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ABSTRACT
Objectives: Cancer recurrence is a major global concern, contributing to the rising mortality

rates in the most common types of cancer. To overcome these incidents, highly qualified herbal
medicines are more targetable, thus this investigation demonstrates the treatment of a steroidal
bioactive compound-Sarsasapogenin (SAR). Materials and Methods: To achieve the goal,
Antioxidant capacity of SAR was studied by DPPH and ABTS assay. Cytotoxicity assessment was
performed as first line confirmation about its anti-cancer potency through Tetrazolium assay
and Trypan blue assay. Oxidative stress balance was examined by enzymatic assays (NO, LPO,
SOD and CAT). Further, apoptosis was confirmed by fluorescence staining (DAPI, DCHFDA) and
cell cycle analysis. In silico work was also performed to detect the interaction between ABCCI1
protein and SAR using molecular docking studies. Results: Antioxidant assay confirmed SAR is
a potent radical scavenger with cytotoxic potential at IC,  value of 600 pg/mL. Enzymatic assays,
fluorescence staining and flow cytometry proved its anti-proliferative property which showed
elevation of stress related enzymes and reversal in antioxidant enzymes. Nuclear damage was
observed in DAPI, enormous free electron production in DCFDA assays and cell cycle arrest at late
cell cycle phase respectively. Conclusion: In the point of conclusion, investigation performed
with SAR against KB-ChR-8-5 showed remarkable anti-proliferative activity which paves the way
for application of SAR as futuristic drug candidate especially in Multi Drug Resistant (MDR) cancer.
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Cancer, a non-communicable, life-threatening disease has
become more dangerous in recent days due to its resistance to
conventional chemotherapeutic drugs. Numerous cancers exhibit

Non-Small Cell Lung Cancer (NSCLC) recur and cause death.
Additionally, 20% of child instances of acute lymphoblastic
leukaemia are thought to result in a malignant recurrence.?

reversal mechanism for the chemotherapy and radiation, which
makes the disease even more complicated. MDR- multidrug
resistance, refers to the process of competition or reversal
between oncogenes and cancer suppressor genes.! World Health
Organization (WHO) and other reviews have indicated that
between 50-70% of ovarian adenocarcinomas recur within a
year following surgery, while between 30-55% of people with

To prevent cancer recurrence due to the resistance of cancer
drugs, it is crucial to enhance the specificity and precision of
treatments by identifying drugs that can target specific molecular
sites. There are several active studies looking into potentially
beneficial anticancer drugs. Among these, medications with
minimal toxicity and no adverse effects are being well received.

In this case, Phytochemicals/herbal extracts are playing
tremendous role in drug formulations which has many
marketable benefits such as low cost and simple purifications
steps. Alkaloids, terpenoids, steroids, phenolic acids and many
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portion can provoke a substantial biological reaction. Changing
the structure will result in a wide range of pharmacological
consequences. Many studies have explored and documented the
use of steroid-based anticancer drugs for treating various types of
cancer.’ They have a basic structure known as the steroid nucleus,
which is made up of four carbon rings. The addition of chemical
groups at specific backbone sites leads to the formation of several
natural saponins, including diosgenin, solasodine, glycyrrhizinic
acid, boswellic acid, sarsasapogenin and guggulsterone.*

Sarsasapogenin-a steroidal saponin has been utilised extensively
in both Japanese and Chinese traditional medicine. It has
anti-diuretic, anti-platelet aggregation, and antidiabetic effects.®
Despite indications that sarsasapogenin is effective in treating
cancer resistance, its anti-tumour activity on MDR cell lines has
not been studied or documented. So, the underlying mechanisms
of sarsasapogenin against MDR cell line KB-ChR-8-5 was
investigated to prove its anticancer potential by in wvitro
parameters such as cytotoxicity assessments, fluorescence assays
and cell cycle analysis.

Generally, ABC transporters are the main players in the solute
transport in cell membrane. The over expression of ABC transport
causes the resistance against anti-cancer drugs. ABC transporters
were classified into seven subfamilies from ABCA-ABCG.
ABCC1 (multidrug resistance protein 1/MRP1) plays a vital
function in mediating MDR in cancer cells and it is the main
key player in fail of chemotherapy drugs in numerous malignant
tumours, including many forms of cancer. Anthracyclines, vinca
alkaloids, TKIs (including vandetanib), methotrexate, saquinavir,
epipodophyllotoxins, camptothecins and other anticancer
medications are all rendered ineffective by overexpressing the
ABCC1 transporter. Thus, ABCCl MRP’s interaction with
Sarsasapogenin drug was analysed using in silico applications by
molecular docking software.

MATERIALS AND METHODS

Antioxidant analysis of Sarsasapogenin
DPPH activity

Radical scavenging activity was inspected to understand the
antioxidant potency of plant derived compounds, crude extracts
etc., 1,1-Diphenyl-2-picrylhydrazyl radical, 2,2-Diphenyl-1-
(2,4,6-trinitrophenyl) hydroxyl was used here as free radicals and
Ascorbic acid used as strong scavenger. In short, 500 pL of DPPH
(0.1 mM) solution mixed with 500 uL of SAR solution (20-100
pg/mL) in methanol. Solution mixture incubated for 30 min in
dark and read at 517 nm against blank consisting of the same
amount of DPPH and methanol. Similar protocol was followed
for Ascorbic acid solution of different concentration from 20-100
ug/mL instead of SAR sample and OD was taken. The IC_| value
of antioxidant potency was calculated using,

% scavenging of DPPH = [(A0 — A1)/A0] x 100
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where A0 = absorbance of the control and A1 = absorbance of the
test extracts.

