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Abstract We investigated the pharmaceutical and physico-
chemical properties of different multivesicular liposome
(MVL) formulations for the delivery of Rose Bengal (RB)
into skin layers for topical photodynamic therapy. The drug
content, uniformity, spreadability and release kinetics of the
optimum hydrogel formulation were studied. Skin penetra-
tion of the prepared gels was studied in albino mice using
fluorescence microscopy and the photodynamic properties
were evaluated. The loading efficiency of MVL ranged
from 56% to 79%. In vitro RB release from MVL followed
Higuchi's diffusion mechanism and the amount of RB
released after 2 h from the optimum MVL (comprising D,L-
dipalmitoylphosphatidyl choline, cholesterol and tripalmitin
at a molar ratio of 1:0.7:0.1, respectively) was 2.5-fold
higher than from the other MVL formulations. The type and
concentration of phospholipids did not significantly (p >
0.05) affect vesicle size but significantly (p < 0.05)
increased the encapsulation capacity and thermal properties.
RB in hydrogel was spreadable and uniformly distributed.
Fluorescence microscopy 30 min after topical application to
the skin of mice showed that RB loaded into MVL was
significantly (p < 0.05) more distributed into the dermal
layers than free RB which accumulated in the epidermis.
This finding was confirmed by the presence of superficial
necrotic cells in histological sections of skin treated with
free RB and the presence of RB in the deep dermal layers
of sections of skin treated with the MVL-RB formulation
and irradiated for 10 min with light of wavelength 550 nm
from a light emitting diode at 80 mW. MVL hydrogel is a
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promising topical delivery system which allows successful
delivery of RB into skin layers for different photodynamic
therapies in dermatology.
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Introduction

Photodynamic therapy (PDT) is an emerging modality for
the treatment of neoplastic and non-neoplastic diseases. The
photochemical mechanism underlying PDT processes
involves absorption of visible radiation by the dye
molecules and subsequent formation of reactive intermedi-
ates, such as singlet oxygen ('0,), superoxide anion (O*")
and other reactive oxygen species and radicals of the dyes
[1, 2]. Rose Bengal (RB) is a potent xanthene photosensi-
tizer that has largely been overlooked as a potential
candidate for PDT [3, 4]. The feasibility of topical delivery
of RB to the epidermis using hydrophilic formulations has
been evaluated, and such formulations have been shown to
be able to deliver RB to the epidermis rapidly, selectively
and uniformly, with no significant acute cutaneous toxicity
in normal skin [5].

However, the low lipid solubility of RB limits its
capacity to cross biological barriers such as cell mem-
branes, thus limiting its clinical application. Previous
studies on the delivery of photosensitizers for PDT have
investigated the use of conventional or modified liposomes.
They are excellent carriers for both hydrophobic and
hydrophilic photosensitizers for the treatment of tumours
by PDT [6-10]. Moreover, they are able to increase
concentration of the compound in the epidermis and in
the deeper layers of the skin probably through the similarity
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of their lipid bilayer to that of the skin [11]. However,
conventional liposomes have certain limitations including
low entrapment efficiency of water-soluble drugs, stability
problems, and release of drugs after a single breach in the
external membrane [12]. The low aqueous entrapment
precludes effective use of these carriers for hydrophilic
drugs [13]. This challenge has been successfully met by the
use of multivesicular liposome (MVL) drug-delivery
systems [14—16]. MVL systems are characterized structur-
ally by multiple nonconcentric aqueous chambers sur-
rounded by a network of lipid membranes [12]. The
general chemical composition of MVL systems comprises
a neutral lipid (for example, triolein, tricaprylene, tripalmi-
tin, trilaureine, tributyrine) as an integral component, which
is responsible for the unique multivesicular structure [17,
18]. MVL technology has successfully been used to deliver
several small molecules, analgesics, antitumour drugs, and
antiviral drugs achieving prolonged therapeutic concentra-
tions [19-22]. Since the structural characteristics of MVL
make them ideal vehicles for drug delivery, the aim of this
work was to design and characterize MVL loaded with
hydrophilic RB (MVL-RB) as an economic and efficient
photosensitizer for PDT, and to study skin penetration and
the photodynamic efficiency of MVL-RB in the skin of
albino mice when delivered in hydrogel formulations for
topical use.

