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ABSTRACT 

 

PEGylated imidazolium ionic liquid functionalized MSN@GO (PEGylated ImIL functionalized MSN@GO 
NPs) has been fabricated and evaluated as a pH-responsive drug carrier for delivery of curcumin. The Poly 
ethylene glycol is decorated onto the surface of MSN@GO to enhance its stealth during blood circulation. The 
standard techniques such as X-ray powder diffraction (XRD), dynamic light scattering (DLS), UV-Vis spectroscopy, 
thermal gravimetry analysis (TGA), FT-IR, and scanning and transmission electron microscopy (SEM & TEM) were 
applied for characterization of nanocarrier. The size of MSN@GO based nanocarrier and the amount of loaded 
CUR were around 166 nm and 16.4 % w/w of nanocarrier, respectively. The cumulative drug release amounts 
were obtained 52% and 92% at pH 7.4 and 5.8, respectively. The MSN@GO based nanocarrier had no cytotoxicity 
against normal, human breast adenocarcinoma (MCF-7) and human mammary epithelial (MCF10A) as cancerous 
and normal cell lines. Whereas the curcumin loaded PEGylated ImIL functionalized MSN@GO NPs showed 
excellent killing capability against MCF-7 cells. Flow cytometry analysis was used to measure the cellular uptake 
of curcumin@[PEGylated imidazolium ionic liquid MSN@GO] NPs. 
Keywords: Breast cancer, PEGylated ImIL functionalized MSN@GO, Mesoporous silica nanoparticles, pH-
Responsive. 
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INTRODUCTION 
 

 Due to the importance of breast cancer, known as carcinoma of the breast, as the most common type of 
cancer in women a large numbers of researches have been devoted to develop efficient and impressive drug 
delivery systems (DDSs) for anticancer transport and delivery to the cancer cells [1,2]. Graphene as a layered 
structure with a structure of hexagonal cell has shown high possible for applying in biosensors, nano-electronic, 
and transparent electrodes [3]. Also, owing to the high matrix efficiency and high specific surface area 
(theoretical value 2630 m2 g-1), it is a robust and promising candidate as a sorption material [4,5]. Graphene 
oxide (GO), the oxidized counterpart of graphene, contains carboxyl and hydroxyl functional groups which can 
be functionalized with biomolecules and drugs for in vitro and in vivo biological applications [6-7]. Curcumin 
(CUR), a natural diphenolic compound derived from turmeric Curcuma longa L. (Zingiberaceae family) rhizomes], 
has valuable pharmaceutical properties such as anti-cancer, anti-inflammatory, anti-microbial, anti-oxidant, and 
anti-fungal activities [8-12]. But the utilization of CUR as a hydrophobic drug, in pharmaceutical applications is 
limited by some disadvantage including poor bioavailability, low solubility, absorption complicated with a high 
first-pass, and rapid elimination. Exploiting the therapeutically activities of CUR have serious challenges hence, 
a large number of efforts have been allocated to develop an efficient nano-DDS for efficient CUR transport and 
delivery [13,14]. Mesoporous silica nanoparticles (MSNs) occupy a unique global niche as “reliable support or 
carrier materials” and due to their efficiency they have attracted a great deal of attention for their potential 
biomedical applications [15]. The useful MSNs’ features including ordered structure with high pore volume and 
surface area accompanied hydrothermal stability, biocompatibility give us outstanding and valuable 
opportunities for designing beneficial DDSs [16]. Rrecently, graphene–mesoporous silica composites have been 
prepared, which the silica component consisted of a smooth uniform coating. The mesoporous material was 
dispersed into the surface of the graphene sheets, not only could the graphene and the porous material maintain 
the inherent characteristics of each, but also produced a novel synergistic effect [17-20]. The ability of tailoring 
its numerous end groups offers considerable scope for fine-tuning its drug loading and targeted release 
properties. Drug targeting to cancer cells is an interesting task [21-24]. Due to the excellent aqueous solubility, 
biocompatibility, non-toxicity, non-antigenic, and non-immunogenic characteristics, poly (ethylene glycol) (PEG) 
is used as a well-established surface modifying agent [25,26]. And covalently PEGylation has been increasingly 
considered to reducing the blood interaction (low plasma protein binding) and also as a suitable manner to 
enhance the permeability, retention effect, EPR effect, and colloidal stability in aqueous medium [27]. The 
aforementioned facts have been encouraged the researchers to attempt for developing a novel, low-cost and 
more efficient DDS based on MSN and GO scaffolds having various surface characteristics. Therefore, considering 
the valuable pharmaceutical activities of CUR and also in continuation of our pervious experiences in the field of 
nanoporous materials [28], we present an efficient MSN@GO based nano-DDS to improve the loading and 
therapeutic effect of CUR. It was exploitable that the PEGylated imidazolium ionic liquid functionalized 
MSN@GO NPs (PEGylated ImIL functionalized MSN@GO NPs) performs as a worthy candidate for the in vitro 
cancer treatment. 
 

