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Abstract: 

Liposomes are microscopic spherical-shaped lipid bilayer vesicles. They act as a carrier for both lipophilic 

and water-soluble compounds due to their unique bilayer structure. In this review, the pulmonary drug 

delivery of dry powder liposomes is summarized. Nebulization of liposomal powder provides targeted drug 

delivery. Liposomes are made up of biodegradable, biocompatible, and non-immunogenic because of this 

they are a promising candidate for pulmonary drug delivery and they produce a sustained release of drugs in 

the lung. Liposomes are the advanced technology for various applications of targeted drug delivery such as 

anticancer. Due to the targeting effect of liposomes, low doses of drugs are required to show therapeutic 

effects. The techniques involved in the preparation of liposomes, evaluation, and applications of liposomes 

are summarized.    
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INTRODUCTION  

liposomes are microscopic spherical-shaped lipid bilayer vesicles, consist of an internal aqueous 

compartment. They are made up of biocompatible, biodegradable, and non-immunogenic lipids that are either 

natural or manufactured. Liposomes operate as carriers for both lipophilic and water-soluble compounds due 

to their unique bilayer structure. Lipophilic drugs are entrapped in the lipid bilayer and hydrophilic drugs in 

the interior aqueous compartments. 

The same substance that makes up a cell membrane is used to make a liposome. Liposomes are drug-filled 

nanoparticles that are used to deliver medications to patients suffering from cancer and other disorders. They 

are potential drug delivery technologies. The properties of liposomes vary greatly depending on the lipid 

content, system charge, size, and manufacturing process. Liposomes are spherical vesicles that range in size 

from 30 nanometers to several micrometers [1]. 

The name liposome was derived from two Greek words: ‘lipo’ means fat and ‘soma’ meaning body. 

Liposomes are lipid bilayer membranes, where the aqueous volume is entirely enclosed by a lipid bilayer 

membrane. The bilayer membranes are made of phospholipids, which have a hydrophilic head group and a 

hydrophobic tail group. The head group is attached to water and the tail is made of a long hydrocarbon chain, 

which is repelled by water. 

http://www.ijcrt.org/


www.ijcspub.org                                              © 2022 IJCSPUB | Volume 12, Issue 2 April 2022 | ISSN: 2250-1770 

IJCSP22B1018 International Journal of Current Science (IJCSPUB) www.ijcspub.org 165 
 

The rigidity and charge of the bilayer are determined by the choice of the bilayer component. Phospholipids 

are found in stable membranes composed of two layers (bilayer). The saturated phospholipids with long acyl 

chains (e.g., dipalmitoylphosphatidylcholine) form a rigid, rather impermeable bilayer structure, whereas 

Unsaturated phosphatidylcholine species from natural sources (egg or soybean phosphatidylcholine) give 

much more permeable and less stable bilayers. 

Liposomes have one or more phospholipid bilayer membranes, depending on the nature of those drugs, they 

transport aqueous or lipid drugs. When the membrane of the phospholipids is disrupted, they reassemble 

themselves into tiny spheres. In aqueous conditions, lipids are amphipathic, meaning they have both 

hydrophobic and hydrophilic sections. The aqueous core of the liposome is surrounded by one or more lipid 

bilayers. They may be either bilayers or monolayers [2, 3].  

Phospholipids such as phosphatidylethanolamine and phosphatidylcholine make up the majority of the lipids 

in the plasma membrane. The polar head groups are arranged in the interior and exterior aqueous phases' 

pathways. Phospholipids are amphiphilic molecules with a hydrophobic hydrocarbon tail and a hydrophilic 

polar head. The plasma membrane's phospholipids accommodate this by producing a phospholipid bilayer 

with the hydrophobic tails facing each other since the plasma membrane is exposed to watery solutions on 

both sides. 

On the other hand, self-aggregation of polar lipids is not limited to conventional bilayer structures which rely 

on molecular shape, temperature, and environment and preparation conditions but may self-assemble into 

various types of colloidal particles.  

The use of liposomal aerosols for inhalation is gaining popularity not just for the treatment of lung disorders 

such as asthma, COPD, cystic fibrosis, and tuberculosis, but also for systemic administration [4].  

This non-invasive delivery method has several advantages: 

The lungs have a high surface area (100 m2) available for absorption;  

(ii) only a thin alveolar epithelial layer separates the airways from a massive capillary network in the distal 

lung;  

(iii) enzymatic activity in the lungs is thought to be significantly lower than in the GIT/liver;[5] 

(iv) When compared to oral administration, a quicker commencement of an action is possible [6,7]. 

The following are the three main barriers to aerosol deposition in the deep lung (i.e. respiratory bronchioles 

and the alveolar area) in pulmonary medication delivery [8]: 

(a) The principal protection mechanism against the deposition of harmful particles and pollutants is the 

anatomic barrier, which is the tracheobronchial tree structure of the pulmonary system. 

(b) The pathological barrier–illness condition can modify the viscoelastic characteristics of the mucus 

covering the respiratory tract epithelium, impacting deposited material clearance and absorption profile. 

(c) Because there is always a conflict between clearance and absorption, particles accumulating in the 

alveolar region may be engulfed and transferred to the upper respiratory tract, where the mucociliary 

escalator can eliminate the particles. 

The foregoing barriers are described more in this review; nonetheless, it is vital to remember that inhaled 

medication particles must be in the 'fine particle fraction' (FPF; i.e., capable of reaching the bronchioles and 

alveoli) to be considered 'therapeutically beneficial.' For this to happen, inhaled particles need to have an 

aerodynamic size of less than 5 or 6 µm, with particles smaller than 2 µm being the most appropriate for 

deposition in the alveolar region [9]. 
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Only particles with a diameter of 1 to 5 µm are likely to deposit in the lungs' airways due to aerodynamic 

considerations. Because of their bulk, larger particles will have an inertial impact on the throat and trachea. 

