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Abstract

In recent years, Nano technology and its application have moved to discovering chemical
therapy drugs. Research, development for finding new targets in tumors, targeting methods
and stabilizing the nano particle in targeted cells is based on drug delivery and its crucial
effect. Examining the computational controlled drug delivery by graphene sheets has become
very significant due to numerous side effects of this drug especially on nervous system as a
result of direct injection. In this work, adsorption of Sunitinib on Si and Al or nitrogen doped
graphene has been studied using density functional theory. Doping Si or Al significantly
affects the adsorption of Sunitinib over graphenes. Still, not much impact of doping Ni on
graphene is observed. Interaction energy, estimated using the super molecular approach
ranges from 54.97 KJ mol™ to 63.95 KJ mol in the gas phase. Furthermore, the calculated
density of states (DOS) shows the existing of noteworthy orbital hybridization between
Sunitinib and Si or Al doped graphene during the adsorption process which is trying out to
strong interaction while there is no evidence for hybridization between the those molecules
and the pristine graphene. 'C and 'H chemical shielding correlate noticeably with the
derivatives graphene. !C, ?’Al and 2H nuclear quadrupole coupling constants, Co, and
asymmetry parameter, n, reveal the remarkable effect of Sunitinib adsorption on electronic
structure of the graphene.
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Drug delivery systems have been created for improving therapeutic properties of the drugs
and are often in form of a drug-containing capsule. Such systems releases the drugs at
specific amount in a specific site, therefore they affect drugs’ pharmacokinetics and
distribution. Nanoparticles have been widely applied in drug delivery. Recently,
nanostructures’ fabrication as drug-carriers has drawn considerable attention. These
structures- due to slow drug release, drug molecule protection, having sizes smaller than a
cell, capability of passing biological barriers, enhancement of drug durability in blood,
targeted drug delivery and biocompatibility- can be regarded as effective drug delivery
systems which result in enhancement of therapeutic efficiency of the drug. During last
decades, advancement in different disciplines, namely polymer science, chemistry, biology,
mechanics and physics, affected the diversity of nano-carriers and introduced various classes
of carriers with unique properties and different application to the medicine [1]. Fast
development of nanotechnology for disease diagnosis and treatment has occurred. Fullerene
nanoparticles and their deviants can overcome to resistivity of some diseases against specific
drugs and hence used as nano drug-carrier [2-5].

Due to its unique properties such as high thermal conductivity, electron transport, high
mechanical strength, having vast surface for bi-lateral adsorption in 2 dimensions, Graphene
is one of the most important nanostructures. Experimental and theoretical analyses on
adsorption of molecules such as Li, NHz, NO2, H20, CO2, CO, Oz, amino acids and DNA on
graphene, revealed stable adsorption of these molecules on graphene [6-7]. Extensive surface
of graphene is one of the reasons providing various applications for that. Many reports
revealed low toxicity of graphene and its derivatives for drug delivery purposes. Graphene
oxide is superior on graphene in terms of having hydrophilic functional groups. Slight
toxicity of graphene could be resolved by its surface functionalization via polymer and other
nanoparticle [8].

Boron Nitride nanotube has attracted significant attention due to its special mechanical
properties, chemical and thermal stability, electrical properties and more importantly its high
biocompatibility. Many researches proved that these nanotubes have high biocompatibility
and have the ability to interact with organic molecules such as protein and DNA [9-11]. They
are not toxic for cells and do not damage DNA [12]. These properties have made them a
proper nano-carriers for medical purposes as alternatives to CNTs [13]. Their

functionalization with various molecules, have given them unique properties as smart and
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targeted carriers for medical purposes especially cancer therapy. Functionalization is realized
by weak physical forces or covalent chemical bonds [14-15]. This study investigated
structural, electronic and chemical stability of graphene nano-sheets and Al, Ga, N and P-
doped graphene complexes with sunitinib drug via DFT tools. These complexes can be
appropriate nano-carrier for anti-cancer drug of Sunitinib.

