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ABSTRACT 

Introduction: Graphene oxide has also shown to improve mechanical strength when 

incorporated into dental materials as a filler by generating uniform stress distribution, improved 

wear resistance, tensile strength, flexural strength and thermal properties. 

Polymethylmethacrylate resins present good properties, such as low modulus of elasticity, 

good aesthetics, ease of repair, has low cost and has a relatively fast manufacturing process. 

However, their poor resistance to wear and tear, polymerization shrinkage, lack of strength 

under fatigue failure, and the microbial adhesion onto PMMA are a major drawback for their 

long-term use. Studies have proved that graphene oxide incorporated into PMMA can improve 

its mechanical properties as well as antimicrobial property. However, cytotoxicity of PMMA 

at different concentrations of graphene oxide has not been explored yet.  

Aim and Objectives: The aim of this study is to evaluate the cytotoxicity of graphene oxide 

incorporated into PMMA resins at three different concentrations 

Materials and Methods: Graphene oxide was incorporated with polymethylmethacrylate heat 

cure resin in three different concentrations (0.5%, 1% and 2% of graphene oxide). The resultant 

was then subjected to standard cytotoxicity evaluation test i.e. MTT assay (3-(4, 5- 

dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide). The optical density (OD) value was 

then measured by Epoch Micro plate Reader. The data obtained during the course of the study 

was subjected to statistical analysis. Cell survival in each group was compared with that of 

untreated control group (PMMA without graphene oxide). Data were expressed as a percentage 

to the control group. The statistical analysis was done using Graph pad prism version 3.02. The 

results of MTT assay (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) was 

analysed by using one way ANOVA. 

 



Results: According to the results of ANOVA, there were significant differences among the 

groups in terms of cell survival percentage (p < 0.0001). When all the groups were compared, 

2% graphene oxide had significantly decreased cell survival rate when compared to the control 

group. 1% had slightly less cell survival rate than 0.5% graphene oxide and control group. 

There is insignificant difference between cell survival rate of 0.5% graphene oxide and control 

group. 

Conclusion: Within the limitations of this study, it can be concluded that 0.5% of graphene 

oxide can be incorporated with PMMA safely. But increasing the concentrations of graphene 

oxide arbitrarily more than 0.5% can be cytotoxic. 
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                                             INTRODUCTION  

 

Graphene oxide is an analogue compound of graphene made up of sp3 – bonded carbon atoms 

connected with oxygen functional groups, which possess several extraordinary chemical, 

physical, optical, electrical and mechanical properties [1-5]. Graphene oxide has shown good 

potential in many research fields, including biomedical and dental applications for its 

outstanding properties. The demand for research into the bio medical application of graphene 

oxide and its derivatives is due to many fascinating properties such as its high specific surface 

area 2630m2 /g, mechanical strength young’s modulus of 1100GPa, scalable production, low 

cost, and easy biological/chemical functionalization. [6,7] 

In recent years, many studies have explored the use of graphene oxide for dental and medical 

applications such as drug/gene delivery, antibacterial materials, biocompatible scaffolds for 

cell culture, and as a means to improve the physicochemical properties of dental biomaterials 

including dental implants and cements [8]. Graphene oxide has also shown to improve 

mechanical strength when incorporated into dental materials as a filler by generating uniform 

stress distribution, improved wear resistance, tensile strength, flexural strength and thermal 

properties.  

Polymethyl methacrylate (PMMA) is a polymer having high light transmittance, good 

chemical, weathering, and corrosion resistance properties which has been a widely used 

material in prosthodontics as well as in many other biomedical applications [9,10]. It is a 

transparent plastic which is commonly known as acrylic glass. PMMA has also found a wide 

range of applications in industrial components such as sensors, actuators, optical fibers, 

electronic devices, coatings, binders and additives [11-13]. However, PMMA in bulk often lacks 

thermal stability and mechanical properties like low flexural and tensile strength for high-tech 

applications including applications in dentistry.  
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Therefore, different nanomaterials have been incorporated as nanofiller to improve the 

performance of this polymer. PMMA, which is having fine compatibility and processability 

with carbon nanofillers, plays an important role in the field of nanocomposites [14]. Carbon 

nanofillers such as graphene, graphene oxide (GO), and graphite have been used for the 

fabrication of PMMA nanocomposite in the recent years [15]. Graphene has also attracted strong 

research interest in PMMA nanocomposite. Graphene appears to be a cutting-edge material 

which tends to improve the electrical conductivity, strength, thermal properties, and other 

important physical characteristics of polymeric nanocomposites, at very low loading level 

[16,17]. 

Development of oxygenated form of graphene, i.e., GO has provided an inexpensive way to 

develop PMMA-based functional materials with improved properties. The inclusion of 

graphene oxide into PMMA has been found to enhance the thermal, mechanical, biological as 

well as electrical properties of this nanocomposite. Graphene oxide incorporated into PMMA 

as a reinforcement filler has also shown to prevent microbial adhesion and makes the material 

bacteriostatic [18]. Similarly, natural graphite and graphite flakes has also opened up wide 

interest in the field of dental materials science.  

Kuila et al [19]. fabricated poly (methyl methacrylate)/graphene nanocomposite using in situ 

emulsion polymerization technique. Thermogravimetric analysis (TGA) showed that the 

thermal stability of this nanocomposites was increased by 35°C. Dynamic mechanical analysis 

(DMA) and differential scanning calorimetry (DSC) analyses indicated that graphene is indeed 

a reinforcing nanofiller in PMMA matrix. Zeng et al [20] prepared PMMA/GO nanocomposites 

by solution blending method. Natural graphite flakes as well as physically or chemically 

modified graphite have also been reinforced to form polymer/ graphite composites in several 

studies. Chen et al. [21] obtained graphite nanosheets by treating expanded graphite in aqueous 

alcohol solution. In situ polymerization of methyl methacrylate (MMA) monomer can also be 
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used to form the nanocomposite. In this way, two types of nanocomposites can be prepared, 

one with pristine graphite powder and other with modified graphite nanosheet. Zheng et al. [22] 

also studied obtaining PMMA/modified graphite composites using direct solution blending 

method. Technical implementation of poly (methyl methacrylate)/graphene, poly (methyl 

methacrylate)/graphene oxide, and poly (methyl methacrylate)/graphite nanocomposite 

includes making of bone cement, flame retardant material, EMI shielding, sensors, 

supercapacitor and also, prosthodontic implications such as a denture base material and implant 

frameworks. 

