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Summary 

13-rrans-Retinoic acid (vitamin A acid) was spin-labeled by forming its carboxylamide with 3-aminomethylproxyl. The 
spin-labeled derivative is slightly more hydrophobic than the original retinoic free acid (log p = 1.35- > 1.52). The substance was 
incorporated into liposomes prepared from various phospholipids including an archaebacterial tetraether lipid, and from 
phospholipid mixtures. With these liposomes pharmaceutical gels were prepared. The penetration of the spin-labeled retinoic acid 
from these liposomal gel preparations into the skin of hairless mice was determined by means of EPR imaging and compared to 
that from a non-liposomal hydrogel and from a fatty ointment. A new EPR imaging of the penetration of the spin label into the 
skin of hairless mice is presented. The advantage of a liposomal gel preparation for the penetration of spin-labeled vitamin A acid 
is demonstrated. 

Introduction 
Corresvondence lo: H.-J. Freisleben. Gustav-Embden-Zentrum 
der Biologischen Chemie, Klinikum der Johann Wolfgang 
Goethe-Universitlt, Theodor-Stern-Kai 7, 6000 Frankfurt am 
Main, Germany. 

all-trans-Retinoic acid is an effective therapeu- 
tic agent, which has been used for many years in 

Abbreviations: 3DOCH, 3-doxyl-cholestane; MOSS, modu- 
lated simultaneous scan; MPL, main phospholipid; OHAP, 
oleoyl hydrolysed animal protein; PL 90, soy lecithin phospho- 
lipid; SSASL, 5-doxyl-stearic acid; 16SASL, 16-doxyl-stearic 
acid; THF, tetrahydrofuran; TLC, thin-layer chromatography; 
VAA, vitamin A acid ( = retinoic acid); VASL, vitamin A acid 
spin label. 

the topical treatment of comedogenic and 
papulo-pustular acne, because it loosens the ad- 
hesion of corneocytes and induces proliferation 
of the follicular epithelium (Orfanos et al., 1987). 
Therefore, its potential efficacy in the treatment 
of actinically damaged skin and photoaging has 
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recently been proposed (Weiss et al., 1988). On 
the other hand, irritation with redness and in- 
flammation with scaling have been observed, fol- 
lowed by pustular eruption after 2-4 weeks of 
topical application (Orfanos et al., 1987). Topi- 
cally applied, retinoic acid has proven to have the 
same effectiveness at lo-times lower concentra- 
tions from liposomal systems as compared to al- 
coholic solution. The diminution of the effective 
concentration in liposomal systems furthermore 
implies reduction of side effects (Meybeck et al., 
1987). Previous studies on the percutaneous pen- 
etration of retinoic acid from various pharmaceu- 
tical preparations were accomplished with radio- 
labeling (Connor et al., 1985; Lehman et al., 
1988; Franz and Lehman, 19891, however, no 
data exist on the penetration of the drug from 
liposomes. This paper reports on percutaneous 
penetration of spin-labeled retinoic acid from 
variously composed liposomes in comparison to 
traditional pharmaceutical preparations. The li- 
posomal constituents were soybean lecithin (PL 
901, cholesterol, a patented oleoyl/protein hydro- 
lysate (OHAP), and the main phospholipid (MPL) 
from the archaebacterium Thermoplasma aci- 
dophilum. The latter is a tetraether lipid of mem- 

brane spanning extension which forms stable li- 
posomes. 

For detection the method of EPR imaging was 
used. EPR is a spectroscopic method for investi- 
gation of paramagnetic species in biological tis- 
sues. 

EPR imaging allows spatial resolution of para- 
magnetic centers in different tissue planes, and 
combined with modulated field gradients this 
method provides the possibility for differentiation 
of EPR spectra in selected volume compart- 
ments. 

Materials and Methods 

Chemicals 
13-trans-Retinoic acid (tretinoin) was obtained 

from BASF, Ludwigshafen (Germany). 3-Amino- 
methylproxyl spin label and N-ethylmaleimide 
were purchased from Sigma, Deisenhofen 
(Germany). Carbonyldiimidazole, Tris and cho- 
lesterol were products of Merck, Darmstadt 
(Germany). Soy bean lecithin (PL 90) was ob- 
tained from Nattermann, Kiiln (Germany) and 
Carbopol 940 from Goodrich, Neuss (Germany). 

