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Abstract

The permeation of cyproterone acetate (CPA) from Derma Membrane Structure (DMS) creams and liposomal formulations
was investigated. Standard diffusion experiments with dermatomed porcine skin were performed. The cumulative CPA amount
permeated of the DMS creams was between 2.9 anfd@@? within 48 h. By addition of a phospholipid concentrate, the
CPA permeation could be 2.6-fold further increased compared to the control DMS. A working temperatur€ oésdlted in
a change of the preparation and a higher permeation which could be confirmed by additional differential scanning calorimetry
studies. In case of the liposomal formulations, the CPA permeation was strongly dependent on the lipid content. The higher the
lipid content, the higher was the CPA permeation. Extruding procedures for decreasing the particle size of the liposomes resulted
in a two-fold increase in CPA permeation compared to the unextruded liposomes.

It is possible to control the CPA permeation by combining various formulations containing different phospholipids with
saturated and unsaturated fatty acids.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction CPA has been used since the early 60s and repre-
sents the first specific anti-androgen of clinical interest
Anti-androgens can have their effect at many sites (Hammerstein et al., 1975; Ebling et al., 197The
in the body. The hypothalamus, pituitary, adrenal drug competitively binds to androgen receptor sites in
glands, gonads and their target tissue such as prostateperipheral target tissues and has a strong progestogen
sebaceous glands and hair follicles can each be theeffect Shaw, 1996x It has been shown that acne and
targets for anti-androgens. The term anti-androgen hirsutism can be successfully treated with orally ap-
usually refers to androgen receptor blockers in target plied CPA (Miller et al., 1986; Pugeat et al., 1991;
tissue, of which there are two types: steroidal such as Shaw, 1996h The disadvantage of the oral route are
cyproterone acetate (CPA) and non-steroidal such assystemic side effects which can occur with high doses
flutamide Shaw, 1996pa such as lassitude breast tenderness, loss of libido and
nauseatflammerstein et al., 1973t would be of great
benefit to develop a topical CPA formulation which is
"+ Corresponding author. Tel:43-1-4277-55410; able to permeate in sufficient high doses to the target
fax: +43-1-4277-9554. side such as the sebaceous glands and which should
E-mail address: claudia.valenta@univie.ac.at (C. Valenta). produce low plasma concentrations. It has been shown
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Table 2
Liposomes with CPA

that topical CPA packed in phosphatidyl-liposomes,
which were not further specified, is as effective as oral

CPA in combination with ethinylestradiol for the treat- Code  Name  Lipid content (mg/ml)  Particle size (nm)
ment of acne in women3ruber et al., 1998 D PC 1 ~120

The aim of the present study was to test new for- p; PC 1 110-120
mulations on one hand on the basis of phosphatidyl- b2 PC 2 >120
liposomes showing a high skin permeation and to E pC ~140 200-300
compare the CPA permeation of these vehicles through gach ~ formulation contained 0.2% (wiw) CPA. PC,

excised pig skin. And, on the other hand, it seems very r-a-phosphatidylcholine.

interesting to prepare other formulations with lecithins

not only liposomes. For this purpose, DMS creams 22 Formulations

were used with different additional lipids. They are

a new development in the field of topical prepa- 22 1. Formulations with DMSbasis creams

rations and compositions with hydrogenated soybean—  The composition of the formulations and the cor-
phosphatidylcholine by Derma Membrane Structure responding codes (A, Al, A2, A3, B, C) are listed in
(DMS) technology Kutz, 1997. DMS stands forbasic  Taple 1 For formulations A, B and C, the CPA (0.2%,
gels containing hydrogenated soybean—phosphatidyl- (w/w)) was dispersed in an equal amount of propylene
choline, sebum compatible medium chain triglyc- glycol and mixed with the DMS cream. In the end
erides, shea butter and squalane. The goal was toproducts A, B and C, the CPA is suspended. Al was
determine an optimised formulation with a high CPA  prepared by mixing 4% Natipide Il PG and CPA at

permeation for further stability and in vivo studies.

