
IMMUNOGENIC COMPOSITION Technical Field The present
invention relates to the field of Staphylococcal
immunogenic compositions and vaccines, their
manufacture and the use of such compositions in
medicine. More particularly, it relates to vaccine
compositions comprising PNAG (PIA) polysaccharide and
type 5 and/or 8 polysaccharides from S. aureus.
Methods for the treatment or prevention of
staphylococcal infections using such vaccines are also
provided. Background The number of both community
acquired and hospital acquired infections have
increased over recent years with the increased use of
intravascular devices. Hospital acquired (nosocomial)
infections are a major cause of morbidity and
mortality, more particularly in the US, where if
affects more than 2 million patients annually.
Following various studies, about 6 percent of the US
patients will acquire an infection during their stay
in hospital. The economic burden in the USA was
estimated to be more than $4.5 billion in 1992 (Emori
and Gaynes, 1993, Clin. Microbiol. Rev. 6; 428). The
most frequent infections are urinary tract infections
(UTI-33% of the infections), followed by pneumonia
(15.5%), surgical site infections (14.8%) and primary
bloodstream infections (13%) Emori and Gaynes, 1993,
Clin. Microbiol. Rev. 6; 428). Staphylococcus aureus,
Coagulase-negative Staphylococci (mostly
Staphylococcus epidermidls), enterococcus spp,
Esherichia coli and Pseudomonas aeruginosa are the
major nosocomial pathogens. Although those pathogens
almost cause the same number of infections, the
severity of the disorders they can produce combined
with the frequency of antibiotic resistant isolates
balance this ranking towards S. aureus and S.
epidermidis as being the most significant nosocomial
pathogens. Staphylococcus aureus is the most common
cause of nosocomial infections with a significant
morbidity and mortality (Romero-Vivas et al 1995,
Infect. Dis. 2 1; 1417). It is the cause of some cases
of osteomyelitis, endocarditis, septic arthritis,
pneumonia, abscesses and toxic shock syndrome. S.
epidermidis is a normal skin commensal which is also
an important opportunistic pathogen responsible for
infections of implanted medical devices and infections
at sites ofsurgery. Medical devices infected by S.
epidermidis include cardiac pacemakers, cerebrospinal
fluid shunts, continuous ambulatory peritoneal
dialysis catheters, orthopaedic devices and prosthetic
heart valves. S. aureus and S. epidermidis infections
are treated with antibiotics, with penicillin being
the drug of choice whereas vancomycin is used for
methicillin resistant isolates. The percentage of
staphylococcal strains exhibiting wide-spectrum
resistance to antibiotics has become increasingly
prevalent since the 1980's (Panlilo et al 1992,
Infect.Control. 



Hosp. Epidemiol. 13; 582), posing a threat for
effective antimicrobial therapy. In addition, the
recent emergence of vancomycin resistant S. aureus
strain has aroused fear that methicillin resistant
S.aureus strains will emerge and spread for which no
effective therapy is available. An alternative
approach of using antibodies against staphylococcal
antigens in passive immunotherapy has been
investigated. Therapy involving administration of
polyclonal antisera are under development (WO
00/15238, WO 00/12132) as well as treatment with a
monoclonal antibody against lipoteichoic acid (WO
98/57994). An alternative approach would be use of
active vaccination to generate an immune response
against staphylococci. Several candidates for
inclusion as vaccine components have been identified.
These include Fibronectin binding protein (US5840846),
MHC Il analogue (US5648240), fibrinogen binding
protein (US6008341), GehD (US 2002/0169288), collagen
binding protein (US6288214), SdrF, SdrG and SdrH (WO
00/12689), mutant SEA and SEB exotoxins (WO 00/02523)
and 52kDa vitronectin binding protein (WO 01/60852).
The S. aureus genome has been sequenced and many of
the coding sequences have been identified (EP786519,
WO02/094868). The same is true for S. epidermidis (WO
01/34809). As a refinement of this approach, others
have identified proteins that are recognised by
hyperimmune sera from patients who have suffered
staphylococcal infection (WO01/98499, WO 02/059148).
The first generation of vaccines targeted against S.
aureus or against the exoproteins it produces have met
with limited success (Lee 1996 Trends Microbiol. 4;
162). There remains a need to develop effective
vaccines against staphylococcal infections.Description
of Figures Figure 1 - Polypeptide sequences of
preferred proteins. Table 1 provides information on
which protein is represented by each SEQ ID. Figure 2
- Nucleotide sequences encoding preferred proteins.
Table 1 provides information on which protein is
encoded by each SEQ ID. Figure 3 - Purification of
alpha toxin under native conditions. Panel A shows a
coommassie stained SDS-PAGE of samples prepared during
the purification of alpha toxin. Lane 1 - molecular
weight markers, lane 2 - soluble fraction containing
overexpressed alpha toxin, lane 3 - flow through from
the Ni-NTA column, lane 4 - fractions eluted with 10%
buffer B, lane 5 - fractions eluted with 20% buffer B,
lane 6 - fractions eluted with 30% buffer B, lane 7 -
fractions eluted with 50% buffer B, lane 8 - fractions
eluted with 75% buffer B, lane 9 and 10 fractions
eluted with 100% buffer B, lane 11 bacteria at T=O
before induction, lane 12 - bacteria at T=4 hours
after induction, lane 13 - cell lysate, lane 14 -
soluble fraction, lane 15 - insoluble fraction. 



Panel B shows a coommassie stained SDS-PAGE of 10, 5,
2 and 1ml of the purified alpha toxin. Figure 4 -
Purification of SdrC underdenaturing conditions. Panel
A shows a coommassie stained SDS-PAGE of samples
prepared during the purification of alpha toxin. Lane
M - molecular weight markers, lane Start - supernatant
framed from the insoluble fraction containing
over-expressed SdrC, lane FT1 - flow through from the
Ni-NTA column, lane C - fractions eluted with wash
buffer C, lane D - fractions eluted with buffer D,
lane E - fractions eluted with buffer E. Panel B shows
a coommassie stained SDS-PAGE of 1, 2, 5 and 10ml of
the purified SdrC. Figure 5 - ELISA results for
antisera against staphylococcal proteins in plates
coated with purified proteins. Pool mice pre - result
using pooled sera extracted from mice
pre-innoculation. Pool mice Post III - result using
pooled mouse sera extracted post-immunisation. Pool
rabbit pre - result using pooled sera extracted from
rabbits pre-innoculation. Pool rabbit Post III -
result using pooled rabbit sera extracted
post-immunisation. BIc- negative contol. Figure 6 -
ELISA results for mouse antisera raised against
staphylococcal proteins in plates coated with killed
staphylococci.Panel A uses plates coated with S.
aureus serotype 5 killed whole cells. Panel B uses
plates coated with S. aureus serotype 8 killed whole
cells. Panel C uses plates coated with S. epidermidis
killed whole cells. The line marked with square signs
shows the ELISA result using antisera from mice
immunised three times with the indicated
staphylococcal protein. The line marked with diamond
signs shows the ELISA result for pre-immune mouse
sera. Figure 7 - ELISA results for rabbit antisera
raised against staphylococcal proteins in plates
coated with killed staphylococci. Panel A uses plates
coated with S. aureus serotype 5 killed whole cells.
Panel B uses plates coated with S. aureus serotype 8
killed whole cells. Panel C uses plates coated with S.
epidermidis killed whole cells. The line marked with
square signs shows the ELISA result using antisera
from rabbits immunised three times with the indicated
staphylococcal protein (except for HarA where only one
immunisation was given). The line marked with diamond
signs shows the ELISA result for pre-immune rabbit
sera. Detailed description The present invention
discloses particular combinations of Staphylococcal
antigens which when combined, lead to the production
of an immunogenic composition for treating or
preventing staphylococcal infection. Immunogenic
compositions of the invention incorporate PNAG (PIA)
and S. aureus polysaccharides type 5 and/or 8 . This
combination 



of antigens is capable of eliciting an immune response
against a range of staphylococcal infections. PNAG
(PIA) is highly conserved among Gram positive bacteria
and provides protection against a broad range of
bacteria whereas Type 5 and 8 polysaccharides are
potent imunogens that elicit an immune response
against most strains of S. aureus which is the most
common cause of nosocomial infection. Polysaccharides
The immunogenic compositions of the invention comprise
PIA (also known as PNAG) and type 5 and 8
polysaccharides from S. aureus. PIA (PNAG)It is now
clear that the various forms of staphylococcal surface
polysaccharides identified as PS/A, PIA and SAA are
the same chemical entity - PNAG (Maira-Litran et al
Vaccine 22; 872-879 (2004)). Therefore the term PIA or
PNAG encompasses all these polysaccharides or
oligosaccharides derived from them. PIA is a
polysaccharide intercellular adhesin and is composed
of a polymer of b-(1 -"6)- linked glucosamine
substituted with N-acetyl and O-succinyl constituents.
This polysaccharide is present in both S.aureus and S.
epidermidis and can be isolated from either source
(Joyce et al 2003, Carbohydrate Research 338; 903;
Maira-Litran et al 2002, Infect. Imun. 70; 4433). For
example, PNAG may be isolated from S. aureus strain
MN8m (WO 04/43407). PIA isolated from S. epidermidis
is a integral constituent of biofilm. It is
responsible for mediating cell-cell adhesion and
probably also functions to shield the growing colony
from the host's immune response. The polysaccharide
previously known as poly-N-succinyl- b-(1
-"6)-glucosamine (PNSG) was recently shown not to have
the expected structure since the identification of
Nsuccinylation was incorrect (Maira-Litran et al 2002,
Infect. Imun. 70; 4433). Therefore the polysaccharide
formally known as PNSG and now found to be PNAG is
also encompassed by the term PIA. PIA (or PNAG) may be
of different sizes varying from over 40OkDa to between
75 and 40OkDa to between 10 and 75kDa to
oligosaccharides composed of up to 30 repeat units (of
b-(1 6)-linked glucosamine substituted with N-acetyl
and O-succinyl constituents). Any size of PIA
polysaccharide or oligosaccharide may be use in an
immunogenic composition of the invention, however a
size of over 4OkDa is preferred. Sizing may be
achieved by any method known in the art, for instance
by microfluidisation, ultrasonic irradiation or by
chemical cleavage (WO 03/53462, EP497524, EP497525).
Preferred size ranges of PIA (PNAG) are 40-40OkDa,
50-35OkDa, 40-30OkDa, 60-30OkDa, 50-25OkDa and
60-20OkDa. PIA (PNAG) can have different degree of
acetylation due to substitution on the amino 