8 8 8 8 8 
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Fig. 1. Formula and infrared spectrum (IR scan 4000-400 cm-‘) of retinoic acid proxylamide. The formation of the amide was 
characterized by shifts of the bands in the 3300 cm-l and in the ‘fingerprint’ (1650 cm- ‘) areas. 



Oleoyl hydrolysed animal protein (OHAP) was 
purchased from Henkel, Dusseldorf (Germany). 
All other chemicals were obtained from Merck or 
Sigma, all chemicals were the purest grade avail- 
able. 

The main phospholipid from T. acidophilum 
(MPL) was purified from the archaebacterium as 
described elsewhere (Langworthy, 1977). Growth 
of the bacterium has been described previously 
(Blocher et al., 1984). 

Spin labeling of retinoic acid (= vitamin A 
acid, VAA) was accomplished by synthesis of the 
carboxylamide with 3-aminomethylproxyl: 

125.3 mg of retinoic acid and equimolar con- 
centrations of carbonyldiimidazole (69.7 mg> were 
heated at 60°C for 30 min in 2 ml of absolute 
tetrahydrofuran (THF) in a 3 ml coloured glass 
reaction vessel under a nitrogen atmosphere. Af- 
ter addition of a solution containing 75 mg ( = 5% 
molar excess) 3-aminomethylproxyl in 0.75 ml ab- 
solute THF the reaction vessel was closed under 
nitrogen with a septum and stirred at 60-70°C for 
50 h. The volume of the reaction mixture was 
reduced with a stream of nitrogen to about 1 ml 
and the residual yellow solution was transferred 
to two preparative thin-layer chromatography 
(TLC) plates (SiO, 60/2 mm, 20 x 20 cm, Merck, 
Darmstadt). The chromatogram was developed 
with diethyl ether in order to separate the spin- 
labeled retinoic acid from unreacted material. 
The former was removed from the plate by scrap- 
ing, transferred to a glass column (d = 1 cm> and 
eluted from SiO, with ethyl acetate. The elution 
medium was removed, yielding 140 mg ( = 71.8%) 
of N-(3-proxylmethyl)retinoamide (VASL). 

The control of purity of the product was ac- 
complished by means of TLC towards the original 

133 

and intermediate compounds. The infrared (IR) 
spectrum of the spin-labeled amide is shown in 
Fig. 1. 

Octanol/ water partition coefficients (from 1 
mM concentration) were determined photometri- 
cally according to a modified method of Papahad- 
jopoulos et al. (1975) and by EPR spectroscopy 
according to Fuchs et al. (19891, the latter method 
only being possible for paramagnetic compounds. 
Octanol/buffer (50 mM phosphate, pH 7.0) par- 
tition coefficients are given in Table 1. 

Preparation of liposomes and gels 
Ethanolic solutions of the lipid and of spin- 

labeled retinoic acid were mixed in a suitable 
round flask. After removal of the ethanol, the 
remaining lipid film was dispersed in purified 
water yielding large multilamellar vesicles (LMV) 
loaded with the spin-labeled retinoic acid at 2 
mM concentration. The LMVs were reduced in 
size and homogenized by means of a French 
Pressure Cell (four cycles; 20 000 lb/inch*). Un- 
der these conditions, small unilamellar liposomes 
are formed with diameters less than 100 nm (Ta- 
ble 2). 

The preparation of the MPL liposomes was 
accomplished as described above except for the 
buffer: 150 mM sodium chloride/l0 mM sodium 
phosphate, pH 7.4. 

The gels were prepared by strewing a mixture 
of carbopol/Tris onto the liposomal suspensions 
and after a swelling period a gel was obtained. 
The preparations were carried out and stored in 
coloured glass vessels under light protection. 

