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Abstract

This study presents the rational design, synthesis, and comprehensive evaluation of novel Yakuchinone B derivatives
with improved anti-inflammatory potential. Three optimized derivatives were generated through molecular docking—
guided design using LigPrep/OPLS-2005 and induced-fit docking against key inflammatory enzymes. All compounds
satisfied Lipinski’s criteria and exhibited favorable physicochemical properties, including optimal lipophilicity and
acceptable TPSA values. Bioavailability radar and BOILED-Egg analyses indicated suitable oral bioavailability and
predicted gastrointestinal absorption for Compound-1 and Compound-3, while Compound-2 showed restricted
permeability. Drug-target prediction revealed broad multi-target interaction profiles across GPCRs, enzymes, and ion
channels, with Compound-3 showing the highest affinity for inflammatory targets. Metabolic pathway analysis
suggested cytochrome P450-mediated hydroxylation followed by conjugation and oxidative degradation. Activity
prediction indicated notable anti-inflammatory and antithrombotic potential, particularly for Compounds 1 and 3.
Physical characterization confirmed distinct morphological properties, with yields ranging from 64.55-81.23% and
sharp melting points indicating high purity. TLC analysis supported the formation of unique chemical entities (Rf =
0.43-0.77). Spectroscopic characterization via FT-IR, “1H/*13C NMR, MS, and CHN analysis confirmed structural
integrity and successful synthesis. Induced-fit docking revealed strong binding affinity of Compound-3, particularly
toward COX-1 (-8.62 kcal/mol), COX-2, LOX-5, and TXA-2, forming stable hydrogen and hydrophobic interactions.
A 100-ns molecular dynamics simulation further validated the stable binding of Compound-3 within the COX-1 active
site. In vivo evaluation using the carrageenan-induced paw edema model demonstrated significant, dose-dependent
anti-inflammatory activity for all derivatives, with Compound-3 exhibiting the highest inhibition (86.31% at 12 h),
surpassing ibuprofen. Overall, computational, spectroscopic, and pharmacological findings consistently identify
Compound-3 as a promising lead candidate for further preclinical development.
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1. Introduction through cytokines, prostaglandins, leukotrienes, and

Inflammation has long been recognized as a major
global health concern, contributing significantly to
morbidity and mortality across populations. It is a
complex physiological defence mechanism activated
in response to harmful stimuli such as pathogens,
toxins, or tissue injury, and is essential for maintaining
tissue homeostasis and initiating healing (Emer &
FitzGerald, 2015). The inflammatory cascade involves
vascular and cellular events characterised by redness,
pain, heat, swelling, and loss of function, mediated

[JDDT Volume 16 Issue 66s 2026

reactive oxygen species (Bogdan, Rollinghoff, &
Diefenbach, 2000). While acute inflammation is
protective, chronic or uncontrolled inflammation is a
key pathological basis for numerous debilitating
disorders, including rheumatoid arthritis,
osteoarthritis, asthma, inflammatory bowel disease,
neurodegenerative diseases such as Alzheimer’s,
cardiovascular diseases, and metabolic disorders
(Dinarello, 2011; Funk, 2001). Chronic inflammation
has been associated with nearly 50% of all deaths
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worldwide, highlighting its global clinical significance
(Furman et al., 2019).

The biosynthesis of inflammatory mediators is
regulated primarily by the arachidonic acid pathway,
involving the cyclooxygenase (COX) and
lipoxygenase (LOX) enzyme systems. Over-
expression of these enzymes results in excessive
production of prostaglandins and leukotrienes,
contributing to pain, edema, and progressive tissue
damage (Batt, 1992). Although non-steroidal anti-
inflammatory drugs (NSAIDs), selective COX-2
inhibitors, and corticosteroids remain the major
therapeutic interventions, chronic use is frequently
associated with gastrointestinal bleeding, renal
impairment, hepatic toxicity, and cardiovascular risks
(Harris, Padilla, Koumas, Ray, & Phipps, 2002).
Therefore, there is an urgent need for novel anti-
inflammatory agents offering improved efficacy,
safety, selectivity, and fewer adverse effects (Gilroy,
Lawrence, Perretti, & Rossi, 2004). Current drug-
development efforts are increasingly focused on multi-
target approaches, particularly agents capable of
modulating both COX/LOX and transcriptional
pathways such as NF-kB (Furman et al., 2019).