Due to development of various graphene-based materials for dental and medical applications, 

it is necessary to understand their interaction with the biological systems which may lead to 

potential local and systemic toxic effects. At different concentrations of graphene oxide, body’s 

response to the same can be different leading to systemic or local side effects. Also, the 

chemical interactions between graphene oxide and PMMA can lead to formation of cytotoxic 

by-products at different concentrations of graphene oxide. Hence the purpose of the present 

study is to evaluate the biocompatibility and cytotoxicity of graphene oxide incorporated into 

polymethylmethacrylate for dental applications.  Limited availability of literature assessing the 

cytotoxicity level of nanographene oxide incorporated into polymethylmethacrylate for dental 

applications necessitates the need for further research on its biocompatibility. The present study 

is intended to access the cytotoxicity of graphene oxide incorporated into PMMA at different 

concentrations using cultured fibroblastic cells
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                                    AIM AND OBJECTIVE 

 
The aim and objective of this in vitro study is to evaluate the cytotoxic effect of 0.5%, 1% and 2% 

graphene oxide incorporation into polymethylmethacrylate resins 
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REVIEW OF LITERATURE 

 

Shanmugam K D et al. studied the synthesis, characterization, and angiogenic properties of graphene-

based nanocomposite gels through several in vitro and in vivo assay. Graphene oxide was synthesized 

by incorporating a modified Hummer's method and was ascertained by Raman spectroscopy in this 

study. The obtained GO and rGO were uniformly dispersed into aloe vera gel and hydrogel, 

respectively, as wound healing materials. These formulations were then characterized via in vitro bio-

chemical techniques and were found suitable for the appropriate cell viability, attachment, and 

proliferation. In addition, in vivo experiments were also conducted using male Wistar rats. This 

revealed that the GO/rGO-based gels stimulated wound contraction and re-epithelialization compared 

to that of the non-treatment group. From the study, it was suggested that GO/rGO-based aloe vera gel 

can be recommended as a promising candidate for wound healing applications for biomedical 

applications.[23] 

 

Joanna Jagiełło, Adrian Chlanda, Magdalena Baran, Marcin Gwiazda and Ludwika Lipińska 

did research on Synthesis and Characterization of Graphene Oxide and Reduced Graphene 

Oxide Composites with Inorganic Nanoparticles for Biomedical Applications. Affiliations 

expand Graphene oxide (GO) and reduced graphene oxide (RGO), due to their large active 

surface areas, can serve as a platform for biological molecule adhesion (both organic and 

inorganic). In this work they described methods of preparing composites consisting of GO and 

RGO and inorganic nanoparticles of specified biological properties: nano Ag, nano Au, 

nanoTiO2 and nanoAg2O. The idea of their work was to introduce effective methods of 

production of these composites that could be used for future biomedical applications such as 

antibiotics, tissue regeneration, anticancer therapy, or bioimaging. In order to characterize the 

pristine graphene materials and resulting composites, they used spectroscopic techniques: XPS 
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and Raman, microscopic techniques: SEM with and AFM, followed by X-Ray diffraction. 

They obtained volumetric composites of flake graphene and Ag, Au, Ag2O, and TiO2 

nanoparticles and Ag nanoparticles were obtained using three different approaches.[24] 

 

Xiao Y et al did a review summarizing six typical synthesis methods to fabricate pristine 

graphene (p-G), graphene oxide (GO), and reduced graphene oxide (rGO), followed by 

characterization techniques to examine the obtained graphene materials. As bare graphene is 

generally undesirable in vivo and in vitro, functionalization methods to reduce toxicity, 

increase biocompatibility, and provide more functionalities were demonstrated. Subsequently, 

in vivo and in vitro behaviours of various bare and functionalized graphene materials were 

discussed to evaluate the functionalization effects. Reasonable control of dose (<20 mg kg-1), 

sizes (50-1000 nm), and functionalization methods for in vivo application were found to be 

advantageous. Then, the key biomedical applications based on graphene materials were 

discussed, coupled with the current challenges and outlooks of this growing field. In a broader 

sense, this review provided a comprehensive discussion on the synthesis, characterization, 

functionalization, evaluation, and application of p-G, GO, and rGO in the biomedical field, 

highlighting their recent advances and potential.[25] 

 

A paper published by  Taiwo Hassan Akere , Aline M Z de Medeiros , Diego Stéfani T 

Martinez , Bashiru Ibrahim , Hanene Ali-Boucetta , Eugenia Valsami-Jones reports the synthesis and 

characterization of a graphene oxide-gold nanohybrid (GO-Au) and evaluates its suitability as a test 

material, e.g., in nano(eco)toxicological studies. In this study, they synthesised graphene oxide (GO) 

and used it as a substrate for the growth of nano-Au decorations, via the chemical reduction of gold 

(III) using sodium citrate. The GO-Au nanohybrid synthesis was successful, producing and were 

homogenously distributed on the GO sheets. They exhibited reproducible characteristics when 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Akere+TH&cauthor_id=36615944
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=de+Medeiros+AMZ&cauthor_id=36615944
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Martinez+DST&cauthor_id=36615944
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Martinez+DST&cauthor_id=36615944
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Ibrahim+B&cauthor_id=36615944
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Ali-Boucetta+H&cauthor_id=36615944
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Valsami-Jones+E&cauthor_id=36615944
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characterised using UV-Vis, TGA, TEM, FTIR, AFM, XPS and Raman spectroscopy. The nanohybrid 

also showed good stability in different environmental media and its physicochemical characteristics 

did not deteriorate over a period of months. The amount of Au in each of the GO-Au nanohybrid 

samples was highly comparable, suggesting a potential for use as chemical label. The outcome of this 

research represents a crucial step forward in the development of a standard protocol for the synthesis 

of GO-Au nanohybrids. It also paves the way towards a better understanding of the nanotoxicity of 

GO-Au nanohybrid in biological and environmental systems.[26] 

 

A study conducted by Xie H, et al. showed that Graphene and its derivatives, graphene oxide (GO) and 

reduced graphene oxide (rGO), which are 2D carbon-based materials showed remarkable physical, 

chemical and biological properties. Graphene sheets have high specific surface area and mechanical 

strength. They have concluded that GO and r-GO has been shown to influence the differentiation of 

stem cells and to improve properties of biomaterials. [27] 

 

