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ABSTRACT: Cervical cancer is prevalent among women and is associated with a signifi-
cant mortality rate. Chemotherapy is frequently employed as a treatment modality; how-
ever, its efficacy in addressing cervical cancer is constrained by significant side effects and 
the development of treatment resistance. The research evaluates the anticancer properties 
of Pogostemon parviflorus extract on a human cervical cancer cell line. The hydroalcoholic 
extract of the leaf portion of P. parviflorus was meticulously prepared employing estab-
lished methodologies. The research investigated the anticancer properties of the plant 
using various in vitro methodologies, including 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide assays, apoptosis evaluation, cell cycle analysis, assessment of reac-
tive oxygen species, mitochondrial membrane potential analysis, and RT-PCR for gene 
expression profiling. The findings indicated a pronounced cytotoxic effect, characterized 
by early apoptosis and disturbances in the sub-G0 phase of the cell cycle. The presence of 
P. parviflorus resulted in a significant reduction of reactive oxygen species within cells. The 
analysis of gene expression revealed significant effects on the BAX, BCL-2, and cMYC 
genes, indicating the onset of early apoptosis and demonstrating antiproliferative effects. 
This study reveals that P. parviflorus may serve as a promising candidate for the treatment 
of cervical cancer, owing to its cytotoxic, antiproliferative, apoptotic, and antioxidant 
characteristics. Additional investigation is necessary to elucidate its mechanism and sub-
stantiate its viability as a prospective cancer therapy.
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1. INTRODUCTION

Cervical cancer continues to be a significant global issue,
with cervical cancer being the fourth most prevalent cancer 
among women, following breast, colorectal, and lung can-
cers. Based on GLOBOCAN 2022, it is anticipated that there 
were approximately 662,301 new cases of cervical cancer 
worldwide in 2022, resulting in approximately 348,874 fatal-
ities annually (Bray et al., 2024). In low- and middle-income 
countries, this malignancy is the third most prevalent among 
women, with a significant proportion of new cases and 

fatalities, approximately 85% and 90%, respectively. In 2022, 
it was anticipated that 1,461,427 new cases of cancer would 
be diagnosed in India, reflecting a cumulative rate of 100.4 
cases per 100,000 individuals, as per the research conducted 
by Sathishkumar et al. The research suggests that cancer may 
develop in one in nine Indians at some point in their lives, 
which is concerning. Lung cancer was the most prevalent 
form of cancer among men, while breast cancer was the most 
prevalent form of cancer among women. The information 
obtained from these estimates can be of great assistance in 
the creation of targeted programs that are designed to prevent 
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and control cancer. These endeavors may encompass effective 
management techniques, risk factor mitigation strategies, and 
early detection programs (Sathishkumar et al., 2022).

Thorough investigations aim to develop more effective 
therapies that reduce adverse effects. Focus is on creating ther-
apies that specifically target and eliminate malignant tumor 
cells while leaving normal cells unharmed. This effort aligns 
with the goal of achieving cancer chemotherapy, where tar-
geted drugs can destroy cancerous cells or help convert them 
into non-cancerous forms (Sporn and Liby, 2005). Addressing 
this challenge requires examining traditional herbs as via-
ble options for drug development. Traditional medicine has 
relied heavily on plant resources, which have played a key role 
in its advancement.

Numerous phytochemicals and their metabolites have 
a wide spectrum of pharmacological actions in the human 
body. This includes flavonoids, phenolics, alkaloids, tannins, 
gums, oils, glycosides, and resins (Ladke et al., 2022). The 
bioactive components of these plant-derived drugs are largely 
responsible for their diverse therapeutic effects (Buva et al., 
2025; Kumbhar et al., 2024; Sinnarkar et al., 2024; Singh 
et al., 2016). Due to its availability in a wide range of retail 
establishments in addition to pharmacies, herbal medicines 
offer a special advantage in terms of consumer accessibility. 
Approximately 80% of the world’s population, mostly from 
Asian and African nations rely on herbal therapy (Chandra 
et al., 2013). Many of the medications that are vital to mod-
ern medicine have their origins in plants (Newman and 
Cragg, 2016).

