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ABSTRACT: Prostate cancer remains a significant global health burden, with traditional medicinal plants
often used for its management, although without scientific validation. This study assessed the in-vitro
anti-prostatic carcinoma activity of Senegalia ataxacantha hydroethanol extract (SA) and its triterpenoids
(SA1/SA2: friedelin; SA3: friedelin/friedelinol mixture; SA4: B-sitosterol) in prostate cancer cell lines
(LNCaP, VCaP, 22Rv1, PC-3, DU-145) and normal RWPE-1 cells. Cell viability was assessed following
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24- and 48-hour treatments with SA (10 pg/mL), SA1-SA4 (10 uM), and abiraterone (10 pM) using the
Alamar Blue assay. Molecular docking was performed using AutoDock Vina, and pharmacokinetic
predictions were performed using the Protox servers.SA exhibited potent cytotoxicity, reducing LNCaP
viability to 9.54 + 5.59% and VCaP to 25.36 + 0.52%. Friedelin showed stronger effects in VCaP (19.38 +
0.14%) than LNCaP (73.99 + 0.28%). The friedelin/friedelinol mixture and B-sitosterol were effective in
LNCaP (38.55 + 0.43%, 14.24 + 0.09%) and VCaP (22.83 + 0.16%, 25.50 + 0.59%). In androgen-
independent lines, SA reduced 22Rv1 viability to 37.63 + 0.97%, with weaker effects in PC-3 (72.15 +
1.06%) and DU-145 (91.00 *+ 0.75%). Minimal impact on RWPE-1 (60-85% viability) indicated
selectivity for cancer cells. Molecular docking revealed favourable binding to ARccr:1GS4(AG -6.7 to -
9.4 kcal/mol), suggesting potential efficacy against castration-resistant prostate cancer
(CRPC).Pharmacokinetic predictions indicated low toxicity and suitable physicochemical properties.
These findings support S. ataxacantha and its triterpenoids as promising candidates for prostate cancer
management, and merit further mechanistic, in-vivo, and clinical studies.
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INTRODUCTION: Prostate cancer, characterised
by uncontrolled proliferation of prostate cells, is a
malignant neoplasm primarily affecting men over
the age of 50 *.
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The disease progression is often slow, usually
remaining asymptomatic until advanced stages,
where it can invade surrounding tissues and
metastasise to distant organs.

This complicates timely diagnosis and intervention,
leading to several complications, including death 2.
Globally, prostate cancer is one of the most
diagnosed malignancies among men. It accounted
for over 1.4 million new cases and approximately
375,000 deaths in 2022, ranking as the fourth
leading cause of cancer-related mortality in men
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worldwide 3. This prevalence is particularly high in
sub-Saharan Africa, where limited awareness,
inadequate screening programs, and constrained
healthcare infrastructure contribute to late-stage
presentation and poor outcomes *.

In Ghana, prostate cancer is among the top five
cancers affecting men, alongside liver cancer and
non-Hodgkin lymphoma > . Unfortunately, there
has been a rising incidence, attributed to increased
life expectancy, urbanisation, and evolving lifestyle
patterns . The true burden, however, may be
underestimated due to underreporting and the
absence of a comprehensive national cancer
registry. Moreover, beyond its contribution to
cancer-related mortality, prostate cancer imposes
significant physical and emotional strain on
patients and their families. This burden is
compounded by the high costs of diagnosis,
treatment, and long-term management, often borne
out of pocket due to inadequate health insurance
coverage > °. Additionally, intrinsic and acquired
resistance to current anticancer drugs, spanning
classical chemotherapies, targeted therapies, and
emerging treatments, intensifies this scourge on
affected individuals > '*. Many affected families,
therefore, resort to alternative and complementary
treatment strategies, including medicinal plants
with well-established cytotoxic effects 1 %2,

This use of plants is not solely based on financial
strain and their perceived efficacy. In countries
such as Ghana, cultural acceptability and
preferences sometimes dictate patients' treatment
choices. It has been reported that approximately 60-
70% of the population employs medicinal plants
for healthcare ** '°. Therefore, herbal medicine
services have been integrated into regional and
district hospitals across the country,
complementing conventional healthcare. Notably,
this is a step in the right direction, as several
reports have documented the efficacy of plants in
managing diseases, including cancer . For
instance, Croton membranaceus, a plant commonly
used for prostate disorders in Ghana, demonstrated
significant cytotoxicity against DLD-1 (colorectal)
and MCF-7 (breast) cancer cell lines, with ICso
values of 16.0 and 17.4 pg/mL, respectively (17).
Zanthoxylum xanthoxyloides showed promising
cytotoxic activity against DLD-1 cells with an ICso
of 16.0 pg/mL(18), suggesting potential application
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in colorectal cancer treatment. Similarly, Ceiba
pentandra has shown dose-dependent
antiproliferative effects against HepG2 (liver) and
RKO (colorectal) cancer cell lines *°. This
highlights the potential of Ghanaian medicinal
plants in managing cancer and contributing to
ensuring healthy lives and well-being.

That notwithstanding, several medicinal plants used
folklorically to manage cancer, including prostate
cancer, have not been validated scientifically. One
such plant is Senegalia ataxacantha, highlighted in
our previous work 2°. Owing to its folkloric and
widespread use, it has potential as an anti-prostatic
carcinoma drug, and its compounds could serve as
new lead biomolecules for the synthesis and
development of alternative treatment options for
cancer. Thus, there is a need to investigate
molecular docking techniques to provide insights
into the interactions between the compounds and
the target proteins implicated in prostate cancer.