FRAP reducing power assay

FRAP reducing power assay was performed to analyse about
the antioxidant activity of the SAR. The ascorbic acid solution is
used as the reference standard for the FRAP assay. The different
concentrations of AA and SAR were used for the assessment such
as 10, 20, 30, 40 and 50 pug/mL respectively. 2500 uL of phosphate
buffer (pH 6.6) and 2500 pL of 1% K,Fe (CN), were added to
the samples and reference standards. After 5 min of vertexing,
the mixture was incubated at 50°C for 20 min. Following the
incubation period, 2500 pL of 10% TCA was added to the
mixture, and it was centrifuged for 10 min at 3000 rpm. After
centrifugation, 2500 uL of the supernatant was collected, and 2.5
mL of deionised water was added. The mixture was thoroughly
mixed. 500 pL of 0.1% ferric chloride was added to the mixture
until the coloured solution was obtained. The UV-visible
Spectrophotometer was used to determine the reference standard
solutions and samples at 711 nm.

In vitro
Cytotoxicity studies
Cell culture procurement

KB-ChR-8-5 multi drug resistant cell line was procured from
ATCC cell line, USA. Cells subculture using 10% DMEM
containing fetal bovine serum, Penicillin-Streptomycin solution
(1%) and incubated at 5% CO, incubator with appropriate
humidity. Cells taken for the further assays when the confluency
reaches 3/4™ of the flask’s surface.

Determination of cell cytotoxicity

Cytotoxicity potency of Sarsasapogenin (SAR) was evaluated
using MTT assay prescribed by Mosmann et al.,19837 with slight
modification. In brief, 5000 cells per wells were seeded in 96
well plate and incubated to achieve the 70% confluency. Then,
the grown cells were treated with various concentration ranges
of SAR such as 25, 50, 100, 200, 300, 400, 500, 600 and 700 pug/
mL for 24 hr. The cells were observed for its respective dosage
effect. The media in the wells were replaced with 200 pL of fresh
2% DMEM media containing 0.5% of MTT and incubated for
2-4 hr at 37°C dark. The MTT containing media was aspirated.
200 pL of DMSO was added to each well and formazan crystals
were dissolved. The bluish-purple colored solution was read at
490 nm and 630 nm using ELISA reader (Biotek, ELX 800). The

percentage inhibition was calculated as (1-(A,, ..)/(Ai,00.630)) X
100.

Trypan Blue Exclusion Assay

Cytotoxicity potency of SAR was once again cross checked with
TBE assay which is corresponding to the MTT assay. For this
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assay the IC, dosage concentrations of SAR such as 500, 600
and 700 pug/mL were added to the respective grown cells and
untreated were kept as control. The cells treated and untreated
were collected and pelleted through centrifugation. The pellet
was resuspended with 1 mL of DMEM. Then, 50 pL of suspended
cells mixed with 50 pL of Trypan blue dye and counted viable,
non-viable cells using hemocytometer through phase contrast
microscopy (Olympus, Italy).?

Cell Morphological observation

1 X 10* cells/well was seeded in 24 well plate and incubated to
attain the maximum required confluency. The grown cells were
treated with IC, dosages of SAR and morphological observation
was evaluated under light microscope at 200X. (Olympus, Italy)
Untreated maintained as control.*!

Enzymatic analysis
Nitric oxide estimation

Nitric oxide estimation was performed for treated and
untreated groups as prescribed by Yaraee et al, 2011 with
minor modification. Briefly, Griess A (sulphanilamide 1%) and
Griess B (NED 0.1%) solutions each 50 puL was mixed with 100
uL of supernatant collected from treated and untreated groups,
incubated at dark for 10 min, then read at 543 nm. The obtained
absorbance values were fitted in sodium nitrate standard graph
and calculated. NO release was expressed in uM.'

Reactive oxygen species release

1x10° cells were seeded and cultured for 24 hr in a 96-well plate.
SAR at various concentrations were added to the cells for a
duration of 24 hr. After washing the wells with 1X PBS, 0.1 mL
of an NBT (0.1%) solution was introduced into the well, and they
were then incubated for 1 hr. After the media was taken out of the
wells, the cells were given three washes with 70% methanol and
left to dry. 120 uL of Dimethyl Sulfoxide (DMSO) and Potassium
Hydroxide (KOH) were added to each well. At 630 nm, the
absorbance was measured."!

Super oxide dismutase analysis

SAR treated and untreated KB-ChR-8-5 cells were subjected to
estimation of super oxide dismutase.'? The treated and untreated
cells were homogenized, centrifuged and 0.2 mL supernatant was
collected in a fresh tube. To the supernatant 0.2 mL of 0.08 mM
NBT, 0.2 mL of PMS and 0.4 mL of 0.25 mM NADH was added.
The mixture was incubated at dark for 10 min at room temperature.
Absorbance was read at 560 nm by UV spectrophotometer and
estimated as follows,

% SOD = [(ODSample —ODControl)/ ODControl] X 100
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Catalase estimation

Catalase activity was estimated for SAR treated and untreated
groups." 1X10* cells were seeded at 24 well plate and incubated.
The grown cells were treated with 500, 600 and 700 pg/mL of
SAR for 24 hr. Treated and untreated cells were homogenized
and centrifuged. To the 0.5 mL supernatant, 0.01 mM Phosphate
buffer (pH 7.4) 1 mL was added followed by 0.2 mL of 30%
hydrogen peroxide, 0.4 mL of distilled water. The mixture was
incubated at dark for 10 min at RT. 1 mL of 32.4 mM Ammonium
molybdate was added to stop the reaction and read at 405 nm.
Catalase activity was calculated as KU/L.

