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- efficacy and enabling targeted drug delivery, thereby
: transforming it into an effective nanomedicine. The objectives of
: this study included the stabilization of doxorubicin on a graphene
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Pl : oxide nanosystem and analyzing various properties related to this

e : stabilization, as well as conducting in-silico studies of this drug
f;_‘.&.f:é‘.;'é : on topoisomerase Il enzyme. To investigate the effects of

jm) o o : doxorubicin on the graphene oxide substrate, graphene oxide was

: first synthesized from graphite using the Hummers method.

DOI: : Following this, doxorubicin loading was achieved by sonication,
10.30495/jnm.2024.33626.2046 : thus stabilizing the drug on the substrate. Doxorubicin

hydrochloride was also used as a standard.

Keywords: _ Methods: To evaluate the properties of the stabilized drug, FT-
Doxorubicin,  Graphene Oxide, : |R, SEM, and X-ray diffraction (XRD) analyses were employed.
Topoisomerase Il Enzyme, : For studying the molecular interactions of the obtained compound with

Release, Nano System topoisomerase Il enzyme, molecular docking was utilized. Among @+

clusters considered for the compound, the ¥ + th cluster exhibited the best
energy state of - Y/3kcal/mol. Furthermore, the intramolecular energy,
electrostatic energy, overall internal energy, and torsional free energy
at YiA/VoKelvin were reported as - YA/7kcal/mol, - +/3Ykcal/mol, -
Y ¥/¥kcal/mol, and - YA/Ykcal/mol, respectively.

Findings: The best interactions were attributed to van der Waals,
hydrogen, hydrogen-carbon, alkyl, and w-alkyl bonds. In this context, a
total of Y Yamino acids remained in contact with the drug. In the infrared
spectrum analysis, an increased intensity of the stretching vibrations of
the hydrogen atoms in the first-type aliphatic amine group was observed
in the FTIR peaks, providing evidence for the drug's stabilization on the
graphene substrate due to greater freedom of action of the relevant
hydrogen atoms and their activation resulting from interaction with the
graphene oxide substrate. Additionally, a shift in the stretching
vibration position of the carbonyl group from Y7 «Acm™ towards lower
wavenumbers was observed due to the attack of the lone pair electrons
of the oxygen atoms on the carbonyl backbone of the doxorubicin
molecules. According to SEM and FESEM spectra, the stabilized drug
on both GO and rGO samples exhibited a roughly layered and
heterogeneous structure. After the reduction process, the rGO structure
appeared as more uniform and smoother sheets, which was attributed to
the reduction of oxygen groups in rGO, leading to increased uniformity
and reduced surface roughness. XRD data revealed a strong peak in GO
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corresponding to the interlayer spacing (d-spacing), indicating a layered
structure and the presence of oxygen groups on the GO surface.
Conversely, in the XRD spectrum of rGO, a peak around YVY-Y7degrees
was observed, reflecting the reduction of the interlayer spacing (d-
spacing) due to the removal of oxygen groups and increased structural
uniformity.

The diffraction pattern of rGO displayed a simpler and more uniform
spectrum, signifying improved crystalline structure and reduced
systemic defects. Based on the favorable instrumental results and in-
silico studies on topoisomerase Il, along with the high importance of
biocompatibility of drug carriers, the superiority of the stabilized
doxorubicin drug on the graphene oxide nanosystem compared to the
initial drug is evident, and the recent compounds can be considered
suitable candidates for further improving cancer patients' treatment and
controlling their diseases.
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Extended Abstract

Introduction

Targeted drug delivery is a set of activities that
lead to the accumulation of drugs in a specific
area of the body [1]. Depending on the location
of the disease, these activities may cause the
drug to reach a specific organ, a specific type of
cell, or even some intracellular organelles. The
main advantage of using targeted drug delivery
is increasing the therapeutic effects of drugs
without inducing side effects on healthy tissues
or cells [2]. Nowadays, many researchers have
devoted their studies to the development of
targeted drug delivery strategies for the
treatment of diseases threatening humans [3].

