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ABSTRACT

Cystic fibrosis results in defective mucociliary clearance together with persistent pulmonary infections mostly due to
Pseudomonas aeruginosa. The effectiveness of conventional antibiotics remains limited because they clear rapidly from the
body and bacteria develop growing resistance patterns. Liposomal antibiotics enable better pulmonary tissue retention along
with more precise drug distribution and fewer required medication doses. Using Arikayce, LipoBiEDT-TOB™ and
Pulmaquin™ has shown potential for treating cystic fibrosis. Better therapeutic outcomes will be achieved through future
developments in PEGylated along with stimuli-responsive and gene-integrated liposomal systems.
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1. INTRODUCTION

One of the common life-threatening autosomal
recessive genetic disorders, with the highest
prevalence in Europe, North America, and
Australia is Cystic fibrosis (CF). Lung disease
accounts for nearly 95% of early deaths in CF
patients, along with the development of habitual
infection (1),

Cystic fibrosis

In fact, the initial periodic stains cause chronic
infections even though the lungs are not inflamed
or infected at birth. CFTR is structurally distinct
from other ATP-binding cassette proteins @), It
results from a mutation in the gene that codes for
the cystic fibrosis transmembrane conductance
regulator (CFTR), a transmembrane channel that
conducts chloride and regulates anion transport
and mucociliary clearance in the airways. When
CFTR is not functioning properly, mucus is
retained, which increases the risk of chronic
infection and lung-damaging local airway
inflammation *9),

2. EPIDEMIOLOGY

The healthcare pathogen Pseudomonas aeruginosa
primarily attacks sick patients who are
immunocompromised or who suffer from
continuous lung diseases ©). Healthcare-associated
infections involving Pseudomonas aeruginosa
generally  occur as  ventilator-associated
pneumonia and surgical site infections and urinary
tract infections and bacteremia and affect 7.1%-

7.3% of infected patients. According to the Cystic
Fibrosis Foundation Patient Registry
Pseudomonas aeruginosa detects in 49.6% of
cystic fibrosis patients and the infection rate rises
among older patients reaching 74.1% in those aged
26 and above. The bacterium develops biofilms
which help it stay longer and be more resistant in
clinical environments and transmission occurs
through reservoirs of water and medical tools ().
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Fig 1. Schematic representation of Cystic Fibrosis
3. PATHOGENESIS

Difficulties with the imperfect CF gene cause
CFTR protein malfunction to develop later into
discriminated sodium and chloride conductance on
epithelial cell plasma membranes. Consequently,
this results in airway surface fluid depletion and
abnormal glandular secretions 9, The symptoms
of the disease result from mucus thickening which
causes obstruction in small airways 9. Infectious
sputum stagnation in the lungs develops from
epithelial ciliary defects which both remove
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bacteria from the airways and decrease sodium
chloride ion intake %12, The subsequent medical
condition happens after bronchiectasis when
bronchi become enlarged and weak which results
in large airway obstruction 3. Recurrent bacterial
infections and inflammation occur due to airway
blockage resulting in reduced lung function and
respiratory failure that becomes a significant cause
of death from CF (%),
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Fig.2 Pathogenesis of Cystic Fibrosis

4. MECHANISM OF ANTIBIOTICS

4.1 Inhibition of DNA Replication: Antibiotics
inhibit DNA replication by blocking essential
bacterial enzymes namely DNA gyrase and
topoisomerase 1V which drive this vital cellular
process. Bacterial survival depends on these
enzymes because they help address the topological
issues that occur when DNA unwinds. The
antibiotics stop the essential enzyme functions
leading to impaired bacterial cell reproduction and
genetic stability and thus resulting in bacterial
death (9),

4.2 Prevention of Protein Synthesis: The
mechanism of action called prevention of protein
synthesis targets bacterial ribosomes as another
critical method. The inhibition of translation by
protein synthesis blocking agents prevents
bacterial ribosomes from creating essential
proteins needed for bacterial growth and
operation. The molecular blockade hinders
essential protein generation processes which make

it impossible for bacteria to survive and multiply
(16,17)

