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Abstract

Background: Vorinostat (VRS), a histone deacetylases inhibitor, has significant cytotoxic
potential in a large number of human cancer cell lines.

Objective: To clarify its promising anticancer potential and to improve its drawback related to
physical properties and in vivo performance of VRS.

Methods: VRS was successfully incorporated into nanostructured lipid carriers (NLCs) by the hot
microemulsion method using sonication following a homogenization technique.

Results: After the optimization process, VRS-loaded NLCs (VRS-NLCs) were obtained as ideal
quality nanoparticles with a spherical shape, small size (~150 nm), negative charge (~—22mV),
and narrow size distribution. In addition, the high entrapment efficiency (~99%) and sustained
drug release profile were recorded. Cytotoxicity study in three different cell lines (A549, MCF-7,
and SCC-7) demonstrated higher cytotoxicity of VRS-NLCs than free drug. Finally, the AUC of
VRS (118.16+17.35 pgh/mL) was enhanced ~4.4 times compared with that of free drug
(27.03 £3.25 pgh/mL).

Conclusion: These results suggest the potential of NLCs as an oral delivery system for
enhancement of cellular uptake, in vitro cytotoxicity in cancer cell lines and the oral
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bioavailability of VRS.

Introduction

Chromatin structure and function were regulated by histone
deacetylases (HDACS), which acted as catalyst for removal of
the acetyl modification from lysine residues of histones (Marks
et al.,, 2004). Treatment with HDAC inhibitors resulted in
growth arrest, terminal differentiation, apoptosis, or autopha-
gic cell death. Thus, development of HDAC inhibitors as
therapeutic agents for cancer treatment has been attempted
(Kelly et al., 2005; Bolden et al., 2006).

Vorinostat (VRS) (suberoylanilide hydroxamic acid or
SAHA) is a potent candidate in the HDAC family. The
anticancer activity of VRS is proposed to be due to drug-
induced accumulation of acetylated proteins, including the
core nucleosomal histones and other proteins (e.g. BCL6, p53

*Tuan Hiep Tran and Duc Thanh Chu contributed equally.

Address for correspondence: Jong Oh Kim and Chul Soon Yong, College
of Pharmacy, Yeungnam University, 214-1, Dae-Dong, Gyeongsan 712-
749, South Korea. Tel: +82-53-810-2813 (J. O. Kim); +82-53-810-2812
(C. S. Yong). Fax: +82-53-810-4654 (J. O. Kim); +82-53-810-4654
(C. S. Yong). Email: jongohkim@yu.ac.kr (J. O. Kim); csyong@yu.ac.kr
(C. S. Yong)

Van Luong Hoang, Bio-medicine Pharmacy Applied Research Center,
Vietnam Military Medical University, 160 Phung Hung, Ha Dong,
Hanoi, Vietnam. Tel: +84-46-956-6103. Fax: +84-43-688-3994. Email:
luonghv @vmmu.edu.vn

and Hsp90) (Richon, 2006; Marks, 2007). VRS was approved
by the FDA for treatment of cutaneous T-cell lymphoma
(Konsoula & Jung, 2008). ZOLINZA® capsule (100 mg) is a
commercial product of VRS with a dose of 400 mg orally once
daily (Mohamed et al., 2012). Such a high dose is due to low
aqueous solubility and permeability leading to low bioavail-
ability (Chandran et al., 2014; Tran et al., 2014). In addition,
VRS exhibited a short half-life of 40 min following intravenous
(IV) administration, compared with ~2h following oral
administration and underwent extensive first-pass metabolism
(Tran et al., 2014). In the effort, to overcome these problems,
lipid nanoparticles can be an ideal system for enhancement of
in vitro as well as in vivo drug performance, especially
hydrophobic anticancer drug (Aznar et al., 2013; Minelli et al.,
2013; Xu et al., 2013; Kumar et al., 2014).

