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Abstract: A Ficus umbellata is used to treat cancer. The present work was therefore designed to
assess antitumor potentials of F. umbellata extracts in nine different cell lines. Cell cycle, apoptosis,
cell migration/invasion, levels of reactive oxygen species (ROS), mitochondrial membrane potential
(MMP), caspases activities as well as Bcl-2 and Bcl-xL protein content were assessed in MDA-MB-231
cells. The 7,12-dimethylbenz(a)anthracene (DMBA)-induced carcinogenesis in rats were also used to
investigate antitumor potential of F. umbellata extracts. The F. umbellata methanol extract exhibited
a CC50 of 180 µg/mL in MDA-MB-231 cells after 24 h. It induced apoptosis in MCF-7 and MDA-
MB-231 cells, while it did not alter their cell cycle phases. Further, it induced a decrease in MMP,
an increase in ROS levels and caspases activities as well as a downregulation in Bcl-2 and Bcl-xL protein
contents in MDA-MB-231 cells. In vivo, F. umbellata aqueous (200 mg/kg) and methanol (50 mg/kg)
extracts significantly (p < 0.001) reduced ovarian tumor incidence (10%), total tumor burden (58% and
46%, respectively), average tumor weight (57.8% and 45.6%, respectively) as compared to DMBA
control group. These results suggest antitumor potential of F. umbellata constituents possibly due to
apoptosis induction mediated through ROS-dependent mitochondrial pathway.
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1. Introduction

Cancer is a group of diseases characterized by the unregulated proliferation of abnormal cells
that invade and disrupt surrounding tissues [1]. It is a source of significant morbidity worldwide,
responsible for over 8.2 million deaths per year and a serious public health problem in both developed
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and developing countries [2]. Breast and gynecological cancers (e.g., ovarian and uterus) are the
major cause of cancer death in women of developing countries, and represent 19% of cancers
worldwide [3]. According to the World Health Organization, the incidence of breast and gynecological
cancers is predicted to increase in the future and 70% new cases will be observed in developing
countries [2]. In Africa, the most common cancers in women are breast and cervical ones [4]. However,
endometrial and ovarian cancers are also routinely observed. The incidence of ovarian cancer increases
worldwide by about 10-fold in women during the peri- to post-menopausal period, when compared
to premenopausal women [5]. With 3500 deaths per year, the ovarian cancer is the most lethal of
gynecologic malignancies and a relatively uncommon cancer, making testing of drugs for primary
prevention difficult [6,7].

Nowadays, therapeutic regimens against breast and gynecological cancers include radiotherapy,
chemotherapy, immunotherapy and hormonal therapies, and, in advanced stages of the disease, surgery
intervention can be required [8,9]. Despite substantial improvements in survival, the management
of cancer is limited due to its high cost, scarcity of diagnosis and treatment, limited access to health
services found in African countries [10], and most importantly the problem of resistance as well as
high systemic toxicity of available chemotherapeutic drugs [11]. The need for primary prevention is
worthwhile and novel efficacious, non-toxic and cost-effective therapeutic agents should be developed.
Moreover, epidemiological and laboratory studies have provided evidence that naturally occurring
dietary or plant components may exert protective effects against various cancers [12–14]. Increasingly,
more medicinal plants are being screened for anticancer properties and may provide effective
therapeutic agents.

The primary prevention of breast and gynecological cancers remains an important issue for
developing countries, where 80% of the population still resorts to traditional medicine for their primary
health care [15]. In this scope, Ficus umbellata, a plant found in subtropical regions, growing up to 6–10 m
has been investigated. F. umbellata stem barks are used in Cameroonian traditional medicine system
for the treatment of many gynecological conditions, such as amenorrhea, dysmenorrhea as well as for
menopausal complaints [16]. In addition, it is reported that figs have been conventionally used for their
therapeutic benefits as anticancer remedies [17,18]. Previous studies showed that F. umbellata extracts,
which contain 7-methylcoumarin (Table 1) exhibited weak estrogenic effects in vitro and in vivo as
the main bioactive constituent [19]. Since most of ethnopharmacological usages of F. umbellata have
been recommended in the literature to be taken into consideration when selecting plants for anticancer
screenings [12], the present work was designed to assess in vitro and in vivo antitumor potentials of
this plant. In vitro, various cancer cells were exposed to F. umbellata aqueous (AE) and methanolic
(MeOH) extracts, and the cytotoxicity, mechanism of cell death, cell cycle analysis, anti-migration and
anti-invasion potential, reactive oxygen species (ROS) levels, mitochondrial transmembrane potential,
caspase activities and Bcl-2 family proteins content were studied. In vivo, the chemopreventive effects
of F. umbellata extracts were investigated against 7,12 dimethylbenz(a)anthracene (DMBA)-induced
mammary and ovarian carcinogenesis in female Wistar rats.

Table 1. General information on 7-methoxycoumarin isolated from F. umbellata.

Chemical Names Crystal Color Structure, Molecular Weight and Formula

7-Methoxycoumarin
Methylumbelliferone
7-Methoxy-2H-chromen-2-one

White
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2. Results

2.1. Preliminary Phytochemical Analysis

The phytochemical screening of F. umbellata AE and MeOH extracts showed that phenols,
flavonoids, alkaloids, steroids, saponins, cardiac glycosides and tannin were present in both extracts.
Their concentrations in total phenols, flavonoids, flavonols and alkaloids are depicted in Table 2.
As observed in the table flavonoids were the most abundant secondary metabolites present in the
dried AE and MeOH extracts. Flavonols were found in both extracts, while alkaloids were the less
abundant. However, F. umbellata MeOH extract was found to contain more flavonoids, flavonols and
alkaloids than AE extract.

Table 2. Quantitative analyses of selected phytochemicals present in F. umbellata extracts.

N◦ Phytochemical Class Concentration of F. umbellata Extract

Aqueous Methanolic

1 Total phenols 540.21 ± 4.42 651.31 ± 12.03
2 Flavonoids 268.25 ± 35.55 545.33 ± 99.39
3 Flavonols 78.22 ± 6.11 180.15 ± 10.74
4 Alkaloids 60.21 ± 14.38 120.21 ± 6.04

Total phenols, flavonoids and flavonols are expressed in mg eq quercetin/g of dried extract while alkaloids content
is expressed in mg eq berberin/g of dried extract. Data are represented as mean ± standard error of mean (SEM) of
triplicates from at least three independent experiments.

2.2. Cytotoxicity of F. umbellata Extracts

Figure 1 depicts the cytotoxicity response-curve of F. umbellata AE and MeOH extracts on breast
cancer cells (MCF-7 and MDA-MB-231) and one non-tumoral cell line (NIH-3T3). As shown in the
Figure, AE did not induce significant cytotoxicity up to 300 µg/mL, while the MeOH extract showed
concentration-dependent cytotoxicity after 24 h of incubation and this effect was more pronounced in
estrogen receptor-negative cells (MDA-MB-231, CC50 = 180 µg/mL) (Table 3A). Further, the 3 fractions
from F. umbellata MeOH extract as well as 7-methoxycoumarin were assessed for their cytotoxicity in
the same cell lines. Residue fraction (FU-R) and 7-methoxycoumarin (MC) did not showed cytotoxicity
up to 300 µg/mL or 300 µM, respectively, in the tested cell lines, whereas dichloromethane fraction
(FU-DCM) exhibited cytotoxicity at concentrations close to those of MeOH extract (Table 3A). To follow
up, the cytotoxicity of F. umbellata MeOH extract and DCM fraction (FU-DCM) were assessed in five
other cell lines (SF-295, 4T1, HUVEC, MCR-5, SK-MEL-28 and HCC 1995). Their CC50 were found to
be quasi-similar in these cell lines (Table 3B), affording a selectivity index around two in human and
one in murine cell lines (Table 3C). Since F. umbellata MeOH extract and FU-DCM fraction have the
same cytotoxic activities, the understanding of underlying mechanisms of this plant was focused on
MeOH extract.
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viability was evaluated by Alamar blue (resazurin) assay. The results are expressed in percentage as
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Table 3. CC50 values of F. umbellata extracts in tumoral and non-tumoral cell lines.

CC50 (µg/mL or µM)

A

MeOH AE FU-Hex FU-DCM FU-R MC
MCF-7 250 >300 >300 197 >300 >300

MDA-MB-231 180 >300 190 180 >300 >300
NIH-3T3 297 >300 270 215 >300 >300

CC50 (µg/mL)

B
SF-295 4T1 HUVEC MRC-5 SK-MEL-28 HCC 1954

MeOH 237 283 449 378 185 192
FU-DCM 252 245 440 370 176 162

Selectivity Index

C
HUVEC/MCF-7 MRC-5/MDA-MB-231 NIH-3T3/4T1

MeOH 1.6 2.08 1.05
FU-DCM 2.23 2.05 0.88

CC50, Concentration of F. umbellata extracts which results in 50% of cell viability; Selectivity Index is equal to CC50
of F. umbellata extracts on non-tumoral cell lines (NIH/3T3, MCR-5 and HUVEC) divided by CC50 determined
for cancer cells (MCF-7, MDA-MB-231 and 4T1). (A) MCF-7, MDA-MB-231 and NIH-3T3 cells were exposed to
F. umbellata methanol (MeOH) and aqueous extracts (AE); hexane (FU-Hex), dichloromethane (FU-DCM) and
residue (FU-R) fractions from F. umbellata MeOH extract as well as 7-methoxycoumarin (MC) at two concentrations
(100 and 300 µg/mL or 100 and 300 µM) for the screening; (B) CC50 of MeOH extract and FU-DCM fraction in
SF-295, 4T1, HUVEC, MCR-5, SK-MEL-28 and HCC 1954 cell lines; C, selectivity index of MeOH and FU-DCM in
human and murine cell lines.

2.3. Effects on Cell Death Mechanism

Apoptosis was evaluated by the qualitative acridine orange (AO)/ethidium bromide (EB) staining
in this study. AO is absorbed by cells with intact or damaged membranes, and emits green fluorescence
when it intercalates DNA. Ethidium bromide is taken only by cells with damaged membranes and
emits red fluorescence fixed on DNA. Figure 2A and Figure S1A permit to distinguish three types of
cells according to the fluorescence emission and the morphological aspect of chromatin condensation
in the stained nuclei. Intact membrane cells (IMC) have uniform bright green nuclei with an organized
structure. Apoptotic cells (Ap), which have green nuclei with condensed or fragmented chromatin
and necrotic cells (Ne) have uniformly orange to red nuclei with an organized structure. It has been
observed a chromatin condensation characteristic to apoptosis following F. umbelleta MeOH extract in
MDA-MB-231 (Figure 2A) and MCF-7 (Figure S1A) cells lines.
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Figure 2. Effect of F. umbellata extracts on cancer cell death. Representative fluorescence microscopic
images (400×) of cells double-stained with acridine orange (0.3 mg/mL) and ethidium bromide
(1 mg/mL) (A); and dot plot representative of one experiment of apoptosis measurement by
Annexin-V-FITC/PI staining (B). MDA-MB-231 cells were treated for 24 h to F. umbellata extracts
at concentrations of 45, 90 and 180 µg/mL. (C) A graph showing the mean± SEM of three independent
experiments. * p < 0.05, ** p < 0.01 and *** p < 0.001 as compared with control. IMC, intact membrane
cell; Ap, apoptotic cells; Ne, necrotic cells.
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Furthermore, the cell death mechanisms induced by F. umbellata MeOH extract were evaluated
through flow cytometry. As depicted in dot plots (Figure 2B and Figure S1B), the viable cells had low
FITC fluorescence and low PI fluorescence; early apoptotic cell showed high FITC fluorescence, but low
PI fluorescence. The percentages of apoptotic and necrotic cells were 1.8% and 1.7%, respectively,
in control cells. The concentration-dependent increase in the percentage of apoptotic cells with the
maximum of 33.9% at 180 µg/mL of F. umbellata MeOH extract suggests that it induced apoptosis in
the MDA-MB-231 (Figure 2C) and MCF-7 (Figure S1C) cells.

