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Abstract

The purpose of this study was to design and evaluate a new vaginal delivery system for the local treatment of vaginitis.
Liposomes containing two commonly applied drugs in the treatment of vaginal infections, namely clotrimazole and metron-
idazole, were prepared by the proliposome and the polyol dilution methods. Both types of liposomes were characterised and
compared for particle size, polydispersity, entrapment efficiency, and tested for in vitro stability in media that mimic human
vaginal conditions (buffer, pH 4.5, and vaginal fluid simulant). To achieve application viscosity and to further improve their
stability, liposomes containing drugs were incorporated in a bioadhesive gel made of Carbopol® 974P NF resin. In vitro release
studies have demonstrated that even after 24 h of incubation in vaginal fluid simulant (at 37◦C) more than 30% of the originally
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ntrapped clotrimazole (or 50% of metronidazole) was still retained in the gel. Storage stability studies have proved the
arbopol® 974P NF gel to preserve original size distributions of incorporated liposomes. All the performed experiments

he applicability of bioadhesive liposome gels as a novel delivery system for local therapy of vaginal infections.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Vaginitis is one of the most frequent gynaecological
iseases. Common causes of vaginitis are candidiasis
nd bacterial vaginosis due to infection with mixed
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bacterial flora.Candida is an opportunistic pathoge
causing infection when host defences are impa
or the normal microbial balance is upset. It has b
estimated that 50–75% of women will experie
candidal vaginitis at some time in their lives (Kükner
et al., 1996). Bacterial vaginosis is synonymo
with Gardnerella-associated vaginitis and anaer
vaginosis. It occurs when vaginal concentration
anaerobic bacteria reach 100–100,000 times th

378-5173/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2005.05.022
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normal vagina, in association with suppression of some
components of the normal vaginal flora, such asLacto-
bacillus species (Fischbach et al., 1993). For the treat-
ment of vaginitis, local antimicrobial administration of
clotrimazole (forCandida infections) or metronidazole
(bacterial vaginosis), has been favoured due to the
numerous side effects, toxicity, and teratogenic poten-
tial of the systemically applied drugs (Bouckaert et al.,
1995; Kükner et al., 1996).

To achieve desirable therapeutic effect, vaginal
delivery systems for antimicrobial agents need to reside
at the sites of infection for a prolonged period. Applied
by the vaginal route, clotrimazole and metronida-
zole have a residence time of the delivery system
mostly insufficient to provide adequate therapeutic
effect (Fischbach et al., 1993; Hillier et al., 1993;
Livengood et al., 1994). Hence, there is a need to
develop effective drug delivery systems that should
prolong the contact of the drug with a mucosal sur-
face and enable sustained release of incorporated
drug. Several novel carrier systems were suggested
to be appropriate for vaginal drug delivery: bioad-
hesive tablets (Bouckaert et al., 1995), polycarbo-
phylic hydrogels (Knuth et al., 1993; Brown et al.,
1997), microspheres (Richardson et al., 1996), and
liposomes (Foldvari and Moreland, 1997; Jain et al.,
1997).

Liposomes have been widely used as drug carriers
in topical treatments of diseases, especially in derma-
tology. They are capable to incorporate a variety of
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for the incorporation of liposomes destined for vaginal
delivery.

A previous study has suggested application of lipo-
somes containing antimicrobial drugs for the local
therapy of vaginitis (Pavelíc et al., 1999). Continu-
ing that research, here, we report about design and in
vitro evaluation of a bioadhesive liposome gels con-
taining clotrimazole and metronidazole. Liposomes
composed of egg phosphatidylcholine (EPC) and egg
phosphatidylglycerol–sodium (EPG) in the molar ratio
9:1, were prepared by the proliposome and the polyol
dilution methods and incorporated in the bioadhesive
Carbopol® gel. To be closer to an actual in vivo appli-
cation in women, liposomal gels were tested in media
that simulate human vaginal conditions.

