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Abstract
Liposomes are a potential drug delivery system involving encapsulation into a phospholipid-based vesicular carrier system. 
In comparison with conventional delivery systems, liposomes may be advantageous due to site-specific targeting, controlled 
release patterns, enhanced stability, and reduced associated toxicity, among other processes. Several researchers in the last dec-
ade have attempted to develop simple or modified forms of liposomes for the effective delivery of various types of therapeutic 
agents. This review is focused on a discussion about some of the recent literature on the medical application of liposomes. An 
account of the mode of action of different types of liposomes as a supporting basis for their superior therapeutic efficiency was 
provided. The application of liposomes in the delivery of anticancer, anti-bacterial, and anti-fungal drugs, among others, was 
discussed. Along with this discussion, liposomal carriers for the management of diseases related to the respiratory and nervous 
system were included along with a special emphasis on the outcomes of current literature. The information gathered through 
this review will be useful in furnishing ideas about the current status of research studies conducted on the formulation and 
development of liposomal carriers.
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Introduction
The words “lipo” and “soma,” which signify fat and body respec-
tively, are the roots of the term liposome. Further, the word “lipo-
some” refers to the phospholipids that make up its structural com-
ponents rather than its size, and it may be produced in different 
dimensions utilising any unilamellar or multilamellar design. Dr 
Alec D. Bangham, a British haematologist, identified liposomes 
for the first time at the Babraham Laboratory in Cambridge in 
1964. In the experiment, a negative stain was applied to dried 
phospholipids to test the institute’s newest electron microscope. 
A tiny bubble known as a liposome is constructed from the same 
substance as a cellular membrane (vesicle). To cure cancer and 
other diseases, medications can be encapsulated inside liposomes. 
Typically, phospholipids comprise a head portion as well as a tail 

portion for making membranes. The head repels water while the 
tail comprises a lengthy hydrocarbon chain that attracts it. Phos-
pholipids are present in stable two-layer membranes that are seen 
in nature (a bilayer). When there is water present, the heads align 
to form a surface because the hydrocarbon chains are attracted to 
it.1 The tails align to produce a surface far from the water since 
water repels them. An additional layer of heads has been drawn 
there by the water within. When there is only one bilayer around 
the aqueous core, large or small unilamellar vesicles can be de-
tected; however, there are often massive multilamellar vesicles 
when there are several concentric bilayers. Monolayer and bilayer 
structures are referred to as micelles and liposomes, respectively. 
Liposomes are employed for the delivery of therapeutic agents be-
cause of their distinct characteristics. As such, they can consist of a 
broad range of components to maximise the amount of medication 
carried by each particle by safeguarding encapsulating chemicals 
from metabolic processes. Traditional liposomes have a significant 
drawback in that they swiftly clear the circulation because plasma 
proteins are adsorbable in their “second generation state,” known 
as sterically stabilised liposomes. A coating process, typically a 
lipid variant of polyethylene glycol (PEG), demonstrated several 
advantages through in vivo pharmacokinetic properties, making 
them excellent components for anticancer drug delivery systems. 
To achieve additional desired results, the chemical makeup of the 
lipid bilayer can also be altered. For example, long-circulating li-
posomes can construct a composite with nucleic acids to influence 
gene delivery or regulate gene expression, with the capacity to de-
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liver components to the cytosol by employing endosomal pathways 
for drug delivery.2 The inherent potential of conventional and stealth 
liposomes to promote the localisation of anticancer medicines to 
solid tumours is another intriguing characteristic of such liposomes. 
The higher tumour selectivity of liposomal medications compared 
to free pharmaceuticals is the result of the differential accumulation 
of liposomal drugs in tumour cells versus normal tissues. Liposomes 
have been used as effective drug carriers for a variety of substances, 
including medicines, poisons, proteins (peptides), enzymes, anti-
gens (antibodies), and nucleotides. Liposomes have been regarded 
as excellent models of cell membranes.3 Liposomes can be targeted 
in many ways. This includes “passive targeting” through a technique 
for bulk recognition. In such instances, targeting is accomplished by 
modifying the affinity, charge densities, fluidity, and size, as well 
as other aspects of the carrier. To accomplish “active targeting,” a 
different methodology, namely a molecular recognition approach is 
employed. Making a direct and precise connection between a mem-
brane receptor of the specific cell and a particular recognition region 
on the surface, which generates molecular recognition, allows for 
the targeting of specific cells. After being injected into the body, a 
passive targeting mechanism is primarily responsible for the prima-
ry tissue distribution. However, an active targeting mechanism takes 
control when there is a van der Waals distance between the liposome 
and the target cell. Active targeting is therefore highly significant 
and more advantageous than passive targeting.4 It is possible for li-
posomes to inadvertently or purposefully cling to the surface of the 
cell during the early phase of liposome-cell interaction. Selective 
adsorption involves an interaction between both sides of the cell and 
the liposome, as opposed to nonspecific adsorption, which only re-
quires an electrostatic or hydrophobic link between the cell and the 
liposome.5

Liposome structural components
The globular lipid bilayers known as liposomes, which range in size 
from 50 to 1,000 nm, are useful delivery systems for substances with 
biological activity. Liposomes can be applied topically in dermatol-
ogy to administer anticancer therapies that reduce the toxicity of the 
treatments when given alone or to extend the drugs’ half-life and 
increase their efficacy. By affixing relevant amino acid fragments 
that target certain receptor sites or antibodies, proteins, or other ap-
propriate pieces, liposomes may be utilised to precisely target cells.6 
Liposomes are made up of both structural and nonstructural parts. 
Liposomes’ principal structural components are listed below.