2.4. Effects on Cell Cycle

Flow cytometry was used to determine the effects of F. umbellata MeOH extract on the cell cycle
progression of MCF-7 and MDA-MB-231 cells. It did not induce significant change in both MDA-MB-231
(Figure 3) and MCF-7 (Figure S2) cell cycle after 12, 24 and 48 h of treatment. Since effects of F. umbellata
MeOH extract were the same in MDA-MB-231 and MCF-7 cells, we used MDA-MB-231 cells for
evaluating anticancer effects of extract.
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2.5. Effects on Cell Migration and Invasion

It was observed a significant and concentration-dependent inhibition of MDA-MB-231 cells
migration with F. umbellata MeOH extract at concentration of 90 and 180 µg/mL after 24 and 48 h
of exposition (Figure 4). Further, we sought to determine the ability of F. umbellata MeOH extract to
inhibit MDA-MB-231 cells invasion. It was observed a significant (p < 0.01) anti-invasion effect of
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after 48 h of treatment (A); and graph of three independent assay (B). ** p < 0.01 compared to control.

2.6. Effects on Mitochondrial Transmembrane Potential

Since F. umbellata MeOH induced apoptosis, the next step was to investigate whether it acts by
ROS-mediated mitochondrial dysfunction pathway. For this, a green fluorescent probe (JC-1) was
used. The probe forms aggregates and emits red fluorescence peak at high mitochondrial membrane
potential or forms monomers and emits a green fluorescence peak at low mitochondrial membrane
potential. F. umbellata MeOH extract induced a reduction in mitochondrial transmembrane potential
of MDA-MB-231 cells by reducing the red/green fluorescence ratio such as CCCP (10 µM) used as
a positive control in this assay. However, statistical significance was reached only at a concentration of
90 µg/mL (Figure 6A).
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Figure 6. Effects of F. umbellata extract on oxidative stress parameters. Mitochondrial transmembrane
potential (A); and intracellular reactive oxygen species (ROS) levels (B) in MDA-MB-231 cells treated
with 90 and 180 µg/mL of F. umbellata MeOH extract for 24 h. The mitochondrial membrane potential
was measured using the JC-1 fluorescent probe, while ROS level was determined using the DCHF-DA
fluorescent probe by spectrofluorimeter. * p < 0.05 and ** p < 0.01 as compared to control. For Western
blotting, β-actin was used as an internal control.

2.7. Effects on ROS Levels

A fluorescence probe DCFH-DA was used for detecting the changes in the intracellular ROS level
in this study. DCFH-DA is a fluorescent dye that diffuses through cell membranes and is hydrolyzed by
intracellular esterases to DCFH. In the presence of ROS, DCFH is oxidized to DCF, which is fluorescent
and its level corresponds to the level of generated ROS. An increase of ROS levels was observed in
MDA-MB-231 cells following F. umbellata treatment. However, statistical significance was reached
only at concentration of 90 µg/mL (Figure 6B).
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2.8. Effects on Bcl-2 Family Protein Expression

Bcl-2 and Bcl-xL proteins are overexpressed in a variety of human cancers, and function as
suppressors of apoptosis, resulting in the survival of malignant cells. The Bcl-2 and Bcl-xL antiapoptotic
proteins content were measured using Western Blot in MDA-MB-231 cells. As depicted in Figure 7A,B,
a reduction of Bcl-xL and Bcl-2 contents was observed in MDA-MB-231 cells.
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extract for 24 h.

2.9. Effects on Caspases Activity

Caspase-3, caspase-8, caspase-9 and caspase-12 were assessed to determine whether the mitochondrial
pathway cascade or the external stimuli is involved in the induction of apoptosis by F. umbellata MeOH
extract on MDA-MB-231 cells. A significant increase in caspase-3 (50%), caspase-8 (88%), caspase-9 (133%)
and caspase-12 (130%) activities was observed following 12 h of F. umbellata MeOH extract incubation at
the concentration of 180 µg/mL, while only caspases-8 (42%), caspase-9 (62%) and caspase-12 (97%)
activities were increased with this extract at the concentration of 90 µg/mL (Figure 8). These results
suggest that F. umbellata MeOH extract induced apoptosis in MDA-MB-231 cells by increasing caspase-8
and caspase-9 activities.Int. J. Mol. Sci. 2017, 18, 1073  8 of 27 
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Figure 8. Effects of F. umbellata MeOH extract on caspases activities. Activation of caspase-3 (A);
caspase-8 (B); caspase-9 (C); and caspase-12 (D) by F. umbellata MeOH extract. Cells were incubated
with 90 and 180 µg/mL for 24 h. Caspases activities were measured by monitoring the cleavage of
fluorogenic substrates specific for each caspase. The activity is given as percentage. The results are
expressed as the mean± SEM of three independents experiments. * p < 0.05, ** p < 0.01 and *** p < 0.001
as compared to control.
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2.10. Effects on Body Weight and Survival

Figure 9 shows that a 20-week treatment with different substances following DMBA administration
did not alter the animal body weights. However, animals of Tamox group presented a significant
lower body weight throughout the experiment as compared to normal group (Figure 9A). The Kaplan
Meir survival rate curve (Figure 9B) showed that the higher amount of animal’s death throughout
the experiment (20 weeks) was recorded in DMBA group (40%), followed by animals treated with
tamoxifen (20%) and F. umbellata AE extract at the dose of 50 mg/kg (20%).
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Figure 9. Effects on animal body weight and survival. Body weight (A) and Kaplan Meir survival
curve (B) after 20 weeks of treatment. NOR, Normal control treated with 2% ethanol; DMBA, DMBA
control treated with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract
at the doses of 50 mg/kg and 200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata
methanol extract at the dose of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg);
All groups except of normal group (NOR) received an intragastric dose of DMBA at the dose of
50 mg/kg followed by a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are
represented as mean ± SEM (n = 10). ** p < 0.01 as compared to negative control.

2.11. Effects on Ovarian Tumors

In this study, no palpable breast tumor was observed during the 20 weeks of study. However,
all animals that received DMBA (50 mg/kg) followed by estradiol treatment (5 mg/kg s.c/10 days)
presented at least one ovarian tumor as compared to their age-matched normal group, which did not
present any tumors (Table 4 and Figure 10). Negative control animals (DMBA) presented 60% of tumor
incidence with a relative tumor burden of 17.32 g. F. umbellata AE (200 mg/kg) and MeOH (50 mg/kg)
extracts protected animals against ovarian tumors. Significant (p < 0.001) inhibition of tumor burden of
58% (F. umbellata EA 200 mg/kg) and 46% (F. umbellata MeOH 50 mg/kg) was observed. The tamoxifen
was used in this study as positive control against breast tumors; however, animals belonging to this
group also presented high ovarian tumor incidence (40%) as compared to DMBA groups. Moreover,
it was observed a significant inhibition of tumor burden (52%) in this group (Table 4).
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Table 4. Ovarian cancer chemopreventive activity of F. umbellata extracts after 20 weeks of treatment.

Items Control DMBA EA 50 + DMBA EA 200 + DMBA MeOH 50 + DMBA Tamox + DMBA

Number of rats with tumors/total rats 0/10 6/10 4/10 1/10 1/10 4/10
Tumor incidence (%) 0 60 ### 40 * 10 *** 10 *** 40 *
Average tumor weight (g) - 1.73 ± 0.51 1.60 ± 0.95 0.73 ± 0.18 0.94 ± 0.27 0.83 ± 0.19
% Inhibition related to tumor weight - - 7.5 57.8 45.6 52
Total tumor burden (g) 0 17.32 16.04 7.30 9.39 8.28
% Inhibition related to tumor burden - - 7 58 46 52

Control, Normal control treated with 2% ethanol; DMBA, DMBA control treated with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract at the doses of 50 and
200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata methanol extract at the dose of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg); All groups
excepting the normal group (NOR) received an intragastric dose of DMBA at the dose of 50 mg/kg followed by a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are
represented as mean ± SEM (n = 10). * p < 0.05 and *** p < 0.001 as compared to DMBA control; ### p < 0.001 as compared to normal control.
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Figure 10. Effects of F. umbellata extracts on tumor parameters: ovarian tumors (A); volume of
tumors (B); and ovarian relative weight (C) after 20 weeks of treatment. Control, Normal control
treated with 2% ethanol; DMBA, DMBA control treated with 2% ethanol; EA + DMBA, Animals
treated with the F. umbellata aqueous extract at the doses of 50 and 200 mg/kg. MeOH + DMBA,
Animals treated with the F. umbellata methanol extract at the dose of 50 mg/kg. TAM + DMBA,
Animals treated with tamoxifen (3.3 mg/kg). All groups excepting the normal control group (NOR)
received an intragastric dose of DMBA at the dose of 50 mg/kg followed by a 10-day subcutaneous
administration of 17β-estradiol (5 mg/kg). Data are represented as mean ± SEM (n = 10). # p < 0.05
and ## p < 0.01 as compared to normal control. * p < 0.05 and ** p < 0.01 as compared to DMBA control.

Figure 10 depicts the representative pictures of observed ovary tumors in different groups
(Figure 10A). The tumor volume and tumor weight measurements showed that F. umbellata AE and
MeOH extract at all tested doses as well as tamoxifen significantly (p < 0.01) prevented tumor growth.
This was materialized by a reduction of tumor volume (Figure 10B) and tumor weight (Figure 10C),
but a statistical significance was obtained only with F. umbellata EA extract at 200 mg/kg in the tumor
weight parameter.

2.12. Histomorphological Analysis of Estrogen Target Organs

The histomorphological analysis of ovary sections showed a pronounced hyperplasia of ovaries
with atypical malignant structure in animal of DMBA group as compared to normal animals
(Figure 11A). Animals treated with F. umbellata AE (50 mg/kg) extract and tamoxifen presented
a structure near to that observed in DMBA group. Animals treated with F. umbellata EA (200 mg/kg)
and MeOH (50 mg/kg) presented microarchitecture of ovaries protected against hyperplasia.
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Figure 11. Effects of F. umbellata extracts on different organs. Microphotographs H&E (400×) of ovaries
(A); mammary glands (B); and uterine (C); as well as graphic representation of endometrium height (D)
after 20 weeks of treatment. Control, Normal control treated with 2% ethanol; DMBA, DMBA control
treated with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract at the
doses of 50 and 200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata methanol extract
at the dose of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg). All groups
excepting the normal group (NOR) received an intragastric dose of DMBA at the dose of 50 mg/kg
followed by a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are represented
as mean ± SEM (n = 10). ** p < 0.01 as compared to DMBA control. La, lumen of alveoli; At, adipose
tissue; Se, eosinophil secretion; L, lobular; HLU, hyperplastic lobular unit; St, stroma, En, endometrium;
Lu, lumen of uterine; Ge, germinal epithelium, PF, primordial follicles, PrF, primary follicle, Ne, necrotic
and inflammatory cells, DF, Deegraff follicle.

