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Aim: Retinyl palmitate (RP), the most stable vitamin A derivative, is used to treat photoa-
ging and other skin disorders. The need to minimize the adverse effects of topical drug
administration has led to an enhanced interest in loading RP on ethosomes for topical drug
delivery. The aim of the current study was to prepare and compare the performance of RP
decorated ethosomal hydrogel with tretinoin cream in the treatment of acne vulgaris as an
approach to improve drug efficacy and decrease its side effects.

Methods: RP-loaded ethosomes were prepared using the injection sonication technique.
A Box-Behnken design using Design Expert™ software was used for the optimization of
formulation variables. Particle size, zeta potential (ZP), entrapment efficiency percent (EE
%), % drug release, and permeation over 24 h of different formulations were determined. The
optimal formulation was incorporated into a hydrogel. Finally, the efficacy and tolerability of
the optimized RP ethosomal hydrogel were clinically evaluated for acne treatment using
a split-face comparative clinical study.

Results: The optimized ethosomal RP showed particle size of 195.8+5.45 nm, ZP of —62.1
+2.85 mV, EE% of 92.63+4.33%, drug release % of 96.63+6.81%, and drug permeation % of
85.98 £4.79%. Both the optimized RP ethosomal hydrogel and tretinoin effectively reduced
all types of acne lesions (inflammatory, non-inflammatory, and total lesions). However, RP
resulted in significantly lower non-inflammatory and total acne lesion count than the mar-
keted tretinoin formulation. Besides, RP-loaded ethosomes showed significantly improved
tolerability compared to marketed tretinoin with no or minimal skin irritation symptoms.
Conclusion: RP ethosomal hydrogel is considerably effective in controlling acne vulgaris
with excellent skin tolerability. Therefore, it represents an interesting alternative to conven-
tional marketed tretinoin formulation for topical acne treatment.

Keywords: ethosomes, Box—Behnken design, retinyl palmitate, topical delivery, acne
vulgaris

Introduction

Acne vulgaris is a chronic inflammatory disease of the skin affecting the pilosebac-
eous follicles. It commonly affects teenagers and young adults. It is characterized by
dysregulated sebum production, disturbed follicular keratinization, Propionibacterium
acnes colonization, inflammation, and immune responses.1 Acne lesions can be sub-

divided into two major categories: inflammatory lesions, including papules, pustules,
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cysts, nodules; and non-inflammatory lesions
(comedones).>> Treatment strategies are based on minimiz-
ing keratinocyte hyperproliferation, seborrhea, colonization
by Propionibacterium acnes, and inflammation. Topical
treatment, especially topical retinoids, is the first choice in
mild to moderate acne, whereas systemic therapy is used for
treating moderate to severe cases.”*

International treatment guidelines emphasize the key
role of topical retinoids in acne management.”’ Topical
retinoids exert pleiotropic effects on acne; they normalize
follicular keratinocyte proliferation and regulate follicular
epithelial turnover, which helps extrusion of comedones
and inhibit microcomedone formation.® Moreover, they
have antimicrobial activity against the Propionibacterium

9-12

acnes. Besides, topical retinoids have anti-

inflammatory properties by modulating the inflammatory
mediators and inflammatory cell migration.'?

Although highly effective in treating acne, the use of
retinoic acid topically is frequently accompanied by a high
incidence of side effects as sunlight sensitivity, peeling, burn-
ing, pruritus, and erythema.'* These cutaneous reactions tend
to reduce patient compliance and compromise therapy.'®'*
Some retinoid derivatives, such as tretinoin, isotretinoin, tazar-
otene, and adapalene were developed to overcome these pro-
blems. However, they still cause local cutaneous irritation in
a considerable number of patients.'> Several approaches have
been proposed to reduce these side effects, including the use of
nanosystems for targeted topical delivery of retinoids and the
use of esters of retinoic acid as retinyl palmitate (RP).'*'*!7

RP is the most stable form of retinoic acid,'® commonly
used as anti-aging due to its effectiveness at regulating
epithelial cell growth and differentiation and boosting col-
lagen production. Experimental studies have emphasized the
valuable role of RP in increasing skin elasticity, decreasing
skin roughness, and preventing the peroxidation of skin
lipids.>'*2° Tt also enhances the appearance of the skin
and reduces keratosis in sun-damaged skin.”'°

The inclusion of RP into nanocarriers for topical
treatment of acne is an exciting strategy that can lead to
higher stability and enhance skin penetration. Ethosomes
are soft phospholipid nanovesicles used for enhanced
dermal and transdermal delivery of drugs.?'* They con-
tain a high ethanol concentration, which improves skin

permeation®' **

as it acts as a penetration enhancer. It
penetrates intercellular lipids, increases lipid fluidity, and
decreases the density of lipid multilayer of the cell
#2* which

Therefore, ethosomes permeate easily into the deep skin

membrane, increases skin permeability.

layers and fuse with skin lipids, leading to drug release in
deep skin layers.?***

This study aimed to develop the ethosomal gel of RP to
overcome side effects caused by conventional retinoids
and improve penetration and localization of drugs into
deep skin layers. The physicochemical characteristics of
RP ethosomal formulation were assessed. Clinical evalua-
tion of the efficacy and tolerability of patients suffering
from mild to moderate facial acne vulgaris was carried out

compared to tretinoin cream.

Materials and Methods

Materials

Retinyl Palmitate (RP) was purchased from Labeyond
Chemicals Co., (Ltd., Dalian, China). Phosphatidylcholine
(PC) and ethanol (High-performance liquid chromatogra-
phy-grade) were purchased from Sigma- Aldrich (St. Louis,
MO, U.S.A.). Propylene glycol (PG) was provided as a gift
by C.I.D. Pharmaceutical (Assiut, Egypt). Carbopol 971P,
Chitosan, and Dimethyl Sulfoxide (DMSO) were purchased
from El-Nasr Pharmaceutical Chemical Company (Cairo,
Egypt). All other materials and solvents were of high ana-
lytical grade.

Experimental Design

A Box—Behnken design generated with Design Expert®
(Version 10, Stat-Ease Inc. Minneapolis, MN) was used
to prepare fifteen formulations of ethosomal RP where the
independent variables were the concentrations of PC (A),
ethanol (B), and PG (C). The dependent variables were
particle size (Y;), zeta potential (Y;), entrapment effi-
ciency (EE%) (Y3), % of RP released from ethosomes
after 24 h (Yy), and % of RP permeated from ethosomes
after 24h (Ys) as shown in (Table 1).

Preparation of Ethosomal RP

Formulations

RP ethosomes were prepared using an injection sonication
technique.” In brief, a proper amount of RP (5 mg) was
weighed, and various concentrations of PC were dissolved
along with various concentrations of alcoholic phase (etha-
nol and PG). Each mixture was continuously agitated and
tightly closed in a sealed container to avoid ethanol evapora-
tion. Next, freshly prepared deionized water (aqueous phase)
was added using a syringe system to the alcoholic phase
dropwise at 30+2°C. The dispersed vesicles were exposed to
sonication and then stored for further investigation at 4°C.

4252

Dove!