Lee J-H, et al conducted a study to evaluate the antimicrobial efficacy of nano-graphene oxide 

incorporated into PMMA resin. After characterizing nGO and nGO-incorporated PMMA (up to 2wt%) 

in terms of morphology and surface characteristics, 3-point flexural strength and hardness were 

evaluated. The anti-adhesive effects were determined for 4 different microbial species with 

experimental specimens and the underlying anti-adhesive mechanism was investigated by a non-

thermal oxygen plasma treatment. Sustained antimicrobial-adhesive effects were characterized with 

incubation in artificial saliva for up to 28 days. The typical nanosheet morphology was observed for 

nGO. Incorporating nGO into PMMA roughened its surface and increased its hydrophilicity without 

compromising flexural strength or surface hardness. An anti-adhesive effect after 1h of exposure to 

microbial species in artificial saliva was observed in nGO incorporated specimens, which accelerated 

with increasing levels of nGO without significant cytotoxicity to oral keratinocytes. Plasma treatment 
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of native PMMA demonstrated that the antimicrobial-adhesive effects of nGO incorporation were at 

least partially due to increased hydrophilicity, not changes in the surface roughness. A sustained 

antimicrobial-adhesive property against. Candida albicans was observed in 2% nGO for up to 28 days. 

They concluded that the presence of sustained antiadhesion properties in nGO incorporated PMMA 

without loading any antimicrobial drugs suggests the potential usefulness of this compound as a 

promising antimicrobial dental material for dentures, orthodontic devices and provisional restorative 

materials.[28] 

 

In a study conducted by F Pahlevanzadeh , H R Bakhsheshi-Rad , E Hamzah , a bone cement consisting 

of poly methyl methacrylate (PMMA)-poly caprolactone (PCL)-fluorapatite (FA)-graphene oxide 

(GO) was synthesized as bone filler. The FA and GO particulates were homogenously distributed in 

the PMMA-PCL polymer matrix and no defects and agglomeration were found in the PMMA-

PCL/FA/GO bone cement. The in-vitro bioactivity result exhibited that addition of FA and GO to the 

polymer cement (PMMA-PCL) improved the apatite formation ability on the surface of polymer. The 

results also showed that addition of FA to the polymer bone cement escalated the compressive strength 

and elastic modulus while reducing elongation. However, after addition of GO into the PMMA-

PCL/FA bone cement, both compressive strength and elongation considerably increased. Furthermore, 

tensile tests exhibited that inclusion of GO was favourable in improving the tensile modulus, UTS and 

elongation of the PMMA-PCL/FA bone cement. The cytotoxicity test pointed out that MG63 osteoblast 

cells viability increased to 279 ± 15% after addition of FA and GO to the PMMA-PCL polymer bone 

cement. The DAPI (4',6-diamidino-2-phenylindole) staining demonstrated better spreading and 

attachment of MG63 cells on PMMA-PCL/FA/GO surface compared to the PMMA-PCL bone 

cements. These results confirm the suitable mechanical properties and favourable bioactivity along 

with high cells viability of PMMA-PCL/FA/GO bone cement, indicating its potentials for biomedical 

applications.[29] 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Pahlevanzadeh+F&cauthor_id=29627737
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Bakhsheshi-Rad+HR&cauthor_id=29627737
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Hamzah+E&cauthor_id=29627737
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Baheti W et al studied Titanium (Ti) implant surfaces, which was coated with GO, HA, HA-2wt%GO 

and HA-5wt%GO via electrophoresis deposition, to investigate their mechanisms and biological 

activity. Uncoated Ti was used as the control. Further, the biological behavior and osteogenic 

performance of mouse bone marrow mesenchymal stem cells (BMSCs) cultured on coatings in vitro 

was studied. They found that the HA-GO nanocomposite coating improved the roughness and 

hydrophilicity of the Ti surface. Compared with the uncoated Ti or Ti modified by HA or GO alone, 

cell adhesion and diffusion were also found to be enhanced on HA-GO-modified Ti surfaces. In 

addition, the proliferation and osteogenic differentiation of BMSCs in vitro were significantly 

improved on HA-GO-modified surfaces, whereas osteogenesis-related gene expression and alkaline 

phosphatase activity were slightly enhanced in the study. Furthermore, they also noted that bone 

regeneration was improved in the HA-2wt%GO group in vivo. Thus, they concluded that HA-2wt%GO 

nanocomposite coating might have potential applications in the field of dental implants.[30] 

 

A study by Zohre Farhangian , Homayoon Alaghehmand , Hamed Tashakkorian , Faraneh 

Mokhtarpour  and Abolfazl Davoodabadi  aimed to evaluate the impacts of adding zinc oxide and 

graphene oxide nanoparticles on the antibacterial properties of flowable composites. In this, an vitro 

experimental study was designated into five groups containing: (1) no nanoparticles as control group, 

(2) 1 wt.% ZnO nanoparticle, (3) 1 wt.% GO, (4) 1 wt.% physical compound of ZnO and GO, and (5) 

1 wt.% chemical compound of ZnO and GO. The antibacterial properties of composite resin discs were 

evaluated by direct contact test. Data were analyzed using a one-way analysis of variance, followed by 

Tukey' post hoc tests (P = 0.05). Streptococcus mutans colony counting in the first 24 h showed the 

least growth rate in the chemical compound group (2.2 × 10[5]). However, in 7 days, the least colony 

number was observed in the GO group (2 × 10[3]). Moreover, the physical compound showed the least 

bacterial adhesion. They concluded that adding GO alone to composites, compared to adding ZnO or 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Farhangian+Z&cauthor_id=36407780
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Alaghehmand+H&cauthor_id=36407780
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Tashakkorian+H&cauthor_id=36407780
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Mokhtarpour+F&cauthor_id=36407780
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Mokhtarpour+F&cauthor_id=36407780
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physical and chemical compounds of GO-ZnO, was more helpful to increase the antimicrobial 

characteristics.[31] 

 

Abubaker S Qutieshat, Ahmad S Al-Hiyasat, Mohammad R Islam studied the effect of adding graphene 

oxide nanoplatelets to Portland cement for dental applications. Three prototype Portland cement 

powder formulations were prepared by adding 0, 1, and 3 wt % Graphene oxide nano particles in 

powder form to Portland cement. Prototype cement specimens were in the form of disks, with a 

diameter of 10 mm and a thickness of 2 mm in the study. In one experiment, Surface microhardness 

was measured using the through indenter viewing hardness tester, 20 surface hardness values were 

obtained from all specimens. In experiment 2, Balb/C 3T3 fibroblasts were cultured with the material 

disks and the viability of cells was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide assay. They concluded that the addition of 1 wt % GONPs to Portland 

cement improved surface microhardness without compromising biocompatibility; therefore, it has a 

greater potential for dental applications.[32]  