groups by acetate. PIA produced in vitro is almost
fully substituted on amino groups (95- 100%).
Alternatively, a deacetylated PIA (PNAG) can be used
having less than 60%, preferably less than 50%, 40%,
30%, 20%, 10% acetylation. Use of a deacetylated PIA
(PNAG) is preferred since non-acetylated epitopes of
PNAG are efficient at mediating opsonic killing of
Gram positive bacteria, preferably S. aureus and/or S.
epidermidis. Most preferably, the PIA (PNAG) has a
size between 4OkDa and 30OkDa and is deacetylated so
that less than 60%, 50%, 40%, 30% or 20% of amino
groups are acetylated.The term deacetylated PNAG
(dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 60%, 50%, 40%, 30%,
20% or 10% of the amino agroups are acetylated. In an
embodiment, PNAG is a deaceylated to form dPNAG by
chemically treating the native polysaccharide. For
example, the native PNAG is treated with a basic
solution such that the pH rises to above 10. For
instance the PNAG is treated with 0.1 -5M, 0.2-4M,
0.3- 3M1 0.5-2M, 0.75-1 .5M or 1M NaOH , KOH or NH4OH.
Treatment is for at least 10 or 30 minutes, or 1, 2,
3, 4, 5, 10, 15 or 20 hours at a temperature of 20-1
00, 25-80, 30-60 or 30-50 or 35-45 0C. dPNAG may be
prepared as described in WO 04/43405. The
polysaccharide(s) included in the immunogenic
composition of the invention are preferably conjugated
to a carrier protein as described below or
alternatively unconjugated. Type 5 and Type 8
polysaccharides from S.aureus Most strains of S.aureus
that cause infection in man contain either Type 5 or
Type 8 polysaccharides. Approximately 60% of human
strains are Type 8 and approximately 30% are Type 5.
The structures of Type 5 and Type 8 capsular
polysaccharide antigens are described in Moreau et al
Carbohydrate Res. 201 ; 285 (1990) and Foumier et al
Infect. Immun. 45; 87 (1984). Both have FucNAcp in
their repeat unit as well as ManNAcA which can be used
to introduce a sulfhydryl group. The structures were
reported as : Type 5 (r)4)-b-D-ManNAcA(3OAc)-(1
(r)4)-a-L-FucNAc(1 (r)3)-b-D-FucNAc-(1 (r) Type 8
(r)3)-b-D-ManNAcA(4OAc)-(1 (r)3)-a-L-FucNAc(1
(r)3)-b-D-FucNAc-(1 (r) Recently (Jones Carbohydrate
Research 340, 1097-1 106 (2005)) NMR spectroscopy
revised to structures to : Type 5 (r)4)-b-D-ManNAcA-(1
-(r)4)-a-L-FucNAc(3OAc)-(1 (r)3)-b-D-FucNAc-(1 (r)Type
8 (r)3)-b-D-ManNAcA(4OAc)-(1 (r)3)-a-L-FucNAc(1
(r)3)-a-D-FucNAc(1 Polysaccharides may be extracted
from the appropriate strain of S. aureus using method
well known to the skilled man, for instance as
described in US6294177. For example, 



ATCC 12902 is a Type 5 S. aureus strain and ATCC 12605
is a Type 8 S. aureus strain. Polysaccharides are of
native size or alternatively may be sized, for
instance by microfluidisation, ultrasonic irradiation
or by chemical treatment. The invention also covers
oligosaccharides derived from the type 5 and 8
polysaccharides from S. aureus. The type 5 and 8
polysaccharides included in the immunogenic
composition of the invention are preferably conjugated
to a carrier protein as described below or are
alternatively unconjugated. The immunogenic
compositions of the invention alternatively contains
either type 5 or type 8 polysaccharide. S. aureus 336
antigen In an embodiment, the immunogenic composition
of the invention comprises the S. aureus 336 antigen
described in US6294177. The 336 antigen comprises
b-linked hexosamine, contains no O-acetyl groups and
specifically binds to antibodies to S. aureus Type 336
deposited under ATCC 55804. In an embodiment, the 336
antigen is a polysaccharide which is of native size or
alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers
oligosaccharides derived from the 336 antigen. The 336
antigen, where included in the immunogenic composition
of the invention is preferably conjugated to a carrier
protein as described below or are alternatively
unconjugated. Type I, Il and III polysaccharides from
S. epidermidisStrains ATCC-31432, SE-360 and SE-10 of
S. epidermidis are characteristic of three different
capsular types, I, Il and III respectively (lchiman
and Yoshida 1981 , J. Appl. Bacteriol. 5 1; 229).
Capsular polysaccharides extracted from each serotype
of S. epidermidis constitute Type I , Il and III
polysaccharides. Polysaccharides may be extracted by
serval methods including the method described in US41
97290 or as described in lchiman et al 1991 , J. Appl.
Bacteriol. 7 1; 176. In one embodiment of the
invention, the immunogenic composition comprises type
I and/or Il and/or III polysaccharides or
oligosaccharides from S. epidermidis. Polysaccharides
are of native size or alternatively may be sized, for
instance by microfluidisation, ultrasonic irradiation
or chemical cleavage. The invention also covers
oligosaccharides extracted from S. epidermidis
strains. These polysaccharides are unconjugated or are
preferably conjugated as described below. Conjugation
of polysaccharides Amongst the problems associated
with the use of polysaccharides in vaccination, is the



fact that polysaccharides per se are poor immunogens.
Strategies, which have been designed to overcome this
lack of immunogenicity, include the linking of the
polysaccharide to large protein carriers, which
provide bystander T-cell help. It is preferred that
the polysaccharides utilised in the invention are
linked to a protein carrier which provide bystander T
-cell help. Examples of these carriers which are
currently used for coupling to polysaccharide or
oligosaccharide immunogens include the Diphtheria and
Tetanus toxoids (DT, DT Crm197 and TT), Keyhole Limpet
Haemocyanin (KLH), Pseudomonas aeruginosa exoprotein A
(rEPA) and the purified protein derivative of
Tuberculin (PPD), protein D from Haemophilus
influenzae, pneumolysin or fragments of any of the
above. Fragments suitable for use include fragments
encompassing T-helper epitopes. In particular protein
D fragment will preferably contain the N-terminal 1/3
of the protein. Protein D is an IgD-binding protein
from Haemophilus influenzae (EP 0 594 610 B1). Despite
the common use of these carriers and their success in
the induction of anti polysaccharide antibody
responses they are associated with several drawbacks.
For example, it is known that antigen specific immune
responses may be suppressed by thepresence of
pre-existing antibodies directed against the carrier,
in this case Tetanus toxin (Di John et a/; Lancet,
December 16, 1989). In the population at large, a very
high percentage of people will have pre-existing
immunity to both DT and TT as people are routinely
vaccinated with these antigens. In the UK for example
95% of children receive the DTP vaccine comprising
both DT and TT. Other authors have described the
problem of epitope suppression to peptide vaccines in
animal models (Sad et al, Immunology, 1991 ;
74:223-227; Schutze et al, J. Immunol. 135: 4, 1985;
2319-2322). KLH is known as potent immunogen and has
already been used as a carrier for IgE peptides in
human clinical trials. However, some adverse reactions
(DTH-like reactions or IgE sensitisation) as well as
antibody responses against antibody have been
observed. An alternative carrier protein to use in the
immunogenic composition of the invention is a single
staphylococcal protein or fragment thereof or a fusion
protein comprising at least or exactly 1, 2, 3 or 4 or
more of the staphylococcal proteins listed in the
section below or fragments thereof. A new carrier
protein that would be particularly advantageous to use
in the context of a staphylococcal vaccine is
staphylococcal alpha toxoid. The native form may be
conjugated to a polysaccharide since the process of
conjugation reduces toxicity. Preferably a genetically
detoxified alpha toxin such as the His35Leu or His 35
Arg variants are used as carriers since residual
toxicity is lower. Alternatively the alpha toxin is
chemically detoxified by treatment with a
cross-linking reagent, formaldehyde or glutaraldehyde.
A genetically detoxified alpha toxin is optionally
chemically detoxified, 



preferably by treatment with a cross-linking reagent,
formaldehyde or glutaraldehyde to further reduce
toxicity. Other staphylococcal proteins or fragments
thereof, particularly those listed above may be used
as a carrier protein for the polysaccharides listed
above. The carrier protein may be a fusion protein
comprising at least or exactly 1, 2, 3, 4 or 5 of the
staphylococcal proteins listed above. The
polysaccharides may be linked to the carrier
protein(s) by any known method (for example, by
Likhite, U.S. Patent 4,372,945 by Armor et al., U.S.
Patent 4,474,757, and Jennings et al., U.S. Patent
4,356,170). Preferably, CDAP conjugation chemistry is
carried out (see WO95/08348).In CDAP, the cyanylating
reagent 1-cyano-dimethylaminopyridinium
tetrafluoroborate (CDAP) is preferably used for the
synthesis of polysaccharide-protein conjugates. The
cyanilation reaction can be performed under relatively
mild conditions, which avoids hydrolysis of the
alkaline sensitive polysaccharides. This synthesis
allows direct coupling to a carrier protein. The
polysaccharide may be solubilized in water or a saline
solution. CDAP may be dissolved in acetonitrile and
added immediately to the polysaccharide solution. The
CDAP reacts with the hydroxyl groups of the
polysaccharide to form a cyanate ester. After the
activation step, the carrier protein is added. Amino
groups of lysine react with the activated
polysaccharide to form an isourea covalent link. After
the coupling reaction, a large excess of glycine is
then added to quench residual activated functional
groups. The product is then passed through a gel
permeation column to remove unreacted carrier protein
and residual reagents. Proteins The immunogenic
composition of the invention preferably further
comprises a staphylococcal protein, more preferably a
protein from S. aureus or S. epidermidis. Some
embodiments of the invention contain proteins from
both S.aureus and S. epidermidis. Immunogenic
compositions of the invention comprise an isolated
protein which comprises an amino acid sequence which
has at least 85% identity, preferably at least 90%
identity, more preferably at least 95% identity, most
preferably at least 97-99% or exact identity, to that
of any sequence of figure 1. Where a protein is
specifically mentioned herein, it is preferably a
reference to a native or recombinant , full-length
protein or optionally a mature protein in which any
signal sequence has been removed. The protein may be
isolated directly from the staphylococcal strain or
produced by recombinant DNA techniques. Immunogenic
fragments of the protein may be incorporated into the
immunogenic composition of the invention. These are
fragments comprising at least 10 amino acids,
preferably 20 amino acids, more preferably 30 amino
acids, more preferably 40 amino acids or 50 amino
acids, most preferably 100 amino acids, 



