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Current studies are focusing on the anti-cancerous properties of natural bioactive compounds, primarily
those included in the human diet. These compounds have the potential to alter the redox balance that can
hinder cancer cell’s growth. In cancer cells, an abnormal rate of ROS production is balanced with higher
antioxidant activities, which if not maintained, results in cancer cells being prone to cell death due to
oxidative stress. Here, we have analyzed the effects of Chrysin and Capsaicin on the HeLa cells viability
and cellular redox signaling. Both these compounds stimulate cellular and mitochondrial ROS overpro-
duction that perturbs the cellular redox state and results in mitochondrial membrane potential loss.
Apart from this, these compounds induce cell cycle arrest and induce premature senescence, along with
the overexpression of p21, p53, and p16 protein at lower concentration treatment of Chrysin or Capsaicin.
Moreover, at higher concentration treatment with these compounds, pro-apoptotic activity was observed
with the high level of Bax and cleaved caspase-3 along with suppression of the Bcl-2 protein levels. In-
Silico analysis with STITCH v5 also confirms the direct interaction of Chrysin and Capsaicin with target
protein p53. This suggests that Chrysin and Capsaicin trigger an increase in mitochondrial ROS, and
p53 interaction leading to premature senescence and apoptosis in concentration dependent manner
and have therapeutic potential for cancer treatment.
� 2022 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Oxidative stress is described as a disparity between the levels of
Reactive oxygen species (ROS) production, which are called oxi-
dants, and their removal by the protective mechanism of antioxi-
dants. ROS acts both as a tumor promoter and suppressor
depending on the cellular system involved and the level of oxida-
tive stress generated (Reuter et al., 2011; Valko et al., 2006). Sev-
eral compounds are reported that elevate the levels of ROS are
used in the treatment of cancer (Nasri et al., 2014). These com-
pounds control cancer growth by decreasing the level of proteins
involved in cell proliferation, survival, and growth. They instigate
cells towards the apoptotic pathway by increasing oxidative insult.
Thus, the level of ROS decides cell fate and whether it will promote
growth or will follow the apoptotic pathway for cell death
(Mustafa et al., 2021; Mustafa & Mobashir, 2020). Extensive
screening efforts have produced plentiful plant-based nutraceuti-
cals with remarkable therapeutic abilities (Kumar & Pandey,
2013). Very limited information is available on the mechanism of
activation of these compounds.

Here, we have examined the effect of Chrysin and Capsaicin on
the growth of Human Cervical Adenocarcinoma HeLa cells. Chrysin
(5,7-dihydroxy-2-phenyl-4H-chromen-4-one) belongs to the
group of naturally occurring flavonoids, which possesses effective
anti-inflammatory, properties (Bansal et al., 2009). It is naturally
extracted from passionflower, honey, and bee propolis. Capsaicin
((E)-N-[(4-hydroxy-3-methoxyphenyl) methyl]-8-methylnon-6-
enamide) an alkylamide is mainly extracted from Capsicum. It
has analgesic properties and peripheral nerve pain can be con-
trolled by using Capsaicin topically (Anand & Bley, 2011). Here
we aim to investigate the anti-cancerous properties of Chrysin
and Capsaicin with the insight of modulation in signaling path-
ways on the Human Adenocarcinoma HeLa cell line.
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2. Materials and methods

2.1. Chemical reagents

Chrysin, Capsaicin, DMEM medium, antibiotics, DMSO, and
other chemicals were obtained from USA based Sigma Aldrich,
Antibodies were bought through Santa Cruz, USA. FBS were pur-
chased from Invitrogen, USA. All the other chemicals were research
quality.
2.2. Cell maintenance and dosage

HeLa cells were cultured in DMEM medium consisting of 10%
FBS, 50 mg/ml fungizone and pen-stripe. Cells were cultured at
37 �C, supplied with of 5% CO2. Cells were grown for 24 h before
treatment and treated when they reached 60–70% confluency
and treated with DMSO or Chrysin or Capsaicin for 24 h or other-
wise mentioned.
2.3. Cell viability assay

For MTT Assay, cells were seeded in 96 well plates and treated
with various concentrations of Chrysin (0–300 lM) or Capsaicin
(0–300 lM) or DMSO as control for 24, 48, and 72 h. After the
respective treatment 10 ml/ml, of MTT (stock 5 mg/ml) were kept
in dark for 2.5 h at 37 �C. Formazan crystals were dissolved in
DMSO. The IC50 value was calculated with nonlinear regression
analysis. For all the experiments absorbance was taken with UV–
visible spectramax, for MTT assay at 570 nm.
2.4. Haematoxylin-Eosin (HE) staining for morphology analysis

