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ABSTRACT

Article Type

Aloe verais a widely used plant in the pharmaceutical and cosmetic industry due to its anti-inflammatory, healing, moisturizing,
antioxidant, anti-aging, and depigmentation properties, several of which have been attributed to the Aloesin, a compound
found in the gel. This work aimed to develop an Al vera nanoemulsion for the potential use in the pharmaceutical or
cosmetics industries. A Box-Behnken experimental design was used to optimize the Aloesin extraction conditions,
evaluating the effect of the solvent, time, and the speed of agitation using a high shear homogenizer. After identifying the
nanoemulsification zone in a pseudo-ternary diagram, a new Box-Behnken design was proposed to optimize the sonication-
assisted nanoemulsification conditions (amount of surfactant, sonication time, and sonication amplitude). The optimized
extract had 24% more Aloesin than the freeze-dried A/e vera crystals. The optimized nanoemulsions had a dispersed phase

droplet size below 200 nm, a polydispersity index of 0.200, and a zeta potential of -20 mV.
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INTRODUCTION

Aloe vera has elongated, jagged shaped green leaves
joined at the stem in a rosette pattern and belongs to
the Liliaceae family (1). The leaf cortex constitutes
between 20% and 30% of the total plant weight, while
the inner gel makes up 70% to 80% (2). Ale vera has
been reported to have several biological activities, such
as wound healing, laxative effects, anti-inflammatory,
anticancer, antidiabetic, and antimicrobial actions. In
addition, aloe gel has moisturizing, antioxidant, anti-
aging, and depigmentation properties, making it a
desirable ingredient in the cosmetic industry (1-5).
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The constituents of the principal Ale vera are water,

polysaccharides, phenolic compounds, such as
anthraquinones, anthrones, chromones, flavonoids,
and flavonols, and other components, such as
enzymes, minerals, and essential amino acids, saponins,
sterols, and vitamins (1). Aloesin, shown in Figure 1, a
chromone that has shown pharmaceutical and cosmetic
activity, is one of the major compounds of Ale vera. In
the pharmaceutical field, Aloesin has shown promising
anticancer and skin wound healing effects (6, 7). In the
cosmetics field, it has antioxidant activity and inhibits
tyrosinase, an enzyme involved in the synthesis of
melanin (4-6). Unlike other melanin inhibitors, such as
hydroquinone and kojic acid, Aloesin has a good safety
profile. Jones ez al. evaluated the integrity of cell lines

that had been treated with Aloesin. The results showed
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Figure 1 Chemical structure of Aloesin

no morphological abnormalities or cytotoxicity, and the
melanocytes appeared normal, with multiple dendrites
(7). Another study on subchronic toxicity established a
No Observed Adverse Effect Level NOAEL) of 1000
mg/kg/day for Aloesin (8).

Nanoemulsions have a droplet size of less than 500
nm and are formed in two phases, one dispersed into
the other, with the help of a stabilizing agent, often
a surfactant (9). Nanoemulsions can form water-in-oil
or oil-in-water. Additionally, multiple or multiphase
nanoemulsions can be formed. Nanoemulsions are
kinetically stable but thermodynamically unstable,
usually requiring a substantial amount of energy for
their formation (10, 11). There are several methods
for producing nanoemulsions, such as low-energy,
high-energy, and combined methods. High-energy
methods result in small droplet sizes, they include
nanoemulsions manufactured using ultrasound based
on the cavitation mechanism that produces bubbles
which collapse, forming droplets (11). This method has
been investigated for the production of nanoemulsions
for different applications (11-14). Nanoemulsions have
good skin permeation characteristics due to their small
droplet size. For this reason, they are often used in
topical applications (14, 15, 19, 20). This study aimed
to develop a nanoemulsion that contains an _4/e
vera extract optimized for Aloesin, for the use in the
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pharmaceutical or cosmetics industties.

MATERIALS AND METHODS
Plant material

Aloe vera leaves (10 kg) were purchased from a local
market in the city of Bogota. The cortex was removed,
the inner gel was homogenized in a laboratory blender,
and the remaining water was sublimed by freeze-drying.
Freeze-dried Alve vera was saved as the raw extraction
material.

