Pharmacology & Pharmacy, 2013, 4, 93-99

3% Scientific
http://dx.doi.org/10.4236/pp.2013.41013 Published Online January 2013 (http://www.scirp.org/journal/pp)

#%% Research

Vernonia amygdalina-Induced Growth Arrest and
Apoptosis of Breast Cancer (MCF-7) Cells

Clement G. Yedjou', Ernest B. Izevbigie’, Paul B. Tchounwou'’

'Cellomics and Toxicogenomics Research Laboratory, NIH-RCMI Center for Environmental Health, Jackson State University,
Jackson, USA; “Laboratory of Cellular Signalling, Phytoceuticals, Cancer Prevention and Therapies, College of Science, Engineering
and Technology, Jackson State University, Jackson, USA.

Email: “paul.b.tchounwou@jsums.edu

Received November 6™, 2012; revised December 9™, 2012; accepted January 12, 2013

ABSTRACT

Breast cancer is the second leading cause of cancer-related deaths of women in the United States. Fortunately, the mor-
tality rate from breast cancer has decreased in recent years due to an increased emphasis on early detection and more
effective treatments. Although great advancements have been made in the treatment and control of cancer progression,
significant deficiencies and room for improvement remain. The central objective of this research was to further deter-
mine the in vitro mechanisms of Vernonia amygdalina (VA) leaf extracts as an anticancer candidate for the treatment of
breast cancer. To achieve our objective, MCF-7 cells were treated with different concentrations of VA for 24 hand 48 h.
Cell viability, live and dead cells were determined by the means of trypan blue exclusion test. Live and dead cells were
further evaluated by propidium iodine (PI) assay using the Cellometer Vision. Cell apoptosis was measured by flow
cytometry assessment using annexin V/PI kit. Data obtained from the trypan blue test demonstrated that VA treatment
reduces cell viability in a concentration- and time-dependent manner. Result of the PI assay showed a gradual increase
in the population of necrotic cells (fluorescence positive cells) in VA-treated cells compared to the control cells (fluo-
rescence negative cells). Treatment of these cancer cells (MCF-7) for 48 h at concentrations ranging from 250 pg/mL to
1000 pg/mL caused early signs of apoptosis resulting from phosphatidylserine externalization as judged by annexin V
assay. We observed a strong concentration-response relationship with regard to VA exposure and annexin V/PI positive
cells. In summary, our finding demonstrates that VA-induced cytotoxicity and apoptosis in MCF-7 cells involve phos-
phatidylserine externalization accompanied by secondary necrotic cell death. With previous findings in our laboratory,
the data generated in the present study confirms that VA is a valuable botanical therapeutic agent for the treatment of
breast cancer.
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1. Introduction anticancer agent [3], anti-bacteria, anti-malaria, and anti-
parasites [4]. This plant contains complex active compo-
nents that are pharmacologically useful. The roots and
the leaves are used in ethnomedicine to treat fever, hic-
cups, kidney problems, and stomach discomfort [5,6].
The stem and root divested of the bark are used as chew-
sticks in many West African countries including Camer-
oon, Ghana, Nigeria, and neighboring countries. Camer-
oonians usually grow Vernonia amygdalina (VA) pri-
mary for therapeutic uses against stomach discomfort,
vomiting, diarrhea, and intestinal illnesses. Interestingly,
these ailments may stop in less than few hours and/or to a
day after oral intake. These vegetables are locally avail-
able, affordable, and easily accessible to either the con-
sumers and/or patients. It has a bitter taste and patients

Breast cancer is the second leading cause of cancer-re-
lated deaths of women in the United States. Several
strategies have been developed over the past decade to
improve the treatment outcome of patients with breast
cancer. However, many conventional drugs are some-
times inadequate and can have serious adverse effects. It
is therefore necessary to search for alternative drugs for
the treatment of breast cancer and to replace currently
used drugs of doubtful efficacy and safety. Hence, novel
natural products or new chemotherapeutic agents are
needed to improve cancer treatment outcome. Vernonia
amygdalina (family of asteraceae) is a valuable medici-
nal plant that is widesprea d in East and West Africa [1,

2]. It is known as bitter leaf and may be used as active
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seem to believe that the bitterness of VA neutralizes or
kills the disease agent in their body system. Iwalokun
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reported that VA leaf extract enhanced the prophylactic
and therapeutic efficacy of chloroquine against Plasmo-
dium berghei malaria in mice [7]. Pharmacological stud-
ies have shown that the leaf extracts of this plant have
both hypoglycaemic and hypolipidaemic properties in
experimental animals and so could be used in managing
diabetes mellitus [8]. A previous study by Izevbigie has
demonstrated that low concentrations (ng/mL) of water-
soluble leaf extracts potently retarded the proliferative
activities of estrogen receptor positive (ER+) human
breast cancer (MCF-7) cells in vitro in a dose-dependent
manner [3]. Other studies have shown that VA-treatment
modulates phase 1 and phase 2 gene expression in MCF-
7 cells in a dose and time-dependent fashion [9].