International Journal of Nanomedicine 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove Salem et al

Table 1 Composition of the Independent Variables with Their Respective Levels and Their Dependent Variables

Variables Levels
Independent variables (Factors) Low(—1) Medium(0) High(+1)
A = PC concentration % (w/v) 1% 2% 3%
B = Ethanol concentration % (v/v) 10% 20% 30%
C = PG concentration % (v/v) 5% 10% 15%
Formula no. Independent Dependent variables PDI
variables
A B C Y : particle Y2: zeta Y3:EE% Y4: % drug | Y5: % drug
size (nm) potential(mV) released permeated
over 24h over 24h
Fl +1 +1 0 354.3+9.36 —77.5%3.99 98.86+5.01 | 83.69+8.29 | 74.26+£5.92 | 0.46
F2 0 -1 -1 340+4.35 —61.1£4.32 89.23+4.88 | 67.2+6.38 | 55.16+5.28 | 0.43
F3 0 0 0 271.4+6.48 —59.5+4.28 93.81£3.74 | 76.73x441 | 73.5£6.99 | 0.35
F4 0 -1 +1 3114827 —54.5+7.84 92.76+6.55 7323 61.38+3.09 | 0.30
£11.01
F5 -1 +1 0 174.5+5.36 —56.1£2.09 91.24£7.98 | 97.9£3.92 | 85.18%5.61 | 0.26
Fé +1 -1 0 404+10.43 —66.3+£5.82 95.84+4.72 | 62.48+8.54 | 51.53+x4.33 | 0.36
F7 +1 0 +1 367.6£13.49 ~72.649.75 98274391 | 75.4+4.09 | 63.28+4.72 | 0.37
F8 -1 -1 0 310.1£3.52 —-51+8.35 82.01+6.02 | 79.87+2.74 | 68.38+9.5] | 0.39
F9 +1 0 -1 386.4+5.33 -74.243.17 97.97+7.53 70.43 58.83+6.42 | 0.34
£10.61
F10 0 0 0 283.5+6.63 —62+5.29 95.09 78.83£6.81 | 68.87+3.99 | 0.46
£11.23
Fll 0 +1 +1 2374438l —67+10.56 96.39+2.84 | 93.87+8.49 | 83.28+59!1 | 0.33
Fl2 0 +1 -1 261.3+2.69 —72.6+3.88 96.03+3.52 | 87.9£7.90 | 76.94+8.53 | 0.36
FI3 -1 0 -1 228.4%11.51 —52.3£3.11 84.12%9.19 82.24 72.38+7.28 | 0.32
*14.73
Fl4 -1 0 +1 199.4+3.33 —58.2+4.02 87.13+4.92 | 89.24+5.44 | 78.53+4.74 | 0.26
FIS 0 0 0 293.6+9.46 —60.6+6.53 93.91+£3.06 | 75.49+5.38 | 71.32+5.26 | 0.21
F optimized 1.33% | 30% | 15% 195.8+5.45 —62.1+£2.85 92.63+4.33 | 96.63+6.8] | 85.98+4.79 | 0.37
Note: Data are mean values (n = 3) + SD.
Abbreviations: PC, Phosphatidyl choline; PG, Propylene glycol; EE%, entrapment efficiency percent; PDI, polydispersity index.
Characterization of Ethosomal RP Herrenberg, Germany). Dilution of each dispersion and
Formulations measurement in triplicate were performed at 25+1°C.>*2*

Determination of Particle Size and Zeta Potential
The average particle size and ZP of ethosomal RP were ~Determination of Entrapment Efficiency (EE%)
determined by the dynamic hght Scattering method (DLS) Determination of EE% of the ethosomal suspension was

using a Malvern Mastersizer (Malvern Instruments GmbH,  carried out by applying ultracentrifugation technique using
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a cooling centrifuge (SIGMA 3-30K, Steinheim Germany)
at 14,000 rpm, for 3 h at 4°C.>° The supernatant (contain-
ing free RP) was separated from the sediment (ethosomal
pellets), diluted with distilled water, and finally analyzed
using a UV spectrophotometer (Shimadzu UV-1800,
Tokyo, Japan) at A,.x of 325 nm. The following equation

was used to calculate EE% for all formulations:>%>!

Weight of total RP — Weight of free RP

EE% =
% Weight of total RP

X 100

M

In-vitro Drug Release Study

The in-vitro release of ethosomal RP was performed and
compared to free RP suspension by the dialysis method
using USP 1 dissolution apparatus (Erweka DT-720,
Erweka GmbH, Heusenstamm, Germany).”’ According to
the calculated EE%, accurate volumes of ethosomal RP
(equivalent to 3 mg of RP) were added to glass cylinders
(6 cm length and 2.5 cm internal diameter) tightly covered
with the dialysis membrane, which was soaked in the recep-
tor medium overnight from one end. The cylinders were
fixed at the U.S.P. dissolution tester apparatus shafts. The
release medium was filled with 100 mL Soérensen’s phos-
phate buffer pH 5.5 containing 1% tween 20 and kept at 37+
0.5°C with continuous stirring at 100 rpm.*? At determined
intervals (1, 2, 3, 4, 6, 8, 10, 12, and 24 h), a sample of 2 mL
from the receptor compartment was withdrawn, and an equal
volume of fresh media was substituted to keep a constant
volume. A filter of 0.45 pm Millipore was used to filter the
withdrawn samples and then analyzed by the UV method, as
mentioned previously. The in-vitro release pattern of the free
RP suspension in distilled water was also investigated in the
same way. The percent of RP released was calculated for all
ethosomes using the following equation:**

The amount of RP at time t
Total amount of RP

% of Rreleased = x 100 (2)
The release data was used to determine the release pattern
using different release kinetic models as zero order, first
order, and Higuchi’s matrix.**

Ex-vivo Permeability Study

The permeability study was conducted in line with the
Animal Ethical Guidelines for Investigations in Laboratory
Animals and was approved by the Ethical Review Board of
Faculty of Pharmacy, Minia University, Egypt (Ref: 66/
2019). Wistar rats (6-8 weeks old, 100-125 g) under
anesthesia were euthanized using decapitation, and each

rat’s dorsal skin was excised. The hair on animals’ skin
was stripped via shaving, and the skin was washed with
distilled water. Prepared skin was then mounted on the
diffusion cells where the skin dermal side faced the receptor
medium, and the SC side faced the donor compartment.

Franz diffusion cell of 5 cm? surface area was used for
ex-vivo diffusion studies. The receptor chamber was filled
with 100 mL phosphate buffer saline pH 6.4 containing 1%
tween 20 as diffusion medium, which was maintained at 32 +
0.5°C and stirred at 100 rpm. Different ethosomal RP holding
constant quantities of RP (3 mg) were added to the donor
compartment. Samples from the receptor compartment were
withdrawn at determined time intervals (1, 2, 3, 4, 6, 8, 10,
12, and 24 h) then equal volumes of fresh milieu were added
to the receptor chamber. A filter of a 0.45 pm Millipore was
used to filter the withdrawn samples and then measured at
325 nm using a spectrophotometer. The following equation
was used for calculating the % of RP permeated:

The amount of RP at time t
The total amount of RP

X 100
®)

For permeation parameters calculation, the cumulative per-

% of RP permeated =

meated amount of RP per unit area (ug/cm?) was plotted
against time (h) for all formulations. Steady-state flux (Jss)
in pg/cm? h and permeability coefficient (Kp) in cm/h were
calculated for each ethosomal RP formulation to evaluate
the improvement in the RP permeation in comparison to the
RP suspension (control). The lag time, which is the time of
the drug to start permeation, was determined from the x-axis
intercept (the linear portion of the graph).

