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ABSTRACT

The conventional method of preparing liposomes is basically for the multilamellar vesicles (MLVs). However, other methods are used to reduce the
size of these MLVs to small unilamellar vesicles (SUVs) so as to increase their plasma lifetime and consequently increase the possibility of achieving
greater tissue localisation. Some of these methods of size reduction are sonication and high pressure extrusion. Large unilamellar vesicles (LUVs),
on the other hand, are prepared mainly by detergent removal method and reverse phase extrusion technique. Novel drug delivery system aims to
deliver the drug at a rate directed by the needs of the body during the period of treatment and channel the active entity to the site of action. A
number of novel drug delivery system have emerged encompassing various route of administration, to achieve targeted and controlled drug
delivery. The review also shows that liposomes have a lot of biomedical applications and uses. This review is mainly focused on the diseases that
have attracted most attention with respect to liposomal drug delivery and have therefore yielded most progress, namely cancer, antibacterial and
antifungal disorders. In addition, increased gene transfer efficiencies could be obtained by appropriate selection of the gene transfer vector and
mode of delivery.
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INTRODUCTION

Liposome was discovered about 40 years ago by Bangham and co-
workers and was defined as microscopic spherical vesicles that form
when phospholipids are hydrated or exposed to an aqueous
environment! . Liposomes are microscopic vesicles composed of a
bilayer of phospholipids or any similar amphipathic lipids. They can
encapsulate and effectively deliver both hydrophilic and lipophilic
substances,23 and may be used as a non-toxic vehicle for insoluble
drugs*. Weiner et al® defined liposome as a microstructure consisting of

one or more concentric spheres of lipid bilayer separated by water or
aqueous buffer compartments. The typical characteristic of
bilayerforming lipids is their amphiphilic nature: a polar head group
covalently attached to one or two hydrophobic hydrocarbon tails. When
these lipids, e.g, phosphatidylcholine, phosphatidyl ethanolamine or
phosphatidyl glycerol, are exposed to an aqueous environment,
interactions between themselves (hydrophilic interactions between
polar head groups and van der Waals interactions between hydrocarbon
chains and hydrogen bonding with water molecules) lead to
spontaneous formation of closed bilayers 6.

Liposomes classification based on composition and mode of drug delivery

Type

Composition

Chracteristics

Conventional Liposomes

PH sensitive Liposomes

Cationic Liposomes

Long circulating Liposomes or stealth
Liposomes

Immunoliposomes

Magnetic Liposomes

Temperature or heat sensitive Liposomes

Neutral and or negatively charged
phospholipids+Cholesterole

Phospholipid such as phosphatidyl ethanolamine,
Dioleoyl phosphatidyl ethanolamine

Cationic Lipids

Neutral high transisition temperature, Lipid,
Cholesterol+5-10% of PEG-DSPE

Conventional or long circulating liposomes with
attached Ab or recognition sequence.

Phosphatidyl choline, Cholesterol, Small amounts
of linear chain aldehyde and colloidal particles of
magnetic iron oxide

Dipalmitoyl Phosphatidylcholine

Subject to coated pit endocytosis contents
ultimately delivered to lysosomes if they do not
fuse from the endosome, useful for RES
targeting, dose dependent pharmacokinetic 78
Subject to coated pit endocytosis at low PH fuse
with cell or endosome membrane and release
their contents in the cytoplasm °.

Possibly fuse with cell or endosome
membrane; Suitable for delivery of negatively
charged macromolecules (DNA, RNA); Ease of
formation; toxic at high dose 0.

Hydrophillic surface coating, Low opsonisation
and thus low uptake by RES; Long circulating
halflife (40 hrs); dose independent
pharmacokinetics upto 10 micromoles/ mouse
lipid dose 11.

Subject to receptor mediated endocytosis; Cell
specific binding; can release contents
extracellulary near the target tissue and drug
diffuse through plasma membrane to produce
their effects 12.

