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Controlling life with photons: not really a new idea 

Arsonval AD. La fibre musculaire est directement excitable par la lumiere.  

C R Soc Biol. 1891;43:318–320. 



First recorded action potential  

(Hodgkin & Huxley, Nature 1939) 

Electrical stimulation of a frog 

nerve (Galvani, 1791) Optical stimulation 

Multisite optical recording by voltage sensitive dyes 
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Image taken from Nature, 461, 930 (2009)  

Recording and stimulation: past and present 



Cell optical stimulation: the techniques 

1.Photochemical reaction through use of endo- or exo-genous fluorophores 

(Molecular switches; caged neurotransmitters) 

2.Transgenic induction of light-gated ion channels (Optogenetics) 

3.Use of extrinsic absorbers, mainly in the NIR  

4.Infrared Neural Stimulation (water absorption, photo-termal effect) 



Our approach: 

Use of light-sensitive conjugated polymers to optically excite 
electrical activity of cells or living tissues  

Light absorbing polymer 

 Substrate 
Oxide layer 

Living cells or tissues  

- Inherently sensitive to visible light; 

- Highly biocompatible 

- Excellent mechanical properties 

- Dual conduction: both ionic and electronic 

- Easy fabrication technology 

- Chemical tunability   

  Primary neurons 

  Glial cells (astrocytes) 

  Secondary cells (HEK-293) 

  Explanted tissues (rat retinas; brain slices) 

  Living animals, e.g. ‘implantable artificial retina’ (rats) 
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Same device, different exploitation 



• Neural Stimulation at various stimulus frequencies 

ITO/Glass Control 

• Light pulse:20 ms, 15 mW/mm² 

D. Ghezzi, M.R. Antognazza et al., Nature Photonics 2013 
D. Ghezzi, M.R. Antognazza et al., Nature Communications 2011 

 

 

1st Study case: primary neuronal networks 
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2nd Study case: Astrocytes 

Astrocytes: most numerous glial cells 

 

• Provide brain with structure 

• Active in inflammatory reaction forming glial scar 

• Regulate extracellular ionic concentration 

• Form the blood-brain barrier 

• Provide nourishment to nerve cells 

• Actively modulate neuronal signalling  

• Involved in many neurodegenrative diseases 

of the brain” “The 

https://www.google.it/url?q=http://logic-forall.blogspot.com/2012/05/glue-semantics-for-logicians.html&sa=U&ei=XCNUU8WcKumg4gTQr4CgAQ&ved=0CEQQ9QEwCw&sig2=K-zsxmLsqcPvEyFoHjLUUw&usg=AFQjCNGJ0wow66yc5Ec2mdN4m86LDEbI0w
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P3HT:PCBM on ITO  ITO 

Current at -120 mV 

2nd Study case: Astrocytes 

Benfenati, Antognazza et al., Adv. Healthc. Mater. 2013 
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3rd Study case: non electrogenic cells (HEK-293)  

20 ms 

200 ms 

Short pulses >> cell 

membrane depolarization 

Long pulses (200 ms) >> cell 

membrane hyperpolarization 

Dual control of cellular activity 

 N. Martino et al., Sci. Rep. 2015 
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Inhibiting activity: Reduction of evoked spiking in 

primary neurons  

P. Feyen et al., under review 
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Modulation of spontaneous activity  

in primary neurons 
Polymer substrates Control (glass) substrates 
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Inhibition of activity in epileptic brain slices 

High potential of polymer-based devices for in vivo applications in pathologies 
characterized by neural iperactivity 



Possible application as an artificial 

photoreceptor? 14 



Retinal diseases 

Retinitis Pigmentosa (RP; prevalence  1:3400) 

Macular Degeneration (MD, (~30 million people affected)  

- Stargardt’s disease (juvenile MD) 

-age-related MD (AMD) 

- dry age-related MD (dAMD; RPE degeneration) 

 

Retinitis Pigmentosa 

(RP) 
Macular degeneration  Normal 



RP 

Phase 1-3 : Gene therapy and Medication  

Phase 4: Cell/Tissue 

transplant; artificial 

prosthesis 



Based on gene transfer – hazardous! 

The optogenetic  approach: 

Rifunctionalization of photoreceptors which have lost 

light sensitivity 

 

Busskamp et al., Science 329, 413-417 (2010) 

Looking for alternative techniques... 



Artificial retinal prosthesis: state of the art 

(A) Camera (B) wireless transmitter (C) 

extraocular electronic receiver (D) 

intraocular implant (electrodes array) 

Zrenner et al., 2010 

Rizzo et al., 2011 

Major drawbacks: poor resolution, due to the limited 

number of electrodes; biocompatibility; durability; 

connection to the existing retinal wiring  



Photoreceptors 

Degeneration 

Sub-retinal Configuration 

Light impinging from 

the inner layer  

50 μm 

D. Ghezzi, M.R. Antognazza, et al., Nature Photonics 2013 

• Sprague-Dawley albino rats 

• 4-6 weeks photoreceptors damage 

Polymer 

Ex-vivo studies 



Light pulse: 10 ms, 4 mW/mm² 

P3HT 

ITO 

D. Ghezzi, M.R. Antognazza, et al., Nature Photonics 2013 

Results on rats’ explanted retinas 



Silk substrate 

Realization of the prosthetic device:  

the substrate 

SF 

P3HT 

PEDOT:PSS 

After 30days in phys. conditions 

polymer_surface_IIT logo.avi
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Still……many open issues: 

 

 

HEK cells:   7 – 50 mW/mm2    >>    thermal effects;   

 

Neurons: ca. 10 mW/mm2         >>  thermal effects? 

 

 

 

 

 

Explanted retinas: ca. 1 – 100 mW/mm2  >>  ??? 

 

In vivo:                   ca. 0.1 - 10 mW/mm2     >> ??? 


