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In this study, we prepared solid lipid nanoparticles (TV-SLNs) loaded with toad venom extract and inves-
tigated their anti-tumor effects in vitro in HeLa and SKOV-3 cells. TV-SLNs were prepared using a cold
homogenization technique, and the formulation was optimized by central composite design and response
surface methods. The anti-tumor activities of TV-SLNs were evaluated by analyzing cell division and cell
cycle distribution by using the MTT assay and flow cytometry. After incubation with TV-SLNs, the growth
of both HeLa and SKOV-3 cells was inhibited significantly. The percentage of HelLa cells in Go/G1 phase
decreased, whereas that in the S and Go/M phases increased. Thus, the S and Go/M phases were blocked
after the incubation of HelLa cells with TV-SLNs for 24 h. In contrast, the percentage of SKOV-3 cells in
Go/G1 phase increased and then decreased in S and G/M phases, with the Go/G1 phase being blocked
after incubation with TV-SLNs for 24 h. Our results demonstrate that TV-SLNs inhibited the fissiparism of
HeLa and SKOV-3 cells in a time-and dose-dependent manner. TV-SLNs may be effective as a novel TV

vaginal delivery system for the treatment of cervical and ovarian cancers.

1. Introduction

Cervical cancer is acommon female malignant tumor, with more
than 200 000 women dying of cervical cancer worldwide every
year. In developing countries, cervical cancer ranks first among
gynecological tumors, followed by ovarian cancer and uterine
body carcinoma (Haas et al. 2012; Qureshi and Saavedra 2011).
There is a pressing need for alternative treatments with fewer
side effects for cervical cancer, and the use of natural products
is an interesting option, given the recent interest shown by the
general population in natural drugs.

Toad venom (TV) is the dried venom obtained from the skin
secretions of the Bufo bufo gargarizans Cantor or the Bufo
melanostictus Schneider (Chinese Pharmacopoeia 2010; Ma
et al. 2009), and is widely used in Chinese medicine to treat var-
ious cancers. Cinobufagin (CBG) and resibufogenin (RBG) are
the 2 main active ingredients in TV with significant anti-tumor
effects (Cao et al. 2007; Shimizu et al. 2004), including the
inhibition of proliferation and angiogenesis in tumor endothe-
lial cells (Plummer et al. 2012; Skarda et al. 2012; Yamada et al.
1998), and reversal of multidrug resistance (Peng et al. 2012).
TV, as well as CBG and RBG, have been used to treat cervi-
cal and ovarian cancers (Masuda et al. 1995). However, when
administered on the mucosa, severe irritation and toxicity have
been reported to be induced by TV (Brubacher et al. 1996, 1999;
Chan et al. 1995; Maetal. 2012), thus limiting the clinical appli-
cation of TV as an effective anticancer agent with conventional
formulations.

Solid lipid nanoparticles (SLNs) have received a great deal of
attention as a novel sustained-release delivery system for many
therapeutic agents (Qi et al. 2012). SLNs consist of a biocom-
patible lipid core and a surfactant as the outer shell, which can
increase drug solubility and bioavailability and improve physi-
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cal stability and biocompatibility (Baviskar et al. 2012; Zhang
et al. 2011). SLNs have been proposed as an alternative col-
loidal drug delivery system, particularly for drugs that possess
narrow therapeutic windows. With a solid oil core matrix, drug
molecules can be released from SLNSs in a sustained manner,
and may ultimately increase therapeutic safety and reduce side
effects (Baviskar et al. 2012; Shegokar and Singh 2011).

In this study, SLNs were used as a vehicle for the TV extract
to investigate their potential use in the vaginal delivery of TV
for the treatment of cervical and ovarian cancers. Central com-
posite design (CCD) was used to optimize the formulation. The
in vitro anti-tumor activity of SLNs loaded with TV extract was
compared with that of an aqueous suspension of TV extract by
using the MTT assay and conducting cell cycle experiments in
HeLa and SKOV-3 cells.

