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ABSTRACT
The various therapeutic drugs that are currently utilized for the management of cancer, especially breast 
cancer, are greatly challenged by the augmented resistance that is either acquired or de novo by the 
cancer cells owing to the long treatment periods. So, this study aimed at elucidating the possible 
anticancer potential of four compounds 7, 4′, 7′′, 4′′′-tetra-O-methyl amentoflavone, hesperidin, ferulic 
acid, and chlorogenic acid that are isolated from Cycas thouarsii leaves n-butanol fraction for the first 
time. The MTT assay evaluated the cytotoxic action of four isolated compounds against MDA-MB-231 
breast cancer cells and oral epithelial cells. Interestingly, ferulic acid revealed the lowest IC50 of 12.52 µg/
mL against MDA-MB-231 cells and a high IC50 of 80.2 µg/mL against oral epithelial cells. Also, using an 
inverted microscope, the influence of ferulic acid was studied on the MDA-MB-231, which revealed the 
appearance of apoptosis characteristics like shrinkage of the cells and blebbing of the cell membrane. 
In addition, the flow cytometric analysis showed that the MDA-MB-231 cells stained with Annexin V/PI 
had a rise in the count of the cells in the early and late apoptosis stages. Moreover, gel electrophoresis 
detected DNA fragmentation in the ferulic acid-treated cells. Finally, the effect of the compound was 
tested at the molecular level by qRT-PCR. An upregulation of the pro-apoptotic genes (BAX and P53) and 
a downregulation of the anti-apoptotic gene (BCL-2) were observed. Consequently, our study demonstrated 
that these isolated compounds, especially ferulic acid, may be vital anticancer agents, particularly for 
breast cancer, through its induction of apoptosis through the P53-dependent pathway.
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1.  Introduction

Unfortunately, there is an increased incidence of cancer along 
with its high rates of mortality all over the world. Thus, the 
scientific community has greatly studied this problematic dis-
ease [1]. Cancer has various therapies, including chemother-
apy, immunotherapy, physical surgery, radiotherapy, and 
recently nanotherapy. All such methods have been commonly 
utilized for combating such fatal illnesses [2,3]. Chemotherapy, 
in particular, is the most frequently utilized therapeutic 
approach for many cancer patients [4,5].

The main alarm regarding cancer treatment is its numer-
ous and severe side effects, which have detrimental impacts 
on the quality of life of the cancer patient. Cancer treatments 
harm cancer cells by producing reactive oxygen species [6]. 
However, such cancer drugs also adversely affect normal cells 
[7]. The side effects vary from vomiting, nausea, hair loss, and 
fatigue to even death in certain cases [8,9].

Breast cancer is the most common one in women. It has 
been documented that there were approximately two million 
new cancer cases in the previous decade. Breast cancer is 
about 11.6% of the total number of cancer cases [10,11]. The 
resistance of the cancer cells to the currently used cancer 
therapies is a great challenge. It commonly occurs due to the 
long treatment periods of cancer. This issue, in addition to 
the numerous and severe side effects of the chemotherapeu-
tic drugs, represents a large obstacle to the treatment of can-
cer patients, particularly breast cancer, in clinical practice 
[12,13]. Thus, novel therapies are crucial for treating cancer 
patients [14,15]. Science and research are turning more and 
more attention to natural chemicals since they are believed 
to have less dangerous side effects than traditional therapies 
like chemotherapy. The plant kingdom yields naturally 

occurring secondary metabolites that are being evaluated for 
their anticancer properties, which will lead to the creation of 
novel therapeutic medications [16]. These secondary metabo-
lites may be flavonoids or other phenolic derivatives. Utilizing 
various approaches, several phenolic compounds derived 
from medicinal plants that are consumed have a considerable 
anticancer effect. According to reports, flavonoids may func-
tion as chemopreventive agents by interfering with a number 
of cancer pathways, including the activation of apoptosis and 
differentiation, the arrest of the cell cycle to reduce cell 
growth and proliferation, or a combination of these mecha-
nisms [17].

In this study, we elucidated the possible in vitro anticancer 
potential of four compounds first isolated from Cycas thouarsii 
R.Br. leaves n-butanol fraction as a trial to find substitutions 
for the chemotherapeutic drugs with various drawbacks.

