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Urinary bladder cancer is one of the most common cancers worldwide. Human
transitional cell carcinoma (TCC) cells are epithelial-like adherent cells originally
established from a primary bladder carcinoma. Studies have shown that TCC cells are
resistant to some chemotherapeutic agents such as vincristine (VCR). In the present
study, the effect of feselol, a sesquiterpene coumarin isolated from the fruits of Ferula
badrakema, was investigated on VCR effectiveness. Our results demonstrated that
feselol itself did not have any cytotoxic effect on TCC cells. In order to check its
combinatorial effects, TCC cells were exposed to various combined concentrations of
feselol and VCR. Then, morphological changes were monitored and cytotoxicity was
analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay for
three consequent days. Results showed that the combination of 40 wg/ml VCR with
16 png/ml feselol increased the cytotoxicity of VCR by 28.32% after 48 h. This effect
might be due to inhibition of P-glycoprotein in TCC cells by feselol.
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1. Introduction

There are various types of bladder cancer;
superficial tumors tend to recur but never
progress and invade, while other types
eventually progress to invasive cancers [1].
Besides surgery and radiotherapy, systemic
chemotherapy is used as a complementary
treatment for this kind of cancer [2].
Transitional cell carcinoma (TCC) is the
main histological form of bladder cancer,
which is most prevalent in Western and
industrialized countries [3].

Vincristine (VCR) is a vinca alkaloid
derived from Catharanthus roseus [4]. It

was shown that TCC cells are resistant to
VCR by over-expressing MDR1 gene [5,6].

The exclusively old world genus
Ferula belongs to the family Umbelliferae
with about 130 species distributed
throughout central Asia, especially in
countries such as Iran [7]. This genus is
well documented as a good source of
biologically active compounds including
coumarins and sesquiterpene derivatives
[8—10]. Ferula badrakema [11], similar to
other species of genus Ferula is a rich
source of sesquiterpene coumarins [12]. It
was shown that some drimane-type
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Figure 1. The chemical structures of (a) conferone, (b) mogoltacin, and (c) feselol, drimane-type
sesquiterpene coumarins isolated from Ferula species.

sesquiterpene coumarins such as conferone
and mogoltacin (Figure 1) can increase
drug accumulation and effectiveness by
P-glycoprotein (P-gp) inhibition [13—15].

In the present study, the effects of
feselol, which is a drimane-type sesqui-
terpene coumarin isolated from the fruits
of F. badrakema, on VCR activity was
investigated in TCC cells.

2. Results and discussion

In order to test the effects of feselol on
VCR cytotoxicity, it was first necessary to
analyze the effects of feselol itself on TCC
cells. To do so, cells were exposed to
different concentrations of feselol (8, 16,
32, and 64 pg/ml) for 24, 48, and 72h.
Analyzing the cell survival by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay showed that in
comparison with equivalent amounts of
dimethylsulfoxide (DMSO) (0.4, 0.8, 1.6,
and 3.2%) as control groups, feselol did
not have any cytotoxic effect on TCC
cells. In order to determine the half
maximal inhibitory concentration (ICsg)
value of VCR on TCC cells, cells were
treated with different increasing concen-
trations of VCR (25, 50, 100, 250 pg/ml)
for three consequent days. The ICsy of
VCR was calculated as 49 p.g/ml on these
neoplastic cells using MTT assay (data not
shown). For analyzing the effect of feselol
on VCR activity, TCC cells were cultured
in the presence of various combining
concentrations of feselol (8, 16, 32, and
64 wg/ml) and VCR (30, 40, and

50 pg/ml), close to and less than its ICs
value. Then, cell viability and morpho-
logical changes were monitored during the
72 h following drug administration. Evalu-
ation of cell viability by one-way analysis
of variance (ANOVA) and the Tukey test
showed that there were significant differ-
ences between test (feselol-VCR) and
control (DMSO-VCR) groups, especially
48h after drug administration (Table 1).
Using the least significant difference
(LSD) test showed that 16 pg/ml feselol
could significantly (P < 0.001) enhance
the cytotoxicity of 40wg/ml VCR by
28.32% after 48h, compared with other
combined concentrations during 24, 48,
and 72 h (Figure 2; Table 2).

The effects of feselol on VCR cytotox-
icity were also confirmed by morphologi-
cal observations. Cells treated with
different concentrations of feselol-VCR
and DMSO-VCR were monitored during
the 72h after drug administration. The
most obvious changes were observed after
48h of co-culture of TCC cells with the
combination of 16 pg/ml feselol and
40 pwg/ml VCR. Cells became rounded
and deformed with granulated cytoplasm,
and the cell number was significantly
decreased in comparison with controls
(Figure 3).

