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Abstract

properties in laboratory models and living organisms. Recent studies suggest that certain

Resveratrol is a plant-derived polyphenol known for its anti-inflammatory and anti-tumor

analogs of resveratrol may exhibit more effective anti-tumor factors. This study investigates

the impact of resveratrol on the cell cycle of MCF-7 cells at concentrations of 1.5 and 2pg\ ml.
Resveratrol, at 2ug\ml, significantly alters the cell cycle distribution, indicating a concentration-
dependent effect. Doxorubicin serves as a positive control and induces G1 phase arrest. These results
contribute to understanding the potential mechanisms of resveratrol in cancer treatment and shed light
on its impact on cell cycle dynamics. Additionally, the study explores the effects of different
concentrations of resveratrol on the activity of Caspase 8, using doxorubicin as a positive control for
comparison. Human cell lines were exposed to varying concentrations of resveratrol (1.5 pg\ ml and 2
micrograms/ml), and Caspase 8 activities were compared with both untreated cells (control group) and
those treated with doxorubicin. The average Caspase 8 activity and standard deviation were calculated
for each treatment group, and the statistical significance was determined. this study highlights the
concentration-dependent effects of resveratrol on the cell cycle distribution of MCF-7 cells,
suggesting its potential as a therapeutic agent in cancer treatment. Furthermore, the investigation of
Caspase 8 activity provides additional insight into the anti-cancer properties of resveratrol in breast

cells.

Keywords: Resveratrol, Cell cycle dynamics, Caspase activation, MCF-7 cells, Doxorubicin,
Apoptosis, Mitochondrial membrane.

Introduction

Resveratrol (trans-3, 4', S5-trihydroxystilbene),
originally identified as a naturally occurring anti-
tumor molecule, is a phytoalexin polyphenol
produced by several plants, including grapes, berries,
and others [1, 2]. This polyphenolic compound,
found in grape skin and certain other natural products
like knotweed, has demonstrated the ability to delay
or prevent carcinogenesis stages [3,4]. This
preventive effect may be associated with resveratrol's
ability to halt cell cycle progression [5-7]. Breast
cancer stands as one of the most prevalent malignant

tumors globally and ranks second as a cause of
cancer-related deaths among women in the United
States [8, 9]. The development of breast tumors is
primarily influenced by a family history, and various
lifestyle factors may also contribute to breast cancer,
such as occupational status, obesity, smoking,
alcohol consumption, menopausal age, and high
blood pressure [10, 11]. or induce programmed cell
death in cancer cells through apoptosis [12-14].
Studies have provided insights into the anti-aging
health benefits of resveratrol, including improved
metabolism, heart protection, and cancer prevention.
Pre-clinical studies have revealed the biological
effects of resveratrol in various aspects. However, its
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broad application in clinical treatment remains
challenging [17,16,15]. Resveratrol restricts the
survival of breast cancer stem-like cells and induces
autophagy [18, 19], a highly conserved physiological
cellular process crucial for nuclear organisms,
participating in cell cycle regulation and cellular
component turnover [20,21]. Unlike autophagy,
programmed cell death is characterized by membrane
bubbling, DNA fragmentation, and distinct apoptotic
bodies. Programmed cell death requires the
activation, expression, and regulation of genes; It is
not a pathological condition but an adaptive and
proactive mechanism in response to environmental
changes and cellular rejuvenation, Doxorubicin is
commonly used to treat various types of cancer, including
bladder, breast, stomach, lung, ovarian, thyroid, and soft
tissue cancer. It works by damaging the genes of cancer
cells and interfering with their reproduction [24].

Contrary to autophagy, programmed cell death
involves mitochondrial pathways to induce the
release of soluble particles from the intermembrane
space. One of these particles is cytochrome c, which,
in the cellular cytoplasm, stimulates the sequestration
of a small molecule called Apaf-1 to generate a
compound where caspase-9 is activated. Active
caspase-9 then stimulates the initiating maturation of
caspase-3 and other terminal caspases, leading to cell
death. The release of cytochrome ¢ can be prevented
by anti-apoptotic Bel-2 family proteins, which are
supposed to maintain the integrity of the
mitochondrial membrane. Pro-apoptotic members of
the Bcl-2 family, known as BH3-only proteins, act as
cellular damage sensors and initiate the process of
death either by inhibiting anti-apoptotic family
members or activating another set of pro-apoptotic
proteins associated with Bcl- 2. The proteins,
Bax/Bak, induce conformational changes by
provoking cell-compatible alterations [28, 29].