taken contiguously from the amino acid sequence of the
protein. In addition, such immunogenic fragments are
typically immunologically reactive with antibodies
generated against the Staphylococcal proteins or with
antibodies generated by infection of a mammalian host
with Staphylococci or contain T cell epitopes.
Immunogenic fragments also includes fragments that
when administered at an effective dose, (either alone
or as ahapten bound to a carrier), elicit a protective
immune response against Staphylococcal infection, more
preferably it is protective against S. aureus and/or
S. epidermidis infection. Such an immunogenic fragment
may include, for example, the protein lacking an
N-terminal leader sequence, and/or a transmembrane
domain and/or a C-terminal anchor domain. In a
preferred aspect the immunogenic fragment according to
the invention comprises substantially all of the
extracellular domain of a protein which has at least
85% identity, preferably at least 90% identity, more
preferably at least 95% identity, most preferably at
least 97-99% identity, to that a sequence selected
from Figure 1 over the entire length of the fragment
sequence. In an embodiment, immunogenic compositions
of the invention may contain fusion proteins of
Staphylococcal proteins, or fragments of
staphylococcal proteins. Such fusion proteins may be
made recombinantly and may comprise one portion of at
least 2, 3, 4, 5 or 6 staphylococcal proteins.
Alternatively, a fusion protein may comprise multiple
portions of at least 2, 3, 4 or 5 staphylococcal
proteins. These may combine different Staphylococcal
proteins or fragments thereof in the same protein.
Alternatively, the invention also includes individual
fusion proteins of Staphylococcal proteins or
fragments thereof, as a fusion protein with
heterologous sequences such as a provider of T-cell
epitopes or purification tags, for example:
b-galactosidase, glutathione-S-transferase, green
fluorescent proteins (GFP), epitope tags such as FLAG,
myc tag, poly histidine, or viral surface proteins
such as influenza virus haemagglutinin, or bacterial
proteins such as tetanus toxoid, diphtheria toxoid,
CRM197. Proteins In an embodiment, the immunogenic
composition of the invention further comprises one or
more of the proteins mentioned below. Many of the
preferred proteins fall into the categories of
extracellular component binding proteins, transporter
proteins or toxins and regulators of virulence. The
immunogenic composition of the invention optionally
further comprises a staphylococcal extracellular
component binding protein or a staphylococcal
transporter protein or a staphylococcal toxin or
regulator of virulence. The immunogenic composition of
the invention optionally comprises at least or exactly
1, 2, 3, 4, 5 or 6 staphylococcal proteins. Table 1The
following table sets out the SEQ ID numbers of protein
sequences and DNA sequences that are found in Figure 1
and Figure 2 respectively. SA indicates a sequence 



from S. aureus and SE indicates a sequence from S.
epidermidis.Extracellular component binding proteins
Extracellular component binding proteins are proteins
that bind to host extracellular components. The term
includes, but is not limited to adhesins.Examples of
extracellular component binding proteins include
laminin receptor (Naidu et al J. Med. Microbiol. 1992,
36; 177), SitC/MntC/saliva binding protein (US5801234,
Wiltshire and Foster Infec. Immun. 2001, 69; 5198),
EbhA (Williams et al Infect. Immun. 2002, 70; 6805),
EbhB, Elastin binding protein (EbpS) (Park et al 1999,
J. Biol. Chem. 274; 2845), EFB (FIB) (Wastfelt and
Flock 1995, J. Clin. Microbiol. 33; 2347), SBI (Zhang
et al FEMS Immun. Med. Microbiol. 2000, 28; 2 11),
autolysin (Rupp et al 2001 , J. Infect. Dis. 183;
1038), CIfA ( US6008341 , McDevitt et al MoI.
Microbiol. 1994, 11; 237), SdrC, SdrG (McCrea et al
Microbiology 2000, 146; 1535), SdrH (McCrea et al
Microbiology 2000, 146; 1535), Lipase GehD
(US2002/0169288), SasA, FnbA (Flock et al MoI
Microbiol. 1994, 12; 599, US6054572), FnbB (WO
97/14799, Booth et al 2001 Infec. Immun. 69; 345),
collagen binding protein Cna (Visai et al 2000, J.
Biol. Chem. 275; 39837), CIfB (WO 99/27109), FbpA
(Phonimdaeng et al 1988 J. Gen Microbiol. 134; 75),
Npase (Flock 2001 J. Bacteriol. 183; 3999), IsaA/PisA
(Lonenz et al FEMS Immuno. Med. Microbiol. 2000, 29;
145), SsaA (Lang et al FEMS Immunol. Med. Microbiol.
2000, 29; 213), EPB (Hussain and Hermann symposium on
Staph Denmark 14-1 7th 2000), SSP-1 (Veenstra et al
1996, J. Bacteriol. 178; 537), SSP-2 (Veenstra et al
1996, J. Bacteriol. 178; 537), 17 kDa heparin binding
protein HBP (Fallgren et al 2001 , J. Med. Microbiol.
50; 547), Vitronectin binding protein (Li et al 2001 ,
Curr. Microbiol. 42; 361), fibrinogen binding protein,
coagulase, Fig (WO 97/48727) and MAP (US5648240)
SitC/MntC/saliva binding protein This is an ABC
transporter protein which is a homologue of adhesin
PsaA in S. pneumoniae. It is a highly immunogenic
32kDa lipoprotein which is distributed through the
bacterial cell wall (Cockayne et al Infect. Immun.
1998 66; 3767). It is expressed in S. aureus and S.
epidermidis as a 32kDa lipoprotein and a 4OkDa
homologue is present in S. hominis. In S. epidermidis,
it is a component of an iron-regulated operon. It
shows considerable homology to both adhesins including
FimA of Streptococcus parasanguis, and with
lipoproteins of a family of ABC transporters with
proven or putative metal iron transport functions.
Therefore SitC is included as an extracellular biding
protein and as a metal ion transporter. The saliva
binding protein disclosed in US5.801 ,234 is also a
form of SitC and can be included in an immunogenic
composition of the invention. CIfA and CIfB Both these
proteins have fibrinogen binding activity and trigger
S. aureus to form clumps in the presence of plasma.
They contain a LPXTG motif common to wall associated 



proteins.CIfA is described in US6008341 and CIfB is
described in WO 99/27109. Coaqulase (FbpA) This is a
fibrinogen binding protein which triggers S. aureus to
form clumps in the presence of plasma. It is described
in references related to Coagulase : Phonimdaeng et al
(J. Gen. Microbio. 1988, 134:75-83), Phonimdaeng et
al. (MoI Microbiol 1990; 4:393- 404), Cheung et al.
(Infect lmmun 1995; 63:1914-1920) and Shopsin et al.
(J. CLin. Microbiol. 2000; 38:3453-3456). Preferred
fragments for inclusion in the immunogenic composition
of the invention include the mature protein in which
the signal peptide has been removed (amino acids 27 to
the C-terminus). Coagulase has three distinct domains.
Amino acids 59-297 which is a coiled coil region,
amino acids 326-505 which is a proline and glycine
rich region and the C-terminal domain from amino acid
506 to 645 which has a beta sheet conformation. Each
of these domains is a fragment which may be
incorporated into the immunogenic composition of the
invention. SdrG This protein is described in WO
00/12689. SdrG is found in coagulase negative
staphylococci and is a cell wall associated protein
containing a LPXTG sequence. SdrG contains a signal
peptide (amino acids 1-51), a region containing
fibrinogen binding sites and collagen binding sites
(amino acids 51-825), two CnaB domains (amino acids
627-698 and 738-809), a SD repeat region (amino acids
825-1000) and an anchor domain (amino acids
1009-1056). Preferred fragments of SdrG include
polypeptides in which the signal peptide and/or the SD
repeats and the anchor domain have been removed. These
include polypeptides comprising or consisting of amino
acids 50-825, amino acids 50-633, amino acids 50-597
(SEQ ID NO 2 of WO 03/76470), amino acids 273-597 (SEQ
ID NO 4 of WO 03/76470), amino acids 273-577 (SEQ ID
NO 6 of WO 03/76470) amino acids 1-549, amino acids
219-549, amino acids 225-549, amino acids 219-528,
amino acids 225-528 of SEQ ID NO: 70 or 20 or 2 1.
Preferably, an SdrG polypeptide having a sequence at
least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or 100%
homologous to the sequence of SEQ ID NO: 70, 20 or 2 1
is incorporated into the immunogenic composition of
the invention.The compositions of the invention
optionally comprise a fragment of the SdrG
polypeptides described above. Preferred fragments have
the signal peptide and/or the SD repeat domain and/or
the anchoring domain deleted. For example sequences
corresponding to amino acids 1-713 , 1-549, 225-549,
225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660,
1-650, 1-640, 1-630, 



1-620, 1-610, 1-600, 34-707, 44-697, 36-689 of SEQ ID
70 or sequences having 85%, 90%, 92%, 95%, 97%, 98%,
99% or 100% identity to SEQ ID 70 or 20 or 2 1.
Preferred fragments with the signal peptide deleted
have a methionine residue at the Nterminus of the
fragment to ensure correct translation. A more
preferred fragment has the following sequence:-
MEENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQSINTDDNNQIIKKEET
NNYDGIEKRSEDRTESTTN
VDENEATFLQKTPQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTINREESV
QTSDNVEDSHVSDFANSKI KESNTESGKEENTIEQPNKVKEDSTTSQP
XGYTNIDEKISNQDE
LLNLPINEYENKARPLSTTSAQPSIKRVTVNQLAAEQGSNVNHLIKVTDQSITE
GYDDSEGVIKAHDAENLIY
DVTFEVDDKVKSGDTMTVDIDKNTVPSDLTDSFTIPKIKDNSGEIIATGTYDNK
NKQITYTFTDYVDKYENIK
AHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLQSM
FTNIDTKNHTVEQTIYINP LRYSAKETNVNISGNGDEGST
IIDDSTIIKVYKVGDNQNLPDSNRIYDYSEYEDVTNDDYAQLGNNND
VNINFGNIDSPYIIKVISKYDPNKDD
YTTIQQTVTMQTTINEYTGEFRTASYDNTIAFSTSSGQGQGDLPPEKTYKIGDY
VWEDVDKDGIQNTNDNEKP
LSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLKNGLTYKITFETPEGYTPTLKHS
GTNPALDSEGNSVWVTING QDDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNY
IVHFDKPSGMTQTTTDSGD DDEQDADGEEVVTITDHDDFSIDNGYYDDE
EbhA and EbhB EbhA and EbhB are proteins that are
expressed in both S. aureus and S. epidermidis (Clarke
and Foster Infect. Immun. 2002, 70; 6680 , Williams et
al Infect. Immun. 2002, 20; 6805) and which bind to
fibronectin. Since fibronectin is an important
component of extracellular matrix, EbhA and EbhB have
an important function in adhering staphylococci to
host extracellular matrix. The Ebh proteins are large,
having a molecular weight of 1.1 megadaltons. It is
advantageous to use a fragment of the Ebh protein
rather than the complete sequence due to ease
ofproduction and formulation. The central region of
the protein contains imperfect repeats which contain
fibronectin binding sites. Fragments containing one or
more of the repeat domains described below are
preferred fragments for incorporation into the
immunogenic composition of the invention. Ebh proteins
contain imperfect repeats units of 127 amino acids in
length which are characterised by containing the
consensus sequence:- L.G. {1O}A.{13}Q.{26}L. ..M. .L.
{33}A Preferably .{19}L.G.{1O}A.{13}Q. {26}L. ..M.
.L.{33}A. {12} More preferably I/V. .A. ..1/V.
.AK.ALN/DG. .NL. .AK. .A. {b}L. .LN. AQK. .L. .QI/V.
.A. .V. . 



