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Effect of Graphene on Growth of Neuroblastoma Cells 
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The unique properties of graphene have earned much

interest in the fields of materials science and condensed-

matter physics in recent years. However, the biological

applications of graphene remain largely unexplored. In

this study, we investigated the conditions and viability of a

cell culture exposed to graphene onto glass and SiO
2/Si,

using a human nerve cell line, SH-SY5Y. Cell viability was

84% when cultured on glass and SiO
2/Si coated with

graphene as compared with culturing on polystyrene surface.

Fluorescence data showed that the presence of graphene did

not influence cell morphology. These findings suggest that

graphene may be used for biological applications.
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Carbon-based materials have been the focal point in recent

years because of their unique properties, such as high

thermal conductivity, low friction coefficient, wide band

gap, excellent mechanical strength, chemical inertness,

and high biocompatibility [4]. The bioindustry requires

highly stable biomaterials to fabricate highly sensitive

biosensors and artificial internal organs as orthopedic

replacements [18, 20].

Graphene is a single-atom sheet of sp
2-bonded carbon

atoms in a closely packed honeycomb structure. It is one of

the most attractive nanostructured materials with physical,

chemical, and biological applications [3, 6, 12, 17]. Graphene

combines surface stability with high corrosion resistance

and biotolerance, which are ideal features for medical

applications, such as to construct biosensors, biomaterials,

surgical tools, and medical implants [19]. In this work, we

report the in vitro study of cell viability on a graphene sheet

that was constructed using the chemical vapor deposition

(CVD) method. Although previous studies provided

preliminary quantitative and morphological evidence of

cell interactions on graphene sheets, the biological responses

of cells are still not clear and have not been sufficiently

studied [8, 11, 14, 15]. The nervous system would be an

ideal breakthrough model in terms of the biomedical

applications of the graphene sheet, which has a non-doping

surface conductivity [8, 18]. Human nerve SH-SY5Y cells

are electroactive, and functions of the nervous system are

based on electrical responses [11, 21]. Therefore, the

determination of SH-SY5Y cell viability could be used as

a method to characterize biocompatibility on a graphene

sheet. The graphene sheets were prepared by the Samsung

Co., Korea. In brief, the graphene sheet was deposited on a

copper foil and then attached to a thin polymer film coated

with an adhesive layer (thermal release tape) by passing

between 2 rollers. The copper foil was removed by an

electrochemical reaction with aqueous 0.1 M ammonium

persulfate (APS) solution [(NH4)2S2O8]. Then the graphene

sheet was detached from the thermal release tape and was

released to the target substrate by thermal treatment. We

used silicon (100, p-typed) and glass as the target

substrates on which the monolayer graphene sheet was

formed. All graphene sheets were used without any further

surface functionalization for cell culture. The graphene

films produced in our experiments exhibited an acceptable

optical image of the graphene film transferred onto SiO2/Si

(Fig. 1A). The surface morphology and roughness of the

graphene sheet were evaluated using an atomic force

microscope (AFM, ParkSYSTEMS, XE-100). The root

mean squared (Rq) roughness and peak roughness (Rpv) of

the surface were evaluated using an AFM, which was
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operated in tapping mode in air at room temperature, and

the scan size was 10 µm × 10 µm. When comparing the

SiO2/Si (001, p-typed) and graphene-coated SiO2/Si (001,

p-typed), there were some ripples and wrinkles in the AFM

image on the graphene-coated SiO2/Si, as shown in Fig. 1B.

These ripples and wrinkles were intrinsic characteristics

of the CVD-grown single-layer graphene [1, 5, 10]. The

surface roughness [Rq] of the SiO2/Si and graphene-coated

SiO2/Si was 0.287 nm and 0.491 nm, respectively. On the

basis of the AFM data, the thickness of the deposited

single-layer graphene film was determined to be approximately

0.6-0.9 nm through the y-axis [7]. Since the ripples and

wrinkles were made by the largely transferred graphene

sheet on the substrate, the thickness of the graphene sheet

was higher than that of the single layer value of 0.4 nm.

Raman spectroscopy is an efficient method for examining

the crystal structure of carbon materials, such as graphene

sheets. The single-, bi-, and multi-layer structures of graphene

can also be evaluated using this technique [2]. Therefore,

we characterized the carbon structure of the graphene sheet

by Raman spectroscopy (Renishaw, System 1000) by using

an Ar-ion laser at a wavelength of 514 nm. The Raman

spectrum can be used to analyze graphene by determining

the peak position and the G-to-2D intensity ratio (IG/I2D).

