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Abstract: Trans-resveratrol (RES) is a natural polyphenol known for its antioxidant, anti-
inflammatory, and anti-aging properties, making it highly valuable in cosmetic applications.
Solid lipid nanoparticles (SLNs) offer a promising solution to enhance RES’s stability and
cutaneous availability. This study aimed to develop and characterize SLNs encapsulating
RES for enhanced skin delivery. Multiple methodologies were evaluated to determine the
impact of preparation methods on formulation stability. SLNs were formulated using stearic
acid, soy phosphatidylcholine, polysorbate 80, cetyltrimethylammonium bromide, and
poloxamer 407, with variations in heating temperatures and homogenization techniques.
Stability assessments were conducted over 90 days, examining organoleptic properties
of the hydrodynamic diameter, polydispersity index, and zeta potential. Encapsulation
efficiency and skin permeation studies were performed to investigate the efficacy of SLNs
in delivering RES. Results demonstrated that formulations prepared with Ultra Turrax at
24,000 rpm and heating at higher temperatures exhibited enhanced stability and smaller
particle sizes. The selected formulations, F1 (prepared at 80 °C) and F2 (prepared at
70 °C) presented encapsulation efficiencies of 70% and 72%, respectively. Skin permeation
studies confirmed the ability of SLNs to facilitate RES delivery through the skin. The study
concludes that SLNs are suitable carriers for RES skin delivery, offering improved stability
and sustained release, thus representing a promising approach for topical applications to
leverage RES’s cutaneous therapeutic benefits.

Keywords: lipid nanoparticle; cutaneous delivery; antioxidant; anti-aging

1. Introduction

Trans-resveratrol (3, 5, 4’-trihydroxy-trans-stilbene) is a naturally occurring polyphe-
nolic compound in various plants, including grapes, berries, and peanuts. Its wide range
of biological activities, including antioxidant, anti-inflammatory, anti-cancer, and cardio-
protective effects, has sparked significant interest. In dermatology, where it can combat
skin aging, inflammation, and oxidative stress, trans-resveratrol (RES) holds immense
potential [1,2].

Despite its wide variety of properties, the biological effectiveness of RES is limited by
its physical-chemical properties, such as poor water solubility, chemical instability, and
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rapid metabolism, which result in low bioavailability and low skin permeation [3]. This is
where solid lipid nanoparticles (SLNSs) step in, offering an innovative and efficient approach
for RES skin delivery. SLNs are nano-sized particles used in drug delivery, composed of
biodegradable and biocompatible solid lipids and surfactants that can encapsulate lipophilic
drugs, protecting them from degradation and enhancing their bioavailability [4].

SLNs could offer several advantages for the topical delivery of RES. They can provide
a controlled release mechanism, improve drug stability, and enhance skin penetration.
Owing to their composition and size, SLNs can better interact with the stratum corneum,
facilitating deeper penetration of the encapsulated drug. Additionally, SLNs can form a
protective hydrophobic film on the skin, reducing water loss and enhancing hydration,
essential for maintaining skin health and increasing drug permeation. These properties
of SLNs hold great promise for the future of RES skin delivery from topical cosmetic
products [5].

Several studies have explored lipid-based nanocarriers for the topical delivery of
resveratrol, focusing on their physical properties and biological activities. Liu et al., (2021)
demonstrated that resveratrol-loaded nanostructured lipid carrier (NLC) hydrogels effec-
tively enhanced anti-UV and antioxidant efficacy, emphasizing the stability and epidermal
accumulation of resveratrol to protect against UV-induced oxidative damage [6]. Similarly,
Soldati et al., (2018) explored the controlled release of resveratrol from solid lipid nanopar-
ticles (SLNSs), reporting increased antioxidant activity and skin permeation compared to
unencapsulated resveratrol [7]. Gokce et al., (2012) compared SLNs and NLCs, finding
that NLCs penetrated deeper into the epidermis and had a superior antioxidant profile [8].
More recently, Samprasit et al., (2024) highlighted the comparative properties of lipid-based
carriers such as NLCs and nanoemulsions, showcasing their respective advantages in
topical delivery and antioxidant performance [9].

The current study distinguishes itself from previous investigations by exploring the im-
pact of preparation methods on the formulation stability and skin delivery performance of
resveratrol-loaded solid lipid nanoparticles (SLNs), emphasizing how varying preparation
parameters, such as homogenization speed and temperature, influence key physicochemical
properties like particle size, zeta potential, and encapsulation efficiency.