The liposomal particle size was determined by 
means of laser light scattering in a Malvern Auto- 
sizer IIc from the dispersions and in the gel 

TABLE 1 

Partition coefficients of aminomethylproxyl spin lable, retinoic acid, and Litamin A acid spin label (VASL) 

Aminomethylproxyl Retinoic acid VASL 

P Lw,b”ff 
Log Pphol 

Log p,PR 

Log PHoffmannLaRoche 

Log PHansch 

P3j2 = 1.8 P 35, = 22.2 P 332 = 33.3 
0.26 1.35 1.52 
0.42 n.d. 2.75 

2.5 (personal communication) 
6.61 (Hansch, 1990) 



134 

TABLE 2 

Characteristics of the liposomal gels 

Lipid % (w/w) Concentration Particle size 
in gel of label (mM) (nm) 

MPL 2 2 95.6f20.7 
PL/chol. 10(8:2) 2 48.7 f 15.0 
PL/OHAP 10(8:2) 2 70.0 f 23.0 
PL/OHAP 10(8:2) 20 44.8 + 14.0 

MPL, main phospholipid from T. acidophilum; PL/chol, soy 
lecithin/cholesterol; PL/OHAP, soy lecthin/oleoyl hydrol- 
ysed animal protein. 

preparations. In the latter case, the gels had to be 
sufficiently diluted. 

The final concentration of lipid was 100 
mg/ml, with MPL being 20 mg/ml. The concen- 
tration of gel-forming substances was 1%. The 
preparations contained 2 mM of spin-labeled 
retinoic acid. 

For comparison, a non-liposomal hydrogel 
preparation containing 1% of carbopol 940 and 
unguentum emulsificans aquosum DAB9 with the 
same amount of spin-labeled retinoic acid were 
used. The latter substance was incorporated into 
the gels from an ethanolic solution. These prepa- 
rations contained 2 mM of the spin-labeled sub- 
stance and 10% of ethanol. 

For further measurements with higher resolu- 
tion in EPR imaging (Fig. 5) two preparations 
containing non-therapeutic concentrations of 20 
mM spin-labeled retinoic acid were prepared. 

Animals 
Application of the gels and consecutive EPR imag- 
ing 

SKHl euthymic hairless female mice (6-8 6 mm biopsies of the prepared skin were incu- 
weeks old, weighing 30 g) were purchased from bated with the respective pharmaceutical prepa- 
Charles River Wiga GmbH, Sulzfeld (Germany). rations for 5-60 min. It is essential to ensure that 
They were fed by standard nutrition and had free the spin label-containing gels indeed penetrate 
access to drinking water. The animals were euth- through the stratum corneum and do not flow 
anized by CO, inhalation and decapitated. The along the rim of the skin biopsy. After incuba- 
skin was removed, rinsed with PBS and adhesive tion, the gels were wiped off and the skin was 
connective tissue was carefully scraped off. The cleaned with PBS in order to remove any residual 
skin was layered in a moisture chamber at 4°C spin-labeled retinoic acid from the skin surface. 
and was used for EPR measurements within 6 h The biopsy was placed into a tissue cell and 
after excision. In order to inhibit spin label bio- adjusted perpendicular to the magnetic field gra- 
transformation the skin was pre-incubated with dient. To obtain an image in a 128 X 128 array 

N-ethylmaleimide (NEM) at 30 mM concentra- 
tion. 

EPR imaging 
The method of spectral spatial EPR imaging 

with modulated field gradient and simultaneous 
field scan (MOSS = modulated simultaneous 
scan) was applied. This technique allows two-di- 
mensional resolution of paramagnetic signals in 
the skin. The first dimension is the spectral reso- 
lution of a paramagnetic species in a defined 
volume compartment and the second one displays 
the spectra as a function of location. Modulated 
magnetic field gradients can separate a small 
region within a sample which can be investigated 
spectroscopically by additional sweeping of mag- 
netic field (Herrling et al., 1992). At a microwave 
frequency of 9.5 GHz (X-band), two-dimensional 
images are obtained from 0.6-0.8 mm thick skin 
biopsies by registration of the second derivative 
of the EPR spectra by means of an ERS 221 
constructed in the Forschungsstelle fiir ortsauf- 
losende MeBtechnik e.V. in Berlin. 

