
CONCLUSION

It was shown that graphene oxide alone did not show a cytopathic effect on any of the tested cell lines. Rubella virus itself is highly cytopathic to cells, 

but when combined with graphene oxide, the percentage of altered cells is much lower. It has been shown that graphene oxide has protective 

properties against infection of cells with rubella virus, limiting the frequency of cytopathic changes in human cells.
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Figure 1. XRD patterns of graphene oxide materials
(on the left side) and when compared to the reference

pattern (on the right side).

Image 1. SEM images of graphene oxide 
materials.

Image 2. The A549 (ATCC-CCL-185TM) cell line 24 h after administration of virus and GO. A- control group, B- RuV group, C- GO group, D- RuV+GO
group. Normal cells show regular, oval shape with nucleus present in the middle of the cells. 

Image 3. The A549 (ATCC-CCL-185TM) cell line 48 h after administration of virus and GO. A- control group, B- group RuV, C- GO group, D- GO+RuV
group. Different ability of DAPI uptake (blue dots) by cells. In RuV 48 group visible arrangement of surviving cell in a colony manner. 

Figure 2. Percentage of cytopathic effect in A549 cell line. RuV
- cells infected with RuV, GO – cells with graphene added, 

GO+RuV – cells infected with RuV and with graphene added. p 
<0.05 - a when compared to control group; b when compared 

to RuV group.

MATERIALS AND METHODS

The protective effect of graphene oxide against rubella virus

infection was investigated in models of human lung epithelial

carcinoma cells line A549 and human chondrocytes line TC28a2.

During the experiments, cells were incubated with graphene oxide

alone and graphene oxide in combination with rubella virus. The

cytopathic effect (CPE), which appears as the set of degenerative and

pathological features occurring in the cells, which occurs due to viral

replication, was measured in two incubation periods using the DAPI

dye as a percentage of the altered cells.

ABSTRACT

Graphene is one of the most tested biomaterials since its discovery in 2004. It is known for its specific yet

interesting properties, such as electrical conductivity, flexibility, antimicrobial action and high

biocompatibility. In medicine, the antimicrobial, antiviral and antitumor properties of graphene are

studied as intensively as its ability to transport drugs to pathological sites [1],[2].
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Image 4. The TC28a2 cell line 24 h after administration of virus and GO. A- Control group, B- RuV group, C- GO group, D- GO+RuV group. Mild 
cytopathic effect in cells with changed morphology (red arrow) after RuV administration is visible (red arrow). 

Image 5. The TC28a2cell line. A - Group RuV, B- GO group, C- RuV group, D- GO+RuV group. Visible changes in cell morphology after administration 
of virus and graphene +virus. In TC28a2 (C and D picture) cell line after 48 hours after virus and graphene +virus administration increased cyto-

pathic effect was noted. 

Figure 3. Percentage of cytotopathic effect TC28a2 cell line. 
RuV - cells infected with RuV, GO – cells with graphene added, 
GO+RuV – cells infected with RuV and with graphene added. 

p <0.05 - a when compared to control group; b when 
compared to RuV group.


