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Astaxanthin is a xanthophyll carotenoid with antioxidant activity. The topical application of
astaxanthin can enhance collagen density. However, its penetration into the skin is limited.
Therefore, a delivery system, such as nanoemulsion, is needed. One factor influencing
nanoemulsion formation is the selection of the type and concentration of surfactant. This study
aims to determine the influence of surfactant combinations: Tween 80-Span 20 (F1), Tween 80-
Span 60 (F2), and Tween 80-Span 80 (F3) in HLB system 14 on the characteristics, stability,
irritability, and effectivity of astaxanthin nanoemulsion as an anti-ageing cosmetic. The
nanoemulsion was prepared using the phase inversion composition (PIC) method. The pH values
for all three formulas were within the range of normal skin pH (4-6), viscosity followed the
order F1<F3<F2, droplet size F1<F3<F2, PDI for all three formulas was below 0.2, turbidity
F3<F2<F1, %transmittance F3>F2>F1, interfacial tension F1<F3<F2, and zeta potential for all
three formulas fell within the range of £30 mV. Real-time tests showed that F3 was the most
stable formula. All three formulas remained stable after centrifugation, did not cause irritation,
and were able to enhance collagen density and skin elasticity in the order of F3>F1>F2. The
characteristics of all three formulas meet the criteria for nanoemulsions with droplet sizes below
50 nm and polydispersity index (PDI) below 0.2 and without skin irritation. The Astaxanthin
nanoemulsion with Tween 80-Span 80 (F3) surfactant combination was the most stable with
better effects. Therefore, it has the potential for further formulation into anti-ageing cosmetic
preparations.

Keywords: Anti-ageing, astaxanthin, characteristics, cosmetics, effectivity, irritation,
nanoemulsion, stability

Introduction

Astaxanthin is a xanthophyll carotenoid naturally sourced

This limits its penetration into the skin. Only small molecules with
sizes <500 Da and lipophilic properties with log P values between 1-3

from the green microalga Haematococcus pluvialis, producing a
reddish-orange pigment.** Astaxanthin does not have pro-oxidative
activity and does not convert into vitamin A.% So, it is highly effective
in scavenging free radicals, with better antioxidant potential than
vitamin E.™* The antioxidant activity of astaxanthin is reported to be
10 times better than other carotenoids such as zeaxanthin, lutein,
canthaxanthin, and $-carotene.” When used topically, astaxanthin can
enhance collagen density by increasing tissue inhibition of
metalloproteinases-1 (TIMP1) and reducing the expression of matrix
metalloproteinase proteins (MMP1 and MMP3).!

Due to its physicochemical properties, astaxanthin is a relatively large
molecule, with a molecular weight of 596.8 g/mol, has low solubility
in water (7.9x10™ mg/L at 25°C), and is highly lipophilic (log P
13.27).
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can penetrate through the stratum corneum.” Therefore, a delivery
system like nanoemulsion is needed to enhance the penetration of
astaxanthin into the skin, so enhance its effectiveness as an anti-ageing
agent.

Nanoemulsion is a heterogeneous dispersion system of two immiscible
liquids, such as oil and water, with an average droplet size of 20-200
nm, stabilised by a surface-active agent (surfactant).® Surfactants
with low HLB (3-6) can form O/W nanoemulsions, while surfactants
with high HLB (8-18) can form W/O nanoemulsions.® Specific
combinations of surfactants with high and low HLB values are
required to achieve stable nanoemulsion formation and to obtain the
appropriate HLB for the surfactant system.®'*** Previous studies have
reported that O/W nanoemulsions with olive oil as the oil phase
require an HLB value of 14.™'2 This can be confirmed through
physical stability testing of the system, such as the real-time and
centrifugation tests."*** To achieve this HLB value, a combination of
surfactants with high HLB (such as Tween) and low HLB (such as
Span) is needed. Tween and Span are nonionic surfactants that are
relatively safer (less toxic) compared to ionic surfactants. They are
minimally affected by pH, biocompatible, and have lower critical
micelle concentration (CMC) values, which can reduce the
concentration of surfactants used. Excessive surfactant amounts can
lead to skin irritation after topical application.®
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Materials and Methods

Materials

Astaxanthin oleoresin (AstaLuxe® 5%, Evergen, Kendal), Ethanol
96% (PT. Brataco, Surabaya), Liquid paraffin (CV. Chemical
Indonesia Multi Sentosa, Surabaya), Nipaguard® SCP (PT. Clariant
Indonesia, Tangerang), Olive oil (Kimia Market, Bandung), Sodium
chloride 0,9%, Sodium lauryl sulphate (SLS) 1%, Span 20 (CV. Total
Equipment Pharmacy, Semarang), Span 60 (PT. Dwilab Mandiri
Scientific, Bandung), Span 80 (PT. Dwilab Mandiri Scientific,
Bandung), Tween 80 (PT. Brataco, Surabaya).