Chemicals

HPLC-grade acetonitrile (Merck) and ultrapure water
Milli-Q® System Millipore) were used for the high-
performance liquid chromatography (HPLC) analysis.
Aloesin (Santa Cruz Biotechnology, Inc) was used
as an analytical standard. Ethanol 99.5% (PanReac
AppliChem) was used for the extraction. The sesame
oil, Span® 85, and TWEEN® 20 used to produce the
nanoemulsions were purchased from Sigma-Aldrich.

Aloesin extraction
Aloesin quantification by HPLC-DAD

An Agilent Infinity 1260 HPLC with DAD and
Phenomenex Luna® 5 um C18 (2) (150 x 4.6 mm)
column was used. The column temperature was 45°C,
a mixture of water and acetonitrile was used as the
mobile phase in a gradient elution (min 0, 90:10; min
9, 82:18; min 14, 77:23; min 25, 70:30; min 30, 50:50;
min 35, 50:50; min 37, 90:10; min 40, 90:10), 10 uL of
sample at 1 mL/min flow were injected. Detection was

performed at 300 nm; chromatograms were analyzed
by OpenLAB-CDS software.

Aloesin extraction optimization

A Box-Behnken response surface design was created
using the statistical software program MiniTab® 18.
The design had three central points and factors, with
three levels, each one for fifteen experimental runs
in total. The ethanol percentage, UltraTurrax® speed
range, and extraction time were evaluated. For each
run, the samples were prepared as follows: 500 mg
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of lyophilized aloe gel was dissolved in 40 mL in each
solvent (ethanol, water, or mixture). An UltraTurrax®

T18 basic IKA was used for the extraction process.

Each sample was centrifuged (Centrifuge Z 206 A,
HERMLE®); the supernatant was collected, the residue
was discarded, and the solvent was evaporated using a
CenttiVap® (LABCONCO). Five mg of the dry extract
was dissolved in 1 mL of methanol. The samples were
shaken and filtered through a 0.45 um membrane, and
2 injections per sample were analyzed by HPLC-DAD.
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Formulation of the nanoemulsion

Construction of the pseudo ternary diagram

Twenty-four nanoemulsions were prepared, with
variations of between 4% and 20% for the sesame
oil, between 4 and 24% for the surfactant (Span®
85 (65.1%), and TWEEN® 20 (34.9%) mixture), and
different oil:surfactant ratios (Table 1). The surfactant
quantities were established according to the required
HLB value for sesame oil (HL.Br = 7) and the HL.B of
each surfactant (Span® 85 = 1.8, TWEEN® 20 = 16.7).
The emulsions were prepared using a Q500 sonicator

Table 1 Composition of the emulsions used to construct the pseudo ternary diagram.

% SURFACTANT

0, .
EMULSION # % OIL PHASE % AP?_I%ESCE)US OIL'SléiF”AOCTANT
SPAN® 85 TWEEN® 20
1 4.00 5.21 2.79 88.00 1:2
2 4.00 7.81 4.19 84.00 1:3
3 4.00 10.42 5.58 80.00 1:4
4 4.00 13.02 6.98 76.00 1:5
5 4.00 15.62 8.38 72.00 1:6
6 8.00 2.60 1.40 88.00 2:1
7 8.00 5.21 2.79 84.00 1:1
8 8.00 7.81 4.19 80.00 2:3
9 8.00 10.42 5.58 76.00 1:2
10 8.00 13.02 6.98 72.00 2:5
1 8.00 15.62 8.38 68.00 1:3
12 12.00 2.60 1.40 84.00 3:1
13 12.00 5.21 2.79 80.00 3:2
14 12.00 7.81 4.19 76.00 1:1
15 12.00 10.42 5.58 72.00 3:4
16 12.00 13.02 6.98 68.00 3:5
17 12.00 15.62 8.38 64.00 1:2
18 16.00 2.60 1.40 80.00 4:1
19 16.00 5.21 2.79 76.00 2:1
20 16.00 7.81 4.19 72.00 4:3
21 16.00 10.42 5.58 68.00 1:1
22 20.00 2.60 1.40 76.00 5:1
23 20.00 5.21 2.79 72.00 5:2
24 20.00 7.81 4.19 68.00 5:3
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Table 2 Box-Behnken experimental design factors and levels for
nanoemulsion optimization.

