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Background: To establish a novel delivery system of RGD-conjugated resveratrol human
serum albumin (HAS) nanoparticles in ovarian cancer therapy.

Methods: The nanoparticles system was characterized for physicochemical properties, the
stability in the serum and in vitro release. The comparison between RVT injection, HSA-
RVT NPs and RGD-HSA-RVT NPs regarding tissue distributions and pharmacokinetics was
also carried out using mice as the animal models.

Results: The results showed that RGD-HSA-RVT NPs were characterized of small particle
size about 128.2 nm and negative zeta potential about —21.42 mV, and drug controlled to
release slowly on a biphasic pattern. Compared with control groups, RGD-HSA-RVT NPs
showed the higher cellular uptake and cell inhibition rates. In vivo data showed that RGD-
HSA-RVT NPs have good tumor enrichment characteristics and a significant difference in
tumor inhibition, compared with the control group.

Conclusion: RGD-conjugated resveratrol HSA nanoparticles are an ideal drug delivery
system, which can play a role in the treatment of ovarian cancer.

Keywords: resveratrol, HAS, nanoparticle, cellular uptake, cell viability, tissue distributions,

pharmacokinetics

Introduction

Despite advances in treatment over the past 40 years, ovarian cancer is the second most
common gynecological cancer, with more deaths than any other cancer of the repro-
ductive system. Ovarian cancer is not easy to diagnose because the most common
symptoms of persistent abdominal distension — pain and pelvic pressure — can be
attributed to many reasons.' Patients may be asymptomatic before an abdominal mass
or tumor metastasis is found in routine pelvic examination. Therefore, for most of the
women who visit the hospital, it has advanced to the late stage before diagnosis.? About
75% of patients are in Phase II-IV at the time of diagnosis.® In the past two decades,
chemotherapy for ovarian cancer has made great progress. The treatment for advanced
disease has shifted from the use of alkylating agents to the currently recommended
treatment based on taxane and platinum compounds.'*

Resveratrol (RVT) is a non-flavonoid polyphenol containing stilbene struc-
tural elements, which is widely found in grapes, lilies and other plants.* RVT has
been proved to have anti-inflammatory, anti-microbial, anti-oxidation, anti-virus,
anti-atherosclerosis, immunomodulatory and neuroprotective effects. It is worth
noting that the accumulated evidence supports that RVT has significant antitumor
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properties for a variety of human cancers, and many
signaling pathways have been revealed, contributing to
the anti-proliferation and apoptosis induced by RVT in
mechanism. RVT has a significant therapeutic effect on
hepatocellular carcinoma, ovarian carcinoma and leuke-
mia. It was initially found to inhibit the invasion of
hepatoma cells independent of its anti-proliferative
activity.” Opipari et al reported on RVT induced autop-
hagocytosis in ovarian cancer cells.® The chemopreven-
tive effect of RVT on promyelocytic leukemia cells was
first revealed by Jang et al.” Subsequent investigations
elucidate the potential of RVT in inducing cell apoptosis
in ovarian cancer cells.® It is necessary to point out that
the addition of some cosolvent, such as polyoxyethylated
castor oil, to traditional formulation to increase the solu-
bility of RVT is related to severe and sometimes fatal
hypersensitivity reactions.”'® To reduce the risk of
hypersensitivity reactions with solvent-based formula-
tion, patients are routinely pretreated with corticosteroids
and antihistamines.

In order to overcome these obstacles, researchers are
committed to improving the efficacy of drugs through
pharmaceutical methods. Nanomaterials (NMs), including
nanoparticles (NPs), micelles, dendrimers and liposomes,
have become new tumor diagnostic probes and/or thera-
peutic drugs.''™"® Abraxane® represents a successful clin-
ical application of NMs in cancer nanomedicine. It is an
albumin binding paclitaxel NP approved by FDA for the
treatment of breast cancer,'* non-small-cell lung cancer'’
and other solid tumors.'®!”

