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ABSTRACT

Piper betel L., commonly known as betel leaf, is a medicinal plant widely used in traditional systems such as Ayurveda,
Siddha, and Unani due to its broad therapeutic potential. Recent scientific interest has emphasized its phytochemical
composition and pharmacological properties, particularly its antioxidant activity. The plant contains diverse bioactive
compounds, including phenolics, flavonoids, alkaloids, tannins, terpenoids, steroids, and essential oils. Major
constituents such as hydroxychavicol, eugenol, chavicol, chavibetol, and allylpyrocatechol are largely responsible for
its biological effects. Oxidative stress, resulting from excessive reactive oxygen species and weakened antioxidant
defenses, contributes to many chronic diseases. Studies have shown that Piper betel extracts possess strong free radical
scavenging ability, reduce lipid peroxidation, and enhance endogenous antioxidant enzymes like superoxide dismutase,
catalase, and glutathione peroxidase. These properties help protect against oxidative damage and related conditions,
including inflammation, diabetes, cardiovascular diseases, neurodegenerative disorders, and cancer. In addition to its
antioxidant effects, Piper betel exhibits antimicrobial, anti-inflammatory, hepatoprotective, antidiabetic, and anticancer
activities, reinforcing its medicinal value. However, despite promising preclinical evidence, limited clinical studies and
lack of standardized extraction methods remain challenges. Overall, Piper betel represents a valuable natural source of
antioxidants with significant potential for pharmaceutical and nutraceutical applications.
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INTRODUCTION

Medicinal plants have long served as a cornerstone of
traditional healthcare systems worldwide, providing a
rich source of bioactive compounds for the prevention
and treatment of various diseases. In recent decades,
increasing scientific attention has been directed
toward plant-derived antioxidants due to their
potential to combat oxidative stress—related disorders.
Oxidative stress arises from an imbalance between the
generation of reactive oxygen species (ROS) and the
body’s antioxidant defense mechanisms, leading to
cellular damage, lipid peroxidation, protein
modification, and DNA instability. This condition has
been strongly associated with the pathogenesis of
chronic diseases such as diabetes mellitus,
cardiovascular diseases, neurodegenerative disorders,
cancer, and inflammatory conditions. Consequently,
the exploration of natural antioxidants from medicinal

plants has become a major area of research in
pharmacology and biomedical sciences!!-

Piper betel L., commonly known as betel leaf, belongs
to the family Piperaceae and is widely cultivated in
South and Southeast Asia, particularly in India, Sri
Lanka, Malaysia, Thailand, and Indonesia.
Traditionally, betel leaves have been used not only as
a masticatory but also as a therapeutic agent in
Ayurveda, Siddha, and Unani systems of medicine.
The leaves are valued for their carminative, stimulant,
antiseptic, and anti-inflammatory properties and are
commonly used in the management of cough,
indigestion, wounds, oral infections, and respiratory
ailments.

Phytochemical investigations of Piper betel have
revealed a diverse array of bioactive constituents,
including phenolic compounds, flavonoids, alkaloids,
tannins, terpenoids, saponins, and essential oils.
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Among these, phenolic compounds such as
hydroxychavicol, eugenol, chavicol, and chavibetol
are recognized for their strong antioxidant properties.
These compounds exert their effects by scavenging
free radicals, chelating metal ions, inhibiting lipid
peroxidation, and enhancing endogenous antioxidant
enzyme systems. Experimental studies have
demonstrated significant free radical scavenging
activity of Piper betel extracts in various in vitro
assays such as DPPH, ABTS, and FRAP methods, as
well as protective effects in animal models subjected
to oxidative stress.

In addition to antioxidant activity, Piper betel exhibits
multiple pharmacological properties, including
antimicrobial, anti-inflammatory, antidiabetic,
hepatoprotective, cardioprotective, and anticancer
effects. These therapeutic potentials are closely linked
to its ability to modulate oxidative pathways and
inflammatory mediators. However, despite extensive
preclinical research, clinical validation remains
limited, and issues related to standardization, dosage
optimization, and long-term safety require further
investigationl®].