Materials and methods

D,L-Dipalmitoylphosphatidyl choline (DPPC), phosphatidyl
choline (PC) from soy bean, cholesterol (CHOL), Analar
grade chloroform and 4-(2-hydroxyethyl)piperazine-1-etha-
nesulphonic acid (HEPES) buffer were purchased from
Sigma Chemical Co. (St. Louis, MO) and, together with
lipids, were used without further purification. TP, RB and
free-base lysine (analytical grade) were purchased from
Sigma-Aldrich, Buchs, Switzerland. Gel formulations were
prepared from 5% carboxymethylcellulose (CMC; Al Nasr
Company, Egypt), and 0.2% propyl paraben and 0.1%

methyl paraben of pharmaceutical grade, USP 25 (Normest
Co. for Scientific Development, Ramadan City, Egypt).

Preparation of multivesicular liposomes

The MVL-RB formulations were prepared by the reverse
phase evaporation technique using a double emulsion (w/o/
w) method, described in previous reports [18, 23, 24].
Briefly, an aqueous solution of RB (1 mg/ml) was
emulsified with an equal volume of chloroform solution
containing an amphipathic lipid (PC/DPPC/CHOL/TP in
different molar ratios as shown in Table 1) using a
homogenizer (Janke & Kunkel, IKA-Labotechnik, Staufen,
Germany) at ambient temperature (23-28°C) for 9 min at
9,000 rpm to produce a w/o primary emulsion, which was
then emulsified with a second aqueous solution containing
1.5% glycine/40 mM lysine at 6,000 rpm for 1 min to
produce the w/o/w double emulsion. The chloroform was
removed under vacuum using a rotary evaporator with
flushing nitrogen gas at the surface of the w/o/w emulsion
at 37°C, at a gentle speed (50 rpm). The resulting MVL
were washed to remove un-entrapped drug and harvested
by centrifugation for 15 min at 10.000 g and then
resuspended in HEPES-buffered saline at pH 7.4.

In vitro characterization

MVL-RB formulations were characterized for the attributes
discussed in the following sections.

Vesicle distribution

Size distribution was determined using an optical micro-
scope (CKX41; Olympus, UK) attached to a colour CCTV
camera (WV-CP 240/G; Panasonic System Solutions
Suzhou Co., Suzhou, China). MVL formulations (10 ul)
were diluted ten times with HEPES-buffered saline and the
number of vesicles per cubic millimetre was determined
and the vesicles examined for shape and size using a
Micrometrics SE/CMOS version 2.6 digital camera system

Table 1 Composition and characterization of MVL formulations. The values are the means + SD from three parallel preparations

MVL-RB formulation Composition (molar ratios) Encapsulation efficiency (%) Size (um) RB released after 2 h (ng/ml)
PC DPPC TP CHOL

I 1 0 0.2 1.5 56.67 + 0.33 2.6 +043 3427 £0.1

I 1 0 0.1 0.7 54.61 £2.23 42+0.6 31.92 £ 0.09

I 0 1 0.2 1.5 62.7 + 3.102* 34+0.7 31.18 £0.15

v 0 1 0.1 0.7 79 + 3.47* 2.1+0.5 759 +03

*p < 0.05, ANOVA/Tukey Kramer test.
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(ACCU-SCOPE) and a haemocytometer (Feinoptik, Blan-
kenburg, Germany).

