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cyclosporins, e.g. cyclosporin A. dihydrocyclosporin C, cyclosporin D and

dihydrocyclosporin D.It is also useful with other water-insoluble substances such

as, for example, water-insoluble peptides, or water-insoluble antimicrobialor

antineoplastic substances. Examples include desmopresin, calcitonin, insulin,

lenprolide, erythropoetin, a cephalosporin, vincristine, vinblastine, taxol, etoposide
or mixtures thereof.

In the compositions of the invention, component(a) is in solution in

component (b). Component(b) can be a propylene glycol ester of a fatty acid or a
mixture of any two or more such esters. The fatty acids may optionally be derived

from a vegetable oil and are preferably Cg - C29 residues. Particular preferred

compoundsare propylene glycol monocaprylate (Caprgol 90) and propylene

glycol monolaurate (Lauroglycol 90). Weprefer to formulate the composition
such that the weight ratio of component(a) to component(b) is from about 1:1 to

about 1:10 but ratios outside this range can be usedif desired.

These compounds, whichincrease the bioavailability of the active

material can be used alone or in combination with one or more ofthe glycerides

described in EP 0760237. For example, oleoyl macrogol-6 glycerides (Labrafil M

1944 CS), linoleoyl macrogol-6 glycerides (Labrafil M 2125 CS), and

caprylocaproyl macrogol-8 glycerides (Labrasol) are particularly preferred

compoundsfor use with the oils employedin the present invention.

Component(c) is a surfactant to provide the preconcentrate mixture

and, where employed,the fully formed microemulsion with stability. Those
skilled in the art will be aware of many surfactants which can be used, but we

prefer to use polyoxyl 40 hydrogenatedcastoroil, polyoxyethylene-sorbitan
monooleate, polyoxyethylene-sorbitan monopalmitate, polyoxyethylene-sorbitan
monolaurate or polyoxyethylene sorbitan monostearate. If desired, the surfactant
can be mixed with a phospholipid, such as lecithin. Weprefer to use a weight ratio

of component(a) to surfactant of about 1:1 to about 1:50, but ratios outside this
range can also be employedif desired. When a phospholipid is included in the
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composition, we prefer to use a weight ratio of component(a) to phospholipid of

about 1:05 to about 1:5.0, but, again, other ratios can be used.

In the case where the composition of the invention is provided as a

microemulsion, component(d) is a hydrophilic phase. The preferred materialis

propylene glycol or diethylene glycol monoethy]ether (transcutol) but other

substances can be used. Ethanol cannot be present. Water can of course also be

presentbutit is not preferred. Despite the use of propylene glycol, component(a)

remains wholly dissolved in the oil phase (component(b)).

Microemulsionsare transparent due to the very small particle size of

the dispersed phase,typically less than 200 nm. Such small droplets produce only

weak scattering of visible light when compared with that from the coarse droplets

(1 -10 nm) of normal emulsions. An essential difference between microemulsions

and emulsionsis that microemulsions ferm spontaneously and, unlike emulsions.

required little mechanical work in their formulation. General reviews on

microemulsions are provided by Attwood D.et al J. Colloid Interface Sci 46:249

and Kahlweit M.et al J. Colloid Interface Sci 118:436.

The microemulsions can be formed bydiluting with aqueousliquid

(e.g. water, fruit juice, milk etc.) to form an oil-in-water microemulsion,e.g. for

oral administration. This aids in ready absorption as the surface area of the fat

globulesis largely increased. Therole played bybile salts in theinitial step of

fragmentation of fat globules, essential for fat digestion, is circumvented.

The rate determining factor for the absorption of drugin the vehicle

is not the enzymatic metabolism oftriglycerides but rests primarily in the

breakdownofthe fat globules into micro particles since the enzymes(lipases) act

mainly at the surface ofthe fat globules.

In the microemulsions of the invention, the amounts of the

components, in percent by weight, are as follows:
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Component General Usual Preferred

Active pharmaceutical 1-12% 2.5-10% 7-10%

Oil phase 20-80% 30-60% 25-40%

Surfactant 20-40% 25-60% 40-50%

Hydrophilic phase 10-60% 20-50% 25-30%

In the microemulsions, the weight percent of hydrophilic phase is

generally up to about 75%, most usually from 15 to 50%, and preferably from 35

to 50%.

In the case where the composition of the present inventionis

provided as a blend of preconcentrate and solid carrier, component(e) is employed

instead of component(d). Preferred solid carriers include colloidal silicon dioxide

and polyvinyl pyrrolidone (cross Povidone)but other suitable inert solid

substancescan also be used, as will be clear to those skilled in the art. Typically,

the solid carrier will be in the form of a dry powder. Generally, the preconcentrate

mixture (comprising active material, oil and surfactant) is simply blended with the

solid material such that the oily preconcentrate is absorbed by the material.

Preferably, the blended mixture is provided in the form of a free-flowing powder.

Such a powder can then be easily coated, for example, into a hard gelatin capsule

or, alternatively, compressedinto tablets, for instance. The technique of absorbing

an oily phase (in this case an oily preconcentrate) on to a solid phase such as

colloidal silicon dioxide followed by formulation into a final dosage form is a

technique well knownbythoseskilled in the art of formulation,so further details

are considered unnecessary.

Both the microemulsion and solid compositions can consist only of

the components described, or they can contain other substances. For example, in

order to prevent oxidation/ rancidification of the natural oils, an antioxidant, e.g. 0-

to copherol can be used. Propyl gallate may be used as an alternative.
In order that the invention may be more fully understood, the

following examplesare given by wayofillustration only.
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Examples of compositions comprising a blend of preconcentrate and

solid carrier are:

Example 1

Imusporin-25

Component

Cyclosporin USP

Glyceryl! Monolinoleate (Maisine 33-1)

Propylene glycol monocaprylate

(Capryol 90)

Polyoxyl 35 Castor Oil NF (Cremophor

EL)

Colloidal silicon dioxide

Crospovidone USP (PVP CL-M)

Net Fill Wt/cap (mg)

Example 2

Imusporin-50

Component

Cyclosporin USP

Glyceryl Monolinoleate (Maisine 33-1)

Propylene glycol monocaprylate

(Capryol 90)

Polyoxyl 35 Castor Oil NF (Cremophor

EL)

Colloidal silicon dioxide

Crospovidone USP (PVP CL-M)

Net Fill Wt/cap (mg)

mg/capsule

25

17.25

17.25

50.00

52.50

13.00

175.00

mg/capsule

50.00

34.50

34.50

100.00

105.00

26.00

350.00
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Example 3

Imusporin- 100

Component mg/capsule

Cyclosporin USP 100.00

Glyceryl Monolinoleate (Maisine 33-1) 69.00

Propylene glycol monocaprylate

(Capryol 90) 69.00

Polyoxyl 35 Castor Oil NF (Cremophor

EL) 200.00
Colloidal silicon dioxide 210.00

Crospovidone USP (PVP CL-M) $2.00

Net Fill Wt/cap (mg) 700.00

The blended preparations were madeas follows:

1 Mix Maisine 35-1, Capryol 90 and Cremophor ELin a clean jacketed

vessel.

2 Add Cyclosporin to the above vessel understirring, continue stirring for
about 70-75 mins. If required, heat the blend to not more than 50°C till the

drug dissolves completely.

4 Cool the above blend to room temperature andstrain through 150#.

5 Sift Aerosil and Crospovidone through 20# and 40# respectively. Mix ina

suitable mixer.

6 Adsorb the above blend (step 4) over the mixture of Aerosil and

Crospovidone.

7 Pass the powderblend of Cyclosporin through 20#.

8 Fill this blend in hard gelatin capsules or compressed withtablets.

The blends were then either fill into hard gelatin capsules or

compressedinto tablets.
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Examples 4 - 8

Microemulsions of the invention were made of the compositions

indicated, by dissolving the cyclosporin A in the oils and then formingtheoil-in-

water emulsions. The procedure was:

(a) dissolve the cyclosporin A in the mixture ofoils with slight warming

and understirring to obtain a clear yellow liquid. Confirm the

complete dissolution of the drug by microscopy.

(b) addthe surfactant withstirring.

(c) add the hydrophilic phase with stirring

(d) addthe alpho tocopherol and mix thoroughly.

Example 4

Preparation of microemulsion for administration in Soft Gelatin

capsules:

Component mg/capsule

Capryol 90 130

Castoroil 130

Polyoxyl-40 hydrogenated 400

Castoroil -

a-tocopherol 10

Propylene glycol 200

Cyclosporin A 100

Example 5

Preparation of microemulsion for administration asoralsolution:

Component mg/capsule

Capryol 90 150

Maisine 125
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425

225

100

Preparation of microemulsion for administration as oral solution

Component

Capryol 90

Polyoxyl-40 hydrogenated castoroil

a-tocopherol

Propylene glycol

Cyclosporin A

Example 7

mg/capsule

275

425

10

225

100

Preparation of microemulsion for administration as oral solution:

Component

Capryol 90

Lauroglycol 90

Polysorbate 80 (Tween 80)

a-tocopherol

Propylene glycol

Cyclosporin A

Example 8

%

130

130

400

10

200

100

Preparation of microemulsion for administration as oral solution:
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Component mg/capsule

Capryol 90 14

Maisine 15

Polyoxyl-40 hydrogenated castoroil 45

a-tocopherol 1

Transcutol 25

Cyclosporin A 10

Theoral solution whichis filled into bottles can be administered

using a syringe or more preferably with the aid of a metered dose pump with a

dropper actuator.

The compositions described in Examples 4 to 8 were subjected to

stability examinations under accelerated conditions of temperature and humidity.

The solutions were stored at RT (25°C + 2°C). Ref 40°C-80% RH and 45°C,after

filling into flint glass vials.

Simultaneously with the examination of solutions prepared according

to the process of the invention,the stability of the commercially available Neoral

capsules containing 100mg cyclosporin A per capsule was also examined. It was

observed from the above examination that the stability of solutions prepared

according to the process of invention did not differ from the stability of the

commercially available composition.
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CLAIMS:

1. A pharmaceutical composition in the form of a preconcentrate mixed

either with a liquid hydrophilic phase to form a stable oil-in-water microemulsion

or with a solid carrier to form a stable, solid blend of carrier and preconcentrate,

which composition is substantially free from ethanol and comprises:

a) a water-insoluble pharmaceutically active material,

b) one or more propylene glycolesters of a fatty acid;

c) surfactant; and either

d) a hydrophilic phase, wherein component(a) has been wholly directly

dissolved in component(b) and component(b) is dispersed astiny

particles in component(d); or

e) a solid carrier.

2. A composition accordingto claim 1, which compositionis a

microemulsion comprising components(a), (b), (c) and (d).

3. A composition according to claim 1, which compositionis a blend of

said preconcentrate and said solid carrier comprising components(a), (b), (c) and

(e).

4. A composition according to claim 1, 2 or 3, wherein component(a)

is a cyclosporin, or another water-insoluble peptide, or a water-insoluble

antimicrobial or antineoplastic substance or mixtures thereof.

5. A composition according to claim 4, wherein component(a)is

cyclosporin A, dihydrocyclosporin C, cyclosporin D or dihydrocyclosporin D,or

desmopresin,calcitonin, insulin, leuprolide, erythropoetin, a cephalosporin,

vincristine, vinblastine, taxol or etoposide or mixtures thereof.
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6. A composition according to any preceding claim, wherein

component(b) is a propylene glycol ester of C2 to Cy. fatty acids.

7. A composition according to any preceding claim, wherein said

surfactant is polyoxyl 40 hydrogenated castor oil, polyoxyethylene-sorbitan

monooleate, polyoxyethylene sorbitan monopalmitate, polyoxyethylene-sorbitan

monolaurate or polyoxyethylene-sorbitan monostearate or mixturesthereof.

8. A composition according to any preceding claim, wherein

component(c) further comprises a phospholipid.

9. A composition according to any preceding claim, wherein the weight

ratio of component(a) to component (b) is from 1:1 to 1:10.

10. A composition according to claim 8 or 9, wherein the weight ratio of

component(a) to said phospholipid is from 1:0.5 to 1:5.0.

11. A composition according to any preceding claim, wherein the weight

ratio of component(a) to said surfactant is from 1:1 to 1:5.0.

12. A composition according to any of claims 1-9 and containing

component(e), wherein component(e)is colloidal silicon dioxide, polyvinyl

pyrrolidone or a mixturethereof.

13. A soft gelatin capsule or oral administration fluid which comprises a

composition as claimed in any of claims | to 11
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14, A tablet or hard gelatin capsule which comprises a composition as
claimed in any of claims 1 to 12 whenin said solid form.

15. A process for making a composition according to claim 1, which

comprises dissolving component(a) in component(b) optionally with component

(c), and then mixing the resulting solution either with component(d) or with

component (e) and component(c) if not includedearlier.

16. A process according to claim 150, wherein a preconcentrate

composition is mixed with component(d).

17. A processaccording to claim 15, wherein a preconcentrate

composition is mixed with component(e).

18. A method of making a pharmaceutical composition according to any

of claims 1 to 11, which method comprisesfirst forming a preconcentrate by

directly dissolving component(a) in component(b), the preconcentrate also

containing component(c) but being free from hydrophilic phase, and then mixing

the preconcentrate with the hydrophilic phase, to form said stable oil-in-water

microemulsion, the composition being free from ethanol.

19. A method of making a pharmaceutical composition according to any

of claims 1-12, which method comprisesfirst forming a preconcentrate by directly

dissolving component(a) in component(b), the preconcentrate also containing

component(c), and then mixing the preconcentrate with the solid carrier, to form a

solid, stable composition if preconcentrated and carrier, the composition being free

from ethanol.
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REMOVABLEGASTRIC BAND

Related Application

This application claims priority from Italian Patent Application Number

Mi99A002641, filed December 7,1999.

Field of the Invention

The present invention relates to a removable gastric band which can

be used to control obesity by allowing contro! and/or modification of the

diameter of a patient’s stomach.

Backgroundof the invention

Laparoscopic banding systemsare available which provide for the use

of an elongated main part that is placed around the stomach and closed over

the stomachso as to reduce the diameterof the stomachto be able to treat

the patient's obesity. Such currently available bands, however, present some

drawbacksessentially due to the difficulty of application and/or removalof the

gastric band. In fact, normally, the current bands’ meansof closing the

elongated main part are almost always hard to manipulate; moreover, their

connection entails the use of additional instruments and/or devicesthat

further complicate the application and/or later removal of the gastric band for

the surgeon.

Furthermore,to be able to remove the known bands, which must

necessarily be done after a more orless long time interval, it is necessary to

execute an additional surgical intervention and, consequently, to administer

more anesthesia to the patient. The application and/or removal of the known

bands also require the application of suture stitches, in addition to another

intervention and more anesthesia. In particular, the bands used today are
also hard to remove becausethey presentlittle resistance to tissue adhesions

and lack sufficient mechanical integrity to withstand tensile forces, both of

whichhindertheir removal unless the patient is undergoing surgery.
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It is desirable, therefore, to provide an improved gastric band whichis

both easier to implant within the patient and, when necessary, to remove from
the patient.

Summary of the Invention

The present invention provides a removable gastric band which can be

used to control obesity by allowing control and/or modification of the diameter

of a patient’s stomach. More specifically, the present invention provides a

removable gastric band comprising an elongated body havinga first or distal

zone, a second or middle zone,a third or proximal zone and a closure

mechanism, wherein the closure mechanism allows the elongated body to

close around a portion of the stomach, preferably the proximal tract of the
stomach, wherein the closure mechanism comprises a button in the first zone

and at least one aperture in the second zone,such that the button can be

inserted into the aperture to close the elongated body around, and hold it to,

the portion of the stomach.

The present invention provides a removable gastric band comprising
an elongated body having a first zone, a second zone,a third zone, and a

closure mechanism, wherein the closure mechanism allows a portion of the
elongated body to close around a section of the stomach, wherein the closure

mechanism comprisesa buttonin the first zone and at least one aperturein

the second zone, such that the button can be inserted into the aperture to

close the portion of the elongated body around, and hold it to, the section of

the stomach, and wherein the portion of the elongated bodyis essentially
planarin cross section.

The present invention also provides a methodfor treatment of obesity

or for reducing weight in a patient, said method comprising:

(1) positioning a removable gastric band around a section of the

patient's stomach;

(2) locking the removable gastric band around the section of the

patient’s stomach; and
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(3) adjusting the removable gastric band to control the stomach’s

diameterin the section of the patient’s stomach,

wherein the removable gastric band comprises an elongated body

having a first zone, a second zone, a third zone, and a closure mechanism,

wherein the closure mechanism allows a portion of the elongated body to

close around the section of the patient’s stomach, wherein the closure

mechanism comprises a buttonin the first zone and at least one aperture in

the second zone, suchthat the button can be inserted into the aperture to

close the portion of the elongated body around, and holdit to, the section of

the stomach, and wherein the portion of the elongated body is essentially

planarin cross section.

The task proposedbythe presentinventionis the realization of a

removable gastric bandthat eliminates the above-noted drawbacksof the

knowngastric bands. Within the scopeof this task, one important purpose of

the invention is to realize a removable gastric band that can be removed

without having to subject the patient to further intervention and, consequently,

to additional general anesthesia.

Yet another purposeof the invention is to realize a removable gastric

bandthat is easy to remove becauseit is highly resistant to adhesion to the

tissue and has sufficient mechanical integrity to withstand tensile forces

during removal. Yet another purposeof the invention is to realize a

removable gastric band that can be applied without necessarily having to use

suture stitches.

Yet another purposeof the invention is to realize a removable gastric

band that can be applied and/or removed by the surgeon very simply and

without having to use additional instruments or devices for that purpose.

Another purposeof the invention is to realize a removable gastric bandthatis

extremely easy to manipulate, so that it can be easily placed in and/or

removed from the patient.
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Brief Description of the Drawings

Figure 1 illustrates the gastric band according to the invention.

Figure 2 shows schematically the gastric band according to the

invention being applied to the proximal tract of a patient's stomach;

Figure 3 showsthe gastric band according to the invention applied to

the proximaltract of the patient’s stomach;

Figure 4 showsthe gastric band according to the invention inflated so

as to compressa portion of the patient’s stomach;

Figure 5A showsin cross-sectional view (along line A-A in Figure 1) the

inner surface of the gastric band compressing the patient’s stomach before

the gastric band has beeninflated;

Figure 5B showsin cross-sectional view (along line A-A in Figure 1) the

inner surface of the gastric bandin relation to the patient’s stomach after the

gastric band has beeninflated:

Figure 5C showsin cross-section sectional view a reinforcing member

or element located within the elongated perimeter(i.e., the rib connecting the

inner and outer surfaces, thereby forming an inflatable chamberor cavity) of

the gastric band which reduces the tendencyof the gastric band to twist

aroundits longitudinal axis;

Figure 6A is a view of the gastric band attached to the patient's

stomachwith the inflation mechanism positioned to allow for inflation; and

Figure 6B is an expandedview ofthe inflation mechanism.

Detailed Description of the Invention

With reference to the figures described above, the removable gastric

band according to the invention, indicated as a whole with reference number

1, comprises an elongated body 3 havinga first or distal zone 30, a second or

middle zone 32, a third or proximal zone 34, and a closure mechanism 2 for

closing the elongated body 3 back uponitself so as to surround a portion,

preferably the proximal tract, of the patient's stomach 4. The closure

mechanism 2 preferably comprises a button 6 in the first zone 30 and a

corresponding aperture 5 in the second zone 32 wherebythe button 6 canfit
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through the aperture 5 andfix or lock the elongated body 3 back ontotoitself.

Oncelockedinto place, the gastric band 1 completely encircles and

compressesa portion of the patient’s stomach (see,e.g., Figures 3 and 4).

Although only one aperture 5 is shown within the second zone 32, a plurality

of such apertures can be provided if desired; using such a plurality of

apertures allows the surgeon to more closely adjust the diameterof the

encircling portion of the gastric band to the particular patient’s situation and

needs.

Appropriately, button 6 is suitably shaped andsized to allow it to be

internally introduced into aperture 5, as well as to close, in an extremely

simple but secure manner, the elongated main part 3 around stomach 4 and

keepit in place. Although the button 6 and aperture 5 are preferably circular

as shownin Figure 1, other shapes can be used so long as theyprovide the

desired closing/locking action. Elongated body 3 presents at least an inner

surface 7 and an outer surface 8 as more clearly shownin Figure 5A (deflated

state) and Figure 5B (inflated state). Preferably, the elongated body 3 has an

inflatable portion or internal cavity 9 formed by inner surface 7, outer surface

8, and ribs, welds, or closures 22 at the edges of the elongated body 3. Ribs

22 essentially form a closed space orinternal cavity 9 in combination with the

inner and outer surfaces 7 and 8 (see, e.g., Figure 5B). Such an inflatable

memberallows the elongated body 3 to be expanded whena physiological

inflation medium (i.e., liquid or gas) 9 is introduced betweeninner surface 7

and outer surface 8. (Both the inflatable portion or internal cavity and the

inflation medium, which effectively defines the size of the internal cavity, are

referred to by commonreference number9 in the figures.) Preferably, button

6 is fluid-dynamically connected to inner surface 7 of elongated body3 in

such a waythat, as the latter inflates, button 6 also inflates, as can be seen,

for example, in Figure 3; this provides a more secure locking of the elongated

body back upon itself. Preferably, the inner surface 7 is more easily

expandable relative to outer surface 8 sothat inflation of the elongated body

3 allows further compression, and thus more control of the compression,of

the stomach. Generally, therefore,it is preferred that outer surface 8
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undergoeslittle, if any, expansion when the physiological inflation liquid or
gas 9 is introduced betweeninnersurface 7 and outer surface 8.

Compression of the stomach using the gastric band of the present invention

allows for a reduction of the stomach volume as desired. The degree of
compression can be modified as desired throughout the course of treatment
by adding or removinginflation medium 9.

Furthermore, button 6 and aperture 5 are preferably sized relative to

one anotherthat once button 6 is passed through aperture 5 andinflated, the

closure mechanism is securely activated but, once button 6 is deflated , the

closure mechanism caneasily be deactivated by simply pulling on one end of

the gastric band (preferably by pulling on tube 20) to remove the gastric band
from the abdomen. Furthermore, button 6 is preferably located outside of

elongated main part 3 by a distance that can allow a substantial alignmentof
the first and second zones of elongated body 3, whenthelatteris closed

around the stomach. Thus, when the elongated body3 isinflated (and
preferably button6 is also inflated), there is no unsuitable and/or harmful

superposition of two parts of the elongated body 3 that would provide an
undesired enlargementat the zone where they are superposed. In other

words, the inflatable portions of the gastric band do not overlap; such
overlapping might result in undesirable and/or additional stomach

compressionin the area of overlap.

Preferably, button 6 is equipped with flap 10 that makesit easierto

catch andinsert the button 6 into aperture 5 using appropriate instruments.

Flap 10 is appropriately made with no internal cavity and, therefore, is not

inflatable. Flap 10 can be grasped quickly and simply by surgical endoscopic
forceps 11 that is passedfirst through aperture 5 (see Figure 2). Once
grasped, flap 10 and button 6 are pulled back through aperture5to lock the

gastric bandin place (see Figure 3).

As noted above,it is preferred that the button 6 expands at the same

time as inner surface 7 of the elongated body 3. The expansion of button 6

should, however, be limited so that, once the gastric band 1 is locked firmly in
place, the button 6 does not undergosignificant further expansion. For
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example, the relative thicknessesof the walls of the button 6 and inner

surface 7 can be controlled suchthat the inflation of the button will reach a

definite value without expanding anyfurther, independently of the inflation of

inner surface 7 of elongated body 3. Thus, preferably the button 6 expands
to a size sufficient to lock the closure mechanism 2 in place but not

significantly larger.

The elongated body 3 is preferably designed so as to preventor

reduce the tendencyof the elongated body 3 to rotate aroundits long axis as

it is being placed in the properposition around the patient's stomach. For

example, one or both of the ribs 22 at the edges of the elongated body 3 can

contain stiffening elements 12 (see Figure 5C) which will reduce the tendency

of the elongated body3 to rotate or twist aboutits long axis without effecting
the ability of the elongated bodyto fold back onitself and encircle the

patient's stomach. Suchstiffening elements 12 will reduce the tendency to

twist as the gastric band is being positioned within the patient. Such stiffening
or antirotation elements 12 will tend to stabilize the prosthesis and make the

insertion easier. The ribs 22 at the edges of the elongated body 3 are
preferably gently curved so as notto create problemseither at the time of the

implant or during removalby pulling of elongated body 3 from the outside: in

other words, the ribs, as well as other portions of the gastric band, preferably
present smooth and gently curved surfacesto allow the gastric bandto slide

easily around organs during implantation and removal.

The gastric band preferably has an inflation mechanism 15 comprising

a reservoir 16 for receiving the inflation medium, preferably a physiological

liquid or gas,for inflating both elongated body 3 and button6. Preferably, the
reservoir 16 has several concentric layers 17 to allow it to be pierced, for

example with needle 18, without the inflation medium 9 being able to escape

from the perforation. Preferably, reservoir 16 is constructed with multiple
layers of material (preferably elastomeric or plastic materials) that, when

pricked with needle 18, allows the hole to be made without skewing or

leakage betweenthe different layers 17. Such skewing or leakage would

generally be mainly noticeable or chiefly accentuated during the expansion of
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reservoir 16 whentheinflation medium 9 would tend to leak. The external

layer of reservoir 16, preferably constructed of biocompatible materials, is

generally thicker than the other, internal layers and can even be rigid, sinceit

preferably remains adjacent to the abdominalwall, more preferably within the
subcutis, and presents such dimensionsas to permit easy introduction
through a surgical laparoscopic trocar. By maintaining the reservoir 16 near

the abdominalwall, the compression of the stomach can more easily be
modified as desired by addition or removalof the inflation medium 9. In some

instances, it may be desired for the reservoir 16 to remain outside the
abdominalwall.

The elongated body 3 can beinflated using the inflation medium

introducedinto the reservoir 16 using, for example, a syringe 18 as shownin

Figures 6A and 6B. The elongated bodyis inflated until the desired degree of
compression of the stomach occurs. Theinflation of the gastric band is

generally performed underthe control of the endoscopist, who can observe,
preferably using an endoscopefrom inside the stomach, the diameterof the

gastric restriction induced bytheinflation of the gastric band, particularly by
inner surface 7. Preferably, essentially the entire length of the gastric band 3
encircling the stomach can beinflated using the inflation medium 9.

Reservoir 16 is preferably located in the third or proximal zone 34 of
elongated body 3 and is connected to the second or middle zone 32

containing aperture 5 is present via tube 20. The length of tube 20 can be

varied as neededfor particular patients: preferably, tube 20 does not

significantly expand when inflation medium 9 is added to the gastric band. In
operation, the reservoir 16 is preferably not secured and remainsin the

subcutis of the abdominal wall. It may be located, using, for example,feel or
ultrasound, for introduction of the inflation medium in orderto inflate or deflate

the gastric band. Using such a technique, the diameterof the gastric

constriction provided by the gastric band can be modified or adjusted as

desired. Preferably, reservoir 16 has a flap 21 which can be grasped using
appropriate instrumentsto assist in the inflation or deflation operation.
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Preferably, both the main portion of the elongated body 3 and the tube

20 havestiffening or antirotation elements 12 within the ribs 22 as shownin

Figure 5C. For example, the stiffening elements 12 could be a thin steel,

other metal, or other type wire that is fused into the plastic material of the rib

22. Suchastiffening element 12 reduces the tendency of the gastric band to
rotate aboutits long axis before the closure mechanism is activated.

Additionally, it makes the gastric band considerably stronger(i.e., acting as a

reinforcing element); this added strength may be especially important when

the gastric band is removed from the patient by pulling on the proximal end 34

from the outside. Thestiffening element 12, when formed using a steel or

other suitable metal wire, can also be observed using X-rays, thereby

determining the exact position of the band inside the patient’s abdomen.

Preferably, such stiffening element 12 extends essentially the entire length of

the elongated body 3 (i.e., through thefirst, second, and third zones, including
tube 20).

Whenit is desired to remove the gastric band from the abdomen, it is

generally preferred to remove at least a portion of the inflation medium 9 so

that the closure mechanism 2 can more easily be disengaged. A significant

portion of the inflation medium 9 can be removed using, for example, a

syringe using essentially the same proceduresas usedfortheinitial inflation

process. Alternatively, tube 20 can be cut using cutting device 11a to

separate reservoir 16, as representedin Figure 3, to release inflation medium

9. Preferably, at least a portion of inflation medium 9 is removedpriorto
cutting tube 20 so as to minimize releaseofinflation medium Q into the

abdominalcavity. For this purpose, under local anesthesia, a small

cutaneousincision is made in the abdominal wall to access reservoir 16, at

which time tube 20 is cut and the reservoir 16 is removed from the abdominal

cavity. After the closure mechanism 2 is disengaged, the gastric band 3 can

be removed from the abdominal cavity by pulling on the tube 20 through the
small cutaneousincision.

Preferably, the limit of expandability of inner surface 7 is linked to the

limit of compressibility of the gastric walls and the two endsof the elongated
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body must be blunted enough to allow sliding betweenthe patient's tissues in

the phase of removal from the abdomen. In the removal phase, the gastric

band will behave as an abdominaldrainage tube. Preferably, the materials of

construction and the surface smoothnessare such that they will impede the

production offibrotic scar adhesions, as normally occurs with drainage tubes

or prostheses of silicone materials. Such a smooth surface helps to prevent

tissue adhesion to the gastric band. Thus, once deflated and unbuttoned, the

gastric band can be removedeasily by pulling on one end through a small

incision. Preferably, the gastric band will have sufficient strength to withstand

the forces associated with removal by this technique.

The gastric band of the present invention can be easily paired with the

use of a gastric electrostimulator 100 and may be useful, therefore, for
inducing forced slimmingin the initial phase of treatment for morbigenous

obesity. The electrostimulator 100 may be incorporated into the design of the

gastric band as shownin Figure 1 (i.e., attached to the inner surface 7) such

that the electrostimulator 100 is in contact with the stomach whenthe gastric

bandis properly positioned. Alternatively, it may be separately implanted

elsewhere within the abdominal cavity as shownin Figure 2 (e.g., attached to

the antrum). If incorporated into the gastric band design, the electrostimulator

100 is implanted at the same time as, and held in place by, the gastric band,

thereby eliminating separate attachmentof the electrostimulator 100. In such

a unitary design, however, the electrostimulator 100 must be removed at the

same time as the gastric band. If such an electrostimulator 100 is separately

placed at a distance from the gastric band, it may remain within the

abdominal cavity after removal of the gastric band. The selection of the

preferred location of such an electrostimulator 100 relative to the gastric band

will dependlargely on the particular patient’s requirements and planed

treatment regime. Both the electrostimulator 100 and the gastric band are

preferably installed and/or removed at the sametime, thereby reducing the

extent of surgical intervention and anesthesia.

Conventional electrostimulation devices 100 may be usedin the

practice of this invention in combination with the gastric band 3. Such

- 10-
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devices include, for example, those described in U.S. Patent 5,423,872

(June 3, 1995) (an implantable gastric electrical stimulator at the antrum area

of the stomach which generates sequential electrical pulses to stimulate the

entire stomach, therebyartificially altering the natural gastric motility to

prevent emptying or to slow downfood transit through the stomach); U.S.