Instrumental settings 
Instrumental settings were as follows: B, field 

magnitude, 339.0 mT; microwave frequency, 9.5 
GHz; microwave power, 50 mW; modulation fre- 
quency, 50 kHz (second derivative); modulation 
amplitude, 0.15 mT; gradient frequency, 70 Hz; 
field gradient, 4 T/m; scan range, 5 mT; spectral 
spatial matrix, 128 X 128; spatial resolution, 25 
pm; scan time for 2D images, 4 min. 
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the spectra of 128 points were measured for 128 
successive spatial planes. Therefore, the zero 
plane of the modulated field gradient is shifted 
by a small distance which defines the spatial pixel 
resolution. For every plane an EPR spectrum was 
measured and all data were written into a two-di- 
mensional 128 X 128 matrix and calculated on a 
PC. 

Results 

Characterization of the liposomal gels 
Data of the investigated preparations and their 

lipid compositions are shown in Table 2. 
The formation of small unilamellar vesicles 

from lecithins and from the tetraether lipid (MPL) 
with the French pressure cell method was demon- 
strated by freeze-fracture electron microscopy in 
the laboratory of Dr B. Sternberg, Jena, Ger- 
many. The results will be published in a forth- 
coming paper. 

Order parameters of the liposomal membranes 
as obtained from the spin labels 5-doxyl- and 
16-doxyl-stearic acids (5SASL and 16-SASL) and 
3/?-doxyl-Sa-cholestane (3DOCH) are listed in 
Table 3. 

The EPR signals of the VASL from ethanolic 
solution and after incorporation into PL/OHAP 
liposomes are shown in Fig. 2 in order to demon- 
strate the immobilisation of the molecule within 
the membrane. 

Penetration into the skin 
Penetration profiles of the spin-labeled retinoic 

acid from different preparations are depicted in 
Fig. 3. 

TABLE 3 

Order parameter (S) 

Lipid SSASL 16SASL 3DOCH 

MPL 0.848 0.258 0.932 
PL 90 0.644 0.187 0.665 
PL/OHAP 0.619 0.091 0.344 

MPL, main phospholipid from T. acidophilum; PL 90, soy 
lecithin; PL/OHAP, soy lecithin/oleoyl hydrolysed animal 
protein. 

Fig. 2. The EPR signals (first derivative) of the retinoic acid 
spin label (VASL) in ethanolic solution (solid line) and after 

incorporation into PL/OHAP liposomes (dashed line). 

The spin-labeled retinoic acid was adminis- 
tered at a concentration of 2 mM which is the 
generally used therapeutic level in non-liposomal 
preparations. The greatest amount of labeled drug 
penetrating into mouse skin was found to be from 
the liposomes composed of soybean lecithin/ 
OHAP (oleoyl hydrolized animal protein), i.e., 
more than twice as much as compared to all the 
other preparations. 

TABLE 4 

The order of penetration after 45 min 

Lipid/gel system Arbitrary EPR 
signal intensities 

Soybean lecithin/OHAP gel (390) 
Hydrogel (166) 
MPL gel (149) 
PL/chol gel (141) 
Ung. emuls. aquos. (125) 

After 60 min the EPR signal intensity from the MPL prepara- 
tion was slightly higher (190) than that from the hydrogel 
(180) (not shown). The values in parentheses are arbitrary 
EPR signal intensities (Fig. 3) 
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Fig. 3. Penetration profiles of spin-labeled retinoic acid 
(VASL) from 2 mM liposomal and non-liposomal prepara- 

tions. 

Hydrogel 

Liposomal gel 

II 
5 min 10 min 15 min 

x 

Fig. 4. Three-dimensional imaging of the penetration of 
retinoic acid spin label (VASL, 2 mM) from the liposomal 
PL/OHAP gel after 15 and 30 min. x-axis, magnetic field 
sweep; y-axis, depth of the skin; ‘0’ denotes the epidermal 

surface; r-axis gives the concentration (signal height). 

30 min 

Scale 

Fig. 5. Penetration of spin-labeled retinoic acid from the hydrogel (upper panel) and from the PL/OHAP-liposomal gel. The scale 
gives the correlation between the brightness of the signal and the concentration of the spin label (dark = background = zero 

concentration). 



