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The dual herbal methanolic formulations of Withania somnifera combined with Phyllanthus emblica (WP3), Bacopa 

monnieri (WB2), and Ocimum basilicum (WO3), prepared using our previously optimized and validated methodology for 

Ayurvedic phytochemical standardization, were investigated for their therapeutic relevance against leukemia. As 

phytotherapy emerges as a complementary strategy to reduce chemotoxicity and support long-term cancer management, 

evaluating rational botanical combinations is essential for advancing evidence-based integrative approaches. For the first 

time, this study delineates the collective anticancer effects of W. somnifera with three Rasayana co-herbs against Jurkat E6-1 

T-cell leukemia cells. The extracts WP3 and WO3 were assayed for MTT cytotoxicity, exerting the strongest

antiproliferative effects, with IC₅₀ values of 20.27 and 20.40 µg/mL, respectively. We utilised Annexin V/PI flow cytometry

and AO/EB staining to validate both early and late stages of apoptotic progression following treatment. The WP3 results

reflecteda substantial increase in apoptotic cell population for Sub-G0/G1 (18.37%) compared to (2.89%) control cells,

while WO3 induced a lesser elevation of 6.53%, indicating DNA laddering resembling endonuclease fragmentation and

apoptotic accumulation. Further cell cycle analysis showed reduced G0/G1phase population for WP3 (54.79%) and WO3

(56.82%) compared to the control (69.77%), interfering with cell cycle regulatory checkpoints for DNA synthesis.p53

protein expression was upregulated in WP3 treated cells (29.52%) relative to control (9.04%), suggesting stimulation of

DNA tumor suppressor signaling pathways. The dual herbal combinations, treated with WP3, showed the strongest activity,

suppressing leukemic cell growth by promoting apoptotic cell death, p53-mediated responses, and altering cell cycle

progression. As a first-of-its-kind study, demonstrating phytochemical profiling, preclinical validation, and initiating a

framework for Rasayana-derived combinatorial therapeutic strategies.
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The World Health Organization (WHO) indicates that 

Cancer continues to pose a major public health burden 

worldwide, with projections indicating newly 

diagnosed cases around 27 million by 2040, with the 

annual number representing an increase of 

approximately 50%1. The Global Cancer Observatory 

(GLOBOCAN) shows a similar upward inclination in 

India, suggesting cancer incidence exceeding the 

alarming trend of 1.7 million cases by 2035. These 

projections together underscore growing demand for 

multi-target therapeutic strategies with cost-effective, 

favourable safety profiles, especially in low- and 

middle-income backgrounds where wide-ranging 

comprehensive cancer care remains limited2. 

Ayurvedic philosophy is rooted in Rasayana 

therapy, instating vitality, promoting nourishment, 

and consolidating physiological balance. Ayurvedic 

medicine represents traditional medicine with an 

extensive and largely intact source of 

pharmacologically relevant therapeutic choices. 

Rasayana, as a fundamental practice, accentuates 

rejuvenation, regulates the immune system, and 

reinforces systemic resilience against diseases. 

Among Rasayan-class botanicals, Withania somnifera 

(Ashwagandha), often revered as Indian Ginseng, has 

gained considerable attention for its adaptogenic and 

cytotoxic attributes
3
. Ashwagandha’s roots and leaves 

have bioactive phytocompounds, such as 

withanolides, an array of alkaloids, and steroidal 

lactones. These phytochemicals have been reported to 
————— 
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trigger apoptotic pathways, suppress proliferation, and 

regulate oxidative stress in several cancer models. 

Multiple in vitro and in vivo studies consistently 

highlight oxidative stress across diverse cancer 

models. Accumulating evidence from the anticancer 

potential of these phytoconstituents places W. 

somnifera at the forefront of plant-based therapeutic 

discovery4-7. Phyllanthus emblica (Amla) possesses a 

diverse biochemical profile enriched with 

polyphenols, ellagic acid, flavonoids, and tannins, 

which imparts strong antioxidant, antimutagenic, and 

cancer-preventive properties. Experimental evidence 

suggests that Amla interferes with the early stages of 

tumour development and regulates inflammatory 

signalling, neutralises reactive oxygen species, and 

enhances DNA repair mechanisms. In addition, 

Bacopa monnieri and Ocimum basilicum are 

recognised for their neuroprotective and anti-

inflammatory activities alongside growth-inhibitory 

effects on cancer cells. These biological actions 

complement the inclusivity of multi-herbal strategies, 

focusing on the effective efficacy of combinatorial 

anticancer therapies8-12. The multi-plant therapeutic 

formulation contributes to a broader chemical 

composition interplaying with synergistic 

phytochemicals. Such a synergistic herbal 

composition contributes to the modulation of various  

cancer-resistance mechanisms, including programmed 

cell death, oxidative imbalance, and immune escape. 