2. Materials and methods

2.1. Materials

Egg phosphatidylcholine (EPC), egg phosphatidyl-
glycerol–sodium (EPG), and Carbopol® 974P NF
were generous gifts from Lipoid GmbH (Lud-
wigshafen, Germany) and BFGoodrich (Brussels, Bel-
gium), respectively. Clotrimazole was a gift from Bayer
Pharma (Ljubljana, Slovenia). Metronidazole was the
product of Fischer (Zurich, Switzerland). Bovine serum
albumin and lactic acid were purchased from Sigma
Chemicals (Deisenhofen, Germany).
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ydrophilic and hydrophobic drugs, to enhance
ccumulation of drug at the administration site

o reduce side effects and incompatibilities (Hope and
itson, 1993). Since liposomes can provide sustai
nd/or controlled release of entrapped drug, they
onsidered to be applied vaginally, too (Jain et al.
997). However, the major limitation of using lip
omes topically and vaginally, is the liquid nature
reparation. That can be overcome by their incorp

ion in an adequate vehicle where original structur
esicles is preserved (Škalko et al., 1998). It has alread
een shown that liposomes are fairly compatible w
els made from polymers derived from crosslin
oly(acrylic acid), such as Carbopol® resins (Pavelíc
t al., 1999). Moreover, some Carbopol® have proved
xcellent bioadhesive properties on the mucosal
ace (Dittgen et al., 1997). Therefore, it seemed logic
o choose gels prepared from those resins as a ve
Phosphate buffer, pH 7.4 was composed of
aCl, 0.19 g/l KH2PO4, and 2.38 g/l Na2HPO4. Phos
hate buffer, pH 4.5 was made of 13.61 g/l KH2PO4 in
emineralised water.

Vaginal fluid simulant (VFS) was prepared fro
.51 g/l NaCl, 1.40 g/l KOH, 0.222 g/l Ca(OH2,
.018 g/l bovine serum albumin, 2 g/l lactic acid, 1
cetic acid, 0.16 g/l glycerol, 0.4 g/l urea, 5 g/l gluco
H of the mixture was adjusted to 4.5 using 0.1 M H
Owen and Katz, 1999).

All chemicals and solvents used in the experim
ere of analytical grade.

.2. Preparation of liposomes

Liposomes containing clotrimazole or metroni
ole were prepared by two methods: the prol
ome (Perrett et al., 1991), and the polyol dilution
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method (Kikuchi et al., 1994). Concentration of lipids
used was the same for all preparations (26 mM, total
lipid).

2.2.1. Proliposome method (procedure)
EPC (180 mg), EPG (20 mg), clotrimazole (20 mg)

were mixed with warm ethanol (160 mg) and the phos-
phate buffer, pH 7.4 (400 mg) to achieve an initial
proliposome mixture. The mixture was stirred for 2 min
at 60◦C, cooled to room temperature and then con-
verted to a liposome suspension by drop-wise addition
of 10 ml of the buffer, pH 7.4. During the last stage of
this procedure, the suspension was stirred continuously
(600 rpm) for 60 min.

2.2.2. Polyol dilution method (procedure)
EPC, EPG (molar ratio 9:1), and clotrimazole

(20 mg) were dissolved in propylene glycol (500 mg)
at 60◦C, and 500 mg of phosphate buffer, pH 7.4 (pre-
viously warmed to the same temperature) was poured
into the lipid-drug-polyol solution. The suspension was
diluted by the addition of a buffer, pH 7.4 (10 ml) dur-
ing continuous magnet stirring (600 rpm) at 60◦C for
45 min and then cooled to room temperature.

Liposomes containing metronidazole (50 mg taken
into preparation, both methods) were prepared under
exactly the same conditions, as above.

