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Enhancement of topical 5-aminolaevulinic acid delivery
by erbium:Y AG laser and microdermabrasion: a
comparison with iontophoresis and el ectroporation

Summary
Background: 5-aminolaevulinic acid (ALA) is used as a protoporphyrin IX-precursor for the
photodynamic therapy of superficial skin cancer and cutaneous metastases of internal
malignancies. However, the permeability of hydrophilic ALA across the skin is very low.

Objectivesandmethods: The objective of this study was to optimize and enhance the
invitroskin permeation of ALA by two resurfacing techniques:
erbium:yttrium-aluminium-garnet (Erb:Y AG) laser and microdermabrasion. Light

mi croscopic changes in pig skin caused by these techniques were also compared. The
electrically assisted methods, iontophoresis and el ectroporation, were also used to
facilitate ALA permeation across laser-or microdermabrasion-treated skin.

Results: Among the modalities tested in this study the Erb:Y AG laser showed the greatest
enhancement of ALA permeation. The laser fluence was found to play an important role
in controlling the drug flux, producing enhancement ratios from 4-fold to 246-fold relative
to the control. The skin permeation of ALA across microdermabrasion-treated skin was
approximately 5-15-fold higher than that acrossintact skin. Both the ablated effect of the
stratum corneum (SC) and ALA flux were proportional to the treatment duration of
microdermabrasion. The application of iontophoresis or €l ectroporation aone also
increased the ALA permeation by approximately 15-fold and 2-fold, respectively. The
incorporation of iontophoresis or electroporation with the resurfacing techniques caused a
profound synergistic effect on ALA permeation.

Conclusions: This basic study has encouraged the further investigation of ALA
permeation by laser or microdermabrasion.

Keywords. 5-aminolaevulinic acid, electroporation, erbium:Y AG laser, iontophoresis,
mi crodermabrasion, photodynamic therapy

Skin cancer isthe most common of all cancers. Topical photodynamic therapy (PDT) of skin tumours.
ALA isapplication of 5-aminolaevulinic acid (ALA) is an a drug precursor, in that the photosensitizer,
protoincreasingly popular method of photosensitization for porphyrin I X, is formed invivoafter the
exogenous application of ALA. ALA-induced PDT has been used experimentally in a variety of superficial
nonmelanoma skin cancers including basal cell carcinoma, squamous cell carcinoma, solar and actinic
keratosis and Bowen's disease. ALA isa hydrophilic molecule with a molecular weight of 167-7 and a
stratum corneum (SC) / water partition coefficient of 0-1. As expected from skin permeability theory, ALA
permeates poorly across intact skin. The commonly used dose of 20% for ALA for clinical useis so high
that it may cause irritation of the skin.

The erbium:yttrium-aluminium-garnet (Erb:Y AG) laser and microdermabrasion are both new tools which



can be used for ablation of the SC with relatively few sequelae. The Erb:YAG laser emits light with a
2940-nm wavelength which corresponds to the main peak of water absorption. This property enables this
laser to ablate the SC with minimal residua thermal damage. Microdermabrasion is a process that uses
aluminium oxide crystals and negative pressure superficially to peel off the outer surface of the skin.

The purpose of the present study was to evaluate the feasibility of the Erb:YAG laser and
microdermabrasion for enhancing and controlling the topical delivery of ALA. Previous studies showed that
iontophoresis, an electrical enhancement method, can increase the transport of ALA across the skin.”
Electroporation is another method to enhance drug permeation through skin by electrica high-voltage
pulses, which can create agueous micropores within the skin. Our study aso investigated whether
iontophoresis or eectroporation combined with resurfacing techniques can produce synergistic effects for
enhancing ALA delivery. Our previous studies indicated that the Erb:Y AG laser is safe and effective when
used for ablation of the SC layers to enhance the skin absorption of drugs.g’mHowever, the anima model
used in those studies was nude mouse skin, which is more permeable than human skin.  The most relevant
animal modd for human skin is the pig.QThe present study utilized pig skin instead of nude mouse skin as
the barrier to examine the topical delivery of ALA.

M aterial sandmethods
Skin samples

Pigs (Landrace - Duroc hybrids, approximately 1-week old) were supplied from the laboratory of Dr
Chi-Feng Hung, Fu Jen Catholic University, Taipei Hsen, Taiwan. Full-thickness skin was excised from the
dorsal region. The hair of skin samples was carefully removed with curved surgica scissors. The
subcutaneous adi pose tissue was al so dissected away.