2. Investigation, results and discussion
2.1. Preparation and characterization of TV-SLNs

CCD factorial design is considered an effective experimental
design strategy that is associated with a minimum number of
experiments to estimate the influence of individual variables, and
has been successfully implemented in the systematic optimiza-
tion of various drug delivery systems (Dhawan et al. 2011). The
concentrations of Compritol® 888 ATO (X), soyabean lecithin
(Lipoid S 100) (X,), and Pluronic® F68 (X3) were chosen as fac-
tors in this experimental design. According to our preliminary
experimental results, the principle of CCD and the feasibility of
preparing the TV-SLNs under the highest or the lowest factor
levels, with 5 levels of each factor, were determined as shown in
Table 1. Entrapment efficiency (EE), drug loading, and mean
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Table 1: Variables and observed responses in the central composite design for solid lipid nanoparticles (SLNs)

Formulation

Independent variables

Dependent variables

X X2 X3 Y (%) Y2 (%) Y3 (nm) Ya
SLN1 -1 —1 —1 93.41 1.64 79.35 0.40
SLN2 1 —1 —1 68.74 0.74 90.12 0.31
SLN3 -1 1 —1 55.05 0.71 44.29 0.33
SLN4 1 1 —1 83.72 0.57 36.13 0.35
SLN5 -1 -1 1 88.79 1.37 146.00 0.35
SLNG6 1 -1 1 91.24 0.82 259.60 0.31
SLN7 -1 1 1 84.22 0.87 73.26 0.35
SLN8 1 1 1 96.75 0.66 245.50 0.34
SLN9 —1.732 0 0 77.29 1.26 114.30 0.32
SLN10 1.732 0 0 98.16 0.76 222.90 0.36
SLNI11 0 —1.732 0 82.97 1.06 401.30 0.22
SLN12 0 1.732 0 87.19 0.66 32.02 0.37
SLN13 0 0 —1.732 82.03 0.93 32.57 0.35
SLN14 0 0 1.732 93.94 0.79 71.21 0.39
SLN15 0 0 0 84.33 0.84 70.52 0.35
SLN16 0 0 0 89.92 0.96 133.90 0.36
SLN17 0 0 0 81.66 0.91 295.40 0.19
SLN18 0 0 0 84.01 1.08 71.36 0.35
SLN19 0 0 0 83.90 1.20 51.28 0.36
SLN20 0 0 0 86.69 1.19 56.48 0.37
Independent variables Levels used, actual (coded)
—1.732 -1 0 1 +1.732

X, = Compritol® 888 ATO (%, w/v) 0.50 1.13 2.00 2.87 3.50

X, =Lipoid S 100 (%, w/v) 0.50 0.92 1.50 2.08 2.50

X5 =Pluronic® F68 (%, w/v) 0.50 0.92 1.50 2.08 2.50

Y. encapsulation efficiency of toad venom extract-loaded SLN (TV-SLN); Y», drug loading of TV-SLN; Y3, mean particle size of TV-SLN.

particle size of the TV-SLNs were selected as experimental
indicators and designated as Yy, Y,, and Y3, respectively. A
comprehensive experimental index (Y4) of overall desirability
was introduced to investigate the comprehensive effects of Y
to Y3 and the data were normalized according to the Hassan
equation (Goretti et al. 2012). The experimental values of the
responses are shown in Table 1. The four response variables
measured in this study demonstrated a good fit with the multiple
linear regression models (p <0.05). The equations used were as
follows: Y1 =54.370+5.107 x X; — 1.753 x X, +15.159 x X3
(r=0.626, p=0.042); Y,=1.873 —0.232 x X; —0.0318 x X,
+0.014 x X3 (r=0.796, p=0.001); Y;=38.972+42.660
x X1 —114.990 x X, +116.790 x X3 (r=0.6685, p=0.015);
and Y4=0.906—0.009 x X; +0.117 x X, —0.035 x X3 (r=
0.759, p=0.002).