Given the growing interest in natural antioxidants and
the rich phytochemical composition of Piper betel, a
comprehensive review of its phytochemical profile
and therapeutic potential, particularly concerning
antioxidant activity, is timely and relevant. This
review aims to synthesize current scientific evidence,
highlight key bioactive compounds responsible for
antioxidant effects, and discuss future prospects for its

development in pharmaceutical and nutraceutical
applications.

Figure 1 : Leaves of Piper betel
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PHYTOCHEMICAL POTENTIAL OF PIPER
BETEL

Piper betel L. (family Piperaceae) is a perennial
dioecious climber that has been extensively cultivated
and traditionally utilized across South and Southeast
Asia for its medicinal, cultural, and economic
importance. The plant thrives in warm, humid
climatic conditions and is typically propagated
vegetatively, ensuring preservation of desirable
phytochemical traits across cultivars. Its heart-shaped,
glossy leaves are aromatic and contain a wide
spectrum of secondary metabolites that contribute to
its therapeutic versatility. Historically, the leaves have
been incorporated into traditional systems of
medicine such as Ayurveda, Siddha, and Unani for the

management of digestive disorders, respiratory
ailments, wound healing, and oral health
maintenance.

Although the leaves are the most extensively studied
and pharmacologically exploited part of the plant due
to their high concentration of phenolic compounds
and essential oils, recent phytochemical
investigations have revealed that other plant parts also
possess noteworthy bioactive constituents. The stems
contain appreciable amounts of phenolics, lignans,
and terpenoid derivatives that may contribute to
moderate antioxidant and antimicrobial activities,
supporting their traditional use in certain folk
remedies. Similarly, the roots have been found to
contain alkaloids, steroidal compounds, and minor
phenolic fractions that exhibit potential antimicrobial
effects, although they

comparatively underexplored in scientific literature!™>
7]

and protective remain

The essential oils, primarily extracted from the leaves
but also present in small quantities in other aerial
parts, are particularly rich in volatile phenolic
compounds such as eugenol, chavicol, and chavibetol,
which are largely responsible for the plant’s
characteristic aroma and significant biological
activities. These volatile constituents play a crucial
role in membrane stabilization, microbial inhibition,

and free radical scavenging mechanisms.
Furthermore, variations in phytochemical
composition among different plant parts are

influenced by geographical origin, soil composition,
climatic conditions, harvesting stage, and extraction
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methods, all of which can significantly affect
therapeutic efficacy.

> Leaves

The leaves of Piper betel are the primary source of
bioactive phytochemicals. Phytochemical screening
has identified:

e Phenolic compounds —

chavicol, chavibetol

hydroxychavicol,

¢ Flavonoids — quercetin, catechin

e Alkaloids

e Tannins

e Saponins

e Terpenoids

e Steroids

e Essential oils (rich in eugenol and other aromatic
compounds)

Among these, hydroxychavicol and eugenol are major
active constituents responsible for strong antioxidant,
antimicrobial, anti-inflammatory, and anticancer
activities. The high phenolic content contributes
significantly to free radical scavenging and inhibition
of lipid peroxidation.

> Stems

Although less studied than leaves, the
contain:Phenolic compounds, Lignans, Alkaloids,

stems

Terpenoids. Stem extracts have demonstrated

moderate antioxidant and antimicrobial properties.

Some studies suggest that stem constituents
contribute to anti-inflammatory and wound-healing
effects, supporting traditional medicinal applications.

> Roots

The roots of Piper betel contain: Alkaloids, Phenolic
compounds,  Steroidal compounds, Volatile
constituents. Root extracts are traditionally used for
respiratory disorders and digestive issues. Preliminary
studies indicate potential antimicrobial and
antioxidant activity, though detailed phytochemical
characterization remains limited compared to leaves.