Erbium:yttrium-al uminium-garnet laser assembly

The Erb:YAG laser (Continuum Biomedical, Santa Clara, CA, U.S.A.) has a wavelength of 2940 nm and a
pulse duration of 250 Is. An articulated arm was used to deliver the laser beam onto the skin. Output
energies of 0/E45-1435 J pulse)lwith a beam spot size of 7 mm in diameter could achieve fluences of
1/2-3/53cm”. The energy of the laser pulse was monitored with an energy meter (Nova Display, Ophir,
Israel) before and after treatment.

Microdermabrasion assembly

The microabrasor (Pepita-C; Mattioli Engineering, Florence, Italy) has a system of aspiration—compression
within a flexible tube, which is connected to the machine and a handpiece. Aluminium oxide crystals are
fired from the compression system via a nozzle at a vacuum pressure of 3 bar with the handpiece in contact
with the skinfor 3, 5, or 10 s.

lontophoresis assembly

A pair of Ag/ AgCl wires, having an effective length of 15 mm, was used as electrodes by immersing them
in adiffusion cel for the invitropermeation experiments, with the anode in the donor compartment and the
cathode in the receptor compartment. The el ectrodes were connected to a current power supply (Model 7651,
Y okogawa, Japan). A current density of 0A5mACM was applied for 6 h to stimulate the permeation of
ALA.

Electroporation assembly



Electroporation was performed using an exponential decay pulse generator (Electro Cell Manipulator 630;
Genetronics, San Diego, CA, U.S.A.). Platinum electrodes (045 - 145 cm) were used, each located 3 cm
from the skin in the invitrodiffusion cell. The anode was positioned in the donor compartment, while the
cathode was in the receptor compartment. The electroporation protocol consisted of one pulse per 30 s,
applied for 10 min. The pulse voltage was 300 V, and pulse length was 200 ms. V oltages were expressed as
applied values, not as transdermal values.

Histological examination of pig skin

Immediately after treatment, a specimen of the exposed area was taken for histological examination. The
adjacent untreated skin was also assessed as a control. Each specimen was fixed in a 10% buffered
formaldehyde solution at pH 744 for at least 48 h. Each section was dehydrated using ethanol, embedded in
paraffin wax and stained with haematoxylin and eosin. For each skin sample, three different sites were
examined and evaluated under light microscopy (Eclipse 4000, Nikon, Japan). Photomicrographs of the
three randomly selected sites of each skin sample were taken with a digital camera (Coolpix 950, Nikon,
Japan). The digital photomicrographs were then processed with Adobe PhotoDeluxe (Adobe Systems, San
Jose, CA, U.S.A.), and the SC and epidermal thicknesses were calculated with ImagePro-plus 4.0 (Media
Cybernetics, Silver Spring, MD, U.S.A.).

In vitro topical deliveryof5-aminolaevulinicacid

The diffusion cell used in this invitroexperiment was a horizontal diffusion assembly. A piece of excised pig
skin was mounted with the SC side facing towards the donor compartment. After pretreatment with the
Erb:YAG laser or with microdermabrasion, the skin surface was wiped with a cotton wool swab several
times. The receptor compartment (8 mL) was filled with stable pH 5 citrate-phosphate buffer.” The donor
compartment was filled with 8 mL of 0-5% (w/v) ALA in pH 5 buffer. The available area of the cell was
0-785 cm’. The compartments were maintained at 37  and stirred with a magnetic bar a 600 r.p.m. At
appropriate intervals, 300-IL aliquots of receptor medium were withdrawn and immediately replaced with
an equal volume of fresh receptor solution. Each experiment included four replicates.

High-performanceliquidchromatographyanal ysi sfor5-aminol aevulinicacid

The fluorescence derivation of ALA samples was based on a modification of the Hantzsch reacti on. The
ALA content of the various samples was anaysed with a high-performance liquid chromatography (HPLC)
system consisting of a Hitachi L-7110 pump, a Hitachi L-7200 sample processor, and a Hitachi L-7480
fluorescence detector. A 25-cm long, 4-mm inner diameter stainless steel RP-18 column (Merck, Darmstadt,
Germany) was used. The mobile phase, consisting of methanol-water— acetic acid (50 : 50 : 1) was used at a
flow rate of 047 mL min . The wavelength of the fluorescence detector was set to excitation at 378 nm and
emission at 467 nm. The column oven was set to 40 C.

