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a  b  s  t  r  a  c  t

In  order  to cross  the  skin  barrier  several  techniques  and  carrier  systems  were  developed  to  increase  skin
penetration  of topical  dermatics  and  to  reduce  systemic  adverse  effects  by avoiding  systemic  applica-
tion.  Ultra-flexible  vesicles,  e.g.  invasomes  and  core–multishell  (CMS)  nanotransporters  are  efficient  drug
delivery systems  for dermatological  applications.  Electron  paramagnetic  resonance  (EPR)  spectroscopic
techniques  were  used  for the determination  of  localization  and  distribution  of  the  spin  label  3-carboxy-
2,2,5,5-tetramethyl-1-pyrrolidinyloxy  (PCA;  log  P  =  −1.7)  within  the  carrier  systems  and  the  ability  of  the
carriers to  promote  penetration  of  PCA  into  the  skin.  The  results  show  an  exclusive  localization  of  PCA in
the hydrophilic  compartments  of the  invasome  dispersion  and  the  CMS  nanotransporter  solution.  PCA
ulti-frequency EPR penetration  was  enhanced  2.5  fold  for  CMS  and  1.9 fold  for invasomes  compared  to PCA solution.  Inves-
tigation  of  penetration  depth  by step-wise  removal  of  the  stratum  corneum  by  tape  stripping  revealed
deepest  PCA  penetration  for invasomes.  UV-irradiation  of  PCA-exposed  skin  samples  revealed  that  the
spin label  is  still  reactive.  In  conclusion  novel  polymer-based  CMS  nanotransporters  and  invasomes  can
favor  the  penetration  of PCA  or hydrophilic  drugs.  This offers  possibilities  for e.g.  improved  photodynamic
therapy.
. Introduction

In order to cross the stratum corneum of the skin, the main
bstacle for the local therapy of skin diseases by the majority of
rugs, several techniques and carrier systems were developed.

nvasomes (Dragicevic-Curic et al., 2008, 2009) and core–multishell
CMS) nanotransporters (Radowski et al., 2007; Küchler et al.,
009a,b) were shown to be efficient drug delivery systems for
ydrophilic and lipophilic agents. Invasomes belong to the group of
ltra-flexible liposomal vesicles consisting of phosphatidylcholine,
thanol and terpenes and their liquid membrane allows a better
kin penetration of drugs compared to rigid gel state liposomes (El
aghraby et al., 2001). Dragicevic-Curic et al. (2008) have shown

 2-fold enhanced penetration of the photosensitizer temoporfin

mTHPC) into the skin when applied by an invasome dispersion
ompared to an ethanolic solution and the invasomes appear
o deliver sufficient amounts of mTHPC to the skin for topical

∗ Corresponding author. Tel.: +49 30 450 518 244; fax: +49 30 450 518 918.
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© 2011 Elsevier B.V. All rights reserved.

photodynamic therapy (PDT) of cutaneous malignant (basal-cell
carcinoma) or non-malignant diseases (psoriasis). mTHPC pene-
tration efficiency into the skin is low due to its high molecular
weight (MW)  of 681 g mol−1 and unfavorable log P (octanol-water
partition coefficient) of 9.2 (Chen et al., 2011). Skin penetration of
drugs is best with log P 1–3 and a MW < 500 g mol−1 (Korting and
Schäfer-Korting, 2010).

Besides skin penetration enhancement, CMS nanotransporters
were used for tumor targeting (Quadir et al., 2008), cellular copper
uptake by yeast cells (Treiber et al., 2009) or as stabilizers for cat-
alytic platinum nanoparticles (Keilitz et al., 2010). CMS  nanotrans-
porters consist of a small polyglycerole core which is surrounded
by a lipophilic inner shell and a hydrophilic outer shell. This unit
(unimer) has a typical size of 3–5 nm and forms larger aggregates.
Küchler et al. (2009a) found a twofold increased penetration of the
hydrophilic dye rhodamin B (log P < 1) into the stratum corneum
and viable epidermis when applied in CMS nanotransporters com-

pared to the application of rhodamin B in a base cream.

Taken together, invasomes and CMS  nanotransporters can
enhance skin penetration, yet, the question arises which system
is most efficient?

dx.doi.org/10.1016/j.ijpharm.2011.06.044
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:martina.meinke@charite.de
dx.doi.org/10.1016/j.ijpharm.2011.06.044
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Table 1
Parameter settings for W-  and L-band EPR spectroscopy.