Methods

Preparation of Nanoemulsion

The O/W nanoemulsion formulation consists of Astaxanthin
Oleoresin, Olive Oil, Tween 80 (T80), Span (S20, S60, S80), 96%
Ethanol, Nipaguard (antimicrobial agent), and Distilled Water, it
shown in Table 3. The method previously described by Erawanti
(2015) was adopted for the formulation of the nanoemulsions used in
this study.™ Briefly, different combinations of the nanoemulsions (F1,
F2 and F3) using a combination of Tween 80 (T80) and Span (S20,
S60, and S80), respectively, in the ratio of T80-S20 (0.85:0.15), T80-
S60 (0.91:0.09), and T80-S80 (0.91:0.09) were prepared at a surfactant
to cosurfactant ratio of 6:1 (Smix), and oil phase to Smix of 1:9, (Table
1). The O/W nanoemulsion was prepared by mixing 1% Astaxanthin
Oleoresin, and Olive Oil (1:19). Then 96% Ethanol was added to the
various mixtures: F1 (Astaxanthin oleoresin, olive oil, T80-S20), F2
(Astaxanthin oleoresin, olive oil, T80-S60), and F3 (Astaxanthin
oleoresin, olive oil, T80-S80). The mixture and water phase was then
heated to 50-60°C. Next, the mixture was stirred with a magnetic
stirrer (Thermo Fisher Cimarec®, US) at a speed of 600 rpm for 5
minutes. The water phase was added slowly (dropwise) to the mixture
and stirred with a magnetic stirrer at a speed of 500 rpm for about 3
minutes and then was increased to 1000 rpm until the water phase was
fully incorporated, resulting in a clear nanoemulsion. Finally, the
antimicrobial agent (0.5% Nipaguard) was added to the nanoemulsion.

Nanoemulsion Characterisation

pH and viscosity Measurement

The pH of the different nanoemulsion formulations was measured
using a pH meter (Eutech pH 700, US) as described.™* While the
viscosity measurement was performed with an Ostwald viscometer as
previously described.™

Droplet Size and PDI Examination
The droplet size and PDI of the formulations were examined using a
Particle analyser (Delsa™ Nano C, US) as described previously.™*

Turbidity and %Transmittance Examination

Turbidity and %transmittance examination was conducted using a UV-
Vis Spectrophotometer (Hitachi UH5300, Japan).'® Approximately 3
mL of the sample was placed in a cuvette. The absorbance and
%transmittance were measured at the maximum wavelength of 669
nm. Subsequently, the turbidity value was calculated using the
following formula:

2.303 x absorbance

Turbldlty - Path length

1)

Interfacial Tension Examination

Interfacial tension examination of the formulations was carried out
using a Du Nouy Tensiometer (Huazheng Electric HZZL-3, China)."

Zeta Potential Examination

In this procedure, 1 mL of the prepared nanoemulsion was diluted 100
times, injected into a disposable zeta cell (DT1060C) and analysed
using a Particle analyser (Litesizer 500, US).*
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Nanoemulsion Stability Test

Real-Time

Approximately 10 mL of the sample was placed in a vial and stored at
room temperature (25°C) for 3 months. Then, the formulations were
observed for changes in colour, odour, consistency, and separation.*®

Centrifugation Test

To assess the resistance of the nanoemulsions to external forces,
approximately 10 mL of the sample was placed in a tube and
centrifuged at a speed of 3000 rpm for approximately 30 minutes™,
using a Hettich Rotofix 32A, Centrifuge, Germany.

Irritability Test

Fresh fertile chicken eggs (not more than 7 days old) were placed in an
incubator at a temperature of 37.8 £ 0.2°C and a relative humidity of
58 + 2%. The eggs were then manually rotated twice a day for 8 days.
On the 8th day, the eggs are observed under light to verify the
presence and position of the embryo and to separate infertile or
damaged eggs. On the 9th day, the eggs were removed from the
incubator for testing.*?° Test samples in the form of a liquid can be
used directly without further dilution. Sodium lauryl sulphate (SLS)
solution (1%) was used as a positive control, while the negative
control was a 0.9% sodium chloride solution.”’ Furthermore, the air
space in the egg was marked, and the shell was carefully opened.
Then, the inner membrane was moistened with 2-3 mL of 0.9%
sodium chloride solution. After that, the egg was returned to the
incubator for a maximum of 30 minutes. The 0.9% sodium chloride
solution was removed, and the inner membrane was detached.
Subsequently, a silicone rubber ring was placed on the chorioallantoic
membrane (CAM). Approximately 0.3 mL of the test sample was
applied directly to the CAM surface inside the ring. Reactions
occurring on the CAM were observed for 5 minutes. The time of the
appearance of the endpoint, such as lysis, bleeding, or coagulation,
was recorded.®®® Irritation Score (IS) was calculated from the
formula:

5=((B0)xs)+ ((50)xs) + ((559)xs) @

Where t, = time of the first appearance of bleeding (s); t; = time of
first appearance of lysis (s); t. = time of the first appearance of
coagulation.™

Subsequently, the results obtained were classified based on irritation
categories as follows:

Table 1: Irritation categories based on irritation score®®

Irritation score Irritation categories

0-0.9 Non-irritant
1-49 Slight irritant
5-890r5-9.9 Moderate irritant
9-21lor10-21 Severe irritant
Effectivity Test

Ethical Approval

Ethical approval was obtained from the health research ethics
committee of the Faculty of Nursing, Universitas Airlangga, with
ethical approval number 2948-KEPK before the commencement of
this study.

Selection of respondents

The population for the effectiveness testing consists of female
respondents who are employees within the Universitas Airlangga
environment. The sample is comprised of female respondents with the
following inclusion, exclusion, and dropout criteria:
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Table 2: criteria  for

respondents

Inclusion,
21,22,23

exclusion, and dropout

Inclusion criteria

1. Healthy women aged 35 - 45 years

2. Willing to sign an informed consent

3. Willing to discontinue the use of other products in the test area
(such as lotion, body serum, etc.) one week before and during
the testing

4. Willing to cooperate throughout the research

Exclusion criteria

1. Pregnant or breastfeeding

2 Have a history of allergies to the used substances.
3. Have tattoos and open wounds/cuts in the test area.
4 3 months,

Using hormonal contraception in the last

antihistamines,  non-steroidal  anti-inflammatory  drugs
(NSAIDs), steroids, or laser therapy in the last 2 weeks, oral
retinoids in the last 6 months, and topical retinoids in the last 2
months

5. Suffer from skin infections, atopic dermatitis, eczema, psoriasis,
and skin cancer.

6.  Smoke, consume alcohol, or use drugs.

Dropout criteria

1. Show allergic reactions to the test product during the study.
Do not use the test product.

2
3. Do not come to the research location for examination.
4
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Effectivity test method

The astaxanthin NE sample was applied to the back of the left hand of
the respondent (2 drops) twice a day (morning and evening) for 4
weeks. The effectiveness test was conducted by measuring collagen
density, which is assessed based on low echogenic band (LEB) value,
and skin elasticity, which is assessed based on Young’s modulus (E)
value using the DermaLab Combo® (Cortex Technology, Denmark)
High-Resolution Ultrasound Probe and Elasticity Probe instrument,
respectively, before and after the use of the astaxanthin NE test
sample, then compared to the control, which is astaxanthin oleoresin
diluted with liquid paraffin (without NE).

Statistical Analysis

The data from each experiment is presented as mean + standard
deviation (SD) values of three replicates (n=3). Subsequently, the data
was processed using the IBM SPSS Statistics 20 with a confidence
level of 95% (o= 0.05).

Results and Discussion

Nanoemulsion Characterisation

Nanoemulsion is one of the delivery systems capable of transporting
water-insoluble  (lipophilic) active ingredients, enhancing skin
penetration due to its small droplet size (20-200 nm) and large surface
area. Additionally, it can protect against oxidation and hydrolysis, thus
improving the stability of chemically unstable active ingredients like
astaxanthin.2”? One influential factor in nanoemulsion formation is
the choice of surfactant type and concentration. Selecting the right
surfactant is crucial to ensure safety (avoiding irritation) and to ensure
that the amount of surfactant used in the formulation is sufficient to
stabilise the nanoemulsion droplets. Furthermore, the use of more than
one surfactant (a combination) is also necessary to achieve the
appropriate  HLB  (Hydrophilic-Lipophilic  Balance) for the
system.2%! The HLB system used in this research is 14,112

