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Abstract

Purpose: Nobiletin (NOB), a polymethoxyflavonoid, is known for its antioxidant and anti-inflammatory effects and
has antitumor activity. However, its poor solubility and low bioavailability pose a significant challenge in its delivery. In
this experiment, NOB was added to Soluplus® (Sol)/t-ascorby! 2,6-dipalmitate (ASC-DP) as a ternary system, and Sol/
ASC-DP/NOB nanoparticles were obtained using the hydration method. The purpose of this study was to enhance the
solubility of NOB, apply it for skin permeation, and improve antitumor activity.

Methods: The preparation of Sol/ASC-DP/NOB nanoparticles was attempted using the hydration method, and par-
ticle size, zeta potential, and stability tests were performed to evaluate the formation of nanoparticles. 1H-1H NOESY/
ROESY NMR spectral measurements were also performed to identify molecular interaction between NOB and Sol/
ASC-DP. To evaluate its functionality, DPPH radical scavenging, skin permeation, fluorescence microscopy, and cell
viability analyses were performed.

Results: The particles were approximately 100 nm in size in the ternary system (weight ratio (Sol/ASCDP/
NOB=8/1/1)) and were relatively stable for approximately 7 days at 25 °C under light-shielded conditions. From the
NMR spectrum measurements of Sol/ASCDP/NOB, a cross-peak was observed between the -OCH3 group: 6,8 (3.8
ppm) derived from NOB, the methyl group (2.0 ppm) derived from Sol, and the side chain portion (1.2 ppm) derived
from ASC-DP. Cross-peaks were observed between the polyethylene glycol (PEG) backbone of Sol (3.6 ppm) and the
side chain of ASC-DP (0.8-1.2 ppm). The formation of Sol/ASC-DP/NOB nanoparticles facilitated its skin permeation,
and fluorescence microscopy confirmed improved permeation. The DPPH radical scavenging test revealed that Sol/
ASC-DP/NOB had an ICs, of 46.7 ug/mL. Cell viability assays showed a 20-40% decrease in cell viability with the addi-
tion of Sol/ASC-DP/NOB at 0.1 mg/mL.

Conclusion: Sol/ASC-DP/NOB nanoparticles were successfully prepared, and these were found to inhibit melanin
formation and have antitumor activity.
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Introduction

Nobiletin (NOB) is a polymethoxyflavonoid found in
citrus fruits (Hattori et al, 2019). It has a variety of
physiological effects, including anti-Alzheimer’s dis-
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anti-diabetes (Hattori et al., 2019). However, NOB has
an extremely low solubility of 16.2 ug/mL (Onoue et al.,
2011). The oral absorption of NOB can be improved by
preparing solid dispersions (Onoue et al., 2011; Onoue
et al,, 2013), self-emulsifying emulsions (Yao et al., 2008),
nanoparticles (Luque-Alcaraz et al., 2012), self-assem-
bled prolisosomes (Lin et al., 2009), and improved trans-
dermal delivery using ionic liquids (Hattori et al., 2019).
However, because of the highly lipophilic nature of the
flavonoid structure, the oral bioavailability of NOB is
also very low (0.85%), and a sufficient remedy has not yet
been achieved (Onoue et al., 2011). Nobiletin has also
attracted attention as an ingredient with skin nutraceuti-
cal properties such as antioxidant (Murakami et al., 2000)
and anti-inflammatory effects (Lin et al., 2003b; Lai et al.,
2008). Therefore, we focused on the skin chemopreven-
tive properties of NOB in this study as well. Therefore, a
breakthrough in NOB formulation is required to expand
its utilization.

In recent years, various drug delivery systems (DDS)
have been developed for different routes of administra-
tion, such as emulsions, liposomes, solid lipid nanopar-
ticles, micelles, and polymeric nanoparticles. These are
used to improve physical properties and pharmacokinet-
ics. In particular, variations may improve pharmacologi-
cal effects, reduce side effects, and reduce the frequency
of administration by improving absorption, prolonging
half-life by controlled release, and targeting specific tis-
sues. These drug systems have been developed in various
fields, such as cosmetics, food chemistry, and pharma-
ceuticals (Onoue et al., 2014; Sun et al., 2014). It is also
feasible to modify the application by modifying the sur-
face properties by changing the composition, morphol-
ogy, surface charge, functional groups, and PEGylation of
nanocarriers to improve their physicochemical proper-
ties (Zhang et al., 2014).

Soluplus® (Sol; polyvinyl caprolactam-polyvinyl ace-
tate-polyethylene glycol graft copolymer) has a polyeth-
ylene glycol (PEG) structure, as the hydrophilic part, with
an amphiphilic copolymer with vinyl caprolactam/vinyl
acetate side chains. It is known to improve the solubil-
ity of poorly water-soluble substances by forming self-
assembled micelles (Zeng et al., 2017). In addition, Sol
acts as a stabilizer, enabling the formation of fine stable
particles (Yang et al., 2014). Sol has been confirmed to
have a low critical micelle concentration of 0.82 mg/mL,
and because of its properties, it exhibits high dispersibil-
ity upon dilution (Dian et al., 2014). Additionally, we suc-
ceeded in preparing novel nanoparticles using L-ascorbyl
2,6-dipalmitate (ASC-DP), and Sol, an amphiphilic
copolymer, and further improved drug delivery into the
skin by encapsulating minoxidil in the prepared nanopar-
ticles (Takayama et al., 2021).
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ASC-DP is an ascorbic acid derivative synthesized
to improve the stability of ascorbic acid (ASC) (Palma
et al., 2007). ASC is a water-soluble vitamin C with
antioxidant properties and is widely used as an addi-
tive in foods and pharmaceuticals (Meister, 1994). It
has a whitening effect by reducing pigmentation and
decomposing melanin and a wrinkle-reducing effect
by stimulating collagen synthesis and improving skin
elasticity (Kameyama et al., 1996). However, it is sus-
ceptible to degradation by heat and light and has low
stability (Palma et al., 2007). ASC-DP does not spon-
taneously aggregate when combined with surfactants
to form nanoparticles (Moribe et al., 2010a). It is used
in sunscreens and skin care products and is also being
investigated in the development of cosmetics that pro-
vide whitening effects.

