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compound, exhibiting a LibDock score of 123.347 and CDOCKER interaction energy
of 30.0771. Based on LibDock ranking, 39 phytochemicals were selected for further
evaluation. The top five candidates were subsequently analyzed using the CDOCKER
docking algorithm to evaluate binding affinity, interaction pattern, and molecular
stability within the enzyme active site.

The potential identified 2 phytochemicals (Salvianolic acid A Compound CID:
5281793 & Calceolarioside B Compound CID: 5273567) demonstrated favorable
binding interactions with important catalytic and active-site residues of hH-PGDS,
suggesting their potential inhibitory activity. The screened compounds may serve as
promising lead molecules for further experimental validation and development of
novel anti-inflammatory and anti-allergic therapeutics.
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1. Introduction

Inflammatory disorders and allergic diseases represent major global health concerns due to their increasing prevalence
and impact on quality of life. The inflammatory response is regulated by various signaling molecules, among which
prostaglandins play essential roles in immune modulation and pathological inflammation (Catalan-Serra & Sebastian,
2025; Alska et al., 2025; Carron et al., 2010; Luo et al., 2024).

Prostaglandin D2 (PGD2) is a major inflammatory mediator generated through the conversion of prostaglandin H2
(PGH2). In humans, PGD2 production is primarily regulated by two prostaglandin D2 synthase enzymes: lipocalin-
type prostaglandin D2 synthase and hematopoietic prostaglandin D2 synthase (hH-PGDS) (Li et al., 2025). hH-PGDS
is highly expressed in mast cells and contributes significantly to allergic inflammation by promoting activation of
immune cells through PGD2-mediated pathways.
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Inhibition of hH-PGDS has emerged as a potential strategy for controlling allergic and inflammatory diseases
including asthma, dermatitis, and other immune-related disorders. Several synthetic inhibitors have been developed;
however, identification of safe and effective molecules remains an important research objective.

Natural phytochemicals represent a valuable source of bioactive compounds with diverse pharmacological properties,
including antioxidant, anti-inflammatory, and Erectile Dysfunction. Computational approaches such as molecular
docking and virtual screening provide efficient methods for identifying potential enzyme inhibitors from large
chemical libraries (Boudou et al., 2026).

In the present study, a structure-based virtual screening approach was applied to identify potential phytochemical
inhibitors against hH-PGDS. The crystal structure of hH-PGDS complexed with an active-site inhibitor (PDB ID:
5AIV) was used as the target protein. The reported indole inhibitor identified by Fredrik Edfeldt and colleagues was
selected as a reference molecule for validating docking performance (Edfeldt et al. 2015).

2. Materials and Methods
2.1 Target Protein Preparation

The three-dimensional crystal structure of human hematopoietic prostaglandin D2 synthase (hH-PGDS) complexed
with an active-site inhibitor was obtained from the Protein Data Bank with accession number SAIV (Burley et al.,
2017). Protein preparation was performed using BIOVIA Discovery Studio 2019
(https://www.3ds.com/products/biovia/discovery-studio). ©Water molecules, unwanted heteroatoms, and
crystallographic contaminants were removed. Missing hydrogen atoms were added, and the protein structure was
optimized prior to docking analysis.

2.2 Selection of Reference Inhibitor

The reported indole-based inhibitor of hH-PGDS described by Edfeldt et al. (2015) was selected as the standard
inhibitor for comparative analysis. The reference compound was docked into the active site of hH-PGDS, and docking
parameters were used as validation criteria.

2.3 Phytochemical Dataset Preparation

A total of 890 phytochemical compounds were retrieved from the PubChem database and subjected to ligand
preparation using BIOVIA Discovery Studio 2019 (Kim et al., 2016). The collected compounds were processed to
ensure structural accuracy and suitability for molecular docking analysis. During the preparation process, duplicate
structures were removed to eliminate redundancy, followed by the generation of three-dimensional conformations of
the ligands. Energy minimization was performed to optimize the molecular geometries and obtain energetically stable
conformations. The prepared ligand library was subsequently used for virtual screening and docking studies against
the active site of human hematopoietic prostaglandin D2 synthase (hH-PGDS).

2.4 Virtual Screening Using LibDock

Initial screening of phytochemical compounds was performed using the LibDock protocol. The active site of hH-
PGDS was defined based on the co-crystallized inhibitor binding region. The prepared phytochemicals were docked
into the active site, and compounds were ranked according to LibDock score. Superior docking scores compared with
the reference inhibitor were selected for further analysis (Diller & Merz, 2001).

2.5 Molecular Docking Using CDOCKER
The top-ranked 39 compounds obtained from the LibDock screening were further subjected to CDOCKER analysis

using BIOVIA Discovery Studio 2019. CDOCKER is a CHARMm-based molecular dynamics docking algorithm
used to evaluate ligand-protein interactions and predict binding affinity within the active site of hH-PGDS (Wu et al.,

IJWOS | Volume 3 Issue 8, August 2026 | https://ijjwos.com 307



International Journal of Web of Multidisciplinary Studies
E-ISSN: 3049-2424

2003). The analysis provided important docking parameters, including CDOCKER interaction energy, CDOCKER
energy, hydrogen bonding interactions, hydrophobic interactions, and binding pose characteristics. The binding
orientations and interaction profiles of the screened compounds were compared with the reference inhibitor to identify
molecules exhibiting favorable interactions with the target protein. Based on their docking scores, interaction energies,
and stable binding patterns, the five compounds with the most promising docking properties were selected as potential
inhibitors of human hematopoietic prostaglandin D2 synthase (hH-PGDS).

