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Abstract

To develop the views and application profiles of pyrano[2,3-d]pyrimidinedione, attempts have been made to account for
drug/ligand or receptor/protein interactions by categorizing the suitable active site against the crystal structure of plant urease
from jack bean (Canavalia ensiformis). The interaction was evaluated using the delta G value as the scoring function. The
molecule with the most excellent negative delta G value is considered to have higher binding efficiency to the protein. The
ligands AH4, AH8, and AH1 were shown to possess favorable negative values, indicating that these molecules have a greater
affinity for the receptor’s active site. The present research article also represents the Insilco ADMET and moderate biological
activity of pyrano[2,3-d]pyrimidinedione. Some of the analogues exhibit hepatotoxicity and mutagenicity, as well as hERG
K+ channel blocking activity. AH1 and AH2 inhibit cytochrome CYP1A2, affecting the metabolism of numerous xenobiotics.
The present research work is beneficial for chemists working in the field of medicinal chemistry.
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1. Introduction

The systematic study of six-membered nitrogen-
containing heterocycles has consistently been of
importance in the pharmaceutical and chemical fields, as
they exhibit bioisosteric factors that are highly valuable
for both theoretical and practical purposes. [1] Fused
pyrano[2,3-d] pyrimidinedione is an unsaturated Nitro-
heterocycle that consists of a pyran ring and a pyrimidine
ring fused, with an oxygen atom at position eight and two
nitrogen atoms at positions 1 and 3, respectively.[2]
Organic compounds with these ring systems have diverse

pharmacological properties, such as antiallergic [3],
antihypertensive [4], cardiotonic [4], bronchodilator [5],
antibronchial [6] antineoplastic [7, 8] antimalarial [9],
anti-inflammatory  [10] antiviral evaluation [11]
antileishmanial [12,13] and antitubaercular [14]. The
electron-donating and electron-withdrawing groups
(such as 4-OCHjs, 4-Br, 4-Cl) and (4-NO,) respectively,
substituted on the phenyl ring which was substituted on
the pyrano [2,3-d] pyrimidinedione structure exerts
diverse control on its antibacterial action against various
gram-positive and gram-negative bacteria, including
Bacillus cereus, Staphylococcus aureus, Escherichia
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coli, and Pseudomonas aureus. Substitution of
heteroaryl, cyano, and amino groups on the pyrano[2,3-
d]pyrimidine nucleus increases the penetration power of
the product through the bacterial cell wall, thereby
enhancing its efficacy as an antibacterial agent. [15-20].
Urease is a nickel-dependent metalloenzyme synthesized
by plants, some bacteria, and fungi. [21].

The hydrolysis of urea into ammonia and carbon
dioxide is a reaction catalyzed by urease. Although the
amino acid sequences of plants and bacteria are closely
linked, their biological activities differ. Additionally,
plant ureases have insecticidal effects separate from their
proteolytic activity [22]. Plant ureases are made up of a
single-chain polypeptide in contrast to bacterial ureases,
which consist of two or three polypeptides designated as
o, B, and y. Based on biochemical studies and the crystal
structure of the Klebsiella aerogenes enzyme, the
enzymatic mechanism proposes that urea binds to its
carbonyl oxygen, which is bound to Nil, and retains a
water molecule in the Ni2 site [23, 24].

The stomach contains both acid and proteolytic
enzymes, raising the longstanding question of how it
digests food without damaging itself. For decades,
scientists explored various explanations. One early
hypothesis involved gastric urease, an enzyme thought to
protect the stomach by neutralizing acid through the
production of ammonia from urea, which diffuses from
the blood. However, research stalled after it was
discovered that gastric urease is not produced by
mammalian cells. This changed with the discovery that
Helicobacter pylori, a bacterium responsible for
gastritis, peptic ulcers, and gastric cancer, actually
produces the enzyme. Gastric urease enables H. pylori to
survive in the highly acidic stomach environment,
serving as a key biomarker for its presence. [25-37].

The primary objective of this work is to predict
ADME, Tox profiles, pharmacokinetic properties, and
adverse effects. Additionally, the interaction between
protein/receptor and ligand/drug compounds of some
novel pyrano [2,3-d]pyrimidinedione compounds has
been reported.

