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Abstract: Breast cancer is the most frequent malignancy in women. This work focuses on devel-
oping deformable liposomes as a potential carrier for breast cancer treatment and studying the
impact of improving dermal permeation on the efficacy and targeting of liposomes. Raloxifene
(RXF), an oestrogen antagonist, was used as a model drug. Using Box–Behnken design, different
formulations of RXF-loaded deformable liposome (RLDL) were prepared using different propylene
glycol, phospholipid and cholesterol concentrations. The percentage of entrapment efficiency (Y1),
particle size (Y2), zeta potential (Y3) and steady-state flux (Y4) of the prepared formulations were
all evaluated. Y1 and Y4 were significantly increased and Y2 and Y3 were significantly decreased
when the propylene glycol concentration was increased. The optimization was obtained and the
optimum formulation was that including phospholipid (1.40% w/w), cholesterol (0.15% w/w) and
propylene glycol (10% v/v). The selected optimum formulation displayed a % EE of 78.34 ± 1.04%
with a steady-state flux of 4.21 ± 0.02 µg/cm2/h. In order to investigate bioavailability, antitumor
effectiveness and permeation, the optimum formulation was selected and included in a carbopol gel.
The optimum gel formulation had 2.77 times higher bioavailability and, as a result, considerable
antitumor action as compared to oral RXF. In conclusion, optimum RLDL gel may be an effective
breast cancer treatment.

Keywords: breast cancer; raloxifene; deformable liposomes; propylene glycol; bioavailability

1. Introduction

Breast cancer is a type of cancer that has uncontrolled breast cell proliferation.
In women, breast cancer is the most frequent malignancy that leads to death [1]. Early
menarche, late menopause and obesity all increase women’s risk factors for breast can-
cer [2,3]. Although chemotherapeutic drugs have been widely used to treat breast cancer,
they are unable to distinguish between cancerous and noncancerous cells, which lead to haz-
ardous side effects [4]. Targeted drug delivery, such as nanoparticles, for the treatment of
breast cancer offers a lot of promise, both therapeutically and in pharmacological research.
Therapeutic agents are delivered in a targeted and controlled manner by nanoparticles [5].
Targeting neoplastic cells using nanoparticles improves bioavailability, effectiveness, and
selectivity [6].

The most often employed nanoparticles are liposomes which have been studied for
the topical treatment of cancer [7]. Liposomes are drug delivery systems consisting of
phospholipids and cholesterol dispersed in an aqueous medium [7]. Because of their
diffusion capabilities and ability to deliver drugs in a targeted and controlled manner,
liposomes are ideal drug delivery carriers. Liposomes, on the other hand, are prone to drug
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leakage and have low stability, skin penetration capabilities and sometimes phospholipids
undergo oxidation and hydrolysis-like reactions [8,9]. New generations of deformable
liposomal systems have been introduced in an attempt to increase the systemic absorption
of drugs via improving dermal permeation of liposomes. Deformable liposomes are
composed of phospholipids and penetration enhancers such as propylene glycol (PG) [8,10].
The addition of PG during the preparation of liposomes could increase the amount of drug
permeated, resulting in better efficacy [11]. Transdermal drug delivery is an ideal route
for breast cancer treatment compared with the oral route due to the potential reduction in
adverse effects, the increased local concentration of the drug and avoidance of first-pass
metabolism [12,13].

Raloxifene (RXF), an oral oestrogen receptor antagonist, has been employed as a
model drug. RXF is used to prevent and treat invasive breast cancer in postmenopausal
women [14,15]. This study aimed to improve RXF antitumor efficacy, bioavailability, and
targeting as a potential breast cancer treatment by developing a stable deformable liposome
formulation, as well as to investigate the change of liposomal physic-chemical character-
istics and penetration upon addition of PG. Different deformable liposome formulations
were prepared and characterised in vitro to investigate the deformable liposomal physic-
chemical characteristics and penetration. In order to investigate bioavailability, antitumor
effectiveness and permeation, the optimum formulation was selected and included in a
carbopol gel.

2. Materials and Methods
2.1. Materials

Agitech Company in Egypt provided cholesterol, phospholipid (phospholipon 90 G)
and chloroform. Other components were purchased from Cornell Lab in Egypt, including
propylene glycol (PG) and carbopol 974.

2.2. Box–Behnken Design

The Box–Behnken design was applied to prepare different Raloxifene-loaded de-
formable formulations (RLDL) (Table 1) using Design-Expert software (version 13, Stat-Ease
Inc., Minneapolis, MA, USA). The independent variables were concentrations of propylene
glycol (0–10% w/w, X1), phospholipid (1–3% w/w, X2) and cholesterol (0.05–0.15% w/w,
X3). Entrapment efficiency (EE, Y1), particle size (nm, Y2), zeta potential (mV, Y3) and the
steady-state flux (Fss, µg/cm2/h, Y4) were selected as dependent variables.