In addition, ovarian cancer is one of the solid tumors
outside of the current indications in which albumin-bound
paclitaxel is an NCCN-recommended treatment option.'®
Adding paclitaxel of albumin into NPs makes hydrophobic
paclitaxel water-soluble and avoids the use of solubilizer.'’
Through the EPR effect, Abraxane™ could be accumulated in
specific tumor sites, reducing its cytotoxicity to normal tis-
sues and increasing its maximum tolerance dose.

Although albumin nanoparticles have excellent biolo-
gical characteristics as drug carriers, it is still necessary to
further study how to optimize their selective targeting
ability to tumor cells and to release chemotherapy drugs
in a controlled way. To solve the problem of site-specific
targeting, some researchers have tried to couple the albu-
min drug carrier with targeted agents such as folic acid and
transferrin to enhance its tissue specificity.?’

Ideally, if a targeted agent with therapeutic effect could be
physically or covalently bound to albumin, the therapeutic

effect would be better. The arginine-glycineaspartic acid
(RGD) sequence was found in fibronectin some 20 years
ago as a cell attachment site. It was found that RGD peptides
could inhibit tumor metastasis and induce cell apoptosis.?* >*
Since then, peptides containing RGD motif have been widely
used to study the effects of RGD integrin interaction on cell
adhesion, migration, growth and apoptosis. Integrin av3 is
expressed on many kinds of tumor cells, including ovarian
cancer.”

In this study, we prepared RGD-HSA-RVT NPs that
had both good water solubility and tumor-targeting prop-
erty. The generated NPs were characterized for physico-
chemical properties, the stability and in vitro release.
Finally, comparison between RVT injection, HSA-RVT
NPs and RGD-HSA-RVT NPs regarding tissue distribu-
tions and pharmacokinetics were also carried out using
mice as the animal models.

Materials and Methods

Materials

RVT was gifted by Gaoyuan Biopharmaceuticals Co Ltd
(Xian, China). RGD peptide (MW =1100 Da) was pur-
chased from Biochempartner (Shanghai, China). SKOV3
ovarian cancer cell lines were purchased from the
Shanghai Institute of Biochemistry and Cell Biology. The
chemical and solvents used were analytical or HPLC. In
this study, deionized water was used. Balb/c mice (5-6
weeks old, 2242 g) were obtained from the Laboratory
Animal Center of Faculty at the Second Affiliated Hospital
of Soochow University, China. All animals were free of
pathogens and had free access to food and water. Animal
experiments were carried out in accordance with the
guidelines issued by the National Institutes of Health and
approved by the second affiliated hospital of Soochow
University.

Preparation of RGD-HSA-RVT NPs

The RVT-HSA-NPs were prepared by a high-pressure
homogenizer and emulsion-solvent evaporation method
using. The initial concentration of HSA was 10 mg/mL
in 10 mL deionized water. A mixture of chloroform and
ethanol was added to the initial HSA solution at the ratio
of 94:6 (5% v/v). RVT (1 mg/mL) was dissolved in
a mixture of 5% v/v chloroform and ethanol (94:6), and
then mixed with the HSA solution by volume. This emul-
sion was first homogenized for 2 min before being treated
by a hand-held Omni Micro homogenizer, followed by
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high-pressure homogenization. A homogenization pressure
of 15,000 psi was applied to the emulsion, and 10 homo-
genization cycles were performed. The emulsion subjected
to various homogenization cycles was passed through the
homogenizer valve and collected through a connecting
tube at the base of the assembly to form nano-sized emul-
sion droplets. After high-pressure homogenization, the
obtained colloidal solution was transferred to a round bot-
tom flask, and a vacuum pressure of 400 mm Hg was
applied at 40 °C for 30 minutes with rotated evaporation
at 90 rpm. This process ensured the complete removal of
the organic solvent from the emulsion, resulting in the
formation of RVT-HSA-NPs.

