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ABSTRACT

Objective: The aim of this present study is to find flavonoids that can be potential drug lead compounds targeting the human D(4) Dopamine receptor 
(DRD4). Thirty-nine flavonoids were collected from the literature survey, and 23 of them were predicted by SwissTargetPrediction to have bioactivity 
toward DRD4.

Methods: ADME properties were evaluated, and molecular docking was executed. Among the flavonoids studied, Isovitexin, Glabridin, and Glabrone 
have shown better binding energy than the native ligand, Nemonapride. However, ADME analysis has demonstrated that Isovitexin has low GI 
absorption and is in the grey zone of the BOILED-egg. Glabridin is a BBB permeant but is a P-gp substrate. Glabrone has high GI absorption, and a P-gp 
non-substrate but not a BBB permeant.

Results and Conclusion: The experimental investigations and clinical evaluations are recommended to examine the mechanisms of their actions and 
other pharmacological effects and to validate the results of this in silico study. The scaffolds of these compounds can also be optimized to improve the 
few lapses and have better attributes as CNS drug lead candidates.
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INTRODUCTION

The Human Dopamine Receptor D4 (DRD4) is a member of the G-protein 
coupled receptor (GPCR) family and is known for its importance in 
neuronal signaling in the brain’s mesolimbic system, an area vital for 
the regulation of emotion and complex behavior  [1]. DRD4 receptor 
plays multiple essential roles in the central nervous system (CNS), such 
as the mediation of corticostriatal neurotransmission by controlling the 
activity of glutamate receptors, carrying out phospholipid methylation, 
and affecting the kinetics of ion channels [2,3] which are vital for the 
synaptic strength and the modulation of neuronal firing activity that 
is impaired in Attention Deficit Hyper Disorder. A  network biology 
studies approach conducted by Verma et al. [4] have shown DRD4 as 
a target protein based on network parameters for attention-deficit/
hyperactivity disorder (ADHD) using the STRING 10.0 Database.

Other studies have also shown the possible association of DRD4 
in schizophrenia [5,6], novelty-seeking traits [7,8], addiction to 
psychostimulants [9], mood disorders [10], eating disorders [11,12], 
and obesity [13,14]. According to Yet [15], DRD4 has garnered attention 
as a pharmacological target for treating schizophrenia, Parkinson’s 
disease, depression, and ADHD.

A class of phytochemicals known as flavonoids are secondary 
metabolites found in plants with a polyphenolic structure and are 
often found in fruits, vegetables, and certain beverages such as tea, 
coffee, and wine [16,17]. Like conventional antidepressant medicines, 
flavonoids may act pharmacologically on the CNS to modulate 
emotional and mood states linked to plastic and neurochemical 
changes [18-22]. Furthermore, flavonoids have been shown to have a 
variety of neuroprotective effects in the brain, including the ability to 
protect neurons against injuries inflicted by neurotoxins, the ability to 
reduce neuroinflammation, and the potential to enhance memory and 
cognitive performance [23].

According to multiple reports [24], molecular docking studies are 
essential for identifying potential flavonoid compounds for treating a 
variety of diseases prevalent in the human health system. Molecular 
docking predicts a molecule’s binding affinity and optimum binding 
pose with the receptor’s active site and has become a vital tool for 
drug discovery [25]. In addition, in silico approaches for investigating 
the absorption, distribution, metabolism, and excretion (ADME) 
features and compounds’ pharmacokinetics are also vital components 
of the current industrial drug discovery paradigm [26]. The chemical 
properties of a potential drug candidate may be profiled using a 
combination of several different molecular descriptors [27].

In the present study, a literature search was performed to find relevant 
research publications highlighting the beneficial effects of flavonoids 
in neuropsychiatric and neurocognitive conditions. These flavonoids 
were screened and evaluated for ADME and drug-likeness properties. 
In addition, molecular docking with DRD4 as the target was also 
executed to find possible leads as a template to design new hypothetical 
molecules with improved binding affinities and better molecular 
residual interactions with it.

