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ABSTRACT

The closed bilayer phospholipid systems likelyechliposomes, were first described in 1965 by Bleegham and
soon were accepted as drug delivery systems. Workposomes by number of researchers led the teahni
advances. These advances have led to numerousatlirials and studies in such diverse areas asdékvery of
anti-cancer, anti-fungal and anti-biotic drugs, tldelivery of gene medicines and drug delivery te sf action,
long circulating PEGylated liposomes, triggerede@te liposomes and liposomes containing combiratadn
drugs. This review is a focus on recent advancekssamme of the relevant challenges faced in devadpglinically
relevant liposomal drug carriers. The main objeetiof pharmaceutical science is to design and devdlmsage
forms with fulfilling the therapeutic need of thatipnts effectively. The writing highlights all agps of liposomes
starting from compositions to therapeutic applicat and strategies through preparation and chanazation. It is
discussed in-depth on the role of lipids in biodadaility, design of lipid based drug delivery syste and
understanding of morphological characteristic ggdsomes etc. Lipids as carrier have the potentigbroviding
endless opportunities due to their ability to enbaumtestinal solubilization and absorption viaesglve lymphatic
uptake of poorly bioavailable drugs. Their use pde¢ improved pharmacokinetic properties, contibller
sustained release of drugs with less systemicitgxiciposomes, which emerged as the most relevardel for
biological membranes and for understanding lipiddiiysics, later became the most successful drugedglsystem
with more number of FDA approved products.

Key words: Liposomes, Drug delivery, Targeting, Therapy, PE@gh, Stability and Characterization.

INTRODUCTION

An advance with drug delivery technology is a pextpto medicine and healthcare system. New investio
materials chemistry have initially excited the aub& of drug delivery systems (DDS), creating cesrithat are
biocompatible, biodegradable, targeting, and stiswiesponsive [1]. The studies on the variety oflased
phospholipid bilayer structures consisting of sinbilayers (bangosomes) by Alec Bangham and callEsagad to
the discovery of “Liposomes”. Many novel developrseimave been occuring recently in this region, fidimically
acceptable products to new tentative applicatianig) genedelivery and cancer therapy still being the foreimos
areas of interest [2- 4].

Liposomes are closed lipid bilayer structures ofnmygcopic carriers characterized by unilamellamattilamellar
vesicles surrounding with one or more distinctinék aqueous compartments [5]. This amphiphilicreenables
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loading of hydrophilic and hydrophobic therapewgents in the core and the bilayer, respectivehe finy size
enables quick assimilation into the bloodstream delivering at specific site, thumaking them significant for
modifying toxicity, solubility, stability and conving drugs into ideal candidates of improved phacaokinetic and
pharmacodynamic (PK-PD) profiles. The issue withab#ity, high cost and limited shelf life due toeth
rancidification of lipids poses major limitatior{-9].

STRUCTURAL COMPONENTS

PHOSPHOLIPIDS

Glycerol containing phospholipids are mostly usediposomal formulations which contain glycerol miyi as
backbone in their structure and are derived frorasphatidic acid. The main head group organic mdéscare
glycerol, choline, ethanolamine, serine and indsifthe long chain fatty acids afford lipid nature the

phospholipid. Differences at fatty acid part céwarnges the phospholipid molecules characterishiaturated fatty
acids are mostly used than unsaturated fattyacidddtter liposomal stability. Most liposomes aregared by
using lecithin of egg or vegetable (soya bean)inriglso a number of synthetic phospholipids aréized in the
preparation of liposomes [10-11]. A structural stiation and chemical components of liposomes @wvshin

Figure 1.

J

Fig.1.Schematic ilustration of liposome and chemical structure of iposome component phospholipid 1) Fattvacid part 2) Glyceral back bone 3)phosphorilated alechol (Head group)

SPHINGOLIPIDS

Sphingolipids are the membrane components contaisfiingoid base [12]. Natural gangliosides( Gklass of
sphingolipids are included in liposome formulatidnsprovide a layer of surface charged groups,ratopg the
lifetime of liposomes in the blood and to preveheit uptake by the reticuloendothelial system (RES)
Sphingomyelins (SMs) are important phospholipidefuls in regulation of cholesterol distribution wiith
membranes [13].

STEROIDS

Cholesterol (Chol) is one of the major componentdiposomal formulations whose incorporation ince=athe
rigidity of the lipid bilayer, improves fluidity ofhe membrane, improve stability, increases the tfncirculation in
the blood stream [14,15].

CATIONIC LIPIDS

These are amphiphiles, analogous to natural phdppl®except for the presence of a cationic chaltgeonsists of
long hydrocarbon chains (largely comprised of alklyhins or cholesterol); hydrophilicity is by chedggroup
(quaternary nitrogen) and linker bond (ester, cadtaetd. Due to their amphiphilicity nature upon hydraticelf-
assemble into lamellar vesicular structures withrior aqueous phase [16, 17]. Different typesmél$ are given in
Table 1.
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Tablel. Different types of lipids: [18-19]

Types of lipids Name Abbreviation
Phosphatidylcholine(lecithin) PC
Natural Phosphatidylethanolamine (Cephalin) PE
phospholipids Phosphatidylglycerol PG
Phosphatidylserine PS
Phosphatidylinositol Pl
1,2-distearoylphosphatidylcholine DSPC
EGG Yolk Phosphatidylcholine EYPC
Synthetic 1-palmitoyl-2-oleoyl-phosphatidylcholine POPC
phospholipids Distearoylphosphatidylcholine DSPC
Dipalmitoylphosphatidylglycerol DPPG
Diphosphatidylglycerol (Cardiolipin) DPG
Sphingomyelil SM
Sphingolipids Glycosphingolipids GSLs
Gangliosides
2,3-bis(oleoyl)oxipropyltrimethylammonium chloride DOTMA
1, 2-dioleoyl-sn-glycero-3-phosphoethanolamine DOPE
Dioctadecyldimethylammoniumbromide DODAB
N-[1-(2,3-Dioleoyloxy)propyl]N,N,Ntrimethylammoniummethylsalfe DOTAP
Cationic lipids Dioctadecylamidoglycylspermil DOGS