In recent years, natural compounds and herbal
medicines have gained tremendous global attention
due to their therapeutic potential and better safety
margin. According to the World Health Organization
(WHO), traditional, complementary and integrative
medicine (TCIM) is used in about 170 Member States
(World Health Organization, 2025). Moreover, one
estimate suggests up to 80% of the world’s population
relies on herbal medicinal products, primarily in
developing countries (von Schoen-Angerer, 2023).
The global herbal medicine market continues to
expand, reflecting increasing demand for plant-based
therapeutic alternatives supported by scientific
validation and clinical integration (Hoenders, 2024).
Natural compounds have become attractive chemical
scaffolds for new drug discovery due to their structural
diversity and ability to interact with multiple
biological targets (Haudecoeur & Boumendjel, 2012).
Among several natural bioactive molecules,
Yakuchinone B, a diarylheptanoid isolated from
Alpinia oxyphylla (Zingiberaceae), has been
recognised for its strong anti-inflammatory and
antioxidant properties (Hara et al., 2014; Gao et al.,
2009). Previous studies demonstrate that Yakuchinone
B reduces inflammatory mediators by inhibiting COX-
2, LOX-5 and NF-kB activation, thereby suppressing
cytokine release and leukotriene biosynthesis (Bukhari
et al., 2012; Hsieh, Tsao, Wang, & Lin, 2000).
However, its therapeutic application remains limited
due to poor stability, low solubility, and inadequate
pharmacokinetic performance. Rational structural
modification through synthesis of novel derivatives
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offers a promising strategy to enhance its biological
activity and drug-like characteristics (Israf, Khaizurin,
Syahida, Lajis, & Khozirah, 2007).

Recent advances in computational drug-design,
including molecular docking and molecular dynamics
(MD) simulation, have enabled predictive evaluation
of drug—target interactions prior to synthesis. Docking
studies facilitate understanding of ligand binding
affinity, steric compatibility, and molecular
orientation within receptor active sites, while MD
simulations assess structural stability and interaction
behaviour under physiological conditions. Structure-
based optimisation and adherence to drug-likeness
rules (e.g., Lipinski’s Rule of Five) are critical in
identifying promising derivatives with improved
pharmacokinetic profiles and enhanced therapeutic
potential (Hofmann et al., 2016; Haudecoeur &
Boumendjel, 2012).

In the present investigation, a rational design approach
was employed to modify Yakuchinone B through
tosylation, mesylation and sulfonyl chloride
functionalisation to improve leaving-group ability,
enhance nucleophilic substitution, and potentially
increase anti-inflammatory activity. The designed
derivatives were subjected to detailed computational
analysis, followed by synthesis, characterisation and
in vivo pharmacological evaluation using the
carrageenan-induced paw edema model widely
recognized as a gold-standard assay for acute
inflammation.

The outcomes of this research aim to identify
improved Yakuchinone B derivatives showing strong
binding affinity toward inflammatory protein targets,
demonstrating superior anti-inflammatory effects
compared to standard ibuprofen, and presenting
opportunities for further pre-clinical and formulation
development. The integration of computational
modelling with synthetic chemistry and biological
screening presents a robust pathway for discovering
effective and safe anti-inflammatory therapeutic
candidates.

2. Materials and Methods

2.1 Procurement of Chemicals

Yakuchinone B, thionyl chloride, mesyl chloride, and
tosyl chloride (purity > 99%) were procured from
Sigma-Aldrich Pvt. Ltd., Bangalore, India. All
reagents were stored under recommended conditions
and used without further purification. Analytical-
grade sodium hydroxide, carboxymethyl cellulose,
carrageenan, dichloromethane (CH:Clz), and normal
saline (0.9% NaCl) were obtained from HiMedia
Laboratories Pvt. Ltd., Mumbai, India, following
standard laboratory chemical quality procedures
(Smith & March, 2013).

2.2 Solvents
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Methanol, double-distilled water, glacial acetic acid,
and ethanol of analytical grade suitable for synthesis
and chromatographic applications were purchased
from HiMedia Laboratories Pvt. Ltd., Mumbai, India
(Silverstein et al., 2014).

2.3 Apparatus

Standard laboratory apparatus including round-bottom
flasks (RBF), reflux condensers, separating funnels,
vacuum filtration system, rotary evaporator (Buchi R-
300), and digital melting-point apparatus were used
throughout the synthesis. Temperature control was
maintained using an ice bath and monitored digitally
(Silverstein et al., 2014).

2.4 Rational Design of Compounds Using
Molecular Docking

The design and optimization of Yakuchinone B
derivatives were based on molecular docking studies
to evaluate potential affinity toward targeted
inflammatory proteins. Docking analysis enables
prediction of binding interactions, ligand efficiency,
and steric compatibility within receptor active sites
(Sharma et al., 2018).

2.4.1 Ligand Preparation

Ligands were modeled using 2D-Sketcher in
Schrodinger Suite 2021-2 and optimized using
LigPrep with OPLS-2005 force field. Protonation
states were adjusted at physiological pH (7.0 + 0.2),
and minimum-energy conformers were generated for
docking (Sharma et al., 2018).

