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Objective: The objective of the present study was to prepare cantharidin-entrapped non-ionic
surfactant vesicles (CTD-NSVs) and evaluate their potential in enhancing the antitumor activi-
ties and reducing CTD’s toxicity.

Methods and results: CTD-NSVs were prepared by injection method. 3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and flow cytometry analysis showed that
CTD-NSVs could significantly enhance in vitro toxicity against human breast cancer cell line
MCF-7 and induce more significant cell-cycle arrest in GO/G1 phase. Moreover, Hoechst 33342
staining implicated that CTD-NSVs induced higher apoptotic rates in MCF-7 cells than free
CTD solution. In vivo therapeutic efficacy was investigated in imprinting control region mice
bearing mouse sarcoma S . Mice treated with 1.0 mg/kg CTD-NSVs showed the most powerful
antitumor activity, with an inhibition rate of 52.76%, which was significantly higher than that
of cyclophosphamide (35 mg/kg, 40.23%) and the same concentration of free CTD (1.0 mg/kg,
31.05%). In addition, the acute toxicity and liver toxicity of CTD were also distinctly decreased
via encapsulating into NSVs.

Conclusion: Our results revealed that NSVs could be a promising delivery system for enhancing
the antitumor activity and simultaneously reducing the toxicity of CTD.

Keywords: cantharidin, non-ionic surfactant vesicle, toxicity, antitumor activity

Introduction

Blister beetles (Mylabris phalerata) have been used as a traditional medicine for
more than 2000 years.! These dried insect bodies are traditionally employed in the
People’s Republic of China to treat warts and mollusca through topical administra-
tion.2* Cantharidin (CTD), the major bioactive compound in Mylabris, exists in all
body fluids, and its antitumor activity has been long acknowledged.? The potential of
CTD has been thoroughly elucidated, and its antitumor effect is considered primarily
due to its potently and selectively inhibitive ability on serine/threonine protein phos-
phatases 1 and 2A.* Inhibition of protein phosphatases has been shown to regulate
multiple cellular processes, through which CTD triggers GO/G1 or G2/M arrest>® and
apoptosis mediated by the mitochondrial caspase cascade.” Moreover, CTD has been
shown to increase the level of Bax, inhibit the expression of B-cell lymphoma 2 and
survivin,® and regulate the production of reactive oxygen species, subsequently inducing
apoptotic cell death.” However, the toxicity of CTD, including the damage to mammals’
urinary system, hematemesis, dysuria, liver congestion, and the risk of aborticide,
remains a great challenge for its further development in clinical applications.! There-
fore, scientists have persisted in the search to maximize its potential, and many CTD
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derivatives and several novel drug-delivery systems have
been developed.'®!

Non-ionic surfactant vehicles (NSVs), the so-called
niosomes, have attracted major attention as a new drug-
delivery system in the pharmaceutical field since the late
1980s. As an alternative approach to the conventional
liposomal devices, NSVs are formed by the self-assembly
of non-ionic amphiphiles in aqueous media, resulting in
closed spheroidal structures. They have been proposed for
both topical and systemic administration.'*'¢ Several studies
have demonstrated that NSVs behave like liposomes in vivo.
They do so by prolonging the circulation of entrapped
drugs, minimizing drug degradation and inactivation after
administration, preventing undesirable side effects, increasing
drug bioavailability, and targeting the pathological area.!>!7:!8
Therefore, we were interested in using CTD-encapsulated
NSVs to enhance its antitumor activity and decrease its
toxicity. In the present study, we prepared CTD-loaded NSVs
(CTD-NSVs) by injection method, and the antitumor activity
of CTD-NSVs was evaluated both in vitro and in vivo.

Materials and methods

Experimental agents

CTD was extracted and purified from Blister beetles
(Mylabris phalerata); purity was over 98%, as determined
by high-performance liquid chromatography. The CTD
preparation was made by dissolving in dimethyl sulfoxide
at a stock concentration of 100 mM. Cyclophosphamide
was obtained from Jiangsu Hengrui Medicine (Lianyun-
gang, People’s Republic of China). Span 40 and Tween
80 were purchased from Sinopharm Chemical Reagent
(Shanghai, People’s Republic of China) and Guangzhou
Huarui Chemical Instrument (Guangzhou, People’s
Republic of China), respectively. Fetal bovine serum,
phosphate-buffered saline (PBS), penicillin-streptomycin,
0.25% (w/v) trypsin/l mM ethylenediaminetetraacetic
acid, Hoechst 33342, and propidium iodide (PI), and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were purchased from Life Technologies
(Carlsbad, CA, USA). Other chemicals were of analytical
grade from local sources and used without further puri-
fication. An alanine aminotransferase (ALT) assay Kkit,
v-ammonia acyltransferase (AST) assay kit, and total bili-
rubin (TBIL) assay kit were provided by Beijing Beihua
Kangtai Clinical Reagent (Beijing, People’s Republic of
China). The S,
mental Animal Center of the Institute of Chinese Materia

