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Abstract

Rapid connectivity homogenization and ultra-probe sonication were used to
manufacture the Azelic acid nanoemulsion. Everything is dissolved in clean
water: Azelic acid, polyvinyl alcohol, xanthan gum, castor oil, vitamin E,
Transcutol P, and Tween 80. To optimize it, we used Response Surface
Methodology and measured a bunch of parameters, like droplet size (nm),
surface morphology (FE-SEM, TEM), zeta potential (ZP), differential scanning
calorimetry (DSC), polydispersity index (PDI), stability, pH, and viscosity. Both
the penetration and retention of the Azelic acid -loaded nanoemulsion into the
skin and its release profile were studied in vitro and ex vivo, respectively. The
model's quadratic polynomial fitness was confirmed by the optimization analysis
of variance (ANOVA), which yielded a significant F-value and a p-value below
0.0500. It was also determined that the lack-of-fit was not statistically
significant. Globule size was 200 nm, PDI was 0.2, and entrapment efficacy was
84.99% following optimization of the Azelic acid nanoemulsion. A value of -
35.90 mV was recorded for the Zeta Potential (ZP). The absence of chemical
interactions was verified by the findings of FTIR, DSC, and XRD investigations,
which demonstrated the effective trapping of Azelic acid. Results from scanning
electron microscopy and transmission electron microscopy revealed the presence
of small spherical particles in the enhanced formulation. Centrifugation, freeze-
thaw cycles, and storage at 5°C and 25°C were all successfully completed by the
sample in the stability tests. Storage at 40°C for 7 weeks resulted in subtle color
shifts, most noticeably during the last week of the study. The results of the
rheological tests showed that the revised recipe is elastic and May shear-thin and
pseudo-plastic. Over the course of 12 hours, the Azelic acid nanoemulsion
released 87.66 % and 97.99 of its active ingredient. A high degree of linearity
was demonstrated by the sustained release pattern, which matched a zero-order
kinetic model (R2 = 0. 0.9952). After 8 hours, the Azelic acid nanoemulsion had
an ex vivo penetration rate of 82.24 %, indicating better skin distribution. Based
on the results, Azelic acid nanoemulsion might be useful as a skin condition
topical therapy. Nevertheless, further research, including studies conducted in
living organisms, is necessary to prove that azelic acid nanoemulsion is both
efficient and safe.
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1. Introduction:

Skin hyperpigmentation disorders, characterized by the abnormal accumulation of melanin, pose a significant
challenge in dermatology, impacting the physical and psychological well-being of affected individuals.
Conditions such as melasma, post-inflammatory hyperpigmentation, and age-related spots often result in
uneven skin tone, reduced self-esteem, and an increased demand for effective therapeutic interventions.
Azelaic acid, a naturally occurring dicarboxylic acid with well-established anti-inflammatory and
depigmenting properties, has emerged as a promising candidate for addressing hyperpigmentation disorders.
While azelaic acid has demonstrated efficacy in various dermatological applications, its penetration into the
skin remains a limiting factor, hindering its optimal therapeutic potential. Nanoemulsions, colloidal
dispersions with droplet sizes typically ranging from 20 to 200 nanometers, present a novel and efficient
platform for enhancing the delivery of lipophilic compounds like azelaic acid. The unique physicochemical
properties of nanoemulsions, including increased surface area and improved stability, make them ideal
carriers for enhancing drug permeation through the skin barrier[1].

2. Material and Methods:

2.1 Preparation of azelic acid loaded Nano emulsion

Aqgueous phase

0.5 % PVA was dispersed in distilled water and heated at 70 °C to dissolve it.0.7 % xanthan gum was also
swelled in another beaker then 100mg azelic acid added. After complete mixing PVA solution was added to
it and mixed using magnetic stirrer at 700-800 rpm to make aqueous phase. In another beaker 3 % tween 80
& 1 % transcutol P were mixed [2].

Oil phase

3.50 % castor oil, & 1 % Vitamin E were mixed and stirred using magnetic stirrer at 700-800 rpm to form a
homogenous solution.

Oil phase was added dropwise into aqueous phase while heated at 30 °C and stirred at 700- 800 rpm for lhr
using magnetic stirrer.

Then, the mixture was further homogenized for 15 min at 8000 rpm using a homogenizer. While mixture was
homogenized tween 80 & transcutol P mixture was added to it. Finally, mixture was sonicated using probe
sonicator for 5 min to get proper nano size.

2.2 Selection of the Nanoemulsion Components

2.2.1 Solubility studies in oil

The solubility of azelic acid was investigated in various oils (peppermint oil, vitamin E, and castor oil).In
order to find solubility of Azelic acid , the excess amount of drug was added in each 2 ml of oil, in 5ml
capacity stoppered vials and mixed for 10 minutes by vortex mixer. The vials were placed in bath shaker at
25 £ 0.5 °C for 48 hrs to reach equilibrium. The samples were removed after achieving equilibrium and
centrifuged at 4000 RPM for 15 minutes using centrifuge and the collected supernatant was filtered through a
0.45 pm membrane filter. After filtration, samples were further diluted with ethanol. The concentration of
azelic acid in each sample was determined using UV-Visible spectrophotometer at A max 269 nm using a
standard calibration curve of azelic acid [3].

2.2.2 Screening of components for nanoemulsion

Oil was selected based on the maximum solubilization amount of azelic acid in different oil. The percent
transmittance of emulsification is criteria for the selection of surfactant and co-surfactant for nano-emulsion
formulation. The emulsification potential of surfactant and cosurfactant (Tween 80, poloxamer 188,
poloxamer 407 and transcutol P) was determined by adding 2 ml surfactant/ cosurfactant in 2 ml selected oil
phase. The mixture was then subjected to heat at 40 °C to 45 °C to attain homogenization. From the resulted
mixture were filtered, then 1 ml taken and diluted with double distilled water to produce fine emulsion. Then
emulsion was allowed to stand for 2 hrs, inspected visually for any relative turbidity and % transparency was
evaluated by UV-VIS spectroscopy at 269 nm using distilled water as blank[4].

2.2.3 Experimental design

In the design of Azelic acid nanoemulsion, different factors play a critical role in developing an optimized
batch. Response surface methodology (RSM) is the most applied statistical model for optimization of Azelic
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acid nanoemulsion [5]. For this study, three levels-three factor design was required and hence among the
various techniques of response surface methodology (RSM), Box—Behnken statistical design (BBD) with
three factors was selected. Because Box-Behnken designs statistically optimized the formulation parameters
with a relatively small number of experimental runs, and they can be less expensive to do than central
composite designs with the same number of factors [195,196]. Box—Behnken design has been successfully
used to optimize the technology or production conditions for drug delivery systems such as nanoemulsion,
micro emulsion, liposomes, and microsphere in recent years.

