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; LEROEOHRI N ABRUNO K —0 8

E e Sy iz RE mg 1 Hoizs

- 1. NTG  &Tse#l 0.3~0.6 I~ 3EEIHEBD 2 ~ 5 5
Ez. NTG  ETEEH 0. 4~0.8 | ~ 3@ EI2ESD 2 ~ 5 HAT
- 3. NTG  /Swbiges 1~3 3 [E % 72 37EBID 2 ~ 5 430

[ 4. NTG #5080 2.6~10.4 2~3M@

E5. NTG REERE. 2% 1 ~10cm  3~4@

[ (7.5~30 mg)

[ 6. NTG BRIy F 0.2~0.8 mg/hr 1[5

E?. [ SDN #REEHI 1.25~3.75 |~ 3EE/TEHD 2 ~ 52387
[ 8. 1SDN ETassl 2.5~10 FEEHO) 5 ~ 105081

Eg. I SDN 38, A7 wL#  10~45 3

(10, I SDN #it, &0 20~80 | ~ 2

Eu. I SDN #5 30~90 1~ 2@

(12, I SMN $#. A7 10~20 2 ]

E 3. T SMN £, 0 30~240 i

oooooad

Ooo00o0oao

E BELRT V7« 7ORO7 IV 2— 28Rk 06T

[ ISR b oZ ) ) v EEs

[

R e

[ EVEHERL 7a2-Zmmol 17° 4¥29%7, uUml™" Ph3-Z,mmol 170 A¥AY%, pU ml™

0 G a%02  8.1¥09 42403 82%09
L1545 7.4%0.5 *  TT.7+3.3° 7.3%1.1 % 38.9%4.4 7

C 305 6.9%0.7°  78.8%6.1°  6.1%0.6°  36.3%5.0*

[ 60 4 5.3%0.4 ©  44.3%3.1 " 5.5+0. 4 25,633 **
S5 4.4+0.2 30,6£3.7 ©  47%0.7 24.1%2.9 **
120 4 3.8%0.4 16.8+3.3 * 4.240.3 15.242.4 *

C 180 5 410, 4 12131 4.5+0.5 14.4%2.6

L -5 0 ADBETE S N FE LR

a
goboodgbad
ooogao

+:p<0.05C 70" FOEEEALDL C TIY—K vs HRYy FHip <0.05
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£1: EbORT VT4 7OROI LI —2E R
IERIdREE a7 ) v ohR

75—y F

B Sy F

PR Sna—2 A VAU
(min)  (mmol L™") (uUmL™")

il a-—
(mmo! L=') (U ml™")

A A AN v

0 (=ff8) 4.8=%0.2

9.1x0.9
15 7.4=0.6 771.7%3.3
30 6.9£0.7 78.8%6.1
60 5.3x0.4 44.3%3.1
90 4.4%0.2 30.6x3.7
120 3.8x0.4 16.8*+3.3
180 4.1£0.4 12.1%3.1

4,2x0.3 8.2%x0.9
7.3x1L 1 38.9%4.4
6.1x0.6 36.3£5.0
55704 25.6%3.3
4.7x0.7 24.1x2.9
4.2%0.3 15.2x2.4
4.5%0.5 14.4£2.6

T H 1320 A DEBE TH o NI L R R A=

L e T e D e T e T e T e T e T s Y s Y e T e Y s O e O s T e T e T e B e B |

[
oooooan
oooan
=l TV hOA R VRS RIS R A EEOE/ER
73— ABfEEE (ng/kg/min)
‘ 3L 27 a—IUMET
FEELZEY b A VAN RO T Ey b
i LAY B Sy F
TR (ztoymeny 7T —K (zharyeyy
AL & 0.07 mg/kg/h) Xy F 0.07 mg/ke/h)
XfiR 14.667+0. 8165 16.857+1.0690 9. 000+1.0954 12.667%1. 0328
n=6 n=7 n=6 n=0

(70 mg/kg p. os)

ALY, n=6
(5 mg/kg i.v.)

(1 mg/kg i.v.)

A9y, n=6
(2 mg/kg i.v.)

bY9Ty, =6 17. 167 0. 7528
15. 667 %0, 8165
TUN33F, n=6  14.667=1. 2111

14. 667 1. 0328

19. 333+ 1. 0328

19. 833 L0, 7528

16. 500 1. 0488

16. 000 £ 1. 2649

100018974 14.667+1. 2111
10.833+1.1690 14,500+ 1. 3784
8.833+0.9832 12.333%1.2111

B.500+0. 8367 12.833%1.7224

T 5 AT + Rl

L T e T e T e T e T e T e T e T e B e B T e T e T e e T e T e T e T e T e B

L
gooooad
oooao
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I €y bOA V2 VBZFHICRIZT T SMN & A bRV L ooEEER

Tl 3 — AEEERE (mg/kg/min)

EolAFo—)LIET

(100 mg/kg p. os)

(5 mg/kg p. os)

p.os) +ARERiLT Y (100
mg/kg p. os), n=6

B R FELZIEY b A2 REEOSE Y b
%8, n=6 14. 60+ 1. 0300 9. 70+ 1. 6000
ANEILI Y, n=b 14, 80+0. 0800 11, 70+ 1. 0300

[ S MNGEETH, n=6 16. 3¢+ 0. 8200 14. 00 %=0. 8300

[ SMNZRETRH (6 mg/ke 19. 30 0. 0820 [5.90%0. 7500

[ T e T e T e T e T e T e T e O e O s Y s O e O e Y s O s T s T s B e T e |

7' — F I TR

L

Ooo0O0oo

0000

[

Lo EIV SILATO—VIIGETA v 2 Y VHHIOS By MoElTA
[ BEZEMEN O K — & BEANHTHERR 3L & SR

[ o ’l’;/_X o
: = % B %)
L | 88 100. 0
[

: APAILIT L (5 omglkg i.v.) 120. 4
[ b7 Y&/ (70 mg/kg p. os) 122. 2
[

[ =hoZ Uy sy F (0,07 mg/ke/h) 140. 7
Oy =teruehunst (0,07 mg/kg/h) +AMia3y (5 mg/kg i.v.) 163.0
[

| eIl (0,07 mg/kg/h) 4 bafu8Yy (70 mg/kg p. os) 161, 1
O] ABRKILITY (100 mg/kg p. os) 120. 6
[ _

o | T SMNFEERH 6 mg/kg p. os) 144, 4
Uy T SMNFEHE 6 ng/kg p.oos) + A3y (100 mg/kg p.os) 163.9
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R E o E (dn/s)

fRFE/ SR LT By b 6. 2+0.3
AMLT RS 53l 27 o—)LET
HREZEY b A A RO T Ey b
TS5y —R 75 —iR
N - Iy F i Sy F Iy F By F
*IHE, n=6 3.1X0.3 3.6%0.2 3.6+0.2 4,3*0.4

o &, n=6 3.210. 3 3.6x0.2 — —
(70 mg/kg p. os)

A bRRiLT v, n=b 3.1x0.2 3.6x0,2 — —
(5 mg/kg i.v.)

TIOR3 F, =6 2.9%£0.24 3.6%0.2 — —
(1 mg/kg 1.v.)

A T FH . n=6 2.80.260  3.4%0.2 - —
2 mg/kg i.v.)

b ) A, n=6 — — 4,6%0.4 5.9+0.2
(70 mg/kg p. os)

F— 5 3T E T
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oo

VI TV bOILENR—Y L TEREMIC BT B AR EEE

STEZAY P ER (mV)

BaL AFo—)LMET

E&ZIEy b A VAN AR S Ey b
BRI Ly F Heh sy F
T —iR (oYY 7T iR hor0tyy
ISR -] Xy F 0.07 mg/kg/h) AR S 0. 07 mg/kg/h)
A, n=6 1.3x0.10 0.7x0.10 2.0%+0.13 1.4x0. 10
boZ )&, n=6 l.1+0.08 0.7+0.09 l.6x0.12 1.08%0. 10
(70 mg/kg p. 0s)
A BRERILI Y, n=b 1.4%0.08 0.8%0.10 2.1%0,13 1.5%0.08
(5 mg/kg i.v.)
TV 53 R, n=6  1.4%0.08 0.8%+0.08 1.9+0, 40 I.hbx0.13
(1 mg/kg i.v.)
A5 E4H, n=6 1.4+0, 05 0.8=0,09 2.3%x0.50 1.8=%0. 16
(2 mg/kg i.v.)
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(43] Inlernatipnal Publication Dale

24 January 262 {24.01.2042} PCT
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AGIK 31/00
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(26) Publicacion Loaguage: Lnglish

{3) Pricority Daray
T MI2528 L4 July 2000 (1307 2000 100
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[TIAIU]: Nagyendsd ket 23 F-1032 Debnecen |15
PANKUCSL, Cspbit [INATUT, Bartha B 7, 13 4032
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Published:
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Fer tworledier eudes e other abbeevintions, refer to the "Guid-
conee Nores an Codes and Ablreviations ™ appearfag of the begfn-
ning of cash regidar Issue of the PUT (azatte.