2.  Materials and methods

2.1.  Plant

Cycas thouarsii R.Br. leaves (Figure S1) were gathered, identi-
fied, and described in accordance with Negm et  al. [63]. 
Methanol (4–5 L) was used to extract the ground leaves 
powder (1.75 kg). Under reduced pressure, the methanolic 
extract was evaporated to get a total residue that was then 
resuspended in methanol: water (1:1), then successfully par-
titioned with n-hexane, di chloro methane, ethyl acetate, 
and finally n-butanol saturated with water. The fraction of 
n-butanol (14.5 g) was utilized for phytochemical isolation of 
their major compounds. The fraction of n-butanol (9 g) dis-
solved in 10 ml methanol (thick paste). This paste was loaded 
on a VLC column (60 cm × 8 cm) stationary phase silica gel 

Figure 1. T he chemical structure of Cycas thouarsii n-butanol isolated pure compounds.
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for VLC. Wash the column 3 times with 500 ml of n-hexane 
60–80. Start a gradient elution mobile phase dichlorometh-
ane: methanol 99:1, 98:2, 97:3, till 90:10, then monitor the 
fraction with TLC to give 4 main fractions. The first fraction 
(201 mg) eluted at 99% was purified upon Sephadex LH 20 
to give compound 1 (23 mg). Fraction 2 eluted from 93:7 
(900 mg) was loaded on the open silica gel column with iso-
cratic elution 95:5 mobile phase to yield three subfractions. 
Each subfraction was purified on Sephadex LH 20 to get 
high-purity compounds 2 (19 mg), 3 (31 mg), and 4 (21 mg), 
respectively.

2.2.  Chemicals and cell lines

The utilized cell lines were purchased from Vacsera, Egypt. 
They included oral epithelial cells (normal cells, catalogue no. 
ABC-TC4365) and the human breast cancer cell (MDA-MB-231, 
catalogue no. 92020424). The two cell lines were conserved in 
Dulbecco’s Modified Eagle Medium (DEMEM) with 1% (v/v) 
penicillin/streptomycin as well as 10% (v/v) foetal bovine 
serum (FBS). The cells were incubated in 5% CO2 at 37 °C in a 
CO2 incubator (NUAIRE, USA). Regarding the chemicals and 
solvents used in the current study, they were obtained from 
Merck, UK.

2.3.  MTT assay

The cell lines were put into 96-well plates with 104 cells/mL 
concentrations. After that, they were incubated in the previ-
ously mentioned conditions for 24 h to reach the exponen-
tial cellular growth. The cells were then exposed to several 
concentrations of the investigated compounds (6.25, 12.5, 
25, 50, and 100 µg/mL) and incubated for 48 h. After that, 
the MTT reagent (5 mg/mL) was added to each well in the 
96-well plate for four hours [64–66]. The formazan crystals 
formed by the viable cells were identified via their dissolv-
ing by acidified isopropanol (100 µL). Finally, the obtained 
results were read at 630 nm by ELISA reader (Bio-RAD, Japan) 
[67,68].

	
The percentage of the cell viability

Absorbance of the cells with tr
=

eeatment

Absorbance of the cells without treatment
×100

	

2.4.  Cell morphology

The impact of treatment with the tested drugs on the 
MDA-MB-231cell morphology was determined phenotypically 
after adding the tested compound (IC50) for 48 h. This was 
revealed using an inverted microscope (Leica, Germany) [69].

2.5.  Flow cytometric investigation

Flow cytometry was utilized to reveal the ability of the tested 
compounds to induce apoptosis and/or necrosis. This was 
performed after treatment with tested compounds (IC50) for 
48 h using a Novocyte Flow Cytometer (Acea Biosciences, 
USA). In brief, the MDA-MB-231 cells were harvested, and 

then they were thoroughly washed with sterile water and 
suspended in phosphate-buffered saline (PBS). After that, the 
cells were stained with a solution of Annexin V-FITC/propid-
ium iodide (PI) (10 μL). Flow cytometry analysis was accom-
plished after incubating the drug cell mixture in a dark room 
for 20 min [66,70–72].

2.6.  DNA fragmentation

After extraction of DNA from the treated and untreated 
MDA-MB-231 cells by DNA extraction kit (Qiagen, USA), the 
quality of the extracted DNA was assessed by nanodrop spec-
trophotometer (Thermo Scientific, USA). After that, the 
extracted DNA was run on agarose gel after adding 1X load-
ing dye. Finally, the DNA fragmentation was revealed by a UV 
transilluminator, and photos were captured by Gel Doc 
(Bio-rad, USA) [54,73].