Finally, all liposome suspensions were extruded
three times through 0.4�m polycarbonate membrane
filters (LiposoFast, Avestin, Ottawa, Canada).
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2.4. Vesicle size determination

Morphology, size distributions, and mean diam-
eters of the liposomes were determined by image
analysis microscopy technique. Morphology and
size distribution of vesicles (based on the number
of particles) were determined in an Olympus BH-2
microscope equipped with a computer-controlled
image analysis system (Optomax V, Cambridge). In
all the experiments, approximately 10,000 liposomes
were examined (̌Skalko-Basnet et al., 2000). Also,
mean diameters, as well as polydispersity index and
zeta potential of the liposomes, were determined by
photon correlation spectroscopy (PCS) (Zetamaster,
Malvern Instruments, Malvern, UK) 24 h after their
preparation (Pavelíc et al., 2001).

2.5. Preparation of gel

As a vehicle for incorporation of liposomes for vagi-
nal delivery, bioadhesive gel was made. Carbopol®

974P NF (1 g) was dispersed in demineralised water
(88 g) by stirring at 800 rpm for 60 min. Then propylene
glycol (10 g) was added and the mixture was neutralised
by drop-wise addition of 10% NaOH. Mixing was con-
tinued until a transparent gel appeared, whereas the
amount of base was adjusted to achieve a gel with pH
5.5 (Pavelíc et al., 2001).

2.6. Incorporation of liposomes into the gel
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Lipid concentration was determined by quantifi
ion of inorganic phosphate using the method of Bar
Bartlett, 1959).

.3. Entrapment efficiency determination

The entrapment efficiencies were examined to c
are the encapsulation of drug in liposomes prep
y different methods. Unentrapped (free) drug was
rated from liposomal drug by gel chromatography
epharose CL 4B (Pharmacia, Sweden) column u
hosphate buffer, pH 7.4 for elution. The concen

ions of the drugs (both in liposomes and free) w
etermined in all collected fractions spectrophotom
ically, as previously described (Pavelíc et al., 1999).

Recovery of drug was determined for all samp
nd was between 89.6 and 94.7% of the amount t

nto preparations.
Liposomes containing clotrimazole, or metroni
ole (previously separated from the unentrapped d
ere mixed into the 1% (w/w) Carbopol® gel by an
lectrical mixer (25 rpm, 2 min) with the concentrat
f liposomes in gel being 10% (w/w, liposome s
ension/total). Control gels (10% (w/w)) were ma
nder the same conditions. Instead of liposomes t
amples contained free clotrimazole or metronida
Škalko et al., 1998).

.7. In vitro stability studies

Liposome preparations (both suspensions and
ere tested for in vitro stability in the phosphate buf
H 4.5. To be closer to human conditions, the s
xperiments were performed in the vaginal fluid sim

ant (VFS), pH 4.5.
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2.7.1. Liposome suspensions
Liposomes (1 ml), separated from unentrapped

drug, were dispersed in the buffer, pH 4.5 (5 ml) and
incubated at 37◦C using a water bath. Samples were
taken at certain time intervals (1, 2, 4, 6, and 24 h),
separated from the released drug and the amount of
drug determined spectrophotometrically (Pavelíc et al.,
1999).

2.7.2. Liposomal gels
Procedure modified byPeschka et al. (1998)was

applied: samples of gel with incorporated liposomes
containing clotrimazole or metronidazole (3 g) were
put in glass vials and separated from the receptor solu-
tion (phosphate buffer pH 4.5, or VFS) by a layer of 2%
agarose gel. The vials were incubated at 37◦C and the
receptor solution was completely removed at certain
time intervals (1, 2, 4, 6, and 24 h). The amount of the
released drug was determined spectrophotometrically
before and after the addition of methanol.

Simultaneously and under the same conditions, con-
trol experiments (Carbopol® gels with free clotrima-
zole or metronidazole) were done.

