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ARTICLE INFO ABSTRACT

Purpose: In this research, aspartic acid functionalized PEGylated mesoporous silica nanoparticlesgraphene oxide
nanohybrid (As-PEGylated-MSN@GO) prepared as a pH-responsive drug carrier for the curcumin delivery. For
better camouflage during blood circulation, poly(ethylene glycol) was decorated on the surface of MSN@GO
nanohybrid.

Materials and methods: The nanocarrier was characterized by using X-ray powder diffraction (XRD), dynamic
light scattering (DLS), UV-vis spectroscopy, thermal gravimetry analysis (TGA), FT-IR, SEM and TEM.

Results: The size of modified MSN@GO was around 75.8 nm and 24% wt. of curcumin was loaded on the final
nanohybrid. pHdecrement from 7.4 to 5.8 the release medium led to increase the cumulative amount of drug
release from 54% to 98%.

Conclusions: As-functionalized MSN@GO had no cytotoxicity against human breast adenocarcinoma (MCF-7)
and human mammary epithelial (MCF10A) as cancerous and normal cell lines, respectively. Whereas curcu-
minloaded nanohybrid showed excellent killing capability against MCF-7 cells.
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1. Introduction

Due to the importance of breast canceras the most common cancer
in women, a large number of studies have been devoted to develop
applicable and impressive nanocarriers for anticancer delivery to the
cancer cells [1]. (Diferuloylmethane)-(1,7-bis(4-hydroxy-3-methox-
yphenyl)-1,6-hepadiene-3,5-dione) which is extracted from turmeric
Curcuma longa L. rhizomes (Zingiberaceae family), known as curcumin
(CUR), is a natural diphenolic compound [2,3]. CUR has valuable
pharmaceutical properties including anti-cancer, anti-inflammatory,
anti-microbial, anti-oxidant, and anti-fungal activities [4-9]. Un-
fortunately, CUR is considered as a hydrophobic drug and poor bioa-
vailability, low solubility, absorption with rapid elimination are some
limitations for the pharmaceutical applications of this drugln addition,
the use of therapeutical activities of this drug has been extremely
challenging. Therefore, a large number of researchers have focused on
developing an efficient nano-drug delivery system (DDS) for appro-
priate CUR transport and delivery [10,11].

Among various carbon materials, graphene has an unique structure

that can be employed in various applications (e.g. biosensors, nano-
electronic, and transparent electrodes). Graphene is a flexible layered
structure that has large specific surface area with aromatic sp> domains
[12-14]. The oxidized form of graphene, graphene oxide (GO), contains
carboxyl, epoxy and hydroxyl functional groups in its basal sheets and
edges in which can be functionalized with biomolecules and drugs for in
vitro and in vivo biological applications [15-18].

Among various materials that are employed as a support, meso-
porous silica nanoparticles (MSNs) have gained great interest and are
considered as “reliable support or carrier materials”. MSNs present
appropriate ability and efficiency for various biomedical applications
[19]. Ordered structure, high pore volume, high surface area, suitable
hydrothermal stability and appropriate biocompatibility are some un-
ique features of MSNs in which these properties can provide valuable
opportunities for designing beneficial DDSs [16,20]. By dispersing
mesoporous materials onto the surface of graphene nanolayers, gra-
phene-mesoporous silica composites can be prepared. In these hybrids,
the inherent characteristics of graphene and porous material are
maintained and also a novel synergistic effect is produced [21-24]. In
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addition, the ability of tailoring the end groups in MSNs offers a con-
siderable range of fine-tuning in drug loading and targeted release
properties [25-28].

Surface modification of different nanoparticles and also, nanohy-
brids can be performed by poly(ethylene glycol) (PEG) chains. PEG
presents abundant useful properties such as aqueous solubility, bio-
compatibility, non-toxicity, non-antigenic and non-immunogenic char-
acteristics [29]. Covalent attachment of PEG on the surface of nano-
particles (covalently PEGylation) can result in reducing the blood
interaction (low plasma protein binding) and also, can be assumed as an
appropriate manner to improve permeability, retention effect, EPR ef-
fect and colloidal stability in aqueous media [30].

In this research, mesoporous silica nanoparticles have been com-
bined with graphene oxide and then, modifed by PEG. After that, CUR
was used to functionalize PEGylated mesoporous silica nanoparticles-
graphene oxide hybrid as an appropriate candidate for the in vitro
cancer treatment.