2.7.  qRT-PCR

The total RNA was extracted by PureLink™ RNA Kit (Invitrogen, 
USA), and its purity was evaluated by a nanodrop spectropho-
tometer (Thermo Scientific, USA). The tested genes were BAX, 
P53, and BCL-2. The B-actin gene was utilized as a housekeeping 
gene. The cDNA was then synthesized by SuperScript™ III 
First-Strand kit (Thermo Fischer, USA) using Rotor-Gene Q (Qiagen, 
USA). The utilized primer sequences are revealed in Table S1 [74].

2.8.  Statistics

The accomplished tests were performed thrice and expressed 
as mean ± standard deviation (SD). Here, we utilized ANOVA 
test to illuminate the alteration among the treated and 
untreated MDA-MB-231cells and it was regarded to be signif-
icant if p < 0.05. GraphPad Prism (version number 8) was 
employed for the statistical analysis.

3.  Results

3.1.  Phytochemical investigation

3.1.1.  Spectroscopic data
Compound (1): C34H26O10, Pale-yellow amorphous pow-
der.1H-NMR data (500 MHz, DMSO-d6, δ, ppm): 8.19 (1H, brs, 
H-6′), 8.05 (1H, brs, H-2′), 7.56 (2H, brs, H-2′′′,6′′′), 7.33 (1H, brs, 
H-5′), 7.04 (1H, s, H-3′′), 6.96 (1H, s, H-6′′), 6.90 (2H, brs, 
H-3′′′,5′′′), 6.73 (1H, brs, H-8), 6.63 (1H, s, H-3), 6.31 (1H, brs, 
H-6), 3.78 (3H, s, 4′′′-OMe), 3.76 (3H, s, 7-OMe), 3.75 (3H, s, 
4′-OMe), 3.70 (3H, s, 7′′-OMe). APT-NMR spectrum (125 MHz, 
DMSO-d6, δ, ppm): 182.8 (C-4′′), 182.4 (C-4), 165.6 (C-7), 164.0 
(C-2′′), 163.9 (C-2), 163.1 (C-4′′′), 162.8 (C-5), 162.0 (C-7′′), 161.6 
(C-4′), 160.9 (C-5′′), 157.8 (C-9), 153.9 (C-9′′), 131.2 (C-6′), 128.4 
(C-2′), 127.3 (C-2′′′,6′′′), 123.2 (C-1′′′), 123.0 (C-1′), 121.7 (C-3′), 
115.0 (C-3′′′,5′′′), 112.3 (C-5′), 105.2 (C-10), 105.1 (C-10′′), 104.6 
(C-8′′), 104.4 (C-3), 103.7 (C-3′′), 98.6 (C-6), 96.1 (C-6′′), 93.3 
(C-8), 57.0 (4′′′-OMe), 56.6 (7-OMe), 56.5 (4′-OMe), 56.0 
(7′′-OMe).
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Compound (2): C28H34O15, White amorphous pow-
der,1H-NMR (500 MHz, DMSO-d6, δ, ppm): 6.85–6.92 (3H, over-
lapped, H-2′, 5′, 6′), 6.10 (1H, d, J = 1.5 Hz, H-8), 6.08 (1H, s, 
H-6), 5.46 (1H, dd, J = 3, 12 Hz, H-2), 4.93 (1H, d, J = 7.5 Hz, 
H-1′′), 4.47 (1H, s, H-1′′′), 3.73 (3H, s, OMe), 3.15-3.76 (10H, m, 
sugar protons), 3.17 (1H, m, H-3ax), 2.71 (1H, dd, J = 3, 17 Hz, 
H-3eq), 1.04 (3H, d, J = 6 Hz, H-6′′′). APT-NMR (125 MHz, 
DMSO-d6, δ, ppm): 197.5 (C-4), 165.6 (C-7), 163.5 (C-5), 163.0 
(C-9), 148.4 (C-4′), 146.9 (C-3′), 131.3 (C-1′), 118.4 (C-6′), 114.6 
(C-2′), 112.5 (C-5′), 103.8 (C-10), 101.1 (C-1′′′), 99.8 (C-1′′), 96.8 
(C-6), 96.0 (C-8), 78.9 (C-2), 76.7 (C-5′′), 76.0 (C-3′′), 73.4 (C-5′′′), 
72.5 (C-4′′′), 71.2 (C-2′′), 70.7 (C-3′′′), 70.0 (C-2′′′), 68.8 (C-4′′), 
66.5 (C-6′′), 56.1 (OMe), 42.5 (C-3), 18.3 (C-6′′′).

