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1 MODIFIED-RELEASE PARTICLES BASED ON
POLYELECTROLYTES AND ON AN ACTIVE PRINCIPLE AND
PHARMACEUTICAL FORMULATIONS CONTAINING THESE
PARTICLES 5 FIELD OF THE INVENTION The present invention relates
to novel transporters of active principle(s) (AP), in particular protein and
peptide active principle(s), and to novel modified-release pharmaceutical

f%f@ﬁﬁ‘i‘iﬁ%)%ﬁﬂﬁ%ﬁ%‘fé@§ RONEES i ﬁ%?ﬁi%%ﬁ%ﬁs AND

10 to the applications, in particular therapeutic ap ons, 0 ,
phg%éd%l‘ﬁfgaﬁY&rﬁBIQﬁgﬁng&@ B MeAlrdiRBMHohe TIONS
relate both to human the@ipeéuticel MGdRIERS in 2oy REapéifics. The
reference AP used throughout the present account is targeted at at least

16 acti INC STATE OF THE ART In the field of the sustained
ﬁi@aﬁe%eﬁim&m S, in particular therapeutic peptides/proteins,
the aim is very often to reproduce as best as possible in the 20 patient a
plasma peptidgRLRIPIBRGANCENHALIAD £iIRE tRBSYRIYE PREEI¥EILIPR () (AP),
healihy. subiset, This,ohiective conflicts with the sort leume of proteing. i relcase
in the pcfasm : ich “Fes e repanlngpfhe |ﬁje on of the fﬁerapeu Ic
PretsirECTHEap RSBl TS APANIOH T Sthe rAP s proRsin IhernBrlggfion also relates
tsamtoatpplvaiibe charagtetized byHighashceqtpitioncad, peaksard yBsymaceutical
ﬁ%ﬁ%%%@t@ﬂ%@ @éﬂ%%hgﬂﬁagg{?&gﬂt%pﬁﬂl%%& r%ﬂ%cgﬁ%ﬂetm(m therapeutics

igher than the basal cornicentration in the healthy subject, have very
ManEarinarnthf Rt due to the high toxicity of therapeutic proteins,
such adbertainreytokitie sscluitierrhore thhepcanoentration imitirpetatent at least one
helowihe-gancentration necessary to have a therapeutic effect, which
results in poor therapeutic coverage of the patient and serious 30
long-term side effects. Consequently, in order to reproduce in the patient a
plasing odnddhitr 4 of therapeutic protein close to the ideal value for
the treatment of the patient, it is important for the pharmaceutical
formulagionnde consideration to maks possible e [elease ol 6. i paricular
therapeutic protein over a prolonged perio of im8, ‘S5 4810 fimit the
VRIS iPeplidaiviar 39 onbe atration Bver ipRdo el aviore b achivesible in the
fatrmu atisinsahopigipteterphlissatisty dhedaltowing o the value observed in the healthy

subject.

This objective conflicts with the short lifetime of proteins in the plasma, which
results in repeating the injection of the therapeutic protein. The plasma concentration of
therapeutic protein then exhibits a "sawtooth" profile characterized by high concentration
peaks and very low concentration minima. The concentration peaks, which are much
higher than the basal concentration in the healthy subject, have very marked harmful
effects due to the high toxicity of therapeutic proteins, such as cerfain 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 the patient a plasma concentration of
therapeutic protein close to the ideal value for the treatment of the patient, it is important
for the pharmaceutical formulation under consideration to make possibie the release of the
therapeutic protein over a prolonged period of time, so as to limit the variations in plasma
concerntration 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
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requirements, already known to a person skilled in the art: 1 - sustained
release of an active and nondenatured therapeutic protein, for 2 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; 3 - biocompatible;and biodegradable form
exhibiting an excellent toxicity and 5 tolerance profile. In attempting to

achieve these, aRIecteR.pNE A HR-NEShARRIoACh e PTAMAREIN, tBEncentration is

prior art was to develop sustainéd-release forms of therapeutic protein(s)
composedBHHAIREYEh ol @BSHECIiL?ﬁ%suspensions of nanoparticles

charged withfibesrahelatic vieopriieih & Ftawe touspandionyduadanade

possible theseashaadminiriratioR ghaative riRararaitia i oIgIRK A4, toxicity and
Flamel Tegqnolo%jes iﬁs provided a route in which the therapeutic protein

is associated wi ﬂ%’nlo%articles of a copolyamino acid comprising

hydrophobic groups and hydrophilic groups. 15 Patent application US
2006/0099264Hisclesesiasmphipkiicelyaeinomcidsieobustisiiigoasrartitovided in
J)% E%%l%&%ﬁar%ﬁ%%s%o%? %P{Plé%%'éﬁﬁ‘é‘ FESIUES composed of
ying grafts comprising at least one a-tocopherol residue, e.g.: _
@W&iﬁtaﬁ?&f@%?%l}’ﬂé‘ﬂ%rt%{%}eﬁﬁéﬁféd Wit RRRASPHE oI TR it 8tithotherapeutic

