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Abstract
The process of delivering bioactive medication ingredients into a patient's body is known as drug
delivery. To create drug delivery systems (DDs), a range of natural resources and synthetic materials
derived from natural resources can be used as building blocks. These DDs include liposomal systems,
which are composed of a phospholipid membrane with a hydrophilic head and a hydrophobic tail. Lipid-
rich spherical or multilayered spherical structures, liposomes vary in size (from 2 to > 5000 nm),
manufacturing methods, processing, and medication loading. Modern drug delivery formulations have
found numerous benefits of liposomal drug delivery systems over free medication treatment for cancer
or conventional liposomes. Recent studies have demonstrated that liposome nanocarriers offer
exceptional drug loading capacity, drug protection, increased bioavailability, improved intracellular
delivery, and greater therapeutic impact due to their exceptional performance in targeted delivery.

By delivering the medicine that fights metastases over an extended period of time and minimizing
systemic adverse effects on healthy tissues and organs, the multifunctional and stimulus-responsive
nanocarriers for cancer treatment delivery increase treatment effectiveness. This article provides an
overview of the mechanisms underlying the release of pharmaceuticals from liposomes, the interaction
between liposomal anticancer treatments and cancer cells, and the encapsulation of various anticancer
agents in liposomes. Liposomes have demonstrated exceptional promise in the creation of vaccines,
gene delivery, cancer treatment, and diagnostic imaging. Theragnostic applications and targeted drug
delivery have become possible because to the combination of liposomes with nanotechnology.
Additionally, emerging tendencies

emphasize how they contribute to individualized medicine. Liposomal drug delivery methods are still
developing despite obstacles, offering substantial improvements in therapeutic interventions and
opening the door for more individualized and efficient treatment plans in contemporary medicine.

Introduction
Drug delivery is the process of administering pharmacological substances to observe a therapeutic
effect in living organisms. Drug delivery through the pulmonary and nasal routes is becoming
increasingly crucial for the treatment of human illnesses. These techniques offer a promising alternative
to parenteral drug administration, especially for peptide and protein therapeutics.1 However, because of
the uncontrolled dosage, certain drugs show a variety of adverse health effects when used under
controlled conditions. Because of this, the medication builds up in the body quickly. The pharmaceutical
industry synthesizes several physical, chemical, and biological characteristics, including bioavailability, in
vivo pharmacokinetics, and stabilities.2 Due to their general physiological interconnections, many
pharmacological drugs also exhibit negative side effects. Furthermore, because of their non-specific
physiological interactions, many pharmacological substances have adverse side effects. The drug
concentration in the blood plasma increases with repeated dosages, leading to unintended adverse
effects in the patient's body.3 Therefore, it is strongly recommended to use a prolonged release strategy
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and deliver little doses. Limitations in specificity are present in most cancer treatments. Patients may
experience negative side effects because of the toxicity of those chemotherapy medications, which can
damage normal, healthy cells.4 In addition to these challenges, drug molecules frequently experience pH
fluctuations, chemical degradation, and photodegradation during extended periods of storage, all of
which are harmful for delivery. To maximize effectiveness and prolong shelf life, it is essential to shield
the drug molecules from these environmental impacts. However, a drug's pharmacokinetics are directly
impacted by its half-life (t1/2), which is the amount of time it takes for a drug to reach half of its initial

plasma concentration. Researchers have investigated methods to potentially lengthen the t1/2 of
pharmacological molecules because the short t1/2 of many medications has significant drawbacks.

Numerous techniques have already been used to lengthen the t1/2 of drugs.5 It appears that dose
frequency can be reduced by lengthening the drug's t1/2 (less than 8 hours) to allow for continuous

release. Therefore, we must create drug delivery (DD) materials with the following qualities in order to
have the biggest impact on the treatment of various diseases: Drug delivery systems (DDs) that are (1)
persistent in physiological conditions; (2) site-specificity towards damaged tissues or cells by
incorporating stimuli-responsiveness; (3) use of DDs with high drug loading capacity that can increase
doses when necessary; (4) more affordable than traditional drug compounds, preventing drug delivery-
related multidrug resistance; (5) improvement in cellular uptake potential; and (6) targeted delivery can
be used to treat a variety of diseases, lowering side effects and increasing the medication's
effectiveness in the cells, tissues, and organs. The drugs used to treat cancer are quite dangerous since
they can damage healthy cells and cause serious adverse effects in patients.6 The use of suitable drug
delivery systems can satisfy the needs of focused drug delivery. These methods make use of either
passive or active targeting procedures. The duration of circulation and the ability to overcome certain
unfavourable physiological conditions are the only factors that determine a drug's effectiveness in active
targeting.7-9 CPX-351 is a liposome that is used to treat leukaemia by combining the anticancer drugs
cytarabine (CYT) and daunorubicin (DUN). CYT-loaded liposomes (CLP) are created by first hydrating
CYT and then extruding it with the lipid components. These liposomes are then treated with DUN to
accomplish dual-drug encapsulation, resulting in CPX-351.10 LPs are spherical and composed of
cholesterol (CHOL) molecules as well as synthetic or naturally occurring phospholipids. Van der Waals
forces keep the hydrocarbon tails of LPs together, whereas lipid bilayers are formed by hydrophobic
contacts between the lipid heads. Because liposome components resemble cell membranes, they are
both biocompatible and biodegradable.11 Hydrophilic molecules can be encapsulated in LPs' cores, and
hydrophobic compounds can be encapsulated in their bilayers. Scientists are now much more interested
in using LPs as drug delivery vehicles because of their low toxicity components and ability to carry both
hydrophilic and hydrophobic payloads. Furthermore, different sizes of liposomal structures are
feasible.12 Natural phospholipids including lecithin, 1, 3 dipalmitoyl-sn-glycero-3-phosphocholine, and 1,
2 dipalmitoyl-sn-glycero-3-phosphocholine were utilized as the building blocks of dipalmitoyl
phosphatidylcholine (DPPC) in the first generation of LPs. Polyethylene glycol (PEG) has been shown in
recent studies to enhance the t1/2 of liposome circulation in the blood. The nature of LPs, particularly