2. Materials and Methods
2.1. Development of SLNs

SLNs were prepared using adapted methods described by Pardeike, Hommoss, and
Miiller (2009) [10], Lim et al., (2004) [11], and Mehnert and Mader (2001) [4]. To develop
the SLN formulations (Table 1), three methodologies were tested to evaluate the impact
of preparation methods on the final stability. Initially, a pre-emulsion was prepared by
melting the lipid phase at 5, 10, or 15 °C above the lipid’s melting point and dispersing
it in an aqueous surfactant solution heated to the same temperatures. This process was
consistent across all tested formulations and methodologies. Then, the pre-emulsions
were homogenized using a magnetic stirrer at 1000 rpm or an Ultra Turrax at 11,000
or 24,000 rpm for 2 min. After homogenization, the pre-emulsions were sonicated for
20 min at 25% amplitude. To eliminate titanium particles from the sonication process, the
formulations were centrifuged at 3500 rpm for 10 min [12].
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Table 1. Composition of the developed formulations *.

Components (%)

F1 F1-RES F2 F2-RES

Stearic acid (SA) 5.0 5.0 5.0 5.0

Soy phosphatidylcholine (SPC) 12 12 12 1.2

Polysorbate 80 (T80) 35 35 35 35

Cetyltrimethylammonium

 bromide (CTAB) - - 045 045

Poloxamer 407 ® (P407) 0.1 0.1 0.1 0.1
Glycerin (GLI) 0.15 0.15 0.15 0.15
Trans-resveratrol (RES) - 0.25 - 0.25
Phenonip ® 0.75 0.75 0.75 0.75
Ethanol P.A. 1.25 1.25 1.25 1.25
Ultra-pure water q.s.p- q-s.p- q.s.p- q-s.p-

* g.s.p.—quantity sufficient to make 10 mL, ® Registered trademark.

2.2. Time Stability Testing of Formulations

The formulations were stored in a refrigerator (4 & 2 °C) and evaluated for the
hydrodynamic diameter, polydispersity index, and zeta potential. Analyses were conducted
at24h, 7,15, 30, 60, and 90 days after preparation.

2.3. Hydrodynamic Diameter Polydispersity Index and Zeta Potential Analysis

The nanoparticles” hydrodynamic diameter and polydispersity index were determined
by dynamic light scattering (DLS) using a Zetasizer Nano NS (Malvern Instruments, Worce-
sershire, UK). Nanoparticle dispersions were diluted in Milli-Q water (10 uL/mL) and
maintained in dust-free cuvettes. Measurements were conducted at a scattering angle
of 90°, a temperature of 25 °C, a laser wavelength of 633 nm, and a refractive index of
1.311. Three measurements were taken to calculate the mean and standard deviation of the
diameter and polydispersity index.

SLNs were diluted in Milli-Q water (10 pL/mL) for zeta potential analysis. Elec-
trophoretic mobility determined Zeta potential using the Helmholtz—Smoluchowski equa-
tion with a Zetasizer Nano NS (Malvern Instruments, Malvern, UK). Samples were placed
in an electrophoretic cell, and three determinations of surface potential were conducted for
each sample to calculate the mean and standard deviation.

2.4. Encapsulation Efficiency

An analytical curve of RES was determined in triplicate using a UV spectrophotometer
(Carry 60, Agilent Technologies, Santa Clara, USA) at a wavelength of 306 nm, within a
working range of 1 to 20 pg/mL. The encapsulation efficiency (EE%) was determined using
an adapted method described by Gokce et al., (2012) [8]. A cellulose acetate membrane
(0.45 pm pore size, Chromafil Xta) was used to separate the free RSV. The membrane was
placed in a centrifuge tube, forming a donor compartment. The tube was filled with 13 mL
of a 1:1 ethanol-water solution. Each formulation (300 uL, n = 3) was placed in the donor
compartment and centrifuged at 5000 rpm for 1 h. After centrifugation, a 1 mL aliquot from
the receptor compartment was diluted with 1 mL ethanol-water solution (1:1). The RES
content was analyzed by UV spectroscopy. The EE% was calculated using Equation (1).

o (Wi—Wf
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2.5. Skin Permeation

Permeation experiments were conducted using human abdominal skin samples
obtained from surgical corrections. Patients gave consent, and the protocol was ap-
proved by the Research Ethics Committee of the University of Valencia, Spain (protocol
H1462978691586). Excess fat and connective tissues were removed, and samples were
stored at —26 °C for less than three months. Epidermal membranes were prepared by
the heat-separation technique by immersing the skin in water at 60 °C for 2 min and then
carefully separating the epidermis from the dermis.