matainad. ofigisy. Fhesadioydrdphobicadwodifiedblh oo polygmidomaditistion of native
@@Mﬁ%%ﬁggm, in water, a colloidal suspension of 20 nanoparticles

which are capable of readily joinjng togethey, in aqueous, suspension at . o
o 7 4l i RSl GBS BRI (L Tiy oo Rt FaRALg g protein is
aivepieh eraldtivenomugicls) (& g cipslyimive ctor zedn prysitteehsidepeimdidngroups and
ReGOLiNgG @ ddps2006/0099264 would benefit from being increased. The

increase in the dyrati f as, partially obtained by the . ..
PSRRI Yol NG UL RE ARG b RSBy ino acids comprsing
ASRUAC U5 AIB 4 16101 P sehip piicatisr disel ol eleest colits S pdasorsflues carrying
paneRaitiples(@ 0k he) ehtysihaoobisimedified poly@adivae or polyaspartate
%ﬁ%@@ﬁﬁe&lﬁg%%‘ér%i 3eqneRDtation sueh t@ﬁgiﬁﬁefh%ﬂgcmd}sgf{ébic modified"

Jection, a ge rmed 1n Situ In't eﬁgtlent_on ontact with the .
ROIHEBENBINNAID AR, TRRIBRSEINYS tRSRsIoWly Yélghset GhePiffjpidatpension  of

petiperat brevvebkaik ouends, ofheniihej 30 toncertiatiom of henapeitjension at pH

@.Egt%'_i@htgtt?@aétdéﬂénéé’éﬁfgBrlﬁé%'?ﬂ%‘éﬁl}iﬁ‘.i9h’ as is the case, for example,
for huq‘llgggrowth h r'TF one,,the,duggll n of release is limjted o a,few
f

days. THE BUTH DF FIESE oF (RELeTOAFR BT BB frdfi By cctorized” by
foethespinstensactording to US 2006/0099264 would benefit from being mereased.

The increase in the duration of release was partially obtained by the pharmaceutical
forms described in the PCT application WO-A-05/051416. This application discloses a
colloidal suspension of nanoparticles (0.001-0.5 pm) of hydrophobic modified
polv(sodium L-glutamate) injected at a concentration such that, afier subcutaneous
injection, a gel is formed in situ in the patient on contact with the endogenous albumin.
The protein is then slowly released over a typical period of one 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 duration of release is limited to a few days.

The duration of release of these forms would benefit from being further increased.
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3 BRIEF DESCRIPTION OF THE INVENTION One of the objectives of
the invention is to provide novel particles charged with AP which release
the AP over a prolonged period of time of several days, and even several
5 weeks. Another objective of the invention is to provide novel particles
forming a stable suspension in aqueousysolution. Another objective of the
invention is to provide novel particles charged with AP which are stable in

e Mephiizad o 0o s phigetivg giihe invention is to provide

novel particles capable of being stored in the lyophilized form. Another

objective of the invention is to provide novel particles which can be easily
redispersedf Hiteoyophitiz atick: mothion objeqive idkthevislyemiolessherged with AP
wherdeiaaveiRaricleswhishIsigrge aride BraeR Whichdas d8faingd ¥Sen several
Wbég{{()sgical activity. Another objective of the invention is to provide a novel

process for the preparation of these microparticles. Another objective of
the invitiber ighirpligoigé Biadntopkanmadeuntsalifsranatioatfoleshiorming a stable
sidptaiied ireigaseeisAltithparticular a dry powder form for inhalation and

20 pulmanaly seminl tré‘fiﬂégéﬂ\%ﬁ%rnt?sat%hh% iH?eE’ﬁSv%PiFeteri‘lé‘?eSs’ t%ﬂ;&%r% with AP

others, the inventors have had the credit of discovering, a eng
Whirs fkiTable 4B Abery sbiligsfifePsurprisingly and unexpectedly, the
mixingAunden sgeeificrcafditionsvohtivo potgepectrokytecpolypasisiaf capable of being

é?&@@%ﬂ‘%h%qtﬂ%&b{ﬂ%!fﬁﬁh{?”e carrying hydrophobic groups associated
with at least one AP. 25 (for example of eopol {?%inoa ids),.results i

I .
articl ST & ERTSF BLABER PN 00 FIRF ST EAB LB BTohishgag be casily
eratpimsod affse prieldhitiadtranor in vivo over a prolonged period of time. It
f0||0V\{§ﬁ{9ﬁb¥h&ﬁ@¥\1@%fnﬂ%ﬂimﬂ§@3§ Egsﬁﬂfﬁﬁé%w_igﬁﬁéﬁst%ich release a
su%gllr{%ji% Igag,ee ?Laé {%agte?n? a E{X{? ;l)trlnmple (AP), which particles
%rgmprise: a3 atﬁirsf3 po yeiec(%‘fy e po yPﬁer (PE1), preferably a linear
a-polyédritisaelicsvehel chaiguensiends samymidsidenyelroplstid ¢roispereparation
¢Ehbssaiddsi-pelyelectrolyte polymer (PE1) spontaneously forming, in

water, %gﬁﬂé%fﬁtéj%%lﬂgé%‘f%@%ﬁ%ﬁ%ﬁs %Eﬁ%‘i&’é‘? R ?eaggu??ga% rmulation

of betwe a second polyelectrolyte doolymer( pretera )
fgqiﬁ]é%rsgs%wnﬁ%aé@id)’foﬁﬂ in particular "a dry powder form for inhalation and

pulmonary administration.

