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Purpose: The plant Trigonella foenum-graecum, well-known as fenugreek, has been shown
to control type-2 diabetes, the level of cholesterol, inflammation of wounds, disorders related
to gastrointestinal tracts, and cancer as well. The present study aimed to evaluate the anti-
cancer potential of methanolic fenugreek seed extract (FSE) and its possible molecular
mechanism of action in breast cancer cells.

Methods: The anticancer potential of FSE was evaluated in MCF-7 and SK-BR3 breast
cancer cells through various cellular assays after selecting the 1Cg, ICss, IC35, and 1Csq
doses by the cell cytotoxicity assay. Furthermore, the oral acute toxicity of FSE was
examined in mice, according to the guidelines of the Organization for Economic Co-
operation and Development (OECD).

Results: FSE exhibited dose-dependent cytotoxicity, as the ICsy was found to be 150 and 40
pug/mL for MCF-7 and SK-BR3 breast cancer cells, respectively. The cytological observa-
tions showed the typical apoptotic morphology in both of the breast cancer cells upon
treatment with FSE, as it inhibited the migration and adhesion, in a dose-dependent manner.
The flow cytometry analysis revealed that FSE induced a significant shift from G,/M, and
polyploidy (>G) at higher concentrations that suggested the activation of p53-mediated
mitotic catastrophe, consequently leading to apoptosis. FSE induced a significant increase
in the mitochondrial depolarization, ROS as well as a Bax/Bcl-2 ratio, and also exhibited the
mitochondrial associated p53 signaling pathway. The in vivo acute toxicity data revealed that
the oral administration of FSE did not induce any toxic effect in mice.

Conclusion: This study, for the first time, reports the mechanistic details of the anti-cancer
potential of FSE. It requires a detailed analysis to understand the effect of FSE to induce the
apoptosis through the multiple signaling pathways at varying concentrations. The nontoxic
effect of FSE in mice suggests to utilize it safely for pharmaceutical formulations in different
cancer systems.

Keywords: fenugreek seed extract, breast cancer cells, mitotic catastrophe, apoptosis, p53

signaling, mitochondria-associated pathway, oral acute toxicity

Introduction

It is evident from several epidemiologic studies that the diets comprising fruits,
vegetables, whole grains, seeds, herbs may reduce or delays the progression of
several ailments such as cancer, cardiovascular diseases, and diabetes.? The idea
of using natural foods to minimize the risk of various types of cancer dates back

many decades.’ It is believed that the total mortality that occurred due to cancer
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could be reduced by including the appropriate amounts of
natural foods in the diet.*® As reviewed by Newman and
Cragg 2020, nearly 50% of the drugs available in the
market were either derived from plants or chemically
modified in the last 40 years.’

Trigonella foenum-graecum is one of the oldest tradi-
tional plants in the Mediterranean region, India, and China
that is consumed as a medicine in the treatment of several
diseases.™” In the recent age of reemergence of dietary
products as natural drugs, researchers showed immense
interest in understanding the therapeutic effect of fenu-
greek seeds against many diseases, including cancer.
Several studies suggest that the fenugreek plant contains
many biologically active compounds that are described for
their pharmacological actions.' The fenugreek leaf
extracts showed the analgesic effect in the 5-HT model
of rodents."" The seed extracts showed the hepatoprotec-
tive effect in alcohol or monosodium glutamate-induced
dyslipidemia and oxidative stress in rats.'>'?

Similarly, fenugreek has been reported to regulate the
levels of triglycerides, total cholesterol, and low-density
lipoprotein (LDL) as well."*'” It was observed that sapo-
nins, one of the main constituents of fenugreek, transforms
into sapogenins in the gastrointestinal tract and decreases
the level of serum cholesterol.'*'® Fenugreek demon-
strated the antidiabetic potential by stimulating the secre-
tion of insulin and decreasing insulin resistance in tissues.
It also described that fenugreek seeds activated insulin
receptor substrate—associated phosphoinositide 3 kinase
(PI3K) activity.'”** Furthermore, it has been reported
that fenugreek seed extract stimulates the insulin-
mediated molecular pathway in adipocytes and hepatic
cells following the phosphorylation of many genes, includ-
ing insulin receptor, p85 subunit of PI3K in vitro.’

Additionally, fenugreek seed extract modulated the activ-
ities of antioxidant enzymes that prevented the elevation in

2324 showed

lipid  peroxidation. Concomitantly, it
a tremendous antioxidant potential against cisplatin-induced
nephrotoxicity and hepatotoxicity that may pave a way to
prevent chemotherapy-induced toxicity.”> Moreover, it was
suggested that the addition of fenugreek seeds in diets would
reduce the lipid peroxidation, along with the acceleration of
reduced GPx, GST, SOD, and catalase as well.”°

The anti-cancer potential of fenugreek has also been
documented, but not investigated extensively in vitro as
well as in vivo studies against different types of cancer,
including breast cancer.®'%*” The steroid saponin consti-

tuent, Diosgenin of fenugreek seeds, showed the induction

of aberrant crypt foci formation in F344 rats. It inhibited
the proliferation of HT-29 human colon cancer cells in
a dose-dependent manner through the activation of cas-
pase-2, leading to apoptosis.”® It has been reported that
fenugreek seeds extract is significantly effective in sup-
pressing mammary hyperplasia and decrease its incidence
against DMBA-induced breast cancer in vivo.?’ Strikingly,
it exhibited a selective cytotoxic effect in various cancer
cell lines, but no toxic effect was observed in normal
cells.*®

Keeping the facts including this particular feature into
consideration, the use of fenugreek products in natural
drug development may be a promising strategy, as one of
the major disadvantages of the chemically synthesized
drug is toxicity to normal cells. The regulation of biologi-
cal processes within the cell, such as cell division, expres-
sion of genes, programmed cell death, needs the induction
of multiple signaling pathways by various enzyme com-
plexes. However, it also requires the presence of many
cofactors and coenzymes to get activated. Therefore, the
use of crude extract instead of active compounds alone
may boost the synergistic impacts between metabolites to
induce apoptosis through multiple signaling pathways.>'

In the present research, we aimed to investigate the
anti-cancer effect of seed extracts in breast cancer cells
in vitro and take the initiative to understand the molecular
pattern more intricately. The toxicological analysis of the
naturally occurring remedies in model animals provides
preliminary data to establish the safer dose level.
Irrespective of a widespread use of fenugreek seeds in
the treatment of various diseases, no work has been done
on its in vivo toxicity. Therefore, the present study also
aimed to determine the toxicity of FSE using an oral acute
toxicity test in Swiss albino mice.