Therefore, this study aimed to evaluate the anti-
prostatic carcinoma activity of the hydroethanol
extract of S. ataxacantha and its isolated
triterpenoids, and to analyse the in-silico
interactions of the compounds with androgen
receptors AR:1e3g and ARccr:1GS4.

MATERIALS AND METHODS:

Cell Lines and Culture Conditions: Prostate
cancer cell lines LNCaP (ATCC CRL-1740™),
VCaP (ATCC CRL-2876™), PC-3 (ATCC CRL-
1435™)  DU-145 (ATCC HTB-81™), 22Rvl
(ATCC CRL-2505™), and the non-tumorigenic
prostate epithelial cell line RWPE-1 (ATCC CRL-
3607™) were used in this study. LNCaP cells were
obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). At the
same time, VCaP, PC-3, DU-145, 22Rv1, and
RWPE-1 were kindly provided by Prof. Mark
Rubin (Department of Biomedical Research,
University of Bern, Switzerland).

LNCaP, PC-3, and 22Rv1 cells were cultured in
RPMI-1640 medium (Gibco™, Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with
10% foetal bovine serum (FBS), 2 mM L-
glutamine, 10 mM HEPES, 1 mM sodium
pyruvate, and 1% penicillin-streptomycin (100
U/mL penicillin, 100 pg/mL streptomycin;
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Gibco™), VCaP and DU-145 cells were
maintained in Dulbecco’s Modified Eagle Medium
(DMEM, Gibco™) supplemented with 10% FBS, 1
mM sodium pyruvate, and 1% penicillin-
streptomycin. RWPE-1 cells were cultured in
keratinocyte  serum-free medium  (Gibco™)
supplemented with 0.05 mg/mL bovine pituitary
extract, 5 ng/mL human recombinant epidermal
growth factor, and 1% penicillin-streptomycin. All
cell lines were maintained at 37°C in a humidified
5% CO2 atmosphere and kept below passage 30 to

ensure consistency, following established protocols
21,22

Equipment and Materials: Cell counting was
performed using a BioRad TC10™ Automated Cell
Counter (506BR3656, BioRad AG, Switzerland).
Experiments were conducted in sterile 96-well
plates, including Sarstedt Standard R TC-96-well
plates (Lot: 833925, Sarstedt AG & Co. KG,
Germany) and ThermoScientific Nuclon™ Delta
Surface black plates (Lot: 137101, Denmark) for
fluorescence assays. Fluorescence measurements
were obtained using a SpectraMax M2e microplate
reader (Bucher Biotec AG, Basel, Switzerland).
Analytical-grade ethanol was sourced from Fisher
Scientific (Loughborough, UK), and Abiraterone
acetate (Batch No: 1000818) was purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Extracts and Compounds from Senegalia
ataxacantha: The study utilised hydroethanol stem
bark extract (SA) and triterpenoids from Senegalia
ataxacantha obtained in our previous study %°. In
the previous study, the stem bark was collected
from Kwahu Asakraka in the Eastern region of
Ghana. The plant material was authenticated by Mr
Clifford Asare of the Department of Herbal
Medicine, Kwame Nkrumah University of Science
and Technology, and a herbarium specimen was
deposited at the department’s herbarium (Voucher
specimen number KNUST/HM1/2020/S002). The
air-dried plant material was Soxhlet-extracted with
70% hydroethanol to yield the crude extract (SA).
Four (4) compounds (triterpenoids) were isolated
and purified from the crude extracts through
chromatographic techniques (SA1/SA2 — friedelin;
SA3 - mixture of friedelin and friedelinol; SA4 - B-
sitosterol). The chemical identities of the isolated
compounds were characterised using spectroscopic
techniques, including NMR, UV-Vis, and FTIR.
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The extract was stored in a desiccator, while the
isolates were stored at -4 °C until required for use.

In-vitro Cell Viability Assay: Human prostate
cancer cell lines LNCaP, PC-3, DU-145, 22Rv1,
and VCaP, together with the non-tumorigenic
prostate epithelial cell line RWPE-1, were used to
evaluate the cytotoxic effects of the plant extract
and isolated compounds. Cells were seeded in 96-
well plates (Sarstedt Standard R TC-96-well plates)
at a density of 10,000 cells per well, except for
VCaP cells, which were seeded at 12,000 cells per
well to compensate for their relatively slower
proliferation rate and to maintain assay linearity
during the experiments. Cells were incubated
overnight at 37°C in a humidified 5% CO:
environment to allow adherence. The culture
medium was then replaced with fresh medium
containing either DMSO (0.1% v/v, control), crude
extract (SA, 10 pg/mL), compounds (SAL1 — SA4,
10 uM), or abiraterone (10 pM). Cells were
incubated for 24 or 48 hours under the same
conditions. Stock solutions of the extract, isolated
compounds, and abiraterone were prepared in
DMSO and subsequently diluted with culture
medium to achieve the desired working
concentrations. The final DMSO concentration was
maintained at 0.1 % (v/v) in all wells, including the
control wells, to ensure identical solvent exposure
across treatment groups. Because several of the
isolated triterpenoids exhibit relatively high
predicted lipophilicity, this solvent system was
used to ensure adequate solubilization. Visual
inspection confirmed that no precipitation occurred
at the working concentrations used, indicating that
the compounds remained fully solubilised under
assay conditions.