> [Essential Oil (Leaf Oil)

The essential oil extracted from leaves is particularly
rich in: Eugenol, Chavicol, Chavibetol,
Allylpyrocatechol, Caryophyllene. These volatile
compounds are responsible for the characteristic
aroma and significant biological activities such as
antioxidant, antifungal, antibacterial, and anti-
inflammatory effects. The composition of essential oil
may vary depending on geographical location and
cultivar.

» Other Plant Components

Limited studies
indicate presence of phenolics and volatile
compounds.

e Petiole and inflorescence:

e  Whole plant extracts: Show synergistic effects
due to combined phytoconstituents.

Table 1: Phytochemical constituents of Piper betel
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Plant Part Major Phytochemical Constituents Representative Compounds
Phenolic compounds, Flavonoids, Alkaloids, Hydroxychavicol, Eugenol, Chavicol,
Leaves Tannins, Saponins, Terpenoids, Steroids, Chavibetol, Allylpyrocatechol, Quercetin,
Essential oils Catechin
. Eugenol, Chavicol, Chavibetol,
Leaf Essential . . .
oil Volatile phenols, Terpenes, Sesquiterpenes Caryophyllene, Safrole (trace in some
varieties)
havicol derivati Piperine-like alkaloi
Stems Phenolics, Alkaloids, Lignans, Terpenoids Chavico derlv'a ives, Piperine-like alkaloids
(reported in trace), B-caryophyllene
Roots Alkaloids, Phenolic compounds, Steroidal Phenolic acids, Steroidal fractions
compounds, Volatile constituents (reported), Minor alkaloids
havicol-rel i
Petiole Phenolics, Flavonoids Chavicol-re ate?d compou.nds (reported in
minor quantity)
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Plant Part Major Phytochemical Constituents Representative Compounds
. . . Essential oil components similar to leaf
Inflorescence Volatile compounds, Phenolic derivatives P .
(lower concentration)

» Phenolic Compounds

Phenolic compounds are the most abundant bioactive
constituents in Piper betel. They are primarily
responsible for its strong antioxidant activity by
donating hydrogen atoms to neutralize free radicals
and preventing oxidative stress. Key phenolics such
as hydroxychavicol and chavicol contribute to
antimicrobial and anti-inflammatory effects.

> Flavonoids

Flavonoids are natural polyphenolic compounds
known for their antioxidant and anti-inflammatory
properties. They help in scavenging reactive oxygen
species (ROS) and protecting cells from oxidative
damage. Flavonoids like quercetin and catechin also
exhibit cardioprotective and anticancer potential.

> Alkaloids

Alkaloids are nitrogen-containing compounds that
often possess significant pharmacological activities.
In Piper betel, they contribute to antimicrobial and
analgesic properties. Some alkaloids may also support
anti-inflammatory and therapeutic effects.

> Tannins

Tannins are polyphenolic compounds with strong
antioxidant and antimicrobial properties. They help in
wound healing by forming protective layers over
tissues and reducing inflammation. Tannins also
inhibit lipid peroxidation and microbial growth.

» Saponins

Saponins are glycosidic compounds known for their
surface-active properties. They exhibit antioxidant,
immune-boosting, and cholesterol-lowering effects.
Additionally, saponins contribute to antimicrobial and
anti-inflammatory activities.

» Terpenoids

Terpenoids are a large class of naturally occurring
organic chemicals derived from isoprene units. They

[ic)
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play an important role in antioxidant and anti-
inflammatory responses. Some terpenoids present in
Piper betel also demonstrate antimicrobial and
anticancer activities.

» Steroids (Phytosterols)

Plant steroids, or phytosterols, contribute to anti-
inflammatory and membrane-stabilizing properties.
They may help in regulating cholesterol levels and
improving cardiovascular health. These compounds
also support overall cellular protection.

