.. 1 “Pharmaceutical conpositions containing at |east one protein active

I ngredi ent protected from di gestive enzynes. The princi pal object of the
present invention is conpositions - conpositions for use as a drug or
pharmaceutical conpositions - containing at |east one protein 5 active

i ngredient protected fromdigestive enzyjres. Wthin said conpositions, said
at |l east one active ingredient is fornulated in such a way as to resi st
being netabolized in the gastric environment and in the intestinal
environment. Said conpositions are conpositions for admnistration by oral
route (via the gastrointestinal tract) of said at |east one protein active
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particular insulin and analogues thereof (more precisely sensitive to proteases, such

H

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:



<. chemcally nodified according to nunerous variants and those fornul 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
pol ypepti de hornones. Sai d hornones are adm ni stered, advantageously in
buf f ered aqueous solutions, encapsulated in a |liposone. They are not
adm nistered in free form - docunents WO 97/33531, WD 02/072075 and US
2003/ 0017203 disclose 5 gastro-resistant fornms for the adm ni stration of

pepti des by or-apatentulls 4;f92s433 discinses @administratigashy eralemiute ft pelppeptide and
a pHlowering agent., Said coatin rotects, the active ingredi enf durin

O ee el deid BudnnegacE bdhiidsis, AdanBideolSly’ Rebiferat pgtcol

di ssol ve r | ; ' ' ' i j agent .
e’ ot roHRrRREhBssARlted 6 IBRELIYE, THEY 8fé Ak adffnitiRfed I tralfomo 202

| oner ed 10 | ocaddquments NGO 97 3B5S1NINONO2 (072061 and Sa2003700 7203 tdisclose
I ntestinal proteases present. Protectiqgn in the stomach and in the entry

of thé i raassio-resistant; lenms L she adpyinistiationiof maplides ly-oral ipiee Thess farms

form nor SRS % BEekeradSeRE Roafiad Ard, AUFRI i o6hIE SdiRebgi pidebte.
that tablipela@Verngrediehtodurdip its GRisbade WOHRY sEomach. MRGEM the RRedtire, sifl for

the bioavailability of buffered solutions of calcitonin. The tests were
conduct edcaabingds dissolvied, releasing detlothe betiyeHingredinet and dine phl-loweringsagentd

locally (direct]ly in.the_ intestine of rats n the sorption af the
hotive i Hgnedpele afianor sl PHilderta, Gt B8 HCoR BRE iBresfRe s JeWeres
nat ur,g of | j | [ 5 ' rm
et Des 0G5, TN 0B AR B8 prOORRLCNRY, O il PSR QrORBE Bl T
of the i rRretddtion iapiher stearmchi @rad irc thg estrtyi oftheointestingsis thuscdrnssiest bpewawy, -
application US 2002/ 0132757 relates to the adm nistration of calcitonin, in
t he for mdffesanti megnst WOPses , actipno dgnelopst sledcessivelgniien £eptides JogAuestian or
nasal nucpsa, . For.ihis ageQLI_L ¢ Lype of _adm nistration,. which.dogs,.not,
i nvol ve tHETS8TGEEHNS; K BSTiAAY O LTS PReACE U & PHYFedMElET s FRPHY as
follows. Hd nbfed hél that $aileVEEn pdhe2d of bpplidatihewd 9733531 prebehts rébdts
sol uti on obtai ned, supplenented wi'th one or
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 follows. It is first dissolved
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;



nore 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
b 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 a 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 coments summarize the prior art teaching wiwth respect to the 25

concepts of oral conposition, free-formprotein active ingredient and
buffer, insofar as said concepts constitute the foundation of the present
i nvention, described bel ow. The technical problemof adm nistering by oral
route a protein active ingredient (thug sensitive to digestive enzymes) is
dual insofar as the systemof protection provided nust a priori be
effective in both the stonmach and in the entry 30 of the intestine. It nust
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novel soltheiarh, not based on a dual system of protection but on a system
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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 admnistration 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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obt ai ned bl%l ou{}.g_D l( %noer ré%lsfar n%es’cmau fract), containing at ieast one protein active
ingredient, which contains said protein active |ngred1ent, in free form, as well as, for
15 liguids, 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 gral 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 |l east 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
l'iquid nmedium 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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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 |east 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
exertion of said buffer effect in said pH range (4 < pH <_ 8) is of course
conpatible with the stability of said at |east one protein active _
ingredient (in any 25 event with the stability of the active ingredient(s)
present ) .quitee partipdarly | prefeéd t ime thav contiexth ofr @ wofpasitivnt @fathe invertigH <
S. They are., advantageously buffered to a pH between 4.5 and 7.5 (4.5 <_ pH
< 7.5), @ninipg g ghtageously buffered to a pH between 5 and 7 (5 <_ pH
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In the duodénum - isS suitable to protect all protein active ingredients
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Thus, the compositions of the invention contain, advantageously, at least one
15 protein active ingredient (in free form) selected among insufin, its analogues and
derivatives thereof (generally and advantageously contain insulin or an analogue or
derivafive 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 ingulin. 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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protein %Eiaqrfsiblegr&ditﬁ t biff8r férfat Rithn /thBUthRipositiphe "of ftBe ifvediiBAPise:

insulin / er system). In a conpletely nonrestrictive way, it can be
st at ed t redvantagenyslyem bufepahesdn ariong tphosphéties racetdtes tmaleatd, nphtinalate,

conpositions of the inventjon is advantageousl buf f chosen

ph(r)n;phat esucgipaten eltrated dm ,zomteélraiwéﬂa AR 2—,an§n9-§f;h\é¢rowm§§vgﬂg}
tetrahuty, b a0 NQ-2- 3 =1, ' 0 .

11 hydr oy ABes Yo HANd ekt RCtand of TRrfaRMIG ThatPbr Trie), |
bar bi t ol ,trfsrg'ryciﬁéﬁwérsm, t6SEDTA BSA f @ppepBsdifatel driccrwitterionipbufeers. More

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

seiected 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 phospghate, and advantageously contains:
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 a(converitiomay @d beaswaltoveed)primt dien sacked,; esibimgeal, edispeisibléy ee
form and the selected systembuffer: 4 < pH < can,exi st according to
two var | G0gSPBSblee SENBCEMDa PRUES, ROMBEESToUMRESHEI Pabfes, OTeaviEs

conpositi f i ' A | ;
norodi erfterveeBns SPTHeRBRE thohuitibalos, MifBsedets e ATLARISHLE TH® sied,
the scopenghetdit RndwItow Y@ forpmilateyamponersthietdthét bBtheeunis fornTdisted above,
conpositions of the invention can notably be provided in |iquid forns

(di r e6t | ytheuddtiveeingredientsin questionp withs acivitables sysiemorrspossibise frii diesbuffier 30
syrups, or..in solid forns (which develop the buffer effect, when consuned,
ina I|iddfeftsguaRsally water, or following their consunption, in the

st omach) such . f?fféf‘@ | i d,
subl i ngual , di@[s)tgr%se%?%}a%bér% |spe€iqeapgbaﬁer??ce%lec§@rﬁt \,N&ggggﬁfléggﬁ tgo ers,
ef f er vesdagtedientetirat grovide ethe effdreescest etiargetenudxpectad] Mhephi typest ef.
These |lists are not exhaustive. Those skille in the art know how

f or mul at dngredients Gragentsoaeserally te twagent r gt regck PYaheipasing ¢ Oﬁ’(’ﬁ i ve

erfedd soaghfertBTAbhESIgeih BT Hlr oF' or Fervescent phar maceut cal forms. it

i s advisabl e twitARfthd BE6RIEth filtetvapiany, the &édrpedifieny of chatinedrichCc ey

expected. These types of ingredients (reagents (generally two reagents)

t hat reacadvaptagsosslyi neroyigey aase solid pharmaceutical preparations, in particular
dispersibie tabiets or effervescent tabiets.

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 withigt |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
conponentsaic at deast rmgleqmrot@asatctimmgryedtesmm rﬁma pemeand af ledsk onefdtber allive
effect desired. These two, separate, cO nts are }o be adm ni st ered

jointly dﬂgfﬁﬁ%’i ) Inét Hie ?U'tawesiV@Fﬁrﬁ Jf eYogererally tentaife in @ddiionetq ect

devel ops v en g ve.
tract (fi&gg of a‘? &ﬁﬁﬂ%t? rT&S'JF@J g%ﬁe ?8 &ﬁsonéoﬁ\%nhﬁﬁaﬂ}nvgﬁepon
(accor di nshdrmdcbati¢alr Forravlatiopdndsyer | aat th@5 m@@u@qt@onst@um atovedi dselid
| east one protein active ingredient in free form (or said at |east one

