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Abstract

Effective strategy to combat complex pathologies such as cancer, resistant microbial infections and
oxidative stress require the design of novel multi target therapeutic agents. In the current study, new
isoniazid-cinnamaldehyde hydrazone derivatives were evaluated as dual target inhibitors of GSK-3p
(PDB: 1Q5K) and Keapl (PDB: 4L7B) using comprehensive in silico methods. Density Functional
Theory (DFT) calculations were carried out to gain insight into the electronic structure, frontier
molecular orbital (FMO) and molecular electrostatic potential (MEP) map of the hydrazones. ADMET
profiling was performed to evaluate the physicochemical and pharmacokinetic parameters. The new
derivatives are chemically soft, highly polarizable and stable. The compound, 4-hydroxycinnamaldehyde
isonicotinoyl hydrazone, H5, exhibited thermodynamic stability across gas phase, water and n-octanol,
confirming good structural stability and favourable hydrophilicity-lipophilicity balance. The best
candidate (AG = -7.95 kcal/mol), H5 exhibited precise electrostatic complementarity with the GSK-3f
active site forming a critical high affinity hydrogen bond with Lys85 in the molecular docking
simulation emerging as the lead candidate. Against 4L7B, H5 effectively targets the Nrf2 binding site
of Keaplkelch domain signifying robust antioxidant potential. ADMET profiling revealed impressive
properties, it predicted high gastrointestinal absorption and total compliance with the Lipinski Rule of
Five. Quverall, H5 is predicted to be thermodynamically stable, potent, a bioavailable dual action lead
candidate, providing a strong rationale for its chemical synthesis and in vitro experimental validation.
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INTRODUCTION

Cancer is a leading cause of death globally; WHO reported it is the cause of about 10 million
deaths annually. This threat to global health calls for concern. The world must intensify search
for agents capable of preventing and ameliorating the proliferation of malignant cells.
Currently the search for antineoplastic agents is focused on cytotoxic materials that targets
specific molecular pathways that are crucial to the survival and proliferation of tumour cells
(Elizabeth et al., 2021). The protein kinases remain the best target to achieve this specificity.
Kinases regulates critical processes such as signal transduction, cell cycle progression,
programmed cell death as well as angiogenesis. The dysfunction of these activities is key to
malignancies (Jin et al., 2025, Pellarin et al., 2025). Glycogen Synthase Kinase-3p (GSK-3p)
which is originally recognized for its role in glycogen metabolism has since become a
therapeutic target of interest in cancer studies. It is a key regulator in tumour progression and
mediates the Wnt/B-catenin and NF-kB pathways. Small molecules that can modulate it
activities are expected to play important roles in anticancer strategies and are receiving special
attention (McCubrey et al., 2014, Crespo et al., 2024). Such inhibitors are successfully being
applied in clinical use (Ruchi & Reuben, 2018). However, drug resistance has become a major
setback and have necessitated the continuous search for new chemical scaffolds capable of
overcoming resistance mechanisms (Jiang et al., 2023, Lovly & Shaw, 2015).

Versatile compounds with diversified structural and electronic properties can engender
properties that can withstand mutations in the ATP-binding pocket. Hybrid organic
molecules and their metal complexes are generally recognised as potential candidates for this
class of motifs (Singh et al., 2022). This involves the covalent fusion of two molecules with
known pharmacological significance to produce a hybrid molecule with improved biological
activities. Hydrazones Schiff bases are a special class of such hybrid scaffolds that allows for
easy functionalization of active derivatives provided they contain a primary amine and a
carbonyl group. They have applications as antibiotics, anticancer and etcetera. Amine
compounds and the Ketone/aldehyde derived from biological sources are safer for medicinal
applications.