Encapsulation capacity

A 1-ml aliquot of the prepared MVL dispersion was
centrifuged at 10,000 g for 15 min, the pellets were mixed
with 1 ml 1% Triton X-100 in HEPES buffer (pH 7.4) and the
clear solution was measured for encapsulated RB applying a
previously prepared calibration curve of RB in HEPES buffer
(pH 7.4) at a scanning range from 400 to 600 nm. The
maximum absorption wavelength of RB was at 544 nm and
the curve was done in triplicate. The correlation coefficient
(+%) of the line was 0.999 £ 0.001 and linearity was achieved
in range 0.5-50 pg/ml. Baseline correction was done using a
placebo-dissolved empty MVL dispersion suitably diluted
with Triton X-100 to nullify any possible absorption arising
from the soluble lipid [25]. For the initial RB concentration,
1 ml of the prepared MVL dispersion was digested with 1 ml
1% Triton X-100 and the RB concentration determined as
previously described. The encapsulation capacity was esti-
mated through the following relationship:

BC — Concentration of loaded RB

100 1
Initial RB concentration (1)

In vitro drug release profile

The release profile of MVL-encapsulated RB was studied
by directly mixing one volume of the MVL suspension
(0.5 ml) with nine volumes of HEPES buffer (4.5 ml). The
samples were incubated at 37°C with gentle agitation and
I-ml aliquots were withdrawn at 15, 30, 60, 90 and
120 min. For quantification of RB, the aliquots were
centrifuged at 10,000 g for 15 min and the released RB in
the supernatant quantified by UV spectrophotometry as
described above. The pellets were resuspended in fresh
HEPES buffer and returned back to the samples. The
release data were corrected by the dilution factor.

Thermal analysis of MVL using differential scanning
calorimetry

Differential scanning calorimetry (DSC) is a thermoanalyt-
ical technique in which the difference in the amount of heat
required to increase the temperature of a sample and
reference is measured as a function of temperature. Both
the sample and reference are maintained at nearly the same
temperature throughout the experiment. Generally, the
temperature program for a DSC analysis is designed such
that the sample holder temperature increases linearly as a
function of time. When a phase transition occurs in the

sample cell, there is a difference in the power needed to
heat the two cells. The power required to maintain both
cells at the same temperature is measured and converted to
give an output of heat capacity versus temperature. The
heat capacity versus temperature curve is analysed to
determine the transition temperature, 7;,,, and the sharpness
of the phase transition corresponds to the temperature width
at half peak height AT;,. DSC is as a sensitive and
powerful tool for physicochemical characterization of lip-
osomes. The shape of the heat capacity curve contains
information about the phase transition itself, which includes
both chemical and physical aspects.

Thermal analysis of MVL membranes was studied by
DSC (DSC-50; Shimadzu, Japan). About 2.2 —2.5 mg each
sample was encapsulated in hermetically sealed standard
aluminium DSC pans. The samples were heated from 10°C
to 80°C at rate of 2°C min . Empty aluminium pans were
used as reference samples.

Preparation of topical hydrogel

Propyl and methyl paraben were dissolved in 20 ml
distilled water in an aluminium foil-covered beaker. RB
(0.01%) was added with gentle agitation. CMC (5%) was
then added to the solution with continuous agitation at
50 rpm until swelling was complete. The mixture was left
for 24 h at 4°C to ensure removal of air from the gel (gel
containing free RB, F-RB). A similar gel formulation
containing 0.01% RB in freshly prepared MVL (higher
encapsulation capacity and smaller size) was prepared using
the previous procedure (formulation MVL-RB IV).

Some pharmaceutical properties of the prepared hydrogels
were evaluated including percent drug content, uniformity,
pH, spreadability, drug release and some organoleptic
characteristics such as tackiness, grittiness and transparency.

Hydrogel characterization
Determination of drug content, pH and spreadability

For determination of drug content, 1 g gel was weighed into
a 100-ml volumetric flask and dissolved in HEPES bulffer,
and then diluted appropriately and analysed on a Shimadzu
UV-1650 UV/VIS double beam spectrophotometer at a A-
max of 544 nm. To determine the spreadability of the gel,
0.5 g gel was placed within a circle of 1 cm diameter
premarked on a glass plate over which a second glass plate
was placed. A 500-g was rested on the upper glass plate for
5 min. The increase in diameter due to spreading of the gels
was noted.