Liposomes that indigenously contain binding
sites for attaching other molecules like
antibodies on their exterior surface. Can be
made use of by an external magnetic field in
their deliberate, on site and rupture
immediately release of their contents 13.
Vesicles shows maximum release at 41°Y.The
phase transition temperature of dipalmitoyl
phosphatidylcholine Liposomes released the
entrapped contents at the target cell surface 4.
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Liposome classification by size and number of lamellae

Type Size range

Characteristics

Multilamellar Vesicles (MLV) 0.1-0.3um

1)Oligolamellar vesicles
2)Multivesicular vesicles

3)Stable plurilamellar vesicles

Large unilamellar vesicles (LUV) 0.1-10pm

Small unilamellar vesicles (SUV) <0.1pm

More than one bilayer; Moderate aqueous
volume to lipid ratio 1:4:1mole lipid). Greater
encapsulation of lipophillic drug; Rapidly
cleared by RES; Simplest to prepared by thin
film lipid of hydration of lipids in presence of
an organic solvents 15-16,

Intermediate between LUV & MUV 17,
Separate compartment are present in a single
MLV 18,

Have unique physical and biological properties
due to osmotic compression 19.

Single bilayer, High aqueous volume to lipid
ratio (7:1mole lipid) useful for hydrophilic
drug; High capture of macromolecules; Rapidly
cleared by RES; Prepared by detergent dialysis,
ether injection, reverse phase evaporation or
active loading methods 20
size;Thermodynamically unstable; low
aqueous volume to lipid to ratio (0.2:1.5:1mole
lipid); Prepared by reducing the size of MLV or
LUV using probe sonication or gas extruder or

by active loading or solvent injection technique
21

Formulation of liposomes

Liposomes are made from pure lipids or a combination of lipids. The
lipids commonly employed in liposome formulations are
phospholipids. Liposomes have been prepared from a variety of
synthetic and naturally occurring phospholipids, they generally
contain cholesterol?2 . The incorporation of cholesterol into the lipid
bilayer membrane generally enhances the stability of liposomes in
serum, reduces the permeability of the membranes to water soluble
molecules and increases the fluidity or microviscosity of the
bilayer?3-2¢ | The most commonly used phospholipids in liposome
preparation are: egg phosphatidylcholine, synthetic dipalmitoyl-
DL-a-phosphatidylcholine, brain and synthetic phosphatidylserine,
sphingomyelin, phosphatidylinositol and ovolecithin. Usually, a
zwitterionic or non-ionic lipid is used as the basic lipid for the
preparation of liposomes. The net surface charge of liposome can be
modified by the incorporation of positively charged lipids such as
stearylamine, or negatively charged lipids such as
diacetylphosphate, phosphatidyl glycerol or phosphatidyl serine?s.
The presence of negatively or positively charged lipids lead to a
greater overall volume for aqueous entrapment and reduces the
likelihood of aggregation after preparation of the liposomes 26

Technology of liposome production

Since the early 1970s many hundreds of drugs, including anti-
tumour and antimicrobial agents, chelating agents, peptide
hormones, enzymes, other proteins, vaccines and genetic materials,
have been incorporated into the aqueous or lipid phases of
liposomes of various sizes, compositions and other characteristics
by an ever-increasing number of techniques. Liposomes have
evolved from mere experimental tools of research to industrially
manufactured products for clinical and veterinary use. This success
depends on advanced techniques to obtain efficient drug
entrapment and increased stability of the products. The
conventional method and the advanced techniques based on this
method are discussed as follows.

