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Determination of the maximal tumor/normal skin
ratio after HpD or m-THPC administration in
hairless mouse (SKh-1) by fluorescence
spectroscopy—a non-invasive method
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Two major steps in our study on the treatment of skin
tumors by photochemotherapy (PCT) were the development
of a skin tumor model In hairless mice by chemical
carcinogenesis and by the use fluorescence spectroscopy,
a semi-quantitative and non-invasive method, to determine
the time after i.p. injection of photosensitizer when the
tumor/normal skin ratio is the highest. Carcinogenesis
provided mice bearing many benign papiliomas and these
were used to determine the tumor/normal skin ratios of two
photosensitizers by fluorescence spectroscopy. Hemato-
porphyrin derivative (HpD) (5 mg/kg body weight) and m-
tetra(hydroxyphenyl)-chlorin (m-THPC) (0.3 mg/kg body
weight) were injected, and fluorescence measured at 4, 8,
24, 48, 72 and 96 h after injection. The best tumor/normal
skin ratio was 6.2 for HpD and 5.1 for m-THPC. The times
required to reach these ratios were 48 h for HpD and 72 h
for m-THPC. Published reports Indicate that m-THPC gives
a much higher tumor/normal skin ratio than HpD. These
results must be confirmed by organic extraction. Photo-
dynamic therapy with the same doses of HpD and m-THPC
used in this pharmacokinetic study must also be carried
out to compare the toxicities of the two photosensitizers
and to determine which is best for this type of tumor.
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Introduction

Photochemotherapy (PCT) is a technique for treating
tumors which involves an initial treatment with a
photosensitizer followed by irradiation of the tumor
with a laser beam. This causes the photosensitizer to
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produce cytotoxic oxygen species within the tu-
mors. As the photosensitizer is also present in
normal skin surrounding the tumor, it is necessary
to know how it is distributed between the two
tissues.

Most preclinical data on the distribution of photo-
sensitizers in tumors and normal skin have been
obtained using animals with transplanted tumors
which are not growing in their native connective
tissue matrix. However, this situation does not
mimic the clinical condition. It is therefore impor-
tant to evaluate the distribution of photosensitizer
within the tumor and normal skin when the tumor
is growing in its own connective tissue matrix. The
chemical induction of skin tumors provides a suita-
ble system that has been well studied in the mouse.'
This system has provided the basic concepts of
carcinogenesis and has also been used for photo-
chemotht:rapy.2

Studies in our laboratory have been performed on
SKH-1 hairless mice and have employed a two-stage
process to induce skin tumors. Hairless mice were
used to avoid any trauma due to clipping or shaving
before the chemical treatment.” Hairless and hairy
mice seem to react alike to chemical carcino-
genesis.5

This study was carried out on mice bearing skin
tumors to determine the time at which the concen-
tration of photosensitizer in the tumor was greatest,
by measuring the tumor/normal skin ratio of photo-
sensitizer after i.p. injection. This time will then be
used in future studies to ensure efficient photo-
chcmotherapy.“'5 The photosensitizers used were
hematoporphyrin derivative (HpD), currently used
in PCT,("7 and me-tetrathydroxyphenyl)-chlorin (m-
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THPC), a promising new photoscnsitizer.8 The
distributions of the photosensitizers were monitored
by light-induced fluorescence spectroscopy and the
tumor/normal skin ratio was measured after systemic
injection of the photosensitizer.‘)‘m

Fluorescence spectroscopy is a suitable method
for monitoring photosensitizer distribution in vivo
by measuring the fluorescence intensity ratios of
tumors and surrounding normal skin at different
times after injection. Moreover, for diagnostic pur-
poses, the photosensitizer emission or autofluores-
cence signal can also be used in diagnosis to
distinguish normal from tumor skin. The discrimina-
tion is based on the difference of fluorescence
intensity and spectral shape between the spectra of
these tissues.

Thus, fluorescence spectroscopy may be used to
establish a data bank of spectra for normal and
malignant tissues. Each organ could then be defined
by its autofluorescence spectrum and tumor lesions
classified by fluorescence signal amplitudc."' The
tumor spectrum could be compared to those in the
spectra bank, to determine if the tumor should be
removed without waiting for the pathologist’s report
on the biopsy that is usually taken in these cases.
This is the field of ‘optical biopsy’, which seems to
be an interesting process to identify pathological
tissues or some metabolic state.