Cinnamaldehyde, the major constituent of cinnamon derived from the cinnamon plant is a
safe candidate for such modification. Cinnamon has been consumed and used as antibacterial,
antitumor, antifungal, anti-inflammatory agent for a long time (Blaszczyk et al., 2021, Rao &
Gan, 2014). Cinnamaldehyde is reported to simultaneously hit multiple pathways network
NF-kB, PI3K/AKT/mTOR and VEGF making it active agent against inflammation, cell
proliferation and angiogenesis respectively. Cinnamaldehyde triggers reactive oxygen species
(ROS) generation in cancer cells without affecting normal cells. It is known to enhance the
efficacy of 5-Fluorouracil and oxaliplatin (Wu et al., 2019). The stability, solubility and
bioavailability of natural cinnamaldehyde is relatively poor. Improving its efficacy such as
retention in cells, there is the need for improvement on these profiles via structural
manipulation. Cytotoxic exanimation of inclusion complexes of cinnamaldehyde with
cucurbit in aqueous medium against MDA-MB-231 breast cancer and glioblastoma cell lines
revealed, a stable, water soluble, oxidation-resistant species without compromising the
toxicity property (Tbakhi et al., 2022).

The condensation of cinnamaldehyde with isoniazid, a safe and tolerable frontline antitumor
drug is expected to generate a hydrazone with improved pharmacological properties. This
hybrid represents a convergence of natural product and synthetic pharmacological chemistry
(Salama et al., 2023). The hydrazone hybrids are potential multitargeted kinase inhibitors, and
their metal complexes are reported to engender electronic effects and other profiles that can
overcome multidrug resistant strains. Compared to quinazolines and pyrimidines, the
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hydrazone linker is flexible and offer capacity for hydrogen bonding and metal coordination
making them amenable to conformations that may accommodate steric changes in mutant
kinase or interact with allosteric sites thereby evading resistant mechanisms (Albalawi et al.,
2025, Salama et al., 2023). Some hydrazone derivatives have been found to exhibit superior
pharmacological properties compared to traditional kinase inhibitors. For instance, ferulic
acid derivative of 4-hydroxy-3-methoxycinnamaldehyde and cumminaldehyde hydrazones
studied against kinase inhibitor receptors reveal a stable complex capable of charge transfer
which binds effectively to receptor’s active site via hydrogen bonding (Thirunavukkarasu et
al., 2018).

Though the isoniazid and cinnamaldehyde moieties are potent, the potential of their hybrid
to target specific kinase pathways are not adequately explored. The hybrids combine the
lipophilic cinnamaldehyde tail with the hydrophilic isoniazid which is expected to overcome
their individual pharmaceutic failures by optimizing membrane permeability and
bioavailability. In this work we report the computational evaluation and screening of novel
isoniazid-cinnamaldehyde derivatives with kinase inhibition and antioxidant potentials to
select a lead compound for further drug development.

METHODOLOGY

Drug suitability and toxicity evaluation of the new hybrid compounds was carried out using
SwissADME (Daina et al., 2017) and pkCSM (Pires et al., 2015); SMILES were submitted to
SwissADME and pkCSM programs for the evaluation of physicochemical, pharmacokinetics
and drug likeness properties.

Molecular docking was carried out using the Activating Cavities in the SwissDock program
(Bugnon et al., 2024; Rohrig et al., 2023). The input structure of the ligands was optimized and
the 3d structures were saved as mol2 files in ChemDraw and uploaded for docking. The
targets, PDB 1Q5K and PDB: 4L7B (Jnoff et al., 2014) were uploaded from the PBD database.
Both ligand and target molecules were prepared. The search box centre was set to the
coordinates obtained for the co-crystallized ligands and the grid box adjusted to 15-15-15 to
allow for exhaustive sampling within the targets active site. To validate the docking protocol,
the co-crystallized ligand of 1Q5K was redocked, and the results reproduced the binding pose
with a RMSD of 0.95 A. The docking poses were score based on the AC score and the binding
energy. Visualization and analysis of the top rank poses were carried out in UCSF ChimeraX
(Meng et al., 2023; Pettersen et al., 2021) and Biovia Discovery studio (Ercan et al., 2021).

Density functional theory calculations and 3D visualization of the probable lead molecules
were performed using Gaussian 09 in combination with GaussView 6.0.16 (Frisch, et al., 2009).
Semi-empirical PM6 method was used for pre-optimization of the compounds before
subjecting them to DFT calculations using the model chemistry B3LYP 6-311G+(d,p). The
SMD solvation model was used for the calculations in solvent phase.

