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1 SELF-PRECIPITATING PHARMACEUTICAL FORMULATIONS FOR
THE MODIFIED RELEASE OF AN ACTIVE PRINCIPLE FIELD OF THE
INVENTION 5 The present invention relates to novel pharmaceutical
formulations for the sustained release of active principle(s) (AP), in
particular protein and peptide active priﬂciple(s) The patent application
also relates to the application or use, in particular therapeutic a Ilcatlon
o1 e, SRRESEIE AR ARESCEMARYENS HELE SOOI LA TIONS FOR
pharmaceulitaEfGQIIEEREND RIBkELSH O UWNaACTINPGUNLS GrelLE
veterinary therapeutics. The reference AP used throughout the present

east gne active principle. STATE OF THE ART 15
#%ﬂé@@%ﬁiﬁmﬂ@%le%e of pharmaceutical APs, in particular
therapeutic peptides/proteins, the aim is very often to reproduce, as best
as possiblepin hae.patignt:& ReRtdeorBraeia] ﬁ%ﬂl@&ﬂ&%ﬁ“@ﬂﬂﬁl&!%ﬁ for the

to the value observed.in health 20 Thi ective conflicts with
Stal ed T fe active rmcéﬁg%?ai%"j Whi éfﬁn‘lilg& gtBr?é%g afB peptide active

the short fifetme of | pro Sind '

Hﬁ}@éﬂl@ﬁ@ of HeeRMEPA pEINE Biote ST orisEguientlyc tirepphasiom or use, in particular
teenpentiatigp bt aitherapautic potaiBsexpiitenadei@fia charelaiized bihese active

%89&&%’%?%19@@%&5 &ﬁge‘ﬁ%%tﬁ 0% t?%%'é; mlnlr{f%e’{e%%ary therapeutics.

concentration h are muc asa
concentfst infa Wity e, | %ﬁﬁv@%ﬁ@?ﬁf%ﬂmﬁéﬁﬂﬁfp%m at least one
aeffecﬂxtmctpe hlgh tOXICIty of therapeutic proteins such as certain
cytokines. Furthermore, the concentration minima are below the

n i ary to have a therapeutic effect, which results in
%&%ﬁé&?p’?‘e%ﬁc&%? ra{;e of the patient and serious long-term side
effects. Consequently, in order to reproduce in a patient a plasma

conceniation at1d0dherapaiitaprateinielase &p thraldealvalug falps, in particular
reatm nt, it i mPort{';\nt fotrhthe n;?ha\rmac tical ormtéi’atlon t(%%géowt e y i
LRstansE ofpt?lpe é$ HEpeUle protain overa susetaﬁgfe}ﬁpf) 158 S v 2SPasile, in the
warmmrﬁeuﬁrpmgﬁﬁa cbieenpatien eyeptirplesE ety iales tHiscaotiVen healthy
stasjrualation should preferably satisfy the following requirements, already
knownﬂg 8%&%@‘688&%”&%@%&“5 SP? ;frqg % elie&%%so fzna Qhaecltala%ma which
and nonde red therapeutic_protein,

leads to repeated injections of the therapeuhc protein. Consequently, the plasma

concentration of a therapeutic protein exhibits a profile characterized by high concentration
peaks and very low concentration minima. The concentration peaks, which are much
higher than the basal concentration found in a healthy subject, have significant harmful
effects to the high toxicity of therapeutic proteins such as certain cytokines, Furthermore,
the concentration minima are below the concentration necessary to have a therapeutic
effect, which results in poor therapeutic coverage of the patient and serious long-term side
effects.

Consequently, in order to reproduce in a patient a plasma concentration of
therapeutic protein close to the ideal value for treatment, it is important for the
pharmaceutical formulation to allow the release of the therapeutic protein over a sustained
period of time, so as to limit variations in plasma concentration over time.

Furthermore, this active formulation should preferably satisfy the following
requirements, already known to a person skilled in the art:

1 - sustained release of an active and nondenatured therapeutic protein, for
example a human or synthetic protein, so that the plasma concentration is
maintained at the therapeutic level;

2 —  sufficiently low viscosity at injection to be easily injectable;
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example a human or synthetic protein, so that the plasma concentration is
maintained at the therapeutic level; 2- sufficiently low viscosity at injection
to be easily injectable; 2 3- biocompatible and biodegradable form
exhibiting an excellent toxicity and tolerance profile. In an attempt to
achieve these objectives, one of the best approaches provided in 5the

i f
s T A B B s e Oiciy and

loaded wifllgiarepatitidproteins. These suspensions allow easy
administration of native therapeutic proteins. Thus, Flamel Technologies

has pr%\(lg %t?e%g t?o' 1helge @eeséh ra utIC rOte(f ti13 8(% Oa(,: 'ﬁ%%gc étshgrowded in
nanoparticles o amlno acia comprlsmg@g rophobic Sou

the m{wralah‘i‘fﬂ? é?déﬁyé@aﬁéﬁﬁﬁﬁsrr@é%ﬁ S b@@g@@mmgé@ composed of
relatphibhilicpolyaminmecidspensigiistigiasparticleedidided andyahghfamicproteins.
TRalAUES,HABHRImALIeas %&Hﬁ&@&a‘?foﬂ'i‘%?ﬁa[ﬁ%%@& éwe ﬁ'@gﬁls

compri least }ﬂiocopherol res éiue e.g tamate or
po|yas§§f?aaélaa?shﬁﬁc%& ALY Wﬁ%’ﬁéﬂo?“ ’&ﬂhﬂé? hgpeutic protein is

avinesgchydtb prhobimriokified's 1 pdrropoly swiih ocacjdis isgditdrediely groups and
h@{mpmlwa{%@ colloidal suspension of nanoparticles which are capable

f readil active prot insulin) in aqueaq
E;s)ltf?smea (I)lﬁaa Onj’ts %%ﬁe&% %?\%g re]ISC SEUGRE %lr? thé %{%ﬁ% r@@ﬁ?@ﬁmpﬂs}m
f@“ﬁw%‘ﬁﬁ@}%@é@éﬁz&éﬁwbyctf@éiéu%éﬂsﬁiﬁlg delserberaritssot these residues carry
@ﬁ%@&%&%ﬁﬂgmuk&@mfw@mm @ﬂ@ﬁﬁe@l g 2Q i Wlﬁli@@i?@:%lﬂr po]yaspartate
ti the aceutic rms "
e R A T g
MR s past forﬁa?fﬁfa%w.lﬁdé@r{@ 001.-075514%4) oﬁhmlém @uspensm of

nanogifiectgolyiscliam leaphitbmate)injdetedsatarcondentationsugl thetive protein
(ﬁﬁﬁﬁﬁﬂ}%ﬁﬁ@%%’&ﬁ&%%%ge} Is formed in situ in the patient on

contact with end ogie ous albumin. The 25 protein is then slowly released

over a {pital Barid BRI HOS AEY S REIsIHE) EoRcamilifion wetorized" by
thigerzpensiopr desinite bim AdMiAKISIP RS fetativigpdight fisristbiecasentbd.

example, fasBLNYan sRwdh Bﬁfﬁﬂgﬂewmeﬁﬁl{%}ﬁe ShEation Rilitgd I @maceutical
few d s, ;the rellle urat on of th?§§_$_ Qgg%g ﬁnefl t from; belng disel
oot eStheIncfie& 3 O%H%I‘ e %5 IfRggH discloses a
oo daleasenearigion f Am@m@rtlgl@@cm%ﬁ@ét%ﬁmmbn% tdudephobic  modified
pORTlGEen wtguhtaﬁlhcwldrqb&wIruecalwbt@mﬂ@r@@wemut whichafefMSidcutaneous
n%%k%}ﬁ'htga CRRGialure dine ?h“&é %tlem on contact with endogenous albumin. The
protein is then slowly released over a typical period of one week. However, when the
concentration of therapeutic protein to be administered is relatively high, as is the case, for
example, for human growth hormone, the release duration is limited to a few days.

The release duration of these forms would benefit from being further exiended.

Another route also proposed for prolonging the in vivo release duration of AP after
subcutaneous injection is to use a formulation which is liquid at the injection temperature
but which forms a gel when the temperature rises to 37°C.

PCT applications WO-A-99/18142 and WO-A-00/18821 relate to aqueous solutions of AP
comprising polymers in a dissolved or colloidal form which can be administered to warm-
blooded animals, in particular by injection, and which form a gelled deposit in vive since
the physiological temperature is higher than their gelling temperature, The gel thus formed
releases the AP in a sustained fashion. These specific biodegradable polymers are ABA or
BAB triblocks with A = polylactic-co-glycolic (PLAGA) or polylactic (PLA) and
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PCT applications WO-A-99/18142 and WO-A-00/18821 relate to aqueous
solutions of AP comprising polymers in a dissolved or colloidal form which
can be administered to warm- 35 blooded animals, in particular by
injection, and which form a gelled deposit in vivo since the physiological
temperature is higher than their gelling témperature. The gel thus formed
tained fashion. These specific biodegradable

eleas tEeAPinass _ _
%51 EPE bR OB AR ABRRREA R0 BB Ijidieic=c oyt iormation of these
ttilonis pdlompoliection(Platipdn 38 B SPelyEljlerkiGilpcpbThers (A) described in
temheramres omihrigickael rapsiomation ok ese PR RIYME S o results in
ar sf .exam Ieb:’p? 34 301 and(gﬁc. \?lmllar polymers (A) déscribed in
qﬁ’é—é%él ?}igl 3%2, s W;(?Hr%%%e §/8L8 ABA or BAB triblock polymers in

vivo results in acids which may not be well tolerated locally. 5 Patent
applicatiemiP CIppR2006/00244 3 oyotheobpplicant ifesaibes Applicant,  describes

I e ified by histidine derivatives an rophabic groups .
e NS A R SR an e
BENFAEFSAre soluble at acidic pH 10 and precipitate at neutral pH. They

allow theppréparationseffdinatiaiidiis kaethe sethasepolyanactive@iibriRieacidic pH

SR aspdberrReLtis %@F%iﬂe%{m%t }%&%ﬂ%ﬁj&%’ ?&9}5@5{9&%‘ e Itha release of

selc;{)recipltaling aqueous liquid formulations for sustaine ease usin
A ARIORMERISH SR BB LSSeRsHRFBRE bund that a formulation fulfilling
the delmanlingeegairenients cdevehiyrbenobtgined whdpredpimerainaqueous  liquid

fopaciic senditions:hReramnnle,dhe RY %ﬁfxﬁ%ﬁ?ﬁ%ﬁﬁ%%&em found

described in the application. PCT/FR2006/00 ,
%ﬁddcgf)nnﬁlr‘ils?nlé) 5@%&%50@50@%@3 RS FOTTRIAENES 78 SPEchEgobtained under

BRI sPesigihgosdidies by the Applicant have led to the identification of i)
fOFmuEd;i,ﬂBﬁmﬁglﬁpm@Fﬂﬁi%@ﬁtﬁmi@}ﬂm%stg@@ﬂl%lcﬁegémﬂé@Qn t}]}e application
| self precipitating, system and ii) specific conditjons for
B b T | e B EaRE PR coes non
Igsl OO AiBRS'a8 $6#Bkd in application PCT/FR2006/002443, or from a

novel famgihpfsnalianéss heniprsicgncationik-groups anehaaopidg of i) formulations
AphgbiGgruRs: ARRRIFS) %ﬁfc%%tﬁ’ﬁfpéﬁe%qrw&n'ﬁ(}@%%‘ﬂ g%%ipnatmg

of the objectives of the inyention is to provide novel formulations base
system and 11) specitic conditions for selecting such formulations. These polymers (PO)

can be selected either from polymers described in application PCT/FR2006/002443, or
from a novel family of polymers comprising cationic groups and carrying hydrophobic
groups.

BRIEF DESCRIPTION OF THE INVENTION

One of the objectives of the invention is o provide novel formulations based on
polyglutamate polymers that are modified by cationic amino acid derivatives carrying
hydrophobic side groups, are loaded with an active principle (AP) and release the active
principle (AP) over a sustained period of several days, or even several weeks.

Another objective of the invention is to provide novel liquid formulations based on
polyglutamate polymers modified by cationic amino acid derivatives which carry
hydrophobic side groups, the formulations being loaded with an active principle (AP),
wherein the composition and concentration of the formulations allow the release duration

of an active principle to be optimized for subcutaneous administration.
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30 polyglutamate polymers that are modified by cationic amino acid

derivatives carrying hydrophobic side groups, are loaded with an active

principle (AP) and release the active principle (AP) over a sustained

period of several days, or even several weeks. Another objective of the

invention is to provide novel liquid formufations based on polyglutamate

polymers modified by cationic amino acid derivatives which carry 35

hydropHoBhE sitREgHyE S T tsFRHRAISAS BETHiitoalsh Nt e arpiasions based on
ptirdipter(Af) pulerein thedfmpdsitieatandcconseirtratiah défhatives which carry

HedRigRdeRs allow hsrelRARe HMEATIOR QAR RGIKE REACIRIG AR rinciple, wherein
tﬁg\}lé)mlz d for subcutaneous adéﬁlrgstratl n. 4 Another objective of the

PO SPOVRISTHBNY tjuitd Tk th EltSM ECtFaS 8 o DRy gFuRiRgiRde (AP) over
spotyhdry modified 3y cativisickamnintb teidoderivativeblwhickararation of polymer.
hydroph@igie sidf-grRuRs. theifoemsations privgioadRY NihaR MG ons based on
p%rlin i\(%e her%lln n%gres f%@&]{}? tg) S onsll(':uog 0 Sucaféig]aéét.angs hich carr
retanse of ﬁepacﬁVe Brincipte ( Fr:ﬂ?ver severlgll%%ys,. r &Ven _ée\%ré?’ _ Y
hydemboRienside iGwert phssibrasbiiastiaiog brassimiéth znatkise principle (AP),
volbjestivehof toe posgtiviornisl teiedddetovelligwd formkatiansdpased: &y injection

PRRlygiuiamaie pe rs; pdified by cationic aminolacid derivatiyes which
carrgﬁ%ydrophobi%f%%ezggoups, the formulations being loaded with an

active pPHETIA LY Ve M dhsiintra iamp Sa e s resrckmtid frmstetigns based on
rolyplhittionis ghcdyneasy injddfieh 8P ttubugle aandedlesofdsriatsidees which carry

HaRIpRsRbisstive ALhenYeRiQR o RIOViENQYelliquid formulations
based on polyglutamate Bg mers modified by ca\;(l),(z{mc aming acid

derivathvSEWhilH Sy Ay dPSpHEBR SR GISUBEWRcHIAYs! stapieations based on
redysoiasnstutioty Mersthopditiettive ofatieninvemion iswaiprbvidetivevelwhich carry
Hedroplatino sibaseshpawki-pelohamaleinobupris, ROdifisd by cationic

amino aci deri\gaéi(\:/levse%l}jctﬂecarrlr enh%(/)%r(?{ght%blc g\'/? eglrlogfgﬁ %Ighlgtllc_an b%ased on
storedf?ﬁciyoeﬁhﬂl edl form. A_nother o‘E)jecjuve of e'invention is {6 B BRGE _
noovElfamdtf ateha bas ctrod g6 lyBiuteshaipaiyHnsrsasiddifiedvpi satiomdch  carry
taahioghabid sled gasiveswiiith-eaty eyt opliopigssitergraypshihisiosan be
_eaSIIyA%gﬁggrggE&I%r MOB@“FIW %%DE.Oi Qgt %\ggéec%\\/%}ofothemations based on
invention is to provide novel formulations based on poR/ I ate

: 5 D¢ /glutamate :
S ONPHERE o dRLEI5y A E<SmiD SEPBirivATViSS ALHsaRgtves which carry
Hyyidephhiolsicsgide gyropps, thiee flormubation sHading loatted wiith active principle (AP),

PhBEiRI g AR MhRIsInAheformy BligmsiaLe siable in lyophilized form.
Another ohjective of the invention is to provide novel formulatlo%s%[ljased
R _

on 25 PSIVETLEMEE SoR/ntafs MEaHay by talBRidbningadioririgRpased on
nwhighvearaje polymers modified by cationic amino acid derivatives which carry

hydrophobic side groups, wherein the formulations release a protein without affecting its
biological activity.

Another objective of the invention is to provide a solid pharmaceutical formulation
for the sustained release of active principle (AP), in particular a dry powder form, for
example for inhalation and pulmonary administration.

Ancther objective of the invention is to provide a novel process for the preparation
of a formulation for the sustained release of at least ome active principle (AP), this
formulation being in particular one of the formulations described above.

Another objective of the invention is to provide a novel process for the preparation
of medicaments employing these pharmaceutical formulations.

After lengthy and extensive research, the Applicant has found that formulations

based on polyglutamate polymers modified by cationic amino acid derivatives which carry
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hydrophobic side groups, wherein the formulations release a protein
without affecting its biological activity. Another objective of the invention is
to provide a solid pharmaceutical formulation for the sustained release of
active principle (AP), in particular a dry %owder form, for 30 example for
inhalation and pulmonary administration> Another objective of the

inyention.is to_provide a novel, process for the preparation of a formulation
RIS a5 FEILBR Y adonu e Jridtle QARSHRGUNG. protcins and

prrdigkation being in particular one of the formulations described above.

