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MODI FI ED- RELEASE M CROPARTI CLES BASED ON AMPHI PHI LI C
COPCLYMER AND ON ACTI VE PRI NCI PLE(S) AND
PHARMACEUTI CAL  FORMULATI ONS COVPRI SI NG THEM The
present invention relates to novel transporters of
active principle(s) (APs), in particular protein and
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nodi fi ed-rel ease pharnaceutical formul ations
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for the pharmaceutical formulation under consideration to make it possible to release the
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Furthermore, this active formulation should preferably satisfy the following
specifications, already known to a person skilled in the art:
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The increase in the duration of release was partially obtainéd by the
pharmaceutical forms disclosed in PCT application WO-A-05/051416. This application
discloses a coloidal suspension of nanoparticles (0.001-0.5 um) of hydrophobically
modified poly(sodium L-glutamate) which is injected at a concentration such that, after
subcutaneous imjection, a gel is formed in situ in the patient on contact with the
endogenous albumin. The protein is then slowly released over a typical period of one
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These selected micron-sized particles result from the aggregation of a large number of

nanoparticles of amphiphilic copolymer.

A suspension of microparticles charged with AP (e.g., hGH) can thus be manufactured by
flocculation with polyvalent ions Mg™, Ca®, Zn™, Fe®', Cu®™ AP* or Fe**, this
flocculation being followed by maturing and washmg. The suspension can subsequently
be lyophilized or atomized and then reconsituted with water to prodace a formulation

ready for injection.
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Another object of the invention is to provide a kit for reconstifuting the
formulation as defined in the objects set out above, this kit being, for example, simple to
use so that it can be easily employed by the patient or by the medical personnel.
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object of the invention is to provide a
pharmaceutical fornulation for prolonged rel ease of
the AP in vivo which is stable on storage, both
physicochenically and bi ol ogi cally. Another object

FL he invention is to provide a pharnaceutica
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"N bl & that application US-A-2005/0158392 discloses the preparation by
atomization of solid lipophilic microparticles charged with peptide AP. This atomization
consists either in atomizing an aqueous sofution comprising hyaluronic acid, AP and a
Lipophilic surface-active agent (e.g., lecithin), indeed even another surfactant of the
Tween® 80 type, or, in a first step, in atomizing an aqueous solution comprising
hyaluronic acid, AP and optionally a surfactant of the Tween® 80 type, in order to obtain



medi um and whi ch have a size between 0.5 and 100
m crons. Furthernore, the inventors have had the
credit of devel oping neans for reconstituting a
suspensi on fromthese mcroparticles, said neans
meking it possible to optimze their dispersion both
ueous |iquid phase and in an organic liquid
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i cr gpabtined by atomottioaof as@nmmlneohmeamnmeesmsoﬁ M@atomprising
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OCU XRt* St f-zné'ﬂ?&ﬁ}—lff Mn éﬁt_,v& %)and 100 microns, preferably

between 1 and 70 microns, preferably between 2 and 4() microns,

¢.  and are dispersible in colloidal suspension in a "dispersibility"” test DP1.

In a second aspect, the invention relates to a process for the preparation of PO
microparticles which are associated with at least one active principle (AP), these PO/AP



Is conplexed by zinc in the presence of biodegradable
surfactants before being atom zed to give
mcroparticles. It is thus apparent that the
atom zation of proteins is a difficult operation
requiring the use of conplex fornulations conprising
nunmer ous exci pients present to protect the AP during
FLAMEL OH1B o Woy 2808088 28nd t o guarantee it& stability on PCT/EP/2007/006722
storage, which is particularly <crucial for certain

Sl%'ﬂ:?éﬁ.a{‘%‘f‘es Rl (ifi'l gﬁlcu &Qsea%ﬁtngc{r%w rgg%\/(\)lt r\{;%hg)rtgo %Ir% aspect of the

G—%iﬁ urthe e cre
a’I & greater as the prior art teaches nothing
wit h nlegarynér®@d he difficult problemof the

f d . of
oo e £ HEPIAHI, A48k o
mi cr opar'BidEIPEgbie fzrauip il ghind hydrehilicdemipg fidfefabty ibhieable groups
?Lolongam?yah@QQ@nmﬂbﬂwhm&ﬂ follgms fro?1th|s t hat
o eropard BPehER bl BB BERRE heh e n e
one act iBFE7-Brindei petoginynditidns, pol yrrer PO being a

wat er - sl @Jdeemgw@gfae@agh&va@% Wi fi-Ca pOPOI yrer
’n

ro nd h d’ro hilic
qu%sn‘g m‘%ﬁ?’ﬁﬁ@%%@}’ faog |’Po¢ altes ﬁp‘leqﬁ*gmnﬂs and

po ﬂwelgﬁamef%abé'sbﬂweml ard, 70aticropk] pref@ably heereeh 3 eﬁ@m ficrons,
mlitdﬂ E(brﬂﬁl'%es e@sﬁ:ﬁtlﬂﬁl @&nﬂ%ﬁ?cd iGN QP Cag\égl 0%5]&3 %JSPBHSIOH of PO

cro articles a. are obtal

%arﬁmil 8t 15‘)3"1 A&?O gingof uf‘ﬁ1 JRLCEFRE VA afhe smigsensstides oftained by
p@r@@ﬁpxi prsirgspersed Ireabquid medii, esb:ntliil@\/eﬁ;uamﬁl(ﬁ@fel ably comprlsm g

ﬁﬁﬁ%fcﬁﬂohé"as@hsjﬁe;sﬁﬁtmeag% c}pé:ht tl’l‘@@iﬂmgec?dl%egmqn 15 g&pgﬂlz

preferably between m crons
between 2 and 40 mcrons, c. and are d| spersible in
col | dndathird usppen shoinventioa réidies ek $1'k;ﬁ>1id| phinack@ithl fBhulation for

e p?ol&?g‘é@ Qgeéé REGAP, whilg doﬂl:éﬁge%s ap%llof‘aala tug%eg%ifojp,ccrf "Tow" viscosity,

S epar ati o
%ﬁ?‘gﬂ ipemwaa get"éﬁﬂwﬂﬂlhg Htleasbarg ABntbesgonicoparticles being those
dafinnd iapdve {cobingt hete R ABecELo‘KNEé- iAo or\/\@ose obtained by the

P 122
B g s thabe EEHARRE (B o BB BLBRARERM i o

the first aspect of the invention, i. the polyner PO
bei ndgn a foatie bsrol, Wi &v&htﬁﬂ%fa%ﬂ&b'aere@dmmuﬁgﬁ Ildtcm particular for

FORBLUR W82t M8on JCRAPRE 1SRRG 1o bt sty of e
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d@ﬁhed zgjovg rfjigcordlng qt C%}qe %rs% %rs]pécE o? nhe invention or those obtained by the
process defined above according to the second aspect of the invention;
. and a reconstitution liguid chosen from the group comprising:

— essentially aqueous liquids;

— essentially organic and water-miscible liquids;

— and essentially organic water-immiscible liquids.

In a fifth aspect, the invention relates to a reconstitution process, in particular for
reconstituting the formulation as defined above according to a third aspect of the
invention, which comprises essentially:

. mixing



and bei ng associ ated noncovalently with the AP; ii,

said mcroparticles having a size, neasured in a T

test, of between 0.5 and 100 nicrons, preferably

between I and 70 microns, preferably between 2 and 40

m crons, which conprises essentially atom zing a

solution or a colloidal suspension of PO containing
FLAMEL O - WQ-H648543§ to an interesting?variant, the PCT/EP/2007/006722
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and essentially organic water-imm scible liquids. In

a fifth aspect, the invention relates to a

r econsdvattatéson process, in particular for
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of polylactic-glycolic acid or also with those of sodium hyaluronate in which the release

of the AP is essentially related to the diffusion of the acttve principle and to the
decomposition/erosion of the particle.

The affinity of the protein for the polymer PO makes it possible to limit the
phenomena of aggregation of the proteins and other damaging events which can occur
during the atomization process, without the need to have recourse to other stabilizing
agents (e.g., sugars, surfactants, and the like). This protective effect of PO also makes it
possible to easily obtain liquid formulations which are stable on storage. Finally, when PO



-4 and essentially organic water-immscible Iiquids;

and stirring this mxture. In a sixth aspect, the

invention relates to a solid pharnaceutica

formul ation for the prolonged release of AP, which

conprises a dry powder formfor inhalation and

ul nronary adm ni stration: based on PO mcroparticles
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whi ch can occur during the atom zation process,
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mveap 10g, g %le EBPF?%OB%CW Pprticles” or "nanoparticles” denotes particles of a

size (measured in a T test described below), e.g., of greater than or equal to 1 nm and of
less than 500 nm, preferably of between 5 and 250 nm.

Within the meaning of the invention and throughout the present account, the term
"polyamino acid" covers both natural polyamino acids and synthetic polyamino acids, and
also oligoamino acids comprising from 2 to 20 amino acid residues in the same way as

polyamino acids comprising more than 20 amino acid residues.



regard to aggregati on or possible chem ca
deconpositions. Furthernore, the anphiphilic nature
of the polymer PO nakes it possible, during the
atom zation process, to be able to use either an
entirely aqueous phase or an entirely organic
vol atil e phase or a volatile m xture of aqueous and
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i npl enentation of the process. In addition, due to

thgd ﬂrei‘éﬂ‘%ﬁ&b agiﬂtrgsrl&]es tob&)e (fr{ @&g&}nngl g% %85 g‘reedtggsie avmg the

PO of _the (co)pol yan1no acid
an QBTGRP atlicreleapribyeives & thy 2lpke dvrso Bt lsﬁp@pjeatneletghc bond
ofeth@gadn hiphseaiwegrods Jfegabimot Rad @ CAS ScaftRkylic group, in the

Rk%%Hﬁhanhgﬁ?%%hhqmﬁg%F%ry m croparticles according

e 1 nven namel’y atonmi zation, it is by
nature easily convertible to the i ndustrial scale.
Fi nal | Withinhthe nmanmgarﬂth«: hlﬁféntaﬁlg @edichs ’b@)tdnli’fedenotes for example

i SH B M P S o o
o A S Phecunty | sngy one or more

éﬁb@#ﬁﬁbéﬁ@mﬁewstood with the inclusive sense of
"the one or the other one or both Thus, for

exaanthlr?thL; ln{kgfi’ilh at el rg/ent}@'“ ,gél% F 81? é)ac!sgnt decount, the terms

SRR OO Rt 0w piRg th e onflup Retveen gRgjor more

ansdnd éll%l?‘&-’(m@ﬁ OFHP@agﬁ datticele Ut Eeastivapiouple or principles are

bevridke theepalyroerGp @G bes: agwovalem hond, fd'ﬂeexampie by electrostatic

bﬂx\j/&mbh(ﬂfb intdR@tibR bNhydSdRALEK DN sERifed@tidCl €s" or
"nanoparticles" denotes particles of a size

(neasq;ed in.a T test descrlbed bel ow), e.g., of

gr eat-e+* Pectof te mpvention: the micropartigwles of | ess t han 500

nm  pilederamistiy(apf betmeen 5 and 250 nm Wthin the
nean'm Bkt Bhgssb@ﬁ(@l{g, 'bgfbr@'agmhjﬂﬁﬁ ﬁ,%UAPt Re e‘%@rﬁ%}%”& protein or

t& d F an1no COVET S
ano lfF é’Fﬁ’b& %‘fﬁ"ﬂs -att }%@X ich%? lymen BPy ¥l an amphiphilic
@@)Pﬁb’ammmhleshibm mgoaniseivagiges, woinprithsegagd forthep@cess itself

4ol (ROprapdriies A ehemlcsafieRS ptddut A ySANBI RN, as
pol yam no acids conprising nore than 20 am no acid

reSI%% FLAMEL Q118 - WD 2008/025425 11
PCT/ EBF 20/871c80 8tP5DZation clrgaraqné rogfrant™ shen dny splids irdigroparticles
@fainddea spricicpoiug@nd which s the shadenofar gootl hos®eh@\thdigadviGageous

}im;fe@ﬂi}fslt gHlsadth@fre id B&T&Eleg&iﬁfa@t@n%nlé} 3{]@? hé&hdd 6t %lo‘&ﬁé}mn by
AR G i e tgesﬁﬁiﬁvaf‘ﬁée‘&’é?%’i?ﬂeﬁ ¢

group, in the p05|t|on 1, of another

................... FHE?"Q o . oth a
hs h&% {pmt gjgc Wﬁﬁm}tg? rréﬁ“g slcﬁlﬂfﬁ ‘Wje or a

'.'! : -. o1l m'cmparimlesb ‘or may
not be nDdlfled for exanple, by graftlng one or nore
apry tﬁﬂwﬁkﬁéﬂeﬁﬂﬁzr@!h@ WiSroparticles are in the dry form

1 Equipment and operation conditions



Wthin the meaning of the invention and throughout
the present account, the terns "association" or "
associ ate" enployed to describe the relationships
bet ween one or nore APs and the polyners PGs nean in
particular that the active principle or principles
are bound to the polyner(s) PQ(s) by a noncoval ent
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Vet 9 /5/259'7(* 5086 e 60 35 et R lp oribtiy 8012 of Span 80
V0|H9W§el'd$ Wﬂgéeiﬁfplﬁ ippgf ml dlask dndrthdn| hepdnd BQAdddd by weighing in order
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tri anal ysis 0% Acquisition tine
Pr é‘%ﬁ ?'S%HO%ﬂ?ert he sample - A 0.1% sol ution of Span

80 in hepta ne is prepared (to do this, 0.01g of Span
Bdnalpésieke sampliei ghed out in a 20 m flask and t hen

he%@agculla%ngq}(a?ddstgr)éd \Mz“%hg tﬁqu % rmﬂe gispersmg system at rest 1s emptied and -

replaced by heptane. The stirring of the Hydro2000SM rotor is adjusted to
2400 rev/min.,

pr
de

Measuring is begun with the abovementioned experimental conditions:
- Alignment of the laser beam,
- Recording of the background noise.

After these steps, the operator will introduce the sample to be analyzed in the
following way: the diluted sample is added dropwise (with a Pasteur pipette) until the
obscuration is between 5% and 20% and acquisition is started.

The data relating to the D50, which is the diameter below which 50% of the objects
analyzed are found, are obtained.
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to obtain a final weight of 10 g), - approximately 6
nmg of powder are weighed out in a5 m test tube, -
0.7 g of heptane conprising 0.1% of Span 80 is added
to the test tube, - the test tube is placed for 2
mnutes in an ultrasonic bath in order to thoroughly
di sperse the powder 3 Analysis of the sanple The

g’@l?ﬁ‘tgfoﬁifz?l uid stored in théliquid-route PCT/EP/2007/006722
di spersing systemat rest is enptied and replaced by
he t [ (elA?) 10
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thepﬁ’GB?Ferentl oned experinmental conditions: -
Alignment of the |aser beam - Recording of the
back round noi se. After these steps the operator
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(MEdshipreerPaid erarfpnRohdigdnsunt il the obscuration is
bet ween 5% and 20% and acquisition is started. The
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whi 15955@&10!& % sbj-ects—analyzed a },\_da mMastggtgerZOOO
obtHnihed. FLAMFI. 0118 - WD 2008/ 02548%drd 3000SM liquid route
PCT ERE AP e APdine e, filan of the DpQ of 3

nMeasSuUrenents carried out—on 3—diftferent—preparati-ons
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2 Preparation of the sample

The sample to be analyzed is introduced into the cell as is or can optionally be rediluted
with water in the case of highly scattering samples. .

3 Analysis of the sample

The circulating fluid stored in the liquid-route dispersing system at rest is emptied and
replaced by fresh demineralized water. The stirring of the Hydro2000SM rotor is
adjusted to 2400 rev/min.

Measuring is begun with the abovementioned experimental conditions:
- Alignment of the laser beam,
- Recording of the background notse.

After these steps, the operator will introduce the sample to be analyzed in the
following way: the diluted sample is added dropwise (with a Pasteur pipette) until the
obscuration is between 5% and 20% and acquisition is started.

The data relating to the D50, which is the diameter below which 50% of the objects
analyzed are found, are obtained.



2 Preparation of the sanple The sanple to be anal yzed
is introduced into the cell as is or can optionally
be rediluted with water in the case of highly
scattering sanples. 3 Analysis of the sanple The
circulating fluid stored in the |iquid-route

di spersing systemat rest is enptied and replaced by

FLAMEL 0%1§ o 419 0848t al i zed water. Thelstirring of the  PCI/EP?2007/006722

Hydr 02000SM rotor is adjusted to 2400 rev/mn.
Mea [ i3 yhe t tioned .. L
ex p?f“.% rrnlqek%tl a l%o%gdl?t o 'Heasur%m%? X %ﬁ‘gﬁ ?"of" S HéfTprgat preparations is
beaR{?d¥cRecor di ng of the background noi se. After
these steps, the operator will introduce the sanple
to be analyzed |n the follow ng way: the di | ut ed

: dhepte thowisrepdriikiehara irRdiseesinn ipiap efdasi} solvent
until the obscuratl on is between 5% and 20% and

altiiest ik Iaﬂzﬂogo%s & ﬁz&ﬂadest-rﬁ@vegtﬁﬁléssr & d@lsi gk EtCIs h&%ss@%pto replace

AL e 500 AL S, BRSRh B Amieod S s which he
z@w 935 4055WEH. INOTINERASEIRPROGE2Bed. The nean of the
D50 of 3 neasurenents carried out on 3 different

A pdirednt @nbopetutinpeiiand. c-T2 test in the case
where the mcroparticles are in dispersion in an
organi c solvent This test is analogous to the TI

t est—Nevertheless, i-A—this case it _is.necessary to
r eglasgrepartichessizgnt er by a sol vent  whi chMalsedWidsyersizer 2000

m'slgriuple wth the dispersing |iquid ' the
par gl cres go not—swet -t -many-case )%‘Te—p?—aﬁug MW]M

usieglu ing eriefdBrdit i ng cond) ¥0e#s Laser

parWViciangths fidte ddlrvdr n Mast er si zer 2043Q andptdnil dro
2(&(21 o jd route Vol une of thed%Brsin carrier
fl d 632 nm

StjiAnelicaleange2000 rev/nin Anal ical rCe0® jem @ EROMnE O
ZOQg,ti@Man{e]MLaﬂ{gggel (Me theory) Values of the
ref\; > %tzl f%‘H)Jéces sed spersi ng fluid (for

exa r?%‘}e f VSR c‘?‘?aﬁ 1.39 + i0 Polystyrene

| dt ex nDh;pesrlngtﬂexi ({dr ex&Bple hefaneyal uesif, + 89 +i0
ohscur aphiofyka ik 9ger the anal ysis Bet ween 5% apd

o polystyrene latex —
@alues of the obscuration to trigger the analysis Between 5% and 20%

Acquisition time i0s

2 Preparation of the sample
In order to prepare the sample to be analyzed, 400 pl of the sample to be analyzed
have to be diluted in a 5 ml test tube with 600 pl of heptane and then the preparation
has to be vortexed for 10 seconds (10+5).

3 Analysis of the sample

The circulating fluid stored in the liquid-route dispersing system at rest is emptied and
replaced by fresh demineralized water. The stirring of the Hydro2000SM rotor is
adjusted to 2400 rev/min.

“Measuring is begun with the abovementioned experimental conditions:

- Ahgnment of the laser beam,



Acquisition time 10 s 2 Preparation of the sanple In
order to prepare the sanple to be anal yzed, 400 pd of
the sanple to be analyzed have to be diluted in a 5
m test tube with 600 pl of heptane and then the
preparation has to be vortexed for 10 seconds (105).
3 Analysis of the sanple The circulating fluid stored
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enptied and replaced by fresh dem neralized water.

The sti ZOOOSM rotor is adjusted to
2400 reﬂ\/e rﬁg]g hén”rs%&(:k dl §1 ]B%gun wWith the

o r“gé;? U i, SR 9555, 58 Bt i
Tobyted s &t #ldsg dePrised vHh e Rgriemipette) until the

noi etecurmﬁmes betlv.es:eS%taeqbso%tahe a@uéitihed stwtddl | ntroduce

the _sanple to be anaﬂgzed in the following way: the
di | Thetrta eiasing to shealaéfe avidithois vhes diaiafier belew Reidhed(1% of the objects

pi paialyedd areFdundl freobigiliscur ati on i s between 5% and 20%
and acquisition is started. The data relating to the

D50Thawmiarhof theth¥ off Ameparemaitovanikl ot GDYoditferé @reparations is
obj #6ded.anal yzed are found, are obtained. The nean

of the D50 of 3 neasurenents carried out on 3

different preparations is produced. Characteristic.

Lc), cteristic is defined objectively by
t he ﬂg%%%Tﬁgggcrlbed below. "Dispersibilit- " DP

e chypctepssic hrahiapd obiggsiyely bl it P i tegGlesagibed bedawt i cl e
powder are introduced into a 3 nl flask equipped with

se & t ht of the particles is then
deter'l%ild /dl %B $tution solution |s

added to the pomder t hrough the septumusing a |
apﬁﬂomtaﬂ 1) ﬁ@eﬁ“ phticlt Rowd2B5e fntRidfcddQnB a><3 FEQ@eaulpﬁed with a

anc t for

RPEE It Saf R b 0% iR it BPhavcminl, (For! ol porermiution
%ﬂl“t!PB igridrled éa the Poevdfr thegh thevseptyvadingsol as syringe equipped with a
RS ersng (1)95 khe nﬁﬁ}'iﬁéedléﬁbgﬁb h@fcrﬁﬁ‘lcgti’ﬁ't 'fd?teg(é}ggig elgld the flask is
s(tlrrezlb 3J§ &ea%] orallsetldne i I swe
ticred by lagd a perig %fyﬁ wae %?hesﬂ%ﬁ%sn ighed. S0 as to
ciqtﬁt@mqtbc;:ex_qgéweighmf spyupen introdficed Y6HOAT M ead uf ietiine, the entire
3shdAsion 25@&@@%%%911 decan vﬁﬂg%”‘ﬁ Brall SR FaEer 1 mi type,

HEOhgr 5] A g e S SO 0

hﬂﬁecldmé,pmdsheomgmendﬁ nalytidrorecthvepdi sésterpfradi ty, Vi sual
hombgeneity of the solution), the possibility or not

fﬂ [ q;ect ng it through a 25G needl e and the
€ qualitative aspect of the dispersion (tendency to disperse, opacity, visual homogeneity

of the solution), the possibility or not of m_]ectmg it through a 25G needle and the
percentage of solution recovered:

%= w3 x 100/(w;+w)

and the size of the microparticles is measured according to a T1 or T2 test {depending on
whether the dispersing liquid is an aqueous solution or an organic liquid).