RESULTS AND DISCUSSION

Seventeen hybrid derivatives of cinnamaldehyde and isoniazid, D1 - D4 and H1 - H13 (Fig 1).
were selected by careful manipulation of their structure relative to properties in SwissADME
program. The four hybrids, D1 - D4 are condensation products of isoniazid and naturally
occurring trans cinnamaldehyde, D1, 3-(2-hydroxyphenyl acrylic acid, D2, 3-(2-
hydroxyphenyl)acrylaldehyde D3, and 3-(2-methoxyphenyl)acrylaldehyde, D4. The other
derivatives, H1 - H13 were modified with relevant pharmacophores and groups that improve
or moderate the solubility, lipophilicity, stability, and overall biological activity of the
compounds.
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D1 R:H,Rle,RzzH,R3:H Ho6 R:CH3,R1:H,R2:F,R3:OH
D2 R=O0OH,R;=0H,R,=H,R;=H H7 R=O0CH; R;=H, R,=F,R;=0H
D3 R=HR,=OHR,-H R;=H H8 R=CH,0H R, =HR,=F R;=0OH
D4 R:H, Rl :OCH3, R2:H, R3:H H9 R:CH3, Rl :H, RZZH, R3:N(CH3)2
H2 R=H,R,=H,R,=HR;=F HIl R=OH,R,=H,R,=H, R;=NO,
H3 R=CH; R,=H,R,=H,R;=0CH, HI12 R=OH,R;=H,R,=H,R;=NO,

H4 R=CH; R,=H,R,=H,R;=0CH,CH; HI3 R=OH,R;=H,R,=H,R;=0CH;
H5 R=CH; R,=H,R,=H,R;=0H

Fig 1: Chemical structure of the studied isoniazid-cinnamaldehyde hybrids

ADME studies
The results of the ADMET profiling are presented in Table 1a and 1b.

Table 1a. Physicochemical and lipophilicity Properties

Consensus Log ESOL Log

Molecule Formula MW nRB nHBA nHBD MR TPSA Py S

D1 CisHIsN:O 25128 5 3 1 7534 54.35 2.31 -2.92
D2 CisHisNsOs 28328 5 5 3 7893 9481 1.58 -2.89
D3 CisHisNsO,  281.31 6 4 1 81.83 63.58 2.32 -2.97
D4 CisHisNsO, 26728 5 4 2 77.36  74.58 1.92 -2.76
H1 Ci6H15sN30 265.31 5 3 1 80.14 54.35 2.51 -3.12
H2 CisH1FN3O 26927 5 4 1 7530 54.35 2.63 -3.07
H3 Ci7Hi7NsO, 29534 6 4 1 86.64 63.58 2.61 -3.18
H4 CisHisN3O,  309.36 7 4 1 9144 63.58 2.93 -3.41
H5 CiHisN3O,  281.31 5 4 2 8217 74.58 2.19 -2.97
H6 Ci6H1sFN3O,  299.3 5 5 2 8213 74.58 2.44 -3.12
H7 CisH1sFN3O3 - 315.3 6 6 2 83.21 83.81 2.44 -3.25
HS8 CisH1sFN3Os - 3153 6 6 3 83.29 9481 1.85 -2.73
H9 Ci1sH20N4O 30838 6 3 1 9435 57.59 2.63 -3.34
H10 Ci7H14N4O 29032 5 4 1 84.86 78.14 2.38 -3.06
H11 Ci15sH16N4O4 316.31 8 6 3 8412 120.07 0.64 -2.62
H12 CisHNyOy 31228 6 6 2 85.73 120.40 1.26 -2.55
H13 CisHi7N3Os3 29932 7 5 3 8211 83.48 1.39 -2.55

