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Tretinoin (TRT), a natural all-trans retinoic acid occurring retinoid metabolite, belongs to the first generation of retinoids
used to treat various skin ailments, like acne vulgaris and skin ageing and psoriasis. In this study, a combination of
drugs using TRT and curcumin (CUR) nanoemulsion (NE) is fabricated, and is further added to a gel formulation to

boost the efficacy and stability of the topical formulation. A high-energy sonication technique was used in the NE
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fabrication, and optimization was carried out using the Box—Behnken design. The TRT-CUR-NEs were found to
have a mean particle size, zeta potential, and PDI of 77.6 + 2.1 nm, —20.7 + 4.4 mV, and 0.268 + 0.029, respectively.
The optimized formulation of TRT-CUR-NE has a % entrapment efficiency of 85.92% + 2.6% and 88.31% + 3.2%
for TRT and CUR, respectively, and a % loading efficiency of 19.6% =+ 1.2% and 18.7% + 2.5%, respectively, for TRT
and CUR, respectively. The in vitro release profile displayed % cumulative drug release of 28.64% + 0.31%, 80.32% =+

0.42%, and 89.64% = 0.97% after 24 hours for plain gel, TRT-CUR-NE, and TRT-CUR-nanoemulgel, respectively.

INTRODUCTION

Tretinoin (TRT) is linked to various biological functions
and has an essential function in treating pathological conditions
and a significant impact on inflammatory mechanisms regulation
and cancer prevention. The interaction of peroxisomes proliferator-
activated receptors and retinoic acid receptor (RAR) enhances the
cellular activities of TRT. Targeted genes’ postactivation receptor
results in a homeostatic regulatory system which binds to RAR and
normalizes keratinization and follicular epithelial differentiation.
It also promotes follicular epithelial mitotic activity and loosely
adherent corneocytes. Corneocyte shedding is the primary
mechanism of comedolytic action.

Furthermore, polyphenolic curcumin (CUR), derived
naturally, has anti-acne, psoriasis, dermatitis, wound healing,
facial photoageing, anti-inflammatory, and anti-cancer properties
(Desam and Rajab, 2021; Gillis and Goa, 1995; Kim and Weinkle,
2021; Kohli et al., 2005). When employed in a co-delivery or
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combinational strategy, this substance enhances cancer signaling
pathways in diverse malignancies in melanoma tumors, reduces
anti-cancer drug adverse effects, and alters efficacy (Batra
et al., 2019). Controlled drug release has long been a problem,
and nanotechnology-mediated drug delivery is now being
employed to overcome it. Furthermore, it results in the co-
administration of primary and adjuvant therapies, reducing or
eliminating medication-related side effects, and improving drug
performance. Nanocarrier-mediated delivery can help reduce
skin discomfort associated with the immediate release of certain
active pharmaceutical ingredients by regulating the release
rate and improving the drug’s skin permeation, resulting in a
more successful treatment outcome and fewer side effects. The
nanoemulsion (NE) drug delivery technology has been intensively
researched to improve the biopharmaceutical efficiency of poorly
soluble topical medicines (Hussain et al.,2017; Thakur et al., 2013;
Waghule ef al., 2020). The ease with which it may be processed
and manufactured and its long shelf-life have piqued interest in
the development of NE-based topical treatments. NE is formed by
spreading colloidal oil droplets ranging in size from 20 to 200 nm
in an immiscible aqueous solution (Chen et al., 2011). Because
the low viscosity of NE makes it difficult for the patients to apply
it directly to their skin, integrating it into a hydrogel system is
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functional. TRT is encapsulated in an NE system, allowing deeper
skin penetration while also shielding the skin from direct TRT
contact (Lai et al., 2013). Incorporating TRT-CUR-loaded NE into
the gelling system also enables for exact monitoring of TRT-CUR
release from the NE gel system and a reduction in TRT-related
skin reactions (Chen et al., 2020). The goal of this research is to
improve topical TRT administration while minimizing unwanted
side effects. TRT-NE was modified to improve TRT distribution
to the skin. To help with skin responses, CUR was included in
the formulation. This hydrogel formulation hydrates the skin
while also increasing the efficacy of NE-mediated encapsulated
medicinal delivery.

