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Alphastatin is a 24-amino acid peptide and can suppress tumor angiogenesis by inhibiting both the migration and tubule formation
of vascular endothelial cells. However, the anticancer effect of Alphastatin is limited due to the short half-life and degradation in the
body. In this study, Alphastatin-loaded chitosan nanoparticles (AsCs NPs) were prepared with an initial concentration of 2mg/ml
for chitosan and 1mg/ml for Alphastatin. AsCs NPs presented the encapsulation efficiency of 32.4%, the mean particle size of
387.4 nm, the polydispersity index of 0.223, and the zeta potential of +28.1mV. AsCs NPs have a sustained release for 6 days
and were stable in serum for at least 24 hours. And the NPs could preserve the integrity of encapsulated Alphastatin and
released Alphastatin for 24 hours. In a subcutaneous LA975 lung carcinoma xenograft T739 mouse model, AsCs NPs
significantly inhibited the tumor growth, tumor volume, and microvessel density (MVD), and the antitumor effect was even
stronger than that of Alphastatin. In addition, the VEGF-induced tube formation of HUVEC could be inhibited by AsCs NPs
in vitro and the serum containing AsCs NPs, and the protein level of SphK1 in HUVEC was also decreased by AsCs NPs,
suggesting an inhibitory effect of AsCs NPs on the SphK1-S1P signaling pathway. Furthermore, hemolysis assay showed a safety
on blood compatibility of AsCs NPs. Our study indicated that AsCs NPs inhibited the SphK1-S1P signaling pathway and
enhanced the antiangiogenic effect of Alphastatin both in vitro and in vivo.

1. Introduction

Lung cancer is a serious and life-threatening malignant
tumor. Though great progress has been made in detection
and treatment, the 5-year survival rate of lung cancer remains
less than 15%. The invasion and metastasis of tumor are the
underlying causes of treatment failure and mortality, and
angiogenesis is the prerequisite and foundation for invasion
and metastasis of tumor cells [1]. Thus, inhibition of tumor
angiogenesis has emerged as an important strategy for anti-
tumor therapy. Alphastatin is a designed and synthetic
peptide containing 24 amino acids [2], whose structure is
according to the fibrinogen E fragment (FgnE), a potent anti-
angiogenic factor [3]. It has been reported that Alphastatin
acts on activated vascular endothelial cells in the tumor
to inhibit tumor angiogenesis [4]. However, as a peptide,
due to easy degradation by widely distributed proteolytic

enzymes, Alphastatin has a short half-life; therefore, its anti-
tumor angiogenesis could not be fully exerted [5].

Chitosan is a natural cationic polysaccharide and has
been widely used as a biomaterial due to its chemical stability,
safety, nontoxicity, biocompatibility, and biodegradability.
Chitosan is often used as a carrier material to prepare
drug-loaded nanoparticles [6]. Previous studies have shown
that chitosan can entrap protein and peptide drugs and pro-
tect them from hydrolysis by proteolytic enzymes, so that the
drug retention time in the body can be prolonged [7]. In
addition, the preparation method of drug-loaded chitosan
nanoparticles is relatively simple with moderate conditions.
And the process has little effect on the bioactivity of proteins
or peptides because organic solvent is not involved. More-
over, it has been reported that chitosan and its derivatives
have inhibitory effects on cervical cancer, gastric cancer,
and other tumor cells.
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In view of the excellent carrier properties of chitosan,
we speculated that Alphastatin-loaded chitosan nanoparti-
cles (AsCs NPs) may enhance the antitumor effect of
Alphastatin. In this study, AsCs NP was prepared and its
efficacy against tumor angiogenesis was investigated both
in vivo and in vitro.

2. Materials and Methods

2.1. Materials. Unless stated otherwise, all chemical reagents
were purchased from Sigma-Aldrich. Chitosan has a 95%dea-
cetylation degree and 100 kDa of average molecular weight.
Alphastatin was purchased from GL Biochem (Shanghai)
Ltd., and the amino acid sequence is ADSGEGDFLAEGGG
VRGPRVVERH. 2 mice bearing LA975 lung tumor and 44
T739 mice were purchased from the Center for Laboratory
Animals, Ningbo University. The T739 mice were 5 weeks
old. The mice were all bred in a specific pathogen-free (SPF)
room. Human umbilical vein endothelial cells (HUVECs)
were obtained fromFuyangBiotech (Shanghai, China).Matri-
gel was purchased from Corning Inc. (Shanghai, China). The
EGM2medium was purchased from Lonza.

