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Abstract 

Graphene oxide (GO) has attracted a lot of attention in recent years 

as a novel drug delivery system due to its good stability and 

biocompatibility. However, the understand and research of GO ability 

to deliver anticancer drugs inside 2D monolayer cells as well as 3D 

tumour models need to be further. There is a gap in this field. For 

instance, the complexation of GO with platinum anticancer drugs is 

still under-investigated. In this study, the cell viability of oxaliplatin 

in 2D monolayer cells was assessed on colorectal (HCT116) and 

breast (MCF7) cancer cells at different seeding densities (5000 & 

7000 cells per well) for 24 and 48hrs.  

  

Next, we looked at the ability of graphene oxide (GO) to deliver the 

anticancer drug oxaliplatin. GO was prepared using the modified 

Hummer’s Methods and characterisation suggested the preparation of 

stable GO. The different concentrations of oxaliplatin were 

complexed with GO and assessed the cell viability on colorectal 

cancer cells (HCT116) and breast cancer cells (MCF7). The MTT and 

modified LDH assays were used to assess the cell viability of 

oxaliplatin alone and complexed with GO at different concentration 

and time points. It was found that GO complexed with oxaliplatin 

showed a dose-dependent trend on HCT116 cells after 48hrs but was 

not higher than oxaliplatin alone. In MCF7 cells, the combination 

therapy showed a higher reduction in cell viability especially at the 

highest concentration of oxaliplatin used for 48hrs. 

  

Spheroids are an excellent 3D model to research the response of 

cancer cells to drugs and mimic the microenvironment of tumour in 

vitro. The establishment of an in vitro 3D cell culture model like 



spheroids will improve our understanding of the gap between two-

dimensional cell culture and animal experiments. In this work, MCF7 

based spheroids were prepared using the Liquid Overlay Method and 

then treated with GO alone, oxaliplatin alone and GO: oxaliplatin 

complexes to assess the ability of GO to deliver oxaliplatin inside the 

spheroids. After 48hrs and 72hrs following treatment of MCF7 

spheroids with the combination therapy, a slight inhibition in the 

spheroid growth was observed which could be explained by the 

effective delivery of oxaliplatin inside the spheroids. In conclusion, 

GO could indeed become a potential drug delivery nanocarrier 

especially for platinum based anticancer drugs. 
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Graphene oxide as a delivery system for 

oxaliplatin in 2D and 3D Tumour Models 

1 Introduction 

 

Oxaliplatin is a third generation platinum anticancer drug which is 

normally used for testicular, colorectal and ovary cancer therapy and 

more efficient on breast and melanoma cancer, which has no 

cardiotoxicity, nephrotoxicity and mutagenicity, a few neurotoxicity 

and hematologic toxicity (Mathé et al., 1989), (Cassidy and Misset, 

2002) . Oxaliplatin shows a significant efficacy in combination 

therapies with other anticancer drugs, however the current clinical 

studies shows that oxaliplatin would cause slight hematologic toxicity 

and neurotoxicity (Extra et al., 1998). In addition, the    sensory 

neuropathy is an issue with oxaliplatin which strengthened in cold 

condition as a result from the changes in sodium channel kinetics (Eckel 

et al., 2002). Meanwhile,  the neurotoxicity is proved to be a type of 

cumulative and dose-dependence toxicity (Grothey, 2003). Even 

though this sensory neurotoxicity is reversible, which would disappear 

within 4-6 months in 82% patients, it is not acceptable and safe for the 

patient who needs large dose or long time to therapy (Extra et al., 1998). 

Hence, it is crucial to use drug delivery system loading oxaliplatin to 
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enhance the efficacy and reduce side effects. Drug delivery could be 

defined as a process that help the transfer of drugs to specific body site 

where the active ingredient is absorbed in order to achieve an efficient 

yet safe therapeutic outcome (De Jong and Borm, 2008). In this process 

a drug delivery system is used which could be based on nanoparticles. 

Nano-based drug delivery systems such as liposomes, carbon nanotubes 

and graphene oxide in Figure 1 could be loaded with multiple drugs, 

illustrating the wider range of applications and prospects for multi-

purpose treatment of tumours and other diseases, which is of great value 

and significance in cancer therapy (Couvreur, 2013). 

 

Figure 1: Chemical structure of graphene and graphene oxide (Kausar, 2021)  

 

Recently, graphene and its derivatives has attracted a lot of attention for 

their use in the field of drug delivery and cancer therapy. Graphene 

based derivatives depends on multiple methods to functionalised 

graphene such functional group with oxygen, halogens and hydrogen 

(Sturala et al., 2018). It has been suggested that graphene-based 
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nanomaterials could have an effective ability for the loading and 

releasing of platinum anticancer drug, while maintaining low 

cytotoxicity in vitro (L. Wei et al., 2021). Compared to the traditional 

nanoparticles used in drug delivery, graphene and its derivatives have 

excellent optical properties, large surface area and lower cost of 

preparation in medical area (Sun et al., 2008). This research is focused 

on one type of graphene based nanomaterials known as graphene oxide 

(GO). The Nobel Prize in Physics in 2010 was awarded to Geim and his 

team for the discovery of graphene, a planar sheet-shape carbon 

nanomaterial, which has hexagonal graphite lattice consisting of 

bonded carbon atoms as shown in Figure 1 (Sengupta et al., 2011). 

Graphene oxide is the product of the oxidation of graphite, thus 

graphene oxide gains different characters compared to other graphene 

derivatives, especially in terms of  improvement in its aqueous 

dispersion, binding site and biocompatibility (Table 1) (Borandeh et al., 

2021), (Abdelhalim et al., 2022). Since GO has been suggested as novel 

drug delivery system, its safety needs to be determined. Moreover, 

timely drug release, accumulation in the healthy tissues and ability of 

tumour penetration should be considered the design of effective drug 

delivery system (Gu et al., 2019). Therefore, there is an urgent need for 

comprehensive studies and research on the biocompatibility, biosafety 
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and degradability of graphene oxide (Mo and Gu, 2016). Various factors 

might influence GO cytotoxicity, for example, incubation time of GO 

treatment, GO concentration, cancer cells source and the type of cell 

model (Zuchowska et al., 2020).  Functionalized GO have shown a 

great compatibility and low cytotoxicity (L. Wei et al., 2021a). In 2013, 

Miao et al. has reported that hyaluronyl reduced graphene oxide (rGO) 

nanosheets have better performance on drug loading, stability, safety 

and anticancer effects than rGO alone (Miao et al., 2013). In addition, 

camptothecin (CPT) could be released from PDEA-grafted GO in 

specific pH value which tends to be nearly acidic microenvironment as 

the tomour microenvironment but GO-PDEA did not have cytotoxicity 

for mouse neuroblastoma N2a cancer cells only when it was complexed 

with camptothecin (CPT). The complexes caused highly inhibition on 

cancer cells (Kavitha, Abdi and Park, 2013). In addition, functionalised 

with colloidal and human serum albumin -Nanosheets showed the less 

cytotoxicity but better performance of drug loading and entrapment 

efficiency than GO-NSs (Farnaz et al., 2018). Moreover, functionalised 

with poly (N-vinylcaprolactam) and poly (glycolic acid)-GO 

nanocarriers were non-toxic and highly effective towards spheroid 

under a pH and thermo sensitive formulation (Kazempour et al., 2019). 