Cell viability was assessed using the Alamar Blue
assay. Post-incubation, 10 puL of Alamar Blue (0.05
mg/mL in phosphate-buffered saline, PBS) was
added to each well, and the plates were incubated
in the dark at 37 °C for 4 hours. Afterwards,
fluorescence was measured using a SpectraMax
M2e microplate reader (Bucher Biotec AG, Basel,
Switzerland) at 550 nm excitation and 590 nm
emission. Cell viability was calculated as the
percentage of the control *:

% cell viability = (rfUt-rfUb) / (rfUc-rfUb) x 100
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rfUt, rfUc, and rfUb depict the relative
fluorescence units for the compounds/treatment,
DMSO/Control, and media-only conditions,
respectively. Blank wells containing culture
medium and Alamar Blue reagent, but without
cells, were included to account for background
fluorescence. Relative fluorescence units (RFU)
from blank wells were subtracted from all
experimental readings before analysis.

Molecular Docking Studies of Compounds:
Molecular docking was performed to investigate
the binding interactions of the compounds (SAL,
SA2, SA3, and SA4) with the androgen receptor
(AR) ligand-binding domain. The 3D structure of
the compounds was retrieved from the ZINC
database ** and converted into PDBQT format
using OpenBabel.

Crystal structures of the androgen receptor ligand-
binding domain were obtained from the Protein
Data Bank (PDB), including AR:1E3G,
representing the wild-type androgen receptor and
ARccr:1GS4, representing a mutant androgen
receptor  associated with  castration-resistant
prostate cancer. Protein structures were prepared
using Discovery Studio Visualizer (version 2021).
Preparation involved the removal of
crystallographic water molecules and heteroatoms,
followed by the addition of polar hydrogens. The
prepared receptor structures were then converted
into PDBQT format using AutoDockTools.
Metribolone (R1881), a synthetic androgen with
high affinity for the androgen receptor, was used as
a reference ligand because it is commonly co-
crystallised with androgen receptor structures and
is present in the binding pocket of the AR structure
1E3G, making it a suitable structural benchmark
for docking comparisons. 9a-Fluorocortisol was
also included as an additional comparator ligand .

Docking simulations were performed using
AutoDock Vina. To explore potential ligand-
binding interactions, blind docking was performed
using a grid box encompassing the entire receptor.
Docking calculations were performed in rigid
receptor mode, and multiple binding poses were
generated for each ligand. Docking outputs were
processed using a custom Perl script, which
extracted predicted binding free energies (AG),
evaluated all generated binding poses for each
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ligand, and calculated Root Mean Square Deviation
(RMSD) values to assess pose distribution and
consistency. The top-ranked docking pose with the
lowest predicted binding energy for each ligand
was selected for further interaction analysis.

Pharmacokinetic and Toxicity Predictions: The
pharmacokinetic properties of the compounds were
assessed using ProTox 3.0, a web-based platform
for predicting rodent oral toxicity
(https://tox.charite.de/protox3/?site=faq). The tool
employs predictive models based on structural
similarity to compounds with established median
lethal doses (LDso). In addition, it identifies
potential toxic fragments within the molecular
structure, offering a comprehensive, integrative
approach to toxicity evaluation 2°. Enzalutamide
was employed as the benchmark drug in the
pharmacokinetic  prediction studies. In-silico
toxicity and physicochemical properties of the
compounds were predicted using ProTox-ll
(version 3.0), a web-based platform that estimates
rodent oral toxicity and related endpoints using
machine-learning models based on structural
similarity to compounds with known toxicological
profiles. The platform predicts parameters,
including median lethal dose (LDsp), toxicity class,
hepatotoxicity and carcinogenicity. Additionally,
selected physicochemical descriptors, including
LogP, topological polar surface area (TPSA), and
the number of rotatable bonds, were obtained from
the platform. Enzalutamide, a clinically used
androgen receptor antagonist, was included as a
reference compound for computational analysis.

Data Analysis: Statistical analyses were performed
using GraphPad Prism (version 8.0.2, GraphPad
Software, San Diego, CA, USA). Data are
presented as mean + standard deviation (SD). For
each cell line and time point (24 h and 48 h),
differences between treatment groups and the
vehicle control were analysed using one-way
analysis of variance (ANOVA) followed by
Dunnett’s multiple comparison test. The vehicle
control (0.1 % DMSO) served as the reference
group for all comparisons. Differences were
considered statistically significant at p < 0.05.

RESULTS:
Antiprostatic Carcinoma Activity of Extracts
and Compounds on Prostate Cancer Cells: The
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morphological effects of SA and abiraterone on
LNCaP cells were examined using phase-contrast
microscopy after 24 and 48 hours of treatment Fig.
1. DMSO-treated control cells Fig. 1A, B
maintained high cell density over time. SA-treated
cells Fig. 1C, D showed a reduction in cell density
at 24 hours, which was further decreased at 48
hours. Abiraterone also induced a time-dependent
decrease in cell density Fig. 1E, F. These
micrographs are presented as representative
illustrations supporting the quantitative Alamar
Blue viability data, rather than as independent
quantitative endpoints. Cell viability assays

revealed that SA and the isolated compounds
exerted variable cytotoxic effects across prostate
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cancer cell lines, with preliminary indications of
selective activity against cancer cells relative to
non-tumorigenic RWPE-1 cells. In LNCaP cells,
SA reduced viability to 30.03 + 0.15% at 24 hours
and 954 + 559% at 48 hours. Among the
compounds, the friedelin/friedelinol mixture (SA3)
showed the greatest cytotoxicity at 24 hours (53.87
+ 0.13%), while B-sitosterol (SA4) exhibited the
lowest viability at 48 hours (14.24 = 0.09%).
Friedelin (SA1) consistently showed the least
cytotoxicity in LNCaP cells. Abiraterone reduced
viability to a lesser extent, consistent with its
mechanism as a CYP17A1 inhibitor rather than a
general cytotoxic agent.
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FIG. 1: REPRESENTATIE MICOGRAPHS OF LNCAP CELLS AFTER 24 AND

