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Abstract

Astaxanthin is a potent antioxidant belonging to carotenoid compounds that is mainly produced from green microalgae Haematococ-
cus pluvialis. Astaxanthin is beneficial for skin health as antiaging agent, but has limitations in its delivery through the skin. Astaxanthin
could be formulated in nanostructured lipid carriers to improve its efficacy. The purpose of this study was to evaluate the stability and
antiaging effectiveness of astaxanthin-loaded nanostructured lipid carriers (ASX-NLCs) with cetyl palmitate and soybean oil as lipid
combinations at several ratios of 100:0, 90:10, 80:20, and 70:30. ASX-NLCs were synthesized using a high-shear homogenization
technique. ASX-NLCs were characterized and stability evaluated after storage for 90 days. The antiaging effectiveness of ASX-NLCs
was evaluated by in vitro release test using dialysis bag for 8 hours, as well as collagen density and fibroblast count evaluation on
UV-induced skin aging mice for 28 days. After storage, all ASX-NLCs did not change significantly in organoleptic, pH, and particle
size. However, other parameters including polydispersity index, viscosity, and entrapment efficiency experienced significant changes
in some formulas. The release test showed that F4 (70:30) gave the highest cumulative release and was significantly different from
F1(100:0). The collagen density of the groups treated with ASX-NLC F3 (80:20) and F4 (70:30) increased significantly compared
to the UVB control group, while the fibroblast count did not differ significantly in all groups. Overall, ASX-NLCs containing cetyl
palmitate and soybean oil at ratios of 80:20 and 70:30 could improve the antiaging effect of astaxanthin which might be influenced

by its better stability and release.
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1. INTRODUCTION

Skin aging is a complex biological process of cumulative changes
in the structure, function, and appearance of the skin which
is influenced by various factors, both intrinsic and extrinsic
factors. As people age, the epidermis becomes thinner and
the dermal-epidermal junction becomes flattened. In addi-
tion, fibroblasts undergo structure and morphology changes
that lead to a decrease in collagen and elastin synthesis. As a
result, skin resilience is reduced which clinically manifests as
sagging and wrinkling of the skin (Lee et al., 2021). Exposure
to ultraviolet (UV) rays can accelerate skin aging by elevating
the expression of matrix metalloproteinase genes, thereby en-
hancing the degradation of collagen and elastin. About 80% of
facial skin aging occurs due to UV exposure (Zhang and Duan,

2018). Antiaging cosmetics containing powerful antioxidants
are widely used to prevent and reduce clinical signs of skin
aging, astaxanthin is one of them.

Astaxanthin is a xanthophyll carotenoid compound which
can be found in various microorganisms and marine animals as
a red-orange pigment. For human consumption, astaxanthin is
mainly produced from green microalgae Haematococcus pluvialis.
Topical application of astaxanthin is known to be beneficial for
skin health. As antiaging, astaxanthin can inhibit cell damage
caused by free radicals and UV radiation (Davinelli et al., 2018).
Astaxanthin can also increase fibroblasts viability and increase
collagen levels by inhibiting matrix metalloproteinase (MMP)
expression in fibroblasts (Chou et al., 2016). However, topical
application of astaxanthin has some limitations. Its large molec-
ular weight (596.85 g/mol) and highly lipophilic nature (logP
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of 13.27) makes it difficult for astaxanthin to permeate into
the dermis layer to provide antiaging effects (L.ima et al., 2021;
Souto et al., 2022). In addition, astaxanthin is susceptible to
degradation due to the presence of conjugated polyene chain
which is characteristic of carotenoid compounds (Dewati et al.,
2022).

The development of nanostructured lipid carriers (NLCs)
formulations, which is one of the lipid-based drug delivery
systems, is promising to enhance the stability and penetration
of the active ingredients into the skin, especially for lipophilic
compounds such as astaxanthin. NLCs are lipid nanoparticles
that use a combination of solid lipids and liquid lipids as lipid
matrix components and are stabilized by surfactants. Lipid is
the main component of NLC which affect the loading capacity
and release action of active substance, as well as the stability of
the formulation (Chauhan et al., 2020).