W-band L-band

Frequency/GHz 94 1.3
Central magnetic field, B0/mT  3349 46
Magnetic field sweep width/mT 15 8
Modulation amplitude/mT 0.05 0.15
24 S.F. Haag et al. / International Journ

The evaluation of penetration efficiency by fluorescent dye
pplication is a validated but time consuming method based on cryo
ectioning followed by microscopy and picture analysis (Küchler
t al., 2009a,b). Tape stripping of the stratum corneum and subse-
uent determination of the amount of penetrated agent removed is

 further method to evaluate penetration efficiency (Meinke et al.,
009). The use of electron paramagnetic resonance (EPR) spec-
roscopy and application of stable spin labels, e.g. nitroxides, may
e a fast alternative for the estimation of penetration efficiency
Sentjurc et al., 1999, 2004; Honzak et al., 2000; Küchler et al., 2010)
specially since even the evaluation of quantitative penetration
fficiency becomes feasible. Stable spin labels remain active after
enetration into the skin and delivered in sufficient amounts, the
pin label allows further investigations, e.g. the detection of oxida-
ive stress and free radicals induced by external noxious agents and
ffects like UV-irradiation (Herrling et al., 2003; Haag et al., 2010)
r infrared irradiation (Zastrow et al., 2009; Darvin et al., 2010;
einke et al., 2010). In fact, the latter may  be used to investigate

DT analogue agents.
In order to gain insights into the localization and the microen-

ironment of the spin label, EPR measurements can reveal the
olarity of the immediate surrounding of the spin label as well as
he mobility of the label in solution (Smirnov et al., 1995; Lurie and

äder, 2005; Kempe et al., 2010). We  investigated the distribution
f the nitroxide spin label PCA (3-carboxy-2,2,5,5-tetramethyl-1-
yrrolidinyloxy; MW = 186 g mol−1; log P = −1.7) (Sano et al., 2000)
ithin an invasome dispersion and CMS  nanotransporter solution
sing high frequency W-band EPR spectroscopy. PCA was  selected
ecause it reacts slowly with the skin antioxidant system which

s a good prerequisite for the intended comparative penetration
easurements (Herrling et al., 2003; Haag et al., 2010). Further-
ore, the inherent poor skin penetration due to the low log P

alue and rather high molecular weight makes PCA an excellent
andidate to challenge new carrier systems. Penetration kinet-
cs, efficiency and profile of the PCA from the two  formulations

ere compared to PCA solution using porcine ear skin and low
requency L-band EPR spectroscopy. To our best knowledge, the
enetration efficiency of ultra-flexible vesicles and CMS  nanotrans-
orters has not yet been compared. Moreover, we studied whether
he label is still reactive after penetration into the skin using
V-irradiation.

. Materials and methods

.1. Invasome preparation

Invasomes were prepared by mechanical dispersion. Briefly,
% (w/v) soybean phosphatidylcholine (PC) in ethanol (77.3%
C, 5% lysophosphatidylcholine, 3% cephaline, 1.1% phosphatidic
cid of the dry residue and 13.6% ethanol; NAT 8539, Phospho-
ipid, Cologne, Germany) was diluted in a chloroform methanol
2:1) mixture. Organic solvent was removed by rotary evapora-
ion above the lipid transition temperature of 43 ◦C. Deposited
ipid film was hydrated with a mixture of phosphate buffer
pH 7.4; PBS) containing 10% (v:v) ethanol, 1% (w:v) terpenes
limonene:citral:cineole, 1:4.5:4.5, v/v; Sigma–Aldrich, Stein-
eim, Germany) and 10 mmol  l−1 3-carboxy-2,2,5,5-tetramethyl-
-pyrrolidinyloxy (PCA, Sigma–Aldrich, Steinheim, Germany) at
oom temperature. Resulting vesicles were allowed to swell for
.5 h, then the suspension was sonicated for 5 min  and extruded
1 times through a 100 nm pore membrane at room temper-

ture. Invasomes had a mean particle size of 190 nm with a
olydispersity index (PDI) of 0.193 measured by photon correlation
pectroscopy (PCS; Zetasizer Nano series, Malvern Instruments,
K).
Lock-in time constant/ms 41 10
Microwave power/mW 0.05 10