2.3. Preparation of Raloxifene-Loaded Deformable Liposome Formulations

A method of thin hydration was used to prepare different RLDL formulations [16].
Phospholipid, PG, RXF (10 mg) and cholesterol were dissolved in chloroform and rotary
evaporated (RE300, Mamhilad, UK) at 40 ◦C under a vacuum pump. The formed lipid
film was then hydrated for 1 h at 40 ◦C in 10 ml of isotonic phosphate buffer (IPB). The
prepared RLDL was sonicated (Sonix TV, SC) and then cooling centrifuged (SIGMA 3-30 K,
Steinheim, Germany) for 1 h at 15,000 rpm to separate RLDL pellets from unentrapped RXF.
The RLDL pellets were washed with IPB and recentrifuged to separate all unentrapped
RXF. The collected RLDL pellets were resuspended again in 10 ml of IPB and stored at 4 ◦C.

2.4. In Vitro Characterization of RLDL Formulations
2.4.1. Entrapment Efficiency Determination

An indirect method was used to determine entrapment efficiency of RLDL formu-
lations. The RLDL suspension was centrifuged (15,000 rpm, 1 h, 4 ◦C) and then the
entrapped RXF was dissolved in methanol. The entrapment efficiency was determined
using a spectrophotometer (JascoV530, MD) at 293 nm as follows [17]:

% EE = Entrapped RXF content/initial RXF content × 100 (1)
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Table 1. Composition of various RLDL formulations as well as their responses.

Formulation
Code

(X1)
% w/v

(X2)
% w/v

(X3)
% w/v

Y1 (%)
(Mean ± SD)

Y2 (nm)
(Mean ± SD)

Y3 (mV)
(Mean ± SD)

Y4 (µg/cm2/h)
(Mean ± SD)

F1 0 2 0.05 52.32 ± 0.84 329.80 ± 4.51 −14.17 ± 0.31 2.72 ± 0.01
F2 10 2 0.05 66.39 ± 0.83 242.80 ± 5.07 −27.10 ± 0.56 3.87 ± 0.02
F3 10 3 0.1 87.53 ± 1.10 295.33 ± 2.60 −44.30 ± 0.20 2.54 ± 0.03
F4 0 2 0.15 61.35 ± 0.96 283.50 ± 2.89 −20.63 ± 0.38 2.05 ± 0.02
F5 5 1 0.05 46.32 ± 0.84 192.43 ± 2.52 −9.73 ± 0.59 4.00 ± 0.03
F6 10 2 0.15 78.50 ± 0.88 181.83 ± 2.51 −35.03 ± 0.40 3.44 ± 0.03
F7 5 2 0.1 64.19 ± 0.53 258.93 ± 6.62 −25.50 ± 0.36 3.06 ± 0.03
F8 5 2 0.1 64.41 ± 0.56 257.87 ± 5.24 −25.23 ± 0.51 3.04 ± 0.03
F9 5 3 0.15 85.05 ± 0.82 315.53 ± 6.24 −39.67 ± 0.51 1.72 ± 0.05

F10 0 3 0.1 69.41 ± 0.94 382.87 ± 2.48 −28.67 ± 0.4 1.08 ± 0.04
F11 5 2 0.1 64.24 ± 0.6 257.10 ± 7.49 −25.23 ± 0.35 3.02 ± 0.01
F12 5 3 0.05 73.27 ± 0.91 355.27 ± 4.9 −32.17 ± 0.45 2.32 ± 0.03
F13 10 1 0.1 56.31 ± 0.93 122.13 ± 2.63 −18.50 ± 0.40 4.27 ± 0.02
F14 0 1 0.1 41.31 ± 0.95 221.90 ± 3.78 −7.80 ± 0.36 3.27 ± 0.02
F15 5 1 0.15 53.38 ± 0.69 140.77 ± 2.08 −16.23 ± 0.31 3.63 ± 0.04

X1: PG concentration; X2: Phospholipid concentration; X3: cholesterol concentration. Y1: % EE; Y2: vesicle size; Y3: zeta potential; Y4: the
steady state reflux. SD: standard deviation.

2.4.2. Zeta Potential and Particle Size Determination

Dynamic light scattering (Malvern, Germany) was used to measure the size, poly-
dispersity index and zeta potential of different Raloxifene-loaded deformable liposome
formulations in three replicates. The experimental parameters for dynamic light scattering
are water as a dispersant with a refractive index of 1.330, a dielectric constant of 78.5, a
temperature of 25 ◦C and a viscosity of 0.8872 cP. The refractive index of the materials was
1.00 with an absorption of 0.200 and a detection angle of 15 ◦C [18].