The GO are more likely to functionalise for reducing the cytotoxicity 
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effects and avoiding the direct outcome on the cell. While Wang et al. 

found that the cytotoxicity and genetoxicity of GO assessed on human 

lung fibroblast (HLF) was concentration and surface charge dependent 

(Wang et al., 2013). Moreover, Shao et al. showed that the cell viability 

of HeLa cells reduced to 80% after it was exposed under the most 

concentration of GO or rGO within 24h while mesoporous silica coated 

polydopamine reduced graphene oxide (pRGO@MS-HA) has less 

toxicity than GO, meanwhile, pRGO@MS-HA gain good stability and 

highly targeted effect in anticancer therapy (Shao et al., 2017). It was 

also suggested that the dose and size of GO can lead to an oxidative 

stress in A549 lung cancer cells and the cell viability would reduce at 

high concentrations (up to 100 μg/ml) (Chang et al., 2011). Not only 

the dose but also the incubation time could also impact the toxicity of 

GO. In carbon nanomaterial family, it is suggested that the cell uptake 

ratio is minimal after exposing to GO, moreover, dose-dependence and 

time-dependence cytotoxicity also observed after exposing to GO 

(Zhang et al., 2012). Different studies have also suggested the potential 

of GO as a drug delivery system to deliver anticancer drugs. Barahuie 

et al. have illustrated that graphene oxide as a nanocarrier increased the 

ability of drug entrapment and anticancer efficacy with chlorogenic acid 

(Barahuie et al., 2017). Hyaluronyl-modified rGO nanoparticles could 
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improve the cell uptake of doxorubicin, its good performance on 

stability, drugs loading and anticancer therapy effects as a potential 

nanoparticle for further biomedicine field (Miao et al., 2013). 

Additionally, due to the sustained formulation properties of GO, 

functionalised with CuO (CuO-GO) have high toxicity and 

photocatalytic activity on cancer cells for targeted therapy (Ganesan et 

al., 2020). Functionalised GO might be a tendency for reducing the GO 

cytotoxicity to minimal level as anticancer drug delivery nanocarriers 

in future studies. Therefore, GO as a novel drug delivery nanocarrier 

has high potential and ability for the delivery of therapeutics especially 

anticancer drugs in biomedicine application.  
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Table 1: The characteristics and efficiencies of the GO and functionalized GO described in this article. 

 

GO type Drug 

Specific 

release 

factors 

Mechanism 

(if any) 

Result of 

safety 

experiments 

Efficiency 

as drug 

delivery 

system 

REFER

ENCE 

Hyaluronyl

-modified 

rGO 

nanosheets 

Doxorubici

n 
__ 

Improve the 

drug uptake of 

Dox by CD-44 

overexpressing 

CHA-rGO has 

more safety, 

stability than rGO 

Good 

performance 

on drug 

loading and 

anticancer 

effects 

Miao, W. et al. 

(2013), 

Biomaterials, 

34(37), pp. 

9638–

9647..2013.08.05

8. 

PDEA-

grafted GO 

camptothec

in 

pH 

sensitive 
___ 

GO -PDEA did not 

show the toxicity 

on N2a cancer 

cells but GO-

PDET-CPT killed 

the cancer cell 

obviously. 

Good stability 

and release 

the drugs at 

targeted site 

Kavitha, T., 

Abdi, S.I.H. and 

Park, S.-Y. 

(2013), Physical 

Chemistry 

Chemical 

Physics, 15(14), 

pp. 5176–5185.  

Colloidal 

human 

serum 

albumin 

Oxaliplatin __ 

Biocompatible, 

large surface 

area 

Lower 

cytotoxicity (65%) 

than GO-NSs 

Improve drug 

entrapment 

ratio and the 

ability of 

loading 

Farnaz, R. et al. 

(2018) ,Colloids 

and Surfaces B: 

Biointerfaces, 

171, pp. 10–16.  

Folic acid 

(FA) 

molecules 

Sulfonic 

acid groups 

Camptothec

in; 

Doxorubici

n 

__ __ 

Higher 

cytotoxicity in 

dual drug using 

graphene oxide 

Good therapy 

efficacy and 

wide 

application in 

anticancer 

field 

Zhang, X. et al. 

(2012), 

Toxicology 

Research, 1(1), 

pp. 62–68.  

Poly(N-

vinylcaprol

actam) ; 

Poly 

(glycolic 

acid) 

Oxaliplatin 
pH; 

thermo- 
__ 

GO-PNVCL-

PGA: nontoxicity; 

GO-PNVCL-

PGA-OX: impact 

to cancer cells 

Release drug 

in specific 

condition and 

good for using 

as a drug 

delivery 

nanoparticle 

Kazempour, M. 

et al. (2019), 

Journal of Drug 

Delivery Science 

and Technology, 

54, p. 101158. 
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Reduced 

GO; 

TAPE 

enzyme 

silver __ __ 

Good stability and 

efficacy of 

anticancer cells 

Better 

inhibition of 

cancer as 

complex 

nanoparticles 

and high 

therapy 

efficacy 

Gurunathan et 

al., 2015), 

International 

Journal of 

Nanomedicine, 

10 (6257-6276). 

3-

aminoprop

yl 

triethoxysil

ane (APS); 

 

Fe3O4 

Doxorubici

n 
pH __ 

Drug release due 

to the pH value 

and assessment the 

cell cytotoxicity 

Good 

performance 

of drug 

loading and 

targeted 

anticancer 

therapy 

Yang, Z. et al. 

(2020), ACS 

Omega, 5(24), 

pp. 14437–

14443. 

doi:10.1021/acso

mega.0c01010. 