Several studies on astaxanthin-loaded NLCs (ASX-NLCs)
using various lipid combinations have been conducted with
focusing on formula development and evaluating the effect of
formula composition on NLC particle characteristics. Formula
composition, such as the liquid lipid content in the lipid matrix,
has a significant effect on its physical characteristics and storage
stability (Tamjidi et al., 2014). Rodriguez-Ruiz et al. (2018)
studied that NLC formulation is able to maintain the antiox-
idant activity of astaxanthin. Geng et al. (2020) reported in
vitro skin permeation and skin retention studies showing that
ASX-NLC was able to permeate into the skin with better skin
retention without damaging the skin. These results suggested
that NLC can be a promising astaxanthin carrier (Geng et al.,
2020). The effectiveness of ASX-NLC as an antiaging agent
on the skin has not been studied in previous studies, especially
regarding its effect in increasing collagen density and fibroblast
count in the skin. Therefore, this study focuses on evaluating
the stability and antiaging effectiveness of ASX-NLCs.

A combination of solid lipid cetyl palmitate and liquid lipid
soybean oil was used in this study. Sensitive active substances,
such as astaxanthin, can be protected by the physical barrier
properties of cetyl palmitate (Putranti et al., 2017). Using veg-
etable oil, such as soybean oil, in NLC formulations can help
protect astaxanthin from oxidation due to its natural antioxi-
dant content (Rodriguez-Ruiz et al., 2018). The ASX-NLCs
were prepared in this study with several ratios of cetyl palmitate
and soybean oil ranging from 100:0 to 70:30. This study was
designed to evaluate the stability and antiaging effectiveness
of ASX-NLCs containing a mixture of solid lipid cetyl palmi-
tate and liquid lipid soybean oil as lipid matrix components at
several ratios.

2. EXPERIMENTAL SECTION
2.1 Materials

The following materials were used in this study including as-
taxanthin oleoresin 5% (AstaLuxe™, PT. Evergen Resources,
Indonesia), cetyl palmitate (BASF, Germany), soybean oil (CV.
INBI Nusantara, Indonesia), Tween 80 (KAO Corporation,
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Japan), Span 80 (Croda Singapore Pte. Ltd.), propylene gly-
col (Dow Chemical Pacific Pte. Ltd. Singapore), Nipaguard
SCP (Clariant International Ltd. Switzerland), sodium dihy-
drogen phosphate and disodium hydrogen phosphate (Merck,
Germany), ethanol for analysis, and sodium lauryl sulfate.

2.2 Astaxanthin-Loaded NLC Preparation

Four formulas of ASX-NLC were prepared using a high-shear
homogenization technique with different ratios of solid lipid
cetyl palmitate and liquid lipid soybean oil, namely 100:0 (F1),
90:10 (F2), 80:20 (F3), and 70:30 (F4). The formulas can be
seen in Table 1. The formulas contain astaxanthin oleoresin as
active ingredient, combination of solid lipid cetyl palmitate and
liquid lipid soybean oil as lipid matrix components, Tween 80
and Span 80 as surfactants, propylene glycol as cosurfactant,
Nipaguard SCP as preservative, and distilled water as water
phase. The oil phase components including cetyl palmitate,
soybean oil, Span 80, and astaxanthin oleoresin were mixed and
heated at 65 °C. Meanwhile, the aqueous phase components
including Tween 80, propylene glycol, and distilled water were
mixed in different container and heated at 65 °C. Then the
aqueous phase was poured into the oil phase slowly and stirred
using a T25 digital ULTRA-TURRAX®Homogenizer (IKA-
Werke GmbH & Co. KG, Germany) at a speed of 5,000 rpm
for 5 minutes in 3 cycles while still heated at 65 °C. Then
stirred again at 17,000 rpm for 8 minutes in 8 cycles. After
that, the heating process was stopped and Nipaguard SCP was
added into the preparation. Then the preparation was cooled
down to room temperature while being stirred using a magnetic
stirrer at 700 rpm.

2.3 Astaxanthin-Loaded NLC Characterization

The ASX-NLC was characterized by evaluating particle size,
polydispersity index, particle morphology, and entrapment effi-
ciency. Particle size and polydispersity index were measured us-
ing a Delsal'M Nano C Particle Size Analyzer (Beckman Coul-
ter Inc., USA). The measurements were carried out in triplicate.
Particle morphology was observed using a Hitachi FlexSEM
Scanning Electron Microscope (Hitachi High-Technologies
Corporation, Japan). The entrapment efficiency of ASX-NLC
was determined by centrifuging ASX-NLC sample (1 g) for 90
minutes at 15,000 rpm and 4 °C using a BOECO Centrifuges
M-240R (Boeckel & Co. GmbH & Co. KG, Germany). The
supernatant from centrifugation (contained free astaxanthin)
was collected and diluted in ethanol (1:100), then measured at
a wavelength of 474.6 nm using a Hitachi UH5300 UV-visible
spectrophotometer (Hitachi High-Technologies Corporation,
Japan). After that, the entrapment efficiency was calculated
using the following Equation (1):

