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  Abstract: Background: Breast cancer is characterized by uncontrolled cell growth in the breast tissue and is a leading 
cause of death globally. Cytotoxic effects and reduced efficacy of currently used therapeutics insist to look for new 
chemo-preventive strategies against breast cancer. LKB1 gene has recently been categorized as a tumor suppressor 
gene where its inactivation can cause sporadic carcinomas in various tissues. Mutations in the highly conserved LKB1 
catalytic domain lead to the loss of function and subsequently elevated expression of pluripotency factors in breast 
cancer.  

Objective: The utilization of drug-likeness filters and molecular simulation has helped evaluate the pharmacological 
activity and binding abilities of selected drug candidates to the target proteins in many cancer studies.  

Methods: The current in silico study provides a pharmacoinformatic approach to decipher the potential of novel 
honokiol derivatives as therapeutic agents against breast cancer. AutoDock Vina was used for molecular docking of the 
molecules. A 100 nano second (ns) molecular dynamics simulation of the lowest energy posture of 3'-formylhonokiol-
LKB1, resulting from docking studies, was carried out using the AMBER 18.  

Results: Among the three honokiol derivatives, ligand-protein binding energy of 3' formylhonokiol with LKB1 protein 
was found to be the highest via molecular docking. Moreover, the stability and compactness inferred for 3'-
formylhonokiol with LKB1 are suggestive of 3' formylhonokiol being an effective activator of LKB1 via simulation 
studies.  

Conclusion: It was further established that 3'- formylhonokiol displays an excellent profile of distribution, metabolism, 
and absorption, indicating it is an anticipated future drug candidate. 
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1. INTRODUCTION 

 Despite the significant advances in cancer remedial methods 
and therapeutics, breast cancer is one of the leading causes of mor-
tality among women. Despite the continuous development of fo-
cused screening programs and the development of targeted medica-
tion procedures, increasing breast-cancer-related mortalities are still 
alarming. Low efficacy, therapeutic resistance, and morbidity con-
fine the rate of success of existing procedures. Hence, the develop-
ment of effective and more potent anti-cancerous agents is an ex-
tensively researched area because of the unique pathophysiology of 
tumors and the evolution of resistance to therapeutics [1]. Subse-
quently, due to the limitations of the classical cancer remedial 
methods including immunotherapy, chemotherapy, and radiothera-
py, research is focused on determining less toxic phytochemicals 
with pharmacological and bioactive potential [2].  
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 Constitutive bioactive components in the stem, leaves, roots, 
and bark of plants have been extensively used in traditional medi-
cine and still are in practice. Among such plants, Magnolia spp. 
was used for centuries for the treatment of gastrointestinal disor-
ders, stroke, dizziness, and nervousness. The complete biochemical 
profiles of these plants have shown the production of biologically 
active phenolics, flavonoids, and others. Honokiol (3',5-di-(2-
propenyl)-1,1'-biphenyl-2,4'-diol) is a phenolic phytochemical de-
rived from the seed cones of Magnolia grandiflora and has been 
extensively evaluated for antioxidant, antibacterial, anti-
thrombolytic, and anti-inflammatory potential [3].  

 Moreover, the anticancer properties of honokiol have also been 
demonstrated in vitro and preclinical models, particularly in breast 
cancer [4]. Insights into the molecular mechanisms of honokiol 
demonstrate inhibition of tumor invasion and metastasis by sup-
pression of NF-kB, PI3K/AKT/mTOR, and Ras/ERK pathways [5, 
6]. Autosomal dominant mutations in the genes including 
BARCA1, BARCA2, LKB1, and CHEK lead to tumor progression. 
Among these genes, Liver Kinase B1 (LKB1) is an upstream kinase 
that modulates several cellular functions including tumor suppres-
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sion and apoptosis. LKB1 also regulates several downstream signal-
ing pathways through phosphorylation of 14 AMP-dependent pro-
tein kinase (AMPK)-related kinases, which lead to suppression of 
mTOR [7]. Mutations in the highly conserved LKB1 catalytic do-
main lead to the loss of function, acquiring elevated expression of 
pluripotency factors [8]. Similarly, honokiol has been shown to lead 
to apoptosis through the activation of the caspase cascade in chron-
ic lymphocytic leukemia [9]. Interference of honokiol in the NF-κB 
signaling pathway results in reduced expression of downstream 
genes in embryonic kidney cells, promyelocytic leukemia, multiple 
myeloma, cervical cancer, and specifically breast cancer. Several 
research studies targeting the antitumor effects of honokiol alone 
and in combination with other anti-cancerous agents have been 
explored against breast cancer. However, there are hardly any re-
ports which evaluate the three-dimensional structures and the 
pharmaceutical potential of honokiol derivatives through in silico 
studies. Molecular docking studies of honokiol derivatives were 
carried out to know their interaction with LKB1 protein. The dock-
ing results were further strengthened by molecular dynamic simula-
tion studies and derivatives were analyzed for blood-brain barrier 
and gastrointestinal absorption.  

