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Abstract—Respiratory disorders such as asthma, chronic
obstructive pulmonary disease (COPD), bronchitis, and
respiratory infections represent a major global health
burden characterized by persistent inflammation,
oxidative stress, airway remodeling, and microbial
invasion. Conventional therapies often provide
symptomatic relief but are limited by adverse effects and
inadequate multi-target action. In this context, herbal
medicine has gained considerable attention as a
complementary approach for respiratory care due to its
multi-component and multi-target pharmacological
nature. '.”

Piper betle (betel leaf) and Moringa oleifera are two
widely studied medicinal plants traditionally used in
respiratory ailments. Betel leaf is rich in phenolics,
flavonoids, and essential oils exhibiting strong
antimicrobial, antioxidant, and anti-inflammatory
properties, which contribute to airway protection and
infection control. ®.'* Moringa oleifera contains bioactive
compounds such as flavonoids, isothiocyanates, vitamins,
and polyphenols that demonstrate immunomodulatory,
bronchodilatory, and anti-inflammatory activities,
supported by experimental evidence in airway
inflammation models. *.

Recent literature highlights the concept of synergistic
herbal therapy, where combined phytoconstituents act
on multiple molecular targets including inflammatory
cytokines (TNF-a, IL-6), oxidative stress pathways, and
microbial defense mechanisms, resulting in enhanced
therapeutic efficacy.'.* Experimental studies further
suggest that combined extracts of Piper betle and
Moringa oleifera exhibit improved antimicrobial and
antioxidant effects compared to individual extracts,
supporting their synergistic potential in respiratory
disease management.*,'¢

Overall, evidence indicates that the integration of these
two botanicals may provide a multi-targeted therapeutic
strategy addressing inflammation, oxidative damage,
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immune imbalance, and infection in respiratory
disorders. However, further clinical validation and
standardization are required to translate these findings
into evidence-based therapeutic applications. '.*."?

Index Terms—Piper betle; Moringa oleifera; respiratory
disorders;  herbal synergy; antioxidant; anti-
inflammatory; COPD; asthma; phytotherapy; drug
discovery

I. INTRODUCTION

1.1. Overview of Respiratory Disorders

Respiratory disorders such as asthma, COPD,
bronchitis, and other airway diseases are major global
health problems. These conditions are associated with
airway  inflammation, mucus overproduction,
oxidative stress, breathing difficulty, and reduced lung
function. Factors like air pollution, smoking, allergens,
and infections contribute significantly to their
development. !

1.2. Global Burden of Respiratory Diseases

The incidence of respiratory diseases has increased
due to wurbanization, pollution, smoking, and
occupational exposure. These disorders cause high
morbidity, mortality, reduced quality of life, and
increased healthcare costs worldwide. !

1.3. Limitations of Conventional Therapies
Conventional treatments such as corticosteroids,
bronchodilators, and antibiotics mainly provide
symptomatic relief and may cause adverse effects,
drug resistance, and reduced effectiveness during
long-term use. Therefore, safer and more effective
alternatives are needed. !
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1.4. Role of Herbal Medicine in Respiratory Care
Medicinal plants are gaining attention because of their
antioxidant, anti-inflammatory, antimicrobial,
immunomodulatory, and bronchodilatory activities.
Herbal medicines may help reduce airway
inflammation, improve lung function, and protect
respiratory tissues with fewer side effects. !

1.5. Importance of Combination Herbal Therapy
Combination herbal therapy may provide enhanced
therapeutic effects through synergistic action. Studies
on the combined use of Piper betle and Moringa
oleifera suggest improved antioxidant, anti-
inflammatory,  antimicrobial, and  respiratory
protective activities, which may be beneficial in
respiratory disorders. *

1.6. Introduction to Betel Leaf and Moringa

Piper betle contains phytochemicals such as eugenol,
flavonoids, tannins, and terpenoids that exhibit
antimicrobial, antioxidant, anti-inflammatory, and
expectorant activities useful in respiratory conditions.
2

Moringa oleifera is rich in vitamins, polyphenols,
flavonoids, and isothiocyanates with antioxidant,
antimicrobial, anti-inflammatory, and
immunomodulatory effects. It may help reduce airway
inflammation and improve respiratory function in
disorders like asthma and bronchitis. 3

1.7. Aim and Scope of the Review

This review aims to summarize the synergistic
therapeutic potential of betel leaf and Moringa in
respiratory  disorders, focusing  on  their
phytochemistry, pharmacological activities, and
possible applications in safer herbal respiratory
therapies.