In order to achieve these objectives, among others, the inventors have had the credit
of discovering, after lengthy and painstaking research, that, entirely surprisingly and
unexpectedly, the mixing under specific conditions of two polyelectrolyte polymers of
opposite polarity, at least one carrying hydrophobic groups associated with at least one AP
(for example of copolyamino acids), results in particles with a size of between 1 and
100 microns capable of releasing a protein or a peptide in vitro or in vive over a prolonged
period of time.

it follows from this that the invention relates first of all to particles for the sustained
release of at least one active principle (AP), which particles comprise:

a) a first polyelectrolyte polymer (PE1), preferably a linear a-polyamino acid, in

the charged state, carrying side hydrophobic groups {GH), said first polyelectrolyte

polymer (PE1)} spontancously forming, in water, a colloidal solution of particles at
at least one pHm value of the pH of between 3 and §;

b) a second polyelectrolyte polymer (PE2), preferably a linear g-polyamino acid, of

opposite polarity to the first polyelectrolyte polymer (PEl), said second

polyelectrolyte polymer (PE2) forming, in water, a solution or a colloidal solution

at at least said pHm value of the pH; provided that, if the first electrolyte polymer
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polyelectrolyte polymer (PE2) forming, in water, a solution or a colloidal

solution at at least said pHm value of the pH; provided that, if the first

electrolyte polymer 4 (PEI) is a polyamino acid, then the second

polyelectrolyte polymer (PE2) is neither golylysine nor polyethyleneimine;

c) at least one active principle (AP) associated noncovalently with the

partiCI@lSBJf) ihe palaidalsatidionef thesbicahngypletabiiedalymer (PEL) s neither

5 said ase of at least one active principle
(AP) eln% E‘%alflr?(gap %5 @%}é%,ﬂa{it%ng equal to Eﬁf?Hm the first

polyel&&h ?étrfawrﬂ%tﬂ‘(@@mwmé%&n%%@%ea IBRISYSIGRBA Biith the particles of
particlés: asHoaiated wiidnthéthetiret prihciete (AR}, palivibe(B&dond

SQQM?JQFHQ% B@yéﬁﬁﬁﬁﬁ%&égs@gffﬁ B:Qf BrROMHQP ﬁff&%@éd@lP) bemg_, obtained

solution. 10 Th nve tion also relates to roce s for the pr @aratlon of

taigie £at SRR e A B &&Rféwrc felgam)the form of a
q'hlé@écpimi&leglbefr@m®a?tmma%s’ethé$®r|£3Ed/abmmm}m|(34nP) with the second

SNSRI IlnwiND SIagRsh ke Brep RN AR M @iue &f the

pH between 3 and 8, of an aqueous colloidal solution of a first

polyelectrolyte polymer (PEI) in the charged 15 state, carrying side

hydropHbi& gifis e@H)reé%ﬁ%ﬁfﬁ%tqo@ryéréétr%m@mm@rra(mg19fb@m@cles for the
Lapahe eflspentdnedusly BEMngvdpwatRleaaatioigRkesplitioRObeing in particular
tBS%E%*@s%ﬁ%@& JeasLoRGPERY F@%‘ﬂs% e, RELQLPEIeen 3 and 8; 2) the

tion of at least 6ne active rmcg;H AP {o the fi gst polyelectrolyte
polymer (PEI JBERERMAISRGE 2 PEHI A& € TR AP W fsihhand §ethap aqueous
noncovalentlyolitid thesqatimlesto tﬁﬂtcpdim%baolll}m@@@i&matd(ﬂm) in the charged

polyelectrolytgpolymiey; ggﬂég)n% %%Eag a(t r?s%d first polyelectrolyte
polyelectrolyte polym ) of opposite polarity to the first.

polyelectrolyt&’ B&{%@ré ﬂ&g@g o CFPBBWQF@&?](% RIBHIgniB M@y colloidal
forming, in watrianseigpionctsatcolleidab2s dtuticiuatoditheast sditiepiran 3 and 8;

value of the mﬁ provideeihat.df the flagze@%roaé@veolyfﬁ@w%alm 3to the first
polyarnino acid P]enltgpe secop neoo %I 1yteep |1¥1 ééq EIZ) |tt er i

polylysine nor p%fye% feim |X|ng atap jual tsoalp mm? principie
the first polyéréetfwf@%wrﬁ@mgvéﬂﬂm Wtbfhierparticiesingidag sollaiéal eplution of

particles assegiateavyidhthecG0laaiivelypracipie1(AP) obtained in stage 2),

with the Ssi(ffﬁfﬁﬁé?bﬁ BRI PANIRERERSH ARG RN B RGO 8F opposite
polarity to the first polyelectrolyte polymer (PEl), said second
polyelectrolyte polymer (PE2) forming, in water, a solution or a colloidal
solution at at least said pHm value of the pH; provided that, if the first
electrolyte polymer (PEl) is a polyamino acid, then the second
polyelectrolyte polymer (PE2) is neither polylysine nor polyethyieneimine;
4) the mixing, at a pH equal to pHm, of the first polyelectrolyte polymer
(PE1), in the form of a colloidal solution of particles associated with the
active principie (AP) obtained in stage 2), with the second polvelectrolyte
polymer (PE2), in the form of a solution or colloidal solution obtained in
stage 3).