Fluorescence studies
DAPI staining

DAPI staining method was used to investigate the apoptotic
potency of SAR towards KB-ChR-8-5 cell line." Cells seeded in
24-well cell culture plate and treated with 500, 600 and 700 ug/mL
of SAR for 24 hr. The treated and control groups were fixed with
chilled methanol for 10 min and rinsed with chilled PBS buffer.
The cells were then permeabilized with 4% formaldehyde and
stained with DAPI dye. After staining, the cells were washed with
PBS and photographed using fluorescence microscope.

DCHFDA staining

The DCHFDA method was used to examine the amount of ROS
release.”” 24-well culture plate was used to seedKB-ChR-8-5 cells
and exposed to different dosages of SAR as 500, 600 and 700 pug/
mL for 24 hr. Then, the treated and untreated cells were rinsed
with PBS and incubated for 30 min at 37°C with DCFHDA dye
(10 uM). The excess dye was removed through washing and
captured using a fluorescence microscope.

Cell cycle analysis
Flow cytometry analysis

Cell cycle phase distribution and cellular DNA content were
analysed using Flow Cytometry (FACS). In short, 10000 cells/
Flask were seeded and grown cells were exposed to different
concentrations (500, 600 and 700 pug/mL) of SAR. Following
treatment, the treated and control cells were trypsinized and
rinsed with cold PBS. 70% ice cold ethanol was added to the cell
pellet to fix the cells as a single cell suspension for an overnight
period at 4°C. RNase A (0.1 mg/mL) was administered for
RNA degradation since we need to detect only DNA.0.4 ml of
PI dye (0.5 mg/mL) was used to stain the cells for 30 min at
room temperature in the dark. Then, the PI dye fluorescence of
individual nuclei was detected using a flow cytometer (BD FACS
Calibur, Becton Dickinson, USA), the data was analysed using
Cell Quest Pro V 3.2.1 software.'
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In silico analysis
Acquisition of 3D Structures of Proteins and Ligands

The 3D structure of Sarsasapogenin was retrieved from the
PubChem database in SDF format and converted to PDBQT
format using MGL Tools. For the ABCC1 protein the 3D structure
was downloaded from PDB and the PDB id is 2CBZ. The protein
was cleaned and the water molecules were removed. These files
were used for molecular docking analysis.

Molecular Docking

We determined the binding affinity of Sarsasapogenin with
ABCC1 protein using PYRX software. The 3D structures of the
active components were obtained from PubChem. Protein and
ligand preparations were completed with MGL Auto dock tools
and saved in PDBQT format. Docking was performed with grid
dimensions of -12.7758x50.9065x14.914 A. PYRX was used to
obtain binding affinities. Binding configurations and interactions
were visualized using Accelrys BIOVIA Discovery Studio 2024
R2.

ADMET Analysis

The pharmacokinetic parameters of Adsorption, Distribution,
Metabolism, Excretion, and Toxicity (ADMET) were evaluated
using the ADMET lab 2.0 online tool (https://admetmesh.
scbdd.com). This included assessing Absorption, Distribution,
Metabolism, Excretion, Toxicity, Physicochemical properties and
Medicinal Chemistry.

Statistical Analysis

All the data obtained were statistically analysed using GraphPad
Prism software. All the experiments were triplicated and expressed
as Mean=SD. Results were subjected to one-way ANOVA and
Tukey’s multiple comparison test for the statistical analysis and
p<0.5 is considered as statistically significant.

RESULTS

Antioxidant estimation of Sarsasapogenin
DPPH activity

Antioxidant property of plant extracts/plant compounds plays
a vital role in the prevention or convalesce from cancer. In the
process of investigating radical scavenging activity of SAR, the
results indicated the presence of antioxidant potency which
was depicted in Table 1. Ascorbic acid showed 50.28+2.039 of
percentage inhibition at 60 ug/mL whereas SAR inhibited at 100
pg/mL with 50.10+0.771 percentage inhibition. Based on this
analysis, we can confirm that SAR possesses antioxidant property
compared with standard antioxidant.

FRAP reducing power assay

Further confirmation of antioxidant property of SAR was
employed using highly sensitive assay called FRAP reducing
power assay, where the antioxidants reduce Ferric to ferrous ion.
Table 1 showed the IC_ of SAR at 40 pg/mL as 51.11+2.35% and
for Ascorbic acid IC_ is 30 ug/mL as 52.40+1.047%. These results
of both antioxidant assay indicate SAR possess strong free radical
scavenging property which will be more helpful in the cancer
treatments.

In vitro
Cytotoxicity studies
Determination of cell cytotoxicity

The investigation of interaction between bioactive compound
towards the cell line whether it affects the cell structure and
biological function termed as cytocompatibility of the drug
which was assessed by MTT reagent. The results outcome was
shown in Figure 1A. There was gradual increase in the percentage
of inhibition. 25, 50 and 100 ug/mL shows no inhibition whereas
from 200-700 pg/mL showed increasing percentage rate (in %)
such as 500, 600, 700 pug/mL showed 33.819+3.25, 62.068+5.029
and 89.901+0.93 respectively. 600 ug/mL fixed as IC_ value and

Table 1: Drug likeliness and ADMET analysis.

Lipinski’s Rule of five

Topological clogP MW (<500) Heavy Hydrogen Hydrogen Rotatable Lipinski
Polar (<5) atom count bond bond bonds Violations
Surface Area (natoms) donors acceptors (nrotb) (<10)
A) (NOHNH) (nON) (<10)
(=5)
38.69 1.3219 416.33 30 1 3 0 1
ADMET
Consensus BBB P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 Log Kp
Log Po/w Substrate inhibitor inhibitor inhibitor inhibitor inhibitor
5.24 Yes No No No No No No -4.23 cm/s
Table 1 depicted the results obtained for Lipinski’s rule and ADMET analysis.
Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1 (Suppl), Jan-Mar, 2026 S215
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500, 600, 700 pug/mL were the selected dosages for the further
analysis.