The Lamiaceae family’s genus Pogostemon is well known for 
its several pharmacological and ethnomedical uses (Momin 
et al., 2026). There is still a significant knowledge gap regard-
ing P. parviflorus, despite the substantial research conducted 
on related species like P. cablin and P. benghalensis, which have 
identified a variety of phytochemicals with antibacterial and 
anti-inflammatory qualities, including terpenoids, flavonoids, 
and glycosides (Dahiya et al., 2020; Singh and Agrawal, 
2024). The fragrant, woody herbaceous plant Phanijjaka 
(P.  parviflorus, Benth) is a member of the Lamiaceae family 
and is commonly found in areas of India with significant 
rainfall (Desai, 1975). This plant is used to treat fever, colic, 
eczema, enteritis, and vaginitis because of its antibacterial 
qualities. This plant’s roots have been used to treat uterine 
bleeding (Bhandari, 1993). Because of its anticancer qualities, 
P. benghalensis has long been used in India. Ayurvedic practi-
tioners treat many types of cancer with the Phanijjaka plant 
(P. parviflorus, Benth). Reports on this plant’s in vitro activ-
ity in gynaecological cancer cell lines are currently lacking. 
Therefore, the current study assessed P. parviflorus’s anticancer 
potential in relation to cervical cancer using a range of param-
eters relevant to carcinogenesis.

2. MATERIALS AND METHODOLOGY

2.1. Plant material 

The aerial parts, specifically the leaves, of P. parviflorus were 
sourced from the Vidarbha region of Maharashtra, India. The 
Botany Department of the Agharkar Research Institute in 
Maharashtra, India, conducted the verification of the authen-
ticity and precise identification of the plant samples under the 
identification code AUTH20-138.

2.2. Extract preparation

The newly harvested leaves of P. parviflorus were metic-
ulously cleansed and subsequently crushed. The hydroal-
coholic extract was obtained by subjecting 50 g of freshly 
crushed leaves to Soxhlet extraction using a mixture of eth-
anol and distilled water in a ratio of 70:30 at a temperature 
of 45°C. Following filtration with Whatman filter paper, the 
substance was either dried or vaporised in a water bath main-
tained at 45°C and subsequently sealed within an airtight 
container.

2.3. Preparation of stock solution of extract

A stock solution with a concentration of 10 mg/mL was 
prepared by diluting a 10 mg hydroalcoholic extract of PP in 
1 mL of dimethyl sulfoxide (DMSO) and thereafter stored 
at −80°C. A stock solution with a concentration of 10 mg/
mL was utilized to prepare a 1 mg/mL extract in a complete 
medium. The solution was filtered using aseptic 0.22 µm fil-
ters and subsequently used to prepare dilutions. A compre-
hensive review of the literature and the use of logarithmic 
concentrations led to the preparation of formulations at 
20, 40, 80, 100, 150, 200, and 250 µg/mL in a full culture 
medium to evaluate their cytotoxic effects on the HeLa cell 
line. The maximum concentration of DMSO employed in 
the studies was below 0.1%.

2.4. Cell line and culture maintenance

The HeLa cancer cell line, derived from human cervi-
cal carcinoma, was procured from the National Centre for 
Cell Science (NCCS) in Pune, India. The cells were grown 
in Minimum Essential Medium supplemented with 10% 
heat-inactivated fetal bovine serum (FBS), L-glutamine, and 
1% antibiotics, comprising 10,000 units of penicillin, 10 mg 
of streptomycin, and 25 μg of amphotericin B per milliliter. 
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clarify their cellular makeup and state (Changade et al., 2024; 
Kanase et al., 2025).

