
Photodynamic Therapy (PDT)

Spatio-temporal control on the active species

Localized and rather superficial solid tumors (mm deep)
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Ternary therapy: photosensitizer, light, oxygen



> 94 kJ/mol (22.5 kcal/mol) 

It is estimated that 1O2 can diffuse for ca. 45 nm from the point 

where it is generated (lifetime: 100 – 250 ns).





Tissue penetration of light

PDT window

DE between 1O2 and 3O2 = 94 kJ/mol

This energy gap is compatible with photosensitizers that have absorption

maxima up to over 800 nm (their triplet excited state is still higher in 

energy than the ground state of 3O2).



The ideal photosensitizer

• Absorbs strongly in the PDT window (600 – 900 nm)

• Has a high 1O2 quantum yield

• Is photostable (no photo-bleaching)

• Is non-toxic in the dark

• Localizes selectively in the diseased tissue

• Has a rapid clearance 
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Tetrapyrrole macrocycles as photosensitizers

22p 600 – 650nm

20p 630 – 700nm

18p 700 – 800nm



l = 630

e = 1170 M–1cm–1

l = 652

e = 3×104 M–1cm–1

1st and 2nd generation photosensitizers for PDT

Tumor-avid



age-related macular degeneration (AMD)

First line treatment

Currently AMD is the most important application of PDT, with millions of patients treated.



Pd favors intersystem crossing to the triplet state of the excited PS



Soluble-TOOKAD

(palladium-bacteriopheophorbide )



3rd generation photosensitizers for PDT (targeted)



Tumor margin resection with tumor avid PS’s



Brain tumor, patient treated with Foscan

Blue light



Site-activated constructs

The activating enzyme might be overexpressed in the tumor cells, 

or be expressed by bacteria and not by cells…



Derivati del BODIPY (boron-dipyrromethene)



Tuning the absorption of BODIPY



Photoactivatable metal compounds



Diagrammi semplificati degli MO di frontiera e degli stati di [Ru(bpy)3]
2+



Metal complexes for PDT





In vitro studies



In vivo studies



Increasing the p-conjugation of a diimine ligand decreases the 

energy of the excited state 3IL (intraligand), resulting in an 

increase in its lifetime and greater production of 1O2.

Molecular design
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