Patent 5,690,691 (November 25, 1997) (a portable or implantable gastric

pacemaker employing a numberof electrodes along the greater curvature of

the stomachfor delivering phasedelectrical stimulation at different locations

to accelerate or attenuate peristaltic movement in the gastrointestinal tract);

U.S. Patent 5,836,994 (November 17, 1998) (an implantable gastric

stimulator which incorporates direct sensing ofthe intrinsic gastric electrical

activity by one or more sensorsof predetermined frequency bandwidth for

application or cessation of stimulation based on the amount of sensed

activity); U.S. Patent 5,861,014 (January 19, 1999) (an implantable gastric

stimulator for sensing abnormalelectrical activity of the gastrointestinal tract

so as to provide electrical stimulation for a preset time period or for the

duration of the abnormalelectrical activity to treat gastric rhythm

abnormalities); U.S.Patent 6,041,258 (March 21, 2000) (electrostimulation

device with improved handle for laparoscopic surgery); U.S. Patent

Application Serial Number 09/640,201 (filed August 16, 2000)

(eletrostimulation device attachable to enteric or endo-abdominal tissue or

viscera whichis resistance to detachment); PCT Application Serial Number

PCT/US00/09910 (filed April 14, 2000; Attorney Docket No. 3581/006 PCT)

entitled “Gastric Stimulator Apparatus and MethodforInstalling” based on

United States Provisional Application Serial Numbers 60/129,198 and

60/129,199 (bothfiled April 14, 1999); PCT Application Serial Number

PCT/US00/10154 (filed April 14, 2000; Attorney Docket No. 3581/004 PCT)
entitled “Gastric Stimulator Apparatus and Method for Use” based on United

States Provisional Application Serial Numbers 60/129,209(filed April 14,

1999) and 60/466,387(filed December 17, 1999); and U.S. Provisional Patent

Application Serial Number 60/235,660(filed September 26, 2000)entitled

“Method and ApparatusforIntentional Impairment of Gastric Motility and/or

0630



0631

10

15

WO 01/41671 PCT/US00/33236

Efficiency by Triggered Electrical Stimulation of the Gastric Tract with Respect

to the Intrinsic Gastric Electrical Activity.” All of these patents, patent

applications, provisional patent applications, and/or publications are hereby

incorporated by reference.

Moreover, the gastric band of the invention is of great clinical interest,

especially in relation to problems inherent to prolonged permanencein the

abdomen, thatis, intragastric decubitus, perforation, strangulation, and the

like. In practice it has been confirmed that the removable gastric band

according to the invention is particularly advantageous becauseit can be

removed without having to perform an additional surgical intervention and

additional anesthesia on the patient, thanks especially to its qualities of

resistanceto pulling.

The invention thus conceived is susceptible to numerous modifications

and variations,all falling within the scope of the inventive concept;

furthermore,all of the details can be substituted with technically equivalent

elements. In practice, other materials and dimensions can be used,

depending on the demandsandonthestate of the technique.

-12-
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Claims

That which is claimedis:

1. Aremovable gastric band comprising an elongated body having a

first Zone, a second zone,a third zone, and a closure mechanism, wherein

the closure mechanism allows a portion of the elongated body to close

around a section of the stomach, wherein the closure mechanism comprises

a buttonin the first zone and at least one aperture in the second zone, such

that the button can beinserted into the aperture to close the portion of the

elongated body around, and hold it to, the section of the stomach, and

wherein the portion of the elongated body is essentially planar in cross
section.

2. The removable gastric band of claim 1, wherein at least the portion

of the elongated bodyencircling the section of the stomach comprises an

essentially planar inner surface, an essentially planar outer surface, and ribs

running along the elongated body and connecting the inner and outer

surfaces to form an internal cavity, such that the cavity can beinflated

whereby the inner surface can controllably compressthe section of the
stomach.

3. The removable gastric band of claim 2, wherein the button is

fluid-dynamically connectedto the cavity andis inflatable, whereby the

elongated body can be more securely closed aroundthe section of the

stomach whenthe cavity is inflated.

4. The removable gastric band of claim 3, wherein the buttonis

located outside of the elongated body by a distance to allow substantial

alignmentof the first and second zonesof the elongated body when closed
around said stomach.

- 13 -
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5. The removable gastric band of claim 3, wherein the button has a

flap for catching and easyintroduction into the aperture.

6. The removable gastric band of claim 5, wherein the ribs have

reinforcing elements to reduce the tendencyof the elongated body to rotate
aroundits long axis.

7. The removable gastric band of claim 6, wherein the second and

third zones are connected by a tube andthethird zone has a reservoir for

receiving an inflation medium and wherein the reservoiris fluid-dynamically

connected to the cavity, wherebythe cavity can beinflated or deflated by
adding or removing, respectively, inflation medium from the reservoir.

8. The removable gastric band of claim 7, wherein the reservoir

comprises a sphere having a plurality of concentric layers to allow the

reservoir to be pierced with a needle without allowing the inflation medium to

escape.

9. The removable gastric band of claim 8, wherein the reinforcing
elements are radiopaque.

10. The removable gastric band of claim 7, wherein the reservoir has a

flap for easy holding.

11. The removable gastric band of claim 8, wherein the reservoir has a

flap for easy holding.

12. The removable gastric band of claim 2, wherein essentially planar

inner surface of the portion of the elongated body encircling the section of the

stomachhasan electrostimulator that contacts the stomach when the gastric
bandis in placed around the stomach.

-14-
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13. The removable gastric band of claim 7, wherein the essentially

planar inner surface of the portion of the elongated body encircling the section
of the stomachhasan electrostimulator that contacts the stomach when the

gastric bandis in place around the stomach.

14. A method for treatment of obesity in a patient, said method

comprising:

(1) positioning a removable gastric band around a section of the

patient’s stomach;

(2) locking the removable gastric band around the section of the

patient's stomach; and

(3) adjusting the removable gastric band to control the stomach’s

diameterin the section of the patient’s stomach,

wherein the removable gastric band comprises an elongated body

having a first zone, a second zone,a third zone, and a closure mechanism,

wherein the closure mechanism allowsa portion of the elongated bodyto
close aroundthe section of the patient’s stomach, wherein the closure

mechanism comprises a buttonin the first zone and at least one aperture in

the second zone,such that the button can beinserted into the aperture to
close the portion of the elongated body around, and holdit to, the section of

the stomach, and wherein the portion of the elongated bodyis essentially
planar in cross section.

15. The method of claim 14, wherein at least the portion of the

elongated body encircling the section of the stomach comprises an essentially
planar inner surface, an essentially planar outer surface, and ribs running
along the elongated body and connecting the inner and outer surfaces to form

an internal cavity, such that the cavity can be inflated whereby the inner

surface can controllably compress the section of the stomach.

16. The method of claim 15, wherein the buttonis fluid-dynamically

connectedto the cavity andis inflatable, whereby the elongated body can be

-15-
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more securely closed around the section of the stomach whenthe cavity is
inflated.

17. The removable gastric band of claim 16, wherein the button is

located outside of the elongated body by a distance to allow substantial

alignmentofthe first and second zonesof the elongated body when closed
around said stomach.

18. The method of claim 16, wherein the button hasa flap for catching
and easyintroduction into the aperture.

19. The method of claim 18, wherein the ribs have reinforcing

elements to reduce the tendencyof the elongated bodyto rotate aroundits
long axis.

20. The method of claim 19, wherein the second andthird zones are

connected by a tube andthethird zone has a reservoir for receiving an

inflation medium and wherein the reservoir is fluid-dynamically connected to

the cavity, whereby the cavity can beinflated or deflated by adding or
removing, respectively, inflation medium from the reservoir,

21. The method of claim 20, wherein the reservoir comprises a sphere
having a plurality of concentric layers to allow the reservoir to be pierced with

a needle without allowing the inflation medium to escape.

22. The methodof claim 21, wherein the reinforcing elements are
radiopaque.

23. The methodof claim 20, wherein the reservoirhasa flap for easy
holding.

-16-
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24. The methodof claim 21, wherein the reservoir has a flap for easy
holding.

25. The method of claim 15 further comprising implanting an
electrostimulator near or adjacent to the patient's stomach andproviding
electrostimulation to the patient’s stomach in combination with the gastric
band.

26. The method of claim 25, wherein the electrostimulatoris located

on the essentially planar inner surface of the portion of the elongated body
encircling the section of the patient’s stemach such that the electrostimulator

contacts the patient's stomach whenthe gastric bandis in place around the
patient’s stomach.

27. The methodof claim 25, wherein the electrostimulator is located
separately from the gastric band.

28. The method of claim 20 further comprising implanting an
electrostimulator near or adjacent to the patient’s stomach and providing
electrostimulation to the patient’s stomach in combination with the gastric
band.

29. The methodof claim 28, wherein the electrostimulatoris located

on the essentially planar inner surface of the portion of the elongated body
encircling the section of the patient’s stomach such that the electrostimulator

contacts the patient's stomach whenthe gastric band is in place around the
patient's stomach.

30. The method of claim 28, wherein the electrostimulatoris tocated
separately from the gastric band.

-17-
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(57) Abstract: The invention relates to a dispersion, comprising an oily phase and an aqueous phasein the form of an O/W emulsion
or a W/O emulsion,at least one active ingredient whichis slightly or poorly soluble in the oily and the aqueous phases,in addition to

©} optionally one or more emulsifiers and/or stabilisers. The dispersion is devoid of toxicologically questionable organic solvents and
contains a dissolved quantity of said active ingredient that is higher than the additive quantity obtained by its maximum solubility in
both the oily and the aqueous phase of the emulsion.
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ohne internationalen Recherchenbericht und erneut zu

veréfjentlichen nach Erhalt des Berichts

(57) Zusammenfassung: Die Erfindung betrifft eine Dispersion, die eine lige Phase und eine wassrige Phase in Form einer O/W-
Emulsion oder W/O-Emulsion, mindestens einen in der dligen und der wassrigen Phase wenig oder schwerldslichen Wirkstoff sowie
gegebenenfalls einen oder mehrere Emulgator(en) und/oder Stabilisator(en) umfasst, wobei die Dispersion [rei von toxikologisch
bedenklichen organischen Lésungsmitteln ist und den Wirkstoff gelést in einer Menge enthilt, die héher ist als die Menge, die sich
additiv aus seiner maximalen Léslichkeit in der Gligen und der wassrigen Phase der Emulsion ergibt.
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Dispersionen zur Formulierung

wenig oder schwer 16slicher Wirkstoffe

Die Erfindung betrifft Dispersionen, die eine Slige Phase, eine

waBrige Phase und in diesen beiden Phasen wenig léslichen, schwer

lé6slichen bis zu unldéslichen Arzgneimittelwirkstoff umfassen.

i
Wirkstoffe mit geringer Léslichkeit haben sehr oft das Problem

einer unzureichenden Bioverftigbarkeit. Der generelle Ldsungs-

ansatz ftir dieses Problem ist die Erhdohung der LOslichkeit dieser

Wirkstoffe. Beispiele hierfiir sind die Lésungsvermittlung iiber

Solubilisation, Bildung von Einschlufiverbindungen (z. B. mit

Cyclodextrinen) sowie die Verwendung von Loésungsmittelgemischen
(K. H. Bauer, K.-H. Fr6mming, cC. Fiihrer, Pharmazeutische

Technologie, Georg Thieme Verlag Stuttgart, 1991). Ftir viele

Wirkstoffe ftihrt dies jedoch nicht zu einer ausreichenden

Exrh6hung der Léslichkeit, insbesondere wenn Wirkstoffe gleich-

zeitig schwerldédslich in wa&Brigen Medien und gleichzeitig

schwerléslich in organischen Medien sind. Hier scheiden z. B.

LOsungsmittelgemische als Lésung fiir das Problem aus. Alternativ

k6nnen gering wasserlésliche Wirkstoffe in Olen gelést werden,

eine 0/W-Emulsion hergestellt und diese dann oral oder parenteral

(in der Regel i.v.) appliziert werden. Sehr viele Wirkstoffe,

insbesondere Wirkstoffe mit gleichzeitig geringer L6slichkeit in
wafrigen und organischen Medien, sind jedoch nicht ausreichend

in Olen l16éslich. Nicht ausreichend bedeutet, dak aufgrund zu

geringer Léslichkeit bei erforderlicher Dosis das zu applizieren-

de Volumen der Emulsion gu grok wird.

0642



0643

10

15

20

25

30

35

WO 02/09667 PCT/EP01/08726

In Wasser und in Olen gering lésliche Wirkstoffe wie Amphotericin

B kGnnen trotzdem in Emulsionen eingearbeitet werden (Seki et al.

US 5 534 502). Um dies zu erreichen miissen jedoch zusdtzliche

organische Lésungsmittel eingesetzt werden. Diese Losungsmittel

missen dann in Zwischenschritten der Emulsionsherstellung oder

dem Produkt wieder entzogen werden (Davis, Washington, EP 0 296

845 Al) wobei jedoch ein gewisser Restldésungsmittelgehalt im

Produkt verbleibt. 4Zusdtzlich ist diese Herstellung sehr

zeitaufwendig und kostenintensiv, so da Produkte basierend auf

dieser Technologie praktisch auf dem Markt nicht vertreten sind.

Eine alternative Methode ist die Einlagerung von derartigen

Substanzen wie Amphotericin B in die Phospholipid-Doppelmembran

von Liposomen, Handelsprodukt ist beispielsweise Ambisome.
(Janknegt et al., Liposomal and lipid formulations of amphoteri-

cin B, Clin. Pharmacokinet., 23, 279-291 [1992]). Nachteilig ist

aber auch hier die sehr teure Herstellung, so da§Bi es in der Regel
nur in Notfdallen eingesetzt wird, wenn eine andere Behandlung

nicht zum Ziel fllhrt bzw. nur bei Patienten eingesetzt wird, die

finanziell in der Lage sind, die Behandlung zu bezahlen. Somit

besteht eindeutig ein Bedarf an einer kostenglinstigen Formulie-

rung, die gleichzeitig médglichst einfach herzustellen ist, im

Gegensatz zu Liposomen lagerstabil ist und eine Lyophilisation

nicht erfordert sowie nicht von Restldsungsmitteln belastet ist.

Der vorliegenden Erfindung liegt daher die Aufgabe zugrunde, eine

Dispersion zur Verfiigung zu stellen, die einen wenig, schwer oder

sogar bisher unldslichen Wirkstof£f in einer bisher nicht

moglichen Menge gelGst enthdlt, wobei gleichzeitig die oben

beschriebenenNachteile der Verwendungzusdatzlicher zur Formulie-

rung bisher notwendiger organischer Lésungsmittel entfalit.

Gegenstand der vorliegenden Erfindung ist daher eine Dispersion

auf der Basis einer O/W-Emulsion oder einer W/O-Emulsion beladen

mit Wirkstoff, der in Wasser und gleichzeitig auch in Olen wenig

ldéslich oder schwer 16slich bis hin zu unlGslich ist, wobei diese

Dispersion frei von toxikologisch bedenklichen organischen
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Lésungsmitteln ist und den Wirkstoff geldést in einer Menge
enthdlt, die hdher ist als die Menge, die sich additiv aus seiner

maximalen Léslichkeit in der Wasser- und der Olphase der Emulsion

ergibt.

Insbesondere ist die erfindungsgemaB geldéste Menge um den Faktor

2, bevorzugter 5, noch bevorzugter 10 oder noch gréBer als die

additive Menge.

Die "additive Menge" wird durch Auflésen der maximalen Wirkstoff-

menge in den separaten dligen und waéfrigen Phasen (bei ansonsten

identischen Lésebedingungen) entsprechend den Anteilen in der

Dispersion ermittelt (Sa&ttigungskonzentrationen), wobei keine
weiteren zusdtzlichen organischen Lésungsmittel zum Einsatz

kommen. Die erfindungsgem&fBBe Dispersion enthaélt zusdatzlich zu der

additiven Menge ein iiberadditive Menge an geldéstem Wirkstoff.

Ein wichtiges erfindungsgemaéBes Merkmal ist, daB bei gleicher

Zusammensetzung hochenergetisch homogenisiert wird, im Vergleich

zu niederenergetischem Dispergieren(Schiitteln oder Blattritihrer).

Die Herstellung der erfindungsgeméfen Dispersion erfolgt

insbesondere unter Ausschlu& von toxikologisch bedenklichen

organischen Lésungsmitteln wie z2.B. Methylenchlorid und Ethanol.
Die Wirkstoffe werden unter Umgehung eines Zwischenschrittes

direkt aus der festen Substanz in die Emulsion eingearbeitet.

Detaillierte Beschreibung der Erfindung

Generell ist es anerkannter Stand der Wissenschaft, das die

Molekiile eines schwerléslichen oder gering léslichen Wirkstoffes

aus dem festen Aggregatzustand (Pulver) tiber mindestens einen

Zwischenschritt (z. B. molekulardisperse Verteilung in einem

Lésungsmittel) in eine Emulsion als Tragersystem eingearbeitet
werden miissen. Die Erfahrung zeigt, daB bei in Wasser und Ol
gleichzeitig sehr gering ldéslichen Substanzen es nicht genigt,
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eine Emulsion mit Kristallen des Wirkstoffes zu versetzen. So

fihrt die teilweise praktizierte Zumischung von Amphotericin B-

L6sung (LGsungsmittelgemisch) zu einer handelsiiblichen 0O/W-

Emulsion wie Intralipid oder Lipofundin zur Prazipitation des

Wirkstoffes, es entstehen Amphotericin B-Kristalle, die sedimen-

tieren und sich nicht mehr in der Emulsion auflidsen.

Uberraschender Weise wurde jedoch nun gefunden, daBKR die Her-

stellung eines Emulsionssystems mit geléstem Wirkstoff auch

direkt aus dem festen Aggregatzustand des Wirkstoffes mdglich

ist. Zur Herstellung der erfindungsgem4Ben Dispersion wird der

Wirkstoff in partikuladrer Form der Wasserphase oder der Olphase

zugesetzt und anschlieBend alle Komponenten einem héher energe-

tischen oder hochenergetischen ProzeB wie z. B. der Homogenisa~

tion, insbesondere der Hochdruckhomogenisation unterzogen. Der

hochenergetische ProzeB der Hochdruckhomogenisation fiihrt dazu,

daB der Wirkstoff in die Emulsion molekulardispers eingearbeitet

wird und keine Wirkstoffkristalle mehr im Polarisationsmikroskop

detektierbar sind. Die erhaltenen Emulsionen sind tiberraschender

Weise dahnlich stabil wie Systeme, die unter Einsatz von orga-

nischen Lésungsmitteln erzeugt worden sind.

Eine sehr einfache Art der Einarbeitung der Wirkstoffkristalle

ist die Verreibung des Wirkstoffes mit einer handelsitiblichen O/W-

Emulsion (z. B. Lipofundin, Intralipid). Nach Anreiben befindet

Sich der Wirkstoff primar in der Wasserphase, es ist ein

disperses System entstanden, das als innere Phase gleichzeitig

Oltropfen und Wirkstoff-Kristalle enthdlt. Dieses disperse System

wird dann homogenisiert oder hochdruckhomogenisiert (z. B. 1.500
‘bar und 5 — 20 Homogenisationszyklen). Es wird eine feindisperse

Emulsion erhalten (Beispiel 1), in der am Ende des Homogenisa-
tionsprozesses keine Wirkstoff-Kristalle mehr nachweisbar sind.

Die Kristalle haben sich daher nahezu vollst&dndig oder voll-

standig aufgelést, d.h. daB sich im Lichtmikroskop selbst bei

1000 facher VergréfRerung in 2 von 3 Feldern nicht mehr als 10
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Kristalle, vorzugsweise nicht mehr als 5 Kristalle und ins-

besondere nicht mehr als 1 Kristall nachweisen lassen/l1afRt.

Falls es gewiinscht ist, kann der Wirkstoff jedoch auch in einer

solchen Menge eingesetzt werden, dafi am Ende des Homogenisations-—

prozesses neben dem geldésten Anteil des Wirkstoffs noch ein

Anteil des Wirkstoffs in ungeldster kristalliner Form vorliegt,

der ein Depot bildet.

Alternativ kann eine wafrige Suspension des Wirkstoffes mit einer

O/W-Emulsion gemischt werden. Es handelt sich wieder um ein

disperses System mit einer dispergierten Phase aus Oltropfen und
Wirkstoff-Kristallen. Dieses wird ebenfalls einem hdher oder

hochenergetischem ProzefB wie der Hochdruckhomogenisation

unterzogen. Die Zumischung einer wafrigen Suspension des

Wirkstoffes eignet sich insbesondere dann, wenn die Wirkstoffkon-

zentration relativ gering ist. Zusdtzlich kann die wafBrige

Suspension des Wirkstoffes vor der Zumischung einem in den

Lehrbtichern beschriebenem Mahlprozefii unterzogen werden, z. B.

NaBmahlung mit einer Kolloidmiihle, einer Kugelmitihle oder einer

Perlmitihle oder durch Hochdruckhomogenisation vorzerkleinert

werden.

Generell ist es giinstig, den Wirkstoff in der Form sehr feiner

Kristalle gu verwenden, d. h. in mikronisierter Form mit einer

Teilchengréfe im Bereich von ca. 0,1 wm - 25 wm (Kolloidmihle,

Gasstrahlmtihle).

Alternativ kann der Wirkstoff auch im 01 dispergiert werden. Das

61 mit den Wirkstoff-Kristallen wird dann in der Wasserphase

dispergiert, wobei das dafiir notwendige Tensid entweder der

Wasserphase zugesetzt wird oder in der Olphase gelést wird bzw.

jeweils dispergiert wird. Im Falle von Lecithin kann das Lecithin

im Wasser dispergiert werden oder in der Olphase unter leichtem

Erwdrmen geldst werden.
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Bei Einarbeitung der Wirkstoff-Kristalle in die Olphase kann dies

ohne Zusatz eines Tensids erfolgen. Das Tensid, z. B. Lecithin,

wird anschlieBend zugesetzt. Alternativ kénnen auch die Wirk-

stoff—-Kristalle in eine Olphase eingearbeitet werden, die bereits
Tensid enthdlt.

Nach Einarbeitung der Wirkstoff-Kristalle in das 61 wird die

Olphase in Wasser dispergiert (Zz. B. mit einem hochtourigen
Ruhrer) und die erhaltene Rohemulsion anschlieBend hochdruckhomo-

genisiert. Auch hier ist es giinstig, die Wirkstoff-Kristalle

moglichst klein einzusetzen. Zur weiteren Zerkleinerung der in

die Olphase eingearbeiteten Wirkstoff-Kristalle kann diese Slige
Suspension vor dem Herstellen der Rohemulsion zundachst einer

Mahlung unterzogenwerden. Die Wirkstoff-Kristalle in der Olphase

werden durch diese NaBmahlung weiter zerkleinert, teilweise bis

in den Nanometerbereich. Ubliche Verfahren der Nafmahlung, die

eingesetzt werden kdOnnen, sind z. B. die Kolloidmiihle und die

Hochdruckhomogenisation der Olphase. Generell ist die Kavitation

einer waBrigen Phase das anerkannte Prinzip der Zerkleinerung bei

der Hochdruckhomogenisation, d. h. die Anwesenheit von Wasser ist

zur Kavitation erforderlich. Gle mit einem zu Wasser extrem

geringen Dampfdruck sind zur Kavitation nicht fahig. Trotzdem

wurde tiberraschender Weise gefunden, daB eine zur Herstellungdes

neuen Tragersystems ausreichende Zerkleinerung auftritt.

Charakteristisch ftir die erfindungsgem&éBRe Dispersion ist, da der

in der Emulsion eingearbeitete Wirkstoff in hGherer Menge gelést

vorliegt als es sich additiv aus seiner maximalen Léslichkeit in

der Wasser- und Olphase der Emulsion ergibt und gleichzeitig zur

Herstellung keine toxikologisch bedenklichen organischen

LOsungsmittel eingesetzt wurden. Zu solchen toxikologisch

bedenklichen organischen Lédsungsmitteln gehdren insbesondere

Chloroform, Methylenchlorid, langerkettige Alkohole wie Hexanol

und Octanol, aber auch ethanol in hdheren Konzentrationen.
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In der Regel handelt es sich bei den erfindungsgem&éRen Wirk-

stoffen um Wirkstoffe, die wenig léslich (1 Teil 16st sich in 30-

100 Teilen Losungsmittel) oder schwer léslich (1 Teil in 100-1000

Teilen Lésungsmittel), insbesondere aber sehr schwer léslich (1

Teil 16st sich in 1.000 bis 10.000 Teilen Lésungsmittel) oder

sogar unldslich sind (> 10.000 Teile Lésungsmittel).

So betragt die Léslichkeit von Amphotericin B in Wasser weniger

als 0,001% (< 0,01 mg/ml) bei pH 6-7, das heifBt dem pH-Wert der

Emulsion. Die Léslichkeit von Amphotericin ist zwar héher bei pH

2 und pH 11 (0,1 mg/ml), jedoch sind diese Ldsungen nicht

intravend6s applizierbar.

Die Léslichkeit von Amphotericin in Soja6l (Long Chain Triglyce-

rides — LCT) und in Miglyol 812 (Medium Chain Triglycerides —

MCT), den Standarddlen fiir die meisten auf dem Markt befindlichen

Emulsionen zur parenteralen Infusion ist kleiner als 0,0001

mg/ml.

40g Emulsion aus Beispiel 1 bestehen zu 20% aus O61 (8g) und ca.

80% aus Wasser (32g). Somit lassen sich aufgrund der Léslich-

keiten 8 x 0,0001 mg/ml plus 32 x 0,01 mg, d.h. insgesamt 0,3208

mg Amphotericin in 40g Emulsionsbestandteilen 61 und Wasser

aufldosen, d.h. 0,008 mg/ml. In der vorliegen erfindungsgeméffen

Emulsion konnten 0,2 mg/ml Emulsion eingearbeitet werden

(Beispiel 1) ohne daBK mikroskopisch Kristalle von ungeliéstem

Arzneistoff detektierbar waren (Beispiel 12). Auch hédhere

Konzentration wie 1 mg/mi Emulsion konnten eingearbeitet werden

(Beispiel 2), mit Laserdiffraktometrie waren keine der zur

Herstellung eingesetzten Arzgneistoffpartikel mehr detektierbar

(Beispiel 11).

Bei einer gewiinschten Dosis von z.B. 100 mg Amphotericin B ergibt

sich bei den erfindungsgeméSen Dispersionen mit 1 bzw. 0,2 mg/ml

Emulsion ein intravends zu applizierendes Volumen von 100 bis 500

ml Emulsion. Somit werden mit der erfindungsgeméBfen Emulsion
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wenig lGsliche und schwer ldésliche Wirkstoffe erst in einem

ausreichend kleinen Applikationsvolumen bei vertraglichen pH-

Werten applizierbar.

Geléster Wirkstoff ist schnell verfiigbar. Zur Erzeugung eines

Depots kann mehr Wirkstoff in die Dispersion eingearbeitet werden

als sich darin lést, dh. man erzeugt Kristalle, die als Depot

wirken. Die Léslichkeit in Wasser und Olphase betragen z.B. fiir

Amphotericin B 0,008 mg/ml, die erfindungsgemaéBe Emulsion ldést

ohne detektierbare Kristalle z.B. 0,2 mg/ml (Beispiel 1).

Arbeitet man 5 mg/ml Dispersion ein, so ist die Léslichkeit

iiberschritten (tibersattigtes System). Nach Hochdruckhomogenisa-

tion erh&lt man zusatzlich zum gelésten Wirkstoff noch hochfeine

Arzneistoffkristallchen (Beispiel 15).

Die durch Mischung von Arzgneistoff (Beispiel 15) oder einer

Arzneistoffsuspension (analog Beispiel 6) mit einer Emulsion und

anschliefBende Homogenisation hergestellten heterogenen, iiber-

saéttigten Dispersionen sind dadurch gekennzeichnet, dah separat

nebeneinander Oltropfen und hochfeine Kristdllchen existieren,

d.h. die Kristalle sind prim&r auBferhalb der Oltropfen.

Die Bestimmung der PartikelgréRe erfolgt mit Lichtmikroskopie

unter Ermittlung der Anzahliverteilung. Alternativ erfolgt die

Bestimmung mit Laserdiffraktometrie (Gerdat: Coulter LS 230,

Coulter Electronics, Krefeld, Germany), wobei die erhaltene

Volumenverteilung in die Anzahlverteilung umgerechnet wird.

Sind in der Dispersion bei hoher Beladung mit Wirkstoff neben den

Emulsionstropfen noch Argneistoffkristalle vorhanden, so sind

direkt nach der Herstellung mindestens 90%, bevorzugt 95% der

Anzahl der Wirkstoffkristalle in der Anzahlverteilung kleiner als

5 wm. Bei Anwendung von hohen Driicken (z.B. 1000 bar) und einer

ausreichenden Anzahl an Homogenisationszyklen erhdalt man

hochdisperse Systeme. In Abhangigkeit von Druck und 4yklenzahl

erhalt man Dispersionen mit mindestens 90%, teilweise 95% und
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insbesondere 99% der Anzahl der Kristalle in der Anzahlverteilung

kleiner als 1 um.

Oben wurde die in situ Erzeugung des Wirkstoff-Depots aus

Kristalichen durch Herstellung der erfindungsgemd&éfen Dispersion

mit einer Wirkstoffmenge oberhalb der Sdttigungsléslichkeit des

systems beschrieben. Alternativ kann auch eine erfindungsgemaBe

Dispersion mit ausschlieBlich geldstem Wirkstoff hergestellt

werden, derman nachtraglich Wirkstoffkristalle definierter Gréfe

zumischt, z2.B. mikronisierter Wirkstoff.

Zur Herstellung der erfindungsgem&Ben Dispersion kénnen handels-

ubliche O/W-Emulsionen eingesetzt werden (z.B. Lipofundin,

Intralipid, Lipovenis, Abbolipid, Deltalipidund Salvilipid) oder

es wird eine Emulsion aus Olphase, Emulgator / Stabilisator und

auferer Phase (z.B. Wasser) hergestellt.

Beispiele fiir Bestandteile der Glphase der Emulsionen sind:

Sojaol, Saflor6d1 (Distel6l1), langkettige Triglyceride (LCT),

mittelkettige Triglyceride (MCT) wie z.B. Miglyole, Fischéle und

Gle mit einem erhdhten Anteil an ungesdttigten Fettsduren,

acetylierte Partialglyceride wie Stesolid, einzeln oder in

Mischungen.

Zur Stabilisierung der Dispersionen kGnnen Emulgatoren und

Stabilisatoren eingesetzt werden. Diese sind gegebenenfalls

bereits in der zur Herstellung der erfindungsgem&Ben Dispersion

eingesetzten Emulsion enthalten, Zusatz weiterer Emulgatoren und

Stabilisatoren bei der Herstellung der Dispersion kann vor-
teilhaft sein.

Beispiele fiir Emulgatoren sind z.B. Ei-Lecithin, Soja-Lecithin,

Phospholipide aus Ei oder Soja, Tween 80, Natriumglykocholat und

Natriumlaurylsulfat (SDS). Alternativ kann Stabilisierung durch

Zusatz von Substanzen erfolgen die iiber andere Mechanismen als

Emulgatoren stabilitdtserhGhend wirken, 2z.B. tiber sterische
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Stabilisierung oder Erhdhung der Zetapotentials. Solche Stabili-

satoren sind 2.B. Block-Copolymere wie 2z.B. Poloxamere (2z.B.

Poloxamer 188 und 407) und Poloxamine (z.B. Poloxamine 908),

Polyvinylpyrrolidon (PVP), Polyvinylalkohol (PVA), Gelatine,

Polysaccharide wie Hyaluronsdure und Chitosan und ihre Derivate,
Polyacrylsdaure und ihre Derivate, Polycarbophil, Cellulosederiva-

te (Methyl-, Hydroxypropyl- und Carboxymethylicellulose),

Zuckerester wie Saccharosemonostearat und Antiflokkulatien wie

Natriumcitrat. Emulgatoren und Stabilisatoren kénneneinzeln oder

in Mischungen verwendet werden. Typische Konzentrationen sind

0,1% bis 20%, insbesondere 0,5% bis 10%.

