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Colon cancer is the third most commonly diagnosed malignancy and the second leading cause of fatalities worldwide.
Plant-derived constituents decrease colon cancer by reducing tumours, chemotherapeutic effects and exerting their actions at
the molecular level. The objective of the study was to investigate the cytotoxic potential of ethanolic extract of Pandanus
odorifer flower (EEPO) on HT-29 colon cancer cells. The cytotoxic assay, enzymatic antioxidant determination, gene
expression and cell cycle analysis were performed to determine the effect of EEPO on HT-29 cells. The cytotoxic activity
showed an ICs, value of 12.2+0.19 pg/mL for 5- Fluorouracil (5-FU) and 17.6+0.21ug/mL for EEPO on HT-29 cells, which
indicates potent cytotoxic potential. The determination of enzymatic antioxidants revealed a decrease in superoxide
dismutase (SOD) and glutathione peroxidase (GPx) levels, along with an increase in lipid peroxidation (LPO), leading to
apoptosis in EEPO treated cells. Further, the cell cycle analysis exhibited interphase arrest at the G1/S phase, which
prevented the cells from proliferation. The RT-PCR showed the upregulation of p53-Upregulated Modulator of Apoptosis
(PUMA) gene and downregulation of Bcl-2 gene, thereby enhancing apoptosis through the p53 pathway. These outcomes
suggest that EEPO was an effective natural agent for triggering apoptosis on HT-29 colon cancer cells. By targeting the p53
pathway, EEPO shows a potential as a natural compound therapeutic agent. The findings highlight the wider significance of
EEPO in creating potent plant-based treatments for colon cancer.
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Introduction

Cancer is a condition characterized by abnormal
signalling and metabolism, which leads to
uncontrolled cell division and survival. A wide range
of substances, factors and circumstances have been
identified as underlying causes for onset and
progression of this condition'. Colon cancer is the
third most frequent malignancy and the second
leading cause of cancer death globally. More than 1.9
million colon cancer cases were reported in 2020,
with almost 0.9 million individuals dying as a result
of colon cancer worldwide®. By 2040, colon cancer is
expected to cause 3.2 million new cases and 1.6
million deaths, with the majority of cases occurring in
countries with a high Human Development Index’.

*Correspondent author
Email: rathiajith@gmail.com

Herbal medicines are gaining popularity as a possible
source of anticancer agents due to their availability,
affordability, low cost, few or no side effects, broad
utility, and effectiveness in therapy, which has
encouraged scientific research. For these reasons, the
World Health Organisation encourage the use of
traditional medicines that are effective and non-toxic”.
The search for natural treatments derived from plant
sources with antioxidant qualities has grown into a
substantial area of research’. Pandanus odorifer
(Forssk.) Kuntze, also known as Pandanus
odoratissimus L.f., 1s a small tree from the
Pandanaceae family. It has been used in Sri Lanka,
Taiwan, and India to cure a variety of conditions
through traditional medicine such as Siddha and
Ayurveda. The flower of this plant was used to treat
diabetes, skin problems, asthma, wurinary tract
ailments, and syphilis’. While these traditional
treatments demonstrate the pharmacological potential,
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its anticancer activities remain unexplored. P. odorifer
was selected for this study due to its rich phytochemical
profile which includes bioactive components such as
flavonoids and phenols terpenoids prominent for their
antioxidant and anticancer activities’.

