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Damage of myocardial cell by extracellular photosensitization reaction

Abstract
The author studied the damage of myocardial cell by extracellular photosensitization reaction and

prospected useful operational condition for electrical conduction block of tachyarrhythmia treatment, that is,
photodynamic ablation. The immediate and permanent myocardium electrical conduction block by
membrane damage and necrosis caused by extracellular photosensitization reaction has been proposed as
tachyarrhythmia treatment to reduce thermal complications. To study the photosensitization reaction
conditions which realize the immediate and permanent electrical conduction block, the author studied (i)
acute electrophysiological damage of myocardial cell with range of several tens of seconds to several
minutes; corresponding to immediate electrical conduction block capability, (ii) sub-acute myocardial cell
death, and (iii) late myocardial cell death; corresponding to permanent electrical conduction block capability.
Clinical photodynamic ablation conditions were discussed with the results of these studies in vitro.

The immediate electrophysiological cell damage with range of several tens of seconds to several min was
studied measuring intracellular Ca®" concentration. The time for necrosis to occur was found to be 200-500
s. The author pointed out that the necrosis occurrence time depends on the singlet oxygen production rate,
since the time decreased as the talaporfin sodium concentration and irradiance increasing in the following
condition ranges; irradiance of 30-290 mW/cm?, radiant exposure of 10-40 J/em®, and talaporfin sodium
concentration of 10-30 pg/ml. The photosensitization reaction progress in a cell experimental system using
96 well plate was studied by fluorescence and dissolved oxygen measurements. The rate-controlling factor
of photosensitization reaction was oxygen and the reaction continuity in this system was confirmed with 0.29
W/en'’ in irradiance. The sub-acute cell lethality of 2 h after the photosensitization reaction was measured
with various talaporfin sodium concentration of 040 pg/ml and radiant exposure of 040 Jem®. The cell
lethality increased with the concentration of talaporfin sodium, and the increase of radiant exposure. The
photocytotoxicity threshold was found in 15 pg/ml in talaporfin sodium concentration. The sub-acute cell
lethality 2 h after the photosensitization reaction increased as the temperature increased, and decreased
drastically with the molar density ratio of albumin to talaporfin sodium increasing from 0.3-1.2. The
talaporfin sodium uptake change and late cell lethality of 24 h after the photosensitization reaction was
measured. The intracellular talaporfin sodium concentration was markedly increased from 0-60 min in
incubation time with talaporfin sodium. The cell lethality was increased from 2 to 24 h in the time after the
photosensitization reaction over 30 min in contact duration.

From these results, the author obtained the following operational condition: (i) Electrical conduction block
within 200-500 s might be conforming to a fixed mount type ablation. (ii)-a Talaporfin sodium
concentration of 15 pg/ml is feasible under present clinical dose. (ii)-b Effect of photosensitization reaction
would be small in blood that contains high albumin concentration, large in interstitial space that contains low
albumin concentration. (iii) The therapeutic lesion extent would not occur under 0.17 pg/ml in intracellular
talaporfin sodium concentration.




