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Abstract-Nanotechnology has revolutionized medicine, particularly through the
advancement of nanomedicine, which has introduced innovative solutions in drug delivery
systems. Among these, lipid-based Nano carriers have emerged as promising tools to enhance
the solubility, stability, and bioavailability of poorly water-soluble drugs, such as those in the
Biopharmaceutical Classification System Class Il. These drugs, characterized by low
solubility and high permeability, face significant challenges in formulation, primarily due to
their poor aqueous solubility, which results in low oral bioavailability. Various strategies
have been developed to Prevent these challenges, including solid dispersion and lipid-based
systems like liposomes, solid lipid nanoparticles, and self-nanoemulsifying drug delivery
systems. Liposomes, for example, are spherical vesicles that can encapsulate both
hydrophilic and lipophilic drugs, offering a versatile platform for drug delivery.
Furthermore, self-nanoemulsifying systems Enhance the solubility and bioavailability of
lipophilic drugs by enhancing their dissolution rate and facilitating lymphatic transport.
Another advancement is the use of nanostructured lipid carriers, which combine both solid
and liquid lipids to improve drug loading and release properties. The development of these
advanced Nano carriers, which include Solid Lipid Nano carriers, sphingolipid-based
systems, has demonstrated significant potential in targeted therapy, including applications
in cancer treatment and topical drug delivery. By improving drug stability, controlled
release, and minimizing side effects, lipid-based Nano carriers represent a transformative
approach to precision medicine, with broad implications for enhancing the effectiveness of
existing and emerging therapies.

Index Terms—Nontechnology, Lipid Based Nanocarrier, Solubility Enhancement,
Sphingolipid-based Nano carrier, lonisable Lipid Nanoparticle
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I. INTRODUCTION

Nanotechnology has revolutionized numerous industries, with its most notable impact in the fields
of food, agriculture, and particularly medicine. In medicine, the introduction of nanotechnology
has led to the development of Nano medicine, a cutting-edge field that encompasses a wide range
of applications, from Nano-diagnostics and Nano-robotics to the design of advanced drug delivery
systems based on nanoparticles [1, 2]. These innovations have the potential to significantly
improve the precision and effectiveness of medical treatments, paving the way for more targeted
and personalized healthcare solutions. Among the different types of Nano carriers being explored
for drug delivery, lipid-based Nano carriers have gained substantial interest due to their excellent
biocompatibility and functional versatility. This category includes liposomes, lipid micelles, solid
lipid nanoparticles (SLNs), Nano emulsions, and Nano suspensions, all of which have unique
structural and functional properties that make them suitable for a wide variety of therapeutic
applications.

Liposomes, for instance, are one of the most well-established lipid-based carriers. These vesicular
structures consist of phospholipid bilayers that encapsulate an aqueous core, which allows them to
carry both hydrophilic and lipophilic compounds. This feature makes liposomes particularly
effective in the delivery of a wide range of drug types, increasing the solubility, stability, and
bioavailability of poorly soluble drugs [3].

Lipid nanoparticles (LNPs), another widely studied class of lipid-based carriers, typically range in
size from 1 to 100 nm. These nanoparticles are particularly effective for delivering payloads such
as small interfering RNA (siRNA) and other biologically active molecules. By protecting these
fragile molecules from degradation in the bloodstream, LNPs enhance the stability and transfection
efficiency of siRNA, enabling successful systemic administration and precise delivery to targeted
areas, such as tumor sites. Furthermore, LNPs are capable of facilitating intracellular trafficking
and promoting endosomal escape, which Promote the therapeutic potential of the encapsulated
drug or genetic material [4]. As research in Nano medicine continues to revolve, lipid-based
nanoparticles are expected to play an increasingly important role in the development of next-
generation therapeutic strategies, offering novel solutions to previously challenging medical
conditions.

I1. APPLICATIONS OF LIPID-BASED DRUG DELIVERY SYSTEMS IN CANCER
THERAPY

Lipid-based drug delivery systems, including liposomes, solid lipid nanoparticles (SLNS),
nanostructured lipid carriers (NLCs), Nano emulsions, Nano suspensions, and Niosomes, have
emerged as highly promising carriers in the field of oncology. While they all belong to the lipid-
based category, each of these systems exhibits distinct structural and physicochemical properties
that influence their performance, efficacy, and specific applications in cancer treatment [5].
Among the various lipid-based carriers, liposomes have been the most extensively studied and
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widely utilized due to their unique ability to encapsulate a wide range of therapeutic agents. These
spherical vesicles are typically composed of one or more layers of phospholipids, which form a
bilayer structure that can enclose an aqueous core. Liposomes are characterized by their size and
lamellarity, with small unilamellar vesicles (SUVs) typically measuring under 100 nm in diameter
and large unilamellar vesicles (LUVs) exceeding 100 nm. These structural features are critical in
determining their pharmacokinetic properties and impact their ability to interact with biological
membranes, influence circulation time, and facilitate drug release [6,7]. One of the key advantages
of liposomes in oncology is their ability to encapsulate both hydrophilic and lipophilic drugs,
allowing for the delivery of a diverse range of therapeutic agents. Moreover, liposomes can be
engineered for targeted drug delivery, enhancing the precision of treatment and minimizing off-
target effects. The biodegradability, low toxicity, and capacity for functionalization of liposomes
further enhance their appeal, as these features contribute to their safety and versatility in clinical
settings. Additionally, liposomes can provide sustained drug release, which is particularly
beneficial in cancer therapy, where prolonged exposure to drugs may improve therapeutic
outcomes [8]. Given these attributes, liposomes and other lipid-based carriers represent a
transformative approach in cancer treatment, offering potential solutions for improving drug
delivery, enhancing bioavailability, and optimizing therapeutic efficacy. As research progresses,
the development of these lipid-based systems will likely play a key role in advancing targeted and
personalized cancer therapies.

