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10  Specifically, a subject of the invention is novel antidiabetic medicinal products consisting of a
combination of two active principles that are effective via the oral route, at subliminal dose,
formed from an antidiabetic biguanide and an antidiabetic sulfonamide, in combination or as a

mixture with one or more inert, pharmaceutically acceptable excipients.

15 More specifically, the antidiabetic of the biguanide type is chosen from metformin, buformin
and phenformin, or a salt thereof with a therapeutically compatible mineral acid or organic

acid.

The antidiabetic of the sulfonamide type corresponds to the general formula :

o
2
R;@ S0, — NH— C—NH—R,

in which R represents NH,, CHjs, Cl, a group:

N
COCH,CH, —  or @—CONHCHZCHZ

OCH,

Cl

or alternatively R; forms with R; a group :



11 CH3 O SO2NH G N R2 represents Hor NH2 R3 represents a 4-n-butyl
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This combination has quite exceptional qualities, since it has been found that the combined

administration of an antidiabetic agent of the biguanide type and of an antidiabetic agent of

10 the sulfonamide type at low doses, at which they are inactive, results in a substantial reduction
in glycaemia.

In particular, in rats made diabetic by destruction of the islets of Langerhans, by administra-
tion of streptozotocin, low doses of biguanide (for example metformin) and of sulfamide (for
example glibenclamide) significantly improve the diabetes.

15  Patent EP 0 974 356 Al in the name of LIPHA, which describes an embodiment of metformin
and glibenclamide tablets in which it is ensured that the particle size of the glibenclamide
grains is such that the bioavailability is guaranteed, was already known in the literature. This
is the case described in the said document, in which not more than ten per cent of the particles
have a particle size of less than 2 pm, and not more than ten per cent of the particles have a

20  particle size of greater than 60 pm.



narrow particle size range, which requires specific nmeans in order to be
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solubility in water. This combination of metformin salts with a sulfamide or a sulfonylurea
(glyburide [or glibenclamide], glimepiride, glipizide, gliclazide or chlorpropamide, etc.) acts
on the ATP-dependent channel of B cells. The weight ratio of the metformin salt to the sulfo-
20 nylurea can vary within the range from 300:1 to about 50:1. Thus, the examples in the said
document describe a combination of 600 mg of metformin fumarate (2:1) and 5.0 mg of gly-
buride or glipizide.
No technical data relating to the preparation of such pharmaceutical formulations are given,
with the exception of storage in the presence of humidity. No information is given regarding

25  the antidiabetic activity of such a preparation.

The compositions according to the invention produce different effects.
It has been possible previously to determine that the daily dose of 0.5 mg/kg of glibenclamide
is found to be inactive.

30 At higher doses that are already active (1 mg/kg/day) of sulfonamide (or 2 mg/kg/day), the
administration of sulfonamide does not modify the glycaemia, but instead results in a signifi-

cant increase in insulinaemia and a reduction in the level of circulating lactates.



4 1t has been possible to determ ne that the m ni num active dose of
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t he decr g in glycaem a obtained with the products adm ni stered
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strated that a dosage of less than 500 mg per day for metformin may be used to treat a diabetic

15 condition with reduced risks as regards compliance and tolerance.

1t has also been shown that, at subliminal doses, synergy is observed between the effects of
biguanide with sulfonamide. The combination of these two types of substance significantly
decreases cholesterol and triglycerides, the level of which is very much increased in the case

20 ofrats treated with streptozotocin.

In addition, sulfonamide not only decreases lactates, but also inhibits the effects of biguanide,
which has a tendency to increase them. The sum of the decreases in glycaemia obtained with
the products administered separately (20 mg/kg/day) is substantially less than that obtained

25  with the combination according to the invention.

