1 Pharmaceutical conpositions containing at | east one protein active

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

I ngredi ent protected fromdigestive enzypes. Wthin said conpositions, said
at |l east one active ingredient is fornulated in such a way as to resi st
bei ng netabolized in the gastric environnent and in the intestinal
environment. Said conpositions are conpositions for adm nistration by oral
route (via the gastrointestinal tract) of said at | east one protein active

i ngredi ent (senS|t|ve to 10 dlgestlve enzynes) To date -roteln
active ingr Hhasmaceutical ompesitions Containing-a: legst. o h Sl Ails

i nsulin and anal ogues there i.sel: - ve to prot eases such
as pepsin in the stomach anﬁﬁﬁ%ﬁ@@%&%ﬁh&he I ntestine), remain
essential |y admfdipgih€iba object aFehieprtisehoiHvention SipidotnssitioHEer edfmpdEHridngs
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xanpl o 2 ke GBH0¥ JCREEgEhe s 0 f““%@a 0P 1P FLL eoit Being,
subj ect. metaboliZé¢ inOfie disticehvionment adhabthe iftettinall envirgnrhent. Said
adm ni stration by nasal route. This route of adm nistration would indeed be

| ess tecmﬂmmslt}m&ﬁ)naf& acempgsitions tfhe gaMiRisEREPN dt eoralhdOoHtgyh(ya the

{hem to 19 ra"atsaf@feist@%ﬁ bhSalf AR et bR WRBUR, Aale) kel CaldfiE

Howeveyr , ,g %} n1a certain difficulty in controlling the dose
delivered by In epending on the patient (notably if the patient has
a cold, etc.).To date proﬂsen'oadltlwg ingredientr thas sensiti\m &0 adigesiivei grzymes, in

di ent th t h b h | | dified
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adm ni st r oral rou or nones rnones ar

admi ni st egm.mgtémnttﬁgpal:Mtﬁral nrduté f iar spiteoefe aumerolsitstadies maa:amm:d deed in
a |liposonne. They are not admnistered in free form _docupents

97/ 33531, undertaken? bo 7pvestigats alteypats routes af dalivery slrg&ém%ﬂaresh%aeamore
forms for_th S n of peptides by oral route. 'These forns
conbi ne a“ %&r%%"é E@' éét%ﬂt ¢oating and a pHlowering agent. Said coating
protects the aphéd Whidld BySlhiiMa Cernedtard RafRi e pumasﬂi@:l iﬁ Wi‘ﬁél? TOp: Méd)
the intestine, said coating is dissolved, reIeaS|ng both the active
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ering insulin by injection. \Kanumber 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:



10 locally, in fact reducing the proteolytic activity of the intestinal
prot eases present. Protection in the stonmach and in the entry of the
intestine is thus ensured by two different nmeans whose action devel ops
successively. The peptides in question intervene neither in free form nor
in the presence of a buffer. IncidentaIE%, it should be noted here that
table 1 on page 23 of application WO 97/833531 presents results 15 for the
bi oavail ability of buffered solutions of calcitonin. The tests were
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guestion is that ©Of nanoparticles containing Said actiVe Irngredi ents.

Accor di ngniepvdrieenaiidrog febs ehros @dr it ke peddereeiof bdffentInciiehtdlly! &tshould
dissolved in a buffer (nere processing aid) and then connplexed with a
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organi ¢ so . Thus, the active ingredient 10is adm nistered nei'ther In
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pol yper - gslecimpoditisensf they ihvieptiphl. (phaanadéutial compositions ¢rarogs) dibelosed | ve
ingredient is thus better protected during its passage in the stomach. Here

aﬁain, tmﬁb%ﬁ}ve inggedient is adm ni stered neither in free fFrn1nor in
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t he pri omuagasanefFarhdhisdispedifs etyper of uadministpdtiomuawdich oddesc mwb oinivoiven the

cyot e | BRERISeeial frach: Shes e ingiedinat is Fotal s falions. o st dasqived 1o
and burf a2 Pty (AL b REAg AUk ind EAEHLRBEAhRL rhdeeiEd fRhiiest
present imyrensudactafs antdbenke el mere 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;



The technical problem of admnistering by oral route a protein active

I ngredient (thus sensitive to digestive enzynes) is dual insofar as the
system of protection provided nust a priori be effective in both the
stomach and in the entry 300of the intestine. It nmust a priori first resist
the gastric juice and then the pancreatic juice. Indeed, at the exit of the
stomach, in the pylorus, when acid chyné3floms in 4 the duodenum secretin
is released fromthe intestine and stinulates the pancreas to secrete both

bi carbonate (i r.der i dj ' .