V .{6}A. .LN/D.AM. .L. ..I/V.D/E. ..TK. S .NY/F .N/DAD
..K. .AY/F. .AV. .A. .I/V.N /D Where . ' means any
amino acid and . {l q}' means any 10 amino acids and
I/V indicates alternative choices of amino acid. By
reference to the sequence disclosed in Kuroda et al
(2001) Lancet 357; 1225-1240, and Table 2, the repeat
sequences within Ebh proteins are readily deduced.
Preferred fragments to be included in the immunogenic
composition of the invention include proteins
containing of one, two, three, four, five, six, seven,
eight, nine, ten or more than 10 of the 127 amino acid
repeat units. Such fragments may consist of 1, 2, 3,
4, 5, 6, 7, 8, 9, 10 or more repeats of the 127 amino
acid repeat region or may consist of 1, 2, 3, 4, 5, 6,
7, 8, 9, 10 or more repeats with additional amino acid
residues present at either or both ends of the
fragment. A further preferred fragment is the H2
polypeptide of about 44kDa spaning three repeats
(amino acids 3202-3595) as described in Clarke et al
Infection and Immunity 70, 6680- 6687, 2002. Such
fragments will preferably be able to bind fibronectin
and/or to elicit antibodies that are reactive against
the whole Ebh protein.The Ebh proteins are capable of
binding to fibronectin. Preferred fragments of these
polypeptides sequences retain the ability to bind to
fibronectin. Binding to fibronectin can be assessed by
ELISA as described by Clarke et al ( Infection and
Immunity 70; 6680-6687 2002). Still further preferred
fragments are those which comprise a B-cell or
T-helper epitope, for example those fragments/peptides
described in Tables 3 and 4. TABLE 2 Repeat sequences
in the full-length sequence of Ebh. The full-length
sequence of Ebh is disclosed in Kuroda et al (2001)
Lancet 357; 1225- 1240. The following table shows the
amino acid residues at which the 127 amino acid
repeats begin and end within the full length
sequence.TESTOSTERONE GELS COMPRISING PROPYLENE GLYCOL
AS PENETRATION ENHANCER The present invention relates
to testosterone-containing pharmaceutical compositions
and gels, and to methods using the same. Testosterone
in Men Testosterone, the major circulating androgen in
men, is synthesized from cholesterol. The
approximately 500 million Leydig cells in the testes
secrete more than 95% of the 6-7 mg of testosterone
produced per day. Two hormones produced by the
pituitary gland, luteinizing hormone ("LH") and
follicle stimulating hormone ("FSH"), are required for
the development and maintenance of testicular function
and negatively regulate testosterone production.
Circulating testosterone is metabolized to various
17-keto steroids through two different pathways.
Testosterone can be metabolized to dihydrotestosterone
("DHT") by the enzyme 5-alpha-reductase or to
estradiol ("E2") by an aromatase enzyme complex.
Testosterone circulates in the 



blood 98% bound to protein. In men, approximately 40%
of the binding is to the high-affinity sex hormone
binding globulin ("SHBG"). The remaining 60% is bound
weakly to albumin. Thus, a number of measurements for
testosterone are available from clinical laboratories.
The following table from the UCLA-Harbor Medical
Center summarizes the hormone concentrations in normal
adult men: Hormone Levels in Normal Men : Hormone
Normal Range Testosterone (total) 298 to l043ng/dL
Free Testosterone 3.5 to l7.9ng/dL DHT 3 1 to l93ng/dL
DHT/T Ratio 0.052 to 0.33 DHT + T 372 to l349ng/dL
SHBG 10.8 to 46.6nmol/L LH 1.0 to 8.ImILVmL E2 17.1 to
46.1pg/mLThere is considerable variation in the
half-life of testosterone reported in the literature,
ranging from 10 to 100 minutes. Researchers do agree,
however, that circulating testosterone has a diurnal
variation in normal young men. Maximum levels occur at
approximately 6:00 to 8:00 a.m. with levels declining
throughout the day. Characteristic profiles have a
maximum testosterone level of 720 ng/dL and a minimum
level of 430 ng/dL. The physiological significance of
this diurnal cycle, if any, however, is not clear.
Testosterone in Women The excretion of androgenic
steroids in the urine of adult women was demonstrated
more than 50 years ago. Since that time, physiologists
and clinicians have explored the sources and
biological functions of testosterone and other
endogenous androgenic hormones in the human female. It
is now known that androgens are secreted by both the
ovaries and adrenal glands in women. Each source
contributes about 50% (directly and through
precursors) to the approximately 300 mg of
testosterone produced daily in healthy "cycling"
women. While the adverse effects of excess androgen
production, as occurs in the polycystic ovary syndrome
and certain androgen producing tumors, have been well
described, the normal physiological effects of
androgens in women have been much less appreciated. As
inferred from animal studies, male physiology, and the
symptoms of women with deficient androgen production,
the major physiological effects of androgens in normal
women include, but are not limited to anabolic effects
on muscle, skin, hair and bone; stimulatory effects on
erythropoiesis; modulatory effects on immune function;
and 



psychological effects on mood, well-being and sexual
function. In addition, endogenous androgens are
important for the development of pubic hair and are
thought to modulate the action of estrogens and
progestins on a variety of reproductive target
tissues. It is also believed that androgens play an
important role in modulating the secretory function of
the lacrimal gland. Fifty percent of circulating
testosterone is derived from direct ovarian secretion
in the thecal cells under the control of luteinizing
hormone. The other half is derived from peripheral
conversion of adrenal androgen precursors
dehydroepiandrosterone, androstenedione, and
dehydroepiandrosterone sulphate. Testosterone can also
beconverted to dihydrotestosterone or estradiol. Thus,
testosterone serves as both a hormone and as a
pro-hormone. Testosterone circulates in the blood 98%
bound to protein. In women, approximately 66% of the
binding is to the high-affinity sex hormone binding
globulin. The remaining 34% is bound weakly to
albumin. Thus, a number of measurements for
testosterone are available from clinical laboratories.
The order of affinity for the steroids most strongly
bound by sex hormone binding globulin is
dihydrotestosterone > testosterone > androstenedione >
estradiol > estrone. Sex hormone binding globulin
weakly binds dihydrotestosterone, but not
dihydrotestosterone sulfate. The table below shows the
approximate hormonal levels in normal pre-menopausal
women. Hormone Levels in Normal Pre-Menopausal Women
Hormone Mean +/- sd Median Range Testosterone (nmol/L)
1.20 +/- 0.69 0.98 0.4-2.7 Free testosterone (pmol/L)
12.80 +/- 5.59 12.53 4.1-24.2 % Free testosterone of
total testosterone 1.4 +/- 1.1 1.1 0.4-6.3 Luteinizing
hormone (IU/L) 7.2 +/- 3.3 6.7 3.0-18.7 Follicle
stimulating hormone (IU/L) 4.7 +/- 3.6 4.2 1.5-21.4
Sex hormone binding globulin (nmol/L) 66.1 +/- 22.7
71.0 17.8-1 14.0 In comparison to other hormone
deficiency states, testosterone deficiency in women
has been largely ignored as a clinical entity.
Nevertheless, there exist well-defined subject
populations where androgen production is clearly
deficient and where associated symptomatology has been
described, including, for example, young
oophorectomized/hysterectomized women, post-menopausal
women on estrogen replacement therapy, women on oral
contraceptives, women with adrenal 



dysfunction, women with corticosteroid-induced adrenal
suppression, and human immunodeficiency virus-positive
women.Because increasing testosterone concentrations
has been shown to alter sexual performance and libido,
researchers have investigated methods of delivering
testosterone to men, and also to women. These methods
include intramuscular injections, oral replacement,
pellet implants, and transdermal patches. These
testosterone delivery methods, however, suffer from
one or more drawbacks. For example, sub-dermal pellet
implants and ester injections are painful and require
surgical procedure and/or doctor visits. Moreover, in
hypogonadal men implant therapy includes a risk of
extrusion (8.5%), bleeding (2.3%), or infection
(0.6%). Many of these methods, such as
oral/sublingual/buccal preparations, suffer from
undesirable pharmacokinetic profile-creating
supra-physiologic testosterone concentrations followed
a return to baseline. Transdermal patches provide less
than optimal pharmacokinetic characteristics, are
embarrassing for many subjects, and are associated
with significant skin irritation. In addition, patches
do not provide dosing flexibility, might be visually
unappealing and may have a tendency to fall off,
especially during rigorous physical exercise. Oral
administration produces inappropriate testosterone
levels and unpredictable absorption patterns between
subjects. Moreover, because the liver metabolizes the
preparation, there is a risk of hepatotoxicity not to
mention first pass metabolism. Recently, a one-percent
testosterone gel has been approved for use in men, and
provides dosing flexibility with minimal skin
irritation. This gel is available in the United States
under the trademark AndroGel(r) from Unimed
Pharmaceuticals, Inc., Deerfield, 111., a
SolvayPharmaceuticals, Inc.Co. , Marietta, GA 30062.
Composition of AndroGel (r): "corresponding to 67 g of
absolute ethanol.The present invention provides
testosterone-containing pharmaceutical compositions
and gels, and methods for using the same. More
particularly, the present invention provides
testosterone-containing hydroalcoholic/alcoholic
pharmaceutical compositions and gels, suitable for
topical and transdermal application, wherein said
compositions contain propylene glycol. In addition to
achieving a very effective testosterone delivery, the
compositions of the invention are aesthetically very
attractive. Propylene glycol was shown to be a very
potent penetration enhancer in the compositions of the
invention, used as sole penetration enhancer or in
combination with further penetration enhancer(s), e.g.
with isopropyl myristate. The present invention
relates to a pharmaceutical composition comprising
testosterone, at least one C2-C6 alcohol, at least one
gelling agent, at least one penetration enhancer, and
water. 



