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ABSTRACT. PURPOSE The objective of this study was
to evaluate therapeutic and haemolytic effects of liposomal
preparation dertved from proliposome entrapping inclu-
sion complex of amphotericin B (AmB) with the chemi-
cally modified B-cyclodextrin (B-CD). METHODS a
series of liposomal AmB formulations with varying B-CD
ie. Hydroxy propyl B-CD (HPBCD) and Sulfo butyl ether
B-CD (SBEBCD) having similar AmB content (0.5 mg/
kg) were prepared and their effect compared with conven-
tional liposomal amphotericin B (L-AmB) and free AmB
on erythrocyte lysis and antifungals activity in experimen-
tal aspergillosis- and Cryptococcosis- mice model #n-zize.
RESULTS the liposomal AmB — HPBCD and AmB —
SBEBCD found to be 6 times less toxic than free AmB or
conventional iposomal AmB. Experimental findings mndi-
cate that infected animals treated with L-AmB entrapped
mnclusion complexes significantly teduced CFU wvalues
(fungal counts), whereas mfected animals treated with con-
ventional liposome or free AmB showed insignificant
reduction m CFU. A marked increase in the percent sut-
vival was observed in the case of animals treated with lipo-
AmB (HPBCD/SBEBCD).
Furthermore, the é#-vitro toxicity (haemolysis) of the proli-

somal formulation
posome-based liposomal vesicles (PBLV) entrapped AmB-
SBEBCD/HPBCD at 37°C was apptox. 50% at maximum
of the conventional liposomal AmB at a dose of 118 ug/
ml as measured after 1 hr. incubation. CONCLUSIONS
the results of these experiments permitted us to conclude
that the stabilization of liposome derived from prolipo-
some entrapping inclusion complex of amphotericin B
(AmB) with B-CD could serve an alternative approach to
enhance the therapeutic window of AmB m clinical medi-

cine.
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INTRODUCTION

In the management of fulminant infections, the use of sev-
eral lipid-based formulations of amphotericin-B: AmBi-
some (AmB-liposome), Abelcet (AmB-lipid complex), and
Amphocil (AmB-colloidal dispersion) have been shown to
reduce toxicity greatly, allowing higher doses to be given
and thereby improving clinical efficacy (Storm and Crom-
melin et al, 1998). However, all of these formulations
reported to date suffer from drawbacks in terms of stabil-
ity (Washington et al 1993 & Kirsch et al 1998) and suit-
ability for bulk manufacture for pharmaceutical
applications. These vary from a requirement for pharma-
ceutically unacceptable solvents, which could give rise to
undesirable solvent residues, to the requirement of sonica-
tion and extruders (Maitani et al., 2001). Therefore, A new
hydroalcohalic method for the preparation of liposomes
has been developed based on a proliposome preparation
(Perrett et al 1991& Park et al., 1999) and ethanol mjection
(Maitani et al, 2001) entrapping inclusion complex
amphotericin B (AmB) with different chemically modified
B-cyclodextrins.

Previous work (Chakraborty & Naik, 1998) has already
established the optimal conditions (in terms of structural
otrganization of proliposome mixtures) for the entrapment
of inclusion complexes (AmB-BCD) into vesicles and its
stabilization zn-vitro. Furthermore, we have also observed
earlier that the inclusion complex (AmB - SBEBCD) pro-
tects the drug more efficiently agamst destructive mterac-
tion with the serum lipoproteins and cell membrane, in the
cavity of this modified B-cyclodextrin (Chakraborty and
Naik, 2001).

The present communication reports the comparative
haemolytic and therapeutic efficacy of free AmB, solvent
based conventional liposomal AmB, and proliposome
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based liposomes complexed with the varying B-cyclodex-

trin derivatives in zz-vitro and n-vivo experiments.

MATERIALS AND METHODS
Materials

Fungizone, a commercial deoxycholate preparation of
amphotericin B, was obtained from Ambalal Sarabhai
Enterprises, Baroda, India and was reconstituted to obtain
the concentration 0.25g/L with 5% dextrose solution ptior
to use. Amphotericin B and L- phosphotidylcholine from
egg yolk were purchased from Sigma Chemicals, Saint
Louis, MO, USA. AmB was radiolabelled with *H isotope
(obtained from Bhabha Atomic Research Centre, Mumbai,
India) using chloramine-T" according to the procedure of
Hunter (1978). Cholesterol was obtained from Centre for
Biochemical (CSIR), Delhi, India. B-Cyclodextrin deriva-
tives t.e. Hydroxypropyl B-CD (HPBCD) and Sulfo butyl
ether B-CD (SBEBCD) werte obtained from M/s. Cyclo
Lab. Budapest, Hungary. All other teagents used were of
analytical grade obtained locally. Male Balb/c mice weigh-
mg 20-25 g were obtained from National Institute of
Nutrition (Hydetbad, India). Conventional-solvent based
AmB-liposomes were prepared as described by Suroha et
al (1975).