Avetapigpbiaptivereidhe nvantion isde proyideanaveh péﬂC%@_ﬁJ&Est%arm_aceuﬁcal
these pharmaceutijcal

reparation._35 of medicaments employin _
IR ARG ST crasBndh TR R e AOBHGUn{ AB which can be
SRl et eE i e b ade disn nseidturh rrate pomehich odifipdsey at least one
acdtionifaipieq AP.de riviadives Whiekh ey Ob indropReNG &g HHRUASS a polymer
(9@}%;%#1@ M@%l'&%&?ﬁ%@&éﬁﬁ@@ﬁy H.l”(n;e ‘r(())%;elw e%}g S%}e&) ti‘lgr%?iﬂation satisfies
Acc¢ardingly, the present invention Tirst of a refatés 16 an agueous
t%é?ﬂ%@ﬁtfeﬁf 9prAitiRttion for the sustained release of at least one
(abtheeppimoip|6? (AR) whidhacandue:id @ﬁﬁﬂlm shjgathdadde example wl@eilli—;l)ﬁ

arent i e.ac L
B e S ot BIPANIE (L id caronic
(PO), %WgP%bp?ﬁ‘é%ﬁ%%ﬁﬁlc%ﬁlg‘aQ%Eéﬁt%B% Q0 $ReTSt, wherein said
formutatiges gigfies cthesidlowirrg focrrconditendari@ hilteqpblybiereP®@) &GH), said
a polypnaiapLasid @%ﬁﬁgiwﬂ)w@gﬁ&ﬁ%ﬁmiw&%{ﬁ'ﬁ&g o0 MBither,

lutamic residues arry a pendant, cationic group (CG), said cationic
groupé %%}ﬂaﬁ%%n?@: (gl?e(ﬁiéféjr%%}l Ot &OL}% gﬁ%ﬁ gflpgtﬁ%r?d@ﬁhé?ﬁﬁga group (NG),
residu&s BRERREEFAPRS hRIkDEny Hlopitebiv gidispe(Ginsait mmpdhepholdic
grOUpsd@iﬂhﬂ@ngdﬁ@mﬂpgl@&diﬁemﬁgm&mxﬁmﬁ&al f, - ?ﬁtg)na%,;ti”
Lol [ ' .car pendant neutral groyp , e
A another and -
T%}P@éloéﬁﬁér Glita AR aisrikd dales oliominaieh gsyeriaisHspanianepusly and
reauchfetmitilatiorh (e fcisvbamiredpi S(B B)d 6.5; (c) at pHf, the polymer (PO)

(s ol sy G SR TRAOOY e o) o+
o
Tp

iﬁﬁ ¥y ing mixing with a volume of | ml of a test buffer solution
Preferably, such a formulation exhibits a precipitation factor PF of greater than 200,

preferably of greater than 400, preferably of greater than 800 and more preferably still of
greater than 1500,
The invention also relates to an aqueous liquid pharmaceutical formulation for the
sustained release of at least one active principle (AP) which can be easily injected, for
example via the parenteral route, and which comprises at least one active principle (AP)
and an aqueous suspension based on colioidal particles of a polymer (PO), or a
pharmaceutically acceptable salt thereof, which formulation satisfies the following four
conditions:
(a) the polymer (PO) is a polyamino acid comprising glutamic residues, wherein
- some glutamic residues each carry a pendant cationic group (CG), said cationic
groups being identical or different from one another,
- other glutamic residues each carry a pendant hydrophobic group (GH), said
hydrophobic groups (GH) being identical or different from one another,
- optionally, still other glutamic residues each carry a pendant neutral group (NG),
the neutral groups (NG) being identical or different from one another, and

- optionally, vet other glutamic residues are unmodified;
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Preferably, such a formulation exhibits a precipitation factor PF of greater

than 200, preferably of greater than 400, preferably of greater than 800

and more preferably still of greater than 1500. 25 The invention also

relates to an aqueous liquid pharmaceutical formulation for the sustained

release of at least one active principle (A@D) which can be easily injected,

for example via the parenteral route, and which comprises at least one
Betrerbtivdiprefams Srmuls 12 s hreission- Hasdd 6h colloidal

(pastiple$ dfeappbiyme(RBDratsa Eilvrddceitical yacceptabiesaltibaraebusly and
ﬁgﬁmg@{ny@g@q@gﬁi@éﬁgﬁg@lﬂgw@% four 30 conditions: (a) the

@o%mder %m is a polyamino acid comprisin?ﬁglutamic residues, wherein -

O RGN RS B PSR R ALBNSH cRE o ctalp thets § (ajgreferably of
grationidagrétipsieing idie nficataedifiencdidfreml oneramotiienbdtheill of greater than
glogamic residues each carry a pendant hydrophobic group (GH), said 35
hydrophobic groups (GH) being identical or different from one another, -
optionally, still other glutamic residues each carry a pendant neutral group

(NG), Xieeasetrahigrstips NGy beifrgablertidabie diffseativfrémionBQ of greater than
;apetherhandfpoptiondlly, yetoiherdtbamioresidussiaie UNMROINS Beferably still
Jp}%&c?epma\@@ of said formulation (pHf) is between 3.0 and 6.5; (c) at

pHf, the polymer (PO) forms a colloidal solution which associates

spontaneously and noncovalently with the active principle (AP); (d) said

formulatien exhibitswrpietifitation actemPmohgoease pitana0the kinetics of release
Jrreferaly.o 1@1&'@@'[ AWB@%@Q@& Rieie @BJ}?@E&Q&GE‘%}%&%& %RQ %Ql%é)mo%{i%m of the

IL_preferab]y still of greater than 1500. Moreover, this ation preferably
KRS 4R AROA TR MR ORGP TR AT Bl oy fERRbP i fide rafts
angd opticidfarbivty oflgreater thdigltBrarid gnowespreferably still 10 of

greater than 20. It has been shown that, for a given concentration of

polymer, the kinetics,of release of an active principle (AP) depepd to a
sign_ifi?a%r?tlg;é%% OBt %cll)&rlneﬁotéllt?oﬁrgﬁﬁeﬁ%g)oﬁ %&fﬁ?@%ﬂ? fﬁfz ormulations for the
stespaedivielsisraratagtidersofanatiepitgrotipsimydtdphotie sidegrafmidas being in
rantcopiionalydefdresiial gray psandghd tamate GraURS TG IMERtign also

relates to a pﬁ)

e he.preparali nog_f rmulations fo sustained .
release of at Ieg7 é%a;%g’ et VEIPMe \ %ﬁ?‘gggnfogr]rﬁﬂi{ A figggRus colloidal

st one dctive principle (AP), atioris be _ _
particular thdS&*4&8cribaPalisEnthacht RB¥sen iR gprsiBEiiyic residues,

steps: wherein
- some glutamic residues each carry a pendant cationic group (CG),
said cationic groups being identical or different from one another,
- other glutamic residues each carry a pendant hydrophobic group
(GH), said hydrophobic groups (GH) being identical or different
from one another,
- optionally, still other glutamic residues each carry a pendant neutral
group (NG), the neutral groups (NG) being identical or different
from one another, and
- optionally, yet other glutamic residues are unmodified;
the respective molar fractions of cationic groups (CG), hydrophobic groups
(GIH), optionally neutral groups (NG) and optionally glutamate being such
that 1 ml of said formulation precipitates during mixing with a volume of 1
ml of a test buffer solution Tp; and
2) adding at least one active principle (AP) to the polymer (PO) obtained in
step 1, wherein said active principle noncovalently associates with particles
of the collofdal solution of said polymer, and wherein the step of adding the
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20 1) preparing, at a pH value of between 3 and 6.5, an aqueous colloidal
solution of a polyamino acid polymer (PO) comprising glutamic residues,
wherein - some glutamic residues each carry a pendant cationic group
(CG), said cationic groups being identical or different from one another,
25 - other glutamic residues each carry d& pendant hydrophobic group

(GH), said hydrophobic groups (GI-1) being identical or different_from one
another, - optoONAIRF RHPISHEY PG ATt ddadis ¥ mEardp thpdinghtherapeutic use
neutral groupf (NG rthelaeutrdbgrouaps (N G) beingdsbetical.or different

30 fromyenip aneiheraldl degRU0RANY p¥REAINE): Oldamic sesidHeS AR dicaments, in
unmo ifi?d- the r?sg ctive mci[lar ractions of cationic %(%Jps C
6 a.

, );
R ShdUrc e e (R BB Eny R QRO e anscermal
igitapeTiteacbing Sudsctabral raflofiislrimmontdmpretigietedudngmmor, or even
AbingHAtion Yolume ofl, aasal qjﬂﬁ@ﬁhl?qffe@g%{ti%% Bléh@?dr@&%@,d(&i&la process
' inci ‘AP) to t olymer obtained in, step 1,
s A R R R
the colloidal solution of said polymer, and wherein the step of adding the 7
RET&l pilePESORI PE KN eF iTHE dialNTi@ o the final therapeutic
use of the formulation (for example, 30 minutes before). The invention
Iso relates to a process for the preparation of medicaments, in particular
I% BYf&R%eral, mucosal, subcutaneous, intramuscular, intradermal,
transderithalpresintr dperiiptienl teittractrebral agrminisiatiofestood to mean a group

RIENRISH AHRBAND 2 JUNPR OFEVER AMPISHAIGRDLY B R AmfidP8koups or one or

uImonz%(r?\{hvagginal or ocularIroute, sajd process ﬁcon_S|sti g essen |aII¥ in b
emplaying at ledSt RE 18 nuTafidiaS @ HBES HBPSI N DEFAIRER® Sroup will be
WESCRIPTION OF PHERWENTIER: 10 Definidbasiuathanresenpnium, the group

wiglseeipiapedhe devprHcatioRicsGredRyis UPEErRiOA It MRRELR BAIH: 1 to 10 carbon
a@g%glently linked to a glutamic residue comprising one or more amino

groups or one or more quaternary ammoniums. In cases of an amino
functidRaPgRIGE: theGrowH I the M A Rz at aHydsFiBefbin iecan a group
K apinyoases dfaapquatemmantaimmositig, dhel g@und include, for example, groups
obtained by condensation on the carboxyl group of a ghutamic residue, of ethanolamine, of
an alkylene glycol or of a polyalkylene glycol.

The term "pharmaceutically acceptable salts" of the polymer according to the
invention, is understood to encompass all the polymers with counterions associated with
ionized functions of the poiymer.

In the present description, the term ‘"solution" is understood to mean a
homogeneous solution of solvent and polymer in the form of individual chains.

In the present description, the term "colloidal solution" is understood to mean a
suspension of particles, the mean diameter of which, measured by the T' test, is less than or
equal to 0.5 um.

In the present description, the term "easily injectable formulation” (for example, by
the parenteral route) is understood to mean a formulation exhibiting a dynamic viscosity at
20°C of less than or equal to 1000 mPas. Preferably, the dynamic viscosity of the
formulation, measured at 20°C, for a shear gradient of 1000 s™', is preferably less than or
equal to 500 mPa.s., preferably of between 2 and 200 mPa.s, for example of between 1.0
and 100 mPa.s, indeed even between 1.0 and 50 mPa.s.

In the present description, the term “small molecule” is understood to mean

molecule whose molecular weight is less that 1 kDa, in particular a non proteinic molecule.
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will be ionized at any pH. Unless otherwise specified, alkyl radicals exhibit

1to 10 carbon atoms. In the present description, the term "neutral group”

is understood to mean a group not carrying a charge at any pH between

3 and 10, and include, for example, groups 20 obtained by condensation

on the carboxyl group of a glutamic residue, of ethanolamine, of an

alkylene glycol or of a polyalkylene glycol. The term "pharmaceutically

acceptable salts" of the polymer according to the invention, is understood

to encontbassredtthelpsivipters, with countgridfis iassediateddvith ienizate pH of a

finciomsnofRe PRI ale %@Rﬁlgg present description, the term "solution”
is undé| Et)god to mea homog eous sql (]},é on of solyent and polymer in

the form SFindfivitlia %ﬁ%\r’r%ml?ft YT nPdEscrd IS I 8P cotfAadle pH of
rsepiRiéHion UriErstodinn asad en sobpeesit dftpantivtdsyting the&rtest:

diameter of which, measured by the T' test, is Iess than or equal to 0.5 m.

}Pneier&ahi‘;{tetﬂlﬂué MiSeosItWOf the (fﬂHHﬁQ’iﬁﬂm]ﬂWe@@M@ﬂr@t @@@Mﬁf{ sodium
c&i%ﬁ%@ QM%H{ {~B‘ ﬂ'lqoépkﬁr Lalfase §{ §E’ zéeécg&h)?%lg P i }fnb e)(dromde solution

rerera r%{ of between 2 an 0 mPa.s, for examp

a.s
A %éegon%i*ﬁ?@%ﬁ PBad fndddd %%)BH%M%%PF%%% Stpaph araahe 0.8-0.2 pm
fPtesdritislesiotiption thee teratetmal moleddlstdsuuntipistoddtteohngan, the change in

Mgl whnseimalealaLWeighbisi9 ?ﬂEqui(b R %9@1@&&‘ lar A%ion of the pH

inic molecule. 8 In the iptio erm
S o A R ?ﬂﬁﬁ AT T———
nﬁeqiréwm@émumidﬁ) b RsraLIgHee tbmwdérstoﬁd%m phban tegHef sorbance

sneReipHatioratadorauipion hasedenpglymer PO determined using the
P test: P test for measuring the pH for precipitation pH* by measuring the

absorbance at 500 rim: A concentrated solution of polymer PO at | or 2

mg/miBABeGHRTERSHgDinEN Sisbamicsoremierisrl sy s tengerdogyl to mean
aadglitionue fraettimagichprichi M) sogivmr hydiaxidealtioncand is dﬁfiﬂrmh) 0.01 M

ﬁ%ﬂ@%f%&@éd%feﬁ@o%%‘%”o eﬁﬂgﬁ?&ﬂe&%&éﬁ;ﬁjﬁlﬁﬁ{g&%a’% inr ghmrxdc, (PBS

filter. This solutjon is_then titrated solution,
ffﬂ@éﬂgﬁ‘ﬁg it B<HbYh L APBEGHA Bl SBbf polymer PO being

recorded as a function of the pH

In the present description, the term "An" is understood to mean the number of
moles of sodium hydroxide necessary to bring 0.5 ml of the colloidal solution comprising
1 mg of polymer PO from pHf to pH*, wherein said number is obtained by the
conventional acid/base titration method TM:

A 2 mg/ml concentrated polyelectrolyte solution comprising 0.15 M of sodium
chloride is brought to pH 4 by addition of acetic acid or 1M sodium hydroxide solution.
This solution is subsequently titrated with a 0.05 M sodium hydroxide solution, and the
change in pH is recorded as a function of the volume of sodium hydroxide added. The
determination of An is performed by simply reading the volume of sodium hydroxide
necessary to change the pH from pHf to pH*.

In the present description, the physiological pH is defined as being, for exampie,
equal to 7.2 £ 0.4,

In the present description, the term "polyelectrolyte" is understood to mean a
polymer carrying groups capable of ionizing in water, thereby creating a charge on the
polymer.
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of said solution using a device of the Perkin-Elmer Lambda 35 UV

Spectrometer type. The 15 pH of precipitation (pH*) corresponds to the

value of the pH at which the absorbance suddenly increases to reach a

value greater than 1.. In the present description, the tern "test buffer

solution Tp" is understood to mean an a?queous medium comprising 30

mg/g, of bovine albumin fraction V (Aldrich), 0.01 M 20 of phosphate

buffer, 0.0027 M of potassium chloride, 0.137 M of sodium chloride (PBS

from AlHitishYane € 0ifny tfcaramoidinfaacetREEAldrich). In the present
description, the term "An" is understood to mean the number of moles of

sodium hy roxrde necessary to bring 0.5 ml of the colloidal solution

comprisitRf U 1 b LPSBRFAT P SR it taegRveRiRBraridald Rarbainisirated,
ijsadpedinedsBy the2(fonlehtioatadasid/pasle thfatiqnavipthochT M theangfrdticles, the

W@%&@M@tﬁﬁmm@ sQlHonLomRTsIRE-Q 1R M[‘?‘S%Oéﬁtm
chloride is bro%r tto %%y dition of. acet acid_or ium

;,drox.are R R R TS e el 8 Gayercrmine the
odrahaehyarﬁmewmtm anththe 80 chbingethe pleismeteiniedods diaction in the
s&p&ﬂ@g@@f}m@w@w@r@@@ummydwlde added. The determlnatron of
Anis 0 ly. the me. of sodium ydr
neces@z{gy{%égﬁ%eéﬂr I{I—?? mgl Vﬁ?tJ %]h Iir? ﬁtegptlrﬂesynt d(eélcrr tion 200 pl of rat
$H&Physiological pH is defined as being, for example, 35 equal to 7.2
0.4. InRbwecpaagdat fde SCtiptibmitiRiers "polyelectrolyte” is understood to
mean & SRUTELEAIMDHIRUPSSAORRIE SLINENLRNAIPL BN potymer PO,

.creating a c arge on the polymer. 9 O test for measuring the retentio

St BT R ACV e ¥ Bia lordfiratitn SRS rBinG o thaemviariti shear degirodynamic
d@lhetadmrnrstrated 5 is added at 25C to 200 | of a rat serum pool. After
precipitation of the nanoparticles, the free protein concentration in the

su ernatant js easured E ISA est By re eatln th a etestfo
P Dlaap t!' tm a5 : ; t1 _;. g e s{elaqtic lio

sspsteatBeEbn volume for which the free protein molar fractlon in the
supernatant is found to be greater than 10 %. 10 The retention factor, RQ,

is giv h%y E&e \/*. VO O 20 rum. For
exam e, for n? o In 05 %Ttgice)\)% e%h elillzol%?leﬁ according to the

lﬁgrﬂeréglamﬁewotaar Retiontst mgﬁﬁ@t@@éd Gefined below:

Polymer solutions are prepared at concentrations of 1 or 2 mg/ml in 0.15 M NaCl
medium and are stirred for 24 h. These solutions are subsequently filtered through a 0.8-
0.2 um fiiter before analyzing them in dynamic light scattering using a device of Malvern
Compact Goniometer System type operating with a vertically polarized He-Ne laser beam
with a wavelength of 632.8 nm. The hydrodynamic diameter of the polymer nanoparticles
is calculated from the autocorrelation function of the electric field by the method of
cumulants, as described in the work "Surfactant Science Series", volume 22, Surfactant
Solutions, edited by R. Zana, Chap. 3, M. Dekker, 1984,

In the present description, the term "nanoparticles” describes the particles which
have a mean diameter of between 2 and 500 nm according to the T' test.

L test for measuring the release of the active principle:

30 ul of formulation are injected into a cube with a side length of 1.5cm, of
polyurethane/polyether (PU-PE) foam bathed with a flow of 2.83 ml/h of an aqueous



10

15

20

30

it is preferable to use is the T' test. The result of the T' test is a mean
hydrodynamic 15 diameter. T' test for measuring the size of the
nanoparticles by quasielastic light scattering: 20 The mean hydrodynamic
diameter of particles of polymer according to the invention is measured
according to the procedure Md defined bBlow: Polymer solutions are
prepared at concentrations of 1 or 2 mg/mlin 0.15 M NaCl medium and

TApE ST 2a2h Oriiese @ohatiors Abersibsegtiently fithdehth®0gMaf phosphate
Hh8ei0 2 WDTikebbeivies analyzing dnem By dynemisdiight SaaHaEnoRISIRGA Aldrich)

Aavies QfM%'FSmﬁﬁﬁ{‘g’%ﬁe N9 mﬁefssapﬁstﬁeg“aty& one g}'%ﬁﬂ%ﬁv@n from the

vertlca ly polarize aser bearn with'a aveleng

cPREMoRRATamRd disREtE b FERECBLRfTEs R aMB PRIt e8alzed byl BB A.
from the autbeorpelaticda ftangtion dicth@oeleofipfiattnby thaimethodief concentration

rﬁgﬁgﬁgé@ﬁr %WQ@@%&E}&Q@&NQ{& tl%ugé@eﬁt%&(f'S? ?oﬁ%lgglea\égg"g}eaddmg the
i

rfactant Iutlo ited by R. Zana, C Dekker, 1
?é“ﬁ? eeBPé’g %@?8%;953%6 Wfé?ﬁnwﬁ}éﬁ@b’%{’mcles" describes the
particles which have a mean diameter of between 2 and 500 nm
accordingria e Tndeshd B@S{%@ﬁﬁ'@@ﬁ%ﬁ'n&éh%ﬁ%l S hihgAcHE o protem or a

r|n h?f 50 | o formul tlon are | njecte e, Wlth\kﬁ side le
%gc% O poly O rétiane po?yeatlger)é??@ E ésiﬁ rf%ﬁﬁe?ll th B°H (Way of may
@B@mﬂd@ﬁénf@me@a@qeyrﬁe%ﬁm eonprisiig BO ryistbl boviseoups.
albumin fraction V (Aldrich), 0.01M of phosphate buffer, 0.0027 M of

potas i f sodium r|de PBS from Aldrich
Lo e R Tl Sty Bt T e wowr

%ﬁ?‘%ﬂep%‘i‘ﬁm&%gﬁ‘ﬁ%{&’é ﬁﬁﬂlﬁ]@ ﬁ%t@ﬁt@@meﬁw {hasddsaarplasyEh respect to
thaglyradibyRliisAahd iis thestrossiblé tie plobthe fitwopbprotgieupyin the v position

Shviding,the;congentraiion measuied by the flow rate imposed and the

of protein re ased by adding the values determined for each

total
of thel\fg?%éf&g%}%% E\I\?i}h‘ﬁ‘?‘t‘ﬁe rﬁléﬁnﬁﬁﬁ%f SRR SESHthe Beprn groups are
graidedior igmotes gdysoteinonps, [0gbeptiteywhethaidirookgepéptide or a

polypefﬁw@aaplakergtﬁmr@& @ep&aﬁgﬁsra%yree&m%ma %ﬂrd? My With &
R e D B A e o
Ared %%%ﬁt?&@ﬁa@}‘ ﬁ%@i@@’ﬁ%aﬁ iEStbamalyAHat said group is a side
group mithréispastde alternative form of the invention, the cationic groups (CG) can be
selected from weak bases, the half-neutralization pH of which is less than 7.0.

