Iran. J. Chem. Chem. Eng.

Research Article

Vol. 41, No. 8, 2022

Density Functional Theory Study of
Anticancer/Nanocone in Biological Interaction

Najibzadeh Vameghabadi, Yasaman; Sheikhhosseini, Enayatollah*";

Akhgar, Mohammad Reza; Ahmadi, Sayed Ali
Department of Chemistry, Kerman Branch, Islamic Azad University, Kerman, I.R. IRAN

ABSTRACT: In this research, the potential and capability of carbon NanoCones (NC) as
an Olaparib carrier in the gas phase has been investigated using quantum mechanical calculations.
The adsorption mechanism was studied systematically using a DFT approach and the basis sets
of B3LYP/6-311+G, 6-311++G(d), and 6-311++G(d,p). According to the calculations data, the drug
can be transported and carried by carbon nanocone with strong and powerful chemical adsorption
with a suitable and high energy value. Coating Olaparib onto carbon nanocones will lead to more
disability and reduced toxicity of the drugs in the human body, resulting in greater bioavailability.
Chemical parameters like softness, hardness, chemical potential, and electrophilicity of olaparib
have been calculated showing that olaparib has potent chemical activity in biochemical medium.
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INTRODUCTION

It has been shown that physiological status can affect
the pharmacological and physicochemical properties of
biologically active drugs [1, 2]. Drug delivery systems
(DDS) provide conditions that improve drug efficiency
and protect them from inactive until they reach their target
sites [3]. In addition, such systems can minimize the side
effects of the drug. The most common DDSs are
liposomes, polymers, dendrimers, and nanoparticles [4].

Nanoparticles can carry therapeutic agents while also
being tailored to specific targets. One of the most well-
known nanostructures is carbon nanotubes (CNTSs), which
are hollow cylinders described as seamless rolled graphene
sheets. Classified into single-walled (SWCNT), double-
walled (DWCNT), and multi-walled (MWCNT) types,
they have attracted a lot of attention after being discovered
by ljima [5]. The unique features of CNTs utilized

in medical fields, while having nanometer sizes, are their
high surface area/volume ratios and ability to carry
chemicals [6-8]. With intriguing characteristics and unique
structure [9], CNTs may be loaded with therapeutic
chemicals binding covalently and making supramolecular
assemblies. Interestingly, they can interact with the cell
membrane and penetrate the cell during an endocytosis-
dependent process, causing the cell to absorb more of the
drug's composition. They also decrease the cell's resistance
to drug entering limits, providing new potentials for their
application in nanomedicine and nanobiotechnology [10-15].
However, pristine CNTs cannot deliver drugs because they
are hydrophobic and cannot be dispersed in most solvents
and biological environments. To increase the solubility
and biocompatibility of CNTSs, researchers have improved
them in a variety of processes [16-18], including
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covalent and non-covalent functionalizing as well as
encapsulation and defect modification. Exposing CNTs
to oxidative conditions leads to carboxylic functional groups
created along their sidewalls. Recent investigations reveal
that with excellent biocompatibility, carboxylated carbon
nanotubes (c-CNTs) can facilitate targeting therapy [19].
Inorganic nanostructures such as nanocones, nanosheets,
nano chains, nanotubes, as well as nanoclusters are
currently considered by researchers due to their
exceptional stability in terms of thermal and chemical
properties, along with their extraordinary mechanical
as well as electronic features [20-45]. In the present work,
nanocone interaction parameters are calculated
theoretically. Nanocone is used as a drug carrier. The
interaction of Olaparib with nanocones is examined using
the DFT technique B3LYP/6-311+G, 6-311++G(d),
and 6-311++G(d,p) by Gaussian 03 software. The novelty
of this work is using nanocone as a kind of nanocarrier.

COMPUTATIONAL METHODS
Quantum mechanics calculation

In this study, Olaparib (Ola) adsorption behavior on
nanocone was investigated. Theoretical quantum chemical
computations were executed by exploiting the Gaussian 09
software package [46]. Using the DFT approach and
the basis sets of B3LYP/6-311+G, 6-311++G(d), and
6-311++G(d,p), the equilibrium geometries were fully
optimized, and their electronic densities and total energies
were calculated. The adsorption energies of Olaparib on
the most active sites of nanocone were calculated using Eq. (1):

Eqas = Erota-nc) — (Erne + Eroia) (€Y)

Where Er¢rne) and Erory represent the total energy
of nanocone and Olaparib, respectively, and Etola-nc)
demonstrates the total energy of the Olaparib-nanocone.
No imaginary frequencies in the vibrational spectra of the
studied structures ascertain their stability. The molecular
charge distribution was assessed according to the
molecular electrostatic potential (MEP) energy surface.
Besides, the DFT-based reactivity descriptors were
evaluated using the Frontier Molecular Orbital (FMO)
theory [47-50]. Thus the chemical reactivity and stability
descriptors as the electronic chemical potential (p),
the chemical hardness (1), the chemical softness (S), and
the electrophilicity were calculated based on Koopmans
theorem (Eqs. 2-5):

Research Article

Density Functional Theory Study of Anticancer/Nanocone ...

Vol. 41, No. 8, 2022

4 N

N ® J

H=-X (2
I—A

= (7 ®

S=1/n (4)

w =x%/2n (5)

Where p, 1, S, and ® are the chemical potential,
the chemical hardness, the global softness, and the
electrophilicity index, respectively.

