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Abstract. Attenuated total reflection Fourier transform infrared spec-
troscopic imaging combined with tape-stripping is an advantageous
approach to map the depth penetration and lateral distribution of topi-
cally applied chemicals in Stratum corneum �SC� and the conforma-
tional order of SC lipids. Tape-stripping progressively removes layers
of SC, and chemical imaging provides spatially resolved information
on the chemical composition of both the newly exposed SC surface
and of the tapes used for stripping. The procedure is rapid, minimally
invasive, and does not necessitate cross-sectioning of the skin. This
approach offers a simple and direct way to determine the distribution
of exogenous volatile and non-volatile chemicals in SC as a function
of the chemical composition of the formulation and time, and the
conformational order of SC lipids in native and topically treated skin.
The procedure described here is well suited to address questions of
relevance for the areas of drug delivery, dermatology, and skin care.
© 2008 Society of Photo-Optical Instrumentation Engineers. �DOI: 10.1117/1.3006072�

Keywords: attenuated total reflection Fourier transform infrared imaging; drug
delivery; skin; Stratum corneum; skin care; tape-stripping.
Paper 08192R received Jun. 20, 2008; revised manuscript received Jul. 29, 2008;
accepted for publication Aug. 27, 2008; published online Nov. 10, 2008.
Introduction

he objective of this work was to develop a strategy for map-
ing the 3D distribution of chemicals in Stratum corneum
SC� following their topical application on the skin, and for
tudying their effect on the skin constituents. Here, we dem-
nstrate the combined use of sequential tape-stripping of the
C surface and attenuated total reflection Fourier transform

nfrared �ATR-FTIR� imaging of both the newly exposed SC
ayers and of the tapes used for stripping. We applied this
pproach to follow the lateral distribution and penetration of
he volatile and non-volatile ingredients of two model cos-

etic formulations, Eau de toilette and cream, in excised skin,
nd to detect the changes induced in the conformational order
f the SC lipids following their topical application.

The outermost skin layer, SC, is the principal target of
opical cosmetic products and drugs and the main barrier for
heir penetration into the deeper skin layers, the viable epider-

is and the dermis.1,2 This layer, composed of terminally dif-
erentiated keratinocytes embedded in a lipid matrix, is highly
nhomogeneous in its chemical composition and molecular
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organization in all three dimensions; the lateral and axial dis-
tributions of topically applied chemicals having different
physicochemical properties in SC is, thus, inhomogeneous as
well.3–5 Knowledge of the chemical composition and structure
of the native SC constituents and of the distribution of exog-
enous chemicals in all three dimensions is critical for improv-
ing the efficacy of topical formulations and for understanding
the beneficial and undesirable side effects they might cause
upon interaction with the SC lipids and proteins �e.g., rein-
forcing the SC barrier function and irritation or sensitization
reactions�.

The development of strategies for depth profiling of
chemical species in the skin has been largely stimulated by
the interest in developing systems for transdermal drug deliv-
ery �see, for example, Ref. 6, and the references therein�.
Tape-stripping, the sequential removal of SC layers using ad-
hesive tapes, has been widely used in numerous pharmaco-
logical and dermatological applications.7–9 The tapes used for
stripping—containing ripped off SC material together with
any exogenous chemical that may have penetrated into it—
can be extracted and the chemical quantified by high-
performance liquid chromatography �HPLC�, gas chroatogra-
phy �GC�, scintillation counting, ultraviolet-visible �UV-vis�,
or infrared �IR� spectroscopy �for a recent review, see Ref.

1083-3668/2008/13�6�/064009/7/$25.00 © 2008 SPIE
November/December 2008 � Vol. 13�6�1



1
S
l
m
s
m
A
o
A
t
t
b

b
T
l
p
i
c
i
a
l
t
m
N
b
l
h
A
a
i
s
m
s
n
s

s
s
i
�
t
s
s

p
l
d
w
s
d
c
A
l
l
g

h
c
s
S

Boncheva, Tay, and Kazarian: Application of attenuated total reflection Fourier transform infrared imaging and tape-stripping…

J

0�. The depth distribution of chemical species within the
C—topically applied chemicals and SC components, such as

ipids, proteins, water, and the constituents of the natural
oisturizing factor—can be quantified also in situ, on the

kin, using vibrational spectroscopic techniques: confocal Ra-
an microspectroscopy as a stand-alone method11–13 and
TR-FTIR spectroscopy �using horizontal ATR crystals14–18

r fiber optical probes19� in combination with tape-stripping.
lthough these techniques are useful for comparing the rela-

ive amounts of chemical species present at various depths in
he SC, they cannot provide information on the lateral distri-
ution of the chemicals.

