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Abstract

Background: Diabetes mellitus remains a critical global health challenge, characterized by dysregulated insulin
secretion and metabolic mismanagement. In 2019 alone, the disease was responsible for 1.5 million deaths,
significantly impacting the population under 70 years of age and contributing to a high incidence of cardiovascular
and renal complications. Adenosine monophosphate-activated protein kinase (AMPK) serves as a pivotal therapeutic
target due to its role in enhancing glycolysis while inhibiting gluconeogenesis and glycogenolysis.

Methods: In this study, nine bioactive phytoconstituents from Cinnamomum verum were subjected to molecular
docking against AMPK using AutoDock 1.5.6. Pharmacokinetic suitability was evaluated via ADMET profiling using
the pkCSM server. To transition from static models to dynamic validation, comprehensive all-atom molecular
dynamics (MD) simulations were conducted using GROMACS 2025. Triplicate 200 ns production runs (totaling 600
ns per complex) were performed for the top-scoring compounds—Oleic acid, Gallic acid, and Protocatechuic acid—
under a 310 K temperature gradient and Nose-Hoover pressure coupling (1 bar). Structural stability was quantified
through backbone RMSD, residual flexibility via RMSF, and polar interaction persistence using the gmx hbond utility,
with data visualization executed in QtGrace.

Results: Molecular docking identified Oleic acid as the strongest binder with a binding energy of —6.6 kcal/mol, while
Gallic and Protocatechuic acids exhibited slightly higher energies (—4.7 kcal/mol) but superior hydrogen bond density.
ADMET predictions revealed that Gallic and Protocatechuic acids possess favorable pharmacokinetic profiles,
whereas Oleic acid’s high molecular weight and aliphatic nature suggest limited oral bioavailability. MD simulations
corroborated these findings, showing that while the AMPK—Oleic acid complex was stable (average RMSD 0.38 nm),
it relied on transient hydrogen bonds (1-2 bonds). In contrast, Gallic and Protocatechuic acids formed highly rigid
complexes (RMSD < 0.25 nm) stabilized by a persistent network of 3—6 hydrogen bonds with key residues such as
ASN A:195 and ASN B:238. RMSF analysis confirmed that all three ligands effectively stabilized the catalytic core,
with localized fluctuations remaining below 0.15 nm.

Conclusion: This integrated in-silico study demonstrates that while Oleic acid is a potent binder, Gallic acid and
Protocatechuic acid emerge as the most promising therapeutic leads due to their superior dynamic stability, robust
hydrogen bond persistence, and favorable ADMET properties. These phenolic compounds effectively "lock" the
AMPK active site into a stable conformation, suggesting high inhibitory potential. Our findings identify these
Cinnamomum verum derivatives as viable scaffolds for the development of novel, orally bioavailable AMPK
activators for the management of hyperglycemia in Type 2 diabetes.

Keywords: In-silico, Protein-kinase, molecular docking, ADMET prediction, and diabetes mellitus.



1. Introduction: Insulin is the hormone that keeps blood glucose levels within normal ranges by
stimulating processes that use glucose, like glycolysis and glycogenesis, and blocking those that
produce glucose, including gluconeogenesis and glycogenolysis (Petersen and Shulman, 2002;
Shepherd and Kahn, 1999). The pancreatic -cell produces and secretes it to keep blood glucose
levels within a specific range. Hypoglycemia results from excessive insulin secretion, whereas
diabetes mellitus is linked to insufficient insulin secretion (Fonseca, 2003). In type 1 diabetes,
there is a complete lack of insulin due to the loss of pancreatic B-cells, whereas in type 2 diabetes,
peripheral resistance to insulin action and insufficient secretory response by pancreatic -cells
coexist (Janghorbani et al., 2007; Ozougwu et al., 2013). Treatment options for diabetes mellitus
include insulin-sensitizing medications that target the nuclear receptor peroxisome proliferator-
activated receptor (PPAR) y (Janghorbani et al., 2007). Diabetes mellitus is caused by a
combination of insulin resistance and B-cell failure (Ozougwu et al., 2013; Zaccardi et al., 2016).
The majority of medications used to treat diabetes today try to increase the body's production of
insulin, which is essential for controlling metabolism (Petersen and Shulman, 2002). For example,
thiazolidinediones are insulin-sensitizing medications that aid in restoring insulin's sensitivity to
glucose, whereas insulin secretagogues are insulin-secreting medications that function by
activating pancreatic B-cells (Gulcin et al., 2019). Serious side effects including hypoglycemia,
weight gain, anaemia, and congestive heart failure are associated with several of these oral
antidiabetic medications (Kazeem and Davies, 2016). The hunt for safer and more effective anti-
diabetic medications is a critical step in managing diabetes and its consequences, given the high
cost of insulin therapy and the negative effects of oral antidiabetic medications (Rozenfeld et al.,
2008). Natural items, particularly food plants, have received a lot of interest lately as potential
sources of safer and more effective antidiabetic medications (Kazeem and Davies, 2016).