MATERIALS AND METHODS

Materials

TRT and CUR were procured from Cure Tech Skin Care,
Himachal Pradesh, India. Oleic acid, Tween 80, propylene glycol,
castor oil, span 60, ethanol, methanol, triethanolamine, carbopol
934, disodium hydrogen phosphate, and potassium di-hydrogen
orthophosphate were purchased from Loba chemicals, Mumbai.
All other chemicals were of analytical grade reagents.

Methods

TRT-CUR NE formulation

Design-Expert 12, the design of experts allowed the
evaluation of important impacts without aliasing to other effects.
It was used to figure out what the most important aspects were
that influenced the responses (Beg et al., 2019; Singh et al., 2017).
The amounts of oil X, (10%-15%), surfactant X, (10%—15%),

and cosurfactant X, (25%-30%) were used to fabricate NE as
independent variable in the design. Based on the statistical data
analysis, the Box—Behnken design (BBD) was employed; all three
elements (X, amount of oil, X,, quantity of surfactant, and X,
quantity of cosurfactant) were found to be significant (Bhoop ez al.,
2013). BBD was able to improve these analytical criteria even
more (Tablel). BBD is a form of response surface design that is
beneficial for controlling the experimental periphery and avoiding
over-grouping. Three important factors and three levels were used
to evaluate key effects, interaction effects, and quadratic effects in
a BBD with 17 runs alongside 5 center point optimization designs.
The reproducibility of the following TRT-CUR-
nanoemulgel (NEG) formulation process was assessed using
the five center point run. Design-Expert version 12 was used to
conduct the research (Stat-Ease Inc., Minneapolis, Minnesota):

Y: bO + lel + bZsz + b}‘)(li + blZXIXZ + blIXIXS + bZKXZX; + bll
Xy b, X, T b3 X,

Preparation of TRT-CUR-loaded NEG

TRT-CUR-NEG was formulated in the following two
phases:

Phase 1: Formation of NE. Based on solubility studies,
oil, surfactant, and co-surfactant were utilized to make NE.
Oleic acid, Tween 80, and propylene glycol were used as an oil,
surfactant, and co-surfactant, respectively, and deionized water
was used as an aqueous phase. TRT (0.025%) and CUR (0.025%)
were disseminated in a specific amount of oleic acid using an
ultrasonicator to obtain a homogenous solution (Azami ez al., 2018;

Table 1. NE’s % L.E, % E.E, mean particle size, PDI, and zeta potential, viscosity, pH, and drug content.

sno Pride RS wppama e Vel e e
1 210+0.9 41+03 34.41+041 -23.0+6.1 0.451+0.037 19.32+0.34 5.98 +£0.04 67.41 +£0.45 71.33 +£0.37
2 98.7+0.4 174+04 84.61 £0.45 —22.6+49 0.287+0.068 26.17+0.12 6.11 £0.08 89.63 £0.65 79.31+0.41
3 203 +£0.7 43+0.2 31.22+0.29 —22.1+£3.6 0.532+0.092 28.22+0.54 5.97+£0.11 81.26 £0.75 83.78 £0.25
4 789+ 0.6 19.8+0.4 86.42 +£0.37 -19.7+£43 0.272+0.032 26.92+0.92 6.2 +0.08 85.49+£0.46 83.94+£0.56
5 102.3+0.4 9.5+0.7 88.79 £0.62 -232+48 0.302+0.011 16.28 £0.95 5.96 £ 0.06 88.71 £0.47 89.11 £ 0.31
6 89.8+0.2 20.2+0.8 75.52 +0.39 -192+4.0 0.268+0.029 29.85+0.98 5.97+0.13 76.53 +£0.72 73.25+0.68
7 98.4+0.2 16.2+0.5 79.19+0.72 —23.9+3.5 0.297+£0.032  32.51£0.56 5.89+0.07 59.29 £0.97 78.38 + 0.65
8 97.5+04 16.4+0.5 68.62 +0.64 —21.8+£52 0.299+0.043 17.19+0.86 6.11£0.22 63.62 +0.35 72.12+£0.78
9 89.7+£0.6 184+0.3 69.18 +£0.63 224+39 0.311 £0.063  21.20+0.69 5.93+0.18 64.26 £ 0.47 77.62 £0.67
10 99.1+0.3 16.8 +0.7 81.88 £0.81 -199+56 0.278+0.047 34.49+0.78 5.96 +£0.07 61.57+0.64 70.22 £0.46
11 195.7+1.2 54+12 39.12+0.83 —-24.8+34 0.434+0.087 29.91+0.88 5.85+0.15 76.14 +£0.18 83.74 £0.11
12 117.2+0.4 92+0.8 83.72 £0.64 —26.1+3.8 0.345+0.064 28.87+0.78 6.09 £ 0.28 60.83 = 0.64 68.88 £ 0.94
13 1124+£0.8 104+0.5 88.93 £0.48 -189+6.2 0.314+0.081 17.55+0.33 5.83£0.09 81.05+£0.82 84.05+0.28
14 138.6 1.1 9.1+0.9 61.35+0.65 —21.8+£6.3 0.294+0.046 24.12+0.45 6.09 +£0.77 81.28 £0.34 80.08 +0.88
15 98.3+0.9 159+0.2 87.52+0.35 -19.5+53 0.279+0.026 20.09 +0.25 5.94+0.05 84.94+£0.17 81.49+0.77
16 109.2+0.2 19.8+0.4 91.19+0.68 -20.7+4.4 0318+0.037 24.15+0.13 6.08 £0.19 92.16 = 0.54 91.61 +0.89
17 211.5+1.5 3.8+0.6 48.56 + 0.68 -209+49 0.512+0.081 19.88 £ 0.14 6.19 £ 0.55 78.51 +£0.52 77.52£0.20
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Chandrashekhar et al., 2015; Heng et al., 2017; Rahman et al.,
2015). In deionized water that had been stored, a specific amount
of surfactant was disseminated. The oily phase containing drugs
TRT and CUR was dispersed in an aqueous phase for 30 minutes
using a probe ultrasonicator. An exterior cool jacketed bath with
ice was used to regulate the lower temperature of the formulation,
and a homogenous NE was created (Saani et al., 2019).