The pH of the 5% (w/w) gel was determined using a
Corning pH meter standardized before use using pH 4.0
and 7.0 standard buffers.

@ Springer



270

Lasers Med Sci (2011) 26:267-275

In vitro release of RB from gel formulations

The F-RB gel containing free RB and the MVL-RB gel (1 +
0.15 g of each) were placed in eight watchglasses each of
5 cm diameter and covered with a dialysis membrane of
0.5 mm pore size prewetted with HEPES buffer. The
watchglasses were placed in 50 ml HEPES buffer of pH 5.5
(skin pH) at 32 £ 0.5°C (skin temperature) as acceptor
solution. The acceptor solution was stirred with a paddle at
a constant rate of 100 rpm in a dissolution test apparatus
(TDT-08L; Electrolab, Mumbai, India) in which paddles
were fitted to 100-ml glass dissolution vessels. Four
samples of each type of gel were tested.

Release kinetics analysis

To study the mechanism of the RB release from MVL and
from the prepared F-RB gel and MVL-RB gel, the release
data were fitted to a zero-order, a first-order and Higuchi's
diffusion control models using coefficient of variation for
data analysis and StatistiXL for MS Excel software. The
release kinetics were estimated by applying the highest
linear correlation coefficient and the least coefficient of
variation. The release rate constants from each formula
were calculated.

RB penetration into mouse skin and photodynamic study

The distribution of RB in the skin after topical application
in either the F-RB gel or the MVL-RB gel containing
0.01% RB was evaluated in healthy albino mice. The
animals were treated following the standard regulations of
the international institutional guidelines and guidelines set
out in the Guide for the Care and Use of Laboratory
Animals (NIH publication no. 96-03, 1996). A total of 45
male albino mice aged 25 + 15 days and weighing 120 +
20 g were used. They were divided into three groups, a
control group, a group treated with free RB gel (F-RB
group) and a group treated with the MVL-RB gel (MVL-
RB group). The control group consisted of five mice. The
F-RB group (20 mice) and the MVL-RB group (20 mice)
were each subdivided into two further groups. After
shaving the animals backs with an electric shaver, each
subgroup was treated topically with 0.5 + 0.05 mg of the
appropriate gel formulation (F-RB or MVL-RB) which was
left in place for 15 min or 30 min. Five animals in each
subgroup were killed by overdose of general anaesthetic
and a skin sample was taken using a 5-mm punch, fixed
and mounted in paraffin without counterstaining for
fluorescence microscopy. The other five mice in each
subgroup were irradiated for 10 min with light of
wavelength 550 nm emitted from an 80-mW LED (Photon
Scientific, Egypt) at an energy density of 48 J/cm>. The
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animals were killed and skin samples taken 24 h after
irradiation. The samples were fixed and mounted in paraffin
and stained with haematoxylin & eosin (H&E) for
histological study.

Microscopy and fluorescence microscopy

A Carl Zeiss Microlmaging microscope (Carl Zeiss Micro-
Imaging, Thornwood, NY) was used to examine and
photograph the processed tissue sections (skin and under-
lying tissue of 5 pm thickness) using transmitted light
bright field observation (halogen illumination), and an
Olympus CKX41 inverted microscope with a mercury
lamp fluorescence unit (U-RFLTSO) and a green filter
cube (510-550 nm) for excitation and beyond 590 nm for
emission was used to examine the depth of penetration of
RB into the tissue by monitoring the emitted orange
fluorescence of RB. The fluorescence images were acquired
using a Canon PowerShot A650 IS digital camera.

This approach allowed RB present in the tissue to be
readily imaged (as orange RB fluorescence on a dark
background). Sections from the control animals which did
not receive RB or H&E counterstaining showed no
detectable autofluorescence.