Phospholipid
The primary structural elements of biological coverings are phos-
pholipids, of which there are two types: Phosphodiglycerides and 
Sphingolipids. The phosphatidylcholine (PC) molecule is the most 
prevalent phospholipid. Due to their insoluble nature in water and 
aqueous conditions, phosphatidylcholine particles arrange them-
selves tightly to lessen the detrimental contact between the long 
hydrocarbon fatty chain and the bulk aqueous phase in planar bi-
layer sheets. Glycerols, especially phospholipids, which weigh up 
to over half of the lipid in the membranes, are included in the ma-
jority of liposome formulations.5,7

Cholesterol
Without producing a bilayer structure on its own, cholesterol may 
be present in membranes in extremely higher quantities; for in-
stance, a 1:1 or even 2:1 molar ratio of cholesterol to phosphati-
dylcholine. In the membrane, cholesterol is located in the centre 

of the bilayer, parallel to the acyl chains, wherein the hydroxyl 
group faces the aqueous region. Although interactions between 
hydrophobic and specified head groups have been associated also 
with high solubility of cholesterol in phospholipid liposomes, it is 
unknown how cholesterol is organised in the bilayer.8

Classification of liposomes

Conventionally developed liposomes
The first invention of liposomes to be employed in medicinal ap-
plications is the traditional liposome-based method. The majority 
of natural phospholipids or lipids used in conventional liposome 
formulations include Sphingomyelin, egg phosphatidylcholine, 
1,2-distearoryl-sn-glycero-3-phosphatidyl choline (DSPC), and 
monosialoganglioside.9

Liposomes sensitive to pH
Different types of liposomes can strongly attach to cell mem-
branes. Di oleoyl phosphatidyl ethanolamine (DOPE) has long 
been known to be the most efficient lipid for cationic liposomes 
or as a lipid helper in pH-sensitive liposomes during in vitro gene 
transfection in terms of gene transport. Since this lipid changes 
before acidification, it has been theorised that phosphatidyletha-
nolamine promotes membrane formation in its natural state. Li-
posomes are internalised into endosomes after adhering to the 
cell surface, where they come into contact with a more acidic pH. 
Typically, the inner pH of endosomes is 6.50.10 The transfer of 
conventional, pH-insensitive liposomes to lysosomes results in the 
disintegration of the liposomes. The ultimate criterion for plasmid 
liposomes is just to circumvent accumulating in specific cell di-
visions like lysosomes after cell penetration. To avoid this, pH-
sensitive liposomes have demonstrated usefulness. The idea that 
viruses might connect with the endosomal membrane and transmit 
the genetic information to the cytosol before penetrating the lys-
osomes led to the invention of pH-sensitive liposomes.11

Cationic liposome
Adding cationic lipids to the cells after combining them with DNA 
is often a straightforward process. As a result, collectives made 
up of DNA and cationic lipids are formed. The cationic liposomes 
firstly synthesise and characterise the cationic lipid DOTMA. It 
is proposed that complexes form as a result of ionic interaction 
between the negatively charged DNA substitutes and the positive 
charge functional group of DOTMA. Cryo transmission electron 
microscopy has been used to analyse the cationic lipids combined 
with DOPE and varying quantities of three distinct cationic sur-
factants to ascertain the composite properties. The findings of the 
cryo TEM investigation recommend that DNA molecules may be-
come caught between lamellae in collections of aggregated mul-
tilamellar forms due to an excess of charged lipids. The use of a 
surfactant does not affect the structure of the complexes.11

Immune liposome
The ability of liposomes to act as an immunological adjuvant to 
enhance the immune response is another potential use for them 
in medicine. Antigens that have been reconstituted into liposo-
mal membranes or that have been incorporated into the aqueous 
core of the liposome will increase immune response by activat-
ing macrophages, producing antibodies, effectively inducing cy-
totoxic cells, and causing anticancer activity. Because liposomes 
are biodegradable, have little toxicity, are not immunogenic, and 
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may target specific certain cells in vivo, they are advantageous 
as immunological adjuvants.12 For improving the immunogenic 
potential of a specific antigen, such as glycolipids, proteins, and 
antigens to dangerous viruses, among others, liposomes are effec-
tive adjuvants. During in vivo tests antibody-sensitized liposomes, 
which have frequently shown highly positive outcomes in in-vitro 
investigations that frequently take place without macrophages, im-
munoglobulins, or components of the complement system, failed. 
Immune liposomes offer a practical alternative in immunoassays 
and diagnostic tests when taking into account a variety of other 
possible targeted applications, such as injection in various bodily 
cavities.13