Graphene oxide is one of the widely used
nanostructured compounds in the field of
producing smart drug carriers [4,5]. The surface
modification of graphene oxide with various
compounds has been studied and studied a lot
in order to increase the efficiency of drug
loading and stabilization on it [6]. In this study,
this compound was used to load the anticancer
drug doxorubicin. Lung, bronchus, breast and
colorectal cancers are the most common causes
of fatal cancers in women. According to
statistics published in 2010, breast cancer alone
accounts for 28% of all cancers in American
women [7,8].

In continuation of the comprehensive research
in drug delivery of nanoparticles in 2022, a
comprehensive and detailed investigation of
nanoparticles in drug delivery and the use of
graphene oxide for drug loading was carried
out. These studies showed that nanoparticles
can effectively help in targeted drug delivery
and have the potential to be used in the
treatment of cancers.

In this regard, research on the loading of
doxorubicin  drug on graphene oxide
nanoparticles and investigating the in-silico
properties of this nano drug seemed necessary
for several reasons:

Findings and Discussion
Preparation of graphene oxide as a drug
carrier

24

The modified method of Homoz and Afman
(2010) was used for the synthesis of graphene
oxide from natural graphite powder. Briefly,
graphite (0.5 g), sodium nitrate NaNOs (0.5 g)
and 23 ml of concentrated sulfuric acid (as the
main solvent and to acidify the reaction
medium) for 1 hour in an ice water bath They
were mixed at 4 °C. The pH of the solution was
adjusted to about 8. This pH helps to maintain
the balance in the oxidation process and prevent
the decomposition of graphene oxide.
Therefore, phosphoric acid was used to adjust
the pH and to improve the properties of
graphene oxide, and to increase the pH to 8
(alkaline), alkaline solutions of sodium
hydroxide (NaOH) were used to prevent
decomposition and improve the process.
Oxidation was done. Then 1.5 grams of
potassium permanganate was slowly added to it
and the solution was stirred for one day at 35°C.
23 ml of distilled water was slowly added to the
above mixture and the reaction mixture was
stirred for 30 minutes with increasing
temperature (with a ramp of 1°/s so that the
temperature does not exceed 98°C). Finally, 5
ml of 30% hydrogen peroxide (H.O,) and 70 ml
of deionized water were added to the mixture.
The reaction mixture was filtered and washed
several times with 3% hydrochloric acid
solution and deionized water. This process was
done several more times with a centrifuge.
Finally, the resulting brown solid was dried in
a vacuum oven.

Reduction of graphene oxide

Graphene oxide is usually not thermally stable,
and for this reason, it is partially reduced to
increase the ratio of carbon atoms to oxygen.
Chemical, thermal and multi-stage regeneration
are among the methods of reducing graphene
oxide and preparing rGO. Generally, thermal
and chemical regeneration are done in one step.
In this research, chemical reduction with
sodium borohydride was used to prepare rGO
from GO (30). The regeneration of GO with this
effective method to produce rGO can improve
the electrical and structural properties of
graphene. The reaction conditions including
temperature, pH and applied time must be
carefully controlled to maximize the quality of
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rGO. The relevant regeneration was done at
room temperature (26°C). The pH of the
solution can be controlled. In order to facilitate
the reduction process and by adjusting the ratio
of sodium borohydride to GO, the pH was set
in an alkaline state (between 9 and 10). The
time required for the reduction of GO to rGO
was considered to be 2 hours. For this, GO was
dissolved in deionized water and then sodium
borohydride was slowly added to the solution.
The mixture was kept under constant stirring
until the reaction was homogeneous. After the
completion of the reaction time, the solution
was kept at room temperature for 1 hour to
consume any residual sodium borohydride.
Then, the mixture is washed with water to
obtain pure rGO.

Drug loading

In order to load the drug doxorubicin on the
drug carriers based on graphene oxide and
reduced graphene oxide, first, 2 ml of
phosphate buffer along with 6 mg of
nanocomposite (based on graphene oxide and
reduced graphene oxide) were subjected to
ultrasound for 5 minutes. Agitation and uniform
dispersion of the nanocomposite in the liquid
helps.

Next, 10 ml of doxorubicin drug solution with
a concentration of 0.5 mM was added to the
nanocomposite  suspension.  Then,  the
suspension was mixed with a magnetic stirrer
for 18 hours in a dark environment. This action
helps to effectively load the drug doxorubicin
on the graphene oxide-based drug carriers and
reduces its degradation by preventing the drug
from disintegrating against light.