2,3-dioleyloxy-N-[2(sperminecarboxamido)ethyl]-N ijeethyl-I-propanaminium

trifluoroacetat

(Lipofectamine) DOSPA
3B[N-(N’,N’-dimethylaminoethane)carbamoyl]cholesterol DC-Chol
Dimyristoyltrimethylammoniumpropane DMTAP
1,3-di-oleoyloxy-2-(6-carboxyspermy-propylamide DOSPEF
Palmitoylhomocyteine. PHC
Oleic acid. OA
. - Aspartic acid-derived artificial lipids ADL
pH-titratable lipids Cholesterylhemisuccinate. CHEMS
poly(glycidol)s PGs
N-isopropylacrylamide NIPAM

CLASSIFICATION OF LIPOSOMES

Liposomes are classified into three categories, [28ed on-
1. Method of their preparation

2. Based on their lamellarity and size (Figure 2).

3. Based on their composition and application (Fed).
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Fig.2. Representation of liposome Classification of based on lamellarity,
preparations. MLV -Multi Lamellar vesicles;
vesicles:; SUV-Small unilamellar vesicles;
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LUV —Large unilamellar vesicles.
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Fig.3.Types of liposomes based on composition and application

DESIGNING OF LIPOSOMES

CONVENTIONAL LIPOSOMES

Conventional liposomes known as classical lipososwaprise of neutral or anionic phospholipids withany
surface modification (excluding polyethylene glycate short-circulating in nature. When given im&naously, gets
quickly coated with plasma proteins and hastilyactel by the Mononuclear Phagocyte System (MPSqgdames
accumulate mostly in liver and spleen due to thelr blood supply and the abundance of tissue-eaesighagocyte
cells.

Liposomes act as reservoirs encapsulating the dndy protecting it from the degradation and reduding
unintended side effects. Liposomes provide suitabironment, which enhances the solubility of tiydrophobic
molecule of Paclitaxel (PTX) by liposomes to MCHbfgast cancer cells resulted in a considerableaser of the
intracellular PTX level and was more efficient imessting cells in mitosis in comparison with PTXlidered by
Taxol® [21- 23].

LONG CIRCULATING “STEALTH” LIPOSOMES

Liposome gets rapidly cleared by the reticulo-ehdbal system (RES) due to van der Waals and stzorge
hydrophobic interactions with macromolecules (Fitactin, C-reactive protein) in the blood [24]. Stely
stabilized Liposomes with hydrophilic polymer sueh PEG display longer circulation times in blooccaspared

to conventional liposomes due to reduced identificarate by cells and macrophages onto the lipesseorface
owing to water shell surrounding the liposome. Titachment of PEG is known as PEGylation [25-AFo while
Inclusion of specific natural glycolipids such as omosialoganglioside (GM or hydrogenated
soyaphosphatidylinositol (HPI) improved their proded circulation. Recently liposomes containingd@Evatives
(PEG-PE) exhibited long circulation through meckars like repulsion, enhanced binding of disosporind
molecular cloud formation [28-30]. Polymer brushsterically stabilize the liposomes. The PEG lipoabm
doxorubicin showed increased efficacy in canceattnent [31, 32]. The experimental work on liposomal
formulations containing 4 mol% of Paclitaxel (PTX)gs done by considering conventional ones madefup o
PC/PG/cholesterol (molar ratio, 9:1:2) and PEGdabnes composed of PC/PG/cholesterol/1,2-distearey
glycero-3-phosphoethanolamine-N-[amino(polyethylgheol) (DSPE-PEG) (molar ratio, 9:1:2:0.7). It was found
that both are physically stable only for less thasay and retained only 50% of the initial PTX @t PEGylated
PTX liposomes were long-circulating with increasedf-life time (48.6 hr) due to reduced clearanoenpared to
conventional liposomes showing 9.3hr [33].

A schematic presentation on the process of PE@ylasi shown irFigure 4.
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IMMUNOLIPOSOMES

Immunoliposomes gained importance by concept ofdimaullet” coined by Paul Ehrlich, who regardedittbne
part has moiety capable of recognizing and bindirgtarget and other furnishing a therapeutic actiothe target.
These Nanosized DDS obtained by hydrophobic interaof antibodies exclusively modified with hydiogbic
residues on the surface of liposome showed higttifsgey for ligand [34]. Successful targeting ohe
immunoliposomes (with enclosed drug) to the appatertarget cells was the first step to induce erapeutic
effect. Promising results expected in the treatmeédiseases with target sites located inside tbedocirculation as
in the case of lymphomas, leukemias, sickle cekk@se and malaria, in reducing toxic levels ofutating drugs. In
improving the evaluation of gamma scintigraphic scdRES uptake as well as the barrier function & th
endothelium are major factors counteracting theaexascular disposition of immunoliposomes afteravenous
administration [35]. For this reason long circudatiiposomes have been designed, which were sligritabilized
by coating the liposome surface with amphipathi&GREerivatives.e., use of PEG to sterically interfere with the
antibody's ability in recognizing the antigen amdh@nced the circulation time. However, the stedribr of PEG
decreases the protein coupling efficiency at thesome surface as well as the target recognitEpeaally where
higher concentrations of PEG (with high moleculagight) are used. In order to overcome these prablem
antibodies were coupled to the terminal ends of REi@crease antibody accessibility [36]. PEG-imwlippsomes
was developed with monoclonal antibodies or theigihents attached at the distal ends of the PE®shBhese
liposomes showed improved binding to their sped#iget when compared to both Type 1 and Type 2tduke
combined benefits of steric stabilization by PE@ anproved antibody accessibility [3ifustration of conjugation
of antibodies to liposomes is shownHigure5.

Majority of immunoliposomes are targeted for delivef anticancer drugs. Thus, the recent cliniaadcess of
doxorubicin-loaded long-circulating PEGylated lipages (Doxil®/Caelyx®) in the treatment of metastdireast
cancer, progressive ovarian cancer, multiple myal@and AIDS-related Kaposi's sarcoma motivated naoser
experimental attempts for the improvement of thangeting properties by surface immobilization dffedent
antibodies or their fragments against specific tummatigens. CD19 (targeting antigen), an interiadjzeceptor
overexpressed in most types of B-lymphoid maliginesidntroduction of anti-CD19 monoclonal antibad{enAbs)

or its Fabfragments to PEG-liposomes loaded with doxorubécihanced targeting and therapeutic efficacy iremic
bearing a human CD19+ B-lymphoma .The cytotoxidcifficy of immunoliposomes is also dependent on the
surface density of the membrane antigen againsthwliposomes were targeted. It was calculatedahatt 4x104
antigen sites per single cell are required to agptyimmunoliposomal targeting effect. The extdrtieterogeneous
expression of antigens in the targeting area suigdebat a co-mobilization of antibodies againffiedént antigens
on a single immunoliposome will provide better ambre uniform targeting of all cells within the tumo
Alternatively, the antigen-negative cells may abeokilled by so called “bystander” effecg. an action of the drug
released from the immunoliposomes attached to eecarell expressing a particular antigen on neighligocancer
cells devoid of a similar receptor. PEG liposomeslified with different antibodies have been suchdlysapplied
for targeted delivery of siRNA and DNA. Another @ity application of immunoliposomes includes tdege
delivery of “bioenergic” substrates, such as ATPthte ischemic myocardium [36].
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3

Fig.5. Illustration of conjugation of antibodies to liposomes . 1) Type 1: “PEG-free’ immunoliposomes
with antibody directly linked to the lipid. 2) Type 2: PEG-immunoliposomes with antibody directly
linked to the lipid. 3) Type 3: PEGimmunoliposomes wilth antibody conjugated to the distal end of the
PEG chain.

