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INTRODUCTION

A number of nanoparticulate materials e.g., dendrimers,
nano-gold shells, nano-emulsions, drug-polymer conjugates,
drug-antibody conjugates, quantum dots, aptamer-gated, nano-
vehicles and solid lipid nanoparticles, liposomes, etc. have been
designed over the last few decades for biological applications.
Out of all these liposome makes its own positions and studied
most by the scientist throughout the world and gained tremen-
dous commercial success in pharma industries. Liposomes are
lipid-based vesicles having bilayer or multilayer depending
upon their manufacturing methods. Liposomes has attracted
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many scientists to its fascinating world from the very beginning
of its discovery in 1961 by Alec D Bangham, British haemato-
logist at the Babraham Institute, in Cambridge, U.K.. Lipids
are one such biomolecules which has lots of resemblance with
the cell membrane and this unique property make them highly
suitable for biological applications. Due to the resemblance
of cell membrane sometimes liposomes are also known as bio-
mimetic membrane and various theoretical as well as practical
experiments show that liposomes can be applied to mimic cell
membrane thus known as artificial cells also [1-5]. A great
progress has been made in the field of liposome for the last
two decades. Liposomes are in general spherical bilayer having
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two lipid layers where the head and tail groups of the lipids
face opposite to each other and contain an aqueous core in
between the bilayer. Due to the presence of both hydrophobic
and hydrophilic portion in the lipids, liposome can interact
with both hydrophobic as well as hydrophilic molecules. Thus,
liposomes can be used to carry both lipophilic as well as
lipophobic materials e.g., drug molecules, biomolecules, etc.
Based on the size and lamellarity, liposomes have been categ-
orized into various types e.g. small unilamellar liposome, large
unilamellar liposome, giant unilamellar liposome, multilamellar
liposomes [6-9]. Liposomes due to many interesting properties
e.g. biocompatibility, complete biodegradability, non-toxic,
flexible and non-immunogenic, easy to prepare, easy surface
functionalization for targeting, amphiphilicity, have been used
in various branches of biomedical sciences e.g. drug delivery,
targeted drug delivery, stimuli responsive drug delivery, efficacy
improvement for drug, solubility enhancement of poorly soluble
drugs, biomolecules delivery, diagnostic imaging, theranostics,
gene delivery, vaccine delivery, protein and peptide delivery,
etc. [10-13].

A number of drug delivery system (DDS) have been succe-
ssfully prepared using liposomes to deliver various types of
drugs including chemotherapeutic, anti-fungal, sedative, anti-
inflammatory, corticosteroids, anesthetics, anti-infectives, etc.
Doxil which is a liposomal doxorubicin developed by Sequus
Pharmaceuticals in 1995 become the first liposome-based nano-
drug formulations and with its introduction in the market, lipo-
somal drug delivery system takes an exciting turn in the field
of clinical applications of liposome. After that a number of
drugs e.g. daunorubicin, mifamurtide, irinotecan, amphotericin
B, verteporphin, morphine sulfate, have been successfully
formulated as liposomal drug and all are commercially avail-
able. Several unique technologies e.g., DepoFoam™ Liposome
Technology (developed by Pacira Pharmaceuticals), Lysolipid
Thermally Sensitive Liposome (LTSL) Technology have been
invented utilising only liposome. Many pharmaeutical comp-
anies are investing billion dollars on liposome to invent new
kind of drug delivery systems, which indicates the importance
of research in liposome-based medications. Due to the over-
whelming demand of liposomes for the medicinal applications
various strategies have been adopted in the last two decades
for the preparation of liposomes e.g. ethanol injection method,
ether injection method, thin film hydration, free drying method,
extrusion method, sonication technique, micro-emulsification
method, dialysis, spray drying, gel hydration, etc. [14-20].

One of the major objectives of the liposome-based drug
delivery system is to deliver the drug molecules as per the
demands at the disease site and when it comes to anticancer
drugs, the on-demand drug delivery become more important.
The slow and steady release of the drug have many advantages
e.g. reduce side effect, prolonged circulation time, low dose
requirement, reduction of multiple dose, etc. over the conven-
tional fast release of the naked drugs [21-25]. Targeted and
controlled delivery of the drug molecules can be achieved if
the liposomes are stimuli responsive. The cargo molecules inside
liposomes can be delivered at the desired disease site as per
the requirement by applying a number of external stimuli e.g.

redox, pH, temperature, photo/light, magnetic, ultrasound,
electrical, etc. [26-30]. Among all the external stimuli, pH grad-
ients have been used for a long time to design stimuli-responsive
drug-delivery systems. The reason behind the widely used pH-
responsive drug-delivery system is that the pH of human body
varies widely from pH ~3 to pH ~7.4, which gives an opport-
unity to design a system that will response towards pH change.
A number of stimuli responsive liposomal drug delivery systems
e.g. ThermoDox, Visudyne, Opaxio, Cornell dots, AuroShell,
NanoXray products, NanoTherms have been formulated to
deliver a number of drugs e.g. doxorubicin, curcumin, zoled-
ronic acid and IR-780, camptothecin, paclitaxel, si-RNA, dexa-
methasone, diclofenac sodium and ciprofloxacin, irinotecan,
vincristine, mifamurtide, L-asparaginase, daunorubicin, by
several renowned pharma companies over the last decades to
address targeted controlled release of and some of them have
entered into the clinical trials [20,31-35]. A number of liposo-
mal drug delivery systems e.g. Atragen (Tretinoin), Amphotec
(Amphotericin B), Ambisome (Amphotericin B), Abelcet (Am-
photericin B), DepoDur (Morphine), Daunoxome (Daunoru-
bicin citrate), Depocyt (Cytarabine), Estrasorb (estradiol), Mika-
some (Amikacin), Nyotran (Nystatin), Topex Br (Terbutaline
sulphate) Ventus (Prostoglandin-E1) are already approved and
commercialized during the last two decades and many more
[e.g. Lipoplatin (Regulon), L-annamycin (Callisto), Alocrest
(Talon), Brakiva (Talon) Exparel (Pacira), Arikace™ (Insmed)]
are in various stages of clinical trials and awaiting to become
commercialized [36-40]. All these indicate an exciting future
is awaiting in liposome-based medications.

Due to the overwhelming interest in liposome-based DDS
and its growing demand in the pharma industries makes the
manufacturing of liposomes an interesting subject for many
scientists. Several reviews are published in the last decades to
address the preparation, functionalization and characterization
of liposomes. The most common and well-known lipids which
are used for the formulations of liposomes are 1,2-dipalmitoyl-
sn-glycero-3-phosphocholine (DPPC), 1,2-dimyristoyl-sn-
glycero-3-phosphocholine (DMPC), 1,2-distearoyl-sn-glycero-
3-phosphocholine (DSPC), 1,2-dihexanoyl-sn-glycero-3-phos-
phocholine (DHPC), 1,2-dilauroyl-sn-glycero-3-phosphocholine
(DLPC), 1-palmitoyl-2-oleoyl-glycero-3-phosphocholine (POPC),
1-palmitoyl-2-[12′-(palmitoyloxy)octadecanoyl]-sn-glycero-
3-phosphoholine (PAHSA PC), 1-behenoyl-2-hydroxy-sn-
glycero-3-phosphocholine (Lyso PC), L-α-phosphatidyl-
choline (95%) (egg, chicken), L-α-phosphatidylcholine (Soy-
PC), L-α-lysophosphatidylcholine (egg, chicken), L-α-
phosphatidylcholine (Heart, Bovine), L-α-phosphatidylcholine,
hydrogenated (Soy), L-α-phosphatidylcholine, hydrogenated
(egg, chicken), L-α-lysophosphatidylcholine (Soy) 1,2-di-O-
octadecenyl-3-trimethylammonium propane (chloride salt)
(DOTMA), dimethyldioctadecylammonium (bromide salt)
(DDAB), 1,2-dioleoyl-3-trimethylammonium-propane (chloride
salt) (DOTAP), 1,2-dioleyloxy-3-dimethylaminopropane
(DODMA), N-(4-carboxybenzyl)-N,N-dimethyl-2,3-bis(ole-
oyloxy)propan-1-aminium (DOBAQ), 3β-[N-(N′,N′-dimethyl-
aminoethane)-carbamoyl]cholesterol hydrochloride (DC-
Cholesterol·HCl) [41-43].
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Although the liposome has many fold advantages, but they
also suffer from many drawbacks. One of the, major drawbacks
of bare or naked liposome is their premature and fast release
of the cargo molecules before reaching to the disease cite which
leads to many side effects with respect to chemotherapeutic
drug delivery [44-46]. Chemotherapeutic drugs exhibit a lack
of selectivity in targeting cancer cells, resulting in the unintended
destruction of healthy cells. This indiscriminate cytotoxicity
has prompted the removal of numerous drugs from the market
shortly after their introduction, causing significant financial
setbacks for pharmaceutical companies. To address these
problems many pharma companies have invested billion dollars
to liposome research and the surface modification and funct-
ionalization of liposome become the hot topic of research in
the past decade of biomedical research [47-50]. The liposome
research in the past decade have reached a great height and
various preparation methodology have been invented to create
several advanced liposome formulations e.g. archaeosomes,
niosomes, novasomes, transfersomes, ethosomes, virosomes,
cryptosomes, emulsomes, vesosomes, genosomes, etc. [51-57]
to address these challenges associated with bare liposomes.
Many surface functionalization strategies have been adopted
to decorate the liposome surface to remove the unwanted leak-
age of the cargo molecules and making it stimuli responsive
[58,59]. Liposomes due to their multimodal advantages e.g.
cargo protection, amphiphilic carrier, controlled cargo release,
tunable size, tunable surface properties (charge, zeta potential
etc.), reduction in dosage, biodegradable, biocompatible, non-
immunogenicity, various administration routes, reduce cyto-
toxicity, increment in half-life of drug molecules, increased
efficiency is already used for many applications in biomedical
sciences e.g. synthetic cells, diagnostic imaging, targeted drug
delivery, nanoreactors, biocatalysis, chelation therapy (treat-
ment for heavy metal poisoning e.g. iron, mercury, arsenic,
lead, etc.), gene therapy, enzyme replacement, protein delivery,
cosmetic delivery and many more are yet to come [13,60-62].
A bright future is waiting for all of us in liposome research,
which may bring lots of novel applications in science and tech-
nology. Liposome can bring the next generation medications
to cure many diseases and may help to understand the various
complex biological processes in more detail. Although several
reviews have already been written and available in virtual space
but as a never-ending process and huge commercial as well as
scientific importance liposomes science must be explored con-
tinuously and needs to be revisited repeatedly [63-67]. Thus,
this review is an attempt to highlight the recent progress of
various preparation strategy of liposome, their surface funct-
ionalization and various biomedical applications. The next
sections describe the recent progress in liposome formulations,
then it discuss various types of liposomes and their surface
functionalization and their applications The review also talks
about the imminent opportunity and future directions of lipo-
some technology to formulate the ideal nano-drug delivery
system, which can revolutionize the current state of medical
treatment and may create a history in medical science. It also
report about various futuristic applications of liposomes other
than biomedical briefly. It is our pleasure to write this review

and hope this will attract the audience from many branches of
medical science and will help the researcher over the globe.

