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Abstract

The influence of iontophoresis and other physical enhancement methods such as electroporation and erbium:yttrium-aluminum-
garnet (YAG) laser on the skin permeation of 5-fluorouracil (5-FU) was examined. Iontophoresis increased the in vitro transder-
mal transport of both the anionic and non-ionic forms of 5-FU. A combination of electroporation pretreatment and subsequent
iontophoresis resulted in a higher permeation of 5-FU than either technique alone. It appeared that electroporation treatment
exerted a disruptive influence on the stratum corneum (SC). The SC layers in the skin were partly ablated by the laser, resulting in
a great enhancement effect on the skin permeation of 5-FU. Application of iontophoresis further increased the drug permeation
across laser-pretreated skin. The laser was consistently the most potent technique to enhance 5-FU delivery among the physical
enhancement methods examined in this study.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The delivery of drugs via skin routes has been
extensively investigated. Drug transport by the skin
offers the advantages of accessibility, noninvasive-
ness, compliance, safety, and effectiveness. Never-
theless, its clinical application is limited due to the
stratum corneum (SC), the predominant barrier of the
skin. Many approaches have been used to overcome
the barrier presented by the skin, including chemical
enhancer modification and physical enhancements.
Iontophoresis is a physical method which uses an
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electrode of the same polarity as the charge of a drug
to drive ionic drugs into the body (Banga et al., 1999).
Because of the SC’s overall hydrophobic charac-
ter and net negative charge, transdermal delivery
of negatively charged hydrophilic drugs is espe-
cially challenging (Prausnitz et al., 1996). Hence
5-fluorouracil (5-FU), a hydrophilic and negatively
charged molecule, was selected as a model drug in
this study of iontophoretic enhancement.

A variety of physical enhancement methods includ-
ing electroporation and laser irradiation have been
successfully used. Skin electroporation takes place at
high voltages (=100 V) and is associated with micro-
pore formation in the skin structure (Prausnitz, 1996).
Lasers have long been used for medical diagnostic and
therapeutic purposes. The laser has been suggested for
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the controlled ablation or removal of the SC (Lee et al.,
2001). Pretreatment of the skin provides the ability to
dramatically influence the iontophoretic flux of drugs
(Riviere and Heit, 1997). The aim of this study was to
investigate the influence of electroporation and laser
pretreatments on the transdermal delivery of 5-FU
across nude mouse skin during iontophoresis.

The transport kinetics of 5-FU was also determined
across SC-stripped skin in the presence or absence of
physical enhancements to probe the mechanisms of
iontophoretic delivery. The electrical behavior of 5-FU
transported across the skin was therefore established
in this study.

2. Materials and methods

2.1. Preparation of skin membranes

Female nude mice (Balb/c-nu, 6–8 weeks old) were
killed by ether, and full-thickness skin was excised
from the dorsal region. To obtain SC-stripped skin, ad-
hesive tape (Four-Pillars, Taiwan) was applied to nude
mouse skin with uniform pressure and then removed.
This procedure was repeated 20 times.

2.2. Iontophoretic instruments and in vitro
permeation procedures

The in vitro permeation procedures of iontophore-
sis were determined using horizontal glass diffusion
cells. The receptor phase contained 8 ml of 0.06 M
(pH 7.4) citrate-phosphate buffer. The donor compart-
ment of a cell was filled with 8 ml of 0.3% (w/v) 5-FU
in buffers with various values. The available diffusion
surface area was 0.785 cm2. The cells were agitated
by magnetic stirrers at 600 rpm. A pair of Ag/AgCl
wires, having an effective length of 15 mm, was used
as electrodes by immersing them in the cell, with the
cathode in the donor compartment and the anode in
the receptor compartment, unless otherwise noted. The
electrodes were connected to a current power supply
(Yokogawa, model 7651, Japan). A current density of
0.5 mA/cm2 was applied for 3 h to stimulate the per-
meation of 5-FU. Samples of 300�l were withdrawn
from the receptor at regular intervals and immediately
replaced by an equal volume of fresh receptor solu-
tion. Samples were assayed using HPLC.