[t is considered that the powder has good dispersing properties in the Liquid if:
* the suspension obtained comprises microparticles with a mean diameter of
between 2 and 40 um,
* the appearance of the suspension is homogeneous
* it can be injected through a 25G needle and if



per cent age of solution recovered: % W8 X 100/ (W

| +V2) and the size of the mcroparticles is neasured
according to a Ti or T2 test (depending on whether
the dispersing liquid is an aqueous sol ution or an

organic liquid). It is considered that the powder has

ood di spersing properties in the liquid if the
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mean di anmeter of between 2 and 40 pn1 t he

appeargangg sgé Lan eous it can
be |nJecteé@//éiﬁ%ﬁ?ﬁi&ggéfneegfbeéko FLAMVEL 0118 -
WO 2008/ 025425 16 PCT/ EP/ 2007/ 006722 at |east 80% of
the sugperfaing theCeharatisHdd €a)l agwed)eﬂie B imf:ﬂmcfca%mg to the

ﬂ%nﬁ&tl @a[d l?et ﬂle%ﬁxeé %?)chtgv%lzy bg‘z tgg )fzict g%t t&ag;f %rrﬁ%ga%T ein an Selsi test and/or

accor di ng nven can
dBjEREEE &by by the fact that they are stable in an
STl test and/or in an ST2 test. STl test of physica

- st abi f.the.d r icles The si ze of the
m cr o¥ ?fhvs'ca['ﬂ‘ﬁq  dny EeRA powder is

neasured within the week fO||0MAng aton1zat|on of
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di e E&Sdlﬁ’}néh@ﬁ’r@ﬁleﬁth@ gigﬂf‘anqm B&&Q%s Fz@ﬁn Qﬁldéé Lﬁ?%aln% conditions

The di s bu S. of articles ore an
a*af“n“gm A J“?; “hﬁ%? ltlegpetag p PitER REIBE Atsi ompyred.

of the particles in suspension: The microparticle

powdesTs fesfruREREschilt1R ol SHBLRL Nl W ¢ N
magnetrc StIrring a ch it

is desired to observe its stability and is |eft
st i r r Thegmisbpanticie pewdtreisndigpreedei Cin Sthi rd‘idpegmﬁoﬁqlﬁ’d w1th magnetic

k@AfE atdhd o&ﬁfﬁﬁﬁlﬂbﬁ‘ OERhich Pis de;gpgd & BGerfl ird QSb fi ) 88 stirring

on a | aser € Slzer acc

sur e
Wﬁgn*ﬁmawIW§mF§§$““%%@B?dﬁﬁb°P@“ﬁﬁ@fﬁﬁgﬁ@}S|ng medi um
Teguisofshapartilgan inehsurding Sldsp pasicie RizkSacSotam Ay T Yor T2 test

g&ggdl,%tt@agu elfsg{ aﬁg;@aqt%ouggr Oljéug )sedl ment at i on

§¥ 9 a few m nutes
?WW@“%EO% LFSSBE%‘FQP%W IO 7 Wpisah 576 Thi sedimgentetannspellet is
difeered Vibys walringb e ¥ atbivomnutd GinGE ATBRPLHRER obfined which is

RO doft raﬁgd v19ﬁgl 0%%&!’9{1]6119 T‘%’l ps?zresrlf‘neoa%%r%n g%r Lf':‘f’gg]ﬁo?m Qut after

Ltions as at tine
‘%@.ﬁ TSI e theysams qomditipps st fima t%tr e wat er-sol ubl e
bi odegradabl e polymers carryi ng hydrophobi c groups
HG and4l, gblic groups [preferably ionizable
grou h are at |east partially ionized]. The
hydr dptawlyencgy 8@ssackadingntobibe Smedntion are water-soluble biodegradable

polymers carrying hydrophobic groups HG and hydrophilic groups [preferably ionizable

groups IGs which are at least partially ionized]. The hydrophobic groups HG can be small
in number with respect to the remainder of the chain and can be situated laterally to the
chain or inserted in the chain and can be distributed randomly (random copolymer) or
distributed in the form of sequences or grafis (block copolymers or sequential
copolymers).

According to a preferred embodiment of the invention, the polymer PO is an
amphiphilic (co)polyamino acid.

Such a choice of PO provides excellent compatibility with the APs of
protein/peptide type. It is thus possible to greatly simplify the composition of the starting



in nunber with respect to the remai nder of the chain
and can be situated laterally to the <chain or
inserted in the chain and can be distributed randomy
(random copolyner) or distributed in the form of
sequences or grafts (bl ock copolynmers or sequentia
copol yners). According to a preferred enbodi nent of
FLAMEL OipeWor0®ieisdh, the pol ynmer PO i1s an anphi philic pcrepr2o007/006722
(co)polyanino acid. Such a choice of PO provides
ke t at i It
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sent invention are ol | gomers
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or copoloydieg & aiC Ve mbieNgrefRrrod &ﬁlﬁ&(ﬁm@ﬁt RS uvkMRon, the polymer
PYOES: Qi aﬂ{ﬂd’]&u@c{%rﬂned%%fl ads She rcsu? ( gli du S u?cglgmdues at least a

consi eration in these ners ar

ReriiPm gt fthﬁf@ reyides Ewaﬂnmaﬂ& sifingairenst ow hydmghabiegroup HG. These
bapateigo vadidst BRI n adicular POSHI 0% HOhdsbedigidibangt 9CT patent
%ﬂﬂﬁkﬂkﬁﬂbQ%bﬁ%bgﬂ? and their a or (3 positions fo

aspartic of aspartate residue. According to an
even nore preferred enbodi ment of the invention, the

pol y egcorda@ tos @rsPRdsyidiy) Qheap@(i) fs@d'réﬁﬁféﬁgé/d @)5@1@ rﬁgl'l&vmg general

ijzﬁilﬁ SRR B COURP hud SRRy PRy bty tag comonyiic

ﬂséﬁﬁﬁﬂyﬁﬂoﬁﬁﬁbﬁt)group HG These pol yani no
acids are in particular of the type of those
di scl osed in PCT patent application, A- 00/ 30618.
According to a firstHpos8ibility, gte s) is(are)
defi ned by the foIIqMA ng nerlal jformul a4l ) (the

radi cal - COOR 3 ra1Gl u e bond
bet ween t he car box I|cﬂ a is ajoni.c bond
-COO-+R3): HO ~C@@ﬁ3’ N ~ NHR H4] A R2 N
i :
[aG] -~

ity

in which:
= R! represents an H, a linear C; to Cj; or branched C; to Cy alkyl, a
benzyl, and -R*-[HG], or
= NHR!is a terminal amino acid residue;
. R represents an H, a linear C; to Cio or branched C; to Cyy acyl, a
terminal pyroghstamate group or -R*-[HG];



nl m Or AHO [HG (lI) in which: R represents an
H alinear C2 to Cl10 or branched C3 to CIO al kyl, a
benzyl, and -R4-[HG, or NHR is a termnal amno
acid residue; R represents an H, a linear C2 to
ClO or branched C3 to C1O acyl, a term nal
pyrogl utamate group or -R4- [HG] FLAMVEL 0118 - WO
FLAMEL 012H08P@9054282518 PCT/ EP/ 2007/ 006722 R3 is an H, OPCT/EP2007/006722
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on arginine, - e OLi; cati oni am no acids

advant ageousl y’ cRGSER 17 (?ﬁ?‘{(f?g Tubgroup conpri sing

pol yl ysi ne or *ol pgjearyise-hased Ratipesy (mdetityieneaindng detng particularly
bond or a "spacegrefefag®ed on | to 4 ami no acid

resi dues; A independently represen a, - CH2- radij cal
(aspartic resi dugﬁ%oﬁsr Q%"X@PIZ"&‘ “t](lss)aﬁ‘jrvéﬁtﬁg?ﬂ?lbtcg?ﬁeﬁ from the
residue); n/( n+n<)1asssmdprﬁ31m@tlalss tabal odiysine groafatginige,

rate and Lt sorVi@istfc b %Hfﬁo'a“cicﬁrbb
di ssol ved in rWatlerc by 4 éﬁta C?‘W%% OS‘g‘qrom the subgroup

col | oi dal CTEFHENEPS iﬁf“eé’ﬂﬁﬂgﬂﬁﬁb‘}? si zed partl cI es of
PO, prefer aki yeprasests a+dirgpt bend dred Wgacer! baged o251 MOk %mine acid
and better glinlds; between 1 and 15 mol % n + mis

defined as he deg of polynerization and varies
from 10 to i’(’f‘b’ﬁe ‘%P‘z‘f EPESFR petedndisy (spartigoepidue) or a -CHp-

CHo- radical (glutamic residue);

" n/(n+m) is defined as the molar grafting rate and its value is sufficiently
low for PO, dissolved in water at pH = 7 and at 25°C, to form a colloidal
suspension of submicron-sized particles of PO; preferably, n/(n+ m) is
between 1 and 25 mol% and better still between 1 and 15 mol%;

= n+ m is defined as the degree of polymerization and varies from 10 to
1000, preferably between 50 and 300;

* HG represents a hydrophobic group comprising 6 to 30 carbon atoms.

In a preferred embodiment of the invention, the hydrophobic group HG is chosen
from the group comprising alkoxy radicals of the type: —OCH2(CH,-CHz), ~CH;, oleyl,
tocopheryl or cholesteryl, and
R* represents a single bond.

According to a second possibility, PO corresponds to one of the following general
formuiae {II), (III) and (IV) (the radical -COOR” include forms wherein the bond
between the carboxylic and R* is a ionic bond -COO™R™):

COOR COOR

el Ll w* e

(1D



HG represents a hydrophobic group conprising 6 to 30
carbon atoms. In a preferred enmbodi ment of the
i nvention, the hydrophobic group HGis chosen from
the group conprising al koxy radicals of the type:
- OCH2(CH2- CH 2) 3 8--CH3, oleyl, tocopheryl or
cholesteryl, and R represents a single bond.
FLAMEL 01Ag ¢ BiCio#fg26485 a second possi bi | itby, PO corresponds ptBep 2007006722
one of the follow ng general formulae (11), (I11)
and (1V) (the radical - ' i ncl ude forHB wherein
the bond between the/c Fboxyllc and % s a ionic

bond - COO' 4R3) HAHl[HGI \ R4
rl N N RHSI| /WWM% 0118 H&ip
2008/ 025425 KO EP/ 7/ ORB722 j H A O

OAH[HE a NINPHGH M RRI Y a OHHO
(I11) COOR 3 HA[HG Ra' N~ n. 5@$[FEU OH (V)
I n which: HG represents a hydreg&pblc group

is. i val ent
conprising 6 to 30 carbon at ops; 0O is.a biva ent
i near al kyl ene ﬁ%; hai’h; san H, or +R3' is
&\f[éﬁﬁ

preferably sel ec onprﬂ%ﬂng -
metal cations advant 8geous| cﬁosen Fr'om t he subgroup
conprising: sodium potassium calcium and
magnesi um vy
in which:

*  HG represents a hydrophobic group comprising 6 to 30 carbon atoms;
= R is abivalent linear alkylene C; to Cy chain;
= RYisan H, or '
= R¥is preferably selected from the group comprising:
- metal cations advantageously chosen from the subgroup compnsmg:
sodium, potassium, calcium and magnesium,
- organic cations advantageously chosen from the subgroup comprising:
* amine-based cations,
o oligoamine-based cations,
* polyamine-based cations (polyethylenclmme being particularly
preferred), ' .
¢ cations based on amino acid(s) advantageousiy chosen from the
class comprising cations based on lysine or on arginine,
- or cationic polyamino acids advantageously chosen from the subgroup
comprising polylysine or oligolysine;

»  R¥isabivalent linear alkylene C; to Cg chain wherein one or two methylene
unit(s), preferably at cach end of R*, may be independently replaced by —O-
or -NH;

= R"represents a direct bond or a spacer based on I to 4 amino acid residues:

* A independently represents a -CH,- radical (aspartic residue} or a ~CH,-CHo-
radical (giutamic residue);

* o’ +m orn" is defined as the degree of polymerization and varies from 10 to
1000, preferably between 50 and 300.

According to an advantageous alternative form, the R* group represents a single
bond.



- organi c cations advantageously chosen fromthe
subgroup conpri si ng: am ne- based cati ons,
ol i goam ne- based cations, polyam ne-based cations (p
ol yet hyl enei m ne being particularly preferred),
cations based on am no aci d(s) advantageously chosen
fromthe class conprising cations based on |ysine or
FLAMEL 01¢f- WP §Pa8i02pd25 or cati oni ¢ pol ya®i no aci ds PCT/EP/2007/006722

advant ageously chosen fromthe subgroup conpri sing

Pt SRkAGindy B 90 U O o SRS BD YR SRY HBRRy  neutra
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dtfleaent drpeoose atltqtbqrraatilawe fémnptehehm dioouthe following groups: 2-

'hg&b a§n1ﬁe singles jffp Meln0118 C%Vpdzh%/droxypmpylamme
10254 gﬁﬁo PCT/ P/ 200 O 672 Accor
i y&“ﬁ‘é’% pnRpme LS RESYHOEYE- neut r al

dopaitygeyai oray ke wing bfmha hivdreplobicedresalH§s ialidclded & a hydrophobic
Eﬁa@écﬁnﬁ?@ﬂi@@t $da800rR ﬁ%ﬂé FJlﬁt%I ¥mgf(s%ag§1? makes 1t possible to

S I Cca
a%/ df Op ob) ‘fdf‘g:\]i’f?glﬁegrg%t rtp a -?haén of copolyglutamates Thls joint can
cm’pwﬁsgtmg[ aiyal byd djteat arvalest tind @r atledst 88 amide bond or at least one

|
Q%f%lrj‘tgﬁéﬁgir?&gy%?;e e a%{ &lﬁgon ege(ﬁ'ethe ﬁé{)@ro‘%’é&{ kﬁélo%gmgqo the group
g?ﬂl%%ﬁ darticylpe apuRf a5id epikYgs adhrivatives @ ygmgﬁpqiﬁls@équatlves of

badyasines {(for aaxnﬂp?ydﬁaiﬁﬁlee)ardeﬁxaﬂwe@ cﬁfpdlﬁ@si k@k ualtxaffple €diols) and
u
&&ﬁ)aﬁ%k@ otalﬂgflhpoy a%[dgn gﬂ f%g M]grﬁ&at M]teg copo ggfalpamate or

are | dentic rom one ano
aplgalkylglutagyngeham Cf’@HB‘é‘éYP e é‘Fﬁ phEGf mpqusaisrnegpehie apkeing bonded
2-thdyahobgliedniait antopelyhIdrbysAleX3lBamm¢| chith NBhe precursors of the HGs

%e 3111 d%rg%f&oégé) {“ﬁﬁﬂ%yt""m@ %emg hlglﬁmn% %}wsen from the group comprising

am none

tris
He é;raé‘ ?ﬁ’é‘?@;’ial lahPlﬁéPOSQM@af@f Hgeoeminpundst to be geily deretiofialized by
i hepellayldr apiledi CingrtﬁélpsartHGEFokS ﬂlﬂl@:lru%ﬂiﬂbn With regard to  this

&%QIHB agrggyaﬁcﬁquﬁ af gngggwn&%ra n%ﬁ% Sk(g% eg’%rglg aCl Pgs made to

&¢1.t4% hydrophobic group HG to a chal n of
copol yglutamates. This joint can conprise, e. g , at

n | east one i de
Lgﬁztﬁ\é:?:ngpd:trggtg:adgqo{x\é%eg&talt%%agveo{bm in partascular accor ing to at least

one of the three possibilities targeted above, all or part of the hydrophobic radicals HGs of
the POs are chosen independently from the group of radicals comprising:

* a linear or branched alkoxy which comprises from 6 to 30 carbon atoms
and which can comprise at least one heteroatom (preferably O, N or §)
and/or at least one unsaturation,

= an alkoxy comprising 6 to 30 carbori atoms and having one or more
annealed cycloalkyls and optionally comprising at least one unsaturation
or at least one heteroatom (preferably O, N or 8},

* an alkoxyaryl or an aryloxyalkyl of 7 to 30 carbon atoms and which can
comprise af least one unsaturation or at least one heteroatom (preferably
O, Nor 8).



ester bond. For exanple, the joint can be of the type

of those belonging to the group conprising in. :

particular: am no acid residues, derivatives of

am noal cohol s, derivatives of polyam nes (for

exanpl e di am nes), derivatives of polyols (for

exanpl e diols) and derivatives of hydroxy acids. The
FLAMEL 013%-aWP 200§/ 0%#2% he HGs to the copdl ygl ut amate or PCT/EP/2007/006722

pol yal kyl gl ut am ne chain can involve the use of HG

precursors capabl e of being bonded to the

copol ygl ut amat e or copol yhydr oxyal kyl gl ut am ne chai n.

The préeqfias e apdtherndvantzeors ateingtiyy foemi mepartigwdar according to at
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for these conpoun s to'be easily f ctlon
pegogbmylsichelesterh the art. For further detalls MAth

raBQ@Rf ebpteRertdld Single®p@l. yhydr oxyal kyl gl ut ani ne

(preferably alkyl is ethyl), reference will be made

to FR A-2,881,140. According to an advant ageous

al t er Asgaiding f-(mﬂmhe'r advpatrgdopubltamagive Gl thg ntHiG gtoupeelthe PO, in

%E@lcﬁlﬁr Jcﬁ&din% &8t 1RRS shdiflthd thiS pbRTBRLE %EQ&H’ Srovél elachoirepresent
ophobi ¢ radi cal.s PCs
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ORlstaen g B Ty TP EG SRR p P ot forgula.
conprising: a linear or branched al koxy which
conprises from6 to 30 carbvwn afPons and which can
conprise at |east one heter (preferably O, N or
S) and/or at |east one uﬁgat ragjrRN, an al koxy
conprising 6 to 30 carbori at and havi ng one or
more anneal ed cycloal kyls an@d optionally conpri sing
at |east one unsaturation oygay |east one heteroatom
(preferablx O N or S), an al koxyaryl or an
aryloxya P 0f 7 to 30 carbon atoms and which can
conpri se atR | .IsprsBengne matiyd t(alpzEng)omopropgt (Ve isony! (leucine),

het er Oatomsédlﬁiﬁg%_ﬁ%}{m?%rb [ (pRenyldhiMEL 0118 - WO

2008/ 02542 [ EP/.2 A d t
anot her ad 6HF% S %Pﬁg??6%E?%fﬁ$8%ﬁhggVF?éuth)CMbon

accordi ng wtenxt | east one of the three possibilities
tar get ed -ahQyfos fdaeo Ryglr ophobi ¢ group HG is chosen

fron1th roup c ng al kax cals of e

type: Cﬁfé&@( ‘Cﬂ?‘%‘ga’é’ %Q@Cteﬁ‘ls%y P? G JUEHHRE )ﬁﬂ @ part of the
lsidoipbstiie gydups Rﬁdothe PEpresdnts adegiendgndy Fondthe group of radicals
&@ﬁg@ﬁéﬁg to anot her advantageous alternative form

t hen s of .the PQ, articul ar accordlng to

at | east oﬁj g (frfpéa‘{"h?de@k s‘§ﬁ[’)5}i‘ ForEpTEsss frgmgfetoctp carbon atoms
above, eachnd ehicksantqmprisa delpﬂn d@mlﬁdte;tomérnqpﬁfeadw} bgéN or S) or

a nDnovaIegﬁa&@g&ggkmg&hgpe foll owi ng formnul a:
6

* an alkoxy comprising 6 to 30 carbon atoms and having one or more
annealed cycloalkyls and optionally comprising at least one unsaturation
or at least one heteroatom (preferably O, N or S),
= an alkoxyaryl or-an-aryloxyalkyl of 7 to 30 carbon atoms which can
comprise at least one unsaturation or at least one heteroatom (preferably
O, NorS).
In practice, and without this being limiting, the hydrophobic radical R® of the graft
of the PO is chosen from the group comprising alkoxy radicals of the type; —OCH(CH;-
CH,), ~CHj3, oleyl, tocopheryl or cholesteryl,

and R* represents a single bond.



NRS (HG in which: - R5 represents a nethyl

(al anine), isopropyl (valine), isobutyl (Ieucine),

sec-butyl (isoleucine) or benzyl (phenylal anine); -

R6 represents a hydrophobic radical conprising from®6

to 30 carbon atons; - | varies fromO to 6.

According to a noteworthy characteristic of the
FLAMEL O 1Ry 8i0t20@9r925421 | or part of the zhydrophobi c groupsp®EEr~2007/006722

of the POs are chosen independently fromthe group of

radicals conprising: a linear or branched al koxy

whi ch conprises from6 to 30 carbon atons and which

can cdfyeptageondly,| themsninghain oé thepobtmimo@piddééer abl y 0, N

OF & odl-glufinal QRS- L QMR $BMHUpALAN.  an al koxy

cpngglﬁ;ﬁggggto ngcarbo at ons” and havi ng one or

nor e HRIRY @“ﬂ%ﬁ“ﬂ%tlonally conpri si ng

ab Peawst Lmﬂear@m&wla@mw or orL-afpatteast -ghutemirebpsloatom

(preferably 0, Nor S), an al koxyaryl

or-an-aryl ox k of 7.tqg 30 carbon atons which can

conpr i's8 “8{6“%35% Xvaé'ng‘elﬂ%’alf‘ﬁ‘roétq%éﬁ*f’ Fpahie or ghgamigesidues of the

tredie polyawino( icthainkifythe B0 N swch Hat then p@ivmet toe, foid is either

%ﬁd&ﬁwr o*fbloék ;3/?& Bgo#rhﬁw Lhe hydrophobi c radical
Pg chosen fromthe group

c onpr %?%Ggﬁltﬂ ﬁ?%%&%dso%ﬂeﬁrﬁ@% yphas eappleCrpss which lies
GeiR)eBn S00HBA 100 090 g/mod aaiirefeyublytietwdn 5088 /140, 008RMNEE

repre [ d
| @é‘%ﬁ%@ 5 Era P e e et B ety ot
PoRAeq 1 agtlutamate gpasparatnEesEsd is: -

a- L ghdtaamat@sBl this gra@ bﬂﬁcﬂ?ﬁliﬁyl%@ﬂ:@i typ®Is.of fdﬂo%ﬁho formu[a (V):
a-L-aspartate or a-L-aspartic honopol ynmer; -
a-L-aspartate/a-L- glutanate or
a-L-aspartic/a-L- qutagLR-Qgg "nRg not ewor t'hy
way, the distribution of the™aspartic or glutamc
residues of the main polyamno g d chain of the PO
is such that the polynmer thus forned is either
random or of block type or of f¥ltiblock type.
Accoridiwhgecht 0 anot her net hod of definition, PO has a
nmol ar mass whi

c[{p lrelp?essents a direct bond or a "spacer" based on 1 to 4 amino
acid residues; -
- X is a heteroatom chosen from the group comprising oxygen,
nitrogen and sulfur;
- R’and R® independently represent an H or a linear Cy to Cy alkyl;
— n"' varies from 10 to 1000, preferably from 50 to 300.