2.4.2 Protein Preparation

Protein structures were retrieved from the Protein Data
Bank (PDB) and prepared by removing water
molecules beyond 5 A, adding hydrogens, and
optimizing hydrogen-bond networks. Receptor grid
generation was carried out around the co-crystallized
ligand binding site (Bao et al., 2019).

2.4.3 Induced-Fit Docking

Induced-fit docking (IFD) was performed to account
for conformational flexibility of both ligand and
protein, and the most favorable complexes were
selected based on docking score and binding energy
(Bao et al., 2019).

2.5 Selection of Lead Compounds

Compounds  demonstrating  superior  docking
performance and acceptable physicochemical
properties consistent with Lipinski’s Rule of Five were
selected for synthesis (Lipinski et al., 2001).

2.6 Molecular Simulation Study

Molecular dynamics (MD) simulation was conducted
using GROMACS® with CHARMM?27 force field
parameters. Ligand topologies were generated using
SwissParam. Simulation included energy
minimization, NVT/NPT equilibration, and a
production run. System stability was evaluated
through RMSD, RMSF, and radius of gyration values
(Kumar et al., 2020).
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2.7 Synthesis of Yakuchinone B Derivatives
Yakuchinone B derivatives were synthesized by
converting hydroxyl groups into tosylate, mesylate,
and sulfochloridite intermediates using sulfonylating
and halogenating agents, improving leaving group
characteristics and enhancing nucleophilic
substitution (Smith & March, 2013). Purification was
achieved  through  vacuum  filtration  and
recrystallization, and solvent removal was performed
by rotary evaporation.

2.8 Characterization of Synthesized Compounds
Preliminary characterization included determination
of physical appearance, melting point, percentage
yield, and TLC (Rf values). Structural elucidation was
performed using FT-IR, 'H-NMR, "*C-NMR, Mass
Spectrometry (MS), and CHN elemental analysis
(Silverstein et al., 2014).

2.9 Pharmacological Evaluation

2.9.1 Animal Ethical Permission

The experimental protocol was approved by the
Institutional Animal FEthics Committee (IAEC)
according to CPCSEA guidelines of the Government
of India (CPCSEA, 2023).

2.9.2 Experimental Animals

Healthy adult albino rats (180-250 g) of either sex
were used. Animals were maintained under controlled
environmental conditions with food and water ad
libitum and acclimatized for one week prior to study
(Gupta et al., 2019).

2.9.3 Evaluation of Anti-Inflammatory Activity
Anti-inflammatory activity was evaluated using the
carrageenan-induced paw edema model, a standard
acute inflammatory assay (Winter et al.,, 1962).
Ibuprofen was used as the reference standard drug for
comparison and percentage inhibition of edema was
calculated (Singh et al., 2020).

The percentage inhibition of edema was calculated
using the equation:

0o
Edema Inhibition (%) = 1 — Gl X 100
Where;
(Vt) = Mean edema volume of the test group
(Vc¢) = Mean edema volume of the control group

Table 1: Experimental Group Design for Anti-
Inflammatory Study

S. No. | Group Group No. | Code

1 Normal I A

2 Control II B
Standard

3 (Ibuprofen) m ¢

4 Compound-1 v D

5 Compound-2 A% E
Compound-3 VI F

3. Results and discussion

Page: 22



DESIGN AND SYNTHESIS OF NEW YAKUCHINONE B DERIVATIVES AS POTENTIAL ANTI-
INFLAMMATORY AGENTS

3.1 Rational Design and Computational Screening
A molecular docking—driven rational design strategy
was employed to identify structurally optimized
Yakuchinone B derivatives with improved anti-
inflammatory potential. Ligand structures were
generated and optimized using LigPrep with the
OPLS-2005 force field, while protein preparation
utilized high-resolution PDB crystal structures with
optimized  hydrogen-bonding  networks.  Grid
generation was performed at the co-crystallized active
sites. Induced-fit docking (IFD) was subsequently
used to assess protein—ligand adaptability, enabling
the prediction of binding affinities and structural
compatibility.

3.2 Selection of Lead Candidates
Among the designed derivatives,
Compound-2, and Compound-3 demonstrated
favorable physicochemical characteristics that
adhered to Lipinski’s Rule of Five, including optimal
lipophilicity, molecular size, and topological polar
surface area (TPSA). These findings supported their
suitability as lead compounds for further
computational and pharmacokinetic evaluation.

3.3 Bioavailability Radar

Bioavailability radar analysis indicated that all three
derivatives fall within the acceptable physicochemical
space required for potential oral bioavailability.

