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ABSTRACT 

The ability of bilayer vesicles to transport medications, vaccines, 

diagnostic agents, and other bioactive molecules has accelerated the 

development of the liposomal drug delivery system. Furthermore, a 

liposomal product could be used to achieve site avoidance and site-

specific medication targeting therapy, reducing the cytotoxicity of 

many powerful therapeutic drugs. The purpose of this article is to give 

an overview of the liposomal drug delivery technology. It has 

concentrated on the elements that influence liposome behaviour in the 

biological environment. The study also covered a number of topics 

such as the mechanism of liposome synthesis, as well as the 

characterisation and stability of liposomal medicinal products. Tumor 

targeting, genetic transfer, immunomodulation, skin and topical  

therapy are all areas where liposomes can be employed as a therapeutic tool. 

 

KEYWORDS: Bilayered vesicles, % drug encapsulation, cytotoxic formulation. 

 

INTRODUCTION 

Combinatorial chemistry breakthroughs have resulted in the identification of a slew of novel 

chemical entities (NCEs) with potential therapeutic effects on biological systems. However, 

because of their physicochemical features such as poor solubility and permeability, the 

majority of the NCEs found provide a challenge to formulation scientists. Despite the fact 

that the aforementioned issues might be solved, the majority of molecules fail to demonstrate 

their desired therapeutic action in vivo, resulting in a lack of in vitro – in vivo connection.
[1,2] 
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The majority of anti-neoplastic drugs that are highly cytotoxic to tumour cells in vitro also 

have an effect on normal cells. This is because they have a low therapeutic index (TI), which 

means that the dose required to generate an anti-tumor effect is toxic to normal cells. To 

decrease their hazardous effects on normal tissues, such medications must be targeted to a 

specific place (diseased site).
[3]

 As a result, an effective drug delivery system is needed to 

ensure that the maximum fraction of the supplied dose reaches the target site. To target the 

medicine to a specific place, several carriers such as nanoparticles, microparticles, 

polysaccharides, lectins, and liposomes can be utilized.
[4-9]

 

 

Liposomal drug delivery is gaining popularity as a result of its contributions to a variety of 

fields, including medication transport, cosmetics, and biological membrane structure.
[10]

 

Liposomes can operate as a carrier for a wide range of medicines, with therapeutic potential. 

Liposomes are colloidal carriers with diameters ranging from 0.01 to 5.0μm. Indeed, when 

phospholipids are hydrated in excess of aqueous media, bilayered vesicles are generated
[11,12]

 

Liposomes have the benefit of being able to encapsulate both hydrophilic and hydrophobic 

medicines and deliver them to the sick spot in the body.
[10]

 The structure of a liposome 

(bilayered vesicle) and phospholipid. 

 

Anticancer medicines, vaccines, antimicrobials, genetic materials, proteins, and 

macromolecules can all be encapsulated in bilayered vesicles.
[13]

 Paclitaxel
[14]

, acyclovir
[15]

, 

tropicamaide
[16]

, arteether
[17]

, chloroquine diphosphate
[18]

, cyclosporine
[19]

, and dithranol
[20]

 

have all been successfully encapsulated using liposomal technology. The list of few 

liposomal products that have been approved for human use is shown in Table 1.
[3]

 

 

Table 1: List of liposomal products approved for commercial use. 

 

 

 

Drug Product Indication 

Ambisome™ Amphoteracin B Fungal infection 

DaounoXome™ Daunorubicin Kaposi's sarcoma 

Doxil™ Doxorubicin 
Refractory Kaposi's sarcoma, recurrent breast cancer 

and ovarian cancer 

Visudyne® Verteporfin 
Age-related macular degeneration, pathologic myopia 

and Ocular histoplasmosis 

Myocet® Doxorubicin Recurrent breast cancer 

DepoCyt® Cytarabine Neoplastic meningitis and lymphomatous meningitis 

Lipoplatin® Cisplatin Epithelial malignancies 

DepoDur® Morphine Sulfate Postoperative pain following major surgery 
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Mechanism of Liposome Formation 

Phospholipids, which are amphiphilic molecules, make up the core of a liposome (having a 

hydrophilic head and hydrophobic tail). The hydrophilic part consists primarily of phosphoric 

acid coupled to a water soluble molecule, whereas the hydrophobic part is made up of two 

fatty acid chains each with 10–24 carbon atoms and 0–6 double bonds.
[21]

 

 

When these phospholipids are disseminated in aqueous medium, they organise into lamellar 

sheets with the polar head group facing outwards to the aqueous region and the fatty acid 

groups facing each other, resulting in spherical/vesicle-like structures known as liposomes. 