Preparations

Ethanol injection method: One of the easiest and widely
used techniques for the preparation of liposomes, first reported
in 1973 by Batzri & Korn, has been used in industrial scale
since 1990 to produce liposome. At the beginning, the method
was employed to prepare liposome in the range 120 g to 15 kg
but later on after several modification, it’s scaling up ability
increases up to several hundred kilograms. It also become very
popular technique among the researcher due to its many advan-
tages e.g. rapid, simple, low-cost, easy to handle, etc. In this
method at first, a desired amount of lipids are dissolved in
ethanol and then the lipid solution is injected through s syringe
into the magnetically stirred buffer solution at above the lipids
phase transition temperature. This technique most produce small
unilamellar vesicle along with few large unilamellar vesicle.
Although it has many advantages, but the technique suffers
from many drawbacks e.g. heterogeneous size distribution,
diluteness of the liposome, difficulty in removal of the solvent
completely due to the formation of azeotropic mixture of
ethanol and water, possibility of inactivation of biomolecules
in presence of trace amount of ethanol, etc. Various modifi-
cations of this technique have been done to address these chall-
enges over the last few decades and several injection techniques
is also invented e.g. crossflow injection technique which can
prepare liposome in bulk scale. The as prepared liposome can
be characterized by a number of techniques e.g., SEM, TEM,
AFM, etc. These techniques are very useful for the liposome
encap-sulation of a range of drug molecules, small molecule,
biomole-cules, etc. [68-72].

Ether injection method: Another widely used technique
for the preparation of liposome is ether injection method. This
technique is also similar to ethanol injection methods. In this
method, a desired amount of lipids are dissolved in ethers and
slowly injected through syringe keeping the lipids in aqueous
buffer solution at above the lipids phase transition temperature.
Next the solvent is removed from the mixture by evaporation
under reduced pressure which leads to liposome powder. The
optimum liposome concentration depends on several parameters
e.g., concentration of lipids in ether, rate on injection, tempera-
ture of the buffer solution, volume of the injection, etc. Generally,
the rate of injection is kept at 0.1-0.2 mL/min and the lipid
concentration is kept around 1-2 µM. It can produce both SUV
and LUV but not MLV. Although the technique is very simple
and cost effective similar to ethanol injection technique, but it
has many drawbacks e.g. heterogeneous size distribution, cont-
amination due to ether, high temperature requirement, etc. To
overcome these challenges, many modifications e.g. by changing
the solvent to lipid ratio, changing the method of injection,
injection time, etc. have been implemented over the decades
[10,73-77].

Thin film hydration method: By thin film hydration method
one can prepare both unilamellar as well as multilamellar lipo-
somes and this makes the technique more versatile. This techni-
que is superior over other two techniques described above with
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respect to stability of the liposome, encapsulation efficiency,
encapsulation capacity, homogeneous size distribution (after
extrusion), rigidity, etc. In this method, first, the lipids and other
chemicals are dissolved in an organic solvent (e.g. chloroform)
in a round bottom flask and then the organic solvent was evapo-
rated slowly, which forms a thin film over the bottom surface of
the conical flask. Hydration is generally carried out by aqueous
buffer solution at desired pH (normally the pH is kept near about
7.4 to avoid the disintegration of the liposome). The buffer solution
is vortex for few minutes and then stirred magnetically over few
hours to get the desired liposomes. The liposomes can be made
homogeneous by utilizing extrusion. Lipid composition can be
varied to get the desired concentration of liposomes [78-80].

Freeze drying method: Various techniques have been
developed to address many challenges during liposome prepar-
ation and one such approach is freeze drying method. This
method involves three steps: (i) Preparation of homogeneous
lipid solution, (ii) Freeze drying of the lipid solution to prepare
liposomes, and (iii) Reconstitution or hydration of lyophilized
product. First, the required lipids component needs to be disso-
lved in the required solvent and a homogeneous single-phase
solution to be obtained. Next the solution is filtered through
the desired filter paper to remove the solid particles if any. The
solution is then transferred to the freezing vial and it is freeze
at -20 ºC (primary drying at very low pressure to supply heat
required for sublimation) and -45 ºC (secondary drying to allow
the water desorption), respectively. This lyophilized product
is stable and can be store for long time under proper sealed
vial. This can be hydrated using water buffer to get homogen-
eous liposome solution, which can be used for further study.
This method has many advantages e.g. high encapsulation
efficiency, stability for long duration, controlled size distri-
bution, easy cargo loading, high loading capacity, etc. and it
is now highly accepted by many pharma industries [81-85].

Extrusion method: Size of the liposome is very important
with respect to its biological applications. Although three types
of liposomes are available but large unilamellar vesicle and
multilamellar vesicle are not suitable due to their large size.
During the liposome preparation by the techniques discussed
above always few amount of LUV and MLV are produced which
imparts some problem during their biological application hence
the SUV needs to produce exclusively. In this respect, extrusion
technique is highly beneficial and used widely for the prepar-
ation of SUV. In this method, a number of membranes of various
size cut off is used to filter the as prepared liposome to get the
desired size. In this technique, the as-prepared liposome susp-
ension (by thin film hydration, ethanol injection or ether injection
method) is passed through the membrane of desired pore size
(pore size of the membrane can vary from 100 nm to 1000 nm)
for multiple times under a constant flow rate (flow rate can be
varied) until the required size is obtained. Several parameters
(flow rate, membrane pore size, temperature, etc.) play impor-
tant role on the extrusion process of liposome preparation. After
passing through each time, the size of the liposomes should
be evaluated through dynamic light scattering or transmission
electron microscopy. The main advantage of this technique is
that it can tune the size of the liposome [86-89].

Sonication technique: Sonication helps in two ways during
the preparation of liposomes. It breaks the larger liposomes
(e.g. MLVs and LUV) to SUVs reducing size of the liposomes
and make it homogenous. In this technique the lipids are disso-
lved in a desired solvent and filtered to remove the unwanted
particle present if any. Then the solvent is evaporated to dryness
at temperature above the phase transition temperature of the
lipids to produce a thin film of the lipid layer in the container.
The thin film can be prepared by other methods also e.g. lyophi-
lization etc. Further the thin film is dried under high vacuum
to remove any traces of organic solvents. The thin film should
be rehydrated with aqueous buffer and vortexed for 1-2 min to
get a milky suspension of the liposome. After vortexing the
liposomal suspension is sonicated using various types of soni-
cator (water bath sonicator, probe sonicator). However, water
bath sonicator is more helpful as it produces less sound and
heat whereas probe sonicator creates heavy noise and more heat.
This technique generally produces liposome of size 20-100 nm
which is highly suitable for biological experiments. Overall, this
technique is suitable for the preparation of small unilamellar
liposome without using any toxic organic solvents [90-93].

Micro-emulsification method: This technique is suitable
for the preparation of small unilamellar vesicle having small
size staring from multilamellar vesicle. This method has two
steps, hydration of the lipid thin films followed by miroemulsi-
fication through a microemulsifier. In first stage, lipid [(or lipid
mixtures e.g. lipid + cholesterol)] are dissolved in an organic
solvent (e.g. chloroform) and then solvent is evaporated slowly
using rotavapor to make a thin film of the lipids. It is hydrated
then with aqueous buffer to get the hydrated lipid suspension,
which generally contain MLVs having large size. This hydrated
lipid suspension is then sent through the microemulsifier.
Microemulsifier has two parts, pump and interaction chamber.
The instrument pumps the suspension under very high pressure
at very high speed. Then the fluid is divided into two parts
and entered the microchannels which allow the two parts of
fluid two colloid at very high speed and it entered the collection
chamber. The collected liposomes can be sent through the micro-
emulsifier repeatedly in the same way until the desired size
and morphology is obtained. This method has advantages e.g.
liposome size can be tuned. morphology of the liposome can
be controlled, by increasing the lipid concentration, one can
get the desired liposome concentration, etc. [94-96].

Dialysis method: This method generally produces large
unilamellar vesicle, but it can give small unilamellar vesicle
after the extrusion. This method has four steps preparation of
the lipid mixture, thin film making, hydration of the lipid film
and dialysis. At first, the desired lipids are dissolved in organic
solvents and the solvent is evaporated to make the thin film of
the lipids. Hydration is carried out by aqueous buffer at a parti-
cular pH and then the hydrated lipids are vortexed to get the
lipid suspension. Finally, this liposome suspension is dialyzed
using the desired membrane having a particular molecular
weight cut off in a buffer solution. The buffer solution is replaced
after a certain interval of times. The liposome solution is then
sent through the extruder to get the desired size. This method
helps to control the liposome size distribution [97-99].
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Spray drying: This is another easy and effective method
of liposome preparation at laboratory scale. In this method,
many parameters can be easily controlled and optimized as
per the requirement. Briefly in this method, the desired lipid
or lipid mixtures are dissolved in an organic solvent (e.g. CHCl3

or CH2Cl2) to get the required concentration of the lipids. By
changing the solvent volume or lipid amount the concentration
of the lipids can be tuned easily. The lipid solution is then soni-
cated for 15 min to get the homogeneous lipid concentration.
After sonication, the lipoid solution is sprayed through a spray
drier into the drying chamber with a controlled flow rate at a
controlled temperature. The temperature of both inlet and outlet
of the spray dryer must be maintained properly to get the best
results. The spray dried product is then collected from the inner
surface of the chamber and hydrated with the buffer solution
of needed pH and finally preserved in refrigerator for future
use. The technique is very effective for the encapsulation of a
number of cargo molecules [100-102].

Gel hydration method: This is a good technique for the
encapsulation of a number of cargo molecules e.g. drugs, bio-
molecules, nanoparticles, etc. This technique is widely used in
many R&D laboratory for day-to-day purpose. First the lipo-
some suspension is prepared through thin film hydration techni-
que and lyophilized under reduced pressure. Gel can be prepared
from a number of gel formulating polymers (e.g. Carbopol 940
polymer). Once the gel is prepared, lipid suspension is added
to the gel and stirred thoroughly to mix well and hydrated
again with buffer solution and kept at room temperature for
overnight. Liposome gel is then preserved at refrigerator for
future use. This technique is superior over other techniques
with respect to encapsulation efficiency, versatility stability,
etc. [103-106].

