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ABSTRACT
Objective: Nanoemulsions consist of fine oil-in-water dispersions, with droplets covering the size range of 50–500 nm. Olive oil is frequently utilized
in cosmetic and pharmaceutical topical product for its healing, protecting, and moisturizing properties due to its high fatty acid and antioxidant
content. In the present work, a nanoemulsion composed of olive oil, Span 80 as surfactant, and Labrasol as cosurfactant was developed using a highpressure homogenization method and was evaluated for its physicochemical characteristics.

Methods: Response surface methodology was utilized to investigate the influence of the main nanoemulsion components: olive oil (X1), Span 80 (X2),
and Labrasol (X3) on the droplet size (Y1) and polydispersity index (PDI) (Y2). A total of 17 formulations were generated by the Box-Behnken model.

Results: The model was found to be highly significant with R2 values of 0.9833 and 0.9382 for droplet size and PDI, respectively. The optimized
nanoemulsion presented the droplet size of 144.2±0.8 nm and PDI of 0.105±0.014. Span 80 seems to be the most influential factor that determines
the droplet size as it has higher significant linear and interaction effects. The developed nanoemulsion was, further, evaluated with an in vivo skin
irritancy study using the rat model.
Conclusion: Results indicate that the developed nanoemulsion did not demonstrate any skin irritations in gross and histological examinations,
suggesting that it is safe for topical applications.
Keywords: Olive oil, Nanoemulsion, Response surface methodology, Skin irritation.
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INTRODUCTION

Skin is the largest organ of the human body as it serves as an important
barrier and acts as the body’s first line of defense from external
physical, chemical, and biological factors [1]. Although the human skin
possesses high self-regeneration potential, some skin conditions and
defects might not completely heal, which can result in amputations or
even death. Topical applications are usually applied directly onto the
skin to maximize the penetration of active or functional ingredients
into the skin with the help of a vehicle for a specific site of a body. The
main advantage of topical delivery is that it can deliver drugs more
selectively to the specific site. It also allows utilization of drugs with
a short biological half-life and narrow therapeutic window to increase
the duration of action. Moreover, it also offers several advantages
over oral and injectable drug delivery, such as avoidance of hepatic
first-pass metabolism, improved patient compliance, and convenient
to use and apply to the skin [2]. Therefore, topical application is a
suitable drug delivery system to treat skin defects. To date, there
are various pharmaceutical agents such as creams, ointments, and
solutions that are available for the management of skin defects.
Meanwhile, Nanoemulsions (NE)-based preparations preparations are
gaining much interest nowadays in the pharmaceutical, cosmetics, and
biotechnology fields.
Nanoemulsions are kinetically stable or metastable formulations having
nanosized droplets ranging from 50 to 500 nm. Due to their relatively
small droplet size, this characteristic enhances the penetration of
active ingredients or drugs [3]. The usage of nanoemulsions has been a
great interest in pharmaceutical field due to their vast benefits such as
improved rates of absorption and bioavailability, high loading capacity,
and low skin irritation [4]. In one study, a nanoemulsion cream was
found to be an efficient carrier for kojic dipalmitate (KDP) in the hair

follicles, which enhances the storage behavior of the KDP in the skin,
thus prolonging the activity of KDP compared to the particles of normal
creams [5]. The main compositions to formulate nanoemulsions are
oil, water, and surfactants or emulsifier. Surfactants are required in
the nanoemulsion formulation to increase its stability by reducing
the interfacial tension and stabilizing the dispersed phase against
coalescence. The most popularly used surfactant or emulsifiers include
polyethylene oxide-containing block copolymers, polyethylene glycol
derivatives, and glycerides [4]. Meanwhile, the oil phases that are
commonly used include natural or synthetic fatty acids and lipids.