(54) Thtke: PLIARMACTUTICAL COMDIATIONS

< 187) Abstraet: Phannaceutical eombinations bor ingiment anilfor prevestion ab all suns, peeuds smbmmplications of diabeies nel-

Titus i rmanomals. this hclic disees

VO disease comprising an

ing the pe-lia
metive thoe ol al lexsl une enymisg

incluliong fud bennons scligic hen
wemedient anid ptiowally comprising

2 an effecrive dose of a¢ least ene antidiaieic active ingnedien, snd further opuonally comprising usbal phamiaceutically wcreptable

057

relatedt 10 the mew Dnsn]in-sens

camicrs andfor ather auxiliarics, The combination mey censist of more than ene pharmacetical compasitions. The eltcctive doses
5 sllect ime comiderahly lrawer than the wsnal deses rekded 1o ihe known eflect of niest aclive

"=~ substances dues to metabalic effects hat influence insnlin z2nsibvity in bealthy and snsulin resistant mammals. The nanal dose of

: ist and/or a sulphonaiide. preferably a sul phanylurca,

g NOonors is necessary when the patien hos also ischoemic heare discase, Brefarred anfidiabarics inelueke insulin, a hiazolidinedion,
a higuanide derivafive. an o-glacosidasc-inhibitor, an o2 o
O Prolicrred angematic NG lunurs e o isusarbide mumu

3 trats andfor irs stefenizoimers. ervthniy) remanitrate pantacrythries] tatranirate, methvlpropy] propanedinl dinimase, propary)

wlfiar ibg shrneTRcommens. Bes e isosorhi

trolnitrate, tenitramine andior mcvrandile. The ipvention includes meihods of treatment and processes 10 prepare the compositions,
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PHARMACEUTICAL COMBINATIONS

The object of this invention ls a pbarmaceutical combinaticn
for treatment and prevention of diabetes mellitus, includ-
ipg all sorts, periocds and complications of diabstes melli-
tus, thus including the pre-diabetic diseases and thelr cou~
plications, including furthermore diabetic ischaemic heart
disease asspciated with diabetes mellitus; comprising op-
tionally mere than one pharmaceutical composition, whereby
at least cme of the compositions comprises an effective dose
of at least one enzymatic nitric oxide (NO) donor and op-
tionally arn effective dose of at least one antidiabetic ac-—
tive ingredient and opticnally the tsual pharmaceutically

acoceptanle carriers and/or other auxiliaries.

The basis of the invention is the recognition ¢f & new insu-~
lin-sensitizing effect and synergism using enzymatic NO do-
ners for monctherapy cor in conbined therapy with a
conveniional antidiabetic active ingredient, mainly with a
per os antidiabetic active ingredient. It was found that
pesides the known vascular effect enzymatic NU donora have a
metabolic (hypoglycaemic/antihyperglycaemic) effect as well.
Thus the present invention repregsents a fundamentally new
antidiabetic therapeutic approach using an antianginal agent

with metabolic effect.

Where not otherwise stated the following definitions and ab-
breviations are used further on:

Diabetes : all sorts, periods and complications of dizbetes
mellitus, including all diseases associated with diabetes
mellitus, and pre-diabetic dissases and their complications.
Main camplicaticns of diabetes:

- diseases kased on diabstic microvascular problems, includ-

SUBSTITUTE SHEET (RULE 26)
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ing but not limited to diabetic neuropathy, retinopathy,
nephropathy; diabetes asgsociated ischaemic heart disease,
including myocardial ischaemic heart disease,
- disturbances in gastric and intestinel motility, such as
gasltroparesis and probleme of sphincter of ODDY.
Insulin-dgpendent (Type I.) diabetes mellitus: TDM
Hen-insulin dependent (Type IX.)diabetes mellitus: HIDmY
Polycistic ovary syndrome {diabetic disease}: FCOS
Gestational diabeies syndrome
(pre-diabetic disesasa): GIM

nitroglycerin {enzymatic NO donor): NTE
racemi< iscsorbide mopenitrate, and/or its

sterenizcmers {enzymatic NC donox): I3MW
racemic iscsorbide dinitrate and/or its

stercolzomers: {enzymatic NO donor); ISDN

3-morpholinosydnonimine (nen-enzymatic NO donor): AIN-1

It is koown that I[DDM results from a decreased insulin produc-—
tion by the pancreatic fcells. NIDDM is known as s heteroge-
necus disease resulting from a dymamic interaction between de-—
fects in insulin secrefion and insulin action.

Mechanisms responsible for the B-cell failure are not to-
taily eclarified, but may be related fo the chronic demands
placed on the RB-cells by peripherial insuelin resistance
and/or the effect of hyperglycemia to impair B~cell func-
tion, The B-cell failure may also occur as an independent
inherent defect in "pre-diasbetic" individuals. NIDDM often
develops from certain abt risk populations, such as indvido-
als with polyeoistic ovary syndrome which ls the most common

endocrine diseorder in women of reproductive age.

NG donor drugs are widely used in ischaemic heart disease

and for the treatment of cardiac failure. Such medications

SUBSTITUTE SHEET (RULE 28}
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can be used in a variety of formnlations with different
¥outes of administration: parenteral [(intravencus, intra-
miscular, subcutaneous} transdermal (patch, cinmment), rectal
or enteral (sublingual, buccal, per os in liguid or selid
forms) .

NO doiors have two basic groups: non-enzymatic NO donors,
and enzymatic MO donors. Non-enzymatic NO donors release NO
spontanewosly by chemical degradation, while enzymatic NO do-
nors require an enzymatic process.

Non-enzymatic NO donors include sydnonimine-derivatives
(81N-1}, sodium pitropusside, S—nitroso-M-acetyl-D, L~
penicillamine, sodium nitrite.

Enzymatic NO donors include NTG, ISMN, ISDN, erythrityl
tetranitrate, pentaerythritol tetranitrate, methyl-propyvi-
propanedicl-dinitrate, propatylnitrate, trolnitrate,
tenitramine, nicorandile. Nitreglyecerin is a prototype of
the enzymatic NO donors.

Recently, the non-enzymatic NO doner SIN-1 has been reponted
to inhibit insulin release in isclated pancreatic islsts
(Bm. J. Physicl 1996;271;C1088-C1102}. Insulin sensitivity
was further reported to be lncreased through stimelation of
NG production in the liver (patent application Wo
PCT/US/5%9/230%88) using aon-enzymatic MO donors such as SIN-
1, sodium nitrite, sodium nitropusside, and S-nitrose-N-

acetyl-D,L-penicillamine.

Using enzymatic NOC donors is a basic recognition of our
invention, while non-enzymatic NO donors, such as SIN-) are
not suitable for treatment of dilabetes mellitus. This is
summarized as follows:

Tt is known that enzymatic NO donors do not releage NC in
ceronary vessels with a diameter smaller than 100 gm. Thus

although dilating supepicardial arteries including stenctic

SUBSTITUTE SHEET (RULE 26)
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segments and collateral wessels in the coronary vasculature
they do not dilate coronary microvessels i.e. resistance
corenary vessels. This selective effect renders enzymatic NO
donors "safe corenary vasodilaters' due to the minimum or no
risk of the ‘corunary steal” phenomencn characteristic for
other pure vasodilators such as slew Ca® channel blockers oz
phogphodiesterase inhibitors. Non-enzymatic NO dohors however
(due to spontanecus NO release) are kmown to dilate coronary
conductance (>100 gm) and resistance (<100 gm) vessels, as
well. .
Beyond vascular effect, enzymatic WO donors are known to
elicit several favourable biclogical actions, such as
inhibition of platelet aggregation, inhibition Ca* entry
into cardiac myocytes, inhibition of catecholamine release
from cardiac adrepergic merve terminals, and olher actions in
the central nervous system and immune system as well.
Non-enzymatic NO-donors have several uwnfavourable effectsz as
summsrized below;

According to recent publications, MO produced by non-enzymatic
MO donors play an important role im the destruction. of the
pancreatic B-cells thereby leading te IDDM. Therefore, any
therapentic use of the nun-enzymatic NO donors tc enhance
insulin-sensitivity in NIDDM is clinically contraindicated. It
means, that the sald compounds worsen diabetes meliitus.
Furthermore, the mortality of the sc-called ‘deadly guartet’
(NIDDM, obesity, dislypidemia, and hypertemsion) is mainly
{80%} due to ischemic heart disease and/er cardiac failure.
During chemical degradation $IN-1 is lnown to produce super—
oxlde anion (0¢7) and ¥0, and ithe chemical reaction of these
two radicals gives peroxinitrite (ONDO™), the toxic preper-
tiez of which ars well known (Exp. Toxicol Patheol
1999:51:517-21) .

SUBSTITUTE SHEET (RULE 26)
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Also cytotoxic effects of non-enzymatic NG donors were re-
prorted.

In a clinical investigation (Metabolism 2000;49:313-318),
the hypothesis was tested that sedium nitroprusside would
increase insulin-mediated glucose uptake in humans, In the
control greup insulin was infused using the suglycemic clamp
protocol. It was found that systemic infusion of sodium nit-
roprueside did not increase insulin-nedizted glucese dis-

posel neither in young nor in old subjects.

It ig known that NFIDIM can be treated initially using meno-—
therapy with kpown oral ankidiabetic agents {such as sul-
phonylureas, biguanides, o-glucosidase inhibitors, benzoic
acid derivatives, thilazolidinediocnes, aZ-receptor antago-
nists) but will eventually require the combination af said
compounds, and in most patients, an additional insulin ther-
apy will be needed. Long-term contrpl of blood glucose lev-
els in IDDM and NIDDM will decrease the incidence and pro-
long the time until progression but will not inbibit compli-
cations svech as diabetic retinopathy, wnephropathy, and neu-
ropathy. {J. Natl.Med. Assoc. 1991, 91, 38%-395; Bnn Intern
Med. 1599, 131, 281-303).

The recognition of our invention thus includes:

a.) monotherapy with an enzymsatic NO donor results in a hypo-
glycaemic/antihyperglycasmic effect in humens and cther mam—
mals, and

b.} the combination of an enzymatic NO denor, with an antidia-
betic active ingredient, particularly a per ¢s agenkt, resulis
in an increase of the hypeglycaemic/antihyperglycaemic effect
of the antidliabetic active ingredient while providing protec-
tion against myocardial ischaemia, a commenly cccurring com—

plication of NIDDM, and further that
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fect is reduced due to the insulin sensitizing effect of the
enzymatic NO donor.

As zlready indicated above an objecl of cour invention is a
pharmacentical combination -for treatment and prevention of
diabetes mellitws, including zll seorts, periods and compli-
rcations of diabetes mellitus, thus ilncluding the pre-
dlapetic diseasges and thelr complications, including for-
thermore disbetic ischaemic heart disease associated with
dlabetes mellitus, comprising optionally wmore than one phaz-
maceutical compositions, whereby at least one of the campo-
sitions comprises an effective dose ¢f at least one enzy-
matic NO doner active ingredient and opticmally comprises an
effective dose of at least one antidiabetic active ingredi-
ent, and further optionally comprises usuzl pharmaceutically
acceptable carriers and/or other auxiliaries.