Als waBrige auBere Phase der zur Herstellung der erfindungs-

geméBen Dispersion eingesetzten O/W-Emulsion kdnnen dienen:

Wasser, Mischungen von Wasser mit anderen wassermischbaren

organischen Fltssigkeiten, fliissige Polyethylenglykole (PEG,

insbesondere PEG 400 und 600).

Die waéBrige d4uBere Phase kann auch Zusdtze enthalten, 2z.B.

Elektrolyte, Nichtelektrolyte (2.B. Glycerol, Glucose, Mannit,

Xylit zur Isotonisierung), Gelbildner wie Cellulosederivateund

Polysaccharide wie Xanthan und Alginate (z.B. zur Viskositats-

erhohung).

Fir die topische Applikation kénnen der Dispersion Penetrations-

verstarker (z.B. Azone, Laurinsdure) und fiir die Applikation zum

Gastrointestinaltrakt Absorptionsverstadrker (z.B. Gallensdauren,

Lysophospholipide) zugesetzt werden.

Wirkstoffe zur Einarbeitung in die Emulsion sind nebenAmphoteri-

cin B z.B. Ciclosporin, Buparvaquon und Atovaquon. Weitere

Wirkstoffe sind Hormone (2.B. Estradiol), Antioestrogene und

Kortikoide (z2.B. Prednicarbat).

Die Applikation der Emulsion kann auf verschiedenen Wegen

erfolgen, z.B. parenteral aber auch oral oder topisch. Bei
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parenteraler Applikation sind alle gdngigen Wege mdglich, 2z.B.

intravendés, intra- und subkutan, intramuskuldr, intraartikular,

intraperitoneal etc.

Topische Emulsionen mit Ciclosporin kénnen die Wirkstoffpenetra-

tion in die Haut verbessern aufgrund des hohen gelésten Anteils

an Arzgneistoff (erhdéhter Konzentrationsgradient). Orale Ap-

plikation der Ciclosporin-Emulsion kann die Bioverfiigbarkeit

erhdéhen da im Gegensatz zu mikronisiertem Ciclosporin ein

erhéhter geldéster Anteil vorliegt.

Die Bioverftigbarkeit von oral appliziertem Amphotericin B ist

aufgrund seiner geringen Léslichkeit nahezu Null. Orale Ap-

plikation der Amphotericin-Emulsion kann aufgrund des erhdhten

gel6sten Anteils ebenfalls die Bioverfiigbarkeit erhdhen.

Die erfindungsgeméBen Emulsionen (z.B. mit Buparvaquon und

Atovaquon) k6nnen nach intravendser Injektion auch durch

Anlagerung einer Targeting-Einheit (z.B. Apolipoprotein E in

Kombination mit Apolipoprotein AI und AIV) fiir eine gewebs-

spezifische Arzneistoffapplikation eingesetzt werden (Targeting

zum Gehirn). Erreger lokalisieren bei bestimmten Erkrankungendes

monozytaren phagocytierenden Systems (MPS) auch im Gehirn und

sind bisher schwer einer Therapie zuganglich (z.B. Leishmaniosen,

Toxoplasmose).

Die oben beschriebenen Systeme sind vom Typ O/W, d. h. Gltropfen

sind dispergiert in einer Wasserphase. Es ist jedoch auch

mOglich, Dispersionen auf der Basis von W/O-Emulsionen zu

produzieren. Ein grundsatzlicher Vorteil ist, da&K die &uBfere

Olphase als eine Diffusionsbarriere fungiert und die Freigabe des

Arzneistoffes verzdgert. Derartige Dispersionen kénnen nicht

intravenés appliziert werden, aber sie kénnen zum Beispiel

intramuskular oder subkutan als Depotformulierung injiziert

werden. Applikation dieser W/O-Systeme am Auge erhdht die

Verweilzeit aufgrund der erhdéhten Viskositd&4t und gleichzeitig

0652



0653

10

15

20

25

30

35

WO 02/09667 PCT/EP01/08726

wird @ine verldngerte Arzneistofffreisetzung erreicht. Bei

topischer Applikation auf die Haut hat die Olphase einen

okklusiven Effekt, der zu einer erhdhten Arzneistoffpenetration

fiihrt. Daher besitzen diese W/O-Typ-Systeme einen Vorteil fiir

spezielle Anwendungen. Bevorgzugte Form der Erfindung ist jedoch

die Dispersion auf der Basis des O/W-Typs.

Bei Ol-in-Wasser Emulsionen ist die Dispersion dadurch gekenn-

zeichnet, dai sie 5 bis 99,5 Gew.-% waéBrige Phase, vorzugsweise

10 bis 95 Gew.-% wafrige Phase, besonders bevorzgugt 60 bis 95

Gew.-% wdBrige Phase und speziell 70-95% wafrige Phase, jeweils

bezogen auf die Gesamtmenge der Dispersion, enthAlt.

Bei Wasser-in-61 Emulsionen ist die Dispersion dadurch gekenn-

zeichnet, daB sie aus 5 bis 30 Gew.-% waBriger Phase, vorzugs-

weise 10 bis 25 Gew.-% waéBriger Phase, besonders bevorzugt 10 bis

20 Gew.-% waBriger Phase, jeweils bezogen auf die Gesamtmenge der
Dispersion, enthalt.

Die Bestandteile der Olphase der Emulsionen sind — wie oben

ausgefihrt ~ insbesondere ausgewdhlt aus der Gruppe bestehend aus

Soja6l, Saflor6l (Distel6l), langkettigen Triglyceriden (LCT),
mittelkettigen Triglyceriden (MCT), wie z. B. Miglyole, Fischélen

und Olen mit einem erhdhten Anteil an ungesattigten Fettsduren,
acetylierten Partialglyceriden, wie in Stesolid®, einzeln oder

in Mischungen. Die mittelkettigen Triglyceride enthalten

vorzugsweise wenigstens 90 % Triglyceride der Capryl-Sdure (C8)
und der Caprin-Sdure (C10). Als Olphase sind im Rahmen der

Erfindung Gemische aus Sojadél und MCT, vorzugsweise im Gewichts-

verhaltnis 5:1 bis 1:5, besonders bevorzugt zwischen 2:1 und 1:2

oder 1:1 geeignet.

Die Fettphase der erfundenen Dispersion kann aus Olen bestehen,

d.h. die Lipide sind bei einer Raumtemperatur von 20°C fllissig.

Es besteht weiterhin die Méglichkeit, daB diese Ole mit Lipiden

gemischt werden, die bei einer Raumtemperatur von 20°C fest sind.
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Die Mischungsanteile von 61 zu festem Lipid kénnen von 99 + 1 bis

1 + 99 (Gewichtsanteile) variieren. Bevorzugt sind Mischungen,

die mindestens 10 Teile fliissiges 61 enthalten, speziell

mindestens 30 Teile fliissiges 61 und insbesondere mindestens 50

Anteile fliissiges Ol.

In speziellen Fallen kann die Lipidphase der Dispersion zu 100%

Lipide enthalten, die bei einer Raumtemperatur von 20°C fest

sind. Schmelzen die Lipide nahe der Raumtemperatur, k6nnen

Dispersionen erhalten werden, deren Lipidtrépfchen sich in einem

Zustand einer “Unterktihlten Schmelze” befinden. Liegen sehr

hochschmelzende Lipide vor, kénnen — ungeachtet der durch die

Thomson-Gleichung beschriebenen Schmelzpunktionsdepression — die

Partikel der Dispersion aushdrten. Die Thomson-Gleichung

beschreibt, dai der Schmelzpunkt von Lipiden gegeniiber ihrer

“bulk” -Ware stark herabgesetzt wird, wenn diese in sehr feinen

Partikeln auskristallisieren (z. B. Nanopartikel oder Partikel

in einem GréRenbereich von wenigen Mikrometern) (Hunter, R.J.,

Foundations of colloid science, Vol. 1, Oxford UniversityPress,

Oxford, 1986).

Beispiele fiir bei Raumtemperatur feste Lipide sind, Karnauba-

wachs, Hydroxyoctacosanylhydroxystearat, Chinesisches Wachs,

Cetylpalmitat, Bienenwachs und &ahnliche Wachse. Weitere Beispiele

fiir feste Lipide beinhalten Cyp49 Di- und Triglyceride, mit

gesattigten und ungesdttigten Fettsdtren, Cyo.49 Fettalkohole, Cyo_49

Fettamine und ihre Verbindungen, sowie Sterole.

Als Lipide zur Herstellung von Mischungen aus fliissigen und

festen Lipiden sind geeignet: Natiirliche oder synthetische

Triglyceride bzw. Mischungen derselben, Monoglyceride und

Diglyceride, alleine oder Mischungen derselben oder mit z. B.
Triglyceriden, selbst-emulgierende modifizierte Lipide, natiir-

liche und synthetische Wachse, Fettalkohole, einschlieBlich ihrer

Ester und Ether und Mischungen derselben. Besonders geeignet sind

synthetische Monoglyceride, Diglyceride und Triglyceride als
oo.
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individuelle Substanzen oder als Mischung (2. B. Hartfett),
Imwitor 900, Triglyceride (z. B. Glyceroltrilaurat, Glyceroltri-

myristat, Glyceroltripalmitat, Glyceroltristearat und Glycerol-
tribehenat) undWachse wie z. B. Cetylpalmitat, Karnaubawachs und
weifies Wachs (DAB). Aufferdem Kohlenwasserstoffe, wie z. B.

Hartparaffin.

Die TropfengréBe der Oltropfen (O/W-Typ) oder Wassertropfen (W/O-
Typ) in der Dispersion ist grdéBer als 100 nm (bestimmt mit

Photonenkorrelationsspektroskopie — PCS). Das empfohlene obere
GroBenlimit ftir die Tropfen ist 10 um, anderenfalls kommt es zum

Aufrahmen aufgrund der Flotation der Tropfen, was zu physika-

lischer Instabilitat fiihrt (Tropfenkoaleszenz). Um Flotation zu
minimieren, sollte die Gréfe kleiner als 5 pm sein, vorzugsweise

unterhalb von 1 pm (PCS-Durchmesser), was zu den sogenannten

physikalisch “autostabilen” Dispersionen fiihrt. Die optimale

Stabilitat wurde gefunden im GréBenbereich Ahniich zu parentera-
len Fettemulsionen mit PCS-Durchmessern von 200 nm bis 500 nm.

Der Gehalt an Stabilisatoren in parenteralen Zubereitungen sollte

so niedrig wie mdglich gehalten werden, um Toxizitdt und

Storungen des Metabolismus zu minimieren. Von Lecithin-haltigen

Emulsionen zur parenteralen Ern&dhrung ist es bekannt, daB eine

zu hohe Zuftihrung von Lecithin metabolische StGrungen bewirken

kann, typische Tagesvolumina appliziert sind hier 2. B. 500 ml

Emulsion und mehr. Dies fiihrte zu der Entwicklung der Lecithin-

reduzierten Emulsionen, d. h. man reduzierte den Lecithingehalt

von 1,2% weiter auf nur 0,6% Lecithin. Einige Systeme zur
Applikation von schwerldslichen Arzneistoffen verwenden einen

relativ hohen Emulgatorgehalt (2. B. Solubilisierung mit

Tensiden, SEDDS — self-emulsifying drug delivery systems
basierend auf der Solubilisation von 61 mit hohen Tensidkonzen-

trationen). Eine spezgielle Eigenschaft der vorliegenden Erfindung

ist, daB sie die Tensidbelastung minimiert. Eine typische

Zusammensetzung des O/W-Types der erfindungsgeméfen Dispersion

ist: 20 g Ol, 1,2 g Lecithin, 0,1 g Arzneistoff und 78,3 g
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Wasser. Dies bedeutet, da die 21,2 g produzierter Oltropfen aus
20 g Olphase (= 94,3%) und 1,2 g Stabilisator (= 5,7%) bestehen.

Weitere Beispiele fiir Emulgatoren sind neben Lecithinen die

Polyethoxysorbitanester (Tween’-Typen), wie beispielsweise
Laurate (Tween 20/21), Palmitate (Tween 40), Stearate (Tween

60/61), Tristearate (Tween 65), Oleate (Tween 80/81), oder

Trioleate (Tween 85), Natriumglycocholat und Natriumlaurylsulfat

(SDS) sowie die Sorbitanfettsaureester (Span” -Typen). Besonders
bevorzugt ist Tween 80.

Bevorzugt werden weiterhin Tenside, Emulgatoren und Stabilisato-
ren eingesetzt, die ftir die Anwendung am und im Menschen

zugelassen sind (z.B. Hilfsstoffe mit dem GRAS-Status).

Speziell fiir die Dispersionen vom Typ W/O werden die typischen

Wasser-in-Ol-Tenside zur Stabilisierung benutzt, manchmal in

Mischungen, auch in Mischungen mit O/W-Emulgatoren. Beispiele

hierfitir sind die Fettalkohole, Ethylenglykolmonostearat,

Glycerolmonostearat, Sorbitanfettsdureester (Span’-Serie, z. B.
Span 20-, Span 40-, Span 60- und Span 80-Serie, speziell Span

85), Ether von Fettalkoholen mit Polyethylenglykol (PEG) (2. B.

Brij -Serie), Ester von Fettsduren mit PEG (z. B. Myrj"-Serie).

Im allgemeinen werden wieder Tenside und Stabilisatoren mit-éinem
anerkannten Status bevorzgugt, z. B. GRAS-Substanzen (Generally

Regarded As Safe — Food Additives — GRAS substances, Food Drug

Cosmetic Law Reports, Chicago (1994), Food Additive Database der

FDA, Internet: www.fda.gov, 1999).

Im Fall daB die erfindungsgemaBen Dispersionen — zusdtzlich zu
den Oltropfen — noch Partikel von ungeléstem Wirkstoff enthalten,

sollte die PartikelgréBe so klein wie mdglich sein, zum Beispiel

zwecks Erhalt der physikalischen Stabilitat und zur Vermeidung

von Sedimentation. Zusatzlich, im Fall der intravendsen

Applikation, sollten die Partikel klein genug sein, um Kapillar-
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blockade zu vermeiden. Die kleinsten Blutkapillarensind ungefahr

5-6 pm im Durchmesser. Daher sollte der Partikeldurchmesser 90%

unterhalb von 5 pm sein, vorzugsweise auch der Durchmesser 95%

und insbesondere der Durchmesser 100% sollte unterhalb 5 um sein

(gemessen mit Laserdiffraktometrie nach Abtrennung der Partikel

von der Dispersion durch Zentrifugation, Volumenverteilungs-

daten). Es ist noch giinstiger, wenn diese Durchmesser alle

unterhalb von 3 um sind, da dann eine Sicherheitsdistanz zur

GréBe der kleinsten Kapillaren vorhanden ist.

Am vorteilhaftesten ist eine Partikelgréfpe des ungeldsten

Arzgneistoffes unterhalb von 1000 nm (mittlere Partikelgrofie

gemessen mit Photonenkorrelationsspektroskopie). Diese GréBRe ist

weit weg von den 5-6 pm der kleinsten Kapillardurchmesser und

schlieBt gleichzeitig jegliche Sedimentationseffekte aus (diese

Partikelgrife sedimentiert nicht relativ unabhangig von der

Dichte des Arzgneistoffes). Im Fall, daB eine schnellere Aufldsung

der Arzneistoffkristalle nach Applikation der Dispersion

notwendig ist, sollte der mittlere PCS-Durchmesser im Bereich
100 nm bis ungefahr 400 nm, bevorzugt unter 100 nm sein.

Generell ist es giinstig, den Wirkstoff zur Herstellung der

Dispersion in der Form sehr feiner Kristalle zu verwenden, d.h.,

in mikronisierter Form mit einer mittleren Teilchengroffe im

Bereich von ca. 0,1 pm — 25 pm (Kolloidmiihle, Gasstrahlmihle).

Bevorzugt sind mittlere Teilchengréfen von O,lyum — 5 um,

besonders bevorzugt von kleiner als 1 um.

Der pH-Wert der erfindungsgemdfen Dispersionen liegt typischer-

weise zwischen 4 und 8, vorzugsweise zwischen 5 und 7,5,

besonders bevorzugt zwischen 6 und 7,5 und wird in der Praxis

bestimmt durch die Applikationsform.

Die Dispersion gemaB der Erfindung kann ferner eine wirksame

Menge eines Antioxidanz, wie beispielsweise Vitamin E, ins-

besondere das Isomer alpha-Tocopherol enthalten. Alternativ
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k6nnen auch beta~ oder gamma-Tocopherol, oder Ascorbylpalmitat

verwendet werden. Der Zusatz kann zwischen 10 mg und 2000 ng,

vorzugsweise zwischen 25 mg und 1000 mg, bezogen auf 100 g
Triglyceride betragen.

Eine typische Dispersion gema8 der Erfindung kann somit, bezogen

auf die anwendungsfertige Gesamtzusammensetzung z.B. umfassen:

0,05 bis 1,0 Gew.-%, vorzgugsweise 0,05 bis 0,5 Gew.-% des

Wirkstoffes, 0,05 bis 2 Gew.-% eines Emulgators oder Emulgator-

gemisches, beispielsweise Tween 80 und/oder Ei-Lecithin,

dispergiert in einer O/W-Emulsion, die, bezogen auf die Emulsion,

5 bis 30 Gew.-%, vorzugsweise 10 bis 20 Gew.-% Triglyceride

enthalt. Bei den Triglyceriden handelt es sich vorzugsweise um

Sojabohnen61l, mittelkettige Triglyceride (wenigstens 90 % C8/C10)
sowie Gemische aus Sojabohnenél und mittelkettigen Triglyceriden

(wenigstens 90 % C8/C10) im Gewichtsverhdltnis 1:2 bis 2:1,

vorzugsweise 1:1. Daneben kénnen noch, bezogen auf die Gesamt-

zusammensetzung, 0,5 bis 5 Gew.-%, vorzugsweise i bis 3 Gew.-%

tbliche Isotonisierungsmittel, wie Glycerol, und 0,005 bis 0,05

Gew.-% Antioxidantien, wie beispielsweise alpha-Tocopherol

enthalten sein. Ein besonders bevorzgugter Wirkstoff ist ins-

besondere Amphotericin B. Zusdtzlich kénnen auch Konservierungs-
mittel zugesetzt werden. Die trifft insbesondere bei Abpackung
der Dispersion in Gef&Be zur Mehrfachentnahme zu.

Die Dispersion enthalt den Wirkstoff gelést in einer Menge, die
grofer ist als die Menge, die sich additiv aus seiner maximalen

Lo6slichkeit jeweils in der Wasser- und der Olphase der Emulsion

ergibt, wobei die "additive Menge" unter Normalbedingungen (20°C,
Normaldruck) durch Aufl6sen der maximalen Wirkstoffmenge in den

separaten Oligen und waéBrigen Phasen (bei ansonsten identischen

LO6sebedingungen) entsprechend den Anteilen in der Dispersion

ermittelt (Sattigungskonzentrationen) wird.

In der Dispersion sind typische Wirkstoffkonzentrationen 0,01
Gew.-% bis 30 Gew.-%, vorzugsweise 0,1 Gew.-% bis 10 Gew.-%,
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besonders bevorzugt 1 Gew.-% bis 5 Gew.-%, bezogen auf die

Gesamtmenge der Dispersion.

Argneistoffe von besonderem Interesse — neben Amphotericin B —

sind Vancomycin und Vecuronium. Des weiteren k6nnen schwerlds-

liche Arzneistoffe aus den Gruppen der Prostaglandine, z. B.

Prostaglandin E,, Prostaglandin F,, und Prostaglandin E,, Pro-

teinase-Hemmstoffe, wie z. B. Indinavir, Nelfinavir, Ritonavir,

Saguinavir, Zytostatika, 2. B. Paclitaxel, Doxorubicin, Daunoru-

bicin, Epirubicin, Idarubicin, Zorubicin, Mitoxantron, Amsacrin,

Vinblastin, Vinceristin, Vindesin, Dactiomycin, Bleomycin,

Metallocene, z B. Titanmetallocendichlorid, und Lipid-Arznei-

stoff—-Konjugate, wie z. B. Diminazenstearat und Diminazenoleat,

und generell schwerlésliche Antiinfektiva wie Griseofulvin,

Ketoconazol, Fluconazol, Itraconazol, Clindamycin, insbesondere

antiparasitische Arzneistoffe, z. B. Chloroquin, Mefloquin,

Primaquin, Pentamidin, Metronidazol, Nimorazol, Tinidazol,

Atovaquon, Buparvaquon, Nifurtimox und antiinflammatorische

Arzgneistoffe, wie z. B.Ciclosporin, Methotrexat, Azathioprin,

verwendet werden.

Dispersionen, die antiinflammatorische Arzneistoffe enthalten,

k6nnen topisch, oral und parenteral angewendet werden. Im Falle

einer topischen Anwendung auf der Haut, kann der Arzgneistoff in

das tiefere Gewebe penetrieren, wo entziindliche Prozesse

stattfinden. Mit einer topischenAnwendung auf Schleimhduten, wie

z. B. am Auge, kGnnen Erkrankungen wie das “Trockene Auge” -

Syndrom behandelt werden, dem ein entziindlicher ProzeB zugrunde

liegt. Eine topische Anwendung auf den Schlieimhauten der Vagina

ist ebenso vorteilhaft, z. B. ganz besonders fiir Antiinfektiva.

Die Dispersion spreitet gut auf der Schleimhautoberflache und

gewahrleistet so eine gleichmaéBige Verteilung des Arzneistoffs.

Insbesondere wenn diese Dispersion Oltrépfchen und zusdtzlich

sehr feine Arzneistoffkristalle enthd&lt, da diese feinen

Kristalle auf der vaginalen Schleimhaut haften und sich dort

langsam aufldésen und damit ftir eine verldangerte Arzneistoff-
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wirkung sorgen (Depotwirkung). Fiir eine Anwendung am Auge ist es

vorteilhaft, wennman Dispersionen verwendet, die positiv geladen

sind. Die Wechselwirkungen der positiv geladenen Partikel mit den

negativ geladenen Zellmembranen verldngern die Verweilzeit des

Arzneistoffs am Wirkort.

Die orale Anwendung der erfundenen Dispersion ist geeignet, die

Bioverfiigbarkeit von schwerléslichen Arzneistoffen, die oral

nicht ausreichend verftigbar sind, zu erhdhen. Beispiele hierfir

Sind Paclitaxel und Amphotericin B. Anstelle von wdfBrigen

Dispersionen kénnen auch, durch Spriihtrocknungoder Gefriertrock-

nung tiberfiihrte, trockene Formen verwendet werden.

Die parenterale, insbesondere die intravendése Anwendung von

argneistoffhaltigen Dispersionen kann Nebenwirkungen reduzieren,

z. 3B. bei Doxorubicin, Daunorubicin und Amphotericin B.

Intravendés angewendete Dispersionen kénnen durch Modifizierung

der Oberflache mit Apolipoproteinen gezielt zu gewiinschten

Zielorganen, wie Gehirn oder Knochenmark gelenkt werden. Dies ist

bei Arzneistoffen, die keinen oder nur geringen Zugang zum Gehirn

haben, von besonderem Interesse. Typische Beispiele hierfur sind

zytotoxische Substanzen wie Doxrubicin. Eine gezielte Aufnahme
zytotoxischer Dispersionen in das Gehirn ermédglicht die Behand-

lung von Hirntumoren, die bisher nur operativ oder lokal, z. B.

mit implantierten therapeutischen Systemen und mit arzneistoff-

haltigen Implantaten behandelit werden kénnen. Dispersionen, die

Antiinfektiva mit geringer Blut-Hirn-Schranken~Permeabilitat

enthalten, kénnen nun genutzt werden, um diese Antiinfektiva zur

Behandlung von persistierenden Parasiten durch die Blut-Hirn-

Schranke zu transportieren.

Die Organverteilung von intravends applizierten Arzneistoff-

trdagern wird von deren physiko - chemischen Eigenschaften, wie

z. B. Partikelgréfe, Partikelladung und Oberflachenhydrophobie

bestimmt. Negativ geladene Partikel werden zum Beispiel wesent-

lich schneller von den Makrophagen der Leber aufgenommen als
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ungeladene Partikel (Wilkens, D, J. and Myers, P. A., Studies on

the relationship between the electrophoretic properties of

colloids and their blood clearance and organ distribution in the

rat. Brit. J. Exp. Path. 47, 568-576, 1966). Um die In-vivo-

Organverteilung zu modifizieren, kann die Ladung der erfindungs-

gemaBen Dispersion gedandert werden, speziell positiv geladene

Dispersionen sind vorteilhaft. Die positiv geladene Dispersion

kann im Bereich der Einstichstelle an den negativ geladenen

Zelloberflachen haftenbleiben. Nach intravenéser Applikationder

negativ geladenen Dispersion interagieren die Partikel mit

negativ geladenen Proteinen, speziell mit Albumin, das mengen-

mafiig bedeutendste Protein im Blut. Aufgrund seiner Funktion als

Dysopsonin kann es durch Adsorption an der Tropfenoberfldche und

Bildung einer Albumin-Adsorptionsschicht die Verweilzeit der

erfundenen Dispersion im Blut verldngern (z. B. verminderte

Aufnahme durch Makrophagen der Leber).

Positiv geladene Dispersionen gema8 der Erfindung, kénnen unter

Verwendung positiv geladener Emulgatoren, Mischungenvon positiv

geladenen und ungeladenen Stabilisatoren (z. B. Poloxamere)

und/oder negativ geladenen Emulgatoren (z. B. Lecithin) herge-

stellt werden. Positiv geladene Dispersionen, gem&B der Erfin-

dung, haben ein positives Zetapotential. Das Zetapotential der

Dispersionspartikel wird mit elektrophoretischer Messung in

destilliertem Wasser (durch Zugabe von Natriumchlorid auf eine

Leitfahigkeit von 50 wS/cm eingestellt) oder im Originaldisper-

sionsmedium (duBere Phase der Dispersion) gemessen. Beispiele fiir

positiv geladene Emulgatoren und Stabilisatoren sind Stearylamin,

Cetypyridiniumchlorid (CPC), fiir positiv geladene Lipide N-[1-

(2,3-dioleyloxy) propyl]-N,N,N-trimethylammoniumchlorid (DOTMA),
Didodecyldimethylammoniumbromid (DDAB) , 2,3-Dioleyloxy-N-

[2(spermidincarboxamid) ethyl]-N,N-dimethyl-1-propylammonium-

trifluoroacetat (DOSPA), 3f-[N-(N’ ,N’ -Dimethylaminoethan)carb-

amoylj-cholesterol (DC-Chol).
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Die Herstellung positiv geladener Dispersionen kann unter

Verwendung positiv geladener Emulgatoren oder Emulgatormischungen

im ProduktionsprozeB durchgefiihrt werden (De novo-Herstellung).

Der positiv geladene Emulgator kann alternativ auch zu einer

negativ geladenen Dispersion zugefiigt werden. Der Emulgator muf

in ausreichender Menge zugefiigt werden, damit eine Ladungsumkehr

von negativ nach positiv eintritt.

Nahere Beschreibung des Produktionsprozgesses: Die Mischung aus

Lipid, Arzneistoff, Wasser und Emulgator oder andere Stabilisa-

toren muff einem hochenergetischem DispergierprozeB unterzogen

werden. Sollen Mischungen von Olen und festen Fetten im Homogeni-

Ssationsansatz verwendet werden, ist es vorteilhaft, das feste

Fett bei erhtéhter Temperatur im O1 zu ldésen. Die bevorzugte

Methode die erfindungsgeméfie Dispersion herzustellen, ist die

Hochdruckhomogenisation, 2. B. mit Kolben-Spalt-Homogenisatoren

oder Jet Stream-Homogenisatoren. Befindet sich Wasser in der

auBeren Phase der Dispersion, wird die Homogenisation zwischen

0°C und 100°C durchgefiihnrt. Die beste Dispergierung und

schnellste Aufldsung des schwerlédslichen Arzneistoffs wird

erreicht, wenn die Homogenisation deutlich itiber Raumtemperatur

durchgeftihnrt wird, 2. B. zwischen 35°C und 100°C. Die optimale

Homogenisationstemperatur bei gleichzeitiger Berticksichtigung der

chemischen Stabilitat des Arzneistoffs wurde zwischen 45°C und

65°C ermittelt. Liegt ein extrem temperaturempfindlicher

Arzneistoff vor, sollte die Homogenisation in der Nahe des

Gefrierpunktes von Wasser durchgeftihrt werden (2. B. ungefahr

4°C).

Werden fiir die duBere Phase der Dispersion andere Flissigkeiten

als Wasser verwendet, die einen hGheren Siedepunkt als Wasser

besitzen, kann auch bei hdéheren Temperaturen oder unter O°C (2.

B. PEG 600) homogenisiert werden.

Im Fall von Mischungen aus Lipiden, Mischen von O01 und festem

Lipid als “bulk”-Waren kann zu einer festen “bulk” -Mischung
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fuhren — obwohl die daraus in der Dispersion produzierten

Partikel flissig sind (Thomson-Effekt). In diesem Falle sollte

die Homogenisation bei einer Temperatur durchgefiihrt werden, die

tiber dem Schmelzpunkt der “bulk” -Mischung liegt. DaBelbe gilt bei

alleiniger Verwendung von festen Lipiden zur Herstellung der

Dispersion gemaé& der Erfindung. Der angelegte Homogenisations-

druck kann zwischen 10 und 11.000 bar liegen. Werden die

Dispersionen mit 11.000 bar produzgiert, ist die resultierende

Dispersion steril, da unter diesem hohen Druck Bakterien und

Viren zerrissen werden. Ist eine Sterilisation durch Homogenisa-

tion nicht erwiinscht, liegt der bevorzugte Produktionsdruck

zwischen 200 bar und anndhernd 4000 bar. Die in der Industrie in

Produktionslinien verwendeten Hochdruckhomogenisatoren arbeiten

gewohnlich in einem Bereich von 200 bar bis 700 bar, daher ware

es nicht notwendig neue Maschinen anzuschaffen, wenn bei diesen

Driicken gearbeitet wird. Die Produktion bei niedrigeren Driicken

erfordert jedoch eine hShere Anzahl an Durchldufen (Zyklen). MuB

eine hd6here Anzahl an Durchldaufen vermieden werden (z. B.

begriindet durch Aspekte der chemischen Stabilitdt des Arzneistof-

fes), sollte ein hdéherer Druck angewendet werden, der von 700 bar

bis 4000 bar reicht. Fiir den Bereich 700-1500 bar kénnen

Homogenisatoren von APV Gaulin (Liibeck, Deutschland) verwendet
werden, fiir den Bereich 700-2000 bar sind Maschinen der Firma

Niro Soavi (Ltibeck, Germany) geeignet, des weiteren erméglichen

spezielle Homogenisatoren der Firma Stansted (Stansted, UK) bei
Driicken bis zu 46000 bar zu arbeiten.

Um die Dispersion herzustellen kann jede Homogenisatorausstattung

verwendet werden, die eine geniigend hohe Leistungsdichte

erreicht, d. h. typischerweise iiber 10° W/m. Bei einigen

Homogenisatorenkann die Leistungsdichte (dissipierte Energie pro

Volumeneinheit der Dispergierzone) nicht errechnet werden, da die

genaue Grofe der Dispergierzone nicht bekannt ist (zg. B.

Microfluidizer). In diesem Fall mu die Eignung der Maschine fiir

die Herstellung der erfundenen Dispersion auf empirischem Wege

ermittelt werden. Beispiele fiir Homogenisatorenvom Kolben-Spalt-
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Typ sind die Maschinen von den Firmen APV Gaulin, Niro Soavi,

Stansted und French Press, ein Beispiel fiir Jet Stream-Homogeni-

Ssatoren ist der Microfluidizer (Microfluidics, Inc., USA).