Phase 2: NEG formation. The hydrogel was made
with carbopol-934 and deionized water, and triethanolamine
was employed to maintain the pH range of 5-6. The amount of
carbopol 934 required for a 1% w/v solution was diffused in water
and kept for 24 hours. The NE was then mixed with the hydrogel
to formulate an NEG (Elmataeeshy et al., 2018; Md et al., 2020).

TRT-CUR-NE Characterization

Particle size analysis

At a temperature of 25°C and angle of 90°C, the particle
size, zeta potential, and PDI of TRT-CUR-NE were measured in
triplicate using dynamic light scattering by zeta sizer (Malvern
Instruments Ltd. UK). Before analysis, all of the formulations
were diluted with deionized water. Droplet size, PDI, and zeta
potential were provided by the equipment’s software (Gurpreet,
2018; Hamid et al., 2021).

Entrapment efficiency (% EE) and loading efficiency (% LE)

TRT-CUR-NEs were assessed for % EE and % LE
by calculating the amount of un-entrapped drug in an aqueous
phase, removing it by centrifugation at 5,000 rpm for 25 minutes,
and filtering the supernatant. After that, the filtered supernatant
is diluted and evaluated using a UV spectrophotometer with
maximum wavelengths of 421 and 359 nm, respectively, for CUR
and TRT (Artiga et al., 2018; Hamid et al., 2021; Jaiswal et al.,
2015). Then, % EE and % LE for entire experimental runs were
determined via the following equations:

o, = —
A) EE W (total drug) W (free drug)
W (total drug) ( 1)
o, = —
A) LE W (total drug) W (free drug)
W (total drug) W (lipid content) (2)

Characterization of TRT-CUR-NEG

pH and spreadability studies

For topical formulations, pH measurement was required
to ensure that the formulation does not irritate the skin. At room
temperature, pH was determined with a digital pH meter (Campani
et al., 2016). The spreadability of the NEG is determined by
placing 1.0 g of TRT-CUR-NEG in the center of a glass slide
with 1 cm? marks. After that, another slide was placed on top of it,
followed by a nearly 100 g weight. The spreading coefficient was
then determined as a function of the spreading area covered by
each sample (Karri et al., 2015; Sahu et al., 2018).

Rheological studies

For topical formulations, pH measurement is required to
ensure that the formulation does not irritate the skin. The pH was

determined with a digital pH meter (Campani et al., 2016). The NEG
spreadability is determined by placing 1.0 g of TRT-CUR-NEG in
the center of a glass slide with 1 cm? marks. After that, another slide
was placed on it, followed by a nearly 100 g weight. The spreading
coefficient was then determined as a function of the spreading area
covered by each sample (Karri ez al., 2015; Sahu et al., 2018).