b carbonate (1 Birt ASCARFRES144F oRBOSE! ¥ Blneiatiel NSHRda A prmulatin
pancr eat iggtijeii fifrédieitd ToPNadTRAstratioPShyogRN Aflitec MifiBioVEAS GAAGEMtestinal
transforned intd trypsin and 5 chynotrypsin activated by an énteroki nase).
Once aci dbsgrptiomiswsought.z €he iabsotptiotuindguestidoyist that lof daaopatinies ezhtaining
secretin, feedback and iphibitign of pancreatjc, secretions then occur. This
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protection in the stomach that also inhibits pancreatic secretion (which

el i m nat dipid, Ha anr eigepia savedgAadcmulsionois thee generatediwith &ae ebtained organihit ry
of the intestine), The inventaors.propose.a posteriari this explanation on
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of the protein active ingredient, in free form According to, its first
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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 a priori be effective in both the stomach and in the entry
30 of the intestine. It must a priori 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



- solids, containing a system (a buffer systen) that exerts, when they are
placed in a liquid nedium generally aqueous, a buffer effect between a pH
greater than 4 and a pH less than or equal to 8. According to its first
object, the present invention thus relates to: 5- conpositions, in liquid
or solid form which contain at | east one protein active ingredient in free
form as well as, for liquids, a systenﬁka buf fer system capabl e of
buffering themto a pH greater than 4 and | ess than or equal to 8 or, for

" qui ” ntaf HRpaEhi, Belrelih S Yeeadq AR R e s e b °
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(via the gastrointestinal tract) of said at |east one protein active
i ngr edi echolecystokinin {pancreorymind awhichmstiniuates sthei sedrétipn of pancogdtit juicen
for admnjstration by oral route (via the gastroi r‘ttestinal trac

. t), .
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exerts, when they are placed in a liquid medium a buffer effect between a
pH gr eat secretions 4heam @ceun Ahiseermal-digestivegmgcharis®. is Samiias seibese siohed i
the invention are obtained by (sinple) fornulation of 20 said at | east one
protein 5'8?' ingredient in free formwith a system (a buffer systen)
capabl e of buf i B & | el i@t l.ess
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between a pH greater than 4 and a pH |l ess than or e?ual to
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T hn it 9B LS HRrktediec o (BRI fufirBles fF PRUCAL deifost

buf fer syftip@ aBae ifgretiRint Sns HRIMePRGO bf theamtestiie)ATTRR AverEdrs propose a
adm ni stration by oral route of the protein active ingredient, in free
form |t posterfaréthis explanaien vadhergpashrasuits @dtaivedwith thecompositions of the
30gastroi.ntestin tract., 6 Wthin. the osi.tions of the invention,
Che-bf ot dRvenom vEné sk afitems of tottisty FrSBGRE 8 & liirfer byigeh. ' '
protecte ; | I AtefRhieti i S sis
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i ngredient without a physical system of protection, nore or |ess conpl ex,
such as ®retein pglve Wﬁﬂ"?‘%{'ﬁn%rmcf‘%s M@ wal | (said active ingredient is not

coated, matried,of, [@2&%%@@8@@9@@%@%&% H%ﬂﬁﬁﬁsihuseﬁ-%age[seto novel €

buffer system grve val Ues ge r I S capabl é of ring the

conppsi t icoffporitionae forn\@at bgnai drgpir iphaameceutivae ndompekitiong, nintendeth for
environnent. 10 It is of course capable of exerting its buffer effect for
t he dur afsuitable tarycthel administradion] bysoral Faldes of aaly deasiigenespiotep aetive
hours (in thg. a%i di'é condi tti ons. of bhﬁ, séé)trrach and the basic conditions of
the intedf9H 3e_n, é3°_§'!8q_5f S PPN QU ®SGr e familiar with such buf f er
iiﬁztcie??'e dAtS)efi(l)Vivlvﬂ‘ér Bidciseff, |t EXRpBSiflons T B IHVRNAbN SateNpXfde’™n lliguid 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 §;



15The conpositions of the invention conbine: - at least one protein
active ingredient in free form (see above), generally one such active

i ngredi ent (but the conbined intervention of several active ingredients of
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 20invention); and? - a system (a buffer system
capabl e of exerting a buffer effect in the pH range stated above.
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present) conpositions of the invention are buffered to a pH
pH 8. Thiyarm4anady phitlegethasl §r equidldodd to a pH between 4.5 and 7.5 (4.5 5_
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conpositions of the invention contain at |east one protein active
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bel ow). Those $Ki In the art under stand, however, that its
fi el to of Safpt usetasan drisg, fod administrationdnderal route (wa ltheigastraintestinal tract)
concerned (that the inventors propose a posterior!) - protection 10 during

passage iofi Seieatdeastne peatelpractive ingiedient; s no | onger (or practically no

| onger) active Lok it f '
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sui tabl e gkg phtbeQlia ahle gastheinfestiphl teact)) otartaimina dtr leastdiones proteine aztivees.
Thus, the conpositions of the invention contain, advantageously, at |east
one 15 pingredienscwhich conjaiegisaid protein adiveripgradient it freg Tapngs welllas, dor i t s
anal ogues _and deriyvatives .t her eof ener al { '

o0 91, S S Sl Sl SRR L B o T PSR
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are fam l'Tar wth insulln anal ogues such as,” for exanple, Lipro insulin,
Aspart i nghar theyGirer placed imadiquid medliube; arbuffarreffedt betwees @ P greatestham

the art are also fam|iar with jnsulin derivatives such those described in
appl i cat doandR PH less than or equal torys, the conpositions of the invention

contain, advarageBHHIHARS GE the! fvdMiohdaf bbtdifed B3R (Jit¥pl): 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.



