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_________________ Synopsis 

Many phospholipids, alone or in combinati on with other lipids ( inc luding lipid extracts from 
membranes), will forms liposomes. 
The successfu l evolu tion of li posomes from an experime nta l tool to industria lly manufactured 
products for c lin ica! and veterinari use depe nds on e ffic ie nt drug entrapment in ves icles of a narrow 
size dis tribution using s imple, reproducible and inert methods. Encouraging results with liposomal 
drug in the treatment or prevention of a wide spectrum of diseases in experimental animals and 
humans have re iforced the view that clinica! applications may be forthcom ing. 

------------------Riassunto 

Molti fosfolipidi da soli o in combinazione con altri lipidi danno luogo a formazione di liposomi. 
L' evo luz ione della tecnica dei liposomi dall 'uso di laboratorio all ' utilizzazio ne industria le pe r pro
dotti adatti s ia per l'animale che per l ' uomo dipende dalla loro capacità di intrappolare farmaci in 
modo s tabile ed uniforme e con metodiche facilmente riproducibili. 
I recenti risultati o ttenuti , s ia sugli animali che sull'uomo con l'uso clinico di farmaci liposomiali 
pe r il trattamento d i una vasta gamma di patologie fanno intravvedere un uso clinico sempre più 
diffuso di questo nuovo tipo di ve icolo. 
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Liposomes: Structure and 
properties 

Phospholipids and other polar amphiphiles form 
c losed conc entri c bi layer me mbra nes 
(li posomes or vesic les) when confronted wirh 
excess water with each bi layer representing an 
unbroken bimolecul ar sheet (lamellae) of lipids 
( I). In the process of the ir formation liposomes 
entrap water and solutes if present. Alte rnative
ly, lipid soluble agents and molecules coupled 
to lipids can be incorporated into the li posomal 
membrane. Thus, almost any substance, regard
less of solubil ity, size, shape and electric charge 
can be accommodated in liposomes as lo ng as 
the re is no interfe rence with the ir formation ( I). 

Many phospholipids, a lone or in combinatio n 
with other lipids ( includ ing lipid extracts from 
membranes), will form liposomes. Depending 
o n th e ir ge l- l iqu id c rysta llin e tran s it io n 
tempera ture (Te - th e te mpera ture at wh ich 
hydrocarbon reg ions change from a quasicrys
ta ll i ne to a more flui d s ta te), phospho lip icls 
determjne bilayer fluidity and stabil ity in te rms 
of permeability to solutes in vitro and in vivo. 
Bi layer fluidity and stabili ty can a lso be in
fluenced by the inclusion o f sterols (for example 
cholesterol). The incorpora tio n of charged am
phiphiles will not only render the liposomal sur
face positively o r negatively charged but a lso 
increase the distance and hence aqueous vo lume 
(and so Iute entraprnent) between bilayers (l ) . 
The unusually versatile nature of li posomes, 
which was established by membrane bio logists 
who used then as a model for celi membrane 
studies prompted the development of another, 
perhaps more exciting, concept (2): the use of 
the system in targeted drug delivery. 
Prog ress in thi s a rea w ith a w ide range o f 
liposomal drugs (for example anti -tumour and 
a nti - microbi a l agen ts, e nzy mes, hormo nes, 
vitamins, metal chelators, genetic materiai, im
muno modu lators and vaccines) has been rapid 
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and a vast amount of information has been ob
tained, already ( I). 