Functionali

zed GO 

hypocrellin 

A 
__ 

Changes form 

of cell and 

nuclear 

Higher stability 

than HA, which is 

a crucial index of 

nanoparticle 

Higher drug 

loading 

efficacy, good 

stability and 

have potential 

as drug 

delivery 

nanoparticles 

Rosli, N.F. et al. 

(2019a), 

Langmuir, 35(8), 

pp. 3176–3182. 

CuO- __ __ __ 

CuO-GO have 

cytotoxicity on 

HCT116 and 

reduce to 70% 

after exposed at 

100μg/mL 

High toxicity 

and 

photocatalytic 

response to 

cancer cells 

Ganesan, K. et al. 

(2020), Arabian 

Journal of 

Chemistry, 13(8), 

pp. 6802–6814. 

2020.06.033. 

chlorogenic 

acid 
__ pH __ 

The cytotoxicity 

of on different 

cells could be 

negligible 

High delivery 

ability, 

released and 

formulation 

properties 

Barahuie, F. et al. 

(2017), Materials 

Science and 

Engineering: C, 

74, pp. 177–185. 

doi:10.1016/j.ms

ec.2016.11.114. 

GO __ __ 

 

Concentration 

and surface 

charge 

GO might cause 

the cytotoxicity 

and genetoxicity 

of human lung 

fibroblast cells 

Safer to 

modified GO 

in drug 

delivery 

process 

Wang, A. et al. 

(2013), Journal 

of applied 

toxicology: JAT, 

33(10), pp. 

1156–1164. 
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mesoporou

s silica 

(MS) 

polydopami

ne 

hyaluronic 

acid (HA)- 

reduced 

graphene 

oxide 

(pRGO) 

Doxorubici

n 
__ 

chemo-

photothermal 

effect 

The cytotoxicity 

of GO or rGO only 

showed around 

20% toxicity at the 

DOX ranging 

most 

concentration. 

pRGO@MS-HA 

had reduce the 

toxicity to 90% 

Lower 

cytotoxicity, 

good 

biocompatibil

ity and 

targeted 

chemo-

photothermal 

effect. 

Shao, L. et al. 

(2017), ACS 

Applied 

Materials & 

Interfaces, 9(2), 

pp. 1226–1236. 

GO __ __ 
Dose and size 

dependence 

A slight 

cytotoxicity at 

high GO 

concentration 

An ideal safe 

nanomaterial 

at cellular 

level as the 

cell could 

grow on GO 

film 

Chang, Y. et al. 

(2011), 200(3), 

pp. 201–210. 

doi:10.1016/j.tox

let.2010.11.016. 

GO, 

nondiamon

d, 

MWCNTs 

__ __ __ 

Minimal cell 

uptake in carbon 

nanoparticle 

family and dose-

dependence 

toxicity 

Potential 

application in 

medicine and 

oncology, 

improve the 

cell uptake 

and reduce the 

toxicity 

Zhang, X. et al. 

(2012), 

Toxicology 

Research, 1(1), 

pp. 62–68. 

doi:10.1039/c2tx

20006f. 

Reduced 

graphene 

oxide 

Ag 

nanoparticl

e 

__ __ 

GO shows dose- 

dependence 

cytotoxicity and 

IC50 

is 180μg/ml. 

Functionalized 

rGO-AgNS has 

cytotoxicity and 

IC50 

is 30 μg/mL 

Good 

biocompatibil

ity and lower 

cytotoxicity 

Kavinkumar, T. 

et al. (2017), 

Journal of 

Colloid and 

Interface 

Science, 505, pp. 

1125–1133. 

2017.07.002. 

TiO2 __ visible 

The 

phototoxicity of 

GOT would 

activate for 

producing ROS, 

reduce enzyme 

The phototoxicity 

of GO as control 

group reduces 

around 10% 

cancer cells after 

exposed in light 

Provide GO-

based 

photosensitize

rs in 

anticancer 

treatment(Hu 

Hu, Z. et al. 

(2012), Carbon, 

50(3), pp. 994–

1004. 

doi:10.1016/j.car

bon.2011.10.002. 
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activity one hour. et al., 2012) 

 

2D monolayer cell culture has been the standard in research in cancer 

drug discovery for years (Kausar, 2021)(Tewari and Manetta, 1999), as 

they are easy to use and perform cell viability assays with them. This 

approach prefers to provide an easily observable and unitary 

environment to the cancer cells. Even though this research model has 

been used as a gold standard for decades, the physiological responses 

of 2D cancer cells differ from the real tumours microenvironment, 

result from abundant elements in 2D microenvironment model. For 

instance the difference in hypoxia/necrosis, stem cell characteristics, 

slow proliferation and barriers to drug diffusion (Karlsson et al., 2012). 

Hence, the 3D cell models are significant improvement over traditional 

2D model. The 3D spheroid provides a three-dimension environment 

for cells to grow and connect with the microenvironment, meanwhile, 

biological mechanisms and functionalities were promoted in cell 

viability, morphology, cell proliferation, gene expression, migration and 

invasion tissues, angiogenesis and the response to surrounding (Antoni 

et al., 2015). Measuring the size and form of spheroid could monitor 
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drug cytotoxicity clearly (Baek et al., 2016) (Mittler et al., 2017). 

Traditional 2D monolayer cell could not reflect the tissue in vivo and 

lack of cell-to-cell or cell-to-matrix connection which could influence 

cell proliferation and the reaction to external factors (Abdolahinia et al., 

2019). Moreover, the human articular chondrocytes adhesion signal and 

phenotype changed in monolayer model instead of 3D spheroid 

(Mahmood et al., 2014). There are different performances between cells 

in 3D model and monolayer model. In 2011, Bierwolf and his team 

found that 3D spheroid model could substantially improve the primary 

hepatocyte morphological changes and the activity of liver cell-specific 

functions, which could solve the crucial problems using 2D monolayer 

cells (Bierwolf et al., 2011). Furthermore, drug sensitivity tends to alter 

in 3D spheroid. The liver tumour and stromal cells in 3D spheroid 

model would enhance resistance to anticancer drug (Yip and Cho, 2013). 

