Biointerface Research in Applied Chemistry
Open-Access Journal (ISSN: 2069-5837)
Article
Volume 13, Issue 5, 2023, 497
https://doi.org/10.33263/BRIAC135.497

Insights into the Delivery of Hydrea Anticancer Drug by
the Assistance of an Oxidized Silicon Carbide Nanocage

Muhammad Da’i ** @ Arifah Sri Wahyuni '@ Erindyah Retno Wikantyasning 1@, Maryati 1@,
Mahmoud Mirzaei 2*®

1 Faculty of Pharmacy, Universitas Muhammadiyah Surakarta, Surakarta, Indonesia; muhammad.dai@ums.ac.id (M.D.);
arifah.wahyuni@ums.ac.id (A.S.W.); erindyah.rw@ums.ac.id (E.R.W.); maryati@ums.ac.id (M.);
2 Child Growth and Development Research Center, Research Institute for Primordial Prevention of Non-Communicable
Disease, Isfahan University of Medical Sciences, Isfahan, Iran; mirzaei.res@gmail.com (M.M.);
*  Correspondence: mdai.muhammad.dai@ums.ac.id (M.D.); mirzaei.res@gmail.com (M.M.);
Scopus Author ID 57189357187 (M.D.)
13204227300 (M.M.)
Received: 25.09.2022; Accepted: 30.10.2022; Published: 6.01.2023

Abstract: Hydrea (HYD) or hydroxyurea is a known anticancer, in which its combination with a
representative model of oxidized silicon carbide (OSiC) nanocage was investigated in this work to
provide insights into the drug delivery approach. To this aim, density functional theory (DFT)
calculations were performed to optimize the models and evaluate their features. Exploring different
configurations of interactions between HYD and OSiC yielded four HYD@OSIC bimolecular
complexes regarding the involvement of different molecular sites of substances in interactions.
Interactions between each of the H1 to H4 bimolecular complexes were found to be at a reasonable
level of energy strength assigned by adsorption energy. Accordingly, the OSIC substance was found as
an adsorbent of the HYD substance with a significant role in managing the whole system based on the
obtained molecular orbital features. Details of interactions were determined by performing additional
quantum theory of atoms in molecules (QTAIM) on the optimized bimolecular models showing the
existence of two interactions with meaningful strengths in each of the H1 to H4 models. Based on all
the obtained results, the models of HYD@OSIC were found suitable to be proposed for employment in
drug delivery applications. Indeed, the current research indicated the benefits of employing the OSiC
substance for an oriented delivery of the HYD anticancer drug substance.
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1. Introduction

Nanostructures have been found as useful materials for employment in various types of
applications, from industries up to living systems, since their innovation in 1991 [1-5].
Different structural forms of nanostructures, including tubular, planar, and spherical, besides
some other forms, have been obtained to this time [6-10]. Among the expected applications of
nanostructures, employing them in drug delivery-related processes were of the highest
importance due to the development of more efficient therapeutic tools for treating health
systems [11]. Accordingly, earlier studies investigated the benefits of nanostructures for
employment in drug delivery platforms [12-15]. Indeed, the high surface area of nanostructures
is an advantage for participating in adsorption processes towards other substances [16-18]. The
pure carbon nanostructures and combined atomic compositions could work for approaching
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adsorption purposes [19-22]. Several attempts have been made to learn the real benefits of
nanostructures for employment in drug delivery-related platforms, but the achievements are
not yet certain [23-25]. The drug delivery purposes and several biomedical applications were
explored for the nanostructures [26-30]. To this point, further investigations are still required,
in which the current work was done to reveal insights into the delivery of Hydrea anticancer
drug with the assistance of an oxidized silicon carbide nanocage.

Anticancer agents are among those critical drugs with advantages/disadvantages for
medicating cancer patients, and their improvements are always required [31-35]. Hydrea, or
hydroxyurea, is a known anticancer drug for treating different cancers [36]. Considerable
efforts have been dedicated to improving the efficiency of hydra for conducting a more efficient
treatment of cancer patients up to now [37-40]. By the expected functions of nanostructures for
working in the drug delivery platforms, examining details of complexes of nanostructures and
Hydrea could help to provide more insights into developing such a hypothesis of nano-assisted
delivery of this drug. To this aim, interactions between the Hydrea anticancer drug and a model
of oxidized silicon carbide nanocage were investigated within the current work. The
investigated models were stabilized, and their features were evaluated to discuss the major goal
of this work for providing insights into the delivery of hydra anticancer with the assistance of
an oxidized silicon carbide nanocage. It is worth mentioning that the existence of silicon
carbide nanostructures was identified by earlier works [41-43]. The 3D structures of singular
and bimolecular models were optimized to provide the required information for discussing the
related issues by benefits of performing density functional theory (DFT) calculations in such
cases [44-48]. The investigated singular and bimolecular models were exhibited in Figures 1
and 2, and their evaluated quantitative features were tabulated in Tables 1 and 2.

