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ABSTRACT

Pterocarpus santalinus with traditional therapeutic uses for ailments including digestive problems, skin
diseases, wound-healing and as anti-inflammatory among a few was identified for metabolomics and anti-
cancer capacity studies. The metabolites from the bark were sequentially fractionated using hexane,
chloroform and methanol.  Total phenolics contents of 21.3 mg for 25g of bark in methanol extract with IC50

for DPPH free radical scavenging capacity at 55mg.  The metabolomics by LC-MS/MS TOF reported several
metabolites and 10 molecules were identified.  Molecular Schrodinger docking of metabolites revealed
them as potential inhibitors of with no lysine kinase -1 protein with salt bridges and hydrogen bonding.
The present study identifies Protocatechuic acid and Ferulic acid with best ability to inhibit WNK-1
substantiating its anti-breast cancer capacity.  The parameters of drug-likeliness, gastrointestinal properties
as represented by their capacity to be membrane permeable, absorbable by the intestine and oral
bioavailability are reported. These ligands did not have the capacity to cross blood brain barrier and thus
had less capacity of causing toxicity to central nervous system. The Lipinski’s rule of five for the 10 metabolites
reported no violations, the necessary hydrogen bond acceptors and donors.
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Introduction

Pterocarpus santalinus L.f. with synonym Lingoum
santalinum L.f. Kuntze commonly called “Rakt
chandan” belonging to family Fabaceae, an endan-
gered tree is also commonly known as red sandal
wood distributed along Eastern peninsular of India
encompassing Andhra Pradesh and Tamil Nadu.
The bark finds wide therapeutic applications for fe-
ver, skin diseases, digestive disorders, as anti-in-
flammatory and with wound-clearing capacity.  It is

believed to clean blood and relieve headaches.  In a
few tribal traditions, the bark paste is reported to
neutralize venom effects of snake bites and clearing
damaged tissue, albeit with sparse scientific evi-
dence (Dahat et al., 2021).

Scientific evaluation of bark was initiated as early
as 1980s.  The decoctions have been used for the
treatment of gland tumors, abortifacient, for curing
uterine discharges among several others.  The
Kandhas tribe from district Kandhamal, Odhisha
drink decoction in empty stomach of this bark, roots
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of Calamus tenuis Roxb. and A. indica A. Juss for 21
days as cure for piles.  Stem bark extract as cure for
diabetes, jaundice and fever is common among
tribal population of Western Ghats.  Use of bits of
stem bark in soft porridge for diarrhea is common
there.  The paste of the wood has been applied exter-
nally as cooling agent for inflammatory ulcers and
headache.  A drink of brew of bark wood has been
reported to relieve blood vomiting, hallucinations,
weak vision, remove worms and dysentery
(Arunakumara et al., 2011).

With this information, the present study was
aimed to look into 360O activity guided fractionated
bark extract for its total phenol contents, antioxidant
capacity, antimicrobial activity encompassing anti-
biofilm property, metabolomics via LC-MS/MS and
docking of reported metabolites to WNK-1 using
Schrodinger Docking software.

Materials and Methods

Chemicals and reagents

Folin-Ciocalteu reagent, ascorbic acid (AA), gallic
acid, 1,1-diphenyl-2-picryl-hydrazyl (DPPH), sol-
vents, ABTS- 2,2-azinobis-3-ethyl-benzthiazoline-6-
sulfonic acid and quercetin were procured from
Sigma (MO, St. Louis, USA). BHT-
Butylatedhydroxyl toluene, agar and sodium bio-
carbonate were from Hi-Media (India) and Merck
Biosciences, Bangalore (India).

Collection and extraction of plant material

Bark of Pterocarpus santalinus was collected during
the month of January from the rice fields of Mandya,
Mandya district.  The bark was cut into small bits,
dried under shade and powdered using blender
(Fig. 1).  A 25g of powdered bark was subjected to

activity guided fractionation using hexane, chloro-
form, diethyl ether and methanol.  The solvents
from extracts were individually evaporated using
rotary evaporator.  The obtained solid yield was col-
lected, weighed, stored in dark and cold tempera-
ture.

