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I ngredi ent protected from di gestive enzynes. The princi pal object of the
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I ngredi ent protected fromdigestive enzypes. Wthin said conpositions, said
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particular insulin and analogues thereof (more precisely sensitive to proteases, such

as pepsin in the stomach and principally trypsin in the intestine), remain essentially
administered by parenteral route in spite of numerous studies that have been

15 undertaken to investigate alternate routes of delivery (in particular those more
comfortable for patients).

The article by Simona Cernea and Itamar Raz, published in Timely Top. Med.
Cardiovasc. Dis. 2006 Nov. 1; Vol 10: E29, summed up, in 2006, alternatives to
administering insulin by injection. A number of patent documents, for example

20 WO 85/05029, US 5,824,638 and WO 2006/127361, also exist on the subject.

The most advanced work is probably that relating to administration by nasal
route. This route of administration would indeed be less technically constraining than
the parenteral route. The highly vascular nasal mucosa has the capacity to absorb
proteins and to transmit them to the blood system, which makes it a potentially

25 good candidate. However, it suffers from a certain difficulty in controlling the dose
delivered by inhalers depending on the patient (notably if the patient has a cold,
etc.).

According to the prior art, protein active ingredients that have been
chemically modified according to numerous variants and those formulated according

30 to numerous variants have more generally been disclosed. Thus:



. chemically nodified according to nunerous variants and those formul at ed
according 30 to nunmerous variants have nore generally been discl osed.

Thus: 2 patent US 4,692,433 discloses adnministration by oral route of
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15 for the bioavailability of buffered solutions of calcitonin. The tests were conducted to
study the influence of the pH of the solution administered locally (directly in the
intestine of rats) on the absorption of the active ingredient. These tests were
conducted in order to optimize the nature of the pH-lowering agent intervening in
the gastro-resistant form proposed. These tests neither describe nor suggest the

20 oral compositions of the invention (pharmaceutical compositions or drugs) disclosed
below;

- application US 2002/0132757 relates to the administration of calcitonin, in
the form of solid particles, through epithelial membranes, through oral or nasal
mucosa. For this specific type of administration, which does not involve the

25  gastrointestinal tract, the active ingredient is treated as foliows. It is first dissoived
in a buffer (mere processing aid). The solution obtained, supplemented with one or
more surfactants and one or more absorption enhancers, is lyophilized. The dry
particles obtained are finally packaged in a pressurized container with a suitable
solvent or vehicle (ethanol, for example). The function of this solvent or vehicle is to

30 disperse under pressure said particles over an area, as large as possible, of the
mucosae. Said particles are not administered in the presence of a buffer;



.. more surfactants and one or nore absorption enhancers, is |yophilized. The

dry particles obtained are finally packaged in a pressurized contai ner
with a suitable solvent or vehicle (ethanol, for exanple). The function of.
this solvent or vehicle is to 30 disperse under pressure said particles
over an area, as |large as possible, of thhe nucosae. Said particles are not
adm nistered in the presence of a buffer; 3 application US 2007/0154559
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15 shrink in acidic pH. The active ingredient is thus better protected during its passage

in the stomach. Here again, the active ingredient is administered neither in free form
nor in the presence of a buffer;
- application FR 2,123,524 discloses an insulin derivative obtained by
acylation. The chemical reaction in question is implemented in a buffered medium.
20  Application WO 01/36656 discloses a complex between a biomolecule and hyaluronic
acid. These two documents of the prior art neither disclose nor suggest
pharmaceutical compositions combining their active ingredient in free form and a
protective buffer system.
The above comments summarize the prior art teaching with respect to the
25 concepts of oral composition, free-form protein active ingredient and buffer, insofar
as said concepts constitute the foundation of the present invention, described below.
The technical problem of administering by oral route a protein active
ingredient (thus sensitive to digestive enzymes) is dual insofar as the system of
protection provided must & priori be effective in both the stomach and in the entry
30 of the intestine. It must a prior first resist the gastric juice and then the pancreatic
juice. Indeed, at the exit of the stomach, in the pylorus, when acid chyme flows in



.. The above comments summarize the prior art teaching with respect to the 25

concepts of oral conposition, free-formprotein active ingredient and
buffer; insofar as said concepts constitute the foundation of the present
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15 invention. The novel system of protection proposed is a buffer system. In a
completely surprising manner, said novel system of protection, a buffer system,
enables the administration, by oral route (via the gastrointestinal tract), of the
protein active ingredient, in free form.
According to its first object, the present invention thus relates to novel
20 compositions for use as a drug or pharmaceutical compositions, intended for
(suitable for) the administration by oral route of at least one protein active
ingredient; said compositions being buffered.
More precisely, the compositions of the invention are provided in liquid or
solid form. Said compositions are oral compositions containing at least one protein
25 active ingredient. They are suitable for administration by oral route of said active
ingredient.
Characteristically, said compositions are:
- liquids, containing a system (a buffer system) capable of buffering them at a

pH greater than 4 and less than or equal to 8;



. (suitable for) the adm nistration by oral route of at |east one protein
active ingredient; said conpositions being buffered. Mdre precisely, the
conpositions of the invention are provided in liquid or solid form Said
conpositions are oral conpositions containing at | east one protein 25
active ingredient. They are suitable forgadm nistration by oral route of
said active ingredient. Characteristically, said conpositions are: -
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ingredient, which contains said protein active ingredient, in free form, as well as, for

to

15 liquids, a system (a buffer system) capable of buffering them to a pH greater than 4
and less than or equal to 8 or, for solids, a system (a buffer system) that exerts,
when they are placed in a liquid medium, a buffer effect between a pH greater than
4 and a pH less than or equal to 8.