2. MATERIALS AND METHODS 

2.1. Gene Sequence and Mutation Analysis  

 The sequence of LKB1 gene was accessed from NCBI with 
accession number U63333. The retrieved sequence was analyzed 
for mutations following the verification of detected mutations 
through different computational platforms. Mutations were ana-
lyzed using polymorphism phenotypic-2 (Polyphene-2), which 
predicted the possible impact of an amino acid substitution on the 
structure and function of the selected LKB1 protein. The functional 
analysis and annotations were based on the output scores and were 
performed by mapping the query sequence (nsSNP) to the transcript 
of genes following the extraction of structure and protein sequences 
[10]. The detrimental effects of amino acid substitution on protein 
function were assessed using SIFT by homology sequencing. The 
output score predicted and classified the amino acid substitution as 
tolerant and intolerant [11]. Prediction of human deleterious single 
nucleotide polymorphism (PHD-SNP) was used to classify nsSNP 
as disease-related or neutral ones. The tool work on the basis of 
SVM and provide information on a new residue at a specific posi-
tion [12]. MutPred2 was used to analyze impactful missense vari-
ants of disease-related and neutral amino acids. The G-value of the 
input sequence showed confident hypotheses, very confident hy-
potheses, and actionable hypotheses for their effects on protein 
sequences [13]. I-Mutant 2.0 was used to assess the automatic pre-
diction of the stability changes in a protein following a single-point 
mutation. The results were noted as the free energy changes denot-
ed by ∆∆G value and were based upon protein structure and se-
quence [14]. PROVEAN (Protein Variation Effect Analyzer) was 
used to perform random forest-based binary classification determin-
ing the relationship of the output score with disease and the biologi-
cal function of the protein [15].  

2.2. Secondary Structure Prediction  

 Secondary structure prediction was made using PSIPRID [16]. 
It helped in the prediction of the position of helix and beta-strands 
in a protein structure to determine the nature of the protein.  

2.3. Homology Modelling of 3D Structure of Protein  

 Iterative Threading Assembly Refinement (I- TASSER) was 
used to generate the high-quality 3D structure of the protein [17]. 
Selection of the structure was based upon a confidence score (C-
Value), where and higher C-Value indicated the consistency of the 
model. The alignment based upon TM-score and RSMD between 

query and known structures was searched in PDB (Protein Data 
Bank) library. 

2.4. Ligand Identification and Retrieval 

 Three honokiol derivatives indicating anti-inflammatory and 
anti-cancerous activities were identified from the literature to be 
used as potential ligands. The 3D structures of each derivative were 
downloaded from PubChem [18].  

2.5. Molecular Docking 

 Molecular docking was performed to determine the binding 
sites between the target molecule and ligand to form a complex. 
AutoDock Vina was used for molecular docking of the molecules. 
Protein 3D structure was retrieved from I-TASSER in PDB format. 
Following the addition of polar hydrogen in the protein, it was ini-
tialized as a macromolecule by using the MGL tool [19]. The active 
site was identified by the Computed Atlas of Surface Topography 
of Protein (CASTp 3.0), which predicted the amino acids on the 
target molecule for the potential ligand binding [20]. The grids were 
adjusted on the active site of the target by setting x, y, and z centers 
and sizes. Ligand preparation of retrieved sequences was performed 
following the addition of a torsional angle in the ligands. 