Withdraw from the study. Table 3: Formula of Astaxanthin nanoemulsion
Materials F1 F2 F3
The determination of the sample size for respondents in this research Astaxanthin Oleoresin 0.05% 0.05% 0.05%
used purposive sampling, which is a non-random technique for L
selecting respondents and does not require a fundamental theory or a Olive ol 0.95% 0.95% 0.95%
predetermined number of respondents.? In this case, the researcher is Tween 80 6.5% 7% 7%
free to select and determine the number of respondents according to
- : Span 20 1.2% - -
the research objectives. Therefore, the sample size was 12
respondents. Subsequently, the respondents were randomly grouped Span 60 - 0.7% -
into four treatment groups (3 test groups and 1 control group) using a Span 80 0.7%
lottery (double-blind) method so that each group consisted of 3 pan ) ) S
respondents. Ethanol 96% 1.3% 1.3% 1.3%
Nipaguard 0.5% 0.5% 0.5%
Aquadest Ad 100% Ad 100% Ad 100%
Table 4: Characteristics of Astaxanthin nanoemulsion
Characteristic F1 (T80-S20) F2 (T80-S60) F3 (T80-S80) p-value a = 0.05
pH 6.01 +0.01 6.15+0.01 6.29 +0.01 0.027
Viscosity (mPa.s) 143+0.01 159 +0.01 1.49 +0.00 0.023
Droplet size (nm) 19.8+0.9 24.2+0.6 23.9%09 0.001
PDI 0.025 £ 0.006 0.070 £ 0.050 0.106 £ 0.071 0.224
Turbidity (%) 0.172 £ 0.001 0.164 + 0.001 0.160 + 0.001 0.025
Y%transmittance 179+0.1 19.4+0.2 20.2+0.1 0.027
Interfacial tension (MN/m) 35.8+0.1 39.0+0.2 37.8+0.1 0.027
Zeta potential (mV) -208+1.1 -247+4.4 -259+3.4 0.215
5511
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The characterisation of astaxanthin nanoemulsion includes pH,
viscosity, droplet size, PDI, turbidity, %transmittance, interfacial
tension, and zeta potential, as shown in Table 4. In the Table 4 shows
that the pH test results for the three formulas, F1, F2, and F3, were
6.01 + 0.01, 6.15 + 0.01, and 6.29 + 0.01, respectively, which fall
within the range of normal skin pH (4-6).%" Therefore, it is expected
not to irritate when used topically. Based on statistical analysis using
the Kruskal-Wallis test, a p-value of 0.027 was obtained, which means
there is a significant difference among the three formulas. Post hoc
testing revealed that F1 significantly differs from F3, with the order of
F1<F2<F3.

Furthermore, the viscosity test results were 1.43 + 0.01, 1.59 + 0.01,
and 1.49 £ 0.00 mPa.s, respectively. Based on statistical analysis using
the Kruskal-Wallis test, a p-value of 0.023 was obtained. Post hoc
testing revealed that F1 significantly differs from F2, with the order of
F1 < F3 < F2. Therefore, the difference in surfactant combinations
affects viscosity, where the viscosity of the NE with the T80-S60
combination (F2) was higher than that of the T80-S20 (F1) and T80-
S80 (F3) combinations. Similar results were also reported by Cho et
al.*® According to the literature, Span 60 is solid at room temperature
due to its relatively longer saturated hydrocarbon chain. In contrast,
Span 20 and Span 80 are liquid at room temperature, each having

Droplet size

Turbidity

19
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relatively shorter and unsaturated fatty acid chains.® This likely
causes the viscosity of Span 60 to be higher than that of Span 20 and
Span 80.

The droplet size test results were 19.8 + 0.85 nm, 24.2 + 0.85 nm, and
23.9 + 0.9 nm, respectively. Based on statistical analysis using the
One-way ANOVA, a p-value of 0.001 was obtained, which is less than
0.05. Post hoc testing with Tukey HSD revealed that F1 significantly
differs from F2 and F3 in the order of F1 < F3 < F2. It can be seen
that F1 and F3 have smaller droplet size compared to F2. This may be
due to the interaction between the fatty acid chains of Span 20 and
Span 80 (being smaller) than that of Span 60. The shorter (Span 20) or
less saturated (Span 80) the chains, the smaller the chain-chain
interactions. Conversely, the longer or more saturated the chains (Span
60), the greater the interactions.”® The ability of Span to form
nanoemulsions with small droplet sizes mainly depends on chain-chain
interactions during the mixing process. The resulting droplet size also
depends on the balance between droplet disruption and coalescence.
Thus, when the oil-water interface is composed of Span 60, there will
be a higher collision efficiency because the interactive hydrocarbon
chains are exposed to the oil phase.?® Consequently, more energy is
required to break the bonds between its chains. Therefore, the formed
droplets become larger.