These distinctive polyherbal formulations consistently 

demonstrate advantages over single-molecule drugs, 

achieving greater biological efficacy by harnessing 

contemporary modes of action while potentially 

reducing adverse effects and supporting 

pharmacological evidence.  

In our previous study, antioxidant assessments 

defined fractional combinatorial ratios, notably WP3, 

WB2, and WO3, showed noticeable free radical–

neutralising ability and increased bioactivity with 

their individual herbal counterparts. These findings 

served as the empirical basis for extending the 

investigation towards anticancer efficacy. In 

leukemia, T lymphocyte-mediated immune regulation 

is essential for sustaining immune surveillance. The T 

cells' oncogenic transformation disrupts immune 

balance, causes abnormal proliferation, defective 

maturation, and compromised immune competence. 

Jurkat E6.1 human T-lymphoblastic leukemia cell line 

is a standard in vitro model to elucidate apoptotic 

mechanisms, cell cycle perturbations, and therapeutic 

responses in T cell malignancies. The study of these 

disease mechanisms using natural product-based 

interventions is highly relevant for proven 

immunomodulatory and rejuvenative activities13,14. 

Herbal therapeutics have been widely used  

to enhance immunity and modulate molecular 

pathways linked to cancer development. Globally, 

approximately 10-40% of anticancer drugs are plant–

derived, increasing to approximately 50% in Asian 

populations dependent on traditional therapeutic 

remedies. Growing evidence suggests that plant-

derived phytochemicals act at multiple phases of 

tumorigenesis by modulating apoptotic mechanisms, 

oxidative, and inflammatory signaling pathways15,16.  

In continuation of our previous work17,18, dual 

herbal formulations of Withania somnifera with 

selected combinatorial Rasayana herbs. The dual 

herbal phytocombinations of WP3, WB2, and WO3 

exhibited differentiating bioactive compounds, 

increased antioxidant activity, and distinct 

chemometric clustering reflecting elevated biological 

efficacy. Further insight into the in silico docking and 

in vitro experiments with these formulations 

demonstrated notable inhibition for SARS-CoV-2 

non-structural proteins, supporting their molecular 

stability and multitarget pharmacological potential. 

Collectively, these findings indicate that defined dual 

combinations of W. somnifera and complementary 

Rasayana botanicals function synergistically to yield 

enhanced bioactivity than single plant extracts. 

Guided by this evidence, the present study 

investigates whether these optimized combinations-

WP3 (W. somnifera + P. emblica), WB2 (W. 

somnifera + B. monnieri), and WO3 (W. somnifera + 

O. basilicum)- can exert anticancer effects on Jurkat 

E6.1 T-cell leukemia cells. Using integrated analyses 

of DNA fragmentation, cell–cycle control, and p53 

expression, the present investigation aims to establish 

whether these dual formulations trigger intrinsic 

apoptotic signaling and interfere with major cell cycle 

checkpoints. Overall, this work extends our earlier 

standardization studies and provides mechanistic 

evidence supporting the anticancer efficacy of 

Rasayana-derived combinatorial formulations. 
 

Materials and Methods 
 

Chemicals  

All chemicals, sera, media, and antibiotics were of 

analytical grade from Sigma-Aldrich, including 

methanol, dimethyl sulfoxide (DMSO), MTT, 

Roswell Park Memorial Institute 1640 media (RPMI), 

Streptomycin solution, agarose, and ethidium bromide 
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(EtBr) from Hi-Media. The standard drugs Cladribine 

and penicillin were sourced from Cipla, and sterile 

plastic materials for cell culture were obtained from 

Corning, USA. 
 