i nsulin or an anal ogue or derivative thereof, 25- somatotropin (human
grow h hornone) or a derivative thereof, calcitonin, or an LHRH
(Lut ei ni zi ng Hor none Rel easi ng Hor none) anal ogue such as tryptoreline.
Recal | that the conpositions of the invention may contain several of these
30active ingredients and that the |ist above, far from being exhaustive, is
in no way restrictive. 8 The buffd& systens suitable for purposes of
the invention are conventional buffer systens, advantageously of high

capabl ¢ of op WD, ths Sy PR Fve b feicren iRe Gl I I ©
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exanple: "insulin / buffer system. n a conpletely nonrestrictive
way, it dsnpresest asseds tdratin t Aesiayple emixtesp owithbihe fexcipiertsh nequiredforcits

ithin the conpositions,of the Jnvention i§. adyantageous ffer chosen
;Mnopé ph?emlggpn;te%r@st@rmra sald 5vg Farefient” fied tam‘é:sjt bobatly sold ateie |
i nni dazol, . - o . i o
(or 157 by arebfer: S BRI oyt dFdaroraten” BIHE dhiess camplek, RLER 83%
tris-glycoatngpaidtiikadr, capsute HAIA (S, activepmgredieniaise net doated, treatrixedc or

buf fers. More generally, the buffer systemof the conpositions of the
i nvent i orencapsWateddjnotabiy inlipoeproes), BfG). of buffer systems given in the

st oy ates B sistehe teii e B VAP SR, € BbabiEoathiriid Ble.
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from97 to y wei ght di sodi um™ydr ogen phosphate, and advant ageously

cont apns:It Mebaoursd. &iiable of exdértingoills buffar leffech fpmthehdunatianef digestion: for
at least 2 hours, advantageously up to 3 hours (in the acidic conditions of the
stomach and the basic conditions of the intestine). Those skilied in the art are
familiar with such buffer systems. As a nonrestrictive example, the nature of such
systems is specified below.
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 afid 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



about 97.2% by wei ght di sodi um hydrogen phosphat e. The oral
conpositions of the invention (conbining in a novel way at | east one
protein active ingredient, in free form and the selected systembuffer: 4
< pH 8) can exist according to two variants. 25According to a first, nore
conventional variant, said conpositions 7{ewe formulated in unit form Al of
the constitutive ingredients, including/“the buffer system are fornul ated
together. Wthin the scope of this first variant, many possibilities exist.
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the invention are advantageously provi as solid pharnaceutical
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protein active ingredients from digestive enzymes.
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.



anot her conponent containing at | east one systemthat generates the buffer
20ef f ect desired. These two, separate, conponents are to be

adm nistered jointly or quasi jointly, in such a way, of course, that the
buffer effect devel ops during the passage of the active ingredient in the
digestive tract (first of all in the stomach). The conpositions of the

I nvention (according to the first or second variant 25 above) containing
said at |east one protein active ingredient in free form (or said at |east

one protein agtjve ingredient . f d e '
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ef fervescent), ‘'may of courSe contain other ingredients that are present in

convent i avith spthisystemstancharestapabieef opimizing acterakinaligeirethe sontextobthe and
/ or progessing aids (lubricants, etc.). Liquid conpositions.may contain
only sai @‘éﬁntlog‘éﬁtqﬁ?é Mo PE? '%éﬁ'%'ﬁ%ﬁb@grém Fregﬁ‘%"\]@ / glﬁ‘i?fgera%/"’sﬁ%rﬁ Obne
proteiLn | Jngredi ' formand at | east one other active

I ngr e%li e%?c%hﬁ%‘ 'F'ﬁ%lﬁgtlspggt gy%é/@'?'em buffer. They generally contain, in
addition to tiasa tcompletelonmnrestrittiveriay; db cargrisdistates] thaty ethei gystiehry
used in pharmaceutical fornulations (such as the i n%redi ents |isted above).
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| east ongeluceédiamasy ithe listasfeduffat systeimegiven in whe hEwropean ePharmaeopéiaf
systen) 15 capabl e of bufferi ni:; said conposition in liquid form (notably

in the gawirient egitian gneregrapRd¢t.I.8)t he intestinal environment) at a pH

(a bobt er syorety opEY Sesteftts SeyidheBsellvin BhomarRedBr g7e i, " 1 qurt” "
medi um not ably sgayatite BHEsPRtE BlifeP @bakdiNs:i N the gastric environment and

in the intestinal environnment), a buffer effect between 20 a pH greater
than 4 and a pH | efromiZaio 3% bywaightssaliumidihydnogeniphosphate; end shoul d be

taken in the conventio S e of t .er al eni c or the preparation
of unit corrpositio%gqmgﬁotoiiéh?"lﬁy Bﬁeﬂﬁﬁéi's‘%‘ghé‘g"(‘:ﬁ%ﬁ%llp&f)? Backagi ng) for
t he preparation of c%%ﬂﬁh@%oys%;ﬁﬁ%@e conmponent s.

