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Purpose: Vernonia amygdalina (VA) is a traditional African herbal medicine that has been
reported to possess anticancer properties. However, the anticancer properties of VA silver
nanoparticles have not been studied. The aim of the study was to examine and evaluate the
anticancer activities of VA leaf extracts and VA silver nanoparticles on the human breast
cancer cell line, MCF-7.

Methods: VA leaves were extracted using sequential extraction assisted with ultrasound
using three different solvents: ethanol, 50% ethanol, and deionized water. The silver nano-
particles were synthesised with VA aqueous extract.

Results: The ethanol extract and VA silver nanoparticles inhibit MCF-7 cell proliferation
with an average half-maximal inhibitory concentration (ICso) value of 67pg/mL and 6.11pg/
mL, respectively, after 72 hours of treatment. The ethanol extract and VA silver nanoparticles
also caused G1 phase cell cycle arrest, induced apoptosis and nuclear fragmentation in MCF-
7 cells.

Conclusion: VA ethanol extracts and VA silver nanoparticles decreased the cell viability in
MCEF-7 cells in a time and dose-dependent manner by inducing apoptosis and causing DNA
damage. Further research is needed to elucidate the mechanism of action of VA leaf extracts
and VA silver nanoparticles. This study is the first to report on the anticancer activity of VA
silver nanoparticles in MCF-7 cells.
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Introduction

Traditional medicines such as herbal plants have been shown to possess anti-
oxidant, anti-inflammatory and anti-carcinogenic activities that can potentially
be developed for use in cancer therapeutics." One particular plant, Vernonia
amygdalina could be a new source of anticancer drugs, as it has been reported
to have both a myriad of therapeutic effects and anticancer properties.” Vernonia
‘bitter leaf” or “Pokok
Bismillah”, is known for its crucial role in traditional African medicine.

amygdalina (VA) or as it’s commonly known,

Extracts of VA have been found to possess antioxidant, anti-malarial, anti-
bacterial, anti-inflammatory, anti- helminths and anticancer activities.! It is
native to Nigeria and can also be found in parts of tropical Asia like Malaysia
and Singapore.> VA is also rich in biologically active compounds such as
antioxidants and polyphenols which are known to be protective against
tumours.”
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The green synthesis of nanoparticles is a newly
developed method that is widely used in both the scien-
tific and industrial fields.” Green synthesis nanoparticles
have sizes between 1 to 100 nm and their synthesis
process is environmentally friendly and non-toxic when
compared to chemical or physical methods of nanopar-
ticle synthesis.® They are commonly used in extension
of food shelf life, medical, biomedical and cosmetic
industries and are also known to exhibit antibacterial
properties.” Furthermore, nanoparticles can act as an
efficient drug delivery system due to their small size.
This reduces side effects and toxicity as it provides
targeted delivery with an optimal dose.® Various inor-
ganic metallic substances such as gold, zinc, platinum
and nickel, can be used in the green synthesis of
nanoparticles.® In this study, silver will be used due to
its low cost and accessibility. Plant extracts can be used
as capping material for the stabilisation and reduction of
silver ion to form silver nanoparticles.” Currently, there
is no research on the anticancer effects of VA synthe-
sised silver nanoparticles. Results from this study will
determine whether VA silver nanoparticles show antic-
ancer activity and if so, whether the silver nanoparticles
enhance the efficiency of VA anticancer activity. This
study aims to examine and evaluate the anticancer activ-
ities of VA leaf extracts and VA silver nanoparticles on
the human breast cancer cell line, MCF-7.

Materials and Methods
Cell Line

The human breast cancer cell line, MCF-7, and the
immortalized breast fibroblast, MCF10A were purchased
from American Type Culture Collection (ATCC
Manassas, VA, USA). MCF-7 cells were maintained as
monolayers in RPMI 1640 medium (Millipore, Merck)
supplemented with 10% fetal bovine serum (Sigma),
100U/mL  penicillin, and 100ug/mL  streptomycin
(Gibco) at 37°C in a humidified incubator with 5%
CO,. MCF10A cells were maintained as monolayers in
DMEM medium supplemented with 5% horse serum,
0.2% EGF (20mg/mL), hydrocortisone (0.5mg/mL),
insulin (10 pg/mL), 100U/mL penicillin, and 100pg/
mL streptomycin at 37°C in a humidified incubator
with 5% CO,.

