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Fleld of the Invention
The present invention relates to new pharmaceutlcal composltlons compxising
glibenclamide and metformin, effective for the treatment of type-il diabetes

“‘'melitus, wherein the two active ingredients are maintained separate from one-

another although within the same composition.

State of the art

Non-insulin dependent type-ll diabetes is a metabolic disorder characterised by
hyperglycaemia, linked to an insulln deficlency, a resistance of peripheral tiasues
to Insulin itself, an increase In the production of glucose by the liver, a reduced
glucose tolerance.

Two maljor categories of antidiabetic drugs exist: the sulphonylﬁraaa. amongst
which we note glibenclamide, chlorpropamide, glicazide, tolazemide, gliquidone,
glipizide, talbutamide and the biguanides, among which we note fenformin and
metformin. Whilst the sulphonylureas act through the stimulation of the production
of insulin by the pancreas, and a residual activity of this organ is necessary for this
category of drugs to be effective, the biguanides act through the Increase of the
use of glucoss, reducing the insulin-resistance and hepatic glucogenesils.
Therefore for this category of drug to have any effect, a residual Insulin production
by the beta cells of the pancreas is necessary.

It is known that the Initial treatment of type-ll diabetes can be uniquely based on
the control of diet and physical exercise, but frequently these lifestyle changes are
insufficient for an optimal control of glycaemia such that the use of sald oral
antidiabetic drugs become necessary.

The treatment of type-li diabetes meliltus by monotherapy with an oral antidiabetic
drug can be effective in the long term but, for a broad percentage of petients the
effectiveness Is progressively reduced over the years.

Having been always more frequently demonstrated in type-ll diabetes patients
there Is an agreement between the Insulin production deficlency and the peripheral
insulin resistance, so that the sulphonylureas and biguanides possess
complimentary modes of action, it Is evident that the treatment consisting of the
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association of the two sald categorlee of dmgs are today already onnsolldated
Furthermore, to improve the compliance cf the patiert, tablets containing the two
drugs already in association have been produqed' :

The combined sulphonylureas and I:_nguanldda ’gmatment assumeéj thepfore an
Important. role In' the therapy of type-Il digbetés, in that it allows an improved
metabolic control in these patients in which. biguanides or sul;;hqnylure_as alone
have shown themselves Ineffective with passing time. '

Amongst the two categories of sald drugs,,the biguanides and sulphonylureas,
those most used for the treatment of type-ll diabetes are - metformin and
glibenclamide raspacﬂvaly

The association of metiormin and gllbanclam!de presents notable advantages with
respect to the administration of the two activeé ingredients separately, since It
significantly Improves the "‘compliance’ and In addition, especially In older patients
and/or In patients subjected to polytherapy with other drugs, it reduces the risk of
errors In adminletration.

Today, five combinations whlch envlsage the presence of a single tablet of
glibenclamide and metformin in different dosages are present on the market, In
particular: :

1) glibenclamide at a dosage of 1.25 mg and metformin hydrochloride at a dosage
of 250 mg (glibenclamide/metformin weight ratio of 1:200);

2) glibenclamide at a dosage of 2.5 mg and metformin hydrochioride at a dosage
of 500 mg (giibenclamide/metformin weight ratlo of 1:200);

3) glibenclamide at a dosage of 5 mg and metformin hydrochloride at a dosage of
1000 mg (glibenclamide/metformin weight ratio of 1:200);

.4) glibenclamide at a dosage of 2.6 mg-and metformin hydrochloride at a dosage

of 400 mg (glibenclamide/metformin welght ratio of 1:160);

5) glibenclamkie at a dosage of 5 mg and metformin hydrochioride at a dosage of
500 mg {giibenclamide/metformin weight ratio of 1:100).

From the most recent data in the IMersture It emerpes that the maximum
recommended dally dosage of gllbenclamkie for the most serious and poorly
controlled patients is 20 mg, In one or more administration. Such a dosage, in
order to obtain an optimal therapeutic effect, can be combined with a dally dosage
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ofmetformlnoompnsed of between 1000and 2000mg Thsmatformln lsexcmted
unmodified In the urine; it Is In fact not subjeded tD hepatic metabolisation (in fact’
no metabolites are found In humans) nor. ’to blllary excretion. Ih, subjecis with
reduced renal function (based on craatlnlne cleararice) the plasma half-life of
metformin is prolonged and the renal clearanpa is diminished in proportlon to the
reduction of the clearance of creatinine. ”. -' ! Lo

In view of the different optimal dosages. It Is evldent that ths raho between
metformin and glibenclamide In associatiori with each other must be malntained in
a ratio of around 100:1 or greater, we are 'msrefdr'a in general in the pressnce ofa
massive dosage .of meiformin associated with relatively modest dosages of
glibenclamide. I

Also the solubility in water Is notably different between the two active Ingredlents
and, whilst metformin is extremely soluble In'water, glibenclamide is rslaﬂvely
poorily soluble.

The slmplest way of assoclation between the two active ingredients is that of
mixing them closely together with appropriate excipients.

Vignerl et al. (Diabete & Metabolisme, 1891, 17, 232-234) have proposed an
association of the two compounds in a dally dosage of 1500 mg of metformin and
15 mg of glibenclamide.

In WOS747975 the use of an assoclation of the two ingredients In a ratio of 100:1
is claimed for the treatment of type-il diabetes meliitus in the case of fallure due
combinations having a higher ratio In metformin.

In WO0003742, the inventors of LIPHA SA have clearly demonstrated that simple
mixing of metformin and glibenclamide In ratios of 100:1 with certain excipients,

* resulted in a heavy reduction in the bloavailability of the glibenclamide, visible

through the area under the curve (AUC) with respect to that obtainable with a co-
administration of the same active Ingredients in the same dosages. The Inventors
have succeeded In avolding this problem by micronising the gllbendamide prior to
adding it to the mixture.

The technique of micronising is also followed by Bristol-Myers Squibb for the
preparation of commercial assoclations with the trade name Glucovance® in
which, using particles of gllbenclamide with average dimenslons still more reduced
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‘than those described In WOO0003742, they manage to achleve an-AUC which s

even superior, even If by Ilttle, io that of non-micronised gilbenclamide,.sold under
the trade name Micronase, when given In co-administration with metformin
(Summary of Product Characteristics of Glucovance® distributed by Bristol-Myers
Squibb through thelr Internet slie, as sales support, starting from 31/07/2000).

. Since that the advantages of the administration in association of metformin and

glibenclamide, or salts thereof, are now aevident, the need to resolve the problem
of reduced bloavallabllity of glibenclamide when this is mixed with metformin Is
very much felt.

Summary of the invention

The Applicant has now surprisingly found that preparing phamaceutical
compositions comprising metformin and glibenclamide, or salts thereof, as active
Ingredients 8o as that the two active Ingrediants are maintained separated from
each other, there is not, as the consequence of the association of these active
Ingredients with high metformin/glibenclamide ratios, 8 heavy reduction in the
bloavailabliity of the glibenclamide.

An effective way to maintain the two active Ingredients separate has besn found
by the Applicant In the preparation of tablets, for example mult-iayered tablets
(two or more layers, in each of which.ls exclusively one of the two drugs) or
metformin tablets uniformly coated with glibenclamide.

The advantageoJus characteristice of the formulations in the Invention have in
addition been fusther improved by the selection of appropriate phamaceutically
acceptable axciplents.

Therefore the subject of the present Invention are orally administrable
pharmaceutical formuiations In the form of tablets, comprising as active
ingredients gllbenclamide and metformin, or phamaceutically acceptable salts
thereof, characterised by the fact that sald active Ingredients are comprised in
layers separated from each other.

The characteristice and the advantages of the phamaceutical compositions
according to the present invention will be lliustrated In the detalied description that
follows.

Detalled descripti n of the invention
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The slmplest way for the preparatlon of al;l assoclaﬂon of two drugs for which a

- different location or a differert method ofabeomﬂon i6 not envisaged is surely that -

of mb:lng them closely together, but-in the r.‘ase qullbendamlde with metformin,
as sald above the absorption of gllbenclaml’de |s unexplainably hlndered by ihe _
massive preSenceofme!formln o .: e -
The evaludtion of the absorption is alwa?s qmte complex, but. In ‘the first
approxlmatlon. we can consider the percentage of diesoclation of the tablet
contalning thé active ingredient as an indicdtion of the absorptioni that we might
expoct (J. Pharm. Pharmecol. 2000, 52, 831-838, Drug Development and
Industrial Pharmacy, 1983, 19 (20), 2713-2741).

Micronisation of the glibenciamide, as one In the art might deduce from the
solution proposged in the Intemational Patent Application No. WO0003742 and
from the solution described by Bristol Myers Squlbb, does not seem to be
generally satisfactory; In our case the micronisation of the glibenclamide according
to the specifics adopted by us, even If different from the conditions used in the two
methods mentioned above, has not been sufficient to make the tablets containing
a mixture of glibenclamide and metformin dissolve in a comparable way to that of
the tablets comprising glibenclamide and metformin separated from each other.

By maintaining the two active ingredients separate from sach other, but In the
same pharmaceutical formulation, it has been sﬁrpﬂslngly possbie o resolve the
problem alflowing the dissolution of the gilbenclamide in a comparable or aven
higher way to that which would have been obtained by administering the two
active Ingredients in two completely separate formulations. The maintenance of
the two active ingredients in a single formulation guarentees greater ‘compliance’

‘with the patient and at the same time can guarantee a therapeutic treatment

comparable to that with the two active ingredients separated, without the risk of

. under dosing for glibenclamide (in the change from a therapy with two separate

drugs to that with the two drugs mixed together).

To obtaln formulations In which the two active ingredients are maintained
saparated from each other is technically a little more complex than simply mixing
them, but the advantages that have surprisingly been found render the
formulations of the invention of great interest.
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‘Not all the formulations in which the two actlve ingredients ara malntalned

separated constitule equally satisfactory solutions for the present lnvanlbn lt
would in fact be auspliclous that the part contamlng glibenclamide dlssolvas quickly
in the medium. One way to reach this speed of dlseolutlon. is that of havlng a large
erosion surface and to malntaln this surface as large as poselble with ime. until the

. complete dissolution Is achleved.

There are two preferred pharmaceutical forms according to the present Invention:
1)  multilayered tabiets, preferably selected from:

a) bi-layered tablets in which the glibenclamide is compressed Into a relatively thin
layer over a tablet of metformin, and

b) tri-layered tabilets in which the glibenclamide is8 compressed Iinto two layers
posttioned over and under a cenlral layer of metformin,

2) coated tablets, preferably aeledad from:

a') teblets of metformin uniformly coated by a thin layer containing gllbendarnlda
which is compressed all around it, and

b’) tablets of metformin extemally painted with a solution of glibenclamide which
layers over It

in the embodiment of the present pharmaceutical formulations glibenclamide in
micronised form or otherwise, can be used Indifferently.

We can better understand what above salkd by observing the exemplifying
schematic diagram below.

I l _

A B
A and B represent transverse sections of two cylindrical tablets: A represents a bi-
laysr in which the dark part Is the layer containing glibenclamide, and B represants
a tablet of just glibenclamide, but with the same total volume of the part containing
glibenclamide as A.
The tablets schematised as B, currently on the market or commonly realisable by
any person skilled In the art, contalning from 1.26 to 5 mg of glibenclamide (for a
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total welght mcludlng exclpients, of 100 - 150 mg wlth a maxlmum of 200 mg)

* presenta surface exposed to erosion iess than. or at the most oomperable to, the

surface oﬁered by the layer of glubenclamndé cqmpressed over lhe support of

metformin, a8 outlined In A. But what is mora lmponani is that the amslon surface '
of B reduces rapidly dunng dissolution,; vlhllsf 1n -case A the. raducﬂon of the"

surface Is negllglble at the beginning of the pmcbss and is dlsoamlble only'in the
advanced stages of dissolution. As a oonsequencs the dissolution kinetics of the
glibenclamide in A will be much faster than I B and the differences in dissolution
between the two tablets will increase with time; ‘as the difference between the
erodible surfaces of A and of B increases. . -

Algso the other solutions described In polﬁln 1 .ar'\d 2 show kinetic advantages
analogous to these described for the bi-layared tablet in figure A. _
For the above stated reasons it is particularly efficacious for the purposes of the
inventlon, and It Is therefore to be considered as a particularly preferred solution of
the invention, the muitHayered tablet, more preferably the bi-layered or tri-layered
tablet of type 1.

As previously mentioned, the bloavallablllly of the glibenclamide in assoclation
with metformin has a complex behaviour which can be also influenced by other
factors in addition of the mixing with metformin: in fact, It Is a further subject of the
present invention also the selection of appropriate exciplents and/or additives
which serve to increase the dissolution of the portion containing glibenclamide and
consequently its bloavailability.

Furthermore, the fundamental choice of keeping the two active ingredlents separated,
allows to dosage the exclplents and/or the addltives necessary to obtain the desired

‘bioavallabliity of the glibenclamide, only into the layer comprising the glibenclamide,

thereby reducing their use fo that which is striclly necessary, and avolding potential
problems with the metformin.

The tablets realisable according to the present mvantlon are sultable for amounts of
glibenclamide ranging between 1 and 20 mg for each tablet, preferably between 2.5
and 5 mg; and for amounts of metformin ranging between 200 and 1000 mg for each
tablet, and preferably between 500 and 850 mg.

The present formulations in tablet form can be prepared according to the
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‘methodologles commonly used In pharmaceutical techniques. The biHayered

tablets of the Invention, for example, can be prepared in the following manner: the
composltions of the layer contalning metformin and of the layer contalning
glibenclamide are prepared seperstely; the first can be obtaipéd by mixing
metformin powers prevlously. sieved and " appropriate  phamnaceutically

_acceptable excipients, then granulating such a mixture together with one or more
dispersing agents, drying the 80 obtalned granulate, which Is then calibrated and

added with one or more lubricating adants. The composition of the gllbenclamide
layer can be Instead prepared by directly mixing such active-ingredient with
appropriate pharmaceutically acceptable exclplents and then sleving the mixed
powders. Then using a press sultable for the production of bHayered tablets, the
compressilon of the above said compositions is achieved.

The coated tablets of the invention can be realised preparing a metformin nucleus
by compression of the above said composition, then uniformly coating this nucleus
with a thin layer containing glibenclamide by compression of the above saki
composition containing gfibenclamide or by painting the nucleus with a solution of
glibenclamide.

Preferred exciplents for the portion containing glibenclamide in tablet form
according to the invention are surfactants and hydrosoluble dispersing agents.

In the case of surfactants, an amount ranging between 0.1 and 10 mg can be used
in the part of each tablet containing glibenclamide, preferably between 0.5 and 2
mg; the prefermred surfactants according to the invention are sslected from the
alkaline or alkaline earth salts of lauryl sulphate and of Polysorbate 80. A
particularly preferred surfactant is sodium lauryl suiphete.

In the case of the hydrosoluble dispersing agents, these can be used In quantities
comprised of between 20 and 100 mg in the part of each tablet containing
gibenclamide, preferably between 45 and 55 mg; the praferred hydrosoluble
dispersing agents are selected from the group of the polyethylene glycols, among
thess particularly preferred is Macrogol 8000.

When a solid surfactant is used, such as a salt of lauryl sulphate, the molst
surfactant can be possibly dispersed In the lubricating agent (for example Mg
stearate) prior to using it In the granulatlon, in order to improve the wetting affect of
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the surfactant Itsslf e T
When a hydrosoluble dispersing agent Is used, It can opﬂonally be prefersbls o
melt the- dlspersmg agent (for eacsmpls Macmgol 6000), then disperse ths
glibenclamide In H, allow to solldlfy agaln pul'vsnse the so obtalnsd solld and use .
it for the fater preparatlon of the granulate, . '
The followlng examples are reported.for the purposes of non I|mltll'|g lllustmtlon of
the prsssrrl invention. _ : :

reparatio 5 mg Glibenc! table :
Composition of each tablst In mg:
Glibenclamide ‘ 5
Pre-gelatinised com starch 58.3

Hydrated colioidal silica 0.5
Lactose monohydrate 06.2

Na lauryl sulphate. 1T
Talc " 0.5 '
Magnesium stearate . 0.5
Preparsation:

The mixture of the active Ingredients and exciplents is subjected to granulation

- and the resulting granulate Is drled, then subjected to compression unill obtaining

tablets each contalning 5 mg of glibenclamide and having the above reported -

composition.
PARIS

Prepa 400 m in

' Composition of each tablet in mg:

Metformin HCI 400
Microcrystalline cellulose 65

Com starch 60

Anhydrous colloidal sllica 20
Gelatine 40

Glycerine 175

Talc 17.5
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.Magnesium stearate 7.5 E Ty
Cellulose acetate phthalate 2 . . '
The mixture of the active ingredients and the exciplents is subjected'to granulation

and the resulting granulate Is dried, then subjectad to compression so ‘as to obtain -
tablets each containing 400 mg of metformin and having the above reported

Composltion of each tablet in mg:
Metformin HCI * 400

Gllbenclamide 5
Microcrystalline celluiose 65
Com starch 55
Pre-gelatinised com starch 58.3
Anhydrous colloidal sllica 20
Hydrated colloidal sllica 0.5
Lactose monohydrate 86.2
Gelatine 40

Glycerine 17.5

Talc 18

Magnesium stearate 8

Cellulose acetate phthalate 2

Na iauryt sulphate 1

Diethyiphthalate 0.5

The two active Ingredients and the excipients have been granulated together. The
granulate thus obtained Is dried and, upon completion of drying, Is callbrated. To
the calibrated granulate is added the Mg stearate and Is mixed. The mixture
obtained is subjected to fine granulation so as to abtain tabiets, each having the
.above reported compositions.

EXAMPLE 4 (COMPARISON)
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Metformin tablet ’
Metformin-HCI' 500 . :|‘-.:'.5 i
Macrogol 4000 . 24.7 IR
Anhyd. coll. sHica-Aerosi®200- 5 © - ¢ ..
Polyvinylpyirolidone K 25 20 L ..
Mg stearate ‘59 . T | .
Glibenclamidé tablet o : | .

Glibenclamide 5

Lactose mon.-granul. 128
Com starch 40

Microgr. Cell.-Avicel® PH 102- 15
HPMC -5- 4.8

Na croscarmeliose 13

Anhydr. coll. silica-Aerosl®200- 0.7 = ,':
Polysorbate 80 0.5 ‘
Mg stearate 1

Yellow Iron oxide 1

Red iron oxide 1 _
The separated tablets have been prepared as described above In Examples 1 and

' Composition of each tablet in mg:

Metformin HCI 500

Macrogol 4000  24.7

Anhyd. coll. sllica -Aerosif® 200- &
Polyvinyipymolidone K 25 20

Mg stearate 5.9

Glibenclamide 5

Lactose mon.-granul. 200-128
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- Com starch 40

HPMC -6 4.8
Na croscarmellose 13

Anhyd. coll. sllica -Aerosi® 200- 0.7
Polysorbate 80 0.5 g

_.Mg stearate 1

Yellow Iron oxide 1

Red iron oxide 1

The two active Ingredients have been granulated separately, each with thelr
respective exciplents (analogous to Example 4), but then have been mixed
together and subjected to compression to form tablets each having the above

reported composition.

Composltion of each tablet In mg:

Metformin HCI 500
Macrogol 4000 24,7
Polyvinylpyrrolidone K 26 20
Glibenciamide 5
Lactose mon.-granul. 40
Microgr. Cell-Avicel® PH 102- 15
HPMC 5- 48

Na croscarmellose 13
Anhyd. coll. slica -Aerosi® 200- 5.7
Polysorbate 80 0.5

Mg stearate 6.8

Yeliow lron oxide 1

Red Iron oxide 1

The preparation Is analogous to that reported above for Example 3.

v
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Composnion of the Metformin layar for each tabld. ln rm

Metformin HCI 500 L .. oLl

Macmgol 4000 47 .. el
Polyvln'ylpym':'lldone 20 -~ Tk

Anhydmus oollondal silica - §

Gllbenclamlde .5 . '
Lactose monohydrate  50.75 C

Na lauryl sulphate 0.76 '

Microcrystalline cellulose 100

Sodlum'croscarmeliose 5.5

Anhydrous collokial silica 0.5

Magnesium Stearate 34

Yellow Iron oxide colouring E 172 1

Red Iron oxide colouring E172 1~ .

Preparation: '

Metformin layer

- Granulating solution: dissolve the Macrogo! 4000 under stirring.

- Granulation: sleve the metformin, Polyvinyipyrrolidone and anhydrous coliokdal
sllica.

- Mix the sleved powders, then granulate using the previously prepared
granulating solution. Dry the so obtained granulate and, once the drying procedure
is completed, callbrate the same.

- Final mixture: add the Mg stearate to the callbrated granulate and mix.

‘Glibenclamide layer

- Mixture preparation: mix the anhydrous colloldal silica, glibenclamide, Na lauryl
sulphate, Na croecarmeliose, yellow lron oxide colouring, red iron oxide colouring
and c.a. 20% of lactose monohydrate. Sieve the mixed powders, Microcrystalline
Cellulose and the remaining lactose monohydrate. Mix, add the Mg stearate and
mix again.

BHayered tablet
Using a press sultabie for the production of bi-layered tablets, the two layers are
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- compressed.
The tablets thus realised have the followlng valyes in disgregation hd;
glibenclamide layer: complete disgregation in Iess than one minuts (30 seconds on
average)
metformin layer: complete dlsgregaﬂon in 10 minutes on average

COmposHlonoftheMsﬁonnlnlayerforeachtablet in mg:
Metformin HCI 500

Macrogol 4000 24.7

Anhyd. coll. Sllica-Aerosfi® 200- 5

Polyvinylpymolidone K25 20

Mg stearate 5.9

Composition of the Glibenclamide layer for each tablet, in mg:
Glibenclamide 5

Macrogol 6000 50

Laciose mon. S.D. 34

Microgr. Cell.-Avice® PH 102- 70

Na croscarmellose 5

Coll. sllica anhydr.-Aerosi® 200- 0.5

Mg stearate 0.5

The preparation Is analogous o that reported above for Example 7.

Composition of the Metformin Iayar for each tablel. inmg:
Metformin HCI 500

Macrogol 4000 24,7

Coll. sliica anhyd.-Aerosil® 200- 5

Polyvinyipyrrolidone K 25 20

Mg stearate 5.9

Composition of the Glibenclamide layer for each tabiet, in mg:
Glibenclamide ]

- N
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Micr..Calf.-Avics!® PH102- 100

Na croscarmellose 5.25 R

Anhydr. coll. silca -Aerosif® 200- 0. s el

Na lauryl suiphate 0.5 o

Mg stearate 0.5 ' . - o "‘.l_'_.-_” - - .
Yellow Iron'oxide 1 Co '”.'. PSR

Red iron oxide: 0.75 : :
The preparsation Is analogous to that mported abova for Example 7. _ Yo
MPL| '

Composrtlon of the Metformin layer for each tablet. in mg:
Metformin HCI 400 -

Microcrystalline celluiose 65

Com starch 60

Anhydrous colloidal silica '20 - 0

Gelatine 40 '

Glycerine 175

Talc 175

Magnesium stearate 7.5

Cellulose acetate phthalate 2

Diethyiphthalate 0.5

Composition of the Glibenclamide layer for each tablet. in mg:
Glibenclamide . 5

Pre-gelatinised com starch 58.3

' Hydrated colloidal sllica 0.5
Lactose monohydrate 96.2
Na laury! sulphate 1
Talc * 0.5

Magnesium stearate . 0.5
The preparation is analogous to that reported above for Example 7.
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Metformin HC! 500
Macrogol 4000  24.7

Anhydr. coll. sflica -Aerosif® 200- §
Polyvinylpyrolidone K25 20

DMPOSHION Q1 NG
Glibenciamide 5
Lactose mon.-gramul. 128
Com starch 40
Microgr. Cell.-Avicel® PH 102- 15
HPMC -5- 48
Na croscameliose 13
Anhydr. coll. sllica -Aerosif® 200- 0.7
Polysorbate 80 0.5
Mg stearate 1
Yellow Iron oxkle 1

Red lron oxide 1 .
The preparation is analogous to that reported above for Example 7.

Metformin HCI 500

Macrogol 4.000 24.7

Anhydrous colloidal sllica 8.2

Polyvinyipyrrolidone 20

Magnesium Stearate 58

Composition of the Glibenclamide layer for each tablet, in mg:
Glibenctamkie 2.5

Lactose monohydrate 89

Sodium lauryl sulphate  0.750

Microcrystaliine celiulose 150
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Sodiurh cioscammellose  5.500 .. . .
Anhydrous colloidal sifca 0.750 = . [T
Magneeium.Stearate - 0.750 Fa
Yellow Iron oxlde E172 0 750 . ,
The praparatlorr procedura is as descrlbed Ih EXampIa 1.

The tablets can be coated with substances well known In the phannaoautlcal field.

e

Composltlon of the Metformin layer for each tablet inmg

Metformin HCI .. . 500

Macrogol 4.000 24.7 '

Anhydrous colloidal sliica 8.2

Polyvinylpymolidone 20

Magnesium Stearate 50

Composition of the glibenclamide layer for aach tablet in mg
Glibenclamide 5

Lactose monohydrate  88.75
Sodlum.lauryl sulphate  0.750
Microcrystaliine celivlese 150
Sodium croscarmellose  5.500
Anhydrous colloldal sllica 0.750
Magnesium Stearate 0.750
Yellow iron oxide E 172 0.125
Red iron oxide E 172 0.375 _
* The preparation procedure Is as described in Example 7.
The tablets can be coated with substances which are well known in the
phamaceutical field.

EXAMPLE 14

Composltlon of the Metformin layer for each tablet in mg
Metformin HCI 850
Macrogol 4.000 42

»
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- Anhydrous colioklal silica 14

Polyvinylpyrolidone 34 .
Meagnesium stearate 10
Composition of the glibenclamide Iayer for eachtablet in mg

Glibenclamide 2.5

_.Lactose monohydrate 89

Sodium lauryl sulphate  0.750

Microcristalline cellulose 150

Sodium croscammellose  5.500

Anhydrous colloidal sflica 0.750

Magnesium Stearate 0.750

Yellow iron oxide E 172 0.750

The method of preparation Is as described In Example 7.

The tablets can be coated with substances which are well known |n the fleld of

pharmaceuticals.

PCT/EPO2/13497

compositlon of the Metformin layer for each tablet in mg

Metformin HCI 850
Macrogol 4.000 42
Anhydrous colloidal sllica 14
Polyvinylpymolidone 34
Magnesium stearate 10

Composition of the glibenclamide layer for each tablet in mg
Glbenclamide 5

Lactose-monohydrate  868.75

Sodium lauryl suiphate  0.750

Microcrystalline cellulose 150

Sodium croscarmellose  5.500

Anhydrous colloidal silica 0.750

Magnesium Stearate 0.750

Yellow iron oxide E 172 0.126
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RedlmnoxldoE172 0.375° e
The method of prepamtlon Is as desaibed.ln JExampIe 7.

The tabiets can be coated wllh substances whlch are well . known in the

pharmaceutical field. R e

DISSOLUTION-TEST = - © - ..~ .

%

The studles on the glibenclamide bloavallablllty in the various fomulitioris' canl be e

usalassly complex, for which. for the study -of the various formulations the
dissolution test has been considered assuming:as a first approximation thet a
greater dissolution in a given defined time corresponds o a greater bioavaliabllty
(J. Pharm. Pharmacol,, 2000, 52, 831-838; Drug Development and industrial
Pharmacy, 1993, 19 (20), 2713-2741). . '
The tablet under test is added to an aqueous solution (900 mi) containing 0.05 M
phosphate buffer at pH 7.4 at 37°C and dissolved using a paddie at 35 rpm.
Unless otherwise specified, a sample of the solution is taken following 45 minutes
and the glibenclamide dosaged by HPLG, (iitemal method). The digsolution test Is
repeated at least 8 times on tablets of the same batch and the mean value is
considerad. '
Experiment 1} Dissolution of commercial compounds
a) '
- Glibenciamide 5 mg37%

(DAONIL®)
- Glibenclamide 5 mg + Metformin 500 mg 42%

(DAONIL® + GLUCOPHAGE®)
- Glibenclamide 5mg + Metformin 500 mg 30%

(EUGLUCON® + GLUCOPHAGE®)
As can be seen from the results reported above, the dissolution of commercial
Glibenclamide tablets (Daonil® or Euglucon®) in the presence of a Metformin 500
mg commercial tablet (Glucophage®), does not seem to be different from the
dissolution of Glibenclamide tablets alone.
b)
- Glibenclamide 5 mg58%

(GLIBORAL®)
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(GLIBORAL® + SIOFOR®)
- Glib+Met (5+500 mg) mixture  26%
(GLIBOMET® ) -
The dissolution of commercial gllbendamlde tablets (GIIboraI’) alone or n the

. presence of a metformin 500 mg commercial tablet (Siofor®) Is comparable, whilst

the dissolution of glibenclamide in mbdure with metformin In a single commercial
tablet (Glibomet) Is heavily reduced. The commercial products have been selected
on the basis of their similarity in composition and the type of excipients used so as
to minimise their influence.

Experiment 2)

- Glib. 5 mg (Example 1) 88%

- Glib. 5 mg + Met. 400 mg (Examples 1 +2)  92%

- Glib + Met &5 + 400 mg (Example 3} 15%

- Glib + Met 5 + 400 mg (Example 10) 89%

The tablets have the compositions described in the Examples specifically
Indicated. The exciplents which constitute the glibenclamide tablet (Example 1) are
qualitatively and quantitatively identical to these which constitute the glibenclamide
layer In the bl-layered tablet (Example 10). Analogously, the exciplents which
constitute the metformin tablet (Example 2) are qualitatively and quantitatively
identical to these which constitute the metformin layer in the blHayered tablet. The
exciplents in the glibenclamide/metformin mixture tablet (Example 3) are
quall/quantitatively equal to the sum of the exclplents of the metformin and
glibenclamide tablets (Examples 1 and 2). In this manner it was attemptad to
minimise the effect of the exciplents themssives on the dissolution of one tablet or
the cther.

Glibenclamide, when mixed with metformin, has a notable reduction in the
percentage dissolution with respect to when the two compounds are maintained in
separate compositions (as already observed for the commercial tablets In
experiment 1b). Surprisingly the use of a bl-layered tabiet eliminates the problem
and the glibenclamide dissolves in comparable percentages with respect to the
two separate products.
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Composltlon . 15 45% L . lf e

-Glib 5 + Met 500 (Example 4)) - 54%. 65% *as%

-Glib + Met 5+500 (Example 5) 11% 44% 64%

-Glib + Met'S + 500 (Example 8) 27% 53% §3% .

-Glib + Met 54500 (Example 11) - 52% . 86% 103% .. i

In experiment 3) the dissolution values are measured at three different times, Le.
at 5, 15 ahd 45 minutes. The formulatiohs. used In the present experiment,
analogously to the preceding experiment '2 haté excipient contents comparable
80 as o eliminate.their effects within the speclﬂc gmup examined.

One can effectively note that the axclplents can play an imporiant role In
dissolution by comparing the dissolution obtained with the mixture of Examples 5
and 8 In comparison with that of 3 or with the commercial examples. With the use
of appropriate exclplents It Is possible to obtain also for mixtures of Glib + Met,
dissolution values comparable tb these of'Glib+ Met given separately up to final
times of 45'. An'analysls can attempt as a function of time, to show however that at
short times (following 57 the dissolution of the mixtures is still much lower than
these of the separate tablets {(11% and 27% as opposed to 54%), but this appears
evident also following 16’ (44% and 53% as opposed to 65%). These data might
not allow an equal bloavallability profile in vivo and therefore different behaviour
and phamacodynamics. One such Importance derives aiso from the method of
preparation of the mixtures, In fact at short times, the glibenclamide dissolves
more rapidly when the granulation Is performed on the already prepared mixture
(Example 8) rather than when the two actlva ingredients are granulated separately

' and then mixed (Example 5).

However the superiority of the comesponding bi-layered tablets appears very clear
(Example 11), the dissolution percentage of which is practically comparable at 5
minutes to that of the twp separate tablets, and is always greater in all the other
cases.

Experiment 4) Bi-layered tabiets

- Example7 86%

- Example8 86%
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- Example® 53%
- ‘Example 10 88%
- Example 11 103% .
The diesolution of the glibenclamide In the bi-idyered tablets appedrs always very
5 good, always comparable or superior to these obtained with separate tablets.
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CLAIIIS o e :

1. Pharmaceutical formulallons for tha oml 'administration In tablet ‘form,
comprising. glibenclamide and metformm. or pJ'narrnacautlcaIIy aooaptable salls
thereof, as actlve ingredients, characterlsed by 1he fact that sald actlve Ingredlems
are comprised in layers separated from aat:h other

2. The pharmaceutical formulations.- accordmg to olalm 1, wherelri sald tablets are _ '
selected from mult-layered tablets and coated tablats wherein the gllbenclamlda is
always located in at least one external layér of the muiti-layered tablets or on the -
coating of the coated tablets. ) f '
3. The pharmaceutical formulations accordlng to claim 2, wherein sald mult-
layered tablets are selected from:

a) bl-layered tableis whereln the gllbenclamide is compressed Into a relatively thin
layer over a tablet of metformin, and

b) trHayered tablets wherein the glibenclamide Is compressed info two layers
placed one above and the other below a.central layer of metformin.

4. The pharmaceutical formulations according to claim 3, wherein salkd mult-

. layered tablets are biHayered tablets wherein the glibenclamide !s compressed into

& relatively thin layer over a metformin tablet. '

5. The pharmacseutical formulations according to claim 2, wherein sald coated
tablets are selected from:

a') metformin tablets uniformly coated by a thin layer comprising glibenclamide
which Is compressed all around it; and

b’) metformin tablets extemally painted with a solution of glibenclamide which Is
layered onto It.

6. The pharmacsutical formulations according to claims from 1 to 5, wherein the
amount of glibenclamide In each tablet ranges between 1 and 20 mg and the
amount of metformin in each tablet ranges between 200 and 1000 mg.

7. The pharmaceutical formulations according to claim 6, wherein the amount of
glibenclamide in each tablet ranges between 2.5 and 56 mg and the amount of
metformin in each tablet ranges between 500 e 850 mg.

8. The phamaceutical formulations according to the claims from 1 to 7, comprising
in addition pharmaceutically acceptable excipients.
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9. The pharmaceutical formulations accordlng to claim 8, wherein lhe parl of the
formulatiorn comprising glibenclamide comprises at least one aurl‘adant or a
hydrosoluble dispersing agent as excipients.

10. The pharmaceutical formulations according to clalm 9, wherein ‘the part of the
formulation comprising glibenclamide comprises a surfactant at a concentration of

_ from 0.1 to 10 mg as exciplent.

11. The phamacsutical formulations according to claim 10, wherein the
concentration of sald surfactant Is comprised of between 0.5 to 2 mg.

12. The pharmaceutical formulations according to claim 8, wherein said surfactant
is selected from the alkaline or alkaline earth saits of lauryl sulphate and
Polysorbate 80.

13. The phamaceutical formulations according o claim 12, wherein sald
surfactant is sodium lauryl sulphate. '

14. The pharmaceutical formuletions according to claim 8, wherein the part of the
formulation comprising glibenclamide comprises a hydrosoluble dispersing agent
at a concentration of between 20 to 100 mg as exciplent.

15. The pharmaceutical formulations according fo claim 14, wherain the
concentration of sald hydrosoluble dispersing agent Is comprised of between 45
and 55 mg.

16. The pharmacsutical formulations according to claim 8, whersin sald
hydrosoluble dispersing agent Is selected from the polyethylene glycols.

17. The phamaceutical formulations according to claim 16, wherein said
hydroeoluble dispersing agent ls Macrogol 6000.

18. The pharmacsutical formulations according to claim 1, which are:

- Glib + Met (5+500mg)

Metformin layer : Metformin HCl, 500; Macrogol 4000, 24.7; Polivinlipirrolidone,
20; Anhydrous colloidal silica, 5;

CGlbendlamide layer : Glibenclamide, 5; Lactose monohydrate, 50.75; Na lauryl
sulphate, 0.75 ; Microcrystalliine celluiose, 100; Sodium croscarmeliose 5.5;
Anhydrous colloldal silica 0.5; Magnesium Stearate 3.4; Yellow iron oxide E 172,
1; Red iron oxide E 172, 1;

- Giib + Met (5+500mg)
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Mmln_lamr_._Melfonnln HCl 500 Mauoqol 4000 24.7; Anhydr coll. slllca -
Aerosil. 200, §;Polyvinyipyrrolidone K25 20 Mg stearate, 5.0
g_ggmmg_lgmn_sllbanclamlda 5 Mactbgpl 6000 50;Lactosé mon. S D 34;
Microgr.: Cell -Avicel PH 102, 70; Na cmscannel'loaa 5; Anhydr. ooIL snlnca -Aemsll‘
200, 0.5; Mgstaarateos : o .r__; '
- Glib + Mét (5+500 mg) oL _' B
Metformiri laver :Metformin HCL500; .Macrogol 4000 247;  Ahydr.  coll
sllica -Aeroslil 200, 5; Polyvinylpyrrolidone K 25, 20;Mg stearate 5 °
Glibenclamide layer: Glibenclamide 5; Mlcrogr Cell.-Avicel PH 102 100; Na
croscammeliose, §.25; Anhydr. coll. silica ~Aerosil 200, 0.5; Na lauryl sulphate 0.5;
Mg stearate 0.5; Yellow iron oxide, 1; Red lron oxile 0.7

<Glib + Met (5+400mg) | - |
Metformin layer; Metformin HC, 400; Microcrystalline cellulose 65; Com starch 60;
Anhydrous collokdal silicate 20; Gelatine 40; Glycerine 17.5; Talc 17.5; Magnesium
stearate 7.5; Cellulose acetate phthalate 2; Diethyiphthalate 0.5;
Glibenclemide layer; Glibenclamide, 5; Pregelatinised com starch 58.3; Hydrated
colioidal sllica 0.5; Lactose monochydrate 06.2; Na lauryl sulphate 1; Talc 0.5;
Magnesium stearate 0.5; '

- Glib + Met (5+500mg )

Metformin layer : Metformin HCI 500; Maclogol 4000 24.7; anhydr. coll. sllica -
Asrosil 200, 5; Polyvinyipyrrolidone K 25, 20; Mg stearate, 5.8;
Glibenclamide layer: Gllbenclamida §; Lactose mon.-granul. 128; Comn starch 40;
Microgr. Cell.-Avicel PH 102, 15; HPMC -5, 4.8; Na croscarmellose, 13; Anhydr.
coll. silica -Aerosil 200, 0.7; Polysorbate 80, 0.5; Mg stearate 1; Yellow iron oxide

' 1; Red Iron oxide 1;

-Glib+ Met (2.5 + 500 mg)

Metformin layer : Metformin HCl 500; Macrogol 4000, 24.7; Anhydrous colloidal
silica 8.2; Polyvinylpyrrolidone 20; Magnesium Stearate 5.9;

Glibenclamide layer: Glibenclamide 2.5 ; Laciose monohydrate 89; Sodium lauryl
sulphate 0.75; Microcrystalline cellulose 150; Sodlum croscammeliose 5.5;
Anhydrous colloidal sliica 0.75; Magnesium Stearate 0.75; Yeliow iron oxide E
172 0.75;
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. - Glib+ Met (5 + 500 mg) ! AR

metformin layer : Metformin HC| 500;Macrogo! 4.000, 24.7; Anhydrous colioidal
sllica 8.2; Polyvinyipyrrolidone 20; Magnesium Stesrate  5.8; .

giibenclamide layer: Glibenclamide 5; Lactose*monohydrate 86.75; Sodium lauryl
sulphate 0.750; Microcrystaliine cellulose 150; Sodium croscarmellose 5.5;

_Anhydrous colloldal sllica 0.75:.Mégnealum Stearate 0,75; Yeliow iron oxide E
172, 0.125; Red iron oxide E 172, 0.375;

- Glib+ Met (2.5 + 850 mg)

metformin layer: Metformin HCI 850; Macrogol 4000, 42; Anhydrous colloidal sllica
14; Polyvinylpyrrolidone 34; Magneeium etearats 10;

giibenclamide laver : Glibenciamide 2.5; Lactose monohydrate 88; Sodium lauryl
sulphate 0.75; Microcristaline cellulose 150; Sodlum croscarmellose 5.5;
Anhydrous colloidal sliica 0.750; Magnesium Stearate 0.750; Yellow ron oxide E
172, 0.750 '

- Glib + Met (5 + 850 mg)

metformin layer : Metformin HCl 850; Macrogol 4000, 42; Anhydrous collokial
sllica 14; Polyvinylpyrrolidone 34; Magnesium Stearate 10;

glibenclamide layer: Gllbenclamide 5; lactose monohydrate, 88.75; Sodium lauryl
sulphate 0.75; Microcrystalline cellulose 150; Sodium croscammeliose 5.5;
Anhydrous colloldal sflica 0.75; Magnesium Stearate 0.75; Yellow iron oxide E
172, 0.125; Red lron oxide E 172, 0.375;

19. Use of gllbenclamide and metformin, or pharmaceutically acceptable salts
thereof, for the preparation of pharmaceutical compositions es described In the
claims from 1 to 18 for the treatment of type |1 diabetes melilius.
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La présente inventlion conoerne une composition thérapeutigus
pour le traitement du diabdte par volie orale-at son procédé de
préparation.

Plus particulitrement, l'invention concerne une composition
thérapeutique constituée 4'une essociation ds N~4/2-(5-chloro-2-
méthoxybensamido)-4thyl/-phényl-sulfonyl-N'-cyclohexylurde (dé-
nommée Glibenclamide) et de chlorhydrate de 1-(2-phériyléthyl)-
biguanide (dénommé chlorhydrate de Phenforamines) ou &'un sutre sel
pharmaceutiquement scceptable. '

Is diabétique, qui ne ndoceesite pas de 1'inguline, mais qui
répond Insuffisamment au senl rédgime, eost tralté additionnellement
aveo des médicaments adminiptrés par vole orale. A cette fin, on
utilise des sulfonyl-urdes, dont le mécanisme A'amction .prlno!.pﬂ
congiste dana la libération d'insuline endogine, ou des composi-
tionas A& base de bi-guanides qul abalssent le taux de sucre senguin
du dia'bétiqm essentiellement par une inhibition de la gluoo-néo-
géndse, par une mugmentation du métabolisme anaérobie du glucose

- ot par vnme 1nhibition de 1la résorption intestinale 4s glucoss.

20
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Ia combinaison libre, & savoir l'administration séparde de
sulfonyl-urée et de préparations e bi-guanides & été &prouvd de-
als des annéee dana la théraple de 4diabétiques, -qn.i. ne répondent
pas 2 une mono-thérapie aveo dea sulfonyl-urées. Dans un fort pour-
ean‘i:ag. de cas, le métabolisme ds parbo-hydrates peut §tre re-com-
pensé par une théraple de vwombinaison. En raisom de leur mécanisme
dtaoction 4ifférent, les substances béta-zytotropes et les 'bi—sua'n:l.-
des se compldtent en ce qui concernme 1'effet antl-diabdtique.

Par une théraple avec les deux substances en combinaleon 1i-
bre, on obtient un effet additif sur l'ebaisremant de la glycéml
On a & plusieurs reprises signald l'aventage d'uns telle thérapi
combinée; elle a particulisrement blen éprouvé dane le cae de non
réponse b nne mono-thérapie avec dea sulfonyl-urées. Ainsi, on 2
indiqué que le iraitement comdiné rendalt possible chesz 50 ¥ de cas
donnant une ron-réponss, la poureuite pendant plu.u de deux ans d'un
iraitement avec dss compriméa.

