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Thiabendazole, an orally available antifungal drug, has been used in clinical practice for 40 years. Previous
studies indicated its potential in inhibiting angiogenesis in both animal models and in human cells. Malig-
nant melanoma is associated with angiogenesis and it is unknown whether thiabendazole is effective for
malignant melanoma or not. In our research, the effects of thiabendazole on the proliferation of the murine
metastatic melanoma cell line B16F10 in vitro and in vivo and the molecular mechanism were investigated.
Assay of cell viability, chick embryo chorioallantoic membrane assay, quantitative real-time PCR, Western
blot, wound healing assay, annexin V/propidium iodide (AV/PI) assay and B16F10-xenograft model were
applied to elucidate the mechanism of thiabendazole on B16F10 cells. Thiabendazole inhibited B16F10
proliferation in vitro in a dose- and time-dependent manner with an IC50 of 532.4 ± 32.6, 322.9 ± 28.9,
238.5 ± 19.8 �M at 24, 48, and 72 h, respectively. Moreover, thiabendazole inhibited the angiogenesis and
the migration of B16F10 cells in vitro. Furthermore, thiabendazole restrained transcription and translation
of the VEGF gene in B16F10 in vitro, and the apoptotic percentage of B16F10 cells was increased after
exposure to thiabendazole. Finally, in the B16F10-bearing mice model, thiabendazole significantly sup-
pressed tumor growth with inhibitory rates of 16.5%, 35.4% and 48.7% at the treatment of thiabendazole
20, 40 and 80 mg/kg, respectively. These results further indicated that thiabendazole may be a potential
candidate for the treatment of malignant melanoma.

1. Introduction

Angiogenesis is the growth of new blood vessels from pre-
existing blood supply (Emmett et al. 2011) and is essential for
tumor growth and metastasis (Hanahan and Weinberg 2000).
It has been proven that most tumors cannot grow beyond
1–2 mm without blood supply (Corrieet al. 2010). In 1971,
Judah Folkman proposed that the inhibition of angiogene-
sis might be an effective therapeutic approach against cancer
(Folkman 1971). Vascular endothelial growth factor (VEGF), a
heparin-binding family of glycol-proteins (including VEGF-A,
VEGF-B, VEGF-C, and VEGF-D), is a key player in angio-
genesis for promoting endothelial cell proliferation, migration,
survival, vasodilatation, and vasculogenesis via recruiting bone
marrow-derived haematopoetic progenitor cells (Ferrara and
Henzel 1989). Hence, anticancer drugs that could prevent VEGF
expression attracted the scientists’ attention.
Melanoma, occupied 65% of all skin cancer-related deaths
(Cockerell 2012), is an aggressive, fatal skin cancer, and its inci-
dence has risen rapidly during the past few years. Melanoma
originates from the uncontrolled proliferation of specialized
melanocytes, which could produce pigments in the epithelial
layers and migrate to many locations within the body, such
as eyes, bone, and heart (Mansh 2011). In clinical practice,
surgery was used to cure local melanoma in the early stages,
but this treatment is not effective for metastatic melanoma

(Pawlik and Sondak 2003; Eggermont and Kirkwood 2004).
Recent research has shown that angiogenesis is relevant to
melanoma progression (Streit and Detmar 2003). The role of
neovascularisation in human cutaneous melanomas was demon-
strated to indicate the activity of angiogenesis and the role of
VEGF in melanoma angiogenesis was firstly demonstrated with
successfully transplanted human melanoma fragments into a
hamster cheek pouch (Warren and Shubik 1966). It was also
shown that aggressive melanoma cell lines express higher lev-
els of VEGF (Pötgens et al. 1995), and melanoma patients with
evaluated serum VEGF levels have been observed with advanced
disease and a higher rate of relapse (Osella-Abate 2002). More-
over, inhibition of tumor growth has been achieved in different
melanoma xenograft models by various anti-VEGF strategies
(Li et al. 2002; Wedge et al. 2002).
Thiabendazole (TBZ; 4-(1H-1,3-benzodiazol-2-yl)-1,3-
thiazole), as an anti-fungal and anti-helminthic drug, had
already been approved by the U.S. Food and Drug Administra-
tion (FDA) since 1967, so its safety has been well established.
Moreover, scientists recently have found that thiabendazole
had the potential in inhibiting angiogenesis (Cha et al. 2012).
However whether thiabendazole had effects on the melanoma
cells and its relative mechanisms has not yet been investigated.
In this study, the inhibitive effect of thiabendazoleand on murine
metastatic melanoma cell line B16F10 proliferation in vitro and
in vivo and its relative mechanisms were firstly investigated. The
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Fig. 1: Drug sensitivity assays were performed by MTT assay using thiabendazole
(range from 0–500 �M) at 24 h, 48 h and 72 h post-treatment. Inhibition of
proliferation of B16F10 cells and B16 cells by thiabendazole was in a dose-
and time-dependent manner. Values are presented as mean ± SD from three
separate determinations with six replicates each. (*p < 0.05, **p < 0.01,
compared with the untreated control at each time point). (A) B16F10 (B) B16.