Product Dose Decrease in glycaemia SE

Metformin 30 mg/kg/day 86.03 +4.29
Glibenclamide 2 mg/kg/day 93.49 +1.15
Combination 78.46 +0.42

% p> 0.01



5 There is thus, at these active doses, a potentiation of the effects of
the two oral antidiabetics when they are adm nistered in conbination : -
synergi stwaopifsert on the decrease in glycaem a, - potentpPar/Epguefid2ect on
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tio in.on f the forns syitable for oral adm ni- stration,
such '4s g%‘lﬂs@@ﬁ?)iei’w’ég%‘?‘é’éfp‘?rﬁlﬁfaéfné&}ar@ga‘tvé%?u?%f”é%s, sugar - coat ed tabl ets,
gel capsul @&lition\Va B c48RS HyRSinsilinhdrSia, bhOENES whhiQFBRORSthol AR SliSpshli t t abl e
into small bars, granules, mcrogran- 25 ules, m crospheres ‘and siml ar
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f .
phar maceuti c excl pl ents. I\/bnt% on w i's respect of m neral
fillers such as cal cium carbonate, magnesi um carbonate, trical cium 30

phosphat nesi-um _phosphate.. kaol i.n al.c, magnesium,stearate, silicon
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fillers Woinch):mey4he, ety weigld feone 50:5 mg to 100:2.5 mg. This ratio thus differs sub-
stantially from that described in international patent WO 97/17975 (ratio 100:1) and in inter-
national patent WO 99/29814 (Bristol Myers).

This ratio is thus particularly advantageous since it allows a large decrease in the doses of

20  biguanide to be envisaged.

The compositions according to the invention are in one of the forms suitable for oral admini-
stration, such as tablets, film-coated tablets, coated tablets, sugar-coated tablets, gel capsules,
wafer capsules, pills, troches, lozenges, tablets splittable into small bars, granules, microgran-

25  ules, microspheres and similar preparations.

To prepare these pharmaceutical forms, the biguanide and the sulfonamide are mixed with
one or more inert, non-toxic, solid or liquid pharmaceutical excipients. Mention will be made
in this respect of mineral fillers such as calcium carbonate, magnesium carbonate, tricalcium
30  phosphate, magnesium phosphate, kaolin, talc, magnesium stearate, silicon dioxide, titanium
dioxide, zirconium dioxide or colloidal silica. Organic fillers which may be mentioned are
cellulose and its derivatives, alginates, carrageenates, chitosan derivatives, plant gums, for
instance gum tragacanth, guar gum and its derivatives, xanthan gum, starches, maltodextrins

and plant oils.
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bi guani de-sul f onam de anti di abetic conbination are prepared by the current
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bi guani d@mshmdmlmdd@n@%mﬂmﬂgbhmbm@d. ng to the in- vention Animals 40
male Wstar rats (Charles River, Saint Aubin |es Elbeuf, France), with an
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ng/ kg of streptozotocin dissolved in physiological saline (a single

adni ni st 1Rt LQMbles AVHP oINS Uldsard BREDARASL FiERL RN efdM Rking it.

15 Pharmacological study of the biguanide-sulfonamide combination accordine to the in-

vention

Animals
40 male Wistar rats (Charles River, Saint Aubin les Elbeuf, France), with an average weight
20  of 280 g, are used in this experiment. The animals are housed for one week in a standardised
animal house, the following parameters of which are controlled :
- day/night rhythm 7:00/19:00 ;
- temperature 22 +/- 1°C;
- hygrometry 50 +/- 10%.

25  The animals have access, ad libitum, to drinking water and to a standard feed UAR A03.

Experiment
The forty rats are made diabetic by IP administration of 50 mg/kg of streptozotocin dissolved

in physiological saline (a single administration). A non-insulin-dependent diabetes (NIDD)

30  develops within two weeks and remains stable for at least one month.