Exploiting the advantages of nanostructured lipid carriers
(NLCs) for high loading capacity, improvement of solubility,
controlling release and then enhancing in vitro cytotoxicity,
cellular uptake and bioavailability is the main objective of this
study. NLCs were prepared using a hot emulsification method
and characterized at various levels. Then, physical properties,
including size, thermal dynamic state, morphology, and drug
release were investigated in order to obtain the optimized
formulation. In addition, cell study was performed in order to
confirm efficiency of loaded drug in the system by MTT
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assay and confocal images. Eventually, the potential for the
use of VRS-NLCs as a drug delivery system was proven via
pharmacokinetics study through oral administration.

Materials and methods
Materials

Vorinostat was purchased from LC Laboratories (Woburn,
MA). Precirol ATO 5 and Capryol 90 were procured from
Gattefosse (Nanterre Cedex, France). Soybean lecithin was
purchased from Junsei Co. Ltd (Tokyo, Japan). 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) was obtained from Sigma (St. Louis, MO). NBD-PC
was supplied by Avanti Polar Lipids, Inc. (Alabaster, AL) and
LysoTracker Red was purchased from Thermo Fisher Scientific
Inc (Waltham, MA). Human breast adenocarcinoma cells
(MCF-7), human non-small cell lung cancer cells (A-549), and
squamous cell carcinoma cells (SCC-7) were originally
obtained from the Korean Cell Line Bank (Seoul, South
Korea). All other chemicals and reagents used were at least of
analytical grade.

Solubility study

Solubility studies of VRS were performed according to a
published method (Poudel et al., 2012; Tran et al., 2013). An
excess of VRS was vortex-mixed with 1 mL of each of the
chosen carriers. The micro tubes (Axygen MCT-200, Sigma-
Aldrich) were shaken at 37 °C for three days in a water bath at
100 strokes per min, and the obtained dispersions were then
centrifuged at 12000 rpm for 10 min and filtered through a
0.45 pm membrane filter. Drug solubility was evaluated using
HPLC with the following conditions: flow rate of 1.0 mL/min,
wavelength 241 nm, formic acid (0.1%)/acetonitrile (70/30)
was used as a mobile phase (Cai et al., 2010). The solubility
test was performed and results were expressed as the
mean =+ standard deviation of three determinations.

Preparation of VRS-loaded nanostructured lipid
carriers

VRS-loaded NLCs (VRS-NLCs) were prepared using the
method of emulsion at a high temperature under homogeniza-
tion, followed by sonication. The obtained emulsion was
solidified at a low temperature using ice (Tsai et al., 2012; Tran
etal., 2014). 0.1% VRS (weight percentage of drug to the total
volume), 550 mg of lipids consisting of Precirol and Capryol
90 and 50 mg of lecithin were weighed accurately, then melted
and mixed at 75 °C. The aqueous phase including 1.5% (w/v)
Tween 80 was heated to 75°C, and then added to the lipid
phase and mixed with mechanical agitation at 13 500 rpm in an
Ultra Turrax® T-25 homogenizer (TKA®-Werke, Staufen,
Germany) for 3 min. The mixture was homogenized continu-
ously using a probe sonicator (Vibracell VCX130; Sonics,
Newtown, CT) at 90% amplitude for 5 min. In order to remove
free drug and other components, the obtained formulation was
washed thrice by distilled water using centrifugal 10-kDa
molecular weight cut-off devices (Amicon Ultra, Millipore,
Billerica, MA).The final product was cooled at low tempera-
ture, which was maintained by ice.The obtained solutions were
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frozen at —80°C and then lyophilized (FDAS5518, I1Shin,
South Korea).

Physical characterizations
Particle size and zeta potential measurements

The mean particle size (z-average) and size distribution of
NLCs were measured by the dynamic light scattering (DLS)
technique using a Zetasizer Nano-Z (Malvern, Worcestershire,
UK) at 25°C and a 90° scattering angle. The zeta potential
was determined according to the particle electrophoretic
mobility in aqueous medium using the same instrument. All
measurements were performed in triplicate with a 1:10
dilution using distilled water.

