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Abstract

Self-forming encapsulated lipid bilayers that formed upon hydration led to the discovery of liposomes or lipid
vesicles, and liposome drug delivery methods have been crucial in the development of powerful medications
that have improved treatments. In recent years, liposome formulations have been developed with the specific
goals of lowering toxicity and raising accumulation at the target region. Inhibiting the rapid clearance of
liposomes by regulating particle size, charge, and surface hydration is one of a number of novel liposome
manufacturing techniques based on lipid drug interaction and liposome disposition mechanism. The majority of
therapeutic uses of liposomal drug delivery target tissue, either with or without target recognition molecules
expressed on lipid membrane. Regarding physical, chemical, and biological properties, the liposomes are
characterised. Liposome size is another important factor to consider.

Introduction:

The vesicular system known as a liposome is created when phospholipids are disseminated in water and
spontaneously form a closed structure with an interior aqueous environment enclosed by phospholipid bilayer
membranes. Liposomes are the small, spherical vesicles that can be made from membrane proteins,
sphingolipids, glycolipids, long-chain fatty acids, cholesterols, and non-toxic surfactants. Liposomes are a type
of drug delivery system that may carry a wide range of materials, including plasmids, proteins, nucleotides, and
tiny drug molecules.

A.D. Bangham made the discovery of liposomes over 40 years ago, and they have since evolved into a useful
tool in biology, biochemistry, and medicine. In its aqueous compartment, liposomes have been utilised as
carriers to transport a wide range of chemicals since the 1960s. Size, content, charge, and lamellarity of
liposomes can be modified during formulation and processing. Anti-tumor medications and antifungal
medicines have both been commercialised in liposomal form to far.

The clinical promise of liposomes as a delivery system for replacement therapy in cases with lysosomal enzyme
hereditary deficits was originally shown in the 1970s. Longer liposome circulation periods following
intravenous administration as a result of significant advancements in liposome stability during the 1970s and
1980s improved liposome bio-distribution.
To increase the therapeutic index, the significant anti-tumor medication doxorubicin was developed as a
liposome in the 1980s.

There are several mechanisms by which liposomes act within and outside the body which are as follows:

1- The content of the liposome is released into the cell when it adheres to the cellular membrane and seems to
merge with it.

2- Sometimes the cell absorbs them, incorporating their phospholipids into the cell membrane to release the
medication that was trapped inside.

3- The lysosomes, which are organelles, interact with the phospholipid walls of the liposomes in the phagocyte
cell, releasing the active medicinal ingredients. [1]

When used as drug carriers in different drug delivery systems, liposomes are small sealed vesicular structures
that can encapsulate both hydrophilic and hydrophobic molecules.

By shielding a drug from the biological environment and limiting the drug's impact to the target cells, liposomes
boost a medicine's therapeutic activity. These serve as delivery systems for pharmaceutical medications and
nutrition.

The Greek words lipo and soma are the origin of the word liposome. Soma and lipo both refer to the body. The
discovery of liposomes was made by Alec Douglas Bangham and colleagues. When phosphatidyl choline
molecules were scattered in water, Bangham discovered that closed bilayer structures were produced. Weismann
gave these entities the name "Liposomes".