> Essential Oils

Essential oils are volatile aromatic compounds
responsible for the characteristic aroma of Piper betel.
They contain bioactive molecules such as eugenol and
chavibetol, which possess strong antioxidant,
antibacterial, and antifungal properties. The essential
oil fraction significantly enhances the plant’s
therapeutic potentiall!®-13],

MEDICINAL PROPERTIES OF PIPER BETEL

The leaves of Piper betel have occupied a prominent
position in traditional medicine for centuries due to
their remarkable therapeutic versatility and rich
reservoir of biologically active phytochemicals.
These medicinal properties are primarily attributed to
phenolic compounds, flavonoids, essential oils, and
other secondary metabolites that exert synergistic
pharmacological  effects. = Modern
investigations increasingly validate many of the

scientific

traditional claims, highlighting the plant’s potential as
a natural therapeutic agent.

The phytochemical richness of the leaves is largely
influenced by their stage of maturity, as both tender
and ripe leaves undergo dynamic biochemical
changes during growth and development. Tender
leaves are physiologically more active and tend to
synthesize higher amounts of protective polyphenols
and flavonoids, which serve as defense molecules
against environmental stressors such as ultraviolet
radiation, pathogens, and oxidative damage. This
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elevated concentration of phenolic antioxidants often
results in stronger radical scavenging capacity and
higher total antioxidant potential in young leaves.

In contrast, ripe or mature leaves generally
accumulate greater quantities of essential oils and
volatile aromatic compounds, including eugenol,
chavicol, and chavibetol, which contribute
significantly to antimicrobial, anti-inflammatory, and
preservative properties. As the leaf matures,
secondary metabolite pathways become more
stabilized, leading to increased storage of lipophilic
constituents in oil glands. Although the total
flavonoid concentration may slightly decline with
maturity due to structural tissue development, the
enhanced essential oil content in ripe leaves often
provides stronger antimicrobial efficacy and
therapeutic aroma.

Therefore, both tender and mature leaves possess
distinct phytochemical advantages, and their selection
for medicinal or pharmaceutical applications should
depend on the intended therapeutic objective, whether
antioxidant enrichment or antimicrobial potency!>-16],

+ Antioxidant Activity

The antioxidant potential of Piper betel leaves is one
of its most extensively studied properties, as the
phenolic constituents present in the leaves efficiently
neutralize free radicals by donating electrons or
hydrogen atoms, thereby preventing oxidative
damage to lipids, proteins, and nucleic acids. The
extracts have demonstrated significant activity in
various in vitro assays, including DPPH and ABTS
radical scavenging methods, indicating their strong
reducing power and metal-chelating ability. By
enhancing endogenous antioxidant enzymes such as
superoxide dismutase, catalase, and glutathione
peroxidase, the leaves help restore redox balance
within cells and protect tissues from oxidative stress—
induced degeneration.

Mechanism of action: The phenolic compounds
present in Piper betel leaves donate hydrogen atoms
or electrons to neutralize reactive oxygen species
(ROS), thereby terminating free radical chain
reactions. They also chelate transition metal ions such
as iron and copper, which catalyze oxidative
Additionally, the extracts

antioxidant  defense

reactions. enhance

endogenous
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upregulating enzymes such as superoxide dismutase
(SOD), catalase, and glutathione peroxidase.

Potential Applications: These mechanisms support
the use of Piper betel in preventing oxidative stress—
related disorders such as cardiovascular diseases,
neurodegenerative conditions, diabetes, and cancer.
The leaf extracts may also be developed into natural
antioxidant  supplements  and  nutraceutical
formulations!'®!,

R/

< Antimicrobial and Antifungal Properties

betel
antimicrobial

exhibit
activity against numerous

Piper leaves broad-spectrum
Gram-
positive and Gram-negative bacteria, as well as
pathogenic fungi, due to the presence of bioactive
compounds that disrupt microbial cell membranes and
inhibit essential metabolic pathways. The essential oil
fraction, rich

microbial cell

in aromatic phenols,
walls and alters

penetrates
membrane
permeability, ultimately leading to cell death. These
properties make the leaves particularly effective in
managing oral infections, respiratory tract infections,
and skin-related microbial conditions.