Said compositions of the invention are obtained by (simple) formulation of

20 said at least one protein active ingredient in free form with a system (a buffer
system) capable of buffering them, in liquid form, at a pH greater than 4 and less
than or equal to 8 or, in solid form, with a system (a buffer system) that exerts,
when said solid form is placed in a liquid medium, a buffer effect between a pH
greater than 4 and a pH less than or equal to 8.

25 Characteristically, the liquid or solid (monophasic (single phase), in any event)
compositions of the invention are oral compositions that combine within them at
least one protein active ingredient in free form and a buffer system. Said buffer

system enables, as indicated above, administration by oral route of the protein
active ingredient, in free form. It is effective in protecting said free form in the
30 gastrointestinal tract.



.. 20 said at |least one protein active ingredient in free formwith a system

(a buffer systen) capable of buffering them in liquid form at a pH
greater than 4 and less than or equal to 8 or, in solid form wth a
system (a buffer system) that exerts, when said solid formis placed in a
liquid nedium a buffer effect between g pH greater than 4 and a pH | ess
than or equal to 8. 25 Characteristically, the liquid or solid (nonophasic
(single phase), in any event) conpositions of the invention are oral
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ingredient in free formand a buffer system Said buffer st em, enabl
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15 The compositions of the invention combine:

- at least one protein active ingredient in free form (see above), generally one
such active ingredient (but the combined intervention of several active ingredients of
this type (or of at least one active ingredient of this type and at least one other
active ingredient), in mixture or separately, is not excluded from the scope of the

20 invention); and

- a system (a buffer system) capable of exerting a buffer effect in the pH
range stated above.

The exertion of said buffer effect in said pH range (4 < pH < 8) is of course
compatible with the stability of said at least one protein active ingredient (in any

25 event with the stability of the active ingredient(s) present).

The compositions of the invention are buffered to a pH: 4 < pH < 8. They are
advantageously buffered to a pH between 4.5 and 7.5 (4.5 < pH < 7.5), highly
advantageously buffered to a pH between 5 and 7 (5 < pH < 7), indeed to a pH
greater than 5 and less than or equal to 7 (5 < pH < 7). In a particularly preferred

30 variant, they are buffered to a pH of 6.5 or close to 6.5 (6.5 £ 0.2). This value is



this type (or of at |least one active ingredient of this type and at |east
one other active ingredient), in mxture or separately, is not excluded
fromthe scope of the 20 invention); and - a system (a buffer systemn
capabl e of exerting a buffer effect in the pH range stated above. The
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Thus, the compositions of the invention contain, advantageously, at least one
15 protein active ingredient (in free form) selected among insulin, its analogues and
derivatives thereof (generally and advantageously contain insulin or an analogue or
derivative thereof as a single active ingredient of this type, or as a single active
ingredient). Those skilled in the art are familiar with insulin analogues such as, for
example, Lipro insulin, Aspart insulin, Glargine insulin and Detemir insulin. Those
20 skilled in the art are also familiar with insulin derivatives such those described in
application FR 2,123,524,
Thus, the compositions of the invention contain, advantageously, as active
ingredient (in free form):
- insulin or an analogue or derivative thereof,
25 - somatotropin (human growth hormone) or a derivative thereof,
- calcitonin, or
-an LHRH (Luteinizing Hormone Releasing Hormone) analogue such as
tryptoreline.
Recall that the compositions of the invention may contain several of these
30 active ingredients and that the list above, far from being exhaustive, is in no way

restrictive.



derivatives thereof (generally and advantageously contain insulin or an
anal ogue or derivative thereof as a single active ingredient of this type,
or as a single active ingredient). Those skilled in the art are famliar
wi th insulin anal ogues such as, for exanple, Lipro insulin, Aspart
insulin, Gargine insulin and Detemr imgsulin. Those 20 skilled in the art
are also famliar with insulin derivatives such those described in
application FR 2,123,524. Thus, the conpositions of the invention contain,
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general ly, the buffer system of the conpositions of the invention can be
More generally, the buffer system of the compositions of the invention can be
selected among the list of buffer systems given in the European Pharmacopeia,
current edition (monograph 4.1.3).
15 Said buffer system is advantageously a phosphate or Tris buffer.
A suggested phosphate buffer contains:
from 2 to 3% by weight sodium dihydrogen phosphate, and
from 97 to 98% by weight disodium hydrogen phosphate,
and advantageously contains:
20 about 2.8% by weight sodium dihydrogen phosphate, and
about 97.2% by weight disodium hydrogen phosphate.
The oral compositions of the invention {(combining in a novel way at least one
protein active ingredient, in free form, and the selected system buffer: 4 < pH < 8)
can exist according to two variants.

