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Summmary: The formuation, gccumuolition and photody namae
activity ol endogencous protoporphy o PO senotransplan-
el s indoced by exogenous S-minolaes ulinee el
EALAY and admunistration of destermoamme was stuchesd
The chelating guent desforronamine possesses o logle affini

foraron, The additwmal topical adminisiration ol thag o
complesig compound leads tooan aceelerated accumulation
arel s ineresed concenteation of protoporphyein i ot
Hissue determingd by in-vivo Tuorescence mcasarenend. This
resulis o sizenticantly enhanced etficiency of the photo
dynamic wmer therapy

Photodynamische Lasertherapie mittels Aminoliivulinsiiure und Desferrioxamin

Schliisselwirter: ALA - Tumor — PIYT - Desternioximin

Fusammenfassang: e durch exopene S-Ammobivehnsioee
un Cabe von Desternosamn induoerte Formation ind Ak-
bbbt icnn, sewie die photosvmnischie Akvign ven endo-
senern Protoporphyin 1N i venotransplantierten Tumioren
wirde untersucht, Das Chelar Desterviodmmim xeichnet sich

The external administration of S-gminolievalinic aeid
{ALAD leads to o high-elTicient hinsynthesis of the fTue-
rescent photosensitizer protoparphyrin 12X the mite-
chondria ol difTerent eells [1.2], This results, Dicst, 1 an
ALA-induced autolluorescence in the red spectral re-
gion offering the possibility of o Duorescence diagne-
sis and, second. in g photosensitivity ol lumor lissue
which can be used for photodynamic therapy, Kennedy
et al, |1, 2| were the first who treated patients with
basal cell carcinoma after topical ALA administration
] hioht irendiation.

Figwre | indicares the schemane pathwiay of heme
syathests. Catalyue reactions lead over the formation
of the precursor ALA 1o the synthesis of the interme-
dinte substinee protoporphysin EX followed by the pro-
cess of iran insertion Forming heme, The concentra
Lien of heme causes i negative feedback to the aetvary
of the coryvime ALA synthase and theretore 1o a limita-
tion of the ALA concentration, The external admini-

dureh eine hobie Eisenaffintit sus. lvive-Flooreszensmes-
stngen Feigen, dalh die zusditzliche wopische Applikation die-
ses Bsenkomplexhibdners eine beschleunigte Anreicherung
und emne erhiihte Konzentration von Protoporphyrin im To
morgewehe bewirkl Die Effiziens der Photodynamischen
Tumartherapic kann dadurch signifikant erhishl werden,

stration of ALA bypasses the heme regulaton and the-
refore leads v an inerinsed synthesis of prstoporphy
i and heme:

The additional administration of desferrioxamine, a
chelating azgent with high atfinity for iron, leads w a
reduced e of jran msertion in protoporphyein mole-
cules, Thes should cause a Fast increase ol protopor-
phyrin coneenteation. Tnaddition, more proloporphyrin
should be synthesized by an enbanced ALA Tormution
s an answer W the reduced heme concentration doe [
the Feedback regulation,

Oriel and Honigsmann | 3] demonstrated the enbin-
ced photesensitization of ALA-incubuted mouse kera-
tinoewvtes by desterrioxamine and the decreased so-
pression of proliferation by supplemeniation with iron
tons. No in-vivo studies on an ALA- and desferrioxa-
rine-induced PDT were found 1o the hiterature,

The aim of this in-vivo investigation was 1o study 1he
time-dependent formation ol protoporphyrin and the ¢l-
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Fig. 1 Schematic pathway of the Biosynthesis of heme and
the alternative way in case of administration of the iron-com-
plexing agent desfernoxamine

ficiency of a photodynamic tumor therapy after admi-
nistration of ALA and desferrioxamine,

Materials and methods
Apparatus

Protoporphyrin flusrescence was excited by the 407 nm
line of krypton ton laser (5 mW/em?®). Protaphyrin mo-
nomers absorb mainly in this spectral region (Soret
band). The fluarescence radiation was detected using a
lther-uptic fluorescence sensor, polyehromator and op-
tical multichannel analyrer, as described elsewhere
[4]. Photodynamic therapy was carried out using a
tuneable dye laser with the active medium DCM, The
radiaticn was coupled into a single quartz fibre, The
tumor was irradiated by means of an optical system
consisting of alens and diaphragm. The irradiance was
100 mW/em? (630 nm) and varied by less than 20 %
over the tumor surface. The iradinted area was slightly
greater than the wmor region, Three photolreatments
were carried out: the first with o radiant exposure of
200 Jem?, the second 2 weeks later (100 Tem?) and
the third | week after the second.

