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Abstract

Skin cancer is fifth most diagnosed disease in human population due to ultraviolet radiation (UV) exposure. Gamma
oryzanol (OZ) is a natural antioxidant, and it also has skin anti-aging properties. OZ is naturally found in rice bran oil.
The main aim of the present work was to optimize OZ niosomal formulation using quality by design approach includ-
ing one variable at a time and full factorial design. Niosomes were prepared by solvent injection method and char-
acterized for size, polydispersity index, drug entrapment, and transmission electron microscopy. The optimized batch
obtained at X, [drug to span 60 molar ratio (1:5)], X, [volume of hydration (75 mL)], and X; [stirring speed (2500 rpm)]
to Y, [average vesicle size (196.6nm)] and Y, [entrapment efficiency (78.31%)] as dependent variables. The optimized
OZ noisomes were formulated by niosomal gel to provide improved physicochemical stability upon topical applica-
tion against UV. The niosomal gel was characterized using pH meter, viscometer, Draize test for skin irritancy, ex vivo
permeation studies, and stability studies. Ex vivo permeation studies of OZ niosomal gel not only showed fourfold
higher permeation but also exhibited better drug retention in dermal layers of skin as compared to OZ gel. Quality
Target Product Profile of OZ niosomal formulation was generated. Risk analysis of optimized OZ gel suggested most
critical quality attributes (CQAs) and critical process parameters (CPPs) to be characterized as low risk. Thus, y-oryzanol
niosomal gel for topical use can serve as a promising prophylactic treatment in skin cancer, and the developed proto-
type formulation can be further extended to future newly discovered drugs with similar characteristics.
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Introduction

Drug administration via transdermal route has been
evolving as one of the most preferred alternative routes
for drug delivery. The possible reasons include, but not
limited to, ease of use, non-invasive, and improved
patient compliance. In addition to this, transdermal
delivery systems have clear advantages over oral drug
administration as first pass metabolism is avoided; factors
such as gastrointestinal pH, effect of food, and peristaltic
movement will not be applicable to reap the therapeutic
benefits of a particular active pharmaceutical ingredient.
Transdermal administration may serve as a best alter-
native to oral administration for most efficacious thera-
peutic effect (Chaturvedi et al. 2018; Moghassemi and
Hadjizadeh 2014; Shah et al. 2014; Toyoda et al. 2015).
The transdermal delivery systems have been widely used
ranging from the treatment of cutaneous disorders (e.g.,
skin cancer) or cutaneous manifestation (e.g., psoria-
sis) to some general disorders due to its systemic effect.
Nonetheless, the formulation scientists must be cautious
about the limitation associated with transdermal delivery
systems, wherein the skin barrier properties may lead to
inadequate drug permeation transdermally. Moderately,
lipid-soluble compounds are well accepted in the stratum
corneum due to their resemblance to a homogenous lipid
membrane. Thus, a relatively lipophilic drug in a lipidic
drug delivery system can deal with diffusivity problem to

a great extent. Currently, this concept is being intensively
investigated for the skin cancer treatment (Manosroi
et al. 2012; Rawal et al. 2018; Tagne et al. 2008; Zeinali
etal. 2021).

Gamma oryzanol (OZ) is a naturally occurring com-
pound, consisting of sterols and ferulic acid, obtained
from rice bran oil (Liang et al. 2014; Zhao and Mogha-
dasian 2008). The potent antioxidant is widely used as
a food stabilizer (Ghaderi et al. 2014) and as an active
pharmaceutical ingredient in the pharmaceutical indus-
try (Juliano et al. 2005). The other health benefits of the
antioxidant include inhibition of the platelet aggregation
(Panchal et al. 2017; Reena et al. 2010), improvement
in plasma lipid composition by reducing total plasma
cholesterol, and increase of HDL cholesterol levels
(Bhaskaragoud et al. 2016; Kozuka et al. 2013). OZ upon
transdermal administration diffuses along the skin lay-
ers and forms a reservoir system in the skin followed by
a controlled drug release. Small amounts of OZ may be
systemically absorbed; however, its natural origin does
not aggravate the side effects even after systemic absorp-
tion. One of the major challenge with OZ and other anti-
oxidants are photostability issues upon long exposures to
light and air (Kumar 2021; Lee 2016; Shah et al. 2019). To
overcome this issue, vesicular systems are not only used
to entrap and protect antioxidants, but also serve as a
vehicle for the delivery of these antioxidants at the target
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site (Suh et al. 2007). This encapsulation enhances the
stability of drug molecule as well as improves skin hydra-
tion (Lohcharoenkal et al. 2011).

