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ARTICLE INFO ABSTRACT
Published: 19 Mar. 2025 One of the most sophisticated families of drug deliver methods is liposomal
Keywords: nanomedicine (LNMs), which are therapeutic compounds encapsulated in liposomal
Film hydration, Microfluidic nanoparticles (LNs). Several of these LNMs are presently available for purchase, and
channel, glycerol many more are undergoing clinical testing. Antisense oligonucleotides, small-
phospholipid, Cholesterol, interfering RNA [siRNA], and plasmid DNA carrying gene therapies are only a few
Lipomer Nanoparticles. examples of the innovative genetic and conventional medications produced over the last
DOl: twenty years and their many encapsulation techniques. Among the unique
10.5281/zenodo.15050599 characteristics associated with such LNs are their large (> 6 hours) circulation lifespan,

high drug-to-lipid ratio, larg diameter (centered about 100 nm), and remarkable
retention of the encapsulated medication. A spherical artificial membrane made of
phospholipid bilayers is called a liposome (Fig. 1). Liposomes have drawn a lot of
interest as a drug carrier because of their stability, selectivity, biocompatibility, and
membrane-like characteristics. Lipomers are spherically-enclosed, lipid-primarily
membrane vesicles. Therapeutics abound in lipid nanoparticles, which may or may not
have an encapsulated bilayer. Most of those that have received clinical approval have
sizes between 50 and 300 nm. Therapeutic proteins have a high selectivity and bio
potency and are well-tolerated bioactive molecules employed in various therapeutics.
However, they might also exhibit physicochemical instability, impairing therapies by
causing a lack of bioactivity. To show how versatile lipid nanoparticles are, this review
will give a rundown of their applications in therapeutic protein delivery. The
manufacturing method used to create lipid nanoparticles loaded with therapeutic
proteins are the subject of particular attention.

INTRODUCTION The use of materials at the nanoscale level for a
variety of purposes is known as nanotechnology.
A substance at the nanoscale, which is one
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billionth of a meter, most notably includes DNA
with a single strand that has a diameter of around
2.5 nm. Since proteins have a diameter of around
10 nm and DNA possesses a diameter of about 2
nm, tiny particles with size-inspired properties are
vital in numerous areas of nutrition for humans.
Researchers have been able to examine the optimal
personalization of NM traits or biological elements
since 2015, thanks to a novel field approach which
has sparked discussions among scientists and
generated a worldwide market worth more than
USD 1.5 trillion. This was set in motion by the
original concepts put out by Nobel laureate
Richard Feynman in 1960 (Badya, 2020). In
addition, Kroto et al.'s 1985 discovery of fullerene
C60 expanded the breadth and improved the study
of nanotechnologies (Badya, 2020). Additionally,
Kroto et al.'s 1985 discovery of fullerene C60
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expanded the breadth and improved the area of
nanotechnology (Badya, 2020). Inorganic,
organic, and dendrimer nanoparticles may be
synthesized in various shapes and sizes, including
1D, 2D, and 3D architectures. The electronically
limited dimensionality of those particles allows
them to be bent, forming sheets, wires, rods, and
even particles themselves. Many approaches have
been used to produce, and process engineered
nanostructures with specific band structures and
surface locations for various medicinal purposes.
Chemical nanoparticles (CNTSs), semiconductors,
and two-dimensional carbon materials (TiO2,
Zn0O, CuO, etc.) enhance the effectiveness and
safety of medicinal therapies. Potential medicinal
uses, as shown schematically in Figure 1.
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Figure 1: Potential Medicinal Uses of Nanoparticles.

Table 1. Applications of various nanomaterials in the field of medicine

Types of Nanomaterial’s

Applications

Metal/metal-oxide
nanoparticles

Enhanced drug loading and releasing action,
permeation characters, Carriers or agents for MRI
and ultrasound image Used in apoptosis and

angiogenesis.