To conjugate RGD peptide to RVT-HSA-NPs, RVT-HSA
-NPs modification with MBS (Methyl methacrylate-
Butadiene-Styrene) was performed as described by
Masahiro Tomita.?® RVT-HSA-NPs were activated for half
an hour at room temperature with MBS (10 mg/mL in DMF,
heterobiofunctional cross-linker). After activation, the sus-
pension and RGD peptide were co-incubated at room tem-
perature for 3 h at a molar ratio of 10:1. In this step, the
maleimide group of MBS reacted with the free sulthydryl
group of the Cys residue on the peptide. The reaction mixture
was then dialyzed against PBS (pH 7.2) at 4°C overnight.

Physicochemical Characterization
Intensity-mean particle size and C-potential of NGs were
determined using a Zetasizer NanoZS (Malvern Instruments
Ltd.). All measurements were performed under automatic
mode at 25°C. Software provided by the manufacturer was
used to calculate the mean particle size (PS), the polydispersity
index (PDI) and the (-potential of NGs. All measurements
were performed at least in triplicate to calculate the mean
values + SD. Morphological examination of NPs was per-
formed using transmission electronic microscopic (TEM,
Philips CM 120, Netherlands).

Drug-loading coefficient (DL%) and encapsulation
ratio (ER%) were calculated as described earlier. Firstly,
RVT was extracted from the RGD-HSA-NPs with 1 mL
chloroform and ethanol mixture (94:6), and the extracted
solution was then properly diluted prior to HPLC analysis.
The content of RVT in the NPs was determined by the
HPLC method described below. DL% and ER% were
calculated according to Eq. (1) and Eq. (2):

DL% = Wy/(Wp + Wyy) x100 (1)
ER% = Wy/Wgx100 (2)

where Wp is the weight of initial feeding polymer, Wy
is the weight of drug incorporated in NPs, and W is the
weight of initial feeding drug.

In the stability study, a sealed bottle of freshly prepared
freeze-dried RGD-RVT-HSA-NPs was placed in a stability
chamber and maintained at 25 °C and 60% RH. The PS, -
potentials, DL% and ER% of the samples were analyzed
over a three-month period.

Drug Release Study

The release behaviors of RVT in HAS-NPs were investigated
in PBS buffer with a pH value of 7.4. In order to maintain the
sink conditions, Tween 80 (0.3%, w/v) was dissolved in the
release medium (PBS, pH 7.4). RVT-HSA NPs and RGD-
RVT-HSA NPs (10 mg) were dispersed in distilled water
(0.15 mL) and loaded into a dialysis tube with a molecular
weight of 14 kDa. That tube was then immersed in the release
medium (30 mL) and incubated at 37 °C with 50 rpm. At 2, 4,
8, 12,24, 48, 72, 96 and 120 h, the release medium (0.2 mL)
was collected and replaced by a fresh medium (0.2 mL). The
amount of RVT released from NPs was calculated by HPLC.

Cellular Uptake

The SKOV3 ovarian cancer lines were seeded into 24-well
plates at a density of 1x10° cells/mL. After 24 h, each well
was incubated with 1 mL coumarin-6-loaded free RVT,
coumarin-6-loaded RVT-HSA NPs and coumarin-6-loaded
RGD-RVT-HSA NPs (equivalent to 0.1 pg/mL of cou-
marin-6) for 2 h. In order to carry out quantitative analysis,
the suspension was removed in a specified period of time
and the well was washed three times with 1000 pL cold
PBS before 50 pL of 0.5% Triton X-100 was added to
each pore for cell lysis. The fluorescence intensity of each
sample well was measured by a microplate reader. The
excitation wavelength was 465 nm and the emission wave-
length, 502 nm. In the qualitative study, the cells were
washed three times with cold PBS and immobilized with
4% paraformaldehyde for 20 min; then the cells were
washed twice with cold PBS and observed through
a confocal laser scanning microscope.