2.3. Electroporation protocols

Electroporation was performed using an exponen-
tial decay pulse generator (BTX, ECM 630 Elec-
tro Cell Manipulator®, USA). Platinum electrodes
(0.5 cm× 1.5 cm) were used, each located 3 cm from
the skin. The cathode was positioned in the donor
compartment, while the anode was in the receptor
compartment, unless otherwise noted. The electropo-
ration protocol consisted of 1 pulse per 30 s, applied
for 10 min. The pulse voltage was 300 V, and pulse
length was 200 ms. Voltages are expressed as applied
values, not as transdermal values. After 10 min of
electroporation of the skin, iontophoresis was ap-
plied in the in vitro experiments if necessary. The
time interval between the pre-pulse and switching on
of the iontophoretic current application was a few
seconds.

2.4. Erbium:YAG laser irradiation protocols

An erbium:YAG (yttrium-aluminum-garnet) laser
(Continuum Biomedical, USA) was used to pretreat
skin in the present study. The laser has a wavelength
of 2940 nm and a pulse duration of 250�s. An artic-
ulated arm was used to deliver the laser beam onto
the skin. Output energies of 0.35, 0.45, and 0.55 J
per pulse with a beam spot size of 7 mm in diam-
eter achieved fluences of 0.9, 1.2, and 1.4 J/cm2,
respectively. The energy of the laser pulse was mon-
itored with an energy meter (Nova Display, Israel)
before and after pretreatment. The laser hand-piece
was located approximately 3.0 cm from the surface
of the skin. Then the skin was irradiated by various
doses of the laser pulse. After laser pretreatment, the
skin surface was wiped several times with a cotton
wool swab. Then the irradiated skin was mounted
in horizontal diffusion cells to perform in vitro per-
meation experiments with or without iontophoretic
application.

Histological changes in nude mouse skin were ex-
amined after laser irradiation. Immediately after laser
pretreatment, a specimen of the exposed area was
taken from a live nude mouse for histological exami-
nation. The adjacent untreated skin area was also as-
sessed as the control group. Each specimen was fixed
in a 10% pH 7.4-buffered formaldehyde solution for
at least 48 h. The specimen was cut vertically against
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the skin surface. Each section was dehydrated using
ethanol, embedded in paraffin wax, and stained with
hematoxylin and eosin. In each skin sample, three dif-
ferent sites were examined and evaluated under light
microscopy (Nikon Eclipse 4000, Japan). Photomicro-
graphs of the three randomly selected sites of each
skin sample were taken with a digital camera (Coolpix
950, Nikon). The digital photomicrographs were then
processed with Adobe PhotoDeluxe (Adobe Systems,
USA), and the SC and epidermal thicknesses were cal-
culated with ImagePro-plus 4.0 (Media Cybernetics,
USA).

2.5. HPLC determination

The 5-FU content of the various samples was ana-
lyzed using an HPLC system consisting of a Hitachi
L-7110 pump, a Hitachi L-7200 sample processor,
and a Hitachi L-7400 UV detector. A 25-cm long,
4-mm inner diameter stainless steel RP-18 column
(Merck, Germany) was used. The mobile phase,
consisting of a 100% pH 3.1 aqueous solution ad-
justed with acetic acid, was used at a flow rate of
1 ml/min. The UV detector was set at a wavelength of
265 nm. The retention time of 5-FU was found to be
5.8 min.

2.6. Data analysis

In the in vitro permeation study, the total amount of
drug permeating across the unit diffusion surface and
into the receptor was calculated and plotted as a func-
tion of time. The flux was calculated by the slope of
the linear portion of the cumulative amount-time plots
for a pseudo zero-order model and expressed as the
mass of drug passing across 1 cm2 of skin over time.
In the experiments using laser irradiation, laser abla-
tion pretreated a limited area of SC of 49.02% of the
total permeated skin surface area. Consequently, the
cumulative amount and flux data of the laser-irradiated
area was extrapolated to an area of 100% ablation of
the permeated area.

Statistical analysis of differences between differ-
ent treatments was performed using the unpaired
Student’st-test. A 0.05 level of probability was taken
as the level of significance. The ANOVA test was also
utilized in this study.

