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Abstract
Aims We evaluated both in vitro and in vivo antitumoral
properties of an isolated compound from Wilbrandia
ebracteata, dihydrocucurbitacin-B (DHCB), using B16F10
cells (murine melanoma).
Materials and methods We made use of MTT and 3H-
Thymidine assays to investigate the cell viability and cell
proliferation, Xow cytometry analysis to monitor cell cycle
and apoptosis, western blot analysis to evaluate the expres-
sion of cell cycle proteins, imunoXuorescence analysis and
in vivo tumor growth and metastasis.

Results Dihydrocucurbitacin-B signiWcantly reduced cell
proliferation without important eVects on cells viability.
DHCB lead cells to accumulate in G2/M phases accompa-
nied by the appearance of polyploid cells, conWrmed by
Xuorescence assays that demonstrated a remarkable alter-
ation in the cell cytoskeleton and formation of binuclear
cells. Annexin-V-FITC incorporation demonstrated that
DHCB did not induce apoptosis. About 10 �g/mL DHCB
was found to decrease cyclin-A, and especially in cyclin-
B1. The in vivo experiments showed that DHCB treatment
(once a day up to 12 days; p.o.) was able to reduce the
tumor growth and lung metastasis up to 83.5 and 50.3%,
respectively.
Conclusions Dihydrocucurbitacin-B reduces cell prolif-
eration due to a decrease in the expression of cyclins,
mainly cyclin-B1 and disruption of the actin cytoskele-
ton, arresting B16F10 cells in G2/M phase. Taken
together, the in vitro and in vivo experiments suggest that
DHCB was eVective against cancer, however, it remains
to be proved if DHCB will be a good candidate for drug
development.

Keywords Dihydrocucurbitacin-B · Cytoskeleton · 
Cyclins · Wilbrandia ebracteata

Introduction

Cancer is increasingly viewed as a cell cycle disease, and it
is commonly accepted that the understanding of the molec-
ular mechanisms that produce inappropriate proliferation
may lead to the identiWcation of targets that could be thera-
peutically manipulated in the Wght against tumors [1].
Unlike normal cells that only proliferate when triggered by
developmental or other mitogenic signals in response to
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tissue growth, the proliferation of cancer cells proceeds
independently, suggesting that many cancers present
defects in the cell cycle machinery. Such defects could
occur in cell cycle regulators or elements of upstream sig-
naling cascades that participate in the proliferative stimulus
[2]. This does not mean that cancer cells cycles are neces-
sarily diVerent from those found in normal cells, but it
implies that cancer cells proliferate because they are no
longer subject to proliferation-inhibitory inXuences arising
from the stroma or from changes in the gene expression
pattern consequent to terminal diVerentiation, or because
they do not necessarily require extrinsic growth factors to
recruit them into or to maintain their proliferative state [3].

Drug discovery in medicinal plants has played an impor-
tant role in the treatment of cancer, and most new clinical
applications of plant secondary metabolites and their
derivatives over the last half century have been in cancer
treatment [4]. There are four main classes of natural anti-
cancer compounds in clinical use: vinca alkaloids (such as
vincristine and vinblastine) from Catharanthus roseus L.
[5]; epipodophyllotoxins (etoposide) from Podophyllum
peltatum L. [6]; taxanes (paclitaxel and derivatives) from
Taxus brevifolia Nutt. and camptothecins (camptothecin)
from Camptotheca acuminata Decne [7].