2. Material and Methods

2.1. In Silico ADME screening

Swiss ADME freeware was used for the online in silico
prediction of pharmacokinetic properties and drug
likeness, including gastrointestinal absorption, blood-

brain barrier penetration, skin permeability, synthetic
associability, Lipinski, Ghose, and Veber rules, and
bioavailability score [28,29]. The SMILES (Simplified
Molecular Input Line Entry System) online [30]
translator was used to build each compound.
ChemSketch Freeware was used to create the two-
dimensional structures, and the physicochemical
parameters of the sketched molecules were calculated
using the same program. [31]

2.2. Bioactivity Score Prediction

Pharmacological activity is a measure of a drug's
advantageous impact on living organisms. The drug is
intended to bind to a specific target, also referred to as a
biological target. These targets are ubiquitous proteins,
such as enzymes, ion channels, and receptors. The
different parameters were taken into consideration for
the calculation of bioactivity scores of the given
molecules, such as binding to G-protein-coupled
receptor (GPCR), ligand and nuclear receptor ligand, ion
channel modulation, Kinase inhibition, protease
inhibition, and enzyme activity inhibition with the help
of Mol inspiration software [32] and predicted the
pharmacological activity.

2.3. Toxicity prediction

The toxicity/adverse effects of the targeted compound
were predicted using the PreTOX Il [33] tool. The said
tool predicts toxicity, including hepatotoxicity,
cytotoxicity, carcinogenicity, mutagenicity,
immunotoxicity, and adverse outcome pathways
(Tox21). The potential biological properties of the
selected compounds were also investigated through the
PASS web server. The PASS tool enables us to explore
the potential biological properties of compounds based
on their chemical formula. It utilizes 2D molecular
fragments, known as multilevel neighbors of atoms
(MNA) descriptors, which suggest that the biological
activity of a chemical compound is a function of its
molecular structure. It gives the prediction score for
biological properties on the ratio of 'probability to be
active (Pa)' and 'probability to be inactive (Pi)'. A higher
Pa means the biological property has a higher probability
for a compound. Pred-HERG is an online tool for
predicting QSAR models of hERG K+ channel blockage.
[34, 35]. The accuracy of the prediction result is up to
60%. This method provides a straightforward
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interpretation of the predicted activity, enabling the user
to recommend structural modifications easily.

2.4. Molecular Docking

Molecular docking is used to estimate the interaction
between a protein/receptor and a ligand/drug compound.
The prediction of the drug-receptor interaction was
performed using the SwissDock freeware available
online [36].

2.5. Selection and Preparation of Protein/Receptor:

Initially, the protein/receptor (crystal structure of plant
urease from jack bean (Canavalia ensiformis (3LA4)

Table 1: Molecules Considered in the Study.
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was downloaded from the protein data bank [37] (PDB),
and then the receptor was prepared for docking by using
Biovia Discovery Studio Visualizer [38] offline software
and saved in PDB file format.

2.6. Selection,
Ligand/drug:

Preparation, and optimization of

The ligand/drug compound was prepared using the same
software and saved as a mol2 file format. The Molecules
Considered in the study are given in Table 1.

Compound

Compound

Code Structure SMILES Code Structure SMILES
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2.7. Molecular Docking:

Both the prepared ligand/drug and protein/receptor were
uploaded to SwissDock for Molecular Docking. The
results of docking were then analyzed using UCSF
Chimera [39], a free, offline software.

3. Results and Discussion:
3.1. In Silico ADME screening

In this study, the Pharmacokinetic properties and drug-
likeness prediction of all compounds were performed by
SwissADME and are summarized in Table 2.

All molecules exhibit high GI absorption, except for
molecule AH4, which also shows good skin permeation
and inhibition of CYP1A2, a key enzyme in metabolism.
Additionally, they are not substrates of P-glycoprotein,
indicating good plasma concentration of the drug. P-
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glycoprotein, the most extensively studied ATP-binding
cassette (ABC) transporter, functions as a biological
barrier by extruding toxins and xenobiotics out of cells.
Furthermore, LogP is a crucial component of Lipinski's
Rule of 5. According to Lipinski's Rule of 5, an oral drug
should have a LogP value <5, ideally between 1.35 and
1.8 for good oral and intestinal absorption.AH2, AH5,
and AH10 contain logP values greater than 1.35,
indicating good oral absorption.

3.2. Bioactivity Score Prediction

The bioactivity score is presented in Table 3. If the
bioactivity score is greater than 0.0, the complex is
considered active; if it is between —5.0 and 0.0, the
complex is moderately active; and if the bioactivity score
is less than —5.0, the complex is inactive.