Imaging 
Fig. 4 depicts the presentation as previously 

published for other spin labels (Fuchs et al., 
1991). The h_, bands are scarcely detectable in 
Fig. 4. In the two-dimensional presentation the 
amount of spin label penetrating into the skin can 
roughly be evaluated from the difference between 
the background and signal intensities. The three- 
dimensional presentation images the penetration 
into the skin (y-axis>, whereas the z-axis denotes 
the concentration ( = heights of the signal bands). 
The x-axis shows the magnetic field scan. Fig. 4 
demonstrates the penetration of the spin label, 2 
mM, from PL/OHAP liposomes after 15 and 30 
min. 

Penetration into the skin from the hydrogel and 
from the PL / OHAP liposomes, both preparations 
containing 20 mM spin label concentration 

Fig. 5 presents the imaging with background 
tuning and scaling of the brightness of the signal 
bands (h,,, h,, h_,). The upper series demon- 
strates the penetration of the spin label from the 
hydrogel after 5, 10, 15, 30, and 45 min. The 
lower series illustrates the penetration into the 
skin from the PL/OHAP liposomal preparation. 

The penetration from the liposomal system is 
significantly more intensive than from the hydro- 
gel, i.e., the signal intensity from the liposomal 
system is much greater. However, the depth of 
penetration does not appear to be increased as 
compared with the hydrogel (Fig. 5). This is also 
confirmed by the results shown in Fig. 4: there is 
a rapid penetration of spin-labeled retinoic acid 
into the stratum corneum and the epidermis, but 
obviously no further penetration into deeper lay- 
ers within 45 min. 

Discussion 

Measurement of octanol/ water coefficients 
The photometric measurement of octanol/ 

water coefficients according to Papahadjopoulos 
et al. (1975) had recently been applied with phe- 
nothiazines and tricyclic antidepressants (Freisle- 
ben and Zimmer, 1991). The equation p = ((C, - 
C,>/C,) *f-l gives well-reproducible results. C, 

denotes the initial concentration in the buffer 
and C, the final concentration in the buffer after 
shaking; f is the octanol/buffer volume ratio, if 
differing volumes are necessary. 

For evaluation of the EPR signals the integrals 
of the area of the low field peak of the first 
derivative were divided by the respective amplifi- 
cation factors (= signal gain). The quotient (p> 
was calculated from these values. 

The EPR method gives reproducible results as 
well, however, they do not correlate with the 
photometric determinations. Partition coeffi- 
cients for spin-labeled tretinoin were one magni- 
tude lower (log p = 1.5) from photometry than 
from EPR spectroscopy (log p = 2.75). From 
Hoffmann-LaRoche a value of log p = 2.5 was 
given for tretinoin (personal communication) 
which may compare to our EPR value for retinoic 
acid proxylamide. If so, this means that retinoic 
acid proxylamide is slightly more lipophilic than 
retinoic acid itself. The same correlation was 
obtained from the photometric measurements 
(although at level one magnitude lower). Log p 
increases from 1.35 to 1.52 if retinoic acid is spin 
labeled. 

Thus, in spite of the general differences be- 
tween the two methods, the topic of interest in 
our context is evident. As could be expected, 
retinoic acid proxylamide is slightly more 
lipophilic than retinoic acid, however, the oc- 
tanol/ buffer partition coefficients do not differ 
drastically. 

On the other hand, the discrepancies between 
different methods for determination and evalua- 
tion leaves skepticism towards the methods ap- 
plied and especially towards absolute values pub- 
lished so far in the literature. The highest value 
we found was log p = 6.61! for retinoic acid 
(Hansch, 1990). Hence, comparison of the differ- 
ent methods and new evaluation by means of a 
greater series of compounds appear necessary. 
However, this would be beyond the scope of this 
paper and should be the topic of a separate 
investigation. 

From the lipophilic properties of spin-labeled 
retinoic acid it can be expected that it will insert 
into or at least associate with the hydrophobic 
liposomal membrane (Wasall et al., 1988). 
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EPR imaging 
A recent publication on the comparison and 

evaluation of the penetration from liposomal sys- 
tems into the skin was carried out with one-di- 
mensional EPR imaging (Gabrijelcic et al., 1990). 
A hydrophilic spin label was used as a model 
compound which is not a pharmaceutical drug. In 
our case, vitamin A acid was the matter of inves- 
tigation in different systems, which makes the 
study more closely related to pharmacology. 