2.2. Preparation of AsCs NPs and Measurement of
Encapsulation Efficiency (EE%). Different final concentra-
tions of chitosan at 1.0 or 2.0mg/ml were dissolved in acetic

acid solution (0.1M, pH = 5 0). 4ml of chitosan/acetic acid
solution was taken, and then a high concentration of Alphas-
tatin was slowly added. The different mass ratios of chitosan
to Alphastatin at 1 : 4, 1 : 2, 1 : 1.5, 1;1, 2 : 1, 4 : 1, and 8 : 1 were
produced, corresponding to final concentrations of Alphasta-
tin at 8mg/ml, 4mg/ml, 3mg/ml, 2mg/ml, 1mg/ml,
0.5mg/ml, and 0.25mg/ml. After mixing well and incubating
overnight at room temperature, 2.0mg/ml sodium tripoly-
phosphate (TPP) was slowly added into the solution under
magnetic stirring to a 4 : 1 mass ratio of chitosan to TPP,
and the mixture was stirred continuously for 30min. Then,
the mixture was centrifuged at 4°C, 13,000 g for 30min,
and the sediment was collected. The sediment was resus-
pended in deionized water and lyophilized by freeze-drying.
The powder was named AsCs NPs. Similarly, the blank chito-
san nanoparticles (Cs NPs) were prepared following the
above process without adding Alphastatin.

For EE% measurement, after adding TPP and stirring for
30min, the mixture was centrifuged at 4°C, 13,000 rpm for
30min, then the supernatant was collected and the protein
concentration of free Alphastatin was measured using the
colorimetric bicinchoninic acid (BCA) method according to
the protocol provided with the BCA assay kit (Thermo
Fisher). EE% was calculated according to the following for-
mula, and the supernatant from the blank chitosan mixture
without Alphastatin was set as the blank control.

2.3. Nanoparticle Characterization. The nanoparticle size,
polydispersity index (PDI), and surface charges were deter-
mined in water by using the DelsaNano C particle size and
zeta potential analyzer (Beckman Coulter, CA, USA).

2.4. Morphology. Transmission electron microscopy (Philips
CM12, Eindhoven, Netherlands) was used to examine the
morphology of AsCs NPs developed in this study. Before
microscopy observation, the NPs were stained with 2wt%
of phosphotungstic acid and placed on a copper grid coated
with Formvar/carbon films.

2.5. In Vitro Drug Release. AsCs NPs was prepared with
2.0mg/ml chitosan and 1mg/ml Alphastatin in a mixture
(a 2 : 1 mass ratio of chitosan to Alphastatin), and the mixture
was centrifuged at 13,000 rpm for 30min and lyophilized to
obtain the powder. 2mg AsCs NPs was precisely weighed
and mixed in 10ml PBS (pH = 7 4). The mixture was placed
in a constant temperature shaker at 37°C and 200 rpm/min.
At various intervals of 1 hour, 2 hours, 4 hours, 8 hours, 12
hours, 24 hours, 48 hours, 96 hours, and 144 hours, the mix-
ture was centrifuged for 30min (13,000 rpm), then 2ml
supernatants were collected and 2ml fresh PBS was added
to the mixture. Then, the concentrations of free Alphastatin
were determined using the BCA method.

2.6. Stability Study of the AsCs NPs in Serum. 1mg AsCs NPs
(a 2 : 1 mass ratio of chitosan to Alphastatin in preparation)
were precisely weighed and mixed in 5ml DMEM medium
containing 10% fetal bovine serum (FBS). Then, the mixture
was placed in an incubator at 25°C or 37°C. At various inter-
vals of 0 hours, 4 hours, 8 hours, 16 hours, and 24 hours, mix-
tures in different tubes were centrifuged and lyophilized and
the nanoparticle size was measured.

