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A B S T R A C T

An-te-xiao capsule consists of total alkaloids from the dried whole plantof Solanum lyratum, and showed anti-
tumor effects in our previous study. However, its inhibitory effect on multiple non-small cell lung cancer
(NSCLC) cell lines and the underlying mechanisms have not been elucidated clearly. This study sought to in-
vestigate the inhibitory effects of An-te-xiao capsule on three main types of NSCLC cell lines (A549, NCI-H460,
and NCI-H520) in vitro and in vivo and the underlying mechanisms of action including its potential anti-angio-
genesis effects. An-te-xiao capsule showed no acute oral toxicity in mice, and significantly prolonged survival
time in a mouse model of Lewis tumor xenograft. The inhibition of A549, NCI-H460, and NCI-H520 cells by An-
te-xiao capsule was reflected in its effects on tumor growth, histopathological changes, tumor microvessel
density (MVD), cell cycle regulatory proteins, and cell apoptosis. In vitro, An-te-xiao capsule repressed migration,
invasion, and tube formation of tumor-derived vascular endothelial cells (Td-ECs), which were obtained using a
co-culture system, in the presence or absence of vascular endothelial growth factor (VEGF) at safe concentrations
selected using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Moreover, An-te-
xiao capsule inhibited the secretion of VEGF by A549 cells in the co-culture system and suppressed the phos-
phorylation of VEGF receptor 2 (VEGFR2). Taken together, An-te-xiao capsule has potential for treating NSCLC.

1. Introduction

Cancer is a serious threat to human life and health; in particular,
lung cancer is the leading cause of cancer-related deaths worldwide [1].
The global incidence rate has shown an increasing trend in recent years;
non-small cell lung cancer (NSCLC) accounted for approximately
80%–85% of all cases of lung cancers [2]. Presently, although extensive
research on radiotherapy and chemotherapy is being conducted, their
effects on NSCLC are not promising, and the associated side effects and
drug resistance cause considerable pain to patients. Antitumor path-
ways and angiogenesis are the research hotspot for the treatment of
NSCLC. Vascular endothelial growth factor receptor (VEGFR), a key
factor in the development of tumor and in angiogenesis, is one of the
important molecular targets for therapies [3,4].

An-te-xiao capsule, as an antineoplastic drug, was developed by
Jian-nong Wang at Xiyuan Hospital (China Academy of Chinese
Medical Sciences), with the total alkaloids of Solanum lyratum as the
main components. S. lyratum Thunb (family Solanaceae) is used as a

traditional Chinese medicine (TCM) formulation consisting of the dried
whole plants and has more than two-thousand years of application
history. It was first recorded in the “Shen Nong's herbal classic,” and
was listed in the top grade. S. lyratum is used for the treatment of lung,
liver, and colon cancers [5–7]. Many clinical cases have demonstrated
good responses to the antitumor effects of S. lyratum, which were re-
corded in TCM books. While S. lyratum has been neglected clinically, it
has been the subject of few related antitumor research studies [8,9].
Previous studies proved that the active antitumor components of S.
lyratum were alkaloids [10], which were extracted from dried whole
plants and used as raw materials in the preparation of An-te-xiao cap-
sule.

Furthermore, the antitumor effects of alkaloids from Solanaceae
species have been widely recognized [11–13]; however, their use is
limited because of their potential toxicity [14–16]. Therefore, theacu-
tetoxicity of An-te-xiao capsule was investigated before the antitumor
study was conducted. Three different NSCLC cell lines (A549 lung
adenocarcinoma, NCI-H460 large-cell lung cancer, and NCI-H520 lung
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squamous cancer) were selected as research models to study the in-
hibitory effect of An-te-xiao capsule, and its anti-angiogenesis me-
chanism was then explored.

2. Materials and methods

2.1. Plant material and preparation of extracts

The herb S. lyratum Thunb was collected from Peixian, Jiagnsu
Province, P. R. China in October 2015. The plant was taxonomically
identified at the Institute of Chinese Materia Medica, China Academy of
Chinese Medical Sciences by Dr. Xi-rong He, and a voucher specimen
(No. 2015-283#) was deposited at the Basic Research Department of
Xiyuan Hospital (China Academy of Chinese Medical Science, P. R.
China). The air-dried whole plants (10 kg) were refluxed with 70%
ethanol (3× 8 L) for 2 h, enriched using D151 weakly acidic acrylic
cationic exchange resin, desalted with AB-8 macroporous resin, and
then the total alkaloid sample (35 g) was obtained as An-te-xiao cap-
sule. We determined the total alkaloid content of the sample to be
93.56% using ultraviolet (UV) spectrophotometry. The following four
phytochemicals were isolated from An-Te-Xiao, (3β,5α,22α,25R)-spir-
osolan-3-yl O-β-D-glucopyranosyl-(1→2)-O-β-D-glucopyranosyl-(1→4)-
β-D-galactopyranoside, (3β,22α,25R)-spirosolan -5-en-3-yl O-β-D-gluco-
pyranosyl-(1→2)-O-β-D-glucopyranosyl-(1→4)-β-D-galactopyranoside,
(3β,22α,25R)-spirosol-5-en-3-yl O-β-D-glucopyranosyl-(1→2)-O-[β-D-
xylopyranosyl-(1→3)]-O-β-D-glucopyranosyl-(1→4)-β-D-galactopyrano-
side, and (3β,5α,22α, and 25R)-spirosolan-3-yl O-β-D-glucopyranosyl-
(1→2)-O-[β-D-xylopyranosyl-(1→3)]-O-β-D-glucopyranosyl-(1→4)-β-D-
galactopyranoside using D151 weakly acidic acrylic cationic exchange
resin, AB-8 macroporous resin, preparative high-performance liquid
chromatography (HPLC), and QDa mass spectrometry (MS) detection
successively. (3β,5α,22α,25R)-spirosolan-3-yl O-β-D-glucopyranosyl-
(1→2)-O-β-D-glucopyranosyl-(1→4)-β-D-galactopyranoside was the
main component (57%) detected using HPLC. The An-te-xiao capsule
sample was dissolved in normal saline.