Plant materials and preparation of dual combinatorial 

extracts 

Previously, methanolic extracts of Withania 

somnifera (W) roots and their dual combinations-WP 

(P. emblica fruits), WB (B. monnieri leaves), and WO 

(O. basilicum leaves)-were prepared in three 

fractional ratios [4:1 (1), 1:1 (2), and 1:4 (3)] as 

detailed in our earlier study. Among these, the 

extracts W, WP3, WB2, and WO3 demonstrated the 

highest antioxidant capacity based on qualitative and 

quantitative HPTLC and chemometric profiling17, 

providing the rationale for their selection in the 

present work. For the subsequent in vitro assays, the 

extracts were dissolved in 0.08% DMSO, a 

concentration verified as non-toxic to Jurkat cells. 
 

Jurkat E6-1 and PBMC cells  

Human acute T-cell leukemia cells (Jurkat E6-1) 

and primary peripheral blood mononuclear cells 

(PBMCs, normal) were procured from the National 

Centre for Cell Science (NCCS), Pune. The cells were 

cultured in RPMI-1640 medium supplemented with 

10% fetal bovine serum (FBS), 100 U/mL penicillin, 

and 50 µg/mL streptomycin, and maintained at 37°C 

in a humidified incubator with 5% CO₂ (HF240 Smart 

Cell, Heal Force, China)19. 
 

Flow cytometry analysis of treated Jurkat cells  
 

Quantification of apoptotic cells by Annexin/PI assay
20

 

Jurkat cells (0.5 × 10⁶ cells/2 mL/well) were seeded 

in 6-well plates and incubated for 24 h at 37°C. Cells 

were treated with WP3 and WO3 (20 µg/mL) for 24 

h, harvested, washed with PBS, and resuspended in 

Annexin-V binding buffer. Cells were stained with 

FITC-Annexin V (5 µL) for 15 min in the dark, 

followed by PI staining (4 µL in 400 µL binding 

buffer). A minimum of 10,000 events/sample was 

analyzed using a BD FACSC alibur flow cytometer 

(488 nm laser) and CellQuest Pro software. This dual-

staining strategy differentiates early apoptotic cells 

(Annexin V⁺/PI⁻) from late apoptotic or necrotic cells 

(Annexin V⁺/PI⁺), based on phosphatidylserine 

externalization and membrane integrity loss21. 
 

Acridine orange (AO)/Ethidium bromide (EB) fluorescent staining 

AO/EB staining was used to assess apoptosis and 

nuclear changes. Acridine orange stains both live and 

dead cells, while ethidium bromide stains only cells 

with compromised membrane integrity. Live cells 

appeared uniformly green, early apoptotic cells 

showed bright green nuclei with chromatin 

condensation, late apoptotic cells appeared orange 

with fragmented nuclei, and necrotic cells-stained 

orange but retained normal nuclear morphology. The 

morphological changes were examined under a 

fluorescence microscope with a fluoresce in filter and 

a 10x magnification.  
 

Nuclear DNA fragmentation of Jurkat cells 
22

 

DNA fragmentation was analyzed in Jurkat cells  

(0.5 × 10⁶ cells/2 mL) incubated overnight at 37°C. Cells 

were treated with methanolic extracts of WP3 and WO3 

(20 µg/mL) for 24 h, followed by PBS washing. After 

removing PBS, 200 µL trypsin-EDTA was added for a 

few minutes, and 2 mL fresh culture medium was used 

to harvest cells into 12 × 75 mm polystyrene tubes. Cells 

were centrifuged at 300 g for 5 min at 25°C, and the 

supernatant was discarded. Genomic DNA was isolated 

based on the previous study23. A 3 µL sample from each 

tube was loaded onto a 2% agarose gel containing 0.1% 

ethidium bromide, visualized under UV light, and 

imaged using ImageLab software (BioRad). 
 