Die Erfindung wird durch die nachfolgenden Beispiele n&her

erlautert, ohne sie jedoch zu beschrdnken.

Beispiele

Beispiel 1

8 mg Amphotericin B wurden mit 40 g Lipofundin N 20 % angerieben

(0,2 mg Amphotericin B/ml Emulsion) und die erhaltene Dispersion

mit einem Ultra-Turrax-Riihrer 5 Minuten bei 8000 Umdrehungen pro

Minute gertihrt. AnschlieBend wurde die Dispersion mit einem

Micron LAB 40 bei 1.500 bar mit 20 Zyklen hochdruckhomogenisiert.

Die Partikelgréfe wurde mit einem Laserdiffraktometer bestimmt

(Coulter LS 230, Coulter Electronics, USA). Der Durchmesser 50
%$ (D50%) der Volumenverteilung betrug 0,164 um, DIO% 0,340 um,

D95% 0,387 um, DI9% 0,466 pm und D100% 0,700 pm.

Beispiel 2

Es wurde ein Emulsionssystem mit Amphotericin B wie in Beispiel

1 hergestelit, die eingearbeitete Menge an Amphotericin B betrug

jedoch 40 mg (d. h. 1 mg/ml Emulsion). Es wurden folgende

Durchmesser gemessen: D50% 0,160 pm, DI0% 0,362 um, D95% 0,406

um, D99% 0,485 um und D100% 0,746 pm.

Beispiel 3

Es wurde eine Emulsion analog Beispiel 1 hergestellt, die

eingearbeitete Amphotericin B-Menge betrug jedoch 80 mg (d. h.

2 mg/ml Emulsion). Es wurden folgende Durchmesser gemessen: D50%
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0,194 pm, DI0% 0,381 um, DI5% 0,423 um, DI9% 0,494 um und D100

0,721 pum.

Beispiel 4

40 mg Amphotericin B-Pulver wurden mit 40 g 61 (Mischung 50 : 50

aus LCT und MCT) angerieben und die erhaltene Suspension wie in

Beispiel 1 mit einem Ultra-Turrax fiir 5 Minuten geriihrt.

AnschlieBend wurde die Suspension mit einem Hochdruckhomogenisa-

tor Micron LAB 40 hochdruckhomogenisiert mit 2 Zyklen bei 150

bar, 2 Zyklen bei 500 bar und anschlieBend 20 4yklen bei 1.500

bar. 8 g der erhaltenen Gligen Suspension wurden dann in 32 g
Wasser dispergiert, das 1,2 % Lecithin enthielt. Dispergierung
erfolgte mit einem Ultra-Turrax fiir 5 Minuten bei 8000 Um-

drehungen/Minute. Die erhaltene Dispersion wurde dann mit dem

Micron LAB 40 hochdruckhomogenisiert bei 500 bar mit 10 Zyklen.

Es wurden folgende Durchmesser gemessen: D50% 0,869 um, DIDS

2,151 pm, D95% 2,697 wm, D99% 3,361 pm.

Beispiel 5

Es wurde eine Emulsion analog Beispiel 4 hergestellt, allerdings
erfolgte die Herstellung der Emulsion mit Hochdruckhomogenisation

nicht bei Raumtemperatur, sondern in einem temperaturkontrollier-

tem LAB 40 bei 50°C. Es wurden folgende Durchmesser gemessen:
D50% 0,647 pm, D90% 1,537 wm, D9I5% 1,768 wm, DI9S 2,152 wm und
D100% 3,310 um.

Beispiel 6

Es wurde eine Amphotericin B-Emulsion durch Hochdruckhomogenisa-

tion analog Beispiel 1 hergestellt (0,2 mg Amphotericin B/ml

Emulsion), die Hochdruckhomogenisation der Emulsion erfolgte bei

Raumtemperatur. Der Arzgneistoff wurde in 1,2%iger waBriger Tween

80-Lo6sung angerieben, die Suspension vorhomogenisiert und 80 mg
dieser Suspension mit 40g Lipofundin N 20% gemischt. Es wurden
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folgende Durchmesser gemessen: D50% 0,142 um, D90% 0,282 um, D95%

0,331 um, D99% 0,459 um und D100% 0,843 um.

Beispiel 7

Es wurde eine Emulsion analog Beispiel 6 hergestellt, die

Amphotericin B-Konzentration betrug jedoch 1 mg/ml Emulsion. Es

wurden folgende Durchmesser gemessen: D50% 0,245 um, D9I0% 0,390

um, D95% 0,426 um, D99% 0,489 um, D100% 0,700 um.

Beispiel 8

Es wurde eine Emulsion analog Beispiel 6 hergestellt, die

Amphotericin B-Konzentration betrug jedoch 2 mg/ml Emulsion. Es

wurden folgende Durchmesser gemessen: D50% 0,237 um, D90% 0,389

um, D95%S 0,426 um, DI9% 0,491 pm, D100% 0,701 um.

Beispiel 9

ES wurde eine Emulsion analog Beispiel 6 hergestellt, die

Hochdruckhomogenisation der Emulsion erfolgte bei 60°C. Es wurden

folgende Durchmesser gemessen: D50% 0,197 pm, DI0% 0,388 pm, DI53%

0,436 pm, D99S 0,532 pm und D100% 0,953 wm.

Beispiel 10

Es wurde eine Emulsion analog Beispiel 7 hergestellt, der

Homogenisationsdruck betrug jedoch 500 bar anstatt 1500 bar. Es

wurden folgende Durchmesser gemessen: D50% 0,263 wm, D90% 0,401

um, D95% 0,435 um, DI9% 0,493 wm und D100% 0,657 um.

Beispiel 11

Die Partikelgréfienverteilung des Amphotericin B-Pulvers wurde mit

Laserdiffraktometrie und Lichtmikroskopie analysiert. Abbildung

1 (oben) zeigt die Teilchengréfenverteilungskurve des Pulvers
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nach Dispergierung in Wasser ermittelt mit Laserdiffraktometrie

sowie die PartikelgréBenverteilung nach Einarbeitung in das

erfindungsgemaéBe Emulsionssystem aus Beispiel 2 (Abbildung 1,

unten). Im Emulsionssystem sind keine Amphotericin B-Kristalle

mehr detektierbar, Amphotericin B wurde in das Emulsionssystem

inkorporiert.

Beispiel 12

Die Amphotericin B-Emulsion wurde im Vergleich zu in Wasser

dispergierten Amphotericin B-Kristallen mit Lichtmikroskopie

untersucht. Abbildung 2 zeigt die lichtmikroskopische Aufnahme

des Amphotericin B-Pulvers im polarisierten Licht, aufgrund der

Anisotropie der Kristalle erscheinen sie hell. Abbildung 3 zeigt

die lichtmikroskopische Aufnahme im polarisierten Licht nach

Einarbeitung von Amphotericin B in das Emulsionssystem (Beispiel

1), anisotrope Strukturen sind nicht mehr detektierbar, das

gesamte Bild ist nahezu schwarz. Fiir die Lichtmikroskopie wurde

das Emulsionssystem unverdiinnt auf den Objekttrager aufgetragen.

Beispiel 13

Buparvaquon wurde analog zu Amphotericin B wie in Beispiel 6 in

einEmulsionssystem eingearbeitet. Es wurden folgende Durchmesser

gemessen: D50% 0,399 um, DI0% 0,527 um, D95% 0,564 um, DIIS 0,635

yum und D100% 0,843 wpm.

Beispiel 14

Atovaquon wurde analog zu Beispiel 1 anstelle von Amphotericin

B in ein Emulsionssystem eingearbeitet. Es wurden folgende

Durchmesser gemessen: D50% 0,297 um, DIOS 0,437pm, DI5% 0,475 um,

D99% 0,540 wm und D100% 0,744 um.
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Beispiel 15

Es wurde eine Emulsion analog Beispiel 1 hergestellt, die Menge

an eingearbeitetem Amphotericin betrug jedoch 5 mg/ml Emulsion.

Die Ldéslichkeit in der Dispersion fiir Amphotericin war iiber-

schritten, neben Oltropfen lagen Arzneistoffkristalle vor

(heterogene Dispersion).

Beispiel 16

Es wurde eine Amphotericin B-Emulsion durch Zumischung von 40 mg

Amphotericin B zu 40 ml Lipofundin N 20 % hergestelit (d. h.
Amphotericin B 1 mg/ml Emulsion). Die Mischung wurde mit 10

Zyklen bei 1500 bar und 45°C homogenisiert. Diese Emulsion wurde

durch Autoklavieren bei 121°C fiir 15 Minuten (gem4&8 Deutschen
Arzneibuches) sterilisiert. Der PCS-Durchmesser vor Autoklavie-

rung betrug 203 nm, der Polydispersitatsindex 0,102, nach

Autoklavierung lag der Durchmesser bei 208 nm, der Polydispersi-
tatsindex bei 0,137.

Beispiel 17

100 mg Amphotericin B-Pulver wurden in 900 mg sterilen Wasser

dispergiert, vorhomogenisiert und unter Verwendung von Pistill

und Mérser in 20 g MCT-O1 mit 1,2% Lecithin eingearbeitet. Das

Ol wurde in 80 g Wasser dispergiert und diese Mischung in einem
Microfluidizer Typ Microfluidix M110y homogenisiert (d. hk.
Amphotericin B 1 mg/ml Emulsion). Die Homogenisation wurde bei
1000 bar fiir 10 Minuten durchgefiihrt. Der PCS-Durchmesser vor

Autoklavierung betrug 192 nm, der Polydispersit&dtsindex 0,113,

nach Autoklavierung lag der Durchmesser bei 196 nm, der Poly-
dispersitatsindex bei 0,109.
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Beispiel 18

Die unverdiinnte Amphotericin B-Emulsion aus Beispiel 17 wurde auf

groBere Partikel und Amphotericin B-Kristalle mittels Licht-

mikroskop untersucht. Abbildung 4 zeigt nur wenige grdfere

Trépfchen, Amphotericin B-Kristalle konnten nicht detektiert

werden.

Beispiel 19

Es wurden Emulsionen, wie in Beispiel 16 beschrieben, herge-

stellt, wobei jedoch 15 Homogenisationszyklen durchgefiihrt

wurden. Es wurden zwei Dispersionen hergestellt, die 1 mg/ml und

5 mg/ml Amphotericin B enthielten. Die Emulsionen wurden mit

Lichtmikroskopie untersucht. Die lichtmikroskopische Aufnahme der

Dispersion mit 1 mg/ml zeigt ein Emulsionssystem ohne detektier-
bare Amphotericin B-~Partikel (Abb. 5), in der Dispersion mit

5 mg/ml Amphotericin B sind neben den Emulsionstrépfchen kleine

Amphotericin B-Kristalle detektierbar (Abb. 6)

Beispiel 20

Es wurde eine Amphotericin B-Emulsion, wie in Beispiel 16, her-

gestellt. Die Emulsion wurde 20 Zyklen bei einer Produktionstem-
peratur von 65°C homogenisiert. Der mittlere PCS-Durchmesser

betrug 255 nm, der Polydispersitdatsindex 0,098. Die Partikelgréfe

wurde mittels Laserdiffraktometrie mit einem Coulter LS 230

(Coulter Electronics, USA) durchgefiihrt. Der Durchmesser 50% war

0,247 um, der Durchmesser 90% 0,410 um, der Durchmesser 99% 0,566

wm und der Durchmesser 100% 0,938 um. Die Amphotericin B-Konzen-

tration lag bei 1 mg/ml, Sterilisation wurde mittels Autoklavie-

ren bei 121°C ftir 15 Minuten durchgefiihrt. Die Arzneistoffkonzen-

tration wurde mit HPLC analysiert, wobei in zwei Proben 93,8% und

91,0% wiedergefunden wurden.
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Beispiel 21

100 mg Cyclosporin wurden mit 40 g Lipofundin N 20% angerieben.

Die Homogenisation wurde mit 20 Zyklen bei 1500 bar und 25°C

durchgefiihrt. Der mittlere PCS-Durchmesser betrug 234 nm, der

Polydispersitdtsindex 0,099. Der Laserdiffraktometerdurchmesser

D50% lag bei 0,218 pm, der D90% bei 0,381 pm und der D100% bei

0,721 pm. Mit Lichtmikroskopie konnten keine Cyclosporin-—Partikel

detektiert werden (polarisiertes Licht, Dunkelfeld). Das Zeta-
potential der Emulsion wurde in destillierten Wasser mit einer

eingestellten Leitfahigkeit von 50 uS/cm (durch Zugabe von

Natriumchlorid) gemessen. Die Feldstarke lag bei 20 V/cm, die

Umrechnung der elektrophoretischen Mobilitat in das Zetapotential

erfolgte mit der Helmholtz-Smoluchowski Gleichung. Das Zetapoten-

tial betrug -51 mv.

Beispiel. 22

Es wurde eine Cyclosporin-Emulsionwie in Beispiel 21 beschrieben
hergestelit. Wahrend der Produktion wurden jedoch 0,5% Cetylpyri-

diniumchlorid (CPC) zugefiigt. Die Emulsion war positiv geladen,

das Zetapotential betrug +32 mv.

Beispiel 23

Es wurde eine Cyclosporin-Emulsion, wie in Beispiel 21 beschrie-

ben, hergestellt. Wahrend der Produktion wurden jedoch 1,0%
Stearylamin zugefiigt. Der PCS-~Durchmesser betrug 247 nm, der

Polydispersitatsindex 0.088. Der Laserdiffraktometerdurchmesser

50% lag bei 0,229 wm, der Durchmesser 90% bei 0,389 wm und der
Durchmesser 100% bei 0,721 um. das Zetapotential betrug +24 mV.

Beispiel 24

Eine Cyclosporin-~Emulsion wurde de novo hergestellt. Die Zusam-

mensetzung bestand aus 0,1% Cyclosporin, 0,5% Poloxamer 188, 0,5%
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Eilecithin Lipoid E80, 0,15% Stearylamin, 10% Miglyol 812 und

2,25% Glycerol als Isotonisierungszusatz und Wasser ad 100%. Das

Lecithin wurde in der 61-Phase dispergiert, eine Prd-Emulsion

wurde unter Zusatz der anderen Bestandteile durch Hochgeschwin-

digkeitsrtihren hergestellt, das Cyclosporin-Pulver wurde im

letzten Schritt zugefiigt. Diese Mischung wurde bei 45°C mit 20

Zyklen und 1500 bar homogenisiert. Der PCS-Durchmesser betrug
226 nm, der Polydispersitdatsindex 0,111. DerLaserdiffraktometer-

durchmesser 50% lag bei 0,200 um, der Durchmesser 90% bei

0,406 wm und der Durchmesser 100% bei 1,154 pm. Die Emulsion war

positiv geladen, das Zetapotential betrug +31 mv.

Beispiel 25

Eine O/W-Dispersion wurde produziert mit der Zusammensetzung von
10 g Wasserphase, die 25 mg Amphotericin enthielt, 0,5 g Span 85,

0,25 Tween 80 und Miglyol 812 ad 50 g. 1,0 ml Amphotericin

Suspension (2,5% Amphotericin/ml), stabilisiert mit 2,4% Lecithin

Lipoid E 80 wurden gemischt mit destilliertem Wasser auf ein

Gesamtgewicht von 10 g. Tween 80 wurde zur Wasserphase hin-

zugeftigt, Span 85 zur Olphase. Das Wasser wurde im O01 durch

hochtouriges Riihren dispergiert. Die erhaltene Prd-Emulsion wurde

bei 90°C homogenisiert unter Anwendung von 1500 bar und 20

Homogenisationszyklen. Gr6oBenanalytik wurde durchgeftihrt mit
Laserdiffraktometrie (Mastersizer E, Malvern Instruments, United

Kingdom). Der Durchmesser 50% war 2,25 um, der Durchmesser 90%
4,21 wm.

Erklaérungen zu Abbildungen:

Abb. 1: Partikelgréfenverteilung des Amphotericin-Pulvers vor

Einarbeitung in die Dispersion (oben) und Partikel-
groBenanalyse der erfindungsgeméBen Dispersion nach

Einarbeitung des Amphotericin-Pulvers (unten, Beispiel
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2), die Arzneistoffpartikel sind nicht mehr detektier-

bar (Laserdiffraktometrie)

Lichtmikroskopische Aufnahme des Amphotericin-Pulvers

vor Einarbeitung in die O/W-Emulsion (Beispiel 1)

(Polarisations-—Aufnahme im Dunkelfeld, anisotrope

Kristalle erscheinen weifi, Balken wie in Abb. 3 (10
um) ) .

Lichtmikroskopische Aufnahme der O/W-Emulsion nach

Einarbeitung des Amphotericin-Pulvers aus Abb. 2

(Beispiel 1) (Polarisations-Aufnahme, im Dunkelfeld

nur schemenhafte Reflexe der isotropen Emulsions-

tropfen, Balken 10 pm).

Lichtmikroskopische Aufnahme der unverdiinnten Emulsion

aus Beispiel 18.

Lichtmikroskopische Aufnahme der Emulsion mit 1 mg/ml

Amphotericin B aus Beispiel 19.

Lichtmikroskopische Aufnahme der Emulsion mit 5 mg/ml

Amphotericin B aus Beispiel 19.
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Patentanspriiche

1. Dispersion, die eine dlige Phase und eine waBrige Phase in

Form einer O/W-Emulsion oder einer Wasser-in-O61 (W/O)

Emulsion, mindestens einen in der dligen und der w&Brigen

Phase wenig oder schwer léslichen Wirkstoff sowie gegebe-

nenfalls einen oder mehrere Emulgator(en) und/oder Stabili-

sator(en) umfafit, dadurch gekennzeichnet, da die Disper-

sion frei von toxikologisch bedenklichen organischen

LG6sungsmitteln ist und den Wirkstoff gelést in einer Menge

enthalt, die hé6her ist als die Menge, die sich additiv aus

seiner maximalen Léslichkeit in der 6ligen und der wéBrigen
Phase der Emulsion ergibt.

2. Dispersion nach Anspruch 1, dadurch gekennzeichnet, daB der

Argzneistoff zusdétzlich zum gelésten Zustand noch in hoch-

disperser fester kristalliner Form vorliegt, wodurch sich

eine Dispersion mir einer heterogenen dispersen Phase aus

Oltropfen und aus Arzneistoffkristallen ergibt.

3. Dispersion nach Anspruch 1 oder 2, dadurch gekennzeichnet,

daB mindestens 90%, bevorzgugter 95% der vorhandenen Kri-

stalle kleiner als 5 pm sind und insbesondere 100% kleiner

als Sum sind (Volumenverteilung bestimmt mit Laserdif-

fraktometrie), wobei besonders bevorzugt 90% kleiner als 3

um, bevorzugter 95% kleiner als 3 um und insbesondere 100%

kleiner als 3yum sind (Volumenverteilung bestimmt mit
Laserdiffraktometrie).

4, Dispersion nach Anspruch 3, dadurch gekennzeichnet, daB
mindestens 90%, bevorzugt 95% und insbesondere 99% der

Kristalle kleiner als 1 wm sind (Volumenverteilung bestimmt

mit Laserdiffraktometrie).
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5. Dispersion nach einem der Anspriiche 1 bis 4, dadurch

gekennzeichnet, daB sie eine 01-in-Wasser-Emulsion ist und,

bezogen auf die Gesamtmenge der Dispersion, 5 bis 99,5

Gew.-%, vorzugsweise 10 bis 95 Gew.-% insbesondere 60 bis

95 Gew.-% und speziell 70-95% w&Brige Phase enthdlt.

6. Dispersion nach einem der Anspriiche 1 bis 4, dadurch
gekennzeichnet, daB sie eine Wasser-in-61 (W/O) Emulsion
ist und, bezogen auf die Gesamtmenge der Dispersion, 5 bis

30 Gew.-%, vorzugsweise 10 bis 25 Gew.-% insbesondere 10

bis 20 Gew.-% waéfrige Phase enthAlt.

7. Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB sie Emulgator und/oder Stabilisator
enthalt.

8. Dispersion nach Anspruch 7, dadurch gekennzeichnet, da

Sie, bezogen auf die Gesamtmenge Dispersion, weniger als

15%, bevorzugt weniger als 10% und insbesondere weniger als
%, bevorzugt 0,6% bis 1,2% Emulgator und/oder Stabilisator

enthalt.

9. Dispersion nach einem der Anspriiche 1 bis 8, dadurch ge-
kennzeichnet, daB sie als Emulgatoren Ei-Lecithin, Soja-

Lecithin, Phospholipide aus Ei oder Soja, Sorbitanestern

(insbesondere Span 85), Polyethylenglykolsorbitanester

(insbesondere Tween 80), Natriumglycocholat, Natriumlauryl-
sulfat (SDS) oder Gemischen derselben und/oder als Stabili-

satoren Block-Copolymere, insbesondere Poloxamere (bevor-
zugt Poloxamer 188 und 407) oder Poloxamine (bevorzugt
Poloxamine 908), Polyvinylpyrrolidon (PVP), Polyvinyl-
alkohol (PVA), Gelatine, Polysaccharide (bevorzugt Hyalu-

ronsdure oder Chitosan und ihre Derivate), Polyacrylsdure

und ihre Derivate, Polycarbophil, Cellulosederivate (bevor-

zugt Methyl-, Hydroxypropyl- und Carboxymethylcellulose),
Zuckerester (bevorzugt Saccharosemonostearat) oder Natrium-
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citrat einzeln oder in irgendeiner Mischung derselben

enthalt.

10. Dispersion nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, daB sie eine O/W-Emulsion umfaBt und die

zur Herstellung der Dispersion verwendete dlige Phase

(Lipidphase) nur bei Raumtemperatur feste Lipide oder nur

bei Raumtemperatur fliissige Lipide umfaBRt oder eine Mi-

schung aus einem oder mehreren bei Raumtemperatur fliissigen

Lipiden mit einem oder mehreren bei Raumtemperatur festen

Lipiden umfafit.

11. Dispersion nach Anspruch 10, dadurch gekennzeichnet, dafi

die Mischung aus fltissigem Lipid und festem Lipid von 99 +

1 bis zu 1 + 99 variiert (Gewichtsteile), insbesondere in

dex Mischung der Anteil von fliissigem Lipid mindestens 10

Teile betragt, bevorzugt mindestens 30 Teile und insbeson-

dere mindestens 50 Teile.

12. Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB die Partikel aus folgenden einzelnen

Lipiden oder deren Mischungen hergestelit werden: natirli-

che oder synthetische Triglyceride bzw. Mischungen dersel-

ben, Monoglyceride und Diglyceride, alleine oder Mischungen

derselben oder mit fTriglyceriden, selbst-emulgierende

modifizierte Lipide, natiirliche und synthetische Wachse,

Fettalkohole, einschlieBlich ihrer Ester und Ether und

Mischungen derselben insbesondere synthetische Monoglyceri-

de, Diglyceride und Triglyceride als individuelle Sub-

stanzen oder als Mischung, vorzugsweise Hartfett, oder

Imwitor 900, Triglyceride, insbesondere Glyceroltrilaurat,

Glycerolmyristat, Glycerolpaimitat, Glycerolstearat und

Glycerolbehenat, und Wachse, insbesondere Cetylpalmitat,

Karnaubawachs und weifes Wachs (DAB), sowie Kohlenwasser-

stoffe, insbesondere Hartparaffin.
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i3.

14.

15.

16.

17.

18.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB sie als Olphase Sojadl, Saflordl,

langkettige Triglyceride (LCT), mittelkettige Triglyceride

(MCT), insbesondere Miglyole, Fischdéle und Ole mit einem

erhdohten Anteil an ungesdttigten Fettsduren, acetylierte

Partialglyceride (bevorzugt wie in Stesolid) einzeln oder

in Mischungen enthdlit.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB sie als wdaBrige Phase Wasser, Mischun-

gen von Wasser mit wassermischbaren organische Pliissigkei-

ten, insbesondere fliissigen Polyethylenglykolen (PEG)

(bevorzugt PEG 400 und 600) enthdlt.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB die wdafrige Phase Zusd&tze enthdlt,

» insbesondere Elektrolyte, Nichtelektrolyte (bevorzugt

Glycerol, Glucose, Mannit, xXylit zur  Isotonisierung)

und/oder Gelbildner (bevorzugt Cellulosederivate zur

ViskositatserhGéhung).

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB& die eingesetzte Emulsion eine O/W-

Emulsion ist und Lipofundin, Intralipid, Lipovends, Ab-

bolipid, Deltalipid oder Salvilipid ist.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dai der Wirkstoff ausgewdéhlt ist aus der

Gruppe bestehend aus Arzneiwirkstoffen zur Behandlung des

menschlichen und tierischen Kdérpers.

Dispersion nach Anspruch 17, dadurch gekennzeichnet, dak

sie einen oder mehrere Arzneistoffe aus den Gruppen der

Anaesthetika, Antibiotika, Antimykotika, Antiinfektiva,

Kortikoide, Hormone, Antioestrogene, Antispetika, gefaB-

aktive Substanzen, Glaukomittel, Beta-Blocker, Cholinergi-
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19.

20.

21.

22.

23.

24.

ka, Sympathomimetika, Carboanhydrase-Hemmer, Mydriatika,

Virustatika, Mittel zur Tumortherapie, Antiallergika,

Vitamine, antiinflammatorische Wirkstoffe sowie Immunsup-

pressiva enthalten, insbesondere Cyclosporin, oder irgend-

eine Kombination daraus enthdlt.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB sie positiv geladen ist.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB sie positiv geladene Stabilisatoren

enthalt, insbesondere Natriumlaurylsulfat (SDS), Stearyla-

min, und/oder positiv geladene Phospholipide und/oder

positiv geladene Lipide.

Dispersion nach Anspruch 20, dadurch gekennzeichnet, dafK

sie die eingesetzte Emulsion eine O/W-Emulsion ist und

intravenés appliziert werden kann, wobei neben positiven

Stabilisatoren auch Mischungen mit Lecithin und/oder

nichtionischen Stabilisatoren eingesetzt werden k6nnen,

insbesondere Poloxamer Polymere.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, daB sie Cyclosporin als Wirkstoff enthadlt.

Dispersion nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, da& als Wirkstoff ein Antimykotikum (bevor-
zugt Amphotericin B), ein Antiinfektivum (bevorzugt Bupar-
vaquon oder Atovaquon), ein Immunsuppressivum (bevorzugt

Cyclosporin A oder eines seiner natiirlichen und synthe-

tischen Derivate), ein Mittel zur Tumortherapie (bevorzugt

Paclitaxel oder Taxotere) enthait.

Verfahren zur Herstellung einer Zusammensetzung gem4BR einem

der Anspriiche 1 bis 23, dadurch gekennzeichnet, eine

waBrige Phase und eine Glige Phase, die nicht oder nur
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25.

26.

27.

28.

teilweise miteinander mischbar sind, sowie gegebenenfalls

ein oder mehrere Emulgator(en) und/oder Stabilisator(en)
und eine feste Phase, die mindestens einen in der dSligen

und der waBrigen Phase wenig oder schwer léslichen Wirk-

stoff umfait, miteinander gemischt werden und die erhaltene

Mischung aus fliissigen und festen Phasen einem hochener-

getischen Homogenisationsprozeii mit einem Homogenisator

unterzogen werden, wobei keine toxikologisch bedenklichen

organischen Lésungsmittel verwendet werden.

Verfahren nach Anspruch 24, dadurch gekennzeichnet, daB der

Wirkstoff ohne vorherige Auflésung als Feststoff in die

flussigen Phasen der Dispersion eingearbeitet wurde.

Verfahren nach Anspruch 24 oder 25, dadurch gekennzeichnet,

daB der pulverisierte Wirkstoff mit einer O/W-Emulsion oder

einer W/O-Emulsion angerieben oder gemischt wird und diese

Prad-Dispersion der Homogenisation oder Hochdruckhomogenisa-
tion unterzogen wird.

Verfahren nach Anspruch 24 oder 25, dadurch gekennzeichnet,

daB der pulverisierte Wirkstoff in einer Emulgatorlésung
dispergiert wird, diese Dispersion homogenisiert wird,

anschliefend mit einer O/W-Emulsion oder einer W/O-Emulsion

gemischt wird und die so erhaltene Pr&-Dispersion der

Homogenisation oder Hochdruckhomogenisation unterzogen
wird.

Verfahren nach einem der Anspriiche 24 bis 27, dadurch

gekennzeichnet, daB als Homogenisator ein Rotor-Stator-

Homogenisator (vorzugsweise eine Kolloidmiihle) oder ein

Hochdruckhomogenisator (vorzugsweise ein Kolben-Spalt-

Homogenisator (APV Gaulin, French Press, Niro, Stansted)

oder ein Rohrhomogenisator (jet stream) (Microfluidizer
oder Nanojet)) eingesetzt wird.
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29.

30.

31.

32.

33.

Verfahren nach einem der Anspriiche 24 bis 28, dadurch

gekennzeichnet, daB der Wirkstoff in einer solchen Menge

eingesetzt wird, da sich der Wirkstoff am Ende des Homoge-

nisationsprozesses vollst&andig oder nahezu vollstdndig

aufgeldst hat, so da& sich im Lichtmikroskop selbst bei

1000 facher VergréRerung in 2 von 3 Feldern nicht mehr als

10 Kristalle, vorzugsweise nicht mehr als 5 Kristalle und

insbesondere nicht mehr als 1 Kristall nachweisen las-

sen/l1aft.

Verfahren nach einem der Anspriiche 24 bis 28, dadurch

gekennzeichnet, daB der Wirkstoff in einer solchen Menge

eingesetzt wird, daB am Ende des Homogenisationsprozesses

neben dem gelésten Anteil des Wirkstoffs noch ein Anteil

des Wirkstoffs in ungeldéster kristalliner Form vorliegt,

der ein Depot bildet.

Verfahren nach einem der Anspriiche 24 bis 30, dadurch

gekennzeichnet, dafi die Partikel des Wirkstoffes in ungel6é-

ster kristalliner Form einen Durchmesser 90% kleiner als 5

um, bevorzugt einen Durchmesser 95% kleiner als 5 um und

insbesondere einen Durchmesser 100% kleiner als Sym besit-
zen (Volumenverteilung bestimmt mit Laserdiffraktometrie).

Verfahren nach Anspruch 31, dadurch gekennzeichnet, dafi die

Partikel des Wirkstoffes in ungeldster kristalliner Form

einen Durchmesser 90% kleiner als 3 wm, bevorzugt einen

Durchmesser 95% kleiner als 3 pm und insbesondere einen

Durchmesser 100% kleiner als 3yum besitzen (Volumenvertei-

lung bestimmt mit Laserdiffraktometrie).

Verfahren nach Anspruch 32, dadurch gekennzeichnet, das die

Partikel des Wirkstoffes in ungelidédster kristalliner Form

einen mit Photonenkorrelationsspektroskopie (PCS) bestimm-

ten Durchmesser kleiner als 1000 nm aufweisen.
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34.

35.

36.

37.

Verwendung der Dispersion gemafi einem der Anspriiche 1 bis

23 oder hergestellt gemdé8 einem der Anspriiche 24 bis 33 zur

Herstellung eines Arzneimittels.

Verwendung nach Anspruch 34, zur Herstellung eines Arznei-

mittels zur Behandlung von Mykosen, vorzugsweise systemi-

schen Mykosen, Entziindungen, Allergien, Tumorerkrankungen,

kardiovaskuldren Erkrankungen, viralen und anderen Infek-

tionen und zur Durchfiihrung von Andsthesien.