The invention also relates to particles for the sustained release of at least one active
principle (AP), which particles comprise:

a) a first polyelectrolyte polymer (PE1), preferably a linear a-polyamino acid, in

the charged state, carrying side hydrophobic groups (GH), said first polvelectrolyte
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stage 3). The invention also relates to particles for the sustained release
of at least one active 35 principle (AP), which particles comprise: a) a first
polyelectrolyte polymer (PE1), preferably a linear a-polyamino acid, in the
charged state, carrying side hydrophobic groups (GH), said first
polyelectrolyte 5 polymer (PEI) spontangously forming, in water, a
colloidal solution of particles at at least one pHm value of the pH of

betweenisméd BED) speeeopcRolyRiestnglie @@ﬂ&!m@kﬂﬂﬁlﬁlhlll%fﬂiﬁlf@bbf@aﬂic}es at
Iinear id, of e first polyelectrolyte
polymer (%Hgﬁ%%ﬁ 8%8#yéropﬁb%%é%?ps%§H said second
polyeldBtFoi§RENIINAH aﬂe bysamhimgrieP té’rreéeé%ﬁbﬁérlil%%lﬂf&mm@ acid, of
solutioopabsitde pel |aig phimhaldesof theypleepiatdegsti onera¢ivi ), carrying side
p“nCI 0 8] t ming, in
solutlg!r? g&?eléﬁrigt p(?%/egllerggz gﬁrt)?o@é%/ngé ; %ﬂgsgg!ﬁé?aértlgcglles for?ﬂgﬂa{“0 &
sustalﬁ%?f%l%ﬁ%lé‘ &%?ﬁé’a%fgﬂ aéﬁ?l\%’?ﬁlﬁ i ?ﬁﬁ?lﬂaﬁﬁlo‘f?ﬂgﬁ%ﬂ‘f@ﬂ
by mixingyt dtastpheqetal tapirmleherfstpsolyieled molytevpdiythemPER¢ iparticles of
the for?ieoi(ﬁlo@@ilzd?ﬁhﬁﬁlQﬁ%cqﬁlﬁiﬁﬂlﬁ%ﬁa@é%%@%%@ (eiactive
rmC| e e sec olyelec mer
B iloh b S SO TR L T BN E AT 1 b J80ne obtained
Wr%&iweﬁaﬁﬁ%ﬁq}fﬁb&?t@@@ forethestaisilveabieazd vnet (B5dt.omehe form of a
@ﬂlM@@rml@ﬁ(APbaiﬁ@& @@ﬂi@i@@cb@iﬁﬁl l@l@@&i@@@fmﬂ(ﬁﬁfhéo@@}’), with the second
wh| oWing stages
D B R DA otuon

co||o|dgllﬂ&omtf@ﬁlaflaa%ﬁ%trﬁkﬂgﬁ@éetr%wf@%%%rtkpm)qﬁaﬂ%%hafg@amdes for the
sistanedmylingesideahyeligphabie: greupsn(Git), (sdid fikskpolyelcey dlyig in particular

&%B@ﬂ%&cﬁ%@a@@%g&ﬁ%@@ﬂﬁﬁ?&’}ﬁ%ﬂk&% %5%&&9 in water, a
colloidal 20 s% 16Lon of particles at at Ieasﬁﬁen m Vvalue of the pH o

between 3 and 81 2 ShE HiftBrAd 4y k&cﬂ@e BRI E‘ﬂ‘é’?ﬂ}faﬂ Aqueous
the first polysldbirditecpaipment (P EL) osthinkdinistagevmsaid RBictiver the charged

principle JO|n§ikget0g§1tﬂfz‘ﬁ W&@\dﬂﬁ M‘Hﬂ? tg%ﬂ%f t'@ﬁ%()fsteh@ %Hp'g@ﬂyelectt‘olyte

solution of sai flrst %ﬁ’@ ctroly %/ (ﬂ) he preparat
a

of
a second polye SO f},lﬁl . p%ts %0% i n}m%hefr er, 9 colloidal

polyelectrolyteopsigmet EQWEE%WWWQSE@@ PhlarophsE WHHSO@F{)’VGGH 3 and 8;
said second polyglectigdyipolymer (RE=) dasmingivid WalRlipteSqINHPNOr the first

a colloidal Sowlgae%gf}k%aﬁgﬁ%l%p 'dfgll) obtained in stage 1, said active principle
joining together noncovalently with the particles of the colloidal solution of
said first polyelectrolyte polymer (PEILY;

3) the preparation of a second polyelectrolyte polymer (PE2) of opposite
polarity to the first polyelectrolyte polymer (PEID), carrying side
hydrophobic groups (GH), said second polyelectrolyte polymer (PE2)
forming, in water, a solution or a colloidal solution at at least said pHm
value of the pH;

4) the mixing, at a pH equal to pHm, of the first polyelectrolyte polymer
(PET}, in a form of a colloidal solution of particles with which the active
principle (AP) is associated obtained in stage 2), with the second
polvelectrolyte polymer (PE2), in the form of a solution or colioidal solution
obtained in stage 3).

