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Abstract: Active packaging is a packaging system that has incorporated additives and that interact
directly with the food in order to prolong its quality and its useful life. Due to the
bioindecomposability and toxicity of synthetic polymers and additives, the search for natural
substances, which present more suitable characteristics for the production of active packages, such as
chitosan, which is a naturally occurring polymer and flavonoids, increase, because they have low
toxicity and activities antioxidant and antimicrobial. The purpose of this study to perform the
interaction of flavonoids quercetin, rutin, quercitrin and artemetin with chitosan by molecular docking,
aiming at the planning of new biodegradable and non-toxic active films. The molecular docking study
was performed using Autodock 4.0. The three-dimensional structure of the chitosan was obtained
through the PolySac3DB bank, while the flavonoid structures were acquired through PubChem. The
results showed that the flavonoids quercetin, quercitrin and artemetin interacted attractively with
chitosan. Quercetin was the flavonoid that interacted more stable, with an energy expenditure of -3.61
kcal / mol. The rutin was the only flavonoid, among those involved in the study, that did not interact
attractively with chitosan, as its binding energy was 0.49 kcal / mol. It is observed that the interaction
of rutin with chitosan is impaired due to its high level of torsion. It was observed that the flavonoids
targets of this study, with the exception of rutin, interacted attractively with chitosan, suggesting that
they are good candidates for additives for the production of active films.

Keywords: chitosan, flavonoid, molecular docking, active packaging



MOL2NET, 2017, 3, 09: SIUSCI-01: San Ignacio University Sciences Workshop, Miami, USA, 2017

Introduction:

Active packaging is a packaging system
that has built-in additives that will interact
directly with the packaged food in order to
prolong its quality and shelf life [1-2]. The
packaging must support the microbiological and
sensory competence of the food, in a way that
contributes to the preservation of the quality of
the packaged product, from its biological
activities [3]. Recent studies have presented
promising results regarding the use of flavonoids
as additives in active packaging [4].

Flavonoids are compounds found in fruits
and vegetables, responsible for the vibrant colors
that attract pollinating insects and filter the
ultraviolet rays of the sun. Flavonoids attracted
interest from the scientific community, due to its
diverse  biological  activities, such  as
antimicrobial, anti-inflammatory, antithrombotic
and antioxidant activity, among others [5-6].
Flavonoids are compounds that belong to a
certain class of natural compounds currently
classified as micronutrients [7].

Chitosan is a naturally occurring polymer
derived from the deacetylation process of chitin,
and besides being considered the second most
abundant polysaccharide in nature, it also has
numerous  technological and  biological
characteristics, finding applications in a variety
of fields, , in the development of active films due
to their favorable characteristics, such as
biodegradability, biocompatibility, gel formation
and bioactivity [8-10].

Molecular modeling techniques have
been widely used in development studies of new
active materials [11]. Molecular docking,
specifically, can be used to predict the interaction
of ligands with polymers [12]. Molecular
docking is a fundamental tool to seek a better
adjustment orientation of a ligand in a protein, in

advance, that is, method of finding the best fit of
two molecules [13-14].

Based on the characteristics of chitosan
and the biological properties of flavonoids, the
present study sought to investigate in silico, by
molecular docking, the interaction of flavonoids
quercetin, quercitrin, artemetin and rutin with the
polymer, aiming at a better understanding of the
mechanistic  behavior of compounds in
interaction with chitosan (flavonoid-polymer), in
order to corroborate with experimental data
widely described in the literature.

Materials and Methods:

The molecular docking study was performed
through Autodock 4.0 [15]. The three-
dimensional structure of chitosan with 12-mers
(Figure 1) was obtained through the
PolySac3DB bank, while the flavonoid structures
(Figure 2) were acquired through the PubChem
molecule bank. For orientation of the ligands, a
grid was positioned around the entire molecule
with dimensions of 58 A on the X- axis, 126 A
on the Y-axis and 56 A on the Z- axis. For the
searches the Lamarckian Genetic Algorithm [16-
18] was used in 100 runs.bThe initial population
was defined as 150 and the search process
occurred through random initial conformations.
The maximum value of energy assessments
chosen was 25,000,000, while the maximum
number of generations was maintained at 27,000,
as well as the number of elitism was maintained
at 1. The rates of genetic mutation and crossover
were respectively 0.02 and 0, 80. After
completing the calculations, 100 different
conformations were obtained and grouped into
different clusters, defined by energy proximity
and RMS values, according to the AutoDock
default [15].



Figure 1. Three-dimensional molecular structure of chitosan with 12 mers

Figure 2. Two-dimensional structure of the flavonoids involved in the study. a) artemetin; b)
quercetin; ¢) quercitrin; and d) rutin

Results and discussion:

The results showed that the flavonoids
quercetin, quercitrin and artemetin interacted
attractively with chitosan, as shown in Figure 3
and Table 1. Quercetin was the flavonoid that
interacted more stable with an energy
expenditure of -3, 61 kcal / mol. The rutin was
the only flavonoid, among those involved in the
study, that did not interact attractively with
chitosan, as its binding energy was 0.49 kcal /
mol. It is observed that the interaction of rutin

with chitosan is impaired due to its high torsion
level (Table 1).

In addition to the van der waals interactions
formed between the flavonoid ring groups and
the chitosan ring groups, several hydrogen bonds
are formed between the polar groups of
flavonoids with polar groups of chitosan.

The present study is similar to other
experimental studies developed, where flavonoid
quercetin was used as an additive and
incorporated into chitosan efficiently [19-21].
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Figure 3. Interaction of ligands with chitosan. a) quercitrin; b) artemetin; ¢) Quercetin; d) Rutin

Table 1. Values obtained by molecular docking

Complex Free energy Electrostatic ~ Van der Waals  Torsional
docking interaction interaction and Energy
(kcal/mol) energy hydrogen (kcal/mol)
(kcal/mol) bonding energy
(kcal/mol)
chitosan + -3.61 -0.34 -5.05 1.79
Quercetin
Chitosan + -2.25 -0.31 -4.92 2.98
Quercitrin
Chitosan + 0.49 -0.42 -3.86 4.77
Rutin
Chitosan + -2.52 -0.34 -4.27 2.09
Artemetin
Conclusion interacted attractively with chitosan, suggesting

that they are good candidates for additives for the

production of active films.
It was observed that the flavonoids targets

of this study, with the exception of rutin,
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