MATERIALS AND METHODS

Literature search and SwissTargetPrediction
A literature search was conducted using the keywords “Flavonoid,” combined 
with “DRD4,” “neuroprotectants,” “cognitive health,” “neuropsychiatric 
disorders,” and “neurocognitive disorders.” A list of flavonoids was obtained, 
and their canonical smiles were inputted in the SwissTargetPrediction to 
see if they target the DRD4. The search was specific for Homo sapiens.

Evaluation of pharmacokinetics and drug likeness of the flavonoids
Canonical smiles of the flavonoids that target the DRD4 protein were 
inputted in the SwissADME server [57] to check for physicochemical 
properties, lipophilicity, solubility, pharmacokinetics, drug-likeness, 
and medicinal chemistry.
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Flavonoid structure retrieval
The structure of flavonoids with 0 and 1 Lipinski violation and 
bioavailability score of 0.55 was retrieved from the PubChem 
database [58]. SDF formats were downloaded and converted to Protein 
Data Bank (PDB) format using PyMOL 2.5 [59].

Molecular docking using PyRx
The native ligand (Nemonapride) and the cleaned DRD4 structure were 
uploaded to CB Dock [60] to obtain the binding site and calculates the 
center and size of the active site dimensions. PyRx virtual screening 
software was used for the initial docking of ligands. Active site 
dimensions were set closest to the values obtained from CB-Dock 
results which were x = −17.00, y = 17.00, and z = −18.00. The box was 
centered at x = −17.1622, y = 17.0545, and z = −18.0336. Dimensions of 
XYZ coordinates were x = 35.7485, y = 30.5631, and z = 32.6383. Before 
initiation of docking operation, energy minimization was done to the 
ligands. Exhaustiveness was set to 8.

Molecular docking using AutoDock 4.2.6
Before docking, the starting directory was set to the desired folder. 
The cleaned DRD4 protein was loaded into the AutoDock 4.2.6 
workspace  [61]. The polar hydrogen atoms and the Kollman charges 
were added to the protein. The protein was, then, saved in PDBQT 
format that was then used as the target. The ligand was imported into 
the workstation; the torsion tree was defined by choosing the root; 
and the number of rotatable bonds was identified and saved in PDBQT 
format. The ligand and protein were imported in PDBQT format into the 
workspace for further simulation process.

The ligands were docked one at a time to the protein. Grid spacing was 
set to 0.375 Å (default). Center grid box values obtained from CB-Dock 
results were utilized and set to x = −17.00, y = 17.00, and z = −18.00. 
The number of grid points along the x, y, and z dimensions was set as 
40 × 40 × 40 to provide enough space for the rotational and translational 
movements of the ligands.

The AutoGrid was executed by providing the AutoGrid executable and 
GPF files as input and converted to the grid log file (GLG). The grid 
was then launched. After the successful execution of AutoGrid, the 
genetic algorithm was set to default and is as follows: (i) The number 
of GA runs: 10; (ii) population size: 300; (iii) the number of energy 
evaluations: 2.5 million (2.0 Å clustered tolerance); and (iv) the number 
of generations: 27000. The Lamarckian genetic algorithm was used, and 
the output was saved in docking parameter file (DPF) file format. The 
AutoDock was executed by providing the AutoDock executable and DPF 
files as input, converted to the docking log file (DLG), and docking was 
launched. The final DLG file, which contained the top ten free binding 
energy energies for every run and inhibitory constant, was generated. 
The lowest binding energy complex for each ligand was saved in PDB 
format for viewing of interacting residues.

Ligand interactions
The PDB format of the complex was uploaded to PLIP server [62] to 
view the Hydrogen Bonds and other interacting residues between the 
ligand and DRD4.

RESULTS

DRD4 structure retrieval and validation
The structure for human DRD4 in complex with Nemonapride (PDB ID 
5WIU, at a resolution of 1.96 Å) was downloaded from PDB [28]. Water 
and heteroatoms were deleted, and the native ligand Nemonapride was 
separated using Discovery Studio 2021 Client [29]. The cleaned DRD4 
was, then, validated using PROCHECK [30] and ERRAT [31] servers.