oIL: o FACTORS
RUN  SURFACTANT
RATIO OlL  SURFACTANT TIME AMPLITUDE
(%) (min) (W)
1 1:0.50 8.00 4.00 5 70
2" 1:0.75 8.00 6.00 5 80
3 1:0.75 8.00 6.00 5 80
4 1:1 8.00 8.00 5 90
5 1:1 8.00 8.00 6 80
6 1:1 8.00 8.00 5 70
7 1:0.50 8.00 4.00 6 80
8" 1:0.75 8.00 6.00 5 80
9 1:0.75 8.00 6.00 4 20
10 1:0.75 8.00 6.00 6 20
1 1:0.75 8.00 6.00 4 70
12 1:1 8.00 8.00 4 80
13 1:0.75 8.00 6.00 6 70
14 1:0.50 8.00 4.00 5 20
15 1:0.50 8.00 4.00 4 80

* Central points

(QSONICA SONICATORS) sonicated for 4 minutes
at 80% amplitude.

Optimization of the nanoemulsion

A Box-Behnken response surface design was created
using the statistical software program MiniTab®
18. The design had three central points and three
factors with three levels each, for a total of fifteen
experimental runs (the same design as used in the
Aloesin extraction). The oil:surfactant ratio (expressed
as percentage of surfactant), emulsification time, and
sonicator amplitude were evaluated (Table 2). Each
emulsion was prepared using a Q500 sonicator. The
optimized extract was added to each emulsion.

Characterization of the nanoemulsions

The droplet size, polydispersity index (PDI), and
zeta potential of each emulsion were measured using

a Zetasizet® Nano ZS (Malvern). For this, 3 uL. of
emulsion were removed, and deionized water was
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added to ¢.s to 1 mL. Measurements were performed
on day 1 and day 7.

RESULTS AND DISCUSSION

Analytical method

For the analytical method, the linearity and selectivity
parameters were evaluated. The selectivity was proven
through all-longitude wave scanning with DAD. It was
observed that at 300 nm and in the Aloesin retention
time, no other compounds absorbed, the peak purity
was also analyzed. A calibration curve was used for the
evaluation of linearity. The results were analyzed by
the ANOVA model, demonstrating that the 1 — 20 g/
mL range was linear.

Aloesin extraction

There are different extraction techniques for natural
products, for example percolation, soxhlet, ultrasound-
assisted, and mechanical extraction (17). High-speed
homogenizers were used for the mechanical extraction.
This technique is suitable for compound extraction
because high yields are obtained with less solvent and
a reduced time (18). The volume of plant material is
reduced in this process while the target compounds
are extracted with an appropriate solvent (19). Ultra-
Turrax is a high shearing homogenizer that is used in
different industries (cosmetics, pharmaceuticals, food,
and others) for solid-liquid or liquid-liquid dispersions,
and is useful in extractions as well.

For the reasons mentioned above, extraction by an
Ultra-Turrax® homogenizer was chosen. The ethanol
and water extraction solvent were selected based on
previous research (20-25) thatevaluated the bestsolvents
for aloe compounds. Some studies have reported that
water was the best solvent for extraction, while others
have suggested that organic solvents such as methanol
or ethanol would be optimal. An experimental design
was proposed to evaluate which extraction conditions
are the most suitable for obtaining the highest Aloesin
concentration; the results are shown in Table 3.

Figure 2 shows the increase of Aloesin at high ethanol
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Table 3 Aloesin content for each extract of the optimization
design

ot eraoL D e o A0S
(RPM) (ug/mg EXTRACT)