EXPERIMENTAL 
 
Materials 
 

  Poly (ethylene glycol) (PEG) (Mw = 600), 4-Toluenesulfonyl chloride, Tetraethyl orthosilicate (TEOS, 
98%), 3-(4,5-Dimethylthiazol-z-yl)-2,5-diphenyltetrazotium bromide (MTT), dimethyl sulfoxide (DMSO) and 
highly purified curcumin were purchased from Sigma. Phosphate buffer (20 mM, pH 7.8) and corresponding salts 
were used throughout this research, and EDTA was 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 supplemented with 10% (v/vSCHE) heat-inactivated fetal bovine serum (FBS), 2% l-glutamine, 2.7% 
sodium bicarbonate, 1% Hepes buffer, and 1% penicillin-streptomycin solution (GPS, Sigma) at 37 °C in 
humidified atmosphere with 5% CO2. All cells were trypsinized in the solution of 0.05 % trypsin and seeded into 
96-well micro-plates at the density of 1×105 cells/well. 
 
Characterization 
 

  The powder XRD spectrum was recorded at r.t. with a Philips X’pert 1710 diffractometer using CuKα 
(α= 1.54056 Å) in the Bragg-Brentano geometry (θ-2θ). The morphologies of the products were observed using 
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SEM (Hitachi S-4800 II, Japan) equipped with energy dispersive X-ray spectroscopy. Ultraviolet–visible spectra 
of NPs were recorded using UV–Vis Jasco-530. The TEM experiments were performed on a Hitachi H-7650 
(Tokyo, Japan) operating at an acceleration voltage of 80 kV. The IR spectra were taken using Nicolet FT-IR Magna 
550 spectrographs with spectroscopic grade KBr. The surface areas were calculated by BET method and the pore 
size distributions were calculated from the adsorption branch of the isotherms using BJH method. The size of 
the NPs was assessed by dynamic light scattering (Nano-ZS 90, Malvern Instrument, United Kingdom). The zeta 
potential of the NPs was calculated in folded capillary cells (ZetasizerNano ZS90 (Malvern Instruments Ltd., 
Malvern, UK)).  
 
Preparation of nanocarrier 
 

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

Graphitic oxide structure (GO) was obtained according to our prior report thorough the modified 
Hummers method [29]. Briefly, GO powder (1 g) was appended to a solution of H2SO4 (50 mL 96%) in an ice bath 
and KMnO4 (2 g) was added to soulotion. The reaction mixture was left to flick for 3 h < 10 0C, and continued by 
another 30 min at 35 0C. Then the product obtained was diluted with deionized water (DW, 50 mL) where the 
temperature was kept <100 0C. After 30 min of shakinig, the product obtained was further diluted to 100 mL 
with water. And, H2O2 30% (10 mL) was added to the mixture. The final solid was separated and washed 
thoroughly with 5% Hydrochloric acid aqueous. At the end the resultant was dried at 70 0C for 48 h. Then, 
MSN@GO hybrid was synthesized using GO and TEOS, according to the previous report with slight modification 
[30].Typically, a solution of CTAB (8 g) and sodium hydroxide (0.2 g) in 400 mL DW was combined to a suspension 
containing 450 mg of GO (pH = 8.5).  Then TEOS (6 mL) dissolved in EtOH (10 mL) was added drop-wise to the 
later mixture and allowed to stir at 70 °C for 12 h. The resulting product was centrifuged and washed thoroughly 
applying soxhlet with EtOH/HCl (1%). MSN@GO fine powder obtained after drying the solid residual in a vacuum 
oven at 30 ̊C overnight. 

