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Abstract. The purpose of this study was to prepare and characterize an ocular effective prolonged-release
liposomal hydrogel formulation containing ciprofloxacin. Reverse-phase evaporation was used for
preparation of liposomes consisting of soybean phosphatidylcholine (PC) and cholesterol (CH). The
effect of PC/CH molar ratio on the percentage drug encapsulation was investigated. The effect of
additives such as stearylamine (SA) or dicetyl phosphate (DP) as positive and negative charge inducers,
respectively, were studied. Morphology, mean size, encapsulation efficiency, and in vitro release of
ciprofloxacin from liposomes were evaluated. For hydrogel preparation, Carbopol 940 was applied. In
vitro transcorneal permeation through excised albino rabbit cornea was also determined. Optimal
encapsulation efficiency of 73.04+3.06% was obtained from liposomes formulated with PC/CH at molar
ratio of 5:3 and by increasing CH content above this limit, the encapsulation decreased. Positively
charged liposomes showed superior entrapment efficiency (82.01+0.52) over the negatively charged and
the neutral liposomes. Hydrogel containing liposomes with lipid content PC, CH, and SA in molar ratio
5:3:1, respectively, showed the best release and transcorneal permeation with the percentage permeation
of 30.6%. These results suggest that the degree of encapsulation of ciprofloxacin into liposomes and
prolonged in vitro release depend on composition of the vesicles. In addition, the polymer hydrogel used
in preparation ensure steady and prolonged transcorneal permeation. In conclusion, ciprofloxacin
liposomal hydrogel is a suitable delivery system for improving the ocular bioavailability of ciprofloxacin.
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INTRODUCTION

Drug delivery in ocular therapy has long been a difficult
task. Poor bioavailability of drugs from conventional ocular
dosage forms is mainly due to the precorneal loss factors,
which include tear dynamics, insufficient residence time in the
conjunctival sac and non-productive absorption (1-3).

Fluoroquinolones, as a group, have shown excellent activity
against the most frequently occurring gram-positive and gram-
negative ocular pathogens (4-8). Earlier generation Fluoroqui-
nolones such as ofloxacin have used widely to treat various
pathogenic conditions. However, development of resistant
strain against these fluroquinolone has been reported (9,10).

Ciprofloxacin, a fluoroquinolone antibacterial agent, is
active against a broad spectrum of aerobic Gram-positive and
Gram-negative bacteria. Resistance to this drug develops slowly,
and minimal toxicity is associated with its use. It is currently the
drug of choice as an anti-infective agent for the eye (11,12).
Ciprofloxacin is water-soluble drug; its aqueous solubility is
35 mg/ml (13). Efficacy of the marketed ophthalmic fluoroqui-
nolone products, mostly aqueous solutions, is limited by poor
ocular bioavailability, compelling the frequent dosing regimen
and the concomitant patient compliance (14,15).
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In order to improve ophthalmologic bioavailability of
drugs and to prolong the therapeutic action, introduction of
novel delivery systems, including vesicular drug delivery
systems, like liposomes have recently been proposed (16—
19). Liposomes have investigated since 1970 as a system for
the delivery or targeting of drugs to the specific sites in the
body. Some liposomal drug delivery systems exhibited
superior pharmacological properties to those observed with
conventional formulation (20). Activity of liposomes as a
carrier for drugs depends upon various factors such as charge,
rigidity, composition of the liposomal membrane, encapsula-
tion efficiency and release rate (21-24). Liposomes can be
formulated from a variety of lipid and lipid mixtures with
different composition (25), they can be modified in particle
size, structure, and surface charge to obtain desirable
physicochemical properties to suit particular needs (26,27).