25 According to a first, more conventional variant, said compositions are
formulated in unit form. All of the constitutive ingredients, including the buffer
system, are formulated together. Within the scope of this first variant, many
possibilities exist. The compositions of the invention can notably be provided in
liquid forms (directly buffered to a suitable pH) such as solutions, suspensions and

30  syrups, or in solid forms (which develop the buffer effect, when consumed, in a
liquid, generally water, or following their consumption, in the stomach) such as



sel ected anong the list of buffer systens given in the European

Phar macopeia, current edition (nonograph 4.1.3). 15 Said buffer systemis
advant ageously a phosphate or Tris buffer. A suggested phosphate buffer
contains: from2 to 3% by wei ght sodi um di hydrogen phosphate, and from 97
to 98% by wei ght di sodi um hydrogen phosghate, and advantageously contai ns:
20 about 2.8% by wei ght sodi um di hydr ogen phosphate, and about 97.2% by
wei ght di sodi um hydrogen phosphate. The oral conpositions of the invention
( conbi ni rigblets gconveritional (40 beaswalloveed)priot den sackady esublipgeal, edispetsibles ee
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conpositions of the invention can notably be provided in |iquid forns

(di r e6t | ytheuactyedagrasientsini guestionpwjthsa cuitables sysiemorespossiblee fosi esbuffer 30
syrups, or qI‘J:EI sol,j.d forms (which develop the buffer effect, when consuned,
ina |i LSBUGR- al 1y water, or following their consunption, in the

stomach) such gHa splrgﬁée’t'aﬁbﬁ &m@gegpghaﬁm&&ﬁicéw\@rhﬂm% adVizabie tausrdepd.,

subl i ngual , di'sper oro ef fervescent), capsul es, powders,
ef f er vesdngtedientsetirat provide ethe effeireescent erharagtanuixpectadd Thesthi typeat ef.
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expected. These types of ingredients (reagents (Igeneral ly two reag?_?ntlsi)

t hat reacadvaptaggoialyi rproyideld ase solid pharmaceutical preparations, In particula
dispersible tablets or effervescent tablets.

According to a second variant, the compositions of the invention are

15  compositions with at least two separate components, notably compositions that
comprise separately:

- one component containing at least one protein active ingredient in free
form; and

- another component containing at least one system that generates the buffer

20  effect desired.

These two, separate, components are to be administered jointly or quasi
jointly, in such a way, of course, that the buffer effect develops during the passage
of the active ingredient in the digestive tract (first of all in the stomach).

The compositions of the invention (according to the first or second variant

25  above) containing said at least one protein active ingredient in free form (or said at
least one protein active ingredient in free form and at least one other active
ingredient) and the joined system buffer, generally in a pharmaceutically acceptable
excipient (with, if necessary, ingredients that make them effervescent), may of
course contain other ingredients that are present in conventional pharmaceutical

30 compositions, such as sweeteners, flavors and / or processing aids (lubricants, etc.).
Liquid compositions may contain only said at least one protein active ingredient (or



lo famliar to those skilled in the art. Wthin the scope of this first
variant, the conpositions of the invention are advantageously provided as
solid pharnmaceutical preparations, in particular dispersible tablets or
ef fervescent tablets. According to a second variant, the conpositions of
the invention are 15 conpositions withj@at |east two separate conponents,
not ably conpositions that conprise separately: - one conponent contai ning
at | east one protein active ingredient in free form and - another

conponenigaRPsK RSt BBe drotefrmattiveningsadiertir free fgemearat atsleabieoheotier adve

effect desired. These two, separate, conpopnents are to be adninistere
jointly dngrediest) andithel suitable Systiers buaier. dheyganssaliv ﬁ‘aiﬂtaimel"bﬁé‘?ﬁlﬁﬁ?" 3Pf ect
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(accor di gakAabARic] " RrAlilaBGRINCSUCH | 01t the?Sirighediehts: OReted nicboveRi ol

| east one protern active ingredient in free form(or said at |east one

pr ot eg_n a;o;rnpwg:idnﬁr genenally i corftaise hoaddiion & saidsat dgast oemerpratein vactive

i ngredi ent) and the joined syste ffer eneral Ly.in.a ar mac ' I
a](c:](c:ept abllégreémtdpér‘ﬂ!ﬁ a@aﬂm q gal (353-3?@% QQgipﬁ&eﬁhﬁéﬂ‘ﬁ lr{qqéqﬁ‘!eprﬁﬁﬁr{é%gfg% d

ef ferves ' f r.Se: e [ ' a i I n
convent Gl atIeHEY Bl offY SGyERGRen i HRSLERCF Ry Sehice S Bldpen
and / or (Baeseoptiofam dwith! ilyredientss respongible Forgeffereesgense) iwidls warjous
contain only said at least one protein active ingredient (or 10 said at

| east oneadgdiitivesi(suel as the inggedigntshisted abp¥®).f or m and at | east one ot her

