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ABSTRACT .

This study adopted in silico molecular docking and ADMET approach to investigate the therapeutic potential of bioactive
phytochemicals named Quercetin, Scopoletin, and Kaempferol, from Urtica dioica (Sisnu) for anticancer activity against
human receptor tyrosine kinase(PDB ID: 4RT7), Janus Kinase (JAK2; PDB ID: 3UGC), and MYC transcription factor (PDB
ID: 1INKP). These compounds were chosen because Urtica dioica is traditionally used in anti-inflammatory, anticancer eth-
nomedicine, and reported bioactivity with a suitable molecular size for oral therapeutics. This study fills the gap by directly
comparing their ADMET, toxicity, and docking in the same computational workflow. The physicochemical properties, phar-
macokinetics, and drug-likeness properties were assessed by using the SwissADME web tool. ProTox 3.0 was used to
predict the acute toxicity of the phytochemicals, and Auto Dock Vina was used to investigate the interactions. All three
compounds showed an acceptable physicochemical profile, modest lipophilicity, favorable solubility, and full alignment with
the five rules of Lipinski, compatible with efficient oral bioavailability. Scopoletin showed the most balanced ADME pro-
file, while quercetin and kaempferol are better suited for non-CNS targets. Predicted toxicity was manageable for all three
phytochemicals, with lower liabilities for scopoletin and kaempferol, though PAINS and Brenk alerts around the catechol
motif in quercetin call for careful experimental validation and optimization. Docking showed favorable scores for quercetin
and kaempferol against the receptor tyrosine kinase (9.5 to 9.8 kcalmol'!) and Janus kinase 2 (9.0 kcalmol™'). These in
silico results indicate quercetin and kaempferol merit further investigation as RTK/JAK?2-directed anticancer scaffolds, while
scopoletin may offer an ADME-advantaged chemotype; experimental validation is required before therapeutic claims.
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Introduction

In the recent era, medicinal herbs and their bioactive phyto-
chemicals, which have a long-lasting role in medicine, are the
focus of extensive pharmacological research, driven by grow-
ing awareness of their therapeutic potential for the treatment
of a diverse array of illnesses because of their low toxicity,
proven medicinal value and environmentally friendly character
(Cimarova et al., 2023; Dhami et al., 2023; Paneru et al., 2024;
Roy et al., 2022). Urtica dioica (Sisnu) is an ethnomedicinal
plant widely distributed across temperate regions of the world
and is highly beneficial and packed with nutritional value in-
cluding a rich profile of phytochemicals, amino acids, and es-
sential minerals (Nepal et al., 2020; Parente et al., 2025). These
chemicals show a wide range of pharmacological activities
with potent antioxidant, antiviral, immunomodulatory, antidi-
abetic, antihypertensive, antiobesity, anti-allergy, anti-asthma,
anti-Alzheimer’s, anti-inflammatory, antifungal, antibacterial
and anticancer activity with good safety (Abi Sleiman et al.,

2024; Aghababaei & Hadidi, 2023; Eity et al., 2024; Frent et
al., 2024; Xiong et al., 2024).

This study focuses on the in silico ADMET and molecular dock-
ing screening of quercetin, scopoletin and kaempferol, three
well-documented phytochemicals found in Urtica dioica. This
study aims to evaluate and compare the physicochemical prop-
erties, lipophilicity, aqueous solubility, pharmacokinetics, drug-
likeness, toxicity profile and medicinal chemistry profile of
quercetin, scopoletin and kaempferol using the SwissADME
web tool under the same workflow (Daina et al., 2017). Addi-
tionally, a molecular docking approach was adopted to study
the binding interactions of the molecules using AutoDock Vina
(Trott & Olson, 2010) with three important cancer-related pro-
teins: 4RT7 (receptor tyrosine kinase) (Smith et al., 2015),
3UGC (Janus kinase 2) (Perner et al., 2019), and INKP (mye-
locytoma proto-oncogene protein, MYC transcription factor)
(Nair & Burley, 2003), which are associated with several types
of cancer (Esposito et al., 2019; Whitfield, 2024; Zacarfas-
Fluck et al., 2024). The optimized molecular structures of
quercetin, scopoletin and kaempferol are presented in Figure 1.

(a)
Figure 1

Optimized molecular structures of (a) quercetin, (b) scopoletin and (c) kaempferol with atom numbering (optimized using

Avogadro).

Although a large array of bioactive phytochemicals con-
tained in Urtica dioica are reported for their pharma-
cological activities, there is limited comparative in sil-
ico evidence on ADMET and molecular docking under
the same workflow. Thus, it is difficult to recommend
quercetin, kaempferol and scopoletin for further in vivo
and in vitro validation without ADMET and molecular
docking screening. The objectives of this study are as
follows:

* To calculate and compare physicochemical properties,
lipophilicity, aqueous solubility, pharmacokinetics,
drug-likeness, and toxicity profiles of quercetin, scopo-
letin, and kaempferol using the SwissADME/ADMET
web tools under the same workflow.

* To perform molecular docking of quercetin, scopoletin,
and kaempferol against three cancer-related proteins
with PDB IDs 4RT7, 3UGC, INKP using AutoDock
Vina and compare binding affinities and key interac-
tions.

* To combine ADMET and docking results to suggest
which compound(s) show the most promising balance
of drug-like properties and target binding for further
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experimental validation.

Given the global interest in low-toxicity therapeutics de-
rived from plants and the extensive ethnomedicinal use
of Urtica dioica, a systematic in silico comparison of its
major phytochemicals will efficiently triage candidates
for anticancer research. The ADMET and docking work-
flow on quercetin, scopoletin and kaempferol generates
reproducible and cost-effective preliminary data to jus-
tify and focus future laboratory studies.