2. Material and methods
2.1. Materials

CPA was a gift from Schering (A). DMS creams for
normal, fatty and dry skin were gifts from Synopharm
(Ge). PhosphatidylcholineL{a-phosphatidylcholine)
solution, 100 mg/ml in chloroform (PC), was pur-
chased from Sigma (St. Louis, MO). A liposome
concentrate containing 20% of a purified phospho-
lipid fraction with high PC content and approximately
18% propylene glycol and water was used (Natipide
Il PG). Microcrystalline cellulose corresponded to
Elcema P100.

21°C and filled up with DMS cream for normal skin.

A2 and A3 were prepared by mixing 4 and 8%
Natipide Il PG, respectively, and CPA at 8D and
afterwards DMS cream for normal skin and water were
added.

2.2.2. Formulations with liposomes
The liposomes and the corresponding codes (D, D1,
D2, E) are listed inrable 2

2.2.2.1. Preparation D. CPA was dissolved in a
3:1 chloroform:methanol solvent. Two hundred mi-
crolitres of the PC solution and 5@0 CPA solution
were mixed in a round flask. The mixture was then
carefully dehydrated, using a gentle steam of argon,
until a thin homogenous lipid film was formed in-
side the flask. The film was stored, under vacuum, in

Table 1

CPA formulations with DMS creams

Code Name Natipide Il PG (%) Additional water (%) Temperature of preparatioh (
A DMS normal skin - -

Al DMS normal skin 4 30 21

A2 DMS normal skin 4 30 60

A3 DMS normal skin 8 30 60

B DMS dry skin - - -

cC DMS fatty skin - - —

Each formulation contained 0.2% (w/w) CPA.
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a desiccator for 48 h to ensure that all the solvents 2.4. Solubility

had evaporated. The lipid film was rehydrated with

2ml of 10 mM phosphate buffer, adjusted to pH 7.2.  In order to identify a suitable receptor medium, the

The resulting multilamellar liposomes were used for saturation solubilities of different media were anal-

the permeation experiments; the lipid content was ysed. For this purpose, an excess of CPA was added

1 mg/ml. to the media at 37C and stirred for 14 h. After fil-
tering (Minisart; Sartorius 0.4pm), the CPA content

2.2.2.2. Preparation D1. In a first step, the multil- ~ Was analysed by HPLC.

amellar liposomes D were frozen and re-thawed five

times. Then they were extruded 10 times through a 2-5- Monitoring of crystal formation

100 nm diameter polycarbonate Nuclepore membrane

and support (Nuclepore, CA). Nitrogen gas was used The appearance of drug crystals was monitored vi-
to extrude the mixture using a pressure ranging from Sually and microscopically (Nikon 104 Microscope;
200 to 500 psi (LiposoFast; Avestin). The 10-fold rep- GE) of different parts of the tubes of Al, A2 and
etition of extrusion produced a virtually homogenous A3. For this purpose, 0.1-0.5g of the samples were
population of unilamellar vesicles with diameters of applied onto a microscope slide and any observed
110-120 nm range. This method is a standard tech- particles or crystals were counted and measured using
nique for producing unilamellar liposomes. Each batch & measuring ocular. In this manner, 10 visual views
of filters available from Whatman Nuclepore has been Were analysed per sample on the date of manufacture
tested (protocol included with each test certificate) and @nd weekly for a time period of 6 weeks.

the diameter of the vesicles measured by quasi-elastic

light scattering (application manual).

2.2.2.3. PreparationD2. CPAwasdissolvedina3:1
chloroform:methanol solvent. Afterwards, 5@D of
this CPA solution and 400l of the PC solution were
mixed in a round flask. The ongoing procedure was
perfomed in the same way as D. The lipid content in
the end product was 2 mg lipid/ml.

2.2.2.4. Preparation E. E was prepared by mixing
CPA and an equal amount of Natipide Il PG at°€D
and then completed with water and the rest of the
phospholipid concentrate. The lipid content of the end
product was approximately 140 mg/ml.