Preparation of Liposomes (Hydroalcoholic prolipo-
some method)

Formulation of inclusion complex

The preparation involved complexation of amphotericin B
(AmB) with different B-cyclodextrin derivatives (HPBCD/
SBEBCD) by co-grinding method (Adhage & Vavia 1998).
AmB and HPBCD or SBEBCD powders were mixed in
the molar ratio of 1:2. This mixture was ground in a ball
mill at a speed of 50 rpm for 6h and the complex forma-
tion was confirmed by molecular sieve chromatography of
radiolabelled supernatant sample using a sephadex G-10
(Pharmacia) column. Whereas, the verification of the
mnclusion complex formation was with differential scan-
ning calorimetry (Giton 1997) using a Perkin — Elmer
DSC7 over a 100-250°C temperature range, scanning rate
(1OOC /min) and 5mg sample weight. Baseline calibration
was performed prior to each run. The solid inclusion com-
plex was dissolved 1 0.15M Phosphate Buffer saline (PBS)
pH 74, to solubilize inclusion complex. The drug B-CD
suspensions were then centrifuged at 100000xg for 60 min.
at 49C to yield pellets and clear supernatants. Radioactivity
measurements (LKB-1275 Minigamma meter Turku, Fin-

land) showed that, most of the drug was solubilized in the
supernatant (presumably in the form of inclusion com-
plex), with a small amount of insoluble drug present i the
pellet. The supernatants (0.5ml), which contained, 1mg
AmB and 2.26 mg HPBCD or 1.9 mg SBEBCD derivative
were used for entrapment into liposomes, manufactured
from egg phosphotidyl chlorine (EPC) and cholesterol
(Chol) by the proliposome method. In the formed inclu-
sion complex, molar ratio of AmB: HPBCD was 1:1.8,
whereas in case of AmB: SBEBCD, it was 1:1.4.

Entrapment of inclusion complex into liposomes

The preparation of liposomes derived from proliposome
technique (Perrett et al 1991) with slight modification
(Chakraborty & Naik 1998) was used to entrap inclusion
complex (AmB- BCD derivatives) into the aqueous phase
of liposomes. In brief, proliposome mixture was prepared
by transferring lipid containing EPC-Chol at molar ratio
7:1 into a round bottom flask. The lipid was thoroughly
dried under nitrogen and dissolved in ethanol (10 ml) and
then added PBS, pH 7.4 (20 ml) to yield a lipid-ethanol-
water mixture (100:80:200). This mixture was heated to
60°C for few minutes and then allowed to cool to room
temperature (ZSOC) yielding a proliposome mixture, which
was fimally converted into a multilamellar liposome (MLYV)
suspension by drop wise addition of PBS (pH 7.4) contain-
g amphotericin-B complexed with different chemically
modified B-cyclodextrin in the molar ratio of AmB/
HPBCD (1:1.8) and AmB/SBEBCD (1:1.4) to a final vol-
ume of 10 ml. The suspension was vortex mixed through-
out this last stage (Chakraborty & Naik 2000).

Non-entrapped complexes were separated from lipo-
somes-entrapped complexes by diluting the MLV suspen-
sion with 0.15M PBS (pH 7.4) and centrifuged at 40000xg
for 30 min. at 4°C. The pellets were washed with 5ml PBS
and centrifuged again as above. The final liposomal pellets
with entrapped inclusion complex were suspended 1 1ml
PBS. The appearance and the size distribution of the AmB
— liposomes, ptrepared by conventional and proliposome
method, were extensively discussed in our eatlier publica-
tion (Chakraborty & Naik, 2000). Although both were
multilayered, AmB liposomes prepared by proliposome
method exhibited an average size between 3 — 5 Um,
whereas liposome prepared by the conventional solvent —
based method was around 6 — 8 Um.
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Determination of Liposome intercalated AmB

