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Abstract

Liposome-mediated drug delivery systems alongwith other newer approaches of drug targeting have
revolutionized the measures of controlling parasitic infections, including, malaria. leishmania. fungal
infections, besides providing a new approach to control several bacterial infections, including
Mycobacterial. Salmonella. Pseudomonas. etc., some of which have acquired resistance. These
approaches provide definite reduction in drug toxicity. specially in leishmaniasis and control of
candidiasis and other pathogenic fungi. Liposomal drugs. like amphotericin-B. would have extensive
use in the management of fungal diseases. Liposome mediated drug delivery has an exceptional
advantage ofbiocompatibility. biodegradability. non-immunogenicity and can be used in clinical cases
without any side-effects.

(Key words: liposomes/drug delivery/parasites/fungal infections! T.B.)

Introduction

Pathogens have been with us since our existence and the diseases once thought to be
conquered or under control have again gathered momentum. This is primarily because of
the lacklustre performance of their control measures and the constant evolutionary pressures
put up by the microbes on their hosts; recent examples being the emergence of drug
resistancel. current global estimates of some of the ravaging diseases, e.g, malaria,
leishmaniasis, tuberculosis etc., are alarming, emphasizing the importance of their effective
treatment and controI2-4.

The last decade has seen a spurt in development of means to deliver antimicrobial
agents/drugs to their intended sites of a~lion in the body. Liposomes. first described in
early sixties5.have been extensively investigated fortheirpotential as drug carriers6. Because
of certain exquisite properties of liposomes. such as biocompatibility, biodegradability,
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nonimmunogenicity and versatility in structural constituents, immunerable attempts have
been made to use liposomes as drug/enzyme/antigen carriers in biology and medicine. The
objectives of this review are two fold: firstly, to summarize various fascinating
characteristics of liposomes which make them suitable for use as carriers for drug targeting
and secondly, to provide a comprehensive account of the various attempts that have been
made to use Iiposome-based drug delivery systems in treatment of infectious diseases.

Liposomes as drug carriers

Liposomes are spherically closed concentric bilayers which are separated by aqueous
compartments, and are formed upon dispersing phospholipids in water. Their major
constituents may include natural (phosphatidylcholine, phosphatidylserine, phosphatidyl-
glycerol, cardiolipin, sphingomyelin) or' synthetic (dipalmitoylphosphatidylcholine,
stearylamine derivatives, dicetylphosphate derivatives) phospholipids, sterols (cholesterol,
ergosterol) fatty acids, glycolipids and proteins7. Most studies with liposome have been
performed, using naturally occurring phospholipids. Depending on the mode of their
preparation three types of liposomes can be formed, viz. multilamellar vesicles (ML Vs,
200 to 5000 nm in diameter), small unilamellar vesicles (SUVs, 20-100 nm in diameter)
and large unilamellar vesicles (LUVs, 100-1000 nm in diameted.A variety of drugs can
be encapsulated in liposomes. Highly polar or hydrophilic drugs are entrapped in the internal
aqueous compartments (s), non-polar drugs can be intercalated into the liposomal membrane,
while the amphipathic drugs partition between the membrane and aqueous phase.
Hydrophil~ drug entrapment is maximum in LUVs, while MLVs are more effective as
lipophilic and non-polar drug carriers where the amount of the drug incorporated is directly
proportional to the total mass of the lipid present. Polar drugs are released when the bilayer
is broken, but highly non-polar drugs tend to remain associated with the lipid bilayer unless
it is disrupted by freezing or by permeation9. Also, the release of the drug from liposome
is a function of the ambient pH, ionic interactions, liposomes constituents, physicochemical
properties of the drug and immunological recognition.