Breast cancer continues to represent the largest cause
of mortality in the world especially among women. Rec-
ent reports from our laboratory using the MTT and comet
assays have demonstrated that in vitro VA treatment re-
duces cellular viability and induces minimal DNA dam-
age in tumor cells [10]. Although published studies indi-
cate that VA has medicinal properties effective against
many diseases, the molecular mechanisms under which
this herbal medicine exerts its therapeutic effect in cancer
cells remain largely unknown. Therefore, the central ob-
jective of this research was to use MCF-7 cells as test
model to determine the mechanisms of action of VA as
an anticancer candidate for the treatment of breast can-
cer.

2. Materials and Methods
2.1. Chemicals and Media

Growth medium RPMI 1640 containing 1 mmol/L L-
glutamine was purchased from Gibco BRL products
(Grand Island, NY). Fetal bovine serum (FBS), phos-
phate buffered saline (PBS), and MTT assay kits were
obtained from Sigma Chemical Company (St. Louis, MO).
Annexin V fluorescein isothiocyanale (FITC) kit (an-
nexin V FITC, binding buffer and propidium iodide [PI])
kit were obtained from BD Biosciences (Pharmingen,
Becton Dickinson Co., San Diego, CA, USA).

2.2. Vernonia amygdalina Preparation

Vernonia amygdalina (VA) leaves, collected in Benin
City, Nigeria, were rinsed with cold, distilled water. The
leaves were soaked in cold water (1:1 w/v) overnight at
4°C before being crushed by a gentle means to a mixture.
The mixture was then filtered through clean white gauze
to remove particulate matter before further filtration through
a 0.45 pm filtration unit for sterilization. The resulting
solution was lyophilized (5 g) and stored at —20°C. This
method of VA preparation was previously described by
Izevbigie [3].

Copyright © 2013 SciRes.

2.3. Cell Culture

Human breast adenocarcinoma (MCF-7) cells, purchased
from the American Type Culture Collection-ATCC (Ma-
nassas, VA), were thawed by gentle agitation of their
containers (vials) for 2 min in a water bath at 37°C. After
thawing, the content of each vial was transferred to a 75
cm’ tissue culture flask, diluted with RPMI 1640 sup-
plemented with 10% fetal bovine serum (FBS) and 1%
penicillin and streptomycin, and incubated for 2 to 3 days
at 37°C in a 5% CO, incubator. The growth medium was
changed twice a week. Cells grown to 75% - 85% con-
fluence were washed with phosphate buffer saline (PBS),
trypsinized with 3 mL of 0.25% (v) trypsin—0.0.3%/v)
EDTA, diluted with fresh medium, and counted using a
hemacytometer.

2.4. Cell Treatment and Biochemical Test for
Cell Viability Using Trypan Blue Dye

To 900 pL aliquots in three replicates of the cell suspend-
sion (5 x 10° cells/mL) seeded to 12-well polystyrene
tissue culture plates, 100 uL aliquots of stock solutions of
VA were added to each well using distilled water as sol-
vent to make-up final concentrations of 250, 500, and
1000 pg/mL of VA, respectively. Control cells received
100 pL of distilled water. Cells were placed in a humidi-
fied 5% CO, incubator at 37°C for 24 and 48 h, respec-
tively. After incubation, the cell viability was assessed by
the trypan blue exclusion test (Life Technologies) using
the cellometer vision. Briefly, 10 puL of trypan blue (dye)
was added to 100 pL of cell suspension taken out from
each sample. Samples were gently mixed and 20 pL of
cell suspension was loaded into the Cellometer counting
chamber. The Cellometer counting chamber was placed
into the Cellometer Vision and both cell concentration
and viability were determined using the Cellometer Vi-
sion software.

