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Abstract
Aberrant regulation of Polycomb Repressive Complex 2 (PRC2), a key epigenetic modulator,

is strongly linked to oncogenesis, making it a

therapeutic target for epigenetic interventions.

Among inhibition strategies, selectively interfering with Embryonic Ectoderm Development

(EED), a core PRC2 subunit, has shown greater specificity and efficacy than direct EZH2

inhibition. In this context, two phytochemicals, Allicin and Trigonelline, previously reported
for anticancer activities, were investigated for potential interaction with EED. Density Func-
tional Theory (DFT)-based quantum chemical analyses, including HOMO-LUMO energy lev-
els, energy gaps, and global reactivity descriptors, were employed to assess chemical reactivity.
Molecular electrostatic potential (MEP) surfaces and Mulliken charge distributions further
elucidated electronic behavior and charge localization. Molecular docking simulations revealed
that Allicin and Trigonelline bind effectively to EED, with binding affinities of —3.82 and

-3.89 kcal/mol, respectively. Taken together,
probes for PRC2-targeted therapy, supported

these findings highlight their potential as lead
by favorable ADMET profiles.
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1 Introduction

Cancer poses a persistent and global medical chal-
lenge due to its hallmark features of unchecked cell
proliferation and evasion of apoptosis. While ge-
netic alterations are acknowledged as primary con-
tributors to tumorigenesis, accumulating evidence
highlights the pivotal influence of epigenetic mis-
regulation, particularly abnormal transcriptional si-
lencing, in promoting oncogenic progression [1].
Among the various epigenetic regulators, the Poly-

comb Repressive Complex 2 (PRC2) stands out as
a central player in tumor biology [2]. This com-
plex functions as a histone methyltransferase that
mediates gene silencing through trimethylation of
histone H3 at lysine 27 (H3K27me3), an epigenetic
modification associated with transcriptional repres-
sion [2, 3].

PRC2 consists of core subunits—EZH2 or EZH1

(catalytic), EED, SUZ12, and RBBP4/7—which
assemble with accessory factors such as JARID2,
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AEBP2, and PCLs to form a functional gene-
silencing complex [4]. EZH2 and EZHI1, through
their SET domains, catalyze the mono-, di-, and
trimethylation of H3K27, with trimethylated form
(H3K27me3) being crucial for gene repression
[5]. Although homologous, EZH2-containing PRC2
complexes display stronger methyltransferase activ-
ity and are frequently overexpressed or mutated in
malignancies such as lymphomas and carcinomas [6,
7]. Current therapies primarily target EZH2’s cat-
alytic activity with S-adenosylmethionine (SAM)-
competitive inhibitors, but these agents face chal-
lenges including limited efficacy against EZH1, off-
target toxicity, and resistance from secondary EZH2
mutations [8-10]. This necessitates alternative
therapeutic strategies that bypass direct catalytic
inhibition while addressing these limitations.
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Figure 1: structural conformation image of major
subunits of PRC2. (PDB ID: 6¢24)

A promising alternative lies in targeting EED,
a WD40-repeat subunit of PRC2 that recog-
nizes H3K27me3 via an aromatic cage (H3K27me3
pocket), thereby allosterically activating EZH2 and
reinforcing repressive chromatin states [11-13]. In-
hibiting this allosteric site disrupts the PRC2 com-
plex’s ability to maintain H3K27me3 marks and
impairs tumor growth, particularly in cases that
are resistant to EZH2 inhibitors [14,15]. Evidence
supporting the therapeutic relevance of the EED
pocket underscores its druggability, showing that
small-molecule ligands binding to the H3K27me3
recognition site on EED can effectively disrupt the
EED-H3K27me3 interaction and attenuate PRC2-
mediated methylation activity [16-19]. Recent drug
development has focused on EED pocket inhibitors,
with several compounds in clinical trials, demon-
strating that EED-targeted therapies can destabi-
lize PRC2 and reactivate silenced tumor suppressor

genes [17,20], yet none have received FDA approval.