Cucurbitacins are polyhydroxylated triterpenes derived
from plants with medicinal properties known since antiq-
uity [8]. Some reports related cucurbitacins and cancer.
Cucurbitacin B/E glucosides inhibited growth of MCF-7
and MDA-MB-231 human breast cancer cell lines [9];
Cucurbitacin I and Q speciWcally inhibited STAT3 phos-
phorylation in human and murine cancer cells [10, 11];
cucurbitacin E disrupted the actin and vimentin cytoskele-
ton in human prostate cancer cells [12]. Related to DHCB
some papers reported a broad range of potent biological
activities. Its ED50 to A549, SK-UV-3, SK-MEL-2, XF498
and HCT15 are 0.2–3.7 �g/mL [13]. Recently, we have
demonstrated that DHCB exerts potent anti-inXammatory
eVects [14]; and others report the reduction in adjuvant-
induced arthritis [15]; moreover, DHCB induces cell cycle
arrest and apoptosis in human breast cancer (Bcap37 cells)
[16].

Our present purpose was to investigate the antitumoral
properties of a cucurbitacin-related compound, dihydrocu-
curbitacin-B (DHCB), isolated from Wilbrandia ebracteata,
using in vitro and in vivo assays with murine melanoma
B16F10 cells.

Materials and methods

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide), Dulbecco’s ModiWed Eagle medium (DMEM),
Propidium iodide, Hoechst 33342 and other salts used in

immunoblot analysis were purchased from Sigma–Aldrich
(St Louis, MO, USA). RNAse and Rhodamine-Phalloidin
solutions were obtained from Molecular Probes/Invitrogen.
Primary antibodies for the detection of cyclin-E (M-20),
cyclin-A (H-432), cyclin-B1 (H-433), cdk1 (17), cdk2
(M2), p27Kip1 (C-19) and actin (c-2) were from Santa Cruz
Biotechnologies (Santa Cruz, CA, USA). Secondary anti-
bodies used for Western blot analysis, [methyl-3H]-thymi-
dine, Hybond™-ECL™ nitrocellulose membranes and
ECL™ hyperWlms were obtained from Amersham-Pharma-
cia (Oakville, ON, Canada). ECL™ Western blot detection
reagents were from PerkinElmer (USA). All other reagents
were obtained from Sigma–Aldrich unless stated otherwise.
Dihydrocucurbitacin-B was dissolved in dimethyl sulfoxide
and the solvent was kept at ·0.1% in the Wnal solution.

Animals

In vivo experiments were conducted in male C57BL6 mice
(18–25 g), housed at 22 § 2°C under a 12/12 h light/dark
cycle with free access to food and water until use. The ani-
mals were acclimatized to the laboratory for at least 24 h
before testing and were used only once. All animal han-
dling and experimental procedures were conducted with
prior approval of the ethics committee on animal use of the
Federal University of Santa Catarina (CEUA).

Plant material

Underground parts of W. ebracteata Cogn. were collected
in Siderópolis, Santa Catarina, Brazil. The plant was identi-
Wed by Dr. Mareni Farias (Department of Pharmaceutical
Sciences of the Federal University of Santa Catarina).
Voucher specimens (number FLOR34410) are deposited at
the Herbarium of the Faculty of Pharmacy of the Federal
University of Santa Catarina, Florianópolis, Brazil and at
the Pharmaceutisches Institut der Universität Bonn,
Germany.

Extraction and isolation procedures

The roots were Wrst chopped; then, the cut, air-dried roots
were successively extracted at room temperature with etha-
nol. The ethanolic extract was concentrated under reduced
pressure and the residue suspended in water. This suspen-
sion was successively extracted with petroleum ether and
dichloromethane. From the dichloromethane extract (WEDC),
Dihydrocucurbitacin-B (DHCB, the major component) was
isolated through a silica gel column (0.05–0.20 mm) with
petroleum ether/ethyl acetate 1:2 as mobile phase. Finally,
a second column with silica gel (0.04–0.063 mm) and the
mobile phase petroleum ether/ethyl acetate/isopropanol
20:10:0.8 furnished DHCB. The identity of DHCB was
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conWrmed by thin layer chromatography, HPLC and ultra
violet spectroscopy through comparison with an authentic
sample. The structure of DHCB was determined and pub-
lished by Farias et al. [17]. Using this method we obtained
DHCB approximately 92% pure.