N

AY Lisiel.\

48 HOURS OF TREATMENT.

CELLS WERE TREATED WITH DMSO (VEHICLE CONTROL; PANELS A, B), SA CRUDE EXTRACT (PANELS
C, D), OR ABIRATERONE 10 uM (PANELS E, F). PANELS A, C, AND E CORRESPOND TO THE 24-HOUR TIME
POINT, WHILE PANELS B, D, AND F CORRESPOND TO THE 48-HOUR TIME POINT. IMAGES ARE
PRESENTED TO ILLUSTRATE MORPHOLOGICAL CHANGES IN CELL DENSITY AND APPEARANCE THAT
SUPPORT THE QUANTITATIVE VIABILITY MEASUREMENTS OBTAINED FROM THE ALAMAR BLUE
ASSAY. THESE MICROGRAPHS ARE REPRESENTATIVE AND ILLUSTRATIVE AND ARE NOT INTENDED AS

QUANTITATIVE ENDPOINTS.

In VCaP cells, SA was less cytotoxic (61.72 *
0.32% at 24 hours), with the friedelin/friedelinol
mixture being more active at 24 hours. By 48
hours, friedelin (SA2) displayed the greatest
reduction in cell viability (14.57 = 0.48%). In
22Rv1 cells, SA showed the highest cytotoxicity at
both time points, while among the compounds, B-
sitosterol was most cytotoxic at 24 hours (38.82 £
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1.63%), with friedelin emerging as the second-most
cytotoxic at 48 hours. The order in decreasing
cytotoxic effects on VCaP cells after 48 hrs was
thus: friedelin>friedelin/fredelinol mixture>SA>{-
sitosterol>abiraterone.

PC-3 cells were most affected by friedelin at 24
hours (63.29 + 0.46%), though differences between
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treatments were not statistically significant (p >
0.05). By 48 hours, p-sitosterol exhibited the
greatest reduction in viability (61.80 + 0.49%),
followed by  friedelin, SA, and the
friedelin/friedelinol mixture. Abiraterone showed
the weakest cytotoxic effect (89.51 + 0.66%).

In DU-145 cells, p-sitosterol was the most
cytotoxic at both 24 hours (61.28 £ 1.08%) and 48
hours (51.81 + 0.15%), followed by the
friedelin/friedelinol mixture, friedelin, and SA,
which showed minimal cytotoxicity (91.00 =*
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0.75%) at 48 hours. Abiraterone induced higher
cytotoxicity than friedelin and SA (64.18 £ 0.26%).

RWPE-1 cells, representing non-tumorigenic
prostate epithelium, were relatively resistant to SA
and B-sitosterol, with viabilities of 83.43 + 0.60%
and 92.85 *+ 0.21%, respectively, at 48 hours.
Abiraterone was similarly non-toxic (81.72 *
3.12%). Friedelin/friedelinol mixture (64.26 *
0.96%) showed moderate toxicity, while friedelin
was mildly cytotoxic (75.26 + 1.09%).

TABLE 1: CYTOTOXIC EFFECT OF SA AND ABIRATERONE ON DIFFERENT PROSTATE CANCER CELLS 24
AND 48 HRS POST-TREATMENT

Extract/ LNCaP VCaP 22Rv1 PC-3 DU-145 RWPE-1
compounds Mean % cell viability
24 hrs 48 hrs 24 hrs 48hrs 24hrs 48hrs 24hrs 48hrs 24hrs 48 hrs 24 hrs 48 hrs
DMSO 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
+1011 +012 +060 +071 +372 +218 +0.11 +043 +042 +1.07 +0.67 +3.02
SA 3003+ 954+ 6172+ 2537+ 3651+ 3763+ 6518+ 7215+ 8549+ 91.00+ 8464+ 8343+
0.15° 5.59" 0.32° 052°  0.80° 097"  0.29° 1.06° 1.52° 0.75° 3.08" 0.60"
SAl 67.80+ 7399+ 6658+ 19.38+ 4261+ 39.13+ 63.29+ 6651+ 89.93+ 8190+ 8944+ 8541+
0.42° 0.28° 1.50° 0.14° 2.43° 0.31° 0.46° 1.97° 0.12° 1.20° 4.78° 1.19°
SA2 58.83+ 78.18+ 8427+ 1457+ 4973+ 4615+ 66.16+ 7756+ 8026+ 7359+ 8714+ 7526+
0.24° 0.93 0.99" 0.48" 1.62° 1.07° 087" 014° 0.15° 0.65 5.31 1.09°
SA3 53.87+ 3855+ 5410+ 2283+ 6255+ 6331+ 6639+ 7986+ 7945+ 5753+ 7408+ 64.26+
0.13° 0.43" 1.89° 0.16" 6.73° 3.35 0.73° 0.41° 0.88° 0.15° 0.33° 0.96"
SA4 90.15+ 1424+ 7935+ 2550+ 3882+ 5615+ 6390+ 6180+ 6128+ 5181+ 9787+ 9285+
2.19° 0.09° 0.34° 0.59" 1.63° 0.08" 0.26" 0.49° 1.08° 015> 235"  0.21°
Abiraterone 4227+ 3228+ 4277+ 3066+ 7094+ 7893+ 8286+ 8951+ 7020+ 6418+ 9042+ 8172+
0.20° 0.17° 1.40° 0.28" 0.49" 0.66" 0.25° 0.66° 0.51° 0.26° 3.82° 3.12°

