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ABSTRACT 

Oral squamous cell carcinoma (OSCC) is the sixth most common malignancy worldwide, and 
India contributes nearly one-third of the global burden of oral cancer. Apamarga 
(Achyranthes aspera), a pan-tropical weed described in classical Ayurveda, is processed into 
Kshara, an alkaline preparation credited with Ksharana (excision, incision and scraping) 
properties capable of destroying morbid tissue while sparing normal cells. Objectives: To 
evaluate the anti-proliferative and apoptotic effect of Teekshna Apamarga Kshara on oral 
squamous cell carcinoma (KB) cells and to explore its underlying molecular mechanism. 
Materials and Methods: Apamarga Kshara was prepared as per classical reference and 
standardized physico-chemically. Its effect on KB cells was evaluated using the MTT assay 
for cell viability, Acridine Orange/Ethidium Bromide (AO/EtBr) dual fluorescent staining for 
apoptosis, flow cytometry for cell-cycle distribution, and quantitative real-time PCR (qRT-
PCR) for expression of ERK1 and PCNA genes. Results: Apamarga Kshara produced a 
concentration-dependent decline in KB cell viability, from 91.44% at 6.25µg/mL to 58.90% 
at 100µg/mL, with an LC50 of 118.373µg/ml. AO/EtBr staining showed increased early and 
late apoptotic populations relative to control. Flow cytometry revealed an elevated S-phase 
fraction in treated cells (16.7%) compared to control (8.1%), indicating S-phase arrest. qRT-
PCR showed downregulation of ERK1 (~47%) and PCNA (~15%) gene expression relative 
to control, confirmed by agarose gel electrophoresis. Conclusion: Teekshna Apamarga 
Kshara exerts a significant, concentration-dependent antiproliferative and apoptotic effect 
on KB oral carcinoma cells, plausibly mediated through suppression of the ERK1 pro-
survival pathway and PCNA-dependent proliferation, supporting its potential as a botanical 
anticancer agent that warrants further mechanistic and in-vivo investigation. 

 

INTRODUCTION 

Cancer is recognized as one of the foremost 
causes of mortality across the globe, responsible for 
nearly 10 million deaths in 2020, corresponding to 
almost one in six deaths worldwide[1]. In 2022, 
approximately 20 million individuals were newly 
diagnosed with cancer, while close to 9.7 million 
deaths were attributed to the disease globally[2].  
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 Oral cancer represents the sixth most prevalent 
malignancy worldwide, with India contributing nearly 
one-third of the global incidence and ranking as the 
second-highest country in terms of oral cancer 
burden[3]. Among oral malignancies, oral squamous cell 
carcinoma (OSCC) accounts for the majority of cases 
and is commonly associated with potentially malignant 
disorders, regarded as clinically identifiable 
precancerous stages of oral cancer development[4]. 

Cancer progression is characterized by a series 
of distinctive biological capabilities collectively termed 
the hallmarks of cancer, including sustained 
proliferative signalling, evasion of growth-inhibitory 
mechanisms, resistance to apoptotic cell death, 
limitless replicative capacity, angiogenesis, and tissue 
invasion and metastasis[5]. Apoptosis, distinguishable 
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from necrosis by characteristic morphological and 
biochemical changes such as chromatin condensation 
and fragmentation, cytoplasmic shrinkage, and loss of 
membrane asymmetry, is frequently lost in cancer 
cells[6]. Since cancer arises when cells proliferate 
uncontrollably while evading apoptosis, exploiting the 
cell's intrinsic death machinery to promote apoptosis 
represents a rational and effective therapeutic 
strategy. 