Literature review

The current search for new therapeutic treatments in the
field of oncology is gradually turning towards investiga-
tion into natural products as potential candidates for pow-
erful and safe therapeutic treatments (Abi Sleiman et al.,
2024; Esposito et al., 2019). Among such plants, Urtica
dioica, known for its ethnopharmacological properties,
is a candidate which is scientifically recognized due to
its abundant secondary metabolites which have demon-
strated effective anti-proliferative and apoptosis induc-
tion in cancer cell lines (Esposito et al., 2019; Pant &
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Sundriyal, 2016; Papang et al., 2025). Although tradi-
tional experimental pharmacology is capable of demon-
strating the medicinal properties of extracts of Urtica
dioica, their molecular interactions with target onco-
genes are not fully known.

Recent studies have pointed out the possible medicinal
uses of kaempferol (KMP), a flavonoid compound with a
high level of anti-cancer activity through the prevention
of cell proliferation, metastasis, and motility, and by in-
ducing apoptosis (Amjad et al., 2022; de Morais et al.,
2024; Felice et al., 2022; Imran et al., 2024; Sengupta
et al., 2022). The ability of KMP to control molecular
indicators and to stop the growth of blood vessels has re-
vealed its potential to treat different solid malignancies
and improve existing chemotherapy regimens. However,
before using KMP in real practice, it is necessary to carry
out additional research to solve the problems related to
the low bioavailability of KMP and to set the correct
doses of this drug.

The effectiveness of quercetin, which is one of the ma-
jor dietary flavonoids, in treating cancer and acting as an
antioxidant has been proven through consistent research.
Some of the key discoveries regarding quercetin indi-
cate that it stops tumor progression through cell cycle
arrest, apoptosis, and metastasis, but targets only cancer-
ous cells without affecting normal cells (Baghel et al.,
2012; Maugeri et al., 2023; Tang et al., 2020). Other
than this role, quercetin acts as a powerful antioxidant,
which protects the body from free radicals and oxidative
stress by regulating PI3K/AKT/mTOR and NF-xB sig-
naling pathways (Biswas et al., 2022). Scopoletin is a
natural coumarin with tremendous therapeutic potential.
Research has demonstrated the effectiveness of scopo-
letin as an anticancer compound because of its ability to
inhibit cancer growth by controlling cell cycle progres-
sion, apoptosis induction, and oncogenic signal transduc-
tion pathways (Gao et al., 2024; Meilawati et al., 2023).
Although the substance has a non-toxic effect, the liter-
ature points out a number of pharmacokinetic problems
(Antika et al., 2022).

The aim of this research is the in silico study of molecu-
lar docking in order to define the binding affinity of the
selected bioactive phytochemicals of the plant on cancer-
related receptors. Additionally, this research incorpo-
rates the in silico ADMET analysis and comparison in
order to define the pharmacokinetics and toxicity of these
phytochemicals under the same workflow.

Materials and Methods
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Physicochemical properties, pharmacokinetics, drug-
likeness, and medicinal chemistry

SwissADME web tool (http://www.swissadme.ch)
(Daina et al., 2017) is utilized for prediction of physic-
ochemical, pharmacokinetics, drug-likeness and medic-
inal chemistry properties. The canonical SMILES of
quercetin, kaempferol and scopoletin were retrieved
from PubChem (https://pubchem.ncbi.nlm.nih.gov/) and
entered to the SwissADME web tool to generate the full
set of data including significant physicochemical proper-
ties such as hydrogen bond donors and acceptors, molar
refraction, polar surface area, rotatable bonds, and AlogP
values and other relevant characteristics.

Molecular docking

Molecular docking studies were performed using
AutoDock Vina (Trott & Olson, 2010), AutoDockTools
(Morris et al., 2009), BIOVIA Discovery Studio (Das-
sault Systemes, 2016), PyMOL (Schrodinger, LLC,
2020), Python, and Open Babel (O’Boyle et al., 2011).
Docking proteins were retrieved from the RCSB Protein
Data Bank (https://www.rcsb.org/) (Rose et al., 2011).

Protein structure preparation. Proteins were down-
loaded from the RCSB Protein Data Bank in PDB for-
mat. BIOVIA Discovery Studio and AutoDockTools
were used to prepare them for the final docking purpose.
Polar hydrogen atoms were accurately added to the target
protein structure after the removal of all crystallographic
water molecules and other unnecessary ligand molecules.
Single chain (chain A) of 3UGC and 4RT7 were selected,
and four chains A, B, D and E of INKP were prepared
for the docking.

Ligand structure preparation. The ligands, quercetin,
scopoletin and kaempferol, were downloaded from the
PubChem database in SDF format and then converted to
PDB format using Open Babel (O’Boyle et al., 2011).
Ligands were optimized using Avogadro with Merck
Molecular Force Field 1994 (MMFF94). AutoDock-
Tools were used to prepare ligands for final docking pur-
pose and saved in PDBQT format.

Grid construction for docking. The molecular docking
technique was employed using blind docking, wherein
the grid was designed optimally to cover the maximum
possible binding sites of the protein. The active sites
of the protein have been predicted by removing water
molecules within a grid box of size 60 Ax60Ax60A
with a spacing of 0.375 A, which was sufficient to cover
the whole protein under study.

Docking parameters used in this study are summarized
in Table 1.
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Table 1

Docking parameters used in this study

Parameters Used values

Protonation Protonated at physiological pH
(7.4)

Force field Merck Molecular Force Field
1994 (MMFF94)

Partial charges (ligands)
Protein charges

Gasteiger charges
Kollman charges

Grid size 60 A x 60 A x 60 A; sufficient to
cover the target protein

Grid spacing 0.375 A

Docking type Blind docking

Exhaustiveness 8

Number of poses 9

Docking. The molecular docking was done by
AutoDock Vina software upon successful generation of
the receptor and ligand structures, together with the re-
spective config files. The docking was done through the
Vina executable under defined conditions for the explo-
ration of possible binding modes and affinities of the
selected molecules.