Trypan Blue Exclusion Assay (TBE)

TBE assay correlated with the results of MTT, as discussed above
500, 600 and 700 pg/mL showed 70.25+0.41, 54.60+1.61 and
16.63+1.33 viability percentage respectively. Control/Untreated
showed 98.74+0.54% (Figure 1B).

Cell Morphological observation

SAR treated and untreated cells observed for its morphological
alterations shown in Figure 1C. A-denotes control showed
regular and normal cell morphology with distinct cell wall and
nucleus. B, C and D represented in treated groups such as 500,
600 and 700 pg/mL respectively showed the cell apoptosis, cell
shrinkage, nucleus deterioration, cell wall damage, detachment
of cells in dose dependent manner. This deterioration of cell
morphometric strongly demonstrate the effective action of SAR
towards KB-ChR-8-5 and firmly supports the results of MTT and
TBE examination.

Enzymatic analysis
Nitric oxide estimation

Nitric oxide estimation is one of the main factors to assess the
oxidative stress level of treated cells. Figure 2A showed the
increasing trend of nitric oxide release as related to the dosage
range, control group showed 10.91+1.82 and treated groups
500, 600 and 700 pg/mL showed 12.02+0.61, 16.29+0.4 and
17.2940.29 respectively. These values 600 and 700 pg/mL showed
less significance as p<0.1 when compared to control whereas 500
pg/mL showed non-significant.

Reactive oxygen species release

Free radical release was estimated in SAR treated and untreated
groups shown in Figure 2B. Treated groups showed 31.52+1.41,
38.60+5.48 and 44.78+11.80 percentage for ROS release for
500, 600 and 700 pg/mL respectively. ROS release was gradually
increased upon treatment with SAR in dose dependent manner.
500 and 600 pg/mL showed less significance compared with
control and 700 pg/mL showed moderate significant. (* p<0.1, **
p<0.01).

Super oxide dismutase analysis

Antioxidant enzyme level-Super Oxide Dismutase (SOD)
was investigated in SAR treated and untreated groups (Figure
2C). Treated groups showed 80.55+7.84, 73.67+2.28 and
49.60+4.11 percentage of SOD release for 500, 600 and 700 pg/
mL respectively. SAR treated group showed significant decrease
SOD release based on the increasing in dosage level. 500 and 600
pg/mL showed less significant (p<0.1) compared to control. 700
pg/mL showed moderate significant compared with control as
p<0.01.

Catalase estimation

Catalase is one of the main antioxidant enzymes need to be
investigated to analyse the antioxidant potentiality of SAR.
Control group showed 19.18+2.04 KU/L Catalase release. Treated
group showed 15.16+1.55, 7.00+1.94 and 4.09+0.48 for 500, 600
and 700 pg/mL respectively (Figure 2D). 600 and 700 pug/mL
showed moderate significant as p<0.01 compared with control
whereas 500 pg/mL showed non-significant.

Cytotoxicity Assay

% Inhibition
F 3

- |

|_J,§_| b W 20 30 400 so0 600 700

Concentration (ug/mL)

Trypan blue assay

" Hﬂl"—l

Conirol 500 600 700
Treatment groups (ng/mL)

% Viability

Figure 1: A) MTT assay, B) TBE assay, C) Morphometric Analysis, D) DAPI staining, and E) DCHFDA staining.
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Fluorescence studies
DAPI staining

DAPI staining was performed for SAR treated and control cells.
Figure 1D showed the fluorescence images of DAPI stained cells
taken by fluorescence microscope, A, B, C, and D represents
control,500 pg/mL, 600 ug/mL and 700 pg/mL respectively.
From the images it can be understood that treated group showed
increased blue fluorescent cells which indicates the nuclear
condensation, cell deformation and cell apoptosis. The count of
cells consisting condensed nuclei was increased as dose related
manner. Untreated group showed no fluorescent cells denotes
there was no such sufferings occurred. These results demonstrated
the anti-cancer potentiality of SAR. Yellow arrows pointed the
cells with damaged nucleus.

DCHFDA staining

ROS release was the important indicator to confirm the
deterioration of cell morphology. In current study, level of ROS

release in SAR treated cell group was considered as imperative
factor. In Figure 1E, the treated groups showed increased green
fluorescent emission indicating the excess reactive oxygen species
liberated in dose dependent manner. Control group doesn’t show
green fluorescent confirming less or negligible amount of ROS

levels.

Flow cytometry

Cell cycle analysis was performed to understand the apoptotic
initiation point. The results obtained in the FACS analysis was
given in Figure 3. Based on the research, the accumulation of
fragmented DNA stained with PI was found to be 26.17% at a
higher dose of 700 pg/mL. At 500 and 600 pug/mL, the percentages
were 15.10% and 16.98% respectively. Control showed 14.27%.
The results revealed that the cells cycle was terminated at late cell

cycle phase G2/M in cell cycle.

A Nitric Oxide (NO) Assay B | Reactive Oxygen Species (ROS) Assay
60+ Hode
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Figure 2: Enzymatic assays. 2A-Nitric oxide estimation, 2B-Reactive oxygen species analysis. NO and ROS assay showed significant
increase related to the dose increases. 2C-Super oxide estimation, 2D-Catalase. SOD and catalase showed the gradual increase as
dose dependent manner. All the results were statistically analysed.
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Figure 3: FACS analysis. Control-Untreated, Low-500 pg/mL, Medium-600 ug/mL and High-700 pg/mL. The figure demonstrated
the percentage of DNA fragments availability in different cell cycle phase. G2/M phase showed gradually increased
accumulation percentage of DNA fragments.