2.2. Chemicals and reagents

Taxol (15,100,018) was purchased from Sichuan Taiji
Pharmaceutical Co., Ltd (Mianyang, Sichuan, China). Compound
Hongdoushan capsule (160,402) was purchased from ChongQing BIO-
Pharmaceutical Ltd (Chongqing, China). Roswell Park Memorial
Institute (RPMI)-1640 medium was purchased from GIBCO (Grand
Island, NY, USA). Penicillin/streptomycin solution, 0.25% trypsin-
EDTA, phosphate-buffered saline (PBS), hematoxylin and eosin (H&E)
staining kit, terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) apoptosis detection kit, VEGF enzyme-linked
immunosorbent assay (ELISA) kit, and commercial kits for total protein
extraction, sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), ECL, western blotting, and Bradford protein assay were all
purchased from Jiangsu KeyGen Biotech Co., Ltd. (Nanjing, Jiangsu,
China). Fetal bovine serum (FBS) was purchased from Hangzhou
Sijiqing Biological Engineering Materials Co., Ltd. (Hangzhou,
Zhejiang, China). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and dimethyl sulfoxide (DMSO) were purchased from
Solarbio (Beijing, China). EliVision plus kit and 3,3′-diaminobenzidine
(DAB) kit were purchased from Fuzhou Maixin Biotechnology
Development Co., Ltd. (Fuzhou, China). Antibodies against cyclin A and
cyclin B1 were purchased from Wuhan Boster Biological Technology
Co., Ltd (Wuhan, China). The antibodies used were those against CD31,
VEGFR2, phosphorylated VEGFR2 (p-VEGFR2, all Abcam (Cambridge,
UK), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), IgG-horse-
radish peroxidase (HRP, Jiangsu KeyGen Biotech Co., Ltd.). The in vitro
angiogenesis assay kit was purchased from Millipore (Billerica, MA,
USA) and all other chemicals were of reagent grade.

2.3. Cell lines and culture conditions

The human lung cancer cell lines A549, NCI-H460, and NCI-H520,
mouse Lewis lung cancer cells, and human umbilical vein endothelial
cells (HUVEC-C) were all obtained from Jiangsu keyGen Biotech co.,
Ltd. Specifically, the A549 and NCI-H460 cells were obtained in 2014,
HUVEC-C cells in 2015, and the mouse Lewis lung cancer and NCI-
H520 cells were obtained in 2016. All the human cell lines were au-
thenticated using short tandem repeat (STR) analysis, and all cells were
used at less than 10 passages. The cell-based experiments in this study
were performed from October 2016 to June 2017. HUVEC-C cells were
cultured in F12 K medium while other cells were cultured in RPMI-1640
medium supplemented with 10% (v/v) FBS, 100 IU/mL penicillin, and
100 μg/mL streptomycin, and incubated at 37 °C in a humidified at-
mosphere of 5% CO2.

2.4. Animals

An equal number of male and female Institute of Cancer Research
(ICR) mice (18–22 g, 5–6-week-old), which were purchased from
Changzhou Cavens Laboratory Animal Co., Ltd. (Changzhou, China),
was used for the acute oral toxicity test. Female C57BL/6 (16–18 g, 5-
week-old) and BALB/c (BALB/cAnNCrlBltw, 18–22 g, 5-week-old),
purchased from Shanghai Slack Experimental Animals Co., Ltd.
(Shanghai, China), were used for the xenograft studies. The animal care
and use complied with the Provisions and General Recommendation of
the Chinese Experimental Animals Administration Legislation. The
study was approved by the Institutional Ethical Committee of China
Pharmaceutical University. The mice were housed in climate-controlled
rooms maintained at 24 ± 2 °C with 60%–70% humidity under a
controlled 12 h light/dark cycle. Free access to autoclaved food and
water was provided and the autoclaved bedding was changed twice
weekly. The mice were acclimatized for 7 days before the experiments.
All the animal protocols were reviewed and approved by the
Institutional Animal Care and Use Committee of Bioscikin Laboratory
Animal Center.