Compound-1,

LIPO

FLEX SIZE

INSATU POLAR

INSOLU

1UDDT Volume 16 Issue 66s 2026

LIPD

s
FLEX s SI7E
¢ >
|II .r._.-"
IL .|r
INSATU \~,,.-’ POLAR
IMEOLL
C
LIPD
FLEX ‘“x SITE
& X
, ;
|
1 j s
|I Ir
X, {
H\._ ln'l
INEATU \w:"l POLAR
IMEGL
Figure 1: Bioavailability Radar Plot (A)
Compound-1, (B) Compound-2, and (C)
Compound-3
Table 2: Bioavailability Radar Data for
Yakuchinone B Derivatives
Paramet | Compoun | Compoun | Compoun
er d-1 d-2 d-3
Csp3
(INSAT | 048 0.50 0.50
U)
Rotatable
Bonds 7 8 7
(FLEX)
LogS -5.68 -5.90 —6.12
(ESOL) (insoluble) | (insoluble) | (insoluble)
Molecula
r Weight | 329.04 366.54 350.54
(g/mol)
TPSA
(A% 35.05 24.50 15.27
XLogP3 |5.99 6.32 6.71

All three compounds exhibited physicochemical

properties consistent with drug-likeness, as visualized

in Figure 1.
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3.4 BOILED-Egg Model
The BOILED-Egg absorption and distribution model
was used to predict blood-brain barrier (BBB)

permeability and gastrointestinal (GI) absorption.
Compound-1 and Compound-3 were predicted to be

INFLAMMATORY AGENTS

WLOGP

PGP-positive non-substrates, suggesting they may ¢ 5
interact with P-glycoprotein without being actively 5
effluxed. In contrast, Compound-2 exhibited limited .

BBB penetration and low GI absorption, indicating
restricted central nervous system distribution.

WLOGP

A
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Figure 2: Boiled Egg Plot (A) Compound-1, (B)

Compound-2, and (C) Compound-3

3.5 Drug Target Identification

Computational drug-target mapping revealed that all
three derivatives possessed multitarget interaction
potential relevant to inflammatory, metabolic, and
immune-related disorders.
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Figure 3: Predicted therapeutic targets of
Compound-1 against (A) Human, (B) Mouse, and
(C) Rat

Compound-1 Target Distribution

Compound-1 exhibited predicted inhibitory activity
against hydrolases, oxidoreductases, transferases,
GPCR family proteins, and ion channels across
human, mouse, and rat models, suggesting broad
applicability in modulating inflammatory pathways.
Compound-2 Target Distribution

Predicted targets were dominated by Family A GPCRs
(33.3-53.3%), followed by kinases, ion channels,
transporters, proteases, and other enzyme classes.
These interactions support its potential relevance in
colorectal cancer and inflammatory conditions (Figure
3).

Compound-3 Target Distribution

Compound-3 showed the highest affinity toward
Family A GPCRs (40%), along with interactions
involving enzymes and ion channels. These findings
suggest promising anti-inflammatory and
immunomodulatory activity (Figure 3).

3.6 Predicted Degradation Pathways

Metabolic pathway prediction indicated that initial
biotransformation involves cytochrome P450-
mediated hydroxylation, followed by catechol
formation, O-methylation, glucuronidation/sulfation,
and subsequent aromatic ring cleavage. Terminal
catabolic processes included [-oxidation of side
chains and ultimate degradation into excretable
organic acids and CO: (Figures 3).

3.7 Inhibitory Activity Prediction

Prediction of biological activity profiles indicated
notable inhibitory potential across multiple
inflammation-associated pathways.

Table 3: Summary of Activity Profiles

Compound Major Predicted | %
Activity Probability
Compound- Anti-inflammatory &
) anti-rheumatoid 12.17%
(M01AB)

[ |

| Enzyme [l Ligand-gated ion ct
] other cytosolic prot
|

Compound- | Antithrombotic N
2 (BOIAC) 16.01%
Compound- | Antithrombotic N
3 (BOIAC) 10.71%

3.8 Molecular Docking Results

Induced-fit docking revealed that Compound-3
displayed the most favorable binding affinity toward
key inflammatory enzymes, including COX-1, COX-
2, LOX-5, and TXA-2.

Figure 4: 3D binding modes and interactions of the
synthesized compound with COX-1 enzyme.

" TYR108 "
Figure 5: 3D binding modes and interactions of the
synthesized compound with COX-2 enzyme.

Figure 6: 3D binding modes and interactions of the
synthesized compound with LOX-5 enzyme.
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Figure 7: 3D binding modes and interactions of the
synthesized compound with TXA-2 enzyme.