The enzymatic antioxidants are mostly composed
of SOD, GPx and catalase. When exposed to
oxidative stress, such antioxidant enzymes are
stimulated or triggered to protect against oxidation.
SODs convert oxygen into molecular oxygen and
Hydrogen peroxide, regulating reactive oxygen
species (ROS) levels and reducing toxicity. After the
dismutation of oxygen by SOD to form hydrogen
peroxide, it will decompose into oxygen and water by
catalase and GPx. Similarly, LPO also plays an
important role in the progression of cancer. LPO is a
multifaceted process wherein oxidants target carbon-
carbon double bonds found in lipids, resulting in the
oxidative breakdown of lipids, the production of lipid
peroxides, and ultimately, a change in -cellular
conditions. It is a crucial component of lipid
metabolism and is necessary for both human health
and the proper operation of cells. Lipid peroxidation
in the context of cancer promotes genomic instability,
activates pro-inflammatory pathways, and induces
immune evasion, all of which aid in the tumour's
growth®,

According to the Fearon and Vogelstein model,
pS53 is the gene which is involved in the malignant
stage of colon cancer’. p53 is a tumour suppressor
gene that can cause apoptosis by directly perforating
mitochondria in the cytoplasm or by triggering gene
expression in the nucleus. It has been demonstrated
that PUMA, a downstream target of p53 and Bcl-2
family member, is critical in apoptosis caused by both
nuclear and cytoplasmic p53'. During DNA damage,
the tumour suppressor and transcription factor p53
attaches to specific DNA sequences in the promoter
regions of its target genes. p53 activates these genes,
resulting in cell cycle arrest, apoptosis, DNA repair,
and other responses. According to estimates, the
human genome contains at least several hundred p53-
binding sites. The PUMA promoter region has two
p53-binding sites that can be directly bound and
transactivated by p53. Nuclear p53 stimulates the
production of PUMA, which binds to anti-apoptotic
proteins Bcl-2 and Bel-XL via its BH3 domain and
removes their inhibition on the proapoptotic Bcl-2
family (Bax). This results in the activation of caspases
which finally leads to apoptosis''. This study aims to

investigate the cytotoxic activity of ethanolic extract
of P. odorifer flower on HT-29 colon cancer cells
lines and to analyze its effect on enzymatic
antioxidants. Additionally, this research explores the
effect of EEPO on cell cycle arrest and gene
expression with a specific focus on the p53 pathway.
To the best of our knowledge, this study represents
the first investigation into the molecular mechanisms
of EEPO on HT-29 colon cancer cells.

Materials and Methods
Collection of the sample

P. odorifer flower was collected from Pollachi,
Coimbatore during the monsoon season and was
authenticated by Dr. M. U. Sharief, (BSI/SRC/5/23/
2023/Tech-800), Botanical Survey of India, TNAU
campus, Coimbatore.

Preparation of sample extract

P. odorifer flowers were rinsed thoroughly and
shade-dried. Subsequently, the dried sample was
ground into powder and kept in an airtight container
for future use. The sample was extracted with organic
solvent using soxhlet method. The powdered sample
was packed into the soxhlet and extracted using
ethanol in the ratio of 1:5. The extraction process was
carried out at a controlled temperature of 60°C for 6
hours to ensure optimal extraction of bioactive
compounds. The excess solvent was allowed to
evaporate and the dried extract was stored for further
studies.

Cell culture and treatment

The HT-29 cells were procured from National
Centre for Cell Science (NCCS), Pune, India. The cell
lines were cultured at 37°C in Dulbecco's modified
Eagle's medium (DMEM) with 10% inactivated Fetal
Bovine Serum (FBS), 100 IU/mL of penicillin and
100 pg/mL of streptomycin in a moist condition with
5% CO, until 85% confluent. The cells were
separated using a trypsin solution containing trypsin
(0.2%), Ethylenediamine tetraacetic acid (EDTA)
(0.02%), and glucose in Phosphate-buffered saline
(PBS) (0.05%)"*.