Table 2: Pharmacokinetics and drug-likeness prediction of the compound.

Sr. No. ggg;pound 2llasorption EeBnBetration P-gp CYPIA2 LogP LogS Iki(im/s) S(i:ge;;/ailability
1 AH1 High NO NO NO 1.08 -3.13 -7.50 0.55
2 AH2 High NO NO YES 1.96 -5.21 -7.11 0.55
3 AH3 High NO NO NO 1.24 -4.40 -7.41 0.55
4 AH4 Low NO NO NO 0.34 -3.38 -7.98 0.55
5 AH5 High NO NO NO 1.45 -4.62 -7.34 0.55
6 AHG6 High NO NO NO 1.25 -4.40 -7.50 0.55
7 AH7 High NO NO NO 0.91 -4.13 -7.11 0.55
8 AH8 High NO NO NO 0.91 -4.13 -7.41 0.55
9 AH9 High NO NO NO 0.33 -3.38 -7.98 0.55
10 AH10 High NO NO YES 1.53 -4.83 -1.57 0.55
Table 3: Bioactivity score of the molecules
Parameters of the Bioactivity score
Zro', ggg;pound I(_E‘PCR lon channel _Kin_as_e Pe%gg:taorr protease Enzyme inhibitor
igand modulator inhibitor ligand inhibitor

1 AH1 -1.16 -1.32 -1.33 -0.82 -1.31 -0.74
2 AH2 -1.30 -1.37 -1.15 -0.97 -1.47 -0.81
3 AH3 -1.37 -1.48 -1.24 -0.93 -1.45 -0.81
4 AH4 -1.37 -1.36 -1.23 -0.92 -1.39 -0.83
5 AH5 -1.32 -1.41 -1.21 -0.92 -1.43 -0.79
6 AH6 -1.36 -1.49 -1.24 -0.92 -1.44 -0.81
7 AH7 -1.29 -1.42 -1.16 -0.86 -1.35 -0.78
8 AHS8 -1.30 -1.43 -1.18 -0.85 -1.36 -0.77
9 AH9 -1.36 -1.34 -1.23 -0.91 -1.38 -0.81
10 AH10 -1.43 -1.49 -1.24 -1.02 -1.51 -0.83
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3.3. Toxicity Prediction:

Toxicity studies of the molecules were conducted using
the online toxicity prediction tool, i.e., ProTox-1l. The
analogues of pyrano[2,3-d]pyrimidinedione produce
hepatotoxicity and carcinogenicity. From, all of the
investigated compounds AH3, AH4, AH7, AH8, AH9,
and AH10 are the hERG K* blockers. The details of
toxicity studies for all molecules shown in Tables 4, and
Figure 1.

The radar plot gives an efficient,
visualization of predicted toxicity, enabling:
1. Quick identification of high-risk endpoints via radial

expansion.

multivariate

Table 4. Toxicity prediction of molecule.
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2. Quantitative ranking of compounds through enclosed
area computation.
3. Guided experimental design by linking alerts to
specific mechanistic assays.
The radar plot (Figure 1) shows substantially reduced
predicted probabilities compared to the average library
across nearly all endpoints, indicating a generally benign
profile. The only moderate elevation (~40-50%) was
observed for hepatotoxicity, ATAD5, and mitochondrial
perturbation,  suggesting potential  mitochondrial
dysfunction or DNA damage that warrants targeted in
vitro confirmation using HepG2 cytotoxicity assays, JC-
1 mitochondrial assays, or YH2AX DNA damage assays.

Compound Code

Toxicity AH 1 AH 2 AH 3 AH 4 AH5 AH 6 AH7 AH 8 AH9 AH 10
Hepatotoxicity Inactive Active Active Active Active Active Active Active Active Active
Carcinogenicity Inactive Active Active Active Active Active Active Active Active Active
Mutagenicity Inactive Inactive Inactive Active Inactive Inactive Inactive Inactive Inactive Inactive
Immunotoxicity Inactive Inactive Active Active Active Inactive Inactive Inactive Inactive Inactive
K* Channel Blocker Inactive Inactive Active Active Inactive Inactive Active Active Active Active
Cytotoxicity Inactive Inactive Inactive  Inactive Inactive Inactive Inactive Inactive Inactive Inactive
,(X%/IRl;ydrocarbon Receptor Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive
Androgen Receptor (AR) Inactive Inactive Inactive  Inactive Inactive Inactive Inactive Inactive Inactive Inactive
Androgen Receptor Ligand . . . . . . . . . .
Binding Domain (AR-LBD) Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive
Aromatase Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive
Mltochondrlal Membrane Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive Active Inactive
Potential (MMP)
Predicted LD 50 (mg/kg) 900 1600 2000 1600 1600 2800 4000 1600 1000 2000
Predicted Accuracy (%) 23% 23% 23.5% 23% 23% 22.9% 23% 23% 23.5% 24%