Although these synthetic inhibitors represent a
major advancement, challenges such as off-target
toxicity, limited bioavailability, and acquired re-
sistance continue to hinder their clinical utility.
Consequently, there is increasing interest in phy-
tochemicals as safer, naturally derived epigenetic
modulators [21]. Among the various candidates,
two small-molecule anticancer compounds—Allicin
(predominantly found in Allium sativum) and
Trigonelline (predominantly found in Trigonella
foenum-graecum) have exhibited significant anti-
tumor activity across both in vitro cell-based as-
says and in vivo animal models [22-25]. These ef-
fects include anti-proliferative, pro-apoptotic, and
anti-metastatic activities across breast, colon, and
hematologic cancers [26, 27].

Despite their therapeutic potential, the capacity
of these phytochemicals to act as EED-specific in-
hibitors remains largely unexplored. This research
explores the potential of Allicin and Trigonelline
to inhibit PRC2 activity by interacting with the
H3K27me3 recognition site on EED, proposing an
alternative epigenetic intervention. Their struc-
tural and electronic characteristics are evaluated
through Density Functional Theory (DFT) simu-
lations [28]. Molecular docking is then employed
to evaluate binding affinities with the EED protein,
focusing on key residues within the aromatic cage,
namely Phe97, Tyrl48, Trp364, and Tyr365 [29].
Lastly, ADMET analysis determines their phar-
macokinetic and toxicity profiles, which are essen-
tial for assessing drug-likeness and clinical viabil-
ity [30,31].

This integrated computational approach, which
includes quantum chemical analysis, molecular
docking, and ADMET profiling, aims to validate
Allicin and Trigonelline as low-toxicity EED in-
hibitors. These candidates have the potential to ex-
pand the repertoire of PRC2-targeted therapies and
enhance treatment outcomes, especially in cases of
resistant or refractory cancers.

2 Materials and Methods

2.1 Density Functional Theory (DFT) Cal-
culations

The three-dimensional structures of Allicin (Pub-
Chem CID: 65036) and Trigonelline (PubChem
CID: 5570) were downloaded from PubChem
database. Molecular input files were prepared
using GaussView 6 [32] and subsequently opti-
mized using the Gaussian 16W software package
[33]. Structural optimizations and electronic prop-
erty calculations were conducted at the B3LYP/6-
311++G(d,p) level of theory, incorporating both
ground-state and excited-state computations via
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DFT and TD-DFT, respectively [34,35]. B3LYP
has been extensively benchmarked for organic and
biological molecules, providing reliable geometries
and energetics [36]. The 6-3114++G(d,p) basis set
includes diffuse and polarization functions essen-
tial for modeling polar bonds and hydrogen bond-
ing [37]. This combination was therefore selected
for the present study, as it offers a balance between
computational cost and accuracy.

Using two key quantum chemical descriptors,
HOMO and LUMO, ionization potential (I) and
electron affinity (A) were derived on the basis of
Koopmans’ principles [38], as described in Equa-
tions 1 and 2.

(1)
(2)

These fundamental descriptors (Egs. 1 and 2),
were further used as basis to evaluate following

global reactivity descriptors in equations 3, 4, 5 and
6 [39,40]:

Tonization potential(I) = —Egomo

Electron affinity(A4) = —FErumo

Chemical hardness(n) =

Chemical softness(S) =

Electronic chemical potential(u) =

£ ()

Global electrophilicity index(w) = %

Post-optimization visualization and spectral
analysis were conducted using GaussView 6, Gauss-
Sum 3.0 [41], VEDAA4 [42], and Jupyter Notebook
[43] for computational scripting and result interpre-
tation.

2.2 Molecular Docking

The high-resolution crystallographic structure of
the EED protein complexed with a trimethylated
histone H3K27 peptide (PDB ID: 3IIW; resolu-
tion: 1.8 A) was retrieved from the RCSB Pro-
tein Data Bank [13]. Structural validation was per-
formed using Ramachandran plot analysis via Dis-
covery Studio Visualizer v21.1.0.20298 [44] to verify
backbone geometry accuracy. Subsequent protein
preparation involved the removal of non-essential
heteroatoms, assignment of polar hydrogen atoms,
and the addition of Kollman partial charges. Lig-
and and receptor structures were processed and
converted into PDBQT format using AutoDock-
Tools [45]. Docking simulations were executed us-
ing AutoDock 4.2, with a grid box size of 60 x 60 x