Conventional method

The Convectional method was first described in detail by Bangham
et al?’ for the preparation of MLVs. In the procedure; the
phospholipids are dissolved in an organic solvent (usually a
chloroform/methanol mixture) and deposited from the solvents as a
thin film on the wall of a round bottom flask by use of rotary
evaporation under reduced pressure. MLVs form spontaneously
when an excess volume of aqueous buffer containing the drug is

added to the dried lipid film. Drug containing liposomes can be
separated from nonsequestered drug by centrifugation of the
liposomes or by gel filtration. The time allowed for hydration of the
dried film and conditions of agitation are critical in determining the
amount of the aqueous buffer (or drug solution) that will be
entrapped within the internal compartments of the MLVs. For
instance, it is reported that more of the aqueous phase can be
sequestered when the lipid is hydrated for 20 hours with gentle
shaking, compared with a hydration period of two hours, with
vigorous shaking of the flask, even though size distribution of the
MLVs was unaffected?® . This means that slow hydration is
associated with greater entrapment of aqueous volume.

sonication method

This method is used in the preparation of SUVs2? and it involves the
subsequent sonication of MLVs prepared by the convectional
method3? either with a bath type or a probe type sonicator under an
inert atmosphere, usually nitrogen or argon. The principle of
sonication involves the use of pulsed, high frequency sound waves
(sonic energy) to agitate a suspension of the MLVs. Such disruption
of the MLVs produces SUVs with diameter in the range of 15-50nm.
The purpose of sonication, therefore, is to produce a homogenous
dispersion of small vesicles with a potential for greater tissue
penetration. The commonly used sonicators are of the bath and
probe tip type. A probe tip sonicator delivers high sonic energy to
the lipid suspension but has the disadvantage of overheating the
lipid suspension to cause degradation. The probe tip also tends to
release titanium particles into lipid suspension, which must be
removed by centrifugation. For this reason, bath sonications are the
more widely used. By this technique, a test tube containing the
suspension is placed in the bath sonicator and sonicating for 5-10
minutes above the transitional temperature of the lipid (i.e., the
temperature at which the lipid melts). The major drawbacks in the
preparation of liposomes by sonication include oxidation of
unsaturated bonds in the fatty acid chains of phospholipids and
hydrolysis to lysophospholipids and free fatty acids. Another
drawback is the denaturation or inactivation of some thermolabile
substances (e.g., DNA, certain proteins, etc) to be entrapped.

solubilisation and detergent removal method

This method is used in the preparation of LUVs3! and it involves the
use of detergent (surfactant) for the solubilisation of the lipids.
Detergents used include the non-ionic surfactants e.g., n-octyl-bete-
D-glucopyranose (octyl gluside), anionic surfactants (e.g., dodecyl
sulphate) and cationic surfactants (e.g, hexadecyltrimethyl
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ammoniumbromide).The procedure involves the solubilisation of
the lipids in an aqueous solution of the detergent and the protein(s)
to be encapsulated. The detergent should have a high critical micelle
concentration (CMC), so that it is easily removed. The detergent is
subsequently removed by dialysis or column chromatography3z.
During detergent removal, LUVs of diameter 0.08-0.2um are
produced.

Reverse phase evaporation technique

Szoka and Papahadjopoulos33 pioneered the preparation of lipid
vesicles by reversed phase evaporation technique. It consists of a
rapid injection of aqueous solution of the drug into an organic
solvent, which contains the lipid dissolved with simultaneous bath
sonication of the mixture leading to the formation of water droplets
in the organic solvent (i.e., a “water-in-oil” emulsion). The resulting
emulsion is dried down to a semi solid gel in a rotary evaporator.
The next step is to subject the gel to vigorous mechanical agitation to
induce a phase reversal from water-in-oil to oil-in-water dispersion
(i.e., an aqueous suspension of the vesicles). During the agitation,
some of the water droplets collapse to form the external phase while
the remaining portion forms the entrapped aqueous volume. Large
unilamellar vesicles (diameter 0.1-1pm) are formed in the process.