Materials and Methods

Reagents

The cell cytotoxicity assay, TMRE-Mitochondrial mem-
brane potential assay, DCFDA/H2DCFDA-Cellular ROS
Assay, ALT, AST, ALP, TBIL kits, antibodies (Abs)
against p53, p21, Bax, Bcl-2, B-actin, Rabbit anti-mouse
horseradish peroxidase, and goat anti-rabbit horseradish
peroxidase-conjugated secondary antibodies were pur-
USA).
V-FITC kit, running, washing, and storage buffers for the

chased from Abcam (Cambridge, Annexin

flow cytometry were procured from Miltenyi Biotec,
Germany. Dulbecco’s Modified Eagle Medium (DMEM)
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and Fetal Bovine Serum (FBS) were procured from Life
Technologies, USA. MCF-7 (ECAC 86012803) was com-
mercially purchased from ECACC (European Collection
of Cell Cultures), Salisbury, UK. SK-BR3 (ATCC HTB30)
was procured from ATCC (American Type Culture
Collection), VA, USA.

Preparation of Fenugreek Seeds Extract

The dried organic fenugreek seeds collected from the local
market were crushed into coarse powder by kitchen blen-
der machine followed by defatting, using cyclohexane in
a 1:3 ratio followed by stirring for 3 hours. The defatted
powdered was placed in the thimber cup for the Soxhlet
extraction method in Buchi Extraction System for 48
hours, adding the methanol as a solvent in the collecting
beaker. The remaining solvent was evaporated entirely
under the reduced pressure using vacuum controlled rotary
evaporator to remove the traces of methanol (named FSE).

Determination of Total Phenolic Content
(TPC) in FSE

Total phenolic content (TPC) in methanolic extract was
determined by using the Folin—Ciocalteu (FC) method.
The calibration curve was established using gallic acid
(1.4-1000 pg/mL).*? Briefly, the diluted extract or gallic
acid (1.6 mL) is added to 0.2 mL FC reagent (5-fold
diluted with distilled water) and mixed thoroughly for 3
minutes. Sodium carbonate (0.2 mL, 10% w/v) was added
to the mixture and the mixture is allowed to stand for 30
minutes at room temperature in a dark place. The FSE as
well as GA were prepared in triplicate for each analysis
and the mean value of absorbance was obtained. The
absorbance of the mixture was measured at 765 nm
using a UV-VIS spectrophotometer. TPC was expressed
as microgram gallic acid equivalent per gram of fenugreek
seed extract (ug of GA/g of FSE).

GC-MS (Gas Chromatography-Mass

Spectrometry) Analysis

Agilent GC 7890A combined with a triple axis detector
5975 C single quadrupole mass spectrometer was used for
GC-MS analysis. The chromatographic column was an
agilent HP 5MS column (30 m % 0.25 mm x 0.25 um
film thickness), with high-purity helium as the gas carrier,
at a flow rate of 1 mL/min. The injector temperature was
230°C and it was equipped with a splitless injector at 20:1.
The temperature was set initially to 40°C (held for 1 min),

then was increased to 150°C at 10° C min—1 (held for 2
min), then increased further to 300°C at 10°C min—1 for 1
min. The MS ion source temperature was 150°C and the
inlet line temperature was set to 280°C. The scan range
was set at 50 to 550 mass ranges at 70 eV electron energy
and the solvent delay of 3 minutes. Finally, unknown
compounds were identified by comparing the spectra
with that of the NIST 2008 (National Institute of
Standard and Technology library). The total time required
for analyzing a single sample was 40 minutes.

Determination of Total Flavonoid
Content (TFC) in FSE

The total flavonoid content (TFC) of the methanolic fenu-
greek extract was investigated using the aluminum chlor-
ide calorimetry method.” In brief, the extract sample was
diluted with methanol until 100 pg/mL and the calibration
curve was prepared by diluting quercetin in methanol
(0-100 pg/mL). The diluted extract or quercetin (2.0 mL)
was mixed with 0.1 mL of 10% (w/v) aluminum chloride
solution and 0.1 mL of 0.1 mM potassium acetate solution.
The mixture was kept at room temperature for 30 minutes.
Then, the maximum absorbance of the mixture was mea-
sured at 415 nm using a UV-VIS spectrophotometer. TFC
is expressed as microgram quercetin (QC) equivalent per
gram fenugreek seed extracts (ug of QC/g of FSE).

Total Antioxidant Activity

The radical scavenging activity of FSE was determined by
using DPPH (1, 1 Diphenyl 2-Picryl Hydrazyl) assay, with
minor modifications.®>* The decrease in the absorption of
the DPPH solution after the addition of an antioxidant was
measured at 517nm.

% RSA = (Abs. Control — Abs. Sample)x100/Abs. Control

Where, RSA is the Radical Scavenging Activity; Abs
control is the absorbance of DPPH radical + methanol;
Abs sample is the absorbance of DPPH radical + extract.

Cell Cytotoxicity Assay

The primary screening of FSE at various doses was con-
ducted in MCF-7 and SK-BR3 breast cancer cell lines to
select an appropriate dose for further study. The cell cyto-
toxicity assay was used to determine the percentage viabi-
lity of MCF-7 and SK-BR3 cells following exposure to
FSE doses. Briefly, the cells were grown into 96-well
plates (1 x 10* cells/well) overnight, followed by the
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treatment at the doses 0, 1, 5, 10, 25, 50, 75, 100, 150,
200, and 250 pg/mL of FSE for 48 hours. Then, reagent
(20 pL) from the kit was added in each well and incubated
the plate at 37°C in a humidified 5% CO, atmosphere.
After 4 hours, the absorbance was measured at 590 nm in
a microplate reader. The viability of the cells was mea-
sured using the following formula.