prot ein aeampesitions @enerallyi contaiy froradditian 4o saidsat daa,stooﬁerpra:ttemvectlve

di ent d t || ticall
wcoept abl BOrEfit 4 b qc{?ﬁcﬁ’éq?fs%ﬁe bleSf oné i v RaBaRnRe e fim ¥
eff o1 ves ety bt 188X SHe o “féomédleﬁ% YN&rid 'tﬁ@rtﬁﬂ‘f térhah SR exgsent 10

conventi ona phar I’TB.CGUt | cal ositr'ons, suc V\Bet ener S, avors

and / or (basegeoptiopaly dwithl uhgredmnts, respons|ble [for ueffervasgamse) i with vanious
contain only said at | east one protein active ingredient (or 10 said at
| east oned '%b\{@ﬁuéﬁtaﬁ\ﬁael"ﬁﬂjﬁgtﬁn&\ﬁs*iﬁﬂ abo¥e)-f orm and at | east one ot her

4G | o0 e BBt i ARG SR on, JRCHpapERe o nenke
convent i ofdclied sgiove) cativtitiifesetid Gatohdr obibet iofnthe Préderttsiriveation. Said
ingredients |isted above) Solid 5 conpositions generally contain, in
addi ti on prepaativnds a peeparation pf atphiaprmaceutical comgositioarthat isrbuffereddirtthah t o
said at lzg%%hn?rqga |t?1tae 'Dﬂn’%?téﬁ/aera&régrsﬁgéuy, it (':o?ﬂg)rr;see% tfne (simpie) formuiation 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 included 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 resuits presented below. The “dual
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, constitutegithe second object of the present

I nvention. Said preparation is a preparation of a pharmaceutical
conposition that is buffered or that 1is conbined with a buffer.
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than 4 and a. | ess_than ,ar .equal .to 8. . .The Wi L.on". be
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the preparation of conpositions with separate conponents. Conventionnaly,
ot her i ngingridients imafrebefarmg | witk da i bufferesysterpasath @s spedifiesd abéve, notably

conpositions of the invention, Those skilled in the art understand the
i npor t ancelegted gEgnghese identilied apve. which is confirmed by the exanpl es
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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 liguid 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 in vitro and pharmacological tests conducted in

vivo with insulin.



51n other words, the invention provides a novel nethod 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 system such as specified gbove, notably selected anong those
identified above. 10 Finally, the invention can be seen as a nethod of
therapeutic treatnent conprising the adm nistration by oral route of at

| east one protEFarmgtdase i ngredient and/or a nethod of oral adninistration

of at least o rotein tive ingrediept. Characterjsticall i_n_the
context of - sa iaypen0r Bt {HE EveBHin e repaiide diceiting to o metlfod
adm ni st f ' Sed IOl H it e T

not) i n ot (@i fediftehRofial Rirrlidtion mbthBas IBA the Myrediinks idEARE,
buf f er ed tsedaintheagiantities fridichtedbove, 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 digeersiie tabiefisiAt a8t n) . The concerned today known treatments
are those of the.di disorders hereafter precised: diabetes (in
reference to th@%ﬁ%ﬁtﬁ?@ﬁ% “if insulin), growh inhibition (in
reference 20 to the adm nistration of somatropin), osteoporosis (in

reference to the adm nistration of calcitonin), prostate cancer (in
ref erenceTinletishe admnistration of LHRH)... The invention will now be

illustrated by specifyi .on.a purely illustrative basjs, thegfor or
two buffered insulin 'i(léfﬁgaﬂ@%‘ﬁ the invention, and the great 255 rﬁﬂﬁb@éb
of said invention wiltrometarholWTRI$) presenti ng bel ow t he conpdl8tinge results
of physi cochem cal te W ' % 0 and phar macol ogi ¢ sts
conducted in vivo Wﬁ%ayﬁlﬁ 7T _%ﬁeztﬂ‘fglpgi mul as Two types of 2ta‘;l:gt)br}i‘@ts of the
i nvention were prepar@ifrogys@lmencelivtosg net hod known per se 2580W@ent i onal
fornul ation nethod), maffkéne i ngredients indicated, used imgpRg
gquantities indicated: 5 - dispersible tablets A, and

magnesium stearate : i0 mg
colloidal silica : 1mg
crospovidon : 50 mg
sodium benzoate : 30 mg
talc : 10 mg
citric acid { g.s. pH6.5
monosodium citrate

tablet weight: 1 gram

Tablets B

human insulin : 3.5 mg (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 q.s. pH 6.5 nonosodijgmcitrate | 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 phddpawelrotests) et hanol 96 % f q.s. for granul ation

dem neral i zed wat er ( 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 r D | j e |+ ol e
of trypsin in é%S%éNeﬁe n@aﬁﬁ%snﬁpt £ 16 S8t the FEEhM rbleof BeAdfin arl
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 NHC (50 m)pH 1
+ stirring at 37°C for 1h, 2h, 3h