% Transmittance

0,16
0.1
0.1 18
0,14 17 -—‘—"-""‘—--___._—-—'_"__'_—_
16
0mo 1mo 2mo 3Imo 0 mo 1mo Zmo 3mo
. F1 Fl o F —— T Fl  —F
Interfacial tension
40
EX-] I ———— — I
g s ————
Ome EE)

Figure 1: Graph of droplet size values, PDI, turbidity, %transmittance, and interfacial tension changes after real-time stability test

Before After

= |
| v nmn

iﬁl |

Figure 2: Nanoemulsion do not show any sign of phase
separation after centrifugation test

Similarly, the PDI test results were 0.025 + 0.006, 0.070 + 0.050, and
0.106 + 0.07, respectively, all of which were below the value of 0.2,
indicating that the droplets were homogeneously distributed.*® Based
on statistical analysis using the One-way ANOVA, a p-value of 0.224
was obtained, which is greater than 0.05, indicating no significant
difference among the three formulas.

The level of turbidity and %transmittance are some parameters
determined for formulated nanoemulsions. The turbidity test results
for the three formulas were 0.172 + 0.001, 0.164 + 0.001, and 0.160 +
0.001, all falling below 1%. Based on statistical analysis using the
Kruskal-Wallis test, a p-value of 0.025, which is less than 0.05, was
obtained. Post hoc testing revealed that F1 significantly differs from
F3, in the order of F3 < F2 < F1. A nanoemulsion is considered
transparent when its turbidity value is <1%, translucent (light-
penetrating) when >1%, and cloudy when >2%.
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Table 5: Droplet size values before and after real-time test

Droplet size (nm)

Formula p-value o = 0.05
0 mo 1 mo 2 mo 3 mo

F1 (T80-S20) 19.8+0.9 25.7+3.7 269+28 374+13 0.042%

F2 (T80-S60) 242 +0.6 285+54 394+16 457+1.3 0.015

F3 (T80-S80) 23.9+0.9 243+24 229+0.6 27.0+13 0.072"°

? Friedman test
b Repeated measures ANOVA

Table 6: PDI values before and after real-time test

PDI
Formula 0mo o >mo Tmo p-value a = 0.05
F1 (T80-S20) 0.025 + 0.006 0.131+£0.016 0.302 £ 0.137 0.446 +0.023 0.050%
F2 (T80-S60) 0.070 £ 0.050 0.288 £0.119 0.306 + 0.094 0.295 + 0.049 0.144%
F3 (T80-S80) 0.106 +0.071 0.350 £ 0.012 0.348 + 0.052 0.391 £ 0.037 0.034°

* Repeated measures ANOVA

Table 7: Turbidity values before and after real-time test

Turbidity (%)

Formula p-value a = 0.05
0 mo 1 mo 2 mo 3 mo

F1 (T80-S20) 0.172 £ 0.001 0.179 £ 0.001 0.177 £ 0.001 0.173 £0.001 0.032%

F2 (T80-S60) 0.164 + 0.001 0.165 £+ 0.001 0.160 £ 0.001 0.156 £ 0.000 0.032%

F3 (T80-S80) 0.160 £+ 0.001 0.156 + 0.000 0.148 £ 0.001 0.143 £ 0.000 0.029°

? Friedman test

The %transmittance test results were 17.9 + 0.1, 19.4 + 0.2, and 20.2 +
0.1, respectively. Statistical analysis using the Kruskal-Wallis test
showed a p-value of 0.027, which is less than 0.05. Post hoc testing
revealed that F1 significantly differs from F3, with the order of F3 >
F2 > F1. %Transmittance values are inversely related to turbidity
values. The smaller the turbidity value, the more light will be
transmitted.

Moreover, the values obtained were much lower than the
%transmittance of water, which is 100%. These values may be due to
the red colour of astaxanthin nanoemulsion, whereas water is
colourless. When light waves pass through the nanoemulsion, they are
selectively absorbed by the chromophore groups in the astaxanthin
structure, a long polyene chain of 13 conjugated double bonds, at that
particular wavelength. Therefore, less light is transmitted and
reflected.