4.3 Inhibition of Cell Wall Synthesis: Several
antibiotics affect the bacterial cell wall through
specific inhibition mechanisms which disrupt the
essential cell wall structure responsible for cellular
shape and stability. Through their action on
peptidoglycan synthesis antibiotics make the
bacterial cell wall unstable which results in cell
death by lysis. Such antibiotics work best against
bacteria in growth phase because these pathogens
depend on robust cell wall synthesis to remain
structurally intact (18),

4.4 Disruption of Membrane Function: Some
antibiotic compounds damage bacterial cell
membranes to disrupt their essential structural
integrity. The antibiotics create cellular membrane
dysfunction which leads to vital substance leakage
and eventually kills the cells. Different types of
antibiotics function through this mechanism which
demonstrates the fundamental importance of
membrane stability for bacterial survival (1920,

5. MECHANISM OF ACTION OF
LIPOSOMAL ANTIBIOTICS

5.1 Disruption of cell wall and cell membrane:
The evolution of microorganisms has included cell
membrane development as their physical
protection against antibiotic treatment. Bacteria
have two natural membrane components that
contribute to their negative surface charge. The
outer membranes of Gram-negative bacteria
contain lipopolysaccharides and Gram-positive
bacteria possess teichoic acids which incorporate
phosphate or carboxyl functionalities (.22,
Although these antimicrobials can usually
penetrate bacterial cell membranes easily their
movement is restricted due to the highly polar
membrane properties thus resulting in diminished
antibacterial action. Electrostatic adsorption
between the cell wall and NPs results in membrane
depolarization ~ while  lowering  membrane
permeability and disrupting membrane fluidity to
cause cell death.

5.2 Generation of reactive oxygen species
(ROS): The biological system produces ROS
during its ongoing oxidative metabolic process.
Cells undergo growth cycles with signaling
processes while needing survival functions and
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and these processes get

influenced by the activity of ROS 3,
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Fig 3. Mechanism of action of Liposomal antibiotics.
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5.3 Damage of intracellular components:
Bacteria need cellular homeostasis together with
functioning intracellular signaling pathways to
survive and fulfill their biological functions.
Blocking cellular pathways leads to cell death
when NPs are developed to perform this function.
Protein synthesis alterations together with DNA
damage and gene expression modifications
represent several disturbances reported in the
literature ),

6. RATIONALE FOR USING LIPOSOMAL
ANTIBIOTICS

Patients find it difficult to administer inhaled
antibiotics and antifungals because these
medications require multiple daily doses due to
their short half-life 526), Antibiotic delivery
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through liposomes enables a controlled drug
release and enables macrophage drug uptake
through phagocytosis because of which liposomal
antibiotic formulations provide better treatment
for intracellular infections including NTM.
Liposomes act to minimize drug-associated
irritation or the lung signaling that happens with
aerosol-based deposition. The presence of drug in
the lung that results from inhaled liposomes allows
infrequent doses because the formulation persists
in the respiratory tissues 7,

7.LIPOSOMES

The liposomal structure consists of spherical lipid
vesicles measuring between 50-500 nm in
diameter which form from emulsifying natural or
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synthetic lipids in aqueous solutions to create one
or more bilayers (28:29.30),

7.1 Advantages of liposomes

Increases efficacy and therapeutic index of the
drug

Increases stability via encapsulation

Liposomes serve as non-toxic vesicles which
exhibit biocompatibility and flexibility as they
break  down completely  with no
immunogenicity during both systemic and non-
systemic deliveries.

Liposomes function as protective barriers which
prevent susceptible tissues from coming into
contact with dangerous drugs ©132:33),

7.2 Disadvantages of Liposomes

The production of liposomes utilizes traditional
methods that contain toxic organic solvents that
simultaneously threaten stability.

The physical chemical and biological instability
of liposomes reduces their effective shelf life
along with their operational performance.