2.2. CMS nanotransporter preparation

The CMS  nanotransporters with the empirical formula
hPG10 kDa(–NH2)0.7(C18mPEG350)1.0 were prepared by the
following procedure (Radowski et al., 2007). Briefly, an excess
of 1,18-octadecandioic acid (C18) reacts with monomethyl
poly(ethylene glycol) (Mn = 350, mPEG350) in toluene with
para-toluenesulfonic acid under Dean-Stark conditions to yield
mPEG350-18-oxooctadecanoic acid which was purified by column
chromatography. This product was dissolved in methanol and
via N-hydroxysuccinimide activation of the acid and reaction
with hyperbranched polyglycerolamine (Mn = 10 kDa, degree of
amination = 70%, hPG10 kDa(–NH2)0.7) (Roller et al., 2005) the
CMS  nanotransporter was  formed and purified by subsequent
dialysis in methanol (molecular weight cut-off 1000 Da). CMS
nanotransporters were dissolved in a small amount of water and
lyophilized in order to remove any remaining traces of methanol.
For PCA loading lyophilized CMS  transporters were dissolved in
PBS containing 10% (v:v) ethanol resulting in a 5% (w/v) CMS
nanotransporter solution. 10 mmol  l−1 PCA was added and stirred
vigorously for 72 h. Finally the solution was filtrated in order to
remove any undissolved impurities. All chemicals, reagents and
solvents were of analytical grade and obtained from standard
suppliers.

PCS measurements of size distribution by volume revealed 99%
for 5 nm unimers and small amounts (<1%) for aggregates 43 nm
and 253 nm in size.

2.3. EPR spectroscopy

For the investigation of the label position within the nanocar-
riers high frequency W-band EPR was performed whereas skin
penetration was  measured using L-band EPR spectroscopy. EPR
spectra were recorded at ambient temperature (22 ◦C) with para-
meter settings as summarized in Table 1.

2.4. High frequency W-band measurements

W-band (94 GHz) cw-EPR spectra were recorded on an Elexsys
E680 spectrometer with a Teraflex EN600-1021H probehead
(Bruker Biospin, Karlsruhe, Germany). PCA formulations were
diluted with PBS/10% ethanol to a concentration of 2 mM in order
to avoid line broadening. The samples were measured in quartz
samples tubes with 0.9 mm outer diameter and 0.3 mm inner diam-
eter (Vitrocom, Mountain Lakes, NJ, USA). Magnetic parameters
were determined using the EasySpin toolbox (Stoll and Schweiger,
2006). The information content of EPR spectra varies with the
employed microwave frequency. The higher the frequency in EPR
spectroscopy the sensitivity increases and the more information
about the microenvironment of a spin label can be obtained. 94 GHz
W-band measurements can reveal the polarity of the immediate

surrounding of a spin label as well as its rotational correlation time
(mobility of the label) in aqueous carrier solutions (Smirnov et al.,
1995) and, therefore, give information about the localization of the
label (Braem et al., 2007).
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Fig. 1. EPR spectra of PCA containing CMS, invasomes and PCA in solution. Mea-
S.F. Haag et al. / International Journ

.5. Low frequency L-band measurements

L-band (1.3 GHz) cw-EPR spectra were recorded on a LBM MT
3 spectrometer with a surface coil type resonator (Magnettech,
erlin, Germany). At L-band frequencies measurements of aqueous
olutions, nanomaterial of up to 1 ml  and skin biopsies become fea-
ible (W-band sample volume is only 1 �l). Liquids were analyzed
n 1.5 ml  reaction tubes (Eppendorf AG, Hamburg, Germany). For
kin (full thickness) penetration measurements the tissue fixed on
icroscopic slides using cyanoacrylate glue (Uhu, Bühl, Germany)
as positioned exactly using a micrometer screw. For all experi-
ents the signal intensity was calculated by a double integration

f the spectra (Analysis 3.3 software, Magnettech, Berlin, Germany).

.6. Skin penetration studies

For the skin penetration studies porcine ear skin was  used, as it
s a suitable model for human skin (Meyer et al., 1978; Haag et al.,
010). The ears were delivered from a local butcher with approval
y the Veterinary Office Berlin-Treptow on the day of slaughter,
ashed thoroughly and dried with paper towels. Hairs were com-
letely removed by clipping, taking care to avoid skin injury. Punch
iopsies 19 mm in diameter, approximately 1.5 mm of full thickness
kin were taken in the centre of the ear and fixed onto microscopic
lass slides.