[11. LIPID-BASED DRUG DELIVERY IN TOPICAL THERAPY

In recent years, lipid-based colloidal carriers have gained significant attention for their role in
transdermal drug delivery applications. These systems have shown remarkable efficacy in
enhancing drug permeation through the skin, enabling the transport of both hydrophilic and
lipophilic drugs across the stratum corneum. This feature allows for either localized or systemic
drug delivery, depending on the specific therapeutic requirements [9]. The skin's epidermal layer,
which is inherently rich in lipids, provides an ideal environment for lipid-based carriers, offering
high compatibility and penetration efficiency. This synergy between the lipid composition of the
skin and the lipid-based carriers significantly enhances their ability to deliver bioactive compounds
effectively. These carriers’ adaptability and capacity to incorporate a broad spectrum of bioactive
molecules make them an excellent choice for topical drug delivery, facilitating both cosmetic and
therapeutic applications.

Lipid-based Nano carriers have also made significant strides in cancer therapy, particularly in
targeted delivery systems for lung, colon, and breast cancer. The last decade has seen an
exponential rise in the use of liposomes for anticancer drug delivery, with their excellent
biocompatibility and versatile properties driving the development of more advanced formulations.
These include cationic liposomes, temperature-sensitive liposomes, virosomes, and archaeosomes,
each designed to address specific challenges in drug delivery, such as targeting, controlled release,
and minimizing side effects [10].
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Liposomes, first introduced by Alec D. Bangham in 1965, were among the pioneering Nano
systems used for drug delivery. These vesicles are classified based on their size and bilayer
structure, which can range from small unilamellar vesicles (300-500 A) to large unilamellar
vesicles (500-1000 A), and multilamellar vesicles (1-5 pm) with multiple concentric phospholipid
bilayers [11]. Their ability to encapsulate both hydrophilic and lipophilic drugs, combined with
their biocompatibility and ability to be functionalized for targeted delivery, has made liposomes a
cornerstone of advanced drug delivery strategies. Over time, innovations in liposome technology
have allowed for the precise delivery of therapeutic agents to specific tissues, thereby improving
the efficacy and reducing the toxicity of cancer treatments. These developments underscore the
growing potential of lipid-based Nano carriers in revolutionizing cancer treatment and other areas
of medicine.

Revent studies have investigated surface types of nanoparticles for both stealth and active coating
purposes, as summarized in Table 1 modifications of various

Table No.1 surface types of nanoparticles for both stealth and active coating

Types  of | Types of | Nanoparticle Surface Outcome Reference
Nanoparticl | Surface Modifier
es Modificatio
n
Polymeric | Stealth Polubutylcynoacryl | Chitosan Enhance Lin.et.al.
Nanoparticl | Coating ate Nanoparticle Nanopartic | (2021) (12)
e le Stability
Active Chitosan PEG Enhance Deng.et.al
Coating Nanoparticle Nanopartic | (2021) (13)
le Stability
and
Prolonged
blood
Circulation
PLGA Nanoparticle | Folic Acid Improve Barnaud
Cellular et.al (2024)
uptake into | (14)
Tumour
Cells
Polymeric Micelle | Cyclic Improve De. Lorengi
Arginine- Cellular et.al (2023)
glycine uptake into | (15)
aspartic acid Tumour
Cells
Lipid Stealth Liposome Chitosan improved | Miao at .al
Nanoparticl | Coating Grafted Circulation | (16)
e Poluhydroxy | time in
Polymers Vivo
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Lipid Nanoparticle | Albumin Enhance Notabi et al.
solubility | (17)
in  serum
and reducer
nonospecifi
c cell
Interaction
Active Solid Lipid | Polyoxyethyle | Improved | Balenzano
Coating Nanoparticle ne steryl ether | Cellular et al. (18)
grafted PEG uptake
Liposome Cholesteryl Improved | Zahednezha
acetyl carnitine | Cellular detal. (19)
Uptake
Cubosome Hyaluronic increase Nisha et al.
acid cytotoxic (20)
activity on
cancer cell

IV. TYPES OF LIPIDS BASED NANO CARRIERS

The term lipid-based Nano carriers encompass several nanostructured systems including
liposomes, Nano emulsions, Nano capsules, and self-Nano emulsifying drug delivery systems
(SNEDDS) [21]. These systems have proven advantageous in improving the solubility, stability,
and bioavailability of drugs with challenging properties.

1. Liposomes

Liposomes are spherical Nano carriers formed by lipid bilayers surrounding an aqueous core.
Typically made from phospholipids and cholesterol, these structures offer membrane-stabilizing
effects and support both lipophilic and hydrophilic drug loading [22]. Their high biocompatibility
enhances cellular uptake, and they are capable of carrying amphotericin B, silymarin, fenofibrate,
dapsone, budesonide, and artemisinin [23, 24]. Drug encapsulation in liposomes can occur in three
compartments: the aqueous core (for water-soluble drugs), the lipid bilayer (for lipid-soluble
drugs), and the lipid-aqueous interface (for peptides and small proteins) [25]. An example of a
highly lipophilic drug effectively delivered using lipid-based systems is Efavirenz (EFA), a non-
nucleoside reverse transcriptase inhibitor (NNRTI) with a, indicating strong lipophilicity [26].
Liposomes are mostly made up of phospholipids, which are amphiphilic molecules with a
hydrophilic head and two polar hydrophobic chains. Because of their amphipathic character,
phospholipids have a strong inclination to form membranes when distributed in aqueous solutions.
They can entrap both lipophilic and hydrophilic substances in the lipid membrane and the watery
core, respectively [27]. Despite massive research and development efforts on liposomes, only a
few liposomal products have been authorized for human use thus far. This might be due to a variety
of factors, including the toxicity of some liposomal formulations, poor entrapment of molecules
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and chemicals into liposomes, the instability of the liposomal carriers, and the high expense of
liposome manufacture, particularly on large quantities [28].

2. Self-Nano emulsifying Drug Delivery Systems (SNEDDS)

SNEDDS are isotropic mixtures of oils, surfactants, and co-surfactants that spontaneously form
oil-in-water Nano emulsions upon dilution in the gastrointestinal fluids under mild agitation. They
improve the solubility of lipophilic drugs by:

e Maintaining drugs in a solubilized state,

« Enhancing surface area through Nano-droplet formation,

o Facilitating lymphatic transport.