60 points, centered at coordinates (x =—-15.117, y =
~26.084, z = 21.925), and a grid spacing of 0.375 A.
The Lamarckian Genetic Algorithm was applied for
the docking protocol, with 2,500,000 energy evalua-
tions, a population size of 300, and up to 27,000 gen-
erations per run, executed across 100 runs to ensure
exhaustive conformational exploration. The top-
ranked protein-ligand complexes, based on binding
energy and interaction stability, were analyzed and
visualized with the help of PyMOL 2.5.2 [46] and
LigPlot+ v2.2 [47] to interpret non-covalent inter-
actions within the binding site.

2.3 Drug-likeness and Toxicity Prediction

ADMET characteristics (Absorption, Distribution,
Metabolism, Excretion, and Toxicity) were pre-
dicted to investigate the drug-likeness and safety
profile of the selected phytochemicals. Canoni-
cal SMILES notations for Allicin and Trigonelline
were retrieved from the PubChem and submitted
to SwissADME [48] for physicochemical, lipophilic,
and drug-likeness evaluation. Concurrently, toxic-
ity predictions were conducted using the ProTox-3.0
website [49], allowing estimation of LD50, organ-
specific toxicity, and adverse effect pathways.

3 Results and discussion

3.1 DFT calculations

3.1.1 Geometry optimization and stability
analysis

Following DFT-based structural optimization, both
Allicin and Trigonelline achieved energetically sta-
ble conformations, with minimum energy configu-
rations suggesting favorable thermodynamic pro-
files [50]. The bond parameters of Allicin and
Trigonelline, summarized in Tables 1S and 2S, in-
dicate that the longest bonds are S(1)-S(2) in Al-
licin (2.2358 A) and C(5)=C(10) in Trigonelline
(1.5669 A), while the shortest are C(8)-H(16) and
C(6)-H(12), measuring 1.0838 A and 1.0811 A, re-
spectively. The lowest bond angles and dihedral
angles occur at S(1)-S(2)-C(5) and C(4)-C(6)-
C(8)-H(17) in Allicin, and at N(3)-C(8)-H(14) and
C(4)-N(3)-C(6)-C(9) in Trigonelline. The opti-
mized, minimum-energy structures of both com-
pounds in neutral state are illustrated in Figure 2.
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Table 1: Calculated energy, dipole moment, and forces in Allicin and Trigonelline.
Compound | Total en- | Dipole moment | RMS Carte- | Maximum
ergy (E) | (1) (Debye) sian force | Cartesian force
(Hartrees) (Hartrees/Bohr) (Hartrees/Bohr)
Allicin -1106.3181 2.7117 6.74 x 10~7 1.809 x 10~°
Trigonelline | —476.2606 14.4698 1.474 x 10~ 8.738 x 107°
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Figure 2: Optimized structures of (a) Allicin and

(b) Trigonelline at B3LYP/6-311++G(d,p) level of
calculation.

Stability is supported by low RMS and max-
imum Cartesian force values (Table 1) [51],
along with their respective global minimum en-
ergies: —1106.3181 Hartrees for Allicin and -
476.26062 Hartrees for Trigonelline. These val-
ues confirm the conformational integrity of both
molecules, which is essential for maintaining struc-
tural stability and potential therapeutic function
over time [50,52].

Dipole moment analysis further differenti-
ates the compounds: Allicin exhibits a value
of 2.7117 Debye, whereas Trigonelline reaches
14.4698 Debye. The higher polarity of Trigonelline
implies stronger intermolecular interactions and en-
hanced hydrogen bonding potential [53], contribut-
ing to better aqueous solubility and possibly im-
proved bioavailability. However, high dipole mo-
ments may also limit membrane permeability, un-
derscoring the need to balance polarity based on
therapeutic goals [54,55].

