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Research Article

Erythrodiol, a natural triterpenoid from olives, has
antiproliferative and apoptotic activity in HT-29
human adenocarcinoma cells

M. Em�lia Juan1, Uwe Wenzel2, Hannelore Daniel3 and Joana M. Planas1

1 Department of Fisiologia, Facultat de Farm�cia, Universitat de Barcelona, Spain
2 Molecular Nutrition Research, Interdisciplinary Research Center, Justus-Liebig-University of Giessen,

Germany
3 Molecular Nutrition Unit, Department of Food and Nutrition, Technical University of Munich, Freising,

Germany

Erythrodiol is the precursor of pentacyclic triterpenic acids present in Olea Europaea. Although olive
oil and some of its constituents are reported to have anticarcinogenic activities, erythrodiol has not
been assessed in its cell biological functions in detail. We therefore determined its effects on cell
growth and apoptosis in human colorectal carcinoma HT-29 cells. Proliferation, cytotoxicity, and
apoptosis were measured by fluorescence-based techniques. Erythrodiol inhibited cell growth with an
EC50 value of 48.8 l 3.7 lM without any cytotoxic effects in a concentration range up to 100 lM.
However, exposure of cells for 24 h to 50, 100, and 150 lM erythrodiol increased caspase-3-like
activity by 3.2-, 4.8-, and 5.2-fold over that in control cells. We here demonstrate for the first time
that, in colon adenocarcinoma cells, erythrodiol exerts antiproliferative and proapoptotic activity.
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1 Introduction

Olea europaea L. has been known for a long time to contain
a variety of triterpenoids including erythrodiol, oleanolic
acid, and maslinic acid [1, 2]. Very little attention has been
paid so far to these pentacyclic triterpenes, although they
have been used for medicinal purposes in many Asian coun-
tries [3, 4]. In support of the hypothesis that constituents of
olives may contribute to the cancer protective activity of the
Mediterranean diet, we have recently reported an antitumor
activity of an olive fruit extract composed of maslinic acid
and oleanolic acid in HT-29 human colon cancer cells [5].
These pentacyclic triterpenes are present in the skin of olive
fruits and in olive oil [1, 6, 7].

The rising interest in the biological properties for human
health of pentacyclic triterpenic acids [5, 8–10] led us
investigate compounds arising from the nonsteroidal triter-
penoids biosynthetic pathway from O. europaea L. Erythro-

diol (Fig. 1) is the intermediate from which oleanolic acid
and its isomer maslinic acid are formed [11]. The concen-
tration of this pentacyclic triterpenic alcohol in olive oil is
around 90 mg/kg [12]. It has been described to exert anti-
inflammatory activities on different experimental models
[13, 14] and vasorelaxant effects on rat aorta [15] have been
reported. Antioxidant properties are proposed as well as it
was shown to protect PUFAs in rat-liver microsomal mem-
branes from oxidation [16]. Moreover, the modulation of
cytokine secretion by erythrodiol in human mononuclear
cells has been recently described [17].
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Figure 1. Chemical structure of erythrodiol.
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The aim of the present work was to investigate whether
erythrodiol can inhibit cell proliferation and induce apopto-
sis in HT-29 human colon adenocarcinoma cells. This cell
line was selected since it has been widely used for assessing
bioactive compounds that affect intestinal tumor cell growth.

2 Materials and methods

2.1 Chemicals

Erythrodiol was purchased from Extrasynthese (Genay,
France). Media and supplements for cell culture were from
Invitrogen (Karlsruhe, Germany). Cell culture plates were
from Renner (Dannstadt, Germany). The fluorophore
SYTOX-Green was from Bioprobes (Leiden, The Nether-
lands). The fluorogenic caspase-3 substrate acetyl-aspartyl-
glutamyl-valyl-aspartyl-amino-4-methyl-coumarine (Ac-
DEVD-AMC) was obtained from Calbiochem (Bad Soden,
Germany).

2.2 Cell culture

HT-29 cells (passage 106) were provided by American
Type Culture Collections and were used between passages
150 and 200. Cells were cultured and passaged in RPMI
1640 supplemented with 10% fetal calf serum and 2 mM
glutamine. Antibiotics added to the media were 100 U/mL
penicillin and 100 lg/mL streptomycin. The cultures were
maintained in a humidified atmosphere of 95% air and 5%
CO2 at 378C. Fresh medium was given every second day
and on the day before the experiments were done. Cells
were passaged at preconfluent densities by the use of a sol-
ution containing 0.05% trypsin and 0.5 mM EDTA. Eryth-
rodiol was applied to the cell cultures dissolved in DMSO
to a final concentration of 2% v/v in all the experiments.
Controls were always treated with the same amount of
DMSO.