II. OVERVIEW OF RESPIRATORY DISORDERS

2.1. Definition

Respiratory disorders are diseases affecting the lungs
and airways that interfere with normal breathing and
gas exchange. Common conditions include asthma,
COPD, bronchitis, pneumonia, and allergic respiratory
diseases. These disorders are often associated with
inflammation, mucus overproduction, oxidative stress,
and airway narrowing, leading to impaired lung
function. '.°
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2.2. Causes of Respiratory Disorders

Respiratory disorders may result from smoking, air
pollution, allergens, infections, industrial chemicals,
and genetic factors. Bacteria, viruses, and fungi
contribute to respiratory infections, while allergens
such as pollen and dust can trigger airway
hypersensitivity and inflammation. *'.”

2.3. Risk Factors

Major risk factors include smoking, polluted air,
occupational dust exposure, biomass smoke, poor
immunity, malnutrition, recurrent infections, and
family history of lung diseases. Elderly individuals are
more susceptible to chronic respiratory conditions. *»°

2.4. Symptoms of Respiratory Disorders

Common symptoms include cough, wheezing,
shortness of breath, chest tightness, mucus
accumulation, nasal congestion, and breathing
difficulty. Severe cases may lead to respiratory
distress and reduced quality of life. !.¢

2.5. Pathophysiology of Respiratory Disorders
Respiratory disorders involve chronic inflammation
and oxidative stress in airway tissues. Exposure to
allergens or pollutants activates immune cells, leading
to the release of cytokines, histamine, leukotrienes,
and reactive oxygen species (ROS). These mediators
cause bronchoconstriction, mucus hypersecretion,
airway remodeling, and tissue damage. Asthma is
mainly associated with eosinophilic inflammation and
airway hyperresponsiveness, whereas COPD involves
irreversible airflow  obstruction and alveolar
destruction. '.%.¢

2.6. Current Treatment Approaches

Current  treatments  include  bronchodilators,
corticosteroids, antihistamines, mucolytics, and
antibiotics to control symptoms and reduce
inflammation. However, long-term therapy may cause
adverse effects, tolerance, and drug resistance.
Therefore, medicinal plants with antioxidant, anti-
inflammatory, antimicrobial, and immunomodulatory
properties are gaining attention as supportive therapies
for respiratory disorders. '.*.7

III. HERBAL MEDICINE IN RESPIRATORY
DISORDERS

3.1. Traditional Herbal Approaches
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Herbal medicine has long been used in the treatment
of respiratory disorders such as asthma, bronchitis,
COPD, allergic rhinitis, and respiratory infections.
Traditional systems including Ayurveda, Unani, and
Traditional Chinese Medicine utilize medicinal plants
to reduce inflammation, relieve cough, control mucus
secretion, and improve immunity. .’

Medicinal plants contain bioactive compounds such as
flavonoids, alkaloids, terpenoids, polyphenols, and
essential oils that exhibit antioxidant, anti-
inflammatory, antimicrobial, bronchodilatory, and
immunomodulatory activities. Herbal preparations are
commonly administered as decoctions, extracts,
powders, and syrups. !

Among important medicinal plants, Piper betle and
Moringa oleifera have gained attention for their
respiratory benefits. Betel leaf is traditionally used for
cough, bronchitis, and throat irritation, while Moringa
oleifera is valued for its antioxidant and immune-
enhancing properties. 3.7

3.2. Advantages of Herbal Medicines

Herbal medicines act on multiple biological pathways
involved in respiratory diseases. Their phytochemicals
help reduce oxidative stress, suppress inflammatory
mediators, and inhibit microbial growth. Polyphenols
and flavonoids present in medicinal plants protect lung
tissues from oxidative damage and improve
respiratory function. '.> Herbal therapies are also
considered comparatively safer, cost-effective, and

suitable for long-term use when properly administered.