The interfacial tension test results were 35.8 = 0.1, 39.0 = 0.2, and
37.8 + 0.1, respectively. Statistical analysis using the Kruskal-Wallis
test showed a p-value of 0.027, which is less than 0.05. Post hoc
testing revealed that F1 significantly differs from F2, with the order of
F1 < F3 < F2. Specific surfactant combinations result in lower
interfacial tension than single surfactants.® Cho et al. reported that the
combination of Span and Tween surfactants is more effective in
reducing interfacial tension compared to Tween alone.'® Based on the
test results, it was observed that the interfacial tension of F1 and F3
was lower than that of F2. This result is supported by the droplet size
test results, indicating that a lower oil-water interfacial tension results
in smaller droplets. Therefore, the tendency for aggregation decreases,
preventing various stability-related issues, such as creaming and
sedimentation.®

Zeta potential represents the electrostatic charge on the droplet's
surface. The sign and magnitude of surface potential are important
parameters that determine the physicochemical properties of
nanoemulsions, such as physical stability (aggregation), chemical
stability, material interactions, and surface adhesion.** The zeta
potential test results were -20.8 + 1.1, -24.7 + 4.4, and -25.9 £ 3.4 mV.
They were within the range of +30 mV, indicating good physical
stability, with the repulsive forces being higher than the attractive
forces.®® Based on statistical analysis with One-way ANOVA, a p-

value of 0.215 was obtained, which is greater than 0.05, indicating no
significant difference among the three formulas.

Stability Test

Real-Time Test

Real-time stability testing is typically conducted over a longer
duration to allow for significant product degradation under
recommended storage conditions.®® Friedman test analysis of the
formulated NE, it was observed that the droplet size of F1 increased
significantly with a p-value of 0.042 < 0.05. Repeated measures
analysis with ANOVA indicates that the droplet size of F2 also
significantly increased with a p-value of 0.015 < 0.05. However, there
was no significant difference in droplet size for F3 with a p-value of
0.072 > 0.05, it shown in Table 5 and Figure 1. It can be observed that
the droplet size of F3 remains stable after real-time test.

Also, repeated measures analysis using ANOVA showed no
significant difference in the PDI values of F1 after the real-time test
(p=0.05). Also, the PDI values of F2 were not significantly different,
with a p-value of 0.144 > 0.05. However, PDI values of F3 showed a
significant difference with a p-value of 0.034 < 0.05, it shown in Table
6 and Figure 1.

In this study, the red color in Astaxanthin nanoemulsion leads to the
selective absorption of light, resulting in an increase in absorbance
values. Consequently, the turbidity values also increase.®
Furthermore, an increase in droplet size in the red-colored
nanoemulsion can reduce absorbance values and color intensity due to
an enhancement in multiple light scattering.® Therefore, based on
Friedman test analysis of the samples showed that the turbidity of F1
and F2 increased in the first month and then decreased in the second
and third months, with p-values of 0.032 < 0.05 after the real-time test.
However, the turbidity of F3 significantly decreased with a p-value of
0.029 < 0.05, it shown in Table 7 and Figure 1. Also, the
%transmittance of F1 and F2 decreased in the first month and
increased in the second and third months, with p-values of 0.032 and
0.029 < 0.05 after the real-time test, respectively. In contrast, the
%transmittance of F3 significantly increased with a p-value of 0.029 <
0.05, it shown in Table 8 and Figure 1.
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Table 8: %Transmittance values before and after real time test

Formula % Transmittance p-value
0 mo 1mo 2 mo 3 mo a = 0.05
F1 (T80-520) 179+0.1 16.8+0.1 17.0+0.1 17.8+0.0 0.032°
F2 (T80-560) 19.4+0.2 192+0.1 20.1£0.0 213+0.1 0.029°
F3 (T80-S80) 202+£0.1 210+0.1 226+0.1 239+0.1 0.029°

? Friedman test

Before After

1.\
.

Figure 3: The irritation test result on the positive control (C*),
negative control (C°), F1, F2, F3, control sample (CS), arrow
symbols T indicate bleeding and circle symbols O indicate
lysis

Table 9: Interfacial tension values before and after real-time
test

Interfacial tension (mN/m) p-value
Formula 0mo 3mo @ =10.05
F1 (T80-S20) 35.8+0.1 35.4+0.1 0.102%
F2 (T80-S60) 39.0+0.2 38.9+0.2 0.184°
F3 (T80-S80) 37.8+0.1 38.1+0.1 0.102%

2 Wilcoxon test
P paired T-test

Table 10: The results of the irritability test of Astaxanthin NE

Treatment group Irritation score
Positive control 8.15+0.13
Negative control 0.00 +0.00
F1 (T80-S20) 0.00 £ 0.00
F2 (T80-S60) 0.00 £ 0.00
F3 (T80-S80) 0.00 £ 0.00
Sample control* 0.00 £ 0.00

*Without NE

Based on statistical analysis using the Wilcoxon test, the interfacial
tension values for F1 and F3 did not significantly differ with p-values
of 0.102 > 0.05 after the real-time test. Furthermore, using the Paired
T-test, the interfacial tension values of F2 also did not differ
significantly with a p-value of 0.184 > 0.05, as shown in Table 9 and
Figure 1.