2.8. Storage stability study

Samples of gel with liposomes containing drug
(clotrimazole or metronidazole) were stored at 20 and
4 ◦ he
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y n all
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e

3. Results and discussion

3.1. Characterisation of liposomes

The desirable local therapeutic effect of liposomes
as drug carriers can be achieved if they are loaded with a
sufficient amount of active compound. For that reason
liposomes with clotrimazole and metronidazole were
prepared by two methods and compared for entrapment
efficiency, vesicle size and polydispersity (Table 1).
Regardless of the preparation procedure used and the
encapsulated drug, mean diameters of liposomes were
between 270 and 320 nm. There was no statistically
significant difference (t-test, p > 0.05) between aver-
age diameters of liposomes detected by different mea-
suring techniques; image analysis or PCS. However,
liposomes prepared by the polyol dilution method (PD
liposomes) were of a more homogenous size distribu-
tion (data not shown) than those prepared by the pro-
liposome method (proliposomes). This was probably a
consequence of the preparation procedure based on the
preparing of concentrated proliposome mixture, which
was then converted to stable liposome dispersion by
the dilution of the excess aqueous phase (Perrett et al.,
1991). Therefore, even after extrusion was performed
three times through 400 nm pore size membrane filters,
a small amount of the residual proliposome mixture still
remained in the final liposome dispersion affecting the
polydispersity index (about 0.300, regardless of incor-
porated drug) in comparison to PD liposomes (about
0 po-
s zeta
p
t was

T
C

P zole

PD l es

M 293.6
315.8

P 0.248
Z −57.8
E 64.3

L ared b three times
t an diam ue.
b d earlie
0 C during 4 weeks. The physical stability of t
ncorporated liposomes was determined by image a
sis microscopy technique (as described above). I
he experiments, approximately 5000 liposomes w
xamined.

able 1
haracterisation of liposomes

arameter Liposomes with clotrima

Proliposomes

ean diameter (nm) 277.9± 3.0a

310.1± 4.7b

olydispersity index 0.307± 0.040
eta potential (mV) −56.5± 4.2
ntrapment efficiency (%) 71.2± 5.9

iposomes containing clotrimazole or metronidazole were prep
hrough polycarbonate membrane filters, pore size 400 nm. Me
Entrapment of drug in liposomes was determined as describe
.240, respectively). Because the same lipid com
ition was used for all liposome preparations,
otential values were similar (Table 1). Considering

he entrapments of drugs, rather high entrapment

Liposomes with metronidazole

iposomes Proliposomes PD liposom

± 6.1a 298.7± 5.8a 305.1± 3.1a

± 7.5b 320.1± 6.2b 331.4± 7.2b

± 0.021 0.295± 0.034 0.240± 0.054
± 3.3 −54.6± 6.0 −55.7± 2.1
± 8.9 7.3± 1.2 5.5± 0.9

y the proliposome and the polyol dilution method and extruded
eters were determined by PCSa as well as by an image analysis techniq
r. The values denote the mean± S.D. (n = 3).
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observed with lipophilic drug clotrimazole (64–71%)
(Table 1). That could be explained by its affinity to
be incorporated in the phospholipid bilayers of lipo-
somes. However, both preparation methods resulted
in low entrapment efficiencies for metronidazole, a
drug known for its low solubility in both hydrophilic
and lipophilic media (logP = 0.75) (Mafhouz and
Hassan, 2001). In order to confirm possible interactions
of the drug with liposome membranes further studies
based on differential scanning calorimetry can be rec-
ommended.

3.2. In vitro stability and release studies

In order to develop a liposomal drug carrier system
for localised and sustained vaginal delivery, it was nec-
essary to check the stability of liposomes in conditions
simulating vaginal environment. Since, healthy human
vaginal mucous is characterised by pH ranging between
4.0 and 5.0 (Caillouette et al., 1997) experiments were
performed in the pH 4.5 phosphate buffer (Pavelíc et al.,
1998). A variety of compounds from the vaginal fluid
can influence the flow, retention, drug delivery kinet-
ics, and bioactivity of therapeutic formulations applied
vaginally (Owen and Katz, 1999). Therefore, in vitro
stability of liposomes was examined in the VFS, too.
As can be seen inFig. 1, liposomes (prepared by both
methods and containing different drugs) were most sta-
ble at pH 7.4 (control). However, at pH 4.5 a fast release
of the originally entrapped clotrimazole was observed
w
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a ter-
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Fig. 1. In vitro stability of liposomes with clotrimazole (A) and
metronidazole (B). Liposome suspensions, free from the unentrapped
drug, were incubated in different testing media at 37◦C. Samples
were taken at certain time intervals and the concentration of the drug
still present in liposomes was determined spectrophotometrically.
Indicated values are the means of three experiments (±S.D.).