The most common route of liposome administration is intravenous injection following
which drugs are rapidly cleared from the blood circulation by the cells of mononuclear
phagocyte system (MPS) (also known as reticuloendothelial system, RES). The MPS
includes, macrophages and macrophage precursors, specialized endothelial cells
surrounding the sinusoids of the liver, spleen, lung and bone marrow and reticular endothelial
cells of lymphatic tissue and of bone marrow. Besides, liposomes can also be taken up by
circulating blood monocytes within the vascular systemlO. Adsorption and/or endocytosis :'\
is the major mechanism of liposome- cell interation. High local concentration of the drug /
at the intracellular site of infection is usually achieved by endocytosis of liposomes".12.
This involves, a) engulf~ent of adsorbed liposomes into vesicles, called phagosomes, by
invagination of the cell membrane, and b) fusion of the phagosome with Iysosomes which
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contain degradative enzymes. Drugs resistant to lysosomal digestion are released into the
cell. This can create a high local concentration of drugs at the intracellular sites of infection.
Also, fusion of the outer liposomal membrane with the host cell membrane, and lipid
exchange between liposomes and the cell membranes are two other mechanisms which
may also contribute, although to a lower extent, towards uptake of the liposomal contents
by the cells8.

One of the major constraints in using liposomes as the drug delivery systems has been
their rapid clearance from the blood circulation by the MPS. This may well be exploited
for targeting of drugs to intracellular infections involving the MPS. On the other hand, it
poses a serious limitation for delivering drugs to tissues and cells outside the MPS.
Circulation time of liposomes depends on their size, charge, composition and dose
administered. Large liposomes and negatively charged liposomes are cleared more rapidly
than neutral or positively charged vesiclesl3.14.In the last few years, several efforts have
been made towards the development of more rigid liposomes having better circulation
time15-18.In general, in vivo stability and rigidity of the liposomes may be enhanced, to
some extent, by increasing the percentage of long chain saturated phospholipids, viz.
sphingomyelin and sterols in Iiposomes8. It may be further enhanced by including bilayer
rigidfying lipids, such as cholesterol, distearoylphosphatidylcholine and sphingomyelinl9.
An elegant approach of mimicking the outer composition of the red blood cell membrane
in liposomes, by incorporating monosialo-ganglioside, GMl, and hydrogenated
phosphatidylinositol (HPI), resulted in the first generation oflong circulating liposomes2o-21.
This paved the way in designing more clinically acceptable second generation liposomes
which are formed from phospholipids derivitized with hydrophilic polyethylene glycol
(PEG), e.g. PEG-distearoyl phosphatidylethanolamine. These liposomes. more commonly
known as sterically stabilized liposomes (S-liposomes), have been well characterizedl7.22-25.
S-liposomes have low affinity for the cells ofMPS and therefore, show prolonged circulating
periods irrespective of the dose administered, surface charge density and the bilayer
composition24.26.Besides these surface modifications, attempts have also been made to
stabilize the liposomes by introducing the tluorinated core within the membrane27.
Liposomes made of the pertluoroalkylated phosphatidylcholines exhibit higher circulation
times in blood, as compared to conventionalliposomes of similar size comprising distearoyl
phosphatidylcholine (DSPC) or distearoylphoshatidylcholinelcholesterol (DSPC/CH).
Blood clearance rate of the tluorinated liposomes was found to be comparable to that of
the S-liposomes27. More recently, efforts have also been made to combine cyclodextrins
and liposomes into a single system28.

Design of target-specific liposomes

In site-specific targeting of liposomes, usually a ligand (recognition marker), such as
lectin29.3o,carbohydrate31.32,antibody33-36,paptides34.37.38or mannosylated serum albumin
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(neoglycoprotein/9 is attached to the liposomes to make it target specific. The ligand
recognises the complementary sites on the target cell and thus increases the efficiency of
drug delivery. Monoclonal antibodies (MAbs), armed with high degree of specificity
towards certain cell surface antigens, offer the best potential for more precise targeting of

the liposomes (referred to as immunoliposomes) to the desired sites in biophase. 1
Liposome-mediated drug delivery in infectious diseases J