Determination of drug entrapment efficiency

The percentage of drug incorporated into NLC was
determined indirectly after estimating free drug by ultracen-
trifugation. Briefly, the upper chamber was filled with 1 mL
of NLC dispersion using centrifugal 10-kDa molecular weight
cut-off devices (Amicon Ultra, Millipore, USA). The drug
concentration in the filtrate collected in the lower chamber
was analyzed using the HPLC method. Drug entrapment
efficiency and drug-loading capacity were calculated using
the following equations (Zhuang et al., 2010):

EE(%) = (Winitial drug — YYunbound drug)/Winitial drug X 100
LC(%) = (Winitial drug — Wanbound drug ) / Wiipia X 100

where EE is the entrapment efficiency; LC is the drug-loading
capacity; W is the weight (mg).

Transmission electron microscope analysis

The morphology of NLCs was observed by transmission
electron microscope (TEM) (H-7000, Hitachi, Shiga, Japan).
A drop of NLC dispersion was diluted 10-fold with double-
distilled water before negatively staining with 2% phospho-
tungstic acid for 30s and spread on a copper grid. The grid
was air-dried at room temperature and then images were taken
by TEM.

Thermal analysis

Differential scanning calorimetry (DSC) characterization was
performed using a DSC-200 differential scanning calorimeter
(TA Instruments, New Castle, DE). The lyophilized samples
were accurately weighed, then placed in aluminum pans and
sealed with a lid. During the scanning process, an empty
aluminum pan was used as the reference and the sample was
heated at a rate of 10°C/min at a temperature range between
40 and 180 °C with a nitrogen purge of 50 mL/min.

Powder X-ray diffraction analysis

Powder X-ray diffraction (PXRD) was used to determine
the crystallite of VRS accommodated in the lipid matrix.
PXRD studies were performed for pure VRS, Precirol, and
freeze-dried VRS-NLCs using a powder X-ray diffractometer
(X’Pert PRO MPD diffractometer, Almelo, The Netherlands)
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using Cu-Ko radiation. The samples were scanned over a 26
range of 10-50°.

In vitro drug release

The release of VRS from the optimized NLC formulation was
carried out using a modified dialysis membrane diffusion
technique (Cirri et al., 2012). One milliliter of NLC
dispersion was added to a dialysis bag with a molecular
weight cut off (MWCO) of 3500. The dialysis bag was
immersed in a Falcon tube including 40 mL media pH 1.2 and
6.8 for stimulation of gastric and intestinal conditions. The
Falcon tube was kept in a shaking water bath (HST — 205 SW,
Hanbaek ST Co., Gwangju, Korea) at 100 strokes/min and
37 +0.5°C. At predetermined time intervals (0.5, 1, 2, 3, 4, 6,
8, 12, and 24h), for a total period of 24 h, 0.5 mL samples
were taken and replaced with equal volumes of fresh medium.
Finally, the drug concentration was evaluated using the HPLC
method. The results were the mean values after experiments
were performed in triplicate.

Intracellular uptake and cell cytotoxicity

MCEF-7, A-549, and SCC-7 cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum, penicil-
lin (100 U/mL) and streptomycin (100 pg/mL) at 37 °C and
5% CO,. Intracellular uptake of VRS-NLCs was performed
by confocal microscopy technique (Hong et al., 2014). MCF-7
and SCC-7 cells were attached to coverslips and placed in a
12-well plate (2 x 10° cells/well) and grown for 24 h. NBD-
PC was used as a lipophilic fluorescence agent stand for lipid
particles. The cells were treated with NBD-PC-NLC at a
concentration of 1pg/mL and further incubated for 0.5h.
After 20 min, 100 nM LysoTracker Red was added for 10 min
for staining of endosome/lysosome. The cells were then
washed three times with cold PBS and fixed in 4%
paraformaldehyde. The coverslips were removed and mounted
on microscope slides and images were observed on a confocal
laser scanning microscope (Olympus FV1000-1X81, Tokyo,
Japan).