Many studies proved that fatty acids could contribute to enormous
advantages to the skin either applied topically or taken through the diet.
Oleic acid is used topically to increase the bioavailability and delivery of
poor water-soluble drugs in tablet formulations and as a raw material
for ointments and creams [6]. Oleic acid also has a high penetration
into the skin, with the action of altering the structure of the skin. The
previous studies reported that the oleic acid applied to the skin surface
of rats successfully enhances the flux of propylene glycol into the dermis
and improves the stability of propylene glycol [7]. There are several
types of oils that have been known to have a high oleic acids content.
Olive oil is reported to be rich in monounsaturated fatty acids that
account for 58–83% of oleic acid. Olive oil is a great choice as a topical
product in cosmetic and pharmaceutical product due to its repairing
capacity and protecting and hydrating ability when applied topically
to the skin, mainly due to its high fatty acid and antioxidant content.
Olive oil is also widely used as an ingredient in the production of soaps,
perfumes, creams, and bath products due to its surfactive, emollient,
and skin conditioning properties. It can also function as an epidermal
antimicrobial barrier by forming an occlusive layer on the skin [8].
In vivo and in vitro studies have shown that olive oil phenolics have
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biological activities such as altering the lipid composition, lowering the
cholesterol levels, aiding cell function, and reducing oxidative damage
as well as inflammation in humans and animals [9]. Topical application
of virgin olive oil after sun exposure can prevent skin cancer [10]. This
oil also is reported to inhibit the production of nitric oxide at the wound
site [11]. Moreover, researchers have found that oleic acids promote
faster wound closure compared to alpha-linolenic acids or linoleic
acids.

One major limitation of using nanoemulsions as a dosage form is the
stability issue that arises on their storage for long periods of time [12].
However, the kinetic balance of nanoemulsions over relatively long
periods of time can be provided with the correct choice of particle size
and size distribution and these factors depend on the type of oil and
surfactants [13]. A pseudoternary phase diagram is generally used to
determine the optimum concentration range of components, particularly
for the development of nanoemulsions. However, this conventional
experiment is inefficient, time consuming, and relatively costly, because
it requires a large number of trials to carry out the research [14].
Moreover, parameters that influence the experiment’s results must
be studied independently. As a result, the interactions between many
variables at a time cannot be predicted. Due to these limitations
of the conventional method, a more systematic experiment design
such as response surface methodology (RSM) can be implemented,
so that all possible combinations of the variables or at the least, the
most important ones are included in the design. RSM is a collection of
mathematical and statistical techniques that are employed to model
and analyze problems, in which a response (output variable) is caused
by many independent variables (input variables) [15]. In RSM, a series
of experiments or runs can be designed using mathematical software
such as Design-Expert (Stat-Ease Inc, USA) to optimize the response by
making changes to the input variables to identify the causes of changes
in the response. Usually, the outcomes of the response are shown in
graphical form [16]. The advantage of RSM over conventional methods
is that it can simultaneously evaluate all potential input variables to
develop and optimize new formulations. This means that less number
of experimental runs are needed to evaluate the functional relationship
between multiple variables and experimental response [17]. Having
fewer experimental runs to carry out also means savings in time and
resources [18].
In the present study, the concentrations of nanoemulsion components
which are olive oil, surfactant (Span 80), and cosurfactant (Labrasol)
were optimized and validated using RSM based on Box-Behnken design
to correlate the parameters. Interaction effects between variables
were evaluated using 3D contour plots. The optimized nanoemulsion
which produces a small droplet size with good distribution was then
subjected to characterization and skin irritancy test to ensure that the
formulation is acceptable to be applied topically.
METHODS

