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Introduction-Photodynamic therapy 
(PDT)  
 photosensitizers (PS) 
 absorb energy from light and transfer it to adjacent molecules  
 produces a chemical change 
 Type I and Type II photoprocesses 
 cytotoxicity 
 
 accumulate preferentially in malignant cells (Cancer) 
 kill microbial cells (Infectious diseases) 
 



Type I pathway 

 Type I pathway:  
 -PS + light -> activated PS 
 -activated PS + substrate -> radical ions 
 - radical ions + oxygen -> oxygenated cytotoxic species  
 -e.g. superoxide, hydroxyl and lipid-derived radicals 



Type II pathway 

 Type II pathway: 
 -PS + light -> activated PS 
  -activated PS + oxygen -> singlet oxygen (1O2) 
 - 1O2 oxidize many biological molecules 
 -e.g. proteins, nucleic acids and lipids -> cytotoxicity 

 



PDT for infectious disease  

Emergence of antibiotic resistance : 
->to find alternative antibacterial therapeutics 
PDT 
 -Effectiveness? 
 -Selectivity?  
  (avoiding damage to host tissue) 



Mechanisms of damage 

bacteria, viruses and fungi 
(i) nucleic acid damage  
(ii) cytoplasmic membrane damage 



Photoinactivation of Gram+ and 
Gram- bacteria in vitro 

Species (Gram−) Photosensitizer References 

Escherichia coli 

Thiazines +, xanthenes +, 
acridines +, phenazines +, 
Cationic, neutral and 
anionic porphyrins 
5-aminolevulinic acid, 
Zinc phthalocyanine 
tetrasulfonate +,  

Martin & Logsdon 1987, 
Nitzan et al. 1995, 
Szocs et al. 1999, 
Gabor et al. 2001, 
Benov et al. 2002,  

Acinetobacter baumannii Cationic porphyrin Nitzan & Ashkenazi 2001 

Species (Gram+) Photosensitizer References 

Staphylococcus aureus [MRSA too], 
Staphylococcus epidermidis, 
Streptococcus pyogenes, 
Streptococcus pneumoniae, 
Enterococcus faecalis,  

Methylene Blue+ Wainwright et al. 1998, 
Zeina et al. 2001, 
Usacheva et al. 2001 

S. aureus Tetraphenylporphyrins, 
Hematoporphyrin 

Nitzan et al. 1995, 
Bertoloni et al. 2000 



PDT difference between Gram+ and Gram− 
bacteria 
 
neutral or anionic PS:  
 effective for Gram+ bacteria 
 
 bound to the outer membrane of Gram− bacteria 
 but do not inactivate Gram− bacteria after illumination 
 outer membrane: physical barrier 



Act against Gram− bacteria 

1) use a PS molecule with an intrinsic positive charge 
 e.g. Toluidine Blue O 
 
2) use positively charged liposomes  
3) add penetration enhancer e.g. EDTA/ polymyxin 

 increase the permeability of the Gram− outer membrane  
allow PS to penetrate  

 
 
 



Photoinactivation of viruses in vitro 

Speciesa Photosensitizer References 

Human immunodeficiency virus-1 
Rose Bengal – 
Hypericin,  
Methylene Blue + 

Lenard et al. 1993 
 
Bachman et al. 1995 

Herpes simplex virus 
Hematoporphyrin 
derivative, 
Sapphyrins 

Matthews et al. 1988, 
 
Judy et al. 1991 

Influenza A virus Hypericin,  
Rose Bengal - 

Lenard et al. 1993 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3071049/table/T2/#TFN1


Photoinactivation of fungi and yeasts 
in vitro 

Species Photosensitizer References 

Aspergillus fumigatus Green 2W Friedberg et al. 2001 

Saccharomyces cerevisiae 
Glucosyl porphyrins, 
Hematoporphyrin, 
Eosin Y - 

Cohn & Tseng 1977, 
Sharma & Jain 1994, 
Carre et al. 1999, 

Candida albicans 
Rose Bengal -, 
Zinc 
phthalocyanines 

Bertoloni et al. 1992, 
Lazarova 1993 



Selectivity 

 human fibroblasts and keratinocytes were unharmed 
 1 × 105 cells /0.1–2.5 µM phthalocyanine solutions  
 /600–700 nm light /1–5 min  
 (Soncin et al. 2002) 
 
 tissue distribution study 
 

 