Chemical imaging and mapping of cells and tissues have
een attracting increasing interest in the past two decades.20

he strong background of spectra-structure correlations estab-
ished in vibrational spectroscopy has enabled many new ap-
lications of chemical imaging in biomedical research,20–22

ncluding dermatology.23,24 Using confocal Raman micros-
opy, chemical images of intact tissues can be acquired non-
nvasively to a depth of up to few hundred micrometers with

lateral resolution of up to ca. 1–2 �m and an axial reso-
ution of ca. 2–5 �m.25–27 The biggest disadvantages of the
echnique are the relatively long exposure times needed to

ap large surfaces28,29 and the low signal-to-noise ratios �S/
�. In contrast, FTIR imaging can be used to rapidly map
igger areas with up to ten times better S/N, but with a lower
ateral resolution30 �up to ca. 3–4 �m in ATR mode31�. We
ave previously reported the usefulness of micro- and macro-
TR-FTIR imaging in studies of human SC.31–33 Several other
dvanced analytical techniques �e.g., Fourier transform
nfrared photoacoustic spectroscopy,34 near-infrared
pectroscopy,35 matrix-assisted laser desorption/ionization
ass spectroscopy,36 photothermal

pectroscopy,37fluorescence life-time,38 and infrared scanning
ear-field optical miscroscope39� have also been applied for
kin imaging.

In most cases, skin imaging has been performed on cross-
ectioned samples, thus implying the exclusive use of excised
kin, access to microtoming equipment, and the possibility of
ntroducing artifacts in the samples during their preparation
e.g., smearing chemicals during sectioning or modifying the
issue during the freezing or embedding procedures�. The pos-
ibilities to construct 3D chemical maps of intact, living tis-
ues have begun to emerge only recently.33,40,41

A recent publication from one of our labs reported a very
romising combination of ATR-FTIR imaging with tape
ifting;42 there, we used FTIR imaging of adhesive tapes to
etect the chemical composition of latent fingerprints. Here,
e report the combined use of ATR-FTIR imaging and con-

ecutive tape-stripping of SC to detect the lateral and axial
istribution of exogenous chemicals and their influence on the
onformational order of the lipid chains in SC. We applied
TR-FTIR imaging to construct chemical maps of surface

ayers of limited thickness �determined by the effective path
ength of the IR radiation� and tape-stripping to expose pro-
ressively deeper SC layers.

We first demonstrated the capability of our strategy for
igh-sensitivity detection of chemicals within the SC and
ompared spectra collected by a focal plane array �FPA� and a
ingle-element detector from the tapes used for stripping of
C. Next, we applied ATR-FTIR imaging and tape-stripping
ournal of Biomedical Optics 064009-
to detect the time-dependent and formulation-dependent pen-
etration of volatile and non-volatile chemicals into SC.
Finally, we studied the depth profile of the conforma-
tional changes induced in SC lipids by a topically applied
formulation.

The approach we propose is well suited to address ques-
tions of interest for the areas of transdermal drug delivery,
dermatology, and skin care, such as the penetration profiles
and the lateral distribution of topically applied chemicals
�e.g., cosmetic ingredients, drugs, and airbome pollutants� and
their influence on the organization of healthy, untreated skin.

2 Experimental
2.1 Skin Samples
We collected the ears of domestic pigs at the local slaughter-
house �Gland, Switzerland� 2–3 h after the animals were sac-
rificed. After thoroughly washing the ears with cold water, we
removed the skin from the outer sides of the ears using a
scalpel, clipped the hairs using hair clippers, and dermatomed
the skin to a thickness of 350–400 �m using a 50-mm elec-
tric dermatome �Nouvag AG, Goldach, Switzerland�. The skin
was stored frozen at −20 °C �wrapped in Parafilm and packed
in Ziploc®bags� for not longer than one month prior to use.

Before use, we defrosted the samples for 30 min at room
temperature and wiped the SC surface two to three times with
cotton swabs wetted with cold �4 °C� hexane, to remove
traces of sebum.