2. Material and methods
2.1. Chemicals, cell lines and cell culture

Tetraethylorthosilicate (TEOS, 98%), 3-(4,5-Dimethylthiazol-z-yl)-
2,5-diphenyltetrazotium bromide (MTT), 3-(triethoxysilyl)propyl iso-
cyanate (TESPIC), dimethyl sulfoxide (DMSO) and curcumin were
purchased from Sigma. EDTA, phosphate buffer (20 mM, pH 7.8) and
corresponding salts used throughout this research were purchased from
Merck. Trypsin, culture medium (DMEM = Dulbecco’s Modified Eagle’s
Medium) and supplements were obtained from Gibco (Germany). MCF-
7 (human breast adenocarcinoma) was purchased from Pasteur Institute
(Tehran, Iran). The cell lines were grown in DMEM medium supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum (FBS), 2% 1-
glutamine, 2.7% sodium bicarbonate, 1% Hepes buffer and 1% peni-
cillin-streptomycin solution (GPS, Sigma) at 37 °C in humidified atmo-
sphere with 5% CO,. All cells were trypsinized in the solution of 0.05%
trypsin and seeded into 96-well micro-plates at the density of 1 x 10°
cells/well.

2.2. Characterization

XRD spectrum was recorded at room temperature with a Philips
X’pert 1710 diffractometer using CuKa (a = 1.54056 A) in the Bragg-
Brentano geometry. Morphological studies were also performed by
using FE-SEM (Hitachi S-4800 II, Japan). Ultraviolet-visible spectra of
the nanoparticles were recorded by using UV-vis Jasco-530. The TEM
analyses were performed on a Hitachi H-7650 (Tokyo, Japan) operating
at an acceleration voltage of 80 kV. FT-IR spectra were taken by using
Nicolet FT-IR Magna 550 spectrographs with spectroscopic grade KBr.
BET and BJH methods were employed to calculate surface area and
pore size distribution,respectively. Size of nanoparticles was assessed
by dynamic light scattering (Nano-ZS 90, Malvern Instrument, United
Kingdom). In addition, zeta potential of nanoparticles was also calcu-
lated in folded -capillary cells (ZetasizerNano ZS90, Malvern
Instruments Ltd., Malvern, UK).

2.3. Preparation of nanocarrier

2.3.1. Preparation mesoporous silica nanoparticle-graphene oxide hybrid
(MSN@GO)

At first, GO was synthesized according to our prior report by
modified Hummers method [31]. Graphite (1 g) was added to a solution
of H>SO4 (50 mL, 96%) in an ice bath and then, KMnO, (2 g) was added
to the solution. The reaction mixture was left to flick for 3h (the
temperature of solution kept under 10°C and continued by another
30 min at 35 °C). After that, the product was diluted with 50 mL of
deionized water (temperature was kept under 100 °C) and was shaked
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for 30 min. The product was further diluted by deionized water (total
volume of solution is around 100 mL). In the next step, HyO, (30%,
10 mL) was added to the mixture. The final solid was separated and
washed thoroughly with HCL solution (5%). Exfoliation of graphite
oxide dispersion by ultrasonic waves, filtration and drying of product at
70 °C resulted in GO powder.

MSN@GO hybrid was synthesized by using GO and TEOS according
to the previous report with slight modification [32]. At first, CTAB (8 g)
and NaOH (0.2 g) were added to 400 mL of deionized water. The so-
lution was combined with a suspension containing GO (450 mg,
pH = 8.5). Then, TEOS (6 mL) dissolved in EtOH (10 mL) and this so-
lution was added drop-wise to the later mixture (under stirring at 70 °C
for 12 h). The product was centrifuged and washed thoroughly applying
soxhlet with EtOH/HCl (1%). Finally, the final solid was dried in a
vacuum oven at 30 °C overnight.

2.3.2. Synthesis of PEGylated MSN-GO nanohybrid (PEGylated MSN@GO
NPs)

To prepare PEGylated MSN@GO nanohybrid, PEG-silane as a linker
was synthesized according to our previous report [33]. At first, a so-
lution of MSN@GO (0.5g) in 25mL EtOH/H,O (1:3) and HCI
(pH = 3.5) was prepared. Then, a solution of PEG-silane (2 g) in EtOH
(25 mL) was added drop-wise to previous solution and the final solution
was left under stirring for 12 h. Then, the solution was filtered off and
washed thoroughly with H,O/EtOH. Finally, the product was dried at
60 °C in vacuum to obtain PEGylated MSN@GO.