Wi AsX — Wiree 2
total ASX free ASX «100%
W otal AsX

Entrapment Efficiency (%) =
(1)
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Table 1. Four Formulas of ASX-NLC
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Concentration (%, w/w)

Ingredient F1 F9 F3 F4
Astaxanthin 0.07 0.07 0.07 0.07
oleoresin
Cetyl palmitate 5 4.5 4 3.5
Soybean oil - 0.5 1 1.5
Tween 80 8.97 8.97 8.97 8.97
Span 80 11.03 11.03 11.03 11.03
Propylene glycol 10 10 10 10
Nipaguard SCP 0.5 0.5 0.5 0.5
Distilled water 64.43 64.43 64.43 64.43
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Figure 1. (a) SEM Image of ASX-NLC F4 (10,000x Magnification) and (b) Histogram of Particle Size Distribution Determined

From the SEM Image

Where, W1 asx is the total amount of astaxanthin used
in the formula and W asx is the amount of free astaxanthin
in the supernatant (Patil et al., 2016). The measurement was
carried out in triplicate.

2.4 Stability Study

The stability test was performed by storing the ASX-NLCs for
90 days at room temperature (25 = 2 °C), in a tightly closed con-
tainer and protected from light (Erawati et al., 2023). The sta-
bility parameters evaluated were organoleptic, pH (Eutech™
pH 700, Eutech Instruments Pte. Ltd., Singapore), particle
size, polydispersity index, viscosity using a CP-51 spindle at
a speed of 100 rpm (Brookfield DV-I+ Viscometer, Brook-
field Engineering Laboratories Inc., USA), and entrapment
efficiency. Each measurement was carried out in triplicate.

© 2025 The Authors.

2.5 Antiaging Effectiveness Study

2.5.1 In Vitro Release Test

In vitro release test was performed using the dialysis bag method.
The ASX-NLC sample (3 g) was placed in a dialysis bag (molec-
ular weight cut-off 10,000-14,000 Da), then placed into a

mixture of phosphate buffer solution and 1% sodium lauryl

sulphate (60 mL, pH 6.00 £ 0.05). During the test, the media

was stirred at a speed of 100 rpm and the temperature was

maintained at 32 + 0.5 °C (Olejnik et al., 2012; Tichy et al.,
2011). A total of 83 mL of sample was taken from the receptor

media at predetermined time intervals (10, 20, 30, 60, 90,
120, 180, 240, 300, 360, 420, and 480 minutes). To main-
tain sink conditions, the removed media was replaced with a

same volume of fresh media. The samples were analyzed at a

wavelength of 482.8 nm using a Hitachi UH5300 UV-visible

spectrophotometer. The cumulative release percentages of
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Figure 2. The Graphs Represent the Stability Study of ASX-NLCs After Storage for 90 Days at Room Temperature with
Parameters Including (a) Particle Size, (b) Polydispersity Index, (c) Viscosity, and (d) Entrapment Efficiency (* p <0.05)
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Figure 3. In Vitro Release Profiles of Astaxanthin from
ASX-NLCs F1, F2, F3, and F4
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astaxanthin were calculated and plotted against time.

2.5.2 Evaluation of Collagen Density and Fibroblast Count
The collagen density and fibroblast count evaluation was car-
ried out on mice (Mus musculus) with UV-induced skin aging.
This work was performed after obtaining ethical clearance from
Health Research Ethical Clearance Commission of the Fac-
ulty of Dental Medicine, Universitas Airlangga with number
1302/HRECC.FODM/XI1/2023.