One of the major impediments in the effective treatment of the major infectious diseases,
e.g. tuberculosis, leishmaniasis, etc., is the intracellular habitat of the causative organisms
in macrophages. These organisms get protected from the action of many antimicrobial
drugs because of the poor penetration and the poor retention of drug inside the macrophages
or because of the decreased intracellular drug activity due to lower intracellular pHoW.Thus.
liposomes mediated targeting of drugs to infected cells holds great promise for the treatment
of the various intracellular infections, that are major cause of mortality and morbidity in
the third world.

a) Protozoal infections : Liposome-mediated drug delivery has been successfully
d d
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Treatment of leishmaniasis is usually based on the use of leishmanicidal drugs,
principally, pantavalent antimony compounds. such as sodium stibogluconate (Pentostan)4lJ
and meglumine antimoniate (Glucantime).50. Other systemic drugs with proven efficacy in
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the orally administered allopurinol ribonuclcosidcH. High toxicity assuciated with majority
of these drugs poses a serious limitations in their systemic use. For instance, WH055
recommended dose of 20 mg of pentavalent antimonials/kg/day for nearly 30 days, is often
associated with toxic side effect (arthralgias, myalgias and hepatic, cardiac and renal
toxicities). These antimonials, when encapsulatcd in liposomes, proved 200-700-fold more
effective than the free drug when comparcd for single i.v. dosc against L. clOtWWlII;rodcnt
models.56-5XAlso. following this mode of delivcry, 5-20 fold higher levels of drugs,
compared to that when delivered in free form. could he maintained upto 14 days in blood
circulation.56 A variety of other clinically used drugs in liposomes have also becn tested
against L.clOfwvan;in animal models. Liposomal amphotericin B has heen shown to exhibit
much improved efficacy and lower toxicity as compared with free drug in experimental
leishmaniasis5\i.c,o.

EI Therapeutic efficacy of the liposomal antileishmanial drugs has been shown to
dramatically increase hy grafting thc cell-specific ligands on thc liposomal surfacc. In this
context. tuftsin-bearing liposomcs havc heen found to be highly efficient (at least 2000
times), as compared to free sodium stihogluconatc, against the L. dOflOva,,;infections in
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mice37. Additionally, pretreatment with these Iiposomes also enhanced the non-specific
resistance of the animals against various infections, including leishmaniasis37. Exclusive
presence of the mannose receptors on the macrophage surface has also been exploited for
the site- specific targeting of liposomal drugs39.43.44.61.Antileishmanial drug, ureastibamine,
encapsulated in mannose-bearing liposomes was found to be more potent than the drug
encapsulated in normal liposomes or the free drug, against L. donovani in the hamster
model43.In another approach, a toxic antifungal polyene antibiotic, hamycin, encapsulated
in mannosyl serum albumin (neoglycoprotein) containing liposomes was tested in mouse
model of visceral leishmaniasis. This preparation at a dose of 1.5 mg/kg/day when given
for 4 consecutive days completely cured a 45 days old leishmania infection in BALBlc
mice model.44In spite of the higher efficacies of the above formulations in animal models,
their clinical use was hampered mainly for two reasons; (i) down regulation of the
mannoselglucose receptors in L. donovani infected macrophages and, ii) the presence of
these receptors even in normal uninfected macrophages62.

