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ABSTRACT

The development of innovative oral drug delivery systems is crucial for improving the bioavailability of poorly soluble drugs. This
review focuses on lipid-based nanocarriers, including solid lipid nanoparticles (SLNs), nanostructured lipid carriers (NLCs), and
lipid-polymer hybrid nanoparticles (LPHNPs). These nanocarriers have shown promise in enhancing the solubility, permeability,
and bioavailability of poorly soluble drugs. SLNs, NLCs, and LPHNPs have been designed to overcome the limitations of traditional
oral drug delivery systems, offering improved stability, targeted delivery, and controlled release of drugs. The applications of these
nanocarriers in cancer therapy, anti-inflammatory and analgesic drugs, antiviral and antibacterial agents, and cardiovascular and
neurological disorders are also discussed. Despite the advantages of these nanocarriers, challenges such as stability, regulatory
considerations, and scaling up production need to be addressed.
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INTRODUCTION: years, there has been a notable surge in the use of

; P ; 3
he percentage of a given medication that enters the nanoformulations for oral administration systems”.

systemic circulation in an active state and is Challenges with poorly soluble drugs

accessible for therapeutic action is known as
bioavailability. Pharmacokinetics, the area of pharmacology
that studies how medications are absorbed, distributed,
metabolized, and excreted, is based on this concept’. Due to
its ease of usage and patient acceptability, oral administration
is among the most conventional methods. However, because
of the strong obstacles the Gl tract presents, many biological
therapies that are poorly soluble, poorly permeabilized,
and/or poorly stable in the Gl environment also have low oral
bioavailability and are rarely employed for oral drug
administration 2The advantages of improved medication
absorption, particularly in terms of increasing bioavailability,
have been demonstrated using nanoformulation. In recent
ISSN: 2320-4850 [71] CODEN (USA): AJPRHS

Among these strategies, polymeric micelles (PMs) have
drawn a lot of interest in the past 20 years as a multipurpose
nanotechnology-based drug delivery method for medications
that are not highly soluble in water®. Therefore, increasing the
solubility and rate of dissolution of poorly water-soluble
medications and boosting the permeability of poorly
permeable pharmaceuticals are two fields of pharmaceutical
research that concentrate on increasing the oral
bioavailability of active substances °. In drug discovery,
poorly water-soluble drug candidates lead to a growing
number of issues with inconsistent and poor bioavailability.
About 70% of novel chemical entities are thought to be
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poorly soluble in aqueous media, and many of them are even
poorly soluble in organic media. Drug distribution benefits
from nanotechnology, especially when it comes to oral
medications. It makes it possible to administer drugs that are
not particularly soluble in water®. Because of their low
solubility and sluggish rates of dissolution, poorly soluble
medications with notable pharmacological activity frequently
fall short of their full therapeutic potential, which can result
in problems including the requirement for higher doses of the
drug in clinical settings °. It is difficult to encapsulate and
precisely control the release of hydrophilic medications due
to their highwater solubility, which makes it difficult to stop
drug leakage into the aqueous phase’. To improve the
solubility of medications that are not very soluble in water,
the co-solvency approach has been used to a wide range of
solvent combinations ®.
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Overview of lipid-based nanocarriers

A flexible and promising platform for medication
administration, gene therapy, and diagnostics is lipid-based
nanocarriers.  These  nanocarriers improve stability,
bioavailability, and targeting capabilities by encapsulating
medicinal chemicals in naturally occurring lipids. The
stability, targeting capability, and general effectiveness of the
nanocarriers can all be improved by these changes’.
Phospholipids are used to create liposomes. In contrast to
liposomes, which are made up of phospholipid bilayers like
cell membranes, vesicle-based micelles are composed of a
single layer of phospholipids, with the head group facing the
exterior and the hydrophobic tails forming the micelle core in
a hydrophilic atmosphere, such as blood *°. Lipid-based
nanoparticles are employed in RNA-release therapy for the
treatment of cancer and as drug carriers .

Nanostructured Lipid Carriers

Lipid-based
Nanocarriers

Lipid-Polymer Hybrid Nanoparticles
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Figure 1: The main lipid-based nanocarriers *2.

Drug release from lipid-based formulations is primarily
governed by four fundamental principles: solubility,
dispersion, digestion, and absorption **.

Advantages **

e Increasing the solubility of bioactive compounds.

e  Delivering chemicals in significant amounts.

e The used lipids' biodegradable nature.

e Including the lipophilic and hydrophilic biomolecules.
e More affordable as compared to other delivery options.