Mechanism of Action: Bioactive compounds such as
phenols and essential oils disrupt microbial cell
increase membrane
with
enzymatic systems. This leads to leakage of cellular
contents and inhibition of microbial growth and

membrane integrity,

permeability, and interfere intracellular

replication.

Potential Applications: The antimicrobial properties
can be utilized in oral care products, wound healing
formulations, and topical antiseptics. They may also
serve as natural food preservatives to inhibit microbial
contamination.

+« Anti-inflammatory and Analgesic Effects

The anti-inflammatory activity of the leaves is
mediated through the inhibition of inflammatory
mediators such as prostaglandins, leukotrienes, and
pro-inflammatory cytokines, which play crucial roles
in the development of pain and tissue swelling. By
suppressing these mediators, the leaf extracts reduce
edema and alleviate discomfort associated with
inflammatory disorders. Additionally, their mild
analgesic action contributes to pain relief, especially
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in conditions such as arthritis, headaches, and minor
injuries.

Mechanism of Action: The leaf extracts inhibit
cyclooxygenase (COX) and lipoxygenase (LOX)
pathways, thereby reducing the synthesis of
inflammatory mediators such as prostaglandins and
leukotrienes. They also suppress pro-inflammatory
cytokines and oxidative stress—induced inflammatory

signaling pathways.
Potential Applications: These effects suggest
potential applications in managing arthritis,

respiratory inflammation, muscle pain, and minor
injuries. The plant may be explored for developing
herbal anti-inflammatory and pain-relief
formulations.

+«+ Anticancer and Chemopreventive Potential

Emerging research  suggests that  certain
phytoconstituents in Piper betel leaves may exert
anticancer effects by modulating cellular signaling
pathways, inducing apoptosis in abnormal cells, and
inhibiting uncontrolled cell proliferation. The
antioxidant capacity of the leaves further contributes
to cancer prevention by minimizing DNA damage
caused by oxidative stress. Although promising
results have been obtained in laboratory and animal
studies, comprehensive clinical investigations are
necessary to confirm their safety and therapeutic

efficacy in humans.

Mechanism of Action: Certain phytochemicals
induce apoptosis death) in
abnormal cells by activating caspase enzymes and
They also

(programmed cell

modulating mitochondrial pathways.
inhibit tumor cell proliferation by regulating cell cycle
checkpoints and suppressing oxidative DNA damage.

Potential Applications: Piper betel may serve as a
complementary therapeutic agent in cancer
prevention strategies. Its compounds could be
investigated for inclusion in chemopreventive drugs

or functional foods aimed at reducing cancer risk!>-2%,

« Antidiabetic and Metabolic Benefits

The hypoglycemic activity of Piper betel leaves has
been observed in experimental models, where the
extracts help lower blood glucose levels by improving
insulin sensitivity and reducing oxidative stress in
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pancreatic tissues. The bioactive compounds may
enhance glucose uptake in peripheral tissues and
inhibit carbohydrate-digesting enzymes, thereby
regulating postprandial blood sugar levels. These
effects highlight the potential role of the leaves in
managing diabetes and metabolic syndrome.

Mechanism of Action: The leaf extracts improve
insulin sensitivity and enhance glucose uptake in
peripheral tissues. They may inhibit carbohydrate-
digesting enzymes such as oa-amylase and o-
glucosidase, reducing postprandial hyperglycemia,
while also protecting pancreatic [-cells from
oxidative stress.

Potential Applications: These properties indicate
potential use in the management of type 2 diabetes
mellitus and metabolic syndrome. Herbal antidiabetic
formulations incorporating Piper betel could help
regulate blood glucose levels naturally.

R/

< Gastroprotective and Digestive Stimulant
Action

Traditionally used as a digestive stimulant, betel
leaves promote salivary secretion and stimulate
digestive enzymes, which facilitate proper digestion
and nutrient absorption. Their carminative properties
help relieve flatulence, bloating, and indigestion,
while their protective effect on the gastric mucosa
reduces the risk of ulcer formation. The antimicrobial
action also assists in controlling harmful gut
supporting  overall

microorganisms,  thereby

gastrointestinal health.