Recently, due to the low viscosity of colloidal suspen-
sions of liposomes that does not allow sufficient retention
time of the dosage form at site of action, different hydrogel
matrices such as carbopol 940 have been used to increase the
viscosity of topical preparation and to increase the retention
time of the formulation at site of administration due to good
bioadhesive properties. In addition, the liposomal hydrogel
ensure a steady and prolonged release of ciprofloxacin from
liposomes, and make an intimate contact with corneal and
conjunctival surface. The objective of the present study was to
prepare and characterize topically effective prolonged-release
ophthalmic ciprofloxacin liposomal-based hydrogel formula-
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tion. The factors influencing the encapsulation of ciproflox-
acin into liposomes were investigated, characterization of the
prepared liposomes regarding morphology, particle size, and
in vitro drug release was performed, liposomal based hydro-
gel was prepared, in vitro transcorneal permeation study was
carried to investigate the permeation properties of ciproflox-
acin from optimized liposomal hydrogel formulation.

MATERIALS AND METHODS
Materials

Ciprofloxacin, soybean phosphatidylcholine, and choles-
terol were purchased from Sigma Chemical Company (St.
Louis, USA). Stearylamine, dicetyl phosphate was obtained
from Fluka Chemical Company (Germany), carbopol 940 at
BF Goodrich Company (USA), and triethanolamine at Junsei
Chemical Company (Japan). All other reagents were com-
mercially available and of analytical grade. Spectra/Pore®
dialysis membrane (12,000-14,000 molecular weight cutoff)
was purchased from Spectrum Laboratories Inc. (USA).

Methods

Preparation of Liposomes. Ciprofloxacin liposomes were
prepared using the reverse-phase evaporation technique (28).
The lipid component (300 mg) including PC and CH, either
alone or mixed with SA or DP, were accurately weighed into
a round-bottom flask and dissolved in chloroform/methanol
mixture (1:2v/v). A thin lipid film formed on the inner side of
the flask by evaporating the organic solvents under vacuum
using rotary evaporator at 40°C (Buchi R-110 Rotavapor,
Switzerland). The lipid film redissolved in 10 ml ether and the
drug solution (100 mg) in 10 ml acetone together with 10 ml
phosphate buffered saline (PBS, pH 7.4) added. The mixture
was then placed on the rotary evaporator to evaporate
organic solvent. The liposomes allowed equilibrating at room
temperature, and then the liposomal suspension was com-
pleted to 10 ml with PBS, which was kept in the refrigerator
overnight.

Determination of Ciprofloxacin Entrapment Efficiency in
Liposomes. To determine the encapsulation efficiency of
liposomes, a known amount of liposomes was centrifuged at
10,000 rpm for 30 min at 4°C (Bechman Coulter Inc,
Fullerton, CA). The liposomes separated from the super-
natant and sonicated with methanol for 15 min. The concen-
tration of ciprofloxacin in methanol was determined
spectrophotometrically at 273 nm in spectrophotometer
(UV-1601 PC, Schimadzu, Japan). The entrapment efficiency
(EE percent) was calculated as follows

EE% = [Me/Mt] x 100% (1)

Where Me and Mt represent the encapsulated ciproflox-
acin and total ciprofloxacin amount, respectively. EE percent
was determined to evaluate the effect of PC/CH molar ratios
on EE percent using different molar ratios for PC/CH ( 5:1,
5:2, 5:3, 5:4, and 5:5) with constant added ciprofloxacin
content. In addition, EE percent was determined to study
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effect of adding positive charge inducer (SA) and negative
charge inducer (DP) on EE percent of ciprofloxacin in
liposomes.

Morphology and Size Analysis of Liposomes. The phys-
ical morphology of samples of ciprofloxacin liposomes
composed of PC/CH in molar ratio 5:3 were examined using
transmission electron microscope (ZEISS, EM 10, Germany).
A drop of liposome dispersion sample applied on a 300-mesh
collodion copper grid on paraffin and left for 10 min to allow
some of the liposome powder to adhere on the collodion. The
remaining dispersion was removed, and a drop of 2%
aqueous solution of uranyl acetate was applied for 2 min.
The remaining solution was then removed, and the sample
was air-dried, prior to measurement with a transmission
electron microscope. The mean particle size was determined
by using laser diffraction particle size analysis (Malvern
Instruments Ltd., Malvern, UK).