It has been demonstrated that certain plants used in traditional medicine include substances that
can increase insulin sensitivity or insulin-signaling pathways, such as PPARa and PPARY activity
(Abdel-Moneim and Fayez, 2015; Dewanjee et al., 2020; Ungurianu et al., 2019). The enzyme 5'
AMP-activated protein kinase, also known as AMPK or 5' adenosine monophosphate-activated
protein kinase, is involved in maintaining the homeostasis of cellular energy (Raj et al., 2016). It
primarily functions by promoting the uptake and oxidation of glucose and fatty acids during
periods of low cellular energy. Our goal in this work is to create a novel phytoconstituent derived

from Cinnamomum verum (Abdel-Moneim and Fayez, 2015; El-Desoky et al., 2012). It



demonstrated that verum had previously been utilized in South Asian folk medicine (Kamran et
al., 2019; Mahmood et al., 2021; Puangpronpitag and Sittiwet, 2009; Rattanachaikunsopon and
Phumkhachorn, 2010; Shori and Baba, 2011). On the basis of this, we developed the theory that
the anti-diabetic action of the plants is due to phytoconstituents found on them (Jung et al., 2006;
Rafiullah et al., 2006; Singab et al., 2014). We screened out several phytoconstituents found on
them from various literature survey and choose the particular polyphenolic, flavonoids and acids
(Gulcin et al., 2019; Neupane et al., 2022b; Pathak and Sharma, 2021). The purpose of selecting
particularly those phytoconstituents is due to their affinity of forming hydrogen bonds with the
amino acid’s residue. The hydrogen plays the crucial role in the binding of the ligand in the protein
binding pocket.

The ability of AMP-activated protein kinase (AMPK) to bind to AMP allows it to sense the state
of cellular energy and regulate enzymatic activity in order to maintain the equilibrium between
ATP production and consumption in eukaryotic cells (Fryer et al., 2002; Gruzman et al., 2009).
Additionally, it plays crucial roles in the establishment and maintenance of cell polarity as well as
the control of cell growth and proliferation (Hardie, 2011). Because of these crucial roles, AMPK
is now a popular drug target for the treatment of cancer, type 2 diabetes, and obesity. The crystal
structures of a phosphorylated kinase domain from Saccharomyces cerevisiae (Snfl-pKD) and an
unphosphorylated fragment of the AMPK alpha-subunit (KD-AID) (Gruzman et al., 2009) from
Schizosaccharomyces pombe that contains both the catalytic kinase domain and an autoinhibitory

domain (Fig. 1) (AID) (Marx et al., 2010; Muller et al., 2005).
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Figure 1. Schematic and surface representations of S. pombe KD-AID. The N- and C-lobes of the kinase domain

are colored in red and green, respectively, the activation segment is in magenta, the linker is in yellow, and the AID
is in blue.