The polar portion remains in touch with the aqueous environment, while the non-polar 

section is shielded (which is oriented at an angle to the membrane surface).
[22]

 

 

When phospholipids are hydrated in water, the hydrophilic/ hydrophobic interactions 

between lipid – lipid and lipid – water molecules result in the formation of bilayered vesicles, 

allowing the aqueous phase to establish thermodynamic equilibrium.
[23] 

 

Some of the elements that influence bilayer formation include. 

• Folding into tight concentric vesicles reduces the unfavourable interactions between the 

hydrophilic and hydrophobic phases. 

• By generating large bilayered vesicles, the high free energy difference between the 

hydrophilic and hydrophobic environments may be reduced, and maximum stability to 

supramolecular self-assembled structures can be achieved. 

 

Classification of Liposome 

Liposome’s come in a variety of shapes and sizes, according to the literature. Their size, 

number of bilayers, composition, and technique of manufacture are all used to classify them. 

Liposomes are categorized as multilamellar vesicles (MLV), large unilamellar vesicles 

(LUV), and small unilamellar vesicles (SUV) based on the size and quantity of bilayers, as 

shown in Fig. 2. Conventional liposomes (CL), pH-sensitive liposomes, cationic liposomes, 

long circulating liposomes (LCL), and immuno-liposomes are the different types based on 

their composition. They are divided into three types based on how they are made: reverse 

phase evaporation vesicles (REV), French press vesicles (FPV), and ether injection 

vesicles (EIV).The classification based on the size and number of bilayers. 
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Multilamellar vesicles (MLV) 

MLVs have a diameter of more than 0.1 m and are made up of two or more bilayers. Their 

preparation process is straightforward, using thin-film hydration or lipid hydration in excess 

of organic solvent. They are mechanically stable when stored for a long time. Because of 

their enormous size, they are quickly removed by reticulo-endithelial system (RES) cells and 

so can be used to target RES organs.
[3]

 MLV have a moderate trapped volume, defined as the 

ratio of aqueous to lipid volume. Slower hydration and careful mixing can help to increase 

drug entrapment in the vesicles.
[24]

 Encapsulation efficiency can be improved by hydrating 

thin films of dry lipids.
[25]

 MLV with a 40% encapsulation efficiency can be achieved by 

lyophilization and rehydration with the aqueous phase (containing the drug).
[26, 27]

 

 

Large unilamellar vesicles (LUV) 

Liposomes in this category are made up of a single bilayer and are larger than 0.1μm in 

diameter. Because they can store a large volume of solution in their cavity, they have a  better 

encapsulation efficiency.
[28]

 They can be used to encapsulate hydrophilic medicines because 

of their large trapped volume. The advantage of LUV is that it requires less lipid to 

encapsulate a significant amount of medication. Due to their bigger size, they are removed by 

RES cells more quickly than MLV.
[3,8]

 Various procedures, including as ether injection, 

detergent dialysis, and reverse phase evaporation processes, can be used to make LUV. Apart 

from these procedures, slow swelling of lipids in non-electrolyte solution
[32]

, freezethawing 

of liposomes
[29,30]

, dehydration/rehydration of SUV
[31]

, and freezethawing of liposomes
[29,30]

 

can also be used to prepare LUV. 