' adi ¢ on ¢ Srepaatan o taenoianorsy of Fk Jbyesfion, JRUEPERS P e ras ™
oo cofBciel L] LIRS Salnf b of e greertounon, Sac
gg?idt i ?nlprep?@itidnas a preparativa off @pharmacautical comgositiveAbaf isrbufferad @irtthah t o
2 ig acgmb(i)r?eed \I?vrit%tae It)ﬂﬁgrc.téﬁ/aeralctré%:rsﬁgéiﬁ? }t c'orr]ngrﬁs%% thgr(gi]mple) formulation of
at least one protein active ingredient in free form with a system (a buffer system)
15 capable of buffering said composition in liquid form (notably in the gastric
environment and in the intestinal environment) at a pH greater than 4 and less than
or equal to 8 or, in solid form, with a system (a buffer system) that exerts, when
placing said solid form in a liquid medium, notably an aqueous medium (notably in
the gastric environment and in the intestinal environment), a buffer effect between
20 a pH greater than 4 and a pH less than or equal to 8. The term “formulation” should
be taken in the conventional sense of the term (galenic) for the preparation of unit
compositions, and in the broader sense (formulation=packaging) for the preparation
of compositions with separate components.
Conventionnaly, other ingredients may be inciuded in the preparation of the
25 compositions of the invention.

Those skilled in the art understand the importance of the present invention,
which is confirmed by the examples and test results presented below. The “duai
positive effect” of the buffer — gastroprotection and inhibition of pancreatic
secretions — is particularly effective. This dual effect and its effectiveness are

30  genuinely surprising.



and at |east one other active ingredient) and the buffer system a solid
exci pient (base, optionally with ingredients responsible for

ef fervescence) with various additives (such as the ingredients |isted
above). 10 Preparation of the conpositions of the invention, in unit forns
or not, as described above, constitutegqthe second object of the present

I nvention. Said preparation is a preparation of a pharmaceuti cal
conposition that is buffered or that 1is conbined with a buffer.
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15 form, with a buffer system as specified above, i.e., buffered to a pH as specified
above, 4 < pH < 8 (in the case of a liquid form), or able to be buffered to such a pH
when it is placed in a liquid medium (in the case of a solid form). The concerned
today known treatments are those of the diseases or disorders hereafter precised:
diabetes (in reference to the administration if insulin), growth inhibition (in reference
20 to the administration of somatropin), osteoporosis (in reference to the
administration of calcitonin), prostate cancer (in reference to the administration of
LHRH)...
The invention will now be illustrated by specifying, on a purely illustrative
basis, the formula for two buffered insulin tablets of the invention, and the great
25  interest of said invention will be shown by presenting below the comparative results
of physicochemical tests conducted /n vitro and pharmacological tests conducted /i

vivo with insulin.



5 1n other words, the invention provides a novel method for protecting,
Wth respect to digestive enzynes (during gastrointestinal passage),
protein active ingredients. Said nethod essentially conprises the
formulation, in unit formor not, of said active ingredients in free form
with a buffer systemsuch as specified gpove, notably selected anong those
identified above. 10 Finally, the invention can be seen as a nethod of
therapeutic treatment conprising the admnistration by oral route of at

| east one protlcFormualas/e i ngredient and/or a nethod of oral administration
of at | east one ot ei n a |ve |h5]l§red| ent

Ch t t
context of saildV ‘%1:569 Aavenfipn W?\%gﬁ?‘—i‘fgﬁeale Cﬁ'ﬂ%ytO améfHod

adm ni st f

not) i n Py f%”’?% 6#0‘?'96?#10@3'3@? rietion hidth fspec. tie, TRypdents Iicaeee,
buffer ed dsedan Rhe agiaftiess indattedibove, 4 < pH <_ 8 (in the case of a liquid
form), or able to be buffered to such a pH when it is placed in a |liquid
medi uf (i n t he disparsibie tbietsiAd anék ) . The concerned today known treatnents
are those of trﬁi‘fd' seasgiqu %sorders hereafter precised: diabetes (in
reference to tHITYRTGTNSIARletS insulin), growth inhibition (in
reference 20 to the adm nistration of somatropin), osteoporosis (in
reference to the adm nistration of calcitonin), prostate cancer (in
referencergietshe admnistration of LHRH)... The invention wll now be
|Ilustrat_d_b_'spe0|f on.a purely |Ilustrat|ve basis, t f or
two buffered insulin ﬁ/ 3‘3& f' the invention, and the great hgg rﬁﬁ'ﬁb@sl‘b
of said invention w |ltrofnetarholTRIS) pr esenti ng bel ow t he .corrpelﬂﬁtmge results
of physi cochem cal 0 j Lty o and phar macol ogi sts
conducted in vivo V\nfdiaﬁ‘"ﬁ' W@hﬁ%t@e&i{g& rrul as Two types of c2?ab’f‘gts of the
i nvention were preparremrocayefcaﬂmef@liu@se nmet hod known per se 208dRdenti onal

formul ati on net hod), Eﬁ 4he ingredients indicated, used imngoheg
guantities indicated: i spersible tablets A and

magnesium stearate : 10 mg
colloidal silica : 1 mg
crospovidon : 50 mg
sodium benzoate : 30 mg
talc : 10 mg
citric acid { q.s. pH 6.5
monosodium citrate

tablet weight: 1 gram

Tablets B

human insulin : 3.5mg (100 U)
anhydrous monosodium citrate : 1142.7 mg
anhydrous sodium bicarbonate : 2076 mg
sodium benzoate : 152.60 mg
monosodium phosphate : 120 mg
ethanol 96 % { g.s. for granulation
demineralized water

for a tablet of theoretical weight: 3.5 g
in solution pH 6.8.