results obtained revealed thiabendazole suppressed metastatic
melanoma cell proliferation via inducing apoptosis in B16F10
cells and preventing transcription and translation of the VEGF
gene in B16F10 cells in vitro. These interferences then further
inhibited angiogenesis, B16F10 migration and tumor growth of
B16F10 in mice. These results highlight the therapeutic potential
of thiabendazole in metastatic melanoma.

2. Investigations and results

2.1. Thiabendazole inhibited cell proliferation of murine
melanoma cell lines B16 and B16F10

To clarify whether thiabendazole could inhibit the growth of
murine melanoma cells, we treated B16 and B16F10 cells with
thiabendazole at concentrations of 0, 50, 100, 200, 300, 400
and 500 �M for 24, 48, and 72 h. Cell viability was exam-
ined by a MTT cell viability assay. Thiabendazole time- and
dose-dependently inhibited cell proliferation (Fig. 1). The 50%
inhibitory concentrations (IC50) of B16 cells were 540.8 ± 40.8,
410.7 ± 30.6, 280.4 ± 22.3 �M at 24, 48, and 72 h, respectively
(Table). And the IC50 value of B16F10 cells were 532.4 ± 32.6,
322.9 ± 28.9, 238.5 ± 19.8 �M at 24, 48, and 72 h, respec-
tively (Table). These data suggested that thiabendazole exhibited
inhibitory effects to murine melanoma cell lines in vitro.

Table: IC50 values (�M) of B16F10 and B16 cells at different
times

24 h 48 h 72 h

B16F10 532.4 ± 32.6 322.9 ± 28.9 238.5 ± 19.8
B16 540.8 ± 40.8 410.7 ± 30.6 280.4 ± 22.3

Fig. 2: Effect of thiabendazole on the angiogenesis of CAM. (A) Various
concentrations of thiabendazole (0, 100, 300, 500 �M per egg) were loaded
on the CAMs with or without VEGF (10ng/ml). After 72 h incubation,
methanol and acetone (1:1) was added onto the surface of CAMs to fix the
blood. The disc and surrounding CAMs were harvested and photographed.
Thiabendazole effectively inhibited angiogenesis in vivo. (B) Quantitative
analysis of neovascularizationin the capillary bed area of CAM.
Thiabendazole treated groups had fewer blood vessels than the untreated
negative control groups and the VEGF treated positive control grous. The
blood vessels in the untreated negative control group were treated as 100%
and the blood vessels in thiabendazole treated groups were compared to the
negative control group. Data are presented as the mean ± SD (n = 6.
*P < 0.05, compared with negative control group).

2.2. Thiabendazole inhibited angiogenesis in the CAM
assay

Angiogenesis is critical during tumor progression (Hanahan
and Weinberg 2000) and is associated with melanoma pro-
gression (Streit and Detmar 2003). To investigate the effect
of thiabendazole on angiogenesis in vivo, we performed a
chick embryo chorioallantoic membrane (CAM) assay, a well
established angiogenesis model. As indicated in Fig. 2A, the
blood vessels formed dense branching vascular networks in the
untreated negative control group and the positive VEGF group.
In contrast, thiabendazole dose-dependently suppressed CAM
neovascularization, presenting as reducing blood vessel num-
bers and branching patterns. In addition, these results were
supported by statistically data that new microvessels formation
rate was 91.6%, 88.3% and 41.6%, at the concentrations of 100,
300, 500 �M compared to the untreated negative control group
(treated as 100%), respectively (Fig. 3B).