Conventionnaly, other i1 ngre e included in the preparation of the

25 cgppositions of gbpet 28Ry weight sodiur idilsydregen pedsphatehendrt under st and
the i nportance of the Eresent I nvention, which is copfirmed by the exanpl es

and test results prabothBéRbdnbweightdisadium WPQ‘PQ'E"‘@?W&?@-" of the buffer

L ot i e A B o i RN R kg st one

30genui nedryteinrREiVE ifghedient, 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



11 According to another of its aspects, the invention provides a new
application for buffer systens and thus also relates to the use of a buffer
system as specified above, notably selected anong those identified above,
to protect at |east one protein active ingredient in free formduring its
passage via the gastrointestinal tract. In other words, the invention

provi des a novel nethod for protecting, Wi th respect to digestive enzynes
(during gastrointestinal passage), protein active ingredients. Said nmethod
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be seen as a nethod of therapéutic treaPmant conprisin t?le adm ni stration
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oral adm nistration of at |east .one proteip active,jngredient.
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- 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
feast 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



m crocrystalline cellul o0se250 ng manni tol 250 ng nmagnesi um st earatel0 ny
colloidal silical ng crospovi don50 ng sodi um benzoate30 ng talcl0 ng citric
acid g.s. pl-1 6.5 nonosodiumcitrate tablet weight: 1 gram Tablets B

human i nsulin anhydrous nonosodi um citrate anhydrous sodi um bi carbonate
sodi um benzoat e nonosodi um phosphate et rllgnol 96 % dem neralized water

said at least one protein active ingredient in free form and at least one other active
ingredient) and the suitable system buffer. They generally contain, in addition to
these two components, formulation ingredients conventionally wused in
pharmaceutical formulations (such as the ingredients listed above). Solid

5 compositions generally contain, in addition to said at least one protein active
ingredient (or in addition to said at least one prdtein active ingredient in free form
and at least one other active ingredient) and the buffer system, a solid excipient
(base, optionally with ingredients responsible for effervescence) with various
additives (such as the ingredients listed above).

10 Preparation of the compositions of the invention, in unit forms or not, as
described above, constitutes the second object of the present invention. Said
preparation is a pfeparation of a pharmaceutical composition that is buffered or that
is combined with a buffer. Characteristically, it comprises the {simple) 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 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 results 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.



3.5 ng (100 U 1142.7 ng 2076 ng 152.60 ng 120 ng g.s. for granulation

for a tablet of theoretical weight: 3.5 g in solution pH6.8. 13 Il In
vitro tests Tests were conducted in vitro to confirmthe netabolic role of
pepsin in an acid nedium the netabolic role of trypsin in a basic nedium
and the inactivation of 5 one and the other of these digestive enzynes in a
buf f ered medi um according to the inventibn. During these various tests, the
i nsulin was assayed by liquid chromatography. Test 1' 10 Human insulin

%Olrrgt Hon ( 100Alcgtl.ord?rigltol\laHg{heg"r’cﬁr 5?51 gsﬁe‘étsl, thsét iin%riltri'gn %troﬁae% Eorfemll %ppﬁgatio%h
for buffer systems and thus also relates to the use of a buffer system as specified
above, notably selected among those identified above, to protect at least one
protein active ingredient in free form during its passage via the gastrointestinal tract.

5 In other words, the invention provides a novel method for protecting, with respect
to digestive enzymes (during gastrointestinal passage), protein active ingredients.
Said method essentially comprises the formulation, in unit form or not, of said active
ingredients in free form, with a buffer system such as specified above, notably
selected among those identified above.

10 Finally, the invention can be seen as a method of therapeutic treatment
comprising the administration by oral route of at least one protein active ingredient
and/or a method of oral administration of at least one protein active ingredient.
Characteristically, in the context of said method, said at least one active ingredient is
administered (formulated in a solid or liquid composition, unit form or not), in free

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 /7 vitro and pharmacological fests conducted /in
vivo with insulin.



Insulin content Tine 0 99.00 U lh 99.87 U 2h 100.13 U 3h 100.30 U
the insulin is stable for nore

In an acid nmedium at pH 1, w thout pepsin,
15 than 3 hours at 37C. Test 2

0.1 NHCl (50 mM) pH 1 20+ pepsin (160 np)
lh Time Insulin content Tine O

12

I Formulas

Human i nsulin solution (100 U)

stirring at 37C for

Two types of tablets of the invention were prepared, according to a method

known per se (conventional formulation method), from the ingredients indicated,

used in the quantities indicated:
5 - dispersible tablets A; and
- effervescent tablets B.