Docking programs generally use a scoring function,
which can be seen as an attempt to approximate the stan-
dard chemical potentials of the system (Trott & Olson,
2010). The general functional form of the conformation-
dependent part of the scoring function of AutoDock Vina
is given as:

c=Y fi;(rij) (1

i<j

The interaction functions f;;; are defined relative to the
surface distance d;; = r;; — Ry, — sz (Jain, 1996).

The scoring function for AutoDock Vina can be obtained
using the following equation:

AGbinding = AGH.pond + AGhydrophobic + AGrepulsion
+ AGgauss + AG AutoDock Vina score

@)

The binding affinity prediction by AutoDock Vina is ob-
tained using a weighted sum of atomatom interaction en-
ergies between ligand and receptor atoms along with a
penalty for ligand flexibility. The scoring function con-
sists of attractive Gaussians, steric repulsion, hydropho-
bic interactions, hydrogen bonds, and a rotatable bond
penalty (Trott & Olson, 2010).

Visualization and analysis. BIOVIA Discovery Studio
and PyMOL were used to visualize the outputs obtained
from Vina (Dassault Systemes, 2016; Schrodinger, LLC,
2020).
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Ligand efficiency and inhibition constant. Ligand effi-
ciency using AutoDock Vina is calculated by:

AG
Ligand efficiency = ~ 3)

where AG is the docking score and N is the number of
heavy atoms.

The inhibition constant is calculated by:
K; = e’T 4)

where AG is the docking score, R is the universal gas
constant and 7 is the absolute temperature.

Toxicity profile screening

Computation-assisted toxicity testing has become an in-
dispensable part of the process of discovering drugs,
providing fast and inexpensive assessments of the com-
pound’s toxicity profile, prioritizing safer candidate
molecules and thereby reducing the number of animal
experiments needed for dosage and toxicity testing (Roy
et al., 2022). In this study, ProTox 3.0 was adopted to
calculate the toxicity of the phytochemicals quercetin,
scopoletin and kaempferol (Banerjee et al., 2024). Pro-
Tox 3.0 is based on an ensemble of 61 models that em-
ploy descriptors based on molecular similarities, frag-
ment propensities, common molecular features, and frag-
ment similarity-driven clustering cross-validation to pre-
dict various types of toxicities, such as acute toxicity,
organ-specific toxicity, mechanistic toxicology, molecu-
lar initiating events, Tox21 pathway perturbation, and
toxicological targets (Banerjee et al., 2024).

Results and Discussion

Physicochemical properties

All the phytochemicals quercetin, scopoletin and
kaempferol found in Urtica dioica (Sisnu) were system-
atically characterized for physicochemical properties to
obtain vital information regarding their structural, func-
tional and stability-related characteristics. The major
parameters corresponding to the title compounds calcu-
lated by the SwissADME web tool are shown in Ta-
ble 2. These parameters are vital to understanding the
compound’s behavior with respect to its suitability for
the desired applications.
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Table 2
Physicochemical properties of quercetin, scopoletin and
kaempferol

Properties Quercetin Scopoletin Kaempferol
Formula C15H1007 C10H804 C15H1006
Molecular 302.24 192.17 286.24
weight (g/mol)

Number of 22 14 21

heavy atoms

Number of 16 10 16
aromatic heavy

atoms

Fraction Csp>  0.00 0.10 0.00
Number of 1 1 1
rotatable bonds

Number of 7 4 6

H-bond

acceptors

Number of 5 1 4

H-bond donors

Molar 78.03 51.00 76.01
refractivity

TPSA (A?) 131.136 59.67 111.13

The comparison of physicochemical profiles of quercetin,
scopoletin and kaempferol evokes their relevance to
the design of drugs and oral bioavailability. Among
them, scopoletin shows the most favorable profile for
oral bioavailability and membrane permeability, whereas
quercetin and kaempferol are highly aromatic and polar,
which may enhance target binding but limit solubility
and membrane permeability.

Lipophilicity

Lipophilicity is the ability of a substance to bind to lipids
(fats) and non-polar solvents. It is a crucial property of
a compound since it influences the compound’s behav-
ior within the body, its capacity to cross cell membranes,
and its interactions with biological targets. ADMET (ab-
sorption, distribution, metabolism, excretion, and toxi-
city) are directly related to lipophilicity (Klimoszek et
al., 2024). The lipophilicity of quercetin, scopoletin and
kaempferol is displayed in Table 3.

(a)
Figure 2

(b) (c)

Hydrogen-bond acceptor and donor surface maps of (a) quercetin, (b) scopoletin and (c) kaempferol.

Table 3

Lipophilicity of quercetin, scopoletin and kaempferol

Properties Quercetin Scopoletin Kaempferol
Log Py/w 1.63 1.86 1.70
(iLOGP)

Log Py 1.54 1.53 1.90
(XLOGP3)

Log Py/w 1.99 1.51 2.28
(WLOGP)

Log Py/w -0.56 0.76 -0.03
(MLOGP)

Log Py/w 1.54 1.94 2.03
(SILICOS-IT)

Consensus Log  1.23 1.52 1.58
F o/w

The computed values of P, from iLOGP, XLOGP3,
WLOGP, MLOGP and SILICOS-IT indicate moderate
lipophilicity for quercetin, scopoletin and kaempferol,
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with consensus values of 1.23, 1.52 and 1.58, respec-
tively. Scopoletin and kaempferol possess a slightly
higher overall lipophilicity profile than quercetin, espe-
cially in WLOGP and SILICOS-IT matrices, suggesting
better membrane permeability potential and thus stronger
interaction in lipid-rich targets.

