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Abstract: This study examines the performance of 5-flurouracil (5-FU) and cisplatin (CDDP) loaded
graphene nanocarrier, which were prepared using nanoprecipitation technique to investigate the
loading nature of two anti-cancer drugs. Initially, the graphite was exfoliated under ultrasonication
method. The exfoliated sheets characterized and a single layer of carbon atoms like graphene sheets
was confirmed. 5-FU and CDDP as an anti-cancer model drugs were entrapped on to the surface of the
graphene sheets via electrostatic and n-r staking interactions. The prepared graphene nanocarrier have
been thoroughly characterized by using various microscopic techniques, including Fourier transform
infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM), and X-ray diffraction (XRD). The
encapsulation efficiency and in-vitro drug releasing behavior of the nanocarrier were investigated by
UV-Vis spectrometry the wavelength of A 265 nm and 267 nm. Aromatic 5-FU anti-cancer drug have
higher encapsulation efficacy and sustained releasing nature. Since graphene is good platform for the
entrapment of 5-FU anti-cancer drug then CDDP for chemotherapy.
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Introduction

Cancer is currently one of the most lethal
diseases and a world health concern. The most
common cancer treatments are chemotherapy,
radiotherapy, gene therapy and surgery!'.
Now chemotherapy is a major treatment of
cancers and it is an essential clinical therapeutic
modality for a wide range of cancers. But,
herein low therapeutic efficacy, drug resistance
low cellular uptake efficiency and high side
effects®*). The 5-Fluorouracil (5-F U) is one of
the oldest but still widely used anti-neoplastic
agents. It is an anti-metabolite of the pyrimidine
analog type used for treating various types of
solid tumors such as the cancer of stomach,
intestine, colon, pancreas, ovary, breast, etc.,

alone or in combination. It has a plasma half-life
of 10-20 min, hence high doses (400—-600 mg/
m? weekly) are required to achieve therapeutic
concentrationt’”). Even though, it is useful for
treating various types of cancer, it has serious
side effects such as bone marrow depression,
gastrointestinal tract reaction, leucopenia, and
thrombocytopenial®. Cisplatin (CDDP) is one
of the most active anticancer agents, and it is
used in the treatment of several cancers such
as ovarian, testicular, osteosarcoma, head and
neck, and small cell lung cancer. CDDP must be
used in limited short-term, high-dose treatments
for cancer because of its nephrotoxicity and
ototoxicity. Generally, CDDP is administered
through a vein (intravenously or IV) as an
infusion!..
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The need of reducing the toxicity and
enhancing the chemotherapy, a platform is
required for delivering of cancer drug in
exact places. Graphene, a two-dimensional
nanomaterial reported for the first time in 2004,
hasbeenwidelyinvestigated foritsnovel physical
properties and potential applications in various
medicinal applications!'*'l. Graphite Oxide can
be readily exfoliated into monolayer sheets to
yield stable suspensions in water because of the
hydrophilic oxygenated functional groups on its
basal planes and edges!'>'¥. Further, the large
two-dimensional plane of Graphene sheets
provides large specific surface area to carry
drugs via surface adsorption, hydrogen bonding,
and other types of interactions. Meanwhile,
the excellent biocompatibility and nontoxicity
of graphene makes it a promising material for
drug carrier substances!!>!7). Nevertheless, a
careful and thorough investigation of syntheses
methods 1is required. Therefore, different
methods have been explored continuously using
mechanical, chemical and physical approaches
for the exfoliation of graphenel'®-22!,

In this study, a new graphene sheet was
prepared by ultra-probe sonication and the
abilities to binding the drug on the carrier
and controlled release system was developed.
The 5-FU and CDDP loaded graphene was
investigated the encapsulation onto graphene in-
vitro release behavior at different pH conditions
2.8 and 6.8 by UV—Vis spectrometry.

Materials and Methods

Materials

Graphite, ethanol, were purchased from
Sigma Aldrich, Mumbai, India. 5-FU and CDDP
were purchased from Alfa Aeser, Mumbai,
India. All Chemicals were of analytical grade
were used directly as purchased without further
purification. Double distilled water was used
throughout the experiments.