Preparation of Vernonia Amygdalina Leaf

Extract

A voucher sample of the VA leaves used were authenti-
cated at the School of Biological Sciences Herbarium,
Universiti Sains Malaysia (Herbarium No.: 1178). VA
leaves were extracted using sequential extraction meth-
ods as follows: 25g of dried VA leaves obtained from
HERBagus Sdn. Bhd, Kepala Batas, Malaysia were
ground into a fine powder (Ultra-Centrifugal Mill ZM
200) and dissolved in 250mL of absolute ethanol. The
mixture was sonicated (Mujigae SD-120H Ultrasonic
Cleaner) for 30 minutes and centrifuged for 15 minutes
at 6000rpm (MIKRO 220 Hettich Micro Centrifuge).
The supernatant was collected and filtered using vacuum
filtration. The ethanol left in the filtrate was then
removed using a rotary evaporator (Buchi Rotavapor).
The sticky dark green residue left was the ethanol
extract. The residue was then weighed and diluted in
DMSO to a concentration of 40mg/mL for use in experi-
ments. The remaining pellet from the previous centrifu-
gation was dried in a fume hood for approximately 48
hours and was reused for the next sequential extractions.
The extraction method above was repeated with 50%
ethanol (125mL of ethanol + 125mL of deionized
water). The supernatant was collected and filtered. The
50% ethanol used was removed by using the rotary
lyophilized (Alpha 1-2
LDplus). The residual brownish-green powder left was

vapour and subsequently,
the 50% ethanol extract. The powder was then weighed
and diluted in DMSO to a concentration of 40mg/mL
for use in experiments. The remaining pellet was then
dried once more and extracted as before with 250mL of
deionized water. The supernatant was filtered and lyo-
philized. The dried light brown powder left was the
aqueous extract. The powder was then weighed and
diluted in deionised water to a concentration of 40mg/
mL for use in further experiments.

Silver Nanoparticle Synthesis

25g of dried VA leaves were ground into a fine powder
and dissolved in 250mL of deionized water (1:10 w/v).
The mixture was then simultaneously heated and stir-
red at a temperature of not more than 100°C for
approximately 30 minutes. The extract was then

vacuum filtered and kept at 4°C for further use. 10mL
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of the filtrate was added to 100mL of 20mM AgNO;
and heated in a water bath (Memmert) with agitation at
70°C until a colour change is observed. The resulting
solution was centrifuged for 30 minutes at 6000rpm.
The supernatant was discarded. The pellet was lyophi-
lised and stored at —18°C until further use. Before use,
the nanoparticles were weighed and diluted in deio-
nised water to a concentration of 40mg/mL. The VA
silver nanoparticles were characterized with Scanning
Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM), Energy Dispersive X-Ray (EDX)
and Fourier-transform infrared spectroscopy (FTIR).

Cell Viability Analysis
The effects of VA on the cell viability of MCF-7 cells and
MCF10A were examined using the thiazolyl blue tetra-
zolium bromide (MTT) assay. The cells were seeded in
96-well plates at a density of 1x10* cells per well and
allowed to recover for 24h before being treated with 0,
12.5, 25, 50, 100, 200 and 400pg/mL of VA extracts and
synthesized VA silver nanoparticles with exposure times
of 24, 48 and 72h for MCF-7 cells and 72h for MCF10A
cells. Solvents used for extract preparation such as
DMSO and deionized water were used as negative con-
trols. Smg/mL of MTT solution was prepared by dissol-
ving MTT powder in sterile PBS. After exposure times,
the media was aspirated and replaced with fresh media
containing 10% of MTT solution. After a 4h incubation
period, the MTT solution was aspirated and the purple
formazan crystals that had formed were dissolved in
100uL of DMSO. The optical density was measured at
570nm with a reference wavelength of 620 nm (ELx808
Absorbance Reader, Biotek). The viability of the cells
after treatment was calculated using the following
formula:

Cell Viability (%) = [(A>"°7%%° of treated cells)/(A>707¢*°
of negative control)] x 100

The ICsq values of each treatment were examined by
referencing the dose of treatment needed to reduce cell
viability to 50%.