Optimization of Ethosomal RP

Formulations

To select the optimum ethosomal formulation Design-
Expert” software was by applying the desirability func-
tion. The optimization process was designed to get the
least PS formulation with the highest EE%, % RP released
and permeated after 24 h and ZP as an absolute value in
range. The solution with a desirability factor near to one
was selected. The selected formulation was prepared, char-
acterized, and compared with the predicted responses to
verify the model’s efficacy.

Morphology of the Optimized Ethosomal

RP Formulation
Transmission electron microscope (TEM-HR-2100, Joel,
JAPAN) was used to examine the morphology of the
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optimized ethosomal RP formulation at an accelerating
voltage of 80 K.V. The freshly prepared diluted sample
was negatively stained with 1% w/v phosphotungstic acid
then applied onto the carbon-coated grid and was left to
dry at room temperature to allow the adherence of vesicles
to the carbon grid.*

Physical Stability

Physical stability of the optimal ethosomal RP formulation
was evaluated by examining changes of mean particle size,
ZP, and EE% during storage at 4°C and 25°C protected
from the light for 90 days.'>3%%7

Preparation of RP Ethosomal Hydrogel
Experimental Design

The optimized ethosomal RP hydrogel was prepared using
the Historical Data Design Expert® (Version 10, Stat-Ease
Inc. Minneapolis, MN) to study the relationship between
independent and dependent variables (Table 2).

Fabrication Method

Various concentrations of different polymers (cationic
polymer Chitosan as well as the anionic polymer
Carbopol 971P) and various concentrations (1% and 2%)
of permeation enhancer (DMSO) were used in hydrogel
matrices preparation. In the required quantity of distilled
water, different hydrogel bases and DMSO were added
and solubilized. The optimized ethosomal RP formulation
was then added to the polymer solution with continuous
Stirring using a mechanical stirrer at 500-1000 rpm until
the uniform solution was obtained. The final preparation
was kept at 5°C for about 1012 h to ensure the complete
dissolving of polymers in the solution. The final concen-
tration of RP was 0.5 mg/g in all preparations. Drops of
0.IN acetic acid were needed to dissolve chitosan, while
a drop of 10% triethanolamine solution was needed for
Carbopol 971P containing hydrogels to achieve clarity.
Carbopol 971P, chitosan, and DMSO were added in con-
centrations outlined in the experimental design portrayed
by the design expert (Table 2).**

In-vitro Characterization of RP Ethosomal Hydrogel

Rheological Characterization of Ethosomal Hydrogel
Formulations

The rheological properties of the ethosomal hydrogel for-
mulations were obtained using Brookfield viscometer
(DV-III Ultra viscometer, R.V. model, Brookfield, U.S.

A.). The measurements were performed at 25+1°C using

spindle 52 connected to the viscometer by a circulating
bath at a shear rate varying from 20 to 200 (sec ').** The
viscosities, and the area of hysteresis loops, were assessed.
Farrow’s equation was used to determine the flow behavior
of hydrogel bases:

logG = NLogF — Logn @)

where G is the shear rate (sec '), F is the shear stress
(dyne/cm?), 1 is the viscosity (cP), and N is the constant of
Farrow, which indicates the deviation from Newtonian
law. When N is less than one, dilatant flow (shear rate
thickening) is suggested. However, if N is greater than
one, the flow will be plastic or pseudoplastic (shear rate
thinning).

In-vitro Drug Release Study
The in-vitro release profiles of RP hydrogel were per-
formed and compared to RP suspension in a USP
I dissolution apparatus adopting the dialysis bag diffusion
method as described before.

Ex-vivo Permeability Study

Permeability studies of RP ethosomal hydrogel formula-
tions were performed and compared to RP suspension as
described above in the ex-vivo permeability study using
Franz diffusion cell.

Optimization of RP Ethosomal Hydrogel

The optimization process designed to get
a formulation with the highest % RP released and % RP
permeated after 24h.

was

Skin Irritation Studies

Animals

An 18 female Wistar rats weighing 150-200 g obtained
from the animal facility of Minia University (Minia,
Egypt) were divided randomly into 3 groups (normal con-
trol, ethosomal RP hydrogel treated, and tretinoin cream
treated) and housed in polyacrylic cages (six animals per
cage). All animals were fed with normal chow and tap
water ad libitum. An adequate amount of gel and cream
were applied on rats’ dorsal side once a day for five
consecutive days per week, for two weeks after shaving
the hairs. For treatment safety evaluation, the incidence of
adverse effects as skin irritation and erythema was
observed at the application site of rats throughout treat-
ment. Rats were sacrificed by cervical decapitation under
anesthesia at the end of the study. The application area and
non-application area (served as a control) of the same
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animal were removed, rinsed with normal saline, and pre-
served in 10% neutral buffered formalin for histopatholo-
gical investigation. This study was approved by “The
Ethics of Scientific Research,”

Faculty of Pharmacy, Minia University.

Commission on the

Histological Examination

Skin specimens of three rats of each group were collected
randomly. Tissues were perfused with normal saline and
preserved in 10% neutral phosphate-buffered formalin, and
embedded in paraffin. The prepared section was then
deparaffinized using xylol and consequently hydrated in
ethyl alcohol. After dehydration, paraffin-embedded tissue
sections (5 um) were stained with hematoxylin and eosin
(H&E) according to the method of Bancroft & Gamble.*
Sections were photographed using a digital camera
attached to a light microscope.

Clinical Evaluation of the Optimized RP
Ethosomal Hydrogel
Patients
The study was carried out on 20 patients with facial acne
vulgaris (18 females and 2 males), recruited from the
Assiut
Hospital, Assiut, Egypt, between September 2019 and
December 2019.

The clinical study excluded patients taking other con-

Dermatology Outpatient Clinic, University

comitant oral and topical acne medication, chemical peel-
ing or light-based acne treatment during the study course,
pregnant females, and patients with facial skin problems
such as rosacea, perioral dermatitis, or atopic dermatitis.
The study included patients above 18 years old with mild
to moderate facial acne vulgaris. The baseline acne sever-
ity was graded using the Comprehensive Acne Severity
Scale.*! This scale consists of three categories: Mild acne:
number of comedones less than 20 inflammatory lesions
less than 15 or a total count of lesion less than 30.
Moderate acne: Number of comedones 20-100, or inflam-
matory lesions 15-50, or a total count of the lesion is
30-125. Severe acne: number of cysts higher than 5, or
count of comedones higher than 100, or a total inflamma-
tory count higher than 50, or a total count of the lesion is
higher than 125. This study was conducted in compliance
with the guidelines of the Declaration of Helsinki, and the
Research Ethics Committee of the Faculty of Medicine,
Assiut University approved the study protocol (I.R.B. no.
17300308). Informed consent was obtained from all
patients before enrolment as well as for the images to be

published. Also, the authors do not intend to share indivi-
dual de-identified participant data. The protocol of the
study was also registered at Clinical Trials.gov (ID:
NCT04080869).