Cell culture

Murine melanoma B16F10 (number CRL-6475) cells were
obtained from the American Type Culture Collection
(ATCC, Rockville, MD, USA). These cells were main-
tained at subconXuence in a 5% CO2 humidiWed atmo-
sphere at 37°C. The medium used for routine subculture
was Dulbecco’s ModiWed Eagle Medium (DMEM) supple-
mented with 2 mM glutamine, 10 mM HEPES, 100 units/
mL penicillin, 100 �g/mL streptomycin and 10% fetal
bovine serum (FBS).

Cell viability assay (MTT)

The cell viability in the presence or absence of DHCB was
measured by MTT assay as proposed by Mosmann [18].
B16F10 cells were plated into a 96-well plate at equal den-
sity (2.5 £ 103 cells) in DMEM medium. After 24 h, the
cells were stimulated with increasing concentrations of
DHCB (0.001–100 �g/mL) for 48 h of incubation in a 5%
CO2 humidiWed atmosphere at 37°C. After this, cells were
carefully washed with phosphate-buVered saline (PBS), and
200 �L of MTT solution (0.5 mg/mL) in fresh medium was
added and incubated for 3 h. Then, the wells were washed
with PBS and 200 �L of DMSO/well was added to dissolve
the intracellular crystalline formazan product. The absor-
bance at 550 nm was read spectrophotometrically using a
microplate reader. The results were expressed as a percent-
age of the absorbance of control cultures and all experi-
ments were performed in triplicate.

[3H] Thymidine incorporation

Asynchronous B16F10 cells were seeded into a 24-well
plate at equal density (25 £ 103 cells). After 24 h, the cells
were stimulated with increasing concentrations of DHCB
(0.001–100 �g/mL) and 2 �Ci/mL of [3H]-thymidine was
added and incubated during the last 48 h in a 5% CO2

humidiWed atmosphere at 37°C. After washing the cells
two times with cold PBS and one time with 10% trichloro-
acetic acid, the cells were Wxed with ethanol:ether (1:3)
and then solubilized with sodium hydroxide (0.2 N,
0.6 mL/well), and counted in a scintillation counter. Each
concentration point was repeated in triplicate wells, and at
least three independent experiments were performed.
Results are expressed as the standard error of the mean
(mean § SEM).

Flow cytometry analysis

Cell cycle

To estimate the proportion of cells in diVerent phases of the
cell cycle, in the presence or absence of DHCB, cellular
DNA contents dyed with propidium iodide (PI) were mea-
sured by Xow cytometry. Asynchronous B16F10 cells were
plated in six-well plates. After incubation for 24 h, DHCB
(10 �g/mL) or vehicle (DMSO 0.01%) was added and incu-
bated for 0, 4, 8, 16, 24 and 48 h. After DHCB or vehicle
treatment for various time periods, cells were carefully
harvested. The cells were then permeabilized with Triton
X-100 0.05% in slightly hypertonic buVer (buVer H;
20 mM HEPES pH 7.2; 0.16 M NaCl; 1 mM EGTA), Wxed
by addition of 2% cold paraformaldehyde and resuspended
in buVer H (20 mM HEPES pH 7.2, 0.16 M NaCl and
1 mM EGTA) containing PI (10 �g/mL) and 200 �g/ml
RNAse A. After 30 min at room temperature, the cells were
analyzed by Xow cytometry (Becton-Dickinson, San Jose,
CA, USA) using an instrument equipped with a 488 nm
argon laser. Data were analyzed using CellQuest software
and the percentage of cells gated in each stage of the cell
cycle was determined.

Annexin-V-FITC incorporation

Murine melanoma B16F10 cells were seeded into 6-well
plates. After 24 h of growth, DHCB (10 �g/mL) or vehicle
(DMSO 0.01%) was added. After 48 h of incubation, the
culture supernatant (which contained some Xoating cells)
was collected and the adherent cells harvested by a brief
trypsinization. The two fractions were combined, centri-
fuged and washed with PBS. Cells were labeled with
Annexin-V-FITC and propidium iodide (PI) and analyzed
by Xow cytometry (Becton Dickinson, San Jose, CA,
USA). Data were analyzed using CellQuest software and
the percentages of cells gated were indicated.

