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METHOD

OBJETIVES

➢ Synthesis of pegylated expanded graphene oxide.

➢ Structural and morphological characterization: Infrared Spectroscopy, 

scanning electronic microscopy

➢ Cytotoxicity assay in endothelial cells

➢ Internalization study by Transmision Electron Microscopy

➢ Synthesis of pegylated Expanded Graphene Oxide.

Figura 2. Infrared spectra of expanded graphene oxide and PEGylated EGO
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SYNTHESIS AND CHARACTERIZATION

Figura 1. Synthesis of pegylated expanded graphene oxide.

CYTOTOXICITY ASSAY

INTERNALIZATION OF EXPANDED GRAPHENE OXIDE (EGO) INTO CELLS

Cellular uptake was investigated by transmission electron microscopy (TEM).

Figura 4. Supervival (% CT) vs concentration of expanded Graphene oxide and 

pegylated conjugate in different biological médium (BSA and FBS). 

Figura 5. Transmission electron microscopy (TEM) images. Internalization of expanded 

graphene oxide in human endothelial cells in the presence of different biological media 

(FBS and BSA).

❖ Pegylated EGO is obtained through the synthesis of EGO and PEG by coupling the 

amide group (NH-CO).

❖ A reduction in EGO cytotoxicity is observed in endothelial cells when BSA and FBS 

are present. PEGylated EGO exhibits improved biocompatibility. BSA reduces 

cytotoxicity through a protective protein corona. FBS promotes greater cellular 

uptake and lower viability.

❖ The biological identity acquired by nanomaterials strongly influences their biological 

response. 

❖ Internalization of EGO into cells. The agglutination of the carbon-based 

nanostructure can cause cell damage if it reaches a considerable size. The presence 

of EGO in cells can cause mitochondrial degradation.

❖ The correlation between TEM observations and cytotoxicity suggests that higher 

intracellular accumulation is associated with lower viability.

Figura 3. Scanning Electron Microscopy of expanded graphene oxide and 

PEGylated EGO.

Graphene-based nanomaterials have attracted considerable attention in biomedical

applications due to their unique physicochemical properties, including a large surface

area and versatile surface functionalization [1,2,4]. Among them, expanded graphene

oxide (EGO) offers enhanced structural characteristics that can be further optimized by

functionalization with polyethylene glycol (PEG), thereby increasing its stability and

biocompatibility. [3,4].

In this study, PEGylated expanded graphene oxide was synthesized and characterized

using Fourier transform infrared spectroscopy (FTIR) and scanning electron

microscopy (SEM). Furthermore, its cytotoxicity in human endothelial cells was

evaluated using different biological media (bovine serum albumin [BSA] and fetal

bovine serum [FBS]). Additionally, the internalization of expanded graphene oxide in

BSA and FBS was assessed using transmission electron microscopy (TEM) to

determine its potential in biomedical applications.

Cytotoxicity of EGO and PEGylated EGO was evaluated in human endothelial cells. 

Materials were studied in the absence and presence of BSA and FBS. 

Both samples exhibit the characteristic layered morphology commonly observed

in graphene-based materials, consisting of corrugated and overlapping sheets.

PEG incorporation induces significant morphological changes, mainly associated

with increased aggregation of graphene oxide layers and a reduction in apparent

porosity
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