Spectral-Kinetic Properties and Pharmacological Treatment of Methylene Blue
in Endoscopy and Photodynamic Therapy of Precancerous Lesions
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Methylene Blue (MB) is a molecule that has been playing important roles in microbiology and
pharmacology for some time. It has been widely used to stain living organisms, to treat
methemoglobinemia, and lately it has been considered as a drug for photodynamic therapy (PDT). In
this talk, we present the fundamental photophysical, photochemical and photobiological characteristics
of this molecule and evolve to show for the first time in vivo applications related to PDT of
precancerous lesions (stomach upper gastrointestinal tract) based on endoscopic technique.
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It is well-known that PDT is a promising modality for the management of various tumors and
nonmalignant diseases based on the combination of a photosensitizer (PS) that is selectively localized in
the target tissue and illumination of the lesion with visible light, resulting in photodamage and
subsequent cell death. The main photophysical process leading to the singlet oxygen (*Ag) formation is
the energy transfer from the triplet excited PS to the triplet oxygen:

}MBﬁ- + ()1_25 MB+ + IO:

Measurements of spectra and decays (using TCSPC approach) of the singlet oxygen emission (Amax
= 1270 nm) as well as quantum efficiencies of ‘0, generation (y,) have been performed on laboratory
highly sensitive laser NIR spectrometer [1-3].: laser excitation by STA-01SH Nd:LSB laser (Aexc =531
nm, energy of 4 pJ, FWHM = 0.7 ns, repetition rate of 1 kHz. STANDA Ltd.), monochromator
MS2004i, (registration range of 950+1400 nm, SOLAR TII Ltd.), computer photon counting board
P7888-2 board (time resolution of 1ns/channel, FAST ComTec GmbH), PMT Hamamatsu H10330-45,
(experimental response Aty, = 1 ns). The main procedure for the measurement of 'O, generation
quantum efficiency y,* is based on the comparison of emission intensity of singlet oxygen (Amax=1.27 p)
photosensitized by a standard compound (intensity 1) and by MB (intensity Ix) in the same solvent

0 Ix XBO
: I0 x Bx
where YZ is the quantum efficiency of singlet oxygen generation by a standard, po= (1-10™°) and

Bx=(1-10"%) are fractions of absorbed exciting light by the standard and MB, respectively, at a given
excitation wavelength. I and I, values were averaged and extrapolated to the maximal pulse intensity
after more than 32 laser pulses for every measurement.

VA=Y
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It was shown that in homogeneous solution where no dimers are present (ethanol or diluted
aqueous solutions) MB produces triplets with high quantum vyield (y;sc= 0.52), working as a 'O,
photogenerated source y,~0.5) in comparison with a standard (water-soluble porphyrin TMPyP** having

the efficiency of singlet oxygen generation yg = 0.77 [4]). In aqueous solution the efficiency of *O; is

dependent on the pH. MB triplets are excited state bases, so that its pK; increases from a negative value
in the ground state to around 7.5 in the triplet state. Therefore, the pH of the solution may certainly
affect the efficiency of type I and type Il photosensitization mechanisms. From PDT treatment point of
view the MB main absorption band are in the therapeutic window like a lot of phosensitizers based on
tetrapyrrolic compound.

Some experimental results on singlet oxygen generation in vitro are presented below:

5000 — Coefficient values + one standard deviation 3600 — Coefficient values + one standard deviation
A =2.9892 +0.0317 =1.7032 + 0.0374

4500 b1 =0.00056374 + 1.34e-05 b1 =0.00073061 + 2.94e-05
b2 =0.0002644 + 4 87e-06 3200 — b2  =0.00027044 + 7.77e-06

4000 — p - 24174311 c =2373.7+2.88
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PDT of precancerous lesions for patients has been carried out using endoscopic technique (GIF

«OLYMPUS», type XQ-30, Q-40, video informative system V-70, two-channel endoscope with frontal
optics). Efficiencies of singlet oxygen 'A4 generation (in water solutions) as well as diagnostics abilities
and PDT efficiencies in precancerous lesions (stomach upper gastrointestinal tract) have been compared
for MB (widely known histological dye) and for Photolon (developed by the Scientific Pharmaceutical
Center of RUE Belmedpreparaty, Belarus). It has been shown that with respect to Photolon, MB has
interesting characteristics (high water solubility, low toxicity, high efficiency of singlet oxygen emission
va=0.43 in water) conferring to this molecule a great potential for application in PDT.
We have found also that in addition to a pronounced
diagnostic factor, MB is effectively concentrated in cancer
cells and upon laser excitation at Ae:=670 nm and 630 nm
triggers the photosensitization mechanism of necrosis. It
was estimated that the necessity of the chromoscopy and
PDT of the precancerous lesions of stomach upper
gastrointestinal tract with Photolon and MB is > 26%.
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