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1. Introduction
Flavonoids are naturally occurring 
phenol derivatives in natural products 
like plants, fruits, and vegetables have 
antioxidant potential [1]. Flavonoids have 
anti-inflammatory properties that may 

improve vascular function [2]. Quercetin 
is a flavone that can be found in a variety 
of foods, including vegetables, fruits, 
red wine, olive oil, and tea [3]. Quercetin 
is pentahydroxyflavone with molecular 
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Abstract
The quantum chemical method was used to present the electronic and biological properties 
of quercetin by enlightening specific reactive sites on the molecule, which demonstrated 
intra- and intermolecular hydrogen bonding. The geometrical parameters (bond lengths 
and bond angles) of quercetin were determined and compared to the experimental 
structure of monohydrate quercetin. The strong intra-molecular hydrogen bond O3-H29…
O4 was justified by the quantum theory of atoms in molecules, which was also confirmed 
by the RDG scatter plot and isosurface. With the global minimum potential at O4 and 
maximum potential at H31, two groups, OH and C=O, have been investigated as the 
location for intermolecular hydrogen bonding for solid-state conformation and biological 
activity. The HOMO–LUMO gap in gaseous and solvent ethanol was measured to be 
3.777 eV and 3.932 eV, respectively, confirming that quercetin is more kinetically stable 
in gaseous medium than solvent ethanol. Global reactivity descriptors provide additional 
information about the chemical behavior of quercetin in the gaseous and solvent phases. 
Toxicity measurement predicts that the title molecule will exhibit a third class of toxicity. 
Molecular docking with the protein aldose reductase reveals that quercetin has the highest 
binding affinity and the lowest inhibition constant, with the target protein codes 2BGS and 
2VDS confirming that it may inhibit aldose reductase. 
Keywords: Quercetin, QTAIM, HOMO–LUMO, ADMET, Molecular docking
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formula C15H10O7, and its IUPAC name 
is 2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one [4]. Free radicals 
in quercetin play a key role in the onset 
of many diseases, including metabolic 
syndrome, hypertension, and vascular 
disorders. Due to antioxidant properties, 
it prevents the molecules that produce 
free radicals from oxidation [5]. Plants 
contain quercetin in the form of glycone 
or carbohydrate conjugates. Quercetin has 
many health benefits, such as protecting the 
cardiovascular system, exhibiting antitumor 
and anticancer properties, relieving allergy 
symptoms, assisting in the management 
of diabetes, and having gastroprotective 
properties [6]. The study of this molecule is 
an area of interest for exploration because 
of the multitude of diverse biological 
activities.
Dhaouadi et al. investigated the interaction 
of quercetin with hydroxyl radicals 
and superoxide radicals and found a 
correlation between structural alteration 
and antioxidant activity [7]. Jeevitha et al. 
investigated the activity of a glycosyl group 
attached to a different ring of quercetin and 
discovered that ring A is more antioxidant 
than another [8]. To assess its stability, 
the molecular structure of quercetin on 
single-layer graphene was analyzed using 
DFT with the 6–21 basis set, and global 
reactivity parameters were examined 
[9].  Karmakar and Singh examined the 
hydrogen bonding interactions of quercetin 
as a donor with selected acceptor molecules 
using spectroscopic and DFT methods, 
confirming multiple hydrogen bonding 
interactions between quercetin and the 
acceptor molecules. [10]. The interaction of 

