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Introduction

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

Bacteria Viruses



Introduction

PDT applications involve three components
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Photosensitizers
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» Low toxicity (dark-conditions)
»Selective accumulation

»High photostability

»High @, of singlet oxygen production
» High absorption (red region)
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photosensitizers
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9,10-dimethylanthracene [Me(bpy)s]**

(DMA)

Anthraquinone derivates Fullerene

Biomedical aplications
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Thiazine dves:

1aline Gyes.

Methylen Blue R=CHj;

Xanthene dyes:
Rose Bengal

R
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Porphyrines

Phtalocyanines

UV absorption x

Visible absorption J

Dye aggregation x
Low photostability x

—>  Visible absorption J

Low absorption coeficient x
Low solubility x




photosensitizers

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

» Very favorable chemical-physical features:
1) High extinction coefficients in the visible
2) Resistance to photobleaching

3) Versatile synthesis

Y = heavy atoms —> 10,
R1 = rt-substituents —> red abs
R2= graftable groups —> surface

R3=solubilized groups —> water



photosensitizers
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Halogenated BODIPY Halogen free: BODIPY dimers

/B\
R, F F R,
Effect of halogen (X) and the susbtituents (R) Effect of the solvent and the susbtituents
RSC Advances 2016, 6, 41991-41998 Chem Eur J 2017 (accepted)

New organometallics:
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Nanocarriers

Nanocarriers for biomedicine:
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Silica NP

Core

** Properties

O large surface area (>1000m? g1)

Shell

O Modifiable size and pore volume (>1cm3 gl)

O High chemical and thermal stability

O Non toxic and biocompatible

O May have an internal core and an external shell

0 Can be grafted with functional groups



NP Chara;terizatigg

. . . ‘l"’%(“’f har

500+ I \: de nanoparticulas| & .&'ﬁ #A mg
—— gaussian fit an" " §t’#’

o wi u.'--'r.. g-a L
§ Fion *5“"5?‘%?"
£ 2{% o :*35,?%:"&?“;‘%5
5 s - D
G Sl 0%
5 20, ga\i ¥ it Ol |
: Ea i £ e R SSRTT
. i ol ot i
100 g %"ﬁ-ﬁﬁ A ?ﬁ-‘g &
ALY, P S ;
O T L e,
UPV/EHU s 0.0V X100000 100nm WD 10.0mm 20 40 60 80 100 120 140 i

Diamentro (nm)

» Spherical and Homogeneus Distribution — 50 £ 15 nm
» Core-Shell structure

» 4 % of NH, on NP surface available for PS grafting

» Well dispersed in polar solvents (DLS)



Intensity (Fercert)

Light Scattering Characterization
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Solvent Diameter (nm) Diameter (nm)
(t=0 s) stirring (t=1 h) without stirring
EtOH 212+13 374+26
90+22 336+102
water 25754 (11%) (89%)
68+7 321+23
= - ©0%) | (40%)

The best solvent for silica NP suspension: ACN

= After stirring
After 1h

Size (d.nm)

P21



Working in the Core: imaging

Rhodamine 6G
HaGHl! o ,-FI;-IEHS

Aps =528 nm Ay =543 nm
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Rhodamine 640

A =570 nm Ay =590 nm
®, 0.52
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o Working on the Shell: therapy

del PaisVasco

BDP2

HN

— T F y
/N\B/N /
FoNF

Rose Bengal BODIPY-Ph-COOH BODIPY-Si(OEt);

»RB and are grafted by Peptide coupling reaction — Amide formation

»BDP2 is grafted by direct polymerization of the triethoxysilyl derivative

og,;:sif\/\ BDP2 (OH-grafting)
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Grafting Characterization
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IR
% At Concentration /°\ /\
Sample me T O TN [si] o [JE\]]
NP 15 | 52 | 40 | 26 | 2.5 - -
- NP-BDP1 | 22 | 44 | 7 | 22 2.3][|12.2
e NP-BPD2 | 23 | 42 | 51 | 24 | 24 |\2.2/|\1.6
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The typical IR peaks: 1600 cm*and 1550 cm™

New F and | atoms indicative of BDP molecular structure

Estimation of Grafted PS

method B
Sample (molig)
NP-RB1 3.3x104
NP-RBi 4 x10°
NP-BDFI {[.8x109
NP-BDP2 52x104




Grafting of Rose Bengal

@/\/‘E’ﬁ‘m @SiMEfLRB

NP-RB1 NP-RB2
(NH,-grafting) (OH-grafting)

»Prominent shoulder at 518 nm
»RB H-type aggregation
» Interparticle aglomeration

» Less polar solvents
»NP-RB1 the aggregation is decreased
»NP-RB2 the aglomerations is still obvious
(more OH)
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Grafting of new BODIPY
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BDP1 BDP2

Absormption Fluorescent

Normalized Intensity

singlet oxygen emission
f’s’__

Nomalze d Intensity (a .u)
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» No evidence of dye aggregation
»Stable suspension in both solvents
for NH and OH grafting

BDP1 BDP2



Nomalized Intensity (a.u)

Working on Core-Shell

Different excitation wavelength for imaging and PDT: NP/R640-BPD2
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NP/R640-BDP2
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Conclusions

» 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 (Ofl > 0.3), which allowed their
tracking by fluorescence microscopy

; » NP with good singlet oxygen production for the implementation
4 plf in Photodynamic treatments are obtained by grafting PS at the
’X:{N;Bi; external surface. BODIPYs as photosensitizers may offer a good
|
o)

alternative to commercial RB.

M
mu BDP1 > NP with dual functionality are obtained by the proper choice of
the dyes with opposite photophysical properties.

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