 Output files after processing from AutoDock Vina were chosen 
on the basis of high-affinity values and visualized on PyMol [21]. 
Ligand binding positions of amino acids were determined in addi-
tion to the analysis of polar, hydrophobic and pi interactions be-
tween ligand and target molecule. Molecular docking was accom-
plished with the PatchDock platform and results were acquired 
based on complementary shape criteria [22]. The algorithm consist-
ed of three main stages including representation of the shape of the 
molecule, matching of surfaces patches, filtering, and scoring. Pro-
tein-ligand interaction profiler (PLIP), was used for the prediction 
of non-covalent bonds between the ligand and target molecule and 
determined the interaction between honokiol derivatives and LKB1 
protein [23].  

2.6. Molecular Dynamic Simulation 

 Docking results were further validated using molecular dynam-
ic simulation analysis. Simulation analysis was performed to predict 
the binding of honokiol derivatives to LKB1 protein and to analyze 
the changes in binding strength with a change in the temperature. 
The simulation analysis was also performed to study the physical 
movements of the atoms of the receptor in the presence and absence 
of the compound for a known time. A 100 nanosecond (ns) molecu-
lar dynamics (MD) simulation of the lowest energy posture of 3' 
formylhonokiol-LKB1, resulting from docking studies, was carried 
out using the AMBER 18 software [24]. Optimization of the three-
dimensional structure of the protein was performed using Gaussian 
09 on applying B3LYP/6-31G (d) basis [25]. Related parameters of 
the screened compounds were performed using an antechamber 
module of AMBER suite molecular dynamics software utilizing 
Generalized Amber Force Field (GAFF). The input files were used 
to run by xleap command using Amber ff14SB force field for the 
created parameter and coordinate files [26, 27]. The topology files 
of protein and ligand were recorded using the Leap module [28]. 
The system was first solvated with water molecules (TIP3PBOX) 
followed by neutralization with sodium (Na+) ions. Solvate box 
TIP3P 10.0 was added with a 10 Å buffering distance [29]. Initial 
velocities were based on Maxwell-Boltzmann distribution with a 
temperature of 300 K and constant volume (ntb = 1) for 20 ps 
(nstlim = 10000 × dt = 0.002) simulation time during the process of 
thermalization. The neutralized system was then put through a pre-
processing stage that included minimization, heating, and equilibra-
tion. Berendsen thermostat was used to equilibrate the receptor or 
its complex at 300 K and 1 bar for constant pressure (ntp = 1) for 
another 500 ps simulation time. The Ewald summation method was 
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used to complete the MD simulation run [30]. The trajectories were 
analyzed using QtGrace (https://sourceforge.net/projects/qtgrace/files/). 
iMODS analysis was used to stimulate molecular dynamics to aid 
in the exploration of normal mode analysis (NMA) and to generate 
accessible information about routes which may include homologous 
structures or macromolecules. iMODS also measure the B-factor 
and structural deformity and calculate the eigenvalue. The data was 
examined in terms of protein and ligand root mean square deviation 
(RMSD), and root mean square fluctuation (RMSF). 

2.7. Binding Free Energies Estimation 

 MMPB/GBSA methods were used to accurately predict the 
binding free energies (ΔGbind) of the docked complex of 3' 
formylhonokiol and LKB1 [31]. To compute the ΔGbind, a total of 
200 snapshots were extracted from the last 2 ns trajectories. ΔGbind 
was estimated as follows: 

ΔGbind = ΔGcomplex − (ΔGreceptor + ΔGligand) 

2.8. ADMET Analysis  

 Swiss ADMET server was used to predict the effectiveness of a 
drug in patients. The server was assessed in order to predict the 
physiochemical properties, drug-likeness, pharmacokinetics of lig-
and or drug, gastrointestinal absorption and brain barrier absorption 
[32].  

3. RESULTS  

3.1. Mutation Analysis  

 The sequence of LKB1 gene containing 1302 bp was retrieved 
from NCBI using accession number U63333 (Supplementary Fig. 
S1). Using BLASTX, 23 candidate mutations were identified in 
LKB1 protein named as: V4A, M11V, K108R, L67P, L61V, 
G187S, A206E, A206V, R409G, W239R, G408A, R211S, R405K, 
A273T, S271N, K287R, R301Q, A318E, H379Q, Q7P, E2D, 

S334G, and R383S. Among the 23 identified mutations, the valida-
tion analysis through different computational tools characterized 
L67P and W239R for high-risk and mutational frequency in LKB1 
(Supplementary Table S1).  