The creation of uniform liposomes together with
their complex preparation requirements results
in high energy costs and time-consuming
methods 3439),

Hydrophobic tail
nonpolar carbon chains

Nutrient

Hydroliphic head
polar region

Fig 4. A schematic representation of liposomal

drug delivery

8. FORMULATION COMPONENTS OF
THE LIPOSOMES

Liposomes exist as systems which possess
multiple different structural components that both
build their framework and make them functional.
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1.

Phospholipids: The main structural
components of liposomes originate from
phospholipids because these molecules create
the essential lipid bilayer. Commonly used
phospholipids include:

The liposome formulation industry utilizes

natural phospholipid Soybean
Phosphatidylcholine as

its main ingredient.
Egg Phosphatidylcholine: Another natural

source of phospholipids.

Synthetic Phospholipids: Such as dioleoyl
phosphatidylcholine (DOPC) or distearoyl
phosphatidyl choline (DSPC). (36:37)

. Cholesterol: Liposomes contain cholesterol as

a component which improves membrane
stability through regulation of fluidity and
reinforces the lipid bilayer structure. The
presence of liposomes in biological fluids
remains stable through structural protection
from cholesterol and analogous substances.
Drugs: Liposomes have the ability to
incorporate therapeutic agents of different types
including drugs as follows:

Hydrophilic drugs: The water-soluble drugs
are commonly placed within the aqueous
section of liposome particles.

Hydrophobic drugs: these drugs find their
placement inside the bilayer layer structure of
the liposome (38).

. Stabilizers and Additives: Special stabilizers

and additives are included with liposomes to

enhance their stability as well as their
operational performance through added
measures.

Polymers: Stealth liposomes with extended
circulation time are created by using polymers
specifically polyethylene glycol (PEG).
Membrane proteins: These act as enhancers
for targeting functions and biodistribution
through their incorporation into the liposomal
system.

Buffers: The incorporation of buffering agents
defends the pH stability of liposomal
formulations when drugs are encapsulated in
order to guarantee their stability and
effectiveness (3940),
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6. lonic agents: The inclusion of ionic agents
functions to alter liposome charge properties
which affects their antiallergic and tissue cell-
connecting interactions. 1)

9. CLASSIFICATION OF LIPOSOMES

Liposomes can be classified based on:

9.1Based on Structure

e Unilamellar liposomes: Liposomes with a
Single Bilayer Structure Are Called Unilamellar
Liposomes since They Encompass a Liquid Core
in One Membrane. These vesicles function well
for drug encapsulation together with drug
release processes. SUVs and LUVs belong to the
subcategories of unilamellar vesicles. The size
of SUVs lies between 20-100 nanometers while
the dimension of LUVs spans above 100
nanometers.

e Multilamellar liposomes: The drug loading
capacity becomes higher when lipid bilayers
form into multiple concentric layers in
multilamellar liposomes. These vesicles may
encapsulate bigger amounts of aqueous solution.
The lipid layers enable drug release to happen
over time through a sustained mechanism.
Multilamellar liposomes have dimensions which
surpass those of unilamellar liposomes.

e Multivesicular vesicles (MVVs): A special
lipid structure known as Multivesicular Vesicles
contains small vesicles placed inside a larger
vesicular compartment. The controlled drug
release function results from this structural
format. The stability together with the
bioavailability =~ of  drugs inside the
microencapsulation increases when using
MVVs. The delivery system benefits from these

components for specific targeting applications
(42,43)

9.2 Based on Functionality

e Conventional Liposomes: General drug
delivery operations require conventional
liposomes which represent basic liposomal
structures. The vesicles contain drugs which
belong to both hydrophilic and hydrophobic
categories. Their circulation period remains
short since the immune system rapidly removes
these vesicles. Basic liposomal formulations use

the traditional liposomes as the fundamental
building block.

e Stealth Liposomes: The Stealth Liposomes

incorporate polyethylene glycol (PEG) on their
surfaces to achieve immune system evasion and
an extended circulation duration in the
bloodstream. The addition of PEG produces a
coating that obstructs the opsonization process
thus leading to improved stability during
circulation and better biodistribution. Such
targeted delivery systems enable drug
administration while decreasing the occurrence
of adverse effects on the patient. Liposomes
exist as a prevalent therapeutic agent for cancer
treatment along with its other various
applications.

