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Abstract— This review focused on liposomal pulmonary 

drug delivery which provides active and passive targeting to 

treatment of lungs disease. Targeting via pulmonary route it 

provides 2nd highest surface area. There are different kinds of 

cells which are lined throughout airways epithelium to alveoli 

having specific functions. Physiological obstacles in the lungs 

and airways which having role for defensive and protective 

functions. Liposomes are considered highly suitable carriers 

for pulmonary drug delivery because their phospholipid 

composition resembles pulmonary surfactant, enabling 

biocompatible, targeted, and sustained drug delivery within 

the lung environment. Liposomes can be administered via 

pressurized metered-dose inhalers (PMDIs), dry powder 

inhalers (DPIs), and aerosol systems, which enhance 

formulation stability according to requirements and provide 

convenient, patient-friendly delivery. There are different 

methods for the preparation of liposomes, each offering 

specific advantages based on formulation requirements. 

Multilamellar and reverse-phase evaporation methods 

provide high drug entrapment and controlled vesicle 

formation. Freeze-drying improves stability and shelf life, 

while proliposome techniques enhance ease of storage and 

reconstitution. These methods enable efficient and adaptable 

liposome formulations for pulmonary drug delivery.   

Keywords—Alcohol-Based Proliposomes, Dry-Powder 

Inhalers, Freeze-Dried Liposomes, Liposomes, Multilamellar 

Evaporation, Nebulizers, Particulate-Based Proliposomes, 

Pressurized Metered-Dose Inhalers (PMDIs), Reverse-Phase 

Evaporation. 

I. INTRODUCTION 

A. Anatomy of lung 

The lungs are mainly consists of branched airways and 

billions of alveoli at the ends. Alveoli are plays important 

role that why they called as Basic functional units of the 

lungs. In addition to performing crucial role involving 

structural maintenance and defence tasks, their primary 

responsibility is to achieve effective gas exchange More 

significantly, the lungs perform crucial non-respiratory 

tasks in addition to their primary respiratory role, such as 

filtering small emboli in the blood and protecting against 

inhaled infections and particulate matter via the 

mucociliary system and immune cells [1]. 

 

 

The lungs have an efficient and precise structure. With 

hundreds of millions of thin-walled alveoli joined at the 

ends to form a massive gas exchange interface, the interior 

branches form a complex network of bronchial trees [2].  

Through the trachea, air enters the left and right major 

bronchi. From there, it gradually branches into the lobar 

bronchi, segmental bronchi, tiny bronchi, thin bronchi, and 

terminal thin bronchi before entering the respiratory thin 

bronchi, alveolar ducts, and alveolar sacs. The alveoli, 

which are made up of dispersed type II alveolar epithelial 

cells and incredibly thin type I alveolar epithelial cells, are 

the fundamental units of gas exchange. Their walls create a 

vast surface area for gas exchange because they are closely 

connected to a dense network of capillaries. The airways of 

lungs luminal surface is consists of the continuous cells 

sheet lining to forms epithelium. 

It divides the body's internal environment (subepithelial 

structures) from its external environment (airway lumen). 

As a result, the epithelium's lumenal surface is exposed to 

gases, particles, and aerosols that are breathed. 

 

Figure I. Illustration of upper and lower Airways [3] 

B. Description of Airways and Lung Structure 

The respiratory system was started from the nasopharynx 

and oropharynx, then travelled through the bronchial and 

tracheal regions and ends at the last alveoli. The main 

function of the respiratory system was to be the exchange 

and transportation of the gases. Lung are the primary organ 

throughout the respiratory system.  
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Lungs are consists of two organs which are located side 

of each, which both the organ are similar to each other but 

the left lung is smaller and narrower than the right lung. 

While talking about right lung its consists of three lobes 

and separated by two oblique fissure. The helium is the 

anatomical part of the lung which plays role as to connect 

the two lungs to trachea and heart [4]. 

There are several different cell types in the airway 

epithelium (Table 1), This gives the area of the airways 

distinct functions. The lumenal surface of the airways are 

lined by ciliated cells from the trachea to the terminal 

bronchus. Mucus, a viscous fluid containing mucin 

glycoproteins and proteoglycans, floats on a watery layer of 

periciliary fluid (or sol) and covers the lumenal surface of 

the epithelium There are four key roles that the secretions 

play. It keeps the epithelium from drying out, to start with. 

Second, the water in the mucus encourages inhaled air to 

become saturated. Thirdly, defensins and lysozyme, two 

antibacterial proteins and peptides found in mucus, prevent 

microorganisms from colonizing the airways [5][6]. 