Synthesis of Exfoliated Graphene

0.5 g of graphite was subjected to an ultra-
probe sonication treatment for 30 min (130
W) with the aid of the ultrasonication (VIBRA
— Cell Ultrasonic processor), the graphite was
exfoliated and thus a brown aqueous suspension
of graphene nanosheets was formed.
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Investigation of drug loaded Graphene
carrier

The exploited graphene nanosheets (GNs)
were used for the drug loading process. 50 mg of
graphene nanosheet dispersed in 10 mL of water
and 5 ml of 5-FU (1 mL/mg) were added. The
mixture is stirred under magnetic stirrer with
1000 rpm for 1 h. After the reaction completion,
the 5-FU loaded graphene was filter using the
Whatman filter paper and dried for further
characterizations. The same procedure was
followed by the loading CDDP on the graphene
sheet inside of 5-FUP,

Characterization studies
FT-IR

A small quantity of Graphene, drug loaded
graphene nanocarriers, was separately mixed
with 100 mg KBr and compressed to form
tablets. These tablets were scanned on a Fourier
Transform Infrared Spectrometer (Spectrum
GX-1, Perkin Elmer, and USA) in the spectral
region of 4000—400 cm'.

Scanning Electron Microscopy (SEM) analysis
The morphology and surface appearance of the
nano graphene sheets (before and after the drug
loading) were analyzed by scanning electron
microscopy (VEGA3SB, TESCAN, Czech).
The instrument has the following components
like electron source, condensing lens, scan coil,
objective lens, detector, and monitor. One drop
of the nanoparticle suspension was placed on a
glass surface and dried at 40 °C. The samples are
usually mounted on to the sample holder with
aluminium plate. The less-conducting samples
are to be gold sputtered before mounting it onto
the specimen stage of the SEM. Coating was
achieved at 25 mA for at least 60 s. Scanning
was performed under high vacuum and ambient
temperature with a beam voltage of 20-30 kV.

X-Ray diffraction spectra (XRD)

The wide-angle X-ray diffraction (XRD,
Bruker AXS DS) spectra were measured on
a powder diffractometer with nickel-filtered
Cu Ko, X-ray beam (A = 0.15418 nm). The
scanning range was between 100 and 600 and
the scanning rate was 60/min.

Drug loading efficiency
The loading content of 5-FU and CDDP
was measured by UV spectrum at A__value of
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226 and 265 nm. Accordingly, the drug loaded
supernatants obtained were determined by UV
spectrometer. The 5-FU and CDDP loading
content were calculated by the following
equation

Total amount of drug - Free amount of drug
(%) EE : - X100
Weight of dry nanoparticles

In-vitro Drug release studies

In vitro release profiles of 5-FU and
CDDP from drug-loaded nanoparticles were
investigated for in the PBS solution (pH
6.8) and acidic medium (pH 2.8). The (10 g)
nanoparticles in 5 mL, of release medium were
put into a dialysis tube (MWCO: 12000 Da).
The dialysis tube was placed in 50 mL of double
distilled water at 37 °C and stirred continuously
at 500 rpm. At specific time intervals, 3 mL
of solution was withdrawn from the outer
compartment and replaced with fresh double
distilled water (3 mL). The concentration of
the released 5-FU and CDDP was determined
by UV spectrometer (UV 1800, SHIMADZU)
at A value 265 and 267 nm. The dialysis was
performed in triplicate for each sample.

Results and Discussion

FT-IR

Figure 1 shows the FTIR spectra of exfoliated
graphene, 5-FU loaded graphene, and CDDP
loaded graphene nanocarrier. For graphene
spectra Figure 1(a) shows weak features,
the spectra demonstrating the exfoliation of
graphene with no functionality, the peak 1572
cm! corresponds to the carbon skeletal vibration
of graphene sheets™™!. Figure 1(b) shows that
the peak at 1275 cm”' was belongs to C-F
stretching band in the spectrum of 5-FU. The
spectrum at 1650 cm™, 1625 cm™ which peaks
indicate presence of C=0 stretching, 3335 cm™!
this peak shows that corresponds due to the
N-H stretching of 5-Flurouracil®. Figure 1(c)
this absorption is due to the N-H stretching of
NH, group present in CDDP molecule, which
was confirmed the encapsulation of CDDP on
the graphene nanocarrier®”.,
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Figure 1. (a) FTIR spectra of exfoliated
graphene, (b) 5-Fluorouracil (5-FU) loaded
graphene, and (c) cisplatin (CDDP) loaded
graphene nanocarrier

Morphological investigation

The detailed morphology of the graphite,
exfoliated graphene, 5-FU and CDDP entrapped
graphene was investigated by SEM analysis.
Figure 2(a) and 2(b) shows that graphite and after
exfoliated graphite by ultra-sonication process.
The Figure 2(b) morphology is clearly indicated
the exploitation of graphite and confirmation of
graphene!®. Figure 2(c) established that the
CDDP entrapped graphene as white coating
on the graphene structure. Figure 2(d) showed
multi textured particles surfaces, which is the
interaction of 5-FU and Graphene system with
electrostatic or hydrophobic interaction of
graphene sheets!*.