Both surgical excision and chemotherapy affect 
normal cells along with malignant cells, are frequently 
expensive, and are unsuitable for cancer prevention. 
Plant-derived agents with selective anticancer activity 
and minimal toxicity to normal cells therefore 
represent an attractive alternative. Apamarga 
(Achyranthes aspera, family Amaranthaceae) is a pan-
tropical weed found in abundance, containing Kshara 
as its principal active preparation. Kshara are alkaline, 
hygroscopic substances obtained from the water-
soluble ash of plant-derived drugs and are traditionally 
considered among the most potent of the sharp 
(Shastra) and para-surgical (Anushastra) instruments 
in Ayurveda by virtue of their Ksharana quality, which 
imparts excision, incision and scraping (Chedana, 
Bhedana, Lekhana) effects capable of destroying or 
desiccating malignant tissue, while simultaneously 
eliminating morbid Doshas from the site of the lesion. 
Prior studies have reported anticancer and cytotoxic 
activity of Apamarga Kshara against cervical cancer 
cells[7] and of Paneeya Kshara against colon cancer cell 
lines[8], along with documented clinical utility of 
Apamarga Kshara in gynecological conditions such as 
Karnini Yonivyapada[9] and in oral mucocele as 
Teekshna Pratisaraniya Kshara[10]. Achyranthes aspera 
extracts have also demonstrated specific inhibitory 
activity against pancreatic cancer cells[11], collectively 
providing a rationale for evaluating its effect against 
oral cancer. 

Based on this background, the present study 
was designed to evaluate the mechanism of the 
antiproliferative and apoptotic effect of Teekshna 
Apamarga Kshara on oral squamous cell carcinoma 
(KB) cells using an in-vitro experimental approach. 

MATERIALS AND METHODS 

The study comprised four major components: 
(1) collection and identification of the plant drug, (2) 
preparation of Apamarga Kshara as per classical 
textual reference, (3) physicochemical standardization 
of the prepared Kshara, and (4) experimental 
evaluation of the effect of Apamarga Kshara on KB 
cells. The pharmacognostic and standardization work 
was carried out at the Drug Standardization Unit 
(DSU), Government Ayurveda College, 
Thiruvananthapuram, and the cell-line based 

experimental study was conducted at the Biogenix 
Research Centre, Thirumala, Thiruvananthapuram. 

Collection and authentication of plant material 

Fresh, mature Achyranthes aspera panchanga 
(whole plant) belonging to the family Amaranthaceae 
was collected for the study. Authentication of the plant 
material was carried out by experts in Dravyaguna 
based on its pharmacognostic features and 
physicochemical parameters, which were found to 
comply with the standards prescribed in the Ayurvedic 
Pharmacopoeia of India (API). 

Preparation of Teekshna Apamarga Kshara 

The collected plant material was shade/sun-
dried for three weeks. Approximately 2kg of dried 
Apamarga panchanga, free of visible physical 
impurities, was subjected to complete combustion in 
an iron vessel under open-air conditions. Following 
complete incineration, approximately 119.5gm of 
white ash was obtained and allowed to cool. The ash 
was mixed with water to prepare Ksharajala; as per 
classical reference, six parts of water were used for 
one part of ash[12]. The mixture was stirred thoroughly 
and left undisturbed overnight for sedimentation. The 
clear supernatant was decanted the following day and 
filtered through double-layered clean cotton cloth; this 
filtration was repeated approximately twenty times, 
and the final filtrate was collected in a stainless-steel 
vessel. 

A 100ml aliquot of the filtrate was mixed with 
Sudha (lime water), while the remaining Ksharajala 
was boiled down to two-thirds of its original volume. 
The red-hot Sudha–Ksharajala mixture was then added 
to the reduced Ksharajala and boiled further until a 
semisolid consistency was attained, following which 
Sanka Bhasma, Shukti Bhasma and Chitraka powder (1 
g each) were incorporated. The mixture was allowed to 
cool partially, transferred to another container, and left 
to sediment, from which Teekshna Apamarga Kshara 
was collected for use in the study. 

Physicochemical standardization 

Physicochemical parameters of the prepared 
Kshara, namely pH, loss on drying, total ash, water-
soluble ash, and alcohol- and water-soluble extractive 
values, were determined as per the standards 
prescribed in the API. 

