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Abstract: Medicinal plants have been utilized to treat a variety of conditions on account of the
bioactive properties that they contain. Most bioactive constituents from plants are of limited ef-
fectiveness, due to poor solubility, limited permeability, first-pass metabolism, efflux transporters,
chemical instability, and food-drug interactions However, when combined with vesicular drug
delivery systems (VDDS), herbal medicines can be delivered at a predetermined rate and can exhibit
site-specific action. Vesicular drug delivery systems are novel pharmaceutical formulations that
make use of vesicles as a means of encapsulating and transporting drugs to various locations within
the body; they are a cutting-edge method of medication delivery that combats the drawbacks of
conventional drug delivery methods. Drug delivery systems offer promising strategies to overcome
the bioavailability limitations of bioactive phytochemicals. By improving their solubility, protecting
them from degradation, enabling targeted delivery, and facilitating controlled release, drug delivery
systems can enhance the therapeutic efficacy of phytochemicals and unlock their full potential in
various health conditions. This review explores and collates the application of plant-based VDDS
with the potential to exhibit protective effects against lung function loss in the interest of innovative
and effective treatment and management of respiratory illnesses.

Keywords: plant bioactives; vesicular drug delivery system; chronic obsessive pulmonary disorder;
asthma; tuberculosis

1. Introduction

There has been an increase in the number of respiratory diseases afflicting human
beings [1]. Among the most prevalent are asthma, tuberculosis, chronic obstructive pul-
monary disease, lung cancer, and recently, the coronavirus disease 2019 (COVID-19) [2,3].
Many of these ailments result in aberrant physiological functioning of the respiratory
system and can develop as a result of a weakened immune system, smoking, microbial
infection, genetics, and environmental factors including pollution [4].

Chronic obstructive pulmonary disease (COPD) and asthma are the two most prevalent
pulmonary disorders, which affect the lungs’” airways and other components, including the
nasal cavities, the pharynx, the larynx, the trachea, the bronchi and bronchioles, the tissues
of the lungs, and the respiratory muscles of the chest cage [5-7]. About 3 million people
died from chronic obstructive pulmonary disease (COPD), the third most common cause of
mortality in the world in 2019 [8].

In low- and middle-income nations, COPD fatalities in people under 70 years of
age account for about 90% of all mortality [9]. Chronic bronchitis and emphysema are
the two most prevalent diseases associated with COPD [10]. More than 5% of people
in industrialized nations suffer with asthma, although it is not properly recognized or
treated [11]. Asthma affects people of all ages and is one of the most common chronic
diseases worldwide [12,13]. Approximately 9.8% of adult females and 6.1% of adult males
have asthma. It is the most prevalent chronic illness in children. About 5.1 million children
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under the age of 18 suffer with asthma at the moment [14]. Among a plethora of respiratory
illnesses, tuberculosis remains among the leading infectious causes of death worldwide,
continuing to be a huge global health issue [15,16]. Globally, 1.6 million individuals died
from TB in 2021, while 10.6 million people were diagnosed with the disease, including
3.6 million women, 1.2 million children, and 6 million males [17]. A brief synopsis of
ailments that primarily affect the respiratory system is provided in Figure 1.
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Figure 1. Common respiratory diseases: respiratory diseases among the leading cause of deaths
worldwide. Obtained and reproduced with permission from Ref. [18], 2020, Taylor and Francis, Ltd.

The World Health Organization (WHO) encourages the use herbal medicine and
pharmacological research to improve the use of herbal remedies in the treatment of various
respiratory disorders [19].

Plant materials have long been used in traditional medicine and as precursors for the
development of conventional medicines. Most bioactive constituents of phytomedicines
are limited in their effectiveness due to their poor systemic absorption when administered
orally or topically. The limited effectiveness of bioactive constituents of phytomedicines in
terms of poor systemic absorption can be attributed to several factors, viz., poor bioavail-
ability, first-pass metabolism, poor lipid solubility, efflux transporters, and chemical insta-
bility [20,21]. Moreover, traditional dosage forms, viz., herbal decoctions and infusions,
inhalations and steam therapy, herbal powders and pastes, syrups and honey-based prepa-
rations used to treat a variety of respiratory illnesses also have reduced bioavailability
and less therapeutic efficacy [22-24]. As a result, most plant-derived actives undergo
acidic degradation in the gastrointestinal tract, making them poor candidates for oral
administration [25].