2.7. Integrity Study of Alphastatin. 2mg AsCs NPs were
weighed, mixed in 2ml PBS (pH = 7 4), placed at 37°C, and
shaken at 200 rpm/min. After 24 hours, the mixture was cen-
trifuged for 30min at 13,000 rpm. The supernatant and the
sediment were collected. Then, the synthetic Alphastatin,
supernatant, and sediment were analyzed by Tricine-
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(Tricine-SDS-PAGE) using a 16.5% gel [8]. The molecular
mass of samples was investigated compared with the ultra
low range molecular weight marker of MW 1060–26,600
(M3546, Sigma). Peptides were stained with 0.2% Coomassie
Brilliant Blue G-250 (Sigma).

2.8. Tumor Model and Treatments. The study was approved
by the Ningbo University Institutional Animal Care and
Use Committee (Ningbo, China). 2 mice have been

EE% = 100%× total amount of alphastatin used − amount of free alphastatin ÷ total amount of alphastatin used 1
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subcutaneously implanted with LA975 cells, and the tumors
have grown for 2 weeks. The tumor-bearing mice were
sacrificed, and the tumors were stripped and weighed. After
washing twice with PBS, sterile saline was added at a
mass-to-volume ratio of 1 g tumor to 4ml saline. Then, the
tumor was grounded using the syringe, and the mixture
was filtered by a 200-mesh sieve to make a suspension of sin-
gle cells. The cell density was diluted to 1 × 107 cells per ml.
Then, each T739 mouse was subcutaneously implanted with
0 2 × 107 cells in 0.2ml in the lower dorsal region. After 10
days of injection, 24 T739 mice were randomly divided into
4 groups with half female and half male: saline group
(0.2ml saline/day), Alphastatin group (0.25mg/kg/day),
AsCs NP group (AsCs NPs containing 0.25mg Alphastatin
for one kg weight, once a day), and Cs NP group (Cs NPs
containing the same amount of chitosan as in the AsCs NP
group, once a day). The reagents were all intravenously
injected once daily for 14 consecutive days.

2.9. Quantification of Tumor Microvessel Density (MVD).
Tumors were fixed by formalin and cut into 5μm frozen
sections. Immunohistochemistry was performed using the
monoclonal antibody against Factor VIII (DAKO) specific
for endothelial cells of microvessels [9] and visualized by
the streptavidin–peroxidase conjugated method. MVD was
assessed according to the literature previously reported
[10]. Briefly, the most vascularized intratumoral area was
scanned under low magnification. The number of factor
VIII-positive vessels was counted in 10 randomly hot spot
areas under 400x magnification. Then, the mean value was
calculated from 3 images under low magnification.

2.10. Preparation of Serum Containing AsCs NPs. 20 T739
mice were randomly divided into 4 groups and administrated
by intravenous injection once daily for 14 consecutive days
with saline (0.2ml saline/day), Alphastatin (0.25mg/kg/day),
AsCs NPs (AsCs NPs containing 0.25mg Alphastatin for one
kg weight), or Cs NPs (Cs NPs containing the same amount
of chitosan as it in AsCs NPs group). On the last day, after 2
hours of injection, blood samples were collected by removing
the eyeball from mice, immediately centrifuged at 3,000 rpm
for 15min. Then, the serums were stored at 4°C immediately.

2.11. HUVEC Tube Formation Assay. Matrigel assay was
performed in a 96-well plate as described previously [11].
Briefly, 80μl Matrigel was added into each well of the
96-well plate and incubated at 37°C for 45min for harden-
ing. HUVEC was trypsinized and washed by PBS. The cell
density was diluted to 3 × 105 per ml using EGM2 medium.
100μl cells were added into the Matrigel-precoated plate.
Saline, 100 nM Alphastatin, AsCs NPs containing 100nM
Alphastatin, and Cs NPs containing the same amount of chi-
tosan were added to individual wells. For the serum sample
test, different serums were diluted to 20% final concentra-
tion. Then, the plate was incubated at 37°C for 24 hours.
Images of the HUVEC tube-like structure were then cap-
tured under a digital microscope, and the mean tube length
was calculated.