1 0 20000 8 3.760

2 100 11000 8 7.676

3 50 11000 12 3.394

4 100 15500 12 6.119

5 100 20000 8 6.854

6 50 15500 8 2,575

7 0 11000 8 3.224

8 50 20000 4 4.602

9 50 11000 4 3.296

10 0 15500 4 3.000

1 100 15500 4 10.183

12 0 15500 12 3.492

13 50 15500 8 3.433

14 50 20000 12 3.486

15 50 15500 8 3.701

percentages, regardless of the speed range. The same
behavior can be observed in Figure 3, where the
best Aloesin concentration was obtained with 100%
ethanol and an extraction time of 4 minutes. Although
the literature indicates that the ethanol:water mixture is
the best solvent to extract phenolic compounds, these
results show that more Aloesin can be extracted with
absolute ethanol (23, 26). This can be attributed to the
fact that Aloesin is more soluble in ethanol than in
water. As shown in Figure 4, a high-speed range yields
better Aloesin concentrations using shorter extraction
times. An increase in revolutions per minute enhances
the contact surface between the plant material and
the solvent, due to the reduction in particle size (27).
It is crucial to consider that when using a high-shear
homogenizer, the temperature increases considerably
over time, and this increase in temperature may not
favor Aloesin stability, resulting in lower concentrations
(Figure 3) (28). Other researchers suggested that lower
extraction times are associated with better yields (19,
23,27, 29).
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The ANOVA (Table 4) shows that the model is
significant (p-value < 0.05) while the lack-of-fit is not,
so there is no evidence that the model does not fit the
data. In addition, the determination coefficient (R?)
was 0.9615; the closer R? is to 1, the better the model
fits the data. Equation 1 describes the behavior of the
Aloesin amount (hg/mg extract) as response vatiable.

Aloesin=0.64 + 0.0294F1+0.000136 F2 + 0.014 F3 +
0.000829 F1*F1 + 0.000000 F2*F2 +
0.0243 F3*F3 - 0.000002 F1*F2 -
0.00570 F1*F3 - 0.000017 F2*¥F3

Eq. 1

where, F1: Ethanol (min), F2: Speed range (RPM), and
F3: Time (min).

According to the ANOVA results (Table 4), it is
concluded that the ethanol percentage, its square,
and the Ethanol (%)*Time (min) interaction are the
significant factors in the Aloesin extraction. These
results corroborate the analysis of Figures 2 and 3.

establishes the
highest
concentration. To check the model-predicted response
(9.753 + 2.814 ng/mg extract), five extracts were
prepared under the optimal model conditions. The

Response  optimization

obtaining  the

optimal

conditions for Aloesin

actual concentration was within the acceptance range
(8.165 £ 2.284 pg/mg extract), indicating that the
prediction model describes the extracted concentration
accurately. Hence, the optimal extraction conditions
selected were 100% ethanol, 20000 RPM for 4 minutes.

Formulation of the nanoemulsion
Construction of the pseudo ternary diagram

A pseudo-ternary diagram is a tool used to establish
the nanoemulsification zone when the aqueous phase,
oil phase, surfactants, and oil:surfactant ratio vary (30).
Therefore, twenty-four nanoemulsions were prepared,
based on previous studies (30-32). Sonication, a
high-energy method, was chosen as the preparation
method. The droplet size (nm) and PDI obtained for
each emulsion are shown in Table 5. The percentage
for each phase, surfactant, and oil:surfactant ratio is
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Table 4 Analysis of variance of the model for Aloesin extraction optimization

SOURCE DF SS MS F-VALUE P-VALUE *
Model 9  62.5631 6.9515 13.89 0.005
Lineal 3 404390  13.4797 26.94 0.002
Ethanol (%) 1 37.6519  37.6519 75.25 0.000
Speed range (rpm) 1 0.1549 0.1549 0.31 0.602
Time (min) 1 2.6321 2.6321 5.26 0.070
Square 3 16.1050 5.3683 10.73 0.013
Ethanol (%)*Ethanol (%) 1 15.8666  15.8666 31.71 0.002
Speed range (rpm)*Speed range 1 00176  0.0176 0.04 0.859
(RPM)

Time (min)*Time (min) 1 0.5588 0.5588 1.12 0.339
Two-way interaction 3 6.0192 2.0064 4.01 0.085
Ethanol (%)*Speed range (rpm) 1 0.4611 0.4611 0.92 0.381
Ethanol (%)*Time (min) 1 5.1893 5.1893 10.37 0.023
Speed range (rpm)*Time (min) 1 0.3688 0.3688 0.74 0.430
Error 5 2.5019 0.5004

Lack-of-fit 2 1.8104 0.6035 1.75 0.384
Pure error 1 0.6916 0.3458

Total 14 65.0651

DF = Degtrees of freedom; SS = Sum of square; MS = Mean square * Significance level = 0.05

20000
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(ug/mg

15000 extract)

