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Abstract

Anvirzel is an extract ofNerium oleandercurrently undergoing Phase I clinical evaluation as a potential treatment for cancer. Two of
the active components of Anvirzel are the cardiac glycosides oleandrin and oleandrigenin. Previous studies have demonstrated that,in vitro,
cardiac glycosides may inhibit fibroblast growth factor-2 (FGF-2) export through membrane interaction with the Na1,K1-ATPase pump.
In continuing research on the antitumor activity of this novel plant extract, the relative abilities of oleandrin and oleandrigenin to inhibit
FGF-2 export from two human prostate cancer cell lines, DU145 and PC3, were examined. An ELISA assay was utilized to determine the
FGF-2 concentration in the cell culture medium before and after exposure to cardiac glycosides or the parent extract material Anvirzel. Both
cell lines were exposed to non-cytotoxic concentrations of oleandrin (0.05 and 0.1 ng/mL) for up to 72 hr. Studies also were conducted with
Anvirzel and ouabain. Oleandrin (0.1 ng/mL) produced a 45.7% inhibition of FGF-2 release from PC3 cells and a 49.9% inhibition from
DU145 cells. Non-cytotoxic concentrations (100 ng/mL) of Anvirzel produced a 51.9 and 30.8% inhibition of FGF-2 release, respectively,
in the two cell lines. The decrease in FGF-2 release from cells required continuous incubation for 48–72 hr; shorter incubation times were
not effective. These results demonstrate that Anvirzel, like oleandrin, inhibited FGF-2 exportin vitro from PC3 and DU145 prostate cancer
cells in a concentration- and time-dependent fashion and may, therefore, contribute to the antitumor activity of this novel treatment for
cancer. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Anvirzel, a hot water extract of the ornamental evergreen
plant Nerium oleander,is now undergoing clinical evalua-
tion as a treatment for cancer. It is known to contain a
complex mixture of polysaccharides and oleandrin, a unique
cardiac glycoside compound. We recently showed that ole-
andrin produces apoptosis in prostate tumor cells and that
this effect is mediated through inhibition of Na1,K1-AT-
Pase with resulting increased intracellular calcium, release

of mitochondrial cytochromec, activation of the caspase
cascade, and PARP cleavage [1]. In addition, we also re-
ported the ability of oleandrin to block activation of NF-kB
that may also contribute to the antitumor effect [2].

Cardiac glycosides, such as oleandrin, digoxin, or
ouabain, inhibit the membrane Na1,K1-ATPase pump that,
in turn, raises the intracellular Na1 concentration, augment-
ing Na1-Ca21 exchange. This results in increased intracel-
lular Ca21 and enhanced myocardial contractility [3,4]. In-
terestingly, studies have now shown that the Na1,K1-
ATPase pump is also involved in membrane transport of
selected cellular proteins and cationic substances important
to tumor cell growth [5,6].

FGF-2, a regulatory peptide secreted from cells, is in-
volved in a variety of biological processes including cell
differentiation, cell growth and migration, angiogenesis,
and tumor formation [7]. Unlike other proteins, however,
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FGF-2 lacks the signal peptide sequence required for export
from the cell by the ER for protein secretion [5,6]. Hence,
the mechanism of FGF-2 release from the cell was previ-
ously believed to require disruption of the cell membrane. It
has now been reported that FGF-2 export occurs through an
ATP-dependent, non-ER related pathway [5]. Furthermore,
investigators have demonstrated that FGF-2 binds to the
a1-subunit of Na1,K1-ATPase and have hypothesized that
inhibition of this enzyme activity would decrease FGF-2
release from the cell [5,6,8]. Florkiewiczet al. [5], for
example, reported that cardiac glycosides such as ouabain
and digoxin did, in fact, inhibit cellular FGF-2 release in a
time- and concentration-dependent manner. Therefore, re-
lated cardiac glycosides that inhibit Na1,K1-ATPase activ-
ity may also inhibit FGF-2 release from the cell. Since it has
been proposed that cardiac glycosides may, through a vari-
ety of mechanisms, possess antitumor activity [9,10] and
since two of the primary components of Anvirzel (oleandrin
and oleandrigenin) are cardiac glycosides, we hypothesized
that incubation of tumor cells with Anvirzel or its principal
components may also reduce efflux of FGF-2. To test this
hypothesis, the relative abilities of Anvirzel, oleandrin, and
oleandrigenin to inhibit FGF-2 release were examined in
two human prostate cancer cell lines, DU145 and PC3. Both
of these cell lines are known to express a high level of
transmembrane Na1,K1-ATPase and secrete high levels of
FGF-2 [7,11].

2. Materials and methods

2.1. Materials

The MDACC Core Facility supplied RPMI-1640 tissue
culture medium. Fetal bovine serum was purchased from
Atlanta Biologicals. Antibiotic solution (penicillin/ampho-
tericin/streptomycin) was purchased from Mediatech Cell-
gro. Quantikine human FGF basic Immunoassay (DFB50)
was purchased from R&D Systems. Tissue culture plastic-
ware was obtained from Falcon, Inc. All ELISA assays were
performed using aVmax kinetic UV microplate reader and
SoftMAX Pro data analysis software (Molecular Devices).
L-Glutamine, oleandrin, oleandrigenin, ouabain, DMSO,
and MTT were purchased from the Sigma Chemical Co.
Textract Inc. provided Anvirzel.