The invention also relates to a pharmaceutical formulation for the sustained release
of at least one active principle (AP), said formulation comprising particles as described
above.
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value of the pH; 30 4) the mixing, at a pH equal to pHm, of the first
polyelectrolyte polymer (PE1), in a form of a colloidal solution of particles
with which the active principle (AP) is associated obtained in stage 2),
with the second polyelectrolyte polymer (PE2), in the form of a solution or
colloidal solution obtained in stage 3). 35 The invention also relates to a

pharmaceutical formulation for the sustained release of at least one
active praGiplenti) asaid-éonmuiatianeesasy im%@@rﬁﬁﬁﬁﬁ%ﬂe@rﬂﬁ&ﬁcaments, in
ve. 6 T e |nvent| n i?zﬂlso relates to a pracess fo for the. . prepar arati

1?%1'9 é:uiar ? aJt f TIUSCU ar of intradermal,
caments in par icular for paren eral, mucosal, §ubcu aneous,

PRRSRISRGR OT B aRiehe! RiPISATIBHRRPS AR Erabeal THgiHSIeTdtdeed even
ammaicivirdgtration itio atimansinderdneveny admiiistratiansayrihsl osal,ocular route,

DARARLILONALY Vi%gégfjé Qﬁé"&'o‘?{e WAEOULe s%é(}ﬁ’fgﬁlf\c}g&%

essentially in emp oy|n ast one formulation as define
DETAILED DESCRIPTION OF THE INVENTION Definitions 10 In the
DiEEEAM L dd3 OgHOR HNEHa MOBOIHEBINY Eidd&dieNod to mean a
homogeneous mixture of solvent and polymer in the form of individual
}é ﬁlns In the present description, the term "colloidal solution” is
80B4d to mean a suspension of partlcles the mean diameter of
which, imetisurptgspthderetanions |dbe thamor seluiadd 055 mdessigotheto mean a

RERRARLEGSCHPHOR: Hmc;ﬁréﬁt"mtfﬂa@yﬁ{aliﬁﬁﬂm&lﬂ{ 4% padarsiacghdths.

mean the,pH at which half of th |on|zabj.e o are |on|zed In.th
presenli d%gc %t%%t %sscfe?t Op " |s un&é%?(;égg %o mean unﬂf"ré?md to mean a

SRRSRSIPR QﬁBéﬁ&@ﬁiﬁ@ﬁf@@ﬁéi%@&mf/%@wﬁﬁéﬁpﬁhwmT/\/Fﬁ&h ghkess than or
apiblapdisaipte (AP) is associated, with the second polyelectrolyte

p0|qu5 @gﬁ}é&ﬁﬁgé?%é%ﬂhrgQHQ %prﬁ:}? 'ﬁ'éf?éﬁﬁ%% of, is gnderst?%i to mean

hyS|oIog|ca pH IS as being, for examp
%’Fe@ DRt domiT Bkﬂﬁéﬁ’é’é’ﬁ(ﬁfﬁté@q{% derstood to mean a
polyménaherymg:grd@p@mpablﬁ@tanmmgmﬁ watedpwhich creates the pH at which

M% %6?%@9&%@8@&951}%%8@%%%@@1@9% MBISIM active principle (AP)

oI am undersfoo
as ociat 1th tlsie Secon ?ye?eotr Eivte polymer (PE2) is carried out.

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

In the present description, the term "polyelectrolyte” is understood to mean a
polymer carryving groups capable of ionizing in water, which creates a charge on the
polymer.

In the present description, the term "polyampholyte" is understood to mean a
polyelectrolyte carrying at least two types of groups which respectively dissociate to give
anionic and cationic groups.

In the present description, the expression "to carry” means that the group carried is
pendent, that is to say that said group is a side group with respect to the main chain of the
polymer. In particular, when the polymer is a polyamino acid comprising "amino acid"
residues, said pendent group is a side group with respect to the "amino acid" residues and
is a substitute of the carbonyl functional group in the y position of the "amino acid" residue
which carries it.

In the present description, the term "polarity of a polyelectrolyte" is understood to
mean the polarity of the overall charge carried by this polyelectrolyte at the pHm value of
the pH.