Different formulations such as liposomes, nanoemul-
sions, lotions, chitosan nanoparticles, and nanoethoso-
mal formulation have been employed for topical delivery
(Rajput and Butani 2019). However, it is very challeng-
ing to control physicochemical stability, drug penetra-
tion, prolonged skin retention, and drug toxicity in these
formulations. Vesicular systems are laminar spheroidal
structures formed from the self-assembly of amphiphi-
les in aqueous media resulting in closed bilayer struc-
tures. They are considered as primitive cell models and
cell-like bioreactors and matrices for bioencapsulation of
both hydrophilic as well as hydrophobic drugs (Moghas-
semi and Hadjizadeh 2014; Sharma et al. 2015). Recently,
non-ionic surfactants vesicles known as niosomes are
explored and investigated as a potential drug delivery
system and a suitable alternative to the conventional
drug delivery systems (Hamishehkar et al. 2013). The
non-ionic surfactants used to formulate niosomes are
usually biodegradable, non-immunogenic, and biocom-
patible. Surfactants also act as penetration enhancers
by removing mucous layer and breakdown functional
complexes (Muzzalupo et al. 2011). Niosomes can pro-
vide a local depot formation in the skin while reducing
percutaneous absorption, hence minimizing the risk of
system side effects (Mezei and Gulasekharam 1982). In
comparison to phospholipid vesicles, niosomes offer
higher chemical and physical stability in a cost-effective
manner and reduced toxicity due to lower non-specific
tissue interaction (Nasr et al. 2008). From scientific
perspective, niosomes carry definite advantage over
conventional liposomes. These vesicles have shown
prolonged residual time of the drugs in the dermal lay-
ers, improved drug penetration and minimal drug deg-
radation or inactivation (Priprem et al. 2015). They are
believed to improve the properties of stratum corneum
by replenishing the lost skin lipids and reducing trans-
dermal water loss (Lohcharoenkal et al. 2011). Moreover,
extensive research work conducted and published sug-
gests the vesicle formulation exhibits enhanced cutane-
ous drug availability against conventional dosage forms
(Hamishehkar et al. 2013).

Niosomes have been extensively investigated for many
pharmaceutical agents including anti-tubercular, anti-
leishmanial, anti-inflammatory, hormonal drugs, and
oral vaccines (LezamaDéavila 1999; Marianecci et al.
2012; Mehta et al. 2011; Pardakhty et al. 2007). The
authors strongly considered the anti-cancer properties
of OZ and several discussed benefits of niosomal drug
delivery systems for further investigation in the current
work. The main goal of present study was to develop
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and characterize OZ niosomes as gel formulation for the
skin cancer treatment. This is the second case from our
laboratory that has explored the novel application of OZ
using niosomes as carrier for topical use.

Material and methods

Material

OZ was obtained from Tokyo Chemical Company
(Tokyo, Japan) as a gift sample. Span 60, Carbopol 940P,
triethanolamine (TEA), methyl paraben, and propyl para-
ben were procured from the Central Drug House Ltd
(New Delhi, India). Dicetyl phosphate and cholesterol
were obtained from Sigma Aldrich Ltd. (Mumbai, India).
Chloroform was obtained from Merck specialties Ltd.
(New Delhi, India). All the other solvents and chemicals
used were of analytical grade.

Niosomes preparation

The niosomes were prepared using solvent injection
method. Accurately weighed quantities of OZ, span 60,
and dicetyl phosphate (DCP) were dissolved in chlo-
roform. The solution thus obtained was injected with
the help of a needle into phosphate saline buffer pH7.4
(PBS) preheated at 60 °C with continuous agitation using
a mechanical stirrer. The resulting solution was cooled
down to 40 °C with continuous stirring. The solution was
then sonicated to obtain niosomal formulation contain-
ing multi-lamellar vesicles.

Niosomal gel preparation

Carbopol 940 was dispersed in the above obtained nio-
somal formulation and stirred gently to obtain a homog-
enous solution. A mixture of methyl paraben and propyl
paraben in propylene glycol (PG) was added to the above
dispersion and stirred continuously to achieve homoge-
neity. The resulting dispersion was transformed into a gel
by pH adjustment using TEA. TEA was added with gen-
tle mixing until a uniform viscous gel is obtained.

Optimization

Table 2 shows the potential risk of the formulation
and process variables on the critical quality attrib-
utes (CQAs). For each component that has a high and
medium risk of having an impact, the CQAs are further
investigated. The operating ranges for the variables were
optimized in a way that they pose minimum risk to the
CQAs by One Variable at a Time (OVAT) optimization
and factorial design.

One Variable at a Time optimization

OVAT optimization was done for all the variables which
had medium to high risk of affecting the CQAs. In OVAT
analysis, only one variable was studied at a time while
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the other variables are kept constants. Every variable was
studied individually to obtain a working range or value
where they would have a minimum impact on the CQAs.
The variables that were successfully optimized by this
analysis were the amount of charge inducer (DCP), span
60 to cholesterol ratio, temperature, needle size, flow
rate, and sonication. The variables that could not be opti-
mized by OVAT and were taken ahead for optimization
by full factorial design were drug to span 60 ratio, volume
of hydration, and stirring speed.