2.8. Determination of intracellular ROS generation

Flow cytometry was utilized to examine ROS generation 
using DCFHDA (Brandt and Keston, 1965). HELA cells 
were cultured in six-well plates for 24 h for this test. Cells 
were treated with P. parviflorus at doses equivalent to the IC50 
and IC25 values, in conjunction with 10 µM DCFH-DA. 
Untreated cells were incubated with 10 µM DCFH-DA, and 
the maximum dosage of DMSO was used. Flow cytometry 
(BD Bioscience) was utilized to evaluate the fluorescence gen-
erated from the hydrolysis of DCFH-DA to dichlorodihydro-
fluorescein (DCFH) (Changade et al., 2024; Kanase et al., 
2025; Wyreogonekbska et al., 2013).

2.9. Estimation of mitochondrial membrane potential (ΔΨm)

The mitochondrial membrane potential in HeLa cells 
was assessed using the MitoProbeTM DiIC1 (5) Assay Kit 
following the manufacturer’s guidelines. The MitoProbeTM 
DiIC1(5) Assay Kit is designed to investigate ΔΨm and 
includes solutions of DiIC1(5), a cyanine dye sensitive to 
membrane potential, and CCCP, a chemical that interferes 
with mitochondrial membrane potential. DiIC1(5) perme-
ates the cytoplasm of eukaryotic cells and mostly accumulates 
in mitochondria with active membrane potentials, leading to 
the emission of intense, far-red fluorescence. The intensity of 
DiIC1(5) staining lowers as mitochondrial membrane poten-
tial declines (Kumbhar et al., 2025).

2.10. RNA isolation and RT-PCR

Cells were grown at a density of 5 × 104 in 24-well plates 
and permitted to proliferate for 24 h prior to the commence-
ment of treatment. The cells were then cultured for a period 
of 4 to 24 h in a new medium enriched with FBS and a com-
bination of antimycotic and antibiotic agents. During this 
era, they faced various drug concentrations. Following drug 
incubation, cells were carefully collected, and total RNA 
was extracted using TRIzol™ Reagent (Invitrogen, cat no. 
15596018), according to the manufacturer’s instructions. 
The extracted RNA was submitted to reverse transcription for 
downstream analysis using the High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, cat no. 4368814) fol-
lowing the kit’s manual instructions. The resulting cDNA sam-
ples were stored at −20°C for future use (Changade et al., 2024;  

The cells were cultivated at 37°C in a humidified atmosphere 
supplemented with 5% CO2.

2.5. Cell cytotoxicity assay

The evaluation of cellular cytotoxicity was performed 
using the 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) conversion assay (Mosmann, 1983). 
Hela cells were cultured at a density of 5 × 10³ cells/mL on a 
96-well plate. PP was employed at doses of 20, 40, 80, 100, 
150, 200, and 250 µg/mL. Subsequent to the treatment, 
20 µL of a 5 mg/mL MTT solution was introduced to each 
well and permitted to incubate for an additional 4 h. To 
promote the disintegration of the formazan crystals in each 
well, 100µL of DMSO was added. The evaluation of purple 
formazan synthesis in correlation with viable cell counts was 
performed by measuring absorbance at 570 nm using a Multi-
scanGo Thermofisher ELISA plate reader. The IC50 value was 
determined using a conventional algorithm in a Microsoft 
Excel spreadsheet.

2.6. Apoptosis using Annexin V

The FITC Annexin V/Dead Cell Apoptosis Kit from 
Invitrogen-Molecular Probes® was utilized for the apoptosis 
assay. After a 24-h treatment period, HeLa cells were subjected 
to a cold wash with 1× Phosphate-buffered saline (PBS). The 
untreated cells served as the control group. The assay strictly 
followed the manufacturer’s protocol. Flow cytometry was 
utilized to evaluate labelled cells, focusing on emission wave-
lengths of 530 nm and above 575 nm, thereby enabling the 
assessment of apoptosis in treated cells relative to controls 
(Changade et al., 2024; Kanase et al., 2025; Wyreogonekbska 
et al., 2013). 