The animals are selected 21 days after the administration of STZ, as a function of the value of
the glycaemia of between 10 and 15 mM, which corresponds to an NIDD diabetes, and of
their insulinaemia (value of between 15 and 20 pU/I). About 30% of the rats have a higher
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STZ, the se cted rats are then treated either with gliben- 5 clam de or
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doses; f 6lamidegert wigiayaetformig, or Wlﬂbéhecgilhe@@@mdé@ezfon'glﬁll«@hdba;ahm ag:lordmg\tﬂ ani de
orally indtna. doses, for eight days. 2nd part of the experinent The other
two batches drawn at random are then treated : - 1 batch receives 30

ng/ kg/da)l_tcnﬁ__mé_th‘e_@ﬁm_ngigm hydrochloride form orally in two doses, for

ei ght da he, mi ni mum acti ve dose on this model and under
t he expe?ffw-o bf%he%or# %%?ﬁkcﬁltaf (%% "efined. - 1 batch receives the

conbi nat i dmawktdesived Nmtkerdas koglthayclanide otllpenehaddsee for e@f day orally
(mninum active dose t](Z]‘e ?safunctlon of the results the 1st part)
in twd do %%tc h regeives,2 mgfeliay rf elipepdamilg OB 131" G s & At @ry§ nmeasur ed For
each rat Qnagﬁtéftgge@egﬁ»gmare coll ected by venepuncture in a caudal vein,
onto heparin, at tinme DO (before the adm nistration of STZ), at tine D21
(21 days 1a¢ pler typpatches Epen handompare thepwiseisd - and at D29 (after eight days

of treat mpRbiy r&@ﬁe§%ﬁﬁc§/d§§ &f ﬁl%ﬂl‘lrﬁ&f hydrg&n&r{deff&grﬁ%rally in two doses, for

eight days. 30 mg/kg/day is the minimum active dose on this model and under the experi-

15 mental conditions defined.
- 1 batch receives the combination metformin 30 mg/kg/day and glibenclamide 2 mg/kg/day
orally (minimum active dose, chosen as a function of the results of the 1st part) in two doses,

daily for eight days.

20  Biological parameters measured

For each rat, 100 ul of blood are collected by venepuncture in a caudal vein, onto heparin, at
time DO (before the administration of STZ), at time D21 (21 days after STZ, before the treat-
ments) and at D29 (after eight days of treatment). The samples are immediately centrifuged
(10 minutes at 4000 rpm) and the plasma is separated from the blood cells. The samples are

25 frozen until the time of determination of the biological parameters.

Glycaemia, cholesterol. triglycerides, lactic acid

After thawing the plasma samples, the above parameters are determined by enzymatic meth-
ods, using a COBAS automated machine (Roche).

30 The glycaemia is measured by the hexokinase method ; the cholesterol by the enzymatic final
Randox point method ; the triglycerides by the GPO-PAP method ; the lactic acid by the lactic
dehydrogenase method.
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st r ongeris aig$wsd ek Stidamts tdsest ed, i.e. 1 ng/kg/day or 2 np/kg/day. 20 The

results regarding_this test have been col|ated. At DO before any treatnent,
t he two Hgte%{g@gy of the treatments is evaluated between D29 and D21 by a t test adapted to paired

series (for each rat, the value at D21 relative to D29 serves as the control).

15  Results

1/Determination of the minimum active dose of glibenclamide

In a study also carried out on NIDD rats, of STZ type, a daily dose of 0.5 mg/kg of gliben-
clamide was found to be inactive. Two stronger doses were thus tested, i.e. 1 mg/kg/day or
2 mg/kg/day.

20 The results regarding this test have been collated. At DO before any treatment, the two batches
of rats are comparable. Similarly, at D21, after the administration of streptozotocin, there is
no difference between the two batches of animals. The administration of the low dose of
glibenclamide does not modify the glycaemia. However, a significant increase ih the insu-
linaemia and a decrease in the level of circulating lactates are observed.

25 The higher dose of glibenclamide significantly decreases the value of the glycaemia.

This significant decrease is observed with the Student t test for a paired series (pairs method).
With this dosage, the lactate levels remain significantly reduced, whereas the insulinaemia is
still higher on average (Table 3).

