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*Corresponding Author Abstract: The pathological process of inflammation is a major pathophysiology in
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(anjana.pharmacy@cpuh.edu.in) | control enzyme, targeting which is a promising method of treating diseases. This paper
involved the development and evaluation of new pyrazole analogues that could be used as
PDE7 inhibitors by in-silico techniques, such as ADME prediction, molecular docking, and
toxicity. The compounds that were designed had good oral bioavailability and drug-likeness
that met the rule of five by Lipinski. Molecular docking experiments which were further
supported by the re-docking of co-crystallised PDE7 ligand showed that some of the
compounds, especially compounds 6, 12, 20 and 21, formed strong binding affinities and
had long-term interactions with key active site residues of PDE7. Predictive toxicity tool,
pkCSM revealed that certain compounds could produce mutations and liver damage, and
skin irritation, whereas others have good toxicity. Overall, these findings suggest that
pyrazole-like scaffolds may be promising as the subject of the creation of selective PDE7
inhibitors yet further experimentation in the laboratory and in living organisms is required.
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INTRODUCTION

Inflammation is a complicated biological reaction and is
injurious if the stimulus is a pathogen, damaged cells, or
irritants [1]. It helps remove the cause, clear away dead
cells, and start the healing process. Acute inflammation
develops rapidly and is always associated with redness,
heat, swelling, pain, and loss of function [2]. Chronic
inflammation on the other end, develops over longer
periods and is frequently encountered in autoimmune
diseases, cancer, neurodegeneration, and metabolic
disorders. Some of the immune cells during
inflammation that are actively involved include
macrophages and neutrophils; chemical mediators
include cytokines, histamines, and prostaglandins;
vascular changes include vasodilation and permeability
[3]. So, while inflammation is generally a good thing for
protection and healing, uncontrolled or excessive
inflammation leads to damage. Anti-inflammatory
medications and immunomodulators are then utilized to
regulate inflammation in some of these conditions [4-
15]. The limits of an anti-inflammatory approach are that
cytokine inhibitors, through those effects, can also
suppress immunity and perhaps increase susceptibility to
infection, NSAIDs or COX inhibitors could cause gastric
ulcers, renal disfunction, or cardiovascular problems
[16,17]. Targeting pathways such as NF-kB or JAK-
STAT may change normal cell functions leading to
unwanted effects. Antioxidants mostly showed limited
success, while pro-resolving mediators are still to be
thoroughly researched and rather vague about the long-
term effects [18]. Thus, despite advancements, precise
targeting coupled with minimal off-target effects
continues to be a daunting challenge in anti-

inflammatory therapy. As the existing ones have some
limitations immunosuppression, side-effects, high cost,
and non-specific targets-exploration is shifting toward
newer targets such as phosphodiesterase 7 (PDE7)
[19,20]. PDE?Y regulates intracellular cAMP, which is a
key player in the control of immune activation of cells
[21]. The inhibition of PDE7 will modulate inflammation
and leave the immune system relatively intact. This
might avoid side effects, thus making PDE7 inhibitors a
safer and more targeted approach in the treatment of
chronic inflammatory disorders, especially when current
interventions are either not fully helpful or are too risky
[22,23]. Thus, this positions PDE7 as a therapeutic target
worthy of being pursued in future drug design for anti-
inflammation. Pyrazole is a five-membered heterocycle
known to contain nitrogen. It has been studied
intensively with respect to anti-inflammatory activity
[24-28]. Pyrazole derivatives inhibit the important
enzymes COX and LOX involved in corticosteroid
biosynthesis, with subsequent reduction in production of
numerous pro-inflammatory mediators, e.g.,
prostaglandins and leukotrienes [29-33]. Other studies
have also shown that a few of these pyrazole compounds
modulate cytokine production with effectiveness in
several inflammation models (in-vitro and in-vivo) [34-
36]. Celecoxib, a pyrazole derivative, acts as a selective
COX-2 inhibitor for therapeutic uses [37]. Therefore, the
present study aimed to design novel pyrazole derivatives
and evaluate their potential as PDE?7 inhibitors using in-
silico approaches, including molecular docking, ADME
profiling, and toxicity prediction, to identify promising
candidates for the development of safer and more
effective anti-inflammatory agents.
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MATERIALS AND METHODS: format after non-polar hydrogens were combined and