Data are expressed as Mean % Viability + SD (n = 3). Statistical analysis was performed using one-way ANOVA followed by
Dunnett’s post hoc test, comparing each treatment group to the DMSO control. Significance is indicated as: ™ Not significant (p
>0.05), *p < 0.001, and ® p < 0.0001.

Abiraterone

LNCaP VCaP

22Rv1

PC-3

LNCaP

VCaP

22Rv1

PC-3

DMSO an
SA
SA1
60
SA2
SA3
30
SA4
4]

DU-145 RWPE-1 DU-145 RWPE-1

FIG. 2: HEAT MAP SHOWING THE CYTOTOXIC EFFECTS OF SA, COMPOUNDS, AND ABIRATERONE ON
PROSTATE CANCER CELL LINES AT 24 AND 48 H. Values represent mean percentage cell viability relative to DMSO
control (n = 3). Colour intensity represents mean percentage cell viability, with blue indicating low viability (high cytotoxicity,
<30%) and red indicating high viability (low cytotoxicity, >90%). SA - Senegalia ataxacantha crude extract; SA1/SA2 —
friedelin; SA3 — friedelin/friedelinol mixture; SA4 — B — sitosterol.
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Molecular Docking against  Androgen
Receptors: The docking results obtained through
AutoDock Vina Table 2 reveal distinct binding
affinities and interaction profiles for the
compounds when interacting with the androgen
receptor (AR:1E3G; Fig. 1 and its mutant form
(ARccr:1GS4; Fig. 2. These results provide
valuable structural insights into ligand-receptor
interactions but, on their own, do not confirm
antiandrogenic activity and must be interpreted
with caution.

Friedelin exhibits hydrophobic interactions with
residues LEU 881 and HIS 885 in AR:1E3G,
binding with a AG of -7.7 kcal/mol for the wild-
type receptor and -9.4 kcal/mol for ARccr. The
stronger interaction with the mutant receptor
(ARccr) suggests potential relevance in targeting
androgen receptor variants, though this does not
confirm biological efficacy in cellular systems.

Friedelinol shows interactions with LYS 912, TYR
915, and THR 918, with binding free energies of -
7.7 kcal/mol and -8.2 kcal/mol for the AR and
ARccr, respectively. These moderate binding
affinities indicate potential interactions, but, as with
all docking results, further experimental validation
is needed to confirm functional activity.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

[-Sitosterol engages hydrophobically with GLU
678, VAL 684, and TRP 751, yielding a AG of -6.7
kcal/mol for AR:1E3G and -9 kcal/mol for ARccr.
These values suggest moderate binding, with a
stronger interaction observed with the mutant
receptor, though this must be interpreted in the
context of cellular activity, as docking scores do
not necessarily correlate with biological efficacy.
Metribolone demonstrates hydrophobic interactions
with LEU 701, LEU 704, and MET 745, in addition
to hydrogen bonding with GLN 711 and ARG 752.
It exhibits AG values of -6.7 kcal/mol for AR and -
9.3 kcal/mol for ARccr, indicating a stronger
binding to the mutant receptor. While Metribolone
is a known androgen receptor agonist and a
reference compound in this study, its docking
scores alone should not be taken as proof of
antiandrogenic activity. 9a-Fluorocortisol, for
which interaction data are incomplete for the wild-
type AR, displays hydrophobic contacts with LEU
704, TRP 741, and MET 745 in ARccr. With the
most favorable binding free energy (AG = -9.8
kcal/mol), it shows the strongest affinity for the
mutant receptor. However, these results should be
considered preliminary, as docking alone cannot
confirm pharmacological activity.