Due to their broad pharmacological activities and
lower adverse effects, herbal medicines are
increasingly explored as supportive therapies for
chronic respiratory disorders. .7

3.3. Challenges in Herbal Therapy

Despite their benefits, herbal medicines face
challenges such as lack of standardization, dosage
inconsistency, poor bioavailability, and insufficient
clinical evidence. Variations in cultivation, harvesting,
and extraction methods can affect phytochemical
composition and therapeutic efficacy. '3

Additional  concerns  include  contamination,
adulteration, herb—drug interactions, and limited
toxicological data. Therefore, proper quality control,
standardization, and clinical studies are essential for
safe and effective herbal therapy in respiratory
disorders. .3

IJIRT 205844

3.4. Concept of Synergistic Herbal Action
Synergistic herbal therapy involves combining
medicinal plants to achieve greater therapeutic effects
than single-herb treatment. Respiratory disorders
involve multiple pathological mechanisms including
inflammation, oxidative stress, infection, and immune
imbalance; therefore, combination therapy may
provide broader therapeutic action. *'.*

The combination of Piper betle and Moringa oleifera
may offer enhanced antioxidant, anti-inflammatory,
antimicrobial, and immunomodulatory effects. Studies
have reported improved antimicrobial activity and
phytochemical interactions in their combined extracts,
suggesting possible synergistic therapeutic potential in
respiratory disease management. *,*

IV. BOTANICAL PROFILE

4.1. Betel Leaf (Piper betle):

Betel leaf (Piper betle L.) is an important medicinal
climber widely used in traditional medicine systems
and extensively studied for its pharmacological
potential, particularly in inflammatory and respiratory

disorders. It is recognized as a bioactive-rich plant
with significant antioxidant, antimicrobial, and anti-
inflammatory properties relevant to airway protection
and respiratory health. 8.°

Source: Healthians
(https://www.healthians.com/blog/betel-leaf-
benefits/), accessed on 02/06/2026

4.1.1. Botanical Profile

4.1.1.1. Scientific Name, Family, and Synonyms

The scientific name of betel leaf is Piper betle L.,
belonging to the family Piperaceae. It is commonly
known as betel vine, paan, or Nagavalli and is widely
used in traditional medicine across Asia. #.°
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4.1.1.2. Morphological Description

Piper betle is a perennial evergreen climbing vine with
slender stems and aromatic, heart-shaped leaves. The
leaves contain essential oils and bioactive compounds
responsible for its medicinal properties, especially in
respiratory and oral health applications. &.°

4.1.1.3. Distribution and Cultivation

Betel leaf is cultivated mainly in tropical and
subtropical regions such as India, Bangladesh, Sri
Lanka, and Southeast Asia. It grows well in warm,
humid climates with fertile and well-drained soil. 2.°

4.1.2. Traditional Medicinal Uses (Respiratory
Relevance)
Traditionally, betel leaf has been used in Ayurveda
and folk medicine for treating cough, bronchitis,
asthma, throat irritation, and respiratory infections due
to its expectorant and antimicrobial properties. °,'° It is
also used to reduce mucus congestion and improve
breathing comfort. Additionally, betel leaf is valued

for oral hygiene, wound healing, and digestive benefits.

9

4.2. Moringa oleifera:

Moringa oleifera Lam. is a highly valued medicinal
plant recognized for its wide range of pharmacological
activities, particularly in inflammatory and respiratory
disorders. It is considered a “miracle tree” due to its
rich nutritional composition and diverse therapeutic
potential, including antioxidant, anti-inflammatory,
antimicrobial, and immunomodulatory effects
relevant to respiratory health. 3,12
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Fig. 2. Moringa leaves (Moringa oleifera)

Source: Nature and Garden. Available at:
https://natureandgarden.com (Accessed on 02 June
2026).

4.2.1. Botanical Profile

4.2.1.1. Scientific Name, Family, and Synonyms
The scientific name of Moringa oleifera is Moringa
oleifera Lam., belonging to the family Moringaceae. It
is commonly known as drumstick tree, horseradish
tree, or miracle tree and is widely valued for its
nutritional and medicinal properties. 3.2

4.2.1.2. Morphological Description

Moringa oleifera is a fast-growing deciduous tree with
soft woody stems, compound leaves, fragrant white
flowers, and long pods called drumsticks. Almost all
parts of the plant are medicinally important, especially
the leaves due to their rich phytochemical and nutrient
content. 12,13

4.2.1.3. Distribution and Cultivation

Moringa oleifera is native to India and is widely
cultivated in tropical and subtropical regions of Asia,
Africa, and South America. It grows well in dry
climates and poor soil conditions with minimal water
requirements. 3,2