quercetin with the S-glycoprotein of SARS-
CoV-2 was carried out by Aljelehawy et al. 
and found to be well bound with the active 
sites of the receptor [11]. 
The literature shows that the investigation 
of the electronic and molecular properties 
of the title molecule by identifying its 
reactive sites using DFT has not been 
explored yet. We performed quantum 
chemical calculations for this work 
using the B3LYP hybrid functional with 
basis set 6–311++G(d,p) and density 
functional theory. The benchmarking 
report supported the claim that the hybrid 
functional B3LYP outperforms other 
functional, including WB97XD, in terms of 
electronic and vibrational results [12]. The 
basis set 6-311++G(d,p) contains diffuse 
and polarized functions. The B3LYP/6-
311++G(d,p) level of theory elevates 
accuracy for structural parameters, ground 
state  energies, and vibrational frequencies 
for illustrating electronic properties 
[13,14]. This work emphasizes the precise 
locations of electrophiles and nucleophiles 
by indicating the values of electrostatic 
potential on molecular electrostatic 
potential surfaces. The nucleophilic 
and electrophilic sites of the molecule 
interact with the targeted protein, aldose 
reductase, allowing for an evaluation of 
the biological performance of the title 
compound elucidated from molecular 
docking. This work also identifies the exact 
location of intermolecular interaction for 
the crystal packing of the title molecule. 
The intra- and intermolecular hydrogen 
bonding interactions in the molecule are 
highlighted using various approaches, 
including QTAIM analysis and non-
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covalent interaction analysis. The chemical 
hardness, softness, and electrophilicity 
index of the molecule are also evaluated 
for the prediction of reactivity and stability. 
Moreover, the drug-like properties of the 
title molecule are examined. The chemical 
structure of quercetin is shown in Figure 1.

Figure 1. Chemical structure of quercetin.

2. Materials and Methodology
	 To begin the study of a molecule, 
its optimized structure is required, which 
was achieved using density functional 
theory with the Gaussian 09 software 
package [15,16]. The quantum chemical 
computations were performed utilizing the 
B3LYP hybrid functional in conjunction 
with the 6–311++G(d,p) basis set, which 
contains polarization and diffusion 
functions [17,18]. The QTAIM method, 
which was implemented by the AIMALL 
(10.05.04) software package, was used 
to assess the strength of intra-molecular 
hydrogen bonding interactions [19,20]. 
For the visualization of the highest 
occupied molecular orbital (HOMO), 
lowest unoccupied molecular orbital 
(LUMO), and optimized structure of the 
molecule, GaussView 05 was used [21] 
. Non-covalent interactions in the RDG 

scatter plot and its isosurface, which 
show interactions and extrema on the 
molecular electrostatic potential surface, 
were rendered using Multiwfn 8 and 
VMD1.9.4 software. [22,23]. GaussSum 
3.0 software was utilized to generate the 
DOS spectrum of the molecule occurring in 
both the solvent and gaseous phases [24]. 
ADMET properties of the title molecule 
were evaluated by using SwissAdme and 
ProTox 3.0 web tool [25,26]present in 
drugs, food, environments, and consumer 
goods, is an integral part of our everyday 
life. However, depending on the amount 
and duration, such interactions can also 
result in adverse effects. With the increase 
in computational methods, the in silico 
methods can offer significant benefits to 
both regulatory needs and requirements for 
risk assessments and the pharmaceutical 
industry to assess the safety profile of a 
chemical. Here, we present ProTox  3.0, 
which incorporates molecular similarity and 
machine-learning models for the prediction 
of 61 toxicity endpoints such as acute 
toxicity, organ toxicity, clinical toxicity, 
molecular-initiating events (MOE. The title 
molecule was docked with enzyme aldose 
reductase using AutoDock tools (1.5.4), 
and the binding sites were visualized with 
Discovery Studio Visualizer 4.5 [27,28].

3. Results and Discussion

3.1 Optimized structural parameters
The optimized structure of quercetin with 
atom numbering is depicted in Figure 2. 
The ground state energy of the optimized 
structure of quercetin calculated at 
B3LYP/6–311++G(d,p) level of theory 
was found to be –693084.99 kcal/mol. 
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The calculated optimized structural 
parameters (bond length and bond angle) 
for the quercetin were compared with 
corresponding experimental value of 
bond length and angle in the monohydrate 
quercetin [29]the world’s repository for 
small molecule crystal structures. The 
entry contains experimental data from a 
crystal diffraction study. The deposited 
dataset for this entry is freely available 
from the CCDC and typically includes 
3D coordinates, cell parameters, space 
group, experimental conditions and quality 
measures.","DOI":"10.5517/CCWBKLB", 
" l anguage" : "en" , "med ium":"CIF" , 
"publisher":"Cambridge Crystallographic 
Data Centre","source":"DOI.org (Datacite. 
The calculated values of bond length of 
O4-C13, O3-H29, O6-C20, and C12-C13 
were found to differ from experimental 
values by 0.032, 0.026, 0.021, and 0.029 
Å, respectively. On the other hand, bond 
angles C12-O2-H28, O2-C12-C10, C8-
C13-C12, O6-C20-C22, O7-C22-C20, 
and O7-C22-C21 deviated from the 
experimental values by 3.1, 2.3, 2.2, 2.4, 
3.2, and 3.3˚, respectively. Except for those 
mentioned bonds and angles, the calculated 
bond length and bond angles were found to 
be in good agreement with corresponding 
experimental values. The slight difference 
in calculated data occurred because, in 
the experimental structure, monohydrate 
was used for quercetin crystal packing 
and intra- and intermolecular hydrogen 
bonding between the OH and C=O groups 
was considered, whereas our theoretical 
calculation was performed in a gaseous 
state and only for a single quercetin.