Compound (3): C10H10O4, Yellowish white needle-shaped 
crystals, mp 170 °C. 1H-NMR spectrum (500 MHz, DMSO-d6, δ, 
ppm): 7.43 (1H, d, J = 15 Hz, H-1′), 7.23 (1H, brs, H-3), 7.03 (1H, 
brd, J = 8.5 Hz, H-5), 6.74 (1H, d, J = 8.5 Hz, H-6), 6.32 (1H, d, 
J = 15 Hz, H-2′), 3.76 (3H, s, OMe). APT-NMR spectrum (125 MHz, 
DMSO-d6, δ, ppm): 168.5 (COOH), 149.5 (C-1), 148.4 (C-6), 
144.9 (C-1′), 126.2 (C-4), 123.3 (C-3), 116.2 (C-2′), 115.9 (C-2), 
111.5 (C-5), 56.1 (OMe).

Compound (4): C16H18O9, White amorphous powder, 
1H-NMR spectrum (500 MHz, DMSO-d6, δ, ppm): 7.37 (1H, d, 
J = 16 Hz, H-7′), 6.99 (1H, d, J = 1.5 Hz, H-2′), 6.94 (1H, dd, J = 1.5, 
8.5 Hz, H-6′), 6.72 (1H, d, J = 8.5 Hz, H-5′), 6.11 (1H, d, J = 16 Hz, 
H-8′), 5.02 (1H, dd, J = 7, 11 Hz, H-5), 4.89 (1H, brs, H-3), 3.87 
(1H, dd, J = 3, 6.5 Hz, H-4), 1.94-1.98 (2H, m, H-6), 1.89 (1H, m, 
H-2ax), 1.72 (1H, m, H-2eq). APT-NMRspectrum (125 MHz, 
DMSO-d6, δ, ppm): 175.5 (C-7), 166.2 (C-9′), 148.8 (C-4′), 146.0 
(C-3′), 145.4 (C-7′), 126.0 (C-1′), 121.9 (C-6′), 116.2 (C-5′), 115.2 

(C-8′), 114.7 (C-2′), 74.0 (C-1), 71.4 (C-4), 71.0 (C-5), 70.9 (C-3), 
37.7 (C-6), 37.6 (C-2).

3.1.2.  Structure elucidation of the isolated compounds
Cycas thouarsii n-butanol fraction residue was subjected to 
column chromatography to yield four compounds for the first 
time identified as 4′, 7′′, 4′′′-tetra-O-methylamentoflavone, 
hesperidin, ferulic acid and chlorogenic acid. Their chemical 
structures were identified by NMR spectroscopic analysis 
using a JEOL ECA500 II NMR spectrometer (JEOL, Japan) and 
compared with the reported data. Their chemical structures 
are displayed in Figure 1.

Compound (1): The para-substituted ring B of unit II was 
shown to have an AA′BB′ coupling system in compound 1’s 
1H-NMR spectra at δH 6.90 (2H, brs, H-3′′′, 5′′′) and 7.56 (2H, 
brs, H-2′′′, 6′′′). The 1H-NMR spectra also revealed an ABX cou-
pling system at δH 8.19 (1H, brs, H-6′), 8.05 (1H, brs, H-2′), and 
7.33 (1H, brs, H-5′) of ring B of unit I, indicating that C-3′ was 
the location of the link of the two flavonoid units.

The meta-coupled protons of unit I’s ring A showed signals 
at δH 6.73 (1H, brs, H-8) and 6.31 (1H, brs, H-6). The APT-NMR 
spectrum showed two carbonyl signals at δAPT 182.8 and 182.4), 
suggesting that compound 1 has a biflavonoid structure. The 
downfield shift for C-3′ and C-8′′ signals at δAPT 121.7 and 
104.6, respectively, compared to apigenin 13C-NMR spectral 
data, as well as the 1H-NMR signal at δH 6.96 (1H, s, H-6′′) indi-
cated that there is no meta coupling between H-6′′ and H-8′′, 
confirmed the interflavonoid linkage between C-3′ and C-8′′ 
[18]. Therefore, compound 1 was proposed to have a 3′, 8′′ 