Water solubility

The water solubility shows moderate to good solubil-
ity across all models. Water solubility of the title com-
pounds is presented in Table 4. The solubility (log S) of
the target molecules was implemented by three different
models: ESOL (Delaney, 2004), Ali (Ali et al., 2012),
and SILICOS-IT (Daina et al., 2017). Even though all
compounds are classified as being soluble, the compar-
ative analysis clearly shows that scopoletin is more sol-
uble than quercetin, which in turn is more soluble than
kaempferol with respect to their solubility in water. The
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same trend holds for their lipophilicity, indicating that
scopoletin has the best ratio of solubility and permeabil-
ity, an important factor in determining drug-likeness and
absorption through the oral route.

Table 4

Water solubility of quercetin, scopoletin and kaempferol

Water Quercetin Scopoletin Kaempferol

Solubility

Log S (ESOL) -3.16 -2.46 -3.31

Solubility 0.211 mg/ml;  0.67 mg/ml; 0.140 mg/ml;

(ESOL) 6.98 x 1074 3.48 x 1073 4.90 x 1074
mol/l mol/l mol/l

Class (ESOL)  Soluble Soluble Soluble

Log S (Ali) -3.91 -2.39 -3.86

Solubility (Ali) 0.0374 mg/ml; 0.779 mg/ml;  0.398 mg/ml;
1.24x 1074 4.06x 1073 1.39 x 107#
mol/l mol/l mol/l

Class (Ali) Soluble Soluble Soluble

Log § -3.24 -3.17 -3.82

(SILICOS-IT)

Solubility 0.173 mg/ml;  0.131 mg/ml;  0.0429 mg/ml;

(SILICOS-IT)  5.73x 107* 6.81x 1074 1.50x 104
mol/l mol/l mol/l

Class Soluble Soluble Soluble

(SILICOS-IT)

The solubility (log S) of the target molecules was im-
plemented by three different models: ESOL (Delaney,
2004), Ali (Ali et al., 2012), and SILICOS-IT (Daina
et al., 2017). Even though all compounds are classified
as being soluble, the comparative analysis clearly shows
that scopoletin is more soluble than quercetin, which
in turn is more soluble than kaempferol with respect to
their solubility in water. The same trend holds for their
lipophilicity, indicating that scopoletin has the best ratio
of solubility and permeability, an important factor in de-
termining drug-likeness and absorption through the oral
route.

Pharmacokinetics

Table 5 shows the pharmacokinetic properties of
quercetin, scopoletin and kaempferol.
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Table 5

Pharmacokinetics of quercetin, scopoletin and kaempferol

Pharmacokineti Quercetin Scopoletin Kaempferol
GI absorption ~ High High High
BBB permeant No Yes No
P-gp substrate  No No No
CYP1A2 Yes Yes Yes
inhibitor

CYP2CI19 No No No
inhibitor

CYP2C9 No No No
inhibitor

CYP2D6 Yes No Yes
inhibitor

CYP3A4 Yes No Yes
inhibitor

Log K, (skin -7.05 -6.39 -6.70
permeation,

cm/s)

All the compounds show gastrointestinal absorption,
which indicates efficient oral uptake. Quercetin and
kaempferol are bloodbrain barrier (BBB) impenetrant,
limiting central nervous system (CNS) penetration,
whereas scopoletin does cross the BBB (Abbott, 2004).
All are not expected to be refluxed by P-gp trans-
porters because they are not substrates of P-glycoprotein.
They inhibit CYP1A2 and do not inhibit CYP2C19 and
CYP2C9, suggesting that they may interact with drugs
metabolized by such enzymes. The lower value of Log
K, shows their lower skin permeation. Quercetin and
kaempferol require caution as they inhibit CYP3A4 and
CYP2D6 and could lead to toxic buildup of other pre-
scribed drugs in a patient’s system.

Drug-likeness

For a compound to be considered as a candidate drug
for eventual use, it must possess optimal pharmacoki-
netics and safety characteristics and desired biological
activity (Hu et al., 2018). The drug-likeness of the ti-
tle compounds was evaluated by considering various pa-
rameters like molecular weight, hydrogen bond acceptor
and donor, molar refractivity, polar surface area, rotat-
able bond number, and AlogP through the SwissADME
web tool. The result is summarized in Table 6.

Lipinski’s five rules are a widely recognized framework
in drug discovery, providing necessary guidelines for ini-
tial classification of a drug candidate (Lipinski et al.,
2001; Paneru et al., 2024). This framework helps to as-
sess the potential of a compound in terms of oral bioavail-
ability and serves as a fundamental tool for evaluating
physicochemical properties, pharmacokinetics and over-
all suitability as a drug (Daina et al., 2017; Lipinski et
al., 2001; Rizwana et al., 2020). Expected values for all
of these criteria are listed in the last column of Table 6.
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It turns out that all drug-like properties of quercetin,
scopoletin and kaempferol meet the requirements of Lip-
inski’s rule of five; therefore, these substances can be
considered suitable for oral administration. A model of
the BOILED-Egg model is given in Figure 3, while the
bioavailability radar chart is provided in Supplementary
Figure 1.

Table 6

Drug-likeness parameters of quercetin, scopoletin and
kaempferol

Parameters Quercetin  Scopoletin Kaempferol Range
expected
Molecular  302.24 192.17 286.24 <500
weight
(g/mol)
H-bond 5 1 4 <5
donors
H-bond 7 4 6 <10
acceptors
Number of 1 1 1 <10
rotatable
bonds
Polar 131.136 59.67 111.13 < 140
surface area
(PSA, A2%)
AlogP 1.99 1.51 2.28 <5
Molar 78.03 51.00 76.01 40130
refractivity
Lipinski Yes; 0 Yes; 0 Yes; 0
violation violation violation

WLOGP

P

Q@ -]

2 (b) (c) (g)

|

“

-2

4 0 20 40 60 80 100 120 140 160 180 TPSA

Figure 3

BOILED-Egg plots of (a) quercetin, (b) scopoletin, and (c)
kaempferol showing predicted gastrointestinal absorption and
blood—brain barrier penetration.

