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Title of the invention

GASTRORESISTANT PHARMACEUTICAL DOSAGE FORM COMPRISING N- (2- (2-PHTHALIMIDOETHOXY)

-ACETYL) -L-ALANYL-D-GLUTAMIC ACID (LK-423)

Field of the invention

The present invention relates to pharmaceutical dosage forms which can be used for
controlled and/or targeted delivery of the active substance to the selected regions of
gastrointestinal tract of humans or animals. The pharmaceutical dosage forms of the
present invention will be described by referring to the active substance
N-(2-(2-phthalimidoethoxy)-acetyl)-L-alanyl-D-glutamic acid (designated as LK 423).

A further aspect of the present invention relates to methods and processes for obtaining
said pharmaceutical dosage forms and the methods of treatment of chronic inflammatory
diseases of humans and/or animals by using the pharmaceutical dosage forms of the
present invention.

Background of the invention

N-(2-(2-phthalimidoethoxy)-acetyl)-L-alanyl-D-glutamic acid (designated as LK 423)
was described in EP 477 912 (US 5,514,654). Its effects on the regulation of cytokine
production, inhibition of anti-inflammatory cytokine productidn, and stimulation of
cytokine production, in particular of IL-10 are described in WO 0135982 and in
scientific literature (Ochi C. et al. Arzneimittel-Forschung, (1999) 49(1). 72-79;
Moriguchi M. et al, Arzneimittel-Forschung (1999) 49(2): 184-192). The effects of LK
423 in the treatment of a variety of inflammatory diseases in particular for the
treatment of ulcerative colitis and/or Chron’s disease were disclosed in WO 0135982.
The possibility to prepare pharmaceutical compositions for oral and non-oral
administration of the active substance LK 423 was mentioned in WO 0135982.
However, the detailed description of pharmaceutical dosage forms comprising LK
423 has not been provided either in the patent or in the scientific literatuire.
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The use of pharmaceutical dosage forms which effectively deliver the active
substance to the selected regions of the gastrointestinal tract (e.g. colon) where the
active substance is released is the most reasonable for the treatment of local
diseases (i.e. ulcerative colitis and Chron’s disease) and for the systemic treatment
with the active substances which easily degrade in the upper segments of the
gastrointestinal tract (protein and peptide active substances). Since the access to the
distal segments of the gastrointestinal tract is rather complicated and difficult the
dosage forms for delivery of the active substances to these segments are complex.
Despite a difficult access to the colon, several possible approaches in colon-specific
drug delivery have been developed (Rubinstein A., Crit Rev Ther Drug Carrier Syst,
12 (2&3), (1995) 101-149). In Friend D.R., Adv Drug Deliv Rev, 7, (1991) 149-199,
two goals in designing pharmaceutical dosage forms for colonic targeting are:
e delivery of the unchanged active substance through the stomach and the
small intestine to the colon;
e specific release of the active substance in the colon with satisfactory
predictability and reproducibility.
These goals can be applied for delivery of the drug to other distal portions of the

gastrointestinal tract of humans and animals.

Different approaches for controlled and / or selective and / or targeted delivery of
drugs into gastrointestinal tract are described in the patent literature: EP 527942 (WO
9116881, US 5525634 and US 586661); WO 9200732; EP 366621 (US 5171580 and
WO 9004386); EP 553392; EP 636366 (US 5286493 and US 5580578); EP 463877;
EP 453001; WO 9116042; US 5840332; GB 1219026; WO 8300435; EP 40590, EP
225189; US 2002/0051818 (US 2001/0005716, US 2001/0024660); EP 810857 (US
6228396; WO 9535100) and US 5350741 and in the scientific literature: Gruber P ef
al, Ad Drug Del Rev (1987) 1: 1-18; Rao S and Ritschel WA, S.T.P. Pharma Sci
1995; 5: 19-29; Evans DF et al Gut (1988) 29: 1035-1041; Lee VHL et al Peptide
and protein drug delivery, Lee VHL Ed., Marcel Dekker New York, (1990) 712-720;
Rubinstein A. Crit Rev Ther Drug Carrier Syst, 12 (2&3), (1995) 101-149; Wilding IR
et al Pharmac Ther (1994) 62: 97-124; Peeters R and Kinget R, Int J Pharm (1993)
94: 125-134; Evans DF et al Gut (1988) 29: 1035—-1041; Ashford M et al, Int J Pharm
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(1993) 91: 241-245; Ashford M et al Int J Pharm (1993) 95: 193—199; Follonier N and
Doelker E, S.T.P. Pharma Sci (1992) 2: 141-158; Hwang SJ ef al Crit Rev Ther Drug
Carrier Syst (1998) 15: 243-284; Coupe AJ et al Pharm Res (1991) 8: 360-364;
Mooter van den G and Kinget R, Drug Del (1995) 2: 81-93; Wilding IR et al Pharmac
Ther (1994) 62: 97-124; Wilding IR ef al Int J Pharm (1994) 111: 99-102; Fukui E et
al Int J Pharm (2000) 204: 7—15; Gazzaniga A. et al Pharma Sci, 5(1), (1995) 83-88;
Ishibashi T. et al Int J Pharm, 168, (1998) 31-40; Ishibashi T. et al J Control Release,
57, (1999) 45-53; Kraeling M.E.K. and Ritschel W.A., Methods Find Exp Clin
Pharmacol, 14(3), (1992) 199-209; Ashford M. et al J Controlled Release (1993) 26:
213-220; Ashford M. et al J Controlled Release (1994) 30: 225-232; Rubinstein A et
al Pharm Res (1993) 10: 258-263; Sriamornsak, P. Int. J. Pharm. (1998) 169: 213—
220; Sriamornsak, P. and Nunthanid, J. Int. J. Pharm. (1998) 160: 207-212;
Sriamornsak, P., Puttipipatkhachorn, S., Prakongpan, S., Int. J. Pharm. (1997) 156:
189-194; Sriamornsak, P. et al J. Controlled Release (1997) 47: 221-232,
Sriamornsak, P., Int. J. Pharm. (1998) 169: 213-220; Wakerly, Z. et al Pharm. Res.
(1996) 13: 1210-1212; Macleod, G.S et al J. Controlled Release (1999) 58: 303—-310;
Macleod, G.S., et al Int. J. Pharm. (1999) 187: 251-257; Munjeri, O. et al J.
Controlled Release (1997) 46: 273-278.

For the development of the drug delivery systems specific for delivery to distal
portions of gastrointestinal tract (e.g. colon) parameters like the pH values (leading to
the development of pH controlled systems), gastrointestinal transit time (leading to
the time-controlled systems) and in the colon specifically degradable polymers e.g.

degradable polysaccharides are important.

By specific delivery of the active substance to the selected segments of the
gastrointestinal tract it is possible to achieve a high concentration of an active -
substance in the affected segment, and low systemic burden leading to few side
effects. In comparison to a systemic delivery of an active substance a specific
delivery enables smaller breakdown of the active substance, a greater extent of
absorption, a better absorption profile and fewer local side effects.
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In the field of the treatment of inflammatory bowel diseases, there is a constant need for
pharmaceutical dosage forms which would enable controlled, targeted and effective
administration and/or delivery of the active substance to the diseased region and which
are simple and do not require assistance of the medicinal personnel for application, at the

same time being economical, effective, safe with minimum side effects, and human or
animal friendly.