CNT

Diagnosis in DNA transformation biomarker for

changes in protein structure
Enhanced soluble drug formulation
Contrast imaging for tumors
Accurate throughput scanning Detector for protein
diseases Detection of DNA mutation Diagnosis of
gene mutation

Nanocrystals
Nanocore shells
1D, 2D nanostructures
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0D (quantum dots)

Diagnosis of gene and protein structures due to

Detection of tumor and lymph nodes

optical properties

= This new field has the potential to create
ecologically friendly systems that are vital for
reducing negative effects, with natural systems
serving as models for how to function with
renewable resources. Their optical, electrical, and
architectural components remain unreplicated,
among additional significant concerns. We have
started to consider fresh theoretical models to
represent nature and aspects at them nanoscale.
The development of the light microscope, which
completely altered perception, is the best example.
Even if it was created some 500 years ago for

observational reasons,changes in the field of
technology are still evident today. This
perspective has impacted scientists, engineers, and
architects on bacteria, diatoms, and cells. As
demonstrated in Figure 2, selected biologically
generated substances have improved the bottom-
up approach to supermolecular structure. These
nanometer-to-micrometer  substances  possess
evolving characteristics, usefulness, as well as
complexity.

i J In1960 Robert Feynman said, “There is plenty of room at the bottom.”

In 1985 Harold Kroto discovered Fullerene C60.
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Figure 2: Bottom-Up Approach to Supermolecular Structure.

The molecular machinery method to synthetic self-
assembly has also been demonstrated by nature.
Bioactive, self-assembling peptide nanofiber
hydrogels for tissue regeneration have been the
topic of current study in a variety of fields, as
reported by reports (Lu, 2018). Sleyter as well as
colleagues used periodic crystalline proteins (from
B. sphaericus) as a building block for S-layer
proteins construction, similar with the based on
bottom- technique (Hynonen, 2013) (Pump, 2008)
(Sleytre, 2014) (Messner, 1986). Chemical,
electrical, optical, and magnetic devices of the
next generation may be built using these promising
components. However, Allar's group recently
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reported self-assembly as a method for producing
structured materials through covalent and non-
covalent interactions (Allara, 2005) (Allara, 1985)
Advantages (A., 2012) (S., 1997) :

* Long-term release.

* Non-ionic

« Site-specific or targeted medication delivery is
accomplished by liposomes.

* Preserving drug entrapped in harsh surroundings.
* Able to transport drugs soluble in lipids as well
as water.

« It is possible to prevent oxidation of the
biodegradable medication.

* Boost the stability of proteins.
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* Hydration under control.

* Various pathways for
possible.

*Modify both the
pharmacokinetics.

* Liposomes offered a number of benefits for
introducing genes into cells.

* The chemicals that make up liposomes are
positively and negatively charged.

 Liposomes provide DNA with defense against
deteriorating agents.

» Huge DNA strands may be carried by liposomes,
perhaps in the form of a chromosome.
 Particular cells or tissues are the target of
liposomes.

* Liposomes are a more potent and useful drug
indicator.

» Liposomes assist in lowering the hazardous
drug's exposure to delicate tissue.

* The ability to link quickly with ligands specific
to a certain location to produce active targeting.
Disadvantages [9, 10]:

* There is a high production cost.

* Drug and/or molecular encapsulation leakage
and/or fusion.

» Phospholipids can occasionally experience
processes akin to hydrolysis and oxidation.

» Minimal solubility.

» Minimum half-life.

* A reduced number of stables.

« Rapid absorption by cells of R.E.S.

* Variations between batches.

It is challenging to manufacture and sterilize
liposomes on a big scale; once administered, they
cannot be taken out.

* Liposomal components may cause an allergic
response.

* The potential for dumping as a result of poor
management.

* Quick removal from circulation as a result of
absorption.

administration are

pharmacodynamics and
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Application:

Drug administration and health condition
management are two areas in which lipomers, or
lipid-polymer hybrid particles, are employed.

1.Liposomes for the respiratory system.
Liposomes were are generally useful for
addressing a wide range of lung disorders.
Liposomal pressure enables the structure of goods
in cans to be more accommodating, less disruptive,
less harsh, and soft. The 2023 edition of Biological
Forum: An International Journal, volume 15, issue
5, pages 33-38 Kardile as well as colleagues 36.
When designing liposomes over pulmonary
delivery, several issues must be considered,

including drug/lipid proportion, composition,
estimation, expenditure, and manner of
conveyance. Depending on the nebulization

method, the inhalation form may be dry or liquid.
Liposomes made from powdery medicines require
techniques such as spray drying or refining.
2.Liposomes  within  Ophthalmic  diseases:
Recently authorized liposomal formulations for
the treatment of eye diseases include
endophthalmitis, proliferative vitreoretinopathy,
eye irritation, keratitis, failed corneal implants, as
well as uveitis retinopathy.