Bien qu'on ne s'sttendsit pas & des svantages sssentlels d'une
assoclation par rapport & une combinaison libre, on a conataté, et
cela étalit surprenent, gue l'associetion selon 1'invention de sel -
de Fhenformine et de glibenclamide non senlement présente les aven-
tages de la combinaison libre, mais aussi que 1'activité de 1’asso-

olation egt supérieaure & celle obtenue par une administration sépa-
rée des deux constituents.

v h'l-
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D'une assocliation eyant une telle activité aynergétiqﬁe, le
Glibenolamide doit &tre 1ibéré immédiatement dans 1'entomac et le
rel de phenformine doit &tre Jibéré de manldre retardée. On obtient
cela en combinent les deux substances actives en une dose umitaire,
dans laquelle le sel de Phenformine est présent sous une forme A
1lbération retardée et le glibenclamide est présent sous une forms
soluble dans le sue gastrigue.

On préfédre, en particulier, des comprimén b daux couches, des
dragées ou des comprimés enrobés, chex les dsux dermiers les no-
yaux é&isnt conetliuvéds par le sel de rhenformine sous une forme &
livération retardée, qui sont munis d’une couche de Glibenolamide
ou que J'on enrobe avee le dlbenclamide.

Les composltions de 1l'invention sont préparées selon des mé-
thodes connues.

De préférence, on enrobe le sel de rPhenformire dans une ma-
trice de cire fivec des véhicules usuels et des substances régulant
la 1ibération, Par exemple le chlorure de sodium, le oitrate de
sodium, le phosphate de sodium ou de potassium, ou, en particulier,
le lactose. Comme clres, conviennent dee cires naturelles ou syn-
thétiques, par exemple la cire d'abeilles ou la cire d'ester de
lignite. Parmi les véhicules utillisables, on mentionnere, par exem-
ple le phosphate ou le sulfate de calcium ou l'oxyde d'aluminiom
ainsi gue, en particulier, 1l'hydroxyde d'aluminium.

la proporition des conmptituants individuels Glibenclamide: sel
de Phenformine egt, de préférence, de 1 & 10. On préfire dee com-
positions qui contiemnent de 2,5 & 5,0 mg de CGlivenclamide et de
25 & 50 mg de chlorhydrate de :rhenformine. Dans le cas 4'une dose
élevéde de substance active, le comprimé & deux couches est parti-
culidrement evantegeux. ' _

L'effet synergétique des deux substences acilves dans la com-
position eelon l'invention a été mis en évidence & 1l'aide des ea~
sals suivante

Le coumprimé & deux couches utilisé dans les essals contenait
par 1nité 2,5 mg de Glibenclamide & libéretion immdédiate et 25 mg
de chlorhyirate de Phenformine enrobd dans une couche A 1ibération
retardée (selon 1'exemple 1)}.

Done, on caleuls d'sbord aguelle dose de @libenclamlde et
d'une bi-guanide (100 mg de puformine et 500 mg de metformine ont
été prises égaux A 50 mg de Phenformine) correspond & une certalne
gualité ce stabilisation avant le passage & l'association. Puis
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on établit pour tous les patienie les domes ayant la’ méme qualité *
de etabilisation, on caloule la dose totale et on 1la &ivisa par )
le nombre respeotlf de cas.

I'egeal clinicue de la composition de 1'invention conduisit
an résultet surprenant suivent: dans le cae de Alabétiques, qui
présentaient dens Je cas de la théraple préalable par une combi-
nation 1ibre des cualités de stabllisation %rés bonnes ou bornes,
on pouvalt réaliser yms édoonomie de dores.

Done, avec 1'adminigtration dee deux substmnces actives am-
socides pous une forme thérapeutique, une synergie pharmacologigue
se réaliss. -

L'aventage particulier de cette compoeltion réside donc dans
le fait, qu'on obtient 1'effet thérapeuntique dériré avec des do-
ses qul sont inférieurem A celles requises dere un traitement '

15 les constituants individuels.

Ls Tablean 1 montre la réduction netie des -de-u: congtituants
(environ 1/3) ches les patients présentant uns trds bonne & bonne
stabilisation.



TABLEAU 1

‘ F£)

COomparalson des quantitée de substanae active dans le ocms d'une

ocombinalson 1ibre et dans 1o oas d'une

thérapie aveo la oomposi-

tion eelon l'invention & 3\:11.1“ de etabllisation égale

(Sconomie de doame

Qualitd de Nombre de Combinalson 1ibre Composition de 1'invention
etabilisation patiente (dose moyenne) (dose moyenne)
Bigusnide® Glibenclamide Phenformine Glibenolamids
mg ng mg mng
trbés bonne 23 89 10,6 64 6,4
‘bonne 24 85 12,5 B4 8,4

* par rapport & 1 50 mg de Rhenformine =
= 500 mg de Metformine
( n=129)

100 mg de Buformine

leyyyaz
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Un autre avantage de 1'assocletion sur l'administration séd-
parée dee conatituante individuels est gue le nombre de diabéti-
ques présentent une stablili=ation moddrée ou qul ne répondent pas
au traitement a été réduit.

5 Aunpl dans 1e cas de diabétiques, qul présentalent pemdant la
thérapie précédente une stabilisation mellleure gue modérée, la
conditiop du métabolieme s'améliorait epris pseesage & la composi-
tion da 1'invention. Quelques patients soumis & 1'insmline pou-
“valent sussl passer & 1l'assocliation de Glibenclamide et de Phen-

10 formine.

Ia composition est particulitrement avantegeuse pour des pa-
tients f£gée (souvent oublieux). Pour eux, 1'sssocietion est. parti-
culidrement avantageuse, oar elle réduit le risque de 1l?oubli ou.
4'une prise erronée de deux constlituents prescrits séparément,

15 qui doit 8tre toujours pris en considération lors 4'une médiocation
pormanente. Des offets désavantageux de cette mascciation nt'ont
pas ét§ obaervda.

En ce qui conaeme la Phenformine, on galt qu'd partir d'une
cexrtaine dose individuelle, elle peut provoquer des effets secon-

20 dalres, surtout gestro-intestinasux, la forme A4'application galéni-
que de l'invention a l'avantage partliounlier que la proportion de
ehlorhydrate de FPhenformine enrobée dans une matrice de cire est
1ibérée de menidre retardde, de sorte gue les incompatihilités
gastro-intestinales sont réduites su minimum. Contrairement & cela,

25 une libération rapide du Glibenclamide est démirée. Ces deux exil-
gences sont matisfelites par la préparatlon de 1'lnvention.

Les exemples sulvants, qui décrivent la composition selon '
invention et sa préparation, illustrent 1l'inventiom.

Bxemple 1 (comprimés & dsux couches)

30 Coxposition 3 )
Couche de Gibenclamide 1_comprimé 100 000 comprimds
1 - Glibenclamide - 2,90 ng 0,250 kg
2 - lactose 39,50 ng 3,950 kg
3 - amidon de ma¥s 35,25 ng 3,525 kg
35 4 - tale 1,50 mg 0,150 kg
5 - mcide silicigue colloIdal '
(p.e. Aeroasil 200) 1,00 mg 0,100 kg
6 - gtéarate de magnésium 0,25 ng 0,025 kg

80,00 ng 8,000 kg

1
¥

L
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Couche de Phenformine & libération retardde

1 ¢omprimé 100 Q00 comprimés

7 =chlorhydrate de Phenformine 25,00 ng 2,500 kg
8 - colorant jaune 2 pour sliments
5 (International : FD&C Yellow 5)

comme laque & base 4'alumine
P, ex. lebenamittelgelblack ZLT 2

de la Soclété Siegle) 0,50 mg 0,050 kg
9 - gel d'hydroxyde d'aluminium 40,00 ng 4,000 Xg
10 10 — Cire d'ester de 1lignite
(p.ex. mechstwachs E) 20,00 mg 2,000 kg
11 - lactose ' 16,25 mg 1,625 Xg
12 - sclde silicigue cuvlloldal .
{p.ex. Aaérosil 200) 2,25 mg 0,225 kg
15 13 - stéarate de magndsium 1,00 mg 0,100 kg

105,00 mg 10,500 kg

Préparetion de la gouche de :glibenclamide (100 000 ocomprimée)

On prépere un mélange homogine 4 partir des constitnante 1

4 3, et on le malaxe pour ovtenlr une pite & 1'alde d'empois d'ami-
20 don ds mais ( = 0,5 kg de 1'amidon de males comme partie de 3), et
on met le tout sous forme de grenulés gelon la maniire habituelle.

Aux granulés sdchés, on ajoute en mélangeant 0,275 kg 4'ami-
don de male {comms partie de 3) et les composants 4, 5 et 6.

Préparation de la couche de Phenformine & libération retardde

25 {100 000 comprimés)

On mélange lea constituants 7, 8, 9 et 11 Juequ'd 1l'chtentiom
d'un mélange homogine et on impregne mvee une solution de la cire
(10) sur un apparell de mélangeage ou de Ppétrimsage.

Commne solvants pour la cirs convienmnent des hydrocarbures

30 chloréa. .

On stche de la manitre hebituelle la masse uniformément
mouillée, on gramule et on mélange ensuite avee les constituants
12 ot 13.

On comprime ensuite les granulés de Glibenclamide et les gre-

35 mules de Phenformanine & libération retardée en dee comprimés A
deux couchees.
Exemple 2 (comprimés enrobés)
Composition :
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Couche d'enrobdage de Glihenglamide 1 _comprimé 100 000 compriméh

1 - Glibenclamide 2,5 mg 0,25 kg
2 - lactose 136,0 ng 13,60 kg
3 - amidon de male ' 122,0 mg, 12,20 kg
5 4 - tale 5,0 mg 0,50 kg
5 — acide siliclgue colloldal ' g
(p.e. Aerosil 200) 3,5 mg . 0,35 kg
6 -~ stéarate de magnésium 1,0 mg 0,10 kg
] 270,0 mg - 27,00 kg
10 Noyau Ge Phenformine & libération retardée ) -
-7 - chlorhydrate de Phenformine 25,0 mg 2,50 kg
8 - lactose 36,0 ng 3,60 kg
9 - gel d'hydroxyde d'aluminiom 46,0 mg 4,60 kg
10 - nire d'ester de lignite (p.e.
15 Hoechgtwachs E) 20,0 mg 2,00 kg
11 - aelde ellicique colloldal
{(p.ex. Aércsil 200) 2,0 ng 0,20 kg
12 - stéarate de magnésium 1,0 mg 0,10 kg
130,0 mg 13,00 kg
20  Préparation des granulés de Glibenclamide

comms décrite A 1l'exemple 1.

Pour falre une pate du mélange-de 1 & 3, on utilise de 1l'em-
poie d'amidon de mals, préparée & partir de 1,7 kg d'amidon de
ma¥s (partie de 3). Ia proportion d'amidon de mais ajoutée aux

25 granulés séchée est de 1 kg (partie de 3).
Préparstion_des granulés de Phenformine A libération r.eta.riée

On imprigne le mélange dea comstituents 7, 8 et 9, comme
crlt & 1'exemple 1, avec la solution de la cire et on mélange
granulés secs préparés & partir de ce mélange aveo les constituants

30 11 et 12. - '

On comprime les granulés de Glibenclamide et les gramulés de
Phenformine retard sur un Press-coater en gomprimés enrobés. On
comprime @&'ambord_un noyau des granulés de Phenformine retard et omn
snrobe ce noyau evec les granulés de Glibenclamide.

35 Exemple 3 (comprinés & deux couches)
Oomposition :
Couche de Glibenclamlde 1_comprimé 100 000 comprimés
1 - Glibenclamide 5,0 mg 0,50 kg
2 - lactoss 79,0 mg 7,90 kg

ATNETr «FR  2244481A1 | >
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. 1 _comprimé 100 _000 compriméa
3 - avidon de mafs 70,5 ng " T,05 kg .
4 - tale . 3,0 ng 0,30 kg
5 = aclde silicigque colloldal
5 (p.ex. Aérosil 200) 2,0 ng 0,20 kg -
6 - stéarate de magnésium 0,5 mg 0,05 kg
160,0 mg 16,00 kg

Couche de Phenformine retard
7 - chlorhydrate de Phenformine 50,0 mg 5,00 kg
10 8 - jaune pour aliments 2

(FD& C Yellow 5% ocomme lague &
base d'alumine (p.ex. Ledbens~
mittelgelblack 2TL 2, Société

. Siegle) 1,0 mg 0,10 kg
15 9 - gel d'hyidroxyde d'aluminium 80,0 mg 8,00 kg
10 — c¢ire d'ester de lignite

- {p.ex. Hoechstwachs E) 30,0 ng 3,00 kg
11 — laoctoase 42,5 mg 4,25 kg

12 - acide pilicique collofdal
20 (p.ex. Aérosil 200) 4,5 ng 0,45 kg
13 — atéarate de magnésium 2,0 ng 0,20 xg
210,0 mg 21,00 kg

Préparatlon de la_couche de Glibenclamide (100 000 comprimés)

gelon 1'exemple 1. On peut comprimer les granulés décrits b
25 1'exemple 1 aves un poids final double.

Préparation de 1la couche de Phenformine retard

{100 000 comprimés)

selon 1l'exemgple 1. On romprime les granulds de Gibenclamide
et les granulés de Phenformine retard em comprimés 4 deux couches.

30 Exemple 4 (dragées)

On comprime des noyaux biconvexzes de Phenformine retard ayant
la composition décrite 4 1'exemple 2 (1 noyau contenant 25 mg de
chlorhydrate de Phenformine: )..

On enrobe de manidre habituelle les noyaux de Phenformine re-

315 tard tout en incorporant dane la couche enrobante 2,5 mg de dliben-~
clamide, : ]

A cet effet, on dlaoperse le Glibenclamide dane la suspension
d'enrobage et on le distribue uniformément par pulvérisation sur
les noyaux. .
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Un autre procédé consiste & mouiller uniformément les noyaux
de' dragées aveo une solution adhéeive ayant 1la composition sul-

vante : .
saccharose 1,000 kg
5 gélatine - 0,050 kg
- sirop d'amidon 0,375 kg
eau distillée 0,500 kg

On pulvérise le glibenclamide mélange aveo des ggents au-
xiliaires sur les noysux mouillés uniformément avee la solution
10 adhdsive et on sdche par de 1'air soufflé. On Tépdte ce procédé
jusqu'd ce que la quantité totale de subetance active soit distri-
buée uniformément sur la surface des noyaux.
" Compoeition du mélange de pulvérisation contensmt le

Glibenolamide
15 1 - ?J.i‘benclamido 2,8 ng 0,28 kg
contenant 12¢ d'addition)
2 - sucre punlvérisé 22,7 ng 2,27 kg
3 - amidon de mels ' 3,0 mg 0,30 kg
4 - tale 1,5 mg -’ 0,15 kg

20 30,0 mg 3,00 kg

On enrobe nltéria:lmqnt de meniire habituelle les noysux
des dragées recouvert de Gllbenclamida. )
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Ravendications

1 = Composition thérapeutique pour le traitement du dlabdte
par voie orale, caractérisé en ce qu'elle contlent ine agsoclatilon -
de N-4-/2-(5-chloro-2-néthoxybengemido)-éthyl/-phényl-sulfonyl-N'-
eyelohexyl-urée ot de chlorhydrate de 1-(2-phényl-§thyl)-biguanide
ou d'un autre sel pharmaceutiquement acceptable.

2 - Composition selon 1la revendiocation 1, caractérisée en ce
qu'elle contient, A cdté de 1'assoriation de N-4/2-(5-chloro-2-
méthoxybenzamido )-éthyl/-phényl-gulfonyl-N'-cyclohexyl-urde et du
el de 1-(2-phényl-éthyl)-biguanide, encore 4'autres substances
actives, adjuvants ou véhicules. Ny

3 - Composition selon la revendication 1 ou 1a revendicatiom
2, caractérisée en ce que le rapport de dose entre le glidencla-
nide et 1s mel de Phenformine est de 1:10.

4 - c:om;positiim selon l'une quelconque des revendioations 1
4 3, caractérisée en ce qu'elle contient 2,5 & 5,0 mg de Gliben-
clamide et 25 A 50 mg de chlorhydraste de FPhenformine par unité de
dosage. -

5 - Oompositlion selon 1'une quelconque des revendicatlons 1
4 4, caractérisée en ce que le €libenclamide est prépent acus une
forme soluble dans ls suc 'sa.atriqna et le chlorhydrate de Phenfor-
mine est présent sous une forme & libération retardée. '

6 - Compomition melon 1l'une guelaonque des revendications 1
3 5, caractérisée en ce qu'elle est formée d'un comprimé A deux
couches, d'une dragée ou 4'un comprimé enrobé. -

7 - Procédd de préparation d4'une composition selom 1l'une quel-
conaue (es revendications 1 & 6, caractériséd en ce que le sel de
Phenformine oat enrobé dans une matrice de clre avec addition ds
véhicules et de substances régulant la libération ‘et mis aveec la
Glidenclamide sous forme de doses unitaire.

B - Procédé selon la revendication 7, caractérisé eén ce gqu'on
prépare un comprimé i deux couches, une dragée ou un comprimé en-—
TObé,
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"501id oral dorage form comprising a combination of metformin
and glibenclamide".

The present invention relates to solid oral dosage forms for the
treatment of non-insulin dependent diabetas.

Non-insulin dependent diabetes is a metabolic disorder
characterized by hyperglycaemia, which occurs due to insulin deficiency,
insulin resistance and reduced glucose toleranca.

There are two main groups of oral antidiabetic drugs available:
these are the suiphonylureas and the biguanidines. Sulphonylureas act by
stimulating insulin release and are thus only effective with some residual
pancreatic beta-cell activity, examples of sulphonylureas available are
glibenctamide, gliclazide, tolbutamide, glipizide, tolazamide, gliquidone
and chlorpropamide. The biguanidines, such as metformin, act by
decreasing gluconeogenesis and by increasing peripheral utilisation of.
glucose, and as they require endogenous insulin they are only effective
with some residual pancreatic islet cell activity.

The initial treatment of non-insulin dependent diabstes imvolves diet
control and exercise. Only after this has been shown to be inadequate are
oral antidiabetic drugs used, and then only to complement the effect of
diet and not replace it. Monotherapy with an oral antidiabetic can be an
effective treatment for many years. However the efficiency can decrease
with time. Due to sulphonylureas and biguanidines having complementary
modes of action, combined therapy is now an established form of
treatment for non-insulin dependent diabetes. .

To improve patient compliance a combined tablet would be an
advantage. The present invention relates to solid oral dosage forms
comprising a combination of metformin and glibenclamide (also named
glyburide).

A combination of metformin with glibenciamide has been disclosed
in WO 97/17975 for the treatment of type 1| diabetes with a defined ratio of
the two active ingredients, which is a8 requirement in order to obtain an
optimum therapeutic effect. This prior art defines an optimum therapeutic
ratio of metformin hydrochloride to glibenciamide of 100:1, for example
500mg of metformin hydrochloride with Smg glibenclamide in a single

SUBSTITUTE SHEET (RULE 28)
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dosage unit. This ratio allows a range of daily doses, based on increasing
the number of tabiets taken per day, that avoid poor disease control
through underdosing of either ingredient when there Is a requirement for
co-administration, and avoids hypoglycaemia by overdosing of either
component when so co-administerad. Assurance of performanca in clinical
use, which will derive from having a product exhibiting appropriate
bioavailablility of the glibenclamide component, is a key requirement for
physicians wishing to freat patients with a combination formulation.
Appropriate bloavailability implies that Smg of glibenciamide formulated
into a combination tablet with metformin is absorbed to an acceptably
similar extent, and at a comparable rate, to glibenclamide dosed as a
single entity formulation of the same strength when dosed concurrently
with a single entity formulation of metformin.

This prior art does not teach how to formulate a combination
product of metformin with glibenclamide so as to assure appropriate
bioavailability of the glibenclamide component. There is no issue in this
respect in the case of metformin hydrochloride on account of its high
water solubilty and therefore the biocavailability of metformin from
combination formulations will not be discussed further. It is however a very
important aspect to consider for glibenclamide as this is a poorly solubie
drug substance (solubility is 0.1mg/ml in water at 25°C - practically
insoluble as defined by the USP).

As such, its rate of solution after administration of a dosage form
will influence the rate and exient of entry of the drug into the bloodstream
(bioavailability). The control of the rate and extent of entry into the
bloodstream is important for appropriate therapeutic effect.

Hence, the reference discioses a sultable ratio of the two active
ingredients in a single dosage form, in order to model how the two
individual ingredients might be desirably co-administered (based on how
they would be dosed according to usual practice associated with currently
available single entity formulations), it does not teach how to assure that
such a combination formulation will perform in tarms of bicavailability of

F
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glibenclamide. This bioavailability should be as similar as possible to when
the relevant doses of the two single entity formulations are co-
administered.

In addition, when a combination tablet using standard galenic
procedures is proceeded with standard generic glibenclamide in the
combination tablet, a reduced bioavailability in comparison to the co-
prescribed situation was apparent.

‘It has now been found using in-vitro and in-vivo testing that the
reduced bioavailability is related to the particle size and the particle size
distribution of the glibenclamide. It has been found that particles which are
too small result in high glibenclamide blood levels with consequent risk of
hypoglycaemia and particles which are too large cannot dissolve
sufficiently rapidly to give comparable bioavailability with the co-prescribed
situation. It is therefore necessary to have a closely defined particle size
distribution of the glibenciamide in the combination form.

The selection of a specific size fraction of glibenciamide enables
the production of a solid oral dosage form comprising a combination of
metformin and glibenclamide, and Iin particular a tablet, exhibiting
glibenclamide bioavailability comparable to the bioavailability obtained
with the separated administration of metformin and glibenclamide, when
judged by the area under the curve of the in-vivo analysis.

The present invention provides in particular a tablet comprising a
combination of metformin and glibenclamide, exhibiting a comparable
glibenclamide biocavailability to the co-administered tablets.

In a first embodiment, the solid oral form such as a tablet, according
to the invention, contains a combination of glibenciamide and metformin in
which the size of the glibenclamide is such that at most 10% of the
particles are less than 2 pm and at most 10% of the particles are greater
than 60 um. Preferably, the size of the glibenclamide is such that at most
10% of the particles are less than 3 pm and at most 10% of the particles
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are greater than 40 um, This specific particle size range of glibenclamide
may be obtained by siaving or air jet milling.

In a second embodiment, the solid oral dosage form comprises a
combination of metformin and glibenclamide in which the size of
glibenclamide is such that at most 25 % of the particles are less than 11
pm and at most 25 % of the particles are greater than 46 um.

Preferably, 50 % of particles are less than 23 pm.

Metformin may be used as a salt of meftformin, such as
hydrochioride, fumarate, hydrobromide, p-chlorophenoxy acetate or
embonate. The weight ratio of metformin sait to glibenclamide should
preferably be between 50/1 to 250/1.

The preferred compositions for the oral dosage form is provided in
the table below, with ranges on components baing provided:

Amount of ingredient, mg per tablet
Praduct identity 500/5 500725 250/1.25
Ingredient
Metformin hydrochloride |500.0 500.0 250.0
Glibenclamide 5.00 2.50 125
Croscarmellose sodium |6.0-30.0 6.0 - 30.0 30-150
Microcrystalline celluiose | 30.0 - 120.0 30.0-120.0 15.0 - 60.0
Polyvinyl pyrrolidone 6.0 -36.0 6.0 -36.0 3.0-18.0
Magnesium stearate 0.6-150 0.6-15.0 03-75
Film coat’ 9.0-240 9.0-24.0 45-120

~a commercially-avaitable fiim coat composition Is used, such as Opadry (Colorcon, UK).

The especially preferred compositions are as follows:

[y
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Amount of ingredient, mg per tablet
Product identity 500/5 500/2,5 250/1.25
Ingredient
Metformin hydrochloride | 500.0 500.0 2500
Glibenclamide 5.00 2.50 125
Croscarmellose sodium | 14.0 14.0 7.0
Microcrystalline cellulose | 54.0 56.5 2825
Polyvinyl pyrrolidone 20.0 20.0 10.0
Magnesium stearate 1.2-120 12-120 0.6-60
Film coat” 9.0-24.0 9.0-24.0 45-120

" a commercially-available film coat composition is used, such as Opadry (Colorcon, UK).

The tablet according to the present invention may be obtained by a
process comprising:

a) forming granules by wet granulation of a mixtura of metformin
and glibenclamide;

b) blending the granules with a tabletting aid and diluent, and

c) tabletting the blend thus obtained into tabiets.

Advantageously the mixture used for forming the granules
comprises a granulating binder. This granulating binder is in particular a
polyvinylpyrolidone such as for example, a polyvinylpyrolidone having a
molecular weight of 45 000. The polyvinylpyrolidone may be used in a
proportion of 2 to 4% by weight with respect to the final tablet.

After the granulating step the granules may be sieved and dried.

The granules are then blended with a diluent and tabletting aid. The
diluent may be any material usually used for making tablets, such as
microcrystalline cellulose. The tabletting aid may be any material usually
for making tablets, such as magnesium stearate.
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The tablets thus obtained may then be coated with a hydrophilic
celiulogse polymer and talc. The hydrophilic celiulose polymer may be 2-
hydroxypropyl methyicellulose.

The following examples and tests illustrate the present Invention.

Example 1

A tablet of metformin/glibenclamide has been prepared as follows:

66.6 g of polyvinyipyrolidone are mixed with 246 g of purified water
with a stirrer. 1500 g metformin hydrochloride, 7.5 g of glibenclamide (with
a 10 to 90% size range between 2 to 60 pm), 42 g croscarmellose sodium
and 284.4 g of microcrystalline cellulose are mixed in a granulator. The
polyvinyipyronolidone solution is added to the granulator and the wet
mass is granulated. The granules are extruded through a 1 mm mesh.
The granules are emptied into a preheated fluldised bed dryer and the
granules are dried. 97.5 g of microcrystalline cellulose is mixed into the
granules using a tumbling mixer. 12 g of magnesium stearate is added to
the tumbling mixer and mix. The granule mix is tabletted using a suitable
tablet press. The tablets are coated with a 2% hydroxypropyl
methyicellulose coat in a coating machine.

Example 2

A tablet of metformin/glibenclamide has been prepared as follows:

5.83 g of glibenciamide (with a 10 to 80% size range betwesn 2 t0
60 pm), are preblended with 32.67 g of croscarmellose sodium, 46.67 g of
polyvinylpyrolidone are mixed with 93.33 g of purified water with a stirrer.
The glibenclamide-croscarmellose sodium blend is mixed with 1166.6 g of
metformin hydrochloride in a granulator. The polyvinylpyrolidone solution
is added to the granulator and the wet mass is granuiated. The granules
are emptied into a preheated fluidised bed dryer and the granules are
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dried. The particle size of the granules is reduced by passing through a 1
mm mesh. 131.83 g of microcrystalline celulose are mixed into the
granules in the granulator. 16.3 g of magnesium stearate are added to the
granulator and mixed. The granule mix is tabletted using a suitable tablet

press. The tablets are coated with a 2% hydroxypropyl methyicellulose
coat in a coating machine.

Testq

In-vivo bioavailability tests were performed with tablets prepared as
disclosed in example 2, using two batches of glibenclamide. The two
batches have the following 10 to 90% particle size range:

batch A: 3.47-38.08 um

batch B: 15.63-81.6 um.

The distribution of the particle size of batches A and B are
illustrated in figure 1.

The two batches of tablets were administered to healthy patients in
comparison to co-administered glibenclamide (marketed under the trade
name Daonil) and metformin hydrochloride (16 patients for each group).

The comparative concentrations of glibenclamide in a tablet
comprising a combination of metformin and respectively the batch A and
the batch B of glibenclamide and with the co-administration are shown
respectively in figures 2 and 3.

The area under the curve (AUC) are the following:

AUC (ng/ml/h)
combination with batch A 790.5
combination with batch B 353.0
co-administration 869.3
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it appears that with the combination according to the invention with
batch A the AUC is substancially the same as in the case of co-

administration, whereas with the combination with batch B the AUC is
more clearly different.

Test2

Careful examination of blood levels of glibenclamide in humans
foliowing administration of a series of tablet formulations of metformin
hydrochloride combined with glibenclamide (identified as formulations
Combo 1, 2, 3 and 4), where the formulation are identical save for the
particle size characteristice of the gitbenclamide used, compared with
commercially available reference formulations of metformin hydrochloride
(Glucophage™, Bristol-Myers Squibb) and glibenclamide (Micronase™,
Upjohn) dosed together, allowed definition of particle characteristics for
glibenclamide that would assure appropriate bioavailability of the
glibenclamide component from the combination formulation. This means
that disease control when patients are first treated with such a
combination formulation will be predictable, based on prior physician
knowledge of treatments employing either single drug.

Altemnatively, if patients have undergone prior stabilisation of their
disease by adding treatment with a commercial product like Micronase™
to existing treatment with Glucophage™ (or vice versa), then the switch
over to a more convenient treatment employing the combination in a
single tablet (and where the appropriate bicavailabllity of the glyburide
component is assured) will result in the desired level of disease control
being maintained.

Data from the studies with metformin hydrochicride/glibenclamide
tablets formulated with glibenclamide of different particle size
characteristics allowed the development of a cormrelation between drug
particle size and the in vivo performance. The properties of the lots of
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glyburide used in the series of combination tablets employed are shown in
the table below:

glibenclamide particle size (microns)
Tablet batch 25 % undersize | 50 % undersize 75 % undersize
Combo 1 15 33 6
Combo 2 28 58 88
Combo 3 10 25 52
Combo 4 6 11 19

When four compositionally-identical individual batches of tablets of
metformin hydrochloride-glyburide 500/2.5mg were prepared using each
of these lots of glibenclamide and dosed to humans, the following
pharmacokinetic parameters were found on analysis of the giibenclamide
plasma concentration-time curves:

Pharmacokinetic parameters glibenclamide
Tablet batch Cmax (ng/ml, AUC Cmax (ng/ml, AUC
geo. mean) (ng/ml/hr, geo. arith. mean) (ng/ml/hr,
mean) arith. mean)
Comba 1 71 478 76 493
Combo 2 52 345 54 339
Combo 3 64 513 67 531
Combo 4 88 642 93 716

A reasonable correlation can be obtained between particle size and
the maximum attained geometric mean glibenclamide plasma
concentration, Cmax, and also with the geometric mean area under the
glibenclamide plasma concentration-time curve, AUC.

From these correlations, projected limits on particle size for
glyburide that would give predicted Cmax and AUC values + 25 % of a
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mean velue for batches of the reference glibenciamide formulation,
Micronase™ utilised in the In vivo studies become:

Cmax <0-18 microns <0-37 microns <(0-83 microns
AUC <0-11 microns <0-25 microns <0-48 microns

Accommodating both Cmax and AUC requirements, the projected limits
then become:

25% yndersize mits  50% undersize imits  75% undersize limits
< 11 microns £ 23 microns < 48 microns

Glibenclamide having these particle size characteristics have
powder surface area values in the range 1.7 to 2.2 mig"* as determined by
nitrogen adsorption. Therefore material of these properties when
formulated as described in this work is distinct from the material disclosad
in US 3 979 520 which required glibenclamide of powder surface area in
excess of 3m’g”" (preferably 5 to 10 m’g") to yield appropriate
glibenclamide bioavailability. The glibenclamide of particle size properties
detailed In this work, when formulasted as described here produces

appropriate glibenclamide bioavailability in humans as described in the
next tast.

Testd

A batch of metformin hydrochloride-glibenclamide tablets 500/5mg
was prepared as follows. Glibenclamide (1.0kg) with the above defined
size was tumble mixed with 2.8kg of croscarmelivse sodlum and this
mixture was then blended in a high shear mixer with metformin
hydrochioride (100kg) to which 0.5% by weight of magnesium stearate
had been added.
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Thie dry mix was wet granulated in a high shear mixer with 12.1kg
of an aqueous solution of povidone (containing 4kg of povidone). The wet
granules were dried in a fluid bed drier at 60°C to a defined moisture
content. The dried (loss on drying 2-3% w/w) granules were size reduced
in a oscillator (1.0mm screen aperture) then tumble mixed with 10.8kg of
microcrystalline cellulose, followed by mixing with 0.9kg of the tablet
lubricant magnesium stearate. The lubricated granules were compressed
using 16mm x 8mm capsule shaped tooling and the tablat cores were film
coated (weight gain approximately 2% w/w) with the proprietary film coat
material Opadry 32920 to yield the final yellow, capsule-shaped tablets. in
a human pharmacokinetic study volunteer either were dosed with one of
these tablets or with a treatment being one 500mg Glucophage™ tablet
plus one Smg Micronase™ tablet co-administered. Glibenclamide plasma

levels following dosing were analysed and the following pharmacokinetic
were found for this component:

Treatment Parameter Mecan Adjusted Ratio of means
geometric mean | (Point estimate)
Combination Cmax 122 116 1.14
Tablet 500/5 AUC (C-T) 859 831 1.07
Glucophage + Cmax 113 101 -
Micronase AUC (O-T) 842 780 -

Glibenclamide bicavailability from the combination tablet is
comparable to that from the reference glibenclamide formulation,
Micronase™. This would thus allow patients to conveniently take one
tablet of the combination product instead of two tablets of existing
therapies together, without concemn that low glibenclamide blood levels
would result, which might occur with prior art formulations and lead to loss
of control of disease.
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Example 3

Instead of compressing into tablet granulation as prepared for test 3
was filled into size 00 capsules to either provide for metformin
hydrochloride/glibenclamide S500mg/Smg product or the 500mg/2.5mg
product. Granulation was filled into size 1 capsules to provide the
250mg/2.5mg product.

These capsule exhibited acceptable physical properties and
provide an altemative to the tablets. Formulations as described in WO
97/17975 could not be filled in capsules of a size acceptable to most

patients because of the larger amount of excipients employed the
formulations they described.
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CLAIMS

1. A solid oral dosage form comprising a combination of metformin
and glibenclamide in which the size of glibenclamide is such that the
glibenclamide bioavailability is comparable to the glibenclamide
bioavailability obtained with a separate administration of metformin and
glibenclamide .

2. A solid oral dosage form comprising a combination of metformin
and glibenclamide in which the size of the glibenclamide is such that at
most 10% of the particles are less than 2 pm and at most 10% of the
particles are greater than 60 um.

3. A solid oral dosage form as claimed in claim 2 in which the size
of the glibenclamide is such that at most 10% of the particies are less than
3 um at most 10% of the particles are greater than 40 um.

4. A solid oral dosage form comprising a combination of metformin
and glibenclamide in which the size of glibenclamide is such that at most
25 % of the particles are less than 11 ym and at most 25 % of the
particles are greater than 46 um.

5. A solid oral dosage form in which 50 % of particles are less than
23 um.

6. A solid oral dosage form as claimed in any one of claims 1 to 4 in
which metformin is present as metformin salt and the weight ratio of
metformin salt to glibenclamide is 50/1 to 250/1.

7. A solid oral dosage form as claimed in any one of claims 1o 6
which is a tablet.

8. A tablet as claimed in claim 7 which is obtained by a process
comprising:

a) forming granules by wet granulation of a mixture of metformin
and glibenclamide;

b) blending the granules with a tabletting aid

c) tabletting the blend thus obtained into tabiets.
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GLIBENCLAMIDE-METFORMIN COMBINATION FOR THE TREATMENT OF DIABETES

MELLITUS OF TYPE Il

The present invention relates to the use of a
combination consisting of glibenclamide and metformin in
one gpecific ratio as medicament for the treatment of
diabetes mellitus of type II.

Non-insulin dependent diabetes of type II (NID) is
known to be a frequent metabolic disease and the main
cauge o0f hyperglycemia. In recent years, diabetes
mellitus of type II has been proved to be a
heterogeneous disease, with complex, unclarified
metabolic aspects, vwhich disease is cMaracterized by
three main metabolic abnormalities contributing to
hyperglycemia: the partial or complete decrease in
insulin secretion, the resistance of the peripheral
tissues to insulin and the increased hepatic production
of glucose in fasting conditions.

Diet and physical exertion are unanimously
recognized to Dbe the foundation of the therapy of
diabetes of type II: both of them lead to a reduction in
insulin-resistance and, in the 1long run, to an
improvement in the pancreas secretive deficit.

However, these provisions are insufficient and a
pharmacological aid with oral hypoglycemic agents is
necessary. At present, the two main families of oral
hypoglycemic agents available are sulfonylureas and
biguanides.

The |use of sulfonylureas and biguanides in
monotherapy, in most cases, allows to obtain an

effective glycometabolic control for some years, if an

A
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appropriate diet and behavioural regimen are kept.
Nevertheless, the efficacy of the therapy with oral
hypoglycemic agents can decrease with time.

After a positive starting response which can last
4-5 vyears, monotherapy becomes ineffective in a
considerable percentage of patients. These are the so-
called "secondary failures" of the therapy with oral
bypoglycemic agents. 8Such a fajilure is estimated ¢to
occur each year in 5-108 of the patients under therapy
with sulfonylureas, therefore after 10 years, only 50%
of the patients still show a satisfactory response.

The secondary fajilure in patients under treatment
with metformin appears to have an incidence
superimposable to the above mentioned one.

Recent studies show that besides a
qualitative/quantitative deficiency of insulin
secretion, the combined occurrence of insulin-resistance
conditions is at the bottom of NID diabetes.

Since sulfonylureas are capable of stimulating
insulin release, but are not capable of acting on
insulin resistance, and biguanides are able to act on
insulin resistance, whereas they are not able to
stimulate insulin secretion, the tharapeutical rationale
of said studies suggested the use of combined
formulations of medicaments capable of finding a remedy
for both the deficiency in insulin secretion and the
insulin-resistance condition.

Vigneri et al. (Diabete & Metabolisme, 1991, (17),
232-234), faced the problem of secondary failure to
sulfonylurea therapy in NRID diabetes. The authors

proposed a combination of glibenclamide-metformin in a
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daily dosage of 15 mg and 1500 mg, respectively, in
alternative to insulin therapy in addition to
glibenclamide.

The combined therapy (sulfenylurea + biguanide)
plays therefore a specifically important therapeutical
role, esince it allows to obtain an effective metabolic
control in those patients with diabetes of type 11, in
which the therapy with only sulfonylureas or only
biguanides becomes ineffective with time.

Two biguanides are used in the oral therapy of
diabetes of type 11: phenformin and metformin. Although
the former is still widely used, a number of data in
literature clearly show that metformin exerts an
effective normoglycemic action with no risk of lactic
acidosis in the patients, as it cap occur in some cases
when using phenformin. Therefore, it is generally
accepted that metformin is the preferred biguanide in
the therapy of diabetes of type Il.

The Applicant found, during clinical experiments,
that the sulfonylurea maximum daily dose considered
optimum for the most severe, barely controllable cases
is 15 mg. However, such a dose has to be combined with a
biguanide maximum daily dose of 1500 mg in order to
obtain the maximum therapeutical effect together with
the reduction of untoward effects.

At present 4 combinations are marketed which use a
combination of metformin with glibenclamide (Table 1).
In the first combination, glibenclamide dose is 2.5 mg
and metformin (expressed as the hydrochloride) dose is
500 mg for each tablet, namely a weight ratio of 1:200.

In the other combinations, 4 ses are respectively: 2.5

0
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mg of glibenclamide and 400 mg of metformin, namely a
weight ratio of 1:160.

TABLE I
Ready-to-use preparations of sulfonylurea (S) -

Metformin (M) available at present:

Rame Manufacturer § (dose/cp) M (dose/cp)
Glucomide Lipha Glibenclamide Metformin
(2.5 mg) (500 mg)
Glibomet Guidotti Glibenclamide Metformin
(2.5 mg) (400 mg)
Suguan M Hoechst Glibenclamide Metformin
(2.5 mg) (400 mg)
Bi-Euglucon M Boehringer M Glibenclamide Metformin
(2.5 mg) (400 mg)

It should be noted, however, that none of these
formulations attain the optimum therapeutical effect due
to the gquantitative unbalance of the medicaments in
combination. In fact, using the above mentioned
formulations, in order to obtain the sulfonylurea
maximum dose of 15 mg, which we consider optimum for the
most severe, barely controllable cases, 6 tablets of the
medicament should be taken, thus receiving 2400-3000 mg
of metformin, which is s dose markedly higher than the
maximum one we recommend (1500 mg).

Therefore, the still unsolved problem is to find a
combination capable of obtaining the maximum increase in
the therapeutical effect with balanced doses of the

single medicaments, thereby decreasing in parallel their
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untoward effects.

Such a research is of paramount importance, taking
into account that in diabetes of type Il it is often
necessary to progressively increase with time the
hypoglycemic medicament doses.

The present invention solves the problem to provide
medicament effective for the treatment of diabetes
mellitue of type II in cases of secondary failure t a
combination of glibenclamide-metformin currently used in
therapy.

Abstract of the invention

Now it has been found that a combination of
glibenclamide and metformin {expressed as the
hydrochloride) in a 1:100 weight ratio, so as to allow a
daily administration of 15 mg of glibenclamide and 1500
mg of metformin, is suitable to the preparation £ a
medicament useful for the treatment of diabetes mellitus
of type II at any time of the progression of the
disease, from its onset to the most severe cases.

Therefore, it is an object of the present invention
the use of the above mentioned combination in admixture
with conventional carriers and excipients for the
preparation of a medicament for the treatment of
diabetes mellitus of type 11, particularly in the cases
of "secandary failure" to a combinat ion of
glibenclamide-metformin currently used in therapy.

r iled disc) ¢ the .

According to a first preferred embodiment of the
present invention, the combination of the two active
ingredients is used in a medicament in the form of

tablets with a dosage of 5 mg of glibenclamide and 500

A
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mg of metformin. This medicament is useful for the

treatment of diabetes mellitus of type I1.

The balance of said doses makes the therapeutical
effect optimum at any time of the progression of the
disease, starting from minor cases to the most severe
ones, and particularly, when it is necessary to increase
progressively with time the doses of the two substances.

On the contrary, when combination ratios different
from those of the present invention are used, the
following casees are likely to occur:

- when the ratios are lower than the recommended
ones, the number of metabolically controlled
diabetic patients will definitely be lower;

- when the recommended doses are exceeded, there will
be an actual risk of untoward effects.

Therefore, the target area of the patients
responding to the therapy will increase and at the same
time the onset of therapeutical risks will be highly
daecreased only when the two medicaments are administered
in combination at the doses present in the tablet, or at
multiple and submultiple doses of the same.

Moreover, it has been proved that a dose increase
beyond the maximum limits herein recommended of 15 mg of
glibenclamide and 1500 mg of metformin daily causes n
further favourable therapeutical effects.

Finally, it should be stressed that the above
mentioned doses can theoretically be attained also using
the two medicaments separately. However, this involves
the need of taking twice as many tablets a day, with
clear compliance problems, especially in the elderly

patients which require concomitant therapies for other
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pathologies which are frequently connected with
diabetes, such as hypertension and vascular diseases.

Said combination of dosages can be used starting
from the onset of the disease in NID diabetics since the
ratio of 5 mg of glibenclamide + 500 mg of metformin
will always be balanced, in both the multiple and
submultiple dosages. In fact, when the tablets are
subdivided, thus obtaining minor and/or fractional daily
dosages, the fixed ratio, which is the balanced one, is
always maintained. Therefore, according to a second
embodiment of the present invention, the medicament is
in the form of a divisible tablet containing the
combination described above.

Alternatively, tablets containing fractions of the
preferred dosage can be prepared, always keeping the
1:100 ratio between the two active principles.