The compound located in the white region indicates
good predicted human intestine absorption, which is
favourable for oral administration, and that located inside
the yolk suggests a higher probability of bloodbrain pen-
etration and usefulness for CNS-targeted drugs. Among
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the three compounds, scopoletin is located within the
yolk of the BOILED-Egg, indicating moderate WLOGP
and TPSA values and a well-balanced lipophilicitypo-
larity profile, which is favorable for drug developability
and bioavailability. In contrast, the remaining two phy-
tochemicals fall outside the optimal regions, suggesting
possible limitations in oral absorption and/or bloodbrain
barrier penetration. This is because of high polarity and
multiple hydroxyl groups, which reduce membrane per-
meability. They are better for non-CNS targets, local ac-
tion, or optimization strategies such as prodrug design,
nanoformulation, or structural modification to improve
bioavailability.

The bioavailability radar chart generated by Swis-
sADME is a hexagonal graph used to assess the drug-
likeness of a molecule. It possesses six axes, each axes
representing a key parameter lipophilicity (Daina et al.,
2017; Ononamadu & Ibrahim, 2021), size, topological
polar surface area, solubility, saturation (fraction of car-
bon in sp hybridization) and flexibility. These param-
eters in combination provide a comprehensive evalua-
tion of the compound’s potential bioavailability and drug-
likeness. The value of XLOGP3 should range from —0.7
to +5.0, size should be less or equal to 500 g/mol, TPSA

should be less or equal to 140 Az, saturation should be
at least 25% and the number of rotatable bonds no more
than 10 allowed. Also, the title molecule showed 0 viola-
tions in Ghose (Ghose et al., 1999), Veber (Veber et al.,
2002), Egan (Egan et al., 2000), and Muegge (Muegge et
al., 2001) rules of 5 (ROS) screening. The bioavailabil-
ity radar charts of (a) quercetin, (b) scopoletin and (c)
kaempferol are represented in Supplementary Figure 1.
Among them, scopoletin shows a balanced profile as it
shows properties closest to the optimal range.

Medicinal chemistry

The medicinal chemistry investigation of the title com-
pound raised one alert for PAINS (Pan-assay interference
compound). Due to the presence of catechol A, it may
lead to false positives in high-throughput screening assay.
Likewise, a Brenk alert for catechol suggests metabolic
instability. On the other hand, the title compound is
classified as lead-like, suggesting favorable characteris-
tics often seen in early-stage drug candidate in terms
of size and functional diversity. The synthetic accessi-
bility score of 3.23 suggests that its synthesis and pro-
duction may have some sort of complexities. Conclu-
sively, quercetin shows promise as a lead, PAINS and
Brenk alerts point to potential challenge that cannot be
neglected.

Toxicity profile

Toxicity of chemicals is the ability of a substance to
cause harmful effects in biological systems, such as cells,
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organs or whole organisms, leading to structural or func-
tional damage. In drug design, toxicity screening is used
to proactively identify potential hazards, avoid costly fail-
ures in later development stages, and ensure that a candi-
date drug is safe for human use (Sharma et al., 2017). In
this study, ProTox 3.0 (Banerjee et al., 2024) was adopted
to calculate the toxicity of the phytochemicals quercetin,

Table 7

scopoletin and kaempferol.

The toxicity radar plots of quercetin, kaempferol and
scopoletin are shown in Supplementary Figure 6(a)—(c).
The profiles suggest manageable toxicity with only a few
moderate, target-specific liabilities that warrant focused
experimental validation. The detailed toxicity profile of
all three molecules is summarized in Table 7.

Toxicity profile of quercetin, scopoletin and kaempferol predicted by ProTox 3.0

Scopoletin Scopoletin

Kaempferol Kaempferol

prediction probability prediction probability

Quercetin  Quercetin
prediction probability
Hepatotoxicity Inactive 0.69
Neurotoxicity Inactive 0.89
Nephrotoxicity Active 0.62
Respiratory toxicity Active 0.83
Cardiotoxicity Inactive 0.99
Carcinogenicity Active 0.68
Immunotoxicity Inactive 0.87
Mutagenicity Active 0.51
Cytotoxicity Inactive 0.99
BBB-barrier Active 0.53
Ecotoxicity Inactive 0.53
Clinical toxicity Inactive 0.53
Nutritional toxicity Active 0.63
Aryl  hydrocarbon  receptor Active 0.91
(AhR)
Androgen receptor (AR) Inactive 0.99
Androgen receptor ligand bind- Inactive 0.97
ing domain (AR-LBD)
Aromatase Inactive 0.91
Estrogen receptor alpha (ER) Active 0.87
Estrogen receptor ligand bind- Active 0.95
ing domain (ER-LBD)
Peroxisome proliferator acti- Inactive 0.98
vated receptor gamma (PPAR-
gamma)
Nrf2/ARE  (nuclear  factor Inactive 0.99
(erythroid-derived 2)-like 2 /
antioxidant responsive element)
Heat shock factor response ele- Inactive 0.99
ment (HSE)
Mitochondrial membrane poten- Active 1.00
tial (MMP)
Phosphoprotein (tumor suppres- Inactive 0.97
sor) p53
ATPase family AAA domain- Inactive 0.99
containing protein 5 (ATADS)
Thyroid hormone receptor alpha Inactive 0.90
(THRa)
Thyroid hormone receptor beta Inactive 0.78
(THRP)
Transthyretin (TTR) Inactive 0.97
Ryanodine receptor (RYR) Inactive 0.98
GABA receptor (GABAR) Inactive 0.96
Glutamate N-methyl-D- Inactive 0.92