Malaria infected erthrocytes have been the other targets for liposomes-mediated drug
delivery36.41.45-48.Encapsulation of the antimalarial drug chloroquine (CHQ) in liposomes
hearing anti-erythrocyte antibody on their surface significantly increased their efficacy
against both CHQ-susceptible and CHQ-resistant Plasmodium berghei infections in
mice45-47.The efficacy was further improved by coating CHQ-Iaden liposomes with infected
erythrocyte-specific polyclonal antibodies48.In a recent study, it has been shown that coating
the CHQ laden liposomes with monoclonal antibody (MAb), specifically recognizing the
P. berghei infected erythrocytes, significantly controlled not only the CHQ-susceptible but
also the CHQ- resistant P.berghei infections in mice36.This clearly demonstrated that the
therapeutic efficacy ofCHQ can be significantly increased by delivering il in target-specific
liposomes, thus paving the way for the treatment of drug resistant infections using the
known drug at lower doses.

b) Bacterial infections: Liposome encapsulation of a variety of drugs has been
successfully tested in treating several bacterial infections, such as those caused by
Mycobacterium tuberculosis, Mycobacterium avium. Salmonella enteritidis. Salmonella
typhimurium, Staphylococcus aureus, Pseudomonas aeruginosa. Klebsiella pneumoniae.
Brucella abortus. Legionella pneumophila etc63-67.

Aminoglycosides (e.g. streptomycin, gentamycin, sisomycin, amikacin, tobramycin
etc), despile their well documented toxic side effects, remain drugs of choice for the
treatment of bacterial infections, because they acl on both the gram-negative and gram-
positive bacteria, develop only a limited drug resistance during the treatment and do nol
exhibit the inoculum effect66.68.

-.

Experimental murine salmonellosis caused by Salmonella typhimurium. which
resembles the human typhoid causing intracellular bacteria, was effectively treated with
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liposomal cephalothin.69. Also, liposome-encapsulted gentamycin was effective against
similar infections 70.Further, streptomycin (1.2 mglkg) upon encapsulation in liposomes
significantly enhanced the survival rate of Salmonella enteritidis- infected mice, while its
30-times higher dose (40 mglkg) was only marginally effective in free form64.

Using liposomal streptomycin, a 10-fold improvement, when compared to free drug,
in in vitro killing of E. coli in 1774.2 macrophages cell line was observed71. In another in
vitro study, the liposomes entrapped gentamycin exhibited the enhanced antibacterial
activity against clinically isolated resistant strains of E. coli and Pseudomonas aeruginosa72.
Thus, the liposome-mediated drug deliv~ry may provide an important approach to overcome
bacterial resistance against known drugs.

Effective intracellular killing of Brucella abortis or Brucella canis has also been
achieved by liposomal streptomycin63 as well as by liposomal gentamycin73 . In both the
cases, efficacy of liposomal drugs was much superior when compared to free drugs.
Similarly, a higher efficacy of the liposomal dihydrostreptomycin towards the intracellular
killing of Staphylococcusaureus has been reported. The liposomal drug was at least 40-times
more effective than the free drug in killing the intraphagosomic S. aureu/4. In fact, the
free drug was not much active against this bacteria.

Liposomal delivery of sisomycin has been attempted in experimental legionnaire's
disease (caused by Legionella pneumophila) in guinea pigs as well as against in vitro
cultured bacteria in human monocytes75. In the in vitro experiments, the efficacy was at
least ten times higher for the liposomized drug, as compared to free drug, and an intravenous
administration of this preparation cured 100% of the infected guinea pigs75.

Tuberculosis remains a scourge to m~nkind. Incidence of tuberculosis infection,
particularly Mycobacteril#m avium- M. intracellulare complex (MAC), has tremendously
increased in the east decade primarily in patients with AIDS3. Rifampicin, isoniazid,
pyrazinamide, thioautazone, p-aminosalicyclic acid, ethambutol and streptomycin are
amongst the major front-line drugs in the treatment of tuberculosis76.77.In spite of their
high antitubercular activity, use of free drugs is limited because of (i) long duration of
chemotherapy (a minimum of 6-12 months) 78and (ii) several side effects 79.80.Combination
of several drugs given at their maximum tolerated doses have not proven effective in
controlling the disseminated disease81. Inherent tendency of liposome to localize in the
phagocytic cells, that also serve as the host of M. tuberculosis. has been well exploited for
"passive targeting" of liposomal drugs.