Analogously, in the most severe cases of diabetes
with metabolic decompensation, which cannot De
controlled with the commercially available combination
medicaments, (so that the patients should turn to
insulin therapy), the combination of the invention
allows to treat them, still and for a 1long time, with
the oral therapy, with obvious benefits for the patients
themselves.

In confirmation of what stated abhove, the study
profile and the results of the experimentation carried
out are reported in the following.

Study profile
Sample size
About 100 diabetics of type Il (non insulin-

dependent] have been studied. The sample was calculated
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s0 that -a clinically significant average reduction of
the values of glycated hemoglobin Alc equal to or higher
than 0.68 and an average reduction of glycemia equal to
or higher than 18 mg/dl in the 16 weeks of treatment
could be detected. The standard deviations envisaged for
HbAlc and for fasting glycemia are 1.46% and 44 mg/dl.
The analysis makes use of a significance level of 0.05
and a test power of 0.80 (two-tail test).
Description of the studied panel

98 Patients with diabetes mellitus of type I1II (non
insulin-dependent) were studied. The average age of the
subjects was 57.3 2 6.6 years.

The panel consisted of 45 males (468) and 53
females (54%) of superimposable age.
Starting metaholic profile

The fasting glycemia measured at examination 1 was
219 + 37 mg/dl (958 confidence limits: 211-226 mg/dl;
10-90° percentile: 184-272 mg/4l), 24 hour glycosuria 25
+ 36 g (958 confidence limits: 18-33 g; 10-90 percentile
7-64 g), no acetonuria in all of the patients, glycated
hemoglobin Alc 9.1 + 0.9% (958 confidence limits 8.9-
9.2%; 10-90° percentile:8-10.1%).
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TABLE A
Metabolic profile of the subjects studied in each

centre.

Fasting
10 glycemia 219141 211433 221:42 226429 ns
(mg/dl)
24 hour
glycosuria 11+14» 25+15 37454 L 0.026
(g/24 hours)
15 Acetonuria 0 0 0 0 -
Glycated
hemoglobin 8.8+1,1 9.140.7 8.8+1,0 9.610.4° 0.002
Alc (%)
20 b p ¢ 0.05 Cantre 1 vs Centre 3
=2 At the Centre 4, glycosuria was doses with a
semiquantitative procedure
. p < 0.05 Centre 4 v Centres 1, 2. 3
Eval . ¢ t) (£ £ ¢}
25 The parameters the evaluation of the efficacy of
the treatment is based on are:
1. fasting glycemia;
. post-prandial glycemia;

2

3. 24 hour glycosuria;

4 presence of acetone in the urines;
5

glycated hemoglobin (HbAlc).

BNSDOCID «<Wt. . EM7E75A1 1 :
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Other important parameters evaluated during the
study are:
1 body weight
2 total cholesterol plasma levels;
5 3. HDL cholesterol plasma levels;
4 LDL cholestercl plasma levels:;
5 arterial pressure values.
. 3 .
The average values of the fasting glycemia

10 evidenced during the study are reported in Table B.
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Exaninations 1
Weeks -3
whole 219
Panel Mi(ds) (37)

Single
Centre
Centre
Centre
Centre
Anova

Oneway

Centras

1 224

2 214

3 222

4 226
ns

{p )

among centres

among examinations

248
197
247
220
0 002

225

1718
2079
184~

0 003

236

173§
206%
174~

0 003

232

1718
216$
162»
0 001

221
161§
2138
156~
0 001

232

1748
20348
145~
0 001

1 factor analysis
0 0001
(F = 24)

B = -

1 factor analysis
0 426

0 0001

0 0001

0 0001

2 factor analysis
¢ 0001
0 0001
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» p < 0.001 vs Examination 1 and Examination 2

§ P < 0.001 vs Examination 1. p < 0.01 vs

Exanination 2

* p < 0.05 vs Examination i

$ p < 0.01 vs Examination 2

In the whole panel, the fasting glycemia underwent
a significant reduction already after two weeks of
treatment (p < 0.001); said reduction was maintained
subsequently during all the study (16 weeks). Similar
results were obtained from the analysis carried out at
the single Centres (Centres 2-4). Only in Centre 1, no
reduction in glycemia was detected, partly probably due
to the small number (n. 9) of the studied subjects(Table
B).

Table C reports the results of the glycemia course
in subjects stratified as a function of the Body Mass
Index (BMI; normal weight: BMI < 25 kg/m®- n = 21;
overweight BMI 25-30 kg/mZ:- n = 52; obeses BMI > 30
kg/mz- n = 259).
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raasting glycemia changes during the study

TABLE C

The subjects were stratified depending on BMl (Body Mass Index)

Examinations 1
Vieeks -3
BMI

< 25 kg/m? 214
25-30 kg/m? 220
2 30 kg/m2 227
Anova ne

Oneway (p <)

among groups

among examinations

212
223
247

180*
192+
2088

ns

167~
196*
2088
0 02

173+
194=
2078

175+
186>
1968

168+
182+~
2058

variance
for analysis repeated

measurements p <

1 Factor analysis
0 0001

0 Q001
0 033

2 Factor analysis

0 0001
0 0001

G5~

ET

wL6LU/L6 OM

09890/96d3/10d
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* p < 0.001 vs Examination 1 and Examination 2

Ep < 0.05 vse Examination 2

The effects of the treatment are clear (variance
analysis for repeated measurements, p < 0.0001) in the
subjects with normal body weight and in the overweight
subjects (BMI 25-30 kg/m?), which are less sensitive,
but still statistically significant (p < 0.035 in the
obese subgroup (BMI > 30 kg/m?)).
Post-prandial glvcemia

The mean values of the fasting glycemia evidenced
during the study are reported in Table D. The post-
prandial glycemia, measured at the beginning and at the
end of the study, underwent a significant reduction both
in the whole panel (318 to 267/mg/dl) and in each of the
subgroups defined depending on the Body Mass Index.
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TABLR D
Post-prandial glycemia: changes during the study.
In the second part of the table the subjects were
gtratified depending on the BMI (Body Mass Index).

Examinations 2 6 Student's t test for

coupled data weeks {p <)

0 16
Whole 318 267 0.0001
Panel: (64) (79)
BMI: Variance analysis for
measurements (1 factor)
<25 kg/m? 317 252 0.0003
25-30 kg/m? 320 263 0.0001
230 xg/m? 313 287 0.001
Anova nE ns
Oneway (p <)}
2 Factor analysis
among groups ne
among examinations 0.0001

o — S g S S i T e S S e g S G M e e S s d G G G GED R e D R S g e R G e R A e A A — -

Adverse events

The untoward effects were infrequent and sglight; in
practice, only gastro-intestinal untoward effects such
as nausea, abdomen pains and diarrhoea, more or 1less
combined together, occurred.

1us3 ) ') } ical effy

In the clinical sBtudy carried out, the proposed

combination (glibenclamide 5 mg - metformin 500 mg) was
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administered for 16 weeks to patients with diabetes of

type 111, in which the <combined treatment with

glibenclamide-metformin at the presently available
dosages gave no longer an acceptable metabolic control.

The main result from the evaluation of the efficacy
consists in the significant decrease in the fasting
glycemia (-35 mg/dl), in the glycemia 2 hours after
meals (-51 mg/dl) and in the HbAlc (-0.9%).

Thase results are of particular value when
considering that:

1. Whereas the patients with & more severe diabetic
condition (so as to be necessary the use of high
dosages of glibenclamide and metformin), actually
were no longer responsive to the sulfonylurea-
metformin combinations commercially available and
as a consequence it was necessary to start the
subsequent therapeutical option, i.e. the addition
of insulin to the oral therapy or the complete
substitution of the latter with insulin itself.
These cases were treated successfully and the
obtained results prove that the combination
glibenclamide 5 mg + metformin 500 mg is an
important therapeutical tool, which allows to
obtain an effective control of glycid metabolism
still making use of the only hypoglycemizing oral
therapy, thus obtaining a further favourable effect
on life-quality of the patients themselves.

2. On the contrary, for the less severe cases, the
ratio 5 mg of glibenclamide + 500 mg of metformin,
can be subdivided as desired, theredby having lower

and/or fractional daily dosages thus allowing to
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treat the disease from its onset, as the

glibenclamide to metformin ratio, even when

fractioned, will turn out to be very well balanced.

As far as the industrial applicability aspects are
concerned, the medicaments according to the invention
are provided in the form of pharmaceutical composition,
which can be prepared according to conventional
techniques known to those skilled in the art, for
example as described in Remington's Pharmaceutical
Sciences Randbook, Mack. Pub., N.Y., U.S.A.

Among the pharmaceutical compositions intended for
the treatment of diabetes mellitus of type II, those
which are administered orally are preferred, such as
coated or non-coated tablets, capsules, sugar-coated
pills, granulates, oral Bsuspensions, nicrogranules,
controlled-release tablets.

Metformin is used preferadbly in the form of
metformin hydrochloride salt. Of course, it is also
poesible to use equivalent amounts of other phosphate,
solfite, dithionate, acetate, benzoate, citrate salts
and the like, optionally together with suitable buffers.

On the contrary, glibenclamide is an insoluble
substance.

Since said compound has to be administered in
comparatively high dosages (5 mg of Glibenclamide + 500
mg of Metformin HCl) and for 1long times in order to
obtain a complete action, the oral route was considered
the simpliest administration method.

In the galenic study carried out to accomplish the

.most suitable pharmaceutical form, the following

objectives were taken into account:
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- ready contact of the active ingredient in the
dispersed state with gastroenteral mucosae

- easiness of swallowing

- posology flexibility

- optimization of the technological characteristics
of the granulate for the working up with fast
devices

- choice of the material suitable for the
preservation of the product

- manufacturing process easy to carry out and
economical.

Considering the high unitary dosage reguired, the
pharmaceutical formulation in lozenge-shaped tablets,
with a central breaking division, has been chosen since
it is considered the most suitable one. Such a tablet
can have the composition as shown in Example 1.

In fact this allows, with comparatively limited
5izes, to carry suitably the active ingredient, so as to
combine & favourable working-up with optimum bio-
pharmaceutical and technical characteristics besides an
improved swallowability.

The tablets were subjected to wet-granulation; the
excipients reported hereinbelow were selected, after a
number of laboratory tests in order to find the amount
of each excipient to attain the best workabllity
together with Dbiopharmaceutical and technological
characteristics of the tablets:

- maize starch: diluent and disintegrant;
- precipitated silica: it promotes the cohesion of
the granulates improving their flowability;

- microcristalline cellulose (Avicel PH 101): a
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diluent, which favours the formation of compact granules

and therefore of more resistant tablets contributing at

the same time to disaggregation of the pharmaceutical
form, promoting the penetration of liquid inside it by
capillarity;

- gelatin: a binder used in solution to wet the
granular mixture;

- glycerin: it is used in the gelatin solution to
promote wetting and as a plasticizer;

- talc: a lubricant;

- magnesium stearate: a so0lid lubricant which is
effective in amounts which do not significantly
affect the disaggregation time of the tablets.

In order to improve handling and swallowing, a
coating was moreover applied onto the tablets, which
consists of a methylhydroxypropyl cellulose film as a
film-forming agent, titanium dioxide as an opacifier and
polyethylene glycel 400 as a plasticizer. The
compatibility among the active ingredient and the
selected excipients was ascertained by preliminary
accelerated stability studies.

Pinally, for the choice of the container, the
physico-chemical characteristics of the active
ingredient and of the tablet were considered in order to
guarantee a safe preservation; the medicament of the
invention showed a very good stability in an opagque
blister consisting of PVC/PVDC and aluminium.

The manufacturing process was carried out Dby wet
granulation both by means of kneading in a fast
granulator and drying in air-circulation drier, and irn

fluidized bed granulator-drier. In both cases, tablets
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with the desired characteristics were obtained.

The following examples
invention.
EXAMPLE 1
A _coated tabhlet containg:
Glibenclamide
Metformin hydrochloride
Maize starch
Precipitate silica
Microcrystalline cellulose
Gelatin
Glycerin
Talc
Magnesium stearate
Methylhydroxypropylcellulose
Titanium dioxide
Polysthylene glycol 400
Unitary theoxr. average weight
EXAMPLE 2
Granulate sachets:
Glibenclamide:
Metformin hydrochloride
Polyvinylpyrrolidone
Saccharose
Mannitol
Sodium saccharinate
Orange flavour
Lemon flavour

Unitary theox. average weight

further

illustrate
mg 5.00
mg 900.00
ng 57.50
ng 20.00
mg 65.00
mg 40.00
ng 17.50
mg 17.50
ng 7.50
ng 12.50
ng 6.25
ng 1.25
mg 750.0
mg 5.00
mg 500.00
mg 22.00
mg 1000.00
ng 821.00
mg 10.00
mg 37.00
mg 10.00
mg 2405.00

the

.
=B



WO 9717978 PCT/EP96/04860

" 21
. EXAMPLE 3
Suspension:
Glibenclamide g 10.100
Metformin hydrochloride g 0.047
5 Sodium carboxymethylcellulose g 0.07%
Microcrystalline cellulose 9 0.300
Wild black cherry essence g 0.089
Anise essence g 0.050
Glycerol g 10.000
10 Methyl p-hydroxybenzoate g 0.050
Saccharose g 77.470

Depurated water qg.s. to ml 100
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CLAINMS

1. The use of a combination of glibenclamide-metformin
hydrochloride in a 1:100 weight ratio for the
preparation of a single-dose medicament useful £ r the
treatment of diabetes mellitus of type 11 in cases of
secondary failure to a combination of glibenclamide-
metformin hydrochloride in a weight ratio higher than
1:100.

2. The use of a combination of glibenclamide-metf rmin
hydrochloride in a 1:100 weight ratio for the
preparation of a single-dose medicament useful £ r the
treatment of diabetes mellitus of type II in cases of
secondary failure to a combination of glibenclamide-
metformin hydrochloride in a weight ratio of 1:160 or
1:200.

3. The use according to claim 1 or claim 2,
characterized in that the medicament is suvitable to the
administration of a daily dosage of up to 15 mg of
glibenclamide and 1500 mg of metformin.

4. The use according to claim 1 or 2, characterized in
that, in the medicament, the unitary dose contains 5 mg
of glibenclamide and 500 mg of metformin.

5. The use according to claim 4, wherein the
medicament is in the form of a tablet.

6. The use according to claim S, wherein the
medicament is in the form of divisible tablet.

7. The use according to claims 1 or 2 and any ne of
claims 3-7, characterized in that in the medicament
metformin hydrochloride is replacad with an equivalent

amount of another pharmaceutically acceptable salt.

\'-
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A FORM

This application claims priority from U.S. provisional application

Serial No. 60/201,057 filed May 1, 2000, which is incorporated herein by reference.
BACKGR THE INVENTION

Ficld of the Invention

This invention relates to a core formulation, and, more particularly, to
a core formulation comprising a first layer comprising pioglitazone, which covers at
least a portion of a core comprising the biguanide. metformin (i.e., glucophage).
Description of the Related Art

Metformin and pioglitazone, or their salts such as the hydrochlorides,
maleates, tartrates. etc.. are two active ingredients of anti-diabetic drugs that are
used to treat diabetic patients, e.g. human beings. These two active agents are
adminisiered orally 10 patients in need thereof in protocols calling for the single
administration of either ingredient. Heretofore. there has not been revealed or hinted
at combining both ingredients and certainly not a physically combined core
formulation comprising both ingredients. The use of such a core formulation is
advantageous 10 patients and prescribers because both medicaments are synergistic
to each other in the body when used in the management of blood glucose control,
i.c., disbetes.

SUMMARY OF THE INVENTION

This invention relates to a core formulation. and. more particularly. to
a core formulation comprising a first layer comprising pioglitazone hydrochloride,
which covers at least a portion of a core comprising a biguanide. A typical
biguanide is metformin. It typically is used clinically as a pharmaceutically
acceptable salt, preferably the hydrochloride salt. A commercial form of metformin
hydrochloride is available as glucophage. lts chemical name is N,N-
dimethylimidodicarbonimidic diamide hydrochloride. Metformin hydrochloride is a
hyvdrochloride salt of metformin base. and as used herein, “metformin™ means the
base compound as well as its pharmaceutically acceptable salts. Metformin is used
clinically to manage non-insulin dependent diabetes mellitus or “NIDDM",
panticularly in patients who are not effectively treaied with a sulfonylurea. While it
is not chemically related to the sulfonylureas. it is romtinely utilized in combination

with a sulfonylurea. and has been shown 10 be synergistic in some cases. Other
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biguanides such as phenformin, buformin eic. can also be used. Additionally, in the
treatment of a diabetic patient the metformin. for example, and the pioglitazone
hydrochloride are present in effective amounis to provide such treatment.

DETAILED DESCRIPTION OF THE INVENTION

Metformin is an active ingredient for a commercially available drug
employed to treat diabetes mellitus in a host or mammal, e.g. a human being,
another animal. The typical daily effective dose for the oral treatment of a mammal,
i.e., a human, ranges from 500 mg 10 2550 mg. Typically, the dose is a single dose
of 500 mg to 850 mg.

Pioglitazone hydrochloride, (ACTOS®). is an active ingredient for a
commercially available drug employed 10 treat diabetes mellitus in a host, e.g. a
human being. The typical daily effective dose for the oral administration to a
mammal, e.g. a human being, ranges from 15 mg to 45 mg, given as a single dose.

Heretofore, the metformin and pioglitazone hydrochloride have not
been administered together to try to improve the effectiveness of either drug,
although co-administration of the two has been proposed [Whitcomb:; et al., United
States Patent No. 6,011,049]. However, a combined form of the drugs, i.e. a single
integral unit thereof has not heretofore been reported. The present invention
provides such a single intepral unit in the form of a core formulation.

As indicated above, the relative concenirations of each drug is such
that a first layer comprising metformin is prepared. The first layer covers at least a
portion of a core comprising metformin. Depending upon the rate of administration
and metabolism of the patient destined 1o be trcated, and the concentrations of each
ingredient desired for each drug, the first laver may cover only a portion of the core
or encompass the entire core. For example. one quarter of the core to about three
fourths of the tablet core. The first laver should comprise pioglitazone
hydrochloride because its dose requirement is lower compared to metformin.
Additionally, it is slightly non-polar, its solubilitv rate slower, and its absorption rae
thus dependent on its dissolution rate in the contents of the gastroiniestinal tract
compared with metformin.

It is 10 be understood, depending upon the rate of administration 10
the patient desired. either the first layer or the core may contain a mixture of the 1wo

active ingredients or both the first layer and the core mayv contain the two active

OBMTIEAL 1 &
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3
ingredients with different and varying concentrations of one or both active
ingredients.

The first layer of the core comprises pioglitazone hydrochloride in an
amount of 0.01 % to 20% of the total weight of the core formulation, whereas, the
metformin in the core is present in an amoum of 10% to 97.5% of the 10tal weight of
the core formulation.

Where combinations of the two active ingrdients are present in the
first layer and/or the core, the amounts of pioglitazone hydrochloride ranges from 1
mg 1o 45 mg whereas the metformin ranges from 100 mg to 2550 mg.

Finally, it is to be understood that a third pharmacologically active
material. e.g. a drug, such as for example sulfonylureas, a-glucosidase inhibitors,
meglitinides, and ACE inhibitors may be employed in an admixwre with the active
ingredients in the first layer and/or the core.

The alpha.-glucosidase inhibitors [Jean-Bernard Ducep et al., US
Patent No. 5,504,078), bisglucosylmoranoline derivatives [UK Patent No. GB 2 088
365 A}, and glucosylmoranoline derivatives [European Patent No. 87112480.6}
include the following medicaments: 1.5-Dideoxy-4-O(.alpha..D-glucopyranosyl)-
1,5-[6,7-dideoxy-7-D-glucoheptopyranosyl)imino]-D-glucitol; 1.5-Dideoxy-4-
O(.alpha.,D-glucopyranosyl)-1,5-{(1-deoxy-D-fructofuranosyl)imino]-D-glucitol;
1.5-Dideoxv-4-O(.alpha.,D-glucopyranosyl)-1,5-[(4-deoxy-4-D-
glucopyranosyl)imino]-D-glucitol; 1.5-Dideoxy-4-O(.alpha.,D-glucopyranosyl)-N-
[6-deoxy-1-(6-O-D-glucopyranosyl)-.alpha.-D-glucopyranosyl]-1. 5-imino-D-
glucitol; 1.5-Dideoxy-4-O(.alpha..D-glucopyranosyl)-N-[6,7-dideoxy-}-(6-0-D-
glucopyranosyl)-7-.alpha.-D -glucoheptopyranosyl]-1,5-imino-D-glucitol; 1.5-
Dideoxy-4-O(.alpha.,D-glucopyranosyl)-1.5-[(4-deoxy-4-D-
glucopyranosyl)methylimino]-D-glucitol; 1.5-Dideoxy-4-O(.alpha..D-
glucopyranosyl)}-N-[4-deoxy-1-(4-O-D-glucopyranosyl)-.alpha.-D-glucopyranosyl}-
1,5-imino-D-glucitol; 1.5-Dideoxy-4-O(.alpha..D-glucopyranosyl)-1.5-{[2(1-D-
arabinofuranose)ethyl]imino}-D-glucitol: 1.5-Dideoxy-4-0O(.alpha..D-
glucopyranosyl)-N-[4-deoxy-1-(6-O-D-glucopyvranosyl)-.alpha.-D-glucopyranosyl]-
1,5-imino-D-glucitol; 1.5-Dideoxy-4-O(.alpha..D-glucopyranosyl)-N-{[4-deoxy-1-
(4-0-D-glucopyranosyl)-4-.alpha.-D -glucopyranosyl}jmethyl}-1.5-imino-D-glucitol;
1.5-Dideoxv-4-Of.alpha..D-glucopyranosvl)-N-{|4-deoxy-1-(6-O-D-

‘e 1w



WO 01/82875 PCT/US01/00044

10

15

20

25

30

4
glucopyranosyl)-4-.alpha.-D -glucopyranosyl]methyi}-1,5-imino-D-glucitol; 1.5-
Dideoxy-4-O(.alpha.,D-glucopyranosyl)-1,5-[(6-deoxy-1-O-methyl-6-B-D-
glucopyranosyl)-imino-D —glucitol; 1.5-Dideoxy-4-O(.alpha.,D-glucopyranosyl)-
1,5-[(6,7-dideoxy-1-0O-methyl-7-8-D-glucoheptopyranosyl) imino]-D-glucitol; 1.5-
Dideoxy-4-O{.alpha.,D-glucopyranosyl)-1,5-[(1-deoxy-2-O-methyl-8-D-
fructofuranosyl)imino}-D-glucitol,
1.5-Dideoxy-4-O(.alpha.,D-glucopyranosy!)-1,5-[(4-deoxy-1-O-methyl-4-8-D-
glucopyranosyl)imino}-D-glucitol; 1.5-Dideoxy-4-O(.alpha.,D-glucopyranosyl)-N-
[6-deoxy-1-(1-O-methyl-6-0-8-D-glucopyranosyl)-.alpha.-D -glucopyranosyl]-1,5-
imino-D-glucitol; 1.5-Dideoxy-4-O(.alpha_,D-glucopyranosyl)-N-[6,7-dideoxy-1-(1-
O-methyi-6-O-8-D-glucopyranosyl)-7-.alpha.-D-glucoheptopyranosyl]-1,5-imino-D-
glucitol; 1.5-Dideoxy-4-O{.alpha.,D-glucopyranosyl)-1,5-{(4-deoxy-1-O-methyl-4-
B-D-glucopyranosyl)methylimino}-D-glucitol; 1.5-Dideoxy-4-O(.alpha.,D-
glucopyranosyl)-N-[4-deoxy-1-1-O-methyl-4-O-8-D-glucopyvranosyl)-.alpha.-D -
glucopyranosyl]-1,5-imino-D-glucitol; 1.5-Dideoxy-4-O(.alpha.,D-glucopyranosyl)-
1,5-{[2-(1-O-methy]-1-B-D-arabinofuranosyl)ethyllimino}-D-glucitol; 1.5-Dideoxy-
4-0O(.alpha.,D-glucopyranosyl)}-N-[4-deoxy-1-(1-O-methyl-6-O-B-D-
glucopyranosyl)-.alpha.-D-glucopyranosyl]-1,5-imino-D-glucitol; 1.5-Dideoxy-4-
Of(.alpha..D-glucopyranosyl}-N-{[4-deoxy-1-(1-O-methyl-4-O-8-D-
glucopyranosyl)-4-.alpha.-D-glucopyranosyl]methyl}-1.5-imino-D-glucitol; 1.5-
Dideoxy-4-O(.alpha.,D-glucopyranosyl)-N-{[4-deoxy-1-(1-O-methyl-6-O-B-D-
glucopyranosyl)-4-.alpha.-D-glucopyranosyl]methyl}-1,5-imino-D-glucitol; 1.5-
Dideoxv-6-O(.alpha.,D-glucopyranosyl)-1,5-]6,7-dideoxy-7-D-
glucoheptopyranosyl)imino]-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-
glucopyranosyl)-1,5-[(1-deoxy-D-fructofuranosyl)imino}-D-glucitol; 1.5-Dideoxy-
6-O(.alpha..D-glucopyranosyl)-1,5-[(4-deoxy-4-D-glucopyranosyl)imino}-D-
glucitol; 1.5-Dideoxy-6-O(.alpha..D-glucopyranosyl)-N-{6-deoxy-1-(6-O-D-
glucopyranosyl)-.alpha.-D-glucopyranosyi]-1.5-imino-D-glucitol; 1.5-Dideoxy-6-
O(.alpha..D-glucopyranosyl)-N-[6,7-dideoxy-1-(6-O-D-glucopyranosyl)-7-.alpha.-D
-glucoheptopyranosyl]-1,5-imino-D-glucitol;1.5-Dideoxy-6-O(.alpha..D-
glucopyranosyl)-1,5-[(4-deoxy-4-D-glucopyranosyl)methylimino])-D-glucitol; 1.5-
Dideoxy-6-O(.alpha..D-glucopyranosyl)-N-[4-deoxy-1-(4-O-D-glucopyranosyl)-
.alpha.-D-glucopyranosyl]-1.5-imino-D-glucitol; 1.5-Dideoxy-6-O(.alpha..D-
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glucopyranosyl)-1,5-{[2(1-D-arabinofuranose)ethyl]imino}-D-glucitol; 1.5-
Dideoxy-6-O(.alpha.,D-glucopyranosyl)-N-[4-deoxy-1+(6-O-D-glucopyranosyl)-
.alpha.-D-glucopyranosyl]-1,5-imino-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-
glucopyranosyl)-N-{[4-deoxy-1-(4-O-D-glucopyranosyl)-4-.alpha.-D -
glucopyranosyljmethyl}-1,5-imino-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-
glucopyranosyl)-N-{[4-deoxy-1-(6-O-D-glucopyranosyl)-4-.alpha.-D -
glucopyranosyljmethyl}-1,5-imino-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-
glucopyranosyl)-1,5-[(6-deoxy-1-O-methyl-6-8-D-glucopyvranosyl) -imino-D-
glucitol; 1.5-Dideoxy-6-0O(.alpha.,D-glucopyranosyl)-1,5-|(6,7-dideoxy-1-O-methyl-
7-B-D-glucoheptopyranosyl) imino]-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-
glucopyranosyl)-1,5-[(1-deoxy-2-O-methyl-B-D-fructofuranosyl)imino]-D-glucitol:
1.5-Dideoxy-6-O(.alpha.,D-glucopyranosyl)-1,5-[(4-deoxy-1-O-methyl-4-8-D-
glucopyranosyl)imino}-D-glucitol; 1.5-Dideoxy-6-O{.alpha.,D-glucopyranosyl)-N-
[6-deoxy-1-(1-O-methyl-6-O-8-D-glucopyranosyl)-.alpha.-D -glucopyranosyl]-1,5-
imino-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-glucopyranosyl)-N-[6,7-dideoxy-1-(1-
O-methyl-6-0-B-D-glucopyranosyl) -7-.alpha.-D-glucohepiopyranosyl]-1,5-imino-
D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-glucopyranosyl)-1,5-|(4-deoxy-1-O-methy!-
4-8-D-glucopyranosyl)methylimino]-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-
glucopyranosyl)-N-[4-deoxy-1-(1-O-methyl-4-O-8-D-glucopyranosyl)-.alpha.-D -
glucopyranosyl]-1,5-imino-D-glucitol; 1.5-Dideoxy-6-O(.alpha.,D-glucopyranosyl)-
1.5-{[2-(1-O-methyl-1-B-D-arabinofuranosyl)ethyl}imino}-D-glucitol; 1.5-
Dideoxy-6-O(.alpha.,D-glucopyranosyl)-N-[4-deoxy-1-(1-O-methyl-6-O-B-D-
glucopyranosyl)-.alpha.-D -glucopyranosyl]-1,5-imino-D-glucitol; 1.5-Dideoxy-6-
O(.alpha.,D-glucopyranosyl)-N-([4-deoxy-1-(1-O-methy}-4-O-B-D-glucopyranosyl)-
4- alpha.-D-glucopyranosyl)methyl}-1,5-imino-D-glucitol; 1.5-Dideoxy-6-
O(.alpha.,D-glucopyranosyl)-N-([4-deoxy-1-(1-O-methyl-6-O-B-D-glucopyranosyl)-
4- alpha.-D-glucopyranosyl]methyl}-1.5-imino-D-glucitol.

The list of medicaments includes acid addition salt forms with such
inorganic acids such as, for example. hvdrochloric, hydrobromic, sulfuric,
phosphoric and like acids: with organic carboxylic acids such as. for example,
acetic, propionic, glycolic. lactic, pyruvic. malonic, succinic. fumaric, maleic,

tartaric. citric, ascorbic. maleic. hydroxvmaleic and dihvdroxymaleic. benzoic, 2-
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acetoxybenzoic, mandelic and like acids; and with organic sulfonic acids such as
methanesulfonic acid and p-toluenesulfonic acid.

The sulfonylureas are a class of compounds that have been widely
emploved 1o treat diabetes. Such compounds are well known, for example as
described in U.S. Pat. Nos. 3,454,635; 3.669,966; 2,968,158; 3,.501,495; 3,708,486;
3,668,215; 3,654,357; and 3,097,242, Especially preferred sulfonylureas to be
employed in the combinations of this invention are glyburide, gliquidone, glipizide,
tolbutamide, tolazamide, glisoxepid. chlorpropamide, glibomuride, gliclazide,
glimepiride, phenbutamide, and tolcyclamide. Other medicaments, such as, for
example an antibiotic, a vitamin, a drug that works on the heart, or in the liver, may
be admixed with the active ingredients in the first layer and/or the core.

The resultant core having the first layer thereon is prepared by any
conventional means known in the pharmaceutical art, e.g. compression, tabletting
technology, spraying technology, or encapsulation in a pharmaceutically acceptable
presentation, such as a gelatin capsule. In particular, typically the core formulation
of the present invention is preferably fabricaied by compression into a tablet.

The resultant core formulation of the present invention is useful to
weat diabetes mellitus. Surprisingly the resultant core formulation of the invention
is as user friendly and clinically effective as compared t0 the administration of
metformin alone or pioglitazone hvdrochloride as demonstrated by co-
administration of the two agents [Whitcomb; el al., United States Patent No.
6,011,049]. where in general, the incidence of adverse events was not influenced by
age or menopausal status, and further, patients treated with the combination therapy
attained better glycemic control than with either monotherapy.

It is to be understood, however, that for any particular subject being
treated. e.g., a mammal, specific dosage regimens should be adjusted according 1o
the individual need. It is further to be understood that the dosages set forth herein
are exemplary only and that thev do not. 10 any extent limit the scope of the practice
of the present invention.

The core formulation of the present invention may be administered
orally, for example, with inen diluent or with an edible carrier. For the purpose of
oral therapeutic administration. the core formulation may have excipients

incorporated therein. The subject core formulation may also contain the following
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7
adjuvants: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disimegrating agent such as alginic acid,
Primogel®, comn starch and the like; a lubricamt such as magnesium stearate or
Sterotex; a glidam such as colloidal silicon dioxide; and a sweetening agent such as
sucrose or saccharin may be added or a flavoring agent such as peppermint, methyl
salicylate or orange flavoring.

The subject core formulation of the invention may contain other
various materials which modify the physical form of the dosage unit (the subject
core formulation), for example, as coatings. Thus, the subject core formulation of
the present invention may be coated with sugar, shellac or other enteric coating
agents. Materials used in preparing these various compositions should be
pharmaceutically pure and non-toxic in the amounts used.

In an alternative embodiment of the present invention. The resultamt
core formulation (having 2 first layer completely or partially covering the core), is
treated whereby an outer shell, at least a portion of which comprises a biodegradable
material having a predeiermined rate of degradation or metabolism in the host being
treated, is formed which encloses the particles of the first laver and/or the core.

The biodegradable material is a high molecular weight compound,
which is physiologically acceptable and decomposes in the body of the human being
or other animal and is absorbed.

The biodegradable material, comprising the outer shell, having a
predetermined rate of degradation or metabolism or break down, is selected from
those materials well known in the art, which do not react with metformin and/or
pioglitazone hydrochloride. Such materials include. biodegradable polymers, such
as polyorthoesters, polvanhydrides, polyamides based on glutamic acid, polyalky!
cyanoacrylates, polyesters of lactic and glycolic acid, polvactide polymers,
cellulosic polymers, polyvinyl acetate, polyvinyl alcohol, polyvinylchloride, natural
and synthetic rubbers, polvacrylates, polystyrene, eic. Additionally, reference is
made to U.S. Patents Nos. 4.166,800, and 4,389,330. which disclose additional shell
forming materials and are incorporated hereinto by reference in their entirety.

The shell encapsulating the particles of pioglitazone hydrochloride of
the first laver and/or the particles of metformin of the core is obtained by any

conventional microencapsulation process whereby microspheres of metformin
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and/or pioglitazone hyvdrochloride are formed, e.g. a solvent removal process, a
phase separation technique, coacervation etc. In this regard reference is made to
U.S. Patents Nos. 4,166,800 and 4,389,330, Conte et al, J. Controlled Release, vol.
26, (1993), pages 39-47; and U.S. Patent No. 4,839,177; all of which are
incorporated hereinto by reference in their entirety.

In a vanation of the above alternative embodiment, the resultant core
formulation is treated whereby only the top surface area of the first layer comprising
metformin has a shell coating thereon. In this regard, reference is made to U.S.
Patent No. 5,916,584, incorporated hereinto by reference in its entirety, which
describes the process for forming such a shell. The resulting core formulation
having the first layer encapsulated by the shell comprising the shell material, is one
which provides a delay time prior 10 release of the active ingredients, i.c.
pioglitazone hydrochloride and metformin, to the patient being treated for diabetes
mellitus.

1t is 1o be understood that for either metformin or pioglitazone, any
pharmaceutically acceptable form thereof can be employed. Such a form
encompasses the free acids, free bases, salts and various hydrate forms, including
semi-hydrate forms of these medicaments, as well as other pharmaceutical materials
which are used in the formulation process as acceptable excipient materials
generally known to those skilled in the art.

It is understood that any one of the biguanides, i.e. drugs having the action of
the stimulation of anaerobic glycolysis. is covered by this invention as these, like
metformin, increase the sensitivity to insulin in peripheral tissues of the host. e.g. a
human being or another animal. These compounds also are involved in the inhibition
of glucose absorption from the intestine, suppression of hepatic gluconeogenesis,
and inhibition of fany acid oxidation. Examples of other typical biguanides included

in this application are phenformin, buformin etc.
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We claim:

1. A core formulation comprising,

(8)  afirst laver comprising pioglitazone hvdrochloride or
a pharmaceutically acceptable salt thereof as active ingredient,

(b)  acore, at least a portion of which is enclosed by said
first layer, comprising a biguanide as active ingredient.

2. The formulation as defined in claim 1 wherein said biguanide
is metformin.

3. The formulation as defined in claim 2 wherein said
pioglitazone hydrochloride is present in an amount ranging from 1 mg to 45 mg and,
said metformin is present in an amount ranging from 10 mg to 4000 mg.

4. The formulation as defined in claim 2 which further
comprises a biodegradable shell having a predetermined rate of degradation
covering at least a portion of said first layer to provide a predetermined delay in the
time period of release of at least said pioglitazone hydrochloride.

5. The formulation as defined in claim 2, wherein said
pioglitazone hydrochloride and/or said metformin are present as biodegradable
microspheres having a biodegradsble shell coating and where said shell coating has
a prederermined rate of degradation.

6. A method of administering pioglitazone hvdrochloride and
metformin 10 a mammal, which comprises treating the mammal with the formulation
defined in claim 2.

7. A methaod for producing a controlled release formulation,
which comprises:

(a)  producing & hollow outer shell comprising a biodegradable
material having a predetermined rate of degradation to provide a predetermined
delay in the time period of release of the conients destined to be enclosed by said
sheli;

(b)  inserting a core comprising metformin and having an outer
laver comprising pioglitazone hvdrochloride partially enclosing said core. into said

holiow owmer shell; and

(c) sealing said core within said hollow outer shell.
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8. A method of producing a combined formulation of
pioglitazone hydrochloride and metformin, which comprises:

(a) forming a core of the metformin; and

(b)  depositing a layer of pioglitazone hydrochloride on at least a
portion of a surface of said core.

9. A method of treating diabetes mellitus in a patient in need
thereof, which comprises administering to the patient the formulation of claim 1
wherein said active ingredients are each present in an effective amount.

10. A pharmaceutical composition comprising an effective
amount of pioglitazone hvdrochloride combined with an effective amount of
metformin.

11. A method of treating diabetes mellitus in a patient in need
thereof, which comprises, administering to the patient the composition of claim 10.

12. A pharmaceutical composition comprising an effective
amount of pioglitazone hydrochloride combined with an effective amount of
phenformin.

13. A phamaceutical composition comprising an effective
amount of pioglitazone hydrochloride combined with an effective amount of
buformin.

14. A method of treating diabetes mellitus in a patient in need
thereof, which comprises, administering to the patient the composition of claim 12.

15. A method of treating diabetes mellitus in a patient in need
thereof, which comprises, administering to the patient the composition of claim 13.

16. A method of treating diabetes mellitus in a patient in need
thereof, which comprises, administering 10 the patient the composition of claim 1
wherein the biguanide is phenformin.

17. A method of treating diabetes mellitus in a patient in need
thereof, which comprises, administering to the patient the composition of claim 1

wherein the biguanide is buformin.

k PRGN <WE  RAETSAS | -



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{19) World Intelleciual Property Organization
Intemational Bureau

{43) Intermational Publication Date {10) International Publication Number
18 July 2002 (18.07.2002) PCT WO 02/055009 Al
(51) International Patent Classification™ A6LJ 307, (81) Designated States raational): AE, AG, AL, AM, AT, AU,
A61K 9™ AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DR, DK, DM, DZ, EC, EE, BS, F1, GB, GD, GE, GH,
{21) Imiernationsl Application Number: PCT/IN02/00005 GM, HR, HU, ID,IL.IN, IS, JP, KE, KG. KP. KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
(22) International Filillg Date: 11 .lamnry 3002 (11.01.2002) MX, MZ. NO, NZ, PH. PL, PT, Ro' RU, SD. SE, SG. SL
(25) Filieg Langnage: English ;':: szl‘;,'" -TM, TR, TT, TZ UA, UG, US. UZ, VN, YU,
(26) Publication Language: English  '54) Designated States (regional): ARIPO paicnt (GH, GM.
(30) Priority Dats: - KB, LS, MW, MZ, SD, SL, SZ, TZ UG, ZM, ZW),
37/MUM/2001 12 January 2001 (12.01.2001) IN Eurasian patent (AM, AZ, BY, KG, KZ. MD, RU, TJ. TM),
323/ MUM/2001 10 April 2001 (10.04.2001) IN Evropean patent (AT, BE, CH, CY, DE, DK, ES. Fl, FR,
324/MUM/2001 10 April 2001 (10.04.2001) IN GB, GR, [E. IT. LU, MC, NL. PT, SE, TR). OAP1 patent
326/MUM/200) 10 April 2001 (10.04.2001) IN (BF, BJ, CF. CG, CI, CM, GA, GN, GQ, GW. ML, MR,
325/MUM/200] 10 April 2001 (10.04.2001) IN NE, SN, TD, TG).
(7)) Applicant ffor oll designoted Siales excepr US): SUN  Declarations under Rule 417:
— PHARMACEUTICAL INDUSTRIES LIMITED — ar o the identity of the imventor (Rule 4.17(i)) for the fol-
E [INAN]; ACME PLAZA, ANDHERI-KURLA ROAD, lowing designations AE, AG. AL. AM, AT, AU, AZ. BA. BB,
== ANDHERI (EAST), 400059 MUMBAI (IN), BG. BR BY, BZ CA. CH, CN, CO. CR CU. CZ DE. DK.
— DM. DZ EC, EE, ES, FI, GB. GD, GE. GH. GM. HR. HU.
== (72) Inventors; and ID, IL. IN. IS, JP. KE, KG. KP. KR KZ LC. LK, LR LS.
=== (75) Inventors/Applicants (for US omly): SHANGHVI, LT, LU. LK. MA. MD. MG, MK, MN. M1 MX. MZ. NO.
== Dilip, Shastilsl [ININ]; SUN PHARMACEUTICAL NZ PH, PL. PT, RO, RU, SD. SE. SG. SI. SK. SL. T/ TM.
—— INDUSTRIES LIMITED, ACME PLAZA, AND- TR. TT. TZ. UA, UG. UZ. VN, YU. ZA. ZI. ARIPO paiens
= HERI-KURLA ROAD, ANDHERI (EAST), 400059 (GH. GM, KE LS. MW, MZ. SD, SL, SZ. TZ UG. ZM. 2I¥)).
= MUMBAI (IN). GANORKAR, Kirti, Wardhamso Eurasion paient (AM, AZ. BY. KG. KZ. MD. RU. T4 TM).
] [ININ]; SUN PHARMACEUTICAL INDUSTRIES European patent (AT, BE. CH. CY. DE. DK, ES, FI. FR. GB.
= LIMITED, ACME PLAZA, ANDHERI-KURLA ROAD, GR. IE. IT LU, MC. NL. PT. SE. TR). GAP! patent (BF. BJ.
— ANDHERI (EAST), 400059 MUMBAI (IN). ZALA, CF. CG. CL. CM. GA. GN. GQ. GI¥. ML. MR. NE. SN. TD,
— Yashoraj, Rupsinh [IN/IN): SUN PHARMACEUTICAL 7G)
= ADVANCED RESEARCH CENTER. BOMBAY COL- — as /o applicant's entitlement 10 apply for and be granted
= LEGE OF PHARMACY BUILDING, 3ND FLOOR, C.S.T a paiens (Rule 4.17(i1)} for the following designations AE
—] ROAD, KALINA, SANTACRUZ (EAST), 400098 MUM- AG. AL, AM, AT, AU, AZ. BA, BB, BG. BR. BY, BZ. CA. CH,
= BAI (IN). DHARMADHIKARI, Nitia, Bhalachandra CN. CO. CR. CU, CZ DE. DK. DM, DZ. EC. EE. ES. Fl.
= [INAN); SUN PHARMACEUTICAL ADVANCED GB. GD. GE. GH. GM. HR. HU. ID, IL IN. IS. JP. KE. KG.
S— RESEARCH CENTER. BOMBAY COLLEGE OF KP.KR. KZ LC.LK. LR LS. LT, LU, L¥. MA. MD, MG, MX.
= PHARMACY BUILDING, 2ND FLOOR, C.S.T ROAD, MN, Mi5. MX, MZ. NO, NZ. PH, PL, PT, RO, RU. SD, SE,
= KALINA. SANTACRUZ(EAST), 400098 MUMBAL (IN). SG. 81, SK. SL, T). TM. TR. TT, T2, Ud, UG. UZ. VN, YU.
—— KHANNA, Satlsh, C [CH/CH]; KHANNA PHARMA ZA. ZW, ARIPO pateni (GH. GM, KE. LS. MI¥, MZ. SD. SL.
— CONSULTANTS, SPITZACKERSTRASSE 6, 4103, SZ. TZ UG. ZM. ZW). Eurasian paient (AM, AZ. BY, KG.
BOTTMINGEN. CH-4103 BASLE (CH). KZ. MD. RU. TJ. TM). Evropean patent (AT, BE, CH, CY.
[Continued on next page]

(54) Title: SPACED DRUG DELIVERY SYSTEM

09 Al

& (57) Abstraet: The prescnt invention provides (0 a method of administration of 1wo or more therapeutically active agents comprising
orally adminisiering to a patient a spaced drug delivery sysiem wherein the time of relesse of the two or more therapemically sclive
o agenis is designed 10 pravide desired control on the disease condition. The present invention also provides a method of administration
= of two or morc therapeulically active agents comprising orally administering 1o a patient a spaced drug delivery system m a specified
time prior to food inwke by the patieni. The present invention further provides o spaced drug delivery sysicm that releases two or
more antidiabetic agenis st dilfcrent times afier oral administration, for the reaiment of diabetes mellitos or condilions associated
with diabetes mellitus. Morc particularly. the present invenlion provides a spaced drug delivery sysiem that immediaiely releases
3 nne or mom antidiahetic agents afier o) pdministration of the sysiem. and releaxes as 3 pulse one or more aniidiabelic agents in a
reliable manncr at about a predelermined time sfter oral administration of the sysiem.