These results show that the dose of 2 mg/kg/day of glibenclamide constitutes the minimum

30  active dose.

Under these conditions, the efficacy of this dose of glibenclamide was compared with that of
metformin (30 mg/kg/day) and with the combination of these two minimum doses.

The results are collated in Table II.
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Table 11

Effects of minimum active doses of metformin and glibenclamide administered alone or

in combination, on the biological parameters of the diabetic rats. Treatment over eight

days at two doses per day

Weight Glycaemia  Cholesterol — Triglycerides Lactates Insulinaemia
(2) mM/1 mM/1 mM/I mM/1 uU/ml

Metformin alone 30 mg/kg/day

DO 288 6.38+/-0.23 1.00+/-0.07 0.96+/-0.12 2.47+/-0.15 12.8+/-0.2
D21 251 14.41+/-0.36 1.57+/-0.08 1.05+/-0.03 2.53+/-0.09 17.5+/-0.8
D29 247 #%12.35+/-0.49  1.48+/-0.06 0.96+/-0.05 *2.70+/-0.11 17.3+/-0.7
Glibenclamide alone 2 mg/kg/day

DO 282 6.49+/-0.13 1.04+/-0.02 0.88+/-0.06 2.33+/-0.12 12.7+/-0.6
D21 253 14.66+/-0.73 1.49+/-0.04 1.01+/-0.05 2.67+/-0.17 17.0+/-1.0
D29 261 **13.70+/-0.66  1.52+/-0.06 0.93+/-0.04 **1.38+/-0.13 **21.0+/-1.4
Met-Glibenclamide combination

Do 289 6.28+/-0.12 1.03+/-0.05 0.99+/-0.08 2.53+/-0.14 12.5+/-0.8
D21 251 14.56+/-0.30 1.55+/-0.04 1.07+/-0.06 2.55+/-0.09 17.3+/-1.1
D29 254 **11.42+/-023 *1.37+-0.02 *0.88+/-0.04 **1294/-0.06  **20.3+/-1.2

N=6 per group, m+/-SEM, *p>0.05 **p>0.01 t test by paired series between D29 and D21.
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gl i bencl am de not | y decreases the | actates, but al so suppresses the
ef f ect s thermore, the effects of glibenclamide on the insulinaemia are conserved. Finally, gliben-

clamide suppresses the effects of metformin on lactates.

15 Table II1
Study of the decrease in glvcaemia between D21 and D29

The results are expressed as a percentage of variation, the values at D21 being taken as equal

to 100%.

Metformin 30 mg/kg/day 86.03+/-4.29
Glibenclamide 2 mg/kg/day 93.49+/-1.15
Combination 78.46+/-0.42%*

20 N=6 m+/-SEM** p>0.01 comparison between combination and glibenclamide

ns between combination and metformin

This study shows that there is indeed synergy of the effects of metformin and glibenclamide.
The sum of the decreases in glycaemia (13.7% with metformin alone and 6.51% with gliben-
25  clamide alone) obtained with the products administered alone (20.21%) is slightly less than
that obtained with the combination (21.54%). However, it is difficult to assert that there is
potentiation of the effects. An at least additive synergy of the effects of the two products

genuinely exists.
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5 - a synergistic effect on the decrease in glycaema, - a potentiating
effect on the decrease in the levels of cholesterol and triglycerides, -
an i ncreaws@or/msrnsul i naem a specific to glibenclanm de, - BCUERIIERSE i N

| actates specific to glibenclam de, MRth suppression of the effects of
metformn on this paraneter. 10 There is thus overall a potentiation of
the effects of the two oral antidi apgiy when they are admnistered in
conmbi nation at m ni num active doses. WO 02/41879 PCT/ EP01/ 12492 12 CLAI M5
1. Novel antidiabetic nedicinal products consisting of a conbination of an