Cytotoxic activity

The MTT assay was used to detect the cytotoxic
activity of EEPO in HT-29 cells". The cells (1 x 10*/
well) were plated in 96-well plates with 0.2 mL of
media per well. Incubate the plate for 72 hours in an
incubator with 5% CO,. The samples were then mixed
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at different concentrations (3.16, 7.80, 15.60, 31.20,
62.50, 125 pg/mL) in 0.1% dimethyl sulfoxide
(DMSO) for 48 hours in a 5% CO, incubator. Use an
inverted microscope at 40X magnification to view the
images. After removing the sample solution, 20 puL of
3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl tetrazolium
bromide (MTT) reagent was applied to each well. The
absorbance at 540 nm was used to determine the
number of viable cells. 5-FU at equivalent
concentrations was used as the positive control for
cytotoxicity. The percentage of cell viability of HT-29
cells treated with the EEPO was assessed and
calculated using the formula

Asao of extract treated cells

% cell viability = X100%

Assoof control cells

Determination of enzymatic assays
Superoxide dismutase

The superoxide dismutase enzyme activity on the
HT-29 cells was determined by the method followed
by'". 0.1 mL of the sample with concentrations
(15,30 and 60 pg/mL) was mixed with 0.5 mL of
distilled water. To this, 0.25 mL of ethanol and
0.15 mL of chloroform were added. The mixture was
stirred for one minute and centrifuged at 2000 rpm.
The cells were seeded in six-well plate. The enzyme
in the supernatant was determined. The reaction was
initialized by adding 0.4 mL epinephrine, and the
change in optical density per minute at 470 nm was
used to calculate superoxide dismutase activity.

Absorbanceof blank - Absorbanceof test
Absorbanceof blank

% of superoxidedismutase X100

Lipid peroxidation

The cells were seeded in a six-well plate with 2 mL
medium and incubated for 24 hours at 37°C. The
samples (15, 30 and 60 pg/mL) were introduced to a
fresh medium and incubated for 48 hours. The cells
were centrifuged at 10,000 rpm for 10 minutes at 4°C
and rinsed with PBS. After that, the lysed cells were
treated with thiobarbituric acid (TBA) to produce the
Malondialdehyde thiobarbituric acid (MDA TBA)
mixture. The MDA TBA mixture has been
determined spectrophotometrically at 532 nm'".

Glutathione peroxidase

The glutathione peroxidase enzyme assay was done
using the method followed by'® with minor
alterations. The cells were seeded in six-well plates. A
sample with concentrations (15, 30 and 60 pg/mL)
was mixed with 0.2 mL of EDTA and 0.1 mL of

sodium azide. Add 0.1 mL of hydrogen peroxide
(H,0,) and 0.2 mL of reduced glutathione to 0.4 mL
of PBS. The mixture was incubated at 37°C for
10 minutes and 0.5 mL of trichloroacetic acid (TCA)
and 3 mL of disodium hydrogen phosphate
(Na,HPO,) were added. Finally, 1 mL of 5,5-dithio-
bis-2-nitrobenzoic acid (DTNB) solution was added.
The optical density was measured at 420 nm. The
glutathione peroxidase activity was reported as
min/mg protein.

Cell cycle analysis

The HT-29 cells were grown in T25 flasks. When
the cells had attained confluence, they were
transferred to six-well plates. After cell adhesion
(48-72 hours), cells were treated with various doses of
the sample for 24 hours. The cells were collected by
trypsinization with Trypsin Phosphate Versene
Glucose (TPVG) solution. The cells were centrifuged
at 1200 rpm for 5 minutes at room temperature and
the supernatant was discarded. The cells were then
rinsed with PBS. The cell pellet was reintroduced in
300 pL of PBS. A falcon tube was filled with 700 pL
of ice-cold 100% ethanol, then 300 pL of the sample
was added drop by drop. The cells were fixed in
ethanol and kept overnight at 4°C. During flow
cytometry analysis, ethanol-fixed cells were washed
once or twice with PBS. Then, 556 pL (0.5%) of
Triton X and 20 pL (0.1 mg/mL) of Rnase were
added and incubated for one hour. After one hour,
24 pL (40 pg/mL) of propidium iodide was added and
incubated in the dark. After incubation, the sample
was examined with a flow cytometer instrument
(Facs JAZZ, California)'’.