The successful formation of Sol/ASC-DP/NOB nano-
particles using an innovative and sustainable preparation
method would improve the effect of NOB solubiliza-
tion, the anti-cancer activity of NOB, and the synergistic
effects of ASC-DP, such as antioxidant activity and der-
mal adaptation. Therefore, we attempted to prepare Sol/
ASC-DP/NOB nanoparticles using the hydration method
and performed particle size, zeta potential, and stabil-
ity tests to evaluate the particulate formation. We also
verified the physicochemical properties through 'H-'H
NOESY/ROESY NMR spectroscopy, differential scan-
ning calorimetry (DSC), and Fourier transform infrared
spectrometer (FT-IR) measurements, and the functional
properties through DPPH radical scavenging test, skin
permeability test, fluorescence microscopy, and cell via-
bility measurement.

Materials and methods

Materials

The Sol used was provided by BASF Japan Ltd. (lot:
84414368E0). ASC-DP was purchased from Tokyo
Chemical Industry Co., Ltd. (Lot: ISPKK-LH). NOB
was purchased from Toronto Research Chemicals (lot:
53-GHZ-8-1) (Fig. 1). NMR solvent (CDCl;, 99.96%) was
purchased from Cambridge Isotope Laboratories, Inc.
(MA, USA). Saline and 5% glucose solutions were pur-
chased from Otsuka Pharmaceutical Co. (Tokyo, Japan).
Other reagents were purchased from commercial spe-
cial-grade products (FUJIFILM Wako Pure Chemical
Corporation, Tokyo, Japan). A375 cells were purchased
from the European Collection of Authenticated Cell Cul-
tures (Salisbury, UK), B16 and 4T1 cells were purchased
from the JCRB Cell Bank (Osaka, Japan), and HaCaT cells
were purchased from the Cell Line Service (Eppelheim,
Germany). DPPH was purchased from Sigma-Aldrich
(St. Louis, MO, USA).
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Methods

Solvent-evaporated nanoparticles

The microparticles were prepared using the hydration
method. The hydration method involves the preparation
of a suspension or a solution by dissolving each lipid-sol-
uble substance in an organic solvent, removing the solvent
using an evaporator, and hydrating the prepared lipid film
in an aqueous solvent, such as distilled water or saline. Sol,
ASC-DP, and NOB were prepared at a 1-mg/mL concen-
tration using 1 mL of chloroform, and Sol/ASC-DP/NOB
was mixed and sonicated in a pear-shaped flask at a weight
ratio of 8/1/1. The critical micelle concentration of Sol
was 0.82 mg/mL (Tanida et al.,, 2016). These samples were
evaporated (Rotavapor R-215, Buchi, Switzerland) at 40 °C

to prepare the solvent-evaporated nanoparticles (EVP). The
thin films were then hydrated with purified water to pre-
pare nanoparticles.

Physical mixture (PM)

The PM was prepared by weighing Sol/ASC-DP/NOB at
a weight ratio (8/1/1) and mixing with a vortex mixer for
1 min.

Measurement methods

Particle size measurement and zeta potential measurement
Particles dispersed in water were analyzed using a
Zetasizer Nano ZS (Malvern Instruments, Malvern,
UK) to measure mean particle size and polydispersity
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index (PDI). In addition, the zeta potential was meas-
ured to evaluate the surface charge, which is thought
to contribute to the stabilization of nanoparticles (Sol/
ASC-DP/NOB = 8/1/1). One milliliter of each sample
was added to the capillary cell, and measurements were
performed under the following conditions: Set Zero 60
s (particle size), 120 s (zeta potential), and a measure-
ment time of 180 s.

Stability test

To evaluate the stability of the prepared nanoparticles
(Sol/ASC-DP/NOB = 8/1/1), they were stored in a dark
room at 25 °C for 7 days. Particle size, PDI, and zeta
potential measurements were performed at 0, 1, 3, 5,
and 7 days, as described above. Nanoparticles in puri-
fied water, saline, and hydrated 5% glucose solutions
were also prepared for the stability test as these sol-
vents are commonly used diluents in clinical practice.

TH-1H NOESY/ROESY NMR spectrum measurement
Two-dimensional NMR measurements were performed
using a Varian NMR System 700 MHz (Agilent Tech-
nologies, Santa Clara, CA, USA) to confirm the changes
in molecular interactions in the solution of the EVP
(Sol/NOB = 8/2) and EVP (Sol/ASC-DP/NOB = 8/1/1)
in CDCl,. Spectroscopic characteristics of the nano-
particles were measured using an NMR spectrometer
(Varian System 700NB, Agilent) with an HCN probe
operating at 699.7 MHz and a CDCl; solution. Other
conditions were mixing time of 1500 ms (NOESY), 250
ms (ROESY), waiting for time 1 s, CDCl, as the solvent,
and 256 integrated times at 25 °C.

Differential scanning calorimetry (DSC) measurement

DSC measurements were conducted using a high-sen-
sitivity differential scanning calorimeter (Thermo plus
Evo, Rigaku, Tokyo, Japan) to check the changes in the
thermal behavior in the solid state of Sol/ASC-DP/
NOB systems. Approximately 2 mg of each sample was
placed in a sealed aluminum pan, and the measurement
was performed at a heating rate of 5 °C/min in a nitro-
gen gas 60 mL/min airflow.

Infrared (IR) spectrometry

IR measurements were performed using a JASCO
FT-IR 4600 (JASCO Corporation, Tokyo, Japan) to con-
firm the change in the interaction between molecules
in the solid state of Sol/ASC-DP/NOB systems. This
was achieved using the potassium bromide (KBr) plate
method. The plate was prepared by sandwiching the
sample between KBr plates, compressing, and forming
with a press. Background correction was performed by
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using a blank plate. The measurement range was 4000—
400 cm™,

DPPH radical scavenging test

To confirm the antioxidant power of Sol/ASC-DP/
NOB=8/1/1 systems, a DPPH radical scavenging test was
performed using a SPECTRA MAX microplate reader
(Spectra Max 190, Molecular Devices Japan Co., Ltd.,
Tokyo, Japan). A DPPH stock solution was dissolved in
ethanol to a final concentration of 40 umol/L. Each test
sample concentration dissolved in ethanol, 0.1 mol/L Tris
buffer solution, and DPPH ethanol stock solution was
added to a microplate to obtain a volume ratio of 2/2/1.
Using a microplate reader, the mixture was incubated
in the dark at 37 °C for 2 h, and the absorbance (As) of
DPPH was measured at a wavelength of 517 nm. The
inhibition rate was calculated from the obtained absorb-
ance, and the inhibition concentration was 50%. The
radical removal rate of a mixed solution (2/2/1) of etha-
nol/0.1 mol/L Tris solution/DPPH ethanol solution was
0% (Ag). A mixed solution of ethanol/0.1 mol/L Tris solu-
tion (3/2) was used as a radical removal rate of 100% (Bl:
blank). The DPPH radical removal rate was calculated
using the following formula:

Radical scavenging activity = [1 —(As—Bl/ (AO - Bl)] X 100

Skin permeability test

To evaluate the skin permeability of intact NOB and
EVP (Sol/ASC-DP/NOB = 8/1/1), the amount charged
was unified, and a skin permeability test was conducted
for a comparative study with the NOB suspension and
NOB-containing nanoparticle preparation (Sol/ASC-DP/
NOB=8/1/1). As a pretreatment, YUCATAN micropig
(YMPs, 5 months old, female, pig number: 72-020) skin,
frozen and stored at —80 °C, was thawed at 4 °C before
use. After thawing, subcutaneous fat was removed, and
the skin was cut to approximately 2.5 x 2.5 cm. The
stratum corneum (SC) was removed via tape stripping
30 times. The SC was removed to allow the estimation
of permeation parameters such as K,,; and D,,,; and aid
in the prediction of NOB concentration in the skin. The
treated YMP skin was approximately 2—3 mm thick. After
removing the stratum corneum, the YMP skin was placed
on a paper towel moistened with saline with the epider-
mis side up and stored at 4 °C for 20 h before use. The test
used a Franz-type diffusion cell (Perme Gear, PA, USA,
effective permeation area: approximately 0.95 cm?) which
was used for the permeability test following the method
described by (Yamaguchi et al., 2008; Arce et al., 2020).
The receiver compartment was filled with approximately
9.5 mL phosphate-buffered saline (pH 7.4; Thermo Fisher
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Scientific Life Technology Japan Co., Ltd., Tokyo, Japan).
During the permeation tests, the receiver compartment
was maintained at 32 & 2 °C and stirred. The YMP skin
was placed on a Franz-type diffusion cell, with the epider-
mis as the donor side and the dermis side as the receiver
compartment. Two milliliters of each NOB suspension
and the prepared nanoparticles (Sol/ASC-DP/NOB =
8/1/1) were added dropwise to the donor side.

After 24 h of the permeation test, the YMP skin was
removed from the Franz-type diffusion cell, the epider-
mal side was washed with saline, and the effective area
was finely chopped. The finely chopped YMP skin (0.2
g) was added with 2 mL of acetonitrile and was homog-
enized (26000 rpm, 2 min) using POLYTRON® BIO-
TRONA® PT 2500 E. The homogenized material was
centrifuged (4 °C, 2900 x g, 30 min) using a High-speed
Microcentrifuge CF16RN (Yamato Corporation, Tokyo,
Japan). After centrifugation, the supernatant was fur-
ther centrifuged (4 °C, 21500 x g, 10 min) and filtered
through a 0.45-um membrane filter (ADVANTEC®, Toyo
Roshi Company, Ltd., Tokyo, Japan) and was used dur-
ing HPLC analysis. Determination of NOB in YMP skin
was conducted using a Waters e2695 UV-Visible pho-
tometer (Waters Japan Ltd., Tokyo, Japan) under the fol-
lowing conditions: wavelength 336 nm; column Inertsil®
ODS-3 column (¢ 5 pm, 4.6 x 150 nm, GL Sciences Inc.
Tokyo, Japan); column temperature, 40 °C; mobile phase,
1% aqueous phosphoric acid solution/acetonitrile = 1/1;
injection volume, 50 pL; NOB retention time, adjusted to
approximately 7 min. The detection limit was 1.5 ng/mL,
and the quantification limit was 4.6 ng/mL.

Fluorescence microscope observation

Skin sections were evaluated by fluorescence microscopy
to visualize the degree of permeation of NOB in the skin.
The sample utilized was the effective area (i.e., formula-
tion-applied region) of the YMP skin after 24 h of the skin
permeability tests. A sample of the YMP skin (approxi-
mately 7.0 x 2.0 mm) was placed in a plastic-embedded
dish and filled with Tissue-Tek® optimum cutting tem-
perature (O.C.T.) Compound (Sakura® Finetek Japan
K.K., Tokyo, Japan). The samples were completely frozen
at —80°C. Sections made of the frozen skin samples were
cut at a 0.2-pum thickness using LEICA CM3050S (Leica
Biosystems, Nussloch, Germany) to prepare frozen sec-
tions. The prepared frozen sections were observed under
an all-in-one fluorescence microscope BZ-X800 (manu-
factured by KEYENCE, Osaka, Japan). The sections were
observed at an excitation wavelength of 340-390 nm.

Measurement of cell viability
A375 (human melanoma), B16 (mouse melanoma), 4T1
(mouse mammary tumor cell line), and HaCaT (human
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keratinocytes) cells were seeded in a 96-well plate at 3 x
10? cells/well at 37 °C and 5% CO, and incubated over-
night. Purified water was added as solvent control. Sol
alone, Sol/ASC-DP = 8/2, Sol/ASC-DP/NOB = 8/1/1,
and So/NOB = 8/2 were added at total lipid concentra-
tions of 0.1, 0.2, and 0.4 mg, respectively, and incubated
for 24 h at 37 °C in 5% CO, conditions. Living cells were
evaluated using a Cell Counting kit-8 (DOJINDO, Kuma-
moto, Japan) according to the manufacturer’s instruc-
tions. Briefly, a Cell Counting kit solution was added at
10 pL/well, and the absorbance at 450 nm was meas-
ured using a microplate reader (Molecular Devices, CA,
USA). The cell viability was calculated using the following
formula:

Cell viability (%) = [(As — Ab)/(Ac — Ab)] x 100

As: Absorbance of the sample
Ac: Control (untreated) absorbance
Ab: Absorbance of blank (medium only)

Statistical analysis

Statistical analysis of the skin penetration tests was per-
formed using Tukey’s test. ** p < 0.01 and * p < 0.05 were
considered significant differences. Statistical analysis
of cell viability was performed using Dunnett’s test and
compared with those treated with distilled water, with
significant differences at *** p < 0.001, ** p < 0.01, and *

p <0.05.