Western blot analysis for the cell cycle-regulatory proteins

B16F10 cells were seeded in 6-well plates. After 24 h of
incubation, DHCB (10 �g/mL) or vehicle (DMSO 0.01%)
was added and incubated for 0, 4, 8, 16, 24, 36 and 48 h.
After each incubation time, cells were lysed in appropriate
buVer (50 mM Tris–HCl pH 7.5, 1% Triton X-100,
100 mM NaCl, 5 mM EDTA pH 8.0, 40 mM �-glycerol-
phosphate, 50 mM NaF, 200 �M orthovanadate, 5% glyc-
erol and protease inhibitors). Proteins (35 �g) from whole
cell lysates were separated by SDS-PAGE in 10 or 12%
gels. Proteins were detected immunologically following
electrotransfer onto nitrocellulose membranes (Amersham-
Pharmacia Biotechnology). Protein and molecular weight
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markers (BioRad, Mississauga, ON, Canada) were revealed
by Ponceau Red staining. Membranes were blocked in PBS
containing 5% powdered milk and 0.05% Tween-20 for 1 h
at 25°C. Membranes were then incubated overnight at 4°C
with primary antibodies in blocking solution and after with
horseradish peroxidase-conjugated goat anti-mouse or anti-
rabbit (1:1,000) IgG for 1 h. Blots were visualized using the
PerkinElmer ECL system. Protein concentrations were
measured using a modiWed Lowry procedure with bovine
serum albumin as standard as described by [19].

Fluorescence microscopy

B16F10 cells were seeded on sterile, circular glass cover-
slips in 6-well plates. After 24 h of incubation, DHCB
(10 �g/mL) or vehicle was added and incubated for 48 h.
Then, cells were washed twice with ice-cold PBS. Cultures
were Wxed in formaldehyde 3.7% in PBS for 30 min at 4°C,
permeabilized with 0.1% Triton X-100 in PBS for 30 min
at 4°C, and Rhodamine-phalloidin solution (to stain actin
Wlaments), together with Hoechst 33342 (to stain the
nucleus) was then added for 30 min in the dark. The cover-
slips were mounted on glass slides and examined with a
Nikon ECLIPSE TE2000-U microscope (Ontario, Canada)
using a Hamamatsu CCD Meteor II Digital camera and
images were acquired using SimplePCI software by Compix
Inc (OR, USA).

In vivo protocols

Tumor-growth

C57BL6 mice (seven to nine mice in each group) were
lightly anesthetized with an intraperitoneal injection of a
combination of ketamine:xylazine (1:1; Wnal volume
50 �L). B16F10 cells (1 £ 106) were injected s.c. to the
right Xank in 100 �L DMEM (FBS 10%) using a 26-gauge
needle attached to a syringe. Around 7 days after tumor cells
injection, when a solid mass appears (3–5 mm diameter), the
oral treatments was started with DHCB (1, 3 or 10 mg/kg)
or vehicle (control, 0.1 mL/10 g body weight), once a day
for 12 days. In the 12th experimental day, the animals were
sacriWced in CO2 chamber and tumors were carefully
removed. The excised tumors were weighed in analytical
balance. Data were expressed as the mean § SEM for each
group of animals. Dunnett’s test was used to compare data
of DHCB treated and vehicle-treated mice. P values < 0.05
were considered statistically signiWcant.

