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ABSTRACT

Plant extracts, composed of bioactive non-nutrient phytochemicals, have historically stood out
as a primary reservoir for the development of new leads in anticancer drug research. Piper betel
(L.), a widely cultivated plant in Asia, particularly renowned for its medicinal properties, has been
traditionally employed in treating various health ailments. Piper betel L., commonly known as

Pan and belonging to the Piperaceae family, flourishes in regions like Sri Lanka, India, Thailand,
Taiwan, and other Southeast Asian countries. Remarkably, P. betel leaves have shown significant
effectiveness against various bacteria, including Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, and Candida albicans. The oil extracted from betel leaves holds potential
as a raw material in the production of medicines, perfumes, mouth fresheners, tonics, and food
additives. Rich in nutrients and possessing anti-carcinogenic properties, betel leaves present a
promising avenue for the development of drugs targeting blood cancer. This comprehensive
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review serves as a scientific compendium for researchers and manufacturers engaged in the
development of products derived from betel leaves. Widely dubbed as "Green Gold," betel
leaves serve various purposes including stimulation, antiseptic action, and breath freshening.
Their diverse properties encompass anti-fungal, anti-bacterial, anti-inflammatory, antimicrobial,
antioxidant, antimutagenic, anti-haemolytic, anti-diabetic, and anti-ulcer effects. This review not
only furnishes fundamental insights into the manifold effects of betel leaves but also delineates
the phytochemical compounds found in their extracts and essential oils, safety profiles, and
value-added products.

Keywords: History of betel leaf, Chemical properties, Physical properties, Therapeutic activities.

INTRODUCTION

Piper betle (L.), commonly referred to as betel vine, is a member
of the Piperaceae family, also known as the black pepper family.
The term "betel" originates from the Malayalam word "vettila"

East Africa. Its yellow aromatic essential oil imbues it with a
pungent flavor.”*! Betel leaf boasts a multitude of properties,

encompassing  antioxidant,  antifungal,  antiulcerogenic,

via Portuguese influence.!'*! The leaf of the betel vine is the most
extensively utilized and researched component. This perennial
and evergreen creeper, known as "Paan" and "Nagvalli," holds
profound cultural, social, religious, and practical significance,
aspects that remain highly relevant in contemporary times. The
betel leaf is a perennial and evergreen creeper that has glossy,
white, heart-shaped catkins. Piper betel is grown in India, Sri
Lanka, Malaysia, Indonesia, the Philippines, the Islands, and
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antiplatelet, antidiabetic, immunomodulatory, antileishmanial,
antiamoebic, anti-inflammatory, antifilarial,
antifertility,  antihyperglycemic, antidermatophytic, and
radioprotective attributes (Figure 1). In addition to being utilized
for food and spices, the plants in the genus Piper are also used
for insecticides, fish poison, hallucinogens, oils, decorations, and
perfumes.”! The plant's leaf has been shown to have a variety
of advantageous bioactivities by scientists, and an extract from
betel leaves has a lot of promise for application in the creation of
manufactured goods. Due to the numerous benefits, betel vines
are grown for its leaves.”! Piper betel L. leaves are extensively
utilized as a post-meal mouth freshener. This plant is cultivated
extensively in Bangladesh, India, Sri Lanka, Malaysia, Thailand,
Taiwan, and various other Southeast Asian countries. Blessed are
the evergreen and perennial Piper betel plants, which bear the

antimicrobial,
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imprint of God's heart. In the spirit caves of Northwest Thailand,
anthropologists have discovered betel residues that date as far
back as 5500-7000 BC—well before the advent of organized and
systematic agriculture.!" The blackened teeth of a human skeleton
from Palawan, the Philippines, dating back to 2600 BC, and
Timor, Indonesia, dating back to 3000 BC, have both produced
comparable discoveries. It was mentioned in the Palli version of
the oldest historical book in Sri Lanka, the Mahavamsa. Betel
Leaf (BL) has held significant cultural significance in India since
ancient times, with its usage dating back to 400 BC.M" Ancient
writings including the Ayurveda, Charka, Sushruta Sambhitas,
and Kashyapa Bhojanakalpa state that between 75 and 300 AD,
the custom of chewing BL after meals spread. By the thirteenth
century, European explorer Marco Polo had recorded that Indian
monarch and noble chewed betel.*1%)

Ayurvedic Significance

Piper betel holds a revered status in Vedic literature, where it is
referred to as Saptasira, and in Sanskrit, it goes by names such
as Tambool, Nagvelleri, and Nagani, valued for its therapeutic
properties against diverse ailments. References to Tambool span
from ancient texts like Vatsyayana’s Kamasutra and Panchatantra
to Kalhan’s Rajatarngni, spanning approximately 2000 years,
making it a consistent subject across significant historical Sanskrit
writings.?*?¥ In Ayurveda medicine system, the properties of
betel leaf described as given below:

¢ Guna (Quality): Laghu, Ruksha, and Tikshan.
e Rasa (Taste): Tikt.

e Vipak (Metabolism): Katu.

e Virya (Potency): Ushan.

e Prabhav (Impact): Hridya.

In Ayurveda, betel leaf extract is commonly employed as an
adjunct, often combined with various medicines to potentially
enhance their efficacy, in addition to being utilized independently
as a remedy. The Sushruta Samhita describes tambool leaves as
aromatic, possessing sharp, hot, and acrid properties, beneficial
for voice, acting as a laxative and appetizer. Furthermore, they are
noted to pacify Vata and aggravate Pitta.”]

Varieties of betel leaf

The betel vine has multiple variations based on the morphological
characteristics, essential oil concentration, leaf blade form, size,
brittleness, and flavor (Table 1).

Chemical constituents of Piper betle

About 3 to 3.5% protein, 0.5-6.10% carbohydrates, 2.3-3.3%
minerals, and 0.1-1.3% tannins are present in the leaves (Figure
2). They are high in potassium, iodine, calcium, phosphorus,
iron, and vitamins B, C, and A (Figure 3). They also contain stable
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oils like terpene and phenol, as well as aromatic chemicals (Table
2).12¢1 Moreover, there is hydroxychavicol, 1,8-cineole, a-pinene,
B-pinene, chavibetol, and eugenol. The main ingredients in
common betel are chavibetol acetate (15.5%) and safrole
(48.7%). Piper betel is also known to include allylpyrocatechol,
caryophyllene, anethole, stearic acid, carvacrol, polyphenol,
alkaloids, and saponin.-3!

The roots were discovered to possess ursonic acid and 3B-acetyl
ursolic acid in another study. It was once believed that women
would use P. betle roots along with black pepper as a kind of birth
control. Root of P. betle also contain some major constituents
like aristololactam A-11, 4-allyl resorcinol, diketosteroid contain
stigmast-4-en-3,6-dione (Table 3).0

Character of Piper betel leaf

A verdant leafy vine, exhibiting growth characteristics akin to
pepper, serves as ground cover or amodest climber. Piper betelleaf,
a perennial and dioecious creeper belonging to the dicot family
Piperaceae, manifests as robust male vines reaching heights of up
to 20 m, with stem diameters ranging from 15 to 20 cm. Thriving
in warm, humid climates, this plant prefers environments
conducive to growth, albeit it can withstand moderate drought
conditions.[ " Typically, it thrives within tropical regions, as it is
too delicate for cultivation outside such climates. The semi-woody
stems of the plant are green or pinkish-green, cylindrical, or
bilaterally compressed with dimorphic branching. Betel leaf finds
its place in numerous traditional remedies, offering relief from
stomach ailments, infections, and serving as a general tonic.*!

Ideal for: well-drained soil and suitable for light (sandy), medium
(loamy), and heavy (clay) soils.

Appropriate pH: soils that are somewhat alkaline, neutral, basic,
and acidic.

It grows in both semi-shaded (light forest) and full shade (deep
woodland). It likes soil that is damp.

THERAPEUTIC EFFECT OF BETEL LEAF

Many natural ingredients have been used as traditional remedies
to treat a wide range of illnesses in different cultures. Piper betel
leaves boast a plethora of pharmacological activities that prove
effective against various human pathogens (Table 4). Extracts
derived from Piper betel have been employed for centuries in
the treatment of diverse conditions owing to their intrinsic
properties.*!)

Anti-fungal Activity

The creation of natural solutions appropriate for therapeutic use
is required to address the negative effects of commercial products
and manage candida infections. With the growing recognition
of medicinal herbs as a source of antimicrobial agents, natural
products have become viable substitutes for synthetic chemical
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agents. A tropical plant closely related to pepper, Piper betle is
commonly grown in Thailand, Malaysia, and India, among other
nations in Southeast Asia.! Candida albicans is the prevalent
fungal infection that causes oral candidiasis. Recent evidence of
Candida species' resistance to numerous synthetic medications
has brought attention to the need for innovative antifungal
medications with fewer side effects for the effective treatment of
candidiasis. Numerous studies suggest that some plant species
may contain compounds with promising antibacterial qualities.
The ethanolic extract of leaves and essential oils shown potential
antifungal activity against the fungal mycelia of Aspergillus
flavus, Candida tropicalis, and Candida albicans.!*) Methanolic
and aqueous leaf extracts, along with betel essential oil,
demonstrated significant antifungal efficacy against Malassezia
pachydermatis and Candida albicans. Furthermore, the hydro
distillation-obtained leaf extract showed antifungal efficacy
against Saccharomyces cerevisiae and Candida albicans. It has
also been discovered that adding betel essential oil to tomato
paste and apple juice at a safe concentration increases their
antioxidant activity and inhibits the growth of microorganisms
like Aspergillus flavus and Penicillium expansum, extending their
shelf life in refrigerated environments.®

Some Examples of Anti-fungal activity experiments are as follows:

Piper betle's Improved Antifungal Activity Against
Candida albicans Infection and in silico Analysis with
its Virulent Protein

The widespread use of synthetic chemical medications frequently
results in the evolution of drug resistance in clinical pathogens
and increases the likelihood of undesirable side effects in
humans. Candida albicans, a common pathogen, particularly
in oral candidiasis, is a significant concern. This study aims to
explore novel natural compounds from the medicinal plant Piper
betle against C. albicans. Bioactive chemicals were extracted from
betel leaves with a variety of solvents. The standard medicine,
fluconazole, was used to evaluate P. betle’s anticandidal activity
against C. albicans. Furthermore, the plant extracts were evaluated
using antioxidant and scavenging assays.[” The biocompounds
were identified using gas chromatography-mass spectrometry,
followed by molecular docking investigations. Methanol and
ethanol extracts outperformed the control medication in terms of
antifungal, antioxidant, and scavenging activity against C. albicans.
P betle’s methanol extract contained twenty-seven bioactive
components. These molecules were docked with candidapepsin-1,
a pathogenic C. albicans enzyme, and compared to fluconazole
(-7.8 kcal/mol). An effective interaction was reported with a
particular bioactive molecule, 4-hydroxy-5-imino-3,4-dimethyl-
1-(4-nitrophenyl)-2-imidazolidinone (-7.5 kcal/mol). According
to the study, methanol and ethanol extracts of P betle could
be used as natural antioxidants with free radical scavenging
activities. These findings offer promise for the development of
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novel medications that target antimicrobial biocompounds to
treat candidiasis and other clinically relevant infections.?6¢!