In vitro Cytotoxicity Studies

SKOV3 ovarian cancer cells were seeded in 24-well plates
at a density of 1x10° cells/well. After 24 h of incubation in
5% CO, at 37 °C, the cells were incubated with blank
NPs, free RVT, RVT-HSA NPs and RGD-RVT-HSA NPs
at a RVT concentration range of 0.5 to 75 pM for 15 min
in serum-free media. After 15 min, the treated medium
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was removed, the cells were washed with fresh medium,
and 100 pL complete medium was added to culture for
a further 24 or 48 h. After incubation, the medium was
removed and replaced with 50 pL serum-free medium and
10 pL cell titer blue solution. After incubation in 5% CO2
at 37 °C for 2 hours, cell viability was evaluated by
measuring the fluorescence produced by resorufin at exci-
tation of 550 and emission of 590. The cytotoxicity of
blank NPs, free RVT, RVT-HSA NPs and RGD-RVT-HSA
NPs was tested to confirm that the cytotoxicity was a result
of RVT treatment.

Biodistribution and in vivo Imaging
Studies

To evaluate the distribution of the modified and non-
modified RVT NPs in the main organs and tumors after
administration, a biodistribution study was carried out. For
this reason, subcutaneous SKOV3 tumors were grown in
mice. Once the tumors reached a volume of 50-150 mm>,
they were considered well established. The treatment
groups comprised of free RVT, RVT-HSA NPs and RGD-
RVT-HSA NPs. A single dose of each preparation, equiva-
lent to 10 mg/kg RVT, was injected into the mice via the
tail vein. At 0.5 h, 1 h, 2 h, 4 h, 8 h, and 12 h after
injection, the animals were sacrificed by cervical disloca-
tion. Their plasma (0.1 mL) and 0.5 g organs (tumor, heart,
liver, spleen, lung and kidney) were removed and flushed
with water for three times to remove the remaining blood.

The plasma was separated by 12,000 rpm centrifuga-
tion for 10 min. Tissue samples were processed using IKA
T 10 basic with 1 mL of distilled water added, and the
supernatant was obtained by centrifugation at 4000 rpm
for 10 min. All specimens were stored at —20 °C until use.
The RVT concentration in plasma and other organs was
determined by HPLC using a Gemini C;g column (50%2.0
mm i.d., 5.0 um particle size), and resveratrol-'>Cq was
used as the internal standard. Ten microliter of internal
standard (resveratrol-'*Cg 20 ng/mL) was added into 100
pL organ homogenate and extracted with 3 mL ethyl
acetate. The mixture was vortexed for 2 min, and then
centrifuged at 12,000 rpm for 5 minutes. The supernatant
was transferred to another centrifuge tube and dried under
air stream at room temperature. The dry residue was then
reconstituted with 50 uL. of methanol, and the solution was
centrifuged at 12,000 rpm for 10 minutes before 20 pL of
the supernatant was injected into the HPLC system for
analysis. Acetonitrile water (26:74) was used as the mobile

phase for elution with a flow rate of 1 mL/min, a column
temperature of 30 °C, and a detection wavelength of 306
nm. All sample preparations were conducted under yellow
light, and opaque plastic ware used to avoid light exposure
of the agent. This method was validated over a linear
10.0 to 10,000ng/mL for RVT and
resveratrol-'*Cg. Results of the validation study demon-

range from

strated good intra- and inter-assay accuracy (<11.9%) and
precision (<7.8%) for both analytes.

Another batch of animals was selected to evaluate the
in vivo imaging study. When the animal model was estab-
lished, 200 pL of Fluorescent probe Dir-labeled (1 mg/kg)
free RVT, RVT-HSA NPs and RGD-RVT-HSA NPs was
injected into the tumor-bearing mice via the tail vein. After
anesthesia, the IVIS imaging system was used to collect
the whole body fluorescence images of mice at 12 h. The
exposure time was set at 600 ms, and the fluorescence
signal was collected at 780 nm. The fluorescence images
of tumor, heart, liver, spleen, lung and kidney were also
collected.