tumor strain was supplied by the Experi-

Medica, China Academy of Chinese Medical Sciences.

Preparation and characterization of

CTD-loaded non-ionic surfactant vesicles

CTD-NSVs were prepared by an injection method described
previously.' Briefly, a predetermined amount of CTD,
Span 40/Tween 80 (1:1 w/w) and cholesterol in a mass ratio of
5:1 were dissolved in an aliquot of diethyl ether. The obtained
organic solution was added drop-wise into 10 times volume of
distilled water under vigorous stirring. The system was stirred
at room temperature overnight to make the drug participate into
the capsule wall. The prepared CTD-NSVs were characterized
on the basis of their size (209.8 £ 0.5 nm), morphology by
transmission electron microscope (TEM), polydispersity index
(0.331), zeta potential (—27.3 £2.9 mV), and total drug-loading
capacity (0.6 + 2.0 mg/mL).

Cells and animals

The breast cancer cell line MCF-7 was obtained from the
American Type Culture Collection. Cells were cultured in
Roswell Park Memorial Institute 1640 medium supplemented
with antibiotics (100 U/mL penicillin and 100 pg/mL strep-
tomycin) and 10% (v/v) heat-inactivated fetal bovine serum
at 37°C under 5% CO.,.

Kunming SPF mice (composed equally of male and
female for acute toxicity testing and male for the liver toxicity
experiment, 18-28 g) were bred under regular laboratory
conditions (ie, room temperature and natural light—dark cycle)
for 1 week before study, with free access to standard rodent
chow and water. ICR male mice (20 £ 2 g) were purchased
for the solid-tumor experiment. All mice were purchased
from the Experimental Animal Center of the Academy of
Military Medical Sciences (license number SCXK [Army]
2007-004). All of the animal experiments were performed
in full compliance with guidelines approved by the Animal
Care Committee at the China Academy of Chinese Medical
Sciences (Beijing, People’s Republic of China).

In vitro cytotoxicity studies

Cell viability was estimated by MTT assay, as described
previously.?*22 MCF-7 cells were seeded at a density of
8000 cells per well into a 96-well plate and allowed to
attach overnight. After reaching approximately 70%—80%
confluence, the cells were starved by incubation with a
serum-free medium for 24 hours. Then, the cells were treated
with different concentrations of blank NSVs, free CTD and
CTD-NSVs for 24 and 48 hours, respectively. Cell viability
was then determined by incubation with medium contain-
ing MTT (1 mg/mL) for 4 hours. After removal of the
medium, the formazan crystals were dissolved in 100 puL
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dimethyl sulfoxide. Absorbance at 570 nm was determined
with a microplate reader and presented as relative cell
viability. Percentage of cell survival was defined as the rela-
tive absorbance of treated cells versus respective controls.

Cell-cycle analysis

Cell-cycle distribution based on DNA content was deter-
mined as previously described.?*** MCF-7 cells were seeded
at a density of 5.0 x 10° cells into a 25 mL Nunc (Thermo
Fisher Scientific, Waltham, MA, USA) cell-culture flask and
allowed to attach overnight. After being starved by incubation
with a serum-free medium for 24 hours, cells were treated
with different concentrations of blank NSVs, free CTD, and
CTD-NSVs for another 24 hours. After being washed twice
with PBS, cells were trypsinized and harvested by centrifu-
gation at 500 g for 5 minutes, followed by fixing in ice-cold
70% ethanol (v/v) at —20°C overnight. Subsequently, cells
were collected by centrifugation and stained with 100 uL of
Pl/ribonuclease staining solution (20 pg/mL Pl and 8 pg/mL
ribonuclease, respectively) for 30 minutes (protected from
light), then analyzed by a flow cytometer (BD FACS Canto,
BD Biosciences, San Jose, CA, USA). The cell distribution
of sub-G1, GO/G1, S, and G2/M were measured, and results
were calculated using ModFit LT software (Version 3.0,
Verity Software House, Topsham, ME, USA).