Specific killing of PDT 

 covalently bound PS to a monoclonal antibody  
e.g. P. aeruginosa (cell surface antigens) 
 (Friedberg et al. 1991) 



Clinical applications (1) 
Causative agent Site of infection Photosensitizer used References 

Herpes simplex virus Cornea Proflavine Moore et al.  1972 

Herpes simplex virus Genitals Methylene blue, neutral red Chang et al. 1975 

Bacteria Brain abscess Hematoporphyrin Lombardet al. 1985 

Human papilloma 
virus 

Respiratory tract  
( in larynx) 

Hematoporphyrin 
derivative—
dihematoporphyrin ether 

Abramson et al. 1992 

Human papilloma 
virus Genital warts aminolevulinic acid Fehr et al. 1996 

Human papilloma 
virus Hand and feet Skin  aminolevulinic acid Karrer et al. 1999 

Propionibacterium 
acnes 

Skin/ 
sebaceous glands aminolevulinic acid Itoh et al. 2001 

Presenter
Presentation Notes
Topical PDT was commonly tested to treat herpes simplex lesions. Herpes keratitis was healed by proflavine photodynamic viral inactivation 22. Topical application of methylene blue and neutral red eradicated genital herpes but could not prevent the recurrence 23. Systemic and topical PDT in several anatomic sites has been used to treat papillomatosis caused by HPV. Systemic treatment of 48 patients with 50 J of 630 nm laser light 48 hours after dihematoporphyrin ether (4.25 mg/kg) significantly decreased papilloma growth rate compared to control patients. There is no permanent cure for epidermodysplasia verruciformis but topical PDT may result in better control of HPV-induced lesion. ALA–PDT has been used to treat cutaneous warts also known as verrucae vulgaris or verrucae plana, caused by HPV. Forty-two of the 48 plantar warts in 31 patients who received ALA (mean incubation time 6.8 hours and mean treatment time 18.7 minutes per wart) showed complete response and no significant side effects post-operation. The total clearance seems to be related to the size of the warts, age of the patient and mean treatment time 29. Condyloma accuminata are the genital warts caused by HPV. In women, HPV can also infect the uterine cervix and may lead to development of cervical intraepithelial neoplasia (CIN) and cervical cancer depending on the virus subtype. PDT with polyhematoporphyrin ether/ester 2 mg/kg IV for applied for 60 hours and irradiated with 630 nm YAG-OPO laser improved cytological measures when treating CIN and also eradicated HPV 37. Similar results were obtained when infection was photoinactivated with photolon 38 and 5-ALA 39. Topical application of 5-ALA PDT also successfully treated 13 of the 14 cases of anogenital condyloma accuminata40. Topical ALA or MAL–PDT has also been used to treat condyloma in the vulva, vagina, and penis wherein selective accumulation of PPIX was demonstrated in the lesionsskin infections like molluscum contagiosum 34, 35 and the ones caused by herpes simplex can be successfully treated 36.Acne vulgaris, the most common dermatological disorder, is a multifactorial disease and defined as a disorder of the sebaceous glands wherein the sebaceous glands are obstructed leading to proliferation of bacteria in those glands. The predominant bacterium is Propionibacterium acnes which naturally produces porphyrins mainly protoporphyrin IX and coproporphyrin III 48, thus eliminating the need of applying any PS and using only a light source to treat the acne. Several studies have shown a mild to moderate inflammatory acne vulgaris on all skin types without any adverse effects 49–51. Other than blue light, green 52, and yellow 53 light have also proved effective in treatment of mild to moderate acne vulgaris lesions. Moreover Ramstad et al. 54 showed that even more porphyrins were accumulated in the presence of ALA or MAL especially if the temperature was raised. ALA and MAL–PDT have proved to be effective and safe way of treating acne 55, 56. 