SNEDDS has significantly enhanced the bioavailability of BCS Class Il drugs such as ritonavir
and celecoxib [29] the oral delivery of BCS Class Il drugs, which are typically characterized by
poor aqueous solubility and high permeability, presents a persistent challenge in pharmaceutical
formulation. To address this, Self-Nano emulsifying Drug Delivery Systems (SNEDDS) have
emerged as a highly effective lipid-based strategy to enhance the solubility and absorption of these
drugs. The mechanism behind SNEDDS is rooted in their ability to keep the poorly soluble drug
in a solubilized state throughout its passage in the gastrointestinal tract. This not only enhances the
drug’s dissolution profile but also helps prevent precipitation. Moreover, SNEDDS facilitate
lymphatic transport of lipophilic drugs, thereby bypassing hepatic first-pass metabolism and
further improving systemic bioavailability [30].

3. Solid Lipid Nanoparticles (SLNs):

Solid lipid nanoparticles (SLNs) are an innovative drug delivery system designed to enhance the
solubility and bioavailability of poorly water-soluble drugs. These nanoparticles are composed of
biocompatible lipids and surfactants, which stabilize the drug and enhance its therapeutic efficacy.
SLNs have been shown to increase drug solubility, cellular uptake, and stability, while reducing
enzyme degradation and prolonging circulation time, making them a promising approach for drug
delivery across various administration routes. The following sections detail the mechanisms and
benefits of SLNs in enhancing drug solubility.

Mechanisms of Solubility Enhancement

e Lipid Matrix Composition: SLNs utilize a solid lipid matrix that can encapsulate both
hydrophilic and lipophilic drugs, enhancing their solubility and stability [31]
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Drug

Figure. No 1. Solid Lipid Nanoparticle

SLN can be prepared by a variety of technologies including heat or cold homogenization, which
is easy to scale up production, has good preparation repeatability and does not require toxic organic
solvents in the preparation process [32]. SLNs can be orally administered as aqueous dispersions
or in the dosage forms of capsules, tablets, and pellets [33]. SLN have many advantages like easy
manufacturing, the stability of pharmaceuticals, increased drug content, effective release of drug
and high long-term stability. Additionally In terms of drug delivery, SLN system can efficiently
encapsulate antitumor drugs and other substances with poor water-solubility due to its high lipid
content [34]. Solid lipid nanoparticles enable the delivery of both hydrophobic and hydrophilic
molecules, so they have shown great potential to enhance the oral bioavailability of a wide variety
of molecules, including anti-tumour drugs, e.g., paclitaxel or docetaxel [35]. Solid lipid
nanoparticles enabled to improve both pharmacokinetic and pharmacodynamics profiles of
cilnidipine after oral administration to rats, compared with free drug. Concretely, oral area under
the curve (AUC) was 2.4-fold increased and a 38% decrease in systolic blood pressure was
achieved, maintaining more than a 20% decrease for 64 h, compared with free cilnidipine [36]
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Figure. No 2. Application of Solid Lipid Nanoparticle [36]

4. Nanocarriers:

Based on Polymers Branches: In general, polymers are made up of multiple linear and branched
co-polymers or cross-linked polymer networks. The physical and chemical changes in the polymer
in response to external factors like pH and temperature provide them with distinctive features [37]
Polymer-based Nano carriers have tree-like structures and consist of hyper branched polymers,
dendrigrafts, Dendron’s and dendrimers. Each of these four classes reflects the structural features
of these complex macromolecular architectures [38]

5. Nano emulsion:

Nano emulsions, referred to as dispersed systems with <100 nm droplets, are gaining importance
in healthcare and cosmetics sectors as a result of the unique properties of Nano sized droplets, such
as high surface area [39]. The small-sized droplet with a high surface area makes Nano emulsions
important in many industries [40] Nano emulsions are dispersions of an oily and an aqueous phase
stabilised by an appropriate surfactant or combination of surfactants with size values over 100 nm
[41] The different preparation methods to obtain Nano emulsions can be classified into high-
energy or low-energy approaches. High-energy methods, such as ultrasonic homogenisation or
micro fluidisation, usually entail high formulation temperatures, what may limit their use of thermo
labile molecules like peptides [42] SNEDDS, in particular, form fine emulsions upon contact with
gastrointestinal fluids, significantly enhancing the solubilisation and absorption of lipophilic drugs
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[43]. The small particle size of lipid-based Nano emulsions increases the surface area available for
drug dissolution, which is crucial for enhancing solubility [44] the research indicates that these
formulations effectively improve the delivery of drugs like Fucoxanthin and Ramipril, which are
used for obesity and hypertension. By utilizing emulsification and ultra-sonication methods, the
study demonstrated that lipid nanoparticles can overcome challenges related to low drug solubility
and enzymatic stability, thereby facilitating better therapeutic outcomes.[45]

6. 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 [46]. NLCs as the name suggest are Nano sized
multiarticulate system in the size range of 50 nm to 500 nm. The particle size distribution of NLC
depends on nanoparticles manufacturing process and composition [47]. It was once thought that
these second-generation lipid nanoparticle systems could only load lipophilic medications, making
it difficult to load water-soluble ones. To solve this issue, lipid-drug conjugates were later
developed, and NLCs are still the ideal method for loading hydrophilic pharmaceuticals [48]. SLN
has gained a lot of popularity amongst researchers due to their applicability for various routes, site
specificity and controlled drug delivery with less side effects. Some challenges with these include
low drug loading, drug expulsion during storage. These limitations can be overcome with NLC
which are the second-generation lipid carriers offering advantages of improved drug loading
capacity and better release properties of poorly soluble drugs mainly due to their imperfect
structure, the stability of bioactive compounds, enhanced shelf-life, functionality, costumer
acceptability and controlled release of encapsulated materials. SLNs use only one form of lipid
which is a solid lipid that orients the drug between the fatty acid chains of glycerides [49]. The
lipid Nano carrier-filled hydrogel delivery system, an emerging innovation derived from
conventional hydrogel delivery systems, has garnered increasing attention in recent years. This
system effectively addresses the stability of lipid Nano carriers and enables hydrogels to serve as
a delivery system for hydrophobic active ingredients. Lipid Nano carriers, such as emulsions and
lipid nanoparticles, suffer from flocculation and coalescence during storage due to Brownian
motion.