Charged Liposomes: The presence of PEG
coating and membrane surface charges in
charged Liposomes leads to either positive or
negative charges that boost biological membrane
binding abilities. Such charges boost both drug
uptake by cells and increase delivery efficiency.
The classification system divides liposomal
structures into two groups: cationic and anionic
liposomes that bear positively or negatively
charged surfaces. The science utilizes these
vesicles frequently for gene delivery as well as
vaccine formulations “4),

9.3Based on Composition
e Phospholipid-Based Liposomes: Liposomes

made with phospholipids constitute the main
building block of their lipid bilayer structure.
The common types of phospholipids used in
pharmaceuticals  are  phosphatidylcholine
together ~ with  phosphatidylethanolamine.
Providing  biocompatibility  together  with
biodegradability are characteristics of these
liposomes. Liposomes find their place in
different drug delivery applications because of
their extensive utilization.

e Cholesterol-Containing  Liposomes:  The

addition of cholesterol in liposomes serves to
adjust membrane fluidity and stability level.
Drugs can achieve better encapsulation because
cholesterol strengthens the lipid bilayer
structure. These drug carriaging systems have
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enhanced resistance against normal alterations
that occur naturally in biological spaces. Such
liposomes find frequent usage in stable
formulation development.

e Polymer-Modified Liposomes: Drug delivery
efficiency and circulation time of liposomes
improve when they contain polymers or
membrane proteins as modifications. These
enhancements allow the liposomes to better
distribute throughout the body structure. Medical
professionals design these vesicles for particular
therapeutic fields and targeted drug delivery
applications. The addition of polymers to
liposomes enhances drug pharmacokinetic
behavior of intravelopated drugs. “®

9.4 Based on the Targeting Mechanism

e Passive Targeted Liposomes: Liposomes
implementing passive targeting benefit from
enhanced permeability and retention (EPR)
effect that allows accumulation within tumor
tissues. The drug delivery relies upon tumors
presenting leaky blood vessels. For specific
cancers this technique shows effective results
although it lacks specificity. Conventionally
applied liposomal preparations use passive
targeting as an established technique.

e Active Targeted Liposomes: These incorporate
surface-facing ligands which act as receptors
that connect to target cells. Targeted delivery
systems achieve better therapeutic benefits
together with decreased adverse effects through
their specific targeting methodology. Active
targeting brings the most benefit to cancer
treatments together with targeted therapies for
local-area diseases. Liposomes enhance drug
delivery precision because of their design “6).

e Stimuli-Responsive Liposomes: The design of
Stimuli-Responsive Liposomes enables them to
release their cargo when stimulated by particular
external signals including pH variations and
temperature or light fluctuations. The controlled
drug release happens precisely where the
treatment needs to take effect. The use of
liposomes that respond to stimuli makes
treatments more effective while decreasing the
side effects that spread throughout the body.
Scientists focus on developing this field as a new
research approach for drug delivery systems. 47)

10. METHODS OF PREPARATION

1. Thin Film Hydration Method:

This method involves dissolving lipids in organic
solvent then removing the solvents through
vacuum pressure to form a thin film which gets
hydrated by an aqueous buffer. The aqueous buffer
solution fills the hydrated film above the Tm point
of the lipids while containing drugs that dissolve in
water. The method of hydration controls how well
drugs are encapsulated and slower hydration
speeds lead to better encapsulation “8:49),

2. Reverse-Phase Evaporation Method:

These produces water-in-oil emulsions through
mixing lipids in solution with an aqueous phase
while using organic solvents. The removal of
organic solvent from the mixture results in
liposome formation. This procedure functions as a
substitute to thin-film hydration which delivers
superior control of liposome dimensions 9,