Although palpable mammary tumors were not observed, it was found many small nodules in
mammary fat pad in animals treated with DMBA. Histological sections of mammary tissue from rats
exposed to DMBA and estradiol for seven days showed hyperplasia and elongation of duct structure
as compared to animals of normal group, which showed normal acini buds (Figure 11B). Atypical
structures of mammary gland were also found in animals treated with EA 50. However, F. umbellata
EA (200 mg/kg) and methanolic (50 mg/kg) extracts as well as tamoxifen have protected animals
against DMBA-induced mammary gland hyperplasia.

The histomorphological analysis in uterus (Figure 11C) did not shown endometrial tumors,
however, it was observed an increase of mitotic cells in endometrium of animal that received DMBA,
exception made for those treated with F. umbellata EA (50 mg/kg) and MeOH (50 mg/kg) extracts.
The endometrium measurement showed that animals treated with F. umbellata EA extract (50 mg/kg)
and tamoxifen have a significant (p < 0.01) reduction of endometrium (Figure 11D).
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2.13. Effects of F. umbellata Treatment on Relative Organ Weights

Table 5 depicts the relative organ weights after 20 weeks of treatment with different substances.
In line with the above observed reduction of uterine epithelial height, it was noted a decrease of uterine
wet weight following tamoxifen (p < 0.05) and F. umbellata AE extract (50 mg/kg) treatment. Moreover,
a significant reduction of relative liver weight in MeOH 50 plus DMBA (p < 0.01) and tamoxifen plus
DMBA (p < 0.05) groups was observed as compared to normal and DMBA groups. F. umbellata EA
extract at the dose of 200 mg/kg induced a significant (p < 0.05) increase of spleen (p < 0.01) and
adrenal glands (p < 0.01) weights as compared to normal and DMBA groups. A significant (p < 0.001)
increase of brain weight was also observed with animals of tamoxifen group.

2.14. Effects of F. umbellata Extracts on Various Toxicological Parameters

The histomorphological sections of liver (Figure 12A) and brain (Figure 12B) from animals
of normal group showed normal microarchitecture. No significant changes in liver and brain
histopathological characteristics were noted among various groups. Regarding hematological profile,
a slight increase of red blood cell count was observed in animals treated with EA extract at the dose
of 50 mg/kg as compared to normal animals (Table 6). Animals treated with tamoxifen presented
a significant decrease of mean corpuscular hemoglobin (MCH) (p < 0.05) and mean corpuscular
hemoglobin concentration (MCHC) (p < 0.01) as compared to normal and DMBA group.
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Figure 12. Effects of F. umbellata extracts on microphotographs H&E (400×) of liver (top); and brain
(bottom) after 20 weeks of treatment. Control, Normal control treated with 2% ethanol; DMBA, DMBA
control treated with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract at
the doses of 50 and 200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata methanol extract
at the dose of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg); All groups
excepting the normal group (Nor) received an intragastric dose of DMBA at the dose of 50 mg/kg
followed by a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are represented
as mean ± SEM (n = 10). Vp, portal vein; H, Hepatocyte; S, sinusoids; Mi, microglia; Ne, Neuron;
Co, Cortex.
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Table 5. Effects of F. umbellata extracts on relative weight of various organs after 20 weeks of treatment.

Organs (mg/kg) Control DMBA EA 50 + DMBA EA 200 + DMBA MeOH 50 + DMBA Tamox + DMBA

Uterus 2703.87 ± 494.85 1887.56 ± 212.11 1618.97 ± 73.79 2158.32 ± 305.66 2566.01 ± 418.52 643.38 ± 25.45 *
Liver 33,978.23 ± 608.21 36,983.76 ± 496.00 35,057.02 ± 1189.18 33,073.22 ± 1330.93 31,154.28 ± 535.92 ** 32,068.64 ± 1801.93 *
Lungs 7152.24 ± 548.77 6374.34 ± 263.17 6710.31 ± 540.57 7295.43 ± 488.55 6547.02 ± 426.91 6332.43 ± 347.95
Spleen 2115.80 ± 113.88 2021.21 ± 100.23 1964.29 ± 70.05 2841.28 ± 204.94 ** 1903.22 ± 50.42 2389.72 ± 139.20

Adrenals 256.92 ± 21.38 260.86 ± 19.99 297.01 ± 30.53 379.80 ± 36.63 * 348.27 ± 36.42 344.08 ± 20.18
Kidneys 4993.25 ± 103.85 5500.42 ± 82.00 4952.97 ± 501.31 5709.14 ± 114.13 5208.32 ± 113.03 5753.71± 236.31
Femur 2734.37 ± 95.99 2990.48 ± 106.61 3019.59 ± 120.11 3013.05 ± 132.31 3262.95 ± 114.77 3163.50 ± 283.44
Brain 8426.09 ± 189.21 8580.18 ± 171.83 9045.49 ± 247.90 8900.86 ± 210.99 8309.45 ± 147.89 10,456.47 ± 376.26 ***

Control, Normal control treated with 2% ethanol; DMBA, DMBA control treated with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract at the doses of 50 and
200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata methanol extract at the dose of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg). All groups
excepting the normal group (NOR) received an intragastric dose of DMBA at the dose of 50 mg/kg followed by a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are
represented as mean ± SEM (n = 10). * p < 0.05, ** p < 0.01 and *** p < 0.001 as compared to DMBA control.

Table 6. Effects of F. umbellata extracts on hematological parameters after 20 weeks of treatment.

Items Control DMBA EA 50 + DMBA EA 200 + DMBA MeOH 50 + DMBA Tamox + DMBA

WBC (×103 µL−1) 1.91 ± 0.34 2.51 ± 0.40 3.9 ± 0.86 3.21 ± 0.67 2.3 ± 0.32 2.15 ± 0.22
Lymphocytes (%) 61.21 ± 4.88 59.48 ± 3.83 58.23 ± 3.62 62.15 ± 2.91 62.08 ± 3.04 58.55 ± 2.35

Monocytes (%) 6.65 ± 0.42 7.33 ± 0.60 6.61 ± 0.42 6.91 ± 0.81 7.28 ± 0.74 6.75 ± 0.52
Granulocytes (%) 32.13 ± 4.56 33.18 ± 3.68 35.15 ± 3.28 30.93 ± 2.28 30.63 ± 2.35 34.7 ± 1.86
RBC (×103 µL−1) 7.22 ± 0.48 6.96 ± 0.40 # 7.52 ± 0.23 7.60 ± 0.17 7.74 ± 0.18 7.28 ± 0.24
Hematocrit (%) 43.12 ± 3.43 42.16 ± 2.59 44.61 ± 1.39 45.1 ± 0.98 47.11 ± 1.17 43.73 ± 1.26

MCV (fL) 59.85 ± 1.12 60.51 ± 0.29 59.35 ± 0.54 59.38 ± 0.7 60.91 ± 0.39 60.16 ± 0.35
Platelets (×103 µL−1) 378.2 ± 41.73 408.5 ± 18.75 422.83 ± 20.45 425.66 ± 32.12 455 ± 38.09 478.16 ± 15.03

MCH (pg) 18.68 ± 0.32 19.3 ± 0.25 18.65 ± 0.23 18.73 ± 0.20 18.96 ± 0.16 18.3 ± 0.15 *
Hemoglobin (g/dL) 13.58 ± 1.08 13.51 ± 0.90 14.08 ± 0.52 14.28 ± 0.32 14.75 ± 0.42 13.41 ± 0.44

MCHC (g/dL) 31.31 ± 0.22 31.96 ± 0.28 31.48 ± 0.27 31.61 ± 0.43 31.23 ± 0.16 30.6 ± 0.22 **

Control, Normal control treated with 2% ethanol; DMBA, DMBA control treated with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract at the doses of 50 and
200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata methanol extract at the dose of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg). All groups
excepting the normal group (NOR) received an intragastric dose of DMBA at the dose of 50 mg/kg followed by a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are
represented as mean ± SEM (n = 10). * p < 0.05 and ** p < 0.01 as compared to DMBA control; # p < 0.05 as compared to normal control.
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2.15. In Vivo Antioxidant Activities of F. umbellata Extracts

DMBA also induced carcinogenesis in mammals by oxidative damage. Thus, oxidative stress
status in mammary glands and ovarian homogenates was evaluated. An increase in MDA levels
was observed in both mammary glands and ovaries of DMBA group as compared to normal
group (Figure 13A,B). However, statistical significance was reached only for ovaries. Conversely,
a non-significant decrease of GSH level was observed in mammary glands (Figure 13C) and ovaries
(Figure 13D). F. umbellata AE and MeOH extracts decreased MDA levels in both mammary glands and
ovaries but statistical significance (p < 0.05) was reached only in EA 50 group such as in tamoxifen
group. All treatments induced a non-significant increase in GSH level in mammary glands, while in
ovaries only F. umbellata AE extract at the dose of 200 mg/kg induced a significant increase in GSH
level as compared to DMBA group.
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Figure 13. Effects of F. umbellata extracts on MDA and GSH levels in different organs. MDA level in
mammary glands (A) and ovaries (B) and GSH level in mammary glands (C) and ovaries (D) after
20 weeks of treatment. Control, Normal control treated with 2% ethanol; DMBA, DMBA control treated
with 2% ethanol; EA + DMBA, Animals treated with the F. umbellata aqueous extract at the doses of
50 and 200 mg/kg. MeOH + DMBA, Animals treated with the F. umbellata methanol extract at the dose
of 50 mg/kg. TAM + DMBA, Animals treated with tamoxifen (3.3 mg/kg). All groups excepting the
normal group (NOR) received an intragastric dose of DMBA at the dose of 50 mg/kg followed by
a 10-day subcutaneous administration of 17β-estradiol (5 mg/kg). Data are represented as mean ±
SEM (n = 10). * p < 0.05 as compared to negative control.

3. Discussion

Cytotoxicity assays are useful to indicate the ability of a substance to cause cell death by alteration
of one or more cellular functions [20]. Among the available cytotoxicity assays for the detection of cell
viability, the Alamar blue (rezasurin) assay is a reliable and reversible assay that measures the ability of
mitochondrial function of viable cells to reduce rezasurin in the red-fluorescent resorufin [21]. In this
study, the MeOH extract induced greater cytotoxicity than AE extract in all tested cell lines, indicating
that some compounds of this extract which is not present in the AE extract could have antitumor
activity. The fact that MeOH extract was found to contain more flavonoids, flavonols and alkaloids than
AE extract could account for this differential activity, since isoflavons were already described to induce
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apoptosis [22]. Although the AE extract did not induce significant cytotoxicity, it was observed that
both AE and MeOH extracts were less active in estrogen receptor-positive cell (MCF-7) than in estrogen
receptor-negative cells (MDA-MB-231 and HCC 1954). F. umbellata AE and MeOH extracts have been
previously reported to possess estrogenic properties and therefore recognized as potential sources of
weak phytoestrogens [19]. Phytoestrogens have been reported to exert two opposite actions in cancer
cells depending on their concentrations [23]. At lower concentrations (<10 µM), phytoestrogens, such as
genistein, acted as ligand of ERs and stimulated metabolic pathways, which in turn induced ER-positive
MCF-7 cells proliferation, but not the ER-negative MDA-MB-231 breast cancer cells. However, at higher
concentrations, mechanisms that are not dependent on ER pathway and antioxidant properties of the
flavonoids seem to be triggered [23]. The aforementioned arguments might explain why MDA-MB-231
cells seem to be more sensitive than MCF-7 to F. umbellata constituents. In contrast, F. umbellata MeOH
extract, and its soluble dichloromethane fraction showed cytotoxic effects in all tested cell lines with
a CC50 around 200 µg/mL, whereas the main phytoconstituent 7-methoxycoumarin did not induce
any cytotoxic effect up to 500 µM, suggesting that this compound does not contribute to the in vitro
antitumor activity of the extract. However, we cannot exclude the possibility that 7-methoxycoumarin
might contribute to the in vivo antitumor effects of F. umbellata extract, since one of its related metabolite
7-hydroxycoumarin was reported to be cytotoxic in several human tumor cell lines [24]. F. umbellata
MeOH extract displayed a selective index ≥ 2 against the ER-negative breast cancer cell line, which
is of interest for the research of alternative breast cancer treatment [25]. However, the United States
National Cancer Institute’s plant screening program strongly recommends to follow-up with a crude
extract when its CC50 after 72 h of incubation is less than 20 µg/mL [26]. In this study, F. umbellata
MeOH extract appeared to be a weak cytotoxic agent with a CC50 of 180 µg/mL in MDA-MB-231
cells after 24 h of incubation. However, considering this plant is used in African traditional system to
manage various ailments, we sought to investigate the underlying mechanisms by which it induced
cytotoxic effects.