Further object of the invention iz e pharmaceutical combina-
tion comprising at least one composition comprising an ef-
fective dose of at least one enzymatic NO denor and at least
mme composition comprising an effective dose of an antidia-
betic active ingredient and any of the compositions cption-
ally comprising usual pharmaceutically acceptable carriers
and/or other auxiliaries.

another object of the invention is a pharmacentical composi-
tion for treatment and prevention of diaberes mellituna, in-
cluding all soris, periods and complications of diabetes
mellitus, thus including the pre-diaketic diseases and their
complications, including furthermore diabetic ischaemic
heart discase assoctated with diabetes mellitus, compriesing
an effective dose of at least ane enzymakic NO donor active
ingredient and opticnally comprising an effective dese of at
least one antidiabetic active ingredient, and further op-
tionally comprising usual pharmaceutically acceptable carri-

ers andsfor other auxiliaries,
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It ig evident from the above the combinations according to
the invention include three embodiments of the invention:

a formulztion {compositiom} containing a NO-donor, a formu-
lation containing both a WO-donor and an antidiabetic to-
gether and more than one fermulation (composition) where tne
Ho-deonor and the antidiabetic appear in separated formula-

tions.

Enother aspect of our invention is a combination or composi-
tion for treatment and prevention of diabetes associated
complications, preferably of dlabelic microvasgcular prok-
lems, such as diesbetic neuropathy, retinopathy, nephropathy,
and of dilabetes associated iachaemic heart disease, particu-
larly myocardial ischaemic heart disease,

of disturbances in gastric and intestinal motility, particu-
larly of gastroparesis, and problems of sphincter of ©DDIL,
and

of pre-dizbetic diseases, such ag polycistic ovary syndrome

(PCOS) . and of gestational diabetes syndrome (GBH).

The combination or composition may comprise an organic ni-
trate compound as enzymatic NO donor, and insulin or a per
o5 antidiabetic active ingradient, preferably thiazolidin-
edion, higuanide derivative, o-glucosidase-inhibiteor, oZz-
adrenergic-antagonist andfor a sulphonamide, preferably a

sulphonylurea as the antidiabpetic active ingredient.

Bccording to the preferred embodiment the enzymatic NC donor
is nitroglycerin (NTG), racemlc isosorbide monguitrate,
and/or its sterecizomers (I3MN), racemic isasorbide dini-
trate and/or its stercolzomers (ISDN), exythrityl tetrami-
trate, pentaeryviritel-tetranitrate, methylpropvl-

propanediol-dinityrate, propatyl nitrate, -troloitrate,
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tenitramine and/or nicorandile,

and the antidiabetic active ingredient is inswlin, troglita-
zone, pioglitazone, rosiglitazeone, meglitinide analogues,
acetchexamide, carkutamide, chlorpropamide, glibenclamide,
glibornuride, glibutamide, gliclazide, glipizids, glimepiride,
gliquidone, glisentide, glisclamide, glisoxepige, glybuzole,
qlyclopyramide, glycyclamide, glymidine free acid and its
salts, metahexamide, telazamide, tolbutamide, metbformins,
phenformine, buformine, idazoxane, acarbose, miglitol,

and/or voglibosze.

An importani embodiment of the invention is & combination or
composition comprising as the enzymatic NO donor nitrogly-
cerin, racemic iseosorbide moronitrate and/or its slereoi-
zomers, racenic isoscrbide dinttrate and/or its stereci-
zeners, and as the antidiabetic active ingredient insulin,
troglitazone, pioglitazcne, rosiglitazone, glibenclamide,

metformine andfor idazoxzane.

The compositions according Lo the lnventicon may be Lormu-
lated for direct medical use for parenteral {iniravencus,
intramuscular, subcutanecus), transdermal (patch or cin-
ment), per os liguid and selid (tablet, spray, liguid), rec-
tal, nasal, sublingual, buccal administration for controlled

{sustained) or usual relsasge.

Another important aspect of our invention is, that we have
found, that the effective doses related to the new insulin-
sensitizing effect are considerably lower than the vsual
doses related Lo the known effect of mest active substances
{gee data of the following preferred embodiments) .

Cur results have shown for the first time that in additien

to favourable effects on the heart and vasculature, pitro-
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glycerin, isosorbide-S-mononitrate, and all of The ather en-
zymatic NO donore at a dose lower than used for the treat-

ment of steble angina pecteris (see Table 1) produces meta-
bolic effects that influence insulin sensitivity in healthy

and insulin rasistant patients and mammzals.
The higher dose is only necessary, when the patient has also
to be treated against the " classical" disease, the ischae-

mic heart disease.

Preferred embodiments of our inveniion are formulations com-

prising the following daily or per hour effective doses for

Mo-treatment alone:

NTG sustained-release; p.os. 0,3-31.2 mg
NTG transdermal ocinment 0.2-0.8 mg/hour
NTG transdermal pakbch d.2-0.8 mg/ hour
ISDN tablet, capsule 0,3-135  my
IS sustained-release, p.os. 0,2-160 mg
I15DN transdermal 3-180 mg
I8MN tablet, capsule 1-40 g
ISMN sustained-release, p.oS 2-240 ™g
IsMN trapsdermal 40-300 ng

A preferred combination or composition comprises the fol-
lowing combipations of two active ingredients using the fol-
lowing daily or per hour eifective doses
a.) as enzymatic NO donor:

NTG retard per os 0.26-31.2 mg

NTG transdermal 0.02-0.8% mg/hour
NTG transd. ocimment 0,02-0.8 mg/hour
ISDN per os 0,1-135 mg

IS5DN retard per os 0,2-1680 mg
15DH transdernal 3-180 IRG
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0,1-120 mg

i8MM retard per os 0,2-240 my

ISMN transdermal 3-300 meg

.} as per ¢s antidiabetic active ingredient:

glibenclamide, per os 0,75-14 mg

mettormin, per os S0-30CGC mg
glyburide 0.1-100 myg
idazoxan, per os 20-800 mg
troglitazon 20-600 m3
pioglitazon 5= 50 mg
rosiglitazon 5 50 mg

insulin, i.v.

4-500 NE/ml.

For the purpose of cur invention more than twe active

ingredients are appiicablz. The following variations are

preferred combinations using effective doses as exemplified

above:

enzymatic NO donor,
derivative; or
enzymatic HO donor,
derivative; or
enzymatic NO donor,
oxr

enzymetic NO donor,
derivative;

or

enzymatic NG donok,
enzymatic MO donor,
insulin; or

enzymatic NG donor,

sulphenylarea, and/or bignanide

sulphonylurea, and/or thiszolidinedione

sulphonylurea derivative and/or insuling

biguanide, and/or tiadiazolidindion

biguanide derivative and/or insulin; or

thiszolidinedicne derivative and/or

sulphenylurea, biguanide, and/or

thiazolidinedione derivative; or

enzymatic MO denor,

suliphonyluresa, blguanide,
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thiazolidinedione derivative and/or inswvlin,

The present invention 1s also directed to a process for the
preparation of combinations or comppsitions of the inven-—
tion hy way of formulating an effective dose for direct
medical use of active substances usging the usual pharmaceu-
tically acceptable carriers and/or other auxiliaries for

pharmacenrtically acceptable application.

Another object of our invention is a methed of treat-
ment and prevention of diabetes mellitus, including ail
sorts, periods and complications of diabetes mellitns, thus
including the pre-diabetic diseases and their complications,
including furthermore diabetic ischaemic heart disease asso-
ciated with diabgtes mellitus, by way of administering to
the patient in need of such treatment an effective dose of a
pharnaceutical combination comprising cptionally more than
cne pharmaceutical compesition, whereby at least one of the
compositions comprises an effective dose nf at least one en-
zymatic nitric oxide donor active ingredient and cptionally
comprises an effective dose of at least one antidiabetic ac-
tive ingredient, and further cptionally comprises usual
pharmacentically accepfable carrciers and/or other auxilia-

ries.

The pharmaceutical combination used for the treatment may
comprise at least one composifion comprising an effactive
dose of at least one enzymatic NO donor and at least one
composition comprising an effective dose of an antidiabetic
active ingredient and ény of the compositions opticnally
comprising usual pharmaceutically accepiable carriers and/cr

other auxiliaries.
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The treatment may be carried out wsing a pharmaceutical
composition comprising an effective dose of al least one en-—
zymatic MO donor zctive ingredient. The composition may op-
ticnally comprise an sffective dose of at least one antidia-
betic active ingredisnt, and further optionzlly comprising
usnal pharmaceutically acceptable carriers and/or other anx-

iliaries.

Another object of cur invention is a method of treatment and
prevention of diabetes assoclated complications, particu-
larly of diabetic microvascular problens, such as diabetic
neuropathy, retinopathy, nepbropathy, and

of dizbetes assecclated ischaemic heart dlseases, such as
myocardial ischasgmic heart disecase as well as

of disturbances in gastric and intestinal motility, prefera-~
bly of gastroparesis, and problems of sphincter of ODBDI, and
further of

pre-diabetic diseases, preferably polycistic ovary syndrome
{PCOS) . and of gestatieonal diabetes syndrome {GIM)

by way ol admninistering to the patient in need of such
treatment an effective dose of the combinaticns end compasi-

tions according to the invention.

According to preferred embodiments the treatments are acoom-—
piished by way of administering an organic nitrate compound
as enzymatic NG donor, and insulin, a per os antidiabetic
active ingredient, preferably thiazolidinedion, biguanide
derivative, d-glucosidase-inhibitor, oz2-adrenergic-
antagonist and/or a sulphonamide, preferably a sulphony-
larea, as the antidiabetic active ingredient.

