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Abstract

Background: Tazarotene (TZ) is a novel acetylenic class retinoid that selectively targets RARPB/y. It is not particularly
soluble or bioavailable, yet it is used to treat melanoma. Objective: To improve the tazarotene gel formula's
transdermal distribution. Methods: TZ-incorporated binary ethosomes (TZ-BES) were developed for the current
study. The cold technique and optimized Box-Behnken statistical design tools were used to synthesize the TZ-BES.
The improved ethosome (TZ-BES13) was mixed with carbopol gel and tested for stability and ex vivo skin
penetration, as well as viscosity, pH, spreadability, and drug content. Results: The optimal ethosomes (TZ-BES13)
had a vesicle size of 168 nm, a PDI of 0.367, a zeta potential of -30 mV, and an entrapment effectiveness of 79.94%.
TZ is enclosed in the ethosome matrix, as seen by the differential scanning calorimetry thermogram. FTIR shows that
the TZ and additives are compatible. TZ-BES13-G2, the optimized TZ-BES13 gel, has a spreadability of 7.82 cm2,
a pH of 6.52, a viscosity of 17235, and a drug content of 99.82+1.04%. Compared to the plan TZ-gel (43.54%), the
TZ-BES13-G2 exhibits a much higher TZ release (89.22%). In 6 hours, rat abdomen skin permeability for TZ-BES13-
G2 was 66.22+3.31%, much greater than that of plan TZ-gel (24.67%). The flow of TZ-BES13-G2 was 2.68 times
greater than that of plan TZ-gel. The stability analysis showed that the formulation's properties had not changed
significantly. Conclusion: Ethosomal gel offers an alternative mode of TZ administration when used topically.

Keywords: Binary ethosomes, 3% Full factorial design, Melanoma, Tazarotene, Transdermal drug delivery.
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INTRODUCTION

Melanoma is a cancer that affects the melanocytes
with the highest metastatic effect rate [1]. It can be
propagated to a distant body region by invading the
lymphatic system and bloodstream. Despite its early
discovery, adequate surgical resection, and adjuvant
chemotherapy, it may be the most malignant skin
carcinoma [2]. Particularly in this aspect, tazarotene
(TZ) is effective in preventing and managing
melanoma. TZ is an exciting adherent of the
acetylenic class of RARB/y selective retinoids and has
been approved by the Food and Drug Administration
(FDA) to cure various skin diseases [3]. Chemically,
it is ethyl 6-[2-(4,4-dimethyl-3,4-dihydro-2H-1-
benzothiopyran-6-yl) ethynyl] pyridine-3-
carboxylate. It suppresses human melanoma cell
proliferation by activating caspase-8/t-Bid and the
reactive oxygen species-dependent mitochondrial
pathway [4]. Melanoma may be effectively treated
with topical application of TZ cream; however,
expected adverse consequences include redness,
burning, stinging, and peeling at the application site.
TZ has low solubility and low bioavailability (14%)
[5]. It has been reported that various vesicular delivery
systems integrated into gel have improved
transdermal distribution of poorly soluble drugs, i.e.,
itraconazole-loaded liposomes gel, and showed 2.99-
fold higher skin permeation than conventional cream
[6], fluconazole-loaded proniosomes gel, and
significant high antifungal activity than plane gel [7],
niosomes gel of luliconazole [8], cilostazole-loaded
proniosomes gel, and improved skin permeation [9],
ethosomal gel loaded with terbinafine hydrochloride
[10], transferosomes loaded with Ivabradine HCI, and
showed higher permeability and retention in rat skin
than pure drug [11]. One creative carrier is ethosomes,
which are made up of phosphatidylcholine, a lot of
water, and ethanol (20-45% v/v) [12]. This high
ethanol content made it much easier to shape,
dissolve, stay stable, pass through, be bioavailable,
and work as a therapeutic for poorly soluble
therapeutics. Ethosomes' relatively high negative
surface charge may increase their stability [13].
However, the high ethanol concentration may
contribute to drug leakage outside the vesicle,
resulting in low drug entrapment and penetration [14].
Hence, these systems are focused on the exploration
of binary ethosomes (BES) comprising isopropyl
alcohol and propylene glycol (binary alcoholic
system) [15]. Soy-lecithin and alcohols improve drug
permeability through the skin by disturbing the
stratum corneum barrier of the skin layer through the
transdermal drug delivery system [16]. Further
incorporation of ethosome into a gel using gelling
polymers can improve drug release and permeability
and reduce side effects. The present study prepared the
TZ-loaded BES-gel for increasing skin stability,
permeability, and therapeutic effectiveness.