- effervescent tablets B. Tablets A human insulin 3.5 ng (100 U)
trometanol (TRI'S) 100 ng cal ci um phosphate (dicalcic) 250 ng
m crocrystalline cellulose 250 ngy nannitol 250 ng mnagnhesium stearate 10
ng colloidal silica 1 ng crospovidon 50 ngy sodium benzoate 30 ng talc
10 ng citric acid g.s. pH 6.5 nonosodiygcitrate | tablet weight: 1 gram
Tabl ets B human insulin 3.5 ng (100 U) —anhydrous nonosodiumcitrate 1142.7
ng anhydrous sodi um bi carbonate 2076 ng sodi um benzoate 152. 60 ny
nmonosodi um ph@gnliavitré2@stsy et hanol 96 % J g.s. for granul ation
dem neral i zed wat er I. for a tablet of theoretical weight: 3.5 g in
solution pH 6.8. 13 In vitro tests Tests were conducted in vitro to
confirmthe p e l; ol e
of trypsin in ”B"aeasfé&%e%e &@hﬁa&’es P A o £ EEbUR: rbiRCor B ih farf
acid medium, the metabolic role of trypsin in a basic medium and the inactivation of

5 one and the other of these digestive enzymes in a buffered medium according to the

invention.
During these various tests, the insulin was assayed by liquid chromatography.

Test1'
10 Human insulin solution (100 U)
+ 0.1 NHCIH (50 ml) pH 1
+ stirring at 37°C for 1h, 2h, 3h

Time Insulin content
Time 0 99.00 U
1h 99.87 U
2h 100.13 U
3h 100.30 U

In an acid medium, at pH 1, without pepsin, the insulin is stable for more

15 than 3 hours at 37°C.

Test 2
Human insulin solution (100 U)

+ 0.1 N HCI (50 ml) pH 1

20 + pepsin (160 mg)
+ stirring at 37°C for 1h

Time Insulin content
Time O ou
1h ou




5 one and the other of these digestive enzynes in a buffered nmedium

according to the invention. During these various tests,
assayed by liquid chromatography.
U + 0.1 NHA (50 m)
cont ent
medium at pH 1, w thout pepsin,
hours at 37C. Test 2' Human insulin solution (100

Test 1'
pH 1 + stirring at 37C for

the insulin was

to Human insulin solution (100
1h, 2h, 3h Tinme Insulin

Time 0 99.00 U 1h 99.87 U 2h 4#0.13 U 3h 100.30 U In an acid

the insulin is stable for nore 15 than 3

+0.1 NHC (50 m)

pH 1 20 + pefini the péésamgy of thé rgdstic enzgme f{pepsin), TatmPH s uthen insslineist

TimeO QU. 1h Q0 U 1 I he presence of the gastric enzyne (pepsin),
gdiately ‘?‘Fgfﬁa@é-atel y degraded. Test 1 (invention) 5 Human insulin
+ 0.1 NHJ (50 M) pH 1

1, the i MY
solution (100 U)

5

10

15

20

Test 1 (invention)

Human insulin soiution (100 U)
+ 0.1 NHCI (50 ml)pH 1
+ pepsin (160 mg)

+ phosphate buffer pH 6.8 (50 ml)

+ stirring at 37°C for 1h, 2h, 3h

+ pepsin (160 ng)

Time Insulin content
Time 0 101.32 U
1h 101.73 U
2h 99.72 U
3h 101.60 U

In a medium buffered to pH 6.8, the pepsin is
insulin is stable for more than 3 hours at 37°C.

Test 3'
Human insulin solution (100 U)
+ 0.1 N HCI
+ phosphate buffer pH 8.5
+ stirring at 37°C for 1h, 2h, 3h

no longer activated and the

Time Insulin content
Time 0 100U
1h 99.59 U
2h 100.24 U
3h 100.48 U

This test verified the effectiveness of the buffer and the fact that in the
absence of enzyme, the insulin is stable in a basic medium.

at pH




+ ‘phosphate buffer pH 6.8 (50 m)

| nsulin content
In a medium buffered to pH 6. 8,
insulin is stable for
solution (100 U)
for 1h, 2h, 3h Tine Insulin content

+ stirring at 37C for
Time 0 101.32 U 1h 101.73 U 2h 99.72 U 3h 101.60 U 10
the pepsin is no | onger activated and the
nore than 3 hours at 37C. Test 3' 15 Human insulin

+ 0.1 N HO + phosphaig buffer pH 8.5 + stirring at 37C
Tinme 0 100 U 1h 99.59 U 2h 100.24 U