% Cell viability = 100 x (Asample — Ao)/ (Actrl — A,)

Asample is an absorbance of FSE treated cells.

Actrl is the absorbance of untreated cells.

Ao is the absorbance of the background of non-cell
control (only media).

Morphological Observation of MCF-7 and
SK-BR3 Breast Cancer Cells

In the morphological observation, the cells were treated
with the selected doses, as suggested by the primary
screening using cell cytotoxicity assay. Briefly, 1x 10°
cells/well were grown in the 12-well plate for 24 hours,
followed by the treatment with FSE at the doses of 40, 80,
100, and 150 pg/mL for MCF-7 cells, and 10, 20, 30, and
40 pg/mL for SK-BR3 cells, respectively, for next 48
hours. The images of the morphological changes were
taken using an inverted microscope (Optika-TB-3W,
Ponteranica, Italy) at 20 X magnification.

Crystal Violet Staining Assay

In the crystal violet staining cell adhesion assay, the cells
were treated with the selected doses of FSE for 48 hours,
as stated above. The cells were gently washed and stained
with 0.2% crystal violet in 10% formalin solution. Then,
the staining solution was removed, and the cells were
washed 3X with phosphate-buffered saline (PBS) and
were air-dried for taking macrographic images.

Wound Healing Assay

The potential of FSE in the inhibition of migration was
assessed using wound-healing assay by following the stan-
dard method.* Briefly, 1 x 10° cells/well were grown in
a 12-well plate for 24 hours, followed by making the
straight scratch across the center with the help of
a pipette tip. The cells were then treated with the chosen
doses followed by imaging of the cells at 0 h using an
inverted microscope (Optika-TB-3W, Ponteranica, Italy)
followed by the incubation for 48 hours. The wound area
was measured by ImagelJ and the cell migration ability was

compared as the relative mobility index, to the gaps filled
by untreated control in 48 hours.

Annexin V-FITC/PI Apoptosis Assay

The changes in the proportion of cells in the viable,
necrotic, early, and late apoptotic stages at varying doses
of FSE was evaluated using Annexin V-FITC/PI apoptosis
staining kit (Miltenyi Biotec, Germany). Briefly, 2.5 x 10°
cells/well were grown in a 6-well plate for 24 hours,
followed by the treatment with the designated doses, and
incubated for 48 hours. The cells were then harvested
following trypsin treatment, and incubated with Annexin
V-FITC and PI in binding buffer at room temperature for
15 minutes in the dark, as per the instructions from the
manufacturer. The samples were acquired by MACSQuant
Analyzer 10, and analysis was conducted on FlowJo soft-
ware v10.7.

Cell Cycle Distribution Analysis

The changes in the cell cycle distribution by FSE at
various doses were analyzed using the flow cytometry in
MCF-7 and SK-BR3 breast cancer cells. The cells were
grown and treated, as described in the apoptosis assay. The
cells were harvested, washed with sample buffer, followed
by fixation in 70% ice-cold ethanol in sample buffer over-
night. The cells were suspended in the sample buffer
containing 50 pg/mL propidium iodide (PI) and 100 pg/
mL Ribonuclease A (RNAse A) followed by incubation at
37°C for 30 minutes. The samples were acquired by
MACSQuant Analyzer 10, and the cytometry results
were analyzed using FlowJo software v10.7.

Flow Cytometry and Imaging Analysis of
Mitochondrial Membrane Potential (MMP
or Aym)

The changes in the MMP by FSE at various doses were
determined by the flow cytometry as well as the confocal
microscopy using TMRE (tetramethylrhodamine, ethyl
Assay Kit
(Abcam, Cambridge, USA), according to manufacturer’s

ester)-Mitochondrial Membrane Potential
instructions. TMRE is a cell permeant, positively charged,
red-orange dye that readily accumulates in active mito-
chondria due to their relative negative charge. Depolarized
or inactive mitochondria have decreased the membrane
potential and fail to sequester. Briefly, 2.5 x 10° cells for
flow cytometry and 5 x 10* for confocal image analysis
were grown in each well of 6-well and 24 plates,
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respectively, for 24 hours, followed by the treatment with
the designated doses and incubated for 48 hours. The cells
were harvested, washed, and incubated with TMRE (200
nM) for 20 minutes at 37°C, followed by acquisition on
MACSQuant Analyzer 10 and analysis using FlowJo soft-
ware v10.7. For confocal image analysis, the TMRE (50
nM) was overlaid to the culture and incubated for 20
minutes. The media, then replaced by PBS and TMRE,
was detected under the confocal microscope.

Note: The FCCP (20 uM) was added 10 minutes prior
to staining with TMRE in FSE 0 (positive control) treated
cells.

Determination of Intracellular ROS

Generation
Intracellular ROS levels of living cells were measured
quantitatively and qualitatively by the flow cytometry
and confocal microscopy using DCFDA/H2DCFDA-
Cellular ROS Assay kit (Abcam, Cambridge, USA),
according to the manufacturer’s instructions. Briefly, 2.5
x 10° cells for flow cytometry and 5 x 10* for confocal
image analysis were grown in 6- and 24well plate, respec-
tively, for 24 hours, followed by the treatment with the
designated doses and incubated for 48 hours. The cells
were harvested, washed twice in PBS, and incubated with
DCFDA (20 uM) for 30 minutes at 37°C, followed by
acquisition on MACSQuant Analyzer 10 and analyzed
using FlowJo software v10.7. For confocal image analysis,
the DCFDA (50 nM) was overlaid to the culture and
incubated for 45 minutes. Then, the media was replaced
by PBS, and DCFDA was detected under the confocal
microscope.

Note 50 pM Tert-Butyl Hydrogen Peroxide (TBHP)
was added 4 hours prior to staining with DCFDA in FSE
0 (+ve Ctrl) treated cells.

