ABSTRACT

NOVEL ~ PHARMACEUTICAI,  COMPOSITION ~ COMPRISING A MACROLIDE
IMMUNOSUPPRESSANT DRUG

The invention provides novel pharmaccutical compositions of macrolide
immunosuppressants. The compositions comprise a hydrophilic component, a lipophilic
component, and an amphiphilic component. Preferably, the compositions are
formulated as liquid microemulsion. Furthermore, the invention provides uses of such
compositions, such as for the topical treatment of inflammatory and autoimmunc
disecases. Methods for preparing the compositions are also provided.



We CLRTM -

1. A pharmaceutical composition comprising:

- a therapeutically active ingredient selected from the group consisting of
sirolimus, everolimus, tacrolimus, pimecrolimus, ridaforolimus, temsirolimus,
and zotarolimus,

- a hydrophilic component;

- a lipophilic component; and

- an amphiphilic component,

whercin the composition is formulated as a microemulsion.

2. The pharmaccutical composition of claim 1, comprising tacrolimus, or a salt or
derivative thereot, wherein essentially all of the tacrolimus is in solubilised

form.

3. The pharmaceutical composition of any preceding claim, wherein the

microemulsion is in liquid form.

4. The pharmaccutical composition of any preceding claim, wherein the
hvdrophilic component is present at an amount of at least about 20 wt.- %,

relative to the weight of the composition.

5. The pharmaceutical composition of any preceding claim, wherein the

hydrophilic component comprises water.

6.  The pharmaccutical composition of claim 5, wherein the hydrophilic component
comprises a combination of water and a liquid glycol which is preferably
selected from glycerol, propylene glycol, 1,2-pentylene glycol, and polyethylene

glycol.

7. The pharmaccutical composition of claim 6, wherein the ratio of water to the

liquid glycol is in the range from about 1: 10 to about 10 : 1.

8. The pharmaceutical composition of any preceding claim, wherein the weight
ratio of the hydrophilic component to the amphiphilic componentis 1 : t or

higher.
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9.

10.

11.

12.

13.

14.

Dated this 20th day of February, 2012.

The pharmaceutical composition of any preceding claim, wherein the lipophilic
component comprises at least one excipients sclected from isopropyl myristate,

isopropyl palmitate, dibutyl adipate, diisopropyl adipatc, and triglycerides.

The pharmaceutical composition of any preceding claim, wherein the
amphiphilic component comprises at least one surfactant sclected from
phospholipids, alkyl polyglucosides, sorbitan csters with fatty acids,
polyalkyleneglycol ethers of fatty alcohols, and pegylated mono- and diesters of

glycerol with fatty acids.

The pharmaceutical composition of any preceding claim, wherein the

amphiphilic component comprises at least two surfactants.

The pharmaccutical composition of any of claims 1 to 11 for use asa
medicament for topical administration, preferably for administration to the

skin, a mucosa, or an eye.

The pharmaccutical composition of any of claims 1 to 11 for use asa
medicament for the prophylaxis and/or treatment of atopic dermatitis,
psoriasis, collagenosis, inflammatory discases of the bowel, inflammatory

disecases of the eye, or transplant rejection.

Method for preparing a pharmaceutical composition according to ot any of
claims 110 11, wherein the ingredients of the composition are combined and

mixed without applying high shear conditions or pressure homogenisation.
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NOVEL PHARMACEUTICAL COMPOSITION COMPRISING A MACROLIDE
IMMUNOSUPPRESSANT DRUG

The present invention relates to novel pharmaceutical compositions of
macrolide immunosuppressants such as tacrolimus. It further relates to
pharmaccutical compositions which are capable of solubilising poorly soluble
macrolide immunosuppressants, and which are suitable for topical administration. In

further aspects, the invention relates to the therapeutic uses of such compositions.

Immunosuppressants are pharmaceutical compounds that reduce the activity of
the immune system. They are commonly used in the therapy of autoimmunc discases
and in the prophylaxis and treatment of organ transplants. Autoimmune discases are
conditions which are believed to involve some type of hypersensitivity of the immune
system, which is today, for example, known for Crohn's disease, multiple sclerosis,
rheumatoid arthritis, ulcerative colitis, Addison's diseasc and numerous other
conditions. After an organ transplantation, the immune system of the recipient nearly
always identifies the new organ as foreign and potentially hostile material due to
differences in human leukocyte antigen haplotypes between the donor and recipient,

and attempts to remove it by attacking and destroying its ccllular components.