Briefly, cells were grown over coverslip, and after the required
treatment are processed for HE staining, as described (Saha et al.,
2013). Hematoxylin and eosin stains used for the demonstration
of nucleus and the cytoplasmic inclusions. For all the experiments
images were taken by a Carl Zeiss microscope, enabled with Axio-
vision software.
2.5. Cellular ROS measurement and mitochondrial membrane
potential detection

Cells were seeded in six well plates and after the indicated
doses treatment for 24 h. Added 10 mM H2DCFDA in dark for 45
mins at 37 �C (Ali et al., 2021). Change in Mitochondrial membrane
potential was detected using 10 lM Rhodamine 123 solution in
media in dark condition for 30 mins at 37 �C. Cells were rinsed
thrice with PBS and single-cell suspension in PBS was obtained
by trypsinization (Eruslanov & Kusmartsev, 2010). For all the
experiments, Cells were analyzed immediately flow cytometrically
using BD FACS Verse flow cytometer, were examined with BD FACS
Suite software. For Facs experiment we have acquired 10,000 cells
per experimental sample. At excitation 488 nm, and emission at
525 nm.
2.6. Mitochondrial ROS measurement

Change in Mitochondrial ROS was detected using MitoSOXTM Red
reagent. For analysis HeLa cells after appropriate treatment were
exposed with 2.5 lM MitoSOXTM Red in media for 30 min at
37 �C. Cells were washed and analyzed at excitation 510 nm and
emission at 580 nm (Eruslanov & Kusmartsev, 2010).
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2.7. Immuno-cytochemical analysis

Briefly, cells were grown over coverslip and after the required
treatment, they were fixed and permeabilized. After blocking, pri-
mary antibodies were added for 2 h at 37 �C, washed and incubated
with fluorescence-tagged secondary antibodies. Washed and the
nucleus was stained using DAPI, washed again, and mounted
(Magdaleno et al., 2021). Images were taken and min. 200 cells
were analyzed.

2.8. Cell cycle evaluation

Hela cells after treatment were fixed in 70% chilled ethanol at
least 30 min at �20 �C. Fixed cells were rehydrated in PBS and then
permeabilized with 0.1% Triton X-100, incubated with RNase A and
propidium iodide for 30 mins, washed and then analyzed (Agarwal
et al., 2016).

2.9. Cell size and Auto-fluorescence analysis

For analysis HeLa cells after appropriate treatment were sus-
pended in PBS and analyzed by flow cytometrically, variations in
Autofluorescence (AF), Cell Size (FSC-A), and Granularity (SSC-A)
were analyzed at the excitation 450 nm and emission at 490 nm,
(Agarwal et al., 2016).

2.10. b-Galactosidase assay

Cells were cultured over coverslips and after appropriate treat-
ment, they were fixed and then stained with X-gal solution for 16–
20 h at 37 �C in a humid environment and then rinsed with PBS.
Images were taken by a phase-contrast microscope (Agarwal
et al., 2016).

2.11. Protein quantification flow cytometrically

For analysis HeLa cells after appropriate treatment, were col-
lected in PBS and fixed in 70% ethanol. After permeabilization cells
were probed with specific antibodies for 2 h at 4 �C and then with
fluorescence-tagged secondary antibodies Alexa flour 488 or with
Alexa flour 546 for 1 h. Cells were analyzed immediately, at excita-
tion 488 nm and emission at 525 nm, and excitation 546 nm and
emission at 625 nm (Forment & Jackson, 2015).

2.12. Compound target protein interaction

To validate the compounds and the target protein’s interaction
STITCH v5 was used (Szklarczyk et al., 2016).

2.13. Statistical analysis

One-way Anova analysis (ANOVA) using GraphPad prism was
done for all the statistical analysis. p-value < 0.05 was considered
statistically significant.