2.4.3. Ex Vivo Drug Permeation and Skin Deposition Studies

The permeation of different RLDL formulations and RXF suspensions was investigated
using a donor compartment of Guinea Pig skin diffusion cell (5 cm2) [19]. To comply with
RXF’s sink condition, a dissolution medium containing 50 mL of IPB + 0.1% w/w of Tween
80 was used. At 100 rpm and 37 ± 0.5 ◦C, the dissolution equipment (Hanson, MA, USA)
was set. The donor compartment received a volume of deformable liposomal suspension
equivalent to 1 mg of RXF, which was subsequently immersed in the dissolution medium.
At predefined time points, samples of different RLDL formulations were taken and replaced
with an equal volume. A spectrophotometer (JascoV530, MD) was used to analyse the
permeation samples at 293 nm. In triplicate, the transdermal flux (Fss) was computed as
follows [19]:

Fss = (The permeation rate)/(The active diffusion area) (2)

At the end of the permeation investigation, the skin was sliced (slices of 5 µ) and
combined with IPB + 0.1% w/w of Tween 80 to assess the skin deposition of RXF from
different RLDL formulations and RXF suspension [20]. To achieve total RXF release, the
skin pieces were homogenised at 8000 rpm for 10 min using a high-shear homogenizer (DI
25 basic, IKA, Staufen, Germany). The skin homogenyate was centrifuged at 10,000 rpm
for 5 min before being analysed in triplicate using a spectrophotometer at 293 nm.

2.5. Optimization of RLDL Formulations

Design expert software was used to analyse all quantative of Y1–Y4 using the ANOVA
test with p-values less than 0.05. It provides a model matrix for evaluating the best fitted
model and polynomial equations (Equations (5)–(8)) for evaluating the mathematical rela-
tionships between independent variables. Additionally, it provides 3D graphs for assessing
the impact of independent variables on Y1–Y4. After analysis of all quantative outcomes
of Y1–Y4, the point prediction method was used to select the optimum formulation [21].
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In this study, the optimum formulation was chosen based on the criterion of maximising %
EE and Fss while maintaining a small vesicle size.

2.6. In Vitro Characterization of the Optimum RLDL Formulation
2.6.1. Thermal Analysis Studies

Differential scanning calorimetry (DSC-60F3, NETZSCH-Geratebau GmbH, Maia,
Germany) was used to examine the thermal analysis of the RXF, phospholipid, cholesterol,
and RLDL [22]. Samples (3–5 mg) were accurately weighed into 50 µL DSC aluminium pans
with a thickness of 0.1 mm. DSC thermograms were done at a heating rate of 5 ◦C/min
and a nitrogen gas flow rate of 25 mL/min. After heating the samples to 300 ◦C, they were
quickly cooled to 25 ◦C.

2.6.2. STEM Measurements

The scanning transmission electron microscope (STEM, Carl Zeiss, Jena, Germany) was
used to evaluate the RLDL’s appearance [23]. 20 µL of vesicle suspension were poured over
a carbon-coated copper grid (300 mesh size) and allowed to dry to allow the formulation
to adhere to the carbon substrate. The film was examined at appropriate magnifications
under STEM (70 kV voltage).

2.6.3. In Vitro Drug Release Studies

The release of the optimum RLDL formulation was determined using the Hanson
dissolution apparatus. The dialysis bag was filled with a volume of deformable liposomal
suspension equivalent to 1 mg of RXF and mixed in 50 mL of IPB (pH 7.4) + 0.1% w/w of
Tween 80. At 100 rpm and 32 ± 0.5 ◦C, the dissolution apparatus (Hanson, MA, USA) was
set. At predefined time points, samples of RLDL formulation were taken and replaced with
an equal volume. A spectrophotometer (JascoV530, MD) was used to analyse the release
samples at 293 nm as follows [21]:

%Release = Released RXF content/initial RXF content × 100 (3)

2.6.4. Drug Release Kinetics

Using the DDSolver computer software, the kinetic of RLDL’s release was investi-
gated [24,25]. The DDSolver provides a model matrix of forty models for evaluating the
best fitted model using the coefficient of determination (R2), Akaike information criterion
(AIC), and model selection criterion (MSC) criteria. The model that best fits RXF’s release
mechanism has the minimum AIC and the highest R2 and MSC. Similarly, the mecha-
nism of RLDL’s release was investigated by calculating the “n” of the Korsmeyer–Peppas
equation [26]. Fickian diffusion was RLDL’s release mechanism. If n = 0.5, a non-Fickian
diffusion was RLDL’s release mechanism if 0.5 < n < 1. Furthermore, the DDSolver pro-
gramme depicts the similarity between the RXF release profile from RLDL formulation
and free RXF by calculating the similarity factor "f2". The difference in dissolution profiles
was insignificant (p < 0.05) if f2 > 50; the difference in dissolution profiles was significant
(p < 0.05) if f2 < 50.