55

002

ANENONIND SN0 COOARO0BAT | >

“



WO 02/055009 Al

DE DK. ES. FI, FR. GB. GR. IE, IT. LU, MC. NL. PT. SE.
TR), OAPI patent (BF. BJ, CF, CG, Cl. CM, GA, GN. GQ.
GW, ML. MR, NE, SN, TD, TG}

ar 1o applicant's entitlement 1o apply for and be granted
a pateni (Rule 4.17(1))) for the following designatioms AE.
AG. AL, AM. AT. AU. AZ BA. BB, BG. BR. BY. BZ, CA, CH.
CN. CO. CR. CU, CZ DE. DK, DM, DZ, EC, EE, ES. Fl,
GB. GD. GE. GH. GM. HR. HU. ID, IL. IN, IS, JP. KE, KG.
KP AR KZ LC. LX. LR. LS, LT, LU, LV, MA. MD, MG. MK.
MN, MW. MX. MZ, NO. NZ, PH, PL. PT, RO, RU, SD. SE.
SG. 81, SK, SL. TJ, TM, TR. TT, TZ, U4, UG, UZ VN. YU,
ZA, ZW. ARIPO patent (GH, GM, KE. LS, MW, MZ, SD, §l..
SZ. TZ UG, ZM, ZI¥), Eurasian patent (AM. AZ. BY, KG.
KZ. MD, RU. TJ. TM), Eurapecn paien (AT, BE, CH. CY.
DE DK, ES, FI, FR. GB, GR. IE. IT. LU, MC, NL, PT, SE.
TR). Q4P! patert (BF, BJ. CF. CG. Cl. CM, GA, GN. GQ.
GW. ML, MR, NE. SN, TD, TG)

as 10 applicant’s entitiement 1o apply Jor and be granied
a paient (Rule 4.17(1)) for ihe following designations AE.
AG. AL AM. AT. AU. AZ, BA, BB. BG. BR, BY, BZ, CA. CH.
CN, CO, CR. CU. CZ DE. DX, DM. DZ, EC, EF, ES. Fi,
GB.GD.GE, GH.GM. HR. HU. ID. IL. IN, IS, JF, KE, KG.
KP KR KZ LC. LK LR LS, LT, LU. LV, MA, MD, MG. MK.
MN. MW, MX. MZ NO. NZ PH, PL, PT, RO. RU. 5D, SE,
SG, S1.SK, SL. T). TM, TR, TT, TZ UA, UG, UZ, VN. YU,
Z4, ZIV. ARIPO paient (GH, GM. KE. LS. MW, MZ SD. SL,
SZ TZ UG. ZM, ZV), Exravian poient (AM, AZ, BY. KG.
KZ. MD. RU. T). TM), Eurgpean patem (AT, BE, CH. CY.
DE, DK. ES, FI. FR. GB, GR. IE. IT, LU, MC, NL. PT. SE.
TR). AP patent (BF, BJ. CF. CG, Cl. CM, GA, GN. G
GH. ML. MR. NE, SN. TD, TG)

az 1o applicans’s emitlement 1o apply for and be granied
a patent iRule 4.17(ij)) for the following designations AE.
AG, AL, AM. AT. AU, AZ, BA, BB, BG. BR, BY, BZ, CA. CH.
CN. CO. CR. CU. CZ. DE, DK, DM, DZ EC, EE. ES. Fl.
GB. GD, GE. GH. GM, HR. HU. ID. IL. IN. IS, JF. KE. KG.
KP KR KZ LC. LK. LR LS. LT, LU. LV. MA. MD, MG, MK,
MN. MY, MX. MZ NO. NZ PH. PL. PT. RO. RU. SD. SE.
S$G.51.SK.SL. TJ. TM, TR. TT, TZ UA, UG, UZ FN. YU.
ZA, ZB. ARIPO paterd (GH. GAL. KE. LS. MV, MZ, §D. SL.
SZ, TZ UG. ZM. ZI¥). Euravian paiemt (AM, AZ. BY, KG.
KZ MD. RU. T). TM), European patens (AT, BE, CH. CY.
DE DK, ES. FI. FR. GB. GR, IE. IT, LU. MC, NL. PT. SE.
TR). QAPI patens (BF, BJ, CF. CG. Cl CM. GA. GN. GQ.
Gii; ML, MR. NE SN, TD. TG)

as 1o applicont's ersitiement 1o apply for and be granied
a patent (Rule 4.17(1i)) for the following designations AE.
AG. AL AM. AT. AU, AZ BA, BB. BG, AR BY, BZ CA. CH,
CN, CO. CR. CU. CZ DE. DK. DM. DZ EC, EE. ES. Fl.
GB.GD. GE. GH.GM.HR. HU. ID. IL. IN. IS, JF. KE. KG.
KP KR KZ LC. LK. LR, LS LT, LU, LV. MA. MD, MG. MK,
MN, M. MX. MZ NO, NZ, PH. PL. PT. RO, RU. SD, SE,
SG. 5LSK.SLTLTM. TR TT. TZ UA. UG, UZ VN. YU,
ZA, ZIE, ARIPO patem (GH, GM. KE. LS, MW, MZ. SD. SL,
5Z. TZ. UG, ZM. ZW), Exrasian patent {AM. AZ, BY. KG.
KZ. MD. RU. TJ. TM{). European patent (AT. BE, CH. CX
DE. DK. ES. Fl. FR, GB. GR. IE, IT, LU MC, NL, PT. SE.
TR}, QdP! patem (BE. BJ. CF. CG. Cl. CM. GA. GN. GO.
GI¥, ML MR NE SN, TD. TG)

R NN AR EARRA Y | e

as to gpplicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the foliowing designations AE,
AG. AL AM AT, AU, AZ BA. BB, BG, BR. BY. BZ CA, CH.
CN, CO, CR. CU, CZ DE. DK, DM, DZ EC, EE, ES. FI,
GB. GD. GE. GH, GM, HR, HU, ID, IL, IN. IS, JP. KE, KG.
KP KR KZ, LC, LK, LR, LS, LT, LU, L¥, MA, MD. MG, MK.
MN, MW, MX. MZ, NO. NZ. PH, PL, PT. RO. RU, 5D, SE.
SG. 81 SK.SL.TJ, TM, TR, TT, TZ, UA, UG. UZ WN, YU
ZA. ZWW. ARIPO patent (GH, GM, KE, LS, MW, MZ, SD, SL,
SZ. TZ UG, ZM, ZW). Ewrasian paisnt (AM, AZ BY, KG,
KZ MD. RU, TJ, TM), European patent (AT. BE, CH, CY,
DE, DK, ES. F1. FR, GB, GR. IE. IT, LU. MC. NL, PT. SE
TR). OAP! paient (BF, BJ, CF, CG. Cl. CM. GA, GN, GQ.
GW. ML. MR. NE. SN, TD. TG)

az 1o the applicam s entitiement 1o claim the priority of the
earlier application (Rule 4.1 7(iii)) for all designations

as (o the applicant 's entitlemant to claim the priority of the
earller appiication (Rule 4.17(itj)) for ail designationy

a3 to the applicant 's entitlement to clalm the priority of the
earlier application (Rule 4.17(1il)} jor all designations

as to the applicant s entitiement to claim the priority of the
earlier gpplication (Rule 4.17(11(}) for all desigmations

as o the applicant 's entitlement to claim the priority of the
earlier application (Rule 4.17(1i])) for all designations

as 1o ihe applicant's entitlement to claim the priorily of the
earlier applicarion (Rule 4.17(i1])) Jor oll designations

as 10 the applicant ‘s entiismen 1o claim the priority of the
earlier application (Rule 4.17/ili)) for all designatiorns

a3 io the applicant s entitlement o claim the priovity of the
earlier application (Rule 4.17(iii)) for all designations

as io the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(1i})) for all designations

a# io the applicant 's entitlement 1o claim the priority of the
earlier application (Rule 4.17(li()} for oll designasions

as io the applicant 's entitlement 10 claim the priority of the
ewarlier application (Rule 4.17(iil)) for all designaiions

as lo the applicant s entitlement to claim the priority of the
earlier application (Rule 4.17(il})) for all designations

as io the applicom 's entitlameni to claim ihe priority of the
earlier gpplication (Rule 4.17(11§)} for ali designations

as to the applicant ‘s entitlemeni to claim the priority of the
earlier application (Rule 4.12(iiD)} for all designations
as 1o the applicant 's entitlement to claim the priority of the
earlier application (Rule 4.17(iti)) for ali designations

as 10 the applicant ‘s entilamens to claim the priority of the
eariler application (Rule 4.17(iii)) for all designaiions

as lo the applicant 's enditlement 10 claim the priority of the
earlier application (Rule 4. 17(1i})) for all designations

of inventorship (Rule 4.17(k)) for US only
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SPACED DRUG DELIVERY SYSTEM
FIELD OF THE INVENTION

The present invention relates to a method of administration of two ar more therapeutically active
agents camprising orally administering to a patient a spaced drug delivery system wherein the
time of release of the two or more therapeutically active agents is designed to provide desired
control on the disesse condition

The present invention also relates to a method of administration of fwo or more therapeutically
active sgents comprising orally edministering to a patient a spaced drug delivery system at a
specified time prior to food intake by the patient.

The present invention also relates to a spaced drug delivery system that releases two or more
antidiabetic agents st different times afier oral administration, for the treatment of diabetes

mellitus or conditions associated with diabetes mellitus.

More particularly, the present invention relates to a spaced drug delivery system that immediately

releases one or more antidiabetic agents after oral administration of the system, and releases as a

pulse one or mare antidiebetic agents in a reliable manner at about a predeternrined time after
oral administration of the system.

BACKGROUND OF THE INVENTION

Patients are often required to take multiple medications for the prophylaxis or treatment of
dizeases. Often patients are required to take different medications at different specified times.
This results in patient inconvenience and consequently patient non-compliance to the prescribed
dosage regimén.

A combination of two different medications could be taken at specified different times to obtain
the desired control on the symptoms of the disesse or a measurable indicator of the disease
condition. For example, a specific antidiabetic agent may be orally administered at a specific

time period prior to food intake to control post-prandial glucose and a second antidiabetic agent -
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may be more useful in controlling ghucose levels when given with food. However, there are no
prior art spaced drug delivery systems that enable one to administer medications in a convenient
manner. Thus, there is a need for a method of administration of two or more therapeutically active
agenis comprising orally administering to a patient 8 spaced drug delivery system, wherein at
least ane first therspeutically active agent is released immediately upon oral administration of the
spaced drug delivery system and at lcast one second therapeutically active agent is released as a
pulse at 3 predetermined time after oral administration, wherein the two or more therapeutic
agents act on the disease condition by similar or dissimilar, but complementary mechanisms, to
control the symptoms of the disease, or a measurable indicator of the disease condition, and
further wherein the time of release of the two or mare therapeutically active agents is designed to
provide desired control on the disease condition.

A combination of two different medications could also be taken at specified different times when
menwdicaﬁmismqnﬂndmbegimmmanptymmuhmdthcoﬂmwithmd&w
for giving certain medications on an empty stomach or with meals are well known to those skilled
in the art and include for example, different rate or extent of absorption of the drug on an empty
stomach versus in presence of food, difference in extent of degradation of the drug in gastric
fluids when given with food versus without food, gastric irritation due to the drug and thus, there
is a need for a method of administration of two or mare therapeutically active agents comprising
orally administering to a patient a spaced drug delivery systermn &t a specified time prior to food
intake by the petient, wherein at least one therapeutically active agent is released immediately
upon oral administration of the spaced drug delivery system and at least one therapeutically
active agent is released as a pulse after a delay at about the time when food is taken i.e. either
immediately prior to meals, or at the time of meals, ar after meals.

Maximum reduction in post-prandial blood-glucose can be obtained by administering antidiabetic
agents such as glipizide about 30 minutes before meals, and hence, 2n immediate releage of such
antidiabetic agents is essential. On the other hand, an antidiabetic agont such as metfornmin is
given with food. A spaced drug delivery system that immediately releases an antidiabetic agent,
such as glipizide, after oral administration of the system prior to meals, and releases as a pulse,
afier a delay, antidiabetic agents such as metformin, at the time the meal is taken, would provide
improved patient compliance to the dosage regimen and optimun clinical benefits.

we o
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. Nan-insulin dependent diabetes mellitus (NIDDM), also known as maturity-onset diabetes or
diabetes mellitus type 2, is a frequent metabolic disease and. the main cause of hyperglycemia. It
is a heterogencous disease with complex, unclarified metabolic aspects. Insulin secretion may
appear normal or even exceasive, but it is insufficient to compensate for insulin resistance. The

5 discase is chamacterized by three main sbnormelities of metabolism contributing to
hyperglycemia. These include the partial or camplete decrease in insulin secretion, resistance of
the peripheral tissues to insulin and increased hepatic production of glucose in fasting conditions.
Insulin resistance may also be responsible for the obesity associated with NIDDM, although
obesity itself has a reciprocal effect on insulin resistance; excess weight worsens insulin

10  resistance, while weight loss lowers blood glucose levels. Diet and physical exercise cause a

. reduction in insulin-resistance and lead to an improvement in the pancreas deficit over a period of

time.

The treatment goal of NIDDM is to normalize blood-glucose level in an attempt to prevent or
15 — reduce complications that may srige due to chronic hyperglycemia. The effect of regular exercise
supplementing diet in patients with NIDDM causes a reduction in ingulin-resistance and leads to
an improvement in the pancress deficit over a period of time. When these provisions are not
sufficient, a pharmacological agent needs to be taken for control of hyperglycemia. Oral
medications work either to reduce the body's resistance to its own insulin, or work to increase
20  insulin secretion to meet the demand. Sulforryluress end bignanides have been used in oral
antidiabetic therapy. Other classes of cral antidiabetic agents include the alpha-plucosidase
inhibitors, aldose reductase inhibitors, thiazolidinediones, insulin secretagognes and others. The
use of these classes of compounds in monotherapy has been effective in obtaining a.
. glycometabolic contro] in diabetic patients.
25
Biguanide derivatives like metformin, phenformin and buformin, generally in the form of their
hydrochloride galt, have been used as anti-hyperglycemic agents in the treatment of non-insulin
dependent diabetes mellitus. The mechanism of action of the drugs belonging to this class
includes reduction in hepatic glucose production, decrease in intestinal absorption of glucose, and
30 increase in glucose uptake and utilization. Biguanides improve glucose folerance in patients with
diabetes mellitus type 2, Jowering both basal and post-prandial plasma glucose. With bignanide
therapy, insulin secretion remains unchanged while fasting insulin levels and day-long plasma’
insulin response may actually decrease. Although phenformin iz still used widely as an anti-
hyperglycemic agent, metformin is the preferred bigusnide, as it exerts a better normoglycemic
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action with & lower risk of lactic acidosis — a common side-effect with phenformin therapy.
Metformin is algo known to lower blood triglyceride levels and assist in weight reduction.

The sulfonyl ureas used in the treatment of diabetes mollitus type 2 include acetohexamide,
carbutamide, chlorpropamide, glipizide, glyburide (glibenclamide), glimepiride, gliclazide,
glibomuride, gliquidone, glisoxepid, glyhexamide, phenbutamide, tolezamide, tolbutemide,
tolcyclamide, etc. These sulfonyl ureas are used as their bases and not as salts. The mechanism of
action of these drugs involves lowering of blood glucose concentiration mainly by stimulating
release of endogenous insulin from beta cells of the pancreas, and thus they act as hypoglycemic
agents. The sulfony] ureas are used as an adjunct to diet for the management of non-insulin
dependent diabetes mellitus in patients whose hyperglycemia cannot be controlled by diet alone.
To achieve maximum reduction in post-prandial blood-glucose concentration, the sulfonyl ures is
administered 30 minutes prior to each meal.

The 55 edition of the Physicians’ Desk Reference, copyright 2001, suggests that the
monotherapy with metformin hydrochloride, commercially available under the trade name
Glucophage® from Bristol-Myers Squibb Co., may be effective in patients who have not
responded to sulfony] urcas or who have only a partial response to sulfonyl ureas or who have
ceased to respond to sulfonyl ureas. In such patients, if adequate glycemic control is not attained
with Glucophage® monotherapy, the combination of Glucophage® and a sulfonyl urea may have a
synergistic effect. Also, monotherapy with the sulfonyl ureas has been found to give a positive
response, which lasts for 4-5 years, but it becomes ineffective in a large mmnber of patients over a
period of time. This is referred to as the “secondary failure” associated with the oral therapy with
hypoglycemic agents. In both these cases, a combination of biguenides and sulfony] ureas is used.
The bigusnides are able to act on insulin registance but cannot stimulate insulin secretion, while
the sulfonyl ureas can stimulate insulin release but are unable to act on insulin resistance, A
combination therapy of a biguanide and a sulfonyl urea has a synergistic effect on glucose
control, since both agents act by different but complementary mechanisms.

Diabetes mellitus is 8 chronic disease with diverse pathologic manifestations and is accompanied
by lipid metabolism disorders and circulatory disorders, as well as glycometabolism disorders. As
a result, the discase tends to progress entailing complications in many cases. Therefare, it is
necessary to select the drug of choice for the prevailing disease state in each individusl case.
However, this selection ig often difficuit in clinical settings because singie use of each individual
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drug cannot bring sufficient effects in some disease states and there are various problems such as
side effects caused by an increased dose or long-term adminiﬂ:rlﬁun.ofasingledmgm'lm
Hence, there is a need to include combination therapy in NIDDM.

Alpha glucosidases are essential for the breakdown of starches, dextrins, maltose snd sucrose.
Alpha glucogidase inhibitors act by delaying glucose absarption from a carbohydrate load by
inhibiting the glucosidases. The compounds of this class have the ability to prevent or attenuate
diabetic nepbropathic lesions. The common drugs of this class include acarbose, miglitol,
emiglitate and voglibose. Inhibition of alpha glucosidase causes a delay in the digestion of
sucrose and other polysaccharides, thus retarding the rate of absorption of glucose and fructose.
Acarbose is a complex oligosaccharide, which competitively inhibits intestinal brush border alpha
glucosidases including glucoamylase, sucrase, maltase and isomaltase. It is the preferred alpha
glucosidsse inhibitor for usc as an antihyperglycemic becsuse it does not cause hypoglycenia.
The drug also has weight lowering action. The alpha glucosidase inhibitors may be administered
along with other oral antidisbetic drugs for a better control on the blood-ghicose levels. The 55%
edition of the Physicians’ Desk Reference, copyright 2001, states that acarbose diminishes the
insulinotropic and weight increasing effects of sulfonyl ureas, when adminigtered together.

The thiazolidinediones is another class of antidiabetic agents which are thought to act by
enhancing insulin action, thus promoting glucoge utilization in the peripheral tissues, possibly by
stimulating non-~oxidative glucose metabolism in muscle, and suppressing gluconcogenesis in the
liver. The drugs belonging to this class stimulate adipogenesis and reduce plasma triglyceride and
free fatty acid concentrations. The examples of thiazolidinediones commonly used in diabetes
mellitus include troglitazone, pioglitazone, rosiglitazone, ciglitazone, darglitazone and
englitazone. Although thiazolidinediones enhance insulin action at the cellular level, they do not
stimulate insulin release mor do they mimic its action. The therapeutic bemefits of
thiazolidinedione treatment depend on the availability of adequate amounts of insulin. The
addition of a thiazolidinedione antidiabetic agent to concuirent sulfonyl urea treatment provides a
balance of stimulated release of insulin while ameliorating insulin resistance.

A new class of insulinotropic agents (secretagogues) called metglitinide analogs or prandial
glucose regulatoms, is now being used in the management of NIDDM. The compounds of this
class are fast acting, shart acting, non-sulfonyl urea, oral hypoglycemic agents that act by
regulating prandial ghucose. The prandial glucase regulation is aimed at restoring the first-phase
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insulin response that follows consumption of a meal, which is missing in NIDDM patients.
Repaglinide, the most commonly used agent of this class, provides a tighter glycemic control,
while reducing the risk of hypoglycemic events. The drug lowers biood-glucose levels by
stimulating the secretion of insulin from the pancreas. This action is dependent on the fimctioning
B-cells in the pancreatic islets. Repaglinide closes ATP-dependent potassium channels in the §-
cell membmane by binding at characterissble sites. This potassium channel blockrde depolarizes
the S-cell, which leads to an opening of calcium channels. The resulting increased calcium influx
induces insulin secretion. The ion-chennel mechanism is highly tissue selective, with low affinity
for heart and skeletal muscle. Repaglinide is rapidly sbsorbed and rapidly eliminated, ensuring
quick retun of post-prandial insulin levels to preprandial levels. Insulin release is glucose
dependent and diminishes at low glucose concentrations. Repaglinide also offers increased
mealtime flexibility and safety, As a result of the short plasma half-life and lack of accumulation
of repaglinids with repeated dosing, the risk of between-meal and nocturnal hypoglycemia is
substantially reduced. The drug acts synergistically with bigusnides and thiazolidinediones,
especially metformin and troglitazone. The dose of repaglinide ranges from 0.5 to 4mg,
administared before cach meal.

The prior art includes a pumber of systems that use a combination of antidiabetic agents far the
treatment of non-insulin dependent diabetes mellitus. United States Patent No. RE 37330 (a
reissue of US 5,922,769) claims a method of tresting non-insulin dependent diabetes mellitus in
cases of secondary failure to s treatment utilizing a combination of glibenclamide-metformin
hydrochloride, in a weight ratio higher than 1:100, comprising administering to a subject in need
of same a combination of glibenclamide and metformin, expressed as the hydrochloride, in a
weight ratio of 1:100. The patent also discloses the results of s clinical study, which indicates that
the maximum dose of glibenclamide, which does not cause eny side-cffects, is 15mg/day, while
that for metformin is 1500 mg/day, and that the use of such a combination in a ratio lower than
that claimed wonld result in formulations that do not attain the optiznmn therapeutic effect. The
patent claims the combination of glibenclamide and metformnin in a tablet form. The patent does
not disclose 8 formulation wherein the sulfonyl urea is released immediately and the bignanide is
released after a delay period, particularly after g predetermined delay period.

United States Patent No. 6,031,004 (004) discloses the use of a combination of novel salts of
metformin and glyburide, in the treatment of diabetes mellitus type 2. In this invention, both
metformin salt and glyburide are released immediately. The petent does not disclose a
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composition wherein the sulfonyl urea is released immediately and the biguanide is released after
a delay period, particularly afier a predetermined delay period.

United States Patent No. 6,099,862 (862) claims a controlled release pharmaceutical tablet which
consists essentially of (a) a corc consisting essentially of: (i) metformin or a pharmaceutically
acceptable salt thereof, (ii) glipizide, (iii) polyvinyipyrrolidone, and (iv) sodium lauryl sulfate, (b)
optionally a seal coat eround the core, (c) a semipermeable membrane coating covering said core
comprising — (i) cellulose acetate, (ii) polyethylene glycol with an average molecular weight
between 380 and 420, and (iii) a plasticiser, and (d) at least one passageway in the semipermeable
membrane to allow the release of the metformin and glipizide from the core to the enrvironment of
vse to provide therapeutic levels of metformin and glipizide from twelve to twenty-four hour
periods. In this invention, both metformin salt and glipizide are released slowly upon oral
administation. The patent does not disclose a composition wherein the sulfonyl urea is released
immediately and the biguanide is released after a delay period, particularly after a predetermined
delay period.

PCT applications WO 98/57649 snd WO 99/03476 both claim a combination of an insulin
sensitiser such as a thiazolidinedione and an insulin secretagogue such as a sulfonyl urea. The
gystem of the PCT application WO 99/03477 claims a method for the treatment of diabetes
mellitus and conditions associated with it, using a combination of an insulin sensitiser, an insulin
secretapogue and a biguanide antihyperglycemic apent. The insulin semsitiser used in this
combination is a thiazolidinedione like troglitazone, ciglitazone, rosiglitazone, pioglitazone or
englitazone, and the insulin secretagogue is & sulfonyl urea or repaglinide. The application thus
claims the combination of a thiazolidinedione, a sulfonyl ures or repaglinide, and a biguanide.
The application discloses that the claimed combinations exhibit synergism when given as a unit
dosage form, and therefore the amount of each agent required is reduced. However, all the agents
are released in a conventional manner, thereby reducing the flexibility of administration.

PCT application WO 99/03478 claims a method for the treatment of diabetes mellitus and
conditions associated with it, using a combination of an insulin sensitiser, an insulin secretagogue
and an alpha glucosidase inhibitor. The insulin sensitiser used is a thiazolidinediane, the insulin
sccretagogue is a sulfonyl urea or repaglinide, while the alpha glucosidase inhibitor in selected
from acarbose, emiglitate and miglitol. The application discloses that such & combination has a
beneficial effect on the glycemic control as a result of a synergistic effect, and also has minimmm
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side effects. The invention, however, does not provide spaced drug delivery of a combination ‘of
two or more antidiabetic agents, wherein one antidiabetic agent is released inmmedistely and the
other antidiabetic agent(s) is/are released at a predetermined time imterval.

The system of the United States Patent No. 6,011,049 claims a composition comprising a
combination of synergistic amounts of a sulfomyl urea, a thiazolidinedione (glitazone) antidiabetic
agent and a biguanide. The patent teaches that since the unstinmlated insulin secretory capacity of
the S-cells is very low in NIDDM, reversing insulin resistance alone would be of partial benefit.
Therefore, the system maintains a level of stimulated insulin secretion with a sulfonyl urea while
adding glitazone to improve insulin sensitivity, thereby providing a level of glycemic control
unattainable by either medication alone. However, the invention does not provide a spaced drug
delivery system of a combinstion of the two or more antidiabetic agents.

" The system claimed in the PCT application WO 98/56378 uses a short-acting hypoglycemic agent

capable of stimulating insulin secretion from f-cells, for the manufacture of a medicament
adapted to stimulate meal-related insulin secretion, for the treatment of post-prandial
hyperglycemia in NIDDM patients, The system uses repaglinide or a combination of repaglinide
with long-acting hypoglycemic agents like metformin, a sulfonyl urea or troglitazome. The
application teaches that repaglinide stimulates endogenous secretion of insulin in connection with
meals, while metformin enhances tiasue sensitivity towards insulin, the combination providing a
significant improvement in glycemic control. The combination is administered prandially. The
mvention, however, does not provide spaced drug delivery of a combination of two or more
sntidiabetic agents, wherein one antidiabetic agent is released immediately and the other
antidiabetic agent(s) is/are released at a predetermined time interval,

United States Patent No. 6,166,043 (043) claims a method for reducing the amounts of active
components administered to a diabetic patient, which comprises administering a therapeutically
effective amount of an insulin sensitivity enhancer in combination with a bignanide. The insulin
sensitivity enhancer claimed in the system is & thiazolidinedione selected from pioglitazone and
troglitazone, while the biguanide is selected from metformin, phenformin and buformin. The
combination is administered as an admixture or the agents are administered independently,
wherein both the agents ‘are relessed immediately.
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United States Patent No. 6,172,090 (050) claims s method for reducing side effects of active
components administered to a disbetic patient, which comprises administering to the said patient
a therapeutically effective amount of an insulin sensitivity enhancer in combination with a
biguanide. Similar to the 043 system, the patent claims & combination of & thiszolidinedione like
pioglitazoue or troglitazone, and a biguanide ke metformin, phenformin or buformin, which is
administered independently or a8 en admixture. In this invention, the thiazolidinedione and the
biguanide src available immediztely sfier oral sdministration of the dossge form ss a
conventional release.

United States Patent No. 6,153,632 (1632) claims a composition for the treatment of diabetes
mellitus comprising a therapeutic amount of an insulin sensitiser and a therapeutic amount of an
antidiabetic agent, the latter being sclected from the group consisting of arally ingestible insulin,
injectable insulin, a sulfonyl urea, a biguanide and an alpha glucosidase inhibitar. The insulin
sensitiser used in the invention is a thiazolidinedione. Both the antidiabetic agents are released
immediately after oral administration of the composition in a conventional manner.

PCT applicstion WO 98/57634 (634) claims a method for treating diabetes mellitus and
conditions sssociated with it comprising administering an cffective non-toxic and
pharmaceutically acceptable amount of an ingulin sensitiser and a biguanide antihyperglycemic
agent. The insulin sensitiser used in the invention is a thiazolidinedione. In this invention both the
antidiabetic agents are released immediately.

PCT application WO 00/28989 claims a pharmaceutical composition comprising an insulin
sensitiser and another antidiabetic agent, and a pharmaceutically acceptable carrier therefore,
wherein the composition is arranged to provide a modified release of at Ileast one of the insulin
sensitiser and the other antidiabetic agent. The modified release claimed may be a delayed release
using gastric resistant formulation, or a sustained release using disintegrating, non-disintegrating
or eroding matrices, or a controlled release formmlation. The insulin sensitiser used in the
invention is a thiazolidinedione, while the other antidiabetic agent is selected from an alpha
glucosidase inhibitor, biguanide and an insulin secretagogue, the insulin secretagogue being a
sulfonyl ures, repaglinide or nateglinide. The application teaches that the combinstion provides
an adventageous delivery of the antidisbetic agents, maintaining effective glycemic control and
has no observed adverse effects. The invention, however, does not provide spaced drug delivery
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of a combination of two or more antidiabetic agents, wherein one entidiabetic agent is released
immediately and the other antidiabetic agent(s) is/arc released at a predetermined time interval.

A plethora of prior arts relate to pharmaceutical compositions that release s drug after a delay.
Same prior arts that relate to release of drug after a predetermined time include United States
Patent No. 3,247,066; Irish patent application no IE 902533; United States Patent No. 4,871,549;
United States Patent No. 5,229,131; PCT Publication no WO 99/18938 and PCT Publication no
WO 00/74655. All of these relate to systems comprising a core that swells upon imbibing fluid
from the surrounding and a coat that ruptures due to the pressure exerted upon it by the swelling
core. However, nane of these prior arts disclose & spaced drug delivery system desigoed to
provide desired control on the disease condition, comprising
a. a first composition comprising one or mare first therapeutically active agents, and
b. @ second composition comprising one or mare second thermpeutically active agents,

wherein at least onc first therspeutically active agent is released immediately upon oral
administration of the spaced drug delivery system, and st least one second therapeutically active
agent is released as a pulse at a predetermined time after_oral administration, wherein the two ar
more therapeutic agents act on the disease condition by similar or dissimilar, but complementary
mechanizms, to control the symptoms of the disease, or a measurable indicator of the discase
condition, and further wherein the time of release of the two or more therapeutically active agents
is designed to provide desired control on the disease condition. More specifically and particularly,
none of the prior arts suggest that it would benefit the treatment of diabetes mellitus by aral
administration of a spaced drug delivery system comprising one or more therapeutically active
antidiabetic agents wherein st least one first therapewtically sctive sntidiabetic agent is released
immediately upon oral administration of the spaced drug delivery system, and at least ane sccond
therapeutically active antidiabetic agent is released as a pulse at a predetermined time after oral
administration. Further, theydonmdiscloael-spnceddrugdeﬁvasmmthati:medinely
releases at Jeast one first therapeutically active agent after oral administration of the spaced drug
delivery system st a specified time prior to meals and releases at least one second therapeutically
active antidiabetic agent at about the time the meal is taken. Prior arts such as United States
Patent No. 3,247,066, European Patent Application 1123700, United States Pllﬂ?tNo. 5,260,069,
and United States Patent No. 4,871,549 are distinct from the present invention in that they relate
to controlled release dosage forms. Herein the dose of the drug is divided in mmltiple units and
there is no specific and particular requirement of assurance that a unit ruptures at a predetermined
time in a reliable manner. Statistically, different units rupture at different times and thereby
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provide controlled release of the active ingredient, on an average, over a period of time. In the
present invention, the total amount of active ingredient is contained in one single unit end is
intended to be released at the predetermined time. An important requirement far using such

‘systems in a large number of patients is that the system should deliver the drug at about the

predetermined time in a reliable manmer to the large mumber of patients to whom the system is
administered. Thus, the coat rupture should occur reliably and consequently drug should be
relezsed reliably. For instance, if in five to ten out of 8 hundred times the coatings do not open
or rupture at about the predetermined time, but rupture at a significantly prolonged time when
tested by agitation over a range of agitational conditions and aqueous compositions, then the
desired release at the predetermined time is not schicved reliably. Also, if the release priar to
rupture may be influericed by changes in pH, then the desired release at the predetermined time is
not achieved reliably. Also, if the coat rupture occors but the therapeutically active agent is not
released as a pulse in all or some of the umits, then the desired release as a pulse 2t a
predetermined time is not achieved reliably. Prior arts such as WQ 99/18938, WO 00/74655,
and IE 902533 make no reference to reliability of rupture or release from a large number of
tablets or to the process for optimizing the compotitions fo obtain the reliability of rupture or
reliability of release over a large number of tablets. United States Patent No. 5,229,131 presents a
large emount of data giving the percent tablets splitting at 30 min and 60 min and the percent
tablets releasing their contents at 60 min and 120 min in Tables 12 to 18. The tblets do not
provide reliable mamner of rupture as provided by the composition of the present invention, °
wherein 36 out of 36 teblets rupture within & 50% of the coating failure time. Despite the plethora
of prior art, there are no commercially successful systems that provide spaced drug deliveryina
reliable mammer.

The prior art does not mentian any formulations or systems containing combinations of two or
more therapeutically active antidiabetic agents, wherein at least ope therapeutically active
antidisbetic agent is released immediately and at least ane therapeutically active agent is releaged
after a lag period or a predetermined spacing interval.

OBJECT OF THE INVENTION
It is an object of the present invention to provide a method of administration of two or more

therapeutically active agents comprising orally administering to a patient a spaced drug delivery
systemn wherein at least one first therapeutically active agent is released immediately upon oral

11
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administration of the spaced drug delivery system and at least ane second therapeutically active
ageat is released as a pulse at a predetermined time after ora! administration, wherein the two or
more therspeutic agents act on the disease condition by shmiler or dissimilar, but complementary
mechanisms, to control the symptoms of the disease, or s measurable indicator of the disease

5 condition, and further wherein the time of release of the two or mare therapeutically active agents
is designed to provide desired control on the disease condition.

It is another object of the present invention to provide a method of administration of two or more ~
therapentically active agents comprising orally administering to a patient a spaced drug delivery

10  system at a specified time prior to food intake by the patient, wherein at least one therapeutically
active agent is released immediately upon oral adminisiration of the spaced drug delivery system,
and st least one therapeutically active agent is released, as a pulse, after a delay at about the time
when food is taken. .

15 I is a particular object of the present invention to provide above referred methods for the
administretion of two or more therapeutically active antidiabetic agents.

It is an object of the presemt invention to provide a spaced drug delivery sysiem designed to
provide desired control on the dissase condition, comprising
20 a. a first composition comprising one or more first therapeutically active agents, and
b. asecond composition comprising one or more second therapeutically active agents,
wherein at least one first therapeutically active agemt is rcleased immediately vpon oral
administration of the spaced drug delivery system, and at least one second therapeutically active
agent is released o a pulse xt a predetermined time after oral administration, wherein the two or e
25  mare thermpeutic agents act on the disease condition by similar or dissimilar, but complementary
mechanisms, to contro] the symptoms of the disease, or a measurable indicator of the discase
condition, and further wherein the time of release of the two or more therapeutically active agents
is designed to provide desired control on the diacase condition.

30 It is yet another particular object of the present invention to provide a spaced drug delivery
system for the treatment of diabetes mellitus or conditions associated with diabetes mellitus,
comprising

a. a first composition comprising one or more therapeutically active antidiabetic agent(s),
which is/are relesged as a pulse afier a delay, and

12
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b. asecond composition comprising one or more therapeutically active antidiabetic agent(s),
which is/are released immedietely upon oral administration of the spaced drug delivery
Bystem.

It is yet another particular object of the present invention to provide a spaced drug delivery
system as referred above, wherein the first composition is a timed pulse release composition that
reltmesuaplﬂseanmﬁd:abeucagmtaﬂcrapredetmnmedhmelpamgmmtewnlmuorﬂ
administration of the spaced drug delivery system.

It is a further object to provide s spaced drug delivery system containing & timed pulse reiease
composition comprising & core composition comprising one or more therapeutically active
antidiabetic agents, a swelling agent, and optionally water soluble compound(s) for inducing
osmosis, and a coat composition comprising one or more film farming polymers, wherein upon
swelling of the core the coat ruptures and releases as a pulse the therapeutically active agent in a
reliable manner at about a predetermined time after oral administration of the spaced drug
delivery gystem.

SUMMARY OF THE INVENTION

The present invention provides a method of administration of two or more therapeutically active
agents comprising orally administering to & petient » spaced drug delivery system, wherein at
least ane first therapeutically active agent is released immediately upon oral administration of the
spaced drug delivery system, and at least one second therapeutically active agent is released as a
pulse at 8 predetermined time after oral administretion, wherein the two or more therapeutically
active agents act on the disecase condition by similar or dissimiler, but complementary
mechsnisms, to control the symptoms of the disease, or a measurable indicator of the disease
condition, and further wherein the time of release of the two ar more therapeutically active agents
is designed to provide desired control on the disease condition.

The present invention also provides a method of administration of two or more therapeutically
active agents comprising orally administering to a patient a spaced drug delivery system at a
specified time prior to food inteke by the patient, wherein at least one therapeutically active agent
is released immediately upon oral administration of the spaced drug delivery system, and st least

13
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one therapeutically active agent is relcased, ss a pulse, after a delay at about the time when food
is taken,

Particularly, the present invention provides above referred methods of administration for two or
maore therapeutically active antidiabetic agents.

Further, the present imvention provides a spaced drug delivery system designed to provide desired
control on the disease condition, comprising

a. a first composition comprising one or more first therapeutically active agents, snd

b. a second composition comprising one or more second therapeutically active agents,
whersin at least one first therapevtically active agent is released immedistely upon aral
administration of the spaced drug delivery systemn, and at least one second therapeutically active
ageni is released as a pulse st a predetermined tirmne after oral administration, wherein the two or
more therapeutic agents act on the discase condition by similar or dissimilar, but coroplementary
mechanisms, to control the symptoms of the disease, ar 8 measurable indicator of the discase
condition, and further wherein the time of release of the two or mare therapeutically active agents
is designed to provide desired control on the disease conditian.

The present invention, in particular, provides a spaced drug delivery system for the trestment of
diabetes mellitus or conditions associated with diabetes mellitus, comprising -
a a first composition comprising one or more therapeutically active antidiabetic agent(s),
which is/are released as a pulse after a delay, and
b. a second composition comprising one or more therapeutically active antidiabetic
agent(s), which is/are released immediately upon oral administration of the spaced drug
delivery system.

Preferably, in the spaced drug delivery system as referred above, the first composition is a timed
pulse release composition that releases as a pulse an antidiabetic agent after a predetermined time
spacing or interva) after oral administration of the spaced drug delivery system. :

More particularly and specifically, the present invention provides a spaced drug delivery system
containing a timed pulse relesse composition comprising & core composition comprising one or
more therapeutically active antidiabetic agents, a swelling agent, and optionally water soluble
compound(s) for inducing osmosis, and a coat composition comprising one or more film forming

14
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polymers, wherein upon swelling of the care the coat ruptures and releases as a pulse the
thergpeutically active agent in a relisble marmer at about a predetemined time after oral
administration of the composition.

As referred to herein, ‘conditions associated with disbetes mellitus’ include those conditions
associated with the pre-diabetic state, conditions mssociated with diabetes meflitus itself and
complicatiops associated with diabetes mellitus, When used berein the term “conditions
associated with pre-diabetic state’ includes conditions such as insulin resistance, including
hereditary inmlin resistance, impaired glucose tolerance, obesity and hyperinsulinaemia.
*Conditions associated with disbetes mellitus® itself include hyperglycemia, insulin resistance,
including acquired insulin resistance and obesity. Further conditions associated with diabetes
mellitus itself include hypertension and cardiovascular discese, especially atherosclerosia and
conditions associated with insulin resistance. Conditions associsted with insulin resistance
include polycystic ovarian syndrome and steroid induced insulin resistance and gestational
diabetes. *Complications associated with diabetes mellitus’® includes renal disease, especially
rens] discase associated with Type II disbetes, neuropathy and retinopathy. Renal discases
associated with Type II diabetes include nephropathy, glomerulonephritis, glomerular sclerosis,
nephritic syndrome, hypertensive nephrosclerosis and end stege rensl discase.

DETAILED DESCRIFTION OF THE INVENTION

The present invention provides a method of admimistration of two or more therapeutically active
agents comprising orally administering to a patient a spaced drug delivery system, wherein at
least one first therapeutically active agent is released immediately upon oral admrinistration of the
spaced drug delivery system, and st least one second therapeutically active agent is released as 2
pulse at a predetermined time afier oral administration, wherein the two or more therapeutic
agents act on the disease condition by similar or dissimilar, but complernentary mechenigms, to
control the symptoms of the disease, or a measurable indicator of the diseage condition, and
further wherein the time of release of the two or more therapeutically active agents is designed to
provide desired contro]l on the disease condition. The speced drug delivery system can be
suitably optimized to provide improved control on the disease condition when there is an casily
measurable indicator of the disease condition such as blood pressure, pulse, blood glucose level,
frequency of urination, ophthalmic pressure, etc. However, based on clinical observation of the
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symptoms of the disease coupled with the blood level profile of the therapeutically active agent,
the optimization of the system can also be suitably achieved.

The therapeutically active agent may be selected from the therapeutic class viz. alcohol abuse
preparations, drugs used for Alzheimer's disease, anesthetics, acromegaly agemts, analgesics,
sntissthmatics, anticancer nsgents, anticoagulmmts, amtitbrombotic sgenis, anticonmvulsants,
antidiabetics, entiemetics, antiglaucoma agents, eantibisternines, anti-infective agents,
antiparkinsons agents, antiplatelet agents, antithewnatic agents, antispasmodics, anticholinergic
agents, antitussives, carbonic anhydrase inhibitors, cardiovascular agents, cholinesterase
mwm.mﬂrmmmm:ofms&m.mw,cpﬁcﬁmm
agents, dopamine receptor agonists, agents for endometriosis menagement, erectile dysfunction
therapy, fertility agents, gastrointestinal asgents, immmmomodulators, immumosuppressives,
memory enbancers, migraine preparations, muscle relaxants, nucleogide analogues, osteoparosis
managerent agents, paragympathomimetics, prostaglandins, psychotherapeutic agents, sedatives,
hypnotics, tranquillizers, drugs used for skin ailments, steroide and hormones.