Summary of the invention

It would be advantageous if at least preferred embodiments of the present invention
provide new pharmaceutical dosage forms which can be used for controlled and/or
targeted delivery of the active substance to the gastrointestinal tract of humans and
animals, preferably to the selected regions of the gastrointestinal tract. The
pharmaceutical dosage forms of the present invention enable a controlled release of the
active substance in the predetermined concentrations into the selected regions of the
gastrointestinal tract, especially into the distal portions of the gastrointestinal tract of
humans or animals. Although the pharmaceutical dosage forms of the present invention
have been developed for the active substance N-(2-(2-phthalimidoethoxy)-acetyl)-L-alanyl-
D-glutamic acid (designated as LK 423), the concept of the invention and the
pharmaceutical dosage forms of the present invention can be applied for other active
substances that need the controlled and/or targeted delivery to the selected regions of
gastrointestinal tract.

The pharmaceutical dosage form of the present invention can be used for the treatment of

chronic inflammatory diseases such as inflammatory bowel diseases in humans and
animals.

2378389_1 (GHMatters)
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The present invention provides the following items 1 to 26:

A coated pharmaceutical dosage form suitable for controlled and/or targeted delivery
of active substance to the distal portions of the gastrointestinal tract of humans and -
animals comprising:

- a core containing the active substance N-(2-(2-phthalimidoethoxy)-acetyl)-
L-alanyl-D-glutamic acid, a polysaccharide and a glidant,

- an inner coat which prevents the release of the said active substance in the
proximal portions of the small intestine, which comprises a polymer selected from
the group consisting of methacrylate ester copolymers, mixture of
polyvinylacetate and polyvinylpyrrolidone and/or combinations thereof, a glidant
and a plasticizer,

- an outer coat which is insoluble in an acid environment at pH below 5 and
prevents release of the said active substance in the acidic medium of the
stomach, which comprises an acidoresistant polymer selected from the group
consisting of derivatives of methacrylic acid copolymer, hydroxypropylmethy!
cellulose phthalate, hydroxyethylcellulose phthalate, cellulose acetate phthalate,

polyvinyl acetyl phthalate, hydroxypropylmethyl cellulose acetate succinate or
combinations thereof, a glidant and a plasticizer.

The coated pharmaceutical dosage form according to item 1 wherein the distal
portions of the gastrointestinal tract are ileum, ceacum and colon.

The coated pharmaceutical dosage form according to item 1 wherein the dosage
form is administered to humans or animals in the amount from about 10 mg to about
1000 mg of the said active substance in a single dose or more divided doses.

The coated pharmaceutical dosage form according to item 1 wherein the
polysaccharide is selected from the group consisting of pectin or alginate, either in
the form of acid or in the form of metal salt, galactomannans, covalently crosslinked
dextran, amylose, xanthans, carrageenan and starch or combinations of the said
polysaccharides or their salts.

The coated pharmaceutical dosage form according to item 4 wherein the
polysaccharide is selected from the group consisting of pectin or calcium pectinate.

2378399_1 (GHMatters)
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The coated pharmaceutical dosage form according to item 1 wherein the core is a
solid dispersion of the said active substance in the calcium pectinate, forming a
calcium pectinate matrix.

The coated pharmaceutical dosage form according to item 1 wherein the glidant of
the core is selected from the group consisting of magnesium stearate, calcium
stearate and colloidal silicon dioxide.

The coated pharmaceutical dosage form according to item 1 wherein the selected
combination of polymers of the inner coat comprises a combination of copolymers of
acrylic and methacrylic acid esters with a low content of quartenary ammonium
groups.

The coated pharmaceutical dosage form according to item 1 wherein the
acidoresistant polymer of the outer coat comprises an anionic copolymer based on
methacrylic acid and ethyl acrylate.

The coated pharmaceutical dosage form according to item 1 wherein the glidant of
the inner and of the outer coat is selected from the group consisting of talc, kaolin
and glycerol monostearate.

The coated pharmaceutical dosage form according to item 10 wherein the glidant is
talc.

The coated pharmaceutical dosage form according to item 1 wherein the plasticizer
of the inner and of the outer coats is selected from the group consisting of triethyl
citrate, tributyl citrate, acetyltriethyl citrate, acetyltributyl citrate, diethyl phthalate,
dibutyl phthalate, dibutyl sebacate, glyceryl triacetate, triacetin, polyethylene giycol
6000 and polyoxyethylene (20) sorbitan monooleate.

The coated pharmaceutical dosage form according to item 12 wherein the plasticizer
is triethyl citrate.

A coated pharmaceutical dosage form comprising:

e a core - a calcium pectinate matrix in which the active substance
N-(2-(2—phthaIimidoethoxy)-acetyl)-L-aIanyI-D-qutamic acid is dispersed,
comprising magnesium stearate, and

2376389_1 (GHMatters)
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* inner coat - comprising ammonio methacrylate copolymer type B (USP/NF) and
ammonio methacrylate copolymer type A (USP/NF), talc and triethy! citrate, and

* outer coat - comprising methacrylic acid copolymer type C (USP/NF), talc and
triethyl citrate.

The coated pharmaceutical dosage form according to any one of items 1 to 14
wherein the dosage form is in a form of a microcapsule, a coated microparticle, a
coated microsphere, a coated granule, a coated pellet, a tablet or a capsule.

The coated pharmaceutical dosage form according to item 15 wherein the dosage
form is in a form of a microcapsule.

The coated pharmaceutical dosage form according to item 16 wherein the
microcapsules are further incorporated into an inert tablet matrix or an inert capsule.

A coated pharmaceutical dosage form comprising a core containing

N-(2-(2-phthalimidoethoxy)-acetyl)-L-alanyl-D-glutamic acid, and an inner coat,

wherein the dosage form is in a form of a microcapsule which is embedded

* either into a gastroresistant tablet matrix forming a tablet, or

* into an inert tablet matrix which is subsequently coated with a coat from a
gastroresistant and/or acidoresistant polymer forming a tablet, or

* into a capsule from a gastroresistant and/or acidoresistant polymer, or

e into an inert capsule which is subsequently coated with a coat from a
gastroresistant and/or acidoresistant polymer.

The coated pharmaceutical dosage form according to item 18 wherein the dosage

form is a tablet comprising microcapsules embedded into a gastroresistant tablet
matrix.

The coated pharmaceutical dosage form according to item 18 wherein the tablet
matrix is hydroxypropylmethyl cellulose phthalate combination with a mixture of
polyvinyl acetate and polyvinyipyrrolidone.

The coated pharmaceutical dosage form according to item 18 wherein the
gastroresistant and/or acidoresistant polymer is selected from the group consisting
of derivatives of methacrylic acid copolymer, hydroxypropylmethyl cellulose
phthalate, hydroxyethyl cellulose phthalate, cellulose acetate phthalate, polyvinyi

2376369_1 (GHMatters)
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acetyl phthaiate, hydroxypropylmethylcellulose acetate succinate or combinations
thereof.

Use of a pharmaceutical dosage form according to any one of items 1 to 21 for the
preparation of medicament for the treatment of chronic inflammatory diseases in
humans or animals.

A method for the treatment of chronic inflammatory diseases in a human or animal
comprising administering to the human or animal a pharmaceutical dosage form
according to any one of items 1 to 21.

Use of a pharmaceutical dosage form according to item 22 or method according to
item 23, wherein the chronic inflammatory diseases are selected from the group
consisting of colitis, nonspecific ulcerative colitis and Crohn's disease.

Use of a pharmaceutical dosage form according to any one of items 1 to 21 for the
treatment of chronic inflammatory diseases in humans or animals.

