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Abstract: The main phenolic compounds in the Hippophae rhamnoides fruit with potential therapeu-
tic activities are quercetin-3-O-rhamnoside, quercetin-3-O-galactoside, myricetin, rutin, luteolin,
kaempferol, vitexin, gallic acid, chlorogenic acid, caffeic acid, 7-methoxycoumarin, p-coumaric acid,
and ferulic acid. Their general features recommend them for nutritional and therapeutic purposes, ex-
ploiting their neuroprotective and radioprotective effects. This study aims to investigate the potency
of polyphenol-derived structures against dual tyrosine-regulated kinase, modulating neuroblastomas
and glioblastomas in humans. Structural insights from the point of view of drug-like property
assessment are also provided by Density Functional Theory (DFT) predictions on the lowest energy
conformers, using the B3LYP/6-311G (d,p) method.
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1. Introduction

Naturally occurring polyphenolics are abundantly present in the majority of fruits and
have various health benefits. Hippophae rhamnoides (common sea buckthorn) is a notorious so-
called wild berry. The main phenolic compounds in the fruit part are quercetin-3-O-rhamnoside,
quercetin-3-O-galactoside, myricetin, rutin, luteolin, kaempferol, vitexin, gallic acid, chloro-
genic acid, caffeic acid, 7-methoxycoumarin, p-coumaric acid, and ferulic acid [1]; the
products derived from the leaf part were also associated with a very similar qualitative
chemical content, quercetin derivates being the dominant compounds in the polar-type
extracts [2]. As for human health benefits, sea buckthorn is well known for its nutritional
and therapeutic properties, including neuroprotective [3] and radioprotective effects [4].
For example, the aqueous extract from leaves of H. rhamnoides attenuates cobalt-60 -
radiation-induced changes in behavior, oxidative stress, and serotonin levels in the jejunum
and plasma of rats [4]. This study aimed to investigate the ability of the main polyphe-
nolic compounds in H. rhamnoides (as presented above) against dual tyrosine-regulated
kinase 2 (DYRK2), PDB ID: 5ZTN [5] in complex with curcumin, the native ligand. Dual
tyrosine-regulated kinase 2 is a very important molecular target and tumor modulator in
neuroblastomas and glioblastomas in humans; therefore, the potential effects of pheno-
lics found in sea buckthorn-derived products could extend their use toward brain tumor
adjuvant therapy.

The selection and optimization process for a given ligand is based not only on the
affinity for the target kinase but also on properties that affect pharmacological activity.
Thus, structure—property relationships and structure modification strategies are key steps
in drug design that allow the proposal of high-quality candidates for further clinical studies.
Considering these aspects, the investigation and understanding of drug-like properties

Chem. Proc. 2023, 13, 26. https:/ /doi.org/10.3390/chemproc2023013026

https://www.mdpi.com/journal /chemproc


https://doi.org/10.3390/chemproc2023013026
https://doi.org/10.3390/chemproc2023013026
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/chemproc
https://www.mdpi.com
https://orcid.org/0000-0002-7254-7991
https://orcid.org/0000-0002-5032-5079
https://orcid.org/0000-0002-1036-7653
https://doi.org/10.3390/chemproc2023013026
https://www.mdpi.com/journal/chemproc
https://www.mdpi.com/article/10.3390/chemproc2023013026?type=check_update&version=1

Chem. Proc. 2023, 13, 26

20of 6

such as solubility, permeability, lipophilicity balance, kinetic stability in physiological
media, volume, and exposed drug area are of huge interest nowadays. The bioavailability
dictates setting the dose and routes of administration of drugs.

This paper focuses on the fundamental knowledge of properties that affect the bioavail-
ability of the most promising ligands for dual tyrosine-regulated kinase, explored using
chemoinformatic and molecular modeling tools.

2. Materials and Methods

To initiate property computations and docking simulations, compounds’ structures
were retrieved from the PubChem database and submitted to minimization using Molecular
Mechanics Force Field (MMEFF) [6] using Spartan 14 software Wavefunction, Inc. Irvine,
CA, USA [7]. The lowest energy conformers of the chosen phenolic compounds were used
for druglikeness property computations using Becke’s three-parameter hybrid exchange
functional with the Lee—Yang-Parr correlation functional [8] with a 311G (d,p) basis set.
Molecular docking studies have been performed using CLC Drug Discovery Workbench
Software (QIAGEN, Aarhus, Denmark). Data related to binding affinity in terms of docking
score are provided. The interaction mode is predicted; the type and count of interactions,
particularly hydrogen bonding, are identified and depicted within the active binding site
of DYRK?2, established between ligands and the amino acid group interactions.