Several reports have shown that resveratrol can
stimulate programmed cell death in cancer cells
through a mitochondria-dependent pathway partially
relying on Bax-associated conformational changes
and cellular redistribution [30,31]. This study aims to
shed light on the role of naturally isolated resveratrol
from grape skins in the cell cycle and its impact on
caspase-9 and caspase-8 enzymes.

Material and Methods

Preparation of Resveratrol

This experiment was carried out in the period from
March 2022 to June 2023 At the Biotechnology Center in
Baghdad, Iraq, a grape peel extract was prepared
according to [32], with all steps conducted away
from direct light and high pressure to prevent plant
extract oxidation. Approximately 500 grams of fresh
grapes were macerated with 2.5 liters of 80% ethanol
in a cool and dark place for 72 hours. The extract
was filtered, and the filter was dried at 30-40 °C

using a rotary evaporator to obtain 1/10 of its original
volume, which was stored at -20°C. The method
described in [33] was employed for phenol isolation
and purification.

Cell Cycle Assay

To study the cell cycle of MCF-7 breast cancer
cells, cells were obtained from the Cancer Research
Center at the University of Mustansiriya, Iraq. MCF-
7 cells, isolated from a 69-year-old Caucasian
woman with breast cancer in 1970, were used. MCF-
7 is an abbreviation for the Michigan Cancer
Foundation-7. The CycleTest™ Plus DNA Reagent
kit was used for the cell cycle analysis. Cells were
seeded at a concentration of 5 x 105 cells per well
using a 12-well plate and complete growth medium.
After 24 hours of incubation at 37°C and 5% CO2,
the culture medium was replaced with resveratrol at
concentrations of 1.5, 2, and 2.5 pg\ml for 24 hours
to analyze the cell cycle. Doxorubicin was used as a
positive control at a concentration of 1 uM,
following the protocol in [34].

Caspase Assay

The Caspase-Glo® 8 and 9 assays were used to
measure the activity of Caspase 8 and Caspase 9,
crucial in cell growth, differentiation, and
programmed cell death. Cells were cultured in a 96-
well plate and incubated at 37°C for 24 hours. After
incubation, the culture medium was replaced, and
cells were treated with resveratrol at concentrations
of 2 and 2.5 pg\ ml for 24 hours. Doxorubicin was
used as a positive control at a concentration of 1 pM,
and DMSO served as a negative control. The
Caspase-Glo® reagent was added, and luminescence
was measured at 405 nanometers to assess Caspase
activity [35].

Statistical analysis

Statistical ~analysis was performed using
GraphPad Prism software (Version 9, GraphPad
Software Inc, La Jolla, CA). Data were analyzed
using one-way analysis of variance (ANOVA), and
mean comparisons were made using the Tukey
multiple comparison test. Significance = was
considered at *p < 0.05 and **p < 0.01.

Results and Discussion

Effect of Resveratrol Particles on the Cell Cycle of
MCEF-7 Cells

The impact of resveratrol on the cell cycle of
MCF-7 breast cancer cells was investigated using
flow cytometry after treating the cells with various
concentrations of resveratrol (1.5 and 2
micrograms/ml) for 24 hours. The results (Table 1)
demonstrated no significant effect of the tested
concentrations of resveratrol on different phases of
the cell cycle in MCF-7 cells compared to the control
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model (untreated cells). However, when comparing
the results with the positive control model
(Doxorubicin drug), the experiment revealed the
impact of two substances, resveratrol and
doxorubicin, on the cell cycle stages of MCF-7 cells.
The cell cycle stages involve the distribution of cells
in the G1, S, and G2/M phases, and the percentage of
cells in each stage was reported for different
treatments in pg\ ml.