Table 4: Glide Scores of Compounds-3

Target Enzyme Glide Energy (kcal/mol)
COX-1 —8.62
COX-2 —6.61
LOX-5 —6.15
TXA-2 —5.34

Compound-3 formed stable hydrogen bonds with
GLYB45 (COX-1) and exhibited multiple m-alkyl
interactions with catalytic residues, supporting its
strong inhibitory potential.
3.9 Molecular Dynamics Simulation
A 100-ns molecular dynamics simulation confirmed
the stability of Compound-3 within the COX-1
binding pocket. RMSD and RMSF analyses revealed
minimal structural deviations, indicating stable
protein—ligand interactions. Protein—ligand contact
maps further validated consistent interactions
throughout the simulation trajectory.

|

“ ‘h“rw \ \r I
L v A L

Ligand RMSD (A%)

Figure 8: MD simulation analysis of Yakuchinone
B derivative (Compound 3) in complex with COX-
1 (A) RMSD (Protein RMSD is shown in grey while
RMSD of compound Yakuchinone B derivative
(Compound 3) are shown in red) (B) Protein
RMSF, and (C) Protein-ligand contact analysis of
MD trajectory.

Collectively, the integrated computational and
predictive  pharmacology  analyses  identified
Compound-3 as the most promising derivative among
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those synthesized. Its strong binding affinity toward
inflammatory targets, favorable bioavailability
properties, multi-target interaction potential, and
stable dynamic behavior suggest that Compound-3 is
a compelling candidate for subsequent in vitro
validation.

3.10 Physical Characterization of Novel
Yakuchinone B Derivatives

3.10.1 Appearance

The synthesized derivatives were visually examined to
assess their physical characteristics, including color
and texture. The compounds displayed distinct
morphological variations, ranging from crystalline to
amorphous forms. These physical differences reflect
the structural modifications introduced during
synthesis. Detailed observations are summarized in
Table 5.

Table S: Physical Characterization of Novel
Yakuchinone B Derivatives

Characteris | Compou | Compou | Compou
tics nd-1 nd-2 nd-3
Appearance | White Yellow Yellow
crystallin | amorpho | crystallin
e solid us solid e solid
Yield (%) 64.55 73.62 81.23
Melting 218-219 | 159-161 181-182
point (°C)
Rf value 0.54 0.43 0.77
3.10.2 Yield

The percentage yield of the synthesized derivatives
ranged from moderate to high. Compound-1 showed a
yield of 64.55%, Compound-2 exhibited 73.62%, and
Compound-3 demonstrated the highest yield at
81.23%. Although purification through column
chromatography led to some loss of material due to
multiple elution cycles required for optimal purity, all
yields indicate successful synthesis and efficient
isolation of the final compounds.

3.10.3 Melting Point

Melting point determination was performed using a
calibrated digital apparatus. The derivatives showed
distinct melting ranges: 218-219°C for Compound-1,
159-161°C for Compound-2, and 181-182°C for
Compound-3. The narrow melting point ranges
confirm the purity of each compound and validate the
successful structural conversion from intermediates to
final derivatives.

3.10.4 Rf Value

Thin-layer chromatography (TLC) was conducted
using acetonitrile : ethyl acetate (6:4, v/v) as the
mobile phase. The retention factor (Rf) values
obtained were 0.54 for Compound-1, 0.43 for
Compound-2, and 0.77 for Compound-3, confirming
the formation of distinct chemical entities with
different polarity profiles. Representative
chromatographic spots are shown in Figure 9.
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Compound-2

Compound-3
0.54
0.43 0.77
Figure 9: Chromatogram of novel Yakuchinone B
derivatives: (A) Compound-1 (Rf = 0.54), (B)
Compound-2 (Rf = 0.43), and (C) Compound-3 (Rf

=0.77)

3.11 Spectroscopic Characterization of the Final
Compounds

3.11.1 FT-IR Spectroscopy

The FT-IR spectral analysis confirmed successful
synthesis of the novel Yakuchinone-B derivatives. The
disappearance of the C-Cl absorption peak (~655
cm!) and the appearance of characteristic N-H
stretching at 3274 cm™ indicated nucleophilic
substitution and formation of the final derivatives.
Additionally, the presence of C-N stretching at 1701

1JDDT Volume 16 Issue 66s 2026

Compound-1
cm™! supported attachment of the newly introduced
heterocyclic ring to the parent backbone, validating
successful molecular modification (Figure 10).
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Figure 10: FT-IR spectrum of novel Yakuchinone- i | I|“ |
B derivatives (A) Compound-1, (B) Compound-2, i o lam
and (C) Compound-3) O N2 R e

3.11.2 'H-NMR Spectroscopy

The 'H-NMR spectra revealed characteristic proton
resonances within the aromatic region (6 7.0-8.0 ppm) C
confirming the presence of aromatic protons in the
synthesized analogues. Signals corresponding to -NH
and —OH proton environments appeared at 6 10.4 ppm L
and 6 3.39 ppm, respectively, indicating successful
functional group incorporation. The spectral data L
strongly support the expected structure of the final
derivatives (Figure 11).