2.5. Acute oral toxicity test

The preliminary test was performed using the An-te-xiao capsule
(maximum concentration, 250mg/mL), and the 10 g/kg body weight
(BW) dose did not cause death in the mice. Therefore, for the acute
toxicity test, the ICR mice were assigned to two groups of 10 mice each
by stratified randomization, the negative control and test groups
(treated orally with saline and the An-te-xiao capsule sample, respec-
tively). The samples were administered at a dose of 10 g/kg BW by
gavage once a day to the test group mice. All the surviving animals
were monitored daily for 14 days for all signs and symptoms of poi-
soning and death, which were recorded, and the dead mice were ne-
cropsied. After the animals were euthanized, the heart, liver, spleen,
lung, and kidney were fixed with 10% formalin, embedded in paraffin,
sliced at a thickness of 4–5 μm, stained with H&E, and then the histo-
pathological tissue sections were observed.

2.6. In vivo lifespan assay

The in vivo life extending efficacy of An-te-xiao capsule was assessed
in the Lewis xenograft mouse model. Briefly, 1× 106 (0.1 mL) Lewis
cells suspended in PBS were injected subcutaneously into the right
armpits of the mice. Then, the cultured Lewis cell xenograft mouse
model was established using C57BL/6 mice that were randomly divided
into six groups of 10 mice each, which were all administered0.1 mL/
10 g BW. The model control (Model) and Taxol-treated (Taxol) groups
were treated with normal saline and injected intravenously (iv) with
Taxol (8 mg/kg BW once every other day) in normal saline. Hong-dou-
shan capsule was orally administered (po) at 200mg/kg BW once a day
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in normal saline (HDS group). The three An-te-xiao capsule-treated
(ATX-L, ATX-M, and ATX-H) groups were administered total alkaloid
samples (p.o.) in normal saline at 50, 100, and 200mg/kg BW once a
day, respectively. The drugswere administrated for 28 days. Mice were
maintained until their natural death, the survival time (ST) was re-
corded, and then the life extension rate was calculated as follows: life
extension (%) = (STModel – STsample)/STModel × 100.

2.7. In vivo tumor growth assay

The in vivo antitumor efficacy of An-te-xiao capsule was assessed in
A549, NCI-H460, and NCI-H520 xenograft mouse models. The cultured
NSCLC cell xenograft mouse model was established as described in 2.6,
the mice were randomly divided into six groups, and their daily general
condition was observed and recorded. Furthermore, tumor volumes (V)
and body weights were measured every other day; V values were
measured using Vernier caliper. All groups were continuously treated
for 28 days, and at the end of the experiment the mice were euthanized,
the solid tumors were removed to measure the weight and V, which was
finally calculated according to the formula: V (mm3)=0.5 × L × W2,
where L (length) and W (width) are the longest and shortest diameters
of the tumor, respectively. The test procedures for NCI-H460 and NCI-
H520 cell xenograft mouse models were similar to that of A549 cell
xenograft mouse model. Finally, tumors of the A549 xenograft mouse
model were processed for immunohistochemistry (IHC) and TUNEL
assays.

2.8. Histopathological staining analysis

Tumor specimens were fixed with 10% formaldehyde solution for
24 h at 25 ± 2 ℃. Tissue blocks were embedded in paraffin, cut into
4–5 μm-thick slices, dewaxed with xylene, hydrated using a gradient
alcohol series (100%, 95%, 85%, and 70% alcohol, 5 min each), stained
with H&E, and then mounted in neutral gum for observation under a
light microscope (model BX43, Olympus, Tokyo, Japan).

2.9. IHC analysis

Micro-vessel density (MVD) was quantitatively evaluated using
CD31, and expression levels of cell cycle regulating proteins (cyclin A
and cyclin B1) in the tumors were detected using IHC. Tumor specimens
were fixed with 10% formaldehyde solution for 24 h at room tem-
perature. Tissue blocks were embedded in paraffin, sectioned, mounted
on slides, dewaxed with xylene, and gradient alcohol hydrated using
100%, 95%, 85%, and 70% alcohol. After washing with PBS, en-
dogenous peroxidase activity was blocked by incubation in 3% hy-
drogen peroxide (H2O2) solution in methanol at 25 ± 2 ℃ for 10min.
After rinsing with PBS, the slides were incubated with goat serum,
followed by the primary antibodies for 2 h at 37 ℃. Then, tissue sec-
tions on the slides were rinsed in PBS, incubated with rabbit IgG (Fab
fragment) antibody (HRP) for 30min at 37 ℃, counterstained with
hematoxylin after the addition of DAB staining solution, and then all
samples were sealed with neutral gum followed by dehydration se-
quentially using 70%, 85%, 95%, and 100% alcohol. EliVision plus and
DAB kits from Maixin (Fuzhou, China) were used for IHC staining. The
primary antibody and dilutions used were as follows: CD31 (1:100,
Abcam, ab28364), cyclin A, and cyclin B1 (both 1:100; Boster, BA2887-
1 and BA0766, respectively). The resulting images were analyzed using
the Image-Pro Plus 7.0 software; five microscopic fields (400× mag-
nification) of each section under a light microscope were randomly
selected to assess the integrated optimal density (IOD) of cyclin A and
cyclin B1. Furthermore, MVD was quantitatively analyzed and calcu-
lated as previously described [17]. Five “hot spots” (areas with the
highest vessel concentration) from each slide were identified using a
low-power lens (40× magnification), and then observed using a high-
power objective (400× magnification). Each cell stained positive for

CD31 was considered a microvessel. Three animals were examined per
group.

