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ARTICLEINFO ABSTRACT

Herbal drug lipidic nanoparticles (HDLNs) have emerged as an effective strategy for enhancing the
bioavailability, stability, and therapeutic efficacy of herbal medicines. This review highlights the recent
advancements in the formulation, applications, and therapeutic potential of HDLNs, focusing on various types
of lipidic nanoparticles, such as liposomes, solid lipid nanoparticles, and nanoemulsions. The article discusses
the techniques employed for the preparation of HDLNSs, their advantages in drug delivery, and their role in
targeted therapy for various diseases. Moreover, it covers the therapeutic benefits of HDLNSs in enhancing the
pharmacokinetics and overcoming challenges such as poor solubility and bioavailability of herbal compounds.
The review also presents an outlook on the future directions of HDLNs, emphasizing their potential for
personalized medicine and combination therapies.
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1. Introduction

Nanomedicine, particularly the development of
lipidic nanoparticles, has become a pivotal area of
research for enhancing drug delivery systems.
Lipidic nanoparticles, such as liposomes, solid lipid
nanoparticles (SLNs), and nanoemulsions, have
been increasingly utilized to overcome the
challenges associated with traditional drug
formulations. Herbal medicines, known for their
therapeutic properties, have been used for centuries
in various cultures. Despite their proven efficacy,
the clinical application of herbal drugs faces
limitations, including poor solubility, low
bioavailability, and susceptibility to degradation in
the gastrointestinal tract [1]. These challenges often
hinder the full potential of herbal drugs, preventing

their widespread use in modern therapeutics.

To address these issues, the integration of herbal
drugs with lipidic nanoparticles has garnered
significant attention in recent years. Herbal drug
lipidic nanoparticles (HDLNs) offer an advanced
strategy for improving the bioavailability, stability,
and targeted delivery of herbal compounds. These
lipidic nanocarriers are highly versatile and can
encapsulate both hydrophobic and hydrophilic
herbal extracts, ensuring enhanced therapeutic
efficacy [2]. HDLNSs provide a promising solution to
the problem of low solubility, as they improve the
dissolution rate of poorly water-soluble drugs by
reducing particle size to the nanometer scale, which
increases surface area and facilitates better
absorption [3]. Additionally, HDLNs protect
sensitive herbal compounds from oxidative
degradation and enzymatic breakdown, preserving

their bioactivity for prolonged periods [4].
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Liposomes, one of the most studied types of
HDLNs, are lipid bilayer structures that can
encapsulate both hydrophilic and lipophilic herbal
molecules. These nanoparticles offer significant
advantages, such as biocompatibility, non-toxicity,
and the ability to enhance the solubility and stability
of herbal compounds. Moreover, liposomes can be
modified with surface ligands for targeted drug
delivery, allowing for more precise treatment of
diseases such as cancer, inflammation, and
microbial infections [5]. Similarly, solid lipid
nanoparticles (SLNs) are widely investigated for
their ability to deliver lipophilic drugs with
improved stability compared to conventional lipid
carriers [6]. SLNs are capable of controlling drug
release over an extended period, making them ideal

candidates for sustained therapeutic effects [7].

Nanoemulsions, another form of HDLNSs, offer high
surface area and stability, making them suitable for
encapsulating both lipophilic and hydrophilic herbal
active ingredients. These systems are particularly
effective for improving the bioavailability of herbal
drugs with low water solubility, as they enhance
intestinal absorption through their small particle size
and high solubilization capacity [8]. Furthermore,
the versatility of HDLNs allows for the inclusion of
multiple herbal compounds in a single formulation,
enabling synergistic effects that can improve

therapeutic outcomes [9].

The application of HDLNs extends beyond their
formulation and therapeutic potential; they also hold
promise in overcoming common challenges in
herbal drug delivery, such as first-pass metabolism
and non-specific distribution. By incorporating
targeting moieties, HDLNs can direct herbal
compounds to specific tissues or organs, increasing
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their therapeutic effects while minimizing side
effects [10]. For instance, targeting HDLNs to
cancer cells via surface modification with folate or
antibody conjugates has shown promising results in
enhancing the accumulation of herbal drugs at tumor

sites, thereby reducing toxicity to healthy tissues

[11].

