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Abstract: Photodynamic antimicrobial chemotherapy is a pathway for consideration of cell
death of many microorganisms in biology such as bacteria. Various photo-sensitizer
compounds were used in this technique such as porphyrin compounds. In this work, the
effect of various concentrations of cationic porphyrin compounds was investigated and
compared on cell death of S. aureus and E. coli by means of a 100 watt tungsten lamp.
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1. Introduction

Photodynamic therapy (PDT) is a process in which the photo-sensitizers by light energy results in the
production of cytotoxic singlet oxygen and free radicals. The activity of these cytotoxic compounds is
selective and dependent on the delivery of the photo-sensitizer to the target samples [1].

Also, photodynamic antimicrobial chemotherapy (PACT) is a developed remedial option to induce
oxidative damage to microbial pathogens [2-5].



This method utilizes photo-sensitizers and visible or ultraviolet light in order to give a phototoxic
response, normally via oxidative damage. Currently, the major use of PACT is in the disinfection of
blood products, particularly for viral inactivation, although more clinically-based protocols are being
developed, e.g. in the treatment of oral infection [6].

Gram positive bacteria such as S. aureus are one of oral infections and could to be susceptible to the
activated compounds. But, activity against gram-negative bacteria was limited to instances in which
outer membrane permeability was achieved through the use of membrane-active agents [1].

Porphyrin compounds have significant potential as photo-remedical factors for the cure of a variety
of illnesses and photo-inactivation of bacteria due to absorption of photons in the visible region [7-9].
These compounds are known to be impressive generators of singlet oxygen [10]. One of the most
important applications of them is in photodynamic therapy (PDT). The mechanism of singlet oxygen
formation by porphyrins involves electronic excitations of their molecules to the first singlet excited
state, followed by intersystem crossing with the formation of excited triplet state which is quenched by
molecular oxygen. At the end of this sequence, the porphyrin molecule returns to the ground state and
singlet oxygen is formed [11-14].

Analysis of the antibacterial activities of a series of porphyrin photo-sensitizers revealed that net
charge influences the spectrum of activity. The positively charged polylysine could potentially facilitate
binding to the negatively charged bacterial surface, thus allowing the photo-sensitizer to selectively
target bacterial cells [1]. Various cationic porphyrins have been used as remarkable antimicrobial agents
in PACT [15-20].

In this study, we were considered and compared the effect of meso-tetrakis(N-methyl-3-
pyridyl)porphyrin (TMPyP3)), meso-tetrakis(N-methyl-4-pyridyl)porphyrin (TMPyP4)) and theirs zinc
porphyrin compounds as tetra-cationic porphyrin compounds for consideration of cell death of S. aureus
and E. coli under irradiation with visible light.

2. Results and Discussion

The chemical structures of TMPyP3) and TMPyP@) was shown in figure 1.

Figure 1. Chemical structure of TMPyP3) and TMPyP(4). left: TMPyP4) and right: TMPyP).



Figures 2 and 3 were shown the effect of various concentrations of TMPyP@3) and TMPyP ) against
S. aureus and E. coli. The percentage of cell death of these compounds was studied against these strains

with 30 min illumination.
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Figure 2. The effect of various concentrations of the studied porphyrin on the % cell death

of S. aureus.
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Figure 3. The effect of various concentrations of the studied porphyrin on the % cell death
of E. coli.



According to figures 2 and 3, the optimum concentration of all compounds was 60 pg/ mL against
both strains. Increasing in concentration of porphyrins caused to increasing in the percentage of the cell
death of the bacteria. TMPyP() was shown more cell death than the others against S. aureus. It seems
that this compound could be attached to this bacterium better than the others. Also, TMPyP4) and
ZnTMPyP@) had good effects on S. aureus attributed to E. coli. The effect of the studied porphyrins
against E. coli was approximately similar. TMPyP) and its zinc compound were slightly better effect
than the others. Both free-porphyrins have similar structure but they have different property in the
percentage of cell death of bacteria. It seems, not only incorporation of biocides to bacteria is an important
factor but also the molecular structure of biocides is an effective factor in the cell death of microorganisms.

3. Experimental

The porphyrins were synthesized and purified in our chemistry laboratory. A 100 Watt tungsten lamp
(1250 luman) was used as light source and placed at a distance of 20 cm from the sample. A plate filled
with water was used to absorb heat. This system was setup in a shaker incubator at a rate of 80 rpm in a
dark room. S. aureus and E. coli were obtained from the microbiology laboratory of University of Guilan.
The both strains were inoculated into nutrient broth and incubated at 37 °C overnight under aerobic
conditions. The stock suspensions were diluted to give a working suspension of approximately =108
colony forming units/mL (CFU/mL). 30 uL of this cell suspension with various concentrations of
porphyrins were added to 2 mL of nutrient broth and incubated for 20 min in the dark at 37 "C. Then, the
samples were illuminated for 30 min. The percent of cell death of bacteria was determined at the end of
the experiment by carrying plate counts of serially diluted samples. Each test was done at least 3 times.

4. Conclusions

In this work, the effect of various concentrations of TMPyP3) and TMPyPu) and theirs zinc compounds
were investigated and compared on a Gram positive bacterium, S. aureus, and a Gram negative bacterium
E. coli under irradiation with a visible light. Our results was shown that TMPyP4) was more cell death
effect than the others against S. aureus. Also, TMPyP3) and its zinc compound were slightly better effect
than the others against E. coli.
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