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Pinocembrin, a naturally occurring flavonoid, possesses anti-inflammatory,
antioxidant, antimicrobial, and neuroprotective properties. The multi-target potential of this
study is assessed through molecular docking, ADMET (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) predictions, and Density Functional Theory (DFT) analysis. Ten
disease-relevant protein targets were selected based on literature and SuperPred predictions.
The docking with AutoDock Vina demonstrated a strong binding to nitric oxide synthase (-10.3
kcal/mol), cytochrome P450 1A2 (-10.0 kcal/mol), and the delta opioid receptor (-9.5 kcal/mol),
indicating potential roles in inflammation control, metabolic modulation, and neuroprotection.
The docking was performed in blind mode, wherein the grid parameters were configured to
encompass the entire receptor surface and ligand binding regions, with the exhaustiveness value
set to 8 to ensure adequate sampling of the conformational space. DFT results indicated a stable
and moderately reactive nature, aligning with its pharmacological potential. ADMET profiling
predicted high intestinal absorption, blood-brain barrier permeability, and compliance with
Lipinski’s rule, though possible hERG (Human Ether-a-go-go Related Gene (potassium channel))
inhibition and CYP (Cytochrome P450 enzymes) interactions highlight the need for further safety
evaluation. Overall, the findings position pinocembrin as a promising lead compound for the
development of therapeutics targeting neurological, inflammatory, and metabolic disorders.
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Pinocembrin (5,7-dihydroxyflavanone) is
also found in many other plants, such as in several
genera of the Piperaceae family, including five
hundred species and fourteen genera considered to
be rich in pinocembrin. However, it has been found
that the most diverse and international species are
found in the two genera of Peperomia and Piper,
which contain 600 and 700 species, respectively.'**
In addition, this family of plants has been isolated
with Pinocembrin (Fig 1) from plants belonging

to the Lauraceae and Asteraceae families; these
families are huge. Africa has 600 species of
Helichrysum and roughly 244 of these are in South
Africa; approximately 250 species of Cryptocarya
are essentially found in tropical and subtropical
regions."* Additionally, pinocembrin was found in
honey and in the aerial parts of Flourensia oolepis
S.F. Blake (Asteraceae).’ Flavonoid pinocembrin
is a naturally existing component, and it is found
in tea, red wine, fruits, vegetables, nuts and
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seeds, herbs, spices, propolis, honey, and some
plants, such as wild marjoram and ginger roots.*’
Pharmacological character of the Pinocembrin
makes it possible to be used to treat various
illnesses, include cancer and problems with blood
vessels, as well as inflammation by preventing
bacterial colonization.*® Researchers have seen
that pinocembrin can also be biosynthesised. In
this project, artificial phenyl propanoid pathway
was designed to produce the flavanone pinocembrin
from microorganisms. On a single pET plasmid in
E. coli, CHS from the licorice plant Glycyrrhiza
echinata, PAL from the yeast Rhodotorula rubra,
4CL from the actinomycete S. coelicolor and CHI
from the plant Pueraria lobata were combined to
achieve this. In pharmacological research, it has
shown some interesting qualities which may be
applicable in treatment of diseases, e.g. cancer,
cardiovascular disorders as well as endotoxin
shock. Indeed, as has been shown by previous
research, pinocembrin is a neuroprotective and
anti-inflammatory compound and reduces reactive
oxygen species (ROS), stabilizes the blood- brain
barrier and changes mitochondrial activity, and
controls apoptosis.'®!’

