Office de la Propriete Canadian CA 2769620 A1 2011/02/10

Intellectuelle Intellectual Property
du Canada Office (21) 2 769 620
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2010/08/02 (51) CLInt./Int.Cl. A67K 38/77(2006.01),

A6TK 31/7195(2006.01), A6TK 36/28 (2006.01),
A61P 5/50(2006.01)

(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2011/02/10
(85) Entree phase nationale/National Entry: 2012/01/30

(86) N° demande PCT/PCT Application No.: |IB 2010/053499 CERA-MED KFT., HU
(87) N° publication PCT/PCT Publication No.: 2011/015984 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2009/08/03 (HU P0900482) ZOLTAN, SZILVASSY, HU;

BARNA, PEITL, HU,
JOZSEF, NEMETH, HU

(74) Agent: G. RONALD BELL & ASSOCIATES

(54) Titre : PREPARATION PHARMACEUTIQUE POUR L?ADMINISTRATION ORALE CONTENANT DE LINSULINE
(54) Title: ORALLY ADMINISTERABLE PHARMACEUTICAL PREPARATION CONTAINING INSULIN

(57) Abregé/Abstract:

The subject of the invention is an orally administerable pharmaceutical preparation containing a combination of biotechnologically
produced human recombinant insulin and/or modified insulin or an analogue and/or derivative thereof, a protease inhibitor and a
high molecular weight (natural) protein. The invention relates to a method for the production of the pharmaceutical preparation as
well. The subject of the invention also covers the use of the pharmaceutical preparation and a method for the treatment of diabetes
IN mammals.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
( l an adH http://opic.ic.ge.ca* Ottawa/Gatineau K1A 0C9 - Atp.//cipo.dic.ge.ca o p1C
OPIC - CIPO 191




WO 20117015984 A1 |[HIL 1! HYD Y ORI S 0 0 R R

CA 02769620 2012-01-30

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
10 February 2011 (10.02.2011)

(10) International Publication Number

WO 2011/015984 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

AG61K 38/17 (2006.01)
AG61K 38/28 (2006.01)

International Patent Classification:
A61K 31/195 (2006.01)
A61P 5/50 (2006.01)

International Application Number:
PCT/IB2010/053499

International Filing Date:
2 August 2010 (02.08.2010)

Filing Language: Hungarian
Publication Language: English
Priority Data:

P0900482 3 August 2009 (03.08.2009) HU

Applicant (for all designated States except US). CERA-
MED KFT. [HU/HU]; Volgy u 41, H-8230 Balatontiired
(HU).

Inventors; and

Inventors/Applicants (for US only). Zoltan, Szilvassy
Dr. [HU/HU]J; Kutvolgyr u 1, H-4225 Debrecen (HU).
Barna, Peitl Dr. [HU/HU]; Torok Istvan u 21, H-9023
Gyor (HU). Jozsef, Németh Dr. [HU/HU]; Dr. Heim Pal
u 2 1/3, H-7623 Pécs (HU).

Agent: Zsuzsa, Emri Dr.; Kartacs u 36, H-4032 Debre-
cen (HU).

(84)

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW..

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: ORALLY ADMINISTERABLE PHARMACEUTICAL PREPARATION CONTAINING INSULIN

(57) Abstract: The subject of the invention 1s an orally administerable pharmaceutical preparation containing a combination of
biotechnologically produced human recombinant insulin and/or modified insulin or an analogue and/or derivative thereot, a pro-
tease mhibitor and a high molecular weight (natural) protemn. The mvention relates to a method for the production of the pharma-
ceutical preparation as well. The subject of the invention also covers the use of the pharmaceutical preparation and a method for
the treatment of diabetes in mammals.



CA 02769620 2012-01-30
WO 2011/015984 PCT/1IB2010/053499

ORALLY ADMINISTERABLE PHARMACEUTICAL PREPARATION CONTAINING INSULIN

The subject of the invention is an orally administerable pharmaceutical
preparation containing a combination of biotechnologically produced human
recombinant insulin and/or modified insulin or an analogue and/or derivative thereof, a
protease inhibitor and a high molecular weight (natural) protein. The invention relates to
a method for the production of the pharmaceutical preparation as well. The subject of the
invention also covers the use of the pharmaceutical preparation and a method for the
treatment of diabetes in mammals.