Figure 1. The singular models of Hydrea (HYD) and oxidized silicon carbide (OSiC) nanocage and their
frontier molecular orbitals (HOMO and LUMO) representations.

2. Materials and Methods

The parental models of this work (Figure 1) were the Hydrea (HY D) anticancer and the
oxidized silicon carbide (OSiC) nanocage, in which they were optimized to find their stabilized
geometries in correspondence with the minimized energy level. Subsequently, the already
optimized singular models were combined to create the HYD@OSIC bimolecular models
(Figure 2). Finally, by examining all possibilities of configurational variations of two
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molecules towards each other, four optimized bimolecular models, H1-H4, were obtained by
performing re-optimization calculations.

Figure 2. The bimolecular models of HYD@OSIiC complexes, H1-H4, and their frontier molecular orbitals
(HOMO and LUMO) representations.

As listed in Table 1, molecular features of singular and bimolecular models were
evaluated to describe the investigated model systems. The highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO) are both very important for
assigning electronic communications of molecular models, which were obtained in this work
in both quantitative and quantitative energies of Enomo and Erumo and graphical
representations of distribution patterns. Additionally, values of energy gap (Ecap) and chemical
hardness (Chard) Were obtained as Ecap = ELumo — EHomo, and CHard = Ecap/2. Accordingly, the
models were analyzed based on their molecular electronics features. E ags implied for the energy
of adsorption of HYD at the OSiC surface indicated by energy differences of bimolecular and
singular states as Eags = Envpaosic — Envp — Eosic. The impacts of basis set superposition error
(BSSE) [49] on the evaluated values of Eags were almost negligible. In Table 2, further details
of interactions of bimolecular models were provided by the evaluated features of quantum
theory of atoms in molecules (QTAIM) analyses [50]. Interactions types and distances, and
values of total electron density (V?p), Laplacian of electron density (p), and energy density (H),
were evaluated to recognize details of interacting systems. The B3LYP-D3/6-31G* DFT
calculations were performed to obtain the optimized structures and their related features using
the Gaussian program [51, 52]. Other software, including GaussView, ChemCraft, and
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Multiwfn, were employed for extracting the results [53-55]. Consequently, the models were
prepared, and their features were evaluated to provide insights into the delivery of HYD
anticancer drugs with the assistance of an OSiC cage.

3. Results and Discussion

Providing insights into the delivery of Hydrea (HYD) anticancer drug with the
assistance of oxidized silicon carbide (OSiC) nanocage was done in this work by means of
performing DFT calculations. The parental models were exhibited in Figure 1, including the
singular models of HYD and OSiC. To create an oxidized form of SiC nanocage, an additional
oxygen atom was added to the structures to make a representative model of oxidized SiC
nanocage assigned by OSiC. The models were optimized, and their stabilized geometries were
found to involve them in interactions for creating HYD@OSIC models (Figure 2). All
possibilities of HYD and OSIiC substances' relaxation possibilities were examined, and four
models were obtained, including H1, H2, H3, and H4. In each model, the occurred interactions
between HYD and OSIiC conducted the formation of bimolecular complexes. Different
configurations were also obtained based on involving different modular sites of models in
interactions. To figure out the electronic properties, the molecular features of the investigated
models are listed in Table 1.

Table 1. Molecular features of singular and bimolecular models.*

Model Formula Enomo (eV) ELumo (eV) Ecap (V) Chard (eV) Eads (V)
HYD CHsN202 -6.964 0.962 7.925 3.963 —

0SiC C120Si12 -6.039 -2.991 3.047 1.524 —

H1 C13H4aN203Si12 -5.682 -2.560 3.123 1.561 -1.334
H2 C13H4aN203Si12 -5.291 -2.234 3.057 1.529 -1.720
H3 C13HsN203Siz2 | -5.820 -2.695 3.126 1.563 -0.884
H4 C13HaN203Si12 -4.862 -1.944 2.917 1.459 -1.457

1The models were shown in Figures 1 and 2.

As found by the energy values of HOMO and LUMO, the models were in different
levels of contributions to electron transfer processes. HOMO is indeed a level of electron-
donating, and LUMO is a level of electron-accepting, in which different levels of molecules
could help to reach a point of electron transferring process. A careful examination of HOMO
and LUMO levels of HYD and OSiC could reveal the direction of electron transfer from HYD
to OSiC as the HOMO level of HYD was lower than that of OSiC, and the LUMO of HYD
was upper than that of OSIC. Accordingly, electron transferring could be taken place from
HOMO of HYD to HOMO of OSiC and from LUMO of HYD to LUMO of OSIiC. This claim
could be very well affirmed by the exhibited distribution patterns of Figure 2, in which both
HOMO and LUMO were moved to the OSiC substance of all of the H1, H2, H3, and H4
bimolecular complexes. This achievement could be a clue of the benefit of employing the OSiC
substance for efficiently adsorbing the HY D substance for approaching drug delivery purposes.
As could be found by the HOMO and LUMO results, the OSiC adsorbent could manage further
contributions of the adsorbed HYD substance to other interactions.