Lung metastasis

B16F10 cells were supplied with fresh DMEM 1 day before
their harvest for tail vein injection. SubconXuent cells

(70–80%) were washed with phosphate-buVered saline and
detached by brief exposure to trypsin (0.25% trypsin and
0.2% EDTA) and washed with complete DMEM (FBS
10%). Cells were resuspended and viability was determined
by trypan blue exclusion and was always more than 95%.
Twenty microliters of a tumor cell (1 £ 106 cells) suspen-
sion was injected to the lateral tail vein of mice by using a
27-gauge needle. In the same day of tumor cell injection,
DHCB (1 or 10 mg/kg) or vehicle treatments were started,
once a day for 12 days. Mice containing lung tumors were
sacriWced on day 12 after tumor cell injection. Lungs were
kept in Bouin’s Wxative for 24 h before counting. Individual
lobes were separated, and the number of surface-visible
metastases was determined by using a stereomicroscope
(2£ magniWcation). Statistical analysis was performed by
using the Dunnett’s test and P values < 0.05 were consid-
ered statistically signiWcant.

Results

Cell viability and proliferative rates

To investigate the eVects of DHCB treatment on the cell
viability and proliferation status, we used the MTT and
incorporation of [3H]-thymidine assays. In this experiment,
increasing concentrations of DHCB (0.001–100 �g/mL),
reduced the cell viability, after 48 h incubation, up to
48.43% (24.02–48.43% for 0.1–100 �g/mL, respectively)
as compared to control (vehicle) (Fig. 1a).

In the proliferation assay, the uptake of [3H]-thymidine
into DNA is a widely used technique in cell biology to mea-
sure levels of DNA synthesis in normal or tumor cells [20].
In this assay, at the same concentrations and time of incu-
bation mentioned above, DHCB was able to reduce the
incorporation of [3H]-thymidine by up to 95.22% (47.64–
95.22% for 1–100 �g/mL, respectively) (Fig. 1a). These
results suggest that DHCB, mainly at 10 �g/mL, was able
to reduce the proliferation rates without important eVects
on the cell viability. Moreover, morphologic analysis by
videomicroscopy (time lapse), showed that DHCB (10 �g/mL)
promotes important alterations in cell spreading, with cells
becoming rounded and reducing proliferation up to 48 h of
incubation (Fig. 1b).

Flow cytometry analysis

The eVect of DHCB addition on the cell cycle was evalu-
ated by Xow cytometry, after nucleus staining with propi-
dium iodide. In this assay, the percentage of cells gated in
M1 (cells in G1), M3 (cells in G2/M) and M4 (indicative of
polyploidy) were registered (Fig. 2b). The results demon-
strated that DHCB (10 �g/mL) induced an accumulation of
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cells in G2/M phases until 24 h and the appearance of poly-
ploid cells beginning at 16 h. After 48 h of incubation, we
observed that the cell cycle proWle was completely altered
and that polyploidy was predominant (Fig. 2a, b). In
another assay we investigated the inXuence of DHCB addi-
tion on the induction of apoptosis, using the incorporation
of Annexin-V analyzed by Xow cytometry. The results
demonstrated that DHCB did not induce important increase
the number of apoptotic cells when compared to control,
since the percentages of viable cells (lower left), apoptotic
cells (lower right) and necrotic cells (upper right) were
81.78, 6.84 and 10.37%, respectively (Fig. 2c).

EVect of DHCB on the expression of cell cycle proteins

The interference of DHCB in the expression of cell cycle
proteins was examined in B16F10 cells in culture after 0, 4,
8, 16, 24, 36 and 48 h of incubation. The results showed
that DHCB addition (10 �g/mL) was able to reduce the
expression of cyclin-A (Fig. 3a) and, mainly cyclin-B1
(Fig. 3b). Other proteins were evaluated including cyclin-E,
and p27 (Fig. 3c), but no important diVerences were found
when compared to control. Gel-pro analyzer 4.0 software

was used to determine the density of bands, which is shown
as arbitrary units.

Fluorescence analysis

To conWrm the appearance of polyploid cells observed in
Xow cytometry analysis, we used Rhodamine-phalloidin/
Hoechst 33342 to stain actin Wlaments and nuclei, respec-
tively. Our qualitative results demonstrated that after 48 h
of incubation with DHCB (10 �g/mL) there was a predomi-
nance of binuclear cells and, interestingly, an important
alteration in the actin cytoskeleton as demonstrated in
Fig. 4a and b.