Western Blotting

The effect of various doses of FSE on MCF-7 and SK-
BR3 breast cancer cells was evaluated on the p53 signal-
ing pathway by the Western blotting. The 0.25 x 10° cells
per well were seeded in 6-well plates overnight and treated
under the same conditions as described above. The immu-
noblotting analyses were done by probing the protein on
the PVDF membrane with anti-p53, anti-p21, anti-Bax,
anti-Bcl-2, anti-B Actin after harvesting of the cells, 48
hours of the treatment.

In vivo Oral Toxicity Study

Female Swiss mice (8—10 weeks) were obtained from the
animal house facility of the King Saud University, Riyadh,
Saudi Arabia. The experiments involving the animals were
carried out after the approval of the animal ethics commit-
tee of the College of Applied Medical Sciences, Qassim
University, following guidelines of the University of
Welfare Wheathampstead,
England. All the twelve mice were fasted overnight before

London Animal Society,
the treatment and the food was provided approximately
1 hour after the treatment. The acute oral toxicity of FSE
was investigated in the mice as per the guidelines by the
Organization  for  Economic  Co-operation  and
Development (OECD), Test # 420.°° A single high dose
of 5000 mg/kg b.w of FSE in distilled water was adminis-
tered through oral gavage to six mice, while distilled water
was given to another six control mice. All animals were
observed frequently on the day of treatment for 6 hours
and surviving animals were monitored daily for 14 days
for any sign of acute toxicity. All the surviving animals
were weighed every other day and visual observations for
mortality, behavioral pattern, changes in physical appear-
ance, injury, pain, and signs of illness were conducted
daily during the period.

Assessment of Relative Organ Weight

All the mice were sacrificed after the completion 14 days
experimental period. The vital organs (lung, liver, kidney,
heart, and spleen) were excised and relative organ weight
(ROW) was measured using the formula as follows.

_ Organ weight

ROW 100

~ Body weight

Biochemical Analysis

After 14 days of experimental period, the activity of liver
markers in the serum was determined by the Colorimetric
analyses of the total bilirubin (TBIL), alkaline phosphatase
(ALP), alanine aminotransferase (ALT), and aspartate ami-
notransferase (AST) using the kits from Abcam, following
manufacturer’s instructions.

Statistical Analysis

The mean values and standard errors for all samples were
calculated for different treated groups. The significant
difference between the groups of various doses of FSE
was measured by the ordinary one-way and 2way
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ANOVA, Tukey’s multiple comparison test using Prism 8.
P-value < 0.05 was considered statistically significant.

Results

Analysis of the Bioactive Compounds in
FSE by GC-MS Analysis

As shown in Table 1, the range of 35 bioactive compounds
were identified in the FSE by GC-MS analysis, supports
the importance of fenugreek seeds as traditional medicine.
The GC-MS spectrum confirmed the presence of various
components with different retention times as illustrated in

Figure 1.

Polyphenols in FSE and Antioxidant
Activity

The concentration of polyphenols as total phenolic
contents (TPC) and total flavonoid contents (TFC) in
FSE was measured to be 128.3 and 14.93 pg/g of
extract (Figure 2A). The antioxidant activity of FSE
was found to be increasing in dose depending manner.
As depicted in Figure 1B, the ICsy value as 50%
radical scavenging activity was observed at 19 pg/mL
of FSE (Figure 2B).
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Figure | A typical chromatogram of the bioactive compounds present in FSE.
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14.00

FSE Induced Cytotoxicity in MCF-7 and

SKBR-3 Cells

The cell viability was evaluated on MCF-7 and SK-BR3
breast cancer cells by the cell cytotoxicity assay following
48 hours of treatment with various concentrations of FSE.
As depicted in Figure 3, both of the cell lines responded to
the anti-proliferative and cytotoxic effects of FSE in
a dose-dependent manner. It induced the cell proliferation
within the range of 1-10 pg/mL, whereas started the
growth inhibition at 25 pg/mL of FSE in MCF-7 cells, and
ICso was observed at 150 pg/mL (Figure 3A). The induc-
tion of cell proliferation was recorded at only 1-2 pg/mL
in SK-BR3 cells, though it initiated the cytotoxic effect of
cell death at 5 ug/mL. The SK-BR3 cell showed potent
cytotoxic activity as the ICso was measured at 40 png/mL
(Figure 3B). This primary screening of both of the cells
helped us to select the four different doses for each cell
line for further studies that showed the viability of the cells
from 90 to 50%. The four doses that showed IC;q, ICss,
1C5s, ICsq for the MCF-7 and SK-BR3 cells were selected
and designated as follows: 40 (IC,(/FSE 40), 80 (IC,5/FSE
80), 100 (IC55/FSE 100) and 150 pg/mL (ICs¢/FSE 150)
and 10 (IC,(/FSE 10), 20 (IC,s/FSE 20), 30 (IC;s/FSE 30)
and 40 ug/mL (ICs50/FSE 40), respectively.

20.826

15.939

21 .566

18.414

1919.858 24 507

17.442

16.00 186.00 20.00 22.00 24.00

submit your manuscript

1518

Dove

Journal of Inflammation Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Alrumaihi et al

>
:

100

ng/g of FSE

g

(-]

T
TFC

w
-
o
(=]

i

g

=S

25

% of DPPH Radicals Inhibition

T T T
1 2 4 8 10 15

T T T T T T T
20 40 80 100 200 400 500

FSE Concentration (pg/ml)

Figure 2 Concentration of polyphenols in FSE and antioxidant activity.

Notes: (A) TPC and TFC. (B) The antioxidant (DPPH scavenging) activity as percentage of DPPH radical inhibition and IC50 value (ug/mL). The data represented mean

value cells + SEM of three independent experiments.

Abbreviations: FSE, fenugreek seed extract; TPC, total phenolic contents; TFC, total flavonoid contents; DPPH, 2,2-diphenyl-1-picrylhydrazyl; SEM, standard error mean.