Results and discussion

Evaluation of Sol/ASC-DP/NOB particles

Particle size and zeta potential measurement

Nanoparticles are known to form in Sol and ASC-DP
(Takayama et al., 2021). Consequently, the particle size
and zeta potential measurements were performed to
assess the particulate formulation of Sol/ASC-DP with
NOB (Table 1). The average particle size of intact Sol was
approximately 76.7 nm, and the zeta potential was dem-
onstrated at approximately —4.4 mV. Because ASC-DP
and NOB are insoluble in water, it was confirmed that
intact ASC-DP was polydispersed between particle diam-
eters of 100 and 5000 nm, and intact NOB was dispersed
between particle diameters of 1000 and 2500 nm.

Mixed weight ratios (Sol/ASC-DP = 8/2, Sol/NOB
= 8/2, ASC-DP/NOB = 1/1, and Sol/ASC-DP/NOB
= 8/1/1, 8/1/ 2, 8/1/3, 9/1/1, and 9/1/2) were prepared
and evaluated based on the particle size distribution
and zeta potential. In the binary system Sol/ASC-DP =
8/2, it was confirmed that the average particle size was
approximately 134.5 nm, and the zeta potential was
approximately —25.9 mV. Precipitation could not be
visually confirmed with Sol/NOB = 8/2, but the parti-
cle size appeared as polydisperse between 70 and 5600
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Table 1 Particle size and zeta potential (ZP) of Sol/ASC-DP/NOB

systems

Sample Particle size (nm) ZP (mV)
Soluplus 76.7 £04 —-444+03
ASC-DP 100~5000 —734+33
NOB 1000~2500 —162+04
Soluplus/ASC-DP = 8/2 1345409 —259+19
Soluplus/NOB = 8/2 70~5600 —39+£10
ASC-DP/NOB = 1/1 150~6000 —164+04
Soluplus/ASC-DP/NOB = 8/1/1 928+ 0.1 —155+£03
Soluplus/ASC-DP/NOB = 8/1/2 90~5000 —222406
Soluplus/ASC-DP/NOB = 8/1/3 80~5500 —16.1+07
Soluplus/ASC-DP/NOB = 9/1/1 100~4700 —196+32
Soluplus/ASC-DP/NOB = 9/1/2 100~4000 —168+ 04

Results are expressed as mean + S.D. (n=3)

nm. ASC-DP/NOB = 1/1 exhibited drug precipitation
and a particle size between 150 and 6000 nm, which
appeared polydisperse. The formation of nanoparticles
in the binary system (Sol/ASC-DP = 8/2) was similar to
that reported by Takayama et al. (Takayama et al., 2021).
For the ternary system (Sol/ASC-DP/NOB = 8/1/1), an
average particle size of approximately 92.8 nm and zeta
potential of approximately —15.5 mV were observed
(Fig. 2). Sol/ASC-DP/NOB was confirmed as multidis-
persive in a wide range of 90-5000 nm at 8/1/2, 80-5500
nm at 8/1/3, 100-4700 nm at 9/1/1, and 100-4000 nm at
9/1/2. This suggested that nanoparticles were formed at a
mixed weight ratio (Sol/ASC-DP/NOB = 8/1/1).

The surface charge of the particles is essential in assess-
ing their dispersibility and stability, and particles with a
zeta potential of £ 30 mV or more are reported stable in
suspension, as the surface charge prevents particle aggre-
gation (Singh & Lillard, 2009). However, it has also been
reported that sufficient stabilization is possible in the
case of a high-molecular-weight stabilizer, even with a
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zeta potential of & 20 mV or less (Mishra et al., 2009). It
has been reported that Sol has a high molecular weight
and is used as a stabilizer (Yang et al., 2014). Therefore,
it is inferred that the zeta potential of the nanoparticles
prepared with Sol/ASC-DP/NOB = 8/1/1 is relatively
stable even at approximately —15.5 mV. Based on this
result, a stability test was performed to evaluate the state
of the nanoparticles after preparation and the validity of
the zeta potential.

Stability test

To examine the stability of the prepared nanoparti-
cles, a suspension was obtained using purified water, a
5% glucose solution, and saline as a dispersion medium
prepared with EVP (Sol/ASC-DP/NOB = 8/1/1). These
dispersion media are commonly used as pharmaceuti-
cal formulations for injections in clinical practice. These
were evaluated for their 7-day stability under light-shield-
ing conditions at 25 °C (Fig. 3).

On the first day of preparation (Fig. 3a), the saline
solution was observed to have a particle size in the wide
range of 100—1000 nm, and the zeta potential was —1.8
=+ 0.1 mV. On the 7th day (Fig. 3b), the zeta potential was
—2.3 &+ 0.4 mV, which was observed polydispersed over a
wide range of 50—6000 nm. Based on the above points, it
is presumed that salting out occurred when physiological
saline was added, which made the particles unstable.

The Sol/ASC-DP/NOB = 8/1/1particles suspended
in 5% dextrose solution was measured to have particles
approximately 109.1 + 2.6 nm in size and —8.0 + 0.4
mV in zeta potential on the first day (Fig. 3c). A large
increase in particle size was observed on the 3rd day and
on the 7th day (Fig. 3d), the particle size was observed at
approximately 144.5 £ 15.9 nm, and the zeta potential
was —21.2 £ 0.6 mV. On the 7th day, in addition to the
particle size of 144.5 nm, a peak considered agglutination
was widely observed in the range of 1000-4000 nm. The
particles suspended in purified water were observed to
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be approximately 97.5 + 0.7 nm and have a zeta poten-
tial of —16.5 & 0.2 on the first day of preparation (Fig. 3e)
and remained stable on the 7th day (Fig. 3f). In addi-
tion, the peak considered agglutination, seen at approxi-
mately 4000 nm on the 7th day, is extremely small, and
most of them exist with a particle size almost the same
as that on the 1st day, so it is inferred that the state is sta-
ble. The charge on the surface of the particles is essential
in assessing the dispersibility and stability of the parti-
cles. However, it has also been reported that sufficient
stabilization is possible in the case of a high-molecular-
weight stabilizer, even with a zeta potential of + 20 mV
or less (Mishra et al., 2009). Those prepared with puri-
fied water showed no significant change in particle size,
and the zeta potential remained unchanged from —16.5
to —16.2 mV from day 1 to day 7. Because Sol is a sta-
bilizer of high molecular weight, the zeta potential of
EVP (Sol/ASC-DP/NOB = 8/1/1) is £ 20 mV or less,
which is a reasonable value that is inferred stable for 7
days. However, the 5% glucose solution showed a lower
zeta potential (—8.0 mV on the first day of prepara-
tion), indicating an increase in particle size. Salting out
was presumed to have occurred when saline was used

as a dispersant, suggesting that EVP (Sol/ASC-DP/
NOB=8/1/1) hydrated in purified water provided more
stable nanoparticles.