Said pharmaceutical composition can be made in various
forms, e.g. a gel, a solution, a cream, a lotion, a
spray, an ointment, an aerosol. Preferably, said
pharmaceutical composition is a gel. The term
"testosterone" as used hereafter refers not only to
testosterone itself, but also to its enantiomers,
isomers, tautomers, salts, chelates, esters, amides,
derivatives, and pro-drugs and precursors thereof,
e.g. DHT (dihydrotestosterone), 17-methyltestosterone,
17[alpha]-methyl-testosterone 3-cyclopentyl enol
ether, testosterone enanthate, testosterone cypionate,
testosterone undecanoate, testosterone cyclodextrin,
testosterone buciclate. According to the invention,
testosterone can be of natural origin, or result from
a hemisynthesis or synthesis process. C2-C6 alcohols
are known in the art. Such alcohols encompass ethanol,
propanol, isopropanol (propan-2-ol), n-propanol
(propan-1-ol), butanol, butan-1-ol, butan-2-ol,
ter-butanol, pentanols, hexanols. Ethanol is
preferred, since it contributes efficiently towards
the transdermal passage of testosterone by evaporating
quickly on contact with the skin. Gelling agents are
known in the art. The term 'gelling agent' generally
refers to a compound, possibly of polymeric nature,
having the capacity to gel when contacted with a
specific solvent, e.g. water. Gelling agents make it
possible to increase theviscosity of the
pharmaceutical compositions according to the
invention, but may also act as solubilizing agents.
Examples of gelling agents include anionic polymers
such as acrylic acid based polymers (including
polyacrylic acid polymers, e.g. CARBOPOL(r) by B.F.
Goodrich Specialty Polymers and Chemicals Division of
Cleveland, Ohio)., cellulose derivatives, poloxamers
and poloxamines, more precisely, Carbomers or acrylic
acid-based polymers, e.g. Carbopol(r) 980 or 940, 981
or 941, 1382 or 1382, 5984, 2984, 934 or 934P
(Carbopol(r) are usually polymers of acrylic acid
crosslinked with allyl sucrose or
allylpentaerythritol), Pemulen TRl (r) or TR2 (r),
Ultrez, Synthalen CR, etc.); cellulose derivatives
such as ethylcelluloses, hydroxypropyl celluloses,
hydroxyethylcelluloses, hydroxypropylmethylcelluloses
(HPMC), carboxymethylcelluloses (CMC), etc.;
poloxamers or polyethylene-polypropylene copolymers
such as Lutrol (r) grade 68 or 127, poloxamines and
other gelling agents such as chitosan, dextran,
pectins, and natural gums. All of these gelling
agents, alone or in combination, may be used in the
pharmaceutical composition according to the invention.
Said gelling agent can be selected taking into account
the pH of the composition according to the invention
and the desired viscosity. Hydroxypropylcellulose,
Carbopol(r) 980 and Lutrol(r) are particularly
preferred in the context of the present invention. 



Penetration enhancers are also known in the art. A
'penetration enhancer' is generally an agent known to
accelerate the delivery of the drug or active
principle through the skin. These agents also have
been referred to as penetration accelerants,
adjuvants, and absorption promoters. This class of
agents includes those with diverse mechanisms of
action including those which have the function of
improving the solubility and diffusibility of the
drug, and those which improve transdermal absorption
by changing the ability of the stratum corneum to
retain moisture, softening the skin, improving the
skin's permeability, acting as penetration assistants
or hair-follicle openers or changing temporarily the
state of the skin such as the boundary layer. Unless
otherwise stated, percentages (%) refer to amounts by
weight based upon total weight of the
composition.According to one aspect, said
pharmaceutical composition comprises 0.5 to 5.0 %
(w/w), preferably 0.5 to 2.5 % (w/w), more preferably
0.6 to 2.0 % (w/w), even more preferably 0.7 to 1.5 %
(w/w), even more preferably 0.75 to 1.25 % (w/w), even
more preferably 0.8 to 1.2 % (w/w), and even more
preferably 0.9 to 1.1 % (w/w), most preferably about
1.0 % (w/w) of testosterone. According to another
aspect of the invention, said pharmaceutical
composition comprises 0.5 to 5.0 % (w/w), preferably
0.5 to 2.5 % (w/w), more preferably 0.75 to 2.25 %
(w/w), even more preferably 0.9 to 2.0 % (w/w), even
more preferably 1.0 to 1.8 % (w/w), even more
preferably 1.25 to 1.75 % (w/w), still more preferably
1.3 to 1.6 % (w/w), most preferably about 1.5 % (w/w)
of testosterone. According to another aspect, said
pharmaceutical composition comprises 40.0 to 75.0 %
(w/w), preferably, 40.0 to 70.0 % (w/w), more
preferably 45.0 to 65.0 % (w/w), even more preferably
50.0 to 60.0 % (w/w), even more preferably 52.0 to
58.0 % (w/w), even more preferably 53.0 to 57.0 %
(w/w), still more preferably 54.0 to 56.0 % (w/w),
most preferably about 56 % (w/w) of at least one C2-C6
alcohol. According to another aspect of the invention,
said C2-C6 alcohol is selected from the group
consisting of ethanol, propan-1-ol and propan-2-ol,
and mixtures thereof. Preferably said C2-C6 alcohol is
ethanol. According to another aspect of the invention,
said pharmaceutical composition comprises 0.1 to 5.0 %
(w/w), preferably 0.15 to 4.5 % (w/w), more preferably
0.2 to 4.0 % (w/w), even more preferably 0.25 to 3.5 %
(w/w), even more preferably 0.3 to 3.0 % (w/w), even
more preferably 0.4 to 2.5 % (w/w), still more
preferably 0.5 to 2.0 % (w/w), most preferably about
0.5 to 1.0 % (w/w) of at least one gelling agent.
According to another aspect of the invention, said
gelling agent is selected from the group consisting of
acrylic acid-based polymers, including cellulosics,
including 



cellulose esters and derivatives (cellulose
derivatives such as ethylcellulose,
hydroxypropylcellulose, hydroxyethylcellulose,
hydroxypropylmethylcellulose (HPMC),
carboxymethylcellulose (CMC), etc); Carbomers such as
Carbopol(r) polymers, e.g. Carbopol(r) 980 or 940, 981
or 941, 1382 or 1382, 5984, 2984, 934, or 934P,
Pemulen TRl (r) or TR2 (r), Ultrez, Synthalen CR,
etc.; poloxamines, poloxamers or
polyethylene-polypropylene copolymers such as Lutrol
(r) grade 68 or127, poloxamines or other gelling
agents such as chitosan, dextran, pectins, and natural
gums, and mixtures thereof. According to another
aspect of the invention, said pharmaceutical
composition comprises 0.1 to 5.0 % (w/w), preferably
0.15 to 4.5 % (w/w), more preferably 0.2 to 4.0 %
(w/w), even more preferably 0.3 to 3.5 % (w/w), even
more preferably 0.4 to 3.0 % (w/w), still more
preferably 0.5 to 2.5 % (w/w), most preferably 0.5 to
2.0 % (w/w) of propylene glycol. Advantageously
according to the invention, for the testosterone
contents and compositions of the invention, propylene
glycol was found to be a very effective and compatible
penetration enhancer. In addition, the use of
propylene glycol according to the invention leads to
pharmaceutical compositions having a very attractive
appearance. The pharmaceutical compositions of the
invention are very transparent, visually attractive,
and have very pleasant texture, which improves the use
by a patient. In addition, the pharmaceutical
compositions of the invention require lower alcohol
contents. Moreover, the compositions of the invention
are very stable, and propylene glycol has proven to be
compatible with standard neutralizers, e.g.
triethanolamine. The compositions according to the
invention may include several penetration enhancers.
According to the present invention, said
pharmaceutical composition optionally further
comprises water. In one embodiment, the present
invention provides a pharmaceutical composition
comprising: - 0.5 to 5.0 % (w/w) of testosterone, -
40.0 to 75.0 % (w/w) of a least one C2-C6 alcohol, -
0.1 to 5.0 % (w/w) of at least one gelling agent, -
0.1 to 5.0 % (w/w) of propylene glycol, - optionally,
water. In another embodiment, the present invention
provides a pharmaceutical composition comprising: -
0.75 to 1.25 % (w/w) of testosterone, - 50.0 to 70.0 %
(w/w) of a least one C2-C6 alcohol, - 0.1 to 4.0 %
(w/w) of at least one gelling agent, 



- 0.2 to 4.0 % (w/w) of propylene glycol,- optionally,
water. In another embodiment, the present invention
provides a pharmaceutical composition comprising: -
0.8 to 1.2 % (w/w) of testosterone, - 50.0 to 70.0 %
(w/w) of a least one C2-C6 alcohol, - 0.1 to 3.0 %
(w/w) of at least one gelling agent, - 0.3 to 3.0 %
(w/w) of propylene glycol, - optionally, water. In
another embodiment, the present invention provides a
pharmaceutical composition comprising: - 0.9 to 1.1%
(w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 2.5 % (w/w) of at
least one gelling agent, - 0.4 to 2.5 % (w/w) of
propylene glycol, - optionally, water. In another
embodiment, the present invention provides a
pharmaceutical composition comprising: - about 1.0 %
(w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 2.5 % (w/w) of at
least one gelling agent, - 0.4 to 2.5 % (w/w) of
propylene glycol, - optionally, water. In another
embodiment, the present invention provides a
pharmaceutical composition comprising: - 1.0 to 2.0 %
(w/w) of testosterone, - 50.0 to 75.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 5.0 % (w/w) of at
least one gelling agent, - 0.1 to 5.0 % (w/w) of
propylene glycol, - optionally, water. In another
embodiment, the present invention provides a
pharmaceutical composition comprising: - 1.25 to 1.75
% (w/w) of testosterone,- 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 4.0 % (w/w) of at
least one gelling agent, - 0.2 to 4.0 % (w/w) of
propylene glycol, - optionally, water. In another
embodiment, the present invention provides a
pharmaceutical composition 



comprising: 1.4 to 1.6 % (w/w) of testosterone, - 50.0
to 70.0 % (w/w) of a least one C2-C6 alcohol, - 0.1 to
3.0 % (w/w) of at least one gelling agent, - 0.3 to
3.0 % (w/w) of propylene glycol, - optionally, water.
In another embodiment, the present invention provides
a pharmaceutical composition comprising: - about 1.5 %
(w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 2.5 % (w/w) of at
least one gelling agent, - 0.4 to 2.5 % (w/w) of
propylene glycol, optionally, water. Said
pharmaceutical composition is suitable for the
controlled transdermal delivery of testosterone. Thus,
said pharmaceutical composition can be
auto-administered by the patient him/herself, and does
not require the presence of a physician during
administration. Also, the administration does not
require surgery or injections. Advantageously
according to the invention, propylene glycol acts as a
very potent penetration enhancer for testosterone, in
particular in combination with the testosterone dosage
and the gelling agent(s) of the present composition.
In another aspect, the pharmaceutical composition of
the invention further comprises a base.
Advantageously, said base is pharmaceutically
acceptable, and is preferably selected from the group
consisting of triethanolamine, sodium hydroxide,
ammonium hydroxide, potassium hydroxide, arginine,
aminomethylpropanol or tromethamine, and mixtures
thereof. Where the pH of said pharmaceutical
composition is not optimized for transdermal
administration, e.g. where said gelling agent
comprises at least one acrylic acid-based polymer,
said base contributes to the neutralization ofsaid
pharmaceutical composition, for topical application
onto human skin. Furthermore, said base (neutralizer)
allows optimum swelling of the polymer chains during
the neutralization of the charges and the formation of
polymer salts. Especially when said gelling agent
comprises an acrylic acid-based polymer, said base
preferably comprises triethanolamine. It also allows
an optimum viscosity to be achieved in the
pharmaceutical composition according to the invention.
The skilled person would know how to choose a suitable
amount of said base in the composition, especially
with respect to the nature of said gelling agent
present therein, and the alcohol content of the
composition, in order to reach the desired final pH in
the composition. For example, with carbomers and/or if
there is a high alcohol content, 