 

 

Bacali C et al studied Flexural strength, biocompatibility, and antimicrobial activity of a polymethyl 

methacrylate denture resin enhanced with graphene and silver nanoparticles. They concluded that 

PMMA resin loaded with Graphene and silver nanoparticles presents promising antibacterial activity 

associated with minimal toxicity to human cells, in vitro, as well as improved flexural properties.[33] 

 

E Paz, F Forriol, J C Del and N Dunne studied graphene oxide and graphene for optimisation 

of PMMA bone cement for orthopaedic applications. Graphene (G) and graphene oxide (GO) 

nano-sized powders with loadings ranging from 0.1 to 1.0wt% were investigated as reinforced 

agents and added to polymethyl methacrylate (PMMA) to form bone cements in this study. 
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The mechanical properties (i.e., bend strength, bend modulus, compression strength, fracture 

toughness and fatigue performance) and the thermal properties (i.e., maximum temperature, 

setting time, curing heat and residual monomer) of the resultant nanocomposites were 

characterised in the study. The mechanical performance of G-PMMA and GO-PMMA bone 

cements has shown to have improved at low loadings (≤0.25wt%), especially their fracture 

toughness and fatigue performance. These improvements were attributed to the fact that the G 

and GO induced deviations in the crack fronts and hampered crack propagation rendering 

material its improved mechanical properties. The high functionalisation of GO compared with 

G resulted in greater enhancements. The reason for which can be attributed to the fact that it 

facilitated the creation of a stronger interfacial adhesion between the GO and PMMA. 

However, The use of loadings ≥0.25wt% showed a detriment in the mechanical performance 

as consequence of the formation of agglomerates as well as to an increase in the porosity. Thus, 

the increase in the residual monomer and the decrease in the curing heat, observed with the 

increase in the level of G and GO added, suggested that such materials retard and inhibit the 

curing reaction at high levels of loading by interfering in the radical reaction.[34] 

 

Mi-Ah Kim, Vinicius Rosa and Kyung-San Min investigated the antibacterial efficacy and 

cytotoxicity of two graphene derivatives -graphene oxide (GO) and reduced graphene oxide 

(RGO)- against Enterococcus faecalis (E. faecalis) in biofilms formed on hydroxyapatite discs. 

The viability and biomass of biofilms treated with GO or RGO were then evaluated by colony-

forming unit counting and crystal violet staining in this study. The morphological features of 

the biofilms were observed by scanning electron microscopy (SEM), and the bio-volume was 

quantitatively analysed by confocal laser scanning microscopy and also, the cytotoxicity of GO 

and RGO was evaluated. GO and RGO had similar antibacterial effects on E. faecalis in 

biofilms (p>0.05) according to the results of this study. The SEM images had also shown the 
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ability of GO and RGO to disrupt E. faecalis. Furthermore, it was concluded that GO had 

significantly higher cytotoxicity than RGO (p<0.05). The results suggested that RGO has the 

potential to be used as a more effective disinfecting agent than GO since it showed less 

cytotoxicity while also exerting similar antibacterial efficacy.[35] 

 

A study was conducted by Olteanu et al evaluating the cytotoxic effects of Graphene-oxide (GO) and 

its most encountered derivatives, thermally reduced graphene oxide (TRGO) and nitrogen-doped 

graphene (N–Gr) on human dental follicular stem cells. These were synthesized and structurally 

characterized by spectroscopic techniques, like Raman and 13C MAS solid state NMR. Graphene 

oxide showed the lowest cytotoxic effect, followed by the nitrogen-doped graphene, while thermally 

reduced graphene oxide exhibited high cytotoxic effects. Graphene oxide induced oxidative stress 

without causing cell membrane damage. Nitrogen-doped graphene showed a slight antioxidant activity; 

however, at high doses (20 and 40 g/ml) it caused membrane damage. They concluded that both 

graphene oxide and nitrogen doped graphene seem to be valuable candidates for usage in dental 

nanocomposites.[36] 

 

A study was done by Rosa V,et al.to evaluate the cytotoxicity and differentiation potential of a 

graphene oxide (GO)-based substrate using dental pulp stem cell (DPSC). GO was obtained via 

chemical exfoliation of graphite using the modified Hummer’s method and dispersed in water methanol 

solution. 250L of 1.5mg/mL solution were added to a cover slip and allowed to dry (25 ◦C, 24h). GO-

based substrate was characterized by Raman spectroscopy, AFM and contact angle. DPSC were seeded 

on GO and glass (control). Cell attachment and proliferation were evaluated by polymeric F-actin 

staining, SEM and MTS assay for five days. mRNA expression of MSX-1, PAX-9, RUNX2, COL I, 

DMP-1 and DSPP were evaluated by qPCR (7 and 14 days). Statistical analyses were performed by 

either Mann–Whitney, one or two-way Anova followed by and Tukey’s post hoc analysis (˛ = 0.05). 
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Peaks at 1587 cm−1 and 1340 cm−1 (G and D band) and ID/IG of 0.83 were observed for GO with 

Raman. AFM showed that GO was randomly deposited and created a rougher surface comparing to the 

control. Cells successfully adhered on both substrates. There was no difference in cell proliferation 

after 5 days. Cells on GO presented higher expression for all genes tested except MSX-1 and RUNX2 

for 7 days. They found that GO-based substrate allowed DPSC attachment, proliferation and increased 

the expression of several genes that are upregulated in mineral producing cells. They concluded that 

these findings open opportunities to the use of GO alone or in combination with dental materials to 

improve their bioactivity and beyond.[37] 

 

Bacali C,et al describes a study on the mechanical properties, water absorption and morphological 

properties of a polymethyl methacrylate (PMMA) resin enriched with graphene-silver nanoparticles 

(Gr-Ag). Two different concentrations—1 and 2 wt.%—of GrAg were loaded into the PMMA material. 