2.2.4 Formulation optimization using Box-Behnken experimental design

A three-factor, three-level Box-Behnken Design was developed by software of experimental design (Design
Expert® Version 11, Stat-ease Inc., Minneapolis) which resulted in 17 experimental runs. BBD is a three-
factor, three-level statistical screening approach which was applied in our study to evaluate main, interaction
and quadratic effects of the formulation variables [(PVA: Xanthan gum), (Tween 80: Transcutol P), and
Homogenization speed] on measured responses [particle size, polydispersity index (PDI) and entrapment
efficiency] of prepared Azelic acid nanoemulsion and applicability of desirability function to optimize the
formulation. 3-factorial design was used to explore the quadratic response surfaces and for constructing
contour plot and second order polynomial models. The non-linear quadratic model equation produced by the
BBD is of the form (Eq. 1):

Y = 0o + 1A + a2B + 03C + 0wAB + asBC + agACH+ 0(7A2 + ()LgBZ + (Xng (1)

where, Y is the dependent or measured response of the dependent variables associated with each factor-level
combination; a0 is the intercept; al—a9 are the regression coefficients; while PVA: Xanthan gum (A ),
Tween 80: Transcutol P (B ),and Homogenization speed (C ) were selected as the independent variables and
particle size (Y1), polydispersity index (Y2 ) and % drug entrapment efficiency (Y3 ) were selected as the
responses because they are generally considered as significant factors for assessing the qualities of
nanoemulsion [6]. The independent and dependent variables selected are shown in Table 6.1 along with their
high, medium and low levels. Optimized formulation was selected on the basis of minimum particle size,
minimum PDI value and maximum Entrapment Efficiency of the formulation.

Table 1: Independent and dependent variables range lower to higher

Factors Coded Levels
Independent variable Low (-1) Medium (0) high (+1)
X1=PVA: Xanthan gum (%) 0.6 1.4 1.6
X2=Tween 80: Transcutol P (%) [3:1] 1.30 2 6
X3=Homogenization speed (RPM) 3100 6400 10000
Dependent variables Constraints
Y1=Size (nm) Minimum (100)
Y2= Polydispersity Index (PDI) Minimum
Y3= Entrapment Efficiency Maximum (100%)
Table 2: Experimental sample for Box-Behnken design
Std | Sample | Factor1 | Factor 2 Factor 3 Response 1 | Response 2 | Response 3
A: PVA: | B: Tween | C: Homoge | Particle size | PDI %EE
Xanthan | 80: Tra % | nization
% RPM
11 1 1.3 1 10000 202 0.2 75
16 2 1.3 2 6400 185 0.3 85.84
5 3 0.8 2 3100 172 0.2 70
4 4 1.5 5 6400 277 0.5 51
7 5 0.8 3 10000 198 0.4 82
14 6 1.1 3 6400 185 0.3 85.84
6 7 1.5 3 3100 275 0.7 83
10 8 1.1 2 3100 210 0.4 82
3 9 0.8 5 6400 206 0.2 65
1 10 0.8 5 6400 206 0.4 58
8 11 1.5 2 10000 190 0.2 64
2 12 1.1 1 6400 244 0.4 64
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17 13 1.1 2 6400 264 0.3 85.84
12 14 1.1 5 10000 185 0.3 68
15 15 1.1 2 6400 186 0.5 85.84
13 16 1.1 2 6400 185 0.3 85.84
9 17 1.1 1 3100 185 0.5 79

2.2.5 Statistical analysis

All data were obtained using Design Expert 11. Each response was separately fitted to a full quadratic
equation; significance of model was assessed by ANOVA, and multiple correlation coefficient (R2) tests.
The design consists of replicated centre points and the set of points lying at the midpoint of each edge of the
multidimensional cube that defines the region of interest. For the model to be fitted well in the quadratic
equation, the model p value should be less than 0.05 (significant). The amount of variation around the mean
is expressed by R2 value (multiple correlation coefficient tests). The value of R2 should be close to 1 [7,8].
The response surface analysis plots in three-dimensional model graphs were constructed using the software.
These plots were used to study the interaction effects of two independent variables on the responses while
holding the third factor at a constant level.

2.2.6 Fourier Transform Infrared (FTIR) Analysis

FTIR analysis was done to certify the encapsulation of azelic acid in the NLC and for the detection of
intermolecular interactions between the API and the excipients through the vibrational changes [9]. A
reduction of the peak intensity, the appearance of an absorption peak, or the appearance of new peaks indicate
the existence of interactions between the excipient and the API [10].The sample of azelic acid nanoemulsion
was evaluated using FT-IR spectrophotometer with a wavelength of 400 cm™ to 4000 cm™.In FTIR spectra
analysis, a small amount of liquid sample was used and a thin film was allowed to form on a KBr pellet and
spectra were recorded.

2.2.7 Thermal Analysis

Thermo-analytical techniques have been developed to predict the suitability of the excipients to be employed
in dosage forms in order to minimize undesired reactions (stability issues) between the API and the excipient
[11]. The thermal analyses of xanthan gum, titanium dioxide-based polyurethanes were performed by Thermo
gravimetric analysis (TGA) and Differential Scanning Calorimetric (DSC). These analyses are further
explained below.

2.2.7.1 Differential Scanning Calorimetric (DSC)

DSC technique was examined to analyze the matrix structure and thermal behaviour of azelic acid
nanoemulsion and conducted to ascertain the compatibility of drug with the surfactant and oil [12]. Azelic
acid loaded nanoemulsion was frozen in liquid nitrogen and lyophilized. The coolant was liquid nitrogen
[13]. Prior to heating, about 5 mg of each sample were subjected to an aluminium oxide pan with an empty
pan used as a reference. DSC was set at 20 to 300 °C temperature range by scanning rate of 20 °C /min under
the nitrogen atmosphere.

2.2.7.2 Thermogravimetric Analysis (TGA)

Thermo gravimetric analysis (TGA) is a crucial technique for studying the thermal stability and composition
of materials. It used to characterize materials by measuring their changes in mass as a function of
temperature; also helps identify decomposition temperatures, quantify composition, assess purity, and
characterize crystalline and amorphous pharmaceutical materials. Thermo gravimetric analysis (TGA) of the
optimized nanoemulsion was carried out using a TGA/SDTA851 (Mettler Toledo) instrument with a heating
rate of 10 °C /minute in 150 uL alumina crucibles. This technique is used for measuring changes in the mass
of the nanoemulsion that occur in response to temperatures ranging from 30 °C to 800 °C. Liquid nitrogen
was used as a gas carrier in the system [14]. The sample was then loaded into the instrument in the
aluminium pan and the empty pan was set as a reference.

2.2.8 Particle Size and Polydispersity Index (PDI) Determination

Droplet size of particles, and size distribution (PDI) in the nanoemulsion system were measured using
dynamic light scattering, which scattered at an angle of 173° and a temperature of 25 °C. This process was
carried out using a droplet size analyzer (Zetasizer Nano ZS90; Malvern Instruments, Malvern, UK).The
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measurement of droplet size was done a day after the formulations were made to ensure that the system has
achieved equilibrium. The required concentration of samples was obtained by diluting them with deionized
water to reduce multiple scattering effects, before pouring them into a folded capillary cell [15].The
nanoemulsion particle size should be between 20-200 nm for cosmetic applications [16].

It is important to note that PDI indicates homogeneity and stability, wherein the target range should be lower
than 0.5 for a nanoemulsion. This value shows similar and narrow size distribution in the Azelic acid
formulation, representing a more stable and uniformed nanoemulsion system [17].

2.2.9 Zeta Potential

Zeta potential analysis is conducted to determine the surface charge of particles in a liquid, offering insights
into colloidal stability, aggregation tendencies, and formulation optimization. Zeta potential values were
obtained by using the particle size analyzer (Zetasizer Nano-ZS90, Malvern Instruments) through the
technique of dynamic light scattering. The zeta potential was determined based on the measurement of the
electrophoretic mobility of dispersed particles in a charged field. The samples were diluted in distilled water
at a 1:20 ratio and placed in the equipment to be analyzed [18]. The analyses were performed in triplicate. At
greater absolute values (more than +30 mV or less than —30 mV), the ZP of a system indicates the tendency
of the particles to repel each other, which may indicate that the system is stable. If, however, the absolute
values for the ZP are low or zero, the particles tend to agglomerate and the system can easily flocculate [19].