The pharmacological activity of
pinocembrin can be further identified throug
in silico studies, where a Computer- aided
drug design tools can deploy different types of
powerful and highly efficient models to afford
quantitative explanation of the structure—activity
relationship (SAR) observance.'® The previous
docking studies indicated that pinocembrin exhibits
strong CYP1A2 inhibition and possesses potential
drug metabolism and interactions through strong
contact with the enzyme’s active site.'* Molecular
docking results indicated a strong favorable binding
to Plasmodium falciparum DHFR-TS having
an affinity greater than the widely prescribed
drug chloroquine. Previous research on the
antioxidant pinocembrin has demonstrated strong
antiplasmodial activity, in agreement with this
observation. This result serves as a lead chemical
for the development of antimalarial drug.”
The studies of binding with alpha synuclein, a
critical target of Parkinson’s disease, have shown
that, like curcumin, pinocembrin has a high
binding affinity, suggesting a potential function
of the neuroprotection.?' Literature proved that
pinocembrin has high LibDock scores and stable
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interactions with the critical ovarian cancer targets
such as AKTI1, TNF and BCL2 and reinforces
the role of this compound in the modulation
of apoptosis pathways.? In extension, (2S)-
Pinocembrin also showed a fairly high binding
affinity for MAPKs, especially p384 and ERK2,
suggesting a possible mechanism of action whereby
it inhibits PGE2 production by antagonizing this
(and perhaps other) signalling back to base.”
Pinocembrin was also found to show good binding
affinity to BACE1 and might therefore be important
in the management of Alzheimer’s disease.”
Based on previous research, AutoDock Vina was
used in our study to dock pinocembrin with ten
different proteins. The Comparative Assessment
of Scoring Functions (CASF) is a standard for
docking and compares scoring functions.??®
AdMET (Absorption, Distribution, Metabolism,
Excretion and Toxicity) profiling in the form of
pharmacokinetic and toxicological properties of
pharmacokinetic and toxicological properties of
pinocembrin was performed using a common
web-based prediction tool — PreADMET. Only a
couple of dozen of the comprehensive predictions
that PreADMET provides involve human intestinal
absorption (HIA), Caco-2 permeability, MDCK
cell permeability, blood- brain barrier (BBB)
penetration, skin permeability, and carcinogenicity.
However, these computational methods provide
essential clues to the drug ability and safety profile
of - Pinocembrin — supporting it as a potential
therapeutic. Potential protein target and PDB
structure retrieval for molecular docking studies
were accomplished using SuperPred to predict
potential protein targets.”

These in silico methods bring forward
important information regarding Pinocembrin’s
therapeutic efficacy and safety profile. Fig 1
represents the structure of Pinocembrin.

MATERIALS AND METHODS

Protein preperation

Thus, molecular docking studies were
carried out on ten disease relevant protein targets
to evaluate the multi- target pharmacological
potential for pinocembrin. These targets were
selected from predictions by the SuperPred
server as well as supporting data from previously
conducted research studies. For inflammation,
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Cyclooxygenase-2 (COX-2; PDB ID: 6NOD) was
selected because it functions as an inhibitor, while
acetylcholinesterase (AChE; PDB ID: 60L9) was
used as the target for Alzheimer’s disease. For
Parkinson’s disease, Alpha-synuclein (PDB ID:
1XQ8) was chosen as the target. To investigate
the anti-photoaging activity, Staphylococcus
proteinase (PDB ID: 1G4K) was selected. Included
for pain modulation was the delta-opioid receptor
(PDB ID: 4N6H). The nitric oxide synthase (NOS;
PDB ID: 3E7G) was used, as it plays an important
role in inflammatory and neurodegenerative
conditions. There is a selection of a relevant target,
plasmepsin IT (PDB ID: 1J3I), for its antiplasmodial
activity. To study inhibition of drug metabolism, the
structure of CYP1A2 (PDB ID: 2HI4) was selected,
while its relevance to the cardiovascular system
is reflected by plasminogen activator inhibitor-1
(PAI-1; PDB ID: 3CVM). The central nervous
system modulation was also studied using the
GABA-A receptor (PDB ID: 6X3T). The docking
simulations to predict the binding affinity and
interaction profile of pinocembrin were carried
out using AutoDock Vina for the retrieved protein
structures from the RCSB Protein Data Bank.*%!
Ligand preperation

Chem 3D 16.0 *? was used to generate a
three-dimensional structure of Pinocembrin, after
which it is refined using molecular mechanics
force fields to give a low energy conformation to
make sure that the ligand starts off energetically
favourable.
Molecular docking

The resulting molecular interactions
between pinocembrin and 6NOD, 2HI4, 1J3I,
60L9, 1XQ8, 1G4K, 4N6H, 6X3T, 3E7G and
3CVM, one of the most widely used programs as a
means to predict small molecule binding affinities
and conformations to macromolecular targets were
examined using computational docking study using
AutoDock Vina.* Finally, an appropriate format of
the optimized ligand and macromolecules to use
with AutoDock Vina, generally the PDBQT format,
including atomic coordinates, atomic charges, and
types of atoms, was created. Potential pinocembrin
was assumed to bind the active site of each protein
based on available literature and structural data;
when no such information existed, blind docking
was used to explore the entire protein surface.
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Geometry optimization and DFT calculations
The geometry of Pinocembrin was
optimized using Avogadro. Then the optimized
Structure was further subjected to DFT Calculations
using ORCA Software. The energy minimization,
HOMO-LUMO energy gap, dipole moment, and
molecular electrostatic potential were calculated
and analyzed.
Drug Likeness and Admet Prediction
PreADMET and SWISS ADME web
server was used for computation of drug similarity
and pharmacokinetic characteristics of pinocembrin
absorption, distribution, metabolism, excretion, and
toxicity (ADMET). Human intestine absorption
(% HIA), Caco-2 permeability, MDCK cell
permeability, skin permeability, blood—brain barrier
penetration and carcinogenicity were predicted as
different attributes.