Clinical applications (2) 
Causative agent Site of infection Photosensitizer used References 

Helicobacter pylori Stomach aminolevulinic acid Wilder-Smith et al. 2002 

Protozoa Skin aminolevulinic acid Gardloet al. 2003 

Candida or Trichophyton Between toes aminolevulinic acid Calzavara-Pinton et al. 2004 

Corynebacterium minutissimum Skin Endogenous porphyrins Darras-Vercambreet al. 2006 

Mycobacterium marinum Hands Endogenous porphyrins Wiegell et al. 2006 

Porphyromonas gingivalis 
Fusobacterium nucleatum Dental pockets  Toluidine blue de Oliveira et al. 2007 

Enterococcus faecalis Teeth/ 
root canal Toluidine blue Garcez et al. 2008 

Presenter
Presentation Notes
Wilder-Smith et al. 105 irradiated a zone of gastric tantrum in 13 HP-positive volunteers with blue light (410 nm, 50 J/cm2) or endoscopic white light (10 J/cm2) 45 minutes after oral ALA (20 mg/kg). HP number was greatly reduced in biopsies treated with ALA and blue or white light as compared to control. Hamblin et al. 106 showed that H. pylorinaturally accumulates the photoactive porphyrins, coproporphyrin, and protoporphyrin, thus the bacterial cells should be intrinsically sensitive to photoinactivation without any added PS, especially when blue light is applied. Based on this hypothesis, Ganz et al. 107 successfully used endoscopically delivered blue light (405 nm, 40 J/cm2) to eradicate H. pylori in regions of gastric antrum in 10 patients who were positive for the bacterium. Some patients had reductions in bacterial load approaching 99%. In PDT of periodontitis the photosensitizer is usually injected into the dental pocket followed soon after by light delivery into the dental pocket using a narrow fiber optic tip. de Oliveira et al. 89 compared PDT with toluidine blue O (TBO) and 660-nm laser with the scaling and rooting planning (SRP) using manual instruments in 10 patients with aggressive periodontitis. Both these nonsurgical treatments had similar clinical effects. The same group studied the cytokine values which are of considerable value when studying the disease course during treatment 90. They investigated cytokine levels (tumor necrosis factor-alpha and receptor activator nuclear factor-kappa B ligand) in the gingival crevicular fluid (GCF) of 10 patients with aggressive periodontitis, after treatment with PDT or SRP. Both treatment, SRP and PDT, had similar effects on the cytokine levels in patients with aggressive periodontitis.Another application of antimicrobial PDT in dentistry is in the sterilization of endodontic root canals in patients who are being treated for necrotic pulp and periapical lesions. PDT can be combined with the usual mechanical debridement and chemical antimicrobials such as hypochlorite and hydrogen peroxide. This approach was found to be successful by Garcez et al. 98 who reported that combination of PDT using a conjugate between polyethylenimine and chlorin(e6) 99 illuminated with 660-nm laser and standard endodontic treatment leads to an enhanced decrease in bacterial load determined by successive sampling in a clinical trial carried out in 20 teeth Similar results were reported by Pinheiro et al. 100 who used a TBO + urea peroxide preparation and red light in addition to mechanical instrumentation to sterilize root canals in children with deciduous teeth with necrotic pulps. There was a reduction of 82.59% viable bacteria after instrumentation and after PDT the reduction was 98.37%.



PDT: “anti-virulence factor therapy”? 
 

 alter biological function of LPS from E. coli 
 inactivate proteases of P. aeruginosa 
 ( Komerik et al. 2000) 
 
 protease activity quantified by casein hydrolysis 
 LPS ability to induce cytokine release reduced  



Conclusion 

Photodynamic therapy:  
alternative antimicrobial approach to infectious disease 
especially for 
multi-antibiotic resistant pathogens 
 infection site: antibiotics not well perfused 

 
 



End! 
Thank you! 
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