3.2. Secondary Structure Prediction and Homology Modelling 

 Protein secondary structure was predicted using PSIPRID and 
polar, nonpolar, hydrophobic, aromatic plus cysteine nature of the 
protein was determined (Supplementary Fig. S2). The presence of 
alpha and beta-sheets was also detected. The output file showed the 
presence of helices as pink color, strands as orange color, and coils 
are grey color (Supplementary Fig. S3). The confidence levels of 
alpha helices and beta sheets were also determined and have been 
shown in Fig. (1A). From I-TASSER the 3D structure of the protein 
with high confidence values -1.39, TM = 0.54 ± 0.15, and RSMD 
score = 10.2 ± 4.6 was obtained showing 433 amino acids in the 
LKB1 gene (Fig. 1B).  

3.3. Molecular Docking 

 Three honokiol derivatives were identified and their 3D struc-
tures were downloaded from PubChem (Supplementary Table S2, 
Fig. S4). Before using AutoDock Vina, a target grid was prepared 
to detect where the ligand binds to the specific target site (Supple-
mentary Fig. S5A). By using Cast p Program, activation sites on 
LKB1 protein were examined (Supplementary Fig. S6). At pocket 
No.1 of 3944.580 volume and 3057.526 areas, the best ligand bind-
ing site was observed, which consisted of 142 amino acids (Sup-
plementary Fig. S6). The interaction analysis showed that LKB1 
honokiol derivatives could bind to receptors through hydrogen 
bonds and non-polar interactions. The results indicated that 3'-
formylhonokiol formed one hydrogen bond with LKB1 with an 
affinity value of -7.8, 5-formylhonokiol interacted with LKB1 
through one Pi bond with an affinity value of -7.2, and 3', 5-
diformylhonokiol formed one hydrogen bond with affinity value of 
-7.9 (Fig. 2). The best interaction was assessed on the basis of high 

 
Fig. (1). Confidence prediction of α-helix, β-sheet, and coil (A), Protein 3-D structure (B). (A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 
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score values as the interaction between LKB1 protein and 3'-
formylhonokiol had a 4836 score value as compared to LKB1 inter-
action with 5-formylhonokiol and 3', 5-diformylhonokiol, which 
showed the scores of 4824, and 4838, respectively. Through pro-
tein-ligand interaction profiler, 4 hydrophobic interactions, 2 polar 
hydrogen bonds, and one pi bond were observed between 3'-
formylhonokiol and LKB1 protein. Hydrophobic interactions were 
shown as dotted lines. Subsequently, one hydrogen bond and 3 
hydrophobic interactions existed between 5-formylhonokiol and the 
target protein. Likewise, two hydrogen bonds and five hydrophobic 
interactions were observed between 3', 5-diformylhonokiol and 
LKB1 (Supplementary Fig. S5B and Supplementary Fig. S7). 

3.4. Molecular Dynamic Simulation 

 To optimize the selected docked complex at the atomic level 
and gain a better understanding of how the binding of the top-
ranked ligand (3' -formylhonokiol) affects the structural and con-
formational stability of the protein, LKB1, 100 ns simulation was 
performed. As RMSD (root mean square deviation) and RMSF 
(root mean square fluctuations) are useful techniques for obtaining 
the aforementioned information for any protein/ligand docked com-
plex, these metrics were used to investigate the resulting trajecto-
ries. Figs. (3A and B) shows the RMSDs of LKB1 complexed with 
3'-formylhonokiol as well as Ligand-RMSD of 3' -formylhonokiol. 
The docked complex attained the equilibrium of around 10 ns while 
the ligand attained around 0.2 ns. The RMSD graph for the docked 
complex showed the initial deviations of the system with an aver-
age RMSD value of 6.02 Å, which later stabilized in the production 
phase with an average RMSD of 4.98 Å (Fig. 3A). After 10 ns on-
wards, the RMSD value remained constant at 4.98 Å. The ligand, 
on the other hand, remained stable for the course of the 100 ns, with 
an average RMSD of 0.31 Å (Fig. 3B). This trend in the ligand 
RMSD graph confirms the docking results and the stability of the 
ligand bound to the active site residues of the protein. 

 The RMSF plot showed that most of the N-terminal residues 
showed minimal fluctuations and less flexibility with an acceptable 
average value of 1.87 Å (Fig. 4). The ligand binding site appears to 
have remained relatively rigid throughout the simulation. The sta-
bility and compactness of 3'-formylhonokiol with LKB1 suggested 
that it might be an effective activator of LKB1.  