Long stretching liposomes
The findings of the experiments demonstrate that liposomal dis-
position may be altered, including their intrahepatic uptake, espe-
cially within the mononuclear phagocytic system (MPS). Blood 

circulation times were lengthened, but the first observable benefit 
came when the bilayer was inserted with ganglioside GM1 or phos-
phatidylinositol at a concentration of 5–10% mol. To achieve the 
best results, both lipids were switched out for synthetic lipids that 
enclose polymers. Prolonged circulation was attained when the 
phospholipid and polyethylene glycol were covalently bonded.14 
It appears that a molecular component of 1,500–5,000 Da would 
be suitable, as the source of steric stabilisation is well documented 
but poorly defined. The existence of a steric shield is related to a 
decrease in the union and adsorption of blood products that marks 
unusual particles for subsequent macrophage uptake. The Alexan-
der-de-Gennes hypothesis has recently been shown to be able to 
qualitatively assert the longevity of liposomes in living systems. 
The many liposome varieties are listed below in short form.15 Dif-
ferent types of liposomes with their categories of phospholipids 
are described in Figure 1. Various advantages and disadvantages 
of liposomes are described in Table 1.

Table 1.  Merits and demerits of liposomes5

Merits (1) Both negatively and positively charged compounds can bind with liposomes. (2) The DNA is somewhat protected from 
deteriorating processes by liposomes. (3) Liposomes are capable of transporting large amounts of DNA, maybe the size of a 
chromosome. (4) Targeting particular cells or tissues with liposomes is possible.

Demerits (1) High production costs. (2) Leakage and fusion of drug- or molecule-encapsulated substances. (3) Phospholipid sometimes 
experiences reactions like oxidation and hydrolysis. (4) Short half-life. (5) Poor solubility.

Fig. 1. Types of liposomes with their categories of phospholipids.5 
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Novel approaches for liposome production
Numerous techniques can be used to develop liposomes. As such, 
liposomal nomenclature depends on the preparation technique, 
structural parameters, or assigned special function.16

Liposome produced by hand shaking methods
Using a physical dispersion process and various lipid ratios, li-
posomes were produced. In this procedure, chloroform was used 
to dissolve the lipids. This conical flask has a flat bottom and is 
covered with the lipid solution in chloroform. The solution was 
then allowed to evaporate at room temperature without being dis-
turbed. With phosphate buffer (pH 7.4) tilted to one side an aque-
ous medium containing medication was poured into the side of the 
test flask, and the test flask was gently brought back to an upright 
position. This process was used to hydrate the appearance of the 
lipid film. After the flask had fully inflated for two hours at 37°C, 
the fluid was allowed to flow silently over the lipid layer. Vesicles 
are obtained by swirling the flask’s contents to produce a milky 
white suspension. Next, centrifugation was used for the formula-
tions. A variety of liposome batches were created to find the best 
recipe. According to the procedure and lipid content for liposome 
manufacture stated above, all batches of liposomes have been pro-
duced.16

Liposome produced by sonication technique
The procedure most frequently used to prepare small, unilamel-
lar vesicles (SUVs) is sonication. Multilamellar vesicle liposomes 
(MLVs) are sonicated in this situation using a passive atmosphere 
and either a probe-type sonicator or a bath-type sonicator. Sonica-
tion techniques, therefore, have two types, probe sonication and 
bath sonication. The liposome dispersion is promptly engulfed by 
the probe sonication technique. This approach has a very large en-
ergy input into the lipid dispersion. The vessels must be submerged 
in water or an ice bath since the coupling of energy at the tip causes 
localized heat. In the case of bath sonication, the dispersion di-
rectly utilises the tip, and the cylinder holding the liposomes is 
placed into a bath sonicator at a predetermined temperature, which 
is often a simpler procedure. In contrast to a probes unit, the sub-
stance being sonicated can be safeguarded in a sterile vessel or an 
inert environment.17

Liposome produced by micro-emulsification technique
The development of tiny vesicles from concentrated lipid solution 
requires the use of a micro-fluidizer. Large MLVs can be used to 
suspend the lipids before adding them to the fluid. The apparatus 
pushes fluid through a 5 mm screen at very high pressure. Next, 
it is forced along lengthy microchannels, causing two streams of 
fluid to collide at an extreme angle and speed. A pump and an in-
teraction chamber can be used to recycle the collected fluid until 
spherical vesicles are produced.7

Liposome produced by a French pressure cell
The French pressure cell method comprises the extrusion of MLVs 
via a tiny aperture. An essential characteristic of this technique is 
that the protein does not appear to change dramatically as it does 
after sonication. The technique calls for delicate manipulation of 
unstable techniques. The approach provides several benefits over 
sonication. The end product is a liposome that is bigger than soni-
cated SUVs. The method’s shortcomings include the difficulty in 
achieving the high temperature and the relatively modest working 
quantities.7,17

Liposome produced by ether injection method
A lipid solution is dissolved in ether, diethyl ether, or methanol and 
then gently injected into an aqueous solution of the substance to be 
encapsulated. Liposomes are created by successively removing the 
organic solvent under decreasing pressure. The major drawbacks 
of the method include heterogeneous populations and exposing the 
chemical that will be enclosed to organic solvents at extremely 
high temperatures.18,19