Cell line and culture conditions 

The KB human oral cancer cell line, procured 
from the National Centre for Cell Science (NCCS), was 
maintained in Dulbecco's Modified Eagle Medium 
(DMEM; Sigma-Aldrich) supplemented with 10% fetal 
bovine serum (FBS), L-glutamine, sodium bicarbonate 
(Merck), and an antibiotic mixture of penicillin (100 
U/mL), streptomycin (100µg/mL) and amphotericin B 
(2.5µg/mL). Cultures were maintained at 37°C in a 



Int. J. Ayur. Pharma Research, 2026;14(9):126-133 

     Available online at: http://ijapr.in  128 

humidified incubator with 5% CO2 (NBS Eppendorf, 
Germany). For experiments, a two-day-old confluent 
monolayer was trypsinized and approximately 5×10³ 
cells in 100µL of growth medium were seeded per well 
of a 96-well tissue culture plate. 

Preparation of Test Compound 

A stock solution of the test compound was 
prepared by dissolving 1mg of Apamarga Kshara in 
1ml of 0.1% DMSO using a cyclomixer, followed by 
sterilization through a 0.22µm millipore syringe filter. 

In-vitro anticancer assay 

After 24 h of incubation, the growth medium 
was discarded and replaced with freshly prepared test 
compound at concentrations of 6.25, 12.5, 25, 50 and 
100µg/mL in DMEM, each tested in triplicate, with 
untreated cells maintained simultaneously as controls. 
Cellular morphology was examined at 48 h and 72 h 
under an inverted phase-contrast microscope 
(Olympus CKX41 with Optika Pro5 CCD camera); 
rounding, shrinkage, cytoplasmic granulation and 
vacuolization were recorded as indicators of 
cytotoxicity. 

Cell viability assessment (MTT assay) 

Cell viability was quantified by the MTT 
assay[13]. MTT reagent (15mg in 3ml phosphate-
buffered saline, sterile-filtered) was added 
(30µL/well) to treated and control wells after the 
incubation period, followed by 4 h incubation at 37°C 
in 5% CO2. The supernatant was discarded, and 100µL 
of DMSO was added to each well to dissolve the 
formazan crystals. Absorbance was measured at 540 
nm using a microplate reader. Percentage viability was 
calculated as: % Viability = (Mean OD of sample / Mean 
OD of control) × 100. The LC50 value was computed 
using ED50 Plus V1.0 software. 

Determination of apoptosis by Acridine 
Orange/Ethidium Bromide (AO/EtBr) double 
staining 

Morphological identification of apoptotic and 
necrotic cells was carried out using AO/EtBr (Sigma-
Aldrich) dual fluorescent staining as described by 
Zhang et al.[14]. These nucleic acid-binding dyes 
differentiate viable from non-viable cells on the basis 
of membrane integrity: AO penetrates both viable and 
non-viable cells, emitting green fluorescence on 
binding double-stranded DNA, whereas EtBr enters 
only cells with compromised membranes, producing 
red/orange fluorescence. KB cells were treated with 
the LC50 concentration of the test sample 
(118.373µg/mL) for 24 h at 37°C in 5% CO2, alongside 

untreated controls. After treatment, cells were washed 
with cold PBS and stained with AO (100µg/mL) and 
EtBr (100µg/mL) for 10 minutes at room temperature, 
washed twice with 1× PBS, and examined under a 
fluorescence microscope with a blue filter (Olympus 
CKX41 with Optika Pro5 camera). Cells were 
categorized as viable (normal green nuclei), early 
apoptotic (bright green nuclei with chromatin 
condensation/fragmentation), late apoptotic (orange-
stained nuclei with condensed/fragmented 
chromatin), or necrotic (uniformly orange-stained 
nuclei). 