CATIONIC LIPOSOMES

These are new non-viral carriers, useful as deliwistems for genetic materials. The electrostatieractions
between these positively charged cationic lipid ptaxes and negatively charged DNA, RNA, short sirgitanded
antisense sequences as well as some proteins fipopgexes which significantly improved their uptaky cells,
leading to improved nucleic acid delivery. It domet require any encapsulation process that limitiee
development of conventional liposomes as carrigs 39].

A schematic presentation on formation of lipoplexgiven in Figure 6

LIPOPLEX FORMATION

XXX % ©
SN

LIPOPLEX

Fig.6.Representation of Lipoplexes formation
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Since the first two important lipids used and sgsihed were DODAB and the DOTAP family respectively
Lipofectin (DOGS) was mostly used and several catitipids have been designed to promote DNA trans$ince
their first use by Felgner et al. in 1987, a langenber of cationic liposomes have been synthesanedused for
delivery of nucleic acids into cells in culture,animals and even in patients enrolled in phasesllll clinical trials

Efficacy has been demonstrated in melanoma patiejgicted with lipoplexes, delivering the Hela &B7) gene.
Therefore, they are effective vehicles for humanegtherapy. Most cationic liposomal formulationguiee the
inclusion of a neutral lipid, or helper lipid, irrder to increase transfection efficiency. The nmmmnhmonly used
neutral lipids are DOPE and Chol. The aim of gemrapy is to deliver DNA, RNA or antisense sequsrce
appropriate cells in order to alleviate symptomspmvent the occurrence of a particular disease,répair the
defect and also its cause. The major approachgere therapy include gene replacement, additiogeaks for
production of natural toxins, stimulation of thenmane system or overexpression of highly immunoggeites for
immune self-attack and sensitization of cells feeotreatments [40-42].

A list of commercially available cationic liposomfies gene transfection is given rable 2.

Table 2.Commercially available cationic liposomesof genetransfection: [40]

Name Composition(w/w)
Lipofectin DOTMA:DOPE(1:1)
Lipofectamine DOSPA:DOPE(3:1)
Lipofectace DOBAB:DOPE(1:2.5
DOTAP DOTAP
Transfectar DOGS
Oligofectamine DOSPER

In mouse myeloid dendritic cells, several catidiposomes (DMTAP, DOTAP, Lipofectamine (DOSPA/DOPE)
et induced expression of co-stimulatory molecules8G@and CD86 (considered as activation markers)engtio-
inflammatory cytokine secretion is not affected.offrer lipid-based transfection reagent, called Hieet (Qiagen,
Hilden, Germany), was especially synthesized famgfection of siRNA.

Cationic lipids have also been used in combinatigih immunostimulatory adjuvants, including TLR I{ttke
receptors) agonists (lipid A, CpG (cytosine beingriine to the guanine base) DNA, etc.), saponind,@tokines,
to enhance the immunogenicity of the vaccines bgrawving protection of some adjuvant components regjai
cytoplasmic enzymes and their delivery into céllewever, most lipids have no specific chromophaore fail to be
monitored by routine spectrophotometric detectionn ftuorescence based Techniques are used to tharac
cationic liposomes .The major disadvantage witlvivo use of cationic lipids was low transfection efficcy by
heterogeneity and instability in serum containingionments [43, 44].

FUSOGENIC LIPOSOMES

Fusogenic activity helps to stabilize liposome membs by inclusion of viral fusion proteins, peptidand
synthetic polymers. To achieve efficient transfactof cells, gene vectors must possess an alilipramote gene
transferral from the endosome to the cytosol bedegradation in the lysosome. Various methods baea used to
enhance the endosomal escape of the entrapped AdPEG derivative with carboxyl groups, succinythigoly
(glycidol) (SucPG), conjugated with EYPC to modifisucPG liposome complexes to generate fusogetiiitpaat
mildly acidic pH.PEG chains grafted to the liposomeface have shown to stabilize the liposome a&ddae its
interaction with cells. These transferrin bearingBG modified liposomes complexes with lipoplexesthieve
cell transfection through efficient internalizatiomto cells through transferrin receptors and redetheir contents
into the cytoplasm by fusing with lysosome or emns. Transfection activity of DC-chol lipoplexes svalso
enhanced by complexation with SucPG-modified liposs. These polymer-modified liposomes as a cytoptas
delivery vehicle, now attempted to apply for protie of potent vaccines, which delivered antigeproteins
(ovalbumin) into cytosol of dendritic cells and isated cellular immune response through their adstration via
nasal mucosa. Recently another polymer 3-methygidted poly (glycidol) (MGIUPG) which has hydragitic
side chains, exhibited higher fusion ability tharcBG [45, 46]. As now conjugation of liposomes witixture of
EYPC and DOPE were used to increase the fusioityabfl liposomes. Liposomes containing negativehaiged
phospholipids become fusogenic in presence of walcNew PEG based hydrophobically modified PEG imelss
(HMPEGS) in combination with fusogenic liposomesekh them from complement binding [47-49]. In 1985,
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Okada et al. found Sendai virus and developed aichglelivery system called fusogenic Liposomes coseg of
conventional liposomes and Sendai virus along wd#magglutinating and neuraminidase (HANA) envelope
proteins but later modified with F protein enveldpstead of HANA protein. Nakanishi et al. furttdaveloped it
by using ultraviolet Sendai virus. These are dgwedbfor the induction of antigen-specific cytotokilymphocyte
(CTL) responses of antigens into cytoplasm [505chematic presentation of fusogenic liposome pedjgar along
with targeting strategy is shown Higure?.

j/%%}s/

4 8.....’...