Reverse transcription polymerase chain reaction (RT-PCR)
analysis

Total RNA was isolated from EEPO treated HT-29
cells using TRIzol reagent, following manufacturer's
instructions. The RNA concentration was measured
using the spectrophotometric technique. Then, 1 pg of
total RNA was used for reverse transcription
reactions. The cDNA has been precipitated and
amplified with primer sequences (Table 1) to enable
effective and targeted amplification. Primer sets
targeting PUMA  (pro-apoptotic) and Bcl-2
(anti-apoptotic) and GAPDH (housekeeping gene)
were developed for cDNA amplification'’.

Statistical analysis
Statistical analysis was carried out
GRAPHPAD PRISM 9. The results

using
of the
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Table 1 — Primers for PUMA, Bcl-2 and GAPDH genes with accession number

Gene Gene Accession Number Forward primer Reverse primer
PUMA NM 001127240.3 GGGCAGGAAGTAACAATGAGA CTCCCTGGGGCCACAAATC
Bcl-2 NM_000633.3 AAAAATACAACATCACAGAGGAAGT GTTTCCCCCTTGGCATGAGA
GAPDH NM._002046.7 TTTTGCGTCGCCAGCC ATGGAATTTGCCATGGGTGGA
1201 Cytotoxic activity on HT-29 cells a Cytotoxic activity on HT-29 cells P
110
100 i
o g 5-FU § EEPO -
Z 80
s z
> =
3@ 5 « EEPO - IC5y=17.6 + 021 pg/mL
O 50 > o
= 40 g & 5-FU -1C5o=122+0.19 pg/mL
30 =
20
10

3120 1560 7.80 3.16

Concentration (ug/mL)

0
125.00 62.50

0.00

>
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Concentration (ug/mL)
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Fig. 1 — a) Graphical representation of cytotoxic activity on HT-29 cells treated with various concentrations of EEPO and 5-FU, as
assessed by the MTT assay. The values show the percentage of viable cells compared to untreated controls. Error bars represent the
mean + SD from three different studies (n=3), and b) The determination of ICsy values for EEPO and 5-FU. The ICs, value indicates the
concentration needed to inhibit cell viability by 50%. EEPO and 5-FU, respectively.

experiments were represented by the mean and
standard deviation (SD) of triplicates. One-way
ANOVA followed by Dunnett's test was used to
evaluate variance and identify significant differences
between means with a significance threshold set at
p <0.05. The probability levels were indicated as
p =<0.0001 (****), For each assay, the specific
statistical tests and parameters used have been
integrated into the results.

Results and Discussion
Percentage of yield

P. odorifer flowers were extracted with ethanol
yielding a 13% extract based on the initial mass of the
flower. This yield percentage represents the amount
of extract obtained in relation to the starting material
and demonstrates the efficiency of the extraction
process. The discovery of plant-derived anticancer
medicines has created widespread interest in
investigating the efficacy of many different natural
products. The plant and fungal extracts or bioactive
substances have a variety of anti-tumor actions.
Natural substances may not be utilized as
medications, but they prompted researchers to design
and develop new anticancer agents'®. Recent study
highlights the necessity of improving extraction
procedures to improve the yield and bioavailability of

active compounds, particularly those with anti-cancer
potential’.