Tablets A

Tablets B

human insulin
trometamol (TRIS)
calcium phosphate (dicaicic)
microcrystalline cellulose
mannitol

magnesium stearate
colloidal silica
crospovidon

sodium benzoate

talc

citric acid

monosodium citrate

{

3.5 mg (100 U)
100 mg
250 mg
250 mg
250 mg

10 mg

1mg

50 mg

30 mg.

10 mg

g.s. pH#6.5

tablet weight: 1 gram

human insulin

anhydrous monosodium citrate
anhydrous sodium bicarbonate

sodium benzoate
monosodium phosphate
ethanol 96 %
demineralized water

3.5 mg (100 U)
1142.7 mg
2076 mg
152.60 mg
120 mg
{ g.s. for granulation

for a tablet of theoretical weight: 3.5 g

in solution pH 6.8.



lh O UO U 14 In the presence of the gastric enzyne (pepsin), at pH
1, the insulin is imrediately degraded. Test 1 (invention) 5Human insulin
solution (100 U 0.1 NHC (50 mM) pH1 pepsin (160 ng) phosphate buffer
pH 6.8 (50 M) stirring at 37C for |h, 2h, 3h Tine Insulin content line O
101.32 U 1h 101.73 U

13

11 In vitro tests

Tests were conducted in vitro to confirm the metabolic role of pepsin in an

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.

Test 1’
10 Human insulin solution (100 U)
+0.1NHCGOmI)pH1
+ stirring at 37°C for 1h, 2h, 3h

Time Insulin content
Time 0 99.00 U
ih 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. INHC(SOml)pH 1

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




2h 99.72 U 3h

101.60 U 10 In a nmedium 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
buffer pH 8.5
100U th 99.59

15 Human insulin solution (100 Uy 0.1 N HCl phosphate
stirring at 37C for Ih, 2h, 3h Tinme Insulin content Tine O

U
14

In the presence of the gastric enzyme (pepsin), at pH 1, the insulin is

immediately degraded.

Test 1

(invention)

5  Human insulin solution (100 U)

+ 0.1 NHCI (50 ml) pH 1

+ pepsin (160 mqg)

+ phosphate buffer pH 6.8 (50 ml)
+ stirring at 37°C for 1h, 2h, 3h

Time Insulin content
Time 0 101.32 U
ih 101.73 U
2h 99.72 U
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 more than 3 hours at 37°C.

Test 3'

15  Human insulin solution (100 U)

+ 0.1 N HCI

+ phosphate buffer pH 8.5

+ stirring at 37°C for ih, 2h, 3h

Time Insulin content
Time 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 enzyme, the insulin is stable in a basic medium.



2h 100.24 U 3h 100.48 U 15 Tests 2a, 2b, 2c (invention) Human insulin
phosphate buffer pH 6 (test 2a),

solution (100 U

(test 2c) 5+ trypsin 750 U

pH 6 pH 6.5 pH 6.8 Tinne 0 100U

Tests 2a, 2b, 2¢ (invention)

Human insulin solution (100 U)

15

pH 6.5 (test 2b),

pH 6.8

stirring at 37C for I'h, 2h Tinme 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
ih 92 U 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.

Test4
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 1.5U

In the presence of the intestinal enzyme (trypsin), at pH 8.5, the insulin 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.



100U 98U | h 92U 83U 56U 2h 86U 72U 48U In a nmedium buffered to
the indicated pH the netabolic effect of the trypsin 10is nostly
attenuated. Test 4 Human insulin solution (100 U) phosphat e
buffer pH 8.5 15+ trypsin 750 U stirring at 37C for Ih, 2h Tine Insulin
cont ent 6

1

The optimum point seems to be pH 6.5 (near neutral pH) where after
2 hours, in spite of the presence of trypsin, a high percentage of insulin is found:
72%.

5 II1 In vivo 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 insulin 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 mi/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.



Time O Ih 2h 89U 14.5 U 1.5 U In the presence of the intestinal
enzynme (trypsin), at pH 8.5, the insulin is strongly degraded. 20 16
The optinum point seens to be pH 6.5 (near neutral pH) where after 2 hours,
in spite of the presence of trypsin, a high percentage of insulin is found:
72% 5H In vivo tests The hypogl ycem c activity of two types of
effervescent tablets (with a buffer sysiémof the invention: tablets B (see
above) and wi thout a buffer systemof the invention: control effervescent
tablets (tablets B but without a buffer)) was studied 10in rats rendered
di abetic (hyperglycemc) by adm nistration of streptozotocin.
St rept ozot oci [PeYRat N ) ¥brogu 3 S
di abet ogeni c ﬁ%‘%’grs iggegb@ﬁ% ﬁ%ﬁﬂggvreﬁ}c??o@mo@éfﬁ%ﬁ ?sr?dé?grﬁ(;?mmnggﬁﬁgngm%f
t he pancieimal ditbglyestia is evaluated aisirig am Abbottrglueoseinietard in the art. Its
principle is summari zed 15 bel ow, .
The results are presented in the tables below. They are expressed in grams of
5  glucose per liter and also in milliequivalents (table 1), and as a percentage decrease