their size and charge, has a significant impact on their effectiveness.13
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Synthetic lipids such as 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS) can be used to create
negatively charged LPs in order to increase activity, while charge-induced lipids such as dioctadecyl
dimethylammonium bromide (DODAB) and 1,2-dioleoyl-3-(trimethylammonium) propane (DOTAP) are
commonly used to decrease the release kinetics because their layered xanthan structure with
polyelectrolyte properties obstruct fast release pathways.14 Charge inducer chemicals like stearylamine
(octadecylamine, SA) and dicetyl phosphate (dihexadecyl phosphate, DCP) can be used to produce both
cationic and anionic LPs. DCP creates anionic or negative vesicles, whilst SA supplies the
cationic/positive vessels. The zeta potential value rises when these charge inducers are added to the
liposomal phospholipid bilayer. The particles' propensity to aggregate decreases as a result of their
tendency to repel one another.15 As a result, liposomal systems are more stable due to the electrostatic
contact. According to Ralf et al., different anticancer medications have been encapsulated in LPs using a
variety of technologies. They also gave an overview of the preclinical and clinical data of approved and
excellent recently created liposomal anticancer treatments. Liposomal compositions aim to reduce the
harmful side effects of conventional cytostatic medications without significantly compromising their
effectiveness. It can theoretically be achieved in one of two ways: either by delivering the medications
predominantly to neoplastic tissues (drug targeting) or by preventing encapsulated drugs from reaching
healthy tissues.16 However, the mechanisms of drug loading encapsulation, various release mechanisms
for drug delivery, and the mechanism of liposomal drug interaction with cancer cells described below are
all covered in this paper.17-22 The specific mechanism of drug encapsulation, distribution to the cancer
cells, the effect of co-encapsulating different medications, and a critical examination of the method's
strengths and weaknesses are all significantly lacking from the various reviews on the same subject that
have been published in the last ten years.23-25 Sometimes, their primary focus is on clinical therapy

rather than the system's development through chemistry.26 Furthermore, technical concerns regarding
chemical formulas and bio-physical correlations have not been addressed in many articles.27

1.3.6 Nanotechnology in Drug Discovery: Nano chemistry, which is on the cutting edge of many fields,
uses a variety of techniques to design and build materials at the nanoscale, giving them new, distinct
properties that distinguish them from their bulk material counterparts in terms of digital, magnetic,
spectroscopic, chemical, and electrical properties. Nano chemistry is a multidisciplinary field that draws
on information from natural and material sciences, engineering, drug, and pharmacology. Nano
chemistry integrates scientific and technical knowledge from various fields, including drugs, pharmacy,
natural and material sciences. This challenging task aims to discover new biomaterials, understand their
connections, and create innovative products with incredible potential. These perspectives are inspiring
and reassuring, with the potential to revolutionize our understanding of the world at the nanoscale.28

Polymeric nanoparticles (NPs) have piqued scientists' interest in recent years due to their unique micro
dimensional properties. Polymeric nanoparticles (NPs) are effective medication delivery agents due to
their sustained release, ability to protect pharmaceuticals, increased accessibility, and improved
treatment efficacy.  The term "nanoparticle" refers to both nano capsules and nanospheres, which have
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various morphological shapes (Fig. 1.1). A polymeric coating that surrounds an oily core, where the drug
is frequently soluble, controls the pattern of drug release from the core in nano capsules.29-33

Nanospheres are composed of a polymeric network that can contain or bind drugs to its surface. These
two types of polymeric NPs are referred to as reservoir (nano capsule) and matrix (nanosphere). Recent
research has focused on encapsulating medications into polymeric nanostructures (PNs), both artificial
and ambient. The resulting nano systems are biocompatible, biodegradable, reproducible, and mass-
produced. PNs are designed to be long-lasting, drug-encapsulating, and capable of delivering several
treatments in a single suspension. These features make them ideal for medication administration
through several channels and therapeutic approaches. The properties of PNs, such as particle size, zeta
potential, and morphology, can be tailored to create nanovesicles such as micelles, dendrimers, vesicles,
and capsules with sizes ranging from 100 nm to hundreds of nm, depending on the active component or
drug, polymer form and size, and method of preparation as shown in Fig. 1.2. Polymers can be
chemically changed to contain, distribute, adsorb, or bind drugs. 34-39 

Research has focused on lipid-based nanostructures such as solid lipid nanoparticles (SLN), liposomes,
and nanostructured lipid carriers (NLC), furthermore to polymeric nanoparticles (Fig. 1.2). Nanovesicles
have minimal toxicity and can carry both hydrophilic and hydrophobic compounds. They can also
lengthen the half-life and control medication release, enhancing therapeutic potential. Chemically
altering lipid nanovesicles can enhance medication solubility or avoid immune system recognition.40-42

They can be made in pH-sensitive formulations to release drugs in acidic conditions and coupled with
antibodies targeting tumor cells or related proteins (e.g. folic acid). Nanoparticles can enhance patient
response when paired with other therapies.