In Vitro Drug Release Studies. The in vitro release of
ciprofloxacin from neutral, positively, and negatively charged
liposomes was measured using dialysis method. Dialysis
method was applied using a Spectra/Pore® dialysis mem-
brane (12,000-14,000 molecular weight cutoff). This mem-
brane assures the permeation of the drug and at same time
retains liposomal forms (27).

An accurately measured amount of ciprofloxacin li-
posomal suspension equivalent to 3 mg ciprofloxacin sus-
pended in 1 ml PBS (pH 7.4) in a glass cylinder having a
length of 8 cm and diameter of 2.5 cm. This cylinder was
fitted, before addition of liposomal suspension, with a
presoaked dialysis membrane and was suspended in the
dissolution flask of the United State Pharmacopeia (USP)
dissolution tester (Pharma test, Hainburg, Germany) con-
taining 75 ml PBS (pH 7.4) and maintained at a temperature
of 37°C. The glass cylinder adjusted to rotate at a constant
speed (75 rpm). At predetermined time intervals (0.5, 1, 1.5,
2, 3,4, 6, and 8 h), 4 ml of the release medium withdrawn
and assayed spectrophotometrically for drug content at
273 nm.

Preparation and In Vitro Release of Ciprofloxacin from
Liposomal Hydrogel. Hydrogel dosage form of ciprofloxacin
liposomes were prepared using deionized water as a vehicle
and carbopol 940 as gelling agent at concentration of 1.5%
(w/w). After complete hydration of the carbopol (150 mg) by
6.5 ml of deionized water, 3.5 ml of ciprofloxacin liposomal
suspension composed of PC, Ch, and SA in a molar ratio
(5:3:1) were added to prepare 10 gm of hydrogel with a
concentration of 0.3% (w/w) of the drug and pH 5.9+0.1.
Then the in vitro release of ciprofloxacin from prepared
hydrogel measured using the same method as liposomal
suspension and compared with 0.3% ciprofloxacin aqueous
solution and liposomal suspension.

In Vitro Drug Transcorneal Permeation. The transcor-
neal experiment performed with a conventional diffusion
chamber. Albino rabbits were humanely killed by intravenous
injection of excess sodium phenobarbital and the whole eyes
enucleated. The method of dissection of cornea was the same
as those described previously (29). The corneas of both eyes
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were excised and then mounted on the diffusion chamber.
The receptor compartment was filled with 10 ml of PBS (pH
7.4), while 1 gm of hydrogel containing ciprofloxacin li-
posomes, or 1 ml of ciprofloxacin solution (composed of pure
drug dispersed in distilled water), or 1 ml of ciprofloxacin
liposomal suspension were applied to the epithelial side. The
temperature in the diffusion chamber maintained at 34°C by
thermostatic water bath. The receptor buffer was removed
0.5, 1, 1.5, 2, 3, 4, and 6 h and immediately replaced by
previously aerated fresh receptor buffer. The samples
analyzed spectrophotometrically for drug content at
273 nm. Results expressed as amount permeated and percent
permeation or in vitro ocular availability as follows:

Permeation (%) = [Ap/At] x 100 (2)

Where Ap and At represent amount of ciprofloxacin
permeated in receptor and initial amount of ciprofloxacin in
donor, respectively.

RESULTS AND DISCUSSION
Factors Affecting Entrapment Efficiency

Figure 1 shows the effect of molar ratio of PC/CH on the
EE percent of ciprofloxacin in liposomes. As observed, the
EE percent increase by increasing the (CH) content until
certain limit, above which the EE percent decrease by
increasing (CH) concentration. The maximum EE percent
of ciprofloxacin into liposomes (73.04+3.06) was obtained
from liposomes with PC/CH molar ratio (5:3). The 1-way
analysis of variance (ANOVA) showed that a significant
difference in EE percent between liposomes with different
molar ratio of PC: CH ( p<0.001). The increase in EE percent
caused by increased CH content occurs because of increased
cholesterol concentration in lipid bilayer and the rigidity of
bilayer increase, resulting in higher stability and reduce
permeability of the liposomal membrane (30) and hence
greater drug retention (31). Decreasing EE percent with
increasing cholesterol ratio above a certain limit may be due
to that increasing cholesterol above certain concentration can