Apoptotic cell determination
by Hoechst 33342 staining

Apoptotic nuclear morphology was assessed by Hoechst
33342 staining.” MCF-7 cells were seeded in 24-well
plates at a density of 1.0 x 10° per well. After 24 hours of
incubation, cells were treated with blank NSVs, free CTD
and CTD-NSVs (0, 20 uM). After 48 hours’ incubation,
cells were fixed with 4% paraformaldelyde for 30 minutes
at room temperature, then washed with PBS and stained
with 1 ug/mL of Hoechst 33342 at room temperature for
30 minutes. Photographs of apoptotic nuclear morphology
were taken by a fluorescent microscope (Olympus, Tokyo,
Japan). Apoptotic cells were distinguished through their
characteristic patterns of cytoplasmic rounding, membrane
blebbing, and nuclear condensation.

Antitumor efficacy in vivo

In vivo anticancer activity was evaluated in S tumor-

180
bearing mice. ICR male mice were inoculated subcutane-
s Cells at a density of 1 x 10”/mL in PBS. The

dose schedule started 24 hours after tumor cell transplanta-

ously with S

tion with the aim of mimicking the early stage of tumor

growth.?® The inoculated mice were assigned randomly to four
groups: control, cyclophosphamide, CTD, and CTD-NSVs.
The mice were treated with saline, cyclophosphamide
(35 mg/kg), free CTD (0.25, 0.5, and 1 mg/kg) and CTD-
NSVs (0.25, 0.5, and 1 mg/kg), respectively. The size of the
tumor was recorded every 10 days. Mice were killed when
tumor sizes in the control group were 2 cm?® (ie, 28 days after
cell inoculation). The tumor and other organs were surgically
removed for measurement of mouse weight, tumor weight,
spleen and thymus index (spleen/thymus index = the final
weight of spleen/thymus [mg] of mice in each group, and the
final average body weight [g] without the tumor).

Acute toxicity test of CTD
and CTD-NSVs

To perform the acute toxicity test of CTD vesicles, we
separated 100 mice (half male and half female) weighing
18-20 g each. Before intragastric administration, all mice were
fasted for 12 hours, but water was provided. The mice were
divided into five groups (n=10). According to the lethal situ-
ation in the pretest, we calculated the appropriate toxic dosage
of CTD solution and CTD vesicle solution, and thus prepared
a series of liquid medicine with different concentrations.
We conducted a single intraperitoneal injection with differ-
ent concentrations of liquid medicine to the animals in each
group, and the quantity of administration was 20 mL/kg. We
observed in detail the animal responses within 8 hours after
administration. We observed the toxic reactions in animals
and death distribution every morning and every afternoon.
We continuously observed the mice for 14 days, and weighed
them once on a separate day. We also recorded the animals’
reactions after administration, including weight changes, diet,
appearance, behavior, secretions, excretions, and so on. We
conducted an autopsy of dead animals in a timely manner, and
conducted gross anatomy of the other animals at the end of
the experimental observation period. If diseased organs were

S|

e

Figure | Chemical structure of cantharidin (A) and transmission electron
microscopy image of cantharidin-loaded non-ionic surfactant vesicles (B).
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found, histopathological examination was done. We used the
Bliss method to calculate the median lethal dose (LD)), for
the animals with a 95% confidence limit.

Liver toxicity experiment
of CTD and CTD-NSVs

Ten healthy Kunming male mice, weighing 25-28 g each
as the normal control group, were administered normal
saline by peritoneal injection. One hundred and fifty mice
for the free CTD group and CTD-NSV group, respectively,
were administered once with an intraperitoneal injection
dose of LD, — 0.2 mL/10 g weight. We drew blood from
the orbit of the mice at 1, 3, 5, 24, and 144 hours after
administration. Then the serum was centrifuged and the
content of alanine aminotransferase (ALT), aspertate
aminotransferase (AST), and total bilirubin metabolism
(TBIL) were determined.

Statistical analysis

The results are presented as means + standard error. Statistical
analysis was performed using Student’s #-test or one-way
analyses of variance. A P-value less than 0.05 was considered
significant, and a P-value less than 0.01 was considered
highly significant.