In practice, the polyalkylene glycol is, for example, a polyethylene glycol.

It is desirable, in accordance with the invention, for the molar percentagé of
grafting to the polyalkylene glycol to vary from 1 to 30%. .

In addition, polyamino acids POs are extremely advantageous owing to the fact
that, with an adjustable degree of grafting, they disperse in water at pH = 7.4 (for example
with a phosphate buffer) to give colloidal suspensions.

Furthermore, active principles APs, such as proteins, peptides or small molecules,
can join together spontaneously with nanoparticles comprising these polyamino acids
POs.

It should be understood that the POs comprise ionizable functional groups which
are, depending on the pH and the composition, either neutral (for example, -COOH) or
ienized (for example -COGY). For this reason, the solubility in an aqueous phase is directly



bet ween 2000 and 100 000 gl nol and preferably between
5000 and 40 000 g/nol. According to an alternative
form PO carries at |east one graft of polyal kyl ene
gl ycol type bonded to a glutanmate or aspartate
resi due. Advantageously, this graft of polyalkylene
glycol type is of following formula (V): /R ~X R$
FLAMEL OIIW Ryo 2M8r0?154Wn| ch: - R4 represents a direct bond serer2o07/006722
"spacer" based on 1 to 4 amno acid residues; - Xis
S fro group ¢o sin xygen
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ﬂﬁCAtules can join together spontaneously with

ﬁﬂﬁﬁ Q_ac .

Infm OPA %c}%%ua%gmé’tc% E)Sgigh fyﬁﬂ-ﬁ’ én é H{)nppglgasparta@ € or a block,
F’Bﬁ‘ﬂﬁ’g |%& “l“lﬁ‘ﬁ’éﬂts YARPtEGERATEE smplomer érpéepatﬁép@n @kamgple raccording
tchenpddtiand nmidiedeonposi ti on, either neutral (for
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‘f-}‘? h’éé’g’ a%F!E%WEE’ @‘ﬂ%bﬂxyv@rm@@/a@ﬁ 85 Q@JA) described, for example,

RGH¢ Eﬂleﬂ ORI G5 AIRBF2.21 978, fa,lns@'%d% el 8y el R. Q«incheldorf "alpha-
H}Qmozc?cgd f]\“%&éx?t”ﬁnhy%nc?% %Is’ld an ared er%rgpigzﬁi é)Hﬂlﬁ‘ﬁ‘Ert Bxil\azﬂ {1987).

case O
B’ eg'g?siafﬁ%cf@%hﬁsmﬂm@xmqa%ﬂacm e NGat denvativeurh preferably

I&GAS@HM&J INCAD-Bt YRNGIA -8R @&k esOfMAD rﬁ’é’tﬂﬁnE@* ethyl and Bz =

f ns .of
t r e han OF &E};n@l% af rsﬁgﬁuﬁ\&ﬁg%@éﬁwfi)%h Eodktioan epgopgate for
%@’aﬁl%p@ﬂ@lhma@s 9@@ hitieen giethiore areTingpile@byothe description

gﬁ@ﬂn)ﬁal’ﬁaftf(it BRiAl2taope286F thbihp) 1&'%?% é&f %talt%ﬁgﬁg;eg of Eéa{lﬁlaners which
t 0 rson |

nglbfgo‘ggd 3ot Yo Jre BEGERA e e GBIy PRl 9gLeiRaIto), poly(orL-
glutamm) poly{a-D-glutamic) and poly(y—L-glutamw) type with variable weights are

available commercially. The polyaspartic of a.f} type is obtained by condensation of
aspartic acid (to obtain a polysuccinimide), followed by basic hydrolysis (cf. Tomida et
al., Polymer 1997, 38, 4733-36).

The coupling of the graft with an acid functional group of the polymer is carried
out easily by reaction of the polyamino acid in the presence of a carbodiimide as coupling
agent and optionally a catalyst, such as 4-dimethylaminopyridine, and in an appropriate
sofvent, such as dimethylformamide (DMF), N—méthy]pyrroiidone (NMP) or dimethyl
sulfoxide (DMSO). The carbodiimide is, for example, dicyclohexylcarbodiimide or
diisopropylcarbodiimide. The degree of grafting is controlled chemically by the
stoichiometry of the constituents and reactants or the reaction time. The hydrophobic
grafts functionalized by a "spacer" are obtained by conventional peptide coupling or by
direct condensation by acid catalysis. These techniques are well known to a person skilled
in the art.



hydr ophobi ¢ graft, functionalized beforehand by the
spacer, directly to the polyner by a conventi onal
coupling reaction. Block or multiblock polyamn no
acids POs can be obtained by sequenti al
pol ymeri zati on of the correspondi ng N carboxyam no
acid anhydrides (NCA). A polyam no acid which is a
FLAMEL OlpHniypéPip@eyeaamat e, a honopol yagpartate or a bl ockpct/EP2007/006722
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gladagemiike spphdasci thVEGQT ”Péﬁbl‘itﬁmm%patms B surface antigen
( Hyl rroli.done t hyl  sul f oxi de

1, c&gol%%fgr N&g}l . baleach1g§( m:xms colistins, tyrocidine,
ST H@he)?y@mpb@ﬁl i deynBietic dianglogs opyd c ahdvodédutically. active
&R CHEOhE SOfra it 4 Mrﬁzﬁﬁesc QPE%‘(QHngsd of Qﬁm gak ¥ amf%ens and of
Ja@c? stoi chionetry of the constituents an réact an

e reaction tine. The hydrophobic grafts
ft nactionalized by a "spacer" are obt ai ned by

conv W&Eér@ﬁ@l top apt dlt@ﬁxaﬁ@éj 9\{31’11{‘ gth@ r e;q'l fg)ﬁ hydrophobic or

b\xgndﬁzgsatl on )y aci d cat al ysi s. Ges
PR Fr RO YHOpiEr SBR! staamédmlelet %tha.txpe @msgizelongmg to
tig £8nily WO 1RO GBHhARSd RS, 264 xMAT /cEPdaﬁWﬁé&Q@7&20f MeAtype of those

t
REAAELL 452 BN DF 3 RARE] L ER ARl B it e
“B¥ WS ti bl ock copol ynmer. For exanpl e t he

WNGAn hiydmegptigbef the present account, a "small" molecule is in particular a small
nonprotein molecule, for example devoid of amino acids.

According to another alternative form, the active principle is advantageously
chosen from at least one of the following families of active substances: agents for the



derivative is copolynerized with the NCA-0-benzyl and
then the benzyl groups are selectively renoved by
hydrol ysis. The active principle(s) PA(s) As regards
the AP, it is preferably chosen fromthe group
conprising: proteins, glycoproteins, proteins bonded
to one or nore polyal kyl ene glycol chains [preferably
FLAMEL 01t Yetzpiploasdes gl ycol (PEGQ : "PE@yl at ed protei ns"], PCT/EP/2007/006722
pepti des, polysaccharides, |iposaccharides,

%é&%&? %k glogh(? GBu elm)le}é{I Ltf)i %Ottfegﬁ?elnﬁgp éiflgaalm% g‘di%aa%e anesthetics,
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ug;ﬁlceréaagfir Pﬁb]t?rétq a@tﬁglfer ,_albr ﬁ]ftg grsf tﬁeatment of mucoviscidosis,
drpgeEist romptor aperiet, i azents b t}teomealmer& nifeemﬁahetﬁoszs agents for the
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%ﬁzﬂ ehQQO ﬁgﬁ&ﬁw&pﬂﬁﬁg rp%?a@%%ﬁat (Qrm%e}écs prostaglandins,

St H@g act or epari
RSt ?ﬂa@fé If ég%lf%ﬁ%ﬁathsswroﬁ%wﬁmcgmlg@@gwqimrés anxiolytics,
pgmhd)sﬁﬁlu(ﬁsl:’ aﬁﬁldepbﬁﬁnﬁ o bl Wankatdl éﬁllﬁ‘éaﬁn@ts steroids and

é)‘fﬁﬁse agﬁl l%aCIIPrSr HBﬁﬁggchcr em nang%

a i i
'nin Aci NS, S e COI Ip {rikH ers, barbiturates,

W@%P%ﬁpﬁ’és laxgtivgsi @ﬁyéhqﬁr@pwew By sembirgtienef thape tvstuicts.

anal ogs, and pharnaceutlcally active nodifications

and f tok

ant i b(g%%%ma?{ ' lstpa%%uwa%gﬁg 665’? eouﬁc & t%%gac’t}?@cbé’ rHiigfY of AP not
pssosEHehPith thramicpen- #C@kemarttctﬁ’é [menabspeizjediRliapPeby weight to be such.
tydr ophobi ¢ or hydrophilic, optionally ionic,

"smal | " organic Jo ecul e. ype of those

bel onging to t e PN z]g?‘i‘%ﬁ]e—imthracyclines,

t axoi ds or carrptmtlﬂe’@rabb’ lopnasfocidtal ABjped.Bf t hose

bel onging to the famly of the peptides, such as
Ieuprglldecor qCLQggor[n _and_th?lr nlxtures

nDIecuIe for exanplehdé90|d of am no aC|ds
Accordin to anotﬁp_ ther ative form the actijve

or | nieprinedo 4R the pressEToPogiede tiecluentighethe PO
mésetthe thadolupinh g ctﬁlhmildl bespemiontintenye 6 BBAOANBGSS at least partly in

I%QCT/ EPlZOO?#gg%g%‘g&l\ﬁv r%]zi]'ﬁze n%s&gcp %/ tgg%f’%e%t %?less than 500 nm,

preterably of between 10 and 300 nm and more preferably still of between 10 and 100 nm.

Advantageously, the concentration of PO in the solution or colloidal suspension to
be atomized is, for example, between 5 mg/ml and 100 mg/ml, preferably between
10 mg/ml and 40 mg/ml.



treatnment of al cohol abuse, agents for the treatnent
of Al zheiner's disease, anesthetics, agents for the
treatment of acronegaly, anal gesics, antiasthmatics,
agents for the treatnment of allergies, anticancer
agents, antiinflammatories, anticoagul ants and
antithronbotics, anticonvulsants, antiepileptics,

FLAMEL 013t WEi2e5€234¢s, anti enetics, antd gl aucomas, PCT/EP/2007/006722
anti histamnes, antiinfectives, antibiotics,
antif I ant | nsoni.ans
ant i CEQ l%%ncz)glteﬁln I)f Hl 11%'3%{10{1 nlgevggﬁ’@car 1at108 xsa Hﬁ)?ldcreg bgfore and/or
|%ﬁ@5ﬂﬁﬁ$§mz@ﬁwé#@vascular agents, hypoli pi denics,

ant i arﬁbyﬂimms@@matms&elﬁcamv& th@API AR Bk Mkl solid form (preferably a

e nsi v, rotectants, cholinesterase
dﬁlx?ot?’é%r% f%anu eﬁ%mi‘reat ment of di sorders of

e .
t he c Sfehniues gﬁ\ﬂ@waﬂgg/gmeecm merei AR witlt BOdefor the atomization step
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erine | a

pronot er s i nduc and in rs, of

R opininel PTT SfipebBo, ok b0 S isthEon SEsarmaing of AP
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bar bi t ur at enzodl az

psychot o evalerds | 0 WEEH‘@PH&%Y 1§ QPRsTsite h?e@é pplagtadttke onizable
Quantit at IgV(ﬁipy ofi the IFO palyiriet UhadrwhiciadiatindgRAUR fHer continuous
the fract Iaﬁ ]¥§ Lght of AP not associated with the

m cron-scal e paP cles [lnonassom ated AP] as % by

wei ght ¥o ahédeastyap hydrpghiticocqringiind Sprefembixd usgdfie forlam injectable
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col | oi di&t 3%lﬁ@ﬁeﬁsmmpéﬂwﬂ© ewhpE iveingt MastAeddmdifigt tleest one
a preferr ﬁ?drf)ﬁﬁm: e&mpdaad QrereRbs U%Q&Qfdil lah Qljéc%bié'}ﬁ'eparahon)

i nventi on,, t Eg PO present in the solution or

col I oi da1 PERELEREESn i ntended to be atonized is at

| east par endcambinations $ioe FasfwPOX thanepay @iteies havi ng

a si ze, heRRal (B ®eind phfiRulbly pRedredof | €ss than 500 nm
preferably of between 10 and 300 nm and nore

preferably still of between 10 and 100 nm
Fﬁld\ﬁla‘ﬂirea@@@'lﬁsibyut doftedoomterftthamiean Mf (1RO (v, efteence will be made
t§ﬁle%llid%ﬂn?&es%tk&1'(#%ecﬁ &%{éﬁh&% shM, be atom zed is,

f.or .exa t ween 150
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3" aspect of the invention: Liguid formulations based on the microparticles

obtained by atomization of a solution or colloidal suspension of PO comprising AP




In the context of the invention, the AP/ PO

association is produced before and/or during the

atom zation step. For this association, the PO and/or

the AP can be in the solid form (preferably a

powder) in the formof a |liquid suspension.

Techni ques for associating one or nore Al's with PO )
FLAMEL O0péf $0e20¢89@54at omi zati on step are described in PCT/EP/2007/006722

particular in-patent application V\DA— 00/ 30618. They

consi [ n.,m.Xxin || o da )

sus Egﬁthleof{r)ﬁn at%?) e ri?]m%t gﬂed’?vegﬁono? ‘% Bliprgpoepgical for the
gidrgleass W eampsisingricploifld rsnypendien, Aquunvmdmelty, based on PO

pm\/lﬁ@fartfc% Hﬁsb&at@li&ﬁﬁi aWEeEB ohB A PPHeseTHRRPITRD be1 those as defined
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FSHB0L 51 Bifled uftied B EisiRpesiia b dgﬁn'fq%% iy fherexamples
a2 at ed with at |east one active principle (AP)

artes fHnSRASS 8Lk he Bvirdtad] i IR MR Q58 ?)Q{)e}nf%l‘dl])!f and of being liquid

1 um contai ning prefe
dlg‘spgﬁ% nheﬁé?fb“é%‘gq and the obtai ned dispersion is
| yophickordidg ®hehd yorﬂmtlbm z dtee qﬂihf&rsobto&t“ned "very low" viscosity
fa'ﬂ%ﬂtzig‘éé\lsﬁ/s C(Srpé%p&{cﬁ RAL A i O isddig ¥ l’@ of less thtan S equal to

on mcgropartic

I at i a
t Q f“n’i\?érfg'f"%f?bg i’a%@awtww%%(qu deyfo %tms@emesi at 20°C, for 2
|shemp hrddienatod K108 ser e prefeaghlyll1gss i thart BE ef@t OB SE00tkid.4) Greferably

|
Ee%&g:’eli % §n§§ ggd %?Q[sﬁfg rréﬁé getlr\]fle&lrjr%g PI%J f;?dﬁ“nbg %,hg%eeg gven between |

ro% facﬂlovmng group i rrultlvalents i ons which
pol ar |M»asnsenmp05tltealvhnmi&hﬁsda§ihari ty of the ionizable

Ghe YiSrefte lﬁéﬁgurglge&oiloy i&fa zgglc v1s0851tyactra§| bs AL 1%(3%8’: for'L example, at

h £ cont i nuQus queous
dr 8RS pr ARd 8%6@9@6(%{ év%mnﬁa}sem@ed OTlthaWne/pIate geometry
(here, X plithe visprsepar, Iﬁﬁlbénﬁ}eda‘&maﬁgrédﬂ&n FQos!

suspefisi A SR %@% k/openhgrs aho r}% la%ons 0? 1Re gfv%ﬁtéoglg?gs yi 123e:ctab1e

t he atom zed cropar
RFTEREBYRY-t nc parcHeraby rife vmqﬁrsaé?t smt@a@neoas,f jntramoscubi, intradermal,

}maﬁdntmel orh?idﬁ@pd‘blrill r6uté Qitimﬁlbl NotuedRk. e?ﬁsr ﬁﬁhmaﬁ&a@c%rdmg to the
epar a e cnan
ng'éntf%ﬂ rrlflba? afth. b% %é%bmster?g gfg Ol‘%\ﬂBaSSIf prlllﬁ'Jé)n a'ﬁgr(a? §r qc&}!ar route,

’(I‘Fe\’i}“a t he means (i) being particularly preferred.
For further det ai | s about enbodi ments of the nmeans M

(i) t to the fol] ow ng.
eser 1t Peist 8 s TR e Brusing BT inbsheoe g Boih ot necton
EBREairs rgrrespending i dmh@dﬁ @mpelfatlmﬂ:ss ferexample betweant and 30°C,
Eﬁﬂm ik BhitBoSailRerdldideves as those descri bed for

the recqonstituting | defined bel ow. 3rd asp

of t B SRVBITRaIcHS fe,%ﬁwé%r AT STPSB i (e polyamino
asid} caphrthéroloesbe easily redispersed to form microparticle suspensions or solutions
of low viscosity.

Dispersing meang M»

As regards specifically the dispersing or suspending of the atomized PO/AP
microparticles in a reconstituting liquid in order to prepare the formulation, it is provided
according to the invention that said formulation comprises a means M for dispersing the
PO/AP microparticles.



obt ai ned by atom zation of a solution or colloida
suspensi on of PO conprising AP FLAMEL 0118 - WO
2008/ 025425 27 PCT/ EP/ 2007/ 006722 The formul ati on
according to the invention can be a liquid
pharmaceutical for the prol onged rel ease of AP
conprising a colloidal suspension, of |ow viscosity,
FLAMEL 0lphs W 2608/0P@5 mi croparticl es associated with at | eBstEP/2007/006722
one AP, these mcroparticles being those as defined

ot nadBaRETd B <2 A BERABE o i R ot B Entinuons
fRhaseu(that it o Ivaxs of itke exdonstitige lbideif N snpectablwed to form the
pamenitpmal |y and of bei ng l'iquid wunder the injection

qua? f%)u ongsﬂm %.calé}pngr\l/ L %ﬁapn:;:g slafgfr)]rfiwg to the invention:
advhnithg eontighquspbrsead rﬂ@rﬁdsneoman Byesantiidiynagsmasi ty at

20C; ofrpb @sfinub@Npike 86 Rl sulfnsidf QsoaﬂTgﬁerﬁraﬂf " ?%aﬁfca&%t&—miscible
t he dﬁgamc viscosity of the formulation,

20C, shear gradient of 1000 s-1, is preferably

| es¥ Tharontinuegphbsctal BOQspERsios jis rafaariabl ot gartie e inmiscible
2 andpgf0 nPa.s, for exanple between 1.0 and 100

nPa, s, i ndeed even between 1.0 and 50 nPa.s.

Meat ur BHEFR{inggus @Sﬂd@ eUEPeprior sinicgsertinllyrasganiceyeter-miscible or
neasun@mpbade. f or the dynam c viscosity can be carried

out, for exanple, at 20C using an AR1000 rheoneter

(TA nstrunents) equi pped with cone/plate geonetry

(4 cnihejermrigssdpfialhy gpyspuy cpatinugrs ahesd” fiopndergpedto mean, for
grantfilentliqofd chMpsisitg aﬂlhass 60% W MeseHsiatey. renders the
formuat | "egien}ub o %a%nct ICQ?%ME?L?}SQDMIS{ZJ”I eﬁﬁc?ersltoeod to mean, for

parentera , In part
ST éﬂﬂé@d@mpﬂw&ﬁ%@aﬁ% in mmswéémﬂm phase.
i ntraperitoneal or |ntracerebral route or into a

t qurThSTéag_tér{u%g a@é Ptﬂe gnngests é_wr___y__ﬁ%llgnvent ion

MEster e HeH8E
pul rmﬁﬁ‘fe}?ﬂ P& pﬁ@lspfmmgammwl\h, ontienally combinedavitl oneTether, can

h!d Sﬂ.ﬁmﬁhgeﬁ thdt i§ ke sdy @i the faipeidingthms Mpf istch&sch YA in the
?}E’ th at injection tenperatures corresponding
t o a

rg%@ratures for exanple between 4 and
30C, ahd nalﬂfl tphys Which gty is eppsitatothe poldtiy dithe ionizabie

m cropart |gﬁduP§ of QheTe PYlyaHep Hhd AN aRf cRPRMIPRI i Ccontmuous
PO (e.qg., {gu % rpggo acid) can furthernore be easil

redi sper se ™ ni croparticle suspensions or
sol ut i onsat bfastl gw hyitepbiict sompdusp éprsfernylymesahts KR A5 injectable

regards s B@:ﬁhrfaﬁ&gl idﬂe@. he i Sﬂ@?%ﬁg@&l&%ﬂ%ﬂ ediBi8Tand thus
the atom ze (% rog? &I}C In

reconsti t &t Eﬁﬁe indhs Zﬂm?l’ﬁe Het? ‘E?aéﬂ‘}g‘?se t he

f or mul atii anleaitt a ingicppenticdiedcoatiog ofithi wgicag 4 Iftm of at least one
i nvent i onh§£@ﬂhﬂ§@éo%ﬂogﬁ&rwr§%llaﬁﬂf PR 58 Ej&taﬁ?e%gparl\é%on);

for dispersi
59 thep change
v. and combinations of af least two of the means (i) to (iv).

the means (1) being particularly preferred.