In recent times, there has been a concerted effort to develop vesicular drug deliv-
ery systems (VDDS) capable of delivering hydrophilic and hydrophobic materials while
achieving clinically relevant concentrations. Vesicular drug delivery systems are innovative
formulations that utilize vesicles to encapsulate and transport drugs to specific targets in
the body. Liposomes and niosomes are two of the most prominent types of vesicles used in
drug delivery. The general structure of a VDDS is provided in Figure 2.

These vesicular drug delivery systems offer numerous benefits, including enhanced
drug stability, solubility, and absorption. They can also facilitate targeted delivery, reduc-
ing side effects and improving therapeutic outcomes [26,27]. The use of VDDS has the
potential to circumvent many of the challenges of conventional drug delivery, such as
poor absorption, toxic effects, and off-target drug delivery [28,29]. Conjugating and/or
adsorbing and/or encapsulating of bioactive phytoconstituents into VDDS has the potential
for spatiotemporal payload while also addressing the barriers of poor lipophilicity [30,31].
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Figure 2. The general structure of a vesicular drug delivery system.

In this article, we explore and present a comprehensive discussion on the use of plant-
based vesicular drug delivery technologies for the management of pulmonary illnesses.

2. Conventional Herbal Application in the Treatment of Pulmonary Diseases

A notable trend in medicine is the use of medicinal plants to cure ailments and
improve general health [32]. Using a wide variety of plant materials for both therapeutic
and preventative reasons, ‘phytomedicine’ refers to an alternative medicine approach
centered on plant-based therapies. Due to their natural abundance of active ingredients,
medications made from plants and herbs may provide patients with a range of health
advantages [33].

Conventional medicine plays a role in treating conditions such as pulmonary diseases
and respiratory infections, but there is a growing interest in complementary and alternative
therapies. Among these alternative approaches, herbal medicine has a long history of
use in addressing pulmonary ailments [34]. Examples of such pulmonary diseases and
conventional herbal therapy include, but not limited to:

2.1. Chronic Obstructive Pulmonary Disorder (COPD)

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023 report defines
COPD as a heterogeneous lung condition characterized by chronic respiratory symptoms
(dyspnea, cough, expectoration, exacerbations) due to abnormalities of the airways (bron-
chitis, bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive,
airflow obstruction. According to the GOLD 2023 report, COPD has risen to become one of
the top three leading causes of mortality worldwide, with a staggering 90% of these fatali-
ties occurring within low- and middle-income countries (LMIC) [35]. LMICs frequently
encounter elevated rates of risk factors associated with Chronic Obstructive Pulmonary
Disease (COPD), including tobacco smoking, indoor air pollution arising from the use of
solid fuels, and occupational exposure to pollutants. The provision of sufficient healthcare
infrastructure and services poses challenges in many LMICs. The restricted accessibility to
healthcare facilities can contribute to delayed diagnosis and suboptimal management of
respiratory conditions, thereby advancing the progression of COPD [36].

Two disorders, chronic bronchitis and emphysema, are linked to COPD. COPD is
brought on by prolonged inhalation of irritants and toxins, which leads to chronic in-
flammation in the airways and destruction to the alveolar structures of the lungs [37-39].
An abnormal enlargement of the air spaces distal to the terminal, non-respiratory bron-
chiole, along with damaging alterations to the alveolar walls, are the hallmarks of the
lung disorder known as pulmonary emphysema [40]. The management of COPD primar-
ily involves bronchodilators, anti-inflammatory drugs, and other conventional therapies.
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However, certain phytochemicals found in plants have been studied for their potential in
COPD management.

Curcumin is a polyphenol derived from the rhizomes of turmeric (Curcuma longa).
Curcumin exhibits various biological activities that may be beneficial in COPD manage-
ment [41]. Curcumin has demonstrated anti-inflammatory effects by inhibiting multiple
inflammatory pathways and reducing the production of pro-inflammatory mediators.
It also exhibits antioxidant properties, which may help mitigate oxidative stress in the
lungs [42].