Drug content uniformity

Samples weighing 500 mg were obtained from various
regions of the gel, such as the upper layer, middle layer, and
bottom layer. Each sample was extracted using a 2:8 mixture of
methanol and water, then centrifuged for 15 minutes at 3,000 rpm.
The supernatant was filtered with Whatmann filter paper of 0.45
um and the filtrate was measured with a UV spectrophotometer
at max 421 and 359 nm or CUR and TRT, correspondingly. The
process was carried out thrice and the uniformity of the material is
recorded as the average content (Ahmad et al., 2019).

In-vitro release study

The drug release from TRT-CUR-NEG was calculated
using a Franz diffusion cell with a glass cylinder open at both
ends. NEG equivalent to 2 mg of TRT and CUR was placed
equally over the dialysis membrane surface (saturated in PBS 7.4
pH for 24 hours). The donor compartment was filled with PBS
(7.4 pH), which mimics the blood or plasma. The drug molecules
were believed to be directly taken up by the systemic circulatory
system through NEG. As a result, testing drug release in a 7.4 pH
phosphate buffer is necessary. For 24 hours, the entire assembly
was placed on a magnetic stirrer and kept at 37°C 4+ 2°C. At defined
time intervals, for instance, 0, 0.25,0.5,1,2,3,4,5,6,7,8,9, 10,
12, 18, and 24, aliquots of 1.5 ml sample were obtained, and fresh
PBS was added to maintain the sink conditions. The samples were
then tested using a UV spectrophotometer at 421 and 359 nm for
CUR and TRT, respectively (Dhawan et al., 2014). The in vitro
release study was repeated thrice to obtain accurate data.

Determination of TRT—CUR release kinetics

The data from the drug release study was fitted into
various mathematical models to determine NEG’s release kinetics
and mechanism. Three kinetics models can be used to examine the
release kinetics, i.e., zero, first, and Higuchi model. A cumulative
% drug release and time are drawn in a zero-order graph, the log
cumulative % drug release and time is plotted in a first-order
graph, and the cumulative % drug release and the square root of
time are plotted in the Higuchi model graph. The fourth model,
Korsmeyer—Peppas, was used to determine the drug release
mechanism, graph among log cumulative % drug release, and log
time was created (Gadkari et al., 2019; Jain et al., 2015).

Studies on physical stability

For determining the physical stability of NE,
thermodynamic stability studies are essential. The following
thermodynamic stability tests were carried out to assess the
stability of NE formulations.

Freeze thaw cycle

For 24 hours, the NE formulations were held at 25°C.
After that, the formulations were withdrawn and stored at room
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temperature. The thermodynamically stable NEs were recovered impact on the particle size and % LE of TRT. The studied factors

to their original temperature within 2—3 minutes. Three times, this influenced both responses, with values ranging from 78.9 + 0.6 to
cycle was repeated to attain precision. 210+ 0.9 nmand 3.8% + 0.6% to 20.2% + 0.8% for particle size and

% LE, respectively. It explains that the screening parameters, such
Heating and cooling cycle as the amount of oil, surfactant, and co-surfactant, substantially

Six cycles were carried out in the refrigerator between impact the particle size of the TRT-CUR-NE and % TRT.
4°C and 45°C, with at least 48 hours of storage at each temperature,

and the improved formulations were evaluated for stability at
these temperatures. BBD focused on the essential components’ significant
effect, interaction, and quadratic effect on particle size and % LE.

Optimization of formulation using Design-Expert

Centrifugation N ) _
In this phase, the NEs were centrifuged at 5,000 rpm for Effect of critical factors on p article size (Y) o
30 minutes to check for creaming, phase separation, and cracking - The F-value obtained from the optimized model after
(Ma et al., 2021; Ojha et al., 2021). ignoring the insignificant expressions of the model for particle size
was observed to be significant, i.e., F-value = 8,564.51 and p_,
RESULTS AND DISCUSSION value = 0.0001, whereas lack of fit was insignificant, i.e., F-value

=2.18, based on the results of analysis of variance (ANOVA) for
BBD. The adjusted R? and predicted R? regression coefficients

The crucial elements for the formulation chosen were were determined to be 0.9998 and 0.9990, respectively, implying
based on the trials, and the literature review has a significant that the predicted value is 95% similar to the experimental value.