2. Materials and Methods:

2.1 Preparation of Ligand: The ligands were selected by screening various previously published
literature on Google Scholar (Abdalla and Abdelgadir, 2016; Adarsh et al., 2020; Al-Mijalli et al.,
2023; Batiha et al., 2020; Bernard et al., 2014; Hameed et al., 2016; Singh et al., 2021) and assigned
the correct 2D orientation in ChemDraw Ultra 6.0 (ChemOffice package), and each compound's
structure was examined for connection errors in bond order. The chemical structures of all the
compounds are listed in Fig. 2. After drawing the structure, we performed the energy minimization
of the ligand using Chem 3D Ultra 6.0. Thus, prepared ligand structure are converted to .pdbqt
form by using Autodock 1.5.6.

2.2 Preparation of protein: The crystal structure of pombe AMP-activated protein kinase
(AMPK) protein (PDB ID: 3H4J) has been downloaded from protein data bank (PDB) (Marx et
al., 2010)website and were prepared by using Autodock tools-1.5.6. To prepare protein, we have
added Kollman charges to each atom, non-polar hydrogens were merged, atom types were
determined. The more importantly, all the hetero-atoms and water was removed and some of the
missing amino acid residue were fixed and grid box is generated around the active site of the amino
acids with dimension of (60*60*60) in all the axis.

2.3 Molecular Docking: The receptor and ligand interaction through virtual molecular
docking have been performed through AutoDock Tools-1.5.6. All the molecules have been docked
to active site 1 of AMP-activated protein kinase (AMPK) receptor. Ligand-receptor interaction
was viewed through Discovery Studio 2020 Client (BIOVIA) and re-docking of all the compounds
was done to assure reproducibility (Neupane et al., 2021, 2022a).

2.4 ADMET Properties: The drug-likeness properties of the selected ligands from Cinnamomum
verum were analyzed using the Swiss ADME server (Otuechere et al., 2022). The physicochemical
properties included Lipinski’s rule of 5, molecular weight, log Pow, molar refractivity, TPSA,
number of H-bond acceptor, donor, and rotatable bonds. Nine compounds selected
from Cinnamomum verum, namely eugenol, pyrogallol, cinnamic acid, ferulic acid, caffeic acid,
gallic acid, protocatechuic acid, oleic acid, and p-Hydroxybenzoic acid were selected based on
previously reported phytochemical analysis and chemical identification of the plant.
The pharmacokinetic parameters absorption, distribution, metabolism, excretion, and toxicity
(ADMET) profiles of the compounds were determined using pkCSM ADMET descriptors

algorithm protocol.
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Figure 2: Phytoconstituents from Cinnamomum verum with chemical structures
2.5 Molecular Dynamics Simulations: To evaluate the structural stability and interaction
dynamics of the AMPK complexes with Oleic acid (A), Gallic acid (B), and Protocatechuic acid
(C), all-atom molecular dynamics (MD) simulations were performed. These three compounds were
selected for MD analysis based on their superior hydrogen-bonding profiles and lowest binding
energies obtained from docking studies.
All simulations were executed using the GROMACS 2025 package, employing the CHARMM?36
all-atom force field for the protein and CGenFF (CHARMM General Force Field) for ligand
parameterization. Each protein-ligand complex was solvated in a cubic box using the TIP3P water
model, maintaining a minimum distance of 1.0 nm between the protein surface and the box edges.
The systems were neutralized and adjusted to a physiological ionic strength of 0.15 M by adding
Na" and CI" ions.
Energy minimization was carried out using the steepest descent algorithm until the maximum force
converged below 1000 kJ/mol/nm. To ensure a stable starting configuration, equilibration was
performed using a gradual temperature and pressure gradient. First, a 100 ps NVT ensemble was
conducted to reach a target temperature of 310 K using the V-rescale thermostat. This was followed
by a 100 ps NPT equilibration at 1 bar using the Nose-Hoover pressure coupling scheme. During
these phases, position restraints were applied to all heavy atoms of the protein and ligand.
Production MD simulations were then conducted for 200 ns in triplicate (three independent runs
per compound) to ensure statistical reproducibility, with initial velocities randomized for each
replicate. A 2-fs integration timestep was utilized, and all covalent bonds involving hydrogen

atoms were constrained using the LINCS algorithm. Long-range electrostatic interactions were



treated with the Particle Mesh Ewald (PME) method, while a 1.2 nm cutoff was applied for van
der Waals and short-range Coulombic forces. Trajectories were analyzed using GROMACS built-
in utilities, and all data visualization, including RMSD, RMSF, and H-bond plots, was performed
using QtGrace to ensure high-resolution graphical representation.