For the mechanical characterization, the compression behaviour, flexural strength and tensile strength 

were evaluated in this study. Optical microscopy in polarized light and also scanning electron 

microscopy were used for filler analysis. The filler addition led to an improvement in all mechanical 

properties, with slight changes being derived from the filler content variation. It was found that Gr-Ag 

use led to an increase in the applied maximum loads. It was concluded that 1 wt.% Gr-Ag determined 

an increase of 174% in the modulus of rupture, which indicated high flexibility.[38] 

 

Rhazouani A et al did a behavioural and histopathological study on sub-acute toxicity of graphene 

oxide (GO) nanoparticles in male mice after intraperitoneal injection. They synthesized this 

nanoparticle to assess its toxicity in male mice. In addition, thet studied the effects of this nanomaterial 

on behavior by administering GO intraperitoneally to mice at different doses (2 mg/kg and 5 mg/kg) 

for five days. Subsequently, they performed biochemical analyses of blood serum and measured 

peroxidase and malondialdehyde (MDA) activity. Then, they performed histological sections to 
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evaluate the brain's and liver's pathological and morphological changes. The data showed that the open 

field tests did not alter the locomotor activity. Furthermore, the elevated cross-maze tests showed no 

anxiety effect in the GO doses in the animals. The biochemical analyses indicated that GO influenced 

the level of biochemical parameters. Although, the oxidative stress assay showed an increase in 

peroxidase and MDA activity after GO intoxication. However, histopathological analysis of liver 

sections showed that GO caused liver inflammation, whereas, at the brain level, GO did not affect 

neuronal cells. The results indicated that GO caused toxic effects and that its toxicity could be mediated 

by oxidative stress. [39] 
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MATERIALS AND METHODS 

This study was conducted to analyse the cytotoxic effect and biocompatibility of different 

concentrations of Graphene oxide incorporated into Polymethylmethacrylate, in the 

Department of Prosthodontics, SDM College of Dental Sciences and Hospital, Dharwad and 

the Department of Biochemistry, SDM College of Medical Sciences and Hospital, Dharwad. 

In the present study. Graphene oxide was incorporated with polymethylmethacrylate heat cure 

resin in three different concentrations (0.5%, 1% and 2% of graphene oxide). The resultant was 

then subjected to standard cytotoxicity evaluation test i.e., MTT assay (3-(4, 5- 

dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide)  

Armamentarium used for the study 

 Graphene oxide flakes 

 Polymethylmethacrylate (Heat cure polymer and monomer) 

 Autoclave 

 T3T mouse connective tissue fibroblastic cell line 

 (National Centre for Cell Science, Pune) 

 DMEM High Glucose medium (HIMEDIA Laboratories, Mumbai) 

 10% fetal bovine serum (HIMEDIA Laboratories, Mumbai) 

 1% Antibiotic Antimycotic solution (HIMEDIA Laboratories, Mumbai) 

 Epoch Microplate Reader (Biotek Instruments, highland Park, VT, USA) 

 Motic Inverted Microscope (Motic Image PLUS 2.0, Resolution - 10MP) 

 Cell culture unit. 
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Test sample preparation: 

 

Test samples were prepared using a metallic mould of 60mm length, 20mm breath and 2 mm 

depth. Graphene oxide (Nanomatrix materials, India) was measured and mixed with 0.5%, 

1% and 2% polymethylmethacrylate resin (DPI Heat Cure, India) powder respectively and 

heat cured in the metallic mould (Colour plates 1,2 and 3) by long curing cycle.  To 

standardize the test samples, they were measured for equal mass by volume ratio and were 

cut into small pieces of dimensions 2mm length, 2mm breadth and 2mm depth (Colour plate 

4). 

 

All the specimens were sterilization by exposing them to ultraviolet light for 20 minutes on 

each side (colour plate 5). The samples were manipulated under aseptic conditions to prevent 

the risk of biological contamination during the cytotoxicity testing. 

 

T3T mouse connective tissue fibroblasts (NCCS, Pune) were used to study the cytotoxicity of 

reduced graphene oxide (Nanomatrix materials) incorporated in polymethylmethacrylate resins 

in vitro and were kept in a CO2 incubator unit (colour plate 6) 

 

There present study consisted of four groups and all the experiments are done in triplicates. 

The groups are- 

1) The control group consisted of normal untreated mouse fibroblastic cells of the NIH- T3T 

cell line and unmodified PMMA (control group)  

2) Fibroblasts in PMMA with 0.5% reduced graphene oxide (test group 1) 

3) Fibroblasts in PMMA with 1% reduced graphene oxide ( test group 2)  

4) Fibroblasts in PMMA with 2% reduced graphene oxide (test group 3)  
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The biocompatibility of these four groups were assessed by MTT assay. 

 

 

 

Cell culture: 

 

All the specimens were immersed in 7 ml of culture medium for about 24 h at 37°C to extract 

the residual monomer or cytotoxic substances. The culture medium, which contained the 

material extracts, was sterilized by filtering and then added to the cell cultures containing 

NIH/T3T cells. These mice fibroblast cells were cultured at 37°C under a humidified 

atmosphere of 5% CO2 and 95% air and they were grown in DMEM (Dulbecco's modified 

eagle medium) and High Glucose medium (HIMEDIA Laboratories, Mumbai). Following 

which the solution was then supplemented with 10% fetal bovine serum (HIMEDIA 

Laboratories, Mumbai) and 1% Antibiotic Antimycotic solution (HIMEDIA Laboratories, 

Mumbai) (colour plate 7). 
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Cell viability MTT Assay: 

 

Cell survival was determined using a MTT 5-dimethylthiazol-2- yl)-2,5-diphenyl tetrazolium 

bromide) assay which is one of the most commonly used test quantitative test. NIH 3T3 

fibroblasts were plated out at density of 2x 105 per well separately in 6 well plates (colour 

plate 8). They were grown till 60-70% confluence was reached and were verified under a 

microscope (Motic Image PLUS 2.0) (colour plate 9). Following this, first the control group 

and then the test samples were placed in three different six-well plates. This experiment was 

done in triplicates. 

 

After 24 hours of incubation, MTT reagent (200 ml, 5 mg/ml) was added into the fibroblastic 

cells and kept undisturbed for 2 hours at 37°C. After two hours, MTT solubilizing buffer was 

added to solubilize the crystals for 1 hour at room temperature. The optical density (OD) value 

was then measured by Epoch Micro plate Reader (Biotek Instruments, highland Park, VT, 

USA) at an wavelength of 450nm (colour plates 10 and 11). The experiments were performed 

at least three times and were calculated using average values of the optical density obtained. 