Histological assessment of RB penetration

Fluorescence micrographs were examined to assess RB
staining. The micrographs were scored as described
previously [5]. Briefly, a scale of 0 (low) to 3 (high) was
used to assign uniformity and density scores for the RB
fluorescence of each specimen. Individual scores for
uniformity and density were assigned for the stratum
corneum, viable epidermis and dermis. Separate scores
were then combined into a single metric (penetration index,
PI) for each of these three layers; for example, for the
stratum corneum: Plgc = (Ugc + Dgc)/2, where Ugc is the
uniformity score and Dgc is the density score. Scores were
recorded by two blinded readers and comparison with
H&E-stained sections facilitated identification of major
tissue structures.

Statistical analysis

One-way analysis of variance followed by the Tukey-
Kramer multiple comparisons test using GraphPad Instat
software v.2.05 was used to determine the statistical
significance of the differences in encapsulation efficiency,
release data and penetration index scores. All p values were
two-tailed, and differences were considered significant
when the p value was less than 0.05, and highly significant
when less than 0.01. The final data are expressed as the
means + standard deviation (SD).
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Results
Characterization of MVL

Table 1 presents the characterization data of the prepared
MVL formulations. Differences in lipid concentration did
not affect the morphology of MVL. The prepared MVL
were circular in shape and contained different numbers of
concentric vesicles.

Particle size analysis showed a monomodal size distri-
bution of the MVL formulations. The median particle size
of the MVL formulations was in the range 2—4 pum. The
minimum particle size was noted for the MVL-RB IV
formulation which contained DPPC with lower CHOL and
TP concentrations than the other formulations. In addition,
the MVL-RB IV formulation showed significantly higher
encapsulation efficiency (79%, p < 0.05) than the other
formulations.

In vitro release kinetics

The in vitro release profiles of RB from MVL formulations
are shown in Fig. 1. The amounts RB released within 2 h
from the MVL-RB I, II and III formulations were not
significantly different (p > 0.05; Table 1), but the amount
released from the MVL-RB IV formulation was signifi-
cantly higher than that from the other formulations (p <
0.05) as shown in Fig. 1. The release of RB from the MVL
formulations was best fitted to Higuchi's diffusion model
with a significantly higher diffusion rate constant (p > 0.05)
(K'? = 923 + 0.01) than with the other formulations
(K" =3.94 + 0.021, 3.2 + 0.07 and 3.74 + 0.03 for the
MVL-RB 1, II and III formulations, respectively), the rate
constants of the latter formulations being not significantly
different (p > 0.05).
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Fig. 1 Percentage RB released from MVL formulations in HEPES
buffer (pH 7.4) at 37°C

Table 2 Phase transition temperatures and changes in peak half-
widths of MVL formulations determined by DSC. The values are the
means + SD from three parallel preparations

MVL-RB formulation Tm (°C) AT

I 59.83 £0.28 7.82 0.3
38.64 £ 0.1 75+1.5

I 55.73 £0.31 23.1+£0.22

1 48.88 +£0.3 7.3 +0.31
58.5 £0.42 1.44 £0.18
65.7 £ 0.6 1.9+02

v 28.57 £0.2 294 + 4.6

Thermal analysis of MVL-RB

The phase transition parameters and the DSC thermograms
of the MVL-RB formulations are shown in Table 2 and in
Fig. 2, which show marked differences in transition
positions. The CHOL to phospholipid ratio plays a
significant role in the appearance, positions and peak
intensities of 7, as indicated by AT, values. As the
forces between the bilayers increase, the cooperation
between head groups and hydrocarbon tails of the phos-
pholipid molecules involved in the melting process also
increases, thus decreasing the temperature range and the
half-width of the phase transition signals [26]. MVL-RB II
with a lower ratio of solid lipids (CHOL and TP) to PC
showed a shift of 7}, to a higher temperature (55.73°C) and
wide AT, (23.1, MVL-RB 1II). While MVL formulations
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Fig. 2 DSC thermograms of the MVL-RB formulations
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Fig. 3 RB release from F-RB and MVL-RB CMC hydrogels
containing 0.01% RB in HEPES buffer (pH 5.5) at 36°C

containing DPPC (MVL-RB 1V) showed a shift of 7}, to a
lower temperature (28.5°C) with a AT;, value of 29.4
reflecting lipid disruption [27]. On the other hand, MVL
formulations with higher ratios of CHOL and TP to PC and
DPPC (MVL-RB I and IIT) showed two T, values (59.83°C
and 38.64°C for MVL-RB I, PC MVL) and multiple T,,
values (48.88°C, 58.5°C and 65.7°C for MVL-RB III,
DPPC MVL).