Types of liposomes

pH sensitive liposomes: Controlled release of drugs from
liposome is one of the prime requirements of a liposome-based
DDS and to achieve the controlled release, a number of external
stimuli can be used. One such stimuli which is used widely in
the field of controlled drug delivery is pH. So, pH sensitive
liposomes are of great importance with respect to its medicinal
applications. The pH of the cancerous cells can vary from 1.2-
5.6 depending on the type and locations of cancer. The basic
mechanism behind the pH sensitive liposome is based on the
stability and degradation of the liposome at neutral and low
pH condition respectively [107,108]. During the cargo loading
in liposome the pH is generally kept at physiological pH so
that lipsome can be intact until it reaches to the disease cite.
Liposome then degraded at low pH inside cancerous cells.
The degradation can be controlled by surface functionalization
of the liposomes. A number of pH sensitive molecules e.g.
phosphatidylethanolamine, diacetylenic-phosphatidyl-
ethanolamine (DAPE), palmitoyl-oleoyl-phosphatidyl-ethan-
olamine (POPE), N-citraconyl-dioleoyl-phosphatidyl-ethanol-
amine (C-DOPE), N-citraconyl-dioleoyl-phosphatidylserine
(C-DOPS), pH-sensitive peptide/proteins, pH-sensitive polymers
(poly (alkyl acrylic acid)s, succinylated PEG, hyperbranched
poly (glycidol) (HPG), N-isopropylacrylamide (NIPAM), oleic

acid, succinic acid derivatives, aspartic acid, glutaric acid,
zwitterionic lipids, phosphoethanolamine, pH-sensitive peptide,
poly(2-ethyl-2-oxazoline), ortho-esters, vinyl ether, hydrazone,
etc. are used to make pH sensitive liposome in the last few years
[109,110]. The pH sensitive liposomes are already applied for
various applications e.g. vaccine delivery, tumor diagnosis
through bioimaging, MRI contrast agents, immunotherapy,
chemotherapy, gene delivery, antigen delivery, antiulcer therapy,
anti-inflammatory therapy, anti-infection therapy antiasthma
therapy, cardiovascular therapy, colon drug delivery, etc. [60,
111,112]. Tuning of this pH sensitive liposomes are highly
important to use them for specific applications and various para-
meters e.g. lipid structure, polymer materials, lipid to polymer
ratio, nature of the surface functionalized molecules, etc. play
an important role to tune the pH sensitivity of the liposomes.
But there are few limitations of pH sensitive liposomes (stability,
premature leakage) which urge for more research in this field
which will explore this for more advanced applications in near
future [113,114].

Thermosensitive liposome: Thermosensitive liposomes
are another type of liposomes which can control the cargo
delivery under thermal stimuli. Thermosensitive liposomes can
be formulated from a variety of starting materials e.g. thermo-
sensitive lipids (1-myristoyl-2-stearoyl-sn-glycero-3-phospho-
choline (MSCP) monopalmitoylphosphatidylcholine (MPPC),
hexadecylphosphocholine (HePC), 1,2-distearoyl-sn-glycero-
3-phosphoethanolamine-N- [methoxy(polyethyleneglycol)-
2000] (DSPE-mPEG2000), etc. These lipids can be added with
appropriate ratio with other lipids to prepare tunable thermo-
sensitive liposomes. The ratio of the two or more lipids molecule
can control the temperature range in which the liposomes can
release the cargo in a controlled way [115]. Various synthetic
thermosensitive polymer e.g. poly(N-vinylamides), poly-
(ethylene oxide)–poly(propylene oxide)–poly(ethylene oxide)
(PEO–PPO–PEO) block copolymers (poloxamers/pluronics),
(PEG–PLGA) block copolymers, Elastin-like oligo- and poly-
peptides and natural thermosensitive polymers e.g. agarose,
gelatin, amylose, amylopectin, carageenans, gellan, xyloglucan
and cellulose derivatives can be utilized to functionlaize the
liposome to get thermoresponsive properties [116]. There are
few thermosensitive surfactants e.g. polyoxyethylene (20) stearyl
ether (Brij78) that can also be used to prepare thermosensitive
liposomes [117]. The thermal stimuli can be provided either from
a local heat source or from a localized high intensity ultrasound
[118]. A number of drugs e.g. neomycin, methotrexate, doxo-
rubicin, cisplatinum, gemcitabine, miltefosine, oxaliplatin, have
already been incorporated in thermosensitive liposomes [119].
There are few thermosensitive liposomes-based drug delivery
systems (ThermoDox, Lipoplatin) which are in the clinical trials
and have shown promising results which may give few thermo-
sensitive drug delivery systems within next few years [120]. But
there are some challenges with thermosensitive liposomes with
respect to availability of heat treatment and less amount of data
which keeps an open platform for researchers throughout the
globe to continue the research in this field [120].

Photosensitive liposome: In last few years, photosensitive
liposomes becomes very important for their versatile applica-
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tions including diagnosis and treatment of various diseases,
delivery of various cargo molecules, etc. [121]. Photosensitive
liposomes are generally prepared using photosensitive lipids,
polymers surfactants, etc. following the traditional liposome
preparation method as discussed in earlier section. Photosen-
sitive lipids e.g. N-[(E)-4-(4-((4-butylphenyl)diazenyl)phenyl)-
butanoyl]-D-erythro-sphingosine [ACe-1], 1-stearoyl-2-[(E)-
4-(4-((4-butylphenyl)diazenyl)phenyl)butanoyl]-sn-glycerol
[18:0-PhoDAG], 1-stearoyl-2-[(E)-4-(4-((4-butylphenyl)dia-
zenyl)phenyl)butanoyl]-sn-glycero-3-phosphocholine [18:0-
azo PC], (E)-4-(4-((4-butylphenyl)diazenyl)phenyl)-N-(3-
hydroxy-4-methoxybenzyl)butanamide [trans-AzCA4], 1-(E)-
4-(4-((4-butylphenyl)diazenyl)phenyl)butanoyl]-2-hydroxy-
sn-glycero-3-phosphate (ammonium salt) [AzoLPA], (2S,3R,
E)-2-amino-7-(4-((E)-(4-propylphenyl)diazenyl)phenyl)hept-
4-ene-1,3-diol [Photoswitchable Sphingosine (PhotoSph)],
(1,2-bis(tricosa-10,12-diynoyl)-sn-glycero-3-phosphocholine
(DC8, 9PC), Biz-azo PC, O-nitrobenzyl conjugated lipid,
NVOC-DOPE, Plasmalogen, bis-sorbyl phosphatidylcholine
(bis-SorbPC), etc. [122-125]. Various light sensitive polymers
e.g. polymer containing diazonaphtoquinones, azobenzene,
cyclopropane containing polymers are synthesized and applied
for the surface modification of liposomes to get photosensitive
nature of liposomes [126-130]. Photosensitive liposomes have
been applied to deliver varieties of molecules including drugs,
nanoparticles, etc. Various drugs e.g. doxorubicin, have been
formulated as photosensitive liposomal DDS [131-135]. The
light source can come from external infrared radiation or laser
source. Few photosensitive liposomes-based DDS (visudyne,
foslip, fospeg, etc.) are already commercialized which encou-
rages the researcher to work further in this field [123].

Enzyme responsive liposome: One of the main objectives
of the drug delivery system is to deliver the drugs in a controlled
way and the most popular approach to achieve this is using
suitable external stimuli [136,137]. Two main mechanisms are
observed e.g. active release and passive release by which the
cargo molecules can be released in a controlled way from lipo-
somes [133,138]. A number of stimuli are available as discussed
earlier but enzymes remain one of the best choices for passive
release due to their endogenous versatile nature [139-141]. The
concentrations of many enzymes [e.g. Phospholipases (sPLA2)]
are elevated during various disease conditions mostly in various
cancer cells and these are utilized to trigger the cargo release
from liposomes [142]. Enzyme responsive liposomes are explored
for a long period of time and there are many approaches to
prepare them. One of the approaches is to formulate the lipo-
some composed of enzymatically cleavable lipid or lipid
mixture. Few lipid molecules e.g. DPPC (1,2-dipalmitoyl-sn-
glycero-3-phosphocholine), 1,2-distearyl-sn-glycero-3-phospho-
ethanolamine (DSPE), distearoylphosphatidylglycerol
(DSPG), 1,2-distearyl-sn-glycero-3-phosphocholine (DSPC),
cholesterol, DSPE-PEG2000, 1,2-dioleoyl-3-trimethylammo-
nium propane (DOTAP), 1,2-dioleoyl-sn-glycero-3-phospho-
ethanolamine (DOPE) have been already utilized to prepare
the desired enzyme responsive liposomes by mixing them in
a appropriate ratio [13,143-145]. Enzymes generally cleaves
the phospholipid bond by hydrolysis producing fatty acid and

lysophospholipids [146,147]. These enzyme responsive lipo-
somes are applied for various purposes including intracellular,
extracellular, targeted drug delivery, diagnostic imaging, etc.
[132,148-150]. A number of enzymes (e.g. urease, cathepsin
B, α-amilase, glucose oxidase, peroxidase, caspase 1 thrombin
collagenase chymotrypsin, esterases, phosphatases, phospho-
lipases, penicillin G amidase, β-galactosidases, etc.) [151,152]
can be explored to investigate enzyme responsive liposomes
thus gives open opportunity to all the researcher who are working
in this field.

Redox responsive liposome: Redox is another external
stimulus, which are successfully applied for the controlled
release of the cargo molecules from liposomes. Due to the
differences in concentration of various chemicals (e.g. gluta-
thione) between intracellular and extracellular microenviron-
ment, a potential gradient develops, which actually acts as
triggering agents [153,154]. This redox potential control the
stability of redox sensitive materials present in liposome thus
control the release of the cargo molecules (e.g. drugs, gene,
nucleic acid, etc.) by slow decomposition of liposome [155,
156]. The formulations of the redox sensitive liposomes are
already been produced by various lipid composition e.g. 1,2-
dioleoylsn-glycero-3-phosphoethanolamine (DOPE), 1,2-diole-
oyl-3-trimethylammonium-propane (DOTAP), 1,2-dipalmitoyl-
sn-glycero-3-phosphocholine (DPPC), 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC), 1,2-distearoyl-snglycero-
3-phosphoethanolamine (DSPE), 1,2-distearoyl-snglycero-3-
phospho-(1′-rac-glycerol) (DSPG), egg phosphatidylcholine
(EPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
(POPC), palmitoyl-oleoyl-phosphoethanolamine (POPE),
cholesterol, etc. The redox sensitive liposomes are generally
composed of more than one lipid as stated above with optimized
ratio [157-159]. A number of molecules e.g. doxorubicin, pacli-
taxel, si-RNA, plasmid DNA, docetaxel prodrug are used as
cargo molecules to investigate the redox responsive liposomes.
The basic mechanism through which redox responsive lipo-
somes works is that, at physiological conditions they are stable
and there is no release of cargo molecules but when a certain
redox potential reaches due to the generation of redox potential
gradient, the liposomes are destabilized thus releasing the cargo
molecules. This potential gradient can also be generated by
introducing some chemical reaction (e.g. introduction of
disulphide linkage followed by its reduction) externally thus
making on demand drug delivery [138,160-162]. But more
studies need to be done before it come into commercialization
thus making this field a challenging one.

Stealth liposomes: Although liposomal drug delivery
systems are well established and there are many commercial
products available in the market for the treatment of many cancer
diseases based on liposomal formulations, still, conventional
liposomes suffers from few problems associated with its less
stability and premature cargo release [163]. Conventional
liposomes are easily taken up by the reticular endoplasmic
system (RES) followed by rapid degradation through a process
known as phagocytosis which renders the uncontrolled cargo
release before it reaches to the targeted disease cells. These
problems restrict many liposomal formulations to be commer-
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cialized [164,165]. These problems prompt the scientists to
modify the liposomes and, an effort to solve these issues, stealth
liposome are introduced. Stealth liposomes possess few intere-
sting characteristics e.g. stable in nature, tunable size, shape
and composition, release drugs slowly, uniform in nature, not
taken up by RES, minimum toxicity, increased bioavailability,
easy targeted delivery, which made them better than conven-
tional one. Stealth liposomes are generally prepared either by
surface modifications of the liposomes or by using multiple
lipid formulations in an appropriate ratio [166]. A number of
polymers e.g. polyethylene glycol (PEG), dextran (Dex), poly-
sialic acid (PSA), hyaluronic acid (HA), chitosan (CH), heparin
polyaniline (PA), polyacrylamide (PAA), polyvinylpyrrolidine
(PVPA), poly[N-(2-hydroxypropyl)methacrylamide], poly-N-
vinylpyrrolidones, poloxamers, poloxamines, polysorbates,
poly(carboxybetaine), poly(glutamic acid) (PGA), are used
to prepare the stealth liposomes in the last few decades [167-
169]. Stealth liposomes can be easily prepared by any of the
methods e.g. sonication, reverse phase evaporation, freeze-
dried rehydration method, solvent injection method, etc. and
can be easily characterized by the well-known zeta potential
measurement, drug release study, polydispersity index analysis,
drug quantification analysis. Many drugs e.g., doxorubicin,
vinorelbine, methotrexate, vincristine, imatinib, etc. and nucleic
acids (DNA and RNA) are already encapsulated in these stealth
liposomes and have been going through various phases of
clinical trial [170,171].