2.2. Cell lines and culture

The human prostate tumor cell lines DU145 and PC3
were obtained from ICN Biomedicals, Inc. and the Ameri-
can Type Culture Collection, respectively. Cells were
grown and maintained in RPMI-1640 medium containing:
140 U/mL of penicillin, 0.4mg/mL of amphotericin, 140
mg/mL of streptomycin, 2 mML-glutamine, and 10% fetal
bovine serum. Cells were grown in T-25 cm3 flasks as an
adherent monolayer culture in a humidified atmosphere of

5% CO2 at 37°. A Neubauer hemocytometer was used to
determine cell number prior to and upon completion of all
experiments.

2.3. Growth inhibition assay

The MTT assay was utilized to determine concentration-
dependent inhibition of cell growth. Briefly, this assay uti-
lized MTT to quantify the translucence of the treated cells.
Each well was plated with 33 104 prostate tumor cells and
incubated overnight before being treated with a wide range
of oleandrin, oleandrigenin, ouabain, or Anvirzel drug con-
centrations. Compounds were dissolved in DMSO prior to
dilution in RPMI-1640 tissue culture medium. Drug con-
centrations were tested in quadruplicate in each cell line,
and each experiment was repeated three times.

2.4. Inhibition of cell FGF-2 release

To determine the temporal relationship between drug
treatment and FGF-2 release, cells (13 106) were exposed
to non-toxic concentrations of oleandrin (0.05 or 0.1 ng/
mL), Anvirzel (100 or 200 ng/mL), or ouabain (170 ng/mL)
for 72 hr. During the incubation, aliquots (250mL) of cell
culture supernatant were removed at time zero, 24, 48, and
72 hr and frozen at270° for FGF-2 analysis.

2.5. FGF-2 analysis

The Quantikine Human FGF basic ELISA assay specif-
ically recognizes natural and recombinant FGF-2 and does
not cross-react with other growth factors. All measurements
of FGF-2 were performed according to the methodology of
the manufacturer; the assay was found to be reproducible.
Within-day test concentrations (high and low concentrations
within the linear range) of FGF-2 were determined with a
7–11% variance. For the between-day test concentrations,
the variance was less than 10%. Cell culture supernatant
samples were thawed slowly at room temperature and then
centrifuged at 12,000g for 5 min at 4°. FGF-2 standard
solutions (2–640 pg/mL), wash buffer, color reagents, and
stop solutions for the ELISA assay were prepared fresh
daily. Plates were read with a kinetic UV microplate reader
at 450 nm with background correction at 570 nm.

3. Results

In both cell lines, oleandrin was consistently more potent
than its less water-soluble aglycone, oleandrigenin (Fig. 1).
The IC50 growth inhibition concentrations for oleandrin and
oleandrigenin were 0.001 and 0.015mg/mL, respectively,
for PC3 cells and 0.002 and 0.018mg/mL, respectively, for
DU145 cells. As expected, Anvirzel was far less potent with
IC50 values of 1.23 and 1.67mg/mL against PC3 and DU145
cells, respectively. Examination of the relative cytotoxicity
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of Anvirzel and its principal component cardiac glycosides
permitted the selection of concentrations for studies with
FGF-2 release that were non-toxic (i.e. causing,15% in-
hibition of cell growth during 72 hr of continuous exposure
of cells to drugs).

Over the 72-hr experimental period, a continual increase
in FGF-2 export from both the PC3 and DU145 cells was
observed (Fig. 2). FGF-2 concentrations in the tissue culture
medium were in excess of 3 pg/mL at 24 hr for the PC3 cell
line and. 5 pg/mL for the DU145 cell line. After 72 hr of
culture, the FGF-2 concentrations in the medium reached 10
pg/mL for the PC3 cells, while it was 55 pg/mL for the
DU145 cells (Fig. 2). FGF-2 release inhibition studies were
performed with Anvirzel, oleandrin, and ouabain. Non-toxic
concentrations of drugs were selected from growth inhibi-
tion experiments. Following 72 hr of incubation, oleandrin
(0.1 ng/mL) demonstrated 45.7% inhibition of FGF-2 re-
lease from PC3 tumor cells and 49.9% inhibition of FGF-2
release from DU145 cells (Table 1). The minimum olean-
drin concentration resulting in marked inhibition of FGF-2

export was 0.05 ng/mL (see Table 1). Oleandrigenin was
found to be more potent than oleandrin. A concentration of
0.01 ng oleandrigenin/mL resulted in 35.4 and 48.3% inhi-
bition of FGF-2 export in the PC3 and DU145 cell lines,
respectively. Treatment with Anvirzel (200 ng/mL) also
produced a decline in FGF-2 release that represented a 63.3
and 41.6% inhibition in PC3 and DU145 cell lines, respec-
tively (Table 1). Ouabain (170 ng/mL) inhibited FGF-2
release by 48.4% in the PC3 tumor cell line and 36.2% in
the DU145 tumor cell line, suggesting that cardiac glyco-
sides as a class of agents may be capable of producing this
pharmacologic activity.