The immunosuppressants that have been developed for therapeutic use may be
classified according to their chemical structure and/or their mechanism of action.
Among the carly immunosuppressants were in particular antimetabolites, such as
azathioprine (a purine synthesis inhibitor) and methotrexate (an antifolate).
Substantial therapeutic benefit for transplant recipients was brought about by the
advent of the first macrolides, in particular ciclosporin, and later tacrolimus. Further
immunosuppressive compounds with related structure and activity include
pimecrolimus, everolimus, sirolimus, deforolimus, everolimus, temsirolimus, and
zotarolimus. More recently, antibodies and fusion proteins against various cellular

and non-cellular targets that are involved in immunc responses, such as infliximab,



ctanercept, rituximab, tocilizumab, and abatacept, have been developed and

introduced to the drug market.

Macrolide immunosuppressants such as tacrolimus, sirolimus, everolimus and
the like, while being highly active once they are absorbed into the organism or target
tissue, are challenging compounds to formulate and deliver to the site of action, in
particular due to their poor solubility and relatively large molecular size. For
systemic therapy via the oral or intravenous routes of administration, they are
typically presented as solubilised formulations comprising substantial amounts of

solubilising excipients, such as surfactants and organic solvents.

Tacrolimus, a compound of particular interest in the context of the present
invention, was first developed as a concentrate for intravenous infusion after dilution,
and as an oral hard capsule formulation. In the concentrate for infusion (currently
marketed by Astellas as e.g. Prograf®), tacrolimus (5 mg) is solubilised in a mixture
of ethanol (638 mg) and macrogolglycerolricinoleate (200 mg), which excipients arce
not well tolerated by many patients, but are still considered necessary in view of the
very poor solubility of the drug substance. These systemic formulations are used tor
the prophylaxis and treatment of organ transplant rejection, most frequently with

patients that have received a kidney, liver or heart transplant.

More recently, tacrolimus has been developed as an ointment for the trecatment
of atopic dermatitis. The formulation that is currently marketed (c.g. in Germany
since 2002 by Astellas as Protopic®) is available in two strengths (0.3 mg/g and 1
mg/g, respectively), and contains the excipients vaseline, liquid paraffin, solid

paraftin, wax, and propylene carbonate.

The therapeutic effectiveness of tacrolimus in the treatment of atopic dermatitis
was demonstrated in various placebo-controlled multicentric clinical studies with
adult patients in the USA and Europe (1, 4), as well as with children of 3 to 6 years
(23, 25). Topical tacrolimus also appears to be effective in the treatment of contact
dermatitis (15, 16). In contrast, the experimental use of topical tacrolimus for
psoriasis treatment has generally not been successful, even though psoriasis has been

clearly identified as an autoimmune disecase, possibly due to the thickness and



structure of the psoriasis plaques which may represent considerable diffusion
barriers for the penetration and uptake of the active ingredient (11, 30). Only in some
special cases, relatively positive results were obtained, e.g. by applying occlusive
conditions (22), using a liposomal formulation (8), or by treating the relatively thin

facial skin or administering the medicine into wrinkles (10, 14, 17, 18, 26, 28, 29).

It is noted, however, that such special cases are associated with a number of
drawbacks. For example, skin occlusion is not only considered as unpleasant by the
patients, but also poorly feasible for certain areas of the skin (e.g. the face, in folds,
near joints etc.), and gencrally unacceptable in the case of large or multiple affected
sites. Liposomal formulations are disadvantageous in that they arc not casily
manufactured in a reproducible manner at an industrial scale. Moreover, they are
difficult to sterilise or produce under aseptic conditions, which could be desirable as
the product is not used on intact skin but on adversely affected skin. Tre;ﬁing only
certain sites of the affected skin is obviously associated with the disadvantage that

other affected sites remain untreated or poorly treated.

The limited effectiveness of conventional ointment formulations of tacrolimus is
also indicated by the fact that the currently available topical tacrolimus product

(Protopic®) is only approved for the treatment of atopic dermatitis, not of psoriasis.

Other macrolide immunosuppressants are, like tacrolimus, poorly soluble and
relatively large molecules which are also difficult to formulate and which are likely to
possess the same limitations with respect to penetrating psoriasis plaques. None of
these compounds have been successfully developed as topical formulations for

psoriasis treatment.

Consequently, there is a need for improved topical formulations of macrolide
immunosuppressive compounds such as tacrolimus which are suitable for, and
effective in, the treatment of other conditions than atopic dermatitis. In particular,
there is a need for topical medicines for treating psoriasis, using formulations which
do not require occlusion, incorporate liposomes, which are easily manufactured at
large scale, and/or which do not possess one or more of the disadvantages of the

compositions that are known today.



Itis an object of the present invention to provide such compositions. Further
objects are to provide beneficial uses of compositions of macrolide
immunosuppressive compounds and methods for preparing such compositions. Still
further objects will be understood in the light of the description and the patent

claims.