RESULTS AND DISCUSSION

To assess the stability of the Ola-NC complex and
to find its minimum energy point, first, the Olaparib (Ola)
and nanocone (NC) structures were individually optimized,
and then the proposed structure of the Ola-NC complex
was optimized based on the DFT computational method.
The optimized structure of Ola and its HOMO/LUMO levels
are shown in Figs. 1a and 1b, respectively, and the predicted
energies are provided in Table 1.

Tables 2 and 3 have compared some selected
parameters between Ola’s pre-adsorbed and post-adsorbed
structures. The frontier molecular orbitals (FMOs), i.e.,
the highest occupied molecular orbital (HOMO), and
the lowest unoccupied molecular orbital (LUMO) have
important functions in molecular reactivity and stability.

The more HOMO-LUMO energy gap, the more
molecule’'s kinetic stability, and its less chemical
reactivity. The schematics of these orbitals were generated
via Gauss View 5.0 software and are shown in Fig. 1.
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Table 1: Energy data of Ola, NC, and Ola/NC by B3LYP/6-311+G, 6-311++G(d), and 6-311++G(d,p).

ELUMO)

E (6-311+G) E(6-311++G(d)) E(6-311++G(d,p)) E(HOMO)
Ola -3867.60 -3867.65 -3867.68 -0.24799 -0.07081
NC -18230.66 -18230.75 -18230.85 -0.19838 -0.04190
\__ OlNC -9583.45 -9584.38 -9584.31 -0.20506 002111 )
f \ Table 2: Bond length (A) of Ola after and before the adsorption.
"] / Bond length (A) \
4
J s “ ‘J ‘ *‘ Before After
2o o
? e ‘-“ & P o N15-N16 137 1.34
' o 9 * %
-9 4 J P C7-014 1.25 121
J ?
9 N15-C8 131 1.29
a N15-H13 1.008 1.005
k N38-C29 1.36 1.34 j

N i J
Fig. 2: Optimized structure of a) Ola, b) NC, and c) complex of
Ola/NC.
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Table 3: Angle (°) of Ola after and before the adsorption.

Angle (°) \
Before After
014-C7-N15 120.79 120.75
N16-N15-H13 38.55 38.53

K C3-C7-014 29.65 29.63 j

The nucleophilic and electrophilic active sites of Ola
were investigated based on the molecular electrostatic
potential (MEP) surfaces computed by the DFT approach
and B3LYP/6-311++G(d,p) basis set. According to Fig. 3,
different colors have been used to point the sites that
differed in the electrostatic potential value: the points with
the most negative and the most positive electrostatic
potentials are specified with red and green colors,
respectively, and the gray color indicates the points with
the zero electrostatic potential.

Figs. 3 a and b show the optimized geometry and
the molecular graph of NC, respectively. The greater
negative electron density at the double bond critical points
demonstrates the covalent bond. The approximation of Ola
and NC to each other leads to different electrostatic
potentials at their surfaces. In Fig. 1, the NC regions with
attraction or repulsion potentials have been visualized in
red and blue colors, respectively. The Gauss View 5.0
software was exploited for constructing the molecular
electrostatic potential map and the electron density isosurface.
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Molecular parameters Ola NC Ola/NC \
E HOMO -0.24799 -0.19838 -0.20506
E LUMO -0.07081 -0.04190 -0.02111
AE HOMO-LUMO -0.17718 -0.15648 -0.18395
IP(ioniziation energy) 0.24799 0.19838 0.20506
Electron affinity(EA) 0.07081 0.04190 0.02111
Electronegativity(y) 0.1594 0.12014 0.113085
Chemical potential(u) -0.1594 -0.12014 -0.113085
Chemical softness(s) 11.2879557 12.78118609 10.87251971
Chemical hardness(n) 0.08859 0.07824 0.091975
k Global electrophilicitiyindex(w) 0.1434042 0.09223 0.06952 /

K @

Fig 3: a) HOMO and b) LUMO Plot of nanocone.

Consequently, the same theoretical approach has been used
for the Ola-NC complex. The Ola adsorption to the NC
is conducted via the carbon groups. Resulted of the negative
adsorption energy, the complete, relaxation of the Ola-NC
complex leads to stable adsorption. It should be noted
that during the adsorption process, the bond position is
steady, and only its length is increased. The binding energy
for the energetically favorable complex and the
equilibrium distance in the interaction zone C-O...N-N
and N-H...O-C respectively in the obtained results
indicate the strong chemisorption that occurred and
the elongated bonds in the interaction zone. The optimized
geometry of Ola loaded on NC is shown in Fig. 2 from
front and side views. Having no spatial and geometrical
limitations, the adsorption didn't alter the geometry
of the drug, and it doesn't deform significantly. LUMO and
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HOMO orbitals are localized through the NC framework
with no distribution of the Ola, and their energy levels are
slightly different than those of the individual NC. Table 4
shows the DFT-based quantum chemical parameters
calculated using Egs. (2-5). The reduced ionization potential
and energy gap of Ola-NC indicate its more reactivity.
Furthermore, the computed data shows the raised
electrophilicity of Ola-NC, proposing a decrease in charge
transfer from Ola to NC. As two essential parameters
indicating stability and reactivity, the global chemical
hardness and softness have been calculated. The reduced
Ola-NC hardness demonstrates its higher reactivity.

CONCLUSIONS

High drug loading, thermal ablation, and structural
stability have received our effort to investigate the
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theoretical study of its potential as a carrier for olaparib.
The adsorptions of Ola on the NC site via different active
sites have been studied. We found that Ola could strongly
be adsorbed in NC. Because of the high surface area and
H and C-bonding, the adsorption efficiency of c- was
stable, and we hope the preparation of such efficient drug
carriers overcomes the limitations of Ola and facilitates
targeting.
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