Quercetin is a flavonoid widely distributed in fruits, vegetables, and medicinal plants.
It has a chemical structure characterized by the presence of multiple hydroxyl groups [43].
Quercetin has antioxidant characteristics in addition to anti-inflammatory activities, which
help with the management of COPD. This is done by altering several inflammatory signal-
ing pathways and preventing the release of pro-inflammatory mediators [44].

Resveratrol is a stilbenoid compound found in grapes, berries, and other plant sources.
It possesses a stilbene backbone with hydroxyl groups [45]. By blocking inflammatory
mediators and altering the signaling pathways involved in inflammation, resveratrol
has anti-inflammatory actions. Additionally, it has antioxidant qualities that may lessen
oxidative stress in the lungs. Resveratrol also has anti-fibrotic capabilities that are important
for the treatment of COPD [46].

Gingerol is a bioactive compound found in ginger (Zingiber officinale). It belongs to
the class of phenolic compounds and exhibits various biological activities [47]. Gingerol
has antioxidant characteristics and has bronchodilatory effects, both of which are impor-
tant for the management of COPD. Gingerol also has anti-inflammatory actions which
reduce the generation of pro-inflammatory mediators and modify inflammatory signaling
pathways [48].

Ginsenosides are triterpene saponins found in Panax ginseng. They possess a complex
chemical structure and exhibit diverse biological activities [49]. By altering inflammatory
pathways and limiting the release of pro-inflammatory mediators, ginsenosides have anti-
inflammatory actions. They also have antioxidant qualities and may control immunological
responses, both of which are important for managing COPD [50].

2.2. Tuberculosis

Developing nations, particularly those in Asia and Sub-Saharan Africa, are under-
standably concerned about the spread of tuberculosis (TB) because they lack the resources
necessary to effectively manage it. While there is ongoing research on the utilization of
phytochemicals in drug delivery systems for the treatment of tuberculosis (TB), most stud-
ies focus on the use of conventional anti-TB drugs. The management of tuberculosis (TB)
primarily relies on anti-tuberculosis drugs. However, there are several phytochemicals
found in plants that have been studied for their potential in supporting TB management.

Allicin is a sulfur-containing compound found in garlic (Allium sativum). It is formed
when garlic is crushed or chopped [51]. Crushing or chopping garlic disrupts cell compart-
ments, allowing alliin and alliinase to interact. A Maillard reaction occurs. In the Maillard
process, alliin and alliinase rapidly create allicin. Allicin is formed by atom rearrangement
and sulfur-containing-compound release [52]. Allicin exhibits antimycobacterial activity
by disrupting the cell wall of Mycobacterium tuberculosis and inhibiting bacterial growth.
It possesses immunomodulatory effects by stimulating the production of cytokines and
enhancing macrophage function [53].

Quercetin exhibits antimycobacterial activity against Mycobacterium tuberculosis by
inhibiting bacterial growth and suppressing the formation of biofilms [43]. Quercetin also
displays immunomodulatory effects by modulating immune responses, such as enhanc-
ing the production of nitric oxide and pro-inflammatory cytokines involved in immune
defense [54].

Curcumin exhibits antimycobacterial activity against Mycobacterium tuberculosis by
inhibiting bacterial growth and suppressing biofilm formation [55]. Curcumin possesses
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immunomodulatory properties by modulating the production of cytokines, enhancing
macrophage activity, and promoting the differentiation of T cells, which are crucial for an
effective immune response [56].

Embelin is a natural compound derived from the plant Embelia ribes. It exhibits
antimycobacterial activity against drug-resistant strains of Mycobacterium tuberculosis by dis-
rupting bacterial cell membranes and inhibiting bacterial growth [57]. Embelin displays im-
munomodulatory effects by enhancing the production of pro-inflammatory cytokines and
promoting the phagocytic activity of macrophages, which contribute to host defense [58].

Berberine is an isoquinoline alkaloid found in various plants, including Berberis
species. It exhibits antimycobacterial activity against Mycobacterium tuberculosis by inhibit-
ing bacterial growth and disrupting bacterial membranes [59]. Berberine also possesses
immunomodulatory properties by enhancing the production of pro-inflammatory cytokines
and activating the innate immune response [60].

