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ABSTRACT Turnera diffusa Willd, commonly known as Damiana, is employed in traditional medicine as a stimulant,

aphrodisiac, and diuretic. Its leaves and stems are used for flavoring and infusion. Damiana is considered to be safe for

medicinal use by the FDA. Pharmacological studies have established the hypoglycemic, antiaromatase, prosexual, estrogenic,

antibacterial, and antioxidant activity of T. diffusa. The aim of the present study was to evaluate the possible cytotoxic effect

of extracts and organic fractions of this plant on five tumor cell lines (SiHa, C-33, Hep G2, MDA-MB-231, and T-47D) and

normal human fibroblasts. The results show that the methanolic extract (TdM) displayed greater activity on MDA-MB-231

breast cancer cells (with an IC50 of 30.67 lg/mL) than on the other cancer cell lines. Four organic fractions of this extract

exhibited activity on this cancer cell line. In the most active fraction (F4), two active compounds were isolated, arbutin (1) and

apigenin (2). This is the first report of a cytotoxic effect by T. diffusa on cancer cells. The IC50 values suggest that the

methanolic extract of T. diffusa has potential as an anticancer therapy.
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INTRODUCTION

Cancer is one of the main causes of death worldwide,
claiming over 6 million lives each year.1 Breast cancer

is the leading cause of cancer-related death among women in
developed countries.2 Treatments are currently very expen-
sive and their effectiveness is limited by side effects and the
capacity of tumors to develop resistance to drugs used in
chemotherapy. Thus, there is a need to develop new anti-
cancer drugs.

Plants have long been a source of compounds used to
treat cancer.3 Plant-derived anticancer drugs in clinical use
today include the so-called vinca alkaloids, vinblastine and
vincristine, isolated from the Catharanthus roseus4,5 as well
as two semisynthetic derivatives, etoposide and teniposide,
of the natural product epipodophyllotoxin.6,7 Moreover,
paclitaxel (Taxol�) and several key precursors (the bacca-
tins) are found in the leaves of various Taxus species.8–10

Recent additions to plant-derived anticancer chemothera-
peutic agents include the semisynthetic derivatives of
camptothecin, isolated from the Chinese ornamental tree

Camptotheca acuminate. Among such derivatives, topote-
can, irinotecan (CPT-11), and belotecan are in clinical use,
while 9-amino-camptothecin and 9-nitro-camptothecin11

have not yet been approved.
Turnera diffusa Willd (Turneraceae), a small tropical

and subtropical shrub commonly known as Damiana, is
employed in traditional medicine as a stimulant, aphro-
disiac, diuretic, and nerve tonic, and to treat menstrual
and pregnancy disorders.12 Damiana products have been
sold in the United States as invigorant and aphrodisiac
agents13 since 1874. Scientific reports have established
the hypoglycemic,14,15 antiaromatase,16 prosexual,17,18

estrogenic,19 antibacterial,20 and antioxidant21,22 activity
of T. diffusa. Phytochemical studies of this plant have dem-
onstrated the presence of tetraphyllin B,23 gonzalitozin I,
damianin, tricosan-2-one, hexaconazole, squalene, p-arbutin,
a-pinene, b-pinene, p-cymene, 1,8-cineole, b-sytosterol, aca-
cetin, pinocembrin, teuhetenone A, eremophyllane, echinati-
cin, apigenin, and simple sugars.24

Although studies have shown that natural phytochemical-
containing compounds have antitumor and antimetastatic
properties,25 to our knowledge there are no reports on the
cytotoxic or antitumoral activity of T. diffusa. The aim of
the present study was to evaluate the activity of the
methanol extract of T. diffusa on the viability of five tumor
cell lines to evaluate the chemopreventive properties of
this plant.
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MATERIALS AND METHODS

Plant material

A whole plant of T. diffusa Willd was collected in Mexico
State, Mexico. The plant was identified by biologist Alfredo
Patiño, comparing it with a specimen deposited in the her-
barium of the Escuela Nacional de Ciencias Biológicas,
Instituto Politécnico Nacional (IPN). The register number
2247 was assigned to T. diffusa.