 
Preparation of PEGylated mesoporous silica graphene oxide 
 

To prepare PEGylated MSN@GO, PEG-silane as a linker was synthesized according to our periveous 
report [32]. Then a solution of PEG-silane (2 g) in 25 mL of pure EtOH was added dropwise to an intense stirring 
solution of MSN@GO (0.5 g) in 25 mL EtOH/H2O (1:3) and HCl (pH = 3.5). After stirring for 12 h, the Previous 
solution was filtered off and washed thoroughly with H2O /EtOH . As a result, The resulting solution was dried at 
60 °C in vacuum to obtain PEGylated MSN@GO. 

 
Synthesis of PEGylated ImIL functionalized MSN@GO NPs 
 

  At the first, 10 g of PEGylated MSN@GO was dissolved into solution of water and H2SO4 (100/ 4 mL) 
and then 20 g of HBr is dissolved in 50 mL of water and  is added drop-wise to the later solution and the reaction 
was stirred at 100 0C for 18 h. At the end of time, Neutralize acidic solution was made by adding sodium 
hydroxide . At the following, the resulting solution was filtered off, then remove the solvent to obtain brominated 
of MSN@GO-PEG-Br. Then, 2 mL triethylamine was added to MSN@GO-PEG-Br solution (4 g in 40 mL EtOH) and 
then stirred for 10 min. at 20 0C and N-methylimidazol (2 mmol) was reacted with a solution of PEG. After 24 h 
of reaction time at 25 0C, the The resulting solution was washed with water (2 x10 mL), filtered and dried under 
vacuum to obtain PEGylated MSN@GO imidazolium ionic liquid. 
 
Preparation of drug-loaded NPs 
 

  In order to investigate the loading capability, a CUR solution was added to a 20.0 mg of 
CUR@[PEGylated ImIL functionalized MSN@GO] NPs in acetone and put under Argon atmosphere overnight. In 
the following, the solid was obtained by centrifugation at 11,000 rpm. Then unlinked CUR remove by washing 
with EtOH and dried to give CUR@[PEGylated ImIL functionalized MSN@GO] NPs. The residual CUR content 
Calculated by UV-Vis measurement of the extracted from both of the supernatant and washed solutions, the 
loading efficiency was achieved.  
 
Drug release investigation 
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  The release of CUR from PEGylated ImIL functionalized MSN@GO NPs was measured at predetermined 
time points (0-120 h). To investigate the in vitro release of Phosphate buffer solution (pH 7.4 and 5.8) were used 
as normal and acidic pH at 37°C, respectively. Therefore, 10.0 mg of the CUR@[PEGylated ImIL functionalized 
MSN@GO] NPs was entranced to a dialysis bag with cut-off 3500 g.mol-1 and soaked into 200 mL of phosphate 
buffer solution (PBS) (0.01 M, pH = 7.4 and 5.8). Sampling of solution buffer was carried out in 0, 2, 4, 8, 12, 24, 
36,48, 72, 96, and 120 h. After each sampling, 1.0 mL of samples was collected and the medium was charged 
with 1.0 mL of the same fresh buffer solution. At the following, for determine the amount of the released CUR 
was used fluorescence spectroscopy (450 nm).  
 
Designation of drug loading and encapsulation efficiency  
 

  Dissolution method was used to determination curcumin content in the nanocarrier by application of 
Beer’s law. 20 mg of CUR@[PEGylated ImIL functionalized MSN@GO] NPs was dissolved in 10 mL of acetone 
and eethanol. UV-Vis absorption was used for determination concentration of CUR at their maximum 
wavelength (432 nm). The following equations was used to Designation of drug loading (DL) and Encapsulation 
efficiency (EE) (Eqs. (a) and (b)): 
 

𝐷𝐿(%) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑐𝑢𝑚𝑖𝑛

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑡 𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
×100           𝐸𝑞.   (𝑎) 

EE(%) =
Weight of encapsulated curcumin 

Total weigt of curcumin
 ×100            Eq.     (b) 

 
The measurement of Particle size and zeta potential 
 

  Dynamic light scattering (DLS) is a non-invasive technique for measuring the size of particles and 
molecules in suspension, DLS and zeta-potential measurements have the potential to determine the size 
distribution, average size, and charge distribution of the freeze-dried CUR@[PEGylated ImIL functionalized 
MSN@GO] NPs . 
 