2.3. Thiabendazole suppressed the VEGF gene
expression in B16F10 cells

Previous reports have indicated that VEGF, which is produced
by tumor cells under hypoxic conditions, is considered to be one
of the most crucial and specific regulators in angiogenic sig-
naling cascades (Ferrara 2002). Additionally, increased levels
of VEGF are associated with aggressive and metastatic phe-
notypes in melanoma cells (Dewing et al. 2012). Therefore,
the effect of thiabendazole on VEGF expression in B16F10
cells was determined. Quantitative real-time PCR (qRT-PCR)
was performed to determine the RNA levels of VEGF when
B16F10 after exposure to thiabendazole for 48 h. As presented
in Fig. 3A, the decrease in VEGF RNA levels occurred in a dose-
dependent manner and showed significant differences (P < 0.05)
at the 300 �M and 500 �M of thiabendazole when compared to
the controls.
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Fig. 3: Inhibition of VEGF in thiabendazole-treated B16F10 cells. (A) RNA
extracted from B16F10 cells treated with or without thiabendazole (100, 300
and 500 �M) for 48 h, and then were measured by real-time PCR assay as
indicated in the methods. The VEGF RNA levels were dose-dependently
suppressed by thiabendazole. (*P < 0.05, **P < 0.01, compared with control
group). Experiments repeated three times with similar results. (B) Protein
extracted from the B16F10 cells that treated with or without thiabendazole
(100, 300 and 500 �M) for 48 h were analyzed by Western blot as described
in the methods. The western blot bands were photographed, scanned and
analyzed by Quality One 1-D analysis software. Thiabendazole inhibited
VEGF protein expression in a dose-dependent pattern. (C) Densitometric
analysis of VEGF protein levels in Western blot (**P < 0.01, compared with
control group). Shown were representative blots from three independent
experiments with similar results.

To explore whether thiabendazole could affect the protein
expression of VEGF, western blotting was performed. As the
Figs. 3B and 3C show, the effect of thiabendazole on B16F10
cells on the protein levels of VEGF was consistent with its effect
on RNA levels. These data indicated that thiabendazole could
inhibit the transcription and translation of the VEGF gene.

2.4. Thiabendazole inhibited B16F10 cell migration

As tumor cell migration is an important process in tumor devel-
opment and metastasis, we detected the effects of thiabendazole
on B16F10 cells motility using a scratch wound assay. As shown
in Figs. 4A and 4B, in the absence of thiabendazole group,
B16F10 cells migrated along the edges of the wound and showed
a large-scale migration, whereas a dose- and time-dependent
inhibition of cell spreading and flattening could be observed in
the presence of thiabendazole. Specifically, the average widths
of the wound in thiabendazole-treated groups were 52.2% and

64.7% (compared to the width at 0 h) at 300 and 500 �M thi-
abendazole, respectively, after 48 h incubation.

2.5. Thiabendazole induced apoptosis of B16F10

To test whether thiabendazole induced cell death via apopto-
sis, the percentage of apoptotic cells was determined by an
AV/PI assay. Positive staining with AV-FITC correlated with
the loss of membrane polarity, and the complete loss of mem-
brane integrity lead to apoptosis or necrosis. PI entered the
cells after the loss of membrane integrity. Thus, dual staining
with AV and PI adopted for discriminating between unaffected
and apoptotic cells. The results indicated that thiabendazole
induced the apoptotic effects on B16F10 cells (Figs. 5A and
5B). Specifically, in the treatment of B16F10 cells with 300 �M
thiabendazole, the induced apoptotic cell accumulation reached
approximately 31.9%. Therefore, apoptosis induction could be
another mechanism for thiabendazole in preventing B16F10
cells’ proliferation.

2.6. Thiabendazole suppressed the growth of
B16F10-transplanted tumor in mice

Considering that thiabendazole significantly inhibited the pro-
liferation of B16F10, suppressed the angiogenesis and induced
apoptosis it was tested whether thiabendazole could inhibit
tumor growth in vivo, and a B16F10 xenograft model was estab-
lished. After thiabendazole treatment, the tumor weight was
measured. As presented in Figs. 6A, 6B and 6C, thiabenda-
zole dose-dependently suppressed the tumor growth of B16F10
in C57BL/6J mice. Compared to the model group, the tumor
inhibitory rates of thiabendazole-treated groups were of 16.5%,
35.4% and 48.7% at treatment of 20, 40 and 80 mg/kg, respec-
tively (Fig. 6D). These results suggested that thiabendazole
administration prevented B16F10 tumor growth in mice.

