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Abstract: Nanoparticle mediated drug delivery is an emerging area of research now a days. In our present study,
we emphasized on the mode of interaction of a widely used drug, Quercetin with frequently worked metallic
nanoparticle, Gold (Au). At first five —OH groups have been attached separately with gold atom and energy
minimization was performed using Avogadro Software for windows system. From this, we found that the —OH
groups present at 7 position of ‘A’ ring, 3’ and 4’ positions of ‘B’ ring are most suitable site for gold atom to bind. In
the next level of study, a gold atom has been interacted with two quercetin molecules at a time. The gold atom
was attached to —OH group of 7 position of one quercetin molecule and 4’ position of the other. The calculated
energy was found to be 482.319 KJ/Mol. Further, gold atoms were interacted with all -OH groups of quercetin
molecule at a time to see its stability and the structure was found to have quite stable with an energy level of
218.074 KJ/Mol. Lastly we tried to make a quercetin—gold nanoparticle model structure which mimics the actual
nanocomposite synthesized /n vitro where one gold atom was interacted with two quercetin molecules and the
other —OH groups of quercetin molecules were again attached with gold atoms. This structure possesses energy of
439.880 KJ/Mol. The bond lengths and bond angle of interacting C, O and Au atoms were measured to
characterize the complex.
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1. Introduction nanoparticles. Many metals have already been reported
for being used as precursor for nanoparticle synthesis,
among them some mostly common are Gold (Au) [2],
Silver (Ag) [3], Copper (Cu) [4], Iron [5], Zinc (Zn) [6],
Nickel (Ni) [7], Platinum (Pt) [8], Palladium (Pd) [9],
Ruthenium (Ru) [10], Rhodium (Rh) [11], cadmium
(Cd) [12] and antimony (Sb) [13]. The nanoparticles
which are made from these metals are widely used as
a vehicle for drug molecules to be administered during
the treatment against several diseases. All that kind of
supports of such vehicle makes this drug -nanoparticle
composites very useful mode of drug delivery system
in medical and agricultural science. Free drug
molecules generally dissociate and metabolize very
easily in animal body due to the presence of different
metabolic pathways. But if these drug molecules are
administered with a vehicle like nanoparticle, the slow
release will occur in physiological condition and the
drug will get more time to show its activity in the body.
Hence this process becomes very useful for scientists
who are working on drug -nanoparticles composite
formulation and their application in various fields.

Nanoparticles are the most talked about
subject for research in various fields now a day. These
are very small particle having size ranges between 1 to
100 nm by at least one dimension. Humans can't see it
with bare eyes. All Nanoparticles show various physical
and chemical properties which differs from their larger
material counterparts. Mostly the nanoparticles contain
few hundreds of atoms. The material’s properties
change as the size of nanoparticles approaches to the
atomic scale, this only happens due to the increase in
surface area to volume ratio when compared to bulk
materials, like powder, plate and sheet, paper etc. For
this reason, the surface atoms of the materials
dominate the material performance. Because of this
feature, all nanoparticles show unexpected optical,
physical and chemical properties as they are very small
enough to confine the electrons and produce Quantum
effects [1]. The vast applications of nanoparticles in
various fields have drawn the focus on its research. In
the sector of biomedicine and agriculture, nanoparticles
perform the most important role. Some metals are
found to be very good ingredient for synthesis of

p—

NanoNEXT 2(3) (2021) 1-7 Page 1 of 7


mailto:rajat.p@snuniv.ac.in
https://doi.org/10.34256/nnxt2131
https://crossmark.crossref.org/dialog/?doi=10.34256/nnxt2131&domain=pdf&date_stamp=2021-07-09

Vol 2 Iss 3 Year 2021

Soumalya Chatterjee et.al /2021

Metal nanoparticles possess many, physical,
chemical, electronic, electrical, mechanical, thermal,
optical and biological characteristic features [14, 15].
For having these properties, nanoparticles are being
used in a verity of areas in biology and medicine such
as fluorescent labeling [16, 17, 18], drug and gene
delivery [19, 20], detection of pathogens [21] and
proteins [22], probing of DNA structure [23], tissue
engineering [24, 25], MRI contrast enhancement [26],
phagokinetic studies [27] and many more.
Nanoparticles must interact with drug molecules or any
other ligand for their application.