Assessment of cell viability was performed for evaluation
of VRS in cancer cell lines (Ramasamy et al., 2013; Tran
et al., 2014). Three different cells (A549, MCF-7, and SCC-7)
were cultured in 96-well plates prior to treatment
(1 x 10*cells/well). Samples (blank NLC, free VRS, and
VRS-NLC) were applied to cells in a range of concentrations
(0.1-50 pg/mL). The free VRS was prepared by dissolving
VRS in 0.2% (v/v) DMSO and then diluted accordingly
(Bondi et al., 2007). Following incubation for 24h in a
humidified incubator (95% air and 5% CO,) at 37 °C, the cells
were washed once with phosphate buffered saline (PBS).
100 pL of MTT reagent (1.25 mg/mL in medium) was added
to each well. After incubation at 37°C for 4h, cells were
exposed to 100 uL of DMSO. Absorbance of each sample was
measured at 570 nm using a spectrophotometric plate reader
(Multiskan EX, Thermo Scientific, Waltham, MA). Cell
viability was calculated using the following formula:

. ODs7(sample) — ODs7q(blank)
Cell viability (%) = 100
ell viability (%) ODs7p(control) — ODs7¢(blank) ~
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Pharmacokinetics study

Male Sprague-Dawley rats weighing 300 + 10 g were fed in an
animal house maintained at 25+2°C and 50-60% RH. The
procedures for the animal studies were approved by the
Institutional ~Animal Ethical Committee, Yeungnam
University, South Korea. Two groups, each group containing
four rats, were fasted for 12 h prior to the experiments. Samples
(drug suspension in 1% methylcellulose and VRS-NLCs) were
administrated orally to the rats at a dose of 30 mg/kg (Tran
etal., 2014). In case of VRS-NLCs, the lyophilized powder was
dissolved in distilled water at VRS concentration of 3 mg/mL,
accordingly. Blood samples (300 pnL) were collected from the
right femoral artery in heparin-containing tubes (100 IU/mL)
at pre-determined times (0.25, 0.5, 1,2, 3,4, 6, 8, 12, and 24 h)
after the administration of these formulations and centrifuged
(Eppendorf, Hauppauge, NY) at 14 000 rpm for 10 min. The
plasma supernatant was collected and stored at —20 °C until
further analysis.

VRS was extracted from plasma by the addition of
acetonitrile for 15min. After vortexing, the protein was
precipitated and discarded using centrifugation at 13 000 rpm

3_

Drug solubility (mg/mL)

1 2 3 4 5 6 7
Liquid lipid

Figure 1. Drug solubility in various vehicles. (1) Capryol™ PGMC, (2)
Capryol™ 90, (3) Lauroglycol-FCC, (4) castor oil, (5) Labrafil
M1944CS, (6) Labrafil M2125 CS, and (7) Peceol. Data represent the
mean =+ standard deviation (n=3).

Table 1. Compositions of VRS-NLCs.

Compositions

Capryol Tween Water

Formulations  Precirol 90 Lecithin 80 VRS (mL)
1 5 0.5 0.5 1.5 0 10
2 4.5 1.0 0.5 1.5 0 10
3 4 1.5 0.5 1.5 0 10
4 35 2.0 0.5 1.5 0 10
5 3 2.5 0.5 1.5 0 10
6 3.6 0.8 0.4 1.5 0 10
7 4.5 1.0 0.5 1.5 0 10
8 54 1.2 0.6 1.5 0 10
9 4.5 1.0 0.5 2.5 0 10
10 4.5 1.0 0.5 2.0 0 10
11 4.5 1.0 0.5 1.5 0 10
12 4.5 1.0 0.5 1.0 0 10
13 4.5 1.0 0.5 1.5 0.05 10
14 4.5 1.0 0.5 1.5 0.10 10
5 4.5 1.0 0.5 1.5 0.15 10

Unit for all components: % m/v.
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Figure 2. Effect of compositions on formulation parameters: particle size, polydispersity index (PDI), and zeta potential (ZP). (A) Liquid lipid
concentration, (B) lipid concentration, (C) Tween 80 concentration, (D) drug concentration. Data are expressed as the mean + standard deviation

m=3).
120 - - 3.00
EEEE (%) —#-LC(%)
£100 - - 250 _
z =
£ 80 1 - 2.00
= S
S 60 - - 150 §
= E
: :
F 40 - F1.00 8
-3 s
3 -
2 20 - - 0.50
=
0 . . 0.00

0.05 0.10 0.15
Drug concentration (% w/v)

Figure 3. Drug entrapment efficiency and loading capacity.Data are
expressed as the mean + standard deviation (n = 3).

for 10 min. The quantities of drug from the supernatant layer
were evaluated using the HPLC method.