2.3. Asthma

The Global Initiative for Asthma (GINA) defines asthma as a history of respiratory
symptoms including wheezing or repetitive coughing, dyspnea, and chest tightness plus
variable expiratory airflow limitation, all of which vary over time and in intensity [61].
The exact causes of asthma are not fully understood, but it is thought to be caused by a
combination of genetic and environmental factors [62,63].

Allergens, air pollution, exercise, and respiratory infections can trigger asthma symp-
toms in different people. Bronchodilators and inhaled corticosteroids open airways and
reduce inflammation to treat asthma. Asthma can be fatal if untreated. Thus, early diagno-
sis and management improve outcomes and reduce complications [64]. The management
of asthma primarily focuses on bronchodilators, anti-inflammatory drugs, and other con-
ventional treatments. However, there are certain phytochemicals found in plants that have
been investigated for their potential in asthma management.

Quercetin exhibits anti-inflammatory effects by inhibiting the release of pro-inflammatory
mediators and modulating inflammatory signaling pathways [65]. Quercetin displays bron-
chodilatory properties by relaxing the smooth muscles of the airways and has been shown
to modulate immune responses and reduce airway hyperresponsiveness in asthma [66].

Curcumin possesses anti-inflammatory effects by inhibiting the activation of inflamma-
tory cells and suppressing the production of pro-inflammatory mediators [42]. It has been
demonstrated that curcumin reduces airway inflammation and improves lung function
in asthma experimental models. Curcumin exhibits antioxidant properties that reduce
oxidative stress in the airways [67].

Boswellic acids are pentacyclic triterpenes found in the resin of Boswellia serrata [68].
Boswellic acid plays a role in asthma treatment by exhibiting anti-inflammatory actions
resulting in preventing the production of cytokines and enzymes that cause inflamma-
tion. Boswellic acids have been demonstrated to decrease airway inflammation, block
bronchoconstriction, and thereby enhance lung function [69].

Gingerol exhibits anti-inflammatory effects by inhibiting the production of pro-inflammatory
mediators and modulating inflammatory signaling pathways. In investigational models
of asthma, gingerol has also been found to lessen airway inflammation and enhance lung
function by relaxing the smooth muscles of the airways [47].

Epigallocatechin gallate (EGCG) is a catechin found in green tea (Camellia sinensis) [70].
It exhibits anti-inflammatory effects by inhibiting the activation of inflammatory cells and
reducing the production of pro-inflammatory mediators [71]. EGCG exhibits anti-oxidant
qualities that lessen oxidative stress in the airways and has been demonstrated to enhance
lung function and decrease airway inflammation in asthmatic experimental models [72].
Table 1 illustrates a summary of the structural features that make plant-derived compounds
potentially advantageous in promoting and sustaining pulmonary health.
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Table 1. Summary of structural properties that make plant-derived compounds potentially beneficial

for pulmonary health.

Compound Structure

Significant Structural Qualities

Ref.
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S O ¢
Curcumin
HO OH

Allicin

Quercetin

0
HO
Embellin
OH
0

Berberine O = |
~ N7
0]

Gingerol

Epigallocatechin
gallate (EGCG)

HO
Resveratrol O

The aromatic rings linked by a chain of
carbonyl groups enable curcumin to act as a
potent antioxidant.

Allicin organosulfur compounds are associated
with various health benefits, including
antimicrobial, anti-inflammatory, and
antioxidant properties.

This structural arrangement of aromatic rings
allows quercetin to interact with various
enzymes, receptors, and cellular components
involved in respiratory health.

The ring with conjugated carbonyl group has
antioxidant and anti-inflammatory properties.
Quinones can take electrons and engage in
redox reactions, making them potentially
useful in cells.

The tetracyclic structure with isoquinoline and
benzyl rings allows berberine to interact with
different cellular targets and affect respiratory
health pathways.

Gingerol has antioxidant, anti-inflammatory,
and antibacterial effects due to its structure that
is characterized by the presence of a phenol
group attached to an aromatic ring.