A solution of lipids in an organic solvent is dried onto the wall of a flask or tube in the simplest method for
creating drug-containing liposomes. The lipid is then hydrated and dispersed by adding buffer and vortexing. If
the drug is water soluble, it can be added to the buffer; if it is hydrophobic, it can be added to the organic
solvent. [2]
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Figure: 1 structure of liposome [2]
As a new drug delivery system (NDDS), liposomes are bilalyer-filled vesicular structures that form when
phospholipids are disseminated in water. They are microscopic vesicles that completely surround an aqueous
volume with a membrane made of lipid bilayers. The goal of NDDS is to give the medication at a pace
determined by the body's demands during the course of treatment and to target the site of action. Liposomes,
also known as vesicles, are colloidal spheres made of cholesterol, non-toxic surfactants, sphingolipids,
glycolipids, long-chain fatty acids, even membrane proteins, and medicinal molecules. Size, composition, and
charge are different. And drug carrier loaded with a range of substances, including proteins, nucleotides,
plasmids, tiny drug molecules, etc. To increase their therapeutic index, only a small number of medicines are
created as liposomes. As a result, several vesicular drug delivery systems, including liposomes, niosomes,
transfersomes, and pharmacosomes, are being developed.
The first description of swollen phospholipid systems was published in 1965 by certain researchers. A variety of
enclosed Phospholipid bilayer structures made up of single bilayers, initially known as "bangosomes” and then
"liposomes," were described within a short period of time. The idea that liposomes can entrap pharmaceuticals
and be employed as drug delivery devices was first discovered by early pioneers such as Gregoriadis and Perrie.
The anti-cancer medication cytosine arabinoside was first used to demonstrate in vivo activity of liposome-
entrapped medicines in animal models by showing measurable increases in the life periods of mice with L1210
leukaemia. Since then, it has been used frequently as a "model system" to examine how various liposome
properties affect therapeutic results. [3]
Properties:
) Drug loading and control of drug release rate
Overcoming the rapid clearance of liposomes
Intracellular delivery of drugs
Receptor-mediated endocytosis of ligand-targeted liposomes
Triggered release
Delivery of nucleic acids and DNA
Mechanism of liposome formation:
Phospholipids create liposomes (amphiphilic molecules Having a hydrophilic head and hydrophobic tail). The
hydrophobic portion is made up of two fatty acid chains with 10—24 carbon atoms and 0—6 double bonds in each
chain, whereas the hydrophilic portion is primarily phosphoric acid coupled to a water-soluble molecule. When
they are spread in aqueous medium, they position themselves so that the polar head group faces outwardly the
aqueous region and the fatty acid groups face each other, forming spherical, vesicle-like structures known as
liposomes. This causes them to create lamellar sheets. Along with the non-polar portion's shielding, the polar
fraction continues to be in contact with the aqueous layer. When energy is added, such as through sonication,
shaking, heating, homogenization, etc., phospholipids are hydrated in water. To reach a thermodynamic
equilibrium in the aqueous phase, bilayered vesicles are formed as a result of the hydrophilic/hydrophobic
interactions between lipid-lipid and lipid-water molecules. As the primary constituents of the cell membrane,
phospholipids have great biocompatibility and amphiphilic characteristics. Its amphiphilicity gives it the ability
to self-assemble and has emulsifying and wetting properties. When phospholipids are introduced to an aqueous
environment, they self-assemble, creating a variety of forms with unique properties depending on the
environment. For instance, phospholipids naturally have a propensity to form liposomes, which are useful as
drug targeting molecules. Additionally, they have effective emulsifying properties that stabilise emulsions. This
can be utilised as a coating for medications to give hydrophobic pharmaceuticals hydrophilicity in addition to
their wetting properties. These three characteristics are used in different medication designs. Various
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phospholipids can be found due to variations in aliphatic chains and alcohols. Additionally, various
phospholipid sources enhance various phospholipid varieties. [4]

The reason for bilayer formation includes:

« Folding into tight concentric vesicles can limit the undesirable interactions between the hydrophilic and
hydrophobic phases.

« The development of massive vesicles reduces the significant free energy difference between a hydrophilic and
a hydrophobic environment. Because of their highest stability and lowest surface tension, spherical structures.
Hence there is formed by vesicles, which has the highest degree of self-assembly stability.

The liposomes are more stable at the lamellar phase when the electrostatic interaction between the fatty acid
carboxyl ions and repulsion is better at neutral pH. Fatty acid carboxyl groups are protonated at acidic pH,
which causes the HIl phase to develop. This results in unstable liposomes that are simple to cluster, fuse, and
release their contents from. Thus, pH Sensitive liposomes are created for various medication delivery
applications.