2.6.5. Stability Studies

The change in particle size and EE of the optimum RLDL formulation were investi-
gated to determine its stability [27]. The optimum formulation was stored for three months
at three different temperatures (4 ◦C, 25 ◦C, and 40 ◦C), with a sample analysed for size
and EE in triplicates per month.

2.7. Preparation and In Vitro Characterization of Optimum RLDL Formulation Gel
2.7.1. Preparation of Optimum RLDL Formulation Gel

The gel base was prepared by vigorously stirring 2% w/w of carbopol 974 into wa-
ter [11]. Triethnolamine was employed to alter the pH of the gel base. The control gel was
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prepared by vigorously stirring free RXF into the carbopol gel base, whereas the optimum
RLDL gel formulation was prepared by vigorously stirring the optimum RLDL formulation
into the carbopol gel base. The prepared gel formulations were refrigerated at 4◦C after
manufacture.

2.7.2. In Vitro Characterization of Optimum RLDL Formulation Gel

A Brookfield viscometer (DV-III, USA) was used to determine the viscosity coefficient
of the produced gel formulations [22]. The viscosity coefficient was estimated using the
following formula from the log shear rate vs log shear stress.

Log (shear stress) = N log (shear rate) − log (viscosity coefficient) (4)

In vitro, the permeation of optimum RLDL gel and control gel was determined as
described previously.

2.8. In Vivo Antitumour Characterization of the Optimum RLDL Gel
2.8.1. Study Design

At 22 ± 2 ◦C and 50 ± 5% humidity, a complete diet and water were provided to
48 mature female mice (200–300 g). Before being utilised in experiments, the mice were
given a week of acclimatisation and were given typical conditions such as free access to
water, a healthy meal, and clean cages. The dorsal skin of each animal was clipped 48
hours before the experiment to remove a 3 × 3 cm2 section. To create a tumour, each
mouse was given a single dose of the tumour initiator DMBA (1 mg in 200 L acetone) [28].
Following the injection of DMBA, epidermal tumours became bigger and more commonly
proceeded to malignant carcinoma (known as papilloma). This procedure was approved
by the animal ethical committee of Beni-Suef University’s Faculty of Pharmacy.

2.8.2. Animals

Mice were divided into five groups, each with six animals, at random. G1 was assigned
to the positive control group. Oral RXF, control gel, RXF-loaded liposome gel containing
0% PG and optimum RLDL gel formulation were given to G2, G3, G4 and G5 groups,
respectively. This procedure was approved by the animal ethical committee of Beni-Suef
University’s Faculty of Pharmacy.

2.8.3. Antitumour Activity and Toxicity Determination

The quantification of the number and diameter of papilloma > 1 mm were investi-
gated weekly to measure the antitumour activity of the RLDL formulation [28]. Addition-
ally, histopathology estimation was obtained to confirm the antitumour activity and toxicity
of the RLDL formulation. All mice in each group were anaesthetized and slaughtered at
the end of the experiment. The tumour samples were fixed in buffered formalin before
being sliced and stained with haematoxylin-eosin for histological evaluation [29].

2.8.4. In Vivo Permeation and Bioavailability Studies

Compared to RXF-loaded liposome gel containing 0% PG, the in vivo skin penetration
of RLDL gel formulation was measured to confirm the enhancement effect of PG on the
liposome’s permeation. Eighteen adult female mice weighing 200–300 g were divided into
three groups, each with six mice. Oral RXF, RXF-loaded liposome gel containing 0% PG
and optimum RLDL gel formulation were given to G1, G2, and G3 groups, respectively.
Blood samples were collected in EDTA tubes at various time intervals for 24 hours after
administration and centrifuged at 3.0× g for 10 min, after which plasma was separated
and analysed using the HPLC method [30]. An isocratic separation of RXF was obtained
through analytical column C-18 with dimensions of 150 × 4.6 mm using a 67:33 v/v mobile
phase made up of a buffer solution (pH 3) of orthophosphoric acid and acetonitrile. The
detection of RXF was carried out at 287 nm, with a mobile phase flow rate of 1 mL/min
and a 10 µL injection volume. The linearity was obtained between 0.125 and 5 µg/mL
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(R2 = 0.999) with a retention time of 4.75 min. Samples of plasma were combined with
acetonitrile before being centrifuged for 10 min at 3.0× g. The supernatant was evaporated
and dissolved in the mobile phase before being analysed in triplicate by HPLC to determine
the total amount of RXF penetrated [31]. Non-compartmental analysis was carried out
using the WinNonlin software (version 1.5, Jersey, NJ, USA) [18]. The area under the
concentration time curve was calculated using the linear trapezoidal method (AUC). The
maximum concentration (Cmax) and maximum time (Tmax), mean residence time (MRT),
elimination rate constant (K) and biological half-life (t1/2) were determined using the
plasma concentration vs. time profile. The student’s t-test was used to assess the statistical
analysis.