TH-TH NOESY ROESY NMR spectral measurement

At Sol/ASC-DP/NOB=8/1/1, stable particle formation
was observed. This suggests that the particle formation
may be due to intermolecular interactions in the solu-
tion. Therefore, 'H-'"H NOESY ROESY NMR measure-
ments were performed to investigate intermolecular
interactions in the solution (Fig. 4). The attribution of Sol
is based on that reported by Xia et al. (Dengning et al,,
2016). Molecular interactions in the binary component
system (Sol/ASC-DP) were initially assessed. In EVP
(Sol/ASC-DP=8/2) (Fig. 4), cross-peaks were observed
between methyl groups Y (1.8-2.0 ppm) and 7-mem-
bered ring moiety Z (1.5-1.8 ppm) derived from Sol and
CH groups a (4.8 ppm), b, and ¢ (4.6—4.7 ppm) derived
from ASC-DP (Fig. 4b).

No particle formation was observed for EVP (Sol/NOB
= 8/2) and EVP (ASC-DP/NOB = 1/1), unlike Sol/ASC-
DP/NOB = 8/1/1, suggesting that no intermolecular
interaction occurred or that there were some differences.
Measurements were also performed for EVP (Sol/NOB =
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8/2) and EVP (ASC-DP/NOB = 1/1). In EVP (Sol/NOB
= 8/2) (Fig. 5), a cross-peak was identified between the
PEG structure moiety: X (3.6 ppm) of Sol and the aro-
matic moieties 2, 1, 2, and 5’ (6.4—7.8 ppm) derived from
NOB (Fig. 5b). In addition, the CH; group: Y (2.0 ppm),
the 7-membered ring moiety: Z (1.5-1.8 ppm) derived
from Sol, and the aromatic moiety derived from NOB:
2,1, 2/, and 5’ (6.4-7.8 ppm) (Fig. 5c). Furthermore, a
cross-peak was identified between the CH; group derived
from Sol: Y (2.0 ppm), the 7-membered ring moiety:
Z (1.5-1.8 ppm), and the methoxy group, CH,, derived
from NOB: 6,8 (3.8—4.2 ppm) (Fig. 5d). EVP (ASC-DP/
NOB = 1/1) was measured; however, no cross-peak was
identified, suggesting no interaction occurred (data not
shown). This indicated that intermolecular interactions
may have occurred in Sol/ASC-DP and Sol/NOB. EVP
(Sol/NOB = 8/2) was identified as dispersed over a wide
range of 70-5600 nm from the particle size measurement
results (Table 1); however, no precipitation was observed
visually. This suggests that the interaction between Sol
and NOB in NMR measurements is responsible for par-
ticle formation.

Next, interactions in the ternary system were evaluated
(Fig. 6). Surprisingly, in EVP (Sol/ASC-DP/NOB=8/1/1)
(Fig. 6), the Sol-derived PEG moiety X (3.6 ppm) and
NOB-derived aromatic ring moieties 2, 1/, 2/, and 5’
(6.4-7.8 ppm) disappeared (Fig. 6b). In EVP (Sol/NOB =
8/2) (Fig. 5¢), the cross-peaks of CH; group: Y (2.0 ppm),
7-membered ring moiety: Z (1.5-1.8 ppm) from Sol, and
proton 2, 1/, 2/, 5/ (6.4-7.8 ppm) of aromatic ring moi-
ety from NOB disappeared (Fig. 6¢). Although a cross-
peak between the 7-membered ring moiety: Z (1.5-1.8
ppm) from Sol (Sol/ASC-DP=8/2) (Fig. 4b) and the
methoxy group: 6,8 (3.8 ppm) from NOB was observed,
no cross-peaks were observed for EVP (Sol/ASC-DP/
NOB=8/1/1) (Fig. 6d). Amazingly, CH; of the methoxy
group from NOB: 6,8 (3.8—4.2 ppm), CH; group of Sol:
Y (2.0 ppm), and alkyl side chain of ASC-DP: d (1.2 ppm)
(Fig. 6d) could all be identified, indicating a novel interac-
tion between the cross-peaks. Furthermore, a new cross-
peak was identified between PEG structure X of Sol (3.6
ppm) and the side chains d, e (0.8—1.2 ppm) of ASC-DP
(Fig. 6d). The newly identified peak was not observed
for EVP (Sol/ASC-DP = 8/2) or EVP (Sol/NOB = 8/2)
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(Figs. 4b and 5d), suggesting that it is a specific peak in
the ternary system (EVP (Sol/ASC-DP/NOB = 8/1/1).

In the ternary system, the protons in the aromatic
ring portion of NOB become free via the NOB meth-
oxy group, CH;, and the side chain of ASC-DP, the Sol
CH,; group Y, the PEG skeleton of Sol, and the side chain
of ASC-DP. It was confirmed that the interactions had
changed. From the above, it can be inferred that the
inclusion of a component that is not a two-component
system causes a change in the interaction, contributing to
the formation of stable particles.

Evaluation in solid-state

Differential scanning calorimetry (DSC) measurement

From the results of NMR spectrum measurements, it is
considered that the solid state before hydration affects
the formation of nanoparticles. In other words, we pos-
ited that Sol/ASC-DP/NOB might have already inter-
acted in the solid state. Therefore, to confirm the thermal
behavior as an evaluation in the solid state, DSC meas-
urements were performed (Fig. 7). For Sol, an exother-
mic peak derived from decomposition was confirmed at
approximately 279 °C (Fig. 7a). ASC-DP has a melting

point-derived endothermic peak near 58, 95, and 114 °C
(Fig. 7b), NOB has a melting point-derived endothermic
peak near 138 °C, and a decomposition-derived exother-
mic peak near 314 °C (Fig. 7c). For a single sample (Sol,
ASC-DP, NOB), the endothermic peak disappeared after
EVP. As aresult, it was assumed that the peak did not dis-
appear due to EVP and that EVP had no effect (data not
shown). In EVP (ASC-DP/NOB = 1/1) (Fig. 7f), endo-
thermic peaks were confirmed at approximately 71, 94,
and 118 °C. In PM (Sol/ASC-DP/NOB = 8/1/1) (Fig. 7g),
peaks were confirmed at 57, 95, and 128 °C, where the
peaks were slightly shifted owing to the melting point
depression. However, no interaction was observed in
the DSC results. However, for EVP (Sol/ASC-DP=8/2)
(Fig. 7d), EVP (Sol/NOB = 8/2) (Fig. 7e), and EVP (Sol/
ASC-DP/NOB = 8/1/1) (Fig. 7h), the endothermic peaks
derived from the melting points of ASC-DP and NOB
disappeared. It was inferred that an interaction occurred
between ASC-DP and NOB.