3. Results

3.1. Chrysin and Capsaicin decreases the growth and alters the
morphology of HeLa cells

To access the impact of Chrysin and Capsaicin on the cell viabil-
ity, HeLa cells were treated with various concentration of Chrysin
and Capsaicin for 24, 48, and 72 h. The IC50 for Chrysin were
84 mM for 24 h, 67 mM for 48 h, and 56 mM for 72 h treatment
(Fig. 1A) respectively. Capsaicin IC50 values were 241 mM for



Fig. 1. Chrysin and Capsaicin retard growth and increases oxidative stress. MTT assay for cell viability analysis shows time and dose-dependent decrease in cell viability
post Chrysin and Capsaicin treatment. (A) IC50 was at 84 mM for 24 h, 67 mM for 48 h, and 56 mM for 72 h of Chrysin treatment, (B) IC50 for Capsaicin 241 mM for 24 h, 218 mM
for 48 h and 177 mM for 72 h of treatment. (C) Morphological analysis showing rounding up of cell contours, condensed nuclei at lower doses (Chrysin 50 mM and Capsaicin
100 mM) and shrinkage of cell size at the higher doses (Chrysin 100 mM and Capsaicin 200 mM) treatment for 24 h. ROS as level as measured after Chrysin and Capsaicin
treatment. (D) Chrysin treatment (E) Capsaicin treatment compared with the Control. N = 3 ± SE (*P < 0.1; **P < 0.05 and ***P < 0.01).
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24 h, 218 mM for 48 h, and 177 mM for 72 h treatment (Fig. 1B)
respectively, confirming dose and time-dependent cytotoxic activ-
ity. Morphology of cells changes in response to external stress as
3840
an internal protection mechanism for the impediment of death.
Hematoxylin-eosin staining was done and at lower doses (Chrysin
50 mM and Capsaicin 100 mM) showed (Fig. 1C) rounding up of cell
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contours, condensed and vacuolated nuclei, morphological fea-
tures of senescence, and at the higher doses (Chrysin 100 mM and
Capsaicin 200 mM) shrinkage of cell size, along with the unique fea-
ture of apoptosis were visible indicating the multiplicity of the
insulting actions respectively.

3.2. Chrysin and Capsaicin increases oxidative stress in HeLa cells

Analysis of ROS generation with H2DCFDA that oxidized by ROS
to green fluorescent 20,70-dichlorofluorescein, revealed that the
intracellular ROS level is significantly amplified in a
concentration-dependent manner after Chrysin and Capsaicin
treatment. Chrysin displayed a 2.38, 4.32, and 4.65-fold increase
in intracellular ROS at 25 mM, 50 mM, and 100 mM concentrations
respectively for 24 h of treatment (Fig. 1D). Capsaicin showed a
2.74, 3.30, and 3.78-fold increase in intracellular ROS at 50 mM,
100 mM, and 200 mM concentrations respectively for 24 h of treat-
ment (Fig. 1E).

3.3. Mitochondrial superoxide production leads to the alteration in
mitochondrial membrane potential (DWm) in HeLa cells

Since, the generation of ROS is inseparably linked to mitochon-
dria as it is the major site of production/target of ROS within the
cell (Chernyak et al., 2006). Chrysin showed a 1.36, 1.62- and
2.10-fold increase in mitochondrial ROS at 25, 50, and 100 mM con-
centration treatment for 24 hr (Fig. 2A) respectively. Capsaicin also
showed a 1.73, 2.33- and 4.07-fold increase in mitochondrial ROS
at 50, 100, and 200 mM concentrations respectively after 24 h
(Fig. 2B). DWm is an important parameter of the mitochondrial
task and is often employed as an indicator of mitochondrial func-
tioning and cell viability (Foster et al., 2009). In the case of Chrysin
and Capsaicin treated cell DWm decreased drastically in a
concentration-dependent manner. Chrysin showed 33%, 48% and
64% reduction in DWm at 25, 50 and 100 mM concentration treat-
ment for 24 h respectively (Fig. 2C). Capsaicin also showed 61%,
66%, and 70% reduction in DWm at 50, 100, and 200 mM concentra-
tions respectively after 24 h (Fig. 2D).

3.4. Low concentration treatment leads to premature senescence

An increase in Forward scatter FSC tells the size of the cells and
side scatter tells about the intracellular structures, such as granules
and nucleus. Indicates that most of the cells treated with Chrysin
(Fig. 2E) and Capsaicin (Fig. 2F) are senescent. FACS analysis
showed that most of the treated cells have higher autofluorescence
(AF), Chrysin (Fig. 2G) showed 1.23, 1.63, and 1.97-fold increase in
AF at 25, 50, and 100 mM concentration, and Capsaicin (Fig. 2H)
showed 1.17, 1.73 and 2.99-fold increase in AF at 50, 100 and
200 mM concentration respectively after 24 h with a small number
of cells showing reduced AF, indicating apoptotic induction.
Senescence-associated b-galactosidase (SA–b-Gal) staining for
aging pigment lipofuscin and autofluorescence were used as read-
outs. Positive b-galactosidase, intense blue staining was observed
in cells treated with Chrysin and Capsaicin. Cells treated with Chry-
sin 50 and 100 mM and Capsaicin 100 and 200 mM for 24 h showed
intense SA–b-Gal staining with flattened and enlarged cell mor-
phology (Fig. 2I). (Hwang et al., 2009).