3. Results and Discussion

3.1 Molecular Docking: The molecular docking was performed using the Autodock Tools 1.5.6
and result had validated by re-docking in the same receptor at similar condition. The molecular
docking study showed that oleic acid has lowest binding energy (-6.6 Kcal/mol) with the AMP-
activated protein kinase (AMPK) protein. However, oleic acid has only two hydrogen bonds that
are GLU B: 42 and SER B: 44. Further, oleic acid has high molecular weight therefore, cell
permeability and oral bioavailability have issues. Protocatechuic acid and galic acid showed the
strongest interaction in-terms of hydrogen bonding. These two compounds form three hydrogen
bonds each with the amino acid residues. Protocatechuic acid formed hydrogen bonding with these
three amino acids ASN A: 195, PHE B: 240, and ASN B: 238 and the galic acid have ASN A: 179,
SER A: 193, and ASN B: 238 amino acid interaction. The data showed that oleic acid has lowest
binding energy, but higher molecular weight opt out as suitable drug choices. Therefore,
protocatechuic acid (-4.7 Kcal/mol) and galic acid (-4.7 Kcal/mol) based on binding pose with the

AMPK protein makes it ideal choice to make as a drug for diabetes mellitus.
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Figure 3. Schematic representation of the A) Caffeic acid with AMPK protein in two dimensional space B) Cinnamic acid with
AMPK protein C) Eugenol with AMPK protein D) ferulic acid with AMPK protein E) gallic acid with AMPK protein F) Oleic
acid with AMPK protein G) p-hydroxybenzoic acid with AMPK protein H) Protocatechuic acid with AMPK protein I)
Pyrogallol with AMPK protein

3.2 Ligand binding affinity with protein: Molecular docking study shows that oleic acid is the
most potent inhibitor, however, it forms a smaller number of hydrogen bonds which is crucial
because stability of other bonds is weak and can’t rely completely. However, hydrogen bonds are
stable in nature. Therefore, we selected the two compounds that have a greater number of hydrogen
bonds i.e. protocatechuic acid and gallic acid. In our results, it showed that some of the amino acid
residues from AMPK protein are common for various ligands. Therefore, we can predict that those
amino acid are crucial for the binding of the ligand to our protein. Those amino acids are TYR A:
196, ASN B: 238, SER A: 193, ASN A: 195, SER B: 44, and SER A: 193. However, there are
other amino acid residues that also play a crucial role in the binding of our molecules but based on
common interaction on protein-ligand complexes. Further, Table 1 illustrates the detailed insight
of docking score, number of hydrogen bonds, and amino acids that form hydrogen bonds with

respective ligands.



Figure 4: Three-dimensional interaction of the A) protocatechuic acid B) and galic acid in the active site
binding pose of the AMPK protein

Table 1: The docking score report of selected phytoconstituents from the Cinnamomum verum with h-bonding and
interacting amino acid residues of crystal structure of pombe AMP-activated protein kinase (AMPK) protein

(PDB ID: 3H4J).