EGCG interacts with various cellular targets
and respiratory health pathways due to its
flavan-3-ol backbone’s hydroxyl group
configuration.

The specific arrangement of aromatic rings and
a double bond gives resveratrol antioxidant,
anti-inflammatory, and antibacterial effects.

[73]
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[75]
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3. The Contribution of Various Phytochemicals to Respiratory Health

The respiratory system serves as a vital interface between the human body and its
external environment, facilitating the exchange of oxygen and carbon dioxide while safe-
guarding against harmful agents [80]. In the context of a modern world characterized by
pollution, allergens, and emerging infectious threats, maintaining optimal respiratory func-
tion is of paramount importance [81]. Phytochemicals have emerged as promising bioactive
agents with diverse mechanisms of action that can positively impact respiratory well-being,
as they encompass an extensive array of compounds synthesized by plants as part of their
defense mechanisms and ecological interactions [82,83]. These compounds have long been
recognized for their therapeutic potential in various health domains, and their role in sup-
porting respiratory health is increasingly under the scientific spotlight [84,85]. The unique
chemical structures and biological activities of phytochemicals have led to investigations
into their effects on lung function, inflammation, oxidative stress, and immune modulation
within the context of respiratory physiology [86-88].

A wide range of phytochemical classes, including alkaloids, flavonoids, lignans,
saponins, and terpenoids, have demonstrated intriguing properties that could contribute
to respiratory well-being [89,90]. Alkaloids, for instance, have shown bronchodilatory and
anti-inflammatory effects, which are relevant to conditions such as asthma and COPD [91].
Flavonoids, with their potent antioxidant and anti-inflammatory properties, have gar-
nered attention for their potential to mitigate oxidative stress-induced lung damage and
inflammation-associated respiratory disorders [92].

Lignans, saponins, and terpenoids, while less explored in the respiratory context,
exhibit promising attributes that could impact lung health. Lignans’ antioxidative potential
contribute to preventing cellular damage and inflammation within the respiratory tract [93].
Saponins, known for their mucolytic and anti-inflammatory properties, have the potential
to alleviate respiratory congestion and irritation [94]. Terpenoids, often found in essential
oils, possess antimicrobial and expectorant qualities that could aid in managing respiratory
infections and improving airway clearance [95].

The phytochemical constituents of various plant species have been investigated for
their potential bioactive roles in supporting respiratory health. Notably, the aforementioned
phytochemicals have demonstrated distinct properties that contribute to their beneficial
effects within the respiratory system.

3.1. Alkaloids: Bridging Bronchodilation and Immune Modulation

Alkaloids are naturally occurring compounds found in a wide range of plant fami-
lies, including but not limited to Solanaceae (nightshades), Papaveraceae (poppy family),
and Ranunculaceae (buttercup family) [96]. Alkaloids, characterized by their nitrogen-
containing structures, exhibit a spectrum of pharmacological effects within the respiratory
system [97]. Alkaloids contribute to bronchodilation by engaging adrenergic receptors,
relaxing bronchial smooth muscles, and facilitating improved airflow. Beyond bronchodila-
tion, alkaloids demonstrate immunomodulatory properties, influencing immune responses
crucial for respiratory health [98,99]. A typical class of alkaloids is depicted in Figure 3.
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Figure 3. Several alkaloids that have a function in the respiratory system.

3.2. Saponins: Surfactant Enhancement and Immunomodulation

Saponins are present in various plant families, including Fabaceae (legumes), Quilla-
jaceae (soapbark family), and Asteraceae (daisy family) [100]. Saponins, notable for their
amphiphilic nature, exert diverse influences on respiratory physiology. Saponins impact
mucus viscosity, enhancing mucus clearance and potentially alleviating respiratory conges-
tion [101]. Furthermore, saponins possess immunomodulatory effects, bolstering immune
cell activity and cytokine production, thereby influencing the immune response to respira-
tory infections [102]. The dynamic interplay between saponins and respiratory processes
highlights their potential therapeutic relevance. A summary of some of the saponins that
aid respiratory health are depicted in Figure 4.
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Figure 4. Several saponins that have a function in the respiratory system.