In the present description, the term "bulk density” is understood to mean the

volume occupied by 1 g of particles. The bulk density is measured by any method known
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polyelectrolyte carrying at least two types of groups which respectively

dissociate to give anionic and cationic groups. In the present description,

the expression "to carry” means that the group carried is pendent, that is

to say that said group is a side group with respect to the main chain of the

30 polymer. In particular, when the polyrier is a polyamino acid

comprising "amino acid" residues, said pendent group is a side group with
tespecbiositiichinithe aciducasiduesdansitysoradidostitistboaf the carbonyl
functignal,aroedih gy BOSIEN hdheramiBo.acididrsidue WhIGHLAUIRS o mean

it. In the present description, the term “polarity of a polyelectrolyte" is

|
BRERLEoBRIB By SHE AR RE HORIRS SraRhd all charge carried by this
polyelditeolytesatisheqaHn mahseref tithesipt ofntbleeppresientadesatipgion, teeinvention

MUl Femsintsi MNdR StaRd HRsMaARIbe YRS PeRYRIBd DY Ad® Othe second

rticles. The bulk density is measured by any. method known 7, tg a .
ST BRI ot ROk LR he BeSi AN Pt g the size of the
prdisden efaberfolionla e ketan wntad ingleeliaterrohdepstodertd idan
moleculgewhigh Boleedlacweighhisdess thanelekDa( KaehTihastis used fige particles
measure dhesiza ofde paticles aceordinada themenipg, ysslting
fom the association ote_t e?l_rst'po?ye &ctrolyte po_R/mer g 1@;n ‘of the
second hsaRraé el 8i5td petinarperly MYP‘%%’%F iKiPRsi&Fably used to

evaluate the size of the particles of the colloidal solution of the first

PR R IRMGRRIN TR SPEN &Q%ﬁ?ﬂ%ﬁftw&%ﬁ}s&%{H?Qé%@ameter
‘D50 suUch that 50 9% T the particlies pre in thé sample have a Size of

less than or equal to this value (D50). 10 The result of the T' test is a
mean Ajdrddymelatiogiantet®a T, vdschoisiieasantetielsivevdfithed 0% of the objects

éﬁé@{&@@%‘é'?@uﬁ%ﬂ,'@&%}Qﬁff@@ﬁ%’is"' H'ﬁlﬁé’t@ lating e the RRQrWhIChithe invention
the diameter belaw V%Ihlﬁﬁh 50% fth$ gb ects 15 analyzed are found, are
SOTEHEY: THIE didPReter SHINE Paficies &

&4 acco?%ﬁ\r?fg to the invention is

measured Becohding o theepioles dusepkifiied beldilntngesBludorstbe sample to be
pagiglesedreNrepared by diliingA0ed ehtheisaniplel teheubnatzed wikh vortexing

600 | of deminerali i | by ther ;
w1 R R
intFEEIRERS SO WRAS HRBERE GHid AStilchfonbLanaing thecshseratioqid 20 % and

betieehd %ranshRO.8b and gthelifiheyianenanalyrée by lightldiffeactidastersizer 2000

USW@@&%&‘EMRM&'W@ Mé’%ﬁr@%ﬂ 4000, 1y p&g@gﬁa_tmvﬁgbt\lg@ the particles is
wavelenqths 466 and 63%1|nn. The D50 of the particles js , .
calculated from the Mie theory using the following refractive indices:

Diid = 1.33 + 1.0,
npelymcr = 1.59 + i-O,

and the Fraunhofer approximations, as described in standard ISO 13320.

T’ test for measuring the size of the nanoparticles by guasielastic light scattering:

The mean hydrodynamic diameter of the particles of polymer according to the
invention is measured according to the procedure Md defined below:

The polvmer solutions are prepared at concentrations of 1 or 2 mg/ml in 0.15M
NaCl medium and are left stirring for 24 h. These solutions are subsequently filtered
through a 0.8-0.2 um filter 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
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calculated from the Mie theory using the following refractive indices: nfl.id

=1.33 +i.0, 25 npolymer = 1.59 +i.0, and the Fraunhofer

approximations, as described in standard 1ISO 13320. T' test for measuring

the size of the nanopatrticles by guasielastic light scattering: 30 The mean
hydrodynamic diameter of the particles & polymer according to the

invention is measured according to the procedure Md defined below: The

Ediynee mgotgticing arés prépd reet o contentrgtioms abdtioorfBnetggmbintBeld kit tric field

ﬂ}lak?lerf}ﬁ%ttlm fﬁ{ﬁﬁ&ﬁdgﬁé}';ﬁm%@%@ﬂé&@- }Tl{l@&e Wlogaﬁ@ta% Science Series",

sybsequently filtere rou ilter hefore z in

R G SN (o 3 98 8 e B Bt (004

Goniometer System type operating with a vertically polarized He-Ne laser

beam with a wavelength of 632.8 ran. The hydrodynamic diameter of the 8

IpebyiTer RanQpaliiets: ischaloslet ek frenv therémgiiderrelation function of

the electric field by the method of cumulants, as described in the work

"Surfactant Science Series”, volume 22, Surfactant Solutions, edited by

. Hand, Onapision. Dekkeeckdgin® | aesufor médsuringlthdsegsaseflofl .5 cm, of

$OB-aclivenBrosiele: S Om! ofHpriomatipaiwe piecletotna SUIeNIN 8f an aqueous

r%lg?%drerln thOfidi> o of, é) obprethan %é?ﬁ{}{eﬁ%%{l&ﬁ%% Lioam H?‘P?ﬁf‘ oY phosphate