aspartate receptor (NMDAR)
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Inactive 0.69 Inactive 0.68
Inactive 0.82 Inactive 0.89
Active 0.64 Active 0.62
Active 0.78 Active 0.83
Inactive 0.61 Inactive 091
Active 0.53 Inactive 0.72
Active 0.54 Inactive 0.96
Inactive 0.56 Inactive 0.52
Inactive 0.91 Inactive 0.98
Active 0.58 Active 0.57
Inactive 0.54 Inactive 0.51
Active 0.51 Inactive 0.54
Active 0.59 Active 0.66
Active 0.51 Active 1.00
Inactive 0.99 Inactive 0.99
Inactive 0.78 Inactive 0.99
Inactive 0.89 Active 0.96
Inactive 0.71 Active 1.00
Inactive 0.70 Active 0.95
Inactive 0.95 Inactive 0.95
Inactive 0.96 Inactive 0.99
Inactive 0.96 Inactive 0.99
Inactive 0.53 Active 1.00
Inactive 0.87 Inactive 0.92
Inactive 0.75 Inactive 0.92
Inactive 0.90 Inactive 0.90
Inactive 0.78 Inactive 0.78
Inactive 0.97 Inactive 0.97
Inactive 0.98 Inactive 0.98
Inactive 0.96 Inactive 0.96
Inactive 0.92 Inactive 0.92
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Kaempferol Kaempferol
prediction probability

Scopoletin  Scopoletin

prediction probability

Quercetin  Quercetin
prediction probability
AMPAR (alpha-amino- Inactive 0.97
3-hydroxy-5-methyl-4-
isoxazolepropionate receptor)
Kainate receptor (KAR) Inactive 0.99
Acetylcholinesterase (AChE) Inactive 0.69
Constitutive androstane receptor Inactive 0.98
(CAR)
Pregnane X receptor (PXR) Inactive 0.92
NADH-quinone oxidoreductase Inactive 0.97
(NADHOX)
Voltage-gated sodium channel Inactive 0.95
(VGSO)
Na™/I~ symporter (NIS) Inactive 0.98
Cytochrome CYP1A2 Active 1.00
Cytochrome CYP2C19 Active 0.77
Cytochrome CYP2C9 Active 0.99
Cytochrome CYP2D6 Inactive 0.85
Cytochrome CYP3A4 Inactive 0.79
Cytochrome CYP2E1 Inactive 1.00

Inactive 0.97 Inactive 0.97
Inactive 0.99 Inactive 0.99
Inactive 0.69 Inactive 0.68
Inactive 0.98 Inactive 0.98
Inactive 0.92 Inactive 0.92
Inactive 0.97 Inactive 0.97
Inactive 0.95 Inactive 0.95
Inactive 0.98 Inactive 0.98
Inactive 0.58 Active 0.93
Inactive 0.86 Active 0.65
Active 0.53 Active 0.66
Inactive 0.63 Active 0.62
Inactive 0.91 Inactive 0.65
Inactive 0.99 Inactive 1.00

Molecular docking

Molecular docking is a computer-based technique employed in predict-
ing the way in which a drug molecule binds to a protein receptor (M. K.
Chaudhary et al., 2020). It predicts binding modes as well as binding
affinity of ligand with target proteins which plays a key role in drug
design (M. Chaudhary & Tyagi, 2024; M. K. Chaudhary et al., 2020).
This study attempts to analyze the inhibitory potency, binding interac-
tion, and reactive site of three cancer-associated proteins. The proteins
with code 4RT7, 3UGC and 1NKP were retrieved from the Protein Data
Bank to conduct molecular docking with quercetin (Rose et al., 2011).
The active sites for the proteins are predicted by removing the water

molecules in the grid of dimensions 60 A x 60 A x 60 A having spac-
ing of 0.375 A. Binding results from the estimations done using the
AutoDock Vina program with various parameters of the docked struc-
ture of the ligand and chosen proteins are listed in Tables 8, 9 and 10.
Binding of the ligands to proteins is related to their least binding affinity.
AutoDock Vina gives nine different ligand binding mechanisms. The
results of docking are interpreted in terms of conventional hydrogen
bonding as they can specify complementary groups in protein binding
sites and are responsible to influence the ligand’s binding orientation
by contributing overall binding affinity (Meyer et al., 1996). The struc-
tures of the proteins are displayed in Figure 4, while their Ramachan-
dran plots are provided in Supplementary Figure 2.

Figure 4

(b)

Three-dimensional structures of target proteins: 3UGC (a), 4RT7 (b), and 1NKP (c).
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Two-dimensional protein—ligand interactions of quercetin docked with (a) 3UGC, (b) 4RT7 and (c) INKP.

The corresponding three-dimensional hydrogen-bonding views are provided in Supplementary Figure 3.

4RT7 is known to mediate crucial intracellular signaling pathways
involved in cellular functions like cell division, differentiation, and
apoptosis. Receptor tyrosine kinases can be mutated or dysregu-
lated, leading to uncontrolled cellular proliferation and changes impli-
cated in many cancers (Sangwan & Park, 2006). Janus kinase 2 is
a non-receptor tyrosine kinase that plays a key role in signaling path-
ways of various cytokine receptors influencing immune function and
hematopoiesis. Mutation, particularly V617F mutation, in JAK2 leads
to uncontrolled cell proliferation (Perner et al., 2019). 1NKP belongs
to MYC transcription factor which is a well-known oncogene impli-
cated in various kinds of cancers (Whitfield, 2024; Zacarias-Fluck et
al., 2024).

