
Introduction
Graphene is a two dimensional allotrope of carbon consisting of a planar sheet of condensed benzene rings. This structure gives to
graphene extraordinary properties that make it ideal for use in many fields of research such as biomedicine. For application in
biomedicine, one of the major limitations in the use of graphene is its poor water solubility. The researchers overcome this drawback by
covalently functionalizing[1-3] it with hydrophilic moieties. A widely used and studied hydrophilic graphene derivative is graphene oxide
(GO). The toxicity of graphene oxide (GO) has been extensively studied but, up to now, data are conflicting[4,5].
Due to the lack and controversy of data about GO toxicity on sperm[6,7], we studied the effects of GO on mature mammalian spermatozoa
by analyzing the interaction between GO and boar sperm membranes during capacitation (i.e. the process leading the sperm to obtain its
fertilization ability).
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Matherials and Methods

¾ Aqueous GO solution, obtained by modified Hummers method, was
diluted at the elected concentration, bath ultrasonicated and
sterilized under UV lamp. The concentration of GO was checked by
UV-vis spectrophotometry at λmax 230 nm.

¾ Spermatozoa were exposed to different Go concentrations (50,
10, 5, 1 and 0.5 µg/mL) in a validated in vitro system capable of
promoting capacitation.

¾Several parameters were evaluated such as: (i) structural
damages at the acrosomes, (ii) fertilizing ability of spermatozoa, (iii)
membrane fluidity, (iv) spermatozoa adhesion properties.

¾Samples were analysed by different techniques: (i) fluorescence
microscopy, (ii) FRAP, (iii) AFM and (iv) IVF.
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GO toxicity on acrosome integrity

Different concentrations of GO were evaluated (50, 10, 5, 1, 0.5 
µg/mL) at different capacitation times, confirming a concentration-
dependent increase in loss of acrosomes. The percentage of cells 
showing structural damages in the acrosome were evaluated using 

PSA staining and fluorescence microscopy.

Membrane fluidity

Fluidity changes on spermatozoa membrane caused by GO. The presence of GO altered the 
spermatozoa population fluidity by favoring an extra fluidity in a small number of 

spermatozoa.

Fertilizing ability

Go effects on IVF experiments. High concentrations of GO 
were considered as toxic whereas spermatozoa co-incubated 

with a concentration of 1 µg/mL of GO showed an 
interesting increase In the number of fertilized oocytes. 

Oocytes were analyzed using HOECHST staining and 
fluorescence microscopy.
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AFM

AFM images of boar spermatozoa at different time of capacitation  (T0, T1, 
T2, T3) before (a) and after (b) treatment with GO 1µg/mL

Conclusions

¾For the first time GO was used in a protein free system of in 
vitro capacitation of spermatozoa;
¾The concentrations of GO able to promote a toxic effect 
on cell viability (>5 µg/mL) and on acrosome integrity (>1 
µg/mL) were determined;
¾GO interaction with sperm membrane was investigated 
revealing a GO interference with the dynamic of membrane 
remodeling and a modification in membrane fluidity;
¾Spermatozoa adhesion to substrate without and with GO at 
different concentration revealed a change with the time in a 
dose dependent manner;
¾GO incubation with spermatozoa produced a dose-
dependent effect on fertilizing ability.
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