Infrared measurement
IR measurements were performed to confirm the inter-
molecular interactions in the solid state, suggesting the
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possibility of interaction in the solid state in the DSC. In
Sol (Fig. 8a), a peak derived from C=O adjacent to the
tertiary amide at 1634 cm™! and a peak derived from
the C=0 of the ester at 1732 cm ™! were observed. Peaks
derived from C-H stretching were confirmed at 2857 and
2922 cm™!, and a peak derived from the OH group was
confirmed at 3463 cm ™. Because Sol has a PEG skeleton,
it was inferred that the CH group of PEG contributed
significantly to the peak confirmed in the CH region. In
ASC-DP (Fig. 8b), a peak derived from the C=0 of the
ester was confirmed at 1674 cm™!, and a peak derived
from the C=0 of the lactone ring was confirmed at 1742
cm™!. The peak derived from CH stretching was con-
firmed at 2840—-2960 cm ™. A peak derived from the OH
group is observed at 3453 cm ™. In NOB (Fig. 8c), a peak
derived from aromatic C=C was confirmed at 1519 and
1589 cm™!, and a peak derived from C=0 was confirmed
at 1644 cm™!. A peak derived from the CH group was
confirmed at 2830-3010 cm™!. First, in the two-com-
ponent EVP (Sol/ASC-DP = 8/2) (Fig. 8d), the peak at
1732 cm™! indicates the C=0 of Sol ester, and the peak
at 1674 cm™! indicates the C=0 of the ASC-DP ester,
and the 1740 cm™! peak from C=0 on the lactone ring

of ASC-DP disappeared. The disappeared peaks were
shifted to the high-wavelength side of 1772 cm™! and
1737 cm™L. In addition, the peak of CH, which was con-
firmed at 2922 ¢cm™! in Sol and 2918 cm™! in ASC-DP,
was established by shifting to the high-wavelength side of
2925 ¢cm™!. Because Sol has a PEG skeleton, it is inferred
that the peak confirmed at 2922 cm™! shifted this time
is derived from PEG. Furthermore, the peaks at 3463
cm™! for Sol derived from the OH group and 3453 cm™*
for ASC-DP were broadened to the low-wavelength side.
From this, it was inferred that an intermolecular inter-
action due to a hydrogen bond occurs between the OH
group derived from the ester of Sol, the CH derived from
PEG of Sol, and the OH group of ASC-DP.

In EVP (Sol/NOB = 8/2) (Fig. 8e), the peak at 1519
c¢m™!, which is considered derived from the C=C of the
aromatic of NOB, was shifted to the low-wavelength
side of 1516 cm™'. The 1742 cm™! peak from the C=0
in NOB disappeared. The peaks at 2922 cm™!, derived
from CH in the PEG skeleton of Sol, and 2934 cm™},
derived from CH in NOB, were confirmed to shift to
2928 cm ™!, The peak derived from the OH group, which
was confirmed at 3463 cm™! in Sol, was shifted to the
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low-wavelength side of 3459 cm™'. From this, it can be
inferred that there is a possibility that hydrogen bonds
also mediate the interaction.

In EVP (ASC-DP/NOB = 1/1) (Fig. 8f), the peak at
1742 cm™! attributed to the C=0 of the lactone ring
of ASC-DP disappeared. The disappearance of the
peaks shifted to 1732-1771 cm™!. In addition, the
peak at 2934 cm™! derived from the CH of NOB dis-
appeared. The peak derived from the OH group, which
was confirmed at 3453 cm~' by ASC-DP, was shifted
to the high-wavelength side of 3547 and 3471 cm™!. In
FT-IR, it is known that the peak derived from the OH

group shifts to lower wavelengths as hydrogen bonds
are formed (RajPant et al., 2010). In EVP (ASC-DP/
NOB = 1/1), the peak derived from the OH group was
shifted to the high-wavelength side. From this, it can
be inferred that ASC-DP and NOB exist in a weak and
unstable state, although an interaction due to hydrogen
bonds occurs by combining them. The ternary system
was then evaluated. In PM (Sol/ASC-DP/NOB = 8/1/1)
(Fig. 8g), a peak derived from a single substance was
confirmed, and no change was confirmed; therefore,
it is inferred that no interaction occurred in PM. In
EVP (Sol/ASC-DP/NOB = 8/1/1) (Fig. 8h), the peak at
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1519 cm™?, which is considered derived from the aro-
matic C=C of NOB, was shifted to the low-wavelength
side of 1516 cm™'. A peak thought to be derived from
C=0 of Sol was confirmed at 1732 and 1635 cm™?, but
the peak at 1742 cm™! derived from C=0 of ASC-DP
disappeared and shifted to the low-wavelength side of
1770 cm™!. The peak at 2922 cm™', which is thought
to be the CH moiety of the Sol-derived PEG skeleton,
shifted to the longer wavelength side at 2925 cm ™. The
peaks derived from the OH group at 3463 cm™! for Sol
and 3453 cm™! for ASC-DP were shifted to the low-
wavelength side of 3450 cm™'. The new peak at 1772

cm™! created by EVP (Sol/ASC-DP) was confirmed to
shift to 1770 cm™" at EVP (Sol/ASC-DP/NOB = 8/1/1).
In addition, since the peak derived from OH was con-
firmed to shift to the low-wavelength side of 3450
cm™, it is inferred that the interaction was further
fixed by adding NOB, and the peak shifted to the low-
wavelength side.

In FT-IR, the peak derived from the OH group shifts
to a lower wavelength as the hydrogen bond strength
becomes stronger (RajPant et al., 2010), causing the
OH peak to spread (Diaz-Visurraga et al., 2012). There-
fore, in EVP (Sol/NOB = 8/2), where particle formation
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was not confirmed in the solution state, the peak con-
sidered in the OH group was confirmed at 3463 cm™!
for Sol and 3453 cm™! for ASC-DP. The peak con-
firmed the OH group was at 3459 cm™'. In EVP (Sol/
ASC-DP = 8/2) and EVP (Sol/ASC-DP/NOB = 8/1/1),
where particle formation was confirmed in solution, it
was confirmed that the particles were shifted toward
the low-wavelength side of 3450 cm™'. Broadening of
the peak width was also observed, suggesting that the
molecular motion was suppressed through molecu-
lar interactions. This indicates that stronger hydrogen
bond-mediated interactions occur in the particles that
formed even in the solid state.