Sunitinib, with commercial name of Sutent, is an anti-cancer drug and multi-kinase inhibitor
preventing growth and development of cancerous cell. It has been used for treatment of
specific types of advanced stomach, intestine, gastrointestinal tract, pancreas, kidney or
esophageal tumors [16-21]. This drug can damage fetus or cause impairments at the time of
birth, it can also pass from mother milk and harm the child. Sunitinib can cause intensive or
fatal effects in liver and results in many liver problems such as Nausea, upper stomach pain,
itching, fatigue, loss of appetite, dark urine, clay-colored stools, and jaundice (yellowing of
the skin or eyes).

In recent years, 19-21 differently functionalized carbon nanotubes and graphene have been
used in cancer therapy as a molecular carrier or drug delivery. Flourcine and 3-amphotreicine
cab successfully attach to functionalized CNTSs for their transport to mammalian cells without
losing their anti-fungi properties. In a similar method, an anti-cancer drug such as
Metoterxate was attached to a multi-walled CNT for its transport to the selected cell [23].
Multi-walled CNTs and graphene oxide were functionalized with PVA [24]. For Camtotcine
loading, the anti-cancer drug was employed via n-w interaction and its transport for treatment
of breast and skin cancer. Chen et al. [25] observed that CNTs are inherently non-toxic and
could be functionalized for protein and cell attachment. Regarding higher need of cancerous
cells to folate, boron nitride nanotubes can be functionalized with folate. Such sort of
nanotubes would be considerably absorbed by tumors an act as smart carriers in
cancertherapy [26].

Folate-functionalized boron nitride nanotubes act as boron transporter in malignant multiform
Glioblastoma cells. This can be employed as effective boron target for boron neutron trapping
treatment in malignant brain tumors, while the functiolized groups act as inhibitors for other
peptides or proteins via biological functions. The effect of boron nitride nanotubes
functionalized with porous silica nanoparticles for Dexor and Bicine anti-cancer drug
delivery to prostate cancerous cells was investigated. It was observed that these nanotubes

have higher ability for killing cancerous cells in comparison with pristine nanotubes which
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could be attributed to high drug loading and also controlled release of drug due to silica pores
[27]. Theoretical studies on covalent and non-covalent interactions of boron nitride nanotubes
with biomolecules have resulted in stability and electronic properties’ discovery about the
molecule for their employment as drug carriers. DFT and molecular dynamic simulations
exhibited the potential of boron nitride nanotubes for encapsulation of anti-cancer molecules
such as carbo-platinum for delivery to target cells [28]. DFT calculations of plain wave
pseudopotentials [29] were conducted for investigating the interaction between boron nitride
nanotubes and three amino acids with different polarities. In similar studies [30] it was
observed that amino acids and n-sites surrounded in nanotube cavity have only weak

interactions which can be used as channels for biomolecule transport.

Experimental

We have performed density functional theory (DFT) calculations to optimize the structural
models of Sunitinib(Sun) and the representative. A hexagonal graphene (Gr) supercell (5 x 5
graphene unit cell) containing 72 carbon atoms was chosen as the basic model for the
calculations. The Si- and Al- graphene were then modeled by substituting a single Si or Al
atom for one C atom on the surface. Interaction of Sunitinib molecule with the graphene
systems has been studied in the gas. This reduces the computational cost in comparison to
treating each molecule separately. All the structures were optimized at 6-311G* level of
theory. The B3LYP exchange-correlation functional and the 6-311G standard basis set have
been used to run all computations as implemented in the Gaussian 03 package [31]. It has
been found that the NMR parameters calculated by B3LYP levels are in good agreement. The
adsorption energy of the adsorbate Sunitinib with the doping graphene is calculated according
to the formula:

AEads = Esun-r— ( Ecrt Esun) 1)

where Ecr.sun, Esun and Egr are the total energies of the adsorbate—substrate (Gr-Sun) system,
the substrate (Sun), and adsorbate (Gr), respectively. Analysis was performed at the
B3LYp/6-311G” level. The molecular systems include the individual graphene, the individual
Sun, and hybrid Gr-Sun (Figure 1).
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Figure 1. The optimized structure of structure a) Sunitinib b) graphene with dopeing Al and Si ¢) graphene with
sunitinib d) Al and Si doped graphene.