Physical stability of CUR@[PEGylated ImIL functionalized MSN@GO] NPs under physiological condition 
 

 The physical stability of the CUR@[PEGylated ImIL functionalized MSN@GO] NPs was tested in media at pH 
7.4. The particle sizes of CUR@[PEGylated ImIL functionalized MSN@GO] NPs were determined by DLS 
technique. The average hydrodynamic diameter of NPs was measured with sampling at 0, 2, 4, 6, 8, 12, 16 24, 
48, and 72 h. 
 
A method of Cell Viability Assay 
 

  The cytotoxicity of CUR, PEGylated ImIL functionalized MSN@GO, and CUR@[PEGylated ImIL 
functionalized MSN@GO] NPs were investigated in MCF-7 and MCF10A as cancerous and normal cell lines, 
respectively, the colorimetric analysis was used to measure the reduction of MTT. Cells (1 × 104) were seeded in 
80-well plates. The dried CUR@[PEGylated ImIL functionalized MSN@GO] NPs were suspended in medium and 
then added to the cells. After 24 h, diverse concentrations of samples (CUR, PEGylated ImIL functionalized 
MSN@GO, and CUR@[PEGylated ImIL functionalized [MSN@GO] NPs) were applied. After 12, 24, 48, 72 and 120 
h of exposure, the cells were washed twice with PBS and then 20 μL of MTT was added to each well. Then NPs 
incubated plates for 4 h at 37 °C. The results were analysed. 
 
Cellular uptake  
 

  The cellular uptake of CUR@[PEGylated ImIL functionalized MSN@GO] NPs in MCF-7 human breast 
adenocarcinoma cells were studied with 2 × 105 cells in 5-well plates in medium (DMEM). At certain times media 
was replaced with 2 mL of serum-free medium containing CUR loaded NPs. The cells were washed twice with 
PBS Then The results were analysed with the spectrofluoro photometer.  
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RESULTS AND DISCUSSION 
 
Illustration of drug delivery system 
 

The simple and quantitative synthetic approach for the preparation of the designed nano-carrier 
CUR@[PEGylated ImIL functionalized MSN@GO] NPs is shown in Scheme1. The synthesized porous frameworks 
were characterized by XRD, N2 adsorption-desorption analysis, FT-IR, TGA, TEM, and SEM. As shown in Fig. 1a 
and b, the synthesized mesoporous-graphene based NPs possess a porous framework. Additionally, TEM images 
illustrated that mesoporous silica were widely covered with thin transparent GO sheets, which demonstrated 
that the modified GO is highly ordered. The SEM images of MSN@GO and PEGylated ImIL functionalized 
MSN@GO NPs are shown in Fig. 2, (a,b). The FT-IR spectra of the MSN@GO, PEGylated ImIL MSN@GO and 
CUR@ [PEGylated ImIL functionalized MSN@GO] NPs (Fig. 3). In Fig. 3a, FT-IR spectra of PEG-silane reveals the 
broad band at 1113 cm−1 which is related to the C–O bond of PEG segment and Si-O bond, and the peak at 2885 
cm−1 results from the methylene group. The broad peaks at 1715 and 3410 cm−1 are due to C=O bond and 
hydroxyl groups in PEG, respectively. While the characteristic peak at 1390 and 1568 cm-1 are assigned for the 
presence of C-N and N-H bonds in PEG-silane, respectively. In Fig. 3b, FT-IR spectra of PEGylated ImIL reveals the 
broad C–O–C band at 1099 cm−1 is related to the etheric linkages of PEG segment and the peak at 2874 cm−1, 
result from the methylene group near to oxygen atom. The broad peak at 3489 cm−1 is due to the O–H and N-H 
stretching band of the end hydroxyl and amine groups in PEGylated ImIL, while the characteristic peak at 1377 
cm−1 is assigned for the presence of C-N bond in the imidazole and 1594 cm−1 related to N-H bend, the C=C 
aromatic at 1644 cm−1. In Fig. 3c, FT-IR spectra CUR@[PEGylated ImIL functionalized MSN@GO] NPs have 
different peak than [PEGylated functionalized ImIL]. New peaks are indicating the changes in the structure after 
the reaction with CUR. The mesoporous-graphene hybrid framework was assessed by XRD experiment. As seen 
in Fig. 4a, the low angle XRD pattern is confirmed the mesporous matrix. The XRD patterns show that the peak 
positions have virtually fixed that confirm the retention of the GO scaffold after the manipulation (Fig. 4b). To 
assay the surface nature of the NPs, the N2 adsorption–desorption isotherm experiment was done (Fig. 5). The 
specific surface area, diameter distribution, and total pore volume for solids were measured by the multiple-
point BET (Brunauer, Emmett and Teller) and BJH (Barrett–Joyner–Halenda), respectively. The surface area, pore 
volume, and pore size has decreased after surface functionalization (Table 1). The thermogravimetric plots for 
hybrid of MSN@GO samples, which are all characterized by a mass loss step in the 600 °C region. In Fig. 6, the 
TGA analysis of samples showed a first peak at 100 °C which related to desorption of water and second peak at 
all samples are related to loss of the organic group. Based on these results, it is found that the loading of PEG 
was 42% w/w. The amount of PEGylated ImIL moieties loaded into MSN@GO scaffold was also confirmed by 
elemental analysis. Also the TGA analysis of CUR@[PEGylated ImIL functionalized MSN@GO] NPs showed the 
weight loss of about 69 %, which could be related to the elimination of CUR and PEG linker.  
 