Prediction of Drug-Like Properties: polar hydrogens were added. Using MarvinSketch

In-silico approaches for the determination of absorption (ChemAxon), the two-dimensional chemical structures
. ) ! f every ligan th standard and invent mpoun
distribution, metabolism, and excretion (ADME) of every ligand, both standard and invented compounds,

i | h ticallv f lated statistical were created and then transformed into three-
ﬁ%gg}g ?rrftk:g F)J/re(')sr;nt sil?(rji/lg?l t>t/1e ggrs?;nigcoinap:)suhcgs dimensional conformations (mol2 format). AutoDock

’ ! . . Tools was used to further process Ligand files and save
(Table 1) were evaluated for their ADME properties P g

. g . . them in PDBQT format. The grid box dimensions were
using SwissADME (http://www.swissadme.ch/), which 40 x 40 x 40, and the dockingggrid center was set at X =

provides & comprehensive platiorm for the estiarion of -45.645, Y = 25.947, and Z = 1.043. The co-crystallized
pharmacokinetic profiles, physicochemical descriptors, ligand (from PDB ID: 4PMO0) was re-docked into the

and dru?j-l.ikegess I_okf small molecules. Ad|SO, the PDE?7 structure and its binding to a reference PDE7
CLC_)m_pOIL(J_I:l SR | ”fJ?:'.' eness I \Il(vas me?s?;e“ uksmgi inhibitor was compared to verify the docking procedure.

IPINSKI'S Rule O FIVE, a Wetl-known rule that Tooks a The 3D-optimized ligands were then docked into the
the essential molecular characteristics of a molecule to improved protein structure, and the log files were used to
evaluate their oral bioavailability [38-40]. record their binding free energies (AG, kcal/mol).
PyMOL (Schrédinger, LLC) and BIOVIA Discovery

Molecular Docking: Studio Visuali
. tudio Visualizer (Dassault Systemes) were used to
AutoDock Vina and AutoDock Tools had been used to investigate the binding interactions of the ligands in the

perform in-silico docking investigations of the designed a o

molecules [41-42]. The Protein Data Bank provided the PDET active site [43]
PDE7 enzyme's crystal structure (PDB ID: 4PMO).
Using AutoDock Tools, the protein structure was created
by eliminating water molecules and existing ligands and
adding the missing hydrogen atoms. The resulting
protein structure was saved in docking-ready PDBQT

RESULTS & DISCUSSION:
Prediction of Drug-Likeness:

In-silico techniques play a vital role in the preliminary stages of drug discovery, particularly in predicting the
pharmacokinetic behavior of compounds, commonly referred to as ADME [38]. SwissADME computes critical parameters
including gastrointestinal (GI) absorption, blood-brain barrier (BBB) permeability, P-glycoprotein (P-gp) substrate
identification, cytochrome P450 (CYP450) enzyme inhibition, and skin permeability (Log Kp), among others. According
to Lipinski’s rule, a compound is more likely to exhibit good oral bioavailability if it meets the following criteria: molecular
weight (Mol. Wt.) < 500 Da; LogP (octanol-water partition coefficient) < 5; number of hydrogen bond donors (HBDs) <
5; number of hydrogen bond acceptors (HBAs) < 10. Compounds that conform to these rules are typically regarded as
having favorable pharmacokinetic characteristics and are more likely to succeed as orally active drug candidates [39,46].
The results obtained from the ADME study revealed that the designed compounds exhibited good pharmacokinetic
parameters for oral bioavailability (Table 1) and conformed to Lipinski’s rule of five for drug-likeness.

Prediction of Toxicity:

All the designed compounds were evaluated in-silico for
potential toxicity predictions using the “pkCSM” web-
based tool [44-45].