The latest nano vehicles offer advantages such as biomimetic behaviour of lipid molecules and
mechanical benefits from polymeric         materials. The latter are distinguished by the incorporation of
various environmental/man-made lipids and polymers with unique characteristics (e.g. size, architecture,
response to outer stimuli) and suitability for encapsulating a wide range of bioactive compounds that
cannot be transferred effectively via conventional techniques or entrapped in a carrier vehicle entirely
composed of polymeric or lipid materials. Lipid-polymeric nanomaterials, such as polymer-modified
liposomes, polymeric micelles, surface-modified solid lipid NPs, lipid-polymer hybrid NPs (Fig. 1.3), and
other combinations of polymer and lipid building blocks, offer numerous benefits in fields such as
pharmaceuticals and biomedicine.43-51 

1.3.7 Polymeric and Lipid-Based Nanostructures

Polymeric nanoparticles serve as versatile and sustainable delivery systems, exhibiting distinctive
characteristics depending on their composition. These polymers can be categorized into three main
types: natural polymers, which include substances like chitosan, hyaluronic acid, starch, dextran,
alginate, albumin, and heparin; semi-synthetic polymers, such as poly(methacrylic acid) and polysorbate
80-grafted starch; and synthetic polymers, including materials like PLGA, PLA, PCL, PEG, PHEMA,
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PHPMA, PVA, polystyrene, and amphiphilic polymers (Fig. 1.33). Each type of polymer imparts unique
properties to the nanoparticles, influencing their application in various delivery systems with various
morphologies such as polymeric micelles, polyplexes, solid nanoparticles, and core-shell systems.
Polymer nanoparticles are divided into two types: nanospheres and nano capsules. Nanospheres are of
the "matrix type," with pharmaceuticals dispersed throughout the matrix, whereas nano capsules are of
the "repository type," with drugs in a core surrounded by a polymeric network.52

Biodegradable nanoparticles are highly biocompatible and have showed potential as therapeutic carriers
in recent years. However, polymer nanoparticles have a low entrapment rate and, due to their high
molecular weight, can easily elicit an immune response. LPNs, or lipid-polymer hybrid nanoparticles, are
a new carrier system that addresses these issues. Clearly, the polymer controls drug release, but the lipid
increases loading efficacy and penetration. LPNs can increase storage stability and biocompatibility.53

Lipid-based nanostructures (LNs) are typically non-spherical because to electrostatic interactions with
polar/ionogenic phospholipid heads or the presence of non-polar lipid alkyl moieties in the solvent.
These LNs, made of homogenous lipid bilayers or solid cores, can encapsulate a wide range of cytotoxic
chemicals. Hydrophilic molecules will be captured in the watery region, while lipophilic molecules will be
caught in lipid leaflets. Using lipids and polymers in nano-delivery vehicles is crucial for their biological
applications.

Biocompatibility refers to a biomaterial's ability to perform its intended function without causing
negative consequences. Fig. 1.3 depicts various groupings of polymeric and lipid nanoparticles.

1.3.8 Lipid-polymer hybrid nanostructures:

Lipid-polymer hybrid nanoparticles integrate the characteristics of both polymeric nanoparticles and
liposomes, combining the benefits of each to enhance their functionality (see Fig. 1.31). In these
nanoparticles, a lipid coating surrounds the polymer centre. Polymeric nanoparticles have downsides,
including hazardous decay and monomer building, as well as a toxic decomposition process that limits
their use, despite previously mentioned advancements. Lipid nanoparticles have poor drug
encapsulation, barrier retention, and cell barrier fluidity, leading to instability during storage and
distribution. To address the shortcomings of lipid and polymeric nanoparticles, lipid-polymeric hybrid
nanoparticles (LPNs) were introduced. The term "hybrid" refers to the nanoparticles' polymeric and lipid
characteristics.54-56

The polymer regulates medication release, whereas the lipid promotes drug penetration and loading
across the membrane. Lipid-polymeric hybrid nanoparticles (PLNs) can increase drug biocompatibility
and physical consistency, paving the way for their prospective application in successful drug delivery.  

1.3.9 Synthesis of polymeric nanostructures: Surfactants may be used during the synthesis of
polymeric NPs. Surfactants are synthetic organic molecules that are amphiphilic and may assemble
themselves in solution.  Surfactants typically consist of a hydrophobic hydrocarbon chain coupled to an
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ionic functional group, resulting in cationic or anionic surfactants (e.g., tetramethylammonium hydroxide
or sodium laurate).57

Non-ionic surfactants with an amphiphilic character result from the fusion of hydrophobic and
hydrophilic molecules (e.g., alkyl and non-alkyl phenol ethoxylates, ethoxylated amines). 