TABLE 2: INTERACTION RESIDUES OF COMPOUNDS TO PROTEIN TARGETS IN THE DOCKING STUDIES

Compound AR:1E3G AR:1E3G H- Binding ARccr:1GS4 ARccr:1GS4 H-  Binding free
Hydrophobic  Bonds/Halogen free energy Hydrophobic Bonds/Halogen energy AG
Interactions Bonds AG Interactions Bonds (distance (kcal/mol)
(distance A) (kcal/mol) A)
Friedelin LEU 881, ALA - 1.7 PRO 682, GLN - -9.4
896, HIS 885 711, ALA 748,
ARG 752
Friedelinol LYS 912, TYR - —17.7 GLU 678, GLU - -8.2
915, THR 918 681, VAL 684,
PRO 801, PHE
804, LEU 805
B-sitosterol  GLU 678, GLU  TYR 763 (H- 6.7 GLU 681, VAL - -9.0
681, VAL 684,  bond, ~2.8 A) 715, TRP 718,
TRP 751, ARG LEU 744, ALA
752, TYR 763, 748, ARG 752,
PRO 801, PHE LYS 808
804, LEU 805
Metribolone  LEU 701, LEU GLN 711 (H- -6.7 HIS 701, LEU ASN 705 (H- -9.3
704, LEU 707,  bond, ~2.9 A), 704, LEU 707, bond, ~2.8 A)
MET 745, ARG 752 (H- TRP 741, MET
MET 749, PHE  bond, ~3.0 A), 745, VAL 746,
764, PHE 876 THR 877 (H- PHE 764, LEU
bond, ~2.7 A) 873, ALA 877
9a- LEU 704, LEU HIS 701 (H- -9.0 LEU 704, LEU  HIS 701 (H-bond, -9.8
fluorocortisol ~ 707, TRP 741,  bond, ~3.0 A), 707, TRP 741, ~3.0 A), ASN
MET 745, VAL  ASN 705 (H- MET 745, VAL 705 (H-bond,
International Journal of Pharmaceutical Sciences and Research 2060
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746, PHE 764,  bond, ~2.9 A), 746, PHE 876, ~2.9A), GLN
PHE 876, ALA  GLN 711 (H- ALA 877 711 (H-bond,
877 bond, ~2.7 A), ~2.7A), ARG
ARG 752 (H- 752 (H-bond,

bond, ~3.0 A) ~3.0A)

Pharmacokinetic and Toxicity Predictions: The
pharmacokinetic and toxicity profiles of the
compounds were evaluated using the ProTox 3.0
platform, which predicts potential toxicity,
physicochemical  properties, and  structural
similarity to known toxic compounds. The
molecular weights of the compounds ranged from
284.39 g/mol (Metribolone) to 464.44 g/mol
(Enzalutamide), and their molecular refractivity
values ranged from 84.71 (Metribolone) to 135.36
(Friedelinol), suggesting differences in size and
polarizability that may influence membrane
permeability.

Topological polar surface area (TPSA) values
ranged from 17.07 (Friedelin) to 108.53
(Enzalutamide), indicating varying degrees of
predicted polarity and potential cellular uptake.
Lipophilicity trends, as estimated by LogP, were
higher for Friedelin (8.46) and Friedelinol (8.25)
relative to Enzalutamide (4.51) and Metribolone
(3.72), reflecting potential differences in solubility
and membrane partitioning. The predicted median
lethal doses (LDso) ranged from 500 mg/kg
(Friedelin) to 4000 mg/kg (Metribolone),
corresponding predominantly to toxicity class 4,
while Metribolone was classified as class 5,
suggesting moderate acute toxicity across the
compounds. Prediction accuracy was generally
high, though Enzalutamide (67.38%) and
Metribolone (69.26%) showed slightly lower
confidence. Structural similarity analysis indicated
that Friedelin, Friedelinol, and Lupoel had 100%
similarity to known toxic compounds, whereas
Enzalutamide and Metribolone were less similar

indicate probabilities of inactivity or activity across
several  endpoints, including  neurotoxicity,
nephrotoxicity, and carcinogenicity Table 4. For
example, Friedelin, Friedelinol, and [-sitosterol
were predicted to be inactive for most toxicity
endpoints with high probabilities (0.87-0.91),
whereas Enzalutamide and Metribolone showed
moderate probabilities of activity (0.62 and 0.77,
respectively). Neurotoxicity was predicted to be
inactive only for Friedelinol, whereas the other
compounds  showed varying  probabilities.
Nephrotoxicity predictions were generally inactive,
with the highest probability for Metribolone (0.97),
and carcinogenicity was largely inactive across
compounds, though Metribolone displayed a lower
probability (0.68). Predictions of blood-brain
barrier (BBB) penetration suggested that most
compounds, including Friedelin (0.99) and
Metribolone (0.98), may cross the BBB.

It is important to emphasise that these predictions
are computational and do not confirm
pharmacological activity or mechanistic effects.
For example, predicted “activity” against the
androgen receptor or cytochrome P450 enzymes
reflects  structural likelihoods rather than
experimental agonism or antagonism. While some
compounds, such as Beta-sitosterol, Friedelinol,
and Metribolone, showed potential interactions
with CYP2C9, these results should be interpreted
cautiously, as they indicate possible metabolic
interactions rather than confirmed enzymatic
inhibition. These computational predictions provide
preliminary insights into physicochemical and
toxicity  profiles, but further experimental