3.1.2 Frontier Molecular Orbitals

For Allicin, electronic transitions are observed at
wavelengths of 265.75 nm and 389.6 nm, with the
strongest oscillatory transition occurring at 289 nm,
corresponding to a HOMO—LUMO excitation, as
detailed in Table 2. Trigonelline displays a primary
transition at 527.9 nm, with maximum oscillator
strength at 528 nm due to a HOMO-2—LUMO
transition. In the orbital visualizations, green and
red regions denote negative and positive charge
phases, respectively [56]. The frontier molecular
orbitals (FMOs) provide insights into molecular re-
activity and charge distribution [57].
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Figure 3: UV-vis spectrum of (a) Allicin and
(b)Trigonelline with peak points.

The computed LUMO energies are —1.85 eV for
Allicin and -3.05 eV for Trigonelline, indicating
higher electron affinity in Allicin. The HOMO-
LUMO energy gaps are 4.76 eV for Allicin and
2.76 ¢V for Trigonelline (Figure 4), consistent with
values derived from DOS spectra. A smaller gap
in Trigonelline suggests greater electronic softness
and reactivity. Compounds with high HOMO ener-
gies tend to act as electron donors, whereas low
LUMO energies reflect strong electron-accepting
abilities [57]. Trigonelline, with a higher HOMO
level, functions as a better electron donor than Al-
licin. The HOMO (FEy), LUMO (Ey,), and their en-
ergy gap (AFy p) are critical indicators of chemical
stability, reactivity, and potential biological activ-
ity [58].

a LUMO b LUMO

HOMO

HOMO

Figure 4: Energy gap between HOMO and LUMO
in (a) Allicin and (b)Trigonelline.

The DOS spectrum in Figure 5 illustrates the
distribution of electronic states across occupied and
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Table 2: Calculated electronic properties of Allicin and Trigonelline.

Compound | Wavelength (nm) | Oscillatory strength | Contributions
340 0.0071 | HOMO — LUMO (95%)
Allicin 289 0.008 | HOMO-1 — LUMO (91%)
HOMO-4 — LUMO (3%)
HOMO-3 — LUMO (2%)
262 0.02 | HOMO — LUMO+1 (87%)
HOMO — LUMO+2 (8%)
642 0.0 | HOMO — LUMO (99%)
Trigonelline 637 0.0 | HOMO-1 — LUMO (98%)
528 0.0162 | HOMO-2 — LUMO (99%)

virtual orbitals, highlighting electron roles in va-
lence and conduction bands [59]. Collectively, the
data suggest that both Allicin and Trigonelline
are capable of efficient charge transfer and possess
promising biological activity [60].
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Figure 5: Graphical representation of DOS of (a)
Allicin and (b)Trigonelline.
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3.1.3 Global Reactivity Descriptors

The computed global electrophilicity index values,
3.76 eV for Allicin and 7.11 eV for Trigonelline,
alongside their respective electronic chemical po-
tentials, highlight pronounced electrophilic behav-
ior in both compounds [61]. These values are con-
sistent with charge-exchange tendencies that may
enhance their binding affinity in ligand-receptor in-
teractions [61,62]. The frontier orbitals, HOMO
and LUMO, are directly linked to a molecule’s ion-
ization potential and electron affinity, respectively,
thereby reflecting its electron-donating and accept-
ing capabilities [63]. Molecules with lower ioniza-
tion potential are more prone to donate electrons,
making them efficient radical scavengers [59]. Based
on this criterion, Trigonelline, with a lower ioniza-
tion potential, exhibits comparatively stronger an-
tioxidant potential than Allicin [64]. Additionally,
the electronic chemical potential (u) values of —
4.23 eV for Allicin and —4.43 eV for Trigonelline fur-
ther aid their propensity for electron donation [61].
These electronic properties collectively provide in-
sight into the chemical reactivity and potential bi-
ological efficacy of the two phytocompounds.

3.1.4 Molecular Electrostatic Potential

(MEP)

MEP map illustrates the distribution of the electro-
static potential across a molecule’s surface, thereby
identifying reactive regions. Color coding in the
MEP map visually distinguishes electrostatic inten-
sity: red represents regions of highest negative po-
tential (strong attraction), followed by yellow and
green for intermediate or near-neutral zones, and
blue for regions of highest positive potential (strong
repulsion). The MEP contour maps for Allicin and
Trigonelline are presented in Figure 6.