. Thsterm"mleaseasnpu]se"rem.mrelenechmctmisﬁcofomvmﬁmaltablelsmdcapsules

that are devoid of design characteristics that result in slow, extended, controlled or reterded
release of the thempeutically active agent. For exsmple, in a particular embodiment where the
predetermined time of pulse release is about 70 min, the *release of therapeutically active ageat
as a pulse” camprises release of not mare than 10% of the active ingredient at 45 min and at least
70% of the active ingredient at 2 hrs, when tested by subjecting the tablets to USP dissolution
test using pH 6.8buﬂ‘m-a137=bd.5°c,inaUSPTypelllpppm at an rpm of 75.

The present invention also provides a method of sdministration of two or more therapeutically
active agents comprising orally administering to a patient a spaced drug delivery system at a
specified time prior to food intake by the patient, wherein at least one therapeutically active agent
is released immediately upon oral administration of the spaced drug delivery system, and at least
onc therapeutically active agent is released as a pulse after a delay at about the time when food is
taken i.e. either immediately prior to meals, or at the time of meals, or after meals.

Particularly, the present invention provides above referred methods of administration for two or
more therapeutically active antidiabetic agents.

16
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Further, the present invention provides a spaced drug delivery system designed to provide desired
control on the disease condition, comprising -

a. a first composition comprising one or more first therapeutically active agents, and

b. asecond composition comprising one or mare second therapeutically active agents,
wherein ot least one first therapeutically active agent is released immmediately upon oral
administration of the spaced drug delivery system, and at least one second therapeutically active
agent is released as a pulse at a predetermined time after oral administration, wherein the two dr
more therapeutic agents act on the disease condition by similar or dissimilar, but complementary
mechanisms, to control the symptoms of the disease, or a measurable indicator of the disease
condition, and further wherein the time of release of the two or more therapeutically active agents
is designed to provide desired control on the discase condition. None of the prior arts disclose
such spaced drug delivery systems,

The present invention, in particular, provides a spaced drug delivery system for the treatment of
diabetes mellitus or conditions associated with diabetes mellitus, coroprising »
8. a first composition comprising one or mare therapeutically active antidiabetic agent(s),
which is/are released as a pulse after a delay, and
b. a second composition comprising one or more therapeutically active antidiabetic agent(s),
which is/are relcased immediately upon oral administration of the spaced drug delivery
System.

Preferably, in the spaced drug delivery system as referred above, the first composition is a timed
pulse release composition that releases as a pulse an antidiabetic agent after a predetermined time
spacing or interval after oral administration of the spaced drug delivery system.

More particularly and specifically, the present invention provides a spaced drug delivery system
containing a timed pulse release composition comprising a core composition comprising one or
more therapeutically active antidiabetic agents, & swelling agent, and optionally water soluble
compound(s) for inducing osmosis, and a coat composition compriging one or more film forming
polymers, wherein upon swelling of the core the coet ruptures and releases as a pulse the
therapeutically active agent.

In the present invention, the total amount of active ingredient is contained in one single unit of the
timed pulse release composition and is intended to be released as a pulse at the predetermined
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‘time. An important requirement for using such systems in a large number of patieots is that the
system should deliver the drug as a pulse at about the predetermined time in a relisble mammer to
the Jarge number of patients to whom the system is administered. Thus, the coat rupture should
occur reliably, the core should disintegrate immediately, and consequently the drug should be
reieased as a pulse reliably. For instance, if in five to ten out of 2 hundred timos the coatings do
not open or rupture at about the predetermined time but rupture at a significantly prolonged time
when tested by agitation over a range of agitational conditions end aqueous compositions, then
the desired release at the predetermined time is not achieved relisbly. Also, if the relcase prior to
rupture or the rupture time is significantly influenced by changes in pH, composition of the
surrounding fluids and the agitation conditions, then the desired release at the predetarmined time
is not achieved reliably. Also, if the coat rupture ocours but the therapeutically active agent is not
released as a pulse in all or some of the units, then the dexired release as a pulse at a
predetermined time is not achieved reliably. The timed release composition in the spaced drug
delivery system of the present invention has these desirable attributes such that the coat ruptures
and releases 53 & pulse the thermpeutically active agent in a relisble mammer at about a
predetermined time after oral administration of the composition.

Particularly, in the spaced drug delivery system of the present invention, the timed pulse release
composition is optimized as follows:

a. the core composition is capable of swelling at a desired rate to a sufficient extent,

b. the coat camposition has the desirable film strength, plasticity, and water permeability,

and

¢. the amount of coat camposition applied is adjusted,
such that upon swelling of the core the coat ruptures and releases as a pulse the therapeutically
active agent in 2 reliable manner at about the predetermined time after oral administration of the
cmnpo:iﬁm,whmintherdinblemmerofmﬂmeonmﬁmnqnwingofﬁ&blmoutut‘a
total of 36 tablets at about the predetermined time, when tested by subjecting the tablets to USP
dissolution test uting an aqueous media at 3740.5°C, in a USP Type I or Type II apparatus at an
rpm seclected from the range of about 50 rpm to ebout 100 rpm. Further wherein the
predetermined time ig in the range of about 1 hr to about 4 hr, the 36 out of the 36 wblets rupture
within & 50% of the predetermined time; and wherein the predetermined time is in the range of
about >4 hr to about 12 hr, the 36 out of the 36 tablets rupture within + 25% of the predetermined
time.
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In specific preferred embodiments, the speced drug delivery system of the present invention
includes -

1. A spaced drug delivery system wherein the antidiabetic agent in the first composition is a
biguanide antidiabetic agent, and the smtidiabetic agent in the second composition is a
sulfonyl urea.

2, A spaced drug delivery system wherein the antidiabetic agents in the first composition are
selected from the group consisting of an alpha glucosidase inhibitor, a thiszolidinedione,
and an insulin secretegogue; and the antidiabetic agent in the second composition is an
insulin secretagogue; further wherein the insulin secretagogues, if present in both first and
second compositions, are not the same.

3, A spaced drug delivery systemn wherein the antidiabetic agent in the first composition is a
biguanide antidiabetic agent, and the antidiabetic agent in the second composition is
selected from the group comsisting of insulin secretagopue and a thiazolidinedione,
optionally in combination with an alpha glicosidase inhibitor.

4. A spaced drug delivery systern wherein the antidiabetic agent in the first composition is a
biguanide antidiabetic agent, and the antidiabetic agent in the second composition is an
alpha glucosidase inhibitor, :

In the present invention, the timed pulse release composition imbibes fluids from the environment
of use causing the swelling agent in the core to swell. The therapeutically active antidiabetic
agent is then released afier the timed pulse rclease coat ruptures under the influence of
mechanical pressure exerted by the swelling of the swelling agent(g) present in the core. The time
of rupture of the coat can be controlled by varying (a) the degree and rate of swelling of the core;

" ({b) the timed pulse release coat composition, by using different components and ratios of these
. components; and {c) the thickness of the coat.

The swelling agent used in the timed pulse release composition includes one or more swellable
hydrophilic polymers. The quantity or relative proportion of the polymers is subject to
considerable variation. However, a sufficient quantity of the material is present in the core to
provide, upon uptake of water, 2 swelling pressure in excess of the cohesive strength of the
costing surrounding the tablet or core. Preferably, the polymers are employed in the dry state or
in a form that has substantial capacity for water uptake. Examples of swellable hydrophilic
polymers that may be used in the timed pulse release composition of the present invention as the
swelling agent include vimylpymrolidone polymers such ps povidone, or crosslinked
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polyvinylpyrrolidone such as crospovidone; cellulose and cellulose derivatives such as
microcrystalline  cellulose, methylcellulose, cthyicellulose, hydroxypropyicellulose,
hydroxypropyl methyicelluloge, carbaxyalkyl celluloses or crosslinked carboxyalkyicelluloses
and their alkali salty; sodium starch glycolate, starch and starch derivatives, ion-exchange resing
and mixtures thereof, Prefersbly, the swelling agent used comprises a swelling agent that swells
cansiderably but does not form e strong gel and may be selected from the group consisting of
crosslinked sodium carboxymethy! cellulose, crossiinked polyvinylpyrrolidone and sodium starch
glycolate. The preferred swelling agents also have a strong wicking action and are capable of
swelling to several times their original volume on imbibing water from the surroundings.

The alkali salt of crosslinked carboxyalkyl cellulose, i.e. crosslinked sodium carboxymethryl
cellulose, also known a8 croscarmellose sodium or Ac-Di-Sol, is available commercially as
Nymcel® ZSX, Pharmacel® X1, Primellose® or Solutab®. The emount of swelling agent that may
be used is dependent on the desired time of rupture of the timed pulse release cost, nature and
amounts of other components in the core, as well as the composition and thickness of the coat.
Genenally, croscarmellose sodium may be used as the polymeric swelling agent, in an amount
ranging from about 0.5% to about 50% by weight of the core, preferably from about 2% to about
40% by weight of the core, mare preferably from about 5% to about 20% by weight of the care.
In specific preferred embodiments croscarmellose sodium is used in a range from sbout 6% to
about 10% by weight of the core, more preferably from about 7% to about 9% by weight of the
core.

Vinyl pyrrolidone polymers or polyvinyl pymrolidone (PVP), also referred to as Povidone, are
synthetic polymers consisting essentially of linear 1-vinyl-2-pyrrolidinone groups, the degree of
polymerization of which resuks in polymers of various moleculsr weights, the molecular weight
rmging between 2500 and 3,000,000 Daltons. PVP is commercially available as Kollidon®
(BASF), Plasdone® and Peristone® (General Aniline). PVP is clagsified into different grades an
the basis of its viscosity in aqueous solution. Different grades of PVP available are PVPK-12,
PVP K-15, PVP K-17, PVP K-25, PVP K-30, PVP K-60, PVP K-90 and PVP K-120. The K-
value referred to in the above nomenclature is calculated from the viscosity of the PVP in
agqueous solution, relative to that of water. Crospovidone or croas-PVP, the synthetic crosslinked
bomopolymer of N-vinyl-2-pyrrolidinone, may also be used as a swellable hydrophilic polymer.
1t is commercially available as Kollidon CL mnd Polyplasdone XL, and has a molecular weight
higher than 1,000,000 Daltons. Crospovidone is used in the present invention in en amount
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ranging from about 2% to about 5% by weight of the core. The preferred vinyl pyrrolidone
polymer for use as a swellable hydrophilic polymer is PVP K-30, having an approximate
molecular weight of 50,000 Daltons. It may be used in an amount ranging from sbout 0.5% to
about 5% by weight of the core, more preferably from about 1% to about 2% by weight of the
core.

Sodium starch glycolate, the sodium salt of carboxymethyl ether of starch, may also be used as
the polymeric swelling agent. & has a molecular weight ranging between 500,000 and 1,000,000
Daltons, end is commercially available as Explotab and Primojel. Sodium starch glycolate may be
used in the present invention in an amount ranging from about 0.5% to about 40% by weight of
the core, preferably from about 2% to about 40% by weight of the care, more preferably from
about 2% to about 10% by weight of the core.

Preferably, the timed pulse release composition in the spaced drug delivery system of the present
invention containg a8 wicking agent. The term wicking agent as used berein implies a broader
definition than a conventional wicking agent and includes emy pharmaceutical excipient that
provides influx of water into the core by any suitable mechanism, preferably by capillary action
as is typical of conventional wickipg agents. Materials suitable for usc as wicking agents in the
timed pulse release composition include, but are not limited to, colloidal silicon dioxide, kaolin,
titanium - dioxide, furned silicon dioxide, alumina, sodium lauryl sulfate, microcrystalline
cellulose, low molecular weight polyvinyl pyrrolidone, bentonite, magnesium aluminum silicate,
and the like.

Microcrystalline cellulose (MCC) is used in the preferred embodiment as the wicking agent. It is
made up of a chain of about 250 glucose molecules in the form of a microcrystal, corisisting
primarily of crystallite ageregates obtained by removing amorphous regions of a pure cellulose
source material by hydrolytic degradation using mineral acid. MCC has an average molecular
weight of about 36,000 Daltons and is available in various grades, which differ in bulk density,
perticle size and moisture comtent. It is commercially available as Vivapur®, Avicel®, Vivacel®,

.Emcocel®, Fibrocel® and Tabulose®. Avicel® PH 102, having 2 mean perticle sizs of 100z m, i.e.

8% or less of the particles are retained on a # 60 sieve (as defined by ASTM, American Society
for Testing and Materials), and 45% or more of the particles are retained on a #200 sieve (as
defined by ASTM), and having a moisture content <5%, is used in more preferred embodiments
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of the timed pulse release composition, in an amount ranging from about 29 to sbout 5% by
weight of the care, mare preferably from about 2% to about 3% by weight of the care.

‘Water-soluble cunpounds suitable for inducing osmosis, i.e. osmotic agenis or osmogents, are
generally used in the core of the timed pulse release composition when the drug itself does not
exert sufficient osmotic pressure in order to imbibe fluid from the surroundings. Osmogents that
may be present in the care of the timed pulse release composition include all pharmaceutically
acceptable and pharmacologically inert water-soluble compounds refexred to in the
phmwpoeiumchuUnihdSt;wsthuwpoei;aswlluhRnningtm:msmmd
Practice of Pharmacy, edition 20, Lippincott Williams and Wilking, Philadelphia (2000).
Pharmaceutically acceptable water-soluble salts of inorgemic or orgamic acids, or non-jonic
organic campounds with high water solubility, e.g. carbohydrates such as sugar, or amino acids,
arc generally preferved. The examples of agemts used for inducing osmosis include inorgaric salta
such as magnesium chloride or magnesium sulfate, lithivwm, sodivm or potassium chloride,
lithium, sodium or potmssium hydrogen phosphate, lithium, sodjum or potassium dibydrogen
phosphate, salts of organic acids such as sodium or potassiurn acetate, magnesium succinate,
sodium benzoate, sodium citrate or sodium ascorbate; carbohydrates such as mannitol, sorbitol,
arabinose, ribose, xylose, glucose, fructose, manmosge, galactose, sucrose, maltose, lactose,
raffinose; water-soluble amino acids such as glycine, leucine, alanine, or methionine; urea and the
like, and mixtures thereof. The amount of osmogents that may be used depends on the particular
osmopent that is used and may range from about 1% to about 60% by weight of the core.

In addition to the above ingredients, the core of the timed pulse release composition may
optionally contain pharmaceutically acceptable excipients such as binders, disiutogrants,
lubricants and the like. Examples of binders used commonly include starch, gelatin, sugars like
sucrose, glucose, dextrose, molasses and lactose; acacia, sodium siginate, cellulose derivatives
like methyl cellulose, ethyl cellulose, carboxymethyl cellulose and the like; polymers such
polyvinyl pyrrolidome, Veegum, polyethylene glycol, waxes and the like. The timed puise release
composition of the present invention may be optimized to obtain the reliable memmer of rupture
without the use of a wicking sgent. However, the use of a wicking agent has been found to be
useful in that the tagk of optimization to obtain the reliable manner of rupture is made easier.

Exarmples of lubricants that may be used in the timed pulse release composition include telc,
magnegium Stearate, calcium stearate, aluminium stearste, stearic acid, hydrogenated vegetable
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oils, colloids! silicon dioxide, polyethylene glycol, cellulose derivatives such as carboxyalicyl
cellulose and its alkali salta, or mixtures thereof. Hydrophobic or water insoluble lulricants mey
reduce the water imbibing properties of the core whereas hydrophilic or water soluble Iubricants
do not, and are preferred. A more preferred lnbricant is colloidal silicon dioxide. A mixture of
colloidal sjlicon dioxide and magnesium stearate may be used as the preferred lubricant. More
preferred embodiments use a combination of microcrystalline cellulose and colloidal silicon
dioxide as the wicking agents, with colloidal silicon dioxide also functioning es a Iubricant.
Colloidal silicon dioxide is available commercially as Aerosil® from Degusga-Huls, Nippon and
Fischer GmbH. The preferred colloidal silicon dioxide lubricant is Aerosil® 200, with an
approximate external surface area of 200m’/g. The colloidal silica may be used in amounts in the
range of about 0.5 % to about 5% by weight of the core.

In a preferred embodiment, the core of the timed pulse release cammposition is obtained by mixing
the therapeutically active agent and the swelling agent with the binder in a repid mixer granulator
and granulating the mixture, In more prefermed embodiments of the present invention, only a pert
of the total swelling agent is included in the composition end the remaining is mixed st the
lubrication stage with the dried granules. The granules obtained using a suitable granulating
solvent are wet milled through a screen and then dried in a fluidised bed drier at 40-50°C to a
moisture content of 2-3%. The dried granules are then milled through a 2mm screen and are
mixed with one or more lubricants and the wicking ageat. In more preferred embodiments, as
described above, the remaining pert of the swelling agent is mixed at this stage. The lubricated
granules may be filled in hard gelatin capsules, or may be compressed to obtain the compreased
tablets or cores.

The therapeutically active agent cornprising compressed cores/capsules are covered with a coat
camposition comprising one or more film forming polymers, to provide a timed pulse release
composition. The film forming polymers that mey be uwsed to form this ttimed pulse release
composition are selected from the group copsisting of water ingoluble polymers, pH dependent
polymers, and mixture of water soluble and water insoluble polymers, or mixiures thereof
Examples of film forming polymers that may be used include cellulose ester derivatives like
methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxypropyl msihyicellulose,
cellulose acetate, cellulose acetate phihalate, pH-independent copolymers of methacrylic acid and
methacrylic acid esters commercially available as Eudragit®, or mixtures thereof. The time of
release of the therapeutically active agent of the first composition may be varied by varying the
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camponents used to form the coat, and/or by varying the ratio in which these components are
used. By selecting the suitable companents and by using them in sujtable ratios, the release can be
obtained at ebout a predetermined time after oral administretion of the spaced drug delivery
system. A preferred embodiment of the invention uses 8 mixture of 8 water-insoluble polymer
end a water soluble polymer to form the delayed release coat. In preferred embodiments ethryl
cellulose is used as the water-insoluble polymer and hydroxypropyl methyicellulose (HPMC) is
used as the water soluble polymer. The mixture is used in a preferred weight ratio of 0:20 to 20:0
of ethyl cellulose : HPMC, mare preferably 6:3 t0 9:3.

The compressed cores/capsules containing the therspeutically active ageot arc coated with the
costing sohution, comprising the film forming polymers in a suitable solvent system, to a defined
weight gain, the thickness of the coat depending an the predetermined time of release of the
active agent. The coating material may be applied by any procedure which provides a continuous
film of essentially uniform thickness. One method of coating involves roteting a bed of uncoated
cores in a conventional tablet coating pan and applying a solution or dispersion of the costing
agent in a suitable solvent by pouring or spraying the solution onto the moving cores. Other
costing procedures such as fluid bed coating, vertical spray coating, and the like can also be
mhyni!heooﬂdoq:umdidbyethgﬂmnhwmd:ya&mﬂmbecmeiif
necessary, by air drying, baking ar force drying. In one embodiment of the present invention, the
compressed core is coated with a cthyl cellulose : HPMC sohution to a weight gain in the range of
about 2% to sbout 20% by weight of the compressed core, preferably from about 5% to about
10% by weight of the core; more preferably from about 9% to about 10% by weight of the
compressed core. The cores are coated in an automsted perforated costing pan followed by drying
and curing of the coated cores in a tray drier for 24 hours at 40-50°C.

The present invention covers any spaced dmg delivery system in which the first composition
comprising the therapeutically active antidiabetic agent, and the second composition comprising
the therapeutically active antidiabetic agent, are physically sepamated, or compartmentalized, so as
to achieve different release mates of the two active agens. Such soparation, or
compartmentslization, may be on a8 macro-scale, for instance, with the agents being incorporated
into separate units (such as tablets, powder, granules, pellets etc) for simultanecus ar sequential
administration, or separation of the agents may be on a micro-scale, for instance, with the agents
being present within the same wunit. Two scpamite units when present are formed into & single unit
spaced drug delivery system by filling them into capsules.
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In the spaced drug delivery system of the present invention, the first and second composition may
be in the forrn of either multiparticulates such as particles, pellets or granules, or present as
concentric or lamipar tablet layers or as single umits such as a compressed tablet. The
multiparticulates may be mede by amy of the conventional methods, including mixing,
granulstion, extrusion, spheronisetion, layering of nom-pereil seeds, etc, and various other
methods known to a person skilled in the art. A compressed tablet core may be obtained by
compressing the multiparticulates in & tabiet die. The first composition is surrounded by a delayed
release coating comprising delayed release material selected from the group consisting of emteric
polymers, water . insoluble polymers, hydrophobic compounds, hydrophilic non-polymeric
compounds, hydrophilic polymers and the like, and mixtures thereof, using conventional coating
methods. The coated multiparticulstes or tablets of the first composition and the uncoated
multiparticulates or tablets of the second composition, may be filled into capsules. Alternatively,
tablets of the first composition may be surmounded by the second camposition and compressed in
a compresgion coating tablet machine or a second layer of the second composition may be
compressed onto the compressed first composition to form bilayer tablets.

The second composition used in the spaced drug delivery systern is in the form of
multiparticulates or tablets, which may be filled into capsules glong with the first timed pulse
release composition. Alternatively, tablets of the first timed pulse release composition may be
surrounded by the second composition and compressed in a compression coating tablet machine

_1o obtein a single unit dose form with timed pulse release core composition and an immediate

release coat composition comprising the therapeuticalty active agent of the second compoaition.
The second composition may be included in the spaced drug delivery system of the present
invention in differcot ways, Multiparticulates of the therapeutically active agent of the second
composition may be obtained by mixing the agent with pharmaceutically acceptable excipients,
such as binders, fillers, disintegrants and the like, or by fixther granulating the mixture. The
granules go obtained are dried and lubricated with ane or mare lubricants.

The immediate release layer of the second composition may be introduced by mixing the
therapeutically active antidiabetic agent with pharmacentical adjuvants such as film-forming
agents, plasticisers and the like, in a suitable solvent or solvent system, and coating the timed
puise relcase composition, using conventional coating methods known to a person skilled in the
art. Examples of film-forming agents that may be used in the present invention include ceflulose
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derivatives such as cellulose acetate phthalate, hydroxypropyl methyicellulose, hydroxypropyl
cellulose, hydroxypropyl cthylcellulose, ethyl cellulose, methyl cellilose, microcrystalline
cellnlose, metbacrylic acid/methacrylate esters, polyvinyl acetate phthalate, shellac and the like,
of mixtures thereof. Hydraxypropyl methyicellulose (HPMC) is used as the prefixred film-
forming agent along with the therapeutically active agent in the present invention, in an amount
ranging from about 2% to about 20% by weight of the timed pulse release composition, more
preferably from about 2% to sbout 5% by weight of the composition. Examples of plasticisers
that may be used in the present invention include, but are not limited to glycerol, propylene
glycol, polyethylene glycol, sorbitol, triacetin, dietiryl phthalste, mineral oil, petrolatum, lanolin
and the like. In a preferred embodiment of the present imvention, polyethylens glycol (PEG) 4000
is used as the plasticiser in an amount ranging fram 0% to about 5% by weight of the core, mare
preferably from about 0.1% to about 1% by weight of the core. The therapeutically active agent,
HPMC and PEG 4000 arc mixed in a suitsble solvent ar solvent system. The solution thus
obtained is used to coat the core of the timed pulse release composition to a desired weight gain,
in a conventional tablet coating pan. The tablets are then dried in a tray drier at a temperature of
40-50°C for 24 hours. :

The spaced drug delivery systern is designed to allow immediate release of at least one
therapeutically active antidiabetic agent and a delayed release of at least one therapeutically
active antidiabetic agent.

The present invention is further described with reference to a specific embodiment wherein one
antidiabetic agent that is released immedistely upon oral administration is & biguanide
antidiabetic agent and one antidiabetic agent that is rciease as a pulse afier a predetermined time
after administration is a sulfonyl urea; however this is meant only for the purpose of illustration
and is by no means intended to limit the spirit and scope of the present invention.

Examples of biguanide antidiabetic agents that may be used in the present invention include
metformin, pheaformin'and buformin, and their pharmaceutically acceptable salts.

BExamples of sulfonyl ureas that may be used in the present inventian include acetohexamide,
carbutarmide, chlorpropamide, glipizide, glyburide (glibenclamide), glimepiride, gliclazide,
glibornuride, gliquidone, glisoxepid, glyhexamide, phenbutamide, tolazamide, tolbutamide,
tolcyclamide, and the like.
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The amounts of the biguanide antidiabetic agent and the sulfomyl ures are selected such that the
combination provides optimum benefits in cases’ of diabetes mellitus or conditions associated
with diabetes mellitus, while reducing the untoward effects. The RE 37330 patent claims use of a
cambination of glibenclamide and metformin in a method of treating non-insulin dependent
diabetes mellitus, in a ratio of 1:100. The results of the clinical study mentioned in the RE 37330
patent indicate that 8 maximum daily dose of sulfonyl urea considered optimumn for the most
sovere, barely controllable cases is lsing.Howm,suchadouhutobecomﬁnedwithn
biguanide maximum daily dose of 1500mg in order to obtain the maximum therspeutical effect
together with the reduction of untoward effects. The patent claims use of the combination in other
ratios such as those having a weight ratio of 1:160 to 1:200.

In preferred embodiments, the sulfonyl urea used in the second composition is glipizide. In yet
another preferred embodiment, the sulfonyl urea of the second composition is glibenclamide.
Metformin, or its phanmaceutically acceptabic selt, preferably the hydrochloride salt, is used as
the preferred biguanide antidiabetic agent in the present invention. The metformin hydrochloride
and glipizide are preferably used in a metformin hydrochloride to glipizide weight ratio ranging
from about 250:1 to about 50:1. Glipizide is used in an amount ranging from about 2mg to about
15mg, while metformin hydrochloride is used in an amount ranging from about 200mg to about
1.5gm. For instance, the unit spaced drug delivery system comprises 250 mg metformin
hydrochloride and 2.5 mg glipizide, or 850 mg metformin hydrochloride and Smg glipizide, or 1
g metformin hydrochloride and 10 mg glipizide. In preferred embodiments the umit spaced drug
delivery system comprises 500mg metformin hydrochloride and 5mg glipizide. The metformin
hydrochloride-glibenclamide combination is used in a metformin hydrochloride to glibenclamide
weight ratio ranging from about 250:1 to about 50:1, more preferably in a ratio of 100:1.
Glibenclamide is used in an amount ranging fromn about Img to about 10mg, while metformin
hydrochloride is used in an amount ranging from about 200mg to about 1.5gm. In prefemred
embodiments the unit spaced drug delivery system comprises 250mg metformin hydrochloride
and 1.25mg glibepclamide, or 5000 mg metformin hydrochlaride and 2.5 mg glibenclamide, more
preferably 250mg metformin hydrochloride and 2.5mg glibenclamide, still more preferably
500mg metformin hydrochloride and 5mg glibenclamide.

The following examples do not limit the scope of the invention and are presented as illustrations.
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Example 1
The spaced drug delivery system of the present invention is obtained as mentioned in Table 1
below.
Table 1 )

Ingredients | Quentity(mg) | Percent(%)wiw.
A. Immediate release sulfonyl urea pran =
Glipizide 5.0 6.67
Microcrystalline cellulose (MCC) 13.0 17.33

| Lactose monohydrate 31.175 68.23
Polyvinyl pyrrolidone (PVP K-30) 1.5 20
Sodium starch glycolate . 3.5 4.67
Sodium laury]l sulfate 0.075 0.1

| Magnesium stearate 0.75 1.0
Total 75 100.0
B. Delayed release biguanide core -

[ Core - —
Metformin hydrochloride 500.0 8333
Croscarmellose sodium (Ac-Di-Sol) 50.0 8.33
Corn starch, plain 17.0 2.83

as 10% starch paste)
Microcrystalline cellulose (MCC) 13.5 225
Colloidal silicon dicxide 13.5 225

| Magnesium stearste 6.0 1.0
Total 600.0 100.0
Coat -

Ethyl cellulose 40,7 coated to a weight gain of
Hydroxypropyl methylcellulose 16.3 9.5% by weight of the
core.

The immediate release sulfonyl urcs granules were obtzined by sifting glipizide, lactose

" maonchydrate and microcrystalline cellulose (MCC) and sodium starch glycolate through a # 40
sieve (as defined by American Society for Testing and Materials, ASTM) and blending the
powders suitably. A solution of PVP K-30 in water was used to granulate the dry powder blend.
10  The granules thus obtained were dried to a moisture content of not more than 3%. These granules
werethmpnssed-ﬂn'oughl#ﬁlim(udeﬁnedbyASIm.Themuleswmﬁmllynﬁxed

with talc and magnesium stearate to obtain the final granules. The method of preparation of the
delayed release biguanide core included sifting the metformin hydrochloride and croscarmelloae
sodium through & suitable sieve and mixing them in a rapid mixer granulator. The dry powder

15  blend was then granulated using 10% starch paste, followed by wet milling the wet mass tirough
a Fitz mill. The granules so obtained were dried to a moisture content of 3-4%. The dry granules
are then milled in a Fitz mill through a 1.5mm screen, followed by sifting of the granules through
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a # 16 sieve (as defined by ASTM). These gramules of metformin hydrochloride were then mixed

with MCC, colloidal silicon dioxide and magnesivm stesrate, and the lubricated mixture thus

obtained was compressed on a rotery compression machine using oblong shaped punches. The

tablets were then costed in a conventional coating pan using a solution of ethyl cellulose and
5 HPMC in a mixture of methanol and dichloromethane,

The delayed release biguanide core was then mixed with 75mg of the immedigte release sulfonyl
urea granules and encapsulated in a size ‘0’ hard gelatin capsule. The delayed release biguanide
composition and 75mg of sulfonyl urea granules were subjected to dissolution studies using pH

10 6.8 buffer at 3740.5°C, in a USP Type II apparatus (rpm = 75). The release profile for metformin
is recorded in Table 2 below, while that for glipizide is recorded in Table 3 below. The' rupture
time of the timed pulse release coating on the biguanide core was observed for 30 tablets, which
were subjected to dissolution testing. It was found that all the tablets opencd reliably at about 1
bour to about 1.3 hour afier start of the dissolution test.

15 Table 2
Time (mins) % metiormin released (+ S.D.)
45 1+0.5
105 91+ 6.89
120 . 084426
Table 3.
Time (min) % glipizide released (& S.D.)
45 88+2.19

The tablets were tested in different media, using different conditions of pH and apparatus, and the
opening time was recorded. The observations are recorded in Table 4 below.

20 Table 4
No. | Medium Conditions used Opening time of 6 tablets
used (hours.min)

1. |pH68 USP Type I apparatus, rpm of 100 1.08, 1.25, 1,13, 1.16, 1.02, 1.12
2. [pH6SB UUSP Type I apparatus, rpm of 100 1.04, 1.14, 1.18, 1.09, 1.09, 1.25
3, |pH6S USP Type I apparatus, rpm of 100 1,23, 1.05, 0.59, 1.12, 0.58, 1.25
4. |pHG68 USP Type 1 apparatus, rpm of 100 1.18, 1.26, 1.24, 1.01, 1.12, 1.06
5. |pHG6.8 USP Type II apparatus, rpm of 75 1.28, 1.30, 1.21, 1.17, 1.09, 1.03
6. | 0.INHCl | USP Type Il apparatus, rpm of 75 1.07, 1.18, 1.21, 1.10, 1.03, 1.30
7. |pH6.8 USP Type 1 apparatus, rpm of 50 1.02, 1.35, 1.28, 1.21, 1.03, 1.26
8. | 0.INHCl | USP Type Il apparatus, rpm of 50 1.24, 1.10, 1.05, 1.12, 1.29, 0.50
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Example 2
The spaced drug delivery system of the present invention is obtained as mentioned in Table 5
below.
Table §
Ingredients ] Quantity(mg) |  Percent (%) wiw.

A. Immediate release sulfonyl urea granules -
QGlipizide 5.0 6.67
Lactose maonohydrate 64.175 . 85.56
Sodium starch 3.5 4.67
Polyvinyl pyrrolidone (PVP K~30) 1.5 2.0
Sodium Jauryl sulfate (SLS) 0.075 0.1
Magnesium stearate, 0.75 1.0
Total " 75 100.0
B. Delayed release bignanide core -
Core -
Metformin hydrochloride 500.0 83.33
Croscarmellose sodium (Ac-Di-Sol) 50.0 8.33
Com starch, plain . 17.0 283
(as 10% starch paste)
Microcrystalline cellulose (MCC) 13.5 22§
Colloidal silicon dioxide 13.5 2.25
Magnesium stearate 6.0 1.0

Total 600.0 100.0
Coat — _

Eth¥! cellulose 42.0 coated to & weight gain of
Hydroxypropyl methylcellulose 16.8 9.8% by weight of the
core.

The immediate release sulfonyl urea gramules were obtained by sifting glipizide, lactose
monchydrate and MCC through a # 40 sieve (ss defined by American Society for Testing and
Materials, ASTM) and blending the powders suitably. A solution of PVP X-30 and SLS in water
was used to granulate the dry powder blend. The rest of the procedure remains the same as for
Example 1 above. The delayed release biguanide cores were also prepared as per the method

given in Example 1 sbove.

The immediate release sulfonyl urea gramules (75mg) were mixed with the delayed release
biguanide core and the mixture was encapsulated. The deleyed releage bigusnide composition and
the sulfonyl urea granules were subjected to dissolution studies using pH 6.8 buffer at 3720.5°C,
in a USP Type II apparatus (rpm = 75). The release profile for metformin is recorded in Table 6
below, while that for glipizide is recorded in Table 7 below. The rupture time for timed pulse
release coating on the biguanide core was observed for 30 tablets, which were subjected to
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dissolution testing. It was found that all tablets opened reliably at about 1 hour to about 1.3 hour

after start of the dissolution test.
Table 6
Time (min) % metformin released
45 1
120 91+5.33
5 Table 7
Time (min) % plipizide released
45 98+ 1.55

ThonbkuobniﬁedupummphZOf_Ihcpﬂmtinvmﬁmmtuwdinwm,uﬁng
differemt conditions of pH and apparstus, and the opening time was recorded. The observations

are recorded in Table 8 below.
10 Table 8
No. | Medium Conditions nsed Opening time of 6 tablets
(hours.min)

1. pH 6.8 USP Type I apparatus, with rpm of 100 | 1.15, 1.04, 1.16, 1.13, 1.21, 1,16
2. pH 6.8 USP Type I epparetus, with rpm of 100 | 1.37, 1.18, 1.20, 1.12, 1.00, 1.15
3. pH 6.8 USP Type I apparatus, with rpm of 100 | 1.02, 1.15, 1.07, 1.10, 1.15, 0.53
4. 0.INHC] | USP Type Il apparatus, with rpmof 75 | 1.11, 1.10, 0.50, 0.58, 0.59, 0.45
5. pH 6.8 USP Type 11 apparatys, with rpm of 50 | 1.00, 1.09, 0.53, 1.09, 1.09, 1.22
6. 0.INHCl | USP Type I apparatus, with rpm of 100 | 1.02, 1.00, 1.23, 1.23, 1.26, 1.01
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Example 3
The spaced drug delivery system of the present invention is obtained as mentioned in Table 9
below.
Table 9
Ingredients | Quantity (m g) | Percent (%) wiw.
A. Immediate release sulfonyl urea gran -
Glibenclamide . 50 6.67
Lactose monohydrate 64.175 85.48
Sodium starch glycolate 3.5 4.67
| Polyvinyl pyrrolidone (PVP K-30) 1.5 2.0
Sodium lauryl sulfate (SLS) 0.075 0.1
Magnesium stearate : 0.75 10
b 100.0
B. Delayed release bignanide core -
Core - .
Metformin hydrochloride 500.0 83.33
Croscarmellose sodium jéc—Dl-Sol) 50.0 8.33
Com starch, plain 17.0 J 283
}_(- a8 10% starch paste)
Microcrystalline celtulose (MCC) 13.5 225
Colloidal silicon dioxide 135 2.25
. ium stearste 6.0 . 1.0
| Total 600.0 100.0
[ Coat - -
Ethyl cellulose 420 coated to 4 weight gain of
Hydroxypropyl methylcellulose 16.8 9.8% by weight of the
core.

“The spaced drug delivery system was prepared by a procedure similar to Example 2. The
immediate release sulfonyl urea granules (75mg) were mixed with the deluyed release biguanide
core and the mixture was encapsulated.

10  The delayed release biguanide composition and the sulforyi urea granules were subjected to
dissolution studies, The release profile for metformin is similar 1o that obtained in Example 2
above. The dissolution studies for glibenclamide were carried out using 0.025M tris buffer pH
9.01 at 3730.5°C, in a USP Type I apparatus (rpm = 50) and is recorded in Table 10 below.

Table 10
Time (min) % glibenclamide relessed
15 93:2.09
30 95 x1.72

45 96+ 1.53
15 .
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Example 4
The spaced drug delivery system of the present invention is obtained as mentioned in Table 11
below.
Table 11
_Ingredients |  Quantity(mg) | Percent (%) wiw.
A. Immediate release pranules -
Rosiglitazane maleate (equivalent to 8mg 10.6 11.04
of rosiglitazone base)
Lactose monohydrate 78.09 81.25
| Sodium starch glycolate 4.5 4.69
PVP K-30 1.92 2.0
ium stesrate 0.96 1.0
Total 9598 99.98
B. Delayed release biguanide core -
Core -
Metformin hydrochloride 500.0 83.33
Croscarmelloge sodium (Ac-Di-Sol) 50.0 8.33
Com starch, plain 17.0- 283
( as 10% starch paste)
Microcrystalline cellulose (MCC) 13.5 225
Colloidal silicon dioxide 13.5 2.25
| Magnesium stearate 6.0 1.0
Total 600.0 100.0
Coat —
Ethyl cellulose 42.0 coated to a weight gain of
Hydroxypropyl methyicellulose 168 9.8% by weight of the
care.

The spaced drug delivery system was prepared by a procedure similar to Example 2. The
immediate release rosiglitazone maleate grapules were mixed with the delayed release biguanide
core and the mixture was encapsulated.

10  The dclayed release biguanide composition and the rosiglitazome maleate granules were subjected
to dissolution studies. The release profile for metformin is similar to that obtained in Example 2
above. The dissolution studies for rogiglitazone maleate were carried out using 0.IN HCI at
37:40.5°C, in » USP Type II apparatus (fpm = 50) and are recorded in Table 12 below.

Table 12
Time (min) % rosiglitazone released
10 97x2.72
20 961 3.00
30 96+ 2.82-

15
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Example 5
The delayed release biguanide core of the present invention was subjected to radiological studies
to determine the coat rupture time in vivo. The compositions of Example 2 with the addition of
25mg berium sulfate in the core, was used for the radiological studies. The delsyed release
metformin tablet cores containing barium sulfate were prepared as per the method given in
Example 1 above, with the barium sulfate being mixed with the starch paste to ensure its uniform
distribution in the core.

A single dose, open label study was carried out using six healthy male volunteers. The subjects
were fasted overnight before dosing and for 4 hours thereafter. Drinking water was prohibited for
2 hours before dosing and 2 hours thereafter. A sing)e barium sulfiate containing delsyed release
metformin tablet core was administered to each vohunteer as tha test product along with 240ml of
drinking water. Standard meals were provided at 4 hours after dosing. X-rays were taken at the
following time points after dosing : 30, 45, 60, 75 and 90 minutes. The result of the radiological
follow-up at the above-mentioned time intervals is given in Table 13 below.

Table 13
Vol Position of the tablet (minutes)
No. 30 s | 60 75 90
1 | Proximal sma]l | Proxima] small | Obscure (intact) | Left Disappeared
bowel (intact) | bowel (intact) hyponchondrion | completely
of colon (intact)
2 |Notobserved | Notobserved | Not observed Not observed Not observed
3 | Small bowel Small bowel Obscure Small bowel Disappeared
(intact) (intact) (imtact) completely
4 | Stomach Pyloric antrum | Pyloric antnmn | Pyloric antrum Proximal jejunal
fimdus (intact) | (intact) (imtact) (intact) loop
I _ - (Disintegrating)
5 |Distal jejunal | Proximal ileal | Lleal loop Tleal loop Disappeared
loop (intact) | loop (intact) | (Disintegrating) -| (Disintegrati completely
6 | Pyloric antrum | Pyloric antrum jejunal | Distal duodemum | Disappeared
(intact) {intact) flexure (intact) disintegrating) | completely

As seen in Table 13 above, the tablet was not observed in vohmteer no. 2, perhaps due to
insufficient barium sulfate in the core. In four of the five remaining volunteers, the tablet was
completely disintegrated in 90 minutes, and in volunteer no. 4 the tablet started disintegrating at
90 minutes.
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Example 6
Comparative example 1
This example illustrates the process of optimization of the composition to obtain, at about the
predetermined time, a reliable manner of coat rupture.

Tablet cores were prepared according to the composition given in Table 14. The target coat
rupture time was 1 hr.

Table 14
Ingredients Quantity
(mg)

" Metformin hydrochlaride 500.0
Croscarmellose sodium (Ac-Di-Sol) - 34.5
PVP K-90F 10.0

| Mapnesium stearate 5.5
Total 550.0

10 The above cores were coated with a combination of ethylcellulose and hydroxypropyl
methylcellulose dissolved in methylene chloride : methanol (4:1) solvent system. The ratio of
ethylcellulose to hydroxypropyl methylcellulose was varied to evaluate its effect on the coat
rupture time. When the ratio was 9:2 and the gain in weight opon coating was 4% by weight of
the total weight of the core, the coat rupture time was about 2 hours. The coat rupture time could

15 be decreased by decreasing the amount of coat applied. However, at a ethyicellulose to
bydroxypropyl methylcellulose ratio of 9:2, the coat rupture time was sensitive to this factor and
this could lead to coat rupture time changing with variations in amount of coat applied from
batch to batch. It was found that by a small change from 4% to 3% weight gain upon coating the
coat rupture time decreased to 45-60 minutes. Increase in proportion of hydroxypropyl

20 methylcellulose decreased the coat rupture time. Ratio of ethylcellulose to hydroxypropyl
methylcellulose in the range of 8:3 to 7:3 were evaluated and it was surprigingly found that at
these ratios coat rupture time of about 1 hr was obtained end the coat rupture time was not
sensitive to the amount of coat applied. However, the coat did not rupture in a reliable manner as
is evident from the resulis on the dissolution test evaluation for coat rupture time given in Table

25 15 below. The test was conducted in & USP type 1l epparatus in pH 6.8 buffer at 50 rpm.

s
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Table 15
% welght gatn on application of | Noof Opening Ume
coat of EC: HPMC ratio of 7.5:3 | tablets (minutes)
tested
9% 18 60, 53, 60, > 135, 60, 58, 48, 50, >133, 50,
75, 55, 65, 64, 55, 55, 55, 48
1% 18 90, 71, 78, B0, > 159, 79, 64, 66, 73, 60,
91,70, 76, 85, did not open, 76, 76, did not
14.6% 6 66, 65, 78, 180, 86, 60

It is scen that on an average the coat rupture time meets the target rupture time of about 1 hr,

however, the reliability of rupture is low in that some tablets the coat rupture is unduly prolenged.
S  The coat composition was then kept fixed and the core composition was optimized, fr example,

to compositions in Examples 1 and 2, to achieve coat rupture snd drug release in a relisble

manner.