Extraction

Leaves and stems (300 g) of T. diffusa were dried and
ground into a powder, which was successively extracted
with 2 L each of hexane, methylene chloride, and methanol
at room temperature by maceration for 48 h. All solvents
were of analytical grade. The evaporation of the solutions
under reduced pressure at 40�C yielded the hexane (TdH),
dichloromethane (TdD), and methanol (TdM) extracts.
After concentration, the residue was lyophilized to yield 5.1,
15.6, and 29.7 g, respectively, and stored at 4�C.26 Only
TdM was used for the cytotoxicity assays.

Cell lines and cell culture

The five tumor cell lines employed in the present study
were human cervical carcinoma HPV-16 positive (SiHa),
human cervical carcinoma HPV negative (C-33), human
breast carcinoma (MDA-MB-231 and T-47D), and human

liver carcinoma (Hep G-2). Normal human fibroblasts were
used as the control. SiHa, C-33, MDA-MB-231, Hep G-2, and
normal fibroblasts were maintained in DMEM supplemented
with 10% fetal bovine serum (FBS) and streptomycin-
penicillin. T-47D cells were maintained in a RPMI medium.
All were cultivated at 37�C in a 5% CO2 atmosphere.

Cytotoxicity assay

Cells were cultivated to 100% of confluence, harvested, and
counted with trypan blue (Sigma-Aldrich) in a hemocytometer.
104 cells were deposited in each well of a 96-well culture
microplate and then preincubated for 24 h before being treated
for 72 h with different concentrations of the extract. The extract
was dissolved in DMSO (DMSO final concentration: 0.1%)
and prepared in a complete medium at the following concen-
trations to calculate the IC50: 0, 6.25, 12.5, 25, 50, 75, and
100lg/mL.26–28 Cellular viability was measured with an MTT
((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide; Sigma-Aldrich) assay. After 72 h of treatment, the me-
dium was removed and cultures were washed twice with a
phosphate-buffered solution (PBS). MTT (5 mg/mL) was ad-
ded at 10% concentration in PBS supplemented with 10%
FBS. Subsequently, cells were incubated for 2 h, the medium
was removed again, and DMSO was added. The microplates
were shaken for 15 min and read at 550 nm with a reference
wavelength of 620 nm on an ELISA plate reader.29,30 The
treatment used for normal cells was the same. Doxorubicin
(Sigma-Aldrich) was applied at the same extract concentra-
tions as the positive control, and DMSO in the culture medium
at 0.1% concentration as the negative control. Each assay was
carried out in triplicate. The IC50 was calculated from a dose–
response curve obtained with the v.2.0 KyPlot program.

Bioassay-guided fractionation

The crude methanolic extract (5 g) was chromatographed
over a silica gel column (230–400 mesh; Merck) and
eluted with gradients of increasing polarity of hexane–
dichloromethane and dichloromethane–methanol to obtain
20 fractions. The most representative fractions (F1–F10) were
selected based on thin-layer chromatography analysis, which
was carried out on silica gel GF60254 with hexane–ethyl ac-
etate and dichloromethane–methanol mixtures (80:20), and

Table 1. Cytotoxic Effect of Methanolic Extract

of Turnera diffusa on Tumor and Normal Cell Lines

Cell line IC50 (lg/mL) – SD

SiHa 50.14 – 2.88
C-33 A 45.10 – 6.20
Hep G-2 43.87 – 7.90
MDA-MB-231* 30.67 – 3.50
T-47D 54.02 – 2.14
Fibroblasts 63.24 – 3.26

The effects of the methanolic extract on cells were examined by an MTT

assay. The cells were treated with various concentrations for 72 h. Data from

three independent experiments are expressed as the mean – SD.

*Significant difference p < 0.03.