Compared to other entrance points into the body, the 

lung offers significantly higher bioavailability for 

macromolecules [7][8]. Human growth hormone and other 

large proteins (18–20 kDa) have pulmonary bioavailability 

that approaches or surpasses 50% [9], although insulin and 

tiny peptides may have bioavailability that approaches 

100%. 
TABLE I 

CELLS OF THE EPITHELIUM OF THE AIRWAYS [12] 

Cells Proposed Function 

Ciliated columnar Movement of Mucus 

Mucous (goblet)  Secretion of mucus 

Serous Mucus fluid; Periciliary fluid 

Clara (nonciliated 

epithelial) 

Surfactant production; xenobiotic 

metabolism 

Brush Ciliated epithelial cells in a 

transitional state 

Basal Progenitor for ciliated epithelial 

and goblet cells 

Dendritic Immunity 

Intermediate Transitional cell in differentiation 

of basal cell 

Neuroendocrine 

(Kultschitsky or APUD) 

Chemoreceptor; paracrine function 

Alveolar type I Alveolar gas exchange 

Alveolar type II Surfactant secretion; 

differentiation into type I cell 

Alveolar macrophage Pulmonary defense 

Mast Immunoregulation 

 

 

Figure II. Diagrammatic illustration of the respiratory membrane's 

ultrastructure [12]. Arrows show how drugs (horizontal heavy lines) 

or metabolites (horizontal broken lines) produced in the epithelial or 

endothelial layers travel through the respiratory membrane following 

exposure to alveoli or capillaries Key: (1) layers of monomolecular 

surfactant; (2) thin fluid film; (3) interstitial space; (4) endothelial 

capillary basement membrane; (5) drug transport from the alveoli; 

(6) drug absorption into endothelial cells from the circulation; (7) 

drug transport from the circulation to alveolar epithelium; and (8) 

drug transport from the circulation to the alveoli. 

In recent years, there has been an increased focus on the 

absorption of pharmacological compounds through the lung 

epithelium. The layer of epithelial cells lining the lung 

abruptly transitions from the ciliated columnar cells of the 

constricting airways to the flattened cells of the alveolar 

region. 

According to earlier research by [10] and [11], the 

majority of xenobiotics are absorbed by passive diffusion at 

rates that match their apparent partition coefficients at pH 

7.4. Therefore, the endothelial membrane seems to behave 

like a conventional phospholipid membrane, similar to the 

gastrointestinal membrane. Nonetheless, poorly lipid-

soluble substances typically travel faster than one might 

anticipate, indicating that water holes may facilitate 

pulmonary epithelium diffusion. Furthermore, it is known 

that some medications (such disodium cromoglycate) 

exhibit carrier-mediated transport, which is exclusive to 

lung epithelial cells. improvement of medication absorption 

through modified vesicular (transcellular) or junctional 

(paracellular) transport. The pulmonary absorption of 

peptides and proteins < 40 kDa can be explained by the 

paracellular transport process. 

Paracellular channels between epithelial cells have a 

pore radius of roughly 1 nm, which is 25% of the pore 

radius between neighbouring endothelial cells. Therefore, 

macromolecules (like horseradish peroxidase, MW 40,000; 

molecular radius >3 nm) having molecular radii larger than 

2 nm are totally prohibited from paracellular transport. This 

suggests that either endocytosis by the epithelium or 

phagocytosis and subsequent epithelial penetration are the 

primary mechanisms of big particle transport across normal 

pulmonary epithelium [12]. 
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Figure III. Transport routes between lung epithelial cells that are 

both transcellular and paracellular [12]. 

II. PHYSIOLOGICAL OBSTACLES FOUND IN THE LUNGS AND 

AIRWAYS 

The mechanism of lung clearance of the xenobiotics are 

involved two kinds of primary mechanism by Mucus-cilia 

clearance and macrophage phagocytosis [13].  Mucus -cilia 

is the main defence mechanism of the airways which are 

works for the involving role for eliminating the particles 

whose diameter are larger than five micrometres.  When 

tiny particles are entered in the alveolar region are get 

eliminated by the phagocytosis by the alveolar 

macrophages (AM), phagocytosis its immunological 

defence mechanism or biological response in the lungs. 

Phagocytosis by the AM its depends on the particle size of 

the foreign material enters inside, optimal particle size for 

macrophage phagocytosis is 1.5–3 μm, while particles 

larger than 5 μm have poor phagocytosis [13][14]. 

 

Figure IV.  Diagrammatic Illustration of role of particle size on lung 

deposition & Phagocytosis by alveolar macrophages [15]. 