RESULTS

Molecular docking studies

Molecular docking for Pinocembrin
binding to ten specific protein targets involved
with different therapeutic pathways was carried
out using AutoDock Vina (Table 1). Then, binding
energies, critical amino acid interactions, and
structure-activity connections for the compound
were evaluated to assess its potential multi-target
properties. The lowest binding energies for
pinocembrin were found for 3E7G (nitric oxide
synthase), 4N6H (delta opioid receptor), and 2HI4
(CYP1A2 Inhibition) in molecular docking.

The 2D interaction plots indicate hydrogen
bonding amino acid residues, whereas the 3D views
demonstrate pinocembrin’s active site occupancy.
These interactions suggest pinocembrin can
strongly inhibit these targets (Fig. 2— Fig. 4). The
2D and 3D interactions of Pinocembrin with other
targets were also represented in Fig. 5 — Fig. 11.
DFT Calculations

Pinocembrin’s electrical and reactivity
properties were studied by Density Functional
Theory (DFT) simulations. The molecule’s
chemical reactivity and stability were evaluated
using the HOMO-LUMO energy gap. The HOMO
and LUMO values were used to generate a
number of global descriptors, including ionization
energy, electron affinity, global hardness and
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softness, chemical potential, electronegativity, and
electrophilicity index (Table 2). The ability of the
molecule to give or receive electrons is revealed
by these properties, which is crucial for forecasting
its chemical activity and possible biological
interactions (Fig. 12)

H
(o] (o)

Fig. 1. Structure of pinocembrin

ADME and drug-likeness profile

Using Pre ADMET, we assessed the
pharmacokinetic properties of Pinocembrin and it
was determined that it exhibits favourable drug-
like properties. It was not in violation of Lipinski’s
rule of five and therefore showed as drug like with
CMC-like, WDI-like and lead-like filters. Good
bioavailability of the compound resulted in it being
an ideal oral candidate.

Human intestinal absorption was shown to
be greater than 92.35%, Caco-2 cell permeability
was moderate (0.8x10"6 cm/sec), and MDCK
cell permeability was high (8.6x10"6 cm/sec),
suggesting efficient absorption and cellular
transport. Skin permeability was low however,
CNS activity via the blood-brain barrier (BBB)

Table 1. Interactions Of Pinocembrin Against Ten Different Proteins

Activity PDB ID

Energy

Binding

Detailed Interactions

(kcal/mol)

Anti-inflammatory 6NOD -7.4

Anti-Alzheimer 60L9

Anti-Parkinson 1XQ8

Anti-photoaging 1G4K

Delta Opioid Receptor 4N6H

Nitric Oxide Synthase 3E7G -10.3

Anti Plasmodial 1J31

CYP1A2 Inhibition 2HI4

Plasminogen activator Inhibitor-1 3CVM

GABA Receptor 6X3T -5.1

Conventional hydrogen bonds: LYS A:596,
ALA A:597, TYR A:454;Pi-alkyl interactions:
ARG A:586, VAL A:444;

Conventional hydrogen bond: TYR A:481;
Pi—pi stacking: TRP A:477;

Conventional hydrogen bonds: LYS A:10,
GLU A:13, SER A:9;Pi interaction: LYS A:6;
Conventional hydrogen bonds: GLN A:236,
ASN A:240;Pi—cation interaction: PHE A:83;
Conventional hydrogen bond: TYR A:129;
Pi—sigma interactions: VAL A:281, MET A:132;
Pi—alkyl interactions: ILE A:277, ILE A:304,
VAL A:217;

Conventional hydrogen bond: TYR D:489;
Pi—pi stacked interactions: PHE D:369,

TRP D:194;Pi—sigma interaction: ALA D:197
Conventional hydrogen bond: SER A:111;
Pi—pi sigma interactions: ILE A:112, LEU A:46;
Conventional hydrogen bond: ASN A:312;
Pi—alkyl interaction: ALA A:317;Pi—pi stacked
interactions: GLY A:316, PHE A:226;Pi—sigma
interaction: LEU A:497;

Conventional hydrogen bonds: ASN A:365,
ASP A:231;Carbon—hydrogen bonds:

ARG A:268, GLU A:225;Pi—alkyl interaction:
PRO A:227;Pi—carbon interaction: LYS A:263
Conventional hydrogen bonds: ARG A:114,
ASP A:89;Pi—sigma interaction: VAL A:111;
Pi—cation interaction: ARG A:86;Pi—alkyl
interaction: LY'S A:112;
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penetration of 0.91 was observed, indicating CNS ~ CYP2C19 and CYP3A4, it has the potential to

activity. cause drug-drug interactions. The compound had

Since Pinocembrin was predicted to  ahigh degree of plasma protein binding (98.45%),

inhibit cytochrome P450 (CYP) enzymes CYP2C9, and hence affected its pharmacokinetics and
distribution.