2.3 Necrosis

The potential nonspecific toxicity of erythrodiol was
assessed by exposing HT-29 cells seeded at a density of
56104 cells/well onto 24-well cell culture plates and
allowed to adhere for 4 h. Subsequently, the medium was
replaced by a fresh one and cells were exposed for 3 h to
increasing concentrations of erythrodiol. Necrotic cell
death was determined with SYTOX-Green, which becomes
fluorescent after DNA binding. The percentage of dead
cells was derived from SYTOX-fluorescence prior to cell
lysis in relation to the fluorescence measured after the solu-
bilization of cells. Cell numbers were determined based on
a calibration curve measured using cell numbers between
16103 and 1.56105 cells, which had been adjusted after
counting the cells in a Neubauer chamber. Fluorescence
was measured at 538 nm after excitation at 485 nm using a

fluorescence multiwell-plate reader (Fluoroskan Ascent,
Thermo Electron, Dreieich, Germany).

2.4 Cell proliferation

In the proliferation assay HT-29 cells were seeded at a den-
sity of 56103 cells/well onto 24-well cell culture plates and
allowed to adhere for 24 h. Thereafter, medium was substi-
tuted by a fresh culture medium containing increasing con-
centrations of erythrodiol. Cells were allowed to grow for
another 72 h and total cell counts were determined after-
wards. Cells were lysed with 1% Triton X-100 in isotonic
NaCl and DNA was stained with SYTOX-Green. Cell num-
bers were counted using the fluorescence multiwell-plate
reader.

2.5 Apoptosis

Caspase-3-like activity serving as an apoptosis marker was
measured based on the method of Nicholson et al. [18].
Briefly, cells were seeded at a density of 56105 per well
onto six-well plates and allowed to adhere for 24 h. After-
wards, the medium was removed and cells were exposed to
erythrodiol in final concentrations of 10, 25, 50, 100, and
150 lM for 24 h. Afterwards, cells were trypsinized, cell
numbers were determined, and the cells were centrifuged at
25006g for 10 min. Cytosolic extracts were prepared by
adding 750 lL of a buffer containing 2 mM EDTA, 0.1%
3-((cholamidopropyl)-dimethyl-ammonium)-1-propane-
sulfonate, 5 mM dithiotreitol, 1 mM phenyl-methyl-sul-
fonyl-fluoride, 10 mg/L pepstatin A, 20 mg/L leupeptin,
10 mg/L aprotinin, and 10 mM HEPES/KOH (pH 7.4) to
each pellet and homogenized with ten strokes. The homoge-
nate was centrifuged at 1000006g at 48C, and the cytosolic
supernatant was incubated with the fluorogenic caspase-3
tetrapeptide-substrate Ac-DEVD-AMC at a final concen-
tration of 20 lM. Cleavage of the caspase-3 substrate was
followed by determination of emission at 460 nm after exci-
tation at 390 nm using the fluorescence plate reader.

2.6 Statistics

Results are expressed as means with their standard errors.
To derive the EC50 values for growth inhibition, a nonlinear
approximation model by the least square method based on a
competition curve using one component was applied.
Results were tested for normal distribution and for homoge-
neity of variance by standardized residual plot. When nec-
essary, logarithmic transformations were performed. Nor-
mally distributed results were analyzed by one-way
ANOVA. If the result was found to be significant (p a 0.05)
the Tukey's Multiple Comparison test was used to deter-
mine specific differences between results. All statistics
analyses were performed using GraphPad Prism (GraphPad
Software, San Diego, CA).
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3 Results

3.1 Necrosis

The effect of erythrodiol on cell viability was assessed via
SYTOX-Green as a dead cell indicator. SYTOX-Green
stain is a high-affinity nucleic acid stain that does not cross
the membranes of live cells but easily penetrates cells with
compromised plasma membranes.

Erythrodiol did not induce any signs of nonspecific cyto-
toxicity up to 100 lM with 94.5 l 3.0% of the cells still
viable (Fig. 2). However, concentrations of A150 lM
decreased cells number to 86.3 l 0.6% (p a 0.05) and at
300 lM to 75.6 l 1.4% (p a 0.01).

3.2 Proliferation

The growth inhibitory activity of erythrodiol as a reference
compound was determined in preconfluent HT-29 cells
after 72 h of exposure to different concentrations. Cell
growth was completely inhibited by erythrodiol at concen-
trations of A100 lM (Fig. 3) while at 25 and 75 lM cell

numbers were reduced by 18 and 68%, respectively. The
concentration that caused 50% inhibition of cell growth
was determined with 48.8 l 3.7 lM.

3.3 Apoptosis

A fluorogenic assay was used to determine whether the
decrease in cell growth observed after the treatment with
erythrodiol was the result of an enhanced apoptosis in HT-
29 cells. Caspase-3-like activity was assessed as the prime
downstream target enzyme in the apoptotic pathway and is
considered to serve as a valid marker of programmed cell
death [19]. Erythrodiol exerted a dose-dependent pro-apop-
totic activity in HT-29 cells (Fig. 4) with increments of 3.2-,
4.8-, and 5.2-fold over that in the control cells at concentra-
tions of 50, 100, and 150 lM, respectively.