In addition to the exact energy values of HOMO and LUMO, differences between the
two levels are also very important for recognizing the electronic features of molecular systems.
As found for the models, the values of energy gaps (Ecap) of bimolecular models were closer
to the value of singular OSIC, showing this adsorbent’s significant impact on adsorbent HYD
substance. This achievement agrees with the earlier achievement of movement of both HOMO
and LUMO patterns to the OSIiC substance. Accordingly, the values of Egqp affirmed such
https://biointerfaceresearch.com/ 40f9
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observation for the molecular orbitals features. In other words, the significant role of OSiC was
affirmed for conducting the further behaviors of adsorbed HYD substance for approaching a
targeted delivery process. Smaller values of chemical hardness (Chard) also affirmed the
benefits of bimolecular complexes for contributing to more efficient reactions or interactions
compared with the singular HYD substance. The values of adsorption energy (Eads) also
approved formations of HYD@OSIiC bimolecular complexes by assigning reasonable strength
values for the model systems. Compared to the results of earlier parallel works [40, 56-58], the
current models were found suitable for achieving strong complexes. Based on the obtained
results, H2 was found at the highest level of strength, and H3 was found at the lowest level in
the order of H2 > H4 > H1 > H3. It is noted that examining all possibilities of interactions was
important to learn details of interactions strength, in which different meaningful adsorption
strengths and configurations were found for the HYD@OSIC bimolecular models. To this
point, further details of such interactions were evaluated by performing QTAIM analyses on
the optimized bimolecular models.

Table 2. Interactions features of bimolecular models.t

HYD@OSIC | Interaction Distance (A) p (au) V2p (au) H (au)
H1 H..O 1713 0.044 0.139 -0.002
N...Si 1.998 0.071 0.294 -0.018
H2 H...0 1732 0.042 0.137 -0.001
0...8i 1.813 0.083 0.437 -0.027
H3 H..O 2.798 0.004 0.019 0.001
0...Si 1.953 0.063 0.216 -0.016
H4 H..0 1.811 0.036 0.121 -0.001
0...Si 1.816 0.082 0.416 -0.026

The models were shown in Figure 2.

Details of QTAIM analyses for the interactions of HYD@QOSIC bimolecular models
are listed in Table 2. As shown in Figure 2, two interactions were involved in each bimolecular
model assigned by the types of interactions in Table 2. Within the models, H...O interactions
were available for all four bimolecular models. Next, N...Si was available for H1, and O...Si
was available for H2-H4. Accordingly, different values of distances and interaction
descriptions were found for the models. Careful examinations of the results could indicate the
significant roles of relaxations configurations for achieving string adsorption, in which H2 was
at the highest level of strength among H1-H4 models. H...O and O...Si were two interactions
of this model with significant levels of QT AIM descriptions. Accordingly, the model was found
to be at the highest strength level of adsorption. In all other cases, the levels of strengths and
the obtained results helped to learn details of interactions between HYD and OSiC substances
with different levels of strengths. Indeed, based on such QTAIM features, the models were
recognized by their details of interactions to learn their structural configurations for creating
bimolecular models. Not only the type of interactions but the roles of all interactions were
found in this case. Learning the basics of creating such configuration could help make an
oriented application for the models’ systems as found for the HYD@OSIC complexes for
assigning their further applications of drug delivery processes.

4. Conclusions

The majority of this work was to provide insights into the delivery of HYD anticancer
drugs with the assistance of an OSiC nanocage. To this aim, DFT calculations were performed
to optimize the structures and to evaluate their related features. The results indicated the
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existence of four different configurations of HYD@OSIC bimolecular complexes with
meaningful levels of adsorption strengths. Additionally, the molecular orbital features
indicated a significant role of OSIC substance in managing the adsorption process and the
adsorbed HYD substance's behaviors for further reactions and interactions. Movements of
HOMO and LUMO patterns to the OSiC substance and a closer value of Egap 0f bimolecular
models to that of the single OSiC substance than the single HYD substance all approved the
significant role of OSiC. Additionally, analyzing details of interactions indicated the existence
of types of specific interactions and their descriptions. To conclude the obtained results of this
work, it could be mentioned that the models of HYD@OSIiC were found suitable to be proposed
for the drug delivery process.
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