3. Discussion

Angiogenesis was first associated with malignancy 100 years
ago (Goldmann 1908), and defined as the new vessel growth
from a pre-existing blood supply and was as an absolute require-
ment for tumor survival and progression (Carmeliet and Jain
2000). Angiogenesis is physiologically tightly regulated in
the progress of wound healing, embryogenesis, and female
reproduction and occurs under several pathological conditions,
including malignant melanoma (Dewing et al. 2012). Thiaben-
dazole, an orally available antifungal drug in clinical use for 40
years, potently inhibited angiogenesis in animal models and in
human cells (Cha et al. 2012). However, its antitumor effects on
malignant melanoma had not yet been studied in detail.
Thiabendazole remarkably inhibited the proliferation of two
murine melanoma cells, B16 and B16F10, indicating that thi-
abendazole possessed an anti-B16F10 activity. Additionally,
B16F10 cell line was a malignant melanoma cell line. And
malignant melanoma, a highly metastatic tumor with poor prog-
nosis and high resistance to treatment, has been documented
as an angiogenic tumor type, demonstrating new vessel forma-
tion as a crucial progress in disease progression from atypical
melanocytes, through radial growth to the aggressive vertical
growth phase (Streit and Detmar 2003). Hence, B16F10 cell
line, a malignant melanoma cell line, was chosen as investigated
object in this study.
Thiabendazole inhibited the neovascularization as shown in the
CAM assay (Fig. 2). Whether the thiabendazole could affect
the angiogenesis related gene expression in B16F10 cells was
further investigated.
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Fig. 4: Suppressive effects of thiabendazole on the migration of B16F10 cells. B16F10 cells were seeded in a 12-well plate and the confluent monolayers were wounded and then
incubated in serum-free medium with 0, 300, and 500 �M thiabendazole. At 0, 24 h and 48 h after wounding, the cells were photographed and analyzed.
Thiabendazole-treated B16F10cells migrated more slowly than the control group after wounding. (A) Representative micrographs are shown (×100). (B) Quantitative
analysis of the wound healing assay. The width of the wound was determined after incubation by using Image Pro Plus 5 software. Data are presented as the mean ± SD,
n = 3, *P < 0.05, **P < 0.01, compared with the wound width at 0 h.

As well known, angiogenesis is critical in the development
of tumor growth and is regulated by several growth factors
(Roskoski 2007) and VEGF is a crucial regulator in the angio-
genic signaling cascades (Ferrara 2002). Researchers have
reported that increased levels of VEGF correlated with the
migration and angiogenesis of melanoma (Dewing et al. 2012),
so VEGF was an important therapeutic target for malignant
melanoma. Additionally, bevacizumab (Avastin), a combination
of the monoclonal antibody, which targets VEGF, has been com-
bined with interferon or cytotoxic chemotherapy in the treatment
of metastatic melanoma in clinical (Corrie et al. 2010). Consid-
ering that thiabendazole suppressed the proliferation of B16F10
cells, malignant melanoma cells, and inhibited the neovascu-
larization. We therefore hypothesized that thiabendazole might
suppress VEGF gene expression in B16F10 cells. Further results
illustrating that thiabendazole significantly inhibited the tran-
scription and translation of the VEGF gene in B16F10 cells in
a dose-dependent manner (Figs. 3A, 3B and 3C).
Since malignant melanoma is an aggressive cancer, the
inhibitory effect of thiabendazole on migration was determined.
As the Fig. 4 shown, the migration of B16F10 cells was dose-

dependently inhibited by thiabendazole. The average widths of
the wound in 300 and 500 �M thiabendazole-treated groups
were 52.2% and 64.7%, respectively, after 48 h incubation, while
the wound in the control group was nearly healed.
Thiabendazole dose-dependently induced B16F10 cell apopto-
sis in vitro, and the apoptosis rate was 31.9% at the concentration
of 300 �M. Hence, induced apoptosis may be another mecha-
nism for thiabendazole inhibiting the proliferation of B16F10
cells. Moreover, studies have found that VEGF expression was
correlated with apoptosis (Benjamin et al. 1999; Alon et al. 1995;
Benjamin and Keshet 1997) and VEGF suppressed cell death
through autocrine mechanism (Ferrer et al. 1999; Langer et al.
2000; Wu et al. 2003). It is possible that thiabendazole inhibited
the VEGF expression, which might lead to induce the apoptosis
of B16F10 cells.
Thiabendazole exhibited a remarkable inhibitory effect on
B16F10 cells in vitro, suppressed VEGF gene expression,
and inhibited angiogenesis and migration. Whether thiaben-
dazole had the inhibitory effect in vivo was further explored
by establishing B16F10-xenograft tumor models in C57BL/6J
mice. Compared to the model control, thiabendazole dose-
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Fig. 5: Induction of apoptosis by thiabendazole in B16F10 cells. (A) Apoptosis
analysis in B16F10 cells was assessed by Annexin V/PI double staining.
After cells were exposed to the three designated concentrations of
thiabendazole (100, 300 �M, dissolved in 1%DMSO) for 48 h, the attached
and detached cells were collected. Then staining with Annexin V and PI,
cells were subjected to flow cytometry analysis. Bottom right quadrant, cells
mainly stained by Annexin V were early apoptotic cells; top right quadrant,
cells were stained by both PI and Annexin V were late apoptotic/necrotic
secondary necrosis; top left quadrant, cells mainly stained by PI viable cells;
bottom left quadrant, cells negative for both Annexin V and PI. (B)
Percentage of apoptosis. The data presented represents the mean ± SD from
three independent experiments (**P < 0.01, compared with the control
group).

dependently suppressed the proliferation of B16F10 cells in
tumor-bearing mice with 48.7% inhibition at 80 mg/kg. Hence,
thiabendazole could inhibit the B16F10 cells proliferation not
only in vitro but also in vivo.
In summary, our results indicated that at least two mechanisms
contributed to the outstanding anti-B16F10 action of thiabenda-
zole. Thiabendazole inhibited the proliferation of B16F10 cells
in vitro and in vivo, through inducing apoptosis and inhibiting
the expression of VEGF which further prevented angiogensis
and the migration of B16F10 cells. These results further sug-
gested that thiabendazole might be a potential candidate for the
treatment of malignant melanoma.