Determination of total phenol content and anti-
oxidant capacity

The total phenol content was estimated using re-
ported procedure with slight modifications
(Shivamallu and Shailasree, 2020).  The anti-oxidant
capacity was estimated by reported procedure
(Torre et al., 2019; More and Makola, 2020) for ex-
tracts (50.0, 100.0, 200.0, 500.0 g/ml, 1.0, 5.0, and
10.0 mg/ml) scavenging for ABTS.+ and DPPH as-
say. Results were compared with quercetin, BHT
and ascorbic acid, the most widely applied synthetic
antioxidants. The activity of antioxidant capacity
has been reported as IC50 values.

LC-MS/MS analysis and ligand preparation

The metabolomics were carried out using Synapt G2
(UPLC-TOF) as per manufacturers protocol (Gowda
and Shailasree, 2022).  The mass spectra from m/z
100-1000 were acquired in –ve ionization mode.
Collision gas, helium was used for fragmenting me-
tabolites in ion trap.  Conditions of detection in-
cluded: -158.5 V; capillary voltage, 3500V; cap exit
voltage, trap drive level, 45.0; skimmer voltage-40V;
Oct RF, 150 Vpp; Lens 2, 60 V and Lens 1, 5.0 V. Sev-
eral metabolites were reported and 10 were identi-
fied based on m/z ratio.

WNK463

WNK463 with MW 463.46 is potent inhibitor of
WNK-kinase that inhibits WNK family kinases.  In
the present study it was the reference control. The in
vitro IC50 for WNKs are WNK-1 (5nM), WNK-2
(1nM), WNK-3 (6nM) and WNK-4 (9nM). WNK463
blocks in vitro WNK-1 substrate phosphorylation,
OSR1, oxidative stress response-1 protein and also
inhibit the same in human embryonic kidney-293
cells expressing exogenous OSR1 (Yamada et al.,
2016; Yamada et al., 2016).

Molecular docking using Schrodinger Software

WNK-1 PDB id, 5TF9 (resolution 2.50Å was used for
docking analysis obtained, PubChem (https://
pubchem.ncbi.nlm.nih.gov/) in SDF format and it
was stabilized to adjust to body’s physiology by

Fig. 1. Pterocarpus santalinus bark (A); dried bark bits (B)
and powdered bark sample (C)
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Pymol.  Molecular docking was performed in
Schr¨odinger MAESTRO V.14.5 (Manogar et al.,
2024). Ligprep module along with OPLS field force
was used for preparing the metabolites and improv-
ing their topography for docking.

Statistical Analysis

The experiments reported in the current study along
with measurements were carried out thrice.  The
reported values have been expressed by the mean ±
(SD) Standard deviation. The obtained results of the
experiments were analyzed following Tukey’s test
for reporting differences among the P. santalinus
bark extract and controls. Significant statistical dif-
ferences (p value < 0.001) are reported.

Results and Discussion

Activity of fractionated Pterocarpus santalinus
bark extracts

Plant metabolites, including flavonoids and
polyphenols, offer defense to many conditions and
aggressive invasive pathogens. Health related ben-
efits are reported confirming their therapeutic po-
tentials. Studies with meta-analysis have recom-
mended a diet of plant metabolites providing a
broad-spectrum benefit against onset of ailments
due to reactive oxygen species, leading to inflamma-
tion subsequently causing cardiovascular diseases,
diabetes and cancers among many others.

Quality analysis of medicinal plant solvent ex-
tracts includes its metabolomics finger print a rel-
evant topic in scenarios when extracts are applied as
medicine. The ESI-MS analysis currently is hallmark
of medicinal plant identification. Metabolites re-
ported for health sourced from plant sources are
crux of several research as they due to complex mo-
lecular structures are not synthesized by humans.
Metabolite extraction was carried out using hexane,
chloroform, diethyl ether and methanol applying
sequential–liquid extraction.

Antioxidant assay

The stress of reactive oxygen species forms a cause
for onset of diabetes, central nervous system disor-
ders, cardiovascular diseases and/or cancer.  Sev-
eral studies stress on screening of whole extracts for
their capacity to quench these oxidants (Gowda and
Shailasree, 2022). These antioxidants with their role
in the control and/or prevention of detrimental
health situations have gained attention.   The P.
santalinus bark extract was analyzed for the antioxi-
dant capacity in vitro monitoring its ability to
quench various levels of reactive oxygen species
(ROS). The percentage of loss of DPPH color has
been attributed to the hydrogen donating ability of
metabolites. Variable ABTS and DPPH activities
were reported in comparison to when compared to
the reference standards ascorbic acid, BHT, and
quercetin Table 1. Total phenol content is also re-
ported.