In vitro permeation studies were conducted using glass Franz diffusion cells with
an available diffusion area of 1.76 cm? and a 12 mL receptor compartment placed in a
heating/stirring module. Skin samples were mounted on the diffusion cells with the
stratum corneum side in contact with the donor compartment and the dermal side in the
receptor compartment. They were equilibrated for 1 h, and air bubbles were removed
from the diffusion cell. The receptor solution was an aqueous polysorbate of 80 solutions
(2.0% w/v) to ensure sink conditions throughout the test [13]. The cells were covered with
parafilm to prevent evaporation. Samples were taken at specific time intervals from the
receptor compartment, followed by replacement with fresh receptor solution. Permeation
samples were analyzed “as is”. At the end of the experiments, a 1% red phenol solution was
added to test the integrity of the skin samples. RES concentration in the receptor solution
was determined by a HPLC-validated method (SM). The column used was a C18 Luna
(250 mm x 4.6 mm L.D., 5 pym; Phenomenex, USA), with a mobile phase composed of water
and acetonitrile (60:40).

3. Results and Discussion

The preparation methodologies significantly influenced the hydrodynamic diameter,
zeta potential, and overall stability of the SLN formulations. Three distinct methods were
tested, namely magnetic stirring, Ultra Turrax homogenization at low speed (11,000 rpm),
and Ultra Turrax homogenization at high speed (24,000 rpm). These methods were applied
to F1 and F2 formulations at varying heating temperatures (70 °C, 75 °C, and 80 °C).

F1 and F2 formulations differ in their compositions by the presence of cetyltrimethy-
lammonium bromide (CTAB) in F2 formulations, a cationic surfactant. This difference in
composition impacted several analyzed parameters, including hydrodynamic diameter, ZP,
and stability.

Particle size is crucial for effective skin delivery. Smaller particles enhance skin
penetration by ensuring increased contact with the stratum corneum due to an amphiphilic
surface and higher contact area [14,15]. For F1, the particle size varied significantly with all
temperatures and the type of mechanical stirring (Table 2). The magnetic stirrer at 75 °C
consistently produced larger particles, reaching a maximum of 1262 nm at 90 days. In
contrast, at 70 °C, smaller particle sizes were observed, peaking at 358.5 nm by 90 days.
The use of a Turrax at 11,000 rpm demonstrated better control over particle size, yielding
smaller particles, with sizes generally below 400 nm at 70, 75, and 80 °C compared to the
use of the magnetic stirrer. The most no2 reduction occurred at Turrax 24,000 rpm, where
particles at 70 °C measured 248.5 nm at 1 day, further decreasing to 228.6 nm after 7 days.
The Turrax at 24,000 rpm provides higher energy input than lower rpm settings. This
higher energy input leads to better particle size reduction and a more uniform distribution.
The increased shear force at 24,000 rpm effectively breaks down lipid droplets into smaller
particles, resulting in particle sizes of 248.5 nm at 1 day and 228.6 nm after 7 days. In
contrast, lower energy input, such as that produced by a magnetic stirrer or lower rpm
settings, tends to generate larger particles and higher polydispersity indices, affecting
stability and uniformity. These findings align with previous studies indicating that lower
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energy input during nanoparticle preparation results in larger particle sizes and higher
polydispersity indices, affecting stability and uniformity [4].

Table 2. Particle size, polydispersity index, and zeta potential of F1.