<3
18000 L
‘ 4-5
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£ 17000 |Ws- 7
£ | > 7
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6 15000 L
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xtract
(ng/mg e ) 4 | 20000 & 14000
2 15500
PSR o Speed range (rpm) 13000
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100
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11000 + T v
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Figure 2 Response surface (A) and contour plot (B) of Aloesin (ug/mg in extract) as a function of ethanol percentage and speed
range, maintaining the time factor at a constant medium level (8 minutes).
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Table 5 Size (nm) and PDI values for each emulsion in the pseudo-ternary diagram.
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DAY 1 DAY 7
EMULSION # % O % S % A 0o:s
Droplet size PDI Droplet size PDI
(nm) (nm)
1 4 8 88 1:2 215.03 0.311 216.20 0.330
2 4 12 84 1:3 243.90 0.422 204.47 0.304
3 4 16 80 1.4 206.23 0.317 269.43 0.443
4 4 20 76 1:5 234.37 0.381 249.63 0.271
5 4 24 72 1:6 210.77 0.271 225.80 0.244
6 8 4 88 2:1 271.47 0.383 205.43 0.246
7 8 8 84 1:1 249.40 0.402 209.80 0.317
8 8 12 80 2:3 228.67 0.349 231.10 0.373
9 8 16 76 1:2 236.10 0.382 200.50 0.223
10 8 20 72 2:5 207.33 0.221 201.70 0.223
1 8 24 68 1:3 218.17 0.279 231.83 0.297
12 12 4 84 3:1 255.33 0.345 303.57 0.416
13 12 8 80 3:2 217.57 0.230 312.10 0.404
14 12 12 76 1:1 205.43 0.221 210.67 0.196
15 12 16 72 34 216.00 0.272 203.40 0.188
16 12 20 68 3:5 201.40 0.223 198.60 0.197
17 12 24 64 1:2 184.15 0.160 202.37 0.233
18 16 4 80 4:1 325.30 0.410 337.57 0.413
19 16 8 76 2:1 333.03 0.471 340.63 0.436
20 16 12 72 4:3 231.80 0.299 256.77 0.351
21 16 16 68 1:1 286.33 0.389 214.43 0.228
22 20 4 76 5:1 356.73 0.458 316.40 0.382
23 20 8 72 5:2 237.30 0.278 255.37 0.298
24 20 12 68 5:3 276.50 0.363 218.97 0.385

O = Oil phase, S = Surfactant, A = Aqueous phase, O:S = Oil:Surfactant ratio

Aloesin 6
(mg/mg extract)

Ethanol (%)

Figure 3 Response surface (A) and contour plot (B) of Aloesin (ug/mg in extract) as a function of time and ethanol percentage,

100

& Time (min)

Time (min)

maintaining the speed range factor at a constant medium level (15500 rpm).

40 60
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@ on AW

73 VA [ T P |
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(wa/mg
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Figure 4 Response surface (A) and contour plot (B) of Aloesin (ug/mg in extract) as a function of time and speed range, maintaining

the ethanol factor at a constant medium level (50%).

also shown.

The ingredients for the nanoemulsion preparation
were chosen according to the literature reports for
that type of product. Vegetable oils are widely used in
nanoemulsions (13), and sesame oil benefits the skin,
acting as an occlusive moisturizer (36). TWEEN® and
Span® are non-ionic surfactants, which are preferred
for skin products due to their lower toxicity compared
to ionic surfactants (9, 15, 30, 34).

Although all the emulsions had a droplet size of
less than 500 nm and a PDI lower than 0.500, only
those with a droplet size of 250 nm or less and PDI

10

30 f

% Aqueous

% Surfactant
phase

(HLB=7)

50 », 50

20

100

0 10 20 30 40 50 60 70 80 90 100
% Oil phase

Figure 5 Pseudo ternary diagram showing the
nanoemulsification zone for the evaluated formulations.

less than or equal to 0.300 after day 7 were included
in the pseudo-ternary diagram, to optimize the
nanoemulsions, seeking to obtain even smaller droplet
sizes. Figure 5 shows the nanoemulsification zone with
an oil phase percentage between 4 — 16%, surfactant
12 — 24%, and aqueous phase 64 — 76%. Atypical data
are observed with 8% oil phase, 4% surfactant, and

88% water. These results corroborate other, similar
reports (31, 32).

