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Abstract: Surface modification with biomolecules can overcome Graphene Oxide (GO) restrictions in
biocompatibility, cellular internalization, and drug delivery effectiveness, hence suitable for a wide range of
biomedical applications. In this study, a biocomposite (L-glutamine-functionalized magnetic graphene oxide (L-
GIn/MGO)) was prepared and used as a suitable nanoscale carrier with high drug loading capacity and excellent
release properties for 5-fuorouracil (5FU), an anticancer drug. The optimum pH for maximum drug adsorption
was determined as 4 at 293 K and as the temperature increased, the adsorption capacity decreased due to the
exothermic nature of the adsorption process. Some well-known models, including pseudo-first-order, pseudo-
second-order, and Intraparticular Diffusion (IPD), were applied to examine the kinetics of adsorption.
Additionally, the Langmuir, Freundlich, and Redlich-Peterson models were used to investigate the adsorption
isotherms. The obtained results showed that the adsorption process adhered to the Langmuir isotherm and
pseudo-second-order kinetic models. Nearly 26% of 5FU was released in the simulated stomach fluid at the pH
of 1.2 and temperature of 37 °C in the first 30 minutes while 32% of which was released in the simulated
intestinal fluid at the pH of 7.4 during the next 30 hours. The obtained results might be helpful for designing a

controllable loading and targeted 5FU drug delivery system.
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1. INTRODUCTION

Over the past two decades, a multitude of
nanomaterials with distinct dimensions, shapes, and
chemical compositions have emerged as potential
nanocarriers for therapeutic agent delivery (Shah et al.,
2022). The advent of GOs, as promising pharmaceutical
systems in targeted, local, and controlled drug delivery,
has provided a new opportunity for researchers owing to
their distinctive properties (Itoo et al., 2022).

GO presents humerous advantages over alternative
drug delivery systems (Liu et al., 2013). Nonetheless,
surface modification of graphene and GO is imperative
through covalent or non-covalent approaches to confer
specific biological activity, enhance biocompatibility,
and stabilize their colloid suspension. To this end, a
range of polymers or small biological molecules are
employed (Daneshmoghanlou et al., 2022; Orsu &
Koyyada, 2020). L-GIn is a highly abundant water-
soluble amino acid that serves numerous functions in the
human body, encompassing wound healing, intestinal
health, reinforcement of the immune system, and muscle
and skin protein synthesis. Many tumor cells rely on
extracellular glutamine for their survival, proliferation,
and growth, given their elevated rates of protein
synthesis. Consequently, incorporation of L-Gln into the
nanocarriers is poised to notably elevate the targeting

efficiency and intracellular uptake of anticancer drugs
by tumor cells (Milas et al., 2003). The objective of this
research is to prepare a magnetic bio-nancomposite (L-
GIn/MGO) comprising GO, magnetite, and L-GIn to
load 5FU, a chemotherapy drug. Different variables that
affected the drug adsorption capacity were also
optimized. To evaluate the carrier efficacy, the drug
release behavior of SFU@L-GIN/MGO was analyzed
over a 30-hour time period in the simulated stomach and
intestinal environments.

2. MATERIALS AND METHODS
Applied chemicals were purchased from Sigma Aldrich.
To synthesize L-GIn/MGO, 0.1 g of MGO was
dispersed in 20 mL of distilled water and subjected to
ultrasonication for 120 min. Subsequently, 50 mL of L-
Gln solution (20 g/L) and 10 mL of NaOH solution (20
g/L) were introduced into the previous suspension. The
mixture was then stirred for 60 min to facilitate the
formation of an amide bond via the reaction between the
carboxylic acid of GO and the amine groups of L-Gln.
The adsorption capacity of the L-GIn/MGO for 5FU
was optimized by changing parameters, such as the pH,
initial drug concentration, temperature, contact time,
and adsorbent dosage, based on similar adsorption
studies with other nanocarrier systems
(Daneshmoghanlou et al., 2022)
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To investigate in-vitro drug release, 100 mg of 5FU-
loaded L-GIn/MGO and 2 mL of the stomach buffer at
pH 1.2 were introduced into a dialysis bag. The dialysis
bag was securely sealed and immersed in a beaker
containing 50 mL of stomach buffer at pH 1.2 and 37
°C. At predefined time points up to 30 min, 3 mL of the
solution containing 5FU was withdrawn as a sample and
immediately replaced with the same volume of fresh
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buffer solution, maintaining a constant solution volume.
After 30 min, the dialysis bag was taken out of the
solution and dropped into another beaker containing 50
mL of intestinal buffer at pH 7.4 (buffer exchange). To
quantify the amount of the released drug, the sampling
procedure was continued at specific time intervals over
30 h.
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Figure 1. (a) FT-IR spectrum, (b) XRD pattern, (c) FE-SEM image, (d) EDX line spectrum, and (e) magnetization curve of L-
GIn/MGO.