Spheroid is a tissue-like microstructure, which is aggregated by cells in 

the media. They are cell aggregation that mimic in vivo tumours 

structurally and functionally. Several 3D culturing protocols are utilized 

to form spheroids. The first method is hanging drop method. This 

method relies on that fact the cancer cells would automatically 

aggregate towards the bottom of the droplet after placing drops of cell 

suspension on the lid of a petri dish (Del Duca, Werbowetski and Del 
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Maestro, 2004). This method is applied on embryonic stem cells. One 

of the most used method is the liquid overlay method. The cell 

suspension would seed on a non-adherent surface such as agar or 

agarose to generate spheroids rather than adhere to the bottom of the 

wells (Carlsson and Yuhas, 1984). Alternatively, spinner flask method 

(Achilli et al., 2012), suspension culture techniques (Froehlich et al., 

2016) and centrifugation method (Handschel et al., 2007) could also be 

used to generate a spheroid in 3D culturing. Spheroid-specific plates 

were also advanced, result from the high requirement of spheroid 

experiments, which are U-bottomed ULA plates, hanging-drop plates 

and nanostructured plates (Mittler et al., 2017). Furthermore, a 

microfluidic device is used to form and treat spheroid with drug in 

specified spheroid size (Patra et al., 2016). Dadgar et al. designed a 

microfluidic platform to research the responses of ovarian cancer 

spheroid to drugs (Dadgar et al., 2020). In term of the size of spheroid, 

prior studies have noted the importance of microtissue size in 3D 

cultures which might affect the functional response of the spheroid 

(Asthana and Kisaalita, 2012). The type of cancer cell lines and cell 

density could impact the condition and the size of spheroid, hence it is 

necessary for each kind of cell line to be observed by prior designed 

assays (Sambale et al., 2015). This kind of 3D model has a similar 
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growth microenvironment and metabolic rate in vitro as compared to 

the solid tumours in vitro (Costa et al., 2016). Compared with 2D 

monolayers cell, 3D spheroids could simulate more precisely the 

original avascular phase and microenvironment of solid tumours (Liu 

et al., 2017). Therefore, spheroids can be used to study the effects of 

therapeutic agents and drug delivery system in drug development.  

 

The aim of this work is to study and investigate the ability of GO to 

deliver oxaliplatin in 2D and 3D cell cultures. We hypothesis that GO 

will enhance the delivery of oxaliplatin in 2D monolayers and 3D 

spheroids. 
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2 Materials 

 

Dulbecco’s Modified Eagle Medium (DMEM), McCoy’s 5A modified 

Medium, 0.25% Trypsin-EDTA (1x), fetal bovine serum (FBS), 

antibiotic, glutamine (stock concentration: 1%), Pen/Strep (stock 

concentration: 1%), agar power, DMSO (D/4120/PB08), Triton X-100 

(85112, stock concentration: 10%) and LDH assay kits (C20300) were 

purchased from Thermo Fisher. Oxaliplatin powder, graphite powder, 

sodium nitrate (NaNO3), sulphuric acid (H2SO4) (stock concentration: 

98%), potassium permanganate (KMnO4), 30% hydrogen peroxide and 

MTT power (M-5655) were purchased from Sigma-Merck Life 

Sciences, UK. 

 

3 Methods 

3.1 Cell culture 

 

Breast carcinoma MCF7 cell line has been prepared in Dulbecco’s 

Modified Eagle Medium (DMEM) completed with 10% FBS, 1% 

penicillin/streptomycin (stock concentration: 1%) and 1% glutamine 

(stock concentration: 1%). Colorectal HCT-116 cell line has been 

cultured in McCoy’s 5A modified Medium with 10% FBS and 1% 
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penicillin/streptomycin. Cells were incubated and grown in humid 

environment at 37°C with 5% CO2 for 3-4 days until they were 

confluent. Once cells proliferated to 70% confluence, they were 

dissociated using 0.25% Trypsin-EDTA (1x) in the incubator for 3 mins 

and the cell suspension was prepared in the appropriate media for the 

cells.  

3.2 Synthesis of graphene oxide 

 

The synthesis of graphene oxide was done according to the protocol of 

modified Hammers’ method (Ali-Boucetta et al., 2013). Firstly, 0.2g 

graphene powder, 0.1g sodium nitrate (NaNO3) and 4.6mL sulphuric 

acid (H2SO4) (98%) were added in a conical flask which was then 

placed on an ice bath and stirred for 20 minutes. Secondly, 0.6g 

potassium permanganate (KMnO4) was added slowly into the 

dispersion followed by the removal of the ice bath to rise the 

temperature to room temperature by mixing for 40 minutes. Then 9.2 

mL deionized water was added dropwise, and temperature rapidly rose 

to around 50°C, with the aid of heating block to keep the temperature 

between 95 to 100°C for 45 minutes. Further dilution with 28mL warm 

deionized water was performed. Then 3mL hydrogen peroxide (H2O2) 

was added slowly, and the dispersion was transferred into two 50 mL 
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tubes. Next, warm sterile water was added to wash the dispersion and 

bring the pH to 7. This was performed in a biological safety cabinet to 

keep the GO dispersion sterile. The graphene oxide orange layer was 

gently collected. The sterile GO was then dried in an oven for 48hrs at 

40°C. 

 

3.3 Zeta potential of GO dispersion 

 

The dry graphene oxide powder was resuspended in sterile water to 

make 30μg/mL dispersion. Typically, the GO dispersion was sonicated 

in an ultrasonic water bath for 15 minutes. The ZETA potential was 

measured using Nano-ZS (Malvern, UK). Additionally, to research the 

impact of difference concentration GO dispersion, the concentration of 

5,10,15, 20, 30, 50, 80, 100 and 120μg/mL solution were also measured. 

 

3.4 Ultraviolet-visible spectroscopy of GO dispersion 

 

GO dispersions of 1, 5, 10, 20, 50μg/mL were prepared by diluting 

1mg/mL GO stock solution in water. All samples were sonicated in an 

ultrasonic bath for 15 minutes before being scanned using UV-2600 

Shimadzu, UK. Sterile water was used as the blank. 



 17 

 

3.5 Cell Viability assessment of GO and Oxaliplatin 

combination 

3.5.1 MTT assay 

 

7000 cells per well were seeded in sterile 96 well plates, treated with 

different concentration of oxaliplatin (10-50µM) and 20% DMSO as 

positive control. After desired time (24 hours and 48 hours), 

MTT/media solution was added to each well and then incubated for 

around 4 hours. Afterwards, the MTT/media solution was removed and 

DMSO was added to solubilise the formazan crystals. The plate was 

read at absorbance 570nm using BMG LABTECH FLUOstar Omega 

(UK) microplate Reader. Negative controls were set to correct for 

background absorbance. The cell viability was measured using the 

following equation: Cell viability (%) = A (570nm of sample cells) / A 

(570nm of untreated cells) * 100 %. 