EE%

5: S:
PC:CH molar ratio

Fig. 1. Effect of molar ratio of PC/CH on ciprofloxacin entrapment
efficiency (EE percent; mean+SD, n=3)
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Fig. 2. Effect of charge on ciprofloxacin entrapment efficiency (EE
percent; mean+SD, n=3)

disrupt the regular linear structure of liposomal membrane
(32). Thus, the ratio 5:3 (PC/CH) was the most efficient
regarding EE percent.

The effect of charge inducing agents on EE percent of
ciprofloxacin in liposomes contain PC/CH in molar ratio 5:3 is
shown in Fig. 2. The positively charged liposomes contain PC/
CH/SA in molar ratio 5:3:1exhibited the highest EE percent
(82.01+0.52), followed by neutral ones contain PC/CH in
molar ratio 5:3 (73.04+3.66), and then by negatively charged
ones containing PC/CH/DP in molar ratio 5:3:1 (65.52+1.57).
This order of EE percent would result because ciprofloxacin
this could be due to that ciprofloxacin is a zwitterion, which
has 2 pka (approximately 6 and 8.8) and isoelectric point at
pH 7.2. So at pH 7.4, ciprofloxacin presents in a form of
ionized negative charge carboxylic group, so an electrostatic
attraction would occur between the drug and positively
charged SA, this attraction leads to increasing EE% when
compared with negatively charged liposome. On the other
hand, electrostatic repulsion would occur between drug and
negatively charged (DP) lead to decrease EE percent less
than that for neutral liposomes. Similar results also obtained
during the incorporation of charge inducing agent into
azathioprine liposomes (33), indomethacin liposomes (34),
and acetazolamide liposomes (35).

Morphology and Size Analysis of Liposomes

Figure 3 shows the ciprofloxacin liposomes prepared by
reverse-phase evaporation method by molar ratio 5:3 (PC/
CH); it revealed the presence of homogenous unilamellar
vesicles with one phospholipid bilayer. As observed, they are
well-identified spheres with large internal aqueous space; they
exist in disperse and aggregate collections.

The results of particle size analysis were 1,850, 1,720, and
1,630 nm for positive, negative, and neutral liposomes,
respectively. These orders would result because in positively
charged liposomes, many factors lead to increase in size. First,
the inclusion of charge leads to increase spacing between the
adjacent bilayer (36); second, the inclusion of large amount of
ciprofloxacin as mentioned in EE percent determination;
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Fig. 3. Transmission electron microphotograph of ciprofloxacin
reverse-phase evaporation liposomes composed of PC/CH (5:3)
molar ratio. Magnification x10,000

third, those positively charged electrostatically attracts the
drug, which pushes phospholipid head group apart, leading to
increasing the particle diameters (37). The particle diameter
of negatively charged liposomes are also larger than neutral
ones; this is due to the fact that inclusion of charge leads to
increase spacing between adjacent bilayer.

In Vitro Drug Release Study
Figure 4 shows the release profile of ciprofloxacin from

neutral, positively, and negatively charged liposomes. From
all release profile, it is obvious that the negatively charged

100 ~

% Released
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liposomes show the highest rate and extent of drug release
followed by neutral and finally, the positively charged ones
that give more prolonged and controlled release. This order
may be due to electrostatic attraction forces that may exist
between anion drug and amino moiety of (SA). Electrostatic
repulsion may occur between the drug and negatively charged
liposomes resulting in a higher rate of drug release. 1-way
ANOVA reveals that the difference is not significant at (p<
0.01). Due to the non-significant difference in the in vitro
release and due to higher EE percent of positively charged
liposomes as mentioned before, a positively charged li-
posomes with lipid content PC, CH, and SA in molar ratio
(5:3:1) was chosen for preparation of the liposomal hydrogel,
in order to prepare topically effective prolonged-release
ophthalmic ciprofloxacin formulation.