The effect of the methanolic combinatorial extract on cell cycle 

DNA content of Jurkat cells
24 

Jurkat cells (0.5 × 10⁶ cells/2 mL/well) were seeded 

in 6-well plates and incubated for 24 h at 37°C with 

5% CO₂. Cells were treated with WP3 and WO3 (20 

µg/mL) for 24 h, harvested, washed with PBS, and 

fixed with 70% cold ethanol at -20°C. After 

centrifugation and PBS washing, cells were treated 

with RNase A and stained with Propidium Iodide (PI, 

400 µL). Cell cycle distribution (Sub-G0/G1, G0/G1, 

S, G2/M) was analyzed by flow cytometry (BD 

FACSC alibur; 488 nm excitation), acquiring 20,000 

events per sample. Histogram analysis was performed 

using CellQuest Pro (v6.0). 
 

p53 protein analysis on Jurkat cells treated with methanolic 

combinatorial extracts
25

 

Jurkat cells (0.5 × 10⁶ cells/well) were seeded in 6-

well plates and incubated overnight. Cells were then 

treated with WP3 and WO3 (20 µg/mL) for 24 h. 

After treatment, cells were collected, washed with 

PBS, and fixed in 70% chilled ethanol for 30 min on 

ice. Following centrifugation, cells were 

permeabilised using BD Cytofix/Cytoperm for 10 min 

and washed with 0.5% BSA in PBS containing 0.1% 

sodium azide. Subsequently, cells were incubated 
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with 20 µL FITC-conjugated mouse anti-p53 antibody 

for 30 min in the dark at room temperature. Following 

a final wash with PBS, quantified using flow 

cytometric analysis with fluorescence detection at an 

excitation/emission wavelength of 650 nm. 
 
Statistical Analysis 

All experiments were performed in triplicate (n = 

3) and repeated at least three times to ensure 

reproducibility. Data values are denoted as mean ± 

standard deviation (SD).  

 

Results and Discussion 
 

In vitro Jurkat E6-1 anticancerous activity 

Based on our MTT assay outcomes, only the most 

relevant findings that guided the subsequent apoptosis 

investigations are briefly summarized here. Among 

the tested formulations, the dual-herbal combinations 

Withania somnifera-Phyllanthus emblica (WP3) and 

Withania somnifera-Ocimum basilicum (WO3) 

exhibited markedly enhanced antiproliferative activity 

against Jurkat E6-1 leukemia cells, with IC₅₀ values of 

20.27 and 20.40 µg/mL, respectively. The polyherbal 

combinations of WB2 (53.10 µg/mL) and W alone 

(69.40 µg/mL) were remarkably higher compared to 

the former, suggesting synergistic interactions. The 

cell viability for both Jurkat treated cells with WP3 

and WO3, around 25 µg/mL had a marked reduction 

in the viability (≈42-48%), compared with the 

positive control, cladribine. The minimal cytotoxicity 

of both WP3 and WO3 for normal PBMCs (IC₅₀: 

129.6 and 108.65 µg/mL) demonstrated preferential 

toxicity towards leukemia cells. The statistical 

analysis was tested with One-way ANOVA with 

Tukey’s post-hoc (p<0.05–p<0.0001), and the results 

were significant for the treatment. In view of their 

improved selectivity and cytotoxic potency, WP3 and 

WO3 were further selected for subsequent apoptosis 

targeting pathways (Supplementary Fig. S1). 
 

Apoptosis: FACS analysis 

Flow cytometric analysis using Annexin V-FITC/PI 

has shown a dose-dependent apoptotic induction by the 

WP3 and WO3 extracts. Both the extracts WP3 and 

WO3 (20 µg/mL) were selected, and WB2 was 

excluded based on the MTT assay results. As apoptosis 

is a regulated form of cell death, it does not elicit 

inflammatory necrosis, but represents a key mechanism 

for effective anticancer therapy26. The proapoptotic 

morphological alterations, like membrane blebbing, 

nuclear shrinkage, nuclear condensation, and DNA 

fragmentation, were exhibited by the WP3 and WO3-

treated Jurkat cells, confirming their apoptotic 

potential27. Flow cytometric analysis (Fig. 1a-c), 

revealed 18.33% early apoptotic cells treated with 

WP3 and 4.26% for WO3, while untreated control 

cells had largely viable population of 99.97%. The 

observed transition of cells from the M1 (Annexin V-

negative) to M2 (Annexin V-positive) reflects the 

phosphotidylserine translocation to the outer surface 

of the plasma membrane and commitment to 
 

 
 