Results and discussion

Optimized structures of Al and Si-graphene

At first, it is important to study the geometric structure and electronic properties of optimized
Al- and Si-graphene sheets compared to the pure graphene. Figure 1 (model B) shows the
geometric structure of the isolated Al- and Si-graphene sheets after the geometry
optimization. Due to symmetry of electronic distributions in the original gr structures, the
values of dipole moments (DM) of them are zero. However, variations of these symmetric
situations in the doping Al/Si models increase the magnitudes of dipole moments. Different
magnitudes of energies for HOMO and LUMO levels are observed for the gr and doping
models. The magnitudes of energy gaps (Egap), Which show the energy differences between
HOMO and LUMO levels, are slightly decreased for the Al/ Si structures in comparison to
their corresponding gr structures. However, the magnitudes of Eq for Al/Si structures are
equal to the magnitudes of corresponding Al/Si structures, implying the role of Al/ Si in the
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electronic conductivity of graphene. Moreover, the energy differences between HOMO and

LUMO levels are decreased for pristine graphene (Table 1).

Table 1. Optimized properties for the model B, C and D.

Atoms (length Gr Al-gr Si-gr Atoms (length bond Sun-gr Sun-Al-gr Sun-Si-gr
bond (A% (A%
H11-C12 1.08 1.08 1.08 C1-C2 1.42 1.40 141
C12-C13 1.38 1.39 1.39 C2-X3 1.43 1.83 1.75
C13-H14 1.08 1.09 1.08 X-C4 1.44 1.83 1.75
C1-C2 142 1.37 1.40 C4-C5 1.42 1.40 141
C2-X3 1.43 1.75 1.68 C5-C6 1.43 1.47 147
X3-C4 1.43 1.75 1.68 C6-C7 1.43 1.45 1.45
C4-C5 1.42 1.37 1.40 C7-C8 1.43 1.40 142
C5-C6 1.44 1.52 1.48 C8-C9 1.42 1.40 1.42
C6-C7 1.41 1.49 1.46 C8-X3 1.44 1.83 1.75
C7-C8 1.42 1.39 141 C9-C10 1.42 1.45 1.45
C8-C9 1.42 1.39 141 C10-C1 1.43 1.48 147
C8-X3 1.43 1.75 1.69 C4or7-H12 3.26 2.97 3.83
C10-C1 1.44 1.52 1.48 C2or9-H11 3.55 3.63 3.86
DM (Debye) 0.0001 1.0905 0.3157 - 231 2.82 2.77
Erowmo (&v) -0.13673 -0.16 -0.13605 - -0.280 -0.304 -0.139
ELumo (ev) -0.12534 -0.11 -0.12456 - -0.277 -0.271 -0.127
Egap (Kj/mol) -0.0114 -0.0547 -0.0115 - -0.288 -3.237 -1.102
Eads (kj/mol) - - - - -63.95 57.98 -54.97
E (kev) -68.81 -74.36 -75.64 - -104.83 -109.79 -111.67

*DM= dipole moment

As can be seen in Figure 1(model B), the geometric structure of graphene changes
significantly after doping of the graphene sheet by the Al atom,. The larger bond lengths
combined with the different bond angles force Al to protrude from the sheet as well as to
displace the positions of the first and second neighbors out of the plane. The average bond
length between the central C (Al) atom and the adjacent C atoms are elongated from 1.74 A
in the pristine graphene to 1.42 A in Al-graphene, along with the distortion of hexagonal
structure of the graphene sheet. In the case of Si-graphene (Figure 1), the Si dopant with a
larger atomic radius than Al atom is pushed outside the graphene plane and this leads to the
average elongation of three newly formed Si—C bonds (1.68 A) compared to the C—C bond of

the pristine graphene.

Sunitinib adsorption over Al- and Si-doped graphene

According to Figure 1, the bond lengths of Al and Si dopants to carbon are increased due to
the Sun adsorption on the graphene surface. Since the bond angle is reduced by about 109°,
Al and Si disturbance is changed from sp? to sp® hybrid. Hence, the bond length of Al-C and
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Si-C are changed to 1.84 A° and 1.75 A°, respectively. The adsorption energy of Sun-Gr is -
6394872.95 KJ/mol. Considering the adsorption energy, it can be found that the nano-drug of
Sun-Al-Gr has the maximum adsorption. Since the adsorbed energy is more than 8 J/mol,
then the adsorption is a chemical interaction where a strong Van der waals force exists
between the drug and graphene and the London force of Al-Sun-Gr is the strongest. The
bipolar moment of the graphene is increased due to the adsorbed Sun on the graphene
surface. Then it can be concluded that the solubility of the nano drug (Sun-Gr) is increased

and it probably can play the role of drug delivery inside the body (Ttable 1).