Apoptosis is a regulated multistep pathway, which is responsible for programmed cell death
in normal tissues for monitoring cell number and homeostasis. Morphologically, it involves cell
shrinkage, chromatin condensation, and nuclear and cell fragmentation, which result in the formation
of membrane-enclosed apoptotic bodies containing organelles. Then, the apoptotic bodies are engulfed
by phagocytic cells without inflammation occurrence [27]. Although the exact details of cell death
pathways are not yet completely elucidated, it is recognized that apoptosis is triggered either by
intrinsic or extrinsic mechanisms [28]. The intrinsic apoptosis involves mitochondrial membrane
permeability that can be triggered by stress, cellular damage and results eventually in caspase-9 and
caspase-3 activation [29,30]. In fact, the internal membrane of mitochondria contains various proteins
that participate in different metabolic pathways. Mitochondrial alterations can induce the liberation of
molecules, such as cytochrome c, which in turn induce caspase-3 activation and eventually stimulate
the apoptotic cascade. It is known that this sequence of events might result in the overproduction
of ROS, and/or the decrease the disturbances in the mitochondrial membrane potential [31]. On the
other hand, the extrinsic pathways are initiated by ligands binding to transmembrane receptors.
Caspase-8 is the principal protease activated by the extrinsic apoptosis pathway, resulting in caspase-3
activation [28].

In this study, F. umbellata MeOH extract induced apoptosis in both MCF-7 and MDA-MB-231 cells.
It induced DNA fragmentation and chromatin condensation observed in AO/EB staining, but also
by cytometry profile. These results are in accordance with reports, which showed that apoptosis
can be triggered by extrinsic factors, such as flavonoids [22,32]. The constituents of F. umbellata
extract could bind death ligands located in the plasmatic membrane, which in turn could activate
caspase-8, then would further activate its downstream effector caspase-3 [29]. Here we showed that the
caspase-3, caspase-8, caspase-9 and caspase-12 activities were increased after 12 h of incubation with
F. umbellata extract. The increase in caspase-8 activity by F. umbellata extract suggests that the extrinsic
apoptosis pathway was activated. However, it is now well established that the extrinsic pathway can
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crosstalk to the intrinsic pathway through the caspase-8-mediated cleavage of Bax-like BH3 protein
(BID), a member of the Bcl-2 family of proteins [33]. Since caspase-9 activity was increased following
treatment with this extract, F. umbellata constituents might also induce apoptosis by the activation of
mitochondrial pathway. These results suggest that F. umbellata constituents are promising agents to kill
tumor cells since they seem to activate both intrinsic and extrinsic apoptosis pathways.

Of note, many compounds induced apoptosis in cancer cells by increasing intracellular ROS
regeneration, forming pores in mitochondrial membrane leading to the release of various apoptogenic
molecules [34], including the cytochrome c and Bcl-2 family proteins in mitochondrial transmembrane.
Once in the cytosol, cytochrome c binds to protein APAF-1 forming a complex named apoptosome,
which mediates the activation of the caspase-9 [35]. Both the activation of caspase-8 and caspase-9
culminate in the activation of effector caspase-3 [36]. Although the expression of cytochrome c was
not assessed in this study, it was observed a decrease in mitochondrial transmembrane potential,
an increase in intracellular ROS, and a decrease of anti-apoptotic Bcl-2 and Bcl-xL protein contents
induced after incubation with F. umbellata extract. Overall, these results strongly suggest that
F. umbellata constituents also trigger the intrinsic pathways of apoptosis. Cancer cells generally
overexpress antiapoptotic factors, such as Bcl-2, in order to reduce the intrinsic apoptosis signaling [36].
The ability of F. umbellata MeOH extract to decrease the anti-apoptotic Bcl-xL and Bcl-2 proteins
expression might inhibit the capacity of cancer cells to ignore apoptosis signal. This hypothesis needs
to be further elucidated.

Furthermore, it was observed that the cytotoxic effect of F. umbellata MeOH extract concords with
the inhibition of MDA-MB-231 cells migration. In fact, cell migration was significantly inhibited as
compared to untreated cells and an increased rate of wound healing could be observed at all time
points examined. One of the striking results in this study is that F. umbellata MeOH extract inhibited
MDA-MB-231 cells migration as well as cells invasion, which can be related to its ability to induced
apoptosis in this cell line. Numerous natural substances have been reported to inhibit cell migration
by inducing cell cycle arrest or by inhibiting matrix metalloprotease-2 and -9 (MMP2 and MMP9)
activities [37]. F. umbellata constituents did not induce changes in MDA-MB-231 cells cycle. However,
the possible inhibition of MMP2 and MMP9 needs to be further investigated to better understand the
observed results. Nevertheless, our results seem to have a valuable significance, since cell migration
and invasion are important steps required for breast cancer metastasis [38].

Based on the in vitro antitumor activities of F. umbellata, we sought to investigate its in vivo
chemopreventive potential, since animal models offer a possibility to compare effect of the substance
on normal and neoplastic tissues. The DMBA, an organic environmental pollutant generated from
incomplete combustion of fossil fuels, was used for this purpose. It is present in tobacco and
various foods and now recognized to cause mammary tumors in humans [39]. This compound
is extendedly used to induce cancer in rodent, mainly mammary tumors, because the tumors typically
developed in exposed rats closely mimic those of human breast cancer [40]. In this study, a single
intragastric dose of 50 mg/kg of DMBA followed by a 10-day administration of 17-β estradiol were
used to induce mammary tumors in Wistar rats. No palpable breast tumors were observed after
20 weeks of experiment. However, the histopathological analysis of mammary section revealed
ductal hyperplasia in rats exposed to DMBA and F. umbellata AE extract (50 mg/kg) treated rats.
These results are in line with numerous scientific reports, which showed that DMBA alters the
normal process of mammary gland differentiation [40–42]. Animal treated with F. umbellata AE
(200 mg/kg) and MeOH (50 mg/kg) extracts as well as tamoxifen were protected against mammary
glands hyperplasia. Since hyperplasia has been reported to be close to subsequent steps leading to
neoplasia [40], the observed chemoprotective effect is an encouraging result. Tamoxifen is an effective
antiestrogen for the treatment of advanced breast cancer [43], which can explain its protective effect
against mammary hyperplasia.
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As can be observed in the results 60% of rats of DMBA group developed ovarian tumors. Of note,
ovarian tumors were reported to be induced in rodents by intragastric administration of DMBA [44].
Our findings are consistent with various investigators that found ovarian tumors in rodents following
exposure to DMBA [45]. Jull et al. [46] reported that a single dose of 5 mg of DMBA given by intragastric
administration gave rise to development of ovarian tumors, while at dosage levels not higher than
0.25 mg, the compound failed to induce any tumor formation in animals. Taguchi et al. [47] reported
that neonatal treatment with estrogen followed by adult treatment with DMBA induced rapid ovarian
tumorigenesis. This study is similar to our findings since, after DMBA administration, animals were
exposed to high amount of estradiol (5 mg/kg/10 days) in this study. It was also observed that only
60% of rats belonging to DMBA group developed ovarian tumors. These findings are in accordance
with scientific reports, which showed that DMBA treatment does not always successfully produce
ovarian carcinoma; the rate of incidence is approximately 50% and the reason for this failure remains
unclear [46,47]. Interestingly, animals treated with F. umbellata extract were protected against the
incidence and burden of ovarian tumors.

F. umbellata constituents might act, as observed in vitro, by a mitochondrial dysfunction pathway
to induce apoptosis and inhibit tumor growth. Many plant-derived polyphenolic compounds have
been identified to have potential cancer preventive or therapeutic effects. This includes a variety
of flavonoid molecules and among the flavonoids there are several flavonols that are of interest,
such as quercetin. F. umbellata was found rich in flavonoids and mainly flavonols, which may be
responsible at least in part of its observed in vitro cytotoxic effects and in vivo chemopreventive
effects. Indeed, an anticancer role for flavonoids has been intensively reviewed [48]. Data from the
Nurses’ Health Study indicated that participants in the highest quintile of flavonol intake had modestly
lower risk of ovarian cancer than did participants in the lowest quintile [49]. F. umbellata extracts
contains potential anticancer active ingredients of different functional and structural properties, such as
antioxidants (flavonoids).

Plant extracts consist of a mosaic of compounds displaying more than one mode of action on
several targets and therefore might be better treatment option than synthetic drugs. Flavonoids
form the largest group of natural phenolic compounds and possess excellent free radical scavenging
and antioxidant properties. F. umbellata extract is well known as phytoestrogen [19]. It is well
established that at the concentration 100- to 1000-fold superior, phytoestrogens can enter in competition
with endogen estrogens for ERs [50]. This can account for the antiestrogenic activity observed for
F. umbellata extract on uterus in this study. Knowing that anti-estrogenic effects are needed effect
on estrogen-dependent tumors, we can hypothesize that flavonoids, mainly flavonols detected in
F. umbellata extract, might influence estrogen-dependent pathway to inhibit tumor cells proliferation.
Another mechanism by which F. umbellata might induce its antitumor activity may involve antioxidant
properties. Indeed, in order to minimize the damage of ROS, aerobics organisms are endowed with
enzymatic and non-enzymatic antioxidant defenses. One of the principal enzymatic defenses against
hydrogen peroxide (H2O2) is glutathione peroxidase [51]. GSH is the most important non-enzymatic
antioxidant, and normally the majority of the molecules of GSH remain reduced [52]. In contrast,
MDA represents a lipid peroxidation marker. The main ROS target is the polyunsaturated fatty acid in
cell membranes. They cause lipid peroxidation and formation of MDA, which may lead to damage
the cell structure and function [53]. The chemopreventive properties of F. umbellata extract might
also be related to its antioxidant activity, since it increased GSH content and reduced MDA level as
compared to DMBA group. In addition, the antioxidant actions of flavonols are implicated in cancer
chemoprevention [41].
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4. Materials and Methods

4.1. Chemicals and Reagents

Serums and antibiotics were purchased from GIBCO (Grand Island, NY, USA). The 17β-estradiol
benzoate [(Estr-1,3,5(10)-trien-3,16α,17β-triol), purity ≥ 98%] was obtained from Sigma-Aldrich
(Hamburg, Germany). The 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethane sulfonic acid (HEPES, purity≥ 99.5%)
was purchased from Ludwig Biotecnologia Ltd. (Alvorada, RS, Brazil). DMBA (purity ≥ 95%) was
purchased from Sigma-Aldrich (Stanford, Germany). Trypan blue (0.4%), Alamar blue, acridine orange,
ethidium bromide and cell culture media were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Tamoxifen citrate (Mylan®) was purchased from MYLAN SAS (Saint-Priest, France). The JC-1 probe
(5,5′,6′,6-tetrachloro-1,1′,3,3′-tetraethyl benzymidazol carbocianyne iodide) and DCFH-DA (2′,7′-
dichlorofluorescein diacetate) were from Invitrogen (Carlsbad, CA, USA). Millicell® cell culture inserts
were purchased from Merck Millipore Ltd. (Tullagreen Carrigtwohill, Ireland). The specific antibodies
were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). The ApopNexin™ FITC
Apoptosis Detection Kit was purchased from Millipore (Billerica, MA, USA). Ultrapure Milli-Q water
was used to prepare all solutions and buffers in all experiments.