2.2 Model Cosmetic Formulations
We used two simplified, model cosmetic formulations: Eau de
toilette �EdT� and cream. EdT was prepared as 9:1 �v/v�
ethanol/water solution, and the cream as water-in-oil emulsion
of polyglyceryl esters, diesters, glycerol, fatty acids, and trig-
lycerides. The two formulations contained 1% �w/v� of the
volatile fragrance chemical 4-undecanolide �4U�. We chose
this elevated concentration �10–100 times higher than the
typical concentrations of fragrance ingredients used in EdT
and cream� to facilitate the spectroscopic detection of the
chemical.

2.3 Sample Preparation
Before use, we equilibrated the skin samples clamped in static
Franz diffusion cells for 2 h. The receptor compartments of
the cells contained phosphate buffer solution �150 mM, pH
7.4� thermostated to maintain a temperature of 32 °C at the
skin surface. We spread evenly the model formulations on the
skin surface �5 �L /cm2� using a Hamilton syringe and incu-
bated the samples for 0.5, 2, or 4 h without occlusion at room
temperature. At the end of the incubation period, we removed
the skin samples from the diffusion cells and wiped off the
excess formulation using a lint-free tissue.

2.4 Tape-Stripping
For this procedure, we used Scotch® packaging tape �3M� cut
to size. After application of a piece of the tape onto the skin
surface, we rolled a 2.8-kg metal cylinder over the tape ten
times to ensure the homogeneous adhesion of the tape on the
skin. We removed the tape in one rapid movement and, if
necessary, repeated the stripping procedure using new pieces
November/December 2008 � Vol. 13�6�2
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f tape three or five times. For the imaging experiments, we
sed appropriately sized pieces of tape and skin �typically,
ith dimensions 5�5 mm� cut using a razor blade. We per-

ormed all experiments in triplicate.

.5 FTIR Spectroscopy and Imaging
e performed the FTIR measurements using the setup de-

cribed elsewhere31,32 and a modified Golden Gate accessory
Specac Ltd.�. We collected conventional FTIR spectra using
single-element mercury cadmium telluride �MCT� detector,

nd FTIR images—using a 64�64 FPA detector. The ATR
maging spectrometer is patented by Varian.43 We collected
he spectra with spectral resolution of 4 cm−1 in the spectral
ange of 3950–900 cm−1. To obtain a reasonable S/N ratio,
e co-added and averaged 64 scans. The acquisition time was
90 s.
Unless otherwise indicated, we used the spectra without

moothing or baseline correction. We corrected the spectra of
C treated with cream �shown in Fig. 4� for the absorbance of

he cream itself by subtracting the spectrum of pure cream
rom the combined spectrum until the spectral contribution of
everal vibrational bands characteristic for the cream—
istinct from the bands originating from the skin and located
n the fingerprint region—was minimized.

Results and Discussion
.1 ATR-FTIR Imaging of Stripping Tapes
igure 1 shows typical FTIR images of the fifth consecutive

ape used for tape-stripping of SC following topical applica-
ion of cream; Figure 1�a� maps the integrated absorbance of
he Amide II band �1565–1500 cm−1�, corresponding to the
ateral distribution of protein in the sample, and Figure 1�b�

aps the integrated absorbance of the C–O stretching band
1080–1015 cm−1�, corresponding to the lateral distribution
f the cream ingredients �e.g., glycerin, isopropyl myristate,
olyglyceryl esters� in the sample. The polymer tapes and the
C lipids exhibited strong but overlapping CH2 modes; con-
equently, in our imaging experiments we could not discern
nd map the distribution of SC lipids on tapes. The tapes,
owever, did not absorb in the typical for the SC proteins
mide I and II spectral regions; thus, in all FTIR images of

apes we used the distribution of the SC proteins �illustrated
y the integrated absorbance of the Amide II band� to map the
resence of skin flakes on the tapes.

The FTIR maps showed presence of both skin �Fig. 1�a��
nd cream �Fig. 1�b�� on the tape, thus indicating that after
our-hour topical application, a considerable amount of the
ream has penetrated into the SC. As expected, the lateral
istribution of the cream within the SC was highly inhomo-
eneous, ranging from areas containing large amounts �e.g.,
he points labeled A and B� to areas containing none �e.g., the
oint labeled C�.