A preferred method includes administering to the patient in
nead of such treatment arn effective doze of 2 pharmaceutical

combination or composition comprising as the enzymatic NO
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doner nitroglycerin (KTG), racemic iscsorbide mononitrate,
and/or its sterecizomers (ISMN}, racemic isgosorbide dinpi-
trate and/or its steregizomers (ISDH), erythrityl tetrani-
trate, pentasrytritol-tetranitrate, methylpropyl-
propanediol—-dinitrate, propatyl nitrate, trelnitrate,
tenitramine and/or nicorandile,

and as the antidiabetic active ingredient insulin, troglita-—
zone, pileoglitazone, resiglitazone, meglitinlde analogues,
acetoiexanide, carbutamide, chlorpropamide, glibenclamide,
glibornuride, glibutamide, gliclazide, glipizide, glimepiride,
gliquideone, glisentide, glisclamide, glisoxepide, glybuzole,
glyclopyramige, glycyclanide, glymidine free acid and its
salts, metahnexamide, tolazamide, tolbutamide, metformine,
vhenformine, buformine, idazoxane, acarbose, miglitol,

and/or voglibose.

B preferred method consists in administering an effective
dose of as the enzymaltic NOC donor nitroglyecerin, racemic
isosprpide moncnitrate and/or its sterecizomers, racemic
ispsorbide dinitfate and/or iis stereolzomers and

as the antidiabetic active ingredient insulin, troglitazone,
ploglitazone, rosigiitazons, glibenclamide, metfermine, ida-
Zoxrane.

More particularly administering an effective dose oif as the
enzymatic NG donor nitroglycerin, and of as the antidiabetic
active ingredient treglitazone, piocglitazone, rosiglitazone,

or metformine is preferable.
Another object of our invention is a method of menotherapic
treatment by way of administering a cowpesiticn according to

following effective daily or per hour doses;

NTG sustzined-releass, p.os. 0,5-31.2 my
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NTG transdermal oinment 0.2~0.8
NTGE transdermal patch 0.2-0.8
ISDH tablet, capsule 0,3-135%
ISDN sustained-release, p.os. 0,2-1se0
ISDN transdermal 3-180
ISMN tablet, capsule 1~40
ISMH sustained-release, p.os 2-240
ISMN transdermal 40-300

(42)
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mg/hour
mg/hour
g
mg
mg
mg
ng
m3

Ferther chject of our invention is a method of combined

therapy treatment by way of administering a combination

and/or cempoziticn accoerding to tollowing effective daily or

per hour doses using two active substances

a.} as enzymatic NQ donor:

NTG retard per os 0.26-31.2 mg

HTG transdermal 0.02-0.8 mg/hour
NTG trarsd. cimment 0.02-0.8 mg/hour
15D pexr os 9,1-135 mg

ISDH retard per o= 0,2-160 mg

I50M transdernal 3-180 g

ISMN per os 0,1-120 mg

I8N retard pe.r oS Q,2-240 myg

ISMN transdermal 3-300 mg

b.) as per cs antidiabetic active ingredient

glibenclamide, per os Q, 75-14 mg

metformin, per os 50-3000 mg
glyburide 0.1-100 mg
idazoxan, per os 20-600 my
troglitazon 20-5600 mg
pioglitazon 5- 50D mg
rosiglitazon E— 8D gy
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insulin, i.wv. 4-500 NE/ml

Annther object of our invention is @ method of combined
therapy treatment by way of administering a combination
and/er composition zccordiag to effective daily or per nownr
doses as above, using variations of more than two active
substances:

erzymatic NO donor, sulphonylurea, and/or higuanide
derivative; or

enzymatic NO doner, sulphonylurea, and/or thiazeolidinedione
derivative; or

enzymatic NO doner, sulphonylurea derivative and/or insulin;
ar

enzymatic NG donor, biguanide, and/or tiadiazolidindion
derivative; or

enzynatic NO donor, biguanide derivative and/or insulin; or
enzymatic NO donor, thiazolidinedione derivative and/or
insulin; or

enzymatic NG denor, sulphonylures, biguanide, and/or thia-
zolidinedione derivative; or

enzymatic NO donor, sulphonylurea, bigpanide, thiasclidinedi—

one derivative and/or insulin.

In the following we summerize some of the main benafits of
ocur invention:

Witroglycerin a prototype of engymatic NO donors snhance
insulin sensitivity in humans, snd thus combination of spl-
phonylureas with an enzymatic NO doner yielded an amalgama-—
tion of benefit in controlling WIDDM metabolic discrder epe-—

cially in patients at risk of ischeamic heart disease.

Another aspect of the benefit from a sulphonylurea -

enzymatic NO deonor cowbination derives from the prevalence
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of gastreintestinal motility diserders in diabetes. These
alterations are considered to result from the other majer
complication of diabetes i.e. peripheral neuropathy. As a
result, disturbances occur in gastric and intestinal metil-
ity (diabstic gastroparesis] ag well as in gall-bladder aznd
sphincter of Oddi motility. the latter is of crucial impor-
tance in Che develcpieent of gall-stone disease in diabetes.
Moreover, Kapp activatien is an important mechanism in ni-
frergic relaxation of the sphincter of 0dai, thus, sulphony-~
lurea derivatives may at least io part block physiclogical
sphincter of 0ddi relaxation function even in the ahsence of
digbetes. Therefore when a sulphonylurea derivative is com-
bined with as enzymakic NO doncr, beyond producing a syner-
gistic effect on glucose metabolism, the combination bears
preservaticon of gestrointestinal sphincter function with
special regards to tie sphincter of Qddi. Finaliy, as the
antidiabetic doss of & sulphonylures in the presence of gn-—
zymatic NO donors is lower than that used in monotherapy,

the risk of hypoglycaemia will also be lower.

Metformin one of the biuanides treat cbese MNIDDM patients.
However, besides inducing lactate acidosis of low incidence,
this drug was contraindicated in cardiac and respiratory in-
gufficiency. Due to the insulin sensitizing effect of enzy-
matic NO donors, a potentialing synergism between enzymatic
NO doners and metformin on bleod glucose lowering effect al-
low the antidiabetic dose of metformin te decreass, moreo—
ver, the vascular effects and direct myocardial protection
incuced by anzymatic NO donors would make metfermin therapy

safer in WIDDM patients at risk of myocardial disease.

The major disadvantage of aw-glucosidase inhibitors was gas-

Lrointestinal inteclerance doe to both osmotic effects and
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bacterial fermentation of undigested cerbohydrates. These

effects, however, exhibited dose dependencs.

Since engymatic NO donors further reduce insulin release
with a potentiating effect on the hypoglyceamic performance
of insulin, an enzymatic NO doner - acerbose combination
wonld yield a reduction in the antihyperglyceamic dose of
acarbaose, therefore reducing its gastrointestinal side ef-

fecis,

The major disadvantage of the use of thiazolidinedicnes de-
rives from their dose-dependent toxic effects produced
aneamia and liver damage. Combining thilszzelidinedicones with
enzymatic NU dopois redueced the antidisgbetic dose of thaa-
zplidinediones resulting in a decrease in their potential to
praduce toxic effects. Meoreover, the protective effect of
the two drugs against myocardial ischaemia further decreases

the incidence of ischaemic heart disease in NIDDM patients.

In diabetic state, the insulin sensitivity enhancing effi-
cacy of enzymatic NO deonors covercome thedr inhibitory effect
on insulin release in favour of a hyvpeglycaemic action ab
modest inswlin release. In additicn, enzymatic NO donors

counteract the hypsrtensive effect of ag-receptor antago-

nists besides conferring preotection on the ischaemic heart.

Since enzymatic NO donors enhance insulin sensitivity, the
combination of insulin with enzymatic ¥NO donors necessitates
lower and less frequently spplied insulin doses when insulin
is the therapeutic possibility. Thus, risk of the two wmost
important complications of chronlc insgulin therapy such as

body weight gain and insulin resistance is significantly de-
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Explanation of the Figures:

Figure 1. Effect of nitroglycerin patch (0.4 mg/hour) on
oral glucese tolerance test in Lealthy woluntesrs. The data
are meanst/-8D, * placebo ve. active patch at p<0.95
Placebo patch, izmsulin, n=20

Active patch, insulin, n=20

Placeho patch, glucose, n=20

Active patch, glucose, n=20

Figure 2/2 Interaction between different treatments on
insulin sensitivity in normal consclous rabbits. The data are
means+/-80.

Centrol-1, n=6&; Contrcl-2, n=7; Witroglycerin patch D.07
mg/kg/h; Troglitazon 70 ng/kg ».cs, n=6; Metformin 5 mgikg
i.v., n=6; Glibenclawmide 1 mg/kg i.v., n=¢; Idazoxan 2 mg/kg
i.v., =6

*: signitficant vs. control-1, p<0.05

#: significart ve. contzol-2, p<0.03

Figure 2/B Interaction hetween different treatments on
ingulin sensitivity in hypercholesterolaemic, insulin
resistant consclous rabbits. The data are means+/-sD
Control-1, n=6; Control-2Z, n=6; Kitroglycerin patch .07
ng/kg/hi Troglitazon 70 wmyg/kg p.os, n=6; ¥etformin 3 mg/kg
i.v., n=6; Glibenclamide 1 mg/kg i.v., n=6; IdazZoxan 2 mg/ikg
i.v., n=6

+: significant wvs. placebo patch, p<0.05

Figure 3 Interaction between ISMH and metformin on insulin
sengitivity in neimal and hypercholesterolasmic, insulin
resigtant-conscicus rabbits., The data are mesns+/-3D
Placebo-1, n=6; Placebo-2, n=6; Metformin 100 wg/ky p.os, n=¢
LSMN: isosorbide-S—mononitrate 5 mg/kg p.os n=6;

HC-TIR: hypercholesterclasmic, insulin resistant

#: significant vs. placebo-1l, p<0.05

#: significant vs, placebo-2, p<0.05
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Figure 4/R Synergism between arzvmatic NO donors and insulin
senaitizers in hypercholesterclaemic, insulin resistant
cenacicus rabbits. The data are expressed as percent of means.
HC~3R: hypercholesterolasmic¢, insullin resistant

NIG: nitroglycerin; ISMHA: isosorbide-5-moncnitrate

*: signifiecant va. HC-IR contrel, .05

Figare 4/B  Synergism belween nitroglycerin and nor insulin
sensitizig antihypergiycaemic compounds in hypercholesterol-
aemlc, insulin resistant conscious rabbits. The data are
expressed as percent of means.