2.12. Western Blot Assay. HUVEC was trypsinized, washed
by PBS, and diluted to 3 × 105 per ml using EGM2 medium.
100μl cells were added into each well of the 96-well plate.
After overnight incubation, the medium was replaced with
EGM2 containing saline, 100 nM Alphastatin, AsCs NPs
containing 100 nM Alphastatin, or Cs NPs containing the
same amount of chitosan. Then, the plate was incubated at
37°C for 24 hours. The protein was extracted using ice-clod
RIPA lysis buffer. 20μg proteins were kept 5min in boiling
water, separated by gel electrophoresis, and then transferred
to polyvinylidene fluoride (PVDF) membranes. After block-
ing, PVDF membranes were incubated with primary
antibody, anti-SphK1 (1 : 500, Santa Cruz Biotechnology),
and anti-β-actin (1 : 1000) at 4°C overnight. Furthermore,
the membranes were washed and incubated with HRP-
conjugated secondary antibodies (1 : 10,000) at room temper-
ature for 2 hours. Then the bands were visualized using ECL
chemiluminescence reagents (Pierce, USA) and quantified
using Image-Pro Analysis software.

2.13. Hemolysis Assay. Theheparinizedbloodwasdrawn from
healthy mice and centrifuged at 1000 rpm for 5min to collect
the packed red blood cells (RBC). The RBC was washed three
times with isotonic saline buffer with pH7.4 before diluting
to prepare 2% erythrocyte dispersion. Hemolysis assay was
studied by adding 500μl RBC to the equal volume of CS and
AsCs NPs in isotonic saline buffer to get a final concentration
of 0.1mg/ml, 0.05mg/ml, and 0.025mg/ml of polymer. The
distilled water (100% hemolysis) and isotonic saline buffer
(0% hemolysis) were employed as the positive and negative
control, respectively. After incubation for 2 hours at 37°C,
the mixtures were centrifuged at 1,000 rpm for 5min. The
obtained supernatant determined the absorbance at 545 nm.
The hemolysis ratio (HR%) was calculated according toHR%
= 100%× ODSample −ODnegative ÷ ODpositive −ODnegative .

2.14. Statistical Analysis. Quantitative data were expressed as
mean ± SD. All analyses were performed by using Prism
software (GraphPad 5.0). The statistical differences were
determined by Student’s t-test or one-way ANOVA, with
P < 0 05 considered statistically significant.

3. Results and Discussion

3.1. The Effect of the CS/Alphastatin Ratio on EE%. In order
to prepare chitosan nanoparticle-loaded adequate amounts
of Alphastatin, we used EE% as a detection index and focused
on investigation of the effect of the mass ratio of chitosan and
Alphastatin to EE%. As shown in Figure 1, we found a signif-
icant EE% increase along with the increase in the mass ratio
of chitosan to Alphastatin. When the chitosan concentration
was 1.0mg/ml and the CS/Alphastatin ratio was 8 : 1, EE% of
chitosan to Alphastatin could increase to 40.2%. When the
chitosan concentration was 2.0mg/ml and the CS/Alphasta-
tin ratio was 8 : 1, EE% could increase to 51.2%. Furthermore,
when the CS/Alphastatin ratio was greater than 1 : 1.5, EE%
from the 2.0mg/ml chitosan concentration was always
higher than EE% from the 1.0mg/ml chitosan concentration,
although both EE% decreased dramatically when the ratio
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was less than 1 : 1. This result indicated that the increase in
chitosan concentration could increase the encapsulation effi-
ciency. Consistent with our results, Xu and Du [12] have
reported that EE% was highly increased by an increase in
the chitosan to BSA concentration, when BSA was used as a
model protein. However, there are also contrary reports that
show that the increase in chitosan to BSA concentration
resulted in EE% decrease [13]. One possible reason is that
the increase in chitosan concentration might lead to the
increase in the viscosity of chitosan mixture and cause the
failure of the combination of protein to chitosan [14]. Fur-
thermore, some studies report that when the chitosan initial
concentration is less than 4mg/ml, EE% increases along with
the increase in chitosan to protein concentration, whereas
when the chitosan concentration is more than 4mg/ml,
EE% would decrease [15]. Based on previous reports and
our own results, we choose 2mg/ml as the chitosan concen-
tration. In addition, since Alphastatin will be relatively less
as the increased ratio of CS/Alphastatin, 1mg/ml was chosen
as Alphastatin concentration (CS/Aphastatin ratio = 2 1).