3.5. Senescence-Associated heterochromatin formation (SAHF) in the
nucleus over Chrysin and Capsaicin exposure

A distinct change in the nuclear morphology is observed in HeLa
cells under Chrysin, and Capsaicin treatment. Immunofluorescence
staining with DAPI shows the development of big black spots
inside the nucleus which depicts the gradual process of chromo-
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some condensation, nuclear remodeling at low dose treatment,
and finally nuclear fragmentation under higher doses Chrysin,
and Capsaicin treatment. (Cremer, 2010). Prominent chromosomal
condensation at low dose treatment with Chrysin 50 mM and Cap-
saicin 100 mM (Fig. 2J) as per the senescence cell morphology.
3.6. Chrysin and Capsaicin differentially blocked cell cycle in HeLa cell

The effect of Chrysin on cell cycle progression was analyzed.
The G1 population of 59.32% in control changed to 44.86% at
50 mM and 44.79% at 100 mM. G2 phase population from 22.99%
in control to 30% at 50 mM and 31.56% at 100 mM. The S-phase pop-
ulation of 14.66% in control to 23.77% at 50 mM and S-phase 21.16%
at 100 mM Chrysin treatment implying the cell cycle blockage in
G2/M phase (Fig. 3A). Whereas the case of capsaicin showed an
increase in the percentage of G1 phase from 61.39% in control to
67.23% at 100 mM and 72.41% at 200 mM. S-phase 15.76% at control
to 14.25% at 100 mM and 16.35% at 200 mM. The G2 population of
22.56% in control changed to 13.25% at 100 mM and 12.85% at
200 mM Capsaicin treatment implying the cell cycle blockage in
G1/S phase (Fig. 3B). Altogether the above results significantly elu-
cidate inhibition of cell cycle progression and cell death in HeLa
cells upon Chrysin and Capsaicin treatment.
3.7. Up-regulation of p53, p16, and p21 confirms premature cellular
senescence

Protein p53 response to cell stress, principally cell cycle insults.
It is shown that premature senescence stimulated by oxidative
stress is regulated by p53 which intern activates cyclin-
dependent kinase inhibitor, p21, and initiates senescence. p16 ini-
tiate and maintain cellular senescence playing an important role
(Mirzayans et al., 2012; Vurusaner et al., 2012). We observed a
maximum increase of p53 (4.48-fold), p16 (4.34-fold), and p21
(3.31-fold) in cells treated with 50 mM Chrysin (Fig. 4A) and an
increase of p53 (4.15-fold), p16 (5.17-fold) and p21 (1.65-fold) in
cells treated with 100 mM Capsaicin (Fig. 4B). It is also reported that
there is a nuclear accumulation of p53 in cells undergoing senes-
cence. We also observed a similar change in localization of P53
which was cytoplasmic in untreated control cells. Nuclear localiza-
tion of P53 (Fig. 3C) along with the elevated level of p53, p16, and
P21 is driving cells towards senescence when cells were treated
with Chrysin and Capsaicin independently. However, the expres-
sion of p53 and p21 (Fig. 4A) increase on treatment with higher
doses of Chrysin (100 mM), p53 (2.02-fold) and p21 (1.96-fold),
Capsaicin (200 mM) with p53 (2.15-fold) and p21 (1.4-fold)
(Fig. 4B) thus leads to the confirmation of apoptosis induction at
higher treatment concentrations.
3.8. NF-jB nuclear translocation approves apoptosis induction in HeLa
cells

Oxidative stress has been found to activate NF-jB in HeLa cells.
NF-jB is involved in the transcription of the genes involved in sev-
eral aspects of tumorigenesis such as invasion, cell proliferation,
migration, and angiogenesis. ROS has been reported to both acti-
vate and repress NF-jB. NF-jB is the most important transcription
factor that responds to inflammatory molecular signals
(Oeckinghaus & Ghosh, 2009). Cytoplasmic localization of NF-jB
was observed for untreated cells but nuclear localization
(Fig. 3D) predominated for cells treated with Chrysin and
Capsaicin.