3.5. Binding Free Energies Estimation 

 The binding free energies of the top docked scored complex 
were calculated using the MMPB and MMGB methods to validate 
and rescore the docking results. The resulting binding free energies 
are calculated by subtracting the free energies of the ligand bound 
to the protein from the free energies of the complex's components. 
Negative ΔGbind values for both methods indicated a strong and 
stable binding of 3'-formylhonokiol with LKB1. Table 1 shows the 
details of each energy component that contributed to the final val-
ues of ΔGbind. Analysis of each energy component in the case of 
both MMGB/MMPB indicated that van der Waals interaction sig-
nificantly contributed to the net ΔGbind. The net value for van der 
Waals, for 3' formylhonokiol with two benzene rings, was -54.8280 
kcal/mol-1, these results were in accordance with docking results 
where these rings were involved in three hydrophobic interactions 
(Table 1).  

 The collective functional motion of macromolecules was as-
sessed through normal mode analysis (NMA) using iMODS (Inter-
nal Coordinates Normal Mode Analysis Server). IMODS performs 
a critical study of the structure by altering the force field of the 
complex with regard to the various time intervals. At each residue’s 
capacity level, the resultant model displayed moderate deformation. 
The complex’s region value was 7.899574e-05.cov. Heat maps with 
a more co-related region suggested better interaction between indi-
vidual residues. Figs. (5A-E) depicts a full explanation of the 
IMODS molecular dynamic simulation. NMA mobility in the pro-
tein structure is shown in Supplementary Fig. (S8). The component 

 
Fig. (2).The 2-dimensional views of (a) Interaction of 3'-formylhonokiol with LKB1, (b) Interaction of 5-formylhonokiol with LKB1, (c) Interaction of 3', 5-
diformylhonokiol with LKB1 using AutoDock Vina. In each case, the hydrogen, pi-donor hydrogen, pi-alkyl, pi-sigma, and pi-anion bond interactions are 
shown as green, light green, purple, pink and light pink. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Fig. (3). The RMSD plots of drug-target complex at a variable temperatures like 300, 325, 350, 375 and 400K. (A) Root mean square deviation of LKB1 com-
plexed with 3'-formylhonokiol, and (B) ligand-root mean square deviation of 3'-formylhonokiol. (A higher resolution / colour version of this figure is available 
in the electronic copy of the article). 

 

 
Fig. (4). The RMSF plot of LKB1-3'-formylhonokiol complex for 100 ns at 300, 325, 350, 375 and 400K. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 

 
Table 1. Binding free energy for the LKB1-3'-formylhonokiol com-

plex. 

MMGB 

Energy Component Average Value Standard Deviation 

Van der Walls -54.8280 2.5904 

EEL -10.1112 3.8683 

EGB 25.4771 3.2024 

ESURF -5.8927 0.1856 

ΔGgas -64.9391 4.8453 

ΔGsolvent 19.5844 3.1455 

ΔGbind -45.3548 2.6875 

MMPB 

Energy Component Average Value Standard Deviation 

Van der Walls -54.8280 2.5904 

EEL -10.1112 3.8683 

EPB 40.9395 4.4803 

ENPOLAR -3.5703 0.0655 

ΔGgas -64.9391 4.8453 

ΔGsolvent 37.3692 4.4907 

ΔGbind -27.5699 3.8213 

exhibited deformability, which revealed a moderate number of de-
formations at all residues as illustrated in Fig. (5A), whereas, the B-
factor is shown in Fig. (5B). B-factor is based on pdb and indicated 
that simulation results and actual experimental pdb results were 
similar. A high Eigenvalue indicated the high amount of energy 
required to deform protein structure (Fig. 5C), whereas high Eigen-
values are inversely related to variance indicating low levels of 
variance (Fig. 5D). The red color in the covariance map indicated 
the interaction of the drug with the target molecule and the grey 
color of the elastic network represented the stiffness of the target 
and the difficulty in deformation (Figs. 5E and F).  