DHCB eVects on tumor growth and metastasis in vivo

In these set of experiments we observed the in vivo eVect of
DHCB on the primary tumor and metastasis. Given by oral
route, once a day for 12 days, DHCB suppressed both
tumor growth and the number of tumor colonies in the lung.
The tumor volume of primary melanoma tumors in DHCB
(1, 3 and 10 mg/kg) treated mice was signiWcantly reduced
by 49.3; 57.8 and 83.5%, respectively, compared with

Fig. 1 a EVect of a single addi-
tion of DHCB (0.001–100 �g/
mL; 48 h of incubation) on the 
viability (MTT, closed bars) and 
proliferation ([H3]-thymidine 
incorporation, open bars) of 
B16F10 asynchronous cells. 
Each bar represents the 
mean § SEM of at least three 
diVerent experiments. 
*P < 0.01 (MTT) or #P < 0.01 
([H3]-thymidine incorporation) 
indicate signiWcant diVerences 
from control group. b Time 
lapse of B16F10 in the presence 
or absence of DHCB 10 �g/mL 
(0–48 h) for morphology 
observations (£20 objective)
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controls (P < 0.05) (Fig. 5a). The formation of B16F10 cell
tumor colonies in lungs of DHCB (10 mg/kg) treated mice
was also signiWcantly reduced by 50.3% (P < 0.05) when
compared to control (Fig. 5b).

Discussion

We have previously characterized W. ebracteata as a
source of cucurbitacins and cucurbitacin-related com-
pounds [17, 21–24]. In this study our purpose was to evalu-
ate the in vitro and in vivo antitumoral properties of
dihydrocucurbitacin-B (DHCB), a compound isolated from
W. ebracteata roots, on murine melanoma B16F10 cells.

Our research group has characterized the structures of
several cucurbitacins from W. ebracteata and demonstrated
few structural diVerences. For example, the structural
diVerences between cucurbitacin B (CUCB) and dihydro-
cucurbitacin-B occur between carbons 23–24 (a double-
bond for CUCB and a single-bond for DHCB) [17, 25]. In
the MTT assay, CUCB was found to be around 10 times
more potent and also more cytotoxic than DHCB (data not
shown).

The present study was initiated with the MTT and [H3]-
thymidine incorporation assays to evaluate cell viability
and cell proliferation, respectively. To perform these assays,
we attempted to synchronize B16F10 cells by serum
deprivation, but this was not possible. Rodriguez-Ayerbe

Fig. 2 Flow cytometry investigations. a EVect of a single addition of
DHCB (10 �g/mL; 0, 4, 8, 16, 24 and 48 h of incubation) on cell cycle
distribution of B16F10 asynchronous cells. M1 cells gated in G1, M3
cells gated in G2/M and M4 polyploidy. b Annexin-V FITC incorpo-

ration in the presence or absence of DHCB (10 �g/mL; 48 h of incuba-
tion). In each Wgure, the lower left square represents viable cells, lower
right apoptotic cells and upper right necrotic cells
123
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and Smith-Zubiaga [26], using analysis of cell viability,
DNA synthesis and proliferation assays, demonstrated that
B16F10 cells show a classical cell cycle “freeze”, and can-
not be synchronized by the serum deprivation followed by
refeeding protocol which is successful in normal cell cul-
tures. Our initial results demonstrated that DHCB addition
was able to reduce the proliferative status without impor-
tant eVects on cell viability, up to 48 h, as evaluated in the
protocol. In addition, analysis of cell dynamics by time
lapse showed that DHCB promotes important alterations in
the cell morphology, as well as a reduction in the cell
growth (as shown in Fig. 1b). Taken together, the results
suggest that DHCB could interfere in the mechanisms that
control the cell proliferation machinery.