The cleaned DRD4 model (Fig.  1a) has shown 95.5% of the residues 
in the most favored regions of the Ramachandran plot (Fig.  1b), and 
the remaining 4.5% are in the additional allowed regions, which 
confirms that the model is of good quality. ERRAT is a so-called “overall 
quality factor” for non-bonded atomic interactions, with higher scores 

indicating higher quality. The generally accepted range is >50 for a 
high-quality model. For the cleaned DRD4 model, the overall quality 
factor predicted by the ERRAT server was 100 (Fig. 1c).

Literature search and SwissTargetPrediction
A total of 39 flavonoids were obtained from the literatures and 
undergone screening through the SwissTargetPrediction. The 
SwissTargetPrediction is based on the observation that similar bioactive 
molecules are more likely to share similar targets [32]. Therefore, the 
targets of a molecule can be predicted by identifying proteins with 
known ligands that are highly similar to the query molecule. Twenty-
three of the flavonoids are predicted to target DRD4 (Table 1).

Evaluation of pharmacokinetics and drug likeness of the flavonoids
The passive human gastrointestinal absorption (HIA) and blood-brain 
barrier (BBB) permeation predictions are both shown in the brain 
or intestinal estimated permeation method or BOILED-Egg model 
(Fig. 2). It is proposed as a predictive model that works by computing 
the lipophilicity and polarity of small molecules [33]. The points in 
the white area reflect substances that have a high likelihood of being 
passively absorbed by the gastrointestinal tract. The points in the 

Fig. 2: BOILED-egg

Fig. 1: (a) Cleaned D(4) Dopamine receptor using BIOVIA 
Discovery Studio. (b) Ramachandran plot obtained from 

PROCHECK. (c) ERRAT value

c

ba
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yellow area are for compounds with a high probability to permeate 
through the BBB to access the CNS. Molecules that are not projected to 
be well absorbed or BBB permeant are in the grey zone or beyond the 
reference range. The points are colored in blue if predicted as actively 
effluxed by P-gp (PGP+) and red if predicted as a non-substrate of P-gp 
(PGP−). Aspalathin, Hyperoside, Kaempferitin, and Rutin were out of 
range in the BOILED-Egg model. Table  2 shows the pharmacokinetic 
properties of the flavonoids. Glabridin was only the BBB permeant 
among the flavonoids. Most flavonoids have HIA. Europinidin, Glabridin, 
Kaempferitin, Luteolinidin, Peonidin, and Rutin were P-gp substrates, 
the rest which are in red dots are non P-gp substrates.

The Lipinski’s Rule of Five distinguishes between the drug like and non-
drug like molecules. It predicts high probability of failure of molecules 
due to non-drug-likeness for the molecules not complying with 2 or 

more of the following rules: (1) molecular weight <500; (2) logP <5; (3) 
H-bond donors <5; and (4) H-bond acceptors <10 [34].

It was reported that the bioavailability score should be 0.55 for a neutral 
organic compound that satisfies Lipinski’s rule to act as a good oral drug 
[35]. Amentoflavone and Aspalathin obtained two Lipinski violations. 
Kaempferitin and Rutin obtained three, and their bioavailability score 
is 0.17. The rest of the flavonoids which have 0-1 violations and a 
bioavailability score of 0.55 and were considered for molecular docking. 
The results of Lipinski filter analysis is documented in Table 3.

Molecular docking
Table 4 shows the PyRx results. The more negative the numerical values 
for the binding affinity, the better is the predicted binding between a 
ligand and the macromolecule [36]. Glabrone and Isovitexin showed 

Table 1: Flavonoids and results of the SwissTargetPrediction

Ligands PubChem ID Canonical Smiles Swiss Target Prediction for DRD4
8‑Prenylnaringenin 480764 CC(=CCC1=C2C(=C (C=C1O) O) C(=O) CC (O2) C3=CC=C (C=C3) O) C No
Amentoflavone 5281600 C1=CC(=CC=C1C2=CC(=O) C3=C (O2) C(=C (C=C3O) O) C4=C 

(C=CC(=C4) C5=CC(=O) C6=C (C=C (C=C6O5) O) O) O) O
Yes

Apigenin 5280443 C1=CC(=CC=C1C2=CC(=O) C3=C (C=C (C=C3O2) O) O) O Yes
Aspalathin 11282394 C1=CC(=C (C=C1CCC(=O) C2=C (C=C (C(=C2O) C3C (C (C (C (O3) CO) 