Furthermore, the above authors used the skin 
of pig ears. This is another animal model apart 
from the skin of hairless mice, both being suitable 
as models for human skin. From their 1D EPR 
imaging data, Gabrijelcic et al. calculated diffu- 
sion constants for the water-soluble spin label 
applied in their study. They demonstrated that 
water-soluble compounds need encapsulation into 
liposomes from ‘fluid’ lipids in order to be taken 
up appreciably into skin. 

A lipophilic substance such as vitamin A acid 
will exhibit some degree of penetration into skin 
from almost any liposomal or non-liposomal gel 
or ointment preparation. The series determined 
for penetration demonstrates that liposomes from 
the soybean lecithin/OHAP mixture enhance the 
penetration of the incorporated drug more than 
2-fold as compared to all other preparations. The 
lowest penetration occurs from unguenturn emul- 
sificans aquosum DAR9 which is certainly due to 
the relatively high content of Vaseline which is 
known to be a poor vehicle for penetration into 
skin. 

If the penetration from a conventional modern 
gel (i.e., hydrogel) is taken as lOO%, that from the 
classical ointment unguenturn emulsificans aquo- 
sum DAR9 will be only 75% and that from the 
PL/chol liposomal gel only 86%. The penetra- 
tion from the PL/OHAP liposomal gel will then 
be over 230%. The penetration from MPL lipo- 
somes is about 90% of that from the hydrogel 
after 45 min and reaches that from the hydrogel 
after 60 min (103%). 

Correlation between the penetration and the 
order parameters of the liposomes demonstrates 
that the system with greatest penetration is also 
the most fluid one which can be seen especially 
from 3-doxyl-cholestane: the shape of the spec- 

trum is almost isotropic, similar to a solvent spec- 
trum. On the other hand, the very high order 
parameters of the MPL liposomes reflect very 
rigid membranes in the polar region (3DOCH, 
SSASL), however, the penetration from these li- 
posomes is not worse, or even better than from 
PL 90 liposomes where the order parameters are 
lower. Hence, the order parameters correlate with 
the penetration only for the differences between 
PL/OHAP liposomes and all the others, but not 
with the penetration among the latter. Moreover, 
the size of the particles does not correlate with 
the penetration. 

Conclusion and outlook 
(i) An improved imaging of a drug into skin 

from liposomal and non-liposomal pharmaceuti- 
cal preparations has been presented. This imag- 
ing will - after some further computer calcula- 
tions - also provide quantitation of the concen- 
tration and the depth of penetration according to 
the scale of brightness in Fig. 5. This opens up 
the possibility of EPR tomographic presentation 
as is known from other physical tomography. 

(ii) The use and advantage of an archaebacte- 
rial tetraether lipid may be questioned in this 
context. This lipid was applied for several rea- 
sons. Firstly, liposomes from this lipid are suit- 
able to study the penetration of intact liposomes 
into the skin and to locate their decay. This is 
presently under investigation by means of differ- 
ent methods, i.e., EPR and NMR spectroscopy 
and electron microscopy. Secondly, tests are be- 
ing conducted in order to ascertain whether 
membrane-spanning tetraether lipids can be suit- 
able for stabilization of conventional liposomes, 
or are even advantageous over cholesterol in this 
respect. 

(iii) It has been demonstrated that OHAP li- 
posomes are advantageous over conventional hy- 
drogel or ointment preparations in intra(epi)der- 
ma1 administration of a lipophilic drug. The spa- 
tial resolution indicates that the liposomally ap- 
plied compound penetrates at a high concentra- 
tion into a defined and limited depth within 45 
min. From the non-liposomal preparation in Fig. 
5 the spin-label signal reaches only a considerably 
lower intensity, but penetrates at least as far as 
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the spin-label signal from the OHAP liposomes. 
Lasch et al. (1991) reported that “intact lipo- 
somes are confined to the horny layer and do not 
penetrate deeper”. From the data it can be con- 
cluded that retinoic acid penetrates rapidly and 
intensively to a defined depth of the skin in intact 
OHAF’ liposomes. There, the compound may be 
slowly released from the liposomes (Guy et al., 
1983), or further liposomal penetration is re- 
duced. These mechanisms should be the scope of 
further investigations. 
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