Immunoliposome: To achieve the targeted drug delivery
various approaches have been adopted but one method which
become popular and found lots of applications is immunolipo-
somes. Immunoliposomes can be prepared by the functionali-
zation of the liposomes with antibodies [172]. The antibody
can be conjugated to lipids followed by liposomes preparation
or after the preparation of liposomes, surface of the liposomes
can be functionalized with antibodies [173,174]. Conventional
liposomes can be functionalized with antibodies which produces
type-A immunoliposomes whereas the stealth liposomes conj-
ugated with antibodies are known as type-B immunoliposomes
[175]. A number of immunoliposomes are already prepared
for the last few decades to achieve targeted drug delivery of
various anticancer drugs (e.g. doxorubicin, gemcitabine, topo-
tecan, fenretinide, vincristine, paclitaxel, melittin, calcein,
indinavir, amphotericin B, dexamethasone, chloroquine, siRNA
and miRNA, etc.) and nucleic acids (e.g. luciferase gene, oligo-
deoxynucleotides, modified hybrid (DNA-RNA) anti-HER-2
siRNA, etc.) to treat various types of cancer (e.g. human lung
cancer, human brain tumor, murine lewis lung carcinoma,
murine breast adenocarcinoma, human mammary adenocarci-
noma, human oestrogen receptor-sensitive breast carcinoma,
ovarian cancer, Non-Hodgkin’s lymphoma, small cell lung
cancer, T-lymphocytes, leukemia, chronic lymphocytic leuke-
mia, primary effusion lymphoma, human glioma and many
more) [176-179]. The immunoliposome are already used to
target various receptor (epidermal growth factor receptor (EGFR,
ErbB), Anti-RON receptor tyrosine kinase, human epidermal
growth factor receptor 2, etc.) for various cancer therapy. The
mechanism through which the immunoliposomes works is

ligand target complex formation mechanisms followed by
complex internalization. After the internalization the complex
gets destabilized followed by release of drug molecules and
receptor degradation. The receptor then recycled again and
the process continues [180]. The immunoliposomes are an
exciting field of liposome research and have high potential
for cancer treatment with commercialization.

Surface functionalization of liposomes

Functionalization with inorganic nanoparticles: The
conventional liposome or first-generation liposomes which are
composed of only traditional lipid molecules suffer from many
drawbacks in terms of premature drug release and stability at
physiological condition [181]. Most of the first-generation lipo-
somes get destabilized due to internalization by reticuloendo-
thelial system (RES) which limit their biological applications.
Various methods have been adopted over the years to improve
the lifespan of liposomes and to minimize the premature drug
leakage [169]. Modification of liposome can be performed by
two methods either before the synthesis of liposomes or through
post synthetic modification [49,144]. One of the post synthetic
approaches of liposome surface functionalization is carried
out via various inorganic nanoparticles [182]. This field of lipo-
some research is developing rapidly in the last few years and
a number of nanoparticles e.g. silica nanoparticle, gold nano-
particle, functionalized gold nanoparticles, silver nanoparticle,
iron oxide nanoparticle, super paramagnetic iron oxide nano-
particle, are already applied to modify the liposomes [183].
Among all of these, one of the best studied system is silica nano-
particles coated liposome also known as liposil [184]. Liposil
is generally prepared by post-synthetic modification of multi-
lamellar vesicle i.e. at first multilamellar liposome is prepared
by any of the traditional method followed by silica coating
following standard literature procedure e.g. Stober method or
LaMer method. Liposil possesses many advantages over
conventional liposomes due to their increased stability, high
encapsulation efficiency, prolonged blood circulation time,
minimum drug leakage, high kinetic stability (liposil can stable
as long as up to one year which is highly suitable for industrial
use), controlled release of drugs, etc. Liposil have been used
to deliver many drugs (insulin, paclitaxel, etc.) and various small
molecules [185,186]. Gold nanoparticle and functionalized
gold nanoparticles are another promising nanoparticle which
have been utilized for surface modification of liposomes for
the last few years. Because of their excellent optical properties,
tunable size, shape, surface area, safety, biocompatibility, etc.
[187,188]. Gold nanoparticles also show unique photo- and
thermo-responsive behaviour, which make them suitable for
making photo- and thermo-responsive liposomal drug delivery
system for various photodynamic therapy and diagnostic appli-
cations [189,190]. Various types of gold nanoparticle liposome
complex can be formed e.g. gold nanoparticle can present
within the lipid bilayer of liposomes, in the aqueous core of
liposomes, On the surface of liposomes, aggregates with liposo-
mes, free in liposome solution, etc. [189, 191,192]. Chakrabarty
et al. [193] already showed that drug loaded liposomes can be
stabilized by functionalized gold nanoparticle decorated lipo-
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somes and the release of the drugs can be controlled over
6-12 h. Chakrabarty et al. [193,194] also reported functionalized
gold nanoparticles and polymer coated liposome nanocapsules
for the controlled release of cargo molecules. The size of the gold
nanoparticle can vary from 2-50 nm. A number of molecules
are used as cargo molecules e.g. calcein, prodan, ellipticine,
doxorubicin, alkaloid berberine, carboxyfluorescein, etc. to
investigate the gold nanoparticle decorated liposomes and they
applied for various biomedical applications including various
cancer treatment. Xia et al. [195] reported the gold nanoparticle
decorated thermo-responsive and photo-responsive liposomes
and shown the controlled release of the cargo molecules using
radiation. Moreover, Cui et al. [196] developed SERS-active
liposome-Au nanohybrids and studied them for tumor therapy.
All these promising results showed that the liposome-Au
nanohybrids hold great promise in biomedical applications.
Silver nanoparticles are also applied to functionalize the lipo-
some surface due to their many important properties e.g. low
cytotoxicity, high biocompatibility, optical properties, efficient
SERS enhancing, etc. Due to the excellent SERS response,
the drug delivery can be easily monitored [197-200]. Cui et al.
[201] reported liposome nanohybrids formulated by electro-
static interactions, leading to surface modified liposomes with
excellent SERS spectral optical properties that offer excellent
opportunity for the further development for intracellular appli-
cations. Silver nanoparticle are also found to have great effect
on the fluidity of the lipid bilayer, which again is very important
for liposome stabilization. Silver nanoparticle functionalized
liposome has great potential in the investigation of interactions
between nanocomposites and cells for drug delivery as well
as for improving the therapeutic efficiency by further modifi-
cations [202-204]. Superparamagnetic iron oxide nanoparticles
(SPIONs) are another class of nanomaterials, which are exten-
sively used for liposome modification. SPION modified lipo-
somes which are having magnetic characteristics have already
been applied for many applications including MRI bioimaging,
contrast agent, drug delivery, targeted and controlled drug
delivery etc. [205-207]. Zhang et al. [208] reported tumour
specific pH responsive delivery of paclitaxel using SPION-
liposomes. Simiarly, Saengkrit et al. [209] developed SPION
modified liposomes for theranostic treatment of central nervous
system lymphoma, whereas Song et al. [210] reported iron oxide
nano-particles/mitoxantrone-loaded liposomes for both
magnetic resonance imaging and targeted cancer therapy [210].
Busquets et al. [211] reported SPION modified liposomes as
T2 MRI contrast agents. There are few review articles are also
available in the literature, which describes the applications of
SPION modified liposomes [211-213]. Recently various other
nano-particles e.g. zinc oxide, titanium dioxide, etc. are also
applied by many researcher to understand their effects on lipid
bilayer or liposomes. Ross et al. [214] extensively studied the
effect of titanium dioxide and zinc oxide nanoparticles on lipid
bilayer as a model of biological membrane. But this field is
still highly unsaturated and lots of open challenges are there
in terms of cytotoxicity, bioavailability, biocompatibility,
stability of the nanoparticles upon integration with liposomes.
Hence, more and more experiments and research study is

required to understand the liposome-nanoparticles interaction
to gather more data for further applications in future.

Functionalization with polymers: Polymers are another
class of materials, which are extensively used for the surface
functionalization of liposomes for the last few years [182]. A
wide variety of polymers (poly(N-iso-propylacrylamide) [poly-
(NIPAM)], poly(vinyl pyrrolidone), poly(2-methyl-2-oxazo-
line), poly(2-ethyl-2-oxazoline), poly(N-alkyl acrylamide),
poly[N,N-bis(2-methoxyethyl)acrylamide], poly(hydroxyethyl-
L-asparagine)succinyldioctadecylamine, polyvinyl pyrrol-
idone (PVP), polyglutamic acid (PGA), poly(hydroxyethyl-
L-asparagine) (PHEA), poly(hydroxyethyl-L-glutamine), poly-
(glycidol), poly(ethylene) glycol, etc.) are successfully applied
and the surface modified liposomes were employed for varieties
of application in different branches of sciences including drug
delivery, bioimaging, diagnostic imaging, tumour specific drug
delivery, controlled and responsive drug delivery, etc. [47,169,
215,216]. Among the polymers, PEG is one of the most exten-
sively studied and used polymers for liposome modification
because of its bio-inertness, thermoelasticity, linear chain,
hydrophilicity, non-toxic, non-ionic character [217-220]. PEG
modified liposomes are known as PEGylated liposomes or
stealth liposomes and it has been successfully applied for drug
delivery of many chemotherapeutic drugs e.g. doxorubicin
(Doxil is PEGylated liposomes encapsulated doxorubicin),
topotecan, etc. [221,222]. Temperature has been shown to affect
the water solubility of certain polymers. Temperature respon-
sive polymers that become insoluble in water or experience
phase separation at a certain temperature [lower essential
solution temperature (LCST)] have been used for a variety of
biofunctional products, like drug carriers and functional gels.
Recent advances in polymer synthesis have allowed for improved
regulation of molecular weight and branching structure, as well
as the application of terminal groups to the functional polymers
[223]. These developments are expected to increase the versatility
of practical polymer design and encourage the manufacture
of multifunctional polymeric materials. The multifunctional
liposomes with surface modification of these multifunctional
polymers are required to have precise drug delivery [224].