Materials
Benzalkonium chloride, hydroxypropylmethylcellulose, (HPMC),
sodium lauryl sulfate (SLS), and olive oil were manufactured by SigmaAldrich (USA). Span 80 was obtained from Merck (USA). Labrasol was
manufactured by Gattefosse (Westwoold, NJ). All other chemicals and
solvents were of reagent grade and used without further purification.
Box-Behnken design for optimization of olive oil nanoemulsion
formulation
The olive oil nanoemulsion was optimized using RSM. A threefactor and three-level Box-Behnken design was applied to employ
the interaction of independent variables. The independent variables
were the composition of olive oil (X1 [20–70 w/w, %]), span 80 (X2
[5–50 w/w, %]), and Labrasol (X3 [0–25 w/w, %]), while droplet size
(Y1) and polydispersity index (PDI, Y2) as dependent response. The BoxBehnken design generated by Design Expert software (version 6.0.6,
Stat ease Inc, Minneapolis, USA) showed 17 experimental runs with five
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replicated center points (*) and 12 other points in random order, for
which quadratic model is termed as:
Y=
b0 + b1 X1 + b2 X2 + b3 X3 + b11 X 2 + b22 X 2 + b33 X 2 + b12 X1 X2
+ b13 X1 X3 + b23 X2 X3
(1)

Where Y is the measured response associated with each other factor
level combination; b0 is constant; b1, b2, and b3 are linear coefficients,
b12, b13, and b23 are interaction coefficients among three factors, b11, b22,
and b33 are quadratic coefficients of observed experimental values;
and X1, X2, and X3 are mentioned levels of independent variables [19].
The experiments were conducted in randomized order to minimize
the effect of unexplained variability on the actual response due to
extraneous factors.

Preparation of the olive oil nanoemulsion formulation
The oil phase was composed of olive oil (15.9% w/w), span
80 (9.7% w/w), and Labrasol (4.4% w/w), while the aqueous phase
was of distilled water (q.s). The oil phase was fixed to aqueous phase
at 30/70% w/w. The oil phase was accurately weighed and stirred.
The oil components were added drop-wise to the aqueous phase and
homogenized using an Ultra-Turrax T25 at 10,000 rpm for 3 min.
The obtained pre-emulsion was, further, homogenized using APV
2000 high-pressure homogenizer for seven cycles at 900 bars. To
thicken the formulation, 0.5% w/w of HPMC was dissolved with a
sufficient amount of heated distilled water at 60°C and admixed using
Ultra-Turrax T25 at 10,000 rpm for 3 min. Olive oil NE was preserved
with benzalkonium chloride (0.05% w/w).
Characterization of olive oil nanoemulsion
Droplet size and PDI

The formulation (25 µL) was diluted with 25 mL of water in a volumetric
flask. The flask was inverted and shaken gently to mix thoroughly.
The droplet size and PDI of the resultant emulsion were determined
by photon correlations spectroscopy with a Malvern Zetasizer
Nano ZS, UK). This yields the mean diameter (z-average, intensityweighted diameter) and the PDI as a measure for the width of the size
distribution. The routine for the analysis was programmed so that 10
measurements were taken, 20 s per measurement and a mean was
calculated eliminating the outer layers. This yields PCS data with lower
standard deviations when using the built-in routine. Zeta potential was
measured by determining the electrophoretic mobility using Malvern
Zetasizer Nano ZS. The measurements were repeated 3 times at 25°C.
pH

Olive oil NE was measured by immersing the probe of the pH meter at
a depth of 0.5 cm into the sample at 25°C. The pH meter was calibrated
with standard buffers of pH 4, pH 7, and pH 10 before use. The test was
repeated 3 times.
Transmission electron microscopy

The morphology of the olive oil NE formulation was observed through
Tecnai G2 F20 X-TWIM TMP (FEI, Czech Republic) transmission electron
microscope. One drop of the formulation was diluted with deionized
water and sonicated for 15 min. The sample was loaded onto the carbon
film-coated 400 mesh copper grid held with self-locking fine forceps
and air-dried at room temperature before being examined under the
microscope.
Animals