Cytotoxic activity

The cytotoxic effect of 5-FU and EEPO on HT-29
cells were assessed and are shown in Fig. la. Both
5-FU and EEPO exhibited strong cytotoxic effects on
HT-29 cells in a dose-dependent way. Fig. 1b relates
the ICsy values for 5-FU and EEPO. The amount
needed to reduce cell viability by 50% was indicated
by the ICsy values for 5-FU and EEPO, which were
12.24£0.19 and 17.6+0.21 pg/mL, respectively. The
inverted microscopic images of cytotoxic activity
were given in Fig. 2. The viability and scalability of
generating the extract for additional study and
possible medicinal uses depend heavily on the process
of extraction efficiency®’. The bioactive compounds
may be present in considerable amounts based on the
effectiveness of EEPO in biological studies such the
MTT assay, enzymatic assays, RT-PCR analysis and
cell cycle analysis. The MTT assay works by reducing
MTT intracellularly to purple formazan granules.
Within the cells, the reduction of MTT can be
achieved by oxidoreductase and dehydrogenase
enzymes and electron donors (primarily NADPH) at
various levels of the glycolytic routes to the
mitochondrial electron transport mechanism®'. The
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Fig. 2 — Microscopic images of HT-29 cells treated with EEPO and 5-FU.
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Fig. 3 — a) SOD activity in HT-29 cells treated with increasing doses of EEPO. The data show a dose-dependent decrease in SOD
activity, indicating an impaired antioxidant defense mechanism. b) Glutathione peroxidase activity following EEPO administration. GPx
levels  fall  considerably = with  greater =~ EEPO  concentrations, indicating increased oxidative  stress, and
c) Lipid peroxidation levels in HT-29 cells treated with EEPO. Elevated LPO levels imply increased oxidative damage to cell
membranes, which contributes to apoptosis. Values are shown as mean + SD (n=3).

cytotoxicity reported with EEPO could be attributable  levels of SOD were decreased when the concentration
to a number of processes, including the activation of  of EEPO increased. The control group had the highest
apoptosis, inhibition of cell proliferation, and  percentage of inhibition, with a gradual decrease at
alteration of cell metabolism. This study shows that the dosages of 15, 30, and 60 pg/mL. Likewise, the
EEPO has substantial cytotoxic action against HT-29  control group had the highest GPyx level, around
colon cancer cells, with an ICs, value similar to 5-FU. 0.6 min/mg protein. The treatment with EEPO of
5-FU is a popular chemotherapeutic drug observed for 15 pg/mL drastically lowered GPx levels to around
its efficacy against a variety of cancer cell lines, 0.4 min/mg protein. Similarly, the treatments at
including colon cancer. The investigation found that 30 pug/mL and 60 pg/mL resulted in levels of 0.20 and
5-FU had a lower ICs, value (12.2£0.19 pg/mL) than  0.09 min/mg protein, respectively as shown in
EEPO (17.6+£0.21 pg/mL), which is consistent with its ~ Fig. 3b. LPO levels increased with rising treatment
proven potency. However, the similar ICs, values  concentrations as given in Fig. 3c. The control group
show that EEPO has strong cytotoxic potential and  exhibited the lowest level, around 0.05. EEPO treated
requires more exploration. These findings are  with 15 pg/mL significantly increased LPO levels to
consistent with prior research showing the efficiency = about 0.22. The levels increased further after

of natural plant extracts in targeting cancer cells™. treatments at 30 pg/mL and 60 pg/mL reaching
0.35 and 0.50 respectively. This demonstrates that
Determination of enzymatic assays high lipid oxidation alters the physical characteristics

Fig. 3a represents the effects of varying EEPO  of cellular membranes and proteins, leading to the
concentrations on superoxide dismutase activity. The  jnitiation of apoptosis. The cytotoxic effect of EEPO
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against HT-29 cells is highly associated with the
regulation of enzymatic antioxidant activities,
indicating that oxidative stress is an important factor
in its mechanism of action”. An increase that was
observed in LPO levels suggests that the EEPO
treatment causes considerable oxidative stress in HT-
29 cells. LPO is a process in which free radicals,
namely ROS, damage polyunsaturated fatty acids in
cell membranes, causing cell damage and elevated
MDA levels®. The higher MDA levels found in this
study reflect the severity of EEPO induced oxidative
damage. The increase in LPO indicates that the
equilibrium between ROS production and antioxidant
defence is broken, resulting in oxidative stress. This
oxidative stress may harm cellular components such
as DNA, lipids and proteins eventually leading to cell
death®. The lower activity of GPx and SOD in EEPO-
treated cells suggests a decreased antioxidant defence
mechanism. GPx and SOD are important enzymes