Immobilizing these carriers within the hydrophilic polymer network of hydrogels effectively
restricts their mobility, thereby enhancing system stability [50] SLNs and NLCs have emerged as
novel systems composed of physiological lipid materials suitable for topical, dermal and
transdermal administration. These carrier systems exhibit many features of lipid nanoparticles
attracting major attention as novel colloidal drug carriers for topical use. SLN has gained a lot of
popularity amongst researchers due to their applicability for various routes, site specificity and
controlled drug delivery with Fewer side effects. Some challenges with these include low drug
loading, drug expulsion during storage. These limitations can be overcome with NLC which are
the second-generation lipid carriers offering advantages of improved drug loading capacity and
better release properties of poorly soluble drugs mainly due to their imperfect structure, the
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stability of bioactive compounds, enhanced shelf-life, functionality, consumer acceptability and
controlled release of encapsulated materials. SLNs use only one form of lipid which is a solid lipid
that orients the drug between the fatty acid chains of glycerides [51]
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Figure. No 3. Application of Nanostructured Lipid Carrier [51]

7. Sphingolipid-based Nano carrier:

Sphingolipids (SL) are well recognized for their cell signalling through extracellular and
intracellular pathways. Based on chemistry different types of SL are biosynthesized in mammalian
cells and have specific function in cellular activity. SL has an amphiphilic structure with have
hydrophobic body attached to the polar head enables their use as a drug delivery agent in the form
of Nano carriers. SL-based liposomes can improve the solubility of lipophilic drugs through host
and drug complexes and are more stable than conventional liposomal formulations. Preclinical
studies of SL Nano carriers are reported on topical delivery, oral delivery, ocular delivery,
chemotherapeutic delivery, cardiovascular delivery and Alzheimer's disease. The commercial
challenges and patents related to SL Nano formulations are highlighted in this article.[52].
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Figure.No4. Chemical structure and type of Nano carrier [53]

SL-based liposomes can improve the solubility of lipophilic drugs through host and drug
complexes and are more stable than conventional liposomal formulations. Preclinical studies of
SL Nano carriers are reported on topical delivery, oral delivery, ocular delivery, chemotherapeutic
delivery, cardiovascular delivery and Alzheimer's disease [51]. Short-chain sphingolipids are
known to enhance cellular uptake of amphiphilic drugs. We hypothesized that short-chain
sphingolipids could be utilized to further improve intracellular drug delivery from a thermos
responsive formulation by enhancing the cell membrane passage of released drug.

The following two strategies were investigated:

(1) Co-delivery of C8-glucosylceramide and doxorubicin within the thermosensitive liposomes
and

(2) Pre-treatment with glucosylceramide-enriched drug-free liposomes and subsequent treatment
with doxorubicin loaded thermosensitive liposomes.

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 309



© Volume 2, Issue 1, Jan 2026 | JATIR

Liposomes were prepared and extensively characterized. Drug uptake, cell cytotoxicity and live
cell imaging were performed under normothermic and hyperthermic conditions in melanoma cells.
In these studies, hyperthermia improved drug delivery from doxorubicin loaded thermosensitive
formulations. [52]. Sphingolipid-based Nano carriers are biocompatible and biodegradable,
making them safe for use in drug delivery systems. Their biocompatibility reduces the risk of
adverse effects, while their biodegradability ensures that they can be metabolized by the body
without causing long-term toxicity [53]. The ability to modify the surface of sphingolipid-based
Nano carriers with targeting ligands allows for site-specific drug delivery. This targeted approach
can enhance the efficacy of drugs by ensuring that they are delivered directly to the site of action,
reducing systemic side effects [54].

8. Niosomes:

Niosomes, or NSVs, are non-ionic surfactant-prepared vesicles. In terms of structure and physical
features, niosomes are comparable to liposomes. They are created as unilamellar or multilamellar
vesicles using the same techniques and under the same circumstances.[55] Niosomes are made up
of two sorts of components: non-ionic surfactants and additions. The vesicular layer is formed by
non-ionic surfactants, and the additions utilized in niosome production include cholesterol and
charged molecules.[56] The hydrophobic portions of the molecule are orientated away from the
aqueous solvent in this closed bilayer form, whilst the hydrophilic head is in contact with the
aqueous solvent. It is similar to phospholipid vesicles in liposomes and hence allows for the
trapping of hydrophilic medicines. Non-ionic surfactants have been exploited as alternatives to
phospholipids due to their low cost, stability, and simplicity of storage.[57] Various procedures
are used to manufacture niosomes for medication administration and gene therapy vectors.
Furthermore, for specialized purposes, they might be coated with various types of agents such as
polyethylene glycol (PEG), hyaluronic acid (HA), antibodies, and so on to improve targeting,
increase circulation, and target obtaining time [58]. Niosomes have been intensively explored in
recent years for their potential to function as a carrier for the transport of medicines, antigens,
hormones, and other bioactive molecules. Aside from that, niosomes have been employed to tackle
medication insolubility, instability, and fast degradation [59].

9. lonisable Lipid Nanoparticles:

In recent years, nucleic acid-based gene therapy has been widely concerned and applied in the
treatment of cancer, genetic diseases, and other diseases [60]. lonisable lipid nanoparticles (LNPs)
are the most clinically advanced Nano-delivery system to maintain the stability of therapeutic
nucleic acids [61]. And achieve effective delivery into cells for gene regulation [62]. LNP is
positively charged at acidic pH, where it binds well with negatively charged nucleic acids. It is
neutral in blood (physiological pH environment) and can reduce the toxic effects of cationic lipids.
LNP can be internalized by cells through endocytosis, and then release the drugs into the cytoplasm
through endosomal escape, which plays an in role in the intracellular function of mMRNA, not only
protecting mRNA from degradation, but also allowing nucleic acid to enter cells. Early nucleic
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acid delivery systems relied on permanently cationic-charged lipids, but their use was limited by
cytotoxicity concerns, mainly as they activate several cellular pathways, such as pro-apoptotic and
pro-inflammatory cascades [63]. This led to the development of ionisable lipids, which switch
from a positive charge in acidic pH (favouring their interaction with negatively charged mRNA)
to neutral in physiological pH. Therefore, LNPs are formed at an acidic pH and then subjected to
buffer exchange to achieve a pH of 7.4. Upon administration, LNPs are endocytosed, and the
tertiary amine of the ionisable lipids is protonated to form a quaternary ammonium ion in the acidic
environment of the endosome (pH ~4). Protonated ionizable lipids interact with anionic lipids of
the endosome membrane, and this electrostatic interaction disrupts the endosomal membrane,
releasing mRNA into the cytosol. The effectiveness of ionizable lipids is often linked to their pKa
and 3D structural properties. The pKa of LNPs should be sufficiently high to achieve protonation
in acidic environments and sufficiently low to carry a smaller positive surface charge at
physiological pH, minimizing toxicity [64]. The optimal pKa range of ionizable lipids to elicit an
adaptive immune response via the intramuscular route [65]. Inclusion of PEGylated lipids within
the LNP formulations offers steric stability to LNPs, which is crucial for particle integrity.
Typically, 1.5 mol% of PEG lipid is used in clinically approved LNPs [66]. The PEG lipid content
can affect LNP characteristics, such as the number of mMRNA copies per LNP [67]. The length of
the lipid tail of the PEG lipid also dictates the expression profile by affecting the desorption rate
of the PEG chain [68]. After LNPs enter the body, it is proposed that the PEG chain needs to be
released (via desorption) from the LNPs so that the LNPs can be internalized into the cells. The
number and length of hydrophobic chains.