With regard to the Y, to Y3 equations, X; had the largest effect
on the responses of Y, Y, and Y3, demonstrating that the
concentration of Compritol® 888 ATO affects the EE and size
distribution of TV-SLN markedly, whereas the negative corre-
lation to drug loading was comparatively lower. Reports have
demonstrated that using Compritol® 888 ATO as the lipid core
of SLNs is conducive to the formation of a stable dispersion with
a smaller particle size (Dhawan et al. 2011; Kakkar et al. 2011;
Kaur et al. 2008). X, showed the largest antagonistic effect on
the responses of Y3, with the concentration of Lipoid S 100 being
less important to the mean particle size of TV-SLN, and a larger
negative correlation to the EE of TV-SLN. X3 demonstrated the
largest synergistic effect on the responses of Y| and Y3, showing
that the concentrations of Pluronic® F68 can influence the EE
and mean particle size of TV-SLN greatly. Similar findings of
smaller mean particle size with increased surfactant concentra-
tion were described by Weyenberg and Castro and colleagues
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(Castro et al. 2009; Weyenberg et al. 2007). The augmented
loading of TV through an increase in surfactant concentration
suggested that TV might be embedded in the surfactant layer,
rather than be incorporated into the lipid matrix (Castro et al.
2009). A positive correlation between X, and Y4 was found
from the equation for Yy, indicating that among the three exper-
imental factors, only the concentration of Lipoid S 100 affected
all of the indicators.

Based on the multiple linear regression equations, the three-
dimensional response surface curves and the two-dimensional
contour curves for Yy, Y,, Y3, and Y4 were determined
(Fig. 1). Optimization was performed by superimposing the
contour plots of the Yy, Y, and Y3 responses, and locat-
ing the region of optimal surface that was common to all of
the plots.

The five formulations that were prepared based on the optimum
region identified are shown in Table 2. The mean particle sizes
ranged from 120.2 +4.98 nm to 145.6 & 3.74 nm, and the mean
particle size of the drug-loaded TV-SLNs was larger than that of
SNLs without the drug. A similar phenomenon was reported by
Lu et al. (2006), and may be attributed to the embedding of the
drug in the interfacial film (Chen et al. 2004; Jiang et al. 2012).
The nanoparticles displayed a spherical shape and remained
separate from each other (Fig. 2).

The experimental values approximated the predicted val-
ues, showing that the optimal surface was chosen cor-
rectly and that the model was suitable for optimiza-
tion of the formulations. Formulation 1, which contained
2.0% (w/v) Compritol® 888 ATO, 2.0% (w/v) Lipoid
S 100, and 2.0% (w/v) Pluronic® F68, obtained the
highest values for EE (92.97+0.57%) and drug loading
(0.79 £0.08%), with a size distribution of 127.8 +2.14 nm,
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Table 2: Composition of the toad venom extract-loaded solid lipid nanoparticles (TV-SLNs) checkpoint formulations, and the
predicted and experimental values of the response variables and bias values (n=3)

Formulation Predicted values Experimental values Bias
Yi (%) Y2(%) Y3 (m) Y1 (%) Y2 (%) Y3 (nm) Yi®) Y2 Y3(%)
1 9235 076 133,70 9297+£057 0.79+0.08 127.80+2.14 0.67  3.60 4.35
2 90.71 080 12720 91.57+£0.62 0.64+0.13 14560+3.74 0.95 20.00 14.47
3 88.22 0.62 11560 88.14+1.27 0.65+0.02 120.20+£498 009 4.84 3.98
4 89.10  0.67 14510  90.10+0.95 0.65+0.01 141.00£597 1.12  2.99 2.93
5 91.54 071 13450 92.07+047 0.69+0.19 131.80+2.79 058  2.82 2.01
Composition Formulation
1 2 3 4 5
Compritol® 888 ATO (%, w/v) 2.00 1.50 0.50 1.00  2.50
Lipoid S 100 (%, w/v) 2.00 1.80 0.50 1.20 250
Pluronic® F68 (%, w/v) 2.00 2.00 0.50 1.00  2.50
(a) ®
(b) (@
5.
(© (h)
5 i ’
(d) (@
) Fig. 2: Transmission electron microscopy of toad venom extract-loaded solid lipid
mr . nanoparticles (TV-SLNs)
. | 2.2. In vitro anti-tumor studies
cra As shown in Fig. 3, elongated and polygonal-shaped HeLa cells
© @) were observed regularly, whereas the SKOV-3 cells were round
in appearance. However, the inhibition of cell growth by the TV-
! SLN and TV extract suspensions resulted in gradual changes to
: B ‘ the cytomorphology of the cells, with elliptical or horseshoe-
shaped cells being observed. Moreover, after incubation with
. TV-SLNs, cell clarity appeared to decrease, ecthyma on the
20 se= edge of cell membranes was observed in HeLa cells, and sev-
eral SKOV-3 cells appeared to change into empty bubbles. These
observations became more prevalent with increasing concentra-