1h, 2h, 3h Tine

3h 100.48 U 20 This test verified the effectiveness of the buffer and the

fact that

in the

absence of enzyne,

the insulin is stable in a basic

medium 15 Tests 2a, 2b, 2c (invention) Human insulin solution (100 U)
nventionda) . pH 6.5 (test 2b), pH 6.8 (test 2c) 5 +

trypsin ?—ﬁﬂn% ?“ns%ﬁih%bid%%n%O%@ for 1h, 2h Insulin content
+ phosphate buffer pH 6 (test 2a), pH 6.5 (test 2b), pH 6.8 (test 2¢)

phosphat

+ trypsin 750 U

+ stirring at 37°C for 1h, 2h

Insulin content
Time
pH 6 pH 6.5 pH 6.8
Time 0 100U 100 U 98 U
1h 92U 83U 56 U
2h 86 U 72 U 48 U

In a medium buffered to the indicated pH, the metabolic effect of the trypsin

10 is mostly attenuated.

Test 4
Human insulin sclution (100 U)
+ phosphate buffer pH 8.5

15 + trypsin 750 U
+ stirring at 37°C for 1h, 2h
Time Insulin content
Time 0 89U
1h 145U
2h 15U

In the presence of the intestinal enzyme (trypsin), at pH 8.5, the insuiin is
strongly degraded.

20
Examination of these results (at basic pH) shows that the more the pH

increases toward alkalinity, the more the trypsin exerts its metabolic effect.



Time pH6 pH6.5 pH 6.8 Tinme O 100 U 100 U 98 U 1h 92 U 83 U 56 U 2h 86
U72 U48 UIln a nediumbuffered to the indicated pH the netabolic effect
of the trypsin 1o is nostly attenuated. Test 4' Human insulin solution
(100 U) + phosphate buffer pH 8.5 15 + trypsin 750 U + stirring at 37C
for 1h, 2h Tine Insulin content Tinme 0189 U 1h 14.5 U 2h 1.5 U In the
presence of the intestinal enzyne (trypsin), at pH 8.5, the insulinis
strongly degraded. 20 Exanmination of these results (at basic pH) shows that
the nore the [THe bptimeasgwinbseemsakdade mH 6.5t (Rearoneutrake pH)y phiere aftart s

its metabolic effect. 16, The optinum point seens to be pH 6.5.(near
neutral pEHyOWEe: Spite &f tbeI‘RfG?%',PCQ E}% 8, & ﬁ'tgﬁ'ep%cggég@e&ofnsypé/ﬁ%?%’nd&
hi gh pergﬁg;age of insulinis found: 72% 5 IIl In vivo tests The
hypogl ycéfi’ activity of two types of effervescent tablets (with a buffer

system of the invention: tablets B (see above) and without a buffer system
of the invention: control effervescent tablets (tablets B but without a

buffeb)) was dilidicivo tests

The hypoglycemic activity of two types of effervescent tablets (with a buffer
system of the invention: tablets B (see above) and without a buffer system of the
invention: control effervescent tablets (tablets B but without a buffer)) was studied

10 in rats rendered diabetic (hyperglycemic) by administration of streptozotocin.

Streptozotocin, an antibiotic chemically related to the nitrosoureas, has
diabetogenic properties by the destruction of the islets of Langerhans of the
pancreas.

The test is quite familiar to those skilled in the art. Its principle is summarized

15  below.

Administration in male Wistar rats (mean weight 200 g) by intraperitoneal
route of 70 mg/kg of streptozotocin causes in the animal after 72h severe
hyperglycemia combined with polyphagia, polydipsia and polyuria.

The animals are divided into three batches of eight.

20

Batch 1: normal animals, non-hyperglycemic, receiving by oral route using an
esophageal probe 30 units of insuiin contained in a tablet buffered to pH 6.8
(effervescent tablet B (see above)), in a volume of 10 mi/kg.

25 Batch 2: diabetic animals, receiving by oral route using an esophageal probe

30 units of insulin contained in a non-buffered tablet (effervescent tablet B but
without buffer), in a volume of 10 ml/kg.

Batch 3: diabetic animals, receiving by oral route using an esophageal probe

30 30 units of insulin contained in a tablet buffered to pH 6.8 (effervescent tablet B
(see above)), in a volume of 10 mi/kg.



1o in rats rendered diabetic (hyperglycen c) by adm nistration of
streptozotocin. Streptozotocin, an antibiotic chemcally related to the
nitrosoureas, has diabetogenic properties by the destruction of the islets
of Langerhans of the pancreas. The test is quite famliar to those skilled
inthe art. Its principle is summarizedy{715 bel ow. Adm nistration in nale
Wstar rats (nmean weight 200 g) by intraperitoneal route of 70 ng/kg of
streptozotocin causes in the animal after 72h severe hyperglycem a

combi ned wi th pol yphagi a, polydipsia and polyuria. The animals are divided
into three batches of eight 20 Bat ch

non- hyp]tcar gl yc&iped 5@@9@%@"#@'@”%?39"& é%t@%ggtoraﬂlh%glgggmg?f il Afthso
bl ot AR At GRReAE eyl ted BRIrES g ABDRiEuBelibter ) (T VR e