Fig. 1 — (a) cell control Quadrangular plot representing the Annexin V/PI expression in JURKAT cells upon culturing in the presence of 

methanolic combinatorial extracts, (b) WP3 and (c) WO3 (20 µg/mL) for 24 h and untreated control cells. The analysis was done by 

using BD FACS Calibur, Cell Quest Pro Software (Version: 6.0). Q1- Dead cells; Q2- Late apoptotic cells; Q3-Live cells; Q4-Early 

apoptotic cells. Distribution of cells shifts from M1 (Annexin V negative cells) to M2 (Annexin V positive cells) 
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apoptotic cell death. The redistribution of the cells 

from the M1 to M2 gate reflects WP3 with a more 

substantial apoptotic shift (M1=57.35; M2=42.76) 

compared with WO3 (M1=77.20; M2=22.73) 

showing a stronger pro-apoptotic efficacy. These 

results corroborated and aligned with the established 

bioactivity of phytoconstituents in W. somnifera and 

P. emblica, where withanolides and polyphenols 

elevate the intrinsic apoptosis, causing disruption of 

mitochondrial membrane potential, elevating ROS 

levels, and activating caspase-328,29. The higher 

effectiveness of WP3 suggests synergistic 

phytochemical interactions that amplify p53-mediated 

apoptotic signaling, supporting earlier work on dual-

herbaltherapeutic enhancement. Supplementary Fig. 

S2 further supports these observations through dot-

plot distribution patterns. Overall, the selective 

induction of apoptosis by WP3 and WO3 confirms 

their promise as minimally toxic phytotherapeutic 

candidates for hematological malignancies. 
 

Acridineorange (AO)/ Ethidium bromide (EB) fluorescent 

staining 

Following the apoptotic findings, AO/EB 

fluorescent staining further validated the induction of 

apoptosis by WP3 and WO3 in Jurkat E6-1 cells. 

WP3-treated cells showed bright green chromatin 

condensation, indicating early apoptosis, as observed 

in (Fig. 2b), while WO3 predominantly exhibited 

bright orange nuclear condensation characteristic of 

late apoptosis (Fig. 2c). In contrast, untreated cells 

remained uniformly green, reflecting healthy nuclei 

(Fig. 2a). Minimal red-stained necrotic cells were 

observed, confirming that the extracts trigger 

programmed cell death rather than nonspecific 

membrane damage30,31. The stronger early apoptotic 

signature in WP3 suggests rapid activation of 

mitochondrial apoptotic pathways, consistent with the 

reported effects of W. somnifera-based formulations 

in leukemia. These fluorescence microscopy findings 

align closely with Annexin V-FITC/PI flow 

cytometry results, reinforcing that WP3 and WO3 

induce controlled apoptosis and hold strong 

therapeutic potential for hematological malignancies. 
 

DNA fragmentation analysis 

DNA fragmentation, a definitive marker of late-

stage apoptosis, occurs through endonuclease-mediated 

cleavage of chromosomal DNA32. Agarose gel 

electrophoresis confirmed apoptotic DNA laddering in 

WP3- and WO3-treated Jurkat cells (20 µg/mL). Both 

extracts induced clear degradation of genomic DNA 

into internucleosomal fragments, whereas the untreated 

control showed intact DNA. Quantitatively, band 

intensities decreased from 87.97% in the control to 

55.65% in WP3-treated and 37.83% in WO3-treated 

cells, indicating stronger late-stage apoptotic activation 

in WO3 as shown in (Table 1 and Fig. 3). The lane and 
 

 
 

Fig. 2 — Fluorescent micrographs of Acridine Orange/Ethidium (AO/EB) double-stained Jurkat cells after 24-h incubation with 

methanolic combinatorial extracts WP3 and WO3 at IC50 (20 µg/mL). (a) Untreated, (b) WP3-treated, (c) WO3-treated. Cells were 

visualized at 20× magnification. VC: Viable cells; EA: Early apoptotic cells; LA: Late apoptotic cells 
 

Table 1 — DNA lane and band statistics calculated based on quantity regression method for evaluating the regression equation 

ID` Lane no Band label Base pairs (bp) Relativ front Adj. Vol (Int) Volume (Int) Absolute quantity Relative quantity Band % Lane % 