Therefore, it can be assumed that the nanoemulsion formulated with
the T80-S80 surfactant combination (F3) was the most stable formula
compared to T80-S20 (F1) and T80-S60 (F2) in the HLB system of 14
after storage at room temperature for 3 months. Literature reports that
when surfactant combinations have the same side chains, such as T80-
S80 (F3) (both oleic acid), they are more likely to mix easily.*>* On
the other hand, the combination of T80-S60 (F2) has different side
chains, namely oleic acid (unsaturated, C18:1) and stearic acid
(saturated, C18:0), making it less likely to mix, even though they have
the same number of hydrocarbon chains. Additionally, for the T80-
S20 (F1) surfactant combination, its stability is more influenced by the
difference in the HLB values of the two surfactants, which is 6.4,
falling within the moderate range,®® despite having different side
chains of oleic and lauric acids.

Centrifugation Test

Centrifugation is commonly performed to test the stability of
nanoemulsions regarding phase separation. A Kinetically stable
nanoemulsion should maintain its homogeneity during high-speed
centrifugation.® The results of the centrifugation test revealed that all
three formulas remained stable and do not show any sign of phase
separation after being centrifuged at a speed of 3000 rpm for
approximately 30 minutes (Figure 2).

Irritability Test

The irritability test result is shown in Table 10. The irritation score of
CAM when treated with SLS 1% (positive control) was 8.15 + 0.13,
which is within the range of 5.0 to 8.9 (moderate irritation). The
occurrence of irritation is characterised by bleeding or coagulation, as
depicted in Figure 3. On the other hand, the irritation score for CAM
when treated with 0.9% sodium chloride (negative control), the test
samples (F1, F2, F3), and the control sample were 0.00 + 0.00,
indicating no irritation. The irritation test results indicate that none of
the three formulas induce any irritation reactions when compared to
the positive control (SLS 1%). SLS is an anionic surfactant, meaning
it's a negatively charged surfactant formed out of a combination of
saturated/unsaturated hydrocarbon chains or hydrophilic groups with
strong acids such as sulphate (-O-SO3) or sulphonate (-S03)*, which
is responsible for the irritation of SLS. SLS has the potential to
eliminate cells and DNA components while also causing harm to
collagen and glycosaminoglycans.”’ On the skin, SLS can disrupt cell
barriers and damage cell proteins by forming positively charged side
groups.® An SLS solution in water will swell and disrupt the stratum
corneum, affecting the lipid and protein structure. SLS can also break
down and expand the a-keratin structure, thereby increasing the
surface area and thickness of the stratum corneum. The incorporation
of SLS into the lipid structure can reduce the ability of lipids to bind to
each other, leading to lipid fluidisation between cells and the removal
of lipids. Furthermore, SLS can increase Transepidermal Water
Loss (TEWL), possibly due to increased blood flow and skin
temperature in cases of irritation.** Several studies also suggest that
SLS has a direct effect on corneocytes and denatures the keratin
structure through direct binding. As a result, repeated doses of SLS
can lead to dry, cracked skin and even contact dermatitis.*
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Figure 4: Histogram of LEB and E values changes after effectivity test
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Figure 5: Ultrasound images of respondents'
after treatment using nanoemulsion F1, F2, F3

il

skin before and

In this study, all three nanoemulsion formulas use Tween and Span
surfactants, which are nonionic. Unlike anionic surfactants, nonionic
surfactants are not electrically charged, and their binding to proteins is
limited or absent due to weak hydrophobic interactions, which do not
cause protein denaturation. Additionally, nonionic surfactants can
more easily penetrate the stratum corneum compared to anionic
surfactants, which strongly bind to the stratum corneum and tend to
cause less irritation to the skin.***