3.3. Lignans: Hormonal and Antioxidant Potential

Lignans are present in a variety of plant families, including Linaceae (flax family),
Juglandaceae (walnut family), and Lamiaceae (mint family) [103]. Lignans, present in diverse
plant materials, contribute a unique set of attributes to respiratory health. These compounds
possess hormonal activity, potentially influencing hormonal pathways that intersect with
respiratory physiology [104]. Moreover, lignans exhibit antioxidant properties, scavenging
free radicals and conferring cellular protection [105]. Due to their complexity, lignans can
interact in a variety of complex ways with the respiratory system. Figure 5 displays some
of the lignans that contribute to respiratory support.
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3.4. Terpenoids: Anti-Inflammatory and Antimicrobial Allies

Terpenoids are found in many plant families, including Pinaceae (pine family), Lami-
acege (mint family), and Myrtaceae (myrtle family) [106]. Terpenoids, which are abundant in
essential oils and resins, showcase a range of bioactivities pertinent to respiratory health.
Their anti-inflammatory effects influence immune responses, potentially alleviating res-
piratory symptoms associated with inflammation [107]. Additionally, terpenoids have
antibacterial activities that target respiratory pathogens and strengthen defense against
infections, and their complex chemical structures highlight their potential as adaptable
players in the management of respiratory health [107-109]. A summary of terpenoids that
aid respiratory health is shown on Figure 6.
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Figure 6. Several terpenoids that have a function in the respiratory system.

3.5. Flavonoids: Antioxidant Guardians and Inflammatory Modulators

Flavonoids are widespread in plants, being present in families such as Rosaceae (rose
family), Rutaceae (citrus family), and Fabaceae (legumes) [110]. Flavonoids, abundant in var-
ious plant sources, offer a wealth of antioxidant and anti-inflammatory properties. Within
the respiratory system, flavonoids neutralize free radicals, alleviating oxidative stress
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and potentially mitigating cellular damage [111]. Additionally, their anti-inflammatory
effects modulate cytokine production and immune cell responses, impacting respiratory
inflammation [44,112]. Research into the mechanisms of oxidative stress and flavonoids
offers a fascinating new direction for the study of respiratory health. Figure 7 illustrates an
overview of flavonoids that promote respiratory well-being.
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Figure 7. Several flavonoids that have a function in the respiratory system.
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4. Physiological and Anatomical Factors Influencing Pulmonary Drug Delivery

Despite the development of potential drugs and vesicular drug delivery systems for
the treatment of pulmonary disorders, there are still significant physiological and anatom-
ical barriers that hinder effective drug delivery to the target sites within the lungs [113].
These barriers, including the mucus layer, epithelial barrier, lung clearance mechanisms,
lung metabolism, vascular barrier, and respiratory disease conditions, pose challenges in
achieving optimal drug concentrations at the desired locations within the pulmonary sys-
tem [114]. Physiological factors play a crucial role in pulmonary drug delivery, influencing
the transport and deposition of inhaled particles or aerosols in the respiratory system [115].
Understanding these factors is essential for designing effective drug delivery systems for
respiratory illnesses.

4.1. Lung Anatomy

The respiratory system comprises the upper airways (nasal cavity, pharynx, and
larynx) and the lower airways (trachea, bronchi, and bronchioles). Drug deposition and
absorption primarily occur in the alveolar region, deep in the lungs. The anatomical
structure of the lungs, including the branching airway network and the alveolar surface
area, determines the distribution of inhaled particles or aerosols [116]. Understanding the
anatomical structure of the lungs and the significance of drug distribution in the alveolar
region is crucial for designing effective inhalation therapies and optimizing the therapeutic
outcomes for respiratory diseases [117].

4.2. Mucociliary Clearance

The respiratory tract is lined with a mucus layer that serves as a defence mechanism
by trapping and removing inhaled particles or pathogens. The coordinated action of cilia
on the surface of epithelial cells propels the mucus toward the throat, a process known as
mucociliary clearance. This mechanism can limit the residence time of drug particles in the
lungs, resulting in reduced drug absorption. However, the extent of mucociliary clearance
varies among individuals and can be altered in certain respiratory diseases [113,115,116].