The temperature at which liposomes shift from their gel phase to their liquid crystalline phase is known as their
"transition temperature” (TC).

At the crystalline phase, the enclosed carpets are released. Only at temperatures above the transition temperature
can liposomes develop. The transition temperature of a liposome made of pure lipid is 41.4 °C, however lipids
derived from natural sources, like lecithin, have a wider transition temperature range. The Krafft point of
lecithin, which is 58°C, is the top limit of temperature for liposome formation, hence a temperature range
between 41.4°C and 58°C is optimum for the production of thermosensitive liposomes. While the phospholipid
content affects the size of the liposome vesicles.

The degree of fatty acid saturation plays a significant effect in determining how permeable lipid bilayers are to
particular compounds (selective permeability). Because C-H bonds have more energy than C=C bonds,
saturated fats have higher chemical energies than unsaturated fats. Other molecules can fit through the gaps
created by the double bonds in its densely packed tails. As a result, lipid bilayers with a high proportion of
unsaturated fatty acids have more gaps and permeability than bilayers with a lower proportion of unsaturated
fatty acids. Typically, natural phospholipids contain unsaturated fatty acids. The gel liquid crystalline phase is
influenced by the lipid chain's length and degree of unsaturation (transition temperature). Longer tailed
phospholipids likely to form liposomes, while shorter, more compact tailed phospholipids tend to form micelles.
By stabilising phosphatidylethanolamine into a bilayer using antibody derivatives of fatty acids like palmitic
acid, liposomes that are targeted to certain tissues can be created. The concentration of immunoglobulin
molecules at the contact point causes bilayers to become unstable after attaching to the target's cell surface.
Finally, this site releases liposomal content. Targeting specific sub-cellular locations is currently experimental
and in the in vitro research stage. For instance, the polymer (Rh123)-PEG-DOPE (Rhodamine 123-Polyethylene
glycol-1,2-dioleoyl-sn-glycero-3-phosphoethanolamine), which contains the mitochondriotropic dye rhodamine,
can be used to target mitochondria. Using rhodamine-123-conjugated polymer to modify the liposomal surface
improves mitochondrial targeting. [5]

Classification of Liposomes:

Size and the number of bilayers in a liposome can be used to classify them. They are divided into three different
categories: multilamellar vesicles (MLV), large unilamellar vesicles (LUV), and small unilamellar vesicles
(SUV). They are divided into five categories based on their chemical makeup: conventional liposomes (CL),
pH-sensitive liposomes, cationic liposomes, long-circulating liposomes (LCL), and immuno-liposomes. Reverse
phase evaporation vesicles (REV), French press vesicles (FPV), and ether injection vesicles are the three types
of preparations that they fall under (EIV).

Stability of Liposomes:

The Stability of the liposomes, which includes production processes, storage facilities, and delivery methods,
controls the therapeutic efficacy of the drug molecule. During the course of development and storage, a stable
dosage form preserves the active molecule's chemical and physical integrity. Evaluation of the product's
physical, chemical, and microbiological parameters is part of the stability research with designing, along with
the assurance of the product's integrity throughout storage.

Physical stability:

The vesicles produced by the processes of liposomal production have various sizes. Vesicles have a tendency to
group together and become larger during storage in order to reach a thermodynamically advantageous condition.
Leakage of the medication from the vesicles during storage can result in its fusion and breakdown. The
liposomal medicinal product's physical stability is compromised as a result. As a result, the vesicle architecture
and size distribution are crucial factors in determining the physical stability. Light scattering and electron
microscopy are just two of the techniques used to determine the vesicle's size and form from the outside.
Although cholesterol strengthens the lipid barrier, its concentration in the liposome structure cannot exceed
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50%. It is essential for the preservation and stabilisation of the bioactive molecule at the liposome's centre. By
preventing excessive unsaturation in the phospholipids during simple peroxidation and by controlling the pH
levels, physical stability can be preserved. They must be kept in a 4°C environment without freezing or
exposure to light.