in glycemia (table 2).
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Table 2: % decrease in glycemia
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The results fromtable 2 were plotted on the single figure in the appendi x
(percentage of decrease in glycema as a function of tine (expressed in

mnutes)): the --s- curve shows the results of batch 1, - the ---- curve
shows the results of batch 2, - the -A- curve shows the results of batch 3.
Exam nation of the results shows: in the nor mal (non-hypergl yceni c)

animals (batch 1), adm nistration of 10 1Buffered insulin |leads after 45
mnutes to a slight decrease in glycema with a nmaxi numat the 75th mnute, -
and then glycennia returns to nornmal values after the 150th m nute. These
animals, with the pancreas intact, conpensate by secreting glucagon, which

is a hyper 9l yo®@ Fesults from tablé % b\ieré'[ﬂb&éd Crifheairglé tf@fu@@ id)the appendix
adm ni stration of non-buffered insulin 15l eads to a very slight

i nsigni f (pmrﬁenbtngaefad@remegiryglymmla aha dunttion of timedepprassedin mingteshi: nal s

mai ntain very hjgh ycema i, ahetic animals (batch 3),

admi ni strati on tbg- shaws ithe F%%\-E@ (Q’elqag hEB mnutes to a highly

si gni éi cant de_cthgq_s?__ @ﬁééﬁﬁ@g%ﬁe%gm Emm at the 105th m nute, and
e I nctea gl'y

t hen progress n céma is obseéfved. Al the 20 aninals are

hi ghl'y i nprovedheal igouginehpiowdaheaesiles of batch 3or mal gl ycem a due to the
severity of the di abetes. These results show that the buffer system

used nade it possible to preserve t he hypoglycem c activity of the insulin
adm ni stered oral.rou s conpletely consistent with the results
obt ai ned in vi@gyn %ﬁ'@@tﬁ?‘? F‘?ﬁuftﬁéh §¥Sd 25bi oavail ability of said insulin.
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t he buffer systemln preser nvitro
- inygn d}imferedllnsmilmdreadmhftere@ﬁ rhimetés1$ol a rslight rdecedasei zeglytmmumemth a

Opepsin n('lg)?us"r}urrzu a)t the 75@h ﬁr%t%ma?\léf gh%%egly}:gm%Hreestu?ns tt:ohgoprﬁ lva ucl—:‘sS a?cgr 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 in 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



| onger active and as a result 100% of the insulin is found after 3 hours
(test 1), - in a basic nedium the insulin is netabolized by the
trypsin (test 4'). In nedia buffered to pH 6, 6.5 and 6.8, the activity of
said trypsin is 5inhibited, nore or |ess decreased; - in vivo - the
non- buf fered preparati on exhibits practically no activity. In contrast, the
buf fered preparation exhibits strong hypegl ycem c activity. In all
the tests, both in vitro and in vivo, human insulin was used. It is evident

Consi der i ng t hese. AR ACtUE IR Ry R TESE 40898 P NTTRUIR IS RAERAEE 3 hours

obvi ous. This inpoqﬁﬁﬁqglhas been confirnmed by prelimnary tests in man.
21 CLAIMS 1. Conposition, in liquid or solid form qontainin%: at | east one
protein active i ngrddiabasic médiem, fthe insulin isenetabolizesl byitha trypsin test4’).

system capabl e of Qufferjng it to a g ter 4_agnd | ess_.t.han or .
equal to 8 or, forqﬁ gdiagbu e@sﬁ%ﬁﬁt&‘m@%ﬁ’éﬁ’t@&%ﬂ&“ﬁ igfsﬁq'gc 1
liquid nmedium a buyf. f .greater than 4 and a pH | ess

t han gr equal to 8%'&@[&@5@%02%& ug, r|é‘an$%tHr‘1e treatment of di seases by oral

route. 102. Pharjpagwutical conposition, in liquid or solid form containing
at |l east one protein active ingredient for use in the treatnent of _diseases

by oral route, chardbgenopdbufferednpreparationaexaiblia: pradticelbhhpdi agthity. In

contains said at |eas] e .prote;j ti ' di i e [ el |
as, for a liquid, aFOQ,;@ggmtBSpapg\f%r& Qﬁ‘?ﬁ%ﬁﬁﬁ@ F?Hib&tsagﬁ'{qhgr A‘M)f?g‘ytcgi“a\ﬁ
and | ess than or e Vitho 8 or, for a solid, a 15 systemthat exerts, when
it is placed in a liquid nedium a buffer effect between a pH greater than
4 angoa pH | edn dliithe testsghoth /in eit@ arsd @ poshuiman insdiy wesigised. Klisiewidentbr
2, obtained a]y t he foEJrruIa ion of said at |east oanprotein active

i ngr edi ethat {e resylts 9bk3I0Rd Bre,agp £ plh psuligranalogues.