In Fig. 1�c�, we compared spectra extracted from these
hree different spots of the ATR-FTIR images to the average
pectrum collected from the entire sampled area using a
ingle-element detector. As expected from the chemical maps,
he two spectra A and B �which were extracted from areas
ith high local concentration of cream� showed strong ab-

orption around 1040 cm−1, the C–O stretching band originat-
ng from cream, while in spectrum C �which was extracted
ournal of Biomedical Optics 064009-
from an area containing no cream� this band was entirely
missing. In spectrum MCT �the average spectrum collected
from the sampled area�, the C–O stretching band was ex-
tremely weak and almost invisible in the background of the
C–C stretching modes originating from the skin itself; thus, if
we had examined the heterogeneous tape sample using only a
single-element detector, we would have arrived at the errone-
ous conclusion that only a minor amount of cream has pen-
etrated into the SC down to the depth probed by the fifth tape.

This comparison demonstrates that the use of FPA instead
of single-element detection greatly increases the sensitivity of
detection for samples with heterogeneous chemical
composition,44 an important consideration for the application
of ATR-FTIR imaging to dermatological penetration studies.

3.2 Time-Dependent Penetration of Non-volatile
Chemicals into SC

Figure 2 shows typical FTIR images of skin tape-stripped five
times after topical treatment with cream for 0.5 and 4 h. The
images map the lateral distribution of proteins using the inte-
grated absorbance of the Amide II band �Figs. 2�a� and 2�b��
and of cream using the integrated absorbance of the C–O
stretching band �Figs. 2�c� and 2�d��. The maximum inte-
grated absorbance of the Amide II found in the two samples
was very similar �Figs. 2�a� and 2�b��. The amount of cream

Fig. 1 ATR-FTIR imaging and spectroscopy of stripping tapes. FTIR
images of the integrated absorbance of the Amide II band
�1565–1500 cm−1, �a�� and the C–O stretching band
�1080–1015 cm−1 �b�� collected from the fifth consecutive tape used
for stripping of porcine skin treated with cream for 4 h. The scales of
the integrated absorbance shown next to the images use the same
color coding �red for high intensity and blue for low intensity� but
have different absolute values. Image dimensions: 500�700 �m. �c�
IR spectra extracted from the points labeled A, B, and C in the IR
images �shown respectively in red, blue, and green�. The spectrum
shown in black �labeled MCT� is the average spectrum collected from
the imaged area using a single-element MCT detector. All spectra are
baseline corrected and normalized to the maximal intensity of the
Amide II band.
November/December 2008 � Vol. 13�6�3
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hat had penetrated into the SC clearly showed the expected
ime dependence: both the area and the maximal absorbance
f the cream-rich regions observed after 4 h treatment �Fig.
�d�� were larger than those observed after 0.5 h treatment
Fig. 2�c��. Thus, the combination of ATR-FTIR imaging and
ape-stripping offers a simple and direct way to follow the
enetration of chemicals into SC in semiquantitative, time-
ependent studies in situ, avoiding the extraction of the
tripping tapes needed in the traditional practice of
ape-stripping.10

For the purposes of this work, we expressed the depth
eached by the tape-stripping procedure within SC only in
erms of number of tapes used for stripping of SC and not in
erms of absolute distance below the SC surface. Although the
resent demonstration of principle can tolerate this approxi-
ation, it is important to keep in mind that the amount of SC
aterial removed by one tape—and thus, the depth reached
ithin the layer by tape-stripping—is not necessarily the same

or all samples and depends on the relative depth within SC.
n our future studies, we will quantify the amount of SC re-
oved by each strip using, for example, gravimetric15 or

pectrophotometric45 methods.
In principle, the approach we demonstrated here is also

uitable to investigate the penetration pathways of chemicals
nto SC �e.g., their colocalization with the SC lipids or pro-
eins�. In the example shown in Fig. 2, the limited lateral
esolution of the macro-imaging setup ��15 �m� precluded
he possibility to map separately the SC proteins and lipids;
hese restrictions, however, can be easily surmounted using
TR-FTIR microscopy for imaging,22 where the better lateral

esolution �approximately 3–4 �m� could enable the reso-
ution of lipid-rich and protein-rich regions.

ig. 2 Time-dependent skin penetration of non-volatile chemicals.
TIR images of the integrated absorbance of the Amide II band
1565–1500 cm−1, �a, b�� and the C–O stretching band
1080–1015 cm−1, �c, d�� collected from porcine skin treated with
ream for 0.5 h �a, c� and 4 h �b, d� followed by five consecutive tape
trips. The scales of the integrated absorbance shown next to the im-
ges use the same color coding �red for high intensity and blue for low
ntensity�; the absolute values of the scale for �a� and �b� are different
rom those in the scale for �c� and �d�. Image dimensions: 500

700 �m.
ournal of Biomedical Optics 064009-
3.3 Formulation-Dependent Retention of Volatile
Chemicals into the Topmost SC