3. RESULTS AND DISCUSSION

The chemical structure of L-GIN/MGO and its
functional groups were determined through FTIR
spectroscopy (Fig. 1 (a)). The peaks observed at 587 and
630 cm™ correspond to the symmetric and asymmetric
stretching vibrations of Fe-O in FesOs magnetic
nanoparticles, respectively. Additionally, the absorption
band at 1587 cm™ is indicative of the C=0 stretching
vibration characteristic of the second type of amide,
affirming the successful bonding between the amine
groups of the L-GIn molecule and the carboxylic acid
groups of GO.

Fig. 1 (b) displays the XRD pattern of the L-
GIn/MGO nanocomposite. The Fe304 index peaks are
clearly observable at diffraction angles of 18.1°, 30.3°,
35.5°, 43.2°, 57.1°, and 7.62°. Notably, the appearance
of the (001) peak at the diffraction angle of 13.7°
indicates that the graphene structure remained intact
upon the introduction of Fe3O4 nanoparticles.

As shown in high-magnification FE-SEM image
(Fig. 1 (c)), a considerable number of FesOs semi-
spherical nanoparticles, with an average size of
approximately 30 nm, are dispersed on the surface of
GO plates.

Fig. 1 (d) presents the results of the EDX analysis for
L-GIn/MGO. The composition of this magnetic
biocomposite consists of carbon (19%), iron (52%),

oxygen (24%), and nitrogen (5%).

The absence of a hysteresis loop, coercivity, and
remanence in Fig. 1 (e) signifies the superparamagnetic
property of the synthetic biocomposite. The magnetic
saturation of L-GIn/MGO was 27.16 emu g >

Fig. 2 displays the effect of pH on the adsorption
capacity of 5FU at an initial concentration of 20 mg/L,
contact time of 120 min, and temperature of 293 K. As
depicted, the adsorption capacity reached its highest
value (8.0 mg/g) at the pH of 4 and as the pH increased
up to 8, the amount of drug adsorption decreased.
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Figure 2. The effect of solution pH value on the adsorption
capacity of L-GIn/MGO.
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The release of the 5FU drug from S5FU@L-
GIn/MGO was examined in a simulated in-vitro
environment simulating the stomach (pH 1.2) and
intestine (pH 7.4) at 37 °C over a 30-h period. As
depicted in Fig. 3, approximately 31% of the drug was
released from the nanocarrier within the first 30 min,
displaying a rapid release profile in the stomach-
simulated environment. Subsequently, upon replacing
the stomach buffer with the intestinal buffer, about 48%
of the drug was released during the subsequent 2 h,
exhibiting a slower slope than that in the initial 0.5 h in
the intestine-simulated environment. Following 12 h
from the start of the experiment, the drug release
continued gradually, reaching 55% and eventually
stabilizing at 58%.
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Figure 3. In-vitro 5FU release profile from 5-FU@ L-
GIn/MGO at pH 1.2 and 7.4 at 37 "C up to 30 h.

4. CONCLUSION

In summary, the current study aimed to prepare a
novel magnetic L-GIn/MGO bio-nanocomposite used
for loading the 5FU drug. In this research, the
electrostatic interactions, m-m electron donor and
acceptor interactions, and formation of hydrogen bonds
were identified as the contributing factors in the
adsorption of 5FU onto the synthetic biocomposite.
Approximately 31% of 5FU was released from the L-
GIn/MGO@5FU nanocarrier during the first 0.5 h in the
simulated stomach environment (pH 1.2) at 37 °C,
followed by an additional 27% release in the simulated
intestinal environment (pH 7.4) over 30 h.
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