tidi abgt b | £ d t |
Conbi nat | on ey SetELepRILn AL A LARTERE 57 PR ol ottt
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rretfor nin, “BLILl}fOB?m’ﬁora?ﬁﬂerbﬁbﬁ?’(??eﬂr’?ﬁmyéﬁﬁpéﬂ FXCRIPE- with a therapeutically

conpati bl e m neral aci d or organl c acid. 10 3. Novel antidiabetic nedicinal

product s amrdl ngﬁ% in which the sul fonam de corresponds to the
gener al plaAntidigheticy me@iln@@o luciy aecorfie g Claim L pinyhiglh tribigegsidssient s an

NH2, a CH3ch@eflfrof the @36 RHW% I DR r ly Ri
forms V\AtthZe rOrou @ %ilé} NH C%)rml\llﬁ %0 R2 re%ﬁ%%fg{r%lﬁ grﬂﬁl—éa\ﬁg

with a therapeutlcally compatlble mineral acid or organic acid.

10

3. Novel antidiabetic medicinal products according to Claim 1, in which the sulfonamide

corresponds to the general formula :

R, ﬁ
Rl‘@— S0, —NH— C—NH—R,

15 in which R represents an NH,, a CH;, a Cl or a group

N
@— CONHCH,CH,

or alternatively R; forms with R, a group :

CH, —@- 50, NH— CO— N/_:>
\_

20 R; represents H or NH,

or

R3 represents a 4-n-buty! group, a cyclohexy! group or a group :



R3 represents a 4-n-butyl group, a cyclohexyl group or a group : WO

02/ 41879 PCT/ EPO1/ 12492 13 OH CH3 4. Novel antidiabetic nedicinal
product s ve@oosdiing to one of Clains 1 to 3, in which the PeDEPaami2de is
glibenclam de. 5 5. Novel antidiabetil@ nedici nal products according to one
of Claims | to 3, in which the sulfonamde is gliclazide. 6. Nove
anti di abetic nedicinal products according to one of Clains 1 to 5, in which
the dose ratio between the bi guanjde -a™ilthe sul fam de ranges from 10:1 to
45:1. 10 7. Novel antidiabetic ne products according to one of
Clains 1 to 5 in which the weiqg] ioCeh active principles ranges from
50:5 ng to 100: 2.5 ng. 8. Novel antidiabetic nedicinal products according
to one of Cains 1 to 7, which are in one 15 of the fornms suitable for

oral admj ni ti: . .e] i di abetic nmedici.nal. product.s according to
Oaime ¥ &ﬁ%\tﬂﬂ%g{%ﬁe&% fﬁ%@?@#?ﬁé%%x%%?fdm%&t)i°&e &F Qﬁ?lﬁ'gild“’;{f.é}l s Pe cal
exci pi ent sdfobhogens glitenciamider al fillers and organic fillers. 20 10.

Process for the preparation of pharnaceutical conpositions containing a
bi guani de sul f onam de conbi nation, characterised in that it is carried out

accordi ng NovélhetiknbwmMe mediEihaHrodicBCRS&Rgb P F TGRE aCkM iR Ghich the

sulfonamide is gliclazide.

G

6. Novel antidiabetic medicinal products according to one of Claims I to S, in which the

dose ratio between the biguanide and the sulfamide ranges from 10:1 to 45:1.

10
7. Novel antidiabetic medicinal products according to one of Claims 1 to 5, in which the
weight ratio of active principles ranges from 50:5 mg to 100:2.5 mg.
8. Novel antidiabetic medicinal products according to one of Claims 1 to 7, which are in one
15 of the forms suitable for oral administration.

9. Novel antidiabetic medicinal products according to Claim 8, in which the inert, non-toxic,

solid or liquid pharmaceutical excipient is chosen from mineral fillers and organic fillers.

20 10. Process for the preparation of pharmaceutical compositions containing a biguanide-
sulfonamide combination, characterised in that it is carried out according to the known

current processes of pharmacotechnology.