4.2. Plant Material

Stem barks of F. umbellata were harvested in Yaounde (Cameroon), at the geographical coordinates
32 N0778863, E0428160 ± 23 m (“GARMIN” GPS), in September 2013. The botanical sample used was
identified and authenticated by Mr. Victor Nana, Botanist at the National Herbarium of Cameroon
(HNC) in Yaounde and a voucher specimen (number 99/HNC) was deposited at the HNC.

4.3. Preparation of Extracts and Isolation of 7-Methoxycoumarin

After drying and grinding the stem bark of F. umbellata, 2000 g of the powder were macerated
in water at room temperature (5 L of solvent × 3, 48 h per extraction). The combined solutions were
filtered with Whatman paper No. 4 and evaporated using an oven with ventilation (40 ◦C, 48 h) to yield
229.8 g of aqueous extract (AE). Further, another 2700 g of the powder were macerated in 95% methanol
at room temperature (5 L of solvent × 3, 48 h per extraction). The combined solutions were evaporated
under reduced pressure (337 mbar at 40 ◦C) using a rotary evaporator to yield 162 g of a methanol
extract (MeOH). The comparative HPLC chromatograms of F. umbellata aqueous and methanol extracts
showed that 7-methoxycoumarin is the major compound each extract. The 7-methoxycoumarin was
then isolated from F. umbellata methanol extract as previously reported [19].

4.4. Preliminary Phytochemical Investigations

The phytochemical screening of F. umbellata aqueous and methanol extracts was performed
according to the method described by Odebiyi and Sofowora [54]. Concentrations of total phenols,
flavonoids, flavonols and alkaloids were measured according to methods described by Zhishen
et al. [55], Makkar et al. [56], Zhishen et al. [55] and Hazra et al. [57], respectively.

4.5. Cell Lines

The MCF-7 (human estrogen receptor (ER)-positive breast adenocarcinoma cells), MDA-MB-231
(human ER-negative breast adenocarcinoma cells), SK-MEL-28 (human melanoma cells), HUVEC (human
umbilical vein endothelium cells), MCR-5 (human fetal lung fibroblast cells), 4T1 (mouse mammary
tumor cells), HCC-1954 (human ER-negative, PR-negative and HER2-positive breast cancer cells), SF-295
(human glioblastoma cells) and NIH/3T3 (murine fibroblast cells) were obtained from the Rio de Janeiro
Cell Bank (Federal University of Rio de Janeiro, Rio de Janeiro, Brazil).
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4.6. Cell Culture

MDA-MB-231, SK-MEL-28 and MRC-5 cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) medium supplemented with 10% of fetal bovine serum (FBS). MCF-7, HUVEC, NIH/3T3,
SF-295 and 4T1 cells were cultured in RPMI-1640 medium supplemented with 10% FBS HCC-1954
cells were cultured in RPMI-1640 medium supplemented with 10% FBS, 5% pyruvate and 10% glucose.
All cell cultures were also supplemented with 100 U/mL penicillin, 100 µg/mL streptomycin and
10 mM HEPES. The cell cultures were maintained at 37 ◦C in a 5% CO2 humidified atmosphere and
pH 7.4. Every two days, cells were passaged by removing 90% of the supernatant and replacing it
with fresh medium. Before performing all experiments, the number of viable cells was assessed by the
trypan blue method using a Neubauer chamber.

4.7. Animals

Seventy prepubescent female Wistar rats, aged 35–40 days at the start of experiment and weighing
around 45–60 g, were supplied by the breeding facility of the Laboratory of Animal Physiology,
University of Yaounde I (Yaounde, Cameroon). These rats were housed in plastic cages in groups
of five at room temperature. The animals had free access to drinking water and to a standard pellet
rat diet. The composition of animal diet was: corn (40%), soy bean (14%), bone flour (3%), wheat
(20%), fish flour (12%), crushed palm kernel (4%), sodium chloride (0.82%), peanuts (6%) and vitamin
complex (Olivitazol®, 0.25%). Rats were treated in accordance with the guidelines and procedures
of animal bioethics of the Cameroon Institutional National Ethic Committee (CEE Council 86/609),
which adopted all procedures recommended by the European Union on the protection of animals used
for scientific purposes. Efforts were made to minimize animal pain and suffering.

4.8. Cell Viability Assay

Cytotoxicity of F. umbellata extracts (aqueous and methanolic) as well as 7-methoxycoumarin were
initially tested at concentrations of 50 and 300 µg/mL in two tumoral (MCF-7 and MDA-MB-231) and one
non-tumoral (NIH/3T3) cell lines using Alamar Blue (resazurin) assay as described by O’Brien et al. [21].
This assay evaluates the mitochondrial production as a measurement of cell viability. Extracts that
inhibiting more than 50% growth were therefore investigated for CC50 determinations in all studied cell
lines. For this, a density of 1 × 104 cells/well in 100 µL of culture medium was seeded in a 96-well plate
and allowed to adhere overnight. After 24 h, cells were exposed to different substances at concentrations
ranging between 50 to 300 µg/mL for extract and fraction and 50 to 500 µM for 7-methoxycoumarin.
The fluorescent intensity was determined by a Perkin Elmer LS55 spectrofluorimeter (Becton Dickinson,
San Jose, CA, USA) with excitation at 530 nm and emission at 590 nm. The cytotoxic concentration
which kill 50% of cells (CC50) was determined by nonlinear regression analysis of the logarithm of
concentration in function of the normalized response (percentage of cell viability) using the software
GraphPad Prism 6.0 (GPW6-242831-RBMZ-03274). Each experiment was performed in triplicate and
repeated three times.

4.9. Morphological Identification for Cell Death

The Acridine Orange (AO, 3,6-dimethylaminoacridine), a nucleic acid selective metachromatic
and ethidium bromide (EB, 3,8-diamino-5-ethyl-6-phenylphenanthridinium bromide) stains were
used to qualitatively characterized cell death mechanism. For this, MCF-7 and MDA-MB-231 cells
(3.5 × 105 cells/mL) were plated in a 12-well plate and treated with F. umbellata MeOH extract at
45 (CC13), 90 (CC25) and 180 µg/mL (CC50) or solvent control (DMSO) for 24 h. After incubation,
medium was removed and cells were washed with phosphate-buffered saline (PBS) and dye mixture
(0.3 µg/mL AO and 1 µg/mL EB) was added in each well. Cells were immediately viewed using
a Nikon eclipse TS100 inverted microscope at 400×magnifications with excitation filter 480/30 nm;
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dichromatic mirror cut-on 505 nm LP; and barrier filter 535/40 nm. Pictures were taken with a Nikon
COLPIX digital camera and analyzed by image editor software (ImageJ®).

4.10. Cell Death Mechanism by Cytometry

For the evaluation of cell death (necrosis/apoptosis) mechanism, cells were labeled with Annexin
FITC-conjugated (1:500) and propidium iodide (PI) fluorochrome. Briefly, MCF-7 and MDA-MB-231
cells (3.5 × 105 cells/mL) were plated in a 12-well plate and treated with F. umbellata MeOH extract
at 45, 90 and 180 µg/mL or solvent control (DMSO) for 24 h. Further, cells were washed twice with
cold PBS (500 mL/well) and resuspended in the binding buffer. The pellets were stained with the
fluorescent probe solution (50 mg/mL PI and 1 mg/mL Annexin in PBS) on ice in dark for 15 min.
Cells were analyzed by flow cytometer BD DACS Verse (Becton Dickinson, Franklin Lakes, NJ, USA)
and the results were analyzed using WinMDI 2.9 software. Each experiment was repeated three times.

4.11. Cell Cycle Analysis

MCF-7 and MDA-MB-231 cells (3.5 × 105 cells/mL) were plated in a 12-well plate for 24 h.
Then, the medium was replaced and F. umbellata MeOH extract at 45, 90 and 180 µg/mL or solvent
control (DMSO) were added for 24 h incubation. Cells were washed many times with cold PBS
and resuspended in 70% ice ethanol and stored at −20 ◦C for fixation. After 30 min, the mixture of
PBS with 2% bovine serum albumin (BSA) was added. The cell pellets obtained after centrifugation,
were washed and permeabilized with lysis buffer (0.1% Triton X-100 and 100 µg/mL RNAse) and
staining with 20 µg/mL PI). Cell deoxyribonucleic acid (DNA) content in the different cell cycle phases
was determined by flow cytometry (BD DACS Verse, Becton Dickinson, Franklin Lakes, NJ, USA),
and the results were analyzed using WinMDI 2.9 software. Each experiment was repeated three times.

4.12. Wound-Healing Assay

This assay was performed to assess the ability of F. umbellata constituents to inhibit MDA-MB-231
cells migration using the scratch method. Briefly, cells were plated in the 12-well plates at a density of
3 × 105 cells/mL in DMEM with 10% FBS. Twenty-four hours after, the cell layer was scratched with
a sterile plastic tip and then washed twice with PBS to remove cells mechanically detached. The cells
were then maintained in DMEM for 48 h with F. umbellata MeOH extract at 45, 90 and 180 µg/mL or
solvent control (DMSO). The cell migration was recorded using a light microscopy Nikon Eclise TS100
(Melville, NY, USA), photographed every 12 h and area of wound healing was evaluated by image
editor software (ImageJ®). Each experiment was repeated three times.

4.13. Cell Invasion Assay

For this assay, Matrigel pre-coated Millicell culture inserts (8 pores 8.0 µm, diameter 10 mm)
were used. Inserts were washed twice with DMEM and after rehydrated for 30 min in DMEM before
the experiment. Further, 50 µL of matrigel (1:10 in DMEM without serum) was added in the inserts
contained in 24 well plates. The insert with matrigel was maintained at 37 ◦C for 1 h in order to
polymerize. A suspension of 5 × 104 MDA-MB-231 cells in 200 µL was homogenously added in the
upper chamber and the lower chamber was filled with DMEM containing 10% FBS. Cells were allowed
to invade for 48 h at 37 ◦C, 5% CO2 in the absence (DMSO) or in presence of F. umbellata MeOH extract
at 90 and 180 µg/mL. Cells that did not migrate or invade were removed using a cotton bud whereas
cells that had migrated or invaded were fixed with glutaraldehyde 5% and stained with crystal violet
solution 0.1% for 10 min. Pictures were taken with a Nikon COLPIX digital camera and a minimum of
five fields was counted per insert by image editor software (ImageJ®). Each experiment was performed
twice and the average of cells/fields was calculated.
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4.14. Measurement of the Mitochondrial Transmembrane Potential

The mitochondrial transmembrane potential was evaluated using the lipophilic cationic
fluorochrome 5,5′,6′6-tetrachloro-,1′,3,3′tetraethylbenzymidazolcarbocianyne iodide (JC-1). Briefly,
MDA-MB-231 cells (3.5 × 105 cells/mL) were seeded in 12-well plates and incubated for 24 h. After 6 h
of treatment with F. umbellata MeOH extract at 90 and 180 µg/mL or solvent control (DMSO) or positive
control (uncoupler CCCP), the electron transport chain JC-1 (10 µg/mL) was added and cells were
incubated for 30 min at 37 ◦C (5% CO2). Further, cells were washed twice with PBS and resuspended
in PBS. Fluorescence was measured using a Perkin Elmer LS55 spectrofluorimeter (Becton Dickinson,
San Jose, CA, USA). JC-1 was excited at 488 nm, the red emission fluorescence was detected at 590 nm
and the green fluorescence was detected at 525 nm. Each experiment was performed twice and the
mitochondrial potential was presented as a ratio of 590/525 fluorescence and compared with the
control cells that were considered to have 100% mitochondrial membrane potential.