Inhaled particles must have an aerodynamic diameter of 1 to 3 µm to reach the distal region of the lung 

efficiently [10-13]. Particles less than one meter are expected to be exhaled out, yet the evidence is 

accumulating that ultra-fine particles have extremely high lung depositions. The density, hygroscopicity, 

shape, and electrical charge of aerosol particles, as well as the breathing pattern, time of aerosol 

administration, and airway anaomy, are all key factors that influence lung disposition and/or clearance rates 

[14,15]. 

PULMONARY DRUG DELIVERY: 

The absorption of an inhaled medicine past the lung epithelial barrier to the location of its pharmacological 

site of action determines its efficacy. Absorption into the systemic circulation of locally active medications 

may result in the drug's elimination and, as a result, its action in the lungs being terminated. The onset, 

strength, and duration of effect of systemically acting medicines are determined by the drug's absorption 

profile from the lungs. Even though inhalation is a well-established method of medication administration, 

the kinetics of drug absorption in the lungs have not been thoroughly studied. Understanding the factors that 

influence inhaled medication absorption and disposition about their molecular characteristics is critical for 

the development of new inhalation products with local and systemic effects [16].  

To remove airborne particles and possible pathogens from inspired air, a sophisticated respiratory host 

defense mechanism has evolved. Mechanical (air filtration, cough, sneezing, and mucociliary clearance), 

chemical (antioxidants, antiproteases, and surfactant lipids), and immunological defense mechanisms are all 

part of the system, which is strictly regulated to keep inflammatory reactions to a minimum [17,18]. 

The components of the host defense system are hurdles to drug delivery that must be overcome to ensure 

efficient drug deposition, retention, and absorption from the respiratory tract. Mucociliary clearance, alveolar 

macrophages, and metabolism are all important non-absorptive clearance pathways.  

LIPOSOMES FOR PULMONARY DRUG DELIVERY: 

Liposomes for pulmonary administration have piqued interest due to their potential to entrap therapeutic 

molecules and, after inhalation, localize the pharmacological impact in the pulmonary system for an extended 

period. This was said to improve the drug's therapeutic value while lowering the risk of systemic side effects. 

Phospholipids with or without cholesterol are used to make liposomes; these components are quite similar to 

pulmonary surfactants seen in mammals [19-21]. Liposomes' great biocompatibility and biodegradability as 

drug carriers in inhaled formulations have been demonstrated in numerous investigations. In this field, 

liposomes have been proposed as a surfactant replacement therapy for patients with respiratory distress 

syndrome. For prevention against respiratory distress syndrome in neonates, lung surfactants based on 

combinations of phospholipids have been commercialized (e.g.Survanta ®) [22]. 

Many studies have also demonstrated that medications encapsulated in liposomes are safe for pulmonary 

delivery because liposomes can control the method of drug release, lowering the amount of drug available to 

cause unwanted effects [19-21]. Anticancer medications aren't the only ones that are safe in liposome 

formulations when inhaled. When delivered in liposome formulations, genes, antimicrobial treatments, and 

anti-diabetic medications are all safe.  Steroids are frequently and widely used as anti-inflammatory 

medicines in asthma prophylaxis. Investigations have revealed that beclometasone encapsulated in liposomes 

was well tolerated when breathed when given to humans in therapeutic doses, it is well tolerated [23]. Inhaled 

interleukin-2 (IL-2) liposomes were also found to be non-toxic to the lungs of dogs and humans in studies 

[24-26]. 

Liposomes as a carrier system for pulmonary administration have various benefits over non-encapsulated 

medication delivery via aerosol [27]. 
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 solubilize medications that aren't easily soluble 

 establish a pulmonary sustained release reservoir that extends the time that therapeutic drugs are available 

locally and systemically 

 promote intracellular drug delivery, particularly to alveolar macrophages, tumor cells, and epithelial cells 

 reduce the drug's toxicity and prevent local lung discomfort 

 surface-bound ligands or antibodies can be used to target certain cell types. 

 be transported past the epithelium and into the systemic circulation in a healthy state 

TYPES OF LIPOSOMES 

Liposomes are normally characterized by their size and number of bilayers; however, they can also be 

categorized into one of two groups [2, 28]: 

a) Unilamellar vesicles 

• Small unilamellar vesicles (SUV): 20-100 nm 

• Large unilamellar vesicles (LUV): >100 nm 

• Giant unilamellar vesicles (GUV): >1000 nm 

b) Multilamellar vesicles (MLV): >500nm 

a) UNILAMELLAR VESICLES: 

in unilamellar vesicles, the vesicles have a single phospholipid bilayer sphere enclosing the aqueous solution. 

b) LARGE UNILAMELLAR VESICLES:  

They vary in size from around 100nm to 10micrometers in diameter and more amount of drugs can be 

encapsulated. But they are more fragile. 

c) SMALL UNILAMELLAR VESICLES: 

They are single layered liposome clearance from the systemic circulations reduced and hence they circulate 

for long. 

d) MULTILAMELLAR VESICLES: 

In multilamellar liposomes, this consists of numerous concentric bilayers, alternating with layers of water. 

The advantage of MLV is that they are simple to make and have a rugged construction. But only a small 

percentage of drugs can be encapsulated. It is rapidly cleared from the blood and hence is used in passive 

targeting of the liver and spleen.  