2.10. TUNEL assay

Tissue blocks were embedded in paraffin, sectioned, permeabilized
with 1% Triton X-100, and the apoptotic cells in tumor tissues were
identified using TUNEL staining with a TUNEL apoptosis detection kit
(KeyGen, Nanjing, China) following the manufacturer’s instruction. The
TUNEL-positive cells were counted in five randomly selected visual
fields for each slide under a light microscope, and the apoptotic index
(AI, %) was calculated as the number of apoptotic cells per number of
total cells × 100.

2.11. Co-culture system

A co-culture system was adopted in this research to provide a reli-
able and relatively simple environment that simulates the conditions
under which tumor blood vessel endothelial cells exist in the body,
using Transwell chambers (24-well, 8-μm pore size; Corning, NY, USA).
HUVEC-C cells (3× 105 cells/600 μL) and A549 cells (1× 105 cells/
200 μL) were seeded in the lower and upper chambers of Transwell
chambers, respectively, and cultured at 37 ℃ in an atmosphere of 5%
CO2 for 72 h. The HUVEC-C cells in lower chamber after co-culturing
were tumor-derived vascular endothelial cells (Td-ECs), which were
used for the tests described below.

2.12. Cell viability testing

HUVEC-C and A549 cells were seeded in Transwell chambers, and
stabilized for 24 h. Then, the culture medium was replaced with fresh
medium containing test samples of total alkaloids from S. lyratum at 10
concentrations ranging from 0.781 to 100 μg/mL. After culturing for
another 48 h, the wells of the lower chamber were filled with 60 μL of
freshly prepared MTT solution (0.5 mg/mL) for the last 4 h of culture,
and the MTT-formazan crystal formed were dissolved in DMSO
(450 μL/well) for 10min. Then, 100 μL of the solution from each well
was transferred into wells of a 96-well plate and then the absorbance
was read using a microplate reader at a wavelength of 490 nm. The
average absorbance of cells incubated in the absence of the test agents
was regarded as 100%, and served as the control. For each test sample,
the inhibitory rate of cellproliferation was calculated as follows: in-
hibitoryrate(%) = (A490control – A490sample)/A490control × 100.
Furthermore, the safe concentrations of the total alkaloids samples were
selected, which inhibited the proliferation of Td-ECs by< 10%.

2.13. Migration, invasion, and tube formation assay

Td-ECs were exposed to various safe concentrations of the total al-
kaloid samples from S. lyratum selected in the MTT assay, in the pre-
sence or absence of VEGF (20 ng/mL). The test animals were separated
into six groups and treated as indicated: (1) Control, cells were cultured
in normal medium; (2) VEGF, cells were cultured in medium with
20 ng/mL VEGF; (3–6) An-te-xiao capsule-treated, cells in (3–5) were
cultured in normal medium and treated with total alkaloid samples at
1.5, 3.0, and 6.0 μg/mL concentrations, respectively; and cells in (6)
were cultured in medium containing total alkaloids samples (6.0 μg/
mL) with 20 ng/mL VEGF. After co-culturing, Td-ECs in all groups were
harvested and cell migration was detected using the scratch wound and
Transwellmigration assays. For the scratch wound assay, Td-ECs
(5×105 cells/well) were plated onto six-well plates, and after cul-
turing for 24 h, the cell layer was scratched, washed with PBS to remove
the dead cells, and incubated for another 24 h. Each scratch width was
recorded 0 and 24 h after scratching, designated as W0h and W24h, re-
spectively. The healing index (%) was calculated as follows: (W0h −
W24h)/W0h × 100, to represent cellular migration. For the
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Transwellmigration assay, 5× 104 Td-ECs/well were plated on the
upper Transwell chamber while culture medium containing 20% FBS
was added to the lower chamber. After incubation for another 24 h, the
migrated cells were stained with 0.1% crystal violet, and then the
crystal violet-positive migrated cells were counted after incubating for
30min at 37 ℃. The Matrigel invasion assay was performed similar to
the Transwellmigration assay, except that the Td-ECs were plated on
the Matrigel-coated upper Transwell chambers, and crystal violet-po-
sitive invading cells were counted. For the in vitro tube formation assay,
5× 104 Td-ECs/well were plated on Matrigel-coated 96-well plates,
incubated for another 6 h, and then capillary-like structures were ob-
served and counted. Each experiment was performed in triplicate and
repeated three times.

2.14. ELISA

The cells were divided into the following five groups based on
whether the HUVEC-C cells were cultured with A549 cells or not: (1)
Control, HUVEC-C cells werecultured alone in normal medium; (2) Co-
cultured control, HUVEC-C cells were co-cultured with A549 cells in
normal medium; (3–5) An-te-xiao capsule-treated, HUVEC-C cells were
co-cultured with A549 cells in normal medium and treated with total
alkaloid samples at 1.5, 3.0, and 6.0 μg/mL. After culturing, the
medium was collected at the end of each treatment, centrifuged at
14,000 ×g for 5–10min at 4 °C, and then the supernatant was har-
vested. Then, the amount of VEGF in the medium was quantified using
ELISA with a human VEGF ELISA kit (KeyGen, Nanjing, China)

Fig. 1. Pathological sections of organs for acute oral toxicity test in mice. (A) heart; (B) liver; (C) spleen; (D) lung; (E) kidney.
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following the manufacturer’s protocols. Furthermore, the absorbance of
the colored solution was quantified using a plate reader (USA BioTek
ELx800) at a wavelength of 450 nm.