buffer pH 4.5, liposomes prepared by both methods
could retain a higher amount of originally entrapped
marker (e.g. more than 60% calcein was remained
in PD liposomes after 24 h, or even more than 80%
of FITC-dextran 21,200, respectively). Comparison of
those findings with the results obtained with clotrima-
zole and metronidazole, demonstrate a better stability
of water-soluble compounds. That could be explained
by the hydrophilic nature of calcein at neutral pH
in liposomes, whereby membrane penetration is very
slow and liposomes could retain a higher amount of
the originally entrapped calcein. In the case of FITC-
dextrans, an even better stability in the buffer pH 4.5
than in study with calcein, is probably a consequence
of steric effects due to the higher molecular weight of
encapsulated compounds.

To be closer to application of liposomes in humans,
an appropriate viscosity of liposomal preparations is
ithin first hour of incubation at 37◦C and slower in
he following 23 h (Fig. 1A). So even after 24 h, mo
han 55% of the drug still remained in the liposom
egardless of the preparation procedure used. W
xperiments were carried out in VFS, negligible lo
mount of originally entrapped clotrimazole was de
ined in liposomes (in comparison to results at pH 4

hus confirming predominant effect of pH on the sta
ty of liposomes (Fig. 1A). Similar patterns in the p
.5 and VFS were observed with liposomes contai
etronidazole (Fig. 1B). There was no found stat

ically significant difference (t-test,p > 0.05) betwee
tability of liposomes in the buffer, pH 4.5, and V
or both preparations.

In previous experiments with hydrophilic mod
ubstances of different molecular weights: calcein
22.5 (Pavelíc et al., 2001), FITC-dextran Mw 440
nd FITC-dextran 21,200 (Pavelíc et al., 2004), in the
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necessary. This can be achieved by their incorporation
in a vehicle suitable for vaginal self-administration,
such as a gel. Because a prolonged retention on the
mucous is often required for the desired therapeu-
tic effect, research efforts have been made on using
hydrophilic polymers with bioadhesive characteristics
to improve drug delivery via vagina (Knuth et al.,
1993). It has already been proven that liposomes are
compatible with polymers derived from polyacrilic
acid, such as Carbopol® resins (̌Skalko et al., 1998;
Pavelíc et al., 2001). Since Carbopol® 974P NF is
known for its excellent bioadhesivity on the mucous,
it seemed reasonable to choose that resin to make a
gel-like vehicle for the incorporation of liposomes.

In this study, proliposomes containing clotrimazole
or metronidazole were mixed into 1% Carbopol® 974P
NF gel and tested for in vitro release of the entrapped
drugs. As described earlier (Pavelíc et al., 2001), a
modified method byPeschka et al. (1998)was applied
to follow the release of clotrimazole (or metronida-
zole) from liposomes incorporated in the bioadhesive
gel. The porosity of the 2% agarose matrix permitted
intact liposomes and released (free) drug to diffuse
through matrix into the receptor solution (buffer, pH
4.5 or VFS). The amount of the drug released from the
gel was determined spectrophotometrically, before and
after the addition of methanol to the supernatant over
the agarose matrix.

Results presented inTables 2 and 3confirm a slower
release of both drugs from liposomes after their incor-

poration in the bioadhesive gel. Moreover, incorpo-
ration of liposomes in the gel further improved their
stability in both tested media. After 24 h of incubation
at 37◦C in the buffer pH 4.5, more than 70% of the
originally entrapped clotrimazole was still retained in
liposomes incorporated in the gel, in comparison to
control (2%). There were no found statistically sig-
nificant differences (t-test, p > 0.05) between values
obtained at pH 4.5 and VFS (Table 2). When the gel
with liposomes containing metronidazole was tested, a
faster release of the drug was observed both in buffer
pH 4.5 and VFS (Table 3).