(i) Dispersing means based on polyvalent ions
In the case where PO exhibits ionizable groups IGs, the dispersing means M, can
comprise polyvalent ions, the polarity of which is the opposite of the polarity of the
ionizable groups 1Gs {at least partiallj( ionized) of the polymer PO, which are introduced
into the aqueous continuous phase during the reconstitution of the suspension/solution



PO AP m croparticles. FLAMEL 0118 - WD 2008/ 025425 28
PCT/ EP/ 2007/ 006722 Thi s di spersi ng neans M2 can
differ according to the nature of the continuous
phase (that is to say of the reconstituting Iiquid)
of the suspension used to formthe fornulation.
Thus, four possibilities can be envisaged in
FLAMEL 01 5arW@ 809p/8d542according to the im#ention: 1. The  PCI/EP/2007/006722
conti nuous phase of the suspension is essentially

AEAUS s e Eh&mﬁﬁptinuous phase of the suspension is
an_essentlaﬁig organic water-m sci ble phase. 3. The

Coin o saninen st thefinyantion, itbp éersi theliveleatnions sémnbtiea foy cxample,
ARgRAL ©n@iRlent 1508, 3&10h1Ent iRAHE midured BEHERALAsNUOUS

e of the spensjon.i s essentially organic
RRARE e oitFs BUSPAR O B9 fRBR e frortaleht i s, polyvatent
ﬁﬁﬁ@@u@ﬁéﬁﬁﬂyﬁﬁ@ﬂ@ﬂpﬁﬁ®9&_h@ﬂumvﬁthMOﬁﬂtGﬁnﬁanﬁmhoﬂm group
exapiify: Mgt Qi dz.C0MRPA 1Y tHeRaskaRQYol BVARSS cffons, more

wat.er... T term "essential |y .organic._centi nuous -

BRSPS eord B e SP e AL S EEmB o Foftpigy o

danpessidlerfgr e fdrendtios 89¢ordingragbe b evioganiaddipaseolyialent ions,

TQnGRBE MBHA4RnDPRAS &.2f ahEns3 UBRENSLPR: AivE iRBPhedda¥ion of the

aqueous, Several . types. of di Spersing neans M,

B%PP?fﬁgéFT 1% gé‘éﬁfmcﬁ%’aﬂwef'h one another, can be

Enask palyedenthats ars ittodsery intathe tftrenudtitiop f shienigventian prd¥lrably in

i3 BROSEn fQliedBX RAP l(@rgclﬁﬁc toF %Qr%eﬁ’lliél) Qb Gn, IHP g)pamcﬁle% A solution of
po y et e

tivalents ions whi ari S opposit i ]
%ﬂ‘%ﬁ i%"gF= peFEte. oRORBIEe OT @RERIRYC dpT ofe POYOSE gmEle acid) of
prigvakint chioar.e contained in the continuous aqueous
srath b e A - . .

PReSer e 08 PSSR i e
gﬂ%ﬂ“‘?‘ﬁp’?‘ & PBde € froratwimiag pad) s Felatiyelythydiophiliand

thus contained in the atom zed PO AP m croparti cl es;

. ast, a0 Cl: j ing W th at | east
1113 GpoR DAl A, BRRY 00 s CoRBBlnas) or
PRVEFEE dblegst asapiing hased anidrpddicasmeodépar at i on)’; :

i v. tihe dppbrsihangans M; caardmpasddstatinions of at | east

ans

i i B TR ol v, BSTRE Tyoe
IBiGFtokig | Eprardtign)s aqdedt trethe F& suipengorpxiwioni toi hes atomized and thus
préehtAa Heat@hioeBO A Bemictdpartidiesper si ng means M2 can

- or at least one coating of the nricroparticles with at least one film of at least one
hydrophilic compound (preferably which can be used for an myectable preparation).

This dispersing means M; can be incorporated in the formulation according to
several methods.

According to a first method, at least one hydrophilic compound chosen from those
which can be used in an injectable preparation is added to the PO suspension/solution to
be atomized, this hydrophilic compound preferably being chosen from the group
comprising;

— amino acids (e.g., lysine, arginine, glycine);

— polyalkylene glycols, preferably polyethylene giycols;

— copolyalkylene glycols, preferably ethylene glycol/propylene glycol copolymers
(of Poloxamer or Pluronic or Lutrol type);

- cellulose polymers and their derivatives, preferably carboxyalkyicelluloses (e.g.,
carboxymethylcelluloses) or alkylcelluloses (e.g., methylcelluloses);



conprise polyvalent ions, the polarity of which is
the opposite of the polarity of the ionizable groups
IGs (at least partially ionized) of the polyner PO
whi ch are introduced into the aqueous conti nuous
phase during the reconstitution of the
suspensi on/sol uti on FLAMEL 0118 - WD 2008/ 025425 29
FLAMEL 01PCTWERMBOOAL006722 which fornso t he suspensi on.  PCT/EP/2007/006722
Wthin the neaning of the invention the term

"pol y ent _iqgns" de i val ent
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1289 BmidlR! epol Peigf@hldés St ILOMP Lo1y-N-

G B! 2ol AR Rl dLs S et v IREBRASHC T VS) 0GR P poty-

pBYdpHpES: o the formul ation according to the

i-avenpdlgfvinyl alcatddistPYAst o pol yval ent ions, to

QQ”prP&ﬁ(sH&ﬂﬁ%ﬂa‘?ﬂ{e‘ ons (e.g., cations), which may
be ac agqgr egat i on of the nanoparticles to

grve ﬁ’?dc FpEitiiEsies. These pol yval ent ions are
isaitlr ydivegpddid néaving heonfppindi| atfle@blyo totifesing UeNédsOBne  hydrophilic
%Wabl y in the formof an aqueous salt (organic

I norganic) solutjon, for exanple a solution of
sul f afeSording terd sgeondypethed. ghe ryicpaisies atgieogfpdiw hrai least one layer
oD#t leishar hytiophilic cafboind acdehined bboyeo! yval ent cations.
;rrglr: %Irt§1$2§%b gle[ﬁ%ﬁr]tﬁ%,sl%drg&lsl?dco?ngpogr?& Xr\ﬁ\aﬁaézﬁ) tLOHIOI)?'lSSBS a% least one
Bydsptiti pal En@@%%enérom the hydpploliy eampeundscis dyfined above.
relatively hydrophl lic. (i i) and (iii) Dispersing

nmeanspM n co

conpri si ngf?é S?rg% glagl%sy & gpgib Pale aasgr‘i’g’%%‘?r%}m“f fmpound has
BOME th ¢ Prriirniartyi syehle i fog amhmbrhw‘@a axlgiting iaseifficiently high
Rakephobilt), or R3STeva B Hay 6 QRflokdates AR BFhal to 10 mol% for
e(?b%%r%ras%h V\g canlbe used, for an injectable

brepara %’f PR %dsuspenm on/solution to

be atom zed and thus present in the atom zed PO AP

m cr Olﬂﬂrcbhtﬁige[ﬁmeans ME (1ﬁ}] of ﬁﬁ%ﬁm%ﬁrti@%@%tﬂgu&f a f;a?& of hydrophilic
fil fm of at I eas ohe

cropartieles win aeast o
"H‘yd 85?%“? ‘ CCSWB%%}WE! ‘(aﬁr yOWnl &h SEaRPlpebY dug successive
flgmizatirnsnihe secbll atqprsgen deingrprricihius odiaspereasiong ofpatides in a

%’Rfeﬁialﬁnﬁ@cibl@ Q@ﬁl%fdarﬁfég) hiticlel @arf &fn%u?f% ﬂoqgclﬁtgﬁf%r tge HgPerSIng of

41 sev ﬁra nmet hods. ACCOI‘dI ng to a rst met
BESFEE hydr ophili ¢ conpound chosen from those
whi clSuctam dispersisg thears @Gif) bhynfekdphiilicecoptigpal @t i rﬁi&rdparncles allows

{Rd gl%‘ﬂeﬁsﬁ)nt mmfc% m&%'rgﬂlaﬁlol#eﬂgﬂlg Ank Otabg %32{%;» a few days,

th| S Q%grophl conpou preferably bé ng c
hagdrpr i si ng:

Advantageously, the combination of a means (ii) or (iii) for dispersing the
microparticles based on hydrophilic compound(s) and of a means (i) for dispersing based
on divalent ions present in the aqueous phase during the reconstitution of the formulation
makes possible accelerated dispersing.

According to another specific embodiment, the aqueous continuous phase or the
hydrophilic coating can also comprise at least one injectable surfactant, such as Tween®



amno acids (e.g., lysine, arginine, glycine);

pol yal kyl ene gl ycols, preferably polyethyl ene

gl ycol s; copol yal kyl ene gl ycols, preferably ethylene

gl ycol / propyl ene gl ycol copolyners (of Pol oxamer or

Pluronic or Lutrol type); -4 cellul ose polyners and

their derivatives, preferably carboxyal kyi cel | ul oses
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(e.g., nethylcelluloses); FLAVEL 0118 - WO

08/ 025425 3Q PCT/ EP/ 2007/ 00672 hydr ogenat ed or .
o ﬁﬁ%ﬂﬁ% PRty a%%s?haélﬁzﬁthagﬁw aPBghandylserine or a
sstysixyeropylenegtioxgdthdeneswpolpser, (tpdd yemics Poleratier ARluronic, Lutrof).
propyl ene glycol or glycerol; 3 gelatins, preferably

hydrol yzed gel atins; -4 njtrogenous (co)polyners,
pr ef e(%éﬁifpg'ﬁlggg’eﬁ?selgémpﬂr{ﬁ);‘{’ﬁé group conpri sing
pol yadmythenmdgpgsing ahgend-whichy tanbelesyisaged according to the invention
LM i L .
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TR BEATRBta S siable T pariolen the fiserheskthe sgptiphilic PO (c.g.
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st SR € P Lo B R o o
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def i nedeabate usé roft suck 5ﬁgassdme¢ifyodmkéshﬁ pogelblePRI Inkfease the
.or . i -at.least an .
T I T T A —
EEIeH oA EouRs Qfe¥h°n8@ @&ovel thehpolpirsipe rasid) gbeseme sionnized (for
ekimplhasifi@tiodin lragtc Whge MEdPORNELIHyEropRINE PRAMIRSacid of the
g@g@ﬁprtgh?S %Bicularly sui table for anphiphilic
exhilbrti Rf%%a “sufficiently -high hydrophobicity,
for eksfepbly; dhis jwersisiz Gng Mupév)dty pHedieege bdfem apymization is
epplliaﬂ td the RO eﬂ%j&ﬂﬁolutﬁ;nﬁ@r&[ﬂﬁw&éior@fatoﬁ{i_zzlti%ﬂs]tc ?Ee
pol yapi.ne._aci.d. e coatin an i1i)]. o e
Py oPuP PRt ol R BN TR PR ity cigey not be

prreRiegthat i bl e conmpound can be carried out, for

exanpligh thy dispersmgCreaSi NE (1PbNTH ZaH ip8Rvalbiteion CRpbyed after
g%g@%éathg&_belqg.%arrted out on a suspension of

partictedt PRrEOEBP8Pi Mni scible with said

ti cr opilr the Kispersimg meansr Mouiie o ofifl)abiseif t @t ihpdropliibc compound,

FeRRBISH N\ GDalihg M% i8S fie RAEDH QS of S s‘eﬁsft %?%iéﬁﬂ&nﬁicf}%mer.

means (iii) by hydrophilic coating o
m croparticles allows the suspension of
m ér dpierdoniiuess phasarihasusetisap| ie anrskentidbl @gatic agsiniscible

The dispersing means consists of this water-miscible organic phase.

This phase can thus, for example, comprise ethanol, N-MethylPyrrolidone {NMP),
DiMethyl SulfOxide (DMSO), isopropanol, glycerol or glycofurol (tetrahydrofurfuryl
alcohol polyethylene glycol ether).

...................................................................................................................................

According to an advantageous embodiment, the dispersing means comprises a
lipophilic liquid, the melting point of which is preferably less than or equal to 15°C,
present in the water-immiscible organic continuous phase.



whi ch nmakes it easy to handle. Advantageously, the
conbi nation of a neans (ii) or (iii) for dispersing
the mcroparticles based on hydrophilic conpound(s)
and of a nmeans (i) for dispersing based on divalent
ions present in the aqueous phase during the
reconstitution of the fornulation nmakes possible
FLAMEL 0H& e Mogpestoess2di sper si ng. Accordsng to anot her specedigr007006722
enbodi nent, the aqueous continuous phase or the

hydro ati. n 0 CO ise at |east qgne
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nane: 2PgkerartenglyRindeont saqurdtet CHC) fatti ac)ds Besapiag FotQeoconut oil,

RABGmIVE: thy s&wﬁh&w@nﬁﬁ{wﬁ\hgf ofj%%pg gh4i@ Means which

can be genvi sa edﬁ@%ﬁ vent| on consists
of a di SHEPET REE FLP ¥sarhgan oihnaire pdpligseerboib cationseed
atibm'smatbihrsunﬂlawesoﬂy)ppeanﬁtoﬂ:reans has proven to be
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Carry F“h deash rﬂni a P’é1 fiﬁﬂﬁtﬁv‘én @Fef@?‘dﬁ pan aﬁhépmoénhatléyichohne and

fsteatolybphosphatidylahliye, hy dr ophi | i c, that | S to say

QoOnNpr | | e ha

oot e oA fep 3le® W AR e B s, s
11'(S #l55 rrakes it possible to increase the

- Rydr optedst eietfiittphci B&\&ﬂ'ﬁ&llpﬂféﬂaﬂﬂf alBkdndY, cﬁ—ﬂl‘?'tﬂg yidiRe BEivative,
te?lyﬁ%]\éﬁégﬁtrgﬁg&at% h@% stl‘begTa ea ﬁ?rﬁ%anégﬁ 5‘{ g)ﬁtgn gtearat% sorbitan

ASRPpate ol BI‘S@]fbateexarrpl e, acidification in the case
wher earfdhselﬁﬁbdn&eg hydr ophi li ¢ pol yarri no acid of the

S gt R A S SR s o
éﬁ!iﬁtr feperately arh @ot@@um pdemspesairs off less thnn prevedl, &trekample, to 15°C,
Hﬁﬁ BHieSe Plo@iiity AkirfRed With DtibSREN RE VB HSia MR a(tér}@erszre of less
peaqeg]ef Qee}‘(or S ﬁt Qgg ation may or may not be
rr(é persing means M2 (i) based on
poI y\%@‘é’ﬁtqu mfsfampdymlyaémcbs argpotivdady ereferiad, ihearticular a
fn@ﬁﬁﬁgﬁ‘ |tﬁ§!§f&:&fde§ be Eamﬁfed Xal)) ﬁaﬁf ggg% P&[tﬁl'ng %R ARl oil, for
a"%%e A L e R i P —
g Fleadist of iy inydly opiprdsem ip phyindar. 1n2\vegetable oils, such as soybean oil,
PR R OMsbeUAL SotRIRSE oRf sckdlfe oif ‘s‘&ﬂ@ﬂ% 8 or f)e%ﬂli'tr})ﬂ

essent | ally. organic water;m’scible ...%7 ......
- . , phase The dlsper3|ng nmeans con3|sts of this
vvat erT-hm awmizbda Ré)/@Rnpewdnaae: easily dispersed in this water-immiscible

organic phase to give stable suspensions of microparticles which remain whole for several
days and are thus here again easy to handle. This dispersing is particularly rapid without it
being necessary to add another or other dispersing means, even if this possibility can be
envisaged.

..........................................

According to an advantageous processing alternative compatible with the 2nd &
3rd possibilities regarding the nature of the continuous phase of the suspension/solution
constituting the formulation, the dispersing means comprises a coating of the



Thi s phase can thus, for exanple, conprise ethanol,
N- Met hyl Pyrrolidone (NVMP), Di Methyl SulfOxide
(DMSO), isopropanol, glycerol or glycofurol
(tetrahydrofurfuryl al cohol polyethylene glyco
ether). 3. The continuous phase of the
suspensi oni s.an essentially organic water-inm scible
FLAMEL 011phweeoodozersdi ng t o an advant ageous enbodi ment, tRerer2007/006722
dispersing means conprises a lipophilic liquid, the
referably | ess thap
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atty acid derivative. re pre
|3P€§BH%F%“€S liquid conprises: a mxture of
tri gl peerdidet afe detiatiat GadmCheGilm-foahiny c&ﬂin@f‘compound is of lipid
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etic or m n E at
| east one |ipid derivative, pr efer ably
ar ac hacoyliphosphaed ﬂb&bﬂtﬁ,@%b@@nﬁﬂﬂmem the orgamc continuous phase, for

L
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ac ate gl yceryl stearate, sorbitan palmtate,
sorbitan stearate, sorbitan npnool eate or

pol ge@sibat/aabiliangd their mxtures; with the condition

according to wi n, t ere. sope. of the

pr odGet ré 9(') IL% F(ih&n %58% to g%g%?esglﬁ AFopegiey o gﬁlépfﬁ?j{lg in the aqueous
Phagpand/cg o ﬁnﬁlm@{q}h@ staffilitye shet dpapous suspeuiding, foothe injectable
RXARE®, td Qorili othBenddihese oﬁrﬂ%g Uk Shadl E b %gndg%& Betow by

ers re liguid at ate er at ure
eé%‘glemls%tghﬁ%‘?m ac?gla%{n S’Ftﬂheég F‘E“'e‘tt@“%"é‘“l’ﬁéﬁ vatives
of Fietexyipmoisttabilizgls yaebd Mtedrfmnpme fztonp lcahpiysing;
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sa E]a -Clo f y acl s res o(é’%’
coBMAPHIC SoPpPer dRR{IE LRSS  BOUN IS 18 ritesst partally
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partlcular in getab e olls;y such as so
amino acids;

- polyalkylene glycols, preferably polyethylene glycols;

- copolyalkylene glycols, preferably ethylene glycol/propylene glycol copolymers
{of Poloxamer, Pluronic or Lutrol type);

— cellulose polymers and their derivatives, preferably carboxyalkylcelluloses (e.g.,
carboxymethylcelluloses) or alkylcelluloses (e.g., methylcelluloses);

- esters of sorbitan and of fatty acid(s), preferably esters of polyoxyalkylene (e. g,
ethylene) glycol and of at least one acid (e.g., oleic acid), of Tween (or polysorbate) type;



palmoil, linseed oil, cottonseed oil, sesane oil,

sunflower oil or peanut oil. The atom zed PO AP

powders are easily dispersed in this water-inm scible

organi ¢ phase to give stabl e suspensions of

m croparticles which remain whole for several days

and are thus here again easy to handle. This
FLAMEL 01d§ sYyerasiegsits particularly rapbd wthout it bei ngct/EP2007/006722

necessary to add another or other dispersing neans,

even |f ossi bi Lit envi.s d. 4. The
cont i nuo‘r%%?[n aass'eé S Wg}i‘ §B@Bé‘ﬁ§|°8npqi%aﬁg'ﬁ%‘§sgifﬁoilsalpﬁfembly on
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f.or nubahtiRNprefch®1;H RS ARans conprises a coating
oF { e el A O AR

% ]z)s a0z 35
pCT/ EW”S@‘E??P%)E%%PZ‘Z‘/“W Orpabkyi e thegraup cemprigiag polyprsylamides,
fpplyrhlmmnmgescpfdwmﬂpmmbﬂﬂdwm)@héDﬂblwvmllmmn

he U§ﬁ Vﬁlg,qal@ghoq)gj(}e@tgbl e preparation). Preferably,
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ofie h hSHite® pol ymer chosen fromthe group
conpr Os¢ of) tipopryfeered Ieﬂcﬂﬁlpntp((ktyighws)hh deSordance with the invention is
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egetable oil, or at |least one fatty acid or at

| east one fatty acid derivative or at |east one

m xt ufte r@fonstitiitir@l @Ry | des of saturated fatty acids or

f.. these prod t 0. anot her '
0 oL 8 UishHSRE ARt e 550 e "hohti S employed in
the a@éaratimof tesdarmulationateendietiv the ioventidrecan edmppideo hir example:

coat iaf gaa&&ﬁaefﬂuﬁ@r §104NEAsB BndinjdcBBREsal r(?‘ldsﬁia?&ﬂlﬂ@r citrate buffer,
ecl

sur f .ant s Tween 8

phos% %PI d¢ 15 c%gr? B a‘fﬂ“ﬁ%pn(aﬂ?)t‘b %ﬁﬁ?@ﬁs‘éﬁt‘?’?@ @POIM and O.1M,
pol y@x%fg"ﬂb}mble@mm BOPSHapd tOBAM this bofied oy s infdctbbbesalt making it
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C|pJe s/stabll %_ can Iso bg advant ageous, to

{abl B By g ng%ﬁ’gep%‘? plagt. greley Ry 8F Beligrhay Bpe such as Tween® -
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st abt,htr&z@ qflz’t he %Qﬁt%ﬁtx‘éw%ys?&”éiaﬂ{e},?e c&oﬁer&aﬁa 0,0} and 2%,

|nJect formulation to conpris er a

on t RE& %?ng Refraen @ foex Yot ed bel ow by

The reconstituting liquid can additionally comprise densifying agents, such as

saccharides, namely, inter alia, sucrose, D-mannitol or trehalose, in concentrations of
between 0.1% and 10%, preferably between 0.5 and 5%. The reconstituting solution can
also comprise an injectable viscosifying polymer chosen from the group comprising
polysaccharides, synthetic polymers (e.g., sodium carboxymethylcellulose), poly(vinyl

alcohol), polyvinylpyrrolidone, polyalkylene glycols (e.g., polyethylene glycols), and their
blends.



"exci pients/stabilizers" and, on the other hand,
conventi onal excipients. The excipients/stabilizers
can be selected fromthe group conpri sing:
nanoparticles of at |east one polynmer PO PO being a
wat er - sol ubl e bi odegradabl e anphi philic copol yner
carrying hydrophobi c groups (HGs) and at | east

FLAMEL 01p&ar Woabdsy2s5420ni zed i oni zabl e hydrophilic groups (pd&38er2007/006722
whi ch spontaneously fornms a colloidal suspension of
nanopatticles in.water under i sot oni
cond, (g Hee 01549/ SigroRgtigles e agﬁﬁblﬂ?i}%rr KD Ege p@hﬁ@«l@@wezd} and the use
M@mCyeqmbmdg}ﬂhm tigplsyroaites it magibleyialnkedt B@wofold objective,
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gel atins; nitrogenous (co)polymers, preferably from
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pol y-ApRiicaNg Antieely; Vg i r 5

pol y- N-V|nyIIactans pon(V|nyI alcohol)s (PVAs) ;

and t ' referred excipients )

%W oveh f?‘ﬁ“‘i%l@B P&%’ﬁ@&g i b I&Vﬁ'@fqnﬁwﬁf&r%?r § gharmaceutical
wetiothyhinaleepaett hewesr,ofxchide| ceasttiop heathofoydrer pROX protection

LGB cbﬁlﬁﬂ&h%ﬁtl ledsPorRPHlid defhmEN S0l E QB at (RLSIE rﬂg’bl y

i dentical to) that constituting the mcroparticle

The anmpunt of excrplent/stablllzer enpl oyed in the

f or mugald ALY

wei s ' <Js Z1al
%%ﬂaﬁﬂght. As regards the stablllzers conprrsrng
nanoparticles, they are advantageously used in the

0
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eseabalbt oTefnie Hater-angibde reconstttutmg liquids and the essentially organic water-
immiscible reconstituting liquids are defined above.

5th aspect of the invention: Reconstituting process. in particular for reconstifuting

the formulation according to the invention

The PO/AP microparticles and the essentially aqueous reconstituting hquids, the
essentially organic water-miscible reconstituting liquids and the essentially organic water-
immiscible reconstituting liquids are defined above.