PEGylation can be done in two ways either by adding PEG
lipids to the lipid composition before liposome formation
(preinsertion method) or by combining PEG-lipids with lipo-
somal dispersion (mixing method) (post-insertion method). The
efficiency of liposomal PEGylation is influenced by both the
length and density of PEG coverage. PEG molecules with very
short chains cannot inhibit protein absorption and improve
blood circulation time, whereas PEG chains with very long
chains result in a substantial reduction in transfection activity.
Liposome modulation is usually done with medium-length
PEG molecules [225-227]. The coverage density increases as
the molar PEG-lipid/lipid composition ratio rises. Several drug
delivery systems based on the PEGylated liposomes have been
developed to date [170]. Recently, Morsbach et al. [50] reported
the functionalization of liposomes with hydrophilic polymers
(PEG and hbPG-functionalized) and their application for cellular
uptake of proteins. They studied the protein corona of several
functionalized liposomes (unfunctionalized, PEG and hbPG),
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as well as the influence of surface modification and protein
adsorption on macrophage uptake. There are few more important
polymers which are also used for preparation of liposomal drug
delivery system and one such example is Pluronic F127 (PF127).
Pluronic F127 (PF127) is used for liposome coating as an alter-
native to the more conventional PEG. PF127 is a non-ionic
triblock surfactant that is commonly used as a food additive
and has been approved as a medicinal constituent in cancer
drugs. It has a long circulating time and good bioavailability,
as well as the capacity to preserve liposome preparations.
PF127 can also improve liposome mucus penetration and cellular
absorption. Liposomes coated with PF127 transmit coumarin 6
to enterocytes more efficiently than liposomes without the
coating [228-231]. As another substitute to PEG, polymers
such as poly(carboxybetaine) (PCB) can stabilize liposomes.
Furthermore, even without inclusion of cholesterol to the lipid
formulation, PCB-modified liposomes showed high retention
of the hydrophilic drug and extended blood circulation prop-
erties in vivo. A unique lipid/poly-phosphocholine conjugate,
on the other hand, may protect liposomes against aggregation
in the same way as PEG does and allow them to operate as
extremely effective lubricating components, easily achieving
superlubric performance, which might be valuable in medicinal
applications [232,233]. Liposomal compositions coated with
hyaluronic acid have also been investigated. Hyaluronic acid,
a naturally occurred negatively charged linear hydrophilic
polysaccharide is a good substitute for PEG because of its
biocompatibility, biodegradability, nontoxicity and nonimmu-
nogenic properties. HA’s hydrophilic coating hinders opsonin
adsorption to the liposome surface, increasing drug circulation
and affinity binding to tumour recognition sites, according to
several studies [234-236]. Polysaccharides are another class
of polymers, which have been successfully employed to funct-
ionalize the liposome surface an two important polysaccharides
which are mostly used are chitosan and starch. Chitosan is
commonly utilized as a protective coating since it is positively
charged and rapidly interfaces with the negatively charged
liposomal surfaces, resulting in a solid coating that improves
liposome stability in the biological fluid in terms of both size
and drug loading. Changes of the exterior of chitosan-based
systems to generate multi-layered or multivesicular carriers
have been reported to boost their resilience to the harsh gastro-
intestinal environment. Because of the ability to functionalize
chitosan, copolymers such as PEG-chitosan that stabilize lipo-
somes and encapsulate the new doxorubicin prodrug modified
by stearoyl-spermine have been developed [49,237-241]. Due
to its high availability, low cytotoxicity and biodegradability,
starch is another polysaccharide utilized to stabilize liposomal
systems. For example, Nahar et al. [242] formed stable starch-
coated magnetic liposomes that proved to be a successful respi-
rable carrier for fasudil drug accumulation in the pulmonary
vasculature, whereas Salem et al. [243] investigated an ocular
starch-liposome specification that improved sodium alendr-
onate stability and efficacy.

Functionalization with polyelectrolytes: Polyelectrolyte
multilayer (PEM) coatings have been one of the most frequen-
tly investigated and preferred techniques for modulating lipo-

some surface features for eliciting particular tissue responses,
regulating degradation behaviour and serving as reservoirs for
active therapeutic cargo during the last decade [244,245]. From
its first report around three decades ago, layer-by-layer (L-b-L)
deposition has been still used to deposit these PEMs, with
electrostatic interactions and other short-range interactions
playing a major role. The L-b-L is a very reliable and repeatable
method for creating highly ordered polymeric stacks on any
substrate, regardless of its form, size or geometry [246]. The
transportation of pharmaceuticals has been based on the stabi-
lity of bulk chemical characteristics of these biocompatible
and biodegradable polymer complexes. Furthermore, for pro-
longed and regulated drug release via PEM, the technical
capacity to manage layer interdiffusion and manipulate layer
stacking is critical. In (L-b-L) method, the deposition is direc-
ted by reversing of charge density at each coating phase when
the substrate is permitted to dip in a mixture of oppositely
charged polyelectrolyte with an intervening washing step to
remove weakly bound charges [247,248]. A number of poly-
electrolytes are used for surface modification of liposomes
e.g. poly-L-lysine, poly(sodium styrene sulfonate), poly(acrylic
acid), chitosan, alginate, dextran sulphate, hyaluronanic acid,
chondroitin sulphate, sulfhydrylated chitosan, gentamicin
sulphate, branched polyethyleneimine, fibronectin, gelatine,
poly(L-glutamic acid), poly(diallyldimethylammonium
chloride), poly(sodium 4-styrenesulfonate), etc. Chemothera-
peutic medicines can be delivered into cancer cells via endo-
somal routes mediated by electrostatic attraction using these
polyelectrolytes modified carriers [249]. As a result, cellular
absorption increased and anticancer activities in vitro or in vivo
were improved. Among them chitosan and alginate become
most widely cited in the literature [240].

Chitosan is appealing as a coating polymer for biological
applications of liposomes because of its less cytotoxicity,
biocompatibility and biodegradable properties, as well as its
distinctive cationic property in water. The positive charge on
mucoadhesive liposomes is generated via electrostatic force
interactions between negatively charge phosphate group in
liposome and positively charged chitosan. The overall charge
of this chitosan-liposome capsules can be controlled and tuned
to either positive or negative thus allows the further modifi-
cation of the surface with other polyelectrolytes using L-b-L
technique [250]. Several chitosan coated liposomal drug delivery
system have been developed in the past decades and utilized
for the delivery of a varieties of cargo molecules including drugs
(e.g., ciprofloxacin, orceftriaxone, tobramycin, doxorubicin),
nanoparticles (e.g. silver nanoparticles) biomolecules (e.g.
DNA, etc.). The surface charge of these polyelectrolytes coated
liposomes after each layer of coating can be easily monitored
using zeta potential instruments and accordingly the polyelect-
rolytes can be chosen [251].

Similarly, the size of the polyelectrolyte coated capsules
can also be characterized through dynamic light scattering
followed by SEM and TEM techniques [252]. There are many
alternative polyelectrolytes e.g. polylysine, polyglutamic acid
to chitosan which can be applied for surface coating of the lipo-
somes using L-b-L coating. Polylysine, a biocompatible and

Vol. 35, No. 12 (2023) Liposomes-The 21st Century’s Drug Delivery System: Developments in the Last Two Decade: A Review  2853



readily obtainable cationic polyelectrolyte, has been widely
employed in liposome surface modification and coating. Poly-
lysine coated complexes have been shown in many studies to
boost their stability, prevent aggregation and increase the
accessibility of complexes into cells [253]. Polyglutamic acid
(PGA) is an anionic polyelectrolyte with good biocompati-
bility, nontoxicity and biodegradability when compared to
polylysine. It has been used for medication and gene delivery
and has been proven to increase intracellular absorption. Any
technology has advantages and disadvantages [254]. Although
PEM has had a lot of success in biomedical applications, it
still has a lot of practical obstacles to overcome before it can
be used in large-scale industrial operations [255]. Most of the
work on the L-b-L deposited polyelectrolyte films focuses on
improving the understanding of physico-chemical conditions
and multilayer manufacturing kinetics. Despite the practical
obstacles, an adaptable nature of PEM still retains the promise
of outstanding performance in a range of applications [256,
257].

Functionalization with biomolecules and small mole-
cules: A number of biomolecules and small molecules e.g. lipids,
protein, antibodies, nucleic acids, aptamers, carbohydrates,
vitamins, etc. have been utilized for surface functionalization
of liposomes over the years [258]. However, each of these
options possesses distinct advantages and disadvantages. As
discussed few of them in previous sections, herein only lipid,
aptamers, vitamins and small molecules for surface modifi-
cation of liposomes will be discussed. There are two general
approaches for modifying the surface of liposomes with peptides
[259,260]. To begin, ligands can be chemically bonded to lipid
headgroups or polymer that extend perpendicularly from the
liposomal surface. To accomplish these changes, optimized
carboxyl groups can interact with amino groups making an
amide bonds, dithiols can interact with thiols to make disul-
phide bonds, imide can react to form thioether, etc. In an alter-
nate method peptide and liposome can interact electrostatically
and can bind with the liposomal surface [261,262]. A number
of lipids e.g. linear RGD, cyclic RGD, HER-2 peptide, cystabn,
etc. are already experimented for the surface functionalization
of liposomes over the globe. Out of these linear RGD and
cyclic RGD are the most widely studied peptide for liposome
surface modification. Linear RGD modified liposomes have
been utilized for the stimuli responsive delivery of a number
of drugs including docetaxel, gemcitabine and few nanoparticles
e.g. quantum dots. Cyclic RGD are also used to increase cell
specific target efficiency and liposomal stability [263-265].

Cyclic RGD lipid modified liposomes are also applied for
the drug delivery. Lipid functionalized liposomes are applied
to target a large number of receptors e.g. transferrin receptor
(due to the increased metabolic demand for iron, it is over-
expressed in a range of cancer forms, indicating that it is a
promising target for cancer therapies), epidermal growth factor
receptor (during the malignant transformation of healthy cells,
it is frequently overexpressed), aminopeptidase-N (due to its
overexpression on the surface of cancer cells, which is most
typically found in aggressively developing phenotypes, it has
been extensively studied), vascular endothelial growth factor

receptor-2 (angiogenesis marker that is well-known and over-
expressed in freshly generated tumour vasculature [266,267].
The activation of this tyrosine kinase receptor has been demon-
strated to promote tumour proliferation and migration, as well
as tumour metastasis), Integrin αvβ3 and α5β1 receptors (due
to their elevated expression, which contributes to cell adhesion,
migration, infiltration and metastasis, they are likely targets
on the cell membrane of cancer cells), gastrin-releasing peptide
receptor (several forms of cancer, including pancreatic cancer,
glioma and lung cancer, this receptor is are overexpressed),
Interleukin-13 receptor a2 (interleukin-13 receptor is a plasma
membrane protein that is overexpressed in glioblastoma multi-
forme), glycoprotein 130 (is highly expressed in glioma cells),
etc. [268-270].