Effect of FSE on the Cell Morphology

Treatment of breast cancer cells with FSE induced
morphological alterations that include the loss of
attachment, membrane blebbing, cell shrinkage, sub-
stantiate the cells in the stages of apoptosis. The
microscopic images showed that the changes could
also be noticed in the MCF-7 cells exposed to FSE
40 pg/mL as compared to the control. It increased with
the doses as ~50% of the cells were detached, having
the rounded shape of the cells treated with FSE 150.
Similarly, the increasing changes in the morphology of
SK-BR3 were seen in a dose-dependent manner as only

25-30 cells were viable, exposed to FSE 40, whereas it
appeared 90% viable cells treated with FSE 10

(Figure 4).

FSE Induced the Inhibition of Cell
Migration

The potential of FSE on the migration of both MCF-7
and SK-BR3 cells was studied using a wound-healing
assay. The cells exposed to FSE 0 were migrated to the
wound area, leading to ~64% healing after 48 hours,
comparing the wound at 0 h. However, the significant
seen

dose-dependent inhibition of migration was
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Figure 3 The analysis of cell viability by cell cytotoxicity assay.
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Notes: (A) MCF-7 and (B) SK-BR3 cells (I x 10%) were treated with a range of FSE doses (0-250 pg/mL) for 48 hours in 96 well plates, and the percentage of cell viability
was measured by cell cytotoxicity assay kit. Data represented mean percentages of viable cells £ SEM of three independent experiments.

among all the doses in both of the cells (Figure 5). As
shown in Figure 4A, there was 21.5%, 38.4%, 49%,
and 59.5% inhibition in migration in the MCF-7 cells
treated with FSE 40, 80, 100 and 150 pg/mL, respec-
tively (Figure 5A). Whereas it was estimated to be 5%,
30%, 35%, and 47% in the SK-BR3 cells exposed to
10, 20, 30, and 40 pg/mL of corresponding doses of
FSE (Figure 5B).

Effect of FSE on Cell Adhesion

The crystal violet assay revealed the significant loss in the
adherence of cells in both breast cancer cells treated with all
the doses as compared to control. The significant loss of cell
adherence was also investigated in MCF-7 as well as SK-BR3
cells within the doses. As depicted in Figure 6A, the 14.2,
35.4, 55.5, 76.5% loss in the cell adherence were detected in
the MCF-7 cells treated with FSE at the odes of 40, 80, 100,
and 150 pg/mL, respectively. It was assessed to be 14.75,33.7,
55.2, and 79.5 in the SK-BR3 cells exposed to FSE at the
corresponding doses of 10, 20, 30, and 40 pg/mL (Figure 6B).

Effect of FSE on Cell Apoptosis

The results indicated the changes in the percentage of
early and late apoptotic cells in a dose-dependent man-
ner. As depicted in Figure 7A, the 13.3% cells were
found to be necrotic but no apoptosis in the MCF-7
cells exposed to FSE 40, whereas 11.6% necrotic cells,
8.81% early and 16.1% late apoptotic cells were esti-
mated in FSE 80 treated cells. It was found only ~5%
necrosis in the cells exposed to FSE 100 and FSE 150.

Whereas an increase in apoptosis, as 12.5 and 12.8%
late and 20.4, and 20.0% early apoptotic cells were
recorded, respectively (Figure 7A). As shown in
Figure 7B, the necrotic death was found to be 8.68,
16.5, and 10.8% in the SK-BR3 cells exposed to FSE
80, 100, and 150, respectively. Besides, the significant
changes were also observed in the stages of apoptosis
in a dose-dependent manner as 4.2, 8.84, and 13.2%
early and 20.2, 34.3, and 48.3% late apoptosis were
explored, correspondingly in the cells treated with FSE

80, 100, and 150.

Effect FSE on Cell Cycle Analysis

The distribution of cell cycle analyses of the flow cytometry
data revealed the continuous shift of cell cycle arrest in
a dose-dependent manner in both of the breast cancer cells
(Figure 8). The exposure of MCF-7 cells to the doses of ICyq
(FSE 40) and IC,5 (FSE 80) showed the accumulation of the
proportion of cells in S-phase from 31.2% + 1.7% to 44.3% +
2.19% and 54.6% =+ 1.29%, respectively. Whereas, the accu-
mulation of the percentage of SK-BR3 cells exposed to the
similar IC doses of FSE was changed in S-phase from
41.82% + 2.18% to 64.267% + 2.23% and 75.1% =+ 2.67%,
correspondingly. The robust cell cycle arrest was observed in
G2/M and >@G2 phases, as the cells were treated with IC;5 and
ICs¢. The proportion of the cells was accumulated in G2/M
and >QG2 phase from 22.4%+1.4% and 0.0 to 77.23%=+2.75%
and 23.1%+ 2.89% exposed to FSE 100, whereas it was
found to be 70.33%+3.59% and 30.83%=+2.74% in the cells
treated with FSE 150, respectively. However, the cell cycle
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Figure 4 FSE induced morphological changes in breast cancer cells.

Notes: (A) MCF-7 and (B) SK-BR3 cells (I x 10°) were treated with indicated concentrations of FSE for IC o, ICys, IC35, and ICs received from cell cytotoxicity assay for
48 hours in 12 well plates. The representative photomicrographs were obtained after 48 hours of the treatment using Optika inverted microscope (Magnification, 100X) and
recorded using TBS-3 software. The arrows indicate the morphological changes in the cells as |. Cell shrinkage, 2. Membrane blebbing, 3. Apoptotic bodies, 4. Echinoid

spikes, and 5. Pyknotic body.

was arrested to 29.5%+1.49% and 10.2%+0.87% and
38.63%+1.06% and 6.5%+0.67% cells in G2/M & >G2
phase from 23.73%=+1.48% and 0.0% exposed to IC3s and
IC50 in SK-BR3 cells. These results suggested that FSE
inhibited cellular proliferation via S, G2/M, as well as >G2
phase cell cycle arrest in a dose-dependent manner.