It is well recognized that the understanding of molecular
mechanisms leading to cell proliferation allows the identiW-
cation of targets that could be manipulated to treat tumors.

To investigate the eVect of DHCB on cell proliferation, we
used cell cycle analysis by Xow cytometry and western blot
assays. In the cell cycle analysis of cells labeled with propi-
dium iodide, we observed that the DHCB incubation lead to
a switch of cells to G2/M starting at 4 h and continuing
until 24 h. In the investigation of the expression of cell
cycle proteins, our results showed that the DHCB addition
promotes a tenuous decrease in the expression of cyclin-A.
On the other hand, we observed a remarkable decrease in
the cyclin-B1 expression beginning at 16 h and sustained
up to 48 h of incubation, as determined in the protocol.

The cell cycle is directed by a complex of protein
kinases formed by a catalytic subunit, the cdk and a regula-
tory subunit, the cyclin which confers speciWcity, each one
with its partner (e.g. Cyclin-E/cdk-2). In the G2/M phases,
the complex cyclin-B/Cdk-1 is generally known to be the
key mediator of phase transition in all eukaryotic cells.

Fig. 3 Western blot analysis of 
cell cycle proteins in the pres-
ence or absence of DHCB 10 �g/
mL (0, 4, 8, 16, 24, 36 and 48 h 
of incubation). a Blots for 
cyclin-A, cyclin-E, cdk-2 and 
p27 proteins. b Blots for cyclin-
B1 and cdk-1; the graph repre-
sent the optical density ex-
pressed as arbitrary units of 
cyclin-B1. Actin was used as 
protein control
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This active mitotic kinase (also called MPF or mitosis-pro-
moting factor) is regulated at several levels: the formation
of cyclin-B/Cdk-1 complex depends on the availability of
cyclin-B, which starts to be produced in late S phase, accu-
mulates until mitosis and is rapidly degraded as cells enter
the next G1 phase; it also depends on the subcellular local-
ization of cyclin-B and the regulation of MPF activity by
the phosphorylation state. In this process, phosphatases
such as cdc25B and cdc25C are responsible for activating
while wee1 and myt-1 protein kinases are responsible for

inactivating the MPF complex [27]. We found a decrease
in the expression of cyclin-B1 that could characterize a
reduction in availability. Thus, this fact lead us to believe
that it is reasonable to hypothesize that the cell accumula-
tion in G2/M observed after DHCB treatment, at least in
part, is due to reduction, but not inhibition, of the activity
of the cyclin-B/cdk-1 complex (necessary in the transition
in G2 and M phases).

Reports in the literature have described the relationship
between cyclin B/Cdk-1 and multinuclear cell formation.

Fig. 4 Fluorescence analysis of B16F10 cells in the presence or
absence of DHCB (10 �g/mL; 24 or 48 h of incubation). F-actin and
nucleus staining with Rhodamine-Phalloidin and Hoechst 33342,

respectively. a After 48 h of incubation with DHCB or vehicle, £15
objective. b After 24 and 48 h of incubation with DHCB or vehicle,
£60 objective
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Zhang et al. [28] reported that the cytokinesis, but not
karyokinesis, in megakaryocytes appears to be bypassed
completely with subnormal levels of cyclin B/Cdk-1 activ-
ity due to the increased degradation of cyclin-B. This
observation was accompanied by the generation of multinu-
clear cells. In another set of experiments, was demonstrated
that SKF-104976 (an inhibitor of cholesterol biosynthesis)
induced a delay in G2-M transition followed by the forma-
tion of polyploid cells in human leukemia lineage HL-60.
This Wnding was also accompanied by a decrease in the
cyclin-B1/Cdk-1 activity [29].

The cyclin-B/Cdk-1 complex also participates in the
reorganization of the cell cytoskeleton architecture required
for cell cycle progression. This complex is related to the
phosphorylation of proteins implicated in the correct
assembly of the mitotic spindle [30] as well as the actin-
binding protein caldesmon and several regulators of the
small GTPases Rho and CDC42 that mediate the rearrange-
ments of the actin cytoskeleton during mitosis [31].