The future of HDLNs lies in their potential for
personalized medicine. With advancements in
nanotechnology, it is possible to tailor HDLN
formulations based on individual patient profiles,
optimizing drug delivery and enhancing therapeutic
outcomes. Furthermore, the combination of HDLNs
with other drug delivery strategies, such as stimuli-
responsive systems, may offer new avenues for
precision treatment, allowing for controlled release
of herbal drugs in response to environmental

triggers, such as pH or temperature variations [12].

In conclusion, herbal drug lipidic nanoparticles
represent a significant advancement in the field of
drug delivery systems, offering solutions to the
limitations of traditional herbal medicine
formulations.  Their  ability to  enhance
bioavailability, improve stability, and enable
targeted drug delivery makes them a promising tool
for advancing herbal therapeutics. This review will
provide an overview of the various types of HDLNSs,
their formulation strategies, applications, and

therapeutic potential in modern medicine.

2. Formulation of Herbal Drug Lipidic
Nanoparticles (HDLNSs)

The formulation of HDLNs involves the selection of
appropriate  lipid materials, surfactants, and
stabilizers to achieve optimal drug encapsulation,

release, and stability. The main types of HDLNs
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include liposomes, solid lipid nanoparticles (SLNs),
and nanoemulsions, each offering distinct
advantages in terms of encapsulation efficiency,
drug release profile, and stability. Several methods
are employed for the preparation of these
nanoparticles, with solvent evaporation, high-
pressure homogenization, and coacervation being
among the most commonly used techniques. The
choice of formulation technique depends on the
properties of the herbal drug, such as its solubility,
molecular weight, and stability [11][12].

Liposomes: Liposomes are spherical vesicles
composed of phospholipids and cholesterol, capable
of encapsulating both hydrophilic and lipophilic
herbal drugs. Liposomes are widely used for their
biocompatibility and ease of surface modification,
which allows for targeted delivery of herbal

compounds [13].

Solid Lipid Nanoparticles (SLNs): SLNs consist of
solid lipid cores that encapsulate lipophilic herbal
drugs. They are particularly useful for controlled
and sustained release of herbal compounds,
providing advantages in terms of prolonged

therapeutic effects [ 14].

Nanoemulsions: These are thermodynamically
stable dispersions of oil and water stabilized by
surfactants. Nanoemulsions are ideal for enhancing
the solubility and bioavailability of hydrophobic
herbal drugs [15].

The formulation process must also consider factors
such as particle size, surface charge, and the ability
to retain drug efficacy over time. Optimization of
these parameters is crucial for the successful

application of HDLNSs in therapeutic settings [16].
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Table 1: Overview of Types of Herbal Drug Lipidic Nanoparticles (HDLN )

Type of HDLNs | Composition Encapsulation Application Advantages
Efficiency
Liposomes Phospholipids, High for both Targeted drug Biocompatible,
cholesterol hydrophilic & delivery, cancer | easy to surface-
lipophilic drugs | therapy, wound | modify for
healing targeting
Solid Lipid Solid lipid core, | Moderate to Controlled Good stability,
Nanoparticles surfactants high for release, biocompatibility,
(SLNs) lipophilic drugs | sustained release | sustained release
properties
Nanoemulsions | Oil phase, High for Oral delivery, Improved
aqueous phase, lipophilic herbal | enhanced solubility, high
surfactants drugs bioavailability surface area for
absorption