Considering these results, the importance of the present invention is quite

obvious. This importance has been confirmed by preliminary tests in man.



20 buffering it, inliquid form to a pH greater than 4 and | ess than or
equal to 8 or, in solid form with a systemthat exerts, when said solid
formis placed in a liquid medium a buffer effect between a pH greater
than 4 and a pH less than or equal to 821254. Conposition according to any
one of clainms 1 to 3, characterized in that the buffer pHis between 4.5
and 7.5, very advantageously between 5 and 7. 5. Conposition according to
any one of claims 1 to 4, characterized in that said at | east one protein
active ingredient is selected anong: ¥BAIMBsulin and anal ogues and
derivatives thereof, - somatotropin and derivatives thereof, 22
calcitonin, and LHRH anal ogues. 6. Conposition according to any one

of claims 1to5 chahpeliih?filiduid B 38hd fothi! Rhudiffgk one protein active
i ngredi ent is Selected anong’ 1 nstulin andd anal’‘ogues ard derivatives thereof.

7. Conposattleast grerprateintadtivednyredientdh fidedfiors, &stwellGas, char acteri zed in that
said system responsible for the buffer effect, is a buffer chosen anong 10

phos pEat efl,O!'@cEﬂl&ﬂ.ea swebesn cepabie of husfiesingdt 6@ Aril @reaief fhane4 and leas shan of
t et rabut yl annnnaqni | hyd ' har L S= al Veis .
bar bi Lol 4 St dent ol BSEH Bar R MR piekel T ALl Foedium, o
Conposi t i 9Rufer effdbSetivecA Y pAntfre8ferahah @Pardd h pH less tikamer equidlad 8,
for use as a drug, in the treatment of diseases by oral route.

10 2. Pharmaceutical composition, in liquid or solid form, containing at least
one protein active ingredient for use in the treatment of diseases by oral route,
characterized in that the pharmaceutical composition 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 to 8 or, for a solid, a

15  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,



15that it is formulated in unit form 9. Conposition according to
any one of clains 1 to 8, characterized in that it is, as aliquid, in the
formof a solution, suspension or syrup or, as a solid, in the form of

tabl ets, notably dispersible, orodispergoi2ble or effervescent tablets, 20
capsul es, powder, effervescent powder, granules, effervescent granules or a
| yophi |l i sate. 10. Conposition according to any one of clains 1 to
9, characterized inthat it is in the formof solid pharnmaceuti cal

pr epar ati ons, -+odleibdnindarsgpersi ble tablets 25 or effervescent tablets.

11. Conposition according to any one of clains 1 to 7, characterized in
that said systéhﬂR@ URSe for the buffer effect is fornmul ated separately
fromsaid at | east one protein active ingredient. 23 12. Method for
preparing a conposition according to any one of clains 1 to 11,

characterized gn t hgomipbsieionpadcoedinghe &y readf elairt bab b, athdrectetizeddn
protein active ingredient in free formwth a system capable of buffering

sai d conpihatt said, at heastqong protein adive pngrgdientels selaated ampngdedsuliRaandr
equal to 8 f.orm vvittig 5a systemthat exerts, when said solid

i l,id
formis p@%géug%naigpiaamw%p[ﬁﬂ. a buffer effect between a pH greater

than 4 and a pH less than or equal to 8. 13. Pharnaceuti ca
conposition, in liquid or solid form containing: - at |east one protein
active ingredi 2nt s€bmpositiohr acoordingl ionanyrmmieogiiekaimg 1 e, i characiedized in

derivatives of .insulin, in free for and - for_a |jquigd, _a system capable
of buffertha§ $aidasysienn r@é?@@ﬂ%&%ﬁqwﬁf@ﬁ gffegt, si§i ﬁd,guﬁe'bﬁ(‘f)é‘%" s@IEBBQn
t hat er it J | ac in.a | Lo di : uf f f eGl,; pH
bet ween Sbli%sf%.?g’lmaﬁei%t%posﬁﬁi%dr%ehcc%%a%&gfo crEé:lnfaﬁt_’B, C rgfééct g'trnljciza‘ei %l’n
that sai dtctipiugamnesionsi Blisydroxyrhbthylarhinemethaee! trisglyciteyf foarbitslpsis-
anong phosphate, acetate, naleate, phthal ate, succinate, citrate,
i m dazol eEDTAtBS# woppanswfataandtawitigdooicybutéardy| am nomet hane, tris-glyci ne,
barbitol, tris-EDTA BSA, copper sulfate and zwitterionic buffers.