3.5.2 Modified LDH assay 

 

The prepared cell plates seeding 7000 cells per well were treated with 

oxaliplatin (10-30µM), GO (5-50µg/mL) and combination of GO and 

oxaliplatin at the equivalent concentration and incubated for 24hours, 
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48hours and 72 hours. DMSO 20% was used as a positive control. 10µL 

of the lysis buffer (9% Triton X-100) to 100 µL fresh media (phenol 

free media) was added and after one hour incubation, the cell lysate was 

collected and centrifuged at 13000 rpm before being transferred to a 

new 96 well plate. Next, reconstituted substrate mix (1 Substrate mix 

vial + 12 mL Assay buffer) was treated in each well and the plates were 

incubated for 15 minutes at room temperature. Lastly, the 50µL of Stop 

solution was added to each well and absorbance was read at 492nm in 

BMG LABTECH FLUOstar Omega (UK) microplate Reader. Negative 

controls were set to correct for background absorbance. The amount of 

LDH detected represented the number of cells which survived the 

treatment. The percentage cell survival was calculated using the 

following equation: 

 

 

3.6 3D Spheroid formation 

 

MCF7 and HCT116 spheroids were prepared using the liquid overlay 

method (Costa et al., 2018). Briefly, 1% agar mixed in distilled water 

was autoclaved and then 100μL per well agar solution was pipetted 

% Cell Survival = 

A 492nm of treated cells

A 492nm of mean untreated cells

* 100%
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promptly into 96-well plate. After cooling down to room temperature, 

the agar solution solidified. Once MCF7 and HCT116 cells reached 70% 

cell confluence, cells were split, and the cell suspension was obtained. 

Different cell densities (from 0.5, 1, 2, 4, 8 to 10k) were prepared 

initially to see which cell density forms the ideal spheroids for further 

experiments with oxaliplatin and GO. 

 

3.7 The effects of GO: Oxaliplatin combination on 3D 

spheroids 

 

MCF7 and HCT116 spheroids were treated with GO dispersion 

(Concentration range 5-50 μg/ml), oxaliplatin (5-30 μM) and equivalent 

concentrations of GO: oxaliplatin combination for 24, 48 and 72hrs. 

This was initially performed directly on the agar plates but later the 

prepared spheroids were moved into a fresh 96 well plate to avoid any 

interference with the agar. In order to record the difference between the 

treatment groups, spheroids were imaged using optical microscopy and 

the size was then tabulated using ImageJ software.  

 

3.8 Statistical analysis 

 



 20 

Statistical analysis of MTT Assay was assessed using One-way 

ANOVAs and Statistical significance of mLDH Assay and 3D spheroid 

cytotoxicity experiment were evaluated via Two-way ANOVAs. All 

data are described as mean ± standard deviation. And data presented is 

average of at least 3 independent experiments (n=3). 

 

4 Results 

 

4.1 Cell Viability and Cytotoxicity assessment 

 

4.1.1 Cell Viability of Oxaliplatin in 2D monolayer cells 

 

MCF7 monolayer cells at 5000 cells per well were treated with 10-

50µM concentration range of oxaliplatin for 24hrs and 48hrs. As shown 

in Figure 2A, it only shows around 80% cell viability in MCF7 

monolayers at the concentration range between 10-50µM oxaliplatin 

after 24hrs treatment. After 48hrs, around 50% cell viability was 

observed across all concentration as shown in Figure 2B. DMSO 20% 

was used as a positive control and as expected showed around 80-90% 

reduction in cell viability after 24 and 48hrs. 
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Figure 2: Cell Viability (MTT Assay) of Breast carcinoma cell line (MCF-7) following treatment with 

oxaliplatin after (A) 24 hours and (B) 48 hours. MCF-7 cells were seeded with 5K per well and treated with 

a range of oxaliplatin concentration (10-50 μM). DMSO 20% was used as a positive control. Four 

independent experiments each with 12 replicates per experiment. Statistical analysis shows that the 

difference is significant from 10µM to 50µM and P < 0.0001. 

 

As compared to 5000 cells per well shown in Figure 2, the effects of 

oxaliplatin on a different MCF-7 cell density is highlighted in Figure 3. 

The cell viability of MCF-7 monolayer reduces to 70% at the highest 

oxaliplatin concentration ranging between 10-50µM after 24hrs 

treatment (Figure 3A) and to 40% after 48hrs (Figure 3B). 
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Figure 3: Cell Viability (MTT Assay) of Breast carcinoma cell line (MCF-7) following treatment with 

oxaliplatin after (A) 24 hours and (B) 48 hours. MCF-7 cells were seeded with 7K per well and were treated 

with a range of oxaliplatin concentration (10-50 μM). DMSO 20% was used as a positive control. Four 

independent experiments each with 12 replicates per experiment.  Significant difference from 10µM to 

50µM, P<0.0001 

 

The cell viability of oxaliplatin was also studied in colorectal cell line, 

known as HCT116, seeding 5,000 and 7,000 cells per well. As shown 

in Figure 4A, it shows around 70% cell viability in 5,000 cell per well 

HCT-116 monolayers at the concentration range between 10-50µM 

oxaliplatin after 24hrs treatment. After 48hours, around 50% cell 

viability is shown with the most concentration of oxaliplatin as 

highlighted in Figure 4B. 
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Figure 4: Cell Viability (MTT Assay) of Human Colon cancer cell line (HCT-116) following treatment with 

oxaliplatin after (A) 24 hours and (B) 48 hours. HCT-116 cells were seeded at 5000 cells per well and 

treated with a range of oxaliplatin concentration (10-50 μM). DMSO 20% was used as a positive control. 

Four independent experiments each with 12 replicates per experiment were used.  Significant difference 

from 10µM to 50µM, P<0.0001 

 

In term of 7000 cells per well HCT-116 cell viability decreases to 80% 

after 24hrs with oxaliplatin at 50µM concentration and to around to 50% 

after 48 hrs with most concentrations. 
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Figure 5: Cell Viability (MTT Assay) of Human Colon cancer cell line (HCT-116) following treatment with 

oxaliplatin after (A) 24 hours and (B) 48 hours. HCT-116 cells were seeded with 7K per well and were 

treated with a range of oxaliplatin concentration (10-50 μM). DMSO 20% was used as a positive control. 