S.N. Name of Docking Score (- Number of H-bonds H-bond forming amino acid
compounds Kcal/mol) residues

1 Caffeic acid 4.7 1 GLU A: 82

2 Cinnamic acid 4.7 1 LYS A: 158

3 Eugenol 5.1 1 ASN A: 195

4 Ferulic acid 52 1 ASN A:195

5 Gallic acid 4.7 3 ASN A:179, SER A:193, and ASN
B:238

6 Oleic Acid 6.6 2 GLU B: 42 and SER B:44

7 p-Hydroxybenzoic 4.6 2 ASN B:238 and SER A:193

acid

8 Protocatechuic acid 4.7 3 ASN A:195, PHE B:240, and ASN
B:238

9 Pyrogallol 4.2 2 TYR A:196 and TYR A:196

3.3 ADMET Predictions: Parameters such as water solubility, Caco-2 permeability, intestinal

absorption, skin permeability, glycoprotein substrate, and glycoprotein inhibitor were used to

predict the absorption pharmacokinetics. A log Papp coefficient >10-6 is an indication of high
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Caco-2 permeability. Our observations revealed that gallic acid had the lowest Caco-2
permeability. Human intestinal absorption is an important ADMET prediction parameter that
models the transport of xenobiotics to their ultimate targets. Intestinal absorption of less than 30%
is considered poor (Sjogren et al., 2013). All selected ligands showed optimum absorption from
the intestinal walls except gallic acid which showed about half intestinal absorption than other
selected ligands. Moreso, ligands with less than 2.5 log P are considered to be readily permeable
from the skin; hence, eugenol showed the highest skin permeability. P-glycoprotein, a major efflux
pump in humans, is highly associated with the ADMET properties of drugs and drug candidates.
Our results suggested that none of our compounds are substrates of p-glycoprotein, and they have
no effect on p-glycoprotein type I and II inhibitors. Diabetes mellitus is a chronic metabolic
disorder characterized by elevated levels of glucose (or blood sugar) in the blood(Abdel-Moneim
and Fayez, 2015; Bnouham et al., 2006; Chaudhury et al., 2017). This condition occurs when the
body cannot produce enough insulin or does not use the insulin properly. Insulin hormone
produced by the pancreas plays the major role in the controlling of diabetes(Fonseca, 2003;
Hawley et al., 2002; Janghorbani et al., 2007). In our study, we screened out the nine
phytochemicals from the plant Cinnamomum verum and studied using the In-silico techniques.
The molecular study showed that oleic acid has the lowest binding energy among all selected
compounds while the bonding interactions showed that compound has very low binding affinity
with the protein. Therefore, I went and performed the ADMET predictions and saw the
physiochemical properties of the drug molecule. The ADMET parameters are important for the
synthesis and behaviors of the compounds in the biological system. From the results, it showed
that oleic acid has high molecular weight to permit the biological membrane system(Otuechere et
al., 2023). Furthermore, partition coefficient of the drug is also quite low to formulate the drug in
the dosages form. Based on overall molecular docking profile and ADMET properties, we selected
the protocatechuic acid and gallic acid potential inhibitor to AMPK protein. This pathway helps to
clear out blood glucose level by glycolysis and glycogenesis and further also prevent
gluconeogenesis and glycogenolysis. The selection of these compounds is based on their docking
scores, binding affinity of the compound with the protein and ADMET profile. Fig.3 shows their
binding interactions with different amino acids of the protein and Fig.4 shows the three-
dimensional pose of both ligands in the protein. Furthermore, Table 2 shows ADMET properties.

Based on our data, these compounds show significant activity against AMPK protein.
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3.4 Molecular Dynamics Simulations:

3.4.1. Fundamental Concepts of RMSD and RMSF Analysis

In the field of computational structural biology, the Root Mean Square Deviation (RMSD) serves
as the primary quantitative metric for evaluating the global structural stability of a protein-ligand
complex throughout a simulation trajectory. By calculating the time-dependent average
displacement of the protein's backbone atoms (typically C-alpha) relative to the initial minimized
starting structure, RMSD provides a clear indication of whether the system has reached a state of
thermodynamic equilibrium. A low and plateauing RMSD value signifies that the complex has
converged to a stable conformation without significant structural deformation. Complementary to
this, the Root Mean Square Fluctuation (RMSF) is utilized to assess the local flexibility of
individual amino acid residues. By mapping the fluctuations of each residue over the simulation
time, RMSF identifies rigid and flexible regions within the protein. Lower RMSF values in the
active site typically indicate that the binding of a ligand has effectively "locked" the catalytic
residues into a stable orientation, thereby restricting the conformational entropy of the binding
pocket.