2.6 Simulation Protocol & Trajectory Analysis

The three-dimensional crystal structure of the core protein (PDB ID: SAIV) was retrieved from the Protein Data Bank
(PDB). Screened bioactive compounds were selected for dynamics studies. The apo-protein system (5AIV) was
prepared without any ligand and the screened complex systems were used for standard dynamics cascade analysis. All
systems were explicitly solvated using a water model to mimic physiological conditions. Molecular dynamics (MD)
simulations were conducted using the Standard Dynamics Cascade (SDC) protocol within BIOVIA Discovery Studio
2019. The SDC simulations were performed with the default parameters as provided by the software, without any
manual modifications to the integration steps, temperature coupling, or pressure control algorithms. Prior to the
production runs, energy minimization was carried out to remove any steric clashes and to relax the solvated systems.

Post-simulation, the trajectories were analyzed to evaluate the structural stability and dynamic behavior of the three
systems. Root Mean Square Deviation (RMSD) was calculated for the Ca atoms of the protein backbone to measure
the conformational drift of each system relative to its initial minimized structure over the simulation timeframe. Root
Mean Square Fluctuation (RMSF) was computed per residue to assess the local flexibility and mobility of individual
amino acids throughout the simulation. All trajectory analyses, including RMSD and RMSF calculations, were
performed using the built-in analysis modules of Discovery Studio 2019. Validation of the simulation parameters and
system equilibration was verified through the generated validation slider images.

3. Results

The 3D structure of human hematopoietic prostagandin D2 synthase (hH-PGDS) in complex with an active site
inhibitor M1W (3-(1H-indol-4-yl)-N-(3-methoxypropyl)-1,2,4-oxadiazole-5-carboxamide) in PDB format (Figure 1).

> O 5|
* B 5AIV | pdb_00005aiv

Complex of human hematopoietic prostagandin D2 synthase (hH-PGDS) in complex with an active
site inhibitor.
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Figure 1: PDB file details (wwPDB validation) for hH-PGDS

IJWOS | Volume 3 Issue 8, August 2026 | https://ijjwos.com 308



International Journal of Web of Multidisciplinary Studies

E-ISSN: 3049-2424

3.1 Virtual Screening of Phytochemicals

The LibDock Score for control inhibitor MIW (3-(1H-indol-4-yl)-N-(3-methoxypropyl)-1,2,4-oxadiazole-5-
carboxamide) was generated using docking calculation (Figure 2).
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Figure 2: LibDock Score for Control Compound M1W (CID: 42571591; 3-(1H-indol-4-yl)-N-(3-methoxypropyl)-
1,2,4-oxadiazole-5-carboxamide) complex with hH-PGDS

The virtual screening process identified 39 phytochemicals compounds showing strong interaction potential against
the active site of hH-PGDS (Table 1). Compared with the reference inhibitor LibDock score 123.347, selected
compounds demonstrated comparable or improved docking scores, indicating their potential ability to bind within the
catalytic pocket.

Table 1. Selected phytochemicals based on LibDock screening

H- H-

Heavy | Bond Do | Bond_Acce
Compou Molecular We | Molecular_For | XLo | Atom_ | nor_Coun | ptor_Coun
nd_CID | Name ight mula gP Count |t t
10621 Hesperidin 610.6 C28H34015 -1.1 |43 8 15