The physicochemical parameters presented on Table 1a are largely within acceptable range
for orally active drug, they comply with Lipinski’s rule of five (Alhawarri et al., 2024). The
predicted values for the TPSA and GI absorption suggest good intestinal assimilation for the
compounds compared to trans cinnamaldehyde with a TPSA of 17 A. These values suggest
the new derivativities will show reduced brain penetration. Ony one of these 6 candidates
H11 showed one leadlikeness violation. The others are positive and none of them exhibited
any PAINS alert. They are all non CYP3A4 inhibitors (Table 1b) indicating they will not
interfere with metabolism of other medications applied on a cancer patient. Compounds D2,
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D4, H5, H6, H7, H8 H10, H11, H12 and H13 with LogP < 3 and TPSA ca 75 or higher is
predicted to have 2.5 times probability of being nontoxic in vivo (Alhawarri et al.,
2024)(Elshakre et al., 2020). these ten compounds were deemed probable and selected for
toxicity profiling.

Table 1b. Pharmacokinetics, Druglikeness and Medicinal Properties

Pharmacokinetics | Druglikeness | Medicinal Chemistry
GI BBB Pgp CYP3A4 Lipinski  Bioav PAINS Leadlikeness Synthetic

Molecule Absorption permeant substrate inhibitor violations Score #alerts violations Accessibility
TCAD High Yes No No 0 055 0 0 2.67
CMAD High No No No 0 0.55 0 0 2.72
MCAD High Yes No No 0 055 0 0 2.73
HCAD High Yes No No 0 055 0 0 2.67
H1 High Yes No No 0 055 0 0 2.84
H2 High Yes No No 0 055 0 0 2.65
H3 High Yes No No 0 055 0 0 2.82
H4 High Yes No No 0 055 0 0 291
H5 High Yes No No 0 055 0 0 2.76
H6 High Yes No No 0 055 0 0 2.77
H7 High No No No 0 055 0 0 2.87
H8 High No No No 0 055 0 0 2.85
H9 High Yes No No 0 055 1 0 3.05
H10 High Yes No No 0 055 0 0 2.96
H11 High No Yes No 0 055 0 1 2.94
H12 High No No No 0 055 0 0 2.85
H13 High No No No 0 055 0 0 3.08

The toxicity profiling result of the selected compounds is presented in Table 2.

Table 2: pkCSM Toxicity profiling of the promising candidates

D2 D4 H5 H6 H7 HS8 H10 Hi11 Hi12 H13
AMES toxicity No No No No No No No Yes Yes No
MTD (human) 0.449 0.655 0.54 0.252 0.284 -0.02 0.271 -0.463 -0.64 0.038
hERG I inhibitor No No No No No No No No No No
hERG II inhibitor No No No No No Yes No Yes No Yes
LD50 2.257 2411 2177 2.409 2.536 2.496 2.377 2.794 2.787 2.992
LOAEL 1.547 1.584 1.051 0.889 0.883 1.099 1.402 1.838 1.617 1.38
Hepatotoxicity No No No No Yes Yes Yes No Yes No
Skin Sensitisation No No No No No No No No No No
T.Pyriformis toxicity 0.804 1.052 1.12 1.236 0.76 0.568 1.332 0.426 0.745 0.462
Minnow toxicity 1.23 0.465 1.119 1.311 1.553 1.91 0.709 3.826 241 2.681

Based on the toxicity data (Table 2), compounds D2, D4, H5 and H6 stand out as more
probable drug candidates. They are predicted not to interfere with the DNA, nontoxic to the
liver, and pose no threat to the cardiac system. D4 may be more tolerated in humans as it has
the highest MTD of 0.655 log mg/kg/day among the four. These predictions correlate well
with the SwissADME results (Table 1a and b) the combination of moderate Log P (<3),
consensus log P (1.58 - 3.04) and high TPSA suggests the compounds should be polar enough
for required solubility and yet should be lipid friendly to cross cell membranes (Aina et al.,
2025)(Elshakre et al., 2020). Molecular docking and DFT frequency calculations of the selected
compounds were used to further investigate these predictions.