3. Results and discussion

3.1. Transdermal delivery of 5-FU by iontophoresis

The electric technique of iontophoresis can be
used to enhance transdermal drug delivery. During
iontophoresis, a small low voltage (typically 10 V
or less) and a continuous constant current (typically
0.5 mA/cm2 or less) are applied to push a drug into
the skin. 5-FU behaves as a weak acid, with a pKa
of approximately 8 (Merino et al., 1999). At pH
values above 8, the molecule is predominantly neg-
atively charged.Fig. 1 shows the permeated amount
of 5-FU (�g/cm2) from pH 8.5 buffer as a function
of time with or without iontophoresis at 0.5 mA/cm2

for 3 h. As is evident from the figure, there was no
passive permeation (in the absence of iontophoresis)
of 5-FU across skin during a 6-h period. Hydrophilic
molecules such as 5-FU exhibit very low partitioning
into lipophilic environments on the basis of thermo-
dynamics, resulting in the expected low permeation
seen for 5-FU. Application of iontophoresis greatly
enhanced the transdermal 5-FU transport with fluxes
of 0–31.41�g/cm2/h. The permeated amount of drug
remained elevated even after the cessation of current
density (Fig. 1). This could be due to a drug reser-
voir within the skin or the alteration of skin structure
which might allow 5-FU continuously released from
the donor after the end of iontophoresis application.
Our previous histological study had indicated that
there was almost no change observed in the anatom-
ical structure of skin by the iontophoretic protocol
similar as the present study (Fang et al., 1997). This
may infer that the continuous permeation of 5-FU
after iontophoresis cessation was due to the drug
reservoir effect. The observed enhancement in skin
permeation of anionic 5-FU can be attributed to the
electrical potential gradient resulting from application
of iontophoresis.

Passive delivery of 5-FU in pH 8.5 buffer across
SC-stripped skin was much higher than that of intact
skin, confirming the rate-limiting properties of the SC
in the transdermal delivery of 5-FU as shown inFig. 2.
Fig. 2 demonstrates the cumulative amount of 5-FU
at the end of in vitro experiment as the representation
of the permeability. The application of iontophoresis
also significantly increased the apparent permeation of
5-FU after stripping the SC. 5-FU permeated amount
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Fig. 1. Cumulative amount of 5-FU detected in the receptor compartment versus time with iontophoresis at 0.5 mA/cm2 for 3 h from pH
8.5 vehicle (cathode to anode) and pH 5 vehicle (anode to cathode). All data represent the mean± S.D. of four experiments.
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Fig. 2. Skin permeation of 5-FU after treatment with iontophoresis and electroporation across intact and SC-stripped skin. All data represent
the mean± S.D. of four experiments.
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across SC-stripped skin were comparable in the
condition with or without iontophoresis. SC is the pre-
dominant barrier for most of hydrophilic molecules.
It might be that the enhancement due to removal of
the SC was so large that the enhancement due to
iontophoresis was negligible in comparison.

Overall permeation enhancement of ions during
iontophoresis is primarily due to the electrochem-
ical potential gradient. However, secondary effects
such as electro-osmotic flow may also contribute
to permeation enhancement (Sims et al., 1991).
Electro-osmosis is the convective movement of sol-
vent that occurs through a charged pore in response
to the preferential passage of counter-ions when an
electric field is applied (Santi and Guy, 1996). For
a porous, net negatively charged membrane such as
skin, the solvent flow will be from the anode to the
cathode. The electro-osmotic flow in an electric field
is therefore opposite that of 5-FU permeation across
the skin.

Neutral solutes have been used to determine the
electro-osmotic flow since neutral compounds are
believed to be transported by this force during ion-
tophoresis (Singh et al., 1995). The proportion of
neutral molecules of 5-FU is >99% at pH 5. Passive
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Fig. 3. Cumulative amount of SNA detected in the receptor compartment vs. time using electroporation at 300 V, 200 ms alone or combined
with iontophoresis at 0.5 mA/cm2. All data represent the mean± S.D. of four experiments.

transport of 5-FU from pH 5 buffer was higher than
that from pH 8.5 buffer, indicating that the non-ionized
form may partition into and permeate across the skin
easier than the ionized form (Fig. 1). Application of
iontophoresis from anode to cathode significantly in-
creased the permeation of 5-FU in pH 5 buffer. The
increase in permeation relative to passive diffusion
of neutral solutes can be interpreted on the basis of
electro-osmotic flow.