Liposome technology 

The successful evolution of liposomes fro m an 
experimenta l tool to industrially manu factured 
products for c linica! ancl vete rinary use depends 
on effi c ient clru g entrapment in ves ic les of a 
narrow s ize d istributi o n usi ng si mpl e, 
reproduc ib le and ine rt methods (3). In th is 
respect, there has been considerable success and 
well defined formulations conta ining a variety 
of active agents can now be produced in a stable 
form . A number of these form ulations are cur
rently undergoing clinica! tria ls ( 1,4) and a few 
are already li censed . However, severa ! of the 
methods developed, a ltho ugh hi ghly efficient, 
have the drawback of being uneconom ical, of 
being applicable only to drugs of low molecular 
weight (thus exclud ing vaccines, enzymes and 
other prote ins) or requ iring the use of de te r
gents, sonication or organic solvents (3). T hese 
may, in turn , be cletrimenta l to the struc ture-ac
ti vity re lationship of certain drugs, especial ly 
macromolecular agents. 
In a recently reported technique (5,6), which is 
both simple and easy to sca le up, high yield 
entrapment of drugs in dehydration-rehydration 
ves icles (DRY) occurs under mild condit io ns. 
Entrapment values for a number of drugs, an
t igens and immun omodu la to rs in DRY were 
substantial and reproducible. Protein-contai ning 
DRY can be freeze-dried in the presence of a 
c ryoprotectant and most of the protein content is 
reta ined within intact vesicles o n reconstitution 
with saline. Moreover, mi crofl ui d ization of 
DRY leads to the formation of smaller (about 
lOOnm in diameter) vesicles re taining much of 
the origina lly entrapped drugs (6). Because of 
the limited number of steps involved in most 
methods of liposome preparation, steril ity of the 
starting materia ls ca n easily be maintained 
using aseptic techniques. 



Behaviour of liposome in vivo 

Many workers (1,3,4,7) with diverse research 
interests bave admistered drug-contain in g 
liposomes to animals and humans, parenterally 
and enterally. As a result, much is now known 
of their behaviour. Of particular interest are (a) 
the effect of components of bio log ica! fluids, 
with which injected li posomes firs t come into 
contact, on the retention of liposomal s tructural 
integrity and (b) the rates at which liposomes 
are cleared from the site of administration and 
distributed among the tissucs. mostly w ithin 
macrophages of the reticuloendothe lia l system 
( RES). In both cases, th e behaviour o f 
liposomes is dictated by their structural charac
te ri s ti cs . For ins tance, pl as ma high den s ity 
lipoproteins (HDL) will re move phospholipid 
molecules from the bilayers of in1ravenously in
jected conventional liposomes, for exampl e 
those made o f egg phosphatidylcholine (PC). 
These will 1hen disintegrate and release the ir 
drug conte nts. By subs1ituting PC with ' h igh 
melting' phospholipids (for exampl e d istearoyl 
phosphatidylcholine (DSPC) Tc=54°C) or sup
plementing phospholipids with excess cho lesterol 
bilayers become rigid at 37°C or bave their phos
pholipid mo lecules packed and, therefore, resis
tant 10 HDL attack. Thus, liposomal integrity is 
preserved and entrapped drugs remain with the 
carrier en route to its destination. 

It is now estab li shed thai 1he more s tab le the 
li posomes, the lower the ir rate o f c learance 
fro m the blood ci rculalion ( I). lt is sugges1ed 
thai liver-specific opsonins. implicated in the 
removal of liposomes from the c irculation by 
lhe RES (principally in the liver), do not adsorb 
as avid ly on vesic les wilh rigid or packed 
bilayers. The re lationship be tween liposomal 
stabil ity and clearance is altered when a nega
tive or (under certain condi1ions) a pos itive sur
face charge is imposed on the bilayer surface, 
with even the most Iong- li ved liposomes assum
ing short ha lf- lives. A simi lar reduction in half-
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li fe occurs as vesic le size increases; this may be 
partia lly reversed by coating liposomes with 
hydrophili c mol ec ul es. Not s upri s ing ly, 
liposomes w ith extended half-li ves a re 
deposited in the RES a t reduced rates. with a 
considerable proportion (about 30% for small 
unil amell ar ves icl es) favou ring the macro
phages of the bon e marrow. When these 
liposomes are small enough they will also gain 
access to the hepalic parenchymal cells through 
the fenestrations. Regardless of whether uptake 
is mediated trough opsonins or other ligands, il 
occurs through endocytosis al lhough fusion may 
a so be involved to some ex teni (I). 