3.Liposomes vaccine adjuvants: have been shown
to increase both cell- and non-cell mediated
immunity, making them a suitable vaccine
adjuvant therapy. Phosphatidyl serine allows
liposomes to be more precisely targeted for
assembly on lymphoid cells. Liposomal
immunization includes the cytokinesis of soluble
antigens, vaccination-eligible organisms, as well
as damaged deoxyribonucleic acid.

4.Liposomes for Brain Targeting: Because
liposomes are biodegradable and harmless, they
are utilized in brain sedative delivery systems.
Connected to brain drug transport vectors,
unilamellar vesicles (SUVs) can traverse the
blood-brain barrier (BBB) by transcytosis or
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absorption. Stacking medications can more readily
cross the BBB when encased in mannose-coated
liposomes, which penetrate the brain. The brain-
blood-barrier (BBB) is more easily crossed by
mannose-coated liposomes, which enable stacked
medications to penetrate into the brain. The
neuropeptides met enkephalin dynorphin and
leuenkephaline generally do not cross the blood-
brain barrier when given directly. This strategy is
very flexible, which is why the antidepressant
amitriptyline often crosses the blood-brain barrier.
5.Liposome as Anti-Infective Agent: By
concentrating the medication using a liposomal
carrier, diseases such as tuberculosis, aspergillosis,
erythrocytosis, histoplasmosis, candidiasis, and
giardiasis can all be treated.

6.Liposome in Cancer Therapy: All cancer drugs
have definite side effects over the long run. With
fewer negative side effects, the liposomal
approach directs the drug toward the growth. The
tiny, stable liposomes are latently targeted toward
different tumors because of their long-range
mobility.

7.Liposomes in Cosmetics: Liposomes are used in
the cosmetics business because they are
physiochemically comparable to the cell
membrane and have the potential to release
chemicals into cells. 8.Liposomes in Intracellular
Drug Delivery: Because liposomes can store
higher drug concentrations than extracellular fluid,

liposomal delivery of medications that typically
enter the cells by pinocytosis can be particularly
effective. Certain medications, often not well
absorbed into cells, can have their cytosolic
delivery increased with liposomes.

9. Liposomes in Sustain Release Drug
Distribution: When taking medication that
requires a sustained release mechanism for
achieving and keeping a therapeutically adequate
concentration, it is usual that one needs to take it
many times per day.

10. Liposomes in Gene Therapy: In recent years,
several attempts have been undertaken to sustain
gene activity by delivering the proper foreign
genes or DNA into cells.

Main Components of Liposomes:

Table 2 shows that the main components used in
the commercialized products are glycerol
phospholipid (GP), sphingomyelin (SM), and
cholesterol. In GP, glycerol bridges two
hydrophobic fatty acid chains and a hydrophilic
polar head group (E, 2015).Figure 3 a depicts the
different types of polar heads and fatty acids.
Various head categories generate liposomes with
neutral (PC and PE) or negative (PA, PS, PG, and
cardiolipin) charges at physiological pH (A.G.,
2014).

Product Name Size Structure Main Composition

Doxil/Caelyx ca. 100 nm SUVs HSPC, MPEG-DSPE, Chaol.
AmBisome 50-100 nm [13] SUVs HSPC, DSPG, Chol
DaunoXome 45-80 nm [14] SUVs DSPC, Chol.

Margibo 130-150 nm SUVs SM, Chol

Onivyde ca. 110 nm SUVs DSPC, MPEG2000-DSPE, Chol.

Visudyne <100 nm SUVs [15] EPC, DMPC

Shingrix 50-100 nm [16] SUVs DOPC, Chol.
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Figure 3:

a) [Ilustration of the structure of glycerol
phospholipid. The fatty acids found in R1 and R2
represent unsaturated as well as saturated fats,
which also comprise lauric, palmitic, oleic,

myristic, stearic, and erucic acid. R3 might
cardiolipin, phosphatidylcholine,
phosphatidylethanolamine,  phosphatidylserine,

phosphatidic acid, include phosphatidyl inositols,
and phosphatidylglycerol;

(b) The sphingomyelin a framework.

c) The chemical composition of cholesterol.