Light molecular weight polymers, especially block copolymers like Pluronic F127 and F68, can behave as
surfactants. These compounds are commonly utilized as stabilizers in nanoparticle formulations and
can help achieve a well-structured nano system by stabilizing dispersion during nano emulsion. 

Stabilizers can reduce the surface tension of nanoparticles and increase interaction with lipid structures.
Surfactants have been found to reduce the diameter of NPs and act as cryoprotectants.58 Using
surfactant-modified nanoparticle systems leads to improved drug retention and deposition in target
tissues, longer blood circulation time, reduced nephrotoxicity and hepatotoxicity, decreased
cardiovascular activity, and lower macrophage utilisation. 

In aqueous/oily core-systems, pharmaceutical drugs' dissolving rate determines the preparation
technique. Controlled drug delivery methods include polymerization, physio-chemical processes like
solvent evaporation and emulsification, nanoprecipitation, self-healing encapsulation, and mechanical
processes like membrane emulsification, spray drying, supercritical fluids, and nanofluidic (Fig. 1.4). 

1.3.10 Solvent Evaporation Method:

Solvent evaporation is the primary method for producing polymeric nanoparticles. At the industrial level,
it offers benefits such as simplification, reproducibility, faster processing, and less important process
parameters (CPP). Polymeric drug solutions are made using the oil-in-water (o/w) single emulsion
process, which involves mixing the medication with polymeric media. Then, when an emulsion exists, it
is emulsified in a large amount of water. The w/o/w double emulsion method involves injecting a drug
mixture into a polyamide organic solution to create a basic emulsion. This is then combined with an
aqua medium containing PVA to create a secondary emulsion.59

In emulsion processes, organic solvents are evaporated or separated to harden droplets under
appropriate conditions. The powdered API (active pharmaceutical ingredients) is disseminated in a
polyamide organic solvent using the s/o/w process. This approach requires mechanical processing to
ensure consistent crystallization and reduced size.

This approach faces significant challenges, including high manufacturing costs, limited and uniform
crystallite size ranges, and the need for large amounts of organic liquid. Using solvents during a process
can cause denatured medications or proteins, leading to unpredictable unfavourable side effects such as
sensitization and severe toxicity. 

1.3.11. Spray Drying:
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Spray drying effectively encapsulates medications, peptides, and proteins with low API loss.

It is suitable for industrial processes due to its quick and efficient production method with low CPPs.
This method involves atomizing and drying a nanoparticle mixture spread in air. Spray drying or spray
congealing refers to the process of drying something by eliminating the solvent or cooling it.60 This
technique involves selecting solvents and equipment settings, such as feeding quantity and jet
orientations, to achieve homogeneous, double-walled particles with regulated shell thicknesses (CPPs).
This procedure is advantageous for its ability to be done in an aseptic environment. The biggest
disadvantage is that particles adhere to the spray-inner dryer's wall. 

1.3.12. Reverse Salting-Out: 

The salting-out method involves separating a solvent from the aqueous phase, which can produce
nanospheres. The o/w emulsion's composition includes a gel, salting-out agents, and a colloidal
stabilizing agent in an aqueous medium containing hydro-miscible polymer solvents such as
acetone/ethanol. Acceptable salting-out agents include electrolytes (MgCl2), CaCl2, or [Mg(CH3COO)2],

as well as non-electrolytes (sucrose). Saturating an aqueous solution reduces the solubility of acetone
and water, leading to the formation of an oil-in-water emulsion by miscible phases.61 The oil in water
emulsion is created at room temperature through vigorous churning. The emulsion is then diluted with
aqueous phase to allow the solvent to diffuse to the outer phase, crystallize the polymer, and form
microspheres. 

Crossflow filtering eliminates residual solvent and salting-out agent. The process is shown in Fig. 1.2.
This technique produces nanospheres that range in size from 150 to 900 nm.  

1.3.13 Nanoprecipitation:

The solvent displacement method is a popular methodology that requires the use of two soluble fluids.
In the internal phase, a polymer is disseminated in a soluble organic solvent, often acetone or
acetonitrile. Because of their low adherence to water, they can be easily eliminated through evaporation.
This method relies on multilayer polymer deposition after shifting the organic phase from a bioavailable
solution to an aqueous media.62 

The polymer is diluted in a moderately polarized water-soluble solvent and dropped sequentially or at a
regulated rate into an aqueous media. Nanoparticles develop quickly to prevent water molecules caused
by spontaneous diffusion of a polymeric solution into the aqueous phase. As the solvent diffuses from
the nanodroplets, the polymer crystallizes to form nano capsules and nanospheres. Surfactants are
utilized to preserve the dependability of colloidal systems but are not required for nanoparticle
production. The organic component is typically put into an aqueous solution; however, it can be reversed
without affecting nanoparticle synthesis. This process creates polymeric nanoparticles with diameters
around 170 nm but can also be used to create nanospheres and nano capsules. When an active
substance is dissolved in a polymeric matrix, nanospheres develop. Nano capsules are created by
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dispersing medication in oil and homogenizing it using organic polymer solutions before spreading the
internal phase into the emulsion's exterior. 

1.3.14 Synthesis of Lipid Nanostructures:

Lipid-based nanovesicles can be synthesized using many methods, including high pressure
homogenization, microemulsion, membrane contact, inversion temperature, double emulsion,
emulsification solvent evaporation, and solvent injection (as shown in Fig. 1.5).63-65  

1.3.14.1 Homogenization at high pressure (HPH):

HPH is a reliable, established, and efficient mass manufacturing technology (Fig. 1.5). For years, HPH
has been used to make nano emulsions for parenteral administration.