 

                                                             Fig no: 1 
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Liposomes are divided into five categories based on their composition and intracellular delivery method. 

(i) conventional liposomes;  

(ii) pH-sensitive liposomes;  

(iii) cationic liposomes;  

(iv) immunoliposomes and  

(v) long-circulating liposomes. 

ADVANTAGES 

• Provides tumor tissues with targeted passive targeting (Liposomal doxorubicin). 

• Increased efficacy and therapeutic index.  

• Increased stability via encapsulation.  

• The encapsulated agents' toxicity is reduced. 

• Site avoidance effect.  

A. PREPARATION METHOD 

Methods used in the preparation of liposomes  

• Thin film hydration method 

• Reverse-phase evaporation (REV) method 

• Solvent (ether or ethanol) injection method 

• Detergent removal method 

• Sonication 

• Freeze-thawed liposomes 

 Slurry method  

B. INDUSTRIAL PRODUCTION METHOD: 

• Micro fluidization 

• Heating method 

• Spray drying 

• Freeze Drying 

• Supercritical reverse-phase evaporation 

• Modified ethanol injection method 

• Cross-linked injection method 

 

MATERIALS USED  

Natural or synthetic phospholipids such as phosphatidylethanolamine, phosphatidylglycerol, 

phosphatidylcholine, phosphatidylserine, phosphatidylinositol.  

Phosphatidylcholine is also known as lecithin and phosphatidylethanolamine have two major structural 

components of most biological membranes [29,30]. 
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Commonly used phospholipids and their phase transition temperatures (Tc). 

 

SI. 

No 

PHOSPHOLIPIDS TEMPERATURE 

(Tc) 

1 Soybean phosphatidylcholine (SPC) -20 to-30 

2 Hydrogenated soybean phosphatidylcholine 

(HSPC)  

52 

3 Egg sphingomyelin (ESM 40 

4 Egg phosphatidylcholine (EPC) -5 to-15 

5 Dimyristoyl phosphatidylcholine (DMPC) 23 

6 Dipalmitoyl phosphatidylcholine (DPPC) 41 

7 Dioleoyl phosphatidylcholine (DOPC) -22 

8 Distearoyl phosphatidylcholine (DSPC) 55 

9 Dimyristoyl phosphatidylglycerol (DMPG) 23 

10 Dipalmitoyl phosphatidylglycerol (DPPG) 41 

11 Dioleoyl phosphatidylglycerol (DOPG) - 18 

12 Distearoyl phosphatidylglycerol (DSPG) 55 

13 Dimyristoyl phosphatidylethanolamine 

(DMPE) 

50 

14 Dipalmitoyl phosphatidylethanolamine 

(DPPE) 

60 

15 Dioleoyl phosphatidylethanolamine (DOPE) - 16 

16 Dimyristoyl phosphatidylserine (DMPS) 38 

17 Dipalmitoyl phosphatidylserine (DPPS) 51 

18 Dioleoyl phosphatidylserine (DOPS) -10 

Table no:1 

Based on the source the phospholipids are classified into five types: 

1. Phospholipids from the natural source 

2. Modified natural phospholipids  

3. Semisynthetic phospholipids 

4. Fully synthetic phospholipids 

5. Phospholipids with non-natural head groups 

Cholesterol is largely used in the preparation of liposomal bilayers, they improve the bilayer characteristics, 

membrane fluidity, bilayer stability and reduce the permeability of water-soluble molecules through the 

membrane.  

Solvent: diethyl ether, chloroform, methylene chloride, methanol. 

A. PREPARATION OF LIPOSOMES  

1.THIN-FILM HYDRATION METHOD: 

The thin-film hydration method was the most common and simple method for the preparation of MLV [2]. 

Step1:  

An organic solvent is used to disseminate a phospholipid and cholesterol combination. Then using Rotary 

Evaporator at reduced pressure, the organic solvent was removed. Which form a thin and homogeneous lipid 
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film under vacuum at the temperature 45-60ºC. In order to totally eliminate the leftover solvent, nitrogen gas 

is used. 

Step 2: 

The lipid layer is hydrated using an aqueous buffer solution such as phosphate buffer at pH 7.4 with 

continuous agitation at a temperature above the lipid transition temperature 60-70 ºC for 1h to 2h.  

In order to obtain full lipid hydration, the liposomes suspension is left overnight at 4ºC.  

This was the easiest method for the preparation of multilamellar liposomes vesicles (MLVs) heterogeneous 

both in size and shape. The size of the liposomes is reduced by using various techniques such as sonication 

for SUVs formation and extrusion through polycarbonate filters forming LUVs.  

The main benefit is that it is a simple method with a clear strategy that produces high encapsulation rates. 

The presence of solvent residue due to the usage of a large quantity of organic solvent, time-consuming, and 

often required sterilization is the major disadvantage of this method. 

2. REVERSE PHASE EVAPORATION TECHNIQUE: 

Step 1:  

A mixture of phospholipid and cholesterol is dispersed in an organic solvent such as diethyl ether/. Then a 

lipidic film was prepared by evaporating the organic solvent under reduced pressure [2,31]. 

Step 2: 

The system is purged with nitrogen and the liquid was re-dissolved in the second organic phase mostly diethyl 

ether or isopropyl ether are used. The aqueous buffer was introduced into the mixture which forms large 

unilamellar and oligolamellar vesicles. The organic solvent is removed and the system is maintained under 

continuous nitrogen. 

They have produced 4 times higher than multilamellar vesicles and a substantial fraction of the aqueous 

phase is entrapped within the vesicles, even large macromolecules are encapsulated within the vesicles with 

high efficiency. 