Use of a pharmaceutical dosage form according to item 25 wherein the chronic
inflammatory diseases are selected from the group consisting of colitis, nonspecific
ulcerative colitis and Crohn’s disease.

Description of the figures

23768398_1 (GHMatters)
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Figure 1 shows a schematic structure of some pharmaceutical dosage forms
according to the invention.

Figure 2 shows the release profile of the active substance from the microcapsules of
1600-2000 pm in size, coated with 10% Eudragit® RS/Eudragit® RL mixture in the
ratio 1:1 and 30% Eudragit® L-55 according to Example 1.

Figure 3 shows the release profile of the active substance from the microcapsules of
1250-2000 pum in size, coated with 3% Eudragit® RS/Eudragit® RL mixture in the
ratio 1:1 and 30% Eudragit® L-55 according to Example 2.

Figure 4 shows the release profile of the active substance from the tablets consisting
of single-coated microcapsules and compressed into tablets  with
hydroxypropylmethyl cellulose phthalate (HPMCP) / Kollidon® SR mixture according
to Example 3.

Figure 5 shows the intestinal mucosa with DSS-induced coagulation necrosis not
treated with LK 423. Superficial and glandular epithelium missing in the area of
necrosis. The propria of the mucosa is infiltrated with inflammatory cells.
Large hemorrhage surrounded with inflammatory cells in the strongly edematous
submucosa.

Organ: colon. Staining - HE (hematoxylin — eosin). Magnification: 40x.

Figure 6 shows the necrotic propria of the mucosa with DSS (dextran sulphate
sodium) -induced coagulation necrosis which was then treated directly with the pure
compound LK 423. The propria of the mucosa is infiltrated with inﬂammétory cells
(active inflammatory process), including many fibroblasts. A surface of the propria of
the mucosa is covered with the epithelium which is of uneven thickness and
detaches from the base. No renewal of the glandular epithelium in the propria is
visible. Inflammatory cells and fibroblasts accumulate in the edematous submucosa
under the lamina muscularis.

Organ: colon. Staining - HE (hematoxylin — eosin). Magnification: 40x.

Figure 7 shows the necrotic propria of the mucosa with DSS-induced coagulation
necrosis which was then treated with microcapsules comprising LK 423 that is in the
pharmaceutical dosage form of the present invention. The granulation tissue is in the
area of necrosis in the mucosa and submucoca. Covering of the granulation tissue in
the mucosa by the superficial epithelium from the margins of the damage. De-novo
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formation of the correctly structured glands and lymph follicles. Acute hemorrhage
and acute inflamed infiltration absent.
Organ: colon. Staining - HE (hematoxylin — eosin). Magnification: 40x.

Description of the invention

It was found that the pharmaceutical dosage forms of the present invention which
comprise an active substance can be used for controlled and/or targeted delivery of

the active substance to the selected regions of gastrointestinal tract, especially to the

- distal portions of gastrointestinal tract of humans and animails i.e. ileum, caecum and

colon.

The pharmaceutical dosage forms of the present invention comprise the active substance
N-(2-(2-phthalimidoethoxy)-acetyl)-L-alanyl-D-glutamic acid (LK 423).

The pharmaceutical dosage forms of the present invention comprise a core, an inner
coat and optionally an outer coat.

The term ‘core’ as used herein, refers to the central part of a pharmaceutical dosage
form containing the active substance per se or containing the active substance
incorporated into a polysaccharide matrix. Said core may be in the form of a spheroid
particle which is selected from the group consisting of a microsphere, microparticle,
pellet, granule or other analog and/or similar form.

The term ‘coat’ as used herein, refers to a layer surrounding the core.
The core is in the interior of the pharmaceutical dosage form of the present invention.

The pharmaceutical dosage form may have more coats so that the core is in the

interior, surrounded with one inner coat and optionally one outer coat.
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The term ‘inner coat’ as used herein, refers to a coat which is applied directly to the
core, and is interchangeable with the terms a retard coat, a retard type coat, a coat
from retard polymers and a coat for sustained release.

The term ‘subcoat’ as used herein refers to a layer which is applied under inner or
under outer coat to separate core from inner coat and / or inner coat from outer coat.
It may be used when the incompatibilities could appear between the components of

the core and components of inner coat and / or between the components of inner and
outer coat.

The term ‘outer coat' as used herein refers to a coat which is applied to the inner
coat, and is interchangeable with the terms gastroresistant coat, enteric coat,

acidoresistant coat, coat from gastroresistant and/or acidoresistant polymers.

In the pharmaceutical dosage form of the present invention, the core may comprise the '
active substance and a polysaccharide (forming a polysaccharide matrix) whereby the
ratio of the active substance to a polysaccharide is from about 4:1 to about 1:4 (w/w). The
active substance is LK 423. Preferably, the ratio of LK 423 to a polysaccharide is about
1:1 (w/w). The polysaccharide may be selected from the group consisting of pectin or
alginate, either in the form of acid or in the form of metal salt, galactomannans, covalently
crosslinked dextran, amyliose, xanthans, carrageenan and starch or combinations of the
said polysaccharides or their salts with the same specific degradability. Preferably, the

selected polysaccharide is pectin, more preferably in the form of calcium salt (calcium
pectinate). '

Preferably, the core is a solid dispersion of the active substance LK 423 in the
calcium pectinate, forming a calcium pectinate matrix. The calcium pectinate matrix is
specifically degradable by bacterial flora in distal portions of the gastrointestinal tract.
In the contact with an aqueous medium, it swells, forms hydrogel through which the
active substance is released. The active substance in the matrix may be dissolved,

suspended or partly dissolved and partly suspended. The solid dispersion is in the
form of spherical beads.
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Furthermore, the core preferably further comprises a glidant. The glidants may
increase the homogeneity of suspensions in the process of core preparation. When
the glidant is present, the proportion of the glidant is from about 15 to about 60%
(w/w) to the weight of the cores. The glidant in the core may be selected from the group

consisting of magnesium stearate, calcium stearate or colloidal silicon dioxide (Aerosil).
Preferably, the glidants are magnesium stearate or colloidal silicon dioxide (Aerosil).

In some embodiments, the cores of the pharmaceutical dosage forms of the present
invention have a diameter from about 100 ym to about 2800 pm.

.. The core of the pharmaceutical dosage form of the present invention is surrounded

by inner coat which enables sustained release of the active substance from the core.
The inner coat prevents release of the active substance in the proximal portions of
the small intestine and enables its release in ileum, caecum and colon.

‘In some embodiments, the inner coat comprises a polymer which is insoluble in water and is

partly permeable for water and aqueous solutions. The polymer may be selected from the
group consisting of methacrylate ester copolymers, mixture of polyvinyl acetate.(PVAc) and

polyvinylpyrrolidone (PVP) and/or combinations thereof. The inner coat may

comprise a combination of two or more polymers. When the inner coat comprises a

combination of two polymers, both are pH-independent and insoluble in aqueous
media. The combination of two polymers is selected from the group consisting of
methacrylate ester copolymers (combination of copolymers of acrylic and methacrylic
acid esters with a low content of quaternary ammonium groups) (e.g. Eudragit RS,
Eudragit RL). Preferably, the inner coat comprises a combination of methacrylic and
acrylic acid esters derivatives which are copolymers of acrylic and methacrylic acid

esters with a low content of quaternary ammonium groups, the molar ratio of

" ammonium groups to remaining neutral esters being 1:20 in the first polymer, and

1:40 in the second polymer. More preferably, the first polymer is ammonio
methacrylate copolymer type A according to USP/NF (e.g. Eudragit® RL) and the
second polymer is ammonio methacrylate copolymer type B according to USP/NF
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(e.g. Eudragit® RS). Preferably, the copolymers are applied on the core in the form of
dispersion, more preferably in the form of 30% aqueous dispersion.