Docking result of quercetin with 3UGC, 4RT7 and

INKP. Quercetin docked against 4RT7, 3UGC, and INKP, as pre-
sented in Table 8. In the case of 4RT7, a grid box centered around
x = —40.601400, y = 11.239975, and z = —13.827825 was set up and
Vina with an exhaustiveness of 8. Docking score was observed at —9.5
kcal/mol with an inhibition constant of 0.107 uM and a ligand effi-
ciency of —0.41. RMSD l.b. and RMSD u.b. were measured as 0.00
A, and hydrogen bonding occurred between GLU A:661, GLU A:692,
and CYS A:694 through atoms H31, H28, and O8 with bond lengths
of 2.50, 2.61 and 1.75 10\, respectively, which are within the acceptable
range, where 1.75 A is the HaiiA distance rather than conventional hy-
drogen bond (Chen & Kurgan, 2009; Ippolito et al., 1990; van Bergen
et al., 2016).

For 3UGC, a grid box was set up to be centered at x = 19.985585,
y = —18.075829 and z = —17.863171 with the same exhaustiveness.
The complex exhibited a binding energy of —9.0 kcal/mol, an inhibi-
tion constant of 0.249 uM, a ligand efficiency of —0.43, and an RMSD
of 0.00 A. Hydrogen bonds were noted for LEU A:932, LEU A:855,
ASP A:965, and GLU B:572 with distances between atoms 04, OS,
H29, H30, H31, and H32 being 2.37 A, 1.95 A, 1.79 A, 2.52 A, 2.13
A and 2.18 A. The calculated bond lengths are within acceptable range
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(Hubbard & Haider, 2010).

The grid box centered at x = 53.729491, y = 47.972001, and z =
57.669586 coordinates was found to contain the active sites for the
INKP protein. The ligand binds to the protein with the affinity of —7.6
kecal/mol (K; = 2.648 uM) and ligand efficiency of —0.35. There are
two hydrogen bonds that help to stabilize the complex: ASP A:965H29
(2.13 A) and GLU D:572H30 (2.18 A).

The two-dimensional protein-ligand interaction views of quercetin
with the proteins 3UGC, 4RT7 and INKP are displayed in Figure 5.
Three-dimensional hydrogen-bonding views of quercetin docked with
the selected proteins are presented in Supplementary Figure 3.

Quercetin showed good binding with the three targets in a favorable
manner by forming a network of traditional hydrogen bonding and hy-
drophobic interactions. Out of the three complexes, 4RT7 formed the
most number of interactions, while 3UGC and 1NKP formed lesser but
significant interactions, which denote stable binding of the ligand in
their pockets.

Docking result of kaempferol with 3UGC, 4RT7 and

INKP. Docking studies were carried out by placing kaempferol into
the active site using the grid center values for 3UGC (19.985585,
—18.075829, —17.863171), 4RT7 (—40.601400, 11.239975,
—13.827825) and INKP (53.729491, 47.972001, 57.669586) with
exhaustiveness = 8. From Table 9, it can be observed that 4RT7 shows
the maximum binding energy of —9.8 kcal/mol, while 3UGC shows
—9.0 kcal/mol. Figure 6 shows the two dimensional protein ligand
interaction of docking of kaempferol with the proteins 3UGC, 4RT7
and INKP. Kaempferol had positive binding interactions with all the
three proteins due to hydrogen bonding and non-covalent interactions.
4RT7 had the most number of interaction sites, while 3UGC and INKP
had fewer but stable interaction sites. Three dimensional view of
H-Bonding of docking of kaempferol with the respective proteins is
presented in the supplementary figure 4.
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Table 8

Docking result (quercetin)

Selected PDB Binding H-bond Atoms Bm}d length Ligand Inhibition ROMSD Lb.
code and affinity residues h(A) efficiency constant (A)
their (kcal/mol) (uM)
resolution
4RT7 (3.1A) -95 GLU A:661  H31 2.50 -0.43 0.107 0.00 0.00
(receptor
tyrosine
kinase)
GLU A:692  H28 1.75
CYS A:694 04 2.61
3UGC (1.34 9.0 LEU A:932 04 2.37 -0.41 0.249 0.00 0.00
A) (Janus
kinase 2)
LEU A:932 08 1.95
LEU A:855 H29 1.79
ASP A:965 H30 2.52
GLU B:572  H31 2.13
GLUB:572  H32 2.18
INKP (1.80  -7.6 ASP A:965 H29 2.13 -0.35 2.648 0.00 0.00
A) (MYC,
transcription
factor)
GLUD:572  H30 2.18
P = &
..
[ weevess [ = | Rl Intersctions
| Dainiicationd Wl e | Retias [ e .
Dt W e [ Wl e e |

Figure 6

(b)

Two-dimensional protein—ligand interactions of kaempferol docked with (a) 3UGC, (b) 4RT7 and (c) INKP.

The corresponding three-dimensional hydrogen-bonding views are provided in Supplementary Figure 4.

Docking result of scopoletin with 3UGC, 4RT7

and INKP. Active binding sites of proteins 3UGC, 4RT7 and
INKP were confirmed within a grid box, centered at (19.985585,
—18.075829, —17.863171), (—40.601400, 11.239975, —13.827825)
and (53.729491, 47.972001, 57.669586) respectively. Docking results
are shown in Table 10, while the docked structures with their 2D in-
teractions are illustrated in Figure 7. Scopoletin showed moderate in-
teraction with the proteins under investigation, with a docking energy
of —7.2 kcal/mol (3UGC), —7.3 kcal/mol (4RT7) and —5.7 kcal/mol
(INKP).
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The two-dimensional protein-ligand interaction views of scopoletin
with the proteins 3UGC, 4RT7 and 1NKP are displayed in Figure 7, and
the three-dimensional hydrogen-bonding views of scopoletin docked
with the respective proteins are shown in Supplementary Figure 5.