Fig. 2. Chrysin and Capsaicin stimulates Mitochondrial ROS and induces premature senescence in HeLa cells. Change in Mitochondrial ROS production (A) Chrysin
treatment (B) Capsaicin treatment compared with the Control. Mitochondrial Membrane Potential was measured after (C) Chrysin treatment (D) Capsaicin treatment.
Increase in cellular size (FSC-A) and granularity (SSC-A) post (E) Chrysin and, (F) Capsaicin treatment demonstrating senescence induction. Cellular autofluorescence (AF) and
histogram profile (G) Chrysin and, (H) Capsaicin treatment showing enhanced AF relative to the Control indicates senescence. (I) Senescence-associated b-galactosidase (SA–
b-Gal) staining in cells treated with Chrysin and Capsaicin. (J) Senescence-associated heterochromatic foci (SAHF) detected by DAPI staining in cells treated with Chrysin
50 mM and Capsaicin 100 mM and nuclear fragmentation at Chrysin 100 mM and Capsaicin 200 mM concentration treatment.
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Fig. 3. Cell Cycle analysis and Immuno-cytochemical detection of activated apoptotic signaling upon nuclear translocation of P53 and NF-jB. (A) Cell cycle analysis
shows an arrest in the G2/M phase with the increase in the G2 population in cells with treated Chrysin 100 mM concentration. (B) Cell cycle analysis shows G1/S phase arrest
with the increase in the G1 population in cells treated with Capsaicin 200 mM concentration. Immuno-cytostaining showing (C) nuclear translocation of p53 and (D) NF-jB in
both Chrysin and Capsaicin treated cells. (E) Histogram profile showing NF-jB Cytoplasmic and nuclear localization as denoted by dark shades and light shades respectively.
(F) Histogram profile showing p53 Cytoplasmic and nuclear localization as denoted by dark shades and light shades respectively. The level of proteins was measured in
200 + cells. N = 3 ± SE (*P < 0.1; **P < 0.05 and ***P < 0.01).

J.S. Pawar, S. Mustafa and I. Ghosh Saudi Journal of Biological Sciences 29 (2022) 3838–3847

3843



Fig. 4. Protein expression levels confirm dose-dependent Premature senescence and Apoptosis. High level of p21, p53, p16 confirms senescence induction by (A) Chrysin
at 50 mM, (B) by Capsaicin at 100 mM and later their level decrease due to apoptosis induction at the high dose of Chrysin 100 mM and Capsaicin 200 mM. Elevated expression of
apoptotic markers Caspase-3, Bax, and a decrease in the level of Bcl2 indicates apoptosis induction. N = 3 ± SE (*P < 0.1; **P < 0.05 and ***P < 0.01).
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3.9. Cleaved Caspase-3, Bax, and Bcl-2 expression confirm apoptosis at
a higher treatment concentration

The Bcl-2 family of proteins regulators apoptosis by regulating
mitochondrial permeability (Favaloro et al., 2012). Here we
observed a maximum increase of Bax, (5.32-fold) and a decrease
in Bcl-2 (71%) in cells treated with 100 mM Chrysin (Fig. 4A). In
the case of Capsaicin, an increase in Bax (2.69-fold) and a decrease
in Bcl-2 (53%) (Fig. 4B) is observed in cells treated with 200 mM
Capsaicin. The activation of caspase-3 protein is a central feature
of apoptosis. Caspase-3 is an important facilitator of apoptosis in
the process of programmed cell death (Chang & Yang, 2000). Here
we have observed an increase in the expression of caspase-3 max-
imum increase of (2.71-fold) in cells treated with 100 mM Chrysin
(Fig. 4A) confirming apoptotic cell death.

3.10. Putative networks validated the drugs and target proteins
interaction

To further validate the drug targeting protein interaction, visu-
alization of compounds and interacting proteins was performed by
using the STITCHv5 software. It shows that both Chrysin (Fig. 5A)
and Capsaicin (Fig. 5B) directly interacts with protein like p53
and caspase 3 to regulate cancer cell. Further confirming biochem-
ical regulation.

4. Discussion

ROS act as signaling molecules and are appreciated for their
functions that modulate cellular activity. ROS can initiate both
senescence and apoptotic cell death depending on its level
(Childs et al., 2014). Senescence is a condition in which a cell
undergoes a persistent growth arrest and stops dividing. It can
be stimulated by low dose stresses like DNA damage, exposure to
UVB, oxidative stress, etc (Liao et al., 2021). Whereas, apoptosis
is the phenomenon of programmed cell death, an extreme
Fig. 5. Visualization of Drug-Protein interaction further confirms target engagement
proteins was performed by using the STITCH v5 software shows that both Chrysin (Fig.
regulate cancer cell.
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response to cellular stress and damage (Vicencio et al., 2008).
Despite the presence of the enhanced antioxidant mechanism in
proportion to the cellular function, cancer cells have far higher
levels of ROS compared with healthy cells. The occurrence of ele-
vated ROS levels in the cancer cell makes them more sensitive
and hence provides a remarkable therapeutic frame (Pal et al.,
2015).