2
R
/
N—N
|
1©/K)\Ar
R-
Sr. |R! R? Ar Mol. | Log |HBA [HBDs [NRBs |[TPSA | GI |BBB Lipinski
No. Wit. P S ab. |permeant
1 |H H CsHs 22229 1291 |1 1 2 24.39 | High | Yes Yes
2 |H H 4- 25231288 |2 1 3 33.62 | High | Yes Yes
CH;0CgH,4
3 |H H 4-Cl-CeH, |222.29 | 291 |1 1 2 24.39 | High | Yes Yes
4 3-NO- |H CeHs 28530 | 201 |4 2 3 74.05 | High | Yes Yes
5 3-NO- |H 4- 297311212 |4 1 4 83.28 | High | No Yes
CH30CsH4
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6 |[3-NO; |H 4-Cl-CeHs |285.30 | 2.01 70.21 | High | Yes Yes
7 |4-CHs; |H CeHs 236.31 | 3.24 24.39 | High | Yes Yes
8 |4-CH; |H 4- 266.34 | 3.22 33.62 | High | Yes Yes
CH350CsHa4
9 |4-CHs |H 4-Cl-CgHs |270.76 | 3.78 24.39 | High | Yes Yes
10 |4- H CeHs 252.31 | 2.90 33.62 | High | Yes Yes
OCHj3
11 |4- H 4- 282.34 | 2.87 42.85 | High | Yes Yes
OCHjs CH350C6Ha4
12 |4- H 4-Cl-CgH, |286.76 | 3.42 33.62 | High | Yes Yes
OCHj3
13 |4-Br |H CeHs 301.18 | 3.53 24.39 | High | Yes Yes
14 |4-Br |H 4- 331.21 | 351 33.62 | High | Yes Yes
CH50CsHa4
15 |4-Br |H 4-Cl-CgHs |335.63 | 4.06 24.39 | High | Yes Yes
16 |H CH;s CeHs 236.31 | 3.11 15.60 | High | Yes Yes
17 |H CHs 4- 266.34 | 3.07 24.83 | High | Yes Yes
CH50CsH4
18 |H CHs 4-Cl-CgHs |270.76 | 3.65 15.60 | High | Yes Yes
19 |3-NO; |CHs CeHs 281.31 | 2.30 61.42 | High | Yes Yes
20 |3-NO; |CHs 4- 341.40 | 3.16 70.65 | High | Yes Yes
CH350CgH4
21 |3-NO; |CHs 4-Cl-CgHs |315.75 | 2.84 61.42 | High | Yes Yes
22 |4-CHs |CHs CeHs 250.34 | 3.43 15.60 | High | Yes Yes
23 |4-CHs |CHs 4- 280.36 | 3.42 24.83 | High | Yes Yes
CH30C6H4
24 |4-CHs |CHs 4-Cl-CgHs |284.78 | 3.98 15.60 | High | Yes Yes
25 |4- CHs CeHs 266.34 | 3.12 24.83 | High | Yes Yes
OCHjs
26 |4- CHs; 4- 296.36 | 3.08 34.06 | High | Yes Yes
OCHjs CH;0CsH,4
27 |4- CH3 4-Cl-CgHs |300.78 | 3.64 24.83 | High | Yes Yes
OCHjs
28 |4-Br |CHjs CsHs 315.21 | 3.74 15.60 | High | Yes Yes
29 |4-Br |CHs 4- 345.23 | 3.71 24.83 | High | Yes Yes
CH;50CsH,4
30 |4-Br |CHs; 4-Cl-CgHs |349.65 | 4.27 15.60 | High | Yes Yes
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31 |H isopropyl |CsHs 264.36 | 3.74 15.60 | High | Yes Yes
32 |H isopropyl |4- 294.39 | 3.70 24.83 | High | Yes Yes
CH30CsH.4
33 |H isopropyl |4-CI-CeHs [298.81 | 4.27 15.60 | High | Yes Yes
34 |3-NO; |isopropyl |CeHs 309.36 | 2.92 61.42 | High | Yes Yes
35 |[3-NO; |isopropyl |4- 339.39 | 2.95 70.65 | High | Yes Yes
CH350CsH.4
36 |3-NO; |isopropyl |4-CI-CeH, |343.81 | 3.48 61.42 | High | Yes Yes
37 |4-CHjs |isopropyl |CeHs 278.39 | 4.06 15.60 | High | Yes Yes
38 |4-CHjs |isopropyl |4- 308.42 | 4.05 24.83 | High | Yes Yes
CH50C6Ha4
39 |4-CHjs |isopropyl |4-Cl-CgHs [312.84 | 4.60 15.60 | High | Yes Yes
40 |4- isopropyl |CeHs 294.39 | 3.72 24.83 | High | Yes Yes
OCHjs
41 |4- isopropyl |4- 324.42 | 3.69 34.06 | High | Yes Yes
OCHjs CH50CsHa4
42 |4- isopropyl |4-Cl-C¢Hs [328.84 | 4.25 24.83 | High | Yes Yes
OCHs
43 |4-Br |isopropyl |CeHs 343.26 | 4.34 15.60 | High | Yes Yes
44 |4-Br |isopropyl |4- 373.29 | 4.33 24.83 | High | Yes Yes
CH30C¢H.
45 |4-Br |isopropyl |4-Cl-CeHs |377.71 | 4.88 15.60 | High | Yes Yes