Neohesperidin

30231 dihydrochalcone | 612.6 C28H36015 -0.3 |43 9 15
64982 Baicalin 446.4 C21H18011 1.1 32 6 11
83489 Eriocitrin 596.5 C27H32015 -1.4 |42 9 15
146798 Procyanidin B3 578.5 C30H26012 24 42 10 12
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168849 Pectolinarin 622.6 C29H34015 05 |44 7 15
185617 Scutellarin 462.4 C21H18012 0.8 33 7 12
442416 Agnuside 466.4 C22H26011 -1.1 |33 6 11
442431 Narirutin 580.5 C27H32014 -1.1 41 8 14
442439 Neohesperidin 610.6 C28H34015 -0.5 |43 8 15
1,3,6-Tri-O-
Galloyl-Beta-D-
452707 Glucose 636.5 C27H24018 04 |45 11 18
5273567 | Calceolarioside B | 478.4 C23H26011 0.6 34 7 11
5280746 | Apiin 564.5 C26H28014 -0.4 |40 8 14
5281613 | Diosmin 608.5 C28H32015 -0.8 |43 8 15
5281773 | Forsythoside A 624.6 C29H36015 -0.5 |44 9 15
5281788 | Plantamajoside 640.6 C29H36016 -1 45 10 16
5281793 | Salvianolic acid 494 .4 C26H22010 3.9 36 7 10
5281800 | Verbascoside 624.6 C29H36015 -0.5 |44 9 15
5282150 | Rhoifolin 578.5 C27H30014 -0.2 |41 8 14
5284419 | Methylhesperidin | 624.6 C29H36015 -0.8 |44 7 15
5317025 | Linarin 592.5 C28H32014 -0.5 |42 7 14
Apigenin 7-0O-
5319484 | glucuronide 446.4 C21H18011 0.2 32 6 11
3,4,5-
Tricaffeoylquinic
6440783 | acid 678.6 C34H30015 3.5 49 8 15
Lithospermic
6441498 | Acid 538.5 C27H22012 2.8 39 7 12
Isoliquiritin
6442433 | Apioside 550.5 C26H30013 0.1 39 8 13
6443484 | Mulberroside A 568.5 C26H32014 -0.8 |40 10 14
6476333 | Isoacteoside 624.6 C29H36015 -0.5 |44 9 15
6918448 | Neomangiferin 584.5 C25H28016 22 141 11 16
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Secoisolariciresin
9917980 | ol Diglucoside 686.7 C32H46016 -0.7 |48 10 16
1007623
8 Liquiritin apioside | 550.5 C26H30013 -0.8 |39 7 13
1007720 | Baicalein 7-0O-
7 diglucoside 594.5 C27H30015 -1.3 |42 9 15
1101601 | Diosmetin  7-O-
9 beta-D-glucoside | 462.4 C22H22011 0.8 33 6 11
1399159
0 Salvianolic acid C | 492.4 C26H20010 4.1 36 6 10
Prim-O-
1403491 | Glucosylcimifugi
2 n 468.4 C22H28011 -0.9 |33 5 11
2162999
6 2-Acetylacteoside | 666.6 C31H38016 0.1 47 8 16
2412128 | 6-O-trans-
9 Feruloylcatalpol 538.5 C25H30013 -09 |38 6 13
1,3,5-tris[[(E)-3-
(3,4-
dihydroxyphenyl)
prop-2-
enoylJoxy]-4-
hydroxycyclohexa
5905453 | ne-1-carboxylic
3 acid 678.6 C34H30015 3.5 49 8 15
(2R,3R,4S,5R,6R)
-2-(3,4-
Dihydroxyphenet
hoxy)-3,5-
dihydroxy-6-
((((2S,3R,4R,5R,6
S)-3,4,5-
trihydroxy-6-
methyltetrahydro-
2H-pyran-2-
yl)oxy)methyl)tetr
ahydro-2H-pyran-
4-y  (E)-3-(3,4-
7152206 | dihydroxyphenyl)
2 acrylate 624.6 C29H36015 -0.5 |44 9 15
2-O-beta-L-
1025944 | galactopyranosylo
79 rientin 610.5 C27H30016 -1.7 |43 11 16
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3.2 CDOCKER Analysis of Candidate Compounds

The screened 39 phytochemicals compounds were used for CDOCKER based docking and compared control M1W
(CID: 42571591; Figure 3).
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Figure 3: -CDCKER ENERGY Score for Control Compound M1W (CID: 42571591; 3-(1H-indol-4-yl)-N-(3-
methoxypropyl)-1,2,4-oxadiazole-5-carboxamide) complex with hH-PGDS

The five selected phytochemicals were further evaluated using control CDOCKER energy 30.0771 (Table 2; Table
3). The docking analysis revealed strong binding interactions with important residues located in the hH-PGDS active
site of control complex (Figure 4). Based on analysis only 2 most prominent compounds (CID 5273567 & CID
5281793) were selected finally (Table 3; Figure 5-6).
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Figure 4: 2D interaction details of Control Compound M1W (CID: 42571591)

Table 2: CDOCKER MD based docking of 39 screened compounds
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-CDOCKER_ENERGY

Mame  Visible  Tagged  Visibility Locked  Resolution  TopHits -CDOCKER_INTERACTION_ENERGY ~ POSE_NUMBER
452707 [N | |No | |Mo 10 50,4178 58,8559 8
%2707 [ ve (o (o 10 80,1412 87,1866 g
52707 [ve (o (o 10 80,1044 57.509 i
5281793 [ Jno [vo (o 10 51,9997 57.1775 1
5281793 [ Ino (o (o 10 73707 53,3482 2
5281793 [ Jno (o (o 10 45,4101 50,3622 3
13991590 [ No (o (o 10 4.1039 59,2379 1
5281793 [ Jno [vo (o 10 45,1847 55,332 4
13991590 [ o (o (o 10 43,4052 54,6355 2
5281793 [ Jno (o (o 10 43,29 55,2189 5
5281793 [ Ino (o (o 10 43,2261 52,8663 &
5281793 [ Jno [vo (o 10 42,7375 57.2239 7
5281793 [ Ino (o (o 10 42,0485 51,2713 8
581793 [he (INo (Mo 1 419162 54,0724 g
13391590 [ (INo (Mo 1 41,235 52,8475 3
13391590 [ (Iho (o 1 40,3989 48.6007 4
6441488 [ o (Iho (ho 1 40,0913 53,6563 1
581793 [he (Iho (INo 1 08717 45,0378 10
13391590 [ (Iho (ho 1 30,7755 55,003 5
13391590 [ [Iho (Iho 1 11022 43,638 g
13391590 [ (ho (ho 1 38984 57,3481 7
13391590 [ (INo (Mo 1 388333 45,2386 8
6441438 [ o (INo (Mo 1 87135 56,3303 2
13391590 [ (Iho (o 1 B.63 43,2664 g
13391590 [ (Iho (ho 1 377382 53,1405 10
6441488 o (Iho (INo 1 35,8069 £0.1434 3
6441438 [ o (Iho (ho 1 35,2221 £2.274 4
644143 o [ne (e 10 34,7975 58,301 5
644143 [0 [Jne (e 10 34,3258 57.3764 &
644143 o (e (e 10 34,165 52,8028 7
644143  [o [Jne [ne 10 34,1168 53.4289 8
644143 o (e (e 10 3.4718 58,1383 g
644143 [ o [Jne (e 10 32.4311 55,9054 10
5273567 o (e (e 10 3102 55,1704 1
Table 3. CDOCKER docking results
H- H-
Compo Molecul | Molecula | Pola | Com | XL | Heavy A | Bond Do | Bond Acc
und_CI ar_Weig | r Formu | r Ar | plexi | og | tom_Cou | nor_Coun | eptor_Co
D Name ht la ea ty P nt t unt
1,3,6-Tri-O-
Galloyl-Beta-D- C27H24
452707 | Glucose 636.5 018 311 1010 {04 | 45 11 18
527356 | Calceolarioside C23H26
7 B 478.4 Ol11 186 673 0.6 | 34 7 11
528179 C26H22
3 Salvianolic acid | 494.4 010 185 798 39 |36 7 10
644149 | Lithospermic C27H22
8 Acid 538.5 012 211 922 2.8 |39 7 12