METHODS
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Materials

Tazarotene was purchased from (TCI Chemicals
Industries, Mumbai, India). The soya lecithin and
cholesterol, Carbopol 934 P, Ethanol, Propylene
glycol, and Isopropyl alcohol were procured from
(Delta Chemicals, Mumbai, India).

Preparation of the formula

For the development of the binary ethosomes, the cold
method was used to prepare binary ethosomes as
described by Shukla and its associates [17]. The SL
and CL were weighed and dissolved in ethanol (30 ml)
under continuous mechanical stirring (1500 rpm,
Remi Instruments Ltd., Mumbai, India). The mixture
of the drug (1 mg/ml), propylene glycol, and isopropyl
alcohol (5:5) (v/v) was added to the above lipid
solution and warmed at 30°C in a water bath. The
aqueous phase was gradually injected into the lipid
phase in a fine stream with continuous stirring (700
rpm). After injection of all aqueous phases, the
mixture continued to be stirred for 30 minutes for the
stabilization of ethosomes. Finally, the ethosomal
suspension was sonicated at a 30-second interval for
2—-6 minutes. The TZ-BES formulation was cooled at
room temperature and stored at 4-8 °C for further
assessment [18].

Optimization of Ethosomes

Experimental design software (Design-Expert®
Version-7, Stat Ease Inc., Minneapolis, MN, USA)
optimized the TZ-ES. A 3-level and 3-factor Box-
Bhekhen design was applied for optimization. Soy-
lecithin (SL), cholesterol (CL), and sonication time
are the independent variables, and vesicle (VS) and
entrapment efficiency (EE%) were selected as the
dependent variables. The thirteen formulations of
different compositions were found in the software. To
select the best-fit model, the VS and EE results of each
formulation were fitted into several design models.
Both fitted models for the responses were subjected to
an analysis of variance (ANOVA). The software was
used to create the response surface plot (3D), which
depicts the effect variables on the response.

Vesicle size polydispersity index and zeta potential

The VS, PDI, and zeta potential of the TZ-BES
formulation were analyzed by the Malvern nano zeta-
sizer. The diluted sample was put into a quartz cuvette
for the tenth time before being examined for 180
seconds at 25 °C with a 90° scattering angle [19]. The
zeta potential was measured by using a zeta potential
electrode cuvette.

Entrapment efficiency (% EE) and drug loading

The percent EE and drug loading evaluated the
amount of drug encapsulated inside the developed
vesicles. The concentration of TZ in the BES was
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assessed by ultracentrifuging of TZ-BES (Bachman
Coulter USA) at 12,000 rpm for 30 min. The clear
supernatant was separated, and absorbance was
determined by UV-spectrophotometric absorbance
(UV 1700, Shimadzu, Japan) at 351 nm. The
following equation was used for calculating the drug
loading of TZ and the percent EE (1, 2) [20].

Amount of TZ added — Amount of TZ in supernatant
Amount of drug adde

%EE = X 100 — —(1)

Amount of TZ added — amount of TZ supernates
weight of BE

% Drug loading = x 100 ——(2)

Transmission electron microscopy

The optimized TZ-ES formulation was dropped over
the formvar-coated 300 mesh grids for one minute and
air-dried. The excess amount was soaked with filter
paper. Then it was stained with 2% phosphotungstic
acid, and the excess volume was soaked with filter
paper. The grid was placed in a sample holder and put
into a TEM instrument (JEOL 100CX, Tokyo, Japan)
operated at 80 kV, which captured the image [21].

Fourier-Transform Infirared spectroscopy study

FTIR was employed to ascertain the compatibility
between TZ and additives in the TZ-BES formulation.
The FTIR study of TZ, physical mixture, and TZ-BES
(3 mg) was done by an FTIR instrument (FTIR-8400S,
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Shimadzu, Japan). The spectra were captured and
analyzed [22].