Itis noted that WO 03/053405 A1 discloses emulsions for ophthalmic use and
proposed for the treatment of dry eye syndrome. The emulsions have a droplet size of
150 nm to 250 nm (p. 7, line 13) and are therefore conventional emulsions which, in
contrast to microemulsions, do not form spontancously, and are thermodynamically
unstable and optically anisotropic. Moreover, the emulsions comprise more than 90%
water and a cationic surfactant. There is no hint that these compositions could be

useful for administration to the skin.

P 1929 996 A2 also describes o/w-type emulsions for ophthalmic use. The
emulsions have a preferred particle size of 100 nm to 250 nm (p. 4, paragraph
[0038]) and are prepared by conventional emulsification techniques requiring the
input of encrgy (p. 5, paragraph [0043]), which lead to convention emulsions which
are, in contrast to microemulsions, thermodynamically unstable and optically
anisotropic. The document does not disclose the usc of the emulsions for treating the

skin.

W0 2006/062334 A1 discloses so-called microemulsion pre-concentrates (also
known as self—microémulsifying drug delivery systems or SMEDDS) which, upon the
addition of an aquecous phase, spontaneously form microemulsions. The pre
concentrates arce filled c.g. into capsules and are for oral administration. The
inventors of the pre-concentrates had found that the compositions lead to higher

systemic bioavailability of tacrolimus after oral ingestions.

US 2003/0143250 A1 describes microemulsion pre-concentrates comprising
the active ingredient, ciclosporin, which achieve a high systemic bioavailability and
low inter-subject variability of the incorporated drug after oral administration (p. 18,
paragraphs [0257] to [0259]. The document does not disclose other drugs that

ciclosporin.



GB 2 315 216 A relates to self-microemulsifying and microemulsion
composition of tacrolimus for oral administration. Again, the compositions achieve
improved pleasma levels of the incorporated drug substance. The document docs not

teach other uses than oral administration.

US 2003/0059470 A1 teaches o/w-emulsions that are prepared by
conventional processes and have droplet sizesin a range of 100 nm up to 10 pm,
preferably of 200 nm to 500 nm, and are thus thermodynamically unstable and

optically anisotropic (p. 5, paragraph [0075]).

WO 2006/123354 A2 provides water-free self-microemulsifying compositions
(or microemulsion pre-concentrates, or SMEDDS) of hydrophobic drugs for oral use
which may form microemulsions upon addition of an aqueous phase. The document

does not teach other uses than oral administration.
SUMMARY OF THE INVENTION

The present invention provides a pharmaceutical composition comprising a
therapeutically active ingredient selected from the group of macrolide
immunosuppressants, a hydrophilic component, a lipophilic component, and an
amphiphilic component. The composition is further characterised in that it is

formulated as a microemulsion.

In a particularly useful embodiment, the invention provides a liquid
microemulsion comprising tacrolimus as the active ingredient. The constituents of
the hydrophilic, lipophilic and amphiphilic components are preferably selected from
excipients that are well tolerated by the skin and/or mucosa. In particular, it is

preferred that the tacrolimus microemulsion comprises water.

_ The hydrophilic component may comprise water in combination with one or
more liquid glycols, such as glycerol, propylene glycol, pentylene glycol, and/or
polyethylene glycol. The lipophilic component may be composed of one or more oily
excipients used in cosmetic or dermatological preparations, such as isopropyl
myristate, isopropyl palmitate, dibutyl adipate, diisopropyl adipate, and/or

triglycerides. The amphiphilic component typically comprises one or more



surfactants, such as phospholipids, alky] polyglucosides, sorbitan esters with (atty

acids, and/or pegylated mono- and diesters of glycerol with fatty acids.

The invention further provides the use of microemulsion compositions
comprising a macrolide immunosuppresssant for topical treatments, such as for
administration to the skin, a mucosa, or an eye. Morecover, it provides the use of such
compositions for the treatment of diseases and conditions such as atopic dermatitis,
psoriasis, collagenosis, inflammatory diseases of the bowel, inflammatory diseases of

the eye, or transplant rejection.

In yet a further aspect, the invention provides a method for preparing such
compositions. The method is characterised in that the ingredients of a composition
arc combined and mixed without applying high shear conditions or pressure

homogenisation.
DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, pharmaceutical compositions are provided
which comprisc a therapeutically active ingredient selected from the group of
macrolide immunosuppressants, a hydrophilic component, a lipophilic component,
and an amphiphilic component. The composition is further characterised in that it is

formulated as a microemulsion.