Such cationic groups (CG) are obtained, for example, from histidine derivatives
selected from the group consisting of histidine esters, preferably the methyl ester and the
ethyl ester, histidinol, histamine, histidinamide, the N-monomethyl derivative of
histidinamide and the N,N’-dimethyl derivative of histidinamide.

In this case, the values x, y and z can be such that x is between 0 and 45 %, v is
between 2 and 30 %, z is between 40 and 98% and 1-x-y-z is between 0 and 50 %.

It 1s also possible that the values x, y and z are such that x is between 0 and 45 %, v
1s between 2 and 30 %, z is between 40 and 60 % and 1-x-y-z is between 0 and 58 %.

It is also possible that the values x, y and z are such that x is between 0 and 45 %, vy
1s between 15 and 30 %, z is between 40 and 60 % and 1-x-y-z is between 0 and 45 %.

If the polymer PO does not comprise neutral groups (NG), it is possible that the
values x, y and z are such that x is between (0 and 45 %, y is between 2 and 30 % and z is
between 40 and 98 Y.
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15 the glutamie residues and is a substituent of the carbonyl functional

group in the 7 position of the glutamic residue which carries it.

Polyglutamates of the invention also carry cationic groups. These groups

are grafted or linked to glutamic groups, preferably via an amide or ester

bond. Preferably, the polymer (PO) exhibits a structure

pGlu(x)G1I(r)CG(Z)NG(i_x_5, z) with a 20 total degree of polymerization

(DP) ofbeaidées t5rapid3 00 preferatilyof G thedvgndomritie 280 @md groups (CG)

ot peaterablystiligfLatwrRencARPARA 250 ACHRIFIRGIAAN AMSIDALNE or at lcast

fﬁ’éné‘tp%f thg isrév%ggigqfﬁtheeu gﬂgr{l% Igf;rci%%i&%G can be;[ sgjlec from weak
ases,r%ﬁe%alf-_ne_u%raﬁlza Ion'pH 0 Rvhith' s eSS thahR 7.0"8uth cationic

groups it \CaHO Rt SHEI ol (Exansgie, Brone biinaihelwerviivelolpsving  precursor

<etgctediffom the group consisting of histidine esters, preferably the

methyl ester an ] éq idinok, histamine, histidinamide, the.

N-monomethyl gefﬁ\%gﬁ\%%g‘%%% ﬁtlr%%e&e%}t t%%kﬁﬁél”-%ier}neerfﬁw putrescine,

derivative ofhistffi&HHitke. In this case, the values x, y and z can be such

that x is betweentizandm&bopdsdbetwben:g and 30 %, z is between 40

and 98% and I-xssEds heieen L80d:39%p, 30 Itis also possible that the
values x, y and z are such tha%:x is petyeen.0 and 45 %,&gﬁis between

) 2 .
and 30 %, z is BELTEEh A AR SFA ARG Lk-3PATRBRAGEEAS SHg 58295, 9f which is
is also possibleptati thy vhiesdayngntia aké suchytiat xigibiewvereortitang:, bonded

45 %, y is betweemd huaind BRMoRISHENERMAR 3B and 1-x-y-z is

between g.and 45,%. If the polymer PO does not comprise neutral groups
{ I : :
(NG), ?tnls f)socs%sl ’%lﬁ%ﬁ}%ﬁé g {a uzega% %/eésﬁlahztt%ar‘% such that x is

between 0 and 45 B%%38 bR&Eer 2and 30 % and z is between 40 and
98 %, 11 Acceordibgitaandther altesnative form of the invention, the

cationic groups f%?%a‘f&nd%% %?'@@Sﬂg?ﬂ%%ﬁeﬁ"é@i&‘%aﬁ@ﬂ BRALICASE 15) 0,

one quaternary ammaonium or at least one strong bas

half-neutralizafin PR RRTFhRF 5 fEaver trikespondaec Hisorldigraapgercentage in
(CG) can be obiairiedefrdim the fallaivipg prdtytedne Taarpoiinds: a linear

diaming ﬁ%@%@%?ﬁ:@eﬁ GRIDORE s RIEfRRPlY PULRSCRG. - agmatine, -
ethanolamine bongded wa;%;eﬁ\qlgyg e{z% - choline bonded via the oxygen,
a

10 - an ester'o)l('g a8 8 amino acid, the side chain of which
is positively cliapdwtveeneuaral psl %ke. lysine, arginine or ornithine,
bonded - z 18 greater than or equal to 20 % and is between (x-10) % and (x+15) %,
- the number of neutral groups corresponding to the additional percentage to

reach 100 % and optionally being able equal to 0.

It is also possible to choose the values x, v and z such that x is between 10 and
55 %, y 1s between 2 and 30 %, z is between 10 and 55 %, and 1-x-y-z is between 0 and
60 %.

It is also possible that the values x, y and z are such that x is between 10 and 20 %,
y is between 2 and 30 %, z is between 10 and 30 % and 1-x-y-z is between 20 and 78 %.

It is also possibie that the values X, y and z are such that x is between 10 and 20 %,
y 18 between 15 and 30 %, z is between 10 and 30 % and 1-x-y-z is between 20 and 65 %.

If the polymer PO does not comprise neutral groups (NG), it is possible that the
values x, y and z are such that x is between 10 and 35 %, v is between 2 and 30 % and z is
between 40 and 60 %.

Advantageously, the polyamino acids according to the invention are, e.g.,
o-L-glutamate or a-L.-glutamic homopolymers.
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via the amine functional group in the a position. In this case, the values X,

y and z can be such that: - xis between 10 and 55 %, 15 - y is between 2

and 30 %, - z is greater than or equal to 10% and is between (x-10) % and

(x+15) %, - the number of neutral groups corresponding to the additional
percentage in order to reach 100 % and-bptionally being equal to 0. It is

also possible that the values x, y and z are such that: 20 - xis between 20

and 531 catiogibegiounn whiehl &8 be, uszdsigréatetiahalivorebejamiato 2GWes in the

Paadis ih@ﬁg&@ﬂ a(?@é(@n‘éﬁ:ﬂﬂﬂ fﬁiﬂfé)@%,ﬂdﬁﬁd’ﬂérﬁ@&%&f NRULRLG 0: |
correspongding 1o additional percent to reach 100 % and optiona
peing able oAb [ A ESLISTRIES AR SRARASP R esers
such that x isi3eteraly 1hamachsloesiers sdwdensthyhegeohistginol, histamine,

between 10 anetbinmidndHeNyrzdsobeiiher dediantl a8%isidmalatle and the N.N-
possible that %%M%vaé‘d@@%ﬂﬁ{ﬁcﬁﬂ%@eat X is between 10 and 20

%, 30y is between'2 and 30 %, z is between 10 and 30 % and 1-x-y-z is
betwe 9nd 78 %. It is also possible that the values x, y and z are
such that % istbetivBenwii@ gmat20 smylis between 15 and 30 %, z is
between 10 and 30 % and 1-x-y-z is between 20 and 65 %. If the polymer
PO does not comprise neutral groups (NG), it is possible that the values x,
y and z are such that xis between l&a&d/ 55\%\@!@ between 2 and 30 %
and z is 35 between 40 and 60 %. Advantageously, the polyamino acids
according to the invention are, e.g., a-L-glutamate or a-L-glutamic
ihevhagholymers. 12 The cationic groups which can be used to
functiopaligg,glytamate residues in the present invention are identical or
differept from one another and correspond to: a histidine derivative

select d??Br#‘?QﬁEdﬁ%%pP{:%gi@ﬁng of histidine esters, preferably the
methyl-ester lamatHé ety Castak yhistdimsiomidtamibetithdhistiginaidaothe carboxyl

N-monesgthyhderivative @thistidinamide and the N,N" - dimethyl
derivative of histidinamide or have:

Thus, the cationic groups which can be used in the present invention can have one
of the following formulae:

- -NH-(CHy)w-NH;", Z” in which w is between 2 and 6, and preferably wis 4,

- -NH-(CH;);-NH-C(=NH}-NH;", 7,

- -O~-(CH;»-NH;", 7',

- -O«(CH2)-N(CHz), 7,

- an amino acid residue or an amino acid derivative of the formula:

R‘E

in which:

- R'is an alkoxy, preferably —OMe or —-OFEt, or -R! is ~NH;, alkylamino,
preferably -NH-CH; or ~N(CHj3),;

- RMis (CHy)-NU5", Z, ~(CHa2)3-NH-C(=NH)-NH;", Z", (CH;)3-NH;", 7;

in which 7 1s a chloride, a sulfate, a phosphate or an acetate, preferably a chioride.

For example, the cationic groups can have the following formulae:
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the following general formula: x ivr3 ,a 10 in which: X=0OorNH Y =
independently Il or CH3 L = a linear (C2 to CO alkylene optionally
substituted by a functional carboxyl 15 group or a derivative thereof.
Thus, the cationic groups which can be used in the present invention can
have one of the following formulae: - -NH-(CI2)w NH3+, Z- in which w is
between 2 and 6, and preferably w is 4, 20 -
“NH-(CH2)4-NH-C(=NH)-NH34, Z , - -O- £H2)2-NH3‘, boo |
-O-(CH2)2-W(CH3)3.R}-, - an dmino acid fesidue or afi"'gmino Agid
derivative of the formulg: 0 R'-N R13 25 Hin which: - Ri is an :
preferably -OMe or -OH, or -R14s NH,, alkylamino, preterably {NH-CH3
or N(CH3)2; R13 is -(GH2)4-NK3.1-, Z-, -(CH2)3-NH-C(XNH)-NN3', Z ,
-(CH2)3-NH3+, Z ; 30 inwyhich Z}is achloride, a sulfate /a phos /hat NOr
an acetate, preferably a chloride. For exarqple, the catignic grotips can
have the following f8FfiIEe: 13 chieHI HI Rind NH', a CHNW3',a' i
Hhonobmine Choline NH3,Cf NH N/1, H HN Histigli utrescinstidine

i i i P i derivatives
derivatives Agmafine uhrescine )
NH," O
Agmafine
HN HN N
COR, COR1 coRs
NHy" O NH
NH, 7 Ct Omifhine H

eder oramide

lysine Nk, O
ester or amide

Arginine
ester or amide

in which -R; is an alkoxy or alkylamino group, preferably -OMe, -OEt, -NIH,, -NHCH; or
-N(CH3)s, and -R; is a hydrogen or -CH,OH or ~C(=0)-R".

According to a preferred embodiment, an inventive polyamino acid comprises, on
average, at least 3 hydrophobic groups (GH) per polymer chain.

Advantageously, at least one of the hydrophobic groups GH is included in a
hydrophobic graft comprising at least one spacing joint (or residue) (spacer) which allows
linkage of the hydrophobic group GH to a polyglutamate chain (for example, a
polyglutamate backbone main chain). This joint can comprise, e.g., at least one direct
covalent bond and/or at least one amide bond and/or at least one ester bond. For example,
the joint can be of the type of those belonging to the group consisting of: "amino acid"
residues other than the constituent monomeric residue of the polyglutamate, aminoalcohol
derivatives, polyamine (for example diamine) derivatives, polyol (for example diol)
derivatives and hydroxy acid derivatives.



10

15

20

25

30

35

HN HN HN COR, COR, CORI NH,', a' NH NH3','Cl er orore Ht / Lysine

NH3'a ester or amide Arginine ester or amide in which -Ri is an allcoxy or
alkylamino group, preferably -OMe, -OEt, -NH2, -NHCH3 or -N(CH3)2,

and -R2 is a hydrogen or -CH20H or -C(=0)-R'. 5 According to a

preferred embodiment, an inventive polyi@mino acid comprises, on

average, at least 3 hydrophobic groups (GH) per polymer chain.
Advantégesalipgatieds vne i istutaydaspiohic@roupsi@His inelodédliprecursors

tBafyaraphiokici gl copnpriaingat lgash one spacing joint (or residue)
(spacer) which allows 10 linkage of the hydrophobic group GH to a

polyglutamate chain (for example, a polyglutamate backbone main chain).
This joVHE SARCERAPTISE (1. 2 iBapKasHecdinaet vedvenb ressondoanagrcsad from the

deagt onsiatitige bandhahdiad abigast onecasier bend. fhesR¥ANRIE otbekilled in the
4gint can be of the type of those belonging to the group consisting of.

"amino acid" residues other than the constituent monomeric residue of
the polyglutamate, aminoalcohol 15 derivatives, polyamine (for example

diaminyaedivatiices, jpofyok fenixainpiet diohydephatiuegrangd Bl hydrophobic
@ald &ﬁﬁ%@g%@ﬂ‘ﬂg Theogratting.ef GHs to a polyglutamate chain can

involve the use of GH precursors that can be linked to the polyglutamate

chain. The precursors of GHs are in practice, and without restriction,
selectéddpehiiepBaisup wonsistrmycotdieotigisanil amines;fwliickelxaed from the
@aspydasctiapalized one skilled in the art. According to a preferred

embodiment, ahydrophobic, grou H,of a hydrophobic graft comprises
ot & LU0 B S b (LB B e PoLR LK G o least one

advantAgeERIy R AR etlayss erechetFaithe group consisting of:
linear O branthea G thtol 30 alyskwiichican eptionalbhenmprsgatdeasteast one
one upsaluration ANRR"AldEaT IR NRISSATY
e Cg to Cs (poly)eyclic compounds which can optionally comprise at least one
unsaturation and/or at least one heteroatom.

The joints which form, with the GHs, hydrophobic grafts can be di-, tri- or
tetravalent joints (indeed even pentavalent and more). In cases of divalent joints, the
hydrophobic graft comprises a single GH group, whereas a trivalent joint confers a bifid
nature on the hydrophobic graft, that is to say that the graft exhibits two GH "arms".
Examples of trivalent joints include "amino acid" residues, for example "glutamic acid", or
polyol residues, for example glycerol. Thus, two advantageous but nonlimiting examples
of hydrophobic grafts comprising bifid GHs are dialkylglycerols and dialkyl glutamates.

The hydrophobic groups GH can, for example, be derived from groups chosen from
the group consisting of:

octanol, dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl alcohol,
tocopherol and cholesterol.
As defined above, the neutral groups (NG) can be selected from the following

group: a hydroxyethylamino- radical, a hydroxyalkyloxy- radical or a polyoxyalkylene.

According to another alternative form, the polyglutamates used in the present
invention can also carry at least one graft of polyalkylene (preferably polyethylene) glycol
type linked to a glutamate residue.



5

10

15

25

30

15 Cg to C3o alkylaryls or arylalkyls which can optionally comprise at

least one unsaturation and/or at least one heteroatom, and C8 to C30
(poly)cyclic compounds which can optionally comprise at least one

unsaturation and/or at least one heteroatom. 20 The joints which form,

with the GHs, hydrophobic grafts can bé ¥i-, tri- or tetravalent joints

(indeed even pentavalent and more). In cases of divalent joints, the
hydrophefieljrafthcobagkisercanfitiglo Grelgtonmiwvhereraing tidvtientrisimt invention
ceariers Sobifiglnatie: andhe hydraphekic Mftethdtds. to say that the graft
exhibits two GH "arms". Examples of trivalent joints include "amino acid"
residues, for example "glutamic acid", or 25 polyol residues, for example
glycerdfomnhpectarmdiavahtdbe aud sl npalrnitsedeimiigi@sesnt invention have the
thiidraphdbimgiafi:comprising bifid GHs are dialkylglycerols and dialkyl
glutamates. The hydrophobic groups GH can, for example, be derived

from groups chosen from the group cgnsistingggj. 30 octanol, dodecanal,
tetradecanol, hexadecanol, octadecanokzley! alcohol, tocophef@kand.-©H

also carry at least pne' , erably pal

glycol type linkgé
the polyglutamate

: E ) :
ccording to thei present ifpventian com

hicacid residues. More p |%ny still, theS
polyglutamates used i ent invention have the 5 fo owing formula
() OR7000OH OQHHD NN AHHOO gs POBOR90

in which:
= A independently is
- an NHR group in which R 1s H, a linear C, to Cy or branched C; to
Cig alkyl or a benzyi,
- a terminal amino acid residue or a terminal amino acid derivative of
formula:
—NH—8 —coR?
RB
in which:
R’ is OH, OR’ or NHR'", |
and Rg, R” and R"’ independently are H, a linear C; to Cyq or branched
Ci to Cyg alkyl or a benzyl;
* B is a direct bond or a divalent, trivalent or tetravalent bonding group
preferably chosen from the foliowing groups:
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GH 10 in which: 15 A independently is - an NHR group in which R is H, a

linear C2 to C1 or branched C3 to C10 alkyl or a henzyl, - a terminal

amino acid residue or a terminal amino acid derivative of formula:

-NH-C-COR7 RB 25 in which: R7 is OH, OR9 or NHR10, and R8, R9

and R10 independently are H, a linear G%to CO or branched C3to C 10

alkyl or a benzyl; B is a direct bond or a divalent, trivalent or tetravalent

bonding group 30 pfeferably. eNgSencfiGnalih folkowindgngracigstedBudof amino acid

-NH-, -N(C1 tp/&i5alitylr 20ANQ:A618 desidus ol AniPQiacig@eferably riamine,
of a natural amino. augg,ﬁ)f diol, of triol, of d|$rm|ne, of.érgljgnlne, of _
aminoalcohof of OFt}t r%x?/lé?&a HORSIAY FEATPIS B Irharbopatoms;

is H, a lindarl&%0tE1@ dinbrantheld C3itocTotuaytiyrdup-ot@ 6o acyl group or a
pyroglutamatgy> herdisiegphobic groups (GH) each are, independently of

one anothgr, hesen from: linear or branched Cg to C30 aék Is .
which can op%)r%é%%g glr%%lﬁs "3t Feégﬁﬁgaﬁ%lsgﬁwé ge g‘rl]%%%?%tq a%ie another, a
one heteroat8fRYPraTeIEbR10 and/or N and/or S), or C8 to C30

alkylaryls or arylalkylsuwbidiraamaptgnally gomgtisevaicheast Opgonally comprise at

unsaturation and/qé%ttlgﬂgt&ggt&%@gg%%p E‘?f rably 0 and/or N and/o
S), or Cg to C30 (poly)cyclic comé)ounds Wf(‘l)lg(ﬁ)h cgef% géglgngﬁglerggﬁg&gdrgﬁerabiy ©

15 least one unsatdlfoR aR4/8F 3t184st one heteroatom (preferably 0
and/or N and/or S§;ana Prefeialblydt leastydnkpiktherhydraphahiogidupsmprise at

(GH) is obtained, st one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S), or
¢ (s to Cyp (poly)eyclic compounds which can optionally comprise at
least one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S);
and preferably at least one of the hydrophobic groups (GH) is obtained, by
grafting, from a precursor chosen from the group consisting of: octanol,
dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl alcohol, tocopherol
and cholesterol, B representing a direct bond;
® Ry is a group selected from the following group:
- NH-(CH2)w-NH;" in which w is between 2 to 6 and, preferably wis 4,
- -NH-(CH,)4-NH-C(=NH)-NH;",
- -O-(CHy)z-NHy',
- ~O-(CHj)a-N+(CH;);,