3.2. Transdermal delivery of 5-FU
by electroporation

Electroporation has been demonstrated to be a pow-
erful method for overcoming the SC barrier. Electropo-
ration involves the application of high-voltage pulses
which create transient aqueous pathways in the skin
and permit transport of drugs across these pathways
(Jadoul et al., 1998). In the experiments using elec-
troporation, the cathode was first positioned in the
donor phase (negative polarity) to examine the effect
of electroporation on 5-FU permeation. As shown in
Fig. 3, application of twenty 300-V, 200-ms pulses
significantly enhanced 5-FU permeation from pH 8.5
buffer compared to passive diffusion. Electroporation
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resulted in a permeation profile similar to that of ion-
tophoresis at the same electrode polarity of cathode
to anode. Another observation was that the perme-
ated amount of 5-FU in the first 0.5-h sampling pe-
riod was significantly higher by electroporation than
by iontophoresis (14.44�g/cm2 versus 5.82�g/cm2,
respectively). This may suggest that the rapid trans-
port across highly permeabilized skin occurred during
pulsing by the initial 10-min pretreatment with elec-
troporation.

The influence of the polarity of the electrodes was
also evaluated. A significant enhancement in 5-FU
flux was induced by electroporation from anode to
cathode (positive polarity) as compared to passive dif-
fusion (Fig. 3). However, transport of 5-FU into the
cathode compartment was significantly lower than that
into the anode compartment. Negative polarity pulsing
can cause structural changes in the skin, possibly due
to electroporation, as well as more molecules moving
across the skin by electrophoresis through both previ-
ously existing and newly created pathways (Prausnitz
et al., 1996). In contrast, a positive polarity for 5-FU
can also create transient aqueous pathways, the same
as the negative-polarity electroporation, in the skin.
But it has no effect on the electrophoretic transport
of negative 5-FU molecules (Fang et al., 2002). This
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Fig. 4. Cumulative amount of SNA detected in the receptor compartment vs. time using electroporation at 300 V, 200 ms with or without
draining the donor compartment after pulsing. All data represent the mean± S.D. of four experiments.

result indicates that electrophoretic movement is im-
portant for 5-FU after electroporation pretreatment.
The actual mechanisms of electroporation are further
elucidated in the following sections of this study.

As shown in Fig. 3, the permeated amount of
5-FU remained elevated after pulsing until the end
of the experiments. This suggests that electroporation
produced a drug reservoir within the skin and/or a
persistent change in the skin’s permeability due to
an alteration in the skin’s structure (Jadoul and Préat,
1997). In order to verify whether this phenomenon
resulted from skin depot or enhancement of skin
permeability, the 5-FU solution after pulsing was re-
moved immediately after the last pulse by rinsing and
filling the donor with pH 8.5 buffer.Fig. 4shows that
no increase occurred in 5-FU transdermal permeation
for either the negative or positive polarities used. It
appears that drug permeation after switching off the
pulsing did not result from the creation of a skin reser-
voir which would have progressively released 5-FU
afterwards. The altered skin structure created changes
in skin permeability which persisted after pulsing.
This effect was somewhat different from the inference
in the iontophoresis study: the elevated permeation
amount after stopping the current density may be
due to the skin reservoir effect. In order to verify it,
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the drain study was also performed for iontophoresis
(from cathode to anode at pH 8.5). As shown inFig. 4,
the permeated amount of 5-FU indeed continuously
increased even after emptying the 5-FU in donor af-
ter 3-h application of iontophoresis. The transdermal
high-voltage pulsing that creates a local transport re-
gion (electroporated pores) may disrupt the SC lipid
structure in the vicinity of the pores (Prausnitz, 1996;
Vanbever et al., 1996; Banga et al., 1999). Lasting
effects have been seen after high-voltage pulsing and
the increased transdermal flux generally persists for
minutes to hours, but is often reversible (Prausnitz,
1996). Based on the findings inFig. 3, this effect
lasted for the 6-h duration of the experiment. The
fact that the skin structure did not recover may be
attributed to the formation of long-term metastable
structures caused by high-voltage pulsing (Takeuchi
et al., 2000). Under such circumstances, electric
pulse-induced pores are considered to remain open.

There was no significant difference in the permeated
amount of 5-FU after negative- and positive-polarity
electroporation in the drain experiment (Fig. 4). This
suggests that structural changes induced in the skin
contribute more significantly to enhanced permeation
than does the direct electrophoretic force acting on
negative-polarity electroporation. On the other hand,
negative-polarity electroporation caused higher 5-FU
permeation than did positive-polarity when 5-FU
remained in the donor compartment during the ex-
periments (Fig. 4). This implies that greater skin
disruption was caused by negative-polarity electro-
poration than by positive polarity. Further investi-
gation is needed and is in progress to elucidate this
effect.

