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Summary The use of 5-aminolaevulinic acid (ALA) is gaining increasing attention for photosensitization in photodynamic therapy of
superficially localized tumours. The aim of this work was to determine the kinetics of porphyrin generation in tissues after topical application
of ALA delivered in different vehicles on the skin overlying the tumour and normal skin of mice. Maximal accumulation was found in tumour
3 h after ALA application in both cream and lotion preparations. Normal and overlying tumour skin tissues showed different kinetic patterns,
reflecting histological changes when the latter is invaded by tumour cells. Liver, kidney, spleen and blood porphyrins also raised from basal
levels, showing that ALA and/or ALA-induced porphyrins reach all tissues after topical application. During the first 24 h of ALA topical
application, precursors and porphyrins are excreted by both urine and faeces. ALA lotion applied on the skin overlying the tumour induced
higher accumulation of tumoural porphyrins than cream, and lotion applied on normal skin appeared to be the most efficient upon inducing
total body porphyrins. This work has demonstrated the great influence of the formulation of ALA vehicle on penetration through the skin.
Knowledge of the kinetics of porphyrin generation after different conditions of ALA application is needed for the optimization of diagnosis and
phototherapy in human tumours.
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Figure 1 Concentration of ALA-induced porphyrins in tumour, normal skin
and skin overlying the tumour as a function of time after topical application of
ALA in cream and lotion on the skin overlying the tumour. At different times
after topical application of 10 mg ALA in cream (ll) or 15 mg in lotion (∆) on
the skin overlying the tumour, the tissues were excised and porphyrins
extracted as detailed in Materials and Methods. Each data point represents
the average of three determinations. Error bars show standard deviations
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Figure 2 Concentration of ALA-induced porphyrins in liver, spleen and
kidney as a function of time after topical application of ALA in cream and
lotion on skin overlying the tumour. At different times after topical application
of 10 mg ALA in cream (ll) or 15 mg in lotion (∆) on the skin overlying the
tumour, the tissues were excised and porphyrins extracted as detailed in
Materials and Methods. Each data point represents the average of three
determinations. Error bars show standard deviations.
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Figure 3 Concentration of ALA-induced porphyrins in blood as a function of
time after topical application of ALA in cream and lotion on the skin overlying
the tumour. At different times after tumour topical application of 10 mg ALA in
cream (ll) or 15 mg in lotion (∆) on the skin overlying the tumour, heparinized
blood was extracted for porphyrin determinations as detailed in Materials and
Methods. Each data point represents the average of three determinations.
Error bars show standard deviations
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Figure 4 Porphyrin accumulation in tumour, skin and skin overlying the
tumour after topical application on the skin overlying the tumour and normal
skin of various quantities of ALA. Different amounts of ALA cream were
applied on the skin overlying the tumour (ll), or normal skin (l) and of ALA
lotion on the skin overlying the tumour (∆) and normal skin (s). Three hours
later, tissues were excised and porphyrins extracted as detailed in Materials
and Methods. Each data point represents the average of three
determinations. Error bars show standard deviations.
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Figure 5 Porphyrin accumulation in liver after topical application on the skin
overlying the tumour and normal skin of various quantities of ALA. Different
amounts of ALA cream were applied on the skin overlying the tumour (ll), or
normal skin (l) and of ALA lotion on the skin overlying the tumour (∆) and
normal skin (s). Three hours later, livers were excised and porphyrins
extracted as detailed in Materials and Methods. Each data point represents
the average of three determinations. Error bars show standard deviations
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Figure 6 Total porphyrin accumulation after topical application in the skin
overlying the tumour and normal skin of different amounts of ALA. Three
hours after application of varying amounts of ALA cream on the skin overlying
the tumour ( ), or normal skin ( ) and of ALA lotion on the skin overlying
the tumour ( ) and normal skin (nn), the sum of porphyrin concentrations in
skin, tumour, skin overlying the tumour, kidney, liver, spleen and blood were
depicted

Table 1 Porphyrin excretion after topical application of ALA on the skin
overlying the tumour

Urine Faeces

Control 0.084 ± 0.009 35.34 ± 5.50
Topical ALA 1.82 ± 0.12 93.88 ± 7.32

Total amount of porphyrins in µg excreted in 24 h per mice after application
of 15 mg of ALA lotion on the skin overlying the tumour.

Table 2 Precursors excretion after topical application of ALA on the skin
overlying the tumour

ALA PBG

Control ND ND
Topical ALA 3.61 ± 0.45 39.48 ± 8.04

Total amount of ALA and PBG in µg excreted in 24 h per mice after
application of 15 mg of ALA lotion on the skin overlying the tumour.
ND: non-detectable.
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