Figure 2. T he values of IC50 of the four compounds against oral epithelial cells after treatment for 48 h: A) 7, 4′, 7′′, 4′′′-tetra-O-methylamentoflavone, B) hesperidin, 
C) ferulic acid, and D) chlorogenic acid.
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bi-apigenin structure. The 1H-NMR spectrums also showed four 
signals corresponding to methoxy groups at δH 3.78, 3.76, 3.75, 
and 3.70 and their corresponding APT signals at δAPT 57.0, 56.6, 
56.5, and 56.0, which suggested the presence of four methoxy 
substituents. The locations of these methoxy groups were con-
firmed at C-4′′′, C-7, C-4′ and C-7′′, respectively. The upfield 
shift of Δ 4.1 ppm at C-5′ (δAPT 112.3) and the downfield shift 
of Δ 2.7 ppm at C-1′ (δAPT 123.0) confirmed the methoxy group 
at C-4′ in addition, the upfield shift of Δ 1 ppm at C-3′′′, C-5′′′ 
(δAPT 115.0) and the downfield shift of Δ 1.8 ppm at C-1′′′ (δAPT 
123.2) confirmed the methoxy group at C-4′′′. The location of 
methoxy groups at C-7 and C-7′′ was confirmed due to the 
upfield shift of Δ 0.9, 3 ppm at C-8 (δAPT 93.3) and C-6′′ (δAPT 
96.1), respectively. Compound 1 was identified as 7, 4′, 7′′, 
4′′′-tetra-O-methylamentoflavone by comparing the NMR spec-
tral data to those described in the literature [19–21].

Compound (2): The 1H-NMR spectrum of compound 2 
showed an overlapped peak signal at δH 6.85–6.92 corre-
sponding to aromatic protons B ring, indicating an ABX cou-
pling system. The signals for the meta-coupled protons of 
ring A appeared at δH 6.10 (1H, d, J = 1.5 Hz, H-8), 6.08 (1H, s, 
H-6). Characteristic resonances at δH 5.46 (1H, dd, J = 3, 12 Hz, 
H-2), 3.17 (1H, m, H-3ax), and 2.71 (1H, dd, J = 3, 17 Hz, H-3eq) 
were observed due to diastreotopic effect of ring C, which 
suggested a flavanone moiety. APT-NMR signals confirmed 
the flavanone structure of compound 2 at δAPT 197.5, 78.9, 
and 42.5, corresponding to C-4, C-2 and C-3, respectively [18]. 

Another characteristic signal at δH 3.73 and δAPT 56.1 sug-
gested the presence of a methoxy group. The upfield shift of 
Δ 2.7 ppm at C-5′ (δAPT 112.3) and the downfield shift of Δ 
2.4 ppm at C-1′ (δAPT 131.3) confirmed the methoxy group at 
C-4′ [18]. Signals at δH 4.93 (1H, d, J = 7.5 Hz, H-1′′), 4.47 (1H, 
s, H-1′′′) and their corresponding carbon signals at δAPT 99.8 
and 101.1 were assigned for anomeric protons of two sugar 
moieties. The characteristic doublet signal at δH 1.04 (3H, d, 
J = 6 Hz) was assigned to the characteristic methyl group of 
rhamnose sugar. The other carbon signal of the two sugars 
moieties appeared at δAPT 71.2, 76.0, 68.8, 76.7, 66.5, 70.0, 
70.7, 72.5, 73.4, and 18.3 corresponding to C-2′′, C-3′′, C-4′′, 
C-5′′, C-6′′, C-2′′′, C-3′′′, C-4′′′, C-5′′′ and C-6′′′, respectively 
which were identical to glucose and rhamnose moieties [22]. 
The location of sugar moiety was confirmed at C-7 due to the 
upfield shift of Δ 1.1 ppm (δAPT 165.6) compared to narin-
genin aglycone [18]. In addition, the downfield shift of Δ 
5.7 ppm at C-6′′ (δAPT 66.5) compared to the ideal glucose car-
bon signals indicated that C-6′′ of glucose is linked to C-1′′′ 
of rhamnose [22]. The configuration of glucose moiety is β 
due to its anomeric proton’s high coupling constant value 
(J = 7.5). All these data were identical to those of hesperidin 
[23,24].

Compound (3): An ABX coupling system with three aro-
matic signals was observed in the compound 3 1H-NMR spec-
trum at δH 7.23 (1H, brs, H-3), 7.03 (1H, brd, J = 8.5 Hz, H-5), 
and 6.74 (1H, d, J = 8.5 Hz, H-6).