3. SOLVENT INJECTION METHOD:  

Based on the use of organic solvent this technique has been classified into  

a) Ether injection method  

b) Ethanol injection method  

In this methods lipid is dissolved in the organic solvent, then this lipid solution is injected into the aqueous 

media containing the material to be encapsulated within the liposomes, which form the liposomes. At the 

interface between the organic and aqueous phase, the lipids align themselves into a monolayer, which is an 

important step to form the bilayer of the liposomes [1, 32].  

There are three categories in the solvent dispersion method including 

a) A miscible organic solvent with the aqueous phase 

b) An immiscible organic solvent with the aqueous phase that is used in excess and 

c) An immiscible organic solvent used in excess with the aqueous phase. 
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a. Ethanol injection method  

This method was first described in 1973. In this method, an ethanol solution of lipids is rapidly injected into 

the excess aqueous medium by a fine needle. The injection force is usually sufficient to achieve complete 

mixing so that ethanol is diluted in water, and lipids are dispersed evenly throughout the medium. They 

obtain a small liposomes size range of 100nm by simply injecting an ethanolic lipid solution into the aqueous 

medium without extrusion or sonication. The advantage is it is extremely simple and it has a very low risk 

of degradation for sensitive lipids. The major disadvantage of this method is the limitation of solubility of 

lipids in ethanol and in turn, limits the quantity of lipid dispersed when the volume of ethanol is introduced 

into the medium so that the resulting liposome solution is generally dilute. As a result, a very low percentage 

of hydrophilic materials are encapsulated. Removal of ethanol from the lipid membrane is difficult [31]. 

b. Ether injection method 

In this method, the ether lipid solution is injected into the warmed aqueous phase above the boiling point of 

ether. Primary unilamellar liposomes are formed when the ether vaporizes upon contacting the aqueous 

phase. In this method, large vesicles are formed which might be liposomes as potential drug carrier systems 

for drug delivery  

The advantage of this method compared to the ethanol method is the removal of solvent from the product, 

concentrated liposomes with high entrapment efficiencies are formed. Ether injection is particularly gentle 

on delicate lipids and has a low risk of oxidative destruction.  When the solvent is introduced, they get 

removed simultaneously, since the process can run continuously for a long period of time, there is no limit 

to the final concentration of lipid which can be achieved and giving rise to a high percentage of the aqueous 

medium encapsulated within the liposomes. But in this method, it takes a long time to produce a batch of 

liposomes, and the need for careful control for the introduction of lipid solution is a major drawback [31]. 

4. DETERGENT REMOVAL METHOD or DETERGENT DIALYSIS: 

At critical micelles concentration, the detergents form micelles which are to solubilize lipids. When the 

detergent is removed, the micelles become increasingly phospholipid-rich, eventually becoming LUVs. The 

detergent was removed by dialysis. As the detergent is subsequently removed by dialysis, they have formed 

homogenous unilamellar vesicles, it is a simple process for controlling particle size. The advantage of this 

method is they are reproducible and produce homogenized size liposomes. The size of the liposomes ranges 

from 40-180nm. The retention of the traces of detergents is the backdrop of this method. The main 

disadvantages of this method are the length of time it takes, residual contaminants in the end product, and 

the detergent's interaction with the encapsulating substance. During the removal of detergent by dilution, 

lower entrapment efficiency was observed for hydrophobic compounds. The particle size was 100nm. The 

large size particles could be prepared by dilution of mixed micelles [31]. 

LIPOPREP is a commercial device that is a type of dialysis system that may be used to remove detergents. 

Other techniques used in the removal of detergents are Gel Chromatography, by adsorption or binding of 

Triton X-1000 (a detergent) to Bio-Beads SM-2, and by binding of octyl glucoside (detergents) to ambulate 

XAD-2 beads. 

5. SONICATION: 

In this method, sonic energy is used for the preparation of unilamellar vesicles (SUVs). Here the LMV is 

dispersed by using sonic energy which forms the small unilamellar vesicles, size ranges from 15-50nm.  

Probe tip sonicators are the most commonly used instrument in the preparation of sonicated particles. They 

deliver high energy input to the lipid suspension but due to overheating degradation of lipid suspension takes 

place. Titanium particles are also released by the sonication tips, which are removed by centrifugation [33]. 

Due to this reason, Bath sonicators are mostly used for the preparation of SUVs. Here the test tube containing 

lipid suspension is placed on the bath sonicator for 5-10 minutes, which disperse the LMV. The lipid 

suspension begins to clarify to yield a haze transparent solution. The large particles remaining in the 

suspension scatter the light and causes haze. These particles are removed by centrifugation to yield a clear 
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suspension of the SUV. Composition and concentration, temperature, sonication time and power, volume, 

and sonicator tuning all influence the desired liposome size. But the size of the particles varies batch-wise, it 

is impossible to reproduce the conditions of sonication. When SUVs are stored below the phase transition 

temperature, SUV becomes unstable and spontaneously fuse together and form large vesicles.  

6. FREEZE-THAWED LIPOSOMES: 

Freeze-thawed liposomes form SUVs, which are rapidly frozen and thawed slowly. Sonication disperses 

aggregated materials to LUV in a short amount of time. The fusion of SUVs creates unilamellar vesicles by 

freezing and thawing. This method of liposomes synthesis is strongly inhibited by increasing the 

concentration of phospholipid and increasing the ionic strength of the medium. The encapsulation efficacies 

from 20% to 30% were obtained. 

