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ABSTRACT

Background: Prostate Cancer (PCa) is one of the common cancers in males and its incidence
keeps increasing globally. Approximately 81% of PCa is diagnosed during the early stage of the
disease. The treatment options for prostate care include surgery, radiotherapy, and chemotherapy,
but these treatments often have side effects that may lead to issues such as impotence or decreased
bowel function. Our central goal is to test the apoptotic effects of Vernonia amygdalina Delile (an
edible medicinal plant that is relatively inexpensive, nontoxic, and virtually without side effects) for
the prevention of PCa using human adenocarcinoma (PC-3) cells as a test model.

Methods: To address our central goal, PC-3 cells were treated with Vernonia amygdalina
Delile (VAD). Cell cycle arrest and cell apoptosis were evaluated by Flow Cytometry assessment.
Nucleosomal DNA fragmentation was detected by agarose gel electrophoresis.

Results: Flow cytometry data showed that VAD induced cell cycle arrest at the GO/G1 checkpoint
and significantly upregulated caspase-3 in treated cells compared to the control cells. Agarose gel
electrophoresis resulted in the formation of DNA ladders in VAD-treated cells.

Conclusion: These results suggest that inhibition of cancer cell growth, induction of cell cycle
arrest, and apoptosis through caspase-3 activation and nucleosomal DNA fragmentation are involved
in the therapeutic mechanisms of VAD as a candidate drug towards the prevention and/or treatment
of PCa.

Abbreviations

AO: Acridine orange; Bcl-2: B-cell Lymphoma 2; Bcl-x1: B-cell lymphoma extra
large; BID: BH3 Interacting Death Domain Agonist; DNA: Deoxyribonucleic Acid;
MAPK: Mitogen-Activated Protein Kinase; MTT: 3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide; PARP: Poly (ADP-ribose) Polymerase; PC-3:
Human Prostate Cancer Cells; PCa: Prostate Cancer ; PI: Propidium Iodide; pg/mL:
Microgram Per Milliliter; VAD: Vernonia amygdalina Delile

Background

Prostate Cancer (PCa) is the most common noncutaneous cancer and the second
leading cause of cancer-related deaths in men [1]. The average age of PCa diagnosis
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is 66 and it rarely occurs before the age of 40. Due to early
diagnostic and therapeutic advances, the number of deaths
from PCa continues to decline among all men. However, the
death rate remains twice as high among African American
men than any other group [2]. In 2015, an estimated 164,690
menwere diagnosed with PCaand approximately 29,430 men
died from this disease in the United States [3]. In addition,
most deaths from PCa are due to metastases that are highly
resistant to current conventional therapies [4,5]. Even when
it is treated, PCa is more likely to return, especially in the
first few years post-treatment because cancer cells can
reemerge and develop a fresh tumor, which in many cases
can manifest in a different organ due to metastasis. Among
men alive today, it is estimated that 1 in 6 White men and
1in 5 African American men will be diagnosed with the PC
in their lifetime and approximately 1 in 33 will die of it [6].
In general, White and African American men have relative a
highrate of PCacompared to Asian populations who regularly
consume medicinal plants [7]. The treatment options
for PCa are surgery, radiotherapy, and chemotherapy.
However, these treatments are ineffective once the tumor
has metastasized and PCa is currently responsible for about
20% of cancer-related deaths in men in the United States.
Therefore, there is an urgent need for the discovery and
development of agent(s) efficacious against PCa. Studies
have shown that there are alternative treatments other
than current therapeutics that might be effective in the
management of PCa. One known alternative treatment is
the use of medicinal plants that possess antitumor activity
against PCa. Vernonia amygdalina Delile (VAD) is a valuable
edible medicinal plant that is widespread in West Africa
and it is well appreciated in Cameroon for its nutritional
and medicinal properties [8,9]. Many herbalists and native
doctors in West Africa recommend aqueous extracts of VAD
to patients for the treatment of human diseases [10,11]. A
2018 report from our research laboratory demonstrated
the antiproliferative effect of VAD in PC-3 and kidney cells
[12]. The advantage of using edible medicinal plants over
synthetic agents for preventing/treating cancer is that they
promote human health without recognizable side effects. In
this regard, preliminary data in our laboratory have shown
that VAD crude extract inhibits the growth of cancer cells
(HL-60, MCF-7, and PC-3 cells), while not affecting normal
cells (HEMC) [9,12]. VAD possesses many micronutrients
important to the maintenance of human health and
prevention of various diseases. However, there are limited
studies in the literature about the benefit of medicinal
property of VAD towards the prevention and/or treatment of
patients with PCa. Therefore, the present work was designed
to evaluate the apoptotic mechanisms of VAD towards the
prevention and/or treatment of PCa.