FIG. 1. Morphology of MDA-MB-231 cells exposed to methanolic extract of T. diffusa (TdM) at different concentrations 0 (A), 25 (B), and 50
(C) lg/mL (40 · , confocal microscope). It shows a dose-dependent effect in the cells. Color images available online at www.liebertpub.com/jmf
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observed with UV light at 254 and 365 nm. F1–F10 were
used for the cytotoxicity assays on MDA-MB-231 cell cul-
tures at concentrations of 0, 2, 10, 25, 50, and 100 lg/mL,
employing the same protocol as that used for the crude ex-
tract. The most active fractions, F3 and F4, were subjected to
column chromatography over silica gel by using a gradient of
dichloromethane–methanol (9:1 F3; 8:2 F4). Selected sub-
fractions were submitted to subsequent column chromatog-
raphy over silica gel to afford two major compounds, the
structures of which were determined by using spectroscopic
techniques, including 1H- and 13C-NMR. NMR spectra were
compared to published data.31

Annexin assay

For evaluation of the type of death (apoptosis or necrosis)
induced by the crude extract, 4 · 104 MDA-MB-231 cells were
cultivated and exposed to the TdM extract and doxorubicin at
the IC50 concentration in 24-well culture microplates. Cells
were exposed for 12 and 24 h, at which time the culture me-
dium was removed and cells were washed with PBS, detached,
and incubated with Guava Nexin reactive for 20 min (proto-
col kit). Cells were double stained with Annexin V and 7-
aminoactinomycin D (7AAD). Necrotic cells are positive to
7AAD, the early stages of apoptotic cells to Annexin V, and
the later stages of apoptosis to both these fluorochromes.

Fluorescence was read in a Guava PCA cytometer (Millipore)
with the program specifically designed for this assay.32,33

Statistical analysis

All results are expressed as the mean – SD. Statistical
comparisons were performed using the Tukey HSD test after
ANOVA. The results were considered significant with P < .02.

RESULTS

Cytotoxicity of T. diffusa

With the MTT assay, the methanolic extract of T. diffusa
(TdM) showed similar cytotoxicity for all cancer cell lines,
except for those of MDA-MB-231 cells. Whereas the best
IC50 value was obtained for the latter cell line (30.67 lg/mL;
Table 1), TdM was least cytotoxic for normal fibroblasts.

The morphology associated with the effect of TdM at 25
and 50 lg/mL on MDA-MB-231 breast cancer cells can be
appreciated in Figure 1. Compared with cells treated with the
negative control, it can be seen that those exposed to TdM are
less in number and have greater cellular detritus. Several cells
are rounded and detached, while others are swollen. Contra-
rily, the effect on normal fibroblasts produced by TdM at
50 lg/mL was similar to that found with the negative control
(Fig. 2). Compared to TdM, doxorubicin (the positive control)

FIG. 2. Morphology of normal human fibroblasts exposed to 0 (A), 50 (B), and 100 (C) lg/mL of the methanolic extract of T. diffusa (TdM).
Cells exposed at 50 lg/mL do not show a serious damage (40 · , confocal microscope). Color images available online at www.liebertpub.com/jmf

FIG. 3. A comparison of the effect of TdM extract (A) and the F4 fraction (B) on MDA-MB-231 cells. The IC50 values are similar. F4 is inactive
at the lowest concentrations. Beginning with 10 lg/mL, the activity gradually increases.
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showed greater cytotoxic activity on all cell lines, with IC50

values of 0.02–0.3 lg/mL.

Bioassay-guided fractionation

Since the methanolic extract was active on MDA-MB-
231 tumor cells, column chromatography was performed.
The results for fractions F1–F10 show that fraction F4 had
the greatest cytotoxic activity on MDA-MB-231 breast
cancer cells. The IC50 for F4 was 32.4 lg/mL, similar to the
value found with TdM on this same cancer cell line (Fig. 3).
Cytotoxic activity was also found with F2, F3, and F5 (re-
sulting in an IC50 of 64.3, 59.4, and 94.0 lg/mL, respec-
tively), whereas F1 and F6–F10 had no cytotoxic activity
(Table 2). In all cases of cytotoxic activity, the effect was
dose dependent.