Animaly
b days old female nude mice (NMRI nu-nu. body

welght about 25 g) bearing 1w s, ¢ transplanted blad-
der tumors (G2} were used. One tumor was irradiated,

the other one served as a control. The skin covering the
twmor was carefully removed for PDT and Muorescence
measurements. ALA was given intraveneously (vene
of tail. 7 mg/mouse) 3 hours before each irradiation,
Desferrioxamine was applied intralumoral at the same
time (0.75 mg/mouse). The tumor volume was calcu-
lated with ¥ = 0.5 x 1 x b x h based on the measured
length 1, height b and width b and the assumed shape
of @ semiellipsoid.

Chemicals

ALA (Sigma) was dissolved in NaOH and PBS (final
pH = 6.8). The agent desferroxamine mesylate
(C.H  NOL CH O, molecular weight: 656,8 g, dis-
solved 1 NaCl, Sigma) was used. 1 mol desferrioxa-
mine binds | mol iron ions forming the stable waterso-
luble iron-complex fertioxamine,
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Fig. 2 In-vive fluscescence spectrum of 4 tumer incubated
with ALA and desferrioxamine

Results

Figure 2 shows the in-vivo fluorescence spectrum of
one tumaor 2 houwrs: afier administration of ALA and
desferrioxamine, The spectrum with main peaks al
335 nm and arcund 710 nm is typical for protoporphy-
rin EX in lipophilic environment. Tumor tissue without
any incubation showed no fluprescence in the red spee-
trul region, In contrast. the skin of the contral animals
emits in the long-wavelength red spectral region with
4 broad peak around 670 nm. Figure 3 demonstrates
the time-dependent average fluorescence signal of
4 tumaors at 635 nm. A faster (luorescence rise and hig-
her intensities were found in the case of ALA and si-
multaneous desferroxamine administration compared
with an injection of ALA alone. No sienificant dilfe-
rences in the fluorescence intensities were measured in
the skin three centimeters away from the lumor region.
see Figure 4,
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Fig. 4 Fluorescence of twmer and skin, The additional intra-
tumoral administration of desterrioxamine results in a higher

intensily of protopophyrn fuorescence
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Fig. 5 Relative umor volumes (average volume from 10
mice and standard deviation) in dependence of the time after
First treatment (frst after (wecks, second alter 2 weeks, third
after 3 weeks)
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These findings correspond well with the results of
the photodynamic treatment: The average tumor velu-
mes vs, lme alter the frst reatment are shown o
Figure 5 indicating a strong cvtotoxic effect, It is ob-
vious, that the irradiated tumors with an additional ad-
ministration of desterrioxamine showed the highest
volume reduction. However, no mouse showed a com-
plete tumar remission.

Discussion

The additional topical administration of the ron-com-
plexing agent desferrioxamine results inea faster accu-
mulation and in higher concentrations of protoporphy-
rin IX in ALA-incubated tissue. The region of high
protoporphyrin IX concentration seems to be limited (o
the diffusion-controlled area of accumulated desferri-
oxamine, The local increase of endogensous protopor-
phyrin in tumer tissue results i an enhanced efficiency
of the photodynamic treatment, Desfemoxamine 15
a pharmaceutic agent (e.g. the main component of
the drug Desferal. CIBA-GEIGY GmbH) used lor the
treatment of cases associated with excessive iron con-
centrations in tissue such as heamochromatosis, hae-
mosiderosis, thalassagmia or acute iron poisoning 3],
Therefore. a photodynamic therapy of tumors, skin-
and other deseases using the precursor of the porphy-
rin synthesis, ALA, in combination with the drug des-
ferrioxamine may become a highly efficient therapeu-
tic method,

Relerences

[1] Bennady 1 C, Pottier B H, Pross D C: Photodynamic
therapy with endogeneous protoporphyrin 13X Basic
principles and present elinical experience. | Photochem
Photobiol B, 6 (199)) [43-1458

[2] Kennedy 1C, Pottier B H: Endogenons protoporphyrin
1X, a chinicatly vseful photosensitizer for photodynamic
therapy. J Photochem Photobiol B, 14 (1992} 275-292

[3] Ortel B, Honigsmann H: Photosensitization of PAM 212
mouse keratinoeytes by endogencous porphynins, Fourth
Congress of the European Society for Photobiology,
Amsterdam, Scpt. F991, abstract A-35

[4] Kénig K, Riick A, Schneckenburger H: Fleorescence de-
tection and photodynamic activity of endogeneons pro-
toporphyrin in human skin, Opt. Eng 31 (1992) 1470-
1474

[5] Productinformation concerning the drug Desferal, CIBA
GEIGY GmbH

Received for publivation: 28 12; 1992
Carvespondence address: Dr, K. Kinig, Institue file [aser-

technologicn in der Medizin an der Universitit Ulm, Helm-
holtzstr, 11 WeTHI0 Ubn, Bundesrepublik Dentschland