O) O) O) O) O) O) O
Yes

Astilbin 119258 CC1C (C (C (C (O1) OC2C (OC3=CC(=CC(=C3C2=O) O) O) C4=CC(=C 
(C=C4) O) O) O) O) O

No

Baicalein 5281605 C1=CC=C (C=C1) C2=CC(=O) C3=C (O2) C=C (C(=C3O) O) O No
Butin 92775 C1C (OC2=C (C1=O) C=CC(=C2) O) C3=CC(=C (C=C3) O) O No
Chrysin 5281607 C1=CC=C (C=C1) C2=CC(=O) C3=C (C=C (C=C3O2) O) O No
Cosmosiin 5280704 C1=CC(=CC=C1C2=CC(=O) C3=C (C=C (C=C3O2) OC4C (C (C (C (O4) 

CO) O) O) O) O) O
No

Daidzein 5281708 C1=CC(=CC=C1C2=COC3=C (C2=O) C=CC(=C3) O) O No
Diosmin 5281613 CC1C (C (C (C (O1) OCC2C (C (C (C (O2) OC3=CC(=C4C(=C3) 

OC(=CC4=O) C5=CC(=C (C=C5) OC) O) O) O) O) O) O) O) O
No

Echinatin 6442675 COC1=C (C=CC(=C1) O) C=CC(=O) C2=CC=C (C=C2) O No
Epicatechin gallate 107905 C1C (C (OC2=CC(=CC(=C21) O) O) C3=CC(=C (C=C3) O) O) OC(=O) 

C4=CC(=C (C(=C4) O) O) O
No

Europinidin 14496547 COC1=CC(=CC(=C1O) O) C2=C (C=C3C(=CC(=CC3=[O+]2) O) OC) O Yes
Fisetin 5281614 C1=CC(=C (C=C1C2=C (C(=O) C3=C (O2) C=C (C=C3) O) O) O) O Yes
Formononetin 5280378 COC1=CC=C (C=C1) C2=COC3=C (C2=O) C=CC(=C3) O No
Genistein 5280961 OC1=CC=C (C=C1) C1=COC2=CC (O)=CC (O)=C2C1=O No
Glabridin 5318980 CC1(C=CC2=C (O1) C=CC3=C2OC[C@H](C3) C4=C (C=C (C=C4) O) O) C Yes
Glabrone 5317652 CC1(C=CC2=C (O1) C=CC(=C2O) C3=COC4=C (C3=O) C=CC(=C4) O) C Yes
Glabrol 480768 CC(=CCC1=C (C=CC(=C1)[C@@H] 2CC(=O) C3=C (O2) C(=C (C=C3) 

O) CC=C (C) C) O) C
No

Gossypetin 5280647 C1=CC(=C (C=C1C2=C (C(=O) C3=C (O2) C(=C (C=C3O) O) O) O) O) O Yes
Hibiscetin 15559735 C1=C (C=C (C(=C1O) O) O) C2=C (C(=O) C3=C (O2) C(=C (C=C3O) O) O) O Yes
Homoeriodictyol 73635 COC1=C (C=CC(=C1) C2CC(=O) C3=C (C=C (C=C3O2) O) O) O No
Hyperoside 5281643 C1=CC(=C (C=C1C2=C (C(=O) C3=C (C=C (C=C3O2) O) O) OC4C (C (C 

(C (O4) CO) O) O) O) O) O
Yes

Isovitexin 162350 C1=CC(=CC=C1C2=CC(=O) C3=C (O2) C=C (C(=C3O) C4C (C (C (C 
(O4) CO) O) O) O) O) O

Yes

Kaempferitrin 5486199 CC1C (C (C (C (O1) OC2=CC(=C3C(=C2) OC(=C (C3=O) OC4C (C (C (C 
(O4) C) O) O) O) C5=CC=C (C=C5) O) O) O) O) O