one can use tromethamine and/or NaOH as a base, in
amounts chosen as to reach the desired final pH in the
composition. Alternatively, in one embodiment, the
pharmaceutical composition according to the invention
comprises 0.1 to 5.0 % (w/w), preferably 0.15 to 4.5 %
(w/w), more preferably 0.2 to 4.0 % (w/w), even more
preferably 0.25 to 3.5 % (w/w), even more preferably
0.3 to 3.0 % (w/w), even more preferably 0.4 to 2.5 %
(w/w), still more preferably 0.5 to 2.0 % (w/w), most
preferably 0.5 to 1.0 % (w/w) of triethanolamine.
Preferably, the pH of the pharmaceutical composition
according to the invention will be between 2 and 9,
preferably between 3 and 8 and even more preferably
between 3 and 7. In another aspect of the invention,
said pharmaceutical composition further comprises
isopropyl myristate. Advantageously according to the
invention, it was unexpectedly shown that addition of
isopropyl myristate leads to markedly improved results
when used in conjunction with propylene glycol as a
further penetration enhancer. Preferably, said
pharmaceutical composition comprises 0.05 to 5.0 %
(w/w), more preferably 0.1 to 4.0 % (w/w), more
preferably 0.15 to 3.0 % (w/w), even more preferably
0.25 to 2.5 % (w/w), even more preferably 0.25 to 2.0
% (w/w), even more preferably 0.25 to 1.5 % (w/w),
still more preferably 0.25 to 1.0 % (w/w), most
preferably 0.5 to 0.75 % (w/w) of isopropyl myristate.
Accordingly, in one embodiment, the present invention
provides a pharmaceutical composition comprising: -
0.5 to 5.0 % (w/w) of testosterone, - 40.0 to 75.0 %
(w/w) of a least one C2-C6 alcohol,- 0.1 to 5.0 %
(w/w) of at least one gelling agent, - 0.1 to 5.0 %
(w/w) of propylene glycol, - 0.1 to 4.0 % (w/w) of
isopropyl myristate, - optionally, water. In another
embodiment, the present invention provides a
pharmaceutical composition comprising: - 0.75 to 1.25
% (w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 4.0 % (w/w) of at
least one gelling agent, - 0.2 to 4.0 % (w/w) of
propylene glycol, - 0.15 to 2.0 % (w/w) of isopropyl
myristate, - optionally, water. In another embodiment,
the present invention provides a pharmaceutical
composition comprising: - 0.8 to 1.2 % (w/w) of
testosterone, 



- 50.0 to 70.0 % (w/w) of a least one C2-C6 alcohol, -
0.1 to 3.0 % (w/w) of at least one gelling agent, -
0.3 to 3.0 % (w/w) of propylene glycol, - 0.35 to 1.5
% (w/w) of isopropyl myristate, - optionally, water.
In another embodiment, the present invention provides
a pharmaceutical composition comprising: - 0.9 to 1.1%
(w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 2.5 % (w/w) of at
least one gelling agent, - 0.4 to 2.5 % (w/w) of
propylene glycol, - 0.4 to 1.0 % (w/w) of isopropyl
myristate, optionally, water. In another embodiment,
the present invention provides a pharmaceutical
composition comprising: - about 1.0 % (w/w) of
testosterone, - 50.0 to 70.0 % (w/w) of a least one
C2-C6 alcohol,- 0.1 to 2.5 % (w/w) of at least one
gelling agent, - 0.4 to 2.5 % (w/w) of propylene
glycol, - about 0.5 % (w/w) of isopropyl myristate, -
optionally, water. In another embodiment, the present
invention provides a pharmaceutical composition
comprising: - 1.0 to 2.0 % (w/w) of testosterone, -
50.0 to 75.0 % (w/w) of a least one C2-C6 alcohol, -
0.1 to 5.0 % (w/w) of at least one gelling agent, -
0.1 to 5.0 % (w/w) of propylene glycol, - 0.1 to 4.0 %
(w/w) of isopropyl myristate, optionally, water. In
another embodiment, the present invention provides a
pharmaceutical composition comprising: - 1.25 to 1.75
% (w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 4.0 % (w/w) of at
least one gelling agent, - 0.2 to 4.0 % (w/w) of
propylene glycol, - 0.15 to 2.0 % (w/w) of isopropyl
myristate, - optionally, water. 



In another embodiment, the present invention provides
a pharmaceutical composition comprising: 1.4 to 1.6 %
(w/w) of testosterone, - 50.0 to 70.0 % (w/w) of a
least one C2-C6 alcohol, - 0.1 to 3.0 % (w/w) of at
least one gelling agent, - 0.3 to 3.0 % (w/w) of
propylene glycol, - 0.35 to 1.5 % (w/w) of isopropyl
myristate, - optionally, water. In another embodiment,
the present invention provides a pharmaceutical
composition comprising: - about 1.5 % (w/w) of
testosterone, - 50.0 to 70.0 % (w/w) of a least one
C2-C6 alcohol,- 0.1 to 2.5 % (w/w) of at least one
gelling agent, - 0.4 to 2.5 % (w/w) of propylene
glycol, - 0.4 to 1.0 % (w/w) of isopropyl myristate, -
optionally, water. Additionally, said pharmaceutical
composition may comprise usual pharmaceutical
additives, including salt(s), emollient(s),
stabilizer(s), antimicrobial(s), fragrance(s), and/or
prorellant(s). Said pharmaceutical composition may
also include at least one further active ingredient,
e.g. another hormone. The invention also provides a
gel useful for transdermal or transcutaneous delivery
comprising said pharmaceutical composition according
to the invention. Thus, the invention is also directed
to a testosterone-containing hydro-alcoholic gel.
According to another embodiment, the present invention
provides a dose packet, unit dose packet or multiple
dose packet containing said pharmaceutical composition
or said hydroalcoholic gel. Advantageously, such
conditioning of said pharmaceutical composition
renders application easier for a patient. Thus, these
forms of packaging can reflect the schedule of
application, e.g. daily or weekly administration.
According to another embodiment, there is provide a
dispenser, e.g. with hand pump or valve, containing
said pharmaceutical composition or said hydroalcoholic
gel. Such dispensers allow for flexibility in the
administered dosage, as a function of the amount of
composition to be applied. According to one
embodiment, said packets or dispensers can be
accompanied by a notice giving instructions for the
use thereof. The pharmaceutical compositions, gels,
packets and containers of the invention are useful for
treating testosterone deficiency, and treating and/or
preventing testosterone deficiency-related conditions
and/or disorders. 



The term 'treat' or 'treatment' as used herein refers
to any treatment of a mammalian condition, disorder,
or disease associated with a depressive disorder, and
includes, but is not limited to, preventing the
condition, disorder, or disease from occurring in a
subject which may be predisposed to the condition,
disorder, or disease, but has not yet been diagnosed
as having the condition, disorder, or disease;
inhibiting the condition, disorder, or disease, for
example, arresting the development of the condition,
disorder, or disease; relieving the condition,
disorder, or disease, forexample, causing regression
of the condition, disorder, or disease; or relieving
the condition caused by the disease or disorder, for
example, stopping the symptoms of the disease or
disorder. The term 'prevent' or 'prevention', in
relation to a condition, disorder, or disease, means
no condition, disorder, or disease development if none
had occurred, or no further condition, disorder, or
disease development if there had already been
development of the condition, disorder, or disease. As
used herein, 'testosterone deficiency' refers to lower
serum levels of free testosterone in a subject as
compared to the median serum levels for healthy
subject of the same age. For example, normal cycling
women produce approximately 300 mg of testosterone per
day. Their total serum testosterone levels generally
range from about 20 ng/dL to about 80 ng/dL averaging
about 40 ng/dL. In healthy young women, for example,
mean free testosterone levels are generally about 3.6
pg/mL. However, several factors may influence both
total and free testosterone serum levels. For example,
in regularly ovulating women, there is a small but
significant increase in plasma testosterone levels
during the middle third of the menstrual cycle.
However, mean testosterone levels (1.2 nmol/L or 33
ng/dL) and mean free testosterone levels (12.8 pmo/L
or 3.6 pg/mL) during the luteal and follicular phases
are not significantly different. Additionally,
testosterone production declines continuously after
age 30 so that serum testosterone levels in a
60-year-old woman are only 50% of the levels in a
young 30-year-old woman. Although the percentage of
free testosterone generally does not vary with age, an
absolute decline in free testosterone has been
observed. This decline does not occur abruptly at
menopause but instead occurs gradually and
continuously as a result of the age-related decrease
in both the adrenal and ovarian androgen production.
Thus, women begin to experience symptoms associated
with menopause in the immediate pre-menopausal years.
The decline in testosterone following menopause
results from the combination of ovarian failure,
decreasing renal secretion, and peripheral conversion.
Also, for example, after ovariectomy, testosterone
concentrations decrease by about 50%. Diagnosis of a
testosterone deficiency is known to the average
physician practicing 



in the relevant field of medicine.The pharmaceutical
compositions and gels of the present invention are
also useful to treat a number of physiological and
psychological parameters and/or conditions associated
with testosterone deficiency in a man or a woman. For
example, the pharmaceutical compositions and gels of
the present invention are useful for: - increasing
libido and improving sexual performance and/or
treating sexual dysfunction; normalizing hypogonadism;
- increasing bone mineral density and related markers,
increasing lean body mass and decreasing fat body
mass, improving muscle mass and performance; -
normalizing glucose levels; improving diabetic
retinopathy as well as lowering the insulin
requirements of diabetic subjects; treating,
preventing or reducing the onset of cataracts; -
treating, preventing or reducing the onset of
cardiovascular disease, including normalizing
hypertension, and treating obesity; normalizing
cholesterol levels; normalizing abnormal
electrocardiograms of subjects and treating,
preventing or reducing vasomotor symptoms; -
preventing human immunodeficiency virus wasting
syndrome; - preventing osteoporosis, osteopenia,
vaginal dryness, and thinning of the vaginal wall;
relieving menopausal symptoms and hot flashes;
treating premenstrual syndrome; - treating, preventing
or reducing the onset of Alzheimer's disease,
dementia; - improving cognition, improving mood and
self-esteem, treating and/or preventive depressive
disorders; treating, preventing or reducing cognitive
dysfunction; - treating autoimmune diseases. The
present pharmaceutical compositions and gels can also
be used in "combination therapy" with another hormone
or steroid, or a pharmaceutical agent that increases
testosterone levels in a subject, or an estrogenic
hormone, or another pharmaceutical agent such as, for
example, an antidepressant agent. The invention also
relates to a process for preparing a pharmaceutical
composition, e.g. in the form of a gel or a solution,
according to the invention.In one aspect, said process
comprises the step of dissolving testosterone, with
stirring, in a solvent of at least one C2-C6 alcohol
and at least one penetration enhancer (e.g. propylene
glycol, and/or isopropyl myristate). In another
aspect, said process comprises the step of adding
water, with stirring, to the mixture obtained. Where
the preparation of a gel is desired, at least one
gelling agent, such as 



