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Abstract In the present research, a polymer, derived from the natural cellulose, grafted graphene oxide
(CCG) bio-nanocomposite was prepared, and its efficiency as a targeted carrier was measured for loading
curcumin, i.e., an anti-cancer drug. The structural and surface properties of CCG were examined using FESEM,
BET, and FTIR techniques. In this research, Response Surface Method (RSM) along with the central composite
design was employed to optimize the parameters such as the pH, contact time, and initial drug concentration, all
affecting the drug adsorption on the composite. The central composite design results indicated that a second-
order equation can properly fit the experimental data with a coefficient of determination of 0.9845 and
p < 0.0001. The maximum adsorption (70 %) was achieved at pH = 6, contact time of 60 min, and initial
concentration of 20 mg L. The drug release from the CUR@CCG nanocarrier at pH = 5.6 was significantly
higher than that at pH = 7.4, demonstrating the effectiveness of the system in the cancer cell environment. The
MTT assay was conducted to assess the cytotoxicity of CUR, CCG, and CUR@CCG on two cell lines including
the normal (MCF 10A) and breast cancer (MDA-MB 231). The cytotoxicity of CUR@CCG at the concentration
0f' 96 ug mL™! for 24 h on MDA-MB 231 was almost 45 %, slightly lower than the free CUR (50 %). According
to these results, the CCG bio-nanocomposite can be utilized as a biocompatible nanocarrier for targeted delivery

of the CUR anti-cancer agent.
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1. INTRODUCTION

Application of carbon-based materials such as
graphite  (three-dimensional), = graphene  (two-
dimensional), nanotubes, nanowires, and fullerenes
(zero-dimensional) has significantly increased over the
past two decades in various fields such as tissue
engineering, optics, biosensors, and carriers in the
delivery of genes and drugs, to name a few. Due to their
versatility and diversity, graphene and its derivatives are
a decent candidate for biomedical applications among
carbon-based materials [1].

Nevertheless, graphene-based nanomaterials have
several drawbacks such as poor water dispersibility,
limited biocompatibility, insufficient biodistribution in
living tissues, and quick excretion from the body. In this
regard, carbohydrate polymers play a significant role in
pharmaceutical applications owing to their high
stability, biodegradability, biocompatibility, drug-
loading capacity, and safety as well as their negligible
toxicity and controllable features. In order to improve
their water solubility and bioavailability while reducing
their toxicity and immune system activities, graphene-
based materials have been conjugated with a variety of
polysaccharides like hyaluronic acid, cellulose,
chitosan, starch, and alginate. Graphene-based bio-

nanocomposites enjoy higher drug/gene loading
capability than pure graphene. Stimuli-responsive
polymers also provide a proper drug-delivery platform
with high bioactivity that ensures sustained drug
delivery at a controlled rate. In the last decades, stimuli-
responsive or smart polymers have gained considerable
deal of attention [2, 3].

This research aims to measure the efficiency of a
magnetic bio-nanocomposite (CCG) including GO,
cobalt ferrite, and carboxymethyl cellulose (CMC) as an
advanced drug delivery system. To this end, CUR was
loaded on the composite as a therapeutic agent in the
treatment of breast cancer. The effective variables of
drug loading namely the pH, contact time, and initial
drug concentration were optimized based on the
statistical Response Surface Method (RSM) and Central
Composite Design (CCD) using the design of
experiment software. The RSM was employed to select
the effective parameters for the drug loading process and
simultaneously evaluate their interaction effects with a
minimum number of experiments. The sensitivity of the
carrier to pH was assessed by measuring the drug release
profile of the carrier at two different pH levels (7.4 and
5.6, corresponding to physiological and tumor media,
respectively). Finally, the cytotoxicity levels of the CCG
composite, free CUR, and CUR@CCG systems on both
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normal (MCF 10A) and breast cancer (MDA-MB 231)
cells were compared in-vitro.

2. MATERIALS AND METHODS

All the applied chemicals, except for CUR, were
purchased from Sigma Aldrich while CUR (C;1H20Os),
with the molecular weight of 368.38 g mol!, was
supplied by Exir Nano Sina Co. A magnetic CCG
composite was prepared by cross-linking magnetic
graphene oxide to a bio-polymer.