Whi le such findings on stability, clearance and 
ti ssue dis tribution re late to liposomes injected 
intravenously, they a lso concern preparations 
g iven by alternative parentera l routes such as in
trape ritoneal, subc utaneous and intramuscular 
( I): a proportion o f li posomes, determined by 
ves icle size, composition and route of injection, 
enters the lymphatic and eventually, the blood 
c irculation where they behave as if given in
travenously. However, whereas liver, spleen and 
bone marrow take up nearly all liposomes 
given by the intravenous route, they will ac
count for a smaller proportion of the dose given 
by other routes. The remainder (up to about 80% 
of liposomes injected subcutaneous ly o r in 
tramuscularly) is retained at the site of injection 
and attacked by infiltrating macrophages or other 
factors, or intercepted by the lymph nodes drain
ing the injected site. Re lative to their mass, up
take by lymph nodes is much greater (over 100-
fold) d1an tl1at by any of the other RES tissues. 

Substantial efforts to asce rta in w hether 
liposomes given enterally enhance absorption of 
agents which are e ither not absorbed by, or un
stab le in the gut, have given inconclu s ive 
results. In spi te of indicati ons that insulin , factor 
vm, anticoagulants and vitamins administered 
via liposomes do reach the blood ci rculation, 
their absorption is unpredictable and only mini-
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mal. It is nevertheless apparent that liposomes 
of a lipid composit ion (for example cholesterol
supplemented phosphol ipids with high Tcs) that 
renders them res istant to dete rge nts or phos
pholipase attack, protect agents from gut e n
zymes . Such liposomes may surv ive the g ut 
milieu to some extent and thus facilitate the ab
sorption of thei r contents, probably through the 
lymphatics ( 1 ). 

Targefing of liposomes 

De livery of liposomal drugs to cells that do not 
normally take up the carrier effect ive ly has been 
ac hieved by antibodies a nd othe r ce ll-specific 
ligands covalently o r hydrophobically linked to 
the outer bilayer of liposomes. In vitro studies 
( l ) ba ve repeated ly demonstrated that 
polyc lon a l or monoc lo nal ant ibodi es ra ised 
agai nst a re pertoire of celi su rface antigens 
mediate the assoc iation of the drug-contain ing 
li posomal moiety (to which such antibodies are 
linked ) with , a nd its introdu ction into , the 
respecti ve cell s . However, in vivo targeting of 
liposomes has proved a much more challe ng ing 
propositi on ( 1 ), especia lly w he n mediated via 
antibodies, rhe Fc portion of which binds to its 
receptors on the macrophage, thus accelerating 
removal of the carrie r by the RES . C ircumven
tion of this problem has been achieved by the 
use of the antigen- recogni zi ng Fa b portion of 
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the immunoglobulin molecule as a ligand or by 
taking advantage of the already long half-lives 
of small, stable vesicles. In the latter case, Fc
mediated shortening of the ha lf-life of vesic les 
will sti li allow them to circuiate long enough for 
target i ng to occu r. Such comp licat ions, 
however, do not occur when certain galactose-, 
mannose-, and fucose-terminating g lycoprotein 
and g lycol ipid ligands are used, since these will 
associate exclus ive ly with their receptors in 
vivo ( 1). 

lmplications in medicine 

Encouraging res ults ( 1,4,7 ) w ith liposo ma l 
drugs in the treatment or prevention of a wide 
spectrum of di seases in expe rimental an ima ls 
and in humans have re inforced the v iew tha t 
cl inica! applications may be forthcoming. These 
include treatment of skin d iseases, skin care, an
ti mi c robial therapy, me tal che la tion, e nzyme 
and hormone replacement therapy, vaccines (7) 
and d iagnostic imaging. To th at end , the first 
an cl obvious conside ration is tha t a li posomal 
drug preparation designed to treat a particular 
disease should have clear advantages over the 
con ven ti o nal use of the th erapeuti c agent. 
R ece ntl y, progress toward c lini ca! uses of 
liposomes has gained new mome ntum thanks to 
the efforts of re lateci biotechnology companies. 
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