Dataanalysis

In the invitrotopical delivery of ALA, the total amount of drug permeability across a unit diffusion surface
and into the receptor was calculated and plotted as a function of time. The flux was calculated from the
slope of the linear portion of the cumulative amount—time plots for a zero-order model and expressed as the
mass of drug passing across 1 cm of skin over time. The present study showed that limited
ablation-pretreated areas of diffusion of the skin was 49/02% for the 7-mm diameter handpiece of the
Erb:YAG laser, and 96/405% for the 0A354-cmzoval-shaped handpiece of the microdermabrasion unit of
the total permeated skin surface area. Data of the cumulative amount and flux of the treated area were
extrapol ated to an area of 100% ablation of the permeated area by the following equation:

Q100%= [ Qtreat - (Qcontrol* (A100%- Atreat/ A100%)* 100%0)] * A100%/ Atreat



where Quoow represents the permeation data across 100% treated skin (calibrated data), Queat represents the
data across partially treated skin in the Franz cell, control represents the data across nontreated skin, 100%is the
area (sz) of the total diffusion area, and weais the area of the laser-or microdermabrasion-treated site. The
ratio of the permeation data across 100% treated skin to the value across untreated skin (control group) was
calculated as the enhancement ratio (ER). The statistical analysis of differences between different treatments
was performed using unpaired Student’s t-tests. A 0405 level of probability was taken as the level of
significance.

Results
Histological examination of pig skin

Light microscopy indicated no observable damage to whole skin in the untreated group (data not shown).
The density of hair follicles of the pig skin seemed to be similar to that of human skin. The pig SC is
approximately 10 Im thick as shown in Table 1, which is also similar to human SC (abogt 10 Im).lsAs
shown in Figure 1a, the SC had loosened up as a result of laser treatment with 1/2Jcm (arrows). No
significant difference (t-test, P>0405) was observed in the SC or epidermal thickness between the control
and 1/2Jcm’ -treated skin (Table 1). No gross changes in the viable epidermis or dermis were noted when
compared with control.

Table 1. Stratum cornenm and epidermis thickness of pig skin after
ablation with an erbium:ytrium-aluminium-garnet (Erh:Y AG) laser
and mirodermabrasion

Fluence {] am = sC Vighle epidermis
Ablation type or duration (=/* thickness (pm) thickness (pm)
Contraol 1] 936 £ 1-H6 10-11 £ 1-39
Erb:Y Al 1-2 T E 176 12-44 + 228
Erb:Y Al 1-4 S0+ 111 11497 & 1-46
Erb:Y Al 21 5-289 + (79 B4+ 1-25
Erb:Y AG 26 5405 £ 1-71 021 £ 1-64
Erb:Y Al 1-2 % 2 pulses 3495 + (495 1137 + 1-47
Erb:¥ Al 14 = 2 pulses 331 & 1406 370+ 2-22
Portable laser 5 215 + 1-H4 736 & 330
Erb:¥ Al 5 46 £ 150 565 £ 118
Microdermaebrasion 3 551 £ 1401 1071 £ -8
Microdermabrasion 5 4493 + 1-H7 961 £ 1-35
Microdermabrasion 10 2405 £ 1-70 1021 £+ 203

“Fluence is the unit for Frh:YAG laser. "Duration & the unit for
microdermabrasion. Each walue represents the mean £ 50 (n = 30

Light microscopy showed a slight thinning of the SC after treatment with 1-4Jecm® laser (Table 1). The
ablation amount of the SC by 1-4Jcm™?was more than that by 1-2Jcm™ and in the control group (t-test,
P<0.05). As shown in Table 1, there were no statistically significant differences in the SC or epidermal
thickness with laser irradiation of from 1-2Jcm?to  2-6Jem™. However, a thermal effect was observed in
skin after trestment with 2/E6Jcm’ laser irradiadiation, as shown in Figure 1b. Thermal necrosis was seen
and the SC appeared condensed and homogeneously aggregated (arrows). The SC loosened up and was
partlally ablated by two passes of 1-2J cm’ fluence (arrows, Fig. 1c). SC remova with two passes at
1/E2Jcm was deeper (t-test, P<0.05) than that with only one pass (Table 1). However, this phenomenon was
not observed in the groups treated with 1-4Jcm™fluence as there was no significant difference (t-test,
P>0.05) between the remaining SC thickness, using one or two pul ses.



