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Introduction: The most difficult part of treating cancer is dealing with the side effects of
chemotherapy drugs, which are caused by their systemic toxicity. Targeted and biocompatible
drug delivery systems mitigate these adverse effects by delivering drugs directly to tumor cells.
This study aimed to examine the cytotoxic and hemolytic effects of graphene oxide (GO)
nanosheets functionalized with taurine (Tau) and glucosamine (Glu) as a prospective
nanocarrier for the drug doxorubicin (DOX).

Materials & Methods: This study modified the surface of GO with polyvinylpyrrolidone
(PVP), Tau, and Glu to improve biocompatibility and targeting capability. We employed TEM
imaging, EDX analysis, and FTIR spectroscopy to characterize the synthesized nanomaterial
(FesO4@CGO-Tau/Glu Its biocompatibility was assessed via an MTT cytotoxicity assay on
human dermal fibroblast (HDF) cells and a hemolysis assay on red blood cells. Statistical
analysis was conducted in SPSS V.18 utilizing one-way ANOVA,; p < 0.05 was regarded as
significant.

Results: TEM images and EDX analysis confirmed the successful synthesis of FesO4@CGO-
Tau/Glu The FTIR spectra revealed the physical interactions occurring between DOX and the
nanomaterial. FTIR spectra showed that DOX and the nanomaterial worked well together. The
viability of HDF cells subjected to Fes0.@CGO-Tau/Glu at a concentration of 1000 pg/mL
was 90.67%. The hemolytic activity of the nanomaterial at the same concentration was also
measured at 4.72%.

Conclusion: The FesO-@CGO-Tau/Glu nanomaterial showed little cytotoxicity towards HDF
cells and did not inflict considerable harm on red blood cells. Functionalizing graphene oxide
nanosheets with Tau and Glu produced a nanocarrier exhibiting favorable biocompatibility
and potential targeting efficacy for cancer cells in the delivery of DOX. This nanomaterial may
enhance safety in cancer therapy.
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Introduction

Nevertheless, its therapeutic benefits are
diminished due to having side effects such as heart

Cancer remains one of the fundamental
causes of death globally despite remarkable
advances in diagnostic and therapeutic approaches
(1). Doxorubicin (DOX), an anthracycline
antibiotic, proved to be an efficacious
chemotherapeutic drug and is extensively utilized
in treating various types of malighancies.
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injury and reduced blood cell production (2). DOX
has a narrow therapeutic index, imprecise
biodistribution, and free radical generation ability.
Therefore, it is essential to develop drug delivery
systems that result in better targeting and cause
fewer side effects. This approach may provide
patients with reduced harmful consequences from
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the drug as well as offering its therapeutic
effectiveness (3). Graphene oxide (GO) is a proper
vehicle to deliver DOX because it has a large
surface area, oxygenated functions, and thermal
stability and can be dispersed suitably in water.
Moreover, its surface can be modified with
magnetic FesOs nanoparticles to enable field-
assisted guidance and increased drug localization
(4). The conjugation of graphene oxide (GO) with
taurine (Tau) and glucosamine (Glu) has shown
considerable prospect in enhancing safety and
selectivity, as Tau inhibits invasion and Glu
facilitates selective absorption through glucose
transporter pathways, which are overexpressed in
cancer cells (5). This study aimed to develop and
assess FesOs@carboxylated GO nanocomposite
functionalized with Tau and Glu (FesO.@CGO-
Tau/Glu) as a drug delivery wvehicle for the
transportation of DOX.

Methods

Analytical-grade reagents, including ferric
chloride hexahydrate, ferrous chloride
tetrahydrate, sodium hydroxide, chloroacetic acid,
polyvinylpyrrolidone (PVP), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDC-HCI), N-hydroxysuccinimide
(NHS), dimethyl sulfoxide (DMSO0),
ethylenediaminetetraacetic acid (EDTA), and 3-
(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), were
purchased from Merck (Germany). FesOs@CGO
was conjugated with Tau/Glu using EDC-HCI and
NHS, then washed and dried. Structural
characterization was carried out using FTIR
(Perkin Elmer Spectrum Two), TEM (Philips
CM120), and EDX (TESCAN VEGAS3). Normal
Human Dermal Fibroblasts (HDFs) were obtained
from the Pasteur Institute of Iran. The MTT assay
was used to test cytotoxicity after 24 hours of
exposure to 0.1-1000 pg/mL of the nanocomposite
at 37°C and 5% CO.. After incubation, the
formazan crystals were dissolved in DMSO, and
the absorbance intensity was measured at 545 nm
to evaluate cell viability. The proportion of viable
cells was determined in comparison to the
untreated control group. The blood compatibility
was assessed using human erythrocytes (EDTA-
anticoagulated, 1:10 dilution) incubated at
equivalent concentrations. Following
centrifugation, the absorbance of the supernatant
was recorded at 414 nm to determine the amount
of hemoglobin released. The hemolysis percentage
was then calculated using distilled water and
phosphate-buffered saline as positive and negative

controls, respectively. Statistical analysis was
performed in SPSS V.18 using one-way ANOVA;
p < 0.05 was considered significant.

Results

TEM pictures showed that FesOq
nanoparticles were rather evenly spread out on the
GO. In the EDX spectra appearance of distinct
peaks for C, O, Fe, N, and S confirmed that Tau
and Glu were attached to FesOs@CGO. The FTIR
spectrum of DOX exhibits characteristic peaks at
33003400 cm™!, attributed to O-H and N-H
stretching vibrations, and at 1650 cm™, assigned to
the C=0 carbonyl group. In the FTIR spectrum of
Fe;04@CGO-Tau/Glu,  characteristic  peaks
appeared for the hydroxyl group (O—H stretch) at
around 3300 cm™ and the amide group (C=O
stretch) near 1650 cm™, suggesting effective
surface modification and chemical bonding. Cell
cytotoxicity results from the MTT assay showed
that the FesO4@CGO-Tau/ had almost no toxic
effect on healthy HDF cells at concentrations
ranging from 0.1 to 1000 pg/mL. At 1000 pg/mL,
viability remained at 90.67%, with no significant
difference compared to the untreated control group
(P = 0.763) which indicates desirable
biocompatibility. Among all tested concentrations,
the cytotoxicity was negligible. This observation
suggests that the nanocomposite may be safely
used for drug transportation purposes. The
hemolysis investigation showed that
Fe;04@CGO-Tau/Glu only caused 4.72% red
blood cell damage at 1000 pg/mL which is
generally considered acceptable.

Conclusion

The  FesO«@CGO-Tau/Glu  exhibited
uniform morphology as well as minimum
cytotoxic and hemolytic activity. These findings
indicate its suitability as a biocompatible carrier for
DOX transport. The attachment of GO to Tau may
have contributed to the observed biological
compatibility, since Tau has antioxidant and
membrane-protective effects. Such properties
could help diminish oxidative damage to
erythrocytes. The presence of Fe:Os offers the
nanocomposite magnetic responsiveness, allows
external guidance, and causes tumor accumulation
under magnetic conditions. Although the in vitro
findings are relatively encouraging, further
investigations are needed to determine the in vivo
distribution, pharmacokinetic behavior, and long-
term side effects of Fe:04@CGO-Tau/Glu in
cancer models. Future research can focus on drug-
release  profile determination under both
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physiological and tumor-like environments.
Moreover, to confirm its safety, therapeutic
efficacy, and practical applicability in targeted
chemotherapy, a comprehensive preclinical
evaluation, including animal studies, should be
prioritized.
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