Magnetic Stirrer

Days Size (nm) PdI ZP (mV)
70°C 75°C 80 °C 70°C 75°C 80°C 70°C 75°C 80°C
1 295.4 1068.1 316.7 0.4 0.4 0.2 —28.3 —16.7 —18.3
7 287.4 412.5 319.2 0.2 0.4 0.3 —23.8 —18.2 —22.0
15 312.1 846.2 341.9 0.2 0.3 0.3 -19.5 -19.0 —21.2
30 317.0 1167.6 329.0 0.2 0.3 0.3 —18.9 -16.7 —20.0
50 311.4 1197.7 366.1 0.2 0.4 0.3 -19.9 —22.1 —20.8
90 358.5 1262.0 378.6 0.3 0.3 0.3 —20.7 —22.6 —22.2

Turrax 11,000 rpm

Days Size (nm) PdI ZP (mV)
70°C 75°C 80 °C 70 °C 75°C 80 °C 70 °C 75°C 80°C
1 313.1 313.6 284.6 0.3 0.2 0.2 —20.4 —19.1 —18.9
7 317.6 323.3 266.8 0.4 0.2 0.2 —18.6 -159 —19.3
15 318.9 323.3 285.8 0.4 0.2 0.3 —19.8 -15.9 —19.5
30 319.6 330.3 313.6 0.2 0.3 0.3 —21.2 -17.6 -19.7
50 769.9 336.8 7453 0.3 0.2 0.3 —19.7 —20.9 —242
90 788.4 347.0 1100.8 0.4 0.2 0.3 —20.9 —20.8 -20.3

Turrax 24,000 rpm

Days Size (nm) PdI ZP (mV)
70°C 75°C 80 °C 70°C 75°C 80 °C 70°C 75°C 80 °C
1 248.5 367.6 272.4 0.2 0.3 0.2 —22.2 —21.3 —22.5
7 228.6 381.0 285.8 0.2 0.3 0.2 -19.8 —20.0 —20.9
15 365.7 384.5 298.5 0.3 0.2 0.2 —21.2 —20.7 —21.2
30 246.9 387.8 314.4 0.2 0.2 0.2 —19.4 —20.3 —18.6
50 291.1 388.5 317.9 0.2 0.3 0.2 —20.1 —20.3 —25.1
90 316.6 393.1 330.9 0.2 0.3 0.2 -16.3 —20.6 —229

In contrast, Ultra Turrax homogenization at 11,000 rpm produced smaller particle sizes

(300-500 nm) but showed instability over 90 days due to insufficient energy input, leading
to aggregation. The Ultra Turrax homogenization at 24,000 rpm achieved the smallest and
most stable particles. F1 formulations had particle sizes between 300 and 500 nm. The
literature shows that a finer dispersion can be obtained by increasing energy by raising
the production temperature, enhancing the stirring speed, prolonging emulsification time,
or utilizing more intense ultrasound power. These techniques help reduce particle size
and improve dispersion uniformity by supplying sufficient energy to overcome interfacial
tension, generating more stable particles [16].

The particle size of F2 varied significantly depending on the energy input method and
temperature (Table 3). When using the magnetic stirrer, at 70 °C, the initial particle size
was large, starting at 905.0 nm on day 1 and increasing further to 1307.4 nm by day 90.
The presence of CTAB contributed to positive zeta potentials, which likely provided some
stabilization for these larger particles, but the energy supplied by the magnetic stirrer was
insufficient to prevent the formation of larger aggregates. At higher temperatures, such as
75 °C and 80 °C, smaller initial particles were observed, measuring 273.9 nm and 442.0 nm,
respectively, though both conditions exhibited significant particle growth over time.
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Table 3. Particle size, polydispersity index, and zeta potential of F2.
Magnetic Stirrer
Days Size (nm) PdI ZP (mV)
70 °C 75°C 80 °C 70 °C 75°C 80 °C 70°C 75°C 80°C
1 905.0 273.9 442.0 0.5 0.3 0.3 27.6 26.3 25.2
7 835.4 346.8 610.0 04 0.3 0.4 26.5 27.9 245
15 928.8 401.9 665.0 0.4 0.4 0.4 253 29.2 274
30 1171.5 455.3 694.6 04 04 04 21.7 30.7 28.7
50 1225.0 518.0 712.1 0.5 0.5 0.5 32.7 28.9 28.7
90 1307 .4 535.5 782.7 0.5 0.5 0.5 27.2 28.2 28.3
Turrax 11,000 rpm
Days Size (nm) PdI ZP (mV)
70°C 75°C 80 °C 70°C 75°C 80°C 70°C 75°C 80°C
1 2425 2194 298.7 0.2 0.3 0.2 225 26.5 279
7 302.6 501.5 358.3 0.3 0.3 0.3 14.7 29.5 32.6
15 332.1 584.2 420.5 0.3 0.4 0.3 18.7 28.3 23.6
30 459.4 662.7 455.2 0.3 0.3 0.4 24.8 28.7 29.5
50 504.5 683.1 452.7 0.4 0.4 0.5 23.2 31.5 31.9
90 556.1 765.6 611.9 04 04 0.5 24.2 30.9 23.1
Turrax 24,000 rpm
Days Size (nm) PdI ZP (mV)
70 °C 75°C 80 °C 70 °C 75°C 80 °C 70°C 75°C 80 °C
1 169.3 183.0 251.7 0.2 0.2 0.2 26.1 25.1 28.4
7 198.2 311.7 273.8 0.2 0.3 0.2 324 28.8 30.5
15 219.5 335.0 318.5 0.2 0.3 0.3 22.0 25.3 26.7
30 257.3 392.1 354.2 0.2 0.3 0.3 31.7 24.7 32.7
50 274.1 396.8 430.5 0.2 0.3 04 26.1 27.9 30.8
90 301.7 402.3 478.8 0.2 0.3 0.4 27.3 29.3 31.7