2.5. Biochemical Test for Apoptosis and Necrosis
by Flow Cytometry

Annexin V-FITC/PI staining method was used in the
present study to identify and quantify apoptotic and/or
necrotic death cell. Briefly, 1 x 10° cells/mL was treated
with different concentrations of VA for 48 h. Control
cells were also made without VA. After treatment, cells
were washed in PBS, re-suspended in binding buffer (10
mm Hepes/NaOH pH 7 x 4, 140 mm NaCl, 2 x 5 mm
CaCl,), and stained with FITC-conjugated annexin V
(Pharmingen, Becton Dickinson Co., San Diego, CA,
USA). Then, cells were incubated for 15 min in the dark
at room temperature and washed with binding buffer.
FITC/PI fluorescence intensity was measured by flow
cytometry to differentiate between viable (annexin V-
negative and Pl-negative), early apoptotic (annexin V-
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positive, Pl-negative), and late apoptotic (annexin V-
positive and PlI-positive) cells. The extent of apoptosis
was quantified as percentage of annexin V-positive cells.

2.6. Biochemical Test for Necrosis by Cellometer
Imaging

To confirm that VA-induced cytotoxicity in MCF-7 cells
is mediated primarily by necrosis, we also measured cell
viability by propidium iodine (PI) staining using the
Cellometer Imaging system. Briefly, 1 x 10° cells/mL in
culture media were harvested from each well of 12 well
plates and washed twice with 5 mL of culture media.
Washed cells were re-suspended in 1 mL of culture me-
dia. Five (5) puL of PI was added to 100 puL of cell sus-
pension taken out from each sample. Samples were gen-
tly mixed and incubated for 20 min at room temperature
in dark. Samples were mixed again and 20 pL of each

sample was loaded into the Cellometer counting chamber.

The Cellometer counting chamber was placed into the
Cellometer Vision and both cell concentration and vi-
ability were determined with the Cellometer Vision soft-
ware. This new technique that helps to identify necrotic
cell death from live cells was recently described in our
laboratory [11].

2.7. Statistical Analysis

Experiments were performed in triplicates. Data were
presented as means + SDs. Where appropriate, one-way
ANOVA or Student paired t-test was performed using
SAS Software available in the Biostatistics Core Labo-
ratory at Jackson State University. P-values less than
0.05 were considered statistically significant.

3. Results
3.1. Cell Viability

Cells were treated with increasing concentrations of VA
for 24 h and 48 h, and viable cells were monitored by
trypan blue exclusion test using the Cellometer Vision.
Treatment of MCF-7 cells with 250, 500, and 1000
pg/mL VA for 24 h decreased cell viability to approxi-
mately 18%, 19%, and 28%, respectively (Figure 1).
Exposing MCF-7 cells to 250, 500, and 1000 pg/mL VA
for 48 h reduced viable cell counts to 19%, 30%, and
49%, respectively (Figure 1).

The viability measurement was directly determined
and provided by the Cellometer Vision. Overall, data
obtained from the trypan blue exclusion test demon-
strated that VA treatment reduced cell viability in a con-
centration- and time-dependent manner

3.2. Induction of Apoptosis and Necrosis

Annexin V FITC/PI assay helps to distinguish between

Copyright © 2013 SciRes.
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Figure 1. Cytotoxic effect of VA extract to human breast
adenocarcinoma (MCF-7) cells. MCF-7 cells were cultured
with increasing concentrations of VA extract (250 pg/mL,
500 pg/mL, and 1000 pg/mL) for 24 and 48 h as indicated in
the Materials and Methods. Cell viability was determined
based on the trypan blue exclusion test. Live cells and dead
cells were determined using the cellometer vision software.

apoptotic and necrotic cell death. Hence, to determine
whether VA-induced cytotoxicity in MCF-7 cells is me-
diated by apoptosis and/or necrosis, we treated the cells
for 48 h and measured the annexin V FITC/PI staining
responses by flow cytometry analysis. We observed a
strong concentration-response relationship with regard to
VA exposure and annexin V positive cells (apoptotic and
necrotic cells) (Figure 2). Viable cells were negative for
both PI and annexin V (Figure 2, quadrant 1); early
apoptotic cells were positive for annexin V and negative
for PI (Figure 2, quadrant 2); whereas late apoptotic or
necrotic cells displayed both high annexin V and PI la-
beling (Figure 2, quadrant 3); non-viable cells undergo-
ing necrosis were positive for PI and negative for an-
nexin V (Figure 2, quadrant 4). The percentages of an-
nexin V and PI positive cells were (10.3 £ 5.2)%, (27.4 =
3.6)%, (33.5 = 4.8)%, and (31.2 + 7.5)% in 0, 250, 500,
and 1000 pg/mL VA, respectively (Table 1).

Cell death by necrosis was further confirmed by the
result of propidium iodide assay. The data generated
from this assay indicated that VA exposure significantly
(P < 0.05) increased the proportion of fluorescence posi-
tive cells (necrotic death cells) in a concentration- and
time-dependent fashion compared to the control (Figures
3 and 4).