Verwendung nach Anspruch 34 oder 35, dadurch gekennzeich-

net, daB das Arzgneimittel topisch, oral, peroral sowie

parenteral, insbesondere intravends, intra- und subkutan,

intramuskuldr, intraartikuldr oder intraperitoneal wird,

vorzugsweise am Auge angewendet wird und vorzugsweise

Cyclosporin enthalt.

Verwendung nach einem der Anspriiche 34 bis 36, dadurch

gekennzeichnet, dai das Arzgneimittel eine verl&ngerte

Verweilzeit im Blut zeigt, verglichen mit negativ geladenen

Dispersionen.
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COMPOSITIONS FOR PREVENTION AND ALLEVIATION OF

SKIN WRINKLES

Technical Field

The present invention relates to a topical composition for prevention
and alleviation of skin wrinkles which comprises one or two or more selected

from the group consisting of phenytoin, valproic acid, cyclosporine A,
nifedipine, diltiazem, verapamil HCl and amoldipine as an active ingredient

having an effect of promoting collagen synthesis, in conjunction with
conventional components of a formulation for transdermal absorption such

as cream, ointment, lotion, skin tonic, gel, pack, patch or patch-type

administering apparatus.

Background Art

Skin aging is developed by both endogenous causes, for example,

aging, and environmental causes. The effects of aging are shown as
wrinkles in the skin, which include neck wrinkles, worry lines, frown lines,

crow’s feet, the folds from the side of the nose to the corners of the mouth,

and fine lines around the eyes, below the lips, and over the face. Skin

wrinkles caused by aging, though there are individual differences,

commonly occurin individuals in their early twenties and increase with age.

With aging, the amount of dermal collagen of skin is decreased and
alterations in elastic fibers occur, whereby the skin relaxes and fine wrinkles

appear. Meanwhile, collagen is a major matrix protein produced by
fibroblasts of the skin, being present in the extracellular matrix. It is a

primary protein comprising 30 % by weight of proteins in the human body,
and has a firm structure of a triple helix. It is known that collagen

functions to providestructural stability to the skin, durability of connective
tissues and cohesion of tissues while supporting cell coherence, cell

proliferation, and induction of differentiation of unspecialized cells. Also,
it is known that collagen is broken down by exposure to UV, an
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environmental cause of skin aging, and the damage by UVisproportional to

the accumulated time of exposure thereto. UV denatures collagenous

fibers, causing wrinkles and decreasing elasticity of the skin. Other
environmental causes known to promote skin aging include wind, heat and

smoking.

As mentioned above, collagen is closely related with skin aging.

The amount of collagen in the dermis is decreased with aging and by UV

radiation. Collagen decreases by 65 % from age 20 to age 80. Such a

decrease of collagen makes the skin thin and further, is closely associated
with the formation of skin wrinkles.

Studies have been widely performed to find a method for the

prevention and alleviation of skin wrinkles, elucidating important roles of
collagen. The studies also elucidated that when collagen synthesis is
activated in skin, dermal matrix components are increased, which haseffects

including alleviation of wrinkles, and increasedelasticity and strength of skin.
Therefore, using collagen having a moisture retention effect, some collagen-

incorporated cosmetics have been developed. Such cosmetics, however, are

poor in holding moisture, since the cosmetics are applied to the surface of
skin and high molecular weight collagen is poor in transdermal absorption.
As a result, their use fails to provide an intrinsic improvement in skin

appearance. In the prior art, retinoic acid, TGF-8 , protein derived from
an animal placenta (JP8-231370), betulinic acid (JP8-208424) and Chlorella

extract (JP9-40523, JP10-36283) are disclosed as substances for promoting

collagen synthesis. As for retinoic acid, it is unstable and has a problem in

its safety due to causing irritation and redness upon application the skin,

limiting the available dosage thereof. As for other above substances

including Chlorella extract, their effects of increasing collagen synthesis are
weak, so they hardly improve skin appearance. Recently, several new

procedures for treating wrinkles by promoting collagen synthesis have been
introduced. Examples include ultrasonic treatment, skin scaling, laser

peeling, botulinum toxin injection and Restilene injection. These
procedures, however, have disadvantages in terms of cost effectiveness and
duration of their effects. Thus, it is desirable to search for and develop a
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highly effective agent for promoting collagen synthesis.

Disclosure of the Invention

Therefore, the present inventors have conducted studies to develop a
compoundhaving an effect of promoting collagen synthesis, and found that
phenytoin, valproic acid, cyclosporine A, nifedipine, diltiazem, verapamil
HCl and amoldipine which are already known as_anticonvulsants,

immunosuppressants or calcium channel inhibitors have very strong effects
of promoting collagen synthesis in human fibroblast cell lines. Further,it
was found that as applied to the skins of rats and mice, the compounds

exhibited strong inhibition and alleviation effects of wrinkles, proving the

effects of inhibiting and preventing signs of skin aging such as skin

wrinkles. Accordingly, the present invention is directed to a composition

comprising phenytoin, valproic acid, cyclosporine A, nifedipine, diltiazem,

verapamil HCl or amoldipine as an active ingredient having an effect of
promoting collagen synthesis.

Phenytoin and valproic acid have been widely used as anticonvulsants
for treatment of epilepsy, and their effects on collagen synthesis are

documented (USP5686489; Minerva Stomatol., 47(9): 387-398, Sep. 1998).

Cyclosporine A has been widely used as an immunosuppressant for
suppressing rejection of tissues after transplantation, and its effects on

collagen synthesis are reported (J Periodontol., 72(7): 921-931, Jul. 2001).

Nifedipine, diltiazem, verapamil HC] and amoldipine havealready been used
as calcium channel inhibitors, and their effects on collagen synthesis are also

reported (J Periodontol., 72(8), Aug. 2001; Proc Natl Acad Sci USA, 93(11):
5478-5482, May 1996; J Urol., 156(6): 2067-2072, Dec. 1996). However,

the above drugsare not disclosed for use as topical agents applied to the skin

for preventing and alleviating skin wrinkles, as in the present invention.

Hereinafter, a topical composition for preventing and alleviating skin
wrinkles will be described in detail, in conjunction with experimental
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examples and examples.

Experimental example |: Effect of active ingredients of the invention

on promoting collagen production in fibroblasts

To investigate the effects of active ingredients of the invention on
promoting collagen production in fibroblasts in cellular level, respective
active ingredients were addedto cultures of fibroblasts derived from a human.
The synthesized collagen was measured using a modification of a method
proposed by Martens (Gut, 33: 1664-1670, 1992) to evaluate the effects of the
active ingredients. The experimental protocolin detail is as follows.

Human-derived fibroblasts were transferred to a 24 well plate and

cultured in a medium containing 10 % fetal bovine serum (FBS) for 24 hours,

followed by washing twice with phosphate buffered saline. The cells were
then incubated in a medium containing 1 % FBS in the presence of phenytoin,

valproic acid, cyclosporinee A, nifedipine, diltiazem, verapamil HCl or
amoldipine at final concentrations of 10° to 10° M. After 1 hr incubation,
cultures were added with 10 p Ci of *H-proline per well, followed by a final
incubation for 24 hours. After the incubation was terminated, cells from

each group were harvested and two fractions of each culture were prepared.
One fraction from each culture was treated with collagenase. To all

fractions was addedtrichloroacetic acid to precipitate proteins. The amount

of radioactivity incorporated into collagenase-sensitive protein was measured

and compared with that of the other fraction which was not treated with
collagenase. The difference in radioactivity was attributed to the promoting
effect of the compound. Samples without an active ingredient served as a

control group, the amount of collagen synthesized being 100 %. Theresults
are shown in Table 1.
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Table 1: Effect of promoting collagen production in fibroblasts (%)

Exp. | Exp. 2 Exp. 3 Exp. 4
Compound/Conc. 3 7 ‘5 5

10°M 10° M 10° M 10°M

Phenytoin 100.00 215.28" 298.35 360.65 381.54

Valproic acid 100.00 201.13 283.24 332.11 370.21

Cyclosporine A 100.00 212.11 293.21 352.31 372.27

Nifedipine 100.00 204.31 292.21 330.30 358.16

  
 

  
 

 

 

 

 
  
 Diltiazem 100.00 199.15 276.25 321.23 362.12

Verapamil HCI 100.00 183.25 280.23 331.09 355.12
100.00

* Rate of collagen production = (collagen production of experimental

 
 Amoldipine 280.07 330.42 355.26 

group/ collagen production of control group) x 100

As shown in Table 1, the active ingredients in experimental groups

have effects of promoting collagen production with increasing concentration
of the compounds, ranging from the minimum of 182.42 % to the maximum
of 381.54 % in a dose-dependent manner, compared to the control group

which contains no active ingredient of the invention. This demonstrates that

the active ingredients of the invention have excellent effects on promoting
collagen synthesis.

Experimental example 2: Promotion of collagen production in rat skin

The effects of application of active ingredients of the invention, that

is, phenytoin, valproic acid, cyclosporinee A, nifedipine, diltiazem, verapamil
HCI and amoldipine, on promoting collagen production in animal skin were

investigated. The synthesized collagen was measured using a modification
of a method proposed by Mard L DaCosta et al. (Surgery, 123: 287-293,

1998).

In brief, 5-week male SD rats were grouped with 5 rats per group.
The rats were each incised 1 cm in the center of their abdomens and PVA

sponges (Unipoint ind.) were inserted therein. After suturing, as for
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experimental groups, respective active ingredients to be examined were

applied to the PVA sponge-embeded regions in a volume of 200 sf every
day for 10 days. Upon autopsy, the PVA sponge was removed to quantify
hydroxyproline. The PVA sponge was added with 4 mé of 6 N HCl,
hydrolized at 130°C for 3 hours and was subjected to complete drying. 50
ue of methanol was added and the solution was incubated at 110°C until HCI

was removed. 1.2 mé of 50 % isopropanol was added to dissolve the

remaining_precipitate. 200 wf of chloramine-T (sodium p-
toluensulfochloramide trihydrate) solution was added whilestirring, and let

stand for 10 min. After adding 1.2 mé of Ehrlich reagent and mixing, the

solution was incubated at 50°C for 90 min. Theresulting solution was

cooled to room temperature and absorbance at 558 nm was measured.

Hydroxyproline standard solutions were prepared by dissolving 1 mg
hydroxyproline in 1 m€ HCl and diluting it to concentrations of 0, 0.2, 0.4,
0.8, 1 mg each relative to 25 ul of 6 N HCl. Thestandard solutions were

hydrolyzed at 130°C for 3 hours. The quantified value of hydroxyproline,
relative to hydroxyproline value (100 %) of the control group which was

applied with solvent only, are shown in Table 2.

Table 2: Effect of promoting collagen production in animalskin (%)

Compound/Conc. 8 7 6 5
oM__| _10°M

Phenytoin

Cyclosporine A 100.00 131.02

Diltiazem 100.00|122.44

Verapamil HCl 100.00 135.63

Amoldipine 100.00 132.50

* Rate of collagen production = (hydroxyproline value of

experimental group/hydroxyproline value of control group) x 100
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As shown in Table 2, the active ingredients increased collagen

production in rat skin and the rates of increase ranged from the minimum of
122.44 % to the maximum of 185.88 %, compared to the control group to

which noactive ingredient of the invention was applied. This demonstrates

that the active ingredients of the invention strongly promote dermal collagen

synthesis.

Experimental example 3: Effect on inhibiting the generation of
wrinkles in hairless mice

The effects of active ingredients of the invention, that is, phenytoin,

valproic acid, cyclosporinee A, nifedipine, diltiazem, verapamil HCl and

amoldipine, on inhibiting the generation of wrinkles in hairless mice were
investigated.

6-week hairless mice were placed into 21 experimental groups and 3

control groups, with 10 rats per group. For experimental groups, mice were
applied to the skin with respective compoundsat a concentration of 10° to 10°
37M. The control groups were applied with solvent only, without any active
ingredient. The experimental protocol in detail is as follows. Hairless mice
were radiated using simulated sunlight at a dose of 2 MED (double Minimal

Erythema Dose) 3 days a week for 12 weeks, thereby generating wrinkles.
Respective active ingredients or the solvent only were applied twice every
day (specifically, on radiation days, the application was performed at 30 min
before and after the radiation), at a volume of 100 4 each for 10 weeks from

the first radiation day. Degrees of inhibition of generated wrinkles were

determined. The determination was performed by visual observation with

naked eyes and photography. The degrees of inhibition of wrinkles in the
compound-treatment groups (experimental groups) were compared with the
control group (Score 0) and were determined as one of 4 stages, that is, none
(Score 0), slight (Score 1), moderate (Score 2) and high (Score 3), and the
corresponding mice were counted. The data are shownin Tables 3ato 3c.
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Table 3a: Effect on inhibiting the generation of wrinkles in hairless mice

3 Inhibition of wrinkles (numberofmice)
Group Compound (10° M)

Score 0 Score | Score 2 Score 3 
 

 

  

 
 
 
 
 

 
 
 
 
 

 

  

 reeftapes[9Exp. 2 Valproic acid

PeetSaareExp. 4 Nifedipine

eevegan[9Verapamil HCl

 

 

Amoldipine 0

10  

 
 

  

 

  5 Inhibition of wrinkles (numberofmice)
Compound (10° M)

Phenytoin

 
1|Phenytoin|io 3

Valproicacid|0
CyelosporineA|0
Nifedipine 0

10

 

 
Exp. 6 Verapamil HCl

Exp. 7 Amoldipine

Control 1 -
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Table 3c: Effect on inhibiting the generation of wrinkles in hairless mice

Inhibition of wrinkles (numberofmice)

Score 0 Score 1 Score 2

SetExp. 2 Valproic acid|2)66|lg

eeeeExp.4|Nifedipine

eeExp. 6 Verapamil HCl 0 fonfl

Control 1 - 10 0|oo|

As shown in Tables 3a to 3c, the active ingredients inhibited the

generation of wrinkles by a high degree in above about 80 % of hairless mice.
This demonstrates that active ingredients of the invention have excellent

5 effects on inhibiting the generation of wrinkles.

 

 

 
 
 

  

 
 
  

 

 

Experimental example 4: Effect of alleviating wrinkles in hairless
mice

The effects of active ingredients of the invention, that is, phenytoin,

valproic acid, cyclosporinee A, nifedipine, diltiazem, verapamil HCl and

10 amoldipine, on alleviating photo-induced wrinkles in 6-week hairless mice

wereinvestigated.

Mice were placed into 21 experimental groups and 3 control groups,

with 10 rats per group. For experimental groups, mice were applied to the
skin with respective active ingredients at a concentration of 10° to 10° M.

15 The control groups were the mice applied with solvent only without any

active ingredient. The experimental protocol is as follows. Hairless mice

were radiated using a simulated sunlight at a dose of 2 MED (double Minimal

Erythema Dose) 3 days a week for 10 weeks, thereby generating wrinkles.
Then, respective active ingredients or the solvent only were applied at a

20 volume of 100 uw each, twice a day for 6 weeks. Degrees of wrinkle
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reduction were determined. The determination was performed by visually

observing the compound-applied region with naked eyes, and the region was

photographed. The degrees of alleviation of wrinkles in the compound-

treatment groups (experimental groups) were compared with those of the

control group and were determined as one of 4 stages, that is, none (Score 0),

slight (Score 1), moderate (Score 2) and high (Score 3), and the corresponding
mice were counted. The data are shown in Tables 4a to 4c.

Table 4a: Effect of alleviating wrinkles in hairless mice

Reduction of wrinkles (numberofmice)
Score |

eeExp. 2 Valproic acid|og|

PeesMe[9Exp.4 Nifedipine

aExp. 6 Verapamil HCl

Control 1 -

Table 4b: Effect of alleviating wrinkles in hairless mice

5 Reduction of wrinkles (numberofmice)
Group Compound (107 M)

Score 0

3

Amoldipine

jcontolt|

 

 

 
  

 
 

 

 

 
 

 

 
 
 

 
 

 

 

2[|6|
i|8s|
oo[|o|  

 

  
 
 
   
 
  

2
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Table 4c: Effect of alleviating wrinkles in hairless mice

croup|compoanaio?)|Reineumbermis)—_Group Compound (10° M)

Exp. 2 Valproic acid

Exp.4|Nifedipine[|oo

eoExp. 6 Verapamil HCl 7

Amoldipine 2Control | -

As shownin Tables 4a to 4c, the active ingredients exhibited a high

level of alleviation effects on the photo-induced wrinkles in above about 80 %

of hairless mice. This demonstrates that active ingredients of the invention

5 have excellent effects on alleviating wrinkles.

The results from the experiments employing the active ingredients of

the invention for evaluating effects of promoting collagen synthesis in

fibroblasts derived from human, rats and mice demonstrate that phenytoin,

valproic acid, cyclosporinee A, nifedipine, diltiazem, verapamil HCl and
10 amoldipine with concentrations of 10° to 10° M each have excellent effects

of promoting collagen synthesis.

 

 
 
 

  
  

  
  

  

 

 

 
 

A topical composition comprising an active ingredient of the

invention may include any formulations applicable to skin, for example,
cream, ointment, lotion, skin tonic, gel, pack, aerosol types thereof, patch and

15 patch-type apparatus with micro needles. The compositions were especially
prepared in formulations of cream, ointment and pack and applied to human
skin for evaluating reduction of wrinkles. It was found that they

significantly reduce wrinkle density.

Hereinafter, the present invention will be described in detail, in

20 conjunction with examples and comparative examples. It is noted that these
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examples are provided only for illustrative purposes, and the present
invention is not to be construed as being limited to those examples.

Preparation of variable formulations comprising an active ingredient
of the invention

Agents topically applicable to the skin were prepared with

compositions given in Tables 5 to 7, employing each active ingredient and

other supplementary components according to the invention. In the
invention, ointment, cream, pack, essence, skin softner, nutrient emulsion,

patch and patch-type apparatus with micro needles, each topically applicable

to the skin, were prepared. It is noted that though only formulations

employing phenytoin and cyclosporine A as active ingredients were prepared

herein, the examples are not intended to limit the formulations and active

ingredients.

Table 5: Formulation of ointment

Tl weight %) 
ee.Ex.1
  

 

0.00001 

Total weight with
Vaseline added

* Polyoxyethylene oleic ether phosphate
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Table 6: Formulation of cream

(unit: weight %)

Ex. 2 Ex. 3 Ex. 4 Comp.Ex.1
15.0 15.0 15.0 15.0

1.0 0 1.0

0.7 7 0.7

5.0 0 5.0

3.0 0 3.0

0

0

0

 
 

    

 

 

 

Stearic acid . .

Potassium hydroxide 0.7

Propylene glycol 3.0 3.0

00

 

x

15.0

  
  

1. .

0. .

5. .

3. .

Flavor typical typical typical typical typical

_ 0.0001

rosters[ww|1m|0|0

x.3

5.

4.

 
 

 
 
 

 

 

 

  

    

Table 7: Formulation of pack

Component Ex. 1 Ex. 2 E Ex.

Glycerin 5.0 5.0 .

Propylene glycol 4.0 4.0 .

Polyvinyl alcohol 15.0 15.0 15.0 15.0

Ethanol 8.0 8.0 8.0 .

Polyoxyethylene
oleic ethyl 1.0 1.0 1.0 - 1,
Paraoxy methy! benzoate 0.2 0.2 0.2 . 0.2

Flavor typical typical typical typical typical

Phenytoin 0.1 0.5 - - -

Cyclosporine A - - 0.1 0.5 -
Total weight with
purified water added 100 100 100 100 100

(unit: weight %)
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Table 8: Formulation of essence

(unit: weight %)

Cyclometicon 15.0 15.0 15.0 15.0 15.0cai 1.0 1.0 1.0 1.0 1.0

5.0 5.0 5.0

3.0 3.0 3.0

Sener| 30|30|copolyol ' 3.0 ,
. .

. .

  
 
 

 

 
 
 

 
  

 

 

3 3

eeaeaMagnesium sulfate 3.0

Phenytoin 0.01 0.05

Cyclosporine A -

100

 

   
Total weight with
purified water added 
  
 

 

 
 
 
 

    

 

 
 
 

Bx.3_|Ex

2.

Hyaluronic acid

Polyoxyethylene Fo|hydrogenated castoroil 0.1 0.1 0.1 0.1 0.1

typical

typical

o.oo | oon|-|-|-|
Cyclosporine A p=[=|ooo|ooo|=
Total weight with
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Table 10: Formulation of nutrient emulsion

seEthanol

5

.O

0

0

0

0

3

3

3

(unit: weight %)

 
 

 
 
 

 
 
 
 
 
 

1 E 

 

 

 

E

Carboxy-vinylpolymer . .

Paraoxy benzoate ester pical typical typical typical typical

oe

Colorant typical typical typical typical typical

Cyclosporine A - 0.0001

100Total weight with
purified water added 100 1 100

 

6

3

Polysolbait 60 I

0

ty

 

 

x. 2

0.5

2.0

6.0

3.0

4.0

1.0

0.3

0.3

3

00
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Table 11: Formulation ofpatch

Bet|ex2|ee3|Bx4|Comex

carboxymethylcellulose 1 1 1 1Pol _
polyacrylic acid 2 2 2 2

(unit: weight %)

  
 

 
 

 
 
 
 

 

 

]

2

on
x0|30

Inorganicfilingagent|caotin|otf on|or|or | 1

pardoxy 0.1 0.1 0.1 0.1
Preservative

0.05 0.05 0.05 0.05

0.01 0.05 -
- - 0.05

Total weight with Sw|

0.1

0.05

0.05

Suppor pTcotton|cation|cotton|cotton|cotton_
[Prowetverim||sitcom|sitcon|siticon|sicon|sitcom_|

With regard to a patch-type apparatus with micro needles, a main

body of the patch apparatus, a reservoir which contains a solvent for a drug,is
comprised of a polymer support for securing an entire patch type apparatus as
well as preventing a drug such as phenytoin, valproic acid, cyclosporinee A,

  
  

 

methyl benzoate
paraoxy
propyl] benzoate 

  
Buffer sodium

tripoly phosphate
phenytoin
cyclosporine A Active ingredient  

  
 
 

   

nifedipine, diltiazem, verapamil HCl and amoldipine from being permeable
thereto. The solvent for a drug may be water, polyethyleneglycol, transcutol
or ethanol and is contained inside the reservoir. As for the polymer

support, polyethylene, polypropylene, non-woven fabric or cotton fabric are
available. The drug mentioned above is dispersed in powdered form in a

lower part of the reservoir. The patch-type apparatus is an instrument for
administering a drug transdermally, characterized by further comprising a
support for micro needles and a number of micro needles. As for a support
for micro needles, it is made of a polymer gel such as celluloses,

polypropylene, fluorocarbon or polycarbonate and it has a swelling property
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as the solvent is released after adhesion to the skin. As for micro needles,

they are distributed and fixed perpendicular to the support for micro needles,
and they comeinto contact with the skin. More particularly, 10 to 50 micro
needles are attached per unit area (cm) of the support for needles and each has

a channel through which a drug can pass, the channel being 1 to 1000 um in

diameter and the needles being fixed outward 0.01 to 1 mm in length. The

apparatus has an adhesive layer at its lower part which hasa role in adhering
the apparatus to the skin, the adhesive layer being made of a material such as
polyacrylate or polybutene. It should be noted that the adhesive layer has no
adverse effects on skin and is not dissolved by a solvent. Further, no

decrease in adhesive property by a solvent is permitted. Finally, there is a

protective film attached to the adhesive layer film, which is easily removable
upon using the apparatus, to prevent a drug from being leaked, and protecting
an adhesive. Hereinafter, the present invention will be described in detail in

conjunction with examples, not to be construed as being limited to those
examples.

Preparation of patch-type apparatus with micro needles comprising an

active ingredient of the invention

Comparative example 1

1 g of 3 % gelatin solution was pouredto a fabric with micro needles
(15 needles/ci’) which were fixed perpendicular to the fabric and the resultant
fabric was dried under vacuum using a lyophilizer. A comparative matrix
wasthus obtained.

Example |

0.001 % phenytoin was added to 1 g of 3 % gelatin solution and
homogenously dispersed therein. The solution was poured to a fabric with
micro needles (15 needles/ci’) which were fixed perpendicular to the fabric
and the resultant fabric was dried under vacuum using a lyophilizer. A

phenytoin-dispersed matrix was thus obtained.
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Example 2

0.001 % cyclosporine A was addedto 1 g of 3 % gelatin solution and
homogenously dispersed therein. The solution was poured to a fabric with
micro needles (15 needles/cn’) which were fixed perpendicular to the fabric
and the resultant fabric was dried under vacuum using a lyophilizer. A

cyclosporine A-dispersed matrix was thus obtained.

Evaluation of prevention and treatment effects on skin aging by a

composition comprising an active ingredient of the invention

To evaluate the effect of the formulations prepared in above

comparative example and examples including the examples as set forth in
Tables 5 to 11 on alleviating skin wrinkles, female subjects aged 35 - 60 were

employed. 760 females were placed into 38 groups, 20 subjects per group.
Respective examples and comparative examples were applied to the face
twice per day for 3 months (in case of the packs of Table 7, they were
removed 30 min after application). The degrees of alleviating wrinkles were

determined by a survey and an image analysis of wrinkles after 3 months.
As for the survey, the degrees of alleviation of wrinkles and increase of
elasticity were determined as one of 4 stages, that is, none, slight, moderate
and high, as compared with the conditions before applying respective
compositions, and the corresponding subjects were counted. The data are
shown in Tables 12. For the evaluation by an image analysis of wrinkles,

onereplica of the region right below the eye of each subject was taken using
Xantopren (Bayer) before beginning the experiment. Another replica was
taken in the same region immediately after finishing the experiment. The

replicas were subjected to an image analysis. Wrinkle density was measured
by a two dimensional analysis. |The measurements were represented as
decrease rates, relative to wrinkle densities before the experiment. The
results are shown in Table 13.
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Table 12: Alleviation of wrinkles in human females

Degree ofalleviation

Essence

Nutrient emulsion

_ Ne 

>

 

Ww

 

 

wr|b

mt|ee—lei__ tbIS[Ww

 

2 

 

nN
 

N

 

Micro-needle patch

12

0

14

15

15

10

an

*: the number ofsubjects counted
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Table 13: Effect of decreasing wrinkle density in human females

=pf} 8% 43%|40%|39%Ex. 2 44%|41%|38%|37%

Ex. 3 so%|40%|41%

45 42

9 8

    
  

 
 

  
  

Ex4|as%|som|40%

As shown in Table 12, the examples according to the invention

 
 

provide excellent effects of alleviating wrinkles and increasing skin elasticity.
Specifically, more than 80 % showed high levels of improving effects. As

5 shown in Table 13, when the examples comprising an active ingredient of the

invention were applied to the subjects, wrinkle densities were considerably
decreased to about 37 to 50 %, compared to that before the experiment.

Also, when a patch-type administering apparatus with micro needles was

applied, examples 1 and 2 exhibited significant decreases in wrinkle densities,
10 70 % and 60 % respectively, indicating that the examples are superior to the

comparative example (98 %) (data not shown).
The above experimental results demonstrate that when the active

ingredients of the invention are topically applied to the skin in the form of
cream, ointment, lotion, skin tonic, gel, pack, patch, or patch-type apparatus

15 with micro needle, skin wrinkles generated by intrinsic or extrinsic causes are
effectively alleviated.

Industrial Applicability

Asapparent from the above description, the present invention provides
a topical composition which comprises one or two or moreselected from the

20 group consisting of phenytoin, valproic acid, cyclosporine A, nifedipine,
diltiazem, verapamil HCl and amoldipine as an active ingredient having an
effect of promoting collagen synthesis, exhibiting the effects of inhibiting,
alleviating and preventing skin aging, such as skin wrinkles.
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Although the preferred embodiments of the present invention have
been disclosed for illustrative purposes, those skilled in the art will

appreciate that various modifications, additions and substitutions are
possible, without departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

0708



0709

WO 02/49603 PCT/KR01/02208

10

22

Claims:

1. A topical composition comprising one or two or more selected

from the group consisting of phenytoin, valproic acid, cyclosporine A,
nifedipine, diltiazem, verapamil HCl and amoldipine as an active ingredient
having an effect of promoting collagen synthesis for prevention and
alleviation of skin wrinkles. .

2. The composition as set forth in claim 1, wherein the active

ingredient is contained at an amount of 0.00001 to 30.00 % by weight,

relative to the total weight of the composition.

3. The composition as set forth in claim 1 or claim 2, wherein the

composition is formulated in a form of cream, ointment, lotion, skin tonic,
gel, pack, patch, or patch-type administering apparatus with micro needles.
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(57) Abstract: The present invention relates to a cyclosporin analog of the following formula
(I) or a pro-drug or pharmaceutically acceptable salt thereof. In formula (1), the formula for
residue A is formula (ID, where X is absent, -C1-C6 alkyl-, or -C3-C6 cycloalkyl-; Y is
sclected from the groups: -C(O)-O-R1; -C(O)-S-R1; -C(O)-OCH,-OC(O)R2; -C(S)-O-R1;
and -C(S)- S-R1; where R1 is hydrogen, C1-C6 alkyl optionally substituted with halogen, 15
heterocyclics, aryl, C1-C6 alkoxy or C1-C6 alkylthio or halogen substituted C1-C6 alkoxy,
halogen substituted C1-C6 alkylthio and where R2 is C1-C6 alkyl optionally substituted with
halogen, C1-C6 alkoxy, C1-C6 alkylthio heterocyclics or aryl; B is -aAbu-, -Val-, -Thr- or
-Nva-; and U is -(D)Ala-, -(D)Ser- or -[O-(2-hydroxyethyl)(D)Ser]-, or -[O-acyl(D)Ser]- or
-[O-(2-acyloxycthyl)(D)Scr]-. In a second embodiment, the present invention relates to the
use of the cyclosporin analogsof the present invention or a pro-drug or pharmaceutically ac-
ceptable salt thereof in pharmaceutical compositions for the treatment of asthma and other
diseases characterized by airflow obstruction in a subject. In a third embodiment, the present
invention relates to processes for the production of novel cyclosporin analogs of the present
invention. The present invention also contemplates method(s) of treatment of asthma and
other discases characterized by airflow obstruction in a subject by administering to the sub-

ject therapeutically effective amounts of the cyclosporin analogs of the present invention with or without the concurrent use of other
drugs or pharmaceutically acceptable carriers or excipients.
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Cyclosporin Analogs for the Treatment of Lung Diseases

Technical Field

The present invention relates to novel cyclosporin analogs and methodsfor

the treatment of asthma and other diseases characterized by airflow obstruction in

a subject. The present invention further relates to pharmaceutical compositions

comprising the compoundsof the present invention and processesfor their

production.

Backgroundof the Invention
 

Respiratory diseases, such as asthma and other diseases characterized by

airflow obstruction, are a global problem. Millions of people worldwide, both

children and adults, suffer from these medical conditions. These diseases reduce

quality of life by impairing the ability of sufferers to perform everyday tasks, and in

some cases, cause death. Oneof the major respiratory diseases is asthma.

Asthmais a disease of unknownetiology in which the bronchiare inflamed

and as a consequenceobstructed. This narrowing results from a combination of
bronchial smooth muscle contraction, mucosal oedema,inflammatory cell infiltrate

and partial or total occlusion of the lumen with mucus,cells and cell debris.

Bronchial obstruction is either partially or totally reversible, and this important

feature distinguishes asthma from chronic bronchitis.

Asthmais an extremely common disease with a worldwide prevalenceof

5% to 8%. In the developed world it is the most commonchronicillness and, for

reasonsthat are unclear, the diseaseis on the increase. It is now accepted that

asthmais a chronic inflammatory disorder of the airways in which manycells play

a role, in particular, mast cells, eosinophils and T-lymphocytes. In susceptible

individuals this inflammation causes symptoms which are usually associated with

widespread butvariable airflow obstruction. This type of airflow obstruction is often

reversible either spontaneously or with treatment and causes associated increase

in airway responsivenessto a variety of stimuli.