ISSN: 2320-4850

Water-based technique that eliminates organic solvents.
e Controlled and extended release of bioactive substances.
e Extensive production because of the ease of preparation.
e Accurate particle size.

e  Stronger physical stability.

LIPID-BASED NANOCARRIERS
Solid Lipid Nanoparticles (SLNs)

Since their creation in 1991, SLNs have dominated the
market for drug and other payload delivery modules™.
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Previously known as lipospheres, solid lipid nanoparticles
(SLNs) are a potential class of pharmacological nanocarrier
intended for the regulated release of drugs™. With an average
size range fluctuation of 10 to 1,000 nm, SLNs are also
spherical in form'. Solid lipid nanoparticles can stabilize
sensitive components chemically and physically while
combining particle form and integrity *°. In the arsenal of oral
drug delivery systems, SLNs that combine the benefits of
several carrier systems have become advantageous carriers.
In the arsenal of oral drug delivery systems, SLNs that
combine the benefits of several carrier systems have become
advantageous carriers'’. SLNs have been identified as
preferable carriers, notably, for the lipophilic pharmaceuticals
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for the high-yielding, efficient, and optimal drug delivery of
the encapsulated/entered medications with increased
bioavailability**. Solid lipids, mostly physiological lipids,
distributed in an aqueous solution with a surface stabilizer **,
make up the majority of SLNs. Due to their superior
penetration through anatomical constraints, prolonged, and to
a lesser degree, chrono-controlled delivery, SLNs have also
become a viable alternative to liposomal deliveries **. The
key ingredients of SLN formulations include lipids, which are
in the solid state at room temperature, emulsifiers and
sometimes a mixture of both, active pharmaceutical
ingredients (APIs) and an adequate solvent system®.

Solid lipid nanoparticles

Drug is dissolved or dispersed
Lipid
Surfactant and phospholipid

Figure 2: Structure of solid nanoparticle *°.

«— Surfactant layer

Solid Lipid

Active Pharmaceutical
Ingredient(s) (APIs)

Figure 3: Structure solid lipid nanoparticles *°.

Synthesis

The diameter of spherical SLNs ranges from 10 to 1000 nm.
These nanoparticles' solid lipid core structure allows them to

ISSN: 2320-4850

dissolve lipophilic drugs. Emulsifiers (surface activators) can
stabilize the lipid matrix, which is used according to the
method of intake and is more limited for injection. It is a

[73] CODEN (USA): AJPRHS



Mangle et al

solid hydrophobic core matrix covered with phospholipids. In
this regard, we will review some methods used to prepare
SLN-based drug delivery platforms, such as i)
Homogenization at high pressure, ii) micro-emulsion
technology, iii) membrane contactor technique iv) probe/bath

Asian Journal of Pharmaceutical Research and Development. 2025; 13(1): 71-80

ultrasonication, v) spray drying technique vi) double
emulsion method vii) super crystal fluid method viii) solvent
emulsification diffusion method shows some techniques for
the synthesis of SLNs %°.

The SLN Synthesis mechanisms
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Figure 4: The Solid lipid-synthesis mechanisms 2.

Advantages

e SLNs provide several benefits in DDSs by acting as
efficient carriers for a range of active ingredients. There
are several ways to administer these carriers. By
bypassing biological barriers, the physiological nature of
SLN compounds enables tailored administration,
lowering the risk of acute and chronic toxicity. There are
many advantages to using SLNs for medication
delivery®.

e Sensitive medications are shielded from chemical,
oxidative, and photochemical deterioration by
immobilizing drug molecules into solid lipids, which
also reduces drug leakage. Drying by lyophilization is
feasible *°

e Reticuloendothelial system cells can bypass liver and
spleen filtration because they cannot absorb solid lipid
nanoparticles due to their nanosized range *°

e Increase the stability of medications *

e  Drying by lyophilization is feasible *°

Disadvantages

e SLNs do, however, have several drawbacks. The
production process is costly and intricate, including
certain tools and supplies. Drugs being ejected during

ISSN: 2320-4850

e storage or changes in the lipid structure that impact
dependability are examples of stability problems *°

o During storage, drug release occurs following polymeric
transformation. The water concentration of the
dispersion particles is high, ranging from 70 to 90%

e Inadequate ability to load drugs *°

e The type of gelation tendencies might vary *°

e The water content of the dispersion is comparatively
greater, ranging from 70 to 99.9% *°.