Fig.7.Representation of fusogenic liposome preparation along with
targeting strategy 1) Conventional liposome 2) contents like DNA, RNA
or proteins 3) F-protein 4) HANA protein 5) Ultraviolet-inactivated Sendai
virus 6) Fusogenic liposome 7) Attachment to cell membrane by Fusion
and introduced contents into cytoplasm 9) cell

pH SENSITIVE LIPOSOMES

The initial rationale of pH sensitive liposomesswa precise the acidic environment to trigger algiization of
liposomal membranes which undergoes pH induceafusith endosomal membrane, destabilization anehegls
drug contents into cytosol. They act as vehiclescfaoplasmic delivery of drugs of weak bases, mamiecules
and nucleotides. These pH sensitive liposomes lysoahtain Phospholipids such as PE, DOPE along ¥étv
titrable amphiphiles (stabilizers). The liposomesdxd on these bilayered components are destabitizbeé acidic
environment of the endosomes and rapidly releaseid tontents. Recent studies mainly focus on trestruct of
new lipid compositions that attribute pH-sensigivio liposomes or modification of liposomes withrieas pH-
sensitive polymers and imparting hydrophilicity tbe liposomal surface for longevity and ligand-nagekd
targeting. The modification of liposomes with stiiraensitive polymers is an effective method aniient work of
Tirrell et al. by using pH-sensitive polymer, pdalkyl acrylic acid), which destabilize membranésoav pH values
because protonation of the carboxylate ions ine®#se hydrophobicity of the polymers, allowing thy&rophobic
segments to penetrate the lipid bilayer and toéediefects in the membrane. Fusion, on other gideld result the
insertion of the hydrophobic segments of the polyrim#o the membrane of neighboring liposomes and/or
endosomes. This would lead to close vesicle—vesiolgacts, facilitating local dehydration at thentzwt site,
causing defects in the packing of the membranddipand eventually promoting fusion (to promotegdefflux to
the cytosol) [51-55]. The current classes of pHs#iere liposomes are pH-titratable polymers whictstabilize
membranes followed by change in polymer confornmasiblow pH mentioned in Table 1.

TARGETING STRATEGIES

PASSIVE TARGETING

It mostly involves physiological body features Isws bulk recognition by RES, MPS and Enhanced galbitity

and retention effect (EPR-effect) trapping liposerireextracellular space due to the ineffectivepiietic drainage
within tumor tissue and is referred as non-targetepassive targeting i.e. targeting without targgtigand [56]. A
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pictorial representation on passive targeting gfodbmes by EPR effect utilizing the anatomical and
pathophysiological abnormalities of tumor vasculatis given under Figure 8.

Fig.8. Passive targeting of liposomes by EPR effect utilizing the anatomical and
pathophysiological abnormalities of tumour vasculature.1.Drug loaded liposomes 2.Blood
vessel 3.Lymphatic vessel 4.Endothelial cell 5. Tumor cell 6.Normal cell

ACTIVE TARGETING : This targeting occurs through direct and specifiteraction between a specific
recognition site on the liposomal surface and @&ptr on the cytoplasm membrane of the targethmsdled on
molecular recognition mechanism. The targetingndginclude antibodies, antibody fragments, peptidptamers
and small molecules such as folic acid or carbadigdrthat target the cancer cells or tissue [57].

TEMPORAL CONTROL OVER PARTICLE PROPERTIES:

TRIGGERED RELEASE

These lipidic drug carriers are now being endowét gpecific targeting and transmembrane exchangehamism.
Liposomes showed trigger release of liposomal adatapon reaching the targeted site to increasavhitability
and reduce the toxic effects of drugs. Three mgies of remote triggers are heat, ultrasound ajid,land local
trigger which are native to the disease site dulzlorganelles such as enzymes and pH changes.

First trigger drug release concept by Yatvin andnatein showed temperature-triggered local drugveef using
temperature-sensitive liposomes (TSLs) composed,®fdipalmitoyl-sn-glycerophosphocholine (DPP&G#1.5

‘C) and 1,2-distearoyl-sn-glycerophosphocholine (DSR=54.9°C) which releases encapsulated drugs during
melting phase transition temperaturg,XTAt T, structural diversities in the lipid membrane occassit transfers
from a gel to the liquid-crystalline phase. Liposdrmembranes in the gel (solid-like) phase are pesmeable to
water and drugs compared to the liquid-crystaljimase. At T, the membrane permeability of the lipid bilayer
increases by several folds, facilitating the redeabthe liposomal content. From temperature indugelivery of
drugs (neomycin and methotrexate) in TSLs compasedPPC showed slow drug release kinetics and no
guantitative drug release at the melting phasesitian temperature. Incorporation of lysolipidsg(el-Palmitoyl-2-
hydroxy-sn-glycero-3-phosphocholine (P-Lyso-PC))ttie membrane led to TSL with an ultra fast drulgase.
Preclinical experiments with doxorubicin (DOX)-laat temperature-sensitive systems along with extgrna
applied temperature showed an improved efficacy lealiced toxicity [58-60]. An illustration of tenagure
triggered drug release is showrFigure 9.
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polhirmer

Temperanme responsive

Fig. 9. Tlhastration of temperature triggered drag release

Phase transibions of grafted polymers
caunsed membrane destabilization

Drug content release in the confined areas canxbhggerated by focusing ultrasound. The ultrasouiggered
release has been established for liposome entragaedubbles and drugs. Low frequency ultrasourfeJ@)
increases the permeability of liposomes becausegitadipid bilayer simulates biological membranespdsing of
Stealth cisplatin to LFUS at an intensity of 3.3cwf for different periods of time (30 to 180 s), resdlin a time-
dependent release, reaching 62% after 180s of LiRd8iation. The chemical integrity and biologigaitency of
drug was not affected by LFUS [61-63].