Drug targeting with parenterally delivered liposomes has 

proven to be a challenging objective [16]. That why there is 

recently focused for alternative to the parenteral route of 

administration like topical liposome administration 

involving pulmonary route also another one is targeted cell 

drug delivery, tissue- selective Numerous recent studies 

have examined advancements in pulmonary liposome 

medication delivery [17–18]. 

By inhaling medication aerosols, topical therapy is 

especially accessible to the sick lung [19, 20]. Aerosolized 

antimicrobials, such as aminoglycosides and ribavirin for 

respiratory syncytial virus infections [21], pentamidine for 

the treatment of infants [22], and pulmonary Pneumocystis 

carinii infections in immunocompromised patients [23], 

have only recently been introduced, despite the widespread 

use of antiasthmatic agents administered via metered and 

antiallergic dose inhalers (MDIs). 

The difficulties which are associated with the for 

liposomes when given by an pulmonary route: (i) patients 

must need to be trained to coordinate aerosol inhalation and 

breathings; (ii) Some drug are having poor aqueous 

solubility, they cause local irritation and inflammation in 

the airways or may lead to prevent use of aerosol entirely; 

(iii) Poor cytosolic penetration drugs to treat intracellular 

pathogens. Rapid lung absorption of most medications, 

such as bronchodilators and corticosteroids, necessitates 

frequent dosage, which is another therapeutically 

unfavourable feature of pulmonary drug delivery; (iv) 

While some drugs are get quickly absorbed, they need to 

frequent administration, may may result in systemic side 

effect due to increase in the concertation in the blood [24]. 

TABLE II. 

INHALED LIPOSOME AEROSOL CLEARANCE AND ANATOMICAL/ 

FUNCTIONAL DEPOSITION PATTERNS [24] 

Anatomical 

structures 

 

Mechanism 

of deposition 

 

Dro-

plet 

size 

(𝜇m) 

 

Factors that 

affect 

 

Mechanism 

for clearance 

 

Naso/ 

oropharynx 

inertial 

impaction 

<100 anatomic 

obstruction 

secretions 
edema 

Swallowing 

expectoration 

mucociliary 

Tracheobron

cial 

inertial 

impaction 

sedimentation 
 

Diffusion 

<40 Bronchospas

m 

 
anatomic 

obstruction 
mucus hyper- 

secretion 

 
respiratory 

pattern 

(depth/rate) 

Cough 

 

Mucociliary 
 

bronchial 
lymphatics via 

macrophages 

Pulmonary 

(alveolar) 

Sedimentatio
n 

 

diffusion 

<5 respiratory 
pattern 

fibrosis 

 
atelectasis 

Endocytosis 
 

surfactant 

incorporation 
lymphatics via 

macrophages 

 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 05, May 2026) 

113 

Liposomes are do the overcomes the problem which are 

associated with the traditional aerosol distribution because 

liposomes are contributes by: 

(i) They can serve as carriers that improve the solubility 

of drugs with poor aqueous solubility; (ii) Act as reservoirs 

that enable prolonged drug release within the lungs, and 

enhance intracellular drug delivery which may help reduce 

damage to alveolar tissues.; (iii) Prolonged retention of 

liposomes in the lungs may also contribute to reduced local 

drug concentrations at the tissue surface, thereby 

minimizing irritation or toxicity. At the same time, they can 

facilitate higher drug accumulation within specific cells, 

such as infected alveolar macrophages. Overall, these 

combined effects can improve therapeutic effectiveness 

while limiting unwanted systemic distribution of the drug 

[25]. 

Antimicrobials (enviroxime [27, 28], amikacin [29], 

pentamidine [30], and glutathione [31, 32]) and anticancer 

medications (cytarabine [24, 25]) have been studied for 

pulmonary delivery using liposomes. Pulmonary 

administration of immunomodulators (MDP [33] MTP-

PE]), immunosuppressive drugs (cyclosporin), antiviral 

drugs (ribavirin), and antimycobacterial drugs (N-

acylpyrazinamides [34]) are promising advances. 

III.   AEROSOL'S PHYSICAL ATTRIBUTES 

The size distribution of the individual droplets influences 

aerosol deposition, which can be arbitrarily classified as 

"polydisperse" (less uniform size distribution and op equal 

to or more than 1.2) or "monodisperse" (uniform size 

distribution and geometric standard deviation (range) of 

less than 1.2) [35]. Additionally, the form of the particle 

(spheres, elongated libers) has a significant impact on how 

it deposits in the respiratory tract [19]. In essence, 

liposomes are spherical, polydisperse, insoluble particles. 