- aradical of the formula:

in which —R'" represents —H, -CO,H, an alkyl ester (preferably —
COOMe and —COOELY), -C(=0)-NH,, -C(=0)-NH-CH; or —C(=0)-
N(CHs)z;

- an amino acid residue or an amino acid derivative of the formula:



10

5

20

25

30

grafting, from a precursor chosen from the group consisting of: octanol,
dodecanol, tetradecanol, hexadecanol, ocradecanol, oleyl alcohol,
tocopherol 20 and cholesterol, B representing a direct bond; * R70 is a
group selected from the following group: - -NH-(CHZ2), NH3+ in which w is
between 2 to 6 and, preferably w is 4, - tNH-(CH2)4-NH-C(=NH)-NH3+ -
-0-(CH2)2-NH3+ 25 - -0-(CH2)2-N+(CH3)3, - a radical of the formula: R
N NH2+ 35 in which -R" represents -H, -C , anxalkyl ester (preferably
- COOMe and -COOEt), -C(=0)-NH2, -C(=0)-NH-CH3 or -C(=0)- 40
N(CHS3)2; - an amino acid residue or an amino acid derivative of the
formula: 17 O XR12 -N Ri3 in which: X isx0- or -Nd-, 5 R12 is H, a linear
C2 to C10 or branched C3 to C 10 alkyl or b benzyl, -R'3 is
-(CH2)4-NH3+, -(CH2)3NH-C(=NH)-NH3+H-(CH2)3NH3-; the
counteranion. of R70 is an expedient group, in particular chosen from a
chloride, %ns%% , a phosphate or an acetate, preferably a chloride; Rgo
is a hydroxyethylamino-, a hydroxyalkyloxy- or a polyoxyalkylene; 10 p,
g, r and s &ré pbsitveNbtegers; (p)/(p+g+r+s) is defined as the molar
degree of Ryraiting ofitkerydroghpbichgretips GHAOH vares f@mr%ifp, 30
molar %, vide, t eaGhrcc - ehaighas;en a tdeast
three hy Ec?ghggbi?g%ﬁg?ﬁ %&%ﬁgﬁﬁl Szdaéglr?gjq 5% th,e@n%?;;q glc—?g’ree of
grafting BFtHE CAEEIHO ™ 8'gMduipt it CERRUSREHTE BP0 B8 RAdigHap; chosen from a
(p+qg+r+shivaidesafroifian) 49 BOhiptefarablychetwernfifianccRERdS;

(N/(p+a+res)Rigries FRMQIAKIMANBL, Yhydroxyalkyloxy- or a polyoxyalkylene:
" p,q,rand s are positive integers;
* (p)}(ptg+r+s) is defined as the molar degree of grafting of the hydrophobic

groups GH and varies from 2 to 30 molar %, provided that each copolymer

chain has, on average, at least three hydrophobic grafts;

" (@)/(ptgtr+s) is defined as the molar degree of grafting of the cationic
groups and varies from 10 to 98 molar %;

" (ptqtr+s) varies from 50 to 300, preferably between 100 and 250;

® (r)/(pt+q+trt+s) varies from 0 to 78 molar %;

B (s)/(ptgtrts) varies from O to 35 molar %;

and encompass pharmaceutically acceptable salts thereof.

For further details on the preparation and synthesis of polyamino acids of formula
(I) derived from histidine, see patent application FR 05 53302.
For further details on the preparation and synthesis of polyamino acids of formula (I) other
than those derived from histidine, see French patent application FR 07 03185.

Preferably, the hydrophobic groups GH and the cationic groups are positioned
randomly as pendant (or hanging) groups.

Generally, the general formula (I) described above should not be interpreted as
representing solely block copolymers but also random copolymers or multiblock
copolymers,.

Preferably, the concentration of polymer (PO) in the formulation according to the
invention can be between 4 and 50 mg/ml, in particular when the active principle (AP) is a

therapeutic protein. Within this concentration range, the formulation can be easily injected
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A (s)/(p+qg+tr+s) varies from 0 to 55 molar %; and encompass

pharmaceutically acceptable salts thereof. 20 For further details on the
preparation and synthesis of polyamino acids of formula (I) derived from
histidine, see patent application FR 05 53302. For further details on the
preparation and synthesis of polyaminol&cids of formula (1) other than

those derived from histidine, see French patent application FR 07 03185.
b25Preteliablyitthe hyebphiabietgrotips &khgid theaationid guigedrand even 29.

m@&eﬁ %r%H&'%!:35&?09%GQ?FM%Q@QQM@&'EQH‘pS Generally, the

general &éﬂ? escribed above should not be interpreted as

repreddAif HIBRKEEAERMr PBUTAES FaHdBn? dSpBRATISK gicording to the
1Mlmh}ock3130)cdpmymer§ Rrdfeitinhe/thie auhcentratioricofidelysnir P@en 5 and
1 ﬁl{@,{grmulation according to the invention can be between 4 and 50

mg/m| vge%rtlcular W §n the a t|v rlnc is a therapeutic gOtGQQP) to the

Withir! e SERCERRAtidN falSe’ tﬁ) ﬁ;ﬁf' r%é?{lb%f@zggﬂfﬁ iRjELt

HyRHERHIB @ﬁmoéygmanpdﬁarﬁ@mebefbﬁevm&@@h@@dlé &f Jdigeatiy Bnern also be
R¥eB:3Y.OExamples 2, 3 and 4 describe such formulations in detail.

Prefergg%lahe G Ongg rill ratlo@l g [%OI'le fOl lg)%rrgc%lg}(f A agO %dln‘lql ntion can
to the mventlo‘"h can be between b an ?and more pr%fera fi
CQBHAEEN/S andi\glent rﬁ@t}ﬁﬁwﬂa@aﬁ&%@@@ewftﬁ@m R-OF gl 2 molar equivalents

woheenpirationtaf molivecpricteiptai (AR atloaicgnegnt@inn of polymer
(PO) QngQt%aﬁinetﬁQ 9099%@&9 é'cé)ra-i'ﬁ% {gt{Re%n%ﬂt?(lﬁocB‘? cg tg\fgs%nadded Zn

1.2. According to an alternative he formulation acc

Ao PEORSHY Lk A, S BRAS moéabmvﬁwowh respect
theéhwarol ©.06ranvi2imolaf equirafeptsupittCiespadt peetheimolkarual to 0.5 eq., more

Mﬁ@@ﬁ%[?ttﬁﬁbgftﬁété@ﬁtﬁlwm@@a}ﬂ @r@am&zﬂk%ﬁ M%M}Hﬁ{@@emames chosen
cco gto the mventloni(c)ﬁéng?g ngrlse adde |vale ations in

R SpaltaR, YA FE IndIkT %f BRI eSpgL g the ethyl
eier mbsad B chiteanios. drehdbniaigrodbs b@@p@ﬁdq@ﬂﬁfeﬁb}w@mjalftblstldmamlde
Dbthe NINorgihbtpartiesiamy wvher dhe satipnic groups (CG) are obtained
from histidine derivatives chosen from the group consisting of histidine
esters, preferably the methyl ester and the ethyl ester, histidinol,

histarfhSEO A mRaEIh S ReTmB R arRyI B At ve lPRIdatRRMAgerding t© the

invention does not comprise added divalent cation.

The polymers used in the present invention have a molar mass which lies between
2 000 and 200 000 g/mol and preferably between 5 000 and 100 000 g/mol.

According to a particularty preferred embodiment of the invention, when the
cationic groups (CG) are chosen from weak bases, the half-neutralization pH of which is
less than 7.0, the polymers (PO) used in the invention exhibit a structure
PG GH G CG NG xeysy such that x is between 0 and 20 %, y is between 2 and 30 %, z
is between 60 and 95 % and 1-x-y-z is between 0 and 15 %.

It is also possible that the values x, y and z are such that x is between 0 and 20 %, y
is between 2 and 10 %, z is between 75 and 95 % and 1-x-y-z is between 0 and 15 %.

It is also possibie that the values x, y and z are such that x is between 0 and 20 %, y
is between 15 and 25 %, z is between 60 and 80 % and 1-x-y-z is between 0 and 15 %.

If the polymer PO does not comprise neutral groups (NG), it is possible that the
values x, y and z are such that x is between 0 and 20 %, y is between 2 and 30 % and z is
between 60 and 95 %.

According to another preferred embodiment of the invention, when the cationic
groups (CG) are chosen from groups comprising quaternary ammoniums or at least one
strong base, the half-neutralization pH of which is greater than 8.0, the values x, v and z
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and the N,N'-dimethyl derivative of histidinamide. 20 According to another
alternative embodiment, a formulation according to the invention does not
comprise added divalent cation. The polymers used in the present
invention have a molar mass which lies between 2 000 and 200 000
g/mol and preferably between 5 000 and; 00 000 g/mol. According to a
particularly preferred embodiment of the invention, when the 25 cationic

grobps(EiGhare sheaardrom wkma@%slst%t%@ﬂﬁ@%@ly‘@%% REREween 10 and
which is { e>§ %%Z%%th% 5e5r§/(PO) used in the invention exhibit a

structure p ¢i X_Yy_,) such that x is between 0 and 20
%, y isthi %ﬁ%%h'& §@fo}éwzv e e S E ardsashaindis beiweds 15 and 30 %,
betivereredhancthd 3084tk dlsevpessibinthas thewalugsyxy ysm@f[eiwﬁh 55 %.

that X if %&Y&G%&a@l&%&% % ¥aﬁ8§%<t;$[§4??9%ea§%%&%o pOSS b%‘ﬁ’_?%ei‘s and 50%,

d95CV l}f -X-y-Z Is between 0 Itis a .
¥h‘8 mses%? Py 7 Dre' S QERFRR i BbAR AR dntr 20 8 byriseeilard 30 %.
15 and 2819 ysbe e cloGOnand@0fesant dielyszoispbeM@gniandstble that the

valuddhe pehaer LR dogaNOLOAMBLISeIReH R 9 @%U{}’%s(i}é@e&f% RAFSIB'S; and 2 is
hf"lt the4 alug(?gdy and z are such that x is between'0 and 20 %, y is

etween % and z is 35 between 60 and 95 %. According to
another preferred embodiment of the invention, when the cationic groups
(CG) amriehosen Hawsgreps:een B%Eﬁf@:%@é%@%ﬂ;@h 'F(p'ﬁgé@%tzp%%é invention is
ne_str a he half-neutralizatio whic ater than
égﬁghﬁ%e %é ucsé%sﬂ%% Eﬁc} % 1%iﬁjﬁan€be suﬁi ]ﬁwnf f%q ?\R/ehe[h ig Agsgyartially or

SPRMEB I aHdedon,nstathepiledn 1harkcsorbrasidrresipities. Without being
teetieen KO thad-h510Mmal iscalspppossitie thad ﬁ’hﬁﬂtﬁﬂ@%ﬁ(oy ﬁ{@dlﬁlﬁﬁ%n induced by

Alehihalxis hgt ??@c%élﬁnﬂoehq e }'ié%rg’%gv g N % gr(‘) afol® o8 the polymers
between d 25 % and_1-x-y-z Is between 4 55, 51t1S a
DSt %%ﬁ#@’\‘/‘ tieg 5 aﬂﬁ’d}zﬂ&?e Eﬁ%ﬂqm%}s Peniddn &%n@lfsop/&seme of
lw@bzémleem@wd@@ %, z is between 25 and 50 % and 1-x-y-z is

30 % If th [ PO does not comprise neutral
S?Qﬁvs (N%@‘)‘?qtg R gﬁ%ge%%@ff%r%izf@?gt% gFatnR i the modified
ergbsmiQeand ﬁﬁl% mwﬁﬂe{t@@@“}ﬁfmﬂnﬂiﬁ tonand 24 Gemies)) é&a@ﬁl@im on the

X | a
e S ST
|

% partiaf s Y ARG AR AR AEHELRRAN 8P G that the
polymé&nipttelpittte smiiehngubeing! mainly be ionized at any pH below their pKa and

the quaternary ammoniums will be ionized at any pH.

In aqueous solution, the countercation can be a metal cation, such as sodium,
calcium or magnesium, or an organic cation, such as triethanolamine, tris(hydroxymethyl)-
aminomethane or a polyamine, such as polyethyleneimine. If it is divalent, the
countercation can salify two closed monovalent anionic groups.

The counteranion of the cationic groups is preferably chosen from the group
consisting of a chloride, a sulfate, a phosphate or an acetate.

If it is divalent, the counteranion can salify two closed monovalent cationic groups.

In the present description, the term “pharmaceutically acceptable salts” of a
polymer according to the invention is understood to encompass all the polymers with
counterions associated with ionized functions of the polymer.

The polyamino acids suitable for use in the present invention are obtained, for
example, by methods known to a person skilled in the art. First of all, it should be

remembered that the most widely used technique for obtaining polyamino acid of o type is
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restricted by theory, it may be supposed that this phenomenon of
precipitation induced by 15 an increase in the pH results from the
decrease in the overall charge to the polymers between the formulation
pH and the physiological pH and from the presence of hydrophobic side
groups. It should be understood that the2fesidual carboxyl functional
groups of the modified polyglutamate are either neutral (COOH form) or

bestdech (GO Eolamamtiepenting i tan2fopitidadihe BRI OStion, Sacribed, for
&%&Hﬁﬁe% &@M&%Paﬁé‘ofﬁﬁﬂ%@ﬁ@%d% ‘?fs%b“%mﬁ 8{9 % éf)by H.R. Kricheldorf

, amic acid or polyglutamate can bé used interc angea
SRR o Giind BRI o st AyeOR S Besinger Verlog
@%7énﬁlﬁffé%at@ﬂwatyampmﬁwabkva%@mmmhpy pHdthifl, ethyl or benzyl).

Wﬁ@l‘ﬂfﬁ]@@ %@@uﬁ&@q@@Hﬂﬂ%M@z‘%@nﬁge@ meidheato BOI%&E%I?SSZ{‘OI‘ obtaining the

€sium, or an organic, catign, such.as
er Iua%?]cl) amslcr?ecccrrls (Ryard Sg%n@t g%\ﬁ%ﬂ?%@ﬁ?gﬁéy %8 a%‘*‘l%ﬂjﬂﬂ’é @Yigh in patent
Hs- M@%ﬁ@ﬁ&fﬁh@eﬁlmkl@mlvalent the countercation can salify two
closedxrwﬂgwalﬁmha@mq)af@aﬁ&% ThreeuAteranien 9&@5@ 'Qgt‘ﬁe invention, for
hosen fra nsi or e

sulfa e, a qoﬁpoﬁ %traamr% c%?%gxg%g%? i dco\ji r?f?%h ufan&%}e naﬂd poly(y-L-
%Hﬁ@é WWO‘%%SW%H%W@@E% %ﬁtﬁ)‘fﬁ%ﬂéﬂéﬁﬁ@fﬂﬁr@ﬁ@ﬁresent
descrijitiercotiyditeyof thalhaceuticallynaeteptahle salts 1ol empoly @RIy carried out
weRoidin i he Jvenion iskndeislond o an Pm&%ﬁéaaln%@ %glgogg ¢ agent and

with c unte S associated with ion nctions ot the polymer

BOIPEANG § §S§1ﬁ{§ﬂhé%&%%@%ﬁ@ﬂ%’é&ﬁ%éﬁﬁdﬁ A SHRRREH, %@Irvcnt such
asxapieh jomethiods KNV toa-perseipskittiddnethENatP First ofialktltyl sulfoxide
(Shvgidbe me%la%sﬁhmﬁiethexmoswwde&é{ﬁﬁ%teCBYBﬁHSH&EﬁP&ﬁSQH@mde or

oI amln acid of a p 20, based an the polymerization
‘ﬁf Cgﬁ%ﬁ%lénélags ﬁ%‘/d%‘%%r&e(l\l A)grdgg%bésd $BF ﬁ%?ﬂﬁp@mﬁﬁff#é‘d by the
%ﬁb@%ﬁﬁ@é@@%lﬂ%&ﬁwﬁi@m oY thhe woekiby iR, Krédieldgrhobic grafts
fislpharAtpidonacid Noeanoxy ALkt e padfelatemhieieragyd8apling or by direct

0%855}95%{15/ [H &}g%g S;II'She NCA derivative is preferably NCA-Glu-0-R3
= metféF y or benzyl). 5 The polymers are subsequently

hydrol? d%@}&a%%ﬁﬁté%ﬁé}m@ﬁgqaalébt%ﬁﬁtr@ gieupbiyiepinail functional
goighfofrtheTihd senendthedsreinspireldabyding dasaripiondgiven ih padeRtsence of a

L S S I
O S GO BNk ) B 20 i)
with vafiatsieesveibbts, theecavma;blgrcupn meanpiatys two amino groups wh1ch are not
chemically differentiated (e.g., linear diamine), it can be introduced in a form in which one
of the two functional groups is protected. A final stage of cleavage of the protective group
is then added.

The polymerization chemistry and reactions for coupling the groups are
conventional and well known to a person skilled in the art (see, for example, the patents or
patent applications of the Applicant mentioned above),

Examples of the preparation of formulations according to the invention are
described in detail in the examples, to which reference will be made.

The characteristics of the formulation according to the invention stated above make
it possible for a person skilled in the art to select, from all the formulations based on
polymer PO, those which simultaneously satisfy the conditions (a), (b), (¢) and (d) and
which, for this reason, correspond best to the requirements defined in the preamble.
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The coupling of the GH graft with an acid group of the polymer is easily
carried out 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 solvent, such as
dimethylformamide (DMF), N-methylpyredlidone (NMP) or dimethyl
sulfoxide 15 (DMSO). The carbodiimide is, for example,

dicyclahexjittarbedisnitelpereisepsopyloadiecineide.(Ih eaagraeafdoes not form a
&ﬂ%@aq é%l%ﬁ%W%& ijffcg té%é)%dsﬁm%m EIOI E{}ILO\;HEUX Of the onset}tg% 1ting, at this
IC gra S ?u}zlmt d

and reactants or the réa tlon time. The hydropho ctionaliz

My ¥eldsagereale antahsebyusavEstonarpastudesubitgsheyhandcthe polymer
mongensationloylddd oatayisis r@hdibescoplingbétié icatiadienandmers at this pH.