Yes

Kaempferol 5280863 C1=CC(=CC=C1C2=C (C(=O) C3=C (C=C (C=C3O2) O) O) O) O Yes
Luteolin 5280445 C1=CC(=C (C=C1C2=CC(=O) C3=C (C=C (C=C3O2) O) O) O) O Yes
Luteolinidin 441701 C1=CC(=C (C=C1C2=[O+]C3=CC(=CC(=C3C=C2) O) O) O) O Yes
Morin 5281670 C1=CC(=C (C=C1O) O) C2=C (C(=O) C3=C (C=C (C=C3O2) O) O) O Yes
Myricetin 5281672 C1=C (C=C (C(=C1O) O) O) C2=C (C(=O) C3=C (C=C (C=C3O2) O) O) O Yes
Naringin 442428 CC1C (C (C (C (O1) OC2C (C (C (OC2OC3=CC(=C4C(=O) CC (OC4=C3) 

C5=CC=C (C=C5) O) O) CO) O) O) O) O) O
No

Norartocarpetin 5481970 C1=CC(=C (C=C1O) O) C2=CC(=O) C3=C (C=C (C=C3O2) O) O Yes
Peonidin 441773 COC1=C (C=CC(=C1) C2=[O+]C3=CC(=CC(=C3C=C2O) O) O) O Yes
Quercetin 5280343 C1=CC(=C (C=C1C2=C (C(=O) C3=C (C=C (C=C3O2) O) O) O) O) O Yes
Rhamnetin 5281691 COC1=CC(=C2C(=C1) OC(=C (C2=O) O) C3=CC(=C (C=C3) O) O) O Yes
Rutin 5280805 CC1C (C (C (C (O1) OCC2C (C (C (C (O2) OC3=C (OC4=CC(=CC(=C4C3=O) 

O) O) C5=CC(=C (C=C5) O) O) O) O) O) O) O) O
Yes

Sylimarin 5213 COC1=C (C=CC(=C1) C2C (OC3=C (O2) C=C (C=C3) C4C (C(=O) C5=C 
(C=C (C=C5O4) O) O) O) CO) O 

No

Wogonin 5281703 COC1=C (C=C (C2=C1OC(=CC2=O) C3=CC=CC=C3) O) O Yes
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better binding affinity and Glabridin has the same value compared to 
the native ligand, Nemonapride.

Table 5 shows the Autodock results. The binding energy obtained from 
Autodock ranges from −9.37 kcal/mol to −7.17 kcal/mol. Isovitexin, 
Glabridin, and Glabrone still showed as the top three which has the best 
binding energy.

Ligand interactions
Ligand interactions are shown in Figs. 3-5 and list of amino acids that 
are interacting with the ligand are shown in Tables 6-8. Isovitexin has 
shown the greatest number of hydrogen bonds compared to Glabridin 

and Glabrone. Glabridin has shown the greatest number of hydrophobic 
interactions among Isovitexin and Glabrone.

DISCUSSION

Dopamine receptors are involved in a variety of biological processes, 
which are primarily the CNS [37-40], including cognition, memory, 
learning, and motor control, as well as neuroendocrine signaling 
modulation [41], and are thus associated with a variety of psychiatric 
and neurological disorders. DRD4 is a target for the most common 
neuroleptic medications [42]. Neuroleptics, also known as antipsychotic 
medications, are used to treat and manage symptoms of many 
psychiatric disorders. It is a target for drugs that treat schizophrenia 
and Parkinson’s disease. In addition, DRD4 is mainly considered to 
affect treatment response by stimulants in ADHD [43].

CNS drug discovery studies must determine if a compound will 
penetrate the BBB and be distributed throughout, because efficacy 
is primarily dependent on sufficient exposure within the CNS. Based 
on comparing the physicochemical properties of marketed CNS and 
CNS-inactive drugs, van de Waterbeemd et al. [44] concluded that a 
compound should have a molecular weight below 450 g/mol to enhance 
CNS penetration.

Out of the three flavonoids which showed the best binding toward 
DRD4, only Glabridin was a BBB permeant and had a molecular weight 
of 324.37 g/mol. However, it was also suggested that drug molecules 
intended for the treatment of CNS disorders must also be capable of 
bypassing the P-gp efflux pump at the intestinal and BBB levels to 
achieve efficacy [45]. P-gp is a member ABC superfamily membrane 
transporter found in both the intestinal epithelium and the BBB, where 
it plays a critical role in the bioavailability of orally taken medicines 
used to treat diseases in the brain [46].