4.2.2. Traditional Medicinal Uses (Respiratory
Relevance)

Traditionally, Moringa oleifera has been used in
Ayurveda and folk medicine for treating asthma,
bronchitis, cough, and respiratory infections. Its anti-
inflammatory, antioxidant, bronchodilatory, and
antimicrobial activities help improve respiratory
function and reduce airway irritation. 2,3

V. COMPARATIVE PHYTOCHEMICAL PROFILE
WITH THEIR RESPIRATORY
PHARMACOLOGICAL RELEVANCE
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Table: Comparative Phytochemical Profile of Piper betle and Moringa oleifera

compounds

Phytochemical Class Betel Leaf (Piper betle) Mo'rmga (Moringa Pharr.nacologu.:al Relevance in
oleifera) Respiratory Disorders
Hydroxychavicol, . Strong anFloX}dant activity,
. . Polyphenols, gallic | reduces oxidative stress and
Phenolic compounds chavibetol, eugenol . .= . I
. acid, chlorogenic acid | protects airway epithelial cells
derivatives
from damage
Anti-inflammatory action by
Flavonoids Quercgtm, flavonoid Quercetin, kaempferol 1nh1b1t101} of cytokmes. and
glycosides suppression of airway
inflammation
Present in minor amounts Bioactive alkaloids | Antimicrobial and mild
Alkaloids . . . present in leaves and | bronchodilatory effects aiding
with antimicrobial role . . .
seeds respiratory infection control
. . . Moderate levels of Astringent action; ?educ.es
Tannins High tannin content tannins mucus secretion and microbial
growth in airways
C . Eugenol-rich  essential | Limited volatile oils; | Expectorant, antimicrobial, and
Essential oils / Volatile | . . N . .
oil, chavibetol, safrole | presence of bioactive | airway-clearing effects;

iron

derivatives lipid fraction improves breathing comfort
. Rich in isothiocyanates | Potent anti-inflammatory and
Glucosinolates / . .
. Absent (e.g., benzyl | immunomodulatory effects in
Isothiocyanates ) : Lo . .
isothiocyanate) chronic airway inflammation
Vitamins & Rich in vitamins A, C, | Strengthens immune response
. . Present in trace amounts | E, calcium, potassium, | and improves respiratory tissue
Micronutrients

repair

Fatty acids / Lipid .. Bioactive seed oil and | Anti-inflammatory and cell-
Minimal . . 4 .
compounds lipids protective effects in lung tissues
Expectorant, Antioxidant, .
. . . . Complementary multi-target
Overall Respiratory | antimicrobial, immunomodulatory, . .
. . . .. protection in asthma, COPD,
Action bronchodilatory, anti- | anti-inflammatory, o . .
. . . bronchitis, and infections
inflammatory antiviral

Data compiled and adapted from: Nayaka et al. (2021)
12, Dwivedi et al. (2023) '3; Bhalerao et al. (2013) 4,
Prakash et al. (2010) !%; Pareek et al. (2023) 3; Singh et
al. (2021) '3; Arulselvan et al. (2016) 4.

VI. SYNERGISTIC THERAPEUTIC POTENTIAL
OF PIPER BETLE (BETEL LEAF) AND
MORINGA OLEIFERA IN RESPIRATORY
DISORDERS

The combination of Piper betle and Moringa oleifera
shows promising therapeutic potential in respiratory
disorders due to their complementary phytochemicals
and pharmacological activities. Respiratory diseases
such as asthma, COPD, bronchitis, and infections
involve inflammation, oxidative stress, microbial
invasion, and imbalance.  Herbal
combinations may provide broader therapeutic effects

immune

by targeting multiple disease pathways simultaneously.

1215 16
>
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6.1. Concept of Herbal Synergy

Herbal synergy occurs when two medicinal plants
produce a greater combined effect than their individual
actions. This may result from enhanced bioavailability,
multi-target activity, and reduced toxicity. Such
combinations are useful in respiratory diseases where

inflammation, infection, and oxidative stress coexist.
10 17

6.2. Complementary Phytochemical Interactions

Piper betle contains hydroxychavicol, chavibetol,
flavonoids, and essential oils with strong antimicrobial
and anti-inflammatory properties, while Moringa
oleifera is rich in quercetin, kaempferol,
glucosinolates, and polyphenols with antioxidant and
immunomodulatory activities. Together, they provide
airway-clearing, antimicrobial,

immune-supportive effects. 19,16,

antioxidant, and
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6.3. Combined Pharmacological Effects