This method is the major strategy for producing SLN and NLC nanomaterials. When a liquid is subjected
to high pressure, it can reach speeds of over 1000 km/h. This causes shear stress and ultrasonic forces
to disintegrate the particles into submicron size. High intensity homogenizers use acceleration to
transport liquids across micron size differences. Hot homogenization is one option, although it can also
be done at moderate temperatures (cool homogenization). When heated to 5-10oC over the lipid's
melting point, the medication spreads or disperses.

This technique offers two key benefits: rapid product manufacturing and easy scaling from small to
large-scale production. High-pressure homogenization has numerous benefits, but it consumes a lot of
energy and raises heating rates, which can be harmful for compounds sensitive to high temperatures.      
     

1.3.14.2 Micro Emulsion Method:

Microemulsion creation has been used as a step in the production of lipid nanoparticles.

The high surfactant/lipid ratio results in a free form nano emulsion in this method. Pseudo-ternary charts
are commonly used to analyse nano emulsion production zones. The ratios of active substances are
important. This approach is straightforward and consists of several typical phases. The lipids are melted
and mixed with a hot surfactant solution. The nano emulsion is formed after gentle stirring. In the
second stage, the hot nano emulsion is mixed with ice water (1-2°C) and gently agitated. As a result,
liquid droplets solidify. This method results in spherical SLN or NLC with limited size distribution.
However, the technique has considerable drawbacks, including a somewhat diluted final dispersion. This
may require further concentration through ultra-filtration, lyophilization, or other methods. Another major
disadvantage of this process is the high concentration of surfactants/co-surfactants used. 

1.3.14.3 The Membrane-Contact or Method:
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This technique uses a cylindrical membrane module containing a liquid phase with surfactant. Molten
lipid is forced through the membrane's small pores into a flowing water phase, forming tiny droplets that
are displaced by the liquid phase. The water temperature is maintained at the lipid's softening point. To
produce lipid nanoparticles, the formulation is then cooled to room temperature. This method is
versatile, enabling control over particle size by utilizing membranes with different pore diameters.

1.3.14.4 The Protocol for Phase Inversion Temperature (PIT) Method:

Modifying the temperature can cause phase inversion, which converts an o/w emulsion to a w/o
emulsion. The PIT shows the temperature at which the conversion occurs. This method comprises
magnetically swirling together lipids, pharmaceuticals, water, and surfactants, followed by three rounds
of temperature changes (85-60-85-60-85°C). To create lipid nanoparticles, the mixture is diluted with cold
distilled water, resulting in a significant temperature differential. This method has the benefit of requiring
no organic solvents and very brief heating.  

1.3.14.5 Double Emulsion Method:

The dual emulsion technique utilized to create lipid nanostructures is suitable for hydrophilic medicinal
components and peptides. In this technique, the medication's water phase is emulsified in a melting lipid
blend to produce a primary w/o emulsion stabilized with appropriate excipients. To make a double
w/o/w emulsion, the original w/o emulsion is dispersed in an aqueous solution with a hydrophilic
emulsifier. The dual emulsion is then spun and filtered to separate it. This technique creates rather large
particles, but it also allows for surface modification, such as the use of PEGs, as well as the insertion of
hydrophilic molecules.  

1.3.14.6 Microemulsion Cooling Approach:

To generate an o/w micro emulsion, melt an emulsifying wax at 38-56°C and add water warmed to a
similar temperature. Stir rarely to obtain a homogenous milky slurry. Using a pharmacologically active
polymeric surfactant in the recommended proportions creates a clean and long-lasting o/w micro
emulsion like a liquid matrix. To extract nanoparticles from the o/w nano emulsion, it is chilled to normal
temperatures. This method is repeatable, simple, and easy to scale. Furthermore, no organic solvents
were used during the preparation procedure, and all the components were environmentally safe. 

1.3.14.7 The Emulsification-Solvent Evaporation Approach:

This approach requires three steps of preparation. For example, during organic phase preparation, a
lipophilic compound is dissolved in an appropriate volume of organic solvent through vigorous stirring.
(ii) Pre-emulsification step: Using a high-speed homogenizer, a lipid-containing organic phase is
dispersed in an appropriate volume of an aqueous solution to create a coarse pre-emulsion. (iii) Nano-
emulsification step: To produce nano dispersion, the coarse pre-emulsion is run through a high-pressure
homogenizer at a specific operating pressure. The nano dispersion is vigorously stirred overnight,
occasionally under a fume hood, to remove the organic solvent. Nano dispersion occurs when lipids
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precipitate in aqueous solutions after the solvent is removed. To remove fat and drug agglomerates, the
solidified micro dispersion passes through a sintered glass filter. This method creates nanoparticles that
are small, monodisperse, and highly entrapment efficient. 

1.3.14.8 The Emulsification Solvent Diffusion Approach- To dissolve solid lipids, water-miscible
solvents are used. Lipid nanoparticles were synthesized using solvents that are slightly water soluble,
including butyl lactate, benzyl alcohol, isovaleric acid, iso-butyric acid, and tetrahydrofuran. When the
temporary o/w suspension is immersed in water and agitated continuously, the dispersion phase
solidifies, and lipid nanoparticles develop due to solvent diffusion. 