4. Experimental

4.1. Cell culture

The B16 cell line and B16F10 cell line were obtained from ATCC (Manassas,
Virginia, USA) and grown in RPMI-1640 medium (Gibco) supplemented
with 10% fetal calf serum (Gibco), 100 U/ml of penicillin and 100 U/ml
of streptomycin, respectively. Cells were cultured at 37◦C in a humidified
incubator containing 5% CO2.

4.2. Experimental animals

Female C57BL/6J mice (6–8 weeks of age) were purchased from the
Academy of Military Medical Science and acclimatized for 1 week before
use. Animals were housed in a rodent facility at 22 ± 1 ◦C with a 12 h
light–dark cycle and provided with continuous standard rodent chow and
water for acclimatization. All procedures involving animals and their care
in this study were in strict accordance with protocols approved by the Ethics
Committee of Jilin University.

4.3. Analysis of cell viability

The effect of thiabendazole on the proliferation of B16 and B16F10 cells was
detected by MTT assay as described (Zhang et al. 2012). B16 and B16F10
cells in the logarithmic phase of growth were inoculated on 96-well plates
at a concentration of 5 × 103 cells/well with RPIM-1640 medium that con-
tained 10% fetal calf serum. After 12 h, different concentrations (range from

0 to 500 �M) of thiabendazole (dissolved in 1% DMSO) (Sigma-Aldrich)
were added to the cells and further incubated for 24 h, 48 h and 72 h. After
incubation, the culture medium was removed, and the cells were washed with
PBS. Then the cells were further incubated with an MTT solution (5 �g/ml)
for 4 h. Next, the cells were lysed and the purple formazan crystals were
solubilized for detection at 570 nm with an ELISA reader. The cell viabil-
ity was calculated with the following formula: cell viability (%) = ODA/
ODB × 100%. where ODA is the absorbance at 570 nm of the experimental
group and ODB is that of the control group.

4.4. Chicken embryo chorioallantoic membrane (CAM) assay

The chick embryo chorioallantoic membrane (CAM) model was performed
as described previously (Dai et al. 2008). A small hole (approximately to
3 cm diameter) was made in the 8-day-old chick embryos’ eggshell at the air
sac to create a false air sac. Next, prepared aseptic filter papers with different
concentration of thiabendazole (100, 300 and 500 �M, dissolved in PBS
with 1% DMSO) were placed onto the CAMs. As the untreated controls,
aseptic filter papers contained with PBS with 1% DMSO were loaded on
the CAMs. In the positive control group, 10 ng/ml VEGF (PeproTech) were
treated in the same manner. After 3 days of treatment, CAMs were fixed with
methanol and acetone 1:1 (v/v) for 15 min, then the CAM area was cut off
and photographed. The percentage of vessels in the thiabendazole treated
groups was calculated as: vessel numbers of CAM in the drug-treated/vessel
numbers of CAM in the untreated group × 100%. Each group contained 6
separate CAMs.

4.5. Quantitative real-time polymerase chain reaction

Total RNA was extracted from B16F10 cells treated with or without thi-
abendazole using the RNeasy Plus Mini Kit (KeyGEN) following the
manufacturer’s instructions. cDNA was generated with the iScript Select
cDNA Synthesis Kit (KeyGEN) and then analyzed by quantitative real-
time polymerase chain reaction (PCR) via using SyberGreenqPCR primer
assays (KeyGEN) and the iCycleriQ multicolor real time PCR detection sys-
tem (KeyGEN). Relative expression levels were normalized against �-actin
expression run concurrently as a reference control.
The cDNA fragment for VEGF was amplified by PCR using the forward
primer 5’-CAACATCACCATGCAGATTATGC-3’ and the reverse primer
5’-GCTTTCGTTTTTGCCCCTTTC-3’.