Table 1. ADME properties of the designed pyrazole derivatives predicted using the SwissADME web-based tool

HBAs: No. of H-bond acceptors; HBDs: No. of H-bond donors; NRBs: No. of rotatable bonds; TPSA: Topological

surface area; Gl ab.: Gastro-intestinal absorption; BBB permeant: Blood-brain barrier permeation.

Molecular Docking:
Inflammation is a critical pathological process underlying various chronic diseases, and the identification of safe and
effective anti-inflammatory agents remains a major challenge in drug development [47-48]. In this context, in-silico virtual
screening has emerged as a powerful and cost-effective strategy to identify potential therapeutic candidates by rapidly
predicting molecular interactions between target proteins and ligand molecules [49-53]. To evaluate the affinity and binding
interactions of the designed pyrazole derivatives within the active site of human PDE?7 protein, in-silico molecular docking
studies were performed using AutoDock Vina. The accuracy of the docking methodology was confirmed by the re-docked
ligand, which yielded a binding pose like that of the co-crystallized PDE7 inhibitor with a AG of -8.9 kcal/mol (Fig 1). The
designed pyrazole derivatives were docked into the active site of PDE7. The docking score as well as residues involved in
binding interactions of the designed pyrazole derivatives with PDE7 are presented in Table 2.
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Fig 1. Validation of the docking protocol. The docking protocol was validated via redocking the co-crystallized ligand of
PDE?7. The re-docked ligand (yellow) produced a pose similar to that of the co-crystallized ligand (green).

Ligand | AG Residues involved in | Hydrophobic interactions (residues involved)
hydrogen bonding
(bond distance)
1 -8.3 - Pi-Pi (Phe384 & Phe416), Pi-Charge (Asp362), and Pi-Alkyl
(Ile324 & Val380)
2 -8.6 Tyr211 (3.13A) Pi-Pi (His212 & Phe416), Carbon Hydrogen Bond (Asp362), and
Pi-Sigma (Val380)
3 -7.0 - Pi-Pi (His212, Phe384, & Phe416), and Pi-Alkyl (Val380, Leu401,
& 1le412)
4 -8.8 GIn413 (3.17 A) Pi-Pi (Tyr211, & Phe416), and Pi-Sigma (I11e323, & Val380)
5 -8.5 Asn365 (2.86A) Pi-Pi (Phe416), and Pi-Sigma (I11e323, & Val380)
6 -9.2 Tyr211 ~ (3.20  A), | Pi-Pi (His212, & Phe416), Pi-Donor Hydrogen Bond (Phe416),
Asp362 (3.26 A), and | Alkyl (Leu281), Pi-Alkyl (His256), and Pi-Sigma (Val380)
GIn413 (3.09 A)
7 -7.4 - Pi-Pi (Phe384, & Phe416), Pi-Alkyl (I11e323, Val380, Leud01, &
Ile412), and Pi-Anion (Asp362)
8 -8.5 GIn413 (2.81 A) Pi-Pi (Tyr211, & Phe416), Pi-Sigma (I1le323, &Val380), and Pi-
Alkyl (Phe384, & 1le412)
9 -7.4 - Pi-Pi (His212, Phe384, & Phe416), Pi-Alkyl (His256, Leu281,
Val380, Leud01, & 1le412)
10 -8.4 GIn413 (2.83 A) Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bond (Asn365), and
Pi-Sigma (Val380)
11 -8.5 Gln 413 (2.81 A) Pi-Pi (Phe416), Pi-Alkyl (His 212, & His256), Carbon Hydrogen
Bond (Asn365), and Pi-Sigma (Val380)
12 9.1 Asp362 (3.21 A), and | Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bond (Asn365), Pi-
GIn413 (2.89 A) Alkyl (Leu 281, & Val380), Pi-Alkyl (Val380), and Pi-Sigma
(11e323)
13 -8.3 Asp362 (3.08A) Pi-Pi (Phe416), Pi-Alkyl (Val380), and Pi-Sigma (11e323)
14 -8.8 Gln 413 (3.23 A), and | Pi-Pi (His212, Phe384, & Phe416), and Pi-Alkyl (Leu 281,
Asp362 (3.48 A) His256, Val380, & 1le412),
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15 -8.4 - Pi-Pi (Phe384, & Phe416), and Pi-Alkyl (His256, Leu 281,
His285, Val380, & Ile412)