IJWOS | Volume 3 Issue 8, August 2026 | https://ijwos.com

313




International Journal of Web of Multidisciplinary Studies
E-ISSN: 3049-2424

139915 | Salvianolic acid C26H20
90 C 492 .4 010 178 802 4.1 | 36 6 10

Figure 5: 3D representation of 2 most prominent compounds (CID 5273567 & CID 5281793)

1of2
& salvianolic acid A; 96574-01-5; SALVIANOLIC ACID; Dan Phenalic Acid A; (+)-Salvianolic acid A; ..
2] Compound CID: 5281793
MF: CogHzo0i0  MW: 4544 g/mol
|UPAC Name: (2R}-3-{3 4-dihydroxyphenyl}-2 J{E)-3-[2-[[E)-2-(3 4-dihydroxyphenyliethenyl]-3 4-dihydroxyphenyl]prop-2-enaylloxypropanoic acd
SMILES: 1=CC(=ClC=CICIC@H](Cl=0)0)0C(=0)/C=C/C2=CIC(=ClC=C20j0)C=C/C3=C0=CIC=CI0)010)0
InChiKey: YMGFTDKNIWPMGF-UCPIVGPRSA-N
InChi: InChi=15/C26H22010/c27-18-7-2-14(11-21{18)30)1-6-17-16{4-9-20{29)25(17)33)3-10-24(32)36-23(26(34)35/13-15-3-8-18(26)22{31)12-15/n1-12, 23,27-31 33H 13H2 (H 34, 35)/06- 1+ 10-5+ 123/
mi/s1
Create Date: 2005-06-24

2of2
G calceolarioside B; 105471-98-5; [(2R.35,45,5R 6R)-6-[2-(3.4-dihydroxyphenyljethoxy]-3,4,5-trihydroxyoxan-2-ylmethyl (E})-3-(3.4-dihydroxyphenyl)prop-2-enoate; BAUBY23
XZJ; DTXSID70414938; ..

Compound CID: 5273367

e v

MF: C33Hzs0n  MW: 4784 g/mol

|UPAC Name: [[2R 3545, 5R 6R)-6-[2-(3,4-dihydroxyphenyljethoxy]-3,4 5-trihydroxyoxan-2-ylimethyl (E}-3-(3 4-dihydroxyphenyl)prop-2-enoate

SMILES: C1=CC(=CiC=C1CC0[C@H]2[CR BH]([CEH)CE @H(C@HI02)C0C(=0)/C=C/03=C0=C(C=C3)0)0)0)0)0)0)0

InChlKey: LFKQUVDFNHDYNK-FOXCETOMSA-N

InChI: InChi=15/C23H26011/c24-14-4-1-12(9-16(14)26)3-6-19(28)33-11-18-20{2021(30)22(31)23(34-18)32-8-7-13-2-5-15(25)17(27)10-13/h1-6,9-10,18,20-27,29-31H,7-6, 1 1H2/b6-3+/118- 20- 21+ 22-,
23-fm1/s1

Create Date: 2005-10-07

Figure 6: Details of 2 best identified compounds (CID 5273567 & CID 5281793)

Comparative analysis of binding energy (kcal/mol) between control and screened was performed all 5 screened
compound showed better binding energy in comparison to control (Table 4 & Table 5).
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Table 4. Binding Energy of control