3. Detergent Removal Method:

This uses lipids that are mixed with a surfactant
with high critical micelle concentration (CMC)
while remaining in an organic solvent solution. A
lipid film gets mixed micelles through the addition
of aqueous solutions containing drug molecules
which later get purified through dialysis and
alternative methods to remove the surfactant. The
method of surfactant removal leads to the potential
loss of hydrophilic drugs 1),

4. Dehydration-Rehydration Method:
Represents an organic solvent-free procedure that
combines lipids with drug molecules in an aqueous
solution and applies sonication for production. The
method incorporates dehydration into making a
multilayered film followed by hydration step to
form large vesicles. The simplicity of this method
creates large variations in the sizes of produced
liposomes during the fabrication process ©2),

5. Heating Method:

Involves saturating lipids with aqueous solution
during heating periods lasting at least one hour
above phospholipid Tm temperatures until
reaching 100°C when cholesterol is added. cav
stabilizing agent between 3-5% of glycerin or
propylene glycol is added to the formulation to
maintain stability and resist coagulation.
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6. pH Jumping Method:

Exposing a combination of phosphatidic acid and
phosphatidylcholine in aqueous solution to a rapid
pH increase by four times allows breaking
multilamellar  vesicles (MLVs) into small
unilamellar vesicles (SUVs) using the solvent-free
pH Jumping method. The proportion of
phosphatidic acid against phosphatidylcholine
controls how much SUVs and LUVs will form in
the production process. 3

7. Supercritical Fluidic Method

Supercritical Fluidic Method functions through
dissolving lipids with supercritical carbon dioxide
(CO2) instead of organic solvents. The pressure
decreases causes liposome formation when
aqueous phase flows continuously through a
supercritical ~ lipid  solution  system. The
encapsulation efficiencies reach 5-fold greater
levels through this method but production costs
remain high and output yields remain low
(54,55,56,57)_

8. Microfluidic Channel Method

A microfluidic channel system applies ethanol or
isopropanol to dissolve lipids before injecting
them into an aqueous solution contained inside
channels. The process of continual mixture
between organic and aqueous solutions produces
liposomes that get stabilized through surfactant
addition to prevent coagulation. The described
approach enables scientists to generate uniform
liposomes between each experimental run (8:59.60),
9. Solvent Injection Method:

Rapid injection of lipids and hydrophobic active
agents in solution form using a solvent creates the
basis for this method. The approach needs an
aqueous solution concentration that exceeds the
organic substance by at least ten to twenty times
before vacuum evaporates the organic solvent.
Properties of liposomal formulations have higher
polydispersity indexes (PDI) when created through
this approach 69, (61)

10. Freeze-Thaw Cycles:

This represent a fundamental technique which aids
in both improving the encapsulation efficiency and
enhancing liposome lamellarity during the
liposome preparation process. The liposome
stability alongside its characteristics improves due
to the freeze-thaw cycle process 62,

11.EVALUATION OF LIPOSOMES

Physico-chemical evaluation studies for

liposomes

11.1 Physical evaluation: Particle size:

a) Particle size: DLS (Dynamic light scattering)
is used to determine the size of liposomes. By
injecting the samples in liquid form, graphs
highlight the size of the particles in suspension.
(63)

b) Zeta potential: The surface electrical charge of
liposomes needs evaluation because it plays
crucial role in maintaining stability. The Zeta
potential depends on the electric charge. The
combination  of  phospholipid  "head"
constituents with medium pH levels determines
whether liposomes acquire negative or positive
or non-charged surface properties. Surface
electric charge density together with its nature
affecting both liposomal stability and their
biodistribution kinetics while regulating target
cell liposome uptake 6455, (64,65)

c) Polydispersity index: The PDI serves as a
critical computation element to determine the
dispersal pattern of nanocarrier particles and
measure their general sample uniformity. A
PDI value below 0.3 defines the ideal condition
for lipid-based drug delivery systems since it
shows optimal population distribution and
resulting stability and efficacy. High
heterogeneity measurement values above 0.7
tend to decrease formulation efficacy and make
pharmaceutical creations less acceptable to
patients. Overall success and safe delivery of
medical chemicals demand precise PDI control
for optimal outcomes in treatment (6,