Cell cycle analysis by flow cytometry 

Cell-cycle distribution was analysed using the 
MUSE Cell Cycle Kit, which is based on ethanol fixation 
and detergent permeabilization, allowing access of 
propidium iodide (PI) with RNase to intracellular DNA, 
thereby distinguishing cells in the G0/G1, S and G2/M 
phases[15]. KB cells were treated with the LC50 
concentration of the test sample (118.373µg/mL) for 
24 h at 37°C in 5% CO2, with untreated controls 
maintained in parallel. A minimum of 1×10⁶ cells was 
centrifuged (3000 rpm, 5 min), washed with PBS, and 
fixed dropwise into ice-cold 70% ethanol with 
vortexing, followed by storage at −20°C. After 
overnight fixation, cells were centrifuged, washed with 
PBS, and incubated with 250µl of cell-cycle reagent in 
the dark for 30 minutes. Stained samples were 
analysed by flow cytometry, with gating referenced to 
untreated controls[16]. 

Gene expression analysis by qRT-PCR 

KB cells treated with the LC50 concentration of 
the test sample (118.373µg/mL) for 24 h, along with 
untreated controls, were used for gene expression 
analysis. Total RNA was isolated from both groups 
using the TRIzol method (TRIzol reagent, Invitrogen; 
Product Code 10296010) as per the manufacturer's 
protocol[17,18], involving cell lysis, chloroform-based 
phase separation, isopropanol precipitation, and 
washing with 75% ethanol, followed by resuspension 
in TE buffer. First-strand cDNA was synthesized from 
the isolated RNA using a cDNA Preparation Kit (G 
Biosciences; Product Codes 786-5019s and 786-
5020)[19], using an RNase-free reaction mix of RT Easy 
Mix (5µL), oligo-dT primer (0.5µL) and RNA template 
(2µL, equivalent to 0.5µg total RNA) made up to 10µL, 
run on a thermal cycler (Eppendorf Mastercycler) at 
42°C for 20 minutes followed by 85°C for 5 minutes 
(enzyme inactivation), as summarized in Table 1. 

Table 1: Thermal cycling conditions for cDNA synthesis 

Step Temperature (°C) Time (minutes) Number of cycles 

cDNA synthesis 42 20 1 

Enzyme inactivation 85 5 1 
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Gene expression was quantified by quantitative real-time PCR (qRT-PCR) using SYBR Green Master Mix (G 
Biosciences; Product Code 786-5062)[20] on a LightCycler 96 instrument (Roche), with each reaction performed in 
triplicate. Expression data were analysed by the ΔΔCt method using LightCycler 96 SW 1.1 software. Primer 
sequences for ERK1, PCNA, and the housekeeping gene GAPDH are given in Table 2, and the thermal cycling 
protocol is given in Table 3. 

Table 2: Primer sequences used for qRT-PCR 

Gene Forward sequence (5'→3') Tm (°C) Reverse sequence (5'→3') Tm (°C) 

ERK1 TGGCAAGCACTACCTGGATCAG 62.4 GCAGAGACTGTAGGTAGTTTCGG 62.4 

PCNA AGACTTTCCTCCTTCCCGC 60.0 GCCTCCAACACCTTCTAGT 57.5 

GAPDH AATGCATCCTGCACCACCAACTGC 64.4 GGAGGCCATGTAGGCCATGAGGTC 67.8 

Table 3: qRT-PCR thermal cycling protocol 

Step Time Temperature Number of cycles 

Initial activation 2 minutes 95°C 1 

Denaturation 10 seconds 95°C 40 (3-step cycling) 

Annealing 1 minute 58°C 40 (3-step cycling) 

Extension 1 min/kb 72°C 40 (3-step cycling) 

Final hold Indefinite 4°C — 

Agarose gel electrophoresis 

PCR products were resolved on a 1.5% agarose 
gel prepared in 1× TE buffer containing ethidium 
bromide (6µl of 10mg/ml), cast and allowed to solidify. 
Electrophoresis was carried out at 50 V for 30 minutes, 
and the gel was visualized using a ChemiDoc Imaging 
System (Bio-Rad)[21]. 

Statistical analysis 

Experiments were performed in triplicate and 
results are expressed as Mean±Standard Error (SE). 
Statistical comparisons between treated and control 
groups were performed using one-way analysis of 
variance (ANOVA) followed by Dunnett's test, with p < 
0.0001 considered statistically significant. 