Figure 3. T he values of IC50 of the four compounds against MDA-MB-231 cells after treatment for 48 h: A) 7, 4′, 7′′, 4′′′ -tetra-O-methylamentoflavone, B) hesper-
idin, C) ferulic acid, and D) chlorogenic acid.
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These signals indicated that compound 3 possesses an 
aromatic ring of 1, 2, and 4 trisubstituted. The existence of 
one methoxy group was revealed by a signal at δH 3.76 (3H, 
s, OMe). The 1H-NMR spectrum additionally displayed 
trans-ene double-bond signals at δH 7.43 (1H, d, J = 15 Hz, 
H-1′) and 6.32 (1H, d, J = 15 Hz, H-2′) accompanied by a high 
coupling constant (J = 15), demonstrating the two protons’ 
trans-position around the side chain’s double bond. All these 
signals suggested that compound 3 is a hydroxycinnamic 

acid methoxy derivative. The APT-NMR spectrum showed 10 
signals, including 6 aromatic carbons and four aliphatic car-
bons comparable to ferulic acid [25–28].

Compound (4): Three aromatic signals were observed in 
the 1H-NMR spectra of compound 4 at δH 6.99 (1H, d, 
J = 1.5 Hz, H-2′), 6.94 (1H, dd, J = 1.5, 8.5 Hz, H-6′), 6.72 (1H, d, 
J = 8.5 Hz, H-5′) indicating an ABX coupling system of the aro-
matic ring in addition, two doublets signals at δH 7.37 (1H, d, 
J = 16 Hz, H-7′) and 6.11 (1H, d, J = 16 Hz, H-8′), the high 

Figure 4. C hanges in the morphology of the MDA-MB-231 cells treated with ferulic acid where a represents the untreated cells and B represents the treated cells 
with ferulic acid. Abbreviation CS denotes cell shrinkage, MB denotes membrane blebbing, and Ab denotes apoptotic bodies.

Figure 5.  A and C show flow cytometric dot plots. B and D show flow cytometric histograms of the untreated MDA-MB-231 cells.
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coupling constant of these protons signals indicated that the 
presence of two olefinic protons that is in conjugation with 
an aromatic ring similar to compound 4. The 1H-NMR spec-
trum showed multiplet signals at δH 5.02 (H-5), 3.87 (H-3), 
1.94-1.98 (H-6), 1.72-1.89 (H-2), and a broad doublet signal at 
δH 3.51 (J = 4.5 Hz, H-4) which indicated the presence of ali-
phatic protons that are identical to those of quinic acid. The 
APT-NMR spectrum showed 16 carbon signals, including two 
carbonyl signals at δAPT 175.5 and 166.2, in addition to the 

carbon signals of the quinic acid moiety. All these signals 
suggested that compound 4 is a caffeoyl-substituted quinic 
acid derivative. It is possible to identify the location of the 
caffeoyl moiety by analysing the chemical shift and coupling 
constants of the oxygenated methine protons of the quinic 
acid moiety. When caffeoyl acetylated quinic acid’s oxygen-
ated methine, its proton signal migrated down fielded. 
Generally, the H-3 signal appeared as a broad doublet or 
broad singlet peak, the H-4 signal appeared as a doublet of 
doublet peak with coupling constants at 6.0–8.0 and 2.0–
3.0 Hz, while the H-5 signal appeared as a broad doublet of 
doublet peak with high coupling constants at 6.0–8.0 and 
9.0–11.0 Hz. Therefore, caffeoyl moiety was confirmed at posi-
tion 5 of quinic acid moiety due to the down fielded signal 
of H-5 at δH 5.02 with high coupling constant; however, H-3, 
H-4 signals appeared as broad singlet and doublet with lower 
coupling constant at δH 4.89 and 3.87, respectively [29]. These 
NMR spectral data agreed with those published in the litera-
ture for chlorogenic acid [29–33].

3.2.  Biological investigation

3.2.1.  Cytotoxic impacts on the oral epithelial cells as well 
as MDA-MB-231
The IC50 was determined for the tested compounds using 
MTT assay, as revealed in Figures 2 and 3. Compounds 7, 4′, 
7′′, 4′′′-tetra-O-methylamentoflavone, hesperidin, ferulic acid 
and chlorogenic acid had IC50 of 30.2, 76.7, 80.2 and 18.6 µg/
mL after 48 h, respectively, on the oral epithelial cells. Also, 

Figure 6.  A and C show flow cytometric dot plots. B and D show flow cytometric histograms of compound ferulic acid-treated MDA-MB-231 cells.