Thermal analysis

Thermal analysis of TZ, physical mixture, and TZ-
BES was done by differential scanning calorimetry
(DSC, Mettler Toledo Ltd., USA). For the calibration
of the instrument, an indium standard was used. The
(2 mg) sample was weighed precisely, packed, and
placed in a DSC aluminum pan. The empty pan was
utilized as a reference standard. The sample was
scanned from 25 °C to 300 °C at a rate of 10 °C/min.
The nitrogen gas was employed at a rate of 20 ml/min
to provide the inner environment [23].

Development of TZ — BES gel

Using the gelling agent carbopol 934P, the optimized
TZ-BES was converted into gel using the cold
method. The composition of different batches is given
in Table 1. The different concentrations of carbopol
934 P were dissolved in cold water with continuous
stirring. The carbopol 934P gel was continuously
stirred while the optimized TZ-BES (1% w/w) was
incorporated. Simultaneously, propylene glycol and
sodium methyl hydroxyl benzoate were added to the
gel formulation and stored at 4 °C for extra evaluation
[24]. For the comparative study, a plangel (TZ-gel)
was created.

Table 1: Composition of various TB-BES formulations and results of responses (VS and %EE)

Std. order Soy lecithin (A%) Cholesterol (B%) Sonication time (min) Vesicle size (nm) EE (%)
TZ-ES1 15 2 4 73.23+4.62 63.64+1.43
TZ-ES 2 3 2 4 171.34+3.56 78.52+1.32
TZ-ES 3 15 4 4 143.6+4.03 82.14+1.01
TZ-ES 4 3 4 4 279.62+5.21 91.52+2.12
TZ-ES5 15 3 2 105.72+6.43 77.23x1.32
TZ-ES6 3 3 2 242.12+6.02 84.62+0.92
TZ-ES7 15 3 6 116.71+4.63 69.02+1.05
TZ-ES 8 3 3 6 198.31+4.72 84.12+1.41
TZ-ES9 2.25 2 2 130.11+3.51 75.81+1.56
TZ-ES 10 2.25 4 2 225.52+4.31 87.52+1.22
TZ-ES 11 2.25 2 6 118.9245.03 66.92+1.74
TZ-ES 12 2.25 4 6 206.54+4.23 85.66+1.02
TZ-ES 13 2.25 3 4 168.00+3.62 79.94+1.43

Characterization of TZ -BES Gel

PH and viscosity analysis

A digital pH meter was used to determine the pH of
the TZ-ES-loaded gel. An Ametex Brookfield RV
viscometer was used to measure the viscosity of all
TZ-BS-included gel at 25°C and 30 rpm [25].

Spreadability

The Petri dish method was used to gauge the
spreadability of all TZ-ES gels. 0.5g of the gel was
placed over the Petri dish, and the diameter was noted.
The second Petri plate was placed over the gel and
added; the weight was over for 5 minutes, and the
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diameter was noted. The percentage spreadability was
calculated [26].

In-vitro release study

The dialysis bag was used to conduct in-vitro release
research on the optimized TZ-ES, TZ-ES Gel, and
pure TZ. The treatment involved submerging the
dialysis bag in distilled water for 12 hours. The
dialysis bag was filled with the necessary amount of
TZ-ES and TZ-ES Gel (equivalent = 2 mg), and both
ends were securely tied. A beaker was filled with the
releasing media (phosphate buffer, pH 6.8, 250 ml),
and a thermostatic magnetic stirrer was used to keep
the temperature at 37°C. The dialysis bag was
submerged in a solution for dissolving, and at the
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appointed time, 5 ml of the aliquot was removed and
replaced with the same volume of fresh solution. A
membrane filter was used to filter the aliquot, and the
absorbance at 351 nm (0.22 m) was measured using
UV-spectrophotometry. The percentage of drug
release was computed, and a graph showing time vs.
percentage of drug release was created [22]. To
determine the best-fit model and drug release
mechanism, the release profile of the TZ-BES Gel was
fitted into various kinetic release models.

