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ABSTRACT

QbD is a systematic approach that may be used to improve product
quality, process understanding, and supporting adequate regulatory
compliance for vehicle-based drug delivery systems commonly used in
the pharmaceutical industry. The purpose of this investigation was to
optimize critical material attributes & critical process parameters to
effectively develop a niosomal drug delivery system for use with the
topical application of desoximetasone. Formulation variables
considered were based on previous research of niosome CMAS
(surfactant & cholesterol concentrations), and CPPs (mixing time,
mixing speed, & organic phase addition rate) variables. An extensive
2° factorial design was created using JMP® statistical software better to

understand the effects of these parameters on niosome formulations.

Experiments were systematically conducted to develop an in-silico profile predictor using the

fit model and 3D surface plots. Various profile predictions were generated, and best fit model

regression lines were selected to validate the niosome QTPP. An optimized formulation with

450 nm particle size and a 90% entrapment efficiency was obtained using a drug, surfactant,

and cholesterol ratio (1:2:1) with an external phase temperature of 65°C, internal and external

phase volume of 10 and 20 mL respectively, mixing parameters 650 rpm and 50 minutes and

addition rate of 0.5 mL/min. By selecting specified CMAs and CPPs, optimized niosome

vesicles containing desoximetasone was achieved successfully.
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1. INTRODUCTION

Topical dosage forms are commonly used to produce a localized therapeutic effect at the site
of administration onto the skin.*? Formulations for skin delivery are effectively developed
using commonly used drug delivery vehicles across the pharmaceutical industry to treat
patients with various disease states.®! Atopic dermatitis (AD) is an itchy, chronic
inflammatory skin disease with frequently remitting and relapsing symptoms.[4] Treating
chronic disease forces patients to seek various topical remedies classified as modern day
emollients.®”! In the early 1950s, topical drug delivery emerged in the topical corticosteroids
marketplace when medical doctors successfully treated skin conditions using steroid
therapy.[5]

Today, psoriasis and eczema are some of the most commonly diagnosed skin conditions.
Psoriasis is an autoimmune skin condition where the skin cells multiply up to 10 times faster
than usual. As a consequence, the top layer of the epidermis appears as thick, red, and white
hues of scaly patches that are itchy, dry and may give rise to swelling, pain, and tiresome
disease.®® Study results from topical corticosteroid formulation, such as fluticasone
propionate and mometasone furoate revealed that daily one dosing led to less systemic
absorption and showed identical efficacy when compared to daily twice dosing.™* In this
case, reduced frequency of dose not only improved compliance but also reduced the side

WWW.Wjpps.com Vol 9, Issue 7, 2020. 252 J




Shah et al. World Journal of Pharmacy and Pharmaceutical Sciences

effects.™ Topical corticosteroids are the mainstay for atopic dermatitis therapy™! and have
shown positive results in several other treatments such as atrophy, perioral dermatitis, acne,
and rosacea.™ Desoximetasone (DM) is one such topical corticosteroid that is effective, safe
and well tolerated by patients.!*™ It has been made available in the form of creams and
ointments.**®1 However, there are no formulations currently that can release DM over an

extended period of time.

Non-ionic surfactant-based vesicles — niosomes are nanocarriers composed of non-ionic
surfactants and cholesterol, which demonstrate safe and effective targeted drug delivery.9%%
The formation of vesicular structures by amphiphilic surfactants occurs spontaneously in
aqueous media upon applying energy, resulting in a closed bilayer structure with the

hydrophobic portion forming the inner portion and the hydrophilic part facing outwards.”

Although niosomes were first used in cosmetics, !

their application was soon adopted for
drug delivery®® because of their potential to offer targeted drug delivery. Several factors
exist during the formation of niosomes such as- type of surfactant, nature of the encapsulated
drug, charge of the particle, and the processes of synthesizing that affect their properties and
stability.”! The therapeutic efficacy of the drug loaded in the niosomal matrix can be
improved by reducing the clearance rate, targeting the desired site, and by protecting the
encapsulated drug.!

The commonly used Traditional one-factor-at-a-time (OFAT) experimental design has many
drawbacks that require an arduous amount of time and resources to conduct a robust
formulation design adequately.?® When more scientific resources are available, the Design
of Experiments (DoE) is a more logical approach to multivariate statistics that aim to guide
the scientific investigation to study the effects of multiple factors simultaneously, not only
individually, but also on their interactions.® A full-factorial experimental study design
enables researchers to systematically study the responses of different factors, relations
between factors and interactions between factors by effectively quantifying scientific error.?”
JMP® by SAS institute is a statistical tool that may be used to select best-fit during
computational modeling to ascertain a detailed understanding of the results obtained using a

Quality by Design (QbD) approach,***

Over the years, the pharmaceutical industry has spent significant efforts to ensure product

quality, to achieve regulatory compliance, and to yield pharmaceuticals as cost-efficient as
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possible. Therefore, advanced processes and technologies that require steadiness among
operational complexity and scientific progress are being applied.®® QbD is a new advanced
systematic risk-based approach applied to pharmaceuticals to develop formulations with
predefined objectives and intensify product and process understanding with improved safety
and stability.®™ Application of the QbD approach is believed to have a significant impact on
pharmaceutical quality regulation as opposed to older empirical processes that pose a higher
risk of failure or suboptimal quality.*%*]

US Food and Drug Administration (FDA) is requesting pharmaceutical companies to adopt
risk-based approaches and QbD principles in product development from research and
development through the manufacturing cycle.®¥ Pharmaceutical QbD has expanded with the
issuance of ICH Q8 (R2) (Pharmaceutical Development), ICH Q9 (Quality Risk
Management), and ICH Q10 (Pharmaceutical Quality System).>*! This makes it a highly
demanded process to avoid product failure during manufacturing and to achieve regulatory

requirements.