In the development of orally administerable insulin preparations two basic
problems need to be solved: the inhibition of the degradation of insulin of peptide nature,
and getting it through the intestinal barrier.

According to the literature there have been numerous attempts to develop orally
administerable pharmaceutical preparations containing insulin. Essentially, these
preparations differ from one another in that they contain different substances in addition
to insulin in order to inhibit the enzymatic inactivation, to promote the absorption and
resorption of insulin.

Document No. EP1454631 describes a pharmaceutical preparation containing a
therapeutically effective quantity of insulin and crystalline dextran microparticles in
aqueous suspension. The preparation provides a controlled insulin release that can be
single-phase or multi-phase.

Document No. US1993005970 discloses a pharmaceutical preparation containing
insulin covalently bound to an oligomer.

The pharmaceutical preparation disclosed in international publication document
No. WO0033866 contains insulin in a non-aqueous hydrophilic medium, mixed with

long-chain PEG species, in the form of a suspension.
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International publication document No. W09636352 describes an insulin
preparation suitable for oral or nasal adfninistration, containing at least two compounds
proinoting absorption, e.g. Né-salicylate, Na-lauryl sulphate, oleic acid, linoleic acid,
lecitin, etc. '

The subject of US patent No. US5438040 is an orally administerable
pharmaceutical preparation containing a conjugated insulin complex, where the insulin is
covalently bound to a physiologically compatible polyalkylene glycol derivative, which
~1s stable and water-soluble, and at the same time does not degrade in the digestive
system. .

The preparation disclosed in Japanese patent application No. JP54028807
contains mucin as an addittve, and an insulinase inhibitor.

The pharmaceutical preparation described in international publication document
No. WO0166085 contains insulin, alkali ‘metal (C8 to C22 alkyl) sulphate, water or
ethanol as a solvent, a phenolic compound, an antioxidant and a protease inhibitor — e.g.
bacitracin or a derivative thereof, soy trypsin or aprotinin.

International publication document No. W09310767 provides a solution for the
problem of the oral administration of any peptide-type active ingredient that is
enzymatically inactivated in the gastrointestinal tact. In the case of insulin this aim is
achieved by incorporating the insulin into a gelatin matrix. The gelatin allows the active
ingredient to be absorbed in the small and large intestines in such a way that it is not
exposed to the degrading effect of peptidase for a long time.

The pharmaceutical preparation disclosed in document No. EP0127535 contains
insulin, bile acid and a protease inhibitor. The"bi‘le acid promotes absorption, the protease
inhibitor protects the insulin from protealyéis. The orally administered preparation
quickly passes through the stomach, and it is released and quickly absorbed in the
Intestines.

European patent application No. EP0351651 discloses a preparation suitable for
oral and buccal administration containing, in addition to insulin, polyoxyethylene glycol-
carboxyl acid-glyceride ester as an absOrption-promoting substance, and a carrier
substance.

The preparation disclosed in US patent No. US3172814 contains insulin and
anhydro-formaldehyde aniline in order to prevent a decrease in the effect of insulin.

The preparation according to international publication document No.
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WO2007121318 contains insulin and sodium 4-CNAB as a carrier substance, which are
lyophilized together, then the obtained powder is tabletted or filled into gelatin capsules.

- According to international publication document No. W09843615 a swellable
hydrogel matrix is used, which is the copolymer of methacrylic acid and polyalkylene
glycol, and allows the insulin to be released only when it reaches the small intestine. The
‘polymer also inhibits the activity of proteolytic enzymes in the intestines, and helps
insulin to remain active for a long time before absorption.

The preparat'ions known so far are generally characterized by the fact that the
bioavailability of insulin is low, only a small amount is absorbed from the

gastrointestinal tract, it quickly degrades and fails to affect the blood sugar level.

The aim of the invention was to develop an orally administerable pharmaceutical
preparation containing insulin, with better bioavailability than those known so far.

The set aim was achieved with a combination insulin, a protease-inhibiting
substance and a high molecular weight natural protein. It is important that both the
protease inhibiting substance and the protein shall have intestinal carriers, so that both
can pass through the intestinal wall and with the appropriate carrier molecules can get

through the insulin of peptide nature as well.