Nuclear Quadrupole Resonance

Nuclear Quadrupole Resonance (NQR) is one of the promising chemical techniques for
identifying the composite of the elements which collaborates with nuclear magnetic
resonance. Unlike NMR, the NQR analysis can be detected even in the absence of magnetic
field in nuclear conversion. In simpler terms, the NQR spectroscopy functions the same as
NMR with zero magnetic field. In fact the NQR resonance is a connection between electric
field gradient (EFG) and Nuclear quadrupole resonance in which the charge distribution takes
place. The EFG, demonstrates the total transformation of an element, furthermore a location
of a nuclei in material in which the linked valance electrons of the atoms which are altered is
shown as well. Indeed, this frequency is in good agreement with nuclear quadrupole
resonance, nuclei properties and EFG of neighbor nuclei in a composite or a crystal.

As well as the optimized properties, quadrupole coupling constants (Cq) have been calculated
for the atoms of optimized structures in order to distinguish the properties of investigated
models at the atomic levels (Table 2). Electric field gradient (EFG) tensors have been
evaluated as well and they have been changed into Cq parameters using equation Cq (MHz) =
e2Qqzh-1, in which e, Q, gz, and h respectively stand for electronic charge, nuclear electric
quadrupole moment, EFG tensors main eigen value, and Planck's constant [10]. Due to
sensitivity of EFG tensors to electronic sites of atoms, they are able to reveal any
perturbations employed to these sites demonstrating insightful information about the
electronic features of matters [32]. The magnitudes of Cq could be evaluated by means of
nuclear quadrupole resonance (NQR) spectroscopy; furthermore they could take the
advantage of being accurately reproduced through quantum computations by means of

computational chemistry for predication and analysis of experimental investigations [33-35].
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The standard Q values (Q (*!C)=33.27 mb, ’0=-25.58 and 2’Al=146.6 mb ) reported by
PyykK [36].
Table 2. NQR parameters for Sun-gr, Sun-Al-gr and Sun-Si-gr.

atom Sun-gr atom Sun-Al-gr atom Sun-Si-gr
o Ca "o cQ o Co
C9 0.00 1.75 C1 0.00 3.99 C1 0.00 3.99
C10 0.00 1.75 Cc2 0.00 3.99 C2 0.00 3.99
H1l 0.00 0.00 C4 0.00 3.99 C4 0.00 3.99
c7 0.00 3.99 c7 0.00 3.99
C8 0.00 3.99 C8 0.00 3.99
C9 0.00 3.99 C9 0.00 3.99
C10 0.00 3.98 C10 0.00 3.98
H1l 0.00 0 Hi11l 0.00 0
H12 0.00 0 H12 0.00 0
Al3 0.00 196.13 Si3 0.00 -
average 0.00 175 0.00 6.87 0.00 3.99

Mirzaeie and colleagues have reported the value of Cq for graphen atoms (5,5) 1.7-2.3. The
value has decreased as a result of attaching Sunitinib on graphen surface.In other words, the
electric charge value is not along the z-z axis. By doping the central atom of graphene with
Al and Si and attaching Sunitinib on its surface, the value of Cq increases in all carbon atoms
and the Cq of Al atom changes to 196 which demonstrates the highest impact in comparison

to pristine graphene.

Nuclear Magnetic Resonance

In this computational study, the properties of the electronic structure and chemical shielding
parameters of the graphene were evaluated through density functional theory (DFT)
calculations of the Nuclear Magnetic Resonance (NMR) parameters. The chemical shielding
(Cs) tensors were calculated according to the gauge consist of atomic orbital (GIAO)
approach [37]. The calculated Cs tensors in principal axis system (PAS) (dz> dyy> dxx) were
converted to measurable NMR parameters, chemical shielding isotropic (Cs)) and chemical
shielding anisotropic (Csa) by using Egs. (1) and (2), respectively [38]. The evaluated NMR
parameters are exhibited in Table 3.