Applications

The wide range of applications for SLNs and the ongoing
research into additional possible applications demonstrate
their adaptability and therapeutic effectiveness. Using
Compritol 888 ATO, Soy Lecithin/Pluronic F68, or Soy
Lecithin/Tween 80 via HPH, for example, can be used to
formulate a-trans retinoic acid into SLNs. This formulation
greatly improved oral bioavailability and gastrointestinal
absorption, both of which are important for treating acne and
several types of cancer *°. There are various Applications of
Solid Lipid Nanoparticles widely used SLN Listed below *°
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Figure 5: Applications of Solid Lipid Nanoparticles *°.

Nanostructured Lipid Carriers (NLCs)

The purpose of NLCs, also known as the second generation
of LBNPs, is to get around the drawbacks of SLNs. They are
classified as colloidal drug delivery systems because their
core matrix contains both liquid and solid lipids #. NLCs as
the name suggest are nanosized multiparticulate system in the
size range of 50 nm to 500 nm. The particle size distribution
of NLC depends on nanoparticles manufacturing process and
composition . 1t was once thought that these second-
generation lipid nanoparticle systems could only load
lipophilic medications, making it difficult to load water-

Surfactant

soluble ones. To solve this issue, lipid-drug conjugates were
later developed, and NLCs are still the ideal method for
loading hydrophilic pharmaceuticals 2. A mixture of solid
and liquid lipids that stay solid at body temperature is used to
make NLC %

COMPOSITION

NLCs are carrier systems made up of lipids that are both
liquid and solid. Within NLCs, the physical characteristics,
melting points, and crystalline features of solid and liquid
lipids may be used to distinguish between them .

Solid Lipid

Liquid Lipid

Figure 6: Composition Nanostructured Lipid Carriers (NLCs) %.
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With a melting point that is usually higher than 37°C, solid
lipids- such as stearic acid, glyceryl behenate, and glyceryl
palmitostearatemaintain their solidity during physiological
and environmental temperatures, guaranteeing structural
integrity in NLC formulations

Advantages

e  Prevent drug deterioration.

o  Keep medication safe from stomach enzymes and pH.

e  Stomach mucosa adhesion.

e By reducing the release of loaded unstable chemicals
from the lipid structure and preserving the topical
formulations' physical quality throughout storage, NLCs
improve the chemical stability of active components 2

limitations

There are many difficulties and barriers when using
nanostructured lipid carriers (NLCs) technology for topical
wound healing. The regulatory structure controlling the

Asian Journal of Pharmaceutical Research and Development. 2025; 13(1): 71-80

creation of drugs at the nanoscale is one important concern.
Usually, guidelines for testing and quality control procedures
are created for straightforward, unaltered medications. The
ingredients utilized in the formulation of NLCs also provide
constraints for their utilization %

e  Enhanced drug physical stability and extended release #
e  Preparation and scaling up are easy.

e Enhanced dispersibility of aqueous media.

e Notable trapping of hydrophilic and lipophilic drugs =

Applications

Active compounds have been included into NLCs in a
number of studies, underscoring the important role these
carriers play in wound medication delivery. NLCs greater
bioadhesive qualities are the mechanism underlying the
improved wound healing they enable. Research by Saporito
et al. provides supporting data, showing that NLCs had the
highest amount of bioadhesion when compared to both
control and unloaded medicines
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Figure 7: Applications of Nanostructured Lipid Carriers %.

Lipid-Polymer Hybrid Nanoparticles

By combining polymeric nanoparticles with liposomes, the
lipid polymer hybrid nanoparticles are a novel formulation
that successfully addresses the shortcomings of each
substance when utilized separately °. A lipid layer envelops a
polymer core in polymer-lipid hybrid nanoparticles (PLNS).
These were created with the idea that mixing polymeric NPs
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with liposomes would be superior to employing only pure
lipids or polymers %8, By combining the beneficial qualities of
liposomes with polymeric nanoparticles, LPHNPs offer a step
forward in nanoparticle technology. These PLHNPs combine
biomimetic lipids and biocompatible polymers, giving them
exceptional adaptability in the delivery of chemotherapeutic
drugs with a variety of physicochemical characteristics .
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Solid Lipid-
Nanoparticles
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Figure 8: Various types of lipid nanoparticles *.

COMPOSITION

Four fundamental lipid components are commonly found in LNP composition:
polyethylene glycol (PEG) lipids, and localizable cationic lipids **.
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Figure 9: Composition Lipid-Polymer Hybrid Nanoparticles .