Results and discussion

In vitro cytotoxicity of free CTD

and CTD-NSVs against breast cancer cells
Cellular cytotoxicity assays of blank NSVs, free CTD,
and CTD-NSVs were carried out on MCF-7 cells.
MTT assay showed that both free CTD and CTD-NSVs
significantly suppressed MCF-7 cell proliferation in a
dose- and time-dependent manner. At the same concentra-
tion, CTD-NSVs showed significantly higher inhibition
rates against the MCF-7 cells compared to free CTD
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Figure 2 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay showing that both free cantharidin (CTD) solution and CTD-loaded non-ionic surfactant
vesicles (CTD-NSVs) (040 M) treatment could inhibit the growth of MCF-7 cells in a time- and dose-dependent manner, while blank NSVs showed negligible effect on

cell viability.

Notes: Results are expressed as means + standard deviation (n = 3). *P < 0.05 and **P < 0.01 compared to the same concentration of free CTD solution group.
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solution (Figure 2). Our study showed that the IC_ val-
ues of CTD-NSVs (16.88 uM and 11.45 uM at 24 and
48 hours, respectively) were much lower than that of
free CTD (31.75 uM and 25.59 uM at 24 and 48 hours,
respectively) at a series of time points. Meanwhile, in
all toxicity studies, blank NSV were taken as respective
controls for free CTD and CTD-NSVs. We found that
blank NSVs showed negligible effect on cell viability,

400
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especially at 24 hours (Figure 2). Therefore, the cyto-
toxicity effect of CTD-NSVs was primarily attributed to
the enhancing effect of CTD.

Cell-cycle analysis

CTD has already been shown to affect cell-cycle distribution
in various kinds of cells.>*?” Figure 3 shows the cell-cycle
histograms of MCF-7 cells treated with CTD-NSVs and
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Figure 3 Effects of free cantharidin (CTD) solution, CTD-loaded non-ionic surfactant vesicles (CTD-NSVs) (0, 10, 20 uM), and blank NSVs on the cell-cycle distribution of
MCF-7 cells.

Notes: The various phases of the cell cycle were evaluated by flow cytometry. 20 uM CTD-NSVs significantly induced cell-cycle arrest at the GO/G| phase, while free CTD
solution and blank NSVs showed negligible effect on cell-cycle distribution of MCF-7 cells. Data are expressed as mean * standard error of three experiments in duplicate.
**P < 0.01 compared to control.

Abbreviations: PE-A, pycoerythrin-absorption; NS, not significant; NSVs, non-ionic surfactant vesicles.
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CTD solution at different concentrations (0, 10, 20 uM) for
24 hours. The flow cytometry assay showed that CTD-NSVss
and CTD solution arrested MCF-7 cells at the GO/G1 phase
in a dose-dependent manner. Following exposure to CTD
solution and CTD-NSVs at 10 uM for 24 hours, the per-
centage of cells in the GO/G1 phase were 63.4% and 75.0%,
respectively, both higher than that of the control group
(56.5%). When the concentration increased to 20 uM, the
fraction of cells in the GO/G1 phase rose to 72.2% and 84.1%,
respectively. In our study, only 20 uM CTD-NSVs signifi-
cantly arrested MCF-7 cells at the GO/G1 phase (P < 0.01).
Meanwhile, we found that blank NSVs showed a negligible
effect on cell-cycle distribution. These data suggested that
NSVs could enhance the cell-cycle arrest effect of CTD in
MCF-7 cells.

Cell-apoptosis observation

Apoptosis is the programmed process that is essential for
the development of most metazoans, and deregulation of
apoptosis is an indicator of most cancer cells.”® CTD was
previously reported to induce apoptosis in several kinds of
cancer cells.*” Based on the cell-cycle analysis, we further
characterized CTD/CTD-NSVs induced apoptosis by
Hoechst 33342 staining. As shown in Figure 4, MCF-7 cell
nuclei were round and homogeneously stained in control
and blank NSV groups; however, after being treated with

Control

N CTD-NSVs

Figure 4 Hoechst 33342 fluorescent staining to detect apoptotic morphology in
breast cancer cells.

Notes: MCF-7 cells were treated with blank non-ionic surfactant vesicles (NSVs), free
cantharidin (CTD) (20 uM), and CTD-NSVs (20 uM) for 48 hours. Cells were observed
in three experiments using a fluorescent microscope (Olympus, Tokyo, Japan).
Abbreviation: CTD-NSVs, CTD-loaded non-ionic surfactant vesicles.