The position of the G peak and the shape and position of

the 2D peak are characteristic determinants of the graphene

sheet layer [2, 7]. The G and 2D peaks of single-layer

graphene are typically found at 1,585 cm-1 and 2,679 cm-1,

respectively [2, 3, 22]. In this study, the G peak of

graphene-coated SiO2/Si was centered at 1588.24 cm-1 and

the 2D peak at 2,690.66 cm-1, as shown in Fig. 1C. The

intensity of the 2D peak (I2D: 2903) was twice as large as

the G peak intensity (IG: 1152). The intensity ratio (IG/I2D)

was 0.39 (<0.5), which indicates that the graphene exists

as a large, single-layer sheet on the SiO2/Si substrates [2].

However, AFM analysis also exhibited the slightly overlapping

areas, bilayer islands, and multilayer islands (Fig. 1B).

Our graphene sample also exhibited a very small D peak

(Fig. 1C). The D peak indicates the defect of graphene on

the Raman spectroscopy, and its intensity depends on the

site of defect. On the basis of the 3 images in Fig. 1, we

confirmed that the graphene was uniformly transferred to

the substrates.

Cell viability was determined by a metabolic activity

assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-

tetrazolium bromide (MTT; Amresco, Canada) [11]. An

MTT assay assesses the metabolic activity of cells on

the basis of the ability of the mitochondrial succinate-

tetrazolium reductase system in viable cells to convert the

yellow dye to a purple-colored formazan compound. SH-

SY5Y (50,000 cells/well, 48 wells) cells were seeded on

each sample and cultured for 3 days. After incubation for

3 days, the graphene-coated glass and SiO2/Si were transferred

to wells of another plate and fresh medium was added

(180 µl); then, 20 µl of MTT solution (5 mg/ml) was added

to each well, followed by incubation. After incubation, the

medium in each well was removed and 200 µl of DMSO

was added to solubilize the insoluble formazan dye. The

absorbance was measured at 540 nm by using an Agilent

8453 UV-visible spectrophotometer (Agilent Technology,

USA). Cell culture polystyrene (CCPS) was used as a

control. As shown in Fig. 2, SH-SY5Y cells exhibited

approximately 84% viability on graphene-coated glass and

SiO2/Si compared with CCPS. Substrates bound to graphene

did not greatly affect cell viability (Fig. 2). Mouse

hippocampal cells and human mesenchymal stem cells

also showed no significant differences in cell viability

between cells cultured on graphene-coated and non-coated

substrates [7]. However, a recent study has reported that

pristine graphene triggers apoptosis in macrophage

RAW264.7 cells through the MAPK and TGF-β signaling

pathways [9].

We also investigated cell viability by using fluorescent

dyes such as calcein AM and Hoechst 33342. Calcein AM

emits green fluorescence by an active esterase reaction and

Fig. 1. Characterization of the chemical vapor deposition (CVD)-
grown graphene film. 
(A) Optical image of the graphene film after transfer to the SiO

2
/Si. (B)

AFM image of graphene upon SiO2/Si transfer. (C) Raman spectrum of

graphene (incident laser wavelength: 514 nm).
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Hoechst 33342 emits blue fluorescence by binding to

nuclear DNA [13, 16]. As shown in Fig. 3, SH-SY5Y cells

showed mostly green staining in the 4 samples (glass, SiO2/Si,

glass coated with graphene, and SiO2/Si coated with

graphene). These data indicate that cells can survive on

both substrates and graphene. There was no noticeable

morphological difference in the cells cultured on non-

coated and coated graphene surfaces. Our data suggest that

graphene coating on different substrates can be used to

develop biocompatible materials that can be used in vitro.

Taken together, our data reveal that graphene exhibited

excellent biocompatible properties in terms of cell viability

and morphology. Therefore, graphene can be useful in

applications such as fabrication of biological sensors,

biomolecular patterning, and for studying cell-surface

interactions. Our data support the potential of graphene as

a material for neural interfacing and provides insight into

the future biomedical applications of carbon-based materials.
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Fig. 2. SH-SY5Y cell viability after incubation for 3 days on
different substrates. 
The graph shows cell viability expressed as the percentage of cells grown

on graphene-coated versus non-coated substrates normalized to cells grown

on polystyrene (reference). CCPS represents cell culture polystyrene. Data

are expressed as the mean ± SD of 3 independent experiments performed in

duplicate.

Fig. 3. Morphology of SH-SY5Y cells grown on different substrates. 
Cells were stained with Hoechst 33342 and calcein AM. Scale bars are 50 µm.
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