3.4.2. Global Stability and Convergence (RMSD)

The results of the 200 ns triplicate MD simulations demonstrated that all three AMPK-ligand
complexes attained structural convergence within the first 40—50 ns, confirming the reliability of
the trajectories. For the AMPK-Oleic acid (Compound A) complex, the RMSD profile exhibited
a gradual ascent during the initial 25 ns equilibration phase before stabilizing at an average value
of 0.38 nm. Although the system remained stable, Oleic acid displayed slightly higher fluctuations
relative to the phenolic compounds. This behavior is likely due to the long, flexible aliphatic
hydrocarbon chain of fatty acid, which facilitates continuous conformational sampling and subtle
shifting within the hydrophobic regions of the pocket. In contrast, the complexes involving Gallic
acid (Compound B) and Protocatechuic acid (Compound C) exhibited notably lower and more
rigid RMSD profiles, plateauing at 0.22 nm and 0.25 nm, respectively. The rapid equilibration and
negligible deviations observed for these phenolic acids suggest the formation of a highly rigid and
structurally stable complex, which is a key characteristic of high-affinity inhibitory molecules.
3.4.3. Local Flexibility and Binding Pocket Integrity (RMSF)

Analysis of the per-residue RMSF provided a comprehensive map of protein flexibility, revealing

that the structural integrity of the AMPK catalytic core remained intact across all three simulated
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systems. The $\beta$-sheets and alpha-helices maintained low fluctuation values, generally
remaining below 0.15 nm, which signifies a highly stable protein fold. Crucially, the residues
previously identified as critical during the docking studies, specifically ASN A:195, SER A:193,
and ASN B:238—showed a marked reduction in flexibility compared to the unbound apo-protein
state. This localized stabilization indicates that the ligands effectively anchor these residues,
potentially interfering with the dynamic conformational shifts required for the natural activation
of the AMPK enzyme. While the binding pocket remained rigid, higher fluctuations (RMSF > 1.5
nm) were restricted to the distal N- and C-terminal loop regions. These fluctuations are consistent
with standard protein behavior in an aqueous environment and do not compromise the integrity of
the ligand-binding site.

3.4.4. Hydrogen Bond Persistence and Evolution

The transition from static molecular docking to dynamic simulation elucidated the underlying
strength and persistence of the polar interactions between the ligands and the receptor. Gallic acid
and Protocatechuic acid distinguished themselves by maintaining a dense and robust network of 3
to 6 hydrogen bonds consistently throughout the 200 ns duration. This remarkable persistence is
facilitated by the presence of multiple hydroxyl (-OH) groups on their benzene rings, which allow
for a "hydrogen bond hopping" mechanism; in this process, bonds can reform rapidly with adjacent
residues even if a single contact is momentarily disrupted by thermal motion. Conversely, while
Oleic acid achieved a favorable docking score, the MD trajectory revealed that its hydrogen bonds
were significantly more transient, fluctuating between 1 and 2 bonds. The binding of Oleic acid is
primarily driven by non-specific hydrophobic forces, which, while energetically favorable, lack
the directional specificity and stability provided by the intricate hydrogen-bond networks observed
in the phenolic acids. Consequently, the phenolic compounds B and C appear to offer more reliable

and stable inhibitory potential.
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Figure 5. Root Mean Square Deviation (RMSD) of AMPK-Ligand Complexes.
In Fig.5 The plots illustrate the structural stability of the AMPK protein backbone during 200 ns

molecular dynamics simulations in triplicate. (A) Oleic acid (red/green/blue trajectories) showing
equilibration after 30 ns with an average RMSD of 0.38 nm; (B) Gallic acid showing high
structural rigidity with a lower plateau at 0.22 nm; (C) Protocatechuic acid displaying steady
convergence at 0.25 nm. The overlapping nature of the triplicate runs confirms the thermodynamic