Table 3: Preparation methods for liposomes

Scholar Research Library

Classification methods Sub-classification of methad Liposomes obtained| References

Lipid hydration method

Mechanical dispersion Proliposomes MLV [66,67]
Freeze drying method
Micro-emulsification MLV
Sonication (bath or probe type sonicator) SUV
French pressure cell extrusion SUvV

Physical hydration or post formati IMe_zmbrane ex}rusmn LUV

processing Dried recons_tltute _ LUV or MLV [68,69]
Freeze-thawing sonication SUV or LUV
Dehydration-rehydration cycle(DRV) SuUV
Calcium induced vesiculation LUV
High pressure extrusion technigue SUV or LUV
Microfluidizer technique SUV or LUV
Ether injection SUV or LUV
Double emulsification LUV

Solvent dispersion methods Ethanol injection SUV or LUV [70,10]
Reverse-phase evaporation (REV LUV
Inkjet injection SUV or LUV
Detergent removal/dialysis SUV or LUV

Detergent removal method Reconstituted sendai virus enveloped vesicle SUMBY [71]
Microfluidic channel MLV or ULV [72]
Superecritical fluid injection and decompression MbvULV [73]

Novel methods Supercritical liposome method SUV or MLV [74]
Improved/ supercritical rever phase evaporati LUV or MLV [75]
Membrane contactor SUV or LUV [76]
Rapid solvent exchange SUV or LUV [77]
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Photodynamic therapy (PDT) exploits the light fontrolled delivery of the PDT compounds with theises of
reactive oxygen species. Some recent advanceslenclew class of liposomes containing 1, 2 bisggé10, 12-
dinoyl)-Sn-glycero-3-phosphocholine(gC) that have photo-cross linkable triple bondsusesl to deliver DOX.
DOX, when irradiated with 514 nm light for 0—7 mshowed 22% higher release compared to the nodidted
samples and was the first drug to release photochadynfrom liposome [64-65].

PREPARATION METHODOLOGY: A tabular presentation olassification of preparation methods for different
type of liposomes is given in Table 3.

DRUG LOADING TECHINIQUES

Liposomal formulations are designed to achieve laigt stable drug loading [during storage and cateah]. This

is not an easy task, to achieve drug to lipid nrete® and to reach the intra-liposome drug conegiatn range of
hundreds of mM. This can be done by passive ovedtiading. The methods by which drugs can be ldad®

liposomes depend on the properties of the drugstlaadipids. Loading of liposomes is typically bdsen non-
covalent interactions of the cargo with eithertigdrophilic aqueous interior or the hydrophobic nbeame.

PASSIVE LOADING

Passive entrapment of drugs in liposomes involvesgepential partitioning of the drug either in tlgueous
compartment or by association with the lipidsnitdlves different methods working on different piples namely
mechanical dispersion, solvent dispersion and detgrsolubilization to getting active drug intoger cells. This
cannot be achieved due to the poor drug solubgitythat therapeutic levels of drug cannot be regchhis loading
inefficiency leads to great loss of the active agemd a need to remove unloaded drug. Therefoeeutie of
liposomes as a vehicle becomes inefficient as agelineconomical.

ACTIVE LOADING

The analysis of the available loading approachgealed clearly that the active loading approacbfignother
choice to achieve a viable formulation, and in maages the only way to achieve the desired intratime drug
concentration, usually defined as drug to lipid encltio.

Several methods exist for improved loading of drugsluding remote [active] loading method whicladis drug
molecules into preformed liposome using pH gradard potential difference across liposomal membrBeamer
and co-workers were the first to demonstrate reruatding of amphipathic weak bases [such as calactioes] by
a pH gradient. [Which was extensively used by Gudid co-workers for doxorubicin remote loaded ligosomes
by pH gradient method]. Many anticancer and antibidrugs are weak bases and can be accumulatgobgomes
in response to a transmembrane pH gradient.

Trans membrane ion gradients described as nanoichlelmading engines are pre-fabricated into tpedbmes, to
exhibit the desired pH and/or ion gradient. Theseoengines are achieved by using salts composeithef weak
bases [e.g., ammonium sulfate] or weak acids [@cgtic acid]. The approach for efficient and stat#mote
loading of amphipathic weak bases into preformpddomes based on a transmembrane gradient of ammmoni
sulfate [[NH4}SO;, liposome> [NH4].SO,] medium which that acts as the driving force farglloading. It is based
on the strategy of fabricating liposomes by exhilgita transmembrane intra-liposome high/extra-lgmos medium
low ion gradient, which acts as the driving foraa the remote loading of amphipathic weak base sirug
Amphipathic weak acids can also be remote loadesirhifar approach but driving force is transmemlergradient
of calcium acetate. The counter ion should alssdlected for gradient-forming ion [e.g., sulfatetle case of
ammonium or calcium in the case of acetate gradisatthat it will control the state of aggregatiamd
precipitation/crystallization of the drug-countenisalt in the intra-liposome aqueous phase, tlyusontrol the
efficiency and stability of remote loading, as wasldrug release rate at various temperature¥ g18,

STABILITY

Stability is a critical factor that must be consitt during formulation design and development. Riaysand
chemical instability of liposomes often limit theiidespread use in medical applications. Chemitstiability is
caused by hydrolysis or oxidation of the phosphdlimolecules and is indicated by leakage of theapsalated
drug and alterations in vesicle size due to fushimwl aggregation. These effects can be minimizedduding
antioxidants such as tocopherol or BHT, by stoting liposome preparation under an atmosphere oigah or
argon; ensuring that peroxide forming solvents ewepletely removed from the preparation prior torage.
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Buffers at neutral pH decrease hydrolysis. Anotbigysical property that affects liposomal targeigpihas been
size and preparation method. Extrusion techniqpedferred than sonication to prevent lipid degtadaby oxygen
during liposome preparation.

Physical instability may be caused by drug leaklagm the vesicles or aggregation or fusion of vesido form
larger particles. Charge inducing lipids such as BBol and sphingomyelins are integrated into fpesbme
bilayer to decrease fusion, permeability and leekafj encapsulated drug. Lyophilisation mainly foars the
protection of the lipid bilayers from damage by agstals during freezing, inhibition of vesiclesfan/aggregation
following dehydration and the avoidance of a phaaesition during rehydration. Cryo- and lyoprotatds such as
carbohydrates, glycerol dimethylsulfoxide, and ghgd, quaternary amines and sugars such as suardszhalose
interact with the head groups of the phospholigidd counteracting fusion or membrane disruptiomitation of
photosensitive materials i.e. protective effect rgained by using multilamellar vesicles comprisafdydrophilic
cyclodextrin which capable of forming an inclusicomplex with the photosensitive material in the eaus phase
and a combination of light absorbing (chemical abss and physical blockers of UV radiation) antcdant
agents in the lipid bilayer (beta carotene querath Binglet oxygen driven photochemical reactiond faee radical
reactions) [80-85].