One of the main problems in the
clinical treatment of cancer is the resist-
ance of tumor cells to chemotherapeutic
agents. This phenomena, which is known
as multidrug resistance (MDR), is respon-
sible for the poor clinical outcome of
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Figure 2. The dose response curves of
different combined concentrations of feselol
and VCR (a) 24, (b) 48, and (c) 72 h after cell
treatment.

chemotherapy [16]. Classic MDR is
mainly mediated by overexpression of P-
gp, a product of human MDRI gene, which
is an ATP-dependent drug-efflux mem-
brane transporter [17,18]. Studies have
revealed that chemotherapeutic agents
could enhance drug sensitivity in resistant
cells using chemosensitizers, MDR rever-
sal agents, modulators or converters [16].
Modulating P-gp activity by a number of
agents including verapamil (classical P-gp
modulator) and cyclosporine A results in

drug accumulation and activity in resistant
cells [18]. However, effective MDR
modulators have not been used clinically
because of their toxicity or side effects
[18]. Reports indicated that intracellular
accumulation of VCR was decreased by
P-gp-mediated drug resistance [19]. It
has also been shown that TCC cells
are resistant to vinca alkaloids [5], by
overexpression of MDRI gene [6].

In the present study, the effects of
feselol, a drimane-type sesquiterpene cou-
marin, was investigated on VCR activity in
TCC cells. Our results demonstrated that the
combination of 16 pg/ml feselol with
40 pg/ml VCR increased the cytotoxicity
of VCR by 28.32%, after 48h of drug
administration. Moreover, higher concen-
trations of feselol did not enhance VCR
cytotoxicity. This might be due to the
increasing amounts of DMSO, which can
prevent the effects of feselol to be observed.
These results indicate that feselol can
enhance VCR activity presumably by
inhibiting P-gp, and thus increasing the
sensitivity of TCC cells to VCR. Further-
more, it was shown that 8, 16, 32, and
64 pg/ml of feselol in single use did not have
any toxic effects on the cells. Therefore,
feselol can be considered as a good
candidate to reverse MDR in clinical studies.

It has been shown that cnidiadin, as a
furanocoumarin, is capable of inhibiting
P-gp-mediated drug efflux and increasing
vinca alkaloids toxicity in vitro [20]. It has
also been reported that sesquiterpene
coumarins from Ferula genus can act as
reversal agents; there is evidence that
conferone, a sesquiterpene isolated from
Ferula schtschurowskiana, can increase
intracellular accumulation of vinblastine
by P-gp inhibition [13]. Furthermore,
some sesquiterpenes from the leaves of
Zinowiewia costaricensis showed higher
effectiveness than verapamil when used in
combination with vinblastine [21]. Inves-
tigators have shown that sesquiterpene
coumarins, as reversal agents, can directly
react with the intermembrane domain of
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Table 2. The increased percentage of VCR cytotoxicity in TCC cells exposed to different
combined concentrations of feselol and VCR (mean = SEM).

Time VCR

(h) (ng/ml)  Feselol 8 wg/ml  Feselol 16 pg/ml  Feselol 32 pg/ml  Feselol 64 pg/ml

24 30 6.28 = 0.50 2475 = 1.68 22.09 £ 1.79 22.94 £ 0.67
40 4.45 = 3.57 18.52 = 0.66 20.25 £ 1.25 17.90 = 2.77
50 1.81 £ 0.54 16.63 = 0.22 1545 = 1.78 20.50 = 0.52

48 30 1.89 = 1.61 18.64 £ 1.19 18.41 = 1.35 20.85 £ 1.60
40 1.64 = 0.57 %28.32 = 0.39 10.56 £ 2.21 21.63 = 1.80
50 6.84 = 4.77 20.77 = 1.96 16.75 = 0.45 20.74 £ 0.63

72 30 1.34 £2.26 9.1 =£0.58 8.31 £2.3 331 = 1.19
40 1.72 £ 0.3 20 = 0.79 2.28 = 0.73 9.37 £ 0.48
50 2.38 = 1.08 10.59 £ 1.23 8.11 = 0.26 6.29 = 1.16

Note: The results of the LSD test compared the effects of all feselol concentrations on all VCR cytotoxicities over
3 days. As shown in the table, 48 h after combination of 40 pg/ml VCR with 16 pg/ml feselol, the cytotoxicity of

VCR increased by 28.32% ().

P-gp [13]. More studies on other cell lines
overexpressing P-gp are required to
determine if feselol and other sesquiter-
pene coumarins specifically inhibit P-gp
transport.

In summary, as the main cause of failure
in cancer treatment is acquired resistance to
anticancer agents in malignant tumors, it
is important to find new chemical agents
that can provoke tumors to become less
resistant during treatment. Our data raise the
possibility that feselol may target P-gp, and
since it is not toxic on TCC cells, it might be
useful to reverse MDR in clinical trials.