\
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Figure 1. Toxicity Radar Chart of AH4 Molecule.
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3.4. Molecular Docking

The results obtained from SwissDock were analyzed
using UCSF Chimera (version 1.16). The binding
affinity of a protein-ligand complex is correlated with the
intermolecular interactions between these binding
partners, solvent effects, and the dynamics of the
complex. The most conventional method for estimating
all these parameters simultaneously is to apply all-atom
molecular dynamics (MD) simulations. However, to
avoid the significant computational costs associated with
these simulations, molecular docking employs scoring
functions to provide a fast and approximate estimation of
the binding affinity. Force-field-based, knowledge-based
statistical functions are the three primary categories of
scoring functions.

Table 5. Molecular docking analysis.
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Along with this, the Empirical Scoring functions' efforts
to estimate the binding affinity, which is directly related
to the Gibbs energy of binding. Here, we consider the
delta G value as the scoring function. The molecule with
the greater negative delta G value is considered to have
higher binding efficiency to the protein. The docking
score was shown in Table 5.

Molecule (AH4)

The low AG (kcal/mol) of this ligand is —7.53 kcal/mol
against the binding site of the receptor (Figure 2).
Molecule (AH8)

The low AG (kcal/mol) of this ligand is — 7.36
kcal/mol against the binding site of the receptor
(Figure 3).

Compound Code F(t::lam?;;s ES&:;T;;%SG Energy InterFull IntraFull solvFull
AH1 -3768.97 -7.35 -4.29012 -37.9209 -72.8753 -4165.04
AH2 -3793.20 -7.08 0.24923 -31.6764 -94.8808 -4173.46
AH3 -3784.29 -7.19 -4.62636 -36.5056 -86.6111 -4166.96
AH4 -3663.47 -7.53 -4.62636 -43.6362 40.4542 -4167.35
AH5 -3784.92 -6.88 2.11202 -27.141 -86.7851 -4178.4
AH6 -3785.03 -7.34 -0.931395 -39.5363 -86.0002 -4166.43
AH7 -3783.53 -6.97 7.44354 -28.6489 -83.623 -4178.72
AHS8 -3783.20 -7.36 3.33269 -40.4552 -83.7959 -4165.84
AH9 -3660.23 -6.84 114.827 -29.4217 40.6291 -4178.84
AH10 -3785.47 -7.00 1.43972 -27.6927 -86.7779 -4178.37

455 =
ERN o O 5

LYS
186

GLU
259

LYS
151

Interactions
Conven tional Hydrogen Bond Pi-Allcyl

PFi-Anion

Figure 2. The Molecule (AH4) shows the hydrophobic bonding
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Figure 3. The Molecule (AH8) shows the hydrophobic bonding.

4, Conclusion

The data reported in this article may be helpful for
medicinal chemists working in this area. Within this
study, we predicted the biological activities and side
effects of some 2,3-disubstituted pyranopyrimidinedione
analogues. It has been confirmed that most of the
compounds show good oral bioavailability and skin
permeability, and they also exhibit high gastrointestinal
absorption. Some of the analogues exhibit
hepatotoxicity, mutagenicity, and block the hERG K+
channel. Compounds AH1 and AH2 inhibit cytochrome
CYP1A2, which affects the metabolism of numerous
xenobiotics. In the Present work, we have docked the
ligand 2,3-disubstituted pyranopyrimidinedione
analogues with proteins used as the targets of the crystal
structures of the first plant urease from jack bean (3LA4)
and H. pylori Urease. The interaction was evaluated
based on the delta G value as the scoring function. The
molecule with the greater negative AG value is
considered to have higher binding efficiency to the
protein. The ligands AH4, AH8, and AH1 were shown to
possess a greater negative delta G value in Kcal/mol, i.e.,
these molecules have a higher affinity for the active site
of the receptor.
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