In accordance with the invention, it is possible to envisage providing sterilizing
filtration, through filters with a porosity equal, for example, to 0.2 pm, of the liquid



In addition to dispersing neans descri bed above, the
reconstituting liquid enployed in the preparation of

the formul ati on according to the invention can

conprise, for exanple: - at |east one buffer or at

| east one injectable salt (phosphate buffer, citrate

buffer, sodiumchloride) at a concentration, for

FLAMEL 0la& awpl2eqs/opsesveen 0. 001M and O bdM  preferably bet weggr 007006722

0. 005M and 0.02M this buffer or this injectable salt

king it ossible to adj.ust the pH of the solution; ]
RGieMfn y BRRTHS botn e e ol BRSO pY o ormuation
peEgrdioe lﬁ?&v@ invepeon eadh Theadinaati¢n IndePGerila donBWRAR hdchrding io the
Seth@ 0P t. 38, N
et PRy B S AR By s 0
FIOVIELRIME 2 P3Eeet ween 0. 01% and 2% preferably

between 0.05 and 0.5% The reconstituting |liquid can

addi t s@nably o CAIRIVERRNIENS J%&g&egaﬁ%%m@%%h as

sacchari des, nanmely, 1 nter al UCr 0S€, OF mannit ol

or trehal ose, in concentrations of between 0.1% and

10% phisffemmaibtdtipn et e proidigbd &éjﬂsé&bl\ﬁ&ﬁppﬂses a dry powder form for

rREARR bl pRhoReLUL AR OPBIAS S a0

i;r]y' ectabl e b?lsé)osﬂlyf-%nﬁglsggfbﬁnersgcgﬁglsg@% r SHEPREHY o i defined

cOfpTi sing pol ysaccharides, synthetic polymers

(e. g. Otteoshipusts 6Bihb axysRinhy! cel | ul ose), pol y(vi nyl

al cohgy,y y:vi vl pyrrol i done ol yal kyl ene, al | s

Lo o, The prebl bl S o) ey ST R Gyt B the o

ProAReA i desigcarding to Begrataps 35 PCT/ EP/ 2007/ 006722

The uisgradiceriiestidesi @A prdducls @gn B c@’i@ﬁé@iﬁ'ﬂaﬁt&ﬁimt‘ powders, gels,
oc

{nzmgﬁsoﬁlﬂ- anjpgaci d) and the use of an’a

reconstituting nmeans thus makes it possible to neet
t he tTyPothe inyspieen is vasgetedipedduicts denvedefrab e foonuddstoniancording

fohthe RERioh] @Rdn QiR WBhicQR S tr6&s A6 rEatRost abl e and

easi | e Q‘I/e%ggxg stgqu t!: ntoortgler tL{g' allow them é 0 be i

i nj ected parent&rarty. CIhgantie fratsnt pethod consisting essentially
’é‘x@"ﬂ?’é‘ﬁ’fi%g $heatbinilations at desgabeddinatho peesérractaupt by ifegparenteral,
ﬁibﬁ)sﬂl SiRLGh&Gs, ﬁ&_ﬁ!mﬁel%ﬁlaﬁtiﬁ{?édehﬁé/l; inttrgﬁeéxg&gﬁtroor i%ﬂllj'aécerebral route

opvention ci gi.ents whi ch can be adde o
GBS S5 gt 5 e be aministrated by
the pisl natal, ovinaweor: digiopl bootulve rowwénti aia. are,  for
exan Rordfipith AlsbEMM Methati PLHEI0F the@RdnB2Sl. %ﬂp[h%ragéuﬁc treatment
2gens s whi ch e.l'trg{)o sw%leto adj ust 'the
Rlied, ST, T AAEY st g rRlaiom aF SlstribRe #bes by parenteral:
subaitaneous, Refansnder, naiyadeanal madeapertioneat oanipiraercbil tiliection or
e sk BPELE R SR Dy el
addi ti on of conventional excipients can be carried
out &h¢ heention wilide befite andersitb SNSRI ASMHIAlternhtivch e

042/ ' r ) Zzat.l. ljcation .
SO AL LA IR S e
SYPtRests RS he s Toaperinaralisining ecdarafépdtby atydrophetangrioop, their
cowvepicef (o nabitym dofhalbigactitise ok AP Bl @td BfnulidinSccording to
t&qgvgenﬁgrt}-- g)ou%%és&qry-m?é%aﬁgc es?,%%g%el s?a"oih%? g‘:rlldt rtc]digfz%?s: 18{31

['ant  protection
characteristics of such systems.



formul ati ons conprising at | east one PO as defi ned
above and at | east one AP. 4th aspect of the
invention: Kit for reconstituting the formrulation
according to th invention The PO AP microparticles
and the essentially aqueous reconstituting |iquids,
the essentially organic water-m scible

FLAMEL 0liecWR2P810YHENG | i qui ds and the3®essenti al |y organi BCT/EP/2007/006722
wat er- inmscible reconstituting liquids are defined
QQQXﬁﬁPﬁﬁél aspect of the invention: Reconstituting
process, I'n particular for reconstituting the
formul ati on according to the invention The PO AP

MCARPAEL: SYSTHENIS Dese AMNIPAITLIY: BOIUEOER PO-A
reconstituting liquids, the essentially organic
vienthesinpiscpdly dutamete pedfiet by inAgedpheyol disvathekid drigrin

essen}i al lé gﬁ\nl c water- immscible reconstituting -
| P dtcrspoly Hag agb(rath 7 weight et tomnpreximately 16 900 Da

Iwithe reédped, td ta I;ﬁylmtﬁﬁhﬁé@ Eﬁn&ﬂ% i &@Q%b&i&\i' 6 nﬂolymenzatlon of
g rati rou

g%(?%ds}fluwg] fol{oue%l % %gdro yS1S, i dlr% Fﬁlossw " epalteinaufa@)hcanon

BRANELS® 226 arcis o in 288 28 cgedim@m%mr@ow (0GFRBy heating at

30@@@1&51 e pélyman ﬁﬁaﬂké(ﬁ\keﬁf Thé g,muweﬁ Gh cb&igd 1o 15°c and 2.5¢g of
e e n n
ELORSHOT A5 b Hor Bl DAL B0 S8 or e

§8%mo|oé %@mﬂwiann@pauémc,dhssglve@bcfh@hmniemnoui of DMF, and 1.6 g of

ﬂﬁﬁ@ﬁfpgtch&adﬁﬁﬂe r a@s%ﬁl/ea lB@fb%ehHﬁP& BRI @F DNIF PRS %ﬁé&les,%wtﬁ& added.

g‘fter sCt P({ﬁ }‘otr RZI%}ITﬁleﬁ feiag %f lflré ?S?}H)él? ; Qgtg JE&& 5}? 0% water comprising
ﬂ@%mfl siivon chibiide fut hylrathlof dad (thhe- Py dbengedpitated polymer is
Ei@s ﬁlﬁfecé@réﬁ%l‘hﬁ% zﬁnd%ééh@?%ﬂﬁ@ Iﬁ\ﬂﬁﬂgc‘ﬂgmc acid, with water

Jl.on and na a istration base
f—@ 0 PR e T Fl R Bt A £ v s vacuum
MG h% viehd ef thiconrdEhef PO%senibtdimde The amolirsmadss teasured by steric
é@[&%%@ﬁa@&aﬁkﬂr RY 961964 %Vl@letrelsﬁé%fjtof E?Jm(gjbgfeiﬂﬁ%ne standard. The

é qp &(fles ac ordln g the 1 nven \
EIV cti gatteq fregehaiel evERAtest By weeten MY Rpepeeipmtpeeds 51 mol%.
pap&xlslouloanarmpaxploi/s:def Bolyged &, watérnipbbaingd by diskdiviBg it in water, the
pibEhg adjbded (hBYEai AR df %G‘%\t gﬂlfﬂesc) harggted at

products derived fromt ation according to
the invention, taken as such, whatever their process
IGX A MPE D SYINTHESIR©H ANeXMPHIPHIILSO PORNVALES POGB a

t et ' bESS ntiall
R St fld S8 RO LR RO IR S PR BRE BT e
present account by the parenteral, nucosa
BXABIPLEN €0 U PR BPARATTOSE UbRI DR [vﬁ@RUNiSCALE PARTICLES OF
deﬁﬁ%ﬁf* gggﬁkT iﬁ55ﬁ§e5gbral route or into a

of mul at1 on accordlng to the invention can
al so be adm nistrated by the oral, nasal, pul nonary,

Rregidiah 0Pk seGAonRsng 20 il €6 Pyrer and 0.25 me/g of IFN

200 g of 30 mg/g solution of polymer PO-A are introduced into a 500 mi flask. 68 g of
water are subsequently introduced into the flask comprising the polymer. A frozen
‘solution of IFN-0-2b concentrated to 2.8 mg/g is defrosted at 25°C for 1 h and 26.8 g of
this defrosted solution are introduced into the flask comprising the polymer solution. The

mixture is left at ambient temperature for 14 h.

The solution is filtered through a 0.2 um sterilizing filter.



According to a specific alternative formof the

invention, this therapeutic treatnent nethod

consists in adm nistering the formul ati on as

descri bed above by parenteral:' subcutaneous,

i ntramuscul ar, intradermal, intraperitoneal or

intracerebral injection or injection into a tunor,
FLAMEL Olp% eVERBI0354200 that it forns a sfeposited | ayer on PEREP2007/006722

injection site. The invention will be better

ug@gﬁ;h&paﬁgggliﬁg égygﬂh%ges and al ternative

e rge fromthe exanpl es

whi ch foll ow and which describe the synthesis of the

P®= sbiatiored afynipal Qtﬁmpﬁsgf cﬂ?in@%e@ﬁ@«fﬂ&ﬁ:hbﬂ@@ type. The hqmd solution
'1¥ QI{GQQM kG rs{e olf% el Ind ne q\{zgé c?u%h%agsp%l réSt eﬁled with nitrogen

a(& LB 88%11% dhe tswélqnn%mratt@ rﬁdrcfp@vwé ris ¢f ndfhy The inlet temperature is
MhaiteRal ki 94°€S whidfbstiRe ufdRhdst t¥ndiAbhs, in an outlet temperature of
léﬁ spersibility char acteristics of such syst ens.
=L 0118 - WD 2008/ 025425 37 PCT/ EP/ 2007/ 006722

EXAMPLES: EXAMPLE 1: SYNTHESI S OF AN AVPHI PHI LI C
POLYMER PO-A  Synthesis of a polyglutamate grafted by
a:,toc harol of S nthetlc or_| gin 15 g of a

7 98 et o e ght equivalent to
dppsisx pithe Bdrycliﬁolsﬂﬁed:(accwmwtor“ﬂsqaﬂm 50 =a5 um.

RHey Q%M%IH% k&%uﬁfe@ﬂ-ﬂ@ﬁt@r anfle R aﬁgﬁi 91%(:&:11 ation, the IFN assay b
f wed by Tardrols 4t oy
E‘?Lﬁ dembeal Ja Pﬁthﬁa‘ﬁéﬂ‘? Eﬁ%ﬁ Hei7apon 45 1 deogpygosed form is

dagdtedar e di ssolved in 288 ml of dinethyl fornmani de
(DVMF) by heating at 80C until the polymer has
%5@5\%4’ d. The solution is cooled to 15C and of
oo EpHtRTARAGESY & PREd Ml@ﬁv@hﬁﬁ%lm pARMCLEs oF
GDEIMERBOhe CoMNEaNINGIF S -gdb ANDIGL, Y S(ASBATE 80f
4- di et hyl am nopyri di ne di ssol ved beforehand in |
of DMF, and 1. d| i sopropyl car bodi i m de,

s Soirgy OB@Waﬁa 4 f iptereropNE prenageds ifc ee gdenfistly way to

edgpit: 3. 0Afg &fpobisbibaicrsy if added bt sdutidtRfire aLtdiAon.

medi umis poured into 1200 ml of water conprising
15% of sodlhum chlorde and hydr ochl or| C ‘aC| d (pH 2).

m,e sfoidabﬁ atatmzamdndwsdmdmt tdan@sam thwéﬁefehbaf nncexaﬁpzd 3.
with water and with diisopropyl ether. The-pol yner
S subsequently dried in an oven under vacuum at
Yepractem zation) of the migreparichs obiginedN% | s obt ai ned. The

Tivd sdde dﬁ&ﬁ:ﬁ)ﬁﬂf&ﬁ@%ﬁfaﬁﬁd ba&caﬂﬁfgl t6 TO®X%Hli4BEPR 5 pm.

[0 0 LS .15 ect to

é@ IR MK R i = Prelom GRS giion dhe TN assay by
He%pmémﬂcal teghitmtthdlsdiytiqur loffiomn alR-atioe and os clemmposal form is
detebtefDl % A suspensi on of nanoparticles of pol yner

in water is obtained by dissolving it in water, the

pH bei ng adj usted (neutralization of the
o MEBLY| atPEEP ARATION OF. ACKAVIPEE DRY SCRAESISES ADE ANR TICLES
AMVPOLPHIER o ROEYNER REGE (rRx@pl e 2 i's adapted from
exanple 1, a grafting rate of 20% bei ng target ed.

EXAMPLE 3: PREPARATI ON OF DRY M CRON- SCALE PARTI CLES

TOE solution of polymer PO-A and of IFN is prepared in an identical way to example 3. it

is subsequently diluted by addition of water so that the concentration of polymer PO-A is
15 mg/g (the IFN concentration then being 0.188 mg/g). After filtering through a 0.2 pm
filter, the solution is acidified by addition of IN HCI until a pH of 4 is obtained. The
solution thus obtained is opalescent.



PCLYMER PO- A CONTAI NI NG | FN-a2b Preparation of a
sol ution conprising 20 ng/g of polynmer and 0.25 mg
of I'FN 200 g of 30 ng/g solution of polynmer PO A are
introduced into a 500 mM flask. 68 g of water are
subsequently introduced into the flask conprising the
pol ynmer. A frozen solution of |IFNa-2b concentrated
FLAMEL Ol - WO800a475925 s defrosted at 25® for | h and 26. 8 priofP/2007/006722
this defrosted solution are introduced into the flask
COIRY .aﬁiup pgcitﬁ%'e NSlm32 I? The mxture is |eft
€l r 0 %The solution is
fihewselution wi9romigad wnder @ndiipat iderticel thys¢ ddserired iFevanle 3.
0118 - WO 2008/025425 38 PCT/ EP/ 20071006722
_ 28 of Ihe' el ey N sol ution The sol ution
[ o otay-dtyttig-devi ce of Buchi B290
t%élze Thike IP#I‘@QHB&I olaingd (agwfdlns tosTiktestdlisUpSOat 5 @anx at e of
DA Rk /AR r&ﬁi thepildoz ¢4l w‘a{&E QUBE aBnSPABN ca&%ﬁﬁ&&e&e%k%ay by

e suctign
e o enp D3 67 M ot LRy BEtrau i B fop@posed form i
waiceiedi ned at 90C, which results, under these
conditions, in an outl et tenperature of 45C.

r ri.zati f 1.Cr obt ai ned: The
BOALLEL ﬁea%%ﬁ?fx&aai@@mr&ﬁnﬁﬁ R S T BardifyEs oF
POLBBIER: BOpmWRICH r AREsPeOngIERy er"él POARD AND WHACEr CONTAIN
qtnIpg atom zation concentration, the | FN assay by
HPLC is identical to that of the solution before

atom zation and no deconposed formis detected.
@@W@Efodrme@REMRﬁEk@hlrtﬂ%s DRYoIViERON- SeAd & RARE! (Bdnfzd from a

H@B— 1?9}9 OLYSORBATE
ﬂ(?étl'/llfkgﬂtsol utel on o ﬁkﬁd}&ﬁgg ggg‘fa%ni%tgrf eron is
RefPariugion pf, aﬁl?elad%‘ﬁltzﬁtt‘éﬁ sigpy 1P @ olelhigrppede arg resugpesfled in an
pibhrydiorsblatien 8émprésimltied of (polyhﬁnyﬁ)@}rblﬁdoﬂa (MdeSﬁnJectable grade of
FVP W{ M he éh%?yl%aﬁh%;%ﬂm txst gﬁeﬁotloy ?%t and the (?tl #;tsl gsequently

esence
%P@%ﬁf-‘é adesmd évnec‘ah@r? spghdniRpdvicE Rt Bﬂlghltﬁ?&@éype equipped with an

eemciidrbeah ifor @gﬂﬂfﬂsﬁlv&n (ifSP@RigA P rat fZ@rE@ﬁm@fopEﬂalﬁng as a closed

' Sl 0] cl.e
c%g?lﬁg%hit%ggﬁ '@Q @h{hes%%zp kze% uplﬁée)ra e gfag w:l/ml&} ?rgirnebuhzed
@{@ﬁb RSPy norde frduich nrtwgwaf"felraratfimﬂ@) a%rwzm fbaw rate (drying
AOric @b i’al Th8 infbh@mipEMnas $2MaaineRl €04 Widentdsei®, uh@r these

the ut| on bef atom zati on and no
éggllgogg‘ orm frperalyLy ’O% ed. EXAVPLE 5 PREPARATI ON

OF ACI Di Fl ED DRY M CRON- SCALE PARTI CLES OF POLYMER
@Qrﬁte%ﬁ%'dﬂ'tﬁ\@nic%ﬂ'aﬁ%&szhﬁnﬁ@ ution of polynmer PO A

’gx%dsH%fof h'c::gamsélep og{%meg?accgrdgx% to ‘}8 test) Isaf)sgva % to exanpl e

After dispersing the powder in water at the atomization concentration, the IFN assay by

HPLC is identical to that of the solution before atomization and no decomposed form is
detected.

EXAMPLE 7: PREPARATION OF DRY MICRON-SCALE PARTICLES OF
POLYMER PO-B CONTAINING IFN-a2b

The protocol for preparing the polymer-IFN solution and for atomizing is identical to that
described in example 3, the polymer PO-A being replaced by the polymer PO-B.



is subsequently diluted by addition of water so that
the concentration of polymer POOAis 15 ng/g (the
| FN concentration then being 0.188 ng/g). After
filtering through a 0.2 m filter, the solution is
acidified by addition of INHC until a pHof 4 is
obt ai ned. The solution thus obtained is opal escent.
FLAMEL 01R-ANELR008EH825- WO 2008/ 025425 3% PCT/ EP/ 2007/ 0067 2%2-1/EP/2007/006722
Atom zation of the acidified polyner-1FN solution The
Iut{ontlsomzed der, conditions identical to
O SR OBYHRSS eOtAned: char act eri zat i on of
Trh@ sire of bp aarltlplcii elsiambrt (amwding PHED stz @ 0 <t hpm.

Rerteh lgg &%n% k@ﬁeal'éd}gtlﬂzr (I@%ﬁf g i a{oﬁ}lgn_ Q&g %gﬁc)enﬂrzctm?&e R assay by
I b iR B AR st PEHOR Phera fRmizeter, o Pappiopessd form s

iddigeted.cal to that of the solution before atom zation

and no deconposed formis detected. EXAVPLE 6:

Ewgg\l OF DRY M CRON- SCALE PARTI CLES OF PCOLYMER
AREERARAEIONY I PORY ANBIOCRPROS BT APARTICLES - OF

PRRAYMIER ROpoWHN TADNINEChG@H dry mi croparticl es of

pol ymer PO-A and of IFNis obtained froma PO A/IFN

m xture accord| ng to t he prot ocol used in exanple 3.

Erpraaien. ofdhesongentrate beglution; on step, 1.5 g of this

powaér @hwiohed u&r@)ﬁfb@l&dt hlﬂnﬂﬂgroﬁft}hﬁﬁﬁidng (&ﬁlcéﬂtﬂaﬁéh 3.9 mg/g) are

o | lid
syt 35 el AP i) e > o
' glé‘ﬁg?‘b H‘f?%hsft ilp kPgmemprage Hﬂfaln@l coitepirtioni of 24 mg/g is obtained

Mﬁlﬁﬂn@l&ﬁﬁy[,cﬁtom zed a second tine on- the
spray-dryi ng device of Buchi B290 type equi pped with
an extraction trap for organic solvent (inerting

e avith themlymensosienat i ng as a cl osed circuit

mngi of aruohdseag@tad 315h@g/g iseliutiish §f)béyl§in@{‘P03A %Hﬁﬁe&% 7.5 fhg/e by

B3 U] el Y SR AP BH0RTy 1 PRl oure ono the
W‘?r(ﬁﬁluﬂp@\ﬁhu’sail@%@d Th¢ mgxtuzsiis Jefi gved@ginBit hmbine tempemture and

mameerratmfcﬁghao hAtRHNSAg Blier80C, Which resul ts,

under these onditions, Tn an outlet tenperature of
55C. Char act er| zation of the mcr oparticl es obtai ned:
Atamizgtiomolghe polpmparh@H sbleorobt ai ned (according to TO

THRS$btibSisERMhizedunder AhlBbn liSRELSH Hghst H%eﬁ@éﬁqﬁhdn@]e 3.

wat er at the atom zation concentration
by HPLC is identical to that of the solution before
f ppgicenpiasieed:f ormi s detected.

ﬁg/ﬂyg RTI CLES
SR ﬁ'@?@%‘ﬂ% R TR BN EFacol T or
‘“&fifé BEP‘FYFPQg G¥esteq e WAt e pgmTizsHoRn ﬁ‘éfw?@?ﬁtlafl»dh? hiGHcpssay by

HRL( deddntica| to ttimt tolfidlie solution before atomization and no decomposed form is
detected.