0ptlonﬁ";§ ﬂ%ﬂ%ﬁ%&rw Bélmm@mc%mgﬂﬁﬂﬂhwuEomé%r&%%{s'%vhmh result
.carr ultaneo ﬁJ a Se ond stage in the presence of

S S o e e STt e A s however, be
@Mh@lﬂsmﬁmﬂefmm@pw OlitloNz:gNMEYicodindetisyh selfioxident means for a
ﬁ%}%ﬁ%liéﬁ%iﬁ; M@@e@& ﬁ%%@lgf@%&ﬁmi?g%ﬁlw%ﬁwaﬁ groups

wnic re not emlca erentiat In ne), it c

mtrodﬁ:ed1 T grirgrr](rir}]l|np Whi ¥| on]eatg %%Oé (fﬁﬁ IIE %P&Ttb %rmU?atmn according
tﬁr@l‘é&é@n’ﬁmr@a%ﬁ@éeéifeteﬂa%g@@ptwpﬂmmm@bmhsrnh@magh@al pH. This
i¥ hecpoty ez aticinghemisifyhanditeretions:{on aeeing e B RS8R and 1 mi of
1%9%\(3@} ﬁlt%}pl‘%t Sﬂgér’é‘%‘g 5 (Qn%lg)q{lscf)ge (lfb %gv h[e arlt—l( ele f%ss tthan or equal to

example e pate atent appllcatlons of the A pllcan mentione
&Ly %W%%SB Henp e drdiciorfdrmulations according to the

|nvent|on are described in detail in the examples, to which reference will

be made;38,FhaLhMRtalIstcs ’Qfo'ilqﬁi Q{Maatéggréﬁfgi ding 100 ion ; s to estimate

invention state it pOSSIb for a person Skilled in the art to
R TG CH ST B JFS BB 0 P B ey P Hioea iich
simultaneously satisfy the conditions (a), (b), (c) and (d) and which, for
atbﬂﬁd@@@@;ﬁaﬁ@éﬁﬁ@%@l: htsaltpﬁ r@%i@@%@ efined in the preamble

n tICU| rl) tlve I the form n does
%%{:1 o(?m %ﬁm ano ution af pHF, & ES?Q%[?] siul fdir? ﬁﬁ% "\t/vn ofetisly as a clear
marrgjlnapﬁaﬁ@?ﬂﬂtbmwa& gyéméwmbélmnmhﬁnﬁ@dh measured by

dpﬁmmefgltlfscme&h@g(ﬁ&@frcﬁlﬁgdofm% molwmefq rrecipiiaesdhayesisl Dem, preferably
RAisaPie fo:198IFARE s MMBELR! 2Nze rp@ng@}%s Al s P2 g%i is increased,

important to point out t at, counteri ntumve ,, Some Tor mEI]]atIOHSW

ﬁlEsiﬂquFPE&ﬁ’SfHQl%iﬂﬂBﬁé“éi?ﬁl‘?f“dﬁé}%ﬂ?%ﬁ%‘ﬁéﬁHﬂé?epﬁ BRNsideyidan or equal to
bl shpuitdofiowlepdr, he exdlied ol hsfmotdatibfying eondiioprd)pitings, is measured

£opglitian; (L ispcgnvenient means for a

b) determination of PF
Measurement of the number of moles of sodium hydroxide, An, necessary to bring 0.5 ml

of the colloidal solution comprising 1 mg of polymer PO from pHf to pH* according to the
T™M method.

By denoting C as the concentration of polymer PO in the formulation {expressed in
mg/g) and y the molar fraction of monomer of the polymer PO carryving the hydrophobic
side graft, the precipitation factor PF of the formulation is calculated by the formula:

pr =2
AnC

Examples of the calculation of the precipitation factor PF are given in the examples.
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person skilled in the art to select formulations according to the invention. It
is important to point out that condition (d) implies that the formulation
according 10 to the invention precipitates for a pH value less than or
equal to the physiological pH. This is because, after mixing 1 ml of the
acid formulation according to the inventizih and 1 ml of the buffer solution
Tp, precipitation should be observed at a pH value less than or equal to
the pH of the buffer solution, that is to say < 7.2. 15 A second method of

selectmg f% '?&é@ﬁﬁe‘%ﬁ?{%t%mﬁe M%Q (? tg) § r'r@t%ta%olﬁ% ac ordmg to the

preC|p|tat|o ctor P actor Is eva uate in‘the followin

IHYERUpReRre ARU PRI BRI taieS tiateBoteder 4¢ prfgagaieid gr@ipﬁf)o preferably of
chetwedmB Hilt] 6167¢reetalibigab Sotutien fhad 80 Withi AR exigisfaatdsclel of greater
1R&hligiyjd comprising nanoparticles, the mean hydrodynamic diameter of

which, measured by dynamic light scattering according to the T' test, is

less than or equal to 0.5 m, preferably between 5 and 500 nm, more
preferdbl§utisiwegediteendBtieuforwhletiahe pitisdngrdaséd; ithesdintion that the

rRESORIDG RS KIVESHeRFUshiRreGRiAIR Ioha-RI vRlusdessdian af physiological

ual tQ tl'{e g(%]olotglql H The alue H*for\/éénch the solutlorl) Py without,
preC|p aels measurec? ) accordﬁ?lg B the Pofe E)‘Céleteer%]l%% (OAf ) withou
hopMieadirrHuh s thansursbee ofinrere ohBddiuthengenoritgeaparticles. Thus, the

foraebsians eebsiagg. b e oftheicallaidal isQuiioncampisngdimgsafined release of
rding to,the 30 TM method. By denoting
RONIREL IO A tahp g P%CBPO A

C asthec mer PO In thé formulation (expressed in
mg/g) and y the molar fraction of monomer of the polymer PO carrying the

hydrofhebictsieepgirafipithd pFacipitatidarfabtoriRiscof therforheulaiiop isonsisting of:
{@H@teﬁﬁﬁﬁpﬁéﬁﬁn% foremd %onﬁeé\rloc on¥apPlgs,ef Hb@y%ﬂl%gﬁgog[ﬁfol chains

th t fact nij xamples..22 Ina specific
%%@iﬁé% 'é?ﬁ% %r.ﬁbf&ﬁ éﬁé@e E’#ﬁ%&}s gﬂﬁ)&ea}%w?mﬁas polysaccharides,
linveasgbarkles.ohizganteiized by poprecipitatiss fadtioriRErof gramtdr than

200, pselerably qfrgeeainr ihan 408, fH@%ﬁg@é@&@Bb’ QL HEeRIRERRNGE0 as epoetin

d mor ref ra Stl|| of ater han ur I‘ISI asge%loft
mula %Ir?s aﬁéogrg{ inG to é W?\I/léo |on 5t & neﬁ‘ltwor]il(‘il g"th G derivatives;

%Wéfsv\ﬁﬁ%ﬁ$§1fbrﬁﬁ3é§lnﬁe?iﬁ§€tﬁ@m?ebi§mi@ﬁa spphysislogieatpipctor, platelet-
dnakeab igposkiiectorsigDdown thecreleaseipf fHaakiyetRARERIGdAP)and mixtures

tﬂ@f@gﬂt’blood factors, such as alteplase, tenecteplase, factor VI(a) or factor VII;
hemoglobin, cytochromes, albumins, prolactin, luliberin, luteinizing hormone-releasing
hormone (LHRH) and analogs, such as leuprolide, goserelin, triptorelin, buserelin or
nafarelin; LHRH antagonists, LHRH competitors, human, porcine or bovine growth
hormones (GHs), growth hormone-releasing factor, insulin, somatostatin, ghicagon,
interleukins or their mixtures (IL-2, [L-11, IL-12), interferons, such as interferon alfa, alfa-
2b, beta, beta-la or gamma; gastrin, tetragastrin, pentagastrin, urogastrone, secretin,
calcitonin, enkephalin, endomorphins, angiotensins, thyrotropin-releasing hormone (TRH),
tumor necrosis factor (TNF), nerve growth factor (NGF), growth factors, such as
beclapermin, trafermin, ancestim or keratinocyte growth factor, granulocyte-colony
stimulating factor (G-CSF), granulocyte-macrophage-colony stimulating factor (GM-CSF),
macrophage-colony stimulating factor (M-CSE), heparinase, bone morphogenetic protein
(BMP), hANP, glucagon-like peptide (GLP-1), VEG-F, recombinant hepatitis B surface
antigen (rHBsAg), renin, cytokines, bradykinin, bacitracins, polymyxins, colistins,
tyrocidine, gramicidins, etanercept, imiglucerase, drotrecogin alfa, cyclosporins and
synthetic analogs, pharmaceutically active modifications and fragments of enzymes, of

cytokines, of antibodies, of antigens and of vaccines, and antibodies, such as rituximab,
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10 however, trapping this same active principle (AP) at the core of the
particles. Thus, the formulations according to the invention make it
possible to obtain both sustained release of the active principle (AP) and
good bioavailability. The active principle (AP) is preferably chosen from
the group consisting of 15 proteins, glyogproteins, proteins bonded to one
or more polyalkylene glycol chains [preferably polyethylene glycol (PEG):

infEGlated pEateiisah, PeRUHaS R SAERRIaS,, IRGSRGHRAIAES efalizumab  and

ohggnu%'eotldes polynucleotldes and mixtures thereof, and, more

preferably still, from the subgroup of erythropoietins, such as epoetin alfa, '
epoehﬂ‘b@ta%@%ép@émﬂ nemoplebitreaimisecthelidasaldys orathele heparin) and
@@dvaﬁquiﬁ@axytma, VASOPIEISK), Qﬁl‘eﬁocﬂﬁiﬁgﬁﬁﬁi%ﬂ@r@ﬂﬂ@ cells. Another
SRgea AR BAReld PRSI dekeh AR RCIR (FRCE AT the contea

stimulate ema opolesi ereo Od fac OI’S Suc

%V&l‘eép%{é@n%erf@&téwé%%lera&wm(&) o?furé@naﬁnwx Heglispiine. perphenazine,
foypentiromekamiperidisis, rofpictiondulibattaiteiniziogdporeionaralakiag sulpiride,
ﬂ?ﬁ{g&ggﬁe(l.alﬁlgqﬂ)gmg analogs, such as leuprolide, goserelin, triptorelin,

buserelin or 25 nafarelin; LHRH antagonists, LIIRII competitors, human,

porcine S B g ABWAH Y HEBRRSHRS D r St $H5¥Fn BHES Ble dsirighydrophobic,
ltadtophifisulin, snnmm&nn sghatagopaninterteliindcorttteirgnixtures e -Xamily  of

dhitlhe fo1ikd), ilQIfRsons sHp AR e e Aan lfa-RD . Meid, BeBebARE such as

astrin, tetragastrin, pentagastrin, urogastrone, secretin,
19‘&?6‘52%‘%% AR ﬁg SR SHEBRIHES R biotensins, thyrotropin-releasing .
hormoﬁ@c(lm%) 30 tupolivecrobiianis: (NP, grdwth fatiter  principle  is

diN@fggsavhdasiersfisych:as ahesirRperitg, ﬂfﬁmg' ANERSHIIY Qktive substances:
RTOrie BLa oSO AR S e R AR PSR ESRE disease

ranu ocyte-macrophage-colony s imu acto

eihspragesttioly é‘@ﬁﬂﬂ?&ﬂﬁ@ﬂia% &C{Rﬁﬂ%@ ﬁ@%ﬁ?ﬁi%@rﬁ@ﬁ@mms agents fox
ti’rmrpﬁﬁgmn&tl@fpﬂblﬂ@eéB MitjcANP aglucagentika pephaeitel Bnlitoagulants and

EME@T&HI%%@%%HIW&E%S% §1‘1§ gﬂ‘g&ﬁ? %&ﬁ%éﬂé? Sﬁ’x%)e %HH"!J antzglaucomas
‘ﬁ%ﬁ?nes bradyklnm bacitracins, polymyxins, co |st|nszwyrom Ine,

G Setatit Bftﬁmfglu@é‘faggmaroﬁ@eg@?ﬁ%ﬁa géb%r|ﬁ§%{??akm$0mans
ayivindticuned ogsnipluasines e widatyiactveydedificativbisoand fradimemtsubfr  agents,

@%ﬁﬁ@&rﬁés Cyto Efﬁ%ﬁfuﬁm@()d'%s%@ﬁ%g§ ns %ﬁl&ﬁo\{ﬁgﬁ' nes ’aﬂﬂgypertenswes
V%rg'([)lb% é%% 0 112'&951 Imab 1b1 nfliximan, tr?(s)tutﬁ?umt? adallmeualgll orders of th

iZUman tos ituMGman, efafzu gb SR CetQlimMan eSS L agsorders of the
C@@i‘ﬁﬁ’é Wfﬁ@lﬁlé%’%@@p@?@&lﬂéﬁ&@ﬁé%e(ﬁﬂﬁéﬁém@@hépﬁﬂnynaﬁdn‘@hg@tbﬁs fertility
rohioueleotidRecRNARNuki FRDIA, antibietias anedivingeelts. HRother Ratment  of
HRURIRI R A RHEIPIES FRIPRILSER Rharmageptical substances Which | iosis,

act on the centra )
agents for the treatment of erectile dysfunctions, agents for the treatment of fertility, agen.ts

for the treatment of gastrointestinal  disorders, immunomodulators and
immunosuppressants, agents for the treatment of memory disorders, antimigraines, muscle
relaxants, nucleoside analogs, agents for the treatment of osteoporosis,
parasympathomimetics, prostaglandins, psychotherapeutic agents, sedatives, hypnotics and
tranquilizers, neuroleptics, anxiolytics, psychostimulants, antidepressants, agents for
dermatological treatments, steroids and hormones, amphetamines, anorectics, nonanalgesic
painkillers, barbiturates, benzodiazepines, laxatives, psychotropics and any combination of
these products.

The formulation according to the invention can be administered orally, parenterally,
nasally, vaginally, ocularly, subcutaneously, intraveneously, intramuscularly, interaderally,
transdermally, intraperitoneally, intracerebrally or buccally.
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nervous system, for example risperidone, zuclopenthixol, fluphenazine,
perphenazine, flupentixol, haloperidol, fluspirilene, quetiapine, clozapine,
amisulpride, sulpiride, ziprasidone, and the like. According to an
alternative embodiment, the active principle is a hydrophobic, 10
hydrophilic or amphiphilic small organic 4olecule belonging to the family
of anthracyclines, taxoids or camptothecins or belonging to the family of

Dept'd%%céttﬁﬂga%'%Btﬂ@ﬁ%s%few ClOSRAUR.,ANG, AREUFES 16! rc?%fa process for the

ACCOI‘d]n t not er.alternative embo iment, tﬁ‘e active rInCI

95893’1»?{5‘5%8 Q@H%W%tq’éggﬂfaﬂ%fd?%@f&ﬁt&m&fa?ﬁ.ﬁ@&e%fﬁaftﬁ.@‘éeast one
sibstanivepl elﬁlammmmtrbmenmmmﬁaméewmdtstfovdhmd process
dreaiment ﬁfe@iﬁt@m@@é‘}iﬁease anesthetics, agents for the treatment of

acr aly, ana ntiasthmatics, for the treatme

alle g%gp Yﬂ% an!celp ager(is antllﬁﬂ"é?ﬁ%gt%%%g “HnticSSGTTARES r%da1 solution of a
antRPPGIHBEt esid i sman SBRts, aanteipikeptids vantitiiabetes fiantimrletidgactions of
antiglavgorpasip qm@}smmtwgﬁetﬁatm&@w@mami@ﬁwy afrethf@aggllgups (NG) and
ant d%lﬁalﬁp %?9[4%‘58 MANR Zs(t)lc nttlﬁé‘{o ne{gl aﬁtlty%sﬂ\tﬁ%io%armec1p1tates during

anhydrase ‘Infibitors, car diovascular agents, p0|p| emics,

antRFFBTIES avedBoNe06rs mirtfnigh RaTamenlyBendmsives,
vashprbtegtantsagtholinasiesgsénisiplbitai®) aogetsdomnibereatsbentaf in step 1, said
disqedets pfiheiConrlnel t%/%éé/étﬁe%ﬂmﬂt Qfetsh%tc Al RSN US ution of

system, contrac %ves fertility promoters, inducers and |nh Itors o
utetfh 3896}?658% s for the treatment of 25 mucoviscidosis, dopamine
receptdmagonisisl aberdgdostihecfehtmentofseadomitgosisthagentafion is that of

§B&1§@@8ﬁ‘§§‘?&frﬁ{ﬁ§¥i|§%%'%ﬁe§%msdéﬂﬁz%ﬂ@@@% pitess liB%‘t'ween 3 and

nts .for.the treatm nt of gas stinal |sord rs, | Iat
R G ST o DERRE SRR BEAHF L PR AREBITTSe polymer
@tinangt qinds, alﬁﬁi}%]@lﬂ@@%(ﬁtg )-nucleoside analogs, agents for the
treatmeht et VsteapaIPXS, Bﬁcm@gymhgaﬂim@gc&, PRGNS, can associate

iGagen Ve notics and, tranquilizers,
%?l{ﬁgl?eptlc Rﬁ@ﬁ%%’cs%g%@ ét PB {S, antide r%%sants agents for
dermatBIBg‘i?:%ﬂl Fédfﬁﬂé‘ﬁ&e%ﬁé‘t‘ﬁ?d% éh%l Wﬁﬁﬂ%ﬁésthﬁrﬂ%bt@nﬁ\ agnoparticles of the
ripeecticsy roms nalge S phinkillecsvbanbiftijatesi Beizodiaze pinesy simple mixing
@@%%%&&?WQ&E%?%%@X&M ination g omﬁsgoﬁ’ﬁggtfqﬁ' #R -[)Q?yeiectrolyte

the invention can be administered ora

lat ardin
?T@hgefg E@) i f\?éagtﬂaw Ie}trﬁiérfgﬁ:‘%?étﬁaﬂé@&%@%ﬁﬁ%ﬁvﬁo@gwwwon of a
¢ﬂﬁdnm§mérhntwner}ad@ramv¢ransd@mw)uraandp@ﬂt@nsaﬂyr (PO). Without being

ﬂéﬁﬁ@@t@fﬁbﬁ'faﬂhé&rybhlpﬁ?&y b%‘kt@ﬁﬁ@é’gl'ﬂﬁﬁQ}ﬁQ%%}%%@ﬁcésgB%ﬁfgﬁqgﬁes place by
hygent DB g]&&?&&%ﬁc 111%?1‘&0&01’13 between the polymer (PO) and the active
principle (AP). It should be noted that it is unnecessary, and often even undesirable, to bind
the AP to the PO nanoparticles via specific receptors of peptide nature or of
antigene/antibody or also enzyme/substrate type.

In a preferred embodiment of the process according to the invention, the process
does not comprise a step of chemical crosslinking of the particles obtained. Thus, the
particles obtained are not chemically crosslinked and nevertheless release the active
principle (AP) over a sustained period of time. This absence of chemical crosslinking is a
decisive advantage. This is because the absence of chemical crosslinking makes it possible
to avoid chemical decomposition of the active principle (AP) that could happen during a
step of crosslinking of the particies comprising the active principle (AP). This is because
such a chemical crosslinking is generally carried out by activation of polymerizable entities

and involves potentially denaturing agents, such as UV radiation or glutaraldehyde.
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preparation of formulations based on polymer PO for the sustained

release of at least one active principle, these formulations being in

particular those described above, said process comprising the following

steps: 5 1) preparing, at a pH value of between 3 and 6.5, an aqueous

colloidal solution of a polyamino acid p@gmer (PO) as defined above, the
respective molar fractions of cationic group (CG), hydrophobic group

(GH), aptianal ral,groups (NG) and. optionally glutamate being.such

that 1 %ﬂgﬁa @(%l#’ulg%or? %Fg(é?piggfg§%énu§nt§ ?nﬂ%/(igzévvevriltwg VOILHRESEE 1 step of

ARt dorreraBRIE S Wpé\j\]é{q@%) abdhsg aridderaniatenva order to obtain a
oimoibie (AR) te foenpofumiy (RG)iehtained in step 1, said active principle
associaag, DGO YA AEIRSOTING £6! ﬁk%ﬂhaeé%ﬁ%%ﬁfa@ge%gm for the

l
polymer (PO). An essential characteristic of t ocess accordin
HOLHRGH FSEASE O GpdrisinGBclg RFARGIPLT PARICIQETBREEE Widragsveder form
phﬁ@i}@té@la tﬁ{%lﬁiqﬁbbf\mria@iam doprésiapyusimploumixing ofiancoktoidaled above.
solution afparicdes QiR BOlRIESEIWERAMES R ANLOLIG AW ding to the
i%@”%f%'e 5@%}& Qeu%f.tt%'e/ pigllngllgles, sucg as ?rote_lns,l_peptldes or sm(zjjlll1 deatine
molecules, can assciate > $pSh ShELASS WAL B tPBY dren dehydrating it,
fob1amIPls Brity apbiiaptiatspecific implementation of the invention, the
loading ot nanapasiclesdf ihe1idpalyrlesHRM PRI ROLRY @R inhalation and

Gtive,pringi ‘] parried out by simple mixing of a solution of active
SN R %@‘%&%

principle” (AP) w colloidal solution of the polyelectrolyte polymer (PO).