In contrast, the Turrax at 11,000 rpm produced considerably smaller particles across

all temperatures. At 70 °C, particles began at 242.5 nm, grew to 332.1 nm by day 15,
and stabilized around 504.5 nm by day 50. Similar patterns were observed at 75 °C and
80 °C, with slightly larger particle sizes but still smaller than those formed using the
magnetic stirrer. The Turrax at 24,000 rpm produced the smallest and most stable particles
for F2, with initial sizes at 70 °C as low as 169.3 nm on day 1 and only increasing to
301.7 nm by day 90. The high shear forces, combined with the stabilizing influence of
CTAB, effectively minimized particle growth and maintained a more stable particle size
over time (Table 3). Similar observations have been made in studies where higher shear
forces during homogenization led to smaller and more stable nanoparticles [10].

The preparation method significantly impacts the size of SLNs. The smaller particle
size and narrow size distribution achieved with high-speed Ultra Turrax homogenization
suggest enhanced potential for effective skin penetration and consistent delivery of resver-
atrol. This is crucial for therapeutic applications, where consistent and prolonged drug
delivery is desired. The smaller particle sizes achieved through high-energy methods can
facilitate better skin absorption and enhanced therapeutic efficacy [17].

Zeta potential, indicating surface charge, is a critical indicator of particle stability.
Higher absolute ZP values suggest stronger repulsive forces, reducing aggregation. This
electrostatic stabilization is essential for maintaining the integrity and efficacy of nanoparti-
cle formulations over time [18].
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Magnetic stirring produced formulations with lower absolute ZP values, implying
weak electrostatic stabilization. Ultra Turrax at 11,000 rpm improved these values but
stability remained suboptimal. At 24,000 rpm, Ultra Turrax yielded the highest absolute ZP
values, with —20 to —30 mV for F1 and positive values for F2 due to CTAB, demonstrating
superior electrostatic stabilization and possible reduced aggregation (Table 2). This finding
is consistent with the literature, which shows that higher ZP values are associated with
better stability due to increased electrostatic repulsion between particles [19,20].

Magnetic stirring resulted in high PdI values, showing broad particle size distribution.
Ultra Turrax at 11,000 rpm improved PdI but with some heterogeneity. The 24.000 rpm
method achieved the lowest PdI values (~0.25 for F1 and below 0.2 for F2), indicating a
narrow particle size distribution and high uniformity, maintaining stability over 90 days
(Tables 2 and 3). A low PdI value indicates a homogeneous nanoparticle population, which
is crucial for reproducibility and efficacy in drug delivery systems [17,21].

The uniformity in particle size distribution is essential for ensuring consistent drug
release and absorption. A narrow size distribution minimizes the variability in drug
delivery, leading to more predictable therapeutic outcomes. This consistency is vital for
clinical applications, where dose precision and reliability are paramount [22].