2.3.3. Synthesis of aspartic acid functionalized PEGylated MSN-GO
nanohybrid (As-PEGylated MSN@GO NPs)

At first, PEGylated MSN@GO (10g) was dispersed in di-
chloromethane (DCM) (100mL). In addition, a solution of p-tosyl
chloride (p-TsCl, 1g) in 20 mL of DCM and triethylamine (2 mL) was
added drop-wise to the later solution and the reaction was stirred at
30°C for 12h. The solid residue was separated by a centrifuge and
washed thoroughly with hot de-ionized water and acetone to remove
salt and organic impurities. Finally, it was dried for 12h at 70°C in
vacuum to give tosyl-PEGylated MSN@GO. Then, 0.5g of tosyl-
PEGylated MSN@GO was ultrasonically dispersed in acetonitrile
(25 mL) for 30 min 30 °C and a solution of aspartic acid (0.3 g in 20 mL
of DCM) was added to the later mixture and stirred vigorously at 80 °C
overnight. The residual solid was centrifuged, washed with hot EtOH
and dried under vacuum to obtain aspartic acid functionalized
PEGylated mesoporous silica nanoparticle-graphene oxide nanohybrid.

2.4. Drug loading

In order to investigate the loading capability, a solution of CUR was
added to 100 mg of As-PEGylated MSN@GO in acetone and put under
argon atmosphere overnight. Then, the solid was obtained by a cen-
trifuge at 11,000 rpm. After that, unlinked CUR was removed by
washing with EtOH and the product was dried to give CUR@[As-
PEGylated MSN@GO] nanohybrid. The residual CUR content could be
measured by UV-vis spectrophotometry of extracted solution from both
supernatant and washed solutions and therefore, loading efficiency of
CUR could be achieved.

2.5. Drug release profile

The release of CUR from As-PEGylated MSN@GO nanohybrid was
measured at given time intervals (0-120h). To investigate the in vitro
release, phosphate buffer solutions (pH 7.4 and 5.8) were used as
normal and acidic pH (at 37 °C), respectively. Therefore, 10 mg of
CUR@[As-PEGylated MSN@GO] nanohybrid was entranced to a dia-
lysis bag with cut-off 3500 g mol~* and soaked into 200 mL of phos-
phate buffer solution (PBS) (0.01 M, pH = 7.4 and 5.8). Sampling of
buffer solution was carried out in 0, 2, 4, 8, 12, 24, 36, 48, 72, 96, and
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120 h. After each sampling, 1.0 mL of samples was collected and the
medium was charged with 1.0mL of fresh buffer solution.
Determination of CUR was performed by fluorescence spectroscopy
(450 nm).

2.6. Particle size and zeta potential

DLS is a non-invasive technique for measuring the size of particles
and molecules in various suspensions. DLS and zeta-potential

PEG-silane

CUR@[
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measurements were employed to determine the size distribution,
average sizeand charge distribution of freeze-dried CUR@[As-
PEGylated MSN@GO] nanohybrid.

2.7. Cell viability assay

To study the cytotoxicity of CUR, As-PEGylated MSN@GO and
CUR@[As-PEGylated functionalized MSN@GO] nanohybrid were in-
vestigated in MCF-7 and MCF10A as cancerous and normal cell lines,

[4s-PEGylated MSN@GO] NPs

-PEGylated MSN@GO] NPs

Scheme 1. Synthesis of CUR@[As-PEGylated MSN@GO] NPs.
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Fig. 1. TEM image of GO (A) and [As-PEGylated MSN@GO] nanohybrid (B); SEM image of [As-PEGylated MSN@GO] nanohybrid (C); and AFM images of [AS-PEGylated @MSN@GO]

(D) and CUR[AS-PEGylated @MSN@GO] nanohybrids.
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Fig. 2. XRD patterns of a) GO, b) MSN@GO, c and d) high and low angle XRD of MSN@GO.

respectively. To this purpose, the colorimetric analysis was applied to
measure the reduction of yellow 3-(4,5-dimethythiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) by mitochondrial succinate dehy-
drogenase. The cell lines were kept in DMEM medium, supplemented
with 2 mM of L-cysteine and 10% of FBS and grown at 37 °C in a 5% CO-,
atmosphere. Cells (1 x 10*) were seeded in 96-well plates. Then,
CUR@[As-PEGylated MSN@GO] nanohybrid was suspended in the
complete culture medium to give the final CUR concentrations of 10 to
60 uM, and then added to the cells. After 12, 24, 48 and 72h of ex-
posure, the culture media was removed and the cells were washed twice
with PBS and then, 20 uL of MTT (5 mg/mL) was added to each well.
Plates were incubated for 3 h at 37 °C. Afterward, 100 uL of DMSO was
added to each well and left at 37 °C for 15 min and the optical density
was measured at 595 nm using a microplate reader (Biotek, USA). The
results were normalized with control and were expressed as the mean
absorbance of + SEM of three independent biological replicates.