A total of 24 male mice aged 6-8 weeks (weighing 20-30
g) were divided into six groups as follows: 1) group treated
with UVB irradiation and ASX-NLC F1, 2) group treated
with UVB irradiation and ASX-NLC F2, 3) group treated with
UVB irradiation and ASX-NLC F3, 4) group treated with UVB
irradiation and ASX-NLC F4, 5) group given UVB irradiation
without ASX-NLC (UVB control), and 6) group not given
both UVB irradiation and ASX-NLC (normal control). All
mice had their backs shaved (2 x 2 cm) before the ASX-NLC
was applied. Each ASX-NLC according to the treatment was
applied twice daily on the shaved dorsal skin of mice at 50
uL/cm? of skin area, 20 minutes before UVB irradiation (to
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Figure 4. Photomicrographs of Collagen Density (Blue Color in the Dermis Layer) With Mallory Azan Staining from the
ASX-NLC F1-F4 Treatment Groups, UVB Control (UVB-C) Group, and Normal Control (N—C) Group. SC = Stratum

Corneum, E = Epidermis, and D = Dermis

provide time for topical absorption) and 4 hours after UVB
irradiation (reactive oxygen species formation begins at 4 hours
after exposure). UVB irradiation was carried out every two
days with an intensity of 80 m]/cm? for 84 minutes. The
application of ASX-NLC was still carried out on days without
UVB irradiation (Apsari et al., 2020; Miatmoko et al., 2022).

After 28 days, the mice were sacrificed. Skin tissue sam-
ples were collected from the application area and soaked in

10% Neutral Buffered Formalin (NBF) solution for making

© 2025 The Authors.

histopathological preparations of skin tissue. Then the tissue
preparations were stained with Mallory Azan to observe the col-
lagen density and hematoxylin-eosin to observe the fibroblast
count. The skin tissue preparations were observed under a light
microscope. The collagen density was analyzed using Image]
software and the fibroblast count was determined manually
(Miatmoko et al., 2022).
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Figure 5. Graph Representing Collagen Density in the Groups
Treated With ASX-NLC F1, F2, F3, and F4, as Well as the
UVB Control and Normal Control Groups (* p + 0.05 based
on the Tukey HSD Post Hoc Test, # p = 0.05 Based on
Independent-Samples T-test)

2.6 Statistical Analysis

Data were presented as mean * standard deviation (SD). A
paired-samples t-test was performed to analyze the data before
and after storage in the stability study. To determine the sig-
nificant differences between groups in antiaging effectiveness
study, multiple comparisons were performed using a one-way
analysis of variance (ANOVA) with Tukey HSD post hoc test.
The UVB control and normal control groups in the antiag-
ing effectiveness study were compared statistically using an
independent-samples t-test. Data was considered statistically
significant if the p-value <0.05.

3. RESULTS AND DISCUSSION

3.1 Astaxanthin-Loaded NLC Characterization

The ASX-NLCs with four different formulas were successfully
prepared. Each ASX-NLC from F1 to F4 had a particle size
of 491.8 + 35.1 nm, 466.8 + 41.8 nm, 444.0 + 48.8 nm,
and 373.8 + 31.8 nm, respectively. All ASX-NLCs of the
four formulas had homogeneous particle size distributions with
polydispersity index ranging from 0.171 + 0.018 to 0.217 +
0.018.

The ASX-NLC with smallest particle size (F4) was ob-
served for particle morphology using a Scanning Electron Mi-
croscope (SEM) at 10,000x magnification. The ASX-NLC
appeared spherical in shape with a smooth surface as shown
in Figure la. This is in line with other studies that reported
that lipid nanoparticles appeared spherical and had smooth
surface (Hariyadi et al., 2024). The size distribution of ASX-
NLCs particles measured from the SEM image can be seen
in Figure 1b. The average particle size measured from the
SEM image was 608.1 nm, different from the average particle
size measured using a particle size analyzer. Some particles
in the SEM image appeared larger. The accuracy of measure-
ment results using the tool was more valid compared to manual
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measurement (Mardiyanto et al., 2021).

The entrapment efliciency was calculated for each ASX-
NLC to determine the efficiency of the nanoparticles in en-
trapping astaxanthin in a lipid matrix consisting of the solid
lipid cetyl palmitate and the liquid lipid soybean oil in several
ratios. Fach ASX-NLC formula from F1 to F4 was able to
produce lipid nanoparticles that efficiently trapped astaxanthin
with entrapment efliciency values of 83.25 = 4.10%, 62.73 =
13.22%, 64.51 + 8.15%, and 68.52 + 4.21%, respectively.

3.2 Stability Study

The ASX-NLCs were observed organoleptically on day 0 and
90. All ASX-NLCs appeared orange in color with a slightly
thick liquid consistency. No phase separation was observed
in any ASX-NLC. After 90 days of storage, all ASX-NLCs
showed no visual changes and no phase separation.