HC-IR contrel, n=6; HC-IR: hypercholesterclaemic, insulin re-
aistant; Witroglycerin patch 0.07 mg/kg/h; Glibenclamides 1
mg/kg 1.v., n=6; Idazoxan 2 mg/kg 1.v., n=6; Combinalions, n=6
*: significant vs. HC~IR control, p<0.05

Figure S/A Effectcdifferent treatments on nerve conduction
welocity in femoral "C" fibers in streptozotocin diabetic
vabbi{s. The data are means+/-3D.

Control-1, n=6; Ceontrol-%, n=6; Nitroglycerin patch 0,07
my/kg/h; Troglitazon 70 ng/kg p.os, n=6; Metformin 5 my/ kg
i.v., n=6; Glibenclamide 1 mg/kg i.v., n=6; I[dazoxan 2 mg/ kg
i.v., n=6

*: significant vs. control-1i, p<0,065

Figure 5/B Effect of nitreglvcerin and nitroglycerin-
troglitazon combination on nerve conduction velocity in
femoral "C" fibers in hypercholesterolaemic, insulin resistant
rabbits. The data are means+/-5D.

Contrel-1, n=6; Control-2, n=6; Nitroglycerin patch 0.07
mg/ke/hi Troglitazon 70 mg/kg p.os, n=6

*; significant vs. control-l, p<0.05

#: significant vs. cohtroi-2, p<0.05

+: significant vs. placebo patch, p<n.0s

Figure 6/A  Interaction between different treatments on
ventricular pacing induced ischaemia in normal conscicus

rabbits. The data are means+/-5D
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Control-i, n=6

Control-2, n=6; Nitreglycerin patch £.07 mg/kg/h; Troglitazon
70 my/kg p.os, n=6; Metformin 5 mg/kg i.v., n=6; Glibenclamide
1 mg/kg i.v., n=6; Idazoxan 2 mg/kg i.v., n=§
*: significant vs. control-l, p<0.05

+: significent vs. placebo patch, p<0.0%

Figare &/B Interaction beatween different treatments on
ventricular pacing-induced ischaemia in hypercholesterclaemic,
insulin resistant rabbits. The data are means+/-SD

Control-1, n=8; Control-2, n=6; Nitroglycerin patch 0,07
mg/kg/hy Troglitazon 70 mg/kg p.os, n=8; Metformin & mg/kg
i.v., v=6; Glibenclamide 1 mg/kg i.v., n=6; Idazoxan 2 mg/kg
1w, n=§

*i significant vs. control-l, p<0.05

#: significant vs. coptral-2, p<0.05

Figure 7 Treshold doses of per os controlled-relsase
igosorbide-5-mononitrate (ISMN) on insulin sensitivity and
myocardial ischaemia in normal conscious rabbits. The data are
means+/~SD. * placebe vs. treatment on insulin sensitivity and
# pilacebo ve. treatmest on ST-alewation, p<0.05.

 — Glocose infusion rate {insulin sensitivity)
- O sT-elevation (ventricular pacing-induced
ischaenia)

The following examples illustrate various aspects of the in-
vention without the aim of limitation.

Examples

Hethod 1.

Effect of nifrogiycerin on glucose-stimulaled insulin release
in humans,

Twenty persons wers studied. None of them had a history of hy-
pertension, diabetes mellitus, or emcking.
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Between 2 cral glucese tolerance tests {CGTT) the volunteers
were randcemized Icor receiving elther active NITRODERM TTS 14
(releasing approx. 0.4 mg hour™ nitroglycerin} or placebo
patches. The study was carried out and evaluated in a double
blind fashion. The patients received the glucose sclution at &
a.m. Vencus blocd samples were taken during fasting
(immediately before glucese) and at 15, 30, 60, 80, 120 and
180 minntes after the gluccse leoad. The samples evaluated for
plasma glucose level {mmol 17°) and immunoreactive insulin re-
aponses (U mi™). Plasma glucose was determiped by means of an
auteanalyzer, using the glucose cxidease method. Imminoreac-—
tive insulin levels were assessed by radicimmuncassay method
using antihuman antibody. During the study, two ECG leads (IX
and ¥y or V¢ and arterizl blood pressure were continnousiy
mori tored.

Nitreglycerin significantly decreased the increase in insulin
in response tooral glucose load as compared Lo correspoading
values in the placebo patch group. There were uc differences
in plesma gluccee levels in the two groups | Fig. i and Table
I).

Method 2.

Animals and surgery:

The experiments are carried out with adult, male New Zmaland
white rabbits, weighing 3.0-3.5 kg, housed as described in Am,
J. Physicl 1924, Heart Circ. Physicl, 35 : K2033-H2041 and J.
Moll Cell., Cardiol. 1397, 22: 1877-19853.

Cardiac electrophysiology and hasmodynamics:

The right intracavitary electrogram, the chest-lead ECG, the
left wventricular pressure curve and MABP ars continuously re-
corded as above.

Global myocardial ischeemia induced by ventricular overdrive
pacing:

The induction of glebal myocardial ischaemia was based on a
method described as above.

Bxperimentzl hyperlipidaemia and insulin resistance in rab-
bits:

Adult male Kew Zealsnd white rabbits are fed laboratery chow

enriched with 1.5% cholesterol (atherosclerctic group) over
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a pericd of eight to twelve Weeks. According to our experi-
ences, exposure to cholesterocl-enriched diet over this pe-—
riod results in a nearly twentyfold increzse in servm total
cholesterol level: a decreasge in insulin-stirulated glucose
uptake with sortic lesion surface area of 55 % and an ap-
prox. Tifty percent loss of endothelium-dependent relaxation
of rings frow thoracic acrtae in rakbbits.

Nerve conductlion velocity studiszs

These series of experiments were carried out to verify/exclude
seneory neuropathy. Left saphenous nerve conduction velocity
was determived as described in Bur J. Fharpacol 1999, 3B6;:B83~
88,

Determiration of insulin sensitivity/insulin resistance :

T estimate insulin semsitivity smd/or insulin resistance, hy-
perinsylinaemic {100 2U/ml) euglycaemic (5.5 wM/1) glucose
<lamping was used. The glucose clamping values (M) were estab-
lished as walues of glucode infusion rates expressed in
ng/kg/min te maintain bleood glucose level at 5.5 mM/l.

Resulls

1. Irteraction beotween nitroglycerin and glibenclamide, met-~
formin, troglitazon or idazoxan on insulin sansitivity in nor-
mal conscious rabbits:

As shown in Fig. 2/A and Table II, the M values of hyperin-
sulinaemic and euglycaenic glucose clamping significantly
increased in the presence of treglitazon (70 mo/kg/day p. os
over 3 days}). EBither metformin (3 mg/kog/day i.v. over 3
days} or glibenclemide (1 mg/kg i.v. 10 min prior to glucose
infugion) or idazoxan {2 mg/kg i.v.) was without effect.

The M values are also significantly increased in the pres-
ence of 0.07 myg/ke/min transdermal nitroglvcerin combined
with troglitazon or metformin (Fig. 2/A, Table II}.

2. Interaction beiween nitroglycerin and glibenclamide, mat-

formin, troglitazon or idazoxan cn insulin sensitivity in hy-

percholesterolaemic, insulin resistant conacions rabbits:
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In the presence of nitroglycerin {0,087 mg/kg/h) M values of
hyperinsulinaemic and cuglycacmic glucose olamping increased
as shown in Fig. 2/B (control-Z, Table IT). Tn the pres-
ence of nitroglycerin and troglitazon {70 mg/kg/day p.os
over 3 days}, metformin (5 mg/kg/day i.v. over 3 days),
giibenclamide (1 mg/kg i.v. 10 min pricr to glucese infu-
slon} cr idazoxan {2 mg/kg 1.v.} the M values are also
sigaificantly increased compared to the placebe patch
group {(Fig. 2/B, Table II).

3. Interaction between isosorbide-5-mononitrate and metformin,
on insulin sensitivity in normal conscious rabbiis:

After treatment with iscsorbide-S-moponitrate (ISHMN) {1
mg/kg/day, Qlicard 40, Solvay Pharma, Hannover, Germany) M wval-
ues of hyperinsulinaemic and euglycaemic glucose clamping in-—
<reased as compared to the contreol | Fig. 3, placebo-1; Talle
I1I} vzlue. Metformin (100 mg/kg/day p.os over 3 days) was with-
out any effect, but in the presence of ISMN , metformin elicited
2 significant increase in the M values { Fig. 3, Table IIX).

4. Interaction beltween iscsorbide-5-mononitrate and met-
formin, on instlin sensitivity in hyperchelesterclasmic, in-
sulin resistant conscious rabbits

Affer treatment with sosorbide-S-mononitrate (ISMM) (5
mng/kg/day, Olicard £C, Sclvay Pharma, Hannover, Germany) M
values of hyperinsulinaemic and esuglycaemic glucose clamp-—
ing significantly increased as compared to the control
(Fig. 3, placebo-2) value. Metformin {100 mg/kg/day p.cs
over 3 days) alone and the combination of ISMN and met-—
formin also elicited a significant increase in the M val-
ues (Fig. 3, Table III).

1.

5. Byrergisn between enzymatic NQ donors and insulin sensi-
tizer compounds on insulin sensitivity in hyperchelestero-
igemic, insulin resistant consclous rabbils:

The enzymstic NO donors (nitroglycerin, ISMN) combined with

known insulin sensitlzer compounds (mebformin, trogiitazzon)
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procduced synergism (increased effectivity) op insulin sensi-
tivity, as shown in TFig. 4/B end Table IV.

6. Synergism between enzymatic MO donars and non insulin
sensitising antihyperglycacmic compounds in hypercholes-
terclaemic, insulin resistant conscious rabbits:
Nitreglyecerin combined with antihyperglycaemic compounds
that are without insulin sensitising effect (glibencla-
mide, idazoxan) produced synergism {increased effectivity)
on glycasnic contrel (Fig., 4/B, lable IV).

Nitroglycerin and glibeclanide combination produced syner—
gism mot only on metabolic effects, but on anti-ischacmic
effects (Fig. B/B, Table VI}), as well.