Measured absorbance values were directly used for calculating percent of viable cells 

remaining after the experiment. The cell survival rate of the NIH/T3T fibroblastic cells in each 

well plate was analysed after the end of the experiment using one way ANOVA test. 
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COLOUR PLATES 
 

 
 

Colour plate 1: Mixing of polymethylmethacrylate resin (DPI Heat Cure) and Graphene 

oxide powder. 

 

 

    

                                  

 

                                    

                                  
                                    

Colour plate 2: Packing of 0.5%, 1% and 2% graphene oxide respectively (from left to 

right) into the metallic mould. 
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Colour plate 3: Samples after Curing. PMMA Without GO, PMMA with 0.5% GO, 

PMMA with 1% GO, PMMA with 2% GO (from left to right) 

 

 

 

 

 

 

 
               

 

 

 

 

 

 

                  
 

Colour plate 4: Cutting of the samples into small equal sizes 
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Colour plate 5: Sterilization of the samples by exposing them to ultraviolet light for 20 

minutes. 
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Colour plate 6: CO2 incubator for cell culture 

 

 

 

 

 

 

 

 

 

 

 

 

               
 

 

 

Colour plate 7: Reagents used for making culture media. 
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Colour plate 8: Samples immersed in culture media 

 

 

 

 

 

 

 

 

 

                   
 

Colour plate 9: Motic Inverted microscope (Motic Image PLUS 2.0) 
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Colour plate 10: Epoch Microplate Reader 

 

 

 

 

 

                
 

Colour plate 11: specimens in Epoch Microplate Reader for obtaining optical density 
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RESULTS 

The present study was designed to evaluate the cytotoxicity of three different concentrations 

of graphene oxide incorporated into PMMA resin. The data obtained during the course of the 

study was subjected to statistical analysis (One Way ANOVA). Cell survival in each group 

was compared with that of untreated control group (PMMA without graphene oxide). Data 

were expressed as a percentage to the control group. The statistical analysis was done using 

Graph pad prism version 3.02. The results of MTT assay (3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyl tetrazolium bromide) was analysed by using one way ANOVA. Differences between 

mean values were statistically analysed. Significance level was set as P<0.0001. The processed 

data obtained from MTT assay are shown in graphs with a colour scale, making it possible to 

compare the cell survival rate with different concentrations of graphene oxide in PMMA and 

PMMA without graphene oxide. 
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Table 1: cell survival rate (optical density) of different concentrations of graphene oxide 

compared with that of the control group. 

 

 

 

 

 

 

 

 

 

Control 

0.5% Graphene 

Oxide 

1.0 %  

Graphene  

Oxide 

2.0 % 

Graphene  

Oxide 

99.9996 
93.47015 79.18432 75.10265 

100 
88.41 75.88 69.12 

100 
93.47 80 75.102 
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Table 2: Mean, Standard Deviation and Standard error of mean. 

 

 

 

 

 

Table 3: 25% percentile, median and 75% percentile values  

 

 

 

Groups Mean  Std. Deviation Std. Error of Mean 

Control 100 0.0002309 0.0001333 

0.5% Graphene oxide 91.78 2.921 1.687 

1% Graphene oxide 78.35 2.182 1.26 

2% Graphene oxide 73.11 3.454 1.994 

 Control  0.5% graphene 

oxide 

0.1% graphene 

oxide  

2% graphene 

oxide  

25% Percentile 100 88.41 75.88 69.12 

Median 100 93.47 79.18 75.1 

75% Percentile 100 93.47 80 75.1 
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Table 4: Lower and upper 95% CI of mean values 

  

 

According to the results of ANOVA, there were significant differences among the groups in 

terms of cell survival percentage (p < 0.0001). When all the groups were compared, 2% 

graphene oxide had significantly decreased cell survival rate when compared to the control 

group. 1% had slightly less cell survival rate than 0.5% graphene oxide and control group. 

There is insignificant difference between cell survival rate of 0.5% graphene oxide and control 

group. The processed data obtained from MTT assay is shown in graph with a colour scale. 

     

     

     

     

 

 

 

Lower 95% CI of 

mean 

100 84.53 72.94 64.53 

Upper 95% CI of 

mean 

100 99.04 83.77 81.69 
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DISCUSSION 

Polymethyl methacrylate (PMMA) has been clinically widely used in biomedical and dental 

applications as a biomaterial for removable or implant prosthesis (e.g., denture base resin, 

provisional restorative materials, maxillofacial prostheses, bone cement). They present good 

properties, such as low modulus of elasticity, good aesthetics, ease of repair, has low cost and 

has a relatively fast manufacturing process. However, their poor resistance to wear and tear, 

polymerization shrinkage, lack of strength under fatigue failure, and the microbial adhesion 

onto PMMA are a major drawback for their long-term use. Over the years, different nano-

particles, nano-sheets, nano-fibres or nanotubes have been added to the material to overcome 

these drawbacks.  

Among different nano-materials used to enhance the properties of polymethylmethacrylate 

resin, graphene oxide has recently been in limelight because of some of its excellent properties. 

Graphene is a single sheet of one-atom thickness which is arranged in a honeycomb-like lattice 

where each carbon atom is covalently bonded to three other carbon atoms with sp2 

hybridization. The interlayers of the graphene material are re-arranged through weak Van der 

Waal forces and these forces are responsible for the softness of the material. Graphene exists 

mainly in three different forms which are graphene sheets, graphene oxide (GO) and reduced 

graphene oxide (rGO). Graphene oxide properties, such as its biodegradability, strength 

(Young’s modulus of Y ~ 1.0 TPa), antimicrobial-adhesion characteristics, flexibility, and 

transparency make it a material with potential in prosthodontics.  

A study done by Lee HJ proved that there is presence of sustained anti-adhesion properties in 

nGO-incorporated PMMA without loading any antimicrobial drugs which suggested the 

potential usefulness of this material as a promising antimicrobial dental material for dentures, 

orthodontic devices or as provisional restorative materials. Upto 2% of nanographene oxide 
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was used in this study. They also found that 3-point flexural strength and hardness of the 

compound to be better at 2% of graphene oxide incorporation. [28] 

Studies have proved that graphene oxide incorporated into PMMA can improve its mechanical 

properties as well as antimicrobial property which can be very effective with patients who have 

systemic illness and are resistant to common antibiotics or antifungal drugs. In most of the 

studies, 0.5% of graphene oxide was used. However, some of the studies have utilized graphene 

upto 2%.  