EXAMPLE 9: PREPARATION OF DRY MICRON-SCALE PARTICLES OF
POLYMER PO-A CONTAINING IL-2

Freparation of the concentrated 1L-2 solution:
100 g of a frozen solution of IL-2 at the concentration of 2 g/l stabilized by SDS are
defrosted at ambient temperature and then the solution is cooled to a temperature of

between 0 and 2°C. 100 g of absolute ethanol are slowly added to this solution so as to
precipitate the protein. The precipitate is recovered by filiration through a 0.65/0.45 pm



descri bed in exanple 3, the polyner PO A being

repl aced by the polynmer PO B. FLAMEL 0118 - WO

2008/ 025425 40 PCT/ EP/ 2007/ 006722 Characteri zation

of the mcroparticles obtained: The size of the

particles obtained (according to TOtest) is D50 =

m After dispersing the powder in water at the

FLAMEL 01a§ ewozemsioprazsconcent rati on, thesl FN assay by HPLGCrd18ep2007/006722

identical to that of the solution before atom' zation

PRETRTE Cr o] T CheeRl Gy B GO0 Cralopahy RERpiate i
RiDed bEENFNaNDING h Girkdr e aitragdn ﬁ"he)bret:ipeate antenidissdled in 10 g of
hﬁ%@:o%l%li 25 O (ﬁ@sl &xﬂfm & &8&1‘&& '39 Qs oﬁtﬁgi %”Béa!? %Hl‘im&%‘ gpgrotem at

ow h h onc fation 3.
TEE et Pgiepzzé‘(tv ot 3115% By %’fﬁ?} 3é'~i§ifi @éﬁwrsa%véleﬂ is determined by an
appromietmad.el y 6 tinmes by frontal wultrafiltration
through a 10 kD nmenbrane until a concentration of 24
) (rmnltorlng by HPLC). M xture with
tHE% : ALSQHIAD o of a concentrated 30 rrglg

éblgﬂﬁ mnoénﬁp&ﬁ)gmxoi?@f Polginer Eﬂ)ldﬂhﬁﬁnﬂl@ 1X% 15) &Y al@diluted by

g g@ﬁ'g&:; gﬂ%& O%Ei'rzger% m?ﬁﬁ’é&) r%ﬁ‘? £ ¢ RW%%? yiet soﬁ_% Sgytion are
sy mqriﬁqﬁothvwglymegﬁq}\a@n, tgug dlpedoyer ni ght  at
am‘emmretcﬁmpﬁmg _ao A6 poll e on énfdar%d?%g LPUGH 133}6/@ ﬁée_ﬁmght at
e m.zat Lgn o nmer

sol Ut i onbéirée S0 b%noﬁlteir%%tta O8RS Qq g}]ggqhzg}gﬁ@} ions
identical to those described in exanple 3.
@ﬁ@ﬁi&ﬁl{ﬁrdfﬂ&tﬂomn@flf_,tmmﬂoﬁr oparticl es obtained: The

' t.h articles obtain cor di 0, TO test)
Theé Gt lon' BP0 a0 5 SRR E BhRABR bR fpamblad
the atom zatl on concentration, the hGH assay by HPLC
Cﬁamaaﬁﬂan@@bﬂhgnﬁag%ar@élestdman%l ution before N

on_a rm.i.s etecte

bt B Pl (it PR R o0 R BEACE TRARTI oL ES
After BEnexVERhPEONIGONT# e AXEd aielﬁlzmﬁcepmnaentmnorofthd He2 assay by

HONCanideati@d td thnloSAL Ubnash bekBR Sor@ibatfnln %%rhecomposed form is
Eichtlon of IL-2 at the concentrati on of
S

dIlzed by SDS are defrosted at anbi ent
tenperature and then the solution is cooled to a

ERARATE Uie PREPARWIBOR OENBRZC. MG cofs @SPAM&LES OF

g‘?@%&%@‘?h@‘wﬁ&@gﬁgﬁi"swﬁmzc?a ;J;It gnl :Or :iover ed
y filtration through a 0.65/0.45 pm FLAMEL 0118 - WO
ﬂl@%ﬁt&%%@ 45 g%%a 6:.—5/ nlr:@ ,é gc%?:yntgﬁ)& ﬁ&llm solution:

0.83 g of recombinant human insulin (powder) with an activity of 28.7 Ul/g and with a
water content of 2.5% is introduced into a glass flask. 23.62 g of water are added and the

msulin is dispersed with slow magnetic stirring. 6.22 g of 0.1N HCI are added until a clear
acidic insulin solution is obtained. 9.32 g of IN sodium hydroxide are then added so as to
obtain a clear final solution having a pH of between 7 and 8. The insutin solution is
filtered through a 0.2 um sterilizing filter. |

Mixture with the polymer solution

37.66 g of the preceding concentrated insulin solution are slowly poured (with magnetic
stirring) onto 220 g of 30 mg/g polymer PO solution. 72.34 g of water are added to the
solution. The mixture is left at ambient temperature for 4 hours and then filtered through a
0.2 pm filter.




menbrane in a frontal diafiltration cell and washed

with 200 g of water. The precipitate is dried by

application of a streamof nitrogen. The precipitate

is then dissolved in 10 g of precooled (<5C) 0.02N

sodi um hydroxi de so as to obtain a clear solution of

protein at 20 ng/g and pH=12 devoid of SDS. The exact

FLAMEL 01agswy 20d8/0b4385 sol ution is determ ned by an HPLC pCT/EP/2007/006722

met hod. M xture with the polyner solution 96 g of a

Concentrat-o ) Iutlon of pol ymer PO of exanmple I (at
Bfopyzaljon o the polym 2 Egagtlon of 39 g g? mateg 9

gThi?fSOtdmen mab&duﬂglyzﬁowé@om amp:ayrﬁr)atmwch{ﬂ tisoBlidhi BA90 type.

afie ll{ﬁjl@%lﬁtl&ogrﬁgkéanﬁrp af R€atP QJ'fy T'm &]o #éi’)ﬂh%elal'lt‘f“lmu%a spray

di | e.mxtyre co r|S|ng
d1984'¢ %%anpﬁmg?n f@aﬁ - L0 @twﬁ*ﬂngﬂﬂw Eate (‘%Wégé‘ﬁﬂ is 40 m*/h
tBrepeicaenpeamreds fadntaihed dtd20W, twhichugdulig, Whder thiese conditions, in an
Sotu%t'tlerhﬁér folfbf)fﬁ Atom zation of the polymer-|L-2
solution The ution is atom zed under conditions
identical to those described in exanple 3.
Chramratiar ofzad padvmatindulia soluisoparti cl es obt ai ned: The

S r TJO. L es
Sﬁ%%ggﬁog E%toﬂ‘ﬁé}itugllri& gaé@gﬂ§%h§:z§9§ %o%bdqegcnb%d et*xamp e) 3.
the atom zation concentration, the I L-2 assay by
tafaciefizdtide 0f the alicrbpartiflad olﬁzfméche SO| Ut i On bef ore

et B 0P AR SRR R ) ALBARTI LS

Arfter digpopnmRtbpErRITONTAfaRpNG: pmanml mgmaaom, e ipfulipGissay by
gmfc 18 i8&tical Y gt 60 PHeRukiah ot bkhizRtiOAndtoCdEcoBp&3d form is
%etgcte({ econbi nant human insulin (powder) with an
actrvity of 28.7 UL/g and with a water content of
2.5%is introduced into a glass flask. 23.62 g of

WP@ el :mﬂem_@mgmmcsicﬁsmiz Mk:%cdimq@g? QB;%?(?D
%rﬁ&\‘lf Wi@%}f‘%@\?\éﬁﬁ? (ﬂgﬁ%ﬁ %98‘{) § ?ﬁéﬁ‘ﬁ? obt ai ned.

Q‘hg’%izg #2find Mt&ggidfgﬂ:g]}%d cgrd{:ﬁetg Iﬂ%%dte%t ?rﬁis thte stability

a ear Tinal u |on avi ng
?Ccaﬁalgsm fﬁﬁesll festulTihg desppgstiion; & the |PFCtt"éF a9 evalvasery By aLIPLC by
GorZpaning b ehiotnamigregn b1 the Ermuldtiad biéferc\and bfidr e npedipaer
solution 37.66 g of the preceding concentrated
insulin solytion are slowy poured (With magnetic

st igxhinpy onto 22Q reseof 30 MOdige D96 Yw@r PO ﬁgédﬁtﬂo%on of the
72.34 g of water are ded to the solPtlon
mxture is I eff°Ht" bt SEUREERL gl Bfmf?&)‘bﬁ’@“ght about
and then filitereduthrough accofiliri tmSTi I(mrﬁ} FLAMEbmization*
0118 3 WO 2008/ 025425 42 |PCT/ EP/ 2907/ 006722 none
Atom zattTon|of —the_ potymer=rnsutin-sotution

4 5 5 none

5 5 5 none

6 6 5 none

7 4 5 none

8 5 5 none

g 5 5 none

10 5 3 none

* None means that no decomposed form is observed.

The results demonstrate that the atomization of the proteins in the presence of an
amphiphilic polyamino acid makes it possible to retain the stability of the protein. In the



The solution is subsequently atom zed on a
spray-drying device of the Buchi B290 type. The
liquid solution is sucked up at a rate of 5 m/mn
and nebulized through a spray nozzle fed with
nitrogen (7 bar - 900 1/h). The suction flowrate
(drying air) is 40 nB/h. The inlet tenperature is
FLAMEL Gl woadasseehb4zt 120C, which resukt s, under these  pCT/EP/2007/006722
conditions in an outlet tenperature of 70C.

zation of , the | ymer -.i nsul.in sol ytj on_The . L
R, Bt S BTG AT BE b e rsh St flfbad I fpen inevitable
tqq'OéléiOId wrsldit islseidcipatedethatiiind gaiglity oﬁtamwﬂas iszatdaginwofyears at 5°C.
tﬂ@m‘fﬂaﬁér@ (25201 trﬁé@llo%scaggitl@'o@ Q@coxﬂ-{r&ﬁl %‘ tﬂ@ 31£ e argilyms by HPLC

rticles accor

0‘7&? %‘étrno(f %QF @qCﬂ@ ?ﬂ&%&ﬁﬁ%ﬁeﬂﬁﬂm@ﬁmﬂ& the ¢hgomatograms before
andpftoratdnomtooncent rat i on, the insulin assay by HPLC
IThelg@Rtdioalor hOrdBatin @e ré;osecgéj i zﬁ’ﬁbh%ﬁ [ﬁ)l}tfaméno acid results in

e AN S AR s e——
CBTAI NED ACCORDI NG TO THE | NVENTI ON:  SI ZE AND
Eés%'ﬂol;vﬁé(rs Iglﬁbesﬁs%&? 804 so'hﬁ %rPH Gﬁh%@a%r{a I%Lxﬁé?éﬁnﬁ&%ﬁ %&% spyn under

accord
1136“%‘1’1‘% @; eXf“@E‘F) ‘-’rT’H éheofe% ﬁ%@?smiepf@hieévspsmﬁ@rmf@t @rcwsrlgltron in an
epabprétiesediymHPLC by conparing a chromat ogram of the
formul ati on before and after atom zation. Exanples

Size D50 Size D50 after Deconposition of the

ECOVEE TR {2t RE NS TIB LI A@NHQF SHSBEESIQN BYABEBY@IFROM THE
POWIDRRS alFaN AMPIESacewiai ng to STI (m b

atom zation* 3 5 5 none 455 none 555 none 6 6

5 none 7 45none 855none 955nonel 10 55
ABfiROWders\gse Ecoprst Aed: in shreqdi figeenbmpdis actofdingnipthe protocol described
ﬁb&wgglouﬂ'ﬁbeopp&w ts dem)nst rate that the

n. of. the, nr t he nce of an
ool b @Bl ARk Sl et iy BIGRET ST .t o
retBalfg Oti%awarmmﬁanysrw chlpgidppdttédmn. | n the FLAMEL
0118 A MACHRYDIE4RE 43t RERRHRT#006722  sol i d

form the powder is stable according to the protoco
described. It is an inevitable <condition and it is
Hivt samiplra peecubssanent l evaleabi by cayryafs duhthe poisenssteps: at
| east two d@akitg &t omGf the media mentioned above

-  transferring into a syringe and then injecting through a 25G needle.
The suspension is considered to have good properties if at least 80% is recovered by
suction/injection through a 25G needle.

Results:



Atom zation is a nethod capabl e of deconposing the
protein. The analysis by HPLC shows that no form of
deconposition is observed on conparing the
chromat ograns before and after atom zation. The
atom zation of a protein in the presence of an
anphi philic polyamno acid results in mcroparticles
FLAMEL 0198 W 2@me25815abl e over time and4does not cause PCT/EP/2007/006722
deconposition of the protein. These powders can be
used in a solid form (inhal ati on, needl el ess
H-eeti-on-by—a—gun-—under—pressure, for-exanple) or .
i bxamipéesfl or m o¥ledinmiAnj ect abl e sMsgiemdt on afit er Medium C

reconstihgyion i n appgepriate ium MPLE {12
iR Frowrtfe <

RECONSTI TUTI ON GF SUSPENSI STARTI'NG FRO) -
POADERS| 88 ExanPIStEbilgy To st The BY s afest stability
recanstiDogsathti ni t hree dilChefosd MRGFEMSCCObsgs t @onforms
t he protgo%% desicri bed for carryjing out the DPI
test—A—_An aqueous—phosphate—buffer—salifRe—setut+on
at fH 7,R@oesgiot A 0. 1M aqueGorforray nésinfimms h| Geifdens | Conforms
sol uti onNcdaford capric aci @ triglyceride solution
(Mglyo 3 z) he sanplL.es ar e [subsequent

eva uattlé% arlryi ng out “PHd% ol | owi ng st éf)%ff’m‘s- Conforms
di spers mgfqrm one of the eodiorm et i oned above -
tragsf el phGiot Ntio @ syri ngg,@ng tReRsdpk ecEd s é?onfonns
t hrough|a 25G ngedl e. The suspension Is ¢onsi dere

to have %?’q d prnpg_r__t_i_gc f at least. 80%is recoveried

by 7suciCeriéringj €Chnfoams hf Oorgbmas 296nfveas| eCofResisl t|Sonforms

FLAYEL - WD 2008/ 025 F [ EP[ 2004/ 0672
Exanpl egé(%'?ggf)hm A Medi um @&]\%@ i un%Tm Ssré" S5 onforms
DPi ._ST2|copf&in stlabi| ity test stahility test stabillity

3 Dmes imodes@onf gr ms Conf oréFoenf 0B e NT Oi®ms | Conforms

conform 4 es not Confofnms Confagrns Conf prmnms

coOnto
o £ .
Corforns——cohnform 5 Does—not—DPoes—net—Conf-oraAs

Confor mdPosgonf orim conf or rE@fBowes |FotfoGonf Provgorms | Conforms
Conf or mgof@Rhor s Conforps  confqrm 7 Conf or ns
Confornms Conf or ns_Confor Conforms Conforms

It has also been measured that the protein is not decomposed after reconstitution in the
media A, B and C during the stability test.

These results show that only with the composition of Example 7 is it possible to obtain a
stable and injectable suspension of the microparticles in water buffered by PBS at
pH=7.4. For the majority of the examples (except 5), the reconstituting medium
comprising a divalent salt makes it possible to improve these properties. In Miglyol
medium, all the formulations are easily dispersible, injectable and stable.

The combination of these properties is not obtained easily according to the polymer nsed.
It is to the credit of the inventors to have found, after numerous trials, that certain

excipients and reconstituting media make it possible to obtain them.



8 Does not Confornms Confornms Conforns Conforns
conform 9 Does not Conforns Conforns Conforns
Conforms conform 10 Does not Conforns Conforns
Confornms Confornms conformlIt has al so been nmeasured
that the protein is not deconposed after
reconstitution in the nedia A, B and C during the
FLAMEL 019% alyol2bdsyzdsest . These results sihowthat only V\"thpéﬂﬁmow(}oenz

conposition of Exanple 7 is it possible to obtain a
fréabl e and | nj ect abl e suspensi on of the

H:e MEASWBEer ObuffIEFO8I Y PBS BHE prECONSTITUTING
H@Rmmpmslty of the exanples (except 5), the
reconstituting medium conprising a divalent salt
makes it p033|ble to inprove these properties. In
M GOy ™I diskirvion ofithe pokders dn thel medio Bsind e obtis ipraceding examples
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obt ai em FL
RSB e e 3500 58 S8 O e BiECq 1 (R asppamtggon (10 mgm) with
VrSoEbie ViscEity elEeRECONSPaELTI NG FORMULATI ONS A 30
ng/ M di spersion of the powders in the nedia B and C

t ' | ) th
EAMELELTES HABSHRERA Sor) BE RO AR R Ticles or
KEHYMER, PORe OONIARNINGe SFNeezbur@BTANER| (N | as S Y ORMILIZED

owher $ord. in the medium C, the viscosities are
all of the order of 30 to 40 nPas. By way of

conpari son, a conposition of the same polyners in the
Rantiolsnare |f¢anlya1r@afmiramdemba’r ﬁleﬁgnple 3t g d6rhi@kticalstep is carried out
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with acceptable viscosity va
EXAMPLE 14: PREPARATI ON OF DRY M CRON- SCALE PARTI CLES

Eﬁticm_rh’dﬁﬁﬁrs‘ﬁ&iﬁtmﬁhbﬂ M(E/IHEMZb OBTAINED IN A

Partic are f t )
R R
g”ﬂ’gg'OP%‘“c%P#Mdﬂs@b Ao ﬁola%@pﬂ“he quRE @ﬁ asidsd Mufl, solution is
phustadcb elsat SecP @-ACH] ﬁh&%oh&n&aﬁdrﬁh&lﬁeﬁsu@;%ﬂ&i@h proximately of 40

Rehh! EUbAS: 4 'te%pa‘%%%llﬁgaddﬂgghg}@r T o, 8L le2" | ons

At oM ZAat T on ase
recovered and redi spersed under aseptic conditions

LyophiliatibnM MJCl 2 aqueous sol ution. The quantity of ,

" ﬂ%ds%gpewg% & & vxdeé Eyoguard@ type containers which allow to keep sterile the
suspension during the lyophilization: the containers are then lyophilized in a sterile
manner for a 72h cycle on a laboratory lyophilizator (a lab table unit Christ, Osterode,
Germany). The powder is divided in a sterile manner in flasks before use.

EXAMPLE 15: COMPARISON OF THE RECONSTITUTION OF THE
MICROPARTICLES POWDERS OBTAINED STARTING FROM EXAMPLE 3 AND
THE MICROPARTICLES POWDERS OF EXAMPLES 14.

For this comparison, the volumes of the reconstituted suspensions are identical in both
cases (approximately 1 ml) and the reconstitution flasks are identical (3 ml glass flasks).
The powders quantities are adjusted so that both suspensions contain in the end 40 mg/ml
of polymer and 0.5 mg/ml of IFN-a2b. The example 3 powder is reconstituted in an 0.1 M



adj usted so that the PO A polyner concentration in
the suspension is approximately of 40 ng/m . the pH
is adjusted at 6.5 by addition of IN sodium
hydr oxi de. Lvophilization The suspension is divided
in Lyoguard(r) type containers which allow to keep
sterile the suspension during the |yophilization:
FLAMEL 0tihewoondsabsies s are then |yophibized in a sterile pergpmootoosa
manner for a 72h cycle on a | aboratory 1yophilizator
@%&gb table upit Christ, Osterode, Germany). The
D AIpOUysalnpapnd theexampleilp @ovwderiehich plreads siuatains Mg ions) is
betoseuted én plEX(MyREE 150 COVPARI SON OF THE
RECONSTI TUTI ON OF THE M CROPARTI CLES PONDERS
OBTAILNED STARTI NG FROM EXAMPLE 3 AND THE
NPCERESRmEAhe SapopeRgnerlyEimeb When the qRemplehi gowder requires at

cleaspas infituites fohvedivgrstes @épefsm ﬁm%tﬁ tht@dample 14 powder and

]

(ARPECOALY o WPl oG PP A magrege soring v
8‘611 Heprtadde mﬂaﬁ(ks apd beth flgsks fareetirsy in anTientipdwetens for 1h.
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ol yne
E?Hfﬁﬁf %%Kh$ﬁ m@%ﬁﬁﬁfgg% 8%35PQP§SF@ nstltuted in
an 0.1 MFELAMEL 0118 - WD 2008/ 025425 46
CT/ EP/ 2007/ 006722 p queo i
exanpl e 14 powder ﬁ%ﬁ h]gﬁre(ogﬁféﬁ%g%ﬁggﬁgaqh%%ﬁgﬁSuﬂmg
is reconstituted ﬁ?effﬁ'l“lél%t( Db @sf St NESCO%“MZOC’C
flasks are Uanualhymsmlﬁnnmg Ahen the ex nple 3 10005
DOPRIEIHIE SALLAES atApplr %m]ﬁ} mnutes fo re(11I| sperzgvmPaS

ge ArspersTon—Ms raster—Wrt htthe CAallpl €= OWEEH
bfixample; 14 powder 1l han_ 5 SHiALL es| an Hémoyeneols 53 mPas
suspension i s obtained. A nagnetic stirring bar is

b h are stirre
ERp St PARMACOK B Oy PN A TG AFLER & sus.
SUTANESYS tINECHEPM c OEr AstFm?évIULAE@M BASPRN SN NSMBHEPHILIC
PONPANERNO ALEDS PRt Vet ROP ARTEC@NAR HofRMy | Scosity of
bot h suspensions are simlar. Redispersion j
Characteristics after a | h manual stirring speed
Higlie Beagle paive tdpg A0€jcht Rahubé kgl ihavd hepnDBEtdd esth the )following
QM aseorsxam |l e 3 powder A rox. 15 mn 12 m54 nPa.s
Examle 14 powder < 5 min 10 pm 53 nPa.s EXAMPLE 16:
PHARMACOKI-NETL-CS-OF - EN-ON-A _DOG_AETER_A. SUB-
ON. OF A |[FORMULAT| ON BASED ON Volume
YAI\h“N‘S AQ DEPPN Al M BROPART| BeReAR

e @apvd Jogmefgi Dhin®m 0/ 6 (kgighdve Po*°
the folll owing armul at { ons: Vollurfeke)

0.5 0 6.5/354 60 0.12

Formulation

. 4 0.5 40 6.5/560 60 0.12

IFN IR (IR for immediate release) corresponds to a recombinant human interferon
solution (PCGen, IB05.0516 batch) adjusted in coneentration, pH and osmolarity ([IFN] =
0.5 mg/ml, pH = 6.5, and 354 mOsm).

The particles of formulation 1 are prepared according to example 14 starting from the
same interferon PCGen batch: the Iyophilized powder is resuspended in water in a sterile
manner (under a laminar air flow hood) according to a process analogous to the process
described in example 15.



Formul ati on Nunmber [IFN] [POQ pH / Dose Dose of dogs
(mg M) (nmg/m) nOsm(g/kg) mM/k ) IFNIR4 0.50
6.5/ 354 60 0.12 Formulation 4 0.5 40 6.5 / 560 60
0.12 | IFNIR (IR for imedi ate rel ease) corresponds
to a reconbi nant hunan interferon solution (PCGen,
11305. 0516 batch) adjusted in concentration, pH and
FLAMEL onis rodcagoddiops2f | FN] _ 0.5 ng/m 47pH = 6.5, and 354 pc1yepnoorinnsrn
nsm) . The particles of fornmulation 1 are prepared

agcording to exanple 14 starting fromthe same
i Eﬁ%kgﬁ“%@ﬁs Brsteathered pethe el nwing t2blg: powder i s

resuspended in water in a sterile mnmanner (under a

I flam nar air |flow,_heo according fo.a prgcess )
gn&oogdationt ¢ (lt“??’é:k g?’o :)ers>s g&%%rsnér i lf‘éLgC‘T"h”" exanps g ggﬁg Tsosauc %= SD
ALANEL. 0118!- (peFmdnog/ 028025 47 SPCTEmpI2007/ 006722 (h)
Phar racmi netisgss nasll bs.ear®s gatwesacqi %Ee 100 51£07
: [ Ion X D 1 >7190 pgrm
At oS P DBl )Y 5438 Ty | S (ol o o5 119

—_ \
RBA (h) IFN IR 0.4 22.60.6 162.527.2 100 5. ;O. 7
Rokamhation 1 0.2 2250 15.3 54.7 7.5 34 | _ 99.5
11.9 wheregin. - Cmx is the maximal | FN seric
ax)

concent rat o s the paximgh BN sexic cpreeptigdion me wher ei n t he

| FN seri< Fon¥epg/mbisitintins whixghehe tihaseric 50ndetdHon is higher than
AUC r.epr esg@bgmq.he area under the curve corresponding
tothe IFN sefi ¢ concentration in function of time; _
- RBA r epr 85&nteBrepangs Bicsusramndah tiei qupve gpreeoadingrio tle IFN seric
an | mredi atecielagasia fuh@ioldl neon; Tso-/~ ..

represents e d.ti s@lt. ou .SOZoof t he .
total IEN Is{%h t fe"ﬁﬂ%g%ﬁst the 'Eﬁi“%a BIf} r‘élsrgﬁf“%“ P Fagipediate Release
rel ease pr%‘F’Plﬂé“%;th a maxi mal seric concentration of

25.2 0-4 THglNtepreabiitaithebeabd Se & BRAWRB0% TRhOhtDIEN salted
(range : 3:5h). The circulating IFNis no nore

quanti fi abl'e after 24h.