The invention relates to an orally administerable pharmaceutical preparation
containing a combination of biotechnologically produced human recombinant insulin
and/or modified insulin or an analogue and/or derivative thereof, a protease inhibitor and
a high molecular weight (natural) protein.

The human insulin 1s an analogue with Asp. Lys, Leu, Val or Ala at position B28
and Lys or Pro at position B29; or des(B28-B30), des(B27) or des(B30) human insulin.

According to a preferred embodiment of the invention the protease inhibitor is -
amino-caproic acid and the high molecular weight natural protein is casein.

The pharmaceutical preparation aécofding to the invention contains 40 — 100 U
of human recombinant insulin, 100' — 1000 mg of e-amino-caproic acid and 1 —~ 100 mg of
caseln, and pharmaceutically acceptable carrier and additive substances.

The pharmaceutical preparation accbrding to the invention can be used for the

treatment of (type 1 and 2) diabetes in mammals.
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The pharmaceutical preparation according to the invention can also be used
advantageously for the treatment of diabetes in pregnancy.

The invention also relates to the use of a combination of a therapeutically
effective quantity of biotechnologically produced human recombinant insulin and/or
modified insulin or an analogue and/or. deﬁ?éﬁve thereof, €-amino-caproic acid and
casein for the production of an orally administerable pharmaceutical preparation suitable
for the treatment of (type 1 and 2) diabetes in fnammals.

The subject of the invention also covers a method for the production of the orally
adminusterable pharmaceutical preparation, according to which 40 — 100 IU of
biotechnologically produced human recombinant insulin and/or modified insulin or an
analogue and/or derivative thereof, 100 — 1000 mg of e-amino-caproic acid and 1 — 100

mg of casein, mixed with pharmaceutically acceptable carrier and additive substances,

are formulated into an orally administerable dosage form.

The orally administerable pharmaceutical preparation can be a capsule, a tablet or

a film-coated tablet.

The invention also relates to a method for the treatment of (type 1 and 2) diébetes
In mammals, according to which patients are given an orally administerable
pharmaceutical preparation containing a therapeutically effective quantity of
biotechnologically produced human recombinant insulin and/or modified insulin or an
analogue and/or derivative thereof, e-amino-caproic acid and casein. More precisely,
patients are given a pharmaceutical preparation containing 40 — 100 IU of human
recombinant insulin, 100 — 1000 mg of e-amino-caproic acid and 1- 100 mg of casein.

The pharmaceutical preparation according to the invention is characterized by a

bioavailability of over 30 %.

Our 1nvention is described in more detail by means of Figures 1 — 3 and the results of the
tests presented 1n the examples.

Figure 1: Insulin (100 uM; native) stabiliij in the presence of an equivalent quantity
of insulin/e-amino-caproic acid (acepramin, Sigma, MO) in a solution
containing a-chymotrypsin (1.5 ug/10 ul).

Figure 2: The effect of a single oral dose of insulin (10 IU/kg) on the blood sugar
level 1n streptozotocin (50 mg/kg 1.v.) induced diabetes. In comparison to

subcutaneous insulin (10 IU/kg). * a significant difference compared to the
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~ control. (p<0.05). n=8 by group. Abbreviations: insacl (oral insulin with 1
mg/kg ot e-amino-caproic acid; insac10: oral insulin with 10 mg/kg bf €-amino-
caproic acid; insac100: oral insulin with 100 mg/kg of e-amino-caproic acid; ins
s.c.: subcutaneous insulin. ‘

Figure 3: The effect of a single oral dose of insulin (10 IU/kg) on plasma insulin
immunoreactivity in Streptozotocin (50 mg/kg 1.v.) induced diabetes. In '
comparison to subcutaneous insulin (10 IU/kg). * significant difference

compared to the control. (p<0.05). n=8 by group.

The data in Figure 1 show that after 120 minutes 60 % of the formulated insulin is
intact, while more than 80 % of the native insulin has degraded.

The data in Figures 2 and 3 prove that the formulated oral insulin increases the
plasma insulin level, and effectively reduces the blood sugar level in 1nsulin deficiency
diabetes. On the basis of the experiments, with the same standard insulin (10 [U/kg) an ¢-
amino-caproic acid content of 100 mg/kg does not provide an advantage compared to 10

mg/kg. The ,,60-minute” values for subcutaneous insulin are probably already declining

plasma concentration values.