This aSSEERAish 1R’ MK prpetar sHbieBas T iRl Shrelthiendiemtion pfasess for the

woyatetivionf] betdieem¢hs adtiveppriitciple (AP) paerikeapolnesiOkubeutancous,

Mthet Being nesiticiar By BaQNait IHQXpQ?iJ%%EEP %F %‘i@%‘%@? al administration or
ropho fostatic

nonspecific association takes place by 25 hy ic and/or elec )
%ﬂ%&?&éﬁ&ﬂ%&%&?{ﬁ@pm r QSO a: IHETReRVY: pitgdipleoratsyilfr route, said
whoedd bennistet thstertiglinnecasshryinanat oftest emenafndiesikabialddons described
44p¢: the AP to the PO nanoparticles via specific receptors of peptide
nature or of antigene/antibody or also enzyme/substrate type. In a

referred embodiment of the process according to the invention, the
g?d&@?mm&ﬁmpﬁwéﬁﬁBﬁ&emical crosslinking of the
particles obtained. Thus, the particles obtained are not chemically

rossli verthel release the.active princjple (AP).over a
e R ARG et 2.1 ol
HapERR Sioamisges Thisck Hemansis e apalng ddrdnattivas crodstmine 5 (solid
Imakes it possible to avoid chemical decomposition of the active principle
(AP) that could happen during a 35 step of crosslinking of the particles

SOTRIisINg the active principle (AP). This is because

1} Syntheses:

a) Comparison. Synthesis of an anionic polvelectrolvte polvmer PO carrying hydrophobic
groups (polyglutamate grafied with a-tocopherol of svathetic origin)

[5 g of an a-L-polyglutamic acid with a weight equivalent to approximately 16 900 Da
with respect to a polyoxyethylene standard are dissolved in 288 ml of dimethylformamide
(DMF) while heating at 80°C until the polymer has dissolved. The solution is cooled to
15°C and 2.5g of D,L-a-tocopherol (>98 %, obtained from Fluka®), dissolved
beforehand in 8 ml of DMF, 280 mg of 4-dimethylaminopyridine, dissolved beforehand in
1 ml of DMF, and 1.6 g of diisopropylcarbodiimide, dissolved beforehand in 6 ml of DMF,
are successively added. After stirring for 3 hours, the reaction medium is poured into
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such a chemical crosslinki.ng is generally carried out by activation of
polymerizable entities and involves potentially denaturing agents, such as
UV radiation or glutaraldehyde. 25 Advantageously, the process
according to the invention comprises a step of dehydration, for example
by lyophilization, of the liquid formulation, in order to obtain a formulation
in the form of a dry powder. The present Invention also relates to a solid

m ceutical formulallonf 4 ustal d relea of at least one
active ?m%%fp%er ,&) com nsg n/ta y ow er 13r % r?é?f SRctAgd (PH 2)- The

H’i’(f&iélféﬁ*?ﬁuPé’[]iES’P?f‘é’oﬁﬁpﬁ@ﬁﬁ@q&ﬁ“@dué’%ﬁﬁ@@@sbéﬁsﬁﬁfﬁﬁ@ml@ﬁéd\amﬁé Aith 0.IN
ldrgrpciviciés aakl bevobtaines ydbringi Q@l%bﬁrb@yldefﬁﬂin uidoponaaerdif@dBsequently

&ﬁgd'ﬂy%ﬂt'&%ﬁoﬁ@éﬁ 9&’&%%0@.[? ALH ?erghf?epc{ li%t% |n Vfltﬁ% g}nd b(%tamed The

then dehydrating it, for exam Ilzatlon vantageously

B é’%?rd“b??éﬂ‘ﬁ&c@ht?&%‘]‘%?ﬁ?&%f% GErQERHaERRNAlAtidA g% with respect to a
melimeyethy lzdenistisidatibn] e dovdingfterafiothesaspent] acstihjerdniatieroton NMR
Sdhe Rygntion is aarpegss for the preparation of medicaments, in

partlcular or parenteral, mucosal, subcutaneous, intramuscular,

intradermal, transdennal, intraperitoneal or intracerebral administration or

15 admlnlstratlon into a tumor by the oral, nasal ulmonary, vaginal or

SetlEE 6L 0 =¢fa 81, ’ &c B UBHESEIAYIB RO fa |(§§ﬂh@atcy§a§€(m@ﬂed with
a#tﬁce;fbemﬂka‘fs@ﬂmdesomgedaabw BthEzE@E&@RIPTION OF THE

FIGURES 20 Figure 1: in vitro release of IFN-a from the formulations

described in example 2.1 (black triangles), example 2.3 (black diamonds),
example 3 (black squares) and example 5 (solid liffe). ¥5 EXAMPLES 1)
Syntheses: a) Comparison: Synthesis of an anigni yelectrolyte

polymer PO carrying hydro hn obic groups (polyglutamate grafted with
a-tocopherol of synthetic origin) 30 15 g ofteana-L=pOlyglutamic acid with a

weight equivalent to approximately 16 900 Da withespect to a

polyoxyethylene standard are dissolved in 288%ml of dimethylfonnamide

(DMF) while heating at 80C until the polymer has dissolved. The solution

is cooled to 15C and 2.5 g of D,L-a-tocopherol (> 98 $o, obtained from

Fluka(r), dissolved ? Jr?w\}\
8]

Indices and groups: m =11, p =209, ¢ = 0, T = D,L-a-tocopherol (T)

3 g of a poly(ghutamic acid) with a DP of 220 randomiy grafted with 5 % of
racemic w-tocopherol are dissolved by heating at 80°C in 38 m] of NMP. This solution is
cooled to 0°C and 2.74g of isobutyl chloroformate and then 2.2ml of N-
methylmorpholine are added. The reaction medium is stirred for 10 minutes while
maintaining the temperature at 0°C. At the same time, 8.65g of histidinamide
dihydrochloride are suspended in 108 ml of NMP. 10.6ml of triethylamine are
subsequently added and the suspension obtained is stirred at 20°C for a few minutes and
then cooled to 0°C. The solution of activated polymer is subsequently added to the
histidinamide suspension. The reaction medium is stirred at 0°C for 2 hours and then at
20°C overnight. 0.62 ml of 35 % HCI and then 83 ml of water are subsequently added. The
solution obtained is subsequently poured into 500 ml of water at pH 3-4. The solution is

subsequently diafiltered against 8 volumes of aqueous saline solution (0.9 % NaCl) and
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35 beforehand in 8 ml of DMF, 280 mg of 4-dimethylaminopyridine,
dissolved beforehand in 1 ml of DMF, and 1.6 g of
diisopropylcarbodi.imide, dissolved beforehand in 6 ml of DMF, are
successively added. After stirring for 3 hours, the reaction medium is
poured into 26 1200 ml of water comprlg(Tg 15 % of sodium chloride and
hydrochloric acid (pH 2). The preC|p|tate polymer is subsequently
LA e IEtREReR I, B D TGSl 2 yotume or
water and Wlth lISOpro e polymer is S uen rled in &n
%Q%W]uHB‘ErR?éEHEﬁF%‘BQ@@a‘A%é?dl&%gdrd@ﬁoP@Gﬂ%ﬁgeo%fﬁrﬁéﬁdThlé@mdmlde
dntstaninaissy nredBdPRethiiy, 6tei®exélusion chromatography, is 15 500,

with respect to a polyoxyethylene standard. The level of grafted

tocop erQI e tlmated by p otn NMR spectroscopy is 5.1 molar %. b)

A hllL Kaal ) : (BBW@W{B&@ afted with o-
fgmé@m/mf S]Z@f/a@tmpgl@rgmfvgyhﬂlm;mvgm@nd with histidinamide)

~NH NO HZNONH OO0 HHNN HZNHPgH 00TO0ONa Indices

and groups: m =11, p =209, q =0, T = D,L-a-tocopheigh(T) 153 gofa
poly(glutamic acid) with a DP of 220 randomly gra ith 5 % of

racemic a-tocopherol are dissolved by heating as 80 % 38 ml of NMP.

This solution is cooled to OC and 2.74 g of isob{jtyl chloroformate and

then 2.2 ml of N- methylmorpholine are adéigd” Theteaction medium is

stirred for 10 minutes while 20 maintaining the te rature at OC. At the

same time, 8.65 g of histidinamide dihydrochldside are suspended in 108

ml of NMP. 10.6 ml of triethylamine are subsequently added and the

suspension obtained is stirged at 20C for a f mlnuteg and

reva

Indices and groups: m = 44, p = 154, q = 22, T = D,L-a-tocopherol (T)

10 g of a poly(glutamic acid) with a DP of 220 randomly grafted with 20 % of
racemic a-tocopherol are dissolved by heating at 80°C in 125 ml of NMP. This solution is
cooled to 0°C and 5.5 g of isobutyl chloroformate and then 4.4 ml of N-methylmorpholine
are added. The reaction medium is stirred for 10 minutes while maintaining the
temperature at 0°C. At the same time, 12.9 g of histidinamide dihydrochloride are
suspended in 161 ml of NMP. 15.8 ml of triethylamine are subsequently added and the
suspension obtained is stirred at 20°C for a few minutes and then cooled to 0°C. The
solution of activated polymer is subsequently added to the histidinamide suspension. The
reaction medium is stirred at 0°C for 2 hours and then at 20°C overnight. 1.46 ml of 35 %
HCl and then 200 ml of water are subsequently added. A further 200 ml of water are
added, followed by 650 ml of ethanol, and pouring is subsequently carried out into 650 mi
of water at pH 3-4. The solution is subsequently diafiltered against 8 volumes of aqueous
saline solution (0.9 % NaCl) and 4 volumes of water. The polymer solution is finally
concentrated to a volume of 250 ml (the polymer concentration is 50 mg/g). The
percentage of grafted histidinamide, determined by "H NMR in D,0, is 70 %.
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20

then cooled to OC. The solution of activated polymer is subsequently
added to the histidinamide suspension. The reaction medium is stirred at
OC for 2 hours and then at 25 20C overnight. 0.62 ml of 35 % HCIl and
then 83 ml of water are subsequently added. The solution obtained is
subsequently poured into 500 ml of watgg at pH 3-4. The solution is
subsequently diafiltered against 8 volumes of aqueous saline solution (0.9
% NaC1l) and 27 4 volumes of water. The polymer solution is

a@uwyﬁattyfcgwmfﬁéegow@emsm@ %z%%mib@hg F?EJNWtamare grafted with
£ nce trat IS 1%“'9 9 The afted histidinamid ﬁ

R B AR T 526 RS BEL LB

Iyelectrolyte polymer PO-A2 (polyglutamate grafted with a- tocopherol of

synthetic origin and with histidinamide) [[MNH N O H2NONH OO HHN

N HZNMHPH OO T O ONa 10 Indices and groups: in = 44, p = 154,

g =22, T = D,L-a-tocopherol (T) 10 gpfa lgtamic acid) with a DP of

220 randomly grafted with 20 % of racemic a-tocopherol are dissolved by

heating at 80C in 125 ml of NMP. Thissqlution is 15 cooled to OC and 5.5

g of isobutyl ehloroformate and then 4.4 ml of N-methylmorpholine are

added. The reaction medium is stirred for #itltEe while maintaining

the temperature at OC. At the same time, 12.9 g of histidinami.de

activated polymer i
The reaction medi

Indices and groups: T = D,L-a-tocopherol, p= 11, q =88, r= 48, s =73

Ten grams of a poly(glutamic acid) with a DP of 220 randomly grafted with 5 % of
racemic o-tocopherol are dissolved in 125 ml of NMP at 80°C. This solution is cooled to
0°C and 5.6 ml of isobutyl chloroformate and then 4.8 ml of N-methylmorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 7.4 g of
argininamide dihydrochloride are suspended in 93 ml of NMP and then 4.7ml of
triethylamine and 1.2 ml of ethanolamine are added. The suspension obtained is stirred at
20°C for a few minutes and then cooled to 0°C. The milky suspension of activated polymer
is then added to this suspension and the reaction mixture is stirred at 0°C for 2 h and then
at 20°C overnight. After addition of 2.07 ml of a 35 % HCI solution and then 200 m] of
water, the reaction mixture is run dropwise into 670 ml of water acidified to pH =3 with
HC, the pH being maintained at approximately 3 with a IN HCI solution, The solution
obtained is diafiltered against 8 volumes of aqueous saline solution (0.9 %) and then
4 volumes of water, and concentrated to a volume of approximately 250 ml. The
percentages of grafted argininamide and of grafted ethanolamine, determined by proton
NMR in DO, are respectively 40 and 22 %.
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HCI and then 200 ml of water are subsequently added. A further 200 ml of
water are added, followed by 650 ml of ethanol, and pouring is
subsequently carried out into 650 ml of water at pH 3-4. The solution is
subsequently diafiltered against 8 volumes of aqueous 25 saline solution
(0.9 %NaCl) and 4 volumes of water. Thg,polymer solution is finally
concentrated to a volume of 250 ml (the polymer concentration is 50

p grafted histidinamj g determin F
e R L B o TR O g cationi
qstivainsofsit ﬂfé’ff‘?a% grafted with a-tocopherol of synthetic origin, with
ethanolamine and with argininamide) NH HN)~ NH3+,CF CONH2 O W. 0

THOMRQH RILAHANNINH S AARTONRGOH P Indices and

88,r=48 5—73Ten rams

%%‘EE}@%P&J@% TR & SRS A il Tiee S0 of PO solution

waibe Ritdagtodopiaeso| die dissoetin d25ha| ofifMB atG01THis soldtion pH are
Jeteegirdto a@%@c@i&@@%@ﬂ@%ﬁf isptys larpieemate and ihen i@ dhOhecessary

N-methylmorpholine Th|s regac xture is stirred at OC for
Oriﬁﬂ%u (?s E{i eg%sa%rnec?‘ aré\lwr??ml(jl &8 ﬁydrochlorlde are

suspended in 93 ml of NMP and then 4.7 ml of triethylamine and 1.2 ml of
"Eitb ama}améﬁeﬁaaseoaddeﬂ}rﬁhelﬁu& pensid abtainediisestin et abR0Geya

TeW INYIGR. aﬂh‘}{}@ﬁg gaoagcg' he. Sr%q(})()(h%u?p{antsmn of activated

polymer 15 is'then ad IS suspension and the réaction mixture is
stirred at 0C-for-2.h nnd Thnn at-20C overnight. After addition of 2.07 ml of

a 35 % HC| sph@iomang thenpi200 mbefmaslaty, (M seaatiorsmbtuiie is run
dropwise into 679;ml,of Wateg_@%idified to pH ;3 with HCI, the4BH being
maintained atapproximatety-3-with a tN-HCr-sotution—The-sotution

The formulation based on polymer PO described above does not precipitate during the
addition of 1 mi of the latter to 1 ml of buffer solution Tp.

3) Example 2: formulation based on polymer PO-Al

3.1} Example 2.1: concentration of PO-A1 equal to 10 mg/g, comprising IFN-«
a) Preparation of a colloidal solution of PO-A1
The polymer PO-A1 obtained according to synthesis b) above is used.

The PO-A1 is diluted in water and the pH is adjusted (appropriate NaOH solution) and
the osmolarity is adjusted (appropriate NaCl solution).

[PO-AT] (mg/g) pH Osmo (mOsm)
12.93 5.98 231

The colloidal solution based on polymer PO-Al obtained precipitates during the
addition of 1 ml of the latter to 1 ml of buffer solution Tp and it is characterized by a
precipitation factor PF = 860. The polymer PO-A1 is characterized by a pH* equal to
6.5.
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obtained is diafiltered against 8 volumes of aqueous saline solution (0.9
%) and then 20 4 volumes of water, and concentrated to a volume of
approximately 250 ml. The percentages of grafted argininamide and of
grafted ethanolamine, determined by proton NMR in D20, are
respectively 40 and 22 %. 29 2) Examp% 1 (comparative): formulation
based on polymer PO not carrying cationic derivative (synthesis a) The

poW F p&glg %ggfo[rdln‘g] gﬁ% th§,5|s ai)g [8\{8 isused. 5A 24

SO|UtI0n po ymer btaine

diluting 12.64 g of P
so%g}én% ﬁﬁtﬂl@ 14 gremaparseiTHNogmaBlatg st go:n%mvﬁqnblsﬂm@ﬁ of PO-Al

andnﬁsqbbl fanel subsequeioityisdjijsted tby28masmiananpipi&oriby NaCl solution
re ly introducing the necessary amounts of an aqueous NaCl

solutlon and of a NaOH solution. 10 The characteristics of the formulation
obtained are combined in the table below: The size of the particles is
measuteshaietordingmaigheaT 26€6t. [PO] (mg/g) pH Osmolarity (mOsm)
Size nm 23.14 ~ 6.95 1 290 40 The formulation based on polymer PO

desginesabryR4laes net pRaciBiiale durngdhembrrddiion ehl.mletthe
Iattﬂ']to I ml fbuffer olutlon {m%% Exa Ie 2: for eP%Jlatlon based on

polymer HEeTe] Aﬂlg xg?nlrs)llél ﬁ%%?{ Kt ‘equal to 10

mg/g;-comprising-HN-a—20-a)-Preparation cf a-colleidal-selution-of-RO-Al

ThthEEQQMbEa[H@H -gddoreling to sphthesis®inab ov@isniisediZEpm)

PO-Al is diluted in wat@r and the pH is adjusted (approprigte NaOH 34

solution) and the osmolarity is adjusted (appropriateé NaClsolution). 25

PO -Al] (mg/g) pH Osmo (mOsm) 12.93 5.98 231 The colloidal solution
kBB fsolymeprPenkitbtané @ ptdcipitatés dumgygethe addition of 1 ml

of the latter to 1 ml of buffer solution Tp and it is characterized by a

pretipi@aﬂg:méa@tgnﬁ@ﬁﬁ%dﬂaeo@&lﬁ@tars?@heé@tgm@@giwﬂby a

P Ho?gig ?@J 10 %9 dqlgteﬁ in Q)ré%‘esrsa(?n%a%ﬁ 1%“3%!0 u&t%l 'Ea‘{a"&ho;t)?;%tg (f\%@ﬁr solution) and

the osmolarity is adjusted (appropriate NaCl solution).

[PO-AT] (mg/g) pH Osmo {mQOsm) Size (nm)
453 5.5 299 37

The colloidal solution based on polymer PO-A1 obtained does not precipitate during
the addition of 1 ml of the latter to I ml of buffer solution Tp and s characterized by a
precipitating factor PF equal to 166,

3.3) Example 2.3: concentration of PO-AI equal to 10 mg/g, comprising IFN-a and Zn"*™*
cations

a) Preparation of a colloidal solution of PO-A1 comprising 0.5 eq. Zn""

The polymer PO-A1 obtained according to synthesis b) above is used.