 

Figure 2. The optimized structure of quercetin with 
leveling on atoms.

3.2 Atoms in molecule (AIM) analysis
Atoms in molecules are studied by 
analyzing their electronic structure, 
including chemical bonds and electron 
density distribution, by focusing on 
critical points based on the quantum 
theory of atoms in molecules. This also 
allows for an assessment of the strength 
and nature of intra- and intermolecular 
hydrogen bonding [30]. The total electron 
density (HBCP), which is the sum of the 
kinetic (GBCP) and potential energy (VBCP) 
densities, and the Laplacian of electron 
density (ρBCP) are used to define the type of 
hydrogen bonding. If the total van der Wall 
radii (rH+ rA) of the interacting atoms are 
larger than the distance between them, then 
the van der Wall interaction between those 
atoms is possible [14]. The topological 
parameters for subsequent intra-molecular 
hydrogen bonding and the geometrical 
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parameters for donors and acceptors are 
presented in Tables 1 and 2, respectively. 
Figure 3 displays the molecular graph that 
illustrates the intra-molecular hydrogen 
bonding in quercetin. In quercetin, ρBCP > 0) 
and (HBCP < 0), indicate that the hydrogen 
bond is medium and partially covalent in 
nature [31]. Two intra-molecular hydrogen 
bonds, O2-H28…C19 and O3-H29…
O4 were detected in quercetin, and the 
interaction energy for the H29…O4 was 
computed to be –14.499 kcal/mol, which is 
the strongest hydrogen bonding. The bond 
ellipticity and bond length for interaction 
H28…C19 were found to be higher, 
indicating that it is a weak interaction. For 
interaction H29…O4, the bond length and 
bond angle were calculated to be 1.698 Å 
and 148.59˚, respectively. These values are 
in good agreement with the corresponding 
experimental values of 1.712 Å and 152.2˚, 
respectively.

Figure 3. Topological mapping showing intra-
molecular interactions in the molecular graph of 
quercetin.
Table. 1. The topological parameters for 
intra-molecular interactions: electron 
density (ρBCP), Laplacian of electron 
density (ρBCP), total electron density (HBCP), 
interaction energy (Eint), kinetic energy 

density (GBCP), potential energy density 
(VBCP), bond ellipticity (ε) and geometrical 
bond length  for quercetin.

Interactions H29…O4 H28…C19
Bond length 1.698 2.420

ρBCP 0.04864 0.01281
GBCP –0.00607 –0.00181
VBCP –0.04621 –0.00791
ρBCP 0.13625 0.04617
HBCP –0.05228 –0.00972
Eint –14.499 –2.482
ε 0.0134 1.5376

Table 2. Bond length and bond angle, as 
well as the total of the van der Waal radii 
(rH + rA) for intra-molecular interactions in 
quercetin.

