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  PART B – TECHNICAL DETAILS      
   

1 Title of the dissertation An In Vitro Study to Evaluate the 

   Cytotoxicity of Different 

   Concentrations   of   nano-Graphene 

   Oxide Incorporated into 

   Polymethylmethacrylate   
        

2 Introduction       

    
 A.  Problem statement Graphene oxide  is  a graphene  analog 

   mainly  composed  of  sp3   –  bonded  

   carbon  atoms  connected  with  oxygen 

   functional  groups,  and  it  possesses 

   several extraordinary  physical , 

   chemical, optical, electrical    and  

   mechanical  properties.  [1-5]   Graphene 

   oxide has shown outstanding potential 

   in  many  research  fields,   including 

   biomedical and dental applications. The 

   demandforresearchintothe 

   bioapplication 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, 

 

low cost, scalable production, and easy 

 

biological/chemical functionalization. 
 

[6,7] 
 
 
 

 

In recent years, several fascinating 

 

studies have explored the use of 

 

graphene oxide for dental 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, 
 

implants and cements. [8]
 

 
 
 
 

Graphene oxide incorporated into 

 

polymethymethacrylate as a 

 

reinforcement filler has shown to 

 

prevent microbial adhesion [9], 

 

improved mechanical strength by 

 

generating  uniform  stress  distribution, 
 

improved wear resistance, flexural 

 

strength and thermal properties. 
 
 
 

 

Due to development of various  



graphene based  materials, it is 

 

necessary to understand  their 

 

interaction with the biological systems 

 

which may lead to potential local and  

 

systemic toxic effects. 
 
 
 
 

  Hence the purpose of the present study 

  is to evaluate the biocompatibility and  

  cytotoxicity of graphene  oxide 

  incorporated     into 

  polymethymethacrylate for  dental 

  applications.     

      

B. Rationale Limited  availability of literature 

  assessing the cytotoxicity level of nano- 

  graphene  oxide incorporated  into 

  polymethymethacrylate for  dental 

  applications  necessitates  the  need  for 

  further research on its biocompatibility. 

     

C. Novelty Previously, the  study of  cytotoxicity 

  using different concentrations of nano- 

  graphene  oxide incorporated  into 

  Polymethylmethacrylate has not been 

  done. The present study is intended to 

  access  the  cytotoxicity  of  graphene 

  oxide  incorporated  into  PMMA  at 

  different concentrat ions using cultured   



   fibroblastic cells.    

   
 D.  Expected outcome and application Nano-Graphene oxide incorporated into 

   polymethymethacrylate might be 

   biocompatible.    

   

3 Research question(s) Is  nano-Graphene  oxide  incorporated  

   into polymethymethacrylate cytotoxic? 

     

4 Research hypothesis (es), if any Graphene   oxide incorporated  into 

   polymethylmethacrylate is not 

   cytotoxic.     

      

5 Objectives of the Study: Primary objective :    

 A. Primary objective(s)      

 B. Secondary objective(s) Assessment of Cytotoxicity of different  

   concentrations   of  nano-Graphene 

   Oxide Incorporated  into 

   Polymethymethacrylate using Cultured  

   Fibroblasts.     

   

6 Review of literature 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.[10]
 

 
 
 
 

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 [11]
 

 
 

 

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). Results. 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[12]. 
 
 
 
 

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 Gr- 
 

Ag were loaded into the PMMA 

 

material. For the mechanical 

 

characterization, the compression 

 

behavior,  flexural strength and tensile 

 

strength were evaluated. Optical 
 

microscopy in polarized light and 

 

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. Gr-Ag use led to an 

 

increase in the applied maximum loads. 

 

Moreover, 1 wt.% Gr-Ag determined an 

 

increase  of  174%  in  the  modulus  of  

 

rupture, which indicates high 
 

flexibility[13]. 
 
 
 
 

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 2 

 

wt%) 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 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  anti- 

  adhesion 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  provis ional restorative 

  materials[14].    
       

7 Methodology      

     

 A.  Study design In Vitro Study   

       

 B.  Study participants (human, animals or both) N/A     

    
 i. Inclusion criteria This is a cell line based study.  

 ii. Exclusion criteria      

 iii. Withdrawal criteria, if any (trial-related      
 therapy, follow-up and documentation are      

 terminated prematurely as it is indicated to      

 ensure safety of the participants)      
 iv. Rescue criteria, if applicable (starting      

 symptomatic therapy either to control      
 symptoms of disease or to overcome lack of       

 adequate efficacy of the study drug or      

 placebo)      



 

v. Number of groups to be studied, identify v) Study Groups : 
groups with definition  

 

 

Group 1- Control Group ( Without 

 

Graphene Oxide). 
 

Group 2- with Graphene oxide 

 

incorporated  into 

 

Polymethylmethacrylate. 

 

C.  Sampling The study will be conducted on NIH- 
a. Sampling population     
b. Sample size calculation 3T3 mouse connective tissue 

c. Sampling technique     

 fibroblastic cell line.  
 
 
 

 

All the experiments will be conducted  

 

in triplicates after standardizing the 

 

method. 
 

D. Randomization details (for interventional NA    

 studies)- Intervention details with     

 standardization techniques (drugs / devices /     
 invasive procedures / noninvasive procedures /     

 others)     

E. Ethical Clearance from the Institution’s Ethics  Yes   

 Committee Obtained? (Copy to be Attached)     

F. Study procedure T3T mouse connective tissue 

  fibroblasts  will  be  cultured  for  this 

  study follow ing standard protocol.  

  Graphene  oxide  will  be  incorporated  

  into polymethylmethacrylate at 

  different  concentrations  and  will  be 

  cultured with mice fibroblasts in vitro.  



  The biocompatibility of the two groups- 

  The normal fibroblasts without 

  Graphene   Oxide   (Group   1)   and  

  fibroblasts with nano-Graphene Oxide 

  incorporated      into 

  polymethylmethacrylate (Group 2) will 

  be  assessed  by  MTT  Assay  (3-(4,5- 

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

  tetrazolium 

bro
mid
e)  following 

  standard protocols.    

         

 G.  Data collection methods including settings and NA       

 periodicity        
        

 H.  List of statistical tests to be used for data 

 The groups will 
be compared by 
ANOVA or 
Kruskal Wallis 
Test      

 analysis        
         

 I.  If it’s a Clinical Trial: Clinical Trials Registry of  NA       

 India or equivalent registration number to be        
 mentioned        

8 List risks and benefits of the study Risk-  Present  study  is  not  associated  

  with any risk.     

  Benefits-  Present  study  will  help  us 

  understand  

t

h
e biocompatibi lity of 

  nano-Graphene Oxide incorporated into 

  Polymethylmethacrylate and  will help 

  us   in   utilizing   its   various   useful 

  propert ies dental applicat ions.   
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