Table No.2.Drug Solubility &Their Challenges Overcome by Nanocarrier Type

Drug Category | Solubilit | Nanocarrier | Mechanism of | Key outcome Ref
Example y Type Solubility ere
Challen Enhancement nce
ges
Paclitaxel | Anticanc Albumin- Nanocrystal Nanocrystal 70
(PTX) er bound formation formation
(various) nanoparticle | (Abraxane), (Abraxane),
S (e.g., | Encapsulation Encapsulation in
Abraxane®) | in hydrophobic | hydrophobic core
, Polymeric | core (polymers, | (polymers, lipids),
nanoparticle | lipids), Reduced | Reduced particle
s/micelles, | particle  size, | size, Altered
Liposomes, | Altered surface | surface properties
SLNs, properties
NLCs
Curcumin | Anti- Extreme | Liposomes, | Encapsulation Encapsulation in| 71
inflamm | ly poor | SLNs, in hydrophobic | hydrophobic core,
atory, aqueous | NLCs, core, Protection | Protection  from
Antioxid | solubilit | Polymeric from degradation,
ant, y Nanoparticl | degradation, Increased surface
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Anticanc es, Increased area for
er Nanoemulsi | surface area for | dissolution,
ons dissolution, Amorphization
Amorphization | within matrix
within matrix
Amphoter | Antifung | Very Liposomes | Liposomes Encapsulation 72
icin B |al poor (e.g., (e.g., within lipid
(AmB) (systemi | aqueous | AmBisome | AmBisome®), | bilayer/matrix,
c) solubilit | ®), Lipid | Lipid reducing free drug
y & | complexes | complexes (e.g., | concentration,
stability; | (e.g., Abelcet®) altered
rapid Abelcet®) biodistribution to
metaboli fungal sites,
sm reduced toxicity.
Ritonavir | Antiviral | Extreme | Self- Self- Maintaining drug | 73
(HIV ly poor | Nanoemulsi | Nanoemulsifyin | in solubilized state
protease | aqueous | fying Drug | g Drug Delivery | within nano-
inhibitor | solubilit | Delivery Systems droplets upon
) y, high | Systems (SNEDDS) dispersion in Gl
toxicity | (SNEDDS) fluid, enhanced
in surface area,
conventi facilitated
onal lymphatic
form transport.
Vericonaz | Antifung | Low Nanoparticl | Nanoparticle Improve in| 74
ole al aqueous | e Solubility&  and
solubilit Dissolution rate
y (BCS
Class I1)
Dexibupr Low PLGA PEG increased | 75
ofen Bioavail | nanoparticle interaction  with
ability S corneal membrane;
and improved drug
Toxicity release for ocular
inflammation

V. CONCLUSION

the use of biocompatible and biodegradable lipids, these lipid-based Nano carriers have gained
tremendous interest during the past two decades. Lipid Nano carriers are preferred over polymeric
nanoparticles. Lipid nanoparticles can resolve the challenges associated with polymeric
nanoparticles, such as cytotoxicity and lack of suitable methods for large-scale production. Lipid
nanoparticles can substantially improve the solubility, bioavailability, pharmacokinetic
parameters, intestinal absorption, skin penetrability, and ocular residence time of drugs which
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helps the molecule to cross the physiological barriers and decrease its side effects. Thus, these
drug delivery carriers demonstrate significant potential in pharmaceutical or medical applications.

REFERENCE

[1] Guan H, Chi D, Yu J, et al. A novel photodegradable insecticide: preparation, characterization
and properties evaluation of nano-imidacloprid. Pestic Biochem Physiol. 2008;92(2):83-91.

[2] Archakov Al. Nanobiotechnologies in medicine: nanodiagnostics and nanodrugs.
Biochemistry (Moscow). 2009; 4(1):2-14.

[3] Lim SB, Banerjee A, Onyilksel H. Improvement of drug safety by the use of lipid-based
nanocarriers.

[4] Sharp S, et al. Targeting androgen receptor aberrations in castration-resistant prostate cancer.
Clin Cancer Res. 2016;22(18):4733-4741.

[5] Cheng Z, Huang H, Yin M, et al. Applications of liposomes and lipid nanoparticles in cancer
therapy: current advances and prospects. Exp Hematol Oncol. 2025; 14:11.
d0i:10.1186/s40164-025-00602-1.

[6] Barzadeh A, Rezaei-Sadabady R, Davaran S, Joo SW, Zarghami N, Hanifehpour Y, et al.
Liposome: classification, preparation, and applications. Nanoscale Res Lett. 2013;8(1):102.

[7] Taylor TM, Davidson PM, Bruce BD, Weiss J. Liposomal nanocapsules in food science and
agriculture. Crit Rev Food Sci Nutr. 2005;45(7-8):587-605.

[8] Pradhan M, Srivastava S, Singh D, Saraf S, Saraf W, Singh MR. Perspectives of lipid-based
drug carrier systems for transdermal delivery.

[9] Han T, Das DB. Permeability enhancement for transdermal delivery of large molecules using
low-frequency sonophoresis combined with microneedles. J Pharm Sci. 2013;102(10):3614-
3622.