Another important biomolecule which is applied exten-
sively for liposome surface modification is aptamers. Small
single-stranded RNA or DNA (oligonucleotide) motifs capable
of binding receptors on the surface of cancerous cells are known
as aptamars [271]. The systematic-evolution of ligand by expo-
nential-enrichment technique was used to create aptamers with
high affinity for target compounds. Liposomes with a targeting
aptamer ligand attached to the liposome surface and encapsu-
lating anticancer cisplatin have indeed been already described.
When compared to non-targeted drug loaded liposomes and
free drug, aptamer targeted liposomes showed improved anti-
proliferative action in breast cancer (MCF-7 cells) over expres-
sing nucleolins [272-274]. Another important biomolecule
which has been used since last two decades for liposome modi-
fication is vitamins. The use of vitamins as liposome ligands
for effective and targeted drug delivery has created a whole
new world of possibilities. Various types of cancer cells over-
express vitamin receptors more than normal cells, therefore
understanding receptors is critical for docking vitamin-ligand
liposomes. In malignant phenotypes, the expression of several
vitamin receptors is frequently increased. There are two ways
by which liposome surface can be functionalized with vitamins.
Phospholipids can be used to conjugate directly with the vitamins
or a linker (one of the most widely used linker is PEG) can be
used to conjugate phospholipids and vitamins. Due to the lack
of biding ability of folic receptor with the first one the later
method become more popular and have been used extensively.
A wide variety of vitamins e.g. biotin, nicotinamide, vitamin A,
pyridoxal phosphate, riboflavin, tocopherol, folic acid, have
been already used for surface engineering of liposomes [275-
277]. These surface engineered liposomes are applied for
various applications including sensing of nucleic acids (DNA
and siRNA), delivery of drugs, quantum dots, radiotherapy,
etc. The biocompatibility of liposomes is one of the prime
requirements of any type of biological applications and one
of the approaches to make biocompatible liposome is to apply
highly biocompatible carbohydrates. A number of carbohy-
drates e.g. glucose, mannose, galactose, sucrose, maltose,
lactose, oligosaccharides, lectins, tomato lectin, wheat germ,
agglutinin, are also employed to decorate liposome surface.
These carbohydrates modified liposomes are used for a few
applications including drug delivery, therapeutic study, etc.
[275,278,279]. Compatibility with biological and chemical
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systems is also a possible issue. For example, the presence with
one protein on the liposome surface may impair the coupling
techniques’ ability to attach another protein. To overcome these
challenges, the liposome surface is decorated with a variety
of physiologically suitable and structurally selective protein
molecules. As a result, more flexible and site-specific coupling
strategies for protein attachment to liposomes are needed. It
has been demonstrated that concentrating a significant amount
of protein on the liposome membrane’s outer surface causes
membrane tabulation and distortion [280-282]. There have
been reports of methods to localise proteins on a single side
of a liposome. However, in vitro localization of various proteins
on the inner and outer leaflets of the liposome has proven
problematic. Thus, there are great opportunities and challenges
awaiting in this area of liposome research which needs the
attention of young researcher throughout the globe [283,284].

Applications

Liposomes for anticancer drug delivery: Cancer is a
life-threatening disease that causes malignant cells to develop
in an uncontrolled and irregular pattern. These unregulated
cells can infiltrate healthy tissues and organs, generating
unfavourable development and responses that eventually lead
to their destruction. Cancer cells can travel throughout the body
via blood arteries and lymphatic systems, resulting in meta-
stasis and the formation of a secondary tumour [285]. Anti-
cancer drugs are commonly given to cancer patients in order
to destroy cancer cells. These medications function in two ways
i.e. they destroy cancer cells by exposing them to a chemical
agent directly and they induce apoptosis (cancer cell death).
Liposomal medication compositions have the potential to
improve chemotherapeutic treatment effectiveness while
decreasing hazardous adverse effects. They can also have an
effect on the chemotherapeutic compound’s pharmacokinetics
and tissue distribution. They have been termed as “alternative
drug delivering systems” that have been employed to improve
the therapeutic efficacy of anticancer drugs while also lowering
their toxicity in surrounding healthy cells [170,286]. A number
of anticancer drugs are administered using liposomal drug
delivery system including methotrexate, cytarabine, cisplatin,
doxorubicin, oxaplatin, daunorubicin, vincristine, paclitaxel,
camptothecin, vinblastine, vinorelbine, etc. [60,287,288]. Doxil®

is the world’s first PEGylated liposome-based medication delivery
system. It contains liposomal doxorubicin hydrochloride, an
anthracycline chemotherapeutic medication that causes apopt-
osis in cancer cells by inhibiting topoisomerase II, an enzyme
required for tumor cells to reproduce and develop. Non-lipo-
somal or traditional anthracyclines, such as doxorubicin and
daunorubicin, have a substantial disadvantage in terms of
cardiotoxicity. To solve the problems associated with the use
of conventional doxorubicin, liposomal formulation was created
[289]. Irinotecan is a water-soluble semi-synthetic counterpart
of the natural alkaloid camptothecin, often known as CPT-11.
By inhibiting topoisomerase-I, it stops DNA from unwinding
and reproducing. It is applied to treat malignancies, diarrhoea
and myelosuppression as an antineoplastic drug. The FDA in
the United States and the European Medicines Agency have

authorized Onivyde® (nal-IRI), a nanoliposomal hydrochloride
irinotecan formulation. The chemotherapeutic medicine’s
pharmacokinetic properties were enhanced by using a liposomal
dose form, which had no additional side effects than the medi-
cation itself [290]. Docetaxel is a another anticancer drug
extracted from the natural product and purified in laboratory
coming from a taxane type of species and antimitotic drug that
binds to tubulin’s beta subunit and causes tubulin polymeri-
zation to be stabilized. Microtubules are disrupted as a result
of this stabilization and the cell cycle is arrested during the
G2/M phase, preventing mitosis. It has a low water solubility
and is often used to treat a variety of solid tumours [291-293].
The commercialized docetaxel (Taxotere) is prepared in Tween
80 and ethanol because of its insolubility. However, infusion-
related toxicity, acute hypersensitivity responses and cumul-
ative fluid retention have all been linked to this drug. Various
delivery technologies without Tween 80-free and ethanol such
as nanosomes, polymeric micelles, protein and nanospheres,
have been developed and clinically evaluated to prevent such
unpleasant side effects [294-296]. Mepact® is an encapsulated
mifamurtide formulation recognized for the therapy of osteo-
sarcoma by the European Union, Switzerland and other nations
[297].

To circumvent the dosage, the pharmacokinetic and pharm-
acodynamic constraints of non-liposomal vincristine, the semi-
synthetic chemotherapeutic drug vincristine sulphate has been
encapsulated in sphingomyelin/cholesterol nanoliposomes.
The FDA has authorized this vincristine injectable dosage form
(VSLI, Marqibo®) because it has been proven to be safe [298,
299]. Topotecan is a powerful anticancer drug that inhibits the
topoisomerase enzyme. It is a water-soluble natural analogue
of cisplatin. It is sold as HycamtinR (topotecan hydrochloride)
and has been linked to the treatment of lung, ovarian and other
malignancies. For the targeted delivery of topotecan, a variety
of nanocarriers, including liposomes, have been developed.
The co-encapsulation of phenyl ketone carboxylate derivatives
with the anticancer medicine topotecan and DNR as a co-
delivery regimen for use in different tumours for human trials
was revealed in a Canadian patent [300-304]. Cisplatin, also
known as cis-diamine-dichloroplatinum (CPT), is an active
anticancer platinate that is used to treat a variety of solid malig-
nancies. The use of cisplatin in clinical trials revealed nephro-
toxicity and dose-induced acute renal failures. Due to its high
hydrophobic nature, cisplatin, on the other hand, is difficult to
adequately entrap into liposomes. The responsiveness of deter-
rent of the tissue sample caused by loss of cancer cells after
treatment with cisplatin-loaded liposomes. This composition
improved the efficacy of cisplatin in the A427 human non-
small-cell lung cancer model. PEGylated liposomes were more
effective in vivo than cisplatin in mice carrying human xeno-
graft A427 for the same amounts of cisplatin-delivered dosages,
according to the findings [305-307]. A patent was recently
granted for an oxaliplatin-encapsulated aqueous liposomal
formulation with dramatically improved storage stability. To
make the formulation at pH 6-8, aqueous dispersion comprised
2-morpholino-ethane-sulfonic acid/salt, which formed lipo-
somal vesicles from hydrogenated soybean-sourced PC, CHL,
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mPEG2000, DSPE and oxaliplatin [308-310]. Vincristine is a
natural vinca alkaloid isolated from the pink periwinkle plant
that has anticancer action which is unique to the cell cycle.
The vincristine sulphate liposomal injection (VSLI), marketed
as MarqiboR (Spectrum Pharmaceuticals, Inc., NV, USA), has been
proven to enhance pharmacokinetics and pharmacodynamics
of vincristine [311-313]. Different polymeric materials, the
active ingredient curcumin and/or curcumin–PLGA conjugates
were employed in the liposomal formulation, which consisted
of a polymeric core with surface-extruding lipidic elements.
Human embryonic kidney (HEK 293) cell lines transfected
with hERG were used to test it. The whole-cell release current
acquisition and analysis techniques were used to investigate
the in vitro effects of the curcumin liposomal formulation on
potassium-selective IKr currents produced in normoxic condi-
tions in stably transfected HEK 293 cells [314-317]. So, lipo-
somal systems for the supply of anticancer drugs should be
designed to meet stable, soluble and permeable requirements.
These systems must be useful, efficient, safe and inexpensive.
In addition, using multifunctional materials to alter the liposome
surfaces for drug delivery, ‘smart’ vesicles such as pH respon-
sive and controlled release systems may be produced [49].

Gene delivery using liposome: Gene therapy is a one-
of-a-kind method of using genes to cure or treat diseases. Instead
of administering medications or surgery, doctors could use gene
therapy to treat a problem by delivering a gene into the patient’s
cell. Multiple approaches to gene therapy are being investigated
by some scientists and physicians, including replacing a disease
causing mutated gene with a healthy gene, ‘knocking out’ or
inhibiting a mutated gene that is malfunctioning; and bringing
new genes into the cells to protect against diseases [318,319].
Gene therapy was developed to send genetic information to a
patient’s somatic cells in order for them to produce specialized
therapeutic proteins to modify genetic disease. Nevertheless,
numerous important barriers must be addressed before nucleic
acid-based treatments may be utilized clinically effectively
and safely. Nucleic acids’ cellular absorption is limited by their
short half-life, high molecular size and large negative charge
density [320-322]. Nucleases efficiently breakdown naked
nucleic acids and the liver and kidneys quickly remove them
from the bloodstream. Furthermore, once within the cell, nucleic
acids only induce temporary gene silence. As a result, success-
ful nucleic acid distribution requires a delivery method that
protects the molecules from degradation, improves their stability
and allows them to be internalized into the target cells. A plasmid
based gene expression system that regulates the gene activity
inside the targeting cell, a gene that contains an effective targeted
protein and a gene delivery system that governs the delivery
of the genomic plasmid to a specific location within the body
are the three components of the gene delivery systems. The
foreign genetic material must remain stable within the host cells
for the gene delivery mechanism to work [323,324]. Liposomes
are made up of homologous lipid molecules with a head group
and hydrophobic hydrocarbon tails linked by a backbone linker
like glycerol. One and sometimes more amines present in the
polar head group give cationic lipids their positive charge. The
existence of positively charged amines makes it easier for anions

like those present in DNA to attach to them [325]. The liposome
is produced as a result of energy contributions from van der
Waals forces and electrostatic attraction to DNA, which controls
liposome morphologies in part. Due to the polyanionic nature
of DNA, cationic (and neutral) lipids are widely applied for
gene delivery, while anionic liposomes are generally utilized
for other therapeutic macromolecule delivery. The size of the
head group and the length of the hydrocarbon tail varies amongst
lipids. These properties provide the lipid/DNA complex unique
properties, which impact its interaction with and absorption
into the cell [326]. Cationic lipids, on the other hand, have a
fundamental structure that is similar to biological lipids in terms
of chemical and physical properties. The positive charge on
the head group enables spontaneous electrostatic contact with
DNA, as well as binding of the resultant lipoplexes to the cell
membrane’s negatively charged components prior to cellular
absorption. Almost all chemically mediated gene transport
vectors, including polymers, lipids and non-degradable nano-
particles, employ a cation [327-329]. A number of cationic
lipids e.g. DOTMA, N-[1-(2,3-dioleyloxy) propyl]-N,N,N-
trimethylammonium chloride; DOTAP, [1,2-bis(oleoyloxy)-
3-(trimethylammonio)propane]; DC-Chol 3β[N-(N′,N′-
dimethylaminoethane)carbamoyl]cholesterol; DOSPA, 2,3-
dioleyloxy-N-[2(sperminecarboxamido)ethyl]-N,N-dimethyl-
l-propanaminium trifluoroacetate; DOGS, di-octadecylamido-
glycyl-spermine have been already used for the delivery of genes.