As used herein, a pharmaceutical composition means a composition comprising
at lcast onc pharmaceutically active compound and at least one excipient, wherein
the composition is formulated and processed in such a way that it is suitable for
administration to a human or animal. In the case of the present invention, the active
ingredient is a macrolide immunosuppressant, i. ¢. a compound which suppresses the
activity of the immune system ot at [east one component thercof, and which
comprises a macrolide ring structure, which is typically defined as a relatively large
macrocyclic lactone ring (e.g. from 14-16 members in the case of macrolide
antibiotics and often more than 20 ring members in the case of macrolide
immunosuppressants which are of interest here) to which one or more deoxy sugar

residues may be attached.



Macrolide immunosuppressants which arc useful {or carrying out the invention
include sirolimus, cverolimus, tacrolimus, pimecrolimus, ridaforolimus, temsirolimus,
and zotarolimus. Particularly preferred are pimecrolimus, sirolimus, everolimus, and
tacrolimus. As used herein, these non-proprietary names are understood so as to
include any salts, solvates, isomers, conjugates or other closely related derivatives of
the respective active principles. In one of the specific embodiments, the active

ingredient is tacrolimus monohydrate (hercinafter also referred to as "tacrolimus”).

Tacrolimus (C4sHeoNO12 * H20, MW 822.05) is a macrolide lactone with a
melting point of 127-129 °C. It exhibits two pk. values 0£9.97 1:0.7 and -2.38 1. 0.7,
respectively. Its water solubility is very poor over the pH range of 1 to 10, and only
above pH 10 it increases about twofold (24). It is soluble in methanol, ethanol,
acetone, chloroform, ethyl acetate, and diethyl ether (20). Its high lipophilicity is also

reflected by its partition coefficient, log Poctanoi/butter, 0f 3.96 1 0.83 (24).

Tacrolimus was first isolated from the bacterium Streptomyces Lsukubaensis in
1984 in Japan. The name tacrolimus stems from its place of discovery, Tsukuba, its
chemical core structure, i.e. macrolide, and its activity as immunosuppressant. Its
immunosuppressive activity in vitro is 50-100 times, and in vivo 10-20 times, higher
than that of ciclosporin (12). Even though tacrolimus and ciclosporin are chemically
not very closely related, it appears that their mechanisms of action are the same or at
least very similar. Generally speaking, they block the release of interlcukin-1 from
macrophages and interleukin-2 from T-helper cells via inhibition of the transcription

process at the genes that code for the respective cytokines.

The content of the active compound in the composition of the invention is
generally selected with an eye on the solubility of the compound in the excipients
mixture, or carrier, and on the desired product application, taking e.g. into account
the volume of the formulation which should be administered, which may be restricted
by the nature of the site of administration (e.g. the eye). In the case of tacrolimus, the
content or concentration in the composition will generally be in the range from about
0.00001 to about 20 wt.-%. More preferably, it is selected in the range from about
0.01 to 1 wt.-%. In particular embodiments, the composition comprises about 0.03

wt.-%, 0.05 wt.-%, 0.1 wt.-%, 0.3 wt.-%, 0.5 wt-% and 1.0 wt.-%, respectively.



The composition of the invention is further characterised in thatitisa
microemulsion, As used herein, a microemulsion is a clear, thermodynamically stable,
optically isotropic mixture of a lipophilic component, a hydrophilic component, and
an amphiphilic component. Typically, a microcmulsion forms spontaneously when
the components arc combined and mixed with cach other, without requiring high
energy input as is normally required for the formation of an "ordinary” emulsion.
Microemulsions may have a colloidal lipophilic phase dispersed in a hydrophilic
phase, or a hydrophilic phase colloidally dispersed in a lipophilic phase. The size of
the dispersed phases is usually in the range from about 5 nm to about 400 nm, and
most often below about 200 nm. In one of the preferred embodiments of the

invention, the particle size is from about 5 nm to about 100 nm.

In terms of its rheological properties, the microemulsion may be in the form of a
liquid ora gel, i.e. in liquid or semisolid form. In a preferred embodiment, the

microcmulsion is in liquid form.

The composition is further characterised in that it comprises a hydrophilic
component. As used herein, a component is a pharmaceutically acceptable excipient
or mixture of excipients, and hydrophilic means in the present context that the
component is miscible with water, or at least substantially soluble in water. Most
preferably, the hydrophilic component is liquid. For example, the hydrophilic
component may be composed of water itself (including predominantly aqueous
solutions such as buffers etc.), liquid polar solvents, or mixture of water and onc or
more of such polar solvents. Useful polar solvents include, for example, alcohols such
as ethanol and liquid glycols. Particularly preferred glycols include glycerol,
propylene glycol, liquid polyethylene glycols, and 1,2-pentane diol {(hercin also

referred to as pentylene glycol).