7. SLURRY METHOD: 

Proliposomes were prepared using the slurry method, using starch as carbohydrate carriers. Soya 

phosphatidylcholine (SPC) and cholesterol were employed in combination as the lipid phase in a 1:1mol 

ratio. Atenolol was incorporated into the lipid phase. The lipid phase constituting SPC, cholesterol and 

Atenolol was dissolved in absolute ethanol. Starch was placed in a glass beaker (100ml) and the ethanolic 

solution was poured onto the carbohydrate carrier to form a slurry, ensuring uniform distribution of the lipid 

phase and drug over the carrier particles. The beaker was subjected to a magnetic stirrer in a water bath 

previously adjusted to 45⸰C and the evaporation of the organic solvent was continued with a rotation speed 

of 270 RPM for 1 h. Dry Proliposomes were collected in a dry airtight glass bottle and stored at -18⸰C for 

subsequent studies [64-66]. 

B. INDUSTRIAL PRODUCTION METHOD: 

1.MICROFLUIDIZATION: 

In this method microfluidizers are used, which produces high-pressure that converts high fluid liquid 

pressures to intense shear force. This is a non-thermal technology that uses a divided pressure stream to drive 

flow inside the microfluidizer's chamber through a tiny opening. Liposomes are made by running a 

microfluidizer with liposomal components suspended in an aqueous phase in a specialized chamber. A large 

quantity of liposomes is produced continuous and reproducible manner without using sonication, detergents, 

and toxic chemicals. They produce small homogenous ULVs at desired size ranges 50-200nm with 

homogeneity and with encapsulation efficiency up to 75% could be obtained. The advantage of this method 

is it is reproducible and reduction of the post-production processing step. The drawback of this method is the 

application of high pressures during the process. Liposomes in aqueous dispersion have a tendency to clump 

or fuse, making them vulnerable to hydrolysis or oxidation [2, 3,33]. 

2. HEATING METHOD 

It is a novel approach for producing liposomes quickly and without the use of dangerous chemicals. 

Phospholipids are hydrated and heated above room temperature in the presence of a hydration agent in this 

process (propylene glycol, glycerol, or sorbitol).Glycerol could be used as a hydrating agent due to its water-

soluble nature and physiologically accepted chemical with the ability to increase the stability of lipid vesicles 

and does not need to be removed from the final liposomal product, which is harmless and found in a living 

system with the capability to exert an isotonizing property. Liposome components are hydrated in an aqueous 

solution before being heated to 120 degrees Celsius in the presence of glycerol (3 percent v/v). Liposomes 

are made by directly hydrating phospholipids rather than dissolving them in chemical solvents. By preventing 

sedimentation and coagulation, it improves the stability of lipid vesicles. Temperature and mechanical 

churning give enough energy for stable liposome production. The heating method is the attractive, simple, 

and fast method among all the conventional methods.  Liposomes prepared by this method suffer minor 

degradation of bioactive lipids because of the high temperature (60 to 120◦C) and another benefit of this 

method is do not need further sterilization. The nature and charge of the phospholipid, speed of the stirrer, 

and the shape of the reaction vessel control the particle size of the liposomes [33].  
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3. SPRAY DRYING: 

Spray drying is a quick and easy approach that may be used in a variety of industries. A mixture of lipid and 

drug was directly sprayed into the spray dryer for the preparation of liposomes. By stirring for 45 minutes, 

the dried product was hydrated with various amounts of phosphate buffer saline pH 7.4. 

This is the fast single-step procedure applied in the nanoparticles formulation. The conditions required for 

spray drying: inlet and outlet temperature were 120 C and 80C, airflow rate was 700NI/hr and the flow rate 

was 1000ml/hr. The volume of the aqueous medium employed to hydrate the spray-dried product had an 

impact on the liposome size. 

 

4. FREEZE-DRYING (LYOPHILIZATION)  

Freeze drying is the new method for the preparation of sterile and pyrogen-free liposomes. Lipids and water-

soluble carrier materials such as sucrose were dissolved in tert-butyl alcohol/ water co-solvent systems in 

appropriate ratios to form a clear isotonic mono-phase solution. Then the solution is sterilized by filtration 

and filled in the free-drying vials. The freeze-drying process was follows freeing at -40 C for 8 hrs, primary 

drying at 40C for 48h and secondary drying at 25C for 10h, and the temperature was maintained at 20 pascals. 

The lyophilized product spontaneously forms a homogenous liposome on the addition of water. The factor 

that affects the size and polydispersity of the liposome is the lipid/carrier ratio. Tert-butyl alcohol/water 

cosolvent system was used for economic concern [34]. 

5. SUPERCRITICAL REVERSE PHASE EVAPORATION  

Supercritical carbon dioxide was used to develop liposomes and it is a one-step new method. Liposomes are 

obtained by emulsion formation by introducing water into a homogeneous mixture of supercritical carbon 

dioxide/LR- dipalmitoylphosphatidylcholine/ethanol under sufficient stirring and reduction pressure. The 

trapping efficiency for an oil-soluble substance and cholesterol was about 63%. Trapping efficiency is 5 

times higher valves for the water-soluble solute compared to multilamellar vesicles. The diameter of large 

unilamellar vesicles ranges from 0.1-1.2m. This is a one-step preparation of large unilamellar liposomes.  

LIPOSOME DELIVERY DEVICES IN THE PULMONARY SYSTEM 

a) Pressurized metered-dose inhalers (pMDIs),  

b) dry powder inhalers (DPIs), 

c) soft mist inhalers (SMIs), and  

d) medical nebulizers 

are the four categories of inhalation devices. All of these devices have been examined for liposome delivery. 

PRESSURISED METERED-DOSE INHALERS: 

pMDIs are sturdy canisters that contain a medicine that has been dissolved or disseminated in liquefied 

propellants. When the device is activated with coordinated inspiration, a precise dose is released [35,36]. 