2.2.10 Field Emission Scanning Electron Microscopy (FESEM)

The morphology of the optimised azelic acid nanoemulsion was examined by using JHM-7600F FESEM
(JOEL. Japan) according to the reported method [20]. It is apparatus that used for an image surface roughness
analysis, used to explain the shape, size droplets within formulated azelic acid nanoemulsion.

2.2.11 Transmission Electron Microscopy (TEM)

Transmission Electron Microscopy (TEM) is a technique that uses an electron beam to image a nanoparticle
sample, providing much higher resolution than is possible with light-based imaging techniques. TEM is the
preferred method to directly measure nanoparticle size, size distribution, and characterize the
droplet morphology of the optimized azelic acid formulation and investigated by using a transmission
electron microscopy (TEM, JEOL JEM-1400Flash; JEOL, Tokyo, Japan). The sample was homogenized in
deionized water. A formvar coated copper grid was added on top of a drop of diluted sample and left at room
temperature (25 °C) for 3 min. The samples on the filled copper grid were then negatively stained using 2%
w/w phosphotungstic acid for 2 min and air dried prior to analysis [21].

2.2.12 pH Measurement

The pH measurement is crucial to check the compatibility of a sample with human skin and evaluate the
stability of emulsions, by monitoring pH throughout stability studies since variations in pH values suggest
that chemical processes are taking place that may degrade the final product’s quality [22].

The pH of the optimized azelic acid nanoemulsion was determined using a Delta 320 pH meter. An electrode
with a glass membrane that is sensitive to hydrogen ions was used to measure the pH value. Prior to taking
measurements, the pH meter was calibrated with three standard buffer solutions (pH 4.00, 7.00 and 10.00)
[23]. The pH value was determined by the direct insertion of the electrode into the sample. The
measurements of the pH of the formulation were performed in triplicate and the average values were
calculated. The pH of skin is around 5.5 and often a pH in the range of 4.0 to 7.0 is suitable for topical
application. So, pH of the formulation needs to be within this range to be compatible with human skin [24].

2.2.13 Viscosity

Viscosity plays an important role in the delivery of drugs used via topical or transdermal application. Several
characteristics of formulations including the stability, spread ability, drug release, absorption of drug across
the skin and ease of application are dependent on the viscosity [25]. Viscosity is defined as the shear stress
divided by the rate of shear strain [26]. The viscosity of the optimized nanoemulsion was determined using a
rheometer (TA Instruments, New Castle, DE, USA). The measurement was carried out with 4 °C/40 mm
cone and plate geometries (gap of 0.100 mm) at 25 °C. The steady rheological behavior of the sample was
analyzed at a controlled rate varying from 0.1 to 100 s™*. The sample was allowed to stand for 10 min to
achieve an equilibrium state prior to measurement. The experimental data were fitted to the power-law model
as in Equation (2):

M=Ky (2)
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Where n_is the viscosity (Pa.s); y* is the shear rate (s); and k and n are the consistency index and flow
behaviour index, respectively. A desirable nanoemulsion with pseudo-plastic behaviour is more preferable
for topical application.

2.2.15 Stability Study

The stability of nanoemulsion is defined by the capability of the formulation (in a specific system) to
maintain its physical appearance, without any phase separation or physical changes over a specific time of
storage and during use.

This study's stability tests were simulated under conditions that are likely to destabilize the azelic acid
nanoemulsion over time. The azelic acid nanoemulsion was subjected to three stability studies; stability under
a centrifugation test, storage stability at different temperatures (- 5, 25 and 40°C) for 7 weeks and freeze-
thaw cycles, as well as under conditions of high heat and cold. The stability of the azelic acid nanoemulsion
was determined through the visible appearance of creaming or phase separation, pH, and viscosity, were
recorded before each test [27].

To test its stability under a centrifugation test, the azelic acid nanoemulsion was kept in a centrifuge tube and
was subjected to centrifugation force at 4000 rpm for 15 minutes. The azelic acid nanoemulsion was then
observed for any phase separation or physical change. To determine its storage stability at different
temperatures (- 5, 25 and 40°C), the azelic acid nanoemulsion was observed in terms of its physical
appearance on 1, 2, 3, 4, 5, 6 and 7 weeks of storage time.

The freeze-thaw cycle test was done for temperatures —4 °C (in the freezer), followed by room temperature (
25 °C) at 24 h intervals, by subjecting each sample to a triple repeated cycle of freezing and thawing. Each
condition was maintained for 24 h before the condition was changed. The physical appearance of an
adequately stable azelic acid nanoemulsion post-evaluation test should be similar to the pre-evaluated one
and without any phase separation [28]. The pH stability of the azelic acid nanoemulsion was then measured
at - 4, 25 and 40°C after a 6-week incubation.

2.2.17 Drug content & Encapsulation Efficiency (EE)

Drug content of the nanoemulsion formulation was carried out by dissolving 1 ml of the formulation in 10 ml
of methanol, to extract the entrapped azelic acid in the prepared nanoemulsion formulations. This formulation
was then placed in shaking incubator (50 rpm) for 30 min. After 30 min by centrifugation, the supernatant
was collected and filtered. The sample was analysed at 269 nm using UV-VIS spectroscopic method after
making suitable dilutions against methanol as a blank [29].

Azelic acid content represents the total amount of azelic acid in the formulation, whereas the entrapment
efficiency represents the amount of azelic acid inside the nanometric droplets. The drug solubility and
compatibility with the oil phase and the excipients used in the preparation of the formulations have a great
impact on the entrapment efficiency and drug content values [30]. Azelic acid content was determined by
analysing filtrate using UV-VIS spectroscopic method.

Percentage entrapment efficiency was calculated using the equation (3):

. . Total tof drug- tof unbound d
% Drug entrapment eff|C|ency= otal amount of drug—amount of unbound drug

Total amount of Drug

2.2.18 In-vitro release studies

In vitro release Kkinetics of azelic acid -nanoemulsion and azelic acid emulsion were evaluated by the dialysis
membrane. The release studies were done in 0.2 M phosphate buffer as the dissolution medium with pH 7.4
(receptor compartment). The 1ml azelic acid -nanoemulsion (equivalent to 10000 pg/ml) and azelic acid
emulsion formulation placed in a dialysis membrane and sealed at both ends. Then the dialysis membrane
containing azelic acid -nanoemulsion as donor compartment, was immersed in the receptor compartment
(containing 50 ml of the dissolution medium) and it was stirred using magnetic stirrer at 100 rpm and
maintained at 32 £ 0.5 °C. About 2ml aliquots were withdrawn at predetermined time intervals (0, 0.25, 0.5,
1,2, 4,6, 8and 12 h) and replaced with fresh media of similar volume. The cumulative amount of azelic acid
released in the dissolution medium was determined by UV-visible spectrophotometer method (Amax of azelic
acid: 204 nm) [31]. The release rate of azelic acid from azelic acid - nanoemulsion was compare with azelic
acid - emulsion. Cumulative amount of drug release was calculated using below equation

Con.(p%)xvlume of release medium(ml)x dilution factor

% Drug Release= x100 ... 5

intial amount of drug taken pg
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2.2.18 Kinetic Release Study

The linear regression analysis of the data obtained from the in vitro release study in mathematical models was
conducted to determine the release kinetics of the azelic acid from its system. The mathematical models were
zero-order (cumulative amount of drug release against time, Equation (4)), first-order (log cumulative amount
of drug remaining against time, Equation (5)), Higuchi (cumulative percentage of drug release against square
root of time, Equation (6)), Hixson-Crowell (cube root cumulative amount of drug remaining against time,
Equation (7)) and Korsmeyer-Peppas (log cumulative percentage of drug release against log time, Equation
(8)) [32].The model that showed the highest coefficient determination (R2) was chosen as the best model that
fitted the data obtained from the release study. The theoretical equations for each model that were used to
plot the graph were shown below.