Both plants exhibit anti-inflammatory, antioxidant,
antimicrobial, and immunomodulatory activities.
Their combined use may reduce airway inflammation,
neutralize reactive oxygen species, inhibit microbial
growth, and regulate immune responses more
effectively than single-herb therapy. This may help
improve respiratory protection and reduce disease
progression in asthma and COPD. '5,'7

6.4. Scientific Evidence Supporting Combination Use
Studies on combined extracts of Piper betle and
Moringa  oleifera  have reported enhanced
antimicrobial and antioxidant activities, indicating
possible synergistic interactions between their
bioactive compounds. Current evidence suggests that
this herbal combination may serve as a promising
multi-target approach for respiratory disease
management. '*,'7

VII. MECHANISM OF ACTION OF PIPER BETLE
AND MORINGA OLEIFERA IN RESPIRATORY
DISORDERS

The therapeutic potential of Piper betle (betel leaf) and
Moringa oleifera in respiratory disorders is primarily
attributed to their ability to modulate inflammatory
signaling pathways, oxidative stress responses,
immune regulation, and microbial activity.
Respiratory diseases such as asthma, COPD,
bronchitis, and infections involve overlapping
pathological ~ mechanisms including cytokine
overproduction, oxidative injury, airway remodeling,
and pathogen colonization. The combined
phytochemical actions of both plants target these
pathways in a multi-dimensional manner. '*.°
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Source: Adapted from Frontiers in Pharmacology,
accessed from relevant article

7.1. Molecular and Cellular Signaling Pathways

Both Piper betle and Moringa oleifera exert their
effects through modulation of key inflammatory
signaling pathways such as NF-xB and MAPK
cascades. Activation of these pathways is central to the
production of inflammatory mediators in respiratory
disorders. Bioactive compounds from betel leaf (such
as hydroxychavicol and chavibetol) suppress
activation of NF-kB signaling, thereby reducing
transcription of pro-inflammatory genes. Similarly,
Moringa phytochemicals like quercetin  and
isothiocyanates regulate MAPK signaling and
downstream inflammatory responses. This dual
pathway inhibition leads to decreased airway
inflammation and improved pulmonary function. °,'¢
7.2. Cytokine Modulation in

Inflammation
A hallmark of chronic respiratory diseases is the

Respiratory

overproduction of pro-inflammatory cytokines such as
TNF-a, IL-6, and IL-1p. These mediators contribute to
airway hyperresponsiveness, mucus secretion, and
tissue damage. Extracts of Piper betle have been
reported to suppress inflammatory mediator release,
thereby reducing cytokine-driven airway damage. In
parallel, Moringa  oleifera  phytoconstituents
downregulate TNF-o and IL-6 expression while
enhancing anti-inflammatory cytokines such as IL-10.
This immunological balance helps control chronic
inflammation and prevents progression of airway
remodeling. .7

7.3. Oxidative Stress Reduction Mechanisms
Oxidative stress plays a major role in respiratory
pathology by damaging epithelial cells and promoting
chronic inflammation. Both plants are rich in
antioxidant compounds that neutralize reactive oxygen
species (ROS). Betel leaf contains phenolic
compounds such as hydroxychavicol that directly
scavenge free radicals and inhibit lipid peroxidation.
Moringa is rich in flavonoids and polyphenols, which
enhance endogenous antioxidant defense systems such
as superoxide dismutase (SOD), catalase, and
glutathione peroxidase. Together, they restore
oxidant—antioxidant balance and protect lung tissues
from oxidative injury. °.'®
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7.4. Bronchodilation and  Airway  Relaxation
Pathways

Bronchoconstriction is a key feature of asthma and
COPD. The bioactive compounds in both plants may
contribute to airway relaxation through multiple
mechanisms. Piper betle essential oils exert smooth
muscle relaxant effects possibly through calcium
channel modulation, leading to reduced airway
constriction. Moringa phytochemicals also exhibit
bronchodilatory activity by decreasing inflammatory
mediators that trigger bronchospasm. The combined
effect improves airflow and reduces respiratory
distress. '*,"7