 
 

Scheme 1. Synthesis of CUR@[PEGylated ImIL functionalized MSN@GO] NPs. 
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Fig. 1 Fig. 1.TEM of  a) MSN@GO, b) PEGylated ImIL functionalized MSN@GO NPs. 
 

 
 

Fig. 2. FESEM of  a) MSN@GO, b) PEGylated ImIL functionalized MSN@GO NPs. 
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Fig. 3. FT-IR spectra of a) MSN@GO, b) PEGylated ImIL functionalized MSN@GO, and c) CUR@[PEGylated 
ImIL functionalized MSN@GO] NPs. 

 

 
Fig. 4. The XRD patterns of a) GO, b) GO@MSN, c) low angle XRD of MSN@GO, respectively. 

 

 
 

Fig. 5. Nitrogen adsorption – desorption isotherm pattern  a) SBA-15, b) GO, c)MSN@GO, d)  PEGylated ImIL 
functionalized MSN@GO NPs. 
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Fig 6. TGA  of a) MSN@GO, b) PEGylated ImIL functionalized MSN@GO, and c) CUR-[PEGylated ImIL 

functionalized MSN@GO] NPs. 
Table 1. BET and BJH analysis for MSN@GO based materials 

 

NPs 
SBET 

(m2g−1) 
Vtotal 

(cm3. g−1) 
Pore diameter (nm) 

(BJH) 

GO 110 0.219 10.20 

MSN@GO 560 0.589 8.9 

CUR@[PEGylated ImIL 
MSN@GO] 

210 0.243 3.5 

 

 
  The particle size distributions of CUR-[PEGylated ImIL functionalized MSN@GO] NPs in PBS solution 
determined using DLS is relatively narrow (mean dimmer = 166 nm, PDI = 1. Therefore, PD index shows that the 
MSN@GO has uniform distribution, which is considered as a critical factor in biomedicine applications. The zeta 
potential for PEGylated ImIL functionalized MSN@GO NPs is negative (-24.1 mV) that zeta potential 
measurements showed that after PEGylated ImIL functionalization and CUR loading the zeta potential is changed 
to positive amounts. 
 
Determination of CUR loading efficiency 
 

  To achieve the optimal loading efficiency for the designed nanocarrier, different ratios of PEGylated 
ImIL functionalized MSN@GO NPs and drug were assessed to achieve the desirable efficiency in loading. The 
obtained mixtures were centrifuged at 12000 rpm and supernatant harvested completely. The amount of CUR 
remaining in the collected supernatant was then measured by a spectrophotometer at 432 nm. The loading 
efficiency of CUR@[PEGylated ImIL functionalized MSN@GO] NPs was 64 ± 1.5% with proportion of 1:1.5 for 
PEGylated ImIL functionalized MSN@GONPs /CUR. 
 