The depth of deposition in the respiratory tract is mostly 

determined by the size of the aerosol droplet, not the size of 

the liposome, as will be covered later. The deposition of an 

aerosol is also controlled by the electrostatic hygroscopicity 

potential and physicochemical parameters of the 

aerosolized particles. Because liposomes, particularly 

unilamellar and oligolamellar vesicles, are osmotically 

sensitive and frequently designed to carry a negative or 

positive surface charge, these aspects are especially 

important for liposome aerosols. Therefore, the deposition 

and retention of encapsulated (water-soluble) drugs may be 

significantly impacted by water loss and electrostatic 

interactions resulting from solvent evaporation or fluxes in 

the humidity of the environment (see also under Physical 

characterization of liposome aerosols below) [24]. 

IV.   FUNCTION AND ANATOMY OF THE RESPIRATORY 

TRACT 

      The respiratory architecture of air-breathing animals 

has evolved to actively prevent inhalation of potential 

airborne particles. The respiratory tract is a stepwise 

filtration mechanism in which the 

nasopharyngeal/oropharyngeal area, tracheobronchial 

airways, and the pulmonary parenchyma are involved (see 

Table 2). The deposition of particles in these areas is 

primarily a matter of size. The larger particles, which are 

usually above 100 µm, cannot be absorbed by the lower 

airways and are mostly lodged in the naso-oropharyngeal 

area. Smaller than 40 µm in diameter particles can be 

transported further and be deposited in the upper parts of 

the tracheobronchial tree. Particles that are smaller than 

about 5 µm in diameter are usually required to reach the 

alveolar spaces [36]. 

Not only anatomical structure but also a number of 

physical mechanisms affect the deposition of aerosol 

particles in the respiratory tract (see Table 2). Among the 

most important processes is the inertial impaction; this 

takes place mainly in the naso/oropharyngeal and upper 

tracheobronchial airways with the relatively higher airflow 

velocity. This process is intensified as the breathing rates 

and the particle size increases. Gradual sedimentation is, on 

the contrary, significant in the smaller, marginal airways of 

the tracheobronchial tree, as well as in the pulmonary 

parenchyma, in which the airflow is slower. Moreover, the 

submicron-sized particles (extremely fine particles) deposit 

primarily by diffusion, a mechanism that is caused by the 

random motion of the particles when suspended in the air. 

These small particles are able to move deep into the lungs 

and reach the alveolar region with little hindrance and their 

deposition may be possible in either inhalation or 

exhalation [19]. 

V. PULMONARY CLEARANCE MECHANISMS 

Lungs have a number of processes which are active in 

the removal of deposit particles. Primary clearance involves 

swallowing, coughing, and expectoration processes in the 

upper parts, including the naso/oropharynx, and the 

tracheobronchial tree which assist in clearing of any 

trapped material within the respiratory system. The 

"mucociliary escalator" (Table 2) is a significant clearance 

mechanism for inhaled particulate aerosols, including 

liposomes. It is made up of ciliated epithelial cells that 

extend from the upper tracheobronchial terminal region and 

the naso/oropharynx to the most distant bronchioles.  
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The coordination between constant beating of the cilia 

and the secretion of the mucus by the goblet cells, 

contribute to maintaining an effective clearing mechanism 

that entraps and eliminates the inhaled particles in the 

respiratory tract. 

Aerosolized radiolabeled liposomes administered to 

central tracheobronchial areas exhibited temporal clearance 

patterns compatible with mucociliary escalator activity, 

according to Farr et al. [37]. In the alveolar region of the 

lungs, the dominant mechanism for removing deposited 

particles is their uptake by pulmonary alveolar 

macrophages, as reported by Forsgren et al. [38] and Myers 

et al. [39] have now confirmed that endocytic absorption of 

aerosolized inhale liposomes by pulmonary alveolar 

macrophages takes place in vivo. 

In contrast to many inhaled particles that deposit in the 

alveolar region, liposomes can be cleared through an 

additional pathway. They may integrate into the pulmonary 

surfactant phospholipid pool, where alveolar type II cells 

process them by digestion, uptake, and subsequent 

recycling along with endogenous surfactant components 

[40,41]. 

VI.   LIPOSOMAL PULMONARY DELIVERY BENEFITS 

The pulmonary region offers the second-biggest surface 

area (100 m2) in the human body [42], with the 

gastrointestinal tract having the greatest [43]. This is a 

major benefit of focusing on the pulmonary region for 

molecular absorption. Furthermore, compared to the nasal 

tract, the pulmonary region is significantly larger [44]. 