Ex-vivo permeation study

Using excised rat skin and the Franz diffusion method,
ex-vivo permeation research was carried out. The
animal study protocol was approved by the Iraqi
Center for Cancer Research/Mustansiriyah University
animal ethics committee (approval no.
ICCMGR2020-016). The animal fasted overnight
before starting the study. The abdominal skin and
hairs of the sacrificed rat were taken without any
damage and washed with 0.9% NaCl. The excised
skin was fitted between the donor and acceptor
compartments of the diffusion cell, and 15 ml of
permeation media (phosphate buffer, pH 6.8) was
filled into the acceptor compartment of the diffusion
cell and maintained at 36x1°C during the whole study.
The specific time interval at the aliquot was
withdrawn from the acceptor compartment, filtered
with a 0.22 um membrane filter, and the concentration
was determined by the previously reported validated
HPLC method [27]. The following equation was used
to compute both the penetrated flux and apparent
permeability co-efficiency (Papp).

Jss = (Dgq/d)/A—————— (3)

Papp = Jss/CO

Where: (Dq /dt) is the amount of TZ permeated (ug/h);
A is the surface area of the used membrane (cm?); CO
is the initial TZ concentration.

Tazarotene ethosomal gel formulation

Skin deposition study

The rat abdomen membranes were whipped with
cotton dipped in phosphate buffer and then rinsed in
the same solution three times after the permeation
study. The membranes were divided into 16 pieces,
placed in 10 mL of ethanol vials, and exposed to
ultrasonication for 30 minutes (Analab Scientific
Instruments Pvt. Ltd., India). The suspension was then
filtered through 0.22 um nylon syringe membranes,
and this concentration of the drug was analyzed by the
previously reported validated HPLC method The
percentage of TZ deposited into the membrane was
calculated [22].

Accelerated stability study

The stability analysis of the improved formulation
(TZ-BES13-G2) was carried out following the
international harmonization conference Q1A (R2)
(ICH, 2003). The gel was packaged in lacquer-coated
tubes and kept in a stability chamber for three months
at 4 °C, 25 °C with 65% relative humidity, and 30 °C
with 75% RH. Samples from the stability chamber
were taken at regular times (0, 1, 2, and 3 months) and
tested for viscosity, pH, and drug content analyses
[10].

RESULTS AND DISCUSSION

Table 1 lists the components of each TZ-BES
formulation as well as the responses' outcomes (VS
size and entrapment efficiency). The response’s
relationship with the level of the formulation
component was explained using a polynomial
equation. The best model for particle size and
entrapment effectiveness was the second-order model.
For both models, the absence is not significant
(p>0.05). Data from the ANOVA analysis of the best-
fitting model for both responses are shown in Table 2.

Table 2: ANOVA for best fitted 2FI Model for vesicle size and entrapment efficiency

Vesicle size
Source Sum of Squares df Mean Square F value p-value
Model 43525.58 6 7254.263 530.32 <0.0001
A-Soyalecithin 25552.18 1 25552.18 1868.00 < 0.0001
B-Cholesterol 16352.23 1 16352.23 1195.43 < 0.0001
C-Sonication time 495.92 1 495.92 36.25 0.0009
AB 359.30 1 359.30 26.26 0.0022
AC 750.76 1 750.76 54.88 0.0003
BC 15.18 1 15.182 111 0.3327
Residual 82.07 6 13.67
Cor Total 43607.65 12
Entrapment efficiency

Source Sum of Squares df Mean Square F value p-value
Model 835.06 6 139.17 382.11 < 0.0001
A-Soyalecithin 272.97 1 272.97 749.44 < 0.0001
B-Cholesterol 480.03 1 480.03 1317.93 < 0.0001
C-Sonication time 47.34 1 47.34 129.97 < 0.0001
AB 7.50 1 7.50 20.61 0.0039
AC 14.85 1 14.85 40.79 0.0007
BC 12.35 1 12.35 33.92 0.0011
Residual 2.18 6 0.36 - -
Cor Total 837.25 12 -
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Figures 1 and 2 show the 3D plots for each answer,
which indicate how the formulation variable affects
the response. The polynomial equation for VS is
below:

Particle size (Y1) =167.53+56.51A+45.21B-7.87C+9.47 AB-13.71AC-1.94 BC ----(1)

: Sonicaton

Figure 1: Response surface plots for the effect of SL, CL
concentration and sonication on vesicle size of ethosomes.