Comparative example 2
The following example is generated as per example 1 of European patent 408496, equivalent to
10 IR 902533. The tablets were made as per the following formula in Table 16 below-—

Table 16
Ingredients { Quan ¢
 Core :
Diclofensac sodium 30mg
Polyvinylpyrrolidone (crosslinked) 100mg
Sodium chloride 50mg
* | Silica serogel (Aerosil® 200) Tmg -
jumn stearate 3mg
[ Coa
Cellulose acetate (containing 32% acetyl) 3lmg
Cellulose acetate (containing 32.9% scetyf) 32.33mg
'| Hydroxypropyl methyicellulose 3.33mg

The care components were mixed in a tumbler mixer and compressed in a tabletting press using a

15  Smm concave punch. The coating components were dissolved in a mixture of methylene chloride
and methanol. This solution was used to coat the cores by a fluidized bed method. Three different
batches were obtained by coating the cores to a weight gain of 4% and 9.8% (by weight of the
core). The tablets were then dried for 48 hours.

20  The wblets obtined by this formmula were tested in 900ml of water at 37°C and the opening time
is recorded in Table 17 below.

36 °

ENEDDOK: «<WOD  CROMSONRAY | >




WO 02/055009 PCT/INO2/0000S
Table 17
Coating (% by Observations Target opening time as
welght of the core) per Table 1 of
example 1 of IE 902533
4% (before drying) | One tablet opened at about 45 mimutes. 65 minutes
Remaining tablets did not open till 3 hours
and 20 mimites.
4% (afier drying for | One tsblet opened at about 30 mimutes, and 65 nnnutes
48 hours at 40°C) | another opened at ebout 50 minutes.
Remaining tablets did not open till 2 hours
and 15 minutes.
9.8% No tablet opened till 2 hours and 56 120 minutes
mimites.

The above observations indicate that the tablets obtained by the formula mentioned in IE 902533
do not provide opcningofﬂletablmatasﬁeciﬁcpredetmﬁnedtime, as claimed in the maim

5 claim of the patent, in a reliable manner.

While the invention hag been described with reference to specific embodiments, this was dome for
purposes of illustration only and should not be cansidered to limit the scope of the invention.

PNRNCYAN: <W0)  C2OSEO0RAY | »
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We claim -

1.

g

A method of administration of two or more therapeutically sctive agents comprising orally
administering to a patient a spaced drug delivery system, wherein at least one first
therapeutically active agent iz released immedistely upon oral administration of the spaced
drug delivery system, and at Jeast one second therapeutically active agent is released as a
pulse at a predetermined time after oral administration, wherein the two or more therapentic
agents act on the disease condition by similar or dissimilar, but complementary
mechanisms, to control the symptoms of the discase, or & measurable indicator of the
disease condition, and further wherein the time of release of the two or more therapeutically
active agents i designed to provide desired control on the diseaso condition.

A method of administration of two ar more therepeutically active agents comprising orally
administering to a patient & spaced drug delivery system at a specified time prior to food

. intake by the patient, wherein at least one therapeutically active agent is released

immediately upon oral administration of the spaced drug delivery system and at least one
therapeutically active agent is relcased as a pulse afier a delay at sbont the time when food
is taken.
A method of administration of two or more therapeutically active agents as claimed in claim
1 or 2, wherein the two or more therapeutically active agents are therapeutically active
antidiabetic agents.
A spaced drug delivery system designed to provide desired control an the diseass condition,
comprising

a. a first composition comprising one or more first therapeutically active agent(s), and

b. a second composition comprising one or more second therapeutically active agent(s),
wherein at least one first therapeutically active agent is released immediately upon oral
administration of the spaced drug delivery system, and at lcast ane second therapeutically
active agent is released as a pulse at a predeteymined time after oral administration, wherein
the two or more therapeutic agents act on the disease condition by similar or dissimilar, but
complementary mechanisms, to control the symptoms of the disease, or 2 measurable
indicator of the discase condition, and further wherein the time of reiease of the two or
more therapeutically active agents is designed to provide desired cantrol on the discase
condition.
A spaced drug delivery system for the treatment of diabetes mellitus or conditions
associated with diabetes mellitus, comprixing -
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10.

11.

12.

13.

14.

a. a first composition comprising one or more therapeutically active amtidiabetic
agent(s), which iz/are released as a pulse after 2 delay, and '

b. 8 second composition comprising one or more therapeutically active sutidisbetic
agent(s), which is/are released immediately upon qral administration of the spaced
drug delivery system.

A spaced drug delivery system as claimed in claim 5, wherein the first composition is a
timed pulse release composition that releases as a pulse an antidisbetic agent after a
predetermined time spacing or interval after oral administration of the spaced drug delivery
Systern.

A spaced drug delivery system as claimed in claim 5, wherein the antidiabetic agent in the
first composition is & bigusnide antidiabetic agent, and the antidiabetic agent in the second
composition is a sulfony! urea. '

A spaced drug delivery system ag claimed in claim 5, wherein the entidiabetic agents in the
first composition are selected fram the group consisting of an elpha glucosidase inhibitor,
a thiszolidinedione, and am insulin secretagogue; and the antidiabetic agent in the second
composition is an insulin secretagogue; further wherein the insulin secretagogues, if present
in both first and second compositions, are not the same.
A spaced drug delivery system ags claimed in claim 5, wherein the antidiabetic agent in the
first compogition is a biguanide antidiabetic agent, and the antidiabetic agent in the second
composition is selected from the group consisting of insulin secretagogue and a
thiazolidinedione, optionally in combination with an alpha glucosidase inhibitor.
A spaced drug delivery system as claimed in claim 5, wherein the antidiabetic agent in the
first composition is a biguanide antidiabetic agent, and the antidinbetic agent in the second
composition is an alpha glucosidase inhibitar. '

A spaced drug delivery system as claimed in claim 7 comprising metformin hydrochloride
and glipizide in a weight ratio ranging fram 250:1 1o 50:1.

A spaced drug delivery system as claimed in claim 11 comprising metformin hydrochloride
in an amount ranging from about 200mg to about 1.5gm, and glipizide in an amount ranging
from about 2mg to about 15mg. )

A spaced drug delivery system as claimed in clasim 7, camprising metformin hydrochloride
and glibenclamide in a weight ratio ranging from 250:1 to 50:1.

A spaced drug delivery system as claimed in claim 13, comprising metformin hydrochloride
and glibenclamide in a weight ratio of 100:1. )

" 39
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15.

A spaced drug delivery system as claimed in claim 7, comprising metformin hrydrochlaride
inmmmm'gingﬁ'omnboutZOOmgmaboul.Sgn.mdgﬁbmcluddehmmm
ranging from about 1mg to sbout 10mg.

16. A:pmeddrugdehvuymtﬂnuclmmdmclm4wmmglmdpﬂnnm

17.

18.

19,

composition comprising a core composition comprising one or mare therapeutically active
antidiabetic agents, a swelling agent, and optionally water soluble compound(s) for

_ inducing oemogis, and a coat composition comprising ane or more film forming polymers,

wherein upon swelling of the core the coat ruptures and releases the therapeutically active
amhamﬁablemmnauabomnpmdmnnﬁnedﬁmemﬂmﬂndnﬁnismﬁond‘tb
composition.
Aspaeeddrugdchvu-ymmusclumedmclmmlﬁwhumthehmodpdsemlm
composition is optimized as follows:

8. the core composition is capable of swelling at a desired rate to a sufficient extent,

b. the cost composition hes the desirmble film strength, plasticity, and water

permeability, and

¢. the emount of coat compasition applied is adjusted,
suchthatuponswaﬂingofthemﬂueoatmphnumdnleuu.ulpuhethe
therapeutically active agent in a reliable manmer at about the predetermined time after aral
administration of the composition wherein the relisble manner of ruptore comprises
rupturing of 36 tablets out of a total of 36 tahietz at about the predetermined time, when
tested by subjecting the tablets to USP dissolution test using an aqueous media st 3740.5°C,
in a USP Type I or Type Il apparatus at an rpm selected from the range of about 50 rpm to
about 100 rpm.
A spaced drug delivery system as claimed in claim 17 wherein the predetermined time is in
the range from about 1 hr to about 4 hr, and the 36 out of the 36 1ablets nupiure within +
50% of the predetormined time. :
A spaced drug delivery system as claimed in claim 18 wherein the predetermined time is
about 70 min.

20. A spaced drug delivery system as claimed in claim 19, wherein the “release of

therapeutically active agent as a pulse™ comprises reicase of not more than 10% of the
active ingredient at 45 min and at least 70% of the active ingredient at 2 hrs when tested by
subjecting the tablets to USP dissolution test using pH 6.8 buffer at 3740.5°C, in a USP

Type 1 apparatus at an rpm of 75.

RNy ANN ONARARLT | »
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21.

22,

23,

A spaced drug delivery aystem as claimed in clxim 16, wherein the swelling agent ig selected
from the group consisting of croscarmellose sodium, crosslinked polyvinylpyrrolidone and
sodiumn starch glycolate.

A spaced drug delivery system a5 claimed in claim 21, wherein the care further comprises 8
wicking agent.

A spaced drug delivery system as claimed in claim 22, wherein the wicking agent is selected
from microcrystalline cellulose and colloidal silicon dioxide.

24, A spaced drug delivery system as claimed in claim 23, wherein the core firther comprises

25.

26.

27.

28.

29.

30.

31.

starch.

A spaced drug delivery system as claimed in claim 16, wherein the film forming polymers in
the coat comprise a mixture of a water insoluble polymer and a water soluble polymer.

A spaced drug delivery system as claimed in claim 25, wherein the water insoluble polymer
is ethyl cellulose and the water soluble polymer is hydroxypropyl methylcellulose (HPMC).
A spaced drug delivery system as claimed in claim 26, wherein the predetermined time of
release is sbout 70 min and the weight ratio of ethyl cellulose to hydraxypropyl
methylcellulose is in a range from about 6:3 to about 9:3.

A spaced drug delivery system as claimed in claim 26, wherein the core is coated to 8 weiglhit
gain of about 5% to about 10%.

A spaced drug delivery system 28 claimed in claim 27, wherein the core is coated to 2 weight
gain of abaut 9% to about 10%.

A spaced drug delivery system as claimed in claim 17 wherein the predetermined time i in
the range of about >4 hr to about 12 hr, the 36 out of the 36 tablets rupture within +25% of
the predetermined time. '

A method for treating diabetes mellitus or conditions associated with diabetes mellitus in a
human, which method comprises sdministering & spaced drug delivery system claimed in
claim 5 or 6.

4]
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. The applicant is hereby notified that this International Prellminary Examining Authority transmits herewith the

inmemational preliminary examination report and its annexes, i any, esiablished on the international
application.

A copy of the report and its annexes, If any, Is being transmitted to the Imemational Bureau for
communication to all the elacted Offices.

Whaere required by any of the slected Offices, the Imernational Bureau will prapare an English translatio
the report (but not of any annexes) and will transmit such translation to those gliflcea. e " not

The applicant must enter the national phase before each elacted Office by performing certain acts (filing
translations and paying national fees) within 30 months trom the priority date (or later in some Offices)
(Article 308(1)) (see also the reminder sent by the Intemational Bureau with Form PCTAB/301).

Where a translation of the international application must be fumished to an elected Office, that translation
must contain a translation of any annexes to the intemational preliminary examination report. it is the
applicant's responsibility to prepare and fumnish such translation directly to each elected Office concemed.

For further detalls on the applicable time limits and requirements of the electad Offices, see Volume Il of
PCT Applicant's Guide. ’ the

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Article 33(2) to {4) merely serve the purposes of intemational
preliminary examination and that "any Contracting State may apply additional or different criteria for the
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27(5)). Such additional criteria may relate, for axamplie, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.
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(see Rule 70.16 and Seclion 607 of the Administrative Instructions under tha PCT).
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| [ Basisof the opinion
I O Priorty
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. Basis of the report

1. With regard to the elements of the international application (Replacement sheets which have been fumished to
the receiving Office in response to an invitation under Article 14 are referred fo in this report as “originally filed”
and are not annaxed to this report since they do not contain amendments (Rules 70.16 and 70.17)):

Deacription, Pages
1-22 as originally filed

Claims, Numbers
1-19 as originally filed

2. With regard to the language, all the elsments marked above were available or fumished to this Authority in the
language in which the intemnational application was filed, uniess otherwise indicated under this item.

These elemants were available or furnishad to this Authority in the following language: |, which is:

O the language of a translation furmnished for the purposes of the intemational search (under Rule 23.1(b)).
O the language of publication of the intemational application {under Rule 48.3(b)).

O the language of a translation furnished for the purposes of International preliminary examination (under
Rule 5§5.2 andbr 55.3).

3. With regard to any nucleotide andlor amino acld sequence disclosed in the intemnational application, the
inmtemnational preliminary examination was canied out on the basis of the sequencs listing:

contained in the intemational application in writtan form.

filed together with the international application in computer readable form.
fumished subsequently to thie Authority in written form.

fumished subsequently to this Authority in computer readable form.

The statement that the subsequently fumished written sequence listing does not go beyond the disclosure
in the international application as filed has been fumished.

The statement that the information recorded in compuier readable form is identical 1o the written sequence
listing has been fumished.

O Ooooan

4. The amendments have resulted in the cancellation of:

O the description, pages:
O the claims, Nos.:
O the drawings, sheets:
§. 00 This report has been astablished as if (some of) the amendments had not been made, since they have

been considared to go beyond the disclosure as filed (Rule 70.2(c)).

(Any replacement sheet containing such amendmenis must be referred to under item 1 and annexed to ihis
report.)

6. Additional observations, if necessary:
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V. Reasoned statement under Article 35(2) with regard to novelly, Inventive step or Industria! applicabliity;
citetions and explanations supporting such statement

1. Statement
Noveity (N} Yes: Claims 1-19
No: Claims
Inventive step (IS) Yes: Claims 1-19
No: Claims
Industrial applicability {I1A) Yes: Claims 1-19 .
No: Claims

2. Citations and explanations
see saparate shest

Form PCTAPEA/408 (July 1988)
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1. The following documents (D) are referred to in this communication; the numbering
will be adhered to in the rest of the procedure:

D1: FR-A-2244481

D2: WO-A-0003742 ( cited in the application )
D3: WO-A-8717975 ( cited in the application)
E1: WO-A-0255009

2. The subject-matter claimed in claims 1-19 can be regarded as novel ( Article 33(2)
- PCT ) since the described composition and its use are not disclosed in the prior art.

The content of the document WO-A-0255009 ( E1 ) will have to be taken in account in
the regional phase for the judgement of novelty. This document seems to be relevant
for the novelty of claims 1, 6-8, 19.

3. The present application does not meet the requirements of Article 33(3) PCT,
because the subject-matter of claims 1-19 involves an inventive step.

The layered compositions of the present application offer a better dissolution of the
active agents than when the two compounds are mixed together and a comparable or
better dissolution when the two compounds are maintained in separate compositions (
see the examples of the present application ), while offering a better compliance.

The document D1, appears to be of particular relevance as far as inventive step is
concemed and can be considered as the closest prior art. This document solves indeed
the same problem than the present application, namely the improvement of the
bioavailability of glibenclamide when it is in combination with a biguanide ( see D1, p. 1,
l. 35-41; p. 2, |. 24-40; p. 5-9, the examples ).

The present application differs from the disclosure of D1 by the use of metformine .
which is used as the biguanide, instead of phenformine in D1.

D1 also presents the biguanide in a retard form, and the dosage of phenformine ( 25-50
mg ) is much lower than the dosage of metformine ( 200-1000 mg ) of the present
application.

The probiem to be solved by the present invention may therefore be regarded as how
to increase the bioavailability of glibenclamide when it is administered with metformine,

Form PCT/Separate Sheet/408 {Sheet 1) (EPO-April 1967)
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while improving the compliance by a unique administration of both compounds.

The solution proposed in claim 1 of the present application is considered as involving
an inventive step.

The replacement of a known biguanide by another known biguanide is not obvious in
this case. The association of the active ingredients metformine/glibenclamide must be
madae in a high ratio, which causes a heavy reduction in the bioavailability of
glibenclamide. The use of metformine implies a mass-effect which cannot be foreseen
in the light of use of phenformine in document D1.

The replacement of a biguanide in a known composition by an another biguanide is

therefore not envisageable for the resolution of the problem of the present application.
The subject-matter of claims 1-19 is therefore inventive over D1.

Form PCT/Separate Sheet/408 (Sheet 2) (EPO-Aprll 1867}
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‘:‘.."".'..?i.....u. o — ""’ o et | Telepbome No.
Box i the applicent’s “ﬂlwm iy indicated balew )
MENARIN! INTERNATIONAL OPERATIONS Feceinzile No.
LUXEMBOURG S.A. -
1. Avenue de la Gare Teleprimer No.
1611 LUXEMBOURG - Luxembourg YT ———rrryor—
mﬁnhmﬂd‘-ﬁmﬂm iﬁnjﬁumﬂfﬁd—:
igperco hampent [ fine! RS es, [t -l
Boa No. m FURTHER APFLICANT() ANDVOR (FURTHER) INVENTOR®)
?um.u-“ mnhu—-r 'Uqﬁ‘-ﬂ-“wﬂuﬂ"’:’ﬂ This person ix:
Dow o i oyt 's Sacis (Ebtt i, ureti of el S of rocdirane o nclcated bk, ) [ spmioast culy
TOSETTI Alessandro X
Via F. Paoletti, 13 [X] appiicast st imveutor :
50012 BAGNO A RIPOLI - taly [ ivetoronty @ sk b
Applicant"s registration No, with the Office
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Box No. IV AGENT OR COMMON REPREBENTATIVE; OR ADDRESS FOR CORRESFONDENCE
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ShestNo. ...2...

Continnation of Box No. [l FURTHER APPLICANT(S) ANDVOR (FURTHER) INVENTOR(S)
Ifmone of the foliowing mb-boxes is used, this sheet should nat be included in the regquest.

Name and addrems Mn—-ﬂwd -Hqﬂlwbﬂ This person ix:
gnu&rmﬂt%f 5’- nhd‘ﬂ'z:"mm o [[] apriicant anly
GUIDUCCI Mauro %] applicant nd iavetor
. Via Tullio Levi Clvita, 1 imventor only (f this check-baw
52100 AREZZO - aly W opimob i LAy frorney
Applisant’s registration No. with the Offies
[Siate (Waat is, cowntryy) of natioality: irill_h{lui.mydnidu:
19
D i~ JiEERivEr HTSis [ S i
Nama and adiroas: (Family name followad o lagal axtity, fidl fficial designation. | This perscu is:
knbﬁﬂﬁﬁﬂ:‘yﬁmv rf u&-f‘. D applicant only
VITI Giovanni nppliunnlinvm
Viale A. Guidoni, 179 D this check-bax
50127 FIRENZE Italy uuuwu beiow,)
Applicant’sregisiration No, with the Office
Statn (St is, cowetry) of nationality: sr?-(luu country) of residenoe:;
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o ﬁmﬂyﬁu—-?-hmtn“mf e [] swticant culy
|:| epplicant md imvemtor
i & S e
Applicant’s registration No. with the Office
State (#kaf in, country) of nationality: State (ot is, counry) of residenoe:
'ﬂuﬂmuqﬂm D;ﬂ"?’u Dhm"-‘l ?Wg :Hhﬂh
Name and address: (Famidy nams followed by aﬂmﬂ#ﬂm This parson ix

e adddress include cods and ﬂ? ﬂ-lﬂhh
l-tlh:-": hﬁt ﬂ.'j-d?-h Hﬂfmﬁ

] epplioat oty
[C] spplicant and jnvemtor

O S LSty

Applicant's registration No. with the Office

State (that Is, comntry) of netionality: State fihat is, countyy) of residencs:

glﬁl.mmuq#ﬂﬂ D;!:w-l Dﬂmm:-ﬂp D?Wt‘n‘; 2IH-M|1

[[] Further applicants sndvor (farther) inventors are indicated on ancthar gontizmuation shoet.
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ShostNo, .. A...
BoxNa V DESIGNATION OF ETATES  Mark the applicable check-baxes below; ot least ors must be marked
The following designstions are harsby made undee Rule 4.9(a)
Reglonal Patent :
Bl AP ARIPO Pateat: GH Ghana, GM Gambia, KE Kenys, LB Losotho, MW Malawi, MZ Mozambigque, 8D Sudan,
BL Sierm Loone, 8Z Swaziland, TZ United Repoblioc of Tenzania, UG Ugands, ZM Zambis, ZW Zimbabwe, and any other
Stato which is a Contrasting Stato of the Harare Protocol and of the PCT fif ather kind of proteciion or trectment desired,
apectiyondoledibeg) ......... ...ttt i e i iea e a i sar s e r s e es s s e aansan s
B EA Eurssian Petent: AM Armesia, AZ Azerbaijan, BY Belarus, KG Kyrgyzsten, KZ Kazakhstan, MD Republio of Moldova,
RU Russian-Federation, TJ Tejikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian
Pxtent Convention and of the PCT
K EP EurcpesnPatent: AT Avstria, BE Belgium, BG Bulgaris, CH & LI Switzerland and Liecktenstuin, CY Cyprus, CZ Czech
Republic, DE Germany, DK Donmark, EE Estonia, E8 Spain, F1 Finland, FR France, GB United Kingdom, GR Greece,
IE Ircland, IT Inly, LU Lixembourg, MC Monsen, NL Netherends, PT Portugal, SE Sweden, SK Slovakia, TR Torhey, sd
any other State which i» a Contrasting State of the Europsan Putent Coaveation and of the PCT
#l OA OAPIPatent: BF Burkina Faso, BJ Benin, CF Contral Aftican Ropublic, CG Congo, CI Céta d"lvoire, CM Cameroou,
GA Gabon, GN Guines, GQ Equatorial Guines, GW Guinea-Bissan, ML Msli, MR Muuritanis, NE Niger, SN Senagal,
TD Chad, TG Togo, and any other State which is s member Stxte of OAPI and s Contracting Btuto of the PCT (3f ofher kind
of protection or treaiwnt desired, specifyoncdotied B} . .. ... ... cciiciiie e i st e
Nationsl Patent (lf other kind of protection or treaiment desired, specify on dotted Hing):
B AX Usied Amb Emirates ............. M GMGembia M NZ NewZealend . ................
B AG Antigus and Barbuds M ARCrosts .....ooovenvvnnnnnnn. ® OMOman
BAL Albenia......cccoueeirnnennn. WU Bmgary .....ccveennne B PH Phlippioes..................
BAMAmenia...........cooonnenee- ID Indonesia BPLPolad.......c.cocevnnnennn.
B AT Austris..ocooonneeeceiinnens [ T WP Portugal.........ccvneenvnnns
BAUAvstralia ..........occnnernnns B IN Ina.......ooccveeeeeinnnes RO Romania
M AZ Azorbajian................... 3 Iosland B RU Rosim Pedontion . ...........
[l BA Bomia snd Herzegovina ......... TP JAPRN....covvnrennnesaensias  teiaeneenenenennaniaean.
BB Barbados KE Koyl .. oooconnnnrrarenennnn K 5D Sudmn
KIBG Bulgaria..........onevvnnnenns B KGKygymstan. ........ccoeuue. K 5 Swoden
BERBragl....ccconoviiiininnens Il KP Demooratic Poople’s Republie [l 8G Singapore
KBy Belarus.......cconneenennnenn of KOs .. ..oovveenennnns. SI Slovama....................
MBZ Baliso....c.cvvvvennenannnne. B KR Ropublic of Koros ..... . ........ BK Slovakis...........ccceunens
H CA Cunsda B KZ Kezakhstan . ................. B 8L SiermLecoe.................
H CH & LI Switzoriand and Lisckieosin §ll LC Saint Lucia BT Tojikistan........cceueen..
M ONChine.....covvvermnrnninnes Bl LX 8 Lagia B T™ Twkmenistan.. . ..............
l co Calombia B LR Liberia B TN Tunisia
W CRComRica........ocvecnnn S LB Losotho . ....oevvnniennnnnnn,s BTRTuksy.........ccceeneeene
CU Cubl....cvveernnnnrnnnerens B LT Lithoania B TT Trinided and Tobago ..........
B CZ CrochRepubllic . .............. B LU Lummbonrg ™ eeieieeeeeeeieeeaceenan
BDEGomany...........ccennnnn "LV Latvia B TZ United Republic of Tanzeais
BDKDenmak.........cevvveennns W MAMoroczo.......ooeeeneenn UA Ukming ...........oue.....
& DM Dominica M MD Republic of Moldovs .. . .. ... . BMucUgnd ....................
A T US United Btates of America . . . . ..
BB EC Boador.......coovvvreneenes B0 MGMadagaaohr........coeiiinner ereeineneeiecrrinsnerienens
BIEE Esomin....cccocveevennnnenns B MK The former Yugoslav Republic of [l UZ Uzbekistea . ................
HES Spein ........veeneenient Maoodonit .......c.connnnnn.. B VN VietNem ..o eneeeenn
BF Finand.....cc.ooiivinunnns B MN Moagolia B YU Yugoslavia .................
B GB United Kingdom W MWMalawi .. ................ W ZA South Afiies................
GD Grenada B MXMeadco........ooeeeanenn W ZM Zembia
BGEGegia..... .50l BB MZ Mozambique............c..... B Zw Zimbebwe . . ...............
GHOBOR .......oovvenrnnnnnns NO Norwey
Check-boxes balow reserved for designating Stwies which have become party to the PCT sfler isuance of this sheet:
B.VC.Saltn Vineentand Granedines.. O ... O
B.5CSmrhelles.................... [ [ o R
Precautionary Designation Statzment: In sddition to the designations made above, the applicant also makes under Rulo 4.9(b) all
other desigaations which would be parmitiad under the PCT except any designation(s) indicated in the Supplemental Box s being
mlﬂdﬁmhmdhmtﬁupﬂmmmmmmw“nhuhmdh
any dosignation which ia not confirmed befare the expirstion of 15 months from the priority date is to be regarded aa withdrawn by the
applicant at the expirstion of that time limit. (Cosglrmation (cluding fes) must reach the recetving Office wishin the 15-morth time liwit )

Form PCT/ROV101 (second shest) (July 2002) See Notes 1o the requass forms
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SheetNo. ...4...

Bax No. VI  PRIORITY CLAIM
The priority of the following earlier application(s) is hareby claimed:

. Filing date o Number Whare earliar application is

Oﬂﬂlﬂl'lﬂilm ﬁlﬂ'm national iesion® . . - e
monlq:ﬂum imtermational :

(dapimcrahyer) county o pamber isati oual splication

ftem (1)

20/11/2001 Fl2001A000230 iT

item (2)

fmm (3)

ftam (4)

iwm (3)

] Furthor priority claims are indicated in the Supplementsl Box.

The recaiving Offics is requested 10 prepare and tranamit to the [ntamations]l Burean a cwrtified copy of the emfier application(s) omly
{f bhe sartisr application was filed with S Offics which for the parpones of this international appiicaiion is the receiving Office) idestifiad

above ax

[ sttiwes [Jitmq) [J iem@ [ iea@ [ iwa@ [ e:e® ,_ﬂ;_ﬂh
* Whers the earlier application is indicats af leaxs ane country the Paris Convention Protection
Immcra-md'h? Orpﬂ.mﬁrlmﬁl ”;muﬁuﬂuwm. v

Box Na VIl INTERNATIONAL SEARCHING AUTHORITY

Chalee of In tional Searching A Jrteyvsational Asthoritiey
Serna dml' M(ﬂﬂﬁmwn:: huﬂm are compeient io carvy out the

t0 use resulta of oarller search; ref to that search earfier sarch hay beent cowviad e
Request to use “ ' erence " ffan out by or reqauested from

Datn (dpyimoreiv’year) Number Country far regional Office)

Box Ne. VII. DECLARATIONS

The fullowing decinrations are contained in Boxes Noa. VTII (i) to (v) fwark the applicabls Number of
chechk-baxes beiow and inslcate in the right cohes the mumber of each jype of declaration): doclartions
D Bax No. VI (i) Declartion s to the identity of the inventor
[[] BexNe. VHI{ii} Declarstion a8 to the spplicant’s entitlement, as st the internationa] filing

date, tn apply for and be granted a patent
[0 BoxNo. VIII (iii) Deolarstion as to the spplicant’s ontitlement, as at the intornational filing

datn, 1o claim the pricrity of the earfier application
[0 BoxNo. VI(iv) Declamtion of inventorship (only for the purposcs of the designation of the

United States of America)

[0 BoxNo. vl (v) Deslnrution a3 to non-prejudicial disclosures or axcoptions to lack of novelty

Form PCT/RO/101 (thind sheet) (July 2002) Sas Notss to the request forrm
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BoxNe. IX CHECK LIST; LANGUAGE OF FILING

This international spylication contalins imernational application is sccompanied by hhllomq Number
chwck-baxes below and indicate
O e e mrbor of Mﬂuﬁdw . of ftema
1. [J foo calcutation sheet
nqud(n-lin’
5]1]an mundmpwd‘my
ml (-'g 22 | 3. [) wriginal gooeral power of attormey
claims 4] 403 mdmﬂmd’m referonce number,
g e
© drwwi . 5.0 m-:qimuhltdm
Sub-totsl mber of sheets : 32 | &0 wml)htﬂmhﬂmw’
B sy Lyl O 7.[] translation of international spplication it~
- Z:':f:"'  nnenanas veenssseasseceacensrnsrnnnen
or ot gl . hndioations sogoarni
#.- e - | :I:‘I: ndications copsaming dopositcd microcrganism
—_—an |l 9 ssquencs ki renduble form (indigate alwo
Total sumber of sheets %2 Q ndmu?-::mmm%nnumv)?
sequenco Listh of desoription Gled i submitied for the purposes of international ssaych
® compuier ::IEII- - ®0 Rule 134y omly (mnd not as partof the .
@ [ oaly (snder Sestion 801(eX)) international appliostion) :
0 i i @O SN T e
“-_a:u:r‘s-:mn u(m-xu» mwsrhmw ammmm«n.llE mhwl:;d:r )
ROM, CD-R or oter) ca which e @) 0 with relovent sakment sa s the deutity
soquance is eonmined ? copies with the soquensca listing
'#”I be ” swachr em L : Jl‘:lﬂnlm pet
...................... 10. () other dpacif): Accompenving Letter............... - 1
ﬂmdh:‘:'“ ln”lllli'd'b ENGLISH

BrxNo.X BIGNATURE OF AFFLICANT, AGENT OR COMMON REFRESENTATIVE
Nt 10 axch sigmaturn, indivate ke nows of the parscn sigming and the aqpaxily in which the persvs yipas () nesh copacily is ot obvins fow reading the requas().

Milan, ltaly, November 28, 2002

“ﬁ}/

GERLI Paolo

For receiving Office om caly

gonovam (28 1 @) 3 i

[ ot roceives:

5. International Searching Anthority
(iﬂ-_owmmm): ISA/

6. Tasmittel of search deleyed
D until somrch i .

fibo is paid

Dato of receipt of the record
by tho nstional Boyoan: "

For Intornational Bereau use only
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PATENT COOPERATION TREATY PCT/EP02/13487

From the INTERNATIONAL BUREAU

op~

PCT ™

NOTICE INFORMING THE APPLICANT OF THE
COMMUNICATION OF THE INTERNATIONAL GERLI, Pack

/o Notarbartolo & Gervagl NOTARBARTO) O & GERVASI
APPLICATION TO THE DESIGNATED OFFICES Corso di Porta Vittorla, 9 _—
1-20122 Milan

{PCT Rule 47.1(c), first sentence) ITALIE

Date of mailing(da)montivyear)

05 June 2003 (05.06.03)

Applicant's or agent's file reference

3063PTWOVErTe IMPORTANT NOTICE
Inmernationsl application No. Intemational filing dale{day/month/vear) Priority date{day/month/year)
PCT/EPO2/H1 3497 29 November 2002 (29.11.02) 29 November 2001 (29.11.01)

6

MENARINI INTERNATIONAL OPERATIONS LUXEMBOURG S.A.

L)

Notice is hereby given that the Intemational Bureau has commmumicnbed, s provided in Article 20, Lbe international application to the
following designated Offices on the daie indicated above as (he date of mailing of this notice:

CH, KP, KR, US

In accordance with Rule 47.1(c), third senience, those Offices will accept the present notice as conclugive svidence that the communicalion
of the intemational application has duly taken place on the dale of mailing indicaled above and no copy of the intemational application is
required to be furnished by the applicant (o the designated Office(s).

The following designaied Offices have waived the requirement for such a communication at this time:

AE, AG, AL, AM, AP, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EA, EC, EE,
EP, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO, NZ, OA, OM, PH, PL, PT, RO, RU, SC, SD, SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, T2,
UA, UG, UZ VC, VN, YU, ZA, ZM, ZW

The communication will be made w0 those Offices only upon their request. Furthermore, those Offices do not require the applicam 10
furnizh a copy of the intemational application (Rule 49.1(s-bis)).

Enclasad with this notice i& 2 copy of the intemational application as published by the 1mernational Bureau on
05 June 2003 (05.08.03) under No. 03045355

TIME LIMITS for fliing a demand for International preliminary examination and for entry into the national phase

The spplicable lime limit for entering the national phase will, subject to what Is sald in the following paragraph, be 30 MONTHS from
the priority dale, not only In respect of any elecied Office if @ demand for inlemational preliminary examination is filed before the
expiration of 19 months from the priorily date, but also in respect of any designated Office, in the absence of filing of sach demand, where
Article 22(1) as modified with effect from 1 April 2002 applies in respect of that designated Office. For further details, see PCT Gazette
No. 44/2001 of 1 November 2001, pages 19926, 19932 and 19934, as well as the PCT Newsleter, Ociober and November 2001 and
February 2002 issoes.

In practice, thme 1imits other than the 30-month time Hmil will continue 1o apply, for various periods of time, in respect of certain
designated or elected Offices. For regular updates on the appicable time limits (20, 21, 30 or 31 months, or other time Limit), Office by
Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant’s Guide, Volume 11, National Chapters, all available from
WIPO's Intemet site, at hitp:/www.wipo.int/petien/index.html

For {iling a demand for Internationsl preliminary examination, see the PCT Applicani’s Guide, Volume VA, Chapter IX. Only an
applicant who is a national or resident of a PCT Conirecling State which is bound by Chapter 11 has the right to file 2 demand for
intemational preliminary examination (at present, all PCT Coniracting Stales are bound by Chapter I1).

1t is the applicant’s sole responsalbdlity 1> monitor all these time limits.
The applicant is hereby notified that, a1 the ime of establishment of this Notice, the time limit under Ruls 46.1 for making amsndments

under Articls 19 hes not yet expired and the Imemational Bureau had received neither such amendments nor a declaration that the applicant
does not wish to make amendments.

The International Burean of WIPO Authorized officer

bemin des Colombe .
1?;1' f cﬂ".";m swlwm Judith Zahra

Pacsimile No.(41-22) 740.14.35 Telephone No.(41-22) 338.91.11

Form PCT/IB/308 (April 2002)



PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

DCT To:
INFORMATION CONCERNING ELECTED
GERVASI, GEMMA
OFFICES NOTIFIED OF THEIR ELECTION Notarbartolo & Gervasi S.p.A.
Corso dl Porta Vittoria 9
(PCT Rule 61.3) 20122Mllan
italy

Date of malling (de
22 July 2 .07.03)

or agent's file
J 3063PTWO/Er/fe IMPORTANT INFORMATION
ionel a Na. intemations] filing date (day/manth/year) | Priority date (day/month/yaar)
3497 29 November 2002 (29.11.02) | 23 November 2001 (29.11.01)
Apphicant

MENARINI INTERNATIONAL OPERATIONS LUXEMBOURG S.A. et al

PCT/EP02/13497

a3

1. The applicant Is hereby informed that the Intemational Bureau has, acoording to Article 31(7), notifled each of the following
Offices of ita election:

EP :AT,BE,BG,CH,CY,CZ,DE,DK EE,ES,F|,FR,GB,GR,IEIT,LU,MC,NL,PT,SE,SK, TR
Natlonal :AU,BG,CA,CN,DE,GB,IL,JP KP,XR,MN,NO,PL.RO,RU,SK,US

2. The following Officas have waived the requiremant for the notifioation of their slection; the notlification will be sent to them
by the imternational Bursau only upon their request:

AP :GH,GM,KE,LS, MW,MZ,SD,SL,S2,T72,UG,ZM,ZW

EA :AM,AZ,BY,KG KZ,MD,RU,TJ,TM

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG

Natlonal :AE,AG.AL,AM,AT,AZ,BA,BB,BR,BY,BZ,CH,CO,CR,CU,CZ,DK,DM,DZ,EC,EE,
ES,F1,GD,GE.GH,GM,HR,HU,ID,IN,IS,KE KG,KZ,LC,LK,LR,LS LT,LU,LV,MA,MD,MG,
MK,MW,MX,MZ,NZ,0M,PH,PT,SC,SD,SE,SG,SI,SL,TJ, TM,TN,TR, TT,TZ,UA,UG,UZVC,
VN,YU,ZA,ZM ZW

3. The applicant Is reminded that he must enter ths "national phasa" bafors the expimtion of 30 months from the priority date
before each of tha Offices listed above. This must be done by paying the national fee(s) and fumishing . i presaribed, &
translation of the International appliostion {Artiole 39(1)(a}). as well as, whare appiicable, by furnishing a translation of any
annexes of the Intemational preliminary sxamination report {Article 38(3)(b) and Rule 74.1).

Some offices have fixed time Umits expiring ister than the above-mentianed time limit. For dstailed information about the
applicabls time limits and the aadts to be performed upon entry into the natlonsl phase befors a particular Offige, see Volume Il
the PCT Applicant’s Guide.

The entry Into the European regional phase [s postponed until 31 montha from the priority date for all States designated for
the purposes of obtalning a European patent.

| 4

The International Bureau of WIPO Avthorized officer:
34, chemin des Colombeties R. Boudraa
1211 Geneva 20, Switzerland
Faceimile No. (41-22) 338-7080 Telephana No. (41-22) 338 8336

Form PCTAB/A32 {September 1887) 5783112



REPORTE DEL EXAMEN Solic. Internacional No.

PRELIMINAR INTERNACIONAL PCT/EP02/13497

I. Basa del Reporte

1. Con respecto a los elementos de la solicitud internacional
(Las hojas reemplazadas las cuales han sido suministradas a
la Oficina receptora en respuesta a una invitacién bajo el
Articulo 14, se mencionan en este reporte como "presentada
criginalmente™ y no se anexan a este reporte ya que no

contienen enmiendas (Reglas 70.16 y 70.17).):

Desaripoién, péginas:

1-22 como Se presentaron originalmente

Raivindicaciones, Nos:

1-19 ' como se presentaron originalmente

2, Con respecto al lenguaja, todos los elementos marcados méas

arriba estén disponibles o suminigstrados a esta Autoridad en

el lenguaje en 1la cual la solicitud internacional se

presentd, a menos que se indique de otra forma este punto.

Estos elementos estdn disponibles o suminigtrados a esta

Autoridad en el lenguaje siguiente: ; que es:



REPORTE DEL EXAMEN Solic. Internacional No.

PRELIMINAR INTERNACIONRAL PCT/EP02/13497

[ ] el lenquaje de una traduccién suministrada para los
propésitos de la bilisqueda internacional (bajo la regla
23.1(b)).

[ 1] el 1lenguaje de la ©publicacién de 1la solicitud
internacional (bajo la Regla 48.3(b)).

[ ] el lenguaje de una traduccién suministrada para los
propbgsitos del examen preliminar internacional (bajo 1la

Regla 55.2 y/o 55.3).

3. Con respecto a cualquier nucledtido y/o secuencia de
aminodcidos descritos en la solicitud internacional, se llevd
a cabo el examen preliminar internacional en base al listado
de secuencias:

[ 1 contenido en 1la solicitud internacional en forma
escrita,

[ ] presentado con 1la solicitud internacional en forma
leible por computadora,

[ 1 suministrada subsecuentemente a esta Autoridad en forma
escrita,

[ 1 suministrada subsecuentemente a esta Autoridad en forma

leible por computadora,



REPORTE DEL EXAMEN 8o0lic. Intarnaocional No.

PRELIMINAR INTERNACIOMNAL PCT/EP02/13497

[ ] El testimonio que el listado de secuencias escritas
subsecuentemente suministradas no llevan més alld de 1la
descripcidén en la solicitud internacional como se presenté,
ha sido suministrado,

[ ] El testimonio que la informacién registrada en forma
leible por computadora es idéntica al listado de secuencias

escritas ha sido suministrado.

4. Las enmiendas han resultado en la cancelacliédn de:

[ 1 1la descripcién, paginas:

[ 1 las relvindicaciones, Nos:

[ 1 los dibujos, hojas:

5. T 1] Este reporte ha sido establecido como si (algunas

de) las enmiendas han sido hechas, ya que se han considerado
para ir més allad de la descripcién como se presentd (Regla

70.2(c)):

(Cualquier hoja de reemplazo que contiene tales enmiendas
debe ser mencionada bajo el punto 1 y anexadas a este

reporte.)

6. Observaciones adicionales, si es necesario:



REPORTE DEL EXAMEN Solic. Internacional No.

PRELIMINAR INTERNACIONAL PCT/EP02/13497

V. Testimonio razonado bajo el Articulo 35(2) con respecto a
la novedad, etapa inventiva o aplicabilidad industrial; citas

y explicaciones que apoyan tal testimonio

1. Testimonio

Novedad (N) 81: Relvindicaclones 1-19
No: Reilvindicacionesa

Etapa Inventiva (EI) si: Relvindicaciones 1-19
No: Relvindicaclones

Aplicabilidad Industrial (AI) 8i: Reivindicaciones 1-19

No: Reivindicaclones

2. Citas y explicaciones

ver hoja por separado



REFORTE DEL PRELIMINAR Solie. Intarnacional Neo.

INEERNACICHAL - HOJA FPOR SEFARADO PCT/EP02/13497

l. Los siguientes documentos (D) estiAn designados en esta
comunicacién; la numeracién serd adherida en el resto del

procedimiento:

Dl: FR-A-2244481
D2: WO-A-0003742 (citadeo en la solicitud)
D3: WO-A-9717975 (citado en la solicitud)

El: WO-A-0255008

2. La materia objeto reclamada en las relvindicaciones 1-19
puede considerarse como novedosa f{Articulo 33(2) del PCT) vya
que la composicién descrita y su uso no estén descritos en la

técnica anterior.

El contenido del documentc WO-A-0255009 (El) tendria que ser
tomado en cuenta en la fase regional para el dictamen de
novedad. Este documento parece ser relevante para la novedad

de las reivindicaciones 1, 6-8, 19.

3. La presente solicitud no cumple los requerimientos del
Articuleo 33(3) del PCT, debido a que la materia objeto de las

reivindicaciones 1-19 implica una etapa inventiva.



RERPORTE DEL EXAMEN FRELIMIMAR Solic. Intarmacicnal No.

INTERMACTIOMAL ~ HOJA FOR SEFARADO BCT/EP02/13497

Las composiciones constituidas por capas de la presente
solicitud ofrecen una mejor disolucién de los agentes activos
que cuando los dos compuestos son mezclados Jjuntos y una
mejor o comparable disolucién cuando los dos compuestos son
mantenidos en composiciones por separado (ver los ejemplos de
la presente solicitud), mientras que ofrecen una mejor

docilidad.

El documento D1, parece ser de relevancia particular hasta
que la etapa inventiva sea interesada y pueda ser considerada
como la técnica anterior més cercana. Este documento
soluciona en realidad el mismo problema gque la presente
solicitud, a saber el mejoramiento de la blodisponibilidad de
la glibenclamida cuando est& en combinacién con una biguanida
(ver D1, p. 1, 1. 35-41; p. 2, 1. 24-40; p. 5-9, los ejemplos).