For Allicin, the electrostatic potential ranges
from —0.88 to 0.88 a.u., while for Trigonelline it
spans from —-0.16 to 0.16 a.u. The oxygen atom
03 in Allicin displays the highest negative poten-
tial, denoting a strong nucleophilic site, whereas O1
and O2 serve similar roles in Trigonelline. Regions
of maximum positive potential are localized around
hydrogen atoms H10, H14, and H17 in Allicin, and
H12, H15, H16, and H17 in Trigonelline, suggesting
possible sites for electrophilic interactions.

Figure 6: MEP maps together with contour lines
for (a) Allicin and (b) Trigonelline.

Of particular interest, both sulfur atoms in Al-
licin exhibit strongly negative potential regions,
which may contribute to its bioactivity [54]. Car-
bon atoms across both molecules display a mixed
electrostatic profile, with surrounding areas show-
ing both positive and negative potentials, corrobo-
rating spatial complexity in electron density distri-
bution. This detailed electrostatic mapping aids in
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Table 3: Global reactivity descriptors for Allicin and Trigonelline.

Parameter Allicin Trigonelline
HOMO -6.61 eV -5.81 eV
LUMO -1.85 eV -3.05 eV
ELUMO — EHOMO 4.76 eV 2.76 eV
Ionization Potential Energy (I) 6.61 eV 5.81 eV
Electron Affinity (A) 1.85 eV 3.05 eV
Electronegativity () 4.23 eV 4.43 eV
Electronic Chemical Potential (u) | -4.23 eV -4.43 eV
Chemical Hardness (7) 2.38 eV 1.38 eV
Chemical Softness (.5) 0.42 (eV)~ ! 0.72 (eV) !
Global Electrophilicity Index (w) 3.76 eV 7.11 eV

predicting potential sites for electrophilic attacks,
nucleophilic attacks, hydrogen bonding, and other
intermolecular interactions, which are critical to un-
derstanding molecular reactivity and biological be-
havior [65, 66].

3.1.5 Mulliken Atomic Charges

For Allicin, Mulliken atomic charge analysis (Ta-
ble 3S) indicates that oxygen atoms carry nega-
tive charges, hydrogen atoms are positively charged,
and sulfur and carbon atoms exhibit both pos-
itive and negative charge distributions, as visu-
alized in Figure 7. In the case of Trigonelline
(Table 3S), oxygen atoms similarly show nega-
tive charges, while nitrogen and hydrogen atoms
are positively charged, with carbon atoms again
demonstrating mixed charge states.

-—iicn
‘ = Tigonetine
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Mulliken Atomic Charges

Figure 7: Mulliken atomic charge distributions of
Allicin and Trigonelline.

The atom with the highest positive Mulliken
charge plays a critical role in molecular interac-
tions [67]. For Allicin, this is observed on the sulfur
atom S1, whereas for Trigonelline, it is found on
the carbon atom C5. Conversely, the atoms with
the most negative charge values are C4 in Allicin
and C10 in Trigonelline. Among hydrogen atoms,
the most positive charges are located on H10 in Al-
licin and H13 in Trigonelline.

Mulliken population analysis provides an es-
timate of partial atomic charges, offering insight

into the distribution of electron density within a
molecule. This is crucial for understanding how
molecules participate in electrophilic and nucle-
ophilic reactions [65]. The observed charge distribu-
tions highlight the polar nature of both Allicin and
Trigonelline, corroborating their potential for chem-
ical reactivity and biological interaction through
charge-mediated binding [66].

3.2 Molecular Docking

Figure 8: The most matched conformations during
re-docking.

Initially, the native co-crystallized ligand of EED
was subjected to re-docking into its original bind-
ing pocket, to validate the reliability of the dock-
ing approach. The structural deviation between the
experimentally determined and re-docked confor-
mations was quantified by finding the Root Mean
Square Deviation (RMSD) using the DockRMSD
utility, thereby validating the accuracy and repro-
ducibility of the docking protocol. The optimal
alignment was achieved after 98 runs, yielding an
RMSD of 1.233 A and a MatchAlign score of 5.000.
Visual inspection of the alignment, with the na-
tive ligand depicted in red and the re-docked ligand
in green, demonstrated high spatial concordance,
confirming docking reliability (Figure 8). As the
RMSD falls within the acceptable range for dock-
ing validation [68], the methodology was deemed
suitable for further analysis.
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Figure 9: Two-dimensional diagrams of molecular
interactions between EED and (a) Allicin and (b)
Trigonelline.