In silico
Molecular Docking

Molecular docking results showed that the compounds
(Sarsasapogenin and ABCC1 Protein) have a strong Binding
Affinity, as detailed in Figures 4 and 5. Visualization of the
binding interactions confirmed that compounds formed both
polar and non-polar bonds with the target proteins, supporting

the potential of the Ligand compound towards the protein.

ADMET Analysis

The ADMET analysis shows the Sarsasapogenin as an Ideal
compound as the TPSA (Topological Polar Surface Area) is 38,
Lipinski rule with one Violation (logP is 6.3). The idealistic report

is shown in Table 1.
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DISCUSSION

Cancer is the second most deadly disease globally, contributing
to a large number of deaths. Chemotherapy is the primary line
of treatment for all cancer types; nevertheless, drug resistance
makes chemotherapeutic therapies inefficient and leads to
cancer recurrence. Ninety percent of recorded cancer-related
deaths are due to treatment failure. Drug resistance condition
in cancer treatment is caused by a variety of intricate processes,
such as drug efflux by ATP-transporter, changing the anticancer
medication's target, enhancing DNA repair pathways and evading
apoptosis.'” The overexpression of ATP transporters, which are
crucial for expelling drugs from cells, is a major contributor to
MDR. MDR refers to the ability of cancer cells to resist a variety
of anticancer drugs.® The KB-ChR-8-5 and other cancer cell lines,
known for its resistance to various drugs such as anthracyclines

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1 (Suppl), Jan-Mar, 2026
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(daunorubicin, doxorubicin), vinca alkaloids (vincristine,

vinblastine), colchicine, taxanes, paclitaxeland cisplatin.'®"

Sarsasapogenin is recognized for its noticeable properties
against many diseases including anti-inflammatory, anti-cancer,
and antioxidant properties. In LPS-stimulated macrophages,
sarsasapogenin significantly reduced IkBa phosphorylation,
NF-kB, and MAPK activation. Anti-cancer property of SAR has
been reported against various anti-cancer cell lines cervical, lung,
colon etc. Steroidal bioactive compound-SAR, has many isomers
formed by its molecular arrangements called as derivatives.
Each derivative provides the solvation for many illnesses.
Earlier researches have been demonstrated the effectiveness
of its derivatives in reducing inflammation, protecting against
neurodegeneration, and improving memory loss associated with
ageing.ZO,Zl

In the process of assessing antioxidant potency of SAR, we
obtained 50% free radical scavenging activity with reference of
Vitamin C. Kashyap P et al., 2020 analysed and reported that SAR
exhibited63% scavenging activity at 50 uM by DPPH assay. So, it
is clear that SAR possess commendable free radical quenching

activity.”>*

SAR exhibits exemplary anti-cancer activity on KB-ChR-8-5 cell
line. Cytotoxicity studies such as MTT, TBE and morphological
assessment proved that SAR has notable impact on MDR cell line
as IC_; value at 600 pg/mL. Similarly, earlier research reported
that a steroid alkaloid called solanine and a few other plant-based
active substances including ferulic acid, yohimbine, and reserpine
were tested for their cytotoxicity against KB-ChR-8-5.119232

Reactive Oxygen Species (ROS) generates mostly from the
mitochondrial respiration. Under normal physiological
conditions, normal cells maintain redox homeostasis, regulating
the balance of ROS synthesis and their elimination with

antioxidants. Excessive consumption of ROS and antioxidants
can cause a disturbance in redox equilibrium, which can lead
to oxidative stress. ROS, as mediators of intracellular signalling
pathways, can break down the mitochondrial membrane,
resulting in oxidative stress, cellular dysfunction, necrosis, and
apoptosis.>>*

Plant derived compounds raise the oxidative stress levels beyond
the tolerable limit of cancer cells which are selectively harmful
and leads to ROS mediated apoptosis. This study investigated
the level of oxidative stress enzymes NO, ROS and antioxidant
enzymes SOD, catalase. Bharathi raja P et al., 2025 reported that
redox equilibrium was collapsed while treating KB-ChR-8-5 cell
line with combined exposure of Solasodine and Dox showed
catalase, Superoxide dismutase, glutathione and glutathione
peroxidase levels were decrease but intracellular ROS generation
and lipid peroxidation levels were significantly elevated.”” The
results supported the above statement that elevated range of
stress enzymes and decreased level of antioxidant enzymes were
obtained in KB-ChR-8-5 upon treated with SAR. DCFDA staining
further confirmed ROS mediated apoptosis where the enormous
liberation of ROS was observed in dose dependent manner. DAPI
staining also demonstrated the dose dependent apoptosis with
nuclear condensation, cell wall deterioration, cell blubbing, cell
shrinkage and cell detachment. Same results were obtained for
Lie et al., 2023 and Bao et al., 2007 for PANCI and HepG2 cell
lines respectively while treated with SAR demonstrated increased
level of ROS release and nuclear condensation.”

Cell cycle analysis showed high DNA content in G2/M phase
and gradual increased percentage was noticed in dose related
manner which corroborated with the results of other assays and
confirmed the apoptosis. Earlier studies of SAR against HepG2,
MCF7 and HeLa cells stated that increased ROS liberation tends
to disfunction of mitochondrial membrane by triggering ER

Figure 4: Docking analysis. Docked complex of ABCC1 with Sarsasapogenin with -7.6 as the Binding Affinity.
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Figure 5: Ligand interaction. A: 2-D structure of the Ligand interacted complex. B: 3-D structure of Ligand Interaction
of the complex. C: H-Bond Acceptor and Donor Regions of the Complex.

mediated apoptosis pathway.” Recent studies conducted by Peijie
et al.,, 2023 and T. Ahamed et al., 2024 stated that sarsasapogenin
disturbs homeostasis status in PANC-1 and HT-29which led
to blockage of Jak/stat3 pathway and EGFR/KRAS signalling
pathways through necrosis. Both studies also reported that the
cell cycle arrest was observed in late apoptosis phase G2/M.%