Tumor Growth Inhibition Studies

The purpose of this study was to evaluate the antitumor
ability of RVT NPs in ovarian cancer model. With this in
mind, we established subcutaneous SKOV3 tumor model
in nude mice. Once the tumor grew to a volume of 50 to
150 mm®, the animals were randomly divided into groups
so that the initial mean tumor volume was consistent
across all groups. The comparison groups were blank
NPs, free RVT, RVT-HSA NPs and RGD-RVT-HSA
NPs. The mice in the treatment group were given 1 mL
of each preparation, which was equivalent to 2 mg/kg
RVT, via the tail vein. The doses were given everyday
for one week, and the tumors were monitored for their
growth and measured every third day. Tumor volumes
were estimated as V (mm3):(length x width?)/2. The
body weight was monitored throughout the study to detect
signs of RVT toxicity. When the control tumor reached
1000 mm?, the study stopped and the mice were sacrificed
with the method of drowning.

Statistical Analysis

All experiments were repeated at least three times, and the
experimental data are shown as mean+ standard deviation
(SD). Two tailed #-test and ANOVA were used to analyze

the experimental data.
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Figure | (A) The basic structure of RGD-RVT-HSA NPs. The transmission electron microscope of RGD-RVT-HSA NPs (B) and RVT-HSA NPs (C). (Magnification

x100,000).

Results
Characterization of RGD-RVT-HSA NPs

In this study, we used the emulsion-solvent evaporation
method to prepare RGD-RVT-HSA NPs. NPs with smooth
surfaces, good dispersion and relatively uniform size dis-
tributions were selected. The mean PS was 128.2 nm and
the {-potentials was —21.42 mV. To modify HSA-NPs with
RGD peptide, HSA-NPs suspension was pre-incubated
with MBS. The activated HSA-NPs were then incubated
with RGD peptide. Transmission electron micrographs
showed that RGD peptide-conjugated HSA-NPs have irre-
gular surface, good dispersion (PDI=0.132+0.045) and
a uniform size distribution (Mean PS=128.2+11.56 nm).
Conjugated and non-conjugated nanoparticles were then
observed by TEM (Figure 1). The other parameters are
shown in Table 1. In addition, according to the stability
data, the RGD-RVT-HSA NPs can be preserved stably
during the observation period.

Drug Release Study

In vitro release of RVT from the NPs was investigated.
Figure 2 shows the release profile of four different NPs
groups. Compared with the rapid release of free RVT, the
two NPs groups exhibited sustained release in a similar
manner and an initial burst release (RVT-HSA NPs 42.3%

Table | Characterization of the Prepared RVT-HSA NPs

and RGD-RVT-HSA NPs 37.5%) was also observed. The
RGD-modified RVT-HSA NPs had a slightly more sus-
tained release effect than the unmodified NPs. The release
curve shows that the samples for the stability test did not
change the drug release characteristics.

Cellular Uptake

In order to study the selectivity and internalization of NPs,
we examined the uptake of different NPs in SKOV3 cells.
As shown in Figure 3, the fluorescence intensity of free RVT
was the lowest observed among the three formulations and
that of RVT-HSA NPs was higher. However, RGD-RVT-
HSA NPs uptake was significantly higher than that of RVT-
HSA NPs (approximately 3.6-fold higher), which might be
the result of the targeting capacity of integrin receptors
expression in SKOV3 cells. The results of cellular uptake
could be related to the expression levels of integrin on cell
surface, indicating that the RGD motif could recognize and
target integrin receptors on cell surface.

In vitro Cytotoxicity Studies

In order to evaluate the antiproliferative effect of different
RVT preparations, the SKOV3 cells were analyzed by MTT
after 24 or 48 hours of treatment (Figure 4). With the increase
of culture time and RVT concentration, the viability of

Formulation Time (m) Mean PS (nm) PDI {-Potential (mV) RVT
DL% ER%
RVT-HSA NPs 0 118.3£9.77 0.143£0.051 —26.71+5.53 6.5%1.45 79.8+5.87
RGD-RVT-HSA NPs 0 128.2+11.56 0.132+0.045 —21.42+4.56 7.6£1.39 83.6+6.34
| 125.6+12.71 0.136+0.072 —23.54+5.52 74%1.44 82.4+5.78
3 123.8+12.89 0.138+0.082 —25.3616.16 7.1£1.27 82.315.19
Drug Design, Development and Therapy 2020:14 submit your manuscript 5751