The disadvantages of the larger device size and high price of the laser may be resolved by using a novel
product designed as a portable Erb:YAG laser (Laser-Assisted Anesthetic Delivery System, Norwood
Abbey Ltd, Australia), which is cheaper and more convenient. This system emits  3-5Jcm fluence for 300
Isbya 3-mm diameter handpiece. As shown in Figure 2a, the SC layers were lost after treatment with the
portable laser (thick arrows). The epidermal thickness was, however, not affected by this portable laser

(Table 1). The underlying epidermis showed homogenization and degeneration which may indicate
prominent thermal




Figurel.Histological examination of piqzback skin with (&) erbium:yttrium-aluminium-garnet (Erb:Y AG) laser treatment at l/EZJcm)Z;
(b) Erb:Y AG laser treatment at 2/E6Jcm)z; and
(c) Erb:YAG laser treatment at 1A2Jcm with two pulses (original magnification - 200).

Figure2.Histological exam)iznation of pig back skin with (a) portable laser treatment at 3/ESJcm)2; (b) erbium:yttrium-aluminium-garnet
laser treatment at 3/4E5Jcm ; (c) microdermabrasion for 3 s; and (d) microdermabrasion for 10 s (original magnification - 200).

damage (thin arrows). The heating effect of the Erb:Y AG laser is often observed with the higher
16

fluences such as 5Jcm? The same 3-5Jcm?2energy emitted by the traditional laser produced different
effects on the skin from that of the portable laser. As shown in Figure 2b, a thin layer of the SC remained
from the viable epidermis (arrows). The underlying epidermis was thinner than the control (Table 1).
Moreover, the thermal effect was less for the traditiona laser than for the portable laser. This might be due
to the longer pulse duration of the portable laser (300 Is) compared with that of the Erb:YAG laser.

From histological observations of skin treated with microdermabrasion for 3 s (Fig. 2c), there was SC
thinning with focal compaction and homogenization (arrows). Retention of aluminium oxide crystals was
aso observed on the surface of the SC. The level of SC thinning and homogenization was more prominent
after 10 s of treatment with microdermabrasion (thick arrows, Fig. 2d and Table 1). There were also more
remaining aluminium oxide crystals on the skin surface than were seen in the group treated for 3 s (thin
arrows). No ateration was noted in the morphology and thickness of the viable epidermis with treatment



from 3 to 10 s when compared with the contral. It was found that the viable epidermis thickness was almost
not changed by all the formulations used except the Erb:YAG laser at the highest fluence (3-5Jcm’, Table
1). Hence epidermal change may not be related to the enhancement of ALA delivery by the ablative tools.

Topical delivery of 5-aminolaevulinic acid by theerbium:yttrium-al uminium-garnetl aser

Figure 3 shows the cumulative amount of ALA (g cm®) in the in vitro receptor as afunction of time
after laser irradiation at various fluences. Erb:Y AG laser exposure of alimited area of the skin surface of
about 49% of the permeated areaincreased ALA permeation viathe skin for all fluences tested.
Extrapolating the original flux data of the laser-irradiated areato an area of 100% exposure (normalized
flux) resulted in permeation enhancement ratios (ERs) from 4406 to 246473 for fluences of from 1/22to
2/E63cm’ (Table 2). Itisclear that asingle pulse at 1/E2Jcm was sufficient to enhance si gnificantly the
transport of ALA across the skin. There was alinear relationship between the ALA flux and the laser

fluences tested (correlation coefficient, r 0499). However, the inclusion of higher fluences such asthe
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two pulses mode and 345 cm’ would reduce this correlation.
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Figure 3. In vitro cumulative amount-tme profiles of topical ALA
permestion with erbium:yttrivm-aluminium-garnet (Erh:¥ AG) laser
treatment of skin by a 7-mm diameter hanr]p‘i.'_'.:r_' at various fluences:
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35 | am 2, Each value ﬂ:j'.-rum ts the mean + S0 (n = 4},

Topical delivery of 5-aminolaevulinicacid by microdermabrasion

Microdermabrasion for various treatment periods (3— 10 s) significantly enhanced (t-test, P<0.05) the skin
permeation of ALA from 5-to 15-fold as depicted in Table 2. An excellent correlation (r=0.99) was found to
exist between the normalized flux of ALA and the durations of exposure to microdermabrasion. Table 1 aso
demonstrates alinear relationship (r=0.99) between treatment duration and the etched thickness of the SC.

