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The photolysis of rabbit red blood cells induced by sev-
eral photosensitizers has been studied. Membrane
photohemolysis was found to be dependent on light
dose (J/cm?) for hematoporphyrin (HP), methylene blue
(MB) and toluidine blue (TB). No significant hemolysis
was detected when mesotetra (4N-methylpyridyl) por-
phine (T,MPP) plus light was used. Sodium azide
inhibited, whereas deuterium oxide potentiated mem-
brane lysis with HP, MB and TB. In the case of T,MP P
no differences were observed when using sodium azide
or deuterium oxide.
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Introduction

During recent years there has been a growing
interest in the search for new photosensitizing
agents for application in photodynamic therapy of
cancer. Although photodamage can occur at
different cellular levels, cytotoxic effects of several
photosensitizers involve DNA damage.' Neverthe-
less, biological membranes (plasma membrane,
mitochondria, lysosomes, etc.) also seem to be
important targets for many antineoplastic and most
of the photosensitizer agents.”® In this sense,
mammalian erythrocytes constitute an attractive
and suitable model system to study membrane
photomodification. The membrane lysis is easily
detected by estimating the free hemoglobin by
using spectrophotometry. In the present note, we
have studied the photohemolysis of rabbit red cells
induced by two thiazines, methylene blue (MB) and
toluidine blue (TB), and two porphyrins, hemato-
porphyrin (HP) and mesotetra (4.\-methyvlpvridyl)
porphine (T, MPP).
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Materials and methods

The sensitizers used belong to the thiazine group,
methylene blue (MB, Fluka, Chemie AG, Buchs,
Switzerland) and toluidine blue (TB, Sigma, St
Louis, MO, USA) and the porphyrin group, HP
(Sigma) and mesotetra (4N-methylpyridyl) por-
phine tetraiodide (T,MP P, Ventron-Alfa Produkte,
Karlsruhe, Germany) (Figure 1a-d). All drugs were
prepared in water with the exception of hemato-
porphyrin, which was dissolved in 0.13 M NaCl
with 0.02 M NaOH and brought to pH 7.4.”

Rabbit erythrocytes, not older than 3 days, were
used for the experiments. After extraction, the
whole blood was centrifuged (5 min at 3000 r.p.m.)
to remove plasma, washed once with phosphate
buffered saline (PBS) solution (137 mM NaCl, 2.7
mM KCl, 1.5 mM KH,PO, and 8 mM Na,HPO,)
and centrifuged again. Erythrocytes were re-
suspended in saline solution (0.9% NaCl) to get a
concentration of 10° red blood cells/ml and
maintained at 4°C until use.

Reactions were carried out at room temperature,
preparing H,O or deuterium oxide (D,0) solutions
in PBS with the sensitizer at the appropriate
concentration and erythrocytes at a final concentra-
tion of 10 cells/ml. Sodium azide (NaN;) was
added to the suspensions, as a scavenger of singlet
oxvgen ('O,) formation, to get a final concentration
of 5 x 107 M. Mixtures were incubated for 30 min
in the dark prior to irradiation. Irradiation was
carried out In plastic tissue culture flasks of 2 cm
path length using a Kodak slide projector with a
250 W lamp (Osram). The light was filtered through
a 3.0 cm water laver (to absorb heat) and a selected
wavelength filter. At the treatment site, the light
intensity was 100 mW';cm? for the red (4 > 600 nm)
and 28 mW .cm” for the blue (360 < 4 < 460 nm)
filter (M8-Spectrum-Power-Energymeter). At fixed
times, aliquots of 3 ml were separated from the
irradiated solutions and maintained in the dark at
room temperature for 24 h. After centrifugation,
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Figure 1. Structural formulae of the compounds used in this work.

the supernatant containing the free hemoglobin was
measured at 413nm in a Perkin-Elmer 551-S
UV/VIS spectrophotometer.

Percentage of hemolysis (%H) as a function of
the light dose for a given drug concentration {A]
or the drug concentration for a given light dose [B]
was calculated as

H-H
%H =B
VoH = =7 X 100 [A]
(He — (Hp) — (Hy — Hg)
Y =
%H oH, x 100 [B]

where H is the hemoglobin absorption at 413 nm.
The subscripts correspond to the solution mea-
sured: Hp, hemolysis in PBS; Hp, 100% lysis in
distilled or D,O water; H,, hemolysis induced by
the sensitizers at the indicated concentrations plus
light; H,, hemolysis induced by the sensitizer
without irradiation (in the dark); and H,, after an
irradiation time.
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Results and discussion

The hemolysis induced by the sensitizers studied
was assayed from the amount of hemoglobin
released to the medium and measured at 413 nm.
Hemolysis due to the effect of the sensitizer alone,
without light, was low and independent of drug
concentration for MB, TB and HP (<8% in
relation with the total hemolysis in distilled water),
at the conditions considered. In the case of T,MP P,
the hemolysis obtained in dark conditions seemed
to be related to the sensitizer concentration, but in
any case was higher than 15 £ 0.53%.