Morphological Analysis

The effects of VA on MCF-7 cell morphology was
(CKX41,
Olympus). The cells were treated with the respective

observed wusing an inverted microscope

ICso values of VA ethanol and VA silver nanoparticles
for 24, 48, and 72h. The cells were observed at each

time point for any difference in morphology when com-
pared with the control.

Cell Cycle Analysis Using Flow
Cytometry

The effects of VA on cell cycle phases were examined
using flow cytometric analysis. The cells were seeded at
a density of 1x10° cells per T-25 flask in serum-free
media for 24h before treatment, where they were treated
with the ICsq values of VA ethanol and VA silver nano-
particles for 12h. The cells were detached via trypsinisa-
tion, washed once with PBS and fixed in S5SmL of 70%
ethanol added dropwise. The fixed cells were stored at 4°
C until further use.

Before the flow cytometry analysis, the fixed cells were
washed once with ImL of PBS and resuspended in 1mL of
solution which consisted of 1mL of PBS, 0.1uL of Triton
X and 0.5pL of RNase A. After a 20 minute incubation at
room temperature, 25uL. of propidium iodide (1 mg/mL)
was added and incubated in the dark for 20 minutes at
room temperature. The DNA content in cells was analysed
using flow cytometry (BD FACSCalibur).

Annexin V-FITC/PI Apoptosis Assay Using
Flow Cytometry

The cells that had undergone apoptosis or necrosis
were identified using the Annexin V-FITC Apoptosis
Detection kit according to the manufacturer’s protocol
(Merck KGaA, Darmstadt, Germany). The cells were
seeded at a density of 1x10° cells per T-75 flask for
24h before being treated with VA ethanol and VA
silver nanoparticles for 72h. The cells were then col-
lected by trypsinisation, adjusted to 5x10° cells and
washed in 500uL of cold PBS. Next, the cells were
resuspended in 500uL of cold 1X binding buffer.
1.25puL of annexin V-FITC was added and incubated
for 10 minutes at room temperature, followed by the
addition of 10uL of propidium iodide. The cells were
placed on ice, and kept in the dark before the flow
cytometry analysis (BD FACSCalibur).

Nuclear Fragmentation Assay

Nuclear fragmentation of MCF-7 cells upon treatment was
detected with acridine orange (AO) staining and subsequently
observed under a fluorescence microscope. Briefly, the cells
were seeded at a density of 1x10° cells per T-25 flask for 24h
before being treated with VA ethanol and VA silver
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nanoparticles for 24h. The cells were harvested via trypsinisa-
tion and stained with 10uL of AO (10pug/mL) at room tem-
perature and observed under a fluorescence microscope
(ZEISS, Observer D1).

Statistical Analysis

Results are represented as the mean + standard deviation
of values obtained in triplicate from three different
experiments. Differences between groups were analysed
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Figure | Effect of VA crude extracts on cell viability in MCF-7 using MTT assay. (A—C) shows dose-response curves of VA extract treatment for 24, 48 and 72h respectively. Cells
were treated with various concentrations of ethanol extract (ET), 50% ethanol extract (50% ET), aqueous extract (AQ) and absolute aqueous extract (ABAQ). Each data point
represents the mean # standard deviation of results from three independent experiments. Statistical significance (p<0.05) against negative control represented with (*).

https:

3602

Dove!

International Journal of Nanomedicine 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove Joseph et al

MCF-7 24H

>

120
100

Percentage of Cell Viability (%)
e 8 & &8 8

* g
50 20 0 50 100 150 200 250
VA Silver Nanoparticle Concentration (ug/ml)
B MCF-7 48H
- 120
3 100
z
3 80
1]
> 60
g 40
o 20 N
g 0 _
c
§5(} 20 0 50 100 150 200 250
2 VA Silver Nanoparticle Concentration (pg/ml)
c MCF-7 72H
120

100
80

Percentage of Cell Viability (%)
o (2]
iy

40
20
50 220 0 50 100 150 200 250
VA Silver Nanoparticle Concentration (ug/ml)
D MCF-10A 72H
120