Before entering into the comparison of carrier related skin
enetration we had to prove that PCA degradation by the
kin antioxidant system does not depend on the vehicle con-
tituents of the formulation to ensure equal penetration conditions.
herefore, the decline of PCA intensity during penetration into
orcine ear skin was investigated following the application of PCA
10 mmol  l−1, 10 �l cm−2) invasomes, CMS  nanotransporters and
olution, respectively. A silicon barrier was used in order to avoid
ateral spreading and the test material was evenly spread on the
kin surface. The skin samples with the applied test materials were
mmediately subjected to L-band EPR measurements which were
ubsequently repeated every 4 min  up to 30 min  and the signal
ntensity of PCA on the skin surface as well as of penetrated PCA

as recorded.
Then PCA penetration was studied. Skin samples (prepared

s described above) exposed to the formulations of the spin
abel (10 mmol  l−1, 20 �l cm−2) for 30 min. The remaining mate-
ial was removed from the skin surface using paper towels and the
reated areas were subjected to L-band EPR spectroscopy (baseline
ata). Afterwards the samples were irradiated with UV light for

 min  (280–400 nm;  TH-1E; Cosmedico Medizintechnik, Villingen-
chwenningen, Germany) in order to test whether the label PCA is
till reactive and recombines with short-living free radicals. Irra-
iation intensity was 3.8 mW cm−2 measured by the power meter
BM-1 (Hydrosun Medizintechnik, Mülheim, Germany).

For approximation of relative penetration depth of the spin label
he tape stripping technique was used (Jacobi et al., 2005). 30 min
fter application of the formulations and removal of surplus mate-
ial, up to 7 tape strips (Tesa Film, Beiersdorf, Hamburg, Germany)
ere taken from treated skin samples which were immediately

ubjected to the L-band EPR spectrometer before and after each
trip taken.

.7. Statistical analysis

Arithmetical mean values and standard errors of mean (SEM) of

he data are reported. For explorative data analysis, the program
ASW for Windows (SPSS, Chicago, IL, USA) was  used. First, with
he related samples Friedman’s two way analysis of variances by
anks was performed. Differences among the means of groups were
surements were performed at W-band frequency (94 GHz) at room temperature. For
better visualization an offset was added to the spectra. The results show an equal
polarity and a comparable mobility of PCA containing carriers and PCA in solution.

analyzed by the Wilcoxon test, considering significance at p ≤ 0.05,
and a trend at p ≤ 0.1.

3. Results

3.1. High frequency W-band analysis

Microenvironment investigation of the label was performed
using high-frequency W-band measurements at room tempera-
ture (Fig. 1). g-Value (giso = 2.0054), hyperfine coupling constant
(Aiso = 46 MHz) and rotational correlation time (6 × 10−11 s) were
found to be the same for the three formulations. The g and Aiso
value show an equal polarity of the label within the formulations
and the label can be located in both, interior and exterior aque-
ous phases of the carrier. The rotational correlation time of PCA
indicates an equal mobility sensed by the label within the sys-
tems. For spectral simulation following parameters for the g-value:
gxx = 2.0089, gyy = 2.0060, gzz = 2.0012 and for the hyperfine cou-
pling: Axx = 30 MHz, Ayy = 35 MHz, Azz = 72 MHz  were used. Dilution
assays of invasomes, too, have shown an equal PCA distribution
between inside and outside which is due to the fact that PCA is
capable of membrane crossing (data not shown).

3.2. Skin penetration efficiency

The reaction of PCA with the skin antioxidant system was not
influenced by the vehicle compounds of the formulations. The
decline of the intensity of the spin label signal after a 30 min  pene-
tration time into porcine skin was 21% for PCA invasomes, 20% for
CMS  nanotransporters and 18% when applying the solution (data
not shown). Therefore, the inherent PCA degradation within the
skin is independent of the formulation.

Fig. 2 shows the signal intensities of the skin following the appli-
cation of the test formulations 30 min  to porcine skin and removal
of the surplus formulation from the skin surface. Compared to the
solution PCA penetration was enhanced by 1.9- and 2.5-fold when
applied within invasomes and CMS  nanotransporters, respec-
tively, and penetration enhancement by CMS  nanotransporters

was 1.3-fold compared to the uptake from invasomes. Statistical
analysis revealed significant (p < 0.05) penetration enhancement
by both nanocarriers compared to PCA solution. The differences
between CMS  nanotransporters and invasomes showed a trend
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Fig. 2. Mean EPR intensity ± SEM of PCA treated skin after a 30 min  penetration time
and  removal of remaining liquid from the skin surface (black column) as well as PCA
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reducing agents, in particular the thioredoxin/thioredoxin reduc-
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eactivity to UV-induced free radicals (grey column). *p < 0.05, (*)p < 0.1, (n = 6).