Phospholipid content was determined according to the
procedure reported by Vaskovsky et. al (1975). The
amount of AmB intercalated into liposomes was detet-
mined by dissolving an aliquot of liposomal preparations
in methanol and measuring the absorbance of AmB at 405
nm by uv-vis spectrophotometrically (Shimadzu, Japan)
and subsequently confirmed by HPLC analysis (Nilsson —
Ehle, et. al., 1977). AmB assay as a complex was estimated
based on radioactivity used initially and radioactivity recov-
ered m the washed MLV pellet for the presence of radioac-
tive marker *H using LKB-1275 Minigamma meter (Turku,
Finland). Entrapment efficiency of AmB as an inclusion
complex intercalated into liposomes (not shown) based on
radioactivity measurements (Chakraborty & Naitk 2000)
wete 37.4%B.2 (AmB/HPBCD) and 45.1%+0.9 (AmB/
SBEBCD).

In-vitro drug release studies

The stability of liposomes in terms of AmB loss was evalu-
ated by the method of Juliano et.al. (1986). A suspension
of liposomes containing 16wt percentage AmB at the con-
centration of 200Ug AmB/ml in PBS (pH 7.4) was divided
mto several portions. One was immediately assayed for
AmB contents, and other was incubated for varied petiods
at 37°C. Each sample was centrifuged at 15000 xg for 45
min, and the supernatant was removed. The remaining pel-
let was washed twice with PBS (pH 7.4) and then resus-
pended m fresh PBS (pH 7.4) so that the volume of the
final suspension was the same as that of original volume.
Finally, the amount of residual AmB was determined as
described earlier.

In-Vitro toxicity

The extent of haemolysis is an important parameter of
toxicity of AmB to erythrocytes (Mehta et.al. 1989, Forster
etal 1998), while evaluating different liposomal AmB
preparations. In brief, blood samples wete drawn from
Balb/c mice in the presence of heparin (50-units/ ml) and
washed 3 times with 0.15M PBS (pH 7.4). A series of free
AmB samples were prepared for haemolysis expetiment by
further diluting stock solution of AmB in PBS (pH 7.4) to
get varying concentration ranged 0 — 50 Yg AmB / ml,
whereas dose levels of AmB used in the Zz-vitro analysis
assay was ranged from 0 — 250 g AmB /ml for PBLV.
Subsequently, 0.8 ml of 0.1% red blood cells (vol. /vol)
were mixed with 0.2ml of buffer containing varying
amounts of free AmB and proliposome-based liposomal

vesicle (PBLV) entrapped inclusion complex. The dose
levels of AmB used in the #n-vitro haemolysis assay was
ranged from O to 250 Ug AmB/ml The mixture was then
incubated at 37°C for 1 hr and centrifuged at 1000xg for 2
min. The amount of haemoglobin released in the presence
of 0.3% Triton X-100 was taken as measure of complete
(100%) lysis.

Mouse model of cryptococcosis

Seventy-five male Balb/c mice (20 - 25¢) (obtained from
the National Institute of Virology Pune, India) were
infected with 0.25ml Cryplococcosis neoformans cell suspen-
sion (7x10°cells mI'!) in normal saline via the caudal vein.
The infected mice were divided into 5 groups. Group 1
received free AmB (0.5mg Kg', L.V); groups 2, 3 & 4
received solvent-based liposomal AmB and proliposome-
based liposomal AmB — HPBCD & AmB - SBEBCD
(0.5mg kg -1 I.V)) and group 5 tecetved physiological saline
(Iml kg-1). Each group (excepting 5) was admuinistered
with their tespective amphotericin B preparation on an
alternate days starting from the 3td day of infection for 13
days, similatly group 5 was treated with saline as control.
The progress of infection and mortality of mice were
monitotred for 13 - 16 days. Survival rate was recorded with
the last dose of drugs. The mice were killed 2 days after the
last dose and the fungal load was determined, in terms of
colony forming units (CFU) in lung, liver, kidney, spleen
and brain.

Mouse model of Aspergillosis

The aspergillosis antmal model was established by the
method described by Ahmad et.al (1989). 50 male Balb/c
mice (20 - 25 g) were infected by administering intrave-
nously 0.25ml  Aspergilius  fumigatus spore suspension
2x107cell ml" in physiological saline via the caudal vein.
After 2h, mice were divided into 5 groups of 10. The 1st
and 2nd group of mice received liposomal AmB HPBCD/
SBEBCD (0.5-mg kg! I.V)) and the 3td group received
solvent based liposomal AmB, whereas 4th group recetved
free AmB (0.5-mg kg! 1.V). The 5th group (control)
received physiological saline (Iml kg!) and survival of
mice for 7 days after the therapy was recorded. The CFU
mn lung, liver, kidney, spleen and brain was determined by
sacrificing the mice on the 7th day after therapy.