Compared to other lung surface regions [45] or other non-

invasive drug delivery methods, aerosol medicines 

deposited in the pulmonary region are exposed to a shorter 

pathway (by 100–600 times) for transportation to the blood 

arteries. Furthermore, the walls of the upper lung airways 

and the GI and nasal tracts contain thick mucus linings (5–

10 mm) that serve as diffusion barriers by preventing 

macromolecular transfer to the blood vessels [46,47]. 

Aerosol particles interact with the lungs' thinner 

absorptive epithelium as they move deeper into the lungs. 

Furthermore, cilia and mucus secretion are essentially 

absent from the pulmonary area. Aerosol drug particles 

only need to interact with a small monolayer of surfactant 

molecules dispersed over a surface lining fluid (0.1–0.2 

mm thick) at the air–liquid interface after they are 

deposited in the pulmonary area [46]. 

 

 

 

 

The absence of several physiological barriers, such as 

enzymatic and metabolic processes and an acidic 

environment, which may break down numerous drug 

molecules, proteins, and peptides that are intended for 

extracellular drug delivery, is a second benefit of 

pulmonary drug delivery over the GI tract. Macrophages 

are the only physiological barrier in the pulmonary area 

[48]. 

These are mobile cellular entities seen on the surfaces of 

alveoli that have the ability to phagocytose and denature 

proteins and peptides. Nanometer-sized (5260 nm) or 

surface-modified particles containing hydrophilic polymers 

(like polyethylene glycol) are examples of engineered 

particles that can avoid phagocytosis and make them less 

vulnerable to macrophage uptake [49, 50]. 

Apart from these benefits, the pulmonary surface can 

reduce the needless accumulation of foreign substances like 

excipients or inert colloidal drug carriers, which are 

typically utilized in medication compositions. The inert 

residues of drug formulations are readily removed from the 

pulmonary surface, either by a natural mechanism or by 

lung macrophage digestion, with the exception of a few 

materials that are not biodegradable (such as some 

polymeric colloidal drug carriers, carbon, and silicon 

particles) [50, 51]. 

VII.  LIPOSOMES  

Definition 

Bangham and Horne originally described liposomes, a 

colloidal drug delivery method, as nanosized spherical 

vesicles [52]. They are produced spontaneously during 

phospholipid hydration in aqueous solution and consist of 

one or more phospholipid bilayers encasing an aqueous 

compartment [53]. 

Liposomes can load hydrophilic pharmaceuticals in the 

aqueous core or lipophilic molecules in the lipid bilayer 

thanks to the vesicular shape; amphiphilic substances were 

trapped at the bilayer interface [54,55]. Natural or artificial 

lipids, which are thought to be comparatively nontoxic and 

biodegradable materials, make up the majority of 

liposomes. To change stability or kinetics, additional 

components like hydrophilic polymer-conjugated lipids and 

cholesterol may be introduced to the membrane 

composition [56]. Phospholipid safety has been thoroughly 

tested for the pulmonary route; inhaling drug-free 

liposomes [57], fluorescein-labelled liposomes [58], and 

beclomethasone dipropionate-liposomes [59] in healthy 

volunteers showed excellent tolerance and no negative side 

effects. They were shown to be incredibly safe for usage in 

pharmaceuticals. 
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Figure V. Liposomes are categorized based on their size (small, 

intermediate, or big) and lamellarity (uni-, oligo-, and multilamellar 

vesicles) [60]. 

The ability to produce liposomes from phospholipids 

that are naturally occurring in the lungs as components of 

lung surfactant is a significant benefit of liposomes as 

pulmonary medication delivery systems Since the lungs 

have highly developed systems of transporting and 

processing foreign materials, vesicular carriers transported 

to this location are usually predicted to have good 

biocompatibility [61]. The number of liposome-based 

formulations tested on human and animal respiratory 

systems has been wide. These consist of peptide and 

protein delivery, antioxidants, anticancer, antiasthma, 

antibacterial, and recombinant genetic material to be used 

in gene therapy applications [62-71]. The results of these 

investigations also show that absorption profile of drugs 

can be modified by encapsulating drugs in liposomes 

before administration. This alteration tends to provide 

reduced systemic toxicity, increased retention of the drug in 

the body and increased localization of therapeutic effect in 

the lungs. 

Liposomes are colloidal carriers, which are likely to 

exhibit low levels of stability. Physical instability can be 

manifested as vesicle aggregation or fusion, which results 

in a change in the size of vesicles, and release of 

encapsulated hydrophilic drugs.  

 

 

 

Moreover, chemical instability may also impair their 

performance, with the hydrolysis of ester bonds and 

oxidation of unsaturated lipid chains as examples of 

processes that may accelerate the breakdown of liposomes 

in addition to changing the release properties of drugs. 