100
80

40
20

8
o

Percentage of Cell Viability (%)
g

100 200 300 400 500 600
VA Silver Nanoparticle Concentration (ug /ml)

Figure 2 Effect of VA silver nanoparticles on cell viability using MTT assay. (A-C) shows dose-response curves of VA silver nanoparticle treatment for 24, 48 and 72h
respectively. Cells were treated with various concentrations of silver nanoparticles synthesized with 20mM AgNO;. Each data point represents the meant standard
deviation of results from three independent experiments. Statistical significance (p<0.05) against negative control represented with (¥). (D) shows the dose-response curve
of MCF-10A when treated with various concentrations of VA silver nanoparticles for 72h.
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Table I Compilation of Half-Maximal Inhibitory Concentration
(ICs0) Values of MCF-7 Cells When Treated with VA Extracts
and Silver Nanoparticles at 24, 48 and 72h

Treatment Time (h)
24 48 72
ICs5o Values (ug/mL)

ET 75.25 + 23.201 59.5 £ 10.472 66.5 + 7.506
50% > 400 > 400 > 400
ABAQ >400 >400 >400

AQ > 400 > 400 > 400

VA NP 6.67 + 0.578 5.67 £ 0.577 6+ 1

by either Student’s ¢-test or one-way analysis of var-
iance (ANOVA). A P-value of <0.05 was considered

statistically significant.
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Results

VA Ethanol Extract and VA Silver
Nanoparticles Decrease Cell Viability in
MCEF-7 Cells

The VA ethanol, 50% ethanol, aqueous, absolute aqu-
eous extracts and VA silver nanoparticles were exam-
ined for cytotoxic activity. As shown in Figure 1, only
the VA ethanol extract shows a significant decrease in
cell viability. It decreased MCF-7 cell viability in
a time and dose-dependent manner. Although there is
a slight increase in cell viability after treatment with 25
pg/mL of ethanol extract, the cell viability steadily
decreases with increasing concentrations of the ethanol
extract. At higher concentrations, the cell viability
appears to be the same at different time points. This

Figure 3 Morphological assessment of MCF-7 after treatment under 400X magnification using an inverted microscope. Morphological changes after 24h (A) 48h (B) and
72h (C) of treatment with VA ethanol extract (ET) and VA silver nanoparticles (VANP) at their respective ICsq values.
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indicates that the effect of VA ethanol extract on cell

viability is time-independent only at higher
concentrations.

VA synthesized silver nanoparticles also decreased
MCEF-7 cell viability significantly (Figure 2). The silver
nanoparticles have a time-independent effect on the cell
viability, as cell viability decreased at the same rate despite
different exposure times. However, the silver nanoparticles
reduced cell viability in a dose-dependent manner. VA
silver nanoparticles did not show potent cytotoxic activity

in normal human breast cells, MCF-10A cells. It decreased

- a0 1
2 W "0 190 120
Cranneis FL-AFL- Aves)

&0 “ ©0
Chameals FLOAFLD Aol

cell viability with ICso of 128 pg/mL. (Figure 2D). The
half-maximal inhibitory concentration (ICsg) values were
derived from the dose-response curves and compiled as
shown in Table 1. The ethanol extract and VA silver
nanoparticles synthesised with the absolute aqueous
extract showed cytotoxic activity in MCF-7 cells as it
decreased cell viability significantly. The treatments were
able to achieve 1Csy values of less than 100 pg/mL which
indicates cytotoxicity. Thus, further analysis of the effects
of the ethanol extract and VA silver nanoparticles on the
MCEF-7 cells were done.

VA NP
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Figure 4 Cell Cycle phase distribution in treated MCF-7 cells. (A) MCF-7 cell cycle phase distribution when analyzed using flow cytometry after being treated with the ICs values
of VA ethanol extract and VA silver nanoparticles for 12h. (B) Bar diagram of the average percentage of cells in different phases of the cell cycle in each treatment and control group.
Each data point represents the mean + standard deviation of results from three independent experiments. Statistical significance (p<0.05) represented with (¥).
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VA Ethanol Extract and VA Silver
Nanoparticles Cause Morphological
Changes in MCF-7 Cells

VA ethanol extract and silver nanoparticles caused sig-
nificant morphological changes in MCF-7 cells when
treated with their respective ICsy doses for 24, 48 and
72h (Figure 3). Cell death increases with increasing
exposure times as more rounded cells and/or debris is
observed. As exposure time increases, more debris,
membrane blebbing, and apoptotic bodies are observed
in both treated samples when compared to the control.