3. Applications of Herbal Drug Lipidic Nanoparticlesside effects. HDLNs have emerged as a promising

(HDLNs) strategy to deliver anticancer herbal drugs with reduced
o . .. systemic
Herbal drug lipidic nanoparticles (HDLNs) are gaining
o o ] ] compounds, such as curcumin or epigallocatechin gallate
traction in modern medicine due to their potential to
) ) (EGCG), HDLNSs enhance their solubility and stability,
improve the therapeutic efficacy of herbal compounds.
o . increasing their effectiveness against cancer cells.
The applications of HDLNs span across various
) ) ) Furthermore, surface modification of HDLNs with
therapeutic areas, including cancer treatment, wound
) o targeting ligands, such as antibodies or folic acid, allows
healing, and the management of chronic diseases such as
for the selective accumulation of herbal drugs at tumor
diabetes and cardiovascular disorders. The ability to
) . . sites, sparing healthy tissues from the toxic effects of
encapsulate bioactive herbal compounds in HDLNs
. chemotherapy [17][18].
improved

toxicity. By encapsulating hydrophobic

offers numerous advantages, such as

solubility, enhanced bioavailability, and targeted drugWound Healing: Herbal drugs, such as Aloe vera and

delivery. Centella Asiatica, are well-known for their wound
) ~ healing properties.
Cancer Therapy: Cancer remains one of the leading

) ) conventional formulations is limited due to poor
causes of mortality worldwide, and treatment often
. ) o bioavailability and stability. HDLNs offer a solution by
involves the use of chemotherapy, which has significant

However, their application in
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improving the delivery of these compounds to the woundThe therapeutic potential of HDLNS lies in their ability
site, where they can exert their therapeutic effects.to enhance the bioavailability, stability, and targeted
Lipidic nanoparticles facilitate the sustained release ofdelivery of bioactive herbal compounds. This makes
herbal drugs, promoting faster healing and reducing thethem highly valuable for addressing the challenges faced
risk of infection [19][20]. by traditional herbal formulations. HDLNs offer an

) . . improved pharmacokinetic profile for herbal drugs,
Diabetes Management: Diabetes, particularly Type 2
. . which are often limited by poor solubility and rapid
diabetes, is a global health concern. Many herbal drugs,
) . . metabolism. The incorporation of herbal drugs into
including Gymnema Sylvestre and Bitter Melon, have
L i lipidic nanoparticles ensures better therapeutic outcomes
shown potential in regulating blood sugar levels.
) by enhancing drug absorption and providing controlled,
However, the poor absorption of these herbal compounds

. . ) sustained release profiles.
often limits their clinical effectiveness. HDLNs enhance

the bioavailability of these drugs, ensuring that higherEnhanced Bioavailability: One of the major challenges
concentrations reach the bloodstream and exert theirin the use of herbal drugs is their poor bioavailability,
hypoglycemic effects. Additionally, controlled releaseespecially for hydrophobic compounds. HDLNs
formulations of HDLNs help maintain stable bloodovercome this limitation by encapsulating herbal
glucose levels over extended periods, improving patientcompounds in lipid matrices, improving their solubility
compliance and outcomes [21][22]. in biological fluids. For instance, curcumin, a well-

) ] ) ) known herbal compound, has poor bioavailability due to
Cardiovascular Diseases: Cardiovascular diseases,
) ) ) . . its low water solubility. However, when encapsulated in
including hypertension and atherosclerosis, are major

. . . HDLNs, curcumin’s bioavailability — significantly
contributors to global morbidity and mortality. Several

) improves, allowing for better absorption in the
herbal compounds, such as Hawthorn and Garlic, have

) gastrointestinal tract and more effective therapeutic
been shown to have beneficial effects on heart health.