4.15. Reactive Oxygen Species (ROS) Detection

Intracellular free radical formation was determined using 2′,7′-dichlorodihydrofluorescein
diacetate (DCHF-DA) which is oxidized to dichlorofluorescein (DCF) in presence of ROS. For this,
MDA-MB-231 cells were seeded into 12-well plates at a density of 3.5 × 105 cells/mL and incubated
for 24 h. The medium was removed and replaced with F. umbellata MeOH extract at 90 and 180 µg/mL
or solvent control (DMSO) for 12 h. Further, cells were covered and incubated with of medium
containing fluorescent dye 10 µM DCHF-DA. The treated cells were then washed four times with cold
PBS, collected by trypsinization and centrifugation at 600× g for 10 min. The cell pellets were then
suspended in PBS-EDTA and the DCF fluorescence signal was measured using a spectrofluorimeter
Perkin-Elmer LS55 (Becton Dickinson, San Jose, CA, USA) with excitation at 485 nm and emission at
535 nm. The results obtained as fluorescence units were expressed as percentage of ROS, compared
with non-treated cells and normalized by the total protein quantity measured by the adapted method
of Lowry [58].

4.16. Determination of Caspase Activities

To determine the activity of caspase-3, caspase-8, caspase-9 and caspase-12, 2 × 106 cells
were incubated with F. umbellata MeOH extract at concentrations of 90 and 180 µg/mL for 8 h at
37 ◦C. Cells were washed twice with PBS and lysed in a buffer containing 50 mM HEPES, pH 7.4,
1 mM phenylmethylsulfonylfluoride (PMSF), 1 µg/mL pepstatin A, 1 µg/mL leupepin, 5 µg/mL
aprotinin, 5 mM 3-[(3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate (CHAPS) and 5 mM
dithiothreitol (DTT) at 4–8 ◦C for 20 min. Then, the extract was added to a buffer reaction containing
20 mM HEPES, pH 7.4, 0.1% CHAPS, 2 mM EDTA, 5% sucrose and 5 mM DTT. The reaction
medium was supplemented with fluorogenic substrates for each caspase individually as follow:
100 µM Ac-LEHD-AFC for caspase-9, 50 µM Ac-DEVD-AMC for caspase-3, 25 µM Ac-IETD-AMC
for caspase-8 or 25 µM Ac-ATAD-AFC for caspase-12. After incubation at 37 ◦C for 2 h, the caspases
activities were monitored using spectrofluorimeter (Perkin Elmer LS55) by the production of fluorescent
7-amino-4-methyl coumarin (AMC) or 7-amino-4-trifluoromethylcoumarin (AFC). Protein content was
determined as mentioned earlier. Caspase activity was presented as a percentage taking into account
the values of fluorescent units per µg of protein.

4.17. Western Blot Analysis

MDA-MB-231 cells (1 × 107 cells/well) were seeded on a 6 well plate with 2 mL of medium
containing FBS 10%. After 24 h, F. umbellata MeOH extract were added at concentration of 90 and
180 µg/mL and incubated for 24 h. The MDA-MB-231 cells were then harvested in lysis buffer, sonicated,
centrifuged for 10 min at 10000× g in order to extract total proteins. The total protein concentration of
the supernatant was determined as already mentioned earlier. Sodium dodecyl sulfate-polyacrylamide
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gel electrophoresis (SDS-PAGE) with a 15% gel was carried out loading aliquots containing 50 µg of
total protein from each sample and transferred to nitrocellulose membranes. The membranes were
blocked with bovine serum albumine (BSA) 5% in Tris-buffered saline with Tween 20 ◦C (TBS-T)
and incubated overnight at 4 ◦C with primary human specific Bcl-2, Bcl-xL or β-actin monoclonal
antibodies at a 1:1000 dilution in TBS-T containing BSA 2.5%. Further, the membranes were washed
four times with TBS-T and incubated with anti-mouse IgG peroxidase secondary antibody (1:10,000)
(Sigma Aldrich, St. Louis, MO, USA). Immune complexes were visualized by chemiluminescent
detection using Amersham ECL™ (GE Healthcare, UK) detected by ChemiDoc MP (Bio-Rad, CA, USA).
Proteins were quantified on Bio-Rad image analysis software (Bio-Rad, Hercules, CA, USA) and β-actin
was used to ensure equal loading of proteins and normalize the proteins content.

4.18. DMBA- Induced Carcinogenesis in Rats

After 10 days of acclimatization, rats aged 45–50 days were randomly assigned to 6 groups of
10 animals in each. Group I served as normal control and Group II as DMBA control. Both groups
received the vehicle (ethanol/distilled water: 2/98). Group III served as tamoxifen control and
received the ER modulator tamoxifen (Mylan®) at the dose of 3.3 mg/kg. Group IV and Group V
were treated with F. umbellata AE extract at doses of 50 and 200 mg/kg, respectively. The remaining
group (group VI) was treated with F. umbellata MeOH extract at a dose of 50 mg/kg. All treatments
were performed by intra-gastric gavage one week before DMBA administration, once by day around
2:00 p.m., and lasted for 5 months. Carcinogenesis (ovarian tumors) was induced in Group II to Group
VII by a single oral dose of DMBA (50 mg/kg) dissolved in 1 mL of olive oil, while Group I received
olive oil only. After 5 days, the DMBA action was promoted by the administration of 17β-estradiol
benzoate (5 mg/kg, s.c.) for 10 days. Animals were weighed weekly and palpated twice a week
to check the development of palpable tumors from the first day of acclimatization until the end of
the experiment. Ovarian tumors were detected as a nodule under peritoneal muscle and the time of
tumor appearance was recorded. Animals that died during the experiment were autopsied, and those
becoming moribund were euthanized for examination. At the end of the 140 days of treatment,
all survivors were euthanized under ketamin and valium anesthesia (10 and 50 mg/kg, respectively,
i.p.) after a 12 h overnight fasting. One part of the blood sample was collected in EDTA-coated tubes for
haematological analysis and the other in dry tubes and centrifuged at 600× g for 15 min. After blood
collection, the skin was dissected out to expose tumors and all tumors were removed, counted and
weighed. The size of these tumors was measured using a 1 mm precision sliding caliper (IGAGING®).
The tumor incidence rate of each group has been recorded and the tumor volumes were calculated
using the following formula: length × weight × height × π/6 [59]. Estrogen target organs (ovaries,
uterus, and mammary glands), as well as femur, brain, liver, lungs, spleen, kidneys and adrenergic
glands were removed and weighed. A piece of the left ovary and mammary gland tissues of each
animal was weighted, homogenized in 0.1 mM phosphate buffer solution and centrifuged at 600× g
for 15 min. The serum and homogenates were kept at −15 ◦C for hematological and biochemical
parameter analysis. All organs were fixed in 10% neutral formalin solution for histological analysis.

4.19. Histological Analysis

Histomorphological changes in mammary glands, ovaries, uterus, brain and liver were determined
by using 5 µm tissue sections of paraffin-embedded organs stained with hematoxylin and eosin.
Histological sections were observed and images were captured using the complete Zeiss equipment
consisting of a microscope Axioskop 40 connected to a computer where the images were transferred
and analyzed with the MRGrab 1.0 and Axio Vision 3.1 softwares, all provided by Zeiss (Hallbermoos,
Germany). The mammary tumors were classified using the well characterized criteria [40].
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4.20. Biochemical Analysis

For biochemical analysis, the determination of total protein levels was performed in reference to
colorimetric methods described by Gonal et al. [60]. Superoxide dismutase (SOD) activity, malondialdehyde
(MDA) level were also measured following the methods of Misra [61] and Wilbur et al. [62], respectively.

For hematological analysis, white blood cell count, lymphocytes, monocytes, granulocytes,
red blood cells (RBC) count, hematocrit (Ht), hemoglobin (Hb), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and
platelet count were evaluated using a Humacount 30TS Automated Hematology Analyzer from Human
Diagnostics Worldwide (Wiesbaden, Germany).

4.21. Statistical Analysis

For in vitro experiments, the results were presented as mean ± standard error of mean (SEM)
of triplicates from three-independent experiments. For in vivo experiment, the data from each
experimental group was expressed as mean ± SEM. One-way analysis of variance (ANOVA) followed
by Dunnett’s post-hoc test for multiple comparisons were used for statistical analysis of data using
GraphPad Prism software version 6.00. Differences were considered significant at a probability level
of 5% (p < 0.05).

5. Conclusions

In summary, this study provides experimental evidence for the first time that F. umbellata methanol
extract exhibits cytotoxic activity toward a panel of cancer cell lines. It induced apoptosis in both
MCF-7 and MDA-MB-231 cells. In MDA-MB-231 cells, the induction of apoptosis was mediated
through the activation of caspase-3, caspase-8, caspase-9, caspase-12, and ROS-mediated mitochondrial
dysfunction pathway, which was accompanied by the overexpression of Bcl-2 and Bcl-xL proteins.
In vivo, F. umbellata AE (200 mg/kg) and MeOH (50 mg/kg) extracts significantly reduced ovarian
tumor incidence (10%), total tumor burden (58% and 46%, respectively), and average tumor weight
(57.8% and 45.6%, respectively) as compared to DMBA control group. These extracts also showed
a moderate hyperplasia of mammary glands as compared to DMBA group, suggesting that this plant
can help people to fight against cancer. Further investigations are needed to understand the precise
mechanism by which F. umbellata induced cytotoxic effect. The next step is to perform in-depth
phytochemical studies to isolate and characterize active principles of F. umbellata.

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/18/6/1073/s1.
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Abbreviations

AE Aqueous extract of F. umbellata
BW Body weight
CC50 CC50, cytotoxic concentration for 50% of the cells
DCM Dichloromethane
DMEM Dulbecco’s Modified Eagle Medium
DMBA 7,12-Dimethylbenz(a)anththracene
DMSO Dimethylsulfoxide
ER Estrogen receptor
FBS Fetal bovine serum
FCS Fetal calf serum
HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
Hb Hemoglobin
Ht Hematocrit
MDA Malondialdehyde
MCH Mean corpuscular hemoglobin
MCHC Mean corpuscular hemoglobin concentration
MCV Mean corpuscular volume
MeOH Methanol
NHC National Herbarium of Cameroon
NOR Normal control
RBC Red blood cell
RPMI Roswell Park Memorial Institute medium
ROS Reactive oxygen species
SEM Standard error of mean
TAM Tamoxifen

References

1. Gennari, C.; Castoldi, D.; Sharon, O. Natural products with taxol-like anti-tumor activity: Synthetic approaches
to eleutherobin and dictyostatin. Pure Appl. Chem. 2007, 79, 173–180. [CrossRef]

2. Cancer Report Worldwide. Crisis of cancer impact worldwide exposed. Press Release WCD. 2014. Available
online: http://www.worldcancerday.org/wcd-2014-resources/press-release-wcd-2014.