Topical delivery of 5-aminolaevulinic acid by theerbium:yttrium-aluminium-garnet laser and



mi crodermabrasion combined with electrically assisted methods

Figure 4a shows the permeated amount of ALA as a function of time with or without iontophoresis. As
evident from the figure, the application of iontophoresis enhanced ALA permeation relative to the control
by approximately 15-fold according to the permeated amount of ALA at the end of experiment. The
permeated amount of ALA levelled off after cessation of the current density at 6 h. To clarify the
mechanism of ALA permeation by iontophoresis, the release rate of drug across a cellulose membrane
(Spectra-Por 5, molecular weight cut-off of 12 000-14 000) was studied as shown in Figure 4b. The
presence of iontophoresis only caused a slight increase in ALA release compared with the control.
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Figure 4. In vitro cumulative amount—time profiles of topical 5-
aminolaevulinic acid permestion by iontophoresis or electroporation
across (&) pig skin, and (b) a cellulose membrane: @, contral group;
3, iontophaoresis at (43 mA em™> for 6-h application; W, deciropo-
ration at 300V, 200 ms for 20 pulses. Each walue represents the
mean * S0 (n= 4).

As shown in Figure 4a, electroporation significantly enhanced ALA permeation compared with passive
diffusion by a 2422-fold increase. ALA permeation reached the highest level within the first hour. The
release profiles of ALA by electroporation alone are shown in Figure 4b. As with iontophoresis, the release
of ALA with electroporation was slightly higher than that without €l ectroporation.

Figure 5a demonstrates the skin permeation of ALA after the combination of laser pretreatment and
iontophoresis. A synergistic effect was observed with laser exposure of 1-4Jcmoupled with iontophoresis.
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Figureb.Invitrocumulative amount—time profiles of topical 5aminolaevulinic acid permeati on by iontophoresis or electroporatlon across
(a) erbium:yttrium-aluminium-garnet (Er: YAG) laser treated-skin: d, fluence of 1/EZJcm “alone; s, fluence of 1E2%m’ pretreatment
following by iontophoresis at 04&5mAcm for 6-h application; ., fluence of 1E2)km’ pretreatment following by electroporation at 300
V, 200 ms for 20 pulses, and (b) micro-dermabrasion-treated skln d, microdermabrasion for 5-s alone; s, microdermabrasion for 5-s
pretreatment followed by iontophoresis at 0/5mAcm for 6-h application; ., microdermabrasion for 5-s pretreatment following by
electroporation at 300 V, 200 msfor 20 pulses. Each value representsthe mean £ SD (n 4).
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Electroporation done produced less enhancement of ALA permeation than iontophoresis aone, and com-
bined use with an Erb:YAG laser aso showed the same trend of synergistic effects (Fig. 5a). The same
phenomenon was determined with the combination of micro-dermabrasion (5 s) and electrically assisted
methods (Fig. 5b).

Discussion

The ablation amount of the SC by 1-4J cm™of energy of the Erb:YAG laser was more than that by 1-2J
cmZand the control group (t-test, P<0.05). This may indicate that the ablation threshold of the laser on pig

skin was about 1-4J cm™. This threshold approximated the value for human skin (about 1-6J cm’ ) ALA
possessed very low permeation in the group that was without laser treatment (Fig. 3). The rate-limiting step
1

for hydrophilic ALA molecule uptake into the skin lies at the level of the SC. Part ablation of the SC by the
laser reduced the inherent barrier properties of the skin to ALA and thus enhanced skin permeation. Table 2
shows that an increase in laser intensity led to further enhancement of ALA flux from 14E2to 2-6J cm™. The
linear relationship between ALA flux and laser fluences tested suggested that ALA permeation can be
precisely controlled by using an Erb:YAG laser with fluences of 1-2-2-6J cm™. When caculaing the



relationship between ALA flux and the etched depth of the SC, however, only a correlation coefficient of
0-82 was obtained. This may indicate that forces other than SC ablation predominated in increasing ALA
permeation after laser exposure. The histological observations of pig skin indicated that fluences of 241
and 2/E6J cm’ made the remaini ng SC more condensed and homogenized than fluences of 1-2J and 1-4J
cm™. Another explanation may be that the laser affected the remaining SC and the underlying epidermis

through ultrastructural aJterar[ions.9 This may have been due to the photomechanical acoustic effect
generated by the laser. Local propagation of the acoustic shock wave may cause cracking of the
epidermis,”

It was found that the higher fluences or energies such as 1-4J cm?for two pulses, 3-5J cm™for one pulse
and the portable laser emission did not necessarily produce more enhancement than the lower fluences.
ALA may first be partitioned into the SC, after which it passes across the skin by various pathways. It can
be seen that the remaining SC detached from the underlying epidermis after treatment of 1-4J cm?with two
pulses and 3-5J cm™ (Figs 1d and 2a). Ablation of the SC layers reduced the inherent barrier properties of
the skin and thus increased ALA permeation; however, the partitioning of ALA into the SC and subsequent
diffusion into the epidermis may be retarded because of the effect of detachment.