2.15. Western blotting

HUVEC-C cells were cultured alone or with A549 cells, treated with
the test samples as described above, and then the medium was dis-
carded. Td-ECs were harvested, washed with cold PBS, and then lysed
using a total protein extraction kit (KeyGen, Nanjing, China) on ice for
30min according to the manufacturer’s instructions. The lysates were
centrifuged at 13,000 ×g for 10min at 4 °C. The supernatants were
collected and the concentrations were measured using the Bradford
protein assay kit (KeyGen, Nanjing, China) according to the manu-
facturer’s instructions. Protein lysates were separated using 12% SDS-
PAGE, and then transferred onto nitrocellulose (NC) filter membranes
(Millipore, Billerica, MA, USA). The membranes were subsequently
incubated with blocking buffer consisting of 5% non-fat dry milk dis-
solved in Tris-buffered saline containing 0.1% Tween-20 (TBST), for
90min at room temperature. After washing the membranes with TBST,
they were incubated with the following primary antibodies: rabbit anti-
VEGFR2, rabbit anti-p-VEGFR2, or rabbit anti-GAPDH polyclonal an-
tibodies (diluted 1:100 in blocking solution) 4 °C overnight. Then, the
membranes were washed and incubated with HRP-conjugated goat
anti-rabbit IgG secondary antibody (1:500 in blocking solution) for
another 90min at room temperature. The membrane was then washed
with TBST. The protein-antibody complexes were visualized using an
ECL detection kit (KeyGen, Nanjing, China) according to the manu-
facturer’s instruction, and the band intensities were quantified using the
Gel-Pro32 software. The relative expression of VEGFR2 and p-VEGFR2
was normalized to that of GAPDH.

2.16. Statistical analysis

The data are shown as means ± standard deviations (SD) of at least
three independent experiments. Statistical analysis was performed
using the SPSS 20.0 software system (SPSS Inc., Chicago, IL, USA), and
Student’s t-test was carried out for intergroup comparison. P < 0.05
was considered statistically significant.

3. Results

3.1. An-te-xiao capsule had no acute oral toxicity in mice

Mice treated with An-te-xiao capsule at 10 g/kg BW for 12 h, 24 h, 6
days, and 14 days did not show any abnormal appearance and behavior,
and they all survived. Therefore, 10,000mg/kg BW was deemed a safe
oral dose for An-te-xiao capsule and such a wide safe dose range could
be considered to have no acute oral toxicity in mice. Morphological
observations of the H&E-stained sections revealed no obvious patho-
logicalchanges in the heart, liver, spleen, lung, and kidney tissues
(Fig. 1A–E).

3.2. An-te-xiao capsule prolonged ST of Lewis tumor xenograft mouse
model

As shown in Table 1 and Fig. 2, compared with the Model group, all
treatments significantly prolonged the ST of mice (P<0.01). Espe-
cially, the life extension was not significantly different between the
ATX-H and Taxol groups, while the first death time was longer in the
ATX-H group than in the other treated groups.

3.3. An-te-xiao capsule inhibited tumor growth and angiogenesis of NSCLC
tumor xenograft mouse model

An-te-xiao capsule significantly delayed the growth of both tumor

xenografts. Furthermore, the An-te-xiao capsule-treated groups were
viable withoutapparent abnormality. As shown in Fig. 3A–C, changes in
body weight after total alkaloid sample treatment were not significant
compared with the Model group. After 28 days, the tumor volume of the
treated groups was significantly inhibited, and tumor weight was also
alleviated, compared with the Model group (P<0.01). In addition, the
inhibition by An-te-xiao capsule treatment was dose-dependent.

A549 tumor tissues (Fig. 3D) showed normal structure and cellular
morphology in An-te-xiao capsule treated groups, compared with the
Model group. Most tumorcells were largerand roundorpolygonal under
the light microscope, and exhibited large nucleiwith an obviousnu-
cleolus; therefore, nuclear fission was clearly seen. Moreover, the tumor
cells were arranged in a wide strip funicular in the thin layer of fibrous
tissue segmentation, and infiltration of fewinflammatorycellswas ob-
served. The tumor cells actively grew in the Model group, withmarked
cellular atypia, while no activity was observed in the treatment groups.
The necrotic area was larger in the treatment group than it was in the
Model group, especially the ATX-H group, where no obvious tumor
necrosis was observed. Blood vessels decreased significantly after
treatment with the An-te-xiao capsule, in a dose-dependent manner,
and there were almost no blood vessels in the ATX-H group. Fibrous
hyperplasia was also alleviated after treatment. Furthermore, the his-
topathological changes in the NCI-H460 and NCI-H520 tumors were
similar (Supplementary file-S1).

The IHC result showed that An-te-xiao capsule treatment sig-
nificantly reduced tumor MVD. As shown in Fig. 3E, the number of
CD31-positive cells decreased gradually with increasing concentrations
of the total alkaloid samples. The number of blood vessels was
13.2 ± 1.3 in the Model group, while it decreased to 8.6 ± 1.1,
6.6 ± 1.1, and 2.8 ± 0.8 in the ATX-L, ATX-M, and ATX-H groups,
respectively. These results suggested that the antiangiogenic activity of
An-te-xiao capsule effectively contributed to its in vivo anticancer effi-
cacy.