The model used to study the release of drugs from
liposomes incorporated in gel gave valuable infor-
mation about intact liposomes released from the gel
through agarose matrix into the receptor media. That
value (intact liposomes) was calculated as a difference
between total drug (after addition of methanol) and
free drug (before addition of methanol) to the super-
natant over the gel. As presented inTables 2 and 3, the
percentage of diffused intact liposomes was higher in
the buffer pH 4.5 than in VFS (t-test,p > 0.05), indi-
cating less stability of liposomes in the presence of
vaginal fluid components. So after 24 h of incubation
in the buffer pH 4.5, about 56% of the intact liposomes
with clotrimazole were released, while 34% were
released when experiments were performed in VFS.
However, liposomes with metronidazole (Table 3) were
less stable than liposomes containing clotrimazole (t-
test, p > 0.05). After 24 h, only 9% of intact lipo-

T
I orated

T otrimaz %)

.07a

.03b

1.02a

.62b

1.81a

.04b

7.13a

.53b

2 4.47a

.67b

S he buff as
d liposom taining free
c ly. Ind
able 2
n vitro release of clotrimazole, entrapped in liposomes, incorp

ime (h) Free clotrimazole (%) Total cl

1 6.86± 1.93a 15.85± 4
9.05± 5.82b 19.16± 3

2 10.18± 2.31a 28.18± 1
14.38± 7.48b 28.63± 4

4 14.52± 2.48a 42.26± 1
19.84± 8.80b 38.76± 5

6 17.64± 3.00a 56.60± 1
24.88± 9.91b 48.89± 6

4 24.58± 2.06a 80.94± 2
33.26± 11.95b 68.10± 9

amples of gel containing proliposomes were incubated in t
etermined in the release media before and after disruption of
lotrimazole, without liposomes) were performed simultaneous
a Buffer, pH 4.5.
b VFS, pH 4.5.
in the gel

ole (%) Intact liposomes (%) Control (

8.99± 4.54a 15.28± 2.68
10.11± 6.40b

18.00± 10.55a 26.48± 5.20
14.25± 8.63b

27.74± 12.25a 38.07± 6.89
18.91± 8.88b

38.96± 17.03a 50.94± 8.60
24.01± 10.43b

56.36± 24.46a 98.14± 9.84
34.84± 12.41b

er, pH 4.5 (for details see Section2). The amount of clotrimazole w
es by the addition of methanol. Control experiments (gel con

icated values are the means of three experiments (±S.D.).
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Table 3
In vitro release of metronidazole, entrapped in liposomes, incorporated in the gel

Time (h) Free metronidazole (%) Total metronidazole (%) Intactliposomes (%) Control (%)

1 4.69± 0.46a 6.94± 0.87a 2.25± 0.46a 6.93± 3.43
5.02± 0.19b 5.36± 0.50b 0.34± 0.30b

2 9.67± 1.32a 13.82± 2.36a 4.15± 1.07a 13.37± 3.89
10.21± 0.15b 11.03± 0.67b 1.18± 0.49b

4 16.67± 2.80a 22.20± 3.95a 5.53± 1.92a 28.36± 6.11
17.39± 0.46b 19.11± 1.80b 1.72± 1.70b

6 23.10± 4.53a 30.34± 5.40a 7.24± 2.42a 37.64± 7.23
23.71± 0.62b 26.54± 2.41b 2.82± 2.70b

24 32.39± 10.65a 46.24± 12.42a 13.85± 3.09a 88.41± 7.21
42.24± 2.36b 51.25± 3.59b 9.01± 3.97b

Samples of gel containing proliposomes were incubated in the buffer, pH 4.5 (for details see Section2). The amount of metronidazole was
determined in the release media before and after disruption of liposomes by the addition of methanol. Control experiments (gel containing free
metronidazole, without liposomes) were performed simultaneously. Indicated values are the means of three experiments (±S.D.).

a Buffer, pH 4.5.
b VFS, pH 4.5.

somes were detected in the presence of vaginal fluid
components.

