergreen perennial climber with heart-shaped, glossy, green leaves that are
aromatic and vary in size depending on the variety. The stem is slender, green, and flexible,
bearing nodes that give rise to roots when in contact with soil, aiding in vegetative
propagation. Its root system is fibrous, and the plant bears minute, unisexual flowers arranged
on axillary spikes, though flowering is rare in cultivated varieties. The betel plant is widely
known by several vernacular names such as "Paan" in Hindi, "Tambula" in Sanskrit, "Vettila"
in Malayalam, and "Vetrilai" in Tamil, reflecting its cultural and medicinal importance across
Indian sub-regions. It thrives in tropical and subtropical climates, with major cultivation in
India (notably West Bengal, Odisha, and Assam), Bangladesh, Sri Lanka, Malaysia,
Indonesia, and parts of Southeast Asia. The plant requires high humidity, well-drained soil,
and partial shade, making it a labour-intensive crop often grown in shaded plantations known
as “barouj” in India [*.

3. Ethnopharmacological Uses

Piper betle L., widely known for its cultural and ethnopharmacological relevance, holds a
long-standing position in traditional medicinal systems such as Ayurveda, Unani, and folk
medicine across South Asia. Traditionally, its leaves have been chewed with areca nut and
lime as a mouth freshener and digestive stimulant, a practice embedded deeply in social and
religious customs. Medicinally, betel leaves are reputed for their antiseptic, antimicrobial, and
wound-healing properties. They have been used in the treatment of halitosis, oral ulcers,
respiratory disorders, and even as a poultice for boils and wounds due to their anti-
inflammatory action !\ In Ayurvedic texts, Piper betle is described to have properties like

"Deepana" (appetizer), "Krimighna" (anthelmintic), and "Vishaghna" (detoxifier). In various
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households, betel leaves are applied over the chest for respiratory relief, mixed with mustard
oil to treat earaches, or crushed to extract juice for relief from cough and indigestion. Apart
from their medicinal value, betel leaves hold ritualistic significance in Hindu ceremonies,
weddings, and religious offerings, symbolizing freshness and prosperity. This intricate
integration of medicinal and cultural usage underscores the multifaceted value of Piper betle

in South Asian traditions [*.

Table 1: Ethnopharmacological Uses of Piper betle L. 781
Sr. | Use Category Traditional Local/Household Cultural
No. Applications Methods Significance
l. Oral Health & | Mouth freshener, | Chewed with areca nut | Offered during
Digestion carminative, and lime rituals, marriages,

treatment for bad

and social events

breath
2. Antiseptic & | Applied to wounds, | Crushed leaves used as | Symbol of
Wound Healing | boils, cuts poultice purification in
rituals
3. Respiratory Relief from cough, | Warm leaves applied to | Used in seasonal
Disorders bronchitis,  chest | chest or juice mixed | household
congestion with honey remedies
4. Pain Relief Earache, headache | Leaf juice mixed with | Folk remedy in
warm mustard oil rural settings
5. Gastrointestinal | Indigestion, Leaf extract consumed | Passed through
Disorders flatulence directly or with pepper | generations in folk
healing traditions
6. Religious & | Offering in prayers, | Intact fresh  leaves | Symbol of
Ritual Use ceremonies offered on worship | freshness and
plates divine respect

4. Phytochemical Composition

Piper betle L. is a reservoir of diverse phytochemicals that contribute to its extensive
medicinal and therapeutic properties. The plant is rich in both primary and secondary
metabolites, including essential oils, alkaloids, phenols, flavonoids, and terpenoids. Among

the most notable bioactive compounds are phenols such as chavicol, eugenol, and
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hydroxychavicol, which exhibit potent antimicrobial and antioxidant activities . It also
contains a spectrum of terpenoids that contribute to its aroma and pharmacological functions.
Alkaloids present in the plant are believed to influence its stimulant and medicinal roles,
while flavonoids enhance its anti-inflammatory and hepatoprotective effects. Essential oils
extracted from the leaves show strong antibacterial and antifungal actions. Various extraction
techniques like solvent extraction, Soxhlet extraction, and steam distillation are commonly
employed to isolate these constituents. The phytochemical profile may vary depending on
geographical origin, soil type, and cultivation practices, making regional studies essential for

1 1o

understanding its full chemical potential !'”. The synergy among these components makes

Piper betle a valuable resource for drug discovery and traditional healing practices.

Table 2: Phytochemical Composition of Piper betle L. "
Sr. | Phytochemical | Key Compounds Extraction Notes on Variability
No. | Class Methods
1. Phenols Chavicol, Solvent extraction, | Varies with region and
Hydroxychavicol, Soxhlet leaf maturity
Eugenol
2. Alkaloids Arecoline, Acid-base Minor  components;
Piperidine extraction pharmacologically
derivatives relevant
3. Terpenoids B-Caryophyllene, Steam distillation Present in essential oil
Germacrene D fraction
4. Flavonoids Quercetin, Rutin Methanol or ethanol | Antioxidant-rich;
extraction concentration  varies
by season
5. Essential Oils Chavibetol, Safrole | Hydrodistillation, Major bioactive
Steam distillation content of leaf oils

5. Analytical Techniques for Phytochemical Identification

The phytochemical profiling of Piper betle L. involves a range of analytical techniques to
identify and quantify its diverse bioactive constituents. Preliminary analysis often begins with
Thin Layer Chromatography (TLC) and High-Performance Thin Layer Chromatography
(HPTLC), which offer rapid screening and fingerprinting of compounds. Advanced

separation and quantification are achieved using High-Performance Liquid Chromatography
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(HPLC), particularly useful for determining phenolics, flavonoids, and alkaloids "". Gas
Chromatography-Mass Spectrometry (GC-MS) is highly effective in identifying volatile
constituents such as eugenol, chavicol, and other essential oils. Spectroscopic techniques like
Ultraviolet-Visible (UV-Vis) spectroscopy assist in estimating total phenolic and flavonoid
contents, while Fourier Transform Infrared Spectroscopy (FTIR) provides insights into the
functional groups present in extracts. Nuclear Magnetic Resonance (NMR) spectroscopy is
employed for structural elucidation of isolated compounds. However, challenges such as
sample complexity, variability due to geographical origin, and lack of standard reference
materials pose significant obstacles in standardization !, Hence, a combination of these
methods, with proper validation protocols, is essential to ensure consistent phytochemical
characterization of Piper betle across different formulations and studies.