Diols such as propylene glycol and pentylene glycol are particularly preferred
agents in this context as they exhibit several beneficial effects. Apart from scerving as
constituents of the hydrophilic component, they are very well tolerated by the skin.
Morcover, they possess a small relatively lipophilic molecular region by virtue of
which they may also be considered as somewhat amphiphilic, thus enforcing the

functionality of the amphiphilic component of the composition and enhance the



solubilisation of poorly water-soluble ingredients. They have high affinity to the skin
and hair. Furthermore, they exhibit substantial antimicrobial properties so that they
allow for the formulation of aqueous topical compositions without any further

preservatives, or with reduced preservative levels.

Furthermore, preferred hydrophilic components include mixtures of (a) water
and (b) a liquid glycol, such as water and propylene glycol or water and pentylenc
glycol. For such mixtures, the ratio of water to glycol (or glycols) may be freely
selected. More preferably, the ratio is in the range from about 1: 10 to about 10: 1. In
further cmbodiments, the ratio is in the range from 1:3t03: 1,orfrom 1: 2t0 2: 1,
respectively. Examples of useful hydrophilic components include water and

pentylene glycol (2 : 1), water and propylene glycol {1 : 2).

As mentioned, the hydrophilic component may comprise water. The water
content is preferably at least about 5 wt.-%, relative to the weight of the total
composition. While water-free microemulsions and self-microemulsitying
compositions of certain active pharmaceutical ingredients have been described in
prior art, these are difficult to envision for topical administration. For example, the
limited amounts of water present in the skin or a mucosa will not normally achicve a
conversion of a self-microemulsifying composition into a microemulsion. In any case,
the inventors have found that the invention is particularly uscful for the topical
administration of a macrolide immuoosuppressant when the hydrophilic component
comprises water itself, such as at least about 5 wt.-% ef.water, relative to the total
composition, or even at least 10 wt.-%, or at least 20 wt.-%, respectively. In fact,
formulations exhibiting excellent properties (such as good skin permeation and local
tolerability) may contain as much as 40 wt.-%, 45 wt.-%, 50 wt.-% or more watcr.,
Consequently, the hydrophilic component of the composition may represent a
substantial weight fraction of the total composition, such as at least about 20 wt.-%,

or even in the range from about 50 to about 80 wt.-%.

Another essential component of the compaosition is a lipophilic component. In
the microemulsion, the lipophilic component will substantially contribute to the
formation of a colloidally dispersed lipophilic phase. The lipophilic component may

be composed of any suitable, pharmaceutically acceptable lipophilic excipient or



mixture of excipients which are capable of forming the lipophilic phase. Preferred
excipients that can be used alone or in combination with each other as the lipophilic
component include oily compounds that are well tolerated by the skin and/or
mucosae, such as triglyceride oils, liquid paraffins, liquid waxes, and in particular the
compounds isopropyl myristate, isopropyl) palmitate, dibutyl adipate, and diisobutyl

adipate.

Preferably, the lipophilic component is selected to yield a dispersed lipophilic
phase in the microemulsion, so that the composition is in the form of a o/w-
microemulsion. The particle size of the dispersed lipophilic phasc in the
microcmulsion is preferably in the range of 5 to 200 nm, and in particular in the rage

from5 to 100 nm.

It is also preferred that the content of the lipophilic component is kept at or
below about 50 wt.-% relative to the total composition in order to allow for a high
content of the hydrophilic component. In further embodiments, the lipophilic
component is present at an amount of not more than about 30 wt.-%, or not more
than about 20 wt.-%, respectively. On the other hand, the amount of lipophilic phase
should be high enough to solubilise much or all of the active ingredient. In the case of
tacrolimus, for example, a stable microemulsion composition comprising 0.1 % of
active ingredient and a significant amount of hydrophilic component (e.g., 50-80 wt.
%) including water can be formulated with c.g. 10 wt.-% of a lipophilic component

consisting of dibutyl adipate.

According to the invention, the composition comprises an amphiphilic
component as a further essential feature. In fact, the presence of an amphiphilic
component is an essential requirement for the formation of a microemulsion. The
amphiphilic component comprises at least one, and optionally at least two
amphiphilic excipients, e.g. surfactants. In a preferred embodiment, a combination of

two or more surfactants is present in the amphiphilic component.

It is noted that some of the commonly used surfactants in the pharmaccutical or
cosmetic field are in fact mixtures of chemically related molecules. Itis also noted

that the technical literature relating to microemulsions often refers to surfactants and



Co-suntactatns, even in the absence of functional differences between them, whereas
in the context of the present invention surfactants arc simply termed as such, without

using the term co-surfactant. Surfactants may also be referred to as emulsiliers.