With the two fractions exhibiting the best cytotoxic ac-
tivity, F3 and F4, a phytochemical study was carried out to
identify the compounds responsible for this effect. Two
major constituents were isolated and identified from these
two fractions (Fig. 4). From F3, arbutin (1) was obtained as a
white solid. 1H-NMR (500 MHz, D2O) d 3.45–3.55 (m, 4H,
H20-H50), 3.76 (dd, J = 12.4, 5.6 Hz, 1H, H-60b), 3.93 (dd,
J = 12.4, 2.0 Hz, 1H, H-60a), 4.99 (d, J = 7.6 Hz, 1H, H-10), 6.88
(d, J = 9.0 Hz, 2H, H6-H2), and 7.06 (d, J = 9.0 Hz, 2H, H5-
H3); 13C-NMR (125 MHz, D2O) d 63.5 (C-60), 72.4 (H-40),

75.9 (C-20), 78.5 (C-30), 79.0 (C-50), 104.2 (C-10), 119.1 (C-
3,C-5), 121.4 (C-2, C-6), 153.3 (C-4), and 154.2 (C-1). From
F4, arbutin (1) and apigenin (2) were obtained, the latter as a
yellow powder. Apigenin showed a characteristic flavonoid
reaction with AlCl3.

1H-NMR (500 MHz, DMSO-d6) d 6.18
(1H, d, J = 2.1 Hz, H6), 6.47 (1H, d, J = 2,1 Hz, H8), 6.74 (1H,
s, H-3), 6.92 (2H, dd, J = 8.8, 2.1 Hz, H-30, H-50), and
7.91(2H, dd, J = 8.8, 2.1 Hz, H20, H60); 13C-NMR (125 MHz,
DMSO-d6) d 94.7 (C-8), 99.6 (C-6), 103.5 (C-3), 104.3 (C-
10), 116.7 (C-50), 116.7 (C-30), 121.2 (C-10), 129.2 (C-20,C-
60), 158.0 (C-9), 161.8 (C-5), 162.1 (C-40), 164.5 (C-7), 164.9
(C-2), and182.4 (C-4). The NMR data of compounds 1 and 2
are in agreement with reported data.34,35

Annexin assay

MDA-MB-231 breast cancer cells exposed to TdM for
24 h were positive to Annexin V (PE) and 7AAD, indicating
that they were in the latter stages of apoptosis. The per-
centage of these cancer cells stained with Annexin V (+) was
22.6% for those treated with TdM, 22.4% for those treated
with doxorubicin (the positive control), and 13.5% for those
treated with DMSO (the negative control) (Figs. 5 and 6).

DISCUSSION

Many of the drugs used in anticancer therapy are either
compounds isolated from plants or semisynthetic deriva-
tives of the same. Therefore, it is crucial to keep searching
for plants that have compounds or precursors of compounds
with antitumor activity.

In the present study, the methanolic extract (TdM) of
T. diffusa showed important cytotoxic activity on MDA-
MB-231 breast cancer cells, although there was a lesser
effect (evidenced by higher IC50 values) on the other cancer
cell lines tested. This difference in activity can be attributed
to the distinct type of cells and cellular receptors. For in-
stance, MDA-MB-231 cells express only epidermal growth
factor and transforming growth factor alpha. Contrarily,
T-47D cells express calcitonin, prolactin, glucocorticoids,
androgen receptors, progesterone receptors, and estrogen
receptors. In addition, although both MDA-MB-231 and
T-47D cells were derived from a metastasis in pleural ef-
fusion, the former were taken from breast adenocarcinoma
and the latter from ductal carcinoma (ATCC).