(55.91% and 76.72%, respectively), reflecting pharmacokinetic and toxicological studies are
variability in potential toxicity profiles Table 3. required to validate our findings.
Target-based toxicity predictions from ProTox
TABLE 3: PHYSICOCHEMICAL PREDICTIONS OF COMPOUNDS FROM IN-SILICO STUDIES
Compound  Molecular  Molecular Number  Number  Number  Topological Octanol/water Predicted Predicted Prediction Average
weight refractivity of H- of H- of Polar partition LDso toxicity accuracy similarity
bond bond rotatable Surface coefficient class
acceptors  donors bonds area (logP)
Friedelin 426.72 133.23 1 0 0 17.07 8.46 500 4 70.97 89.38
Friedelinol 428.73 118.45 1 1 0 20.23 8.25 940 4 67.38 55.91
B-sitosterol 414.71 134.39 1 1 6 20.33 8.02 890 4 100 100
Metribolone 284.39 135.36 2 1 0 373 3.72 4000 5 100 100
Enzalutamide 464.44 135.14 7 1 D) 108.53 451 625 4 100 100
International Journal of Pharmaceutical Sciences and Research 2061
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Beta-sitosterol Enzalutamide Friedelin Friedelinol Metribolone
Target Prediction  Probability  Prediction Probability Prediction  Probability  Prediction  Probability  Prediction Probability
Hepatotoxicity Inactive 0.87 Active 0.62 Inactive 0.75 Inactive 0.78 Active 0.77
Neurotoxicity Active 0.54 Active 0.62 Active 0.54 Inactive 0.53 Active 0.79
Nephrotoxicity Inactive 0.89 Inactive 0.66 Inactive 091 Inactive 0.88 Inactive 0.97
Cardiotoxicity Inactive 0.85 Inactive 0.89 Inactive 0.86 Inactive 0.77 Inactive 0.87
Carcinogenicity Inactive 0.60 Inactive 0.61 Inactive 0.71 Inactive 0.79 Inactive 0.68
Cytotoxicity Inactive 0.94 Inactive 0.75 Inactive 0.66 Inactive 0.93 Inactive 0.85
BBB-barrier Active 0.91 Active 0.88 Active 0.99 Active 0.94 Active 0.98
Androgen Inactive 0.83 Inactive 0.96 Inactive 0.93 Inactive 0.88 Active 1
Receptor (AR)
Cytochrome Inactive 0.99 Inactive 0.72 Inactive 0.93 Inactive 0.86 Inactive 0.99
CYP1A2
Cytochrome Inactive 0.98 Inactive 0.70 Inactive 0.78 Inactive 0.70 Inactive 0.69
CYP2C19
Cytochrome Active 0.64 Inactive 0.50 Inactive 0.51 Active 0.7 Active 0.79
CYP2C9
Cytochrome Inactive 0.9 Inactive 0.75 Inactive 0.90 Inactive 0.91 Inactive 0.93
CYP2D6
Cytochrome Inactive 0.99 Inactive 0.66 Inactive 0.98 Inactive 0.94 Inactive 0.85
CYP3A4
Cytochrome Inactive 1 Inactive 0.99 Inactive 0.99 Inactive 0.99 Inactive 1
CYP2E1

DISCUSSION: The present study builds upon our
previous work 2°, in which triterpenoids, including
friedelin (SA1/SA2), a friedelin/friedelinol mixture,
and P-sitosterol, were isolated from the stem bark
of Senegalia ataxacantha. Motivated by folkloric
reports of the plant’s anticancer properties, we
evaluated the antiproliferative effects of the crude
extract and isolated compounds on multiple
prostate cancer cell lines and explored potential
interactions with androgen receptors (AR) through
molecular docking.

Our results demonstrated that the crude extract
(SA) exhibited robust cytotoxicity against the
androgen-sensitive LNCaP cells, corroborated by
phase-contrast micrographs showing marked
reductions in cell density Fig. 1, Table 1. The
VCaP cell line, an androgen-sensitive, AR-
amplified model representing castration-resistant
prostate cancer (CRPC) with TMPRSS2-ERG
fusion and AR-V7 expression 2" % also showed
significant susceptibility to SA (p < 0.0001).
Friedelin’s enhanced activity in VCaP compared
with other cell lines suggested a possible
potentiation by AR-mediated signaling or VCaP-
specific molecular features. This is the first report
of cytotoxicity of SA, friedelin, and B-sitosterol in
VCaP cells.

The extract displayed reduced, though still
significant, cytotoxicity in androgen-independent
models (22Rv1, PC-3, and DU-145), consistent
with a partial reliance on AR-mediated mechanisms
and suggesting the potential involvement of AR-

independent pathways. Among these lines, 22Rv1,
a clinically relevant CRPC model expressing AR
splice variants 2°, was more sensitive to SA than
PC-3 or DU-145 cells, highlighting its potential for
targeting drug-resistant prostate cancers. The
cytotoxic effects of SA in PC-3 cells are reported
here for the first time.

Friedelin exhibited pronounced cytotoxicity in
22Rv1 cells, comparable to SA, while being less
effective in PC-3 and DU-145 cells. These findings
align with Joshi et al. *, who proposed CYP17A1
inhibition as a possible mechanism. The
friedelin/friedelinol  mixture showed moderate
activity across most lines, while 3p-friedelinol
demonstrated significant activity, particularly in
VCaP cells, marking its first report of antiprostatic
carcinoma potential. p-Sitosterol exhibited its
strongest effects in LNCaP cells, followed by
22Rv1, PC-3, and DU-145, suggesting partial
dependence on AR signalling and likely
contribution from AR-independent mechanisms **
% These results are consistent with prior studies
demonstrating f-sitosterol’s anticancer effects
through growth inhibition, apoptosis induction, and