Evaluation of effectiveness

DPPH radical scavenging test

The antioxidant capacity of NOB and ASC-DP was
evaluated using a DPPH radical scavenging test, as
NOB and ASC-DP have been reported to have the anti-
oxidant capacity (Yia et al., 2008; Piyapong et al., 2012)
(Fig. 9). The antioxidant capacity of ASC-DP alone and
NOB alone showed ICg,: 47.8 pg/mL and 838.3 pg/mL,
respectively (Fig. 9a, b). Sol alone did not exhibit any
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antioxidant capacity (data not shown). PM (ASC-DP/
NOB = 1/1) (Fig. 9¢c) had an ICg, of 55.8 pg/mL as ASC-
DP. The antioxidant capacity of EVP (Sol/ASC-DP = 8/2)
(Fig. 9d) and EVP (Sol/ASC-DP/NOB = 8/1/1) (Fig. 9d)
was ICg, 47.1 pg/mL and ICy, 46.7 pg/mL, respectively.
Yia et al. reported that the antioxidant capacity of NOB
is ICs, 40.97 pg/mL (Yia et al,, 2008). In contrast, Danila
et al. reported that NOB has a flavonoid backbone, but
its antioxidant capacity is reduced owing to its methoxy
group (—OCHj,) structure (Danila et al., 2005). In this
study, the IC;, was 838.3 pg/mL. Therefore, it can be
speculated that ASC-DP contributes to the antioxidant
capacity of EVP (Sol/ASC-DP/NOB = 8/1/1) and EVP
(Sol/ASC-DP = 8/2). Although EVP (Sol/ASC-DP = 8/2)
and EVP (Sol/ASC-DP/NOB) formed particulates, the
OH groups derived from ASC-DP did not interact with
NOB or Sol, thereby maintaining the same antioxidant
capacity as ASC-DP alone.

Skin permeability test and fluorescence microscope
observation

First, a skin permeation test was conducted for a com-
parative study with intact NOB and EVP (Sol/ASC-DP/
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Fig. 9 DPPH radical scavenging test of Sol/ASC-DP/NOB=8/1/1 systems. a ASC-DP, b NOB, ¢ ASC-DP/NOB = 1/1, d Sol/ASC-DP = 8/2, and e Sol/
ASC-DP/NOB = 8/1/1. The results are expressed as the mean£S.D. (n=3)
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NOB = 8/1/1). In pig skin permeability tests, HPLC
quantification results could not confirm the permeation
of NOB in the receiver compartment at 0, 1, 3, 6, and
24 h. Therefore, the effective area of porcine skin after
24 h was homogenized and measured for the residual
amounts of NOB in the skin (Fig. 10). For the NOB sus-
pension, 0.73 pg/cm? of NOB was retained in the skin,
whereas 1.65 pg/cm?® was held in the for EVP (Sol/ASC-
DP/NOB = 8/1/1). Therefore, to confirm that NOB sus-
pension was distributed/retained in the skin, a frozen
section of YMP skin was prepared after 24 h of the skin
permeation experiment and observed under a fluores-
cence microscope (Fig. 11). NOB fluorescence is reported
as visible at approximately 480 nm (Peng et al., 2019). In

the suspension of NOB alone, NOB luminescence was
confined to the stratum corneum (Fig. 11a, b), whereas
in EVP (Sol/ASC-DP/NOB = 8/1/1), it was observed not
only in the stratum corneum but also penetrated slightly
into the epidermis (Fig. 11c, d). In skin penetration and
permeation of drugs, the “500 Da limit theory” must be
factored into the discussion. Bos and Meinardi stated in
the “500 Da Limit Theory” that drugs that can be deliv-
ered to skin tissue for local or systemic action without
using transdermal absorption promoting technology are
limited to hydrophobic drugs or drugs with a molecular
weight of 500 or less (Bos & Meinardi, 2009). From the
“500 Da limit theory, it is unlikely that the nanoparti-
cles prepared in this study can maintain their shape and

b, d objective x 4

Fig. 11 Fluorescence microscope images of the epidermal side of YMP skin. a, b Intact NOB; ¢, d EVP (Sol/ASC-DP/NOB = 8/1/1). a, ¢ Objective x 4;
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penetrate the skin. Furthermore, it has been reported
that fatty acids which have 10 to 18 carbon atoms are
endogenous components of human skin and enhance the
percutaneous penetration of lipophilic and hydrophilic
substances (Tuntiyasawasdikul et al., 2014). Because
ASC-DP contains palmitic acid with 16 carbon atoms, it
may improve the transdermal permeability of NOB. Sol
exhibits a surface-active effect. Surfactants have both
hydrophilic and lipophilic groups and are adsorbed on
the boundary surfaces of substances such as water and
oil, which are inherently immiscible, to provide a bridg-
ing function. Sol and ASC-DP, being amphiphilic, forge
interactions with the lipophilic and hydrophilic portions
of the SC facilitating its passage. Moribe et al. (Moribe
et al., 2010b) reported the preparation of microparticles
by DSPE-PEG/ASC-DP and we reported the preparation
of microparticles by Sol/ASCDP (Takayama et al., 2021).
Notably, in this study, Sol/ASC-DP enabled the prepara-
tion of nanoparticles, further expanding the application
of encapsulated NOB to the skin. Therefore, the perme-
ability may have been improved by the surfactants, Sol
and ASC-DP, with saturated fatty acids. Consequently,
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we speculated that NOB was observed in the skin from
the EVP (Sol/ASC-DP/NOB=8/1/1) formulation.

Cell viability assay

It was confirmed that the skin permeability of NOB was
improved and affirmed by the fluorescence microscope
observations. Therefore, to evaluate the functionality
of NOB in the skin, cell viability was measured in B16
and A375 skin-related melanoma cells, 4T1 breast can-
cer cells (that penetrated the skin surface), and HaCaT
keratinocytes (Fig. 12). Distilled water, unaltered Sol,
Sol/ASC-DP = 8/2, Sol/ASC-DP/NOB = 8/1/1, and Sol/
NOB = 8/2 were added and evaluated. NOB was intact,
but aggregation was observed even when dissolved in
DMSO, and valid data could not be obtained; therefore,
it was not used.