Four independent experiments each with 12 replicates per experiment.  Statistics significant difference 

from 10µM to 50µM, P<0.0001 

 

 

4.1.2 Cell Viablity of Oxaliplatin and GO in 2D monolayer 

cells 

 

Next, we looked at the ability of graphene oxide (GO) to deliver the 

anticancer drug oxaliplatin. GO was prepared using the modified 

Hummer’s Methods (Ali-Boucetta et al., 2013) and characterisation 

suggested the preparation of stable GO as shown in Appendix 1.We 
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have therefore, assessed the cell viability of different concentrations of 

GO and oxaliplatin on HCT116 cells after 24 and 48hr treatment. As 

shown in Figure 6A GO alone at the different concentration (5-

50µg/mL) didn’t show any reduction of cell viability to HCT116 cell 

lines after 24hrs of treatment. As expected oxaliplatin showed around 

20% reduction in cell viability at different concentration (5-30 μM) of 

oxaliplatin. Interestingly, the combination of GO and oxaliplatin 

showed the same reduction of viability as oxaliplatin after 24hrs 

treatment as shown in Figure 6A. However, after 48hrs, it was clear 

that the combination of GO: oxaliplatin caused a dose-dependent 

tendency but the cell viability was no less than the group exposing 

oxaliplatin alone (Figure 6B). In addition, GO alone started showing a 

minimal cell viability (~10%) especially at the highest concentration of 

50µg/ml. DMSO 20% is used as a positive control of toxicity and 

showed around 20% cell viability at 24 and 48hrs. Statistical difference 

was significant from 5µM to 30µM oxaliplatin, and in concentration of 

5µM oxaliplatin : 50µg/ml GO, 10µM oxaliplatin : 50µg/ml GO, 15µM 

oxaliplatin : 50µg/ml GO, 20µM oxaliplatin : 50µg/ml GO and 30µM 

oxaliplatin : 50µg/ml GO, p< 0.0001. 
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Figure 6: Cell Viability (mLDH Assay) of Human Colon cancer cell line (HCT-116) following treatment 

with oxaliplatin and GO for (A) 24 hours and (B) 48 hours. HCT-116 cells were seeded at 7000 cells per 

well and treated with a range of concentration of oxaliplatin (5-30 μM), GO (5-50 μ m/ml) and the 

combination GO: Oxaliplatin. DMSO 20% was used as a positive control. Three independent experiments 

were performed each with 6 replicates per experiment. Statistics significant difference from 5µM to 30µM 

oxaliplatin, and in concentration of 5µM oxaliplatin : 50µg/ml GO, 10µM oxaliplatin : 50µg/ml GO, 15µM 

oxaliplatin : 50µg/ml GO, 20µM oxaliplatin : 50µg/ml GO and 30µM oxaliplatin : 50µg/ml GO , P<0.0001 

 

Figure 7A highlighted that exposing oxaliplatin alone was causing a 

slight dose- dependent tendency after 24hrs treatment. In addition, GO 

alone didn’t cause any effects on MCF7 cell viability at the same time 

point. Interestingly, the combination of GO: oxaliplatin showed a 

significant cell viability decrease at the equivalent oxaliplatin alone 
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concentration. For instance, at 30µM of oxaliplatin alone is showing 

only 90% cell viability while the combination therapy is showing 70 %. 

These effects were further enhanced at the 48hrs time point with 

oxaliplatin alone at the highest concentration of 30µM showing 50% 

reduction in cell viability and the combination showing around 60% 

reduction in cell viability. This was also statistically significant from 

5µM to 30µM oxaliplatin, and in concentration of 5µM oxaliplatin : 

50µg/ml GO, 10µM oxaliplatin : 50µg/ml GO, 15µM oxaliplatin : 

50µg/ml GO, 20µM oxaliplatin : 50µg/ml GO and 30µM oxaliplatin : 

50µg/ml GO (p< 0.0001). 



 28 

 

Figure 7: Cell Viability (mLDH Assay) of Breast carcinoma cell line (MCF-7) following treatment with 

oxaliplatin and GO after (A) 24 hours and (B) 48 hours. MCF-7 cells were seeded with 7K per well and 

treated with a range of concentration 5-30 μM of oxaliplatin, 5-50 μ m/ml GO and combination. DMSO 

was used as a positive control. Four independent experiments each with 6 replicates per experiment. 

Statistics significant difference from 5µM to 30µM oxaliplatin, and in concentration of 5µM oxaliplatin : 

50µg/ml GO, 10µM oxaliplatin : 50µg/ml GO, 15µM oxaliplatin : 50µg/ml GO, 20µM oxaliplatin : 

50µg/ml GO and 30µM oxaliplatin : 50µg/ml GO , P<0.0001 

 

4.1.3 Cytotoxicity of Oxaliplatin and GO in 3D Spheroid 

 

MCF7 multicellular spheroids were prepared using the liquid overlay 

method (Costa et al., 2018) and were formed after 2 days of plating. 

MCF7 spheroids were formed on agar-based plates with different 
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concentration of oxaliplatin (5-30μM) and GO (5-50µg/mL) and 

combination of GO and oxaliplatin. As mentioned in the previous 

literature review, the range of spheroid diameter prefers to be formed 

from 100 to 600 μm (Friedrich, Ebner and Kunz-Schughart, 2007). 

According to the data of forming spheroids in several cell density 

experiments, as shown in Figure 8, the most appropriate cell density is 

8000 per well and the diameter of spheroid tends to keep around 530-

580μm (The scale bar in Figure 8 is 1000μm). 
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As shown in Figure 9A, there is not obvious change in the diameter of 

MCF-7 spheroids following their direct treatment on agar with a range 

of oxaliplatin concentration (5-30 μM), GO (5-50 μg/ml) and the 

combination GO: oxaliplatin after 24 hours. However, 48 hours 

1000 μm 1000 μm

1000 μm 1000 μm

1000 μm 1000 μm

0.5K 1K
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Figure 8: The images of spheroid morphology and size under microscope. MCF7 Cell density produced with 500, 1000, 

2000, 4000, 8000 and 10000 per well after 72hrs by using 96-well plates. 
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following treatment the MCF-7 spheroids are slightly inhibited with 

oxaliplatin and combination treatment as shown in Figure 9B. This was 

also statistically significant on 10µM oxaliplatin: 50µg/mL GO 

combination and 15µM oxaliplatin: 50µg/mL GO combination after 

48hrs (p<0.001). 

 

 
Figure 9: 3D Cell Diameter (Spheroid treatment) of Breast carcinoma cell line (MCF-7) following direct 

treatment on Agar with oxaliplatin and GO after (A) 24 hours and (B) 48 hours. MCF-7 cells were seeded 

on the agar at 8,000 per well and treated with a range of concentration 5-30 μM of oxaliplatin,5-50 μ m/ml 

GO and combination. Two independent experiments each with 3-6 replicates per experiment. Statistical 

analysis shows that the difference is significant on 10µM oxaliplatin: 50µg/mL GO combination and 15µM 

oxaliplatin: 50µg/mL GO combination, P < 0.001 

 

In consequence of the slight changes of 3D cell diameter (MCF-7 
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Spheroid treatment on agar), additional research was investigated and 

designed for further improved measurement and observation of 

inhibition.  