16 -7.9 - Pi-Pi (His212, & Phe416), Pi-Sigma (Val380), and Pi-Alkyl
(His212)

17 -8.3 Asn365 (3.50 A), and | Pi-Pi (Tyr211, His212, & Phe416), Carbon Hydrogen Bonds

GIn413 (2.94 A) (His212, & Asp362), and Pi-Alkyl (Val380)

18 -8.7 - Pi-Pi (Phe416), Pi-Alkyl (Val380), Carbon Hydrogen Bonds
(His212, & Asp362), and Pi-Sigma (11e323)

19 -8.8 - Pi-Pi (Phe416), and Pi-Sigma (I1e323, & Val380)

20 9.4 GIn413 (2.97 A) Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bonds (His212, &
Asp362), Alkyl (Leu281, & I1e323), Pi-Sigma (11323, & Val380),
and Pi-Alkyl (Phe416)

21 -9.6 GIn413 (2.95A) Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bonds (His212, &
Asp362), Alkyl (11e363), Pi-Sigma (Ile323, & Val380), and Pi-
Alkyl (Phe416)

22 -8.6 Tyr211 (3.80 A), and | Pi-Pi (Phe384, & Phe416), and Pi-Alkyl (Val380, & Ile412)

Asp362 (3.39 A)

23 -8.4 Asp362 (3.21 A) Pi-Pi (Tyr211, & Phe416), Pi-Alkyl (His212, Leu281, Phe384, &
Ile412), and Pi-Sigma (Val380)

24 -8.9 His212 (3.64 A), and | Pi-Pi (Phe384, & Phe416), Pi-Sigma (11e323), Pi-Alkyl (Leu281,

Asp362 (3.59 A) Val380, & 1le412)

25 -8.5 GIn413 (2.82 A) Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bond (Asn365), and
Pi-Sigma (Val380)

26 -8.2 GIn413 (297 A) Pi-Pi (Tyr211, & Phe416), Pi-Sigma (11e323, & Val380), and Pi-
Alkyl (Pro262)

27 -8.5 GIn413 (2.80 A) Pi-Pi (Phe416), Pi-Sigma (Val380), and Pi-Alkyl (His256, &
Leu281)

28 -8.4 Thr321 (3.77 A) Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bond (Asp362), and
Pi-Sigma (Val380)

29 -8.2 GIn413 (3.03 A) Pi-Pi (Phe384, & Phe416), and Pi-Alkyl (Leu281, 11323, Val380,
& 1le412)

30 -8.5 Asp362 (3.57 A) Pi-Pi (Tyr211, & Phe416), and Pi-Alkyl (His256, Leu281, 11e323,
& Val380)

31 -8.2 - Pi-Pi (Phe384, & Phe416), Pi-Alkyl (1le363, & Leud01), and Pi-
Sigma (11e323)

32 -8.2 GIn413 (3.13 A) Pi-Pi (His212, & Phe416), and Pi-Alkyl (Ile323, Val380, &
Phe384)

33 -7.0 - Pi-Alkyl (Leu281, His256, 1le323, 1le363, Val380, Phe384, &
Phe416)