M= Mo+ Kot ..oeveeninnnt. (6)

log Mt =log Mo+ Kit/2.30  ............. 7
Q=Kuxt (8)

Mo2- MM =Knct vevvnnrennne, 9)
MiMo = Kit” oo (10)

where My is the initial amount of azelic acid in dissolution media, M is the amount of azelic acid released in
time t, M., is the amount of drug released after time oo, Ko, K1, Kn, Krc and Ky, are the release rate constants,
Q is the cumulative amount of azelic acid released in time t per unit area, fraction of azelic acid release over
time, n is the release exponent and t is the time.

2.2.19 Ex-Vivo Permeation studies

For this test, we used pig ear skin from a slaughterhouse immediately after slaughter of the animal and an
automatic Franz diffusion cell (Logan instrument Corporation, NJ USA).For ex vivo skin penetration studies
the OECD guideline recommends pig ear skin as suitable skin surrogate to mimic human percutaneous
penetration. Pig ear skin shows similarities in morphology as well as penetration abilities and corresponds to
that of human skin [33-36].

The ears were cleaned with water (32 £ 0.5 °C), and the ears with injuries were discarded. The undamaged
skins were removed from the cartilage with a scalpel, and adipose tissue, adhering lipid subcutaneous layer,
extraneous debris and leachable enzymes of the skin samples were removed. On the day of the experiment,
the skin was thawed in a phosphate buffer solution, pH 7.4 at 32 + 0.5 °C for 30 min. Pig skins were mounted
on Franz diffusion cells and 1ml of optimized azelic acid -nanoemulsion (equivalent to 10000 pg/ml) or
azelic acid emulsion was placed on the surface of the skin in the donor phase. About 11 ml of phosphate
buffer (0.2M, pH 7.4) as the receptor media (constantly stirred at 600 rpm for 8 h at 32 + 0.5 °C).The skin
surface temperature was maintained at 32 °C to approximate normal skin conditions by thermostatic water
pump during the experiment. The samples (approximately 2 ml) of receptor medium were withdrawn at pre-
determined time intervals (0, 0.25, 0.5, 1, 2, 4, and 8 h) and then immediately replaced with an equal volume
of medium heated to 32 °C. The permeated azelic acid was determined in samples using a spectrophotometer
analysis at 204 nm [37,38].

2.2.20 Skin Retention

During the retention studies, the azelic acid remaining was evaluated using solvent extraction. After 24 h
towards the end of study, the skin fragments were removed from the diffusion Franz cells for evaluation of
drug remaining in skin samples. The remaining substances of skin surface were removed via three times
washing with PBS, pH 7.4. The samples sliced into small segments and then samples were placed in a buffer
solution and sonicated for 1 h using a bath sonicator. The obtained supernatants from this stage were
collected and filtered by 0.22 um membrane. At the end of the experiment, the amounts of drug remaining in
the skin were quantified using a spectrophotometer analysis at 204 nm [39,40].

3. Results & Discussion

3.1 Selection of the Nanoemulsion Components

The selection of the nanoemulsion components is one of the most important steps of the formulation
development, was performed during the initial pre-formulation studies. The most suitable oil, surfactant and
co-surfactant were selected by analysing solubility of azelic acid in different components. The solubility of
azelic acid in different oily phases, surfactants and co-surfactants were determined. The solubility of
carvedilol was found to be highest in castor oil (1.90 £ 0.06mg/ml) and Vitamin E (1.67 £ 0.08 mg/ml) in
comparison to peppermint oil in table 3.1. Hence, castor oil and vitamin E were selected as the oil phase.
Available online at: https://jazindia.com 94
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High drug solubility was found in Tween 80 (52.09%) among surfactants and in Transcutol P (40.03%)
among co-surfactants in table 3.2. Therefore, based on the solubility and potential of emulsification, Castor
oil and vitamin E was selected as the oil phase, Tween-80 were selected as surfactants and Transcutol P were
selected as co-surfactants, respectively, for the development of Nanoemulsion.

Table 3.1: Solubility study in oil

S. No Qils Solubility mg/ml
1 Peppermint oil 0.22 £0.02

2 Vitamin E 1.67 +0.08

3 Castor oil 1.90 + 0.06

Table 3.2: The present transmittance of surfactant and co-surfactant

S. No Surfactant % Transmittance
1 Transcutol P 40.03

2 Poloxamer 188 15.30

3 Poloxamer 407 19.89

4 Tween 80 52.09

3.2 Formulation optimization using Box-Behnken design

According to the Box-Behnken design 17 Azelic acid nanoemulsion formulations were developed by
emulsification ultra-sonication method and investigated to determine the effect of independent variables on
dependent variable. The observed values of the three responses viz. particle size, PDI and % entrapment
efficiency for all batches. The selected independent variables were found to influence the three responses
measured. From the experimental results, it is observed that all batches showed particle size in the range
between 170 and 276 nm, PDI 0.2 to 0.7 and % EE 50-85.84 %. Hence F2 was considered as optimized
formulation because according to previously discussed criteria only the formulation no. 02 provided lowest
globule size 184 nm, lowest PDI 0.2 and maximum entrapment efficiency 85.84 %. This optimized batch and
subjected to further characterization studies.

3.3 Analysis of data using Box—Behnken design

3.3.1 Effect of independent factors on particle size

Particle size is an important variable for assessing the nanoemulsion. Smaller the particle size larger will be
the interfacial surface area for drug absorption. The model F-value of 188.95 implies the model is significant.
There was only a 0.01% chance that an F-value this large could occur due to noise. P-values less than 0.0500
indicate model terms are significant. In this case A, B, AC, BC, A2, B2 are significant model terms. R? value
was 0.9007, which indicate that the model is significant. The predicted R? of 0.8344 is in reasonable
agreement with the adjusted R2 of 0.9007; i.e. the difference is less than 0.2. Adequate precision measures the
signal to noise ratio. A ratio greater than 4 is desirable. A ratio of 39.898 indicates an adequate signal.

Table 3.3: Fit Summary of Particle size

Sr. No. | Source Sequential p-value Lack of fit | Adjusted R?> | Predicted R?
p- value
1 Linear 0.00076 - 0.3342 0.2134 -
2 2 Fl 0.4235 - 0.5336 -0.2910 -
3 Quadratic | <0.0001 - 0.9007 0.8445 Suggested
4 Cubic - 1.0000 Aliased
Table 3.4: ANOVA for Quadratic model of particle size
Sr. Source Sum of | Df Mean F- value p-value
no. Squares Square
1 Model 19487.12 9 2253.70 190.34 <0.0001 significant
2 A-PVA: Xanthan gum | 11034.09 1 11034.09 970.43 <0.0001 -
3 B-Tween 80: | 172.32 1 172.32 16.02 0.0061 -
Transcutol P
4 C-  Homogenization | 41.25 1 41.25 3.60 0.1043 -
speed
5 AB 0.2600 1 0.2600 0.0220 0.8865 -
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6 AC 842.00 1 842.00 74.83 <0.0001 -
7 BC 362.00 1 362.00 32.78 0.0008 -
8 A? 6230.09 1 6230.09 540.00 <0.0001 -
9 B? 561.02 1 561.02 50.88 0.0002 -
10 C? 0.0669 1 0.0669 0.0059 0,9543 -
11 Residual 80.67 7 12.89 - - -
12 Lack of fit 80.67 3 27.42 - - -
13 Pure Error 0.0000 4 0.0000 - - -
14 Cor Total 19642.99 16 - - -