Mechanism of Action: The bioactive constituents
stimulate salivary and gastric secretions, enhance
digestive enzyme activity, and protect the gastric
mucosa by reducing damage
inflammation. Their antimicrobial properties also

oxidative and

help maintain gut microbial balance.

Potential Applications: The leaves can be used in
treating indigestion, flatulence, gastritis, and gastric
ulcers. They may also be incorporated into herbal
digestive tonics and gastrointestinal protective
supplements.

« Hepatoprotective Effects

The hepatoprotective potential of Piper betel leaves is

closely linked to their antioxidant and anti-

1145 |Page



M. Mumtaj Begum, Int. J. Sci. R. Tech., 2026 3(4), 1140-1148 |Review

inflammatory activities, which collectively protect
liver cells from toxin-induced damage and oxidative
stress. By reducing lipid peroxidation and stabilizing
cellular membranes, the extracts help maintain normal
liver enzyme levels and support detoxification
functions. These properties suggest their possible
application in preventing liver disorders caused by
chemical exposure or metabolic imbalance.

Mechanism of Action: The antioxidant compounds
reduce lipid peroxidation in hepatic tissues and
stabilize cellular membranes, thereby preventing
toxin-induced liver damage. They also enhance
detoxification enzymes and reduce inflammatory
responses within the liver.

Potential Applications: These effects support
potential applications in preventing drug-induced
liver injury, alcohol-related liver damage, and other
hepatic disorders. Herbal liver-protective
formulations may benefit from inclusion of Piper

betel extracts!*!,
+» Cardioprotective Activity

Through the modulation of lipid metabolism and
oxidative pathways, Piper betel leaves may help
reduce serum cholesterol levels and prevent oxidative
modification of low-density lipoproteins, which is a
key factor in atherosclerosis development. The
antioxidant activity contributes to improved vascular
function and reduced risk of cardiovascular
complications. These combined effects underline the
cardioprotective potential of the leaf extracts.

Mechanism of Action: The leaf extracts reduce
oxidative stress in vascular tissues, inhibit LDL
oxidation, and improve lipid metabolism. They may
also enhance endothelial function by modulating
nitric oxide availability.

Potential Applications: These mechanisms suggest
possible use in preventing atherosclerosis,

hypertension, and other cardiovascular disorders. The

plant may be developed into heart-health

nutraceuticals.

% Wound Healing and Dermatological
Applications

The wound-healing properties of Piper betel leaves

are attributed to their antimicrobial, anti-

[ic)
~

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

inflammatory, and antioxidant activities, which
accelerate tissue repair and prevent secondary
infections. The extracts promote collagen synthesis
and enhance tissue regeneration, leading to faster
wound contraction and improved healing outcomes.
Traditionally, crushed leaves have been applied
topically to treat cuts, burns, and skin infections!??.

Mechanism of Action: The antimicrobial activity
prevents infection at wound sites, while antioxidant
and anti-inflammatory effects accelerate tissue repair.
The extracts stimulate collagen synthesis and promote
faster epithelialization.

Potential Applications: Piper betel leaves can be
incorporated into topical ointments, gels, and wound
dressings to enhance healing of cuts, burns, and
ulcers.

CONCLUSION

Piper betel L. is a phytochemically rich medicinal
plant with notable antioxidant potential, primarily due
to bioactive compounds such as phenolics and
essential oils. Its ability to scavenge free radicals and
enhance endogenous antioxidant enzymes supports its
role in reducing oxidative stress and preventing
chronic diseases, including diabetes, cardiovascular
and neurodegenerative disorders, and cancer.
Additionally, its antimicrobial, anti-inflammatory,
and hepatoprotective properties further strengthen its
therapeutic value. However, despite promising
preclinical evidence, limited clinical studies and lack
of standardized extraction methods highlight the need
for further research. Overall, Piper betel holds
significant potential as a natural source for
antioxidant-based pharmaceutical and nutraceutical

applications.
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