The present work is aimed at utilizing a JMP®-enabled DoE approach to formulate
desoximetasone loaded niosomes. As per the principles of QbD, the methodology started with
setting the Quality Target Product Profile (QTPP) and identifying the Critical Quality
Attributes (CQAS) needed to meet that. The Critical Process Parameters (CPPs) and Critical
Material Attributes (CMAs) were evaluated to identify their impact on the CQAs. DOE is
used in this study for risk evaluation and optimization and to understand the effects of
different variables on the responses. Experimental trials were defined by using full factorial
designs for achieving the optimized formulation, and the process was finally validated and

tested for robustness.

2. MATERIALS AND METHODS

2.1. Materials

Desoximetasone was gifted by Flavine, New Jersey, USA. HPLC Water, Diethyl ether,
Stearylamine, and Chloroform were procured from Sigma-Aldrich, Saint Louis, MO, USA.
Methanol, Acetone, and Acetonitrile were obtained from BDH VWR Analytical, Radnor, PA,
USA. Ethanol was purchased from Decon Labs, Inc., King of Prussia, PA, USA. Span 60 and
Cholesterol were gifted from Croda Inc., Mill Hall, PA, USA. Stearic Acid was a gift from
BASF Corporation, Edison, NJ, USA. Glacial Acetic Acid was purchased from Fisher
Scientific, Fair Lawn, NJ, USA.
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2.2. Niosome vesicle preparation

The niosomes were prepared by ether injection method with the drug dissolved into the 10
mL organic phase diethyl ether: methanol (75:25) until completely dissolved. Next, sorbitan
monostearate (Span 60), cholesterol, and stearic acid added into the mixture and mixed using
a suitable magnetic stir bar in a 20 mL glass scintillation vial. In a separate 50 mL glass
beaker, 20 mL purified water was preheated at 65°C temperature as per the batch design
using a hot plate with magnetic stirring. The organic phase was filled into a 10 mL syringe
with a 26 G needle. The organic phase mixture was injected into the preheated aqueous phase
using prefixed parameters based on the experimental study design. Mixing was continued
based on the values identified from the design of experiment (DOE). In the final step of the
process, the batch formulation was cooled down to room temperature, and the formulation
was stored in a suitable glass storage container.

2.3. HPLC method

The mobile phase was prepared by combining methanol, HPLC grade water, and glacial
acetic acid (65:35:1). Diluent was prepared using methanol and acetonitrile (50:50).
Desoximetasone concentrations were measured using a Discovery C18 column of 150 mm X
4.6 mm with 5 pm particle size, with UV detector absorbance set to 254 nm. The injection
volume was 10 pL, and the flow rate was 1.0 mL/min. The sample run time was 10 minutes
at room temperature, and retention time for the drug elution peak was at approximately 5
min. The linearity measurements were performed as per the ICH guideline with six serial
dilutions range from 0.0025 to 0.08 mg/mL with an R? value of 0.999.

2.4. Optimization of desoximetasone loaded niosomes by DOE
The present study was conducted utilizing QbD approach to formulate the desoximetasone

loaded niosomes and understand the impact of each formulation variables.

2.4.1. Identifying CMAs and CPPs

Parameters were identified for testing based on our prior knowledge about vesicular drug
delivery systems combined with an extensive literature review of patents, scientific peer
review journals, expert opinions, and research articles. Selected parameters for investigation
were an organic phase, drug concentration, surfactant concentration, cholesterol
concentration, and types of lipids as CMAs and internal and external phase volumes, external
phase temperature, mixing time, mixing speed, and addition rate as the CPPs. Preliminary
experiments defined that Diethyl ether: Methanol (75: 25), 20 mg Desoximetasone, 65°C
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external phase temperature, 20 mL external phase volume, and 10 mL internal phase volume
were acceptable ranges to form noisome formulations spontaneously.®® Both independent
and dependent variables selected are described in Table 1 define each low and high

associated use levels.

Table 1: CMAs and CPPs for the design of formulation.

: Levels
Variables X] 1
Independent variables
X1 = Span 60 (mg) 40 60
X, = Cholesterol (mg) 20 40
X3 = Mixing Speed (RPM) 450 650
X4 = Mixing Time (Minutes) 45 60
Xs = Addition Rate (mL/min) 0.5 1
Dependent variables
Y = Particle Size (nm)

Y, = Entrapment Efficiency (%)
Y5 = Polydispersity Index

Batches were formulated using a 2° randomized full factorial design (Table 2), and the effect
of surfactant concentration (X3), cholesterol concentration (Xz), mixing speed (X3), mixing
time (X4) and addition rate (Xs) were considered to be independent variables. The dependent
variables measured were entrapment efficiency (Y1), particle size (Y,), and polydispersity
index (Y3). The factors were studied at two levels (-1, +1) as described in Table 2, and
symbols in the pattern column represent their combinations. The factorial experimental
design was developed using JMP® statistical software from SAS, and the responses found
were input back to the software. The best fit model was selected based on results from
previous experimental data and using the response profile predictor by JIMP®.8 These tools

help to formulate with relatively better accuracy using mathematical modeling.
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Table 2: Full factorial design guiding the formulation of niosomal dispersion batches

obtained using the QbD approach.