Liposome produced by ethanol injection method
The ethanol injection approach involves rapidly injecting an enor-
mous amount of warmed distilled water or TRIS-HCl buffer with 
an ethanolic lipid solution. The hydrophilic/hydrophobic nature of 
the substance determines whether it will be incorporated into the 
liposomal vesicle. Compared to 5-fluorouracil, which migrates to 
the external aqueous phase, nimesulide is a lipid-soluble compo-
nent that integrates better in liposomes. The inclusion of a non-
harmful solvent in the ethanol injection technique is its principal 
benefit. The usefulness of such is limited by the potential for azeo-
trope production in water.19,20

Liposome produced by Freeze drying technique
By freeze-drying techniques water-soluble carrier materials and 
liposome-forming lipids that have been dissolved into tert-butyl al-
cohol/water, co-solvent solutions and isotropic monophasic solution 
cakes are formed. The freeze-dried product spontaneously creates a 
uniform dispersion of MLVs with the addition of water, which may 
subsequently be extruded to produce smaller MLVs. The size of the 
liposomes that were produced was below 200 nm, and the substances 
that were encapsulated affected the efficiency of encapsulation. Water-
in-oil emulsions containing phospholipids were freeze-dried to pro-
duce lyophilates, which upon rehydration produced liposomes with 
an average size of less than 200 nm and encapsulation efficiency of 
more than 60% for three distinct medicines. The freeze-drying proce-
dure additionally deals with the long-term liposome stability problems 
of thermolabile compounds, which are susceptible to heat drying. By 
removing water formation of liposomal products when they are frozen 
at incredibly low pressures while present with certain sugars (sucrose, 
trehalose), this technique prevents the leaking of encapsulated con-
tents and the growth of liposome size following rehydration.21

Liposome produced by cross-flow filtration detergent depletion 
method
Production of detergent-mediated liposomes relies on the solubili-
zation of lipids with the help of a suitable detergent, which creates 
mixed micelles. After that, the detergent is taken out, which caus-
es the micelles to disintegrate and repack into lipid bilayers. The 
curved bilayers eventually contract and give way to unilamellar 
vesicles when the edge tension rises. However, the membranes will 
have a lot of detergent in them. Detergents that are membrane-bound 
might have detrimental effects on the bilayer. Therefore, a key step 
in detergent removal methods is the quick removal of detergent that 
has been membrane-bound. As such, a method that combines the 
benefits of established methods of detergent removal with quick and 
effective detergent removal can significantly cut down on prepar-
ing periods and different liposome lamellarity. Additionally, despite 
the technique being executed repeatedly and in sterile conditions, 
the process would be cost-effective and preferable. Liposomes with 
a predetermined size, homogeneity, and excellent stability may be 
produced using the cross-flow filtering method. When compared 
to other methods of detergent removal, many liposomes can be de-
veloped in a reduced timeframe. Additionally, using sterile filtered 
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combined micelles and autoclaved equipment is a starting point that 
allows for the creation of sterile products. To reduce the cost of pro-
duction, the used filtrate can also be recycled.22

Liposomes application in the field of medicine
Liposomes can modify the temporal and spatial dispersal of drug 
molecules inside the body, thereby lowering dangerous side effects 
and enhancing therapeutic efficacy. The application of drug- or ele-
ment-containing liposomes for diagnostic and therapeutic reasons, 
as well as their use as a shape, device, or reactant in basic research on 
cell interface recognition methods, in addition to the mechanism of 
action of particular materials, are examples of liposome applications 
in pharmacology and medicine. The way liposomes interact with 
cells and what happens to them in vitro after injection are key fac-
tors in determining the advantages and disadvantages of liposomal 
drug carriers. Studies of liposomes’ interactions with cells in vitro 
and in vivo have revealed that either straightforward adsorption or 
subsequent endocytosis is the most common kind of contact. Cell 
membrane fusion occurs significantly less often. The fourth potential 
contact is the interchange of bilayer components with cell membrane 
components, such as cholesterol and lipid. The destiny of liposomes 
in vivo is likewise determined by such interactions. The body has a 
sophisticated defensive mechanism to protect itself. Larger things 
that enter the body induce thrombus development and eventually 
have their surfaces passivated by biomacromolecules, Conversely, 
immune system cells devour smaller particles along with germs, 
bacteria, and colloids. However, this immune response has consider-
ably aided in the generation of biocompatible and unrecognizably 
different surfaces while also restricting the potential applications of 
microparticle drug delivery carriers to only those immune system 
cells. Liposomes are no different, even though they are made of natu-
ral components. The macrophages present in the liver, bone marrow, 
and spleen, swiftly remove liposomes from the bloodstream.23

Mode of action of liposomes
According to the previous discussion, liposomes differ from free 
drug particles in terms of bio-distribution and pharmacokinetics. 
Such differences may be employed in some circumstances to in-
crease the medicinal potency of the encapsulated chemicals.24 The 
advantages of liposomes containing active moieties can be deliv-
ered as aerosols, liquid solutions, or semi-solid forms like creams, 
and gels that among others can be categorized into seven groups:

Drugs that are amphiphilic and lipophilic have improved solu-
bility
Hydrophilic medications, Some medications, such as the antiviral 
drug Acyclovir and the anticancer medication Doxorubicin, may 
be enclosed in the liposomal core at concentrations that are many 
times higher than their solubility in water. This is made feasible by 
the medication or gel structure precipitating within the liposome 
with the proper ingredients contained.25