The mathematical relationship in the form of a polynomial equation for the measured response (globule size),
Y1, is mentioned below (Eq. 13):

Particle Size (Y1) = +186.00 +38.12 A +4.62 B -3.256C -0.2600 AB -14.53 AC -9.52 BC +38.14 A2 +11.65
B2-0.1251C> (13)

The positive values are related with synergistic effects (optimization) while the negative values are related
with inverse/antagonistic effects in these regression equations 13, 14, & 15. It was observed that on
increasing the PVA: Xanthan gum ratio, the size of the azelic acid emulsion increased. This effect could be
attributed to the fact that in nanoemulsion formulation, by increasing the solid content, the dispersion
viscosity also increases that result into higher surface tension and thus higher particle size. This effect was
also promoted by increasing the Tween 80: Transcutol P ratio in the formulation. The particle size was
decreased by increasing the homogenization speed in the formulation. The response surface analysis plots in
three-dimensional model graphs obtained for globule size is shown in Fig. 3.1. These plots were used to
study the interaction effects of two independent variables on the responses while holding the third factor at a
constant level.

3D Surface

3D Surface

kkkkk

Actun Factar

Predicted vs. Actual

3D Surface Cokr poms e of R
r

/
o A
s '/
o 3 /
b /S
a g/
3
0 ) ﬁﬁ
e
. Ve
¥

@ wooom oW W MWW

Actual

Figure 3.1: Response surface analysis plots for particle size and predicted Vs actual plot of particle size

3.3.2 Effect of independent factors on polydispersity index

The polydispersity index is a ratio that furnishes information about the homogeneity of the particle size
distribution in a given system. The polydispersity index showed (Table 3.5) that all the nanoemulsions have
narrow size distribution. The model F-value of 299.18 implies the model is significant. There is only a 0.01%
chance that an F-value this large could occur due to noise. P-values less than 0.0500 indicate model terms are
significant. In this case A, C, AB, AC, BC, A?, B2, C2 are significant model terms. VValues greater than 0.1000
indicate the model terms are not significant. The predicted R2 of 0.9699 is in reasonable agreement with the
adjusted R2 of 0.9950; i.e. the difference is less than 0.2.R2 value was 0.9950, which indicate that the model
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is significant. Adequate precision measures the signal to noise ratio. A ratio greater than 4 is desirable. A
ratio of 55.195 indicates an adequate signal.

Table 3.5: Fit Summary of PDI

Sr. Source Sequential p-value Lack of fit | Adjusted Predicted

No. p- value R? R?

1 Linear 0.4843 - -0.0219 -0.4231 -

2 2 Fl1 0.3888 - 0.0099 -0.4509 -

3 Quadratic | <0.0001 - 0.9950 0.9699 Suggested
4 Cubic - 1.0000 Aliased

Table 3.6: ANOVA for Quadratic model of PDI

Sr. Source Sum of | Df Mean F- value | p-value
no. Squares Square
1 Model 0.2499 9 0.0265 299.18 <0.0001 significant
2 A-PVA: Xanthan | 0.0265 1 0.0265 285.52 <0.0001 -
gum
3 B-Tween 80: | 0.0000 1 0.0000 0.0000 1.0000 -

Transcutol P
4 C- Homogenization | 0.0165

—_—

0.0165 172.55 <0.0001 -

speed
5 AB 0.0100 1 0.0100 112.00 <0.0001 -
6 AC 0.0407 1 0.0407 344.00 <0.0001 -
7 BC 0.0100 1 0.0100 112.00 <0.0001 -
8 A? 0.0576 1 0.0576 534.40 <0.0001 -
9 B? 0.0472 1 0.0472 121.34 <0.0001 -
10 C? 0.0480 1 0.0480 540.23 <0.0001 -
11 Residual 0.0007 7 12.89 0.0001 - -
12 Lack of fit 0.0007 3 0.0003 - - -
13 Pure Error 0.0000 4 0.0000 - - -
14 Cor Total 0.2399 16 - - -

Quadratic equation generated for effect on PDI is as follows:

Response 2 PDI (Y2)= +0.3003 +0.0587 A +0.0000 B -0.0423 C +0.0500 AB -0.0879 AC +0.0500 BC
+0.1076 A2 +0.0976 B>+0.1089C> ... (14)

PDI is an important parameter indicating the stability of nanoemulsion. Theoretically, lower PDI values
stabilize the particle nanoemulsion. The results of Box-Behnken design suggested that as PVA: Xanthan gum
increased, PDI also increased while Tween 80: Transcutol P (C) had negligible effect on PDI. We ascertain
that an increased Homogenization speed leads to decrease in polydispersity index of nanoemulsions at a
certain level. The response surface analysis plots in three-dimensional model graphs were constructed for
PDI, to study the interaction effects of two independent variables on PDI while holding the third factor at a
constant level and it was shown in Fig. 6.2.
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Figure 3.2: Response surface analysis plots for PDI and predicted Vs actual plot of PDI

3.3.3 Effect of independent variables on Entrapment Efficiency (Y3)

The model F-value of 136.15 implies the model is significant. There is only a 0.01% chance that an F-value
this large could occur due to noise. P-values less than 0.0500 indicate model terms are significant. In this case
A, B, C, AB, AC, BC, A? B?, C? are significant model terms. The predicted R? of 0.9195 is in reasonable
agreement with the adjusted R2 of 0.9970; i.e. the difference is less than 0.2. R2 value was 0.9970, which
indicates that the model is significant. Adequate precision measures the signal to noise ratio. A ratio greater
than 4 is desirable. A ratio of 34.424 indicates an adequate signal. This model can be used to navigate the
design space.

Table 3.7: Fit Summary of % EE

Sr. Source Sequential p-value Lack of fit | Adjusted Predicted

No. p- value R? R?

1 Linear 0.8485 -0.1670 -0.4231 -

2 2 Fl1 0.5422 -0.02230 -0.4509 -

3 Quadratic | <0.0001 0. 9970 0.9195 Suggested
4 Cubic 1.0000 Aliased

Table 3.8: ANOVA for Quadratic model of % EE

Sr. Source Sum of | Df | Mean F- value | p-value
no. Squares Square
1 Model 2145.88 9 237.89 136.15 <0.0001 Significant
2 A-PVA: Xanthan | 22.11 1 22.11 13.01 0.0097
gum
3 B-Tween 80: | 13.03 1 13.03 8.60 0.0097 -
Transcutol P
4 C- Homogenization | 92.90 1 92.90 55.40 0.0003 -
speed
5 AB 100.00 1 100.00 60.67 0.0001 -
6 AC 242.30 1 242.30 144.78 <0.0001 -
7 BC 26.00 1 26.00 15.90 0.0063 -
8 A? 782.80 1 782.80 461.78 <0.0001 -
9 B2 690.34 1 690.34 412.44 <0.0001 -
10 C? 37.90 1 37.90 22.99 0.0023 -
11 Residual 12.80 7 1.98 0.0001 - -
12 Lack of fit 12.80 3 4.01 - - -
13 Pure Error 0.0000 4 0.0000 - - -
14 Cor Total 20987 16 - - - -