85

that prevent cells from oxidative damage by
neutralizing ROS. Reduced GPx activity in EEPO-
treated cells indicates an inability to properly
eliminate lipid peroxide and hydrogen peroxides,
resulting in ROS buildup and increased oxidative
stress. Similarly, the decrease in SOD activity
following EEPO treatment implies a lower ability to
remove superoxide radicals, which contributes to
oxidative damage and LPO. Many plant-derived
anticancer medicines rely on an oxidative stress-
mediated mechanism®.
Cell cycle analysis

The flow cytometry was used to analyze the cell
cycle arrest of HT-29 cells treated with control and
EEPO was shown in Fig. 4a and b. The occurrence of
cells in distinct phases was determined and expressed
as live cells (P1), dead cells (P2), interphase (P3) and
mitotic phase (P4). The findings show that the
proportion of living cells (P1) in the group treated
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]
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3
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Fig. 4 — a) Flow cytometric analysis of HT-29 cells under control conditions, showing normal cell cycle distribution. Peaks correspond
to live cells (P1), dead cells (P2), interphase (P3) and mitotic phase (P4), and b) Flow cytometric analysis of HT-29 cells treated with
EEPO, showing significant alterations in cell cycle distribution. EEPO treatment induces G1/S phase arrest (P3) and reduces the

proportion of live cells (P1).
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with the EEPO is significantly less than in the control.
In contrast, the treated group shows a higher
percentage of arrest in the P3 phase. The apparent rise
in P3 could indicate that the EEPO causes a G1/S
phase arrest, stopping cells from advancing to the next
stage of the cell cycle. The flow cytometry study
revealed substantial information about the impact of
EEPO on the cell cycle of HT-29 cells. This study
showed cell cycle arrest at interphase which is early-
stage arrest. The research on HT-29 colon cancer cells
by”’ showed cell cycle arrest at G2/M phase. Thus,
controlling cell cycle progression by activating cell
cycle arrest may be a viable technique for cancer
treatment. When DNA damages, the cell cycle is
arrested by activating cellular checkpoints such as
G1/S or G2/M phase until DNA errors are rectified.
Yet, if DNA damage is severe and irreversible,
apoptosis occurs instead of cell cycle halt. As
biological defensive mechanisms, cell cycle arrest and
apoptosis work in combination. Indeed, tumour cells
are viewed as a collection of altered cells that persist
in the presence of cell death signals. As a result,
inducing cell cycle arrest or apoptosis is seen to be a
promising chemopreventive technique®. This study
found that EEPO alters the expression of vital
apoptotic regulators, hence increasing apoptosis in
HT-29 cells. This is similar to findings from previous
research indicating that plant-derived chemicals can
modify cell cycle checkpoints, inhibiting tumour
growth?®.

RT-PCR analysis
The expression levels of the PUMA and Bcl-2

genes were assessed by RT-PCR analysis at various

treatment concentrations (15, 30, and 60 pg/mL) in
comparison to the control. The RT-PCR results for
PUMA, Bcl-2, and GAPDH at various treatment
doses are shown in Fig. 5b. The intensity of the bands
increases as the treatment concentration increases,
showing that the expression of PUMA is upregulated.
The intensity of the bands reduces as the treatment
concentration increases, indicating that the expression
of Bcl-2 is being down regulated Fig. Sa indicates the
expression levels of PUMA and Bcl-2 in relation to
GAPDH. The expression level of PUMA increases
particularly with greater treatment concentrations,
while the expression level of Bcl-2 decreases
significantly. Fig. 5¢ shows the fold change levels in
which PUMA exhibits a substantial rise with higher
treatment doses, indicating increased expression and
Bcl-2 shows a significant drop with increasing
treatment concentrations, indicating lower
expression. The treatment promotes dose-dependent
overexpression of the pro-apoptotic gene PUMA and
downregulation of the anti-apoptotic gene Bcl-2,
which enhances apoptosis via the p53 pathway. The
RT-PCR study revealed a dose-dependent rise in
PUMA expression and a consistent decrease in Bcl-2
levels, indicating a strong pro-apoptotic effect. These
findings are consistent with previous research on p53-
mediated apoptotic pathways, as described for other
plant-derived substances such as berberine and
quercetin. Such comparisons highlight the therapeutic
potential of EEPO as a natural drug that targets
apoptotic pathways in colon cancer cells®*".