Examples:

Example 1: The possibility of using oral insulin by means of e-amino-caproic acid carrier

molecules

Male Wistar rats (Charles _ River Laboratories, Budapest, Hungary) were used
for the experiments. Before the experimenf the animals were starved for 16 hours. The
experiments started between 8 and 9 h in tﬁe morning. 2 x 6 groups were formed in a
random manner, with 4 animals by group. The animals were pretreated through a feeding
probe according to the followings: group 1: with 1 g/kg of e-amino-caproic acid; group 2:
‘with 0.1 U/kg of insulin; group 3: with 0.1 U/kg of insulin and 1 g/kg of e-amino-caproic
acid; group 4: with 1.0 U/kg of insulin; group 5: with 1.0 U/kg of insulin and 1 g/kg of e-

amino-caproic acid; and group 6: with a solvent. The blood sugar and plasma insulin
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levels were determined from arterial blood drawn after 15 minutes following the
treatment for the first 6 groups and after 60 minutes for the second 6 groups. The

obtained results are summarized in Table 1:

Table 1
15-minute values |
L ) - - IBlood sugar - (mmol/l) | Plasma insulin (uU/ml) _
Solvent-treated - . 5.52£0.23 78+£231
l | g/kg of €. e-ammo-caprow acid _ 543 + - 0.55 | 7.3+2.52
0.1 rU/kg of insulin - - 596+021 | 10.75 + 2.21
0.1 IU/kg of insulin + 1 g/kg of g-amino- 6.45 + 0.53 — 15.85 + 4.72
caproic acid - B B | L
1.0 IU/kg of insulin ] 5.77 £ 0.22 38.25 £ 6.95
1.0 IU/ig of insulin + 1 g'/-kg of e-amino- |  6.42+0.36 24.57 £ 4.99
caproic acid B . | L L

60-minute values

Pood sugar (mmol/lffPlasma insulin (LU/ml)

Solvent-treated 5.41 + 0.45 821+ 1.98

| g/kg of e-amino-caproicacid |  5.37+0.15 | 776 £2.23
0.1 IU/kg of insulin - l 4.97+0.40 I 10.8 + 1.68

0.1 IU/kg of insulin + 1 g/k_g of g-amino-  5.6+0.08 10.3 £2.53

caproic acid | | ] o

1.0 IU/kg of insulin 4.67 + 0.41 23.87 £4.05
1.0 [U/kg of insulin + 1 g/kg of g-amino- |  5.72 + 0.43 28.12 +3.84

caproic acid ) B N

Example 2: The effect of acepramin on the absorption of insulin with standard casein.

Healthy male Wistar rats (230-250 g) were given an e-amino-caproic acid — human
recombinant insulin mixture with standard casein intraduodenally. The endpoint of the
measurement was the blood sugar measured with the glucose oxidase method, and the
plasma insulin immunoreactivity measured with radioimmunoassay 15 and 60 minutes

after the administration of the insulin-acepramin formulation (aqueous suspension).
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The results of the experiments are shown in Table 2:

Data: mean+S.D. with n=8 by group. Statistics: ¢-test with Bonferroni correction, after
ANOVA.

Table 2
' 15" minute B Blood sugar (mmol/l) | Plasma insulin (WU/ml)
| Solvent - 73+034 15.9 +3.35
lOO_ﬁlg/kg of e-:amino-caprc)_ic acid 6.9+ 1.41 17.1 £ 3.62
l'o.l [U/kg of insulin - ] 7.9+ 0.92 14.4 £ 1.51
| 0.1 IU/kg of insulin + 100 mg/kg_of I  555+0.71* 19.8 +1.7%
Acepramin B - B o B
1.0 IU/kg of insulin | 7.7+ 2.31 l 27.5 £ 3.95%
Ij.O IU/kEof insulin + 100 mg?kg of - 4.9 + 0.86* 44.1 £ 4.52% |
| amino-caproic acid . . . | L
60™ minute
Solvent - B | 74+052 ' 14.8 £2.53
100 mg/kg of E-amino-céproic acid 73+£095 |  16.7+3.00
0.1 IU/Kg of insulin T 7.9+ 0.83 17.3 + 2.94
0. TU/g of insulin + 100 mg/kg of &- | 6.1 £ 0.59* 21.4 + 2.62*

amino-caproic acid
1.0 IU/kg of insulin

6.9+ 0.62 17.1 £2.06

1.0 TU/kg of insulin + 100 mg/kg of e- 4.9 + 0.43* 31.2 £2.79*
amino-caproic acid L

*. significant change, p< 0.05
The asterisk and the highlighted data show that the oral insulin was absorbed and reduced

the blood sugar level.