After the end of the loading process, the final
product was washed with a centrifuge, which
helps to remove excess and non-loaded
materials. Finally, the supernatant solution was
used to determine the yield and efficiency of
drug loading. The drug loading percentage is
calculated from the following equation.

Interest loading = (W_1-W_2)/W_ad %100

In this equation, W1 and W?2 are, respectively,
the initial weight of the drug in the loading
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solution and the weight of the unloaded drug,
and the difference between these two values is
the weight of the loaded drug, and Wad is the
weight of the adsorbent for loading the drug.

Conclusion

According to the proven effects of the drug
doxorubicin, there is a need for extensive
research on improving the performance of
this drug and turning it into a nano drug.
molecular structure and create steric
hindrance, act.

There are different types of drug release
systems, and one of the newest and most
advanced types of drug release systems are
systems that use nanostructured carriers in
the design. In-silico simulation studies were
used to determine the efficacy of
doxorubicin.

Molecular simulation is a method used to
understand the type of interaction between
the desired molecule and macromolecules
such as enzymes. Since both computational
and experimental methods play a
fundamental role in drug development,
molecular docking has become a new tool
for the development of molecular
biological studies. Affinity factor indicates
the strength of interactions of molecular
ligands in the corresponding binding site to
the desired macromolecule through various
van der Waals, hydrogen and ionic
chemical bonds. Among the 50 clusters
considered for composition, the 40th cluster
had the best energy state of -2.9. Also, the
amount  of intramolecular  energy,
electrostatic energy, total internal energy
and torsional free energy corresponding to
it at the temperature of 298.15 K are -18.6
kcal/mol, -0.91 kcal/mol, and -4.14
kcal/mol. kcal/mol were 3.28. Van der
Waals, hydrogen, hydrogen-carbon, alkyl
and - m alkyl bonds showed the best
interaction.
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In the desired compound, the two-
dimensional structure obtained shows that
the best interactions are the result of van der
Waals, hydrogen, hydrogen-carbon, alkyl
and py-alkyl bonds (Figures 3 and 4).

The measured hydrophobic structure
showed the greater tendency of amino acid
tryptophan 34 (TYR34) to the non-aromatic
part and alanine 64 (ALA64) and
phenylalanine 80 (PHES8O0) to the aromatic
part of the corresponding ligand, which can
be attributed to the anisotropy properties of
the aromatic part of the corresponding
ligand. and its reaction with amino acids
with polarity is proportional to this part.

In the investigations related to FTIR, the
presence of the stretching vibration of the
carbonyl group at 1720 cm-1, the stretching
vibration of the aromatic ring hydrogens at
3117 cm and also the stretching vibration
of the hydrogen bonds of the hydroxyl
group at 2500-3500 cm? in the FTIR
spectrum indicate the success in preparing
It had graphene oxide and reduced
graphene oxide. As can be seen in Figure 5,
the peaks related to the stretching vibration
of aromatic ring hydrogens as well as C=C
bonds in graphene oxide were well
representative of the high purity graphene
oxide structure. After loading the drug on
the carrier, we saw more occurrence of
stretching vibration of hydrogens of the
first type aliphatic amine group in the
position of FTIR peaks. Regarding the
appearance of this peak in the region of
3400 which is a broad peak, it can be said
that the corresponding peak is a stretching
peak and medium in intensity (similar to
hydroxyl peaks) that this intensity and
location under pure and stabilized
conditions in two the revived and non-

26

revived state is slightly different. The
greater intensity of this peak in the state of
non-reduced graphene oxide can be due to
the greater freedom of action of the
corresponding hydrogens in the non-
reduced form compared to the reduced
form. Also, the more active of these
hydrogens due to the interaction with the
graphene oxide substrate compared to the
pure drug can also be a factor for the higher
intensity of the corresponding peak.
Therefore, the increase in the intensity of
the peak related to the amino group (3385
cm) in doxorubicin after loading it on the
carrier is another proof of the formation of
appropriate interactions between the drug
and the carrier in the drug loading stage.
The stretching vibration of the carbonyl
group also had a slight increase in the peak
in the region of 1608 cm-1, which also
indicated the interaction between the
functional groups in doxorubicin with
graphene oxide.
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