Drug targeting

The need for “drug targeting” arises from a problem situation
whereby a drug administered (iv for example) enters the blood
stream and is distributed to varying extents throughout the body
when the actual desire is to deliver or direct the drug selectively to
its site of action. This site could be an organ structure, a cell subset,
or even an intracellular region. In such a case pumping the drug
throughout the whole body is not only wasteful but, more
fundamentally, it is also likely to lead to undesirable side effects. On
the other hand, restricting the distribution of the drug to the specific
target site should allow for an increase in efficacy at low dose with
attendant decrease in toxicity3+35 . Hence, the benefits of drug
targeting include reduced drug waste, and it is possible to deliver a
drug to a tissue or cell region not normally accessible to the free or
untargeted drug. The approach for drug targeting via liposomes
involves the use of ligands (e.g, antibodies, sugar residues,
apoproteins or hormones), which are tagged on the lipid vesicles.
The ligand recognises specific receptor sites and, thus, causes the
lipid vesicles to concentrate at such target sites. By this approach the
otherwise preferential distribution of liposomes into the
reticuloendeothelial system RES (liver, spleen and bone marrow) is
averted or minimised. The preferential distribution of liposomes
into the RES can be modified by the incorporation in the liposome
membrane of protein or carbohydrates possessing specific affinity
toward a target tissue or organ36-38 . A ligand selection is based on its
recognition by, and specificity for, the target site. In cancer
treatment, for example, one of the approaches is to target the drug to
tumour cells via receptor specific ligands, which may be specific
antibodies for antigens produced by the tumour cells. The first step,
therefore, is to determine the antigens that are produced by the
tumour cells. Also, molecules bearing oligosaccharide chains have
been used as ligands for direction, and specific attachment, to
ganglion sites in cells 39.

Topical drug delivery

The application of liposomes on the skin surface has been proven to
be effective in drug delivery into the skin*>-43 . Liposomes increase
the permeability of skin for various entrapped drugs and at the same
time diminish the side effect of these drugs because lower doses are
now required*+4 . Liposomes have also found an important
application in cosmetics for skin care preparations 46 . In this regard,
the liposomes are applied to the skin in the form of solution or in
hydrogels*” . Hydrophilic polymers are suitable thickening agents for
the gels. However, the liposomes may in certain instances be
trapped in the polymeric network of the hydrogels and, hence,
impair bioavailability into the skin8-4° . Nevertheless, Gabrijelcic et
al5® found enhanced transport of liposome-entrapped substances
into the skin from hydrogels prepared from xanthan gum. The
enhanced drug transport into the skin is attributed to the lipid
nature of the vesicles, which serve as carriers for the drug.
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Treatment of human immunodeficiency virus infection

Several antiretroviral nucleotide analogues have been developed for
the treatment of patients suffering from the acquired
immunodeficiency syndromes (AIDS). These include antisense
oligonucleotide, which is a new antiviral agent that has shown
potential therapeutic application against HIV-151. These antiviral
agents are able to combat replication of the HIV by inhibiting
reverse transcriptase and, thereby, viral DNA synthesiss2. However,
these agents display a dose-related toxicity. The effective dose can
be reduced by encapsulation of such drugs in liposomes, thus
reducing the incidence of toxicity. The greater efficacy of the
liposomal formulation relates to the preferential uptake of the
liposomes into the virus compared with the host tissues3 .

Enhanced antimicrobial efficacy/safety

Antimicrobial agents have been encapsulated in liposomes for two
reasons. First, they protect the entrapped drug against enzymatic
degradation. For instance, the penicillins and cephalosporins are
sensitive to the degradative action of B-lactamase, which is produced
by certain microorganisms. Secondly, the lipid nature of the vesicles
promotes enhanced cellular uptake of the antibiotics into the
microorganisms, thus reducing the effective dose and the incidence
of toxicity as exemplified by the liposomal formulation of
amphotericin B54