Liposomes can be freeze-dried to solve instability issues, 

but freezing can result in phase-transition changes, osmotic 

stress, and bilayer expansion from ice formation [73]. 

These alterations may disrupt the lipid layer, fostering the 

fusion and aggregation of vesicles. Consequently, the 

encapsulated contents can leak out [74], and the size 

distribution of the liposomal population as a whole can be 

influenced as well [75]. 

These disruptive influences can be reduced through 

addition of cryoprotective agents into liposomal 

preparations like the disaccharides [74]. Moreover, 

alternative preparation methods have also been discussed in 

order to improve stability, which can provide other options 

instead of the traditional freezing methods of drying. There 

are two forms of proliposomes: particulate-based 

proliposomes are made up of phospholipid-coated soluble, 

free-flowing carrier particles [76]. The two kinds of 

proliposomes can develop liposomes when an adequate 

aqueous phase is added. 

VIII.  LIPOSOMAL DELIVERY TO THE RESPIRATORY TRACT 

The respiratory system has a complex, branched 

architecture that functions as a defense mechanism, limiting 

the accumulation of inhaled substances in the deeper lung 

regions. The ability of particles to reach the peripheral 

airways is primarily governed by their aerodynamic 

diameter. Generally, particles must be smaller than 5–6 µm 

to access the respiratory bronchioles or alveoli, while those 

under 2 µm are most suitable for efficient alveolar 

deposition [77]. 

Currently, drug administration to the lungs, including 

liposomal formulations, is mainly achieved using three 

principal types of inhalation devices. 

A. Pressurized Inhalers 

Pressurized metered-dose inhalers (PMDIs) deliver 

drugs in the form of solutions or suspensions dispersed in 

liquefied propellants. These propellants include traditional 

chlorofluorocarbons (CFCs) as well as newer, 

environmentally safer hydrofluoroalkanes (HFAs). When 

phospholipids dissolved in CFC-based systems come into 

contact with an aqueous environment such as the 

respiratory tract, they can spontaneously assemble into 

vesicular structures [78]. 
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In contrast, HFA propellants like HFA-134a are poor 

solvents for phospholipids [79]. Therefore, newer 

formulation approaches are likely to involve dispersing pre-

formed liposomes—such as freeze-dried or spray-dried 

vesicles—within the propellant to achieve effective 

delivery through PMDIs. 

B. Dry Powder Inhalers 

These systems deliver the drug as a fine powder into the 

patient’s airflow during inhalation. To ensure proper 

dispersion into respirable particles, formulations often 

include carrier substances such as lactose, which help in the 

deaggregation of the drug powder. Such inhalation devices 

are capable of efficiently aerosolizing liposomes prepared 

by freeze-drying [80] or spray-drying [81]. 

Alternatively, proliposome-based strategies have been 

explored to generate fine liposomal particles. One method 

involves micronizing a blend of phospholipids, lactose, and 

the drug [82], while another approach uses spray-drying of 

an ethanolic solution containing phospholipids and a carrier 

[83]. The proliposomes produced through these techniques 

can then be delivered using dry powder inhalers (DPIs). 

C. Nebulizers 

The third significant type of inhalation device is called 

nebulizer, which is frequently used in early research in 

liposomal delivery, because formulations are 

straightforward to prepare and it can deliver relatively high 

doses of drug. These include jet nebulizers or air-jet or air-

blast nebulizers in which compressed gas is used to change 

liquid formulations into an aerosol. A very small proportion 

of the produced droplets is fine enough to be directly 

inhaled, and the larger droplets are redirected to the 

reservoir by bouncing against baffles or the sides of the 

nebulizer chamber. 

A jet nebulizer produces an aerosol that comprises of 

liquid droplets and solvent vapor that moisturizes the air 

stream exiting the device. As a result, the constant use of it 

causes a gradual reduction of the temperature of the rest 

solution and the concentration of the solute to increase with 

time [83]. It has been demonstrated that the formulation 

affects how well these nebulizers work for delivering 

liposomes. When liposomes are subjected to the nebulizer, 

they can experience structural damage or aggregates 

disintegration, resulting in significant leakage and loss of 

the drug carried in [85,86]. 

 

 

 

IX.    METHODOLOGY 

Examples of nebulizer that are commonly used [88] 

D. Jet Nebulizers  

Different commercially available nebulizer models are 

manufactured by various companies. For instance, the 

Cirrus device is produced by Intersurgical (Wokingham, 

Berkshire, UK), while the Hudson model is supplied by 

Henleys Medical Supplies (UK). The Pari LC, Pari LC 

Plus, and Pari LC Star nebulizers are developed by Pari 

GmbH (Germany). Additionally, the Respirgard II system 

is manufactured by Marquest (USA), and the Sidestream 

Durable nebulizer is produced by Medic-Aid Ltd (UK). Jet 

nebulizers were driven by compressible air at a rate that 

could be adjusted or powered by a Pari Master compressor 

that was produced by Pari GmbH, Germany. 