4.6. Western blot analysis

B16F10 cells treated with or without thiabendazole were lysed in lysis buffer
(Generay, Shanghai, China) and then centrifuged at 13000 × g for 15 min
at 4 ◦C. The concentration of protein in the supernatants was determined
using the BCA kit (Tiangen, Beijing, China). Equal amounts of protein
sample (50 �g) were separated via sodium sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) and electrically transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Boston, MA). Next, membranes
were blocked with TBST supplemented with 5% BSA for 2 h at 37 ◦C and
incubated with the primary anti-VEGF antibody (Santa Cruz, CA, USA)
overnight at 4 ◦C, then followed by incubation with secondary antibody
(Santa Cruz, CA, USA) for 1 h at 37 ◦C. After washing with PBST, the
membranes were exposed using chemiluminescence (ECL) detection kit
(Beyotime Biotech, China). The blots were detected on the Bio-Imaging
System using Quality One 1-D analysis software (Bio-Rad, USA). All of
the Blots were stripped and reprobed by using a monoclonal anti-�-actin
antibody (Santa Cruz, CA, USA) to ascertain whether the proteins were
loaded equally.

4.7. Wound healing assay (scratch assay)

The effect of thiabendazole on B16F10 cell migration was determined by a
scratch assay as previously described (Kumar et al. 2012). The B16F10 cells
(3 × 105/well) in logarithmic phase were inoculated on a 12-well plate for
24 h. A confluent cell monolayer was starved using serum-free medium for
8 h and wounded by scratching with a 200-�l pipette tip. After being rinsed
with PBS, the cells were further incubated in serum-free 1640 medium (con-
tained 1% DMSO) supplemented with thiabendazole (0, 300 or 500 �M) for
48 h at 37 ◦C in a 5% CO2 cell incubator. Photographs were taken at 0, 24,
and 48 h after wounding. The width of the wound was measured using Image
J Pro Plus 5 software.

4.8. Flow cytometric detection of apoptotic cells

The extent of apoptosis was measured followed the AV-FITC/PI apopto-
sis detection kit (Mbchemic, Shanghai, China). Briefly, B16F10 cells were
incubated in 6-well plates with different concentrations of thiabendazole for
48 h. After incubation, the cells were harvested and washed twice with PBS.
Next, the cells used for the AV/PI assay were deal with as instructions of
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Fig. 6: Effective suppression of melanoma tumor growth in B16F10-bearing C57BL/6J mice was induced by thiabendazole. After the volume of the tumors had reached 100–300
mm3, C57BL/6J mice were randomly subdivided into 5 groups: a model group, three thiabendazole groups administered intraperitoneal injection of thiabendazole (20, 40,
80 mg/kg) and a cisplatinum positive group (4 mg/kg). Mice were administrated every other day for two weeks. Then mice were sacrificed and the tumor tissues were
removed. (A) Photograph of B16F10-bearing C57BL/6J mice with or without thiabendazole treatment. Tumor growth was significantly suppressed in mice treated with
thiabendazole compared to those of the model group. (B) Photograph of tumors in each group. Tumors were significantly reduced in size in thiabendazole-treated animals.
(C) The tumor weights in each group after thiabendazole administration. The tumor weights of thiabendazole-treated groups decreased as dose increased.
(n = 10,*P < 0.05, **P < 0.01, compared with model group). (D) Inhibition rate in each group. The anti-melanoma activity of thiabendazo.

the manufacturer told. After that, cells were analyzed by a FACScan flow
cytometer. The fraction of the cell population in different quadrants was
analyzed by using quadrant statistics, that is cells in the lower right (LR)
quadrant represented early apoptotic cells, and cells in the upper right (UR)
quadrant represented late apoptotic cells. Percent apoptosis (%) = [(number
of apoptotic cells)/ (number of total cells observed)] × 100% (Li et al. 2012).

4.9. In vivo tumor xenograft model and administration

The B16F10 cells (5 × 105 cells per mouse) were transplanted subcuta-
neously into the right axilla of each C57BL/6J mouse. After the tumor
volume grew up to 100–300 mm3, mice were randomly divided into five
groups: a model group, three thiabendazole administrated groups (20, 40,
80 mg/kg) and a positive cisplatinum (4 mg/kg) control group. Each group
contained 10 mice. In the thiabendazole treated groups mice were given
intraperitoneal injections of thiabendazole (suspended in 20 �l DMSO)
every other day for two weeks. As a model control, an equal volume of
DMSO was injected in the same manner for the model group. In the positive
control group, mice were administrated with cisplatinum in the same man-

ner. Twenty-four hours after the last drug administration, all animals were
sacrificed via cervical dislocation.

4.10. Antitumor activity assay in vivo

The antitumor activity was expressed as inhibitory rate (%) and calculated
as [(A-B)/A] × 100%, where A and B were the average tumor weight of the
model and thiabendazole groups, respectively.