Additionally, the in vivo skin deposition of RLDL gel formulation was measured
compared to RXF-loaded liposome gel containing 0% PG. The skin of the second and third
groups was collected and the stratum corneum was removed using the tape stripping
technique. The skin was the homogenised for 10 min at 8000 rpm and the tissue homogenate
(1 mL) was mixed with acetonitrile before being centrifuged for 10 min at 3.0× g [32]. The
supernatant was evaporated and dissolved in the mobile phase for HPLC analysis in
triplicate to determine the drug concentration [28]. The student’s t-test was used to assess
the statistical analysis.

2.9. Statistical Analysis

The data was statistically analysed using De-sign-Expert software and IBM-SPSS
Statistics (version 22, Armonk, NY, USA) using the ANOVA test (p < 0.05). A mean and
standard deviation (SD) were used to present the data.

3. Results and Discussion
3.1. Preparation of Raloxifene-Loaded Deformable Liposoms Formulations

Liposomes, on the other hand, are a promising approach to improving anticancer
topical delivery, but confocal microscopy revealed that they had minimal skin penetra-
tion characteristics [8,9]. Addition of PG to the initial liposome formulation to produce
deformable liposomes improves liposome permeability and retention, which is important
for anticancer administration [8,10]. The thin film hydration process was used to make all
of the RLDL formulations. For small-scale deformable liposome production in a research
laboratory, one of the simplest methods is thin film hydration [9,11]. Based on data col-
lected from literature reviews, altering the phospholipid, cholesterol and PG concentrations
are critical for deformable liposomes preparation [8,10,33]. Preliminary experiments were
carried out, according to literature reviews, to determine the independent variable concen-
tration ranges required for this study [8,10,33]. Phospholipids contribute to the formation of
lipid bilayers [9,34,35]. According to preliminary experiments, increasing the phospholipid
concentration resulted in increasing the % EE and particle size. However, the relationship
holds true only up to a phospholipid concentration of 3%, after which further increases
result in larger vesicles with no effect on entrapment efficiency. These findings were agreed
with Abdulbaqi, I.M., et al. [11]. Cholesterol is a stiff molecule that improves the stability
and rigidity of the lipid bilayer [8,33,36,37]. According to preliminary trials, increasing the
cholesterol concentration produced stable deformable liposomal vesicles with a high % EE.
However, the relationship is true only until a concentration of 0.3%, because cholesterol
competes with drug producing vesicles with low EE. These findings were agreed with
Abdulbaqi, et al. [11]. PG increases vesicle flexibility and stability by acting as a penetration
enhancer and –ve charge provider [12]. It’s also employed as an edge activator in liposome
production to create a more fluid bilayer with a small particle size [8,11]. However, the
relationship holds true only up to a PG concentration of 10%, after which further increases
result in leakage of the encapsulated drugs out of vesicles. These findings were agreed
upon by Gomez et al. [33]. Successfully, different RLDL formulations containing concentra-
tions of propylene glycol (0–10% w/w, X1), phospholipid (1–3% w/w, X2) and cholesterol
(0.05–0.15% w/w, X3) as constructed in Table 1 were prepared.
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Design expert software was used to analyse all quantative outcomes of Y1–Y4. The
quadratic model was the best fitted model for all dependent variables with p < 0.05.
Mathematical relationships between independent variables were evaluated using the
following polynomial equations:

% EE = +64.28 + 8.04X1 + 14.74X2 + 5.00X3 + 0.78X1X2 + 0.77X1X3 + 1.18X2X3 − 0.25X1
2 − 0.39X2

2 − 0.61X3
2 (5)

Vesicle size = +257.97 − 47.00X1 + 83.97X2 − 24.83X3 + 3.06X1X2 − 3.67X1X3 + 2.98X2X3 + 3.04X1
2 − 5.45X2

2 − 1.52X3
2 (6)

Zeta Potential = −25.32 − 6.71X1 − 11.57X2 − 3.55X3 − 1.23X1X2 − 0.37X1X3 − 0.25X2X3 + 0.36X1
2 + 0.14X2

2 + 0.73X3
2 (7)