Study Design and Treatment Protocol

A prospective, split-face comparative clinical study was
conducted. All patients were assigned to apply a thin film
of topical tretinoin cream (AcretinTM®™ 0.05%, Jamjoom
Pharma, Egypt) on the right side of the face and the
optimized ethosomal RP hydrogel (0.05%) on the left
side of the face every night for 6 weeks. Before topical
treatment was applied, the face was washed using a non-
abrasive cleanser, with care to avoid the eyes and lips. The
two topical products were packed in biweekly batches of
15 g, in non-identifiable jars by a nurse who was not
involved in the study.

Evaluation

Patients were assessed before starting treatment (baseline)
and at 2, 4, and 6 weeks. Digital photographs were taken at
baseline, at each visit, and at the end of the treatment (after
6 weeks) using identical camera settings (Nikon, Coolpix
L330, 20.2 megapixels, 26x zoom Nikkor, China).
Medication efficacy was determined by counting lesions
on both sides of the face, which was carried out by
a blinded and trained dermatologist. The patients were
assessed for any change from the baseline in the number
of non-inflammatory lesions (open and closed come-
dones), the number of inflammatory lesions (papules, pus-
tules, and nodules), and the number of overall lesions at
each visit (0, 2, 4, and 6 weeks). For the final assessment,
the number of lesions counted in the first visit is consid-
ered to be 100%, and any decrease in the number of
lesions is calculated accordingly and regarded as
a percentage reduction to determine the treatment efficacy.
The assessment of tolerability was done by interviewing
the patients about any adverse reactions (erythema, peel-
ing, burning sensation, and pruritus) at each visit on
a 4-point scale as 0; no adverse event reported; 1, mild;
2, moderate; or 3, severe adverse event(s). During the trial,
the patients were instructed to avoid using any other anti-
acne treatments.

Statistical Analysis

Statistical analysis was performed using SPSS software
version 18.0 (SPSS Inc., Chicago, IL, U.S.A.). Data were
presented as meant SD or frequencies and percentages.
Comparing the differences between before and after
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treatment and those between the two treatment sides, paired
t-test or Wilcoxon signed-rank test and the Chi-square test
were used. P-value < 0.05 is considered statistically
significant.

Results and Discussion

Experimental Design and Data Analysis
Design-Expert”™ software was used for statistical analysis
of the data obtained using a Box—Behnken design. Based
on preliminary experiments on the viability of preparing
ethosomal RP, the three factors with three levels of each of
the three factors were chosen (PC, ethanol, and propylene
glycol). The signal-to-noise ratio was measured accurately
to ensure that the model could be used to navigate the
design space.*>** All parameters (EE%, particle size, ZP,
% of RP released from ethosomes after 24 h, and % of RP
permeated from ethosomes after 24 h) have a ratio >4,
which is desirable. The adjusted and predicted R? values
should be close to each other in fair agreement,** which
has been achieved for all parameters (Table 3). The experi-
mental run and the measured parameters are listed
(Table 1).

The Particle Size of Ethosomal RP

Formulations
Forming vesicles with optimum particle size is essential
to enhance ethosomal RP passage through the skin. As

depicted in (Table 1), the mean vesicle size of the etho-
somes fluctuated from 174.5+5.36 to 404+£10.43 nm with
P.D.I. ranges from 0.21 to 0.46. The effect of the PC
concentration (A), the concentration of ethanol (B), and
the concentration of PG (C) on the particle size of the
ethosomes are illustrated graphically as 3-D surface plots
in (Figure 1A). ANOVA showed a significant effect for
the concentration of PC (A) and ethanol concentration
(B) (P=0.0001) on PS, while the effect of the concentra-
tion of PG (C) was not significant (P=0.09828). The
ethosomal particle size increased with increasing the
concentration of PC Phospholipids are the main compo-
nent of the ethosomal wall and therefore expected to
increase wall thickness and therefore increase particle
size.* It is worth noting that propylene glycol and etha-
nol concentration had an antagonistic effect on the mean

ethosomes’ size;*®*

this can be interpreted to the nega-
tive charge gained by both ethanol and PG, which causes
electrostatic repulsion and prevention of vesicle
aggregation.*®

Furthermore, the reduction in membrane thickness
resulted from the interaction of ethanol and PG with the
lipid bilayer.*”** The decreased PS at higher concentration
of ethanol from (10-30%) may be due to ethanol interac-
tion with the lipid bilayer, which causes PS of the vesicles
to decrease.’® > Salem et al observed similar results work-

ing on Lercanidipine HCI nano-ethosomal gel.>*

Table 3 Summarize Statistics Model of Box—Behnken Design Used for Optimization of Ethosomal RP with Their Regression Equation

Dependent Variables R? Adjusted R? Predicted R? P value
Y,: particle size(nm) 0.9341 09161 0.8692 0.0001
Ya: ZP (mV) 0.9032 0.8768 0.8127 0.0001
Y3 % EE 0.9918 0.9772 0.9070 0.0001
Y4 % drug released over 24 hr 0.9658 0.9564 0.9462 0.0001
Ys: % drug permeated over 24 hr 0.9715 0.9638 0.9532 0.0001

Regression equation of the fitted model

Y= 294.86 + 74.9875A - 42.2 B - 12.5875C

Y,= 63.0333 + 9.125A + 5.0375 B - 0.9875 C

Y3= 94.27 + 5.805 A+ 2.835B + 0.9C- 1.5525AB - 0.6775AC - 0.7925 BC- 2.00625 A%-0.27625 B* —0.39125 C2

Y4= 79.6333-7.15625A + 10.0725B + 2.99625 C

Ys= 69.5213-7.07125A + 10.4013B + 2.895 C

Note: Data are mean values (n = 3) + SD.
Abbreviation: EE%, entrapment efficiency percent.
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Figure | Response surface plot for the effect of independent variables on (A) particle size, (B) ZP, (C) EE%, (D) % drug released over 24 hr, (E) % drug permeated over 24

hr and (F) desirability of the optimized ethosomal RP formula.

Zeta Potential of Ethosomal RP

Formulations

Zeta potential (ZP) refers to the total charges of the surface
achieved by the particles, indicating the system’s stability.
ZP value of about + 30 mV indicates a stable dispersion
due to the force of repulsion of adjacent particles.’>*° If
the value of ZP is low, attraction overcomes repulsion, and
the mixture forms likely coagulates.’” In this study, ZP
values of all ethosomal formulations ranged from —51
+8.35 to —77.5 +£3.99 mV (Table 1), proving that the
ethosomal vesicles have sufficient charges that prevent
their aggregation. In this study, all of the prepared ethoso-
mal formulations possess negative ZP values. The influ-
ence of the concentration of PC (A), concentration of
ethanol (B), and concentration of PG (C) on the ZP of
the ethosomes is graphically illustrated as 3-D surface
plots in (Figure 1B). Among the three investigated inde-
pendent variables, only the concentration of PC and etha-
nol significantly influenced the ZP (p= 0.0001). It was
found that upon increasing the PG, ZP insignificantly
decreased (p= 0.3598). The negative charge of the phos-
pholipid may be due to phosphate group ionization.
Accordingly, when the concentration of phospholipids
increased, the vesicles

negative charge of the

increased.”® Regarding the concentration of ethanol
(B), ZP
increased.®®®' Similar results have been reported pre-

increased when the ethanol concentration

viously, indicating that ethanol provides a net negative
charge of the ethosomal surface, thus avoid vesicles aggre-

gation due to repulsion between vesicles.””