 

Small unilamellar vesicles (SUV) 

When compared to MLV and LUV, SUV are smaller (less than 0.1 μm) and feature a single 

bilayer. They are characterised by a low entrapped aqueous volume to lipid ratio and a 

lengthy circulation half life. SUV can be made via a solvent injection approach (ethanol or 

ether injection methods)
[33]

 or by sonicating or extruding MLV or LUV under an inert 

environment such as nitrogen or Argon to reduce their size. A bath sonicator or a probe 

sonicator can be used for sonication. MLV can also be passed through a tiny orifice under 

high pressure to achieve SUV. At lower or negligible/no charge, these SUV are vulnerable to 

aggregation and fusion.
[34]
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Methods Of Preparation 

Solubilization of lipids in organic solvent, drying of lipids from organic solution, dispersion 

of lipids in aqueous media, purification of resultant liposomes, and analysis of the final 

product are some of the traditional procedures for making liposomes.
[35]

 

 

The thin-film hydration method is the simplest and most extensively utilised method for 

manufacturing liposomes. This approach produces MLV in the size range of 1 to 5μm. If the 

medication is hydrophilic, it goes into the aqueous buffer, but if it's hydrophobic, it goes into 

the lipid film. However, this approach has a low encapsulation efficiency for hydrophobic 

medicines (approximately 5–15 percent). The encapsulation efficiency of the MLV can be 

improved by hydrating the lipids in the presence of an organic solvent.
[36,37]

 Solvent injection, 

detergent dialysis, calcium induced fusion, and reverse phase evaporation procedures can all 

be used to make LUV. Extrusion or sonication of MLV or LUV can be used to make SUV. 

 

All of these preparation processes call for the use of organic solvents or detergents, which can 

be harmful even in little amounts. Other ways without employing organic solvents or 

detergents, such as polyol dilution
[38]

, bubble  method
[39]

, and heating approach
[40]

, have been 

devised to avoid this. The literature
[21,35]

 contains detailed protocols for liposome preparation. 

 

Charaterization Of Liposomes 

Various methods produce liposomes with different physicochemical properties, resulting in 

changes in their in vitro (sterilisation and shelf life) and in vivo (disposition) performance.
[41-

43]
 For a predictable in vitro and in vivo behaviour of the liposomal therapeutic product, 

rapid, precise, and repeatable quality control tests are necessary for characterising the 

liposomes following formulation and storage.
[44,45]

 Some of the parameters listed further 

down can be used to characterise a liposomal medicinal formulation. 

 

Size and size distribution 

When liposomes are designed for inhalation or parenteral delivery, the size distribution is 

critical because it affects the in vivo fate of liposomes and the encapsulated drug 

molecules.
[46-50]

 Microscopy (optical microscopy
[51]

, negative stain transmission electron 

microscopy
[42]

, cryo-transmission electron microscopy
[52]

, freeze fracture electron 

microscopy, and scanning electron microscopy
[45]

), diffraction and scattering techniques 

(laser light scattering and photon correlation spectroscopy)
[45]

, and hydrodynamic techniques 
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are all used to determine the size of the vesicles (field flow fractionation
[53]

, gel 

permeation
[54]

 and ultracentrifugation). 

 

Percent drug encapsulation 

Percent drug encapsulation is the amount of drug encapsulated/entrapped in a liposome 

vesicle. The % medication encapsulation of liposomes can be estimated using column 

chromatography.
[55]

 The medicine is available in two forms: free (unencapsulated) and 

encapsulated. The free drug is separated from the encapsulated one in order to determine the 

exact amount of drug encapsulated. The drug-encapsulated fraction of liposomes is then 

treated with a detergent to achieve lysis, which causes the drug to be released from the 

vesicles into the surrounding medium. This exposed drug is tested using a suitable method, 

which yields the percent drug encapsulated, from which encapsulation efficiency can be 

determined.
[56-59] 

 

The percent medication contained in a liposome vesicle can also be calculated using trapped 

volume per lipid weight. Aqueous volume entrapped per unit quantity of lipid, l/mol or g/mg 

of total lipid
[41,43]

, is the most used unit of measurement. Various materials, such as 

radioactive markers, fluorescent markers, and spectroscopically inert fluid
[60]

, can be 

employed to determine the confined volume. The radioactive approach is commonly used to 

calculate trapped volume.
[41]