23 full factorial design

Based on the preliminary trials, three parameters, i.e.,
drug to span 60 ratio (X;), volume of hydration (X,), and
stirring speed (X;) were identified as independent for-
mulation and process variable which have highest risk of
impacting the CQAs. To optimize these variables at two
levels, 23 full factorial design was selected. The depend-
ent variable (CQAs) taken were average vesicle size (Y;)
and entrapment efficiency % (Y,). Levels of variables in 2
full factorial design are listed in the Table 1. The Design
Expert Software version 9.0 was used for applying. Fac-
torial design and the polynomial equation derived are
shown below:

Y = Bo+ prXa + BaXo + B3 X3 + BraXiz + Bi13Xas + B23Xis
1)
The linear equation generated after the statistical anal-
ysis exemplifies the quantitative effect of independent
variables (X;, X,, X;) on the response (Y). In the equation,
the regression coefficient of the independent variable j;
(i=1,2,3) reflects the relative importance of each factor
whereas coefficient associated with more than one factor
By (i=1,2,3;j=1,2,3) reflects the interaction among the
factors. The magnitude of the coefficient in the equation
indicates whether a factor has synergistic (positive sign)
or antagonistic effect (negative sign) on the response Y.
A best fit linear quadratic equation was selected based
on several factors like standard deviation, correlation co-
efficient, predicted residual sum of squares, and by 3D

Table 1 Levels of variables in 2° full factorial design

Independent variables

Factors Levels, coded (actual)
Low High
X1: Drug to span 60 molar ratio —1(1:4) +1(1:8)
X2: Volume of hydration (PBS 7.4) —1(10ml) +1(100ml)
X3: Stirring speed —1(1000rpm) +1(2500rpm)

Dependent variables

Y1:Average vesicle size (nm)
Y2: Entrapment efficiency (%)
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response surface plot generated by the Design Expert
software (p < 0.05 was considered as level of significance).

Model validation

In order to validate the equation derived after applying
design of experiment (DOE), a check point batch with
the predicted levels was prepared and evaluated. Thereaf-
ter, the calculated values of different responses are com-
pared with the practical values.

Characterization of niosomes

Average vesicle size and polydispersity index

The average size of maximum population of niosomal
formulation was measured by dynamic light scattering
using zetasizer (ZS 200, Malvern Instruments, UK). The
formulation was diluted 10 times with pH 7.4 phosphate
saline buffer prior to measurement. Vesicle size meas-
urements and PDI were carried out by placing 1ml of
diluted formulation in a polystyrene cuvette. The size was
reported as volume equivalent sphere diameter.

% Entrapment efficiency (% EE)

Drug entrapment efficiency was determined by solid
phase extraction method using a C-18 column. Niosomes
were collected as first eluent with phosphate buffer 7.4
and diluted with ethanol. Ethanol causes the niosomes to
break after which the concentration of the drug can be
measured at 326nm using UV spectrophotometer from
Shimadzu (UV 1900i, Kyoto, Japan). The second eluent
obtained with ethanol contains unentrapped drug. The
% EE was calculated for both entrapped or unentrapped
drug.

Initial amount of OZ — Amount of free OZ
Initial amount of OZ

%EE = 100 (2)

Zeta potential

The zeta potential of OZ loaded niosomes was computed
using Malvern Zetasizer (ZS 200, Malvern, UK) at 25 °C.
The measurement was carried out talking 1 ml of the 10
times diluted formulation in disposable folded capillary
cell. For accuracy, the sample analysis was carried out
in triplicates and the results are expressed as the mean
voltage.

Transmission electron microscopy (TEM)

The surface morphology of the hydrated vesicles was
studied using transmission electron microscopy by
JEOL (JEM-Z200FSC, Tokyo, Japan). A droplet of the
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dispersion was layered on a carbon film-covered copper
grid (200# mesh) and allowed to adhere on the carbon
substrate for a min. The excess liquid was then removed
by blotting using a filter paper. The sample was air dried
and examined under TEM.
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diluted with ethanol and their absorbance was deter-
mined by UV Spectrometer at 326 nm. Drug diffused
and drug retained on the skin after each time point
was computed.

The % drug retained was then calculated by the follow-
ing equation:

%drug retained = %of initial drug— (%drug diffused + %drug remaining in the donor compartment) 3)

Characterization of niosomal gel

pH measurement

pH of the niosomal solution was measured by taking
10ml of the formulation in a beaker. The measure-
ment of the pH was done using a calibrated digital
pH meter by Elico (LI127, Telangana, India) at room
temperature.

Viscosity

The viscosity of gel was determined using viscometer
by Brookfield Engineering Laboratories Inc. (Brook-
field, DV-II, MA, USA). The viscosity was meas-
ured using spindle number 18 at 0.3rpm and 25°C
temperature.

Draize test (skin irritation test)

Albino rabbits were used for the Draize test to check
the skin irritation. It is an acute toxicity test which riv-
ets studying the skin irritability of the formulation on
rabbits. The procedure involves applying of 0.5ml of
niosomal gel on skin (previously shaved and washed) of
conscious rabbit and observing the effects after 14 days.
Any signs of any erythema, edema, or redness were seen
and recorded.