4. Discussion

In the present study, we evaluated the cytotoxic efficacy
of Vernonia amygdalina (VA) extracts to MCF-7 cells by
the means of trypan blue exclusion test. Our results
demonstrated that VA extract significantly (P < 0.05)
reduces the viability of MCF-7 cells in concentration-
and time-dependent manner (Figure 1). These results
were consistent with recent finding in our laboratory
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Figure 2. Representative dot plots showing the apoptotic potential of VA in MCF-7 cells upon 48 h of exposure. A = Control
Cell (Untreated), B = 250 pg/mL VA, C = 500 pg/mL VA, D = 1000 pg/mL VA, 1 = Live cells or annexin V and PI negative
cells, 2 = Early apoptotic cells or annexin V positive cells, 3 = Late apoptotic and necrotic cells or annexin V and PI positive
cells, 4 = Necrotic cells or PI positive cells.

Table 1. Summary data of annexin V/PI assay obtained from the flow cytometry. Human adenocarcinoma (MCF-7) cells
were cultured in the absence or presence of VA for 48 h as indicated in the Materials and Methods. Values are shown as
means £ SDs of 3 replicates per experiment. P < 0.05 versus compared with control group.

Annexin V Negative Cells or Viable Cells Annexin V Positive Cells or Apoptotic Cells

Concentrations (Mean = SD) % (Mean + SD) %
0 pg/mL 89.7+5.2 10.3+52
250 pug/mL 72.6+3.6 274+36
500 pg/mL 66.5+4.8" 33.5+£48"
1000 pg/mL 68.8+7.5 31.2+7.5
showing that VA exerts antiproliferative activity by in- abino rats [12]. To extrapolate, since the average body

hibiting tumor cell growth and inducing minimal DNA weight is about 70 kg, it will require the consumption of
damage in MCF-7 cells [10]. These data led us to believe 0.028 - 0.056 kg (28 - 56 g) VA per adult person. Based

that the leaves of VA plant consumed in many African on these data, we believe that the incorporation of VA in
countries may be relatively toxic if consumed in large diet may help prevent or reduce the risk of breast cancer
quantities, which is very unlikely. For example, the con- and other diseases considering the nutritional and thera-
sumption of VA at 0.04 - 0.08 g/mL per body weight did peutic applications of the plant by almost all African
not cause any cytotoxic effects in 5 - 6 weeks of male populations. In Cameroon for instance, the leaves of VA

Copyright © 2013 SciRes. PP
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Bright field images of MCF-7 Cells
Exposed to Vernonia amygdalina (VA) Exposed to Vernonia amygdalina (VA)

Fluorescence images of MCF-7 Cells

Figure 3. Bright field images (left) and fluorescent images
(right) of MCF-7 cells exposed to VA for 24 h. MCF-7 cells
were exposed to different concentrations of VA as described
in the Materials and Methods.

48 H Treatment

Bright field images of MCF-7 Cells
Exposed to Vernonia amygdalina (VA) Exposed to Vernonia amygdalina (VA)

Fluorescence images of MCF-7 Cells

Figure 4. Bright field images (left) and fluorescent images
(right) of MCF-7 cells exposed to VA for 48 h. MCF-7 cells
were exposed to different concentrations of VA as described
in the Materials and Methods.

are the most consumed vegetables (Ndole) during special

occasions including marriage, baptism, Christmas, birth-
day, funeral and sometimes on a daily basis (Figure 5).

Copyright © 2013 SciRes.

Figure 5. Photo of Vernonia amygdalina (VA) leaves taken
in Yaounde, Cameroon on May 10, 2012 by Clement Yed-
jou. Cameroonians usually consume Vernonia amygdalina
(VA) for therapeutic uses against stomach discomfort, vom-
iting, diarrhea, and intestinal illnesses.

Previous studies indicated that VA possesses potent
antimalarial and antihelmintic properties [13], and anti-
tumorigenic properties [14]. VA contains many active
ingredients including Vernonioiside B and Myricetin (fla-
vonol) [15]. Oral administration of the aqueous leaf ex-
tract of VA has been found to relieve pain and lower
body temperature [16]. Many studies have documented
the beneficial use of VA as a potent botanical agent for
the treatment of different diseases [10,14,17-19]. A re-
cent report has also demonstrated that VA leaf extract
enhances the prophylactic and therapeutic efficacy of
chloroquine against Plasmodium berghei malaria in mice
[71.