CFU determination

The én-vivo antifungal activity was evaluated on the basis of
survival rate of animals and number of CFUs in homoge-
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nates of lungs, liver, kidney, spleen and brain. The organs
were excised aseptically washed with physiological saline
and then homogenized i saline. A 25-fold serial dilution
was placed in Sabouraud dextrose agar plates and then
counting for CFU after 48h incubation at 370C(Ahmad et
al, 1989).

Statistical analysis

The CFU data were statistically evaluated by analysis of
variance of one-way classification with unequal frequencies
(Snedecor & Cochran 1968). The heterogeneity of means
for the various organs were tested by the F ratio of treat-
ment variance to the experimental error variance. The sut-
vival data were analyzed using Chi-squared with Yates
correction and by Fisher’s exact test (Fisher et al, 1981).

RESULTS

The stability of the liposomes was evaluated based on
AmB release profiles. As shown in Table 1, higher reten-
tion of AmB within liposomes were observed when the
AmB complexed with sulfobutyl ether (88.2%) and
hydroxypropyl B-Cyclodextrin (87.8%) in comparison to
conventional liposome (without B-CD) where it was
(34.9%).

Table 1: Release of drug (AmB) from liposomes, prepared
by using different 3-CD derivatives.

Release AmE (%) + SE7

Lipceomes preparstion

2 min. G0 min

Solvent bssed liposomal AmB 194422 G3.1+5.5

Proiposome based liposomes
Entrappect

28408
2E+05

122436
11834

AmB—HPBCD
AmB - SBEBCD

Lipozomes compozed of EPC and containing AmBHPBCD and &mBISBEBCD
inclusion complexes st the concentration 200Ul were incubated = 370 Melues
of &mB are % of total in the incubated PBLY preparstions.

alues given are from five differert experiments.

Fig. 1. shows the haemolytic ability of liposome encapsu-
lated AmB-HPBCD and AmB-SBEBCD prepared by the
proliposome method. The dose level of AmB ranged from
0 to 250 pg AmB /ml. In all cases, the degree of haemoly-
sts increased as the dose increased. However, at any dose
of AmB, the haemolytic ability of the different liposomes
showed considerable differences. For mstance, liposome
entrapped AmB - SBEBCD & AmB-HPBCD and solvent-
based liposomal AmB showed comparative mild toxicity
(15, 22 & 27% lysis of erythrocytes) at a concentration of
38 Ug/ml, whereas at the same concentration of free AmB

complete lysts (100%) of erythrocytes was observed. The
cortesponding haemolytic value (100% lysts) for AmB
mtercalated in solvent-based liposomes and proliposome-
based liposomes entrapping AmB-HPBCD & AmB-SBE-
BCD complex was estimated to be 118, 226 and 234 pg /
ml respectively.

100

80

B0

% Haemalysis

40

20

0 50 100 150 200 250 300
amount of smphotericin B (ugiml)

—+—Free AmB —i— Solvent based liposomal AmB

—s8— Pralipozome based liposotnal AmB-HPBCD —I— Prolipozome bazed liposomal AmB-SBEBCD

Figure 1: Erythrocyte lysis caused by amphotericin B
when delivered through different liposomal preparations.
Values are expressed as mean of 9%, lysis of three
separate experiments + standard error of means.

Therapeutic efficacy of various liposomal AmB prepa-
ration on Cryptococcosis and Aspergillosis mouse
model

Cryptococeosis neoformans - infected mice treated with liposo-
mal (AmB — HPBCD or AmB-SBEBCD) showed signifi-
cant reduction in CFU values in lung, kidney and spleen
compared with control animals (Table 2). The single dose
(0.5-mg kg-1 I.V)) was administered to the éz-z/v0 situation
considering the degree of haemolysis (100 %) elicited by
free AmB at a concentration of 38 Ug /ml The CFU
reduction effect of liposome entrapped AmB - SBEBCD
was higher than the liposome entrapped AmB - HPBCD.
It was also observed that AmB —HPBCD and AmB -SBE-
BCD treated mice showed a complete absence of CFU in
the spleen and kidney.
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Table 2: Colony-forming units (CFU) of Cryptococcus
neoformans in different organs and percent survival of
infected mice and effect of chronic treatment with free
and liposomal AmB.