FSE Reduced Mitochondrial Membrane
Potential in a Dose-Dependent Manner in

MCF-7 and SK-BR3 Cells
The TMRE fluorescence from the flow cytometry, as well as

the confocal microscopic studies, showed the significantly
increasing reduction in the MMP in all the selected doses in
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Figure 5 FSE inhibited metastatic properties of breast cancer cells by wound healing/scratch motility assay.

Notes: (A) MCF-7 and (B) SK-BR3 cells (I x 10°) were grown for 24 hours, followed by the treatment with selected concentrations as mentioned above for 48 hours in
a 12 well plate. Photomicrographs were obtained after 0 and 48 hours of treatment using Optika inverted microscope (Magnification, 40X) and recorded using TBS-3
software. The representative images and analyses of wound healing assay as + SEM of three independent experiments. Statistical differences were analyzed by Ordinary one-
way ANOVA, Tukey’s multiple comparison test. “Significant difference between each treated group.

comparison to TMRE control and between the doses as well ~ (negative control), 40, 80, 100, and 150, respectively
in both of the cells. The mean fluorescence intensity (MFI)  (Figure 9A). It was shown 894.7, 770, 299.7, 210.7, and
by the flow cytometry was measured to be 1821, 1712, 1287,  121.3 in SK-BR3 cells treated with FSE 0 (negative control),
988.3, and 581.7 in the MCF-7 cells exposed to FSE 0 40, 80, 100, and 150, correspondingly (Figure 9B).
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Figure 6 Effect of FSE on adhesion of breast cancer cells by crystal violet staining assay.

Notes: (A) MCF-7 and (B) SK-BR3 cells (I % 10°) were grown, followed by the treatment with selected concentrations, as mentioned above, for 48 hours in a 12 well plate.
The representative images and density index of viable cells after being stained with 0.2% crystal violet as + SEM of three independent experiments. Statistical differences
were analyzed by Ordinary one-way ANOVA, Tukey’s multiple comparison test. *Significant difference between each treated group.
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Figure 7 FSE induced apoptosis using Annexin V-FITC/PI by flow cytometry.

Notes: (A) MCF-7 and (B) SK-BR3 cells (2.5 x 10°) were grown followed by the treatment with selected concentrations FSE, as mentioned above, for 48 hours in a 6 well
plate. The representative changes in the proportion of cells were analyzed after staining the cells with Annexin V-FITC/PI by flow cytometry. The percentage of the viable
(lower left; Annexin V7/PI") necrotic (upper left; Annexin V/PI"), early apoptosis (lower right; Annexin V*/PI7), and late apoptosis (upper right; Annexin V*/PI") stages of FSE
treated cells were evaluated by FlowJo software v10.7. The representative analyses of apoptosis as + SEM of three independent experiments. Statistical differences were
analyzed by Two-way ANOVA, Tukey’s multiple comparison test. #Signiﬂcant difference between each treated group, *significant difference within the indicated groups.
Abbreviations: FITC, fluorescein isothiocyanate; Pl, propidium iodide.
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Figure 8 Effect of FSE on cell cycle distribution using Pl by flow cytometry.

Notes: (A) MCF-7 and (B) SK-BR3 cells (2.5 x 10°) were grown, followed by the treatment with the indicated concentrations for 48 hours in a 6 well plate. The
changes in the cell cycle distribution using Pl were analyzed by flow cytometry. The percentage of Gl, S, G2/M, and >G2 phase distribution of FSE exposed cells was
measured by Flowjo software v10.7. The representative analyses of the distribution of cells in the phases as + SEM of three independent experiments. Statistical
differences were analyzed by Two-way ANOVA, Tukey’s multiple comparison test. “Significant difference between each treated group, *significant difference within the

indicated groups.

FSE Induced ROS Potential in a
Dose-Dependent Manner in MCF-7 and
SK-BR3 Cells

The DCFDA fluorescence from the flow cytometry, as
well as confocal microscopic studies, suggested the
significant continuous rise in the ROS in all the
selected doses as compared to the controls. The mean
fluorescence intensity (MFI) of DCFDA by the flow
cytometry was estimated to be 563, 728, 746.7, 788.3,
and 815 in the MCF-7 cells exposed to FSE 0, 40, 80,
100, and 150, respectively (Figure 10A). It showed
319.3, 468, 526.3, 629, and 706.3 in SK-BR3 cells
treated with FSE 0, 40, 80, 100, and 150, correspond-
ingly (Figure 10B).

FSE Increased Bax/Bcl-2 Ratio via p53
Signaling Pathway in MCF-7 and SK-BR3
Cells

The Western blotting analysis revealed the upregulation of
p53 dose-dependently in both breast cancer cells as it was
measured up to >3-fold increase as compared to the
untreated control. The expression of p21 was found
unchanged in both of the cells exposed to the concentra-
tion of IC;o and IC,5. Though it was observed more than
3-fold and 1.7 to 2.2-fold increase in MCF-7 and SK-BR3,
respectively, exposed to IC;5 and ICsq (Figure 11). FSE
increased the ratio of Bax/Bcl-2, inducing the mitochon-
drial-associated apoptotic cell death, as the downregula-
tion in the expression of Bcl-2 and the elevation in the
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Figure 9 Effect of FSE on mitochondrial membrane potential (MMP or A%¥m). (A) MCF-7 and (B) SK-BR3 cells (2.5 x 10° cells for flow cytometry and 5 x 10* cells for
confocal microscopy) were grown, followed by the treatment with the specified concentrations for 48 hours in 6 well and 24 well plates, respectively. The A¥Ym of the cells
was measured quantitatively and qualitatively using TMRE by the flow cytometry and confocal microscopy (Magnification, 300X), correspondingly. The representative images
and analyses of A¥m as + SEM of three independent experiments. Statistical differences were analyzed by Ordinary one-way ANOVA, Tukey’s multiple comparison test.
#Significant difference between each treated group. The FCCP (20 M) was added 10 minutes prior to staining with TMRE in FSE 0 (+ve Ctrl) treated cells.

Abbreviations: TMRE, tetramethylrhodamine, ethyl ester; FCCP, carbonyl cyanide 4-(trifluoromethoxy) phenylhydrazone.
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Figure 10 Effect of FSE on the generation of reactive oxygen species (ROS).