Liposomes mediated drug delivery for various antitubercular drugs has been attempted,
using animal models as well as the in vitro systems. Liposomal-streptomycin exhibited
several fold higher concentration in liver and spleens of infected animals, thus reducing
the bacterial load significantly, as compared to that achieved with free drugH2.83.Interesti ngly,

"
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accumulation of drug in lung and kidney was not dependent on its formulation, suggesting
that the free and riot liposomal streptomycin accumulates is mouse kidney. Efficacy of
liposomal streptomycin has also been tested in mouse model of nontuberculosis
mycobacterial (MAC) infections84.85.These studies have clearly shown the reduced bacterial
growth in liver .and spleen compared to untreated controls86 or the greater inhibition of the
bacterial growth with liposomal streptomycin, compared to free drug85.

Rifampin (RFP) has been extensively used as a potent antitubercular drug. It exhibits
little or no cross-resistance with other antimicrobial drugs87. Although, the drug is safer,
yet the high excretion rate necessitates daily administration in high doses76.This results in
serious toxic side-effects88. Liposomized-RFP given at 10 mglkg dose has been shown to
be more effective than the free drug in controlling the tuberculosis infection89. Similar
effect was seen when RFP was administered in combination with isoniazid in liposomes90
Based on the observation that the intermittent but not the continuous treatment with Lip-RFP
was around 50 folds more effective than the free drug led to the conclusion that Lip-RFP
is preferentially localized in macrophages/monocytes89. A change in distribution pattern of
Lip-RFP was observed in various tissues of tuberculosis infected animals as compared to
normal animals. Comparatively, a higher liposome concentration in lungs, kidneys and
blood was observed in tuberculosis-infected animals, whereas in uninfected animals
Lip-RFP accumulated mainly in liver. 14Further, liposomal targeting ofRFP to macrophages
was significantly enhanced by incorporating tuftsin in the bilayer of Lip-RFP, RFP delivered
twice weekly for 2 weeks in tuftsin- bearing liposomes was at least 200 times more effective
than the free drug in lowering the load of lung bacilli in infected animals89.

Liposome encapsulated gentamycin was tested for controlling the disseminated MAC
infection and its efficacy was compared to that of free gentamycin91. The encapsulated
drug was found to be significantly more effective than the free drug alone in reducing the
viable cell counts in mouse spl~n, liver and lungs. Based on these promising results, phase
11I1safety and dose finding study was undertaken using TLC G- 65, a liposome-encapsuiated
gentamycin92.TLCG-65, at different doses, was administered twice weekly for 4 weeks to
AIDS patients with MAC infection. This treatment resulted in more than 75% reduction
in MAC colony counts in blood92.

Considerable attention has been focused on the use of liposomal amikacin in the
treatment of experimental MAC infection.86.93Treatment with liposome encapsulated
amikacin was substantially more effective in infected liver, spleen and kidney tissue than
with equal amount of free drug given intravenously86.93. A single injection of liposome
encapsulated amikacin resulted in the persistence of its antimicrobial activity for at least
five weeks, particularly in liver and kidneys86.

c) Fungal infections : Fungal infections are a major cause of mortality of
immunocompromised individuals, such as patients of cancer, renal transplant, AIDS etc.94.95
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I
I.

Liposome-based drug delivery system has been used in the treatment of several fungal
infections, like histoplasmosis, cryptococcosis, aspergillosis and candidiasis96.99,Polyene
antibiotics, like amphotericin- B(Amp-B), nystatin, hamycin, etc., are potent antifungal
drugs96.lOO.IOI.Among these, Amp-B has been the most widely and successfully tested in
treatment of the fungal infections. The drug interacts with ergosterol/cholesterol in the
fungal cell memberanes, thus generating transmembrane channels that permit the leakage
of vital ions and metabolites. The drug, specially at higher doses, is highly nephrotoxic.