Fig. 2 shows that the permeation of 5-FU by elec-
troporation of negative polarity and positive polarity
across SC-stripped skin were 12.39- and 25.39-fold
higher, respectively, than that across intact skin;
moreover, the permeation of 5-FU permeated across
SC-stripped skin by passive diffusion and by elec-
troporation were similar. These observations demon-
strate that electroporation had significant effects on
the structure of the SC which caused increased 5-FU
permeation. Another discussion is that even though
the electro-osmotic flow must take place during puls-
ing, its impact on transport could be low because of
the short duration of current application (Vanbever
et al., 1998).

Permeation of neutral 5-FU molecules by elec-
troporation of negative or positive polarity was also
examined as shown inFig. 3. Both polarities of elec-
troporation moderately enhanced 5-FU permeation.
Permeation in the pH 5 vehicle by negative polarity
was higher than that by positive polarity, which also
occurred in the pH 8.5 vehicle. Although the vehicle
of pH 8.5 buffer showed higher permeation profiles
than the pH 5 buffer, the differences were not statisti-
cally significant. The elevated transport resulting from
electroporation-induced alterations in the skin per-
sisted after pulsing. These results clearly demonstrate
that transport of neutral molecules which occurred
mainly after pulsing was caused by skin disruption.

Iontophoresis and electroporation produced differ-
ent influences on and mechanisms of skin permeation
by 5-FU. The combined use of these two electric
enhancement methods may also produce some in-
teresting results. A combination of electroporation
and iontophoresis induced higher transdermal per-
meation than that induced by either technique alone
(Fig. 3). Short pulses of high voltage alter the skin
permeability, facilitating subsequent iontophoresis.
Negative-polarity electroporation combined with ion-
tophoresis again generated higher enhancement than
did positive polarity. This trend was the same as
the electroporation treatment alone. It may suggest
that combining iontophoresis did not influence the
effect of electroporation on the skin and the 5-FU
molecules. As shown inFig. 2, although different per-
meation enhancements in intact skin were produced
by iontophoresis and electroporation, no significant
difference was determined among the permeation of
SC-stripped skin when iontophoresis and electropo-
ration were applied alone or together. This suggests
that the single or combined use of electroporation and
iontophoresis acting on the SC layers was the predom-
inant mechanism for the enhanced 5-FU permeation.

3.3. Transdermal delivery of 5-FU by
laser treatment

As shown inFig. 2, the skin barrier to 5-FU per-
meation can be overcome by stripping of the SC with
tape. However, the area and depth of the SC treated
by the tape stripping technique cannot be precisely
controlled. Few data and references on the safety and
recovery rate of skin using this method are available.
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The laser has been suggested as a good method for
the controlled ablation or removal of the SC. The
erbium:YAG laser emits light with a 2940-nm wave-
length which corresponds to the main peak of water
absorption. This property enables the erbium:YAG
laser to ablate the SC with minimal residual thermal
damage, thereby potentially minimizing the risks of
post-inflammatory hyperpigmentation (Manaloto and
Alster, 1999). The erbium:YAG laser is currently used
for the resurfacing of rhytides, scars, photodamage,
and melasma (Polnikorn et al., 1998).

In order to assess the effect of the erbium:YAG
laser on the integrity of the skin structure, nude mouse
skin was irradiated by a laser with energy from 0.35
to 0.55 J. The fluences used varied between 0.9 and
1.4 J/cm2. Histological studies demonstrated that er-
bium:YAG laser ablation at different energies achieved
partial removal of the SC as shown inTable 1. Higher
fluences of the erbium:YAG laser generally induced
deeper SC/epidermal ablation as determined by calcu-
lating the thickness. There were no statistically signif-
icant differences in the SC/epidermis thickness after
laser treatment using fluences of 0.9 and 1.2 J/cm2.
The laser not only ablated the SC layers, but also
removed a part of the epidermal layers at a fluence of
1.4 J/cm2. This suggests that the threshold fluence for
ablation of viable epidermis is about 1.2 J/cm2.