The primary factor influencing drug intake and efflux in the
human body is the ABC transporter. Multidrug resistant protein
1 or ABCCI, are the main efflux pump, its overexpression
causes chemotherapy to be ineffective. In this study, the binding
interaction between ABCC1l and SAR was analysed using
PYRX software confirmed the strong binding with the binding
energy-7.6. According to Chen et al., 2016, steroidal saponins
suppressed overexpressed MRP1and p-gpinadoserelated manner
in K562 cells, which improved the retention ability of anti-cancer
drug Adriamycin in cells with the underlying mechanism of
P13K/AKT pathway.® The potential of this compound is vast as
this study was conducted for the purpose of investigate its drug
likeliness properties which showed one violation in the Lipinski
rule, but still it can be considered for further studies as oral pills
as it exhibited good bioactivity and good ADME properties. T.
Ahmed et al., (2024) and Anand and Sukumaran (2022) reported
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that SAR is a potential compound that can be converted into oral
pills and it has good ADME qualities with only one Lipinski rule
of violation.””' Overall, the data supports the compound with
good scores as a lead molecule, but further extensive investigation
will be needed to understand the underlie signalling pathways of
SAR as drug for ABCC1 protein.*>*

CONCLUSION

Our study reveals that Sarsasapogenin (SAR) exhibited notable
antioxidant property and effectively reduces proliferation of
KB-ChR-8-5 cells. SAR treated MDR cells generates significantly
increased level of Nitric oxide and Lipid peroxidase while
reduction in Super oxide dismutase and catalase. The loss of
haemostasis leads to enormous liberation of ROS induces
apoptosis observed through fluorescence analysis using DCFDA
and DAPI stains. Cell cycle analysis also confirming the late
phase arrest (G2/M). In silico analysis reveals the strong binding
between ABCC1 (Multi drug resistant protein 1/MRP 1) and
SAR. Taken together, these findings strengthen our conclusion
that SAR serves as a powerful anticancer agent by downregulating
the efflux pumps over expression involved in the MDR process
in cancer cells. Further investigation is necessary to gain a more
profound comprehension of the fundamental signalling systems.
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As a result, SAR shows as a promising drug candidate for future
therapeutic option for cancer recurrence circumstances.

ABBREVIATIONS

SAR: Sarsasapogenin; MDR: Multi Drug Resistant;
KB-ChR-8-5: A specific multi-drug resistant cell line;
DPPH: 1,1-Diphenyl-2-picrylhydrazyl;, ABTS:  2,2'-Azi
no-bis(3-ethylbenzothiazoline-6-sulfonic  acid); IC,: Half
maximal inhibitory concentration; NO: Nitric Oxide; LPO:
Lipid Peroxidation; SOD: Superoxide Dismutase; CAT:

Catalase; DAPI: 4',6-Diamidino-2-phenylindole; DCFHDA:
2',7'-Dichlorofluorescin  diacetate; ABCCl: ATP-Binding
Cassette Subfamily C Member 1; MRP1: Multidrug Resistance
Protein 1; WHO: World Health Organization; NSCLC:
Non-Small Cell Lung Cancer; FRAP: Ferric Reducing
Antioxidant Power; AA: Ascorbic Acid; TCA: Trichloroacetic
Acid; DMEM: Dulbecco's Modified Eagle Medium; MTT:
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;
DMSO: Dimethyl Sulfoxide; TBE: Trypan Blue Exclusion; NBT:
Nitroblue Tetrazolium; PMS: Phenazine Methosulfate; NADH:
Nicotinamide Adenine Dinucleotide; PBS: Phosphate-Buffered
FACS: Fluorescence-Activated Cell PI:
Iodide;, ADMET: Adsorption, Distribution,
Metabolism, Excretion, and Toxicity; TPSA: Topological Polar

Saline; Sorting;

Propidium

Surface Area; ROS: Reactive Oxygen Species; NF-kB: Nuclear
Factor kappa-light-chain-enhancer of activated B cells; MAPK:
Mitogen-Activated Protein Kinase; PI3K/Akt: Phosphoinositide
3-Kinase/Protein Kinase B; Jak/STAT3: Janus Kinase/Signal
Transducer and Activator of Transcription 3; EGFR/KRAS:
Epidermal Growth Factor Receptor/Kirsten Rat Sarcoma Viral
Oncogene Homolog; P-gp: P-glycoprotein.
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SUMMARY

The study investigates the anti-cancer potential of Sarsasapogenin
(SAR), a steroidal saponin, against the Multidrug-Resistant
(MDR) KB-ChR-8-5 cell line, demonstrating its efficacy through
in vitro and in silico approaches. SAR exhibited strong antioxidant
activity and significant cytotoxicity with morphological changes
indicating apoptosis. It disrupted redox balance by increasing
nitric oxide and reactive oxygen species while reducing superoxide
dismutase and catalase levels, as shown by enzymatic assays.
Fluorescence staining revealed nuclear damage and high ROS
production, and flow cytometry confirmed G2/M phase cell cycle
arrest. In silico molecular docking showed strong binding affinity
between SAR and the ABCCI1 protein, suggesting inhibition of
drug efflux, with ADMET analysis supporting SAR’s drug-likeness
despite one Lipinski rule violation. These findings position SAR
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as a promising candidate for combating MDR cancer, warranting
further investigation into its signalling pathways.

REFERENCES

1. Raguraman S, Almoallim HS, Alahmadi TA, Hussein-Al-Ali SH, Bharathi M, Ramu AK.
Reserpine induces apoptosis in drug-resistant cancer through modulating STAT3 and
NF-kB signaling. Indian J Pharm Educ Res. 2024; 58(35):s900-9. doi: 10.5530/ijper.58
.35.91.