Ligand [Binding Ligand Energy [Protein Energy|Complex Entropic
Name Energy (kcal/mol) (kcal/mol) Energy Energy
(kcal/mol) (kcal/mol) (kcal/mol)
MW -42 5810 7.9702 -6483.8584 16518 4691 19.5631
MW [53.3263 5.4878 6453 8584 [ 6531.6969 10.6072
MW -63.8531 9.2380 -6453.8584 16538 4735 10.5697
1w -26 0789 7 3231 6483 8584 (6502 6142 19 4852
MW -33.0850 6.2297 -6483.8584 16510.7137 19.5600
MW -46.3004 5.4888 -6483.8584 | 6523 6789 19.5272
MW -28.0965 7.0141 -6483.8584 1 6504.9408 19.5556
MW -34.2855 5.3231 -6453.8584 (6512 8207 19.5916
MW 62.1540 55733 6453 8584 [ 65404391 19.6011
MW -38.6860 9.3875 -6453.85684 [ 65131578 10.5193
Table 5. Binding Energy of screened molecules
Ligand |Binding Ligand Energy [Protein Energy|Complex Entropic
Mame Energy (kcalimol) (kcal/mol) Energy Energy
(kcalimol) (kcal/mol) Kkcal/mol)
452707 F101.7219 F125 5700 -6453.8554 -6711.4502 [21.6981
432707 FE0.7E40 1265401 -6453.8554 -5691.45624 [21.6969
432707 GG 9330 1253434 -6453.8554 -5675. 1847 [21.6911
452707 |56 3802 |- 1365309 -5453.8554 -6707.1194 [21.4661
432707 F140.94584 1151479 -6453.8554 -6739.9527 [21.6101
452707 43 3906 F170.7471 -6453.8554 -54695.4960 [21.6238
452707 F90 4511 134 5435 -6453.8554 -6705.5532 [21.6769
452707 F122.5349 |- 149 3657 -6453.8554 -6755.7619 [21.5470
452707 F115. 14597 F146.5203 -6453.5554 -6745.5243 [21.6162
452707 F134.1005 1551756 -6453.8554 67731344 [21.5700
3273567 [124.3695 F17.9251 -5453.8554 -5625.1529 208705
3281793 [120.5044 |54 4984 -6453.8554 -5655.5611 [20.8552
3281793 [73.0206 1995258 -6453.8554 -5615.4045 [20.9514
3281793 [105.9730 |28 5587 -6453.8554 -5645.3910 [20.9727
3281793 79413 433543 -6453.8554 -5535.1839 [21.0722
3281793 1406070 45 8740 -6453.8554 -6670.3394 [20.9132
3281793 [10.5865 201139 -6453.8554 -6523.0904 [20.9365
53281793 [103.9043 42 2467 -6453.8554 -5630.0094 209087
3281793 [12.13456 |54 4558 -G453.8554 -5550 4455 [20.9341
3281793 [B.5712 533575 -6453.8554 6543 7873 [20.95331
3281793 [57.4503 579136 -6453.8554 -6599.2223 [20.9647
5441498 |52 6593 619030 -6453.5554 -6595.4207 [21.1638
6431495 |46 3586 513265 -6453.8554 -5581.5434 [21.1376
G431495 [-86.16256 |45 7625 -6453.8554 -5615.7634 21.1112
5431495 1043031 38 2807 -6453.5554 -5625.4421 [21.1034
G431498 |34 2035 364162 -6453.8554 -5554 4744 21.1016
5431495 1431031 52 5627 -6453.8554 -5679.5292 [21.0977
G431495 527097 610234 -6453.8554 -5597.5915 [21.1437
5431498 |55 30589 62 6404 -6453.5554 656148077 21.1464
G441495 |59 4166 419215 -5453.8554 -6585.1967 [21.1320
6431495 179033 25 6110 -6453.8554 6557 3726 [21.0397
13991590 (-84 9206 409255 -6453.5554 -5609.7045 [21.0585
13991590 (458923 45,6224 -6453.8554 65753731 [21.0595
13991590 |85 6502 450128 -G453.8554 56175215 [21.0434
13991590 [33.4540 57 7906 -5453.8554 -6575.1029 209058
13991590 [64.4273 390240 -6453.8554 -6587.3097 [21.1093
13991590 (77 2671 48 7665 -6453.8554 -5609.5919 207904
13991590 [101.1964 3115366 -6453.8554 -5615.2414 21.0155
13991590 [25 3166 |62 9647 -5453.8554 -6575.6397 [20.8977
13991590 (34 2833 966784 -6453.8554 -6574.5201 205203
13991590 |82 7059 398785 -6453.8554 -5605.4431 [21.0247

Toxicity Prediction Analysis
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The toxicity profiles of the selected compounds were evaluated using the ProTox 3.0 server to predict their acute
toxicity and safety characteristics. Among the analyzed compounds, CID 5273567 and CID 5281793 exhibited the
most favorable toxicity profiles, both showing a predicted LDso value of 5000 mg/kg and being categorized as Class
5 compounds. These results indicate a comparatively low acute toxicity potential and suggest better safety margins
among the evaluated candidates. CID 452707 and CID 13991590 were also classified as Class 5 compounds, with
predicted LDso values of 2260 mg/kg and 2160 mg/kg, respectively, indicating low toxicity potential.

Table 6. Toxicity Prediction of screened molecules

Compound CID: 452707 Class 5 with LDso = 2260 mg/kg
Compound CID: 5273567 Class 5 with LDso = 5000mg/kg
Compound CID: 5281793 Class 5 with LDso = 5000mg/kg
Compound CID: 6441498 Class 2 with LDso = 25mg/kg

Compound CID: 13991590 Class 5 with LDso = 2160mg/kg

In contrast, CID 6441498 was classified as a Class 2 compound with a predicted LDso value of 25 mg/kg, indicating
a higher acute toxicity risk compared with the other tested molecules. Therefore, based on toxicity prediction analysis
alone, CID 5273567 and CID 5281793 represent the most promising candidates for further investigation due to their
superior predicted safety profiles, whereas CID 6441498 may require careful consideration before further
development.