D-H...A O3-H29…O4 O2-H28…C29
D-H (A) 0.993 0.965

H...A (A) 1.698 2.420

D-H...A () 148.59 124.01
(rH + rA) (A) 2.72 3.22

3.3. Non covalent interaction
The non-covalent interactions provide 
a strong foundation for distinguishing 
hydrogen bond interactions, van der Walls 
interactions, and steric repulsion using 
the RDG scatter plot and isosurface plot 
generated by Multiwfn and VMD software 
[32]. The value of RDG can be determined 
by the following equation [33].
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Here,  is the gradient of electron density 
and  is the electron density. The type of 
interactions is distinguished by the graph 
that is plotted between signλ2(ρ), the second 
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eigen value of electron density, and RDG. 
As represented by the RDG isosurface 
in Figure 4 (b), the green color spike 
represents van der Wall interaction with 
signλ2(ρ) = 0, signλ2(ρ) < 0, and signλ2(ρ) 
> 0, represented by blue and red color, 
which stands for hydrogen bond interaction 
and steric repulsion [34]. The RDG graph 
and its isosurface for the title molecule are 
shown in Figure 4 (a) and (b), respectively. 
The spikes that appeared in the range of 
–0.03 to –0.05 a.u., indicated the presence 
of a strong intra-molecular hydrogen 
bond, O3-H29…O4, which was further 
supported by AIM analysis in section 3.2. 
The red spikes show up almost between 
0.01 and 0.05 a.u. and indicate that there 
was significant steric repulsion between the 
oxygen and in the ring of the molecule. 

Figure 4. (a) The RDG scatter plot and (b) isosurface 
showing non-covalent interactions in quercetin.

3.4  Electrostatic potential  (ESP) surface 
analysis
Electrostatic potential is a fundamental 
concept for predicting electron-rich and 
electron-poor regions, as well as identifying 
electrophilic and nucleophilic sites in 
molecules [35]. The total contributions 
from all of the nuclei and electrons in 
the system are typically used to express 
the electrostatic potential at a point  in a 
molecular system given by the relation: 
[36]
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Where ZA is a charge on the nucleus 
with location  and  is the electron density 
function. 
The molecular surface has a negative 
potential in the red color region, a positive 
potential in the blue region, and a neutral 
region represented by green color [37]. 
The blue and orange dots at the extrema 
of the ESP surface represent negative and 
positive potential, respectively [38]. The 
electrostatic potential surface for quercetin 
with the value of electrostatic potential is 
shown in Figure 5. The highest positive 
potential of 65.31 kcal/mol is associated 
with the H31 of the O–H group, and the 
lowest negative potential of –47.80 kcal/
mol is attributed to O4 of the C=O group.  
Hence, O4 and H31 in quercetin have 
been identified as the best nucleophile and 
electrophile, respectively, and serve as 
ideal sites for intermolecular interaction 
for biological activity and crystal packing. 
Similarly, the atoms H23, H26, H28, 
H30, and H32 have positive electrostatic 
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potential and should be targeted by 
nucleophiles.  The atoms O1, O2, O3, O5, 
O6, and O7 have a negative potential as 
nucleophiles and are prone to electrophilic 
attack. These atoms should be involved in 
biological interactions as well as intra- and 
intermolecular interactions.

Figure 5. ESP mapped molecular vdW surface of 
quercetin.

3.5 Frontier molecular orbital and 
density of state
The energy associated with the highest 
occupied molecular orbital represents the 
ionization potential, whereas the energy 
associated with the lowest unoccupied 
molecular orbital represents the electron 
affinity. HOMO represents an electron-
donating group, whereas LUMO accepts 
them. The energy gap between HOMO 
and LUMO, also known as the band gap, 
determines chemical stability and reactivity 
[39,40]. LUMO accepts electrons, and 
HOMO donates them. The density of 
state provides a thorough understanding 
of molecular structure by visualizing the 
distribution of molecular orbitals at various 
energy levels. The simultaneous effects of 
the donor and acceptor groups on electron 
delocalization result in the DOS spectrum 
[41]. The HOMO–LUMO plot and the 