Notes: (A) MCF-7 and (B) SK-BR3 cells (2.5 x 10° cells for flow cytometry and 5 X 10 cells for confocal microscopy) were grown, followed by the treatment with the
specified concentrations for 48 hours in 6 well and 24 well plates, respectively. The induction of ROS by FSE in the cells was measured quantitatively and qualitatively using
DCFDA by flow cytometry and confocal microscopy (Magnification, 300X), correspondingly. The representative images and analyses of ROS generation as + SEM of three
independent experiments. Statistical differences were analyzed by Ordinary one-way ANOVA, Tukey'’s multiple comparison test. *Significant difference vs FSE (+ve Ctrl),
*significant difference vs FSE 10 and 40, ***significant difference vs FSE 80, *significant difference between each treated group. The TBHP (50 uM) was added 4 hours prior
to staining with DCFDA in FSE 0 (+ve Ctrl) treated cells.

Abbreviations: DCFDA, 2',7"-dichlorofluorescin diacetate; TBHP, tert-butyl hydrogen peroxide.
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Notes: (A) MCF-7 and (B) SK-BR3 cells (I % 10°) were treated with indicated concentrations of FSE for 48 hours in 100 mm plates. The cells were lysed to isolate the
whole-cell protein for immunoblotting using antibodies specific for p53, p21, Bax, Bcl-2, and B-actin. The data are shown as the mean + SEM of triplicate experiments.
Statistical differences were analyzed by Two-way ANOVA, Tukey’s multiple comparison test. *Significant difference vs FSE 0, 40, and 80, “significant difference between each

treated group.

level of Bax were observed in both of the breast cancer
cells (Figure 11).

In vivo Oral Toxicity Study

As shown in Table 2, no toxic symptom or mortality
was observed during the experimental period of 14
days in the animals monitored following administration
of FSE at 5000 mg/kg body weight. However, the
piloerection, blinking of the eyes, rapid heartbeat
were noticed in the first 6 hours after the exposure of
FSE, but later become normal (Table 2). The data
revealed the normal growth of all the animals as the
average body was calculated to be 29.3 g and 27.9 g in
vehicle and FSE treated animals, respectively (Figure
12A). As depicted in Figure 11B-F, no significant
changes were measured in the relative weight of vital

organs in comparison to vehicle-treated control mice.

The biochemical analysis in the serum also showed no
significant differences in the level of ALT, AST, ALP,
and TBIL as well (Figure 13).

Discussion

In recent years, the use of herbal medicines in the treat-
ment of various diseases has received widespread attention
as several traditional medicinal plants have now been well
documented as “treasure trove” of secondary metabolites.
We demonstrated the difference of sensitivity in cell lines
as FSE showed 40 pg/mL and 150 pg/mL ICs, in the SK-
BR3 and MCF-7 breast cancer cells, respectively. The
growth-inhibitory sensitivity of FSE and diosgenin was
also reported in DU-145, PC-3, LNCaP prostate cancer
(PCa), and MDA-MB-231 breast cancer cells,’” A549 lung
cancer,38 HT-29 colon adenocarcinoma cell lines.”®

Remarkably, to date, no detailed studies have tested the
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Table 2 General Appearance and Behavioral Observations of
Oral Acute Toxicity Study for Vehicle and FSE Treated Groups

Observations Vehicle FSE
6 14 6 Hours 14
Hours Days Days
Skin and fur NAD NAD Piloerection NAD
Eyes NAD NAD Blinking of NAD
the eyes
Mucous NAD NAD NAD NAD
membrane
Behavioral NAD NAD DMA & NAD
patterns Rapid heart
beat
Salivation NAD NAD NAD NAD
Lethargy/Sleep NAD NAD DMA NAD
Diarrhea NAD NAD NAD NAD
Mortality 0/10 0/10 0/10 0/10

Abbreviations: NAD, no abnormality detected; DMA, decreased motor activity.

effect of FSE on breast cancer cells. To the best of our
knowledge, this is the first study of the function and
mechanism of action of FSE in breast cancer cells.
However, some studies showed the induction of apoptosis
via Caspase-3, p53 activation, and the inhibition of Akt by
FSE or diosgenin, but the results were supportive to the
conclusion.*”*

The leading cause of breast cancer-associated mortality
is distant metastasis, involving migration, adhesion, and
invasion. The migration of cancer cells is an essential
initial step in the process of metastasis. The FSE showed
the anti-metastatic effect by reducing the healing in a dose-
dependent manner in both MCF-7 and SK-BR3 breast
cancer cells. Subsequently, the detachment of cells and
the relative density index of crystal violet demonstrated
cell adherence by the effect of FSE (Figures 4 and 6).
Noticeably, no study so far exhibited the anti-metastatic
potential of FSE or its active constituent against any can-
cer cell.

The apoptotic morphology was detected in the FSE
exposed cells, more prominently as showing condensed
nuclei, cell shrinkage, membrane blebbing, apoptotic
bodies, and echinoid spikes as well (Figure 3). The pro-
portion of the cell death via necrosis, early and late apop-
tosis was analyzed by the flow cytometry using Annexin
V-FITC/PI, showing FSE-induced apoptosis in a dose-