Efficacy and associated toxicity of Lip-Amp-B depends on several physical factors,
like presence or absence of sterols, phospholipid type, lipid ratio and size ofliposomesI02-103.
Due to lower toxicity of Lip-Amp-B, higher doses of the drug are tolerated, resulting in
increased therapeutic index. This has been demonstrated in experimental animals97.98as
well as in human trialslO4-I06,A follow up of 46 patients who received Lip-Amp-B therapy
revealed that 25 patients with a variety of fungal infections were classified as complete
responders to the liposomal drug 106.Similar clinical improvement was noticed using
Lip-Amp-B in another study conducted on cancer patients with frugal infectionslO7.

Majority of the fungal infections in cancer patients are caused by Candida albicanslO8
Liposomal encapsulation decrease the toxicity associated with the administration of Amp-B
while maintaining its therapeutic efficacy in experimental candidiasis98,109.J10.A ten-fold
increase in the dose was achieved with Lip-Amp-B without any apparent toxicity. Unlike
free Amp B, Lip-Amp-B fully maintained its effectiveness even at doses of 5-20 mglkg,
providing 100% survival of mice 110.Recently, it has been shown that the Lip-Amp-B
aerosol, given twice-weekly upt03 weeks, is highly effective in treating the lethal infection
of C. albicans in mice. III Aerosolized Lip-Amp-B was also found effective in treatment
of the mice infected intranasally with Cryptococcus neoformansll2. An important
observation emanating from the above studies was that Amp-B delivered in this manner
to lungs was capable of diffusing to distant organs at therapeutic levels, thus curing the
systemic infections.

In a murine model of cryptococcosis, which included intraperitoneal, intratracheal, or
intracerebral challenges with C. neoformans, the efficacy of Lip-Amp B was compared
with that of micellar Amp-B deoxycholate suspension (ABDS, Fungizone). Doses of
Lip-Amp-B formulation that were five fold higher than the maximum tolerated dose of
ABDS, were found to be more efficacious regardless of the site of inoculation of the
organism9; Amp-B colloidal dispersion (ABCD) is another lipid based complex, consisting
of Amp-B and cholesteryl sulfate in a 1:1 molar ratio, and has been proposed as an equally
but less toxic alternative to ABDS, for the treatment of disseminated cryptococcosisl13.

Aspergillosis is one of the most common airborne systemic fungal infections which
can be fatal for immunodebilitated patients 114.Lip-Amp-B has been used to control
aspergillosis in experimental animalslJ5 and humans I16.Lip-Amp-B at a dose of 0.5 mg/kg

~
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bodyweight is more effective & less toxic than the free drug in the treatment of experimental
aspergillosis in BLAB/c micel15.Further, it was observed that inclusion of cholesterol into
phosphatidylcholine liposomes increased the LD50 of AMP-B from 5.3. to 8.5 mg/kg body
weightll7. Moreover, the efficacy of liposomal AMP-B or hamycin could be further
improved by grafting on the liposomes surface mannose99 or tuftsin38.

Coda

Targeting drugs specifically to diseased cells in the body has been one of the coveted
goals in clinical therapy. Liposomes so far constitute the best known system and have been
widely used in the delivery of several kinds of drugs. The last about ten years have seen
a spurt in the efforts towards the improv~ment of this mode of drug delivery. Liposomes
can now be designed with more circulation time and commercial acceptability. It is now
clear that passive targeting of liposomes encapsulated drugs effectively cures MPS
associated intracellular infections. This has led to the successful use of liposomal drugs in
human patients with drug resistant visceral leishmaniasis, fungal infections and bacterial
diseases. However, clinical data for liposome mediated drug delivery in infections outside
MPS is sparse. Making liposomes more specific to diseased cells, without affecting normal
cells, is another area demanding serious attention. Using parasite infected cell surface
specific monoclonal antibodies for coating the drug laden liposomes may further provide
specificity to this mode of drug delivery.
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