However, toxicity prediction represents only one aspect of drug candidate evaluation. Comprehensive assessment of
additional pharmacokinetic and pharmacological parameters, including carcinogenicity, mutagenicity and therapeutic
efficacy, is necessary to determine the overall drug-likeness and development potential of these compounds. We
performed carcinogenicity & mutagenicity test and found none of the screened compounds were mutagenic and
carcinogenic in nature.

3.3 Binding Interaction Residues Analysis

The 2D interactions were visualized and interacted residues were compared and represented in Table 7.

Table 7: Comparative table of interacted residues

Control known | Control Salvianolic acid (CID: | Calceolarioside B | Common
Interacted Residues | Interacted 5281793) Interacted | (CID:5273567) Interacted
(SALV) Residues Residues Interacted Residues Residues
PHE9 TYRS TYRS TYRS PHE9
METI11 PHE9 PHE9 PHE9 METI11
GLY13 MET11 METI11 MET11 GLY13
ARG14 GLY13 GLY13 GLY13 ARG14
GLN36 ARG14 ARG14 ARG14 ASP96
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ASP96 GLN36 TRP39 ASP96 MET99
MET99 TRP39 LYS43 MET99 SER100
SER100 ASP96 GLY49 SER100 TRP104
TRP104 MET99 LYS50 PHE102 ALA105
ALA105 SER100 ILES1 PRO103 TYRI152
TYRI152 TRP104 PROS52 TRP104 CYS156
ILE155 ALA105 ASP96 ALA105 LEU199
CYS156 TYRI152 MET99 TYRI152
LEUI199 ILE155 SER100 CYS156
CYS156 TRP104 THR159
THR159 ALA105 LEU199
LEUI199 TYRI152
CYS156
LEU199
ALA \ BO
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Figure 7: 2D interaction of Salvianolic acid A (CID:5281793)
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Figure 8: 2D interaction of Calceolarioside B (CID:5273567)
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Figure 9: Venn's diagrams for comparing interacted amino acid residues of 2 best molecules with control Insilco
molecules (a) & X-ray PDB data (b).
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The docked phytochemical compounds demonstrated favorable interactions with amino acid residues (TYRS, PHE9,
METI11, GLY13, ARG14, ASP96, MET99, SER100, TRP104, ALA105, TYR152, CYS156 and LEU199) located
within the known binding pocket of human hematopoietic prostaglandin D2 synthase (hH-PGDS; PHE9, MET11,
GLY13, ARG14, ASP96, MET99, SER100, TRP104, ALA105, TYR152, CYS156 and LEU199). The binding
stability of the screened compounds was supported by various molecular interactions, including hydrogen bonding,
7—7 interactions, alkyl interactions, and van der Waals forces contacts. These interactions contribute to the proper
orientation and stabilization of ligands within the active site, enhancing their binding affinity toward the target enzyme.
The observed interaction patterns suggest that these phytochemicals may potentially block substrate accessibility or
alter the active-site environment of hH-PGDS, thereby interfering with enzyme activity and reducing prostaglandin
D2 synthesis associated with allergic and inflammatory responses.

Molecular dynamics simulations were performed to assess the stability, flexibility, and dynamic behavior of ligand-
protein complexes under physiological conditions. Additionally, binding free energy calculations provides deeper
insights into the binding affinity and energetic contributions involved in complex formation.

3.4 Simulation Protocol & Trajectory Analysis

Standard Dynamics Cascade of core protein apo-protein model (5AIV) and SAIV+CID 5273567 and SAIV+CID
5281793 complex with RMSD and RMSF trajectories using BIOVIA Discovery Studio 2019 (Figure 10-24).

(a)
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Metric Percentile Ranks Value
Rfree NN [ D 47
Clashscore I 2
Ramachandran outliers IS 0
Sidechain outliers I ] W 399
RSRZ outliers I D 3%
Worse Beter

I Percentile relative to all X-ray structures

[I Percentile relative to X-ray structures of similar resolution

Figure 10: (a) Protein model (5AIV) (b) Structure quality details

Figure 11: SAIV+CID 5273567 complex
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Figure 12: SAIV+CID 5281793 complex

Figure 13: Protein model (5AIV) solvation
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Figure 15: SAIV+CID 5281793 solvation
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Figure 16: Protein model (SAIV) RMSD

Figure 17: Protein model (SAIV) RMSF
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Name |Stage Forcefield|Start [End [Initial [Total Potential [Kinetic emperaturelVan der [Electrostatic|lnitial RMS|Final
ime [Time |Potential Energy |[Energy |[Energy [K) Waals Energy IGradient |RMS
ps) |ps) |[Energy l(kcal/mol)|{kcal/mol){(kcal/mol)) Energy |(kcal/mol) |(kcal/{imol [Gradient

likcal/mol) {kcal/mol) b A)) (kcal/
(mol x
A))

SAINV_AMinimization [CHARMm [685511678.880) [71640.775 1226.810 [59883.802  [6252600.720[0.978