 

Using the liquid overlay method, MCF7 spheroids were then treated on 

non-agar coated plates with different concentration of oxaliplatin (5-

30μM) and GO (5-50µg/mL) and combination of GO and oxaliplatin. 

As seen in Figure 10, oxaliplatin and combination show inhibition of 

MCF-7 spheroids after treating 24 hours treatment (A), 48 hours (B) 

and 72 hours (C). However, spheroids treated with GO alone tend to be 

inhibited too. The impact of inhibition of spheroid growth by 20µg/mL 

and 50µg/mL GO is time dependent as shown in Figure 10B and 10C. 

While inhibition is seen with oxaliplatin at 24hrs, this is further 

increased to 600µm and 800µm after 48hrs and 72hrs respectively. 

According to statistics analysis, the results of this study showed slight 

differences at 30µM oxaliplatin: 50µg/mL GO combination after 48hrs 

(P<0.01), showed significant differences among all the concentration of 

oxaliplatin: GO combination group after 72hrs (P<0.0001). 
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As seen in Figure 10, the most striking result to emerge from the data 

is that the form and diameter of spheroids changed significantly, and 

these variations were more beneficial in showing the cancer spheroids 

being inhibited by treatment. 

 

* **

****

 Figure 10: Spheroids Diameter of Breast Carcinoma cell line (MCF-7) following treatment with oxaliplatin 

and GO for (A) 24 hours, (B) 48 hours and (C) 72 hours. MCF-7 spheroids (8,000 cells per well) were 

prepared using the liquid overlay method then treated in non-Agar coated plates with a range of concentration 

of oxaliplatin (5-30 μM), GO (5-50 μg/ml) and combination of GO: Oxaliplatin. Six independent experiments 

each with 3-6 replicates per experiment were performed. Slight differences at 5µM oxaliplatin: 50µg/mL GO 

combination,10µM oxaliplatin: 50µg/mL GO combination and 30µM oxaliplatin: 50µg/mL GO combination 

after 48hrs, and significant differences among all the concentration of oxaliplatin: GO combination group 

after 72hrs (p<0.0001). 
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5  Discussion 

 

Current cell culture research has suggested that 3D spheroid is an 

ideal model to investigate the response and cell behaviour of tumours 

microenvironment. The establishment of an in vitro 3D cell culture 

model will help to fill up the gap between two-dimensional cell 

culture and animal experiments. Spheroids prefer to reveal accurate 

prediction of the response of genotype in tissue development and 

morphogenesis, cell differentiation, pathophysiological, drug and 

toxicity screening tests, and will help accelerate the research of drug 

delivery in the fields of cancer biology and tissue engineering 

(Kapałczyńska et al., 2018). Much work is proposing the use of 

graphene oxide as a novel drug delivery system (Campbell et al., 

2019),(Liu, Cui and Losic, 2013), (Pan et al., 2021), however it is 

unclear what GO is offering compared to other currently used drug 

delivery systems. To this end, it was thought to systematically study 

the delivery of an anticancer drug using GO as a delivery carrier in 2D 

and 3D cell culture. In view of this, different concentrations of the 

anticancer drug oxaliplatin was non-covalently complexed with GO 

and the cell viability exposing oxaliplatin was initially explored in 

breast (MCF7) and colorectal (HCT116) 2D cancer cell cultures.  
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First, the cell viability of treating oxaliplatin alone was assessed in 

MCF7 (breast) and HCT116 (colorectal) 2D cells using the MTT 

assay. This was done to determine the optimum cell density as well as 

the ideal concentration of oxaliplatin to be then complexed with 

graphene oxide. While both cell lines were affected by the different 

concentration of oxaliplatin, MCF7 was more sensitive to oxaliplatin 

especially after 48hrs treatment and in both cell densities (5000 & 

7000 cells). It is important to highlight that oxaliplatin is platinum-

based drug which exhibit its toxicity on cancer cells through DNA 

damage (Alcindor and Beauger, 2011). This was similar to what was 

found by Vivek et al in which nearly 50% cell viability was reported 

after MCF-7 cells (10000 cells per well) were exposed to 25 µM 

oxaliplatin after 48 hrs and the lowest of cell viability (34%) was 

exposed to 50 µM oxaliplatin after 48 hrs (Vivek et al., 2014). 

Moreover, Alami et al., described that 50% cell viability of MCF7 was 

revealed in nearly 17 µM oxaliplatin after 48 hrs (Alami et al., 2007). 

Compare our findings to that in literatures with studies that the cell 

viability of MCF7 monolayer reduces to 50% at the same concertation 

ranging between 17-25 µM. Similar results were also reported by 
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others for HCT116, which is shown that 25 µM oxaliplatin has 50% 

cell viability after exposing 48hrs (Tabasi et al., 2021).  

 

Then, graphene oxide was prepared using the modified Hummer’s 

method as described by Ali-Boucetta et al (Ali-Boucetta et al., 2013). 

As expected, GO showed to be of stable dispersion at 1mg/mL 

(Appendix 1, Figure S1) and as expected exhibited a negative charge 

(Appendix 1, Figure S2) due to hydroxyl and carboxyl groups as well 

as a sharp absorption peak around 230nm (Appendix 1, Figure S3) as 

suggested by others (Mei et al., 2010). GO was then complexed with 

oxaliplatin at room temperature and the cytotoxicity of the complexes 

was indirectly assessed using the modified LDH assay to avoid any 

interference of GO with the assay as reported by Ali-Boucetta et al 

(Ali-Boucetta et al., 2011) for carbon-based nanomaterials. GO: 

oxaliplatin complexes exhibited some cytotoxicity in HCT116 after 

48hrs but this was not as strong as that observed with the drug alone. 

As expected GO alone exhibited no toxicity on both HCT116 cells. 

This is similar to what previously reported by others on different cells 

(Ali-Boucetta et al., 2013),(Jasim, Lozano and Kostarelos, 

2016),(Bengtson et al., 2016). Interestingly, treatment of MCF7 with 

GO: oxaliplatin complexes exhibited a reduction of cell viability 
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(30%) as compared to oxaliplatin alone (10%) after 24hrs (Figure 7). 