The DSPG in Vyxeos prevents liposomes coming
from clumping collectively by using a strong
Coulombic repulsive force, but the DSPG in
Ambisome (an injection-ready = ambisome
liposome) may form a stable ionic complex with
AmpB's positively charged amine group (Y.,
2020) (Vyxeos, 2021). Vyxeos, Onivyde, and
Daunoxome are lipid injections containing DSPC,
a neutral synthetic lipid with a high phase
transition temperature (Tm of 55 °C), well-defined
fatty acid composition (two molecules of stearic
acid), and high purity. Vereporfin powder is
included in the infusion solutions Myocet and
Visudyne, which also contain EPC as an excipient.
The egg yolk (NPL) is a natural source of the
phospholipid EPC. NPL has a wide transition
temperature, making it challenging to generate

‘(i: ';\9 INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

identical NPL within liposomes, because might
vary from batch to batch (Y., 2020) . Yet it costs
less to produce than semi-synthetic and synthetic
lipids. Furthermore, EPC's unsaturated fatty acid
generates a low phase transition temperature of
15~-5 °C (J., 2015), indicating that the drug is
"leaky" along with the liposome bilayer disordered
at ambient temperature. Myocet, which contains
EPC, is unstable in blood since the majority of
medicines disintegrate within 24 hours (R., 2017)
When serum is present, visudyne containing
DMPC as well as EPC became less durable.
Because of the prevalence of low-density
lipoprotein (LDL) receptors in neovasculature,
verteporfin moves quickly from the damaged
liposome membrane to plasma lipoproteins, where
it binds and reaches high concentrations (P., 2013)
(Visudyne., 2021) . The covalent connection
between MethoxyPEG (Mw 2000 Da) and DSPE
(MPEG-DSPE) enables the creation of the
"stealth" and sterically stable liposomes seen in
Onivyde and Doxil. Both the mole percentage of
PEG-DSPE in the lipid composition and the mole
weight of PEG influence bilayer packing,
circulation duration, as well as thermodynamic
stability. Liposomes can prevent binding serum
proteins as well as additional clearance through the
mononuclear phagocytic system (MPS) by
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grafting a high molecular weight polyethylene
glycol (PEG) molecule (>2000 Da) onto the lipid
headgroup, while also reducing interaction as well
as endocytosis of these liposomes by targeted cells
(S., 2020) PEG's low molecular weight (>750 Da)
results in limited steric stabilization (O., 2005).
Additionally, a typical proportion of 5 mol% of
PEG-lipid conjugates in live organisms (such as
Doxil) create liposomes having the maximum
biological stability when the concentration of
PEG-DSPE in lipid assemblies is 7 £ 2 mol% (O.,
2005) (Y., 2002) . When the PEG-DSPE
concentration is less than 4 mol%, the PEG chains
create a "mushroom" shape and are around 3.5 nm
thick.At concentrations ranging from 4 to 8 mol%,
the PEG chain forms a "brush” having a thickness
of 4.5t0 10 nm (O., 2005) (Z., 2012) . Raising the
molar ratio further generates micelles rather than
liposomes. All three of these medications—
Exparel, DepoCyte, and DepoDur—have
comparable lipid elements but distinct
architectures. To generate MVLs, the formulation
must contain an amphipathic lipid and a neutral
lipid, such as vegetable oil, triglycerides, as well
diglycerides (S., 1998) . Amphipathic zwitterionic
phospholipids, notably DEPC as well as DOPC,
produce the chambers' honeycomb-like walls. The
negative charge of DPPG allows MVLs to avoid
aggregation (Depodur., 2021) . Neutral lipids,
such as triglycerides as well as triolein, act as
hydrophobic gap fillers at bilayer intersection
locations, preserving membrane connections (S.,
2002) . The concentration of neutral lipids
throughout the formulation impacts the capture
volume and encapsulation efficiency of MVLs (S.,
2002) . GPs are essential for formulations because
they affect the biophysical features of liposomes
(drug encapsulation, stability, and release) as well
as its  pharmacokinetics as well as
pharmacodynamics actions towards live beings
(W., 2017). The length, symmetry, inter- and
intramolecular connections, branching, along with
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degree of unsaturation of the hydrocarbon chains
all influence the bilayer's thickness and fluidity, as
well as the phase transition temperature and drug
release rate (A.G., 2014) (H., 1979) . Defined, a
longer hydrocarbon chain can result in tighter
membrane packed and greater drug retention,
while a higher unsaturation or branching degree
might result in looser membrane encapsulation.
This is most likely due to cholesterol's preferential
interaction with saturated phospholipids over
unsaturated ones (S., 1995) (Y, 2016)
.Sphingomyelin (SM) possesses a structure similar
to a glycerol phospholipid (Figure 2b), but it
contains sphingosine rather than glycerol (R.,
2005) . Marqgibo (vincristine sulfate liposome
injection) dramatically reduces lipid hydrolysis
within acidic environments and improves
liposome durability by forming a bilayer
membrane regarding SM. A transmembrane
gradient of pH is commonly used to load active
medicines in an acidic environment (pH 2.0-4.0).
At 37 °C and pH 2.0, the hydrolysis rate of
DSPC/Chol liposomes was about 100 times slower
than that of SM/Chol liposomes (55/45, mol/mol)
(S., 1998). Furthermore, the pharmacokinetic
parameters of liposomes carrying SM/Chol were
ideal, with longer circulation times and improved
drug distribution to target tissues (A., 2013) .
Cholesterol (Chol) is an additional structural
component of the liposome bilayer (Figure 2c) that
is found in nearly all commercial goods (Table 2).
Incorporating Chol may enhance bilayer formation
and lipid chain packing (S., 2018) , regulate
membrane fluidity as well as stiffness (A., 2021) ,
and influence drug release (N., 2018) (M., 2017) ,
liposome stability (C., 1980), and exocytosis
kinetics (N., 2016) Chol, at a 2:1 (Chol: QS21,
w/w) ratio, can prevent the hydrolysis of QS21, an
immune enhancer in the ASO01B liposomal
adjuvant system, which also comprises the