Figure 2 shows the cellular photolysis as a
function of the sensitizer concentration using a light
dose of 9 Jjem®’. With the exception of HP,
membrane photolysis seemed not to be dependent
on the concentration used. On the contrary,
elevated quantities of free hemoglobin were
detected when blood cells were treated with high
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Figure 2. Photolysis of membrane erythrocytes by
the sensitizers as a function of concentration (M).

Same light dose: 9J/cm® The celiular lysis was
estimated by measuring the free hemoglobin at
413 nm.

concentrations of HP and subsequently irradiated.
Concentrations of 5 x 1077 M for porphyrins and
10 °M for thiazines were chosen for the rest of
the experiments, because photolysis of membranes
was kept relatively low using these concentrations.

The photolysis of erythrocytes induced by HP,
MB and TB as a function of light dose in H,O
solutions is shown in Figure 3. HP shows a rate of
hemolysis that is initially very rapid, reaching a
plateau at doses over 9 J/cm?® The kinetics of MB
are slow at doses under 9 Jjcm® and the plateau
seems to be reached at very high doses (>27 J/cm?).
The curve obtained with TB has a similar shape
than that of MB, though the kinetics of TB are
faster. The 50% photohemolysis was observed
using doses of 4 J/cm® for HP, 18 J/cm® for MB
and 12 J/em® for TB. The membrane hemolysis
induced by 5 x 107" M T,MP.P was independent
of light dose, being almost undetectable (data not
shown). When sodium azide was added to red blood
suspensions in the presence of the photosensitizers,
photohemolysis was inhibited, as also shown in
Figure 3. The kinetics of the sensitizers with NaN;
are quite similar but shifted to higher doses than
those observed without the inhibitor. It is known
that sodium azide is capable of intercepting 'O,
once formed.*’

However, the induction of membrane photo-
hemolysis was activated when suspensions were
prepared in D,O in relation to H,O (Figure 4).
Using doses corresponding to the 50% hemolysis
in H,O for HP, MB and TB, the ervthrocytes lysis
increased for all the sensitizers, except for T,;MP P.

Photolysis of red blood cells

% Hemolysis

) i L

16 20 26 30
Light doge (J/cmf)

80

% Hemolysia

40T

"""""" r'f'" 1 L L 1

s} 5 10 1% 20 26 30
Light dose (J/cm?)

ol

% Hemolysls
[ ]
o
¥

40

201

I 1 1 1 n

o] 5 10 1% 20 25 30
Light dose {J/cm?)

Figure 3. Percentage of photohemolysis induced by
HP (5 x 107" M), MB and TB (10°¢M), and inhibited
by sodium azide (5 x 10-*M) as a function of light
dose (J/cm?). —, sensitizer; ---, NaN,.

Since the lifetime of 'O, in D,O is longer than in
H,0," the photohemolysis is greater when D,O is
used as solvent.

The comparison between the two porphyrins
studied (T,MP_P and HP) in relation to their ability
to induce membrane lysis when exposed to blue or
red light is shown in Figure 5. In the case of

Anti-Cancer Drugs+ 10/ 4+ 1993 503



A Juarrang et al.

120

100

% Hemolysis
>
o
-

20+

PR e |
T4MP, P

HP MB T8
Photosensitizer
Figure 4. Induction of photohemolysis by the sensitizers
in H,0 or D,O suspensions. Sensitizers: HP and T,MP P,
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Figure 5. Hemolysis of red blood cells produced by
TMPP and HP (5 x 1077 M) plus blue (B) or red
light (R) as a function of light dose (J/cm?).

T,MPP, no differences between blue or red light
were found; in both cases, the percentage of lysis
was virtually zero. However, HP induced a greater
hemolysis under blue than under red irradiation
light, at the same light doses.

The results described indicate that 'O, seems to
play an important role in the process of membrane
photolysis induced by HP, MB and TB, although
other factors must be implicated. In this sense, the
differences observed relating to the photohemolysis
effectiveness could result from the localization of
HP, TB and MB, which are probably associated at
different levels within the erythrocyte membrane.
Under that environment, the irradiated sensitizer
transfers energy to molecular oxygen, generating
'0,, which leads to lysis. T,MPP, however,
although known to be able to generate 'O,,"" seems
not to be associated with the membrane, thus no
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photolysis can be detected. However, except for
HP, the rest of the photosensitizers, MB, TB and
TMP.P, are able to interact with DNA.'"*™
Therefore, in cellular systems, HP acts mainly at
the membrane level, MB and TB at both DNA and
membrane levels, whereas T/MP.P especially
produces DNA damage. Thus, photosénsitizers that
act by damaging membranes as well as DNA or the
combination of two photosensitizers with both
different targets, could be an interesting strategy for
photodynamic treatment of cancer.
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