. o . .. .. . action[25][26].
However, their low bioavailability and instability hinder

their widespread use. HDLNs can encapsulate theseTargeted Drug Delivery: Another key advantage of
herbal compounds, enhancing their solubility andHDLNS is their ability to deliver herbal drugs to specific
bioavailability, and enabling more efficient targeting oftarget sites. Surface modification of lipidic nanoparticles
the cardiovascular system [23][24]. with ligands, such as antibodies or peptides, can enable

o . targeted delivery to cells or tissues that overexpress

Overall, the applications of HDLNSs are vast and varied,
. . ) certain receptors, such as cancer cells or inflammatory

ranging from cancer therapy to chronic disease
) . » cells. This targeted approach minimizes off-target effects

management. By enhancing the solubility, stability, and
) o and reduces toxicity, ensuring that herbal drugs exert

bioavailability of herbal drugs, HDLNs hold great
their therapeutic effects only where needed. This is

promise for advancing the field of herbal medicine and
) . . particularly beneficial in the treatment of diseases like

improving patient outcomes.

cancer, where the selective targeting of tumor cells can

4. Therapeutic Potential and Future Directions enhance the efficacy of the drug while minimizing side
effects [27][28].
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Controlled and Sustained Release: HDLNs are also idealmetabolic diseases, further enhancing the therapeutic
candidates for controlled and sustained releasepotential of herbal drugs.
formulations. By adjusting the lipid composition and
Conclusion
preparation methods, researchers can engineer HDLNs
to release the herbal drug over extended periods. ThisHerbal drug lipidic nanoparticles (HDLNs) represent a
feature is particularly useful in the management ofsignificant advancement in the field of drug delivery,
chronic diseases, such as diabetes and cardiovascularoffering numerous benefits over traditional herbal
diseases, where prolonged drug action is essential forformulations. The incorporation of bioactive herbal
maintaining therapeutic efficacy. Controlled releasecompounds into lipidic nanoparticles enhances their
formulations also improve patient compliance bybioavailability, stability, and therapeutic efficacy,
reducing the frequency of administration [29][30]. making them valuable tools in modern medicine. HDLNs
can overcome the limitations associated with the poor

Nanotechnology and Precision Medicine: The future of . . . . o
solubility, rapid metabolism, and low bioavailability of

HDLN:S lies in their integration with precision medicine, . ) ) )
many herbal drugs, thereby improving their therapeutic

where the therapy is tailored to the individual’s specific ) o )
outcomes. The potential applications of HDLNs in

genetic makeup and disease characteristics. Advances in )
various therapeutic areas, such as cancer treatment,

nanotechnology are opening new avenues for the i .
wound  healing, diabetes  management, and

development of more sophisticated and efficient } ] o ) o
cardiovascular diseases, highlight their versatility and

HDLNSs. The combination of lipidic nanoparticles with ]
promise.
other nanomaterials, such as polymers, or the
incorporation of stimuli-responsive systems, holds greatFurthermore, HDLNs offer unique advantages in
promise in providing dynamic control over drug releasetargeted drug delivery, ensuring that herbal compounds
and targeting. These innovations will pave the way forare directed to specific tissues or cells, thereby reducing
more effective and personalized treatments for varioussystemic toxicity and enhancing therapeutic effects. The
diseases [31][32]. ability to engineer these nanoparticles for controlled and
sustained release further increases their therapeutic

Challenges and Future Outlook: Despite the promising ) ) )
potential, especially for the management of chronic

therapeutic potential, several challenges remain in the
diseases.

widespread application of HDLNs. These include issues

related to large-scale production, stability of theWhile HDLNs hold tremendous promise, challenges
formulations, and the potential for immune systemrelated to large-scale production, formulation stability,
interactions. However, ongoing research andand immunogenicity remain. Nevertheless, ongoing
development in nanotechnology, along with regulatoryadvancements in nanotechnology, along with the
advancements, are expected to overcome thesegrowing understanding of the interactions between
challenges. In the coming years, we can expect to see theHDLNs and biological systems, are likely to address
clinical translation of HDLNs for a wide range ofthese hurdles. As research continues, the clinical

diseases, including cancer, neurological disorders, andtranslation of HDLNs for various diseases, particularly
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in the context of precision medicine, will significantly

impact the future of herbal drug delivery.

In conclusion, HDLNSs offer a transformative approach
to improving the delivery and efficacy of herbal drugs.
Their potential to revolutionize the treatment of various
diseases, combined with the continuous advancements in
nanotechnology, sets the stage for a new era in herbal

therapeutics.
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