For the treatment against various diseases,
flavonoids stand in a strong position among different
biomolecules having medicinal activity. So, the
composite structure of metal nanoparticles with
different flavonoid molecules plays key role in the field
of biomedical research [28]. According to many
reports, the metal nanoparticles are synthesized by
using the extracts of different parts of several plants.
This method is commonly known as green synthesis
[29].

Nanoparticles have been used as a vehicle
system in Drug Delivery research for a long time. This
vehicle system is composed of a composite structure of
drug and nanoparticles which are attached together.
To optimize the most suitable drug molecule with its
perfect carrier nanoparticle we need to observe the
interaction between them. For our study, we selected
Quercetin as a drug molecule and gold nanoparticles as
a career. Quercetin is a flavonoid molecule which has
major array of applications in various fields and can act
as, anti-inflammatory [30], antioxidant [31] and
anticancer [32] agent. We selected this bioflavonoid
because it contains five -OH groups which are well-
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distributed throughout its surface. From this study we
can have a better and clear idea about the formation
and development of metal nanocomposite structures.

2. Methods

In this present study, we selected Quercetin to
be interacted with gold atoms for the formation of
quercetin — gold nanocomposite structure. The
molecular structure of quercetin was designed using
Avogadro software for windows [33] and subjected for
energy minimization. After energy minimization, the
model structure along with the chemical structure of
Quercetin has been shown in figure 1. In the structure
of this drug molecule, 5 -OH groups are present that
means there are 5 probable binding sites for metal
nanoparticles for the formation of nanocomposite
structures. We selected a single gold atom for the
formation of nanocomposite structure. A nanoparticle is
consisting of many gold atoms which is not possible to
generate by computational method, hence we
interacted a single gold atom.

Here, we performed our experiments in four
segments. At first, we performed the interaction of
gold atoms with all —OH groups present in the drug
molecule separately one by one. Hence, we generated
5 nanocomposite model structures. After that we
interacted five gold atoms with all 5 -OH groups of
quercetin drug molecule at a time and all five gold
atoms were distributed throughout the surface of drug
molecule as all -OH groups are spread over the
molecule. Not only that, we also tried to attach two
drug molecules with a single gold atom. In the later
structure, one gold atom holds two individual
molecules of the drug.

B)

Figure 1. A) Chemical structure of quercetin and B) Model structure of quercetin constructed by Avogadro
software.

NanoNEXT 2(3) (2021) 1-7

Page 2 of 7



Vol 2 Iss 3 Year 2021

Soumalya Chatterjee et.al /2021

After that we combine it to the third level of
study, i.e., not only one gold atom has been interacted
with two drug molecules but also the other free —OH
groups of the molecule were interacted with gold
atoms. By doing this model, we tried to mimic the
actual drug—nanocomposite model structure. In
experimental condition, drug—nanocomposite structures
may have multiple drug molecules to be interacted with
multiple metal atoms. That means, one metal atom can
be interacted with two drug molecules and each drug
molecules may be interacted with many metal atoms.
Hence from this study, we formulated the drug-
nanocomposite model structure which may represent
the experimentally synthesized drug—nanocomposite
structures. After the formation of all drug—
nanocomposite model structures, they were subjected
for energy minimization by the same software. After

&

that, the model structure with lowest energy level was
considered for the most stable structure.

3. Results

As mentioned in the method section, first we
attached one gold atom to each -OH group of
quercetin molecule separately. As five -OH groups are
present in the structure of Quercetin, five
nanocomposite structures were formulated. All these
structures are depicted in figure 2. As discussed in
method for first level of study, the gold atom will be
attached at 7, 5, 3, 4’ and 3’ positions of quercetin in
five different nanocomposite structures. These

structures are named as Au_Q_1, Au_Q_2, Au_Q_3,
Au_Q_4 and Au_Q 5. The energy levels of all these
structures are listed in table 1.

C

Figure 2. Nanocomposite model structure of A) Au_Q_1, B) Au_Q 2, C) Au_Q_3, D) Au_Q_4 and E) Au_Q_5.