Materials and methods
Chemicals

HpD was produced in the laboratory“ and m-THPC
was obtained from Scotia Pharmaceuticals (Guild-
ford, UK). 7,12-Dimethylbenz[a]anthracene (DMBA)
and 12-O-tetradecanoyl-phorbol-13-acetate  (TPA)
were purchased from Sigma (France). Acetone (Pro-
labo, France) was used as solvent.

Induction of benign papillomas on mice

Female hairless (SKH-1) mice (7-9 weeks old) were
obtained from Charles River (USA) and kept in
plastic cages at 25°C with a 12 h light/dark cycle.
They were given a standard diet and water ad
libitum.

Skin tumors were induced chemically by a stan-
dard two-stage initiation—promotion protocol. Each
mouse was given three topical applications of
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25.6 ug (100 nmol) DMBA in 0.1 ml acetone, one to
each of three sites on the back skin delimited by
tatooing. The mice were given, starting 1 week later,
twice weekly topical administrations of 3.1 ug
(5 nmol) TPA in 0.1 ml acetone to the initiated sites
for 24 weeks. Control mice received only acetone
for all the initiation and promotion steps. All (100%)
of the mice developed tumors after 17 weeks of
treatment and about 26% had 11-15 tumors per
mouse. These tumors had diameters of 1-7 mm after
24 weeks of promotion. The promotion step had to
be continued for over 20 weeks. Regression is
negligible when TPA treatment is stopped in mice
bearing papillomas.12

Some of the tumor-bearing mice used for pharma-
cokinetic studies were sacrificed for histopatho-
logical evaluation of the tumors. The tumors were
found to be benign papillomas.

Pharmacokinetic study

Six mice bearing at least three tumors large enough
to receive the sensor were used to determine the
distributions of m-THPC and HpD in the tumors and
normal skin. HpD was dissolved in physiological
serum and m-THPC was dissolved in ethanol:
polyethyleneglycol 400:water (20:30:50, v/v). Each
mouse was given an i.p. injection of HpD (5 mg/kg
body wcié;ht) or m-THPC (0.3 mg/kg body
weight).“’ " The mice were their own controls, as
fluorescence measurements were made on the
tumors and the normal skin before injection of the
photosensitizers. Then three measurements of the
fluorescence of tumors and normal skin were made
three times at intervals after injection (4, 8, 24, 48,
72 and 96 h). Each photosensitizer was tested on
three mice.

The spectrofluorimeter consisted of a CP 200
spectrograph (Jobin Yvon), with an optical multi-
channel analyzer (OMA) managed by Spectramax
software, and three optical fiber probes, one for
excitation, one for the collection of fluorescence
emission and the last for backscattered excitating
light power measurement.”'’ The excitation light
(410 nm) was provided by a 300 W Xenon lamp
through a 9 nm bandpass interferential filter. The in
vivo fluorescence intensities of m-THPC (652 nm)
and HpD (630 nm) in tumors and normal skin were
plotted against the time before injection. All the
measured spectra were normalized to the autofluor-
escence spectra (at 520 nm) obtained after drug
injection.
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Figure 1. Time course for changes in the tumor/normal
skin ratio after i.p. injection of hairless mouse (SKh-1)
with HpD (A) or m-THPC (B).

Results

The i.p. injection of SKH-1 hairless mice bearing
chemically induced tumors with HpD or m-THPC
resulted in the distribution of the drugs in the skin
and tumors (Figure 1). The highest tumor/normal
skin ratio that could give the most efficient photo-
chemotherapy was 6.2 for HpD (Figure 1A) at 48 h
after injection and 5.1 (Figure 1B) for m-THPC at
72 h after injection. A few hours after injection, the
ratios of both photosensitizers reached a first opti-
mum, 2.2 for HpD and 3.7 for m-THPC, which was
followed by a small decrease. Then, there was a
regular increase until a second maximum, the high-
est tumor/normal skin ratio. This type of curve has
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Figure 2. Spectra of the tumor (A) and the normal skin
(B) before and 48 h after HpD injection.

also been reported by others'*'® and could be due

to the enterohepatic cycle. Figures 2 and 3 show the
spectra of m-THPC and HpD in the tumors and
normal skin at the best time for irradiation.