Chemical stability:

Chemically, phospholipids are unsaturated fatty acids that are vulnerable to oxidation and hydrolysis, which
could change how stable a medicinal product is. A liposomal formulation is also significantly influenced by pH,
ionic strength, solvent system, and buffered species. Oxidation As a result of the production of free radicals
during the oxidation process, degradation entails the synthesis of cyclic peroxides and hydroxyperoxidases. By
shielding them from light, adding anti-oxidants like A-tocopherol or butylated hydroxyl toluene (BHT),
manufacturing the product in an inert environment (the presence of nitrogen or argon), or adding EDTA to
eliminate trace heavy metals, liposomes can be protected from oxidative deterioration. The glycerol moiety of
phospholipids' ester bond at the C-4 position undergoes hydrolysis. results in the lyso-phosphatidylcholine being
produced (lysoPC). The liposomal contents' permeability will be improved as a result. Controlling the lysoPC
limit within the drug's lysosomal product is therefore crucial. It can be done by combining phosphatidylcholine
and lysoPC free liposomes. [6]

Mechanism of Action of Liposomes:

An area of aqueous solution enclosed in a hydrophobic membrane makes up a liposome. Due to the ease with
which hydrophobic substances can be dissolved into the lipid membranes, liposomes are capable of transporting
both hydrophilic and hydrophobic molecules. While the drug's physiochemical properties and lipid makeup will
determine its location and spread. The lipid bilayers combine with other bilayers of the cell (cell membrane) to
release the liposomal content, which then transports the required drug molecules to the site of action. [7]

Steps involved in liposome action of drug delivery:

1. Adsorption: Liposomes come into touch with cell membranes through a process known as adsorption.

2. Endocytosis: Liposomes adhere to the cell surface membrane, are engulfed by the cell, and are then
internalised by the liposomes.

3. Fusion: Direct transport of liposomal contents into the cytoplasm is achieved via lateral diffusion and lipid
intermixing of the lipid bilayers of liposomes with the lipoidal cell membrane.

4. Lipid exchange: Lipid transfer proteins in the cell membrane are able to recognise liposomes and initiate
lipid exchange because the lipid membrane of liposomes and the phospholipids that make up cell membranes
are comparable. [8]

For example, when it comes to cancer cells, which need to ingest a lot of fat to meet their demand for quick
development, they see the anti-cancer drug-loaded liposomes as a potential source of nutrition. They are
absorbed when a liposome targets them. Cancer cells are killed by the anti-cancer medications as soon as they
are released from the liposome and reach the location. [9]

Therapeutic Applications of Liposomes:

In comparison to current formulations, liposomes offer greater therapeutic efficacy and safety. The following
are some of the main therapeutic uses for liposomes in medication delivery:

Site-avoidance delivery:

The limited therapeutic index of anti-cancer medications is what causes their cytotoxicity to normal tissues (T1).
In these situations, reducing the amount of medicine delivered to normal cells by encapsulating the drug in
liposomes can enhance the TI. Doxorubicin, for instance, has a serious side effect known as cardiac toxicity;
however, when it was developed as liposomes, the toxicity was decreased without affecting the therapeutic
activity. [10]

Site specific targeting:

Site-specific targeting can increase drug delivery to the desired (diseased) Site while minimising drug exposure
to healthy tissues. Long circulating Immunoliposomes have a stronger ability to recognise and bind to target
cells after systemic delivery. When Muramyl peptide derivatives were made into liposomes and given
systemically, for instance, there was an increased tumoricidal activity of monocytes in patients with recurrent
osteosarcoma. [11]

Intracellular drug delivery:

LDDS can be used to increase the delivery of prospective medications to the cytosol (where drug receptors are
located). Normal cell uptake of N-(phosphonacetyl)-L-aspartate (PALA) is subpar. In comparison to free
medicines, these substances demonstrated increased action against ovarian carcinoma cell lines when
encapsulated within liposomes. [12]

Sustained release drug delivery:

Liposomes offer sustained release of target pharmaceuticals since the best therapeutic efficacy requires a
prolonged plasma concentration at therapeutic levels. For prolonged release and optimised medication release
rate in vivo, drugs like cytosine arabinoside can be encapsulated in liposomes. [13]

Intraperitoneal administration:
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The medicine can be injected into the intra-peritoneal cavity (ip cavity) to treat tumours that form there.
However, the quick removal of the medications from the ip cavity minimises their presence at the sick spot.
However, liposomal encapsulated medications can deliver the maximal amount of medication to the target site
for an extended period of time and have a lower clearance rate than free medications. [14]

Immunological adjuvants in vaccines:

By encasing adjuvants, liposomes can be employed to improve the immune response. Depending on the
lipophilicity of the antigens, the liposome can either incorporate the antigens within the bilayers or
accommodate them in the aqueous cavity. Initially utilised as immunological adjuvants, liposomes were used to
boost the immune response to diphtheria toxoid.

In addition to PED coating, stealth liposomes contain a small number of biological species as a ligand to enable
binding with tailored expression on the drug delivery site (targeted site). These targeting ligands may be
monoclonal antibodies, particular antigens, or vitamins (creating an immuno-liposome), but they must be readily
available. Drugs that are naturally toxic may be less hazardous overall if they are administered to the affected
tissues or locations. [15]

Maleylated bovine serum albumin (MBSA) and O-steroyl amylopectin are two ligands that are utilised to target
the lungs in the treatment of tuberculosis. Transfersomes, a subclass of liposomes utilised for transdermal
substance distribution, are extremely malleable vesicles (hon-invasive method). Liposomes can be used to
provide the anticancer medications doxorubicin (Doxil) and dunorubicin. Since cancer cells contain excessively
expressed folate and transferrin receptors, liposomes are utilised in cancer therapy, making transferrin and folic
acid appropriate ligands. Peptides and antibodies that target VEGF, VCAM, matrix metalloproteases (MMPs),
Integrins, etc. are additional ligands utilised in cancer therapy. Recent Phase I/l research assessing the efficacy
and safety of a novel neoadjuvant combination therapy combining hyperthermia, pegylated liposomal
doxorubicin, and paclitaxel to treat locally advanced breast cancer. a phase Il clinical research using carboplatin
and pegylated liposomal doxorubicin in Japanese patients with platinum-sensitive primary peritoneal, fallopian
tube, or recurrent ovarian cancer. Treatment for people with platinum-sensitive recurrent ovarian cancer
involves its combination chemotherapy. Phase I1/I11 human clinical trials are currently being conducted on the
thermosensitive liposomal formulation ThermoDox® (Celsion Corporation, Lawrenceville, NJ), which contains
lysophosphatidylcholine and is used to treat a number of cancers, including primary liver cancer, recurrent chest
wall breast cancer, colorectal, pancreatic, and metastatic liver cancer. In order to treat cancer, lipoplatin was
recently produced using cisplatin as a carrier. High cytotoxic T lymphocyte (CTL) responses have been seen
when escheriosomes (a type of liposome) made from polar lipids derived from Escherichia coli are used to
transfer their encapsulated molecules directly into the cytoplasm of APCs (Antigen Presenting Cells). [16]
Advantages of liposomes as a drug delivery system for antimicrobials are:[17]

* Improvement and control over pharmacokinetics and Pharmacodynamics

* Decreased toxicity

* Enhanced drug activity against intracellular pathogens

* Liposomes used as target selective

* Enhanced activity against extracellular pathogens

Improvement of pharmacokinetics and pharmacodynamics:

When administered without a drug delivery system, many medications call for regular doses. While liposomes
can be designed to circulate for a long time in the body, maintaining the drug's consistent level for a longer
period of time. The fluidity of the membrane, the size of the liposomes (smaller liposomes circulate longer), and
the charge on the liposomes are all factors that affect the duration of circulation (neutral liposomes have a long
circulation time). Some medications are shielded by liposomes from immune system and chemical attack as well
as from the effects of enzymes. Because of the sustained drug levels provided by liposomes, especially when so-
called "stealth” liposomes are utilised, toxicity is reduced and dose is reduced. [18]

Liposomes used as target selective:

The composition and structure of cell membranes play a significant role in how cells react. This can be used to
target drugs by getting particular cells to respond to and take up the liposomes. To target a particular medicine,
the membrane surface structure can be altered. This can be done by altering the membrane's charge or by
including particular proteins, antibodies, or immunoglobulins. It raises liposomes' affinity for particular cells.
Creating liposomes that release a medicine only when exposed to a certain pH or temperature is one way to
experiment with liposomes. Liposomes can be designed to only interact with a certain type of creature. Site
avoidance therapy, also known as liposome site avoidance, aims to reduce toxicity by making liposomes avoid
specific regions. [19]

Enhanced drug activity against intracellular pathogens:

For many vyears, different liposome formulations have been investigated against a wide range of intracellular
parasites and other infections. As the macrophages that are infected with Leishmania actively eliminate them in
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vivo, it has been utilised to treat leishmaniasis with considerable effectiveness. In the treatment of Leishmania in
hamsters, the modified encapsulated medication is 700 times more effective than the free drug. [20]

Other investigations that were conducted after this one in order to corroborate these results with regard to
leishmaniasis. Anti-tuberculosis medications including clarithromycin, isoniazid, and rifampicin have all shown
much higher efficacy when compared to the free version of the medication in tests. Other investigations revealed
decreased tissue toxicity. With medications that are already quite toxic, such as those used to treat Trypanosoma
brucei and Trypanosoma cruzi, this reduced toxicity is crucial. The liposomes did have a protective effect
against the toxicity of the medications used in some situations, even though the in Vivo impact against the
parasite is not noticeably better than the free Drug. [21]

Anti-malarial medications are mostly enclosed in liposomes to reduce side effects, provide sustained release,
and safeguard the medication against degradation. In a study, encapsulating liposomes boosted the maximum
plasma concentration more quickly. [22] It takes less time for the medication concentration to rise to its highest
point. In a significant experiment, the bioavailability of arteether in liposomes was close to 98%, while that of
arteether in suspension was only about 32%. Chloroquine and Primaquine are two antimalarials that have been
utilised in the past and employed for trapping in liposomes. [23] It is evident that liposomes can be a valuable
tool in the fight against malaria. Liposomes can, in some circumstances, defeat bacterial resistance, as has been
demonstrated. According to other research, the dosage needed to effectively cure Pseudomonas can even be
reduced by 4-16 times.

Disadvantages of Liposomes:

The expense of making lipid-based drug delivery systems is considerable, which drives up production costs. The
price is high because producing more fatty excipients requires expensive machinery and raw materials, both of
which are expensive. [24]

Sterilization

Since liposomes are susceptible to high temperatures and specific types of radiation, sterilising them is a tricky
dilemma. Chemical sterilisation is not an option either because it can compromise the liposomes' stability. There
is just one way of filteration through a 0.22 m membrane filter for the manufacture of sterile liposomes. Because
it doesn't get rid of viruses and is ineffective with liposomes larger than 0.2 m in diameter, this approach is not
recommended[42]. Before beginning production, another option is to filter the initial solutions with 0.45 m
regenerated Cellulose filters and glass fibre filters. After that, the entire production process must be carried out
in an aseptic environment.