As constituents of the amphiphilic component, any amphiphilic excipient
suitable for pharmaceutical use may be selected. Preferably, the amphiphilic
component is composed of surfactants that are physiologically well tolerated after
administration to the skin and/or a mucesa. For example, the one or more surfactants
may he selected [rom the group of phospholipids, alkyl polyglucosides, sorbitan
esters with fatty acids, polyalkyleneglycol ethers of fatty alcohols (e.g. lauryl-, stearyl-
, cetyl-, or palmityl alcohol), and/or pegylated mono- and dicsters of glycerol with
fatty acids. Examples of especially suitable surfactants are lecithins, in particular
those which consist predominantly ofphbsphulipids, purificd or synthetic
phosphatidylcholines, phosphatidylglycerols, sorbitan monooleate,
polyoxyethyleneglycol monostearate, polyoxyethyleneglycol ethers of fatty alcolohols
such as polyoxycthylene(4)lauryl ether, alkyl (poly)glucosides such as decyl

glucoside.

Preferred mixtures of surfactants include (a) lecithin combined with an alkyl
polyglucoside, (b) a lecithin combined with sorbitan monooleate, and (¢) a lecithin
combined with polyoxyethyleneglycol monostearate. Suitable ratios between the first
and the second surfactant in binary mixtures are usually in the range from about 1 -

10 to about 10 : 1, and preferably in the range from about3: 1to 1: 3.

The amount of amphiphilic component in the microemulsion composition
should generally be selected below 65 wt.-%, and more preferably in the range from
about 15 to about 35 wt.-%. In fact, one of the particular benefits of the present
invention is that poorly soluble macrolides such as tacrolimus can be formulated for
topical use in well-tolerated compositions comprising the active ingredient in

solubilised form cven at a relatively low surfactani content, such as 25 or 30 wt.-%,.

In a further aspect, it is preferred that the composition comprises a Jarger
amount of hydrophilic component than of amphiphilic component, i.c. the ratio of

hydrophilic to amphiphilic component s preferably 1 : 1 or higher, such asin the

12



range from about 1:1 to 3 : 1. It has been found by the inventors that this ratio
reconciles the need for solubilising the macrolide immunosuppressant in the
microemulsion with the need to provide patients with a formulation which is well
tolerated by the skin and the mucosae, and which at the same time is readily taken up

by the skin or mucosa without leaving oily residues.

Apart from the components and excipicnts described as essential [or carrying
out the invention, the composition may comprise further ingredients as required. I'or
example, it may contain a further active ingredient, ¢.g. a corticosteroid, an antibiotic,
an antimycotic, and/or an antiviral agent. Moreover, it may comprise one or more
further excipients, such as agents for adjusting the pll (e.g. acids, buffer salts, bascs),
antioxidants (e.g. ascorbic acid, vitamin E and its derivatives, BHT, BIA, di.sodium
EDTA, etc.), preservatives (e.g. cationic surfactants such as benzalkonium chloride;
benzyl alcohol, sorbic acid etc.), permeation enhancers (DMSO, Transcutol®, menthol,
oleic acid, n-alkanols, 1-alkyl-2-pyrrolidones, N,N-dimethlyalkanamides, and 1,2-

alkanediols, ctc.), and the like.

The composition of the invention, as it is in the form of a microemulsion, is
casily manufactured and scaled up into industrial scale production. It is formed as the
ingredients are combined and mixed together, even in the absence of high shear
conditions or pressure homogenisation. Therefore, the composition may be prepared
using any standard mixing equipment which is suitable for the preparation of liquid
pharmaccutical formulations at the appropriate scale. Optionally, ultrasound
treatment of the combined ingredients may be used to accelerate the formation of a

homogeneous microemulsion.

In a further aspect, the invention provides the usc of the compositions
described above as medicines. Particularly beneficial is the use for topical treatment
which also involves topical administration, i.e. administration to the skin or to a
mucosa, such as a mucosa of the oral or nasal cavity, of the eye, or of the small or
large intestine. In onc of the specific embodiments, the composition is used for

administration to the skin.
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Preferably, the topical use does not involve occlusive conditions. In fact, it was
found by the inventor that occlusion is not required for the composition to deliver
their active ingredient efficiently into the target layers of the skin, in particular the
dermis. This is an important and unexpected benefit of the present invention and
potentially enables the treatment of larger skin arcas, which patients do not normally

tolerate when occlusive conditions are required.