%)

il . | L
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Figure 11: '"H-NMR spectra of novel Yakuchinone-
B derivatives (A) Compound-1, (B) Compound-2,
and (C) Compound-3)

3.11.3 *C-NMR Spectroscopy

The “C-NMR spectra further confirmed compound
formation, with prominent signals observed between &
120.0-140.0 ppm, corresponding to aromatic carbon
atoms. Additional characteristic chemical shifts at &
78.2 ppm (NH-linked carbon) and & 39.6 ppm (OH-
linked carbon) supported substitution reactions and
final structural integrity. The spectral assignments are
summarized in Table 6 (Figure 12).
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[ ] Rl
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Figure 12: *C-NMR spectra of novel Yakuchinone-
B derivatives (A) Compound-1, (B) Compound-2,
and (C) Compound-3)

3.11.4 Mass Spectrometry (MS)

Mass spectral analysis corroborated the molecular
structure of the synthesized compounds. Compound-3
exhibited a molecular ion peak at m/z 329.04,
confirming its theoretical molecular weight.
Fragmentation peaks such as m/z 389.19, 373.19,
321.09, 300.19, 287.19, 256.19, 219.09 and 186.19
were observed, supporting the stability of the
structural backbone (Figure 8). Comparable mass
fragmentation profiles were observed for Compound-
1 and Compound-2 as listed in Table 13.

Spectrum from MASS20210102.wiff2 (sample 15) - D15, -TOF MS (50 - 1000) from 0.052 to 0.105 min
1.6e5

387.1137
1.4e5

1.2e5

1.0e5

Intensity, cps.

388.1174

T 388 380 390 391 362 393
Mass/Charge, Da

| 389.1208
384 385 386 387

Spectrum from MASS20201228.wiff2 (sample 36) - D18, -TOF MS (50 - 1000) from 0.044 to 0.096 min

14000 383.1394
13000
12000
11000
10000
g o000
= 8000
E 7000
£ 6000
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560 384.1430
3000
2000 ‘ “
1000 I \ 385.1460
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Spectrum from MASS20210102.wiff2 (sample 19) - D25, -TOF MS (50 - 1000) from 0.052 to 0.105 min

1.1e5
1.0e5
9.0e4
8.004
7.0e4
6.0e4
5.0e4

Intensity, cps.

4.0e4
3.0e4
2.0e4
1.0e4
0.0e0

384.1340

385.1380

386.1412

Mass/Charge, Da
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Figure 13: Mass spectrum of Yakuchinone-B
derivatives (A) Compound-1, (B) Compound-2,
and (C) Compound-3)
Table 6: Spectral Data of Novel Yakuchinone-B

Derivatives
Characterization description
Tools Compoun | Compoun | Compoun
d-1 d-2 d-3
3274 (-NH, | 3280 (-NH, | 3299 (-NH,
stretch), stretch), stretch),
3128 (C-H, | 3168 (C-H, | 3183 (C-H,
aromatic), | aromatic), | aromatic),
1737 1791 1754
(C=0), (C=0), (C=0),
1701 (C-N, | 1713 (C-N, | 1734 (C-N,
stretch), stretch), stretch),
1688 1681 1698
FT-IR | (C=C, (C=C, (C=C,
aromatic), | aromatic), | aromatic),
1620 1644 1667
(C=C, (C=C, (C=C,
aromatic), | aromatic), | aromatic),
1562 (-NH, | 1599 (-NH, | 1576 (-NH,
bending), bending), bending),
1488 (- | 1489 (- | 1495 (-
CHy), 1208 | CHy), 1272 | CH»), 1213
(C-O0) (C-O0) (C-0)
5 0.93-1.05 | 6 0.93-1.05
?oj99:(371{4; (6H, 0.99 | (6H, 0.99
I:Iz) ) 6'5 d,J=67]|(,J=26.7
(ZH’ q j: Hz), 0.99 | Hz), 0.99
74’ ’Hz) d,J=67]|(,J=06.7
7'10_7 3 > | Hz)), 1.18- | Hz)), 1.18-
; ’ 1.32 (2H, | 1.32 (2H,
(SH, 7161 55 1.25
H- gdgdd’ Tl s =@ g -
NMR 1'0’ 0 5’ 7.7, 7.2 1717, 7.2
N | Hz), 1.25 | Hz), 1.25
Hz), 7.20 - i
t, J =77, (dd, J =|(@@dd, J =
13 Hz) 7.7, 7.2 1177, 7.2
> | Hz)), 1.52 | Hz)), 1.52
7.26
_ | (H, (1H,
(tdd, J = _ _
771605 tsept, J = | tsept, J =
Hz)’) ’ 7.2, 6.6 | 7.2, 6.6
Hz), 1.70 | Hz), 1.70

(1H,

dtt, J =
14.1, 8.9,
6.7 Hz),
1.85-2.31
(11H, 1.93
da, J =
14.1, 6.7,
2.3  Hz),
2.08