Non-active targets for immune system cells
Examples include, antimonials, porphyrins, Amphotericin B, vac-
cinations, immunological modulators, and (immune) suppressors.26

Maintained a liposome-free system after local or systemic 
administration
Doxorubicin, cortisones, cytosine, arabinose, and biological pro-
teins or peptides like vasopressin are some examples.24

Site-avoiding technique
The cardiotoxicity, nephrotoxicity, and neurotoxicity is reduced 
since liposomes do not degrade. Amphotericin B’s decreased ne-
phrotoxicity and Doxorubicin liposomes’ diminished cardiotoxic-
ity are characteristic test results.26

Targeting a location with precision
Target cells may occasionally interact with liposomes by surface-
attached ligands, or liposomes may enter the targeted tissue through 
local anatomical characteristics including leaky, as well as, incor-
rectly constructed blood vessels, capillaries, and basal lamina.27

Better cellular uptake
Enhanced cell uptake of hydrophilic, electric compounds includ-
ing plasmids, chelators, antibiotics, and genes.28

Improved tissue penetration, especially with dermally function-
ing liposomal dose forms
When administering medications locally (subcutaneously, intra-
muscularly, or intravenously), especially when they are toxic, po-
tent, or have short blood circulation half-lives, liposome encapsu-
lation is typically done with caution.27

Medical applications

Application in infections and parasitic diseases
Although following intravenous injection, liposomes are often 
broken down by phagocytic cells in the body, they are perfect de-
livery systems for drug molecules intended for these macrophages. 
Several parasite illnesses frequently harbour in the cells of the 
MPS. Such parasites are the best-known instances of a “Trojan 
horse-like” process. Liposomes are a perfect medication delivery 
method since they build up in the same infected cell population. 
Such formulations are moving away from the quickly growing 
and productive sector of liposome formulations in antifungal treat-
ment, which frequently utilises the ionophore amphotericin B.7 
The dimensions of the drug molecule and its complex is commonly 
associated with toxicities, and liposome encapsulation undoubt-
edly inhibits drug accumulation in organs, significantly lowering 
toxicity. Antiviral and antibacterial therapies can employ similar 
strategies. Due to the interplay between substances with bilayers, 
as well as, the high density of aqueous systems, which frequently 
cause liposomes to stay on the top of the tube as a creamy layer, the 
production of liposomes containing antibiotics at relatively high 
drug-to-lipid ratios may be an intricated approach. A few different 
delivery strategies are also being considered, including topical and 
pulmonary delivery. There are various other ways to make use of 
the liposomes’ inherent ability to target macrophages, such as mac-
rophage activation and injection. Some common poisons induce 
a strong macrophage response. Since small molecules with im-
munogenic qualities (haptens) do not trigger an immune response 
when not connected to the bigger particles, such qualities may be 
replicated and strengthened by the use of liposomes. Generally, 
this is accomplished by administering alum or dead bacteria, but 
liposomes provide a viable alternative. Liposomes have been uti-
lised in animal vaccines since 1988, while clinical studies for the 
malaria vaccine for humans are now underway.28

Anticancer therapy by liposomes
Early research primarily indicated reduced toxicity of the medicine 
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contained in a liposome; however, the majority of the time the drug 
molecules were not accessible, substantially impairing both effec-
tiveness and reduced toxicity. Unfortunately, it was discovered that 
primary and secondary liver cancers shared this trait. It has been 
demonstrated that several liposome formulations of various anti-
cancer drugs are less harmful than free medication as liposome 
encapsulation reduces the medication molecules’ ability to go to 
specific tissues. Reduced harm outcomes include results for both 
acute and long-term toxicities. Applications in people typically 
showed decreased toxicity and improved administration accept-
ability, but research results negated optimism about their efficacy. 
Clinical investigations on a variety of formulations are at various 
stages and have shown contradictory findings.29

Liposomes changed surface characteristics in cancer treatment
New tactics, such as the liposomes with changed surface character-
istics, which are used for the specific targeting of cancer and some 
other ill cells, are hampered by the immune system’s rapid clear-
ance of them from circulation. Due to their inability to extravasate, 
certain liposomes can serve as site-specific drug accumulations in 
some cases of topical delivery or the pulmonary delivery of lipo-
some-based aerosols. Nevertheless, this rapid clearance presents a 
substantial obstacle for the majority of other applications.29

Role of sterically stabilized liposomes in the medical field
The results showed that there may be changes in liposome distri-
bution; however, most of the changes occur within the MPS and 
intrahepatic absorption. Although primary and important break-
throughs were made, the extension of blood circulation times was 
achieved by inserting ganglioside GM1 or phosphatidylinositol 
into the bilayer. Both lipids were replaced with synthetic polymers 
that included lipids for the greatest outcomes. The usage of poly-
ethylene glycol that was covalently bonded to the phospholipid 
resulted in the longest circulation durations.3 The ideal molecular 
mass appears to be in the 1,500–5,000 Da range. It was theorised 
that steric barriers prevent blood components from adherence and 
adsorption, exposing the extraneous particles for further mac-
rophage absorption. The source of steric stabilization is adequately 
reported, but a complete understanding is undocumented. None-
theless, the Alexander-de-Gennes model of polymers at surfaces 
provides a qualitative explanation for the durability of liposomes 
in biological systems.30