The PO-A1 1s diluted in water and the pH is adjusted (appropriate NaOH solution) and
the osmolarity is adjusted (appropriate NaCl solution).

[PO-AT] (mg/g) pH Osmo (mOsm)
13.11 4.63 210
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2.18 g of the 2.4 mg/g protein IFN-a are added to 8 g of colloidal solution
of PO-Al and the final concentration is adjusted by diluting with an
appropriate NaCl solution (0.18 g). 5 c¢) Association overnight at 25C. The
characteristics of the final formulation are combined in the table below:
The size of the patrticles is measured ac grding to the T' test. 10 [polymer]
(mg/qg) [IFN-a] (mg/g) pH Osmo (mOsm)? ize (nm) 100.55.9 313 34
3.2).E le.2.2: centration. ofPO-Al equ mg/g The polymer
Pogkléc?%%haéﬁ’%ggg%iﬁrgo{%‘%%&é*é‘?sPBI&Yé%%r?}éE?é@sed. 15 The PO-Al is

dilted # bdbsr andge preicndibsesapgtssiatd Raop ssilitise) selgtion of PO-
theAosmelsuityl isnasiysted @appropinig Natsksokion )s[RQodldreg/andRid with an
OS%@@%@W%%M&%@:?& _ 299 37 The colloidal solution based on

polymer PO-Al obtained does not precipitate during 20 the addition of 1

ml of the latter to 1 ml of buffer solution Tp and is characterized by a

predipiteting dactorReduat f5466. 3.3) Example 2.3: concentration of

P0-A] equal to 10 mg/g, comprising IFN-a and Zn' cations 25 a)

Preparation of a collojdal solution of PO-Al comprising 0.5 eq. Zn'- The

poly ég:gg@?&looftc}ﬁaﬁ &4 a%?‘fb%f’ng to synthesis b) above is used. The
POLAfigeRkstetyinamatsy apid 204 pid/is edtjustedi@ppfoftiateNa@His added to the

solpriee)andidhe.eambalaity ikl atesk (@ppropriate MRGIS9WUANYH30 cations per

[PQ-Al] 1 H Osmo (mOs 3.11 4.63 210 31 b) Association of the
prc()%tf'-@r%;I ‘3%.3%{ t ‘épaggﬁ/ﬁ%sreé %@g%?ng of the 2.4 mg/g protein IFN-a are
added to 7.96 g of colloidal solution of PO- Al prepared in stage a) and the
final otiesptFatsir o digdisal hyraniarenan com bipplopribedatbciclow:

soliitiesi¢d.dB8thy particles is measured according to the T test.

[polymer] [IFN-a] [Zn""] pH Osmo Size (nm)
(mg/g) (ng/g) (eq.) (mOsm)
10.02 0.5 0.51 4.05 337 36

The colloidal solution based on polymer PO-Al obtained precipitates during the
addition of 1 ml of the latter to 1 ml of buffer solution Tp and is characterized by a
precipitating factor PF equal to 860. The polymer PO-Al comprising (.5 molar
equivalent of Zn" " cations per cation derivative is characterized by a pH* equal to 4.8.

4) Example 3: formulation based on 30 mg/g of polymer PO-A2 comprising IFN-a

a) Preparation of a colloidal solution of PO-A2

The polymer PO-A2 obtained according to synthesis c) above is used.

The PO-A2 is diluted in water and the pH is adjusted (appropriate NaOH solution) and
the osmolarity is adjusted (appropriate NaCl solution).

[PO-A2] (mg/g) pH Osmo (mOsm)
38.52 6.04 237

The colloidal solution based on polymer PO-A2 obtained precipitates during the

addition of 1 ml of the latter to I ml of buffer solution Tp and is characterized by a

precipitation factor PF equal to 840. The polymer PO-A2 is characterized by a pi*
equal to 6.5,
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5 c¢) Association overnight at 25C d) Addition of the Zn cations The
necessary amount of 204 mg/g concentrated ZnC12 solution is added to
the 10 preceding formulation in order to achieve 0.5 molar equivalent of
Zn- - cations per cationic derivative present in solution. The
characteristics of the final formulation arezcomblned in the table below:
The size of the partlcles |s measured accordlng to the T' test. 15 [polymer]

[114 5)[2 Agggg ) CO ung{]g%lame g-hgnEsm) 10.02 0.5 0.51

3373 on oI meér PO-Al obtained
pre%.}ﬁtategf&ar?n@ %géaatﬁahIBwarsf%%ﬁ@ﬁté phiidiidaeiolution of PO-A2
solutibnhE fiaaddsnchanacietizedbyseepracitiating fatiamPpeagpalkie 8601 solution
Th er PO-Al comprising 0.5 molar 20 equivalent of Zn- cations per
cation dérivative is characterized by a pH* equal to 4.8. 4) Example 3:
formulation based on 30 mg/g of polymer PO-A2 comprising IFN-a a)
Preparhsionisfiencotioidahseltida of PO-A2 25 The polymer PO-A2
obtained according to synthesis c) above is used. The PO-A2 is diluted in

Watﬂ{fa&?ﬁ&eﬁk‘a'b?s %@iﬁh@tﬁqm%)ﬁﬂﬁgg%% &%@?&xﬁﬁggéq%]ﬁ? @agﬁ)qaeli_('wv'
osmglarity i S a riate NaCl splutio malg) p
Osr.r‘rﬁ;\go M Sf%‘%_@é%océg plgflg %%?FSP (oF:q tgo%fft[ n f&%ed on polymer

PO-A2-ebtained prect itates-during-the-30-addition-of-+-ml-of-the-latter-to-

i o Rl a1 B bhaeietelizHd by a_prsoipiatOnecionRR )
equal to 8489 ghe polymer POsA2 is charactegzed by a ptbequal to 6.35
32 b) Association of the protein with the polymerPO-AZ 218 g of the 2.4
mg/g protein IFN-a are added to 8 g of colloidal solution of PO-A2 and the
Tnkreomée Atvapraridedu sted! oy gindvmgnlG-Breemprévirigiter aCFN-a
solution (0.18 g). 5 c) Association overnight at 25C.

3.1) Example 4.1: concentration of PO-B equal fo 10 mg/g comprising IFN-a
a) Preparation of a colloidal solution of PO-B

The polymer PO-B obtained according to synthesis d) above is used.
The PO-B is diluted in water and the pH is adjusted (appropriate NaOH solution) and
the osmolarity is adjusted (appropriate NaCl solution).

[PO-B] (mg/g) pH Osmo (mOsm)
11.2 4.17 275

The colloidal solution based on polymer PO-B obtained precipitates during the addition
of 1 ml of the latter to 1 ml of buffer solution Tp and is characterized by a precipitation
factor PF equal to 1150. The polymer PO-B is characterized by a pH* equal to 5.

b) Association of the protein with the polymer PO-B
1.8 ¢ of the 2.7 mg/g protein IFN-u are added to 8 g of colloidal solution of PO-B, and

the final concentration is adjusted by diluting with an appropriate NaCl solution.

¢) Association overnight at 25°C
The size of the particles is measured according to the T” test.

The characteristics of the final formulation are combined in the table below:
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The characteristics of the final formulation are combined in the table
below: The size of the particles is measured according to the T' test. 10 J
polymer] (mg/g) IFN-a] (mg/g) pH Osmo (mOsm Size (Dm) 29.8 0.5 5.8
320 35 5) Example 4: formulation based on polymer PO-B comprising or
not IFN-a 5.1) Example 4.1: concentratigg of PO-B equal to 10 mg/g
comprising IFN-a 15 a) Preparation of a colloidal solution of PO-B The

polymeiz® obtained aceardiiRg 1o synthesis d) appVe 1S Used. Thegmolarit
PO-B '@I@@ted in water an%i@guggH is adjusted (a[?propriate NaOH (mOsm)y

solution) and 20 the osmolarity is adjusted (appropriate NacCr soiution).
[PO-B] é/g pH Osmo (mOsﬂ1§ 11.2 4.17 275 Thé-2olloidal solution 293

based on polymer PO-B obtained precipitates during the addition of 1 ml

of the latter to 1 ml of buffer solution Tp and is characterized by a
prebiisitiaBr et Tagtoneic ebuiv €6 Asactynespdiyther(ptosBhy  retention factor RQ
chanaateridad Dy egual tadpdn Assaciatior:ofthe (profqun with the,.

polymer PO-B 1.8 g of the 2.7 mg/g protein IFN-a are added to 8 g of

calloidal solution of PO-B, and the final concentration is adjusted by

GHArGTR hA° SPBFEEHR At RACA &l seer! B07C) B&Sociation overnight at

25C The size of the particles is measured according to the T' test. The

char ARSI bPrearantstharabredreeBibinet AP tabbelow: 35

33 Tholktheér 1§l ENadp @sterodaritthemid/g) {digég)d(ta@soprBd EH2s0lution) and
293nd b&:oHnYalian; A AAIS,PRAVRINGRQERIZEd in the Q test by a

retention factor RQ greater than' 5 (ELISA test of the percentage of free

-IFN-a for RQ-=5:8-%-5-5:2) Example-4-2:-concentration-ofRPO-B-equal to

45 mg/g Thd BoNFhénPE)B obtahbd agcosding i synthesiSiedbove is
used. The PO-13 igdiluted jn watgr and the pHgg adjusted (appropriate
NaOH solution) and

The colloidal solution based on polymer PO-B obtained precipitates during the addition
of 1 ml of the latter to 1 ml of buffer solution Tp and is characterized by a precipitation
factor PF equal to 256. The polymer PO-B is characterized by a pH* equal to 5.

6) Example 5 (comparative): preparation of particles based on PO, comprising IFN-o

The polymer PO obtained according to synthesis a} above is used.

A colloidal solution of polymer PO is obtained by dissolving it in water, the pH being
adjusted to 7.52 by addition of a NaOH solution. The osmolarity of the solution is adjusted
to 108 mOsm by introducing the necessary amount of an agueous NaCl solution. The
concentration of polymer PO 1s adjusted to 29.05 mg/g.

Concentrated 2.4 mg/g protein IFN-o is added to the preceding colloidal solution of

polymer PO. The association is produced at 25°C overnight.

The characteristics of the particles obtained are combined in the table below:

The size of the particles is measured according to the T~ test.

[POT (mg/g) | [IFN-a] (mg/g) pH | Osmolarity (mOsm) Size (nm)
23 0.5 7.20 300 40

7) in vitro results for examples 2, 3 and §



the osmolarity is adjusted (appropriate NaCl solution). 10 [PO-B (mg/qg) pH
Osmo (mOsm Size turn) 45 4 294 35 The colloidal solution based on
polymer PO-B obtained precipitates during the addition of | ml of the latter
to 1 ml of buffer solution Tp and is characterized by a precipitation factor
PF equal to 256. The polymer PO-B is chgracterized by a pH* equal to 5.
15 6) Example 5 (comparative) preparafion of particles based on PO,
rls'n [EN- a GE ymer PO o a|ne IJccor ? tos nth Sis
'S

Ao :
qbrove is usrgigai? QBT SIS B paR ate ANt r hEsSifisgnvention

ift edakse winpHobigt-20 adjusted to 7 52 by addition of a NaOH
solution. The osmolarity of the solution is adjusted to 108 mOsm by

mtqgtettg&hegqc%éaaty m%n(gngsgﬂ Ay O%% '}‘o;%' Iytion. %Qgéaée of protein

concentration of polymer PO'is a once Fate

> TRIEHEEAYEIIRN-a is added to the precedlng coIIO|daI solution of polymer
PE fdineubs socidtmmisaprody ceahaii2 5Ccougrmiging. Zoiidie chataetatistiss exhibits a
Rfdhe B?JHQ%&QE%E&%%%? @9%%@5%@3@%%&@&'% %&ﬁ Sl}ze of /th)e
measured acc ' g a T-ﬁng
T G oS SITS (5059195 SOHUD SOF RIS Wi reeases
IRspaiavidy ek dm plema 63 &’ndef@An}'@oteEhm’Oﬂhmlmté%@methe active
10 Jarineiplefimmiheafannyistionsateording.tethe invertiaN 8 MRASW @Bserved which
ilSJsin Ztgl% latt St. e‘}l; € release n}lthe l. testﬁlsa Sihl%\évsr% in fggf)ug/e 1.in the fortmd ;
of the percentage ofopro ein B5'felsRsed ovartima. The formulidfisnracied pro ein in
&rative example 5, comprising 23 mg/g of PO particles, exhibits a
release profile characterized by 93 % of protein released in 10 hours. The
gormy glg‘g@% 9}5 a§1983 hibit delayed-release profiles with
rjeleases respeﬁa %???y o{? 6% % an % of the injected protein in 48
15" hours. 10 In the case of the particles of example 2.3, the creation of a
releasé4los wobsepaedadhich 3 rotpzerdDiabtie entnatthedpeirimdrih parallel, an
witheairelease,of 3R % shihainiested REIGIRD A8 ReUSmmulation corresponding to
comparative example 5 or one of the formulations of examples 2 and 3 of the invention, at
the dose of 300 pg/kg.
20
The pharmacokinetic results are combined in the table below:
Example N Chnax Tmax median AUC T50%auc | RBA (%)
{ng/ml) (interval) {ng x {(h)
(hour) h/ml)
IFN IR 12 100.6 05 (0.25-1) 2559 1.5 100
(0.5)
Ex 2.1 8 3.6 3 (3-24) 135.4 24.7 57
Ex 2.3 § 1.1 3 (3-24) 28.3 19.4 12
Ex 3 8 26.2 3(3-6) 264.8 7.1 111
Ex 5 8 3.5 12 (6-24) 95.7 18.4 62
25 Cmax represents the mean maximum plasma concentration of protein for all the
animals.

Timax median represents the median of the time for which the plasma concentration
passes through its maximum,
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8) in vivo results for examples 2, 3 and 5 15 44 rats were separated into 5
groups of 8 or 12 animals and received, in parallel, an immediate release
IR formulation or a sustained release formulation corresponding to
comparative example 5 or one of the formulations of examples 2 and 3 of
the invention, at the dose of 300 tg/kg. %9 The pharmacokinetic results
are combined in the table below: Examplé N Cmax Tmax median AUC

T50% RBA (%), (ng/ml) (interval h) (hour).h/ml) IEN IR 12 .

100.6 _.ﬁ?iﬁ}(sﬁféé.g%.%‘al aws%&%%ﬁ%é%%%g %)?’ﬁg?ﬁ Sopgegiyation as a
{pRepiap@timg.(3-24) 28.3 19.4 12 Ex 3 8 26.2 3 (3-6) 264.8 7.1 111 Ex5

8 ( 3.5ThR¥6c24 rQhcéchis 412mE i may eaRsemisdhe/maathadmuider the curve

@&ﬁ@%@%ggﬁgﬂg gf]{%rotein for all the animals. Tmax median

represents the median of the time for which the plasma concentration

passeS BirotHsteHialif o 3% Ko Eteprashththsusaniaie Grgaation under
dhiseigrag @f théehplasmandendentiation fdal Fishitidorofufisien TS50%AUC
represents the mean time at the end of which the area under the curve

reache % of its total value. 5 RBA represents the ratio of the area i
mcr LR EBR B! i AL SIS B L ARGt fall i the

e cvither sbtise tFNd RRformulation. All the formulations exhibit a sustained
releasgprefiehaasampamed dushialip thgabple WithiespesiiaithgdR 18 ail the
fl QMRS %récvc\)/!’t [ Cortnqp qrg “Vr%s%é?mrgzlgn%’ g]ezst%r@vleqalxihggﬁ g}c@ ! 1;[ 3 tained
ormulations accordmg to thelpresent mvention is fower, Which dicktssh Sustane
rggistaghaBsd@sieital absorption. For the formulations of example 2.1 and

exampfe:3 (1€ MgliguR@Dodkand example 2.1 and example 3 (10 mg/g PO-Al and
30 mg/g PO-A2), sustained releases over more than 5 days (compared with approximately
3 days for the formulation of comparative example 5) respectively exhibiting RBA values
of 57 % and approximately 100 % should be noted.
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30 mg/g PO-A2), sustained releases over more than 5 days (compared

with approximately 15 3 days for the formulation of comparative example

5) respectively exhibiting RBA values of 57 % and approximately 100 %

should be noted. 36 WHAT IS CLAIMED IS: 1 - A liquid pharmaceutical
formulation for the sustained release of gt least one active principle (AP),

said pharmaceutical formulation comprising at least one active principle 5

(AP) and an agueous suspeRsi §§ ﬁﬁﬁ dEI articles of a polymer

(PO), or a pharmaceutically WHAT 819 % » :phich satisfies the

following four conditions: (@) the polymer (PO) is a polyamino acid
-comprisiiguiiuphariadesidugsowheligion SoMMe ghlRMIG rRKdyesaabast one active

Y gﬁgﬁa%ﬁaﬂﬁg&&f&ﬂ{%éﬂ%)ﬁ%&&tk%%r% SRy Pe%iéLgoilgeﬁQEitg@é principle

ar. Siﬁzﬁ; rom one another, 10 - ot utamic residues each carry
(peridditt forBpHIEIC YRS (135 eian HRlteskbBI Brbitpe! (@ my bisisg (O). or
nemicausicdifferertphabie erletherotiewhi dptiotisilys still fathewglgtamiconditions:

(B SIS BACN PATYs A PERAANLASLHA BFOHRI AN Gl he NEU AL OIQHBR n
(NG) elnl%ldelntlcal or different from one another, and -,optlona1}?/égéet

other gItEAI& LTS PRGBS FEE 1P PPDAE YIMHE Y spid cationic
said farouipathsing iBeried wadifnenbiB(cpat tnothetf value, the polymer

(PO) forpusea gokiaidlal sedutien wﬁ&ghﬁﬁgp@aﬁ%ﬁdéaoﬁmwcagﬁup (GH), said
noncoyalerly Wiihine actie rincinle. (AE) and (i miot said

formulation preupﬁa?eg rn?g mixing with a Votune of 1 i &F 5?88{’hﬁﬁffer
solution°PRopgly stilt s elulanon metbieirmgb emamnhapsndensinessiel group (NG),
formuldkioreinas arpresigitatorifactenfialofgigaienthac? 08 prefarabiyof

areater 40,400 BICBa, aharealss (e, 800, A mre preferably st

f reglﬁ%r thﬁg : 00 -3- The formulation according to6 claim 2, wherein
(E&%‘f‘r diatsPhas Rierlstsroratbirnis Persstarfian s Opreferably of
(greatteththahl 10;28md pheferabiycof (iGatdotiana 1&iandamestufiveferddiiy associates

spibaheseateninanQvaethefamslatianaproing mny,ane of claims
'mer (PO). 30 h%%_a structure

tq 3, wherein the pol . .
Bl ,f%@g& 1R e_czr?&mﬁsa {BRARGFEE oY oigniekisatian (o) of & test
RfpeseEasbrand 300 and preferably of between 100 and 250, wherein
(x) is between 0 and 0.45, (y) is between 0.02 and 0.3, (z) is between 0.4

_apg 0'%§eaﬂgn%fﬁ(ﬁghz 21(':%09 E@ée%nc?ai%n \ (\)ng'erein said formulation has a precipitation
factor PF of greater than 200, preferably of greater than 400, preferably of greater than 800
and more preferably still of greater than 1500.