(ddd, J =
14.6, 6.7,
2.3  Hz),
2.08

(ddd, J =
14.5, 6.7,
2.3  Hz),
2.23

(ddd, J =
14.6, 8.9,
6.7 Hz),
2.23

(ddd, J =
14.5, 8.9,
6.7 Hz),
225 (s)),
2.80 (1H,
t, J =177
Hz), 3.75
(GH,  s),
6.29 (2H,
ddd, J =
8.2,1.1,0.5
Hz), 6.67
(2Ha

ddd, J =
8.7,2.7,0.5
Hz), 7.04-
7.17  (4H,
7.10

(ddd, J =
8.7,1.7,0.5
Hz), 7.11
(ddd, J =
82,1.1,0.5
Hz))

(1H,

dtt, J =
14.1, 8.9,
6.7 Hz),
1.85-2.31
(14H, 1.93
(datt, J =
14.1, 6.7,
23 Hz),
2.08

(ddd, J =
14.6, 6.7,
2.3 Hz),
2.08

(ddd, J =
14.5, 6.7,
23 Hz),
2.23

(ddd, J =
14.6, 8.9,
6.7 Hz),
2.23

(ddd, J =
14.5, 8.9,
6.7 Hz),
221 (s),
225 (s),
2.80 (1H,
t, J =77
Hz), 6.21-
6.35 (4H,
6.27

(ddd, J =
8.2,14,0.5
Hz), 6.29
(ddd, J =
8.2,1.1,0.5
Hz)), 7.06
(2H9

ddd, J =
82,13,0.5
Hz), 7.21
(2H,

ddd, J =
8.2,1.1,0.5
Hz)

13c_
NMR

3 11.3 (1C,
s), 15.8
(1C, s,
20.3-20.4

(2C, 204
(s), 204
(s)), 213
(1C, ),
26.3-26.4

(2C, 264

5 15.8 (1C,
s), 22.5-
22.6 (2C,
22.6  (s),
22.6 (s)),
244 (1C,
s), 26.3-
264 (2C,
264 (s),
264 (s)),

5 15.8 (1C,
s), 213
(1€,  s),
22.5-22.6
QC, 226
(s), 22.6
(s), 24.4
(IC, 9),
26.3-26.4
(2C, 264
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(s), 264|351 ((C,|(s), 2064 mg/kg, and the results were compared with the
(s)), 29.1|ys), 40.6 | (s)), 35.1 standard drug Ibuprofen (30 mg/kg).
(1C, s), | (1C, s), | (1C, s), A significant reduction in paw edema was observed in
35,6 (1C, | 41.8 (2C, | 40.6 (IC, animals treated with the test compounds compared to
s), 40.6 | s), 56.0 | s), 41.8 the carrageenan control group. Among the derivatives,
(1C, s), | (1C, s), | (2C, s), Compound 3 showed the highest anti-inflammatory
41.8 (2C, | 60.1 (1C, | 60.1 (IC, effect, demonstrating a greater reduction in paw
s), 59.6 | 's), 1145 s), 117.9- edema volume than the standard drug at later time
(1C, s), | (2C, s), | 118.0 (4C, points.
117.9 (2C, | 117.9 (2C, | 117.9 (s), Statistical analysis using one-way ANOVA followed
s), 1193 |5s), 120.5 | 117.9 (s)), by Dunnett’s post-hoc test confirmed that the
(1C, s), | (2C, s), | 127.4 (2C, reductions were highly significant (P < 0.0001) at 8
1199 (1C, | 1274 (2C, | s), 129.6 and 12 hours.
s), 127.1 |s), 141.9-]| (2C, s), Table 7: Mean paw edema volume after oral dose
(1C, s), | 142.1 (2C, | 141.5 (1C, of test groups and standard
129.0 (1C, | 142.0 (s), | s), 141.9- S. Mean paw edema volume after
s),  129.6 | 142.0 (s)), | 142.1 (2C, N | GToupP | hour*
(2C, S), 144.9 (1C, 142.0 (S), o. S 1 2 4 8 12
1394 (1C, | s), 159.8 | 142.0 (s)),
s), 1415 | (1C, s) 144.9 (1C, Norma
(1C, ), 5) L 1 ' 0.18+ | 0.18+ | 0.18+ | 0.18+ | 0.18%
s), 1449 )
(1C, 5) Carra
- geenan
g:gmeﬁz’ m/z 350 | m/z  366; contro
389.19 Fragments: | Fragments: 5 |1 0.88+ | 1.15+ | 1.35% | 1.420 | 1.58%
Mass 37319, 256.19, 219.09, * (0.1 0.05 |02 |0.11 |.1 0.11
321.09’ 186.19, 173.19, mL
’ 127.09, 149.19, 1%
300.19, 101.29 141.19
287.19 ' : w/v)
Theoretical | Theoretical . Standa
: : Theoretical 5. |rd 0.73+ | 0.71+ | 0.63+ | 0.48+ | 0.28+
C. 6439 | C. 6114 | "0 |0.05° 005 |0.05* [0.11* |0.15°
H,520;Cl | H,530;cl | & 039% mg/kg)
’ . ’ ’ ? .. ’ ’ H, 623, O, Compo
CHN 731, 0O,]9.02;, O, 20.50: S p
Analysi | 16.49; S, | 16.29; S, 27 > 4 und-1 [ 0.71+ | 0.63+ | 0.58+ | 0.43+ | 0.31+
s 6.61 316 8.25 130 0.05> | 0.1* |0.05* |0.1* |0.1*
, mg/kg)
Practical: Practical: Practical: Compo
C 6114 |c 5910 |G 0054 5 |und-2 | 0.68% | 0.53% | 051+ | 0.4+0 | 0.25+
049  |msos | H393 130 0.1* |0.11* {0.05* [.1* |0.1°
Spectral analysis using FT-IR, 'H-NMR, “C-NMR, mg/kg)
MS, and CHN elemental evaluation conclusively Compo
confirmed the successful synthesis and structural 6. und-3 | 0.65+ 1 0.51% 1 0.43+ | 0.35+ 1 0.21+
integrity of the newly developed Yakuchinone-B (30 0.05* 10.05* 10.05* |0.05* | 0.05*
derivatives. These characterization findings validate mg/kg)