Fss = +3.04 + 0.62X1 − 0.94X2 − 0.26X3 + 0.11X1X2 + 0.061X1X3 − 0.059X2X3 − 0.075X1
2 − 0.18X2

2 + 0.055 X3
2 (8)

3.2. In Vitro Characterization of RLDL Formultionse
3.2.1. Entrapment Efficiency Determination

A spectrophotometric method in the UV/Vis region has been developed to quantify
RXF. The RFX calibration curve was spectrophotometrically (JascoV530, Easton, MD, USA)
obtained at wavelength of 293 nm. The quantitative method of measuring RXF was reliable
because there was a linear relationship between absorbance and RXF concentration that
obeys the law of Beer Lambert with a coefficient of determination (R2) of 0.999. The
drug content of the produced formulations was calculated using the % EE. The % EE was
found to range from 41.31 ± 0.95% to 87.53 ± 1.10%. Figure 1A,B shows that % EE was
significantly (p < 0.05) increased by increasing X1 because drug solubility and distribution
within the vesicle are improved by PG [8,38]. % EE was significantly (p < 0.05) increased
by increasing X2 because phospholipids produce stable multilamellar vesicles with rigid
bilayers [8,10,33]. Additionally, % EE was significantly (p < 0.05) increased by increasing
X3 because cholesterol is a stiff molecule that improves the stability and rigidity of the lipid
bilayer [39].

3.2.2. Zeta Potential and Particle Size Determination

The results of dynamic light scattering revealed a uniform distribution of vesicles with
a low polydispersity index. Figure 1C,D shows that the size was significantly (p < 0.05)
decreased by increasing X1 and X3, where F1 had a vesicle size of 329.80 ± 4.51 nm with a
PDI of 0.431 ± 0.03 and F2 had a vesicle size of 242.80 ± 5.07 nm with a PDI of 0.251 ± 0.02.
Additionally, the size was significantly (p < 0.05) increased by increasing X2, where F3 had
a vesicle size of 295.33 ± 2.60 nm with a PDI of 0.263 ± 0.05 and F13 had a vesicle size
of 122.13 ± 2.63 nm with a PDI of 0.194 ± 0.01. The zeta potential method is employed
in order to determine the surface charge of nanoparticles [40]. The colloidal stability of
the produced formulations can be predicted by the zeta potential. The zeta potential was
found to range from −44.30 ± 0.20 mV to −7.80 ± 0.36 mV. Figure 1E,F shows that the
stability was significantly (p < 0.05) increased by decreasing X1, X2 and X3. These outcomes
were obtained because of the tendency of phospholipon 90 G to coalesce. Increasing
phospholipon 90 G concentration increases the aggregation of the vesicles. Cholesterol is a
rigid molecule which is incorporated during deformable liposome formulation to improve
the stability and rigidity of the lipid bilayer. Electrostatic repulsion is increased and vesicle
aggregation is reduced when the negative charge of the vesicles is increased [11].

3.2.3. Ex Vivo Drug Permeation and Skin Deposition Studies

The dissolution volume for RXF release and permeation studies from RLDL formula-
tions was determined by calculating RXF’s saturated solubility. Because RXF’s solubility is
0.18 mg/mL, a dissolution medium containing 50 ml of IPB + 0.1% w/w of Tween 80 has a
high solubility enough to satisfy the sink condition. The release was studied and found to
range from 39.24 ± 0.47% to 66.92 ± 0.50%. The enhancement in release was significantly
(p < 0.05) achieved by increasing X1 and decreasing X2 and X3. Additionally, the permeation
profile of different RLDL formulations was studied as shown in Figure 2. When compared
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to different RLDL formulations, RXF permeation from free RXF was significantly (p < 0.05)
lower. Figure 1G,H shows that the enhancement in permeation and mucosal flux were
significantly (p < 0.05) achieved by increasing X1 and decreasing X2 and X3. The skin
deposition was studied and found to range from 83.52 ± 0.97 to 155.17± 0.50 µg/cm2.
The decrease in skin deposition was significantly (p < 0.05) achieved by increasing X1 and
decreasing X2 and X3. These outcomes were obtained because phospholipids contribute to
the formation of lipid bilayers [9]. Cholesterol is a stiff molecule that improves the stability
and rigidity of the lipid bilayer [11,41]. They prevent leakage and reduce the permeability
of vesicles [42]. Increasing the negative charge of deformable liposomes increases vesicle
flexibility and creates a more fluid bilayer [8,11].