When the amount of retained clotrimazole (or
metronidazole) in gel is plotted against the square root
of time, a linear correlation according to Higuchi equa-
tion (Higuchi, 1961) is obtained, thus showing matrix-
controlled diffusion of the released drug (Fig. 2).

In studies with hydrophilic compounds (Pavelíc
et al., 2001, 2004), after 24 h of incubation in the
buffer pH 4.5 only 16% of the originally encapsulated
calcein, or 12% of FITC-dextran 4400, or 8% of FITC-
dextran 21200 were released from the Carbopol® gel.
Those findings were expected because of the inverse
correlation between the release rate and the molecu-
lar weight of the encapsulated marker. In the present
research, faster release of metronidazole from lipo-
somes incorporated in gel was probably due to the
physico-chemical characteristics of the drug (Mafhouz
and Hassan, 2001). Since pH of gel was 5.5 and investi-
gations were performed in media of lower pH (pH 4.5),
due to solubility of drug in acid, these results seem to
be quite reasonable.

Regarding the physical properties of a vehicle for
incorporation of liposomes, it has been confirmed that
Carbopol® 974P NH gel offers adequate pH value and
rheological properties (Pavelíc et al., 2001). Due to the
well-known loss of viscosity caused by sodium ions
(Dittgen et al., 1997) from buffer in which liposomes
were made, original gel was made in the concentra-
tion of 1% (w/w) and after addition of 10% liposomes,

suitable application viscosity was achieved (Pavelíc et
al., 2001). In order to provide a stable vehicle for vagi-
nal administration in which liposomes are distributed
uniformly and their structure is preserved, a storage sta-
bility study was performed. Liposomal gels with clotri-

Fig. 2. Cumulative release of clotrimazole (A) and metronidazole
(B) from proliposomes incorporated in bioadhesive gel in different
media. The data are plotted according to Higuchi Eq. (22). Indicated
v
alues are the means of three experiments (±S.D.).
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Fig. 3. Size distributions of liposomes incorporated in gel and stored
for 4 weeks at 20 and 40◦C. Proliposomes containing clotrimazole
(A) or metronidazole (B) were incorporated in 1% Carbopol® 974P
NF gel and tested for storage stability by image analysis microscopy
(for details see the text). Mean diameters of liposomes were: 310 nm
(A) or 320 nm (B) immediately after incorporation in a vehicle,
373 nm (A) or 378 nm (B) after 4 weeks at 20◦C, and 414 nm (A) or
426 nm (B) after 4 weeks at 40◦C, respectively.

mazole and metronidazole were kept for 4 weeks at 20
and 40◦C (stress testing). During those experiments,
the size distribution and mean diameter of the incorpo-
rated liposomes were determined. Results presented in
Fig. 3demonstrate that after 4 weeks of storage at stress
conditions (40◦C), the mean diameter changed from
310 to 414 nm, but the distribution stayed statistically
similar (Fig. 3A). A similar behaviour was obtained
with preparation containing metronidazole (Fig. 3B).

4. Conclusions

Proliposome and polyol dilution methods yield sim-
ilar entrapment efficiency for both clotrimazole and
metronidazole. Both types of liposomes were similarly
stable in the buffer pH 4.5, chosen to simulate vaginal
pH, as well as in the VFS. Incorporation of liposomes

containing clotrimazole (or metronidazole) in a bioad-
hesive gel improved their stability in media that mimic
vaginal environment and slowed down the release of
the drugs, confirming possible application of liposomes
containing antimicrobial drugs as a novel delivery sys-
tem for local treatment of vaginitis.
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