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ABSTRACT

Liposomes are employed broadly on all the novelddelivery in current years. Liposomal suspensiaese
developed and they resulted in limited shelf lifiel @oor stability problems on long term storadesse problems
are overcome by Proliposomes. Proliposomes wereodi&sed by Payne et al in 1986. Proliposomes aee fr
flowing granular product composed of drug and phusipid precursors which on hydration lead to liposes
.This paper reviews different aspects related podomes, proliposomes their method of preparatomparison
between liposomes and proliposomes, characterizaifoproliposomes, applications and major focusnade on
Proliposomes employed for different routes of adstriation.
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INTRODUCTION

The ideal drug delivery system delivers drug atguired by the body during the treatment and tis¢esy delivers
active entity to the site of action. Currently aweailable drug delivery systems can achieve akeéhgoals. The
targeted drug delivery system leads to the siteipelelivery but it fails to control the releakmetics of drug in
predictable manner.Many experiments have beenechotit to design clinically effective drug delivesystem. The
carriers used to carry the drug to the site ofoactnclude immunoglobulins, serum proteins, synthpblymers,
lipid vesicles (liposomes), microspheres, erythtesy reverse micelles, niosomes, pharmacosomeglétc
Liposome is a greek word “Lipos” means fat & “s@” means body. British haematologist Dr. AleBngham
described them at Babraham institute, in CambrjdjeLiposome is a micro vesicle in which an aquegalume is
entrapped within the lipoidal membrane. Drug moleswwan be entrapped within the lipid bilayer othia aqueous
space. In current years liposomes are vastly usateadrug carrier to improve stability, therapeuwctivity, and
reduce side effects [3].

Since the shelf life of liposomal suspensions canlimited, it would be useful to have a method adducing
liposomes quickly, at the point of use and with@xcessive manipulation. These needs are met by the
“proliposome” method [4].Proliposomes (PLs) are covered with liposomal memémwhen they are hydrated they
produce liposomes. The concept of proliposomes fivas introduced by Payne et al., in 1986; theyadibed
proliposomes as dry free flowing granular prodiett tforms liposomal dispersion on hydration or ontact with
biological fluids in the body the stability problenof liposomes can be overcome by PLs without &ffgctheir
intrinsic characteristics. PLs are composed of phobpid and water soluble porous powder [5].

Proliposomes were developed in large scale for yotah of liposomal dispersions. The procedure ime®
intrinsic property of hydrated membrane lipids ¢onfi vesicles when they are in contact with watés Rave been
vastly used as the carriers for the site specifisggddelivery approaches [6]. Proliposomal formulas also
overcome the solubility problems of many drugs immgrove the bioavailability of drugs [7].
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Advantages of Proliposomes

 Proliposomes include enhanced bioavailability. @tion of drugs from degradation in the GIT.

» Targeting of anti-cancer drugs to tumor sites.

» Proliposomes can be used for controlling releagkinvihe vasculature by altering the phospholipdnposition
of bi-layers.

» Reduced toxicity and for taste masking.

» The proliposomes used for targeted drug delivedyamtrolled drug release.[8]

2. Comparison between Liposomes and Proliposomes:

Liposomes are Unilamellar or multilamellar sphersidictures composed of lipid molecules, often phospids.
On oxidation solubility of liposomes is increased dave tendency to aggregate or fuse to hydrolipsis are used
as alternatives for liposomes which are composedatér soluble porous powder as carrier phosphusipnd drugs
dissolved in organic solvent.Drug and phospholigidterial is coated on carrier material to form ffeaving
granular material which shows better stability,agee solubility and shows controlled release [9].

On oxidation solubility of liposomes is increasettl dave tendency to aggregate or fuse to hydrolipsis are used
as alternatives for liposomes which are composeudatér soluble porous powder as carrier phosplusipnd drugs
dissolved in organic solvent. Drug and phospholipidterial is coated on carrier material to formeffeowing
granular material which shows better stability,agee solubility and shows controlled release [9].

3. Components Used For the Preparation of Proliposomes

Water soluble carriers: The carrier chosen shoeldhighly porous and of greater surface area.As liedtyg water
soluble they on hydration forms liposomal dispersamd on controlling the size of porous powder marrange of
reconstituted liposomes can be obtain€ésbme of the carriers utilized include- Maltodextri§orbitol,
Microcrystalline Cellulose, Magnesium Aluminiumigites, Mannitol [10].