From the BOILED-egg, it can be seen that Glabridin is a blue dot which 
means that as a substrate of the P-gp, it might be ejected from the brain. 
Yu et al. [47] have investigated the role of P-gp in Glabridin penetration 
across the BBB through in vitro and in vivo models. Glabridin was 
found to have a limited brain penetration in rats but increased 
when coadministered with P-gp inhibitors. Despite this, additional 
mechanisms of bypassing the P-gp transporters [48] can be used to 

Table 3: Lipinski’s rule of five and bioavailability score of the flavonoids

Ligands Lipinski’s Rule of 5 Bioavailability 
ScoreMolecular 

weight <500
Consensus 
LogP <5

Hydrogen 
Bond Donor <5

Hydrogen Bond 
Acceptor <10

Violation/s

Amentoflavone 538.46 g/mol 3.62 6 10 2 0.17
Apigenin 270.24 g/mol 2.11 3 5 0 0.55
Aspalathin 452.41 g/mol −0.78 9 11 2 0.17
Europinidin 331.30 g/mol 1.05 4 7 0 0.55
Fisetin 286.24 g/mol 1.55 4 6 0 0.55
Glabridin 324.37 g/mol 3.45 2 4 0 0.55
Glabrone 336.34 g/mol 3.13 2 5 0 0.55
Gossypetin 318.24 g/mol 0.96 6 8 1 0.55
Hibiscetin 334.23 g/mol 0.63 7 9 1 0.55
Hyperoside 464.38 g/mol −0.38 8 12 2 0.17
Isovitexin 432.38 g/mol 0.05 7 10 1 0.55
Kaempferitrin 578.52 g/mol −0.42 8 14 3 0.17
Kaempferol 286.24 g/mol 1.58 4 6 0 0.55
Luteolin 286.24 g/mol 1.73 4 6 0 0.55
Luteolinidin 271.24 g/mol 0.85 4 5 0 0.55
Morin 302.24 g/mol 1.2 5 7 0 0.55
Myricetin 318.24 g/mol 0.79 6 8 1 0.55
Norartocarpetin 286.24 g/mol 1.74 4 6 0 0.55
Peonidin 301.27 g/mol 0.97 4 6 0 0.55
Quercetin 302.24 g/mol 1.23 5 7 0 0.55
Rhamnetin 316.26 g/mol 1.63 4 7 0 0.55
Rutin 610.52 g/mol −1.51 10 16 3 0.17
Wogonin 284.26 g/mol 2.54 2 5 0 0.55

Table 2: Pharmacokinetics properties of the flavonoids

Ligands Blood Brain 
Barrier

GI Absorption Permeability 
Glycoprotein 
Substrate

Amentoflavone No Low No
Apigenin No High No
Aspalathin No Low No
Europinidin No High Yes
Fisetin No High No
Glabridin Yes High Yes
Glabrone No High No
Gossypetin No Low No
Hibiscetin No Low No
Hyperoside No Low No
Isovitexin No Low No
Kaempferitrin No Low Yes
Kaempferol No High No
Luteolin No High No
Luteolinidin No High Yes
Morin No High No
Myricetin No Low No
Norartocarpetin No High No
Peonidin No High Yes
Quercetin No High No
Rhamnetin No High No
Rutin No Low Yes
Wogonin No High No
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Table 7: List of amino acids and residue number that are 
interacting with Glabridin

Index Residue Amino Acid
Hydrophobic Interactions 1 90A LEU

2 91A PHE
3 91A PHE
4 101A TRP
5 111A LEU
6 111A LEU
7 187A LEU
8 187A LEU
9 193A VAL

Hydrogen Bonds 1 115A ASP
2 187A LEU
3 187A LEU

Table 6: List of amino acids and residue number that are 
interacting with Isovitexin

Index Residue Amino Acid
Hydrophobic Interactions 1 116A VAL

2 187A LEU
3 187A LEU
4 193A VAL
5 410A PHE
6 414A HIS

Hydrogen Bonds 1 94A SER
2 95A GLU
3 95A GLU
4 185A CYS
5 185A CYS
6 187A LEU
7 197A SER
8 414A HIS
9 434A THR
10 434A THR
11 438A TYR
12 438A TYR