3. Sankaranarayanan, R.; Ferlay, J. Worldwide burden of gynaecological cancer: The size of the problem.
Best Pract. Res. Clin. Obs. Gynaecol 2006, 20, 207–225. [CrossRef] [PubMed]

4. Ferlay, J.; Soerjomataram, I.; Ervik, M.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.;
Forman, D.; Bray, F. GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase
No. 11 [Internet]. Lyon, France: International Agency for Research on Cancer; 2013; Available online:
http://globocan.iarc.fr (accessed on 9 October 2014).

5. Vanderhyden, B.C. Loss of ovarian function and the risk of ovarian cancer. Cell Tiss. Res. 2005, 322, 117–124.
[CrossRef] [PubMed]

6. Stakleff, K.D.; Von Gruenigen, V.E. Rodent models for ovarian cancer research. Int. J. Gynecol. Cancer 2003, 13,
405–412. [CrossRef] [PubMed]

7. Ting, Y.A.; Kimler, B.F.; Fabian, C.J.; Petroff, B.K. Characterization of a preclinical model of simultaneous
breast and ovarian cancer progression. Carcnogenesis 2007, 28, 130–135. [CrossRef] [PubMed]

8. Jobsen, J.J.; Van-der-Palen, J.; Brinkhuis, M.; Ong, F.; Struikmans, H. Sequence of radiotherapy and
chemotherapy in breast cancer after breast-conserving surgery. Int. J. Radiat. Oncol. Biol. Phys. 2012, 82,
811–817. [CrossRef] [PubMed]

9. Palumbo, M.O.; Kavan, P.; Miller, W.H., Jr.; Panasci, L.; Assouline, S.; Johnson, N.; Cohen, V.; Patenaude, F.;
Pollak, M.; Jagoe, R.T.; et al. Systemic cancer therapy: Achievements and challenges that lie ahead.
Front. Pharmacol 2013, 4, 57. [CrossRef] [PubMed]

http://dx.doi.org/10.1351/pac200779020173
http://www.worldcancerday.org/wcd-2014-resources/press-release-wcd-2014
http://dx.doi.org/10.1016/j.bpobgyn.2005.10.007
http://www.ncbi.nlm.nih.gov/pubmed/16359925
http://globocan.iarc.fr
http://dx.doi.org/10.1007/s00441-005-1100-1
http://www.ncbi.nlm.nih.gov/pubmed/15902502
http://dx.doi.org/10.1046/j.1525-1438.2003.13317.x
http://www.ncbi.nlm.nih.gov/pubmed/12911715
http://dx.doi.org/10.1093/carcin/bgl140
http://www.ncbi.nlm.nih.gov/pubmed/16891317
http://dx.doi.org/10.1016/j.ijrobp.2011.11.020
http://www.ncbi.nlm.nih.gov/pubmed/22300558
http://dx.doi.org/10.3389/fphar.2013.00057
http://www.ncbi.nlm.nih.gov/pubmed/23675348


Int. J. Mol. Sci. 2017, 18, 1073 25 of 27

10. Kingham, T.P.; Alatise, O.I.; Vanderpuye, V.; Casper, C.; Abantanga, F.A.; Kamara, T.B.; Olopade, O.I.;
Habeebu, M.; Abdulkareem, F.B.; Denny, V. Treatment of cancer in sub-Saharan Africa. Lancet Oncol. 2013, 14,
158–167. [CrossRef]

11. Pui, C.H.; Evans, W.E.N. Treatment of acute lymphoblastic leukemia. Eng. J. Med. 2006, 354, 166–178.
[CrossRef] [PubMed]

12. Kuete, V.; Efferth, T. Pharmacogenomics of Cameroonian traditional herbal medicine for cancer therapy.
J. Ethnopharmacol. 2011, 137, 752–766. [CrossRef] [PubMed]

13. Bishayee, A. Editorial: Current advances in cancer prevention and treatment by natural products.
Curr. Pharm. Biotechnol. 2012, 13, 115–116. [CrossRef] [PubMed]

14. Bishayee, A.; Block, K.A. Broad-spectrum integrative design for cancer prevention and therapy: The challenge
ahead. Semin. Cancer Biol. 2015, 35, 1–4. [CrossRef] [PubMed]

15. World Health Organization, Traditional Medicine. Fact Sheet 134. 2003–2005. Available online: http:
//www.pharmpress.com/files/docs/sample%20chapter(2) (accessed on 28 July 2012).

16. Arbonnier, M. Arbres, Arbustes et Lianes des Zones Sèches d’Afrique de l’Ouest, Quæ RD 10 ed.; Service des
Publications Scientifiques: Paris, France, 2009; pp. 396–416.

17. Guarrera, P.M. Traditional phytotherapy in Central Italy (Marche, Abruzzo, and Latium). Fitoterapia 2005, 76,
1–25. [CrossRef] [PubMed]

18. Rubnov, S.; Kashman, Y.; Rabinowitz, R.; Schlesinger, M.; Mechoulam, R. Suppressors of cancer cell
proliferation from fig (Ficus carica) resin: Isolation and structure elucidation. J. Nat. Prod. 2001, 64, 993–996.
[CrossRef] [PubMed]

19. Zingue, S.; Michel, T.; Tchatchou, J.; Magne Nde, C.B.; Winter, E.; Monchot, A.; Awounfack, C.F.; Djiogue, S.;
Clyne, C.; Fernandez, X.; et al. Estrogenic effects of Ficus umbellata Vahl. (Moraceae) extracts and their ability
to alleviate some menopausal symptoms induced by ovariectomy in Wistar rats. J. Ethnopharmacol. 2016, 179,
332–344. [CrossRef] [PubMed]

20. Weyermann, J.; Lochmann, D.; Zimmer, A. A practical note on the use of cytotoxicity assays. Int. J. Pharm.
2005, 288, 369–376. [CrossRef] [PubMed]

21. O’Brien, J.; Wilson, I.; Orton, T.; Pognan, F. Investigation of the Alamar Blue (resazurin) fluorescent dye for
the assessment of mammalian cell cytotoxicity. Eur. J. Biochem. 2000, 267, 5421–5426. [CrossRef] [PubMed]

22. Mansoor, T.A.; Ramalho, R.M.; Luo, X.; Ramalhete, C.; Rodrigues, C.M.; Ferreira, M.J. Isoflavones as
apoptosis inducers in human hepatoma huh-7 cells. Phytother. Res. 2011, 25, 1819–1824. [CrossRef] [PubMed]

23. Rice, S.; Whitehead, S.A. Phytoestrogens and breast cancer promoters or protectors? Endocr. Relat. Cancer
2006, 13, 995–1015. [CrossRef] [PubMed]

24. Steffen, U.S.; Weber, B.; Siegers, C. Antitumor-activities of coumarin, 7-hydroxy-coumarin and its glucuronide
in several human tumor cell lines. Res. Commun. Mol. Pathol. Pharmacol. 1998, 99, 193–206.

25. Ovadje, P.; Roma, A.; Steckle, M.; Nicoletti, L.; Arnason, J.T.; Pandey, S. Advances in the research and
development of natural health products as main stream cancer therapeutics. Evid. Based Complement.
Alternat. Med. 2015, 1–12. [CrossRef] [PubMed]

26. Boik, J. Natural Compounds. In Cancer Therapy; Farnell, S., Ed.; Oregon Medical Press: Minneapolis, MN,
USA, 2001.

27. Cotter, T.G. Apoptosis and cancer: The genesis of a research field. Nat. Rev. Cancer 2009, 7, 501–507.
[CrossRef] [PubMed]

28. Kirkin, V.; Joos, S.; Zornig, M. The role of Bcl-2 family members in tumorigenesis. Biochim. Biophys. Acta
2004, 1644, 229–249. [CrossRef] [PubMed]

29. Kiechle, F.L.; Zhang, X.B. Apoptosis: Biochemical aspects and clinical implications. Clin. Chim. Acta 2002,
326, 27–45. [CrossRef]

30. Riedl, S.J.; Shi, Y.G. Molecular mechanisms of caspase regulation during apoptosis. Nat. Rev. Mol. Cell Biol.
2004, 5, 897–907. [CrossRef] [PubMed]

31. Jeong, S.Y.; Seol, D.W. The role of mitochondria in apoptosis. BMB Rep. 2008, 41, 11–22. [CrossRef] [PubMed]
32. Banjerdpongchai, R.; Wudtiwai, B.; Pompimon, W. Stigmalactam from Orophea enterocarpa induces human

cancer cell apoptosis via a mitochondrial pathway. Asian Pac. J. Cancer Prev. 2014, 15, 10397–10400. [CrossRef]
[PubMed]

33. Billen, L.P.; Shamas-Din, A.; Andrews, D.W. Bid: A Bax-like BH3 protein. Oncogene 2008, 27, 93–104. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/S1470-2045(12)70472-2
http://dx.doi.org/10.1056/NEJMra052603
http://www.ncbi.nlm.nih.gov/pubmed/16407512
http://dx.doi.org/10.1016/j.jep.2011.06.035
http://www.ncbi.nlm.nih.gov/pubmed/21763411
http://dx.doi.org/10.2174/138920112798868629
http://www.ncbi.nlm.nih.gov/pubmed/21466439
http://dx.doi.org/10.1016/j.semcancer.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/26260004
http://www.pharmpress.com/files/docs/sample%20chapter(2)
http://www.pharmpress.com/files/docs/sample%20chapter(2)
http://dx.doi.org/10.1016/j.fitote.2004.09.006
http://www.ncbi.nlm.nih.gov/pubmed/15664457
http://dx.doi.org/10.1021/np000592z
http://www.ncbi.nlm.nih.gov/pubmed/11473446
http://dx.doi.org/10.1016/j.jep.2016.01.004
http://www.ncbi.nlm.nih.gov/pubmed/26771069
http://dx.doi.org/10.1016/j.ijpharm.2004.09.018
http://www.ncbi.nlm.nih.gov/pubmed/15620877
http://dx.doi.org/10.1046/j.1432-1327.2000.01606.x
http://www.ncbi.nlm.nih.gov/pubmed/10951200
http://dx.doi.org/10.1002/ptr.3498
http://www.ncbi.nlm.nih.gov/pubmed/21495101
http://dx.doi.org/10.1677/erc.1.01159
http://www.ncbi.nlm.nih.gov/pubmed/17158751
http://dx.doi.org/10.1155/2015/751348
http://www.ncbi.nlm.nih.gov/pubmed/25883673
http://dx.doi.org/10.1038/nrc2663
http://www.ncbi.nlm.nih.gov/pubmed/19550425
http://dx.doi.org/10.1016/j.bbamcr.2003.08.009
http://www.ncbi.nlm.nih.gov/pubmed/14996506
http://dx.doi.org/10.1016/S0009-8981(02)00297-8
http://dx.doi.org/10.1038/nrm1496
http://www.ncbi.nlm.nih.gov/pubmed/15520809
http://dx.doi.org/10.5483/BMBRep.2008.41.1.011
http://www.ncbi.nlm.nih.gov/pubmed/18304445
http://dx.doi.org/10.7314/APJCP.2014.15.23.10397
http://www.ncbi.nlm.nih.gov/pubmed/25556482
http://dx.doi.org/10.1038/onc.2009.47
http://www.ncbi.nlm.nih.gov/pubmed/19641510