 Dispersing lipid in an aqueous solution containing a non-

permeable radioactive solute such as [22Na] or [14C] inulin
[61]

 is used to determine it. To 

measure the confined volume, water soluble markers such as 6-carboxyfluorescein, 14C or 

3H-glucose, or sucrose can be utilized.
[45]

 A unique approach for assessing intravesicular 

volume via salt entrapment has also been published.
[62]

 

 

Surface charge 

Because the charge on the liposome surface is so important for in vivo disposal, knowing the 

surface charge on the vesicle surface is crucial. The surface charge of the vesicle can be 

estimated using two methods: free-flow electrophoresis and zeta potential testing. Estimating 

the mobility of the liposomal dispersion in a suitable buffer (found using the Helmholtz– 

Smolochowski equation)
[63] 

can be used to compute the surface charge. 

 

Vesicle shape and lamellarity 

The form of the vesicles can be assessed using a variety of electron microscopy techniques. 

Freezefracture electron microscopy
[41]

 and 31P-Nuclear magnetic resonance analysis
[64]

 can 
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be used to assess the number of bilayers present in the liposome, i.e. lamellarity. The surface 

morphology of liposomes can be examined using freeze-fracture and freeze-etch electron 

microscopy
[64]

, in addition to determining their form and lamellarity. 

 

Phospholipid identification and assay 

Liposome chemical components must be examined both before and after production.
[45]

 The 

phospholipid concentration in the liposomal formulation can be estimated using the Barlett 

assay
[65]

, Stewart assay
[66]

, and thin layer chromatography.
[67]

 The intensity of blue colour 

generated at 825 nm against water was measured using a spectrophotometric approach to 

estimate total phosphorous in a sample.
[68]

 Cholesterol oxidase assays or the ferric perchlorate 

method
[69]

 as well as gas liquid chromatography techniques
[70]

 can be used to assess 

cholesterol concentrations. 

 

Stability of Liposomes 

The stability of the produced formulation is a crucial factor during the creation of liposomal 

medicinal products. From the production process to storage and administration, the stability 

of the liposomes determines the drug's therapeutic effectiveness. The physical stability and 

chemical integrity of the active molecule are maintained during the formulation and storage 

of stable dosage forms. The measurement of physical, chemical, and microbiological factors, 

as well as the assurance of product integrity during the storage duration, are all part of a well-

designed stability study. As a result, a stability methodology is required to investigate the 

drug product's physical and chemical integrity throughout storage. 

 

Physical Stability 

When phospholipids are hydrated in water, they form liposomes, which are bilayered 

vesicles. The vesicles that result from this process are of various sizes. The vesicles tend to 

combine and grow in size during storage in order to achieve a thermodynamically favourable 

condition. Drug leakage from the vesicles can occur during storage due to vesicle fusion and 

breaking, compromising the liposomal drug product's physical stability. As a result, vesicle 

form, size, and size distribution are crucial characteristics to measure physical stability.
[28]

 A 

range of techniques, such as light scattering and electron microscopy
[71]

, can be employed to 

estimate the visual appearance (morphology) and size of the vesicles in order to monitor this. 
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Chemical stability 

Phospholipids are chemically unsaturated fatty acids that are susceptible to oxidation and 

hydrolysis, thereby compromising the drug's stability. pH, ionic strength, solvent system, and 

buffering species all play a role in keeping a liposomal composition stable. Even light, 

oxygen, temperature, and heavy metal ions can cause chemical reactions. 

 

The development of cyclic peroxides and hydroxyperoxidases as a result of free radical 

creation in the oxidation process is referred to as oxidation degradation. Antioxidants such as 

alpha-tocopherol or butylated hydroxyl toluene (BHT), manufacturing the product in an inert 

environment (presence of nitrogen or Argon), or adding EDTA to eliminate trace heavy 

metals can all help to avoid oxidative destruction of liposomes.
[21,28]

 

 

The creation of lyso-phosphatidylcholine (lysoPC) is caused by hydrolysis of the ester link at 

the carbon position of the glycerol moiety of phospholipids, which improves the permeability 

of the liposomal contents. As a result, controlling the amount of lysoPC in the liposomal 

medicinal product becomes critical. This can be accomplished by creating liposomes that are 

phosphatidylcholine-free.
[21]