Span Mixing Mixing Addition

gg[[;ihl Pattern 60 Cholesterol Speed Time Rate
X1 Xo X3 X4 Xs
DND-30 | +——+~— +1 -1 -1 +1 -1
DND-31 | ——+—+ -1 -1 +1 -1 +1
DND-32 | +++—— +1 +1 +1 -1 -1
DND-33 | —++—+ -1 +1 +1 -1 +1
DND-34 | +——++ +1 -1 -1 +1 +1
DND-35 | ———++ -1 -1 -1 +1 +1
DND-36 | —+—+— -1 +1 -1 +1 -1
DND-37 | +—+—+ +1 -1 +1 -1 +1
DND-38 | —+——+ -1 +1 -1 -1 +1
DND-39 | ————— -1 -1 -1 -1 -1
DND-40 | —+—++ -1 +1 -1 +1 +1
DND-41 | ++——+ +1 +1 -1 -1 +1
DND-42 | +++—+ +1 +1 +1 -1 +1
DND-43 | +—+—— +1 -1 +1 -1 -1
DND-44 | ——+++ -1 -1 +1 +1 +1
DND-45 | ————+ -1 -1 -1 -1 +1
DND-46 | +———+ +1 -1 -1 -1 +1
DND-47 | ———+— -1 -1 -1 +1 -1
DND-48 | ++—+— +1 +1 -1 +1 -1
DND-49 | —++—— -1 +1 +1 -1 -1
DND-50 | ++——— +1 +1 -1 -1 -1
DND-51 | +———— +1 -1 -1 -1 -1
DND-52 | ++++— +1 +1 +1 +1 -1
DND-53 | ——++— -1 -1 +1 +1 -1
DND-54 | ++—++ +1 +1 -1 +1 +1
DND-55 | +—++— +1 -1 +1 +1 -1
DND-56 | —++++ -1 +1 +1 +1 +1
DND-57 | —+——— -1 +1 -1 -1 -1
DND-58 +++++ +1 +1 +1 +1 +1
DND-59 | ——+—— -1 -1 +1 -1 -1
DND-60 | +—+++ +1 -1 +1 +1 +1
DND-61 | —+++— -1 +1 +1 +1 -1

2.5. Niosome vesicle characterization
2.5.1. Organoleptic properties
Niosomal dispersions were characterized for visual appearance, color, and odor to confirm

the presence of any residual solvent as a standard quality check.
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2.5.2. Drug content (assay determination)

The desoximetasone niosomal dispersion 100 mg was carefully collected and placed into an
intermediate solvent containing a chloroform: methanol (40:60) mixture and then mixed
using vortex until it was dissolved entirely at room temperature. Upon mixing, niosomal
dispersion samples were further diluted with an equal ratio of diluent. Drug content
quantification for desoximetasone was performed using HPLC coupled with UV analysis at a
wavelength of Amax 254 nm. The HPLC instrument used was Agilent 1100 series
instrumentation (Agilent Technologies, CA, USA) coupled with UV detection (DAD) and HP
ChemStation software V. 32.

2.5.3. Drug entrapment efficiency of niosome vesicles

The desoximetasone free drug was determined from entrapped drug by ultracentrifugation at
set to 14,000 rpm for 30 min using an ultracentrifuge (Branson Ultrasonic Corporation, CT,
USA) at room temperature (centrifuge speed was validated using 3750 rpm and 14,000 rpm
and centrifugation time was validated using 30 min and 60 min). The supernatant containing
the free available drug was carefully collected without disturbing the sediment, and 200 mg
of the collected supernatant was dissolved into chloroform: methanol (40:60) mixture using a
vortex mixer. After mixing, the sample was further diluted with an equal amount of the
diluent. Drug quantification was determined using the predetermined HPLC method. Drug %

entrapment efficiency was calculated in triplicate by using the following formula.

Total amount of drug—Free amount of dru,
i 4 i 4 X 100

% Entrapment Efficiency =

Total amount of drug

2.5.4. Niosomes vesicle size and zeta potential

The mean vesicle size and its distribution were estimated at room temperature using a Delsa
Nano S Particle Sizer (Beckman Coulter, CA, USA) in triplicate based on the light scattering
spectroscopy principles. The zeta potential of the niosomal suspensions was measured in

triplicate using a Malvern Particle Sizer 2000 (Malvern Technologies, Worcestershire, UK).

2.6 Validation of profile predictor by check point formulas

Formulation results were evaluated and entered in full factorial design from JMP®. Based on
the available results, using the fit model profile predictor was generated. Two formulation
combinations were generated using a profile predictor. Both batches were manufactured, and
actual batch data were compared with model predicted data to verify profile predictor

accuracy.
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3. RESULTS AND DISCUSSION

Based on the observed experimental data, current study demonstrates the impact on the
niosome formulations caused by the CPPs, surfactant concentrations, presence of membrane
additives, and drug specific physicochemical attributes.