The National Cancer Institute (NCI) has established the
criterion of IC50 £ 30 lg/mL for an extract to be considered

Table 2. Cytotoxic Effect of TdM Fractions

on MDA-MB-231 Cells

Fraction (eluent) IC50 (lg/mL)

F1 (A, 60:40) NA
F2 (A, 40:60) 64.3 – 5.0
F3 (A, 20:80) 59.4 – 1.6
F4 (B, 90:10) 32.4 – 2.0
F5 (B, 80:20) 94.0 – 3.0
F6 (B, 70:30) NA
F7 (A, 60:40) NA
F8 (A, 50:50) NA
F9 (A, 30:70) NA
F10 (B, 20:80) NA

The effect of the fractions of methanolic extract on tumor cells was examined

by an MTT assay. The cells were treated with various concentrations for 72 h.

Data from three independent experiments are expressed as the mean – SD.

TdM, methanolic extract of Turnera diffusa; NA, no activity; A, mixture

hexane/CH2Cl2; B, mixture CH2Cl2/MeOH.

FIG. 4. Structures of compounds
isolated from the two fractions of the
methanolic extract of T. diffusa having
the greatest cytotoxic activity.
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active.36 TdM showed this level of cytotoxic activity for
MDA-MB-231 cells (IC50 = 30.67 – 3.5 lg/mL), while for
the other tested cancer cell lines this extract showed a lesser
effect. This activity was selective, given that the IC50 of
TdM was 63.24 lg/mL with normal fibroblasts.

An activity-guided fractionation process led to the iden-
tification of the two fractions, F3 and F4, with the greatest
activity. Arbutin (1) was isolated from F3, while arbutin (1)
and apigenin (2) were isolated from F4. The latter fraction
showed the best cytotoxic activity. Both of these compounds
have been previously reported from T. diffusa.

Extensive studies with apigenin (2), a trihydroxyflavone,
have demonstrated its anticancer properties.37 This com-
pound has been found to induce apoptosis in a variety of

tumor cell lines.38,39 Lee et al.40 revealed the effect of api-
genin on TNF-alpha, which, in part, explains the activity of
this compound on MDA-MB-231 cells. On the other hand,
arbutin (1) is a hydroquinone-D-glucopyranoside that leads
to the expression of genes inducing apoptosis in human
melanoma cells41 and therefore is also probably involved in
the observed effect. The Annexin assay suggests that the
TdM extract induces apoptosis and necrosis in MDA-MB-
231 cells.

When comparing the IC50 value of F4 to that of the me-
thanolic extract (TdM; Fig. 3), it is apparent that although 1
and 2 strongly contributed to the observed activity, there
was probably a synergistic effect exercised by other com-
pounds present in the extract. Indeed, it is generally assumed
that a plant extract acts as a phytocomplex, wherein a variety
of constituents interact with multiple targets. In the present
study, it is likely that such a synergy existed given that it is a
complete extract with numerous metabolites that are likely
to induce different activities.

In conclusion, the current study demonstrates for the first
time that the methanolic extract of T. diffusa has a cytotoxic
effect on MDA-MB-231 breast cancer cells, and that this
activity, at least in part, owes itself to the activity of api-
genin. The present results provide scientific evidence of yet
another medicinal activity of T. diffusa, in this case as a
possible alternative therapy for cancer.
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FIG. 5. Cytometric analysis of MDA-MB-231 cells treated with different concentrations of TdM and doxorubicin for 24 h. Cells were double
stained with Annexin V and 7-aminoactinomycin D (7AAD). Necrotic cells are positive to 7AAD, the early stages of apoptotic cells to Annexin V,
and the later stages of apoptosis to both these fluorochromes. R1: 7AAD (+); R2: Annexin V (+), 7AAD (+); R3: Annexin V (-), 7AAD (-); and
R4: Annexin V (+). Later apoptosis and necrosis is observed in cells exposed to TdM at 24 h.

FIG. 6. Representation of the effect of three distinct treatments
(TdM, doxorubicin, or the negative control) on MDA-MB-231 cells.
A significant difference between cells treated with TdM and control
negative is observed. ***Significant differences between control
untreated and treated cell, p < .03.
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