Molecular Docking against GSK-3p (PDB: 1Q5K)
The molecular docking was performed using the Activating Cavity program on SwissDock to
examine the binding interactions between the studied compounds and the residues in the
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GSK-3p binding pocket. Only the docking results of the four compounds with the best ADME
results are reported. The docking protocol was first validated by redocking the TMU co-
crystallized ligand inhibitor in PDB: 1Q5K. The top scorer redocked ligand pose was
superimposed with the protein’s co-crystallized ligand. The matching of the pose (Fig 2) is
good with RMSD of 0.95A.

]
w¥s -

Fig 2. The matching pose of the co-crystallized ligand and the redocked pose in the binding pocket of PDB: 1Q5K

The docking of the hydrazones into the deep cavity of the GSK-3B protein revealed good
binding affinity, strong hydrogen bond interactions with the hinge targets (Table 3).

Table 3. Hydrogen bonding distance in Angstrom between the inhibitors and major residues
in the GSK-3p binding site

Inhibitor Binding Energy Val 135 Tyr 134 Lys 85
D2 -7.69 1.82,2.63 2.68
D4 -7.81 1.86,1.94

H5 -7.95 214 1.83 1.94
Hé -8.16 2.13 1.81 1.97

All the studied compounds except H10 formed hydrogen bonds at short distances (1.82 - 2.6
A) with Val 135, Tyr 134 and Lys 85. D2, one of the derivatives of the naturally occurring
cinnamaldehyde hinged to the Val 135 through the H atom of the hydroxyl group in the ortho
position on the cinnamaldehyde ring, for the other compounds, these strong hydrogen bonds
occurs either between the carbonyl oxygen and amine hydrogen of the hydrazones linker
forming two or three hydrogen bonds, or a dual hydrogen bonds in sequence with Tyr 134
and Val 135. D2 and H5 interacted strongly via a third hydrogen bond to Lys 85 through the
isoniazid carbonyl O and phenolic or methoxy O of H5 respectively. (Fig 3a and b). These
interactions correlated strongly with the high affinity hydrogen bonding found between these
residues and the co-crystallized ligands in 1Q5K.
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GLN 185

Fig 3a: the 3D and 2D Docking pose of D2 and the related D4 against PDB:1Q5K
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Fig 3b: the 3D and 2D Docking pose of H5 and the related H6 against PDB:1Q5K
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These strong hydrogen bonds with Val 135 and Tyr 134 is expected to prevent the
conformational changes required for kinase to transfer a phosphate group from ATP to a
substrate such as glycogen. The strong electrostatic interaction with Lys 85 is expected to
turther stabilize the interaction with the residue (Rajamani et al., 2026)(Arfeen et al., 2015).

DFT Calculations and Reactivity Parameters

The optimized structures, frontier molecular orbitals, (FMOs), and Molecular Electrostatic
Potential Maps (MEPs) of the selected compounds with good ADMET reports, are displayed
in Fig 4, 5, and 6 respectively, and the calculated reactivity parameters in Table 4.

LUMO
3.684 3.700

ns\‘

“\"4.)

‘CQQO

4 ﬁ#’

HS5

Fig 5: the FMO showing the Energy gap

Table 4: Energetics and Global reactivity Parameters (in eV) calculated at the DFT/B3LYP/6-
311G(d,p) model chemistry level

Molecule EHOMO ELUMO AE }1 I‘| ®

D2 -5.8134 -21619 3.6515 -3.9877 1.8258 4.3549
D4 -5.8665 -2.2128 3.6537 -4.0397 1.8269 4.4664
H5 -5.7318 -2.0474 3.6844 -3.8896 1.8422 4.1062
Hé6 -6.0314 -2.3315 3.6999 -4.1815 1.8499 4.7258

The DFT calculations analysis revealed that the studied inhibitors possess electronic features
that are consistent with the binding poses predicted by molecular docking simulations. The
binding mode is largely driven by electrostatic complementarity where the regions identified
by FMO MEP analysis as electron-deficient align with compatible residues in the target's
active site The hydrogen bond interaction between the hydrazone amide nitrogen and the
backbone carbonyl oxygen of Val 135 is in perfect agreement with the prediction by MEP
Surface (Fig 6) where distinct blue region was observed over the amide hydrogen, confirming
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its ability to act as a strong hydrogen bond donor to the electronegative oxygen of Val 135
residue in the hinge region.