Surfactants containing an alkyl-chain length ranging from C12-C18 are typically preferred
due to favorable skin compatibility."*! The results from current study demonstrated that alkyl
chain length was a key parameter suitable for effective drug encapsulation. Span 60 (sorbitan
monostearate) was sufficient to be used as the primary surfactant in the preparation of
niosomal vesicles due to the stability from longer saturated alkyl chains. Higher entrapment
efficiency was achieved using longer chain lengths. The physicochemical properties
associated with these findings may be linked to a higher phase transition temperature and
lower HLB (4.7) of Span 60, which resulted in higher entrapment efficiency.[*!

CMAs & CPPs were considered to have the most substantial impact on the various
performance aspects of niosomes containing desoximetasone. Various quantitative
measurements were used to evaluate their impact on entrapment efficiency (%), particle size

(nm), polydispersity index (PDI), and zeta potential (mV).

CMAs identified with the greatest potential to impact product quality aspects, were drug
concentration, Span 60 concentration, cholesterol concentration and type of lipids. CPPs
tested were external phase temperature (°C), external phase volume (mL), internal phase

volume (mL), mixing time (minutes), mixing speed (rpm), and addition rate (mL/min).

3.1. Organoleptic properties
All the niosomal formulations obtained were characterized by their physical state as milky

white, odorless dispersions with a fluid-like consistency.

3.2. Experimental design for optimizing niosomes

Niosome formulations were prepared following using the full-factorial design of the
experiment to measure the associated effect of selected formulation variables. Variables
measured were surfactant and cholesterol concentrations, total mixing time, mixing speed,
and addition rate. Niosomal input variables were chosen with the assumption that their use

levels are acceptable for a range of vehicle interactions.
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Details regarding formulations tested using an acceptable range of low and high values (+1, -
1) are defined using input variables (Xi, Xz, X3, X4, Xs) in Table 3 with associated dependent
variables (Y1, Yz, Y3, & Zeta Potential (mV)) measurements. (Entrapment efficiency, particle
size, polydispersity index, and zeta potential). The entrapment efficiency was found to be
varying between 83.68 - 93.72%, whereas particle size and polydispersity index were found
to be in the ranges of 326.53 — 1730.83 nm and 0.285 — 0.422, respectively.

Table 3: DOE observed responses for desoximetasone loaded niosomes using a 2° full

factorial design. (N = 3, mean + SD).

Design Input Design Output
(Independent Variables) (Dependent Variables)
Batch X Xa X3 X4 Xs Y, Y, Y3
Detail Span | Chole- | Mixing | Mixing | Addition Entrapment Particle Size Polydispersity zeta
60 sterol Speed Time Rate Efficiency (nm) Index Potential
(%) (mV)
DND-30 +1 -1 -1 +1 -1 92.06 + 0.03 | 1076.57 +13.94 0.400 +0.00 -73.63 +1.89
DND-31 -1 -1 +1 -1 +1 92.06 + 0.04 411.90 +9.07 0.350 + 0.01 -77.37 +1.60
DND-32 +1 +1 +1 -1 -1 90.65 +0.02 632.63 + 16.98 0.354 + 0.02 -70.57 +3.41
DND-33 -1 +1 +1 -1 +1 90.13 + 0.05 487.73 + 12.50 0.330 + 0.00 -77.20 + 0.62
DND-34 +1 -1 -1 +1 +1 90.58 +0.01 888.37 + 61.11 0.350 + 0.02 -39.27 +3.33
DND-35 -1 -1 -1 +1 +1 88.37 + 0.15 598.00 + 38.84 0.302 + 0.01 -57.27 + 3.87
DND-36 -1 +1 -1 +1 -1 92.28 + 0.06 965.20 + 27.51 0.358 + 0.01 -68.43+1.21
DND-37 +1 -1 +1 -1 +1 90.49 +0.03 645.30 + 27.72 0.315 + 0.03 -69.87 +1.27
DND-38 -1 +1 -1 -1 +1 90.23 +0.04 | 1730.83 +100.45 0.422 + 0.05 -54.10 + 0.44
DND-39 -1 -1 -1 -1 -1 90.71 + 0.04 748.67 +8.75 0.302 + 0.01 -54.80 + 0.95
DND-40 -1 +1 -1 +1 +1 89.06 + 0.02 821.13 +4.20 0.331 +0.02 -37.60 +3.75
DND-41 +1 +1 -1 -1 +1 87.99 +0.02 739.57 + 31.08 0.360 + 0.03 -61.67 +1.52
DND-42 +1 +1 +1 -1 +1 88.14 + 0.05 564.13 + 4.92 0.338 +0.01 -36.77 +1.12
DND-43 +1 -1 +1 -1 -1 91.48 + 0.01 380.83 +7.49 0.312 + 0.01 -51.70 +2.23
DND-44 -1 -1 +1 +1 +1 89.96 + 0.03 476.33 +7.19 0.322 +0.03 -31.73 +1.05
DND-45 -1 -1 -1 -1 +1 91.37 + 0.02 480.70 + 10.57 0.310 + 0.01 -53.17 + 0.40
DND-46 +1 -1 -1 -1 +1 83.68 + 0.04 548.10 + 18.71 0.298 + 0.03 -57.63 +1.31
DND-47 -1 -1 -1 +1 -1 93.72 + 0.01 678.43 + 14.00 0.344 +0.01 -57.93 +2.08
DND-48 +1 +1 -1 +1 -1 91.34 + 0.01 974.07 +52.01 0.383 + 0.01 -45.27 + 0.86
DND-49 -1 +1 +1 -1 -1 92.71 + 0.06 912.47 + 32.65 0.360 + 0.01 -56.47 +1.11
DND-50 +1 +1 -1 -1 -1 89.87 + 0.07 664.27 +7.72 0.356 + 0.01 -70.60 +0.35
DND-51 +1 -1 -1 -1 -1 86.80 + 0.01 621.93 + 25.32 0.285 + 0.02 -70.80 + 0.17
DND-52 +1 +1 +1 +1 -1 91.77 + 0.06 370.33 +7.70 0.326 +0.01 -76.70 + 2.86
DND-53 -1 -1 +1 +1 -1 90.55 + 0.04 492.23 + 23.32 0.294 + 0.03 -44.43 +1.72
DND-54 +1 +1 -1 +1 +1 90.42 +0.07 457.83 +20.34 0.298 + 0.01 -43.43 + 1.46
DND-55 +1 -1 +1 +1 1 89.39 + 0.01 765.73 + 29.57 0.316 + 0.01 -49.17 + 1.69
DND-56 -1 +1 +1 +1 +1 89.11 + 0.08 712.27 +6.35 0.350 +0.02 -47.27 +2.40
DND-57 -1 +1 -1 -1 1 90.72 + 0.04 750.00 + 37.12 0.345 + 0.02 -60.03 + 2.50
DND-58 +1 +1 +1 +1 +1 91.01 +0.02 413.83 +12.60 0.326 + 0.01 -63.00 + 1.32
DND-59 -1 -1 +1 -1 1 89.15 + 0.05 552.63 + 33.04 0.302 + 0.02 -47.40 + 2.00
DND-60 +1 -1 +1 +1 +1 87.29 + 0.05 326.53 +8.13 0.303 +0.00 -47.67 +0.91
DND-61 -1 +1 +1 +1 1 90.75 + 0.02 599.93 + 14.02 0.344 +0.01 -70.40 + 0.95