ani mal s, receiHengstlys Qreabrerseuteei insthecablesdtowaliosy are eqeressl mngremsadf
insulin contained in a non-buffered tablet (effervescent tablet B but

wi t hohbt tgllﬂchSE)penItﬁelaamd)almsndﬂl"mwaiﬁl@fs (Eaple H)Ban®ﬁ§@eﬁ¢f@eaﬁgﬁeﬂejirease
receivin or al usi ng an esophageal probe 30 30 units of insulin
cont ai ned? c@"?%ﬁ&ﬁﬁéghffered to pH 6.8 (effervescent tablet B (see
above)), |n a volunme of 10 m/kg. 17 Blood sanples are drawn every 15

m nutes for 3 hours fromthe tail of the aninmal and glycem a is eval uated
usi ng an Abbott glucose nmeter. The results are presented in the tables
bel ow. They are expressed in grans of s glucose per liter and also in
mlliequivalents (table 1), and as a percentage decrease in glycema
(table 2). 18 OOOO 00 00 c- -1 0001 00 Ln
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The results from table 2 were plotted on the single figure in the appendix
(percentage of decrease in glycemia as a function of time (expressed in minutes)):
- the —m— curve shows the results of batch 1,
5 - the --4-- curve shows the results of batch 2,
- the —A— curve shows the results of batch 3.

Examination of the results shows:
- in the normal (non-hyperglycemic) animals (batch 1), administration of
10 buffered insulin leads after 45 minutes to a slight decrease in glycemia with a
maximum at the 75" minute, and then glycemia returns to normal values after the
150" minute. These animals, with the pancreas intact, compensate by secreting
glucagon, which is a hyperglycemic;

- in the diabetic animals (batch 2), administration of non-buffered insulin

15 leads to a very slight, insignificant decrease in glycemia. Throughout the
experiment, the animals maintain very high glycemia;

- in the diabetic animals (batch 3), administration of buffered insulin leads
after 45 minutes to a highly significant decrease in glycemia with a maximum at the
105" minute, and then a progressive increase in glycemia is observed. All the

20  animals are highly improved, although they do not return to normal glycemia due to
the severity of the diabetes.

These results show that the buffer system used made it possible to preserve
the hypoglycemic activity of the insulin administered by oral route (which is
completely consistent with the results obtained /7 vitro) and confirm the good

25  bioavailability of said insulin.

The results, both /7 vitro and /in vivo, demonstrate the effectiveness of the
buffer system in preserving the activity of insulin:

- in vitro

- in an acid medium, non-buffered, the insulin is metabolized by the
30 pepsin (test 2). In a medium buffered to pH 6.8, the pepsin is no
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table 2 were plotted on the single figure in the appendi x (percentage of
decrease in glycemia as a function of tinme (expressed in mnutes)): - the
-.- curve shows the results of batch 1, 5 - the ---- curve shows the
results of batch 2, - the -A- curve shopg the results of batch 3.
Exam nation of the results shows: - in the normal (non-hyperglycem c)
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m nute, and then gl ¥05§2a returns to normal values after the 150th m nute.
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ef fecti veness of the

that the results obtained are applicable to all insulin analogues.

Considering these resuits, the importance of the present invention is quite
obvious. This importance has been confirmed by preliminary tests in man.



buffer systemin preserving the activity of insulin: - invitro - in an
acid nedium non-buffered, the insulin is netabolized by the 30 pepsin
(test 2'). In a nediumbuffered to pH 6.8, the pepsin is no 20 | onger

active and as a result 100% of the insulin is found after 3 hours (test

1), - in a basic medium the insulin is2petabolized by the trypsin (test
4'). In nedia buffered to pH 6, 6.5 and 6.8, the activity of said trypsin
is 5 inhibited, nore or |ess decreased; -in vivo - the non-buffered

preparation exhibits practically no aELAIMSy. In contrast, the buffered
preparation exhibits strong hypoglycemc activity. 10 In all the tests,
both in vitro and in vivo, human insulin was used. It is evident that the

resul ts obtained ar&n%iqjcﬁ?ﬁlléqgg@ & dolid o PotafiRgues. Considering these

results, the inportance o resent Invenfion Is quite obvious. This
i mpor t ancat least dneeproteinfactive ihdgrgdienein freedoym) aswellias, man. 21 CLAIMS 1.
Conposition, in liquid or solid

in_| form containing: at |east o rotein
act i vé i fgr adiasif, 3 AystemeCcanablg of Butfering dsto 3 pb@ragter Hlﬁ”d‘a a53§9§5( n or
capabl e q r ' e r n : : to 8
or, for aé"é-@r%% é\r?g?fs% 3#&?’?\361?%&)8(@ @.Esa? e\ﬁ%@%’ Wﬁeﬁggﬁ @%g%d !}ﬁgéﬁpldqﬁ'@gﬂlm,
nmedi um  pbbffef effe@iBetribeh el P18 Yredtep thati gairela pRABsdtiRmtoreqidlitess t han or
equal to 8, for use as a drug, for administration by oral route of sai d at
| east ondopuse@sra duid,for admimisitation by xrabroube of saikak leaat one Ppeisin adive i n
l'iquid or, soldi.d form for admnistration
ingredient.
10
2. Pharmaceutical composition, in liquid or solid form, for administration
by oral route, containing at least one protein active ingredient, characterized in that
it contains said at least one protein active ingredient, in free form, as well as, for a
figuid, a system capable of buffering it to a pH greater than 4 and less than or equal
15 to 8 or, for a solid, a system that exerts, when it is placed in a liquid medium, a

buffer effect between a pH greater than 4 and a pH less than or equal to 8.

