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Introduction Introduction 

Photodynamic therapy (PDT) is a minimally invasive procedure that offers many
advantages over traditional cancer treatments

Kill tumor cells

Bacteria FungiViruses



IntroductionIntroduction

PDT applications involve three components

Photosensitizer Oxygen Light



PhotosensitizersPhotosensitizers

Low toxicity (dark‐conditions)

Selective accumulation

High photostability

High Φ∆ of singlet oxygen production

 High absorption  (red region)



photosensitizersphotosensitizers

UV absorptionp

Visible absorption

Dye aggregationy gg g

Low photostability

Biomedical aplications

Visible absorption

Low absorption coeficient
Low solubility



photosensitizersphotosensitizers

New Type of Photosensitizers : 
4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY)

Y =  heavy atoms 1O2

R1 = π‐substituents

R2= graftable groups

red abs

surfaceR2= graftable groups

R3= solubilized groups

surface

water

 V f bl h i l h i l f t Very favorable chemical-physical features:

1) High extinction coefficients in the visible

2) Resistance to photobleaching2) Resistance to photobleaching

3) Versatile synthesis



photosensitizersphotosensitizers
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HalogenHalogen free: BODIPY dimersfree: BODIPY dimersHalogenatedHalogenated BODIPYBODIPY
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NewNew organometallicsorganometallics::
.

Effect of the solvent and the susbtituents
Chem Eur J 2017 (accepted)

Effect of halogen (X) and the susbtituents (R)
RSC Advances 2016, 6, 41991‐41998
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NanocarriersNanocarriers

Nanocarriers for biomedicine:

iiron

Carbon-NPCarbon-NP



SilicaSilica NPNP

 Properties

Core

 Properties

o large surface area (>1000m2 g‐1)o large surface area (>1000m2 g 1)

o Modifiable size and pore  volume (>1cm3 g‐1)

Shell

o High chemical and thermal stability

o Non toxic and biocompatible

o May have an internal core and an external shelly

o Can be grafted with functional groups



NP CharacterizationNP Characterization
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 Spherical and Homogeneus Distribution 50 ± 15 nmp g

 Core‐Shell structure

 4 % of NH2 on NP surface available for PS grafting 4 % of NH2 on NP surface available for PS grafting

 Well dispersed in polar solvents (DLS)



Aft ti i

Light Scattering Characterization Light Scattering Characterization 
After stirring
After 1h

Solvent Diameter (nm)
(t=0 s) stirring

Diameter (nm)
(t=1 h) without stirring

EtOH 212±13 374±26

water 257±54 90±22
(11%)

336±102
(89%) P21

ACN 92±3 68±7
(60 %)

321±23
(40%)

The best solvent for silica NP suspension:  ACN



WorkingWorking in in thethe CoreCore: : imagingimaging

Rhodamine 6G

λabs = 528 nm λfl = 543 nm

Φfl 0.30Φfl  

Rhodamine 640

λ 570 nm λ 590 nmλabs = 570 nm λfl = 590 nm

Φfl   0.52



Working on the Shell: therapy Working on the Shell: therapy 
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RB and BDP1 are grafted by Peptide coupling reaction Amide formation

BODIPY-Si(OEt)3BODIPY-Ph-COOHRose Bengal

g y p p g

BDP2 is grafted by direct polymerization of the triethoxysilyl derivative

(NH2‐grafting)

(OH‐grafting)(OH‐grafting)



Grafting  Characterization Grafting  Characterization 

IR XPS

Sample % At Concentration 
C O N Si Cl F I 

NP 15 52 4.0 26 2.5 - - 
NP-BDP1 22 44 7 22 2.3 2.2
NP-BPD2 23 42 5.1 24 2.4 2.2 1.6 

N F d I t i di ti f BDP l l t tNew F and I atoms indicative of BDP molecular structure

Estimation of Grafted   PS

The typical IR peaks: 1600 cm‐1 and 1550 cm‐1



Grafting of Rose Bengal Grafting of Rose Bengal 

P i t h ld t 518

NP‐RB1 
(NH2‐grafting)

NP‐RB2
(OH‐grafting)

Prominent shoulder at 518 nm
RB H‐type aggregation
Interparticle aglomeration

 Less polar solvents

ACN CHCl3

p
NP‐RB1 the aggregation is decreased
NP‐RB2 the aglomerations is still obvious 
(more OH) 

NP‐RB1
ACN

NP‐RB1
CHCl3

NP‐RB2
CHCl3

RB
CHCl3

ΦΔCN = 0.14
ΦCHCl3= 0.27

ΦΔCN = 0.10
ΦCHCl3= 0.07

NP‐RB1NP‐RB2



Grafting of new BODIPYGrafting of new BODIPY
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No evidence of dye aggregation
Stable suspension in both solvents
for NH and OH grafting

ΦΔCN = 0.33
ΦCHCl3= 0.37

ΦΔCN = 0.36
ΦCHCl3= 0.38

BDP1 BDP2



WorkingWorking onon CoreCore‐‐ShellShell
Different excitation wavelength for imaging and PDT: NP/R640‐BPD2

O
O Si BDP2

O

NP/R640-BDP2

Absorption Fluorescence Excitation

FRET process between dyes Negligible Singlet Oxygen



Same excitation wavelength for imaging and PDT: R640 BDP1 and R6G RB1

WorkingWorking onon CoreCore‐‐ShellShell
Same excitation wavelength for imaging and PDT: R640‐BDP1 and R6G‐RB1

N
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NP/R6G-RB1

H

NP/R640-BDP1

λabs = 564 nm λfl = 583 nm

ΦΔ 0.16
λabs = 561 nm, λfl 580 nm

ΦΔ 0.25 ΦΔ    
Φfl   0.10

ΦΔ    
Φfl   0.20



ConclusionsConclusions

 Spherical core‐shell silica NPs of 50 nm with amine groups at the
external are synthesized

 NP for biomaging are obtained by the encapsulation of
fluorescent rhodamines in the core (Φfl ≥ 0.3), which allowed their
tracking by fluorescence microscopy

 NP with good singlet oxygen production for the implementation
in Photodynamic treatments are obtained by grafting PS at the
external surface BODIPYs as photosensitizers may offer a goodexternal surface. BODIPYs as photosensitizers may offer a good
alternative to commercial RB.

O

 NP with dual functionality are obtained by the proper choice of
the dyes with opposite photophysical properties.

N
H

BDP1

 Undergoing work: improve the stability of the NP suspensions in 
water for in vitro phototoxicity experiments (poster 21)
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