Few neutral lipids e.g., dioleoylphosphatidylethanolamine
(DOPE), dioleoylphosphatidylcholine (DOPC) are also applied
for gene delivery. Gene transport by anionic lipids is inefficient
in general [330-333]. Due to repulsive electrostatic interactions
between the phosphate backbone of DNA and the anionic head
groups of the lipids, the negatively charged head group hinders
effective DNA compaction. The utilization of divalent cations
to eliminate mutual electrostatic repulsion and enhance lipo-
plex assembly can be used to form DNA-containing liposomes
utilising anionic lipids. Anionic lipoplexes are made up of
components that are physiologically safe, such as anionic
lipids, cations and plasmid DNA [334-336]. The development
of therapeutically useful vectors to treat elusive illnesses such
as chronic granulomatus disorder, hemophilia, blindness, neuro-
degenerative diseases, mesothelioma, AIDS, cancer, Alzheimer’s
and other diseases is an essential objective for gene delivery
system research. The viral vectors are used to transfer genetic
materials to the host cells in DNA-based viral vectors for gene
delivery systems. The delivery of genetic resources to host cells
is facilitated by DNA viral vectors [337-339]. However, one
of the most promising RNA vectors has emerged, which uses
naked syn-mRNA, viral or non-viral RNA contained within
viral particles and self-amplifying RNA replicons. The RNA-
based systems appear to be superior to DNA-based ones. In
terms of immunogenicity, RNA stability, formulation and manu-
facturing, RNA technologies have advanced significantly.
Improvements in these characteristics have resulted in potential
gene transfer systems that can be used in vivo [340-342]. The
next stage in research will most likely be to advance DNA and
RNA molecular technologies to the point where they may be
used as routine treatment choices in biomedical applications.
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Vaccine delivery using liposome: Vaccination has saved
millions of lives and is the most successful approach for
preventing infectious illnesses. Smallpox has been eradicated
thanks to a worldwide vaccination effort, while other diseases
are on the cusp of extinction (e.g. polio, measles, etc.). Vaccines
are generally made from attenuated or dead microorganisms
or pieces of them. However, such vaccinations are frequently
linked to negative side effects (e.g. allergic responses). Further-
more, they frequently need the use of a cold chain to ensure
stability and large manufacturing of such vaccines is not always
possible [343-345]. However, more effective and safer alter-
native delivery systems for human usage are still needed, as
the currently available delivery systems are ineffective and have
safety and effectiveness concerns, especially in immuno-
compromised and elderly people. Delivering antigens by
enclosing them in delivery vehicles such as liposomes is one
of the most used alternate ways to increasing immunogenicity
[346,347]. Because of their potential as immunostimulants and
their ability to transport antigenic components, liposomes have
been extensively investigated. Some of the characteristics that
make liposomal medication delivery systems successfully
apply to vaccine delivery [348,349]. To begin with, liposomes
effectively shield tiny peptide/protein antigens from host cell
enzymatic degradation. These hydrophilic components can be
enclosed in or adsorbed onto the liposomal surface thanks to
the bilayer structure of liposomes, while the hydrophobic part
of the liposomes permits additional lipids or apolar polymeric
components to be incorporated in the membrane bilayer. Second,
liposomes can have varied pharmacokinetics and be designed
to achieve optimal retention and presentation of vaccination
antigens based on their composition, charge and size. Liposomes
are also readily absorbed by antigen-presenting cells (APCs)
due to their particle structure. This capability is arguably the
most significant feature of liposomes for vaccine administra-
tion, since it allows for simultaneous processing and presentation
of ingested antigen on MHC molecules [350-352]. A number
of liposomal vaccine delivery systems e.g., VaxiSome, Vaxfectin,
etc. have been successfully prepared and used to treat a range
of diseases e.g. influenza, chlamydia, malaria, tuberculosis,
house dust mite allergy, etc. [353,354]. Exploring the inter-
action between drug delivery system and antigen is critical in
vaccine development, not only because it can significantly
impact vaccine efficacy, but rather because production consi-
derations like formulation stability and antigen organization
inconsistencies can cause immunogenically sound vaccines
to fail. Most approved adjuvants bind to antigen on the outside,
either by adsorption or by being combined together. Crucell’s
FDA approved influenza vaccine Inflexal V, which is made up
of virosomes with antigenic moieties injected into the memb-
rane, is the only exception [355].

Cell transfection reagents and vaccination adjuvants
commonly employ cationic liposomes. Although most cationic
lipids produce bilayer liposomes, extra lipids are frequently
required. Liposome adsorption on the negatively charged cell
surfaces is aided by the high surface density of positive charges.
Depending on the cell type, cationic lipid nature, formulation
kinds and liposome size, cationic liposomes infiltrate cells

through distinct methods and activate different cellular path-
ways [356,357]. To combat the pulmonary fungal illness, lipo-
somes were utilized to transfer plasmid DNA protein, resulted
in a protective immune response and decreased fungal load.
Liposomes are the artificial microorganisms that can be taught
to generate specific antigens for immunisation. A bacterial
transcription and translation machinery was entrapped in lipo-
somes, along with a gene construct producing galactosidase
or a luciferase–nucleoprotein fusion epitope as antigens. Antigen
producing liposomes induced greater specific immune responses
to the manufactured antigen in mice when compared to a
control vaccination. Alternatives to inhibited bacterial antigens,
protein or peptide vaccinations include nucleic acid vaccines
[358-360]. Rodriguez et al. [361] utilized MLVs as low-cost
carriers to transfer DNA to mice carrying plasmids expressing
bovine herpesvirus type 1. The IgG responses were produced
in vaccinated mice. Liu et al. [362] utilized the influenza A
virus’s M1 gene to create a cationic liposome/DNA vaccine with
an M1-encoding plasmid for oral vaccination, which resulted
in M1 gene expression in vaccinated mice’s intestines, robust
immune responses and protection against trial infection. One
of the most significant advantages of utilizing liposomes as
delivery system is their versatility in terms of biophysical and
antigenic characteristics. Making minor changes to the lipid
subunits, the size of liposomes or the delivery method has
dramatic impacts on the vaccine’s effectiveness, as well as
which part of the immune system is targeted preferentially
[363-365].

Liposomes have a significant advantage over already appr-
oved aluminum-based vaccine delivery system because they
are highly flexible and capable of activating a wide range of
stimulators. As a result, this novel liposome-based adjuvant
system is a highly promising platform technology that meets
many of the requirements, both as an adjuvant and from a
pharmacological standpoint. Much researches have been done
on subunit protein or peptide vaccines in order to produce
effective vaccines with acceptable safety profiles while yet
producing significant immunogenicity. However, enhanced
safety comes at the cost of low immunogenicity and higher
metabolic degradation of sensitive antigens [366-368].
Liposomes are an intriguing approach for addressing these issues
because they can provide two key qualities i.e. antigen delivery
and adjuvant characteristics [369-371].

Ophthalmic drug delivery using liposomes: Over the
last five decades, ocular drug delivery research has contributed
significantly, pushing scientists to consider the benefits and
drawbacks of this drug delivery method. The most frequent
ocular medication delivery formulation is topical eye drops.
Given the substantial precorneal loss of medicines due to tears
formation and ocular obstacles, this topical administration is
only focused on anterior ocular disorders and has a high precor-
neal loss of pharmaceuticals [372-374]. Antibiotics are comm-
only utilized for the ocular route in the form of a solution or a
cream. Nevertheless, their localized bioavailability must be
enhanced in order to reduce administration frequency and
adverse effects while increasing therapeutic efficacy. Contr-
olled release formulations for ocular antibiotic administration
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were proposed for this purpose [375]. In situ gel and hydrogels,
liposomes, nanoparticles, niosomes, nanoemulsions and micro-
emulsions are among the new ocular drug delivery types. They
can be used with hydrophilic or lipophilic medicines, can target
a specific location and can be administered in a variety of ways.
In situ gelling systems can enhance the precorneal residence
duration and reduce medication loss owing to the tear by using
the right excipients. Different polymers, production techniques
and compositions enable nanoparticles to react to a requirement
for mucoadhesion, topical, periocular or intraocular delivery
and to achieve a stable, effective and non-irritating formulation
for the patient [376-380]. Liposomes have been studied as a
carrier system for ocular medication administration because
of their benefits. It’s a biocompatible, biodegradable nanocarrier.
By adhering to the ocular surface and increasing residence
duration, it can improve the penetration of poorly absorbed drug
molecules. Both hydrophilic and hydrophobic drug molecules
can be encapsulated in it. Liposomes can also improve pharma-
cokinetic profiles, increase therapeutic efficacy and minimise
toxicity associated with larger doses. Liposomes have been
studied extensively for the treatment of both anterior and post-
erior segment eye diseases due to their versatility [381-384].

Incorporating different bioadhesive and penetration boos-
ting polymers into current methods for anterior segment medic-
ation administration focuses on increasing corneal adherence
and permeation. Improvements in intravitreal half-life and
tailored medication administration to the retina are required
in the case of posterior segment diseases. Ophthalmic medication
delivery has been investigated using liposome technology
[385,386]. However, there are certain difficulties to be addressed,
such as the challenging manufacturing and storage of liposomes,
which are known to produce long-term adverse effects. Vitreal
condensation, vitreal bodies in the lower portion of the eye and
retinal anomalies have all been reported because of intravitreal
liposome injection. As a result, while designing liposomal form-
ulations for ophthalmic use, all of these variables must be
considered [387-389]. Several antibacterial, antifungal, anti-
inflammatory, antiglaucoma,  immuno-modulatory, antioxidants
medicines e.g. tetracyclines, amino-glycoside group of anti-
biotics, gentamycin, ciprofloxacin, amphotericin B, diclofenac,
norfloxacin, chloramphenicol, 2-(2,6-dichloroanilino)phenyl
acetic acid, cyclosporin, afouna, pilo-carpine, latanoprost,
acetazolamide,  edavarone have been developed as liposomal
formulations to improve their ocular bioavailability in the
treatment of various diseases [390-392]. The most frequent
route of administration for the treatment of ocular disorders is
the topical route. However, many layers of permeation barriers,
ranging from the tear film to the inner layers of the cornea,
make therapeutic concentrations in the target tissue within the
eye difficult to obtain. To overcome these obstacles and offer
continuous and targeted medication delivery, significant
progress has been achieved in the development of drug carriers.
Liposomal drug delivery methods are advantageous because
of their unusual structure, which allows them to entrap both
hydrophilic and hydrophobic medicines. Despite this, most
of the researchers looking at the topical use of liposomes for a
variety of ocular diseases are still in the preclinical stage, with

none moving on to clinical trials [393-395]. The development
of customised liposomes will be based on the finding of
appropriate target molecules on the corneal epithelial cells or
maybe tight junctions. Immunoliposomes and cationic
liposomes are also predicted to be used increasingly often in
the administration of topical ophthalmic medications
[393,397].