[10] Zamarin D, Wolchok JD. Potentiation of immunomodulatory antibody therapy with
oncolytic viruses for treatment of cancer.

[11] Sharma A, Shambhwani D, Pandey S. Advances in lung cancer treatment using
nanomedicines.

[12] Sume Y, Mudie DM, Langguth P, Amidon GE, Amidon GL. The Biopharmaceutics
Classification System: subclasses for in vivo predictive dissolution (IPD) methodology and
IVIVC. Eur J Pharm Sci. 2014; 57:152-163. doi: 10.1016/j.ejps.2014.01.009.

[13] Siya D, Kunde S, Bhilegaonkar S, Gajre P. Biopharmaceutical classification system: a brief
account. IJRM Hum. 2015; 1:20-46.

[14] Premakumar SV, Vishwanath BA, Swapna D. Enhancement of solubility and dissolution rate
of BCS Class Il drugs.

[15] Lodhi DS, Panwar AS, Dongre N. Review study on analysis of the solubility of
biopharmaceutical classification system Class Il drugs in a self-emulsifying drug delivery
system. Asian J Pharm Clin Res. 2022;15(2):36-45.

[16] Chunduru J, Chadalawada P. Solid dispersions as strategy to improve solubility and
dissolution rate of water-insoluble drugs. World J Pharm Res. 2024;13(19):329-347.

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 313



© Volume 2, Issue 1, Jan 2026 | JATIR

[17] Tran P, Pyo YC, Kim DH, Lee SE, et al. Overview of the manufacturing methods of solid
dispersion technology for improving the solubility of poorly water-soluble drugs and
application to anticancer drugs. Pharmaceutics. 2019;11(132):1-26.

[18] Atidar K. Solid dispersion technology: A boon for poorly water-soluble drugs. Indian J Novel
Drug Deliv. 2011;2(3):83-90.

[19] Saharan VK. Dissolution enhancement of drugs. Int J Health Res. 2009;2(2):107-124.

[20] Dhirendra K. Solid dispersion: A review. Pak J Pharm Sci. 2009;22(2):234-246.

[21] Plaza-Oliver M, Santander-Ortega MJ, Lozano MV. Current approaches in lipid-based
nanocarriers for oral drug delivery. Drug Deliv Transl Res. 2021;11(2):471-497.
doi:10.1007/s13346-021-00908-7.

[22] Lee MK. Liposomes for enhanced bioavailability of water-insoluble drugs: In vivo evidence
and recent approaches. Pharmaceutics. 2020;12.

[23] Guimarées D, Cavaco-Paulo A, Nogueira E. Design of liposomes as drug delivery system
for  therapeutic  applications. Int J Pharm. 2021; 601:120571. doi:
10.1016/j.ijpharm.2021.120571.

[24] Arvind G, Shah S, Mule S, Prashanth P, Konda N. Formulation and characterization of
Amphotericin B liposomes prepared by thin film hydration method. Int J Pharm.
2013;3(3):540-547.

[25] Marripati S, Umasankar K, Reddy PJ. A review on liposomes. Int J Res Pharma NanoSci.
2014;3(3):159-1609.

[26] Tanaka R, Hanabusa H, Kinai E, Hasegawa N, Negishi M, Kato S. Intracellular efavirenz
levels in peripheral blood mononuclear cells from human immunodeficiency virus-infected
individuals. Antimicrob Agents Chemother. 2008;52(2):782-785.

[27] Bozzuto G, Molinari A. Liposomes as nanomedical devices. International journal of
nanomedicine. 2015 Feb 2:975-99

[28] Mozafari MR. Liposomes: an overview of manufacturing techniques. Cellular and
molecular biology letters. 2005 Jan 1;10(4):711

[29] Patel D, Sawant KK. Self-nanoemulsifying drug delivery system: A strategy to improve oral
bioavailability. Saudi Pharm J. 2021;29(10):1205-1222. doi: 10.1016/j.jsps.2021.08.011.

[30] Kumar M, Misra A, Babbar AK, Mishra AK, Mishra P, Pathak K, Mishra A. Intranasal
nanoemulsion-based brain targeting drug delivery system of risperidone. Int J Pharm.
2014;435(1):248-258. doi: 10.1016/j.ijpharm.2012.11.031.

[31] Nguyen T-T-L, Duong VA. Solid lipid nanoparticles. Encyclopedia. 2022;2(2):952-973.
doi:10.3390/encyclopedia2020063.

[32] Muller RH, Mader K, Gohla S. Solid lipid nanoparticles (SLN) for controlled drug delivery
- areview of the state of the art. Eur J Pharm Biopharm. 2000; 50:161-177. doi:10.1016/S0939-
6411(00)00087-4.

[33] Ezzati Nazhad Dolatabadi J, Valizadeh H, Hamishehkar H. Solid lipid nanoparticles as
efficient drug and gene delivery systems: recent breakthroughs. Adv Pharm Bull. 2015; 5:151-
159. doi:10.15171/aph.2015.022.

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 314



© Volume 2, Issue 1, Jan 2026 | JATIR

[34] Wong HL, Bendayan R, Rauth AM, Li Y, Wu XY. Chemotherapy with anticancer drugs
encapsulated in solid lipid nanoparticles. Adv Drug Deliv Rev. 2007; 59:491-504. doi:
10.1016/j.addr.2007.04.008.

[35] Shi LL, Lu J, Cao Y, Liu JY, Zhang XX, Zhang H, et al. Gastrointestinal stability,
physicochemical characterization and oral bioavailability of chitosan or its derivative-modified
solid lipid nanoparticles loading docetaxel. Drug Dev Ind Pharm. 2017; 43:839-846.
d0i:10.1080/03639045.2016.1220571.

[36] Diwan R, Ravi PR, Pathare NS, Aggarwal V. Pharmacodynamic, pharmacokinetic and
physical characterization of cilnidipine-loaded solid lipid nanoparticles for oral delivery
optimized using the principles of design of experiments. Colloids Surf B Biointerfaces. 2020;
193:111073.