The diseases and conditions in which the therapeutic use of the composition
may be beneficial include in particular conditions involving inflammatory and/or
autoimmunc processcs, such as atopic dermatitis, psoriasis, collagenosis,
inflammatory diseases of the bowel, inflammatory discases of the eye, and/or
transplant rejection. In contrast to prior art compositions of macrolide suppressants,
the compositions have properties which allow the effective treatment of psoriasis,
and this therapeutic use constitutes one of the preferred embodiments of the
invention. Further potential uses include chronic wounds and burns. As used hercin,
a therapeutic use is understood as including both curative and prophylactic

treatment methods.

Further embodiments will become obvious from the following exampies which
illustrate the invention in some of its major aspects, without limiting the scope

thereof.
EXAMPILES
Example 1: Preparation of water-containing microemulsions with tacrolimus

Iour different microemulsion compositions according to the invention were
formulated and prepared by combining and mixing the respective ingredicnts. The
compositions are shown in tables 1 to 7. Transparent or slightly opalescent
microemulsions formed spontaneously upon mixing. After three months of storage at
room temperature, samples of the three microemulsions were visually inspected. No

indication of physical instability was found.
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Table 1

Composition A

Component o wt. % .
Active ingredient Tacrolimus | - 0.1 |
Hydrophilic component Water 39.9
Pentylenc glycol 20.0
Lipophilic component Dibutyl adipate (Cetiol® B) 10.0
Amphiphilic component Lecithin (Phospholipon® 90G) 10.0
Decyl glucoside (Plantacare® 2000 UP) 20.0
Other None
?otal o - o . 100.0
Table 2

Composition B

Component o wi. -
Active ingredient Tacrolimus 0.7
tHydrophilic component Water 721.63
Propylene glycol ¥3.27
JLapophilic component Dibutyl adipate (Cetiol® B) 10.0
Amphiphilic component Lecithin (Phospholipon 90G) 6.3
PEG-20-glycerol monostearate {Tagat® S2) 18.8
Other None
ol o 1000
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Table 3

Component

Composition C

Active ingredicnt

Hydrophilic component

Lipophilic component

Amphiphilic component

Other

Total

Tablec 1

Tacrolimus

Water

Pentylenc glycol

Dibutyl adipate (Cetiol® B)
Lecithin (Phospholipon® 90()

Sorbitan monooleate (Span® 80)

Component

Active ingredient

Hydrophilic component

Lipophilic component

Awmphiphilic component

Other

Taérolimus

Water

Propylene glycol
Isopropylmyristate

Lecithin (Phospholipon® 90G)

PEG-20-glycerol monostearate (Tagat® $7)

None

Total

wil. % |
0.1 A
14.9
20.0
10.0

15.0
10.0

100.0

wt.

21.63
43.27
10.0

6.3
18.8

100.0



Table 5

Component

Active ingredient

Hydrophilic component

Lipophilic component

Amphiphilic component

Other

Total

Table 6

Component

Composition E

Tacrolinus

Water

Propylene glycol

Isopropylmyristate

Lecithin (Phospholipon® 90()
PLG-20-glycerol monostearate (Tagat® S7)

Tartaric acid 10 wt.-% aqueous solution for
adjusting the pH to 4.0+ 0.2

Composition F

Active ingredient

Hydroph#ic component

Lipophilic component

Amphiphilic component

Other

Total

Tacrolimus

Water
Pentylene glycol

Isopropylmyristate
Lecithin (Phospholipon® 90G)
Sorbitan monooleate (Span® 80)

Tartaric acid 10 wt.-% aqueous solution for
adjusting the pH 1o 4.0 + 0.2

[8]
0.1
22.0
43.2
10.1
6.0
19.0

q.s.

100.4
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Table 7

Composition G
Component N ) | T%ﬂ
Active ingredient Tacrolimus S 0.1
Hydrophilic component Water 40.1
Pentylene glycol 201
Lipophilic component Isopropylmyristate 10.3
Amphiphilic component Lecithin (Phospholipon® 90G) 10.]
Polyoxyethylene(H)iauryl ether (Brij@® 30) 20.0
Other Tartaric acid 10 wt.-% aqueous solution for q.s.

adjusting the pH to 4.0 + 0.2

Total 100.6

Example 2: Skin and mucosa toxicity tests

The three formulations A, B and C prepared according to example 1, but without
active ingredient, were tested for their potential to produce toxic tissue effects on
skin and mucosae, using the HET CAM ("hen's egg test - chorio allantois membrane")
method. This membrane is used 8-10 days after fertilisation when it alrcady
possesses a functional vasculature but no nervous tissue. Placebo formulations were
used in order to determine the irritation potential of the carrier rather than that of

the active ingredient.

The HET CAM model is an internationally accepted alternative to animal models
and yields similar results without causing any pain. In the HET CAM model, the
presence of irritation is indicated by changes in the vasculature, including a
hypervascularised CAM and an increased vascular perfusion (27). Laser doppler flux
(LLDF) was used to quantify the perfusion after defined time intervals if approx. 30
minutes after applying the formulations, as irritation-induces increases of perfusion

can be estimated by the resulting increases in LDF.