The inner coat preferably further comprises other pharmaceutically acceptable
excipients. Suitable pharmaceutically acceptable excipients are selected from the
group consisting of a glidant, a plasticizer, an anti-foaming agent and a pigment.

A glidant of the inner coat may be selected from the group consisting of hydrous
magnesium silicate (talc), kaolin and glycerol monostearete. Preferably the selected
glidant of the inner coat is talc.

A suitable plasticizer of the inner coat may be selected from the group consisting of triethyl
citrate, tributyl citrate, acetyltriethyl citrate, acetyltributyl citrate, diethyl phthalate,
dibutyl phthalate, dibutyl sebacate, glyceryl trizacetate, triacetin, polyethylene glycol
6000 and polyoxyethylene (20) sorbitan monao leate. Preferably the plasticizer of the
inner coat is triethyl citrate. |

In some embodiments of the pharmaceutical dosage form of the present invention having one core
and one (inner) coat, the proportion of the core is from about 50% to about 98% (ww) and the

proportion of the coat is from about 2% to about 50% (w/w) to the total weight of the
pharmaceutical dosage form. Preferably the p roportion of the core in said dosage
form is from about 70 to about 97% by weight and the proportion of the coat from

about 2% to about 30% by weight to the total weight of the pharmaceutical dosage
form. .

In the pharmaceutical dosage form of the pressent invention the outer coat may be
applied to the inner coat. The outer coat is insoluble in an acidic environment at the
pH below 5 and prevents release of the active substance in the acidic medium of the
stomach. The outer coat preferably comprises a polymer soluble at pH above 5.5 (ie.
pH of small intestinal fluids).

The outer coat may comprise any acidoresistant polymer selected from the group
consisting of derivatives of methacrylic acid co polymers (e.g. Eudragit® L, Eudragit®
L-55, Eudragit® S, Eudragit® FS), HPMCP, hydroxyethylcellulose phthalate (HECP),
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cellulose acetate phthalate (CAP), polyvinyl acetyl phthalate (PAP),
hydroxypropylmethylcellulose acetate succinate (HPMC AS) or combinations thereof.
Preferably the outer coat comprises an anionic copolymer based on methacrylic acid
and ethyl acryléte. According to USP/NF, a suitable polymer is methacrylic acid
copolymer type C (e.g. Eudragit® L-55) in the form of dispersion, more preferably in
the form of the 30% aqueous dispersion.

The outer coat of the present invention may preferably further comprise other
pharmaceutically acceptable excipients selected from the group consisting of a

glidant, a plasticizer, an antifoaming agent and a pigment. Preferably, a glidant and a
plasticizer are used.

A glidant of the outer coat may be selected from the group consisting of talc, kaolin and
glycerol monostearate. Preferably, the glidant of the outer coat is talc.

A plasticizer of the outer coat may be selected from the group. consisting of triethyl citrate,
tributyl citrate, acetyltriethyl citrafe, acetyltributyl citrate, diethyl phthalate, dibutyl
phthalate, dibutyl sebacate, glyceryl triacetate, triacetin, polyethylene glycol 6000 and

polyoxyethylene (20) sorbitan monooleate. Preferably, the plasticizer of the outer
coat is triethyl citrate.

In some embodiments of the phammaceutical dosage form of the present invention having a core,
an inner and an outer coat, the proportion of the core is from about 30 to about 90% (wiw), the
proportion of the inner coat is from about 2% to about 50% (w/w) and the proportion
of the outer coat is from about 6 % to about 50% (w/w) to the total weight of the
pharmaceutical dosage form. Preferably the proportion of the core in said dosage
form is from about 55% to about 90% (w/w), the proportion of the inner coat from
about 2 % to about 30% (w/w) and the proportion of the outer coat from about 6% to

about 32% (w/w) to the total weight of the pharmaceutical dosage form.

The site and kinetic of release of the active substance from the pharmaceutical
dosage form of the present invention can be adjusted by the core size, the content of
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the active substance and the thickness and composition of the inner coat and
thickness and composition of the outer coats. In this respect the combinations of
cores of different diameter and inner and outer coats of different thickness and
compositions are possible. If the thickness of the inner coat and/or outer coat is
greater, release of the active substance is retarded.

In the most preferred aspect of the invention the pharmaceutical dosage form
suitable for controlled and/or targeted delivery of the active substance to the distal

portions of the gastrointestinal tract comprises

e a core - a calcium pectinate matrix in which LK 423 is dispersed, comprising
magnesium stearate as a glidant, and

e inner coat — comprising polymers Eudragit RS and Eudragit RL, talc as a
glidant and triethyl citrate as a plasticizer, and

e outer coat — comprising polymer Eudragit L-55, talc as a glidant and triethyl

citrate as a plasticizer.

The pharmaceutical dosage form of the present invention may be in a form of a
microcapsule, a coated microparticle, a coated microsphere, a coated granule, a
coated pellet, a tablet, a capsule or the like. Preferably, the pharmaceutical dosage
form of the present invention is in the form of microcapsules which may be
incorporated into an inert tablet matrix or into an inert capsule to enable their
application and to assure exact dosing. The inert tablet matrix or the inert capsule
must not influence the drug release.

The term ‘microcapsule’ as used herein refers to a spheroid particle, ranging from
1 pm to 3000 um in size comprising a core and at least one coat. Microcapsules are
incorporated into different dosage forms: suspensions, capsule s or tablets, they may

also be used as powders.

The term ‘microsphere’ as used herein, refers to a spheroid particle, ranging from
1 um to 3000 ym comprising the active substance, a polysaccharide (forming a
polysaccharide matrix) and one or more excipients.
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A further embodiment of the present invention relates to the pharmaceutical dosage
form where no outer coat is applied. Preferably, the pharmaceutical dosage form is in
the form of microcapsules which comprises a core and an inner coat. Instead of
applying the outer coat more microcapsules are embedded:

o ceither into a gastroresistant tablet matrix forming a tablet, or

e into an inert tablet matrix which is subsequently coated with a coat from a

gastroresistant and/or acidoresistant polymer forming a tablet, or
« into a capsule from a gastroresistant and/or acidoresistant polyrmer, or
e into an inert capsule which is subsequently coated with a coat from a

gastroresistant and/or acidoresistant polymer

Gastroresistant and/or acidoresistant polymers of said pharmaceutical dosage forms
are soluble at pH above 5.5 (pH of intestinal fluid) and are selected from the group
consisting of any acidoresistant polymer selected from the group consisting of
derivatives of methacrylic acid copolymers (e.g. Eudragit® L, Ewdragit® L-55,
Eudragit® S, Eudragit® FS), HPMCP, hydroxyethylcellulose phthalate (HECP),
cellulose acetate phthalate (CAP), polyvinyl acetyl phthalate (PAP), HPMC AS or
combinations thereof.

Other substances may be added to modify drug release and/or to facilitate the
preparation of tablets or capsules. For example, when HPMCP is used as
gastroresistant polymer a mixture of PVAc and PVP (e.g. Kollidon® SR) may be
added to modify drug release. *

Most preferably, the pharmaceutical dosage form of this embodiment of the present
invention is a tablet comprising microcapsules (with a core and an inner coat)
embedded into a tablet matrix which is preferably HPMCP combination with a mixture
of PVAc and PVP (e.g. Kollidon®SR).