[37] Phalak S, Bodke V, Yadav R, Pandav S, Ranaware M. A systematic review on nano drug
delivery system: solid lipid nanoparticles (SLN). International Journal of Current
Pharmaceutical Research 2024;16(1):10-20.

[38] Jahangir MA, Taleuzzaman M, Kala C, Gilani SJ. Advancements in polymer and lipid-based
nanotherapeutics for cancer drug targeting. Curr Pharm Des. 2020; 26:5119-5127.
doi:10.2174/1381612826999200820173253.

[39] Atav R. Dendritic molecules and their use in water repellency treatments of textile materials.
In: Williams J, editor. Waterproof and water repellent textiles and clothing. Woodhead
Publishing; 2018. p. 191-214.

[40] Ashaolu TJ. Nanoemulsions for health, food, and cosmetics: a review. Environ Chem Lett.
2021; 19:3381-3395. d0i:10.1007/s10311-021-01216-9.

[41] Azmi NA, Elgharbawy AAM, Motlagh SR, Samsudin N, Salleh HM. Nano emulsions:
factory for food, pharmaceutical and cosmetics. Processes. 2019;7\:pr7090617.
d0i:10.3390/pr7090617.

[42] LiuQ, Huang H, Chen H, Lin J, Wang Q. Food-grade Nano emulsions: preparation, stability
and application in encapsulation of bioactive compounds. Molecules. 2019; 24:1-37. doi:
10.3390/molecules24234242.

[43] Singh Y, Meher JG, Raval K, Khan FA, Chaurasia M, Jain NK, et al. Nano emulsion:
Concepts, development and applications in drug delivery. J Control Release. 2017; 252:28-49.

[44] Self-nano emulsifying formulations: An encouraging approach for bioavailability
enhancement and future perspective. Intech Open eBooks. 2023.
[https://doi.org/10.5772/intechopen.108703] (https://doi.org/10.5772/intechopen.108703).

[45] Patel A, Singh A, Minocha N. Contemporary nanoemulsion research: Extensive examination
of self-nanoemulsifying drug delivery systems. Curr Nanomedicine. 2024;14.
[https://doi.org/10.2174/0124681873304985240627061125]

[46] Akhtar N, Ullah Z, Khan MF, Jain V, Bijani S, Choudhary RK, Ahmad N, Rizvi MR, Igbal
D. Lipid-based nano-formulation development to enhance oral bioavailability of weakly
aqueous-soluble drug for obesity and hypertension. J Adv Zool. 2023.
[https://doi.org/10.17762/jaz.v44is-5.145] (https://doi.org/10.17762/jaz.v44is-5.145).

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 315


https://doi.org/10.5772/intechopen.108703
https://doi.org/10.17762/jaz.v44is-5.145

© Volume 2, Issue 1, Jan 2026 | JATIR

[47] Eker F, Duman H, Akda E, Bolat E, Saritas S, Karav S, Witkowska MA. A comprehensive
review of nanoparticles: From classification to application and toxicity. Molecules. 2024;
29:3482.

[48] Khan S, Sharma A, Jain V. An overview of nanostructured lipid carriers and its application
in drug delivery through different routes. Adv Pharm Bull. 2023;13(3):446-460.
d0i:10.34172/apb.2023.056. Epub 2022 Sep 18. PMID: 37646052; PMCID: PMC10460807.

[49] Pranitha D, Velraj M. Advancing oral drug bioavailability: A comprehensive review of
nanostructured lipid carriers. Int J Chem Biochem Sci. 2023;24(12):96-103.

[50] Aboli P. Mangle*, Dr. Ravindra L. Bakal, Pooja R. Hatwar, Jitendra A. Kubde Lipid-Based
Nanocarriers for Enhanced Oral Bioavailability: A Review of Recent Advances and
Applications 13(1):71-80, DOI: http://dx.doi.org/10.22270/ajprd.v13i1.1506

[51] Zhang XY, Lu WY. Recent advances in lymphatic targeted drug delivery system for tumor
metastasis. Cancer Biol Med. 2014;11(4):247-254.

[52] Siontorou CG, Nikoleli G-P, Nikolelis DP, Karapetis SK. Artificial lipid membranes: Past,
present, and future. Membranes. 2017; 7:38. doi: 10.3390/membranes7030038.

[53] Wong HL, Bendayan R, Rauth AM, Li Y, Wu XY. Chemotherapy with anticancer drugs
encapsulated in solid lipid nanoparticles. Adv Drug Deliv Rev. 2007; 59:491-504. doi:
10.1016/j.addr.2007.04.008.

[54] Huotari J, Helenius A. Endosome maturation. EMBO J. 2011; 30:3481-3500.

[55] Kumar S, Singh A, Pandey P, Khopade A, Sawant KK. Application of sphingolipid-based
nanocarriers in drug delivery: An overview. Ther Deliv. 2024;15(8):619-637.
[https://doi.org/10.1080/20415990.2024.2377066]
(https://doi.org/10.1080/20415990.2024.2377066).

[56] Haeri A, Pedrosa LR, Ten Hagen TL, Dadashzadeh S, Koning G. A novel combined
approach of short-chain sphingolipids and thermosensitive liposomes for improved drug
delivery to tumor cells. J Biomed Nanotechnol. 2016;12(8):1712-17109.
[https://doi.org/10.1166/jbn.2016.2199] (https://doi.org/10.1166/jbn.2016.2199).

[57] Mehrdadi S. Lipid-based nanoparticles as oral drug delivery systems: Overcoming poor
gastrointestinal absorption and enhancing bioavailability of peptide/protein-based drugs. Adv
Pharm Bull. 2023; 14:16-28. [https://doi.org/10.34172/aph.2024.016]).

[58] Kesharwani R, Jaiswal PK, Patel DK, Yadav P. Lipid-based drug delivery system (LBDDS):
An emerging paradigm to enhance oral bioavailability of poorly soluble drugs. Future Med
Chem.2022; 14:1-16. [https://doi.org/10.1007/s44174-022-00041-0]
(https://doi.org/10.1007/s44174-022-00041-0).

[59] Marianecci C, Di Marzio L, Rinaldi F, Celia C, Paolino D, Alhaique F, Esposito S, Carafa
M. Niosomes from 80s to present: the state of the art. Advances in colloid and interface science.
2014 Mar 1; 205:187-206.39.