Carbopol(r), is then added to the mixture, with
stirring. Optionally, a base/neutralizer such as
triethanolamine is added to the mixture, with
stirring. In another aspect, the invention relates to
a process for preparing a pharmaceutical composition
or a gel according to the invention, comprising the
steps of: preparing a mixture containing at least one
C2-C6 alcohol, at least one penetration enhancer (e.g.
propylene glycol, and/or isopropyl myristate) and
testosterone; - optionally adding water, and mixing, -
optionally adding a gelling agent to this mixture, and
mixing; - optionally adding a base, and mixing again.
In another aspect, the invention also relates to the
use of the gel or the solution according to the
invention for the preparation of a medicinal product
for transdermal application for the treatment of a
physiological condition associated with an
androgen/testosterone deficiency. In another aspect,
the present invention relates to a method of
treatment. In one embodiment, said method comprises
the step of administering testosterone, to a subject
in need thereof. According to one aspect, the
pharmaceutical composition or the gel of the present
invention is applied on healthy skin, e.g. to the
shoulder, or to the external part of the arm, thigh or
leg. In order to measure and determine the amount of
testosterone to be delivered to a subject in need
thereof, serum testosterone concentrations can be
measured using standard assay techniques.Therefrom,
the skilled person would know how to determine the
amount of composition to be administered, depending
upon the exact testosterone dosage of said
pharmaceutical composition. In general, the usual
daily dose of the pharmaceutical composition in the
form of a gel or a solution according to the invention
is between 2.5 g and 5 g of the formulation per day.
The advantages of the invention will become apparent
from the following examples, which are given below as
mere illustrations, and are non limitative. The
skilled person will appreciate that the present
invention can incorporate any, number of the preferred
features described above. All citations mentioned
herein are hereby incorporated by reference in their
entirety. Other embodiments of the present invention
are not presented here, which are obvious to those
skilled in the art, and thus are within the scope and
the spirit of the 



present invention. The practice of the present
invention will employ, unless otherwise indicated,
conventional techniques of pharmacology and
pharmaceutics, which are within the skill of the art.
* * * Examples Example 1 Studies on transcutaneous
delivery of testosterone gel formulations were carried
out on animal and human skin using radio-labelled
(14C) testosterone and liquid scintillation titration.
These studies give access to kinetics parameters
(released amount after 24h and flux). Two aspects were
investigated: - Physical-chemistry studies
(testosterone solubility and gel viscosity) -
Transcutaneous delivery (influence of testosterone
concentration, nature of gelling agent, presence of
penetration enhancers)Material and methods 1. Material
Chemicals Testosterone (Fluka) 14C testosterone
(Amersham) Gellinfi agents Carbopol(r) 934P (Carb.
934P) (Polyplastic) Carbopol(r) 980 (Carb. 980) (Lot
4419, Laboratoires Besins Iscovesco) Klucel(r)
Neutralizer Triethanolamine (lot 4343, Laboratoires
Besins Iscovesco) Penetration enhancers Transcutanol
(Gattefosse) Oleic acid (OA) (Prolabo) Propylene
glycol (PG) (Gattefosse) Propylene glycol
dipelargonate (PGDP) (Gattefosse) Animal skin model
Male naked rat, 5 weeks Human skin model Biopsies from
abdominal plastics, white female, 35 years old 2.
Preparation of radio-labeled testosterone gels The
gelling agent (polymer) is swelled overnight in the
required amount of water. Labeled and non-labeled
testosterone is dissolved in ethanol, possibly with
penetration enhancer. The aqueous and alcoholic phases
are mixed, then neutralized 



with triethanolamine. Mixing is carried out with a
spatula until perfect homogeneity is reached.
Seventeen formulations were evaluated for
transcutaneous delivery. The composition thereof is
given in the table below (in % wt based on total
weight of fomulation). Formulations 13 and 14
correspond to non-gelled solutions.Table 1 (Carb. =
Carbopol(r) ) 3. Dermal permeation kinetics protocol
3.1 Dermal permeation cell Static flux cells
comprising two unequal compartments are used (Figure
1). An upper cylindrical (section: 2.54 cm2) donor
compartment 1 allows the application of a formulation
(either solution or topical form) onto the skin 2.
This upper compartment 1 is assembled to the lower
compartment 4 with a metal ring. A lower receiving
compartment 4 (mean volume 1OmL) has an upper opening
of 2.54 cm2 as well. A lateral shunt 5, equipped with
a needle and catheter system, allows sampling.
Homogenization of the medium is this lower compartment
is achieved with a magnetic stirrer 3. (See Figure 1.)
3.2 Biological membrane Animal skin Skin biopsies of
male naked rat skin (IOPS rats, 5 weeks) are sampled
at the ventral level. Fat tissues located to the inner
face are removed, and the skin is cut in order
toobtain samples with an area greater than 2.54 cm2.
Each sample is stuck to the lower compartment with the
skin external face upwards. Human skin Experiments are
carried out on surgical plastics sampled at the
abdomen level from a white 35 year old female. Samples
are used immediately after sampling and dermatomed on
a thickness of about 250mm. 3.3 Study protocol The two
compartments 1, 4 of the dermal permeability cell are
assembled with the skin fragment 2. The receiving
compartment 4 is filled with a precisely measured
volume of a 0.5% albumin solution. The cell is then
placed for 15h in a thermostatic bath at 37C on a
stirring platform in order to obtain equilibrium
between the skin and the receiving medium. Kinetics
starts after application of the formulation onto the
skin 2. Applications are about 20mg on 2.54cm2 of
skin. Over a period of 24h, 2mL samples are carried
out from the receiving compartment 4 at evenly spaced
time points, and 2mL fresh albumin solution is
immediately added to the compartment in order to keep
its volume constant. For each formulation, five
permeation cells are used. After coldstoring, the
samples are titrated by liquid scintillation. 



4. 14C testosterone titration The samples are split
into two ImL fractions to which 4mL scintillation
liquid (Pico Fluor 40(r)) are added, metering time is
5min. Samples are then titrated by liquid
scintillation using a b spectrophotometre (Beckman).
For scintillation, quenching leads to a decreased
detection efficiency, which is accurately evaluated
establishing a calibration curve termed quenching
curve. For each sample, the metering yield depending
upon quenching is calculated using an external
standard source and the actual radioactivity is
determined.Results 1. Testosterone solubility A known
amount of solvent (2mL) is stirred at 37C in a closed
Erlenmeyer. Starting from a known amount of
teststerone, fractions are progressively added. The
remaining amount of testosterone is weighted in order
to determine the amount in the Erlenmeyer (by
difference). Testosterone solubility at 37C in
water/ethanol mixtures and various penetration
enhancers such as propylene glycol (PG), oleic acid
(OA), propylene glycol dipelargonate (PGDP),
transcutol, are determined by the increment method.
Table 2 Testosterone solubility in various vehicles
Testosterone solubility is also evaluated as a
function of ethanol content. Table 3 Testosterone
solubility in water / ethanol mixtures See plots on
Figure 2 2. Gel viscosity Gel rheology was
characterized with a Carri-Med controlled-stress
rheometer, measurement geometry: plane/plane, diameter
2cm, gap lmm, temperature 2O0C.Rheograms are plotted
in flow following a defined shear cycle as follows: up
phase: stress increasing from 0 to 300N/m2 in 2min; -
plateau: constant stress 300N/m2 for lmin; down phase
: stress decreasing from 300N/m2 to 0 in 2min. All
gels had a shear softening (pseudo-plastic) behavior,
without any hysteresis cycle. Two rheological studies
were carried out: - influence of ethanol content on
Carbopol(r)934 gel viscosity - influence of polymer
content on Carbopol(r)980 gel viscosity. 2.1
Carbopol(r)934P hydroalcoholic gel viscosity The
influence of ethanol content on Carbopol(r)
hydroalcoholic gels is studied by varying from 50% to
70% the content in 95% ethanol. 



Table 4 Above 55% ethanol, viscosity is smaller, with
a strong variation as a function of ethanol content.
Viscosity is increased for 50% ethanol. 2.2
Carbopol(r) 980 gel viscosity The influence of polymer
content on hydroalcoholic gels with 40% ethanol is
studied by varying Carborol(r)980 content from 0.3% to
0.7%. Viscosities are measured in the plateau under
300N/m2 stress for lmin. Table 53. Dermal permeation
of testosterone formulations on rat skin Dermal
permeation for the formulations from Table 1 is
evaluated in vitro on rat skin. Formulation 25 cannot
be evaluated due to heterogeneity (phase separation).
Results for released amount at 24h, and released rate
at 24h are given in the table below. Table 6
Formulations 11-27: 8mg/cm2 are deposited. 4.
Testosterone permeation on human skin Formulations 26
and 27 are evaluated on human skin, together with
formulation 15 as a reference. Results are detailed
below:Formulation 26 Mean values for permeation
parameters on 5 cells: Average kinetics plot is given
on Fig. 3 Mean flux: 0.26 mg/cm2.h Formulation 27 Mean
values for permeation parameters on 5 cells: Average
kinetics plot is given on Fig. 4 Mean flux: 0.39
mg/cm2.h Formulation 15 (referenced Mean values for
permeation parameters on 5 cells: Average kinetics
plot is given on Fig. 5. Mean flux: 0.15 mg/cm2.h * *
*Example 2 Material and methods 1. Material [1, 2, 6,
7-3H] testosterone (Amersham Laboratories): MW=295,
solution at lmCi/mL (37 MBq/mL) in ethanol; specific
activity 99Ci/mmol (3.66 TBq/mmol), i.e. 336 mCi/mg
(lot l8). Absolute ethanol Carlo Erba lot V4N05 1154N
Material controlled by Laboratoires Besins 