20 uM CTD for 48 hours, cells showed marked nuclei
condensation. In addition, the partition of cytoplasm and
nucleus into membrane-bound vesicles (apoptotic bodies)
was also observed. The CTD-NSV group showed nearly
twice the apoptotic rates compared to free CTD. Meanwhile,
we found that blank NSVs showed a negligible effect on cell
nucleus change. The morphological changes of cell nuclei
indicated that the apoptosis-inducing effects of CTD might
be significantly enhanced by NSVs.

CTD-NSVs significantly inhibited tumor

growth in vivo

We selected S ) tumor-bearing mice as animal models,
because this has been one of the classic tumor models for
quite some time and was introduced in the antitumor studies
on CTD.*3° The inhibitory action of different formulations of
CTD against S,
We found that the NSV-enhanced in vivo anticancer efficacy
in S solid tumor mice was consistent with the in vitro

180
effects. After 10 days, no decrease in body weight was

solid tumor in mice is shown in Figure 5A.

observed in any of the four groups. The negative control
group of 20 mice injected with saline solution induced an
average tumor weight of 2.516 £ 0.461 g. For mice treated
with 35 mg/kg of cyclophosphamide, the tumor suppression
was obvious, with a mean tumor weight of 1.504 + 0.540 g,
which was significantly smaller than that of the control
group. Compared with the controls, the tumor-inhibition
rates in high- (1.0 mg/kg), medium- (0.5 mg/kg), and low-
(0.25 mg/kg)-dose CTD-treated mice were 31.05%, 29.84%,
and 26.92%, respectively. Interestingly, when the mice were
treated with CTD-NSVs, a relatively high tumor-inhibition
rate (52.76%) was observed in the high-dose group, which
was significantly higher than that of the free CTD at the same
dose. For the medium- and low-dose group, no significant
difference was observed between the two formulations of
CTD. In addition, the spleen index in the cyclophosphamide
and all free CTD dose groups was significantly lower than
that of the model control group (Figure 5B). In the high-
dose group of CTD-NSVs, the spleen index increased and
was significantly higher than that of the free CTD at the
same dose. No significant differences in thymic index were
observed in all groups.

CTD-NSVs exhibited lower

toxicity in vivo

The clinical signs of CTD poisoning indicate that toxicity
(especially hepatotoxicity) is still the largest challenge for
further clinical application.’!*? In the present study, after
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Figure 5 Effects of cantharidin (CTD) and CTD-loaded non-ionic surfactant vesicles (CTD-NSVs) on tumor weight (A), spleen and thymic index (B) against S ) xenograft-

bearing mice.

Notes: Data are expressed as means + standard error. *P < 0.05 and **P < 0.0] compared to the same concentration in the free CTD solution group.

intraperitoneal injection of CTD solution for 30 minutes,
the activities of the mice became slow and toxic responses
including abdominal pain, listlessness, and dropped surface
temperature. Some mice died after 3 hours. Interestingly,
for mice injected with CTD-NSVs, all toxic responses
and death were postponed to 1-2 hours and 8§-12 hours
after injection, respectively. Meanwhile, calculated by the
Bliss method, we also found that the LD, value of CTD-
NSVs (5.42 mg/kg) was much lower than that of free CTD

(2.64 mg/kg), which indicates significantly lower acute
toxicity (Figure 6A).

The liver is known to be the main organ for detoxifying
and metabolizing xenobiotics. ALT and AST are important
enzymes in the liver, and their concentrations are usually
closely related to chronic liver diseases.* To evaluate whether
CTD-NSVs resulted in lower hepatotoxicity than free CTD
in vivo, mice were injected with free CTD or CTD-NSVs, and
serum ALT, AST, and TBIL levels were detected. The AST,
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Figure 6 Median lethal dose (LD,), serum alanine aminotransferase (ALT), aspartate transaminase (AST), and total bilirubin (TBIL) level of mice after treatment with

cantharidin (CTD) and CTD-loaded non-ionic surfactant vesicles (CTD-NSVs).

Notes: Data are expressed as means * standard error. *P < 0.05 and **P < 0.0l compared to the same concentration of free CTD solution group.