Ex vivo permeation studies to evaluate drug retention

in formulation

The ex vivo permeation of OZ from OZ-loaded nio-
somal gel was studied using skin of freshly scarified
rat using Franz diffusion cell by Orchid Scientifics
(EMFDC - 06, Maharashtra, India) placed in a dif-
fusion cell assembly. The diffusion media used was
freshly prepared pH7.4 PBS which was filled in the
receptor compartment (20ml). A rat skin was placed
between the receptor and donor compartment in a way
that there is no air bubble formation in the cell. The
temperature was maintained at 32+£0.5 °C to mimic
the skin temperature. The stirring speed used for per-
meation study performed using at 100rpm. Aliquots
of 2ml were withdrawn at regular time intervals and
replaced by an equal volume of fresh diffusion media
to maintain sink condition. The aliquots were suitably

Stability studies

The stability studies were performed on the final opti-
mized batch as per ICH regulatory guidelines (Guide-
line 2003). All the batches of niosomal gel were stored in
wide mouthed glass container at 25 °£2 °C/60% £ 5% RH
for the period of 3 and 6 months. The samples were then
analyzed for their rheological properties and diffusion
profile.

Statistical analysis

Each batch was prepared three times, and data values
were expressed as meanzstandard deviation. A dif-
ference between means was considered significant
(P<0.005).

Result and discussion

QbD approach for formulation development

In recent times, QbD has become a new reliable
approach for obtaining a robust drug product. QT TP
preparation of the final product is the first step.
Research efforts are well received, if the quality goal
for the speculated drug product is clear right from the
conception of the research idea. This approach ensures
the in-process quality of the product as compared to
quality check of the final drug product. The CQAs
are the drug product characteristics, shortlisted from
QTTPs, which highlights important quality attrib-
utes to be monitored during the pharmaceutical unit
operations to achieve the desired drug product qual-
ity. Critical material attributes (CMAs) and critical
process parameters (CPPs) are variables that impact
the CQAs and require optimization to attain a prod-
uct with target qualities. Critical CMAs and CPPs are
identified by risk assessment. DoE is a widely used
tool for screening of the critical CMAs and CPPs.
The graphs obtained from the response surface DoE
can be employed for generating design space for the
CMAs and CPPs. Finally, a control strategy is designed
to ensure that the optimized manufacturing process
within the operating values consistently produce a
highest quality drug product. The QbD application
leads to continual improvement in revising optimized
operating range, models, and design space, if any
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quality changes are required in the formulation com-
ponents as well as process parameters.

Quality Target Product Profile (QTPP) and Critical Quality
Attributes (CQAs)

QTPP is an essential element of the formulation devel-
opment using QbD approach and forms the basis for the
selection of the CQAs for a product. QTPP is the pro-
spective summary of those features of the drug product
that needs to be achieved in order to obtain the desired
product quality and safety attributes. QTPP elements of
niosomal solution and their target with justification are
described in Table 2 (Al Sabaa et al. 2018).

QbD in transdermal niosomal formulation

The QbD application using risk assessment and con-
trol strategy is well recognized in the pharmaceutical
industry to discover the potential failure modes for risk
mitigation during the formulation development. In the
present work, the overall risk assessment was performed
using risk ranking, whereas risk control and risk review
were investigated as a part of QbD (Shah et al. 2020).

One Variable at a Time (OVAT)

The OVAT analyses led to successful optimization
of operating value/range for variables such as the
amount of charge inducer (DCP), span 60 to choles-
terol ratio, temperature, needle size, flow rate, and
sonication. The optimized values/ranges are men-
tioned in Table 3. Further optimization of the selected
factors (drug to span 60 ratio, volume of hydration,
and stirring speed) was applied by employing full
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factorial design; these working values were kept con-
stant in the experimental runs.

23 factorial design

DoE was implemented to obtain an optimized batch with
minimum possible trials. There are several designs which
could be applied depending on the factors and levels of
the study. Out of various DoE approaches, a 2? full facto-
rial design was carefully chosen to study the influence of
the selected operational parameters on the final formula-
tion. Hence, the resulting experimental design comprised
of 8 runs with three optional central batches. The authors
decided to include all three central batches for building
confidence in the optimization. A total of 11 runs were
executed as described in Table 4. A series of experimental
trials were performed and evaluated based on the setup
of experimental runs taken at different combinations of
factor levels. All the values of responses were fitted to a
linear equation model, and the adequacy of this model
was checked by various statistical parameters such as
ANOVA, lack of fit, and multiple correlation coefficients
R? tests.