7. Interaction between nitreglycerin and glibenclamide, met-—
fo
velocity in énaesthetized rabblis with streplozotocin diabe-

n, troglitazom or Idezoxan on famoral nerwve conductlcon

tas:

Streptozotocin {40 mg/kg i.v.) produced a decrease in nerve
conduction velecity in femoral "A" and “C" fibres, respeo-
tively, as determined £ weeks after strepteczofocin injec-
tion. Nitroglycerin (12-h patch on vs 12-h patch off periods
over three days} significantly improved nerve conduction in
“c¥ fibres (Fig. 5/A, Tahle ¥V} with a marginal amelioration
of ™A” fibre conducticn (data not shown). Neither troglita-
zon,nor glibenclamide, idazoxan or metformin produced any
effect on nerve conduction wvelocity in the streptorotocin-
diabetes model. The combination of any of these drugs with
nitreglycerin yielded en improvement of conduction velocity
in streptozotocin-diagbelic aminals similar to that seen with
nitreglycerin alone.

8. Synerglsm between enzynatic NO donors and insulin sensi-
tizer compounds en femoral nerve conduction velociity in an-—
aesthetized rabbits with hypsriipidaemia-induced insulin re-
sistance:

An eight-week pariod of atherogenic diet resulted jn a de-

crease in narve conduction velocity in "C" fibres (Fig.
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5/B.; contrel-1; Table V). This was attempated by nitroglyc-
erin and treoglitazon {Fig. 5/B, control-2; Table V).

When these drugs were applisd together, the "C" fibre nerve
conduction velocity values increased further, and did not
differ significantly from those measured in healthy rabbits
in the absence of any drugs (Fig. S/B, Table V).

2, Interaction betwesen nitroglycerir and glibenclamide, met-
formin, troglitazom or idazexan on pacing-induced myocardial is-—
chaemie in normal conscious rabkits:

Troglitazon and nitreglycerin sigpificaptly decreased intra
cavitary ST-segment elevation (Fig. 6/3, Table VI), but met
formin and glibenclamide were without effeckt.

When nitroglycerin was combined with troglitazen, glibencla
ride, metformin or idazoxan, each combination produced an
anti-ischaemic effect similar to that produced by nitroglyc
erin alone (Fig 6/A, Table VI).

10. Imteractien between nitroglycerin and glibenclamide,
netformin, troglitazen or idazoxan on pacing-indaced myovar-
dial ischaemia in hypercholesterclaemic, insulin resistant
conscious rabbits:

Nitreglycerin significantly decreased intracawitary ST-
segrent elevation (Fig. &/B; control-2; Table VIl. Troglita-
zon also induced an anti-ischaemic effect although of lower
ampliitude than that produced by nitroglyrcerin. Metformin and
glibenclanide were without effect. Idazoxan mggravated is—
chaemic changes produced by VOP (Fig. 6/B, Table VI), moreco-
var, VOP induced ventricular extrasyatocles-in the insulin
resistant animals.

When nitroglycerin was conbined with troglitazon the anti-
ischaemic effeclt exceeded that induced by nitroglycerin
alone (Fig 6/B, Table VI). Nitroglycerin + metformin, nitro-
glycerin 4+ glibenclamide produced an anti-ischaemic efifect
approx. of the same magnitude as that seen with nitroglyc-
erin alcne.

i1. Threshold doses of per os extended-release isosorbide-5-
mononitrate on insuwlin sensitivity and ventricular pacing~
induced myocardial ischazemia in normal cotscious rabbits:
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The efiect of 1, 2, and 4 mg/kg per os ISMN were tested, to
compare the metabplic linsulin sensitising) and anti-~
ischaeric (changes in 3T-segment elevation) dose range of
ISMIT. 1 mg/kg was withoul any effect, but Z mg/kg produced
significant metabeolic effect with a statistically insionifi-
cant anti-ischaemic effect. 4 mg/kg and higher doses of ISMW
had metabolic end anti-ischaemic effects, as well (Fig. 7,
Tabie VIY). The threshcid duse of the insulin sensitising
effect was 2mg/kg, 50% of the threshold dose of the anti-
ishaemic effect.

The uswal human anti-anginal {anti-ischaenmic) doses of con-
trolled release ISMN preparations are 30 to 240 mg/day. The
threshold anti-anginzl dose is 30 mg/day.

Humzn dose: 15 mg retard ISMN + 250 mg retard metfromin
Evaluation of Experimental Resulta:

Qur results have shown for the Tirst time that in additicn
to favourable effects on the heart and wvasculature, nitro-
giycerin, ISMN, and all of the other enzymatic MO denors at
a dose identical or even lower To that used for the treat-
ment of stshle angina pectoris (see Table 1) produces meta-
bolic effects, that influence ingulin sensitivity in healthy
and insnlin resistant patients and nammals.

The enzymatic NO-denors applied at an anti-ischaemic dogage
range { se¢ the corresp. Table) produces additional meta-
bolic effects, that influence post-prandial baswodynamic ad-
Justments of potential risk in patients and mammals with
coronary artery digease.

The combinations of the known antihyperglyczemic compounds

with enzymatic NO doncrs produce synerdgism on insulin sensi-
tivity.
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Doses of the Enzymatic NO-Doners Used for the
Treatment of Stable Anging Pecioris

drug form
NTG  sublingual wablet
NTG  sublingual spray
WIG  buccal tablet
NTG  sustained release,
oral
NTG  twransdenmal
ointment, 2%
NTG  transdermal patch
1SDN  oral spray
15D sublingual tabley
ISDM  tablei, capsule
ISDN  sustained release,
oral
ISDN  mansdermal
133 tablet, capsule

ISMVEN dustained release,
oral

™
0,3-0,6
0,4-0,8
1-3
2,6-10,4
1-10 cra
7,5-30 mg
0,2-0,8
mghour
1,25-3,75
2,3-10
1045
20-80
30-90
10-20

30240

daily administration

1-3 times or 2-F min, before
activity
1-3 imes or 2-3 min. before
activity
3 firaes or 2-5 min. before activity
2-3 times
3-it tirnes

onee

1-3 imes or 2-5 min. hefore
actvity

5-10 min. befere activity

3 times

1-2 times

1-2 times

twice

once
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Table [ Effeet of transdermal nitroglycerin on oral glecose tolerance teat i human
volanteers
Placeho patch Active patch

Sampling Glucose Insutin Glucose Insulin
{emin} (mrmoL") {UmL"} {memaL) (WUmLY)

0 (control) 48102 51209 42403 52409
135 T A5 77733 73411 339444
30 69407 78.845.1 6.1:0.6 36,3450

&0 5.340.4 44313.1 53404 25.6333
20 44502 30687 47407 281829
120 38204 16.843.3 4.240.3 152524
180 41404 12131 4.530.5 14426

-

The data are meant$D obtained from 20 patients.

[ Table [T Interaction between difierent weatments on mevlin sensitlvity in rabhits

Glucese mfuslon rate (mgfg/min.)
Hypercholesterclaemic, insulin
Normal rabbit resistamit rabbit
Active patch Active patch
Phacebo patch {nitrogtycesin Placeho patch  {nitrogfycerin
0.07 mefkgh) 0.07 mg/kg/h)
Contro? 14.6670.8165 16.857£1.0690 9.000£1.0954  12.667+3 0328
=6 n=7 =6 =5
Troglitazon, n=6 FLISTE0TSIE 19333210028 LLO0DELEOTH 14.657:12111
{70 mgkg pos)
Metfornin, n=5 1566740 8165 19.833H0,7528 10833411690 14 50013784
(5 mgfkgiv.)

Glibenclamide. n=8  14.667+1.2(11 16,5001 0488 5833209832 11333212100
ttmzkgiv)

ldazoxan, n=¢ 14.667+1.0123 16.000+] 2649 8500208367 12.333%1.7224
(2mgkgiv)

The data are mean=SD.

SUBSTITUTE SHEET (RULE 26)

JP 2004-503585 A 2004.2.5



L B e B |
L T e T e T e T s T e T s T e T e O e T e T e, B s Y s T e B e T e B e R e T e O e O e O e B e B e |

Wi 0205795

30

(58)

PCTHTOLMDOTY

Table 01 Interaction between ISMN and metformin on insulin sensitivity in rabbits

Glucose infusion rate {mg/kg/min.)

Hypercholesterolgemic,

€160 mg/kg p.os), =6

Treatment Normal rabbit imsulin resistant rabbit
Control, n=6 14,6041 06300 97021 6000
Metformin, 1-6 14.80:0.0800 1170410300
(100 mg/kg p.os)

ISMN controlled release,

=6 16.3040.8200 14.00+0.8300
(5 mgfkg p.os)

ISMN coatrolled release (5

ik p.os)  metformin 19.30£0.0820 15.8020.7500

The data are mean+8D,

hyperchalesternlaemic, insulin resistant rabbits

Table IV Synergism between enzymatic NO doners and known anii-Giahetics in

Trestment Insulin sensttivity
(%)
Control 1000
Metformin (5 mg/kp iv.) 1204
Troglitazon (70 mg'kg p.os) 1222
Nitroglycerin pateh (0.07 mg/kg/h) 140.7
Nitroglycerin patch (Q.07 mg/kg/h) + metformin {5 mghkgi v} 16310
Nitroglycerin patch {0.07 mghkgh) + tmg!imuq {70 mg/kg p.os) 1652
Metformin {100 mg/kg p.os) 1206
ISMN controlled releass (5 mp/kg p.os) 144 4
ISMN controlled reterse (5 mg/kg p.os) + Metfarmin (100 mg/kg p.os) 163.9
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femoral

“C" fibers in rabrbits.