Time Insuiin 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)
+ 0.1NHCI(50 m)pH 1

20 + pepsin {160 mg)
+ stirring at 37°C for 1h
Time Insulin content
Time 0 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

pH 1 + stirring at 37C for

the insulin was

Test 1' 1o Human insulin solution (100
1h, 2h, 3h Tine insulin

Time 0 99.00 U 1h 99.87 U 2h 380.13 U 3h 100.30 U In an acid

n

the insulin is stable for nore 15 than 3

+0.1 NHJ (50 m)

pH 1 20 + pedsi the IBesenpe of dher gastgicaena/ne f(pepsin), TatepH nsuthe insidineis

Time 0 OU 1h,0 4 1n the presence of the gastric enzyme (pepsin),
1, the idmﬁﬁ’fa@]\/ £
solution (100 U)

5

10

15

20

Test 1 (invention)

Human insulin solution (100 U)
+0.1NHCI{(0ml)pH 1
+ pepsin (160 mg)

+ phosphate buffer pH 6.8 (50 ml)

+ stirring at 37°C for 1h, 2h, 3h

+ pepsin (160 ny)

Time Insulin content
Time 0 101.32 U
ih 101.73 U
2h 99.72 U
3h 10160 U

In a medium buffered to pH 6.8, the pepsin is no longer activated and the

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

Time Insulin content
Time 0 100 U
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
gradedat el y degraded. Test 1 (invention) 5 Human insulin
+0.1 NHJ (50 m) pH 1




+ phosphate buffer pH 6.8 (50 ml) + stirring at 37C for 1h, 2h, 3h Tine
Insulin content Tine O 101.32 U 1h 101.73 U 2h 99.72 1.1 3h 101.60 U 10
In a medium buffered to pH 6.8, the pepsin is no |longer activated and the
insulin is stable for nore than 3 hours at 37C. Test 3" 15 Human insulin
solution (100 U + 0.1 N HO + phosphatg buffer pH 8.5 + stirring at 37C
for 1h, 2h, 3h Tine Insulin content Tinme 0 100 U 1h 99.59 U 2h 100.24 U
3h 100.48 U 20 This test verified the effectiveness of the buffer and the
fact that in the absence of enzynme, the insulin is stable in a basic

medi um T Stf , .20, 2c (invention) Human insulin solution (100 U) +
phosphat (ipyetoma) | pH 6.5 (test 2b), pH 6.8 (test 2¢c) 5 +

trypsin 7%%%&"5@&“%@{10’67@) for 1h, 2h Insulin content
+ phosphate buffer pH 6 (test 2a), pH 6.5 (test 2b), pH 6.8 (test 2¢)
5 + trypsin 750 U
+ stirring at 37°C for 1h, 2h

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

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

10 is mostly attenuated.

Test 4
Human insulin solution (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 insulin is
strongly degraded.
29
Examination of these results (at basic pH) shows that the more the pH
increases toward alkalinity, the more the trypsin exerts its metabolic effect.



Tine pH 6 pH6.5 pH 6.8 Tinme 0 100 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 10 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 Time Insulin content Time 019 U 1h 14.5 U 2h 1.5 U ln 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 pife ioptimeas epoinbveeetnsltkabé npltly6.5 fpearomeutrab phH)y pdiate eafen s

its netabolic effect. 16, The opti ojnt seens to be pH 6.5 (ne )
neut 1l pEROURere SpHtET Bengiasehcs t piRSin,ct PGt PrEoBaac of i S thung;
hi gh per age of insulinis found: 72% 5 11l In vivo tests The
hypoglycg%%}é" activity of two types of effervescent tablets (wth 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

buf feb)) was Jklidrevivotests

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

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

30 30 units of insufin 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 (hyperglycenic) by administration 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 summarized4715 bel ow. Admi 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