3.1 Phospholipids

They are the major structural component of biolagimembranes, where two type of phospholipids exit-
Phosphodiglycerides and Sphingolipids. The mostmom phospholipid is phosphatidylcholine (PC) molecu
Molecule of phosphatidylcholine are not solublewater and in aqueous media they align themseh@selyl in
plannar bilayer sheets in order to minimize theaunfirable action between the bulk aqueous phaseoad
hydrocarbon fatty chain. The Glycerol containingogpholipids are most common used component of dipes
formulation and represent greater than 50% of weafHipid in biological membranes. These are dedivfrom
Phosphatidic acid. Examples of phospholipids are:

» Phosphatidyl choline (Lecithin) — PC

» Phosphatidyl ethanolamine (cephalin) — PE
» Phosphatidyl serine (PS)

» Phosphatidyl inositol (PI)

» Phosphatidyl Glycerol (PG).

3.2 Steroids

Cholesterol and its derivatives are quite ofterluded as components of liposomal membrane. ltsugi@h in
liposomal membranes has three recognized effeatsedsing the fluidity or micro viscosity, reducirige
permeability of the membrane to water soluble mdksand stabilizing the membrane in the presehb@étmgical
fluids such as plasma.

3.3 Solvents
They are used for providing the softness for vesiokmbrane. The volatile organic solvents or sdlveintures
such as ether, chloroform, methanol, ethanol [11].

4. Method of Preparation

4.1. Film deposition

This is the original method used by Payne et.dahepreparation of PLs. The method includes setttihfilm of

drug and phospholipid on to a carrier material Whi porous and water soluble. Organic solvent Wincludes
drug and phospholipid combination which is introgdiarop wise via feed tube onto a bed of carrigierra held
in a flask of a rotary flash evaporator under vamu®ver wetting of a matrix is avoided. It alsolimes high
surfactant to carrier mass ratio in the preparabibRLs which on hydration lead to liposomal digi@n. Some of
the carriers utilised include- maltodextrin, saohitmicrocrystalline cellulose, magnesium aluminiwilicates,
Mannitol etc [12]. The manufacturing proceduredarfd to be tedious as the operation requires disaaus step
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of solvent addition and evaporation which is tim@suming. Hence the method was modified were theeca
material was dispersed in organic solution of dang phospholipids in flask of rotary evaporatord aobjected to
vacuum evaporation. The suspension made the liigiltition more uniform and efficient and the pees is
continuous and time saving compared to the origimethod [8].

4.2. Spray drying

The unique feature of spray drying process lieggmability to involve both particle formation amdtying in a

continuous single step, allowing better controlpefticle. Spray drying process involves particlenfation and

drying in a continuous step .Working of a sprayedripvolves following stages: Atomization of thguid, drying of

the liquid particles, recovery of dried product[1Spray drying method is carried out for aqueousraomd aqueous
systems. It leads to particles of uniform size ahdpe and it is suitable for large scale produatioRLs [14, 15].

Initially liquid dispersions containing pure lipat lipids and carrier in organic solvent are preplaand pumped into
the drying chamber. The dispersions are atomizedthe drying chamber using a spray nozzle andlaes in a

concurrent air flow which is then collected in aeevoir [13].Major areas of focus in spray drying are high wogki
temperatures, shearing stresses and absorptionmpleeaon that may lead to thermal and mechanicaladegjon of

the active molecules. This can be improved bynoiging the operating parameters such as dryintpaiperature
and liquid spraying rate. Stabilising adjuvantshsas disaccharides, cyclic oligosaccharides angbfptan also be
used to protect the integrity of the active molesubnd enhance the efficiency of hydration by iasirey the

surface area of lipids [14, 15].
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Figure 1: Film deposition apparatus

4.3. Super critical anti-solvent method

Supercritical anti solvent method utilises Supdical Carbon dioxide (SCCin the preparation of PLs. SCG3
a fluid state of carbon dioxide where it is heldoatabove its critical temperature and pressureti-gaivent
technology is widely used in food industry and waseloped to prepare PLs because of its loweruakgblvents,
simple steps and mild operation temperatures. Asvshin Fig.3, the apparatus used in the preparatioRLs
include three parts: a sample delivery unit, a ipr&ation unit and a separation unit. The samplévdey unit
consists of two pumps: one for g@nd the other for solution. G@& supplied from the CQcylinder (1) which is
cooled down by a refrigerator (2) and introduceal aihigh pressure pump (3) to the buffer tanki(yyhich it is
preheated. The drug solution is introduced via HRWGp (11).The solvent used for dissolving the dshguld be
completely miscible with C® Opening the valves A and B allows the entry dfison and CQ into the vessel
through the nozzle (B).Solution is sprayed throtlghinner tubule whereas G@ sprayed through the outer tubule
of the nozzle. The precipitation unit consists ofessel (9) heated by an air bath. The separaftidgrcansists of a
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separator (13) and a wet gas meter (14). The argatvent is separated from SCLi@ the separator because of
lower pressure whereas volumetric flow rate of,@@neasured by the wet gas meter.