Applications of liposomes in drug delivery

The Pharmaceutical Industry is one of the most potent industries all
over the world, facing high risks and important challenges. Both, the
cost of bringing a New Molecular Entity (NME) to market is between
500-1000 million Euros and the time required to launch a NME is
10-15 years. One of the challenges to rationalise and further
improve these NME will be the development of appropriate drug
delivery systems, namely Liposomes.The two aspects of the
utilization of Liposomes: as carriers either for macromolecules, for
the treatment of cancer and inflammatory disorders or for small
molecular weight drugs for the treatment of intracellular infectious
disease. Intracellular infections, namely those localized in
mononuclear phagocytic system (MPS) are very difficult to eradicate
due to the low access of drugs to the sites of infection resulting in
sub- therapeutic local drug concentration. Liposomes are ideal
carriers to transport drugs to infected macrophages, as they have
the tendency to accumulate in MPS cells by passive targeting. This
capability was exploited for the treatment of leismaniasis and
tuberculosis, with liposomes incorporating dinitroanilines and
rifamycins, respectively. Dinitroanilines are herbicides that also
showed antiparasitic properties, namely against different strains of
Leishmania. Nevertheless, its use as an antiparasitic agent by
parenteral and oral routes has been limited, due mainly to its low
water solubility and unusual low vapour pressure Liposomal
formulations of Dinitroanilines were developed, acting Liposomes as
drug solvent, a stabilizing system for their storage during a
substantiate time after production and as carriers able to transport
drugs to the sites of infection.The biological activity of Dinitroaniline
liposomes was assayed both in a murine visceral model. (L.
donovani) and in a murine cutaneous model (L. major) of Leismanial
infection.A significant reduction of parasite loads in both animals
models, after treatment of liposomal formulations, in comparison
with the non-treated group and with the standard drugs, were
observed. No signs of toxicity after dinitroaniline Liposome
treatment were found®s%6. Superoxide dismutase (SOD)
incorporated in Liposomes also presented advantages over the free
from of the enzyme in the treatment of rat adjuvant arthritis.
Liposomes increased the short half-life of SOD, targeted the enzyme
to the inflamed sites and increased its anti-inflammatory activity.
Long circulating liposomes incorporating SOD are superior to
conventional Liposomes, in terms of anti-inflammatory activity >7-58.

Clinical applications

New drug delivery systems such as Liposomes are developed when
an existing formulation is not satisfactory and reformulation in
Liposomes offers clear benefits with respect to targetability,
therapeutic efficacy and safety compared to the existing
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formulations. Lack of specificity in pharmacologically active agents
is an obstacle to their effective use in biological research and
medicine. It follows that any approach enabling an agent to reach its
target selectively and in a controlled fashion would contribute to the
elimination of problems inherent in conventional methods. One such
approach was the development of a non-toxic and biodegradable
carrier capable of containing a variety of substances of biological
interest that the carrier could, upon contact with the leaving entity,
direct to the site of action and subsequently allow to perform their
task. It has been well established that liposomes can meet many of
these requirements, i.e, Liposome formulations of some drugs have
shown a significant increase in therapeutic efficacy and/or
therapeutic indices in preclinical models and in humans compared
to conventional formulations. Encouraging results of Liposomal
drugs in the treatment or prevention of a wide spectrum of diseases
in experimental animals and in human, indicate that more
Liposome-based products for clinical and veternary applications
may be forthcoming>°. These could include treatment of skin and eye
diseases, antimicrobial and anticancer therapy, metal chelation,
enzyme and hormone replacement therapy, vaccine and diagnostic
imaging, etc.some of the Liposome applications with realistic
prospects of being developed for clinical use.