Piper betle leaf oil has antifungal properties against
oral Candida species

Fungal infections provide substantial clinical issues due
to the extensive use of broad-spectrum antibiotics and
immunosuppressive therapy, with candida species being among
the most common pathogens. Piper betle Linn., a tropical plant
closely related to pepper, has long been used as a traditional
herb in many Asian nations. The purpose of this study was to
determine the antibacterial effectiveness of essential oil derived
from fresh P, betle leaves against several candida species, such as
C. albicans, C. glabrata, C. krusei, C. parapsilosis, C. tropicalis, C.
pseudotropicalis, and C. stellatoidia. Inhibitory activity was first
evaluated using the Kirby-Bauer disk diffusion method, and the
Minimum Inhibitory Concentration (MIC) was determined
using the agar dilution method. Areca nut oil showed antibacterial
activity against all yeast species, with an inhibition zone ranging
from 32 to 33 mm and MIC values ranging from 0.039 to 0.078%
v/v. The results of this study indicate the possibility of using the
fruit's oil in the design and production of drugs to treat Candida
infections. However, more research is needed to understand the
anti-inflammatory properties of this oil and conduct clinical
trials in patients.?¢7]

Palladium nanoparticles: A one-step plant-mediated
green chemical approach using Piper betle leaf broth
and anti-fungal investigations

The goal of this research is to use green chemical techniques for
the production of metal nanoparticles, which have innovative

Table 1: Regional Piper betel Leaf Varieties in India.

Andhra Pradesh

Karapaku, tellaku, bangla, chennor, and kallipatti
Assam

Assam patti, awani pam, bangla and khasi pan
Bihar

Desi pan, Calcutta, paton, maghai and bangla
Karnataka

Kariyale, mysoreale and Ambadiale

Odisha

Godi bangla, nova cuttak, sanchi and birkoli
Madhya Pradesh

Desi bangl, Calcutta and deswari

Mabharashtra

Kallipatti, kapoori and bangla (Ramtek)

West Bengal

Bangla, sanchi, mitha, kali bangla and simurali bangla
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applications in optical, catalytic, hydrogen storage, bio-imaging,
stable Pd0
nanoparticles, a solution of 1 mM PdCl, and Piper betle leaf broth
(10:1) is used. UV-vis, XRD, and FTIR spectroscopy are used to
evaluate the structural properties of the produced nanoparticles.

and electrochemical domains. To produce

Additionally, the shape, particle distribution, and size of the
palladium nanoparticles are investigated using TEM and SAED
techniques. The bioactivity of the produced PANPs suggests that
they could be used clinically as antifungal medications.*¢!

Anti-Diabetic Activity

Diabetes occurs when insulin-producing B-cells in the pancreas
become destroyed, leading to insufficient insulin production
and consequently elevated glucose levels in the blood. Glucose,
a sugar molecule produced during carbohydrate digestion,
is regulated by the hormone insulin. This study looks at the
effect of Piper betel juice on hyperglycemic blood glucose
levels by comparing the hepatoprotective Serum Glutamate
Oxaloacetate Transaminase (SGOT) activities in alloxan-induced
diabetic mice to those treated with metformin. The study also
examines the hypolipidemic effects on Total Cholesterol (TC),
Low-Density Lipoprotein (LDL), High-Density Lipoprotein
(HDL), and Triglyceride (TG) levels. The extract's antidiabetic
effect in vitro is measured by inhibiting a-glucosidase enzyme
activity. Piper betel ethanol has strong antibacterial properties
against Gram-positive bacteria, including vancomycin-resistant
Enterococcus and methicillin-resistant Staphylococcus aureus.
The effects of Piper betel juice on blood glucose levels are further
investigated in hyperglycemic conditions and compared to the

hypolipidemic effects and hepatoprotective activities observed in
alloxan-induced diabetic mice, in conjunction with metformin
treatment.'>¢)

Some Examples of Antidiabetic or
experiments are as follows:

anti-hyperlipidemic

In STZ-induced diabetic rats, Piper longum root
aqueous extract exhibited antidiabetic and
antihyperlipidemic effects

Existing diabetes medications such as insulin or oral hypoglycemic
drugs often have one or more side effects. It is difficult to find
new antidiabetic drugs from medicinal plants with minimal or no
side effects according to World Health Organization standards. In
this context, this study attempted to determine the hypoglycemic
and hypolipidemic effects of Piper longum root aqueous extract
(PIrAge) on Streptozotocin (STZ)-induced diabetic rats. (STZ)
(50 mg/kg.b.w) intraperitoneally. Measure Fasting Blood Glucose
(FBG) levels using glucose oxidase and peroxidase antibodies.
Various blood chemicals including glycated heme (HbA1c¢), Total
Fat (TC), Triglycerides (TG), Very Low Lipoprotein (VLDL),
low-density Lipoprotein (LDL) and High-Density Lipoprotein
(HDL) Cholesterol are measured. Liver and kidney function tests
were evaluated. Statistical analysis was performed by Student's
t test and one-way Analysis of Variance (ANOVA) followed by
DMRT. Important exhibits in preventing diabetes. Additionally,
administration of the same dose of aqueous extract for 30 days
in STZ-induced diabetic rats resulted in a decrease in FBG levels
and improvement in diabetic dyslipidemia compared to untreated
diabetic rats. In addition, liver function and kidney function were
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Figure 1: Phytochemical Activity of betle leaf.
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Compound
a-Pinene

Camphene

Sabinene
Myrcene
B-Phellandrene

B-Ocimene
Terpinolene
Cis-sabinene

Terpineol-4

Safrole
Eugenol
Iso-safrole
B-Bourbonene

B-Elemene
Methyl Eugenol
Caryophyllene

Aromadendrene
B-Farnesene

A-humulene

Methyl isoeugenol

Germacerene-D
B-Selinene

A-Selinene

A-Farnesene
Hydroxychavicol

Eugenyl acetate
A-Cadinene
Germacerene-B
E-Nerolidol

Spathulenol

Chavibetol
Allylpyrocatechol Diacetate

1,8-Cineol

Table 2: Chemical constituents of Piper betle leaf and their uses.

Molecular formula

C101_116
C10H16

C10H16
C10H16
C10H16

CHy
C,H,
CHy
C,H,O

C,H.C.H,0,CH

576 73727772

C,H,0

1272

C,H,C,H,0,CH

576 3727772

C . H

157724

C . H

15524
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Molecular weight

136.23
136.24

136.24
136.24
136.23

136.23
136.26
136.23
154.25

162.19

164.22

162.19
204.3511
204.35628000

178.22

204.35

204.35
204.35
204.39

178.23
204.4

204.35628000

204.3511
204.3511
150.1745
206.24
204.36
204.356
222.37
220.4
164.2
234.25

154.28

Uses
Both anti-inflammatory and antibiotic.

Making perfumes and food additives to add
flavor.

Antimicrobial activity
Making food additives and scents.

Cleaning supplies, personal hygiene, and
cosmetics industries.

Perfumery
Perfumery and food additive
Anti-Infective Agents

Fragrance combinations in home goods,
polishes, and disinfectants.

Making drinks and candies

In dentistry, antiseptic and anesthetic.
Fragrance industry

As both Flavour and fragrance agents.

Antiproliferative properties; utilized in cancer
chemotherapy.

Fragrance component found in detergents,
toiletries, and fragrances.

Anti-inflammatory, anti-cancer, antioxidant,
and local anesthetic.

Both Antioxidants and anti ageing.
Natural insect repellent

Beneficial in lowering platelet activating factor
and anti-inflammatory.

Flavour and fragrance agents

Both Analgesic and anti-inflammatory
properties.

Utilized in aromatherapy and having
antimicrobial qualities.

Aroma active compound

Plant defence, biofuel precursor.
Antimutagenic effect

Anti-virulence potential

Anticancer activity

Antimicrobial and insecticidal properties.
Flavouring agent and in perfumery.
Antibacterial activity

Aromatic compound with a spicy odour.

Antibacterial action on several types of
obligatory oral anaerobes.

Used in treatment of inflammatory diseases.
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CHs
5- Acetonyl-7-hydroxy-2 methylchromone

Cassiarin-B

Cassiarin-A

CHa

CHz CHa HO

Trinevinol Piquerol A

o]

10,11-Dihydro-anhydrobarakel

Emodin

Figure 2: Chemical Structure of some chemical constituents found in Piper betle leaf.

Table 3: Chemical constituents on different parts of the Piper betle leaf.