p = 0.07) for the superior efficiency of the former. Furthermore,
fter subsequent UV-irradiation PCA still reacts to short-living free
adicals when applying PCA within invasomes and CMS  nanotrans-
orters. The mean values before and after UV-irradiation show
ignificant differences (p < 0.05) for CMS  nanotransporters and for
nvasomes but not for PCA solution. Both nanocarriers deliver suf-
cient amounts of the spin label into the skin for oxidative stress
easurements.
Fig. 3 presents the results from the tape stripping experiments,

hich are in accordance with the penetration efficiency depicted
n Fig. 2. Following the application of CMS  nanotransporters PCA
enetration was particularly high in unstripped skin and declined
xponentially as to be derived from the decline of signal intensity of
he skin with subsequently taken tape strips. In fact, after one strip
he intensity declines to only 25% and an EPR signal is no longer
etected after tape 6. In contrast following the invasomes, PCA sig-
al intensity declines less steeply and EPR signal is still detectable

ith tape 6. Applying PCA solution, the spin label penetrates the

kin only poorly. Signal is low from start on and after tape 4 below
he detection limit.

ig. 3. Spin label intensity of tape stripped porcine skin 30 min after application of PCA
emoval of remaining liquids, number 1–6 correspond to the PCA related signal intensity
harmaceutics 416 (2011) 223– 228

4.  Discussion

Stimulated by the various options for skin penetration enhance-
ment which becomes possible by various drug carrier systems
(Korting and Schäfer-Korting, 2010) we  compared two nanocar-
riers which appear to be particularly efficient, invasomes and CMS
nanotransporters, using a spin label as model agent.

The results derived from high frequency W-band measurements
of both carriers indicate an equal microenvironment (polarity and
mobility) of the nitroxide PCA as it was  observed in a solution of PBS
with 10% ethanol (Fig. 1), which served for reference. No partition-
ing of the label into the lipid membrane of the invasome and into the
lipophilic polymers of the CMS  nanotransporters could be derived
from the recorded spectra. This is probably due to the hydrophilic
properties of PCA, consisting of a pyrrolidine ring with a carboxyl
group (log P = −1.7). For invasomes the label can be located in both,
the outside and the inside buffer regions of the vehicle, as confirmed
by dilution measurements. For CMS  nanotransporters the results
indicate that PCA can be located in the hydrophilic CMS  matrix as
well as in the buffer. Braem et al. (2007) loaded spin labels on the
surface of solid lipid nanoparticles and found that the spin labels
were attached in two distinct sub-compartments: the rim and the
flat surface of the disk-like shapes. This could be determined by EPR
spectroscopy since the spin labels exhibit different rotational cor-
relation times (mobility) depending on the sub-compartment they
are attached to. This was  not found for the spin label PCA used in the
nanocarriers in this study although at 94 GHz even small changes
in the rotational correlation time affect the spectrum significantly
as can be demonstrated by simulations (Stoll and Schweiger, 2006).

4.1. Skin penetration measurements

The change of EPR intensity during penetration into porcine
ear skin revealed a PCA intensity decline after 30 min for all three
formulations by about 20%. This can be due to the interaction of
the semi stable free radical PCA with the skin antioxidant system
that causes a reduction of PCA to the EPR-silent hydroxylamine.
This inactivation occurs on as well as inside the skin. The antioxi-
dant system of the skin consists of enzymatic and non-enzymatic
tase system, glutathione, ascorbic acid and vitamin E (Schallreuter
and Wood, 1986, 2001; Thiele et al., 1998, 2001). Lateral spreading
of the spin label out of the measurement volume was prevented by

 formulations. Tape number 0 corresponds to the intensity after penetration and
 of the skin after each tape strip taken. Mean ± SEM (n = 3).
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 homogeneous distribution of the test material on the skin surface
nd an additional silicon barrier.