Cancer therapy

Cytotoxic drugs can distribute non-specifically throughout the body,
lead to death of normal as well as malignant cells, thereby giving rise
to a variety of toxic side effects. Entrapment of these drugs into
liposomes resulted in increased circulation lifetime, enhanced
deposition in the infected tissues, Protection from the drug
metabolic degradation, altered tissue distribution of the drug, with
its enhanced uptake in organs rich in mononuclear phagocytic cells
(liver, spleen and bone marrow) and decreased uptake in the kidney,
myocardium and brain. To target tumors, liposomes must be capable
of leaving the blood and accessing the tumor. However, because of
their size liposomes cannot normally undergo transcapillary
passage. In spite of this, various studies have demonstrated
accumulation of liposomes in certain tumors in a higher
concentration than found in normal tissuesé%6l. Many research
efforts have been directed towards improving the safety profile of
the anthracycline cytotoxics, doxorubicin (DXR) and daunorubicin
(DNR), along with vincristine (VCR), which are associated with
severe cardiotoxic side effects, although acute gastrointestinal
effects and other toxicities may also occur. Liposomal entrapment of
these drugs showed reduced cardiotoxicity, dermal toxicity and
better survival of experimental animals compared to the controls
receiving free drugs®2. Such beneficial effects of liposomal
anthracyclines have been observed with a variety of liposomal
formulations regardless of their lipid composition provided that
lipids used _high cholesterol (Cho) concentration or phospholipids
with high phase transition temperature (Tc)_ are conducive to drug
retention by the vesicles in the systemic circulation® . DXR is a
potent antineoplastic agent active against a wide range of human
cancer including lymphomas, leukemia and solid tumors. However,
administration of this drug produces acute toxicity in the form of
bone marrow depression, alopecia and oral ulcerationé+¢ . DXR
entrapped in liposomes shows reduced non-specific toxicity and
maintains or enhances anticancer effect. DXR hydrochloride
constitutes the first liposomal product (DoxilTM) to be licensed in
the United States. Surface grafted methoxypolyethylene glycol
(MPEG) provides the hydrophilic stealth coating, which allows the
DoxilTM liposomes to circulate in the blood stream for prolonged
periods. The lipid matrix and an internal buffer system combine to
keep virtually all the DXR encapsulated during liposome residence in
the circulation. This means that the drug is not free to exert its toxic
effects67-68, Liposome association alters the drug pharmacokinetics
and thus the liposome has a half-life of approximately 55 hours in
humans, whereas the free drug distributes to the tissues within a
few minutes and is entirely cleared from circulation within 24
hours®. Liposomal formulation showed decreased toxic effects of
DXR; a dose higher than the LD50 could be administered without
acute toxicity, which suggests that these liposomes extravasate from
the endothelium of tumor tissues and reside around tumor cells
where they release the drug into the interstitial fluid. Therefore, the
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therapeutic effect was achieved by a slow and sustained release of
the drug at the target site. Furthermore, liposomal DXR has
substantial activity against ovarian cancer in patients that failed to
respond to platinum and paclitaxel-based regimens. The responses
achieved with liposomal DXR were durable and maintained with
minimal toxicit’?. Encapsulation of DXR in stealth liposomes showed
significant accumulation, enhanced therapeutic efficacy and reduced
toxic effect against human pancreatic carcinoma AsPC-1, implanted
into nude Swiss mice compared to DXR suspension.Increased
penetration into the tumor and a long presence with a slow drug
release from liposomes in the tumor account for the enhanced
therapeutic effects’?. DXR also plays an important role in the
treatment of breast cancer, both in the adjuvant and metastatic
settings. However, the benefits of conventional DXR in terms of
antitumor activity are limited by its therapeutic index. Pegylated
liposomal DXR provides tumor-targeted efficacy without many of
the toxicities associated with conventional DXR, including
myelosuppression, alopecia, nausea and vomiting, and most
importantly, cardiac toxicity. It has also demonstrated efficacy in
combination with other agents or modalities, including
cyclophosphamide, paclitaxel, docetaxel, gemcitabine, vinorelbine,
and hyperthermia. Owing to its comparable efficacy and favorable
safety profile, pegylated liposomal DXR may be a useful alternative
to conventional DXR, as well as other agents commonly used in the
treatment of breast cancer’273. Sterically stabilized liposomes
derived from the antitumor agent hexadecyl phosphocholine
showed reduced uptake by the mononuclear phagocyte system
(MPS) and improved antitumor activity in breast carcinoma in nude
mice compared to conventional hexadecyl phosphocholine
liposomes or free hexadecyl phosphocholine?s. Cisplatin when
encapsulated in  polyethyleneglycol-coated  long-circulating
liposomes results in prolonged circulation time and enhanced tumor
uptake in different mouse tumor models. In spite of these results,
due to the extremely slow release rate, no superior antitumor
activity is seen for liposomal cisplatin over plain cisplatin. Results
demonstrated that improvement in release kinetics of the prepared
liposomes would lead to higher therapeutic efficacy of entrapped
cisplatin?s.