2.3. HPLC analysis

The flow rate was 1.5ml/min at 280nm. The

stationary phase was an ODS-2,u® column
(150 mmx 3.6 mm). Any impurities were held back on
a pre-column of the same material (40 3.6 mm).
A mobile phase of 4209 acetonitrile and 600g wa-
ter (w/w) was used. Twenty microlitres of samples
were injected. The retention time for CPA was about
14 min. Calibration curves were calculated on the
basis of peak area measurements.

2.6. Diffusion cell preparation

Permeation of CPA was investigated using
Franz-type diffusion cells. Of all preparations (A—E),
1.0g or 1.0 ml was applied, respectively. The receptor
compartment was filled, thermostatted at°87and
continuously stirred using a magnetic bar. The effec-
tive area available to diffusion was about 1.1Fcm
The excised skin was mounted on the cell, stratum
corneum uppermost, with the dermal side facing the
receptor compartment. At defined time points, the re-
ceptor medium was removed for analysis and replaced
with fresh receptor medium.

2.7. Xin preparation

Split thickness porcine abdominal skin was obtained
by removal of approximately 1 mm of dermis from
full thickness skin by use of a dermatome.

2.8. Differential scanning calorimetry (DSC)

The following additional preparations for DSC anal-
ysis were prepared: CPA and Natipide Il PG (1:5) at 21
and 60°C. In the same manner, CPA and microcrys-
talline cellulose (1:5) were prepared at 21 and 60
DSC curves were obtained by a Perkin-Elmer DSC-7.
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Aliquots of 10-20 mg of each preparation were placed
in an aluminium pan and sealed with an aluminium
cover. Reference was an empty sample pan. Nitrogen
is passed through the cell with a constant flow rate
of 35 ml/min. Thermograms were measured by heat-
ing the samples from 25 to 23C at a scan rate of
5°C/min.

2.9. Satigtical analysis

Results are expressed as the means of at least three

or four parallel experiments S.D. as indicated in
the text. Statistical data analysis was performed using
a non-parametric Kruskal-Wallis test. All tests have
P < 0.05 as a minimal level of significance.

3. Results and discussion
3.1. Solubility

In order to identify the optimal receptor medium,
the solubility of CPA in different possible solvents was
analysedTable 3. As a general rule, the concentration
of the permeant should not be allowed to exceed 10%
of saturation solubility $hah et al., 1998 Therefore,
for the present study, PG/phosphate buffer @) was
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Fig. 1. Cumulative amount of CPA permeated through excised pig
skin from different vehicles: A9); B (m); and C (\). n = 3.

acid (8C; 10C). In addition to conventional lipo-
somes and nanoemulsions, the DMS is a third way
to formulate phosphatidylcholine with hydrophilic
and lipophilic compounds free of further emulsifiers
(Lautenschlager, 2001

Firstly, the CPA permeation of the formulations A,
B and C was investigated. As indicatedRig. 1, the
highest cumulative amount of CPA within 48 h could
be seen from DMS cream for normal skin (formulation
A). One reason may be seen in the lipid content, which

used. The advantage of the dermatomed skin was theis 20.8% for normal, 36% for dry and 16.1% for fatty

constant thickness of 1 mm. The time period of the
diffusion experiments for all preparations was 48 h.

3.2. DMScreams

Semisolid bases such as DMS contain hydro-

skin. Because of the highest CPA permeation from
A, we tried to further increase the permeation from
preparation A by combination with unsaturated lipids.
We increased the lipid content by phosphatidylcholine
in form of a liposomal concentrate (Natipide Il PG)

which is rich of linoleic acid. As indicated iRig. 2,

genated soybean—phosphatidylcholine, sebum com-the cumulative amount of CPA decreased by this lipid
patible medium chain triglycerides, shea butter and addition at room temperature. However, when the pro-
squalane. The lipid fraction consists of saturated fatty cessing temperature was increased té®dhe cumu-

acids such as stearic acid (18C) and caprylic—capric lative amount of permeated CPA was in the range of

Table 3
Saturation solubility of CPA in different solutions

Medium Solubility at 37C (ug/ml)
P 0.9+ 0.3

P and 1% CD 8.9Gt 0.19

EtOH/P (2+ 8) 27.3+ 2.6

PG/P (4+ 6) 63.3+ 8.1

CD, y-cyclodextrin; EtOH, ethanol; PG, propylene glycol; P, phos-
phate buffer (pH 7.2; 0.01 M).