CHARACTERIZATION OF LIPOSOMES

MEAN VESICLE SIZE AND SIZE DISTRIBUTION

Liposome size is dependent on the preparation tgehln.e. sonication times, extrusion pressureg] fomposition
and measuring liposome—complement interactions. [8Gjumber of methods are used to determine sides&e
distribution, among which light-scattering analysiscommonly used. The recently used methods amiatforce
microscopy, ultracentrifugation, Coulter countegl gxclusion chromatography, laser diffraction, alnght

microscopy [87]. The rate of liposome uptake by RES found to increase with the size of the vesi¢e0.1/um).
The spleenic sinusoids and kupffer cells filtermage of size is normally between 150-250 nm moem tthis size
particle may get entrapped in MPS system. &fiwal. studies on biodistribution of phosphatidylcholiiosomes
ranging in size from ~40 to 450 nm in mice. Showesllts after 4hrs as significant accumulatiorhim ltver for all
sizes of liposomes, and liposomes larger than IA0showed increasing accumulation in the spleeng earal

studies showed effects of particle size on serumtepr binding. PEG-functionalized particles lesantti00 nm in
size bound less than 6% of the total serum proteihe ~250 nm particles bound more than 34%.Hensbows
that smaller particles offered higher surface PE&irc density and stealth properties to diminishoopsation than
larger particles [88].

BILAYER ORGANIZATION

Lipids have a characteristic phase transition teatpee (T). The stability of liquid-crystalline bilayers care
increased through incorporation of Chol at high aamrations that eliminate phase transition andetse the
membrane fluidity at a temperature %, Bnd makes the liposomes more stable and lesy lafédr systemic
administration. The substitution of egg sphingormyé&r phospholipids such as DSPC in liposomes,gasing the
drug-to-lipid ratio and altering the fatty acyl damdength and saturation of the lipids results mmproved drug
retention properties and longer circulation lifetinproperties [89]. Lamellarity determined by elentr Cryo-
electron and freeze fracture microscopy.

SURFACE CHARGE

The nature and density of charge on the liposomfaaai are important parameters which influencentlieehanism
and extent of liposome-cell interaction. Negativaljarged liposomes are removed more rapidly froe th
circulation than neutral or positively charged Bpmes. PEG functionalisation is a well-recognizechhique to
mask the particle surface and limit non-specifiatgin binding [90].

ENCAPSULATION EFFICIENCY (EE)

The EE is defined as the percentual amount of dnitapped in the vesicles in relation to the tatabunt of drug
present during the vesicle formation and entrapmmotedure. Methods for determining the extent ofgd
entrapped or encapsulated within liposomes usually on destruction of the lipid bilayer using theethods
column chromatography technique or other assayadstigel filtration, exhaustive dialysis and céngation and
subsequent quantification of the released matdtialas calculated as follows (Ishii and Nagasd4R4).
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Encapsulation Efficiency (%) 9";‘”;601“ X100
total

Ciota=Total amount of drug entrapped, which can be dtaet by disruption of liposomes completely anidase
of components; &= is the amount of drug quantitated by the lipososmepension diluted with water and
ultrafiltered through a millipore filter.

THERAPEUTIC APPLICATIONS OF LIPOSOME

LIPOSOMES IN GENE THERAPY

Cationic liposomes can retain drug agents at theotwascular site and facilitate interaction ofoBpmes with
subcellular targets prior to releasing their paglloEhey can also be used to target non-intraceltatgets as well as
cell-membrane bound molecules other than proteaglycThis is promising given that many anti-angingagents
have been confirmed to exert their action by eaebhranism. For example, SU5416, an inhibitor ofsiyre kinase
activity of vascular endothelial growth factor (VER requires direct access to a specific endothell
membrane-associated receptor (FIk-1/KDR) in ordesuppress neovascular growth of tumors. Althougb4.6 is
suggested to exert long-lasting effects on VEGFsphorylation and function, cationic liposome-agsistirug
delivery could enhance interactions with specifid@thelial cell targets. Effective anti-angiogettierapy requires
the continuous presence of drugs in circulation €89. The inclusion of PEG in cationic liposomepparations can
extend circulation half-life of SU5416 compared305416 alone. The duration of drug (SU5416) exposuith
tumor target can be enhanced using PEG in catijpdsome.

LIPOSOMES FOR CANCER THERAPY

RGD-Modified Liposomes for Cancer Therapy

RGD-modified immunoliposomes was developed for étingy the antivascular drug combretastatin to ietad
mouse melanomas [95].Combretastatin was incorpibiiate liposomes with surfaces modified by the &ddiof
cyclo (Arg-Gly-Asp-D-Phe-Cys) (RGD) to create aminmoliposomes. Pattillo et al. 2005 found immunadipmes
of antivascular drugs preferential targeting tadiated tumors results in significant tumor growtday. Cyclic
RGD peptide, cyclo(Arg-Gly-Asp-Phy-Lys) anchoreérstally stabilized liposomes (RGD-SL) were invgated
for selective and preferential presentation ofiearcontents at angiogenic endothelial cells ovgressinga,ps
integrins on and around tumor tissue and for asgpdhkeir targetabilty [96].RGD-modified stericaltabilized
liposomes have also been evaluated to improve whitumor efficacy of doxorubicin [97,98]. Holig etl. have
isolated from phage display RGD motif librariestwitovel high affinity cyclic RGD peptides on thestsaof their
selectivity towards endothelial or melanoma ced8]] Administration of large amounts of synthetaptides based
on the Arg-Gly-Asp (RGD) sequence has been showsuggpress tumor metastasis. To overcome the rapid
degradation of peptides in the circulation, an R@bmetic, L-arginyl-6-aminohexanoicacid (NOK), was
synthesized and conjugated with phosphtidylethamivla (PE) (NOK-PE) for liposomalization [100].

RGD-MODIFIED LIPOSOMES IN CANCER GENE THERAPY

Gene therapy is aimed in order to modify the gengtbgram of a cell toward a therapeutic or proatiyt goal. It
is the modification of the host immune responseatathe tumor; the disruption of the tumor neovés@ation;
the lysis of tumor cells with replication-competestuses, and suicide gene therapy where an iragtedrug is
converted into a cytotoxic drug by gene-expressezryraes. RGD peptides have been used to targetigite |
protamine-DNA (LPD) lipopolyplexes to tumor cellSIDA-MB-231), expressing appropriate integrin recept
[101]. The incorporation of PEGylated lipid into plid-Protamine-DNA (LPD-PEG) lipopolyplexes causes a
decrease of their in vitro transfection activitahf et al. 2002 developed a novel liposomal ve@atificial Virus
Particles; AVPs) for cancer gene therapy [102].ifisral virus-like particles (AVPS) represent a redwvtype of
liposomal vector, resembling retroviral envelop®gPs are serum-resistant and non-toxic and cambdeveed with
a peptide ligand as a targeting device. AVPs cagryyclic peptides with an RGD integrin-binding mh¢RGD-
AVPs) were suitable for the specific and efficigiainsduction of human melanoma cells.