actig/ation of the sphingomyelin-ceramide pathway
33, 36-38

Importantly, the non-tumorigenic RWPE-1 cells
were minimally affected by SA and its compounds
(cell viability >80% for SA and p-sitosterol),
suggesting preferential targeting of cancer cells and
reinforcing their therapeutic potential. The
friedelin/friedelinol  mixture showed modest
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cytotoxicity in RWPE-1 cells, indicating the need
for careful evaluation of selectivity in future
studies. Molecular docking analyses provided a
structural context for the observed cytotoxicity.
Friedelin exhibited binding free energies of —7.7
kcal/mol for AR:1E3G and -9.4 kcal/mol for
ARccr:1GS4, indicating enhanced binding to the
mutant receptor, with hydrophobic contacts
involving PRO 682, GLN 711, ALA 748, and ARG
752 Table 2. Friedelinol (SA3) showed AG values
of —7.7 kcal/mol and —8.2 kcal/mol for AR:1E3G
and ARccr:1GS4, respectively, interacting with
residues GLU 678, GLU 681, VAL 684, PRO 801,
PHE 804, and LEU 805. B-Sitosterol demonstrated
moderate binding affinity (AG = —6.7 kcal/mol for
AR:1E3G and -9.0 kcal/mol for ARccr:1GS4),
forming hydrophobic interactions at GLU 681,
VAL 715, TRP 718, LEU 744, ALA 748, ARG
752, and LYS 808, supplemented by a hydrogen
bond with TYR 763 in the wild-type receptor.
These data suggested potential efficacy against
CRPC models, such as VCaP and 22Rv1, in which
AR variants drive therapy resistance ** **. While
docking results provided mechanistic insight, we
emphasise that these are computational predictions
and cannot confirm AR antagonism or agonism
without experimental validation.

Pharmacokinetic and toxicity predictions further
supported the potential of these triterpenoids.
Compounds exhibited favourable physicochemical
properties, with molecular weights of 414.71-
428.73 Da and logP values of 8.02-8.46, indicative
of good lipophilicity, potentially enhancing cellular
uptake. Predicted LDso values (500-940 mg/kQ)
place the compounds in class 4, low-to-moderate
toxicity, comparable to enzalutamide (625 mg/kg),
suggesting a favourable safety profile Table 3. In
silico toxicity predictions Table 4 indicated
inactivity in  hepatotoxicity,  nephrotoxicity,
cardiotoxicity, carcinogenicity, and cytotoxicity for
most compounds (probabilities >0.66). Certain
compounds, including B-sitosterol and friedelinol,
showed potential CYP2C9 interactions
(probabilities 0.64-0.70), highlighting the need to
assess possible drug-drug interactions in future
studies “°. Predicted blood-brain barrier penetration
(probabilities >0.88) suggest broad bioavailability,
but this requires in-vivo confirmation. Importantly,
androgen receptor “activity” predictions are
interpreted cautiously as computational estimations
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rather than mechanistic evidence of
pharmacological agonism or antagonism, consistent
with reviewer guidance.

This study has some limitations that should be
considered when interpreting the findings. First, the
biological evaluation was conducted using single
screening concentrations of the crude extract and
isolated compounds. While this approach enabled
comparative assessment across multiple prostate
cancer cell models, it did not allow determination
of dose-response relationships or calculation of ICso
values. Consequently, selectivity indices between
cancerous and non-tumorigenic cells could not be
formally established. Future studies should
therefore incorporate expanded concentration
ranges to generate dose-response curves and more
quantitative potency metrics. Second, although the
Alamar Blue assay provides a reliable measure of
cellular metabolic activity and viability, additional
mechanistic studies such as apoptosis assays, cell
cycle analysis, or androgen receptor reporter assays
would be necessary to further elucidate the
molecular mechanisms underlying the observed
antiproliferative effects.

Third, the molecular docking analyses presented
here represent computational predictions of ligand-
receptor interactions that provide valuable
structural insights but do not confirm biological
activity within cellular systems. Similarly, toxicity
and physicochemical properties were assessed
using in-silico prediction tools, and experimental
pharmacokinetic and toxicological studies will be
required to validate these predictions. In addition,
abiraterone was selected as the comparator because
it is a clinically established inhibitor of CYP17A1-
mediated androgen biosynthesis and is widely used
in the treatment of advanced prostate cancer,
particularly castration-resistant prostate cancer. In
this study, abiraterone served as a functional
comparator for androgen-axis-targeted inhibition,
allowing evaluation of whether the extract and
isolated compounds produced effects comparable
to a clinically relevant endocrine-targeting therapy.
However, it should be noted that abiraterone is not
a general cytotoxic agent and may be less relevant
in androgen-independent cell lines. The use of a
single comparator, therefore, represents an
additional limitation of the present study and
should be addressed in future work by including
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complementary reference agents. Despite these
limitations, the study provides preliminary
evidence suggesting that the investigated
triterpenoids warrant further investigation as
potentially lead compounds in prostate cancer
research.

CONCLUSION: The hydroethanol extract and the
triterpenoids isolated from Senegalia ataxacantha
exhibited selective cytotoxicity against prostate
cancer cell lines, while sparing normal RWPE-1
epithelial cells. SA and its components exerted the
strongest effects, indicating that their activity may
involve both androgen receptor-dependent and
independent mechanisms. Molecular docking
suggested that these compounds can interact with
the androgen receptor, including CRPC-relevant
mutant forms, providing a structural rationale for
their potential efficacy against therapy-resistant
prostate cancer. In-silico pharmacokinetic and
toxicity  assessments  indicated  favourable
lipophilicity, moderate predicted safety, and low
likelihood of off-target effects, though these
findings require experimental confirmation.

These results provided scientific support for the
traditional use of S. ataxacantha in managing
prostate disorders and identified its triterpenoids as
promising leads for further anticancer drug
development. Follow-up studies should focus on
dose-response profiling, mechanistic validation,
and in-vivo efficacy and safety testing to establish
their true therapeutic potential.
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