formulation A without any additives. If the amount of
liposome concentrate (Natipide Il PG) was increased
to 8% at 60°C, the cumulative amount of CPA could
be increased 2.6-fold compared to A. The higher pro-
cessing temperature seems to influence the solubil-
ity and distribution of CPA in the preparation. This
could be confirmed by a microscopic technique. In A1,
few small crystals of about om could be observed,
whereas in A2 and A3, no crystals could be detected.
Beyond it, no further crystal growth could be detected
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This indicates a possible change of the structure of
the vehicle. Independent of the working temperature,
the mass ratio of CPA to phospholipid concentrate for
both preparations was 1:5, the enthalpy of the CPA
peak at 202C of the product prepared at 6G was
three-fold lower. This indicates, beside of the struc-
tural change, a partly higher sort of inclusion of CPA
into the phospholipid concentrate when prepared at
60°C instead at 21C. For a further confirmation,
we prepared analogous mixtures of CPA and the inert
microcrystalline cellulose (1:5) at room temperature
0 12 24 36 48 and at 60C and used these samples as controls. As
time (h) seen inTable 3 no significantly different peaks could
be observed and the enthalpies of the CPA peak were
Fig. 2. Cumglative amognt of CPA permeated through excised pig jn the same range, independent of the processing tem-
skin from different vehicles: A @); AL (®); A2 (A); and A3 horaryre. We found characteristically step transitions
©).n=3. . . . .
of microcrystalline cellulose which are confirmed by
recently performed studie®icker and Hoag, 2002

cumulative amount of CPA
permeated (pg/cmz.g)

microscopically over a 6-week period in all three for-
mulations.

DSC studies were performed in order to find out  There is one publication presenting in vivo data in
whether the temperature of preparation has any influ- \ynich cpa with unspecified liposomes are shown to
ence on the characteristic phase transition temperaturey, gye 5 positive effect on acne in me@r(iber et al.
of phospholipid concentrate (Natipide Il PG) and CPA. 1999 W wanted to be more systematic in this point.
For this purpose, we prepared CPA—phospholipid con- therefore, the CPA diffusion of PC-liposomes with
centrate mixtures in a different mass ratio than for the jitferent lipid contents Table 3 was compared. The
preparations of the diffusion studies, because 0.2% preparation E is more viscous than D, D1 and D2. The
CPA would be too less to see the CPA peak atZD2  rglease profiles of CPA of the different liposomes are

the melting poinF. _Therefore,_ we prepared_ mixtures presented irFig. 3 As can be seen, the highest CPA
of CPA and Natipide Il PG in a mass ratio 1.5 at amount was released by formulation E. In this case,
21°C as well as at 60C. After comparing the DSC  ha very high lipid content (approximately 140 mg/ml)
curves of the two preparations, cold prepared and seems’to be responsible, this is confirmed by other
warm prepared, it could be clearly seen that one char- gygjes that the penetration of dithranol or isotretinoin

acteristic peak for the preparation produced at room p5ve been enhanced by the same liposomal concen-
temperature was 116°Z whereas the peak of the for- 440 Gehring et al., 1992; Tschan et al., 199A

mulation produced at 60C was 133.5C (Table 4.

3.3. Liposomal formulations

comparison of the multilamellar liposomes D and
D2 with different lipid content Table 2 showed a
three-fold increase of the CPA permeation within 48 h
Table 4 for D2 with the higher lipid content.