Stealth liposome applications in the medical field
While such application makes use of tiny vesicles’ capacity to exit 
blood circulation, earlier application calls for bigger liposomes 
(0.2mm). Sterically stabilised liposomes can be used as a localised 
drug depot or a long-acting repository for sustained drug release. A 
case of improved treatment efficiency of cytosine arabinose in the 
therapy, and the second is the impact of polypeptide vasopressin 
on the subcutaneous/intramuscular extended-release system. The 
duration of effect was for 30 days as opposed to several days for 
a free drug and about 7 days for the peptides included in common 
liposomes. The importance of such concepts is emphasised by the 
creation of genetically modified proteins and polypeptides that are 
hindered by fast blood absorption, degradation, and/or inactiva-
tion in the system. Stealth liposomes modified biodistribution as 
they accumulate at areas with permeable blood capillaries, such as 
tumours, as well as infections among others and could be useful 
for several further applications. Stealth liposomes are distributed 
across the skin instead of the liver, bone marrow, and spleen in the 
intact vasculature, eradicating the possibility of bringing derma-

tological and antiviral medications to such locations. While it has 
been demonstrated that administering empty stealth liposomes is 
well tolerated, using liposomes that are laden with powerful medi-
cations needs extensive toxicity and tolerance investigations.31

Stealth liposome applications in humans
Clinical experiments in humans confirmed good outcomes from 
anticancer drugs contained in stealth liposomes in preclinical tests. 
As a result of the drug being released from the liposomes and be-
ing encapsulated in circulating liposomes for about 7 days after 
injection, drug metabolites were estimated at cancer sites. Results 
showed that medicine was absorbed into tumours 4–10 times more 
readily as compared to a control group. In comparison with the 
distribution of free medication, the drug concentration in lesions is 
around ten times higher. A high effectiveness was achieved and in 
conclusion, it appears that the outcomes from treatment of a variety 
of malignancies will significantly improve with the use of stealth 
liposomes laden with anticancer medications. It was also proposed 
that stealth liposomes will display high efficiency in the manage-
ment of infections, and inflammation among other maladies.32 Dif-
ferent liposomal drug formulations in preclinical development and 
approved by clinical trials are described in Table 2.33–45

Liposomes as vaccination and gene therapy
Due to their unique features liposomes are being investigated for 
the treatment of different illnesses, as well as, for uses in immuni-
sation. Examples include insulin, prostaglandins, antivirals, antibi-
otics, and steroids, among other uses. The transport of nucleic ac-
ids into cells is essential for recombinant DNA technologies, gene 
function research, and gene therapy. In vivo delivery is more dif-
ficult than in vitro delivery, which may rely on a variety of physical 
and chemical strategies. There are numerous colloidal particles in 
DNA-carrier systems: It has been demonstrated that cationic li-
posomes can bind to complexes of negatively charged DNA and 
that the protein encoded in the DNA plasmid will be produced by 
the target cells as a result of these complexes’ capacity to transfect 
cells in vitro. Gene therapy, which heals cell disorders by tuning 
the genes, is favoured over in vivo delivery. It has been shown that 
systemic or localised administration of cationic lipid-based DNA 
complexes can transfect lung epithelial cells. The liposomes en-
hance the immunological response to the vaccine antigen by acting 
as an adjuvant and co-adjuvant transporter for viral glycolipids and 
glycoprotein.46

Liposomes in cancer therapy
The therapeutic efficacy of liposomal preparations might be in-
creased, and the negative side effects related to chemotherapy 
could be decreased, by specifically targeting anticancer drugs 
against antigens produced on cancerous cells using certain ligands. 
Lung endothelial cells and solid tumour tissue were targeted si-
multaneously, a novel classification of lengthy immune liposome, 
or PEG immune liposome-attached antibodies, demonstrating a 
significantly better targeting potential than the conventional im-
mune liposomes. Many exceedingly hazardous anticancer drugs 
depend on the targeted delivery of tumour tissue using pendant-
type immune liposomes during chemotherapy. The addition of a 
fusogenic molecule that would impact liposomal proportions after 
their interaction with the targeted cells or their internalisation by 
endocytosis, is the main purpose of the pendant-type immunolipo-
some. In contrast to chemotherapy and radiation, photodynamic 
therapy (PDT) has minimal side effects that make it a standout can-
cer treatment. These findings imply that PDT can benefit from a 
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long-circulating liposomal formulation of photosensitive drugs.47

Liposomes in antimicrobial therapy
Due to several characteristics that the mycobacteria and the host 
share, mycobacterial illnesses are treated differently from other 
bacterial diseases. Liposomal penicillin and neomycin were shown 
to be active alongside bacteria in a straightforward in vitro culture; 
however, chloramphenicol’s antibacterial action was constrained 
by the liposome trap. When administered to rabbits intravenously, 
liposome encapsulation modifies the tissue distribution of gen-
tamicin. Compared to free rifabutin rifabutin’s activity against 
mycobacterium avium infection was significantly increased by 
liposomal inclusion. Rifampin’s antitubercular activity was also 
noticeably boosted when it was loaded in egg phosphatidylcholine 
liposomes.48