STOW OF 2.83 mifh of aﬁ_ queous medium comprising 30 mg/g of bovine )

bubigmiv dFactihof pataridny ohdariveof gidshha e‘i@iﬂﬂfﬁé\ls)a%o@’ﬁ@l Bgpm Aldrich)

prassismvEbibgiden Rilidy Mok sodildnthl Gidep(PBSdraguildrich)hdnovn from the
f (o]¢T] te (Aldrichy. les larly-withdr

B o ST LE o gy e

PSR unotech IM3193 kit). It is then possible to plot the total weight

of prothiis teteasedible supintitiy toat! fowight 16 imeeiohdédheal sanpteming that found

Withdrawmmang g klaten e e e ARt inecisd: Withinthgneaning

of the invention, the term "protein" denotes both a protein and a peptide,

whether an oligopeptide or a polypeptide. This protein or this peptide may

or may\ibihehmodives firibkanvsiiivay drafivng opweinmdeaotes both a protein and

Polyyethyeneraeuzodepliae tirsh padypesansd nolkelpctealyte RAlPIRie may or

é%? hand fﬁi%z%i&{ &) %%%@@d%/“ B'yeg{%@ﬁmb; odeqradable ng%%%’t%'%’]

Imn%r%roups.
arrying lonizablé anionic ana/or-cationicgroups, for_eéxampie amine or

[~
In
carboxViie BEwl 20hcaend Gritpiscmebrts anhymse Sy mendpeE o rigrrogompatible
sedrssdepizalie drespofiangivernpolagitiotdnibhicnionatiendhr Sudbnic groups, for
BﬂéﬁBé%r%ﬁﬁﬁe TOF QXATR/R PYATING RIS, ARG ROYSACCHANAR ymer (PET) or

suchas . = | . . . .
(PE2) carries ionizable groups of a given polarity (anionic or cationic).

Such polymers are, for example, polyamino acids, anionic polysaccharides, such as
dextran sulfate, carboxymethyleellulose, gum arabic, hyaluronic acid and its derivatives,
polygalacturonics or polyglucuronics, or cationic polysaccharides, such as chitosan, or also
collagen and its derivatives of gelatin type.

The possibility is not excluded of a polymer carrying ionizable groups of a given
polarity to also carry a small fraction, from 1 to 30 molar %, of ionizable groups of the
opposite polarity. In addition to the ionizable anionic or cationic groups and hydrophobic
groups, the first or second polyelectrolyte polymer (PE1) or (PE2) can optionally also carry
nonionizable groups, such as radicals chosen from a hydroxyethylamino- radical, from an
alkylene glycol or from a polyalkylene glycol.

The net charge of the polymer depends on the value of the pH with respect to the
half-neutralization pH of the polymer. Thus, for a polyelectrolyte carrying carboxylic

anionic functional groups, the net charge of the polymer will be in the region of zero at a
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25 dextran sulfate, carboxymethylcellulose, gum arabic, hyaluronic acid

and its derivatives, polygalacturonics or polyglucuronics, or cationic
polysaccharides, such as chitosan, or also collagen and its derivatives of

gelatin type. The possibility is not excluded of a polymer carrying ionizable

groups of a given polarity to also carry &small fraction, from 1 to 30 molar

%, of ionizable groups of the 30 opposite polarity. In addition to the
pHnizabieaniaiicohediithicgratipst@nchhly dvaphdbicagrdupmitimcfifshaional groups
SRE80] Bphalek oI AR IR (PED R R E@)ra%@&'w"m'&% GRAHYF hand, for a

non|on|za e groups, such as radicals chosen f m a hy ylamino-

Rl eAT, W%C%ﬁ%ﬂ‘é@@‘j}%@&rﬁm Adish gﬂ%%sgae@ éé‘)ﬁé Onghen the pH
ecliaede tht thd fpoiymeizdepe ptishyrutipeovalus f twe pisitvith respect to the
half-neutralization pH of the polymer. Thus, for a polyelectrolyte carrying

carboxylic_anionic functional groups, the ne charge of the e

imthe Bolh BF28Rb B 51 o T betint T R REE o, i o7 sccond
whg@wm@@mmm@w&@ @é@rpﬁlwmzﬁ@gmﬂzé@lm qzsmhemlém value of the
pabwebﬁtaaﬂalﬁyn@féteauﬂraﬁaﬂ;ﬁthc@mm otherdaaneihiar:a polymer

carrym& catlonlgr e cha |s reduced t

naI ou &N Z£19 M of sodi
when the P “exceeds tlﬁé/ﬁqaglﬁj r(?guetltrea iza c?nsp? (ma|cc>(|c))1rTl Lllmﬂggeytwo OF sodiut

IMEds iy m@%#és@np?ﬁ@ehﬁo%ﬁ%@%m%Be%ﬁeﬁ%?g%%ézmé%fﬂ@élfﬁs?ydmmde
sofwaaorithipclyeitatrdlyebpalyamely (BiEd e B2hundariiid roking dodebtiads solution,

tﬂE tpﬁaﬁwrhy 3fiue B\(ﬁc @Sng His,pRiained t?ﬁ(n@t?oﬁogf" %'Qfﬂﬁl}ﬁ& igfoaRgum hydroxide

tifration method:; A concentrated 2 mg/ml p electro te solution

EFDrIGG TS O Sochi ABRSRIBALE S DTG ARLP I by SaipRhe doble
tarigeatetiglacidronakeMitspalisibichidroxidetsohlficn: Whlsﬁsaﬂ&mhfn jignizable groups are