SAINV_AMinimizationCHARMm [71640.775 [54651.096 GE67 110 [ 75297776 D978 0,096

SAIV_AHeating CHARMm (0.000 |4.000 |34851.096 |157214.059 -159549.105 [12335.047 [287.214 4043280 606T1.877  |[16.711 16.902

AV _AlEquilibration [CHARMm [4.000 [14.000069549.105  |-56649.276[59951.108 [13101.833 [305.069 474355 [60057.598  [16.902 16.859

SAIN_ AProduction  [CHARMm [14.000(24.0001-69951.108 |-57533.135 [70362.880 [12529.754 [298.733 2456344 [60430.280 16.859 16.595

Figure 18: Protein model (5AIV) Dynamics details
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Name [Stage Forcefield|Start |[End  |nitial Total Potential [Kinetic (Temperature(Van der [Electrostatic|nitial Final
[Time Time Potential |[Energy [Energy nergy |(K) aals  [Energy MS RMS
(ps) |(ps) [Energy kcal/mol)|(kcal/imol}{kcal/mol) Energy |[kcal/mol) radient |Gradient
kcalimol) (kcal/mol) kcali{mol|({kcal/
x A)) (mol x
IAN)
5AIV+5273567|Minimization |[CHARMMm [21609756.975] | 72065 663 1944525 |61921.108  [453606.570(0.997
SAIV+527 356 TMinimizationZlCHARMm F72965.663 F85431.331 6754765 (76700211 EEH 0.093
SAINV+5273567|Heating CHARMm 0.000 14000 185481.331  [57861.284 | 70328155 |[12466.870 |286.323 3892.047 161203747 16.662 16.521
5AIV+5273567[Equilibration [CHARMm [4.000 [14.000[70328.155 [ 57499.347 | 70927 958 [13428.610 [308.411 3345438 [60926.225 [16.821 16.571
[FANV+5273567Production  [CHARMm [14.000(24.000(70927.955 [ 55400.056 [ 71447 843 |13037.856 [299.436 3545445 [61565.402 16871 16.557
Figure 21: SAIV+CID 5273567 Dynamics details
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Figure 22: SAIV+CID 5281793 RMSD
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RMSF vs: Residue Index
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Figure 23: SAIV+CID 5281793 RMSF

Name Stage ForcefieldStart Fnd nitial Total Eotentiﬂl Fineﬁc F’emperaulre\fﬂn der Fectrostaﬁc nitial  [Final
ITime |Time |Potential |Energy nergy nergy [K) |Waals nergy MS RMS
(ps) |(ps) |Energy \(kcal/mol}{kcal/mol){ kcal/mol) Energy |(kcal/mol) radient|Gradient
kcal/mol) (kcalimol) kcall  |(kcal/
mol x  |(mol x
A)) A))
SAINV+5281783IMinimization |[CHARMmM 1935171.341 F73093.561 1975.084 62085455 [30649.280[0.996
SAINV+528 1733IMinimizationZCHARMmM F73093.561 F85955.807 [6815.473 [77223.626 [0.996 0.091
SAINV+528 1793 He atin CHARMmM [0.000 4000 |85855.807 |-57964.761 [70669.176 [12704 415 [291.432 3925.576 | 651545.186 16.710 16.743
5AIV+5281?9§E1:|uilibralion CHARMm (4000 [14.000L70669.176 [-57741.891 (71076.111 [13334 220 [305.380 3645656 |61534.5856 16.743 16.977
5AN+52817%3Production  [CHARMm [14.00024.000F71076.111 [-582959.5988 [71518.608 [13218.619 03228 3465.306 [61553.312 16.977 16.758

Figure 24: SAIV+CID 5281793 Dynamics

RMSD Trajectories

The RMSD trajectories provided a comparative assessment of the structural stability for the apo-protein and the two
ligand-bound complexes.

Apo-protein (SAIV): The RMSD trajectory for the unliganded protein established the baseline conformational drift.
The apo-protein exhibited a characteristic equilibration phase, after which the RMSD values plateaued, indicating a
stable fold in the absence of a ligand.

Complex SAIV+CID 5273567: The RMSD profile of the CID 5273567-bound complex demonstrated a distinct
deviation pattern compared to the apo state. The trajectory suggested that the system reached equilibrium with
relatively low RMSD fluctuations, implying that ligand binding did not induce major global conformational
disruptions.
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Complex SAIV+CID 5281793: The RMSD trajectory for the CID 5281793 complex showed a unique stabilization
pattern. The overall RMSD values remained consistent throughout the simulation, indicating that this ligand
effectively maintains the structural integrity of the core protein over the simulation period.

RMSF Trajectories

The RMSF analysis revealed residue-specific flexibility patterns across the three systems, highlighting the dynamic
consequences of ligand binding.

Apo-protein (5AIV): The RMSF profile of the apo-protein showed higher flexibility in loop regions and terminal
ends. This pattern is indicative of the intrinsic dynamics of the unbound protein.

Complex SAIV+CID 5273567: Upon binding of CID 5273567, a notable reduction in RMSF values was observed in
the residues lining the binding pocket. This decrease in flexibility suggests that the ligand forms stable interactions
that rigidify the active-site region, thereby restricting local thermal motion.