1.3.14.9 Solvent Injection Approach: The solvent injection and diffusion methods share a common
underlying principle. The solvent injection method involves rapidly injecting lipids into the water phase of
surfactants using an injection syringe after dissolving them in a water-miscible solvent (e.g.,
isopropanol, acetone, or methanol). To make lipid nanoparticles, two concurrent actions work together:
Solvent transport from lipid droplets into the aqueous phase reduces particle diameter and increases
lipid content. The dispersion of pure solvent from lipid-solvent droplets causes oscillations in interfacial
tension at the particle surface, resulting in droplet size minimization. The size of nanoparticles can be
influenced by various process variables, including the solvent used, lipid percentage, volume injected,
organic phase lipid percentage, and water phase stiffness. 

1.3.14.10 The Supercritical Fluid (SCF) Approach:

The "supercritical fluid extraction of emulsions" technique produces lipid nanostructures from emulsions
using the SCF approach. To make the organic combination, pharmaceutical and lipid components are
dissolved in an organic solvent, such as chloroform, and a surfactant is added. To make an o/w
dispersion, a high-pressure homogenizer blends the organic component with a water phase (which may
also include a co-surfactant). The supercritical liquid (kept at constant heat and pressure) is fed counter-
currently, while the o/w emulsion is fed via one terminal of the extraction unit (usually the top) at a
continuous flow rate.  Lipid nanoparticles are created by continually removing solvent from oil-in-water
emulsions. Methods for creating lipid-polymer hybrid nanoparticles researchers have described various
methods for synthesizing lipid polymer hybrid NPs (LPHN) depending on their application needs. Here
are a handful of them.

Single-Step Approach: The single-step process (Fig. 1.5) is a popular way for creating hybrid
nanoparticles. Polymers and drugs are spread in water-immiscible organic solvents. Lipids are
disseminated in the aqueous phase using heat or sonication. Agitation is also utilized to mix the organic
layer with the aqueous layer. This creates lipid-coated, caged polymeric nanospheres. The organic
solvent is eliminated by evaporation under reduced pressure. This procedure is fast and inexpensive. 

Two-Step Method: Double or multilayer lipid coatings are often applied in a two-step process to
maximize loading, restrict drug degradation, and preserve release rate by allowing the drug to diffuse out

Page 11/29



of the lipidic and polymeric matrix first. Moreover, this reduces medication leakage and improves
formulation storage efficiency.66-68  

1.3.14.11 Emulsification and solvent evaporation. 

Emulsification: Solvent evaporation falls into two categories: single and double emulsion methods. 

The single emulsion approach is used to capture components that dissolve in water-immiscible liquids.
Continuous agitation or ultrasonication introduces the oil layer containing the polymer and therapeutic
component (drug moiety) into the water phase, which also contains lipid. 

As a result, an oil/water emulsion is formed. The polymer base is created by vaporizing a water-
immiscible solvent under low pressure. The lipid then organizes around the polymer core. Furthermore,
the polymer can dissolve the lipid in the oil phase. For hydrophilic components, a double-emulsion
approach is used. This component is found in the aqueous phase, which is emulsified with an oil phase
consisting of the polymer and lipid. To create a w/o/w emulsion, the resulting w/o emulsion is further
emulsified with an aqueous layer as the continuous phase. 

Non-conventional two-step approach: Drying, smooth lithographic particle shape, and merging prepared
nano vehicles (polymeric and lipid) are examples of non-traditional double-phase approaches. 
Dave and colleagues utilized spray drying to produce polymeric tiny particles formed from poly-glutamic
acid and poly-lysine. After drying, the nanoparticles were mixed with lipids in dichloromethane to create
hybrid nanoparticles.  

1.3.14.12 Major Challenges in Nano-Based Drugs:

Nanotechnology is becoming more popular due to its wide range of applications. Nanomedicines are the
most important and widely used use of nanotechnology. Nanotechnology, which focuses on the design
and production of nanostructures, is one approach to overcoming the limits of existing medication
delivery methods. 

Nano-treatments offer significant advantages over traditional medications, including improved efficacy,
pharmacokinetics, distribution across biotic barriers, and reduced toxicity and sensitivity. 

In an article published in "Nature Nanotechnology" in 2008, Behra and Krug outlined three key concerns
to address in the future years. Nanoparticle selection for biomedical research and testing. To identify
nanoparticles before, during, and after research, measure their physicochemical properties,
accumulation and sediment capacities, and other features. It is important to study how live organisms
collect man-made nanoparticles in different settings. The organisms and measurement points that could
be used in research. However, regulators' opinion is critical in deciding the details required for a new
drug application (NDA). The complexity and difficulty of numerous nanomedical processes hampered
awareness of general management requirement. The FDA handles industry-specific materials such as
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"Liposome drug products" by offering knowledge on chemistry, production, and control, as well as
human pharmacology and pharmaceuticals, including nanomaterial-containing biologicals. 

According to a recent paper, "variation in published articles regarding the characteristics accomplished
and the innovative information" is the main reason for challenges in the advancement of nanomedicine
applications. The lack of industry-standard documentation hinders the spread of nanomedicine services
and delays desktop-to-bedside translation. 