Y
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Figure 2. (a) The SEM images of the graphite,
(b) graphene, (¢ & d) 5-FU and CDDP loaded
graphene sheets
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XRD analysis

Figure 3 shows the XRD patterns of the graphene
nanosheets, 5-FU and CDDP loaded graphene
sheets. Figure 3(a) the graphene sheets show
a broad peak at 26.15, revealing that graphene
was successfully synthesized®®3!l. Figure 3(b)
the 5-FU loaded graphene sheets shows a sharp
peaks at (15.39 0, 16.36 0, 24.11 6 and 30.57 0)
indicating its multi crystalline nature of 5-FUP2.,
The sharp peaks appeared in Figure 3(c) be due
to the platinum loaded graphene nanocarriert**.

Graphene loaded CDDP
Graphene loaded 5-FU
graphene
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Figure 3. (a) The XRD patterns of the graphene,
(b & ¢) 5-FU and CDDP loaded graphene sheets

Encapsulation Efficiency

Encapsulation efficiency is an important
parameter to determine the encapsulating
behavior 5-FU and CDDP entrapped graphene
sheets. In this regard, we carried out the
encapsulation studies by using the UV-
Spectrometry studies by the A_ value of 265
and 267 nm using UV-Vis Spectrum. The
absorption intensity of 5-FU and CDDP (A
~ 265, 267 nm) decreases with time due to the
encapsulation on 5-FU and CDDP on Graphene
nanocarrier. The maximum drug entrapped
efficiency was observed on 5-FU & Graphene
system compared then CDDP & graphene. The
encapsulation efficiency of 5-FU and CDDP
on graphene was 99% and 96.08% obtained at
3 h and 5 h respectively. Based on the results
5-FU entrapped graphene nanocarrier shows an
awesome performance toward encapsulation
enhanced than CDDP entrapped graphene
nanocarrier. Because, the hydrophobic, n-n
stacking interaction of graphene sheets and
5-FU drug.
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Figure 4. (a) Encapsulation efficiency of 5-FU
and (b) CDDP entrapped graphene

In-vitro drug release studies

Following the synthesis, drug loading,
surface conjugation, and characterization
of nanoparticles, drug release studies are
performed to study the rate at which the loaded
drug is released into the different physiological
environment. Drug release studies are performed
at biologically relevant pH 2.8 and 6.8. In-vitro
5-FU, CDDP drug release profile from the
graphene carriers was assessed using the dialysis
technique at pH 2.8 (acidic pH) and pH 6.8 (basic
pH) at 37 °C. In the 5-FU & Graphene system
higher 95% of drug released at pH 2.8, when
compared to basic medium 84% at pH 6.8. But
in the CDDP & Graphene system having lower
releasing mechanism was perceived, it is due to
the weak interaction of CDDP and graphene.
The synthesized carrier preparation was based
on pH dependent manner and the basic medium
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having controlled releasing properties. Hence
the carrier with 5-FU can move through blood
stream and body fluids without any loss of drug
concentration. From the above information, we
strongly suggest the 5-FU and graphene system
very useful for cancer environment4 3%,
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Figure 5. (a & b) In-vitro drug release profile of
5-FU and (c & d) CDDP loaded graphene
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Figure 6. (a) The release profile of 5-FU, (b)
CDDP from graphene sheets in buffer solutions
with pH 2.8 and pH 6.8
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Conclusion

We have successfully entrapped 5-FU
and CDDP on the graphene sheets. The
interaction of 5-FU and CDDP on the graphene
carrier was investigated, the interaction is
expected electrostatic and n-m stacking on
the surface of graphene sheets and the drugs.
With the observation of physicochemical
characterization, entrapment and releasing
nature, the 5-FU having higher interaction
compared to cisplatin. Then the releasing nature
of drug form the carrier is very compatible
for cancer treatment. Since graphene is good
platform for the entrapment of 5-FU anti-cancer
drug then CDDP for chemotherapy.
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