Complex SAIV+CID 5281793: The RMSF trajectory for the CID 5281793 complex displayed a decrease fluctuation
profile. While the binding-site residues also exhibited reduced mobility compared to the apo-protein, the overall
flexibility pattern differed from that of the CID 5273567 complex, indicating ligand-specific modulation of protein
dynamics.

Validation and Equilibration

The trajectory confirmed that all three systems were properly solvated, equilibrated, and stable under the applied SDC
default parameters. The energy profiles and RMSD equilibration phases were deemed acceptable for accurate
comparative analysis (Table 8 & 9).

Comparative Analysis: Apo-Protein vs. Ligand Complexes
1. RMSD Comparison (Overall Stability)

Table 8: RMSD Behavior of Apo-Protein and Ligand Complexes

System RMSD Behavior Comparison to Apo
Apo-protein | Baseline trajectory; moderate fluctuations upon | Control group.
(SALV) equilibration.
5AIV + CID | Reached equilibrium quickly with | Better than Apo. The ligand stabilizes the
5273567 consistently moderate RMSD values; minimal | global fold, resulting in a more compact and
deviation from the starting structure. less fluctuating trajectory than the unbound
protein.

S5AIV + CID | Reached equilibrium and maintained low RMSD | Better than Apo. The ligand stabilizes the

5281793 values compare to apo-protein throughout the | global fold, resulting in a more compact and
simulation. less fluctuating trajectory than the unbound
protein.

RMSD Verdict: CID 5281793 is the best complex. It outperforms the apo-protein by reducing global conformational
drift, whereas CID 5273567 merely maintains a state similar to the unbound protein.
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2. RMSF Comparison (Residue Flexibility)

Table 9: RMSF Behavior of Apo-Protein and Ligand Complexes

System Binding-Site Flexibility Distal/Allosteric Regions Comparison to Apo

Apo- High flexibility at the active site | Moderate flexibility in loops. Control group.

protein (typical for an unbound pocket).

(5A1V)

S5AIV  + | Moderate reduction in | Increased flexibility observed | Better than Apo. The ligand

CID flexibility at the pocket, but less | in several distal loop regions | locks the active site into a stable

5273567 pronounced than CID 5273567. | compared to the apo-protein. conformation without
destabilizing the rest of the
protein.

5AIV  + | Significant rigidification at | Flexibility in distal loops | Better than Apo. The ligand

CID the binding pocket; RMSF | remains largely unchanged or | locks the active site into a stable

5281793 values drop sharply at key | slightly reduced. conformation without

interacting residues. destabilizing the rest of the

protein.

RMSF Verdict: CID 5281793 is the best complex. It effectively "freezes" the functionally important residues. CID
5273567, conversely, introduces allosteric instability that is detrimental compared to the native apo-state.

Final Conclusion: Which One is best?

CID 5281793 is definitively the best ligand for stabilizing the core protein SAIV. CID 5273567 also good in
comparison to core protein SAIV. The compounds CID 5281793 & CID 5273567 outperform the unbound protein by
lowering both the global RMSD (better overall stability) and local RMSF (better active-site rigidity). These ligands
showed the most thermodynamically stable and rigid complex for therapeutic or structural studies in comparison with
Apo, both CID 5281793 & CID 5273567 are the clear winner.

4. Discussion

hH-PGDS plays a crucial role in PGD2-mediated inflammatory pathways and represents an attractive molecular target
for anti-inflammatory drug development. The current study utilized a computational screening approach to identify
phytochemical molecules capable of inhibiting hH-PGDS. The experimentally validated indole inhibitor was used as
a benchmark compound, demonstrating reliable docking characteristics with a LibDock score of 123.347 and
CDOCKER energy of 30.0771. The screening strategy successfully identified phytochemicals (CID 5281793 & CID
5273567) showing comparable binding characteristics. The identified compounds CID 5281793 & CID 5273567
demonstrated favorable interactions with residues responsible for maintaining active-site stability. Strong hydrogen
bonding and hydrophobic interactions may contribute to improved binding affinity and inhibitory potential. Natural
compounds identified through this approach may provide advantages including structural diversity, biological
compatibility, and potential reduced toxicity compared with conventional synthetic molecules. However,
computational predictions require further validation through biochemical enzyme assays, cellular studies,
pharmacokinetic evaluation, and in vivo investigations.
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5. Conclusion

The present study successfully identified potential phytochemical inhibitors against human hematopoietic
prostaglandin D2 synthase using structure-based virtual screening and molecular docking approaches. Among 890
screened phytochemicals, 39 candidates demonstrated promising binding characteristics, and five top-ranked
compounds showed strong interaction potential based on CDOCKER analysis. The identified 2 phytochemicals CID
5281793 & CID 5273567 may serve as promising lead molecules for development of novel anti-allergic and anti-
inflammatory therapeutics targeting hH-PGDS. Further experimental validation is required to confirm their inhibitory
activity and therapeutic potential.

6. Future Perspectives

Further investigations are required to validate the therapeutic potential of the identified phytochemical inhibitors
against hH-PGDS. Experimental validation through enzyme inhibition assays is necessary to confirm the inhibitory
activity of the candidate compounds against hH-PGDS. Furthermore, cell-based inflammatory models can be
employed to investigate their biological effects on inflammatory pathways, followed by in vivo pharmacological
evaluation to determine efficacy, toxicity, and potential application as anti-allergic and anti-inflammatory therapeutic
agents.
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