C Sonicaton e 7% 5 Crclesterd

Figure 2: Response surface plots for the effect of SL, CL
concentration, and sonication time on entrapment efficiency TZ in
ethosomes.

Here the equation shows the significant model term,
which significantly (p<0.05) affects the particle size.
A, B, C, AB, and AC are the significant model terms
(p<0.05), and BC is an insignificant model term
(p=0.33). The second-order model is the best fit for
particle size because it has a higher R? (0.9981) than
another experimental model. The predicted R? of
0.9897 is in reasonable agreement with the "adjusted
R? of 0.9962. A model F-value of 530 implies that
terms with p< 0.05 are considered significant. The
adequate precision is 74.96, indicating a satisfactory
signal. The ANOVA of the fitted model was
evaluated, and the data are shown in Table 2. The 3D
and contour plots of particle size determined the effect
of independent variables (Figure 1). The particle size
of all TZ-BES was found in a range of 73.23+4.62
(TZ-ES1) to 279.62+5.21% (TZ-ES4) (Table 1). The
3D plot and polynomial equation showed that particle
size considerably increases with an increase in the
concentrations of SL (1.5-3% w/w) and CL (2-4%
wi/w). It is due to the deposition of CL on the surface
of ES, which increases the viscosity of the solution
with increasing SL. These results agreed with the
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previous finding. However, sonication time increases
the VS. However, with the increase in sonication time,
the particle size of ES decreases because of the
breaking of the particle during sonication [28]. The
polynomial equation of the fitted second-order model
for EE is shown below:

EE (Y2) =78.97+5.84A+7.74B-2.43C- 1.37A B+1.92AC+1.75BC ----(2)
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Equation 2 showed the significant model term, which
significantly (P<0.05) affects the VS. A, B, C, AB,
AC, and BC are the significant model terms (p<0.05).
The second-order model is the best fit for entrapment
efficiency because it has a higher R? (0.9981) than
another experimental model. The predicted R? of
0.9904 is in reasonable agreement with the "adjusted
R? of 0.9948. A model F-value of 382.11 implies that
terms with p< 0.05 are considered significant. The
adequate precision is 61.36, indicating a satisfactory
signal. The ANOVA of the fitted model was
calculated, and the data are depicted in Table 2. The
3D plot of entrapment efficiency determined the effect
of SL, CL, and sonication time (Figure 2) on
entrapment efficiency. The entrapment efficiency of
all ES formulations was found to be 63.64+1.43%
(TZ-ES1) to 91.52+2.12% (TZ-ES4). The SL and CL
concentrations increase the entrapment efficiency of
TZ in the ES. On increasing the SL concentration, the
viscosity of the lipid dispersion increases because it
increases the hydrophobicity due to the longer acyl
length chain and averts the leaching of TZ from the
lipid bilayer [29]. It was observed that CL deposited
between the free spaces of lipids in bilayers, which
lowers the litheness, reduces the drug mobility and
diffusion for TZ from ES, and increases the EE of TZ
in TZ-ES [30]. The optimized ES was detected from
point prediction of the box-bhekhen design software
and desirability function. The TZ-ES13 was selected
as the best formulation because it has optimum
particle size, entrapment efficiency, and a desirable
function value. The TZ-ES 13 has 2.25% SL, 3.0%
CL, and a 4-minute sonication time. The predicted
values of the particle size and entrapment efficiency
of TZ-ES13 are 167.53nm and 78.97%, respectively.
The experimental value of the TZ-ES13 has
168.0+3.62 nm of particle size and 79.94+1.43% EE.
The prediction errors are very low, i.e., -0.28% for
particle size and -1.22% for EE. The size of the
particle directly influences the permeation of the
formulation through the biological membrane (skin,
intestine, etc.). The particle size of all TZ-BES
formulations is  73.23+4.62 (TZ-BES1) to
279.62+5.21% (TZ-BES4) (Table 1). The optimized
formulation (TZ-BES13) has a particle size of
168.0+£3.62 nm and a PDI of 0.367 (Figure 3A). The
PDI value is < 0.5, indicating ES is uniform in size
and has a narrow size distribution. The ZP represents
the degree of vesicular system stability because of the
repulsive force between charged particles. A greater
ZP value indicated that the particle has a low ability to
aggregate. The optimized formulation (TZ-BES13)
has a ZP of -30 mV (Figure 3B). The ZP of the
optimized TZ-BES13 demonstrates the stability of the
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colloidal BES formulation. TEM analysis was
employed to achieve the desired morphology and size
of the optimized TZ-BES13. The TEM micrograph of
the optimized formulation (TZ-BES13) was found to
be spherical vesicles (Figure 3C).