-3 - The formulation according to claim 2, wherein said formulation has a retention
factor RQ of greater than 5, preferably of greater than 10, and preferably of greater than
15, and more preferably still of greater than 20.

-4 - The formulation according to any one of claims 1 to 3, wherein the polymer (PO)
has a structure pGlugGHyCG NG (s With a total degree of polymerization (DP) of
between 50 and 300 and preferably of between 100 and 250, wherein (x) is between 0 and
0.45, (y) is between 0.02 and 0.3, (z) is between 0.4 and 0.98 and (1-x-y-z) is between 0
and 0.5.

-5-  The formulation according to claim 1, wherein the cationic groups (CG) are chosen
from weak bases with a half-neutralization pH of less than 7.0.
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35 -5- The formulation according to claim 1, wherein the cationic groups
(CG) are chosen from weal. bases with a half-neutralization pH of less
than 7.0. 37 -6- The formulation according to 1, wherein the cationic
groups (CG) are chosen from cationic groups comprising at least one
quaternary ammonium or at least one stx;gng base, with a
half-neutralization pH greater than 8.0. 5 :7- The formulation according to

im 6, wherein the cationic groups (€G).are selected from the followin
";ér%u pg:h-e-%m%%? Wﬁ? r% ? (i)n?\’/v]}f %%iﬁﬁeﬁ%@éﬂcﬁﬁ%@%ggﬁa are chiosen from
GBHETRYA BIY 4IPS iSOUIMNTHPE (€ RERM PR (OGN ABRORIUN] Or-at least one strong base,
wOh(CHRj 2Bz #onQHCrb2)er NhGHB8)3, Z-, and - an amino acid
residue or an amino acid derivative of the formula: OR'-N D R13 H 15in
which - -R" is an alkoxy, preferably -OMe or -OEt, or -R1 is -NH2,
“alkylarhiSoOpFaaifly a%earding 6 Afior)vherins the (crigMeNsigunsz (CG) are
sIEHR) Frdit {IR(£N Hd)vinied §r0Zps(CH2)3- 20 NH3-, Z-; in which Z-is a
chloride, a sulfateyqr sphate . \ loride, -8-
The formulation ggﬁo%iﬁgﬂfbﬂgr%y ’o%{éﬂg:‘vg%%tﬁ? 31,96@%%1{? %’l \%vaﬁgaegl)h fg-]%i%referably W
between 10 and 859, 25 - y is between 2 and 30 %, - z is greater than or
equal to 10 % andiI$-HetlveeNHXCIENBh-afd;(x¥5) %, the number of neutral
groups correspondipgrg)iheradditional percentage in order to reach 100
% and optionally pej ble t C%F eqgyal to, 0. 30 -9- The formulation
according to any@ﬁ@%lf%ﬁn@ ,3)6’a ™ wherein: - x is between 20 and
55 %. - y is betwBef PR seviiue o agragtimotheid derecuiialeto2b%andla:
is between (x-10) % and (x+15) %, 38

C g

R13

l
=z

o

in which

- -R''is an alkoxy, preferably -OMe or —OFEt, or -R' is -NH,,
alkylamino-, preferably -NH-CHz or -N(CH;)s;

- -RP is «(CH)-NH;', Z°, -(CHy)s-NH-C(=NH)-NH;", 7", «(CHy)s-
NH;", Z7;

in which Z” is a chloride, a sulfate, or a phosphate or an acetate, preferably a chloride.

-8 - The formulation according to any one of claims 3, 6 and 7, wherein:

- X 18 between 10 and 55 %,

-y is between 2 and 30 %,

- Z is greater than or equal to 10 % and is between (x-10) % and (x+135) %,
the number of neutral groups corresponding to the additional percentage in order to reach
100 % and optionally being able to be equal to ©.

-9 - The formulation according to any one of claims 3, 6 and 7, wherein:
- X is between 20 and 55 %,
- v is between 2 and 7.5 %,
- z1s greater than or equal to 20 % and is between (x-10) % and (x+15) %,



10

I5

20

25

the number of neutral groups corresponding to the additional percentage
to reach 100 % and optionally being able to be equal to 0. - 10 - The
formulation according to claim 1 or claim 4, wherein the hydrophobic
groups 5 (GH) are selected from the group consisting of: linear or
branched C3 to C30 alkyls which can op%i&pnally comprise at least one
unsaturation and/or at least one heteroatom, C8 to C30 alkylaryls or

ALY, Ikyls which can optionally comprjse at | asta%lée. unsaturation and/or
B S hORE 35 e Com oach 100 %
A iepticaal bpinaIRpkomprisawt kedbt one unsaturation and/or at least

one heteroatom. - 11. - The formulation according to claim I, wherein the

,rﬁ}‘lr%%%ﬂﬁémggna gc%?c% %38% ar%%hle(grr%},l g %nsi t%‘%%‘%he hydrophobic groups

roxyethylamino-radical, a roalkyloxy-radical an
(GBNGK apRsHistbIromsthergioyp ABREIEE &écording to claim 1, wherein the
polymer (H@pcarissatiehianeC gralitaf polyetkylanspieiiaddihprise at least one
polyethylenglaluepkivhe/bondesio s dyamalgresidue. 20 - 13 - The
formulgtio{g ﬁfcgdin%’? czlglim 1, wga%geg the polyaming acid (PO) has the
following fotiula’tF ERTRIp BY2GY RIEh 50 Anyagally cerepgisp @ least one
O Rgp GHssuraiippvimidin3g Igashdepkedemtiyis amh -NHR group in
which R represgrést, {peRN&2i1o LohthnaReied can optionally comprise at least

one unsaturation and/or at least one heteroatom.
-11- The formulation according to claim I, wherein the neutral groups (NG) are chosen
from the group consisting of: hydroxyethylamino-radical, a hydroalkyloxy-radical and a

polyoxyalkylene.

-12 - The formulation according to claim 1, wherein the polymer (PO) carries at least one
graft of polyalkylene (preferably polyethylene) glyeol type bonded to a glutamate residue.

~13 - The formulation according to claim 1, wherein the polyamino acid (PO) has the
following formuia (I):

O OH

o
Iz

O
=

o
T

in which:
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C3 to C10 alkyl or benzyl, - a terminal amino acid residue or a terminal

amino acid derivative of 5 formula: H -NH-C-COR' Re in which: R7 is

OH, OR9 or NHR10, and R8, R9 and R10 independently are H, a linear

C2 to C10 or branched 15 C3to C10 alkyl or a benzyl; B is direct bond or

a divalent, trivalent or tetravalent bondingggroup preferably chosen from

the following radicals: -0-, -NH-, -N(C1 to C5 alkyl)-, residue of amino acid
(preferably o tural amino acid), of diol, of triol, of diamine, of

triamine, (})(f ég%r%%g%lﬁollsor of hydroxy acid comprising from 1 to 6

carbon atoms; ™ DA 1 ERigeaipap tdich Roepressate.dBieerCr0@Eyb or branched

group or a pyroglatamate; dhehyidsephabic groups GH each are,

independently of e r n from: 25 linear.or . L
branched Cs to C%%?%I?E%g] W%‘lnllgﬁ% cgﬁeoé?grﬁgflf ltﬁ:gntl%}lslgaat east %Cﬁ% derivative of
unsaturation and/dPERtE%st one heteroatom (preferably O and/or N and/or

S), or C8 to C30 alkylaryls or arylalkyls which gan optionally comprise at

least one unsaturation and/or at least one Netefoatom (preferably 0 30

and/or N and/or S), or C8 to C30 (poly)cyclic pounds which can

optionally comprise at least one unsaturation and/or at least one

heteroatom (preferabijighand/or N and/or S); * R70 is a group chosen

from the group conSigtingIoHBSINRHEH2)w-N?H3+ in which w is between

205 2. by SRR e
formula: Ci to Cy¢ alkyl or a benzyl;
* B 1s direct bond or a divalent. trivalent or tetravalent bonding group
preferably chosen from the following radicals:

-0-, -NH-, -N(C; to Cs alkyl)-, residue of amino acid (preferably of a
natural amino acid), of diol, of triol, of diamine, of triamine, of
aminoalcohol or of hydroxy acid comprising from I to 6 carbon atoms;

= D is H, a linear C; to Cyy or branched C; to Cyg acyl group or a
pyroglutamate;
= the hydrophobic groups GH each are, independently of one another, a group
chosen from:
¢ linear or branched Cs to C; alkyls which can optionally comprise at
least one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S), or
¢ (g to Cs alkylaryls or arylalkyls which can optionally comprise at
least one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S), or
e Cgto Cyp (poly)eyelic compounds which can optionally comprise at
least one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S);
* Ry 1s a group chosen from the group consisting of:
- -NH-(CHa),~NH;" in which w is between 2 to 6 and, preferably w is 4,
- -NH-(CH,)s~-NH-C(=NH)-NHj;",
- -O~(CHy)-NH5",
- -O-(CHy):-N+HCHy)s,

- a group having the following formula:
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40 40 5 NHZ+ H in which -R" is -H, -CO2H, an alkyl ester (preferably
-COOMe and -COOEt), -C(=0)-NH2, -C(=0)-NH-CH3 or -C(=0)-
N(CHS3)2i 15 an amino acid residue or an amino acid derivative of formula:
O XR12 -N R13 H 20 in which: X is -0- or -N11-, R12 is H, a linear C2 to
C10 or branched C3 to C10 alkyl or a be%yl, R13 is -(CH2)4-NH3+,
-(CH2)3NH-C(=NH)-NH3', -(CH2)3NH3+;" " the counteranion of R70 is an
expedient group, preferably a chloride. 25 R90 is a hydroxyethylamino-, a
hydroxyalkyloxy- or a polyoxyalkylene; p, g, r and s are positive integers;
(p)/(p+q+r+s) is defined as the mglar deg&ey(}?rafting of the hydrophobic

groups GH and varies from 2 to 3D molar 2, provided that each
copolymer chain has, on average, at le r NH§/drophobic grafts; 30
(9)/(p+g+r+s) is defined as th&# molardegree of grafting of the cationic

groups and varies from 10 to B8 molar %; ~ (p+q+r+s) varies from 50 to
300, preferably between 1.00%nd 250; 7 (n/(p+qg+r+s) varies from 0 to 78

molar %; " (s)/(p+a+rs)Marigs ffom 0 19 5 r %, .35 14 - The
formulation accordinglto claim |, whgre?ﬁ’th%e@gﬂ?c%%t&}g(t%r? of" Eﬁ{/%ﬁ%?biy ~COOMe

(PO), or pharmaceutitifly aéddbibie salftRaRIbe in theTaimiitidh isor  —C(=0)-
between 4 and 50 mgh{44),:15 - The formulation according to claim 1,
wherein the ratio R of the concentration of active principle (AP) to the

concentration of polymer (PO), or harmaceuticalg/ acceptable salt
thereof is'befiv% é(“léﬁr}%@ﬁ r éui I an amino acid derivative of formula:

O XR12
N R13
H

in which:

X is =0- or -NH-,

RZis H, a linear C; to Cyy or branched Cs to Cyg alkyl or a benzyl,

R” is ~(CH)4-NH5", -(CH,);NH-C(=NH)-NH;", -(CH,)sNH;";
the counteranion of R” is an expedient group, preferably a chloride.

* Ry is a hydroxyethylamino-, a hydroxyalkyloxy- or a polyoxyalkylene;

® p, g, rand s are positive integers;
(p)(ptqtr+s) is defined as the molar degree of grafting of the hydrophobic
groups GI and varies from 2 to 30 molar %, provided that each copolymer
chain has, on average, at Jeast three hydrophobic grafts;
(@)/(prqtr+s) is defined as the molar degree of grafting of the cationic
groups and varies from 10 to 98 molar %;
(ptqtr+s) varies from 50 to 300, preferably between 100 and 250:
(r)/(ptq+r+s) varies from 0 to 78 molar %;
(s)/(ptqtrt+s) varies from 0 to 55 molar %.

- 14 - The formulation according to claim 1, wherein the concentration of polymer (PO),

or pharmaceutically acceptable salt thereof, in the formulation is between 4 and 50 mg/ml.
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5 - 16 - The formulation according to claim 1, comprising Zn++ divalent
cations in a proportion of between 0.05 and 2 molar equivalents with
respect to the molar concentration of cationic groups (CG). - 17 - The
formulation according to claim 1, wherein said formulation does not
comprise 10 added divalent cation. - 1847 The formulation according to
claim 1, wherein the active principle (AP) is chosen from the group

Logsisng RIH%PJGW&&!XP&I%O{S'GE&H‘?EW %‘%?1‘%818 ne §f H&‘é) Sncentration of
é)ogalkezlene_g@/%ﬁl] chains [preferably polyet ylene chyco PEG): . " bl
BEGPRERISrEta h O DF S sSSP SN SRbPRAFiHed iRk gégally acceptable
wlithetesié ot deby prol yntddd aticle and mixtures thereof, and, more

preferably still, from the subgroup of erythropoietins, such as epoetin alfa,

epoetin.beta, darbepoetin, hemoglobin.raffimer, their.analogs oy, their . .
'dgé)i\'/aﬁ\?ees;% g)%‘}gg’ici%} VASOpTEssii, é:i rlél?‘uofCOﬁ?@aW&Qﬁchh Fmor‘f{é‘fa ent cations In a
RSRRSHARIG RS A OL8F, prdtélecdD devivetiniowith faster( RDBR) dactorscentration
shighositimutaies hetmatopoiesis and mixtures thereof, blood factors, such

as alteplase, tenecteplase, factor Vli(a) or factor VII; hemoglobin,

cytochromes, albumins, prolactin, luliberin, luteinizing hormone-releasing '
h%?moiﬁae(ﬁrmqsaaﬁa TS dn i leuphstiie, gibéreamslatipiotenn not comprise
Hldsdrélimlent nafarelin; LFIRH antagonists, LHRH competitors, human,

porcine or bovine growth 25 hormones (GHs), growth hormone-releasing

fgctor, insulin, somatostatin, glucagon, interleuldns or their mixtures (IL-2,

ht 1, i ! 8Fb?1%‘?°§é8?$a{§ féMetoly BffaIaIe %ﬂ&%eﬁg}is&lé-@a is chosen
igarrihe, gestnrcaetisigestin, peiagagtino pragastrongssectetined to one or more
ﬁ@@lﬁpi%@@h@:@h@ﬁ@in@qgm_éaw%iﬁaﬁ@%gmﬁcahm@i)'fpﬁ%?%wproteins"],
hori. one gRch)di tugleosr ecr05|§fa§'gor g{NFgHaer\@ﬁ rowth facltort c'l\IGQ’d it
e e

Fﬁﬁﬁocyte growth factor, granulocyte-colony stimulating factor (G-CSF),
granulasytenmecregbageycalanyishmtating JacterdGW-aRibictins, such as epoetin

cr -colo i ting factor (M-C heparinase, bone ., . e
T toptae o AT A SRR SIS e cervatives
VEBE redsRbiNaRt AEFRAGTH SR harmges. (MBlARY remmth factor, platelet-
dytiokihesobrhdykinim, GHoERKI NG potymyidhs sdalistins, Idbbkgeitdicle, and mixtures

&@%@%‘I&a@t%@é&?pEuEHiQAH_C%%ﬁFasQI%SS% a@!;f;""éiXﬁJP SQ?I@F %pdf ctor VII;
@/nthﬁiél@ analogs, pharm%%eutl,cally active madifications and fragments o?

SRR o BV OIS of SHIBE ¥ AR igUHS SRY SFTHiEIREshamppne-Teleasing
omibodied HBEh amditanidegb, 42cinflixitnab olidstuzesmrabnadafimuriabbuserelin or
RMAEHMBPRESIHHMOmaRs efalizumalApdi CRIUMMAR:, porcine or bovine growth
hormones (GHs), growth hormone-releasing factor, insulin, somatostatin, glucagon,
interleukins or their mixtures (IL-2, IL-11, IL-12), interferons, such as interferon alfa, alfa-
2b, beta, beta-la or gamma: gastrin, tetragastrin, pentagastrin, urogastrone, secretin,
calcitonin, enkephalin, endomorphins, angiotensins, thyrotropin-releasing hormone (TRI),
tumor necrosis factor (TNF), nerve growth factor (NGF), growth factors, such as
beclapermin, trafermin, ancestim or keratinocyte growth factor, granulocyte-colony
stimulating factor (G-CSF), granulocyte-macrophage-colony stimulating factor (GM-CST),
macrophage-colony stimulating factor (M-CSF), heparinase, bone morphogenetic protein
(BMP), hANP, glucagon-like peptide (GLP-1), VEG-F, recombinant hepatitis B surface
antigen (rHBsAg), renin, cytokines, bradykinin, bacitracins, polymyxins, colistins,
tyrocidine, gramicidins, etanercept, imiglucerase, drotrecogin alfa, cyclosporins and
synthetic analogs, pharmaceutically active modifications and fragments of enzymes, of

cytokines, of antibodies, of antigens and of vaccines, and antibodies, such as rituximab,
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- 19 - A solid pharmaceutical formulation for the sustained release of at
least one active 5 principle (AP), comprises a dry powder form obtained
from a liquid formulation according to any one of claims 1to 18.-20 - A
process for the preparation of a formulation for the sustained release of at
least one active principle (AP) accordingjo any one of claims 1 to 18,
said process comprising 10 steps of: 1) preparing, at a pH value of

hetween 3 6.5, an aqueous colloidal sqlution. of a polyamin acifi N |

1pgllerneérlb(’Pg , g%%%%%a%ﬁ%%%&%%bly%neaﬁ]w Ebrﬁ{ﬁg}gﬁ%@ond tand ghzmab and
wherein - some glutamic residues each carry a pendant cationic

group (CG), 15 said cationic groups being identical or different from one

ap@ther, - e resj rey a Nt hydrophebj i
cloup “%fgg@?g%dmhydgro“%%%bﬁ%**gﬁ}%ﬁé‘ﬁéﬁ%aﬁ%ﬂfﬁ%gﬂ%&’%ﬁé&%ﬁéﬁ
FrH B AhbFREP PSP s gt ik féerddioitk osappdon according
toemdantenautlam20 grddp (NG), the neutral groups (NG) being identical or
different from one another, and - optionally, yet other glutamie residues

unmoadified; the respective.molar fractions of cationic groups (CG),
e oA ol R aTA B GHA, CLT Bl A e Bt e of at leas
iatasHEfeEIRigls UAK ) 2B abrstienit ehsaideforneldation prefipitsidsaeisgeomprising
sripingrwith a volume of 1 ml of a test buffer solution Tp; and 2) adding at

st 05 G IS CRL RS RUMELEPASIMER L SR i o
the coNORRNENIUEER dosepdlMersgd polyamino acid polymer (PO) comprising
glutamic residues, wherein '
- some glutamic residues each carry a pendant cationic group (CG),
said cationic groups being identical or different from one another,
- other glutamic residues each carry a pendant hydrophobic group
(GH), said hydrophobic groups (GH) being identical or different
from one another,
- optionally, still other glutamic residues each carry a pendant neutral
group (NG), the neutral groups (NG) being identical or different
from one another, and
- optionally, yet other glutamic residues are unmodified;
the respective molar fractions of cationic groups (CG), hydrophobic groups
(GH), optionally neutral groups (NG) and optionally glutamate being such
that 1 ml of said formulation precipitates during mixing with a volume of 1
ml of a test buffer solution Tp; and
2) adding at jeast one active principle (AP) to the polymer (PO) obtained in step 1,
wherein said active principle associate noncovalently with the particles of the
colloidal solution of said polymer.