A(3D) B(2D)

Fig. 2. 3D and 2D Interaction of Pinocembrin with 4N6H

A(3D) B (2D)

Fig. 3. 3D and 2D Interaction of Pinocembrin with 3E7G
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Fig. 4. 3D and 2D Interaction of Pinocembrin with 2HI4
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Fig. 5. 3D AND 2D Interaction of Pinocembrin with 60L9
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Fig. 6. 3D and 2D Interaction of Pinocembrin with 1XQ8
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Fig. 7. 3D and 2D Interaction of Pinocembrin with 1G4K
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A(3D) B (2D)

Fig. 10. 3D and 2D Interaction of Pinocembrin with 6X3T
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SWISS ADME results showed that
it has high gastrointestinal absorption, BBB
permeability, no PAINS alarm, and no Lipinski’s
Rule infractions were all demonstrated by
pinocembrin. CYP1A2 is expected to be inhibited,
but not other important CYP enzymes. Additionally,
the molecule demonstrated a synthetic accessibility
score of 3.21, which indicates ease of synthesis,
and moderate water solubility (Table 4).

Both the white (HIA+) and yellow yolk
(BBB+)zones of the BOILED-Egg diagram (Fig.13)

A(3D)

contain the red dot that represents pinocembrin
(Table 3). This supports the compound’s use in
CNS illnesses by showing that it may be absorbed
orally and cross the blood—brain barrier.
Toxicity profile

Pinocembrin was predicted to be
mutagenic in the Ames test (TA100 positive) and
non-carcinogenic in rats and mice, something
reassuring from its long-term safety profile.
Medium risk was shown for hERG inhibition, and
the compound therefore should be investigated

B(2D)

HOMO

LUMO

Fig. 12. HOMO and LUMO Orbital Distribution of Pinocembrin
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Table 2. DFT-Derived Quantum Chemical
Descriptors for Pinocembrin

for cardiotoxicity further, particularly if used
in CNS-related applications. However, its low
aquatic toxicity suggests that it will have minimal
environmental impact and will be developed

Descriptor Value (eV) further.
EHOMO -5.125 DISCUSSION
ELUMO -2.023
Baqd G.ap (AE) 3.102 Investigations into docking have shown
Ionization Energy (IE) 5.125 that oi brin h lti-t t activit
Electron Affinity (EA) 2023 at pinocembrin has multi-target activity,
Chemical Hardness (1)) 1551 especially through strqng interactions with
Chemical Softness (S) 0.645 enzymes of the nitric oxide synthase, CYP1A2
Chemical Potential (u) -3.574 and delta opioid receptor. These are in line with
Electronegativity (y) 3.574 potential anti-inflammatory, neuroprotective, and
Electrophilicity Index (o) 4.118 analgesic effects. Reduced binding scores (i.e. with
elastase and GABA receptors) indicated minimal
Table 3. Boiled egg regions and meaning
Region Meaning
White Region High probability of passive GI absorption (HIA+)
Yellow Region (Yolk) High probability of BBB permeability (CNS-active)
MLOGP
T
6
5
4
3
0

100 120 140 160 180 TFEA

Fig. 13. Boiled-Egg Model for Pinocembrin Generated Via Swiss ADME



2846

PERIYASAMY & DEIVASIGAMANI, Biomed. & Pharmacol. J, Vol. 18(4), 2837-2849 (2025)

Aniqereaeolq [elo djqeidoooy 60  HNAV SSIMS a100§ Ajyiqe[reagorg
uone[nuLIog [e10 10f 9[qeing dlquiog  HNAV SSIMS (TOS3) ApIqnios 1orem