Fig 6: MEP of the promising candidates D2, D4, H5 and H6

Similarly, the phenolic ring was observed to interact closely with Lys 85 (1.94 A), a residue
that further stabilizes the inhibitor in the ATP binding pocket. The electron rich nature of the
ring was predicted by the localization of the HOMO on the ring. The cationic Lys 85 acts as a
hydrogen bond donor as it is electrostatically pulled to the election rich phenolic ring.

The other major hydrogen bond interaction is between the ligand's carbonyl oxygen and
donor proton on Val 135 and/or Tyr 134. This carbonyl oxygen is the most intense red region
on the ligand surface confirming its role as the main hydrogen bond acceptor. The docking
simulation result supports that the high-density negative charge is essential for anchoring the
hydrazones into the binding pocket through electrostatic interaction to H-donor Val 135/ Tyr
134. The pyridine tail in these hydrazones is positioned near the Arg 144 residues (3.2 - 3.8A)
(Rajamani et al., 2026). In H5 the LUMO is delocalized over the pyridine ring suggesting
election deficiency. However, according to the MEP map, the N atom is electron rich
(nonbonding lone pair) and can therefore act as a hydrogen bond acceptor

In H5 the pyridine N is oriented towards Argl41 which has a guanidinium side chain that is
positively charged. This electrostatic pull account for the orientation which stabilizes the tail
within the solvent exposed region of the binding pocket.

Thermodynamic stability of the Compounds

The thermodynamic stabilities are crucial to drug transport in the biological system. By
examining the behaviour of a drug candidate in water and n-octanol relative to the gas phase
we can gain insight in the transportation pattern of the molecule in hydrophilic and lipophilic
environments. Th four candidates were subjected to further DFT frequency calculations in
water and n-octane to obtain the solvation energies and compare the results to those obtained
in the gas phase (Javanainen et al., 2017). The solvation free energies and dipole moments
obtained are presented in Table 5.

Table 5: Energy and dipole moment of the D2, D4, H5 and H6 across gas, solvents phases

D2 D4 H5 Hé
E(B3LYP)Agas -969.5791 -933.6335 -933.6543 -1108.1519
E(B3LYP)Ayq -969.6124 -933.6562 -933.6850 -1108.1846
E(B3LYP)Aoct -969.6111 -933.6529 -933.6856 -1108.1723
AGsoly -0.0333 -0.0227 -0.0307 -0.0327
AGoct -0.032 -0.0194 -0.0313 -0.0209
AGtransfer +0.0013 +0.0033 -0.0006 +0.0123
Dipole Moment(j1)gas 6.3125 7.2505 6.7960 9.1483
Dipole Moment(p1)aq 8.9259 10.6619 10.2398 13.5343
Dipole Moment(p)oct 8.4041 8.1275 9.6426 10.5399
Apw 2.6134 3.4114 3.4438 4.386
Apo 2.0916 0.877 2.8466 1.3916

The data in Table 5 gives quantitative information about the compounds when moving
between aqueous blood environment and the lipophilic cell membranes. The negative values
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for the AGsolv and AGoct is an indication that the compounds dissolution is spontaneous and
thermodynamically favourable in both polar and non-polar media. D1, D2, and H6 show
lower (more negative) AGsoy compared to AGot while H5 shows a slightly higher AGsory
indicating it has higher affinity for lipid environment.

The AGuanster reveal that H5 is the only candidate with a negative transfer energy value (-
0.0006), indicating it is energetically favourable to the octanol over the aqueous phase. It is
therefore predicted to likely cross lipid bilayers through passive diffusion better than others.
D1, D2, and H6, with positive AGanster indicates that they are more hydrophilic and may find
it difficult to cross cell membranes (Tiwana et al., 2021). They are therefore likely to be largely
retained in the blood and cytoplasmic environment. As a result of the AGuansier and the higher
polarity and strong tendency to adapt to aqueous environment predicted by the changes in
dipole moments in the different phases, H5 emerged the lead candidate and is further
subjected to investigation for antioxidant activity.