dependent manner. There was a significant increase in
the percentage of late apoptosis in the cells treated with
IC35 and ICsy doses. The distribution of cells was mea-
sured by cell cycle analysis using the flow cytometry to
elucidate the molecular mechanism of apoptosis.
Interestingly, we observed a dose-dependent S, G2/M,
and polyploidy in cell cycle arrest following exposure
with FSE, as illustrated in Figure 14. The data revealed
the difference in the cell cycle arrest by FSE from
a previously published report using different cancer cells.
It showed the variation in the cell cycle as significant, sub-
G1 and G2/M phase in PC-3 and LNCaP prostate cancer
cells,>” sub-G1 and G1 in hepatocellular HepG2 cells*'
were arrested, while exposed to methanolic fenugreek
seeds extract. Our data revealed the accumulation of ~44
and 55% in MCF-7, and 75 and 56% in SK-BR3 cells in
the S-phase, treated with IC;o and IC,5 respectively. As
most of the cells arrested in S-phase, accompanied by the
reduction in the number of cells in G1, here we focused on
interpreting the cell cycle arrest in S-phase at these con-
centrations. As the cells are exposed to stress, DNA may
be damaged while cells attempt to replicate it. It is said
that the S-phase checkpoint, comparatively not as sensitive
as G1 or G2/M, does not arrest the cell cycle progression,
but the extent of the duration.*? The results of the present
study have made it interesting, as the behavior of the cell
cycle arrest was changed with the doses that significantly
lead to apoptosis. However, several studies reported the S—
phase arrest by inhibiting the chromatin assembly, activat-
ing p53 mediated pathway.***® The p53-associated block-
ade of DNA synthesis may prevent the generation and
propagation of additional DNA damage, as the failure to
arrest DNA synthesis is lethal to the cells (Figure 14).
Then, the cells may either repair the damaged DNA or
undergo apoptosis before entering to next cell cycle.**>°
As depicted in Figure 7, about 27% MCF-7 and 25% SK-
BR3 apoptotic cells were detected when exposed to IC;s.
The Western blotting analysis revealed the upregulation of
p53, whereas no change in the expression of p21 was
detected in the cells treated with the same doses (Figure
11). The unaltered expression of p21 may be assumed in
the S-phase arrest as it could be an essential requirement
for efficient restart of DNA synthesis.”'~* The mitochon-
drial-associated apoptotic pathway may be induced by
intra-and extracellular stress and is dependent on mito-
chondrial outer membrane permeabilization. The loss in
the MMP leads to the release of cytochrome c is taken by
cells to activate apoptotic machinery.>*>* The continuous
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Figure 12 Effect of FSE on body weight and relative organs weight (ROW).

Notes: (A) The mice were weighed at the start of the experiment followed by every other day and before sacrifice, (B) RLW, (C) RHW, (D) RLvW, (E) RKW and (F) RSW.
The relative organs weight were measured using the formula as described in materials and methods after sacrificing the mice at the end of the experiment. The values are

expressed as * SEM of six mice for each group.

Abbreviations: RLW, relative lung weight; RHW, relative heart weight; RLvW, relative liver weight; RKWV, relative kidney weight; RSWV, relative spleen weight.

loss of MMP was measured in both cells exposed to
varying doses of FSE, by TMRE using the flow cytometry,
as well as confocal microscopy (Figure 9). The proto-
oncoprotein BCI-2 appears to be a potent antagonist of
MMP, makes the Bcl-2/Bax ratio a critical determinant of
a cell’s threshold for undergoing apoptosis through the
mitochondrial pathway.’> The data revealed significant
increase in the expression of Bax, while the decrease in
Bcl-2, leading to apoptosis in both of the cells exposed to
FSE in a dose-dependent manner (Figure 11). Several
studies the  selective of

suggested toxicity

chemotherapeutic drugs through MMP pathways, as it
played a critical role in the oxidative signaling, generation
of ROS.”*° Here, we observed the increasing level of
ROS in a concentration-dependent manner in both cells, as
it could be critical to FSE-induced cell cycle arrest and
apoptosis as well (Figures 10 and 14).

Furthermore, the accumulation of 100% MCF-7 and
more than 40% SK-BR3 cells was measured in G2/M
and polyploidy when exposed to IC;35 and ICs, respec-
tively. The mitotic catastrophe or mitotic slippage could
be occurred due to the aberrant G2/M transition before
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three independent experiments.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TBIL, total bilirubin levels.

the completion of DNA replication.®® It requires the
Cdk1 activation, but the early entry of the Cdkl/cyclin
B1 complex instigates premature chromatin condensation
followed by apoptosis.®’ ® Several studies suggested
that the activation of Cdkl can induce mitochondrial
membrane permeabilization by phosphorylating BAD at

Ser'?®. Subsequently, BAD can translocate to mitochon-
dria, antagonizes Bcl-2, induces Bax, and then induces
apoptosis after missing the interaction with 14-3-3
proteins.®®®” Besides, the p53 can indirectly increase
the Cdkl activity through the activation of Bax and
Puma, thus inducing mitochondrial apoptosis.®®® It has
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been reported that the presence of p53, polyploidy trig-
gers the activation of p21 followed by cell death, which
suggests p21 as one of the critical target genes in this

70-72 was also

perspective. The expression of p21
observed in both cells treated with ICs5 and ICso. Thus,
p21 independent, as well as dependent behavior of the
cells was noticed in a dose-dependent manner in both of
the breast cancer cells (Figures 11 and 14).

Several studies suggested that the absorption of toxins in
the gastrointestinal tract change the body, relative organs
weight, and hematopoietic system as well.”* 7 The in vivo
toxicological studies data revealed no clinical toxic sign of
5000 mg/kg FSE as revealed from behavioral pattern, mor-
tality, body weight, relative vital organs weight, and bio-
chemical analysis. According to the chemical labeling and
classification of acute systemic toxicity recommended by
OECD, the FSE was given class 5 status (LD50>5,000 mg/

kg) which was the lowest category of toxicity.*®

Conclusions
The present study demonstrated the molecular mechan-
ism of the anti-cancer effect of FSE in breast cancer
cells. The current study clearly indicates the induction
of apoptosis by FSE

through multiple signaling

\'. Cell repair and
Survive

-_l Cytochrome C release

G2/M Cell
Cycle Arrest

i

> Cell Cycle Arrest
Polyploidy/
Mitotic Catastrophe

pathways. Further analysis is required to understand
the detailed involvement of the signaling pathway. The
FSE may be a potential anti-cancer agent in combination
with chemotherapeutic agents. The nontoxic effect of
FSE in mice suggests to utilize it safely for pharmaceu-
tical formulations in different cancer systems. However,
detailed toxicity studies are needed to understand the
effect of FSE on animal fetus, pregnant, and their repro-
ductive capacity.
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