DOS spectrum for quercetin in gaseous 
medium and solvent ethanol are shown in 
Figure 6. Quercetin was found to have an 
energy gap of 3.977 and 3.932 eV between 
its HOMO and LULO in gaseous medium 
and solvent ethanol, respectively. This 
suggests that quercetin is more reactive in 
solvent ethanol and more stable in a gaseous 
medium. Quercetin is more polarizable in 
solvent ethanol because it allows charge 
transfer more easily. The energy gap in 
the HOMO–LUMO plot was found to 
be identical to that in the DOS spectrum. 
Another flavonoid, cirsilineol, has an 
energy gap of 3.973 eV in gas and 3.222 eV 
in solvent ethanol, indicating that the energy 
gap in gaseous medium is nearly identical, 
but quercetin has slightly higher stability in 
solvent ethanol than cirsilineol [14]. The 
higher intensity of the DOS spectrum at 
certain energy levels suggests that there are 
multiple states of occupation; the red and 
green lines in the spectrum represent virtual 
orbitals and occupied orbitals, respectively. 
The positive value in the spectrum denotes 
bonding interaction, while the negative 
value represents antibonding interaction 
[42].

Gaseous medium

Theoretical evaluation on electronic and biological properties of quercetin by quantum chemical and molecular docking method
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Ethanol solvent

Figure 6. HOMO–LUMO plots and DOS spectrum 
for the quercetin in gaseous and solvent ethanol.

3.6 Global reactivity descriptors
Global reactivity descriptors refer to a 
variety of quantities other than the energy 
gap that are more important for predicting 
the behavior of chemical species. The 
many global reactive descriptors provided 
by Koopman in terms of ionization 
potential and electron affinity, such as 
electronegativity , chemical softness , 
hardness , and electrophilicity index (, 
provide theoretical insight into chemical 
behavior [43]. The formula for those 
mentioned reactivity descriptors is as 
follows: [44,45]
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Electronegativity χ =
1
2
(I+ A)

Chemical Potential μ =− χ =−
1
2 (I+ A)

Global Hardness η =
1
2
(I − A)

Softness S =
1

2η

Global Electrophilicity index ω =
μ2

2η
The reactivity descriptors computed for 
the quercetin in gaseous medium and in 
solvent ethanol are presented in Table 
3. Quercetin was found to have a higher 
ionization potential and electron affinity 
in solvent ethanol when compared to 
gaseous medium. This suggests that it 
functions better as an electron acceptor in 
solvent and as an electron donor in gaseous 
medium. Quercetin exhibited a higher 
global softness and electrophilicity index 
in the solvent ethanol phase compared to 
the gaseous medium. This suggests that 
the solvent exhibits stronger electrophilic 

T.R. Paneru at al.



49

properties and facilitates intra-molecular 
charge transfer.

Table. 3. Global reactivity descriptors of 
quercetin.

Medium Gaseous Ethanol

I(eV) 6.0997 6.1179

A(eV) 2.1230 2.1861

(I– A )(eV) 3.9767 3.9318

(eV) 4.1114 4.1520

(eV) –4.1114 –4.1520

(eV) 1.9884 1.9659

S(eV–1) 0.2515 0.2543

(eV) 4.2506 4.3845

ΔNmax 2.0677 2.1120

3.7 Mulliken charge analysis
Mulliken atomic charges reveal information 
about a chemical system's dipole moment, 
electron distribution, and polarizability, 
providing insights into its electronic 
structure and behavior. It also helps to 
provide information on chemical reactivity 
and interactions [46]. Figure 7 displays the 
atomic charges computed on each quercetin 
atom at the B3LYP/6–311++G(d,p) level 
of theory. All the hydrogen of quercetin 
has positive charges, whereas all oxygen 
contains negative charges except O1, 
which has a small positive charge. Carbons 
C11 and C18 have positive charges, but 
C10, C12, C13, C14, C15, C16, C17, C19, 
C20, C21, and C22 have negative charges, 
as predicted by Mulliken's charge analysis. 
The atoms with the highest positive and 
negative charges were C11 and C15, 
respectively. 

Figure 7. Distribution of Mulliken charges quercetin 
molecule.