(59)
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Table V¥ Interaction between different treatwents on nerve conduction velocity in L

Healthy usttrested

Nerve conduction vedocicy {dm/s))

]

6.240.3
rabbit
Hyperchelestergisemie,
Strepozotocin diabetic rabbit imgulin resistant rabbit
Treatment Placebo patch  Active gatch Placebo patch  Active patch

Contra), 16 31103 36102 36402 4.3H)4
Treglitazon, n=6 32403 3602 - -
(70 mpfkg p.os)
Metiormin, n=5 31302 36402 - -
{Smpkgiv)
Gliberclamide, n=6 294024 36402 - -
{1 mgfkgiv)
Idazexam, n=6 2.8:0.26 34302 - -
@ mgkgiv)
Traglitazan, n=6 - - 46434 59403
(T mglkp pos)
The data are meant5D,
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Table VI Interaction betwien different tremt

ments ont veniricular pecing-indaced
ischaemia in rabbits
ST-segment ehevation (mv)
Hypecchalesteralaemic, insulin
Notmal rabbit resistant rabbit
Active paich Active patch
Treatment Placebopatch  (nltroglycerin  Placeba pateh (nitrogtycerin

0.07 mg/kgh) 0.07 mgfkg/h}
Control, 76 1330.10 87010 204013 14:010
Troglitazon, n=6 1.1:0.08 0.740.09 163012 1.08z0.10
{70 mgfkg p.os)
Metformin, n=6 1.440.08 084010 2140013 1.5+0.08
(S mgkgiv)
Ghbenclamide, n=6 1.430.08 0,810,068 192040 1.5+0.13
(1 mgfkgiv.)
Idazoxan, n=6 1.410.05 ©.810.09 231050 134016
(2mg/kgiv)
The data ate meanSD,

Table VL Treshold dases of per 08 contralled release IS

MIN on ingnlin sensitivity and
myocatdlal ischaemia in novrnal rabbits

Glucose infusion rate {mp/kpimin,) ST-segment elevation

Treatment

(m¥)
Control, =5 13.621.03 204012
t mg/kg ISMN, n=6 142308 105009
2 g LMY, 1= 160209 194016
4 mg/kg ISMN, n=6 163210 142012

“I'he data are mean=50)
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CLATMS
1. 2 pharmaccutical combination for treatment and preven—

tion of diabetbs mellitus, including all soris, periods
and complications of diabetes mellitus, thus ingluding
the

pre-diabetic disesses and their complicatiens, including
furthermore diabetic ischaemic heart diseese associated
with diabetes mellilus,

comprising optionally more than one pharmaceutical compo-
zition, whereby at lezast onz of the compositions com-
prises an effective dose of at least one enzymatic nitric
oxide (MO} donor active ingredient and optionally com-
prises an effective dose of at least one antidiabetic ac-
tive ingredient, and further optionally comprises usual
pharmaceutically acceptable carriers and/er other auxil-

jaries.

A pharmaceutical combination according to claim 1,
comprising at least cne composition comprising an effec-
tive dose of at least cne enzymatic NO donor and at lesast
one composition comprising an effective dose of an an-
tidiabetic active ingredient and any cf the compositions
optionally comprising usual pharmaceutically acccptable

carriers and/or other auxiliaries.

A pharmacsutical composition according te claim 1 for
treatment and prevention of diseases according to claim
1

cnmpiising an effective dose of at least cne enzymatic
nitric oxide (WO) donor active ingredient and optionally
comprising an effecctive dose of at least one antidiabetic

active ingredient, and further optionally comprising
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34

usual pharmacentically acceplable Catlivis cuus vl CLuel

aumillaries.

A combination or compesition according to any of claims 1
to 3 for treaiment and preventien of diabetes associated
complications, preferably of diabetic microvascular prob-
lems, preferably diabetic nsuropathy, retinopathy,
nephropathy, and of disbetes associated ilschasmic heart
disease, preferably myccardial ischaemic heart disease,
of disturbances in gastric and intestinal motility, pref-
erably of gastroparesis, and prebiems of sphincter of
ODDI, and

of pre-diabetic discases, preferably polyclatic ovary
syndrome (BCCS), and of gestational diabetes syndrome

(GRM) .

A combination or composition according to any of claims 1
to 4 comprising an organic nitrate compound as enzymatic
NO denor, and insplin, a per os antidizbetic active in-
gredient, preferably thiazolidinedion, biguanide cderiva-
tive, a-glucosidese-inhibiter, wZ-adrenergic-antagorist
and/or a sulphonamide, preferably a sulphonylurea, as the

antidiabekbic active ingredient.

A combination or composition according to any of claims 1
to 5 comprising as the enzymatic NO doner mitroglycerin
{NTG), racemic isosorbide menonitrate, and/for its stereo-
izomers {ISMN), racemic isosorbide dinitrate and/or its
sterecizomers (ISDN), erythrityl tetranitrate, pentaery-
tritol-tetranitrate, methyipropyl-propanedicl-diniltrate,
propatyl nitrate, trolnitrate, tenitramine and/or nice-
randile,

and as the antidiabetic active ingredient insulin, tro-
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as

glitazone, pioglitavone, rosiglitazone, meglitinide ana-
logues, acetohexanide, carbutamide, chlorpropamide, gliben—
clamide, glibornuride, glibutsmide, gliclazide, glipizide,
glimepiride, gliguidone, glisentide, glisolamide, gli-
soxepide, glybuzole, glyclopyramide, glycyclamide,
glymidine free acid and its salts, metahexamide, tola-
zamide, tolbutamide, metformine, phenformine, buformine,

idazoxane, acarbose, miglitol, and/or voglibose.

A combination or composition according te aay of claims U
to € comprising as the enzymatic NO donor nitroglycerin,
racemic isoscrbide mononitrate and/or its stereocizomers,
racermic isosorbide dinitrate and/or its sterecizomers,

a5 the antidiabetic active ingredient insulin, troglita-
zone, picglitazone, rosiglitarzone, glibenclamide, met-

formine, idazozane.

A combination or composition accoxding to any of claims 1
to 7 formulated for parenteral {intravencus, inCramiscu-—
lax, subcuotanecus}, transdermal (patch or vinment), per
¢s liguid and colid (tablek, spray, liquid), rectal, na-
sale, sublingual, buccal administration for controlled

{sustained) and usval release.

A composition according tc any of claims 1 to § Compris—

ing the following dally or per hour effectiwve doses:

NTG sustained-release, p.os. G,5-31.2 mg
NTG transdermal oinment 0.2-0.8 mg/hour
NTG transdermal patch 0.2-0.2 g/ hour
ISDN tablel, capsule 0,3-135 mg
ISDN sustained-release, p.os. 0,2-160 mg
ISIN transdermal 3-180 mg
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10.

11.

1z,

EL

ISMN tablet, capsule
ISMN sustained-release, p.os

ISMH transdermal

A composition agaording te any of
comprising the following daily or
doses:

NIG sustained-release, p.og.

KTG transdermal oinment

NTG transdermal patch

ISDN tabiet, capsule

ISDN sustained-release, p.oSs.
ISDN transdermali

ISMN tablef, capsule

ISMN sustained-releaze, p.os

ISMN transdermal

A composition according to any of claims 1

1-40
2-240
40-300

(64)

PCTHTOLMDOTY

g
ng
mg

claims 1 to B

per hour

59.2-31.2
0.2-0.%
0.2-0.8
3-13h
2-160
3-18D
20-40
30~240
40-300

effective

gy
mg/hour
wg/haur
my
mg
mg
ey
mg

my

to 8

comprising the following daily or per hour effective

doses:

NTG sustained-release, p.os.
KTG traonsdermal oinment

NTG transdermal patch

I2DN tablet, capsule

ISDW sustained-relsase, p.os.
ISDY transcdermal

ISMN tablet, capsule

I3 sustainad-relesase, p.0S
I3MM transdermal

0,5-5.2
0.2-0.8
0.2-0.89
n,3-3
0,2-2
3180
1- 20
2- 30
40-300

ng
ng/hour
g/ houx
ny
g
oy
mg
g
g

A combination or compesiticn according to any of claims 1

to 8 comprising the follewing daily or per hour effective

doges:
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13,

NTG retard per os
NIG transdermal

NTG transd. oinment

37

@.] a8 enzymatic HO donor:

PCTHTOLMDOTY

(65)

0.26-31.2 ng
0.02- 0.8 mg/hour
0.02-0,8 mg/hour

ng_

ISDN per os 4,1-135 mg
ISON retard per o8 0,2-150 mng
ISDN transdernal 3-180

ISKH per oS 0,1-120 my
ISMN retard per os 0, 2-240 my
IEMN transdermal 3-300 mey
L.} as per cs antidiabetic active ingredient;
glibernclamide, per os a,75~14 meg

metformin, par os 50-3000 my

glyburide 0.1-100 mg

idazoxan, per os 20-600 mg

troglitazon 20-600 mg

ploglitazon 5- 50 mg
resiglitazon 5- 50 mg

insulin, i.v, 4-500 NE/ml.

A combination or composition ageording te any of ¢laims 1

te 8 comprising the following daily or per hour effective

doses:

a.) as enzymatic NO donor:

HTG
NG
NTG
150N
ISDN
ISDW
I3MN
I5MN

retarg per os 0.26-31.2 mg
transdermal 0.02-0.8 mg/hour
transd. oinment 0.02-0.8 mg/hour

pPer 08 1-13% mg
retard per os 2-160 me
transdernal 3-140 g
per os 1-i20 mg
retard per os 3-240 g
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IsMN transdermal 3300

(66) JP 2004-503585 A 2004.2.5
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mg

as per os antidiabetic active ingredicnt:

b.)

glikenclamide, per os 0, 75-14
netformin, per os 50~3000
glyburide 0.1-100
fdazoxan, per os 20-600
troglitazon 20-600
piloglitazon 5- 50
rosiglitazon 5= 50
insulin, i.v. 4-500

mg
my
mgy
™y
g
ma
mg

NE/ml .

% cembinatior or composition according to any of claims 1

to & comprising the following dally or per hour effective

doses:

a.) as enzymatic NO donor:

NTG retard per os 0.26-31.2 mg

NTG  transdermal 0.6G2-0.8 my/hour
NTG ‘transd. cinment 0,02-0.8 mg/hour
ISDN per os a,1-] mg

ISDN retard per os 0, 2-2 mey

ISDN transdernal 3-130 mg

ISMH per os 0,1~-1 myg

ISMN retard per os 0,2-3 mey

I8M tranzsdermal 3-300 mg

b.) as per os antidiabetic active ingredlent:
glibenclanide, per os 2,75-14 myg
metformin, per os 50-3000 mg
glyburide 0.1i-100 my
idazoMan, per o©s 20-600 mg
troglitazon 20-600 mg
pioglitazon 5- 50 mg
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3%
rosiglitazon 5- 50 mg
insulin, i.wv. 4-500 NE/ml.
15. A combination or composition according to any of claims 1

16.