RESULTS 

Yield and physicochemical standardization of 
Apamarga Kshara 

Complete combustion of approximately 2kg of 
dried Apamarga panchanga yielded approximately 
119.5gm of white ash, which was processed further to 
obtain Teekshna Apamarga Kshara. On 
physicochemical evaluation, the prepared Kshara 
showed a pH of 13.01 (API reference range 10–13), 
loss on drying of 0.5%, total ash value of 85.57%, 
water-soluble ash of 88.25%, alcohol-soluble 
extractive of 29.5%, and water-soluble extractive of 
81.16% (Table 4). The alkaline pH within the API-
specified range confirmed the characteristic alkaline 
nature of the prepared Kshara. 

Table 4: Physicochemical parameters of Teekshna Apamarga Kshara 

Parameter Obtained value 

pH (API range: 10–13) 13.01 

Loss on drying (%) 0.5 

Total ash (%) 85.57 

Water-soluble ash (%) 88.25 

Alcohol-soluble extractive (%) 29.5 

Water-soluble extractive (%) 81.16 

Antiproliferative effect on KB cells (MTT assay) 

Apamarga Kshara produced a progressive, concentration-dependent reduction in KB cell viability relative 
to the untreated control (set at 100%). Percentage viability declined from 91.46 ± 1.10% at 6.25µg/ml to 
58.92±1.27% at 100µg/ml, with corresponding cytotoxicity increasing from approximately 8.56% to 41.10% over 
the same concentration range (Table 5). The LC50 value, computed using ED50 Plus V1.0 software, was 
118.373µg/ml, indicating moderate cytotoxic potential of Apamarga Kshara against KB cells. Low standard error 
values across triplicates confirmed the reproducibility of the observed dose-response relationship (one-way 
ANOVA followed by Dunnett's test, p<0.0001 vs. control). 
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Table 5: Percentage viability of KB cells following treatment with Apamarga Kshara (MTT assay) 

Concentration (µg/mL) Mean % viability ± SE 

Control 100.00 ± 0.00 

6.25 91.46 ± 1.10 

12.5 83.82 ± 0.88 

25 76.14 ± 0.68 

50 66.97 ± 1.36 

100 58.92 ± 1.27 

LC50 of Apamarga Kshara against KB cells: 118.373 
µg/mL (ED50 Plus V1.0 software). 

Apoptosis assessment by AO/EtBr double staining 

Control cells showed predominantly bright, 
round, intact green-fluorescing nuclei with well-
preserved nuclear architecture and no evidence of 
chromatin condensation or fragmentation, confirming 
high baseline viability and the absence of staining-
induced artefact. In contrast, cells treated with 
Apamarga Kshara displayed a heterogeneous 
population comprising viable cells (reduced in 
proportion relative to control), early apoptotic cells 
with bright green nuclei showing chromatin 
condensation, late apoptotic cells with orange-stained 
nuclei showing condensed or fragmented chromatin, 
and a minor population of necrotic cells with diffuse 
orange-red staining. The predominance of organized 
early and late apoptotic morphology over necrotic 
change indicated that Apamarga Kshara induced cell 
death predominantly through an apoptotic rather than 
necrotic pathway. 

Cell cycle distribution (flow cytometry) 

Flow cytometric DNA content analysis revealed 
a marked increase in the S-phase fraction of Apamarga 
Kshara-treated KB cells (16.7%) compared with 
untreated control cells (8.1%)- more than double that 
of the control- accompanied by a reduction in the 
G0/G1 fraction (54.9% in treated cells vs. 65.2% in 
control) and a modest decrease in the G2/M fraction 
(19.2% in treated cells vs. 21.6% in control) (Table 6). 
This pattern is consistent with S-phase arrest 
secondary to disruption of the G1/S checkpoint. 