Depending on the polarity of the loaded drug, its interaction
ith the carrier and its distribution profiles within the carrier
atrix, different release patterns can be expected. In contrast to

he hydrophilic label PCA ultra flexible vesicles (e.g. invasomes)
ith a membrane located lipophilic spin label would result in sta-

ilization and prolonged release of the label whereas application in
olution would result in a burst release as it was shown for the drug
ergolide (Honeywell-Nguyen and Bouwstra, 2003). The stabilizing
ffect of invasomes has recently been shown for the amphiphilic
pin label 2,2,6,6-tetramethyl-1-piperidinyloxy (Haag et al., 2011).
ne explanation for the comparable PCA intensity decline could be

he fast disintegration of small, ultra flexible invasomes (Sentjurc
t al., 1999) after skin exposure and the localization of PCA in the
ccessible hydrophilic regions of the CMS  nanotransporters. There-
ore, PCA interaction with the skin when applied with nanocarriers
ppears to be comparable to the application of PCA solution. Yet,
he rather close decrease for all three formulations is a good pre-
equisite for comparative penetration studies.

The investigation of penetration efficiency revealed a signif-
cantly better penetration of PCA from CMS  nanotransporters
2.5-fold) and invasomes (1.9-fold) compared to PCA solution
Fig. 2). PCA penetration enhancement when applying invasomes is
ell in accordance with a twofold increase of the photosensitizer
THPC penetration when comparing invasomes to an ethanolic

olution (Dragicevic-Curic et al., 2008). Moreover also the penetra-
ion of the hydrophilic dye rhodamin B into the stratum corneum
nd epidermis of porcine skin was enhanced twofold compared
o a base cream by rhodamin B loading to CMS  nanotransporters
Küchler et al., 2009a)  and compared to PCA penetration the results
re rather close. In fact, this underlines the enhanced penetration
f CMS  nanotransporters when aiming to apply a hydrophilic agent
o the skin.

The efficient penetration of PCA when applied in CMS  nano-
ransporters can be explained by the size of the carrier. While
nvasomes had a mean size of 190 nm,  the CMS  nanotransporters
xhibited a mean size of 5 nm only and thus may  penetrate the less
ense superficial horny layer (Korting and Schäfer-Korting, 2010).
ell in accordance with the hypothesis is the strong intensity

ecline of PCA related signal already after the first tape strip (Fig. 3),
hich indicates that CMS  nanotransporters penetrate mainly the

ery superficial stratum corneum. In contrast to CMS  nanotrans-
orters the invasome membrane or membrane constituents can
isintegrate the stratum corneum forming channel-like pathways
hrough which drug molecules penetrate (van den Bergh et al.,
999) resulting in a deeper penetration of PCA when applied by

nvasomes. For the total PCA amount measured integrally the dis-
ntegration mechanism of invasomes could be less effective than
irect penetration of small CMS  nanotransporters. On the other
and up to tape 6 PCA was well quantified in the skin when applied
ith invasomes. The rather linear decrease indicates most efficient

nvasion of the skin by the carrier system.
To gain even more detailed insights in the penetration enhanc-

ng mechanisms of nanocarriers the use of lipophilic or amphiphilic
pin labels might be helpful since these compounds partition in
nvironments differing in polarity which is detectable by EPR spec-
roscopy.

Regarding UV-irradiation of PCA-containing skin samples the
pin label still reacts with UV-induced short living free radicals
egardless which formulation was applied. Nevertheless, due to
he PCA penetration enhancement by CMS  nanotransporters and

nvasomes the mean values before and after UV-irradiation differ
ignificantly, whereas the amount of PCA in the skin was too low
fter application of PCA solution to achieve a significant decline
fter UV-irradiation. For the evaluation of carriers to deliver suffi-
harmaceutics 416 (2011) 223– 228 227

cient amounts of photosensitizer for PDT, the use of PCA or spin
labeled photosensitizer and subsequent UV-irradiation appears
promising.

In conclusion, both polymer based CMS  nanotransporters and
lipid based invasomes were shown to be efficient drug delivery sys-
tems for topical application of hydrophilic substances to the skin.
Nevertheless, the direct comparison has shown a trend to higher
penetration enhancement for CMS  nanotransporters in the upper
layers of the stratum corneum whereas the invasomes appear to
deliver agents in particular to deeper stratum corneum layers. EPR
based detection and estimation of penetration efficiency is a fast
alternative to fluorescence dye techniques as the results obtained
are comparable. Especially the hydrophilic spin label PCA was found
suitable for comparison of the efficiency of nanocarrier systems. Yet
it has to be kept in mind that compared to EPR fluorescence tech-
niques allow the detection of the dye in the viable epidermis and
dermis, too. EPR based investigations, however, can reveal addi-
tional information about the localization of the label within the
carrier formulation and its microenvironment.
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