7.

te 8 and 12 to 14 comprising the following combinations af
more than two active ingredients using effective doses
according to the claims 12 or 13 or 14:

enzymatic NO donar, sulphonylurea, and/or biguanide
derlvative; or

eneymatic NO donor, sulphenylurea, and/or thiazelidinedicne
derivative; or

enzymatic NO denor, sulphonylurea derivative and/ocr insuling
or

enzymatic NO donor, biguanide, and/or tiadiazelidindione
derivative; or

enzymatic MO donor, biguanide derivative and/ecr insulin; or
enzynatic NO donor, thiazolidinedione derivabive and/or
insulin; or

enzymatic WO donor, sulphonylurea, biguanide, and/or thia-—
zolidinedione derivative; or

enzymatic MO donor, sulphonylurea, biguanide, thiazolidin-

edione derivative and/or insulin.

Process for preparation of a2 combination or composition
acocording to any of claims 1 to 15

characteriged by formmulating an effective dose for di-
rect medical use of active substances using the usual
rharmaceutically acceptable carriers and/or other auxil-—

iarigs for pharmaceutically acceptable applicaticn.
Method of treatment and prevention of diabetes mellitus,

including all sorts, pericds and complications of diabetes

mellitus, thus including the
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18.

18.

20

pre-diabetic diseases and their complicatiops, including
further diabetic ischaemic heart dissase asscciated with
diabetes mellitus

characterised by administering to the patient in need of
such treatment an effective dose of a combination or com-

position according to amy of claims 1 to 15.

Method according te any of claims 16 to 17
characterised by administering an effective dose of ni-
troglycerin as the enzymsatic NO domor, and of troglita-
zone, ploglitazeone, rosiglitazone, or metfermine as the

antidisbetlc active ingredient.

Method of monotherapic treatment according to any of
claims 16 to 18 characterised by administering a compo-

sition according to following effective daily or per hour

doses:

NTG sustainsd-release, p.QS. 5,2-31.2 mg

NTG transdermal oinment G.2-0.8 mg/hour
NTG transdermal patch 9.2-0.8 mg/honr
IS tablet, capsule 3-135 meg
IsmN sustained-release, R.0S. 2-160 mg
I5DK transdermal 3-180 mg

ISMN tablet, capsule 20-40 jitled
ISMN sustained-relsase, p.0S 30-240 mg
ISMM transdermal 40-300 mg

Method of monotherapic treatment aceording to any of
claims 1¢ to 18 characterised by administering a
composition according to following offective daily or per
hour dogeas:

NTG sustained-release, p.os. Q,5-31.2 mg

NTG transdermal ocinmenkt ¢.2-0.8 my/hour
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21.

22,

NTG tramsdermal patch

ISDN tablet, capsule

ISDN sustaiped-releases, p.05.
ISDN tranadermal

isMN taklet, capsule

1My sustalned-releass, p.os

ISMN transcermal

0.2-0.8
0,3-135
0,2-160
3-180
1-40
2-240
40-300

(69)
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mg honr
mg
mg
mg
e
™g

mg

Method of meonctherapic treatment according to any of

claims 16 to 18 characterised by administering a compo—

sition according to following effective dally or per hour

doses:

NTG sustained-releasa, p.os.
NTG transdermal oinment

WTG transdermal patch

ISEN tablet, capsule

ISDN sustzined-release, p.os.

ISDN ;ran..sdemal

ISMN tabklet. capsule

IsMd sustained-release, p.os
ISMN transdermal

0,5-5.2
0.2-0.8
0.2-c¢.8
0, 3~3
0,2-2
3-180
1-20
2-30
40-300

mg
g/ hour
mg/hour
g

my

mg
pule)
mny
g

Method of combined therapy treatment according to any of

ciaims 18 te 18 characlterised by administering a

comination and/or composition according to following

affective dally or per hour doses using twe active

substances:

al as epaymatic NO donor:

WTG reiard per 0s 0.26-31.2 mg
WTG +transdermal 0.02-0.8 mg/hour
NI transd. olnment 0,02-0.8 mg/hour
ISDN per os 1-135 mg
15DN retard per os 2-160 ng
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42
18DK transdernal 3-180 mg
ISMN per og 1-120 my
1SMN retard per os 3-240 mg
IskN transdermal 3-300 mg

23.

L.} a5 per os antidiabetic active ingredient:

glibtenclamide, per og 0,75-34 g
metformin, per o& 50-3000 me
glyburide 0.1-100 mg
idazoxan, pesr o 20-&00 ng
troglitazon 20-600 mg
ploglitazen 5- &0 hites
resiglitazon 5~ 50 pulei
ingulin, i.¥. A4-500 NE/ml.

Method of cowhined therapy treatment according te any of
claims 16 to 18 characterised by administering a
combination and/or composition according to following
effective daily or per hour doses using two active
substances:

a.)as enzymatic NO domor:

N1 retard par o5 0.26-31.2 mg
NTG transdermal 9.02- 0.8 mg/hour
HIG transd. cimment 0.02-0.8 mg/honr
ISDN per os 9,1-135% mg
ISDH retard per os 0,2=-160 myg
ISDH transdernal 3-180 mg
T1SMI per os 0,1-120 mg
T3MN retard per os 0,2-240 mg
ISMN transdermal 3-300 meg

b.] as per os antidiabetic active ingredient:

glibenclamide, per os 0,75-14 mg
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24.

metformin, per os
glyburide
idazoxan, per os
troglitazon
pioglitazon

rosiglitazon

43
50-3000 mg
0.1-100 ng
20600 g
20-600 mg
5= 50 g
5 b0 ey

insulin, i.v. 4-500 NE/ml

(71)
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Method of combined therapy treatment according te amy of

claims 1€ to 18 characterised by administering a

combination and/or composition accerding to follawing

effective daily or per hour doses using two active

sibetances:

a) as enzymatic

NIG retard per os

NIG transdermal

NTG transd. oinment

HO donor:

0.26-31.%2 mg

0.02-0.8 mg/hour

ISDN per as 0,1-1
ISDN retard per os 0,2-2
ISDH transdernal 3-180
ISMN per oF d,1-1
ISHN retard per os 0,2-3
ISMH transdermal 2-300

b.) as per os antidiabetic active ingredient:

glibenclamide, per os 0.75-14

meiiormin, per og
glyburide
idazoxan, per os
traglitazon
piloglitazen
rosiglitaren

insvlin, i,v.

50-3000
0.1-1C0
20-500
20-600

3- 50
8]

43

[

0.02-0.8 ng/hour

ng
it
g
mg
mg
myg

my
my
mg
ng
mg
g
mg

4500 NE/ml.
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i
i

Metho$ of combined therapy treatment according to any of

alaims 16 ko 18 and 22 to 24 characterised by

administering a combination and/or composition according

to effective daily or per hour deses of claims 22 or 23 or

24 , using variations of more than twe active substances:

enzymatic WO donor,
derivative; or
enzymatic NO donor,
derivative; or
enzymatic WG donor,
or

enzymatic NO donor,
derivative: or
enzymatic NG donor,
enzymatic KO donor,
insulin: or

enzyustic WO denor,

snlphonylurea, and/or biguenide

sulphonylurea, zpd/er thiazolidinedione

sulphenylurea derivative and/or insulin;

biguanide, and/cr tiadiazelidindions

biguanide derivative and/or insulin; or

thiazolidinedione derivative and/or

sulphonylurea, bigtanide, and/or

thiazelidinedione derivative; or

enzymatic HO donor,

sulphonylurea, biguanide, thiazolidine-

dione derivative and/or insulin-
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Continuation of Box 1.2

Claims Nes.: 1-4, 8, 15, 17

Present claims 1-4, &, 16 and 17 relate to compounds defined by reference
to desirable characteristics or properties namely "an enzymatic nitric
axide donor active ingredient” and "an antidiabetic active ingredient”.
The claims cover all compounds having these characteristics or
properties, whereas the application provides support within the meaning
of Article 6 PCT and/or disclosure within the meaning of Article 5 PCT
for only a very limited number of such compounds. In the present case,
the ¢laims so lack support, and the application so lacks disclosure, that
a meaningful search over the wholie of the claimed scope is impossibie.
Independent of the above reasoning, the claims alse Tack ¢larity {Article
B PCT). An attempi is made to define the compound by reference to a
result to be achieved. Agatn, this lack of clarity in the present case 1s
such as to render & neaningful search over the whole of the claimed
scope impessible, Consequently, the search has been carried out for those
parts of the claims which appear to be clear, supported and disclosed,
namely these parts relating 1o the enzymatic nitric oxide donor active
ingredients and the combinations of enzymatfc nitric oxide donor active
ingredients and antidiabetic active ingredients mentioned explicitely in
the ciaims.

The applicant’'s attention is dirawn fe the Tact that claims, or parts of
cizims, relating to inventions in respect of which no international
search report has been established need net be the subhject of an
international preliminary examination (Rule é6.1{e) PCT). The applicant
iz advisad that the EPO policy when acting as an International
Preliminary Examining Autherity is normally net to carry out a
praliminary examination on matter which has not been searched. This is
the case irrespective of whether ar not the claims are amended following
receipt of the search report or during any Chapter 1T procedure.
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This International Searching Authority found multiple (groups of)
inventions in this internaticnal application, as follows:

1. Clatms: 1. 3, 4, 811, 16, 17 (a1 partialily), 19-21

Pharmaceutical composition containing an enzymatic nitric
oxide {NQ) doner active ingredient

2. Claims: 1, 3, 4, 8-11, 16, 17 {ali partially), 2, 5-7,
12-15, 18, 22-25

Pharmaceutical composition containing an enzymatic nitric
oxide {NO) donor active ingredient and an antidiabetic
active ingredient
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