The effect of independent variables on %EE could be quantified by the following quadratic equation-
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% EE(Y3) = +84.90 -1.66 A -1.29 B -3.33 C -5.00 AB -7.77 AC -2.59 BC -13.53 A? -12.80 B? +2.99

The increase in the PVA: Xanthan gum and tween 80: Transcutol P showedentrapment efficiency decreased.
Moreover, increasing amount of homogenization speedleads to decreased entrapment efficiency. Increased
tween 80: Transcutol P and homogenization speed showed less effect as compared to PVA: Xanthan gum.
The response surface plots (Figure 6.3) showed the effects of all three factors on entrapment efficiency.
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Figure 3.3: Response surface analysis plotsfor entrapment efficiency and predicted Vs actual plot of
entrapment efficiency

3.3.4 Fourier Transform Infrared (FTIR) Analysis
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Figure 3.4: FTIR of azelic acid nanoemulsion
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Table 3.9: FTIR interpretation of Azelic acid Nanoemulsion

Characteristics Peaks Reported (cm™) | Observed (cm™)
axial deformation of an alcoholic (“OH) hydroxyl groups | 3200-3500 3338.99

C=0 stretching 1635.83 1638.8

C—H stretching vibration 2965, 2889 2960, 2808

the C4-Cs stretch 1475 1465.2

FTIR spectrum of the azelic acid nanoemulsion was shown in Figure 3.4.The FTIR spectrum of azelic acid
nanoemulsion revealed, characteristic peak at 3338.99 cm™! shows the presence of C—O group of azelic acid;
2985 cm ! and 2810 cm !, related to stretching vibration of C—H bonds, and peak 1465.2 cm™! belongs to Cu—
Cs stretching of azelic acid. While peak at 3333.2 cm™! is characteristic of axial deformation of an alcoholic
(-OH) hydroxyl groups of Xanthan Gum and O-H stretching arising from the intermolecular and intra-
molecular hydrogen bonds of PVA. In addition, the band at 1656 cm™!, related to stretching vibration of
C =0 of free azelic acid shifted 1639.3 cm™! in azelic acid nanoemulsion. This shifting was due to the
loading of azelic acid and binding with polymers by hydrogen bonds. The above data and appearance of
azelic acid bands in azelic acid nanoemulsion confirms the loading of azelic acid in the Azelic acid
nanoemulsion.

3.4 Thermal Analysis

3.4.1 Differential Scanning Calorimetry (DSC)

DSC analysis was used to characterize the enthalpy changes and melting temperature and recrystallization
behaviour, unloaded and loaded nanoparticles. DSC thermogram of azelic acid nanoemulsion has shown in
the Figure 3.5. Azelic acid -nanoemulsion had small endothermic peaks at 145.28 °C and 201.68 °C. The
melting endotherm of PVA and Xanthan gum was completely absent in the thermo grams of azelic acid -
nanoemulsion structure and the melting peak of both might overlapped and formation of a new peak was
observed at 201.68 °C [235]. The depression of melting temperature indicates that the crystallization process
of the two polymers was hindered due to interactions between the functional groups of polymers. The PVA
exhibits two broad decomposition endothermic peaks at around 322.36 °C and 378.15 °C probably due to
PVA inducing water evaporation phase. The melting endotherm of the azelic acid at 158.6 °C was reduced to
145.28 °C in the thermo grams of azelic acid -nanoemulsion structure, which indicates a decrease in degree
of crystallinity. The decrease in crystallinity of azelic acid corresponded with the increase in azelic acid
entrapped in azelic acid nanoemulsion amorphously and in a high amount.
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Figure 3.5: DSC of azelic acid nanoemulsion

3.4.2 Thermo gravimetric Analysis (TGA)

TGA have been widely used to evaluate the thermal properties of materials and to show the mechanism by
which a material loses weight as a result of controlled heating. Figure 3.6 presents the curves corresponding
to the mass loss of azelic acid nanoemulsion as a function of temperature. In the TGA thermogram of Azelic
acid nanoemulsion, weight loss occurred in three distinct transformation regions in the system. In the first
region of mass loss, the azelic acid nanoemulsion shows weight loss of 32.3% between 28 and 80 °C
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temperature range, which may be due to the removal of the continuous phase (deionized water) in the
nanoemulsion? In the second region, a significant weight loss was noticed in the temperature range of
90.03°C-345.55°C. The greater loss of mass of the azelic acid nanoemulsion was observed, which can be
attributed to decomposition temperature due to the presence of azelic acid drug. At very high temperatures,
6.30% of the residue was left and was completely decomposed at 494.90°C. This could be because of the
decomposition process of oil occurring during the combustion of organic-bound carbon in the oil. The result
of TGA thermal analysis confirms the incorporation of azelic acid in the structure of Azelic acid
nanoemulsion.

Figure 3.6: TGA of Azelic acid nanoemulsion

3.5 Particle Size and Polydispersity Index (PDI) Determination

Results revealed that azelic acid nanoemulsion have a droplet size of 184 nm, and a polydispersity index
(PDI) 0.202. For cosmeceutical purposes, the nanoemulsion with a droplet size ranging between 100 to 200
nm was more favourable. The droplet size of 184 nm indicated that the azelic acid formulation would have
better penetration of the azelic acid into the skin layers. Polydispersity (PDI) analyses the size distribution,
demonstrating the uniformity of the droplet size. The good monodisperse system should have a PDI value
lower than 0.5 or lower than 0.30. As the PDI value of the azelic acid formulation was 0.202, this indicated a
good monodisperse system and is expected to be a stable emulsion. The mean particle size based on the TEM
image was 200 nm, which was in-consistent with the size measured by DLS but correlates with the range of
droplet diameter obtained from DLS.

Results
Size (nm) % Intensity Width (nm)
Z-Average (d.nm) 84 Peak 1: 187.0 100 28.36
Pdi: 0.201 Peak 2: 0.000 0.0 0.000
Intercept: 0.940 Peoak 3: 0.000 0.0 0.000
Result quality

Size Distribution by Intensity

Intensity (Percent)

1 10 100 1000 10000
Size (d.nm)

Record 1216: KOJI9C NANOEMULSION]|

[Maivarn instruments Ltd
| matvesrn com Serial Number : MAL 1118272

Figure 3.6: Particle size & PDI of Azelic acid nanoemulsion

3.4.4 Zeta Potential

The zeta potential of the optimized nanoemulsion containing azelic acid was found to be —35.90 mV. The
zeta potential measures the electro kinetic potential of a particle and used to determine the stability of the
nanoemulsion. The formulation is considered stable when the value is more than +25 mV or lowers than -25
mV .The azelic acid formulations with a zeta potential value of -35.90 mV demonstrated a higher
electrostatic repulsion, which indicated that the nanoemulsion system was stable.
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Results
Mean (mV) Area (%) Width (mV)
Zeta Potential (mV): -35.90 Peak 1: -35.90. 100.0 9.60
Zeta Deviation (mV): 9.60 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0130 Peak 3: 0.00 0.0 0.00

Result quality : See result quality report
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Figure 3.7: Zeta potential of Azelic acid nanoemulsion

3.4.5 Field Emission Scanning Electron Microscopy (FESEM)

Optimised azelic acid nanoemulsion was viewed under FESEM. Surface morphology of nanoparticles is
shown in figure 3.8. FESEM image revealed that experimental formulations displayed small spherical shaped
particles with uniformity and most of the particles were below 500 nm in size. There were no large cluster
and no significant changes in the droplet size and shape were observed in the formulation, which indicated
that the optimised emulsifier concentration and processing conditions obtained in the study had successfully
produced homogeneous and uniform azelic acid nanoemulsion formulation.