Dissolving the phospholipid in chlorofluorocarbons (CFC) propellant with medications and cosolvents such 

ethanol was reported as a method of administering liposomes utilizing pMDIs. pMDI formulations were 

created by dispersing phospholipids in PEG-phospholipids, then delivering the in-situ synthesis of liposomes 

in the impinger's aqueous environment [37]. 

DRY POWDER INHALERS 

DPIs have been used to administer liposomes utilizing a variety of drying processes, including spray drying, 

freeze-drying, spray freeze drying, and air-jet micronization. Spray drying pharmaceuticals in liposome 

formulations have been found to be an effective method for producing aerodynamically tiny particles. 

It was assumed that liposomes would rehydrate after deposition of the powder in the lung's aqueous 

environment (i.e., high FPF) and that this would happen after the powder was deposited [38-40]. 
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SOFT MIST INHALERS 

SMIs are propellant-free, hand-held metered-dose inhalation devices that produce slow-moving water 

aerosols for deep-lung deposition [41-43]. 

MEDICAL NEBULISERS 

In comparison to other inhalation devices, nebulizers may produce huge amounts of respirable aerosol 

without the necessity for drying operations (as with DPIs) or the use of propellants (as with pMDIs) 

[42,44].The most popular inhalation device for the delivery of liposomes is a nebulizer [45,46]. 

Air jet, ultrasonic, and vibrating mesh nebulizers are the three types of nebulizers. 

The air jet nebulizer is the most well-known nebulizer for liposome administration [47-50]. 

The ultrasonic nebulizer has been demonstrated to be the least effective at delivering liposomes in most 

studies [51]. 

The vibrating mesh nebulizer proved to be a good delivery system for vesicles, particularly big liposomes 

and liposome aggregates [50,52,53]. 

CHARACTERIZATION  

1. PARTICLE SIZE 

The average particle size and size distribution of liposomes are important parameters. The techniques used 

to determine the particle size and size distribution of liposomes by microscopy techniques, size exclusion 

chromatography (SEC), field-flow fractionation, and static or dynamic light scattering. 

Electron microscopy (EM) such as transmission electron microscopy using negative staining, freeze-fracture 

TEM, and cryo-electron microscopy which provide valuable information about the morphology and particle 

size of the liposomes.  

Atomic force microscopy was a recently developed microscopic technique that has been used to study the 

morphology, size, and stability of liposomes. As a result, a high-resolution three-dimensional profile of the 

vesicle surface has been created. It is a rapid, powerful, and relatively non-invasive technique.  

Liposomes can be separated and quantified using HPLC and SEC. The porous packing material used in this 

technique excludes larger particles from the internal pore volume leading to their shorter retention on the 

column. The elution of big particles precedes the elution of smaller particles in this mechanism, resulting in 

separation. 

Field–flow fractionation (FFF) is a technique that overcomes some of the limitations of HPLC in the analysis 

of liposomes. This technique includes electrical, thermal, sedimentation, and flow FFF techniques that rely 

on a field application that is perpendicular to the direction of flow [54]. 

2. SCANNING ELECTRON MICROSCOPE: 

Scanning electron microscopes are used to determine the particle size of the liposomes. A small drop of 

liposome dispersion is placed on the slide and the sizes of the liposomal vesicles were measured at a different 

location. A lens system, an electron gun, an electron collector, visual and recording cathode ray tubes, and 

the electronics that go with them make up the SEM. SEM is used to determine the shape, size, and surface 

morphology of Nanoparticles, polymer-coated nanoparticles were observed with the help of a microscope 

[2].   
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3. TRANSMISSION ELECTRON MICROSCOPY: 

Transmission electron microscopes are used to determine the morphology of the vesicles of the liposomes. 

The samples are diluted and contrast was improved using 2% tungstophosphoric acid. One drop of the sample 

was placed on a copper grid coated with carbon film, dried for 3-5 min, and drained on the filter paper. The 

grid was further dried by placing in a Petri plate at room temperature, which was then loaded in the TEM 

and the areas were scanned for observation vesicles [55].  

4. ZETA POTENTIAL: 

A dynamic light scattering instrument is used to measure the zeta potential of the liposomal formulation. The 

sample is analyzed at 25 degrees C, using a dispersant refractive index of 1.33.In a colloidal system, zeta 

potential or potential is an acronym for electrokinetic potential. The electric potential in the Interfacial double 

layer of a dispersed particle or droplet versus a point in the continuous Phase distant from the interface is 

known as zeta potential. In other words, the difference between the mobile phase dispersion media and the 

stationary layer of the dispersion medium associated with the dispersed particle is referred to as zeta potential. 

The pH of the medium is the most critical component that affects zeta potential. Other considerations include 

ionic strength, additive concentration, and temperature [28, 52,53]. 

5. ENTRAPMENT EFFICIENCY 

To separate the free drug, the liposomal formulation was spun at 4000 rpm for 18 minutes at 4 °C temperature 

using a remi cooling centrifuge. A supernatant contains suspended liposomes and free drug on the centrifuge 

tube's wall. The supernatant was centrifuged for 38 minutes at 12000 rpm at 4 °C temperature. As a result, a 

clear supernatant and liposome pellet solution was obtained. Prior to the other tests, the liposome pellet was 

redispersed in distilled water. 