Antimicrobial therapy

Antibiotics can only act against intracellular infections if they can
penetrate the phagocytic cells. It is a well known fact that liposomes
are able to localize in the liver and spleen, especially the RES
component, where many pathogenic microorganisms reside; they
can be therefore used for targeting of antibiotics on these organs. In
a simple in vitro culture, liposomal neomycin’¢. And penicillin?”
were found to be active against bacteria, whereas liposome
entrapment markedly reduced the antimicrobial activity of
chloramphenicol’8. Liposome encapsulation alters the tissue
distribution of gentamicin when given by intravenous route to
rabbits??. However, when administered by intramuscular route, it
resulted in sustained release from the injection site, providing
prolonged plasma concentrations of the drug?’. Moreover, Lutwyche
et al! demonstrated that encapsulation of membrane-impermeative
antibiotics such as gentamicin in appropriately designed lipid-based
delivery systems can enable their use in treating intracellular
infections. Rifampin delivered twice weekly for two weeks in tuftsin-
bearing liposomes was at least 2,000 times more effective than the
free drug in lowering the load of lung bacilli in infected animals82.
Liposome encapsulated clarithromycin may be more effective than
the free form against Mycobacterium avium intracellular (MAI)
infections in vivo, and the use of a combination therapy with
ethambutol could further enhance the efficacy® . Furthermore,
when the activity of TLC G-65 (liposomal gentamicin preparation),
alone and in combination with rifapentine, clarithromycin,
clofazimine and ethambutol, was evaluated in the beige mouse
model of disseminated Mycobacterium avium infection showed that
the combination of rifapentine and TLC G-65 was more active than
either agent alone. The activity of clarithromycin in combination
with TLC G-65 was similar to that of either agent alone. Clofazimine
improved the activity of TLC G-65 with respect to the spleen, while
ethambutol improved the activity with respect to the livers4
Entrapment of ciprofloxacin in liposomes increases the circulation
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half-life of the drug when given by intravenous route in mice, which
is associated with enhanced delivery of the drug to the liver, spleen,
kidneys, and lungs. Furthermore, liposomal entrapment was
associated with increased therapeutic efficacy against the
Salmonella typhimurium infection model in micess. Stevenson and
coworkers®®  showed enhanced activity of streptomycin and
chloramphenicol against Escherichia coli in the cells of the ]J774
murine macrophage line mediated by liposome delivery. The
apparent intracellular antibacterial activity of antibiotics was
increased more than tenfold by entrapment in liposomes. Khalil et
al®” demonstrated a higher accumulation of streptomycin sulfate in
the liver and spleen when encapsulated in liposomes than that
exhibited by the free drug. Furthermore, streptomycin liposomes,
when administered in two intravenous injections, caused greater
reduction of the colony forming unit in the spleen, lungs and liver,
when compared with the free drug, which was given in a much
higher dose by intramuscular route®8. Moreover, long circulating
liposomes and conventional liposomes encapsulating streptomycin,
when given twice weekly, showed bactericidal activity against
Mycobacterium avium complex (MAC) strain 101 in the spleen when
the level of infection after treatment was compared to that before
treatment®’.