EE% of Ethosomal RP Formulations

Entrapment efficiency is one of the important parameters
to evaluate the system’s success to entrap the drug. Percent
of RP entrapped ranged from 82.01+6.02 to 98.86+5.01%
(Table 1). The effect of the concentration of PC (A),
concentration of ethanol (B), and the concentration of PG
(C) on the EE% of the ethosomes is graphically illustrated
as 3-D surface plots in (Figure 1C). Increasing the con-
centration of PC (A), ethanol (B), and PG (C) were found
to significantly influence the EE% (p = 0.0001) for A, B,
and (p = 0.0223) for C. Results revealed that the concen-
tration of PC significantly improved the EE%. It was
found that raising the concentration of PC from 1% to
3% caused a simultancous increase in EE%® of RP,
which may be due to the lipophilic nature of RP. The EE
% values of ethanol at concentration 30% contained etho-

somes formulations were superior to those of ethanol at
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concentration 10%, which might be succumbed to the co-
solvent effect of ethanol which plays a significant role in
enhancing the solubility of a lipophilic drug in the polar
ethosome phase and allows additional amounts of drugs in
ethosome’s aqueous core.’*®® Similarly, PG at concentra-
tion 15% based ethosomes formulations exhibited signifi-
cantly higher EE%
concentration 5%, p <0.05. A possible explanation may

than those containing PG at

be the ability of PG to increase the solubility of the drug in

water-ethanol mixtures,®°°

In-vitro Drug Release Studies

The release pattern of RP from ethosomes was investigated
to verify if the ethosomal RP could release RP in
a sustained manner. It was observed that the release manner
was rapid from the free RP suspension, with about 56% of
the RP being released in the first 3h (Figure S1A and B)
(supplemental file). In contrast, the RP in ethosomes

demonstrated a slow and controlled release, with about
26.29% to 48.54% (Figure SIA and B) (supplemental
file). The in-vitro release study from ethosomal formula-

tions of the RP being released within 24h ranged from
62.4848.54 to 97.9+£3.92% (Table 1). The % of RP released
from the suspension is faster and higher than the RP
released from the ethosomes; this may be due to the reser-
voir effect of the vesicular system, which delays RP release
from the ethosome.®® The effect of the concentration of PC
(A), concentration of ethanol (B), and concentration of PG
(C) on the % of RP released from the ethosomes is graphi-
cally illustrated as 3-D surface plots in Figure 1D.
Concerning PC (A) concentration, ANOVA demonstrated
that this variable significantly decreases % of RP released
from the ethosomes (P=0.0001) with increasing its concen-
tration. Contradictory to this, increasing the concentration
of ethanol (B) and PG were found to improve the % of RP
released from the ethosomes significantly (P <0.0001 and
0.0016, respectively). As the PC concentration increased, %
of RP released from ethosomes reduced; this may be due to
increased vesicle rigidity, which decreases the release of the
drug from vesicles.*”” It was noticed that increasing the
concentration of ethanol significantly increases the RP
release rate; this indicates that it increases liquefaction
and permeability of the drug, facilitating its diffusion
through membranes and leading to an increase in the drug
release.®>%® Release data analysis revealed that almost all
ethosomal RP formulations follow Higuchi’s matrix model
with the highest R? value, indicating slow and sustained RP

release.”

Ex-vivo Permeability Study

Ex-vivo skin permeation profiles of ethosomal RP via rat
skin relative to RP suspension were represented in Figure
S2A and B (supplemental file). The ethosomal formulations
verified higher skin permeation than drug suspension con-
taining an equal quantity of RP (p <0.05). From Figure S2
(supplemental file). It was noticed that 42.95% of RP sus-
pension was permeated via rat skin over 24 h; meanwhile,
the % of RP was permeated from ethosomes ranged from
51.53 +4.33 to 85.18 £5.61% (Table 1). The increased drug
permeation of ethosomal RP compared to RP suspension is
due to the flexibility of ethosomal vesicles and their ability
to bypass the stratum corneum. Another reason is the pre-
sence of ethanol which has a fluidizing effect on membrane
lipids that allows drug penetration via SC till dermal layers
and increases the solubility of the hydrophobic drug
(RP).®7! The effect of the concentration of PC (A), con-
centration of ethanol (B), and concentration of PG (C) on
the % of RP permeated from the ethosomes is graphically
illustrated as 3-D surface plots in (Figure 1E). Concerning
PC (A) concentration, ANOVA showed that this variable
significantly decreases the percentage of RP permeated
from the ethosomes (P=0.0001). In contrast, increasing the
concentrations of ethanol (B) and PG were found to
improve the percentage of RP significantly permeated
from the ethosomes (P <0.0001 and 0.0012, respectively).
In our study, PC at concentration 1% contained ethosomes
were more readily permeated than other ethosomes con-
tained PC at a concentration of 3%. The observed variation
might be claimed to increase vesicle rigidity.®>”"*
Additionally, 30% of ethanol results in a significantly higher
RP permeation than 10% ethanol. A possible explanation is
that ethanol is a well-known permeation enhancer as it
increases cell membrane lipid fluidity.®” Furthermore, the
combination of ethanol and PG enables the drug to more
easily penetrate the skin.*® The prepared ethosomal formu-
lations showed superior permeation characteristics com-
pared to RP suspension evidenced from shorter lag time,
higher permeability coefficient with enhanced E.I. from
1.06 to 1.76 as revealed in (Table 4).

Selection of the Optimal Formulation

According to the analyzed data, there was an insignificant lack
of fit for any of the responses. Optimization was achieved
using the desirability approach to obtain the levels of A, B, and
C with maximization of Y3, Y4, and Y5, and minimization of
Y, according to the developed polynomial equations. The

4260

Dove!