Table 1. The list of energy levels of different
nanocomposite structures of Quercetin with Gold atom
when attached at different -OH groups separately.

DRUG Compound Energy (K3/Mol)
MOLECULE
Quercetin Au_Q_1 226.224
Au_Q 2 226.251
Au_Q 3 228.138
Au_Q 4 226.231
Au_Q 5 226.225
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B)

Figure 3. Nanocomposite model structure of

Au_Q 6 and B) Au_Q_7.

Figure 4. Nanocomposite model structure of Au_Q_8.

By comparing the energy levels, we can
observe that the nanocomposite structure where the
Au atom was attached at -OH group present at 4’
position of Quercetin was having lowest energy level
suggesting most stable nanocomposite structure
among all of these.

As quercetin has five -OH groups, in our next
step, we attached five Au atoms with all -OH groups
present in the drug molecule at a time and the
composite structure is named as Au_Q_6 (figure 3A).
After five gold atoms were interacted with all five —OH
groups present in quercetin, the composite structure
was subjected for energy minimization and the energy
possessed by it was 218.074 KJ/Mol. Surprisingly it is
less than the previous structures suggesting more
stability.

In a drug—nanocomposite formulation, as one
drug molecule may interact with more than one
nanoparticle, reverse is also true. That means one
nanoparticle may also interact with more than one
drug molecules. To make a representative model
structure of this phenomenon, we constructed a
nanocomposite where one Au atom is attached with

I —

NanoNEXT 2(3) (2021) 1-7

two quercetin molecules. This nanocomposite model
structure was named as Au_Q_7 and is depicted in
figure 3B. In this structure one gold atom is tagged
with two quercetin molecules through the most
suitable —OH groups. After energy minimization, the
structure exhibited energy level of 482.319 KJ/Mol.

At the last level of study, we tried to formulate
the actual model structure of gold—drug nanocomposite
structures which may actually be formed during its
chemical synthesis /in vitro. At first one gold atom has
been attached with two drug molecules and then many
gold atoms were attached to the other free —OH
groups of the drug molecules.

Quercetin has five free —OH groups amongst
which one energetically favorable —OH for binding with
gold, is the —OH present at 4’ position. Hence amongst
all -OH groups, 4’ positioned —OH groups of two
different drug molecules were interacted with one gold
atom and other free —-OH groups on the drug
molecules in the composite were also attached with
gold atoms forming a complex structure named
Au_Q_8 (Figure 4). This nanocomposite has energy
level of 433.386 KJ/Mol. As we mentioned before in our
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study, gold nanoparticles are being used as a vehicle
for several drug molecules to apply in medicine to
retain the drug molecule in the physiological condition.
All these studies were done /n vitro to synthesize,
characterize and to estimate their application efficacy.
But the study of interaction between the nanoparticle
and drug molecule is not addressed well. Hence our
study may put some light on this field of research and
researchers in this area may have some idea about the
selection of proper vehicle for a specific drug molecule.
In our laboratory we have studied similar experiment
previously to formulate these kinds of nanocomposite
model structures [34]. Other groups [35, 36] have
done research on the nanocomposite of quercetin and
gold nanoparticle but they have only concentrated on
the wet laboratory experiments not in the
computational model for any interaction study. Hence
out study will give a new direction for the future
research on this.

4. Conclusion

Quercetin is a drug which contains five —OH
groups hence can form five different nanocomposite
structures with any metal when attached to different -
OH groups separately. Among all these —OH groups,
the —OH present at 4’ position of the drug molecule
showed lowest energy when interacted with gold
metal. This suggests that -OH at carbon number 4’
might be the most suitable position for nanoparticle
attachment. The final structure was formed where one
gold atom is attached with two quercetin molecule and
other free —OH groups of quercetin again attached with
gold atoms. From this study it can be concluded that
Gold atoms can bind with the —OH groups of quercetin
molecule. The most suitable sites for gold atom binding
are 7, 5, 4 and 3’ positioned —OH in quercetin
molecule but not the —OH present at 3 position. When
gold atoms bind, the energy level gets lower
suggesting more stability of the nanocomposite. A
representative quercetin — gold nanocomposite model
structure has been designed /n silico having energy
level of 433.386 KJ/Mol.
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