Fig. 1: Contour plot showing the effects of (a) X; (Compritol® 888 ATO [ATO]) and
X3 (Pluronic® F68 [F-68]) on response Y, (entrapment efficiency [EE]); (b)
X; and X, (Lipoid S 100 [LINZHI]) on response Y (drug loading); and (c)
X and X5, (d) X; and X3, (e) X, and X3 on response Y3 (mean particle
size). The corresponding response surface plots are shown in ()-(j)

and was therefore selected as the optimized formulation for
further studies.
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tions of TV-SLNGs.

The inhibition effects of the TV incorporated in SLNs on HeLa
and SKOV-3 cells were further examined using the MTT assay.
As shown in Fig. 4, and Tables 3 and 4, both the TV-SLN and TV
extract suspensions significantly (p <0.05) inhibited the prolif-
eration of HeLLa and SKOV-3 cells in a dose- and time-dependent
manner. After incubation for 24 h, the median inhibitory concen-
tration (ICsp) of the TV extract suspension was 527.06 ng/mL in
HeLa cells and 2040.71 ng/mL in SKOV-3 cells. These ICs val-
ues were approximately 10-fold and 13-fold higher than that of
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Table 3: The optical densities (at 490 nm) of HeLa and SKOV-3 cells treated with MTT after exposure to toad venom extract-loaded
solid lipid nanoparticles (TV-SLNs) for different incubation times (n=5)

Cells Concentration (ng/mL) Incubation time (h)
24 48 72

HeLa Control 0.338 £0.041 0.738 £0.045 1.2651+0.142
5.88 0.2494+0.033" 0.3904+0.037" 0.714£0.173"
58.79 0.146 4 0.023" 0.238 £0.040" 0.265 £0.043"
587.89 0.09140.015" 0.201 £ 0.043" 0.234 £0.057"
5878.89 0.06240.012" 0.177 4+0.034" 0.206 £ 0.026"
58788.95 0.0734+0.010" 0.105+0.023" 0.114 £0.003"

SKOV-3 Control 0.071 £ 0.021 0.214+0.015 0.254 +0.022
5.88 0.055 4 0.003" 0.207 0.025" 0.133£0.018"
58.79 0.034 4 0.004" 0.143 £0.020" 0.034 £0.018"
587.89 0.03140.004" 0.08240.011" 0.047 £ 0.009"
5878.89 0.023 £0.001" 0.070 £0.002" 0.027 £0.011"
58788.95 0.01140.001" 0.0224+0.012° 0.024 £0.012°

* p<0.05, compared with the control group.

TV-SLNs in HeLa and SKOV-3 cells, respectively. Therefore,
SLNs appeared to enhance the anti-tumor effect of TV (Sin-
tov and Shapiro 2004). Similar results were reported in studies
by Zhuang et al. (2012) with SLNs of anticancer drugs against
the MCF-7 cell line. Studies have demonstrated that SLNs may
affect the biodistribution of the incorporated drugs and thereby
affect their in vivo performance; this may be due to the lipidic
composition of the particular surface characteristics of SLNs,
leading to their effective interaction with biomembranes and
their biodistribution (Qi et al. 2012). For the SLNs prepared
in the study by Qi et al. (2012), an average particle size of
less than 200 nm and a spherical shape were shown to enhance
the absorption of the cancer cells in vitro. The Lipoid S 100
surfactant, which is composed of a high purity of phosphatidyl-
choline (>95%, w/w), that was used in the SLNs was similar
to the cytomembrane, possibly increasing the biocompatibility
between the SLNs and the cells, and thus increasing the uptake
of TV incorporated in SLNs. The greater uptake of TV in HeLa
or SKOV-3 cells via SLNs compared with free drug formulations
may contribute to higher cytotoxicity in vitro.