Table 5: Autodock results

Ligands Binding Energy
Apigenin −7.68 kcal/mol
Europinidin −8.03 kcal/mol
Fisetin −6.81 kcal/mol
Glabridin −8.56 kcal/mol
Glabrone −8.48 kcal/mol
Gossypetin −7.97 kcal/mol
Hibiscetin −8.25 kcal/mol
Isovitexin −9.37 kcal/mol
Kaempferol −7.63 kcal/mol
Luteolin −7.81 kcal/mol
Luteolinidin −7.43 kcal/mol
Morin −7.54 kcal/mol
Myricetin −7.46 kcal/mol
Norartocarpetin −7.40 kcal/mol
Peonidin −7.28 kcal/mol
Quercetin −7.17 kcal/mol
Rhamnetin −7.47 kcal/mol
Wogonin −7.88 kcal/mol
Nemonapride (Native Ligand) −8.24 kcal/mol

Fig. 3: Isovitexin interactions with amino acids

Fig. 4: Glabridin interactions with amino acids

Table 4: PyRx results

Ligand Binding Affinity
Apigenin −8.9
Europinidin −8.9
Fisetin −9.1
Glabridin −10.1
Glabrone −10.6
Gossypetin −9
Hibiscetin −8.9
Isovitexin −10.2
Kaempferol −8.9
Luteolin −9
Luteolinidin −9
Morin 9.1
Myricetin −9.2
Norartocarpetin −8.9
Peonidin 8.7
Quercetin −9.3
Rhamnetin 8.5
Wogonin 8.9
Nemonapride (Native Ligand) −10.1

optimize Glabridin’s potential as a CNS drug candidate. Cui et al. [49] 
demonstrated in their mice experiment that Glabridin appears to be a 
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promising candidate for memory enhancement, and it will be beneficial 
to investigate its potential for use in the treatment of Alzheimer’s 
disease.

Both Glabridin and Glabrone are essential bioactive components 
isolated from licorice (Glycyrrhiza) root extract, demonstrating anti-
inflammatory, and neuroprotective effects and anti-depressant effects 
in many experimental studies [50]. On the other hand, Isovitexin is one 
of the main bioactive compounds of Passiflora species [51]. Passiflora 
species has, traditionally, been used to treat anxiety, insomnia, and 
nervousness [52-54]. Despite having a great binding energy score 
toward DRD4, Glabrone was not a BBB permeant. Isovitexin has low GI 
absorption and is also not a BBB permeant.

Insights about ADME properties of the flavonoids mentioned in this 
study can aid in the early stage of drug discovery and can help save time 
and resources. Drug developers may still make chemical modifications 
to drug candidates during the discovery and lead optimization stages 
in order to optimize the ADME properties of the compounds  [55]. 
Furthermore, when using in silico methods for prediction, it is important 
to note that algorithms and tools applied are only models thus being 
only as good as the data and idea they are based on [56]. This implies 
that a continuous experimental validation and improvements are still 
necessary.

CONCLUSION

In this present study, in silico approach such as ADME analysis and 
molecular docking was employed to find flavonoids that may have 
potential as drug lead molecules to target the human DRD4. The 
molecular docking results showed a good docking score ranging 
from −9.37 kcal/mol to −7.17 kcal/mol. Among the flavonoids studied, 
Isovitexin, Glabridin, and Glabrone have shown better binding energy 
compared to the native ligand which is Nemonapride. However, ADME 
analysis has demonstrated that Isovitexin has low GI absorption and is 
in the grey zone of the BOILED-egg. Glabridin is a BBB permeant but is 
a P-gp substrate. Glabrone has high GI absorption, a non P-gp substrate 
but not a BBB permeant. However, further experimental investigations 

and clinical evaluations are recommended to examine the mechanisms 
of their actions and other pharmacological effects and to validate the 
results of this in silico study. The scaffolds of these compounds can also 
be optimized to improve the few lapses and have better attributes as 
CNS drug leads.
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