Win-NonLin pharmacokinetic software (v4.0, Pharsight
Software, Mountain View, CA) was used for the calculation of
pharmacokinetics data, including areas under the curve
and half-life time, based on the non-compartmental method.

The maximum drug concentration (Cy,,x) and the time to C,ax
(Tmax) were obtained directly from experimental profiles.

Statistical analysis

All experiments were performed at least three times. Mean
data are presented as the mean + SD. Statistical comparisons
were determined by the analysis of variance (ANOVA) among
at least three groups or Student’s 7-test between two groups.
p<0.05 and p <0.01 were considered statistically significant.

Results and discussion
Solubility study

NLCs are the new generation of lipid nanovehicles, consisting
of solid lipid and liquid lipid. Precirol ATO 5 has been
reported as a solid lipid with favorable properties in many
studies (Beloqui et al., 2013; Bruge et al., 2013), therefore we
selected it for this work. Liquid lipid, which avoids crystals
and expulsion phenomenon during storage and impacts on
drug loading capacity, was carefully selected through solu-
bility testing. Among various carriers tested, Capryol 90 was
selected as a liquid lipid due to its highest solubility
(2.30+0.14 mg/mL) (Figure 1).
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200 nm

Figure 4. TEM image of VRS-NLCs.

Optimization of NLCs

VRS-NLCs were prepared using the hot emulsification
method. Capryol 90 and Preciol were used as the liquid and
solid lipid, respectively. In order to obtain proper formulation,
we investigated several factors, having an impact on physical
properties, including particle size, PDI, zeta potential, or drug
loading capacity, as shown in Table 1. First, out of 5.5% m/v
lipid, the particle size was augmented when liquid lipid
concentration increased (Figure 2A). It was supposed that
most of the liquid lipid proportion was located inside solid
lipid, resulting in this increase. Due to favorable PDI, 1% of
liquid lipid was selected for further experiments. The next
step was to evaluate the effect of organic phase and aqueous
phase. The particle size increased with increasing lipid
concentration as well as decreasing surfactant concentration
(Figure 2B and C). This is reasonable because higher
viscosity level of the organic phase was obtained at higher
lipid concentrations, which could lead to improved particle
size with wide size distributions (Chen et al., 2010).
Meanwhile, the augmentation of surfactant concentration in
aqueous phase facilitates stronger surface-active properties so
that the particle size is reduced (Bunjes et al., 1996). Except
drug, the main components determined were described as
formulation 11 (Table 1).

In addition, loading capacity is an important factor for
carrying hydrophobic drug. As shown in Figure 2(D), the
particle size increased slightly with the increase of drug
concentration. In addition, loading capacity showed improve-
ment, although the drug entrapment efficiency remained
almost constant at high level (~99%, Figure 3), which might
be attributed in part to the presence of liquid lipid. After long-
term storage for three months, F14 with 0.1 % m/v was more
stable (data not shown).Therefore, it was selected as the
optimized formulation for further studies.

Figure 4 shows TEM photomicrographs of formula-
tions demonstrating the spherical shape of VRS-NLCs.
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Figure 5. (A) Differential scanning calorimetric (DSC) thermograms
and (B) X-ray diffraction (XRD) patterns of solid lipid, free VRS, and
VRS-NLCs.

Homogenous particles without any crystal of free drug,
indicating good drug encapsulation are shown. The observed
particle diameters were found to be consistent with the DLS
data.