To determine whether VA-induced cytotoxicity in
MCF-7 cells is mediated by apoptosis and/or necrosis,
we measured the Annexin V FITC/PI staining using the
flow cytometry analysis. Annexin V FITC/PI assay helps
to distinguish between apoptotic and necrotic cell death.
Annexin V binds to the membrane phospholipid phos-
phatidylserine that is located within the plasma membrane
of apoptotic cells and PI stains the cellular DNA of those
that have a compromised cell membrane [4]. Data
generated from the flow cytometry analysis demonstrated
that VA induces apoptosis in MCF-7 cells in a dose-
dependent fashion. The percentage of cells stained with
Annexin V (positive cells) and PI (necrotic cells) sig-
nificantly (P < 0.05) increased with the increasing con-
centrations of VA (Figure 2). By the means of annexin
V/PI assay, we report for the first time in our laboratory
that VA induces apoptosis in human breast adenocar-
cinoma (MCF-7) cells via phosphatidylserine externali-
zation as result of the loss of membrane integrity, a major
characteristic of cell death by apoptosis. Rupture of the
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cellular membrane is one of the crucial criteria used to
distinguish necrosis from apoptosis [20]. In the case of
the present study, we observed that VA moderately in-
duced annexin V positive cells (apoptotic cells), but the
primary pathway of cell death was by necrosis (PI posi-
tive cells) as shown in Figures 3 and 4. Thus, it means
that the cell membrane was disrupted and the cells died
by necrosis at higher concentrations of VA exposure.
Consistent with our finding, a previous study by Adjei
and Rowinsky demonstrated that antitumor agents such
as cisplatin, mitomycin, and actinomycin D induced
apoptotic cell death in susceptible cells [21]. Similarly, a
recent study in our laboratory indicated that garlic extract
(a natural plant) exerts its toxicity efficacy by inducing
oxidative stress and apoptosis in human promyelocytic
leukemia (HL-60) cells [22]. Botanical compounds have
contributed significantly to the discovery of therapeutic
drugs against cancers and other diseases. For example,
among 79 US. Food and Drug Administration approved
anticancer drugs and vaccines between 1983 and 2002; 9
of them were directly from the isolation of natural prod-
ucts and 21 of them were natural product derivatives. In
addition, among the 39 synthetic anticancer drugs; 13 of
them were based on a pharmacophore originated from
natural compounds [23].

To the best of our knowledge, no data was available in
the literature regarding the apoptosis or necrosis potential
of VA to human cancer cell lines or animal models. Here,
we report that the cytotoxic efficacy of VA in MCF-7
cells may be associated at least in part, with apoptosis
accompanied by secondary necrotic cell death probably
due to the loss of membrane integrity. Apoptosis, a ge-
netically controlled process is characterized by cytoplas-
mic and nuclear shrinkage, chromatin margination and
fragmentation, and breakdown of the cell into multiple
spherical bodies that retain membrane integrity [24,25].
In contrast, necrosis is an uncontrolled cell death that is
characterized by progressive loss of cytoplasmic mem-
brane integrity, rapid influx of Na’, Ca*', and water, re-
sulting in cytoplasmic swelling and nuclear pyknosis
[26-28]. The latter feature leads to cellular fragmentation
and release of lysosomal and granular contents into the
surrounding extracellular space, with subsequent inflame-
mation [24,25].

5. Conclusion

In this study, the cell viability of MCF-7 cells exposed to
Vernonia amygdalina (VA) was assessed by trypan blue
exclusion assay and PI staining using the Cellometer
Vision. We demonstrated that VA extract significantly (P
< 0.05) reduces the viability of MCF-7 cells in a concen-
tration- and time-dependent manner. We also evaluated
in the present study the use of flow cytometry for apop-

Copyright © 2013 SciRes.

tosis/necrosis detection, by studying the concentration-
response effect of VA-induced cell death in MCF-7 cells
labeled with annexin V-FITC (apoptotic) and propidium
iodide (necrotic). Necrotic dead cells were further re-
vealed by Cellometer imaging, showing a gradual in-
crease in necrotic cell death (fluorescence positive cells)
in VA-treated cells compared to the control (fluorescence
negative cells). These data also revealed a gradual migra-
tion of the DNA from the head region into the tail region
in VA-treated cells compared to the control cells. The
extent of DNA damage increased proportionately with
increasing doses of VA. In summary, our data indicate
that the toxicity of VA extract to human breast adenocar-
cinoma (MCF-7) cells is associated with apoptotic and
secondary necrotic cell death resulting from phosphate-
dylserine externalization due to loss of membrane integ-
rity. Although the preclinical and therapeutic significance
of our study remains to be established, our data provide a
basis for further studies on the mechanisms of action and
the potential for using VA as therapeutic agent in the
treatment of breast cancer.
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