Trestment Tissueddrgan Log CFU 4 Percertage of
[CREEEVE] survival 15 days ater
n=31 the therapy(n = 15)
Control without drug Lurg 4618 +05 Mone sundved
Administration Liver 470 +0.4
Kidney 4929411
Spleen 4863+13
Birain 4133+18
Fres AmEl_‘ Lurg 407 £ 006 a0
0Smgkg | IM) Liver 4.6+ 003
Kidney 4636 + 019
Spleen 4486+ 016
Brain 3IT2£0F
Lipozoma AmB Lung 3617+£03 40
(Sovert bas‘sd) Liver 4274+0.11
(0.5 mogkg 1) Kidney 3885+11
Splesn 354943
Brain JAET£186
Liposoma AmB-HPBCD  Lung 3156 £ 008 @
(Proliposome: based) Liver 2972+ 007
(0.5 mokg 1V Kidney Ml
Spleen Mil=*
Brsin 1161 £ 0.07*
Liposoms AmB-SBEBCD  Lung 2545+ 0.4 B0
(Proliposome based) Liver 2134 +0.03
(05 meg kg™ 13) Kidney il
Spleen Mi*
Brain 1115 £0.04*

The walues are expressed 33 mean £ 5.E. from three separate experiments. Anadysis of variance of
one - ey class fication betneen the trestment means wes heterogeneous and the ttest walues
(Penotailed) veere sigrificant, * p= 005 a0 ** o< 0.0

Treatment with free AmB showed a significant reduction
mn CFU values 1n the lung only when compared with non-
treated control mice. It was observed that control animals
infected with Cryprococcosis neoformans elicited more than 50
and 90% mortality after 9 and 15 days respectively. Treat-
ment with free AmB, conventional liposomal AmB and
liposomal AmB-HPBCD/SBEBCD increased the survival
rate by 20, 40, 50 and 60% respectively.

Aspergillosis mice treated with free AmB showed a signifi-
cant reduction in CFU m both brain and spleen when
compared to untreated control mice (lTable 3). Infected
animals recerving liposomal AmB - HPBCD and AmB -
SBEBCD showed significant reductions m CFU in both
lung and liver with no CFU being observed in brain,
spleen or kidney (Table 3). All the control mice infected
with A. fumigatus died within 5 to 7 days. Infected mice
treated with free AmB, conventional liposomal AmB and
liposomal AmB — HPBCD and AmB - SBEBCD showed
10, 50,70 and 80% survival respectively.

DISCUSSION

The liposome derived from proliposome containing AmB
displayed a distinctly decreased haemolytic activity of AmB
as compared to that of free AmB or AmB 1n solvent based

conventional liposomes.

Table 3: Colony-forming units (CFU) of Aspergilius
fumigatus in different organs and percent survival of
infected mice and effect of chronic treatment with free
and liposomal AmB.

Tregment TizsuedIrgan Log CFU Percentage of
(o tissue) ' surival 15 days after
(n=3) the therapy(n = 15)
Control swithout drig Lung 3327+06 More survved
Admiristration Liver 3634 +04
Kiclney 3TM9+12
Spleen 4196+ 16
Brain 3469+149
Free &mB Lurg 3191+ 038 10
(05 my kg, 14 Liver F4ET + 05
Kidney 379504
Spleen 2875+07
Brain 2085 +03
Lipczoma AmB Lung 2710008 L
[Salvert based) Liver 2035+ 008
(05 mg kg, 1) Kidney 1.843 + 005
Spleen 1775+ 0.04
Brain 1.827 £ 0.07
Liposoma AmBHPBCD  Lung 19108 0.4 7o
P roliposom_; [2==1=x)] Liwver 1583008
(05 mg kg, 1) Kidney Bl
Splesn Mil**
Brain Hi**
Lipcsoma AmB-SEEBCD  Lung 1418+ 002 &0
P roliposmj‘e bazed) Liver 1.038 +0.H
(05 maky™ 1v) Kidney hil#*
Spleen Mil**
Brain il

The vaues sre expressed asmean + S E. fom thres separste experiments. Analysis of varisnce of
one - way class fication bebwesnthe trestment means weas heterogereous and the ttest walues Tao-teled)

were significant, * p =005 and ** = 0.001.