2.8. Cellular uptake investigation

To investigate the cellular uptake of CUR@[As-PEGylated
MSN@GO] nanohybrid in MCF-7 human breast adenocarcinoma cells,
2 x 10° cells were seeded in 6-well plates in 3 mL medium (DMEM)
under standard culture conditions. After 12h incubation and cell at-
tachment, media was replaced with 3 mL of serum-free medium con-
taining 50 ug/mL free CUR or CUR loaded nanohybrid loaded and in-
cubated for 6 h. The cells were washed twice with PBS to remove the
complexes present in the medium and the cell were analysed with
spectrofluorophotometer to measure the cellular uptake of the
CUR@[As-PEGylated MSN@GO] nanohybrid. Excitation and emission
wavelengths were 420 nm and 470 nm, respectively.

3. Results and discussion
3.1. Illustration of drug delivery system

Scheme 1 presents the general procedure for the preparation of
designed nano-carrier [As-PEGylated MSN@GO]. In the first step, the
synthesized porous frameworks were characterized by XRD, N, ad-
sorption-desorption isotherms, FT-IR, TGA, TEM, and SEM. Fig. la
presents TEM image of MSN@GO and [As-PEGylated MSN@GO], re-
spectivly. According to these images, porous framework of nanohybrid
could be easly observed. Also, the mesoporous structure can be con-
cluded by estimating the pore size in these images. In addition, TEM
images illustrate that mesoporous silica was widely covered with thin
transparent GO nanolayers. SEM image of MSN@GO and [As-PEGylated

260

Adsorption / desorption isotherm

900
a)
-
i
&
= )
£
3
N
d)
b)
p/po
-0.2 0 0.2 0.4 0.6 0.8 1 1.2

Fig. 3. Nitrogen adsorption—desorption isotherm pattern a) SBA-15, b) GO, c)MSN@GO,
d) CUR@[As-PEGylated MSN@GO] nanohybrid.

MSN@GO] nanohybrids are shown in Fig. 1c. Atomic force microscopy
(AFM) was used to visualize the morphologies of prepared nanohybrids
(Figure d and e). AFM images showed the coatings of nanohybrid a
corona around of nanohybrids.

The mesoporous-graphene hybrid framework was also evaluated by
XRD analtsis. XRD patterns of GO, GO@MSN, and low angle XRD of
MSN@GO are shown in Fig. 2a—c, respectively. According to Fig. 2a, the
mesporous structure of GO can be confirmed. According to Fig. 2b, the

Table 1
BET and BJH analyses for MSN@GO based materials.

NPs Sper M?g™Y) Vi (em®g™1)  Pore diameter (nm,
BJH)

GO 110 0.219 10.2

MSN 820 1.510 7.2

MSN@GO 560 0.589 8.03

As-PEGylated MSN@GO 330 0.390 5.3

CUR@[As-PEGylated 204 0.219 3.2

MSN@GO]
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peak positions have virtually fixed and therefore, the retention of GO
scaffold after the manipulation is demonstrated. As seen in Fig. 2c, the
low angle XRD pattern confirmed the mesporous matrix.

N, adsorption—desorption isotherms were performed to evaluate the
nature of nanoparticle surface (Fig. 3). The specific surface area, dia-
meter distribution and total pore volume for solids were measured by
multiple-point BET (Brunauer, Emmett and Teller) and BJH (Barrett—
Joyner-Halenda), respectively. According to the results (Table 1), the
surface area, pore volume, and pore size decreased after surface func-
tionalization.