In the pharmaceutical dosage form of this embodiment the proportion of the core is
from about 10% to about 90% (w/w) to the total weight of the pharmaceutical dosage
form. The proportion of the inner coat is from about 2% to about 50% by weight and
the proportion of the tablet matrix from about 6% to about 90% to the total weight of
the pharmaceutical dosage form. Preferably the proportion of the core in said dosage
form is from about 10% to about 80% (w/w) to the total weight of the pharmaceutical
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dosage form. The proportion of the inner coat is from about 2% to about 30% (w/w)
and the proportion of the tablet matrix is from about 6% to about 90% to the total
weight of the pharmaceutical dosage form.

The pharmaceutical dosage forms of _thé present invention may be administered to
humans or animals in the amount from about 10 mg to about 1000 mg of LK 423 in a
single dose or more divided doses.

The present invention further relates to the processes for the preparation of the
pharmaceutical dosage forms for controlled and/or targeted delivery of the active
substance (LK 423).

The microcapsules of the present invention may be prepared by different methods.
For the core preparation any method which enables the preparation of solid
dispersions of the active substance in a polysaccharide, forming a polysaccharide
matrix, in the form of beads, in particular the ionotropic gelation method based on
rapid solidification of polysaccharide droplets in the solution of ions with which a
polysaccharide forms insoluble salts, is suitable. Suitable methods are also spray
drying, solvent extraction and evaporation and fluid bed methods. For some of these
methods additional excipients may be needed.

Coating of the cores and microcapsules can be performed by employing the fluid bed
technology or any other technology suitable for film coating. One of alternative
methods is also solvent extraction or evaporation method.

The present invention further relates to methods for controlled and/or targeted delivery of
the active substance (LK 423) with the use or administration of any pharmaceutical
dosage form of the present invention. Further, the present invention relates to the methods

for controlled and/or targeted delivery of the active substance to all distal portions of
gastrointestinal tract.

The present invention further relates to the methods for the treatment of
chronic inflammatory diseases in humans or animals by delivering of any
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pharmaceutical dosage form of the present invention. Chronic inflammatory diseases
are selected from the group consisting of inflammatory bowel diseases in humans or
animals, mainly colitis, nonspecific ulcerative colitis and/or Crohn’s disease.

By using the method for the treatment of chronic inflammatory diseases the active
substance is administered to humans or animals in the amount from about 10 mg to

about 1000 mg daily in a single dose or more divided doses.

In addition to the methods of treatment, the present invention also provides the use
of the active substance for the preparation of any pharmaceutical dosage form of
said invention for the treatment of chronic inflammatory disease in humans or

animals. Chronic inflammatory disease is selected from the group consisting of
inflammatory bowel diseases in humans or animals, mainly colitis, nonspecific

ulcerative colitis and/or Crohn'’s disease.

By using the active substance for the preparation of any pharmaceutical dosage form

of the present invention for the treatment of chronic inflammatory disease the active

substance can be administered to humans or animal in the amount from about 10 mg to
about 1000 mg daily in a single dose or more divided doses.

Example 1

Preparation of microcapsules for the delivery of LK 423 to the rat colon

Preparation of cores

The cores were prepared by the ionotropic gelation method, which is based on rapid
solidification of polysaccharide solution droplets in a solution of ions with which
polysaccharides form insoluble salts.

For the preparation of LMA pectin solutions (Genu pectin type LM-104 AS-Z,
Hercules, Netherlands) pectin was being dissolved in demineralized water at least for
12 hours at room temperature. LK 423 and magnesium stearate were suspended in
the pectin solution and the resuiting dispersion was stirred for three hours on a
magnetic stirrer. The dispersion was then poured manually by dropping into 0.25M
solution of CaCl,. The obtained cores were solidified in CaCl; for 30 minutes, filtered,
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washed with demineralised water and dried for 24 hours at room temperature and

atmospheric pressure. Additionally, the cores were dried in Wurster chamber just

prior to the coating process.

The composition of the dispersion for the preparation of cores is given in Table 1.

Table 1: Composition of the dispersion for the preparation of cores

Ingredient Amount
Pectin 6.0g
Demineralised water 100 g
LK 423 6.0g
Magnesium stearate 279

The dried cores were sieved in the further procedure and only a fraction of the

particle size 1250-1600 pm was used for the preparation of microcapsules.

Coating process

The coating process was performed by the fluid bed technology in the Apparatus

Niro-Aeromatic STREA-1.

Compositions of the dispersions for core coating are described.in Table 2.

Table 2: Composition of the dispersions for core coating.

Inner coat Outer coat
Eudragit® RS/RL 30 D 48.33 ¢ Eudragit L 30 D-55 (30% | 53.09g
(1:1) (30% wiw w/w dispersion)
dispersion)
Triethyl citrate 3.63¢g Triethyl citrate 1649
Talc 7269 Talc 84g
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Demineralized water 40.78 g Demineralized water 37449

The weights of individual ingredients for the preparation of 100 g of the dispersion

are given.

For inner coating the following conditions were used:
- Inlet heated air flow: level 5,
- Inlet air temperature: 40°C,
- Spraying pressure: 2 bar,

- Coating suspension flow: 1.3 g/min.

The polymers in the inner coat represented 10% of the weight of uncoated cores.
The cores coated with the inner coat were cured for 24 hours at 40°C, and then the

outer coat was applied under the following conditions:

- Inlet heated air flow: level 5
- Inlet air temperature: 40°C,
- Spraying pressure: 1.5 bar,

- Coating suspension flow: 1.9 g/min.
The polymer in the outer coat represented 30% of the weight of uncoated cores.

All tests were performed at least 24 hours after application of the outer coat.

Meanwhile, the microcapsules were stored spread on the trays at room temperature.

As small quantities of the sample were available, the coating process was performed
with a 1-2 g of the cores or cores with inner coat and a proper quantity of coloured
placebo pellets which were clearly distinguishable by the colour were added up to 40
g. The microcapsules prepared in this way were from 1600-2000 pm in size. The

content of LK 423 in the microcapsules was 14.5% (w/w).
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In vitro release test

In vitro release test of LK 423 was carried out by using the above described
microcapsules according to USP XXVI, in Apparatus 2, for 12 hours in different
media in the following order: the first three hours in pH 3.3 HCI solution, three hours
in pH 7.1 phosphate buffer, one hour in pH 7.6 phosphate buffer, and five hours in
pH 7.1 phosphate buffer. These conditions should simulate the conditions in the
gastrointestinal tract of the rat. The release profile of LK 423 is shown in Figure 2.
The release profile of LK 423 shows that in first seven hours less than 20% of
incorporated drug was released, followed by release of at least additional 50% of

drug in next four hours.

Example 2

Preparation of microcapsules for the delivery of LK 423 to the human colon.

The cores were prepared according to the method described in Example 1; cores of
1000-1600 um in size were selected and then coated. The polymers in the inner coat
(Table 2) represented 3% of the weight of uncoated cores. The polymer in the outer
coat represented 30% of the weight of uncoated cores. The coating conditions are
described in Example 1.

The microcapsules were 1250-2000 pm in size. The content of the active substance
was 10.8% (w/w).

In vitro release test

In vitro release test was carried out by using the above described microcapsules
according to USP. XXVI, in Apparatus 2, for two hours in pH 1.2 HCI solution,
followed by 2-hour release in a pH 6.8 phosphate buffer, thereafter the
microcapsules were placed in a pH 7.5 phosphate buffer for 1 hour, and finally in a
pH 6.0 phosphate buffer for 4 hours. These conditions should simulate the conditions

in human gastrointestinal tract. The release profile of LK 423 is shown in Figure 3.
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The release profile of LK 423 shows that less than 15% of drug was released in first
three hours of the test and at least additional 60% in next four hours.