4. Discussion

Previous experiments in this laboratory (unpublished ob-
servations) and other reports have determined that oleandrin
and oleandrigenin, components of Anvirzel, bind to the
Na1,K1-ATPase receptor [12]. This finding is consistent

Fig. 1. (A) Relative inhibition of PC3 cell growth or (B) DU145 cell
growth as a result of a 72-hr incubation with oleandrin, oleandrigenin, or
Anvirzel. Data are presented as means6 SD obtained from five separate
experiments.

Fig. 2. Concentration of FGF-2 in cell culture medium as a function of
duration of incubation. Confluent cell populations were briefly washed, and
fresh tissue culture medium was placed onto the cultures. Aliquots of
culture medium were then removed for analyses of FGF-2 by ELISA at 24,
48, or 72 hr. Data shown represent mean values of replicate experiments.

Table 1
Inhibition of release of FGF-2 from human prostate tumor cells as a
result of a 72-hr incubation of cells with the cardiac glycoside
compounds oleandrin or ouabain or with an investigational plant extract,
Anvirzel

Compound Concentration
(ng/mL)

% Inhibition of FGF-2 release

PC3 cells DU145 cells

Oleandrin 0.05 15.16 10.9 22.66 3.9
0.1 45.76 14.7 49.96 6.3

Anvirzel 100 51.96 11.2 30.86 8.9
200 63.36 0.11 41.66 9.0

Ouabain 170 48.46 7.0 36.26 10.0

Data are means6 SD; N 5 3 separate experiments.
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with other natural product cardiac glycosides, such as
digoxin and ouabain, which are known to inhibit the ion
transport activity mediated by Na1,K1-ATPase [12–14].
Although the specific mechanism of FGF-2 export from the
cell is not known, Florkiewiczet al. [6] demonstrated that
FGF-2 export is mediated by the catalytic component of the
Na1,K1-ATPasea subunit. The findings of our study are
consistent with those of Florkiewicz and coworkers and
support the hypothesis that cardiac glycosides inhibit FGF-2
export from the cell in a concentration- and time-dependent
manner.

The present studies did not address the question as to
whether cardiac glycosides such as oleandrin alter FGF-2
intracellular concentrations. We are not aware of any studies
that have examined possible cardiac glycoside effects on
FGF-2 synthesis. The work reported by Florkiewiczet al.
[6] examined cardenolide inhibition of FGF-2 export from
COS-1 cells. These cells were transfected with an SV-40
based expression vector encoding the 18-kDa isoform of
human FGF-2. The relative intracellular content of FGF-2
in these cells was therefore considered to be constant. How-
ever, the authors did not specifically examine the possible
effect of cardenolides upon inhibition of transcription or
translation of FGF-2. Such studies would indeed be inter-
esting to conduct.

In this study, two separate human prostate cell lines were
used to examine oleandrin-mediated inhibition of FGF-2
export. Using only a single time point of 72 hr, it was noted
that the relative export of FGF-2 from DU145 cells was
much higher than that from PC3 cells. While this may
simply be due to the fact that the DU145 cells have a faster
doubling time than the PC3 cells, other factors (not exam-
ined) might include a relatively higher FGF-2 turnover in
one cell line versus the other.

The relative importance of oleandrin-mediated inhibition
of FGF-2 export from tumor cells with respect to oleandrin-
mediated cytotoxicity is unclear. Anvirzel and oleandrin
have been shown by us to be cytotoxic to a wide variety of
human malignant cell lines including melanoma, breast, and
lung [1,2]. Interestingly, however, we have also recently
shown that murine malignant cell lines are not sensitive
[15]. This research showed that oleandrin produces abnor-
mal metaphases that could be responsible, in part, for cell
death. Other work recently reported by us clearly shows that
oleandrin mediates an increase in intracellular calcium that,
in turn, releases mitochondrial cytochromec [1]. This turns
on the caspase-dependent apoptosis machinery resulting in
PARP cleavage and DNA fragmentation. In addition, we
have shown that oleandrin blocks activation of NF-kB in
tumor cells [2]. Thus, in addition to inhibition of release of
FGF-2, the cytotoxicity of oleandrin and related cardiac
glycosides is associated with multiple mechanisms that may
be responsible for inhibition of growth of tumor cells.

One substantial difference between Anvirzel and cardiac
glycosides, such as ouabain, is the toxicities associated with

concentrations required to achieve suppression of FGF-2
release. While Anvirzel can substantially reduce the export
of FGF-2 at concentrations that are relatively non-toxic, to
achieve similar results with the clinically available cardiac
glycosides might require cardiotoxic doses [16]. Measure-
ment of circulating and tissue content of FGF-2 in appro-
priately designed clinical trials of Anvirzel may help to
answer this question.
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