To optimize pulmonary drug delivery, formulation strategies are approaches that are
currently being exploited. Nanoparticles and microparticles can encapsulate drugs and
provide controlled release profiles. They can be engineered to optimize particle size, surface
properties, and drug-release kinetics, allowing for targeted delivery to specific lung regions.
Liposomes, polymeric nanoparticles, and solid lipid nanoparticles are examples of delivery
systems that can be formulated to encapsulate drugs and improve their stability, solubility,
and targeting capabilities. These formulations can enhance drug delivery efficiency and
control drug release in the lungs [118,119].

5. Vesicular Drug Delivery Systems (VDDS)

Vesicular drug delivery systems are specialized formulations designed to deliver drugs
to specific target sites within the body. These systems use microscopic vesicles, which are
small lipid-based structures, to encapsulate and deliver therapeutic agents [120]. A variety
of VDDS have been developed, offering drug administration at a set pace with sustained
action to boost patient compliance [4,121]. There are several types of vesicular drug
delivery systems, including liposomes, phytosomes, niosomes, transfersomes, ethosomes,
cubosomes, etc. [122-124].

Liposomes are spherical vesicles composed of a lipid bilayer that encapsulates drugs.
They are biocompatible and biodegradable and can be used to deliver both hydrophilic and
hydrophobic drugs. Liposomes can be surface-modified with targeting ligands to enhance
their specificity for certain tissues or organs [26,125-127].

Niosomes are liposomes composed of non-ionic surfactants instead of phospholipids.
They can encapsulate hydrophilic and hydrophobic drugs and be surface-modified for
targeted drug delivery [128]. Pharmacosomes are also forms of liposomes where the drug
is covalently bound to a lipid anchor, enhancing drug stability, bioavailability, and thera-
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peutic efficacy [129,130]. Transfersomes are elastic vesicles that can deliver drugs through
skin or mucosal membranes. Phospholipids and surfactants encapsulate hydrophilic and
hydrophobic drugs. Ethosomes are soft vesicles composed of phospholipids, alcohol, and
water. They are primarily used for transdermal drug delivery, allowing enhanced penetra-
tion into the skin layers [131]. Cubosomes are a type of nanostructured lipid-based delivery
system with assembled structures composed of lipid molecules that arrange themselves in
a unique cubic lattice pattern. Cubosomes encapsulate hydrophilic and hydrophobic drugs.
Their high surface-to-volume ratio allows rapid drug release. Surface modification allows
targeted drug delivery [132].

Phytosomes are vesicular drug delivery systems that consist of complexes formed by
conjugating phytoconstituents with phospholipids. This enhances the solubility and bioavail-
ability of plant active material, making them more effective as therapeutic agents [31]. Phyto-
somes share similarities with other drug delivery systems; their unique characteristic of
incorporating plant extracts distinguishes them as a specialized formulation for enhancing
the delivery of phytoconstituents with potential therapeutic benefits [26,128,131].

All drug delivery systems aim to improve drug delivery and enhance therapeutic
efficacy. While they share some common goals and principles, they differ in composition,
drug encapsulation mechanisms, targeting strategies, and release properties. The selection
of a particular system depends on the specific requirements and characteristics of the
drug being delivered and the desired therapeutic outcome [125,133]. Structures and a
summary of the properties of the aforementioned VDDS are provided in Figure 8 and
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Figure 8. Diagrammatic representation of different types of vesicular drug delivery systems.
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Table 2. Summary of the properties of vesicular drug delivery systems.