Theillness has a wide clinical spectrum ranging from mild episodic

bronchospasm (easily controlled by the occasional use of a bronchodilator) to a

very severe intractable asthma sometimesresistant to treatment with high doses of
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oral corticosteroids. Steroid resistance occurs in less than 5% of people with

asthma. This translates to thousands of people. These patients with severe

chronic disease may be dependenton corticosteroids and their disease is often so

severe thatfull reversibility can be difficult or impossible to demonstrate.

Chronic obstructive airways disease, chronic obstruction lung disease and
‘smoker's chest’ haveall been used to describe what is now known as COPD.

COPDis characterized by progressiveirreversible airway obstruction. It can lead

to death from respiratory or cardio-respiratory failure. COPD consists of two

subsets: chronic bronchitis and emphysema. In practice,it is very difficult to define

the contribution of each of these two conditions to the obstruction of the airway and

this has led to the displacement of these labels by the non-specific term COPD.

The pathology of COPDis notfully elucidated, but features include hypertrophy of

mucus-secreting glands, inflammation (includinginfiltration with lymphocytes) and

goblet cell hyperplasia.

The treatment of COPD consists of bronchodilators, intermittent courses of

antibiotics and, in some patients, inhaled and/or oral corticosteroids. The latter is

claimed to reduce the decline in lung function in COPD.

Cystic fibrosis is an inherited condition. Excess viscid mucusis produced.

This leads to recurrent chest infections and progressive bronchiectasis.

Approximately 50% of cystic fibrosis sufferers have bronchial hyperresponsiveness

and there is an increased incidence of atopy. There is widespread airway

narrowing and wheeze. Most cystic fibrosis sufferers take bronchodilators, some

take inhaled corticosteroids. And at least one study had reported benefit with oral
corticosteroids.

Current drugs for treating asthma are corticosteroids (such as

beclomethasone,triamcinolone), beta adrenergics (such as epinephrine, albuterol,

bitolterol), NSAIDS, leukotriene antagonists, Xanthines (methyl xanthines such as

theophylline, oxtriphylline) and anticholinergics (such as atropine, ipratropium

bromide).

Corticosteroids are the mainstay of treatment of chronic asthma and they

revolutionized the treatment of this disease when they werefirst introduced in the

1950’s. Oral corticosteroids have today been largely replaced by inhaled

corticosteroids, although severe asthmaticsstill require medication by mouth.
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inhaled cortisteroids are relatively safe and extremely effective in most patients,

and improvedthe quality oflife for millions of asthmatic sufferers. For those with

severe asthma, however, oral therapy with corticosteroids is required. When taken

for more than a few daysoral corticosteroids have a numberof serious side

effects. These include growth retardation in children, severe osteoporosis

(especially in old age), decreased responsivenessof the pituitary adrenal axis to

stress, fluid retention, diabetes and precipitation of psychosis.

Furthermore, an appreciable numberof patients have apparent

corticosteroid resistance or unreponsiveness. Patients considered successfully
treated with inhaled or oral steroids often have to be content with 60% of their

predicted lung function. Further increasing the dose of oral corticosteroids runs the
risk of concomitant side effects.

Although corticosteroids are effective for asthma, they are not ideal drugs.

Overthe years doctors have occasionally used immunosuppressive agents as

adjuncts to corticosteroids in patients with extremely severe disease. Examplesof

immunosuppressive drugs are azathioprine, methotrexate, mycophenolic acid and

prodrug, leflunomide, Cyclosporin A, ascomycin, FK-506 and rapamycin.

The cyclosporins comprisea classof structurally distinctive, cyclic, poly-N-

methylated undecapeptides, commonly possessing pharmacological activity, in

particular immunosuppressive,anti-inflammatory or anti-parasitic activity. The first

of the cyclosporins to be isolated was the naturally occurring fungal metabolite

cyclosporin, Cyclosporin A represented asfollows:

 
Me

O
oO 0 oO

Ae N— NJolen : N N i N Oo
4 2
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Since the original discovery of cyclosporin, a wide variety of naturally

occurring cyclosporins have beenisolated andidentified, and many further non-

natural cyclosporins have been preparedby total- or semi-synthetic means or by

the application of modified culture techniques. The class comprising cyclosporins

is thus now substantial and includes, for example, the naturally occurring

Cyclosporins A through Z, for example, [Thr]’, [Val]’, [Nva]? and [Nva]~, [Nva]? -
Cyclosporin (also known as Cyclosporins C, D, G and M respectively),

[(D)MeVal]''-Cyclosporin (also known as Cyclosporin H), [cf., Traber et al.;1, Helv.
Chim. Acta, 60, 1247-1255 (1977); Traber et al.; 2, Helv. Chim. Acta, 65, 1655-

1667 (1982); Kobel et al.; Europ. J. Applied Microbiology and Biotechnology, 14,

273-240 1982); and Von Wartburg et al.; Progress in Allergy, 38, 28-45, 1986)]; as

well as various non-natural cyclosporin derivatives andartificial or synthetic

cyclosporin derivatives and artificial or synthetic cyclosporins including

dihydrocyclosporins [in which the MeBmt-residueis saturated by hydrogenation];

derivatized cyclosporins (e.g., in which the 3’-O-atom of the MeBmt- residue is

acylated or a further substituent is introduced at the a-carbon atom of the sarcosyl

residue at the 3-position); and cyclosporins in which variant amino acids are

incorporated at specific positions within the peptide sequence, for example, [3-O-

acetyl-MeBmt]'—Cyclosporin (also known as Dihydro-cyclosporin D), [(D)Ser]?-
Cyclosporin, [Melle]''-Cyclosporin, [MeAla]®.Cyclosporin, [(D) Pro]°-Cyclosporin
etc., employing the total synthetic method for the production of cyclosporins

developed by R. Wenger—seee.g. Traber et al., 1; Traber et al., 2; and Kobelet

al., loc cit. U.S. Pat. Nos. 4,108,985, 4,220,641, 4,288,431, 4,554,351, 4,396,542

and 4,798,823; European Patent Publication Nos. 34,567A, 56,782A, 300,784A

and 300,785; International Patent Publication No. WO 86/02080 and UK Patent

Publication Nos. 2,206,119 and 2,207,678; Wenger1, Transpl. Proc., 15 Suppl.

1:2230 (1983); Wenger 2, Angew. Chem. Int. Ed. 24 77 (1985) and Wenger3,

Progress in the Chemistry of Organic Natural Products, 50, 123 (1986).

Thereis increasing evidence that chronic inflammation in asthmais

mediated via a network of cytokines emanating from inflammatory and structural

cells in the airways. The prominent eosinophilic inflammation that characterizes

asthma appears to be orchestrated by cytokines derived from type 2 T-helper

(Th2)-like lymphocytes, suggesting that immunosuppressants might be beneficial

in the control of asthma (see for example, “Pharmacokinetics, pharmacodynamics,

and safety of inhaled cyclosporin A after single and repeated administration in

healthy male and female subjects and asthmatic patients,” Rohatagi, S. et al.,

Aventis Pharmaceutical, Collegeville, PA, USA. J. Clin. Pharmacol. (2000), 40(11),
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1211-1226). Cyclosporin A (hereinafter “CsA”) is active against CD4+ lymphocytes

and might, therefore, be useful for asthma.Atrial of low-dose oral CsA in patients
with steroid-resistant asthma indicated that it can improve control of symptomsin

patients with severe asthmaonoral steroids.

The mechanism of CsA action in asthmais of interest. CsA binds to the

ubiquitous protein cyclophilin, in the cytosol, and the complex in turn binds to

calcineurin, which is a calcium and calmodulin dependent serine threonine

phosphatase. Calcineurin is necessary for the cytoplasmic portion of the

transcription factor NF-AT, a nuclear factor of activated T-cells, to translocate to

the nucleus and bindto its nuclear portion to becomean active transcription factor.

NF-AT forms a complex with AP-1 and regulates the transcription of the IL-2 gene,

together with other genes, for example, IL-5. CsA prevents the cytoplasmic portion

of NF-AT from translocating, resulting in reduced transcription of IL-2. CsA has a

specific inhibitory effect in CD4+ cells through this transcription mechanism, but

mayalso have inhibitory effects on othercells, including mast cells and

eosinophils, through mechanismsthat have not yet been defined.

Recently, three controlled trials of CsA in asthma have been reported.

[Alexander AG, Barnes NC, Kay AB. Trial of cyclosporin in corticosteroid-

dependentchronic severe asthma. Lancet 1992; 339: 324-328; Niwanowska E,

Dworski R, Domala B,Pinis G. Cyclosporin for steroid-dependent asthma. Allergy,

1991; 46: 312-315; Lock SH, Kay AB, Barnes NC. Double-blinded, placebo-

controlled study of cyclosporin A as a corticosteroid-sparing agent in corticosteroid-

dependent asthma. Am J Respir Crit Care Med 1996; 153: 509-14; Nizankowska

E, Soja J, Pinis G, Bochenek G, Sladek K, Domagala B,et al. Treatment of

steroid-dependent bronchial asthma with cyclosporin. Eur Respir J 1995; 8: 1091-

1099.]

CsA 5 mg/kg/day allowed a significant reduction in the use of corticosteroids

by 60%. Side effects with systemic CsA were increasein diastolic blood pressure

and decreasein renal function. Other side effects include hepatic dysfunction,

hypertrichosis, tremor, gingival hyperplasis and paraesthesia. The systemic

toxicity of CsA limits its use for the treatment of asthma, COPD andotherrelated

lung diseases. Therefore,it is desirable to synthesize analogs of CsA which retain

CsA’s potential utility as a primary or adjunct therapy for respiratory diseases,

while reducing or eliminating CsA’s systemic toxicity.
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Summary of the Invention

The present invention relates to novel cyclosporin analogs and methodsof
treatmentfor the treatment of asthma and other diseases characterized by airflow

5 obstruction in a subject. The present invention further relates to pharmaceutical

compositions comprising the compoundsof the present invention and processes

for their production.

More particularly, the present invention relates to a cyclosporin analog of
10 the following formula(I) or a pro-drug or pharmaceutically acceptable salt thereof:

A---B---Sar-MeLeu-Val-MeLeu-Ala---U---MeLeu-MeLeu-MeVal

 
1 2 3 8 11

(I)

15 In formula |, the formula for residue A is:

y
x

LR) on
Me™

mo
Me oO

where X is absent, -C1-C6 alkyl-, or -C3-C6 cycloalkyl-; Y is selected from the

20 groups: -C(O)-O-R1; -C(O)-S-R1; -C(O)-OCH2-OC(O)R2; -C(S)-O-R1; and -C(S)-
S-R1; where R11 is.hydrogen, C1-C6 alkyl optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-C6 alkylthio or halogen substituted C1-C6

alkoxy, halogen substituted C1-C6 alkylthio and where R2 is C1-Cé6alkyl optionally

substituted with halogen, C1-C6 alkoxy, C1-C6 alkylthio heterocyclics oraryl; B is -
25 oaAbu-, -Val-, -Thr- or -Nva-; and U is —(D)Ala-, -(D)Ser- or -[O-(2-

hydroxyethyl) (D)Ser]-, or -[O-acyl(D)Ser]- or -[O-(2-acyloxyethyl)(D)Ser]-.

In a second embodiment, the present invention relates to the use of the

cyclosporin analogs of the present invention or a pro-drug or a pharmaceutically
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acceptable salt thereof in pharmaceutical compositions for the treatment of asthma

and other diseases characterized by airflow obstruction in a subject.

In a third embodiment, the present invention relates to processesfor the

production of novel cyclosporin analogs of the present invention. In a preferred
embodiment, the present invention relates to the processes for the production of

cyclosporin analogs of formula |, with the structure of residue A asillustrated
above.

The present invention also contemplates method(s) of treatment of asthma

and other diseases characterized byairflow obstruction in a subject by

administering to the subject therapeutically effective amounts of the cyclosporin

analogs of the present invention with or without the concurrent use of other drugs

or pharmaceutically acceptable carriers or excipients.

Detailed Description of the Invention

The present invention relates to novel cyclosporin analogs and methodsof

treatment for the treatment of asthma and other diseases characterized by airflow

obstruction in a subject. The present invention further relates to pharmaceutical

‘ compositions comprising the compoundsof the present invention and processes

for their production. The patents and publications identified in this specification

indicate the knowledgein this field and are hereby incorporated by referencein

their entirety. In the case of inconsistencies, the present disclosure will prevail.

More particularly, the present invention relates to a cyclosporin analogof

the following formula (lI) or a pro-drug or pharmaceutically acceptable salt thereof:

A---B---Sar-MeLeu-Val-MeLeu-Ala---U---MeLeu-MeLeu-MeVal

1 2 3 8 11
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In formula I, the formula for residue A is:

y
x

MLR oy
Me™

*,
iy)

Me O

where X is absent, -C1-C6 alkyl-, or -C3-C6 cycloalkyl-; Y is selected from the

groups: -C(O)-O-R1 where R11 is hydrogen, C1-C6 alkyl optionally substituted with

halogen, heterocyclics, aryl, C1-C6 alkoxy or C1-C6 alkylthio, halogen substituted

C1-C6 alkoxy or halogen substituted C1-C6 alkylthio; -C(O)-S-R1 where R11 is

hydrogen, C1-C6 alkyl optionally substituted with halogen, heterocyclics, aryl, C1-

C6 alkoxy or C1-C6 alkylthio, halogen substituted C1-C6 alkoxy or halogen

substituted C1-C6 alkylthio; -C(O)-OCH2-OC(O)R2 where R2 is C1-C6alkyl

optionally substituted with halogen, C1-C6 alkoxy, C1-Cé6 alkylthio heterocyclics or

aryl; -C(S)-O-R1 where R1 is hydrogen, C1-C6 alkyl optionally substituted with

halogen, heterocyclics, aryl, C1-C6 alkoxy or C1-C6 alkylthio, halogen substituted

C1-C6 alkoxy or halogen substituted C1-C6 alkylthio; and -C(S)-S-R1 where R11 is

hydrogen, C1-C6alkyl optionally substituted with halogen, heterocyclics, aryl, C1-

C6 alkoxy or C1-C6 alkylthio, halogen substituted C1-C6 alkoxy, halogen

substituted C1-C6 alkylthio; B is -aAbu-, -Val-, -Thr- or -Nva-; and U is —(D)Ala-, -

(D)Ser- or -[O-(2-hydroxyethyl)(D)Ser]-, or -[O-acyl(D)Ser]- or -[O-(2-

acyloxyethyl)(D)Ser]-.

In formula |, abbreviation of amino acid residues, for example, -Ala-, -

MeLeu-, -aAbu-, etc., are in accordance with conventional practice and are to be

understood as having the L-configuration unless otherwise indicated (for example,

-(D)Ala- represents a residue having the D-configuration). Abbreviation of residues

preceded by “Me-” represents a a-N-methylated amino acid residue, for example,

“Me-Leu’”is a «-N-methylated-Leucine residue. Individual residues of a molecule

of the cyclosporin analog of the present invention are numbered,asin the art,

clockwise andstarting with the residue -MeBmt-, corresponding to residue 1. The

same numerical sequence is employed throughout the present specification and
claims.
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In a most preferred embodiment, a cyclosporin analog of the present

invention is represented by formula | or a pro-drug or pharmaceutically acceptable
salt thereof, where residue B is -aAbu- and residue U is -(D)Ala-. In another

preferred embodiment, the cyclosporin analog of the present invention is

represented by formula | or a pro-drug or pharmaceutically acceptable salt thereof,
where X is absent in residue A, residue B is -~Abu- and residueUis - (D)Ala-.

Representative compoundsofthe invention include, but are notlimited to,

the following compoundsasillustrated below:

Compoundof formula |, where in residue A, X is absent and Y = -COOCHs;
residue B = -aAbu-, and residue U = -(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOH; residue B
= -a~Abu-, and residue U = -(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOEt; residue
= —aAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y =
-COOCH2CH2CH;; residue B = —cAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOCHg,Ph;
residue B = —aAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOCH2F;
residue B = —cAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOCHF2;
residue B = —awAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOCFs3;residue
= —aAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOCH2CF3;
residue B = —aAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -COOCH.CI;
residue B = —aAbu-, and residue U = —(D)Ala-.

Compoundof formula !, where in residue A, X is absent and Y = -COOCH20CHs;
residue B = —aAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -
COOCH20CH2CH20 CH3; residue B = —aAbu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is absent and Y = -C(=O)SCHz2Ph;
residue B = —a~Abu-, and residue U = —(D)Ala-.

Compoundof formula |, where in residue A, X is -CH2CH2CHe- and Y = -COOCH3;
residue B = —aAbu-, and residue U = —(D)Ala-.
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Compoundof formula |, where in residue A, X is absent and Y = -COOFmoc;
residue B = —cwAbu-, and residue U = —(D)Ala-.

Cyclosporin analogs of the invention are accordingly useful for the treatment
of diseases or conditions responsive to or requiring topical anti-inflammatory,

immunosuppressive or related therapy, for example, topical administration for the
treatment of such diseases or conditions of the eye, nasal passages, buccal cavity,

skin, colon or, especially, airways or lung. In particular, cyclosporin analogsof the

invention permit topical anti-inflammatory, immunosuppressive or related therapy
with the concomitant avoidance or reduction of undesirable systemic side effects,

for example general systemic immunosuppression.

Cyclosporin analogs of the invention useful for the treatment of diseases
and conditions of the airways orlung, in particular, inflammatory or obstructive

airway diseases. They are especially useful for the treatment of diseases or

conditions of the airwaysor lungs associated with or characterized by inflammatory
cell infiltration or other inflammatory events accompanied by inflammatory cell

accumulation, for e.g., eosinophil and/or neutrophil. Most preferably, they are
useful for the treatment of asthma.

Cyclosporin analogs of the invention are useful in the treatment of asthmaof
whatevertype of genesis including both intrinsic and, especially, extrinsic asthma.

They are useful for the treatment of atopic and non-atopic asthma, including

allergic asthma, bronchitic asthma, exercise induced asthma, occupational asthma,

asthmainducedfollowing bacterial infection and other non-allergic asthmas.

Treatment of asthmais also to be understood as embracing treatmentof “wheezy-

infant syndrome,”that is treatment of subjects, for example, of less than 4 to 5

years of age, exhibiting wheezing symptoms,in particular at night, and diagnosed
or diagnosable as “wheezyinfants,” an established patient category of major
medical concern and now morecorrectly indentified as incipient or early-phase

asthmatics. Cyclosporin analogsof the invention are in particular useful for the

treatment of asthma in subjects whose asthmatic status is either steroid dependent
or steroid resistant.

Cyclosporin analogs of the invention are also useful for the treatment of

bronchitis or for the treatment of chronic or acute airways obstruction associated

therewith. Cyclosporin analogs of the invention may be usedfor the treatmentof

bronchitis of whatever type or genesis, including, for example, acute bronchitis,

10
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arachidic bronchitis, catarrhal bronchitis, chronic bronchitis, croupous bronchitis,

phthinoid bronchitis and so forth.

Cyclosporin analogsof the invention are in addition useful for the treatment

of pneumoconiosis (an inflammatory, commonly occupational, disease of the

lungs, frequently accompaniedbyairways obstruction, whether chronic or acute,

and occasioned by repeated inhalation of dusts) of whatever type or genesis,

including, for example, aluminosis, anthracosis, asbestosis, berylliosis, chalicosis,

ptilosis, siderosis, silicosis, tabacosis and, in particular, byssinosis.

Cyclosporin analogs of the invention may also be used for the treatmentof
eosinophil-related disorders of the airways (e.g. involving morbid eosinophilic

infiltration of pulmonary tissues) including hypereosinophilia as it effects the

airways and/or lungs as well as, for example, eosinophil-related disorders of the

airways consequential or concomitant to Loffler’s syndrome, eosinophilic

pneumonia,parasitic (in particular metazoan) infestation (including tropical

eosinophilia), bronchopulmonary aspergillosis, polyarteritis nodosa (including

Churg-Strauss syndrome), eosinophilic granuloma and eosinophil-related disorders

affecting the airways occasioned by drug-reaction.

The word “treatment” as used herein in relation to the treatment of diseases

of the airways and lungs, in particular asthma,is to be understood as embracing

both symptomatic and prophylactic modes,that is for immediate treatment,fore.g.,
of acute inflammation (symptomatic treatment) as well as for advance treatment to

prevent, ameliorate or restrict long term symptomatology (prophylactic treatment).
The term “treatment” as used in the present specification and claimsin relation to

such diseasesis to be interpreted accordingly as including both symptomatic and

prophylactic treatment, for e.g., in the case of asthma, symptomatic treatment to
ameliorate acute inflammatory events and prophylactic treatment to restrict on-

going inflammatory status and to ameliorate future bronchial exacerbation
associated therewith.

Cyclosporin analogs of the invention may also be usedto treat any disease

or condition of the airways or lungs requiring immunosuppressivetherapy,for e.g.,

the treatment of autoimmunediseases,or as they affect, the lungs (for example,

for the treatment of sarcoidosis, alveolitis or chronic hypersensitivity pneumonitis)

or for the maintainance of allogenic lung transplant, for e.g., following lung or heart

lung transplantation.

11
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Aspreviously indicated, for the above purposes, cyclosporin analogs of the
invention will be administered topically within the airways, for e.g., by the

pulmonary route or by inhalation. As also previously noted, while having potent

efficacy when administered topically, cyclosporin analogs of the invention exhibit
reduced systemic toxicity. Cyclosporin analogs of the invention thus provide a
meansfor the treatment of diseases and conditions of the airways or lung, for

example, as hereinaboveset forth, with the avoidance of unwanted systemic side

effect, e.g. consequent to inadvertent swallowing of drug substance during
inhalation therapy. It is estimated that during the course of manoeuvres required
to effect administration by inhalation, up to 90% or moreof total drug substance

administered will normally be swallowed rather than inhaled.

By the provision of cyclosporin analogs which aretopically active, e.g.

effective when inhaled, but systemically inactive the present invention makes

cyclosporin therapy available to subjects for whom such therapy might otherwise

be excluded,e.g. due to the risk of systemic, in particular immunosuppressive,side
effect.

Further uses include the treatment and prophylaxis of inflammatory and

hyperproliferative skin diseases and cutaneous manifestations of immunologically-

mediated illnesses, such as psoriasis, atopical dermatitis, contact dermatitis and

further eczematous dermatitises, seborrhoeis dermatitis, Lichen planus,

Pemphigus, bullous pemphigoid, Epidermolysis bullosa, urticaria, angioedemas,

vasculitides, erythemas, cutaneous eosinophilias, Lupus erythematosus, acne and

Alopecia areata; various eye diseases (autoimmune and otherwise) such as

keratoconjunctivitis, vernal conjunctivitis, keratitis, herpetic keratitis, conical

cornea, dystrophia epithelialis corneae, corneal leukoma, ocular pemphigus,

Mooren’s ulcer, Scleritis, Graves’ opthalmopathy, Vogt-Koyanagi-Harada

syndrome,sarcoidosis, multiple myeloma,etc.; obstructive airway diseases, which

includes conditions such as COPDasthma(for example, bronchial asthma,allergic

asthma, intrinsic asthma, extrinsic asthma and dust asthma), particularly chronic or

inveterate asthma (for example, late asthma and airway hyper-responsiveness),

bronchitis, allergic rhinitis and the like; inflammation of mucosa and blood vessels

such as gastric ulcers, vascular damage caused by ischemic diseases and

thrombosis. Moreover, hyperproliferative vascular diseases such asintimal

smooth muscle cell hyperplasia, restenosis and vascular occlusion, particularly
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following biologically- or mechanically-mediated vascular injury can be treated or

prevented by the compoundsof the invention.

The compoundsof the present invention mayalsofind utility in the

chemosensitization of drug resistant target cells. Cyclosporin A and FK-506 are

knownto be effective modulators of P-glycoprotein, a substance which binds to

and inhibits the action of anticancer drugs; by inhibiting P-glycoprotein, they are

capableof increasing the sensitivity of multidrug resistant (MDR)cells to

chemotherapeutic agents. It is believed that the compoundsof the invention may

likewise be effective at overcoming resistance expressed to clinically useful

antitumour drugs such as 5-fluorouracil, cisplatin, methotrexate, vincristine,

vinblastine and adriamycin, colchicine and vincristine.

Accordingly, the pharmaceutical compositions of the present invention

comprise a therapeutically effective amount of a cyclosporin analog of the

invention in combination with a pharmaceutically acceptable carrier or excipient. In

particular, compositions pertaining to the present invention are useful for treating a

subject for a reversible obstructive airway disease.

The present invention also contemplates method(s) of treatment of asthma

and other diseases characterized byairflow obstruction in a subject by

administering to the subject therapeutically effective amounts of the cyclosporin

analogs of the present invention with or without the concurrent use of other drugs

or pharmaceutically acceptable carriers or excipients, as described throughout the

present specification. Such treatment of the disease may be done by

administering a therapeutically effective amount of a compoundof the invention for

such time and in such amounts as is necessary to produce the desired result.

As usedin the presentinvention, "therapeutically effective amount" of one of

the compounds meansa sufficient amount of the compoundto treat a particular

disease, at a reasonable benefit/ risk ratio. The compoundsof the present

invention may be employed in pure form or, where such forms exist, in

pharmaceutically acceptable salt, ester or prodrug forms. Alternatively, the

compound may be administered as pharmaceutical compositions containing the

compoundofinterest in combination with one or more drugs or pharmaceutically

acceptable excipients. It will be understood, however, that the total daily usage of

the compounds and compositions of the present invention will be decided by the

attending physician within the scope of sound medical judgment.

13
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The specific therapeutically-effective dose level for any particular patientwill

depend upona variety of factors including the disorder being treated and the

severity of the disorder; activity of the specific compound employed; the specific

composition employed; the age, body weight, general health, sex anddiet of the

patient; the time of administration, route of administration, and rate of excretion of

the specific compound employed; the duration of the treatment; drugs used in

combination or coincidental with the specific compound employed; and like factors

well knownin the medical arts. For example,it is well within the skill of the art to

start doses of the compoundat levels lower than required to achieve the desired

therapeutic effect and to gradually increase the dosageuntil the desired effect is
achieved.

Dosagesof the cyclosporin analogs of the present invention employed in

practicing the method of the present invention will of course vary depending on the

site of treatment, the particular condition to be treated, the severity of the condition,

the subject to be treated (for e.g., in terms of body weight, age and so forth) as well

as the effect desired. In general, for treating diseases or conditions of the airways

or lungs, for e.g., inflammatory or obstructive airway disease such as asthma,

cyclosporins of the invention can be suitably administered topically to the airways

or lungs,for e.g., but not limited to, inhalation, at dosages from about 20 to about

400 mg/day, preferably from about 50 to about 300 mg/day, most preferably from

about 200 to about 300 mg/day. Dosageswill appropriately be administered from

a metered delivery system in a series of from 1 to 5 puffs at each administration,

with administration performed onceto four times daily. Dosages at each

administration will thus conveniently be from about 5 to 100 mg/day, more

preferably from about 12.5 to about 100 mg/day,e.g. administered with a metered

delivery device capable of delivering, for e.g., 1 to 25 mg cyclosporin per actuation.

For purposesoforal administration, more preferable doses maybein the range

from about 0.005 to about 3 mg/kg/day. If desired, the effective daily dose may be

divided into multiple doses for purposes of administration; consequently, single

dose compositions may contain such amounts or submultiples thereof to make up

the daily dose.

Definitions

The terms "C4-C3-alkyl" or "C1-Cg-alkyl" as used herein refer to saturated,

straight- or branched-chain hydrocarbonradicals containing between one and

14
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three or one and six carbon atoms, respectively. Examples of C4-C3 alkyl radicals

include methyl, ethyl, propyl and isopropyl, and examples of C1-Cg-alkyl radicals

include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl,

neopentyl and n-hexyl.

The term "C1-Cg-alkoxy" as used herein refers to an C1-Cg-alkyl group, as

previously defined, attached to the parent molecular moiety through an oxygen
atom. Examples of C1-Cg-alkoxy include, but are not limited to, methoxy, ethoxy,

propoxy, isopropoxy, n-butoxy, tert-butoxy, neopentoxy and n-hexoxy.

The term "C4-Cg-alkylithio" as used herein refers to an C1-Cg-alkyl group, as

previously defined, attached to the parent molecular moiety through a sulfur atom.
Examples of C4-Cg-alkylthio include, but are not limited to, thiomethoxy,

thioethoxy, thiopropoxy, thio-isopropoxy, n-thiobutoxy, tert-thiobutoxy,

neothiopentoxy and n-thio-hexoxy.

The term “aryl” as used herein refers to a carbocyclic ring system having

one or more aromatic rings including, but not limited to, phenyl, naphthyl,

tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including multi-cyclic

aryl groups) can be unsubstituted or substituted with one, two or three substituents

independently selected from loweralkyl, substituted loweralkyl, haloalkyl, alkoxy,

thioalkoxy, lower alkylenedioxy, lower alkylidenedioxy, amino, alkylamino,

dialkylamino, acyamino, cyano, hydroxy, acyl, halo and/ortrifluoromethyl,

mercapto,nitro, carboxylaldehyde, carboxy, alkoxycarbonyl, carbamoyl, sulfamoyl,

lower alkoxycarbonylamino, lower alkanoyl, ureido, amidino and carboxamide. In

addition, substituted aryl groups include tetrafluoropheny! and pentafluorophenyl.

The term "C3-Ce-cycloalkyl-” as used herein refers to carbocyclic groups of

3 to 6 carbons, respectively; for example, cyclopropyl, cyclobutyl, cyclopentyl and

cyclohexyl.

The terms "halo" and "halogen” as used herein refer to an atom selected

from fluorine, chlorine, bromine and iodine.

The term "heterocyclics", as used herein, refers to a cyclic aromatic radical

having from five to ten ring atoms of which one ring atom is selected from S, O and

N; Zero, one or two ring atoms are additional heteroatoms independently selected

from S, O and N; and the remaining ring atoms are carbon, the radical being joined

15

0727



0728

10

15

20

25

30

35

WO 03/030834 PCT/US02/32646

to the rest of the molecule via any of the ring atoms, such as, for example,

pyridinyl, pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl,

isooxazolyl, thiadiazolyl, oxadiazolyl, thiophenyl, furanyl, quinolinyl, isoquinolinyl,
and thelike.

The term “subject” as used herein refers to a mammalor animal. Preferably

the mammalis a human. A subject refers to, for example, dogs, cats, horses,

cows,pigs, guinea pigs andthelike.

The term “pro-drug” as used herein refers to pharmacologically acceptable

derivatives, for example, but not limited to, esters and amides, suchthat the

resulting biotransformation product of the derivative is the active drug. Pro-drugs

are knownin the art and are described generally in, e.g., Goodman and Gilman’s

“Biotransformation of Drugs,” in the Pharmacological Basis of Therapeutics, gi
Ed., McGrawHill, Int. Ed. 1992, page 13-15, which is hereby incorporated by

referencein its entirety.

As used herein, the term "pharmaceutically acceptable salt" refers to those

salts which are, within the scope of sound medical judgment, suitable for use in

contactwith the tissues of humans and lower animals without undue toxicity,
irritation, allergic response and the like, and are commensurate with a reasonable

benefit/risk ratio. Pharmaceutically acceptable salts are well knownin the art. For

example, S. M. Berge,et a/. describe pharmaceutically acceptable salts in detail in

J. Pharmaceutical Sciences, 66: 1-19 (1977), incorporated herein by reference.

The salts can be prepared in situ during the final isolation and purification of the

compoundsof the invention, or separately by reacting the free base function with a

suitable organic acid. Examples of pharmaceutically acceptable, nontoxic acid

addition salts are salts of an amino group formed with inorganic acids such as

hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric

acid or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid,

citric acid, succinic acid or malonic acid or by using other methods usedin the art

such as ion exchange. Other pharmaceutically acceptable salts include adipate,

alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate,

butyrate, camphorate, camphorsulfonate,citrate, cyclopentanepropionate,

digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate,

glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-

hydroxy-ethanesulfonate, lactobionate, lactate, laurate,lauryl sulfate, malate,
maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate,

16

0728



0729

10

15

20

25

30

35

WO 03/030834 PCT/US02/32646

oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate,

phosphate,picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate,

thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and thelike.