VA Ethanol Extract and VA Silver
Nanoparticles Induce GI Cell Cycle
Arrest in MCF-7 Cells

VA ethanol extract and VA silver nanoparticles induced
cell cycle arrest in MCF-7 when treated with their

respective ICsy doses. Interestingly, even after 12
hours of treatment, both the ethanol and silver nano-
particle treatments caused a growth arrest in the Gl
phase of the cell cycle, with 70% and 60% of the cells
in the G1 phase respectively. The treatment also caused
a significant decrease in the percentage of cells under-
going the S phase when compared to the control
(Figure 4).

VA Ethanol Extract and VA Silver
Nanoparticles Induce Apoptosis in
MCEF-7 Cells

VA ethanol extract and silver nanoparticles induced apoptosis
in MCF-7 when treated with their respective 1Cso values for
72h (Figure 5). The lower left quadrant shows cells that are
negative for propidium iodide (PI) and annexin V-FITC
(healthy cells), the upper left quadrant shows cells positive
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Figure 5 Annexin V- FITC/PI apoptosis assay of treated MCF-7 cells. (A) Distribution of MCF-7 cells that were treated with |ICsq values of VA ethanol extract and VA silver
nanoparticles for 72h. (B) Bar diagram of cell distribution in treated MCF-7 cells, analysed using flow cytometry.
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for PI and negative for annexin (necrotic cells), the lower right
quadrant shows cells positive for annexin and negative for PI
(early apoptotic cells), and the upper right quadrant shows cells
positive for both PI and annexin (late apoptotic cells).'”

There is a shift towards the late apoptotic stage when
the cells are treated with the ethanol extract with
54.56% of the cells in the upper right quadrant. When
treated with VA silver nanoparticles, the cells shift
towards the early apoptosis stage with 49.80% of the
cells in the lower right quadrant.

VA Ethanol Extract and VA Silver
Nanoparticles Cause Nuclear
Fragmentation in MCF-7 Cells

Acridine orange (AO) staining was done to observe whether
VA ethanol and VA silver nanoparticles cause DNA damage
in MCF-7 cells (Figure 6). AO is a cell-permeable nuclear
binding dye that emits green fluorescence when bound to
dsDNA and red fluorescence when bound to ssDNA or RNA
and lysosomes.'' Both the ethanol extract and silver nano-
particles treated cells display red fluorescence. This indicates
the presence of ssDNA, which is a sign of nuclear

fragmentation.

VA Silver Nanoparticle Characterization

The surface morphology and diameter of the synthesized silver
nanoparticles were obtained using scanning electron micro-
scopy (SEM) and transmission electron microscopy (TEM),
respectively. VA silver nanoparticles appear to be spherical
with an average size of 41.555 + 2.488 nm (Figure 8).
Energy Dispersive X-ray (Figure 7) shows the analysis of
elements present in VA silver nanoparticles. Carbon, nitrogen,
oxygen, magnesium, sulphur, chlorine and silver are present in
the nanoparticles, with silver and chlorine being the most
abundant elements with trace amounts of magnesium and
sulphur. The FTIR analysis was done to characterize the func-
tional groups present (Figure 9). The FTIR-KBr analysis of VA
silver nanoparticles and VA absolute aqueous extract shows
similar peaks at approximately 3500cm ' and 1630cm ' which
is characteristic of the hydroxyl group (-OH stretching) of
(C=C-0)
respectively.'>'® There were additional smaller peaks for VA

alcohol and phenol and aromatic groups

absolute aqueous extract at 1384cm ™" and 1097cm™" which is
characteristic of (C-H bending) and (C-O stretching) vibration

of esters, which are free fatty acids of alcohol.'*"

Control

Figure 6 Nuclear Fragmentation Assay using acridine orange staining. MCF-7 cells
were stained with acridine orange after treatment with VA ethanol extract and VA
silver nanoparticles for 24h compared to the control, under 10X magnification
using a fluorescence microscope.