Figure 7.  A bar chart showing the percentages of the early and late apoptotic 
cells in the untreated and treated cells.
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the compounds 7, 4′, 7′′, 4′′′-tetra-O-methylamentoflavone, 
hesperidin, ferulic acid and chlorogenic acid had IC50 of 40.32, 
77.8, 12.52 and 57.55 µg/mL after 48 h, respectively, on the 
MDA-MB-231 cells. So, following the obtained results, ferulic 
acid revealed the highest cytotoxic effect among the studied 
compounds at the lowest concentration (IC50 of 12.52 µg/mL). 
Consequently, the potential mechanism of its cytotoxic activ-
ity was further elucidated at the molecular level.

3.2.2.  Influence of ferulic acid on the cell morphology
The morphological alterations of the MDA-MB-231 after treat-
ment with ferulic acid are shown in Figure 4 in comparison 
with the cells without treatment. Remarkably, certain changes 
were observed in the ferulic acid-treated cells, which included 
membrane blebbing, cell shrinkage, and apoptotic bodies for-
mation, which are characteristics of apoptosis.

3.2.3.  Flow cytometry
Flow cytometry was performed to assess the impact of ferulic 
acid on the apoptosis process of MDA-MB-231 cells. This was 
attained after staining the treated and untreated cells with 
Annexin V-FITC and PI stains. The flow cytometric results are 
shown in Figures 5, 6, and 7. Interestingly, there was a sub-
stantial escalation in the count of the MDA-MB-231 cells in 
both the early and late apoptosis after treatment with ferulic 
acid when compared with the cells without treatment.

3.2.3.1. Influence on DNA fragmentation. Gel electrophoresis 
elucidated that ferulic acid’s impact on DNA fragmentation of 

the MDA-MB-231cells. As revealed in Figure 8, it was observed 
that treatment with ferulic acid had resulted in 
internucleosomal DNA fragmentation.

3.2.4.  Influence on apoptosis gene expression
The consequence of treating the MDA-MB-231 cells with feru-
lic acid was elucidated on the relative expression of the 
apoptosis genes, including BAX, P53, and BCL-2, by qRT-PCR 
Figure 9. The ferulic acid has caused an increase in the 
expression of the BAX and P53 genes, while there was a 
downregulation in the expression of the BCL-2 gene.

4.  Discussion

Recently, special attention has been drawn by the scientific 
community towards finding new compounds that possess 
selective cytotoxicity against cancer cells [34]. Such new 
compounds could be better if they can hinder or even block 
the initiation of the carcinogenesis process and reverse its 
promotion either by activating the arrest of growth or via 
apoptosis of the cancer cells without any detrimental influ-
ences on the body’s normal cells [35–36].

Many research studies have documented that various 
types of cancers are always activated via the dysfunction of 
different genes of the anti-apoptotic proteins and tumour 
suppressors. Therefore, these genes are the main targets for 
various cancer therapies [37–39].

Different plants belonging to gymnosperms presented sev-
eral biological activities, especially anticancer effects [40]. 
Cycads are a very large category of plants containing several 
biologically active compounds such as flavonoids, biflavo-
noids and their methylated and glycosylated derivatives in 
addition to other phenolic compounds [41,42].

Here, we have studied the in vitro anticancer potential of the 
four isolated natural compounds against MDA-MB-231 cells 
using an MTT assay as well as an inverted microscope. Moreover, 
our study has determined the potential of ferulic acid to encour-
age the apoptosis process by staining with Annexin V/PI and 
flow cytometric analysis. Also, the possible capability to induce 
DNA fragmentation in MDA-MB-231 cells was studied after DNA 
extraction and gel electrophoresis. Finally, to reveal the potential 
effect at the genetic level, qRT-PCR was utilized to assess the 
potential effect on the relative expression of the apoptosis-related 
genes (BAX, P53, and BCL-2).

Figure 8. G el electrophoresis shows fragmentation of the extracted DNA from 
the treated MDA-MB-231 cells by ferulic acid.

Figure 9.  A chart presents the influence of ferulic acid on the relative gene 
expression of BAX, P53, and BCL-2 genes.
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Remarkably, the results obtained by the MTT assay revealed 
that ferulic acid had the lowest IC50 on the MDA-MB-231 can-
cer cells, with IC50 of 12.52 µg/mL, and a higher IC50 on the 
oral epithelial cells with IC50 of 80.2 µg/mL. Thus, this com-
pound was further studied to assess the potential mechanism 
of its anticancer potential on the MDA-MB-231 breast cancer 
cells. Using inverted microscope, ferulic acid was found to 
induce the different characteristics of apoptosis that, includ-
ing shrinkage in the cells, formation of apoptotic bodies, and 
blebbing of the cell membrane [43,44].