2. EmranTB, Shahriar A, Mahmud AR, Rahman T, Abir MH, Siddiquee MF, et al. Multidrug
resistance in cancer: understanding molecular mechanisms, immunoprevention and
therapeutic approaches. Front Oncol. 2022; 12: 891652. doi: 10.3389/fonc.2022.891
652, PMID 35814435.

3. Gupta A, Kumar BS, Negi AS. Current status on development of steroids as anticancer
agents. J Steroid Biochem Mol Biol. 2013; 137: 242-70. doi: 10.1016/j.jsbmb.2013.05
.011, PMID 23727548.

4. Jaramillo-Carmona S, Guillén-Bejarano R, Jiménez-Araujo A, Rodriguez-Arcos R,
Lépez S. In vitro toxicity of asparagus saponins in distinct multidrug-resistant colon
cancer cells. Chem Biodivers. 2018; 15(11): e1800282. doi: 10.1002/cbdv.201800282
, PMID 30156381.

5. ShenS, Zhang Y, Zhang R, Gong X. Sarsasapogenin induces apoptosis via the reactive
oxygen species-mediated mitochondrial pathway and ER stress pathway in Hela
cells. Biochem Biophys Res Commun. 2013; 441(2): 519-24. doi: 10.1016/j.bbrc.201
3.10.101, PMID 24383086.

6. Dong XD, Zhang M, Teng QX, Lei ZN, Cai CY, Wang JQ, et al. Mobocertinib antagonizes
multidrug resistance in ABCB1- and ABCG2-overexpressing cancer cells: in vitro and
in vivo studies. Cancer Lett. 2024; 607: 217309. doi: 10.1016/J.CANLET.2024.217309,
PMID 39481798.

7. Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. J Immunol Methods. 1983; 65(1-2): 55-63. doi: 1
0.1016/0022-1759(83)90303-4, PMID 6606682.

8. Yuan YG, Zhang S, Hwang JY, Kong IK. Silver nanoparticles potentiates cytotoxicity
and apoptotic potential of camptothecin in human cervical cancer cells. Oxid Med
Cell Longev. 2018; 2018: 6121328. doi: 10.1155/2018/6121328, PMID 30647812.

9. Nelson VK, Sahoo NK, Sahu M, Sudhan HH, Pullaiah CP, Muralikrishna KS. In vitro
anticancer activity of Eclipta alba whole plant extract on colon cancer cell HCT-116.
BMC Complement Med Ther. 2020; 20(1): 355. doi: 10.1186/512906-020-03118-9,
PMID 33225921.

10. Yaraee R, Ghazanfari T, Eghtedardoost M, Rajabi M, Naseri M. The effect of MS14
on innate and cellular immune responses in BALB/c mice. Immunopharmacol
Immunotoxicol. 2011; 33(3): 509-14. doi: 10.3109/08923973.2010.543687, PMID
21284543.

11. Noori S, Kiasat AR, Kolahi M, Mirzajani R, Seyyed Nejad SM. Determination of
secondary metabolites including curcumin in Rheum ribes L. and surveying of its
antioxidant and anticancer activity. J Saudi Chem Soc. 2022; 26(3). doi: 10.1016/j.js
¢s.2022.101479.

12. Luo S, Jiang X, Jia L, Tan C, Li M, Yang Q, et al. In vivo and in vitro antioxidant activities
of methanol extracts from olive leaves on Caenorhabditis elegans. Molecules. 2019;
24(4): 704. doi: 10.3390/molecules24040704, PMID 30781358.

13. Géth L. A simple method for determination of serum catalase activity and revision of
reference range. Clin Chim Acta. 1991; 196(2-3): 143-51. doi: 10.1016/0009-8981(91)
90067-M, PMID 2029780.

14. Raja Singh P, Arunkumar R, SivakamasundariV, Sharmila G, Elumalai P, Suganthapriya
E, et al. Anti-proliferative and apoptosis inducing effect of nimbolide by altering
molecules involved in apoptosis and IGF signalling via PI3K/Akt in prostate cancer
(PC-3) cell line. Cell Biochem Funct. 2014; 32(3): 217-28. doi: 10.1002/cbf.2993, PMID
23963693.

15. Farooqui A, Khan F, Khan |, Ansari IA. Glycyrrhizin induces reactive oxygen
species-dependent apoptosis and cell cycle arrest at GO/G1 in HPV18+ human
cervical cancer Hela cell line. Biomed Pharmacother. 2018; 97: 752-64. doi: 10.1016/j
.biopha.2017.10.147, PMID 29107932.

16. Siddiqui S, Arshad M. Osteogenic potential of Punica granatum through matrix
mineralization, cell cycle progression and runx2 gene expression in primary rat
osteoblasts. Daru. 2014; 22(1): 72. doi: 10.1186/540199-014-0072-7, PMID 25409708.

17. Talib WH, Alsayed AR, Barakat M, Abu-Taha MI, Mahmod Al. Targeting drug
chemo-resistance in cancer using natural products. Biomedicines. 2021; 9(10): 1353.
doi: 10.3390/biomedicines9101353, PMID 34680470.

18. Doherty B, Lawlor D, Gillet JP, Gottesman M, O’Leary JJ, Stordal B. Collateral sensitivity
to cisplatin in KB-8-5-11 drug-resistant cancer cells-PubMed. Anticancer Res. 2014;
34(1): 503-7. PMID 24403508.

19. Muthusamy G, Gunaseelan S, Prasad NR. Ferulic acid reverses P-glycoprotein-
mediated multidrug resistance via inhibition of PI3K/Akt/NF-kB signaling pathway.
J Nutr Biochem. 2019; 63: 62-71. doi: 10.1016/j.jnutbio.2018.09.022, PMID 30342318.