11.2 Determination of Encapsulation Efficiency

Liposomal antibiotic encapsulation efficiencies

(EE) is calculated through an experimental

method that measures antibiotic content within

liposomes against initial solution amounts using

the following equation (1) (67:68),

Encapsulation efficiency (%)

_ Concentration of encapsulated drug X 100

Initial drug concentration

Archives of Pharmaceutical Sciences and Research 49



Trends in Liposomal Research

11.3 Microscopic Methods for Analyzing the
Morphology of Liposomes
By using microscopic methods researchers can see
both the external form along with the internal
structure of liposomes. The microscopic methods
include both optical microscopy and electron
microscopy. The use of optical microscopy allows
manipulation using visible light but delivers
limited results about liposomal structure 69,
11.4 In vitro release studies
The test evaluates drug release using the Franz
diffusion cell system under in vitro conditions.
One ml (100 mg/ml) of solution is placed into the
beaker holding dissolution medium in phosphate
buffer saline with a pH value of 7.4. A dissolution
medium at 37 £ 0.5°C is placed inside the beaker.
The setup operates under a magnetic stirrer set to
50 rpm during testing. Direct testing for drug
release through the Franz diffusion cell requires
buffers prepared to match intestinal environmental
characteristics and cerebrospinal fluid conditions
(pH 7.4). The solution volume includes 5 ml of
dissolution medium that is removed throughout
time intervals to maintain sink conditions. UV
spectroscopy measures the filtered samples at a
particular wavelength. The experimental runs are
performed three times with mean values and
standard deviations shown for each measurement.
11.5 Physicochemical Stability
The stability level of liposomes determines their
clinical usefulness and effectiveness potential.
Assessments of liposome stability commonly
include physical evaluations at various time
intervals (days, weeks or months) to evaluate drug
loss and size measurements of nanoparticles.
Physical degradation of lipid membranes together
with particulate aggregation remain as undesirable
changes in liposome formulations throughout their
usage period (7374,

12.CHALLENGES

The diverse genetic makeup together with
different patient characteristics in cystic fibrosis
(CF) treatment hinders clinicians from predicting
exact drug treatment responses in specific patients.
Cystic fibrosis originates from a single gene
mutation yet multiple genetic variants exist among
the various causal elements in the disorder.

Treatment options for CF require immediate
improvement because patient genetic differences
present multiple obstacles to effective medication
selection. Research focuses on developing safe
alternatives to drug treatments which react to
CFTR modulators because people with gene
variations responding to these treatments have
seen tremendous benefits from their use.

13. CONCLUSION

Liposomal antibiotics show great potential to
advance respiratory infection treatment in cystic
fibrosis (CF). The potential therapeutic
advancement in CF treatment comes from
liposomes because they enhance delivery of
medications while decreasing toxicity and
inhibiting biofilm resistance. The clinical adoption
of respiratory treatments for cystic fibrosis faces
obstacles from drug leakage incidents and stability
system problems as well as issues with industrial-
sized manufacturing processes. The limitations of
liposomal research exist although the ongoing
scientific advancements in the field push forward
innovation in CF treatment.

14. FUTURE PERSPECTIVES

Studies should aim at improving liposomal
formulations by extending their residence time
within the lungs and shortening dosing intervals
while building methods to enhance patient drug
compliance. The research into PEGylated and
functionalized liposomes presents potential
opportunities to extend drug presence in the lungs
thus advancing CF therapy pathways. Current
research demonstrates that liposomes containing
functional foods and plant extract exhibit strong
potential to decrease inflammation associated with
cystic fibrosis in the lungs. Future medical
breakthroughs need to incorporate gene therapy
inside liposomal systems for targeting the primary
genetic defects that cause CF. The ongoing rise of
success using liposomal drug delivery systems
indicates they can transform CF treatment by
minimizing usage of standard antibiotics while
enhancing sustained patient results.
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