Parts of P. betle Chemical constituents
Root aristololactam A-11
4-allyl resorcinol,
diketosteroid contain
stigmast-4-en-3,6-dione.
Leaves 1 n dodecanyloxy resorcinol(H1)
desmethylenesqualenyl
deoxy-cepharadione-A(H4)
Stem 6 beta-hydroxy stigmast-4-ene-3 one
beta-sitosterol

stigmasterol

oleanolic acid
23-hydroxyursan-12-ene-28 oic acid
beta-sitosterol-3-O-beta-D
glucoside-6’-O-palmitate
beta-daucosterol
(25)-4’hydroxy-2,3-dihydroflavone
7-O-beta-D glucoside

alpha-ethyl glucoside

reduced in diabetic rats compared with non-diabetic rats; This
showed that the liquid extract was able to prevent liver and kidney
damage while still being non-toxic. It can be concluded that this
herb has good potential in the treatment of hyperglycemia and
diabetic complications in STZ-induced diabetic rats. Therefore,
this plant can be considered as a useful resource for the

development of new oral hypoglycemic drugs.”
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In rats, aqueous and ethanolic extracts of Piper betle
leaves exhibited antidiabetic activity

The leaves of Piper betle (Piperaceae) have many bioactivities
and are hired in traditional clinical systems. but, its anti-diabetic
pastime has yet to be thoroughly explored. The cause of this
study changed into to discover the antidiabetic interest of
Piper betle leaves. This becomes investigated in normoglycemic
and Streptozotocin (STZ)-caused diabetic rats through oral
administration of Hot Water Extract (HWE) and Cold Ethanolic
Extract (CEE). In normoglycemic rats, both HWE and CEE
dramatically decreased blood glucose tiers in a dose-structured
way. During the glucose tolerance check, each extract significantly
lowered the external glucose load. HWE has antidiabetic impact
similar to CEE. Moreover, HWE did now not inhibit glucose
absorption from the rats' small gut. Each extract had been proven
to be non-poisonous and properly tolerated after prolonged oral
remedy (no apparent symptoms of toxicity, hepatotoxicity, or
renotoxicity). However, the load of the spleen rose in dealt with
agencies, that may indicate lymphoproliferative hobby. Its miles
installed that HWE and CEE from Piper betle leaves have safe and
effective antidiabetic homes."”"

Piper betle leaf exhibits antihyperglycemic action in
streptozotocin-induced diabetic mice

Piper betle, a medicinal plant with a strong reputation in
traditional medicine systems like Siddha and Ayurveda, is
particularly prominent in rural southern India. This study aimed
to investigate the effects of P. betle on glucose metabolism, given
its common use as betel-quid after meals. Researchers measured
plasma levels of glucose and glycosylated hemoglobin, along with
the activities of liver hexokinase and gluconeogenic enzymes
such as glucose-6-phosphatase and fructose-1,6-bisphosphatase,
in both control and Streptozotocin (STZ) diabetic rats. After 30

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025
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Sl.

No.

Objective

In patients with
conjunctivitis, the
antibacterial activity of
betle leaf extract which
inhibits Staphylococcus
aureus.

P, betle extract's
antibacterial and
antibiofilm properties
were evaluated

using isolates of S.
pseudointermedius and
Methicillin-Resistant
Staphylococcus
pseudintermedius
(MRSP).

Leaf extracts from

Piper betle L. hinder
Vibrio harveyi, a shrimp
pathogen, from sensing
quorum, and shield
Penaeus vannamei
postlarvae from bacterial
infection.

The study examined the
antimicrobial properties
of Philippine Piper betle

L. methanol, ethanol, and
supercritical CO, extracts

in clinical isolates of
both Gram Positive and
Gram-Negative bacteria

that exhibited transferable

multiple drug resistance.

Table 4: Table showing research on various activities of P. betle leaf.

Results

By agar well diffusion method and Kruskal-Wallis
test. Standard 10% DMSO solution was used to
treat negative control group (P-), and ceftriaxone
was used to treat the positive control group

(P+). The clear zone diameters around the well
were examined using the Kruskal-Wallis test.

The results that indicated there is no smaller
significant difference between concentrations of
1% and 1.5%, 1.5% and 2%, 2% and 2.5%, and
2.5% and 3%, but between concentrations of 0.5%
and 1%, 0.5% and 1.5%, 0.5% and 2%, 0.5% and
2.5%, and 0.5% and 3%, 1% and 2%, 1% and 2.5%,
1% and 3%, 1.5% and 2.5%; 1.5% and 3%; 2% and
3%, 1.5% and 2.5%, and 1.5% and 2% and 3%.

By using Broth microdilution, time-kill assays,
Polymerase Chain Reaction (PCR), molecular
docking. Using time-kill tests and broth
microdilution, the antibacterial properties of

P, betle’s ethanol leaf extract was examined

with respect to S. pseudintermedius and MRSP.
Assays for biofilm development and inhibition
were used to assess the effects of antibiofilm and
biofilm eradication, respectively. Real-time PCR
was used to further investigate the expression of
genes linked to biofilms (PCR). Using molecular
docking, the potential interaction between IcaA
and important P, betle chemicals was examined.

This process requires extraction of Crude Extract
(CE) and Crude Alkaloids (CA) of Piper betel
leaves. Rotary evaporation of 800 g of dry betle
leaves (approximately 10% moisture content) in
6 L of 100% ethanol leads to a yield of 145 g CE
or 18.12% (=181.2 mg/g). Phytochemical tests
revealed that CEs contained alkaloids, glycosides,
sterols, triterpenes, saponins, and tannins.

Plant materials are collected, and ethanol and
methanol plant extract are prepared. The 150 g
of powdered plant material were steeped in 500
mL of each of absolute ethanol and methanol are
separately for seven days, stirring occasionally,
before being filtered using Whatman filter paper
no.l. A rotating evaporator operated at 50°C and
reduced pressure was used to concentrate the
filtrate. After being collected, the crude extract
was let to dry fully at room temperature. The
dried extract was dissolved in 0.2% DMSO at a
concentration of 100 mg/mL to create the stock
solution. Therefore, using the disc diffusion
assay, the 0.2% DMSO was initially evaluated

on reference strains of Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 25923, and
Pseudomonas aeruginosa ATCC 27853.

Disk diffusion method and Broth Microdilution
Method are used for antibacterial susceptibility
test.

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Conclusion

Staphylococcus aureus growth is significantly
inhibited by the leaf extract of Piper betle L. In
conclusion, Piper betle L. leaf extract has a great

deal of promise for use as an antibacterial agent.

The antibacterial, antibiofilm, and
biofilm-removal properties of P. betle extract
were exhibited against S. pseudointermedius
and MRSP. The extract may have affected the
formation of biofilms via downregulating

the expression of the icaA gene and through
protein interactions. As a substitute therapy for
S. pseudointermedius infections, particularly
those linked to biofilm and resistant to existing
medications, this extract demonstrated
potential.

The development of QS- induced biofilm

and bioluminescence in Vibrio spp. and was
prevented at low concentrations by the Crude
Extract (CE) and Crude Alkaloids (CA)

from the Piper betle L., without affecting the
organism’ growth.

The antibacterial, antibiofilm, and
biofilm-removal properties of P. betle extract
were exhibited against S. pseudointermedius
and MRSP. The extract may have affected the
formation of biofilms via downregulating

the expression of the icaA gene and through
protein interactions. As a substitute therapy
for S. pseudointermedius infections, particularly
those linked to biofilm and resistant to existing
medications, this extract demonstrated
potential.
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Sl
No.

1084

Objective

Aspergillus flavus,
Aspergillus fumigatus,
Aspergillus niger,
Aspergillus parasiticus,
Candida glabrata,
Candida krusei,

Candida neoformans,
Candida parapsilosis,
Candida tropicalis,
Epidermophyton
floccosum, Trichophyton
mentagrophytes,
Trichophyton rubrum,
Microsporum canis, and
Microsporum gypseum
have all been studied in
relation to the fungicidal
effects of betel leaf extract
against a variety of fungal
species.

Sought to investigate the
processes underlying the
stem of the Piper betle
anti-cancer benefits.

Impact of Piper betle

L. extract on cultured
umbilical cord cells and
possible application

in the management of
cutaneous wounds.

Age-related changes in
betel leaf (Piper betle
L.) essential oil output
and quality: antioxidant
activity, GC-MS, and
SEM analysis.

Results

Microdilution of broth and well-diffusion Solid
dilution and Disk Diffusion.

In this study, the anti-inflammatory properties
of the root extract were evaluated on human
oral squamous cell carcinoma cell lines Cal-27
and Ca9-22. Tests include MTT testing, cell
morphology measurements, and flow cytometry.
Additionally, Western blotting was also
performed to examine the effects of apoptotic
molecular pathways and cell growth.

Isolation of UC-MSCs from Wharton's jelly;
Establishment of growth curves and population
determination using the automated cell count
system, Countess; Immunophenotype analysis;
Evaluation of the impact of Piper betle L. extract
on fibroblasts; Analyzing the effectiveness of
Piper betle L. extract in scratch experiments on
fibroblasts and UC-MSCs to promote wound
healing; cDNA synthesis, RNA extraction, and
real-time quantitative PCR analysis.

Plant data were collected and selected with
empbhasis on betle leaf samples of Meetha cultivar
collected from the field of Kaktiya village near
Mecheda village in East Midnapur, West Bengal,
India (22°42'N, 87°87'E).

The essential oil derived from leaves of varying
ages underwent analysis and was tabulated. Oil
extraction was conducted from leaves aged 15,
30, 45, and 60 days, utilizing various leaf-to-water
ratios ranging from 1:1 to 1:3. The extraction
process employed a maximum temperature of
100°C. The findings indicated that the leaf-to-
water ratio exerted the most substantial influence
on oil yield.

Conclusion

It has been shown that hydroxychavicol, [46]
also known as 4-allylpyrocatechol, which is

extracted from betel leaves, is efficient against

a variety of fungus species. At as low as 400

pg/mL, this chemical was able to eradicate C.

albicans entirely.

The process of apoptotic cell death involves [47]
mitochondrial inactivation, which resulted in an
upregulation of Bax and Bad expressions and a
downregulation of Bcl-2 and Bcl-xl expressions.