The results from the cell cycle detection experiments are pre-
sented in Fig. 5, and the histograms created by flow cytometry
are displayed in Fig. 6. Compared with the control group, the
percentage of HeLa cells in the Go/G| phase decreased from
74.41 +0.54 % t022.16 £ 0.26 % after incubation with TV-SLN
or TV extract suspensions, and increased from 21.74 £+ 0.30%
to 32.87£0.41% in the S phase and from 3.86 +0.32% to
44.37+0.21% in the G,/M phase. These changes in the cell
cycle population were dose-dependent (Fig. 5a and 6). TV has
been shown to inhibit the DNA synthesis of HeLa cells in S
phase, interfere with karyokinesis, and thus, restrain the prolif-
eration of tumor cells (Minelli et al. 2012).

Table 4: The median inhibitory concentration (ICsy) values
of HeLa and SKOV-3 cells treated with toad venom
extract-loaded solid lipid nanoparticles (TV-SLNs) for
different incubation times (n=>5)

Cells Treatment IC50 (ng/mL)

24h 48h 72h

HeLa TV-SLN 55.26 9.29 3.82
TV extract 526.75 109.94 41.62

SKOV-3 TV-SLN 179.31 40.51 241
TV extract 2404.47 532.04 34.27
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The percentage of SKOV-3 cells in the Go/G; phase increased
from 46.46+0.26% to 76.81£0.30 % after incubation
with TV-SLN and TV extract suspensions, and decreased
from 41.21 £0.33% to 20.95£0.36% in S phase and from
12.33 £0.24% t0 2.36 = 0.36% in the G,/M phase (Fig. 5b and
6). Compared with the control cells, SKOV-3 cells showed dra-
matic cell cycle arrest in the G¢/G; phase (p <0.05). TV may
induce SKOV-3 cells to enter into the Go/G; phase, and delay
their passage into S phase. Similar to HeLa cells, SKOV-3 cells
showed a dose-dependent cell cycle effect of TV. As shown by
the MTT assay results presented in Fig. 4, compared with TV
extract, TV-SLNs exhibited enhanced inhibitory activity in both
HeLa and SKOV-3 cells (p <0.05).

SLNs have been reported to have better biocompatibility with
normal cells, such as Caco-2 cells (Silva et al. 2011). Nanopar-
ticles with a mean particle size of less than 200 nm can bypass
first-pass metabolism by the liver, which is generally consid-
ered the major site of drug degradation (Kakkar et al. 2011).
Moreover, a smaller particle size can favor the absorption of
transdermal, ocular, or pulmonary delivery (Qi et al. 2012). In
addition, the surfactants used with soybean lecithin (Lipoid S
100) and Pluronic® F68 in the prepared SLNs may provide an
improvement in the permeability of the vaginal membrane or in
the affinity between lipid particles and the vaginal membrane,
and may also enhance bioadhesion to the vaginal wall. Loaded
the drug in SLNs can also result in controlled release after being
applied topically (Baviskar et al. 2012), and the formulated TV
loaded SLNs may reduce the irritation from TV as well as mod-
ulate drug release for topical use, such as vaginal or transdermal
delivery (Castro et al. 2009; Guo et al. 2011).

In conclusion, the CCD method was shown to be suitable for the
optimization of TV-SLN formulations, and resulted in an opti-
mized TV-SLN formulation with enhanced EE and drug-loading
properties. TV-SLN was found to enhance the inhibitory activity
of TV in both HeLa and SKOV-3 cells in vitro. Therefore, SLNs
may be effective as a novel vaginal delivery system for TV in
the treatment of cervical and ovarian cancers.