20. Dong D, Zhou NN, Liu RX, Xiong JW, Pan H, Sun SQ, et al. Sarsasapogenin-AA13
inhibits LPS-induced inflammatory responses in macrophage cells in vitro and
relieves dimethylbenzene-induced ear edema in mice. Acta Pharmacol Sin. 2017;
38(5): 699-709. doi: 10.1038/aps.2016.180, PMID 28239159.

$221



Alhakami, et al.: Anti-Cancer Activity of Sarsasapogenin

21.

22.

23.

24,

25.

26.

27.

Wang W, Wang D, Wang Z, Yao G, Li X, Gao P, et al. Synthesis of new sarsasapogenin
derivatives with cytotoxicity and apoptosis-inducing activities in human breast
cancer MCF-7 cells. Eur J Med Chem. 2017; 127: 62-71. doi: 10.1016/j.ejmech.2016.
12.011, PMID 28038327.

Kashyap P, Muthusamy K, Niranjan M, Trikha S, Kumar S. Sarsasapogenin: A steroidal
saponin from Asparagus racemosus as multi target directed ligand in Alzheimer’s
disease. Steroids. 2020; 153: 108529. doi: 10.1016/j.steroids.2019.108529, PMID
31672628.

Jabir NR, Khan MS, Alafaleq NO, Naz H, Ahmed BA. Anticancer potential of yohimbine
in drug-resistant oral cancer KB-ChR-8-5 cells. Mol Biol Rep. 2022; 49(10): 9565-73.
doi: 10.1007/511033-022-07847-7, PMID 35970968.

Prasad P, Jaber M, Alahmadi TA, Almoallim HS, Ramu AK. Solanine inhibits
proliferation and angiogenesis and induces apoptosis through modulation of EGFR
signaling in KB-ChR-8-5 multidrug-resistant oral cancer cells. J Clin Med. 2024; 13(15):
4493. doi: 10.3390/JCM 13154493, PMID 39124760.

Liu P, Zhang H, Qu F, Lv L, Shen F, Li N, et al. Sarsasapogenin inhibits growth and
induces apoptosis involving the blockage of jak/stat3 pathway via ros-dependent
mitochondrial dysfunction on human pancreatic cancer cells. J Biol Regul Homeost
Agents. 2023; 37(5). doi: 10.23812/j.biol.regul.homeost.agents.20233705.248.
Mustafa NH, Sekar M, Fuloria S, Begum MY, Gan SH, Rani NN, et al. Chemistry,
biosynthesis and pharmacology of sarsasapogenin: A potential natural steroid
molecule for new drug design, development and therapy. Molecules. 2022; 27(6):
2032. doi: 10.3390/molecules27062032, PMID 35335393.

Bharathiraja P, Baskar S, Prasad NR. Solasodine downregulates ABCB1 overexpression
in multidrug resistant cancer cells via inhibiting Nrf2/Keap1 signaling pathway. J Cell
Biochem. 2025; 126(1): €30674. doi: 10.1002/JCB.30674, PMID 39535293.

28.

29.

30.

31.

32.

33.

Bao W, Pan H, Lu M, Ni Y, Zhang R, Gong X. The apoptotic effect of sarsasapogenin
from Anemarrhena asphodeloides on HepG2 human hepatoma cells. Cell Biol Int.
2007; 31(9): 887-92. doi: 10.1016/j.cellbi.2007.02.001, PMID 17400003.

Ahamed T, Ramasamy K, Ramya S. An in silico and in vitro Evaluation of cytotoxicity,
apoptotic Activity and Gene Expression Modulation of sarsasapogenin in Human
Colorectal Cancer Cell Line HT-29. Int J Appl Pharm. 2024; 16(4): 84-91. doi: 10.221
59/1JAP2024V1614.50855.

Chen JR, Jia XH, Wang H, Yi YJ, Wang JY, Li YJ. Timosaponin A-lll reverses multi-drug
resistance in human chronic myelogenous leukemia K562/ADM cells via
downregulation of MDR1 and MRP1 expression by inhibiting PI3K/Akt signaling
pathway. Int J Oncol. 2016; 48(5): 2063-70. doi: 10.3892/ij0.2016.3423, PMID
26984633.

Vimala AA, Sukumaran. n.d. Antineoplastic efficacy of Smilax wightii a.dc.
(smilacaceae) and its steroidal sapogenins: in vitro to in silico approaches. doi: 10.5
281/ZENODO.5823038.

M M, Sagadevan S, Suryadevara PR, Sudhan HH, Rao Burle GS, Ruokolainen J, et al.
Cytotoxicity and targeted drug delivery of green synthesized metallic nanoparticles
against oral Cancer: a review. Inorg Chem Commun. 2025; 173: 113806. doi: 10.1016
/j.inoche.2024.113806.

Nelson VK, Krishnan SK, Dera AA, Ali SP, Begum MY, Burle GS, et al. Investigating
the cytoprotective effect of Syzygium aromaticum and Elettaria cardamomum in
arsenic-induced toxicity in the HCT-116 cell model: A luminesce-based study.
Luminescence. 2025; 40(3): €70119. doi: 10.1002/bio.70119, PMID 40045745.

Cite this article: Alhakami FA, Mawkili W, Dayel FFB, Mawkili A, Albagami A, Albogamy NTS, et al. Investigation of Anti-Cancer Potency of Sarsasapogenin: In
vitro and in silico Insights against MDR Cell Line-KB-Chr-8-5. Indian J of Pharmaceutical Education and Research. 2026;60(1s):5212-5222.

$222

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1 (Suppl), Jan-Mar, 2026