Th_ermal changes foIIowi_ng different preparations of CPA formu- In contrast to the multilamellar Iiposomes D, the
lation samples: CPA:Natipide Il PG (1:5); CPA:elcema (1:5) preparation D1 has been extruded. This prepara-

Sample Tm (°C) Tm (°C; CPA)  Enthalpy tion technique resulted in an average particle size of
Sample cold  116.2£ 1.9  202.5+ 1.7 423+ 2.3 110-120 nm and an unilamellar shape. Therefore, the
Sample warm  133.% 0.7  202.6+ 1.1 14+ 138 two-fold increase of the CPA permeation of D1 is due
Elcema cold ~ 1353t 10.9  205.5+ 0.85  7.53+ 0.37 to the smaller particle size. Moreover, D1 has only

Elcoma warm  144.1: 5.6  204.3+ 028 7.47+ 06 a single bilayer which could have been altered more

Temperature of the transitions maximufy; n = 4. easily than those of multilamellar vesicles with the
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Fig. 3. Cumulative amount of CPA permeated through excised
pig skin from different liposomal preparations: D (1 mg lipid/ml;
®), size >120nm; D1 (1 mg lipid/mlA), size 110-120 nm, ex-
truded; D2 (2mg lipid/ml;m), size >120nm; E 4) prepared by

a concentrate~140 mg lipid/ml), size 200-300 nnz. = 3.

same composition. This finding is in agreement with
recently performed studiesM@nconi et al., 200R
In summary, the CPA permeation rates from lipo-

C. Valenta, M. Janisch/International Journal of Pharmaceutics 258 (2003) 133-139

corneum lipid organisatiorDfeher et al., 1997 The
phospholipid concentrate (Natipide Il PG) bilayers as
well as theL-a-phosphatidylcholine are at the temper-
ature of the experiments in the liquid crystalline state
which is related to the fact that its chief constituent,
phosphatidylcholine contains mainly linoleic acid, a
double unsaturated fatty aci@é¢tz et al., 2001a)b
The DSM bilayer, on the other hand, is at the temper-
ature of the experiment in the gel state because of the
content of stearic acid and caprylic acid, saturated fatty
acids. This consideration may be responsible for the
different fashion in which the liposome formulation
interacts with the stratum corneurdan Der Bergh

et al. (1998)showed, by freeze substitution electron
microscopy, that gel state liposomes aggregate fuse
and adhere on the stratum corneum surface, thereby
depositing stacks of lamellar sheets and forming lipid
bilayer networks. On the other hand, liquid crystalline
liposomes did not aggregate or fuse on the surface of
the stratum corneum but were reported to interact with
intercellular lipids in deeper stratum corneum layers.

somes were dependent on the lipid content and on theThis is confirmed by other scientific studiege{imer

particle size.

In most of the reports, an accumulation of drugs
is observed in stratum corneunBr@gun-Falco and
Korting, 1992; Touitou et al., 1994; Lasic, 1997

In general, liposomes are not expected to penetrate

into viable skin, but there are publications in which a
vesicle transport is discusseldiézei, 1992.

et al., 1995; Van Kuijk-Meuwissen et al., 1998

4, Conclusion

It is possible to control the permeation rate of
CPA by various formulation components. It depends

Another reason might be the penetration-enhancing mainly on the type of lipid and lipid content. Accord-

effect of soya-lecithin itself, which has been inves-
tigated of various phospholipids of different drugs
through the dorsal skin of guinea pig¥okomizo,
1996a,b Yokomizo and Sagitani, 1996or rat skin
(Valenta et al., 2000 The results suggested that the
phospholipids directly influence the lipid bilayer of
the cell membrane in the stratum corneum. It has
been found out that lecithin inhibited the peroxida-
tion of skin lipids, but did not affect the release of
sulfhydryl groups from skin protein. Similar drug

absorption enhancement was observed for piroxicam,

indomethacin and diclofenac preparations. It was con-
cluded that lecithin has a high affinity for epidermal
tissue, changes the fluidity of tissue by hydration of

stratum corneum and enhances the percutaneous ab-

sorption of drugsNatsuki and Takabatake, 1987g,b
Fourier Transform Infrared Spectroscopy (FTIR) and
DSC studies indicated that lecithin affects the stratum

ing to the afforded consistency, a DMS cream and
an additional lipid can be recommended. In a previ-
ous study Korganti et al., 199), the vehicle alone
consisting of phosphatidylcholine-rich linoleic acid
showed a satisfactory anti-acne activity; in this way,
the anti-acne effect of CPA could be increased.
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