Physical properties analysis

Differential scanning calorimetry (DSC) was performed for
the analysis of thermal characteristics of compounds. DSC
thermograms of free VRS, Precirol, and the lyophilized VRS-
NLCs are shown in Figure 5(A). Precirol and free VRS
showed a melting endothermic peak at 55°C and 163 °C,
respectively, which was related to their natural crystallites. In
contrast, endothermic peak of VRS-NLCs totally disappeared
near range melting point of the drug (163°C) and a low-
intensity peak still existed at ~53 °C, indicating molecular
dispersion of VRS within the lipid matrix or crystal form
transformed to amorphous state (Jia et al., 2010).

X-ray diffraction analysis was performed for further
investigation of physicochemical properties of VRS formula-
tions. The crystalline VRS is indicated as corresponding
to several sharp peaks on the XRD pattern of free drug
(Figure 5B). This may be attributed in part to high crystal-
linity of VRS in natural state. On the other hand, VRS-NLCs
were found to have an XRD pattern with a shape similar to
that of Precirol and all characteristic peaks of free VRS
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disappeared. The XRD data are consistent with DSC analysis,
in that VRS was well entrapped in the lipid core and remained
as molecular dispersion or transformed to amorphous form.
Meanwhile, the intensity reduction of Precirol enabled the
drug to have more space for accommodation, resulting in high
loading capacity as well as low-drug expulsion (Lin et al.,
2007).

In vitro drug release

Figure 6 shows the in vitro release of VRS from NLCs in
medium pH 1.2 and 6.8. Drug release of VRS from NLCs was

100 -
30
s
2 60 $
]
@
E
§L 40 “~pH 1.2
& —@-pH 6.8
20
0 T T T T 1
0 5 10 15 20 25

Time (hours)

Figure 6. In vitro drug release from VRS-NLCs under different
conditions: pH 1.2 (A) and pH 6.8 (e).

NBD-PC

(A)

SCC-7

MCEF-7

LysoTracker Red

Drug Deliv, 2016; 23(4): 1335-1343

similar under both pH conditions and showed a biphasic
pattern. In detail, the initial burst release occurred within Sh
and dissolution rate reached approximately 60%, then the
second stage was sustained without significant augmentation
of drug release. The first rapid stage might be due to the rapid
diffusion of amorphous drug onto the surface of NLCs,
whereas the following sustained release could indicate strong
interaction between hydrophobic drug and lipid core (Jia
et al., 2012). The drug release data were greatly supported by
physiochemical results and also provide potential for conduct
of further study.

Cellular uptake and in vitro cytotoxicity

Confocal microscopy was used for observation of the
intracellular distribution of the internalized nanoparticles in
SCC-7 and MCF-7 cell lines. As shown in Figure 7, green
color of NBD-PC NLCs was localized in cytoplasm, whereas
endosomes were stained and visualized as red fluorescence
from LysoTracker Red. Overlap of red and green fluorescence
was observed as yellow color in cells incubated with NBD-
PC-NLCs for 30 min, which showed that the nanoparticles
had penetrated rapidly and were localized in the endosomes
after internalization following postulated endocytosis mech-
anisms (Delgado et al., 2011).

The rapid internalization of NLCs into cells is potential for
efficient therapy. To confirm actual efficacy of the formula-
tions against cancer cells (A549, SCC-7, and MCF-7), in vitro
cytotoxicity was assessed at various concentrations of VRS

Figure 7. Intracellular uptake of NLCs in (A) SCC-7 cell, and (B) MCF-7 cells. NLCs contain NBD-PC (green) as a fluorescent probe.

The LysoTracker Red stained for lysosome (red).
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0.1, 1, 5, 10, 25, and 50pg/mL). The results clearly
demonstrated that after incubation for 24 h, free VRS and
VRS-NLCs exhibited a high cytotoxicity and dose-depend-
ence (Figure 8). In contrast, blank carriers were safe at a range
of concentrations with cell viability of more than 80%.
Notably, in all cell lines, VRS-NLCs showed better perform-
ance than free VRS at most concentrations. The lipophilicity
of NLCs might increase the interaction between particles with
the membranes of cells resulting in high internalization into
cytosol (Mussi et al., 2013). In addition, slow release profile
and rapid penetration provided safety in blood circulation as
well as efficacy in killing the cancer cell.
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Figure 8. Cell viability following exposure of MCF-7, A549, and SCC-7
cells to blank NLCs, free VRS, and VRS-NLCs for 24h. Data are
expressed as the mean + standard deviation (n =8).
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Pharmacokinetics studies