Table 1
Life time effect of STA on transplanted Lewis lung cancer mice (x ± s, n=10).

Group First death time(d) Average life (d) Life extension (%)
Model 19 28.5± 5.25 /

Taxol 37 46.5± 6.13** 63.2
HDS 34 40.8± 3.36** 43.2
ATX-L 34 39±4.06** 36.8
ATX-M 34 40.7± 5.50** 42.8
ATX-H 40 45.9± 4.82** 61.0

** P<0.01, compared to Model group.

Fig. 2. Survival of tumor-bearing mice. Different concentrations of An-te-xiao
capsule were orally administered to Lewis tumor xenograft mice for 28 days to
observe the in vivo life-extending efficacy. Taxol and compound Hongdoushan
capsule-treated groups were positive control groups. ATX-L, ATX-M, and ATX-
H: Low-, medium-, and high-dose An-te-xiao capsule (50, 100, and 200mg/kg
BW once a day, respectively).
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Fig. 3. An-te-xiao capsule potently retarded tumor growth and angiogenesis in NSCLC tumor xenograft mouse models. (A) An-te-xiao capsule reduced A549 tumor
growth as measured using solid tumor weight (right) and tumor volume (V, middle) and had little effect on mouse body weight compared to model group (left) at the
tested dose. An-te-xiao capsule inhibited tumor growth in (B) NCI-H460 and (C) NCI-H520 tumor xenograft mouse models. Mice (n= 10 per group) bearing A549/
NCI-H460/NCI-H520 tumors received normal saline in the Model group, or were injected with Taxol (8 mg/kg BW once every other day, intravenously [i.v.], Taxol
group), or compound Hongdoushan capsule (200mg/kg BW once a day, orally [p.o.]) in HDS group, or treated with total alkaloid samples (50, 100, and 200mg/kg
BW once a day, p.o.) in ATX groups for 28 days. The NSCLC tumor xenograft mouse models were established according to the protocol described in Materials and
Methods. (D) Tumor tissue pathological slices from A549 xenograft nude mice by H&E staining (400× magnification, n=5). (E) Intratumoral CD31-positive vessels
using IHC staining (400× magnification) and quantitative analysis of MVD (n=5). Data are means ± SD, columns are means, and bars are the SD. *P<0.05,
**P<0.01.

Fig. 4. Effect of An-te-xiao capsule on cell cycle and apoptosis. An-te-xiao capsule regulated disordered cell cycle, and accelerated the apoptosis of A549 tissues. (A
and B) IHC analysis of cyclin A and cyclin B1 staining of tumors from A549 xenograft mouse models, respectively. Five random fields from five solid tumors of each
group were selected for the assessment of the IOD of cyclin A and cyclin B1. (C) Assessment of apoptotic cells using TUNEL staining and the apoptotic index was
calculated as a ratio of apoptotic to total nuclei. All images were observed using light microscopy (400× magnification). Data are means ± SD, columns are means
and bars are SD. *P<0.05, **P<0.01, compared to Model group.
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3.4. An-te-xiao capsule affected cell cycle regulatory proteins in tumors

Cyclin A and cyclin B1 were mainly expressedinthe cell cytoplasm
and the positivestaining (brown) was noted. As shown in Fig. 4A and B,
compared with the Model group, the protein expression of cyclin A and
cyclin B1 significantly decreased in a dose-dependent manner
(P<0.01) in the total alkaloid sample-treated groups. Especially, the
IOD of cyclin B1 in the ATX-H group (23,613.11 ± 968.94) was less
than that in the Model group (246,605.96 ± 17,429.63).

3.5. An-te-xiao capsule induced cell apoptosis

The inhibitory effect of An-te-xiao capsule on NSCLC tumor growth
was further evidenced by the induction of apoptosis of A549 cells. As
shown in Fig. 4C, TUNEL-positive cells were identified by the yellow/
brown nuclear staining. There were almost no apoptotic cells in the
Model group, whereas TUNEL-positive cells markedly increased in the
total alkaloid sample-treated tumors in a dose-dependent manner. The
apoptosis indexes were 4.21 ± 0.76, 12.27 ± 0.89, and
25.83 ± 0.90 in the ATX-L, ATX-M, and ATX-H groups, respectively.

3.6. Cytotoxic effect of An-te-xiao capsule against Td-ECs

As shown in Fig. 5, An-te-xiao capsule showed no cytotoxicity
against Td-ECs at concentrations< 6.25 μg/mL (inhibitoryrate ≤
10%). To exclude the influence of cell inhibition, noncytotoxic con-
centrations of 1.5, 3.0, and 6.0 μg/mL were used for all the following
tests.