Screening of factors by design of expert

PARTICLE SIZE (nm) 2 PARTICLE SIZE (nm)
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Figure 1. 3D response surface plots presenting effect of critical factors on particle size and % LE TRT in TRT-CUR-NE.
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78.9 + 0.6 nm was the smallest particle size measured in the fourth
run, and 210 + 0.9 nm was the biggest particle size observed in the
first run, according to the design.

Particle size (¥,) = 98.80 +56.55 x X, —3.65 x X, —9.55
XX, —398xX X +588xX X +732xX X +40.37 xX +
822 x X +11.87 x X,

Effect of critical factors on % LE (Y)

The F-value obtained from the optimized model after
ignoring the insignificant expressions of the model for particle size
was observed to be significant, i.e., F-value = 132.41 and p_ value <
0.0001, whereas lack of fit was insignificant, i.e., F-value = 1.88 and
D, value = 0.2734, based on the results of ANOVA for BBD. The
adjusted R*and predicted R? regression coefficients were determined
to be 0.9867 and 0.9415, respectively, implying that the predicted
value is 95% similar to the experimental value. The minimum %
LE seen in the first run was 4.1% =+ 0.3%, while the highest % LE
observed in the sixth run was 20.2% =+ 0.8% (Table 1).

LE= 1654 - 735 x X, + 03250 x X, + 0.2250 x X, + 0.4 x X, X,
+0.05 % X, X, +0.2 % X, X,~ 130 x X, ~3.75  X,, ~3.24 ¥ X,

Figure 1 and Equation (3) reveal that increasing the
amount of oil had a favorable influence on the particle size of
TRT-CUR-NE because increasing the amount of oil caused the
internal phase viscosity to rise, preventing the particles from
fracturing (Schreiner et al., 2020). The amount of surfactant and
co-surfactant had a negative impact on particle size, as the particle
size decreased upon increasing the amount of surfactant and co-
surfactant (Yeo et al., 2021).

On the other hand, an increased amount of oil exhibited a
substantial negative influence on the % LE of TRT in TRT-CUR~—
NE during emulsification, as shown in Figure 1 and Equation
(4). The % LE dropped as the % of oil increased, possibly due to
supersaturation of the internal phase, causing TRT release from
the internal phase to the external phase during emulsification
(Diwan et al., 2020).

Optimization of TRT-CUR-NE

The desirability function was examined using Design-
Expert software ver.12 to identify the best facts for TRT-CUR-NE
formulation. For the optimized TRT-CUR-NE, the desirability
function value was found to be 1.0. The best conditions for the
preparation of TRT-CUR-NE were determined to have the
minimum particle size and the maximum % of LE. The software
predicted the trial circumstances, such as the amount of 0il (10.0%),
surfactant (12.158%), and co-surfactant (26.906%). New TRT—
CUR-NEs (n = 3) were produced using the conditions projected
by the software to check the reasonableness of the aforementioned
controlled circumstances, and the responses had been determined.
After that, a Wilcoxon’s signed-rank test value 0.05 was used to

see a substantial difference between anticipated and experimental
particle size and % LE of the NEs. The hypothesized model was
viable because there was no significant difference between the
projected and measured particle size and % LE values.

Analysis of particle size

The optimized TRT-CUR-NE’s mean particle size, PDI,
and zeta potential, viscosity, and pH were 77.6 = 2.1 nm, —20.7
+4.4 mV, and 0.268 + 0.029, respectively (n = 3). The viscosity
and pH were found to be in the range of 58.96 + 0.64 Pas to
37.85 + 0.33 Pas and 5.83 £ 0.09 to 6.2 £ 0.08, respectively. A
low PDI score indicates a tapering particle size distribution and
a consistent NE formulation. The zeta potential, which indicates
charge borne on the surface of particles, was negative for TRT—
CUR-NE, which might be assigned to the drug substance or
oleic acid because of the presence of Tween 80 as a non-ionic
surfactant (Table 1 and Figs. 2 and 3).