Next, we compared the amounts of the volatile fragrance
chemical 4-undecanolide �4U� that have been retained within
the topmost SC layers after treating the skin surface with two
model cosmetic formulations, EdT and cream, each contain-
ing 1% �w/v� of 4U. Fig. 3 shows representative ATR-FTIR
images of SC following topical application of the formula-
tions for 0.5 h and tape-stripping the surface once �Fig. 3�a�
and 3�c�� and five times �Figs. 3�b� and 3�d��. The images map
the integrated absorbance between 1200 and 1150 cm−1, cor-
responding to the C-O-C stretching mode of 4U �indicated by
arrow in Fig. 3�e��. Figure 3�e� compares spectra extracted
from the ATR-FTIR images with the spectrum of pure 4U.

In the sample treated with EdT, we could not detect 4U
either in the topmost �Fig. 3�a�� or in the deeper SC layers
�Fig. 3�b��. This result indicated that, within the limit of de-
tection of the instrument, the volatile fragrance chemical has
evaporated completely during the period of unoccluded appli-
cation, and it had not penetrated into the SC. In the sample
treated with cream, we detected the presence of 4U only in the

Fig. 3 Formulation-dependent retention of volatile chemicals in SC.
�a–d� FTIR images of the integrated absorbance of the C–O–C stretch-
ing band �1200–1150 cm−1� characteristic for 4U, collected from por-
cine skin treated with 4U-containing Eau de Toilette �a, b� and cream
�c, d� for 0.5 h followed by one �a, c� or five �b, d� tape strips �denoted
as skin 1 and skin 5, respectively�. The color scale of the integrated
absorbance is the same for all images. Image dimensions: 500
�700 �m. �e� IR spectra extracted from the points marked in the IR
images �labeled as the image from which they were extracted� and a
spectrum from pure 4U. The arrow points to the C–O–C stretching
vibration of 4U that was used to construct the images in a–d. The
spectra are offset for clarity.
November/December 2008 � Vol. 13�6�4
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opmost SC layer �Fig. 3�c�� but not in the deeper SC layers
i.e., those reached after five consecutive tape strips; Fig.
�d��. This result indicated that the cream had prevented the
ast evaporation of 4U from the SC surface, most probably by
n occlusive action. Even though the cream itself had pen-
trated into the deeper SC layers �see Fig. 2�d�� it did not,
owever, assist the penetration of the fragrance to this depth.

These experiments demonstrate that our strategy is well
uited to address the relative effects of different formulations
nd application conditions on the balance between evapora-
ion, retention, and penetration of volatile chemicals in the
C. It is, however, important to keep in mind that the utility of

he methodology is subject to the sensitivity of detection of
TIR spectroscopy, which is inferior to the sensitivity that can
e achieved using, for example, fluorescence or scintillation
ounting.

.4 Influence of Topically Applied Chemicals on the
Conformational Order of SC Lipids

he combination of tape-stripping and FTIR imaging is appli-
able also to detect the conformational changes that topically
pplied products induce in the lipid lamellae of SC. The im-
ges in Fig. 4 show the distribution of cream in the SC layers
rogressively revealed after stripping cream-treated skin with
ne �Fig. 4�a��, three �Fig. 4�b��, and five �Fig. 4�c�� tapes; to
uild the images we used the integrated absorbance between
080–1015 cm−1. In Fig. 4�d�, we compared spectra ex-

ig. 4 Conformational order of SC lipids following topical treatment.
a–c� FTIR images of the integrated absorbance of the C–O stretching
and �1080–1015 cm−1� collected from porcine skin treated with
ream for 2 h followed by �a� one, �b� three and �c� five consecutive
ape strips �denoted as skin 1, skin 3, and skin 5, respectively�. The
cale of the integrated absorbance is the same for all images. Image
imensions: 500�700 �m. �d� IR spectra collected from untreated
kin �thick line�, extracted and averaged from the marked areas in the
R images �thin lines; a–c are plotted top to bottom�, and collected
rom a cream sample �dotted line�. The spectra extracted from the IR
mages were corrected for the absorbance of cream �see Experimental
ection for details�. All spectra are baseline corrected, normalized to
he maximal intensity of the CH2 asymmetric stretching band, and
ffset for clarity. The vertical red lines indicate the positions of the
H2 asymmetric and symmetric stretching bands in the spectrum of
ntreated skin. The positions of these bands in all spectra are tabu-

ated next to the spectra.
ournal of Biomedical Optics 064009-
tracted and averaged from the areas indicated on the images
�after correcting them for the absorption of the cream itself;
for details, see Experimental section� with an averaged spec-
trum collected from the surface of the SC before the applica-
tion of cream and a spectrum collected from the cream
sample.