Hydrogel characterization

The prepared F-RB gel and MVL-RB IV gel showed tackiness
and a transparent appearance, and the drug was properly and
uniformly dispersed. The drug contents of the F-RB and MVL-
RB gels were 98.4 +0.15% and 99.6 £ 0.1%, respectively. The
pH value of the prepared gels was 7.6 £ 0.03. Ideally a
formulation should spread easily with maximum ‘slip’ and
‘drag’. In the spreadability tests, 0.5 g of each gel formulation
in a circle of 1 cm diameter spread to a diameter of 5.8 cm,
which is indicative of good spreadability of a CMC gel.

The release of RB from the two gel formulations is shown
in Fig. 3. Significantly less RB was released from the MVL-
RB formulation (p > 0 .01) than from the F-RB formulation
at all time points. Both formulations exhibited a linear
release fitting Higuchi's diffusion mechanism with a slower
release rate for the MVL-RB formulation (Kyvyrp = 2.8 £
0.05 min”z) than for the F-RB formulation (Krgp = 3.3 £
0.08 min'?).

In vivo study

Fluorescence micrographs of histological sections of mouse
skin taken 15 and 30 min after topical application of the F-
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RB or MVL-RB gel are shown in Fig. 4. From the F-RB
gel RB was delivered to the epidermis (Plgp 30 min = 2.5
1.3), but only weakly to the dermis (PIpg 30 min = 1 £ 1.2).
Significantly more RB was delivered to the dermis from the
MVL-RB gel (PIpg 30 min = 3 = 1.2, p < 0.05) than from the
F-RB gel.

As shown in Fig. 4 and Table 3, increasing the gel
application time resulted in a marked increase in fluores-
cence intensity. Moreover, evident RB fluorescence was
seen in the skin layers including the dermis following
application of the MVL-RB gel, in contrast to the
fluorescence seen following application of the F-RB gel
which was restricted to the epidermis, reflecting the
improvement in RB distribution through the skin layers
when encapsulated in MVL. The stained histological
sections of irradiated skin confirmed these observations.
Sections of irradiated skin treated with F-RB showed
necrotic hair follicles in the epidermis with a damaged
stratum corneum indicating RB accumulation in the
epidermal layers rather than in the dermal region as shown
in Fig. 5b. On the other hand, sections of irradiated skin
treated with MVL-RB displayed damaged and necrotic hair
follicles located in the deep dermal layer while the stratum
corneum remained intact, indicating the migration of MVL-
RB into deeper skin layers (Fig. 5c).

Discussion

The MVL formulations loaded with RB were prepared by a
w/o/w double emulsification method using natural PC,

Fig. 4 Fluorescence micrographs of tissue sections showing RB
penetration into the skin of normal albino mice (x100). a, b Skin
treated with the F-RB gel containing 0.01% RB for 15 min (a) and
30 min (b) shows uniform staining of the epidermis which is clearly
demarcated from the unstained dermis. ¢, d Skin treated with the
MVL-RB gel containing 0.01% RB for 15 min (¢) and 30 min (d)
shows uniform distribution of RB in the dermis
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Table 3 Penetration of RB into the skin after application of F-RB and
MVL-RB gel containing 0.01% RB for 15 min and 30 min shown as
values of PI determined from measured fluorescence intensities of RB

in 5-mm tissue sections. The values presented are the means + SD
from three determinations recorded by two blinded readers

Formulation 15 min 30 min
F-RB 2.5+1.58 25+1.2 25+1.7 25+13 1+£12
MVL-RB 3+1.1 3+£1.5 2+ 1.02 2+1.1 2.5+1.18 3+£1.2

SC stratum corneum, ED epidermis, DE dermis

synthetic DPPC and CHOL. Lipid composition was altered
with TP as an integral structural component leading to a
unique MVL structure. The TP becomes part of the corner
or edges where membranes meet and thus stabilizes the
membrane boundaries [18].