Freshly prepared ASX-NLCs from F1 to F4 had pH values
of 6.68 + 0.02, 6.75 = 0.01, 6.65 + 0.08, and 6.62 + 0.08,
respectively. The pH values of ASX-NLCs showed slight in-
crease after 90 days of storage with a pH range being 6.62 +
0.08 to 6.84 + 0.08. The pH measurement results demon-
strated that the ASX-NLC formulas are suitable for topical
application according to the normal skin pH range of 4.0-7.0
(Lambers et al., 2006).

Particle size and polydispersity index tended to increase
in all ASX-NLCs after 90 days of storage (Figures 2a and 2b).
The particle sizes of ASX-NLCs F1-F4 increased by 14.89%,
14.72%, 23.11%, and 22.26%, respectively. However, the in-
crease in particle size in each ASX-NLC was not statistically
significant. The polydispersity index of ASX-NLC F1-F4 in-
creased by 22.17%, 17.97%, 20.40%, and 23.98% respectively,
with a significant increase in ASX-NLC F4. However, the par-
ticle size distributions of all ASX-NLCs were still homogenous
after 90 days of storage (polydispersity index <0.3).

Each ASX-NLC from F1 to F4 had a viscosity of 179.9
+9.2cP, 152.6 £ 14.8 cP, 166.9 = 5.5 cP, and 132.8 £ 6.7
cP. Increasing the amount of liquid lipid in the nanoparticle
formulation decreased the viscosity of the system (Erawati et al.,
2021). The viscosity of all ASX-NLCs tended to decrease after
90 days of storage (Figure 2c¢), with significant decreases in F3
(128.9 + 8.4 cP) and F4 (120.1 + 3.7 cP). After storage, the
formulas with more liquid lipids (F8 and F4) were less stable
in viscosity.

After 90 days of storage, the entrapment efficiency of all
ASX-NLCs also tended to decrease, with significant decreases
in F1 and F4 (Figure 2d). The entrapment efliciency of ASX-
NLC F1 decreased by 36.57% and ASX-NLC F4 decreased
by 17.08% from the initial value. This showed that ASX-NLC
F1 experienced greater drug expulsion during storage com-
pared to other formulas. During the cooling process in the
lipid nanoparticles manufacture, the droplets recrystallize in
the higher energy @ and g modifications. These modifications
are relatively unstable. During storage, these modifications
transform to the lower energy and more ordered 8 modifica-
tion (Punu et al., 2023). The lipid matrix of ASX-NLC F1 was
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Figure 6. Photomicrographs of Fibroblasts in the Dermis Layer with Hematoxylin-eosin Staining from the ASX-NLC F1-F4
Treatment Groups, UVB Control (UVB-C) Group, and Normal Control (N-C) Group. Black Arrows Show Young Fibroblasts

composed of cetyl palmitate without soybean oil. The lipid ma-
trix consisting only of solid lipid with a highly ordered crystal
lattice arrangement was more susceptible to drug expulsion due
to polymorphic transition of solid lipid crystals during storage,
thereby reducing the entrapment efficiency.

3.3 Antiaging Effectiveness Study

3.3.1 In Vitro Release Test

The in vitro astaxanthin release profiles from ASX-NLCs F1-F4
for 8 hours were shown in Figure 3. The cumulative release

© 2025 The Authors.

percentages of astaxanthin from ASX-NLC F1 to F4 were
40.87 £4.99%, 45.00 + 1.99%, 48.45 + 2.80%, and 50.63 +
0.05%, respectively. The total amount of release after 8 hours
increased from F1 to F4, as the soybean oil content increased.
ASX-NLC F4 (70:30) provided the highest cumulative release
percentage and was significantly different from ASX-NLC F1
(100:0).

The release of encapsulated substance can be influenced
by various factors. Smaller particles may have faster release
due to larger surface area and shorter diffusion paths compared
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to larger particles (Khosa et al., 2018). In this study, increas-
ing soybean oil in the ASX-NLC formula tended to produce
smaller particle sizes, but the particle sizes of all formulas did
not differ significantly based on one-way ANOVA (p <0.05).
The viscosity of lipid nanoparticles may be another explanation.
Nanoparticles with a solid lipid matrix have a higher viscosity
which makes particle movement more difficult, thus slowing
down the active substance release. By adding soybean oil, the
viscosity of the lipid nanoparticle matrix is reduced, resulting
in faster diffusion (Erawati et al., 2021).