Optimization of the nanoemulsion

Having established the nanoemulsification zone,
it was then possible to perform the Box-Behnken
design, to optimize the conditions for preparation
of the nanoemulsion, seeking to obtain the smallest
possible droplet size and PDI. Based on the pseudo-
ternary diagram (Figure 5), it was decided to fix the
oil phase at 8% because the nanoemulsion with the
lowest surfactant percentage was obtained with that
amount. A maximum surfactant level of 8% was set
for the experimental design, due to the concentration
found in skin products; for cosmetic products in
particular, the lowest possible surfactant percentage
is desirable because of its irritant potential (35-37).
Additionally, it has been reported that a 5% to 10%
surfactant is sufficient to stabilize a 20% oil in an
O/W nanoemulsion (9). Table 6 shows the results
obtained for each nanoemulsion obtained through
the experimental design; zeta potential was measured
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Figure 6 Response surface (A) and contour plot (B) of droplet size (nm) as a funtion of surfactant percentage and time, mainting the
amplitude factor at a constant medium level (80 W).
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Figure 7 Response surface (A) and contour plot (B) of droplet size (nm) as a funtion of surfactant percentage and amplitude, mainting
the time factor at a constant medium level (5 min).
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Figure 8 Response surface (A) and contour plot (B) of droplet size (nm) as a function of time and amplitude, maintaining the
surfactant factor at a constant medium level (6%).
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but not optimized, because the critical potential for
the system is unknown. According to the results of
the measurements on days 1 and 7, it was established
that there are no significant differences between both
measurements, and that the emulsions were sufficiently
stable to coalescence during this storage period.

In general, it was observed that lower droplet sizes
were obtained at higher amplitude and surfactant
percentages (Figures 6-8). These results are consistent
with previous studies (30, 31) because smaller droplets
are formed when the percentage of surfactantis higher.
On the other hand, when the sonication amplitude
increases, this results in a smaller droplet size,
because a higher amount of energy is supplied. In the
ultrasound method, high-frequency ultrasound waves
are applied with a sonotrode, and the supplied energy
creates mechanical vibration and acoustic cavitation
(42). The ultrasound waves cross the emulsion system,
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creating cavitation bubbles that implode, resulting in
smaller droplets (11, 38). The time behavior on droplet
size shows a range that leads to smaller droplet sizes
(Figures 6 and 8). When the time value is maintained,
no curvature is observed in the response (Figure 7),
indicating that time is an essential factor in the response.
Other studies have demonstrated the amplitude and a
time at which the droplet size is no longer reduced.
Therefore, it is necessary to determine the amplitude
and time points that produce a significant change in
droplet size (9, 11).

Mainly, small PDI values were obtained (Table 0),
indicating a uniform droplet size and higher system
stability because if there are big and small droplets
together (PDI > 0.500), the Ostwald ripening
phenomenon is favored. Ostwald ripening consists
of a coarsening of droplet texture over time, resulting
in coalescence and phase separation (10). However,

Table 6 Size (nm), PDI, and zeta potential values for each experimental design emulsion

DAY 1 DAY 7
EMULSION # % O % S % A o:s
Droplet Zeta_ Droplet Zeta_
size (nm) PDI potential size (nm) PDI potential

(mV) (mV)

1 8 4 84 1:0.50 235.90 0.251 -18.5 244.53 0.377 -27.8
2 8 6 80 1:0.75 200.23 0.219 -18.5 205.67 0.243 -18.2
3 8 6 80 1:0.75 221.37 0.248 -22.4 234.57 0.299 -19.0
4 8 8 76 1:1 187.97 0.199 -16.3 192.90 0.229 -17.7
5 8 8 76 1:1 195.77 0.201 -16.1 197.23 0.258 -15.5
6 8 8 76 1:1 213.00 0.233 -15.0 218.57 0.316 -15.3
7 8 4 84 1:0.50 209.47 0.207 -18.8 231.07 0.308 -18.1
8 8 6 80 1:0.75 213.33 0.266 -18.8 268.63 0.417 -16.4
9 8 6 80 1:0.75 199.87 0.224 -22.3 214.77 0.270 -17.8
10 8 6 80 1:0.75 209.17 0.256 -17.2 191.20 0.225 -18.6
1 8 6 80 1:0.75 325.43 0.442 -17.4 247.73 0.385 -18.6
12 8 8 76 1:1 222.50 0.290 -15.7 201.37 0.252 -20.0
13 8 6 80 1:0.75 210.70 0.245 -21.5 264.97 0.372 -171
14 8 4 84 1:0.50 222.87 0.266 -20.3 291.27 0.383 -21.9
15 8 4 84 1:0.50 346.47 0.459 -25.9 389.53 0.462 -18.5