In A375 (Fig. 12a), a decrease of approximately 20%
was confirmed at 0.2 mg/mL and 0.4 mg/mL with Sol
alone. At Sol/ASC-DP = 8/2, a decrease of approximately
10% was observed at 0.1 mg/mL, but no significant differ-
ence was observed at any concentration. At Sol/ASC-DP/
NOB = 8/1/1 and Sol/NOB = 8/2, both decreased in a
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concentration-dependent manner, and at 0.1 mg/mL, a
significant decrease of approximately 20% was observed.
Furthermore, a significant decrease of 40% or more was
confirmed at 0.4 mg/mL. However, since the content of
NOB in Sol/ASC-DP/NOB is half that of Sol/NOB, Sol/
ASC-DP/NOB nanoparticles are suggested to have an
enhanced inhibitory effect on cell proliferation. It was
suggested in B16 (Fig. 12b) that unaltered Sol was con-
firmed to decrease 0.2 mg/mL and 0.4 mg/mL, similar to
A375, by approximately 20%. At Sol/ASC-DP = 8/2, the
cell number increased by approximately 10% at 0.1 mg/
mL and decreased by approximately 10% at higher con-
centrations, but no significant difference was confirmed.
At Sol/ASC-DP/NOB = 8/1/1, it decreased in a concen-
tration-dependent manner, and a significant decrease of
approximately 40% at 0.1 mg/mL and approximately 50%
at 0.2-0.4 mg/mL was confirmed. A significant decrease
of approximately 30% at 0.1-0.2 mg/mL and approxi-
mately 40% at 0.4 mg/mL was confirmed at Sol/NOB =
8/2. In B16 and A375, Sol/ASC-DP/NOB (8/1/1) nano-
particles were shown to enhance the inhibitory effect on
cell proliferation. In 4T1 (Fig. 12c), a significant decrease
of 20% or more was confirmed in unaltered Sol even at
a 0.1-mg/mL concentration. At Sol/ASC-DP = 8/2, a
significant decrease of 20% was confirmed at 0.4 mg/
mL. A 40% decrease was confirmed at 0.1 mg/mL for
both Sol/ASC-DP/NOB = 8/1/1 and Sol/NOB = 8/2. It
decreased in a concentration-dependent manner, and a
60% decrease was confirmed at 0.4 mg/mL. We confirm
that NOB had a stronger inhibitory effect on cell prolif-
eration in 4T1 than A375 and B16. HaCaT (Fig. 12d) did
not show a decrease in viability with Sol alone. In addi-
tion, Sol/ASC-DP = 8/2 did not show any change in cell
viability as in Sol intact. However, a significant decrease
of 40% at 0.1 mg/mL and 60-70% at 0.4 mg/mL was con-
firmed at Sol/ASC-DP/NOB = 8/1/1 and Sol/NOB =
8/2. In HaCaT cells, Sol/ASC-DP/NOB (8/1/1) nanopar-
ticles showed cell growth inhibition at higher concentra-
tions than the other three cell tests.

The nanoparticle formulation prepared with Sol/ASC-
DP/NOB = 8/1/1 had the same inhibitory effect on cell
viability, even though the NOB content was half that
of Sol/NOB = 8/2 in the mixed weight ratio. With the
degree of decrease in cell viability of Sol/NOB = 8/2 con-
firmed, this suggests that the cell proliferation inhibitory
effect is enhanced when nanoparticles are prepared as
Sol/ASC-DP/NOB = 8/1/1.

It has been reported that NOB has a C5 methoxy group
in the flavonoid skeleton, and the hydroxylated polym-
ethoxyflavonoid is thought to induce apoptosis in HaCaT
cells, and the C3’ methoxy group also shows cell growth
inhibition (Abe et al., 2018). The present NMR measure-
ments confirmed that the protons 2, 1/, 2/, and 5’ of the
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aromatic portion of NOB interacted with the PEG moiety
(X), methyl group (Y), and 7-membered ring portion (Z)
of Sol at Sol/NOB = 8/2. Furthermore, the C6,8 methoxy
group of NOB interacted with the methyl group Y and the
7-membered ring moiety Z of Sol (Fig. 5). However, in the
case of Sol/ASC-DP/NOB = 8/1/1, the interaction that
occurred at the aromatic moieties 2, 1/, 2/, and 5’ derived
from NOB disappeared, and the interaction between the
methoxy group C6,8 of NOB and the 7-membered ring
moiety Z of Sol was also not observed. Furthermore, a
new interaction between the methoxy group (C6,8) of
NOB and the side chain (d) of ASC-DP and between the
methyl group (Y) of Sol and the side chain (d) of ASC-DP
were observed (Fig. 6). Consequently, Sol/ASC-DP/NOB
= 8/1/1 shows the disappearance of the interaction of the
aromatic moiety of NOB, which occurred at Sol/NOB =
8/2, and a difference in the interaction of the methoxy
groups: C6,8. Therefore, it was speculated that the molec-
ular mobility of the methoxy groups C3',5 of NOB in Sol/
ASC-DP/NOB = 8/1/1 was also affected, contributing to
a 2-fold decrease in cell viability compared to Sol/NOB =
8/2. Based on these findings, Sol/ASC-DP/NOB = 8/1/1
is an intriguing case, suggesting the role of regulating the
molecular mobility of methoxy groups C3',5 of NOB in
stable nanoparticles in the improvement of its antitumor
activity.

Conclusion

For Sol/ASC-DP/NOB = 8/1/1, it was suggested that
newly prepared nanoparticles using the hydration
method are approximately 100 nm in size. Skin per-
meation tests and fluorescence microscopy confirmed
its penetration and had a high deposition of NOB into
the skin. In the DPPH radical scavenging test, Sol/
ASC-DP/NOB had an antioxidant capacity of ICy, =
46.7 ug/mL as ASC-DP. Sol/ASC-DP/NOB (8/1/1) sig-
nificantly suppressed A375, B16, 4T1, and HaCaT cells
by 20-40% at 0.1 mg/mL concentration in cell viabil-
ity measurements. The detail of Sol/ASC-DP/NOB
nanoparticle formation is mainly due to the interac-
tion between Sol, ASC-DP, an ascorbic acid deriva-
tive, and NOB, a flavonoid moiety; this information
will be useful for other researchers intending to study
nanoparticles containing flavonoid-based drug moie-
ties. The formation of Sol/ASC-DP/NOB nanoparticles
enhances its antioxidant capacity, anti-tumor activity,
and skin deposition of NOB.
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