 

 

In Vivo Behavior Of Liposomes 

Various physico-chemical parameters are changed during the optimization of liposomal 

formulation in order to obtain the appropriate bio-distribution and cellular uptake of 

medicines. The parameters that determine liposomes' in vivo (biological) performance are 

listed below.
[72]

 

 

Liposome size 

Because the fraction cleared by RES is determined by the size of the vesicle, the in vivo fate 

of liposomes is determined by the size of the vesicle.
[73]

 The rate of liposome uptake by RES 

increases as the vesicle size grows. When compared to liposomes smaller than 0.1 μm, RES 

takes up (opsonizes) larger liposomes more quickly. 

 

Liposome extravasation is also determined by the size of the vesicle. Capillaries in tumours 

are more permeable than capillaries in healthy people. Fluids and microscopic liposomes can 

travel through the holes in such a leaky vasculature, resulting in an enhanced accumulation of 

drug-loaded liposomes in tumour tissue. The differential in intravascular hydrostatic and 

interstitial pressure acts as a driving force for tiny liposome extrvasation.
[74]

 

https://www.ijddr.in/drug-development/liposomal-drug-delivery-system-a-comprehensive-review.php?aid=5745#72
https://www.ijddr.in/drug-development/liposomal-drug-delivery-system-a-comprehensive-review.php?aid=5745#74
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Surface charge 

The nature and quantity of charge on the liposome surface can influence the lipid–cell 

interaction. The nature and charge of the liposome can be changed by charging the lipid 

content. The lack of charge in SUV liposomes can cause aggregation, lowering the liposome's 

stability; however, the interaction of neutrally charged liposomes with cells is almost non-

existent.
[75,76]

 The liposome's high electrostatic surface charge may be beneficial in increasing 

lipid–cell contact. Negatively charged density increases the intracellular absorption of 

liposomes by target cells and alters the degree of lipid–cell interactions.
[77]

 Positively charged 

liposomes, on the other hand, are removed faster after systemic injection. Cationic liposomes, 

unlike negatively charged liposomes, convey their contents to cells via fusing with the cell 

membrane.
[78]

 

 

Surface hydration 

Liposomes with hydrophilic surface coverings are less likely to opsonize, lowering their 

absorption by RES cells. This is due to the hydrophilic surface coating, which prevents 

liposomes from interacting with cell and blood components.
[79-81]

 When compared to 

liposomes covered with hydrophobic coatings, these sterically stabilised liposomes are more 

stable in the biological milieu and have longer circulation half lifetimes. Hydrophilic groups 

such as monogangliosides, hydrogenated phosphotidyl inositol, and polyethylene glycol are 

responsible for the steric stability of liposomes.
[82,83]

 

 

Bilayer fluidity 

Above and below the phase transition temperature, lipid occurs in several physical states 

(Tc). Below Tc, they are hard and well ordered, while beyond Tc, they are in a fluid-like 

liquid – crystalline form. The phase transition temperatures of several phospholipids are 

listed in Table 2.
[3,21]

 Liposomes having a low Tc (less than 37°C) have a fluid-like 

consistency and are susceptible to drug content leakage at physiological temperatures. 

Liposomes having a high Tc (more than 37°C) are stiff and leaky at physiological 

temperatures. 

 

The liposomal cell contact is also governed by the phase transition temperature. When 

comparing liposomes with low Tc lipids to those with high Tc lipids, liposomes with low Tc 

lipids had a higher degree of RES uptake.
[80]

 At temperatures above the phase transition 

point, cholesterol incorporation in the bilayer can reduce membrane fluidity, giving 

liposomes stability. 
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Table 2: Temperatures of phase transitions in various phospholipids. 