International Journal of Nanomedicine 2021:16


https://www.dovepress.com/get_supplementary_file.php?f=301597.docx
https://www.dovepress.com/get_supplementary_file.php?f=301597.docx
https://www.dovepress.com/get_supplementary_file.php?f=301597.docx
https://www.dovepress.com/get_supplementary_file.php?f=301597.docx
https://www.dovepress.com/get_supplementary_file.php?f=301597.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Salem et al

Table 4 Ex vivo Permeation Parameters of Ethosomal RP

Formulations

Formulation | Lag Time Jss (uglem? | Kp (cm/ | El
(min) h) h)
Fl 25.4961 19.21 0.01921 1.24
F2 39.60187 25.62 0.02562 1.66
F3 25.13599 22.87 0.02287 1.48
F4 56.02113 17.04 0.01704 1.1
F5 15.37897 24.54 0.02454 1.59
Fé 16.5859 21.13 0.02113 1.37
F7 35.55245 21.45 0.02145 1.39
F8 55.94397 16.42 0.01642 1.06
F9 25.40839 27.18 0.02718 1.76
FI0 52.13483 24.03 0.02403 1.56
FIl 62.58813 21.56 0.02156 1.4
Fl2 44.97833 20.77 0.02077 1.34
FI3 36.67233 17.67 0.01767 1.14
Fl4 2237778 21.6 0.0216 1.4
FI5 51.42857 18.97 0.01897 1.23
RP suspension | 73.12621 15.45 0.01545 -

formulation was chosen by the design expert™ software and
composed of 1.331% w/w of PC, 30% v/v of ethanol, and 15%
v/v of PG was the optimum formulation whose overall desir-
ability was 0.886 as the best formulation to achieve this goal,
as illustrated in (Figure 1F). As depicted in (Table 5), the
optimal formulation observed values were highly comparable
to the predicted ones, showing a small percentage of prediction
error fluctuated from 0.68% to 2.95% for different responses,
confirming the adequacy and fitness of the suggested mathe-
matical model for speculation of dependent responses. In total,
this formulation was selected for further investigation. Also,
the response surface of all measured parameters was well
represented by the contour plot. The contour lines representing

the effect of different formulating factors on different
responses were demonstrated (Figure 2). Also, both zeta
potential and particle size distribution curves are shown in

Figure S6 and 7 (supplemental file).

Morphology of Optimized Ethosomal RP

Formulation

The optimized ethosomal formulation morphology was inves-
tigated using T.E.M. imaging (Figure 3). The formed vesicles
were uniform and spherical in shape with a smooth surface and
without any noted aggregation. Morphological investigation
confirms the particle size values determined with DLS.

Physical Stability of the Optimized

Ethosomal RP Formulation

The stability, based on particle size, ZP, and EE% of the
optimized ethosomal RP formulation after 3 months of sto-
rage at 4°C and 25°C, was evaluated. There were in-
significant changes in particle size (increased from 195.8
+5.45 to 206.5+8.15 nm at 4°C and to 217.1+3.25 nm at
25°C), Zeta potential (decreased from —62.1+2.85 to —54.2
+2.65 mV at 4°C and to —51.3+£2.34 mV at 25 °C) and EE%
(decreased from 92.63+4.33 to 85.77+5.23% at 4°C and to
81.28+4.35% at 25°C) after 90 days as shown in (Figure 4).
Vesicle rigidity may cause the excellent stability of the opti-
mized ethosomal RP formulation®® and high ZP, which pre-

vents vesicle aggregation.”>”*

Experimental Design and Data Analysis of

Hydrogel Formulations

Historical Data Design effectively assesses the variables that
will probably impact the properties of a new drug delivery
system. It can concurrently analyze the impact of multi-
variables on the characteristics of the drug delivery system.
It was used to design eight gel formulations, which were
statistically analyzed using Design-Expert™ software. The
experimental run and the measured parameters are listed
and computed (Table 2).

Table 5 Predicted and Experimental Values of the Optimal Ethosomal RP Formulations

Solution PC Conc. Ethanol Conc. PG Conc. Y, Y, Y3 Y4 Ys Desirability
Predicted 1.33 30 15 190.01 60.99 93.26 97.48 87.54 0.886
Experimental 1.33 30 15 195.80 62.10 92.63 96.63 85.98 0.886
Bais % - - - 2.95 1.78 0.68 0.87 1.81 -

Note: Bias % = [(predicted value-experimental value)/experimental value]x[00.
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Figure 2 Contour plot for the effect of independent variables on (A) particle size, (B) ZP, (C) EE%, (D) % drug released over 24 hr, (E) % drug permeated over 24 hr and

(F) desirability of the optimized ethosomal RP formula.
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Figure 3 Transmission electron micrograph of the optimized ethosomal RP formulation.

Rheological Study

The viscosity of all hydrogel formulations ranges from
1272.32 to 6405.12 cP. It was observed that increasing
polymer concentration from 1 to 2 causes the viscosity
to increase. Viscosities of carbopol-based hydrogels are

higher than those based on

chitosan. High carbopol

viscosity forms a colloidal dispersion that converts

into a salt upon neutralization with triethanolamine,

which in turn absorbs water and forms the crosslinks

between polymer chains forming a stronger bond of

4262 https://doi.org/10.2147/IJN.S301597

DovePress

International Journal of Nanomedicine 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove

Salem et al

zeta potential(mV)

"0 vl

microgel network.””> It was observed that increasing
DMSO concentration from 1 to 2 causes a decrease in
viscosity; similar results were obtained using DMSO
with carbopol hydrogel.”®”” All hydrogel formulations
exhibited shear rate thinning behavior with thixotropy
(Figure 5). The results of the viscosity measurements
for all hydrogel formulations at different values of
shear rate are plotted in (Figure 6). Thixotropy, which
is a desirable character in pharmaceutical gels, indi-
cates decreasing the viscosity of the gel with increasing
shear stress.

Moreover, after removing the shear stress, the viscosity
slowly returns to the former state. Using the trapezoidal
rule, the hysteresis loop area formed between the up and
down curves of the rheograms was determined to indicate
the degree of thixotropy. Farrow’s constant ranges from
1.5 to 5.281 which confirmed pseudoplastic properties of
the ethosomal hydrogel (Table 2).

( PS (nm)
"2 ¥3

Figure 4 Effect of storage at 4°C and 25°C for 3 months on particle size, ZP and EE % of the optimized Ethosomal RP formula.

zeta potential(mV)

In-vitro Drug Release Study of Ethosomal
Hydrogels

The release profiles of RP from the fabricated ethosomal
hydrogels are graphically illustrated in Figure S3 (supple-
mental file). The % RP release from drug suspension
within 24 h was approximately 98.21+ 2.01%. The % of
drug released from ethosomal gel after 24 h ranged from
53.54 +£4.81 to 89.39 +3.84% as denoted in (Table 2). The
explored model was statistically significant concerning
residual analysis and ANOVA with an adequacy/precision
ratio of 32.55, elucidating adequate signal. The quantita-
tive effect of independent variables on the release of RP
ethosomal gel coded values is represented by Equation (5).

Y1 = 79.67 —10.28x; —10.21X, +4.38 X5 (5)

The investigated independent variables showed a significant
effect on the % drug release of various ethosomal gel (p
<0.05) (Figure 7A). With respect to polymer type, it was
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Figure 5 Rheograms of RP hydrogel formulations; GI-G8.

observed that the % drug release values of carbopol-based
hydrogels were significantly higher than that of chitosan
polymer (p <0.05). As has already been determined, rapid
release of carbopol could be due to repulsion between the
negatively charged RP ethosomes and the negative nucleus
of Carbopol 971P and attraction between the negatively
charged RP ethosomes and the cationic chitosan hydrogel
matrix.”® A notable finding is that % drug release was
decreased significantly with increasing polymer concentra-
tion (p=0.0007); this may be due to increased viscosity of gel
which interrupts the release of the drug from the gel matrix.
Also,
increasing surfactant concentration (p= 0.0154), which acts

as a permeation enhancer as it increases the fluidity of stra-
79-81

% drug release was significantly increased with

tum corneum lipids.