Example 3

Preparation of microcapsules for the delivery of LK 423

The cores were prepared according to the method described in Example 1.

For the preparation of LMA pectin solutions (Genu pectin type LM-104 AS-Z,
Hercules, Netherlands) pectin was being dissolved in demineralized water at least for
12 hours at room temperature. LK 423 and Aerosil 200 (Degussa) were suspended in
the pectin solution and the resulting dispersion was stirred for 1 to 2 hours on a
magnetic stirrer. The dispersion was then poured by dropping into ice-cold 0.272 M
solution of CaCl, with aid of infusion pump. For the amount of approximately 2.4 g of
dispersion 100 mL of CaCl, was used. The obtained cores were solidified in CaCl, for
5 minutes, filtered, washed with demineralised water and dried for 24 hours at room
temperature and atmospheric pressure. Additionally, the cores were dried in Wurster
chamber just prior to the coating process. The amounts of substances used are

shown in Table 1.

Table 3: Composition of the dispersion for the preparation of cores.

Ingredient Amount
Pectin 3549
Demineralised water 100 g
LK 423 35g
Aerosil 200 5512¢g

The dried cores were sieved in the further procedure and only a fraction of the

particle size 1600—2000 pm was used for preparation of microcapsules.
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The coating conditions are described in Example 1, with the exception that the ratio
of polymers in the inner coat Eudragit RS : Eudragit RL was 7 : 3. The polymers in
the inner coat represented 15% of the weight of uncoated cores. The polymers in the

outer coat represented 30% of the weight of uncoated cores

The microcapsules were 1600-2000 um in size. The content of the active substance
was 14,11%.

In vitro release test

In vitro release test of LK 423 was carried out by using the above described
microcapsules according to USP XXVI, in Apparatus 2, in different media in the
following order: the first two hours in pH 1,2 HCI solution containing 2g/L NaCl and to
the end in pH 6.8 phosphate buffer. The release profile of LK 423 shows that in first
five hours less than 25% of incorporated drug was released, followed by release of at

least additionally 55% of drug in next five hours.

Example 4

Preparation of tablets for the delivery of LK 423 to the human colon

The cores comprised a solid dispersion of LK 423 in the calcium pectinate (forming a
calcium pectinate matrix) coated with Eudragit® RS polymer. The obtained
microcapsules were embedded into the tablet matrix which was a combination of
HPMCP and Kollidon® SR. The microcapsules were entirely coated with the
combination of said two polymers.

Preparation of cores

The cores were prepared by the ionotropic gelation method. The process was

conducted as described in Example 1 with the exception that no magnesium stearate
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was used. The ratio of pectin LMA (GENU pectin LMA, Hercules) to LK 423 in the
initial dispersion was 1 : 3 (w/w). The amount of water per g of pectin in initial
dispesion was between 25 and 30g.

Coating process

The inner coat was applied by the solvent evaporation method in the system acetone
/ liquid paraffin with approximate ratio 6mL / 80mL. 0.5 g of cores were suspended in
acetone in which Eudragit® RS (3.0 g) had been dissolved and magnesium stearate
(0.2 g) suspended. Acetone was evaporated during stirring at 40°C and the resulting
microcapsules were dried at room temperature and reduced pressure overnight. No
outer coat was applied. The fraction 1250 — 1600 pym was used in tabletting process.
The content of LK 423 in the microcapsules was 62% (w/w).

Tabletting process

The tablets were compressed on a tabletting machine. The microcapsules were
placed onto a layer of a physical mixture of HPMCP (HP-55, Shin-Etsu) and Kollidon®
SR (BASF) and onto them again a layer of HPMCP and Kollidon® SR mixture. The
mixture of polymers was also applied on both lateral surfaces of the tablets in order
to prevent direct contact of microcapsules with the environment. For one tablet 150
mg (2 x 75 mg) of HPMCP, 20 mg (2 x 10 mg) of Kollidon® SR and 32 mg of
microcapsules were used. The content of the LK 423 was 20 mg per tablet, that is,
9.9% (wiw).

In vitro release test

In vitro release test of LK 423 was carried out by using the above described tablets
according to USP XXVI, in Apparatus 2, in different media in the following order: the
first two hours in pH 1,2 HCI solution containing 2g/L NaCl, three hours in pH 6.8
phosphate buffer, and to the end in pH 6.0 Sorensen’s phosphate buffer with added
pectinase (Pectinec Ultra SP-L, Novo Nordisk). These conditions should simulate the
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conditions in human gastrointestinal tract. The release profile of LK 423 is shown in
Figure 4. The release profile of LK 423 shows that in first three hours less than 15%
of incorporated drug was released, followed by release of at least additionally 60% of

drug in next four hours.

Example 5

Demonstration of antiulcerative action in vivo of the microcapsules with LK 423

Ulcerative changes of ileum, caecum and colon in rats were developed in five days
by drinking water containing 2% of sodium dextran sulphate (DSS).

DSS is the compound which after oral administration in an aqueous solution induces
inflammatory and ulcerative changes in the mucosa of ileum, caecum and colon in
animals.

Two control groups and two experimental groups (A and B) of rats were formed, each
group had the same number of male and female rats. The animals were randomly
assigned to the individual groups. Until 7 p.m. of day 5 the animals had a free access
to food, thereafter feeding was allowed only between 12 a.m. and 6 p.m.; meantime,

the animals had no access to food.

From experiment day 6 onward the animals were drinking water with 1% DSS. The
animals in Group A received the pure compound LK 423 in a dose of 75 mg/kg. The
pure compound LK 423 was prepared as suspension in 1% gelatin (Gelatin GE0020,
Scharlau) and was given orally via the tube in a volume of 1 ml.

In Group B the animals received the microcapsules comprising LK 423 in a dose of
75 mgl/kg (as prepared in Example 1). The microcapsules comprising LK 423 were

given orally via the tube dispersed in 1.5 to 2 ml 1% of gelatin.

At baseline the rats had body weight from 220 to 250 g. During the experiment the
survived animal did not significantly change body weight in any of the groups. At

baseline and on days 6 and 12 the body weight was recorded. For determination of
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the hematology parameters 1.5 ml blood samples were taken from the periorbital
sinus at baseline and on day 5 of the experiment and from the abdominal aorta on
day 12. The erythrocyte count and hemoglobin and hematocrit values were
performed in the clinical laboratory of the Institute for Health Protection of Ruminants,
Faculty of Veterinary Science. On day 1 of the experiment the values for the
erythrocytes ranged from 6.93 to 7.87 x 10x E12/l, hemoglobin 139 to 149.7 g/l and
hematocrit 41.81 to 42.5% in the individual groups. Throughout the experiment
survival of the animals, diarrhea and occurrence of blood in the feces or the intensity
of bleeding were also observed. On day 12 the animals were sacrificed under deep
ether anesthesia and post-mortem examination was performed. Macroscopic
changes in the ileum, caecum and in the colon and the intensity of bleeding were

observed.

At autopsy fragments of the intestine were taken from the animals and fixed in 10%
formaldehyde; paraffin tissue sections were prepared and stained with hematoxylin

and eosin. Pathohistological diagnosis was then performed.