In-Vitro Release of CUR 
 

  The amount of released CUR from CUR@[PEGylated ImIL functionalized MSN@GO] NPs were 
determined by measuring the fluorescence emission intensity of the supernatant under different pH (7.4 and 
5.8). The pH values 7.4 and 5.8 indicate the pH of normal blood and cancerous cells environment, respectively. 
According to the release curves (Fig. 7), CUR has been released from CUR@[PEGylated ImIL functionalized 
MSN@GO] NPs over a 100 h period with a slower release pattern at pH 7.4 in comparison to pH 5.8. The results 
show a CUR release efficiency about 40.49%  and 68% under physiological and acidic condition from CUR-
[PEGylated ImIL functionalized MSN@GO] NPs at the first 24 h which are uniformly increased and reached to 
about 56% and 90% after 100 h under normal and acidic conditions, respectively. These results demonstrate 
that the releasing profile of CUR under acidic condition is much higher than normal pH, that it is shown the CUR-
[PEGylated ImIL functionalized MSN@GO] NPs will be more efficient in cancerous cell environments. 
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Fig. 7. In vitro release profiles of CUR@[PEGylated ImIL functionalized MSN@GO] NPs at pH 7.4 and pH 5.8; 
all experiments were performed at 37°C. Data represent mean values ± SD (n = 3). 

 
Cell Viability 
 

  The in-vitro investigation of the toxicity of CUR@[PEGylated ImIL functionalized MSN@GO] NPs in the 
case of MCF-7 cancerous cell lines as well as MCF10A were carried out using MTT assay (Fig. 8). CUR@[PEGylated 
ImIL functionalized MSN@GO] The IC50 value of CUR@[PEGylated ImIL functionalized MSN@GO] NPs forMCF-
7 cell lines within 12, 24, and 48 h were 30, 21.5 and 15 μM, respectively which reduced to 14 μM in 72 h. In 
contrast, the same concentrations of CUR@[PEGylated ImIL functionalized MSN@GO] NPs did not affect the 
proliferation of MCF10A cells that verifies the safety and biocompatibility of CUR@[PEGylated ImIL 
functionalized MSN@GO]NPs.  
 

 
 

Fig. 8. The cytotoxicity effects of CUR@[ PEGylated ImIL functionalized MSN@GO] NPs on (a) MCF-7 and (b) 
MCF10A. 
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Fig. 9. Cellular uptake of CUR and CUR loaded NPs by flow cytometry. a) autofluoresence of MCF-7 cells; b) 
CUR; C) MCF-7 cells incubated with CUR; D) MCF-7 cells incubated with CUR@[PEGylated ImIL functionalized 

MSN@GO] NPs. 
 

Cellular uptake of NPs 
 

  The uptake quantitative analysis of NPs by flow cytometry (Fig. 9) shows the histograms of cellular 
fluorescence for CUR, and MCF-7 cells incubated with and without CUR loaded NPs. The cells without CUR and 
NPs which used as a negative control show only auto-fluorescence Fig. 9a and b. Strong CUR fluorescence was 
observed when MCF-7 cells were incubated with CUR (Fig. 9c), and MCF-7 cells incubated with CUR loaded [As-
PEGylated MSN@GO] NPs (Fig. 9d), respectively. A higher uptake of CUR loaded NPs in breast cancer cells could 
be an indication for an improved therapeutic index. 
 

CONCLUSION 
 

Herein, a PEGylated functionalized mesoporous silica nanoparticles-graphene oxide hybrid has been 
fabricated by anchoring ImIL and PEG functional moieties onto the surface of MSN@GO scaffold as a 
biocompatible and water-dispersed nanomaterial. Then it has been evaluated as nanocarrier for improving the 
delivery of CUR to cancerous cell lines. Indeed the structure of ImIL functionalized PEGylated MSN@GO 
nanocarrier was fully characterized and confirmed by a variety of techniques. Then CUR was loaded on the 
surface of the modified MSN@GO NPs. MTT assay technique was applied to examine the efficiency of 
CUR@[PEGylated ImIL functionalized MSN@GO] NPs as anticancer. Our data suggest that CUR@ [PEGylated ImIL 
functionalized MSN@GO] NPs has more cytotoxic effect on MCF-7 as the cancerous model cell versus pure CUR. 
Consequently, the loading of CUR onto the PEGylated ImIL functionalized MSN@GO NPs 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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