In addition, the P. betle stem extract-induced
apoptosis in oral cancer cells involves the

activation of p38MAPK and the inhibition of

ErbB2 and ErbB3 proteins.

To furnish scientific insights into the properties  [48]
inherent in betel leaves and to formulate

natural pharmaceutical products for treating

open wounds. This study investigates the

potential of Piper betle extract to induce cell line

proliferation via in vitro scratch assays.

Researchers have examined the effects of [49]
varying betel leaf ages on the yield content and
chemical and physical characteristics of the

essential oil produced by the hydro-distillation
process. The results showed that whereas older

leaves (> 60 days) showed lesser amount of

essential oils, younger leaves (15 days) were

better suited for higher generation of betel leaf
essential oil yield (0.65%) with less antioxidant
qualities (84.05%).

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025
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SI. Objective
No.
9. Examining the

effectiveness of Piper
betle L. leaf extract
against Streptococcus
mutans ATCC 25175
using scanning electron
microscopy.

10.  Expression of
senescence-related genes
in senescent human
diploid fibroblasts is
modulated by Piper betle
IL,

11.  The hypoglycemic
effects of Piper sanctum,
Tilia americana,
Borago officinalis, and
Chenopodium nuttalliae
on Wistar rats.

Results

Six different brain infusion media were tested
to enable S. mutans to adhere to glass beads:
sucrose-free, sucrose-containing extract (2 mg
mL-1 and 4 mg mL-1), and sucrose-containing
extracts (2 mg mL-1 and 4 mg). mL-1). Hexidine
(0.12%) was used as a positive control. Glass
beads were processed and then examined using
SEM. SEM was used to measure the number,
appearance, and cell area of S. Proteins bind to
glass beads. Additionally, glucosyltransferase
activity with and without extract was also
measured. Therefore, one-way ANOVA and
two-way ANOVA were used.

This study used quantitative PCR to determine
the expression of genes to examine the effects

of PB aqueous extracts on replicative senescent
Human Diploid Fibroblasts (HDF). Our results
showed that 0.4 mg/mL PB extract promoted

cell growth in young (143%), pre-aged (127.3%),
and aged (157.3%) HDFs. It was demonstrated
that, in contrast to youthful and/or pre senescent
HDFs, senescent HDFs expressed greater levels of
PRDX6, TP53, CDKN2A, PAK2, and MAPK14.
Senescent HDFs' altered transcriptional profiles
are modulated by treatment with PB extracts.

In contrast, PB-treated senescent HDFs showed
higher levels of SOD1, while GPX1, PRDX6,
TP53, CDKN2A, PAK2, and MAPK14 showed
lower expressions when compared to untreated
senescent HDFs. This work concludes by showing
that replicative senescent HDFs' expression of
senescence-associated genes is modulated by PB
extracts.

Soxhlet extraction was used to produce
methanolic extracts of the studied plants. Artemia
was used for toxicity testing and its antioxidant
capacity was evaluated by the DPPH method.
Alloxan (120 mg/kg)-induced diabetic Wistar
rats were used to evaluate hypoglycemic potential
at doses of 250 and 500 mg/kg. B. officinalis and
O. Sainttum was nontoxic to A. salina, while T.
americana and C. nuttlliae showed mild and high
toxicity, respectively. T. americanavar mexicana
extract was found to exhibit antioxidant activity.
Three plants showing hypoglycemic effects in the
study were Tilia americana (p = 0.0142), Borage
(p=0.0112) and P. sainttum (p = 0.0078).

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Conclusion

It was discovered that sucrose enhanced [50]
S. mutans' adhesion and cell surface area
(p<0.001). Streptococcus mutans adhering

to 100 um?2 glass surfaces with or without
sucrose showed a decrease in cell area, a pufty
extracellular appearance, and a decrease in cell
numbers in the presence of betel leaf extract.
Furthermore, glucosyltransferase activity

was shown to be reduced by the extract; at

2.5 mg mL-1, this inhibition matched that

of 0.12% chlorhexidine. Even though the
glucosyltransferase activity was negligible at 4
mg mL-1 of the extract, the bacterial cells were
still able to cling to one another.

During the replicative senescence of HDFs, [51]
Piper betle extracts control the expression of
genes linked to antioxidant defense (SOD1,
GPX1, and PRDX6), DNA damage, and cell
cycle arrest (TP53, CDKN2A, PAK2, and
MAPK14) signaling pathways. In order to
clarify the functional functions of these genes
in mediating Piper betle's actions during HDF
replicative senescence and to discover the active
chemicals in Piper betle extracts responsible

for gene regulation during this process, more
research is needed.

Out of the three plants examined, P. sanctum [52]
had the biggest drop in glucose levels at a lower
dosage. All three plants exhibited hypoglycemic
action. The presence of flavonoids and alkaloids
that have already been linked to hypoglycemic
activity may be related to this effect. For the
first time, hypoglycemic action of this plant has
been documented; at the doses tested, it did not
exhibit toxicity for A. salina. T. americana var.
mexicana's methanolic extract demonstrated
mild toxicity and antioxidant efficacy. To
determine which metabolites are responsible
for the biological activity of the plants under
evaluation, more investigation is required.

References
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Sl
No.

12.

13.

14.

1086

Objective

Effect of betel leaf
extract on antibacterial
properties of sago
starch-based bioplastics.

In vitro in silicon method
was used to study the
antibacterial, antifungal
and antioxidant
properties of betle

leaf extract of Bacillus
gaemokensis MW067143
isolated from dental
caries.

Acute toxicity and
antilithiasic activity

of Piper amalago
(Piperaceae) essential
oil were determined
through chemical analysis
using rapid-scanning
quadrupole mass
spectrometry (GCxGC/
qMS) in conjunction
with comprehensive
two-dimensional gas
chromatography.

Results

Various ingredients were used in this study,
including distilled water, ethanol, sago starch,
glycerin, gallic acid, quercetin, Bacillus cereus,
and black yeast starter culture. The betel

leaves were obtained from the Medan market.
Equipment used included measuring instruments,
glass containers, petri dishes, rotary evaporators,
hot plates, magnetic stirrers, ovens, stirrers,
ultrasonic baths, 50-mesh sieves, and Whatman
No. 2. 41 filters and Fourier Transform Infrared
(FTIR) spectrometer. Various steps were taken
as follows, preparation of Piper betle leaf extract,
preparation of bioplastic, FTIR analysis, density
of bioplastics, water absorption of bioplastic,
antimicrobial activity analysis etc.

This study used techniques such as isolating,
purifying, and characterizing the bacterial flora
from caries samples. Furthermore, P. betle extract
was analyzed using FTIR (Fourier Transform
Infrared), TLC (Thin Layer Chromatography),
and GC-MS (Gas Chromatography-Mass
Spectrometry). Minimum Inhibitory
Concentration (MIC) assays were performed,
followed by isolation as well as purification

of bioactive compounds from P. betle extract.
Scanning electron microscopy was also utilized,
among other methods.

Hydrodistillation was used for extraction,

while two-dimensional gas chromatography
combined with rapid-scanning quadrupole

mass spectrometry (GCxGC/qMS) was used for
chemical characterisation. The impact of the EOs
on the in vitro crystallization of calcium oxalate
was used to assess their antilithiasic efficacy.

As an estimation of the activity, the number of
crystals that formed and the turbidity index were
calculated. The effects of a single oral dose of the
EOs in Wistar rats were ascertained using the
acute toxicity assay. Mortality, side effects, and
general behavior were identified.

Conclusion

The bioplastic with the highest content of [53]
betel leaf extract demonstrated the highest
density. The bioplastic with the maximum
water absorption value (0% betel leaf extract)
was produced without the addition of betel leaf
extract. According to the antibacterial analysis,
every bioplastic sample has the ability to stop
Bacillus cereus from growing. According to the
antifungal analysis, Aspergillus niger growth is
not inhibited by any of the bioplastic variations.
Because of its excessive dilution, the 2%
concentration of betel leaf extract is unable to
stop Aspergillus niger from growing. Thus, more
research is required to determine the minimal
inhibitory concentration of betel leaf extract for
Aspergillus niger species.

This study demonstrates P. betle chloroform [54]
extract's anti-biofilm and, for the first

time, antibacterial capabilities against B.
gaemokensis. Additionally, it is crucial to

look into new bioactive substances that are
non-toxic and effective that are produced

from natural sources. The creation of herbal
remedies and formulations to treat human
ailments may benefit greatly from this, but
particular attention should be paid to the
identification, characterization, and elucidation
of the mechanism of action of each active
phytocompound.

322 chemicals in all were found in the EOs. [55]
Sesquiterpenes, which included 8-cadinene and
bicyclogermacrene, had the largest contribution
to leaf EOs. The biggest contribution of
sesquiterpenes and oxygenated sesquiterpenes,
such as a-cadinol and bicyclogermacrene, was
seen in the essential oils extracted from stems.
The EOs showed a great deal of effectiveness

in inhibiting the formation of the crystals,

and the oral dose that was evaluated did

not significantly alter the parameters for

acute toxicity. The considerable chemical
complexity of the oils and the variations in their
compositions may account for the observed
variations in antilithiasic action. The results
validate the folk medicine's usage of this plant to
treat kidney ailments.

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025
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Sl.

No.

15.

16.

17.

Objective

Extraction of essential
oil from betel leaves
(Piper betle L.) and
identification of its
bioactive ingredients:
process streamlining,
GC-MS analysis, and
antimicrobial activity.

In addition to having
antioxidant properties,
Piper betle also suppresses
the growth of MCEF-7 cells
and boosts the activity of
superoxide dismutase and
catalase.

Comparative antibacterial
activity of Piper
sarmentosum and
Garcinia cowa extracts
against Escherichia coli
and Staphylococcus aureus
using batch tests, material
characterizations, and
disc diffusion assay
studies

Results

The Box-Behnken design includes technological
solutions to enhance independent variables
including liquid-to-solid ratio (30:1 to 50:1
mL/g), extraction length (5 to 7 hr), and particle
size (0 -20 mesh). The study found that the
quadratic polynomial model with a ratio of

40:1 was significant (p<0.05) for EO production
from fresh and pickled P. leaf with yields of
0.18%+0.01% and 0.22%+0.02., based on %. Gas
Chromatography Mass Spectrometry (GC-MS)
study found 30 volatile compounds accounting
for 98.41% and 97.34% of the EO of ideal fresh
and pickled leaves, respectively. This substance
has many biological activities and use for
industrial purpose also.