Short shelf life and stability:

A pharmaceutical product needs to stay stable in some capacity for at least one and a half to two years in order
to be commercially successful. If the liposomes are in suspension, it is quite challenging to accomplish this.
Using freeze drying after manufacture will extend the liposomes' shelf life. The stability of liposomes is greatly
influenced by two factors: chemical and physical degradation. They deteriorate chemically by hydrolysis and
oxidation. Only fresh, brand-new, and high-quality chemicals are used, high temperatures are avoided, inert
atmosphere is used to store liposomes, aqueous solutions are deoxygenated, and all manufacturing is done in an
oxygen-free environment to reduce oxidation and hydrolysis. Finally, an antioxidant such -tocopherol may be
included. The variation in lipid packing density in the bilayer structure is frequently blamed for physical
deterioration. By keeping the Liposomes at a temperature around the phase transition temperature until the lipid
arrangement equalises, this can be corrected. Liposomes frequently fuse together, which is what causes the
instability of this structure. Cholesterol is added to the lipid mixture to boost the transition temperature, which
reduces instability. When the membrane's composition changes, different types of liposomes have various
problems. The development of thermosensitive liposomes makes use of this phenomena. As soon as the
temperature is high enough, the medication is released from the liposomes. When the produced formulations are
freeze-dried, physical deterioration is a significant problem. Cryoprotector is added during the manufacturing of
freeze-dried items to ensure its stability during reconstitution. [25]

Encapsulation efficacy:

The optimal drug carrier is a liposome, which must contain the drug in a therapeutic dose. Liposomes could
become harmful if they contain too many lipids or other components. The technique of trapping is therefore
crucial. Since liposomes only entrap a little amount of the drug, procedures like active loading are utilised to
improve entrapment when it is low. With this technique, a medication that can easily penetrate the lipid bilayer
in its uncharged form transforms into a charged species once it enters the liposome (the drug is unable to escape
the interior of the liposome in the charged form). By trapping a low pH environment inside the liposome and
suspending the vesicles in a neutral pH environment that also includes the medicine, the desired effect can be
achieved.

Removal from circulation by the reticulo-endothelial system (RES):

The fast clearance of liposome drug delivery systems from the bloodstream by phagocytic cells of the RES or
mononuclear phagocyte system (MPS) is one of their main challenges. The size and charge of the liposomes, as
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larger ones are cleared from circulation more quickly than smaller ones, are two parameters that affect how
quickly absorption occurs. Due to the rich blood supply and the large number of accumulating macrophages in
the liver and spleen, liposomes tend to build up there. Some methods for extending circulation time have been
discovered, such as the creation of LCLs, or long circulating liposomes. Different methods are used to create
these liposomes, with the most prominent one being the coating of pre-existing liposomes with polyethylene
glycol (PEG). Stealth liposomes are the name given to these kinds of liposomes. To boost the TC of the
formulation, adding cholesterol and sphinomyelin (SM) is an additional option. It decreases RES uptake while
increasing plasma stability. [26]

Conclusion:

Since its discovery in 1964, liposomes have a broader range of applications. Liposomes are made up of a huge
variety of various lipids, both synthetic and naturally occurring, each with their own functions, benefits, and
drawbacks. Because it is neutral and quite inexpensive, phosphatidycholine is the most commonly used lipid
component. Size, shape, composition, and production process are all used to classify liposomes. Benefits of
using liposomes as a drug delivery vehicle include greater therapeutic efficacy against infections, improved
drug-target selectivity, and improved pharmacokinetics and pharmacodynamics. The drawbacks, on the other
hand, include issues with encapsulation efficacy, problems with short shelf-life and stability, and issues with
some lipids, particularly charged lipids, being poisonous at larger quantities. The way liposomes interact with
cells affects how well drugs are delivered. A few commercially available formulations of liposomes have been
used as drug delivery devices in recent years; these formulations exhibit better efficacy. Future medication
delivery methods based on liposomes hold out a lot of potential.
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