Liposome for diagnostic imaging: Current accuracy and
personalized medicines rely heavily on various imaging techni-
ques to detect a number of diseases including various types of
cancer. Imaging has a wide range of uses in clinic, including
medication delivery monitoring, accurate illness diagnosis,
assessing response to therapy and directing minimally invasive
operations [398,399]. Traditional imaging techniques including
computed tomography (CT), positron emission tomography
(PET), magnetic resonance imaging (MRI) and single photon
emission computed tomography (SPECT) all have target speci-
ficity, which limits their therapeutic value. Due to recent develop-
ments in imaging techniques, molecular genetics and chemistry,
substantial progress has been made in the field of molecular
imaging [400,401]. The measurement, characterization and
visualization of biological processes at the cellular and mole-
cular level in humans and other living systems is referred to as
molecular imaging [402]. Liposomes have a lengthy history
of being used to deliver imaging agents. Liposomes are ideal
for transporting diagnostic moieties utilized in all imaging
modalities because of their capacity to trap various compounds
in both the aqueous phase and the liposome membrane segment.
Since the chemical composition of the reporter moieties empl-
oyed in the various modalities differs, a variety of methods
for loading liposomes with the specified contrast agent are
required. Moreover, the responsiveness and clarity of imaging
modalities varies, requiring various quantities of a diagnostic
label to be given to the region of interest [403-405]. These broad
concerns have resulted in the creation of a family of liposomal
contrast agents for a variety of applications. Liposomes cont-
aining hydrophilic polymers like PEG on their surfaces linger
in the bloodstream longer and eventually localise in greater
quantities in the tumour location due to the EPR effect. Active
targeting of medicines or delivery systems to the desired
particular cell, sub-cell, molecule, receptors, protein, peptide,
hormone, or enzyme relevant to the illness is the only way of
achieving targeted specifically molecular imaging of pharma-
ceuticals or delivery systems [406-408]. Liposomes have also
been investigated for theranostic applications, such as imaging
and treatment for a range of illnesses, primarily cancer. Imaging
and treatment may be done simultaneously with the use of nano-
sized, theranostic liposomes. Furthermore, such target-specific,
nano-sized theranostic liposomes can be used for molecular
imaging. In vitro TN-C overexpressed cancer cell lines, Gd-
loaded, active-targeted liposomes were shown to have promise
as MRI contrast agents for tumour diagnosis as compared to
non-targeted ones at 37 ºC. Zhang et al. [148,409,410] developed
Gd-DTPA encapsulated, AS1411 modified, aptamer-modified
thermosensitive liposomes. When compared to non-targeted
liposomes, these liposomes were proven to be effective tumour
imaging MRI agents in an in vitro MCF-7 cell line. The use of
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diagnostic liposomes in skeletal magnetic resonance imaging
was also studied. Intervertebral injection of gadolinium enhances
articular surface visibility by compensating for the poor inherent
contrast of joint components. However, precise imaging of
the cartilage surface with regard to early arthrotic change and
chondral defects is limited due to intracartilaginous dispersion
of the contrast medium in the cartilage layer. By encasing
gadolinium in liposomes, researchers were able to distinguish
the joint space from the hyaline cartilage surface, enabling for
the early identification of tiny articular cartilage lesions in living
organisms [411-414]. To assess the real advantage of encaps-
ulating paramagnetic compounds, more research is required
contrasting liposomally encapsulated contrast agents for magn-
etic resonance imaging to standard nonliposomal formulations
[415].

Liposome industry and commercial market of liposome:
Recently, the COVID-19 pandemic has brought attention to
the vulnerabilities inside the healthcare system. As a result of
the growing number of COVID-19 patients, in particular in
the United States and Europe, research institutes are being
pressured to expedite R&D work to produce medicines and
coronavirus vaccines [416]. Companies on the liposome medi-
cines market are thus exploiting the chance for their research
on efficient antiviral agents nanomaterials like nanocrystals,
liposomes and nanoparticles. For normal clinical procedures,
liposome pharmacology is used by enhanced drug activity in
vivo and in vitro. Companies in the market for liposomal drug
delivery are focused more on nanosystems of drug delivery
that involve key antivirals and their transportation through cell
and intracellular barriers. Liposomes therefore provide consi-
derable potential for the treatment of coronavirus in ongoing
research investigations conducted by medical firms [417,418].

New techniques for liposome surface functionalization
are giving pharmaceutical industry additional opportunity. As
a helpful biocompatible instrument for vehiculate and deliver
lipophilic, hydrophilic and amphiphilic chemicals, liposome
drug delivery is widely recognized. Nevertheless, some of the
limits of liposome drug delivery are significant toxicity and
resistance at large dosages. Through the adjustment of lipid
content and surface with various ligands, firms therefore move
from simple traditional to second or third generation liposomes.
Many preparation procedures for this aim were developed in
the previous decades, but most them particularly for the labor-
atory and fewer for the industrial approach. However, the manu-
facturing of clinical material and marketed products delivering
sterile, well-known and stable products requires a high scale
capacity. Unfortunately, dependent on the properties of the lipids
themselves the availability of specific techniques and quality
factors. The variety of liposome types to be selected for liposome
based medication is therefore restricted [181,419-421].

The liposomal drugs trade includes sales by companies
(organizations, traders and partnerships) of liposomal drug
delivery systems and related services that produce liposomal
medicinal products. Several prominent firms undertake
strategic efforts such as partnerships and the development of
new products which will likely be a significant tendency for the
market in liposomal drug supply systems. Several firms are

uniting to create liposome drug supply systems in order to
extend their global array of products and operations [36,171].
The increase in the number of instances of cancer worldwide
will likely lead to the enhancement of the business for lipo-
somal medicinal products during the projected timeline. As a
directed therapeutics of cancer, the liposomal drug delivery
systems are utilized for radiation, chemotherapy and surgery
[221]. The worldwide liposome medicines market in 2018 was
worth $3.6 trillion and is expected to increase from 2021 to
2030 on a substantial CAGR. Increases in cancer incidence
are driving the global market in the supply of pharmaceuticals
with liposomes, particularly liposoma embodied drugs, incre-
ases of liposomes as systems for the supply of drugs, their
benefits, technical developments and strong drug pipelines.
The benefits given by the administration of liposome medica-
tions, including the uniqueness of both hydrophilic and lipop-
hilic substances and the fact that a variety of medicines are
encapsulated by these vesicles, help the world market to flourish
[60,422]. Liposomes can be separated into diagnostic and thera-
peutic applications in pharmaceutical delivery. In contrast to
medicinal gene delivery, these uses include antimicrobial, cancer
and antifungal medicines. Doxil, AmBisome and DepoDur are
the major substances created by the use of liposome drug
delivery. The rise in liposome application systems as pharma-
ceutical systems is helping to increase the global market for
liposome drugs. During the projected period, the high cost of
liposomal medicines supply equipment would hinder market
expansion. The high cost of the devices increases the expense
and cost of liposomal therapy, which impedes market expansion
[423-425].

Conclusion and future scope of liposome

Increase the effects and decrease in the adverse effects of
existing and new anticancer medicines are more important for
the expansion of these sophisticated medicine supply systems.
In this respect, the primary arguments for the application of
liposomal transporters are still the improved pharmacokinetic
characteristics of liposomes, which can be associated with a
superior quality toxicity profile. There are other novel methods
to the physiology of and pharmacokinetic behaviour of lipo-
somes, such as the anti-angiogenic characteristics of cationic
liposomes and the development of immunoliposomes [426].
Furthermore, liposomes provide various targets and have
demonstrated their ability to develop as a novel cancer therapy
group. Some major questions and many obstacles are silent,
with their full effectiveness and safety limits. Further know-
ledge of clinical data will lead to the further streamlining of
improved liposomes with increased selectivity, effectiveness
and safety in cancer treatment. Customized liposome has been
shown to be an important tool of targeting the heart, liver, kidney,
brain, lung and bone [59]. For malignancies, the treatment of
breast cancer and liver cancer with the modified liposome is
discussed in several articles [427,428]. Liposome has been
identified as a multifaceted medicine carrier. The medication
administration mediated by liposomes offers wide variety of
applications and functions including the usage of a cell ligand
specifically designed for the surface due to easy structural
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modification. Liposomes also have certain disadvantage in the
mediated distribution of medicinal products. The major difficulty
is that the most typical film barriers cannot be crossed owing
to their size. In future, liposome mediated drug provision will
nonetheless have a more prominent function to play in the
clinical setting with the advancement of liposome technology
[429].

What else can we expect from liposomes? As far as techno-
logy is concerned, found in nature phospholipids are expected
(already) to be substituted with low cost synthesized, well defin-
ing amphipathic lipids with different chain lengths and phase
transition temperature.

Techniques of liposome production aim to progress in the
higher loads of drug to lipid mass, narrower distribution of the
size of the vesicle, shelf life and freeze drained formulations.
It is anticipated that there would be an increased utilization of
lipid-based medications within bilayers, while the prevalence
of water-soluble pharmaceuticals administered in aqueous
solutions is expected to diminish. There seem to be a variety
of therapeutic areas in which liposomes seem promising. For
example, in the formation of lipid-conjugated preparations,
which might prevent quantitative localization in RES and show
certain positioning in tumour tissues, it appears to be short- to
medium term in cancer therapy in the future. These composi-
tions are intended to decrease side effects, enhance the quality
of life and perhaps expand the wellbeing of cancer patients
[13,430,431]. In antibiotic treatment the potential of liposomes
is significant since many intracellular microbial illnesses are
located in lysosomes where liposomes finish following cell
absorption. Nevertheless, designed antimicrobial medicines
that have adequate access to ICS may be unnecessary for delivery
systems. One field in which liposomes already have had an
important influence is external uses for aesthetic skin treatment.
Indeed, liposome-based cosmetics have benefited by showing
that robust vesicles may be produced on an industrial level in
the liposomological area. A variety of drugs may be transported
in liposomes, which has been acknowledged as such by many.
A particular cell ligand can be targeted on the liposome’s inter-
face because of the ease with which their shape can be changed.
Liposome-mediated drug delivery will, however, become incre-
asingly relevant in the clinical context with the advancement
of liposome technologies. The modern technologies are there-
fore highly developed and the non-invasive character of topical
usage combined with sophisticated absorption techniques imply
that a range of eye, skin and external mucosal-treated products
can emerge [432-434]. Hence, a fantastic potential of liposome
is awaiting and more researchers must join to contribute in
this emerging field with elevated commercial prospects.
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