The process of apoptosis is necessary for different tissues 
and organs to differentiate during the developmental stages. 
During this process, the damaged cells are lysed and removed 
[45–47]. Such a process is controlled by different biochemical 
events as well as different cellular pathways [48]. Throughout 
the apoptosis process, a sequence of alterations takes place 
in the cells, such as blebbing of the cellular membrane, 
shrinkage of the cell, DNA fragmentation, condensation of 
chromatin, and fragmentation of the nucleus. All such pro-
ceedings terminate with the death of the cell [49,50].

It was documented that the apoptotic cells exhibit many 
events during the early and late phases of the apoptosis pro-
cess, such as their loss of phospholipid asymmetry, often 
resulting in exposure to the cell membrane [51]. Annexin V is 
a stain usually used in the flow cytometric analysis of the 
apoptotic cells owing to its capacity to bind to the phospha-
tidylserine. Thus, staining of the cancer cells using Annexin V 
and PI could lead to differentiation between the early and 
late apoptotic cells. This is because the early apoptotic cells 
are usually stained with Annexin V and not stained with PI. 
Meanwhile, the late apoptotic cells are stained with both 
Annexin V and PI [52,53]. Interestingly, ferulic acid has per-
suaded the early and late phases of apoptosis in the ferulic 
acid-treated MDA-MB-231 breast cancer cells.

Chromosomal DNA fragmentation is an important feature 
of the apoptotic process [54,55]. So, in the current study, DNA 
was extracted from the ferulic acid-treated and untreated 
MDA-MB-231 breast cancer cells and visualized using gel 
electrophoresis. Interestingly, the extracted DNA from the 
treated cells was noticed to be fragmented, which confirms 
the induction of apoptosis by such a compound.

If P53 gene is activated, arresting the cell cycle and/or 
apoptosis are induced according to the level of P53 protein. 
It is documented that the P53 protein is a regulator that 
incites a response at the cellular level to different stress sig-
nals [56,57] as it has a tumour suppressor role. This occurs by 
inducing the arrest of growth as well as apoptosis, in addition 
to its ability to impair the angiogenesis process. Therefore, if 
P53 protein exists at low levels, it will potentiate the cell-cycle 
arrest. On the other hand, if its levels are high, induction of 
apoptosis would occur [58,59].

The apoptotic process is organized by cytochrome C that is 
controlled by some proteins that could be either pro-apoptotic, 
such as Bcl-2-associated X protein (BAX), or anti-apoptotic, like 
B-cell lymphoma 2 (BCL2) [60–62]. Here, qRT-PCR was utilised 
to investigate the impact of ferulic acid on the gene expression 
levels of the pro and anti-apoptotic proteins. Remarkably, feru-
lic acid was noticed to increase the expression level of BAX and 

P53 genes that encode pro-apoptotic proteins. On the other 
hand, it declined the level of expression of BCL-2 gene, which 
encodes for anti-apoptotic protein. From the previous findings 
of the current study, we noticed that ferulic acid-induced 
apoptosis is through the P53-dependent pathway.

5.  Conclusions

Four compounds 7, 4’, 7”, 4’’’-tetra-O-methylamentoflavone, hes-
peridin, ferulic acid and chlorogenic acid were successively iso-
lated for first time from Cycas thouarsii n-butanol fraction. 
Ferulic acid was revealed from the current investigation to per-
suade cancer cell death through inducing apoptosis. This was 
deduced from the microscopic alterations of the treated cells 
that acquired the features of the apoptotic cells. In addition, 
the observed DNA fragmentation by gel electrophoresis in the 
ferulic acid-treated cells compared to the untreated cells could 
confirm the induction of apoptosis by ferulic acid. The flow 
cytometric analysis detected that ferulic acid has resulted in a 
rise in the count of cells in the early and late apoptosis stages. 
Finally, qRT-PCR was utilized to assess the anticancer activity of 
ferulic acid at the molecular level. It was established that the 
compound has induced the apoptosis process via a 
P53-dependant pathway. This is owing to its upregulation 
effect on the P53 and BAX genes as well as it’s downregulation 
influence on the BCL-2 gene. Therefore, more studies are essen-
tial to disclose the influence of ferulic acid on other types of 
cancers at the molecular level and to perform an in vivo study 
in animal models to assess its clinical benefit.
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