Ex-vivo Permeability Study of RP
Ethosomal Hydrogel

Ex-vivo skin permeation profiles of RP ethosomal hydro-
gel through rat skin were represented in Figure S4 (supple-
mental file). The investigated ethosomal hydrogel showed
ex-vivo permeation in the range of 38.25+£3.62 to 75.47
+3.55% (Table 2) versus 24.59+3.05% for the RP suspen-
sion. ANOVA statistical analysis revealed that the sequen-
tial model recommended for estimating the % drug
permeation response was a linear model with an adjusted
R? value of 0.9732, suggesting that the model could clarify
nearly 97% of the entire variations in the transdermal
permeation. Thus, the % drug permeation could be corre-
lated to the three factors using the following equation in
terms of coded value:
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Figure 6 Flow curves of RP hydrogel formulations; GI-G8.

Y, =62.06 — 12.61X; — 9.2X; +4.92X3 6)

The effect of the formulation variables on the % drug
permeation of RP ethosomal hydrogel is illustrated in
(Figure 7B). ANOVA indicated a significant effect of all
X1, X5, and X3 on drug permeation (p=0.0001, 0.006, and
0.0465, respectively). It was observed that the highest
diffusion of RP from its hydrogel formulations was
971P hydrogel
A plausible explanation for these results is that the anio-

obtained in the Carbopol matrix.
nic polymer Carbopol 971P is reported to demonstrate
permeation enhancing properties as it can bind Ca*™ pre-
sent in the epithelium tissue.** Secondly, the polymer
chain of Carbopol 971P undergoes decoiling due to elec-
trostatic repulsion between its ionized carboxyl groups.
Thus, swelling of Carbopol 971P occurs due to the
absorption of water from the epithelial tissue, which
causes intimate penetration into the skin and hence loca-

lizes the formulation in the skin and enhancing the drug

concentration gradient across the epithelium;® this results
in high dissolution and diffusion of the drug from the
hydrogels due to extensive swelling of the ionized
971P.**

causes a decrease % of drug permeated. On the contrary,

Carbopol Increasing polymer concentration
with increasing DMSO concentration, which increase %
drug permeated due to reasons discussed before in hydro-

gel release study.

Selection of the Optimized RP Ethosomal
Hydrogel

Design Expert® software was used to optimize the pre-
pared eight formulations based on the Historical Data
Design. The optimum formulation (achieving the highest
values of % drug release and % drug permeation) was
composed of carbopol 1% and 2% of DMSO. This for-
mulation showed a % drug release of 88.5+5.82% and %

drug permeation of 75.32+3.88%. The desirability
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Figure 7 Response surface plot for the effect of independent variables on (A) % drug released over 24 h, (B) % drug permeated over 24 h, (C) desirability of the optimized

RP ethosomal hydrogel.

constraints for the optimized were investigated with an
overall desirability value of 0.986, as illustrated in
Figure 7C.

Characterization of Optimized RP
Ethosomal Hydrogel

In-vitro Drug Released

The % of RP released from optimized RP ethosomal
hydrogel and control gel was displayed in Figure S5 (sup-
plementary file). About 94.54+4.73% of RP was released
from control gel compared to 88.75+4.64% of RP released
from optimized RP ethosomal hydrogel within 24h; this
may be due to the retardation of drug release from etho-
some. The optimized hydrogel drug release follows
Higuchi’s matrix model with R? of 0.913, indicating sus-
tained drug release.

Ex-vivo Drug Permeation

The % of RP permeated from optimized ethosomal hydrogel
and control gel was displayed (Figure 8). The % of RP
permeated from optimized RP ethosomal hydrogel and con-
trol gel were 79.47+2.34% and 22.64+3.54%. Meanwhile,
the higher % of drug permeated from RP ethosomal hydro-
gel may be due to ethanol’s presence, increasing drug solu-
bility and leading to fluidization of membrane lipids,

increasing their ability to permeate via skin layers.”*

Skin Irritation Studies

The control group (Figure 9A) shows more or less normal
epidermal and dermal layers. Meanwhile, the tretinoin-
treated group (Figure 9B) shows an area of excoriation
with the accumulation of serum in the keratinous layer
(scale crust) (black arrow), dilated congested blood vessels
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Figure 8 % Drug permeated from control gel and optimized RP ethosomal hydrogel.

Figure 9 Light photomicrographs showing histopathological sections of (A) rat skin of the control group, (B) rat skin of tretinoin cream treated group, and (C) rat skin of

ethosomal RP hydrogel treated group. (H&E stain; Bar= 100um).

in the superficial dermis (green arrows) which indicate the
irritation of the epidermal layer.

The Retinyl palmitate-treated group (Figure 9C) shows an
unremarkable epidermis, no congested dermal vessels. Only
scattered eosinophils in the dermis are seen. Congestion was
minimal compared to the tretinoin treated group, suggesting
a lower reaction to the drug than the tretinoin.

Clinical Evaluation of RP Ethosomal
Hydrogel

The purpose of this prospective, split-face comparative
clinical study was to compare the efficacy and tolerability
of RP ethosomal hydrogel to topical tretinoin cream,
which is known to be beneficial in treating mild to mod-
erate facial acne vulgaris.'> A total of 20 patients with

facial acne vulgaris, 18 females and 2 males, with a mean
age of 22.55+3.87 years, were included. There was no
significant difference between the two sides of the face
regarding the baseline number of total, non-inflammatory,
and inflammatory acne lesions. In the present study, the
therapeutic effect of the topical application of ethosomal
RP hydrogel on mild to moderate acne vulgaris has been
demonstrated for the first time. Both the marketed tretinoin
and the ethosomal RP formulations demonstrated steady
improvement of acne during treatment over the 6 weeks of
the study.

Evaluation of Lesion Count
Both sides of the face demonstrated a gradual decrease in
acne lesion count with a significant reduction in total,
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Figure 10 Right side of face before (A) and after topical tretinoin (B). Left side of the face before (C) and after ethosomal RP hydrogel (D). Peeling and dryness noted after

topical tretinoin.

inflammatory, and non-inflammatory lesion counts from
baseline at 2, 4, and 6 weeks of treatment (Table 6).

total
a significant decrease in both tretinoin and RP ethosomal

Regarding the lesion count, there was
hydrogel treated sides at week 6 compared to baseline
(P<0.001 for both). There was also a significantly lower
total lesion count on the RP ethosomal hydrogel treated
side than on the tretinoin treated side (P=0.016) at

week 6.