Drug EE (%) and LE (%)

The % EE and % LE of the NE were computed using
Equations (3 and 4). The surfactant and co-surfactant enabled the
increase in % EE and % LE. However, the increase in oil content
has a detrimental impact on both entrapment and LE. For the
optimized TRT-CUR-NE of TRT, EE and LE were 85.92% +
2.6% and 19.6% + 1.2%, respectively. For the optimized TRT-
CUR-NE, the % EE and % LE of CUR were 88.31% + 3.2% and
18.7% + 2.5%, respectively.

Drug content of TRT and CUR

The maximum amount of drug content for TRT and
CUR was 92.16 £ 0.54 and 91.61 + 0.89 respectively.

Physical stability of NE

After physical stability testing, no significant changes
were observed in the optimized formulation, as shown in Table 2
(Zhang et al., 2018).

Characterization of TRT-CUR-NEG

pH, spreadability, and drug content of TRT-NEG

The pH of optimized TRT-CUR-NEG was 6.1 + 0.4,
signifying the similarity with the skin pH. Spreadability was 6.2
+ 0.6 g cm/second, indicating that the ease in spreading the NEG
devoid of high friction. Drug content of top, middle, and bottom
layers was found to be 86.73 £ 0.62, 89.78 £ 0.39, 92.13 £ 0.46,
respectively, and demonstrated that the loss of medication due to
the inclusion of NEG was negligible.

pH and viscosity

Table 2. Results of physical stability.

Physical stability tests Particle size pH Drug content  Phase separation
Freeze—thaw cycle 78.5+ 3.1 nm 6.0+0.5 90.54 +£2.5 Not observed
Heating—cooling cycle 80.1 £ 1.5 nm 5.8+0.3 90.24 + 1.8 Not observed

Centrifugation

No significant change observed
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Figure 4. Rheogram depicting the pseudoplastic nature of TRT-CUR-NE.

The pH of optimized TRT-CUR-NEG was 5.9 + 0.4,
signifying the similarity with the skin pH. The average viscosity
was found to be 48.29 + 2.7 Pas.

Rheological measurements

The rheogram in Figure 4 depicts the pseudoplastic nature
of TRT-CUR-NEG, demonstrating the shear-thinning makeup of
NEG. the mean viscosity was measured to be 48.29 + 2.7 Pas. The
TRT-CUR-NEG exhibited pseudoplastic characteristics, unique
to hydrophilic polymeric formulations, with both non-Newtonian
and non-linear interaction of shear stress and shear rate. Upon
application to the biological surface, such performance was thought
critical because it would aid in dissemination. In hydrophilic
polymeric systems, pseudoplastic quality is frequent, which
increases spreadability during application. Greater pseudo-plasticity
correlates to easy spreadability (Ali et al., 2016; Ghica et al., 2016).

In vitro drug release

Figure 5 shows the in vitro release profiles of plain
TRT—CUR gel and TRT-CUR-NEG in 7.4 pH phosphate buffer.
At 24 hours, the release from the plain gel was very modest and
showed that TRT and CUR diffusions from a simple gel base
were slowed because the gelling ingredient kept the drug in its
polymeric structure, preventing it from diffusing. The surfactant
and co-surfactant increased TRT and CUR diffusion across the
skin by inducing transdermal partitioning into the skin layers in
TRT-CUR-NEG (Algahtani ez al., 2020). Following 24 hours, the
TRT-CUR-NEG had shown 91.2% + 0.86% cumulative release
for CUR with 92.46% + 0.69% cumulative release for TRT, as
shown in Figure 5. The plain gel and TRT-CUR-NE showed
24.48% £ 0.29% and 74.36% + 0.56% cumulative release for TRT,
respectively. The flux finds out to be 0.78 pg/sq.cm/hour and 0.55
pg/sq.cm/hour for TRT and CUR, respectively.

Determination of CUR and TRT release Kinetics

Mathematical modeling is an essential aspect of the
investigation for characterizing the kinetics of drug release from

In vitro Release

% Cumulative release
TRT inNEG

% Cumulative release
CURinNEG

% Cumulative release
TRT in plain Gel

% Cumulative drug Release

Time (Hour)

Figure 5. % cumulative release of TRT and CUR from plain gel, TRT-CUR
NEG versus time.
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Table 3. Results of mathematical modeling.