FT-IR spectra of MSN@GO, [As-PEGylated MSN@GO] and
CUR@[As-PEGylated MSN@GO] nanohybrids are presented in
Fig. 4a—c, respectivly. In Fig. 4a, the broad peak at 1103 cm ™! revealed
that is corresponeded to C—O bond of PEG segment and Si-O bond. The
peak at 2885 cm ~ ! resulted from the methylene group. In addition, the
broad peaks at 1710 and 3417 cm ™! are related to C=0 bond and
hydroxyl groups in the PEG chains, respectively. Moreovere, the char-
acteristic peaks at 1390 and 1570 cm ™! are attributed to the presence
of C—N and N—H bonds in PEG-silane. In Fig. 4b, the broad C—O—C
band is revealed at 1090 cm ' that is related to the etheric linkages of
PEG segments. The peak at 2880 cm ™ is originated from the methylene
group near to oxygen atom. The broad peak at 3494 cm ™! is due to
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O—H and N—H stretching band of end hydroxyl and amine groups in
aspartic acid. Additionally, the characteristic peak at 1388cm ™! is
assigned for the presence of C—N bond in the aspartic acid. Finally, the
peaks at 1590 and 1650 cm ~ ! are related to N—H and C=C aromatic,
repectively. In Fig. 4c, FT-IR spectra of As-PEGylated MSN@GO nano-
hybrid, the peaks around 1100-1300 cm ™! are attributed to Si-O and
C—O moieties and the band at 3024 cm ™! related to N—H and car-
boxylic acid.

TGA curves of various MSN@GO samples are presented in Fig. 5. In
these thermograms, termprature range of 25 to 600 °C was applied.
According to Fig. 5, the first peak at 100 °C is related to desorption of
water. The second peak is also related to loss of the organic group.
Based on these results, it is found that the loading of PEG and aspartic
acid were 33% and 44% wt. The amount of loaded aspartic acid and
PEG moieties into MSN@GO scaffold was also confirmed by elemental
analysis. Also, TGA analysis of CUR@[As-PEGylated MSN@GO] nano-
hybrid revealed the weight loss of about 69% that it can be attributed to
the elimination of CUR and PEG linker.

The particle size distributions of CUR@[As-PEGylated MSN@GO]
nanohybrid (Fig. 6) in PBS solution were determined by DLS technique.
According to the results, the particle size distributions were relatively
narrow (mean dimmer = 75.8 nm, PDI = 0.081). The obtained PDI
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g. 4. FT-IR spectra of a) PEGylated MSN@GO, b) PEGylated MSN@GO, and c) As-PEGylated MSN@GO nanohybrid.
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Fig. 5. TGA of a) MSN@GO, b) As-PEGylated MSN@GO, and ¢) CUR@[As-PEGylated MSN@GO] nanohybrid.
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Fig. 6. a) DLS; b) zeta-potential of CUR@[As-PEGylated MSN@GO] nanohybrid.

value showed that MSN@GO has uniform distribution (this is a critical
factor in biomedicine applications). The zeta potential for aspartic acid
functionalized PEGylated MSN@GO nanohybrid was negative
(—26.7mV). However, zeta potential changed to positive after the
loading of CUR on the As-PEGylated functionalized MSN@GO nano-
hybrid.

3.2. Determination of CUR loading efficiency

To achieve the optimal loading efficiency for the designed nano-
carrier, different ratios of [As-PEGylated MSN@GO] nanohybrid and
drug were assessed to achieve the desirable efficiency in loading and
release. The obtained mixtures were centrifuged at 18000 rpm and
supernatant was completely gathered. The amount of CUR remaining in
the collected supernatant was then measured by a spectrophotometer at
432nm, and TGA analysis for obtained CUR loaded nanohybrid. The
loading efficiency of CUR was 67 + 1.5% with proportion of 1.5 mmol:
1 g for CUR@[As-PEGylated MSN@GO] nanohybrid.

Optimal loading efficiency of the designed nanocarrier is an im-
portant parameter that can be obtained by evaluating different ratio of
As-PEGylated MSN@GO nanohybrid and drug (CUR). The prepared
mixture (various ratios of nanocarrier and CUR) were centrifuged at
12000 rpm and supernatant was completely collected. The remained
CUR in the collected supernatant was measured by a spectrophotometer
at 432nm. The loading efficiency of CUR@[As-PEGylated functiona-
lized MSN@GO] nanohybrid was 67 = 1.5% with proportion of 1:1.5
for CUR@[As-PEGylated MSN@GO] nanohybrid.