34 -8.0 Tyr211 (2.87 A) Pi-Pi (Phe416), Pi-Alkyl (Ile323), Carbon Hydrogen Bond
(Asn365), and Pi-Sigma (Val380)
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35 -8.2 Tyr211 (3.01 A), and | Pi-Pi (Phe416), Pi-Alkyl (Ile323), Carbon Hydrogen Bond
Thr321 (3.38 A) (Asp362), and Pi-Sigma (Val380)
36 -8.6 GIn261  (3.19  A), | Pi-Pi (Phe384), and Pi-Alkyl (His212, Val370, & Phe416)
Glu282 (3.17 A), and
Ser324 (3.04 A)
37 -8.6 - Pi-Sigma (Val380), Pi-Pi (Tyr211, & Phe416), and Pi-Alkyl
(I1e323)
38 -8.6 GIn413(2.92 A) Pi-Pi (Phe416), Carbon Hydrogen Bond (Asn365), and Pi-Alkyl
(Tyr211, His256, Leu281, His285, Val380, & Phe384)
39 -7.9 - Pi-Pi (Tyr211, &Phe416), and Pi-Alkyl (His256, Leu281, 11e323,
Pro366, &Val380)
40 -8.6 GIn413 (2.84 A) Pi-Sigma (Val380), Carbon Hydrogen Bond (Asn365), and Pi-Pi
(Tyr211, & Phed16)
41 -7.8 GIn413 (2.78 A) Pi-Sigma (Val380), Pi-Pi (Phe416), Carbon Hydrogen Bond
(Asn365), and Pi-Alkyl (Leu281)
42 -8.7 GIn413 (3.09 A), and | Pi-Sigma (Val380), Pi-Pi (Tyr211, His212, & Phe416), and Pi-
Ser377 (3.64 A) Alkyl (11e323, & Phe384)
43 -8.2 - Pi-Sigma (Val380), Pi-Pi (Phe416), and Pi-Alkyl (I1e323)
44 -7.8 GIn413 (2.83 A) Pi-Pi (His212, &Phe416), Carbon Hydrogen Bond (Asn365), and
Pi-Alky (His256, Leu281, His285, Pro366, Val380, & Phe384)
45 -7.9 - Pi-Anion (Asp362), Pi-Pi (Phe384, & Phe416), Pi-Alkyl (Val380,
Leu401, & Ile412), and Halogen (Glu282)

Table 2. Docking score and residues involved in binding interactions of designed molecules with the PDE7 protein (PDB
ID: 4PMO).

Compounds 6, 12, 20, and 21 were selected for further detailed analysis based on their lowest binding free energy values
and favorable docking interactions of the best-docked poses within the PDE7 active site among all docked molecules. An
overlay of their docked poses with the co-crystallized PDE7 ligand (PDB ID: 4PMO) revealed that they exhibited similar
binding patterns (Fig 2). Fig 3 illustrates the hydrogen bonding and hydrophobic interactions formed between compounds
6, 12, 20, and 21 (in the docking study) and the active site residues of the human PDE7 protein.
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Fig 2. Left: Overlay of ‘the docked poses of compound 6, 12, 20, and 21 (yellow) with that of the co-crystallized PDE7
ligand (green). Right: Orientation of compounds 6, 12, 20, and 21 in the active site of PDE?7.