Methods

Chemicals and media

Culture plates, flasks, test tubes, Acridine Orange and
Propidium Iodide (AO/PI) were purchased from Sigma-
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Aldrich INC (St. Louis, MO). Caspase-3, and cell cycle assay
kits were obtained from BD Biosciences (Pharmingen,
Becton Dickinson Co., San Diego, CA, USA).

Vernonia amygdalina Delile Preparation: The preparation
of Vernonia amygdalina Delile was conducted as previously
described [9].

Tissue/cell culture

The human Prostate Cancer (PC-3) cells obtained from
the American Type Culture Collection (Manassas, VA) were
cultured in Kaign’s Modification of Ham’s F-12K medium,
supplemented with 10% Fetal Bovine Serum (FBS), and 0.1%
penicillin/streptomycin solution (Sigma-Aldrich, Inc., St.
Louis, MO) and grown in an incubator at 37°C in 5% CO,.

Cell cycle distribution determination

Control (untreated) and VAD-treated cellswere harvested
and washed twice with phosphate-buffered saline. Cell
pellets were collected and fixed in 70% cold methanol for
10 minutes. After fixation, cells were stained with 1 mg/mL
propiduim iodide and then treated with DNase free-RNase
(100 pg/mL) for 15 minutes as previously described [13].

Caspase-3 activity determination

Human Prostate Cancer (PC-3) cells were plated in
6-well plates at a density of 1x10° cells/well and grown to
reach 85% confluence. The cells were treated with various
doses of VAD. Finally, cells were harvested and lysed to
determine caspase-3 activity, as previously described in our
laboratory [14].

DNA fragmentation assessment

Control (untreated) and VAD-treated cells were seeded in
6 well plates for 48 hours. After treatment, cells were gently
trypsinized, harvested, washed with phosphate-buffered
saline. The oligonucleosomal DNA fragments were isolated
and analysed as previously described in our laboratory [14].
DNA in the gels was visualized under ultraviolet light after
staining with ethidium bromide and photographed.

Statistical analysis

The data are presented as means + SEMs of three
independent experiments. The data were analyzed when
possible, using t-test or one-way ANOVA, followed by
Turkey pair wise comparisons. p < 0.05 was considered
statistically significant.

Results

Vernonia amygdalina Delile induced cell cycle
arrestin PC-3 cells

A recent study in our laboratory has indicated that VAD
inhibits cell growth and induces DNA damage of PC-3 cells
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[9]. Based on this indication, we investigated whether VAD
induced DNA damage in PC-3 cells is mediated through
cell cycle arrest. We treated PC-3 cells with increased
concentrations of VAD and identified the percentages of
cells in different phases of the cell cycle by flow cytometry.
We found that VAD induced a concentration-dependent
cell cycle arrest at the Go/G1 checkpoint after 48 hours of
treatment (Figure 1). We concluded that VAD induced DNA
damage is mediated through cell cycle arrest at the Go/G1
checkpoint (Figure 2).

Vernonia amygdalina Delile induced caspase-3
activity in PC-3 cells

We analyzed PC-3 cells for caspase-3 activity upon
48 hours’ treatment with VAD crude extract. We detected
marked caspase-3 activation in VAD crude extract-treated
cells compared to the control (Figure 3).
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Table 1 shows the summary data of caspase-3 assay
obtained from the flow cytometry analysis. Values are shown
as means + SDs of 3 replicates per experiment. *Significantly
different at p < 0.05 to the control group. As seen in table 1,
after 48 hours of cells treatment with VAD, the percentages
of caspase-3 positive cells (apoptotic cells) were 4.05 +
0.8%, 32.95 + 1.4%, 34.87 + 4.6%, and 33.26 + 1.7% in 0, 125,
250, and 500 pg/mL of VAD, respectively.