In Vitro Drug Release From Liposomal Hydrogel

Figure 5 shows the release profile of ciprofloxacin from
0.3% aqueous solution, suspension of ciprofloxacin liposomes
with lipid content PC, CH, and SA in (5:3:1) molar ratio
(uncoated), and liposomes dispersed in 1.5% (w/w) carbopol
gel (coated). It is clear that the encapsulation of ciprofloxacin
within liposome extends the time require for ciprofloxacin
release. The time required for 75% ciprofloxacin release is
6 h in comparison with 2 h for 75% release from 0.3%
aqueous solution. This result can explained by the presence of
cholesterol in bilayer above the phospholipids, which modu-
lates fluidity by restricting the movement of ciprofloxacin,
reducing bilayer permeability, and decreasing the efflux of the
encapsulated drug, resulting in prolonged drug retention
(38,39). It is also clear that ciprofloxacin release was retarded
and more extended by the presence of the carbopol coat,
about 10 h required for 75% release of ciprofloxacin. This
may due to the higher viscosity of polymeric hydrogel, which
provide an extra barrier for ciprofloxacin release (40).

In Vitro Drug Transcorneal Permeation

Transcorneal permeation profile of ciprofloxacin from its
0.3% aqueous solution, liposomal suspension, and 0.3%

Time (hr)

—a—PC:CH:DP (5:31) —x—=PC:CH(5:3) +PC:CH:SA(S:3:1J‘

Fig. 4. Effect of charge on release profile of ciprofloxacin from liposomes (mean+SD, n=3)
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Fig. 5. In vitro release profile of ciprofloxacin from liposomal hydrogel and liposomal
suspension in comparison to its solution (mean+SD, n=3)

liposomal hydrogel are represented in Fig. 6. The extent of
drug permeation after 6 h from liposomal hydrogel and
aqueous solution was significantly different. The cumulative
amount of ciprofloxacin permeated after 6 h was 918+
25.11pg, and percentage permeated was 30.6% from Ili-
posomal hydrogel, while the cumulative amount permeated
from liposomal suspension was 614+14.2, and percent perme-
ated was 20.4%. However, the cumulative amount permeated
from aqueous solution was 201+8.7ug only, and the percent
permeated was 6.7%; this means that liposomal suspension
show 3-folds higher permeation percent than aqueous solution.
This may explained by the fact that an electrostatic attraction
force occur between positively charged liposomes and neg-

atively charge corneal membrane. We speculate then that
liposomes, adsorbed to the corneal surface, transfer their
membrane-associated drug directly to the corneal epithelial
cell membranes, thereby facilitating drug transport across the
cornea (41,42). Other mechanisms such as endocytosis of
liposomes or fusion of liposome membrane with the plasma-
lemma are also involved in enhanced transport (43). While
liposomal hydrogel show 5-folds higher permeation than
aqueous solution, this may explained by the fact that mucoad-
hesive properties of hydrogel base ensures an intimate contact
between liposomes and corneal membrane which prolong the
retention of the formulation at the site of administration, which
is beneficial for enhancing permeation (44,45).
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Fig. 6. Transcorneal permeation profile of ciprofloxacin from liposomal hydrogel and
liposomal suspension in comparison to its solution (mean+SD, n=3)



246

CONCLUSION

Based on these studies, it can be concluded that
formulation of ciprofloxacin as liposomal hydrogel will
provide the maximum in vitro ocular availability through
albino rabbit cornea. Addition of cholesterol in liposomes
increases ciprofloxacin encapsulation efficiency until certain
concentration. Addition of stearylamine as positive charge
inducer enhances encapsulation efficiency. Dispersion of li-
posomes in hydrogel matrix ensures a steady, prolonged release,
and higher transcorneal permeation, which improve ocular
bioavailability about five times more than aqueous solution.
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