The images in Figs. 4�a�–4�c� showed that the cream had
penetrated into all studied SC layers following topical appli-
cation for 2 h, with the highest absorbance observed after
three tape strips. Concomitantly, the positions of the CH2
symmetric and asymmetric stretching bands in the spectra of
the cream-treated skin differed from those observed in the
spectrum of untreated skin �Fig. 4�d��. The magnitude of the
blueshifts we observed correlated well with the relative
amount of cream found in the samples, with the biggest
shifts—of +4 and +2 cm−1 for the CH2 asymmetric and sym-
metric stretching bands, respectively—found in the SC layer
revealed after three tape strips. These results suggest that lip-
idic components from the cream got incorporated into the
lipid matrix of the SC, which initially exhibited a high degree
of conformational ordering as evidenced by the positions of
the CH2 stretching bands in this sample, and lead to its
fluidization.

Thus, these experiments demonstrate that the combination
of ATR-FTIR imaging and tape-stripping is well suited to
study not only the presence of exogenous chemicals in the
SC, but also the depth profile of the changes that they might
inflict on the organization of the native SC lipids. Previous
reports have shown that transmission FTIR imaging can be
used to detect changes in the secondary structure of keratins
in corneocytes isolated from stripping tapes.16 The use of
FTIR imaging in ATR mode might bring the additional advan-
tage of performing such studies in situ, thus avoiding the need
for isolation of the SC components from the stripping tapes.

4 Conclusions
This work describes the combined use of ATR-FTIR imaging
and tape-stripping for mapping the lateral and axial distribu-
tion of exogenous chemicals in topically treated SC and the
molecular organization of the SC lipids.

Our approach offers several advantages over the previ-
ously described methods. FTIR spectroscopic imaging using
an FPA detector can deliver spatially resolved information on
the chemical composition of heterogeneous samples with
much higher sensitivity than possible using conventional
spectroscopy, a technique that can deliver only spectra aver-
aged over the entire sampled area. The depth resolution pos-
sible to achieve by ATR-FTIR imaging of tape-stripped skin is
determined by the thickness of the SC layer removed by each
tape and the thickness of the SC layer probed by the IR ra-
diation �i.e., the IR effective pathlength�. In our experimental
setup, the effective pathlength varied between 1.4 and 2.8 �m
�calculated using the Harrick’s equation46 while assuming a
homogeneous incident angle of the IR beam equal to 45 deg
and a refractive index of the skin equal to 1.5�; this thickness
was roughly equal to the thickness of the SC layer removed
by one tape strip.10 Thus, using the combination of ATR-FTIR
imaging and tape-stripping, it is possible to rapidly build 3D
chemical profiles of SC with an axial resolution comparable
to the one that can be achieved by confocal Raman imaging
November/December 2008 � Vol. 13�6�5
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ut with a better S/N. This strategy avoids the inconveniences
inked to the customary techniques for sample preparation
e.g., possible smearing and material transfer during microto-
ing of the sample and artifacts due to freezing of the

amples or the different embedding procedures� and the iso-
ation of SC components from the tapes. The imaging can be
erformed not only on the skin sample, but also on the tapes
sed for stripping; thus, the collection of samples and the
onsequent imaging can be preformed at different locations.
he minimal invasiveness of the procedure and the short
ollection times are, in principle, appropriate for in vivo
pplication.

Our strategy bears also the limitations typical of all FTIR-
ased methodologies. It is suitable only for detection of mol-
cules containing IR-active vibrational modes, ideally ones
hat do not overlap with modes originating from the native
kin components; the use of deuterated chemicals can greatly
acilitate the analysis of the spectral information.16 The quan-
itative interpretation of ATR chemical images of skin is often
hallenging, and the method has lower sensitivity of detection
han some of the other techniques that can be used in conjunc-
ion with tape-stripping �e.g., HPLC or GC�. Unlike ATR im-
ging, however, these techniques cannot deliver spatially re-
olved information on the chemical composition and structure
f the samples.

We believe that the strategy presented in this work will
ontribute to the development of techniques for assessment of
he risks and benefits associated with the topical application
f cosmetic products and drugs, and for understanding the
enetration pathways of exogenous chemicals through SC.
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