Cancer therapy is a crucial application of nanomedicine, requiring targeted medication delivery to
specific cancer cells. However, safely and successfully delivering pharmaceuticals to cancer cells
remains a significant barrier. Nanoparticles have not fully met the promise of targeting sick tissue for
drug delivery, despite being widely explored. Furthermore, to increasing the fraction of nano-drug
injections that accumulate in tumors, it's crucial to explore and support drug duration in tumours.
Nanomedicines may also help in this area. The goal of selective drug delivery is vital, but the
development of drug-antibody fusion has faced numerous challenges before becoming a viable therapy
option.

EPR (Enhanced permeability and retention) has fuelled the creation of nano drugs and their delivery
techniques for many years. Several factors, such as nanomedicine circulating plasma concentration,
strength, and plasma half-life, as well as tumor type, area, inflammatory status, and biological process,
have been linked to positive EPR outcomes. The variability of patients' clinical status is a key factor to
consider when analysing EPR impacts.  

1.3.15 Application of Nanostructures:

Nanotechnology is a rapidly growing field with significant potential uses in drug. Medication carriers can
help monitor and treat many illnesses. Nanoparticles can carry proteins, antibodies, peptides, and
contrast agents. Nanocarriers offer advantages such as reduced production costs and high
productivity.69-71 

1.3.15.1 Cancer Treatment:

Graphene is a substance that can be used to detect cancer cells in the early stages. The tumour spheres
test can be used to evaluate the function and genetic development of an anchorage-independent primary
cancer stem cell. 

Graphene oxide effectively suppresses the production of cancer spheres in several cell lines, including
ovarian, pancreatic, breast, lung, and glioblastoma.72 

Graphene oxide is less damaging to cancer cells compared to fibroblastic cells. NRF2 has a role in the
antioxidant response, and graphene oxide therapy alters Notch and STAT1/3 signalling pathways. 
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Graphene oxide can trigger autophagy in cancer cells by activating toll-like receptors. CT26 colon cancer
cells absorb graphene oxide, activating the TLR-4 and TLR-9 signalling pathways, as well as autophagy. 

Injecting graphene oxide into rats with CT26 colon cancer cells reduces tumor formation while
simultaneously activating autophagy. Nano graphene oxide, manufactured using six-arm polyethylene
glycol, is highly successful in delivering hydrophobic medications to malignant cell types with high cell
absorption. Conjugate polyethylene glycol showed malignancy in xenografts, showing its therapeutic
potential as shown in Fig 1.6. 

Nano graphene oxide subordinates are considered to have phototherapeutic effects by inducing
oxidative stress, depolarizing mitochondria, activating caspases, and causing cell death.

Polyethylene glycol GO was utilized as a transporter for photothermal, Doxorubicin, and chemical
therapies, enhancing therapeutic efficacy. Furthermore, graphene/TiO2 nano-hybrid composites
supported great therapeutic potential, which is reliant on photocatalytic and photothermal treatment.73-

74 

PEGylated graphene oxide enhances tumor cell uptake in mouse xenograft tumor models, leading to
effective anticancer therapy through enhanced penetration and retention (EPR).75  

The nanosheet, composed of graphene oxide and gold nanoparticles (AuNPs), adheres to cell surfaces
and improves cancer therapy through photo-thermal effects. 

Lipid-based nanoparticles are also extremely significant in BreC therapy. Liposomes are frequently used
due to their biocompatibility and ability to carry diverse cargos. Several therapeutic trials are using lipid
nanoparticles, including Doxil and Abraxane, which have already been licensed for BreC therapy.76

1.3.15.2 Polymeric nanoparticles serve as drug carriers in neurodegenerative disorders:

Neurodegenerative disorders cause random and progressive loss of neurons, resulting in severe
disability and considerable socioeconomic implications. Neurological disorders are rapidly becoming the
costliest and deadliest medical conditions (Fig. 1.7). Nanomedicine, specifically focused injection of
nanoparticles, is emerging as a promising method for delivering medications to the central nervous
system.77

PLA nanoparticles preloaded with breviscapine exhibited size-dependent BBB permeation. A study
confirmed that adding a trans-activating transcriptor (TAT) peptide to the surface of PLA NPs improved
their transport across the brain.78

PLGA NPs coated with glycoheptapeptides can easily pass across the blood-brain barrier. The coatings
imitate the behaviour of opioid peptides during absorption-mediated endocytosis, allowing them to enter
the brain.79
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Nanotechnology has been used to create drug delivery systems for Alzheimer's disease treatment. PLA
NPs have two distinct targeting peptides: one for BBB contact and another with strong affinity for Abeta
1-42 peptide.

Researchers created a medication delivery method using PLGA NPs loaded with ropinirole. This method
successfully reversed Parkinson's disease-like effects in mice and monkeys. Another technique involves
delivering functionalized PLGA NPs to lysosomes and restoring their functionality.80 

Curcumin, an antioxidant and anti-amyloidogenic compound, was loaded into functionalized PLGA
nanoparticles. It can pass the blood-brain barrier and dissolve amyloid aggregates. This means it shown
the potential to both diagnose Alzheimer's disease early and help it retreat. 

Fig. 1.36 shows a few examples of nano-based medication delivery systems. 