ALT, and TBIL levels of the CTD-treated mice were all
increased compared to the control group, indicating significant
liver damage caused by CTD (Figure 6). However, all the three
values in the CTD-NSV group were significantly lower than
that of the CTD group (except for 24 hours). Moreover, in
viewing the level of serum ALT, AST, and TBIL, liver toxic-
ity of the CTD-NSV group appeared significantly slower
compared to the CTD group, which is consistent with acute
toxic responses, such as abdominal pain and listlessness. The
highest levels of ALT, AST, and TBIL in free CTD group all
appeared at 3 hours after injection, whereas the highest ALT
and TBIL levels of CTD-NSVs group were at 24 hours. Our
results demonstrated that liver toxicity induced by CTD was
weakened via NSV encapsulation.

Conclusion and discussion

There are many kinds of Mylabris-based pharmaceutical
preparations in the Chinese market, including compound
Mylabris injection, compound Mylabris capsules, and
Qinin (CTD sodium) injection, in which CTD is considered
the major active component. In clinical therapeutics,
cantharidin is largely limited by its short half-life and

toxicity.>* There exists an urgent necessity to develop an
efficient delivery system to reduce liver toxicity, membrane
irritation, and improve the drug’s anticancer efficacy. Com-
pared to phospholipid-based vesicles such as liposomes,
NSVs have advantages of chemical stability, lower toxicity,
improved therapeutic performance, and easier handling and
storage. NSVs are also relatively low-cost, and their prepara-
tion for routine and large-scale production can be performed
without using pharmaceutically unacceptable solvents.* For
CTD, carriers with lower side effects and high encapsulating
capacity is preferred. NSV structural properties allow the
entrapment of CTD almost completely in the bilayer, which
can minimize degradation and inactivation after adminis-
tration, prevent undesirable side effects, and increase drug
bioavailability and targeting to tumor sites.*® Therefore, in this
study, we developed CTD-NSVs (noisomes) and evaluated
their potential in enhancing in vitro and in vivo antitumor
activities and reducing CTD’s toxicity.

Our in vitro toxicity studies confirmed that NSVs
could significantly facilitate the cytotoxic actions of CTD.
Generally, nanoparticles can be internalized into cells by
endocytosis, phagocytosis, or just being adsorbed onto the
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surface of the cells.”” The enhanced toxicity of CTD may
be mainly attributed to accelerated cellular uptake, because
NSVs could be nonspecifically internalized into cells via
endocytosis or phagocytosis. Moreover, by markedly increas-
ing the solubility and dissolution rate of CTD, NSVs could
produce higher molecular concentration around the cells. The
increased in vitro antitumor effects may also be associated
with interactions between NSVs and cell membranes, through
which membrane permeability may be altered.

Interestingly, CTD treatment alone (0.25, 0.5, and
1.0 mg/kg) produced a reduction of tumor weight to the same
extent, while it was notable that CTD-NSVs decreased tumor
weight in a concentration-dependent manner (Figure SA). Due
to its poor bioavailability, free CTD may just partially reach
the tumor site and penetrate, while encapsulation of CTD into
NSVs could increase its penetration in tumors. Although the
dose of CTD increased, the content in the target tumor may
not subsequently increase. While for CTD-NSVs, higher drug
content in tumor can attain based on the enhanced perme-
ability and retention of tumors with leaky vasculature, thus a
dose-dependent inhibition on tumor growth could be achieved.
The increased content in tumor also indicated that less CTD
is distributed throughout the body, consequently reducing the
toxicity. These results indicated that cancer therapies based on
NSVs can provide improved drug efficacy without increasing
the chemotherapeutic drug dose and also through reducing
systemic toxicity.

In conclusion, CTD-NSVs presented significant antitumor
activity and lower toxicity for the treatment of cancer. MTT
assay, cell-cycle analysis, and Hoechst 33342 staining showed
that NSVs could enhance the in vitro anticarcinogenic effect
of CTD against MCF-7 cells. NSVs also enhanced in vivo

anticancer efficacy in S, = solid-tumor mice, which was con-

sistent with the in vitro iagfofects. In addition, the acute toxicity
and liver toxicity of CTD were also distinctly decreased via
encapsulating into NSVs. Based on these results, we can
conclude that NSVs could be a promising delivery system
for enhancing antitumor activity and simultaneously reduc-
ing the toxicity of CTD. However, this study is lacking in
clear understanding of how CTD-NSVs work at cellular and

molecular levels, which still deserves further research.
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