Average vesicle size

Nanovesicles with a vesicle size of 300nm or less are
anticipated to deliver drug to minimal extent deep into
the dermal layers. The maximum drug deposition is
expected from vesicle size of 70nm or below in both
epidermal and dermal layers (Hua 2015; Verma et al.
2003). Nanoparticles with a vesicle size 0f 6-7nm may
be absorbed via the lipidic channels, whereas the aque-
ous pores facilitate a particle size of less than 36 nm. In

Table 2 Quality Target Product Profile (QTPP) for niosomal formulation

QTPP elements Target

Justification

Dosage form Colloidal carrier drug delivery system

Dosage design Niosomes

Route of administration Topical

Stability

Short term stability study at room temperature (25 °C,

For targeted drug delivery with longer residence time in
skin and relatively less systemic absorption

To provide a lipidic environment to the drug and to obtain
a higher retention in the skin. Niosomes offer higher
entrapment, better stability, and are less prone to leakage
as compared to liposomes

For non-invasive drug delivery with minimal systemic
absorption

The product should have enough shelf life

60% RH) and refrigerated condition(4-8 °C) for 6

months
Dosage product quality attribute  Physical attributes®

% Entrapment efficiency

Vesicle size and polydispersity index

Required for product efficacy and patient acceptability

The higher the encapsulation efficiency, the better the
yield during development and formulation is economic

Optimum vesicle size to efficiently penetrate the skin
but also provide maximum skin retention and minimum
systemic absorption. The smaller the PDI, the better uni-
formity and higher stability

2 Physical attributes include the following: appearance, pH, odor, and rheological attributes (viscosity, spreadability)
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Table 3 Range of optimized variables

Page 7 of 15

Variable Optimized Justification

operating value/
range

Formulation variables

Amount of charge inducer (DCP) 8-16mg It was observed that as the concentration of DCP increased, the aggregation reduced. This may
be because of the repulsive force developed by negative chargeon niosomes induced by DCP.
The results of zeta potential showed that at the concentration of 8mg and above it attains
—30mV charge which satisfies the criteria for stable formulation with no agglomeration. There-
fore, further formulation optimization was carried out by keep DCP concentration between 8 mg
and 16 mg (36.9mV). Also, the vesicle size decreased comparatively, because of repulsion, which
inhibited formation of aggregates

Span 60 to cholesterol ratio 2:2-3:1 It was observed that as the span 60 to cholesterol ratio was increased, the aggregation reduced.
This might be due to the increase in the amount of surfactant

Process variables

Temperature 63°C£3°C The phase transition temperature of span 60 is 55 °C, and trials showed lump formation at a tem-
perature below 60 °C. A temperature above 70 °C can cause degradation of the drug. Therefore,
the temperature should preferably be maintained in between 60 and 66 °C

Needle size 24 gauge Initial attempts depicted that there was some effect of higher gauge size needle on vesicle size
and polydispersity index. For further optimization, 24-gauge needle was used due to smaller
vesicle size and lower PDI when compared with other two sizes (18 and 22 gauge)

Flow rate 2ml/min The average vesicle size and PDI showed a non-linear response with flow rate of injection, i.e.,
change in flow rate does not affect vesicle size and PDI significantly. Hence, for reducing the
time for the formulation process, a higher flow rate of 2 ml/min can be used

Sonication 5min With increase in the sonication time, decrease in entrapment efficiency and average vesicle size

was observed. This was might be due to rupture of niosomes upon sonication for longer dura-
tion. Therefore, it was necessary to keep the sonication time constant at 5min

general, particles or vesicles in the 10-210nm size range
may favorably pass through the transfollicular route
(Geusens et al. 2011; Zeb et al. 2016).

Equation in terms of coded factors for average vesicle
size:

Table 4 Design matrix and response for 2° factorial design
batches [X,—drug to span 60 molar ratio, X,—volume of
hydration (PBS 7.4), X;—stirring speed, Y,—average vesicle size
(nm), and Y,—entrapment efficient (%)]

Batch no. Independent variables in coded form
X X, X; Y, £}

B1 —1 —1 —1 2400£1.1 605+£1.1
B2 +1 =1 =1 2086+09 591+£31
B3 -1 +1 1 31504£21 614+£09
B4 +1 +1 =1 3407£29 649+03
B5 —1 -1 +1 65.14£06 553+£05
B6 +1 —1 +1 450+£06 483408
B7 —1 +1 +1 1506+15 846+£19
B8 +1 +1 +1 1794419 885+16
B9 0 0 0 1058412 708+25
B10 0 0 0 11554+1.1 721+£17
B11 0 0 0 1100£08 709+14
B12 (checkpoint batch) —05 —05 —05 190.7+£1.1 656+18
B13 (optimized batch) —05 +1 +1 1966+£09 7831+£14

Y, =+ 17045 + 0.25 X X, + 53.25 X X, — 83
X Xy +13.25 X X, X, + 2 X X, X5 + L5X, X5 (4)

The linear equation (4) generated after the statisti-
cal analysis exemplifies the quantitative effect of inde-
pendent variables X, X,, and X; on the response Y, i.e.,
average vesicle size. The correlation coefficient R? value
was found to be 0.8443 indicated good fit of the lin-
ear equation. From the results of ANOVA, p value was
found to be less than 0.05 indicated that all the three
factors have a significant effect on the response Y;. The
response surface plot shown in Fig. 1a was drawn using
design expert software version 9.0 on the basis of equa-
tion generated to estimate and understand the effect of
the independent variables on the average vesicle size in
a graphical way.