3.8.2 Evaluation of Collagen Density and Fibroblast Count
Collagen density was evaluated through histopathological anal-
ysis with Mallory Azan staining. Photomicrographs of collagen
density observation were shown in Figure 4. Collagen fibers
were characterized by blue color. Each group treated with
ASX-NLC F1-F4 had a collagen density of 74.14 + 0.60%,
75.52 + 4.46%, 77.58 £ 3.31%, and 76.65 + 4.00%, while
the UVB control group and the normal control group had a
collagen density of 66.42 + 3.68% and 74.08 £ 2.67%, respec-
tively (Figure 5). UVB irradiation significantly reduced skin
collagen density. Compared to the normal control group, the
collagen density of the UVB control group was significantly
lower. UVB exposure induced excessive expression of several
matrix metalloproteinases (MMPs) in the skin, such as MMP
1, 8, and 9, resulting in collagen fragmentation (Kang et al.,
2020). Meanwhile, the groups treated with ASX-NLC F3 and
F4 presented significantly higher collagen density compared
to the UVB control group. These results showed that topi-
cal application of ASX-NLC F38 and F4 was able to prevent
photoaging.

Fibroblasts were observed by hematoxylin-eosin staining.
Photomicrographs of fibroblasts in dermis layer were shown
in Figure 6. Aged skin is characterized by a decrease in the
number of young fibroblasts (Nanic et al., 2022). Therefore,
young fibroblasts were counted for comparison between groups
in this study. The count of young fibroblasts per field of view in
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each group treated with ASX-NLC F1-F4 was 16.83 + 5.23,
16.43 + 3.03, 17.88 £ 6.45, and 16.35 + 1.44, respectively.
While in the UVB control and normal control groups, it was
10.57 + 8.05 and 15.22 + 7.51 (Figure 7). All groups showed
no statistically significant differences in young fibroblast count.

Increasing the soybean oil content in the ASX-NLC for-
mula to a lipid ratio of 80:20 (F3) and 70:30 (F4) could im-
prove the antiaging effect of ASX-NLC which was character-
ized by increased skin collagen density. The antiaging effect of
ASX-NLCs might be related to its stability and release profile.
The results of the stability evaluation indicated that the for-
mula without soybean oil addition (F1) experienced a greater
decrease in entrapment efficiency after storage compared to
the formulas containing soybean oil as a component of the
lipid matrix (F2-F4). Increasing the soybean oil content in
the ASX-NLC formula reduced drug expulsion, resulting in
more astaxanthin being protected in the lipid matrix during
storage. Meanwhile, the results of in vitro release test showed
that soybean oil addition in the ASX-NLC formula provided a
faster release of astaxanthin with a significant increase at a solid
lipid to liquid lipid ratio of 70:30 (F4). The good stability of
ASX-NLC could maintain the astaxanthin content and ASX-
NLC with a faster release profile could increase the amount
of astaxanthin release from the lipid matrix, thus providing
more astaxanthin to work on the target area of the skin and
improving the antiaging effects.

4. CONCLUSIONS

In this study, ASX-NLCs containing a combination of solid
lipid cetyl palmitate and liquid lipid soybean oil at a ratio be-
tween 100:0 to 70:30 tended to show good stability over 90
days of storage. However, there was a significant decrease in
viscosity at the ratios of 80:20 and 70:30 after storage. In ad-
dition, ASX-NLC that did not contain soybean oil as a lipid
matrix component experienced the greatest decreased in en-
trapment efliciency after storage. The release of astaxanthin
from NLC system containing solid lipid cetyl palmitate and
liquid lipid soybean oil at a ratio of 100:0 to 70:30 tended to
increase by increasing the soybean oil content. The topical
administration of ASX-NLCs containing cetyl palmitate and
soybean oil at ratios of 80:20 and 70:30 was able to prevent
photoaging, as indicated by increased collagen density. This
study was limited to four different ratios of solid lipid cetyl
palmitate and liquid lipid soybean oil. For further studies to
determine the effect of the combination of solid lipid cetyl
palmitate and liquid lipid soybean oil on the stability and effec-
tiveness of ASX-NLC, more variations in the lipid ratio and
other evaluation parameters may be needed.
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