3.2. The Effect of the CS/Alphastatin Ratio on Characteristics.
The average particle size and zeta potential of Cs NPs were
305 1 ± 13 8 nm and +26 5 ± 1 1mV, respectively. When
Alphastatin was loaded, the particle size of AsCs NPs
increased when the chitosan concentration was 2mg/ml.
Table 1 shows the effect of different mass ratios of chitosan
to Alphastatin on particle size at pH5. The particle size
increased with the decrease of the ratio. This indicated that
Alphastatin played a part in the ionic cross-linking. In a strict

definition, the particle size of the nanomaterial should be
between 1 and 100nm [16], but the diameter of the nanopar-
ticles made by polymer material may be larger than 100 nm,
ranging from 10 to 500nm, and cannot exceed 1000 nm [17].
In this study, AsCs NPs at the mass ratio of 2 : 1 were still
nanoparticles since their average particle size was 387 4 ±
12 5 nm. There is little effect on zeta potential with the
increase of the mass ratio from 1 : 1 to 8 : 1, and the AsCs
NPs displayed a positive zeta potential in the range of +26
to +28mV (Table 1). However, at the mass ratio from
1 : 1.5 to 1 : 4, the zeta potential decreased from +23 1 ± 0 7
mV to +13 6 ± 0 7mVwith the decrease of the ratio although
they were still the positive zeta potential, which indicated that
the negative charge of Alphastatin interacted with the
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Figure 1: Effect of the mass ratio of chitosan to Alphastatin on Alphastatin encapsulation efficiency (%).

Table 1: Effect of the mass ratio of chitosan to Alphastatin on nanoparticle size and zeta potential. Chitosan concentration is 2mg/ml.

Mass ratio of chitosan to Alphastatin
1 : 4 1 : 2 1 : 1.5 1 : 1 2 : 1 4 : 1 8 : 1

Size (nm) 544 5 ± 16 5 526 8 ± 11 3 488 6 ± 12 9 412 9 ± 15 1 387 4 ± 12 5 334 2 ± 17 4 322 8 ± 21 6
Zeta potential (mV) +13 6 ± 0 7 +17 6 ± 0 6 +23 1 ± 0 7 +26 8 ± 0 5 +28 1 ± 0 7 +27 4 ± 0 8 +27 6 ± 1 2

200 nm

Figure 2: The transmission electron micrographs of AsCs NPs at
the mass ratio of chitosan to Alphastatin on 2 : 1.
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positive charge of chitosan via ionic cross-linking. In addi-
tion, at the specified mass ratio of 2 : 1, the zeta potential of
AsCs NPs was +28 1 ± 0 7mV (Table 1), and the polydisper-
sity index was 0 223 ± 0 06. And Figure 2 presents the TEM
morphology of the AsCs NPs and confirmed the spherical
shape. These particles had a small size range of around
270–420nm in diameter, which was consistent with the
result from the particle size analyzer.

3.3. Release and Protection to Alphastatin by AsCs NPs In
Vitro. As shown in Figure 3(a), the cumulative release (%)
of Alphastatin was from 13.1% to 76.2%. At the first 6 hours,
30.5% Alphastatin was released, and at 12 hours, the cumu-
lative release reached 35.9%, whereas 44.3% Alphastatin was
released at 24 hours. This indicated a rapid initial burst
release in AsCs NPs. The release decreased to a slower rate
at some later stages since 24 hours, with a cumulative release
of 60.1% at 48 hours and 70.5% at 96 hours. Then, AsCs NPs
were released continuously for 6 days. Because FBS contains
a variety of proteases, AsCs NPs were incubated in DMEM
containing 10% FBS at 25 and 37°C, respectively. After 24
hours of incubation, it was observed that there was no obvi-
ous flocculus or any precipitates in any mixture. The average
particle size of nanoparticles in each mixture decreased little
at any intervals within 24 hours, which proved that AsCs
NPs could be stably present in a liquid system with various
proteases (Figure 3(b)). The integrity of encapsulated
Alphastatin and released Alphastatin at 24 hours of release
was analyzed by Tris-Tricine-SDS-PAGE (Figure 4). The
electrophoresis revealed only a single band in the range of
1.0-3.0 kDa for every sample. The band positions were con-
sistent of all samples indicating the integrity of encapsulated
Alphastatin and released Alphastatin. The existence form of
the drug in chitosan nanoparticles has been discussed in the
previous study [18], including simple adsorption on the sur-
face of nanoparticles, and wrapped in the interior of the
nanoparticles. Since a small amount of Alphastatin was sim-
ply adsorbed on the surface of the nanoparticles, this led to
the occurrence of the burst release in the first 12 hours in