Shingrix  herpes zoster vaccine and the
glycoprotein E antigen (N.M.C., 2005) . When
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comparing the AmBisome product's liposomal
formulation to its non-sterol version, cholesterol
lessens the former's toxicity (A.M, 1997). Chol
has a concentration-dependent influence on
bilayer characteristics. The characteristics of the
lipid bilayer did not alter significantly at either the
low (2.5 mol %) or large (>30 mol %) Chol
dosages (S., 2018). Chol's "condensing influence™
or "ordering effect"caused a progressive rise in
particle size from 220 nm to 472 nm, decreased

Mixed phospholipids and
cholesterol in chloroform

Thin film formation
by Rota-
evaporatoter

50°C. 30 min

Vortex for 30 mir

This procedure requires dissolve the hydrophobic
medication and all lipids in a suitable organic
solvent using a round-bottomed flask (E., 2021).
The organic solution was then gradually
evaporated at low pressure, leaving a thin film
layer (A., 2013). We then use an aqueous buffer
solutions to hydrate the resulting thin film when
the temperature is higher than the lipid's transition
temperature (Tm). The hydration solution may
contain a hydrophilic drug or drugs in order to
implant them inside the liposomes' watery its core.
A more gradual rate of hydration results in higher
encapsulation efficiency (E., 2021), with drug
encapsulation efficiency determined by its rate of
hydration. Liposome resizing, lamellarity types,
and particle distributions may all be managed
using bath or probe sonicators, or by extruding via
polycarbonate membranes that have a particular
pore diameter. Extrusion produces liposomes that
are more stable and have a higher encapsulation
efficiency than SUV liposomes, which may
undergo hydrolysis or destruction of the

%:fz:\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

Hydration with
buffer

membrane fluidity, as well as reduced drug release
at concentrations of 5 < mol% < 30. There have
been studies on Chol and other sterols with similar
structures, such as progesterone, ergosterol, and
lanosterol, and how they affect membrane stiffness
as well as stability (M., 2017) (R., 2015).

Liposome Preparation:
1. Film-Hydration Method:

Aqueous buffer

A i i
l == | |

L v L)
Extrusion 13 times using 100 nm poly
carbonate membrane

>
>

50°C

containing lipids and/or medications. Metals
contamination is possible while testing liposome
liquids using probe sonication (Figure 4). (Z.,
2012).