The EE% is crucial for evaluating the effectiveness of SLNs. The Ultra Turrax method
at 24,000 rpm achieved the highest EE% values, with 70% for F1 and 72% for F2. This aligns
with previous studies [8], showing that high-energy methods enhance active compound
dispersion within the lipid matrix. CTAB in F2 likely contributed to a slightly higher
EE% due to improved interaction between the lipid matrix and the active compound.
High encapsulation efficiencies are essential for maximizing the therapeutic potential of
encapsulated drugs, particularly for compounds like resveratrol that suffer from poor
water solubility and stability [23]; in this way, we chose the F2 formulation to perform the
permeation study.

Permeation studies have highlighted significant differences between free RES in Tween
80 solution and encapsulated RES (F2). Free RES skin permeation was significantly higher
than encapsulated RES, thus confirming the ability of the particles to retain the encapsu-
lated RES (Figure 1). The high standard deviation observed in both profiles is due to the
non-uniformity of the skin tissue and the low permeated amounts, which were close to the
quantification limit. In addition, free RES presents low solubility and high instability, affect-
ing reproducibility. As the concentration in both formulations is the same, the permeability
coefficient calculated by dividing the flow by the dose is also higher for the RES solution.
However, the solution is close to saturation, which indicates a high thermodynamic activity,
promoting its potential for enhanced skin permeation. This is not the case in the encapsu-
lated form, where two fractions can be observed, namely the encapsulated remaining RES
and the released RES. In this case, the main objective was to achieve a controlled release
and prolonged permeability of RES over time. These findings align with the literature,
where nanoparticle encapsulation significantly reduced skin permeation by a controlled
release [24,25].

The improved permeation rates suggest that encapsulated RES can effectively reach
the systemic compartment, potentially enhancing its therapeutic effects for skin conditions
such as aging and inflammation. This improved permeation is likely due to the lipophilic
nature of the SLNs, which facilitates better interactions with the drug. It is also expected
that these SLNs will also interact with the stratum corneum due to their lipid nature, thus
improving its hydration [26].
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Figure 1. Cumulative amounts of resveratrol from encapsulated RSV (F2) and free RES in Tween
80 solution.

The enhanced delivery seen with encapsulated RES emphasizes the potential of SLNs
to modify the bioavailability of topically applied drugs, leading to more efficient treatments
for various dermatological conditions and harnessing the full therapeutic potential of
resveratrol [27,28].

The permeation flux and permeation coefficient for the free resveratrol solution
and the encapsulated resveratrol formulation reveal key differences in their skin de-
livery performance. The free resveratrol solution showed a higher permeation flux of
145 + 060 pg/cm?/h compared to the encapsulated resveratrol formulation, which had
a flux of 098 & 028 ug/cm?/h. This indicates that free resveratrol is more immediately
available for diffusion across the skin due to the absence of a delivery matrix. Conversely,
the encapsulated resveratrol formulation demonstrated a higher permeation coefficient of
16,157 x 107% + 67,201 x 10~7 cm/s compared to 10,843 x 107¢ + 64,995 x 1077 cm/s
for the free resveratrol solution. This suggests that the solid lipid nanoparticles enhance
resveratrol’s ability to partition through the skin layers despite a lower overall flux. The
lipid nanoparticles facilitate better interaction with the stratum corneum, allowing for
deeper penetration and more efficient delivery over time. The lower flux but higher perme-
ation coefficient of the encapsulated formulation supports the notion of a controlled release
mechanism, where the resveratrol is gradually delivered. This controlled release helps
maintain stability and prolong therapeutic or cosmetic effects, making the encapsulated
formulation advantageous for topical applications where sustained efficacy is desired.

4. Conclusions

Variations in SLN preparation methods and heating temperatures significantly influ-
enced the formulations” hydrodynamic diameter, zeta potential, and polydispersity index.
Using the Ultra-Turrax at 24,000 rpm resulted in smaller and more uniform particles than
magnetic stirring. Specifically, Formulation F1 (prepared at 80 °C) and Formulation F2
(prepared at 70 °C) exhibited the best stability and reproducibility, with 70% and 72%
encapsulation efficiencies, respectively.
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Furthermore, the encapsulated resveratrol (RES) formulations demonstrated con-
trolled and sustained skin permeation compared to free RES in solution. This behavior
suggests that solid lipid nanoparticles (SLNs) can effectively enhance RES’s stability, deliv-
ery, and potential efficacy for topical applications. These findings highlight the importance
of optimizing preparation parameters to achieve stable and efficient SLN formulations for
the enhanced skin delivery of resveratrol.
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