3.3. Analysis of responses
Responses observed from 32 formulations using JMP® were used for evaluating potential

significant differences using full-factorial design methodologies.

3.3.1. Response 1 (Y,): effect of formulation variables on entrapment efficiency
Vesicular entrapment efficiency is commonly linked to the stability of noisome vesicles.

Various parameter combinations to manufacture a niosome dispersion were summarized in
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the design Table 3 associated Y results. A “best-fit” model approach was suitable to analyze
further the R? value shown in Table 4 along with the regression equation without requiring
further data transformation method. CMAs & CPPs both had a significant impact on niosome
entrapment efficiency.

Using an appropriate response-variable relationship, orders of magnitude and mathematical
signs of each coefficient resulted for a linear correlation factor of R*= 0.60 for input variables
cholesterol concentration (X;), mixing time (X3) and mixing speed (X,;) demonstrated
combinations of X;&Xj,, X;1&X3, X1&X,, X3&Xs variables had considerably favorable Y,
due to the desired increase in % entrapment efficiency.

Alternatively, Xo&Xs3 Xo&Xy, X3&X4, X1&Xs, Xo&Xs, X4&Xs resulted in unfavorable %
encapsulation efficiency due to decreased entrapment efficiency. Input variable surfactant
concentration (X;) and addition rate (Xs) possess inverse proportionality with entrapment
efficiency. No linear correlations were drawn between responses and factors at ranges used in

selected formations.

Table 4. Summary of results of regression analysis for response Y,

Quadratic Model R? Adjusted R?
Response (Y1) entrapment efficiency 0.600 0.22536

Regression analysis for the entrapment efficiency of the polynomial model was established

using the equation shown:

Niosomes entrapment efficiency (Y1) = 90.12 — 0.56(Xy) + 0.27(X3) + 0.17(X3) + 0.36(X4) —
0.75(Xs) + 0.32(X1X3) + 0.30(X1X3) - 0.02(X2X3) + 0.56(X1X4) — 0.03(X2X4) — 0.67(X3X4) —
0.11(X1Xs) — 0.12(X2Xs) + 0.24(X35Xs) — 0.25(X4Xs)

Where X; is Span 60 (mg), X is cholesterol (mg), X3 is mixing speed (RPM), X4 is mixing

time (minutes), and Xs is addition rate (mL/min).