7.5. Antimicrobial Mechanisms

Respiratory infections significantly worsen chronic
airway diseases. Both plants demonstrate broad-
spectrum antimicrobial activity against bacteria, fungi,
and respiratory pathogens. Betel leaf essential oils
disrupt microbial cell membrane integrity and inhibit
enzyme systems essential for microbial survival.
Moringa exhibits antimicrobial effects through
inhibition of microbial growth and interference with
pathogenic protein synthesis. This dual antimicrobial
action reduces infection burden and prevents disease
exacerbation. '*.°

7.6. Immune Regulation in Respiratory System
Immune dysregulation is central to chronic respiratory
diseases, especially asthma and COPD. Moringa
oleifera plays a key role in regulating immune
responses by modulating cytokine production and
enhancing macrophage activity. Piper betle
complements this effect by reducing excessive
immune activation through its anti-inflammatory
phytochemicals. Together, they help maintain immune
homeostasis by balancing Th1/Th2 responses and
preventing exaggerated inflammatory reactions in the
airways. °,'¢

7.7. Integrated Mechanistic Overview

Overall, the synergistic action of Piper betle and
Moringa oleifera involves simultaneous modulation
of inflammatory signaling pathways, suppression of
cytokine storms (TNF-a, IL-6), reduction of oxidative
stress, relaxation of airway smooth muscles,
elimination of pathogens, and restoration of immune
balance. This multi-target mechanism makes the
combination highly relevant for complex respiratory
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disorders where single-target therapy is often
insufficient. '*,"7

VIII. HERBAL FORMULATIONS AND DRUG
DELIVERY SYSTEMS

8.1. Decoctions and Traditional Preparations
Traditional systems of medicine commonly utilize
Piper betle and Moringa oleifera leaves in the form of
decoctions prepared by boiling fresh plant material in
water. These preparations are widely used in the
management of cough, bronchitis, and throat irritation,
as the boiling process facilitates the extraction of
water-soluble phenolics and flavonoids responsible for
anti-inflammatory and antimicrobial activities. '8, 3
Similarly, Moringa oleifera leaf-based decoctions are
traditionally consumed to support respiratory health
due to their rich content of antioxidants, vitamins, and
anti-inflammatory phytochemicals. These constituents
may contribute to the reduction of airway
inflammation and enhancement of immune defense
mechanisms. 3

8.2. Herbal Syrups

Herbal syrups prepared from concentrated aqueous
extracts of betel leaf and Moringa are widely used in
traditional respiratory care. These formulations
enhance palatability, dosing accuracy, and patient
compliance, particularly in pediatric cases of cough
and bronchitis. '®

The syrups retain key bioactive compounds such as
hydroxychavicol (from betel leaf) and quercetin (from
Moringa), which contribute to mucolytic, antioxidant,
and antimicrobial activities. '8, 3

8.3. Extract-Based Formulations

Aqueous, alcoholic, and hydroalcoholic extracts of
both plants have been extensively studied for
pharmacological applications. Betel leaf extracts
exhibit strong antimicrobial and anti-inflammatory
activities due to the presence of phenolic compounds
and essential oils. '®

Moringa oleifera extracts are rich in flavonoids,
glucosinolates, and polyphenols, contributing
significantly to their antioxidant potential. 3
Hydroalcoholic extraction is considered more efficient
as it allows extraction of both polar and semi-polar
phytoconstituents, thereby enhancing therapeutic
efficacy in respiratory disorders. *
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8.4. Herbal Teas and Inhalational Preparations
Herbal teas prepared from betel leaves and Moringa
leaves are traditionally used to soothe respiratory tract
irritation and discomfort. Volatile compounds present
in betel leaf may also provide mild inhalational
benefits by helping to reduce airway congestion. '®
Although scientific validation remains limited,
inhalation of volatile-rich betel leaf preparations has
been associated with expectorant and decongestant
effects, which may improve breathing comfort. '

8.5. Nanoformulations and Advanced Drug Delivery
Systems

Recent studies highlight the growing potential of
nanoformulations of plant-derived phytochemicals to
improve solubility, stability, and bioavailability.
Moringa-derived phytochemicals have been explored
in molecular docking and drug delivery systems,
demonstrating improved multi-target interaction
potential. 3

Nano-encapsulation of herbal extracts may overcome
limitations such as poor bioavailability and rapid
metabolic degradation, thereby enhancing therapeutic
efficacy in chronic respiratory diseases. *,'°