3.8 ADMET properties analysis
ADMET standards are used to evaluate 
pharmacokinetic properties and provide 
information on the safety of title 
molecules as drug candidates. Predicting 
pharmacokinetic and drug–like properties 
is necessary for the evaluation of newly 
discovered drugs [47]. Table 4 displays 
the pharmacokinetic and drug-like 
properties of quercetin as determined by 
the SwissAdme web tool. With a molecular 
weight of less than 500 g/mol, an H–bond 
donor of less than 5, an H–bond acceptor of 
less than 10, a number of rotatable bonds 
less than 10, lipophilicity less than 5, molar 
refractivity within the range of 40–130, 
and a polar surface area less than 140 Å2, it 
implied that five rules given by Lipinski not 
violated. Hence, quercetin exhibits drug–
like properties [48]. The LD50 value for 
quercetin as detected by the ProTox–II web 
tool shows that it falls within the range of 
(50 < LD50 < 300) which indicates that it is 
class III toxic if swallowed. The boiled egg 
diagram and radar plot for title molecule to 
access bioavailability are shown in Figure 
8. The red dots in the white area of the 
boiled egg model show that quercetin is 
absorbed by the gastrointestinal system, 
increasing its bioavailability. Regarding 
the radar plot, quercetin has excellent 
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bioavailability because, aside from 
molecule instauration, other parameters for 
assessing bioavailability lie inside the pink 
area.

Table 4. The different ADMET parameters 
for quercetin.

Parameters Values
Molecular weight (g/mol) 302.24 
Rotatable bond 1
Hydrogen bond acceptor 7
Hydrogen bond donor 5
Topological polar surface area (Å2) 131.36
Molar refractivity 78.03
Blood brain–barrier permeate No
P–glycoprotein substrate No
Lipophilicity (WlogP) 1.99
Water solubility (log S) –3.16
Permeability coefficient (log Kp 
cm/s) –7.05

Lipinski violations 0
GI absorption High
Synthetic accessibility 3.23
Bioavailibility score 0.55
Lethal Dose (LD 50) 159mg/kg

Figure 8. Swiss ADME boiled egg model and radar 
model for the bioavailability of quercetin.

3.9 Molecular Docking
Molecular docking is a computational 
method that forecasts the interaction 
between a protein acting as a receptor 
and a ligand acting as a drug molecule, 
assessing the strength of the interaction 
through binding affinity [49]. Swiss target 
selection was used to achieve the target 
protein for molecular docking [50]. The 
aldose reductase protein has been selected 
for molecular docking, as shown by its 
higher probability predicted from the 
Swiss Target Prediction. Aldose reductase 
inhibitors have been studied for their ability 
to reduce the accumulation of sorbitol, 
thereby preventing secondary diabetic 
complications [51]neuropathy, nephropathy 
and cataractogenesis. Subsequently, several 
AR inhibitors have been developed and 
tested for diabetic complications. Although 
these inhibitors have found to be safe for 
human use, they have not been successful in 
clinical studies because of limited efficacy. 
Recently, the potential physiological role 
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of AR has been reassessed from a different 
point of view. Diverse groups suggested 
that AR, in addition to reducing glucose, 
also efficiently reduces oxidative stress-
generated lipid peroxidation-derived 
aldehydes and their glutathione conjugates. 
Because lipid aldehydes alter cellular 
signals by regulating the activation of 
transcription factors such as NFkB and AP1, 
inhibition of AR could inhibit such events. 
Indeed, a wide array of recent experimental 
evidence indicates that the inhibition 
of AR prevents oxidative stressinduced 
activation of NF-kB and AP1 signals that 
lead to cell death or growth. Furthermore, 
AR inhibitors have been shown to prevent 
inflammatory complications such as sepsis, 
asthma, colon cancer and uveitis in rodent 
animal models. The new experimental in 
vitro and in vivo data has provided a basis 
for investigating the clinical efficacy of AR 
inhibitors in preventing other inflammatory 
complications than diabetes. This review 
describes how recent studies have 
identified novel plethoric physiological 
and pathophysiological significance of AR 
in mediating inflammatory complications, 
and how the discovery of such new 
insights for this old enzyme could have 
considerable importance in envisioning 
potential new therapeutic strategies for the 
prevention or treatment of inflammatory 
diseases.","container-title":"BioMolecular 
C o n c e p t s " , " D O I " : " 1 0 . 1 5 1 5 /
bmc.2011.002","ISSN":"1868-503X, 
1868-5021","issue":"1-2","language":"en
","license":"http://creativecommons.org/
licenses/by-nc-nd/3.0/","page":"103-
114","source":"DOI.org (Crossref. We 
obtained the protein codes 2VDG and 
2BGS from the protein data bank, and we 

used them to perform molecular docking 
[52]. To begin molecular docking, the water 
molecules were removed from the protein 
and Kollmann charges added to it. Protein 
active sites were identified using a grid 
box of 60Å x 60Å x 60Å with a spacing of 
0.375Å. The interactions with the location 
of binding sites of protein codes 2VDG and 
2BGS are shown in Figure 9. The binding 
affinity, residues, bond length, inhibition 
constant, and efficiency of interaction are 
presented in Table 5.