9Z1SauUAs 03 £sed A[9IeISPOIN 17€ dINAV SSIMS ANT1QISS00Y O1OIUAS

skesse ur soanisod asfey ON SHoe 0 HINAV SSIMS SHOIY SNIVd

Hnsar JHNA VoI SWIguoy louquur - HNAV SSIMS (TVIdAD) uoniquuy dAD

paytoddns Ayanoe SNO SO HINAV SSIMS uoneswdd ggd

AIoAT[oP [£10 10 91EPIPUED POOD USIH  HINAV SSIMS uondiosqy 1D
A)I[1qe[IBAROIq [RI0 UM JU)SISUO)) possed [y AINAV SSIMS SOy ueSH/0FFonIA/QS0YD)/I0qIA
pawguoo sanadoxd ai-3niq suoneoia g HINAV SSIMS AL Jo d[y pysurdry

S[OpOW JUdPOI WLI)-3UO[ Ul 9JeS o1u930UI0IBI-UON 1ANAavaid (syuapoy) Ayorusgourdre))
[enuazod o1x0j0UL3 10J pasiApe uonne)  owadeinw ‘(+) 00 V.L 1ANAvaid (3sa sewry) Aroruadeiniy
uonEN[eAd AJISIX0JOIPIED JOYLIN SPIIN 3[SLEWnIpaN LINAV1d uoniqryuy HIHY
uonnqrysip sousnjyur Aew ‘Furpuiq Ysiy %S5Y'86 LINAV1d (ddd) Surpuig utajolq ewse[d
uondeIaul Snip-3nip 10§ [enudtod ‘wstjoqelow Fnip JodJje Ay Jonqryuy LINAV1d (TV1dAD) uoniqmuy dXD
uondiosqe [euIopsue) AW MO 1ANAVId Anqeswog unys

(9am08 SND) ddd Ay SS0I 03 A]o)I'] 16°0 LHNAVa1d uonenaud (gdd) Iorueg ureig—pooyg
Anpiqesuriad suelquisw Y3y 00s/ud A }0I x 9'8 LANAVaId Ajiqeawtidg 19D YOANW

uondiosqe 9JeIdpOIA 09S/WO A} x 80 1ANAVId Anqesurod g-0oe)

Kyoedes uondiosqe Juo[eoxy %S€°26 1ANAvaid (VIH) uondiosqy [eunsaju] uewny
uonejardioyuy nsoy pasn [00T, Io)owered

BJEP OWIPE SSIMS PUE JOWIPEdI b QL



2847

anti-photoaging and GABAergic modulatory
activities. The DFT showed that the 3.102 eV
energy difference indicated chemical stability
and enough reactivity for biological processes.
High electrophilicity indicates that the molecule
can interact with protein active site nucleophilic
amino acid residues, supporting molecular docking
data. Pharmacokinetic predictions confirmed
pinocembrin to be attractive as an orally active
candidate with the possibility of crossing the
blood-brain barrier. These are especially important
in CNS-related signals like pain management
and Alzheimer. However, CYP enzyme blockage
and the medium-risk hERG blockage highlight
the importance of considering any potential side
effects and drug-drug interactions during the
development of a drug under clinical conditions.
There was no difference between prediction of
toxicity and long-term safety, indicating that the
risk of carcinogenicity was not present, but the
risks of mutagenicity and cardiotoxicity should be
investigated. The results suggest dose optimization
and subsequent in vitro / in vivo validation. Overall,
pinocembrin is a promising in vivo multi-target lead
molecule with a pharmacological repertoire of anti-
inflammatory, neuroprotective, and cardiovascular
activities. Its positive ADME-drug likeness profile
supports its potential. However, its estimated
mutagenicity and hERG inhibitory capabilities
point to the need for experimental validation and
precautions in CNS-directed therapy.

CONCLUSION

In the present study, the in silico potential
therapeutic multi-target efficacy of the natural
flavonoid pinocembrin was investigated by
molecular docking and ADMET predictions.
Docking studies showed strong binding affinities
with important target proteins (-9.5 for Delta
Opioid Receptor; -10.0 for Cytochrome P450 1A2;
and -10.3 for Nitric Oxide Synthase) . Potential
uses in pain management, anti-inflammatory as
well as neuroprotection are demonstrated with
these interactions. Pharmacokinetic study also
confirmed good oral bioavailability, strong intestinal
absorption, blood-brain barrier permeability, and
appropriate drug-likeness. However, cautious
further testing is necessary due to the hERG risk
and CYP450 enzyme inhibition. On the whole, they
suggest pinocembrin to be a good lead compound
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for multi-target therapeutics, especially in the areas
of inflammatory diseases, neurological diseases,
and metabolic dysfunctions. More research with
molecular dynamics simulations, toxicity profiling,
and in vitro validation is required to verify its
effectiveness and safety.
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