From the linear Equation (4) and response surface
plots, it can be concluded that the factors X; and X,
showed positive effect while factor X; had negative effect
on average vesicle size. The major negative effect of fac-
tor X, (stirring speed) on average vesicle size could be
due to shear force which increases with increase in stir-
ring speed and hence reduces the vesicle size. The little
positive effect of factor X; (drug to span 60 ratio) which
could be due to higher concentration of span 60 which
remains in the solution and forms aggregates which
lead to an increase in the vesicle size. The major positive
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effect of factor X, (volume of hydration) could be due
to higher amount of buffer available for vesicle arrange-
ment, where the aqueous media may have entrapped
inside the vesicle resulting in an increased vesicle size.
Value of coefficient of interaction between the factor X,
and X; has shown its remarkable effect on average vesi-
cle size.

% Entrapment efficiency equation in terms of coded factors
for % entrapment efficiency

The entrapment efficiency characterization for any vesi-
cle-based formulation is imperative to determine its suc-
cessful administration. Entrapment efficiency enabled the
present research scientists to determine the amount of
OZ entrapped within the niosomes. The below polyno-
mial equation was obtained for the entrapment efficiency
of OZ:

Y, =+67.27 - 125X X; +825X X, +2.75
X X3 +3 XXX, +0.5 XX, X5 +9X,X; (5)

The linear equation (5) generated after the statisti-
cal analysis exemplifies the quantitative effect of inde-
pendent variables X;, X,, and X; on the response Y,, %
drug entrapment efficiency. The correlation coefficient
R? value was found to be 0.9653 indicated good fit of
the linear equation and p value <0.05 indicated signifi-
cant effect of all three factors. Factor X, and X; showed
positive effect while factor X; showed negative effect on
entrapment efficiency. Higher value of coefficient of fac-
tor X, has shown that it has the maximum effect on the %
drug entrapment efficiency among all other factors. The
response surface plot has been shown in Fig. 1b. The plot
clearly shows that drug to span 60 ratio has most signifi-
cant effect on % drug entrapment efficiency as compared
to volume of hydration.

Drug entrapment efficiency can also be correlated
with vesicle size. Due to the significant increase in vesi-
cle size entrapment efficiency increased. The increase
in % drug EE with increase in the concentration of span
60 might be due to high number of non-polar chains in
span 60 which might have entrapped more amount of
drug in the vesicular bi-layers. Factor X, (stirring speed)
was kept constant at high level in order to achieve the %
drug entrapment efficiency with highest desirability. Val-
ues of coefficient of interaction between the factors also
have some effect on the response but were found to be
non-significant.

Yellow region/design space in the overlay plot (Fig. 1c)
shows the acceptable region, wherein the preparation of
any batch within this space will lead to a product possess-
ing the criteria set for optimization, i.e., vesicle size less
than 200nm and % EE more than 50%.
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The plot also suggests that the volume of hydration is
a critical parameter. The value of volume of hydration if
chosen anywhere between —0.5 and +0.5 will produce
a product with the desired characteristics within the
optimized range. The plot depicts that the value of “drug
to span 60 ratio” is a less critical factor and can be cho-
sen conveniently between —1 and +1 as desired by the
formulator.

Model validation

Based on the results from factorial design experiments,
it was decided to prepare a checkpoint batch using — 0.5
as a level for each of the independent variables used to
optimize formulation and process variables. Average ves-
icle size and % entrapment efficiency of the check point
batch was characterized to 190nm and 65.58%, respec-
tively (Table 5). The observed values were similar to the
values predicted from the linear polynomial equation,
184 nm average vesicle size, and 66.20% entrapment effi-
ciency. Therefore, the design and statistical model incor-
porated in the present study are mathematically valid.
The authors were able to reach to complete optimization
in shortest time with minimum efforts due to organized
formulation approach.

Risk assessment

On the basis of literature review, an initial risk assess-
ment was performed to identify CMAs and CPPs
whose change may influence potential CQAs, namely,
vesicle size, % EE, and zeta potential. Variables affect-
ing the CQAs of niosomal formulation are categorized
using risk analysis which aids in identification of the
failure modes of the formulation. A relative risk assess-
ment was also performed for each variable and was
ranked as high, medium, or low based on their poten-
tial risk to affect the CQAs. Those attributes that could
have a high impact on the formulation CQAs required
further investigation while those attributes that had
low impact on the formulation CQAs required no fur-
ther investigation. The initial risk analysis is shown in
Table 5.

Risk management plays a most important role in new
drug applications as it can assess the risk level of a drug
product (i.e., formulation challenges, process issues, and/
or harmful outcomes in patients). In addition to this, risk
management strategies allow the availability of highest
quality drug product and increased manufacturing due
to improved efficiency and smooth knowledge transfer.
Risk management also provides rationale for time-effi-
cient and cost-effect process development. Risk manage-
ment is highly beneficial throughout the drug product
cycle to improve processes at commercial scale (i.e., pro-
cess validation). Risk assessment tools often recognizes
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Table 5 Initial and updated risk assessment of the formulation

Formulation Variables Process Variables

Span-60: eCharg Drug: Volume | g rin

CQAs Cll)loles te'r Induce | SP21" Temperatur | Flow Needle | Sonicat | of
. 60 e rate size -ion hydratio g
ol ratio r ratio n speed
DCP)
Initial risk assessment before formulation development and optimization