conbi ned with pol yphagi a, pol ydi psia and pol yuria. The aninmals are divided

oo oA S, e b VAo 2 P e i
01 °h T SO P e (5 Loryescen

ani mal s, receiThengeshits @r@bresant@ irsthegtablescissiovaThay ape ekpresséd Imgitamobf
insulin contained in a non-buffered tablet (effervescent tablet B but

wi t hodt HlBEese) per literand alseeinomilliequivaleats (BakleH )3andiashe pewentadendiecrease
receivin Qﬂ or al hﬂ#té usi ng an esophageal probe 30 30 units of insulin
cont ai ned"i ycf"f"ﬁk( Qrffered to pH 6.8 (effervescent tablet B (see
above)), in a volune 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 00 QOop
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(percentage of decrease in glycemia as a function of time (expressed in minutes)):
- the —=— curve shows the resuits of batch 1,
- the --#-- curve shows the results of batch 2,
- the —A— curve shows the resulits of batch 3.

Examination of the results shows:

- in the normal (non-hyperglycemic) animals (batch 1), administration of
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
giucagon, which is a hypergiycemic;

- in the diabetic animals (batch 2), administration of non-buffered insulin
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
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 /n vifro) and confirm the good
bioavailability of said insulin.

The results, both /n 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
pepsin (test 2). In a medium buffered to pH 6.8, the pepsin is no
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results fromtable 2 were plotted on the single figure in the appendi x
(percentage of decrease in glycemia as a function of tine (expressed in

mnutes)): - the -0- curve shows the results of batch 1, 5 - the ----
curve shows the results of batch 2, - thg -A curve shows the results of
batch 3. Exam nation of the results shows: - in the nornmal

(non- hyperglycem c) animals (batch 1), administration of 1o buffered
insulin | eads afterloagemadtivesand as a resuly008e of thae insufin i faund aftev 3 howrs
maxi rum at the 75th, m nyte, and then glycem a returns to nornmal val ues
after the 150th mW8tel) These ani mal s, with the pancreas intact,

conpensate by secreti | i i -Si : hE gl '

di abetic aninmals (ba'b(r:% b?%?:qggﬁam’st réﬁ%ﬁl&?ﬂﬁ%ﬁ%@ﬂ%@’ﬁgﬁéitwg&'d{'ﬁb?ﬁé )

| eads to a very slilphmedianbuffardd trpH 6e6/5cane 6.8, theyaetivity. ofTkaid ueypsin is he
experinment, the aninmals maintain very high glycema; - in the diabetic

ani malbs (bat ch 3), iaBikitedsMoseioslessraesiedseded insulin | eads after 45

m nutes to a h_i%hl.y significant decrease in glycema wth a nmaxi rum at the
105t h minute, afden a progressive increase in glycema is observed. Al
the 20 ani mal's are hjghlnon-pperead préparaabl ekhidits dBrd@icallyet vt Nadtiityor I
glycem a due to the severity of the diabetes. These results show that the
buf fer system used condmastt thesdiuffered o ppeparatior exhibithy strghgc dnyipoglycemid t y
of the insulin adm nistered by oral route (which is conpletely consistent
with the results oR@&VH¥d in vitro) and confirmthe good

10 In all the tests, both /7 vitro and in vivo, human insulin was used. It is evident
that the results obtained are applicable to all insulin analogues.
Considering these results, the importance of the present invention is quite

1is importance has been confirmed by preliminary tests in main.



25 bioavailability of said insulin. The results, both in vitro and in vivo,
denonstrate the effectiveness of the 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 nmediumbuffered to
pH 6.8, the pepsin is no 20 |onger actpye and as a result 100% of the
insulinis found after 3 hours (test 1), - in a basic nmedium the insulin
is metabolized by the trypsin (test 4'). In nedia buffered to pH 6, 6.5
and 6.8, the activity of said trypsi nCLAIMS inhibited, nore or |ess
decreased; in vivo - the non-buffered preparation exhibits practically no
activity. In contrast, the buffered preparation exhibits strong

hypogl ycem ¢ Aact [ ‘ﬁcfrﬁépo#‘#br{ qnc'ﬁbhl &esdlt hafmf BehRiAiAgVi tro and in vivo,

human i nsulin Wwas use ent he resu?ts obt ai ned are

appl i cablat leastalrie proseihiattioo Mgredient ifreeifden] agwellese results, the
I nportance of the present invention is quite obvious. This inportance has