4 Discussion

The waxy coating of olives constitutes a rich source of pen-
tacyclic triterpenes such as oleanolic acid, maslinic acid,
and erythrodiol. Pentacyclic triterpenes, biosynthesized in
plants by squalene cycling, have been used for more than
2000 years in traditional Asiatic medicine as anti-inflam-
matory and anticarcinogenic agents [3, 4]. The present
study is the first to assess the potential antitumor activity of
erythrodiol in cancer cells and provides evidence that this
triterpene exerts antiproliferative and pro-apoptotic effects.

Erythrodiol inhibited cell growth with a half-maximal
effect at a concentration of around 50 lM. These results are
particularly interesting since it is well known that defects in
the regulation of cell cycle progression are the most com-
mon feature of transformed cells [20]. Consequently, the
antiproliferative actions of this pentacyclic triterpene indi-
cate that it may serve as cancer-protective agent. It is impor-
tant to mention that the growth inhibition was not a conse-
quence of cytotoxic effects, since even at concentrations of
100 lM which caused complete inhibition of proliferation,
less than 5% of cells were found to be nonviable. Therefore,
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Figure 2. Effects of erythrodiol on necrosis in HT-29 cells.
Necrosis was assessed after incubating the cells for 3 h with
medium alone (control) or containing different concentrations
of each compound. Cell numbers were determined subse-
quently using SYTOX-Green nucleic acid stain. Values are
means l SEM, n = 13. Means without a common letter differ,
p a 0.05.

Figure 3. Effects of erythrodiol on proliferation in HT-29 cells.
Proliferation was measured over 72 h in the absence (control)
or presence of each compound at different concentrations.
Cell numbers were determined subsequently using SYTOX-
Green nucleic acid stain. Values are means l SEM, n = 3.

Figure 4. Dose-dependent caspase-3 activity in HT-29 cells.
Induction of caspase-3-like activity was determined at 24 h
based on the cleavage of the fluorogenic substrate Ac-DEVD-
AMC. Values are means + SEM, n = 3. Means without a com-
mon letter differ, p a 0.05.
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the inhibition of cell proliferation appeared to result from
either inhibition of cell cycle progression or the induction
of apoptosis, or both.

These results are in line with recent reports on growth-
inhibitory properties of other pentacyclic triterpenic acids
in HT-29 cells. We have previously reported the anticarcino-
genic effects of olive fruit extracts [5] composed mainly of
maslinic (73%) and oleanolic acids (26%). Studies on dose-
dependent effects showed antiproliferative activity at an
EC50 value of 74.0 l 3.2 lM for maslinic and
26.6 l 2.5 lM for oleanolic acid. Moreover, maslinic acid
displayed antiproliferative activities with an IC50 of
61 l 1 lM in the same cell line through a cell cycle arrest in
G0/G1 [10].

When HT-29 cells were exposed to increasing concentra-
tion of erythrodiol, a pro-apoptotic activity became evident.
Caspases are specific proteases and it is generally accepted
that caspase-3 is the major downstream effector caspase
which cleaves major cell components during apoptosis
[21]. The pro-apoptotic activity displayed by erythrodiol
was associated with a reduction in adherent cell number,
and a dose-dependent increase in caspase-3 activity in
adherent cells that started at 50 lM of erythrodiol with a
maximal activation of 320% as compared to control cells.
This pro-apoptotic activity appears to account, at least in
part, for the observed inhibition of cell growth since the
EC50 for the antiproliferative activity was also around
50 lM. Maslinic acid and oleanolic acid from the olive fruit
extract also were shown to induce an activation of caspase-
3 and here apoptosis was initiated by the intrinsic pathway
as evidenced by increased superoxide anion production in
the mitochondria [5].

Apoptosis is frequently impaired during tumorigenesis,
presumably through the systematic loss of regulatory con-
trol mechanisms, ultimately resulting in the generation of a
malignant phenotype. Consequently, compounds such as
erythrodiol that can eliminate aberrant cell clones by the
induction of apoptosis may have a chemopreventive or an
even therapeutic potential [20, 22]. Although erythrodiol is
present in the Mediterranean Diet in the form of olives and
olive oil [6, 23], the amounts are not sufficient to attain cel-
lular concentrations that displayed the cancer chemopre-
ventive activity shown here. However, a special source of
this compound could be “orujo” olive oil which is obtained
from the waste of olives, skin, and seeds after cold-press
extraction of virgin olive oil. This by-product is richer in
pentacyclic triterpenoids and contains erythrodiol in con-
centrations of up to 690 mg/kg [7, 24].

In conclusion, erythrodiol inhibits cell proliferation with-
out necrosis and also restores apoptosis in HT-29 cells. The
present findings strengthen the hypothesis that pentacyclic
triterpenic compounds from olives possess chemopreven-
tive activity against colon carcinogenesis.
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