Compound 6 showed three hydrogen bonds with Tyr211 (pyrazole =N of compound 6 and -OH of Tyr211), Asp362
(pyrazole NH of compound 6 and C=0 of Asp362), and GIn413 (N=0O of compound 6 and NH of GIn413) with bond
distances of 3.20, 3.26 and 3.09 A, respectively, and hydrophobic interactions, i.e., Pi-Pi (His212, & Phe416), Pi-donor
(Phe416), Alkyl (Leu281), Pi-Alkyl (His256), and Pi-Sigma (Val380) in the active site of PDE7. Compound 12 showed
two hydrogen bonds with Asp362 (pyrazole NH of compound 12 and C=0 of Asp362), and GIn413 (-O- of compound 12
and NH of GIn413) with bond distances of 3.21, and 2.89 A, respectively) and hydrophobic interactions, i.e., Pi-Pi (Tyr211,
& Phe416), Carbon Hydrogen Bond (Asn365), Pi-Alkyl (Leu 281, & Val380), Pi-Alkyl (Val380), and Pi-Sigma (l1e323)
in the active site of PDE7. Compound 20 showed a hydrogen bond with GIn413 (-OH of compound 20 and C=0 of GIn413)
with bond distance of 2.97 A, and hydrophobic interactions, i.e., Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bonds
(His212, & Asp362), Alkyl (Leu281, & 11e323), Pi-Sigma (11e323, & Val380), and Pi-Alkyl (Phe416) in the active site of
PDE7. Compound 21 showed a hydrogen bond with GIn413 (-OH of compound 21 and C=0 of GIn413) with bond
distances of 2.95 A, and hydrophobic interactions, i.e., Pi-Pi (Tyr211, & Phe416), Carbon Hydrogen Bonds (His212, &
Asp362), Alkyl (11e363), Pi-Sigma (11e323, & Val380), and Pi-Alkyl (Phe416) in the active site of PDE7. These in-silico
molecular docking studies of the designed compounds with PDE7 thus helped in predicting that these compounds could
act as potential inhibitors of the human PDE7 enzyme. Furthermore, the observed binding interactions can serve as a
foundation for structure-activity relationship (SAR) analysis and future lead optimization efforts.
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Fig 3. Interaction analysis of compounds 6, 12, 20, and 21 with PDE7. Left: 3D docked poses showing hydrogen bond
interactions. Right: 2D docked poses showing hydrogen bond and hydrophaobic interactions.

Prediction of Toxicity:

The potential toxicity profiles of the designed pyrazole derivatives were systematically assessed using the pkCSM online
tool, which employs graph-based signatures to predict various toxicological endpoints [44-45]. The results are summarized
in Table 3. Several compounds, such as 1, 2, 3,4, 5, 6, 7, 9, 10, 11, 13, 15, 18, 19, 20, 21, 22, 24, 25, 27, 31, 34, 35, 36,
37, and 40 were predicted to be mutagenic. Cardiotoxicity, indicated by hERG Il inhibition, was predicted for compounds
5,9, 11, 12, 40, and 42. Hepatotoxicity was observed for compounds 5, 8, 11, 19, 20, 22, 23, 26, 29, 31, 33, 34, 35, 37, 40,
and 41. Skin sensitization was predicted for compounds 1, 3, 7, 9, 13, 15, 16, 18, 22, 24, 27, 28, 30, 31, 33, 37, 39, 43, and
45. Notably, compound 5 was predicted with multiple toxicities, including mutagenicity, hepatotoxicity, and cardiotoxicity.
Compound 27 was also predicted with a combination of mutagenicity, hepatotoxicity, and skin sensitization potential. The
predicted maximum tolerated dose values for most compounds ranged between 0.07 to 0.64 log mg/kg/day, with lower
maximum tolerated dose values suggesting a higher likelihood of toxicity at elevated doses.
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d y d dose n inhibiti | tox. ¢ tox. toxicity | y a pyriformis | toxicity
o toxicity