Size (@nm): W imtenaiy W (drm)
Z-Average (dnm: 1680 Poak 1: 1614 se2 s1.00
Pai: 0367 Poak 2: 8223 "ns .
Intercopt: 0.818 Poak 3: a3 567.1
Result quality : Good

Size Daw tuton by baeraty

sy (%)
IR

B Zets Potential (mv): 300 Peak 1: 300 1000 6as
Zeta Doviation (mV): 6.46
Conductivity (mS/cm): 0104
Result quality : C.ood

°
Zeta Posencat (mv)

Figure 3: Vesicle size graph and PDI (A), zeta potential (B), and
TEM photograph of the optimized TZ-BES13 formulation (C).

The inclusion of ethanol contributes to a smaller ES,
while the presence of phospholipids contributes to
forming a layer enveloped around the drug molecule.
It demonstrated nanovesicular properties, which may
facilitate its penetration through the epidermis. The
EE of the drug in formulation directly affects the
reaching of the desired concentration at the site of
action. The EE of all TZ-ES formulations was
analyzed and found to be 63.64+1.43% (TZ-ES1) to
91.52+2.12% (TZ-ES4) (Table 1). The optimized
formulation (TZ-ES13) has an EE of 79.94+1.43%.
The drug loading of the optimized formulation (TZ-
ES13) is 8.34%. The FTIR spectra of TZ and the
optimized formulation TZ-ES13 were analyzed by the
KBr pellet method. The FTIR spectrum of TZ shows
characteristic stretching vibration peaks of O-H, C =
C, and C=C groups at 3483.78 cm™', 2981.41 cm™',
and 1640.16 cm™'. It also shows the presence of C-O
and CH2 asymmetric vibrations at 1153.43 and
1379.82 cm—1 (Figure 4A). The FTIR spectra of the
optimized TZ-ES13 showed the characteristic peaks
of OH, C=C, C=C aromatic, and C-O at 3635.16 cm™',
2932.23 cm!, 1688.09 cm!, and 1233.25 cm’!
respectively (Figure 4B).
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Figure 4: FTIR spectra of (A) pure TZ, (B) optimized TZ- ES13.

The presence of the characteristic peaks in the
formulation indicates that there is no interaction
between TZ and ingredients. The thermogram of the
pure TZ and optimized formulation (TZ-BES13) was
analyzed and shown in Figure 5.
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Figure 5: DSC thermogram of A) pure TZ and, B) optimized TZ-
ES13.

The thermogram of TZ shows the characteristic
endothermic peak at 102 °C (Figure 5A), which
corresponds to the melting point of TZ. There is no
endothermic peak observed at 102°C of TZ; only
broad peaks were observed for the ingredients (Figure
5B). It indicated that TZ was encapsulated in the
ethosome matrix. A similar type of finding was found
in paeonol-encapsulated ES [31]. The TZ-BES gel
was successfully prepared by dispersing the optimized
TZ-BES13 into various concretions of carbopol
polymer, as shown in Table 3.
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Table 3: composition of different TZ-BES incorporated in
carbopol 934P gel

e TZ- TZ- TZ-
Composition ES13-G1 ES13-G2 ES13-G3
TZ-ES13 (% wiw) 0.1 0.1 0.1
Carbopol 934 P
(% wiw) 2 8 4
Propylene Glycol
(% wiw) 5 5 5
Sodium methyl
hydroxybenzoate 0.2 0.2 0.2
(% wiw)
. Q.Sto Q.Sto Q.Sto