Liposomes for respiratory diseases
In many different forms of respiratory illnesses, liposomes are 

frequently utilised. In comparison to regular aerosol, liposomal 
aerosol offers the following benefits: improved stability in the vast 
aqueous core, sustained release, reduced toxicity, and prevention 
of local irritation. AmBisome, fungisome, and mycoses are among 
the injectable liposome-based goods now available. The following 
factors must be satisfied for a lung-specific liposomal medication 
delivery system to be effective: lipid proportion, size, cost, drug-
to-lipid ratio, and administration method.49

Liposomes for brain-targeted delivery
Liposomes can penetrate a human glioma and pass across the 
blood-brain barrier. Sulfatide and a monoclonal antibody were also 
used by researchers as sensory tools to improve the liposome’s tar-
geting ability. In rat brain tumours, large amounts of CHP-coated 
egg PC liposomes were also assembled. Rats implanted with the 
Fisher-344 strain and 9L-gliosarcoma received carotid injections 
of CHP-coated liposomes which were [14C]-DPPC-tagged. Thirty 
minutes after the liposome injection every tissue was removed. 

Table 2.  Different liposomal drug formulations in preclinical development and approved by clinical trial

S.No. Product approved 
by clinical trial

Route of ad-
ministration Active ingredient Application Name of the 

manufacturer
Refer-
ence

1. Doxil Intravenous Doxorubicin-API Breast carcinoma, 
Kaposi’s sarcoma, 
and ovarian cancer

Sequus 33,34

2. DaunoXome Intravenous Daunorubicin-API Kaposi’s sarcoma 
associated with AIDS

NeXstar 
Pharmaceuticals

35

3. Depocyt Spinal Cytarabine/ Ara-C-API Neoplastic meningitis SkyPharma. 35

4. Myocet Intravenous Doxorubicin-API Cyclophosphamide-
based combination 
treatment for metastatic 
breast carcinoma

Elan 34

5. Mepact Intravenous Mifamurtide-API osteosarcoma that is 
high-grade, treatable, 
and non-metastatic

Takeda 36

6. Marqibo Intravenous Vincristine-API lymphoblastic leukaemia Talon 37

7. Onivyde Intravenous Irinotecan-API Fluorouracil & 
leucovorin combination 
treatment for metastatic 
pancreatic cancer

Merrimack 38

8. Abelcet Intravenous Amphotericin B-API severe invasive 
fungi infection

Sigma-Tau 39

9. Ambisome Intravenous Amphotericin B-API noxious, serious 
fungal infection

Sigma-Tau 39

10. Amphotec Intravenous Amphotericin B-API virulent fungi infections Ben Venue 40

11. Visudyne Intravenous Verteporphin-API neovascularization 
of the choroids

Novartis 41

12. DepoDur Epidural Morphine sulphate-API Pain reduction SkyPharma 42

13. Exparel Intravenous Bupivacaine-API Pain control Pacira 43

14. Epaxal Intramuscular Inactivated hepatitis A 
virus-strain RGSB

Hepatitis-A Crucell, Berna 44

15. Inflexal Intramuscular Hemaglutinine from influenza 
virus variants A and B that 
has been inactivated

Influenza Crucell, Berna 45
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Both with and without the CHP covering, the liposome’s tissue dis-
tribution was studied. When compared to the control liposome, the 
biodistribution of the CHP-coated liposome is augmented by 4.5-
fold in the tumour and 2.1-fold increment in the ipsilateral brain, 
while there is a 4-fold drop in the spleen. Using liposomes that had 
an anticancer medication inserted into them, the lifetime of 9L-
glioma-implanted rats was studied. The average survival duration 
for the group receiving CHP-coated liposomes was 35.3 days. This 
was statistically significant in comparison to the untreated group.50

Targeted long-circulating liposomes
Such liposomes endure in circulation for a prolonged duration to 
attain appropriate concentration which facilitates binding. Lipo-
some formation was a crucial step in such binding, which after the 
ligands’ coupling at the liposomal surface, continued to circulate 
for a long time. The liposomes’ clearance rate was only slightly 
decreased by methods to prolong their circulation duration, such 
as shrinking their size or adding cholesterol and/or lipids with high 
phase transitions. Placing a hydrophilic molecule, such as GMi, 
phosphatidylinositol, poly(acrylamide), poly(vinylpyrrolidone), or 
poly (ethylene glycol), at the liposomal surface is a method of pre-
venting lipolysis (methyl or ethyl oxazoline), was more successful. 
Poly (either methyl or ethyl oxazoline). It has been demonstrated 
that both GMi and PEG have been effective in extending the cir-
culation period of liposomes loaded with therapeutic agents, even 
if not all of the aforementioned polymers have been examined in 
this respect.51