3.3.1.1. Contour model graph for entrapment efficiency

The two-dimensional (2D) contour plots compare the effects of two independent variables.
The interactions between the values of two independent variables that showed no linear
correlation, while the remaining three independent variables remained at constant to illustrate

their respective response interactions shown in Figure 1 (a-j).
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3.3.1.2. Effect of Span 60 (surfactant) concentration on entrapment efficiency

Contour plot analysis showed that in the case of interaction between (a) Span 60 (X;) and
cholesterol (X5) at other three variables constant, (b) Span 60 (X;) and mixing speed (X3) at
other three variables constant, (c) Span 60 (X;) and mixing time (X;) at other three variables
constant, (d) Span 60 (X;) and addition rate (Xs) at other three variables constant, the
response of Span 60 was reasonably partial. With the gradient inclination of Span 60
concentration, the entrapment efficiency was gradually and inversely decreasing. The
explanation is related to the compromised polymer availability for the small particles, which
decreases flexibility at a higher Span 60 concentration. With low flexibility, the likelihood of
membrane irregularities and even vesicle rupture are quite high. A similar trend was also

observed and reported in the published literature."?

3.3.1.3. Effect of cholesterol concentration on entrapment efficiency

Contour plot analysis showed that in the case of (a) Span 60 (X1) and cholesterol (X;) at other
three variables constant, (e) cholesterol (X;) and mixing speed (X3) at other three variables
constant, (f) cholesterol (X;) and mixing time (X;) at other three variables constant, (g)
cholesterol (X;) and addition rate (Xs) at other three variables constant, the response of
cholesterol was reasonably partial. With the gradient inclination of cholesterol concentration,
the entrapment efficiency was increasing gradually, except it shows an inverse trend when
increasing Span 60 concentration. Cholesterol is the key ingredient for the niosome vesicle
formation. Increasing cholesterol concentration increases membrane rigidity and thus
increasing of percentage entrapment efficiency by the formation of less leaky vesicles. These
results were found to be consistent with trends published in previous literature.!?!

3.3.1.4. Effect of mixing speed on entrapment efficiency

Contour plot analysis showed in the case of (a) Span 60 (X;) and mixing speed (X3) at other
three variables constant, (b) cholesterol (X;) and mixing speed (X3) at other three variables
constant, (c) mixing speed (X3) and mixing time (X;) at other three variables constant, (d)
mixing speed (X3) and addition rate (Xs) at other three variables constant, the response of
mixing speed variations was observed to be quite arbitrary when evaluated against Span 60
and addition rate. Entrapment efficiency appears to be increasing with gradually increasing
mixing speed along with cholesterol. At higher mixing time and lower mixing speed, the
entrapment efficiency was also seen to increase. As mixing speed increases gradually, it

shows an opposite trend in entrapment efficiency.
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3.3.1.5. Effect of mixing time on entrapment efficiency

Contour plot analysis showed in the case of (a) Span 60 (X;) and mixing time (X,) at other
three variables constant, (b) cholesterol (X;) and mixing time (X,) at other three variables
constant, (c) mixing speed (X3) and mixing time (X,) at other three variables constant, (d)
mixing time (X,) and addition rate (Xs) at other three variables constant, the response of
mixing time was quite arbitrary when evaluated against Span 60. Entrapment efficiency
shows an upward trend with gradually increasing mixing time along with cholesterol. At
lower addition rate, entrapment efficiency is higher and shows gradually increasing trend
with increasing mixing time. At higher mixing time and lower mixing speed, entrapment
efficiency is seen to increase. As mixing speed increases gradually, it shows a decreasing
trend in entrapment efficiency. Overall, it is clear that mixing time has a direct impact on
entrapment efficiency. This behavior can be explained as longer mixing time provides
adequate hydration time, which shows better dispersibility and helps in providing rigid and

less leaky niosomes.

3.3.1.6. Effect of addition rate on entrapment efficiency

Contour plot analysis showed in the case of (a) Span 60 (X;) and addition rate (Xs) at other
three variables constant, (b) cholesterol (X;) and addition rate (Xs) at other three variables
constant, (c) mixing speed (X3) and addition rate (Xs) at other three variables constant, (d)
mixing time (X;) and addition rate (Xs) at other three variables constant, the response of
addition rate is quite constant and shows better entrapment efficiency at slower addition rate
regardless of other variables. This behavior can be explained as a slower addition rate, in the
end, increase total mixing time, which provides adequate hydration time with better

dispersibility and helps in providing rigid and less leaky niosomes.

3.3.1.7. Response surface analysis for entrapment efficiency

Response surface analysis further explained that in all probable cases of interactions, Span 60
(X1) and cholesterol (X;) with other three variables constant provided controllable and
favorable range of entrapment efficiency to the niosomes. The surface response curve in
Figure 2 further justified this conclusion. Based on contour plots and response surface
analysis conclusion recommended a specific combination of Span 60 (X;) and cholesterol
(X2) while keeping the other three variables constant to achieve entrapment efficiency within

a desirable range.
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3.3.2. Response 2 (Y,): effect of formulation variables on particle size

Analyzing this response for particle size did not require further plot transformation. A best fit
model represented an R? value is 0.59, which represented that all of the CMAs & CPPs had a
significant impact on noisome particle size. The allusion was drawn from the magnitude and

mathematical sign of each coefficient.

The regression equation explains that the resulting impact of surfactant concentration (Xi),
cholesterol concentration (X5), mixing time (X3), mixing speed (X;) and addition rate (Xs) as

they all demonstrated an inverse relationship with niosome particle size.

