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INTRODUCTION

Photodynamic therapy with hematoporphyrin derivative (HPD) is
used as a treatment for malignant disease. The most active compo-
nent of HPD is the di—hematoporghxrin ether (DHE).!*? HPD is selec-
tively retained by tumor tissue”’’ and exposure to red light, 630 nm,
results in the photodynamic destruction of tumor tissue. Cytotox-
icity has been attributed to singlet oxygens and to free radicals®.

I report here the formation of the vitamin E chromanoxyl free
radical and the loss of vitamin E with the irradiation of an HPD-
vitamin E solution.

MATERIALS AND METHODS

Photofrin II, a preparation of HPD with a high proportion of
DHE, was purchased from Oncology Research and Development, Inc.,
Cheektowaga, NY, USA, and was used as received. Vitamin E (Sigma)
was used as received. All solutions were prepared in absolute
ethanol. Electron spin resonance (ESR) spectra were obtained with
a Varian E-109 spectrometer using the aqueous sample cell. A 100
watt quartz tungsten-halogen lamp (Oriel) operating at 3200 K was
employed as a white light source. The light incident on the sample
was filtered through an Oriel IR blocking filter (#5205) and an
Oriel long pass filter (#5130, 50% transmission cut at 530 nm).
Using a Yellow Springs Instrument Model 65A radiometer and 6551 probe,
the filtered light irradiance was determined to be 540 Jm 25~ ! as
measured 1 cm in front of the cavity grid. Oxygen uptake was meas-

ured using the ESR linewidth technique? as adapted by Reszka and
Chignell®,
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Fig. 1. TLeft: Chromanoxyl free radical produced during the irra-
diation of HPD-vitamin E solution. 0.015 M a~tocopherol with 1:50
dilution of Photofrin II in ethanol. Instrument settings: mod.
amp., 0.1 G; time constant 2 s; gain, 4 x 105; power, 20 mW; scan

50 G/16 min. The light was turned on as the scan was started.
Right: signal amplitude with time. Solution and the settings are
the same as in left, except mod. amp. was 0.4 G and gain = 2.5 x
10°. The spectrometer field was set to monitor the center multiplet
of the chromanoxyl radical vs time of irradiation.
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Fig. 2. Left: Irradiation of HPD-vitamin E solution for different
times. HPD was present as a 1:100 dilution of Photofrin IT. A. O
min, B. 5 min, C. 10 min, D. 15 min, E. 20 min. Right: Same solu-
tion as left but B has 5 mM azide present. A. 0 min, B. 20 min, C.
20 min. The blank for the scans was a solution of HPD at the same
concentration as in the irradiated samples. No loss in absorbance
of the 294 nm peak was observed in the absence of HPD (not shown).
No loss of HPD was noted as its absorbance at 365 nm? was unchanged.

RESULTS AND DISCUSSION
The irradiation of an HPD-vitamin E solution with white light
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results in an ESR signal consistent with that attributed to a chroma-
noxyl free radical®, see Fig. 1. Note that the first lines encoun-
tered in the scan have a much larger linewidth than the lines recorded
later. This is consistent with the known oxygen broadening of ESR
lines’ and the consumption of oxygen during the irradiation of the
sample. The a-tocopherol free radical appears immediately upon irra-
diation of the HPD-vitamin E solution, Fig. 1 right. Continued illu-
mination results in an increase in signal amplitude, again consis-
tent with the narrowing of the lines with the depletion of oxygen.
The signal amplitude decreases when the light is off and an immediate
larger increase in amplitude is observed when the light is turned on.
Again, this is consistent with the depletion of oxygen from the solu-
tion. Use of the nitroxide method”’® showed that oxygen was consumed
during irradiation.

Fig. 2 shows the loss of the characteristic absorption of
vitamin E with irradiation of an HPD-vitamin E solution. The inclu-
sion of azide ion at 5 mM inhibits the loss consistent with a role
for singlet oxygen. Bubbling the solution with nitrogen prior to
irradiation also inhibits the light induced loss of vitamin E (not
shown) .

Recently it was shown that HPD produces free radicals in the
presence of ascorbate!? and cysteine.11 HPD-ascorbate produces hy-
drogen peroxide and hydroxyl free radicals with subsequent oxidation
of ascorbate. HPD-cysteine produces the cysteinyl free radical and
an oxygen-centered radical with the reactivity of the hydroxyl free
radical. The photosensitized oxidation of tocopherols by singlet
oxygen has been studied.!?°1? The observation that HPD is capable
of oxidizing vitamin E in conjunction with the observed oxidation
of ascorbate and cysteine suggest that photodynamic therapy may
reduce the small-molecule antioxidant concentration in irradiated
cells. Thus, the oxidation processes that are initiated by photo-
dynamic therapy could easily be propagated in an environment with
its antioxidant capacity compromised, leading to cell death.
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