3. Experimental
3.1. Materials

TV was provided by Sanyitang Chinese Medicinal Slices Co. Ltd (Bozhou,
China), and extracted with alcohol. The TV extract contained 17.01%
(w/w) RBG and CBG. Standard references (purity > 98%, determined by
HPLC) for RBG and CBG were provided by Linuo Biotechnology Co. Ltd
(Zhengzhou, China). Compritol® 888 ATO and Pluronic® F68 were pur-
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Hela

SKOV-3

Fig. 3: Microphotographs of HeLa and SKOV-3 cells after incubation with toad
venom extract-loaded solid lipid nanoparticles (TV-SLNs) for different time
periods. (a) Control cells incubated without any drugs for 24 h; (b), (c), and
(d), cells incubated for 24 h with 5.88 ng/mL, 58.82 ng/mL, or 588.24 ng/mL
TV-SLN, respectively; and (e) cells incubated with 588.24 ng/mL TV extract
for 24 h (x 200)

chased from BASF (Ludwigshafen, Germany). Lipoid S 100 containing
95.8% phosphatidylcholine (from soybean lecithin) was kindly provided
by Lipoid GmbH (Ludwigshafen, Germany). High-glucose Dulbecco’s
Modified Eagle’s Medium (DMEM/High, Fisher Scientific Worldwide
[Shanghai] Co. Ltd, Shanghai, China), 0.25% trypsin, 0.02% EDTA, fetal
calf serum, and phosphate buffer solution (PBS) were obtained from
Shanghai Usen Biotechnology (Shanghai, China). L-Glutamine, antibi-
otics, and bovine serum albumin were purchased from Life Technologies
Corporation (Orlando, FL, USA). A cell death detection kit (POD) was
obtained from Chemicon International Inc. (Temecula, CA, USA). MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-zolium bromide) was pur-
chased from Shanghai Weihong Biological Technology Co. Ltd (Shanghai,
China). All other chemicals were obtained from Sinopharm Chemical
Reagent Co. Ltd (Shanghai, China) and were of HPLC or analytical grade.
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Fig. 4: The inhibition ratios of toad venom extract-loaded solid lipid nanoparticles
(TV-SLNs) on cell growth in HeLa (a) and SKOV-3 (b) cells. Cell growth
was determined using the MTT assay and the results are expressed as the
percentage of cell growth relative to untreated control cells (n=5)

(@)

100
90
80
70
60

50

Percentage of cells

40
30

20

()

100
90
80
70

60

Percentage of cells

S
ofetotetetetetotetotetotetote]

%
Setesesss

RARIIRIXEXS
KKK

S
3K
2020t

7
.
_

X

L
K5
tetete

%

3

0 588.24 ng/mL (TV extract)
B 58.82 ng/mL (TV-SLN)

£ Control group
O 5.8 ng/mL (TV-SLN)
0 588.24 ng/mL (TV-SLN)

1%

o553
K%
X

R RRRRITIZRZTS)
R
QIRRRLLIRRRKY
felsteototolels

%
K

Cell eycle phases

D 588.24 ng/mL (TV extract)
B 58.82 ng/mL (TV-SLN)

@ Control group
@ 5.88 ng/mL (TV-SLN)
O 588.24 ng/mL (TV-SLN)

1111122 s

G/M
Cell cycle phases

Fig. 5: Cell cycle distribution of HeLa (a) and SKOV-3 (b) cells incubated with toad
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HeLa SKOV-3

Control

TV extract (588.24 ng/mL)

TV-SLN (5.88 ng/mL)

& 0 ™
Channets L2 A)

TV-SLN (58.82 ng/mL)

TV-SLN (588.24 ng/mL)

Fig. 6: The representative cell cycle profiles of HeLa (A) and SKOV-3 (B) cells
incubated with toad venom extract-loaded solid lipid nanoparticles
(TV-SLNs) and TV extract suspensions for 24 h. (- Go/G; dip, I:l S
dip, I G, /M dip)

3.2. Cell lines

HelLa cells, a human cervical cancer cell line, and SKOV-3 cells, a human
ovarian cancer cell line, were purchased from the Shanghai Institute of
Biochemistry and Cell Biology (Shanghai, China).