All of the animal studies protocols were approved by the animal ethics
committee of Universiti Kebangsaan Malaysia (FF/2016/MOHD/18MAY/751-OCT-2016-AUG-2017) and conducted according to the Care
and Use of Laboratory Animals, Universiti Kebangsaan Malaysia. The
study was performed on 6–8 weeks old male and female Wistar Albino
rats with a body weight of approximately 200–300 g. The rats were
procured from the Laboratory Animal Resource Unit, Medical Centre,
168
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Universiti Kebangsaan Malaysia and properly housed in polypropylene
cages containing saw dust as a bedding material for acclimatization.
The animals were maintained under standard laboratory conditions
for 7 days with controlled conditions of temperature 22±1°C and
12 h light/dark cycle before any experiments were conducted. The
animals were fed with standard mouse pellet and water ad libitum.

Skin irritation studies
A total of 18 adult rats were used for determining skin irritation
potential of the formulations according to the OECD 404 guidelines.
The study was conducted on three groups of rats (six rats per group),
namely, (I) normal saline as negative control, (II) 20 % w/v SLS as a
standard irritant, and (III) olive oil NE. Approximately 24 h prior the
initiation of experiment, the dorsal of the rats were clipped free of
fur by an electric shaver. 0.1 g of sample was weighed and topically
applied to the hairless skin area (3 cm2). The area was covered with
gauze, wrapped with a semi-occlusive bandage and fixed into place by
non-occlusive adhesive tape. The rats were then housed one animal
per cage that contained filter paper as a bedding material. Each cage
was appropriately labeled. Following 4 h of exposure, the wrappings
were removed. Any remaining samples were carefully wiped off with
wet disposable paper towels without disturbing the integrity of the
epidermis. The animals were inspected for erythema and edema at
1, 24, 48, and 72 h following removal of the gauze patch. The mean of
erythema and edema scores was given according to the Draize test.
The Score of Primary Irritation (SPI) was calculated for each rat using
the following formula:
SPI for each rat =

∑

Erythema and Oedema grade at 1, 24, 48 and 72 h
Number of observation

(2)
The scores of erythema and edema at 1, 24, 48, and 72 h were summed
and divided by the number of observations for the treated sites. The SPI
for the control sites was also calculated similarly.

The difference between the summation of SPI scores of six animals from
the treated and control sites were calculated and used for the Primary
Irritation Index (PII) determination. The PII was calculated as the
arithmetical mean of the SPI values of the six rats. The irritation degree
was then categorized as negligible, slight, moderate, or severe irritation
based on the PII [20].
PII =

∑ SPI ( Test ) − ∑ SPI ( Base )
Number of animals



(3)

Histological examination
Histological analyses were performed on skin samples from the skin
irritation study. The rats were euthanized after 72 h of experiment
was completed. The dorsal skin samples were surgically excised and
fixed in 10% (v/v) neutral buffered formalin solution at least 24 h
before histopathology analysis was performed. The fixed samples
were dehydrated through a graded series of ethanol, cleared in two
changes of xylene, and infiltrated to four changes of melted paraffin.
The skin samples were, then, embedded in melted paraffin and allowed
to harden. Thin sections (3–5 µm) were cut using a rotary microtome
equipped with disposable steel knives. Sections were flattened on a
heated water bath, floated onto microscope slides, and allowed to dry
before staining. The sections were, then, stained with hematoxylin and
eosin (H&E). The slides were mounted with DPX and covered with a
coverslip on top. Slides were examined qualitatively under a light
microscope equipped with image-capture facility.

Statistical analysis
All data were presented as a mean±SEM. GraphPad InStat version 3.05
(GraphPad Software, Inc.) was used for statistical analysis. Two-way
repeated measure analysis of variance (ANOVA) was used to assess
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significant differences in the study, followed by a Bonferroni post-hoc
multiple comparison. p values of <0.05 (*p<0.05) were considered
significant.
RESULTS AND DISCUSSION