Figure 3(a). Subsequently, Alphastatin inside AsCs NPs
was stably released by diffusion through the pores of nano-
particles, and on day 6, 76.2% Alphastatin was released. In
a further study, it was observed that after 24 hours of release,
both the Alphastatin encapsulated in AsCs NPs and the
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released Alphastatin preserved the same molecular mass,
indicating the integrity of Alphastatin. For in vivo study,
the complexity of the circulation system and humoral
immune system can affect the stability of nanoparticles. In
order to observe whether chitosan could play a basic role
in the protection of Alphastatin, FBS was used as a substitute
to simulate various proteases [19]. We found that AsCs NPs
were stable in the system containing 10% FBS at least 24
hours, suggesting that AsCs NPs may be suitable for
in vivo administration. Overall, the sustained release and
Alphastatin integrity, as well as the stability in serum of
AsCs NPs, made the in vivo administration possible.

3.4. Inhibition to the Tumor Growth and Angiogenesis In Vivo
and In Vitro. It has been reported that Alphastatin inhibits
tumor growth mainly by inhibiting the formation of neovas-
culars in tumors. In order to verify whether AsCs NPs still
retained the ability to inhibit tumor growth and angiogenesis,
HUVECs and LA975 tumor-bearing mice were used to
observe the antiangiogenic effect of AsCs NPs in vivo and
in vitro. As shown in Figure 5(a), in the HUVEC tube forma-
tion assay, tubular structures reduced significantly by
Alphastatin and AsCs NPs, compared with the saline group.
Quantitative analysis (Figure 5(b)) indicated that the tube
length was significantly reduced by Alphastatin and AsCs
NPs. For the in vivo effect of AsCs NPs, we observed that
tumor developed in all mice and there was no death in each
group. In the saline-treated group (control group), mice
moved gradually slowly with tumor growth and presented
lack of energy, loss of appetite, and hair loss, whereas mice
treated with Alphastatin and AsCs NPs exhibited a better sta-
tus and did not show the manifestations above. After 14 days
of treatment, the tumor weight in all intervention groups was
lower than that in the saline-treated group (Figure 6), and the
inhibition to tumor growth by AsCs NPs was the strongest

(P < 0 001). MVD inside the tumor was further detected.
As shown in Figure 7(a), compared with the saline-treated
group, the MVD of the AsCs NP (P < 0 001) or Alphastatin
(P < 0 05) group was much lower, and the MVD of the AsCs
NP group decreased most obviously. In addition, Figure 7(b)
shows that HUVEC tube formation was inhibited by serums
containing AsCs NPs (P < 0 001) or Alphastatin (P < 0 05)
after a 2-hour injection, and the serum containing AsCs
NPs presented stronger inhibition than did serum containing
Alphastatin (P < 0 001). In contrast, the serum containing
chitosan showed no significant difference in comparison with
the blank serum control. It indicated that the increased inhi-
bition by serum containing AsCs NPs could be attributed to
the protection of chitosan to Alphastatin. This result is simi-
lar to the previous studies [2, 20, 21], indicating that Alphas-
tatin from AsCs NPs could exert the inhibitive ability to
angiogenesis both in vivo and in vitro. Chitosan could inhibit
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Figure 5: Impact of AsCs NPs on tube formation. (a) Representative images showing HUVEC tube formation under different nanoparticles
at 100x magnification. (b) Tube length index. ∗P < 0 05 versus saline control.
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tumor growth by directly killing and inducing apoptosis of
tumor cells or by an indirect effect through improvement of
the immune system of the animal model [22, 23]. Therefore,
chitosan inhibited tumor weight (P < 0 05) in Figure 6,
whereas the inhibition to angiogenesis in tumor and
HUVECs by chitosan was not statistically different in
Figures 5 and 7. It could be explained that the inhibition to
tumor growth by chitosan might be by way of other mecha-
nisms except angiogenesis inhibition. Alphastatin has the
ability to inhibit tumor angiogenesis and tumor growth. As
shown in Figures 5–7, both tumor weights and MVD levels
in Alphastatin and AsCs NP groups were significantly lower
than those in the saline group. Since Alphastatin has com-
mon disadvantages of peptide and protein drugs, such as
degradation by proteolytic enzymes, a short half-life, and dis-
ability retaining effective concentration in the tumor for a rel-
ative long time, it is necessary to develop a protective system
from these disadvantages. Compared with the Alphastatin
group, both tumor weight and MVD level in the AsCs NP
group were much lower, indicating that chitosan could pro-
tect Alphastatin from biodegradation and prolong its effect
in vivo, which might be contributed by the restrained release
and relative stability of AsCs NPs in the circulating system. In
addition, chitosan nanoparticles allow the permeation and
accumulation in certain tumors through the hyperpermeable
vasculature existing in solid tumors, and cannot be easily
cleared away due to the absence of the tumor’s lymphatic
drainage, so that Alphastatin might be remained at the tumor
site with possible high concentration. This also contributed
to the strongest inhibition to tumor weight and MVD by
AsCs NPs.