Stage 1
Actoimileatlon

Stape 2
Spray-air contact

Stuge 3
Dirogiet deylng

Stnpe d
FProduct collection

Figure 2: Spray drying apparatus
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Figure 3: Super critical anti-solvent apparatus

After the temperature and pressure of the sepgraénsel reaches the preset value, valve A is apenallow entry
of CO, followed by opening of valve B allowing the eny drug solution. SCC®and solution are mixed and
diffused into one another rapidly as they are sgaayrough the coaxial nozzle. This causes thdesmhlissolved in
organic solvent to reach supersaturation in a shoyt period of time because the solubility of seduin the organic
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solvent decreases greatly. As a result, the PLpra@pitated in the vessel. Once the solutioroimpletely utilised,
valves A and B are closed while valve C is opemedrier to depressurize the vessel at the opertimgerature.
The samples are collected on the filter (8) athibtom of the vessel. The pressure, temperaturdlandate of the
drug solution need to be optimized to obtain higigdoading in PLs [16, 17].

4.4. Fluidised bed method

The principle here involves particle coating tedbgy. The carrier material used here involves afjise powder
to non pareil beads. When beads act as carrierrialatiaitial seal coating is applied to the beadsprovide a
smooth surface for further coating of phospholipi@isis leads to provide a smooth surface for furtt@ating of
phospholipids. It leads to thin uniform coatingpdfospholipid around the core and forms smallerdslggosomes
on hydration.

Procedure: Phospholipid in organic solvent and drug solutien sprayed on carrier material via nozzle.
Simultaneously the organic solvent is removed tphapg vaccum to fluid bed.

The finished lipid coated powder/beads can be drigtkr vaccum overnight to remove the trace amotrgsidual
solvent [18, 19].

5. Parametersused in the evaluation of PLs

5.1 Hydration Study

The ability of PLs to form liposomes on hydrati@ncarried out by hydration study. The procedurelves placing
a small amount of PL powder on glass slide and Igladding water, drop wise and it is observed underoscope
to view formation of vesicles. Liposomes are formragidly on hydration during this process dissolutand
disintegration occurs. This involves hydration ipid surface to form liposomes which are formedthy bud off
central core of PL. The process is undergonehidlitydration of the lipid and dissolution of cariiecomplete [20].

5.2 Flow Property

Flow property of a powder formulation. It mainlypains content uniformity and handling processipgrations
and also ease filling. Since it is a solid powdasdd formulation it is important to analyse thevfloroperty of PLs.
Flow property is assessed by measuring the parasngtieh as Angle of repose, Carr's compressibititlex and
Hausner’s ratio.[10,21]

5.3 Zeta potential
This determines the surface charge of particles the difference in potential between surfacdigtiitly bound
layer (shear plane) and electro neutral regiomefsblution [22].

5.4 Transmission Electron Microscopy (TEM)
TEM plays role in the morphological study of liposes. Hydration of proliposomes with purified waterd the
shape and lamellarity of the liposomes formed seobed under microscope [10, 23, 24].

5.5 Scanning Electron Microscopy (SEM)

SEM is mainly used to view the surface morpholofthe PLs powder. Here the image of the pure camiaterial
is compared with the PLs. The deposition of phofiplibon the carrier material is confirmed by illbiity of the
image of the carrier material in the formulationRifs [21].

6. Applications

6.1 Parenteral delivery

Liposomes for the parenteral administration shduddsterilized that is mandatory. Sterilizationhigiques include
steam sterilizationy-irradiation, Aseptic manufacturing and filtratiaterilization. Terminal sterilization using
steam at 12C may not be suitable for liposomal formulationsc®i high temperature may lead to destruction of
liposome structure due to lipid hydrolysis and @ases the per oxidation of unsaturated lipids E&5,2

PLs are most suited for parenteral administratibliposomes .Advantage with the PLs is that it @wosterilization
without affecting the intrinsic properties. PLs da@ stored as sterilised in dry state and can lokeabsd before
administration to liposomal dispersions 10. Recstndies have found that irradiation sterilisation is not as
detrimental to liposomes as previously assumedijcpéarly when irradiated in the dry state. Hydrbxgdicals
(resulting from exposure of water to radiation)argjor source of free radicals which leads to damabes water
content is main factor in the stability of liposan#uring this process. PLs are available in drynfgrirradiation
may be used as sterilisation technique for PLs [27]
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6.2 Oral delivery

PLs are developed to improve stability of liposoraesl increase solubility and bioavailability of plyosoluble
drugs for ex: Domperidone is a 5HT3 receptor amajoused in the treatment of nausea and vomiting.
Domperidone has low aqueous solubility and afted edministration it undergoes excessive hepatit fpass
metabolism which leads to low oral bioavailabilitydomperidone which may not decrease rate of \ingiiHence
PLs of domperidone were developed to improve bialvidity by increasing intestinal permeability vahi would
transport drug through lymphatic transport systegalssing first pass metabolism [28].