IX. SAFETY, TOXICITY, AND HERB-DRUG
INTERACTION PROFILE

9.1. Toxicological Profile

Both Piper betle and Moringa oleifera are generally
regarded as safe when consumed in traditional dietary
or medicinal doses. However, prolonged and
excessive use of betel leaf, particularly in combination
with areca nut, has raised safety concerns in
toxicological studies. '

In contrast, Moringa leaves and extracts demonstrate
a high safety margin and are widely used as nutritional
supplements. 3

9.2. Side Effects and Toxicity Risks

Betel leaf: Excessive or prolonged use may cause mild
gastrointestinal irritation in sensitive individuals. '8
Moringa: High doses of root and bark extracts may
exhibit stronger pharmacological effects and should be
used cautiously. 3

9.3. Herb—Drug Interactions

Betel leaf may theoretically interact with drugs
metabolized by oxidative enzyme systems due to its
phenolic constituents. '8
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Moringa may influence drug metabolism through its
antioxidant and enzyme-modulating properties. 3

9.4. Long-Term Safety Considerations

Long-term consumption of standardized leaf extracts
appears to be safe based on experimental and
traditional use data. However, clinical evidence
supporting their use in chronic respiratory therapy
remains limited. 3, 1

9.5. Limitations in Safety Studies

o Lack of large-scale clinical trials in humans

o Insufficient long-term toxicity data

o Variability in extract standardization

These limitations restrict accurate dose optimization
for respiratory applications. ?

X. FUTURE PERSPECTIVES

10.1.Research Gaps

Although significant pharmacological potential has

been reported, key research gaps remain, including:

o Limited clinical trials in respiratory diseases

o Lack of standardized combination formulations

e Incomplete pharmacokinetic profiling of combined
extracts?, 1°

10.2.Need for Preclinical and Clinical Validation
Further in vivo and clinical studies are required to
validate:

o Synergistic anti-inflammatory effects

o Long-term safety in asthma and COPD patients

o Optimal dosing strategies!®

10.3.Standardization Challenges

Variability in plant origin, extraction methods, and
phytochemical composition significantly affects
reproducibility of therapeutic outcomes. '8, 3

10.4.Drug Development Opportunities

Both plants present promising opportunities for
development of:

o Herbal inhalers

o Nanoformulated phytomedicines

o Standardized cough syrups

o Anti-inflammatory respiratory supplements?, °
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10.5.Industrial and Pharmaceutical Applications
Moringa oleifera and betel leaf extracts can be
developed into:

¢ Functional nutraceuticals

o Herbal respiratory formulations

o Adjunct therapies for chronic airway diseases'®, 7

10.6.Future Synergistic Potential

Computational studies suggest that combined
phytochemicals may act on multiple molecular targets
simultaneously,  supporting a  multi-pathway
therapeutic strategy for respiratory disorders. '°, 17

XI. CONCLUSIONS

The combined therapeutic potential of Piper betle and
Moringa oleifera presents a scientifically promising
multi-target approach for the management of
respiratory  disorders.  Their = pharmacological
activities—including anti-inflammatory, antioxidant,
antimicrobial, and immunomodulatory effects—
collectively address key pathological mechanisms
involved in asthma, bronchitis, COPD, and respiratory
infections.

Although traditional and experimental evidence
strongly supports their therapeutic potential, further
clinical validation, formulation standardization, and
safety optimization are essential for their successful
translation  into  evidence-based  respiratory
therapeutics. Overall, this herbal combination
represents a promising candidate for the development
of novel plant-based drug delivery systems for
respiratory diseases. '8, 10, 17

REFERENCE

[1] P. Prasher, M. Sharma, M. Mehta, S. Satija, G.
Gupta, K. Dua, ef al., “Plants derived therapeutic
strategies targeting chronic respiratory diseases:
Chemical and immunological perspective,”
Chemical-Biological Interactions, vol. 325, Art.
no. 109125, 2020.

[2] N. George, C. K. Anna, H. Fathima, and D.
Adithya, “Betel leaf: An integrative review of its
phytoconstituents, traditional uses and modern
therapeutic potential,” Journal of Pharmacognosy
and Phytochemistry, vol. 13, no. 6, pp. 124135,
2024.

IJIRT 205844

[3] A. Pareek, M. Pant, M. M. Gupta, et al., “Moringa
oleifera: An updated comprehensive review of its
pharmacological  activities,  ethnomedicinal,
phytopharmaceutical formulation, clinical,
phytochemical, and toxicological aspects,”
International Journal of Molecular Sciences, vol.
24, no. 3, Art. no. 2098, 2023.