Figure 3.8: FE-SEM image of Azelic acid nanoemulsion

3.4.6 Transmission Electron Microscopy (TEM)

Morphology of nanoemulsion was visualized and characterized by transmission electron microscopy (TEM).
Figure 3.9 shows the TEM image of azelic acid nanoemulsion. The droplets were spherical shaped in
morphology. The particle size obtained was 200 nm. The mean particle size measured by DLS was 184 nm,
which was in-consistent with the size based on the TEM image. But the data pertaining to droplet size
obtained by TEM analysis correlates with the range of droplet diameter obtained using particle size analyser
(DLYS).
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Figures 3.9: TEM images of Azelic acid nanoemulsion

3.4.7 pH Measurement

For topical applications, the pH range between 4.0 to 7.0 is preferable because it should closely resemble the
pH of the surface of healthy human skin and should be compatible with human skin. The pH value of the
Azelic acid nanoemulsion was observed 5.62, which was found to be within the above-mentioned pH range,
indicating its suitability for use as a topical formulation.

3.4.8 Viscosity

The viscosity of the azelic acid nanoemulsion was determined by utilizing Brookfield cone and plate
viscometer. The viscosity of the Azelic acid loaded nano-emulsion was observed 128 cps which might be
attributed to the o/w nature of the nanoemulsion. The viscosity of the A zelic acid formulation was decreased
due to the small droplet diameter. The optimized azelic acid loaded nanoemulsion exhibits non-Newtonian
pseudo-plastic behaviour and was suitable for the topical delivery. This semi viscosity of the nano emulsion
is expected to provide increased retention of the formulation at the skin with controlled release of entrapped
medication to obtain its therapeutic efficacy and stability toward phase separation.

3.4.9 Stability Study

Stability is one of the important parameter for nanoemulsion. A nanoemulsion should remain physically
stable throughout its shelf life with no or minimal changes in the particle size. The azelic acid nanoemulsion
showed no physical changes or phase separation after being subjected to centrifugation test and freeze-thaw
cycle test. This test is also useful for predicting the prepared Azelic acid nanoemulsion's shelf life under
storage normal conditions. The absence of phase separation in the sample confirms the stability of
thenanoemulsion system.

Table 3.10: Thermo stability test results on phase separation for Azelic acid nanoemulsion
(centrifugation test and freeze-thaw cycle test)

Tests Phase separation
freeze-thaw cycle test No
centrifugation test No

/ = stable or no physical changes

A storage stability study was carried out by stored Azelic acid nanoemulsion at three different temperatures
(5, 25 and 40°C) for 7 weeks. Table 6.13 showed that the azelic acid nanoemulsion remained a homogenous
mixture and no physical or phase changes were observed in the first 6 weeks under all storage temperatures. 3
samples of optimized azelic acid nanoemulsion which were subjected to extended storage at the lowest
temperature (5°C) and room temperature (25°C) appeared whiter in colour and no phase changes were
observed. Azelic acid formulation was slightly yellowish when stored at the highest tested temperature
(40°C) after 6 weeks. Hence, the formulations produced here were not suitable for storage at temperatures
exceeding 35-37 °C.
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for azelic acid nanoemulsion under

TEMP | Week 1 | Week 2 Week 3 | Week4 | Week5 | Week 6 | Week 7
5°C NPC NPC NPC NPC NPC NPC NPC
25°C NPC NPC NPC NPC NPC NPC NPC
40°C NPC NPC NPC NPC NPC NPC PC

NPC=stable or no physical changes; PC = not stable or physical changes observed

3.3.10 pH Stability over an Extended Storage Period

In this research, the pH of azelic acid nanoemulsion was determined by using pH meter weekly for 7 weeks,
and they were found to range between pH 4.66 to 5.19. All formulations generally showed a decreasing trend
in terms of pH value from week 1 to 7 week. This can be attributed to the presence of free fatty acids
liberated by the degradation of the oil phase components or the hydrolysis process caused by the temperature
factor.

Table 3.12: Storage stability for pH

TEMP Weekl1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
5°C 5.30 5.33 5.34 5.50 5.56 5.32 4.66
25°C 5.99 5.98 5.76 5.43 5.67 4.90 4.83
40°C 5.97 5.86 5.86 5.37 5.50 4.86 5.19

3.3.11 Drug Content & Encapsulation Efficiency (EE)

The prepared Azelic acid loaded nanoemulsion formulations exhibited drug content value 96.25 + 0.40 % and
indicated that the drug had been precisely loaded into the formulation and had little degradation and few
handling errors. The entrapment efficiency of azelic acid nanoemulsion was obtained 84.92 £ 2.6 %. The
present study depicted good agreement between the drug compatibility and the oil phase and the excipients
used in the preparation of the Azelic acid -loaded nanoemulsion formulations.

3.3.12 In-vitro release studies

An in vitro release study was carried out to study in vitro drug release profile of the azelic acid nanoemulsion
and to compare the release pattern of the azelic acid from azelic acid loaded nanoemulsion and emulsion. The
drug release from azelic acid nanoemulsion and emulsion were presented in Figure 3.10. The present drug
release of azelic acid nanoemulsion was observed as 87.78% at 12 hours. The drug release from azelic acid
emulsion was comparatively higher than azelic acid nanoemulsion with 98.67 % at 12 hours. The release of
azelic acid from azelic acid nanoemulsion was significantly slower compared to azelic acid emulsion
(ANOVA, p < 0.05).The azelic acid nanoemulsion exhibited controlled burst release phenomenon as well as
sustained release characteristics. Obtained data of diffusion-controlled release showed that up to 12.75 + 0.3
% of azelic acid from nanoemulsion was released over the initial assay stages (the first 1 h) followed by
sustained release pattern with low level of burst release and reached 87.67 + 0.9% after 12 h.

The drug release is regulated by the interactions of the drug, the surfactants, and the drug partitioning
between the aqueous and oil phases. The reduction of drug release from azelic acid nanoemulsion can be
correlated to the presence of the gelling agent xanthan gum in nanoemulsion, which induced a complexity of
the gel network. Therefore, it is expected to obtain a prolonged release of incorporated azelic acid at the site
of application to maintain the supply of the therapeutic agent towards effective skin disorder treatment.
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Figure 3.10: Percentage cumulative drug release of azelic acid from a) azelic acid emulsion b) azelic
acid nanoemulsion

3.4.13 Kinetic Release Study

To provide a relationship between the results obtained and a possible release mechanism, the data were fitted
to various kinetic models such as zero order, first-order, Higuchi, Hixson-Crowell, and Korsmeyer Peppas.
The release rate was calculated from the slope of appropriate plots and the regression coefficient (R?) was
determined for all kinetic models for azelic acid release from the nanoemulsion and shown in Figure 3.11.
The observed R? values for the azelic acid release from azelic acid nanoemulsion were 0.9952 (zero-order
model), 0.9932 (Korsmeyer-Peppas), 0.9479 (Higuchi), 0.9487 (first-order) and 0.9795 (Hixson-Crowell).
According to the data shown at the figure 3.11, the profile of azelic acid release from nanoemulsion the best
fit to zero order kinetic model. High linearity of the plots was achieved (R2 = 0.9941). It means that the
active substance is released slowly, with the constant rate, independent of the initial drug concentrationorthe
amount of drug remaining in the nanoemulsion. A steady amount of the released substances over time can
minimize potential side effects because of the reduction in the frequency of drug application and ideal
method to achieve a dermatological prolonged action. The similar results, concerning release of drugs from
nanosystems were previously reported and showed that the release of nystatin from nanoemulsion-based gel
followed zero order kinetic models. In case of the release Azelic acid from the nanoemulsion the release
profiles also could be best explained by Korsmeyer-Peppas models due to regression line is characterized by
higher R2 values than initial (R2>0.98).