P. betle leaves were extracted using a variety
of polarity-varying solvents, such as hexane,
methanol, water, and ethyl acetate. To
determine the amount of flavonoids and
phenolic compounds in the leaves, colorimetric
tests were used. Utilizing High-Performance
Liquid Chromatography (HPLC), the
phenolic content was described. DPPH
(2,2-diphenyl-1-picrylhydrazyl) radical
scavenging, superoxide anion scavenging,
nitric oxide scavenging, and hydroxyl radical
scavenging tests were among the assays used
to measure antioxidant activity. Using MTT
assay and antioxidant enzyme assays (catalase,
superoxide dismutase, and glutathione
peroxidase) in MCF-7 cells, the biological
activities of the extracts were assessed.

Researchers used a disc diffusion experiment,
batch investigations, adsorption isotherms,
adsorption kinetics, and desorption trials to see
how successfully materials eliminated germs.
Synthetic bead materials (GCB and PSB), ethanol
extraction (EGC and EPS), and leaf powders of
G. cowa and P. sarmentosum (GCP and PSP) were
produced.

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Conclusion References

Using a response surface methodology with [56]
Box-Behnken design, the effects of ideal
extraction parameters (liquid-to-solid ratio,
extraction period, and particle size) on
response yields (fresh and cured betel leaf
essential oil yield) were fully investigated. It
was determined that a liquid-to-solid ratio
of 40:1 mL/g, extraction duration of 6 hr,

and particle size of 10 mesh were the optimal
conditions for achieving the maximum yields
of Fresh Betel Leaf Essential Oil (FLEO) at
0.18+0.01% and Cured Betel Leaf Essential
Oil (CLEO) at 0.22+0.02%. The composition
of the extracted oils was determined by gas
chromatography-mass spectrometry analysis.

Opverall, the ethyl acetate extract showed the [57]
strongest ferric reducing and radical scavenging
activities against DPPH, superoxide anion, and
nitric oxide radicals. Additionally, this extract
had the highest phenolic content, suggesting
that phenolics may have contributed to the
antioxidant effects. The leaves contained
quercetin, morin, and catechins, according

to HPLC analysis. Additionally, the ethyl
acetate extract (IC, =65 pg/mL) had the

most inhibitory impact against MCF-7 cell
proliferation. The plant extract treatment
boosted the activities of superoxide dismutase
and catalase in MCF-7 cells.

GCB has a higher surface area than PSB, but [58]
its material and pore size are smaller. GCP and
PSP have different shapes, while GCB and PSB
have rough and jagged shapes. According to

the results of paper disks (EGC and EPS) and
bead data (GCB and PSB), G. cowa (EGC) and
P. sarmentosum (EPS) extracts were resistant

to S. Staphylococcus aureus and Escherichia

coli. However, EGC and GCB were found to
have excellent antibacterial properties against
both strains compared to EPS and PSB. In one
batch study, the negative GCB concentration for
nearly 100% bacterial removal was found to be
0.3 g, 6 hr, pH 7, 106 CFU/mL for S. aureus and
0.3 g, 3 hr, pH 7, 106 CFU/mL for E. coli.
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Sl
No.

18.

19.

1088

Objective

Green production of
biocompatible gold
nanoparticles mediated
by Piper Beetle.

Analyzing the
antibacterial and
anthelmintic properties
of Piper betel leaves
using their total phenolic
content.

Results

In Guwahati, India, P. betel was sourced

from a local market. Analytical quality

reagents were obtained from Merck or Sisco
Research Laboratories in Mumbai, India. The
compound 3,4,5-Dimethylthiazol-2-yl-2-5-
diphenyltetrazolium bromide (MTT) was
acquired from Hi Media in Bangalore, India. The
P. betel leaves were cleaned with deionized water
to remove any absorbed dirt, then cut into small
(2 x 2 cm) pieces and air-dried in the shade at
room temperature (25°C). The dried leaves were
ground using a mixer grinder (Bajaj Model GX
11, Mumbai, India). The leaf extract was made by
diluting five grams of powdered leaves in 50 mL
of ethanol. The leaf extract was then kept for a
week at 4°C. Insect leaf extract (PLE) was filtered
using Whatman filter paper (50 mm; Sigma,
Bangalore, India) and the filter was stored at 4°C
for further studies. UV-vis spectrophotometric
measurements of the produced AuNPs were
performed using a Cary 100 BIO UV-vis
spectrophotometer (Varian, Palo Alto, CA, USA).

To determine the antibacterial and antifungal
properties of the extracts, we tested five different
Gram-positive and Gram-negative strains of
Pheritima posthuma to measure the duration of
paralysis and death using the Folin-Ciocalteau
Method to determine the total phenolic content
of the extracts.

Conclusion

The synthesis process of AuNPs presented [59]
here has the benefit of being quick, using
biocompatible biomaterial (PLE), and, most
importantly, producing AuNPs that are

biocompatible. At a concentration of 100 pM,

the produced AuNPs exhibit negligible toxicity,
suggesting that they may find great use in

medication delivery and other biomedical fields.

The extract showed significant (p<0.01) [60]
zone of inhibitions against Gram positive
Staphylococcus aureus [(6.77+0.25) mm],

Gram negative Escherichia coli [(8.53£0.25)
mm], Salmonella typhi [(5.20+0.26) mm],

and Shigella dysenteriae [(11.20+0.26) mm]

in comparison to the positive control drug,
azithromycin (ranging from 20.10+0.17

to 25.20+0.35 mm). However, neither the
extract nor the standard drug showed any

zone inhibitory activity against Gram positive
Bacillus cereus. In addition, the extract exhibited
strong anthelmintic action, needing a shorter
period of time to cause paralysis and death than
the prescribed medication, albendazole (10 mg/
mL). At 10, 20, 40, 60, and 80 mg/mL, the leaf
extract demonstrated paralysis at 9.83+0.60,
8.50+0.29, 6.60+0.17, 6.20+0.44 and 4.16+0.60
min; death occurred at 11.33+0.88, 9.67+0.33,
7.83+0.17, 7.16+0.60, and 5.16+0.72 min,
correspondingly. On the other hand, paralysis
and death were observed at 19.33+0.71 and
51.00£0.23 min, respectively, using the usual
medication. When analyzed for total phenolic
components, the extract verified the greater
quantity of phenolic contents (124.42+0.14 mg
of GAE /g of extract).
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Sl. Objective Results

No.

20.  Eugenol's antioxidant
properties in Piper betel

leaf extract. reducing power were employed.

days of oral administration of P. betle leaf suspension at doses of
75 and 150 mg/kg body weight, there was a significant reduction
in blood glucose levels (from 205.00+10.80 mg/dL to 151.30+6.53
mg/dL) and glycosylated hemoglobin. Additionally, the activity
of liver glucose-6-phosphatase and fructose-1,6-bisphosphatase
decreased. STZ diabetic rats exhibited higher liver hexokinase
activity (p<0.05) compared to untreated diabetic rats. Notably, a
dose of 75 mg/kg body weight of P. betle was more effective at
reducing sugar levels than a dose of 150 mg/kg. Furthermore,
diabetic animals were protected from body weight loss. The
effects of P. betle were compared to the conventional medication,
glibenclamide. This
beneficial impact of P. betle intake on glucose metabolism.”

study conclusively demonstrates the

Anti-Ulcer Activity

Ulcers, a common gastrointestinal ailment, cause significant
discomfort for sufferers, disrupting their everyday lives and
inflicting emotional suffering. Peptic ulcers are caused by
damage to the mucous membrane, which normally protects the
esophagus, stomach, and duodenum from gastric acid (HCI)
and pepsin. Currently, several synthetic anti-ulcer medications
are available, including misoprostol, which is used to prevent
or treat NSAID-induced stomach ulcers. The incidence of
NSAID-induced stomach ulcers is increasing, accounting for
approximately 25% of all gastric ulcer occurrences, in addition
to stress, hunger, and H. pylori invasion. P. betel leaves are known
in traditional Indian medicine for their digestive and pancreatic
lipase stimulating properties. One of the ulcerogenic chemicals is
ethanol, which causes significant damage to the stomach mucosa
by interrupting mucosal microcirculation, producing ischemia,
generating free radicals, releasing endothelin, activating mast
cell degranulation, suppressing prostaglandins, and decreasing
gastric mucus production. The gastroprotective action of P. betle
extracts may involve improving gastrointestinal mucosal defense
mechanisms, such as boosting mucus and bicarbonate secretion,
decreasing gastric acid secretion, or decreasing gastric acidity.””!