Resveratrol at a concentration of 1.5 pg\ ml
showed no significant change in the distribution of
cells in the G1, S, and G2/M phases compared to
untreated cells. Resveratrol at 2 pg\ ml indicated a
significant increase in the S phase, suggesting a
potential effect on DNA synthesis and cell
proliferation. Doxorubicin (ImM) showed a
significant increase in the G1 phase, indicating cell
cycle arrest, a distinct response to DNA damage
induced by doxorubicin. This aligns with its role as a
positive control, validating the experimental setup.
These results indicate that resveratrol, especially at a
concentration of 2 pg/ml, may affect the cell cycle of
MCF-7 cells by reorganizing the amino acid
sequences in the DNA and returning them to their
original pre-tumor nature. On the other hand,
doxorubicin, a well-known chemotherapeutic agent,
induces cell cycle arrest in the G1 phase, consistent
with its mechanism of action. Further studies are
warranted to explore specific molecular pathways
involved and assess the potential of resveratrol as a
modulator of cell cycle progression in cancer cells.
The notable increase in the Gl phase with
doxorubicin indicates a mechanism of cell cycle
arrest, consistent with its known toxic effects on
cells. Resveratrol, at the tested concentrations,
exhibits a concentration-dependent effect on the cell
cycle, with a significant impact observed at 2 pg\ml.
The results suggest that resveratrol may influence the
cell cycle progression in MCF-7 cells, potentially
affecting cell proliferation and survival.

Resveratrol treatment of MCF-7 cells demonstrates a
dose-dependent inhibition of cell growth and
accumulation in the S phase of the cell cycle at low
concentrations. However, higher concentrations do
not stimulate S phase accumulation [36]. Resveratrol
inhibits the proliferation of MCF-7 cells in a time-
and dose-dependent manner, with efficacy unrelated
to caspase expression [37]. Researchers have also
shown that Resveratrol enhances time-dependent cell
death in MCF-7 cells, regardless of caspase-3
expression. Significantly, there is a pronounced cell
cycle arrest in the S phase in both cell groups.
Resveratrol negatively regulates the growth of
prostate cancer cells by impacting the generation
process and promoting programmed cell death in the
prostate [38,39], and resveratrol prevents cell
proliferation and stimulates programmed cell death
in human breast cancer cells (MCF-7) [40].

These findings collectively underscore the
multifaceted effects of Resveratrol on cancer cells,
demonstrating its potential as a therapeutic agent for
breast and prostate cancer by inhibiting cell growth,
inducing cell cycle arrest, and promoting
programmed cell death. Further research is warranted
to elucidate the specific molecular pathways
involved and explore the translational potential of
Resveratrol in the treatment of cancer.

Resveratrol's Impact on Cellular Indicators

Figure 2 illustrates some cellular features
investigated to assess the effect of Resveratrol on
membrane permeability. A noticeable increase in
nuclear density was observed when cells were treated
with the compound at concentrations of 1.5 and 2
pg\ml, showing significant differences (p > 0.01)
compared to control cells. No significant impact was
observed for other concentrations. Nuclear density
levels were presented relative to the control
treatment, the fourth indicator studied was the
strength of mitochondrial membranes, crucial for
their integrity. Membrane depolarization serves as an
ideal indicator for damage, increasingly affected by
drug toxicity, offering an effective description of cell
death signals [5]. Results in Figure2 show that
Resveratrol concentrations of 1.5 and 2 pg\ ml led to
a significant decrease in mitochondrial membrane
strength (p > 0.01) compared to the control. This
suggests no significant difference in mitochondrial
membrane strength when treated with Boxo. at
concentrations of 1.5 and 2 pg\ml.

Cytochrome C, a major component in the weakly
bound electron transport chain on the outer layer of
the inner mitochondrial membrane, plays a crucial
role in programmed cell death [41]. Results in Figure
2 indicate no statistically significant differences
between concentrations of 1.5 pg\ml and 2 pg\ ml
compared to the control. However, Cytochrome C
levels significantly increased (p > 0.01) compared to
the control at concentrations of 1.5 and 2
micrograms/ml. The results suggest that high
concentrations of the compound affect all cellular
indicators in MCF-7 cancer cell lines when exposed
for 24 hours at 37 °C, inducing cells to undergo
programmed cell death (Figure2). Early features of
programmed cell death include mitochondrial
activity  imbalance, changes in  membrane
permeability, and alterations in the oxidative and
reduction system within, leading to pore opening and
allowing the passage of ions and small molecules
through the membrane. The opening of pores in the
cell membrane leads to ionic imbalance, causing the
dissociation of the respiratory chain and releasing
Cytochrome C into the cell [42].