IFN IR represents a rapid release profile with a maximal seric concentration of 25.2 + 0.4
ng/ml, obtained after a median time of 5h (range : 3-5h). The circulating IFN is no more
quantifiable after 24h.

The formulation 1 offers a major modification of the IFN pharmacokinetic profile, with a
very slow release, and a maximal seric concentration of 0.5 + 0.2 ng/ml (50 time lower
than the maximal seric concentration of the IR form) obtained after a median time of 60 h
(range : 48-96 h). The general aspect of the pharamcokinetics is a flat profile with pseudo-
platean. The circulating IFN level is a non-quantifiable concentration between 192 h and
240 h (8 and 10 days). This formulation has an AUC lower: a 66 % loss of the relative
bioavailability (RBA = 34 %) Tspoaue 18 approximately 20 time higher to the Tsgouu of
IFN IR.

EXAMPLE 17: PHARMACODYNAMICS OF INSULIN ON A DOG AFTER A SUB-
CUTANEOUS INJECTION OF A FORMULATION BASED ON AMPHIPHILIC
POLYAMINO ACIDS IN A MICROPARTICULAR FORM

The reference of this example, Lantus®, is a modified insulin analogous (glargin insulin —
Sanofi Aventis). The modification of two amine acids on the primary structure of the
human insulin give to Lantus® prolonged release properties over a 24 h period via an in
situ precipitation.



The formulation | offers a mgjor nodification of the

I FN pharmacoki netic profile, with a very slow

rel ease, and a maxi mal seric concentration of 0.5 +

0.2 ng/m (50 tine |ower than the maxi mal seric

concentration of the IR forn) obtained after a nedi an

time of 60 h (range : 48-96 h). The general aspect
FLAMELOUB—WwOﬁﬂf[aﬁmcoki netics is a fl4ﬁt pr ofile with PCT/EP/2007/006722

pseudo- plateau. The circulating IFN level is a

nQn- quan centrati on between 192 h and 240
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A FORMULATI ON BASED ON AMPHI PHI LI C PCOLYAM NO ACI DS
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PEd o907/ 006522 |A griggp of 6 hﬁ)alth,/ Beapl e dogs 4
(weight TI. 4 T 17kg) has been treated th—tte
formul ati on Lantus(r) during a two-period crossover

tPaftigles af dormubption B a0é pRpived latdoydifie agé@mpiogsby mﬁh@ﬁ ratio of 30

lﬂg 8f Pb F&}mga?orbﬁ§r}né r(?@t%d) Mﬁ&aﬁﬁ‘efﬁeo&mﬁhlabon 13 pi‘epared by

and r-‘peri od CroSSoOVer

el Hisiaf ‘H‘P‘é‘i‘f 31 VMgt and st stirging e bersepension
b1 Gw TThhlfodoedatof JH [ES(EJ.IZIaﬂli thosendlahty e 34800sm: PBle conespondmg

8@&1%)812(:%3&6%% £ te]:,f ati O IB%PU{?OLB?: gﬁé‘ % rmtillgtlon VISCosity is

For mu
W?*lﬁlP@B%?%af%?F%ﬁT%tl on 2 are prepared accord| ng to
exanple 10 by aimng a ratio of 30 ng of PO pol yner

( Jhe, fornul. ti IS, . ,
TR gg’rce gt-gis (ilog Eg)eg?gnét[l 5){)% I‘Hl 5 6%; ‘%} q@)dibwhemmal
E?j‘g?sf%‘ﬁ giog A ‘i’f‘é@ m@aléﬁfﬂ*?gﬂﬁgﬁfé} t he suspen3| on for
The: ankiesisf off thie Iphiin@Bodinainkes Gedilang bike oaSHP |parchityod §f the basal

Ss spondi ng particle size, measured
%ﬁl’ FElatEQ?Qr@QEEng D50 = 12 pm and the fornul ati on

viscosity is approximately 5nPa.s at 20C. The

Bilayraguoti tnainficstRiade Byh&BZMTEE fofloWaigh@sle:( hexoki nase)
with a bl ood bi ochem cal

)

AP Gcfom‘mlaﬁ n
G SD (% APGE:;_:,;}; +SD /APGCWM"; Tsom:;;;i D
SD (%)
Lantus® 406 1250 + 342 ; 13343
Formulation 2 5017 948 + 491 76 = 39 16.5+ 6.2

wherein:
Chin 13 the observed minimum percentage of the basal glycemia;
APGCozen (drea Percent Glycemia Curve) represents the surface between
the Dbasal glycemia (100%) and the curve representing the glycemia



anal ysi s machi ne (Advia 1650, Bayer Di agnostics). The
anal ysis of the pharmacodynam cs results is based on
the percentage of the basal glycema relative to the
ti me. Pharnmacodynami cs data are gathered in the
follow ng table: APGCp_36h SD APGCrormalio Cm f SD
(%9 APGC f T50 Aecc + SD (% h) Lamas (h) SD (%
FLAMEL 0llanwoe(us)24f=6 1250+342 - 13.33% 1 Formul ation 2 §8reproero06722
17 948 491 76 f 39 16.5 6.2 wherein: - C,,; is
the observed m ni num percentage of the basal =
gl yceni a:  SVABEECHBRSSE AR & Fﬂth@éﬁ‘ﬁai atyrewin) dudng Vil between 0
r epr esent satd# lsposi-dowe; bet ween the basal gl ycem a

01 18 - o' S00% SREESLERETREI b BB Y At
evol ution (expressed in % of the basal glycem a)
e | adgnirtistratiob @f Weefef@enca MthnBBEN e RRSH ':ﬂﬁt?ﬁ; derredRR06AhE Glycemia

r | e obtai n 50% of - ,
AR i ol an D SRR ackifn 87 Wi PRVl thep maintined over
Psied /Sppryispdlgieednd 8and 3p hdthg edbicemings bicktthis rlsyidevdl after 30 hon
filrecrvetape). fi r st hour. The hypogl ycem c action of

li.0-0- hen i ntain ver a eriod .
AR LS ehPE 0 PRROLEE R o B s dosrense
figm the fsgdwnr. | paterashinge oftherbasel elydemimisshagmyintained in plateau
OB 60 the aviBrRg@dn NbEikRL BN fRfufaR6V B @B aderh&AlSher than

SO a rapid glycem a decrease fromthe first

Btir (.)% %‘1% rﬁ%&&%"n 9‘%@3@ %’ﬁe C‘B’ﬁ@a‘i’mﬁ‘}ty Pe fPasigegablyy dpduce  severe
heostyspmiacheronpingnsewith dightticlpaBéith on t he average. Cm
ThOBkrati st 2Midhoff BFAMARIH © . C acti
hisgher, 4 han;, g, of Lhe r.%fcg‘?agﬁi%%‘ﬂ?"u@%?@gﬁ??mﬁfthe
courd fp%nrgrﬁcf'o? B ot wol'yuak e dhswgar wlte of T50%apcc higher
with 8yl fpoaidtan@henonenons with diabetic patients. The
AUGA SORPEL, 3 loF liyOBad, AMUBRLNER vith! BrfibiFRl ¥ il AN 10 me
Lhan ‘tEe dL(JE{EIatIOH of action of the reference l'ong
SCTVOR M Us(r). This is illustrated by the nmean
val ue of T50%APGc higher wth the fornulation 2. A
| oss of APGCo_36h of only 24% was observed with
fornmulation 2 in relation to the reference
Lantus(r). FLAMEL 0118 - WD 2008/ 025425 50
PCT/ EP/ 2007/ 006722 WHAT | S CLAI MED | S:



I - Amcroparticle of polynmer (PO conprising at
| east one active principle (AP), the polyner PO
bei ng a wat er-sol ubl e bi odegradabl e anphi philic
copol ynmer carrying hydrophobic groups (HG and
hydr ophi li c groups, spontaneously formng a

| oj dal suspension of nanoparticles in water, at
FLAMEL‘&@'E_ dzg ag . ! ar er,
p :W?. 80g4der i sotonic conditisdns, and bei ng PCT/EP2007/006722

associ at ed noncovalently with the AP; which

mcroparticle a. i s obga tion of a
sol ution or coll oidal %M@&omrisi ng at

Ie%a; EPG‘AP' b. has a size, nmeasured in a T test, of

bethveer Diorartitlel patymeraPO) cqimispiabledst AELMWERRDrikc;
anglyfgrmocrons, preferably between 2 and040m'cﬁbgngﬁ)ie(AP)’the
c. and is dispersible in colloidal suspension in a

“di sper'si bi 79§'@ ("&43r-spiible bpdegradablei emphighiliccleponer carrying
cl ai medydrophobi grovps (WH) ahd hydrsghafl foips, an ST test or

in an $T2 - 3 m.cr rticle as clainmed in
claiml_or %?ﬁt\%%ee?}l %ang%%“gg ¢ R@@%&Wﬁ%ﬁm’b‘?f ymeeagticles in water, at
r andonPHyped under isotqme condisionpar ti cl e as claimed in

any one of anfiéeippastiaitd nbhedhABntyMAS BE &Pt he
hy i RRBEohGH@Loups of the PO are’ioni zabl' & groups
(1G9 wni

ch are at |east partially ionized. - 5 - The
m ér opfobiatied by gtantiativecfiarsolutign onevliofdal figpdisRaed POkomprising
cl ai lesst omdhgPei n the polyner. PO is an anphiphilic
(cq)p .00 acid or. a bl end of anmphiphilic .
(cg) p%a% %ﬁlﬁ% NEPYES g TR Pﬁoé‘?t}yﬁ%’r PPeind HY whapnse greferably
i nb&H§erohando0 miseonsy reefetiblythetbeh Mand whai@bm, PO i s a
pot.y anind & Bsperlitli RBoRalBLRnShRIN, Hor ned. by, aspartic
units and/dg? gl utam couni tg&n%?mnlrbeg??erg%ﬂ ttle%ﬁﬁ)df
these units being nodified by grafting at |east one
mydr ogheblicogarticlp as (ikiGediinclaine 1 GAtaiH s bRtin AOSTERY & in an ST2
gofl. -7- The mcroparticle as clained in any one of
the preceding clainms, wherein PO is defined by the
following general formula (I) (the radical -COOR 3

i-@e| udbs micopmeticlsvhe e l@infedtih 12N G @,GJVH@&H gg)qg a':ct)m{}ﬁ?er of block

%@fagge{,ﬂl\t/%g_ and R3 is a ionic bond -COO"
0118 - 2008/ 025425 51 PCT/ EP/ 2007/ 006722 H 0

Al lTCOOR3 f NNNHW Rz (tl J m
- 4 - The microparticle as claimed in any one of the preceding claims, wherein the

hydrophilic groups-of the PO are ionizable groups (IG) which are at least partially ionized.

- 5 - The microparticle as claimed in any one of the preceding claims, wherein the
polymer- PO is an amphiphilic (co)polyamino acid or a blend of amphiphilic
{co)polyamino acids.

-6 -  The microparticle as claimed in any one of the preceding claims, wherein PO is a
polyamine acid baving a main chain formed by aspartic units and/or glutamic units, at
least a portion of these units being modified by grafting at least one hydrophobic group
(HG) in the chain or at the chain end.

-7-  The microparticle as claimed in any one of the preceding claims, wherein
PO is defined by the following general formula (I) (the radical -COOR? includes forms
wherein the bond between the carboxylic and R* is a ionic bond ~COO™'R? )




OCAHOR4A [AG | (I') inwhich: R represents an

H alinear C2 to Cl10 or branched C3 to G o alkyl, a

benzyl, or -R4-[HG; NHR is a terminal amino acid

residue; R2 represents an H, a linear C2 to Cl10 or

branched C3 to Cl0 acyl group, or -R4-[HF; R2is

termnal pyroglutamate residue; ~ R3is an H, or
FLAMEL 0MR3 wiogogwioesses abl y sel ected fromyt he group conpri SipB®Ep2007/006722

- metal cations advantageously chosen fromthe

subgroup conprising: sodium potassi B%Rxal ci um and

magnesi um - organi c_kati @ns advantsageously chosen

fromthe subgroup conpri sijng: am [ne- basagirtat i ons,

ol i goam ne- based gatl ons; i ed cations (p

ol yet hyl enei m ne being partiwcullafly referred), ‘

cations based on ang Aci d(s) advant@mgeously chosen

fromthe class conprjsing cations based on |ysine or

on arginine, - @#1 catffoni ¢ pol yani no aci ds

advant ageousl y f3ken from the subgroup conpri sing

polylysine or oligolysine; ™ @ represents a direct

bond o wRicpPacer based on 1 to 4 amino acid

resi dues;” A independently represents a -CH2- radical

(asparti c® udd trgpresents anCHR adiqear €adli €al of blanthadi@ to Cio alkyl, a

unit); n/(Béﬂgd,ios.lﬁ‘e[ﬁ{G]gd as the nolar grafting rate

and its val s sufficiently . |low for PO dissolved

in water at 259 IR i‘mli‘glé,“dlr%g\ﬁl’%’rm a col | oi dal

suspensi oh & repuéneits koL 8 flined Cp &y ik bmndiedRRto Cjo acyl group, or

preferably [g%m@]) is conprised between 1 and 25 nol

% and. nore_preferably between 1 and 15 nol %
FLAVEL 01'18R-3 DO EBITR S SRR EP 2007/ 006722
: = R'isanH, or-

» “R?is preferably selected from the group comprising:
- metal cations advantageously chosen from the subgroup comprising:
sodium, potassium, calcium and magnesium,
- organic cations advantageously chosen from the subgroup comprising:
s amine-based cations,
¢ oligoamine-based cations,
¢ polyamine-based cations (polyéthylcneimine being particularly
preferred), _
» cations based on amino acid(s). advantageously chosen from the
class comprising cations based on lysine or on arginine,
- or cationic polyamino acids advantageously chosen from the subgroup
comprising polylysine or oligolysine;

» R* represents a direct bond or a spacer based on 1| to 4 amino acid
residues;

® A independently represents a -CH,- radical (aspartic unit) or a -CH;-CH,-
radical (ghitamic unit);

* n/(n+m) is defined as the molar grafting rate and its value is sufficiently
low for PO, dissolved in water at pH = 7 and at 25°C, to form a colloidal
suspension of submicron-sized particles of PO; preferably n/(n+m) is
comprised between 1 and 25 mol % and more preferably between 1 and
15 mol %s;



A'n+ mis defined as the degree of polynerization
and varies from10 to 1000, preferably between 50 and
300; HG represents a hydrophobi c group conprising 6
to 30 carbon atons. -8- The microparticle as clained
in any one of the preceding clains, wherein the PO
or POs corresponds to one of the foll ow ng general
FLAMEL 0f19F il 2meg/@@b42y, (111) and (1V) sgthe radi cal - COORICT/EP2007/006722
i ncludes fornms wherein the bond between the

car boxyl ¥ an%ﬂa\llé Rﬁé‘yz?ﬁé h%n e%rego %olygl(ext'?'za}tﬁonﬁné Varigs from 10 to

COO?S COO?S 1000,(prédefabl@beRveen b0 add REO 1 11 nm 1R4~ [ HG

(I'11) O HgH o

130 o Aty Th b ol o ot homs

group conprising 6 to 30 carbon atons; R30 is a

| i near- 8 valhemicioparticie @ chiryd 'mrmycnlnaioﬁ the/\pr&tedingictai@dfn wherein
Hn2P0 o P3d chifes 6 &b %Bé ¥t &%gﬁﬁévﬁﬂ% § &%tfH&Lﬁ&oﬂéﬂ (11l and (IV)

conprl Si ng: cations advant ageousl
% d@ﬁluefaﬁrfaww REtwseR ﬁi§§?ﬁ?ﬁ¥yhc and R” is a
cahmbuaﬂa@dorm@ney um - or gam c cations
advant ageously chosen from the subgroup conpri sing:
am ne- based cations, oljgoam ne- based ations,
pol yam ne- based cati H%R (pol yet hyl engﬁ ne bei ng

particul arly preferred)H FLA L 01 ]
2008/ 08625455 PCT P/ 7/ oo Jbadtd on

am no aci d(’s) nt g ust ginchsnf mthe
ey
or® COOR ¥
[HG]
[HG] 4],,“\ JL[W
N 4/”% e *H/]’ “‘*-\ 4"
(1)
COOR
: /
TR
HG
I \R4Jmh f,[HG
(w) 4] H
in which:

»  HG represents a hydrophobic group comprising 6 to 30 carbon atoms;
= R*is a linear bivalent C, to Cg alkylene chain;
« R¥isanHor,
= “R¥is preferably selected from the group comprising:
- metal cations advantageously chosen from the subgroup comprising:
sodium, potassium, calcium and magnesium,
- organic cations advantageously chosen from the subgroup comprising:
¢ amine-based cations,
+ oligoamine-based cations,
e polyamine-based cations (polyethyleneimine being particularly
preferred),



cl ass conprising cations based on |ysine or on
argi nine, or cationic polyam no acids advant ageously
chosen fromthe subgroup conprising polylysine or
oligolysine; » R50 is a linear bivalent Cl to C8
al kyl ene chain in which one or two nethyl ene
unit(s), preferably at each end of R50, can be
FLAMEL ¢i1pd@oeneanidzy repl aced by -O o3 NH, ~ R representP§T/ap/2007/006722
direct bond or a spacer based on 1 to 4 ami no acid

resi dues; A |ndepende resent,
(aspartic uni t %&?‘%‘ C@—&T‘mf’aaﬁ isglad(ad’ltqﬁe%'ﬁ?y Chosen from the
unit); A~ n + n Cbﬁs qotprising eftiane Yased on hsindey pr argofine,

pol ymeri zat i @p caRicV ﬁfﬁﬁmﬁ EAQMR d&lah@ecot®YQhosen from the subgroup
preferably between ﬁe m croparticle

as cl ai ned |°ﬁm811§i?5r?‘9y13?m%°r q%gglryglpﬁ the R4 group

represe nRS’ & a Igiearfiienldn Ad to €, dlfylenciheinmn evboghbame ot kweo methylene
as cl ai myg;y %219 &t Qh Ch@bMR* Lodn® findp@&fﬁﬂ f38ed by -0
PO or PGCs lﬁpﬁbrlseg atC | east oneC egseﬁ |af YP“% seny TR
neutral " ”E]g[pol yhydr oxyal kyl gl utam ne (preferably

al kyl =i sRétrdfmés):ntwdmatbomtgora spudet bgked on t yo 6 mperxdaintsidues;
hydr ogho chymar o . }
differ en?‘ &rgéne%g%gl en‘M‘h bﬂ? Fadldaﬁ&ﬁ#%{r}%%g{tf?c eCHzZ CH
as cl ai nEafligah ?‘n’éﬁ’éﬂbf cI aims 6 to 10, wherein all
or part @f+nt bﬁn’hgg diefiddaiithe dapakecd ] p®lviispizatdont dad vRGOS from 10 to
are chos r e group of radicals
conprlslir%ljg;}0 ﬁ%%&%ﬂﬂg?&%%f@ﬁgﬁg Qd al koxy whi ch

conprises from6 to 30 carbon atoms and which can

CONPT iITHE nAbropAsle a0RGIMEL B GakO Mot B! Sheembiny RO g@supNepresents a
c%"f%’ﬁ%l? agr at | east one unsaturation, an al koxy

hg 6 to 30 carbon atons and havi ng one or
nore anneal ed carbocycl es and optionally containing

atygl. ?%& gﬁ%g&ﬂ&@% ER{rhdNin aﬁfz oﬁé of 8aipds lofé% ReLROBE PV or POs
pref.era

( r

RS it oter g, apRan SooED Rty Bhanie Grofersbly
cdipbis Syl ptonhmaatg omeltiphisigt off penidon hydrophobicegretpsoihiéss) which are
heLBEQ3s &Dalfx@{eﬁtfﬁ& Bhd/ang®epr N or S). - 12 - The

m croparticle ascalmsdln any one of clainms 6 to

10, wherein the hydrophobic group HGis chosen from

t-he -gfael mlmﬁmméls iaf glafhddain\any adé oA klaingf 6 thE), twhpesin all or part of

%F%@ﬂ% @13 FeDOs arkOFORRAEHAdpe from th £
esteryl, %1§ gf resent s a sigyr%1 F] P g&my PLAVE B o8
G&@@l&cmr@@es/ 025425 54 PCT/ EP/ 2007/ 006722

- m» g linear or branched alkoxy which comprises from 6 to 30 carbon atoms

‘and which can comprise at least one hetercatom (preferably O or N or S)
or at least one unsaturation,

» an alkoxy comprising 6 to 30 carbon atoms and having one or more
annealed carbocycles and optionally containing at least one unsaturation
or at least one heteroatom (preferably O or N or S),

» an alkoxyaryl or an aryloxyalkyl of 7 to 30 carbon atoms and which can
comprise at least one unsaturation or at least one heteroatom (preferably
O orNorS).

-12- The microparticle as claimed in any one of claims 6 to 10, wherein the

hydrophobic group HG is chosen from the group comprising alkoxy radicals of the type:
—OCH(CHy-CH>), ~CHj3, oleyl, tocopheryl or cholesteryl, and R* represents a single

bond.