R —— i - ik ———— e — e ————— mx—— "Rl SR N R — T — . N e —— —
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Example 3: ,,In vitro” stability

In vitro stability means the biodegradation of a primitive formulation of the insulin-
acepramin mixture in the presence of a protein degrading enzyme, as compared to native

insulin (results of reverse-phase HPLC tests).

Example 4: Bioavailability and effectiveness in experimental diabetes

Experimental diabetes was induced in Sprague-Dawley male rats (230-250 g) with a
single intravenous dose of streptozotocin. After 10 days the experiments were continued
with the animals having a fasting (after 12 hours of starving) blood sugar level higher
than 15 mmol/l. The animals were given oral or parenteral (s.c.) insulin (10 IU/kg), then
the blood sugar level (data in Table 2) and the plasma insulin immunoreactivity (data in

Table 3) were measured.

The pharmaceutical preparation according to the invention is nearly equivalent to
the subcutaneously administered insulin in terms of blood sugar reducing effect, it is
suitable for reducing abnormally high blood sugar levels, for treating diabetic mammals.

The pharmaceutical prebaration ‘has an insulin sensitization effect to
subcutaneously administered insulin. -

The elimination half life of the pharrhaceutical preparation 1s about 40 minutes 1n

rats.

The pharmaceutical preparation exhibits no subchronic toxicity.
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Claims
1) Anorally administerable pharmaceutical preparation, wherein it contains a

2)

3)

4)

3)

6)

7)

3)

%)

combination of biotechnologically produced human recombinant insulin and/or
modified insulin or an analogue and/or derivative thereof, a protease inhibitor
and a high molecular weight natural protein.

The pharmaceutical preparation according to claim 1, wherein the human
insulin is an analogue With Asp, Lys, Leu, Val or Ala at position B28 and Lys
or Pro at position B29; or des(B28-B30), des(B27) or des(B30) human insulin.
The pharmaceutical preparation according to claim 1, wherein the protease
inhibitor i1s eéamino-caproic acid.

The pharmaceutical preparation according to claim 1 or 2, wherein the high
molecular weight natural protein is casein.

The pharmaceutical preparation according to any of claims 1 - 4, wherein 1t
contains 40 — 100 IU of human recombinant insulin, 100 — 1000 mg of &-
amino-caproic acid and 1 — 100 mg of casein.

The use of a combination of a therapeutically effective quantity of
biotechnologically produced human recombinant insulin and/or modified
insulin or an analogue and/or derivative thereof, €-amino-caproic acid and
casein for the production of an orally administerable pharmaceutical
preparation suitable for the treatment of (type 1 and 2) diabetes in mammals.
A method for the production of the orally administerable pharmaceutical
preparation, wherein 40 — 100 [U of biotechnologically produced human
recombinant insulin and/or modified insulin or an analogue and/or derivative
thereof, 100 — 1000 mg of €-amino-caproic acid and 1 — 100 mg of casein,
mixed with pharmaceutically acceptable carrier and additive substances, are
formulated into an orally administerable dosage form.

The use of the pharmaceutical preparation according to any of claims 1 — 5 for
the treatment of (type 1 and 2) diabetes in mammals.

The use of the pharmaceutical prebaration according to any of claims 1 — 5 for

the treatment of diabetes in pregnancy.
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10) A method for the treatment of (type 1 and 2) diabetes in mammals, wherein
patients are given an orally administerable pharmaceutical preparation
containing a therapeutically eftective quantity of biotechnologically produced
human recombinant insulin and/or modified insulin or an analogue and/or -
dertvative thereof, e-amino-caproic acid and casein.

11) A method for the treatment of type 1 diabetes in mammals, wherein patients
are given a pharmaceutical preparation containing 40 — 100 IU of human
recombinant insulin, 100 — 1000 mg of €-amino-caproic acid and 1- 100 mg of
casein.

12) The pharmaceutical preparation according to any of claims 1 - 5, wherein its

bioavailability is over 30 %.
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