Molecular docking analysis revealed that Allicin
interacts with the EED protein primarily through
hydrophobic contacts involving Phe97, Tyr365,
Tyrl48, Lys211, Alal92, Asn194, Trp364, and
Glu238 (Figure 9 & Table 4). The calculated bind-
ing energy of Allicin at the H3K27me3 recogni-
tion site (H3K27me3 pocket) was —3.82 kcal/mol,
with an associated inhibition constant of 1.59 mM.
Trigonelline formed hydrophobic interactions with
Tyr365, 1le363, and Phe97, and established three
hydrogen bonds: one with Trp364 at 2.98 A, and
two with Arg414 at 2.89 A and 3.11 A. The total
binding energy was slightly lower than that of Al-
licin at —3.89 kcal/mol, with an inhibition constant
of 1.42 mM (Table 5). The additional hydrogen
bonding observed in the Trigonelline-EED complex
likely contributes to its enhanced binding affinity
relative to Allicin, in agreement with predictions
made earlier based on dipole moment values.

Figure 11: PyMOL-rendered 2D conformational
images of EED-Allicin and EED-Trigonelline com-
plexes.

It is worth noting that DFT-based MEP and
Mulliken charge analyses previously identified O1
and O2 in Trigonelline as the most electronegative
sites. These atoms were confirmed to engage in
hydrogen bonding during docking, validating the
predictive accuracy of the quantum chemical de-
scriptors. Most atoms anticipated to participate in
interactions, based on electronic and electrostatic
mapping, were indeed involved in binding.

3.3 Ramachandran Plot

" j
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Figure 10: 3D Conformations of the EED-Allicin
and EED-Trigonelline complexes.

Both compounds exhibit negative binding en-
ergies with EED, indicating favorable interac-
tions and reinforcing their potential as EED in-
hibitors. The predicted 3D binding conforma-
tions for EED-Allicin and EED-Trigonelline are
shown in Figure 10, while the corresponding 2D
interaction diagrams highlighting the participating
residues are provided in Figure 11.

Figure 12: Ramachandran plots for (a) all residues
of EED and (b) residues interacting with selected
phytochemicals.

All EED residues involved in interactions with
Allicin and Trigonelline, namely Tyr365, Trp364,
Alal92, Glu238, Tyrl48, Argdl4, Ile363, Lys211,
Phe97, and Asnl194, are located within the permit-
ted zone of the Ramachandran plot (Figure 12).
This structural validation confirms the reliability
of the protein-ligand interactions [69]. Additionally,
the majority of the residues in the EED structure
fall within the allowed regions, thereby confirming
the conformational integrity of the targeted recep-
tor. The Ramachandran plot is used to visualize the
torsional angles phi (¢) on the z-axis and psi (¥)
on the y-axis, serving as a critical reference for val-
idating protein geometry. Figure 12 and Table 45
provide a detailed overview of these torsional angles
for both the entire EED structure and its active-site
residues.
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Table 4: Interactions of EED protein residues with Allicin and Trigonelline.
Ligand Binding residues Atoms | Bond length (A) | Interactions
Allicin Phe97, Tyr365, Tyr148
Lys211, Alal92, Asnl194 - - Non-bonded
Trp364, Glu238
Trigonelline | TRP364 N-O2 2.98 H-bonds
ARG414 NH2-O1 | 2.89 H-bonds
ARG414 NH1-01 | 3.11 H-bonds
TYR365, PHE97, ILE363 | - - Non-bonded

Table 5: Molecular docking results for EED-Allicin and EED-Trigonelline complexes.