Purified water 100 100 100

For TDDS, it is necessary to determine the TZ-BES
gel's viscosity since it is a prerequisite for the gel's
ability to adhere to the skin. All of the produced TZ-
BES gel's apparent viscosity was measured, and the
results are shown in Table 4. The order of the viscosity
of the formulation is TZ-BES13-G1< TZ-BES13-G2
< TZ-BES13-G3. It was observed that as the
concentration of polymer increases, the viscosity
increases. The result agreed with the previously
published report [5]. Table 4 shows the pH values for
all TZ-BES gel samples. All of the TZ-BES gel's pH
values fell within the range for skin. Therefore, the
formulation is skin-friendly. Layer development on
the skin following application and therapeutic action
are both greatly impacted by the formulation's
spreadability. The result of the spreadability of all
developed TZ-BES gel formulations was in the range
of 6.91+ 0.52 cm? (TZ-BES13-G3) to 8.16 + 0.23 cm?
(TZ-BES13-G1) in Table 4. The spreadability falls as
the polymer concentration rises. The TZ-BES13-G2
formulation, which has the optimal viscosity and
spreadability for the medication content, was chosen
as the optimized formulation. In-vitro drug release of
TZ-gel and an optimized TZ-BES13-G2 formulation
was done using the dialysis bag.

Table 4: The result of characterization parameters of gel

. At Drug -
Formulation Viscosit Spreadabilit
—— (cps) Yy pH content P (Cm?) y
(%)
TZ-BES13-G1  16432+54 6.3+0.3 99.64+0.97 8.2+0.2
TZ-BES13-G2  17235+38 6.5+0.3  99.82+1.0 7.8£0.4
TZ-BES13-G3  19034+43 6.6+0.2  99.89+0.5 6.9+0.5

Figure 6A, which represents the released study's
conclusion, Graphically, the TZ-BES13-G2 displayed
a TZ release of 24.21+2.84% in 1 hour and
89.22+3.52% in 24 hours, respectively. TZ-gel, on the
other hand, demonstrated TZ release of 8.23+2.92%
in 1h and 43.54 3.37% in 24. Low solubility is the
cause of the minimal release of TZ from the TZ gel.
Due to its improved solubility in ES and nanosize, TZ-
BES13-G2 showed a substantial (p<0.05) high TZ
release that was sustained by the presence of carbopol
gel (32). The result of the kinetic model has been
expressed in Figure 6B.

48

Tazarotene ethosomal gel formulation

100 -

A
90 ]
80
@ T
§ 70 I 1 TZ-BES13-G2
E 60 4 T I = TZ gel
E 50
S a0 I
= I
- 30 -
204 &
10
0 T T T T 1
0 4 8 12 16 20 24
Time (h)
B
@ 120 ¥=23916x +39.156 "g"’ 2 v=-00367x + 18243
@w R2=0717 E ° 2= 4
% 100 S wis R3=09104
g 50 ElE
8 60 SR
= -1y
g 0 S s
5 20 =
<0 —_—
° 0 4 & 12 16 20 24 0 4 8 12 16 20 24
Time () Time (h)
Zero order First order
o 120 ¥= 1“--:3i5x *1'15*39 o 25 ¥=04415% +14245
2 100 Ri=08736 § 2 B = 08335
:z’ &0 é 15
¥ 60 i
SIE] o !
-7
E ¥os
g "
£ 0 T T | B T T |
0 2 4 6 0 05 1 15
Square root time Log time
Higuchi Korsmeyer-Peppas model

Figure 6. shows the in-vitro drug release of TZ from TZ-
BES13-G2 (A) and different kinetic model graphs of TZ-
BES13-G2 (B).

The Korsmeyer-Peppas model is the best-fitted model
because it has the highest R? (0.9335). The value of
the release exponent is 0.44 (P<0.05), representing the
Fickian diffusion release mechanism [33]. The ex-
vivo permeation study of TZ-gel and optimized TZ-
BES13-G2 was performed using excised rat skin. The
study was performed in a Franz diffusion cell, and the
result is shown in Figure 7.
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Figure 7: Permeation data of TZ from TZ-gel and optimized
TZ-BES13-G2 using isolated rat skin. Data were expressed
as meanSD; n: 3.