PUMA was first identified as a p53 transcriptional
regulator and an effective apoptosis stimulant in a
variety of cancer cells. PUMA is found in the

b = 97 = PUMA ° 2.0 ¢
o 0=
G S g == PUMA
R = = Bcl-2 —
© & 1.5- == Bcl-2
PUMA £ 8
; © — et - -
° S =
BCL-2 ® 2 C
E ol |||
° i N
z 1 0 10 ||
1 1
GAPDH Control 15 30 60 Control 15 30 60
Concentration (ug/mL) Concentration (pg/mL)

Fig. 5 — a) Agarose gel electrophoresis for PUMA, Bcl-2 and GAPDH genes. Bands represent gene expression levels across varying
EEPO concentrations, b) Graphical representation of PUMA and Bcl-2 gene expression relative to GAPDH. PUMA expression increases
with higher EEPO concentrations, while Bcl-2 expression decreases, indicating activation of pro-apoptotic pathways, and c) Fold change
analysis of PUMA and Bcl-2 expression levels. Data show a significant dose-dependent increase in PUMA expression and decrease in
Bcl-2 expression, emphasizing the apoptotic mechanism induced by EEPO. Error bars indicate mean + SD from three independent
experiments. Values are shown as mean + SD (n=3).
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Fig. 6 — Schematic representation of the apoptotic mechanism
induced by EEPO in HT-29 cells. EEPO upregulates
pro-apoptotic PUMA and downregulates anti-apoptotic Bcl-2 via
the p53 pathway, leading to mitochondrial dysfunction, activation
of caspases, and cell death. This mechanism is supported by
RT-PCR and enzymatic assay findings.

mitochondria and promotes apoptosis via the family of
Bcl-2 proteins and a mitochondrial pathway*>. The study
by” showed the upregulation of PUMA gene and
downregulation of Bcl-2 gene by inducing apoptosis in
treated breast cancer cells. Hence, the phytocompounds
present in the EEPO induces apoptotic mechanism as
shown in Fig. 6. The observed apoptotic effects of
EEPO are likely mediated through the upregulation of
PUMA and downregulation of Bcl-2, as supported by
RT-PCR analysis. Further in vivo and molecular studies
are necessary to confirm these mechanisms. This finding
is consistent with prior studies on natural chemicals that
modulate apoptosis via p53-dependent pathways**’.

Conclusion

This study emphasizes the substantial anticancer
activity of EEPO against HT-29 colon cancer cells.
This study provides an excellent basis for the
development of plant-based anticancer therapies and
emphasizes the importance of natural products in drug
discovery and development. The findings show that
EEPO has significant cytotoxic effects, with an ICs,
value similar to the proven chemotherapeutic drug
5-FU, indicating that it has prospective anticancer
properties. The apparent oxidative stress, which is
expressed by higher LPO levels along with

reduced antioxidant enzyme activity GPx and SOD
demonstrates that EEPO promotes cytotoxicity. The
enhanced oxidative stress and impairment of cellular
antioxidant defenses are important in understanding
the extract's anticancer properties. In addition, effects
of EEPO on the cell cycle and apoptotic pathways
point to its efficacy as a therapeutic agent. To ensure
the broader relevance of these results, more research
is necessary to understand the precise molecular
mechanisms of action and identify the compounds that
are responsible for the identified benefits. Overall, this
work emphasizes the importance of plant-derived
compounds in generating innovative anticancer
therapeutics and promotes more research into natural
products in the search for effective cancer treatments.
Furthermore, the study highlights the importance of
conducting preclinical and clinical trials to evaluate its
safety, efficacy, and translational prospects in drug
development.
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