The interactions between scopoletin and proteins 3UGC, 4RT7, and
INKP were achieved via hydrogen bonding and hydrophobicity inter-
actions mediated by pi (7). Different interaction modes were observed
in the three protein structures; however, protein 4RT7 had more diverse
types of interaction than proteins 3UGC and INKP.
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Table 9

Docking result

(kaempferol)

Selected PDB  Binding H-bond Atoms Bcond length Ligand Inhibition RDMSD L.b./u.b.
code and affinity residues (A) efficiency constant (UM) (A)
resolution (kcal/mol)
4RT7 (3.1 A) -9.8 LYS A:644 09 2.37 -0.46 0.064 0.00/0.00
(receptor
tyrosine kinase)
ASP A:829 H6 2.73
CYS A:694 04 1.95
CYS A:694 H10 1.83
3UGC (1.34A) -9.0 LEU A:932 04 2.07 -0.42 0.25 0.00/0.00
(Janus kinase 2)
ASP A:994 H10 2.85
PHE A:995 H10 2.10
INKP (1.80A) -73 GLU D:564 HI10 2.68 -0.34 4.40 0.00/0.00
MYC,
transcription
factor)
ASP D:565 Ho6 2.44
Table 10
Docking result (scopoletin)

Selected PDB
code and
their
resolution

Binding
affinity
(kcal/mol)

H-bond
residues

Bond length
(A)

Ligand
efficiency

Inhibition
constant
(M)

RMSD L.b.
(A)

RMSD u.b.
(A)

4RT7 (3.1 A)
(receptor
tyrosine
kinase)

212

CYS A:694

08

2.18 -0.51

53

0.00

0.00

3UGC (1.34
A) (Janus
kinase 2)

LEU A:932

08

1.98 -0.52

4.4

0.00

0.00

INKP (1.80
Ay MYC,
transcription
factor)

0.40

66

0.00

0.00

PHE
2995

63
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Figure 7

Two-dimensional protein—ligand interactions of scopoletin docked with (a) 3UGC, (b) 4RT7 and (c) INKP.
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The corresponding three-dimensional hydrogen-bonding views are provided in Supplementary Figure 5.

Conclusion

In silico screening of quercetin, scopoletin and kaempferol from Urtica
dioica reveals that all three phytochemicals possess acceptable physic-
ochemical profiles, moderate lipophilicity, good aqueous solubility and
full alignment with Lipinski’s rule of five, supporting their suitability as
orally bioavailable molecules (Daina et al., 2017). Among them, scopo-
letin shows the most balanced ADME profile, with optimal TPSA,
lipophilicity, solubility and BOILED-Egg positioning, indicating good
membrane permeability, intestinal absorption and blood-brain barrier
penetration, while quercetin and kaempferol remain better suited for
non-CNS targets due to higher polarity and multiple hydrogen-bonding
functionalities (Daina et al., 2017). Toxicity profiles screened by Pro-
Tox 3.0 reveal manageable safety liabilities for all three phytochemi-
cals, with scopoletin and kaempferol showing comparatively lower pre-
dicted toxicity than quercetin, although the PAINS and Brenk alerts for
the catechol motif in quercetin underline the need for careful validation
and structural optimization before progression (Banerjee et al., 2024).

Molecular docking screening against cancer associated targets 4RT7
(RTK), 3UGC (JAK2) and INKP (MYC) indicates that quercetin and
kaempferol competitively bind to the pockets of 4RT7 and 3UGC for
scoring functions up to 9.8 kcal/mol alongside predicted inhibitory val-
ues in the submicromolar range due to hydrogen bonding interactions
with them, as well as favorable ligand efficiencies, while scopoletin
is weakly bound to these three proteins. Quercetin and kaempferol

Supplementary Figures

emerge as attractive lead-like chemical classes against RTKs/JAK? tar-
gets, whereas scopoletin serves as a drug-like chemical class that favors
ADME properties and can be suggested for CNS-based multi-target
therapies. This needs to be validated by molecular dynamics studies,
free energy calculations, and pharmacological studies.

Implications

The above-mentioned computational results demonstrate that quercetin,
kaempferol, and scopoletin from Urtica dioica (Sisnu) have good
physicochemical properties, pharmacokinetics, and toxicity, as well as
favorable interactions with certain cancer targets. Specifically, the affin-
ity of quercetin and kaempferol to receptor tyrosine kinase and JAK2
indicates the necessity of conducting further biological research con-
cerning these phytochemicals. Nevertheless, these results only repre-
sent computational predictions without any evidence of therapeutic po-
tential, so no conclusions can be made regarding their possible use as
an anti-cancer medication without any valid validation.

Further research should include validation of these results via in vitro
and in vivo tests. Molecular dynamic simulations and free-energy cal-
culations will be able to confirm the stability of complexes between
ligands and proteins. The analysis of structural activity relationships
and modification of these phytochemicals will be able to enhance their
biological activity.
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Bioavailability radar charts of (a) quercetin, (b) scopoletin and (c) kaempferol.

Supplementary Figure 2

Ramachandran plots of proteins (a)
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Supplementary Figure 3
Three-dimensional hydrogen-bonding views of quercetin docked with (a) 3UGC, (b) 4RT7 and (c) INKP.
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Supplementary Figure 4
Three-dimensional hydrogen-bonding views of kaempferol docked with (a) 3UGC, (b) 4RT7 and (c) INKP.

Supplementary Figure 5
Three-dimensional hydrogen-bonding views of scopoletin docked with (a) 3UGC, (b) 4RT7 and (c) 1NKP.

Supplementary Figure 6
Toxicity radar charts of (a) quercetin, (b) kaempferol and (c) scopoletin.
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