The plasma concentration—time profile of free VRS and
VRS-NLCs is shown in Figure 9. The pharmacokinetics
parameters were subjected to non-compartmental analysis and
a summary is shown in Table 2. The drug concentration of
free VRS was under limited detection after 12 hour sampling,
however, VRS-NLCs still showed good concentration up to
24 h. The Cy,x of VRS-NLCs was 9.76 +0.91 pg/mL, which
was significantly higher than that obtained with free VRS
suspension (8.95 +0.12 pg/mL) (p <0.05). Although it takes a
longer period of time (4h compared to 1h) to reach the
highest concentration, the half-life and mean residence time
of VRS-NLCs are also longer (11.99 +0.55, 15.28 +3.36,
respectively). It is not only improving 4.37-fold AUCy_.,
(118.16 + 17.35 pgh/mL), but also maintaining sufficient drug
concentration to reach the tumor site. Eventually, the drug is
useful for effective therapy and the frequency of administra-
tion is reduced. As with many hydrophobic drugs, VRS is
associated with a number of problems, including low
solubility, short life-time, and first-pass metabolism. NLCs
seemed to provide several solutions that have shown advan-
tages in this study. First, the sustained release and addition of
hydrophilic surfactant (Tween 80) on the surface prolonged
drug in blood circulation (Tiwari & Pathak, 2011; Tsai et al.,
2011). In addition, drug was shielded by a lipid layer in order
to protect it from harsh gastric conditions and to overcome the
first-pass by lymphatic uptake (Bhandari & Kaur, 2013).
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Figure 9. Plasma concentration-time profile of VRS after oral admin-
istration at a dose of 30 mg/kg of free VRS ([]) or VRS-NLCs (H). Data
are expressed as the mean =+ standard deviation (n=4).

Table 2. Pharmacokinetic parameters of VRS in rats after oral admin-
istration of free VRS and VRS-NLCs at a dose of 30 mg/kg.

Parameter Free VRS VRS-NLCs
Tmax (h) 1 4%

Chnax (Lg/mL) 8.95+0.12 9.76 +0.91*
tin (h) 227+1.21 11.99 +0.55%
AUC.oo (ng.h/mL) 27.03+3.25 118.16 £ 17.35%
MRT (h) 347+1.68 15.28 +3.36%

Data are expressed as the mean + SD (n=4).
*p <0.05, compared to the free drug.
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On the other hand, the surfactants might contribute to
enhanced permeability of the drug through the intestinal
membrane (Dwivedi et al., 2014). Increasing adhesion into
intestinal membrane of the colloidal system and higher
solubility facilitated faster and more continuous saturated
drug concentration between the intestinal membrane and
blood vessel, resulting in enhanced absorption (Yuan et al.,
2013). Finally, the particle size of VRS-NLCs was ~150 nm,
which can provide a large surface area, consequently serving a
high concentration of VRS for absorption and thus can
enhance its oral performance (Tiwari & Pathak, 2011;
Dudhipala & Veerabrahma, 2014). Therefore, according to
this result, NLCs would have potential for enhancing
bioavailability of a poorly soluble drug such as VRS.

Conclusions

VRS-NLCs were successfully developed by sonication fol-
lowing a homogenization technique. The optimized VRS-
NLCs showed a nano-sized spherical shape with narrow
distribution. The high encapsulation of drug in the lipid matrix
was confirmed by loading capacity and thermal characteriza-
tion. In vitro release study showed that VRS-NLCs exhibited
sustained release after an initial burst release and were pH-
independent.Of particular importance, VRS-NLCs promoted
significant enhancement of the in vitro antitumor activity and
intracellular uptake, compared to the free VRS. Finally, the
plasma concentration profile and pharmacokinetic parameters
of VRS were significantly improved upon oral administration.
These findings suggest that NLCs are a promise delivery
system for VRS for chemotherapy.
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