O = Oil phase, S = Surfactant, A = Aqueous phase, O:S = Oil:Surfactant ratio
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it must be noted that Ostwald ripening occurs by the
dissolution of the disperse phase from the smaller
droplets into the continuous phase followed by
diffusion of the disperse phase into the larger droplets.
This requires the disperse phase to have a relatively
large solubility in water. Furthermore, a linear plot of
(droplet diameter)’ versus time is indicative of Ostwald
ripening, Hence, the lesser PDI not favoring Ostwald
ripening in the nanoemulsion must be considered
speculative. Figure 9 shows that when the amplitude
value is maintained, the time determines the PDI
value, given that lower values are obtained over longer
times, regardless of the surfactant percentage. The
same situation occurs when the surfactant value is
maintained, and at all amplitudes, lower PDI values

A

Original Paper

are obtained (Figure 11). On the other hand, Figure 10
shows the same behavior as Figure 7, and no curvature
is observed. All the PDI results are expected because
the ultrasound emulsification method allows uniform
droplet sizes to be obtained, due to the high energy it
provides to the system (38).

Zeta potential is a measure of droplet interaction and
is used as a parameter to evaluate the stability of the
nanoemulsion (12). For nanoemulsions prepared with
non-ionic surfactants, zeta potential values around -20
mV are reported in the literature that are potentially
sufficient to provide stability to the system (12, 15).
The zeta potential values obtained (Table 6) were very
close to -20 mV. To obtain such values, the surfactant

607
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Figure 9 Response surface (A) and contour plot (B) of PDI as a function of surfactant percentage and time, maintaining the

amplitude at a constant medium level (80 W).

PDI

|
! 80
o S S ! Amplitude (W)

Hold Values
Time (min) 5

Amplitude (W)

4 5

6 7 8
Surfactant (%)

Figure 10 Response surface (A) and contour plot (B) of PDI as a function of surfactant percentage and amplitude, maintaining the

time factor at a constant medium level (5 min).
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Figure 11 Response surface (A) and contour plot (B) of PDI as a function of time and amplitude, maintaining the surfactant factor at
a constant medium level (6%).
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Figure 12 Response surface (A) and contour plot (B) of zeta potential as a function of surfactant percentage and time, maintaining
the amplitude at a constant medium level (80 W).
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Figure 13 Response surface (A) and contour plot (B) of zeta potential as a function of surfactant percentage and amplitude,
maintaining the time factor at a constant medium level (5 min).
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Figure 14 Response surface (A) and contour plot (B) of zeta potential as a function of time and amplitude, maintaining the surfactant

factor at a constant medium level (6%0).

percentage appears to be the most important factor,
according to the model analysis, represented in Figures
12 and 13, showing these values are obtained at a
specific surfactant percentage range regardless of the
time and amplitude, respectively. Figure 13 also shows
this behavior, as the curvature that forms when the
surfactant percentage value is maintained.

The regression equations that describe droplet size,
PDI, and potential zeta responses are presented below
(Equations 2-4). According to ANOVA, the model for
droplet size response was significant (»<0.05). On the
other hand, for the lack-of-fit, the p-value was higher
than 0.05, and the coefficient of determination (R?)
was 0.9168, indicating that the model correctly explains
the variability of this variable response.

Droplet size (nm) = 2786—85.0A - 631B-13.5C+

where, A = Surfactant (%), B = Time (min), and C =
Amplitude (W)

For the PDI and zeta potential response, the R* was
lower than for droplet size (R* = 0.8808 and 0.8589,
respectively). In addition, the model for both responses
had a p-value > 0.05, indicating that the model is not
significant. However, there is no evidence that the
model does not fit the data, because the lack-of-fit
value is higher than 0.05 (see Table 7).

The ANOVA analysis indicated that for droplet
size, all the individual factors (surfactant percentage,
amplitude, and time) and Time (min)*Amplitude (W)
interaction are significant in the nanoemulsification
process. For the PDI and zeta potential responses,
only the time and surfactant percentage are significant,
respectively. The optimization result indicates that

1.32 A*¥A +26.6 B¥B-0.020C*C+  Eq .2 .

1378 A¥BO.150 A*C4 310B4C the values of each factor needed to obtain the lowest
droplet size are: 8% surfactant, 4.5 min, and 90 W. Five
nanoemulsions were prepared to check the droplet size