FFor the present experiments, naturally inseminated eggs of New Hampshire
hens were used. The eggs were kept for 8 days at 37 “Cand 55 % r.h. and turned

cvery 12 hours. Thereafter, the cggs were transferred to a laminar flow box for
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microsurgical manipulation. At the egg pole baving the larger radius (i.e. the weaker
convexity), a circular opening of 1.5 cm in diameter was cut out of the shell, and the
CAM was dissected. On each CAM, 100 pl. of the test solution was applied. Phosphate
buffer was used as negative control, sodium dodecyl sulphate solution as positive
control. The CAM was then illuminated with monochromatic low energy helium-ncon
laser (632.8 nm). After 30 minutes, the egg underwent LDF testing. In result, nonce of
the formulations exhibited any significant increases in vascular perfusion, but only

slight decreases, thus indicating the absence of any potential for irritation.
Example 3: Skin penetration of tacrolimus

The three tacrolimus microemulsions A, B, and C prepared according to
example 1 were further tested in skin permeation experiments using excised human
mamma skin and Franz diffusion cells (Crowne Glass Company, Somerville, NY, USA).
Phosphate buffer pH 7.4 was used as acceptor fluid. The skin samples were fixed onto
afilter using a metal clip. A glass lid was used to cover the Franz cells to avoid
cvaporation Josses during the experiments. Skin from three donors was used in the

scries of tests.

For each diffusion experiment, approx. 20 ul. of the respective microemulsion
was applied to the skin specimen. Subsequently, the specimen was placed onto the
filter of the Franz cell and fastened. The diffusion cell was kept at 32 °C for 30, 300, or
1,000 minutes. After the testing period, residuals of the microemulsion were removed
from the surface of the skin using a swabh, and three circular punch biopsies of 6 mm
in diameter were punched out from each skin specimen, using a Kromayer dic cutter
(Stiefel Laboratorium, Offenbach, Germany). The biopsics were then frozen and

microtomised. The horizontal slices that were obtained are listed in table 5.

The swabs used for removing microemulsion residues were extracted with
methanol (5 ml.) for 12 hours. The skin slices were extracted for 1 hour using 0.3 to
0.5 ml of methanol, depending on the expected amount of drug substance. Tacrolimus
was then quantified by HPL.C with MS-detection using mycophenolate mofetil as

internal standard.
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Skin layer

Stratum corneum (SC) ; 10 um

Live epidermis (EP} 4 slices of 20 um
Dermis 1 {adjacent to epidermis) (DR1) 5 slices of 40 um
Dermis 2 (DR?) 5 slices of 40 wum
Dermis 3 (DR3) 5 slices of 40 wun
Dermis 4 (DR4) 5 slices of 40 um
Dermis 5 (DR5) 5 slices of 40 um

In result, it was found that formulations A and C delivered tacrolimus rapidly
and efficiently into the skin, in particular into the dermis which, due to the
lymphocytes that reside therein, represents an important target for the active
ingredient. The rapid increase in tacrolimus levels after 30 and 300 minutes is more
pronounced for these formulations than for formulation B. HHowever, after 1,000
minutes, formulation B has delivered nearly as much tacrolimus as the other two
formulations into the dermis, and the amount of drug which is deliverced into the
acceptor fluid is the highest for all three formulation. Detailed results are depicted in

figures 1-7.

Figures 1 to 4 show the tacrolimus dose fractions found in the various skin
layers (figure 1: stratum corneum; figure 2: viable epidermis; figure 3: dermis) and
the acceptor medium (figure 4) 30, 300, and 1,000 minutes after application of
formulations A, B and C (here designated as ME TCL A, MIETCLL B, and M1 TCLL C,
respectively), relative to the applied dose (n::9; x £ SD; 'p < 0.01 METCL A versus ME

TCL B, #*p <0.01 ME TCL A versus ME TCL C, 'p < 0.01 ME TCi. B versus ME TC). €).

Figures 5 to 7 shows the concentration of tacrolimus over the skin depth 30,
300 and 1,000 minutes after application of formulations A (figure 5), B (figurce 6) and

C (figure 7) (n9; X + SD; stratum corneum not shown).

In conclusion, all three exemplary formulations demonstrate that the
microemulsions according to the invention are capable of delivering macrolide

immunosuppressants such as tacrolimus across the major penetration and
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permeation barrier represented by the stratum corneum. Morcover, they are capable
of delivering significant fractions of the administered drug into the skin without

requiring occlusion.
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