It has been documented that mammalian cell (RBC) toxic-
ity arises from the formation of conducting potes in the
cell membrane, when AmB binds to cholesterol, a major
sterol 1n mammalian membranes (Khutorsky, 1992; Hoo-
gevest, et. al,, 1978; De - Kruyiff etal., 1974; and Bittman
et. al., 1974). It 1s likely that inclusion of AmB — HPBCD
& AmB - SBEBCD reduces the leakage of AmB from pro-
liposome based liposome vesicles and thereby its directly
mteraction with red blood cells, leading to decreased lysis
(McCormack and Gregoriadis, 1996). Our experimental
findings clearly demonstrated that the PBLV entrapped
AmB - SBEBCD inclusion complex were found to be
morte stable than the PBLV entrapped of AmB - HPBCD
by their AmB release pattern. Which 1s in complete agree-
ment with the findings of De-Chasteign (1996), suggesting
that the longer the hydrophobic chain linked to the B-CD,
the higher the association of drug within vesicle. However,
it has also been demonstrated that the binding potential of
the sulfobutylether B-CD derivative is not only dependent
on both sulfobutyl chain length and degree of substitution,
but also on the substrate (phospholipid) properties (Zia et.
al,, 1995). The binding constants for neutral forms of the
drug (AmB) were always greater with SBEBCD than with
HPBCD.
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In the present investigation of antifungal activity (iz-vzvo)
of amphotericin B, no significant differences were
observed between the liposomal formulations of
entrapped AmB-HPBCD and AmB-SBEBCD in the
mouse models of aspergillosis and cryptococcosis. Our
observations are in complete agreement with the eatlier
reports (Moonish et. al,, 1993, Ahmad, et. al, 1989). In
addition our observations also suggest the possibility of
PBLV comprised inclusion complex (AmB - HPBCD /
SBEBCD) behaving as a depot from which the free AmB
1s released slowly to the site of infection, which may be due
to mechanical trappimng of liposomes in the damaged alveo-
lar capillaries (Moonish et al., 1993) and delivery of phago-
cytosed liposomes containing AmB to the infected site via
circulating monocytes and/or macrophages. In addition,
proliposome based liposomal AmB markedly slow down
the rate of transfer of the amphotericinB from the vesicles
to erythrocytes & other tissues and its subsequent removal
from plasma, resulting in higher iz-vzvo stability, residence
time and intrinsic permeability of drug — sterol complex
(Chakraborty & Naik, 2001). Obviously, this specific phys-
1ological event might help to achieve a significant improve-
ment in the therapeutic index of PBLV.

The other possible mechanisms by which PBLV offers
protection against A fumigatus and C.neoformans infection is
the processes of selective uptake by macrophages, which
appears to be a slow complex dissociation rather than rate
of vesicle disimtegration and largely account for the most
of the drug metabolism in the tissues of Reticulo endothe-
lial system (RES).

In conclusion, this is a simple and robust hydroalcohalic
method for én-sitn liposomal preparation that avoids phar-
maceutically unaccepted solvents & energy expensive pro-
cedures such as sonication, suitable to use for bulk
production in pharmaceutical industries. The use of co-
grinding method in ball mill and subsequently controlled
precipitation technique permitted the inclusion complex
formation of tremendous cost effective and revealed a
slower complex dissociation of lipophillic drug AmB from
anionic SBEBCD than neutral HPBCD inclusion. The
proliposome based liposomal vesicles containing AmB —
HPBCD and SBEBCD prepared from structure organiza-
tion of proliposome mixture in the molar ratio of lipid:
ethanol: water (100:80:200) exhibited superior entrapment
efficiency and minimal drug leakage as compare to con-

ventional solvent based liposomal vesicles.

The present experimental findings clearly demonstrated
the potential usefulness of proliposome-based liposome
vesicles in improving therapeutic efficacy of AmB in the
treatment of experimental systemic fungal infection by
reducing haemolytic activity and also improving #n-vive
antifungal activity. The proliposome approach of incorpo-
rating chemically modified B-cyclodextrins showed high
binding affinity and specificity to accommodate water
msoluble molecules (guest) i hydrophobic milieu of the
cavity present in the modified b-cyclodextrins structure
and circumvented liposomal stability problem especially in

biological environment.

It 1s also possible that this approach to stabilization of
liposomal preparation via drug/ B—cyclodextrin inclusion
complexes can also be extended to other wide range of
chemotherapeutic agent’s viz. immuno suppressants and
anticancer agents etc. to enhance and improve their thera-
peutic window and reduce their toxicity profile.
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