The use of the cellular toxicity assay for drugs is an
essential part of detecting new medications. It is a
complex process that affects multiple metabolic
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pathways after cells are exposed to a toxic substance,
leading to cell death. Cell death can occur either as
programmed cell death or necrosis, typically
accompanied by changes in nuclear shape, cell
permeability, and mitochondrial function, resulting in
the loss of mitochondrial membrane function and the
release of Cytochrome C from the cell mitochondria
[43]. Resveratrol demonstrated cellular toxicity
towards MCF-7 cancer cell lines by inducing nuclear
fragmentation, chromatin condensation, and entry
into programmed cell death. This is a result of
increased production of free oxygen radicals after-
treatment and the release of damaged mitochondrial
debris [45]. Resveratrol prevents cell survival,
promotes programmed cell death in MCF-7 cells
[46], and enhances the anti-cancer effects of
paclitaxel in human liver cancer cells HepG22.
Resveratrol induces intrinsic cell death dependent on
caspases associated with increased oxidative stress
mediated by oxygen and nitrogen in its cells [47].
Ginkgolide B, a compound stimulating programmed
cell death in MCEF-7 cells, regulates the permeability
of the outer mitochondrial membrane and releases
mitochondrial Cytochrome C [48]. MitoVitE, an
antioxidant targeting mitochondria, reduces oxidative
stress caused by paclitaxel and potential changes in
the mitochondrial membrane in MCF-7 cells [49].

However, it remains clear how the effects of
Resveratrol are related to the post-cellular Francisco
system and the specific parameters mentioned in the
question. Further research is needed to determine the
effects of Resveratrol concentrations on cellular
knowledge content, cell membrane permeability,
mitochondrial membrane permeability, and the level
of Cytochrome C release in MCF-7 linear cancer
cells post-treatment.

Effect of Resveratrol on Caspases 8 and 9

Caspase 8 and Caspase 9, enzymes belonging to
the cysteinyl aspartate-specific enzyme family,
activate during the cell's entry into programmed cell
death. Figure 3 shows that MCF-7 cells exhibit a
dose-dependent increase in Caspase 8 activity after
24 hours of treatment. Resveratrol at concentrations
of 1.5 and 2 pg\ml resulted in a significant increase
in Caspase 8 activity by 1.64-fold and 2.13-fold,
respectively (p < 0.01), compared to the control
model (untreated cells).

Figure 3 illustrates the impact of Resveratrol on
Caspase 8, with the control model showing an
average Caspase 8 activity of 53,882 + 3,328 units,
serving as a baseline reference. At a concentration of
1.5 micrograms/ml, Resveratrol significantly
increased Caspase 8 activity, reaching an average of
73,002 + 3,177 wunits (<0.0001, **). Further
escalation of Resveratrol concentration to 2 pg\ml
led to a more pronounced elevation in Caspase 8
activity, with an average of 73,002 + 3,177 units

(<0.0001, **). The positive control model,
Doxorubicin, exhibited the highest Caspase 8 activity
among all tested conditions, with an average of
86,994 + 5,810 units (<0.0001, **). This robust
response indicates Doxorubicin's strong proapoptotic
effect on the studied cell lines (Figure 4). The
significant dose-dependent increase in Caspase 8
activity in response to Resveratrol suggests its
potential role as a stimulator of programmed cell
death in the studied cell lines. The statistical
differences compared to the untreated control model
support the idea that Resveratrol, even at relatively
low concentrations, has a measurable effect on
Caspase 8 activation, a crucial mediator of
programmed cell death pathways.