Int. J. Mol. Sci. 2017, 18, 1073 26 of 27

34. Moon, D.O.; Kim, M.O.; Lee, J.D.; Choi, Y.H.; Kim, G.Y. Rosmarinic acid sensitizes cell death through
suppression of TNF-alpha-induced NF-kappaB activation and ROS generation in human leukemia U937
cells. Cancer Lett. 2009, 288, 183–191. [CrossRef] [PubMed]

35. Salvesen, G.S.; Duckett, C.S. IAP proteins: Blocking the road to death’s door. Nat. Rev. Mol. Cell Biol. 2002, 3,
401–410. [CrossRef] [PubMed]

36. Sayers, T.J. Targeting the extrinsic apoptosis signaling pathway for cancer therapy. Cancer Immunol. Immunother.
2011, 60, 1173–1180. [CrossRef] [PubMed]

37. Wang, L.; Ling, Y.; Chen, Y.; Li, C.L.; Feng, F.; You, Q.D.; Lu, N.; Guo, Q.L. Flavonoid baicalein suppresses
adhesion, migration and invasion of MDA-MB-231 human breast cancer cells. Cancer Lett. 2010, 297, 42–48.
[CrossRef] [PubMed]

38. Yu, M.; Bardia, A.; Wittner, B.S.; Stott, S.L.; Smas, M.E.; Ting, D.T.; Isakoff, S.J.; Ciciliano, J.C.; Wells, M.N.;
Shah, A.M.; et al. Circulating breast tumor cells exhibit dynamic changes in epithelial and mesenchymal
composition. Science 2013, 339, 580–584. [CrossRef] [PubMed]

39. Tsuchiya, Y.; Nakajima, M.; Yokoi, T. Cytochrome P450-mediated metabolism of estrogens and its regulation
in human. Cancer Lett. 2005, 227, 115–124. [CrossRef] [PubMed]

40. Russo, J.; Russo, I.H. Atlas and histologic classification of Tumors of rat mammary gland. J. Mamm. Gland.
Biol. Neoplasia 2000, 5, 187–200. [CrossRef]

41. Gibellini, L.; Pinti, M.; Nasi, M.; Montagna, J.P.; De Biasi, S.; Roat, E.; Bertoncelli, L.; Cooper, E.L.;
Cossarizza, A. Quercetin and Cancer Chemoprevention (Review). Evid. Based Complement. Altern. Med. 2011.
[CrossRef] [PubMed]

42. Zingue, S.; Cisilotto, J.; Tueche, A.B.; Bishayee, A.; Mefegue, F.A.; Sandjo, L.P.; Magne Nde, C.B.; Winter, E.;
Michel, T.; Ndinteh, D.T.; et al. Crateva adansonii DC, an African ethnomedicinal plant, exerts cytotoxicity
in vitro and prevents experimental mammary tumorigenesis in vivo. J. Ethnopharmacol. 2016, 190, 183–199.
[CrossRef] [PubMed]

43. McGuire, W.L. Hormone receptors; their role in predicting prognosis and response to endocrine therapy.
Semin. Oncol. 1978, 5, 428. [PubMed]

44. Howell, J.S.; Marchant, J.; Orr, J.W. The induction of ovarian tumours in mice with 9: 10-dimethyl-1: 2-
benzanthracene. Br. J. Cancer 1954, 8, 635. [CrossRef] [PubMed]

45. Engelbreth-Holm, J.; Lefevre, H. Acceleration of the development of leukemias and mammary carcinomas in
mice by 9:10-dimethyl-1:2-benzanthracene. Cancer Res. 1941, 1, 102–108.

46. Jull, J.W.; Streeter, D.J.; Statherland, L. The mechanism of induction of ovarian tumors in the mouse by
7,12-dimethylbenz (alpha) anthracene. Effect of steroid hormones and carcinogen concentration in vivo.
J. Nat. Cancer Inst. 1966, 37, 409–420. [PubMed]

47. Taguchi, O.; Michael, S.D.; Nishizuka, Y. Rapid Induction of Ovarian Granulosa Cell Tumors by
7,12-Dimethylbenz(fl)anthracene in Neonatally Estrogenized Mice. Cancer Res. 1988, 48, 425–429. [PubMed]

48. Sak, K. Site-specific anticancer effects of dietary flavonoid quercetin. Nutr. Cancer 2014, 66, 177–193. [CrossRef]
[PubMed]

49. Cassidy, A.; Huang, T.; Rice, M.S.; Rimm, E.B.; Tworoger, S.S. Intake of dietary flavonoids and risk of
epithelial ovarian cancer. Am. J. Clin. Nutr. 2014, 100, 1344–1351. [CrossRef] [PubMed]

50. So, F.V.; Guthrie, N.; Chambers, A.F.; Carroll, K.K. Inhibition of proliferation of estrogen receptor-positive
MCF-7 human breast cancer cells by flavonoïds in the presence and absence of excess of estrogen. Cancer Lett.
1997, 112, 127–133. [CrossRef]

51. Nordberg, J.; Arner, E.S. Reactive oxygen species, antioxidants, and the mammalian thioredoxin system.
Free Radic. Biol. Med. 2001, 31, 1287–1312. [CrossRef]

52. Welch, J.T. Advances in the preparation of biologically active organofluorine compounds. Tetrahedron
1987, 43, 3123–3197. [CrossRef]

53. Kuper, H.; Tzonou, A.; kaklamani, E.; Hsieh, C.C.; Lagiou, P.; Adami, H.O. Tobacco smoking alcohol
consumption and their interaction in the causation of hepetocellular carcinoma. Int. J. Cancer 2000, 85,
498–502. [CrossRef]

54. Odebiyi, A.; Sofowora, A.E. Phytochemical screening of Nigerian medical plants part II. Lloydia 1978, 41,
234–246. [PubMed]

55. Zhishen, J.; Mengcheng, T.; Jianming, W. The determination of flavonoid contents in mulberry and their
scanving effects on superoxide radicals. J. Food Chem. 1999, 64, 555–559. [CrossRef]

http://dx.doi.org/10.1016/j.canlet.2009.06.033
http://www.ncbi.nlm.nih.gov/pubmed/19619938
http://dx.doi.org/10.1038/nrm830
http://www.ncbi.nlm.nih.gov/pubmed/12042762
http://dx.doi.org/10.1007/s00262-011-1008-4
http://www.ncbi.nlm.nih.gov/pubmed/21626033
http://dx.doi.org/10.1016/j.canlet.2010.04.022
http://www.ncbi.nlm.nih.gov/pubmed/20580866
http://dx.doi.org/10.1126/science.1228522
http://www.ncbi.nlm.nih.gov/pubmed/23372014
http://dx.doi.org/10.1016/j.canlet.2004.10.007
http://www.ncbi.nlm.nih.gov/pubmed/16112414
http://dx.doi.org/10.1023/A:1026443305758
http://dx.doi.org/10.1093/ecam/neq053
http://www.ncbi.nlm.nih.gov/pubmed/21792362
http://dx.doi.org/10.1016/j.jep.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27267829
http://www.ncbi.nlm.nih.gov/pubmed/734443
http://dx.doi.org/10.1038/bjc.1954.69
http://www.ncbi.nlm.nih.gov/pubmed/14351605
http://www.ncbi.nlm.nih.gov/pubmed/5950982
http://www.ncbi.nlm.nih.gov/pubmed/3121173
http://dx.doi.org/10.1080/01635581.2014.864418
http://www.ncbi.nlm.nih.gov/pubmed/24377461
http://dx.doi.org/10.3945/ajcn.114.088708
http://www.ncbi.nlm.nih.gov/pubmed/25332332
http://dx.doi.org/10.1016/S0304-3835(96)04557-0
http://dx.doi.org/10.1016/S0891-5849(01)00724-9
http://dx.doi.org/10.1016/S0040-4020(01)90286-8
http://dx.doi.org/10.1002/(SICI)1097-0215(20000215)85:4&lt;498::AID-IJC9&gt;3.0.CO;2-F
http://www.ncbi.nlm.nih.gov/pubmed/672462
http://dx.doi.org/10.1016/S0308-8146(98)00102-2


Int. J. Mol. Sci. 2017, 18, 1073 27 of 27

56. Makkar, H.P.S.; Becker, K.; Abel, H.; Pawelzik, E. Nutrient contents, rumen protein degradability and
antinutritional factors in some colour and white flowering cultivars of Vicia fababeans. J. Sci. Food. Agric.
1997, 75, 511–520. [CrossRef]

57. Hazra, B.; Biswas, S.; Mandal, M. Antioxidant and free radical scavenging activity of Spondias pinnata.
BMC Complement. Alternat. Med. 2008, 8, 63–73. [CrossRef] [PubMed]

58. Randall, R.J.; Lewis, A. The folin by oliver. Readings 1951, 193, 265–275.
59. Faustino-Rocha, A.; Oliveira, P.A.; Pinho-Oliveira, J.; Teixeira-Guedes, C.; Soares-Maia, R.; da Costa, R.G.;

Colaço, B.; Pires, M.J.; Colaço, J.; Ferreira, R.; et al. Estimation of rat mammary tumor volume using caliper
and ultrasonography measurements. Lab. Animal 2013, 42, 1–6. [CrossRef] [PubMed]

60. Gonal, A.G.; Bardwill, G.S.; David, M.M. Determination of serum proteins by the means of biuret reactions.
J. Biol. Chem. 1949, 177, 751–766.

61. Misra, F. Determination of the Level of Superoxide Dismutase in Whole Blood; Yale Univ. Press: New Haven, CT, USA,
1972; pp. 101–109.

62. Wilbur, K.M.; Bernheim, F.; Shapiro, O.W. Determination of lipid peroxidation. Arch. Biochem. Biophys. 1949, 24,
305–310.

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/(SICI)1097-0010(199712)75:4&lt;511::AID-JSFA907&gt;3.0.CO;2-M
http://dx.doi.org/10.1186/1472-6882-8-63
http://www.ncbi.nlm.nih.gov/pubmed/19068130
http://dx.doi.org/10.1038/laban.254
http://www.ncbi.nlm.nih.gov/pubmed/23689461
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Preliminary Phytochemical Analysis 
	Cytotoxicity of F. umbellata Extracts 
	Effects on Cell Death Mechanism 
	Effects on Cell Cycle 
	Effects on Cell Migration and Invasion 
	Effects on Mitochondrial Transmembrane Potential 
	Effects on ROS Levels 
	Effects on Bcl-2 Family Protein Expression 
	Effects on Caspases Activity 
	Effects on Body Weight and Survival 
	Effects on Ovarian Tumors 
	Histomorphological Analysis of Estrogen Target Organs 
	Effects of F. umbellata Treatment on Relative Organ Weights 
	Effects of F. umbellata Extracts on Various Toxicological Parameters 
	In Vivo Antioxidant Activities of F. umbellata Extracts 

	Discussion 
	Materials and Methods 
	Chemicals and Reagents 
	Plant Material 
	Preparation of Extracts and Isolation of 7-Methoxycoumarin 
	Preliminary Phytochemical Investigations 
	Cell Lines 
	Cell Culture 
	Animals 
	Cell Viability Assay 
	Morphological Identification for Cell Death 
	Cell Death Mechanism by Cytometry 
	Cell Cycle Analysis 
	Wound-Healing Assay 
	Cell Invasion Assay 
	Measurement of the Mitochondrial Transmembrane Potential 
	Reactive Oxygen Species (ROS) Detection 
	Determination of Caspase Activities 
	Western Blot Analysis 
	DMBA- Induced Carcinogenesis in Rats 
	Histological Analysis 
	Biochemical Analysis 
	Statistical Analysis 

	Conclusions 