3.7. An-te-xiao capsule repressed Td-EC migration, invasion, and tube
formation in the presence or absence of VEGF

Critical behaviors of endothelial cells, migration, invasion, and tube
formation for blood vessel formation in angiogenesis, are essential for
tumor growth and metastasis, which were also investigated in the in
vitro angiogenesis assay [18,19]. As shown in Fig. 6A and B (VEGF
alone), Td-EC migration increased significantly compared with that of
the control group cells, whereas An-te-xiao capsule treatment sig-
nificantly inhibited Td-EC horizontal migration into the scratched re-
gion in the scratchwound assay (Fig. 6A). Furthermore, the treatment
blocked Td-EC migration from the upper to bottom chamber in the
Transwell chamber assay (Fig. 6B). As shown in Fig. 6C, An-te-xiao
capsule significantly inhibited Td-EC invasive ability with or without
VEGF, and the lowest effective concentration was 3.0 μg/mL. Moreover,
An-te-xiao capsule also significantly inhibited Td-EC tube formation on
Matrigels (Fig. 6D). Therefore, our data suggest that An-te-xiao capsule
effectively suppressed Td-EC migration, invasion, and tube formation at

non-toxic concentrations.

3.8. An-te-xiao capsule inhibited secretion of VEGF by A549 cells

Studies have suggested that VEGF is secreted by tumors [20]. As
shown in Fig. 7, compared with the VEGF content (56.15 ± 1.64 pg/
mL) in the medium of the HUVEC-C cells cultured alone, the VEGF
content increased to 167.99 ± 3.61 pg/mL in the co-cultured HUVEC-
C and A549 cell system, whereas An-te-xiao capsule significantly in-
hibited the secretion of VEGF by A549 cells.

3.9. An-te-xiao capsule suppressed phosphorylation of VEGFR2

Phosphorylation of VEGFR2 is a key step in angiogenesis signaling
after VEGF binding to VEGFR2. As shown in Fig. 8, p-VEGFR2 was
reflected by the value of the pVEGFR2/VEGFR2 ratio and compared
with the pVEGFR2/VEGFR2 ratio (0.175 ± 0.082) of HUVEC-C cells,
that of Td-ECs increased to 0.720 ± 0.051 in the co-cultured system.
However, the values were decreased by treatment with different con-
centrations of An-te-xiao capsule.

4. Discussion

Steroidal glycoside alkaloids are the main alkaloids in S. lyratum,
which is potentially toxic and was previously reported to contain cha-
conine and solanine, which have cholinesterase inhibitory activity
[21,22]. Therefore, the toxicity of the total alkaloid sample from S.
lyratum was analyzed before the antitumor experiment. The result of
the acute oral toxicity test in ICR mice showed that the safe dose range
was up to 10,000mg/kg BW in this study; therefore, the total alkaloid
sample from S. lyratum, which was the main ingredient of An-te-xiao
capsule, was considered to be relatively non-toxic.

According to histological classifications of lung cancer, relative to
small cell lung cancer, NSCLC accounts for 80–85% of allcases, and
could be further divided into the following cell subsets, adenocarci-
noma, large cell carcinoma, and squamous-cell carcinoma [23]. To
elucidate the inhibitory effects of An-te-xiao capsule on NSCLC more
comprehensively, three main NSCLC cell types, A549 adenocarcinoma,
NCI-H460 large cell carcinoma, and NCI-H520 squamous-cell carci-
noma cell lines were selected to establish nude mouse xenograft tumor
models. First, the Lewis xenograft mouse model was established and
An-te-xiao capsule was found to prolong the ST effectively compared to
that of the model group (P<0.05). Furthermore, the life extending
effect was not significantly different between the ATX-H and Taxol
groups (P>0.05), while the ATX-H mice survived loner than the mice
treated with Taxol, which is currently used as a clinical antineoplastic
agent. In nude mice, An-te-xiao capsule inhibited the growth of NSCLC
xenograft tumors in a dose-dependent manner, and V and weight were
significantly reduced compared with those of the Model group,
(P<0.05). Furthermore, An-te-xiao capsule had no significant effect on
the body weight increase.

The H&E staining for histological analysisofA549tumorxenografts
showed that compared with the Model group, cell growth decreased
and tissue necrosis increased in the treatment groups. Especially, ob-
vious necrosis occurred in the ATX-H group. Blood vessels decreased
inadose-dependent manner after treatment with An-te-xiao capsule, and
blood vessels were hardly observed in the ATX-H group. Moreover,
hyperplasia of the fibrous tissue significantly decreased after An-te-xiao
capsule administration. These results indicated that An-te-xiao capsule
exerted its inhibitory effects via multiple mechanisms, especially in-
volving changes in blood vessels. Angiogenesis is continuously acti-
vated during the progression of cancer to provide the necessary oxygen
andnutrient supply tofacilitate tumor growth and migration [24–27].
Existing studies have shown that with increased tumor MVD, tumor
invasion, migration, and other malignant behaviors are significantly
enhanced [28]. In this study, the MVD of the A549 xenografts was

Fig. 5. Effect of An-te-xiao capsule on viability of Td-ECs in vitro. Td-ECs were
treated with total alkaloids samples from S. lyratum at 10 concentrations ran-
ging from 0.781 to 100 μg/mL for 48 h in co-culture system, and proliferation
inhibition rate was tested using MTT assay. Data are means ± SD, columns are
means and bars are SD.
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detected using the vascular endothelial cell-specific marker, CD31, to
evaluate the growth of tumor blood vessels. The results of the IHC
analysis showed that compared with the Model group, increasing con-
centrations of An-te-xiao capsule caused the total number of vessels in

the tumor tissue to gradually decrease. Numerous experiments and
clinical investigations have shown that cyclin A and cyclin B1 are
overexpressed in NSCLC [29–31]. The results of the IHC analysis
showed that the inhibition induced by An-te-xiao capsule was also