The fine bark powder was sequentially fraction-
ated and the yield of four fractions for 25 g powder
was hexane (0.073g); chloroform (2.13g); diethyl
ether (3.7g) and methanol (8.2g).  Highest total phe-
nol content was in the methanol extract, 21.3 mg for
25 g bark powder.  Antioxidant capacity by DPPH
assay with IC50 at 55mg was recorded for methanol
extract.

LC-MS/MS activity

Fingerprint of P. santalinus bark extract for metabo-
lites reported several metabolites and about 10 are
reported in this study.   Of several molecules, a total
of 10 compounds were reported in this study from
the bark extract based on m/z ratio (Fig. 2).

The Table 2 enumerates them along with their
mass to charge ratio, chemical structure, formula,
Pubchem id among other details.

Protein WNK-1 molecular docking with the
ligands was performed using Schrodinger docking
identified Thr-386 and Lys-233 as binding site

Table 1. ABTS and DPPH antioxidant capacity*. Total phenolics content* in the extract

Sample DPPH assay ABTS assay Total phenol content
(IC50 value in mg.ml-1)  (IC50 value, mg /mL-1) (Gallic acid equivalents)

P. santalinus bark extract 55 ± 0.02 54 ± 1.32 21.3 mg for 25 g
BHT 55 ± 0.14 58 ± 0.19
Ascorbic acid 64  ± 1.41 67 ± 1.19
Quercetin 24  ± 1.21 28 ± 0.82

*Values represent the mean (n=3)
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amino acid residues of WNK-1 protein (Fig. 3A).
Schrodinger docking of metabolites revealed them
as potential inhibitors of With no lysine kinase -1
protein with salt bridges and hydrogen bonding.
The metabolites docking to WNK-1 exhibited beau-
tiful binding properties (Fig. 3, Fig. 4).  Ferulic acid
(Fig. 4J) and Protocatechuic

2).  The control, WNK463 (Fig. 3B), was identified to
have a binding energy of ÄG -3.3 kcal/mol (Table

Fig. 2. MS/MS data for the metabolites from Pterocarpus
santalinus bark extract

Fig. 3. Docking poses in 3D of metabolites from
Pterocarpus santalinus to WNK-1

Fig. 4. Docking poses in 3D of metabolites from
Pterocarpus santalinus to WNK-1

(Fig. 3D) exhibited highest binding energy of ÄG
-6.2666 and -6.135 ÄG kcal/mol respectively (Table

3). The binding profiles of other ligands toWNK-1
have been provided (Fig. 3, 4).

The present study identifies Protocatechuic acid
and Ferulic acid with binding energies (Table 3)  of
-6.135 and -6.266 G kcal/mol as best WNK-1 in-
hibitors substantiating its anti-breast cancer capacity
(Iniguez et al., 2024; Markowska et al., 2025).  Proto-
catechuic acid, the 3,4-dihydroxybenzoic acid re-
ported from olives, hibiscus and white wine grapes
is reported to be anti-metastatic with negative im-
pact on Ras/Akt/NF-kB pathways, inhibiting
MMP-2 induction.  A concentration of 500ppm in
diet is reported to suppress tongue, colon, stomach,
bladder and liver carcinogenesis.  Further, a concen-
tration of 2000 ppm could inhibit initiation, progres-
sion and promotion of cancer (Iniguez et al., 2024).
Similarly, Ferulic acid, the 4-hydroxy-3-
methoxycinnamic acid first isolated from Ferula
foetida, is found in vegetables, fruits, cereals, herbs
and seeds.  It is reported to induce DNA damage of
cancerous cells particularly breast cancer cells in
vitro conditions.   Molecular signaling pathways
have linked its anti-cancer capacity to inhibition of
ACF, abnormal crypt foci particularly by reduction
of expression of EGFR (Markowska et al., 2025).

The parameters of drug-likeliness, gastrointesti-
nal (GI) properties as represented by their capacity
to be membrane permeable, absorbable by the intes-
tine and oral bioavailability are reported. These
ligands also did not show the capacity to cross blood
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brain barrier indicating no capacity to produce dam-
age to central nervous system.  The Lipinski’s rule of
five for the 10 metabolites reported no violations,
the necessary hydrogen bond acceptors and donors
(Table 4).  No molecules violated for logP predicted
data and further analysis of the same by their ex-

perimental analysis could offer a better understand-
ing.