been &onffor adifuiy, HE¥IEM GRpaple @ébyffrenngawo a pH grentesthan a@ngdess tham on n

in'free 1] (68 eir 400G § 5item RS, BPENTER Bt B ol HeBlif "

to a pH of pafer efféabetwBf d ﬁ%igréél@ﬁ ti94n 4%@& que§s tﬁan boeqamitelg, d. a

systemthat exerts, when it 1s™placed in a liquid nedium a buf f ér ef f ect
bet ween dopkisgrase drug,kfan admimigtratipiiblyesal rduia of isaishatileasbobe proleiruaetives a

drug, for,_adm nistration by oral route of said at |east one protein active
i ngr edi erffigredient.

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
liquid, 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,



10 2. Pharmaceutical conposition, in liquid or solid form for
admnistration by oral route, containing at |east one protein active

i ngredient, 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?phan 4 and | ess than or equal is to
8 or, for a solid, a systemthat exerts, when it is placed in a liquid
medium a buffer effect between a pH greater than 4 and a pH | ess than or
equal to 8. 3.- caloitonii,tandh according to claim 1 or 2, obtained by the
formul ati on of i, d a&pleast one protein active ingredient in free form
with a systenfééﬁgﬁpga U€S0 buffering it, inliquid form to a pH greater
than 4 and less than or equal to 8 or, in solid form with a systemthat
exerts, when said solid formis placed in a liquid nmedium a buffer effect
between a pH @§ eat €onpwsitich aocordingtd emy oharofotlaievpudl ta 6, cBaratberized in
Conposition according to any one of clains 1 to 3, characterized in that
the baff dhapisaids Aelapskone pralgin Adivey Kayedignk i af@i%ﬁ@q? yarﬁemle@ﬁugﬂ 7.

5. Conpositiko i ] e of claims 1 to 4, characterized in
t hat sai é'ﬁodl@gé%%&%'&g@?ﬁ&g@ﬁi ve ingredient is selected anong: 30 -
i nsulin and anal ogues and derivatives thereof, - somatotropin and

derivatives thereof, 22 - calcitonin, and - LHRH anal ogues. 6. Conposition
accordi ng to ahy orGompositien @scdrding 50 arnyacsetafr¢laigss into §, tharadalizedatn

anal 0guaNah PR Sy T GESHABINR 10r 7he BTG  £Ferm decr iy FOCSRy BNt
| ai 1 i i hat j t i ' f Bk
but 187 oriDsphafis™ BN C matd. " piRRalpie L EHNRESPORRIAR | Mk,

pht hal at eetrabotjlaratmnium} r aihgdroxyindethglasinbrictiEng, y trésvgiyainen barbitol, tris-
trihydrOﬁgneth | am nonet hane, tris-glycine, barbitol, tris-
DTA BSA, copper sulfate and zwittérionic buffers.

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



EDTA BSA, copper sulfate and zwitterionic buffers. 8. Conposition according
to any one of clainms 1 to 7, characterized in 15 that it is formulated in
unit form 9. Conposition according to any one of clainms 1 to 8,
characterized in that it is, as a liquid, in the formof a solution
suspension or syrup or, as a solid, in 28he formof tablets, notably

di spersible, orodispersible or effervescent tablets, 20 capsul es, powder,

ef fervescent powder, granules, effervescent granules or a |yophilisate.

10. Conposi ti ol2.acddettioddor prepayingri camposifipnmaccondingto anyoaetafdaims 1
that it igs, in the formof, solid pharnmageutical preparatio not abl .

di sper si bt SASPEEYZedUn Shaplt carpRdeening Jynaialion OF i gbeast e PEIE ng
to any o ; i 7 { &)k A t i pansy bl e
for the BLire AL in fReTorf WA SutdfLappiie hurtetiny 33 CiMposreR
protei n diguid ormmaibedl pEingreatd thdn 4land Mssithdn foprequaktm8) ogiresolidfoos, witn

according to any one of clainms 1 to 11, characterized in that it conprises
the férma &systen shatsexertutwhen spichpelich foeiis plaged nea iligyic medigm; @ bulfer

o a pH griee ceoPRe TP afedfbe Bt £ BRE"HRREY Mo B0 i o form w1
5 a systemthat exerts, when said solid formis placed in a liquid nmedium

a buffer effect between a pH greater than 4 and a pH |l ess than or equal to
8.