Gene therapy

A number of systemic diseases are caused by lack of enzymes,
factors due to missing or defective genes. Gene delivery systems are
designed to control the location of administered therapeutic genes
within the patient’s body. Successful in vivo gene transfer may
require: (i) condensation of the plasmid and its protection from
nuclease degradation, (ii) cellular interaction and internalization of
condensed plasmid, (7ii) escape of the plasmid from endosomes (if
endocytosis is involved), and (iv) plasmid entry into cell nuclei 90 .
Gene therapy methods involve introduction of genetic material into
the patient’s cells to synthesize the therapeutic protein. Direct
administration of genes to patients may be virally or non-virally
mediated. As viruses represent a highly suitable vector for gene
transfer, several viruses including retrovirus, adenovirus, adeno-
associated-virus and herpes virus have been investigated for their
potentials in gene delivery.

However, there is always the potential risk that the viruses woned
become replication competent and therefore infectious, immune and
inflammatory responses have also been reported in clinical trials. In
recent years, several attempts have been made to restore the gene
expression by delivery of relevant exogenous DNA or genes to
cells?-91, Cationic liposomes are considered to be a potential non-
viral human gene delivery system?2%, These liposomes are usually
composed of cationic lipid derivatives and a neutral phospholipid
such as dioleoylphosphatidyl ethanolamine (DOPE). Widely
accepted cationic liposome formulations are lipofectin,
lipofectamine, transfectace, transfectam and DC-Cho _3BN-(N_N_-
dimethylaminoethane) carbamoyl-cholesterol_. Cationic liposomes
based on dioleyloxypropyl trimethylammonium chloride (DOTMA),
such as lipofectin, and several other types have demonstrated
success both in in vitro and in vivo gene delivery?9-190, The negatively
charged genetic material, for example, plasmid, is not encapsulated
in liposomes but complexed with cationic lipids by electrostatic
interactions. Plasmid liposome complexes are thought to enter the
cells through fusion with the plasma or endosome membrane!l,
These liposomes were generally more effective in transfecting genes
than micelles of the same lipid composition, thus suggesting a role
for the bilayer structure in facilitating transfection. In addition, the
transfection efficiency of liposome-delivered genes was highly
dependent upon the lipid composition, lipid/DNA ratio, particle size
of the liposome-DNA complex, and cell lines used!%2. They can be
prepared with defined physicochemical properties, such as size,
shape and surface charge, which in turn control the stability,
distribution and uptake of DNA in vivo. Liposomes have been shown
to potentiate DNA mediated vaccination. Intramuscular
immunization of mice with DNA encoding the S region of hepatitis B
antigen entrapped into cationic liposomes has led to improved
humoral and cell mediated immunity, as compared to the naked
DNA or DNA complexed with preformed similar liposomes. It is
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assumed that immunization with liposomes entrapped plasmid DNA
involves antigenpresenting cells (APC), either locally or in the
regional draining lymph nodes103.

CONCLUSION

This review showed that liposomes have been prepared from a
variety of synthetic and naturally occurring phospholipids and
generally contain cholesterol as membrane stabiliser. Also shows
the formulation and techniques of Liposomes. Furthermore,
liposomes are tools for drug targeting in certain biomedical
situations (e.g., cancer) and for reducing the incidence of dose-
related drug toxicity. Thirty-four years long research in liposomal
drug delivery has led to vast improvement of the technology in
terms of drug entrapment efficiency, vesicle stability in storage and
in the body, design of vesicles for controlled release, site specific
targeting and scale up production. In parallel, noteworthy advances
have been made in understanding and controlling liposomal
behavior in vivo. This has facilitated the application of a wide range
of liposomal drugs in the treatment and prevention of diseases in
experimental animals and clinically. Commercial introduction of the
various liposomal formulations represents a milestone in the history
of liposomal drug delivery. Many more liposome-based drug
formulations can be expected in the near future both for delivery of
conventional drugs and for new biotechnology therapeutics such as
recombinant proteins, antisense oligonucleotides and cloned genes.
With the recent development in the field, several companies are
already actively engaged in expansion and evaluation of liposome
products for anticancer, antifungal therapy and for prophylaxis. The
future of drug therapeutics may not lie in the development of new
chemical entities but in the modification of the existing drug
molecules using suitable carriers to eliminate toxicity and improve
activity, the principle of new lives for old drugs.
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