DSS-induced changes included coagulation necrosis of the intestinal mucosa. In all
groups (both control groups, group A and group B) (Table 3) the tissue damage and
a reaction of the surrounding tissue to the damage (level of regeneration) as well as
accompanying parameters of the scope of bleeding in the mucosa, hypertrophy of
the mucosa with glandular hyperplasia and the degree of .epithelialization of the
damage surface were assessed. The criteria were as follows:

The scope of acute bleeding with respect to the tissue and to the diameter of the field

of view at 40-fold magnification (4 mm):

* No bleeding -0

» Small bleeding in the propria and submucosa, with a diameter less than half of
the field of view — 1

» Moderate bleeding in the propria and submucosa, with a diameter to one half of
the field of view — 2
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Very extensive bleeding in the propria and submucosa with a diameter greater
than half of the field of view - 3
Very extensive bleeding in the propria, submucosa, around the vessels in the

tunica muscularis, tunica serosa, and in the supporting tissue — 4

Regressive process - damage with a defense reaction of the tissue:

No cellular response (no reaction) or the regressive process was no longer active
-0

Moderate cellular infiltration (monocytes, granulocytes, macrophage, histocytes)
with karyorrhesis and pyknosis in the mucosa and the submucosa — 1

Severe diffuse cellular infiltration (monocytes, granulocytes, macrophage,
histocytes) with karyorrhesis and pyknosis in the mucosa and the submucos — 2
Cellular infiltration (monocytes, granulocytes, macrophage, histocytes) in the
demarcation line around the injury - 3

Regenerative process / the tissue organisation:

No tissue response — 0

Initial phase (tissue infiltration with fibrin, phagocytes, monocytes, reticular
mesenchymal cells, endothelial cells) —1

Granulation tissue (fibroblasts, histiocytes, lymphocytes, monocytes) —2

Mature granulation tissue with newly formed basic cells of the glandular
epithelium, lymphocytes, collagen fibres -3

Damage is restored — 4

Hypertrophy of the mucosa and hyperplasia of the glands and goblet cells:

None -0
Moderate around the damage — 1
Regenerative — 2

Excessive - 3

Epithelialization of damages:

None -0
Initial — 1
Regenerative — 2
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= [Excessive —3

The assessment of the level of damage and restoration and the scope of bleeding in
the mucosa is presented for the control groups in Table 3. In both control groups the
induced tissue necrosis was accompanied by inflammatory cell infiltration. In fresh
damages the cell infiltration was diffused; in the cells themselves karyorrhesis was
visible. In older damages the cell infiltration was organized into the demarcation line
which marked off the damaged part of the tissue from de novo formed granulation
tissue. Hypertrophy of the mucosa was visible at the margins of the damage;
epithelialization on the surface of the damage was not initiated yet (Figure 5). In the
control groups necrosis of the tissue and confining the damage was most manifested.

Regeneration processes were not visible.

In the group A, DSS-induced tissue necrosis was accompanied by cellular infiltration,
growth of granulation connective tissue and at the same time as well pronounced
regenerative processes. The process of confining the damage was still active. The
process of functional restoration of the mucosa manifested in excessive growth of the
glandular and superficial epithelium. Despite strong hyperplasia of the surrounding
tissue, sites renewed with mature connective tissue only were observed (Table 3,
Figure 6). The regenerative process / damage level ratio was 1.35 : 1 in this group.

In the group B, DSS-induced tissue necrosis was accompanied by moderate cellular
infiltration. After treatment the damaged tissue was replaced by de novo formed
immature connective tissue with all tissue components of the intestinal mucosa
(superficial and glandular epithelium, lymph follicles, and vessels). The regeneration
processes were manifested at the tissue level (Table 3, Figure 7). The regenerative
process / damage level ratio was 3.22 : 1.

The presence of blood in the feces, the percent of animals with bleeding in the
individual bowel segments and the level of bleeding in the mucosa and the
submucosa aré also shown in Table 3. Decrease in haematological parameters from
baseline to end of the experiment and the mortality in individual groups are
presented.
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Table 3: Effect of pure compound LK 423 (group A) and microcapsules comprising

LK 423 (group B) on ulcerative changes of the ileum, caecum and colon

Group Control Group A Control Group B
(Pure (Microcapsules)
compound)
Dose of the active 0 75 mg/kg 0 75 mg/kg
substance
Number of animals 6 6 10 10
Blood in the feces * ++ {0 +++ + ++ to +++ +
Level of bleeding in 2.0 0.6 2.0 0.2
the mucosa #
Percent of bleeding animals
lleum 10 17 30 0
Caecum 50 17 40 0
Colon 50 17 70 0
Difference of hematology values from day O to 12
Erythrocytes x 10| 2.20 1.25 1.78 1.02
(x 10x E12 /1)
Hemoglobin g/l 41.6 17.2 23.7 2.3
Hematocrit % 12.9 6.74 7.6 4.0
Mortality
Mortality in % | 33 | 33 l 50 0
Cellular process in sacrificed animals#
Level of damage 2.5 1.75 2.2 0.9
Level of regeneration 0 2.37 0 2.90
Hypertrophy of the 0.87 2.75 1.87 1.80
mucosa
Epithelialization 0 2.37 0.37 1.20

* + blood in traces, ++ moderate bleeding, +++ strong bleeding

# described from 0 to 3; for individual level see the example

From Table 3 and Figures 5 — 7 it can be concluded that incorporation of LK 423 into
the microcapsules essentially improves the therapeutic oral action of LK 423.
Improvement is manifested by reduced bleeding in different portions of the bowel, in

higher survival of animals and more rapid and more physiological renewal of the
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intestinal mucosa. More rapid tissue renewal in the group B (microcapsules with LK
423) contributes to minor changes in hematological parameters compared to the
control groups or the group A (with the pure compound LK 423).

In the animals receiving the pure compound LK 423 or the microcapsules comprising
LK 423 a more rapid regeneration of damages of the intestinal mucosa was observed
than in both control groups. In the animals receiving the pure compound LK 423
regeneration did not take place uniformly in all tissue segments. The intestinal
epithelial layer which was covering the propria in which an inflammatory process was
still active was rapidly restored (renewed). The glandular epithelium surrounding the
damaged tissue and independent of the damage manifested the signs of hyperplasia
which exceeded the level attained in the group receiving the microcapsules
comprising LK 423 (group B) of the present invention. In the group receiving the pure
compound LK 423 (group A) a strong reaction of lymph follicles (hyperplasia) in the
mucosa and deeper in the submucosa was observed. In the animals receiving
microcapsules comprising LK 423 of the present invention regeneration of the
mucosa damages was more uniform and harmonized resulting in the physiological
regeneration of the intestinal mucosa, the inflammatory process in the mucosa was
confined and eliminated. Covering the areas of the granulation tissue by the intestinal
epithelial layer was initiated from the margins of the damage. Hyperplasia of the
epithelium along the margin of the damage was within the physiological limits.
Regeneration of the induced damages of the intestinal mucosa in the animals
receiving the microcapsules of the present invention was more physiological than in
the group receiving the pure compound LK 423 and it involved all tissue components

of the mucosa uniformly and without excessive growth.

The results show that the microcapsules of the present invention, where the active
substance LK 423 is incorporated into the core of calcium pectinate coated with two
coats, prevented release of LK 423 in the stomach due to outer coat. However, the
inner coat provided sustained, delayed and controlled release of LK 423 along the
small intestine and initiated the release of LK 423 in the distal portion of the small

intestine and preferably in the large intestine. Upon entering the large intestine,
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where the intestinal bacteria degrade polysaccharide cores, the release of LK 423
was accelerated and LK 423 was then rapidly released.

