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Spectroscopic, photochemical and biological properties of indocyanine green (ICG)
are presented. Light over 800 nm is effectively absorbed by ICG. This property as well
as photochemical behaviour of ICG make it a very suitable dye for photodynamic
treatment of melanoma cells. Cytotoxicity of ICG itself and the effect of photodynamic
therapy (PDT) were evaluated by following the growth of human (SKMEL 188) and
mouse (S91) melanoma cells. The surviving fraction of the cells irradiated (1., = 830
nm) vs non-irradiated, treated with the same dose of ICG, is significantly decreased (5-
to 10-fold). These results show that ICG is a very promising dye for photodynamic

therapy of melanomas.

The use of photosensitizers coupled with
light irradiation is a widely studied method
(photodynamic therapy, PDT) in the treat-
ment of a great variety of malignant tumours
(Baumler et al., 1999). Poor therapeutic re-
sults were reported for pigmented human mel-
anoma (Dougherty, 1987; Zhou, 1992) and for

experimental melanoma (Kukielczak et al.,
1995). This might be explained by a high con-
tent of melanin, which can act as a screen for
white light (Chedekel, 1995). A good photo-
sensitizer for melanomas must selectively
photodamage the tumour tissue when irradi-
ated with visible or preferably near infrared
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light. In this contribution we describe a new
potential photosensitizer for PDT, indocy-
anine green (ICG).

ICG, commonly used as an angiographic
agent, has a very interesting photochemical
property: it has a strong absorption between
700-800 nm (Baumler et al., 1999). It is
known that melanins practically do not ab-
sorb in this area (Chedekel, 1995). On the
other hand, the near infrared light is charac-
terized by a deep penetration into tissues
(Wilson et al., 1985).

Considering these facts, it was tempting to
examine the influence of the ICG-mediated
PDT of human (SKMEL 188) and mouse (S91)
melanoma cells in vitro. Some photochemical
properties of the compound were also tested
to explain the mechanism of ICG action.

MATERIALS AND METHODS

Chemicals. ICG obtained from Sigma was
used for spectrophotometric measurements
and ICG-Pulsion (PULSION Verwaltungs
GmbH & Co., Munich, Germany) was used for
bioassays.

Instrumental. Absorption was measured
using the Hewlett Packard 8453 diode array
spectrophotometer.

Photobleaching experiments were carried
out in a special 1 cm black quartz cell with
a transparent hole (to eliminate diffusion arti-
facts), connected to a diode laser equipped
with a fibre optical connector. The laser emis-
sion of 830 nm was used.

Bioassays

Cytotoxicity assay. To check the cyto-
toxicity of ICG on human melanoma cells
(SKMEL 188) and mouse melanoma cells
(S91), the cells were incubated for 4 h in
NaCl/P; buffer containing different concen-
trations of the dye (10-250 uM). Thereafter
the cells were maintained in the culture me-
dium: F10 with 10% serum (SKMEL) and

RPMI with 5% serum (S91) for 48 h. The
cytotoxicity in the dark was monitored by
counting the number of untreated and ICG
treated cells.

Photodynamic effect measurements. To
evaluate the influence of the ICG-based PDT
on cell growth, the investigated cells were irra-
diated using a diode laser (MC LASER, ther-
apy laser processor PMC-018, Katowice, Po-
land). All irradiations were performed at Aoy =
830 nm and at a fluence rate of 100 or 200
mW/cem? with the doses from 30 to 100 J/cm?
in the presence of the photosensitizer
(100 uM). After irradiation the cells were in-
cubated in the culture medium for 48 h. Sur-
viving cells were monitored by counting the
number of untreated and PDT treated cells.

RESULTS AND DISCUSSION

Figure 1 presents the chemical structure of
indocyanine green (ICG). The ICG optical
spectrum consists of two main peaks, at 778
nm and at 708 nm (Fig. 2). The shape of the
absorption curve fits well to the Gaussian
curves peaked at the absorption maxima (not
shown). The absorption maxima refer to two
forms of the dye, the monomeric form
(778 nm) with a molar absorption coefficient
of 10800 M 'em™! and an oligomeric form
(708 nm). It seems that the tetrameric form is
dominating (Zhou et al., 1994). The equilib-
rium between the forms depends on several
factors such as dye concentration (Fig. 2), na-
ture of the solvent, ionic strength, pH and
temperature (not shown). With increasing
concentration of ICG, the content of mono-
meric form decreases and the absorption is
shifted towards shorter wavelengths. This
fact reflects an increase in the amount of
oligomeric forms in solution. Also a rise in
ionic strength may change the ratio between
monomers and n-mers in the system, increas-
ing the aggregation rate (Landsman et al,
1976). Considering that ICG itself is practi-
cally insoluble in phosphate buffer, we dis-
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Figure 1. Chemical structure of indocyanine green.
solved the dye first in water and then added ICG solutions are not stable (Landsman et

the prepared ICG solution to NaCl/P; buffer. al., 1976; Zhou et al., 1994). After a few days a
The n-mer forms of ICG were dominant in the new peak with a maximum near 900 nm ap-
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Figure 4. Absorption spectra of SKMEL 188 mela-
noma cells (3 X 106 cells in 1 cm cuvette) and ICG
(2.5 X 10°°Min 1 cm cuvette).

SKMEL cells are a little pigmented in the spectral re-
gion but beyond ICG absorption.

to degradation and further polymerization.
This is connected with the formation of so
called J-aggregate (Weigand et al., 1997). Deg-
radation depends on many factors like the de-
gree of aggregation, illumination, kind of sol-
vent and oxygen concentration (Zhou et al.,
1994).

We observed photobleaching as early as af-
ter 3 min of irradiation under conditions com-
parable to those used in the PDT assay
(Fig. 3). The decrease in intensity was similar
for both peaks of absorption. After 25 min the
absorption was about 4 times lower (inset in
Fig. 3).

ICG essentially absorbs in the near infrared
part of the spectrum, and this fact is impor-
tant for melanoma treatment, because
melanins practically do not absorb in this
wavelength area (Fig. 4).

ICG-based PDT is presented in Fig. 5. The
photosensitizing efficiency of ICG was very
high for melanoma cells. The surviving frac-
tion of the irradiated cells decreased more
than 10-fold (for 100 J/ cm? with the fluence
rate of 200 mW/cm?) compared with non-
irradiated cells. Dark toxicity of ICG on
SKMEL 188 and S91 melanoma cells was also
investigated. At the tested concentrations of
the dye survival of the cells was the same.

Near infrared absorbing compounds are
ideal for treatment of melanomas because
light in this range is not absorbed by

Light dose (J/cm?)

Figure 5. Effect of photodynamic treatment with
ICG as sensitizer on the survival of SKMEL 188
cells.

Cells were treated with ICG (100 ©M), illuminated with
indicated fluence (mW/ cmz) and further incubated in
growth medium in the dark for 48 h.

melanins. Additionally, increased depth of
penetration due to longer wavelength en-
hances treatment effectiveness. The clinically
approved dye indocyanine green is a promis-
ing photosensitizer in the light of our in vitro
data, but needs further investigation under in
vivo conditions.
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