E. Ultrasonic Nebulizers 

Examples are the ultrasonic nebulizer devices along with 

their models and manufactures as follows: Liberty device is 

manufactured by Clement Clarke International, U.K. Medix 

Electronic is produced by Medix Ltd, U.K. and the Omron 

U11 is a nebulizer produced by Omron Healthcare, U.K. 

F.  Vibrating-mesh Nebulizers 

Examples of vibrating mesh nebulizer devices along 

with their models and respective manufacturers are given 

below: 

The Aeroneb Pro (large mesh) device is produced by 

Nektar, U.S.A., while the Omron NE U221 model is 

manufactured by Omron Healthcare, U.K. 

I.METHODS FOR PREPARATION OF LIPOSOMES 

G. Reverse-phase and Multilamellar Evaporation  

To prepare multilamellar vesicles (MLVs), 

phospholipids—either alone or combined with equimolar 

amounts of cholesterol (Chol)-are first dissolved in 

chloroform within a round-bottom flask. The chloroform 

was then removed at reduced pressure using a rotary 

evaporator at 40 ℃. 

The dried lipid layer is rehydrated by using an aqueous 

medium at temperatures higher than the phase transition 

temperature (Tc) of the primary phospholipid, and then 

mechanical agitation of the mixture is conducted to 

enhance the development of vesicles.  
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In a long-necked, round-bottomed flask, the lipid 

components were dissolved in chloroform/diethylether 

(1:1) to create reverse-phase evaporation vesicles (REVs). 

Subsequently, the aqueous medium is introduced in such a 

way that the ratio of organic to aqueous phase is maintained 

at 6:1. 

An emulsion was prepared by flushing the flask with 

nitrogen, sealing it, and subjecting the mixture to sonication 

for approximately 4–6 minutes at a temperature above the 

phase transition temperature (Tc). Reverse-phase 

evaporation vesicles (REVs) were then formed by slowly 

removing the organic solvent using a rotary evaporator. To 

achieve a reduction in average vesicle size, the dispersion 

was passed multiple times, when required, through 

polycarbonate membrane filters (Nucleopore Inc., U.S.A.) 

fitted within 25-mm holders. 

Various agents such as salbutamol sulfate (albuterol 

sulphate), sodium cromoglicate (cromolyn sodium), and 

lactate dehydrogenase (LDH) were encapsulated within the 

liposomes. Unentrapped drug was separated by either 

dialysis or ultracentrifugation. The vesicle size and 

distribution, including volume median diameter (VMD), 

were subsequently characterized using techniques like 

photon correlation spectroscopy and laser Fraunhofer 

diffraction analysis [87]. 

H. Freeze-Dried Liposomes 

Glass-drying jars were filled with liposome dispersions, 

which were then frozen at 20 °C in a freezer. After that, the 

containers were placed on an Edwards Micro Modulyo 

freeze-drier (Edwards Ltd., U.K.) and allowed to dry for 

twelve hours. Until needed, the freeze-dried samples were 

kept in dark, vacuum-sealed containers at 1 to 5 °C. Before 

being used, the freeze-dried liposome samples were fully 

redispersed by hydrating them with deionized water at 

room temperature and vortexing them for two minutes [87]. 

I. Particulate-Based Proliposomes  

This method was adapted from Ref. [75]. In this 

approach, a modified rotary evaporator maintained under 

reduced pressure at 40 °C was attached to a pear-shaped 

glass flask containing approximately 300–500 mm sucrose 

particles. A solution of soy phosphatidylcholine (PC) and 

cholesterol in chloroform, prepared at a concentration of 60 

mg/mL with a 1:1 molar ratio, was gradually introduced 

into the flask through a feed line. Subsequently, the organic 

solvent was removed by evaporation under vacuum at the 

same temperature, leading to the formation of the 

proliposomal system.  

 

 

J. Alcohol-Based Proliposomes  

The procedure was derived from Ref. [77]. In brief, a 

proliposomal system containing 50 mg of soy 
phosphatidylcholine (SoyPC) and cholesterol in a 1:1 molar 

ratio was first dissolved in 60 mg of ethanol and maintained 

at 70 °C for about one minute. Subsequently, 100 mL of an 

isotonic solution (either sodium chloride or sucrose) 

incorporating 5 mg of salbutamol sulphate was added, and 

the mixture was stirred gently for one minute. The 

preparation was then brought to a final volume of 5 mL 

using the corresponding isotonic medium and shaken 

vigorously by hand for an additional minute to obtain the 

final liposomal dispersion.  