Applications **

e Gold Nanoparticles Encapsulated in Lipids.

e Monosized Lipid-Coated Stellate Mesoporous Silica
Nanoparticles (LC-MASNS) that are biocompatible.

o Messenger RNA nanoparticles with biodegradable lipids.

e Nanoparticles of Mulberry Leaf Lipids.

e Phenylboric acid-derived lipid nanoparticles.

e The technology of lipid-polymer hybrid nanoparticles is
limited to the destruction of microbubbles by ultrasound.

e PEG-b-PLGA nanoparticles aided by cationic lipids.

e  Multi-Valent Lipid Nanoparticles of N-
Acetylgalactosamine (Gal NAc).

ISSN: 2320-4850

MECHANISMS OF ENHANCED ORAL
BIOAVAILABILITY

Improved solubility and dissolution rate

A solid, liquid, or gaseous chemical component known as a
solute's ability to dissolve in a solvent and create a
homogeneous solubility is a feature that is mostly dependent
on the solvent employed, as well as on temperature and
pressure °. The saturation concentration, at which the addition
of more solute does not raise the concentration of the solute
in the solution, is a measure of a substance's degree of
solubility in a particular solvent . Their solubility or
dissolution rate determines the pace at which they are
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absorbed in the gastrointestinal tract **. A drug's solubility
behavior is one of the most important factors affecting its oral
bioavailability. It has always been challenging to develop an
oral administration formulation with good bioavailability due
to the solubility of some medicinal compounds %
Tacrolimus's pharmacokinetics and bioavailability depend on
a number of parameters, such as its poor solubility and status
as a substrate for the CYP3A and P-gp enzymes.
Tacrolimus's low water solubility and strong hydrophobicity
make it challenging to formulate for oral delivery *. A key
physicochemical characteristic that influences drug
absorption and therapeutic efficacy is solubility **.

Enhanced permeability and absorption

High permeability indicates that the medication product is
stable in the gastrointestinal tract and that more than 90% of
the prescribed dosage is absorbed. Permeability is the ability
to pass through biological membranes and migrate from the
place of administration (the gastrointestinal tract) to the
systemic circulation. Permeability is dependent on drug
absorption, which is dependent on several chemical
characteristics, receptors, biological membranes, transport
modes, respectively 2*. The amount of a medicine that enters
the systemic circulation depends on its capacity to pass
through biological membranes, including the gut wall. how a
medication enters the bloodstream from the place of
administration. The presence of food, the pH of the
gastrointestinal tract, and the formulation of the medicine all
affect absorption. The processes of drug absorption and the
variables affecting permeability across biological membranes
require more investigation. Examining the function of
enzymes, transporters, and gastrointestinal disorders is part of
this *.

Targeted delivery to specific tissues

Among the many significant benefits of targeted drug
delivery of LNPs are (i) protection of healthy cells from
cytotoxic compounds, (ii) enhanced drug accumulation in the
tumor, which lowers dose-related cytotoxicity to normal
healthy cells, and (iii) enhanced bioavailability and
therapeutic efficacy *. Targeted liposomes have been
developed with ligands on their surface to help them find and
bind to certain cell receptors (such the folate receptor). The
surface of LNPs is commonly modified using peptides,
monoclonal antibodies, or small molecule ligands to produce
tailored liposomes. The great loading capacity and
adaptability of liposomal delivery methods in modifying their
physical, chemical, and biological characteristics have drawn
a lot of interest as therapeutic carriers *°.

APPLICATIONS
Cancer therapy

Chemotherapy, which involves injecting drugs into the body,
has been the most popular cancer treatment up to this point.
Surgery may not be the best option for all cancer types.
ISSN: 2320-4850
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Chemotherapy, radiation  therapy, immunotherapy,
phototherapy, and hormone therapy have all advanced, but
their fundamental drawback is that they have detrimental side
effects that kill both healthy and injured body cells, making
them poor choices *. Many traditional medicines, including
as immunotherapy, hormone therapy, chemotherapy, and
radiation therapy, are now used to treat breast cancer.
Radiation treatment can be utilized to eradicate cancer cells
that might not be seen after surgery, reducing the chance of a
local cancer recurrence *. Micelles and liposomes, which are
lipid-based nano-carriers, have advanced the treatment of
breast cancer. When loaded with cisplatin, Andey et al. have
shown that the lipid-conjugated estrogenic derivative (ESC8)
is more efficacious, particularly in a xenograft mice model.
Their research has also demonstrated the potential of lipid
nanocarriers in the treatment of malignancies that are
resistant to drugs *’. This section discusses the most
important developments in the use of LBNP for the treatment
of the most common kinds of cancer %,

Anti-inflammatory and analgesic drugs

Patients with a variety of illnesses and conditions frequently
utilize non-steroidal anti-inflammatory medicines (NSAIDs),
such as aspirin, diclofenac, ibuprofen, or celecoxib, which are
widely accessible both with and without a prescription *. The
chronic illness known as inflammatory bowel disease (IBD),
which includes Crohn's disease (CD) and ulcerative colitis
(UC), results in inflammation of the digestive system. The
gastrointestinal tract is harmed by persistent inflammation
and immunological dysfunction **.