Earlier studies from our laboratory identified
protein WNK-1 molecular docking involved Thr-386
and Lys-233 as binding residues in this protein.  The
ligands gummosin and luteolin-7-O-glucoside with

Table 2. Metabolites, m/z ratio, their structure and Pubchem id with chemical formula

Mass to charge ratio Metabolite names Structure

147.0231 Cinnamic acid
PubChem CID: 444539
Chemical Formula: C9H8O2

153.0194 Protocatuchic acid
PubChem CID: 72
Chemical Formula: C7H6O4

153.0034 Gentisic acid
PubChem CID: 3469
Chemical Formula: C9H6O4

163.3034 p-coumaric acid
PubChem CID: 637542
Chemical Formula: C9H8O3

169.0458 Gallic acid
PubChem CID: 370
Chemical Formula: C7H6O5

176.0022 Caffeic acid
PubChem CID: 689043
Chemical Formula: C9H8O4

197.0501 Syringic acid
PubChem CID: 10742
Chemical Formula: C9H10O5

193.0501 Ferulic acid
PubChem CID: 445858
Chemical Formula: C10H10O4

595.0623 Santalin A, 6-[(3,4-dihydroxyphenyl)methyl]-
2,10-dihydroxy-5-(4-hydroxy-2-methoxyphenyl)-
1,3-dimethoxy-9H-benzo[A]xanthen-9-one
PubChem CID: 5368797
Chemical Formula: C34H28O10

597.1761 Santalin B, 2,10-dihydroxy-5-(4-hydroxy-
2-methoxyphenyl)-6-[(4-hydroxy-3-
methoxyphenyl)methyl]-1,3-dimethoxybenzo[a]
xanthen-9-one
PubChem CID: 5490285
Chemical Formula: C34H28O10



HITHAISHI ET AL S259

highest binding energy, G -9.1 and -9.3 kcal/mol
respectively was reported (Saqib et al., 2025).  Previ-
ously, about 11,870 metabolites were subjected to
these analysis and 3 molecules (Hit 1-3) were re-
ported to have drug like properties with novel anti-
hypertensive capacities (Alamri, 2020).

Conclusion

In the present study forms an attempt to provide a
preliminary biological activities and in silico docking
strategy for anti-breast cancer properties of active
metabolites from Pterocarpus santalinus to a breast
cancer mediator, WNK-1.  For reference the re-
ported WNK-1 inhibitor, WNK463 was incorpo-
rated for analysis. The results of docking identified
Protocatechuic acid and Ferulic acid as better inhibi-
tors of WNK-1. These initial findings could have sig-
nificant bearings on the strategies for repurposing
drugs against breast cancer. Our results of molecu-

Table 4. Lipinski’s rule of five for in silico potential compounds

Compound name HB donor Hydrogen bond GI QPlogPo/w Lipinsky Rule of
donor acceptor absorption  drug likeliness five

Control, WNK-463 2 3 High 1.972 Yes 0
Cinnamic acid 3 2.55 High 1.421 Yes 0
Protocatechuic acid 2 3.25 High 0.432 Yes 1
Gentisic acid 1 4 High 0.553 Yes 0
p-Coumaric acid 4 1.82 High 2.327 Yes 0
Gallic acid 3 1.89 High 0.791 Yes 0
Caffeic acid 2 2.5 High 1.174 Yes 0
Syringic acid 3 3.25 High 2.324 Yes 0
Ferulic acid 3 3.76 High 0.819 Yes 0
Santalin A 2 3.42 High 2.156 Yes 0
Santalin B 3 3.55 High 2.098 Yes 0

Table 3. The binding energy data of docking scores of
the ligands to WNK-1

Ligand name Binding energy
5TF9 – prepared (G kcal/mol)

Control, WNK-463 -3.3
Cinnamic acid -4.966
Protocatechuic acid -6.135
Gentisic acid -5.883
p-Coumaric acid -4.307
Gallic acid -6.036
Caffeic acid -5.172
Syringic acid -5.748
Ferulic acid -6.266
Santalin A -4.110
Santalin B -4.965

lar docking could be further validated via advanced
in vitro and animal experimentations that could be
pivotal to increasing treatment options for breast
cancer accelerating drug development against this
malady.
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