stability and reproducibility of the binding modes for all three phytoconstituents.
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In Fig.6 Per-residue fluctuation analysis comparing the local flexibility of the AMPK protein when

bound to (A) Oleic acid, (B) Gallic acid, and (C) Protocatechuic acid. The catalytic core and
binding pocket residues (ASN A:195, SER A:193, and ASN B:238) exhibit minimal fluctuations
($<0.15$ nm), indicating significant stabilization upon ligand binding. High-magnitude
fluctuations are localized to the distal loop regions, consistent with standard protein dynamics in a

solvated system.
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Analysis of the intermolecular hydrogen bonds formed over the 200 ns simulation trajectory.In
Fig.7 (A) Oleic acid maintains intermittent polar contacts (average 1-2 bonds) primarily through
its carboxylate headgroup; (B) Gallic acid and (C) Protocatechuic acid demonstrate a dense and
persistent network of 3—6 hydrogen bonds. The high residence time of these polar interactions,

particularly for the phenolic acids, underscores their superior anchoring capability within the
AMPK active site.

Table 2: Predicted ADMET parameters of selected nine ligands of Cinnamomum verum.

Compounds Eugenol Pyrogallol Cinnamic Ferulic Caffeic Gallic Protocatechuic Oleic p-
name acid acid acid acid acid acid  Hydroxybenzoic
acid
Water solubility -2.25 -1.408 -2.608 -2.817 -2.33 -2.56 -2.069 -5.924 -1.877
(log mol/L)
Caco2 1.559 1.122 1.717 0.176 0.634  -0.081 0.49 1.563 1.151
permeability (log
Papp in 10-
6 cm/s)
Intestinal 92.041 83.549 94.833 93.685 69.407 43.374 71.174 91.823 83.961
absorption
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(human) (%
Absorbed)
Skin -2.207 -2.751 -2.695 -2.72 -2.722  -2.735 -2.727 -2.725 -2.723
Permeability (log
Kp)
p-glycoprotein No No No No No No No No No
substrate
p-glycoprotein I No No No No No No No No No
inhibitor
p-glycoprotein II No No No No No No No No No
inhibitor

4. Conclusion: The present study utilized a comprehensive in-silico framework—integrating
molecular docking, ADMET profiling, and high-performance molecular dynamics (MD)
simulations—to evaluate the antidiabetic potential of phytoconstituents from Cinnamomum verum
against the AMPK target. Initial virtual screening and docking identified Oleic acid as the lead
compound with the highest binding affinity (—6.6 kcal/mol). However, a deeper analysis of its
physicochemical properties revealed that its relatively high molecular weight and flexible aliphatic
nature, coupled with limited hydrogen bond stabilization, pose significant challenges for its
development as a high-efficiency oral drug candidate.

To address these limitations, a comparative 200 ns triplicate MD simulation was conducted to
evaluate the dynamic stability of Oleic acid alongside two promising phenolic compounds: Gallic
acid and Protocatechuic acid. The trajectory analysis revealed that while Oleic acid maintains a
stable plateau (RMSD ~0.38 nm), it relies heavily on non-specific hydrophobic interactions. In
contrast, Gallic acid and Protocatechuic acid exhibited superior structural rigidity (RMSD < 0.25
nm) and maintained a dense, persistent network of 3—6 hydrogen bonds throughout the 200 ns
duration. This "multi-point" anchoring system, particularly with residues ASN A:195 and ASN
B:238, underscores the higher residence time and target specificity of these phenolic acids within
the AMPK active site.

In conclusion, although Oleic acid serves as a strong binder in static models, Gallic acid and
Protocatechuic acid emerge as the most viable lead candidates from Cinnamomum verum. Their
balanced profile of favorable ADMET properties, lower molecular weight (complying with
Lipinski’s Rule of Five), and exceptional dynamic stability makes them ideal scaffolds for the
development of novel, orally bioavailable AMPK activators. These findings provide a robust
computational foundation for future in-vitro and in-vivo pharmacological validations to confirm

their therapeutic efficacy in the management of Type 2 diabetes.
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