6. Pharmacological Properties

Piper betle L., traditionally valued in Southeast Asian medicine, possesses a diverse range of
pharmacological properties attributed to its rich phytochemical profile. Its antibacterial and
antifungal activities are primarily due to phenolic compounds like hydroxychavicol and
eugenol, which disrupt microbial membranes and inhibit enzyme systems. Antioxidant
properties are linked to flavonoids and phenolics that scavenge free radicals and protect
biomolecules from oxidative stress. The leaf extract also exhibits potent anti-inflammatory
and analgesic effects, as shown in rodent models, by modulating prostaglandin synthesis and
suppressing pro-inflammatory cytokines. In cancer studies, Piper betle has demonstrated
anticancer potential, particularly via induction of apoptosis and inhibition of tumor
proliferation in vitro ['*. Its antidiabetic and antihyperglycemic effects are associated with
enhanced insulin sensitivity and inhibition of carbohydrate metabolizing enzymes.
Furthermore, hepatoprotective and cardioprotective properties have been observed through its
role in reducing lipid peroxidation and enhancing antioxidant enzyme levels. Neuroprotective
actions are believed to stem from reduced neuroinflammation and oxidative stress ['*). Lastly,
the immunomodulatory potential of Piper betle has been recognized through stimulation of
humoral and cell-mediated immune responses. These diverse effects make it a valuable
candidate for therapeutic applications, although further clinical validation is needed.

Table 3: Pharmacological Activities of Piper betle L.

Sr. | Pharmacological Activity Key Mechanism | Evidence (In | Reference

No. of Action vitro/In vivo)
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1 Antibacterial & Antifungal Disruption of | In vitro on S. | Pradhan et
microbial cell | aureus, C. | al., 2012
wall, enzyme | albicans
inhibition

2 Antioxidant Free radical | In vitro DPPH | Dhanani et
scavenging, lipid | assay al., 2013
peroxidation
inhibition

3 Anti-inflammatory COX  pathway | Carrageenan- Arambewela
inhibition, induced  paw | et al., 2006
cytokine edema (rats)
suppression

4 Analgesic Suppression  of | Hot plate and | Ghosh et al.,
nociceptive tail-flick  test | 2011
responses (mice)

5 Anticancer Apoptosis In vitro on | Bhide et al.,
induction,  cell | HeLa, MCF-7 | 1991
cycle arrest cell lines

6 Antidiabetic/Antihyperglycemic | a-amylase Alloxan- Dasgupta &
inhibition, induced De, 2004
increased insulin | diabetic rats
sensitivity

7 Hepatoprotective & | Reduction of | CCls-induced Chakraborty

Cardioprotective SGPT, SGOT; | liver damage | & Shah, 2011
lipid profile | (rats)
improvement

8 Neuroprotective Antioxidant In vivo | Saravanan et
activity in neural | oxidative stress | al., 2014
tissue models

9 Immunomodulatory Enhanced In vivo studies | Tripathi et al.,
phagocytic 2010
activity,
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lymphocyte

proliferation

7. Applications of Piper betle L. in Modern Medicine and Industry:

Piper betle L. has found significant applications in both modern medicine and various

industrial sectors due to its broad spectrum of bioactive compounds. In contemporary

pharmacology, standardized extracts of Piper betle are being explored for the development of
antimicrobial creams, antioxidant supplements, and anti-inflammatory formulations, owing to

its rich content of phenols, terpenoids, and flavonoids [13.14]

» Its potential in oral care products, such as mouthwashes and toothpastes, is
particularly promising due to its proven antiseptic and anti-plaque properties.

» In the pharmaceutical industry, it is studied as a natural source for novel drug
molecules with anticancer, antidiabetic, and immunomodulatory activities (13,

» Beyond medicine, Piper betle is gaining traction in the cosmetic industry, where it is
incorporated into skincare products for its ability to soothe inflammation and reduce
microbial load.

» Moreover, its essential oils and extracts are used in the food and flavoring industries
as preservatives and natural flavor enhancers due to their aromatic and antimicrobial
properties. The agricultural sector also utilizes betel leaf extracts as eco-friendly bio-
pesticides >4,

» Thus, Piper betle exemplifies a plant with traditional roots and expanding utility in
modern science and technology, highlighting its value in health, hygiene, and
sustainable industry %,

8. Conclusion
Piper betle L., a culturally and medicinally significant plant in South and Southeast Asia,
offers a rich profile of phytochemicals with diverse pharmacological activities, including
antimicrobial, antioxidant, anti-inflammatory, and anticancer properties. Traditional
knowledge, supported by modern scientific evidence, underscores its potential in therapeutic
and industrial applications. Despite its promising bioactivity, further standardized clinical
studies and advanced analytical characterizations are essential to fully harness its medicinal
potential and ensure safe, effective formulations for modern healthcare and commercial use.
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