Goiato CM et al did a literature review to evaluate the cytotoxicity of PMMA resin and they 

found that in most of the studies, MTT test was used for the same. They concluded that auto-

polymerized resin is more cytotoxic than heat-polymerized resin because of its higher quantity 

of residual monomers which causes cell and tissue changes in the oral mucosa. In the present 

study, heat polymerized resin is used which has been proven to have acceptable 

biocompatibility for over 70 years of use in prosthodontic applications and the present study is 

in accordance with Goiato CM et al review on heat cure polymerized resin cytotoxicity as the 

resin without any modification was not found to be cytotoxic via MTT test. [40] 

Olteanu D et al did research on cytotoxicity of Graphene-oxide (GO) and its most encountered 

derivatives, thermally reduced graphene oxide (TRGO) and nitrogen-doped graphene (N–Gr), 

which were synthesized and structurally characterized by spectroscopic techniques, like Raman 

and 13C MAS solid state NMR. Many biological effects like cytotoxicity, oxidative stress 

induction, and cellular and mitochondrial membrane alterations induced by such graphene-

based materials on human dental follicle stem cells were investigated in that study. Results 

showed that Graphene oxide shows the lowest cytotoxic effect, followed by the nitrogen-doped 

graphene, while thermally reduced graphene oxide exhibits high cytotoxic effects. They found 

that Graphene oxide induces oxidative stress without causing cell membrane damage and 
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Nitrogen-doped graphene shows a slight antioxidant activity; however, at high doses (20 and 

40 g/ml) it was found that it causes membrane damage. Hence, they concluded that both 

graphene oxide and nitrogen-doped graphene seem to be valuable candidates for usage in dental 

nanocomposites. Therefore, it has been proved that neither PMMA nor graphene oxide at low 

concentrations are cytotoxic individually.[36] 

Literature has also quoted regarding multiple occurrences of hypersensitivity and 

incompatibility with such amalgamations of graphene oxide with different materials.  Graphene 

oxide was mixed with PMMA up to 2% only in most of the studies, 0.5% of graphene oxide 

being the most commonly used combination. However, there is very little evidence of the 

cytotoxic nature of these type of amalgamations in the literature. Therefore, the purpose of this 

study is to evaluate the cytotoxicity of graphene oxide powder at 0.5%,1% and 2% 

concentrations in PMMA resin using cultured fibroblasts by checking their cell viability, in 

vitro. 

Biocompatibility of potential materials can be adjudicated using different in- vitro tests such 

as histo-chemical staining of cultured cells, tests for cell growth, LDH (Lactate dehydrogenase) 

leakage, GSH (Glutathione) content - measured using colorimetric assays, MTT (3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) assay, and colony formation assay. 

Mutagenicity tests such as Ame’s test and HPRT (hypoxanthine-guanine-phosphoribosyl-

transferase) test are also conducted using varied cell lines. Testing of dental materials by cell 

culture methods is relatively simple to perform, reproducible, and can be carefully controlled. 

The main advantages of cell culture tests are that there are no ethical considerations and their 

standardization is impeccable. These tests may be more suitable as an alternative to the costly, 

controversial animal experiments, which may also have several uncontrollable variables. 

Besides ethical considerations, in vitro cytotoxicity tests undoubtedly have the advantage of 
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easy control of experimental factors that are often problematic when performing experiments 

in vivo. 

In the present study, the cytotoxicity of nano graphene oxide at 0.5%, 1% and 2 % incorporated 

into PMMA resin as a dental material was evaluated using MTT assay.  

MTT assay was carried out by immersing specimens in 7 mL of culture medium for 24 h at 

37°C, to extract the residual monomer or cytotoxic substances. The culture medium which 

contained material extracts, was sterilized by filtering and then added to the cell cultures, NIH-

T3T mice fibroblast cells (NCCS, Pune) were cultured at 37°C under a humidified atmosphere 

of 5% CO2 and 95% air in a cell culture unit and were grown in DMEM High Glucose medium 

(HIMEDIA Laboratories, Mumbai) supplemented with 10% fetal bovine serum (HIMEDIA 

Laboratories, Mumbai) and 1% Antibiotic Antimycotic solution (HIMEDIA Laboratories, 

Mumbai). As it is a well-established method for analysing cell viability and to estimate cell 

densities in small cultures, we preferred MTT assay for our study. Cell survival viability was 

determined in this study using a calorimetric assay. The samples in the form of uniform mass 

were taken under aseptic conditions to prevent the risk of biological contamination during the 

cytotoxicity testing and to exclude the possibility of any inconsistency with the results, it was 

made sure that the granules used for the samples were of similar size and comparable in terms 

of mass by volume ratio. 

Following this, the samples were placed in different six well plates. After 24 hours of 

incubation MTT reagent (200mt. 5 mg/ml) was added into the cells for 2 h at 37°C. MTT 

solubilizing buffer was added to solubilize the crystals for 1 hour at room temperature. The 

optical density (OD) value was measured at a wavelength of 450 nm by Epoch Microplate 

Reader (Biotek Instruments, highland Park, VT, USA). All experiments were performed at 

least three times and were calculated using average results. The received values for absorbance 
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were measured accurately and used further to calculate the percentage of viable cells surviving 

after the experiment. 

NIH 3T3 fibroblasts were plated out at density of 2x 105 per well separately in 6 well plates 

and grown till 60-70 % confluence was reached. 3T3 mouse fibroblasts were chosen because 

they are alternative model cells for in vitro screening of gingival or tissue toxicity. They 

resemble gingival fibroblastic cells which are mostly in contact during clinical use. Mouse 

fibroblasts exactly simulate gingival fibroblasts when compared in morphology. Also, 

fibroblasts are targeted by any chemical components released from dental restorative materials 

or implant materials. Therefore, it is valid to test fibroblastic cell response to such materials. 

Primary fibroblast cells are closely related and mimic their original tissue and have an almost 

unchanged metabolic state when compared to their original tissue. Thus, an in vivo situation 

will be better adjusted by using primary fibroblastic cell cultures. 

MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) assay is one of the 

most popular and standard recognized qualitative test for determination of cytotoxic effects of 

a given material, among many other cytotoxicity evaluation tests such as cell proliferation 

assay, cell transformation assay, tests for systemic toxicity and mutagenicity tests. 

Even though these tests pose a tiring and time-consuming attempt at counting the number of 

colonies manually or evaluating them under the microscope, they are still regarded as gold 

standard tests. 