UT 1 1 1,673 0.198 1474096 2298696 22,98,696.00 1 87.97 58.5 

UT 1 2 933 0.561 481232 1338360 13,38,360.00 0.326459 22.18 12.6 

UT 1 3 773 0.667 213408 660136 6,60,136.00 0.144772 9.84 5.6 

WO3 2 1 1,493 0.270 91879 385586 6,69,285.89 0.062329 37.83 13.5 

WO3 2 2 899 0.581 122181 499149 7,05,930.25 0.082885 50.31 18.0 

WO3 2 3 734 0.684 28773 366126 5,92,971.48 0.019519 11.84 4.2 

WP3 4 1 1,712 0.183 135810 389070 7,22,411.87 0.092131 55.65 31.9 
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band analysis followed the regression model  

Y = 1.21x + 5.58E+05 (R² = 0.9517). These  

results support that WP3 and WO3 effectively drive 

cells into irreversible apoptosis, consistent with 

Annexin-V and AO/PI findings, confirming a 

controlled, synergistic apoptotic mechanism rather 

than nonspecific necrotic death33-35. 
 
Cell cycle FACS analysis  

Cell cycle disruption is a critical therapeutic 

approach for leukemia, as arrest at key checkpoints 

such as G1/S or G2/M can halt proliferation and 

promote apoptosis36. In this study, PI-based flow 

cytometry was performed using WP3 and WO3 (20 

µg/mL), aligned with their IC₅₀ values at 24 h. 

Histogram analyses (Fig. 4 and Supplementary Fig. 

S3) treatment with WP3 and WO3 resulted in a 

pronounced redistribution of cells across the cell 

cycle phases, indicative of disrupted cell cycle 

progression. Both treatments reduced the G0/G1 

population (54.79% and 56.82%) compared to 

untreated controls (69.77%), with a concomitant 

increase in the S-phase fraction, suggesting 

interference with the reported phytochemical 

modulation of p53signaling and cyclin-dependent 

kinase pathway. The observed enrichment of the 

cells in the S-phase indicates disruption of DNA 

synthesis and replication-fork progression, a 

phenomenon commonly associated with activation of 

replication stress sensors, ATR/Chk1 signaling, and 

p53-mediated transcriptional responses. The S-phase 

arrest is consistent with previous reports showing 

that Withania somnifera-derived withanolides and 

Phyllanthus emblica polyphenols modulate cyclin-

dependent kinases, suppress cyclin A/E activity, and 

activate p53-dependent DNA damage responses. 

Moreover, the marked increase in the Sub-G0/G1 

hypodiploid population-WP3 (18.37%) and WO3 

(6.53%) compared to the control (2.89%)-represents 

extensive apoptotic DNA fragmentation, confirming 

 

 
 

Fig. 3 — Agarose gel electrophoresis (2%) of the total DNA of Jurkat cells. From left, lane 1: Untreated control, lanes 2 and 4: WO3 

(WO3) and WP3 (WP3) treated cells with 20 µg/mL for 24 h (3 µL) and lane 3: DNA marker (1 kb). The lanes and the bands are marked 

to analyze the ladder formation using the Image Lab software to calculate the volume of the intensity of the bands 
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that cells failing to progress past S-phase ultimately 

undergo programmed cell death. This is further 

corroborated by DNA laddering and Annexin-V 

results, demonstrating a coherent cascade of p53 

activation, checkpoint arrest, and apoptosis. 

Additionally, Sub-G0/G1 populations increased 

significantly with WP3 (18.37%) and WO3 (6.53%) 

relative to the control (2.89%), indicating extensive 

apoptotic DNA fragmentation and accumulation of 

hypodiploid cells-consistent with the Annexin-V and 

DNA laddering results. These findings confirm that 

WP3 and WO3 inhibit leukemic cell proliferation by 

inducing checkpoint-mediated cell-cycle arrest, 

ultimately enforcing programmed cell death37. 