3. Experimental
3.1 Feselol preparation

Fruits of F. badrakema were collected from
Hezarmasjed mountains, north east of Iran,
in August 2005, and identified by Ferdowsi
University of Mashhad Herbarium. The air-
dried fruits (500g) were grounded into
powder, defatted by petroleum ether and
extracted exhaustively by maceration with
dichloromethane at room temperature. After
filtration, the extract was concentrated under
vacuum to yield 20g of a brown residue.
Part of the extract (15 g) was subjected to
column chromatography on silica gel
(5% 50cm) using petroleum ether with
increasing volumes of acetone [petroleum

ether—Me,CO (20:1), (15:1), (10:1), (9:1),
(8:1), (7:1), (6:1), (5:1), (4:1), (3:1), (2:1),
(1:1), and (0:1)]. The fractions were
compared by TLC (silica gel using pet-
roleum ether—Me,CO as solvent) and those
giving similar spots were combined. Five
fractions were finally obtained. Fraction 3,
which was named feselol (Figure 1), was
selected to identify its effects on VCR
cytotoxicity. This fraction contained
48.5mg feselol and its structure was
confirmed by 1D and 2D NMR spectra as
well as melting point. These spectroscopic
data were in agreement with those pre-
viously described in the literature [22,23].

3.2 Culture and growth of TCC cells

Human bladder TCC cell line was obtained
from Pasteur Institute (Tehran, Iran). The
cells were grown in Dulbecco’s modified
Eagle’s medium (Gibco, Scotland) sup-
plemented with 10% fetal bovine serum
(Gibco, Scotland) and incubated at 37°C in
a humidified atmosphere in the presence of
10% COs,. Cells were passaged using 0.25%
trypsin-1 mM EDTA.

3.3 Preparation of various feselol
concentrations

In order to prepare different concentrations
of feselol (8, 16, 32, and 64 pg/ml), 2 mg
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(o]

Figure 3. Morphological alterations of TCC
cells 48 h after drug administration: (a) without
any treatment, (b) treated with 0.8% DMSO and
40 wg/ml VCR, and (c) treated with 16 pg/ml
feselol and 40 pwg/ml VCR (x40).

of the powder was dissolved in 1ml
DMSO (Merck, Darmstadt, Germany).
Various amounts of the obtained solution
were then diluted by different volumes of
culture medium before experiments. Since
feselol was dissolved in DMSO, equival-
ent amounts of DMSO (0.4, 0.8, 1.6, and
3.2%, respectively) were used as control
groups.

3.4 MTT cell viability assay

Evaluating cell viability in assays of cell
proliferation and cytotoxicity was carried
out by MTT test. The MTT assay is based
on the cleavage of the yellow tetrazolium
salt (MTT) to insoluble purple formazan
crystals by mitochondrial dehydrogenases
of active cells [24]. In summary, single
cells were suspended in a 10ml culture
medium and seeded at a density of 8 X 10°
cells per well in 96-well microplates
(Falcon Becton-Dickinson, Ontario,
Canada). The final volume of each well
was adjusted to 200 pl by adding medium,
and TCC cells were allowed to grow for
24—-48 h. Then, cells were treated with
various increasing concentrations of fese-
lol (8, 16, 32, and 64 pwg/ml) and VCR (25,
50, 100, 250 pg/ml) separately. After
identifying the ICsq value of VCR, cells
were exposed to different combined
concentrations of feselol-VCR, as test
groups, and equivalent DMSO-VCR, as
control groups, for three days. ICs5, was
determined by the percentage of living
cells at each dose. To assay cell viability,
fresh MTT solution was prepared before
each test by dissolving MTT (Sigma,
Taufkirchen, Germany) in phosphate buf-
fered saline to obtain the final concen-
tration of 5 mg/ml. After adding 20 ul of
MTT solution to each well, the plates were
incubated at 37°C for 4 h. After this period
the remaining MTT solution was removed
and replaced with DMSO to solubilize
formazan crystals (200 pl/well). The opti-
cal density of the resulting purple solution
was spectrophotometrically measured at
570 nm using enzyme-linked immunosor-
bent assay (ELISA) plate reader. All
experiments were performed in triplicates.
An increase or decrease in cell number
results in a concomitant alteration in the
amount of formazan produced, indicating
the cytotoxicity degree caused by the test
material. Percentage of cell survival is
expressed as (absorbance of treated cells
per well/mean absorbance of control
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cells) X 100. The dose response curves
were calculated over the range of com-
bined concentrations of feselol-VCR and
expressed as the mean percentage fraction
of control * standard error of means
(SEM).

3.5 Morphological alterations

After treating TCC cells with different
combined concentrations of feselol (8, 16,
32, and 64 pg/ml) and VCR (30, 40, and
50 pg/ml), morphological changes includ-
ing cell shape, granulated cytoplasm,
adhesiveness and population of the cells
were monitored under the microscope
during 24, 48, and 72h after drug
administration.

3.6 Statistical analysis

Statistical procedures were performed
with SPSS, JMP4, and MSTAT softwares.
Significant level was ascertained by one-
way ANOVA, followed by the Tukey
multiple comparison test. P-values of
<0.05 in the Tukey test and <0.001 in
the LSD test were considered to be
significant. Results were expressed as
mean = SEM.
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