RSM-box-behnken optimization of olive oil nanoemulsion
formulation
Formulation of nanoemulsions is influenced by a variety of formulation
parameters; hence, optimization is essential [21]. The aim optimizing
pharmaceutical formulations is generally to determine the levels of the
variables, from which a robust product with high quality characteristics
may be produced [22]. RSM is the most relevent multivariate statistical
techniques that can help to optimize several factors simultaneously.
RSM is widely used in the optimization of analytical procedures
at present to develop and optimize new formulations due to its
advantages over classical one-variable-a-time optimization, such as
being able to evaluate all combinations of potential factors at the same
time to generate large amounts of information for attaining the best
system performance [15]. Moreover, the interacting effect between
the variables on the response can be investigated. In addition, this
experimental methodology generates a mathematical model that can
be visualized in graphical form [17].

The Box-Behnken is a good design for RSM, because it allows estimation
of the parameters of the quadratic model and building of sequential
designs. The output of this design generates lack of fit to detect the
degree of the fitness of the model and uses blocks to run the experiment.
The use of Box-Behnken design is slightly more efficient than the central
composite design, but it is highly efficient compared to the three-level
full factorial designs [23]. In this case, a total of 17 experiments were
generated to represent different combinations of factors and their
corresponding responses of droplet size and PDI. Regression analysis
was carried out to fit mathematical models to the experimental data.
A positive value in the regression equation represents an effect that
favors optimization due to a synergistic effect, while a negative value
indicates an inverse relationship or antagonistic effect between the
factor and the response [24]. The approximation of responses was
fitted to three mathematical models, linear, interaction, and quadratic.
The degree of fitness of three models was evaluated through R2, p-value,
and lack-of-fit. The ANOVA for the response surfaces of quadratic
polynomial models advocated the significance of relationships (p<0.05)
for all the models. Three dimensional plots were generated to illustrate
the response surfaces for the intended models [25].
Fitting the response surface model

The experimental data obtained for every run are shown in Table 1
which shows that the smallest droplet size was 119 nm and the largest
was 2541 nm. The minimum and maximum PDI values were in the
range of 0.084–0.627, respectively.

The R2 value for the models of droplet size (0.9833) and PDI (0.9382)
suggested a relatively high goodness of fit to predict the true variation
of the observed response. The higher p-value (p<0.0001) and lack-of-fit
(p=0.6457) for the droplet size model reflect to the significant difference
between the independent and dependent variables. Similarly, the PDI
model showed a statistical significance of regression (p=0.0018) and
non-significant lack-of-fit (p=0.2368). It was observed that independent
variables of oil (−213.63) and Span 80 (−850.75) compositions showed
negative effects, while Labrasol (259.63) revealed positive effects on the
droplet size. Similar observations of the relationship were found for the
PDI (Table 2). The quadratic polynomial model was best fitted for the
droplet size and PDI between independent and dependent variables.
The model proposed the following polynomial equation for droplet size
and PDI:
Final equation in terms of coded factors for response Y1:
Droplet size (Y1) = + 207.40–213.63X1–850.75X2 + 259.632X3 +
324.18X12 + 834.93X22–3.33X32–73.00X1X2–271.75X1X3–387.50X2X3
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Table 1: Observed responses for the 17 formulations of Box‑Behnken design of olive oil NE
Formulation

Olive oil (w/w, %)

Span 80 (w/w, %)

Labrasol (w/w, %)

Droplet size (nm) (Y1)

PDI (Y2)

1
2
3
4
5
6
7
8
9
10
11
12
*13
*14
*15
*16
*17

20
70
20
70
20
70
20
70
45
45
45
45
45
45
45
45
45

5
5
50
50
27.5
27.5
27.5
27.5
5
50
5
50
27.5
27.5
27.5
27.5
27.5

12.5
12.5
12.5
12.5
0
0
25
25
0
0
25
25
12.5
12.5
12.5
12.5
12.5

2358
2173
706
229
311
603
1269
202
1142
312
2541
161
530
119
128
331
136

0.616
0.515
0.133
0.289
0.253
0.470
0.594
0.175
0.423
0.333
0.627
0.286
0.223
0.084
0.097
0.416
0.134