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

15 that it is formulated in unit form.

Q. 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



20 15. Conposition according to claim13 or 14, characterized in
that it is fornulated in unit form 16. Conposition according to any
one of clainms 13 to 15, characterized in 25that it is, as a liquid, in the
formof a solution, suspension or syrup2@r, as a solid, in the form of
tablets, notably dispersible, orodispersible or effervescent tablets,
capsul es, powder, effervescent powder, granules, effervescent granules or a
| yophilisate. 3017. Conposition according to any one of clains 13 to 16,
characterized 121 t hMethod fos prepatieg faocompbsitiohiatcprdingrdo ey ese of claims 1
preparations, notably dispersible table r effervescent tablets. .

6 Composior | brifiasagrtizem il Bk i CampESss tha FOrMlPReR O SoELat [Faehane JEEins
systemr ' far. f [ : mi.sai d
2"l cast - SAYEIhGHeBIGrin 125 S i el Rt capaBle'dF BYEELE Rl Rofpbshicpi™i

conposi t i iRjuid ¢, diond pHogrearerdhanct and desssthdf draediil tes, vsi solid foem, with
treatment of diabetes by oral route. - 20. Use of a buffer systemfor
t he ménufasysies (bhatae)ﬁﬁréi,n\ﬂb@ﬂutﬁalﬁhmh@ feinie plageghins grliquid eedigmaiaabuffes by

oral route; i har eutical, coppositi I p i qui .$0lid form

cont ai ni eﬁ%eg\gggn BF@EEF%ﬁtST h'aa{h%é 9 R@ﬂ%%ﬁ@ﬁ" @'egf‘(g{a?g%%from i nsul i n,
anal ogues of insulin or derivatives of insulin, in free formtogether with
said buffer system said buffer system being capable of buffering said

L;glrﬂt d mﬁgﬁr rraqssy.it gc@a}rﬁgmﬁﬁtralic@mpt@itm,mﬁliaardvt?esbli_f@mdf c?.ons:tgiricmc_i;:ngJ abl _edt 0

O e SE 0o dhe S DA FRATRES), SRR 0 e S gt sfHh .

syst em f caind Herivatives @f insudinpfn frepfarmpamdit i cal conposition for treating a

di sease by cQr dluol RS sySBhf RPAITRFAMIFr& g FONPISIH 'bBvebA 5 and 7 or, for a
solid, a buffer system that exerts, when it is placed in a liquid medium, a buffer
effect to a pH between 5 and 7.

15 14, Composition according to claim 13, characterized in that said system,
responsible for the buffer effect, is a buffer chosen among phosphate, acetate,
maleate, phthalate, succinate, citrate, imidazole, tetrabutylammonium,
trihydroxymethylaminomethane, tris-glycine, barbitol, tris-EDTA BSA, copper sulfate
and zwitterionic buffers.

20

15. Composition according to claim 13 or 14, characterized in that it is
formulated in unit form.

16. Composition according to any one of claims 13 to 15, characterized in

25 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,

capsules, powder, effervescent powder, granules, effervescent granules or a
lyophilisate.

30 17. Composition according to any one of claims 13 to 16, characterized in
that it is in the form of solid pharmaceutical preparations, notably dispersible tablets
or effervescent tablets.

18. Composition according to claim 13 or 14, characterized in that said
35  system responsible for the buffer effect is formulated separately from said at least
one protein active ingredient.



15 liquid or solid form containing at |east one protein active ingredient
in free formtogether with said buffer system said buffer system being
capabl e of buffering said |liquid pharmaceutical conposition, at a pH
greater than 4 and |l ess than or equal t@48 or being able to exert when said
solid pharmaceutical conposition is placed in a liquid medium a buffer
effect between a pH greater than 4 and a pH |l ess than or 20 equal to 8.

19.  Pharmaceutical composition according to any one of claims 13 to 18
for use in the treatment of diabetes by oral route.

20. Use of a buffer system for the manufacture of a pharmaceutical

5 composition for treating diabetes by oral route; said pharmaceutical composition, in

liquid or solid form, containing at least one protein active ingredient selected from

insulin, analogues of insulin or derivatives of insulin, in free form together with said

buffer system; said buffer system being capable of buffering said liquid

pharmaceutical composition, at a pH between 5 and 7 or being able to exert when

10 said solid pharmaceutical composition is placed in a liquid medium, a buffer effect at
a pH between 5 and 7.

21. Use of a buffer system for the manufacture of a pharmaceutical
composition for treating a disease by oral route; said pharmaceutical composition, in
15 liquid or solid form, containing at least one protein active ingredient in free form
together with said buffer system; said buffer system being capable of buffering said
liquid pharmaceutical composition, at a pH greater than 4 and less than or equal to
8 or being able to exert when said solid pharmaceutical composition is placed in a
liquid medium, a buffer effect between a pH greater than 4 and a pH less than or

20 equal to 8.