Collectively, these findings indicate that WP3 and 

WO3 exert antiproliferative effects in Jurkat cells by 

disrupting cell-cycle regulation, primarily through  

S-phase checkpoint engagement and apoptotic 

commitment. The stronger response elicited by WP3 

may reflect the combinatorial phytochemical 

interactions between W. somnifera and P. emblica 

that enhance DNA damage signaling and apoptotic 

execution pathways. Thus, both combinations  

inhibit leukemic cell proliferation not merely  

by cytotoxicity but through precise modulation of 

cell-cycle checkpoints, culminating in p53-linked 

apoptotic cell death. 
 
Tumor suppressor protein, p53 FACS analysis  

Tumorigenesis arises from disrupted cell cycle 

control, resulting in uncontrolled proliferation38. Cell 

cycle progression is regulated by cyclins, CDKs, and 

tumour suppressors like p53 and pRb, which 

safeguard genomic stability through checkpoint 

surveillance39. Plant-derived bioactive compounds are 

known to modulate these regulatory pathways, 

leading to checkpoint arrest and apoptosis37. In this 

study, methanolic dual herbal extracts WP3 and WO3 

(20 µg/mL, 24 h) markedly increased p53 expression 

levels to 29.52% and 26.63%, compared to 9.04% in 

untreated cells, as shown in (Fig. 5 & Supplementary 

Fig. S4. The elevated p53 suggests activation of 

tumour suppressive signaling, possibly via ATM/ATR 

or p38/MAPK pathways, promoting checkpoint arrest 

at G1/S and G2/M and facilitating the elimination of 

DNA-damaged cells40. 

 

 
 

Fig. 4 — (a) Cell Cycle Analysis of Cell Control/Untreated Jurkat cells and methanolic combinatorial extract, (b) WP3 and, (c) WO3 

treated after 24 h (20 µg/mL) respectively using BD FACS Calibur, BD Biosciences, CA, USA. PI histogram of the gated Cell singlets 

distinguishes cells at the Sub G0/G1, G0/G1, S, and G2/M cycle phases. Gating of cell cycle phases is approximate and can be refined using 

software (Cell Quest Software, Version 6.0) analysis 
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Conclusion 

The methanolic dual-herbal combinations WP3 

(Withania somnifera + Phyllanthus emblica) and 

WO3 (Withania somnifera + Ocimum basilicum) 

showed strong, selective anticancer effects on Jurkat 

E6-1 leukemia cells, with little toxicity to normal 

PBMCs-an important trait for cancer treatments. 

Their mechanisms of inducing apoptosis were 

confirmed through membrane phosphatidylserine 

exposure, DNA fragmentation, and chromatin 

condensation, along with notable disruption of the 

cell cycle and activation of p53-dependent 

checkpoints.WP3 induced a more pronounced S-

phase arrest than WO3, consistent with its 

strongerapoptotic effects observed in Annexin V and 

AO/EB assays. The phytocompounds delivered cell 

cycle arrest and apoptotic responses by elevating the 

p53 proficiency of Jurkat cells. Many hematological 

malignancies, including T-cell leukemia regulate  

on defective oncogene signals and suppression  

of tumor suppressor function, making p53  

activation for controlling disease progression. 

Compared with the previous report, WP3 

demonstrated greater antiproliferation activity than 

P. emblica alone, implying greater synergism 

between withanolides and polyphenols. Collectively, 

this study substantiates the scientific ayurvedic 

Rasayanadual herbal combinations, highlighting 

WP3 as a potential candidate for preclinical 

development in hematological malignancies. Future 

research studies should investigate molecular 

signaling cascades, in vivo validation, and  

bioactive compound-specific combinations towards 

translational oncology. 

 

 
 

Fig. 5 — (a) Histograms depicting the p53 expression observed in untreated control, (b) WP3, and (c) WO3 treated Jurkat cell line with 

the incubation period of 24 h (20 µg/mL) using BD FACS Calibur, BD Biosciences, CA, USA. Histograms of the gated Jurkat singlets 

distinguish the cells. Overlay histogram showing blue (WP3) and rose (WO3) parameters by flow cytometry analysis. Distribution of 

cells shift from M1 (negative cells) to M2 (positive cells) 
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Supplementary Data 

Supplementary data associated with this article  

is available in the electronic form at 

https://nopr.niscpr.res.in/jinfo/ijtk/IJTK_25(3)(2026)

229-238_SupplData.pdf 
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