Antiviral and antibacterial agents

The most research and development of technology that makes
use of the antibacterial characteristics of nanoparticles has
been done in the domains of health and medicine. Nano drug
delivery systems have a lot of potential to enhance
medication therapy since they can sustain drug release and
prevent drug degradation. Bacterial infections and the
repercussions they may produce are a major and frequent
cause of death . In the treatment of non-small-cell lung
cancer, these nanoparticles demonstrated improved
bioavailability and therapeutic effectiveness, suggesting a
viable path toward maximizing bedaquiline's use in cancer
therapy “. Commonly used skincare treatments and
formulations have a number of disadvantages, such as limited
skin effectiveness and toxicity. As a result, gold and silver
nanoparticles have become popular because of their broad
antifungal and antibacterial capabilities **.

One of the greatest pathogens of human disease in
documented human history has been found to be viruses.
Viral diseases, such as HIV, Ebola, Marburg, Spanish
influenza, and, most recently, the COVID-19 pandemic of
2020, are a major danger to human health despite their
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apparent structural simplicity. When viruses attach to and
enter host cells, they can cause damage .

Cardiovascular and neurological disorders

The term "neurological disorders" refers to a broad category
of illnesses that impact the brain, spinal cord, and peripheral
nerves. Debilitating deficits in motor function, cognition,
behavior, and general quality of life may arise from these
ilinesses. Epilepsy, multiple sclerosis, Parkinson's disease,
Alzheimer's disease, neuropathic pain, and anxiety disorders
are a few prevalent neurological conditions *.

CHALLENGES AND FUTURE DIRECTIONS
Stability

For bacterial nanocarriers to be used safely and effectively in
medication delivery  applications, stability and
biocompatibility are essential factors. To guarantee
dependable and constant therapeutic results, bacterial
nanocarriers must preserve their structural integrity and drug-
loading ability throughout administration, storage, and transit.
Physical stability (e.g., aggregation, sedimentation, or
degradation), chemical stability (e.g., drug degradation or
release), and biological stability (e.g., vulnerability to
enzymatic destruction or immunological recognition) are
some of the components that make up stability **.

Regulatory considerations

Since there are no established standards or assessment
criteria, it might be difficult to get regulatory clearance for
ethosomal herbal preparations. To prove the safety,
effectiveness, and quality of ethosome-based products,
regulatory bodies could need a lot of preclinical and clinical
evidence, which would take longer to approve (Bhatt, 2018)
* Nanomedicine's regulatory environment is complex and
constantly changing. MNPs' special qualities provide
difficulties for regulatory approval even if they are beneficial
for medication delivery. Nanoparticles frequently display
distinct toxicity and pharmacokinetics *. Guidelines and
regulations must be updated in response to new scientific
discoveries and developing technology, which requires
constant communication between researchers and regulatory
bodies. By doing this, regulatory frameworks are kept current
and encourage creative thinking **.

Future research directions

Future research directions should focus on addressing the
challenges associated with lipid-based nanocarriers, such as
stability, regulatory considerations, and scaling up
production. The development of novel lipid-based
nanocarriers with improved stability, targeted delivery, and
controlled release of drugs is essential. The application of
these nanocarriers in various diseases, including cancer,
inflammatory disorders, and infectious diseases, should be
explored. Additionally, the development of lipid-based
nanocarriers for personalized medicine and gene therapy is an
ISSN: 2320-4850
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area of future research. The use of artificial intelligence in the
design and optimization of lipid-based nanocarriers is also a
promising area of research. Furthermore, the development of
novel analytical techniques for the characterization of lipid-
based nanocarriers is essential for their therapeutic purpose.

CONCLUSION:

Lipid-based nanocarriers have shown great potential in
enhancing oral bioavailability of poorly soluble drugs. These
nanocarriers offer improved solubility, permeability, and
targeted delivery of drugs, making them a promising tool for
various therapeutic applications. However, stability and
regulatory considerations remain significant challenges that
need to be addressed. Future research directions should focus
on developing novel lipid-based nanocarriers with improved
stability, targeted delivery, and controlled release of drugs.
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