In the current study, it was found that the hydroalcoholic extract
of P. betle considerably increases gastric mucus secretion while
decreasing gastric juice volume in rats. Phytochemical analysis of
P, betle indicated the presence of alkaloids, flavonoids, steroids,

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

To assess piper betel's antioxidant potential, assay
methods for hydroxyl radical, nitric oxide, and

Conclusion References

The antioxidant activity was tested at 1000 to [61]

62.5pg/mL for nitric oxide, hydroxyl radical,
and reducing power assays. In the Reducing
Power Assay (RPA), eugenol demonstrated an
IC,, value of 306.44+ 5.28 and 114.34+ 0.46 for
hydroxyl radical and nitric oxide, respectively,
while the antioxidant activity of Piper betel leaf
extract demonstrated an IC, | value of >1000.
The RPA values for both Extract and Eugenol
ranged from 0.44-0.08 and 0.53-0.12.

saponins, and tannins that have antiulcerogenic activities due
to their protein-precipitating and vasoconstricting effects.
Notably, the greatest dose of hydroalcoholic extract had no
significant influence on gastric fluid acidity or pH, showing
that P. betle's gastroprotective activity does not include acidity
inhibition in gastric juice. Finally, these findings demonstrate
the gastroprotective activity and mode of action of Sri Lankan
P betle leaves for the first time, emphasizing their therapeutic
potential as a low-cost, effective, and safe herbal gastroprotective
medication./™

Some Examples of Anti-ulcer activity experiments are as follows:

To assess the gastroprotective activity of P. betle's
Hot Aqueous Extract (HAE) and Cold Ethanolic
Extract (CEE) using rats as an experimental model

Both extracts were tested for gastroprotective effect against
ethanol-induced stomach ulcers in rats at three different doses
(200, 300, and 500 mg/kg/bw). The parameters studied were
(a) the effects of HAE on gastric mucosa wall mucus content,
(b) acidity levels (total and free), (c) gastric juice volume, and
(d) gastric juice pH. Oral administration of both HAE and
CEE showed considerable, dose-dependent protection against
stomach injury caused by absolute ethanol, with marked dosage
dependency (HAE: r* = 0.97; CEE: r* = 0.96) and statistical
significance (p<0.05). CEE and HAE had similar gastroprotective
effects. Furthermore, the highest dose of both extracts showed
considerably higher gastroprotective action (p<0.05) than
misoprostol, the reference medicine. HAE significantly enhanced
the mucus content sticking to the gastric mucosa wall and
decreased gastric acid volume, although acidity levels (total and
free) and gastric juice pH were unaltered.””

Ethanol extract of the leaves of Piper betle Linn.
has potent antiulcerogenic action through an
antioxidant mechanism

Pre-administration of an ethanolic extract produced from Piper
betle Linn. leaves, at a dosage of 200 mg/kg body weight, orally
delivered to rats for ten consecutive days, showed considerable
protection against indomethacin-induced stomach lesions.
The extract pretreatment significantly increased the activity of
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Superoxide Dismutase (SOD) and Catalase (CAT), as well as
the levels of mucus, hexosamine, and total thiols. In contrast,
levels of oxidatively damaged proteins and peroxidized lipids
were much lower than those in the untreated ulcerated control
group. Additionally, the extract exhibited scavenging capabilities
against both superoxide and hydroxyl free radicals. These
data convincingly confirm the extract's efficacy in preventing
experimentally produced peptic ulcers caused by indomethacin,
with its antioxidant characteristics playing a major role in exerting
cytoprotective action in the experimental paradigm.”

The gastroprotective effect of a standardized
leaf extract of Argyreia speciosa on experimental
stomach ulcers in rats

The butanol fraction of Argyreia speciosa leaf (ASE), administered
orally at doses of 50, 100, and 200 mg/kg body weight twice daily
for 5 days, was evaluated for its ulcer-preventive effects Against
Aspirin (ASP), Ethanol (EtOH), Cold-Restraint Stress (CRS), and
Pylorus Ligation (PL). Inthe CRS-induced ulcer model, theactivity
ofantioxidantenzymes was assessed, while in the PL-induced ulcer
model, parameters such as gastric juice volume, acid production,
and pH were measured. ASE demonstrated dose-dependent ulcer
protection against ASP (23.64-58.76%; p<0.01 to p<0.001), EtOH
(15.45-58.45%; p<0.001), CRS (19.39-78.36%; p<0.001), and PL
(19.67-69.04%; p<0.05 to p<0.01). Ranitidine, a conventional
medication, showed a protective effect of 77.77-84.32% (p<0.01
to p<0.001) in gastric ulcer models. ASE significantly increased
stomach wall mucus production (p<0.001), enhancing its first
line of defense against EtOH-induced gastric ulcers, thereby
demonstrating cytoprotective properties. Additionally, ASE
modestly reduced gastric juice volume, acid pepsin content,
and output. ASE also reduced the ulcer index with a significant
decrease in Lipid Peroxidation (LPO) and Superoxide Dismutase
(SOD) levels (p<0.01 to p<0.001) compared to the CRS-induced
group. At doses of 100 and 200 mg/kg, Catalase (CAT) activity
significantly increased (p<0.01 to p<0.001). These results suggest
that ASE exhibits strong dose-dependent gastroprotective effects,
likely due to its free radical scavenging ability.””

HCI extract of Piper betle leaf has anti-ulcer activity
in experimental animals

The primary goal of this study is to determine the anti-ulcer
properties of a hydroalcoholic extract derived from Piper betle
leaves in experimental animals, building on previously established
attributes such as antioxidant, antihistaminic, and antimicrobial
properties of the leaves. The leaves were collected, air-dried,
and extracted using a Soxhlet apparatus with 70% ethanol. The
extract's anti-ulcer capability was examined in albino Wistar
rats using pyloric ligation and stress-induced antiulcer models,
with ranitidine serving as the standard medication in both. The
activity's significance was assessed using one-way ANOVA,
followed by Dunnett's post-parametric test. In the pyloric ligation
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model, the untreated control group had an acidity level of 4.3
mEq/], whereas the ranitidine-treated group had a lowered acidity
level of 2 mEq/l, and the P. betle-treated group had an acidity level
of 2.5 mEq/l. In the stress-induced antiulcer model, the efficacy
was greater, with the untreated control group showing 26 ulcer
sores, the standard group showing only one ulcer sore, and the
P betle treated group showing four ulcer sores. The current
investigation demonstrates that P betle has strong antiulcer
potential, comparable to that of the conventional medicine
ranitidine and superior to the untreated control. These findings
provide support for betel leaf's traditional usage as a digestive or
gastroprotective agent.”*!

Anti-Inflammatory and Antioxidant Activity

Cells generally maintain a balance of antioxidants and free radicals,
but nutrition, pollution, radiation, lifestyle choices, and immune
system activity can all disrupt this balance, resulting in oxidative
stress. Prolonged oxidative stress can cause damage to DNA,
proteins, and cells, hastening the aging process. Furthermore,
persistent inflammation can result from oxidative damage, which
accelerates the aging process. In reaction to damage, sickness, or
infection, the body produces inflammation as a natural healing
mechanism controlled by the immune system. Inflammation
can be classified as acute or chronic. Chronic inflammation, in
particular, is connected to brain diseases and can lead to ailments
such as diabetes, cardiovascular disease, and arthritis.””

Some Examples of Anti-inflammatory and antioxidant activity
experiments are as follows:

Piper betle exhibits antioxidant properties, inhibits
the proliferation of MCF-7 cells, and enhances the
activities of catalase and superoxide dismutase

Breast cancer is the most common type of cancer, leading a recent
shift in attention to investigate natural compounds as potential
chemotherapeutic treatments. Piper betle, a medicinal herb
known for its various biological properties, shows promise in
this respect. However, there is little research on its anti-cancer
properties on breast cancer. Given the current interest in using
natural antioxidants to treat breast cancer, we conducted a study
to investigate the antioxidant capabilities of P. betle leaves as well
as their inhibitory effect on the proliferation of MCF-7, a breast
cancer cell line. P. betle leaves were extracted using solvents of
varying polarity (water, methanol, ethyl acetate, and hexane),
and their phenolic and flavonoid content was measured using
colorimetric assays. The phenolic content was further analyzed
using HPLC, and antioxidant properties were evaluated through
FRAP, DPPH, superoxide anion, nitric oxide, and hydroxyl
radical scavenging assays. The extracts' biological activity was
then assessed using the MTT assay and antioxidant enzyme
assays (catalase, superoxide dismutase, glutathione peroxidase)
in MCE-7 cells.[*
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Overall, the ethyl acetate extract demonstrated superior
ferric reducing and radical scavenging activity against DPPH,
superoxide anion, and nitric oxide radicals. This extract also had
the highest phenolic content, suggesting that phenolics contribute
significantly to its antioxidant activity. HPLC analysis identified
catechin, morin, and quercetin in the leaves. Additionally, the
ethyl acetate extract exhibited the strongest inhibitory effect on
MCE-7 cell proliferation (IC, =65 pg/mL). Treatment with this
extract enhanced catalase and superoxide dismutase activity in
MCE-7 cells, thereby modifying the antioxidant defense system
and contributing to its anti-proliferative effects. Our findings
support the ethyl acetate extract of P. betle leaf as a promising
source of natural antioxidants and a potential therapeutic agent
for cancer treatment.®!!

The methanol extract of Piper betle Linn. (Piper betle L.) leaves
and stems inhibits the NF-kB/MAPK/Nrf2 signaling pathways in
RAW 264.7 macrophages, leading to significant anti-inflammatory
and antioxidant effects.

Plant extracts have showed promise in avoiding and alleviating
the harmful effects of oxidative stress and chronic inflammation,
which are linked to a variety of disorders. Piper betle Linn. is a
widely distributed plant in the Piperaceae family, having edible
leaves that provide several health advantages. The purpose
of this study was to investigate the anti-inflammatory and
antioxidant activities of a methanol extract from Piper betle L.
leaves and stems (MPBLLS). The 2,2-diphenyl-1-picrylhydrazyl
(DPPH) experiment demonstrated that MPBLLS scavenged
radicals in a dose-dependent manner. Additionally, it decreased
the expression of inducible Nitric Oxide Synthase (iNOS)
and Cyclooxygenase-2 (COX-2) in RAW 264.7 macrophages,
inhibiting LPS-induced Nitric Oxide (NO) and Prostaglandin
E2 (PGE2) synthesis while maintaining cell viability. MPBLLS
inhibited the Nuclear Factor-kB (NF-kB) and Mitogen-Activated
Protein Kinase (MAPK) signaling pathways in LPS-treated
RAW 264.7 macrophages, thereby reducing the levels of
pro-inflammatory cytokines such as Tumor Necrosis Factor-a
(TNF-a), Interleukin-13 (IL-1B), and Interleukin-6 (IL-6).
Both MPBLLS and hydroxychavicol inhibited the LPS-induced
translocation of NF-kB p65 from the cytoplasm to the nucleus.
Notably, MPBLLS increased nuclear factor erythroid 2-related
factor 2 (Nrf2) protein levels and Nrf2 target gene transcription in
a dose-dependent manner. Given its capacity to reduce oxidative
and inflammatory stress, these findings suggest that MPBLLS has
the potential to serve as a foundation for developing innovative
orally delivered medicines.®?