The liposomes were combined with 10 ml of methanol: water (7:3 v/v) and sonicated for 5 minutes to remove 

any unentrapped free drug. The liposomes were ruptured by sonication, allowing the drug to escape. The 

drug entrapment was determined using the discharged drug. Using an HPLC machine, the quantity of 

drug was calculated [28]. The percentage entrapment efficiency was calculated as follows: 

                           % EE = Total drug–free drug/Total drug /100 

6. FOURIER TRANSFORM INFRARED SPECTROSCOPY 

A small amount of sample is mixed with inert potassium bromide acting as a background. In a mortar with a 

pestle, 500mg of KBr and 5mg of dried liposomes are completely triturated and then squeezed into a semi-

transparent film. In the spectrophotometer, the film was scanned over a range of 400 to 4000 cm-1, with an 

average scan of 64 and a resolution of 2 cm-1.The depths pertaining to the functional groups contained in the 

sample molecules were explored further in the obtained spectrum [28,53]. 

7. DSC ANALYSIS 

DSC analyses are performed to ascertain the lack of potential interaction between the formulation 

components and to confirm the formulation of liposomes. Accurately weighed samples were placed in the 

open, flat bottom, Aluminium sample pans. Thermograms are obtained by heating the sample at a constant 

rate of 100C/minute. A dry purge of nitrogen gas (20ml/min) is used for all runs. Samples were heated from 

350C – 4000 C. Scans were obtained from the samples. The DSC graphs revealed the melting point, peak 

maxima, and the presence or absence of endotherm peaks [57]. 

8. IN-VITRO DRUG RELEASE 

In-vitro drug release studies are carried out using USP Type-II (paddle) dissolution apparatus for the 

liposomes. The drug release of formulated liposomes is studied in the buffer. The media is maintained at 37 

degrees C with a rotation speed of 75 rpm to confirm sufficient wetting. A 10ml sample of the liposomal 

formulation was placed in a dissolving medium and kept at 37 o C with a 75 rpm rotating speed. Small 

aliquots (5ml) of the sample are obtained from each dissolving vessel using a stainless-steel cannula at regular 

intervals of 5, 10, 15, 30, 45, 60, 90, and 120 minutes. The sink condition of the bath is maintained after each 
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sample removal, an equal amount of fresh media is replaced to retain the total volume of dissolution media 

constant. Then the sample is diluted and analyzed using UV Visible spectrophotometer [58,59]. 

OTHER APPLICATIONS OF LIPOSOMES: 

Application of liposomes containing various drugs or reagents in the basic studies of cell interactions and 

mode of action of certain substances. Many medications have a limited therapeutic window, which means 

that the therapeutic concentration is not substantially lower than the toxic concentration. By the use of a 

suitable drug carrier that alters the temporal and spatial delivery of the drug, i.e., its biodistribution and 

pharmacokinetics so that the toxicity can be reduced or the efficacy can be enhanced. Many preclinical and 

clinical investigations have shown that encapsulating medications, such as anticancer agents, in liposomes 

reduces toxicities while increasing efficacy. Liposome designs are paving the way for novel ways to 

distribute recombinant proteins. Liposomes drugs can lead to improved drug bioavailability t particular target 

cells that live in the circulation, extravascular disease by changed pharmacokinetics.  

LIPOSOMES IN ANTICANCER THERAPY: 

Numerous anticancer drugs have been demonstrated to be less harmful when encapsulated in liposomes. 

Anthracyclines are medications that intercalate into the DNA of dividing cells and so kill mostly quickly 

dividing cells. Because these cells can be found not just in tumors but also in hair, gastric mucosa, and blood 

cells, this medication class is extremely hazardous. The most used and studied is Adriamycin. Its dosage is 

limited by its increasing cardiotoxicity, in addition to the above-mentioned acute toxicities. Numerous 

diverse formulations were tried. The toxicity was lowered by roughly half in most cases. Because liposome 

encapsulation limits medication molecules' distribution to certain tissues, these include both acute and 

chronic toxicities. For the same reason, reduced bioavailability of the medicine hampered efficacy in many 

situations, especially if the tumor was not phagocytic or placed in the mononuclear phagocytic system's 

organs [60]. 

Benefits of drug load in liposome Examples 

1.Improved lipophilic and amphiphilic drug solubility Hydrophilic medicines, such as anticancer agent 

doxorubicin or acyclovir; amphotericin B, porphyrins, minoxidil, certain peptides, and anthracyclines. 

2. Antimonial, amphotericin B, porphyrins, vaccinations, and immunomodulators are examples of passive 

targeting to immune system cells, particularly cells of the mononuclear phagocytic system. 

3. Systemic or local administration of liposomes containing doxorubicin, cytosine arabinoside, cortisones, 

biological proteins, or peptides such as vasopressin. 

4. Site-avoidance mechanism Doxorubicin and amphotericin B 

5. Site-specific targeting Anti-inflammatory drugs, anti-cancer, anti-infection 

6. Improved hydrophilic, charged molecule transfer Antibiotics, chelators, plasmids, and genes are only a 

few examples. 

7. Increased tissue penetration Insulin, corticosteroids, and anesthetics. 

The effect of liposome encapsulation showed enhanced efficacy in some cases, such as systemic lymphoma, 

due to the continued release effect, i.e., longer presence of therapeutic concentrations in the circulation, 

whereas the drug's sequestration into mononuclear phagocytic system tissues actually reduced its efficacy in 

others. In humans, applications revealed lower toxicity and greater administration acceptability, but not 

particularly enticing efficacy. Several formulations are undergoing various stages of clinical trials, with 

mixed results. 