- 13 - The mcroparticle as clained in any one of
claims 6 to 10, wherein the n HG groups of the PO
each represent, independently of one another, a
nonoval ent radical of the following fornula: HO N
~ 6 ~R R (HG in which: R5 represents a nethyl,

i sopropyl, isobutyl, see-butyl, benzyl; R6 represents
FLAMEL 0133 -hwdnaphetap radi cal conprising from6 to 30 car BONEP/2007/006722
atons; 1 varies fromO to 6. - 14 - The m'croparticle

as . clainmed. in cI ereln al |

iy Hropiphicrobdafican SasddR phanpal Gimf Bbsh Whtkin me n HG
i grogparfdenPOyeath caprasks, gpdepepdaftiyraddine ah@h@omqngvai‘gﬂ radical of
“h@sdilo foftmr anched al koxy which conprises from6

to 30 carbon atons and whigh cam conprise at |east

one heteroatom (preferably O or or S) or at |east
one unsaturation, an al ko T bg 6 to 30 carbon
atons and havi ng one or nore nneal ed carbocycl es
and optionally conprising at Igast one unsaturation
or at | east one heteroatom (pgﬁ%erably O or Nor S,

A an al koxyaryl or an aryl oxy of 7 to 30 carbon
at oms whi mhwligdn  conpri se at | east one unsaturation

or at |eastRgé r&@ﬁt@ﬁ%ﬁ@@xé@f&ﬂ}?ﬁ%@h@l se- lﬁﬁyll\be‘ﬂﬁyls)
15-Them(§‘rg1 article 3"8%“?’ laim1 30 carb
wher ei n t he Bsp‘?ﬂ@b"f QyfrgpReblg ra 8?’“?’?1%“% tP varbon
the POis chmssn fromthe group conprising al koxy

radi cal s of jthe tf%égleemﬁ- OCH2( CH2- CH2) 3. 8- CH3, ol eyl
tocopheryl or cﬁ esteryl. - 16 - The mcroparticle

as clained in any one of claims 6 to 9 and 11 to 15,
whdr-eThe tieropdretle a€ kiimedin diiien phiwiandimell ac patt bEtharmydrophobic

‘ i - ql i iy
TP B EORE b PO PEBR SISy ol s
and 1 | tb 23inesgesrbspnshediakoxyaivhick Ramprisss fioped to 3¢ carbon atoms
pol yani no aghdiwhizh@fa gorhprit palehdtone Béte@atoma@petrhble O or N or S)

honopol yner VWO 2008/ 025425 55
PCT/ EP/ 2007%%281%%0%““ %umﬁc\rﬁe m croparticle as

claimed ih amylkons compebiag fs 16 3P sabhop ipms) apdy hawgng one or more

wher ei n t heapf¥Riel c%@éﬁie@fan& Bptiqally aﬁﬁlﬁkﬁbnﬂg%tdedsﬁor&nmsamratmn
a-L-aspart agre a{t?east c%lelfle%roattom %referably OorNorS), :

» an alkoxyaryl or an aryloxyalkyl of 7 to 30 carbon atoms which can

comprise at least one unsaturation or at least one heteroatom {preferably

. OorNorS).

-15- The microparticle as claimed in claim 13 or 14, wherein the hydrophobic radical

R® of the graft of the PO is chosen from the group comprising alkoxy radicals of the type:
—OCHz(CH,-CH,)}, ~CH;, oleyl, tocopheryl or cholesteryl.

-16 - The microparticle as claimed in any one of claims 6 to 9 and 11 to 15, wherein the
main chain of the polyamino acid is an o-L-glutamate or a-L-ghitamic homopolymer.

-17- The microparticle as claimed in any one of claims 6 to 3 and 11 to 15, wherein the
main chain of the polyamino acid is an a-L-aspartate or a-L-aspartic homopolymer.



a-L-aspartic/a-L-glutamc copolyner. - 19 - The

m croparticle as clained in any one of clains 6 to

18, wherein PO conprises HG (n/n+m) in fornula (1),

at a level of at least 10 nol % preferably of at

least 15 nol% - 20 - The mcroparticle as clained

in any one of clains 6 to 19, wherein the nolar nass

FLAMEL 008 - Mie20paD25428s bet ween 2000 and5100 000 g/ nol and PCT/EP/2007/006722

preferably bet ween 5000 and 40 000 g/ mol. - 21 - A

roce re don of a
S MU AL T
ringmopeiain cbés thsei nglyiminparacid ulbsar amas oell-aipasateionl ghyamate  or

0RE.-paficA-NEhtamic@opflymbr. t he polymer PO being a

wat er - sol ubl e blodegradable anphi phili c copol yner

carrying hydrophobic groups (HG and hydrophilic

gr BupsTHepriefoparsibleyas ictrimedlnl azy gno ubelain(siGp @ wheait PO comprises

PRG! fllny) ih eRh@RAT), at SRATLARGONE] VmbiOk, FHdAg Ry of at least 15 mol%.
col i oi dal” suspensi’on of nanoparticles in water, at

pH = 7.0, under isotonic conditions, and belng

asMociTae edcroparticie ab elatrhed iniatyodenef chihs 6 ito 1% avtdrein the molar mass

ti Gl % [ _
W‘%P‘ﬁ‘ée‘#%ﬁ%w%% 2080, 188 Q0TBRRY o sriteBuil b8l 5000 and
(¥¥W%rons, preferably bet ween 2 and 40 m crons,
mhich process conprises essentially atonizing a

gIUt '%Em%s*?orctﬁl: gpégss 101? g FS rﬁ%c gargcle (%m Crgsirg) SIci:angone active

as ¢
vitiveplen(Athethee n@ﬁ@@@mcleﬁ Beinp én Bammlar@ﬁ c@pme«h@u 4ngicgaof claims 1
sugpension is at least partly in the formof PO
nanop%{tl Iestﬁw ng a size, neasured in the TI
test an 500 nm preferably of between 10
and 300 hnbfamj a rveﬁt@q@lvénieerbmﬂegraéethid lamphipbdicweeppiifer carrying

and 100 opho#8 gro l1R1e&Ebs [ftefel By Bnigdbl

or 22, véjg;%ln mgi(;r 1gartl%lbfes ofpﬁPO pol )S/r[r%hﬁ e @ grotps
associ at P B4 4% ke active principle (AP)

‘are di sperspedtangouslyl foruing 2aredoidah sugiessod bAhdnpparticles in water, at

aqueous, Hs;ar;@ ﬁgﬁf& gmoggrgoﬁalﬁbﬁbg preferably a
dlsper5|n an mhereln the di spersi on

g mean
obt ai ned |@%@§ﬁ?§qcmn0ncofﬂiem Bk Beed’ as cl ai med
iiin cl wzdnnﬂ&opamhelbmhavmgm sizs peesinad ineals thdt, bS between (.5 and

9 il ' gk e i
Q bR E ferp Y Db Oiiogs rilEef b ien 8 40 microns,
VaiE REpeeheqsamises esjentially a@wlﬂ&aﬁ@uweorwoélorcia{/%pmsm of PO
t:btﬁpmmgmbl e groups of the PO polynmer and which are
contained in the continuous aqueous phase ;
-22- The process as claimed in claim 21, wherein the PO present in the solution or
colloidal suspension is at least partly in the form of PO nanoparticles having a size,
measured in the T1 test, of less than 500 nm, preferably of between 10 and 300 nm and

more preferably still of between 10 and 100 nm,

- 23 — A process as claimed in claims 21 or 22, wherein microparticles of PO polymer
associated with at least one active principle (AP) are dispersed in a liquid medium
essentially aqueous, said medium containing preferably a dispersing mean M,;, and
wherein the dispersion obtained is lyophilized.

- 24 — A process as claimed in claim 23, wherein the dispersing means M, is chosen in the
following group:



ii. at least an hydrophilic conmpound (preferably
usable for an injectable preparation) added in the
PO suspensi on/solution to atom ze and thus contai ned
in the atom zed PO AP microparticles; iii. at least a
m croparticule coating with at least a filmof at
| east one hydrophilic conpound (preferably usable
FLAMEL 0F19+ WArR098Ai2&¢t abl e preparation) 56i v. the pH changePcwErr007/006722
and conbi nations of at |east two of the neans (i) to

(iv), the n i.cul arl e
25 - A ligdt g% %1)38 gé’Bﬁflé’rlﬁﬁP%qsf%ﬁpﬁ"S ]%ﬂ'é’ of the ionizable
prol onged m’é‘?l@aséf B¢ PAP,FOleeC land oy eesongind| Inofhd adontinuous
suspensi on,aqggouggmsylscosny, based on a PO

mcropartlc at | eas
mi croparti & }z%as gﬂlg compopnd (ore ll:;éﬁlﬁaq’i"n Z‘o oftt mjectable
clainms 1 t@rezﬁ@raupn}t hfé)bé iobhalﬂﬁmutpﬁnmhésthtme@satamze and thus

clai med in 6l Zlhe ﬁtQm%d PO/@lﬁmlchﬁﬁ?nJl&r mul at ' On as
clainmed Ln claim?25 (gbgrlsesarrea

di sper si Wi *Pésa Er’Bffé‘fpﬁt’c?P]és B Hith af lspst A %@tﬂ P@éétleas" one
one AP. - Rydropfiliecdmopaund gireforabhsusatlaforen injevtaicprapadion);
or 26, whepRidy thg.conti nuous phase of the

suspensi on | esse%tl ally a&ueous - 28 -

The
f or mul at Y-oARGEomBAtoptOS 4 leaptdpvmod the greansp(i) tﬂﬁ’é‘?el n the

cont i nuoths nphas® teingtparicutatig pefigtedn i s an essentially
organi c water-mscible phase. - 29 - The formul ati on
as clainmed in claim25 or 26, wherein the continuous

pHse Aofiguifephasagsatical darmudation o5 $he relpngpd orelsassi ef AP, which

W@fn@flsdsl’fm (So@lbﬁl!aﬁ shpRfifon, 2%f3%w ﬁgl:@mﬁor’tﬁﬂdéditdnoﬁl PG mlcropartlcle
cl.ai ns OI'

|
Cﬁgpﬂn%g% 8L fegst enea?nsewlcgoije%ggf’é ﬁjemﬁ tP“?f’S ¥ i ?’85\5& Hyany one of
ghaup! td 20 erthesewhiained Sy itherpsouskd asteladmpdini claimi2d. to 24.
opposite to the polarity of the ionizable groups of

A1 FDJe i Botts BHEGe i ot o1S| WEEh s o means M; for

idisderoiph PO wicoapap iy dssppipef evithbk leasioabA®. f or an
i njectable preparation) added in the PO
pe n/ sol uti o to atanmize and thus, contajned in
epet {flﬁﬁﬁ% blatie agsiaimed Hherip & @26, pihvikin the qopgnuougphase of the
260810254 2GeiallPEucaky. 2007/ 006722 iii. at least a
m croparticule coating with at least a filmof at
| east__one hydrophilic conpound (preferabIK usabl e for

afd i '}‘lg_ecfp ylétzcm wrhrmed srolaim 3501 J6nwh ﬁg]@nuq;as phase of the
susfernivntis nadss@miallbreatic aasmitoisle phast. he means (i) to

(iv), ‘the neans (i) being particularly preferred.

- 29 - The formulation as claimed in claim 25 or 26, wherein the continuous phase of the

suspension is an essentially organic water-immiscible phase.

-30 - The formulation as claimed in claims 25 or 26, eventually 27, wherein the
dispersing means M, is chosen in the following group:

i. multivalents ions which polarity is opposite to the polarity of the ionizable
groups of the PO polymer and which are contained in the continuous
aqueous phase ;

ii. at least an hydrophilic compound (preferably usable for an injectable
preparation) added in the PO suspension/solution to atomize and thus
contained in the atomized PO/AP microparticles;



- 31 - The formulation as clainmed in claim 30,
wherein the hydrophilic coating conpound is chosen
fromthe group conprising: am no acids; ->

pol yal kyl ene gl ycols, preferably polyethylene

gl ycol s; copol yal kyl ene glycols, preferably ethyl ene

FLAMEL%Q’CQB 8%)4{ene gl ycol copolyners (of pol oxanmer or

FORICC eGP Hout r ol type); -* ceflul ose pol ymers anBCI/EP/2007/006722
their derivatives, preferably carboxyal kyl cel | ul oses

or al kyligehd lﬂaﬁsﬁﬁmcm aﬁ%ﬁi@o&% QGthOkt least a film of at least one

nonhydr ogen acchar | t rehal ose
sorbitol, %ﬁ?ﬁ‘%‘ o co&i‘pogﬂ‘ié’{ﬁ%a&ﬁb?@’@ﬂ fgr arsipgetahls preparation);
propyl enéngy@bﬂchéngegl ycerol; gelatins, preferably

hydrol yzed &fi@bibistiondofit EEQ%@%e&gﬁsﬁgltg oS,
preferablﬂ¥ thos%)gresent N group conpri si‘ng

pol yacr yl ant &es Bng PRIGRIARY Brafered, |
pol yvi nyl pyrrolidones (PVPs) and pol y- N

vigyll "ﬂHJ %nlzﬁ%yéé” c'%ne@l ]ﬁog\gilﬂ%] Syl \M’ISI‘%HEI tgg hyéié?péuhc coating

pg%lxé) Iut mat e) et mx
Yol II% ‘i“i‘l&‘ec%‘?ﬂ’é’cfﬁﬁ’énﬁiﬂ%fer ably conprising at
I east mwhtydhrophl lic polynmer. - 32 - The

f ag mul 27 or 28,

wher ellﬁﬁjta%{e}léé %chisnﬁgfeﬁr%@?o‘? eli%lenF ggzggl “a i pophilic

| Tqui chP?IP@k G BW@Olﬁonﬁfei‘@h’ oWwlehe elycolireémia| gtydog sspolymers
t @énoloxameguBlurdric &8GitradtypseNt i n the water - m SCI bl e

0f—> V‘ﬂ?c@flgﬂb%&lﬁg?%sﬁaﬁ%&é Qtigerz]rn gf?rgvséﬂ] hg%?‘iﬁﬂ@l?l& ﬁ:?rlfq:\:@alkylceiluloses or
I‘?qbé ffudoses: | i qui d conprises at |east one mixture of
t-pi gl Weeopeatedolor Saddhyaleshafeat %é/ccﬁéﬂdgsc' Qfch@ls | ﬁ@ﬁios&g, sorbitol,

51?/ Ie0|Ior at least one lipid or at
one lgoer e¥ivative or at |east one fatty acid or at

| Bast pebfelsm@hys prapylencigydol at glyerolFLAVEL 0118 - WO

24308/ @amspég,rﬁ@' 5@}}’6@9@74 g‘ggg 22 - 34 - The
rrrul tlon as C|alm§dlnéglm33 wherei n the
Fopﬁ" OB (SR MO B, r Bretseably; thase qiressife imithe wreupofomprising

géryaidade spdy-Nowinplamides, . GBI Gy Ifyaiolior@s | @BVPs) and poly-N-
e@SuUhdiadg fromcoconut oil; at |east one vegetable
ol | oybean oil, palmoil, linseed oil,

C_Bttoﬁ%l% Hly?ﬁlF‘%/hOEég‘éﬁ%) oi |, sunflower oil or peanut
orl ; pdy(sédaagluemetd)j pid, preferably a liquid

Leci t faneisypligl.i ¢ or natural vitamn E
said hydrophilic coating compound preferably comprising at least one hydrophilic
polymer.

-32- The formulation as claimed in claims 25 and 27 or 28, wherein the dispersing
means comprises a lipophilic liquid, the melting point of which is preferably less than or
equal to 15°C, present in the water-miscible or water-immiscible continuous phase.

-33 - The formulation as claimed in claim 32, wherein the lipophilic lquid comprises at
least one mixture of tnglycendes of saturated fatty acids or at least one vegetable oil or at
least one lipid or at least one lipid derivative or at least one fatty acid or at least one fatty
acid derivative.



at least one lipid derivative, preferably

ar achi doyl phosphati dyl chol i ne and

st ear oyl phosphati dyl choline, at |east one fatty

acid, preferably oleic acid, nyristic acid, palmtic

acid, stearic acid and their salts; at |east one

fatty acid derivative, preferably a nono-, or
FLAMEL 0118  gloyoeroegies deri vati ve, ethybgol eate, |auryl PCT/EP2007/006722

| act at e, glyceryl stearate, sorbitan palnitate

sorbit stgara sorbit oJe e
pol yso?’gat g% l?thoéll g %a&?e&r @s Slt% f fe&fbﬁ‘zf. fipephilic liquid
agergeny ewt \mm etixtuienoft thiglycersies wﬁeatera@dn@s Ofo fhttye acids resulting
pﬁgg@g&,ﬁu{ d,lpt ed above taken separately are not

qui d ture o ess than_or .eq
exarrplae affdmis’ <tate o Hfff@@@yp%%ram b L Jaereqoiotionseed
o@lhetrsemsoﬂ,tstuaﬂowheyl @peadui gfii d at a tenperature of
less  a 3af ofE 1ifd Uﬁ’k:feraﬁaﬁfa H@d‘ﬂé&ﬁam ts tﬂrég o %gtural Hﬁma E;

formul at] on asg1 CLnaa fgﬁs 28
obt i ofhl legst g90e Jipi eglxatwe ahlyt ﬁ@calidgﬂgh%‘sphzﬁldylcholme and
mmlpimnmmtlsﬁdmcﬂme,oatl ng of the mcroparticles with

l e 0] e .
(pr ef gﬂfﬁ%{;& \%hflﬁc g%lgnﬁrgfg&%f @gﬁcor an i nﬁgg ngaimmC acid, stearic
Pkl dhsiialts: - 37. - The fornul ation as clainmed in

od ai I’ﬂaBﬁ:asthﬁriﬁttﬁ at:ih&icﬁkriﬂ%f pﬂéf&z{bgy ﬁﬁﬁdﬂon,gor @gl'yﬁ&uﬁCHeﬁvative

C%g}f 1%1%513 ba%%%eﬁﬁ ryc pﬁgaraqg hsg ta_]tl B%m%n% sor stearate sorbitan

pmr@gley‘re@rp@!wrb%l y (| actl de co gl ycol i de) s;
pol yoaﬁm@@mﬁg@mspol yanhydrl des; poI y( hydr oxybut yric

S Bop2ETL SR BR SR s v
ttéden serfaraseiy sre not ggmd affhtemperatd eft lpss ihanoor ehyadlfiedesample, to 15°C,
Ghedl tABse éﬁocﬁ@g afe nﬁ’fedzv(ait}ii@tﬁe@ RS g ﬁiekrlé.reaﬁ di€ 884 1cRfPRralfre of less

efein the filmformng coating
eﬂﬁ%’éﬁﬁ‘&f&’lérw} {5th ure and exhibits a nelting

poi nt preferably of greater than or equal to 15C and

cagpr *I'ﬁ@g)r@tu]a{l&?% claBRE i B 8k & 98 %GE B%t?&@u)@ﬁz 33 or 34,

sat urate aci ds or  at [east one veget a
e thg ersgllgénq:qnﬁ COMmpfises, f cPYLELO 6%mpqr%aglcles with at least one
dﬂamﬁnatmg ecoatin@tcobpasid guefekaly yWwidc danr batust@ast agnmjectable
f’e% id derivative or a mxture of these
FLAVEL 0118 - WO 2008/ 025425 59
PCT/ EP/ 2007/ 006722 -39- A reconstitution kit, in
Parti Th a.‘émﬁfpernohe@m&ﬁm&mtm N@aiih86,f %Bﬂéhﬂ&heomasomng coating

CoRpIRE oot Ghe Py PaBee belyhe? hont P the gpup panorivine
bply acmféas,eaqln'gtmpém p@lbf@@cnldeﬁwglyphlakés aslyorhegstamsdpdlyrnhydrides;
hgaxex%utﬁi@haa)sl pb@oz%golgétoﬁéa‘)%&ygamﬁ' ABRnRY)s! Riter-insoluble
Péﬁ@‘ts |rred|n(gﬁlqghlor 2,7 and a
¥ "‘i‘r TV RIRES g % om t he group
conpri si ng:
- 38 - The formulation as claimed in claims 25 and 27 or 29 and optionally at least one of

claims 31 to 36, wherein the film-forming coating compound is of lipid nature and
exhibits a melting point preferably of greater than or equal to 15°C and comprises at least
one mixture of triglycerides of saturated fatty acids or at least one vegetable oil or at least
one lipid or at Jeast one lipid derivative or at least one fatty acid or at least one fatty acid

derivative or a mixture of these products.



-> essentially aqueous |iquids; essentially organic
wat er-m sci ble |liquids; and essentially organic

wat er-imm scible liquids. 40 - A reconstitution
process, in particular for reconstituting the
formulation as clainmed in any one of clains 24 to
38, which conprises essentially: mxing = PO

FLAMEL 0nfis e vapmog/a2642€s conpri sing at | east one AP, these pcT/EPR007/006722

m croparticles being those as clained in any one of

clginms,1l to 20. or.those obtained by the process as_ | )

or 3 el T?CHHSE’F%OH#%W&M&FH Srdeconitleingdhd forghon as claimed in

| heyuing of hlesesR4ftp 8/ whieh goroptizeconpri si ng:  essential ly

agueo i G S, bal r [ c - . seihle:

I qui é‘? LR ERST IRt L @O R, Bl e tose o
| Flagiegat any onecpl ST g, 20 AT SRk GRS, byghe proness ¢f Flgimed in claim
phbaenfRceuti cal fornulation for the rel ease of AP,

whi ch ' . I d.on PO

o cr oparir e iihuadlalic 8% B Troup BT .o

ni cr opar U1 E¥se8diagxiagpeous Kgwds;as cl ai med in any one of

clai ms 1-4 esseftially othmafevo8taistibR Hayidi.ne process as

clainmed | i 0 r 22: or_obtained, fromthe
for mul atio %ﬁ%ﬁé&%ﬁ%@%@lﬁ w&ﬁefugxr?éw%?e Rodsns 24 to 38.

-42- The solid pharnmaceutical formulation as cl ai ned

i-n40c] o recduktitution pidaba! AtdaRRuRPbr rhdMARLYhe formulation as claimed

3ig g}]}lﬂ béetcmrf%lali]gsn 24 to 38, which comprises essentially:

. mixing

= PO microparticles comprising at least one AP, these microparticles being
those as claimed in any one of claims 1 to 20 or those obtained by the process
as claimed in claim 21 or 22;
=> and a reconstitution liquid chosen from the group comprising:
— essentially aqueous liquids;
— essentially organic water-miscible liquids;
—> and essentially organic water-immiscible liquids.

. and stirring this mixture,

-41 - A solid pharmaceutical formulation for the release of AP, which comprises a dry
powder form: ,

J based on PO microparticles comprising at least one AP, these microparticles being
those as claimed in any one of claims 1 to 20 or those obtained by the process as claimed
m claim 21 or 22;

. or obtained from the formulation as claimed in any one of claims 24 to 38.

-42 - The solid pharmaceutical formulation as claimed in claim 41, for inhalation and

pulmonary administration.