2.Reverse-phase evaporation method:

Organic solvents and sonication conditions have
the ability denature therapeutic properties.
Peptides that although this method is effective for
molecules having a high molecular weight (F.,
1980). One typical replacement for thin-film
hydration is the reverse-phase evaporation
process, which produces a water-in-oil emulsion
(P., 2015) . Another aqueous buffer containing the
hydrophilic medicine is instantly mixed with lipids
within an organic solvent. Using a reduced
pressure rotary evaporator, lipid vesicles develop
and then dispersed in the water solution when the
organic solvent evaporates. The extrusion is an
effective method for reducing polydispersity along
with the average size of generated vesicles (N.Q.,
2017) .

3.Double-Emulsification Method:
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To create MVLs, three commercial products from
DepoCyte, DepoDur, and Expel employ this
approach, also known as DepofoamplatformTM.
Typically, the entire manufacturing process
consists of four successive operations:
a)Production of a "water-in-oil" emulsion;
b)Formation of a “water-in-oil-in-water"
emulsion.

c)Solvent extraction using stripping gas or vacuum
pressure, and

d)Microfiltration for drug removal, concentration,
and solution exchange (Q., 2000) (S., 2002).
Aseptic assurance is required throughout the
manufacturing process for MVLs due to their
small particle size, which cannot be produced as
sterile batches utilizing 0.22 um filtering. Lu et al.

Aqueous solution

Hot plate with

magnetic stirring

The injection processes were classified into
different groups based on the organic solvents that
were used (Figure 5) (C., 2020) . The hydrophobic
active chemicals and lipids were dissolved in an
organic solvent before being swiftly transferred to
an aqueous phase. Throughout the mixing
procedure, diethyl ether allows for direct solvent
evaporation at temperatures higher than the
solvent's boiling point (F., 1978). To inject
ethanol, you must first create an aqueous solution
that is ten to twenty times bigger than the original
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(B., 2021) . Investigated the effect of the
procedure on critical quality features of
bupivacaine MVLs and discovered that the particle
size of the initial emulsion rises with increasing
lipid content, and shearing speed has a significant
influence on particle size. Because some MVLs
collapse and medicine leaks into the interior
aqueous phase during the solvent removal process,
the encapsulation efficacy of the second emulsion
decreases. Furthermore, high temperatures cause
lipid bilayers to shift and restructure, resulting in
lipid fusion and the collapse of the aqueous
chambers.

4.Solvent Injection Methods:

1 Lipids dissolved in
organic solvents with
hydrophobic drug

Evaporation

:‘o

Liposomal
Suspension

ethanol. The resulting solution can be vacuum
evaporate using a rotary evaporator, dialysis, or
filtration. Using this strategy, the majority of
liposomal formulations with higher polydispersity
indices (PDI) were created (C., 2011) . To make
matters worse, prolonged exposure to high
temperatures and organic solvents may impair the
long-term integrity of medicines including lipids.
(B., 2011).

5. Microfluidic Channel Method:
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Organic phask %)S phase with

hydrophobic
molecules

hydrophilic molecules

Cycle 1
Cycle 2 — Microfluidic mixer
Cycle 3 %
Liposomal e
Suspension ()
Figure 6.

Depicts the findings of a novel technique to
liposome manufacturing that employs
microfluidic tubes. Microfluidics enables the use
of liquids in extremely narrow channels (B., 2009)
This approach involves dissolving lipids in ethanol
or as isopropanol, then injecting them vertically or
counter-currently through micro-channels holding
the water-based medium. This approach produces
liposomes by continuous axial mixing of organic
and aqueous solutions.  Surfactants stabilize
liposomes, preventing them from clotting and
separating (D., 2016) . Microfluidic channel
methods manage the process of merging organic
and aqueous phases into liposomes that are
consistently sized, polydisperse, morphologically
as well as lamellar (L., 2021) .

Evaluation Of Liposomes:

Liposomes prepared using a variety of processes
should have their physical, chemical, and
biological characteristics assessed since these
affect how the liposomes behave in living things.

Mathematical Aspects:

Size of particles the following technique can be
used to ascertain these.
a) Dispersion of laser light.
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b) Electron microscopy by transmission.