3.3. Optimization of RLDL Formulations

After analysis of all quantitative outcomes of Y1–Y4, the point prediction method
was used to select the optimum formulation. In this study, the optimum formulation was
that including propylene glycol (10% v/v), phospholipid (1.40% w/w) and cholesterol
(0.15% w/w) and displayed a % EE of 78.34 ± 1.04%, a particle size of 128.33 ± 3.14 nm, a
zeta potential of −27.01 ± 0.66 mV and a steady-state flux of 4.21 ± 0.02 µg/cm2/h.

3.4. In Vitro Characterization of the Optimum RLDL Formulation
3.4.1. Thermal Analysis Studies

A DSC analysis was obtained to measure the thermal behaviour of different RLDL
formulation components as shown in Figure 3. During the crystallisation process, DSC can
also identify probable polymorphic transitions. The DSC studies showed an endothermic
peak for RXF at 269.9 ◦C. The phospholipid thermogram shows endothermic peaks at 51
and 224 ◦C. The cholesterol thermogram shows an endothermic peak at 144.46 ◦C. When
RXF, cholesterol and phospholipid were mixed together, their crystallinity was reduced
because they formed a bilayer. RXF’s crystallinity was diminished upon mixing them in
the formulation because RXF integrated into the bilayer in an amorphous form.

3.4.2. STEM Measurements

Figure 4 shows several magnifications of the RLDL formulation STEM morphology.
The deformable liposomes are spherical nanovesicles that appear as black dots.

3.4.3. Stability Studies

Figure 5 depicts the evaluation of the RLDL formulation’s stability. The change in
% EE and size of RLDL was insignificant (p > 0.05) using ANOVA test at 4 ◦C, 25 ◦C and
40 ◦C.
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3.4.4. In Vitro Drug Release Kinetic Studies

When compared to optimum RLDL formulation, RXF release from free RXF was sig-
nificantly (p < 0.05) higher, where the release of RXF from free RXF and RLDL formulation
was found to be 98.79 ± 0.52% and 60.71 ± 0.57%, respectively. DDSolver provides a model
matrix for evaluating the best fitted model [24,25]. The Korsmeyer–Peppas model was
the best fitted model describing the RLDL’s release because it gave the minimum AIC
(17.3727), and maximum R2 (0.9985) and MSC (5.8935). Because Korsmeyer–Peppas’s “n”
is 0.441 ± 0.005, a Fickian diffusion was RLDL’s release mechanism. Table 2 depicts the
similarity between the RXF release profile from RLDL formulation and free RXF. Because
the similarity factor (f2) is 34.12 ± 2.65, the difference in dissolution profiles was significant
(p < 0.05). These outcomes confirmed that the deformable liposomes delayed RXF release
in a controlled manner.

Table 2. DDSolver parameters for evaluating the differences between RLDL and free RXF dissolution
profiles.

Parameter
Value

Symbol Name

f1 Difference factor 40.5738 ± 3.21
f2 Similarity factor 34.1217 ± 2.65

f1cp Difference factor modified by Costa. P 48.7473 ± 4.02
D Sum of squared mean differences 4306.495 ± 14.43

D1 Mean distance 16.9071 ± 2.10
D2 Mean squared distance 20.7520 ± 2.14

Res1 Rescigno index 1 0.24452 ± 0.03
Res2 Rescigno index 2 0.2448 ± 0.05
Sd Difference in similarity 0.2503 ± 0.05

DAUC Difference of area under the profiles −636.824 ± 9.46
DABC Area between the profiles 426.730 ± 5.17

3.5. Preparation and In Vitro Characterization of RLDL Gel Formulations

Carbopol is a buffering anionic polymer that helps to maintain the desired pH while
causing no skin irritation [43–45]. Carbopol polymer provides the required viscosity and
bio-adhesive properties when combined with deformable liposomes [11,41]. A carbopol
gel was successfully combined with the optimal RLDL. The viscosity coefficient of the
RLDL gel and control gel was 147.82 ± 0.73 and 156.12 ± 0.64 cP, respectively. The in-
clusion of PG could account for the RLDL gel’s slight decrease in viscosity coefficient.
Additionally, RLDL’s release and permeation were significantly decreased upon incorpo-
ration of RLDL into the carbopol gel. The release and permeation were retarded up to
52.54 ± 0.79% and 102.88 ± 1.01 µg/cm2, respectively within 24 h with a mucosal flux of
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3.91 ± 0.01 µg/cm2/h and skin deposition of 98.71 ± 0.78 µg/cm2. As a result of Carbopol
gel’s cross-linking; the skin permeation of deformable liposomes was decreased [44].
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3.6. In Vivo Antitumour Characterization of the Optimum RLDL Gel
3.6.1. Antitumour Activity and Toxicity Determination