The binding sites for the PDB codes 
2BGS and 2VDS were predicted within a 
grid box with coordinates of x = 44.349, y = 
53.843, and z = 17.213. The results indicate 
that the binding affinity of the title molecule 
with 2BGS and 2VDS was found to be 
–10.9 and –10.7 kcal/mol, respectively, 
which is higher than that of cirsilineol [14]. 
The atoms O6, H31, O7, O2, and H28 of 
quercetin form hydrogen bonds with the 
residues TYR60, GLN188, ASP55, THR31, 
SER215, and ILE257. Moreover, 2VDS 
has H–bonds residues are LYS88, ASP55, 
and THR31 with the atoms O6, H32, and 
O7, respectively. This could also imply that 
the reactive region identified by molecular 
electrostatic potential surface analysis of 
the title molecule participated in biological 
activities with the targeted protein aldose 
reductase.  The inhibition constant for 
both protein codes was lowest with highest 
binding affinity, and the RMSD between 
initial structure and docked structure was 
< 2, indicating quercetin inhibits aldose 
reductase.

Table 5. Molecular docking parameters 
of quercetin with protein code (2BGS and 
2VDG) of aldose reductase.

Theoretical evaluation on electronic and biological properties of quercetin by quantum chemical and molecular docking method



52

Selected PDB 
code  and their 

resolution

Binding Af-
finity (kcal/

mol)

H–Bond 
residues Atoms Bond 

length (Å)
Ligand 

efficiency
Inhibition con-

stant (µM)
RMSD 

(Å)

2BGS (1.64 Å) –10.9 TYR60 O6 1.92 0.50 0.010 1.39
GLN188 H31 2.58
ASP55 H31 2.34
THR31 O7 2.47
SER215 O2 2.68
ILE257 H28 2.04

2VDS (1.92 Å) –10.7 LYS88 O6 2.74 0.49 0.014 1.41
ASP55 H32 2.52
THR31 O7 2.34

Figure 9. Best binding modes indicating different interaction including the region showing H–bond donor 
acceptor.
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4. Conclusion
The electronic and biological properties 
of quercetin were highlighted in this study 
using quantum chemical calculations. The 
ground state optimized energy, computed 
at the B3LYP/6–311++G(d,p) level of 
theory, was –693084.99 kcal/mol. Except 
for intra- and intermolecular hydrogen 
bonding sites, the bond angles and lengths 
were found to be in good agreement with 
those of monohydrate quercetin. Two intra-
molecular hydrogen bonds were investigated 
by QTAIM analysis, among them H29…
O4 was the strongest hydrogen bond with 
an interaction energy of –14.499 kcal/
mol. The RDG surface isosurface provides 
additional support for the intra-molecular 
hydrogen bonding. The highest positive 
value of electrostatic potential of 65.31 
kcal/mol and –47.80 kcal/mol justified the 
exact location of intermolecular hydrogen 
bonding at O4 as a nucleophile and H31 as 
an electrophile, which may play a role in the 
crystal packing of the title molecule as well 
as for the biological action. Quercetin was 
found to be more reactive and polarizable 
in solvent ethanol than in gaseous medium. 
Global reactive descriptors were evaluated 
in gaseous and solvent ethanol and revealed 
that quercetin is softer in solvent. The 
atoms C11 and C15 contain the highest 
positive and negative charges, respectively. 
According to ADMET analysis, quercetin 
is absorbed by the gastrointestinal system, 
which confirmed that it has excellent 
bioavailability. Quercetin inhibits aldose 
reductase with the highest binding affinity 
of –10.9 kcal/mol to the protein code 2BGS.
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