La presente solicitud difiere de 1la descripcién de D1
mediante el uso de metformina que se utiliza como 1la
biguanida, en lugar de fenformina en Dl.

D1 también presenta la biguanida en una forma retardada, y la
dosificacién de fenformina (25-50 mg) es muy inferior que la
dosificaciétn de la metformina (200-1000 mg) de la presente

solicitud.



REPFORTE LEL PRELIMINAR Solic. Intarnacional No.

INTERNACICMAL - HOJA POR SEPARADO PCT/EP02/13497

El problema a resolver por la presente solicitud puede por lo
tanto ser considerada de cbémo aumentar la biodisponibilidad
de la glibenclamida cuando se suministra con metformina,
mientras que mejora la docilidad mediante un Gnico suministro

de ambos compuestos.

La solucién propuesta en la reivindicacién 1 de la presente
solicitud se considera que implica una etapa inventiva.

El reemplazo de una biguanida conocida por otra biguanida
conocida no e3 obvio en este caso. La asociacidn de los
ingredientes activos de metformina/glibenclamida debe hacerse
en una alta relacién, que provoque una fuerte reduccidn en la
biodisponibilidad de la glibenclamida. El uso de metformina
implica un efecto en masa que puede no ser prevista en la luz

del uso de fenformina en el documento Dl.

El reemplazo de una biguanida en una composicién conocida por
otra biguanida es por 1lo tanto no concebible para la
resolucidén del problema de la presente solicitud. Por lo
tanto la materia objeto de las reivindicaciones 1-19 es

inventiva socbre Dl.



{12) SOLICITUD INTERNACIONAL PUBLICADA BAJO EL TRATADD DE COOPERACION EN MATERIA DE PATENTES (PCT)

ORGANIZACION MUNDIAL DE LA FROMEDAD INTELECTUAL
Oficina Intermacionsl SELLO (CODIGO DE BARRAS)
(43) Fecha de publicacién internacional: PCT (10) Némero de Publicaciin Internacional:
5 de Junlo del 2003 (05.06.2003) WO 03045355 Al
(51) Cimificnciia’ ds Patents Interuarionsk ASIK928,31/64  (81) Estadus desiguades (sacimal); AE, AG, AL, AM, AT, AU, AZ,
st roan DX, Dh, D2, BC, B, ES, 1, 0B, G0, OF, G, (g, H, HU,
) N & mieremcionl FCT: 3497 ﬁ{*&:ﬁnﬁa‘w&#%ﬁ@_;{
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VG VN, YU, ZA,
() Idimun dv Prosyninchis: Inglls M, ZW.
(34) Estades Designadies (rgional); Pulmin ARIPO (GH, GM, KE,
(6) Idionm du Publcuciio Inghis LS, MW, MZ, SD, 51, SZ, T2, UG, 2M, ZW), Puteie
Baxmilin (AM, AZ, BY, KQ, KZ, MD, RU, TL, TM), Palenin
(%) Fecha de Prisrhisd: Esropos (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FLFR
F12001A000230 29 da Noviembre del 2001 (29.11.2001) IT aR, GR, IE, IT, LU, MC, NL, PT, SE, 3K, TR). Patente
OAPFI (BF, BJ, CF, CG, Cl, CM, GA, OGN, 0Q, OW, ML, MR,
(71) Salickiunte: (parw todew los Puives dusigmades sxcepte for U9): MERARINI NE, SN, TD, TO),
INTERNATIONAL OFERATIONS LUXEMBOURG SA. [LUV/LUL 1,  Declarachin baje In Rugia 4.17:
avenue de 1a Gare, 1-1611 Luxembouwrg (LU). ~ eulidad invengive (Regls 4.17Gv)) pars US tmiosmente
Puliirnds
(72) Inventwres; ¥ « Can reports de sgueda insernacional

Invemiores/Saliritantva (inicaments para ios US): TOSETTL Alessandro - Antm do b mpimcidn dol tiompo lmite pers mmendsr e

(ITAT], Via F. Pacletti, 13, I-50012 Bagno A Ripdli (IT). GUIDUCCY,  reivindicesionss y veivase  publicer e ol osso do resopoitn do

Mauro [[TATE, Via Tullio Levi Civita, 1, F52100 Arezzo (IT). VIT], onmiendes.

Gilovenul [IT/IT]; Visle A- Guidoni, 179, 150127 Firenze (IT). Para eddigas da dos letras y atrax obreviavionss, ss reflere a b
“Nosar Guic an Codigen y Abreviceionas ™ qua caparecen al principio

(74) Agoutn: GERLI, Fasle; o/c Natabartolo & Qarvesi, Corso & Porta Vitiorie, 9, 1= de cada emtride regular de lo Goveta dal PCT.
20122 Milas (IT).

(539 Tiulee COMPOSICIONES FARMACERUTICAS QUE COMPRENDEN METFORMINA Y GLIBENCLAMIDA PARA EL
TRATAMIENTO DE LA DIABETES MELLITUS TIFO I

(57) Resumen: Se describen composiciones farmacéuticas que son suministrables por la via oral en forma de comprimidos pers el
tratamiento de la diabetes mellitus tipo I, que comprenden glibenclamida y metformina, o sus sales farmacéuticamente aceptables,
como ingredientes activos, mantenidos en farma separada enire si dentro de la misma compaosicicin.

Tae= sama da la AL cice cecccmtcan calaccm cnta



PCT

PCT/EP 02/13497
No. de Solicitud Internacional
PETITORIO 29 DE NOVIEMBRE DEL 2002 (29.11.2002)
Fecha de presentacidn internacional
ahajo firmanie solicita que la presente solicitud OFICINA DE PATENTES EUROCPEA
Internacional sea procesada de acuerdo al Tratado de SOLICITUD INTERNACIONAL DE PCT
Cooperacidn en Materia de Patentes Nombre do La oficina receplom y "Solicitud Internacional do PCT”

Referencia de archivo del solicitante o agente
(si se desea) (12 caracteres méximo) J063PTWO/ErfTe

Cuadro No. 1 TITULO DE LA INVENCION
Composiciones farmacéuticas para ¢l tratamienio de la Disbetes Mellitus Tipo 11
Cundro No. I SOLICITANTE

[J Esta persona es tambidn mventor

Nombre y direcaitn: (Apalich sguih por novive prepicy pora wer etidad gl diwigaciin glcal cowplin 1a] No. de teléfono
divaviin dibe dckidroddign postol yrasdve di pods [ polsdie i direeci/n bdiach on e cuadroes i dil estach solrivr e

(@ diir o poly) ceresichoncic simo il esteindbvesidincia bk o agpuidy). No. de facsimil
MENARINI INTERNATIONAL OPERATIONS tclcimpresora
LUXEMBOURG S.A. No. de
1. Avenue de la Gare

1611 LUXEMBURGO - Luxemburgo No. do Registro del Solicitantz con Is Oficina

Estado (esto es, pais) de nacianalidad: Estado (esto es, pais) de residencia:
LU LU

Exta parscos of sclickanie (5] ocks Jos paises dorigmeds L) focks hos puiows dusignedos wroopto L1 bou Estackon Unidomdo . L dow puadoes imcdimdos e
pire kim propisits do Tom Bstaicn Unsidos de Nortesmérion Nortoemdirion solemenis o ousdro comrplemwenterio |
Cuadro No. IlI SOLICITANTES ADICIONALES Y/O INVENTORES (ADICIONALES)
Nombre y direccion: {(4palich sgukh por monlre prepia por s entichel irgal, disigrzreiin oficiol copie La|  Esta persona es;

dirich chbe inchalr cddlign pontal yncendve dil pals | palsdie ln divecxidn indiecyls on otn adbosyln dil esxosolicionte)| [ solicitante solamente
v chcirel iy ceresichncia sinodhl st clevesichriainddicn en gk,

[X] solicitante ¢ inventar
TOSETTI Alessandro
Via F. Paoletti, 13 [l inventor solamente (si s¢ marca este

50012 BAGNO A RIPOLI - Italia cuadro, no llener lo que sigue)

No. dc Registro dol Solicitanto con la Oficina |

Ellldn (esto s, pais) de nacionalidad: Estado (esto es, pais) de residencia:
IT

mr---ﬁ- [ tockom Jos pises deniguades L todn kon palees demignados axopto s K] kn Entados Unidos do L kom palecs indicedos en
| Poa Jou propdaites de Estados Unidos de Nortosmérion Nortcuniricn solsments ol onsdro complomentario

O Los solicitantes adicionsles y/o inventares (adicionales) ac indican en una hoja de continuacién.

Cuadro No. IV AGENTE O REPRESENTANTE COMUN; O DIRECCION PARA CORRESPONDENCIA

La persona identificada posteriormente es/ha sido citada para ectuar en nombre agente [ representante comiin
del(los) solicitante(s) ante 1as Autoridades Internacionsles competentes como:

Nombre y direccidm: (Apcllido, scguido por pombre propic; para una entidad legal, |No. deteléfono
designacion oficial completa. La direccidn debe incluir oddigo postel y  |+39025417991
nombre del paly). No. de facalmil
GERLI, Paclo +390254179928
c/o NOTARBARTOLO & GERVASI No,delddmm
Carso di Porta Vittaria, 9
20122 MILAN - ITALIA No. de Registro del Agente con la Oficina
O Direccldn para ls Correspondencia: Marque este recuadro cuando ningiin agente o representante comin es/haya sido citado
zdmcmwu':mmmluEEmhurmd:rmlelalaanlschbemmrhmhm

Forma PCT/RO/101 (grimer hoia) (Marro del 2001; roimpresifa Julio del 2002) Vianss motas o la forma dbe petitario



Hoia No. 2
Cumire Ne. Il BOLICITANTRS ADICIONALYS ¥/0 INVENTORES (ADICIONALES)

S wingurs do les siguisntes subrundrres os wtilizsde, ostn bajs ue debord buclulres on ln sfickied

Nombre y direccién (Apalikin, sagukio por nombre propky pare une entided lagel, designeciin oficial Ewg persona ex:
compiala, La dincciin dabe inclulr cédo postal y nombre del pals. El pals de s direccidn indicads en oxla [ solicitante solamente
cundro ee is daf estado soliclante (es deck of pals) de reskiencie &l no del estado de residencie inds en
saguads).
GUIDUCCI Mauro solicitente e inventor
Via Tullio Levi Civita, 1 . .
52100 AREZZO - Italia [ inventor solamente (si s¢ marca
cale no [lenar lo i
No. do Registro dal Soliciiente con s Ofioma
Eltado {esto es, pais) de nacionalidad: Estado(ula €9, pais) de residencia:

nn.p-_ aclisitente dmigaacks L] tods los paises dosigeadis exsepto Extaks Unicks =™ indioados co I
Flhpl';nuh Dﬁlh* l-!‘l-hlfl-hhm— E'L_ﬂ; -in:l-lm.

Nombre y direcclin (Apelikio, sagukie por nombre propix pare une antided jegal desigreciin officiel Eﬂ.mg
completa. La dieceiin dabe inchar cadigo postal y nombre del pals. Ei pals de I direcclin ixicada on ests [ solicitante solamente
cundro o3 in del osindo soliokanie (as declr ol pais) de resiiancis i no del estedo de residencia indica en '
segulis).
‘ VITI Giovenni (& solicitente € inventor
Viale A. Guidoni, 179 . .
50127 FIRENZE Italia [ mventar solamente (si se marca
este no llenar lo i
Na. do Registro dul Solicitsnts con la Oficine
E!ado(umo es, pals) de nacionalidad: Estado (exto es, pais) de residencia:
IT
Eﬁvﬂ--ﬂm = [ ST U u [ T ————"——y [E] jos Evindos Unidos de L Ik pacince inxfioedn on In
pure ks propleites & _dosignmdon Estacke Unides do Nortoumdrie Norttradrics stlmments oaudro somplemanterio

oficial
campialy, La dincelin dabe inchul cddigo postal y nomive del pals, El pals de s dirscciin indbada an este s
Cmco o0 in dll Sefario saliards (as Geck of pafa) de reakimcis 8l 1o del eutedo de reakdencle indice en | L olicitente solamente
segukis)
0 salicitente ¢ inventor

[ inventor solamente (si sc marca
este no llepsr lo i
No. do Ragistro del Sclciazie von 1n Ofivna

Estado (esto es, pals) de nacionalidad- Estado (esio es, pals) de residencia:

._E;l—--wﬁlﬂh 3 toxdos Jos paioes desigaads LI todos los paises designados axvegto L s Eatardcs Unidos do D) ien paince indioadon ou la
pesa ks propduites do Joo Entadcs Unidos de Narteemdrics Nortosnérios sclaments onadio complancatario

nmummwnrmmpnmmm desirecidn oficla/ Esta persona es;

compisie. La direociin dobe inciulr cédigo posial y mombre del pels. El pals de la direceiin indicads en exts

cuadro ea is del eatedo sollifande {as deck al pais) de reaidencis sf no dol estado de residencia indica en . .

seguks) [ solicitante solamente

[ solicitante e inventor

0 inventor solamente (s se marca

este cuadro, no llenar lo que sigue)

Na. do Registro del Sofiitente oon Is Oficine

Estado (esto es, pais) de nacionalidad: Estado (esto e, pals) de residencin:

[ Eat peracaoe e soficitata Elua.hp.. "3 toden lou paiscs dusigasdos amepto los O] ion Extados Unidosdo L) hom paiace indicados ou
pams Ios propdsites do dexiguados Estados Unidos ds Nortaemdrica Narteamérion solaments  cusdro complementario

[ Solicitantes adicionales y/o inventores (adicionales) se indican en una hoja de continuacién.
Forma PCT/RO/101 (hoja do oontimanife) (Mareo dd 2001 ; reimpresifn Julio del 2002) Viams notax a la forma de petitorio




Recundro No. V DESIGNACION DE ESTADOS Mirquese las casillas adeciymdas; debe murcarse por 1o menos una.

A opotimmcién so hacon las designaciones siguienics bajo |a Regla 4.9(2)

Patente Reglonal
87 Swaxilendin, TZ Rephblios Usida do Taxomis, UG Ugmnda, ZM Zambia, ZW Zimbhewe, y coaluier otro Esiado que sos wn
Estado Contretente del Frotocolo do Harere y del FCT (vl 50 dissex otru fovma ds proteceiin o da trowtioridn, especiiquess e
ia linea de psnios),

[l EA Petente Eurcasiktics; AM Armeais, AZ Azorbajes, BY Belarin, KG Kirguistdn, K2 Xamjstin, MD Rephbfics do Moldova,
RU Fodoresidn. Russ, TJ Taykistin, TM Tadkmenistia, v coalquior otro Estado quo sce un Estade Contratants del Comvenio de la
Patents Eurossililes y dd PCT

X ep Paienie Europes: AT Awstria, BE Béigica, BG Bulgaria, CH y LI Seiza y Lischstenstein, CY Chipre, CZ Repiblion Cheon,
DE Alonmils, DK Dizsmarcs, EE Eviosia, ES Espaiie, FI Finleudia, FR Prascis, (B Releo Unido, GR Greals, I, Ienda, IT
[talia, LU Loxsmburgo, MC MAiénsso, NL Paises Bajos, PT Partogal, SE Soccis, SX Exlovequis, TR Tungels, y coslgaiar olro
Estado que sos ua Estado Contratants del Canvenio do In Petenie Enrapes y dol PCT

[X] OA Patonie QAPL: BF Borkiss Faso, BJ Bosin, CF Rephblios Centroafricmms, OG Conga, CI Céto d"Naire, CM Camenin,  GA
Gubéa, GN Ouings, (¢ Ouinua Esuatorial, GW Guince-Bissm, ML Mali, MR Maaritans, NE Niger, SN Senogal, TD Ched, TG
Togn, y mualquier otro Estado que see ua Estado mismtro de la OAP y gue son us Estado Contrwtente del PCT (#i 4¢ desea otra
Jorma de protsacidn o de tramitaciin, sspec{fiquuse an ia inea de punias)

Patente Nacional huhmh&rﬁdﬁo*m mmhhdcpm):
Bl AE Emiraics Avahes Usidos ENZ Nueva Zolandin

W AG M.lnyl-huh IIHI. Q—- @l OM Omiln

[T —— HID ndoneaia I FL Polonia

M AT Anstria ®IL el EPT Putogal

LR TT 0 ———————— Y Hl RO Romamia

H AZ Azxcrbajen M5 Ialandia B RU Fedomoilo REng oo . oo -
X1 DA Bomis y Harzegovims ............ P Jepia

BB Barbads HIKE Kenia M 5D Scdin

X BG Bulgaris oo HIKG Kirguistin [R)SE Soccia

EBR Bresil B KP Rapiblios Popalar Denoonition ] 8Q Singaper

HIBY Balaris do Corea i SI Esdlovenis

HBZ Bolice EKR Replblion do Coren .eun=rmmsrmivans I SK Eakovaguia

HICA Camadd B K7 Kaznjstin Hl S Slera Leons

HICH&LI Soiza y Lischtencinin RILC Seats Look E TJ Tayikistia

EICN Chiss MLK S Lania B TM Torkmewistin ...
E CO Colambia EILR Liberia E TN Timex

HCR CotaRios oo, [HILS Loncio HTR

fICU Culm MILT Linamin HITT Trinidedy Tobego ... _.......
B CZ Replblios Cheos .....nmemvemimmnes [ LU Lanmmburgo

EDE Alemaais ....ccomiccimimminn. [ LV Latonis Xl TZ Rapliblica Unida de Taxxania
EIDK Disamares ... [EIMA METSOOO8 <o mrcemscasaiomes B UA Ucrasis

X DM Dominio RIMD Repiblios du Moldove —— .- B UG Upsnds

HIDZ Algeria B U3 Estados Unidos de Américs ...
W EC Ecuader EMG Madageeowr ... .o .

M EE Eatraia B MK Ls primemiipiblios Yogoslsva do I8} UZ Uzhekistin

EES MoodoRi .....ccoimermimerm s e [ VN Vistoam

RIFT Finlnds oo [MN Mangolie @ YU Yogostavie

[E1GB Reino Unido EMW Malrwi HIZA Sudifrion

[E1GD Grmosds HMX Mixjao B1ZM Zambia

BIGE Georgia HMZ Mommbige HZW Zimbaboo

W GH Ghmn I NO Nomog

Canilles renervades purs desigasr Fatados qoo has pasado e formar parte dd PCT depads deo In pubiioscidn do la presente hoje:

Hl VC San Viconte y Granadines.

[E SC Seychellea

Declaracién de la Designaciém Provendiva: Ademis de las designacianes amiba efectuades, e sdlicitante efectuard
también, en virtud de Ia Regla 4.9(b), todas las desipnaciones que estén permitidas con aregio al FCT, salwo I
dexignacién o desipnacioncs indicadas en ¢ Recuadro Suplemontal que sean excoluidas e partir dol alcanco do osta
declaracidn. El Solicitanio declara que estas designaciones adicionalea estin sujetns 2 confirmacidn y que cualquier
designacién que no so confinne antes de que expiren los 15 meses a partir de 1a focha prioritaria se considerard retirada
por e solicitante sl expirar ol tiempo limite. (Lo confinmacidn (Inciuyendo derechos) deberd llegar a la Oficina
recepiara dentro de esie plaxo de 15 meses).

Farma PCT/RO/I0] (scgueads hojs) (Jakio del 2002)
HoaNo 4

Viéanse notas a ko forma ds petitorio



Cumdre No. VI DE FRIOBIDAD.

Nﬁlmmdo-dmhdm Dodulhludia'ulhmiuel:

Fecha de prescnincién de 1a
solicitud anterior Sdlicitud nacional: | Sdlicitud regional:* | Solicitud intermacional:
(da/mes/aito) pais Oficina regional Oficina receptor
cumdro (1)
29/11/2001 F12001 A000230 IT
cuadro (2)
cuadro (3)
cumdro (4)
cuadro (5)

.Eﬂﬁﬂhhhmmnﬁhndamm

La Oficina recwptors e notificads mediante la presente para que prepare y transmita o la Oficim Intermacional una copia ocrtificada de lals)
solicitud{es) anterion(es) idenfificada(s) anteriormente (Gnicamente =i Ia solicitud anterior fuc presentada con la Oficina la cual para les
propdaitos de s presente solicitud internacional os 1a Oficina receptora) identificada como cuadra(s):

O todos los cuadros [ cuedro (1) O cuadro (2) O cuadro 3) [ cuadro (4) [ cuadro (5) L] atros, ver el cuadro

complementario
*Donde la solicitud anterior o wna solicitud ARIPO, es obligutorio indicar en ol Cuadro Complemeniario por lo mesos wn pais parte de la
Convencide de Paris Ja Proteccidn ds la Industrial la cual la solicitud amerior 4.

Cuadro No. VII AUTORIDAD DE IMEIM INTERNACIONAL
Elocoidn de la Autoridad de Blisqueda Internacional (ISA) (8i dos o mds Autoridados de Blisquoda Intornacional son competentes

para llovar & cabo ls blGsquoda internacional, indique la Autoridad escogidue; se puede utilizar el cddigo de dos letras):
ISA/

La peticiin pars el uso de jos resaitadms do s bisqueds anterior; con referencis a I bisqueds (5 ks bisgueds anterior se ha evado acabo
por o solicitarla de la Autoridad de Bivgqueda Internacionaly

Fecha (dia/mes/allo) Niimero Puis (u Oficina regional)
Cuadro No. VIII DECLARACIONES
Nombre de las
.Lu declaraciones signientes figuran en los cuadros No. VIIL) a v) (marcar la o las casillas declaraciones
apropiadas e Indicar la columna de la derecha el nombre del 1ipo de cada declaracidn).

O cuadrono. VIIL() declaracién con relecién a la identided del inventor

O cuadro no. VIIL(ii) declaracién con relacién al derecho de depdsito, a la fechs de
depdsito internacionsl, para solicitar y obtener una solicitud

0O cuadro no. VIIL(ii) declaracién con relacifn al derecho de depdsito, a la fecha de
depdsito internacional, para reivindicar 1a priaridad de una solicitud
anterior

0 cuadro no. VIIL(iv) declaracién con respecto a la calidad inventiva (solemente con fines
de la designacidn de los Estedos Uniics de Norteamérica)

0 cuadro no. VIIL(Y) declaracién con relaciém a las descripciones que tienen algunos
SCOBS0S qUE DO ¢ oponen o tienen excepeiones al defecto de novedad

Farma FCT/RO/101 (sarcer hoja) (Jabo del 2002) Vaanre notas a ko forma de petitorio




Hoje No. 5

Cuadro Na. IX HOJA DE DECLARACION: IDIOMA DE DEPOSITO

Desaripeidn (a excepoién do la
parto reservida para o listado de
soousnaias) :

Reivindicaciones

Extracto

Dibujos

Tatal del nimero de hojas

2
4
1

2

Parte do Ila descripsidén resorva wn
@

listado de sccucncias (mowlve real de
las hojas si son parts de este depdiito,
bajo la forma da pagn, que axtd o mo
igualmente deposiiada bajo kﬁrm
ledble em computadora; ver
sigulenteY
Nimero total do hojas 32
b) parte do lu descripuiim so reserva al
listado de secucncias depositado bajo la
forma lelblc en computadora
i) O solamente (en virtnd de ha
instruceién 801.8)1))
i) O ¢ igualmento bajo la forma de
pago (en virtnd do la instruccién
801.2)i))
Tipo u nombre de soporte (disquete,
CD-ROM, CR-R y otros) los cusles
represontean la parte resorvads al listado
de secuencias (copias complomentarias
. indicadas en ol pwsto 9.ii), on In
{ columna de Ja derecha):

4, [J copia del poder general del spoderado, nitmero de referencia, si Is hay

5. [J declaracién que explique carencia de firma

6 dei(l)bpiuiddidﬂﬁﬁdnmduﬂnﬂnﬂmcl
cuadro(s):

7. O traduccién de s solicitud interoecional en (idioma):

8. [J indicacionos soparadas concemientes a {os microorganiamos depositados
u otro material biolégico,

9. [ listado de secusncia bajo la forma lefble en computadons (indicar también
¢l tipo y c! nombre de soporte (disquete, CD-ROM, CD-R u otros))

9 O copia proporcionada ol final de la biisqueda internacional en
virtud de la regla 13ava infcamente (y no como parts de la
solicitud internacional)

i) O (inicoments cuando el caso Qi) o bjii) de la colina de la
isquierda es marcada) hojas complementarias, incliyendo si
Juera necemaria, lo hoja del descwento al final de la biisqueda
internacional en virtud de la regla 13ava

#) 01 com la declaracidn pertinente con respecio a la identidod de la
copia o copias complemetarias y la parte reservada para el
listado de secmencias wenciomado en I colwwma de la
isquderda.

10. [X] otros clemenios (aspecificar). Carta Anexa

La presente solicitud internacionsl El 0 Jos elementos siguienies extin scompafisdos por la presente salicitud No. de clementos
cantiene: internacional (verificar ol o 1os casos apropiados ¢ indicarios en la columna de
a) ol ni de hojes sigu bajo la derecha ol niimero de elemenios verificados):
Is forma do pagp: 1. D) costo de In hoja de clculo
2. [J poder del apoderado finmado scparado
Mmg)umpuﬂeholnlqnm 3.0 original del poder goneral

La figura de los dibujos la cual debe
acompafiar al extracto;

Idioma del archive de 1a
Solicitud internecional:

Inglés

Cusdro No. X FIRMA DEL SOLICITANTE, AGENTE O REFRESENTANTE COMUN
Enseguida do cads firma, indique o nambre do s pascas que firma y s capacided aa In casl In parsena firma (xi tal capacidad 5o os cbvia do ls lectarm dal patitarin).

(Firma)

Milén, Italia, 28 de Noviembre del 2002  GERLI Paolo

Para uso de la Oficing receptora solamente

1. Fecha del recibo real de la 2 Dibujos
|___solicitud internacicnal alegada: 29 DE NOVIEMBRE DEL 2002 (29.11.02)
3.F¢nhneungidnddmdmimddre&borulaksdmmadihljurwiﬁdm [ recibidos:
iormente a ti caomplementan la soliciud internacional al
4. Fecha del recibo & tiempo de las correcciones requeridas bajo ¢l articulo 11(2) de PCT: O no recibidos:
S. Autoridad de Biisqueda Internacional 6. [0 Transmisién de copia de bisqueda retardada
especificada por la solicitanie: 1SA/ Imsia que Ia_cuota de bisqueda sca pagada




Para uso de 1a Oficina [nternacional solamente

[Fecha del recibo de la copis de registro por la Oficina Internacional: — I

Formas PCT/RO/V101 (Shima heje) (Marzs dol 2001; reissprosién Jolio del 2002) Vionss motas con relacién o lo ds
REPORTE DE BUSQUEDA INTERNACIONAL No. de sdlicitud internacional
|PCTIEP 02/13497

A. CLASIFICACION DEL TEMA

IPC7 A61K9/20 A61K31/64

De acuerdo a 1a Clasificacién de Patentes Internacional (IPC) o a ]a clasificacidn nacions] y a la IPC.

B. CAMPOS BUSCADOS

Documentacién minima buscada (sistema de clasificacidn seguido par 1os simbolos de clasificaciin)

IPC7 A6IK

Documentacién busoads diferente a In documentacién minime, a la extensidn que tales documentos estin incluidoy en Jos campos buscados

 Bows do datcs sheotrdmions pomsuliadcs deysts In hisspeotds infoymsciceal (moiire do L baac 5 datos , o doay sce friation, Mratins do bisgeais oilade)
EPQO-Internal , WP1 Duata, PAJ, BIOSIS, EMBASE, CHEM ABS Deta _

C. DOCUMENTOS QUE SE CONSIDERA QUE SON RELEVANTES

| Cutogoria* Cita del documento, ooa indioacide, s donda son spropisdo, de los pratjos relevanks Relovants pare Ia Reiv, No.
Y FR 2 244 48] A (HOECHST AG) 1-19

18 de Abril de 1975 (1975-04-18)
pigina 3, linea 35 — linea 41
pégina 2, linea 24 —linea 40
pigina 5 -pigina 9, ejemplos

Y WO 00 03742 A (BONHOMME YVES ;LIPHA (FR); 1-19
NICHOLSON SARAH J (GB), CAVE GILLIAN (G)
27 de Enero del 2000 (2000-01-27)

citado en 1a solicitud

¢l documento compicto

A WO 97 17975 A (GENTILI IST SPA ;BARELLI 1-19
GIULIO (IT), REGIS MASSIMO DE (IT))
22 de Mayo de 1997 (1997-05-22)

citado en 1a solicitud

¢l documento completo

)

@ Documentos adicionales se enlistan en la continuacitn del cuadro C.  [E] Véase familia de patentes anexe.

* Catagorias capoviales do kos doonmenton oitados *T= docummw posterior publicado daspuls do la ficke do preealaide
"A" dommanio quo dufine ol oxtado gemeral de I tiomice ¢l oual Do s internacional o ficha do prieridad y 0o en copflicts e Ia sobioitnd, pero
considers sar de particuler relevancis. sitado pars enteadar ol principio o toorks feadenental du b ivvemsile.

“E' dommasio satorior publicado oa o despuds do la foche do prosestecida  “X" dossmento do rulovancia partionler; Ia irvensidn roivindicads no ponds

intememiconal oo comidemda saeve o oo s poodo considers~ quo invaloors w=e sixpe
" dommmic o ansl poode arrgjar dades sobwe la(s) roivindisciie(e) do irventiva cusnido o doosmento e comiderado do menars sisinds.
pricridad o ol cusl =@ cils pare establecer la ohe de publicscidn do ot  "Y" doowmenio do partiuisr relovescis: no 5o puede considersr que
cifs U otre razén especial (oomo se expecifios) wvemoiln imvolsore una elape ioventiva uando o dommento =
"O" domumenioc que 3o refiae & usa dwaripoidn oral, v, exhibicidn w otro combinado 0on wno o mis de tales doosmentos, tal combinnoidn saria
medio dbvia pars uns persons axperimentuds on 1n tlonics.
P doommeis publicads anies do Is facha do prenentaciée intlomadiorsl pero "&" dooemento misstwo do Is misme femilis de patete.

dempmods do In fooke do pricrided reivindicsda.
Fecha de la terminacidn real de 1a biisqueda internacional Fecha de envio del reparte de biisqueda internacional
23 de Abril del 2003 06/05/2003




Nombre y direccién postal dela ISA
Oficina de Patentes Europea. P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Ted. (+31-70) 340-2040, Tx 31 651 nl,
Fax: (31470) 340-3016

Oficial autorizado0
Boulois, D

Forma PCT/ISA/210 (scgunda hoja) (julio de 1992)



REPORTE DE BUSQUEDA INTERNACIONAL

No. de solicitud internacional
PCT/EP 02/13497

€ (Continmnchin) DOCUMENTOS CONSIDERADOS RELEVANTES

Categoria® | Cita del documento, con indicacién, en donde sea apropiado, de los pasajes relevanies | Relevante a la

YASHORAJ RUPSINH (TN); DHARMADHIKARI NITIN
B) 18 de Julio del 2002 (2002-07-18)

pégina 23, linea 21 - linca 23

pdgine 25, linca 27 — lines 28

pégina 27, lines 13 — linca 31

reivindicacidn No.
A WO 01 82875 A (AEROPHARM TECHNOLOGY INC) 1-19
8 de Noviembre del 2001 (2001-11-08)
pégina 3, linea 10 —linea 13
P, X WO 02 055009 A (KHANNA SATISH C ;ZALA 1,6-8,19

Forma PCT/ISA/210 (eontinuacién de la scgumda hoja) (julio de 1992)



ANEXO DE LA FAMILIA DE PATENTES No. de solicitud internacional
Informacién de Jos miembros de la familia de patentes PCT/EP 02/13497
Documento de patente citado en el | Fecha de publicacién| Miembro(s) de 1a familia de Fechs de publicacién
Reporte de Blsqueda patente(s)
FR 2244481 A 18-04-1976 DE 2347531 Al 30-04-1975
Al J349374 A 25-03-1976
BE 820222 Al 24-03-1975
DK ASG774 A 26-05-1976
Fi 274174 A- 22-03~197%
FX 2244481 Al 18-04-197%
JP 50053521 A 12-05~-1976
NL 7412254 A 25-03~-1975
- N0 743394 A 14-04-1975
SE 7411852 A 24-03-1975
ZA 7405981 A 29-10-1976
WO 0003742 A 27-01-2000 EP 0974356 Al - 26~01-2000
A 753604 B2 24-10-2002
AU 5417999 A . 07-02-2000
BR 9906600 A 18-07-2000
CA 2303537 Al 27-01-2000
CN 1275082 T- 29-11-2000
Wo 0003742 A2 27-01-2000
EP 1011684 A2 28-06—-2000
JF 2002520371 T 09-07-2002
Nz 503248 A 27-09-2002
us 6303146 Bl 16-10-2001
W0 9717975 A 22-05-1997 IT M1952337 Al 14-05-1997
: cll: 7566896 A 05—-06-1997
R 9611448 A 23-03-1999
CA 2237571 Al 22-05~1997
DE 869796 T1 19-04-2001
W0 9717975 Al 22-05-1997
EP 0869796 Al 14-10-1998
ES 2150889 T1 16~12-2000
us 5922769 A 13-07-1999
us RES7330 £1 14-08~2001
WO 0182875 A 08-11-2001 AU 27563501 A 12-11-2001
WO 0182875 A2 08-11-2001
us 6403121 Bl 11-086—2002
Us 2001046515 Al 29-11-2001
W0 02055009 A 18~-07-2002 WO 02055009 Al 18-07-2002
WO, 02080887 A2 17-10-2002




Forme PCT/1SA/206 (patente familiar anexa) (julio de 1992)

TRATADO DE COOPERACION EN MATERIA DE PATENTES

PCT

REPORTE DE EXAMEN PRELIMINAR INTERNACIONAL

(Articulo 36 y Regla 70 del PCT)

Referencia de archivo del solicitante o agente

Viéaso 1a Notificacién do tramsmisiie dd roporte do cxamen

3063PTWONa PARA ACCION ADICIONAL preliminer istorassicnal (Forms PCT/IFEAM16)

No. de solicitud internacional Foohs do proscatacifin intemasiosa] (dlsmesaio) | Fecha de priaridad (die/mes/afio)
PCT/EP 02/13497 29.11.2002 29,11.2001

Clasificacién de Patente Internacional (IPC) o clasificacién nacionat e IPC

A61K9/20

Solicitante

MENARINI INTERNATIONAL OPFERATIONS LUXEMBOURG S.A.

. s transmite al solicitante de acuerdo al Articulo 36.

Estos anexos consisten de un tolal de

1. Ede reporte de examen preliminar internactonal ha sido preparado par esta Autoridad Examinadora Preliminar Internacional y

2. Este REPORTE consisicde un total de __5 _, hojas que incluyen esta portada.

O Estec reparte también cstd acampafindo de ANEXOS, esio es, hojes de la descripeitn, reivindicaciones y/o ditajos los
cuales Han sido enmendados y son la base de este reporte y/u hojes que contienen rectificaciones hechas ante esta
Autoridad (wéase Regla 70.16 y Seccién 607 de 1as Instrucciones Administratives bajo el PCT).

Hojas.

IE Base decl reparte
1[_]Prioridad

. IV[_] Cerencia de unidad de la invencién
VI[_] Ciertos documentos citados

VII[_] Ciertos defectos en la solicitud internacionsl

VII[_] Ciertas observacicnes en Ia solicitud internacional

3. Este reporie contiene indicaciones y piginas correspandientes que se relacionan con los siguientes ftems:

I [} No se establece opinién con regpecto a la novedad, paso o etapa inventiva y aplicabilidad industrial

V[X]Declaracién justificada bajo el Articulo 35(2) con respecto a novedad, etapa o paso inventivo o aplicabilided
Industrial; citas y explicaciones que apoyan (2l declaracidn.

Tel. +31 70 340 - 2040 Tx: 31 651 eponl
Fax: +31 70 340 - 3016

Fecha de presentaciin de 1s demanda Feocha de consumacién de este reparte
26.06.2003 15.12.2003
Nombre y direccién de correspondencia de la IPEA Oficial autorizado

Oficina de Patentes Europes P.B. 5818 Patentlaan 2

NL — 2280 HV Rijswijk — Paiscs Bajos Boulois, D

(SELLO)




| Teléfono No. +31 70 340-3878

Farma PCT/IPEA/409 (partada) (Enero de 1994)
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COMPOSICIONES FARMACEUTICAS QUE COMPRENDEN METFORMINA Y
GLIBENCLAMIDA PARA EL TRATAMIENTO DE LA DIAEETES MELLITUS

TIPO 1I

CAMPO DE LA INVENCION

La presente invencidén se refiere a nuevas
composiciones farmacéuticas que comprenden glibenclamida vy
metformina, eficaces para el tratamiento de la diabetes
mellitus tipo II, en la cual los dos ingredientes activos son
mantenidos en forma separada entre ellogs si Dbien se
encuentran dentro de la misma composiciébn.

ESTADO DE LA TECNICA

La diabetes mellitus tipo II dependiente de 1la
insulina es un trastorno metabblico caracterizado por 1la
hiperglucemlia, vinculada a una deficiencia de insulina, a una
resistencia de los tejidos periféricos a la misma insulina, a
un incremento de la produccién de glucosa por parte del
higado, a una reducida tolerancia a la glucosa.

Existen dos categorias principales de medicamentos
antidiabéticos: las sulfonilureas entre las cuales recordamos
a las glibenclamidas, clorpropamida, glicacida, tolacemida,
gliquidona, glipicida, tolbutamida, y las biguanidas, entre
las cuales recordamos la fenformina y la metformina. Mientras
que las sulfonilureas acttian a través de la estimulacién de
la produccién de insulina por parte del péncreas, por lo que

(Ref. 155534}
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es necesaria una actividad residual de este 6rgano a fin que
esta categoria de farmacos pueda tener una cierta efiﬁacia,
las biguanidas actian mediante el aumento de la utilizacién
de la glucosa reduciendo la resistencia a la insulina y la
gluconeogenesis hepéitica.

Por lo tanto para que esta categoria de fArmacos
pueda ser eficaz, es necesaria una produccidén residual de
insulina por parte de la célula beta del péncreas.

Es conoclido que el tratamiento inicial de la
diabetes tipo II se puede basar Gnicamente sobre el control
de la dieta y sobre el ejercicio fisico, pero a menudo estas
modificaciones de las costumbres de vida resultan
insuficientes para un control éptimo de la glucemia de modo
que se torna necesario la utilizacién de 1los fArmacos
antidiabéticos orales.

El tratamiento de la diabetes mellitus tipo 1II
mediante monoterapia con un férmaco antidiabético oral puede
ser eficaz a largo plazo pero, para un amplio porcentaje de
pacientes la efectividad se reduce progresivamente con el
transcurso de los afios.

Se ha demostrado que siempre mids a menudo en
pacientes con diabetes tipo II existe una corcondancia entre
el déficit de produccién de insulina y la resistencia
periférica a la insulina, de modo que las sulfonilureas y las

biguanidas poseen un mecanismo de accién complementario, es

.
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evidente que la causa por la que se ha consolidado hoy en dia
el tratamiento que consiste en la asociacién de las dos
categorias de fé&rmacos. AdemAs, para mejorar la aceptacién
por el paciente, se han realizado comprimidos que contienen
ya en sl mismas la asociacién de los dos férmacos.

El tratamiento combinado de sulfonilureas y
biguanidas asume por lo tanto un importante rol en la terapia
de la diabetes tipo II, puesto que permite un control
metabblico mejorado en aquellos pacientes en los cuales
Gnicamente las biguanidas o las sulfonilureas han resultado
ineficaces con el paso del tiempo.

Entre las dos categorias de farmacos, las
biguanidas y las sulfonilureas, aquellos que son utilizados
mayormente para el tratamiento de la diabetes mellitus tipo
II, son respectivamente la metformina y la glibenclamida.

La asociaciétn de metformina vy glibenclamida
presenta notables ventajas con relacién al suministro de los
ingredientes activos por separado, ya que mejora
significativamente la facilidad de uso b4 ademéeg,
especialmente en pacientes ancianos y/o pacientes sometidos a
politerapias con otros féarmacos, reduce el riesgo de errores
en el suministro.

En la actualidad estén presentes en el comerclo
cinco combinaciones que prevén la presencia de un ftnico

comprimido de glibenclamida y metformina, con diferentes

\b
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dosificaciones, en particular:

1) glibenclamida en una dosis de 1.25 mg y clorhidrato de
metformina en una dosis de 250 mg (relacién en peso de
glibenclamida/metformina de 1:200);

2) glibenclamida en una dosis de 2.5 mg y clcrhidrato de
metformina en una dosis de 500 mg (relacién en peso de
glibenclamida/metformina de 1:200);

3) glibenclamida en una dosis de 5 mg y clorhidrato de
metformina en una dosis de 1000 mg ({relacifém en peso de
glibenclamida/metformina de 1:200);

4) glibenclamida en una dosis de 2.5 mg y clorhidrato de
metformina en una dosis de 400 mg (relacién en peso de
glibenclamida/metformina de 1:160);

5) glibenclamida en una dosis de 5 mg y clorhidrato de
metformina en una dosis de 500 mg (relaci6tn en peso de
glibenclamida/metformina de 1:100).

En los datos de la literatura mé&s recientes emerge
que la dosificacién diaria méxima recomendada para la
glibenclamida para tratar a los pacientes mis graves Yy
escasamente controlados es de 20 mg en uno o miAs suministros.
Esta dosias con el fin de obtener un efecto terapéutico 6ptimo
puede ser combinada con una dosis diaria de metformina
incluida entre 1000 y 2000 mg. La metformina es eliminada sin
modificaciones en la orina; en realidad no es sometida a

metabolismo hepdticce (en realidad no se han encontrado

\o
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metabolitos en humanos) 0 a excreciédn biliar. En sujetos con
disminucién de la funcién renal (basadas en el aclaramliento o
depuraciédn de la creatinina) la vida media plasmética de la
metformina es prolongada y la depuracién renal es disminuida
en proporcién con la reduccién de la depuraciébn de 1la
creatinina.

En vista de las divergas dosificaciones éptimas, es
evidente que la relacién entre metformina y glibenclamida en
asociacién entre ellas debe ser mantenida en una relacibdn de
alrededor de 100:1 o superior, por lo tanto estdn en general
en presencia de una dosis masiva de metformina asociada a
dosis relativamente modestas de glibenclamida.

También la solubilidad en agua es notablemente
distinta entre los dos ingredientes activos y mientras la
metformina es extremadamente soluble en agua, la
glibenclamida es relativamente muy poco soluble.

La forma méis simple de realizar una asociacién
entre los dos 1ngredientes activos es la de mezclarios
intimamente junto con excipientes apropiados.

Vignieri et al (Diabete & Metabolisme, 1991, 17,
232-234) han propuesto una asoclacién de los dos compuestos
en una dosificacién diaria de 1500 mg de metformina y 15 mg
de glibenclamida.

En WO9717975 se reivindica el uso de una asociacién

de los dos ingredientes en relacién de 100:1 para el

\?
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tratamiento de la diabetes mellitus tipo II en caso de que no
obtenga éxito debido a combinaciones con una relacién méas
alta de metformina.

En WO00003742, 1los inventores de LIPHA SA han
demostrado claramente que la simple mezcla de metformina y
glibenclamida en relacién de 100:1 con clertos excipientes,
resultaba en una gran reduccién en la biodisponibilidad de la
glibenclamida, que se puede visualizar en el &rea por debajo
de la curva (AUC) con relacién a lo que es obtenible con uno
co-suministro de los mismos ingredientes activos en 1las
mismas dosificaciones. Los inventores pudieron evitar este
problema micronizando la glibenclamida antes de agregarla a
la mezcla.