Name of the phospholipid Molecular weight 
Phase transition 

temperature (°C) 

Dimyristoyl 

phosphatidylcholine (DMPC) 
677.94 23 

Dioleoyl PC (DOPC) 786.12 -22 

Distearoyl PC (DSPC) 790.15 55 

Dipalmitoyl 

phosphatidylethanolamine 

(DPPE) 

691.97 67 

Dipalmitoyl PC (DPPC) 734.05 41 

Dipalmitoyl 

phosphatidylglycerol (DPPG) 
744.96 41 

 

Therapeutic Applications Of Liposomes 

New drug delivery systems are developed when a traditional dose form fails to produce the 

intended therapeutic effect. Liposomes are one of these systems that outperform existing 

formulations in terms of therapeutic performance and safety. The following are some of the 

most common therapeutic uses for liposomes in medication delivery. 

 

Site-avoidance delivery 

Anti-cancer medicines' cytotoxicity to normal tissues is due to their limited therapeutic index 

(TI). In such cases, the TI can be improved by encapsulating the medicine in liposomes to 

reduce drug distribution to normal cells. The toxicity of free doxorubicin is significant, but 

when it is packaged into liposomes, the toxicity is lowered without affecting the therapeutic 

activity.
[3, 84]

 

 

Site specific targeting 

By decreasing the drug's exposure to normal tissues, site specific targeting can deliver a 

higher fraction of the drug to the desired (diseased) site. Drugs can be encapsulated in 

liposomes for both active and passive drug targeting, resulting in a safer and more effective 

treatment.
[3]

 Long circulating immunoliposomes have a higher selectivity for recognising and 

binding to target cells after systemic treatment.
[85,86]

 When muramyl peptide derivatives were 

synthesised as liposomes and delivered systemically to patients with recurrent osteosarcoma, 

monocyte tumoricidal activity was increased.
[87] 

 

Intracellular drug delivery 

The liposomal drug delivery mechanism can increase the transport of strong medicines to the 

cytosol (where drug receptors are located).
[3] 

Normally, N-(phosphonacetyl)-L-aspartate 
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(PALA) is poorly absorbed by cells. In comparison to free medicines, these medications have 

more action against ovarian carcinoma cell lines when encapsulated in liposomes.
[76]

 

 

Sustained release drug delivery 

Liposomes can be utilised to deliver medications that require a prolonged plasma 

concentration at therapeutic levels in order to achieve optimal therapeutic efficacy.
[3]

 In vivo, 

drugs such as cytosine Arabinoside can be encapsulated in liposomes for prolonged release 

and an optimum drug release rate.
[88]

 

 

IntraperitoneaI administration 

The medicine can be used to treat tumours that form in the intra-peritoneal (i.p.) cavity. 

However, because the medications are cleared quickly from the i.p. cavity, the drug 

concentration at the sick location is kept to a minimum. Liposomal encapsulated medications, 

on the other hand, have a lower clearance rate than free pharmaceuticals and can deliver the 

maximal proportion of drug to the target site for a longer period of time.
[89, 90]

 

 

Immunological adjuvants in vaccines 

Delivering antigens contained within liposomes can boost immune response. Antigens can be 

accommodated in the aqueous cavity or incorporated inside the bilayers depending on their 

lipophilicity.
[3]

 Liposomes were first utilised as immunological adjuvants to boost the 

immune response to diphtheria toxoid.
[91]

 

 

CONCLUSION 

Using the liposomal drug delivery technology, a number of extremely potent medication 

candidates with limited therapeutic indication can be targeted to the required sick site. The 

pharmacokinetics of drugs contained in liposomes can be drastically affected. The ability of 

the liposomal formulation to deliver the therapeutic molecule to the targeted region over a 

lengthy period of time while limiting its (drug's) harmful effects is critical to its success. The 

medications are encased in phospholipid bilayers and are expected to slowly diffuse out of 

them. During the formulation of liposomal drug delivery systems, various aspects such as 

drug concentration, drug to lipid ratio, encapsulation efficiency, and in vivo drug release must 

be taken into account. The manufacturing of deformable liposomes and ethosomes, as well as 

the inhalation and ocular administration of drug-loaded liposomes, are examples of 

technological developments. As a result, the liposomal method can be used to improve 
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pharmacokinetics and therapeutic efficacy whil1qwaQe lowering the toxicity of a variety of 

very strong medications. 
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