3.3. In-vitro release of CUR

Fluorescence emission intensity of the supernatant under different
pH (7.4 and 5.8) was employed to determine the amount of released
drug (CUR) from CUR@[As-PEGylated MSN@GO] nanohybrid. pH
values of 7.4 and 5.8 indicate pH of normal blood and cancerous cells
environment, respectively. Fig. 7 presents in vitro release profiles of
CUR@[As-PEGylated MSN@GO] nanohybrid at pH 7.4 and pH 5.8 (at
37 °C). Between pH 7.4 and 5.8, CUR has been released with slower
release pattern from CUR@ [As-PEGylated MSN@GO] nanohybrid at pH
7.4 (over a 100 h period). In addition, the results indicated CUR release
efficiency from CUR@[As-PEGylated MSN@GO] nanohybrid at the first
24h is about 32.49% and 63.54% (under physiological and acidic

Curcumin Released (%)

[o] 60

Time (hour)

Fig. 7. In vitro release profiles of CUR@[As-PEGylated MSN@GO] nanohybrid at pH 7.4
and pH 5.8; all experiments were performed at 37 °C. Data represent mean values + SD
(n = 3).
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Fig. 9. Cellular uptake of a) autofluoresence of MCF-7 cells; b) curcumin drug; C) MCF-7 cells incubated with CUR; D) MCF-7 cells incubated with CUR@ [As-PEGylated MSN@GO]

nanohybrid, by flow cytometry.

condition). The CUR release efficiencies uniformly increased and
reached to about 56% and 90% after 100 h under normal and acidic
conditions, respectively. These results demonstrated that the releasing
profile of CUR under acidic condition is much higher than normal pH
and therefore CUR@[As-PEGylated MSN@GO] nanohybrid will be
more efficient in cancerous cell environments.

3.4. Cell viability

Fig. 8 presents the cytotoxicity effects of CUR@[As-PEGylated
MSN@GO] nanohybrid on MCF-7 (a) and MCF10A (b). In vitro in-
vestigation of the toxicity of CUR@[As-PEGylated MSN@GO] nanohy-
brid in these experiments were performed using MTT assay. The IC50
value of CUR@[As-PEGylated MSN@GO] nanohybrid for MCF-7 cell
lines within 12, 24, and 48 h were 30, 21.5 and 15 uM, respectively.
This value is also reduced to 14 uM after 72h. In contrast, the same
concentrations of CUR@[As-PEGylated MSN@GO] nanohybrid did not
affect the proliferation of MCF10A cells. This observation can obviously
verify the safety and biocompatibility of CUR@[As-PEGylated
MSN@GO] nanohybrid.

3.5. Cellular uptake of NPs

Fig. 9 presents the uptake quantitative analysis of nanohybrid by
flow cytometry. In this figure, the histograms of cellular fluorescence
MCF-7 cells (a), CUR (b), MCF-7 cells incubated with CUR (c), and
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MCF-7 cells incubated with CUR@[As-PEGylated MSN@GO] nanohy-
brid (d) are displayed. According to Fig. 9a and b, the cells without CUR
and nanoparticles (as a negative control), reveal only auto-fluorescence.
However, a strong CUR fluorescence was revealed when MCF-7 cells
were incubated with CUR (Fig. 9¢), and MCF-7 cells were incubated
with CUR loaded CUR@[As-PEGylated MSN@GO] nanohybrid
(Fig. 9d). A higher uptake of CUR loaded nanohybrid in the breast
cancer cells can be considered as an appropriate evidence for an im-
proved therapeutic index.

4. Conclusions

Herein, a PEGylated functionalized mesoporous silica nanoparticles-
graphene oxide hybrid has been fabricated by anchoring aspartic acid
and PEG functional moieties onto the surface of MSN@GO scaffold as a
biocompatible, and water-dispersed nanomaterial. Then, it has been
evaluated as an effective and pH-controlled nano-carrier for improving
the delivery of CUR to cancerous cell lines. Indeed, the structure of As-
PEGylated MSN@GO nano-carrier was fully characterized and con-
firmed by a variety of techniques. Then, CUR was loaded on the surface
of modified MSN@GO nanohybrid. MTT assay and flow cytometry
techniques were applied to assay the efficiency and cellular uptake of
CUR@[As-PEGylated MSN@GO] nanohybrid as an anticancer. Our data
suggest that CUR@[As-PEGylated MSN@GO] nanohybrid has more
cytotoxic effect on MCF-7 as the cancerous model cell versus pure CUR.
Consequently, the loading of CUR onto As-PEGylated MSN@GO
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nanohybrid is a considerable modification to overcome the short half-
life and instability of CUR under normal conditions in order to raise the
CUR capabilities to be utilized in the cancer therapy.
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