[4] S.H.A.G. Arifin, N. F. Firdhausi, I. Hidayati, and
H. Faizah, “Phytochemical screening and
antimicrobial activity of combination of Piper betle
and Moringa oleifera extracts,” Indonesian Journal
of Pharmaceutical Science and Technology, 2025.

[5] S.M. Mitra, U. Anand, M. Ghorai, B. Vellingiri, S.
J. Kim, J. K. Patra, et al., “Unravelling the
therapeutic potential of botanicals against chronic
obstructive pulmonary disease (COPD): Molecular
insights and future perspectives,” Frontiers in
Pharmacology, vol. 13, Art. no. 824132, 2022.

[6] S. G. Mahajan and A. A. Mechta, “Effect of
Moringa oleifera Lam. seed extract on ovalbumin-
induced airway inflammation in guinea pigs,”
Inhalation Toxicology, vol. 20, no. 10, pp. 897—
909, 2008.

[7] L. Campbell, “Traditional herbal plants and their
phytoconstituents based remedies for respiratory
diseases: A review,” Current Respiratory Medicine
Reviews, 2025.

[8] N. M. D. M. W. Nayaka et al., “Piper betle (L.):
Recent review of antibacterial and antifungal
properties, safety profiles, and commercial
applications,” Molecules, vol. 26, no. 8, Art. no.
2321, 2021, doi: 10.3390/molecules26082321.

[9] V. Dwivedi, S. Tripathi, N. S. Chauhan, and R.
Tiwari, “Phytochemical and biological studies of
betel leaf (Piper betle L.): Review on paradigm and
potential benefits in human health,” Acta
Ecologica Sinica, vol. 43, no. 1, pp. 1-12, 2023.

[10] S. A. Bhalerao, D. R. Verma, N. K. Teli, et al.,
“Pharmacological potential of Piper betle L. in
respiratory and infectious disorders,” International
Journal of Herbal Medicine, vol. 1, no. 3, pp. 1-7,
2013.

[11] B. Prakash, P. K. Mishra, N. P. Singh, et al.,
“Antimicrobial and antioxidant properties of
essential oils from Piper betle,” Food Research
International, vol. 43, no. 9, pp. 25522559, 2010.

[12] L. Gopalakrishnan, K. Doriya, and D. S. Kumar,
“Moringa oleifera: A review on nutritive
importance and its medicinal application,” Food

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8780



[13]

[14]

[15]

[16]

[17]

[18]

IJIRT 205844

© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

Science and Human Wellness, vol. 5, no. 2, pp. 49—
56, 2016.

D. Singh, P. Singh, A. Gupta, R. Solanki, and A.
Sharma, “Traditional uses, phytochemistry and
pharmacological properties of Moringa oleifera,”
Journal of Pharmacognosy and Phytochemistry,
vol. 10, no. 3, pp. 123-130, 2021.

P. Arulselvan, M. T. Fard, W. S. Tan, S. Gothai, S.
Fakurazi, M. E. Norhaizan, et al., “Role of
antioxidants and natural products in inflammation,’
Oxidative Medicine and Cellular Longevity, vol.
2016, Art. no. 5276130, 2016, doi:
10.1155/2016/5276130.

B. Prakash, A. Shukla, S. Srivastava, and A.
Mishra, “Antioxidant and antimicrobial properties
of essential oils from Piper betle L.” Food
Research International, vol. 43, no. 6, pp. 1716—
1723, 2010.

M. Vergara-Jimenez, M. M. Almatrafi, and M. L.
Fernandez, “Bioactive components in Moringa
oleifera leaves protect against chronic disease,”
Antioxidants, vol. 6, no. 4, Art. no. 91, 2017, doi:
10.3390/antiox6040091.

A. Saha, B. M. Desai, and P. Biswas, “Multi-ligand
simultaneous docking analysis of Moringa oleifera
phytochemicals  reveals enhanced BCL-2
inhibition via synergistic action,” arXiv preprint,
2025.

B. Prakash, A. Kumar, P. P. Singh, et al,
“Antimicrobial and antioxidant properties of
essential oils from Piper betle,” Food Research
International, vol. 43, no. 5, pp. 1520-1527, 2010.

i)

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

8781



