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RCS Rat Grating Acuity
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Il piu sofisticato organo di senso

Ciliary body



Charles Darwin

“To suppose that the eye, with all its
inimitable contrivances for adjusting the
focus to different distances, for
admitting different amounts of light,
and for the correction of spherical and
chromatic aberration, could have been
formed by natural selection, seems, |
freely confess, absurd in the highest
possible degree.”



The Retina
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Evolution Strategy

Octopus

Human eye

George Wald
blood vessel-free

Great salad

The Blind Spot

Human retina

Fig. 1. Human retina as seen through an opthalmoscope.
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Distribuzione spaziale dei fotorecettori
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A broad field of view
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How the brain perceives the world
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Peacock Mantis
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Age-related macular degeneration (AMD)

Third among the global causes of visual
impairment with a blindness prevalence of
8,7%.

The World Health Organization assesses
that 50 million persons suffer from AMD
symptoms and 14 million persons are blind

or severely visually impaired because of
AMD.

It is the primary cause of visual deficiency
in industrialized countries.



Retinitis Pigmentosa

Early Symptoms:
Decreased night vision, loss of
peripheral (side) vision

Late Symptoms:
Vision loss, blindness

Inherited disease

1 in 3-4000 people
1,5 M people worldwide
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Organic Semiconductors
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Spectral Response
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Motivation
Retina Prosthesis
P3HT and Nanoparticles Photophysics

Optostimulation mechanism



| Prosthesis

it R P3HT nanoparticles
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| Prosthesis

Nanoparticles in retina

Nature Nanotechnology 15 (8), 698-708 (2020) OCT Retina reattachment

No washout over time

Wide retina coverage

Microinjection




ITALIANO DI

subretinally microinjected with in P3HT-NPs
Nature Nanotechnology 15 (8), 698-708 (2020)

m Rescue of pupillary reflex in RCS rats
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Rescue of visually driven behavior in RCS rats subretinally microinjected with in P3HT-NPs

Light-Dark Test (5 lux)

Nature Nanotechnology 15, 698 (2020)
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Light-evoked metabolic activation of V1 is rescued in
dystrophic RCS rats injected with P3HT nanoparticles
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How to measure visual acuity ?
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RCS Rat Grating Acuity
Prusky et al. IOVS 2004, 45(3): 933
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P3HT in contact with electrolyte
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Surface Polarization Drives Photoinduced Charge Separation at the

P3HT / Water Interface
P. Salvatori, E. Mosconi, M. Saba, A. Mattoni, H. Li, J-L. Brédas, F. De Angelis

ITO P3HT LUMO __ ELECTROLYTE
| SOLUTION

ACS Energy Lett. , 2016, 1 (2), pp 454-463

Photophysics



Photophysics

Nanoparticle Absorption
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GIWAXS of P3HT NPs (200nm) spry coated on silicon TRPL
- : _ d100=1.67nm —> P3HT lamellar stacking o] T T T
B ™ dyp=0.38nm > P3HT r-1t stacking |
1400 g . | o 1400 3
PREI : 1300 gﬁg?’ 3 10‘0 o E ;‘*
. T —xomaor ]S
100 SR | o 4x10° § —— 200nm ai=0.15° ‘ o
300 . . 3 3X:|.03 : 010 -
1400 _é‘ : ]
1300 % 2X103 :_ I I I I I I I
m e ' 500 550 600 650 700 750 800 850
. i Wavelength (nm)
1non 03 '_ ]
- 0 ' . 1 L 1 L i L 1 : 1 L 1 L ] .' 1’0 KRK
3 . =" 04 08 12 16 20 24 28 — Living Cell
lowlm?ﬂ . 3 e 1300 g (Al) . — \Water
wi | L~12nm| os
e E cC
T I T I L L o
0 200 400 600 a00 1000 1200 1400 o
~N
O’O- o T T T T T
-20 0 20 40
Fabiola Liscio CNR-IMM Bologna () Time (ps)







Recoverin
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Cone arrestin
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Experimentum crucis
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ILLUMINANCE [lux=Im/m?] Sun Light 104-10° lux

TV studio 103 lux
Office 500 lux
Moonlight 1 lux

i
.....

Office (500 Lux) ~ 25 mW/cm?

Mechanism



Photo-excitation mechanisms
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Pupil reflex

| (corneal) = 20 lux= 20 Im/m?
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Mechanism




In VIVO thermal effect can be ruled out

Nanoparticle heating:
2
IO T[RNP
Artkr

AT =

Iy: light intensity (1 mW/cm?)
Ry,,,: Nanoparticle radius (175 nm)

k: thermal conductivity of water (0.6 W/mK)
r: distance from nanoparticle centre

At the particle surface: AT~107 K

Mechanism



Photo-excitation mechanisms

CAPACITIVE
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ORGANIC NANOPARTICLES

Cure degenerative Future perspectives
blindness in brain stimulation

Transformational potential:
Novel approach for neuronal stimulation and for the
cure of retina and brain diseases

Future \ Transferring to human
. > . .
Perspectives / experimentation
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