3.3. HPLC analysis of CBG and RBG

The LC-2010A HT Liquid Chromatograph system (Shimadzu Corporation,
Kyoto, Japan) was used to detect the presence and determine the concen-
trations of CBG and RBG in the samples. An Ultimate® XB-C18 reverse
phase column (5 pm, 4.6 mm inner diameter x 250 mm; Welch Materials,
Inc., Shanghai, China) and an ultraviolet detector (Hamamatsu Photonics,
Hamamatsu, Japan) were used in the HPLC analysis. The mobile phase con-
sisted of methanol:water (55:45, v/v) with a flow of 1 mL/min. The column
temperature was kept constant at 40 °C and the detection wavelength used
was 296 nm. The recovery percentage ranged from 94.18 to 101.40 % for
CBG and RBG. The intra-day relative standard deviation (SD) values were
0.11% and 0.14% for CBG and RBG, respectively, whereas the inter-day rel-
ative SD values were 1.22% and 0.82% for CBG and RBG, respectively. The
samples from the in vitro experiments were filtered through anylon, 0.45-pm
pore, disposable syringe filter (diameter: 13 mm, Shanghai Anpel Scientific
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Instrument Inc., Shanghai, China) before being automatically injected into
the HPLC system.

3.4. Preparation of TV-SLNs

The TV-SLN suspensions were prepared using the cold-homogeneity
method. TV extract, Compritol® 888 ATO, and Lipoid S 100 were dis-
solved completely in ethanol in a water bath at 80°C. The solvent was
wiped off and the residue was quickly frozen at —20°C for 2 h. Pluronic®
F68 was dissolved in 100 mL water at 4 °C, then mixed with the residue, and
ground to form a rough water dispersion. The dispersion was homogenized
9 times using a high-pressure homogenizer (PandaPlus 1001L, GEA Niro
Soavi, Parma, Italia) under a pressure of 600 bar, and then cooled to room
temperature.

3.5. Central composite design

The concentrations of Compritol® 888 ATO (X), Lipoid S 100 (X»),
and Pluronic F68 (X3) were chosen as factors in the experimental design
(Table 1). The EE (Y;) of CBG and RBG, drug loading (Y>), and mean
particle size (Y3) were used to optimize the SLN formulations.

The experimental runs are shown in Table 1. The multiple linear regression
model used for the response surface was: Y =bg +b;X; +by X7 +b3X3. . .,
where Y was the measured response associated with each factor level com-
bination, by was an intercept, bj to bz were the regression coefficients, and
X to X3 were coded levels of independent variables. Analysis of variance
(ANOVA) was used to verify the reliability of the model.

The desirability function for the response to be minimized was defined as fol-
lows: dimin = (Ymax — Yi)/(Ymax — Ymin), Where Ypin and Ymax represented
the lowest and highest possible values, respectively, and Y; was the experi-
mental value. For a response to be maximized, the desirability function was
defined as follows: dimax = (Yi — Ymin)/(Ymax — Ymin)- The constraints were
Y1: Ymax = 100% (desirable EE) and Ypin =80% (lowest acceptable EE);
Y2: Ymax = 5% (largest acceptable drug loading) and Yin = 0.5% (desirable
drug loading; from a practical viewpoint, much lower drug loading is not
necessary as this would have little benefit on the drug effect of TV-SLN)
(Haoetal. 2012); and Y3: Ymax = 300 (largest acceptable particle size, above
which the dispersion is not considered to consist of SLNs) and Y pin =30
(desirable particle size). Among these constraints, Y; and Y, were maxi-
mized, whereas Y3 was minimized. Overall desirability (OD) was calculated
by combining the individual desirability values using the geometric mean,
as reported previously (Zhang et al. 2009). The optimal surfaces for indi-
vidual response variables were located by superimposing the contour plots
for all the response variables.

3.6. Determination of encapsulation efficiency and drug loading

The centrifugal ultrafiltration method was used to investigate the EE (Xie
et al. 2011). The TV-loaded SLN suspension was weighed precisely and
transferred into a centrifugal ultrafiltration tube with a molecular-weight
cutoff (MWCO) of 10 kDa (Shanghai Yougqi Industrial Co. Ltd, Shanghai,
China) and centrifuged (SIGMA 2-16K, Sartorius, Germany) at 11913 g for
20 min. The ultrafiltrate fluid containing CBG and RBG was determined
directly using HPLC. The EE was calculated with the following formula:
EE (%)= (W — W)/W, x 100, in which W was the amount of CBG and
RBG loaded in the SLN suspension, and Wt was the amount of drug in the
ultrafiltrate fluid (Lu et al. 2006). Drug loading of the SLN suspension was
calculated as follows: drug loading (%) =(W; — W¢)/W; x 100, with Wy
being the total weight of the SLNs. The determinations were performed in
triplicate in a total of 3 samples.