Vesicle Mediu
Size m

Zeta
potential

Zeta
potential

Updated Risk Assessment after formulation development and optimization

The factors with *Low category have been converted to low risk from high or medium risk

the purpose for the validation of processes (such as the
include ICH Q9, quality risk management and FDA
Code of Federal Regulations, CFR 21, Part 820, Quality
Management Regulations) (Code U, Law P. Code of Fed-
eral Regulations (CFR) 2017; Elder and Teasdale 2017).
With the detailed understanding of risk management, it
was imperative to study the risk assessment and control
strategies for this niosomal formulation. The risk assess-
ment for the optimized niosomal formulation has been
reported in Table 5, and the control strategies of same are
shown in Table 6.

Table 6 Control strategies for the niosomal formulation

Preparation and characterization of optimized batch
Preparation of optimized batch

Polynomial equations derived from factorial design exper-
iments and risk assessment suggests drug to span 60 molar
ratio was selected as 1:5 (level —0.5), volume of hydra-
tion (PBS 7.4) as 75mL (level +1.0), and stirring speed
as 2500rpm (level 4 1.0) showed best possible predicted
average vesicle size as 110nm and % entrapment effi-
ciency as 78%. Therefore, these parameters were further
selected as optimization formulation and process param-
eters to produce an optimized batch. The optimized batch

Parameters Attribute Range studied Optimized range  Purpose of control

Drugtospan 60 Ratio 1:4—1:8 (molar ratio) ~ 1:4-1:8 (molar ratio) To ensure higher % drug entrapment efficiency

PBS 74 Volume 10-100ml 25-75ml To obtain a vesicle size <200 nm and higher % drug entrapment
efficiency

Stirrer Stirring speed  1000-2500rpm 1750-2500rpm To ensure vesicle size <200nm

Amount of Zeta potential  8mg, 16mg, 24mg 8-16mg To maintain the zeta potential below —30mV so as to prevent

charge inducer aggregation

(DCP)

Heating Temperature 50 °C-70°C 62°Ct3°C To prevent lump formation and also avoid degradation of drug

Needle Size 18, 22,24 gauge 24 gauge To get optimum vesicle size

Flow rate Flow 05,1.0,1.5,20mL/min  2mL/min As flow rate was not impacting the product performance, higher rate
was selected to reduce manufacturing time

Sonication Time 5min, 15min 5min To prevent lipid degradation due to heat generation
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was further evaluated using average vesicle size, polydis-
persity index, zeta potential, and transmission electron
microscopy.

Characterization of optimized batch of niosomes

and niosomal gel

Average vesicle size

The optimized batch showed a vesicle size of
196.6 £0.9nm. The vesicle size of the optimized batch
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as suggested by the Design Expert 9.0 software has been
shown in Fig. 2a. The observed vesicle size was different
as compared to the predicted vesicle size; however, as
discussed earlier, nanovesicles with size 300nm or less
are unlikely to get absorbed into the dermal layers (Hua
2015; Verma et al. 2003). In addition to this, particles or
vesicles ranging between 10 nm and 210 nm size are likely
to get absorbed through the transfollicular route (Geus-
ens et al. 2011; Zeb et al. 2016). Therefore, OZ niosomes

optimized batch
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Fig. 2 aVesicle size of the optimized batch, b zeta potential of the optimized batch, and ¢ transmission electron microscopy (TEM) image of the
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due to its size are expected to pass the transfollicular
route and into the dermal layers up to certain extent.

Polydispersity index

The polydispersity index (PDI) values represent the aver-
age uniformity of a particle or vesicle in a solution. Large
PDI values represent the large size distribution of the
particles (Danaei et al. 2018). The PDI value of optimized
batch was determined to be 0.268+0.02, an important
determinant of uniform particle size distribution as well as
the stability of the niosomes.

Zeta potential

The zeta potential values are also indicator of the stable
formulation. The values between —30mV and +30mV
suggests the instability in the formulation (Lowry et al.
2016). The zeta potential of the optimized batch was
—41.6 which was below —30mV, thus confirming the
niosomal formulation to be stable (Fig. 2b).

Transmission electron microscopy
TEM image (Fig. 2c¢) revealed the morphology of
niosomes to be spherical shape by TEM analysis. This fur-
ther suggests that the potential absence of any irregular
shaped OZ particles loaded in the niosomal formulation.
The optimized batch of niosomes was further formu-
lated into niosomal gel using the procedure detailed in
methods section. The niosomal gel was further character-
ized using different characterization techniques, ex vivo
permeation studies, and stability studies.