R2
Formulation
Zero order Firstorder  Higuchi model Korsmayer—Peppas model
TRT-CUR-NE-GEL/TRT 0.9585 0.9555 0.97629 0.57
TRT-CUR-GEL/CUR 0.95 0.9597 0.9635 0.595

the formulation. The optimized CUR-TRT-NEG’s release data
were fixed to the zero, first-order, Higuchi, and Korsmeyer—
Peppas model. For the CUR release, the R? values obtained from
the graphs are 0.958, 0.9597, and 0.9635, respectively, for the zero,
first, and Higuchi model of CUR, while TRT values are 0.9585,
0.9555, and 0.9629, respectively. The drug molecules have been
released according to the Higuchi model. The mode of release
was corroborated using Korsmeyer—Peppas model, which yielded
n values of 0.5955 and 0.5757 respectively for CUR and TRT,
which fall between 0.45 and 0.89, indicating that the formulation
followed a non-Fickian release pattern in Table 3 (Costa and Lobo,
2001; Lokhandwala et al., 2013; Samaha et al., 2009).

Anti-bacterial activity

The in vitro anti-acne activity of optimized TRT-CUR—
NEG (diameter of zone of inhibition 32.21 + 21 mm) against
Propionibacterium acne was found to be comparable to that of
marketed revize gel (diameter of zone of inhibition 26.77 + 48 mm).

Physical stability testing

After physical stability testing, no significant changes
were observed in the optimized formulation in Figure 6, illustrating
that the parameters of TRT-CUR-NEG like pH and drug content
had shown little changes, which confirmed the physical stability of
the formulation (Aithal ez al., 2020).

DISCUSSION

The TRT-CUR-NE was formulated according to BBD
and 17 formulations were made and characterized to select the
optimized formulation with the lowest droplet size (78.9 + 0.6)
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Figure 6. Stability analysis of TRT-CUR-NEG.

and highest % LE (19.8 + 0.4). The particle size is determined
by the amount of surfactant and cosurfactant used, and the drug
is mostly present at the interfacial surface, where surfactant
molecules are arranged between the oily and aqueous interfaces,
but there is insufficient LE in both the oily and aqueous phases
at the same time. The quadratic equation for both droplet size
and % LE exhibited positive control of oil content on droplet
size and negative control over % LE while in contrast to this
increase in the extent of surfactant and cosurfactant paraded
negative impact on droplet size and positive impact on % LE.
The % LE dropped as the % of oil increased, possibly due to
supersaturation of the internal phase, causing TRT release from
the internal phase to the external phase during emulsification
(Diwan et al., 2020). A low PDI score indicates a tapering
particle size distribution and a consistent NE formulation. The
zeta potential, which indicates charge borne on the surface of
particles, was negative for TRT-CUR-NE, which might be
assigned to the drug substance or oleic acid because of the
presence of tween 80 as a non-ionic surfactant. It explains that
the screening parameters, such as the amount of oil, surfactant,
and co-surfactant, substantially impact the particle size of the
TRT-CUR-NE and % TRT. Further, the R? value obtained for
droplet size, i.e., 0.99876 and % LE, i.e., 0.9587; the p-value
for both was < 0.05, illustrating the significance of the design.
The optimized TRT-CUR-NE was then mixed with the hydrogel
composed of carbopol 934 and distilled water, and the NEG
was then characterized for pH, viscosity, spreadability, and
drug content. The pH of the NEG was observed to be within
the range of skin pH, i.e., 5.9 + 0.4. The in vitro release studies
of Plain gel, TRT-CUR-NE, and TRT-CUR-NEG showed a %
cumulative drug release of 28.64% + 0.31%, 80.32% + 0.42%,
and 89.64% + 0.97% after 24 hours, respectively. Upon fitting
the mathematical models, the Higuchi model described the
release of TRT and CUR from TRT-CUR-NEG based on R?
value, i.e., 0.9629 and 0.9935, respectively, for TRT and CUR.
Hence, the TRT-CUR-NEG was observed to possess better
topical formulation’s requisite characteristics and significant
release kinetics and indicating that the formulation followed a
non-Fickian release pattern

CONCLUSION

Thus, the TRT-CUR-NEG could be an effective approach
to be delivered topically for improved performance and fewer side
effects. Also, a hydrogel system that can hydrate the skin and improve
the effectiveness of NEG mediated encapsulated therapeutic delivery
and anti-acne activity. Furthermore, the co-additive formulation of
TRT-CUR possesses all requisite characteristics; however, there
is some lack of studies which may ascertain the validity of this co
additive addition for various skin ailments.
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