a) Zero order b) First order
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Figure 3.11: Kinetic model of in-vitro release of Azelic acid nanoemulsion a) Zero order b) First order
¢) Higuchi model d) Peppas Korsmeyer ¢) Hixon Crowell

3.4.14 Ex-Vivo Permeation studies

Ex vivo permeation experiment (topical delivery) was carried out as a function of time in order to determine
the permeation profile of azelic acid nanoemulsion and azelic acid emulsion. In this study, permeation profile
of azelic acid -nanoemulsion was compared against azelic acid emulsion in similar concentration across pig
skin during 8 h. Figure 3.12 presents plots of ex vivo permeation profiles of azelic acid -nanoemulsion and
azelic acid emulsion vs time. The cumulative amount of permeated azelic acid nanoemulsion through skin
was obtained 794.29 ug/cm?*h after 8 h. The permeation of Azelic acid from Azelic acid -nanoemulsion was
obtained 81.20 % and from azelic acid emulsion was obtained 65.23 % through the skin after 8 h. According
to the results, from the permeation of Azelic acid form azelic acid nanoemulsion (81.32 + 1.43%) across the
skin presented significantly (p< 0.05) higher compared to the permeation of azelic acid form azelic acid
emulsion (64.88 + 1.17%).

Some assumptions can be made about the mechanism of the influence of azelic acid nanoemulsion on the
penetration of azelic acid in the skin. The high drug loading capacity of nanoemulsion was considered as the
first possible mechanism. The permeation enhancers such as surfactant can diffuse on the skin surface
because they disrupt the lipid structure of the stratum corneum. This facilitates the diffusion across the barrier
that limits the penetration of substances or because of the increase in the solubility of the drug in the skin;
that is, it increases the partition coefficient of the drug between the skin and the vehicle. The third possible
mechanism depends on the ability of the nanoemulsion droplet to come into intimate contact with the
microenvironment of the skin surface due to very small droplet size and very low surface tension.

The fourth possible explanation for enhanced topical delivery may be enhancing effect of the nanoemulsion.
Low permeation rate of the drug is expected taking into consideration the hydrophilic nature of azelic acid
which has a very low partition coefficient. Incorporation of azelic acid in nanoemulsion formulations
significantly increased the transdermal drug flux compared with the emulsion. These results demonstrated
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that the formulations developed can modulate the permeation of Azelic acid in the skin, which is precisely
the goal of the development of these systems and can allow the azelic acid to stay longer on the skin, where
the sites of action are, and not be absorbed. This avoids possible systemic actions of the drug.
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Figure 3.12: Ex-vivo Permeation release of a) azelic acid nanoemulsion b) AZELIC ACID emulsion
through pig skin

3.4.15. Skin Retention

The kojic acid-loaded nanoemulsion and emulsion formulations were investigated for azelic acid retention in
the deeper layer of the skin. Table 3.15 shows the retention results of azelic acid nanoemulsion and emulsion
in skin.

The study showed that azelic acid nanoemulsion (10.33 + 1.23 pg/cm?) showed a significantly increased drug
retention value as compared to azelic acid emulsion (6.011 + 1.60 pg/cm?) (ANOVA, p < 0.01).

The analysis of the behavior of azelic acid nanoemulsion at the end of 8 hours showed smaller cutaneous
retention (10.55 pg /cm?) possibly because the solution is not lipophilic and does not interact with the lipids
present in the skin. Besides that, retention results were reported only for total skin, not occurring separation
of SC from viable skin.

Table 3.15: Comparison of retention of azelic acid in the azelic acid nanoemulsion and emulsion for the
skin membrane

Sample Retention in skin membrane
[g/cm?]

AZELIC ACID nanoemulsion 10.33+1.23

AZELIC ACID emulsion 5.011 +£1.60

3.5 Conclusion

The azelic acid nanoemulsion was produced by emulsification ultrasonication method and was optimized
using Box-Behnken design. Analysis of variance (ANOVA) showed that the fitness of the quadratic
polynomial fit the experimental data with significant model F-value, p—value of p < 0.0500, and a non-
significant lack-of-fit. The optimized formulation of azelic acid nanoemulsion contains globule size, PDI and
entrapment efficiency, 185nm, 0.3 and 84.99% respectively. The azelic acid formulation with a Zeta potential
value of -35.90 mV demonstrated a higher electrostatic repulsion, which indicated that the nanoemulsion
system was stable. SEM and TEM images revealed that experimental formulations displayed small spherical
shaped particles with uniformityhomogeneous and uniform azelic acid nanoemulsion formulation.

FTIR, XRD, DSC and TGA results supported the formation of nanoemulsion. In the DSC and FTIR analysis
of azelic acid nanoemulsion the peaks of azelic acid indicated that azelic acid was incorporated within the
nanoemulsion either in molecularly dispersed state and stabilised in amorphous form and there was no
chemical interaction between drug and other ingredients. Thus, the pH of the Azelic acid nanoemulsion was
found to be 5.87, in a suitable range for topical applications, indicating its suitability for use as a topical
formulation.The shear thinning (pseudo-plastic) formulation exhibited a low viscosity fluid behaviour (low
resistance) to flow when tested under high shear conditions. The cosmetic and pharmaceutical industries
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usually demand shear thinning behaviour for topical formulation products as they are easy to apply. The
percentage release of azelic acid from the azelic acid nanoemulsion and the azelic acid emulsion were 87.66
% and 97.99 % respectively. The release rate of azelic acid from the azelic acid nanoemulsion is slower than
azelic acid from the emulsion indicating that nanoemulsion is potential drug-controlled release systems. The
value of “R?” of the formulation 0.9952, suggest that the zero-order model is most fitted kinetic model. The
solubility, as well as the dissolution, of the azelic acid was enhanced, and this could improve the therapeutic
effects of azelic acid.

Stable nanoemulsion of azelic acid was produced as theyshowed no physical changes or phase separation
after being subjected to centrifugation test and freeze-thaw cycle test. A storage stability study was carried
out at three different temperatures (5, 25 and 40°C) for 7 weeks, but in the last week of the study observation
at 40°C showed slight color change, other than that there was no sign of phase and color changes. pH studies
showed that all formulations generally showed a decreasing trend in terms of pH value throughout the period
of 7weeks at different temperatures. Ex-vivo permeation studies of nanoemulsion of azelic acid were
performed on pig skin by using Franz diffusion cell. Percent cumulative amount of azelic acid that was
permeated from the azelic acid nanoemulsion was more compared to the azelic acid nanoemulsion. The
percentage permeability of azelic acid in the skin from azelic acid nanoemulsion was 82.24 % and from
azelic acid emulsion was 65.23 %. The azelic acid nanoemulsion produced was stable and has improved
action in maintaining skin integrity and complexion.

Permeation studies suggested that the azelic acid nanoemulsion formulation was good in drug retention in the
skin and more azelic acid was released in the skin and meanwhile low drug permeability to blood circulation.
The Azelic acid nanoemulsion was stable and has improved action. That favoured the use of combination of
PVA & Xanthan gum and Transcutol P & tween 80 for topical use. Azelic acid nanoemulsion was more
effective as compared to Azelic acid emulsion in the comparative study.
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