Folate Receptor (FR) Targeted Liposomes for Cancerherapy

FR, also known as folate-binding proteins (FBP)arisN-glycosylated protein with high binding affinto folate.
The selective amplification of FR expression intbduman solid tumors and leukemia suggests itgyuik a
potentially valuable target for drug and gene dglyv targeted liposomes are folate-conjugated &ipwes targeting
to acute myelogenous leukemia, CD19-targeted imitipomepmes for non-Hodgkin’s lymphoma (NHL) therapy
[103], and anti-HERZ2 immunoliposomal doxorubicimgeting to HER2-overexpressing breast cancer ¢&04].
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Cellular uptake of FR-targeted liposomes has béamnacterized using KB cells, a FR-a (C) human caatinoma

cell line [105]. Drug delivery properties of FR-gated liposomes have been studied in vitro usjmastbmes loaded
with chemotherapeutic agents such as doxorubieinpdrubicin, and cisplatin. Lee et al. first repdrthe in vitro

effect of doxorubicin and showed these targetedstymes showed w86-fold greater cytotoxicity in K&l

compared to non-targeted control liposomes. Theecdgment in cytotoxicity was correlated with ther@ase in

doxorubicin uptake and could be blocked by excesss folate [106-108].

Liposomal Vaccination System for Immunity-Modulating Antitumor Therapy:

Liposomes with encapsulated protein or peptide gantiare phagocytosed by macrophages and eventually
accumulate in lysosomes. Once in the lysosomesaded peptides are presented to the major histoatililjy
complex class Il (MHCIIl) complex on the macrophageface. This results in the stimulation of specifihelper
cells, and, ultimately, stimulation of specific Blis, which results in the subsequent secreticantibodies [109]. A
fraction of the liposomal antigen can escape fromdosomes into the cytoplasm (for example, when gihisive
liposomes are used) and in this case the libermttigen is processed and presented in associatthrthve MHCI
complex, which induces a cytotoxic T-lymphocyte [ Tesponse; this provides liposomes with certandiits

over traditional adjuvants (such as Freund'’s adjtithat do not induce any significant CTL response

Magnetic liposomes for cancer treatment

An interesting approach for targeted drug delivenger the action of magnetic field is the use pddiomes loaded
with a drug and a ferromagnetic material. Magndimosomes containing doxorubicin were intravenously
administered to osteosarcoma-bearing hamsters.\ieettmor-implanted limb was placed between twepalf a
0.4 Tesla magnet, the application of the field@6rminutes resulted in a fourfold increase in dragcentration in
the tumour [110]. In the same osteosarcoma modelhich the magnet was implanted into the tumourgmetic
liposomes loaded with adriamycin demonstrated batteumulation in tumour vasculature and resulteginhanced
tumor-growth inhibition [111].

Liposome-Based DNA/Protein Vaccines

More recently, co-entrapment of the plasmid DNAaorae together with the protein vaccine it encodethe same
liposome by the use of the same technology ledtds, @nly one injection, to even stronger immungpanses than
those seen with liposomes containing the DNA or phetein vaccine alone [112]. This approach to tene
immunization mimics the way by which immunity ishé&ved in viral infections where both the viral DNd#ad the
envelope proteins it encodes contribute to the imemesponses against the virus. The coating lipesamntaining
the DNA and protein vaccines with mannose resiquesthe incorporation into the bilayers of a masyiated
lipid) further potentiates immune responses towhecine, presumably by the targeting of such lipos® to the
mannose receptors on the surface of APCs [113]e,Hee describe the methodology for the incorporatd
plasmid DNA and/or protein into liposomes of varyiipid composition, vesicle size, and surface gkaas well as
immunization studies with cationic liposomes (with without incorporated mannosylated lipid) co-apping
DNA and the protein it encodes.

Mitochondriotropic Liposomes

The mitochondrion is an essential organelle foreakaryotic cells. Mitochondria are unique in congn to all
other organelles as they contain their own genamBNA) and the necessary transcription and traiosiatystems.
The accumulation of somatic mutations in the mitoadrial genome has been suggested to be involvading, in
age-related neurodegenerative diseases, as wall ancer. The term “stoichiometric carriers”atemposed of
biologically active molecules and the mitochondopic triphenylphosphonium (TPP) cation. In a serid
extensive in vitro studies performed by Murphy aogvorkers, bioactive molecules linked to TPP wédrevwan to
accumulate up to several hundredfold inside mitadhia in comparison to the corresponding native,, ifree
bioactive molecules. More recently they also teshedpotential of TPP as a mitochondria-specifiegdearrier for
in vivo administrations by investigating the modedelivery, tissue distribution, and clearance tofet different
TPP conjugates within mice [114]. They could shbattrelatively high doses of TPP conjugates cafetiesafely
to the animals over long periods of time resuliimgteady-state distributions within heart, brdiver, and muscle.
A potential drawback of the use of stoichiometrarriers is the need for covalent linkage betweemieraand
bioactive molecule, which may influence its biolagiactivity.
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Virosomes for Drug Delivery

Special attention has been paid to the deliveiipftiienza vaccine using virosomes containing thikesproteins of
influenza virus [115], used because it elicits higtes of influenza-specific antibodies. Trialswwfosome influenza
vaccine in children showed that it is highly immgeaic and well tolerated [116] Virosomes can beluse cell-
and organ- or tissue-specific delivery of pharmécally active substances in the body. The uniquaperties of
virosomes partially relate to the presence of HAheir membrane. This viral protein not only cosfstructural
stability and homogeneity to virosomal formulatipimit also significantly contributes to the fusiaativity of
virosomes, which induces the endolysosomal pathway.the virosomal surface, ligands can be attacib
function is crucial for the targeted delivery ofigs. Therefore, virosomes selectively bind withrtligands to the
target cell. Likewise, the virosomal HA promoteading to the target cell and receptor-mediated eytosis. In the
endosome, the virosomal HA— triggered by an acidicvironment—mediates membrane fusion, and
therapeutically active substances escape fromnteseme into the cytoplasm of the target cell. Tuiscept has
been validated in vivo. The cytotoxic drug doxomniiwas encapsulated into the virosomes. On thefiase,
monoclonal antibodies were cross-linked, mediasipgcific targeting of the carrier to cancer cellse virosome-
formulated cytostatics were delivered to the tamgts and dramatically reduced the tumor volumg&7]1 The
specificity of the targeting as well as the effi@g of cellular uptake can be highly modulated addpted to the
preferred conditions In general, virosomes can idean excellent opportunity for the efficient deliy of both
various antigens and many drugs (including nucéiicls, cytotoxic drugs and toxoids) [118,18&hough they
might present certain problems associated wittr gtability/leakiness and immunogenicity.