Table 2: Mathematical relationship in the form of factors
coefficients and its corresponding p-values for the measured
responses of olive oil NE
Regression coefficient

Droplet size (nm)

PDI

Intercept (βo)
A (X1)
B (X2)
C (X3)
A2(X12)
B2(X22)
C2(X32)
AB (X1X2)
AC (X1X3)
BC (X2X3)
R2
Regression (p‑value)
Lack of fit (p‑value)

207.40
−213.63
−850.75
259.63
324.18
834.93
−3.33
−73.00
−271.75
−387.50
0.9833
< 0.0001
0.6457

0.12
−0.025
−0.14
0.032
0.10
0.16
0.13
0.064
−0.15
−0.063
0.9382
0.0018
0.2368

A: olive oil; B: Span 80; C: Labrasol

Table 3: Analysis of variance of the response surfaces of the
fitted quadratic equation for droplet size and PDI of olive oil NE
Parameter

Droplet size

PDI

Main (Linear) effect

f‑value

p‑value

F‑value

p‑value

A (X1)
B (X2)
C (X3)
Interaction effect
AB (X1X2)
AC (X1X3)
BC (X2X3)
Quadratic effect
A2(X12)
B2(X22)
C2(X32)

13.50
214.07
19.94

0.0079
<0.0001
0.0029

0.98
31.67
1.61

0.3541
0.0008
0.2451

0.79
10.92
22.21

0.4042
0.0130
0.0022

3.22
16.51
3.07

0.1159
0.0048
0.1232

16.36
108.51
0.001721

A: Olive oil; B: Span 80; C: Labrasol

0.0049
<0.0001
0.9681

8.70
21.20
14.29

0.0214
0.0025
0.0069

Final equation in terms of coded factors for response Y2:

PDI (Y2) = + 0.12–0.025X1–0.14X2 + 0.032X3 + 0.10X12+ 0.16X22 + 0.13X32
+ 0.064X1X2–0.15X1X3–0.063X2X3

As there was a significant relationship between the independent
variables for the measured responses (droplet size and PDI), the
quadratic polynomial model of droplet size and PDI were statistically
analyzed using ANOVA (Table 3). In the case of droplet size, A, B, C,
AB, AC, B2, and C2 showed significant model terms (p<0.05), whereas
for PDI, the B, AB, AC, BC, and B2 are significant model terms (p<0.05).
Although all factors offered significant effects, Span 80 seems to be the
most influential factor that determined the droplet size as it has higher
significant linear and interaction effects(p<0.0001).
The analyses of response surface were plotted in three-dimensional
model graphs. As shown in Fig. 1, the quadratic terms of all
independent variables have significant effects on the droplet size.
An inverse relationship of the composition of oil and Span 80, while
a direct proportional relationship of the Labrasol on the droplet size,
implied that increasing the composition of oil and surfactant while
decreasing the cosurfactant caused a reduction in the droplet size. By
keeping constant the two factors, a lower composition of Span 80 at 5%
produced a larger droplet size. Increasing the Span 80 concentration to
27.5% reduced the droplet size, but additional increases above 27.5%
of Span 80 led to an increase of droplet size again.
Droplet size is a key characteristic of nanoemulsion stability,
contributing greatly to the physical stability and organoleptic properties