4.11. Statistical analysis

All experiments elaborated above were performed in triplicate. The results
were presented as the mean ± SD. Statistical analysiswas performed by one-
way ANOVA, followed by Dunnett’s multiple comparison or a Student’s
T-test. P < 0.05 were considered to be statistically significant.

Acknowledgements: This study was partially supported by funding
from Jilin Provincial Science&Technology Department, No.20100127,
Changchun, Jilin,China

Pharmazie 68 (2013) 967



ORIGINAL ARTICLES

References

Alon T, Hemo I, Itin A, Pe’er J, Stone J, Keshet E (1995) Vascular endothelial
growth factor acts as a survival factor for newly formed retinal vessels and
has implications for retinopathy of prematurity. Nat Med 1: 1024–1028.

Benjamin LE, Keshet E (1997) Conditional switching of vascular endothe-
lial growth factor (VEGF) expression in tumors: induction of endothelial
cell shedding and regression of hemangioblastoma-like vessels by VEGF
withdrawal. Proc Natl Acad Sci USA 94: 8761–8766.

Benjamin LE, Golijanin D, Itin A, Pode D, Keshet E (1999) Selective
ablation of immature blood vessels in established human tumors fol-
lows vascular endothelial growth factor withdrawal. J Clin Invest 103:
195–165.

Carmeliet P, Jain RK (2000) Angiogenesis in cancer and other diseases.
Nature 407: 249–257.

Cha HJ, Byrom M, Mead PE, Ellington AD, Wallingford JB, Marcotte EM
(2012) Evolutionarily repurposed networks reveal the well-known anti-
fungal drug thiabendazole to be a novel vascular disrupting agent. PLoS
Biol 10: e1001379.

Cockerell, C.J (2012) The pathology of melanoma. Dermatol Clin 30:
445–468.

Corrie PG, Basu B, Zaki KA (2010) Targeting angiogenesis in melanoma:
prospects for the future. Ther Adv Med Oncol 2: 367–380.

Dai X, Cui SG, Wang T, Liu Q, Song HJ, Wang R (2008) Endogenous opioid
peptides, endomorphin-1 and -2 and deltorphin I, stimulate angiogenesis
in the CAM assay. Eur J Pharmacol 579: 269–275.

Dewing D, Emmett M, Pritchard Jones R (2012) The Roles of Angiogenesis
in Malignant Melanoma: Trends in Basic Science Research over the Last
100 Years. ISRN Oncol 2012: 546927.

Eggermont AM, Kirkwood JM (2004) Re-evaluating the role of dacarbazine
in metastatic melanoma: what have we learned in 30 years? Eur J Cancer
40: 1825–1836.

Emmett MS, Dewing D, Pritchard-Jones RO (2011) Angiogenesis and
melanoma - from basic science to clinical trials. Am J Cancer Res 7:
852–868.

Ferrer FA, Miller LJ, Lindquist R, Kowalczyk P, Laudone VP, Albertsen
PC, Kreutzer DL (1999) Expression of vascular endothelial growth factor
receptors in human prostate cancer. Urology 54: 567–572.

Ferrara N, Henzel WJ (1989) Pituitary follicular cells secrete a novel
heparin-binding growth factor specific for vascular endothelial cells.
BiochemBiophys Res Commun 161: 851–858.

Ferrara N (2002) VEGF and the quest for tumour angiogenesis factors. Nat
Rev Cancer 2: 795–803.

Folkman, J (1971) Tumor angiogenesis: therapeutic implications. N Engl J
Med 285: 1182–1186.

Goldmann E (1908) The growth of malignant disease in man and the lower
animals, with special reference to the vascular system. Proc R Soc Med
1: 1–13.

Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100: 57–70.
Kumar B, Yadav A, Lang J, Teknos TN, Kumar P (2012) Dysregulation of

microRNA-34a expression in head and neck squamous cell carcinoma
promotes tumor growth and tumor angiogenesis. PLoS One7: e37601.

Langer I, Vertongen P, Perret J, Fontaine J, Atassi G, Robberecht P (2000)
Expression of vascular endothelial growth factor (VEGF) and VEGF
receptors in human neuroblastomas. Med Pediatr Oncol 34: 386–393.

Li GQ, Chen XG, Wu XP, Xie JD, Liang YJ, Zhao XQ, Chen WQ, Fu LW
(2012) Effect of dicycloplatin, a novel platinum chemotherapeutical drug,
on inhibiting cell growth and inducing cell apoptosis. Plos One 7:e48994.

Li Y, Wang MN, Li H, King KD, Bassi R, Sun H, Santiago A, Hooper AT,
Bohlen P, Hicklin DJ (2002) Active immunization against the vascular
endothelial growth factor receptor flk1 inhibits tumor angiogenesis and
metastasis. J Exp Med 195: 1575–1584.