The antitumor activity was investigated by the quantification of the number and diam-
eter of papilloma > 1 mm weekly. When compared to oral RXF suspension and RXF-loaded
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liposome gel containing 0% PG, the optimum RLDL formulation resulted in a significant
(p < 0.05) decrease in the number and diameter of papilloma. The presence of malignant
proliferative epithelial cells was discovered histopathologically in the +ve control group.
This group had some vacuolated epithelial cells. Dermal granulation tissue appeared as a
result of vascular proliferation. Additionally, hyperkeratosis, inflammatory cell infiltrations
and signs of dermal toxicity appeared with oedema. The free RXF gel group showed no
improvement in symptoms of skin toxicity in the dermis and epidermal layers (Figure 6C).
Even following treatment with oral RXF, the size and number of papilloma increased but
at a slower rate than the +ve control group (Figure 6D). In the dermal subcutaneous layer,
the epidermis’ surface epithelium displayed hyperkeratosis and acanthosis, as well as a
disseminated inflammatory reaction and edoema. The existence of a chronic proliferative
reaction is indicated by hyalinosis of certain blood vessels (Angiopathic). RXF-loaded
liposome gel with 0% PG gel group (Figure 6E) showed a moderate improvement in skin
toxicity in terms of papilloma size and number. Despite the fact that the number and
infiltration rates of inflammatory cells have improved in Figure 6E, hyperplasia in the skin
persists. When compared to the RXF-loaded liposome gel containing 0% PG gel group, the
optimum RLDL gel group Figure 6F exhibited a significant reduction in hyperplasia and
hyperkeratosis. When compared to the –ve control group (mice received neither DMBA nor
SNG, Figure 6A), the optimal RLDL gel group demonstrated an absence of inflammatory
reactions inside the dermis, as well as a significant improvement in skin toxicity, with
normal architecture, structure, and appearance in both the epidermal and dermal layers.
Optimum RLDL gel showed improved anti-angiogenic and antitumor effectiveness when
compared to oral RXF at the same dose. The papilloma were elucidated when RXF was
introduced into deformable liposome gel carriers due to the targeting capabilities and
sustained action of deformable liposome gel carriers.
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3.6.2. In Vivo Permeation and Bioavailability Studies

The pharmacokinetic parameters were calculated using the plasma concentration-time
curve (Figure 7A). Compared to the AUC of oral RXF (30.43 ± 2.53 µg·h/mL), RLDL gel
exhibited a significant (p < 0.001) high AUC (84.38 ± 3.78 µg·h/mL) with greater relative
bioavailability by 2.77 folds. Compared to the AUC of RXF-loaded liposome gel containing
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0% PG (51.14 ± 2.52 µg·h/mL), RLDL gel exhibited a significant (p < 0.001) high AUC with
greater relative bioavailability by 1.65 folds. These outcomes confirmed the enhancement
effect of PG on the liposome’s permeation. Avoiding first-pass hepatic metabolism was the
cause of enhanced bioavailability of RLDL gel and RXF-loaded liposome gel containing 0%
PG. Additionally, Figure 7A illustrates a significant (p < 0.001) increase in the value of Cmax
for RLDL gels (4.45 ± 1.03 µg/mL) compared to that for oral RXF (1.42 ± 0.74 µg/mL).
Furthermore, when RLDL gel was compared to oral RXF, the values of MRT and t0.5
increased significantly (p < 0.001). Compared to RXF-loaded liposome gel containing
0% PG, the in vivo skin deposition of RLDL gel formulation was measured to confirm
the enhancement effect of PG on the liposome’s permeation. Figure 7B shows that the
RXF-loaded liposome gel with 0% PG had a significantly (p < 0.05) greater skin deposition
concentration than the RLDL gel. The extended release of RLDL gel and RXF-loaded
liposome gel containing 0% PG into different skint layers before absorption into systemic
circulation may be responsible for slow and prolonged absorption of RXF and longer T max,
which is related to release data [31].
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4. Conclusions

This study demonstrated that altering the phospholipid, cholesterol and PG con-
centrations are critical for deformable liposomes preparation as well as enhancing the
liposome’s permeation. As an optimum formulation, RXF was incorporated into a formula-
tion that including propylene glycol (10% v/v), phospholipid (1.40% w/w) and cholesterol
(0.15% w/w) and displayed a % EE of 78.34 ± 1.04%, a particle size of 128.33 ± 3.14 nm, a
zeta potential of −27.01 ± 0.66 mV and a steady-state flux of 4.21 ± 0.02 µg/cm2/h. In
order to investigate bioavailability, antitumor effectiveness and permeation, the optimum
formulation was included in a carbopol gel. The optimum gel formulation had 2.77 times
higher bioavailability and, as a result, considerable antitumor action as compared to oral
RXF. In conclusion, optimum RLDL gel may be an effective breast cancer treatment.
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