VDDS Description Advantage Material Composition Refs.
o ) Phy.tosomal 'drug deli\{ery systems have distinctive Consists of the interaction between
Noyel phosphohpld-bound pla.nt-derlved drug . aErlbutes, viz., small s1zel,1wﬁuch enables b phytoconstituent functional groups and the polar
dehyery formulation that p'rov1'des anbenv.elope—h}(e P ytpco?poneﬁtshto reac I e targeg site orfreceptor y groups in phospholipid molecules.
Phytosome coating fortthfe fhﬁnlnacteunfal 1ngtedlent,t thte main  passing through the vesicular membrane of ot Contains the active ingredient attached to the [134-139]
Cd(:nrra;cc)lr;in nob ?11; Z ZX eraC SrrfiI(I)lr?maSnIzD:lrgaeCteiia o 1ignc}llude am /hi hilljici}:r biocom at}i)billft and potential polar head of the .phospholipid, being an essential
& on by Slgestive seererions ¢ . for targetedpangl contr}glled pay?oad rele}:,e,ase P element of the micellar membrane.
Collmdacll.drug delivery dev1ie w];t ha lcllplf .l;yte.r Because of its excellent biocompatibility, simplicity of Drugs having a higher lipophilicity are found in
Liposome sdurrouél g a? iqlu te ous tche n;, ra ruﬁll 1stribution manufacture, and chemical diversity, molecules that are the lipid layer, while those with a higher water [129,140-144]
li;Ii)(;Illa;ein Soubiiity in the hydrophilic core or hydrophilic, amphiphilic, and lipophilic can be loaded. solubility reside in the core.
A ificial il lled ‘ Lo When applied non-occlusively, transferosome increase Transferosomes have a complex lipid bilayer
mr;;é ttl c;CrIeEISe‘rIr?lillce ea Cczlleve:iggrz)sr earggﬁr?heaﬁ;rler 1s transdermal medication delivery. Squeezing along the around an aqueous center.
Transferosome exocytosing, making it appropriate for regulated and stratl;m corneums 1nter-cell}1111ar s.eal.mg hIild helps The bilayer’s shape and local composition make [122,145-150]
possibly targeted drug administration. transferosomes permeate. They distribute low- and the vesicle self-regulating and optimal.
high-molecular-weight medicines.
. . L Th . ¢ ber of 4 Includes the nonionic surfactant as well as the
Mufltll?mfllar Vesmulka:lr Sttnll'Cture of nol;u(t)mc'th . e entrapping cf> a greater number o _com}f)oun s, a additives as its two constituent parts.
' surfactants, comparable to liposomes, but withou greater degree o stat?lhty, the.ehmlnatlon of the N The vesicular layer is made up of the non-ionic i}
Niosome phospholipids. Hydrophilic medications can be requirement for special handling or storage conditions, surfactants [123,151-155]
encapsulatgd in the core aqueous compartment and as wel.l as the accessibility and low cost of produced Additives that are utilized in the creation of the
hydrophobic drugs in the lipid membrane. materials are all advantages of this method. niosomes are cholesterol and charged molecules.
These lipid-based drug delivery systems utilize P . . : o .
colloidal dispersions of covalent, amphiphilic aAbI?g}l;lg}eﬁlei svligslgar;ce}fiﬁésrsr?elxbl;zg: lf[1h(1;s1 21;1111(;;;(: Has PQSIUVQ and ne.ga‘tlve charges, Water— and
Pharmacosome medicinal agents to facilitate the translocation of drugs L pop - : fat-loving characteristics, and an optimal [136,155-158]
across membranes, tissues, and cellular barriers within medication absorption. Complexing both types of polyphenol-phospholipid complex ratio.
the organism. 4 4 drugs improve biological characteristics.
Ethanol, phospholipids, and water are the three
Ethosomes are delivery carriers that are soft, pliable, Ethosomes are capable of completely penetrating the primary .components Qf an ethosome. o
Ethosome and non-invasive. They improve the delivery of active  skin, which allows them to significantly improve the Ethanol is known to disrupt the organization of [124,159]

medicines to the systemic circulation by enhancing the
distribution of these agents.

transport of drugs via the skin. Ethosomes also have a
high degree of deformability and trapping efficiency.

the lipid bilayers in the skin, the high quantity of
ethanol found in the ethosomes gives them a
distinctive quality.
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6. General Preparation and Characterization Techniques of Plant-Material-Loaded VDDS

Vesicular drug delivery systems that are encapsulated with plant material offer
unique advantages for the targeted and controlled delivery of therapeutic agents. Sev-
eral vesicular systems, including liposomes, phytosomes, and niosomes, have been
explored for encapsulating plant materials and delivering them to specific sites in the
body. Vesicular drug delivery systems can be prepared using various methods, which
can be broadly categorized into active loading and passive loading methods. These
methods are chosen based 