In some cases, the relationship between responses and factors were not always linear and
suggested that interactions existed between variables. Favorable interactions for particle size
were found using X;&X;, Xo&X3, X2&X4, X3&Xs, X1&Xs, X3&Xs, X4&Xs combination that
decreased particle size, while X;&X3, X1 &X4, X2&Xs increased particle size of Y, response.

Table 5: Summary of results of regression analysis for response Y.

Quadratic Model R’ Adjusted R”
Response () particle size 0.591 0.209481

After a regression analysis for the particle size, the polynomial model established as
described here:

Niosomes particle size (Y;) = 671.50 — 42.16(X;) — 65.77(X3) — 124.98(X3) — 7.95(X4) —
27.59(Xs) — 93.02(X1X2) + 7.98(X1X3) — 25.62(X2X3) + 37.77(X1X4) — 64.99(X2Xs) —
18.92(X35Xy4) — 28.79(X1Xs) + 31.24(X2Xs) — 14.17(X35Xs) — 49.18(X4X5)

Where X; is Span 60 (mg), X, is cholesterol (mg), X3 is mixing speed (rpm), X, is mixing

time (min) and Xs is addition rate (mL/min).
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3.3.2.1. Contour model graph for niosomal particle size
The interaction between the two independent variables remain constant while the other three

independent variables is shown in Figure 3 (a-j).
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3.3.2.2. Effect of Span 60 (surfactant) concentration on niosomal particle size

Contour plot analysis showed in the case of (a) Span 60 (X;) and cholesterol (X) at other
three variables constant, (b) Span 60 (X;) and mixing speed (X3) at other three variables
constant, (c) Span 60 (X;) and mixing time (X;) at other three variables constant, (d) Span 60
(X1) and addition rate (Xs) at other three variables constant, the response of Span 60
concentration is quite arbitrary. Where it is trending proportionally as cholesterol
concentration, mixing speed, mixing time, and addition rate cases, which shows decreasing
particle size with increasing Span 60 concentration. This can be explained as high surfactant
concentration decreases surface tension and stabilizes newly developed vesicle surfaces
during the manufacturing and produce smaller particles. The observed change in particle size
with the change in surfactant concentration was seen to be verified with the findings reported

in previous literature.™*!

3.3.2.3. Effect of cholesterol concentration on niosomal particle size

Contour plot analysis showed that in the case of (a) Span 60 (X;) and cholesterol (X;) at other
three variables constant, (e) cholesterol (X;) and mixing speed (X3) at other three variables
constant, (f) cholesterol (X;) and mixing time (X;) at other three variables constant, (g)
cholesterol (X;) and addition rate (Xs) at other three variables constant, the response of
cholesterol was reasonably consistent. In the presence of other variables with the gradient
inclination of cholesterol concentration, the particle size was seen to increase gradually. It
can be concluded that cholesterol is one of the critical ingredients for the niosome formation.
The observed increase in mean vesicle size of desoximetasone niosomes with the addition of
cholesterol was seen to conform with the findings reported in prior literature.!34!

3.3.2.4. Effect of mixing speed on niosomal particle size

Contour plot analysis showed in the case of (b) Span 60 (X;) and mixing speed (X3) at other
three variables constant, (e) cholesterol (X;) and mixing speed (X3) at other three variables
constant, (h) mixing speed (X3) and mixing time (X;) at other three variables constant, (i)
mixing speed (X3) and addition rate (Xs) at other three variables constant, the response of
mixing speed was reasonably consistent. With the gradient inclination of mixing speed, a
gradual decrease in the particle size of the niosomes was observed. These results are
supported by previous works that reported the dependence of vesicle size on the method of

preparation, bilayer composition, and bio-component concentration.! ¢4
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3.3.2.5. Effect of mixing time on niosomal particle size

Contour plot analysis showed in the case of (c) Span 60 (X;) and mixing time (X,) at other
three variables constant, (f) cholesterol (Xz) and mixing time (X;) at other three variables
constant, (h) mixing speed (X3) and mixing time (X,) at other three variables constant, (j)
mixing time (X,) and addition rate (Xs) at other three variables constant, the response of
mixing time was quite arbitrary. The reaction of mixing time is constant with minimum
impact when it was evaluated against mixing speed. When assessed against the addition rate,
it was seen that lower mixing time/addition rate or higher mixing time/addition rate
combination is required to achieve desirable smaller particle size. Regardless of other
variables, and the increase in mixing time shows a decrease in particle size. This behavior can
be explained as longer mixing time provides adequate hydration time and shows better
dispersibility, which can further provide smaller and uniform niosomes. Similar findings have
been observed in previous published work.[*®!

3.3.2.6. Effect of addition rate on niosomal particle size

Contour plot analysis showed in the case of (d) Span 60 (X;) and addition rate (Xs) at other
three variables constant, (g) cholesterol (X;) and addition rate (Xs) at other three variables
constant, (i) mixing speed (X3) and addition rate (Xs) at other three variables constant, (j)
mixing time (X4) and addition rate (Xs) at other three variables constant, the response of
addition rate is quite constant. Particle size is comparatively constant when it is evaluated
against Span 60, cholesterol, and mixing speed and changes gradually with changes in
variables other than the addition rate. This behavior indicates that other variables have a
dominant impact on niosomes particle size as compared to the addition rate. When it is
evaluated against mixing time, combinations of lower addition rate/mixing time or higher

addition rate/mixing time is seen to be required to achieve desirable smaller particle size.