Fig. 6. An-te-xiao capsule inhibits angiogenic prop-
erties of Td-ECs in the presence or absence of VEGF.
Td-ECs were treated with various concentrations of
total alkaloids samples from S. lyratum for 48 h in the
presence or absence of VEGF (20 ng/mL). Then Td-
ECs in all groups were harvested for the following
tests. (A) An-te-xiao capsule inhibited Td-ECs mi-
gration in wound healing assay, with representative
images at 0 h and 24 h after scraping (100× magni-
fication). (B) An-te-xiao capsule suppresses Td-ECs
vertical migration in Transwell assay, with re-
presentative images of 24 h after Td-ECs were plated
onto Transwell chamber, and visualized by crystal
violet (200× magnification). (C) An-te-xiao capsule
inhibited Td-EC invasion in Transwell assay, with
representative images of 24 h after Td-ECs were
plated onto Matrigel-coated Transwell chamber, and
visualized by crystal violet (200× magnification).
(D) An-te-xiao capsule inhibited tube formation in
Matrigel, with representative images at 6 h after Td-
ECs were plated onto Matrigel-coated 96-well plates
(100× magnification). Data are means ± SD of
three independent experiments using analysis of
Student’s t-test, columns are mean, and bars are SD.
#P<0.05, ##P<0.01, compared with Control
group, *P<0.05, **P<0.01, compared to VEGF
group.
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reflected in the protein expression of cyclin A and cyclin B1 compared
with that of the Model group (P<0.05). This finding indicated that An-
te-xiao capsule regulated the disordered cell cycle of NSCLC cells. In
addition, the increased apoptosis of tumor cells also confirmed the in-
hibitory effect of An-te-xiao capsule on NSCLC. Continuous tumor
growth depends on angiogenesis and, so, exploring antitumor pathways
and drug research targeted to achieve antiangiogenesis have been re-
search hotspots since the hypothesisthat tumor growth is angiogenesis-
dependent was first proposed by Folkman's group in 1971 [32]. The
histopathological examination showed that blood vessels significantly
decreased after treatment with An-te-xiao capsule, suggesting that it
potentially inhibits angiogenesis.

There is evidence that tumorbloodvessels are actually “mosaic”
vessels, containing both tumor and endothelial cells [33]. Therefore, an
in vitro cell co-culture model was established with HUVEC-C and A549
cells in the Transwellchamber culturesystem, which simulated the
tumor microenvironment for the growth of HUVEC-C cells, which were
induced into Td-ECs. The result of the MTT assay showed that An-te-
xiao capsule inhibited the proliferation of Td-ECs in a dose-dependent

manner, and the noncytotoxic concentrations of An-te-xiao capsule
were chosen for all the assays. Endothelial cell migration, invasion, and
tube formation are essential for blood vessel formation in angiogenesis.
For cell migration detection, both wound-healing and Transwell mi-
grationassays were performed to investigate lateral and longitudinal
motion, respectively. The wound healing and Transwell migration assay
results showed that VEGF stimulated Td-EC migration, whereas An-te-
xiao capsule inhibited the migration of Td-ECs with or without VEGF, in
adose-dependentmanner. The invasion assay revealed similar inhibitory
effects to that in the Transwell chamber migration experiments. VEGF
stimulated the invasion of Td-ECs, whereas the number of cells in-
vading the lower layer of the Transwell chamber decreased significantly
after treatment with An-te-xiao capsule in adose-dependentmanner. In
the tube formation experiment, after growing on Matrigel for 6 h, the
Td-ECs appeared elongated, spindleshaped, and extended to the gel
matrix, showing a linear arrangement and forming lumen-like struc-
tures. This structure reflected the tube forming ability of Td-ECs. The
tube-like structures decreased significantly in the An-te-xiao capsule
treatment groups in a dose-dependent manner.

Tumor angiogenesis is a key feature in cancer progression, as tumors
require abundant oxygen and nutrition to grow. VEGF plays a sig-
nificant role in the development and progression of tumor angiogenesis,
which has been an important target for angiogenesis-based tumor tar-
geted therapy [34–36]. Research has shown that tumor cells secrete
VEGF to promote angiogenesis in the tumor microenvironment [20,37].
The results of ELISA revealed that the VEGF content in the extracellular
fluid increased when HUVEC-C cells were co-cultured with A549 cells,
whereas the VEGF secretory ability of tumor cells was significantly
inhibited by stimulation with An-te-xiao capsule. Furthermore, phos-
phorylation is a key factor after VEGF binding to VEGFR2 in the whole
process of angiogenesis [38–41]. In this study, the drugs also inhibited
the phosphorylation of VEGFR2.

In conclusion, An-te-xiao capsule inhibited tumor growth and an-
giogenesis in NSCLC tumor xenograft mouse models, and repressed Td-
ECs migration, invasion, and tube formation in the presence or absence
of VEGF. These processes are critical cellular events in angiogenesis
and, therefore, An-te-xiao capsule obstructed the critical links in tumor
angiogenesis. Finally, our results demonstrated the potential usefulness
of An-te-xiao capsule in the treatment of NSCLC.
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