Figure 4 demonstrates the impact of Resveratrol on
Caspase 9 activity. The control model displayed a
baseline Caspase 9 activity of 15,833 units.
Treatment with Resveratrol at a concentration of 1.5
pg\ml resulted in an increased Caspase 9 activity,
with an average of 22,198 + 4,746 units (p = 0.0213,
*). Further escalation of Resveratrol concentration to
2 pg\ ml led to a more pronounced enhancement of
Caspase 9 activity, reaching an average of 34,447 +
3,068 units (p = 0.0008, **). The positive control
model treated with Doxorubicin exhibited a
significant increase in Caspase 9 activity, recording
an average of 67,559 + 2,629 units (P < 0.0001, **).
The notable increase in Caspase 9 activity in
response to Resveratrol suggests its potential role in
stimulating programmed cell death through the
activation of the intrinsic apoptotic pathway. The
statistical significance of differences compared to the
untreated control model supports the idea that
Resveratrol, even at relatively low concentrations,
has a measurable effect on Caspase 9 activation, a
key initiator of the intrinsic apoptotic cell death
pathway. The comparison with the positive control
model, Doxorubicin, provides context for the
effectiveness of Resveratrol in stimulating Caspase 9
activity. While Resveratrol shows a significant
effect, the positive control model demonstrates
higher and more potent activation of Caspase 9,
indicating that Doxorubicin has a stronger impact on
the intrinsic apoptotic cell death pathway in the
studied cell lines

Resveratrol demonstrates a dose-dependent
inhibition of Caspase activation and enhances cell
viability with a 50% inhibitory concentration (IC50)
of 66.3 + 13.81 micrometers in mouse primary
fibroblasts [50]. Resveratrol promotes caspase-3 and
PARP  cleavage, proteins associated  with
programmed cell death, and reduces dose-dependent
protein levels [51]. Resveratrol-induced programmed
cell death is evident through G1 cell cycle arrest,
increased Bax release, and activation of Caspase 3 in
MCF-7 cells [52]. Resveratrol stimulates caspase-
dependent programmed cell death through increased
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oxidative stress via oxygen and nitrogen in MCF-7
cells [53,54]. Resveratrol induces autophagy-
dependent programmed cell death in HL-60 cells
through intrinsic and extrinsic programmed cell
death pathways. Resveratrol modulates
mitochondrial membrane potential and markers
associated with programmed cell death, such as
increased Bax/Bcl-2 ratio and cleaved forms of
Caspase 8 and Caspase 9 [55]. Resveratrol induces
programmed cell death by modifying the crosstalk
between p53 and Sirt-1 in the tumor
microenvironment of CRC [56-58].

Conclusions

The study provides valuable insights into the
impact of Resveratrol and Doxorubicin on cell cycle
dynamics in MCF-7 cells, contributing to our
understanding of their potential mechanisms of
action in cancer treatment. Further investigations are
justified to elucidate the underlying molecular

:‘lkesvera ro z
g B t -" /__.ﬂ

Revesterol
enters the cell
2 |- w

pathways behind these effects and explore the
therapeutic effects of Resveratrol in cancer treatment.
This study highlights the concentration-dependent
impact of Resveratrol on Caspase 8 activity,
shedding light on its ability to induce programmed
cell death in human cell lines. The results emphasize
the need for continued research to uncover the
fundamental molecular mechanisms and assess the
translational effects of Resveratrol in cancer
treatment and other contexts where the regulation of
programmed cell death is crucial. The findings shed
light on the need for further exploration of
Resveratrol's mechanisms and potential synergies
with other programmed cell death regulators. This
knowledge contributes to a better understanding of
the therapeutic potential of Resveratrol, especially in
contexts where internal programmed cell death is a
crucial regulatory process, as seen in cancer
treatment.

Fig. 1. Schematic presentation of the effect of Revesterol on the cell life cycle and caspase 8,9 enzymes

TABLE 1. Effect of Resveratrol and Doxorubicin as a Positive Control Model on the Cell Cycle of MCF-7

Cell. (mean+SD)

Cell Cycle phases (Phases distribution Cell count%)

Treatments

(ng mL™) G,
Untreated Cells 55.85+0.35
1.5 (ug mL™) 57.55+0.45 NS
2 (ng mL™") 52.7+0.65N

Doxorubicin 1 mM 62.15 £ 1.48 **

S G,/ M
19.55+2.75 18.85+0.91
22.75 £3.46 NS 18.95 £2.05 NS
26.25+1.90N 25.65+1.48 NS

21.55+2.05NS 18.5+0.7 NS
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Fig. 2. Resveratrol's Impact on Cellular Knowledge Content, Cellular Membrane Permeability,
Mitochondrial Membrane Permeability, and Cytochrome C Release Levels in MCF-7 Cancer
Cells Incubated for 24 hours at 37°C.
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Fig. 3. The effect of different concentrations of Revesterol and the positive control model on Caspase 8

activity compared to the control model cells without treatment (mean+SD).
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