As it is difficult to measure repetively exactly the
same spot at different times significant variations are
observed with the same animal. Moreover, each
value of ratio is the mean of nine measurements
(three per mouse) more or less close. This error can
be due to the difference between animals and
tumors even if they are very similar. Furthermore,
one cannot exclude the influence of a temporal
variation of the optical parameters of the tissue.'®

For the two photosensitizers, the comparison
between the autofluorescence spectrum of the
tumor and the spectrum at the time at which the
ratio is highest, showed a difference in fluorescence
intensity at the main emission peak of each photo-
sensitizers, 630 nm for HpD and 652 nm for m-
THPC. This difference in fluorescence intensity was
directly related to the concentration of photosensiti-
zer in the tumor. Photobleaching can be neglected
in this experiment because the acquisition time was
short (0.5s) and the excitation power was low
(1 mW). The autofluorescence spectra in tumors had
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Figure 3. Spectra of the tumor (A) and the normal skin
(B) before and 72 h after m-THPC injection.

a peak at 635 nm, which was probably due to
endogenous porphyrins. This peak was also present
in the autofluoroscence spectra of the normal tissue,
but had a much lower intensity.

Discussion and conclusion

In this model, fluorescence spectroscopy is a parti-
cularly attractive technique because it is non-inva-
sive. Hence, mice can be used as their own controls
and they can be monitored throughout the experi-
ment to avoid differences between individuals. As a
result, the experiment required fewer mice. Fluores-
cence spectroscopy also seems to be a suitable
method for distinguishing between normal and
tumor skin, by measuring the autofluorescence
spectra.

We have used this technique to determine the
maximal tumor/normal skin ratios for two photosen-
sitizers, HpD and m-THPC. The results indicate that
HpD produces a slightly higher tumor/normal skin
ratio than m-THPC in a shorter time. The HpD
tumor/normal skin ratio is 1.5-fold higher than that
reported by Mukhtar'® for SENCAR mice bearing
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chemically induced skin tumors, although the dose
of photosensitizer injected i.p. and the carcinogen-
esis processes were the same. However, the HpD
tumor/normal skin ratio found in most reports (2-4)
is consistent with ours.*"’”

For m-THPC, we have obtained a similar ratio to
the one reported by Glanzmann et al.'® with a shift
of 24 h, 3.5 (at 24 h) for our tumors and 3.6 (at 0 h)
for squamous cell carcinomas induced on the
hamster cheek pouch mucosa by the application of
DMBA, although they used a 2-fold lower m-THPC
dose (0.15 mg/kg body weight). This shift could be
related to the different administration ways, i.p.
injection for us and iv. for Glanzmann. Using a
similar #-THPC dose (0.3 mg/kg body weight),
photosensitizer administration mode (i.p.) and tech-
nique of fluorescence measurement (fluorescence
spectroscopy), Rezzoug et al.”'® showed in s.c. HT-
29 tumors an identical time (72 h) for the maximal
ratio that was 2.5fold lower than ours. A lower
vascularization of the s.c. tumors could explain this
reduced ratio. However, some clinical studies!?% in
man report ratios of about 14-15 for malignant
mesothelioma or squamous cell carcinoma, the m-
THPC dose used being 0.3 mg/kg body weight.
Concerning the time between injection and irradia-
tion, it is usually 12-72 h. The slightly better tumor/
normal skin ratio for HpD is not significant com-
pared to m-THPC.

However, we cannot conclude that HpD is a
better photosensitizer than m-THPC in spite of its
good tumor/skin ratio. Although the injected dose of
m-THPC was about 15 times smaller than that of
HpD, it gave a tumor/normal skin ratio nearly equal
to the HpD ratio. This may be because m-THPC has
a greater fluorescence yield than HpD (the quantum
yield of fluorescence is 139-fold higher for m-THPC
than for HpD) or a higher tropism for tumor cells. It
is also possible that, even with a smaller tumor/
normal skin ratio, m-THPC could give rise to more
radical species and consequently cause more necro-
sis of the tumor after irradiation. Vonarx-Coinsmann
et al?' indicate that m-THPC gives a greater
quantum yield of 'O, than HpD.

It would be interesting to compare the same
values of tumor/normal skin ratio for the two
photosensitizers when obtained by organic extrac-
tion. A photodynamic study will be carried out with
the same doses of HpD and m-THPC used in this
pharmacokinetic study to compare their type of
toxicity towards this skin tumor, and to determine
how to the maximal tumor necrosis in the shortest
time. The results will take into consideration the fact
that m-THPC irradiation is performed at 650 nm.
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This wavelength gives a better 'O, quantum vyield
and a better transmission in living tissues than
630 nm generally used for HpD.

Some clinical trials have been carried out to treat
different types of skin tumors mainly with HpD?%23
and d-aminolaevulinic acid?$~2% as photosensitizers.

Photochemotherapy with new topical forms of
HpD and m-THPC should be used to treat baso- or
spinocellular carcinomas, as these are the most
frequently encountered human skin tumors. We
therefore plan to use a carcinogen to obtain carcino-
mas in addition to the induction protocol described
in this paper.
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