Discussion

This study aimed to evaluate the anticancer activities of
VA leaf extracts and the novel VA silver nanoparticles on
MCF-7 cells. The cell viability of the cells after treatment
was examined using an MTT colorimetric assay. Since
only viable cells will be able to reduce MTT to formazan
due to their functioning mitochondria, the formation of
formazan was measured in treated and untreated cells,
and the cell viability was calculated as described in the
methodology.4 VA ethanol extract was found to have
retarded cell proliferation in a time and dose-dependent

International Journal of Nanomedicine 2021:16

3607

Dove:


https://www.dovepress.com
https://www.dovepress.com

Joseph et al

Dove

] Ag
18000+

16000

14000+

120004

10000+

80004

6000+

4000

20004 |flg

cl

Spectrum 1

Full Scale 19427 cts Cursor: 18.571 (28 cts)

0 L NE00% A S LA LA L L T N B LR, AT T L0, N L LR KL,
0 2 4 B 8

ke

Figure 7 Energy dispersive X-ray (EDX) analysis of VA silver nanoparticles.

manner. The ethanol extract was the only crude extract in
this study to show significant anticancer activities. This
suggests that most of the anticancer compounds present in
VA were already eluded out with ethanol which was the
first solvent in the sequential extraction of the VA. The VA
ethanol extract had achieved a half-maximal inhibitory
concentration (ICso) value of 75, 60, and 67 ug/mL for
24h, 48h, and 72h respectively. A lower ICso value indi-
cates a higher potency of a compound as a lower concen-
tration is needed to reduce cell viability by 50%.”
However, the decrease in cell viability can also be attrib-
uted to the PenStrep supplemented in the medium. Ryu
et al and Llobet et al have shown that antibiotics com-
monly used in cell culture causes changes in cell differ-
entiation and gene expression which might have an effect
on cell viability as well.'®'” The slight increase in cell
viability at low concentrations of the ethanol treatment
might be due to the presence of mitogens in the extract
which are known to increase cancer cell proliferation.'®
However, the absolute aqueous extract used in this
study did not achieve an ICs value or show any sig-
nificant anticancer activity. This is inconsistent with
other findings. For example, Izevbigie and colleagues
found that the absolute aqueous extract of VA leaves
achieved an ICsq value of 5.68 + 0.2pug/mL, which is far

more potent than even the ethanol extract in this study.'’
This difference could be due to the different source of
VA plants used. The amount, quality and activities of
compounds present in VA could vary between batches.
Other contributing factors are location, seasonal condi-
tions, age at harvest and storage conditions.?® Thus, the
anticancer activity and potency may vary between
source as well.

The VA silver nanoparticles were synthesised by using
the VA absolute aqueous extract as a reducing agent. The
phytochemicals present in VA were able to enhance the
reduction of silver ions present in the silver nitrate into
silver particles thus causing the formation of silver
nanoparticles.® The synthesised nanoparticles are then
characterised to examine their size and morphology. The
nanoparticles are shown to be less than 100nm in size
which is characteristic of a nanoparticle as nanoparticles
are defined as particles ranging from 1 to 100 nm in size.?'

VA silver nanoparticles significant decreased cell
viability of MCF-7 achieving an ICs, value of 6pug/mL
independent of time which is very potent.”? This shows
that the silver nanoparticles were able to enhance the
potency of the VA absolute aqueous extract which did
not show any cytotoxicity in this study. The enhance-
ment of potency could be due to the ability of silver
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Figure 8 Characterisation of surface morphology. (A) SEM and (B) TEM image of
VA silver nanoparticles.

nanoparticles to cross various biological barriers and
provide targeted drug delivery.® However, to further
support this, further research is needed to confirm that
the cytotoxicity observed is due to the VA extract pre-
sent in the nanoparticles and not due to silver. Not only
that, VA silver nanoparticles displayed selectivity when
treated in MCF10A cells. It achieved an IC50 of 128
pg/mL, which is not considered to toxic as it is higher
than 100pg/mL.** The selective index (SI) was calcu-
lated using the formula as described by Moran et al:

Sl = Icsonormal CCIIS/ICSOcancer cells

VA silver nanoparticles are highly selective with a SI
of 21.3.>* The SI shows the differential activity of the

nanoparticles. The higher the SI the more selective the
extract. VA silver nanoparticles are more potent towards
cancer cells when compared to normal cells and are not
considered to possess general toxicity.**

The VA ethanol extract and VA silver nanoparticles
displayed significant changes in cell viability on MCF-7
and more detailed studies were conducted to uncover how
they achieve their cytotoxic effects on MCF-7 cells. The
effects of VA ethanol extract and VA silver nanoparticles
on the cell cycle were examined using propidium iodide
and flow cytometry. Propidium iodide (PI) can bind to
DNA. The cell cycle phase can be interpreted from the
amount of PI in the cell which represents the amount of
DNA present in the cell.”> The proportion of PI in each
cell is analysed using flow cytometry.

Both the VA ethanol extract and silver nanoparticles
induced G1 phase cell cycle arrest. There was a higher
proportion of cells accumulating in the G1 phase when
treated with VA ethanol extract and VA silver nanoparti-
cles. Due to this accumulation, it is possible to hypothesise
that the cells were unable to undergo DNA replication,
divide and proceed to further phases of the cell cycle. This
Gl arrest could be due to DNA damage caused by the
treatment and is also one of the characteristics of pre-
apoptotic cells.?® Control of cell cycle progression in can-
cer cells is known to be effective in the control of tumour
growth.?” Thus, one of the mechanisms used by VA etha-
nol extract and AB20 silver nanoparticles to retard MCF-7
proliferation is by inhibiting cell cycle progression.

The cell death mode of MCF-7 cells, when treated with
VA ethanolic extract and silver nanoparticles was investi-
gated using the Annexin V-FITC/PI apoptosis assay and
flow cytometry, which can distinguish alive, apoptotic and
necrotic cells. Annexin V will bind to phosphatidylserine
that is present in the plasma membrane of apoptotic cells,
while PI will stain the DNA of cells with a compromised
membrane.'® PI-positive cells will be considered to be
necrotic, whereas Annexin V-positive cells will be consid-
ered to be apoptotic. Meanwhile, both Annexin V-positive
and PI-positive cells are considered to be late apoptotic, as
the cell membrane for late apoptotic cells will be compro-
mised, thus allowing PI to get through and bind onto the
cellular DNA. Finally, cells that are negative for both PI
and Annexin V are considered healthy living cells.

Cells that were treated with VA ethanol extract and
silver nanoparticles shifted towards late apoptotic and
early apoptotic, respectively, when treated for 72h. This
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Figure 9 Fourier-transform infrared spectroscopy (FTIR) analysis. (A) FTIR analysis of VA silver nanoparticles and (B) FTIR analysis of the absolute aqueous extract of VA

which was used to synthesize VA silver nanoparticles.

highlights a possible difference in the mechanisms of
action in both treatments. Despite having similar exposure
times and cell death mode through apoptosis, VA ethanol
extract was able to induce apoptosis faster, causing late
apoptotic cells. Neither of the treatments showed any sig-
nificant necrotic activity.

From the acridine orange staining, it is possible to
interpret that both the VA ethanol extract and nanoparticles
caused DNA damage in MCF-7 cells which further
induced apoptosis. The increased presence of ssDNA is
known to be a crucial DNA damage signal and is observed
in the treated samples.?®

Conclusion

VA ethanol extracts and VA silver nanoparticles have
decreased the cell viability in MCF-7 in a dose-dependent
manner. This is the first study to report on the anticancer
activity of VA synthesized silver nanoparticles. Both the
treatments were seen to have induced apoptosis, G1 cell

cycle arrest and DNA damage. However, further research is
needed to highlight the difference in mechanisms of action
for both of these treatments. There is also a need to investi-
gate the mechanism of action of the VA silver nanoparticles
in drug delivery, as it has enhanced potency when compared
to VA crude extracts. This study has shown the anticancer
activity of VA ethanol extract and VA silver nanoparticles on
MCE-7 cells and highlights its potential application in cancer
therapeutics in the future.
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