_ Representative alkali or alkaline earth metal salts include sodium, lithium,

potassium, calcium, magnesium,and the like. Further pharmaceutically

acceptable salts include, when appropriate, nontoxic ammonium, quaternary

ammonium, and amine cations formed using counterions such as halide,

hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl
sulfonate.

Pharmaceutical Compositions

The pharmaceutical compositions of the present invention comprise a

therapeutically effective amount of a compoundof the present invention formulated

together with one or more pharmaceutically acceptable carriers. As used herein,

the term "pharmaceutically acceptable carrier" means a non-toxic, inert solid, semi-

solid or liquid filler, diluent, encapsulating material or formulation auxiliary of any

type. Some examples of materials which can serve as pharmaceutically

acceptable carriers are sugars such as lactose, glucose and sucrose; starches

such as corn starch and potato starch; cellulose and its derivatives such as sodium

carboxymethyl! cellulose, ethyl cellulose and cellulose acetate; powdered

tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository

waxes;oils such as peanutoil, cottonseedoil; safflower oil; sesameoil; olive oil;

corn oil and soybeanoil; glycols; such a propylene glycol; esters such as ethyl

oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide and

aluminun hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's

solution; ethy! alcohol, and phosphate buffer solutions, as well as other non-toxic

compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as

well as coloring agents, releasing agents, coating agents, sweetening, flavoring

and perfuming agents, preservatives and antioxidants can also be presentin the

composition, according to the judgementof the formulator. The pharmaceutical

compositions of this invention can be administered to humans and other animals

orally, rectally, parenterally, intracisternally, intravaginally, intraperitoneally,

topically (as by powders, ointments, or drops), bucally, or as an oral or nasal spray.

Liquid dosage formsfor oral administration include pharmaceutically

acceptable emulsions, microemulsions, solutions, suspensions, syrups andelixirs.

In addition to the active compounds, the.liquid dosage forms may contain inert
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diluents commonly usedin the art such as, for example, wateror other solvents,

solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl! alcohol, ethyl

carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-

butylene glycol, dimethylformamide,oils (in particular, cottonseed, groundnut, corn,

germ,olive, castor, and sesameoils), glycerol, tetrahydrofurfuryl alcohol,

polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besidesinert diluents, the oral compositions can also include adjuvants such as

wetting agents, emulsifying and suspending agents, sweetening, flavoring, and

perfuming agents.

Solid dosage forms for oral administration include capsules, tablets,pills,

powders, and granules. In such solid dosage forms, the active compoundis mixed

with at least one inert, pharmaceutically acceptable excipient or carrier such as

sodium citrate or dicalcium phosphate and/ora)fillers or extenders such as

starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as,

for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone,

sucrose, and acacia, c) humectants such as glycerol, d) disintegrating agents such

as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain

silicates, and sodium carbonate, e) solution retarding agents such as paraffin,f)

absorption accelerators such as quaternary ammonium compounds, g) wetting

agents such as, for example, cetyl alcohol and glycerol monostearate, h)

absorbents such as kaolin and bentonite clay, and i) lubricants suchastalc,

calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl

sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the dosage

form may also comprise buffering agents.

Solid compositions of a similar type may also be employedasfillers in soft

and hard-filled gelatin capsules using such excipients as lactose or milk sugar as

well as high molecular weight polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules,pills, and granules

can be prepared with coatings and shells such as enteric coatings and other

coatings well knownin the pharmaceutical formulating art. They may optionally

contain opacifying agents and can also be of a composition that they release the

active ingredient(s) only, or preferentially, in a certain part of the intestinaltract,

optionally, ina delayed manner. Examples of embedding compositions which can

be used include polymeric substances and waxes.
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Solid compositions of a similar type may also be employedasfillers in soft

and hard-filled gelatin capsules using such excipients as lactose or milk sugar as

well as high molecular weight polethylene glycols andthelike.

The active compoundscanalso be in micro-encapsulated form with one or

more excipients as noted above. Thesolid dosage forms of tablets, dragees,

capsules,pills, and granules can be prepared with coatings and shells such as

enteric coatings, release controlling coatings and other coatings well knownin the

pharmaceutical formulating art. In such solid dosage forms the active compound

may be admixed with at least one inert diluent such as sucrose, lactose or starch.

Such dosage forms may also comprise, as is normal practice, additional

substancesotherthaninert diluents, e.g., tableting lubricants and othertableting

aids such a magnesium stearate and microcrystalline cellulose. In the case of

capsules, tablets and pills, the dosage forms may also comprise buffering agents.

They may optionally contain opacifying agents and canalso be of a composition

that they release the active ingredient(s) only, or preferentially, in a certain part of

the intestinal tract, optionally, in a delayed manner. Examples of embedding

compositions which can be used include polymeric substances and waxes.

Dosageformsfor topical or transdermal administration of a compound of

this invention include ointments, pastes, creams, lotions, gels, powders, solutions,

sprays, inhalants or patches. The active componentis admixed understerile

conditions with a pharmaceutically acceptable carrier and any needed

preservatives or buffers as may be required.

Pharmaceutically acceptable diluents or carriers may be diluents or carriers

acceptable for topical application at the intendedsite of therapy, e.g. diluents or

carriers acceptablefor topical administration pulmonary, dermally, nasally, ocularly

or rectaly.

The ointments, pastes, creams and gels may contain, in addition to an

active compoundof this invention, excipients such as animal and vegetable fats,

oils, waxes, paraffins, starch, tragacanth, cellulose derivatives, polyethylene

glycols, silicones, bentonites,silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to the compoundsofthis

invention, excipients such as lactose, talc, silicic acid, aluminum hydroxide,
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calcium silicates and polyamide powder, or mixtures of these substances. Sprays

can additionally contain customary propellants such as chlorofluorohydrocarbons.

Transdermal patches have the added advantageof providing controlled

delivery of a compound to the body. Such dosage forms can be made by

dissolving or dispensing the compoundin the proper medium. Absorption

enhancers can also be usedto increase the flux of the compound acrosstheskin.

The rate can be controlled by either providing a rate controlling membrane or by

dispersing the compoundin a polymer matrix orgel.

Formsin topically administrable form, e.g. enabling orfacilitating topical

administration, include, e.g. dry powderpreparations of the active ingredient(i.e.

cyclosporin analog of the invention) in substantially pure form, for example as

employedin the art for delivery from a dry powder inhalation device. Means or

devices enabling orfacilitating topical administration include, in particular,
inhalation devices as well as containers and the like from which the active

ingredient may be delivered in a form capable of topical application. Preferred

embodiments as defined underC will be such as permit topical administration

within the airways or lungs, e.g. by inhalation.

It is clear that safety may be maximized by delivering the drugs by the

inhaled route either in nebuliser form or as dry powder. Clearly the great

advantageof the inhaled route, over the systemic route, in the treatment of asthma

and other diseasesof airflow obstruction and/or of chronic sinusititis, is that

patients are exposed to very small quantities of the drug and the compoundis

delivered directly to the site of action.

Preparation of forms suitable for administration by inhalation may be carried

out by methods knownin the art. It should be noted that several antibiotics have

recently developedfor topical inhaled usage, particularly in cystic fibrosis, where

they have been shownto be effective against pseudomonasinfections. Various

inhalants are described. For example, in DE 1491707, GB 1,392,945, GB

1,457,351, GB 1,457,352, NL 147939, DE 1491715, GB 1,598,053, EP 5585, EP

41783, EP 45419, EP 360463 and FR 2628638. DE 1491715,in particular, is said

to be suitable for inhalation therapy intended for bronchial or lung diseases.

For this purpose cyclosporin analogs of the invention may be employedin

any suitable finely dispersed orfinely dispersible form, capable of administration
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into the airways or lungs, for example in finely divided dry particulate form orin

dispersion or solution in any appropriate (i.e. pulmonarily administerable) solid or

liquid carrier medium. For administration in dry particulate form, cyclosporin

analogsof the invention may, for example, be employed as such, i.e. in micronised

form without any additive materials, in dilution with other appropriate finely divided

inert solid carrier or diluent (e.g. glucose, lactose, mannitol, sorbitol, ribose,

mannoseor xylose), in coated particulate form or in any other appropriate form as

knowin the art for the pulmonary administration of finely divided solids.

Pulmonary administration may be effected using any appropriate system as

knownin the art for delivering drug substancein dry or liquid form by inhalation,

e.g. an atomizer, nebulizer, dry-powder inhaler or like device. Preferably a
metered delivery device, i.e. capable of delivering a pre-determined amount of

cyclosporin analog at each actuation, will be employed. Such devices are known
in the art.

For nasal administration, cyclosporin analogs of the invention will suitably

be administeredin liquid form from a nasal applicator. Suitable topical forms for

the treatment of diseases or conditions of the skin will include, for example,

creams,gles, ointments, pastes, cataplasms, plasters, transdermal patches and

the like. Formulations for dermal application will appropriately contain a skin

penetration enhancer, e.g. as know in the art, for example azone. Forms suitable

for ophthalmic use will include lotions, tinctures, gels, ointment and ophthalmic
inserts, again as knownin the art. For rectal administration, i.e. for topical therapy

of the colon, cyclosporin analogsof the invention may be administered in

suppository or enemaform,in particular in solution, e.g. in vegetableoil orlike oily

system for use as a retention enema.

According to the present invention, cyclosporin analogs may be usedfor the

manufacture of a topical preparation for the treatment, with or without the

concurrent use of other drugs. For the above purposes, cyclosporin analogs of the

invention may be employed in any dosage form appropriate for topical

administration to the desired site. For example, for the treatment of diseases of

the airways or lungs, cyclosporin analogs of the invention may be administered via

the pulmonary route, by inhalation from an appropriate dispenser device.

Dosagefor the topical preparation will in general be one tenth to one

hundredth, of the dose required for oral preparation.
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Abbreviations

Sar: Sarcosine

MeLeu: N-Methyl-Leucine
Val: Valine

Ala: Alanine

MeVal: N-Methyl Valine

Et: Ethyl

Ph: Phenyl

Fmoc: 9-Fiuorenylmethoxycarbonyl-

MeBmt: N-Methyl-(4R)-4-[(E)-2-butenyl]-4-methyl-L-threonine

ot-Abu: a-Aminobutyric acid

Synthetic Methods

The compoundsandprocessesof the present invention will be better

understood, but are notlimited to, the following synthetic scheme whichillustrates

the methods by which the compoundsof the present invention(illustrated by

formula I) may be prepared. The groups X and Y, and the amino acid residues B
andUin formula | are as defined earlier in the specification. The starting material

for Scheme|, illustrated by formula | where A’= -MeBmt-, may be, for example, but

not limited to, a fermentation product or a synthetic product madebysolution

phase chemistry. Preferably, the starting material is commercially available. The

starting material as a fermentation product may be madefrom highly productive

strains, for example, but not limited to, Sesquicillopsis rosariensis G. ARNOLD

F605; Tolypocladium inflatum wb6-5; Fusant, Tolypocladium inflatum KD461etc.

(in U.S. Patent Nos. 5,256,547; 5,856,141 etc.). Alternately, the starting material

may be madebysolution phase chemistry either by sequentially assembling amino

acids orby linking suitable small peptide fragments, where the units are linked by,

for example, but not limited to, amide, ester or hydroxylamine linkages (described

in, Miller, Methoden der organischen, Chemie Vol. XV/2, pp 1 to 364, Thieme

Verlag, Stuttgart, 1974; Stewart, Young, Solid Phase Peptide Synthesis, pp 31 to

34, 71 to 82, Pierce Chemical Company, Rockford, 1984; Bodanszky, Klausner,

Ondetti, Peptide Synthesis, pp 85 to 128, John Wiley & Sons, New York, 1976 and

other standard books on solution phase peptide chemistry). For amide linkages

particular preferenceis given to the azide method, the symmetric and mixed
anhydride method, in situ generated or preformed active esters and methods using
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coupling reagents (e.g., dicyclohexylcarbodiimide, N,N-dimethy!-4-aminopyridine,

N-hydroxy-benzotriazole, PyBrop® etc.). Classical solution phase chemistry using

standard Z- and Boc- methodology may be used.

Residue A, which is -MeBmt- in the starting material is further modified, as

illustrated in the following reaction scheme.

 

Scheme:

Step 1:

y
x

| |
xX.we” OH Sey oe onMe

Me the O

A”, wherein X, Y are as defined

(i)

A’ = -MeBnmt-

The process for the preparation of the compoundsof formula | comprises

reacting a compoundof formula |, where A’ = -MeBmt- (for example, Cyclosporin

A) with an olefin having a terminal double bond with catalysts such as Grubb’s

ruthenium alkylidene, Grubbs dihydroimidazole ruthenium, Shrock-Hoveyda

molybdenum catalysts or benzylidene catalysts [see (a) US Patent 6,111,121; (b)

Reviews: Synlett, 1999, 2, 267; (c) Reviews: Ivin, K J; Mol, J.C. Olefin Metathesis

and Metathesis Polymerization, 2" ed., Academic Press, New York, 1997; (d)J.
Org. Chem., 1999, 64, 4798-4816; (e) Angew. Chem., Int. Ed. English, 1997, 36,

2036-2056;(f) Tetrahedron 1998, 54, 4413-4450.] or Nolan’s ruthenium catalyst

[see (a) International Patent Application No. WO 00/15339; (b) Org. Lett., 2000, 2,

1517-1519; (c) J. Org. Chem., 2000, 65, 2204-2207] or Molybdenum catalysts [see

(a) JU. Am. Chem. Soc., 1990, 112, 3875 (b), J. Am. Chem. Soc., 1996, 118, 10926-

10927] in the presenceof a lithium salt such as lithium bromide, lithium chloride,

lithium trifluoroacetate, lithium triflate of a lewis acid such astitanium isopropoxide

in an organic solvent. The organic solvent used may be solvents such as,for

example, dichloromethane, chloroform, toluene, benzene, tetrahydrofuran,

dimethylformamide and the like or mixtures thereof. The reaction may be carried
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out from room temperature to about 100 °C for 1-7 days to provide a compoundof
formula I, where residue A’ is converted to residue A” having formula(i).

Step 2:

Y ‘
Xx x

OH H, OHme Me

mo ‘—N

Ne NO

 

A”, wherein X, Y are as defined A, wherein X, Y are as defined

(i)

The compoundsof formula | in an organic solvent, where residue A” has

formula (i), are then subjected to standard hydrogenation conditions using a

catalyst such as, but are notlimited to, a catalytic amount of palladium on carbon

in a hydrogen atmosphereto provide the saturated compoundsof formula I, where

in particular, residue A” having formula(i) is converted to residue A, as described

throughout the specification.

The organic solvents used can be solvents such as methanol, ethanol, ethy!
acetate or mixtures thereof. Other catalysts useful to assist hydrogenation maybe,

for example, but notlimited to, platinum metal or its oxide [see standard books on

catalytic hydrogenation, e.g., Rylander, P.N., Hydrogenation Methods, Academic

Press: NY, 1985; Catalytic Hydrogenation in Organic Synthesis, Academic Press:

NY, 1985; Cerveny, L., Catalytic Hydrogenation, Elsevier: NY, 1986 etc.]. The

reaction may be carried out at room temperature or elevated temperature, for

example, but not limited to, 50 °C or 100 °C.

Examples

The procedures described above for preparing the compoundsof the
present invention will be better understood in connection with the following

examples, which are intentendedto beillustrative only and notlimiting of the scope

of the invention. Various changes and modifications of the disclosed embodiments

will be apparent to those skilled in the art. Such changes and modifications,
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including without limitation, those relating to the chemical structures, substituents,

derivatives, intermediates, syntheses, formulations and/or methodsfo the invention

may be made without departing from the spirit of the invention and the scopeof the

appendedclaims.

Example 1: Compoundof formula I, where in residue A, X is absent and Y = -

COOCH;;residue B = -aAbu-, and residue U = -(D)Ala-.

Cyclosporin methyl ester (0.030 mg, 0.024 mmol) and palladium on carbon (0.0012

mg, 0.0012 mmol) were added to a flask and the flask was evacuated and

backfilled with hydrogen gas three times. Anhydrous methanol (3 ml) was added

and the reaction wasstirred for 18 h at ambient temperature under an atmosphere

of hydrogen. Afterfiltration and concentration in vacuo, the product wasisolated

as a white solid (0.021 mg, 70 % yield). Electrospray mass spectrum (ESMS) M+H:
1248.91

Example 2: Compound of formula I, where in residue A, X is absent and Y = -

COOEt; residue B = —aAbu-, and residue U = —(D)Ala-.

The title compound of example 2 was prepared from cyclosporin ethyl ester and

palladium on carbon according to the procedures described in Example 1. ESMS
M+H: 1262.3

Example 3: Compound of formula |, where in residue A,X is absent and Y =

-COOGH2CH2CH:: residue B = —aAbu-, and residue U = —(D)Ala-.

The title compound of example 3 was prepared from cyclosporin propyl ester and

palladium on carbon according to the procedures described in Example 1.

 

Example 4: Compound of formula |, where in residue A, X is absent and Y = -

COOCH>Ph; residue B = —awAbu-, and residue U = —(D)Ala-.

Thetitle compound of example 4 was prepared from cyclosporin benzyl ester and

palladium on carbon according to the procedures described in Example 1.

Example 5: Compound of formula |, where in residue A, X is absent and Y =-

COOCH,F; residue B = —w~Abu-, and_ residue U = —(D)Ala-.

Thetitle compound of example 5 was prepared from cyclosporin fluoromethyl ester

ester and palladium on carbon according to the procedures described in Example
1
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Example 6: Compound of formula |, where in residue A, X is absent and Y = -
COOCHFs5: residue B = —aAbu-, and residue U = —(D)Ala-.

The title compound of example 6 was prepared from cyclosporin difluoromethy|

ester ester and palladium on carbon according to the procedures describedin

Example 1

Example 7: Compoundof formula |, where in residue A, X is absent and Y = -

COOCEF:; residue B = —aAbu-, and residue U = —(D)Ala-.

Thetitle compound of example 7 was prepared from cyclosporin trifluoromethyl

ester ester and palladium on carbon according to the procedures described in

Example 1.

Example 8: Compoundof formula |, where in residue A, X is absent and Y = -

COOCH2CF:;:residue B = —aAbu-, and residue U = —(D)Ala-.

The title compound of example 8 was prepared from cyclosporin trifluoroethyl ester

ester and palladium on carbon according to the procedures described in Example
1.

The cyclosporin analogs of the present invention have potent

immunosuppressive and anti-inflammatory activity. In particular, they inhibit

antigen-inducedinflammatory cell infiltration, for example, into the airways. In vivo

this activity is apparent following topical administration, e.g., pulmonary route.

The immunosuppressive and anti-inflammatory properties of cyclosporin

analogsof the invention may be demonstrated in standard test models in vitro and

in vivo for example asfollows.

Example 9: Calcineurin Inhibition Assay

The immunosuppressiveactivity of cyclosporin is mediated through

inhibition of the phosphataseactivity of the enzyme calcineurin by a cyclophilin-

cyclosporin complex. Thus, calcineurin inhibition is widely used as an in vitro
measureof the activity of cyclosporin analogs.

Compoundsweretested in an assay based on the Biomol Green

Calcineurin Assay Kit supplied by Biomol (Plymouth Meeting, PA), supplemented

with Cyclophilin A for enzymeinhibition. The activity of the recombinant human

calcineurin was determined by release of phosphate from a phosphopeptide
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representing a fragment of camp-dependentprotein kinase. Phosphate release

was determined usingthe colorimetric detection reagent Biomol Green (Biomol AK-

111).

Compoundsin DMSO(2.4) were added to a 96-well microplate and mixed

with 50ul assay buffer (50mMTris-HCl, pH 7.5; 100mM sodium chloride; GmM

magnesium chloride; 0.5mM dithiothreitol, 0.025% NP-40, 500uM calcium chloride,

0.274M Calmodulin) containing 104M Cyclophilin and 3nM Calcineurin. After

warming to 37 °C for 60 mins, the enzymatic reaction wasinitiated by addition of
phosphopeptide (7.5yl) to give a final concentration of 94uM. Phosphate release

after 60 min at 37 °C was determined by addition of Biomol Green (100 pl) and

measurement of the absorbance at 620nm after 15 mins at room temperature.

ICso values were calculated from determinations of enzymeactivity at

inhibitor concentrations ranging from 0.1 to 0.0015 uM.

Example 10. NFAT reporter gene assay

NFATactivation follows precisely the activation of calcineurin by increased

free calcium levels in the cytoplasm. Researchers from diversefields are interested

in the NFAT family of transcription factors, which are potential targets for newer

and safer immunosuppressive drugs.In addition, the activation of NFAT proteins

involves various cellular signal transduction pathways, including calcium

mobilization and MAP kinase pathwayslinked to T-cell receptors and Ras1. To

assist researchers probing the activity of NFAT proteins, Stratagene has developed

a PathDetectcis-reporter plasmid, the pNFAT-Luc reporter plasmid (Stratagene,

Inc. catalog # 219094), containing the NFATbinding site from the humanIL-2

gene.2,7-9. The NFATcis-reporting system includesthe transfection-ready

pNFAT-Luc reporter plasmid and the pCIS-CK negative control plasmid.

Construction of the pNFAT-Luc Plasmid:

The backboneof the 5749-base-pair pNFAT-Luc plasmid is the pFR-Luc

reporter plasmid of the aforementioned PathDetect trans-reporting system.To this

backbone, the GAL4 binding element was replaced with four direct repeats of the

NFAT binding sequence (—286 to —257) from the IL-2 gene promoter, the most

studied and widely used NFAT binding sequence. Forall reporter plasmids of the

PathDetectcis-reporting systems,activation of the luciferase gene indicated
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interaction of uncharacterized gene products, extracellular stimuli, growth factors,

or drug candidates with specific enhancer elements. Then a plasmid expressing

the geneof interest was cotransfected into mammalian cells along with a cis-

reporter plasmid to indicate transcription activation.

Testing the pNFAT-Luc Plasmid in Jurkat Cells:

Pharmacology studies have established that NFAT proteins can be

activated by the protein kinase C activator phorbol ester (PMA) in combination with

the calcium ionophore ionomycin, reagents that raise free intracellular calcium.

WhenJurkat cells, a mature human T-cell line, or CHO cells were transfected with

the pNFAT-Luc plasmid and treated with 60 ng/mi of PMA and 1yg/mlof inomycin,

luciferase activity increased by 13- and 16-fold, respectively. Therefore, the

enhancer elementin the pNFAT-Luc plasmid is responsive to calcium mobilization.

Cells transfected with pNFAT-Luc and then treated with either PMA or ionomycin

alone did not showa significant increasein luciferase activity.

Cyclosporin inhibits the activity of calcineurin, a protein phosphatase

regulated byintracellular calcium mobilization. All the isoforms of NFAT protein

contain a calcineurin-binding domain and are activated by calcineurin. The

inhibition of luciferase expression from pPNFAT-Lucin the present model, in both

Jurkat and CHO cells induced by PMA and ionomycin, was monitored for

cyclosporin (as a positive control) and the cyclosporin analogs of the present
invention.

In another set of experiments, rat basophilic leukemia cells stably

transfected with chemokine receptors were transfected with pNFAT-Luc and then

treated with their respective ligands (data not shown). When both luciferase

expression and calcium levels were monitored in these cells, luciferase expression

correlated very well with calcium mobilization. Therefore, luciferase expression

from pNFAT-Luc indeed reflects the activation of endogenous NFATproteins by
calcium immobilization.

Example 11. lmmunosuppressive Activity and Applications

Murine Mixed Lymphocyte Reaction

Ca. 0.5x10° lymphocytes from the spleen of female (8-10 weeks) Balb/c
mice are incubated for 5 days in 0.2 ml cell growth medium with ca. 0.5 x 10°
lymphocytes from the spleen of female (8-10 weeks) CBA mice. Test substanceis
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addedto the medium at various concentrations. Activity is assessed by ability to

suppressproliferation-associated DNA synthesis as determined by incorporation of

radiolabelled thymidine.

Mishell-Dutton Test

Ca. 10’ lymphocytes from the spleen of OFI, female mice are co-cultured
with ca. 3x10’ sheep erythrocytes for 3 days. Test substance is addedto the
incubation medium in varying concentrations. Lymphocytes are harvested and

plated onto agarwith fresh sheep erythrocytes as antigen. Sensitized lymphocytes

secrete antibody that coats the erythrocytes, which lyse to form a plaquein the

presence of complement. Activity is assessed by reduction in the numberof

plaque forming, i.e., antibody product, cells.

Delayed-type Hypersensitivity Resonse

On Day0 groupsof ten mice (having BALB/cByJ or any other acceptable

strain) are dosed with test compound(1 to 10%), vehicle or the positive control,

cyclophosphamide (Cyclosporin A), and monitored from Day-2 to 7. The mice are
anesthetized and their abdomens shaved. 100 ul of a 3% solution of ovalbumin

are applied to the abdomen and dried. Seven dayslater, the mice are challenged
by applying 5 pl of ovalbumin to eachside of the right ear. After 24 hours, both the

right and left ear thickness are measured using a micrometercaliper.

Popliteal Lymph Node Assay

First, an inducer (phenytoin) is injected into the mice footpad (having

BALB/cByJ or any other acceptable strain). Then the mice are challenged

(subcutaneously or po) with ester and control agent using graded doses,for
example, 2.5, 10, 20 mg/Kg (based on cyclosporine A data). On day 7 the

popliteal lymph nodesare excised from the dosed mice and the lymph nodes are

weighed. Then single cell suspensions of each lymph node are prepared and
enumerated. The weight index for each animal is calculated (for example, a mean

weight index <2 would indicate suppression of immune response).

Influence on Allergen-Induced Pulmonary Eosinophilia (in vitro)

Male Himalayan spotted guinea pigs (800 g, BRL) are sensitized to

ovalbumin (OA)byi.p. injection of 1 ml of a suspension of OA (10 wg/ml) with

AI(OH)3 (100 mg) and B-pertussis vaccine (0.25 ml) in saline (0.9% w/v). For oral

studies, the procedure is repeated 1x after 2 weeks and the animals are used one
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week later. For inhalation studies, the procedure is repeated 2x at 3-weekintervals

and the animals are used one weekafterthe last injection.

Challenge is effected employing a saline solution of OA, nebulized for

discharge into an exposure chamber. Test animals are exposed to OA by nose-

only inhalation for 60 minutes. For inhalation studies, OA solution is used at a
concentration of 0.01%.

Test substance is administered (a) inhalation and/or (b) orally. For oral

studies, test substance is administered p.o.in olive oil 1x daily for 3 days or in

powderform in methylcellulose onceprior to OA challenge. On day 3, test animals

receive test substance 1.5 hrs. prior to and 6 hrs. after OA challenge. For

inhalation studies, test substance is micronisedfor delivery to test animals

restrained within a flow-past, nose-only inhalation chamber. Administration by

inhalation is effected 15 mins. prior to OA challenge.

Efficacy of administered test substance is determined by bronchoalveolar

lavage (BAL) and cell counting. For this purpose animals are sacrificed with Na

pento-barbitone (100 mg/kg i.p.) and the trachea is exposed and cannulated. 5

successive 10 ml aliqots of Ca® + and Mg? + free Hank’s balanced salt solution
(HBSS), containing bovine serum albumin (BSA, 0.3%), EDTA (10mM) and

HEPES(10 mM)is then introduced into the lung and immediately aspirated by

gentle compression of the lung tissue. Total cell counts in pooled eluates are

determined using an automatic cell counter. Lavage fluid is centrifuged at 200g for

10 minutes and thecell pellet resuspended in 1 ml of supplemented HBSS.10 yl of

this cell suspension is added to 190 wl of Turk’s solution (1:20) dilution).

Differential cell counts are made from smears stained by Diff-Quick. Cells are

identified and counted underoil immersion (x1,000). A minimum of 500 cells per

smearare counted andthe total population of each cell type is calculated.

In untreated animals, OA challenge inducesincreaseofall cell types in BAL

fluid 24 hours after challenge. Prior administration of cyclosporin analogs in

accordancewith the present invention by inhalation at dosages of the order of from

1.0 to 15.0 mg/kg reduces eosinophil count in BAL in a dose dependent manneras

comparedwith untreated controls. Cell counts for other leucocytes (macrophages,

neutrophils etc.) are also reduced.
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Claims

Whatis claimedis:

5

1. A cyclosporin analog of formula (I) or a pro-drug or a pharmaceutically

acceptable salt thereof:

A---B---Sar-MeLeu-Val-MeLeu-Ala---U---MeLeu-MeLeu-MeVal

1 2 8

10

wherein,

(a) A is of the formula:

y
x

®)L Roy
Me*

iS
15 Me O

wherein

Xx is absent, -C1-C6 alkyl-, or -C3-C6 cycloalkyl-;

Y is selected from the group consisting of:

i. -C(O)-O-R1 where R11 is hydrogen, C1-Cé6alkyl

20 optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-C6

alkylthio, halogen substituted C1-C6 alkoxy,

halogen substituted C1-C6 alkylthio;

ii. -C(O)-S-R1 where R11 is hydrogen, C1-C6alkyl

25 optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-C6

alkylthio, halogen substituted C1-C6 alkoxy,

halogen substituted C1-C6 alkylthio;
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iii. -C(O)-OCH2-OC(O)R2 where R2 is C1-C6 alkyl,

optionally substituted with halogen, C1-Cé6
alkoxy, C1-C6 alkylthio, heterocyclics or aryl;

iv. -C(S)-O-R1 where R11 is hydrogen, C1-C6 alkyl

optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-C6

alkylthio, halogen substituted C1-C6 alkoxy,

halogen substituted C1-Cé6 alkylthio; and

V. C(S)-S-R1 where R11 is hydrogen, C1-C6 alkyl

optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-C6

alkylthio, halogen substituted C1-C6 alkoxy,

halogen substituted C1-C6 alkylthio.

(b) B is -aAbu-, -Val-, -Thr- or —Nva-; and

(c) U is -(D)Ala-, -(D)Ser- or -[O-(2-hydroxyethyl)(D)Ser]-; or -[O-

acyl(D)Ser]- or -[O-(2-acyloxyethyl)(D)Ser]-.

A cyclosporin analog according to Claim 1 or a pro-drug ora

pharmaceutically acceptable salt thereof, wherein in formula(I), B is

-aAbu-, and U is -(D)Ala-.

A cyclosporin analog according to Claim 1 or a pro-drug ora

pharmaceutically acceptable salt thereof, wherein in formula|:

(i) A is of the formula A1 or A2, wherein:

x is absent; and

Y is selected from a group consisting of:

i. -C(O)-O-R1 where R11 is hydrogen, C1-C6

alkyl optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-

C6 alkylthio, halogen substituted C1-C6

alkoxy, halogen substituted C1-C6

alkylthio;

ii. -C(O)-S-R1 where Ri is hydrogen, C1-C6

alkyl optionally substituted with halogen,

heterocyclics, aryl, C1-C6 alkoxy or C1-

C6 alkylthio, halogen substituted C1-Cé6

alkoxy, halogen substituted C1-C6

alkylthio; and
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iii. C(O)-OCH2-OC(O)R2 where R2 is C1-C6

alkyl optionally substituted with halogen,

C1-C6 alkoxy, C1-C6alkylthio,

heterocyclics or aryl;

(ii) B is -aAbu-; and

(iii) U is -(D)Ala-.