Csi= 1/3(oxx + oyy + 022) Equation (1)

Csa= 02z - Y2(0yy + Oxx) Equation (2)
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Table 3. Parmeters Nuclear Magnetic Resonance.

Sun-Si-graphene Sun-Al-graphene Sun--graphene

atom isotroi  Anystrop Csi  Csa isotr  Anystrop Csi Csa isotroi  Anystrop  Csi Csa
S c y oic y c y

C1 68.3 156.2 68.3 137.7 68.9 156.6 68.9 101.8 - - -

c2 67.8 1834 67.8 1464 67.8 180.8 67.8 107.1 - - -

C4 73.6 151.0 73.6 126.3 745 149.8 747 99.8 73.6 149.5 736  60.7
c7 71.8 152.0 718 676 7238 152.2 728 512 715 152.2 715 63.6
C8 727 154.2 73.7 1328 737 1514 771 1003 733 152.2 733 60.8
C9 71.8 152.0 718 1151 726 151.0 726 1139 734 149.5 734 582
C10 74.2 149.7 742 1259 723 156.0 723 1236  67.7 157.0 67.7  60.7

H11 30.0 8.1 300 68 311 9.7 311 8.0 - - -

H12 30.8 12.3 308 75 327 17.1 327 9.2 30.7 11.1 30.7 1.4

X=A - - - - 325. 162.2 325. 103.2 - - - -
| 8 8

In Table 3, the evaluated Csa parameter for C is 131.1-169.4 ppm and the maximum
Anisotropic effect accounts for C 8 while for hydrogens in nano drug (Sunitinib-graphene)
the Csa is 1.4-3.5 ppm. In Sunitinib-graphene-Al Csa for carbon atoms is 101.6-168.5 ppm
in which the doping Al has caused C4 to be deshielded and C1,C9,C10 have the highest
Anisotropic effect and become shielded. In nano drug (Sunitinib-graphene-Si) Csa is 63.8-
162.5 and C12,C10 has the highest value 162.5 and 156, respectively.

HOMO and LUMO parameters and density of state (DOS)

In Figure 2, the electronic density of states (DOS) of individual derivatives graphene were
presented. The figures indicate the molecular orbitals of each element per to hole system that
calculated using the Gaussview software. HOMO and LUMO energies and the corresponding
energy gap (Egap in ev) are two main parameters which are used for characterizing the

electronic properties of graphene derivatives.
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Figure 2. diagram of the density of state per energy for Al/ Si-graphene and Gu-Al/Si-graphene.

The distribution patterns of the frontier molecular orbital’s; highest occupied molecular
orbital’s (HOMOs) and lowest unoccupied molecular orbital’s (LUMOs) [39] were presented
in Fig. 1 and Table 1. As Figure 1 indicates, the variance between HOMO and LUMO in
Sun- Gr is -0.003 a.u which is less than other graphene derivatives in this study. The energy
gaps in four modeled samples vary as below:

Egap(Al-gr) > Egap(Sun-Al-Gr) > Egap(Gr) > Egap(Si-Gr) > Egap(Sun-Si-Gr) > Egap(Sun-
Gr)

As indicated energy gaps of all graphene derivatives follow the above trend. According to
these results as the energy gap decreases, the electrical conductivity increases. Hence nano
drug Sunitinib-graphene has the minimum energy gap while possessing maximum electrical

conductivity.
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Conclusion

In this study impacts of Sunitinib on graphene and Si-and Al doped graphene are surveyed.
Based on the investigations it was revealed that due to the adsorption on graphene surface
bond length and bond angles of doped atoms change when doped to Al and Si and the
hybridation will change into sp3. Herein the adsorption is chemisorption and among all
Sunitinib-graphene-Al has the maximum value. Dipole moment increases as a result of
Sunitinib adsorption on graphene surface, hence the solubility of drug rises and it could be
applied as a targeted drug. The comparison of calculated energy gap indicates that Sunitinib-
graphene has the lowest energy gap and thus possesses the highest conductivity. In surveying
nucleic magnetic resonance it can be conceived that in nano drug due to anisotropic effect
graphene atoms bear more changes compared to graphene individually. Moreover, Nuclear

Quadrupole Resonance (NQR ) on graphene surface changes due to this adsorption.
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