The % TZ permeation from TZ-gel and optimized TZ-
BES13-G2 was found to be 24.67+2.85%
(493.44457.01 pg) and 66.22+3.31% (1324.48+66.65
pg), respectively. The fluxes of TZ-gel and optimized
TZ-BES13-G2 are 6.52 pg/cm?hr and 17.52
pg/cm?.hr, respectively. The permeability coefficients
of the TZ-gel and optimized TZ-BES13-G2 are
8.76x10° and 3.26x10° pg/hr, respectively. When
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compared to plan TZ-gel, the ER of TZ-BES13-G2 is
2.68 times higher. Because of the inclusion of ethanol,
SL, and CL, as well as longer skin contact times, TZ-
BES13-G2 has a high rate of penetration. It enhanced
the penetration of TZ by enhancing the flexibility of
ES and by agitating skin lipids. Thus, a large amount
of BES penetrated the skin's deeper layer and released
TZ [34]. The skin deposition study of TZ-gel and
optimized TZ-BES13-G2 was done using excised rat
skin for 12 hours. The skin deposition of TZ from TZ-
gel and optimized TZ-BES13-G2 was found to be
6.04% and 15.35%, respectively. TZ-BES gel
exhibited higher retention than plane TZ-gel because
of the presence of penetration enhancers, i.e., ethanol,
SL, and cholesterol. Another factor of penetration may
take place by the skin via polar, nonpolar, or
polar/nonpolar routes. The TZ is lipophilic and may
be penetrated by a non-polar pathway [35]. However,
TZ-BES13-G2 performs superior to plain gel in

Tazarotene ethosomal gel formulation

permeation and deposition experiments: the
permeability and rigidity of BES as a carrier with a
small vesicular size of < 200 nm enhance TZ
propagation and integration into the deeper tissue
layers, contributing to its accumulation there because
they act as a reservoir permitting cumulative drug
administration by the coupling of the biocompatible
and biodegradable in the BES with the epidermal layer
of phospholipids [36]. The stability study of the
optimized TZ-BES13-G2 was evaluated at 4 °C, 25
°C/65% RH, and 30 °C/75% RH for three months, and
results are depicted in Table 5. The TZ-BES gel
exhibited no changes in physical characteristics under
this condition. It was also observed that there is no
significance (p>0.05) in pH, viscosity, or drug content
in the TZ-BES13-G2 formulation each time. It
concluded that the formulation was stable under the
specified conditions.

Table 5: Stability study result of TZ-BES13- gel at different storage conditions

Time (Month)

Tests Initial Conditions M M M
Physical Brown, odorless 2108°C NC NC NC
appearance translﬁcent gel 25 °C/60% RH NC NC NC

30 °C/75% RH NC NC NC
6.73+0.25 4°C 6.6+0.14 6.6+0.18 6.7+0.24
pH 6.5010.30 25 °C/60% RH 6.51+0.09 6.55+0.17 6.60+0.14
D 30 °C/75% RH 6.52+0.21 6.62+0.25 6.64+0.08
) ) 13624 +10 4°C 17236+24 17254+16 17283+31
Viscosity (cps) 17235 :38 25 °C/60% RH 17245+18 17224422 17221429
- 30 °C/75% RH 1720533 17282+38 172426
4°C 99.79+1.21 99.73+1.05 99.74+1.04
Drug content (%) 99.82+1.04 25 °C/60% RH 99.80+1.38 99.78+1.65 99.74+1.25
30 °C/75% RH 99.72+0.84 99.54+1.62 99.45+1.23
NC= No changes
Conclusion REFERENCES

Experimental design software prepared and optimized
the binary ethosomes of TZ successfully. The TZ-BES
exhibited nanosize vesicles and high drug entrapment
efficiency. The TZ-BES gel was prepared using a
carbopol gelling agent. The BES-gel showed
significantly higher and more sustained releases of TZ
than the plane TZ-gel. An ex vivo skin permeation
study revealed that TZ-BES-gel has significantly
higher permeation and disposition than plane TZ-gel.
The finding concluded that BES could be an
alternative to improve permeation through skin and
stability.
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