3.3.2.7. Response surface analysis for niosomal particle size

Response surface analysis further explained that in all probable cases of interactions, Span 60
(X1) and cholesterol (X;) at other three variables constant was providing a controllable and
favorable range of particle size. The surface response curve in Figure 4 further justified these

conclusions.
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Figure 4: 3D surface model graph for particle size (a) Span 60
(Xy) and cholesterol (X,), (b) Span 60 (X;) and mixing speed
(X3), (c) Span 60 (X;) and mixing time (X,), (d) Span 60 (X,)
and addition rate (Xs), (e) cholesterol (X;) and mixing speed
(X3), (f) cholesterol (X;) and mixing time (X,), (g) cholesterol
(X) and addition rate (Xs), (h) mixing speed (X3) and mixing
time (X,), (i) mixing speed (X3) and addition rate (Xs), and (j)
mixing time (X,) and addition rate (Xs). In the figure, red color
indicates highest particle size, followed by green color and then
blue color (lowest particle size) achieved for specific

combinations.

Based on contour plots and response surtace analysls, specitic combinations ot Span 60 (X;)

and cholesterol (X;) keeping the other three variables constant can be concluded important to
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achieve a favorable range of maximum entrapment efficiency and minimum particle size of
the niosomes. A further selection is based on the validation checkpoints generated by the

software.

3.4. Confirmation and validation of DOE

Validating an experimental design model consisted of two checkpoint niosome formulations
(DND-62 and DND-63) to accurately predict entrapment efficiency and particle size using
the profile predictor model provided by JMP® software. Niosome formulations were
manufactured to comparatively study entrapment efficiency and particle size, as provided in

Table 6 and Table 7, respectively.

Table 6: Composition of checkpoint formulations, expected and observed value for

response variable of niosomes entrapment efficiency (N = 3, mean + SD).

Variable parameters Entrapment efficiency
Batch Span Choleste M?xing Mixing | Addition Expected Observed
Detail 60 rol (mg) time speed rate value value + S.D
(mg) (min) | (rpm) | (mL/min) (%) (%)
DND-62 40 20 50 650 0.5 91.11 90.19 + 0.02
DND-63 40 40 60 500 1.0 89.66 87.27 +0.01

Table 7: Composition of checkpoint formulations, expected and observed value for

response variable of niosomes particle size (N = 3, mean + SD).

Variable parameters Particle size
Batch Span Choleste M?xing Mixing | Addition | Expected | Observed value
Detail 60 rol (mg) time speed rate value +S.D
(mg) (min) | (rpm) | (mL/min) (nm) (nm)
DND-62 40 20 50 650 0.5 475.20 449.40 + 29.2
DND-63 40 40 60 500 1.0 840.85 813.43 +173.8

No significant differences between the observed and the expected values were observed using
this model, which concluded the model accurately predicted the entrapment efficiency &
particle size using the experimental design mentioned. Formulation DND-62 resulted in
significantly higher entrapment efficiency and smaller particle size compared with the
formulation DND-63.

DND-62 was selected for use in a further study to optimize desoximetasone-loaded niosomes
based on the desired criteria of niosome size and maximum entrapment efficiency.
Formulation composition containing — drug: surfactant: cholesterol (1:2:1), diethyl ether:

methanol (75:25), external phase temperature (65°C), external phase volume: internal phase
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volume (2:1), mixing speed (650 rpm), mixing time (50 min) and addition rate (0.5 mL/min)
successfully developed a final noisome formulation with optimal particle size and drug

entrapment efficiency.

3.5. Characterization of optimized niosomes

3.5.1. Entrapment efficiency of niosome

Drug entrapment of the optimized niosomes loaded with desoximetasone was determined
with the validated HPLC method, and entrapment efficiency was found to be 90.19 + 0.02 %,

which describes an appreciable drug loading in niosomes vesicles.

3.5.2. Niosome size and distribution
The size of the optimized niosomes was found to be 449.40 + 29.2 nm, with a polydispersity
index (PDI) of 0.272 + 0.03.

3.5.3. Zeta potential

Zeta potential of the optimized niosome formulation DND-62 was found to be -73.50 + 0.87
mV. Favorable stability of these vesicles associated with higher absolute values + 30 mV
mitigate stability risk while using surfactants.l*”) Higher zeta potential values typically result

in an increased due to repulsion charges, which prevent particle aggregation.

4. CONCLUSION

Optimization of niosomes for use in topical applications requires a comprehensive
understanding of numerous variables that may even be interdependent with each other. The
current work demonstrated the effective use of a systematic full factorial design methodology
to successfully predict an ideal niosome vesicles containing desoximetasone for topical
applications. Formulations obtained for relevant performance efficacy characteristics using in
vitro, ex vivo and in vivo testing techniques. The results show how niosomes were modified
to achieve an effective drug delivery profile selecting appropriate parameters for Span 60,
cholesterol, mixing time, mixing speed, and addition rate. The entrapment efficiency and
particle size of the optimized niosome formulation (DND-62) was accurately predicted using
JMP® software. The methods described to create desoximetasone-loaded niosomes may have
the potential to effectively optimize drug-vehicles in other formulations for various drug

delivery applications.
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