The histological results showed that microdermabrasion could effectively remove a portion of the SC
layers. A significant relationship existed between the treatment duration, the etched thickness of the SC, and
the normalized flux of ALA. Hence the enhancement of ALA permeation by microdermabrasion may
simply be generated by the ablation effect on the SC. It was perceived that the Erb:YAG laser and
microdermabrasion ablated the SC layers to similar levels (Table 1). However, the results of ALA flux
enhancement showed a great discrepancy between these two resurfacing tools. This may confirm the
influence that factors other than skin ablation contributed to the enhancement of ALA permeation by the
laser. The scanning electron microscope showed intervening spaces between the keratinocyte aggregates
after irradiation with the Erb:YAG laser.”

lontophoresis has been successfully used for promoting the skin permeation of ALA in recent studies.””
With pKavaues of 3-90 and 8-05, it is clear that ALA at pH 5 in the donor compartment was protonated
and thus was offered the opportunity to take advantage of the cation permselectivity of the skin as the
isodlectric point of skin is pH 3-4 which possesses negative charge at pH 5. lontophoresis aone
significantly enhanced ALA permeation. The permeated amount of ALA was not further increased after
cutting off the current density. This result indicates that el ectrorepulsive movement under the electric field is
important with ALA. The cellulose membrane was very permeable to ALA compared with the pig skin.
This observation confirms that the SC indeed provides significant barrier characteristics towards ALA per-
meation. The presence of iontophoresis only caused a dight increase in ALA release. This suggests that the
force of electrorepulsive drift islimited for ALA release. This may indicate that reduction of the SC barrier
properties contributed to the main enhancement of ALA permeation by iontophoresis.

ALA permeation reached the highest level within the first hour of application of eectroporation. The
rapid initial transport which occurred during pulsing may be attributed to both electrophoresis as well as
diffusion across highly permeabilized skin.” The result of ALA release by electroporation may demonstrate
that the permeation-enhancing effects of electroporation were mainly attributed to the formation of
micropore structures in the skin; the direct electromotive force on ALA was not as important. According to
our data, ALA permeation comparing the four physica enhancement methods aone (laser,
microdermabrasion, iontophoresis, and electroporation), the Erb:YAG laser was consistently the most
potent method for ALA permeation via skin, followed by iontophoresis, microdermabrasion and
electroporation. Hence direct abrasion of the SC rather than the modification of skin or increasing the
diffusion of the drug itself may contribute to the greater ability to enhance ALA permeation.

The synergism of the laser and iontophoresis or electroporation on ALA permeation could provide the
advantage of overcoming the difficulty of ALA permeation across intact skin. The synergistic effect was
also shown by the combination of microdermabrasion for 5 s with iontophoresis or electroporation (Fig. 5b).
As the superficial layers of the SC were removed, there was a gradual drop in the electrical resistance of the
skin.” The combined use of electrically assisted methods with laser may thus further promote ALA



permeation.

Conclusions

The potential of some methods to promote ALA permeation into or across the skin was examined
previously, including incorporation of permeation enhancers such as dimethyl sulphoxide, iontophoresis,

1,4,8,20,2324

increasing the skin temperature, and manufacturing self-adhesive thin films as vehicles. However,
these enhancing methods never achieved more than a 10-fold increase in ALA déelivery. In our study the
Erb:YAG laser greatly enhanced ALA permeation with 4-305-fold increases. The ablation effect, ultra-
structura aterations, and ALA partitioning of the skin may contribute to the enhancing mechanism of the
laser treatment. Microdermabrasion moderately increased skin permeation of ALA by simply ablating and
homogenizing a portion of the SC layers. Both the peeling thickness of the SC and ALA flux showed good
correlation with the treatment duration from 3 to 10 s. The combination of iontophoresis or electroporation
with the pedling techniques could further promote ALA delivery to a great extent. The commonly used dose
of 20% ALA inclinica practice almost always produces skin lesions. The methods examined in the present
study can enhance ALA permeation, and thus reduce the ALA dose required. So the cost of PDT may also
be reduced. Further studies on the feasibility of invivoand clinical uses of these techniques for topical ALA
delivery are in progress.
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