A cyclosporin analog according to claim 1 or a pro-drug ora

pharmaceutically acceptable salt thereof, selected from the group consisting
of:

Compound of Formula (1) wherein B = —wAbu-, U = —(D)Ala-, X is absent, Y

= -COOCHs;

Compound of Formula (I) wherein B = —~Abu-, U = —(D)Ala-, X is absent, Y

= -COOH:;

Compoundof Formula (I) wherein B = —wAbu-, U = —(D)Ala-, X is absent, Y

= -COOEt;

Compoundof Formula (I) wherein B = —aAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH2CH2CHs3,

Compoundof Formula (I) wherein B = —-aAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH2Ph;

Compound of Formula (1) wherein B = —aAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH2F;

Compound of Formula (I) wherein B = —aAbu-, U = —-(D)Ala-, X is absent, Y

= -COOCHF2.

Compound of Formula (I) wherein B = —-wAbu-, U = -(D)Ala-, X is absent, Y

= -COOCFs;

Compound of Formula (I) wherein B = —cAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH2CFs3;

Compound of Formula (I) wherein B = —aAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH2CI;

Compoundof Formula (I) wherein B = —awAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH20CHs.

Compoundof Formula (I) wherein B = —aAbu-, U = —(D)Ala-, X is absent, Y

= -COOCH20CH2CH20 CHs.

Compound of Formula (I) wherein B = —aAbu-, U = —(D)Ala-,-X is absent, Y

= -C(=O)SCHs2Ph;

Compound of Formula (I) wherein B = —-aAbu-, U = —(D)Ala-, X is -

CH2CH2CHz-, Y = -COOCHs. and
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10.

11.

Compoundof Formula (I) wherein B = —aAbu-, U = —(D)Ala-, X is absent, Y
= -COOFmoc.

A chemical process for preparing a cyclosporin analog of formula | as
claimed in Claim 1, comprising:

a. reacting a compoundof formula |, wherein A= -MeBmt- with:
i. an olefin of formula CH2=CH-X-Y, wherein X and Y are as defined

in Claim 1; and

ii. a catalyst;

in the presenceof a lithium salt in an organic solvent; and

b. hydrogenating the product of step a in an organic solvent under

hydrogen with a catalyst;

and optionally converting the product of said reaction into a

pharmaceutically acceptable salt.

The chemical process as claimed in Claim 5, wherein the catalyst in step

(a) (ii) is Grubb’s ruthenium alkylidene, Nolan’s catalyst, a benzylidene

catalyst or a molybdenum catalyst.

The chemical process as claimed in Claim 5, wherein step (b) is performed

at room temperature.

The chemical process as claimed in Claim 7, wherein the catalyst in step (b)
is Palladium on carbon.

A pharmaceutical composition, said composition comprising at least one

cyclosporin analog of formula 1 as claimed in Claim 1, said cyclosporin

analog being present alone or in combination with a pharmaceutically

acceptable carrier or excipient.

A methodfor treating diseases characterized by airflow obstruction in a

subject in need of treatment which comprises the step of administering to

said subject a therapeutically effective amountof at least one cyclosporin

analog of formula | as claimed in Claim 1.

The method of Claim 10, wherein said disease is asthma.
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12. |The method of Claim 10, wherein the step of administering the cyclosporin

analog of formula | is done by topical administration.
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METHOD AND COMPOSITION FOR DRY EYE TREATMENT

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates generally to the treatment of a dry eye condition, an

in particular to a method and composition for this purpose which formsan artificia

tear film on the surface of the eye acting to inhibit evaporation therefrom an

delivering to the eye surface an efficacious medicamentto treat an eye disease.

STATUS OF PRIOR ART

The main concern of the present invention is with the treatment of a dry ey

condition by a method and composition that acts to lubricate the eye and to reduc

evaporation of fluid from the cornea surface. The cornea normally functions t

maintain this surface in a moist and lubricated state which is impaired when the ey

suffers from a dry eye condition.

Dehydration of moisture from the eye gives rise to various discomforts suc.

an ocular dryness as well as burning and scratching sensations. But the mor

serious consequence of a dry eye condition is a loss of visual acuity which if ;

persists and is not corrected, may result in permanent damage. Dry eye disease act

to degrade the exposed ocular surface and may cause a complete breakdown c

cornealtissues. In an extreme case, this may necessitate a corneal transplant.

Symptoms accompanying a dry eye condition are exacerbated whenthe ey

is covered by a contact lens. The rate of evaporation of liquid from the eye i

accelerated by the contact lens whose presence results in a meniscii formation the

promotesevaporation even whenthe eye has an adequate naturaltear film.

The usual treatment prescribed for a dry eye condition is to alleviate it

symptomsby the topical application of a tear film substitute that adds a substantis
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volume of liquid to the anterior surface of the eye. A typical composition
functioning asa tear film substitute includes soluble polymersolutions. Ofprior art

interest in this regard is the US patent to Trager 4,421,740 which discloses an

artificial tear composition formed by an aqueous hypotonic solution oflecithin, a

‘phospholipid, and a viscosity-adjusting agent.

Ofparticular prior art interest are the following US patents in each of which

Korb is a co-inventor. Hence these patents will hereinafter be referred to as Korb

patents:

I. 4,914,088 (1990)

Il. 5,278,151 (1994)

Ill. 5,371,108 (1994)

IV. 5,294,607 (1994)

The Korb patents point out that a normal eye has an ocular surface coated
with a tear film composedof:

(a) amucousinner layer in contact with the ocular surface of the eye

(b) an aqueous middle layer which is the source of moisture, and

(c) a lipid outer layer which minimizes evaporation of the moisture
from the film.

“Dry eye” is experienced when the outer layer (c) of the tear film is
defective. The dry eye treatment disclosed and claimed in Patents I to IV involves
the topical application to the eye of phospholipids which form anartificial film
over the eye that replicates a normal outer lipid layer and maintains the eye in
moist condition.

PatentI is directed to an artificial tear film formed by:

“a layer ofa complex phospholipid having a netpositive or negative charge”.

According to this Korb patent, the significance of a net positive or

negative net chargeis that in either case, the charged molecules in the film

coating the surface of the eye “repel each other” and in doing so, maintain “the

integrity ofthe phospholipid therein”so that it acts “as a barrier reducing
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evaporation. ” Henceit is a negative or positive repelling charge that the inventor

regards to be the crux of his invention.

Patent I fails to take into account that the surface of the eye being treated

is anionic and therefore will interact electrostatically with a charged coating in a

- way that depends onthe polarity of the charge. According to PatentI, the polarity

of the charge doesn’t matter, for in either polarity the charged molecules in the

film repel each other.

An important aspect of the present invention is not only that it has a

positive net charge, but also that the strength and distribution of the charge is

such as to cause the film to adhere electrostatically to the entire

anionically-charged eye surface to provide an effective moisture barrier. A weak

positive charge would not achieve this result. Inasmuch as in present invention,

the positively-charged molecules in the film covering the eye surface

electrostatically engage the negatively-charged molecules on this surface, the

resultant electrostatic couple is neutral and the couples do not repel each other.

Korb patentII discloses an eye treatment composition comprising

“a layer ofa complex phospholipid having a net charge” and

“a layer ofan essentially non-polar oil over saidphospholipid layer", the

phospholipid and oil layers being in an amount “below that amount that would

result in significantprolonged blurring ofvision”.

According to Patent II, the preferred phospholipids are those “carrying a

net negative charge because the negatively-charged molecules would be repelled

by the negatively-charged ocular surface, thereby permitting the maintenance of a

relatively thick aqueous layer”.

In contradistinction, the present invention which resides in a

positively-charged composition, exploits the fact that the eye surface is negatively

charged (anionic) so that the composition is electrostatically attracted to this

surface to create a coating which prevents the escape of moisture from the eye
surface for a prolonged retention period.
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Korb patent III also discloses a composition in which the phospholipid has

a net negative or positive charge causing molecules in the tear film coating the

eye surface to repel each other to maintain the integrity of the film. In Korb

patent IV, the eye treated composition is a mixture of a charged phospholipid and

-anon-polar oil in a: meta-stable water emulsion.-

Essential to the present invention is that the emulsion coating the eye

surface to form a film thereon carries a net positive charge which is distributed

uniformly throughout the film so that it is electrostatically attracted to the entire

anionic eye surface whereby the molecules on the film surface do not repel each

other but are attracted to the eye surface.

Also of particular prior art interest is PCT patent publication WO

95/31211 (25 Nov. 1995) ofAllergan, Inc. This publication discloses an emulsion

for topical application to ocular tissue which includes cyclosporin admixed with

castor oil. As noted in this publication, cyclosporin comprises a group of cyclic

oligopeptides, the major component of which is cyclosporin A (Ce2Hi11N11012),

Clyclosporin has been found to be effective in the treatment of a dry eye

condition.

SUMMARYOF THE INVENTION

In view of the foregoing, the main object of this invention is to provide an

improved method and composition for treating a dry eye condition by topically

applying to the eye surface an emulsion forming a tear film that adheres

electrostatically to the entire surface of the eye and acts to lubricate the eye and to

inhibit evaporation ofmoisture therefrom.

Among the significant advantages of a method and composition in

accordance with the invention are the following:

A._The tear film derived from the emulsion carries a strong net positive

charge that is uniformly distributed throughout the film surface

wherebythe film is electrostatically attracted to the entire area of the

negatively-charged eye surface and there is no uncoated zone.
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B. The electrostatic attraction between theartificial tear film and the eye

surface maintains adhesive contact therebetween for a prolonged

retention period and thetear film cannot be readily washed away.

C. The tear film coating the eye surface has no adverse effects, for the

film: includes no toxic or other harmful agents.

Also an object of this invention is to provide a composition of the above

type which incorporates therein a therapeutic agent for treating an eye disease, such

as cyclosporin A which when the composition is topically applied then delivers the

agent to the eye. The release of the agent from the coating film to the surface of the

eye is maintained for a prolonged periodin that the film is held electrostatically in

contact therewith.

Briefly stated, these objects are attained in a method and composition for

treating a dry eye condition by topically applying to the eye surfaces an emulsion

forming a tear film that acts to lubricate the eye and to inhibit evaporation

therefrom. The emulsion is constituted by water in which is dispersed a mixture

that includes a phospholipid, a non-polar oil and a polar lipid that imparts a net

positive charge to the film that is distributed throughout the film, causing the film

to be electrostatically attracted to the anionic surface of the eye whereby the film

adheres to the eye and cannot be washed away. Includable in the mixture is a

non-soluble therapeutic agent, such as cyclosporin whichis effective against an eye

disease and is delivered to the eye by the film.

DETAILED DESCRIPTION OF THE INVENTION

Cyclosporin A (CsA), a lipid-soluble cyclic endecapeptide, is a potent and

well established immunomodulator drug mainly for oral use. With oral
formulations, CsA bioavailability is limited because of the drug’s insolubility in

water and its tendency to separate immediately as a solid after coming into contact

with water. Moreover, the bioavailability is highly dependent on complex
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interactions occurring between the formulation and the physiological environment

ofthe lumen.

CsA has been found to be effective in treating the immune-mediated

keratoconjunctivitis sicca (KCS or dry eye disease) by the enhancement or

‘restoration of lachrymal gland tearing in-patient suffering from this syndrome: Dry-

eye disease is characterized by chronic drying of the conjunctiva and cornea, as

well as by decreased tear production and changes in the composition of the tear

film. In order to enhance the efficiency of CsA treatment, it becomes necessary to

increase the absorption of the drug in the lachrymal gland as well as the conjunctiva

and cornea target tissues, using for the purpose a suitable dosage of the drug to

suppress ocular inflammation without significant systemic CsA exposure.

Since the aqueous solubility of CsA is between about 20 to 30 pg/ml, there

is no adequate aqueous formulations available for ocular administration of the drug.

Moreover, if cyclosporin is administered orally for the treatment of KCS, the

accompanying side effects due to systemic circulation may cause adverse reactions

such as hypertrichosis or renal dysfunction. In addition, the concentration of CsA

present in oral formulationsis limited due to the drug’s hydrophobic nature.

Studies on ocular CsA penetration in animals were carried out using CsA

formulations based on olive oil and corn oil. Local toxic effects on the cornea

attributable to topical CsA formulations or the intrinsic solvent were observed.

Upon using CsA in olive oil, in an ex vivo examination on bovine cornea,

histological study revealed that the corneal epithelium was keratinized with some

necrotic cells and rare pycnotic nuclei. Moreover, several researchers have

confirmed that the probable toxic effect was due to topically administered CsA

dissolved in olive oil. The conclusion reached is that olive oil, rather than CsA was

responsible for the surface epithelial defects developing in the cornea. Hence,

because of its high hydrophobicity, it is necessary to formulate CsA with

compatible vehicles. These are not always biocompatible with ophthalmic

administration, and may present some problemsofstability such as the rancidity of

olive oil. The drawback of corn-oil concentrated ointment formulations is that they
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may exacerbate the symptoms (early-burning, redness and itching) of a dry eye

condition.

It is possible to minimize problems related to unpleasant sensations and

syndrome exacerbation by reducing the oil content and dispersing the oil phase in a

water phase, resulting in an emulsion. We-have found that when castor oil is used in

developing the emulsion dosage, there are additional benefits to patients with dry

eye disease arising from the long ocular retention time of the emulsion vehicle. The

castor oil droplets in the emulsion form a lipid layer over the tear film, reducing the

evaporation of the limited natural tears produced while the emulsion remains in the

eye of a patient.

Our investigation of a positively-charged submicron emulsion containing a

phospholipid having Zeta potential values ranging from 34 — 45 mV and a mean

droplet size of around 150-250 nm supports the significant advantages which are

gained when the emulsion vehicle carries a net-positive charge, rather than either a

negative or neutral charge.

The resultant electrostatic attraction between the positively-charged

submicron oil droplets in the emulsion and the corneal eye surface, which is

negatively-charged results in a more prolonged residence or retention time

conducive to topical drug flux enhancement.

Hence a positively-charged submicron emulsion of CsA enhances the local

concentration of this medicament in conjunctiva and cornea which are the target

ocular tissues. A positively-charged emulsion in accordance with the invention is

therefore far more efficacious therapeutically than a negative charge emulsion

having a similar composition.

The Composition The following represent formulations for a

composition in accordance with the invention for treating a dry eye condition and

other eye diseases.

Formulation (1) is a positive blank emulsion to be applied topically to an eye

surface to create on the surface an artificial tear film. Formulation (2) which is for a

CsA positive emulsion has the same ingredients as formulation (1), to which is
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added cyclosporin. The resultant film serves as a vehicle to deliver the medicament

to the eye surface.

Cyclosporin A 0.00 0.20
Castor oil 2.50 2.50

“Lipoid E-80- ~~ 0.50- 0.50
Stearylamine 0.12 0.12
Vitamin E 0.01 0.01
Pluronic F-68 0.42 0.42

Glycerol 2.25 2.25
Benzalkonium chloride 0.01 0.01
Distilled water to 100.00 100.00

Lipid E-8 is a non-polar phospholipid, stearylamine is a cationic lipid and

therefore imparts to the emulsion which also includes a non-polar castor oil a net

positive charge. Pluronic F-68 is the trademark for poloxamer 188, a

polyoxyalkyline derived from polypropylene glycol. Poloxamer 188 is an

emulsifying agent and the glycerol in the formulation functions as an osmotic

agent. Benzalkonium chloride is a cationic surfactant antiseptic agent acting as a

preservative of the emulsion and strengthening the positive charge imparted to the

emulsion by the cationic lipid. Vitamin E acts as a lipophillic antioxidant and as an

eye lubricant.

In practice a composition may include instead of the cationic lipid

stearylamine, cationic lipid oleylamine. The relative percentages of the ingredients

included in the composition are not limited to those set forth above. Thus the

relative percentage of castor oil may be in the range of 0.5 to 10%, that of the

phospholipid (Lipoid E-80)in the range of 0.1 to 2.0%, that of the cationic lipid in

the range of 0.1 to 0.5%, and that of the emulsifying agent, (Pluronic F-68), in the

range of 0.5 to 2.0%.

It is vital however that whatever are the relative ranges of these ingredients,

that the emulsion carry a net positive charge of sufficient strength to cause the

emulsion when forming a film on the anionic surface of an eye, that it be

electrostatically attracted to the surface so that it adheres thereto and cannot be

readily washed away.
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Lipoid E80, Pluronic F-68 and stearylamine coact to improvethestability of

the emulsion droplets which are preferably in the submicron range, by enhancing

the mechanical strength of the interfacial films formed around the droplets

It is important to bear in mind that in a composition in accordance with the

- invention whichis to be administered topically to the anionicsurface of an eye, that -

the phospholipid and castor oil includedin the formulation carry no charge and that

the aggregate net positive charge imparted to the submicron droplets is derived

from the cationic surfactant plus the cationic antiseptic agent.

The advantage of this formulation over a dry eye treatment composition in

which the charge imparted to the droplets is derived only from the phospholipid, as

in the Korb patents, is that with the present formulation the positive charge of the

emulsion is uniformly distributed over the entire area of the artificial tear film

which is produced when the emulsion coats the anionic surface ofthe eye.

This results in electrostatic attraction throughout the entire area of the eye

surface so that no portion thereof remains uncoated and untreated. Hence the

present invention affords a treatment for a dry eye condition in which evaporation

moisture is inhibited over the entire eye surface and no moisture is permitted to

escape therefrom.

Preparation of Composition

Poloxamer 188 (Pluronic F-68) the osmotic agent (glycerol), and

benzalkonium chloride were dissolved in the aqueous phase. The lipid E-80 is first

dissolved in ethanol (1:5) and then dispersed in the aqueous phase. The ethanolis

evaporated during the heating process of the aqueous phase. An antioxidant

(a-tocopherol), the cationic lipid stearylamine (or oleylamine) and the CsA were

dissolved in the castor oil phase. Both phases were heated separately to 70°C. The

water phase was slowly incorporated into the oily phase and mixed with a magnetic

stirrer. The resulting mixture was further heated to a temperature of 85°C.

The coarse emulsion obtained was emulsified for 5 minutes, using a high

shear Polytron mixer and then rapidly cooled to below 20°C. After cooling in an ice

bath, the emulsion was homogenized using a two stage homogenizer valve

0757



0758

WO 03/053405 PCT/IL01/01015

10

15

20

25

30

—10—

assembly for 5 minutes. After further rapid cooling below 20°C, the pH was

adjusted to 7.0 using 0.1 N hydrochloric acid. The emulsion was then filtered

through a TE membranefilter (Schleicher & Schuell, Dassel, Germany) with a pore

size of 0.45 um. Finally, the emulsion was packed under nitrogen atmosphere in

siliconized glass bottles and thensterilizedby autoclaving at 121°C for 15 minutes.

It is desirable that the droplets of the emulsion be in the submicron range and it is

vital that the emulsion which is to be applied topically to the eye surface be sterile.

Medicaments: In an emulsion in accordance with the invention which is to

be applied topically to the surface of an eye to treat a dry eye condition can also

function as a vehicle to deliver a therapeutic agent to the eye to treat an eye disease.

The common practice in treating an eye infection is to deposit drops of an

antibiotic agent in the eye, the number of drops to be applied on any one occasion

being prescribed by a physician. Since this number defines the dosage of the drug

applied to the eye, one must be careful that the drops are limited to the eye and that

none of the applied liquid escapes therefrom. But in practice, it is difficult to

deposit a drop ofliquid into the eye so that none of the liquid flows beyondthe eye

borders, for there is little to hold the liquid to the eye surface.

The advantage of using an emulsion in accordance with the invention as a

vehicle to deliver a therapeutic agent to the eye is that the emulsion which coats the

entire surface of the eye and spreads the agent over its anionic surface, adheres

electrostatically to this surface so that all of the therapeutic agent in a

predetermined dosage is delivered to the eye. And because the coating

electrostatically adheres to the eye surface and cannot be washed away, the

residencetime of treatment is prolonged and the therapeutic agent is therefore more

effective.

The fact that the droplets in the charged emulsion in accordance with the

invention are of submicron size is significant. This results in a much greater charge

density per unit area of the emulsion film than would be produced had the droplet

size been in the micron range and therefore produces a more powerful electrostatic

force.
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We have in the foregoing disclosed cyclosporin A as a preferred .

medicament to be incorporated in the emulsion. But other water-insoluble

medicaments may be used provided that they possess properties for the treatment of

eye disease similar to those of cyclosporin and are non-polar. Should the

medicament carry a negative charge, then the amount of the cationic ingredient

included in the emulsion must be such as to provide a net positive charge.

Thus among suitable medicaments that can be incorporated in an emulsion

in accordance with the invention are those in the family of compoundsincluding

tacrolimus disclosed in US Patent 4,894,366. Also suitable is Sirolimus

(Rapamycin) disclosed in US Patent 3,993,749.

While there has been disclosed preferred embodiments of the invention,it is

to be understood that many changes may be made therein without departing from

the spirit of the invention.
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CLAIMS:

1. An emulsion to be topically applied to the anionic surface of an eye to

form a tear film thereon which lubricates the eye to inhibit evaporation of fluid

therefrom; said emulsion comprising:

A. water, and

B. a mixture dispersed in the water including a non-polar phospholipid, a

non-polar oil, a non-toxic emulsifying agent and a cationic lipid which

imparts a net positive charge to the tear film, causing it to be

entrostatically attracted to the anionic eye surface and to adhere thereto

to inhibit said evaporation

2. An emulsion as set forth in Claim 1, to treat a dry eye condition, the

emulsion being defined by droplets in the submicron range.

3. An emulsion as set forth in Claim 1, in which the oil is castor oil.

4. An emulsion as set forth in Claim 1, in which the phospholipid is Lipoid

E-80.

5. An emulsion as set forth in Claim 1, in which the cationic lipid is

stearylamine.

6. An emulsion as set forth in Claim 1, in which the cationic lipid is

oleylamine.

7. An emulsion as set forth in Claim 4, in which the relative percentage of the

phospholipid in the emulsion lies in the range of 0.1 to 0.5 percent.

8. An emulsion as set forth in Claim 1, in which included in the mixture is

vitamin E.

9. An emulsion as set forth in Claim 1, in which the mixture further includes

an emulsifying agent.

10. An emulsion as set forth in Claim 9, in which the emulsifying agent is

poloxamer.

11. An emulsion as set forth in Claim 10, in which the relative percentage of

the emulsifying agent in the emulsionlies in the range of 0.5 to 2.0 percent.
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12. An emulsion as set forth in Claim 1, in which the mixture further includes

glycerol.

13. An emulsion as set forth in Claim 1, further including a cationic antiseptic

agent.

- 14. - An-emulsion as set forth in Claim 1, in which the antiseptic agent is

benzalkonium chloride.

15. An emulsion as set forth in Claim 1, in which the mixture further includes

a water-insoluble medicamentto treat eye disease.

16. An emulsion as set forth in Claim 15, in which the medicament is

cyclosporin.

17. An emulsion as set forth in Claim 15, in which the medicament is

tacrolimus.

18. An emulsion as set forth in Claim 15, in which the medicament is

sirolimus.

19. A methodoftreating a dry eye condition comprising the stepsof:

A. preparing an emulsion in which water has dispersed therein a

mixture including a non-polar phospholipid, a non-polar oil, a

non-toxic emulsifying agent and a cationic lipid which imparts to

the emulsion a net positive charge; and

B. topically applying the emulsion to an eye surface to form a tear

film which is electrostatically attracted to the anionic surface of

the eye wherebythe film adheres to the surface.

20. A methodas set forth in Claim 19, in which the emulsion is prepared to

create submicron droplets thereof.

21. A method as set forth in Claim 19, in which the mixture includes a

water-insoluble medicament.
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AMENDED CLAIMS

[Received by the International Bureau on 23 December 2002 (23.12.02) ;
new claims 22-24 ; remaining claims unchanged]

12. An emulsion as set forth in Claim 1, in which the mixture further

includes glycerol.

13. An emulsion as set forth in Claim 1, further including a cationic

antiseptic agent.

14. An emulsion asset forth in Claim 1, in which the antiseptic agent is
benzalkonium chloride.

15. An emulsion as set forth in Claim 1, in which the mixture further

includes a water-insoluble medicamentto treat eye disease.

16. An emulsion as set forth in Claim 15, in which the medicament is

cyclosporin.

17. An emulsion as set forth in Claim 15, in which the medicament is

tacrolimus.

18. An emulsion as set forth in Claim 15, in which the medicament is

sirolimus.

19. A method of treating a dry eye condition comprisingthestepsof:

A. preparing an emulsion in which water has dispersed therein a

mixture including a non-polar phospholipid, a non-polar oil, a
non-toxic emulsifying agent and a cationic lipid which imparts

to the emulsion a net positive charge; and

B. topically applying the emulsion to an eye surface to form a tear

film whichis electrostatically attracted to the anionic surface of

the eye whereby the film adheresto the surface.

20. A methodas set forth in Claim 19, in which the emulsion is prepared to

create submicron droplets thereof.
21. A method as set forth in Claim 19, in which the mixture includes a
water-insoluble medicament. |

22. A method of treating immune-mediated keratoconjunctivitis sicca

comprising the stepsof:

A. preparing an emulsion in which water has dispersed therein a

mixture including a non-polar phospholipid, a non-polar oil, a

AMENDEDSHEET(ARTICLE19)
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non-toxic emulsifying agent and a cationic lipid which imparts

to the emulsion a net positive charge, and further includes

cyclosporin A; and

B. topically applying the emulsion to an eye surface to form a tear

film which iselectrostatically attracted to the anionic surface of

the eye whereby the film adheres to the surface.

23. Use of an emulsion for the preparation of a pharmaceutical composition

for the treatment of a dry eye condition, said emulsion comprising:

A. water, and

B. a mixture dispersed in the water including a non-polar phospholipid, a

non-polar oil, a non-toxic emulsifying agent and a cationic lipid

which imparts a net positive charge to the tear film, causingit to be

entrostatically attracted to the anionic eye surface and to adhere

thereto to inhibit said evaporation

24. The use according to Claim 23 for the preparation of a pharmaceutical

composition for the treatment of immune-mediated keratoconjunctivitis sicca;

wherein said emulsion further comprises cyclosporin A.

AMENDED SHEET(ARTICLE 19)
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Statement under Article 19(1)

New Claim 23 is a reformulation of claim 19 in a form acceptable to the
European Patent Office. New claims 22 and 24 claim a particular embodiment of the
invention and find support in the specification on page 5, lines 3-11 and page 7, lines
20-24.

0764



0765

INTERNATIONAL SEARCH REPORT Int

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 A61K9/107 A61K38/13 A61K31/436

onal Application No

PET/IL 01/01015

A61P27/02

According to International Patent Classification (IPC) or to both nationalclassification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed byclassification symbols)
IPC 7 A61K

Documentation searched other than minimum documentationto the extent that such documenis are included in the fields searched

Electronic data base consulted during the international search (name of data base and, wherepractical, search terms used)

EPO-Internal, WPI Data, PAJ, BIOSIS, MEDLINE

Cc. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °|Citation of document, with indication, where appropriate, of the relevant passagesry pprop

WO 93 18852 A C(YISSAM RESEARCH DEV COMPANY
OF) 30 September 1993 (1993-09-30)

page 1, line 2 -— line 6
examples 1-14,16
claims 1,3,18

Further documents are listed in the continuation of box C.

° Special categories of cited documents:

"A" document defining the general state of the art which is not
consideredto be of particular relevance

earlier documentbut published on or after the international
filing date

document which may throw doubts onpriority claim(s) or
whichis cited to establish the publication date of another
citation or other special reason (as specified)

documentreferring to an oral disclosure, use, exhibition or
other means

"P* document published prior to the international filing date but
later than the priority date claimed

Date of the actual completion of the international search

10 July 2002

Nameand mailing addressof the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (431~—70) 340-2040, Tx. 31 65 epo ni,
Fax: (+31—70) 340-3016

Form PCTASA/210 (second sheet) (July 1992)

Patent family membersare listed in annex.

*T* later document publishedafter the internationalfiling date
or priority date and not in conflict with the application but
cited to understandthe principle or theory underlying theinvention

"X" documentof particular relevance; the claimed inventioncannot be considered novel or cannot be considered to
involve an inventive step when the documentis taken alone

*¥" documentof particular relevance; the claimed invention
cannot be consideredto involve an inventive step when thedocument is combined with one or more other such docu—
ments, such combination being obvious to a person skilledin the art.

"&° document memberof the same patent family

Date of mailing of the international search report

23/07/2002
Authorized officer

Epskamp, S

page 1 of 3

Relevantto claim No. 
0765



0766

 Int ~ nal Application No
PCT/IL 01/01015

INTERNATIONAL SEARCH REPORT

   
 C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °|Citation of document, with indication,where appropriate, of the relevant passages

ABDULRAZIK M ET AL: "Effect of emulsion
droplet surface charge on cyclosporine
ocular tissue distribution."
Iovs,
vol. 42, no. 4,
15 March 2001 (2001-03-15), page S925
XP008005391

Annual Meeting of the Association for
-Research- in- Vision- and Ophthalmology;Fort ~ -
Lauderdale, Florida, USA; April 29-May 04,
2001

abstract

    Relevant to claim No.

    
  
  

   

  
  
  
   KLANG SH ET AL: "Physiochemical

characterization and acute toxicity
evaluation of a positively-charged
submicron emulsion vehicle"
JOURNAL OF PHARMACY AND PHARMACOLOGY,
vol. 46, no. 12, 1994, pages 986-993,
XP008005426
ISSN: 0022-3573
abstract

page 986, left-hand column, line 1 - line
9

   
  
  
  
  

  
 
 page 987, left-hand column, last line

—right-hand column, paragraph 3
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This International Search Report has not been establishedin respect of certain claims under Article 17(2)(a) for the following reasons: 
  

Claims Nos.:

becausethey relate to subject matter not required to be searched by this Authority, namely:

Although claims 19-21 are directed to a method of treatment of the
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effects of the composition.

 
  
  

  
 

Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:  
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
 Observations where unity of invention is lacking (Continuation of item 2 offirst sheet) 
 This International Searching Authority found multiple inventions in this international application, as follows:

 
   As all required additional search fees were timely paid by the applicant,this International Search Report coversallsearchable claims.

 
  Asall searchable claims could be searched without effort justifying an additional fee, this Authority did notinvite payment

of any additional fee.

 
  3.||As only someof the required additional search fees were timely paid by the applicant, this International Search Report

covers only those claims for which fees were paid, specifically claims Nos.:

  No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentionedin the claims;it is covered by claims Nos.: 

   Remark on Protest [| The additional search fees were accompanied by the applicant's protest.

  [| No protest accompanied the paymentof additional searchfees. 
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{PTO/SB/17 or equivalent}

Applicant asserts small antity status.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-578} requires that you be given certain information in connection with your
submission of the attached form related to a patent appilcation or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this informationis
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having need for the information in order to perform a contract. Recipients of information shall be
raguirad io comply with the reauiremenis of the Privacy Act of 1974, as amended, pursuant io 5 U.S.C.
552a(n}.
A record related io an international Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, tc the International Bureau of the World
intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218{c}).
A record from this system of records may oe disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency’s responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA requlations governing inspection of records for this purpose, and any other relevant (1e., GSA or
Commerce} diractive. Such disclosure shall not ba used to make determinations about individuals.
A record fram this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(6) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were tarminated and which appilcation is referenced byeither a published application, an
application open to public inspection or an issued patent.
A record fram this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or
regulation.
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