2.7. Cell cycle analysis

After rinsing with 1× PBS and subsequent trypsiniza-
tion, HeLa cells treated with P. parviflorus, as well as their 
untreated counterparts, were collected after a 24-h period. 
Subsequently, the harvested cells were subjected to treatment 
with 25 µl of RNase A (20 mg/mL from Invitrogen), 2 mM 
MgCl2 (from Sigma), and 5–10 μL of propidium iodide at a 
concentration of 100 µg/mL (from Invitrogen). The cells were 
then cultured for an additional 10–15 minutes at room tem-
perature before being analyzed using the FACS Calibre from 
BD Bioscience. This approach facilitated a comprehensive 
analysis of the cells’ properties via flow cytometry, intended to 
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Kanase et al., 2025; Kumbhar et al., 2025). Every gene 
mRNA levels were standardized using β-actin as an endog-
enous reference, and relative measurement was performed 
using the 2−∆∆Ct method. The primers utilized in this work are 
enumerated in Table 1.

2.11. Statistical analysis

All experiments were performed in triplicate and inde-
pendently replicated three times. Statistical analyses were per-
formed using GraphPad Prism (version 8.0.2). Results were 
expressed as mean ± standard error of the mean (SEM) and 
mean ± standard deviation (SD). Group differences were 
evaluated using one-way ANOVA, followed by Tukey’s post 
hoc test. A p-value below 0.05 was considered statistically 
significant.

3. RESULTS

3.1. Cytotoxic activity of P. parviflorus on HeLa cell line

Assessments were performed on the HeLa cancer cell 
line utilizing hydroalcoholic (HA) extract of PP at varying 

concentrations of 20, 40, 80, 100, 150, 200, and 250 µg/
mL. The PP hydroalcoholic extract exhibits a cytotoxic effect 
on the HeLa cell line that is dependent on dosage, with an 
IC50 value of 186 ± 13.20 µg/mL and an IC25 value of 93 
± 6.60 µg/mL (Figure 1A). HeLa cell viability decreased 
concentration-dependently with DMSO. Low doses (0.75 
µg/mL) resulted in 95% cell viability, indicating minimal 
cytotoxicity. Low doses (1–2.5 µg/mL) caused an 84–86% 
drop in viability, indicating minor cellular stress without 
a dose-dependent response higher dosages (3–3.5 µg/mL) 
caused a significant reduction in viability (~74–79%), indi-
cating increased cytotoxicity. Given its low toxicity, DMSO 
can be utilized as a solvent control at lower doses since cell 
survival was above 70% at all dosages (Figure 1B).

3.2. P. parviflorus affecting HeLa cell morphology 

After administering P. parviflorus to HeLa cells at IC50 and 
IC25 doses over 24 h, notable alterations in cell shape were 
observed. Post-treatment with PP, the HeLa cells exhibited an 
atypical structural alteration, characterized by a rounded and 
irregular shape. It is noteworthy that the ability of the HeLa 
cell line to adhere was diminished following the treatment 
with PP (Figure 2). 

Table 1 
Genes and their primers.

S.no. Gene name Forward Reverse

1 BAX 5’-TCAGGATGCGTCCACCAAGAAG-3’ 5’-TGTGTCCACGGCGGCAATCATC-3’

2 cMYC 5’-AGAAATGTCCTGAGCAATCACC-3’ 5’-AAGGTTGTGAGGTTGCATTTGA-3’

3 BCL2 5’-TTGCTTTACGTGGCCTGTTTC-3’ 5’-GAAGACCCTGAAGGACAGCCAT-3’
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Figure 1. (A) Percent inhibition of Pogostemon parviflorus on HeLa cell line at different concentrations. X-axis denotes various 
concentrations of PP and Y-axis indicates % inhibition of HeLa cells (n = 3). (B) Percent viability of DMSO on HeLa cell line at 
different concentrations. X-axis denotes various concentrations of DMSO, and Y-axis indicates % viability of HeLa cells (n = 3).  
(TRI = triplicate).
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(A) (B) (C)

Figure 2. Morphological changes observed after PP treatment on HeLa cells. (A) Control: HeLa cells have a normal polygonal shape. 
(B) PP IC25 treatment: HeLa cells reveal a round to slender shape. (C) PP IC50 treatment: floating cells that range from irregular to 
round in shape. (Magnification at 200×).