Antioxidant and antiplatelet properties of aqueous
inflorescence Piper betle extract

Piper betle, a member of the Piperaceae family, is a tropical plant
commonly known as Betel Quid (BQ) in Taiwan and other
South and Southeast Asian countries. Despite its popularity,
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the biochemical properties of inflorescence Piper betle (IPB),
particularly concerning Reactive Oxygen Species (ROS) and
platelet activities, are not well understood. In this study, an
aqueous IPB extract demonstrated scavenging abilities against
H,O0,, superoxide radical, and hydroxyl radical, with IC, values
of approximately 80, 28, and 73 pg/mL, respectively. Additionally,
the IPB extract inhibited hydroxyl radical-induced breakage in
PUCI8 plasmid DNA at concentrations above 40 pg/mL. Given
the role of ROS in platelet aggregation, the effects of IPB extract
on arachidonic acid (AA)-induced and collagen-induced platelet
aggregation were investigated. The results showed significant
suppression of both AA-induced and collagen-induced platelet
aggregation, with IC,_ values of 207 and 335 ug/mL, respectively.
Moreover, the IPB extract significantly reduced AA-, collagen-,
and thrombin-induced thromboxane B(2) (TXB(2)) generation
by over 90%. Although the IPB extract had a minimal effect on
thrombin-induced aggregation, our data suggest that its aqueous
components possess ROS scavenging properties and may reduce
platelet aggregation either by scavenging ROS or by reducing
TXB(2) synthesis.*’]

The aqueous extract of two fractions of Piper

betle leaves: their phytochemical content,
B-glucuronidase inhibition, and antioxidant
activities

This work aims to find active components against f-glucuronidase
using chemometric analysis and examine the phytochemical
composition of chloroform and ethyl acetate fractions derived
from aqueous extracts of eight kinds of P betle leaves. The
solvent fractions contained twenty-four phenolic chemicals as
well as other organic acids, fatty acids, amino acids, sugars, and
polyols. The extracts showed that the p-glucuronidase enzyme
was inhibited, and the most active component was piceatannol,
which exhibited activity that was 12 times greater than silymarin.
Additionally, B-glucuronidase was significantly inhibited by
chlorogenic acid (with an activity 4.4 times higher than silymarin).
Furthermore, both P. betle leaf extract fractions from the eight
types showed substantial scavenging activity against superoxide
and 2,2'-diphenyl-1-picrylhydrazyl free radicals, indicating their
great antioxidant potential. These results validate the therapeutic
qualities of P. betle leaves.!*¥

Potential for antioxidant and antibacterial
properties in specific Piper betle L. (betel leaf)
cultivars

This study investigates the antibacterial and antioxidant
properties of Piper betle L., a perennial creeper from the
Piperaceae family with various therapeutic applications. Extracts
were prepared using distilled water, hexane, acetone, and ethanol
from two types of betel leaves: Meetha paan and Banarasi paan.
The study included antioxidant activity tests (DPPH radical
scavenging activity, total phenolics, ascorbic acid, and reducing

1091



Tiwari, et al.: Therapeutic Applications of Piper betle leaf

30 g

BETEL
LEAF 100 gm

Vitamin5 mg

Carbohydrates
5 mg

Figure 3: Several types of chemical constituents in 1009 of betel leaf.

power), antimicrobial susceptibility tests against four pathogens
(B. subtilis, E. coli, A. niger, and S. cerevisiae), and proximate
analysis measuring moisture, ash, protein, lipids, and minerals
like sodium and potassium. The ethanolic extract exhibited
the highest antioxidant activity (89.46% inhibition), while the
aqueous extract showed the lowest (62.03% inhibition). Increased
reducing power was associated with leaf extract concentrations of
5,10, 25, and 50 ug/mL. The ascorbic acid content in Meetha paan
(5.20 mg/100 g) and Banarasi paan (5.21 mg/100 g) was found to
be non-significant. Banarasi paan leaves contained phytosterols,
which likely contributed to the maximum antibacterial activity
observed in the ethanolic extract. This comprehensive analysis of
the antioxidant and antibacterial properties of betel leaf supports
its medicinal use and contributes to the development of a detailed
database.®!

Antibacterial Activity

All living things require access to clean water because it is a
necessary component of life. However, a number of human
activities,includinghomeuse, industrial processes, transportation,
and agriculture, can lead to bacterial contamination of water.
Gram-positive and Gram-negative bacteria are the two basic
categories into which bacteria are often divided. Staphylococcus
aureus, is a gram-positive bacterium that is widely used in
antibacterial research and is recognized for its ability to cause
infections in people. Conversely, Escherichia coli, often known as
E. coli, is a common Gram-negative bacterium that is recognized
as a pathogenic microorganism that can cause infections in
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humans, especially when it is present in contaminated water
sources. It is also utilized as an indicator of water quality.’*®

Soft rot disease-causing bacteria have been the focus of extensive
research due to their significant negative impact on various crops.
Erwinia Carotovora subsp. Carotovora (ECC), a Gram-negative
pectolytic bacterium belonging to the Pectobacteriaceae family,
is known to induce soft rot disease. This pathogen spreads
through various including manual transmission,
sprinkler irrigation, and drainage water. ECC is challenging to
control and eradicate as it can persist for extended periods on
field weeds and plant debris, and it can also spread during the

means,

storage and transportation of crops. Through wounds and
stomata, among other natural openings, ECC enters plant tissues
and creates a variety of enzymes that break down plant cell
walls.®”) These enzymes, which include pectate lyase, protease,
cellulase, and pectin-methylesterase, cause interior plant tissues
to soften, moisten, and eventually break down. Some Examples of
Antibacterial activity experiments are as follows:

The mode of action and in vitro antibacterial activity
of Piper betle extracts against bacteria that cause
soft rot disease

Soft rot disease poses a significant threat to various crops both
in the field and during transportation and storage, leading to
substantial losses in yield and negative economic consequences.
This research aimed to assess the in vitro antibacterial properties
and mechanism of action of Piper betle extracts against Erwinia
Carotovora subsp. Carotovora (ECC), the bacterium responsible
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for soft rot disease. Dried leaves of P betle were subjected
to extraction using water, ethanol, and hexane solvents, and
their antibacterial efficacy was evaluated.”” With Minimum
Inhibitory Concentrations (MICs) of 1.562, 6.25, and more than
12.50 mg/mL, respectively, the ethanol extract had the strongest
antibacterial action against ECC, whereas the hexane and water
extracts showed the lowest antibacterial activity. The time-kill
experiment demonstrated a bactericidal mode of action, with
ECC growth eliminated 6 and 8 hr after treatment with the
ethanol extract at 4-fold MIC and 2-fold MIC, respectively.
These findings highlight the promising antibacterial activity of
the ethanol extract of P. betle against ECC, suggesting the plant's
potential as an innovative alternative therapy for controlling
phytobacteria.*7

The study examined the characteristics and antibacterial
properties of composite films made from passion fruit peel pectin
and chitosan that included extract from Piper betle L. leaves to
preserve purple eggplants.

This study aimed to create biodegradable films by combining
a bioactive extract from Piper betle L. leaves with crosslinked
passion fruit peel Pectin and Chitosan (P/CH). The objective
was to analyze the morphological, mechanical, optical, water
vapor permeability, and antibacterial properties of these
films. The content of Piper betle extract (PB) in the P/CH
blend films increased with their thickness and water vapor
permeability. Compared to P/CH films, the tensile strength of
P/CH/PB films was significantly lower, decreasing by 42.89%.
Morphological analysis confirmed that the resulting blend films
had a well-structured, homogeneous composition free of cracks.
Additionally, higher concentrations of PB in the films enhanced
antibacterial activity against Pseudomonas aeruginosa, Bacillus
cereus, Klebsiella pneumoniae, and Staphylococcus aureus. These
findings suggest that P/CH/PB blend films could be useful in
food packaging.”>78

Phytochemicals in Helicobacter pylori Infections

This comprehensive review delves into plant-derived sources
that exhibit notable antibacterial properties against Helicobacter
pylori infections. It meticulously examines the intrinsic bioactive
compounds accountable for these effects and elucidates their
specific mechanisms of action. Beyond their traditional
applications as herbal remedies, the review critically assesses
both in vitro and in vivo studies centered on plant extracts and
isolated bioactive compounds displaying anti-H. pylori activity.
Additionally, considerable attention is dedicated to plant
extracts showcasing urease inhibitory effects, with a focus on the
underlying mechanisms of action.[#!

Phytochemical analysis, identification, and quantification of
antibacterial active compounds in methanolic extract of betel
leaves (Piper betle).
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The conventional approach to addressing bacterial infections
in aquaculture has involved the administration of antibiotics.
Nonetheless, research into medicinal plants and herbs as possible
substitutes for traditional antibiotics is gaining traction. The
current study looked at the methanolic extract of Piper betle,
a native herb, and its phytochemical makeup, antibacterial
capabilities, and composition of antibacterial active components.
Using a methanolic extract of P. betle leaves, putative active
components were first identified using qualitative phytochemical
analysis. Then, using a TLC-bioautography agar overlay test,
the antibacterial activity of the main constituents in this extract
were assessed against nine fish pathogenic bacteria, and their
amounts were concurrently ascertained by HPLC."!! The use of
methanol as an extracting solvent proved successful in extracting
numerous bioactive compounds, including antibacterial agents.
Two substances, hydroxychavicol and eugenol, were discovered
to have inhibitory effects in the TLC-bioautography experiment,
while B-caryophyllene had no effect against any of the tested
bacterial species. The results showed that the extract contained
374.72+2.79 mg g-1 of hydroxychavicol and 49.67+0.16 mg g-1 of
eugenol. These results imply that the main substances responsible
for the encouraging antibacterial activity of the methanolic
extract of P. betle leaves are hydroxychavicol and eugenol. It
was discovered that there was a strong correlation between
the concentration of these chemicals in the extract and their
inhibitory action. The P. betle leaf extract or any of its constituent
chemicals have the potential to be used as a substitute source of
strong natural antibacterial agents for the treatment of illnesses
in aquaculture.’®?