Antioxidant study (Docking 4-hydroxycinnamaldehyde isonicotinoyl hydrazone, H5
against 4L7B)

Since the compound H5 is primarily studied as a kinase inhibitor, its examination for
antioxidant activity is secondary and therefore this activity should not adversely affect its
kinase inhibition potential. Tight binding to keapl may permanently activate Nrf2 and
possibly protect cancer cells from chemotherapy. The lead compound was docked against the
keapl Kelch domain (4L7B) (Fig 7). The analysis of the result revealed a binding energy of -
7.6 kcal/mol and formed stable hydrogen bonding interactions with Arg483, Arg415 and a
weak interaction with Arg380. The interactions with these key arginine triad and the moderate
binding energy suggests the molecule can competitively inhibit the keap1-Nrf2 interaction to
induce a cytoprotective antioxidant response without overshadowing the primary kinase
inhibition role of the lead compound (Baird & Yamamoto, 2020; Kansanen et al., 2013; Zhuang
et al., 2017).

ARG
ARG 330
483 ASN
414
2,25 2.49

2.39

ARG 3.3
415

2.33

471

— 572

Fig 7: The 3D and 2D Docking pose of H5 against Keap1 PDB: 4L7B

T. A. Abubakar et al, DUJOPAS 12 (3a): 1-14, 2026 10



In Silico Design, DFT, and Molecular Docking Studies of Novel Cinnamaldehyde based Hydrazones as Dual-
Target Inhibitors of GSK-3B and Keap1

CONCLUSION

In this work novel isoniazid-cinnamaldehyde hybrid derivatives were designed and their
potentials as GSK3f inhibitors were evaluated using computational chemistry techniques
such as DFT, Molecular docking and ADMET profiling. DFT calculations at B3LYP/6-
311G(d,p) model level revealed the inhibitory potential of the studied compounds. The FMO
analysis showed a clear charge separation where the HOMO is localized on the electro rich
phenolic moieties and the LUMO delocalized over the electron deficient pyridine ring and the
hydrazone linkers. The chemically soft and highly polarizable species featured conducive to
facile interaction with biological targets. The molecular electrostatic potential map provided
further mechanistic insights. It reveals that the phenolic ring is nucleophilic in character but
masked by the phenolic proton which is acidic suggesting deprotonation or similar event as a
condition for optimal receptor binding or metal coordination. The DFT calculations in gas
phase was extended to model the solvent effects in water and n-octanol for the four
compounds. H5 demonstrated a balance of thermodynamic properties for an intracellular
target. It revealed the compound potentially possess adequate aqueous stability to circulate
in biological fluids combined with a thermodynamically favourable transfer energy into a
lipid environment. Its potential dynamic adaptation of its polarity suggests good membrane
permeability and binding to the active site of target macromolecules.

Molecular docking analysis against two distinct biological targets revealed H5 exhibited the
best binding mode driven by electrostatic complementarity, forming a strong hydrogen bond
with Lys85 (1.946 A) which is a critical residue with stabilizing interaction with Val135 and
Tyr 134 in the hinge region. Docking against the Kelch domain of keaplrevealed effective
interaction withNrf2 with a binding energy (-7.6 kcal/mol). The compound can therefore
potentially disrupt the keapl-Nrf2 protein-protein interaction thereby releasing Nrf2 to
carryout its natural function of activating downstream cytoprotective antioxidant pathways.
ADMET profiling on the final analysis revealed excellent druglikeness for the lead compound
H5. The compound fully complied with the Lipinski Rule of Five. It has good, predicted values
for lipophilicity, gastrointestinal absorption, and it does not interact with p-glycoprotein
indicating a low risk for multidrug resistance. Time and financial resources have been
optimized, the impressive results of the lead compound from the theoretical study warrants
its selection for synthesis and in vitro dual target evaluation for therapeutic purposes.
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