Usually, for in vitro toxicity tests such as MTT assay, some cells are plated in a well of a cell-

culture dish where they attach and form a test system. The material to be tested is then placed 

in this test system. If the material is not cytotoxic, the cells will remain attached to the well and 

will proliferate with time. If the material is cytotoxic, the cells may stop growing, exhibit 

cytopathic features or detach from the well. If the material is a solid, then the density (number 
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of cells per unit area) of cells be assessed at different distances from the material, and a "zone" 

of inhibited cell growth can be seen. 

The results demonstrated that the fibroblasts showed no remarkable morphologic alterations. 

The cell viability observed in the test sample was not increased because of the presence of 

graphene oxide. But slight decrease in cell viability was noted with increase in graphene oxide 

concentrations in PMMA resin in the present study. 0.5% graphene oxide incorporation showed 

more cell survival rate of about 90%. On the other hand, 1% of graphene oxide incorporation 

showed about 80% of cell survival rate and 2% of graphene oxide incorporation showed about 

only 75% of cell survival rate, which revealed mild cytotoxic effects. 

Statistical analysis was done of the values received from the experiment between the test 

samples and the control group using one way ANOVA. According to the results of ANOVA, 

there were significant differences between the cell survival rates of these groups with p value 

<0.0001. 2% graphene oxide has exhibited the highest amount of cytotoxicity followed by 

0.1% graphene oxide in PMMA. 0.5% graphene oxide incorporation has shown least amount 

of cytotoxicity and can be concluded that 0.5% of graphene oxide can safely be incorporated 

with PMMA to enhance its mechanical and biological properties. 

Polymethylmethacrylate resins (heat cure) as well as nano graphene oxide at concentration less 

than 20g/ml has proven to be non-cytotoxic individually according to another research. 

However, according to the results of the present study, the interaction between them showed 

that there is a potential increase in cytotoxicity of the combination with increase in percentage 

of graphene oxide. Therefore, addition of graphene oxide to PMMA should be carefully 

controlled and arbitrary addition of graphene oxide powder to PMMA to enhance its properties 

should not be done at the expense of increasing its cytotoxicity.  
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Further scope of the study needs to be carried out on more extensive bases and with different 

nano-graphene oxide materials marketed by different other companies.  
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CLINICAL IMPLICATIONS  

 0.5% of graphene oxide can be added to PMMA resin to enhance its mechanical, 

physical and biological properties 

 Adding more percentage of graphene oxide to PMMA should be carefully monitored 

and should be avoided for long term use in patients. 

 LIMITATIONS OF THE STUDY: 

 Handling of cells and fluids which is very sensitive may lead to contamination of the 

experiment. 

 Strict sterilization protocols in each and every step had to be followed diligently. 

  In this in vitro experiment, using of NIH/T3T cells may fall short to completely 

simulate cells in an oral environment. 

SCOPE FOR FUTURE STUDIES: 

 Different methods like plasmid conformation test and comet assay can be carried out to 

access cytotoxicity 

 Different types of graphene oxide powders or graphene oxide powder manufactured by 

other companies can be used for validating the results of the present study. 

 In vivo studies and clinical research should be done and long-term studies should be 

carried out to evaluate for clinical performance. 
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CONCLUSION 

 

Within the limitations of this study, it can be concluded that 0.5% of graphene oxide can be 

incorporated with PMMA safely. But increasing the concentrations of graphene oxide 

arbitrarily more than 0.5% can be cytotoxic and a prosthodontist should not merely increase 

the concentration of graphene oxide to enhance its properties at the expense of making the 

material cytotoxic. However, more studies are required with different tests for checking 

cytotoxicity and with different forms of graphene oxide manufactured by different other 

companies to validate the results of the present study.  
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SUMMARY 

 

Polymethylmethacrylate resins has been used widely in dentistry for over 70 years and have 

proven to have great clinical success. However, bulk PMMA resins lack mechanical and 

thermal properties, have low tensile and flexural strength and can attract microbial adhesions 

over long term use. To overcome these, many nano-materials have been incorporated within 

PMMA resins. Graphene oxide is of new interest in this regard. Graphene oxide have shown 

some outstanding properties like high specific surface area of 2630m2 /g, good mechanical 

strength young’s modulus of 1100GPa, capable for scalable production, low cost, and easy 

biological/chemical functionalization. Graphene oxide has also shown to improve mechanical 

strength when incorporated into dental materials as a filler by generating uniform stress 

distribution, improved wear resistance, tensile strength, flexural strength and thermal 

properties. According to some recent literatures, graphene oxide incorporated into 

polymethylmethacrylate resins have shown to increase its mechanical properties like tensile 

and flexural strength and have shown antibacterial and antifungal efficacies. This 

combination is advantageous even with patients who have systemic illness and are resistant to 

antibiotics. However, as with many chemical interactions, there is a possibility of cytotoxicity 

with incorporation of graphene oxide into PMMA resins. In most of the studies, 0.5% and 1% 

of graphene oxide has been added to PMMA for increasing its mechanical and antibacterial 

properties. The present study is intended to evaluate the cytotoxicity of different concentrations 

of graphene oxide (at 0.5%, 1% and 2%) incorporated into PMMA resin.  

Within the experimental limitations of the ISO recommendations for in vitro testing of dental 

materials, murine fibroblastic cells (NIH/T3T) were selected due to their availability, 

popularity, and efficiency to grow in vitro and moreover, they resemble human gingival 

fibroblastic cells morphologically. MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5- diphenyl 
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tetrazolium bromide) assay is the most common and well-established method for analyzing cell 

viability. The results of the test groups with three different concentrations of graphene oxide 

incorporated into PMMA were evaluated for its cytotoxicity by comparing with control group 

which is PMMA without any graphene oxide in it. 

The results received after the study showed the p-value <0.0001 which indicates that there are 

significant differences between the two groups. There was no significant difference between 

0.5% graphene oxide and control group which indicates that 0.5% of graphene can be safely 

used. However, 1 % showed slight decrease in cell viability indicating that they are mildly 

cytotoxic and 2% graphene oxide showed significant difference with the control group which 

indicates that they are cytotoxic. Within the limitations of this study, it can be concluded that 

0.5% of graphene oxide can be incorporated with PMMA safely but increasing the 

concentrations of graphene oxide arbitrarily can be cytotoxic and a prosthodontist should not 

merely increase the concentration of graphene oxide to enhance its properties at the expense of 

making the material cytotoxic. However, more studies are required with different tests for 

checking cytotoxicity and with different forms of graphene oxide manufactured by different 

other companies to validate the results of the present study.  
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