In the present study, Chrysin and Capsaicin both show time and
dose-dependent cytotoxic effects on the viability of HeLa cells. Low
concentration of Chrysin 50 mM or Capsaicin 100 mM showed
rounding up of cell contours, condensed and vacuolated nuclei,
large and flat shaped morphological features of senescence, highly
granular cytoplasmic vacuoles, and elevated expression of lysoso-
mal b-galactosidase activity (SA-bgal), senescence-associated hete-
rochromatin factors (SAHF) and overexpression of p53, p16, p21
proteins, the most common features of senescence (Childs et al.,
2014). Whereas at the higher concentration treatment with Chry-
sin 100 mM or Capsaicin 200 mM, shrinkage of cell size, apoptotic
bodies were observed with DAPI staining along with the unique
feature of apoptosis were visible indicating the multiplicity of
the insulting actions.

Transcription factor p53 has a principal function in the cell cycle
progression, checkpoint activation, and is assumed to favor senes-
cence and apoptosis. As a multitasking agent, it is critical to sup-
press tumor formation and mediate appropriate cellular
outcomes to DNA damage damaging cancer treatments (Akhter
et al., 2021; Rasul et al., 2013). Under normal conditions p53 pro-
tein, activity remains low, but when the cell is under stress condi-
tion p53 becomes functional and activates CDK inhibitor p21,
which blocks cell cycle progression (Vicencio et al., 2008). Chrysin
and Capsaicin considerably upregulates the level of p53 in HeLa
cells with the simultaneous rise of its downstream target p21
and block the cell cycle. Chrysin incites cell-cycle arrest in G2/M
phase, whereas Capsaicin-induced cell-cycle arrest in the G1/S
phase, a critical task of p53 in the senescent cell. Up-regulation
of tumor suppressor p16 in cells treated with Chrysin and Cap-
. The drug targeting protein interaction, visualization of compounds and interacting
5A) and Capsaicin (Fig. 5B) directly interact with proteins like p53 and caspase 3 to
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saicin at lower concentrations results in senescence, a significant
event in cancer prevention. Besides p53, cells have an evolved
mechanism for activation and inactivation of p16 as it plays a sig-
nificant role in checking tumorigenesis. Studies indicate that p16
and p53 are interrelated and research has established p16 and
p53 facilitated senescence as a substitute mechanism in control-
ling tumor growth (Rayess et al., 2012).

The redox-sensitive NF-jB dimers exist in the cytoplasm in a
stable complex with inhibitor molecules. Upon extracellular stim-
ulus, free NF-jBmigrates to the cell nuclei and stimulates activates
its target genes and contributes to cell death (Perkins & Gilmore,
2006). The main signaling pathways of NF-jB controlled ROS-
mediated cellular mortality is via the stimulation of pro-
apoptotic protein bax (Khandelwal et al., 2011). Chrysin and Cap-
saicin treatment leads to the nuclear translocation NF-jB and
upregulation of bax and cleaved caspase-3 at higher dose treat-
ment with the suppression in the bcl-2 protein level.

Remarkably, during initial onset of apoptosis, the surge of
caspase-activating proteins is predominantly controlled by the
bcl-2 protein family, that are the principal regulator of apoptosis.
Bax expression increases, it forms homodimers and activates
Caspase-3, the executor of apoptosis, and promotes apoptosis
(Mo et al., 2016; Yang et al., 2020). This infers that at lower concen-
tration treatment leads to senescence and at higher concentration
treatment leads to apoptotic induction in a ROS-dependent man-
ner. Thus, the present finding infers the therapeutic potential of
Chrysin and Capsaicin in a dose-dependent manner.

5. Conclusion

Our study provides new findings exploring the redox-altering
potential of Chrysin and Capsaicin. It provides evidence that Chry-
sin and Capsaicin induce ROS-dependent premature senescence,
along with concomitant induction of apoptosis in HeLa cells. These
findings suggest the therapeutic potential of Chrysin and Capsaicin.
However, further studies in animal models are required to ascer-
tain their efficacy.
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