The structure of a controlled release pharmaceutical dosage form of the present
invention afforded delivery of the suitable concentrations of the active substance LK
423 to the diseased sites with convenient kinetics. These features provided an

05 Nov 2008

optimal action of the pharmaceutical dosage form of the present invention.

It is to be understood that a reference herein to a prior art document does not
constitute an admission that the document forms part of the common general
knowledge in the art in Australia.

2005226927

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “‘comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not to

preclude the presence or addition of further features in various embodiments of the
invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A coated pharmaceutical dosage form suitable for controlled and/or targeted
delivery of active substance to the distal portions of the gastrointestinal tract
of humans and animals comprising:

- a core containing the active substance N-(2-(2-phthalimidoethoxy)-acetyl)-
L-alanyl-D-glutamic acid, a polysaccharide and a glidant,

- an inner coat which prevents the release of the said active substance in the
proximal portions of the small intestine, which comprises a polymer selected

from the grc;up consisting of methacrylate ester copolymers, mixture of
polyvinylacetate and polyvinylpyrrolidone and/or combinations thereof, a
glidant and a plasticizer,

- an outer coat which is insoluble in an acid environment at pH below 5 and
prevents release of the said active substance in the acidic medium of the
stomach, which comprises an acidoresistant polymer selected from the
group consisting of derivatives of methacrylic acid copolymer,
hydroxypropylmethyl cellulose phthalate, hydroxyethylcellulose phthalate,
cellulose acetate phthalate, polyvinyl acetyl phthalate,
hydroxypropyimethy! cellulose acetate succinate or combinations thereof, a

glidant and a plasticizer.

2. The coated pharmaceutical dosage form according to claim 1 wherein the

distal portions of the gastrointestinal tract are ileum, ceacum and colon.

The coated pharmaceutical dosage form according to claim 1 wherein the
dosage form is administered to humans or animals in the amount from about
10 mg to about 1000 mg of the said active substance in a single dose or more

divided dos_es.

The coated pharmaceutical dosage form according to claim 1 wherein the
polysaccharide is selected from the group consisting of pectin or alginate,
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either in the form of acid or in the form of metal salt, galactomannans,
covalently crosslinked dextran, amylose, xanthans, carrageenan and starch or
combinations of the said polysaccharides or their salts..

The coated pharmaceutical dosage form according to claim 4. wherein the

polysaccharide is selected from the group consisting of pectin or calcium
pectinate.

The coated pharmaceutical dosage form according to claim 1-wherein the
core is a solid dispersion of the said active substance in the calcium
pectinate, forming a calcium pectmate matrix.

The coated pharmaceutical dosage form according to claim 1 wherein the
glidant of the core is selected from the group consisting of magnesium
stearate, calcium stearate and colloidal silicon dioxide.

The coated pharmaceutical dosage form according to claim 1 wherein the
selected combination of polymers of the inner coat comprises a combination

of copolymers of acrylic and methacrylic acid esters with a low content of
quartenary ammonium groups.

The coated pharmaceutical dosage form according to claim 1 wherein the
acidoresistant polymer of the outer coat comprises an anionic copolymer
based on methacrylic acid and ethyl acrylate.

The coated pharmaceutical dosage form according to claim 1 wherein the

glidant of the inner and of the outer coat is selected from the group consisting
of talc, kaolin and glycerol monostearate.

The coated pharmaceutical dosage form according to claim 10 wherein the
glidant is talc.
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c;}) 12. The coated pharmaceutical dosage form according to claim 1 wherein the

= plasticizer of the inner and of the outer coats is selected from the group

< consisting of triethyl citrate, tributyl citrate, acetyltriethyl citrate, acetyltributyl

; 5 citrate, diethyl phthalate, dibutyl phthalate, dibutyl sebacate, glyceryl
triacetate, triacetin, polyethylene glycol 6000 and polyoxyethylene (20)

~ sorbitan monooleate.

)

N

g 13. The coated pharmaceutical dosage form according to claim 12 wherein the

ff\% 10 plasticizer is triethyl citrate.

S

@\ 14. A coated pharmaceutical dosage form comprising:

e a core - a calcium pectinate matrix in which the active substance
N-(2-(2-phthalimidoethoxy)-acetyl)-L-alanyl-D-glutamic acid is dispersed,
comprising magnesium stearate, and

e inner coat - comprising ammonio methacrylate copolymer type B (USP/NF)
and ammonio methacrylate copolymer type A (USP/NF), talc and triethyl
citrate, and

e outer coat - comprising methacrylic acid copolymer type C (USP/NF), talc
and triethyl citrate.

15. The coated pharmaceutical dosage form according to any one of claims 1
to 14 wherein the dosage form is in a form of a microcapsule, a coated

microparticle, a coated microsphere, a coated granule, a coated pellet, a
tablet or a capsule.

16. The coated pharmaceutical dosage form according to claim 15 wherein the
dosage form is in a form of a microcapsule.

17. The coated pharmaceutical dosage form according to claim 16 wherein the

microcapsules are further incorporated into an inert tablet matrix or an inert
capsule.

2376050_1 (GHMatters)
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18. A coated pharmaceutical dosage form comprising-a core co‘htéfning N-(2-(2-

19,

20.

21.

22.

phthalim‘idoethoxy)—acetyl)-L-alanyI-D-glutamic acid, and an inner coat,
wherein the dosage form is in'a form of a microcapsule which is embedded
either into a gastroresistant tablet matrix forming a tablet, or

into an inert tablet matrix which is subsequently coated with a coat from a
gastroresistant and/or acidoresistant polymer forming a tablet, or

into a capsule from a gastroresistant and/or acidoresistant polymer, or

into an inert capsule which is subsequently coated with a coat from a
gastroresistant and/or acidoresistant polymer.

The coated pharmaceutical dosage form according to claim 18 wherein the

dosage form is a tablet comprising microcapsules embedded into a
gastroresistant tablet matrix.

The coated pharmaceutical dosage form according to claim 18 wherein the
tablet matrix is hydroxypropylmethy! cellulose phthalate combination with a
mixture of polyvinyl acetate and polyvinylpyrrolidone.

The coated pharmaceutical dosage form according to claim 18 wherein the
gastroresistant and/or acidoresistant polymer is selected from the group
consisting of derivatives of methacrylic acid copolymer, hydroxypropyimethyl
celiulose phthalate, hydroxyethyl cellulose phthalate, cellulose acetate

phthalate, polyvinyl acety! phthalate, hydroxypropylmethyicellulose acetate
succinate or combinations thereof.

Use of a pharmaceutical dosage form according to any one of claims 1

to 21 for the preparation of medicament for the treatment of chronic
inflammatory diseases in humans or animals.
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26.

27.
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A method for the treatment of chronic inflammatory diseases in a human or
animal comprising administering to the human or animal a pharmaceutical
dosage form according to any one of claims 1 to 21.

Use of a pharmaceutical dosage form according to claim 22 or method
according to claim 23, wherein the chronic inflammatory diseases are
selected from the group consisting of colitis, nonspecific uicerative colitis and

Crohn's disease.

Use of a pharmaceutical dosage form according to any one of claims 1 to 21
for the treatment of chronic inflammatory diseases in humans or animals.

Use of a pharmaceutical dosage form according to claim 25 wherein the
chronic inflammatory diseases are selected from the group consisting of

colitis, nonspecific ulcerative colitis and Crohn's disease.

A pharmaceutical dosage form according to any one of claims 1 to 21, use
according to claim 22 or 25, or method according to claim 23, substantially as
herein described with reference to any one of the Examples.
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