Dove


http://www.dovepress.com
http://www.dovepress.com

Long et al

Dove

—+—Free RVT
—=—~RVT-HSA NPs
—+—RGD-RVT-HSA NPs
—+—RGD-RVT-HSANPs (3m)
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Figure 2 Cumulative drug release (mean * SD %, n = 6) profiles of free RVT, RVT-HSA NPs, RGD-RVT-HSA NPs and RGD-RVT-HSA NPs (3m) over time intervals of 2, 4, 8,

12, 24, 48, 72, 96, and 120 h.

Fluorescentintensity

abc
B SKOV-3
Blank NPs free RVT RVT-HSA NPs RGD-RVT-HSA NPs

Figure 3 Confocal images of cellular uptake of blank NPs (A), free RVT (B), RVT-HSA NPs (C), RGD-RVT-HSA NPs (D) by SKOV-3 cells. Incubation time was 2 hours. (E)
Fluorescence intensity of four groups. p < 0.05, compared with blank NPs; °p < 0.05, compared with free RVT; “p < 0.05, compared with RVT-HSA NPs.

SKOV3 cells decreased. With the overexpression of avp3
integrin in SKOV3 cells, NPs combined with RGD showed
higher toxicity (32% cell viability at 24 h and 15% cell
viability at 48 h). In the experiment of cell viability, free
RVT, RVT-HSA NPs and RGD-RVT-HSA NPs showed
time- and dose-dependent cytotoxic activity on SKOV3
cells. It is worth noting that RGD-RVT-HSA NPs achieved

the lowest cell viability among all three formulations at all
equivalent drug concentration levels.

Biodistribution and in vivo Imaging

Studies
A biodistribution study was performed to investigate the dis-
tribution of modified and non-modified RVT NPs in vivo. As
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shown in Figure 5A, in the group of free RVT, plasma drug
concentration peaked at 1h and was then rapidly eliminated
with no selective accumulation in any tissue. In both free RVT
and RVT-HSA NPs, the distribution of RVT in vivo was
relatively balanced and there was no obvious organ accumula-
tion (Figure 5B). Levels of RVT distribution in tumor were
limited for two groups. As for RGD-RVT-HSA NPs, the
distribution of the drug in different tissues varied significantly.
It accumulated in higher quantities in tumors compared to the
other treatment groups. RVT concentration in mice tumor (623
ng/g, 4 hrs) in the RGD-RVT-HSA NPs group was signifi-
cantly higher than that in other tissues and the plasma
(Figure 5C). RVT showed the highest value of AUC (4672.3
ngh/g) and target index (TI) in tumor, and the difference was
statistically significant (p<0.05). The TIs of different formula-
tions are listed in Table 2. This phenomenon of tumor enrich-
ment may be attributable to the receptor-mediated
mechanism, which may bring benefits to clinical treatment.
Meanwhile, Figure 5D shows that after being given near-
infrared probe Dir 12h and examined by organ imager, RGD-
RVT-HSA NPs had stronger fluorescence in the nude mouse’s
subcutaneous tumor site than in other groups. This result
indicated that RGD-RVT-HSA NPs had obvious targeting
effect on subcutaneous tumors, with a potential to actively
deliver drugs to tumor tissues.

This result also showed that the RGD modified NPs
had advantages in increasing RVT concentration in tumor
sites and reducing its distribution in peripheral organs.

Tumor Inhibition Study

Through the tumor growth inhibition experiment, the ther-
apeutic effect of different RVT preparations in vivo was
evaluated. Compared with the control group and the free
RVT treatment group, all RVT NPs groups showed inhibited
tumor growth at the experimental dose. RGD-RVT-HSA
NPs were most effective in controlling tumor growth
throughout the 27-day study (Figure 6). The growth trends
of the three groups were similar at the beginning of the study

but changed half way through. From day 15, there was
a significant difference in tumor volume between free
RVT, RVT-HSA NPs and RGD-RVT-HSA NPs. At the end
of the study, the tumor volumes were 823.6 + 76.4 mm® for
control group, 654.7 + 78.2 mm® for Free RVT, 523.9 +
52.4 mm’ for RVT-HSA NPs and 345.7 + 36.3 mm’ for
RGD-RVT-HSA NPs. The RGD-RVT-HSA NPs treatment
was consistently more effective in controlling tumor growth
than other treatments throughout the study. The mouse
weights recorded throughout the study were fairly constant,
indicating that the preparation was not significantly toxic.