Our results about the cell cycle analysis by Xow cytome-
try, also indicated the appearance of polyploid cells

beginning at 16 and continuing up to 48 h after DHCB
incubation. To conWrm these data concerning polyploidy,
nuclei and actin Wlaments were stained, respectively,
with Hoechst 33342 and Rhodamine-phalloidin and were
observed by Xuorescence. We observed that mainly after
48 h of DHCB incubation the cells were binucleated and, we
also observed an important eVect on the actin cytoskeleton.

Some reports have revealed that cucurbitacins can
directly modulate the actin cytoskeleton as proposed by
Duncan et al. [12], who demonstrated that cucurbitacin E
acts as a potent disruptor of cytoskeletal integrity by
increasing the Wlamentous or polymerized actin fraction in
prostate carcinoma cells. Moreover, the structural similarity
of cucurbitacins to cholesterol also suggests the possibility
of a partially membrane-mediated eVect, such as disruption
of regulatory proteins in the membrane which may aVect
cytoskeletal architecture as suggested by Fenton et al. [32].

The Wnal step in cell division in which the cytoplasm is
divided to form two daughter cells is known as cytokinesis.
During late stages of the cell cycle, a cortical ring contain-
ing actin and myosin is constructed at the site of cell–cell
separation. Following segregation of genetic material and
organelles into the two halves of the cell, contraction of the
actomyosin ring causes invagination of the plasma mem-
brane and the consequent separation of the two cells. The
formation and contraction of the actomyosin ring are tightly
regulated processes, ensuring that cell–cell separation
occurs at the proper time [33]. Since cytokinesis involves
the assembly and disassembly of actin Wlaments, com-
pounds that interfere with actin polymerization or its spatial
organization will block this process and generate multinu-
cleated cells by uncoupling nuclear and cytoplasmic divi-
sion [34]. These reports complement our Wndings regarding
the eVects of DHCB on the actin cytoskeleton and could
have direct implications for the formation of polyploid cells
and concomitant reduction in cell proliferation. The in vivo
assays we have demonstrated the antitumoral eVect of
DHCB given by oral route. In contrast of other members of
cucurbitacins family, DHCB did not show signals of toxic-
ity such as diarrhea, bleedings, behavioral changes or
lethality (data not shown), and the most important, was
eVective in reduce both tumor growth and metastasis. Pos-
sibly the eVects observed in vitro could be responsible, at
least in part, to the in vivo eVects, but there are other
aspects related to DHCB that we cannot discard, such as the
potent COX-2 inhibition recently described [14]. Addi-
tional experiments to investigate the in vivo distribution of
DHCB and/or its metabolites produced after oral adminis-
tration are in course to assist the elucidation of in vivo
results demonstrated.

In summary, we demonstrated that DHCB promotes a
decrease in the cyclin-B expression that could reduce
cyclin-B1/Cdk-1 activity and bring about the disorganization

Fig. 5 DHCB suppressed tumor growth and inhibited lung metastasis
in the lung in C57BL/6 mouse model. a DHCB administered once a
day (p.o.) signiWcantly suppressed primary tumor growth when com-
pared to control mice (n = 7–9 animals). b DHCB (once a day, 12 days,
p.o.) signiWcantly reduces the number of tumor colonies in the lung
(n = 7–9 animals). In each graph, bars represent the mean § SEM;
*P < 0.05 indicates signiWcant diVerences from control group
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of the actin cytoskeleton. These events could be responsible
for the emergence of binuclear cells. Moreover, DHCB was
also eVective in reduce in vivo tumor growth and lung
metastasis. Our Wndings could have implications in patho-
logical events such as the migration and invasion of tumor
cells, however, it remains to be proved if DHCB will be a
good candidate for drug development.
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