3. Composition according to claim 1 or 2, obtained by the formulation of
said at least one protein active ingredient in free form with a system capable of
20 buffering it, in liquid form, to a pH greater than 4 and less than or equal to 8 or, in
solid form, with a system that exerts, when said solid form is placed in a liquid
medium, a buffer effect between a pH greater than 4 and a pH less than or equal to

8.

25 4. Composition according to any one of claims 1 to 3, characterized in
that the buffer pH is between 4.5 and 7.5, very advantageously between 5 and 7.

5. Composition according to any one of claims 1 to 4, characterized in
that said at least one protein active ingredient is selected among:
30 - insulin and analogues and derivatives thereof,
- somatotropin and derivatives thereof,



by oral route, containing at |east one protein active ingredient,
characterized in that it contains said at |east one protein active
ingredient, in free form as well as, for a liquid, a system capabl e of
buffering it to a pH greater than 4 and | ess than or equal is to 8 or, for
a solid, a systemthat exerts, when it pP3 placed in a liquid nedium a
buffer effect between a pH greater than 4 and a pH less than or equal to 8.
3. Conposition according to claim1 or 2, obtained by the formnulation of

sai d at | east -¢akitondy, @@ active ingredient in free formwith a system
capable of 20 l?_(tﬂl_ieriina iEL", inliquid form to a pH greater than 4 and

| ess than or e ABA89YFS- in solid form with a systemthat exerts, when
said solid formis placed in a liquid nmedium a buffer effect between a pH
greater than 4 and a pH less than or equal to 8. 25 4. Conposition
according to #ny odemypositcr ascarding B anyaone wfrdlaios iLnto bhaharacterinetf by pH
is between 4.5 and 7.5, very adyant ageous! y, between, 5 and 7. 5., Conposition
accor i n&ni"b sgifl abnleagk O(Heai%ﬁ%tem tﬁg‘? Wé‘%/dd%?ter'-cf Aslected argRg S'QFW{'T-gtaqd;ast
one protej I i i i el ected anong: 30 - insulin and anal ogues
and deri ?ﬁ#%@gr@[ﬁg@gé@n@?ﬁtropi n and derivatives thereof, 22 -
calcitonin, and - LHRH anal ogues. 6. Conposition according to any one of

clainms 1 to 5,_characterized in 5 that said at |east one protein active
i ngredi ent i s %&el e&ospasitinn arerdingh tauany efgiol fikisisad dtod by icharacterized in

thereof. /.. Conposition according to,an e | al

char act ertﬁﬁteéaf SYPYeR, §%ﬁq9n§@e( gtﬁ‘[ 0"}]"' sﬁHﬁgr bﬁeﬁbﬁg 'Eeﬁg{# f gpos&nf 80PNg ¢ 4
buf f c ng ho a mal i ht e, yaat e,
ot r e A e e Bt Rl SR Phgadle
tris-glydetrabutylarhimooium} riréydeERmaBAamiopmethane, f triseglyditez wbarbitol, ortis-

buffers. 8. Conposition ?Fccordi ng_to,an&/ ope of clains 1 to 7,
char act erBD’ B BSA, copper sulfate and zwitterioniC bufters,

8. Composition according to any one of claims 1 to 7, characterized in

15 that it is formulated in unit form.

9. Composition according to any one of claims 1 to 8, characterized in
that it is, as a liquid, in the form of a solution, suspension or syrup or, as a solid, in
the form of tablets, notably dispersible, orodispersible or effervescent tablets,

20 capsules, powder, effervescent powder, granules, effervescent granules or a

lyophilisate.

10. Composition according to any one of claims 1 to 9, characterized in
that it is in the form of solid pharmaceutical preparations, notably dispersible tablets

25  or effervescent tablets.

11. Composition according to any one of claims 1 to 7, characterized in
that said system responsible for the buffer effect is formulated separately from said
at least one protein active ingredient.

30



15 that it is fornmulated in unit form 9. Conposition according to any one
of clains 1 to 8, characterized in that it is, as a liquid, in the form of
a solution, suspension or syrup or, as a solid, in the formof tablets,
not ably di spersible, orodispersible or effervescent tablets, 20 capsul es,
powder, effervescent powder, granules, RBfervescent granules or a

| yophi l i sate. 10. Conposition according to any one of clainms 1 to 9,
characterized in that it is in the formof solid pharmaceutical

prepar ations, It atMethad fpepeapsriagtaneprapesition ageordingto,ary ene of glaimsd. tor1,

cai 0 systBm dEeRoRtra) it B trnbhscs, Al Tertndhion of RICEL Rt e P oo
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than 4 and a pH less than or equal to 8.