Characterization (pH measurement, viscosity and Draize test)
of OZ niosomal gel

The pH of the niosomal gel was determined to be 7.3+0.1,
which can be considered within neutral range. The neutral
pH value indicates that the niosomal gel of OZ can avoid
any possible skin irritation rendering the niosomal formu-
lation to be safe. Furthermore, pH optimization can also
improve the stabilization of active pharmaceutical ingre-
dients in gel formulation for topical use (Das and Wong
2020). The torque obtained was more than 85%. This indi-
cates that the gel formulation has an easy spreadability as
well as desired skin adherence. Draize test, alternatively
referred to as skin irritancy test, was carried out in rab-
bits. The starting point of this test was redness on the rab-
bit’s skin (Osborne and Perkins 1994). The formulation
was tested for signs of any erythema, edema, or redness.
No such signs were observed suggesting the niosomal for-
mulation was well tolerated in all rabbits (Fig. 3).

Ex vivo permeation studies using OZ niosomal gel
In order to assess the diffusion of OZ through the skin
from the gel formulation, ex vivo studies using rabbit
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skin and Franz diffusion cells were carried out, since OZ
is a water insoluble drug, and several carrier formula-
tions have been developed to improve its penetration
and localization into the deeper layers of skin tissues:
with reduction in the amount of drug reaching the sys-
temic circulation (Rodsuwan et al. 2021). Vesicular sys-
tems such as niosomes can act as a reservoir of OZ in the
skin and could potentially enhance its permeation. The
permeation of OZ from OZ niosomal gel was character-
ized by using OZ gel as a control. The initial % drug con-
tent, % drug diffused, and the calculated % drug retained
are presented in Table 7 and Fig. 4. It was observed that
both OZ gel and OZ niosomal gel showed a delayed dif-
fusion by 10min, but at 120 min time point, OZ nioso-
mal gel showed fourfold increase diffusion as compared
to OZ gel. Furthermore, OZ gel showed 75.21% drug in
donor compartment and only 13.60% retained in the skin
after 120 min, whereas OZ niosomal gel had only 3.20%
drug in donor compartment and 71.17% drug retained
in the skin. These results suggest OZ gel showed less %
drug diffusion at 120 min despite majority of drug availa-
ble in donor compartment followed by less % drug reten-
tion in skin. OZ niosomal gel showed more promising
results. Not only did it show higher % drug diffusion at
120 min time point, but also it showed minimal drug in
donor compartment and remaining drug in the dermal
layer which is suggestive of better drug retention in skin.
Improved drug retention on skin from OZ niosomal gel
formulation is even more beneficial given its prophylac-
tic use in prevention of skin cancer against UV radiation.

Stability studies of OZ niosomal gel

The final batch of niosomal gel formulation was char-
acterized after 3 months storage at 25°C/60% RH long-
term stability condition. The stability samples were
analyzed for its rheological properties which showed
no change. There was no significant change in the dif-
fusion profile in the optimized batch. So, it can be
concluded that the OZ niosomal gel do not show leach-
ing of drug are stable at room temperature, and there
was no leaching of drug from niosomes in its closed
container (Shah et al. 2021). The stability results are
reported in Table 8.

Conclusion

OZ is a potent anti-cancer agent which is not used widely
due to poor aqueous solubility and limited permeabil-
ity. In order to improve its penetration into the skin, we
have designed niosomal formulation of OZ with a goal of
enhancing its retention onto the skin for the effective skin
cancer treatment. The developed vesicles were spherical
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Fig. 3 Draize test of the optimized niosomal batch for checking any signs of irritation on the skin

Table 7 Ex vivo permeation studies of OZ (gamma oryzanol) gel and OZ niosomal gel

Drug content (%) % Drug diffused after % Drug diffused after % Drug in donor % Drug
60min 120 min compartment retained after
120 min
OZ gel 96.5£15 58+05 77£12 752+43 13.60£2.1
OZ niosomal gel 99.7+£2.1 173+£09 251427 324£0.1 7117+£36
27
24
21
18

15 == (0Z Niosomal Gel

=— 0z Gel

_i

12

% drug diffused

0 10 20 30 40 50 60 70 80 9 100 110 120 130

Time (minutes)

Fig. 4 Ex vivo permeation profile of (gamma oryzanol) OZ gel and optimized OZ niosomal gel
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Table 8 Stability results of OZ (gamma oryzanol) niosomal gel
Time point Viscosity (cPs) pH Spreadability % Drug diffused % Drug diffused % Drugindonor % Drug
after 60 min after 120 min compartment retained after
120 min
Initial 8489 73101 Very good 173+09 251427 32401 71.2£36
3month 7444 7.1£0.1 Good 157£16 23.8+6.1 34409 725443

in shape with very minimal aggregation. QbD approach
was successfully applied for the proper treatment of all
the variables. The risk assessment and control strategies
were devised and implement accordingly. The optimized
batch showed the average vesicle size of 196.6nm and
entrapment efficiency obtained was 78.31%. Draize test
revealed the potential of the niosomal gel for the effective
delivery of OZ onto the skin without any adverse effects.
Around 25% of drug diffused into the receptor compart-
ment whereas about 70% residual drug was remained in
the OZ niosomal gel within 2h of study, thus confirm-
ing better drug retention from the niosomal formulation
which may be deemed effective in prolonged delivery of
drug at the site of action. This formulation can reduce
the frequency of drug administration and thus can help
in improving the overall therapeutic outcome and patient
compliance.
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