FUTURE PERSPECTIVES

Further investigation and advancement focused on various betel
leaf species will elucidate the mechanisms of their bioactive
constituents and their diverse roles, including antioxidant, Free
Radical Scavenging (FRC), antiallergic, anti-inflammatory,
antimutagenic,andantitumor-promotingproperties,incombating
a range of degenerative and chronic human diseases. Additional
research is also needed to determine the role of nutraceutical
foods and products in cancer treatment.® The phytochemicals
found in different betel leaf varieties have demonstrated new
benefits, enhanced nutritional applications, and potential uses in
the food and pharmaceutical industries. The food industry could
benefit from the biological properties and bioactive compounds
of betel leaf, which include antimicrobial, antioxidant, scavenging
capabilities, estragole, anethole, iso-eugenol, and terphenyl
acetate. P nigrum stands out as the most significant species in
this genus because of piperine, its potent principal component,
and its widespread use as a culinary flavoring. Since spices and
their essential oils are regarded as GRAS, the Piper species has
a bright future as a food preservative to prevent many types of
food spoiling and harmful microbes.® To acquire consumer
acceptance, it is therefore necessary to carefully select the right
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concentrations of this extract in relation to the sensory and
compositional status of the food system to which it is applied.
As a result, fresh research and technological advancements are
required to improve food safety and quality without altering
the food's organoleptic characteristics.® Piper species have
demonstrated their biological effects in a variety of in vivo, in
vitro, and clinical investigations. Globally, neurodegenerative
disorders and chronic illnesses are the leading causes of death
and disability. Piper species' antiproliferative, anti-inflammatory,
and neuropharmacological properties have shown them to have
therapeutic and preventative promise against several chronic
illnesses. All things considered; research conducted on Piper
species suggests that these plants may be useful in the treatment
of illnesses characterized by inflammation.®**”! Because of their
widespread use, more efforts should be undertaken to research
standardized Piper plants using carefully planned experiments.
Furthermore, a plethora of opportunities exists for the creation
of functional meals derived from Piper species. The anti-H. pylori
activity of Piper betel extracts supports traditional medicine
practitioners' assertions regarding their potential anti-ulcerative
qualities. Few of them, meanwhile, have been tested for their
capacity to block urease activity or for effectiveness in animal
models. Extensive research is necessary to investigate the
effectiveness of the treatment in animal models, clarify the
mechanisms of action that work (such as urease inhibition), and
conduct human clinical trials.’®

Southeast Asian nations have long used Piper betle Linn.,
sometimes known as paan or betel vine, as an essential
component of their traditional and folk medicines. The most
valuable plant parts are betel leaves, which are frequently chewing
agents and have been shown to guard against halitosis. Betel vine
leaves are used medicinally for a variety of conditions, including
cough, bronchitis, constipation, congestion, and indigestion.
The main use of betel vine leaves is as part of betel quid, a
mixture of tobacco (Nicotiana tabacum Linn.), areca nut (Areca
catechu Linn.), and slaked lime that has strong carcinogenic
effects. Regular betel quid use has been linked to oral cancer.
Scientific assessments have also linked tobacco and areca nut to
carcinogenesis, and slaked lime to carcinogenesis promotion.®!
Modern gas chromatographic techniques for the identification
of ingredients in various landraces may prove beneficial for the
selection of elite landraces in the future and their enhancement
initiatives. Simultaneously, the majority of the landraces that
are now accessible should be characterized in order to solve the
synonym problem and ensure correct authentication. Given the
established medicinal benefit of P. betle, accurate characterization
may prove beneficial for long-term drug development research.®"
The pursuit of acquiring promising landraces with elevated
levels of eugenol and chavibetol is to be escalated. Apart from
the bioactivity tests, proper verification of a specific landrace and
its conservation for ongoing supply should also be addressed.
Studying the impact of abiotic factors on betelvine production
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and quality is crucial since soil and environmental factors always
affect plant secondary metabolites. Prior to clinical trials and
extensive commercial production, further standardization of
the parameters governing the quality and amount of betelvine
essential oil and extracts may be the future study focus. Current
biotechnological instruments such as NMR, chromatography,
and functional genomics approaches could be investigated to
identify novel compounds with promising properties from
this undiscovered plant species.”!’ Chlorophyllase activity
needs more research in order to increase the long-term storage
and export potential of betelvine leaves. To generate new and
improved varieties of betelvine, special attention must be paid
to the management of pests and diseases. Assessing genetic
diversity with molecular markers should be expanded to include
as many landraces as possible. Essentially, biotechnological
intervention has created new opportunities for elite chemotype
identification, correct authentication, and genetic improvement
of this critically important cash crop for both medicine and
the economy.”” Another future perspective of Piper betle is
Hydroxychavicol present in the Piper betle leaf which is maybe
useful for the treatment of cancer. However, frequent pathways
that are targeted by HC include the eNOS, MAPK, and JNK
signaling pathways. Caspases 3 and PARP are two examples of
the proteins in apoptotic pathways that HC may modify to have
an anticancer effect. All things considered, it seems that HC's
ability to fight cancer depends on ROS building up inside cancer
cells, which ultimately causes apoptosis. Additionally, the lack
of studies utilizing animal models has left uncertainty regarding
the adsorption of HC and the proper dosage. Thus, in order to
guarantee the safety and bioavailability of HC in humans, in vivo
experimentation should be the primary focus of future study.
Moreover, it may be possible to test the viability of mixing HC
with other chemotherapeutics to see if a synergistic positive
interaction takes place that makes cancer cells more susceptible
to chemotherapy or aids in their death.®

CONCLUSION

A well-known medicinal plant, Piper betle leaf has a wide range
of pharmacological qualities that make it a promising therapeutic
option. Antioxidant, anti-inflammatory, antibacterial, anticancer,
antidiabetic, and gastroprotective properties are among its
many bioactive components, which include polyphenols,
flavonoids, alkaloids, and essential oils. Both conventional
and contemporary studies demonstrate its effectiveness in
treating a range of conditions, such as diabetes, inflammatory
disorders, cardiovascular illnesses, and oral infections. Further
clinical research and sophisticated pharmacological analyses
are needed to confirm its safety, effectiveness, and ideal dose
for therapeutic uses, despite its encouraging medical effects. Its
potential for incorporation into contemporary medicine will be
increased through formulation development and standardisation
of bioactive components. The leaf of the Piper betle plant, with
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its extensive ethnomedicinal history, has significant potential as
a natural therapeutic agent and merits further investigation in
pharmaceutical and nutraceutical applications.
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ABBREVIATIONS

A. salina: Artemia salina; AgNPs: Silver nanoparticles; ANOVA:
Analysis of Variance; ASP: Aspirin; ATCC: American type
culture collection; B. officinalis: Borago officinalis; Bax: Bcl-2-
associated protein x; Bcl xl: B-cell lymphoma-extra-large;
C. albicans: Candida albicans; C. nuttalliae: Chenopodium
nuttalliae; Cal 27: Carcinoma cell line 27; CAT: Catalase;
CDKN2A: Cyclin-dependent kinase inhibitor 2A; cDNA:
Complementary DNA; CEE: Cold ethanolic extract; CFU/
mL: Colony form unit per millilitre; CLEO: Cured betle leaf
essential oil; CRS: Cold-resistance extract; DMRT: Duncan's
Multiple Range test; DMSO: Dimethyl sulfoxide DPPH
2,2-diphenyl-1-picrylhydrazyl; E. coli: Escherichia coli; ERBB:
Erythroblastic leukemia viral oncogene homologue receptors;
EtOH: Ethanol; FBG: Fasting blood glucose; FLEO: Fresh
betle leaf essential oil; FRAP: Fluorescence recovery after
photobleaching; FTIR: Fourier Transform Infrared; G. cowa:
Garcinia cowa; GC-MS: Gas chromatography-mass spectrometry;
GCB: Germinal center B-cell; GPX1: Glutathione peroxidase
1; H. pylori: Helicobactor pylori; HAE: Hot aqueous extract;
HCL: Hydrochloric Acid; HDFs: Human diploid fibroblasts;
HDL: High-density lipoprotein; HPLC: High performance
liquid chromatography; HWE: Hot water extract; ica A gene:
Intercellular adhesion (ica) locus; IPB: Inflorescence Piper betle;
LDL: Low-density lipoprotein; MAPK: Mitogen-activated protein
kinase; MAPK14: Mitogen-activated protein kinase 14; MAPKs:
Mitogen-activated protein kinases; MCF7: Michigan Cancer
Foundation-7; MIC: Minimum inhibitory concentration; MRSP:
Methicillin-resistant - Staphylococcus pseudintermedius; MTT:
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide);
NSAID: Non-steroidal anti-inflammatory drugs; O. sanctum:
Ocimum sanctum; P. betle: Piper betle; PB extract: Peanut Butter;
PCR: Polymerase chain reaction; PL: Pylorus ligation; PLE:
Protein-losing enteropathy; PlrAqe: Piper longum root aqueous
extract; PRDX6: Peroxiredoxin-6; RNA: Ribonucleic acid; RPA:
Reducing power assay; S. mutants: Streptococcus mutans; SAED:
Selected area electron diffraction; SEM: Scanning electron
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microscopy; SGOT: Serum glutamate oxaloacetate transaminase;
SOD1: Superoxide dismutase type 1; STZ: Streptozotocin;
T. americana: Tilia americana; TC: Total cholesterol; TEM:
Transmission electron microscopy; TG: Triglyceride; TLC: Thin
layer chromatography; TP53: Tumor protein p53; UC-MSCs:
Umbilical cord-derived mesenchymal stem/stromal cells; VLDL:
Very low-density lipoprotein; WHO: World health organization;
XRD: X-ray diffraction.
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