Table 6: Cell cycle distribution of control and 
Apamarga Kshara-treated KB cells 

Cell cycle 
phase 

Control (% 
gated) 

Apamarga Kshara-
treated (% gated) 

G0/G1 65.2 54.9 

S 8.1 16.7 

G2/M 21.6 19.2 

 

 

Gene expression analysis (qRT-PCR and agarose 
gel electrophoresis) 

Relative to untreated control (fold change set 
at 1.0), Apamarga Kshara-treated KB cells showed 
approximately 47% downregulation of ERK1 
(Extracellular Signal-Regulated Kinase 1) gene 
expression. PCNA (Proliferating Cell Nuclear Antigen) 
expression was also downregulated in the treated 
group, with a fold-change value of approximately 0.85 
relative to control, corresponding to an approximately 
15% reduction. These findings were corroborated by 
1.5% agarose gel electrophoresis of the RT-PCR 
products, which showed visibly reduced ERK1 band 
intensity and a markedly diminished PCNA band in the 
treated sample compared with the bright, intense 
bands seen in the control, with PCNA showing more 
pronounced suppression than ERK1; GAPDH served as 
the housekeeping control. 

Summary of findings 

Collectively, these results demonstrate that 
Apamarga Kshara exerts a significant, concentration-
dependent antiproliferative effect against KB oral 
carcinoma cells. Convergent evidence from MTT 
cytotoxicity profiling (LC50=118.373µg/mL), AO/EtBr 
fluorescence microscopy-confirmed apoptosis, S-phase 
cell cycle arrest, and transcriptional downregulation of 
ERK1 and PCNA supports a multi-mechanistic 
antiproliferative activity of the drug. 

DISCUSSION 

Classical Ayurvedic literature does not describe 
cancer as a distinct clinical entity; references 
comparable to malignancy are scattered across 
descriptions of other disease conditions. Systematic 
screening of botanicals for anticancer activity is 
therefore essential, and nearly 3,000 herbs have been 
screened for such activity to date[22]. Although 
conventional cancer therapy continues to advance, the 
toxicity of chemotherapeutic agents towards normal 
tissue remains a major concern, prompting sustained 
interest in the development of selectively cytotoxic, 
plant-derived agents. Oral cancer, being a leading 
cause of cancer-related mortality worldwide, warrants 
effective and targeted therapeutic interventions, and 
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Ayurvedic formulations such as Apamarga Kshara have 
attracted growing scientific attention in this context. 

Anti-proliferative and apoptotic activities are 
two of the principal hallmarks of cancer targeted by 
anticancer agents, and cell-line-based assays of 
viability, apoptosis and cell-cycle distribution provide 
a useful preliminary framework for their evaluation. 
The MTT assay, a gold-standard colorimetric method 
that measures mitochondrial activity as an indicator of 
cellular metabolic activity and viability[13], clearly 
demonstrated that Apamarga Kshara exerts a 
significant, concentration-dependent antiproliferative 
effect on KB cells. The inverse relationship between 
concentration and viability observed in this study is 
indicative of classical dose-response cytotoxicity 
consistent with the behaviour of established 
chemotherapeutic agents, and this dose-response 
pattern is characteristic of a genuine cytotoxic 
interaction between the test sample and cancer cells, 
rather than a non-specific or cytostatic effect[23], also 
enabling determination of the LC50 for dose selection. 

The LC50 of Apamarga Kshara against KB cells 
(118.373µg/mL) places it in the category of moderate 
cytotoxic activity, suggesting that although the 
formulation does not exhibit potent cytotoxicity at 
lower concentrations, its biological effect is real, 
measurable and dose-dependent. Such moderate 
activity is not uncommon for Ayurvedic herbal or 
herbo-mineral formulations, which often act through 
multi-target mechanisms rather than single high-
potency cytotoxicity[24]. 

The AO/EtBr dual fluorescent staining method 
exploits the differential membrane permeability of the 
two dyes to categorize cell death modalities[25]: AO is 
cell-permeant and stains the DNA of all cells green, 
whereas EtBr is membrane-impermeant and enters 
only cells with compromised membrane integrity, 
producing orange-red fluorescence that outcompetes 
AO emission, thereby allowing simultaneous 
identification of four distinct nuclear morphologies 
under fluorescence microscopy[26]. The dose-
dependent reduction in viable cell number, the 
increase in early and late apoptotic populations 
relative to control, the preservation of organized 
nuclear morphology in most dying cells (consistent 
with caspase-mediated apoptosis rather than random 
necrotic degradation), and the limited necrotic fraction 
together indicate that Apamarga Kshara induces cell 
death predominantly through apoptosis rather than 
through membrane-disrupting necrotic 
mechanisms[27]. 