Carbopol(r) 980 lot 920 10/4420 Carbopol(r)934 lot
/3898 Testosterone lot 92039/4461 Isopropyl myristate
lot 91169/578 1 Triethanolamine (TEA) lot 9304020/5721
Propylene glycol (PG) Formulations to be applied onto
skin: (in weight for lOOg final formulation).
Formulations are prepared as follows: Formulation 1:
Ig of radio-labelled gel is prepared as follows.lOOmL
(lOOmCi) of the radio-labelled testosterone solution
(3H) are dried and resuspended with: 595mg of a
solution containing 2.5g testosterone in 57g absolute
ethanol, 391.5mg base gel, obtained by swelling Ig
Carbopol(r)934 in 38.15g water; after complete
swelling and before use, the mucilage is homogenized a
few seconds with ultra-turax. - 13.5mg TEA.
Radioactive concentration of formulation: lOOmCi/g of
gel i.e. O. mCi and 200mg testosterone for a loading
of 8mg (about lOmL) per cell of 1.77 cm2 Formulation
2: Ig of radio-labelled gel is prepared according to
the following protocol: - lOOmL (lOOmCi) of the
radio-labelled testosterone solution (3H) are dried
and resuspended with: 595mg of a solution containing
Ig testosterone and 0.5g PG in 58g absolute ethanol,
393mg base gel, obtained by swelling 0.6g
Carbopol(r)980 in 38.7g water; after complete swelling
and before use, the mucilage is homogenized a few
seconds with ultra-turax. 12mg of TEA half diluted in
water. Radioactive concentration of formulation:
lOOmCi/g of gel i.e. O. mCi and 80mg testosterone for
a loading of 8mg (about lOmL) per cell Formulation 3:
Ig of radio-labelled gel is prepared according to the
following protocol: lOOmL (lOOmCi) of the
radio-labelled testosterone solution (3H) are dried
and resuspended with: - 595mg of a solution containing
Ig testosterone and 0.5g PG in 58g absolute 



ethanol,- 389mg base gel, obtained by swelling 0.8g
Carbopol(r)980 in 38.1g water; after complete swelling
and before use, the mucilage is homogenized a few
seconds with ultra-turax. 16mg of TEA half diluted in
water. Radioactive concentration of formulation:
1OOmCi/g of gel i.e. 0.8mCi and 80mg testosterone for
a loading of 8mg (about lOmL) per cell Formulation 4:
Ig of radio-labelled gel is prepared according to the
following protocol: - lOOmL (lOOmCi) of the
radio-labelled testosterone solution (3H) are dried
and resuspended with: 685mg of a solution containing
Ig testosterone and 0.5g isopropyl myristate in 67g
absolute ethanol, - 267.75mg base gel, obtained by
swelling 0.9g Carborol(r)980 in 25.875g water; after
complete swelling and before use, the mucilage is
homogenized a few seconds with ultra-turax. - 47.25mg
ofNaOH (0.1M). Radioactive concentration of
formulation: lOOmCi/g of gel i.e. 0.8mCi and 80mg
testosterone for a loading of 8mg (about l OmL) per
cell Formulation 5: Ig of radio-labelled gel is
prepared according to the following protocol: - lOOmL
(lOOmCi) of the radio-labelled testosterone solution
(3H) are dried and resuspended with: - 685mg of a
solution containing Ig testosterone and 0.5g isopropyl
myristate in 67g absolute ethanol, - 305mg base gel,
obtained by swelling 0.5g Carbopol(r)980 in 30g water;
after complete swelling and before use, the mucilage
is homogenized a few seconds with ultra-turax. - 1Omg
of TEA half diluted in water. Radioactive
concentration of formulation: lOOmCi/g of gel i.e.
0.8mCi and 80mg testosterone for a loading of 8mg
(about l OmL) per cell2. Methods In vitro dermal
absorption: Principle In vitro transdermal absorption
is quantitatively studied on human ventral dermatomed
biopsies placed in a static diffusion cell (Franz
cell), which allows contacting dermis with a survival
liquid (receptor fluid) in which absorption through
skin is to be dosed. 



Cell A dermal biopsy is maintained horizontally
between two parts of the cell, thus delimiting two
compartments: - one epidermal compartment is comprised
of a glass cylinder, having a precisely defined area
of 1.77cm2, placed on the upper side of the skin; -
the other, dermal, applied to the lower face of the
tegument, comprises a reservoir of fixed volume
carrying a lateral collection port. The two elements
are assembled via a clamp. The lower compartment
(dermal) is filled with a survival liquid constituted
of a sodium chloride solution at 9g/L supplemented
with bovine serum albumin at 15g/L. At each time
point, the survival liquid is entirely sampled out by
the lateral collection port and is replaced by fresh
liquid. The lower part of the cell is thermostated at
37C. Homogeneity of the temperature and the content in
the receptor fluid, is maintained by stirring
(magnetic stirrer). The upper part (epidermal
compartment) is open towards the exterior, thus
exposing the epidermal surface to the air in the
laboratory. Preparation of human ventral dermatomed
skin dermal biopsies: These are samples from human
ventral skin from plastic surgery from white donors.
Skin is kept at -200C before use. Adherent sub-dermal
fat is removed with a scalpel, and skin is brought to
a thickness of about 0.5mm with a dermatome. For each
assay, the various skin samples are equally
distributed between the lots.General protocol Franz
cells are usually installed the day before loading the
formulation to be studied. The epidermal compartment
is contacted with the atmosphere in the laboratory,
the dermal compartment is thermostated to 370C and the
skin is contacted with albuminated physiological serum
for about 17 hours. Under these conditions, the skin
is highly hydrated. l OmL solution (about 8mL, about
8mCi) are applied with a micropipette onto the whole
of the surface of the epidermis delimited by the glass
cylinder. Sampling from the liquid contained in the
dermal compartment are carried out via the lateral
collection port at time points 2h, 4h, 6h, 8h, and
24h. For each time point, the survival liquid is
entirely sampled out and replace by fresh liquid. At
the end of the assay, the treated dermal surface is
washed with 200mL of various solvents according to the
following protocol: - 1st wash: Cetavlon (r)/water
(1/9, v/v); - 2nd wash: water; - 3rd wash: Cetavlon
(r)/water (1/9, v/v); 



- 4th wash: wash; 5th wash: water. The application
area is then wiped with a Q-tip(r). The epidermis and
the dermis are then mechanically separated with a
scalpel, and digested in respectively in ImL and 3mL
Soluene(r) (Packard). Radioactivity measurements
Detection is carried out by liquid scintillation using
a particle counter Packard-tricarb 4530. Preparation
of radioactive samples: The survival liquid sampled
from the lower compartment of the diffusion cells is
directly incorporated in 15mL of liquid scintillation
cocktail (Picofluor 4OR, Packard) and metered for
radioactivity measurement. Liquids from washes and
Q-tips(r) are introduced in a vial containing about
3OmL 95Ethanol and weighted exactly. After incubating
overnight at 4C, the radioactivityof an exactly
weighted aliquot from this dilution is determined
following the same procedure as for the survival
liquids. Epidermis and dermis must first be dissolved
in strong organic bases. They are dissolved by
contacting 24h at 37C with Soluene 350(r) Packard (ImL
per 100 mg tissue) to which 15mL liquid scintillation
cocktail (Hionic Fluor 30(r), Packard) are added, and
then metered. Radioactivity measurements: Metering
rate is corrected, as far as quenching is concerned,
by the method of the external calibration, in order to
obtain disintegrations per minute (dpm) accounting for
the real activity of each sample. The background is
deducted for each sample in cpm. For each
scintillation liquid, a specific quenching curve is
established. Results are expressed in weight or
percentage of substance found in the samples with
respect to the administered amount, determined from
the metering rates of suitably diluted calibrations.
Transdermal absorption: Intensity of transdermal
absorption is evaluated by computing the absorption
percentage (%) of the loaded amount (Qi) as a function
of time: % = (Qt / Qi) x 100 wherein Qt is the
absorbed amount at time point t . Average flux and
absorbed amount for each time interval are also
determined and expressed respectively in ng/cm2/h and
in ng. Average results correspond to 6-8 experimental
determinations and are associated to the standard
deviation (Sd). 



Comparison of the average results is carried out by
variance analysis. 3. Results Concentrations expressed
as percentages are by weight of substance for 10Og of
final formulation.In vitro testosterone penetration in
Franz cells (Cumulated values) Average values +/- Sd
as a function of time @: different from reference
(variance analysis, Fisher test significant with p<5%)
* : different from reference (anova; Fisher and
Scheffe F test, significant with p<5%)Retrieved
amounts (Cumulated values) E: epidermis, D: dermis, C:
cell, W: washes, T: total @: different from reference
(variance analysis, Fisher test significant with p<5%)
: different from formulation 2, 3 and 4 (anova, Fisher
test, p<5%) *: different from reference (anova; Fisher
and Scheffe F test, significant with p<5%)In vitro
testosterone penetration in Franz cells (Non cumulated
values) Average values +/- Sd as a function of time:@:
different from reference (variance analysis, Fisher
test significant with p<5%) *: different from
reference (variance analysis, Fisher test and Scheffe
F-test significant with p<5%)Claims 1. Pharmaceutical
composition comprising: - 0.5 to 5.0 % (w/w) of
testosterone, - 40.0 to 75.0 % (w/w) of a least one
C2-C6 alcohol, - 0.1 to 5.0 % (w/w) of at least one
gelling agent, - 0.1 to 5.0 % (w/w) of propylene
glycol, - optionally, water. 2. Pharmaceutical
composition according to claim 1, wherein said C2-C6
alcohol is selected from the group consisting of
ethanol, propan-1-ol and propan-2-ol, and mixtures
thereof. 3. Pharmaceutical composition according to
any one of claims 1-2, wherein said gelling agent is
selected from the group consisting of acrylic
acidbased polymers, carboxymethylcelluloses,
hydroxypropylcelluloses, hydroxyethylcelluloses,
cellulosics, and mixtures thereof. 4. Pharmaceutical
composition according to any one of claims 1-3,
wherein said gelling agent comprises at least one
gelling agent selected from the group consisting of
carbomers, e.g. Carbopol(r) 980, Carbopol(r) 934P,
Carbopol(r) 1342, Carbopol(r) 1382, and mixtures
thereof. 5. Pharmaceutical composition according to
any one of claims 1-4, further comprising a base,
preferably selected from the group consisting of
triethanolamine, sodium hydroxide, ammonium hydroxide,
potassium hydroxide, arginine, aminomethylpropanol,
tromethamine, and mixtures thereof. 



6. Pharmaceutical composition according to any one of
claims 1-5, further comprising isopropyl myristate. 7.
Gel useful for transdermal or transcutaneous delivery
comprising a pharmaceutical composition according to
any one of claims 1-6. 8. Dose packet, unit dose
packet or multiple dose packet containing a
pharmaceutical composition according to any one of
claims 1-6 or a gel according to claim 7 .9.
Dispenser, e.g. with hand pump, containing a
pharmaceutical composition according to any one of
claims 1-6 or a gel according to claim 7. 10. Process
for preparing a pharmaceutical composition according
to any one of claims 1-6 or a gel according to claim
7, comprising the steps of: - preparing a mixture
containing at least one C2-C6 alcohol, at least one
penetration enhancer and testosterone; - optionally
adding water, and mixing; optionally adding a gelling
agent this mixture, and mixing; - optionally adding a
base, and mixing again. 