Parameters EED-Allicin complex | EED-Trigonelline complex
Final Intermolecular Energy (kcal/mol) -5.31 -4.18
Final Total Internal Energy (kcal/mol) -0.28 0.09
Torsional Free Energy (kcal/mol) 1.49 0.30
Unbound System’s Energy (kcal/mol) -0.28 0.09
Estimated Free Energy of Binding (kcal/mol) -3.82 -3.89
Inhibition Constant (mM) 1.59 1.42

3.4 Drug-Likeness and Toxicity

The lipophilicity of Allicin and Trigonelline, as in-
dicated by their consensus Log P values (Table 6),
was found to be below 5, within acceptable thresh-
old for drug-like properties [48]. The Log S (ESOL)
values of —1.34 (Allicin) and —1.39 (Trigonelline) in-
dicate good aqueous solubility and imply promis-
ing metabolic potential in biological systems [70].
These results are consistent with the solubility clas-
sification by Sorkun et al., where Log S values near
0 indicate solubility, while more negative values
(< —4) are typically associated with poor solubil-
ity. Further solubility indicators such as Log S
(Ali) and Log S (SILICOS-IT) revealed values of
—2.20 and —1.70 for Allicin, and —1.00 and —0.94 for
Trigonelline, respectively. These findings suggest
moderate to high solubility. Balanced lipophilic-
ity is essential for effective absorption and mem-
brane permeability [71], and both compounds ap-
pear well-positioned in this regard, as detailed in
Table 6.

According to Lipinski’s Rule of Five [72], both
compounds meet the criteria for oral bioavailability:
molecular weight below 500 Da, no more than five
hydrogen bond donors, no more than ten hydrogen
bond acceptors, and Log P below 5 (Table 7). Both
also complied with the Veber and Egan rules but
failed to meet all criteria set by Ghose and Muegge
filters.

Pharmacokinetic profiling (Table 8) indicated
high gastrointestinal absorption for both com-
pounds, with limited permeability through P-
glycoprotein (PGP), moderate skin penetration,
and acceptable Log Kp values. Allicin was pre-
dicted to cross the blood-brain barrier (BBB),
whereas Trigonelline was not. BBB permeability

may result in unintended central nervous system
(CNS) exposure [73], raising concerns about poten-
tial neurological toxicity of Allicin. This observa-
tion warrants further investigation into its off-target
CNS effects. Neither compound inhibited major
cytochrome P450 isoenzymes (CYP1A2, CYP2D6,
CYP2C19, CYP2C9, and CYP3A4), underscoring
minimal risk of drug-drug interactions affecting
hepatic metabolism [74].

Table 6: Predictive physicochemical properties of
Allicin and Trigonelline.

Properties Allicin | Trigonelline
Molecular weight (g/mol) | 162.27 | 137.14
Number of heavy atoms 9 27
Lipophilicity:
Log P,/ (ILOGP) 1.95 -3.11
Log P,/ (XLOGP3) 1.31 0.51
Log P, /v (WLOGP) 2.62 -1.13
Log P, /v (MLOGP) 1.18 0.33
Log P,/ (SILICOS-IT) | 0.96 0.36
Consensus Log P,/ 1.61 -0.61
Water Solubility:
Log S (ESOL) -1.34 -1.39
Log S (Ali) -2.20 -1.00
Log S (SILICOS-IT) -1.70 -0.94

The drug-likeness radar plot (Figure 13) based
on parameters such as lipophilicity, size, solubil-
ity, polarity, flexibility, and saturation indicated
that Allicin fits well within the ideal physicochem-
ical space (pink region) [48]. Trigonelline showed a
slight deviation in the saturation parameter but re-
tained overall advantageous characteristics for drug
candidacy.
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Table 7: Predictive Drug-likeness of Allicin and Trigonelline.

Compound | Lipinski | Ghose | Veber | Egan | Muegge | Bioavailability Score
Allicin Yes No Yes Yes No 0.55
Trigonelline Yes No Yes Yes No 0.55

Table 8: Predicted pharmacokinetic properties of

Allicin and Trigonelline.

licin and Trigonelline fall into categories 4 and 5,
respectively, reflecting moderate and minimal acute
toxicity [75]. Trigonelline was predicted to induce