Mansh, M (2011) Ipilimumab and cancer immunotherapy: a new hope for
advanced stage melanoma. Yale J Biol Med. 84: 381–389.

Osella-Abate S, Quaglino P, Savoia P, Leporati C, Comessatti, A,
Bernengo, MG (2002) VEGF-165 serum levels and tyrosinase expres-
sion inmelanoma patients: correlation with the clinicalcourse. Melanoma
Res 12: 325–334.

Pawlik TM, Sondak VK (2003) Malignant melanoma: current state of pri-
mary and adjuvant treatment. Crit Rev Oncol Hematol. 45: 245–264.

Potti A, Moazzam N, Tendulkar K, Javed NA, Koch M, Kargas S (2003)
Immunohistochemical determination of vascular endothelial growth fac-
tor (VEGF) overexpression in malignant melanoma. Anticancer Res 23:
4023–4026.

Pötgens AJ, Lubsen NH, van Altena MC, Schoenmakers JG, Ruiter DJ,
de Waal RM (1995) Vascular permeability factor expression influences
tumor angiogenesis in human melanoma lines xenografted to nude mice.
Am J Pathol 146: 197–209.

Roskoski, R Jr (2007) Vascular endothelial growth factor (VEGF) signaling
in tumor progression.Crit Rev Oncol Hematol 62: 179–213.

Simonetti O, Lucarini G, Brancorsini D, Nita P, Bernardini ML, Biagini
G, Offidani A (2002) Immunohistochemical expression of vascular
endothelial growth factor, matrix metalloproteinase 2, and matrix metal-
loproteinase 9 in cutaneous melanocytic lesions. Cancer 95: 1963–1970.

Streit M, Detmar M (2003) Angiogenesis, lymphangiogenesis, and
melanoma metastasis. Oncogene 22: 3172–3179.

VEGF-165 (2014) serum levels and tyrosinase expression in melanoma
patients: correlation with the clinical course. Melanoma Res 12: 325–334.

Warren BA, Shubik P (1966) The growth of the blood supply to melanoma
transplants in the hamster cheek pouch. Lab Invest 15: 467–478.

Wedge SR, Ogilvie DJ, Dukes M, Kendrew J, Chester R, Jackson JA, Bof-
fey SJ, Valentine PJ, Curwen JO, Musgrove HL, Graham GA, Hughes
GD, Thomas AP, Stokes ES, Curry B, Richmond GH, Wadsworth PF,
Bigley AL, Hennequin LF (2002) ZD6474 inhibits vascular endothelial
growth factor signaling, angiogenesis, and tumor growth following oral
administration. Cancer Res 62: 4645–4655.

Wu W, Shu X, Hovsepyan H, Mosteller RD, Broek D (2003) VEGF recep-
tor expression and signaling in human bladder tumors. Oncogene 22:
3361–3370.

Zhang JL, Chen GW, Liu YC, Wang PY, Wang X, Wan YL, Zhu J, Gao
HQ, Yin J, Wang W, Tian ML (2012) Secreted protein acidic and rich
in cysteine (SPARC) suppresses angiogenesis by down-regulating the
expression of VEGF and MMP-7 in gastric cancer. PLoS One 7: e44618.

968 Pharmazie 68 (2013)

http://www.ingentaconnect.com/content/external-references?article=0008-5472()62L.4645[aid=10183195]
http://www.ingentaconnect.com/content/external-references?article=0002-9440()146L.197[aid=10183201]
http://www.ingentaconnect.com/content/external-references?article=0092-8674()100L.57[aid=1158875]
http://www.ingentaconnect.com/content/external-references?article=0028-4793()285L.1182[aid=167321]
http://www.ingentaconnect.com/content/external-references?article=0028-4793()285L.1182[aid=167321]
http://www.ingentaconnect.com/content/external-references?article=1474-175x()2L.795[aid=8721882]
http://www.ingentaconnect.com/content/external-references?article=1474-175x()2L.795[aid=8721882]
http://www.ingentaconnect.com/content/external-references?article=0006-291x()161L.851[aid=1305803]
http://www.ingentaconnect.com/content/external-references?article=1040-8428()45L.245[aid=10183203]
http://www.ingentaconnect.com/content/external-references?article=0022-1007()195L.1575[aid=4996562]
http://www.ingentaconnect.com/content/external-references?article=0098-1532()34L.386[aid=10183205]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()407L.249[aid=2018033]
http://www.ingentaconnect.com/content/external-references?article=0027-8424()94L.8761[aid=160004]
http://www.ingentaconnect.com/content/external-references?article=1078-8956()1L.1024[aid=164887]