3.5. SphK1 Inhibition by AsCs NPs. As shown in Figure 8,
compared to the saline group, western blot analysis showed
that chitosan did not affect the expression level of SphK1,
whereas AsCs NPs and Alphastatin downregulated the
expression levels of SphK1 in HUVECs. Notably, AsCs
NPs presented more potent inhibition than Alphastatin,
indicating that the protective and sustained release of chito-
san on Alphastatin and the nanoparticles prolonged the
function of Alphastatin. Alphastatin inhibits angiogenesis

by inhibiting JNK and ERK kinase activation pathways [24]
and the S1P-Akt pathway [20, 21, 25], whereas there was
no detectable effect on vessels in normal tissues such as the
liver, lungs, and kidney [2, 26]. SphK1 phosphorylates sphin-
gosine (Sp) to produce S1P, a key enzyme responsible for the
formation of sphingosine-1-phosphate (S1P) [27]. S1P binds
to G protein-coupled receptors (GPCRs) on endothelial cell
membranes, especially endothelial differentiation gene 1
(EDG-1) which is a member of the S1P receptor family and
is essential for vascular maturation. S1P-binded EDG-1 stim-
ulates the synthesis of DNA in vascular endothelial cells and
induces vascular endothelial cell migration [28]. The migra-
tion of vascular endothelial cells stimulated by SIP was even
stronger than that stimulated by basic fibroblast growth fac-
tor (bFGF) and vascular endothelial growth factor (VEGF).
Moreover, S1P can significantly promote the formation of
tubular structures made by endothelial cells and participate
in many other important processes of angiogenesis [29].
Thus, the decrease in S1P production will reduce the migra-
tion of vascular endothelial cells and the formation of tubular
structures. SphK1 is the most important enzyme for S1P syn-
thesis and present positive stimulation to S1P production.
AsCs NPs exhibited an inhibitory effect on SphK1, which in
turn might inhibit the S1P level. It might be a possible mech-
anism of inhibitive angiogenesis by AsCs NPs.

3.6. Preliminary Safety Evaluation of AsCs NPs. The blood
compatibility of AsCs NPs was evaluated by the hemolysis
analysis (Figure 9). The hemolytic effects of both Cs NPs
and AsCs NPs were lower than 5% within the range of
0.025–0.1mg/ml. Because the <5% hemolysis percentage is
considered as a safe level [30], the hemolysis results demon-
strated that Cs NPs and AsCs NPs had good hemocompat-
ibility and were suitable for intravenous administration.

4. Conclusion

In this study, a chitosan nanoparticle loaded with Alphas-
tatin was prepared with optimization of the mass ratio of
chitosan to Alphastatin. Then, the nanoparticle’s charac-
teristics were determined. Because of the characteristics
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Figure 7: The inhibitory effect on angiogenesis by different nanoparticles. (a) Microvessel density expression in tumor from LA975
tumor-bearing mice treated with different nanoparticles. ∗P < 0 05 and ∗∗∗P < 0 001 versus saline group. (b) The inhibitory effect of
mouse serums containing drugs against HUVEC tube formation. ∗P < 0 05 and ∗∗∗P < 0 001 versus blank serum control, ###P < 0 001
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including the restrained release, the stability in 10% FBS,
and the remaining activity in serum-containing drugs,
these nanoparticles present considerable antiangiogenic
effects in vivo and in vitro. Additionally, the nanoparticles
also present good hemocompatibility. Overall, chitosan
could be used as a delivery carrier to strengthen the anti-
tumor effect of Alphastatin.
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