PDI = 4.54-0.054A-1.141B-0.0240C- response predicted by the software (161.0 = 77.2 nm).
0.00124 A*A +0.0496B*B-0.000024C*C+  Eq.3  The droplet size obtained experimentally (188.3 * 4.6
0.0204 A*B-0.00062 A*C +0.00573 B*C nm) was within the predicted response, indicating that
Zeta Potential (mV) = 938 + 110A-50B-272C+ the model prediction. is reasonable.. Additionally, the

0.355 A*A - 0.665 BB + 0.00035CHC - PDI and zeta potential values obtained were 0.205 £

0.929 A*B+0,0071 A*C+0,22758+c ~ Eq. 4 0.013 and -20.4 mV £ 1.0, respectively, and therefore
within the desired values.
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Table 7 Analysis of variance for the nanoemulsification optimization model

DROPLET SIZE (nm) PDI ZETA POTENTIAL (mV)
Source DF
SS MS F-value p-value* SS MS F-value p-value* SS MS F-value p-value*

Model 9 26889.3 2987.70 6.12 0.030 0.076721 0.008525 4.10 0.067 108.006 12.0006 3.38 0.097
Lineal 3 17242.2 5747.41 1.77 0.011 0.046816 0.015605 7.51 0.027 60.860 20.2867 5.72 0.045
A 1 4775.9 4775.90 9.78 0.026 0.008450 0.008450 4.07 0.100 52.020 52.0200 14.66 0.012
B 1 9056.3 9056.34 18.55 0.008 0.031962 0.031962 15.39 0.011 7.220 7.2200 2.03 0.213
[ 1 3410.0 3410.00 6.99 0.046 0.006403 0.006403 3.08 0.139 1.620 1.620 0.46 0.529
Square 3 27253 908.44 1.86 0.254 0.009498 0.003166 1.52 0.317 12.549 4.1831 1.18 0.406
A*A 1 102.7 102.69 0.21 0.666 0.000090 0.000090 0.04 0.843 7.425 7.4248 2.09 0.208
B*B 1 2618.8 2618.81 5.36 0.068 0.009098 0.009068 4.38 0.091 1.634 1.6342 0.46 0.528
c*C 1 14.5 14.54 0.03 0.870 0.000021 0.000021 0.01 0.925 3.226 3.2260 0.91 0.384
Two-way interaction 3 6921.8 2307.25 4.73 0.064 0.020407 0.006802 3.27 0.117 34.596 11.5321 3.25 0.119
A*B 1 3039.7 3039.68 6.23 0.055 0.006642 0.006642 3.20 0.134 13.814 13.8136 3.89 0.106
A*C 1 36.0 36.00 0.07 0.797 0.000617 0.000617 0.30 0.609 0.080 0.0803 0.02 0.886
B*C 1 3846.1 3846.07 7.88 0.038 0.013148 0.013148 6.33 0.053 20.702 20.7025 5.83 0.060

Error 5 2440.7 488.13 0.010386 0.002077 17.747 3.5494
Lack-of-fit 3 22131 737.69 6.48 0.137 0.009245 0.003082 5.40 0.160 8.419 2.8065 0.60 0.673

Pure error 2 227.6 113.79 0.001142 0.000571 9.327 4.6637

Total 14 29330.0 0.087108 125.753

A = Surfactant, B = Time, C = Amplitude, DF = Degrees of freedom; SS = Sum of square; MS = Mean square * Significance level = 0.05
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CONCLUSIONS

Optimum extraction conditions for extracting Aloesin
from A/oe vera gel were established. The Box-Behnken
design enabled the optimal extraction conditions to
be established in order to obtain the greatest Aloesin
concentration at 100% ethanol with a 20000 RPM
speed range and time of 4 minutes. The pseudo-
ternary diagram construction helped determine the
nanoemulsification zone, in order to identify the
conditions for nanoemulsion preparation and obtain
the smallest droplet size. These conditions were
optimized using a surface response methodology.
The results showed that with an 8% surfactant, and
using a sonotrode with amplitude = 90 W for 4.5
minutes, it was possible to obtain nanoemulsions with
droplet sizes of less than 200 nm and PDI less than
0.300. The formulation developed is promising for
its potential use in the pharmaceutical or cosmetics
industries due to the advantages of the small droplet
size in the nanoemulsion, its stability for at least 7
days, and its reported Ale vera properties. Finally, the
formulation must be evaluated in terms of long-term
stability, biological activity and skin safety in future
investigations.
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