3.6. ADMET Analysis 

 The Pharmacokinetics of honokiol derivatives as boiled egg, are 
shown in Fig. (S9). The orange yolk of the egg indicates Blood 
Brain Barrier (BBB) and the white area represents gastrointestinal 
absorption. Honokiol derivatives used in this study demonstrated 
high gastrointestinal absorption and were blood-brain barrier per-
meant. As 3'-formylhonokiol and 5-formylhonokiol are isomers, 
they showed a similar result. Drug likeness of honokiol derivatives 
is shown in Table 2 and exhibited that 3'-formylhonokiol and 5-
formylhonokiol followed Lipinski, Ghose, Veber, Egan and 
Muegge rule, whereas 3',5-diformylhonokiol violated Muegge rule. 
Honokiol derivatives indicated that 3'-formylhonokiol or 5-
formylhonokoil, and 3',5-diformylhonokiol had lipophilicity 4.0 
and 3.89 as mentioned in Tables S3 and S4 whereas physicochemi-
cal properties of derivatives are indicated in Table 3. 
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Fig. (5). Molecular dynamic simulation results showing (A) Deformability, (B) B-factor, (C) Eigenvalues, (D) Variance, (E) Covariance map and (F) Elastic 
network. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

 
Table 2. Drug likeness of honokiol derivatives. 

Rules 
3'-formylhonokiol or 5-formyl 

honokiol 3',5-diformylhonokiol 

Lipinski Yes, 0 voilation Yes 

Ghose Yes Yes 

Veber Yes Yes 

Egan Yes Yes 

Muegge Yes 
No 1 vilation XPLOG3 

> 5 

Bioavaiability 0.55 0.55 

 
Table 3. Physicochemical properties of honokiol derivatives. 

Physiochemical Properties 3'-formylhonokiol or 5-
formyl honokiol 

3', 5-
diformylhonokiol 

Formula C19H18O3 C20H18O4 
Molecular weight 294.34 g/mol 322.35 

No. of heavy atoms 22 24 
No. of arom. heavy atoms 12 12 

Fraction csp3 0.11 0.10 
No. of rotateable bond 6 7 

No. of H-bond receptors 3 4 
No. of H-bond donors 2 2 

Molecular refrectivity 89.52 94.91 

4. DISCUSSION  

 Honokiol is a bioactive compound of the Magnolia officinalis 
which has been extensively explored for anti-tumor and anti-
apoptotic potential. Evaluation of honokiol in breast cancer cell 
lines was shown to inhibit both, estrogen receptor positive and neg-
ative breast cancer cell lines in a concentration and time-dependent 
manner. Moreover, honokiol also positively inhibited drug-resistant 
breast cancer cell lines through the induction of caspase-dependent 
apoptosis [33]. Likewise, honokiol was demonstrated for the inhibi-
tion of breast carcinogenesis through the activation of AMP-
activated kinase following LKB1-dependent pathway [34]. A recent 
study indicated inhibition of metastasis in breast cancer cells via 
modulation of Snail/Slug protein translation. The results of the 
puromycin incorporation assay confirmed the honokiol-driven re-
duction in Snail translation efficiency and increased E-cadherin 
expression in metastatic nodules [35]. Another study indicating the 
activation of LKB1 through honokiol highlighted the multifaceted 
benefits of honokiol in breast cancer cell lines. The compound was 
shown to inhibit individual cell motility and abrogation of the stem-
like phenotype of breast cancer cells through the reduction of the 
formation of the mammosphere [8]. More recently, studies high-
lighting the therapeutic potential of honokiol are experimenting 
with drug administration through innovative techniques. For in-
stance, research has described the formulation and evaluation of 
honokiol-loaded PEGylated PLGA nanocapsules to treat breast 
cancer. Results of the study displayed significantly increased in-
vivo tumor suppression in the solid Ehrlich carcinoma (SEC) breast 
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cancer model as compared to freely administered honokiol [36]. 
Likewise, honokiol was encapsulated into hyaluronic acid-modified 
cationic liposomes and exhibited greater cellular internalization and 
enhanced anti-metastatic properties [4].  