3.3. P. parviflorus promoting apoptosis on HeLa cells

The results demonstrated that exposure to the IC50 con-
centration of PP resulted in 53.20 ± 2.13% of cells progress-
ing into the early phase of apoptosis, whereas 7.78 ± 4.2% of 
cells were observed in the late phase of apoptosis. The IC25 
concentration of PP exhibited a significant 36.80 ± 1.93% of 
cells undergoing early apoptosis, in conjunction with 4.49 ± 
3.10% of cells in the late phase of apoptosis (Figure 3).

3.4. P. parviflorus modulating cell cycle regulation of HeLa cells

The results indicated a notable rise in cell accumulation 
in the Sub-G0/G1 phase following the therapy. The Sub-G0 
population increased to 67.7 ± 2.10% at IC₂₅ and further to 
91.4 ± 1.59% at IC₅₀, relative to the untreated control cells. 
The Sub-G0 phase denotes cells with fragmented DNA and 
reduced DNA content, a hallmark of late apoptosis. Thus, the 
substantial rise in the Sub-G0 population evidently indicates 
the initiation of apoptosis rather than a mere halt in the cell 
cycle. The observed rise across several concentrations from 
IC₂₅ to IC₅₀ demonstrates that higher doses of PP extract 

amplify apoptotic signaling, leading to substantial DNA 
breakage and ensuing cell death. The substantial accumu-
lation (surpassing 90%) of cells in Sub-G0 at IC₅₀ signifies 
a notable level of cytotoxic and pro-apoptotic action. This 
trend indicates that the extract does not merely impede cell 
cycle progression at essential checkpoints such as G₀/G₁, S, 
or G₂/M phases. Instead, it advances cells beyond a condition 
of stagnation towards the initiation of apoptosis, so effectively 
suppressing cellular proliferation. The findings demonstrate 
that PP possesses significant antiproliferative effects on cer-
vical cancer (HeLa) cells by inducing apoptosis, as seen by a 
marked increase in the Sub-G0 phase in a dose-dependent 
pattern (Figure 4).

3.5. Impact of P. parviflorus on intracellular ROS measurement

Figure 5 shows that administering PP to HeLa cells at 
IC₂₅ (geometric mean = 1293± 11.38) and IC₅₀ (geometric 
mean = 1573 ± 09.27) doses for 24 h significantly reduced 
intracellular reactive oxygen species (ROS) levels compared 
to untreated control cells (geometric mean = 7792 ± 13.21), 
which had 74.23 ± 1.38% ROS-positive cells. Both amounts 
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Figure 3. The impact of PP on apoptosis in HeLa cells during treatment. The histogram illustrates the apoptosis ratios of HeLa cells 
under control conditions and following treatment with PP at IC25 and IC50 concentrations over a 24-h period, utilizing propidium 
iodide and Annexin-V FITC for analysis. The bar graph illustrates the proportions of dead, live, early apoptotic, and late apoptotic 
cells in both the control group and those treated with PP at IC25 and IC50 concentrations over a 24-h period. Data are expressed as 
mean ± SD (n = 3). ****P < 0.0001 versus the control group (untreated cells). 
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Figure 4. The impact of PP on the cell cycle dynamics in HeLa cells. A histogram illustrates the various phases of the cell cycle in 
HeLa cells, both in a control state and following treatment with PP at IC25 and IC50 concentrations over a 24-h period, utilizing 
propidium iodide for analysis. The bar graph illustrates the proportions of cells in the sub-G0, G1, S, and G2/M phases, both in the 
control group and following a 24-h treatment with PP. Data are expressed as mean ± SD (n = 3). ****P < 0.0001 versus the control 
group (untreated cells).