Vernonia amygdalina Delile induced nucleosomal
DNA fragmentation in PC-3 cells

To confirm whether the apoptotic effect induced by VAD
crude extract in PC-3 cells involves DNA fragmentation, we
performed the DNA laddering assay. Our results revealed a
presence of typical ladder formation upon 48 hours of VAD
treatment. Apoptosis can be visualized as a ladder pattern of
180-200bp due to DNA cleavage by the activation of a nuclear
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Figure 1 Vernonia amygdalina Delile (VAD) triggered cell cycle arrest in PC-3 cells at the GO/G1 checkpoint. Both dot plots and histograms show the cell cycle
distribution of PC-3 cells untreated and treated cells with VAD. Cells were stained with propidium iodide and analyzed by flow cytometry (FACS Calibar; Beton-
Dickinson) using CellQuest software. A = Control (untreated), B = 125 ug/mL VAD, C = 250 pg/mL VAD, and D = 500 pg/mL VAD.
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Figure 2 VAD induced cell cycle arrest in human Prostate Cancer (PC-3) cells. PC-3 cells were treated with VAD at the concentrations of 125, 250, and 500 pg/mL
for 48 hours. The cells were stained with propidium iodide and analyzed by the flow cytometry. Each experiment was performed three times for re-productivity.
Data are expressed as Mean + SD (n = 3). “Significantly different from the control by ANOVA Dunnett's test; p < 0.05.
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Figure 3 Representative flow cytometry analysis data from the active caspase-3 assay. The histograms show the distribution of caspase-3 negative cells (M1) and
caspase-3 positive cells (M2) after 48 h treatment with VAD. A-control; B-125 pg/mL; C- 250 ug/mL; and D-500 pg/mL.

Table 1: Percentage of Cells and Corresponding Responses in Caspase-3

endonuclease in a standard agarose gel electrophoresis [15].

Activity.
Doses Caspase-3 Negative or Viable | Caspase-3 Positive or Apoptotic Here, we showed the formation of the DNA ladder in gel
(pg/mL) Cells (Mean * SD) % Cells (Mean & SD) % electrophoresis by induction of apoptosis in PC-cells treated
0 95.95 + 0.8% 4.05 + 0.8% with VAD crude extract (Figure 4).
125 67.05 £ 1.4%" 32.95+ 1.4%" : .
Discussion
250 65.13 + 4.6%" 34.87 + 4.6%"
Prostate Cancer (PCa) is one of the common cancers
500 66.74+1.7% 3326 1.7% that threatens men health and its incidence keeps
*p < 0.05 compared with the control group increasing globally [16]. Modifiable risk factors such as
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Figure 4 Vernonia amygdalina Delile (VAD) induced nucleosomal DNA
fragmentation in PC-3 cells. The cells were treated with VAD crude extract at
0 pg/mL, 125 pg/mL, 250 pg/mL, and 500 pg/mL. After treatment, cells were
harvested and the oligonucleosomal DNA fragments were isolated, separated
by agarose gel electrophoresis and analyzed as described in the materials
and methods.

regular physical exercise, healthy diet, weight control,
and smoking cessation are more likely to lower the risk
of Prostate Cancer development. Approximately 81% of
PCa is diagnosed during the early stage of the disease.
The treatment options for prostate care include surgery,
radiotherapy, and chemotherapy, but these treatments
often have side effects that may result in health issues such
as impotence or decrease bowel function [17,18]. Several
medicinal plants have been demonstrated to have promising
chemotherapeutic effects against various cancers including
PCa. In addition, medicinal plants have been used for the
prevention and/or treatment of cancer for many years and
have led to the discovery of effective anticancer drugs such
as Paclitaxel (Taxol) derived from the bark of the Taxus
brevifolia tree [19]. Therefore, medicinal plants serve as
resources for anticancer drug discovery. Worldwide, many
people rely on medicinal plants and their preparations
to prevent and/or treat cancer. Knowing that the vast
majority of clinically approved anticancer drugs are derived
from natural medicinal plants [20], we previously tested
the activity of VAD towards the treatment of PCa and we
observed that VAD crude extract inhibits cell proliferation
of PC-3 cells, and induce DNA damage through oxidative
stress. Several scientific studies indicated that medicinal
plants and their active compounds are useful to fight cancer
by enhancing the immune system, decreasing side effects
of synthetic antitumor agents, overcoming resistance to
chemotherapy, and exerting synergistic drug interactions in
combination with other drugs [21-24]. Here, we showed that
VAD induced morphological alterations characteristic of
apoptosis and necrosis such as cell shrinkage, blebbing of the
plasma membrane, chromatin condensation, cytoplasmic
swelling, cell membrane damage, organelle breakdown, and
formation of apoptotic bodies in treated PC-3 cells compared
to the control with intact cell morphology. In agreement
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with our observations, other studies have observed similar
morphological alterations in vitro and in vivo [25,26].