3. Results and Discussion
3.1. Results of Bioavailability Prediction

The calculated property data in terms of polar surface area, water-partition coefficient,
molecule flexibility, electrostatic potential, and global quantum reactivity parameters re-
lated to frontier molecular orbital energies are studied, compared, and interpreted in the
context of more comprehensive previously reported results [9].

Key parameters for the evaluation of reactivity and kinetic stability of investigated
ligands are calculated from the predicted energy levels of the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO), using equations
stated by Koopmans’s theorem [10]. A larger HOMO-LUMO gap indicates more stable
molecules. Contrarily, more reactivity is expected from compounds revealing a smaller
HOMO-LUMO energy gap. Figure 1 illustrates a HOMO-LUMO gap of about 4.4 eV for
7-methoxycoumarin and 4.2 eV for apigenin-8-C-glucoside, respectively, predicted using
B3LYP /311G (d,p) level of theory.
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Figure 1. Energy diagram of frontier molecular orbitals and their energy gap for (a) 7-methoxycoumarin
and (b) apigenin-8-C-glucoside.



Chem. Proc. 2023, 13, 26

30f6

Additionally, by exploring the structures under investigation, electron-rich regions
meaning negative potentials and electron-poor regions suggesting positive potentials are
identified and mapped, as illustrated in Figure 2. The most negative potential is colored
red and the most positive potential is colored blue. The values vary in the following order:
red < orange < yellow < green < blue.

(b)

Figure 2. Electrostatic potential map for (a) 7-methoxycoumarin and (b) apigenin-8-C-glucoside.

In vivo, the Blood-Brain Barrier (BBB) permeation level for drug candidates targeting
the central nervous system can be easily predicted using values of the water-octanol
partition coefficient (logP) and polar surface area (PSA) of the molecules, which impose
restrictive transport/permeability across the brain. Equally important features to consider
are molecular weight, hydrogen bond donors, and the hydrophilic-lipophilic balance [11].
Plots of polar surface area and logP for the studied ligands are given in Figures 3 and 4,
respectively.
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Figure 3. Predicted logP values for the studied ligands.
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Figure 4. Predicted PSA values for the studied ligands.

As a general rule, orally active drugs should not exceed a PSA of about 120 A2.
Values lower than 100 A2 or even smaller (60-70 A?) characterize drugs with good brain
penetration [12]. Regarding logP, values over 5 suggest poor absorption or permeation [13].

3.2. Results of Molecular Docking Simulations

Given their drug-like potential, the most promising compounds in terms of good oral
bioavailability, dictated by the water—octanol partition coefficient and the polar surface
area, were chosen for molecular docking simulations to assess their ability to bind tyrosine-
regulated kinase 2, PDB ID: 52TN [5]. An example of obtained data following the previously
validated docking protocol [14] is depicted in Figure 5a, showing hydrogen-bonding
interactions of the oxygen atom (sp®) of 7-methoxycoumarin with GLU193 (2.643 A),
PHE296 (3.266 A), and ASP295 (3.044 A) amino acid residues. Figure 5b illustrates six
hydrogen bonds formed by apigenin-8-C-glucoside as follows: 3 hydrogen bonds with
LEU231 (3.103 A, 3.118 A, and 2.890 A, respectively), and one with ILE155 (2.860 A),
ASN234 (3.249 A), GLU279 (2.533 A), and GLU195 (2.964 A), all amino acids residues
belonging to the chain A of the 5ZTN fragment.

BLU279 s 234

GLU 193

(b)

Figure 5. Hydrogen bonding formed by (a) 7-methoxycoumarin and (b) apigenin-8-C-glucoside
within the active binding site of the 52TN fragment.
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Results obtained for the docking score as defined by Korb and co-workers [15] are nega-
tive values for all ligands, showing strong binding with the protein fragment, corresponding
to the potential energy change when the protein and ligand come closer and interact. The
docking score is —30.83 (RMSD: 0.05) for 7-methoxycoumarin and —53.73 (RMSD: 0.43) for
apigenin-8-C-glucoside, both less than the docking score for the co-crystallized curcumin
(—83.92, RMSD: 1.99), suggesting weaker binding for these investigated ligands than for
the native ligand, namely curcumin.

4. Conclusions

This study reported key features and reactivity parameters for the druglikeness eval-
uation of several polyphenol derivatives naturally found in Hippophae rhamnoides fruits.
Regarding the docking results obtained for 7-methoxycoumarin and apigenin-8-C-glucoside
discussed in this paper, a less negative score than for the native ligand, curcumin, corre-
sponds to a weaker binding within the active site of the investigated dual tyrosine-regulated
kinase. Among all the investigated structures, the computation property results and bind-
ing interactions occurring in the active site of the investigated molecular target indicate the
most feasible anti-neuroblastic ligands to design further functional food components with
neuroprotective potential.
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