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Properties: 
 Strenght and elasticity
 Electrical and termal conductivity
 Mechanical stiffness
 Brightness
 Flexibility
 Thinness
 Strong
 Transparent conductor
 Cheap to produce

Applications:
 Rapid DNA sequencing, targeted delivery, 

tissue regeneration, bionic implants
 Batteries, touchscreens for mobile phones, 

tablets, etc.
 Electronic components

Biomedical applications
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Towards the meeting with the oocyte
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GRAPHENE OXIDE

• Modified GO 4mg/mL GRAPHENEA (Spain)
• Promtly dispersive in water
• Micrometer sized GO
• Single-layered or double layered sheets of GO
• Size: 670nm
• Polydispersity: 0,318
• Z potential: -26 ± 1

Bernabò et al, Carbon 2018

Evaluation of toxicity
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• Sperm reservoir formation
• Membrane fluidification
• Cholesterol release
• Loss of Binder of Sperm Proteins (BSP) 
• Release from sperm reservoir
• Acrosome reaction
• …

Events of sperm capacitation

Evaluation of toxicity

FERTILIZATION
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Bernabò et al, Carbon 2018

 Porcine spermatozoa (swine model)
 In vitro
 Capacitating conditions
 Different GO concentrations: 0,5 ; 1 ; 5 ; 10 ; 50 µg/mL

Evaluation of toxicity
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Bernabò et al, Carbon 2018

Does GO affect the fertilization ability of sperm?

Surprisingly, GO 0,5 and 1 µg/mL has a positive effect in the in vitro fertilization (IVF)
(p<0.05, GO concentrations Vs. CTRL) 
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Bernabò et al, Carbon 2018

Does GO affect the fertilization ability of sperm?

Surprisingly, GO 0,5 and 1 µg/mL has a positive effect in the in vitro fertilization (IVF)
(p<0.05, GO concentrations compared with the CTRL) 

What is happening??!!
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Bernabò et al, Carbon 2018

Does GO affect the fertilization ability of sperm?

FRAP (Fluorescence Recovery After
Photobleaching) analysis by confocal
microscopy

What is happening??!!

GO seems to act stabilizing the sperm membrane Confocal microscopy (Filipin III) and Flow cytometry experiments
confirm the extraction of cholesterol by GO

Confocal microscopy with Filipin III stainingCapacitating
conditions
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Different animal model: bovine (Bos Taurus)

Sperm
reservoir

BOEC +CTRL SPZ BOEC +GO SPZ

GO induces the SPZ release from bovine oviductal epithelial cells
Manuscript in preparation

C (-): nothing

C (+): heparin
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How does GO modify the sperm proteins?
Spermatozoa are 
transcriptionally

silent
BSP: Binder of 
Sperm Proteins

Major protein components
of bovine seminal plasma

Tubulin-β

CTRL UB GO

BSP-3

Tubulin-β

BSP-3 BSP-5

BSP-5

Tubulin-β

Manuscript in preparation

BSP-1

GO induces the loss of BSP-1,-3 and -5 after the release of spermatozoa from the oviductal cells

CTRL UB GO CTRL UB GO

CTRL: spz control 
UB: spz unbound

Sperm-membrane proteins involved in sperm-oviduct binding
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Kruskal-Wallis test for equal medians. (p=0,01443)

Manuscript in preparation

How does GO modify the bovine sperm membrane?

Populations with higher fluidity in spermatozoa released by GO action

Membrane fluidity  linked to capacitation

DilC-12 staining
Confocal microscopy
FRAP (Fluorescence Recovery After Photobleaching)
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Conclusions

 Graphene Oxide induces the release of bovine spermatozoa from oviductal cells (sperm reservoir)

 After inducing the release, bovine spermatozoa lose the presence of BSP proteins

 Graphene Oxide increases bovine sperm membrane fluidity, i.e modifies the sperm lipid composition

 Graphene Oxide has shown an interesting positive effect in IVF in swine and mice and bovine?
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Many unsolved question

 Does GO affect the fertilizing ability of bovine spermatozoa?

 Does GO affect the in vitro bovine embryo development? 

 How does GO interact with spermatozoa?

 Which other proteins/lipids are modified by GO?

 The need to find a marker of capacitation diagnostic nanodevices

What is next?

Graphene?
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To be continued…



Graphene Oxides induces sperm release from bovine oviductal epitelial cells by modifying sperm membrane fluidity and binding proteins

Acknowledgments

Physiologie de la Reproduction et des Comportements, INRA 
Centre Val de Loire (France)
Pascal Mermillod
Marie Saint-Dizier
Guillaume Tsikis
Emilie Corbin
Carmen Almiñana
Xavier Druart
Valérie Labas
Marie-Claire Blache

Università degli Studi di Teramo (Italy)
Nicola Bernabò
Barbara Barboni
Luca Valbonetti
Giulia Cappachietti
Juliana Sofia Machado Simoes

Università di Chieti G. d’Annunzio (Italy)
Antonella Fontana
Romina Zappacosta
Paola Lanuti
Eva Ercolino
Marco Marchisio

Thank you for your attention
Marina Ramal Sanchez is granted by MarieSkłodowska-

Curie ITN REP-BIOTECH 675526, European Joint

Doctorate in Biology and Technology of the Reproductive

Health