Table 1shows the permeation profiles of 5-FU af-
ter pretreatment of skin with the erbium:YAG laser.
Extrapolating the flux data of the laser-irradiated area
to an area of 100% exposure showed greater enhance-
ment of 5-FU permeation than that by iontophore-
sis and electroporation, indicating that the laser was
consistently the most potent enhancement method for
5-FU permeation among the physical enhancement
methods examined in this study. Histological alter-
ations of and SC ablation in the skin may have re-
sulted in increased flux after exposure to the laser.

Table 1
SC and epidermal thickness (�m) of nude mouse skin and the flux of 5-FU across the skin after the treatment by erbium:YAG laser

Fluence
(J/cm2)

SC thickness Epidermal
thickness

Laser flux
(�g/cm2/h)

Laser+ ITP
flux (�g/cm2/h)

Enhancement
ratio (ER)a

0.9 6.22± 0.19 13.56± 0.19 78.66± 12.94 125.00± 25.8656 1.59
1.2 3.55± 0.19 12.33± 0.33 130.47± 14.61 161.64± 34.9132 1.24
1.4 1.78± 0.19 8.56± 0.38 135.60± 18.05 138.59± 33.0259 1.02

Each value represents mean± S.D. (n = 4).
a Enhancement ratio(ER) = ratio of the flux by laser combined with iontophoresis to the flux by laser treatment alone.

The more-significant changes in skin structure with
higher fluences may have led to higher enhancement
of drug permeation. However, according to the per-
meation profiles, the effect of enhancement was not
proportional to the magnitude of a single pulse of the
laser (Table 1). The 5-FU flux increased as the flu-
ence rose from 0.9 to 1.2 J/cm2, after which the en-
hancement effect reached a plateau. Improvement in
drug partitioning into the SC layers is important for
increased 5-FU permeation across the skin (Yamane
et al., 1995). Although removal of the SC can reduce
the inherent barrier properties of the skin and thus in-
crease skin permeation of 5-FU, the partitioning of
5-FU into the skin should have decreased because of
the removal of the SC layers. As a result, increased
permeation of the skin due to structural alterations may
have been partly offset by a decrease in the partition
coefficient between the skin and drug vehicle.

One of the characteristics of an ideal permeation
enhancement method is that the skin should recover
its normal barrier properties following removal of the
enhancement method. Our previous study showed that
the depth of the SC could completely recover to a
normal range within 4 days (Lee et al., 2001).

Table 1depicts the flux of 5-FU after combination
of laser pretreatment and iontophoresis. A higher ef-
fect was observed with a laser exposure of 0.9 J/cm2

coupled with an electric field as compared to laser
treatment alone. As the superficial layers of the SC
were removed, there was a gradual drop in the elec-
trical resistance of the skin (Nelson et al., 1991). The
enhancement of 5-FU permeation by iontophoresis on
laser-irradiated skin decreased following an increase
in the fluence. This may suggest that the enhancing ef-
fect due to the laser was large compared to that due to
iontophoresis. The main mechanism of the laser in en-
hancing drug permeation is ablation of the SC layers
which form the predominant barrier for 5-FU transport
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across the skin. Limited enhancement with the com-
bined use of a high-fluence laser and iontophoresis
was similar to the result of transdermal iontophoresis
across SC-stripped skin.

4. Conclusions

This investigation illustrates the influence of a se-
ries of physical enhancement methods, including ion-
tophoresis, electroporation, and an erbium:YAG laser,
on the transdermal delivery of 5-FU. The effect of
iontophoresis combined with electroporation and laser
treatment on 5-FU permeation was also elucidated.
The in vitro transport of 5-FU across skin with no en-
hancement methods was negligible. The permeation
of 5-FU extensively increased following application
of iontophoresis. The contribution of electro-osmotic
flow appeared to be important with the application
of iontophoresis. Electroporation using both negative
and positive polarities significantly enhanced the trans-
dermal delivery of 5-FU. Skin alteration caused by
high-voltage pulsing was related to this electric pro-
tocol. SC removal with an erbium:YAG laser can be
precisely controlled with a single pulse, and may offer
a distinct advantage over the tape-stripping technique,
which is both macroscopic and unpredictable. Both SC
barrier ablation and drug partitioning into the skin may
contribute to the mechanism influencing the perme-
ation of 5-FU molecules across laser-pretreated skin.
After comparing the physical enhancement methods
tested in this present study, the laser was still the most
potent method of enhancing 5-FU delivery across skin.
The combination with iontophoresis further increased
passive diffusion of 5-FU across laser-pretreated skin.
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