Medicinal plants are important candidates for
potential anticancer chemotherapies that inhibit tumor
cell proliferation and control cell cycle [27]. Therefore,
understanding how VAD induces cell cycle arrest in vitro
represents an important step for translational research and
clinical trials. In order to test the effect of VAD on cellular
distribution, we performed cell cycle analysis by the flow
cytometry after staining the PC-3 cells with propidium
iodide. We observed that VAD exerts its anti-proliferative
activity on human PCa cells at least in part through cell
cycle arrest at Go/G1 phase (Figures 1,2). We detected that
VAD treatment increased the proportion of Go/Gi (M2
region) cell population from 57.2% in the control sample
to 62.4 in the treated at 250 pg/mL. On the other hand,
G2/M (M3 and M4 regions) decreased with increased doses
of VAD (Figures 1,2). To the best of our knowledge, this is
the first report indicating that VAD induces cell cycle arrest
at the Go/G1 checkpoint in human adenocarcinoma (PC-3)
cells. Consistent with our results, several previous studies
indicated that natural compounds induced cell cycle arrest
and apoptosis in vitro and in vivo. Both cell cycle arrest and
apoptosis have the potential to eliminate and kill cancer
cells. For example, berberine (a natural product) induced G1-
phase cell cycle arrest and caspase-3 dependent apoptosis
in Prostate Cancer cells [28]. Another study indicated that
berberine inhibited the growth of human PCa by inducing
G0/G1 or M2/M phase arrest at different doses [29]. Green
tea constituent (-)-epigallocatechin-3-gallate induced
growth inhibition, cell cycle dysregulation, and apoptosis of
androgen-sensitive and androgen-insensitive human PCa
cells [30]. Apigenin induced cell cycle arrest and apoptosis in
xenograft Prostate Cancer model [31], which is found to be
mediated through modulation of MAPK, PI3K-Akt, and loss
of cyclin D1 associated retinoblastoma dephosphorylation in
human PCa cells [32].

Medicinal plants have drawn increasing attention
as an antitumor agent due to their ability to trigger
apoptosis [33,34]. A recent study in our laboratory has
demonstrated that VAD induces apoptosis of PC-3 cells
through phosphatidylserine externalization [9]. However,
further studies are required to establish the molecular
mechanism behind the apoptotic effect of VAD on PCa
cells. To further understand how VAD induces its apoptotic
effect, we performed flow cytometry analysis to assess
the activation of caspase-3. Caspases are activated in the
apoptotic cell both by extrinsic (death ligand) and intrinsic
(mitochondrial) pathways. In the present study, VAD
induces caspase-3 activity and thereby stops the growth
of PC-3 cells. Consistent with our result, a previous study
indicated that medicinal plants such as curcumin activated
caspase-8, induced BID cleavage, caused mitochondrial
cytochrome c release, and induced caspase-3 activation and
PARP cleavage in HL-60 (neo) cells but not in Bcl-2 and
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Bcl-xI transfected cells [35]. Another study indicated that
curcumin treatment caused typical apoptotic morphological
alterations, induced phosphatidylserine externalization and
caspase-3activation in HemECs [36]. Given the effectiveness
of VAD on the inhibition of cancer cell growth and induction
of cell cycle arrest, apoptosis through phosphatidylserine
externalization and caspase-3 activation, we confirmed
the apoptotic response by performing DNA laddering/
fragmentation assay. Our results showed the formation
of the DNA ladder in gel electrophoresis by induction of
apoptosis in PCa-cells treated with VAD. Nucleosomal
DNA fragmentation is a key feature of apoptosis, which
is characterized by changes in the nucleus morphology
including chromatin condensation and fragmentation, cell
shrinkage, cell rounding and formation of apoptotic cell
bodies [37,38].

To our knowledge, this is the first time to report that VAD
crude extract inhibits cancer cell proliferation and induces
cell cycle arrest, apoptosis through phosphatidylserine
externalization, caspase-3 activation, and nucleosomal
DNA fragmentation in PC-3 cells. Overall, studies in our
lab and from other research labs indicated that biologically
active compounds from medicinal plants target and kill
cancer cells through several mechanisms including (1)
inhibition of cell growth, oxidative stress, carcinogenesis,
and angiogenesis; and (2) induction of DNA damage, cell
cycle arrest, autophagy, extrinsic and extrinsic apoptosis
(8,9,21,23,39,40-43].

Conclusion

The nutritional and medicinal effects of Vernonia
amygdalina Delile (VAD) have been known for decades,
and our understanding of the therapeutic mechanisms
that underlay these effects is steadily increasing. In the
present, we have demonstrated that VAD inhibits the
growth of PC-3 cells through cell cycle arrest at the Go/G1
checkpoint, activation of caspase-3, and nucleosomal DNA
fragmentation as revealed by the flow cytometry assessment
and DNA laddering assay. We previously demonstrated
that VAD inhibited the growth of PC-3 cells at least
through DNA damage, oxidative stress, and modulation
of phosphatidylserine externalization in apoptotic cells.
Together, our previous and current results support the
notion that apoptosis is a potential mechanism by which
VAD exerts its anticancer activity in human PCa cells. Based
on our findings, we conclude that VAD possesses tumor-
fighting properties. However, in vivo studies and clinical
trials are needed to validate the effectiveness of VAD for the
prevention and/or treatment of PCa.
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