1 Yes 0.230 No No 2.532 | 2.003 | No Yes 1.538 0.394
2 Yes 0.301 No No 2.353 | 1335 | No No 1.766 -0.065
3 Yes 0.339 No No 2482 | 1.385 | No Yes 2.289 0.374
4 Yes 0.180 No No 2434 | 1.420 | No No 1.654 0.208
5 Yes 0.113 No Yes 2416 | 1.382 | Yes No 1.309 -0.875
6 Yes 0.190 No NO 2.504 | 1.365 | No No 1.794 0.057
7 Yes 0.415 No No 2.367 | 1.230 | No Yes 2.075 0.378
8 No 0.285 No No 2407 | 1.293 | Yes No 1.873 -0.214
9 Yes 0.423 No Yes 2.497 | 1.137 No Yes 2.471 0.245
10 Yes 0.375 No No 2.308 | 1.130 | No No 1.788 -0.279
11 Yes 0.237 No Yes 2491 | 1.174 Yes No 1.623 0.174
12 No 0.401 No Yes 2,471 | 1.037 | No No 2.072 -0.285
13 Yes 0.411 No No 2471 | 1.146 | No Yes 2.351 0.015
14 No 0.281 No No 2.542 | 1.210 | No No 2.059 -0.578
15 Yes 0.304 No No 2.623 | 1.260 | No Yes 2.606 -0.265
16 No 0.385 No No 2.014 | 0.826 | No Yes 2.381 0.754
17 No 0.453 No No 2.100 | 0.720 | No No 2.121 -0.161
18 Yes 0.348 No No 2.167 | 0.736 | No Yes 2.804 0.400
19 Yes 0.267 No No 2.448 | 1.260 | Yes No 1.680 0.239
20 Yes 0.186 No No 2.455 | 1.595 Yes No 1.485 0.809
21 Yes 0.192 No No 2.543 | 1.137 | No No 1.764 -0.098
22 Yes 0.350 No No 2.010 | 0.785 Yes Yes 2.547 0.478
23 No 0.465 No No 2.070 | 0.679 | Yes No 2.208 -0.206
24 Yes 0.343 No No 2.144 | 0.694 | No Yes 2.927 0.124
25 Yes 0.381 No No 2.128 | 0.695 | No No 2.031 -0.380
26 No 0.467 No No 2.226 | 1.703 | Yes No 1.704 -0.056
27 Yes 0.432 No No 2.177 | 0.659 Yes Yes 2.930 0.344
28 No 0.345 No No 2.167 | 0.701 No Yes 2.762 0.115
29 No 0.458 No No 2.266 | 0.596 | Yes No 2.347 -0.570
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30 No 0.339 No No 2.291 | 0.611 No Yes 3.049 -0.239
31 Yes 0.624 No No 2.051 | 0.893 | Yes Yes 2.378 0.014
32 No 0.613 No No 2.154 | 0.704 | No No 1.980 -1.314
33 No 0.602 No No 2.208 | 0.803 | Yes Yes 2.683 -0.355
34 Yes 0.328 No No 2482 | 1.127 | Yes No 1.459 -0.487
35 Yes 0.070 No No 2458 | 1.296 | Yes No 1.142 -1.948
36 Yes 0.273 No No 2.587 | 1.006 | No No 1.486 -0.839
37 Yes 0.606 No No 2.053 | 0.853 | Yes Yes 2.485 -0.245
38 No 0.631 No No 2.136 | 0.663 | No No 2.023 -1.339
39 No 0.602 No No 2.191 | 0.763 | No Yes 2.746 -0.614
40 Yes 0.576 No Yes 2.236 | 0.694 Yes No 1.819 -1.802
41 No 0.609 No No 2311 | 1.936 | Yes No 1.600 -1.190
42 No 0.610 No Yes 2.404 | 0.595 | No No 1.917 -2.079
43 No 0.607 No No 2.263 | 0.745 | No Yes 2.617 -0.821
44 No 0.641 No No 2.408 | 0.555 | No No 2.057 -1.915
45 No 0.604 No No 2.385 [ 0.655 | No Yes 2.739 -1.190

Table 3. Predicted toxicity (probability for presence or absence of toxicity) for the designed pyrazole derivatives obtained

using pkCSM online tool.

AMES toxicity: Mutagenicity; Max. tolerated dose: Maximum tolerated human dose (log mg/kg/day); hERG | & I
inhibition: Cardio-toxicity; Rat acute tox.: Oral rat acute toxicity (LDso) (mol/kg); Rat chronic tox.: Oral rat chronic toxicity

(LOAEL) (log mg/kg_bw/day); Skin toxicity: Skin sensitization.

CONCLUSION

In conclusion, it was found that there are many new
pyrazole analogues to potentially be used as PDE7
inhibitors due to their high binding affinities, high drug-
like properties, and expected oral bioavailability.
Compounds 6, 12, 20, and 21, exhibited significant
interactions with the catalytic domain of PDE7,
suggesting their potential efficacy as anti-inflammatory
agents. However, toxicity predictions indicated that
some compounds may present risks of mutagenicity,
hepatotoxicity, or skin sensitization, highlighting the
need for careful optimization. While the current in-silico
findings is encouraging, further experimental validation
through in vitro enzymatic assays and in-vivo studies is
essential to confirm their therapeutic potential and safety
profiles. Future efforts should focus on refining this
scaffold to enhance efficacy and minimize toxicity,
advancing the development of safe and effective PDE7-
targeted anti-inflammatory therapies.
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