 Nonetheless, there are hardly any reports which describe the 
pharmacoinformatic approaches and virtual screening of the 
honokiol and its derivatives for anti-tumor potential, particularly 
with respect to LKB1 protein. For example, in-silico research stud-
ied alternate inhibitory compounds against elevated proteins in 
breast cancer including EGFR, HER2, and HSP90 proteins [37]. 
Another study focused on the synthesis and molecular docking of 
the 2-arylbenzothiazoles which were designed as VEGFR-2/FGFR-
1/PDGFR-β multi-angiokinase inhibitors suppressing breast cancer 
[38]. A molecular docking analysis focusing on docking and in-
vitro administration of adjuvant concanavalin-A displayed synergis-
tic toxicity with co-administration of tamoxifen leading to apoptosis 
of estrogen-receptor positive breast cancer cells [39]. Similarly, 
molecular docking of quinolone derivatives provided insights into 
their binding affinities with topoisomerases to inhibit breast cancer 
[40]. Likewise, structure-based multi-targeted docking analysis of 
furanocoumarins was performed against breast cancer [41]. Several 
other molecular docking analyses studied an array of compounds 
for the suppression of breast cancer, nevertheless, none of them 
targeted honokiol and its derivatives for this purpose. This study is 
an effort to characterize the honokiol derivatives as potential lead 
drug candidates against breast cancer. Three honokiol derivatives 
were identified through literature based upon experimentally deter-
mined LKB1 inhibitors following the adjustment of binding energy 
cutoff for possible virtual hits that could act on LKB1 protein. The 
virtual hits were based upon LRo5 and drug-likeness, good BBB, 
and comprehensive ADMET profile. The best possible orientations 
forming stable ligand–target protein complexes, through the process 
of molecular docking, were achieved. Among the three derivatives, 
3', 5-diformylhonokiol, and 3'-formylhonokiol, were moderately polar 
and showed high brain-blood barrier and gastrointestinal absorption. 
Besides this, the two derivatives showed the best target-binding ener-
gies and satisfied Lipinski Rules of Five, Ghose, Veber, Egan and 
Muggee, however, 3', 5-diformylhonokil violated Muggee rule, 
indicating that 3'-formylhonokiol could be used as an oral medication.  

 Through 100 ns simulation analysis was performed to under-
stand the binding of the top-ranked ligand (3' -formylhonokiol) and 
how it affects the structural and conformational stability of the pro-
tein, LKB1. The trends in the ligand RMSD graph confirmed the 
docking results and the stability of the ligand bound to the active 
site residues of the protein. The RMSF plot showed that most of the 
N-terminal residues indicated minimal fluctuations and less flexibil-
ity with an acceptable average value of 1.87 Å. The ligand binding 
site appeared to have remained relatively rigid throughout the simu-
lation and the stability and compactness of 3' formylhonokiol with 
LKB1, suggested its effective binding with LKB1. Additionally, the 
binding energy of the ligand and its half-life quantifies the efficien-
cy of the ligand-protein complex and the binding energies of 3'- 
formylhonokiol showed strong interactions which could lead to an 
inhibitory reaction. This suggests the ability of the 3' -
formylhonokiol to bind with mutated LKB1 protein in breast cancer 
cells, triggering apoptosis of cancer cells through caspase-
dependent pathway or via endoplasmic reticulum stress-mediated 
apoptosis. Furthermore, all screened derivatives predicted promis-
ing ADMET profiles, and their strong binding affinity stipulated the 
multi-targeted potential of these selected compounds. 

CONCLUSION 

 Molecular docking has become a powerful tool to predict drug-
target interactions and discover novel therapeutics. This study was 
designed to explore the fundamental pharmacological properties of 
specific honokiol derivatives and the analysis of their binding ener-
gies at atomic levels. LKB1 protein kinase which is mutated in 

Peutz-Jeghers cancer syndrome, operates as a tumor suppressor. Its 
mutation distorts LKB1- dependent pathway which directly affects 
cellular polarity, low energy levels, suppression of inhibition of cell 
proliferation, and phosphorylation of several subsequent kinases. 
Honokiol and its derivatives have been reported to bind wild-type 
LKB1 to stimulate subsequent pathways. However, in the case of 
mutated LKB1 protein, honokiol, and its derivatives have not been 
elucidated for binding and blocking LKB1 and induction of caspa-
se-dependent apoptosis or endoplasmic reticulum stress-mediated 
apoptosis. In this study, formyl derivatives of honokiol were evalu-
ated for their enhanced solubilization for their active passage 
through BBB, enhancing their therapeutic window. The derivatives 
showed excellent PD and PK properties and can be under consider-
ation for early drug development against breast cancer following in-
vitro and in-vivo analysis.  
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