Effectivity Test

The thickness of LEB is considered to reflect the level of skin ageing
and can be used to observe the severity of photoaging caused by
collagen degeneration. Therefore, larger LEB values indicate a greater

propensity to reduce collagen density.**** Furthermore, Young's
modulus (E) value indicates skin stiffness, where the lower the E
value, the higher the skin elasticity.*® Statistical tests using the Paired
T-test showed that all three Astaxanthin nanoemulsion formulas (F1,
F2, and F3) significantly improve collagen density with p-values of
0.003, 0.000, and 0.013, respectively (Table 11 & Figure 4A).
Additionally, all three formulas also significantly enhance skin
elasticity with p-values of 0.043, 0.045, and 0.038, respectively, after
using the test samples for 1 month (Table 12 & Figure 4B). This result
may be due to the very small droplet sizes (<50 nm), homogeneous
droplet distribution, and low viscosity of all three formulas. According
to the literature, small droplet size and low PDI values can increase the
surface area, enhancing the permeation of astaxanthin through the
epidermis and dermis.***’ The smaller the particle size, the greater the
amount of astaxanthin present in the stratum corneum, thus increasing
the amount that diffuses into the epidermis and dermis. Viscosity also
affects the release of astaxanthin from the formulation. Lower
viscosity leads to more significant movement of astaxanthin within the
nanoemulsion, facilitating faster release.”® Additionally, the aqueous
phase, serving as the continuous phase, can cause the swelling of cells
in the stratum corneum, widening the channels through which
astaxanthin molecules pass.** The olive oil used as the oil phase also
acts as a good enhancer, increasing the fluidity of the lipid barrier
between cells by forming separate domains that disrupt the continuity
of the stratum corneum, thereby inducing penetration through the
stratum corneum.*® On the other hand, the group of respondents using
only the control sample experienced a decrease in collagen density as
there was no system to deliver astaxanthin into the dermis.
Subsequently, a statistical test was conducted using the Kruskal-Wallis
test to examine the differences among the formulations by comparing
the delta values of each parameter in the effectiveness test. As shown
in Table 13, the LEB values of the three formulations differ
significantly, with a p-value of 0.042. Furthermore, the post-hoc test
results indicate that the LEB value of F3 was significantly different
from F2. However, the values for elasticity do not differ significantly,
with p-values of 0.466. Thus, in terms of effectiveness in increasing
collagen density, the ranking would be F3 > F1 > F2.

From the results of the difference tests between the formulas, it could
be suggested that the nanoemulsion formulated with a surfactant
combination of T80-S80 (F3) is the most effective compared to T80-
S20 (F1) and T80-S60 (F2) in the HLB system 14. Also, F3 was the
most stable formula, as its droplet size did not significantly differ after
storage at room temperature for 3 months. As indicated in Figure 5,
the thickness of the LEB region in F3 becomes smaller after 1 month
compared to F1 and F2, indicating an increase in collagen density.
This is because both Tween 80 and Span 80 have oleic acid side
chains that act as enhancers. Oleic acid can interact and modify the
lipid domain of the stratum corneum by disrupting the packing and
structure of the lipid bilayer.*® When oleic acid is used together with
ethanol (cosurfactant), it can cause lipid extraction and form water
channels, making the stratum corneum more permeable.®**?
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Conclusion

This study was designed to obtain a formula for the formulation of a
nanoemulsion with the best physical characteristics using different
physical parameters tests and the formula that showing better
biological activity (irritability and effectivity). Results of the study
showed that the Astaxanthin nanoemulsion formulated using a Tween
80-Span 80 surfactant combination (F3) exhibited the best physical
characteristics and biological effectiveness. This formula holds the
potential for the formulation of stable and effective anti-ageing
cosmetic preparations.
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Table 11: The results of collagen density of Astaxanthin NE

T gorden LSS R
SS 237 158

F1 AN 211 145 0.003*
DS 276 198
Kl 171 105

F2 SI 263 198 0.000*
ED 303 237
DR 250 145

F3 LR 303 184 0.013%
ND 263 184
NS 263 342

Control Al 263 382 0.031°
AK 105 171

 Paired T-test

Table 12: The results of skin elasticity values of Astaxanthin NE

Treatment Respondent E values (MPa) p-XaIue

group Before After a=0.05
SS 6.4 45

F1 AN 6.3 5.2 0.043%
DS 6.7 5.7
Kl 6.5 54

F2 SI 4.9 4.1 0.045°
ED 7.5 5.8
DR 6.7 5.7

F3 LR 6.2 4.2 0.038%
ND 7.1 5.1
NS 5.8 5.9

Control Al 5.3 54 0.667°
AK 5.9 5.8

 Paired T-test

Table 13: Comparison of the delta values of each parameter in the effectiveness test

Delta values (A) p-value
Parameter F1 F2 F3 0= 0.05
LEB values 743472 65.7+06 101.0 + 20.3 0.042°
E values -1.33 +0.49 1.2 +0.46 167 +0.58 0.466°

# Kruskal-Wallis test
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