a

b

c
Fig. 1: The effect of Span 80 and olive oil on droplet size (a), the
effect of Labrasol and olive oil on droplet size (b) and the effect of
Labrasol, and Span 80 on droplet size (c)
of nanoemulsion, where large globules tend to coalesce faster than
the small ones as in Ostwald ripening. Thus, in theory, nanoemulsion
stability can be achieved by reducing the size of the droplets [26].
Apparently, at low concentrations of Span 80, this surfactant did not
completely adsorb to the surface of freshly formed droplets; thus, they
coalescence, leading to an increase in the droplet size. Similar results
have been reported for the optimum use of emulsifiers and droplet
size [21,27]. Increasing the Span 80 concentration would result in a
greater number of available surfactant to lower the interfacial tension
170
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and sufficiently cover the surface area of droplet population, thus,
decreasing the overall droplet size [17,25]. Unexpectedly, an additional
increase in Span 80 composition (27.5–50%) resulted in an increase
of the droplet size. Further increase in the surfactant concentration
after the surfactant reaches its saturation adsorption plateau caused
a larger droplet size due to the reduction in the surface excess. The
surface excess is defined as the number of moles of surfactant adsorbed
per unit area of the interface [25]. The previous studies reported that
excessive amounts of surfactant affect the diffusion rate of surfactant
as well as the adsorption of surfactant-droplet and, therefore, leads
to an increase in the coalescence of the droplets [28-30]. Another
explanation for the larger droplet size is associated with the depletionflocculation mechanism of adsorbed surfactant. Increasing the
surfactant concentration above its critical point causes molecules of
surfactant to form micelles in the continuous phase rather than oriented
on the particle surface, resulting in the increasing of the local osmotic
pressure. Hence, the continuous phase between some droplets moves
to them, which causes the depletion of the continuous phase between
the drops. Consequently, aggregation takes place and the particle size
increases [27].

PDI characterizes the disperse systems with respect to deviation from
the average size and can vary from 0 to 1 with PDI = 0.250 being an
acceptable value for emulsion [17]. In case of PDI, only the quadratic
terms of Span 80 had a significant negative effect on the PDI value with
p-value of 0.0008 (Fig. 2). Since the responses were affected by the
interaction of independent variables, presenting a quadratic relationship
suggested a non-linear relationship between factors and responses.
Verification of the model
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Transmission electron microscopy
The electron micrographs showed that the oil droplets were brighter
and more circular in shape and dispersed in the water phase (Fig. 3).

Skin irritation studies
Assessment of skin irritation topical products is necessary to allow
biologic evaluation of products biocompatibility. This assessment can
be done by means of in vivo and in vitro tests to determine the risk of
irritation due to the contact between the products and human skin. The

a

b

c
Fig. 2: The effect of Span 80 and olive oil on PDI (a), the effect of
Labrasol and olive oil on PDI (b) and the effect of Labrasol, and
Span 80 on PDI (c)

After analyzing the effects of the independent variables on the
responses, the optimized formula was determined (Table 4). In an
optimum nanoemulsion, the droplet size is in the range of 119–500 nm
and the PDI value is within 0.084–0.400.

Experimental and predicted values of the responses were compared to
check the adequacy of the response surface equations. The numerical
optimization method was employed for optimization of the composition
of nanoemulsion formulations. The experimental outcomes were
obtained by preparing the nanoemulsion using the optimized formula
as suggested by the software. It was observed that the experimental
outcomes were not significantly different with the predicted outcomes
suggesting a high fit of the polynomial response surface (Table 5).

Droplet size and PDI
The average droplet size of the olive oil NE was 144.2±0.8 nm. PDI
characterizes the disperse systems with respect to the deviation from
the average size exhibited. It was found that the PDI value of olive oil
NE was 0.105±0.014. The information regarding droplet size and size
distribution is very important for the characteristic of nanoemulsion
since its determines the rate and extent of drug release as well as
absorption. The smaller the droplet size, the larger the interfacial
surface area will be available for drug absorption [31]. A small droplet
size is the primary determinant for oil droplets to fuse with the skin in
providing a channel for drug delivery [32]. In general, it was suggested
that the droplet sizes below 200 nm are sufficient for delivery to deeper
layers [33]. In this study, the percentage oils used was 15.9%. The mean
droplet size reported in the literature ranged from about 200 to 300 nm
for 10 % and 20 % of oil used in the nanoemulsion. Therefore, the size
obtained from this study was in line with the previous studies.
pH
The pH of the topical formulation is very important as topical products
that are too acidic or alkaline may cause skin irritation that can lead to
bacterial infection. Therefore, an ideal topical product should have a pH
that is close to the pH of a healthy human skin (4.5–5.5) [34]. It has been
observed that the pH of the formulation was 6.82±0.01 which is close to
the pH of the skin, thus suitable to be used without affecting the natural
pH of the human skin.