Properties Allicin | Trigonelline | oqpiratory and neurotoxic effects, while Allicin ex-
GIA absorption High High hibited no organ-specific toxicity (Table 9).
BBB permeation Yes No
CYP1A2 inhibitor | No No Table 9: Toxicity prediction outcomes of Allicin and
CYP2B6 inhibitor No No Trigonelline.
CYP2C19 inhibitor | No No
CYP2D6 inhibitor No No Properties Allicin | Trigonelline
CYP3A4 inhibitor | No No LD50 (mg/kg) 874 3720
Log K, (cm/s) -6.36 -6.77 Predicted Toxicity Class | 4 5
Organ Toxicity:
Hepatotoxicity Inactive | Inactive
EN b Neurotoxicity Inactive | Active
e i Nephrotoxicity Inactive | Inactive
fex [ e Respiratory Toxicity | Inactive | Active
Cardiotoxicity Inactive | Inactive
Q l Toxicity end points:
Carcinogenicity Inactive | Inactive
SATU POLAR[INSATU PoLAR Immunotoxicity Inactive | Inactive
Mutagenicity Inactive | Inactive
oL INsoLY Cytotoxicity Inactive | Inactive
BBB-barrier Active Active
Figure 13: Bioavailability radar plot of (a) Allicin Ecotoxicity Inactive | Active
and (b) Trigonelline Clinical toxicity Inactive | Inactive
Nutritional toxicity Inactive | Inactive

In the

BOILED-Egg model

(Figure 14),

Trigonelline appears in the white region, indicat-
ing high gastrointestinal absorption and active ef-
flux by PGP (PGP™), whereas Allicin lies within
the yellow zone, suggesting BBB permeability and
PGP-mediated efflux [48].

a b

[HIA | |BBB ©PGP- @ PGP+ [ HIA [ |BBB ©PGP- @ PGP+

Figure 14: BOILED-Egg image representation of
(a) Allicin and (b) Trigonelline.

Toxicological predictions based on LDso val-
ues (mg/kg body weight) categorized Allicin
(874 mg/kg) as moderately toxic and Trigonelline
(3720 mg/kg) as having low toxicity [75]. Accord-
ing to the Globally Harmonized System (GHS), Al-

Furthermore, toxicity endpoint screening indi-
cated that both compounds may cross the BBB but
do not interact with key toxicological pathways, in-
cluding the aryl hydrocarbon receptor, aromatase,
nuclear factor (erythroid-derived 2), estrogen recep-
tor, heat shock factor response element, or mito-
chondrial membrane potential. These observations
collectively substantiate their low systemic toxicity
and potential therapeutic viability.

4 Conclusion

The present investigation delivers a thorough anal-
ysis of the quantum chemical and pharmacologi-
cal properties of two phytochemicals, Allicin and
Trigonelline, through Density Functional Theory
(DFT) and ADMET profiling. Furthermore, molec-
ular docking analysis was employed to explore how
these compounds interact with the EED subunit
of the Polycomb Repressive Complex 2 (PRC2),
to evaluate their potential as epigenetic modula-
tors in cancer treatment. Quantum chemical de-
scriptors, including HOMO-LUMO energy gaps,
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dipole moments, and global reactivity indices, re-
vealed that both molecules possess favorable elec-
tronic characteristics that underpin their reactiv-
ity and biological relevance. Their binding affini-
ties to EED were —3.89 kcal/mol for Trigonelline
and —3.82 kcal/mol for Allicin, indicating stable
and energetically favorable interactions, facilitated
through hydrogen bonding and hydrophobic con-
tacts. In addition, ADMET profiling demonstrated
their drug-likeness, with both compounds display-
ing acceptable lipophilicity, solubility, and high gas-
trointestinal absorption. Trigonelline exhibited su-
perior aqueous solubility, whereas Allicin showed
better performance in radar plot analysis, falling
within the optimal physicochemical space for oral
drug candidates. The toxicity risk assessment,
based on LDsg values, classified both compounds
with low to moderate toxicity, supporting their suit-
ability for therapeutic consideration. Collectively,
the findings suggest that Allicin and Trigonelline
meet key criteria for potential EED inhibition, ex-
hibiting favorable electronic, pharmacokinetic, and
safety profiles. While the findings lay a promis-
ing groundwork, comprehensive assessments using
laboratory-based and live model experiments are
crucial to confirm both their therapeutic effective-
ness and biological safety in epigenetic applications.
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