Figure 5. Impact of Pogostemon parviflorus on the generation of intracellular reactive oxygen species. The flow cytometry histogram 
illustrates the degree of reactive oxygen species (ROS) production prior to (blue) and subsequent to the treatment of PP with 
concentrations of IC25 (red) and IC50 (green) over a duration of 24 h. The bar graph illustrates the quantitative assessment of 
ROS production prior to treatment (blue) and following the application of Pogostemon parviflorus at IC25 (red) and IC50 (green) 
concentrations over a duration of 24 h. Data are expressed as mean ± SD (n = 3). ****P < 0.0001 versus the control group (untreated 
cells).

of PP significantly lowered ROS production, showing a con-
centration-dependent antioxidant or ROS-modulating effect. 
The decrease at IC₅₀ was more significant, showing that 
greater exposure enhances the compound’s capacity to mod-
ulate oxidative stress in cells. Increased ROS are often linked 
to apoptosis, yet certain anticancer treatments can induce 
programmed cell death through mitochondrial mechanisms 
that do not rely on ROS. These findings highlight the signifi-
cant impact of PP on intracellular redox status and suggest its 

potential role in regulating oxidative stress in HeLa cells in a 
dose-dependent manner.

3.6. Effect of P. parviflorus in alteration in mitochondrial 
membrane potential [ΔΨm]

Figure 6 demonstrates that the administration of PP 
to HeLa cells at both IC₅₀ and IC₂₅ doses resulted in a 
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Figure 6. Analysis of mitochondrial membrane potential through flow cytometry. The histogram illustrates the effects on cells 
subjected to PP at both IC50 and IC25 concentrations following a 24-h treatment period. Data are expressed as mean ± SD (n = 3). 
***P < 0.001 and **P < 0.01 versus the control group (untreated cells).

significant alteration in ΔΨm compared to control cells. Cells 
treated at IC₅₀ had a statistically significant effect (***P < 
0.001) relative to IC₂₅, indicating a more substantial impact 
at the higher dose. The observed change in ΔΨm signifies a 
depolarisation of the mitochondrial membrane, suggesting a 
compromise in mitochondrial integrity. This depolarisation is 
typically associated with increased mitochondrial permeabil-
ity, the release of proapoptotic chemicals into the cytosol, and 
the activation of the intrinsic apoptotic pathway. The results 
demonstrate that PP promotes a dose-dependent impairment 
of mitochondria in HeLa cells, hence confirming its role in 
the start of mitochondria-mediated apoptosis.

3.7. Effects of P. parviflorus on BAX, BCL-2, and cMYC expression in 
HeLa cells

The hydroalcoholic extract of P. parviflorus (PP HA) 
affects critical regulators of apoptosis and proliferation in 
HeLa cells, particularly at the IC₂₅ concentration, as indi-
cated by gene expression analysis. The expression of BCL-2 
markedly diminished following therapy. BCL-2 functions as 
an antiapoptotic protein that preserves mitochondrial mem-
brane integrity and inhibits cytochrome C release. Decreased 

expression of BCL-2 impairs cellular survival signaling and 
heightens susceptibility to apoptosis. The notable decrease at 
IC₂₅ suggests that diminished concentrations of PP HA can 
interfere with prosurvival processes. The extract decreased 
the expression of cMYC, a proto-oncogene that facilitates 
cell proliferation, metabolic activity, and cell cycle advance-
ment. Reduced cMYC expression signifies decreased prolif-
erative signaling, underscoring the extract’s antiproliferative 
capability. This corroborates previous results of cell cycle 
disruption and reduced cell viability. PP HA extract stim-
ulated the overexpression of BAX, a pro-apoptotic member 
of the BCL-2 family. BAX facilitates the permeabilization of 
the mitochondrial outer membrane, allowing for the release 
of cytochrome C and initiating the intrinsic apoptotic path-
way. The increase in BAX and decrease in BCL-2 modify 
the BAX/BCL-2 ratio to facilitate apoptosis, a crucial ele-
ment in mitochondrial-mediated cell death. The simultane-
ous downregulation of BCL-2 and cMYC, coupled with the 
overexpression of BAX, indicates that PP HA extract mostly 
facilitates apoptosis via the intrinsic (mitochondrial) apop-
totic route while concurrently inhibiting proliferative sig-
naling. Molecular alterations corroborate the documented 
apoptosis and antiproliferative effects in HeLa cervical 
cancer cells (Figure 7).
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Figure 7. Investigation of the dose-dependent effects of PP on the expression of genes associated with apoptosis and proliferation in 
HeLa cells. The bar graph illustrates the alterations in gene expression levels of BAX, BCL-2, and cMYC, contrasting the states prior 
to (Blue) and subsequent to treatment with PP at concentrations of IC25 (red) and IC50 (green) over a duration of 24 h. Data are 
expressed as mean ± SD (n = 3). **P < 0.01, ***P < 0.001, ****P < 0.0001 versus the control group (untreated cells).