Fig. 3: TEM image of olive oil NE (3000× magnification)
Table 4: Numerical optimization specification for the define
droplet sizes and PDI of olive oil NE.
Parameter

Goal

Low level

High level

Olive oil
Span 80
Labrasol
Droplet sizes (nm)
PDI

is in range
is in range
is in range
is in range
is in range

20
5
0
119
0.084

70
50
25
500
0.400

Table 5: The predicted and observed response values for the
optimized olive oil NE
Response

Droplet size (nm)

PDI

Predicted
Observed

140.0
144.2

0.099
0.105
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c
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Fig. 4: Gross appearance skin irritancy after 24 h. 20% SLS as positive control (a), normal saline as negative control (b), and olive oil NE (c)

a

c

b

Fig. 5: Photomicrographs are showing the histology of the skin irritancy of rats after 72 h of treatment (×20 magnification and scale bar
200 µm). Standard irritant showed mild parakeratosis (nuclei at the stratum corneum) at the epidermis layer of the skin as indicated by
the arrow. 20% SLS as positive control (a), normal saline as negative control (b), and olive oil NE (c)
skin irritation test was followed according to the OECD test guideline
404. In animal tests, the test substances are to be applied on the
animal’s shaved skin and the results from the Draize skin irritancy test
will be scored based on physiological observations on the animals [35].
Strong irritant substances cause erythema and edema and a variety
of histological changes such as erosion or ulcer and inflammation
that ranges in severity depending on the intensity. Mild or moderate
amounts of the irritant substances on the other hand, does not erode
the epidermis, but it shows reactive changes such as hyperkeratosis
and acanthosis [36]. Absence of these reactions reflects no irritancy.
Fig. 4 depicts the visual observation of rat’s skin irritation after 24 h of
application. Rats treated with topical application of olive oil NE did not
demonstrate any skin reactions of irritation such as erythema (redness)
and edema (swelling). Only the standard irritant positive control group
that received 20 % (w/v) SLS triggered itching, resulting in visible skin
irritation as shown by slight reddening of the skin that was observed
within 24 h after application.
Histological examination
Histological examination of rat skin samples stained with H&E after 72 h
of experiment is shown in Fig. 5. Pathological features of irritation such
as parakeratosis, spongiosis, or acanthosis were not observed in rats
receiving olive oil NE. In contrast, the standard irritant group showed
mild parakeratosis (nuclei at the stratum corneum) at the epidermis
layer of the skin as indicated by the arrow with no neutrophilic or
lymphocytic infiltration in the dermis reflecting to slight irritation. The
Draize test PII values range from 0 to 8, corresponding to no irritation
to severe irritation. The PII score for olive oil NE was zero, whereas
the standard irritant group was calculated to be 1.3 PII, reflecting to
the slight irritation in this group. The data from visual observation,
histological study, and PII calculation were correlated well. Hence, it
can be concluded that olive oil NE was non-irritating to the skin. Thus,
the developed formulation is considered safe to be applied for topical
drug delivery.

and optimization of the nanoemulsion were carried out using RSM to
select the best levels of parameters in producing robust and high-quality
formulations. The composition of oil, surfactant, and cosurfactant
was the parameters evaluated and the nanoemulsion’s small droplet
size with good PDI as the responses. The optimized olive oil NE was
found to have the droplet size of 144 nm with the PDI value of 0.104.
Assessment of skin irritancy potential of olive oil NE demonstrated
that the formulation is not a skin irritant; therefore, it is acceptable for
topical application.
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