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Graphene oxide (GO)

A drug delivery system should have

a simple and untoxic design

Delivery to normal cells should be

minimized

Graphene oxide:

üHigh surface area to volume ratio

üHigh loading capacity of bioactive

molecules.

üDifferent chemicals can be bound

to same particles

GO can be functionalized in 

nano-ribbons, nano-platelets, 

nano-sheets,  nano-tubes.



GO nanosheets, GO nanorods, 
GO nanotubes.



Unzipping of nanotubes
Single Wall Carbon NanoTubes

(SWCNTs)



HR-TEM of carbon nanotubes



NANOTUBES in HR-TEM



SWCNTs



GO nanoribbons
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EDAX spectrum of graphene 
derivatives



2 µg GO added

to

Neuroblastoma

Cell lines
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ROS production after addition of GO  in cells
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Graphene oxide and 
neuroblastoma cell lines
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Physical-chemical properties of new GO 

Patent (N°102015000023739)



Green GO

SWCNTs



Nanosheets

Patent (N°102015000023739)



Chemical-physical parameters and 
microanalysis of the Graphene Oxide

samples



Many functional groups



Optical microscopy of SK-N-BE(2) 
treated with 2.0 !g/mL of GO at
(a) 24 h, magnification 20x; 
(b) 24 h, magnification 60x; 
(c) 48 h, magnification 60x 
(May Grunwald Giemsa staining). Journal of Nanomaterials

2019 https://doi.org/10.1155/2019/2752539



Small molecule Tyrosin Kinase
inhibitors



S29 as TK Inhibitor

• S29 (imatinib) 
S29 has been used
in combination
with radiotherapy
in Leukemias!!!!!!!!!

…but has low
availability with 
solid tumors



ROS formation was
assayed by flow 
cytometry using the 
dye DCF

S29 driven by GO induces a higher
amount of ROS when compared to S29  
alone. 



SK NBE cells treated with S29-GO

Journal of Nanomaterials
2019 https://doi.org/10.1155/2019/2752539

We tried to 
improve the S29 
bioavailability

S29-GO 
increases growth
inhibition!!!!!!!!



Conclusions and future 
perspectives

• Low cytotoxicity of GO/possibility to use small 
doses with multiple drugs

• Improve uptake of GO in all cells and in 3D 
structures.

• What is the destiny of GO in cells in the long 
term?

• Is GO able to cross the blood-brain barrier?

• Is GO activating immune system?