X. APPLICATIONS IN DISEASE AND DRUG 

Alveolar diseases include the major killers of 

emphysema, pulmonary fibrosis, pneumonia, acute 

respiratory distress syndrome (ARDS), and, more recently, 

COVID-19 pneumonia. 

Drug classes in IDPs containing Liposomes [12] 

A. Antibiotics  

1. Liposomal Amikacin for Inhalation (LAI, Arikace™, 

Arikayce) 

Amikacin liposome inhalation suspension (ALIS) 

[Arikayce® Liposomal (EU); Arikayce® (USA)], For 

individuals with treatment-refractory Mycobacterium 

avium complex (MAC) lung illness who have few or no 

other alternatives for treatment, a liposomal suspension of 

the aminoglycoside amikacin (590 mg) is available for 

nebulization using the Lamira® Nebulizer System [89]. 

2. Ciprofloxacin for Inhalation (Lipoquin, Pulmaquin) 

For Pseudomonas aeruginosa infections in non-CF 

bronchiectasis, cystic fibrosis, and nontuberculous 

mycobacteria (NTM) lung illness, as well as bioterrorism 

agents including Bacillus anthracis (anthrax) and Yersinia 

pestis (plague), LipoquinTM (single liposomal 

ciprofloxacin) was created. Through both immediate and 

sustained release, PulmaquinTM (dual-release: liposomal + 

free ciprofloxacin) seeks to reduce Pseudomonas 

exacerbations in non-CF bronchiectasis [90]. 

B. Antifungal therapeutics  

1. Liposomal Amphotericin B 

AmBisome® (L-AmB), also known as liposomal 

amphotericin B, is an intravenous antifungal formulation 

used for visceral leishmaniasis and severe invasive fungal 

infections, especially when traditional amphotericin B is 

hazardous.  



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 05, May 2026) 

118 

While retaining broad-spectrum effectiveness against 

fungus such as Aspergillus, Candida, and Cryptococcus, its 

liposomal administration minimizes nephrotoxicity [91]. 

C. Analgesics 

1. Liposome Encapsulated Fentanyl, AeroLEF 

To deliver a regulated, prolonged release of the fast-

acting fentanyl, a liposome-encapsulated version was 

created (Oprea). AeroLEF is a combination of liposomal 

and free fentanyl that is aerosolized using nebulizers for 

postoperative analgesia and pain relief [92]. 

D. Immunosuppressant 

1. Liposomal Cyclosporine 

An experimental aerosolized formulation called 

liposomal cyclosporine A (L-CsA) for inhalation is 

intended for pulmonary administration to either prevent or 

treat bronchiolitis obliterans syndrome (BOS) in recipients 

of lung transplants. When administered through a 

specialized nebulizer such as the PARI eFlow®, it 

minimizes adverse effects including nephrotoxicity by 

achieving high lung concentrations with less systemic 

exposure than oral or IV cyclosporine [93]. 

XI.   CONCLUSION 

Liposomes are versatile drug delivery systems because 

they can encapsulate both hydrophilic and lipophilic drugs, 

be surface-modified (e.g., PEGylation or ligand 

attachment) for targeted delivery to specific sites such as 

alveolar macrophages or tumor cells, and be engineered to 

provide controlled or sustained drug release. By altering 

their composition and surface characteristics, liposomes 

enable localized delivery and surface-specific targeting in 

the lungs, making them highly effective for treating a wide 

range of pulmonary diseases, including tuberculosis, lung 

cancer, aspergillosis, cystic fibrosis, chronic obstructive 

pulmonary disease (COPD), asthma, pneumonia, 

bronchiectasis, pulmonary fibrosis, acute respiratory 

distress syndrome (ARDS), pulmonary hypertension, 

emphysema, chronic bronchitis, non-tuberculous 

mycobacterial infections, and viral lung infections such as 

influenza. 

Liposomal formulations are used across various 

therapeutic categories, including antibiotics such as 

Arikayce® (liposomal amikacin for inhalation), 

Lipoquin™ (liposomal ciprofloxacin), and Pulmaquin™ 

(dual-release ciprofloxacin). In antifungal therapy, 

AmBisome® (liposomal amphotericin B) is widely used, 

while AeroLEF® (liposomal fentanyl) has been developed 

for analgesic applications.  

Liposomal cyclosporine A is an inhalation-based 

immunosuppressant currently under development and not 

yet widely marketed. 
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