Surface charge:

The head groups' composition is what gives the
liposomes their passive, negative, or natural
charge. The liposomes' surface charge controls
their interaction with the 19 target cells as well as
the speed and extent of their dissemination in vivo.
The surface charge measurement technique is
based on the free-flow electrophoresis of MLVs.
It makes use of a cellulose ester plate that has been
immersed in pH 8.8 sodium borate buffer.After
applying several moles of lipid samples to the
plate, it is electrophoresed at 4°C for thirty
minutes. Based on the charge on their surface, the
liposomes split into two halves. Percentage of
medicine included the amount of medication
included in the liposomes aids in estimating how
the medication will behave in a biological system.
To calculate the percentage of drug encapsulation,
the free drug fraction and the encapsulated drug
fraction must first be separated. Next, employing
the appropriate detergents, the encapsulated drug
fraction is produced to be liposome-free in an
aqueous solution. The following techniques aim
to extract the free drug from the sample.

a) Protamine aggregates method.
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b) Mini column centrifugation method Phase
conduct:

c)Temperature liposomes experience a reversible
phase transition at the transition. The TC serves as
a marker for both the drug entrapment zone and
stable permeability. DSC is in charge of it.

« Rate Of Drug Release:

In vivo assays, which aid in the prediction of the
drug's pharmacokinetics and bioavailability, can
be used to measure the rate at which the drug
releases from the liposomes. On the other hand, in
vivo research is thought to be more thorough. For
the investigation, liposomes containing the tracer
insulin are used. This insulin is favored because it
is exclusively produced inside the ECF and rapidly
excretes the facial tracer through the kidneys in
conjunction with the liposomes' release of the
tracer, which degrades at aconsistent pace.
Determining the chemical properties of
phospholipid: Assays such as the Bartlett and
Steward assays are frequently used to directly
assess the amount of phospholipid present in
liposomes. The Bartlett Assay Because of its high
sensitivity, this phospholipid detection method
should detect even minute levels of phosphate
incorrectly. Thus, double-water and borosilicate
glass tubes are used.

1. The sample’s lipid bilayer's phosphorous is first
hydrolyzed to produce inorganic phosphate.

2. Next, in order to change inorganic phosphate
into phosphomolybdic acid (PMP), ammonium
molybdate is added.

3. Then, amino naphthyl sulphonic acid is added to
the sample to quantitatively reduce the PMP into a
blue-colored molecules.

4. To determine the amount of phospholipids
present, the intensity of the blue color produced
can be determined using spectrophotometric
methods. The value obtained is displayed on a
standard curve.
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a) The Steward Assay: The shortcomings of the
Bartlett test are addressed by this assay;
nonetheless, it is not applicable to a mixture of
unidentified phospholipids.

1.Using a 0.1 M solution of ammonium ferro-
thiocyanate reagent and a known concentration of
phospholipids in chloroform, the standard curve is
created.

2.The same reagent is applied to the sample as
well, and the optical density at 485 nm is
measured.

3.The concentration of phospholipids can be
determined by plotting the sample's absorbance on
the standard curve.

a) The analysis of cholesterol:

The qualitative study was conducted using a
capillary column that was packed full of fused
silica.

c) Analysis using numbers: An interaction
between the sample and a reagent causes the
purple color complex to absorb light at 610 nm,
which is.

Biological Description:

Infertility Anaerobic or aerobic cultures are used
to perform the sterility test. The pyrogenicity of
The Limulus amebocyte lysate (LAL) test is used
to perform the pyrogenicity test. Toxicity to
animals In order to conduct an animal toxicity test,
histology, pathology, and survival rate are tracked
(K., n.d) (S., n.d).

CONCLUSION:

In summary, liposomes are versatile drug carriers,
particularly for focused drug delivery. Because of
their structural makeup, liposomes are an
adaptable nano-carrier that can be used to load and
deliver a variety of medications or moieties for
different disease situations. The creation of a
stable, effective liposomal medication formulation
requires an understanding of the significance of

1842 |Page



Shravani Gaikwad, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 3, 1832-1847 | Review

each structural element in the liposome formation
process. To optimize the drug development
process, prospective  studies on  the
biocompatibility, circulation rate, and toxicity
parameters of possible drug loaded liposome
formulations must be conducted.Furthermore,
there is a great deal of potential for this class of
drugs to be taken into consideration as a preferred
drug delivery strategy because the introduction of
combination drug therapy and the development of
novel drug products using liposomal formulations
have demonstrated significant advantages over
conventional drug therapies.
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