The mean non-inflammatory lesion number was signif-
icantly lower on the RP ethosomal hydrogel formulation
treated side than on the tretinoin treated side (P=0.008) at
week 6. Although both sides showed a significant reduc-
tion in the inflammatory lesion count at week 6 when
compared to baseline (P=0.001 for both), there was no
significant difference between the two sides (P=0.083).
Some clinical studies have consistently demonstrated sig-
reductions and

nificant in both non-inflammatory
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Figure |1 Right side of face before (A) and after topical tretinoin (B). Left side of the face before (C) and after ethosomal RP hydrogel (D). Moderate erythema noted after

topical tretinoin.

inflammatory acne lesions with topical tretinoin nano-
delivery systems compared to the conventional topical
formulations.>>5>-5¢
RP  ethosomal

a relatively greater mean percent reduction from baseline

hydrogel-treated  side  showed
to week 6 in total, non-inflammatory and inflammatory
lesion counts compared to tretinoin treated side (46.69%

non-inflammatory lesions, 39.32% inflammatory lesions,

and 39.95% total lesions vs 34.32%, 28.35%, and
28.49%, respectively). However, the difference was not
statistically significant (P=0.071, P=0.432 and P=0.179,
respectively); this may be due to the small size of the
study sample and short treatment period. However, the
clinical improvement of acne lesions was in favor of the
RP ethosomal hydrogel treated side, which was clearly

noticed by improvement in lesion size and visibility.
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Figure 12 Right side of face before (A) and after topical tretinoin (B). Left side of the face before (C) and after ethosomal RP hydrogel (D).

Several targeted topical retinoid delivery systems con-
taining tretinoin, including microsphere and micronized
formulation, were developed to improve efficacy and mini-
mize tretinoin-associated cutaneous irritancy.*”*® While
the tretinoin microsphere gel effectively reduced non-
inflammatory and inflammatory acne lesions, the incidence
of skin-related adverse effects was still high.*’

The development of a targeted topical delivery system
is greatly required to improve or maintain efficacy and
reduce this high incidence of adverse effects.

Skin Tolerability

RP ethosomal hydrogel treatment was better tolerated
compared to the marketed topical tretinoin. Local treat-
ment-related skin reactions, including erythema, peeling,
burning, and pruritus, were more frequent and more
severe on the right side treated with conventional topical
tretinoin. Almost all patients had no, or slight skin
irritation on the ethosomal RP treated side (Table 7).
Conventional topical retinoid formulations have proven
to be effective in reducing acne wvulgaris lesions.
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Figure 13 Right side of face before (A) and after topical tretinoin (B). Left side of the face before (C) and after ethosomal RP hydrogel (D).

However, they are often poorly tolerated due to their
potential for local skin irritation. The extremely low
irritation potential is an outstanding advantage of the
novel RP ethosomal hydrogel formulation; this demon-
strates how the targeted topical retinoid delivery system

enhances the clinical outcome of acne and overcomes
the problems of local cutaneous irritation. Similar
results were described using topical tretinoin-loaded
proniosomes.>® An additional factor for the improved
skin tolerability observed for the topical treatment with
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Table 6 Mean Acne Lesion Count Before and After Treatment

Lesion Count Right Side (Conventional Tretinoin) Left Side (Ethosomal RP Hydrogel) P-value®
Mean + SD P-value® Mean £ SD P-value®

Non-inflammatory lesions

Baseline 9.80 £ 5.27 9.35 £ 499 0.529

After 2 weeks 7.79 £ 493 0.016 6.37 + 3.39 0.002

After 4 weeks 6.35 £ 351 < 0.001 470 + 2.342 0.001

After 6 weeks 6.45 £ 3.75 < 0.001 4.65 + 2.56 < 0.001 0.008

Final % reduction 3432 £ 0.2 46.69 + 0.24 0.071

Inflammatory lesions

Baseline 9.3 + 6.47 9.2 + 588 0.706

After 2 weeks 7.42 + 486 0.006 6.11 £ 3.59 0.007

After 4 weeks 6+ 432 0.005 455+ 3 0.001

After 6 weeks 6.2 + 4.1 0.001 4.6 + 2.8l 0.001 0.083

Final % reduction 28.35 + 0.32 39.32 £ 0.37 0.432

Total lesions

Baseline 19.1 + 8.39 18.55 + 8.42 0.587

After 2 weeks 15.21 + 6.96 0.005 12,47+ 491 0.004

After 4 weeks 12.35 + 5.57 < 0.001 9.25 £+ 3.99 0.001

After 6 weeks 12.65 + 5.62 < 0.001 9.25 +3.89 < 0.001 0.016

Final % reduction 28.49 + 0.21 39.95 + 0.24 0.179

Notes: *“Comparison vs baseline within the same treatment side. "Comparison of the two treated sides. Significance is considered at p < 0.05.

RP ethosomal hydrogel in the current study could be
retinoid use in an ester form (i.e. retinyl palmitate),
thereby avoiding the carboxyl end group, which is
responsible for the adverse skin effects. Clinical photo-
graphs that illustrate the improvement of acne lesions on
both treatment sides are shown in Figures 10-13.

Finally, in this clinical study, both the marketed treti-
noin and RP ethosomal hydrogel demonstrated steady
improvement of acne during treatment over the 6 weeks
of the study. While the results for inflammatory acne
lesions were comparable between the two treatments, RP
ethosomal hydrogel was superior to marketed tretinoin in
reducing non-inflammatory comedonal lesions, suggest-
ing its prominent comedolytic effect. Moreover, the extre-
mely low irritation potential of this novel formulation was
clearly demonstrated.

Conclusion

RP was successfully encapsulated into ethosomes by
ethanol injection technique for the topical treatment of
acne. Box—Behnken design was used to optimize the
ethosomes. The optimized ethosomal RP formulation

contained 1.331% (w/w) of PC, 30% (w/w) of ethanol,
and 15% (w/w) of PG showed small particle size with
spherical morphology and high RP. EE%. The ex-vivo
permeation studies showed that the loading of RP into
ethosomes had enhanced the permeation of the drug
through rat skin. Then, the optimized RP ethosome
formulation was then incorporated into a hydrogel for
clinical investigation. In a split-face clinical study, RP
ethosomal hydrogel showed comparable efficacy to con-
ventional tretinoin formulation, with a remarkable effect
over the marketed tretinoin formulation in reducing non-
inflammatory acne lesions. Moreover, it was found to
have excellent tolerability with no or minimal local
treatment-related skin reactions such as erythema, peel-
ing, burning, and pruritus in treated volunteers com-
pared to the conventional cream.

Therefore, RP-loaded ethosomal formulation constitu-
tes a novel approach for the topical therapy of acne and
represents an attractive alternative to minimize skin irrita-
tion induced by conventional marketed tretinoin

formulation.
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Table 7 Local Adverse Effects in the Two Treatment Sides

Side Effect | Right Side Left Side p-value
(Conventional (Ethosomal
Tretinoin) RP)
Erythema,
n (%)
No 0 (0) 7 (35) < 0.001
Mild 3 (15) 12 (60)
Moderate 15 (75) 1 (5)
Severe 2 (10) 0 (0)
Peeling,
n (%)
No 0 (0) 7 (35) < 0.001
Mild 7 (35) 12 (60)
Moderate Il (55) 1 (5)
Severe 2 (10) 0 (0)
Burning,
n (%)
No 0 (0) 3 (I5) < 0.001
Mild 5 (25) 15 (75)
Moderate Il (55) 2 (10)
Severe 4 (20) 0 (0)
Pruritus,
n (%)
No I (5) 4 (20) < 0.001
Mild 1 (5) 15 (75)
Moderate 12 (60) 1 (5)
Severe 6 (30) 0 (0)
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