DSC studies were performed in order to obtain a better
understanding of the interactions of RB with the liposomal
membrane and the effect of CHOL on MVL properties
affecting the delivery of its content, and of the mechanism
involved in skin absorption [27, 28]. PC and DPPC
liposomes, due to their simplicity, have been used as a
model membrane in many other studies [29-31]. Their
transition temperatures (7;,) are characterized by narrow
main endothermic peaks (gel-to-liquid crystalline phase),
where the lipid acyl chains are undergoing a chain melting
transition at the temperature 7}, to a liquid crystalline phase
[27, 31, 32]. The characteristic endothermic peak (Fig. 2)
observed for the single system of DPPC is shifted to a
higher temperature and broadened as the mole fraction of
CHOL increased reflecting membrane rigidity. This effect
on the main transition endotherm may be explained as a
result of mixing of CHOL with DPPC, which may indicate
closer packing of DPPC and CHOL molecules forming the

lamellar bilayers [33]. While at lower CHOL concentrations
(MVL-RB 1V) T, is shifted to a lower temperature
reflecting lipid disruption, in agreement with the significant
increase in the amount of drug released compared with
other formulations. The pronounced signals representing
two transition temperatures showed for MVL-RB 1 and
MVL-RB 1II is widely accepted. On the basis of both
experimental [34, 35] and theoretical studies [36-38], the
origin of this behaviour can be ascribed to phase separation,
whereby phospholipid acyl chain melting transitions can
arise both from CHOL-rich and CHOL-poor regions of the
bilayer.

The slower RB release from the MVL-RB hydrogel than
from the F-RB hydrogel can be attributed to the number of
barriers to the diffusion pathways of the drug from MVL
vesicles. The drug first passes through these compartments,
then diffuses into the surrounding hydrogel network and to
the external medium [24]. The observed trends for delivery
of free RB to the epidermis are consistent with standard
transdermal delivery models for hydrophilic agents [39].
Such agents must pass through the desiccated stratum
corneum before they can reach significant concentrations in
viable regions of the epidermis and beyond. The formula-

Fig. 5 H&E-stained sections under bright field observation
(all x100). a Control section: a lightly stained stratum corneum is
evident above a thicker, darkly stained viable epidermis. b Section of
skin treated with F-RB hydrogel containing 0.01% RB for 30 min
followed by irradiation with the 80-mW LED at 550 nm for 10 min
(48 J): marked damage to the stratum corneum, superficial hair

follicles (arrows) and a normal dermis are apparent. ¢ Section of skin
treated with MVL-RB hydrogel containing 0.01% RB for 10 min
followed by irradiation with the 80-mW LED at 550 nm for 10 min
(48 J): normal stratum corneum and damaged hair follicles (arrows) in
the deep dermis are apparent
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tion of RB in hydrogels that do not interact with RB, such
as CMC [40], may enhance RB delivery to the epidermis by
improving contact between the skin surface and the applied
surface reservoir of hydrated RB. Free RB did not penetrate
beyond the epidermis as no detectable levels of RB were
observed in the dermis by fluorescence microscopy and
there was a sharp, clear demarcation of high levels of RB in
the epidermis [5]. The hydrophobicity of MVL facilitates
the migration of RB into deeper skin layers such that there
was no RB accumulation in the epidermis and a clear
demarcation of high levels of RB in the dermis.

Conclusion

From the present findings it can be concluded that MVL are
promising depot delivery carriers for RB as a photosensi-
tizer. Process parameters such as phospholipid type, amount
of encapsulated RB and percentage of CHOL affect the
packing properties of MVL and the interactions of the RB
within the membrane, as well as the distribution of RB
within the epidermal layers. CMC is an effective polymer
for delivery of MVL in pharmaceutical topical hydrogels
for medical use.
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