1.3.15.3 Nanoparticles in the Treatment of Eye Diseases and Disorders:

Nanoparticles combined with drug have been shown to effectively treat many eye disorders. The
Nanspider TM technology uses poly (L-lactic acid) (PLA) as a polymer for nanoparticle production. The
authors conducted macroscopic, histological, and biochemical tests to assess inflammatory response
and corneal healing. Nanofibers of drug Cyclosporine-A was found to be quite effective in reducing the
inflammatory process and neovascularization. Less contact time with an injured eye was proposed as a
reason for eye drops containing the same drug being less effective.81 On day 12, untreated corneas saw
severe vascularization and loss of clarity, while eyes treated with eye drop/blank nanoparticles recovered
partially. Drug-loaded nanoparticles can successfully cure many eye ailments and disorders by
overcoming a critical barrier in standard ocular drug administration. Pre-clinical trials in rabbit eyes
explained improved drug delivery and recovery compared to normal eye drops. However, the application
of the dose form remains a concern.   Nanoparticles containing timolol maleate and dorzolamide
hydrochloride to treat glaucoma, another eye ailment.82-84 Poly-caprolactone (PCL) and PVA-based
nanofibers were considered for their therapeutic potential by injecting them into a rabbit's culdesac. The
formulation is beneficial for treating glaucoma, as it significantly lowers intraocular pressures compared
to standard eye drops. 

1.3.15.4 Nanoparticles in the Treatment of Ear Diseases and Disorders:

The most challenging component of treating periprosthetic infections is dealing with a formed biofilm.
Biofilms can form on implanted medical equipment, including ossiculoplasty prosthesis and implantable
hearing implants. They are difficult to remove and can cause endo-cochlear irritation, undetected
infections, and discomfort for patients. Previously, natural biodegradable PCL nanoparticles were
developed to effectively deliver vancomycin to prevent MRSA infection on ossicular prosthesis and otitis
media.85-91 In vitro studies confirmed the absence of biofilm on implantable medical devices.
Nanomaterial therapy results in reduced MSRA levels   in the otitis media.      
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1.3.15.5 Gene Therapy using Nanomaterials:

Gene therapy treats inherited problems, including infections, cancer, and degenerative ailments. It affects
the expression of one or more functional genes within a cell, tissue, or organ. As a result, it either alters
gene expression or corrects a defective gene that may have caused infection or illness. The ability of
DNA to enter the nucleus of the target tissue is important for the effectiveness of gene therapy. Carbon
nanotubes to target specific gene expression in liver cells for gene therapy.92-94 Tailored liposomal
preparations have been found to be more successful than non-targeted liposomes. Nanotubes boosted
the expression of a b-galactosidase marker gene compared to naked DNA transfer, showing that they are
less immunogenic than viral vectors used for gene transfer. Liposomes using polyethylene glycol and
galactose can treat liver illnesses like Wilson's disease and familial hemochromatosis. Nanobubbles
containing the human insulin gene could lead to a potential type 1 diabetes therapy. Dendrimers have the
potential to replace standard viral vectors in gene therapy due to their customizable structure and
adaptive chemistry for drug or gene delivery. Endocytosis permits them to enter cells and transport DNA
to nuclei for gene expression.  Various ligands, including transferrin, carbohydrates, and antibodies, can
be linked to receptors. Pan et colleagues found that magnetic nanoparticle modified PAMAM dendrimers
effectively transport antisense surviving oligonucleotides to tumor cell types. DNA-loaded nanoparticles
can effectively treat cystic fibrosis. PEG-coated DNA nanoparticles may penetrate human and animal
mucus. An externally concentrated magnetic field can direct and localize nanoparticles in diseased
tissue. 

Conclusion: In the field of nanomedicine, liposomal drug delivery systems have become a potent and
adaptable platform with many benefits over traditional drug formulations. The basic features of
liposomes, including their structure, classification, sophisticated manufacturing techniques, drug loading
strategies, and targeting mechanisms, have all been covered in this thorough analysis. The wide range of
uses covered, including gene delivery, cancer treatment, vaccine research, diagnostic imaging, and other
therapeutic fields, highlights the liposomal technology's exceptional promise and versatility. The quick
developments in this sector are reflected in the development of liposomal formulations from simple
liposomes to complex stimuli-responsive and multifunctional systems. Improved manufacturing
processes, the incorporation of new materials and technologies, and a better knowledge of liposome-
biological interactions have all contributed to these advancements. The bioavailability of lipophilic
medications can be considerably increased by LNPs and surface changes, according to a number of
recent LNPs studies. The commercialization of LNPs is still hampered by their possible adverse effects,
which include allergic reactions to the substance and the difficulties of scaling up the majority of surface
alterations. In order to make LNPs the best DDS for lipophilic drugs, collaboration between LNPs and
surface modification can be crucial if these issues are resolved by numerous clinical investigations
using LNPs and surface modification processes. 
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Figure 1

Nanomedicine's diverse applications in biomedical research

Figure 2

Material, shape, size and surface properties play an important role on the bio-physicochemical
properties of nanoparticles
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Figure 3

Different classes of lipid and polymeric nanoparticles.
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Figure 4

Schematic representation of different methods of polymeric nanoparticles
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Figure 5

Schematic representation of different methods of polymeric nanoparticles

Figure 6

Nanoparticles used drug delivery in cancer

Figure 7

Biomedical applications of Nanoparticles
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