Loading of CUR on the CCG composite was
evaluated by the surface adsorption method in a
discontinuous manner at ambient temperature with the
adsorbent dose of 10 mg. The experiments were
designed to optimize the loading process using RSM-
CCD as implemented in Design Expert software (12.0
version). Three independent variables include the pH
range of 4-8 (A), contact time range of 10-60 min (B),
and initial drug concentration range of 5-35 mg L™! (C).
Three levels of +1, 0, and —1 were defined for each of
the mentioned variables. The adsorption percentage was
then considered the response. Based on the CCD
method, 20 tests were designed and conducted under the
proposed conditions. Drug release was evaluated in
phosphate-buffered saline (PBS, pH of 7.4 or 5.6) at the
concentration of 0.9 g L™ at 37 °C. The MTT assay was
also carried out to evaluate the cytotoxicity of various
concentrations (6-96 pg mL™') of CUR, CCG, and
CUR@CCG at 37 °C on breast adenocarcinoma (MDA-
MB 231) and normal breast cells (MCF 10A).

3. RESULTS AND DISCUSSION

Based on the FE-SEM images, formation of a CMC
polymeric layer on the MGO enhanced the layer
thickness and surface roughness. Based on the BET
results, the values of specific surface area, total pore
volume, and mean pore diameter of MGO at 77 K were
equal to 77.241 m’g!, 0.184 cm’g’!, and 9.510 nm,
respectively. After the formation of CM layers around
the MGO nanosheets, the total pore volume and specific
surface area decreased by 18.585 m?g ! and 0.118

cm®g”!, respectively. The mean diameter of the CCG
pores, however, increased up to 25.44 nm. The drug
loading also showed an increment with an increase in the
pore diameter.

The Design Expert-CCD data for loading CUR from
CCG were fitted with a second-order polynomial. Eq. 1
shows the optimal model for predicting the adsorption
percentage based on the text variables.

Adsorption efficiency (%) =+73.35+ 09 A+720B +2C +
1.5AB+0.5AC—-4BC—-12.12A?-3.62B*>~7.62 C? 1)

Moreover, plotting the model-predicted adsorption
efficiency versus the experimentally obtained values
showed a straight line with a high correlation (0.981),
confirming the satisfactory results of the model. At
pH = 6, contact time of 60 minutes, and initial
concentration of 20 mg L', the maximum CUR
adsorption percentage was obtained.

Drug release showed a significant enhancement at
pH = 5.6, compared to that at pH = 7.4; therefore, about
79 % of the drug was released from CUR@CCG. Such
an enhancement in the release of CUR drug in the
simulated medium of cancer cells suggests the
successful design of the pH-responsive nanocarrier due
to the presence of CMC.

The viability of normal MCF 10A cells was above
84 % even at high bio-nanocomposite contents (96 pg
mL ") (Figure 1). Negligible cytotoxicity of CCG on the
normal cells can be assigned to the biocompatible CMC
coating. However, CCG, especially at the concentration
of 96 pg mL"!, showed relatively high cytotoxicity on
the MDA-MB 231 cancer cell line such that the viability
of these cells decreased by 71 % upon exposure to CCG.
Moreover, CUR@CCG exhibited cytotoxicity on
MDA-MB 231 at all concentrations despite its lower
cytotoxicity than that of free CUR. For instance, the
cytotoxicity percentages of CUR@CCG and free CUR
(96 ng mL™") were 45 and 50 %, respectively. The lower
cytotoxicity of CUR@CCG can be attributed to the
slower release of CUR from the bio-nanocomposite
during the MTT assay time (24 h).
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Figure 1. The viability (%) of (a) MCF 10A and (b) MDA-MB 231 cells incubated with CCG, CUR@CCG, and CUR under
concentration of 6-96 pug mL™! for 24 h at 37 °C

4. CONCLUSION

A CCG bio-nanocomposite was successfully
synthesized for the delivery of the CUR drug. CCD was
a suitable method for the optimization of the conditions
of drug loading on CCG to achieve the highest CUR
adsorption efficiency. Under optimal conditions, the
adsorption percentage reached 70 %. Furthermore, CUR
release from the CUR@CCG nanocarrier was
significantly higher in the vicinity of the cancer cells
when compared to the normal cells (7.4). Cytotoxicity
assessments indicated the negligible toxicity of CCG on
normal MCF 10A cells, suggesting the high
biocompatibility of CCG. The cytotoxicity of
CUR@CCG on the breast adenocarcinoma (MAD-MB
231) cells was remarkable. Therefore, CUR@CCG can
be considered a drug nanocarrier with acceptable anti-
cancer activities for the targeted delivery of CUR.
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