Flow cytometric DNA content analysis provides 
information on cell-cycle kinetics and proliferative 
activity with important biological implications[28]. The 
marked increase in S-phase fraction in Apamarga 

Kshara-treated cells relative to control may reflect S-
phase arrest, wherein cells accumulate in S-phase 
because they are unable to complete DNA replication. 
The concomitant reduction in the G0/G1 compartment 
is consistent with either recruitment of cells out of 
G0/G1 into S-phase or loss of G1 checkpoint integrity 
due to treatment-induced dysregulation, and together 
with the rise in S-phase fraction, points towards 
disruption of the G1/S checkpoint. The modest 
decrease in the G2/M fraction suggests that the 
treatment does not preferentially induce G2/M arrest. 

Both ERK1 signalling and PCNA are known to 
play key roles in regulating the S-phase of the cell 
cycle. Inhibition of the ERK/MAPK pathway impairs 
the G1-to-S-phase transition, leading to S-phase arrest 
and inhibition of proliferation[29], while PCNA is 
essential for proper DNA replication, and disruption of 
its function can similarly interfere with replication and 
precipitate S-phase arrest[30]. These considerations 
prompted evaluation of ERK1 and PCNA expression to 
determine whether their modulation contributed to 
the observed S-phase arrest. ERK1, encoded by the 
MAPK3 gene, is one of the most frequently 
dysregulated signalling nodes in human malignancy; 
under physiological conditions it is transiently 
activated by growth-factor stimulation and regulates 
proliferation, differentiation and survival, whereas 
constitutive or hyperactivated ERK1 signalling in 
cancer cells drives uncontrolled cell-cycle progression 
(particularly at the G1/S transition) and suppresses 
apoptotic machinery[31]. The approximately 47% 
downregulation of ERK1 expression observed in 
Apamarga Kshara-treated cells relative to control 
provides molecular evidence that this traditional 
preparation exerts its anticancer effect, at least in part, 
through suppression of the RAS–RAF–MEK–ERK1 pro-
survival and pro-proliferative signalling axis, 
mechanistically bridging the observed reduction in cell 
viability (MTT assay) and induction of apoptosis 
(AO/EtBr staining). 

PCNA is a critical nuclear protein that functions 
as a sliding clamp for DNA polymerase delta, playing 
an indispensable role in DNA replication, repair, and 
cell-cycle progression, and is widely regarded as a 
reliable marker of cellular proliferation[32]. The 
downregulation of PCNA expression observed in the 
present study, corroborated by the markedly 
diminished PCNA band on agarose gel electrophoresis, 
further supports suppression of proliferative activity 
in Apamarga Kshara-treated KB cells. 

CONCLUSION 

Teekshna Apamarga Kshara exerted a 
significant, concentration-dependent antiproliferative 
effect against KB oral squamous cell carcinoma cells. 
Convergent evidence from MTT cytotoxicity profiling 
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(LC50=118.373µg/mL), AO/EtBr fluorescence 
microscopy-confirmed apoptosis, flow cytometric 
demonstration of S-phase cell cycle arrest, and 
transcriptional downregulation of ERK1 and PCNA 
collectively supports a multi-mechanistic 
antiproliferative and apoptotic activity, mediated at 
least in part through suppression of the ERK1 pro-
survival signalling axis and PCNA-dependent 
proliferation. These findings provide preliminary 
scientific validation for the traditional Ayurvedic use of 
Apamarga Kshara, by virtue of its Ksharana property, 
in destroying malignant tissue, and support its 
translational potential as a botanical anticancer agent. 
Further in-vivo studies, protein-level validation, and 
clinical trials are warranted to establish its therapeutic 
efficacy, safety profile, and dosage standardization for 
clinical application. 
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