4. DISCUSSION

The growing interest in medicinal and aromatic plants 
(MAPs) can be attributed to their abundant bioactive com-
pounds that enhance biological activity both in vitro and 
in vivo, leading to their rising prominence across various sec-
tors, including industry, education, agriculture, and health. 
The secondary metabolites of MAP demonstrate superior 
efficacy compared to numerous synthetic and natural antioxi-
dants, owing to their remarkable properties, including antioxi-
dant, anti-inflammatory, antibacterial, antiviral, and anticancer 
activities. The observed characteristics can be attributed to a 
variety of compounds, including phenols, flavanols/flavonoids, 
alkaloids, polypeptides, vitamins, catechins, phytoestrogens, 
carotenoids, chlorophyll, and minerals (Chrysargyris, 2024). 

The Lamiaceae family, known for its antioxidant and antibac-
terial properties, stands as a significant contributor to the produc-
tion of essential oils. Aromatic plants are replete with essential 
oils. Numerous studies suggest that the inclusion of flavonoids in 
one’s diet may lead to a decrease in the occurrence of pancreatic, 
breast, and colon cancers. Pharmacological agents that impede 
the cell cycle or induce apoptosis in malignant cells are employed 
in their treatment. The role of essential oils in the prevention 
and suppression of cancer is noteworthy. Numerous plants 
yield essential oils that have demonstrated efficacy against vari-
ous forms of cancer, including those affecting the mouth, breast, 
lung, prostate, liver, colon, brain, and leukemia (Nieto, 2017). 

The investigation into the effects of hydroethanolic and 
aqueous extracts of P. benghalensis on mice afflicted with 
Ehrlich ascites carcinoma (EAC) tumors revealed notewor-
thy anticancer activity in Swiss albino mice. The median 

survival time (MST) of tumor-bearing mice exhibited a 
notable enhancement due to the administration of hydroeth-
anolic extracts (HEEPB), aqueous extracts (AEPB), and 
5-Fluorouracil (5-FU) when juxtaposed with the tumor con-
trol group. Following a month of meticulous observation, the 
mice administered 5-FU (20 mg/kg), HEEPB (500 mg/kg), 
and AEPB (500 mg/kg) exhibited tumor volumes of 1.90, 
1.67, and 1.62 mL, respectively, in contrast to the tumor con-
trol group’s volume of 3 mL (Patel et al., 2014). 

Elevated levels of reactive oxygen species in neoplastic cells 
lead to cellular instability and resistance to therapeutic inter-
ventions. Consequently, diminishing reactive oxygen species 
could enhance cellular stability and sensitivity to chemo-
therapeutic agents. Confirming this necessitates a thorough 
examination. This research substantiates the longstanding 
application of this plant in the context of cancer treatment. 
This represents the inaugural investigation conducted on the 
species P. parviflorus in relation to cervical cancer. 

Currently, P. parviflorus exhibited cytotoxic effects on 
HeLa cells primarily through an early apoptotic mechanism 
at an IC25 concentration. PP demonstrated cell cycle arrest 
at the SubG0 phase once more, suggesting the occurrence of 
apoptosis. A notable decrease in intracellular reactive oxygen 
species indicates the antioxidant properties of PP. To evaluate 
the apoptotic and antiproliferative activity, specific genes were 
examined to elucidate the underlying mechanism. The find-
ings indicated that PP enhanced the expression of BAX while 
simultaneously reducing the levels of BCL2 and cMYC genes, 
implying its potential apoptotic and antiproliferative charac-
teristics. Thus, the current investigation elucidated the anti-
cancer properties of PP through the promotion of apoptosis, 
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