This was further enhanced to 50% reduction in cell survival with the 

complexes after 48hrs. It is believed that GO could have tethered 

oxaliplatin inside the cells leading to an enhanced cytotoxicity of 

oxaliplatin inside the cells and hence acted as an efficient drug 

delivery system. While we believe this is the first study that looked at 

the effect of GO: oxaliplatin non-covalent complexes, others have 

used functionalised graphene oxide nanosheets by human serum 

albumin (HSA) nanoparticles (Farnaz et al., 2018) and platinum 

anticancer drugs based functionalized graphene oxide nanoparticles 

(Wei et al., 2021) and described similar results. For instance, Farnaz et 

al found that, due to the specific properties of GO-NSs, FGO-NSs has 

lower cytotoxicity and better performance on loading drugs and 

entrapping than GO-NSs, which could extend the release time as an 

ideal nanoparticle for deliver anticancer drugs. GO has been 

previously suggested to deliver different anticancer drugs such as 

doxorubicin (Yaghoubi et al., 2022), (Yang et al., 2020), (Zhou, Zhou 

and Xing, 2014), methotrexate (Abdelhamid and Hussein, 2021), 

gemcitabine (X. Wei et al., 2021). In addition, Rosili et al. described 

that GO potentiate the anticancer effects of cisplatin, another 

platinum-based drug, in lung (A549) carcinoma cells (Rosli et al., 
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2019). Others have also described the benefits of using PEGylated GO 

for the co-delivery of cisplatin and doxorubicin (Pei et al., 2020). pH- 

and thermo-sensitive GO-PNVCL-PGA could also release the 

oxaliplatin in targeted site efficiently (Kazempour et al., 2019). 

Hyaluronyl-modified rGO would enhance the doxorubicin uptake and 

has stability and safety as drug delivery nanocarrier (Miao et al., 

2013). 

 

Since the effects of cell viability in 2D monolayer were more 

pronounced in MCF-7, the rest of the study focused on the effect of 

the complexes on MCF-7 spheroids. These were prepared using the 

liquid overlay method (Metzger et al., 2011). 3D spheroids are an 

ideal model to replicate the in vivo tumour conditions due to the 

similarities between spheroids and solid tumour. These include the 

spatial structure, physiological activity and the sensitivity or resistance 

mechanism for anticancer drugs (Mehta et al., 2012), (Costa et al., 

2016). The cell-cell connections in spheroid could change the mode of 

responding, metabolism and even gene expression, compared with 

monolayer cancer cells, which shows different response to drugs. For 

example, V79 spheroid would reduce the efficiency of etoposide and 

ionizing radiation (Oloumi et al., 2002). The spheroid could generate 



 39 

the matrix which might mimic the drugs or other substances 

transferred in cell-matrix microenvironment (Dingle et al., 2015). 

Therefore, it was important to investigate the ability of GO to diffuse 

inside the MCF-7 spheroids in an attempt to assess their effectiveness 

as a drug delivery system. While the GO: oxaliplatin complexes 

caused a reduction in the diameter of MCF-7 spheroids after 48hrs 

treatment, it was unclear why the GO alone was also toxic to 

spheroids. This was however previously reported by Wang et al, who 

stated that GO inhibit cell proliferation and induces apoptotic cell 

death in glioblastoma stem cell-like spheroids (Wang et al., 2020). 

Further work is therefore warranted to understand if the sharp edges of 

GO act as nanoswords and destroy the spheroid rim and hence why 

oxaliplatin showed a better effect in the complexes compared to alone. 

Moreover, others (de Lázaro et al., 2021) found that GO alone 

translocated deep within glioblastoma U-87 MG spheroids which 

could also mean that GO could have acted here as an efficient drug 

delivery system and delivered oxaliplatin though further work is 

required to proof this hypothesis. Graphene oxide plus Doxorubicin 

could raise the efficacy of cell apoptosis and inhibit obviously the 

growth of BT474 and MCF7 breast cancer stem cells in vitro 

(Ebrahimi et al.,2021).It is however important to highlight that the 
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characteristics and morphology of spheroids could also affect how the 

drug delivery system interacts with the spheroid for example their 

compactness which would be determined by the cell type (Han, Kwon 

and Kim, 2021). Therefore, it is important to study the translocation of 

the delivery system in different type of spheroids. In addition, the 

concentration of oxaliplatin should be revisited as the concentration 

could be effective in 2D monolayers but needs to be increased for 3D 

cultures. In a similar way, the incubation time should also be 

optimised. Meanwhile, further direct cytotoxicity assays should be 

designed and assessed on 2D monolayer cells and 3D spheroid to 

provide more observations regarding the effects of GO complexed 

with oxaliplatin. 

   

6 Conclusion 

 

The present study was designed to determine the effect of GO 

complexed with oxaliplatin, on preventing the growth of HCT-116 and 

MCF-7 cancer cells as 2D and 3D culture models. While GO showed 

to be non-toxic at the concentration used, the cytotoxicity on 2D 

monolayer cancer cells, oxaliplatin complexed with GO inhibited the 

growth of MCF-7 and HCT-116 cells. The findings of this research also 



 41 

provide insights for the delivery of a model anticancer drug in 3D 

spheroid model. The cytotoxic effects of GO complexed with 

oxaliplatin on spheroid were similar to those on 2D monolayer, 

however GO alone also effected spheroid size. This work has 

highlighted that GO could support the increased penetration and deliver 

of oxaliplatin deeper in the 3D tumour models. The insights gained 

from this study may assist design of an excellent delivery system based 

on GO. 

 

7 Future work 

• Increasing the concentration of oxaliplatin in 3D spheroid work  

• Increasing the time point of assessment in 3D spheroid work  

• Analysis of the spheroids using Annexin V PI to investigate the 

stages of apoptosis  

• Imaging of GO inside the spheroids using transmission electron 

microscopy (TEM) sections  

• Study the effect of GO: oxaliplatin on different spheroids in order 

to see if the morphology plays a role in the translocation process 

• Assessing the cytotoxicity via direct cytotoxicity assays on 

monolayer cells and spheroid 
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Appendix 1 

 

 
Figure S1: Digital photograph of the dispersion condition of graphene oxide dispersion after 15 minutes 

of sonication in a water bath. The concentration of GO shown is 1mg/mL in water. 

 

According to the results, the Zeta potential of graphene oxide solution 

in Figure S2 which is dispersed in sterile water at room temperature 

and pH was around 7 should be 40.7±6.8 mV and STD was 1.14. 

Interestingly, Zeta potential was investigated with no correlation to the 

solution concentration.  

 

Figure S2: Screenshot of Zeta Potential of GO dispersion after 15 minutes of sonication in a water bath. 

The concentration of GO detected is 50μg/mL in water. 
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Figure S3: The absorbance curve of different concentration of Graphene Oxide solution and the 

standard curve at 230nm. 
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