3.7. Characterization of TV-SLNs

The mean particle size of the prepared SLNs was measured using the
dynamic light scattering (DLS) technique and a computerized Zetasizer
Nano ZS90 (Malvern, UK). Measurements were performed in triplicate. The
appearance of the SLNs was examined using a transmission electron micro-
scope (Philips Tecnai 12; Philips, Amsterdam, The Netherlands). Samples
were prepared for negative staining. Copper nets carrying formvar support-
ing film (Zhong Jing Ke Yi Technology Inc., Beijing, China) were placed
onto a stencil plate. The SLN suspension was dropped gently onto the film,
and the film was allowed to dry for 5 min. A drop of 2% uranyl acetate was
then added to the film and allowed to dry for 5 min, after which the film was
observed under a transmission electron microscope.

3.8. Cell culture

The HeLLa and SKOV-3 cells were maintained at 37 °C and 5% CO; in a CO,
incubator (Forma 3111; Thermo Fisher Scientific, Walther, MA, USA). The
culture medium was extracted using a MicroPette Plus pipette and 1 mL of
zymine solution that was added. After 3 min of digestion, the zymine solution
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was wiped off and 5 mL of culture medium was used to wash the cells. The
cell suspension was distributed into a new culture dish and 10 mL of fresh
culture medium was added for subcultivation. The culture was maintained at
37°C and 5% CO;. All procedures were performed on a super-clean bench
and sterile conditions were maintained.

3.9. Cell morphology

Cells were plated onto 6-well plates at a density of 1 x 10% per well and
allowed to attach for 48 h. The medium was then replaced with an equal
volume (2 mL) of fresh medium containing the mass concentrations of the
extract as 5.88, 58.82, or 588.24 ng/mL from TV-SLN suspension, or 588.24
ng/mL of TV extract for comparison. After incubation for 24 h, the cells were
observed under an inverted microscope (Olympus Corporation, Takatiho,
Japan).

3.10. MTT assay

Cells were seeded into 96-well plates (1 x 10* per well) in 100 wL of culture
medium for 4 h, and then incubated with various concentrations of TV-SLN
or TV extract suspensions for 24, 48, and 72 h. After incubation, 50 L of
MTT solution was added to the plates and incubated for 4 h. The medium
and MTT were then removed, and 150 pL of dimethylsulfoxide (DMSO)
was added at room temperature for 10 min with shaking. Cell optical density
(OD) was determined using a microplate reader (Thermo Labsystems Oy,
Helsinki, Finland) at 490 nm (Luoetal. 2011, Sun et al. 2012). Cell inhibition
was calculated as the percentage of MTT survival.

3.11. Cell cycle detection

The HeLa and SKOV-3 cells were plated onto 6-well plates at a density of
1 x 10° per well and allowed to attach for 72 h. The medium was replaced
with an equal volume (2mL) of fresh medium containing the mass con-
centrations of the extract as 5.88, 58.82, or 588.24 ng/mL from TV-SLN
suspension, or 588.24 ng/mL of TV extract, and incubated for 24 h. The
attached cells were harvested by trypsinization and washed twice with ice-
cold PBS, then resuspended in ice-cold PBS, and fixed with 75% ethanol for
24 h. The ethanol was removed by centrifugation, and the cells were then
washed once in PBS and stained with 1 mL of propidium iodide (PI)/Triton
X-100 solution (containing 0.1% [w/w] Triton X-100, 200 p.g/mL RNase
A, and 50 pg/mL PI in PBS) in the dark at room temperature for 30 min.
The stained cells were analyzed using a BD FACSCalibur Flow Cytome-
ter in combination with BD Lysis II Software (Becton, Dickinson and Co.,
Franklin Lakes, NJ, USA).

3.12. Statistical analysis

Statistical analysis was performed by one-way ANOVA or multiple linear
regression analysis using Statistical Product and Service Solutions soft-
ware (SPSS, version 15.0, SPSS Inc., Chicago, IL, USA). The results were
expressed as the mean &+ SD and were considered statistically significant at
a confidence interval of 95% (p <0.05).
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