La técnica de micronizaciétn es seguida también por
Bristol-Myers Squibb para la preparacién de la asoclacién
comercializada con la marca Glucovance® en la cual, usando
particulas de glibenclamida con dimensiones promedio aitin més
reducidas que aquellas descritas en WO0003742, consiguen
obtener una AUC que resulta superior, aunque por poco, a la
de la glibenclamida no micronizada, vendida con la marca
Micronase, cuando 8e da en co-suministro con metformina
(Summary of Product Characteristics of .Glucovance
distribuido por Bristol-Myers Squibb mediante su sitio en
Internet, como soporte a la comercializacién, a partir del

31/07/2000).
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Ya que las ventajas del suministro en asociacién de
la metformina y la glibenclamida, o sus sales, son ahora
evidentes, se torna importante sentir la necesidad de
resolver el problema de la reducida biodisponibilidad de la
glibenclamida cuando la misma es mezclada con la metformina.

BREVE DESCRIPCION DE LA INVENCION

La Solicitante ha encontrado ahora de modo
sorprendente que preparando composiciones farmacéuticas que
comprenden como ingredientes activos metformina Y
glibenclamida, © 8us sales, de forma tal que 1los dos
ingredientes activos se mantengan separados entre ellos, no
se produce, como consecuencia de la asociacién de estos
ingredientes activos con alta relacién en
metformina/glibenclamida, una gran reduccibn en la
biodisponibilidad de las glibenclamidas.

Un modo eficaz para mantener separados los dos
ingredientes activos se ha encontrado por la Solicitante en
la preparaciétn de comprimidos, por ejemplo comprimidos
policapa (dos o mis capas, en cada una de las cuales se
encuentra exclusivamente uno de los dos farmacos) o comprimidos
de metformina uniformemente recubiertos con glibenclamida.

Las caracteristicas ventajosas de las formulaciones
en la invencié4n han sido ademfis ulteriormente mejoradas con
la seleccién de excipientes apropiados farmacéuticamente

aceptables.
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Por lo tanto el objeto de la presente invencién son
las formulaciones farmacéuticas suministrables por via oral
en forma de comprimidos, que comprenden como ingredientes
activos glibenclamida Y metformina, o sus sales
farmacéuticamente aceptables, caracterizadas por el hecho que
dichos ingredientes activos son incluidos en capas separadas
entre ellas.

Las caracteristicas y ventajas de las composiciones
farmacéuticas de acuerdo con la presente Iinvencién serén
ilustradas en la descripcién detallada que sigue.

DESCRIPCION DETALLADA DE LA INVENCION

El modo mAds simple para la preparacién de una
asoclaclén de dos farmacos para los cuales no estd previsto
un distinto sitio o método de absorcién es seguramente la de
mezclarlos intimamente, pero en el caso de la glibenclamida
con la metformina, como Se mnmenciona antericrmente, 1la
absorcién de 1la glibenclamida resulta inexplicablemente
obstaculizada por la masiva presencia de la metformina.

La evaluacién de la absorciétn es siempre bastante
compleja, pero, en una primera aproximacidén, se puede
considerar el porcentaje de disociacién del comprimido que
contiene el ingrediente activo como un indicador de 1la
absorcién que se puede esperar (J. Pharm. Pharmacol. 2000,
52, 831-838, Drug Development and Industrial Pharmacy, 1993,
19 (20), 2713-2741).
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La sola micronizacién de la glibenclamida, como
cualquier persona que conozca el arte podria deducir en base
a la solucién propuesta en la Solicitud de Patente
Internacional No. WO0003742 y por adquella descrita por
Bristol Myers Squibb, nc parece ser en general satisfactoria;
en nuestro caso la mnicronizacién de la glibenclamida de
acuerdo con las especificaciones adoptadas por nosotros,
aunque distinta de las condiciones usadas en los dos métodos
anteriormente mencionados, no fue suficiente para disolver
los comprimidos que contienen una mezcla de glibenclamida y
metformina en forma comparable a aquellos comprimidos donde
la glibenclamida y la metformina estédn separados.

Manteniendo en cambio los dos ingredientes activos
separados entre si, pero en la misma formulacién
farmacéutice, ha sido sorprendentemente posible resolver el
problema permitiendo la disolucién de la glibenclamida en
forma comparable o atin mejor a la que se habria obtenido
suministrando los dos ingredientes activose con dos
formulaciocnes completamente separadas. E1 mantenimiento de
los dos ingredientes activos en una UGnica formulacibén
garantiza una mejora “aceptacidén” por parte del paciente y al
mismo tiempo puede garantizar un tratamiento terapéutico
comparable al que utiliza los dos ingredientes activos
separados, sin peligro de subdosificacién para la

glibenclamida (en el cambio de una terapla con dos farmacos
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separados a aquella con los dos farmacos mezclados juntes).

Para obtener formulaciones en las cuales los dos
ingredientes activos son mantenidos separados entre si es
técnicamente un pocco mas complejo que mezclarlos simplemente,
perc las ventajas que se han obtenido sorprendentemente
tornan de gran interés a las formulaciones de la invencién.

No todas las formulaciones en las cuales los dos
ingredientes activos son mantenidos separados constituyen
soluciones igualmente satisfactorias para 1la presente
invencién. Seria en efecto deseable que la parte que contiene
la glibenclamida se disuelva en el medio en forma répida. Uno
de los modos para tratar de alcanzar esta velocidad de
disolucién, es el de tener una amplia superficie de erosién y
mantener esta superficie lo mas posible amplia en el tiempo
hasta lograr la disolucién completa.

Existen dos formas farmacéuticas preferidas de
acuerdo con la presente invencidn:
1) comprimidos policapa, preferentemente seleccionados
entre:
a) comprimidos bicapa en donde la glibenclamida esté
comprimida en una capa relativamente delgada sobre un
comprimido de metformina, y
b) comprimidos tricapa en donde la glibenclamida esté
comprimida en dos capas ubicadas arriba y debajo de la capa

central de metformina;
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2) comprimidos recublertos preferentemente seleccionados
entre:

a’) comprimidos de metformina recubiertos uniformemente por
una capa delgada que contiene glibenclamida que se encuentra
comprimida a su alrededor, y

b’) comprimidos de metformina barnizadas o revestidas
externamente con una solucidén de glibenclamida que se
estratifica sobre la misma.

En la modalidad de las formulaciones farmacéuticas
presentes, puede ser utilizada indiferentemente la
glibenclamida en forma micronizada o de otra manera.

Puede entenderse mejor que lo mencionado
anteriormente observando el diagrama esqueméticamente

ejemplificado que sigue a continuacién.

T o

A B

A y B representan las seccicnes transversales de dos
comprimidos cilindricos: A representa una bicapa en la cual
la parte oscura es la capa que contiene glibenclamida, y B
representa un comprimido de solamente glibenclamida, pero con
el mismo volumen total de la parte que contiene glibenclamida

de A.

n3
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Los comprimidos esquematizados como B, actualmente
en el mercado o cominmente realizable por cualquier experto
en la técnica que contienen de 1.25 a 5 mg de glibenclamida
(por peso total, incluyendo los excipientes, de 100-150 mg
con un midximo de 200 mg} presentan una superficie expuesta a
la erosién menor que o al méximo comparable a, la superficie
ofrecida por la capa de glibenclamida comprimida sobre el
soporte de metformina, como se esquematiza en A. Pero lo que
es mas importante es que la superficie de erosién de B se
reduce rapidamente al efectuarse la disclucién, mientras que
en el caso de A 1la reduccién de 1la superficie es
completamente insignificante en el inicio del proceso y es
discernible solo en las fases avanzadas de la disolucién.
Como consecuencia la cinética de disolucién de 1a
glibenclamida en A serA mAs répida que en B y la diferencia
en disolucién entre los dos comprimidos se incrementarén con
el tiempo, en la medida en cque la diferencia entre 1la
superficie erosionable de A y de B se incrementa.

También las otras soluciones descritas e los puntos
1 y 2 muestran ventajas cinéticas andlogas a aquellas
descritas por los comprimidos bicapa de la figura A.

Por los motivos eatablecidos anteriormente es
particularmente eficaz para los fines de la invencidén, y debe
por lo tanto considerarse al comprimido policapa como una

soluciétn particularmente preferida de 1la invencién, méas
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preferentemente el comprimido bicapa o tricapa de tipo I.

Como se ha mencionado previamente, la
biodisponibilidad de la glibenclamida en asociacién con
metformina tiene un comportamiento complejo que puede ser
influenciado también por otros factores, ademiés del que
resulta de la mezcla con metformina: en efecto es otro objeto
de la presente invencién también la seleccién de excipientes
y/c aditivos apropiados que sirvan para incrementar 1la
disolucién de la parte que contiene a la glibenclamida vy
consecuentemente su biodisponibilidad.

Ademés, la seleccidn fundamental de mantener los
dos ingredientes activos separados permite ademds dosificar
los excipientes y/o los aditivos necesarios para obtener la
deseada bilodisponibilidad de la glibenclamida, solamente en
la capa que comprende la glibenclamida reduciendo por 1lo
tanto su empleo a lo que es estrictamente necesario, evitando
potenciales problemas con la metformina.

Los comprimidos realizables de acuerdo con la
presente invencién son ademds para cantidades de
glibenclamida que varian entre 1 y 20 mg por cada comprimido,
de preferencia entre 2.5 y 5 mg; y para cantidades de
metformina que varian entre 200 y 1000 mg por cada
comprimido, y de preferencia entre 500 y 850 mg.

Las presentes formulaciones en forma de comprimido

pueden ser preparadas de acuerdo con las metodologias
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cominmente utilizadas en 1las técnicas farmacéuticas. Los
comprimidos bicapa de la invencidén, por ejemplo, pueden ser
preparados de la sigquiente forma: se preparan separadamente
las composiciones de la capa que contiene metformina y de la
que contiene glibenclamida; la primera puede ser obtenida
mezclando polvos previamente tamizados de metformina ¥y
excipientes apropiados farmacéuticamente aceptables, después
granulandc tal mezcla junto con uno o© mAs agentes
dispersantes, desecando el granulado obtenido asi, que luego
es calibrado y agregado con uno o mis agentes lubricantes. La
composicién de la capa de glibenclamida puede en cambio ser
preparada mezclando directamente tal ingrediente activo con
excipientes apropiados farmacéuticamente aceptables Yy
tamizande luego los polvos mezclados. Utilizando después una
miquina comprimidora adecuada para la produccién de
comprimidos bicapa se logra la compresidn de las
composiciones mencionadas anteriormente.

Los comprimidos recubiertos de la invencién pueden
ser realizados preparandc un nticleo de metformina obtenido
por compresidén de la composicidén mencionada anteriormente,
recubriéndole luego uniformemente con una capa delgada que
contiene glibenclamida mediante compresiédn de la composicién
mencionada  anteriormente que contiene glibenclamida o
mediante barnizado o revestimiento del nlcleo con wuna

solucién de glibenclamida.
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Excipientes preferidos para la parte que comprende
glibenclamida en forma de comprimidos de acuerdo con 1la
invencién son los tensiocactivos y los agentes dispersantes
hidrosolubles.

En el caso de los tensioactivos, puede ser empleada
una cantidad que varia entre 0.1 y 10 mg en la parte que
contiene glibenclamida de cada comprimido, de preferencia
entre 0.5 y 2 mg; los tensiocactivos preferidos de acuerdo con
la invencién son selecclonados entre las sales alcalinas o
alcalinotérreas del laurilsulfato y del Polisorbatoc 80. Un
tensiocactivo particularmente preferido el laurilsulfato de
sodio.

En el caso de los agentes dispersantes
hidrosolubles, los mismos pueden ser usados en cantidades
comprendidas entre 20 y 100 mg en la parte que contiene
glibenclamida de cada comprimido, de preferencia entre 45 y
55 mg; los agentes dispersantes hidrosolubles preferidos son
seleccionados del grupo de polietilenglicoles, entre 1los
cuales particularmente preferido es el Macrogol 6000.

Cuando es empleado un tensiocactivo sélido, tal como
una sal de laurilsulfato, se puede eventualmente dispersar el
tensioactivo en forma himeda en el agente lubricante (por
ejemplo el estearato de Mg) antes de wutilizarlos en la
granulacién para mejorar el efecto humectante del

tensiocactivo mismo.
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Cuando es utilizado un agente dispersante
hidroscluble, puede especialmente ser preferible fundir el
agente dispersante (por ejemplo el Macrogol 6000), luego
dispersar en el mismo a la glibenclamida, dejar solidificar
nuevamente, pulverizar el sdlido obtenido asi y utilizarlo
para la sucesiva preparaciétn del granulado.

Los sigquientes ejemplos son presentados para los
propdsitos de ilustraciém no limitantes de 1la presente
invencién.

EJEMPLO 1 (COMPARACION)

Preparacién de comprimidos de Glibenclamida de 5 mg

Composicién de cada comprimido en mg:

Glibenclamida 5
Almidén de maiz pregelatinizado 58.3
Silice coloidal hidratado 0.5
Lactosa monohidrato 96.2
Laurilsulfato de Na 1
Talco 0.5
Estearato de magnesio 0.5
Preparacidn:

La mezcla de los ingredientes activos y de los excipientes es
sometida a granulacién y el granulado resultante es secado,
luego sometido a compresién hasta obtener comprimidos que
contienen cada uno 5 mg de glibenclamida y que tienen 1la

composicién presentada anteriormente.
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EJEMPLO 2 (COMPARACION)

Preparacién de comprimidos de Metformina de 400 mg

Composicién de cada comprimido en mg:

Metformina HC1l 400
Celulosa microcristalina 65
Almidén de maiz 60
Silice coloidal anhidro 20
Gelatina 40
Glicerina 17.5
Talco 17.5
Estearato de magnesio 7.5
Celulosa acetato-ftalato 2

La mezcla de los ingredientes activos y de los excipientes es
sometida a granulacién y el granulado resultante es secado,
luego sometido a compresién para obtener comprimidos gque
contienen cada uno 400 mg de metformina y que tienen 1la
composiciédn presentada anteriormente.

EJEMPLO 3 (COMPARACION)

Preparacién de comprimidos que contienen la mezcla de

Glibenclamida + Metformina (5 + 400 mg)

Composiciédn para cada comprimido en mg:

Metformina HC1l 400
Glibenclamida 5
Celulosa microcristalina 65

Almidén de maiz 55
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Almidén de maiz pregelatinizado 58.3
Silice coloidal anhidro 20
Silice coloidal hidratada 0.5
Lactosa monohidrato 96.2
Gelatina 40
Glicerina 17.5
Talceo 18
Estearato de magnesio 8
Celulosa acetato-ftalato 2
Laurilsulfato de Na 1
Ftalato de dietilo 0.5

Los dos ingredientes activos y los excipientes han sido
granulados juntos. El granulado obtenido asi es secado y, una
vez terminado el secado es calibrado. Se agrega al granulado
calibrado el estearato de Mg y se mezcla. La mezcla obtenida
se somete a granulacidén £fina para obtener comprimidos, que
contlenen cada uno la composicién presentada anteriormente.

EJEMPLO 4 (COMPARACION)

Preparacién de comprimidos separados de 5 mg de Glibenclamida

y 400 mg de Metformina

Comprimido de metformina

Metformina HC1l 500
Macrogol 4000 24.7
Silice coloidal anhidro-Aerosil 200- 5

Polivinilpirrolidona K25 20

PV
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Estearato de Mg 5.9
Comprimidos de Glibenclamida

Glibenclamida 5
Lactosa mono-granulada 128
Almidén de maiz 40
Cell. Microg.-Avicel® PH 102- 15
HPMC-5- 4.8
Croscarmelosa de Na 13
Silice coloidal anhidro-Aerosil® 200- 0.7
Polisorbato 80 0.5
Estearato de Mg 1
Oxido de hierro amarillo 1
Oxido de hierro rojo 1

Los comprimidos separados se han preparado comc se describe
anteriormente en los Ejemplos 1 y 2.

EJEMPLO 5 (COMPARACION)

Preparacién de comprimidos que contienen la mezcla de

Glibenclamida + Metformina (5 + 400 mg) granulacién separada)

Composicién de cada comprimido en mg:

Metformina HC1 500
Macrogol 4000 24.7
Silice coloidal anhidro-Aerosil® 200- 5
Polivinilpirrolidona K25 20
Estearato de Mg 5.9

Glibenclamida 5
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Lactosa mono-granulada 128
Almidén de maiz 40
HPMC-5- 4.8
Croscarmelosa de Na 13
Silice coloidal anhidro-Aerosil® 200- 0.7
Polisorbato 80 0.5
Estearato de Mg 1
Oxido de hierro amarillo 1
Oxido de hierro rojo 1

Lose dos ingredientes activos han sido granulados por
separado, cada uno con sus respectivos excipientes (en forma
andloga al Ejemplo 4), pero luego han sido mezclados juntos y
sometidos a compresién para formar comprimidos que tienen
cada uno la composiciédn anteriormente presentada.

EJEMPLO 6 (COMPARACION)

Preparacién de comprimidos que contienen la mezcla de

Glibenclamida + Metformina {5 + 500 mg)

Composicién de cada comprimido en mg:

Metformina HC1 500
Macrogol 4000 24.7
Polivinilpirrolidona K25 20
Glibenclamida 5
Lactosa mono-granulada 40
Cell. Microg.-Avicel PH 102- 15

HPMC-5- 4.8

L2
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Croscarmelosa de Na 13
Silice coloidal anhidro-Aerosil® 200- 5.7
Polisorbato 80 0.5
Estearato de Mg 6.9
Oxido de hierro amarillo 1
Oxido de hierro rojo 1

La ©preparacién es an&loga a la que estd presentada
anteriormente para el Ejemplo 3.
EJEMPLO 7

Preparacién de comprimidos bicapa de Glibenclamida +

Metformina (5 + 500 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HC1 500
Macrogol 4000 24.71
Polivinilpirrolidona 20
Silice coloidal anhidro 5

Composiciédn de la cepa de Glibenclamida para cada comprimido,

en :

Glibenclamida S
Lactosa monohidrato 50.75
Laurilsulfato de Na 0.75
Celulosa microcristalina 100
Croscarmelosa de sodio 5.5

Silice coloidal anhidro 0.5
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Estearato de magnesio 3.4
Color 6xido de hierro amarillo E 172 1
Color 4xido de hierro rojo E 172 1
Preparacibn:

Capa con Metformina

- Solucién granulante: disclver bajo agitacién el Macrogol
4000

- Granulacién: tamizar la metformina, la Polivinilpirrolidona
y el silice coloidal anhidro.

- Mezclar los polvos tamizados, luego granular utilizando la
solucién granulante preparada previamente. Secar el granulado
obtenido asi y, una vez que se completd el procedimiento de
secado, calibrar el mismo.

- Mezcla final: agregar el estearato de Mg al granulado
calibrado y mezclar.

Capa con Glibenclamida

- Preparacién de la mezcla: mezclar el silice coloidal
anhidro, glibenclamida, laurilsulfato de Na, croscarmelosa de
Na, color &6xido de hierro amarillo, color 6xido de hierro
rojo y aproximadamente 20% de lactosa monohidrato. Tamizar
los polvos mezclados, Celulosa Microcristalina y la restante
lactosa monchidrato. Mezclar, agregar el estearato de Mg y
mezclar nuevamente.

Comprimido bicapa

Utilizande una méAquina comprimidora adecuada para la

v
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producciédn de comprimidos bicapa, se comprimen las dos capas.
Los comprimidos realizados de esta forma tienen los
siguientes valores en la prueba de disgregacién:

Capa de glibenclamida: disgregaciédn completa en menos de un
minute (30 segundos en promedio)

Capa de metformina: disgregacién completa en 10 minutos en
promedio.

EJEMPLO 8

Preparacidén de comprimidos bicapa de Glibenclamida +

Metformina (5 + 500 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HC1l 500
Macrogol 4000 24.7
Silice coloidal anhidro-Aerosil® 200- 5.0
Polivinilpirrolidona K 25 20
Estearato de Mg 5.9

Composicién de la capa de Glibenclamida para cada comprimido,

en mg:

Glibenclamida 5
Macrogol 6000 50
Lactosa monohidrato S.D. 34
Cell. Microgr.-Avicel® PH 102- 70
Croscarmelosa de Na 5

Silice coloidal anhidro-Aerosil 200- 0.5

o
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Estearato de Mg 0.5

La preparacién es andloga a la presentada anteriormente para
el Ejemplo 7.

EJEMPLO 9

Preparacién de comprimidos bicapa de Glibenclamida +

Metformina (5 + 500 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HCl 500
Macrogol 4000 24.7
Silice coloidal anhidro-Aerosil® 200- 5
Polivinilpirrolidona K 25 20
Estearato de Mg 5.9

Composicibén de la capa de Glibenclamida para cada comprimido,

en mg:

Glibenclamida 5
Cell. Microgr.-Avicel® PH 102- 100
Croscarmelosa de Na 5.25
Silice coloidal anhidro-Aerosil® 200- 0.5
Laurilsulfato de Na 0.5
Estearato de Mg 0.5
Oxido de hierro amarillo 1
6xido de hierro rojo 0.75

La preparaciédn es andloga a la presentada anteriormente para

el Ejemplo 7.
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Preparacién de comprimidos

3t

de Glibenclamida +

Metformina (5 + 400 mg)

Composicién de la capa de Metformina para cada comprimido,

en _mg:

Metformina HCl

Celulosa microcristalina
Almidén de maiz

Silice coloidal anhidro
Gelatina

Glicerina

Talco

Estearato de magnesio
Celulosa acetato-ftalato

Ftalato de dietilo

400
65
60
20
40
17.5
17.5
7.5
2
0.5

Composicién de la capa de Glibenclamida para cada comprimido,

en mg:
Glibenclamida

Almidén de maiz pregelatinizado

Silice coloidal hidratada
Lactosa monohidrato
Laurilsulfato de Na
Talco

Estearato de magnesio

58.3
0.5
96.2
1
0.5
0.5

La preparacidédn es analoga a la presentada anteriormente para
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EJEMPLO 11

Preparacién de comprimidos

de Glibenclamida +

Metformina (5 + 500 mg)

Composicién de la capa de Metformina para cada comprimido,

en :
Metformina HCl

Macrogol 4000

Silice coloidal anhidro-Rerosil® 200-

Polivinilpirrolidona K 25

Estearato de Mg

500
24.7
5

20

5.9

Composiciédn de la capa de Glibenclamida para cada comprimido,

en mg:

Glibenclamida
Lactosa monogranulada

Almidén de maiz

Cell. Microgr.-Avicel® PH 102-

HPMC-5-

Croscarmelosa de Na

Silice coloidal anhidro-Aerosil® 200-

Polisorbato BO

Estearato de Mg

Oxido de hierro amarillo

6xido de hierro rojo

128
40
15
4.8
13
0.7
0.5
1

1

1

La preparacién es andloga a la presentada anteriormente para
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el Ejemplo 7.
EJEMPLO 12

Preparacién de comprimidos bicapa de Glibenclamida +

Metformina (2.5 + 500 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HC1l 500
Macrogol 4.000 24.7
Silice coloidal anhidro 8.2
Polivinilpirrolidona 20
Estearato de magnesio 5.9

Composicién de la capa de Glibenclamida para cada comprimido,

en mg:

Glibenclamida 2.5
Lactosa monohidrato 89
Laurilsulfato de sodio 0.750
Celulosa microcristalina 150
Croscarmelosa de sodio 5.500
Silice coloidal anhidro 0.750
Estearato de Magnesio 0.750
Oxido de hierro amarillo E 172 0.750

El procedimiento de preparacién es como se describe en el
Ejemplo 7.
Los comprimidos pueden estar revestidos con substancias bien

conocidas en el campo farmacéutico.
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EJEMPLO 13

Preparacién de comprimidos bicapa de Glibenclamida +

Metformina (5 + 500 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HCl 500
Macrogol 4.000 24.7
Silice coloidal anhidro 8.2
Polivinilpirrolidona 20
Estearato de magnesio 5.9

Composicién de la capa de Glibenclamides para cada comprimido,

en mg:

Glibenclamida S
Lactosa monohidrato 86.75
Laurilsulfato de sodio 0.750
Celulosa microcristalina 150
Croscarmelosa de sodio 5.500
Silice coloidal anhidro 0.750
Estearato de Magnesio 0.750
6xido de hierro amarillo E 172 0.125
6xido de hierro rojo E 172 0.375

El procedimiento de preparacién es como se describe en el
Ejemplo 7.
Los comprimidos pueden estar revestidos con substancias bien

conocidas en el campo farmacéutico.
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EJEMPLO 14

Preparacién de comprimidos bicapa de Glibenclamida +

Metformina (2.5 + 850 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HCl 850
Macrogol 4.000 42
Silice coloidal anhidro 14
Polivinilpirrolidona 34
Estearato de magnesio 10

Composicién de la capa de Glibenclamida para cada comprimido,

en mg:

Glibenclamida 2.5
Lactosa monohidrato 89
Laurilsulfato de sodio 0.750
Celulosa microcristalina 150
Croscarmelosa de sodio 5.500
Silice coleoidal anhidro 0.750
Estearato de Magnesio 0.750
Oxido de hierro amarillo E 172 0.750

El procedimiento de preparaciédn es como se describe en el
Ejemplo 7.

Los comprimidos pueden estar revestidos con substancias bien
conocidas en el campo farmacéutico.

EJEMPLO 15
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Preparacién de comprimidos bicapa de Glibenclamida +

Metformina (5 + 850 mg)

Composicién de la capa de Metformina para cada comprimido,

en mg:

Metformina HC1l 850
Macrogol 4.000 42

Silice coloidal anhidro 14

Polivinilpirrolidona 34

Estearato de magnesio 10

Composicién de la capa de Glibenclamida para cada comprimido,

en mg:

Glibenclamida 5
Lactosa monohidrato 86.75
Laurilsulfato de sodio 0.750
Celulosa microcristalina 150
Croscarmelosa de sodio 5.500
Silice coloidal anhidro 0.750
Estearato de Magnesio 0.750
Oxido de hierro amarillo E 172 0.125
6xido de hierro rojo E 172 0.375

El procedimiento de preparacién es comoc se describe en el
Ejemplo 7.

Los comprimidos pueden estar revestidos con substancias bien
conocidas en el campo farmacéutico.

PRUEBA DE DISOLUCION
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El estudio sobre 1la biodisponibilidad de 1la
glibenclamida en las diversas formulaciones puede ser
inGtilmente complejo, por lo que para el estudio de las
diversas formulaciones se ha considerado la prueba de 1la
disolucién asumiendo como primera aproximacién que a una
mayor disolucién en un periodo definido de tiempo corresponde
una mayor biodisponibilidad (J. Pharm. Pharmacol., 2000, 52,
831-838; Drug Development and Industrial Pharmacy, 1993, 19
(20), 2713-2741).

El comprimido bajo prueba es agregado en una
solucién acuosa (900 ml) gque contiene un tampbn fosfato
0.05 M a pH 7.4 a 37°C y se disuelve utilizando un agitador
con aspas (Paddle) a 35 rpm. A menos que se especifique de
otra manera, una muestra de la solucién es separada luego de
45 minutos y la glibenclamida dosificada mediante HPLC
(método internc). La prueba de disoluciédn se repite por lo
menos 6 veces socbre comprimidos del mismo lote y se considera
el valor promedio.

Experimento 1) Disolucién de compuestos comerciales

a)

- Glibenclamida 5 mg 37%
(DAONIL®)

- Glibenclamida 5 mg + Metformina 500 mg 42%

(DAONIL® + GLUCOPHAGE®)

- Glibenclamida 5 mg + Metformina 500 mg 39%

|3
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(EUGLUCON0 + GLUCOPHAGE')

Como se puede observar en los resultados
anteriormente presentados, la disolucién de comprimidos
comerciales de Glibenclamida (Daonil® o Euglucon®) en
presencia de un comprimido de Metformina 500 mg comercial
(Glucophage'), no parece ser distinto de la disoluclidén de

comprimidos de Glibenclamida tnicamente.

b)

- Glibenclamida 5 mg 58%
(GLIBORAL®)

- Glibenclamida 5 mg + Metformina 500 mg 52%

(GLIBORAL® + SIOFOR®)
- Mezcla de Glib+Met (5 mg+500 mgq) 26%
(GLIBOGMET®)

La disolucién de comprimidos <comerciales de
glibenclamida (Gliboral®) dnicamente o en presencia de un
comprimido de metformina 500 mg comercial (Siofor®) es
comparable, mientras que la disoluciédn de la glibenclamida en
mezcla con la metformina en un solo comprimido comercial
(Glibomet®) es muy reducida. Los productos comerciales han
sido seleccionados sobre la base de su semejanza de la
composicién y del tipo de exciplentes utilizados para
minimizar su influencia.

Experimento 2)

- Glib. 5 mg {(Ejemplo 1) 88%
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- Glib. 5 mg + Met. 400 mg (Ejemplos 1 + 2) 92%
- Glib. + Met. 5 + 400 mg (Ejemplo 3) 15%
- Glib. + Met. 5 + 400 mg (Ejemplo 10) 89%

Los comprimidos tienen la composicién descrita en
los ejemplos especificamente indicados. Los excipientes que
constituyen los comprimidos de glibenclamida (Ejemplo 1) son
idénticos cualitativamente y cuantitativamente a 1los que
constituyen la capa de glibenclamida en el comprimido bicapa
(Ejemplo 10). En forma andloga, los excipientes que
constituyen los comprimidos de metformina (Ejemplo 2) son
idénticos cualitativamente y cuantitativamente a los que
constituyen la capa de metformina en el comprimido bicapa.
Los excipientes en el comprimido de la mezcla
glibenclamida/metformina (Ejemplo 3) son cualitativamente/-
cuantitativamente iguales a la suma de los excipientes de los
comprimidos de metformina y de glibenclamida (Ejemplos 1 y 2).
De esta forma se ha tratado de minimizar el efecto de los
excipientes entre la disolucién de un comprimido y del otro.

La glibenclamida, cuando se mezcla con la
metformina tiene una notable reduccién en el porcentaje de
disolucién con relacién a cuando los dos compuestos son
mantenidos en composiciones separadas (como ya s8e ha
observado en los comprimidos comerciales en el experimento
i1b). En forma sorprendente la utilizacién de un comprimido

bicapa elimina el problema y la glibenclamida se disuelve en
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porcentajes comparables con relacién a los dos productos
separados.

Experimento 3)

Composicidn 57 157 45%
- Glib 5 + Met 500 (Ejemplo 4})} 54% 65% 66%
- Glib + Met 5+500 (Ejemplo 5) 11% 44% 64%
- Glib + Met 5+500 (Ejemplo 6) 27% 53% 53%
- Glib + Met 5+500 (Ejemplo 11) 52% 86% 103%

En el experimento 3) se han medido los valores de
disolucidn en tres tiempos distintos, es decir a 5, 15 y 45
minutos. Las formulaciones usadas en el presente experimento,
en forma anéloga al experimentc precedente 2, tienen un
contenido de excipientes entre ellos comparables en forma que
se pueden ellminar sus efectos en el interior del grupo
especifico examinado.

Se puede efectivamente notar que los excipientes
pueden jugar un rol importante en la disolucién comparando la
disolucién obtenida con la mezcla de los Ejemplos 5 y 6 en
relaciédn con el Ejemplo 3 o con los ejemplos comerciales. Con
el uso de excipientes apropiados es posible obtener también
para mezclas de Glib + Met, valores de disolucién comparables
a los de Glib + Met dados separadamente al tiempo final de
45’. Un andlisis se puede intentar como una funcién del
tiempo, sin embargo se muestra que en tiempos breves (luego

de 5’) la disoluciétn de las mezclas es alin muy inferior a la
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de los comprimidos separados (11% y 27% contra 54%), pero
esto resulta evidente también luego de 15’ (44% y 53% contra
65%). Estos datos podrian no permitir un igual perfil de
biodisponibilidad in vivo y por lo tanto un comportamiento y
farmacodinamia distintos. Una clerta importancla se deriva
también del método de preparacidén de las mezclas, en efecto,
en tiempos  Dbreves se disuelve més rdpidamente la
glibenclamida cuando la granulacién es efectuada sobre 1la
mezcla ya preparada (Elemplo 6) antes que cuando los dos
ingredientes activos son granulados separadamente y luego
mezclados (Ejemplo 5).

Aparece sin embargo muy clara la superioridad de
los correspondientes comprimidos bicapa (Ejemplo 11), cuyo
porcentaje en la disoluciédn es practicamente comparable en 5
ninutos a la de los comprimidos separadeos, y siempre superior
en todos los demds casos.

Experimento 4): Comprimidos bicapa

- Ejemplo 7 66%
- Ejemplo 8 B6%
- Ejemplo 9 53%
- Ejemplo 10 89%
- Ejemplo 11 103%

La disolucién de la glibenclamida en los
comprimidos bicapa resulta siempre muy buena, siempre

comparable o superior a la obtenida con comprimidos separados.
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Se hace constar gque con relacién a esta fecha,
mejor método conocido por la solicitante para llevar a
pridctica la citada invencién, es el convencional para
manufactura de los objetos o productos a que la misma

refiere.

el
la
la
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REIVINDICACIONES

Habiéndose descrito la invencién como antecede, se
reclama como propiedad lo contenido en las siguientes
reivindicaciones:

1. Formulaclones farmacéuticas para el suministro
por via oral en forma de comprimidos, dque comprenden
glibenclamida y metformina, o© sus sales farmacéuticamente
aceptables, como ingredientes activos, caracterizadas por el
hecho que los lngredientes activos estén comprimidos en capas
separadas entre si.

2. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 1, caracterizadas porque los comprimidos
se seleccionan de comprimidos policapa Yy comprimidos
recubiertos en donde la glibenclamida se encuentra siempre en
al menos una capa exterior de los comprimidos policapa o en
la cobertura de los comprimidos recubiertos.

3. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 2, caracterizadas porque los comprimidos
policapa se selecciona de:

a) comprimidos bicapa en donde 1la glibenclamida esté
comprimida en una capa relativamente delgada sobre un
comprimido de metformina, y

b} comprimidos tricapa en donde la glibenclamida esté
comprimida en dos capas ubicadas arriba y debajo de la capa

central de metformina.
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4, Las formulaciones farmacéuticas de conformidad
con la reivindicacién 3, caracterizadas porque los
comprimidos policapa son comprimidos bicapa en donde 1la
glibenclamida estd comprimida en una capa relativamente
delgada sobre un comprimido de metformina.

5. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 2, caracterizadas porque los
comprimidos recubiertos se seleccionan de:

a’) comprimidos de metformina recubiertos uniformemente por
una capa delgada que contiene glibenclamida que se encuentra
comprimida a su alrededor, y
b’) comprimidos de metformina barnizadas o revestidas
externamente con una solucién de glibenclamida que se
estratifica sobre la misma.

6. Las formulaciones farmacéuticas de conformidad
con las reivindicaciones 1 a 5, caracterizadas porque 1la
cantidad de glibenclamida en cada comprimido varia entre 1 y
20 mg y la cantidad de metformina en cada comprimido wvaria
entre 200 y 1000 mg.

7. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 6, caracterizadas porque la cantidad de
glibenclamida en cada comprimido wvaria entre 2.5 y S mg y la
cantidad de metformina en cada comprimido varia entre 500 y
850 mg.

8. Las formulaciones farmacéuticas de conformidad
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con las reivindicaciones 1 a 7, caracterizadas porque
comprenden ademias excipientes farmacéuticamente aceptables.

9. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 8, caracterizadas porque la parte de la
formulacién que comprende glibenclamida incluye al menos como
excipiente un tensioactivo o un agente dispersante
hidrosoluble.

10. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 9, caracterizadas porque la parte de la
formulacién que comprende glibenclamida incluye camo excipiente
un tensiocactivo a una concentracién desde 0.1 a 10 mg.

1l1. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 10, caracterizadas porque la concentraciém
del tensiocactivo estéd incluido de entre 0.5 a 2 mg.

12. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 9, caracterizadas porque el
tensioactivo se selecciona de 1las sales alcalinas o
alcalinotérreas de laurilsulfato y Polisorbato 80.

13. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 12, caracterizadas porque el
tensioactivo es laurilsulfato de sodic.

14. Las formulaciones farmacéuticas de conformidad
con la reivindicaclién 9, caracterizadas porque la parte de la
formulacién que comprende glibenclamida incluye como

excipiente un agente dispersante hidrosoluble & una
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concentracién de entre 20 a 100 mg.

15. Las formulaciones farmacéuticas de conformidad
con la relvindicacién 14, caracterizadas porque la
concentracién del agente dispersante hidrosoluble esté
incluido de entre 45 y 55 mg.

16. Las formulaciones farmacéuticas de conformidad
con la reivindicaclétn 9, caracterizadas porque el agente
dispersante hidrosoluble se selecciona a partir de los
polietilenglicoles.

17. Las formulaciones farmacéuticas de conformidad
con la reivindicaci6tn 16, caracterizadas porque el agente
dispersante hidrosoluble es Macrogol 6000.

18. Las formulaciones farmacéuticas de conformidad
con la reivindicacién 1, caracterizadas porque son:

- Glib + Met (5+500 mg)

Capa de metformina: Metformina HC1l, 500; Macrogol 4000, 24.7;

Polivinilpirrolidona, 20; Silice coloidal anhidro, 5;

Capa de Glibenclamida: Glibenclamida, 5; Lactosa monohidrato,

50.75; Laurilsulfato de Na, 0.75; Celulosa microcristalina,
100; Croscarmelosa de sodio, 5.5; Silice coloidal anhidro,
0.5; Estearato de magnesio, 3.4; Color éxido de hierro
amarillo E 172, 1; Color 6xido de hierro rojo E 172, 1;

- Glib + Met (5+500 mg)

Capa de Metformina: Metformina HCl, 500; Macrogol 4000, 24.7;

Silice coloidal anhidro-Aerosil 200, 5; Polivinilpirrolidona

\9>
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K 25, 20; Estearato de Mg, 5.9;

Capa de Glibenclamida: Glibenclamida, 5; Macrogol 6000, 50;

Lactosa monohidrato S.D., 34; Cell. Microgr.-Avicel® PH 102,
70; Croscarmelosa de Na, 5; Silice coloidal anhidro-Aerosil
200, 0.5; Estearato de Mg, 0.5

- Glib + Met (5+500 mg)

Capa de Metformina: Metformina HCl1l, 500; Macrogol 4000, 24.7;

Silice coloidal anhidro-Aerosil 200, 5; Polivinilpirrolidona
K 25, 20; Estearato de Mg, 5

Capa de Glibenclamida: Glibenclamida, 5; Cell. Microgr.-

Avicel PH 102, 100; Croscarmelosa de Na, 5.25; Silice
coloidal anhidro-Aerosil 200, 0.5; Laurilsulfato de Na, 0.5;
Estearato de Mg, 0.5; Oxido de hierro amarillo, 1; Oxido de
hierro rojo, 0.75

-Glib + Met (5+400 mg)

Capa de Metformina: Metformina HCl, 400; Celulcsa micro-

cristalina, 65; Almidén de maiz, 60; Silice coloidal anhidro,
20; Gelatina, 40; Glicerina, 17.5; Talco, 17.5; Estearato de
magnesio, 7.5; Celulosa acetato-ftalato, 2; Ftalato de
dietilo, 0.5;

Capa de Glibenclamida: Glibenclamida, 5; Almidén de maiz

pregelatinizado, 58.3; Silice coloidal hidratada, 0.5;
Lactosa monohidrato, 96.2; Laurilsulfato de Na, 1; Talco,
0.5; Estearato de magnesio, 0.5;

- Glib + Met (5+500 mg)
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Capa de Metformina: Metformina HCl, 500; Macrogol 4000, 24.7;

Silice coloidal anhidro-ARerosil 200, 5; Pelivinilpirrolidona
K 25, 20; Estearato de Mg, 5.9;

Capa de Glibenclamida: Glibenclamida, 5; Lactosa mono-

granulada, 128; Almidén de maiz, 40; Cell. Microgr.-Avicel PH
102, 15; HPMC-5, 4.8; Croscarmelosa de Na, 13; Silice
coloidal anhidro-Rerosil 200, 0.7; Polisorbato 80, 0.5;
Estearato de Mg, 1; Oxido de hierro amarillo, 1; Oxido de
hierro rojo, 1:;

- Glib + Met (2.5 + 500 mg)

Capa de Metformina: Metformina HCl, 500; Macrogol 4000, 24.7;

Silice coloidal anhidro, 8.2; Polivinilpirrolidona, 20;
Estearato de magnesio, 5.9;

Capa de Glibenclamida: Glibenclamida, 2.5; Lactosa mono~

hidrato, 89; Laurilsulfato de sodico, 0.75; Celulosa micro-
cristalina, 150; Croscarmelosa de sodio, 5.5; Silice coloidal
anhidro, 0.75; Estearato de Magnesio, 0.75; Oxido de hierro
amarillo E 172, 0.75;

- Glib + Met (5 + 500 mg)

Capa de Metformina: Metformina HCl1l, 500; Macrogol 4000, 24.7;

Silice coloidal anhidro, 8.2:; Polivinilpirrolidona, 20;
Estearato de magnesio, 5.9;

Capa de Glibenclamida: Glibenclamida, 5; Lactosa monohidrato,

86.75; Laurilsulfato de sodio, 0.750; Celulosa micro-

cristalina, 150; Croscarmelosa de sodio, 5.5; Silice coloidal

54
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anhidro, 0.75; Estearato de Magneaio, 0.75; Oxido de hierro
amarillo E 172, 0.125; Oxido de hierro rojo E 172m 0.375;
- Glib + Met (2.5 + 850 mg)

Capa de Metformina: Metformina HCl, B850; Macrogol 4000, 42;

Silice <coleoidal anhidro, 14; Polivinilpirrolidona, 34;
Estearato de magnesio, 10;

Capa de Glibenclamida: Glibenclamida, 2.5; Lactosa mono-

hidrato, 89; Laurilsulfato de sodio, 0.75; Celulosa
microcristalina, 150; Croscarmelosa de sodio, 5.5; Silice
coloidal anhidro, 0.750; Estearato de Magnesio, 0.750; Oxido
de hierro amarillo E 172, 0.750

- Glib + Met (5 + 850 mg)

Capa de Metformina: Metformina HCl, 850; Macrogol 4000, 42;

Silice coloidal anhidro, 14; Polivinilpirrolidona, 34;
Estearato de magnesio, 10;

Capa de Glibenclamida: Glibenclamida, 5; Lactosa monohidrato,

86.75; Laurilsulfato de sodio, 0.75; Celulosa micro-
cristalina, 150; Croscarmelosa de sodio, 5.5; Silice coloidal
anhidro, 0.75; Estearato de Magnesio, 0.75; Oxido de hierro
amarillo E 172, 0.125; Oxido de hierro rojo E 172, 0.375;

19, Uso de glibenclamida y metformina, o sus sales
farmacéuticamente aceptables, para la preparaciébn de
composiciones farmacéuticas como se describe de conformidad
con las reivindicaciones 1 a 18 para el tratamiento de la

diabetes mellitus tipo II.
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RESUMEN DE LA INVENCION
Se describen composiciones farmacéuticas que son
suministrables por la via oral en forma de comprimidos para
el tratamiento de 1la diabetes mellitus tipo 1II, que
comprenden glibenclamida y metformina, o] sus sales
farmacéuticamente aceptables, como ingredientes activos,
mantenidos en forma separada entre si dentro de la misma

compesicidn.
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