PROTECTION AGAINST ENZYME DEGRADATION OF DRUGS: 

Liposomes protect the entrapped drug against enzymatic degradation. The lipids used in the formulation are 

not susceptible to enzymatic degradation, while the lipid vesicles are in circulation in the extracellular fluid 

the entrapped drug is thus protected [60].  
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DRUG TARGETING: 

For drug targeting, ligands such as antibodies, sugar residues, apoproteins, or hormones are tagged on lipid 

vesicles. The ligand recognizes specific receptor sites, which causes the lipid vesicles to concentrate at 

targeted sites. This approach prevents or reduces liposome distribution into the reticuloendothelial system, 

which would otherwise be favoured (liver, spleen, and bone marrow) [61]. 

TOPICAL DRUG DELIVERY: 

The ability of lipid vesicles with specific lipid compositions to alter cell membrane fluidity and fuse with 

them is based on the similarity between the bilayer structure of lipid vesicles and natural membranes, which 

includes the ability of lipid vesicles with specific lipid compositions to alter cell membrane fluidity and fuse 

with them.Liposomes were first employed in dermatology because of their moisturizing and healing 

properties. Liposomes increase the permeability of skin for various entrapped drugs and at the same time 

decreases the side effect of the drugs due to the low dose. Drug delivery into the skin has been proven to be 

effective [2]. 

SITE AVOIDANCE DELIVERY: 

Drugs that are cytotoxic, when exposed to the normal cell may cause an adverse effect, due to a low 

therapeutic index. When such drugs are formulated as liposomes give a therapeutic effect with low toxicity 

[60].  

SUSTAINED RELEASE DRUG DELIVERY: 

For the sustained release of the drugs in a body, drugs are encapsulated into the liposomes. Drugs can be 

retained in a system for a prolonged time [62]. 

SYSTEMIC LIPOSOMAL DRUGS: 

Liposomes can be used to deliver drugs to these cells effectively. As a result, sterically stabilized liposomes, 

which are not readily absorbed by MPS cells, have distinct biodistribution properties and have been found to 

accumulate more readily in trauma areas such as tumors, infections, and inflammation. This is owing to their 

small size and extended circulation, which allows them to extravasate. After systemic (usually intravenous) 

administration, liposomes are typically recognized as foreign particles and consequently, endocytosed by the 

mononuclear phagocytic system cells (MPS), mostly fixed Kupffer cells, in the liver and spleen [60, 62]. 

LIPOSOMES IN COSMETICS: 

Liposomes' capabilities can also be used in the delivery of substances in cosmetics. Liposomes provide 

benefits because lipids are highly hydrated and can help to minimize skin dryness, which is a major cause of 

aging. Also, liposomes can supply replenished lipids and importantly linolenic acid to the skin. Liposomes 

have also been used to cure hair loss; the primary ingredient in medications like "Regaine" that claim to 

prevent or reduce hair loss is minoxidil, a vasodilator. In skin care treatments, empty or moisture-loaded 

liposomes prevent transdermal water loss and are suitable for the treatment of dry skin. They also improve 

lipid and water supply to the stratum corneum. The skin's moisture content was measured on a regular basis, 

and the results showed that over the course of 6 days, skin humidity increased significantly for the 

formulation containing 20% egg phospholipids [63]. 
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Some of the marketed liposome drug products: 

Product Drug Uses 

Amphotec Amphotericin B Fungal infections 

leishmaniasis 

AmbisomeTM Amphotericin B Serious fungal infections 

ALECTM Dry protein free powder 

of DPPCPG 

Expanding lung diseases in 

infants 

DepoDur Morphine Post-surgical pain reliever 

Depocyt Cytarabine Treatment of 

lymphomatous 

Meningitis 

EvacetTM Doxorubicin Metastatic breast cancer 

Fungizone Amphotericin B Serious fungal infections 

Topex Br Terbutaline sulphate Asthma 

VincaXome Vincristine Solid Tumors 

                                                      Table no:2 

 

CONCLUSION: 

Liposomes have drawn attention in research and in the pharmaceutical field, liposomes have a promising 

therapeutic application in humans and animals for both systemic and locally acting drugs. Due to the great 

potential of liposomes, many companies have been actively engaged in the expansion and evaluation of 

liposomes products. Antisense compounds, ribosomes, proteins/peptides, and DNA are all being delivered 

intracellularly via liposomes, which show great promise. Drugs that produce toxic or serious side effects are 

encapsulated into liposomes vesicles significantly diminishing these unwanted properties. Liposomes with 

improved drug delivery to disease sites due to their capacity to stay in circulation for lengthy periods of time 

are increasingly gaining clinical acceptability. Liposomes also help to target specific sick cells within the 

disease site. 

When compared to parenteral administration, liposomal drug delivery methods have been shown/reported to 

improve the administration of chemotherapeutic drugs in the treatment of lung cancer and the prevention of 

metastases.By delivering therapeutic concentrations locally to the lungs, the major adverse effect profile and 

toxicity of cytotoxic medicines were minimized.Although more research is needed to increase the efficacy 

of liposomal aerosol chemotherapeutics, the unique targeting possibilities to the lungs clearly demonstrate 

the benefits of combining active components over a single medication therapy method. 

Because of some problems in the development of liposomes, they have not entered the market in great 

numbers.  Although some issues, such as batch-to-batch reproducibility, low drug entrapment, particle size 

control, and short circulation half-life of vesicles, appear to have been resolved, other issues, such as stability 

issues, sterilization methods, and the production of large batch sizes, continue to limit the widespread use of 

liposomes. By lyophilization, some of the stability problems may be overcome. The final product is a freeze-

dried liposome that has been combined with an appropriate cryoprotectant and must be reconstituted just 

prior to administration. However, we can claim that liposomes have firmly secured their place in modern 

delivery systems based on pharmaceutical uses and available items. 
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