Cytoskeleton-specific immunoliposomes

Specific anticardiac myosin monoclonal antibodiagenan excellent capacity to recognize and bindxigpcells
with damaged plasma membranes when intracellulasimyis exposed into extracellular space [120]sTroperty
of the antimyosin antibody has been successfukby der the delivery of antibody-bearing liposomedhe field of
experimental myocardial infarction. In addition, nmanoliposomes specifically targeting ischaemicalgmaged
cardiomyocytes (cytoskeleton-specific immunolipogsinseal membrane damage and decrease the leeell of
death both in vitro and in the isolated rat heastled (121,122).

Liposomes for Pulmonary Delivery

From a toxicological viewpoint, liposomes are aprapriate drug delivery system for administrationttie lungs.
They prepared with phospholipids endogenous tduhg as surfactants. Both animals and humans Studiee
shown that liposomes can modulate the fate of pndmpdeposited materials, increasing their residdimee within
the airways and potentially decreasing systemieemveffects. A wide range of liposome associatatinals have
been administered to the airways of both animatstarmans.

Radiolabeling of Liposomes for Scintigraphic Imagirgy

Scintigraphic imaging is a noninvasive imaging tégne commonly applied in nuclear medicine. Radielad
compounds such a&Ga, ®"™Tc, *4n, &, * (called radiopharmaceuticals or radiotracers) adeninistered
intravenously to patients for diagnostic or, intair cases, therapeutic purposes. GAMMA-SCINTIGRAP&hd
MRI both require a sufficient quantity of radionide or paramagnetic metal to be associated witHiplosome.
There are two possible routes to improve the efficaf liposomes as contrast mediums for gamma-gcayphic
and MRI: increasing the quantity of carrier-assttareporter metal (such &51n), and/or enhancing the signal
intensity. To increase the load of liposomes wiharter metals, amphiphilic chelating polymers,hsas N,a-
(DTPA-polylysyl) glutaryl phosphatidyl ethanolamineere introduced [123]. These polymers easily ipocate
into the liposomal membrane and markedly increasenumber of chelated in atoms attached to a siligjt
anchor. In the case of MRI, metal atoms chelatéal imese groups are directly exposed to the water@ament,
which enhances the signal intensity of the paramtgions and leads to corresponding enhancemehteofesicle
contrast properties.

CONCLUSION

It require one-to-two more years to complete golfiiey years of effort by scientists and formulatan liposomes
from the concept of clinical utility to its acceptae as a novel drug delivery system. Incorporatingys inside
engineered colloidal carriers is a promising apphdhat can lead to improved drug delivery. Colioicarriers such
as liposomes can be used to improve the therapiewutéx of both established and new drugs by modgfytheir

distribution. Thus increasing their efficacy andfeducing their toxicity. The liposomes utilizedtime therapeutic
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applications of drug targeting, imaging tumors, ggemedicine and vaccine delivery, cancer treatment
(chemotherapy), topical applications and lung diseaThey have the clinical benefit of their passiecumulation

at the site of increased vasculature permeabflinave diameter of less than 200 nm and abilityettuce the toxic
effect of entrapped drug relative to free drug. Tihesomal preparations provide increase in tharapendex, a
measure of efficacy over toxicity and significamtduction in side effects. Their clinically essehfi@operties
include- biocompatibility, improved bioavailabilityf hydrophobic drugs with poor aqueous solubilityy toxicity

and reduced side effects, lower clearance ratgetiaility, controlled release at requirements @iode importantly
better PK-PD profiles.

If these delivery systems are carefully designeth wéspect to the target and route of administnattbey may
provide one solution to some delivery problems ddsenew classes of active molecules such as pEptaioteins,
genes and oligonucleotides. Liposomal drug delivenyow an established technology and its scopéhcclinical
products has no limit. Nevertheless, challengdisretnain. More human clinical studies are neededstablishin
vitro- in vivo correlation, which may help in understanding tr@ulsilization mechanism of lipids in the
formulation. Good product quality and product perfance can be achieved with rational design opia lbased
dosage form. The issue with long term stability &fgh production cost, which leads to a limitatioefore have
been solved with improvements in technology.
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Table 4: List of Abbreviations

Abbreviations used in text

Full name

PEG
RES
MPS
PTX

HPI
DSPE
mAbs
DOGS
DODAB
DOTAP
GMq
CpC
TLR
Suc PG
EYPC
DC-Chol
MGGIUPG
HANA
CTL

PE
DOPE
EPR
TSL
DPPC
DSPC
P-Lyso-PC
DOX
LFUS
PDT
BHT

PG

Poly ethylene glycol

Reticulo endothelial system
Mononuclear phagocyte system
Paclitaxel

Hydrogenated soya Phosphatidyl inositol
Distearoyl phosphatidyl ethanolam
Monoclonal antibodies

Di octadecylamidoglycylspermine

Di octadecyl dimethyl ammonium brom
Di oleoyloxypropyl trimethyl ammoniummethgtopane
Monosialoganglioside

Cytosine being 5 prime to the guanine |
Toll like receptors

Succinylated poly glycidol

EGG Yolk Phosphatidylcholine

Dimethyl amino ethane carbamoyl cholestero
Mehtyl glutarylated poly glycidol
Hemagglutinating and neuraminidase
Cytotoxic T- lymphocyte

Phosphatidyl ethanolamine

Di oleoyl phosphor ethanolamine
Enhanced permeability and retention
Temperature sensitive liposome

Di palmitoyl phosphatidyl choline
Distearoyl phosphatidyl choline
Palmitoylhydroxyl-lyso- phosphotidyl dime
Doxorubicin

Low frequency ultra sound

Photo dynamic thera

Butylated hydroxyl toluene
Phosphatidylglycerol
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