6.3 Pulmonary Delivery

The Levofloxacin (LEV)-proliposomes in a dry powamrosol form for pulmonary delivery. Spray dryimgthod
was used to prepare LEV-PLs containing LEV, soybphasphatidylcholine, cholesterol and porous mahnit
LEV-PLs were found less toxic for respiratory cellel not activate Antimetabolites to produce inflaatory
mediators. LEV-PLs were more effective agaMdbovisthan that of free LEV [29].

6.4 Dry Powder Inhalers (DPIs)

Proliposomes powder including isoniazid (INH) indey powder aerosol form were prepared by sprayndryi
method which were not toxic to respiratory cellsd afid not activate AM to produce inflammatory respe
including interleukin-g (IL-1p), tumor necrosis factar{TNF-o), and nitric oxide-at a toxic level. INH-PLs were
show greater efficacy against AM infected withboviswhich was significantly higher than that of fré¢H. INH-
PLs are main candidates in treatment of tubercu[Gl].

6.5 Ocular drug delivery

It has been difficult due to poor bioavailability drugs from conventional occular dosage forms @uprecorneal
loss effects. Vesicular drug delivery system likpsome is used to improve bioavailability of drumsd also
therapeutic efficacy. Active drug ingredients wharle encapsulated in lipid vesicles show bettartslidy and they
pass through cornea and liposomes offer convenieinae ophthalmic drop.

Ex: Ciprofloxacin containing liposomal hydrogel® &ffective in prevention of bacterial adhesiokdtheters.

6.6 Mucosal delivery

Proliposomes are converted to liposomes on hydrdtjothe agueous environment found on the mucasédces.
PLs include phospholipids which are non toxic armmh rirritant and they have natural affinity for kogical
membranes. The molecular dispersion of drug inybilaleads to improved therapeutic activity [31].eTh
Clotrimazole (CT)-containing vaginal proliposomemlpnged drug release and may increase amount ug dr
retention into the mucosa to result in more antghlrefficacy [32]. CT-proliposomes will not affeitte morphology
of vaginal tissues. Hence the dosage form is mffeetevze and convenient [32].

6.7. Transder mal delivery

Phospholipids are major component of liposomes lwvlsn get in to skin lipids and improve skin pertizeaby
maintaining hydration conditions. PLs form lipos@mn contact with mucosal fluids and resulting $ipmes act as
sustained release dosage forms for loaded drugesaimes formed on hydration can modulate diffusiomss the
skin. Hence the skin permeation is enhanced amdthés vesicle intercalation into the intracellulipid layers of
the skin results in fluidization and disorganizatiaf the regular skin structure, obviating the terfunction of the
stratum corneum [33,34]. Ex: Proliposomes have bdeveloped for sustained delivery of Aceclofenad][3
Nicotine [24] transdermally.

7.RECENTLY REPORTED PROLIPOSOMES:

 Proliposome tablet containing Nimodipine was predand drug release from proliposome was studied [3

» The sustained transdermal drug delivery of Nicefhs was examined and found to be feasible. Thexe we
prepared by standard method using sorbitol andhieciThe formulations are topically applied undeclusive
conditions [24].

» The mesophasic, a proliposome system for Levontrejesas developed and evaluated biatkitro andin vivo.

It was found to be more efficient than PEG- basathtent system which was employed as the contmohditation
[36].

» Vitamin E Proliposomes were prepared to increase dfability of vitamin E, lyophillization and thifilim
ultrasonic dispersion method was used to prep&enin E proliposomes [37].

» Chloramphenicol was encapsulated within prolipodogs was prepared for the local treatment of daat
vaginoisis, which delivers the entrapped drugcedfitly during an extended period of time [38].
 Prliposome-vitaminD3 prepared by supercritical soitient method. PL-vitamin D plays important role i
calcium absorption, prevention of cancer and mdisindor bone health [39].
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CONCLUSION

Proliposomes have played a major role in solvirggtoblems related to stability and bioavailabitityd solubility
of poorly soluble drugs. PLs are produced on aelatale by utilising methods of spray drying anddited bed
drying. PLs are administered orally, parenterathpically and also they have been in greater deniamdbsmetic
industry. PLs are used as versatile carriers fayeted and sustained drug delivery. Based on @lldtiteria PLs
have proved their greater position in modern dfelivery system.
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