Discussion

Many studies have shown that NPs loaded with chemother-
apeutic drugs can be delivered into tumor cells and NPs
accumulate passively in tumors in a nontargeted manner
through the enhanced permeability and retention (EPR)
effect. Ideally, it would be much better if a targeting agent
could be physically conjugated to the surface of NPs, and
delivers the vehicle through a target-way, which represents
a potential approach to further enhance the antitumor effi-
cacy. In this study, various key parameters crucial to the
preparation of RVT-HSA NPs with a size of 100-200 nm
were optimized using a high-pressure homogenizer.

As related products have been put on the market, the
preparation parameters are easier to explore. The purpose of
this study was to investigate the feasibility of binding RGD
peptide to HAS-NPs. The integrins are a class of cell surface
glycoproteins, which mediate cell survival, proliferation, and
migration through explicit non-covalent interactions with
endogenous extra cellular matrix (ECM) proteins. They are
highly expressed in activated endothelial cells and solid
tumor cells but rarely so in resting endothelial cells.
Among members of the integrin family, integrin avp3 plays
an important role in tumor biology as well as tumor angio-
genesis, apoptosis and metastasis. We have developed
a novel carrier system based on HAS NPs, which could be
modified by RGD peptides for targeting purposes.

Table 2 The AUCq_,, of RVT in Plasma and Tissues After i.v. Administration of Injection and NPs to Mice (n=6)

Formulation Tumor Heart Liver Spleen Lung Kidney Plasma
Free RVT (ng h/g) 623.3% 669.8 1178.5 1506 901.3 1218.5 2482
RVT-HSA-NPs (ng h/g) 1088.8* 839.8 1324 1304.8 1034.5 1400.5 1668.3
RGD-RVT-HSA NPs (ng h/g) 46723 756 1194.8 1148 112 1344 1520
Ratio® 7.5 I.1 1.0 0.8 1.2 I.1 0.6
Ratio® 43 0.9 0.9 0.9 1.1 1.0 0.9

Notes: The ratio was AUC (RGD-RVT-HSA NPs)/AUC (Free RVT); *The ratio was AUC (RGD-RVT-HSA NPs)/AUC (RVT-HSA-NPs); ¥P<0.05: vs AUC (RGD-RVT-HSA

NPs).
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Figure 6 Changes of tumor volume (A) and body weight (B) in nude mice transplanted with SKOV3 cancer cells of blank NPs, free RVT, RVT-HSA NPs and RGD-RVT-HSA

NPs.

The in vitro drug release of RVT from the HSA-NPs
has been studied and the method of in vitro drug release
has previously been confirmed in the literature.”” The NPs
were dispersed in PBS at 37°C and in shaking conditions
in order to simulate the dynamic in vivo conditions. The
results were similar to other nano preparations, showing an
initial burst release and consistency in in vitro drug
release.”® For example, the NPs prepared in the two stu-
dies had similar particle sizes and manners of release.”’
Rather than completely releasing the drug within 24 hours,
it allowed continuous targeting of the cancer cells with
a decrease in cell viability over time. The main reason for
the initial burst release is that the drug on the surface of
NPs was released into the medium first and then into the
core of NPs. Since the modification of RGD did not affect
the spatial structure of NPs, there was no significant dif-
ference in the release curves between modified and non-
modified NPs. At the same time, it has been reported that
the use of albumin carrier platform can enhance the anti-
tumor effect of drugs in ovarian cancer.>® This also makes
the results of this study hopeful for further clinical
application.
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