the chemical pathway and justify further biological
evaluation.

3.12 Anti-Inflammatory Study

The anti-inflammatory activity of the synthesized
Yakuchinone B derivatives was evaluated using the
Carrageenan induced paw edema model. Paw volume
was measured at predetermined time intervals (1, 2, 4,
8 and 12 hours) after carrageenan administration. All
synthesized compounds were tested at a dose of 30

1UDDT Volume 16 Issue 66s 2026

Values represented as mean = S.E.M. (n=6), *
P<0.0001 compared to control®: P<0.0003

Table 8: Percent edema inhibition after oral dose of
test groups and standard compound

;' Group % Edema Inhibition after hour”
0. |3 1 2 4 8 12
L Norm

al - — — _ _
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(Salin
e)
Carra
geena
n
contro
2.1
0.1
mL
1%
w/v)
Stand
ard 16.98 [37.68 5308 65.47 |82.10
3. 10 +12.8 |£12.6 i8.93 +10.7 [£10.0
mg/kg |3 1 ' 4 1
)
Comp

ound-
1 18.86 4492 |56.79

4|30 |sesee | 106 |+893
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69.04 | 80+4.
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5 [2e 98 l0m e o
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(30 c b c
mg/kg 0 6
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Comp
ound- 14 41

3 55.07
61 30 ;;10'4 5,648
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Values represented as mean + S.E.M. (n=6), *: P<0.009
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Figure 14: % Edema
Yakuchinone B derivatives
Compound 3 produced the most pronounced anti-
inflammatory effect, surpassing the standard
Ibuprofen at 12 hours (86.31% vs. 82.10%).

inhibition of novel

1JDDT Volume 16 Issue 66s 2026

Compounds 1 and 2 also demonstrated significant
dose-dependent edema reduction. The findings reveal
that the structural modification of Yakuchinone B
significantly enhanced anti-inflammatory potential,
particularly in Compound 3.

Thus, the synthesized derivatives,
Compound 3, warrant further
formulation development studies.
Conclusion

The present study successfully designed, synthesized,
and evaluated a series of novel Yakuchinone B
derivatives using an integrated computational—
experimental approach. Rational design and induced-
fit docking identified three optimized derivatives with
favorable physicochemical and pharmacokinetic
profiles. Among them, Compound-3 -consistently
exhibited superior characteristics, including strong
binding affinity toward key inflammatory enzymes
(COX-1, COX-2, LOX-5, and TXA-2), favorable
bioavailability predictions, and stable protein—ligand
interactions validated through 100-ns molecular
dynamics simulations.

Comprehensive  physical and  spectroscopic
characterization confirmed the structural integrity and
purity of all synthesized derivatives. The predicted
drug-target interactions further highlighted the multi-
target anti-inflammatory potential of the compounds,
particularly Compound-3. In vivo evaluation using the
carrageenan-induced paw edema model demonstrated
significant,  dose-dependent  anti-inflammatory
activity, with Compound-3 achieving the highest
edema inhibition, surpassing even the standard drug
ibuprofen.

Overall, the combined computational, structural, and
pharmacological evidence identifies Compound-3 as a
promising lead molecule for the development of next-
generation anti-inflammatory therapeutics. Future
work will focus on mechanistic in vitro assays, toxicity
profiling, and advanced preclinical studies to further
validate its therapeutic potential.
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