[60] Rajera R, Nagpal K, Singh SK, Mishra DN. Niosomes: a controlled and novel drug delivery
system. Biological and Pharmaceutical Bulletin. 2011 Jul 1;34(7):945-53.40.

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 316


http://dx.doi.org/10.22270/ajprd.v13i1.1506
https://doi.org/10.1007/s44174-022-00041-0

© Volume 2, Issue 1, Jan 2026 | JATIR

[61] Anguela XM, High KA. Entering the modern era of gene therapy. Annu Rev Med 2019; 70:
273-288

[62] Schlich M, Palomba R, Costabile G. et al. Cytosolic delivery of nucleic acids: the case of
ionizable lipid nanoparticles. Bioeng Transl Med 2021; 6 (02) e10213

[63] S.Cui, Y.Wang, Y. Gong, X. Lin, Y. Zhao, D. Zhi, Q. Zhou, S. ZhangCorrelation of the
cytotoxic effects of cationic lipids with their headgroupsToxicol. Res. (Camb.), 7 (2018),
pp. 473-479, 10.1039/C8TX00005K

[64] J.A. Kulkarni, P.R. Cullis, R. van der MeelLipid nanoparticles enabling gene therapies: from
concepts to clinical utility Nucleic Acid Ther., 28 (2018), pp. 146-157, 10.1089/nat.2018.0721

[65] K.J. Hassett, K.E. Benenato, E. Jacquinet, A. Lee, A. Woods, O. Yuzhakov, S. Himansu, J.
Deterling, B.M. Geilich, T. Ketova, C. Mihai, A. Lynn, I. McFadyen, M.J. Moore, J.J. Senn,
M.G. Stanton, O. Almarsson, G. Ciaramella, L.A. BritoOptimization of lipid nanoparticles for
intramuscular administration of mMRNA vaccines Mol. Ther. Nucleic Acids, 15 (2019), pp. 1-
11, 10.1016/j.0mtn.2019.01.013

[66] A. Akinc, M.A. Maier, M. Manoharan, K. Fitzgerald, M. Jayaraman, S. Barros, S. Ansell, X.
Du, M.J. Hope, T.D. Madden, B.L. Mui, S.C. Semple, Y.K. Tam, M. Ciufolini, D.
Witzigmann, J.A. Kulkarni, R. van der Meel, P.R. CullisThe Onpattro story and the clinical
translation of nanomedicines containing nucleic acid-based drugsNat. Nanotechnol., 14
(2019), pp. 1084-1087, 10.1038/s41565-019-0591-y

[67] S.Li, Y.Hu,A.Li,J.Lin, K. Hsieh, Z. Schneiderman, P. Zhang, Y. Zhu, C. Qiu, E. Kokkoli,
T.-H. Wang, H.-Q. MaoPayload distribution and capacity of mMRNA lipid nanoparticles Nat.
Commun., 13 (2022), p. 5561, 10.1038/s41467-022-33157-4

[68] T. Suzuki, Y. Suzuki, T. Hihara, K. Kubara, K. Kondo, K. Hyodo, K. Yamazaki, T. Ishida,
H. Ishihara PEG shedding-rate-dependent blood clearance of PEGylated lipid nanoparticles in
mice: faster PEG shedding attenuates anti-PEG IgM production Int. J. Pharm., 588 (2020),
Article 119792, 10.1016/j.ijpharm.2020.119792

[69] B.L. Mui, Y.K. Tam, M. Jayaraman, S.M. Ansell, X. Du, Y.Y.C. Tam, P.J. Lin, S. Chen,
J.K. Narayanannair, K.G. Rajeev, M. Manoharan, A. Akinc, M.A. Maier, P. Cullis, T.D.
Madden, M.J. Hope Influence of polyethylene glycol lipid desorption rates on
pharmacokinetics and pharmacodynamics of SiRNA lipid nanoparticles.

[70] Balisa Mosisa Ejetal*, Malay K Dasl, Sanjoy DaslAdvancements in Nanotechnology-
Based Paclitaxel Delivery Systems: Systematic Review on Overcoming Solubility, Toxicity,
and Drug Resistance Challenges in Cancer Therapy

[71] Garbiec, Ewa & Rosiak, Natalia & Sip, Szymon & Zalewski, Przemystaw & Cielecka-
Piontek, Judyta. (2025). Curcumin Solubility and Bioactivity Enhancement Through
Amorphization with Tryptophan via Supercritical Fluid Technology. International Journal of
Molecular Sciences. 26. 855. 10.3390/ijms26020855

[72] Faustino, C., & Pinheiro, L. (2020). Lipid Systems for the Delivery of Amphotericin B in
Antifungal Therapy.Pharmaceutics,12(1) 29. https://doi.org/10.3390/pharmaceutics12010029

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 317


https://doi.org/10.1039/C8TX00005K
https://doi.org/10.3390/pharmaceutics12010029

© Volume 2, Issue 1, Jan 2026 | JATIR

[73] Kuruba, Gowthami & Reddy, Kavitha & Poli, Samatha & Ramnarayanan, Chandramouli.
(2020). Quality by Design Based Development of Self Nano Emulsifying Drug Delivery
System of Ritonavir. Journal of Young Pharmacists. 12. 215-220. 10.5530/jyp.2020.12.63.

[74] de Almeida Campos, L., Fin, M. T., Santos, K. S., de Lima Gualque, M. W., Freire Cabral,
A. K. L., Khalil, N. M., Fusco-Almeida, A. M., Mainardes, R. M., & Mendes-Giannini, M. J.
S. (2023). Nanotechnology-Based Approaches for Voriconazole Delivery Applied to Invasive
Fungal Infections. Pharmaceutics,15(1), 266. https://doi.org/10.3390/pharmaceutics15010266

[75] Zhang, J., Jiao, J., Niu, M., Gao, X., Zhang, G., Yu, H., Yang, X., & Liu, L. (2021). Ten
Years of Knowledge of Nano-Carrier Based Drug Delivery Systems in Ophthalmology:
Current Evidence, Challenges, and Future Prospective. International journal of nanomedicine,
16, 6497-6530. https://doi.org/10.2147/1JN.S329831.

JATIR 140081 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 318


https://doi.org/10.3390/pharmaceutics15010266