Liposome use in anti-bacterial medication
The behaviour of liposomes made of PEG-DSPE has been inves-
tigated: PHEPC was examined in a pneumonic rat model. Such 
liposomes have approximately a 20-hour half-life in blood circula-
tion. Hepatosplenic absorption of the liposomes was not particu-
larly effective but such liposomes are gradually directed toward 
the damaged lung tissue after being given intravenously. In this 
experimental pneumonia model, the effectiveness of gentamicin or 
ceftazidime contained in liposomes was examined. The liposome-
encapsulated antibiotic’s therapeutic efficacy was found to be 
superior to the free antibiotic at a single-dose treatment schedule 
that started 24 hours after bacterial inoculation in aspects of both 
enhanced elimination of bacteria in the infected lung tissue and 
supporting the survival of infected rats. In general, antibiotic-con-
taining liposomes maintain good stability over prolonged blood 
circulation.52

Liposome use in antifungal medication
At therapeutically effective dosages, AmBisome® exhibits ex-
tended blood residence time; in people, the elimination half-life is 
approximately 32 hours. AmBisome® is often used at significantly 
greater dosages, and such increased levels have an improved an-
tifungal impact. The release of AMB from AmBisome® close to 
fungus or direct interaction between AmBisome® and the fungal 
cell at the site of infection affects the activity of AmBisome® in 
severely infected organisms. In our lab, sterically stabilised AMB-
containing liposomes were created to improve the circulation of 
AMB liposomes without being restricted by a high lipid dose.52

Sustained activity of liposomes
Currently, the liposomal drug delivery system is very popular for 
its sustained action and release of drugs without showing any tox-
icity inside the body. Such sustained activity of liposomes is only 

because of the encapsulated nature of the liposome, termed Lipo-
somal Encapsulation Technology (LET). As such, the most recent 
delivery method employed by medical researchers to transport 
medications that operate as curative promoters to the guaranteed 
bodily parts is liposomal encapsulation technology (LET). Such a 
delivery system concept focused on getting critical substances into 
the body. LET is a technique for producing liposomes, which are 
sub-microscopic foams that can contain a variety of substances. 
Sub-microscopic foams create a barrier surrounding their con-
tents that is impermeable to free radicals, digestive enzymes from 
the mouth and stomach, alkaline solutions, digestive juices, bile 
salts, as well as, intestinal flora produced by humans. Thus, the 
liposomes’ contents are shielded from oxidation and destruction 
until the liposome’s contents are transported to the precise target 
gland, organ, or system where they will be used as their protec-
tive phospholipid shell or barrier is unharmed. Such crosslinking 
technique for liposomes is considered for the site-specific and 
sustained release of medication. Here, the authors discuss some 
marketed formulations of liposomes that have sustained activity.53 
Table 3 describes the different liposomal products that are already 
available in the market.

Future perspectives
Liposomes have shown great potential in various medical applica-
tions and their prospects continue to be promising. Liposomes may 
be further optimized to enhance drug stability, improve targeting to 
specific tissues or cells, and control drug release rates. Optimization 
could lead to more effective and personalized treatments for vari-
ous diseases, including cancer, infectious diseases, and genetic dis-
orders. Researchers may also be involved in developing liposomes 
with enhanced transfection efficiency, increased stability, and im-
proved targeting capabilities, allowing for precise gene delivery, 
as well as, potential treatment of genetic diseases. Novel liposo-
mal formulations may involve designing liposomal vaccines that 
can induce stronger and longer-lasting immune responses against 
infectious diseases, cancers, and emerging pathogens. Liposomes 
can also be utilized for targeted imaging of specific tissues or cells 
which allows diagnostic tools to be more sensitive, specific, and 
multifunctional, enabling earlier detection, accurate diagnosis, as 
well as, monitoring of various diseases. Multifunctional liposomes 
can simultaneously deliver therapeutic agents and imaging agents, 
allowing for personalized medicine approaches. Future develop-
ments may focus on optimizing theranostic liposomes to achieve 
synergistic effects, real-time monitoring of treatment responses, 
and individualized treatment regimens. Future advancements may 
involve developing liposomal formulations that can improve stem 
cell therapy outcomes, enhance tissue engineering approaches, 
and facilitate the regeneration of damaged organs or tissues. Li-
posomes hold significant promise in these areas, further research 
and development are required to overcome challenges such as sta-
bility, scalability, and regulatory approval. However, the continued 
advancements in liposome technology and our understanding of 
their interactions with biological systems suggest a bright future 
for their medical application.

Conclusion
The development of liposomes as novel carriers has been a conse-
quence of collaborative efforts in investigations throughout the last 
2 to 3 decades, enlisting different fields of science, such as chemical, 
colloidal, physical, and biological among others. The established 
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theoretical and investigational foundations hold promise for in-
novations and products. The uses, and assumptions, in particular, 
that will be effective remains uncertain. However, based on the 
products in the current market, the authors conclude that liposomes 
have unquestionably cemented their place in contemporary tech-
nology. The large-scale development of topically administered li-
posomal products, especially those made from lipid mixes with a 
structure comparable to that of the stratum corneum, is one such 
successful technology. The distribution method for the treatment 
of skin conditions would also be advantageous. With the advance-
ment of other technologies, the study of liposomes will grow more 
complex, especially with an adequate platform for the creation of 
more favourable products, such as in the fields of public health 
and diagnostics.
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