1%&&?2%%(1@@5%“% tigaied Wﬁ}@@&é&&@@@pmﬁmﬁ%@@ %\ﬁﬁf-'%‘ 1the 1s 1hen possible,
c an ge in thigbgH beln orc{g 0a?'%[a functlo of the.vo

S B e R APt BE A SR BTN (VTP aRgoLe for any
\mlﬂe fortegampleibyhgiensetible t@aiﬁg?mtm&ﬁ&fd}wﬁkb@ﬁ%mtés to say the pH
ﬂet@mdhlehlalddgfewbicmﬁ&dﬁ&zi@@&@i@het@ WEps areldbgonizgddhrtfisdhe degree of
1%%}/2\’\{10 %Qﬁﬁdg&r ?egtfrtl) IZ%O% %Hlavzt:ﬁ)ue otf Iﬁléhglpl H%St% E%emﬁc case where

startlng rom t |nt {0 go back to degree of I0nization 0

%9@1@&@4%&&%@%&%@@ SrumElgrnge iRtthetvpeksinRtS: cfélﬁﬂ‘é fiogziable groups
a‘:ralfmmdmllzatlomzpid dhat thitopdhy-ine: pthafar whicly thetdégréseafe of ionization is

é ngng& ﬁg@l{&o&b&{%@}?@ passible to define the degree of

|on|zat|on of the polyelectrolyte for the pHm value of the pH. In the specific

case where 20 the equivalence point is outside the PH range of between 3

and 9, diithetiagziagie trotivs areé segardiedlasitshichtcqvdytnisspREL, PE2) can be
rangepihabistaisaintnakthe egree Ak igRNizZadionals if PE1 is a lincar polyamino acid,
PE2 is neither polylysine, nor polyethyleneimine.

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

Preferably, the polyamino acids used in the present invention are oligomers or
homopolymers comprising glutamic or aspartic acid repeat units or copolymers comprising
a mixture of these two types of "amino acid” residues. The residues under consideration in
these polymers are amino acids having the D or L or D/L configuration and are bonded via
their o or v positions for the glutamate or glutamic residues and their o or f positions for
the aspartic or aspartate residue.

The preferred "amine acid" residues of the main polyamino acid chain are those
having the L configuration and a bond of o type.



10

15

20

30

equal to 1 for pH values of between 3 and 9. Advantageously, the first and

second polyelectrolyte polymers (PEI, PE2) can be 25 linear

poly(a-amino acid)s, it being remembered that, if PE1 is a linear

polyamino acid, PEZ2 is neither polylysine, nor polyethyleneimine. Within

the meaning of the invention and through®ut the present account, the term
"polyamino acid" covers both natural polyamino acids and synthetic
polyaminevadiitls tang alsa eligeaminaragidmbonipiisingiamidenibn, the first and

iAo RE 'l'ercﬁ%%'?{gsg&§ RRABE IS éaprnoéy INQ.AGIAR LRMANSING of theirs
more thar. 20 "amino acids" residues. Préferably, the polyamino acids

RigspaReE e srremobisis s e My era bty Qﬁa?%i?bwnﬁ@?gf&oﬁfp%maes chosen
igtutahn on@spartictag o fepeatiunis drcogolymer sesalmprisidgha meixttrmations, at

IQB@ETQM&%@%&E"mgﬁ?édiﬁ'@ﬁ@édﬁﬁyTé}gﬁﬁ%q&ﬂqga'épgﬁé hydrophobic group
sigera

jon in, these polymers are amino'a having the D or L or D/L

@gﬂ?i rﬁ?ﬁ&%&ﬁ&?ﬁ%&iﬁ%@ﬁ%ﬁgﬁ ﬂ‘?r&f”%%&;%bsitions for the

glutanfate pysgibtateicthegidbescaRl 2o dcordPrp ositi g fenhobec aspeptic

or FSPQ@@J}%EQ?%'% fihe %‘Eﬁi‘@fﬁ!ﬁﬁnﬁ%i& g6l aFRRIHURSR féffd}l;@}ii@ t’yl?e of those

olyamino acid c are those _having t c ipn and a bond of | .

ke e eh e oo e
%WJ@PMM?%@W@@ é&d@@é@n@eawé%t%@@%wrﬁ@m (e jappey g 1gee selected
polyaninepapidsnsitanedf theirs pharmaceutically acceptable salts, the

main Cﬁ%}% B}N!S&icﬁ%éﬁéﬁég‘uegi&feféﬁ ‘i&%ﬁhgﬁ?@mf%zﬁ FH&Q'V% Beraply still Co-Cig,

consisting of aspartic resi , glutamic residues‘and their combinations,
at 5 leaSAspBrEbrPeRtEESanits being modified by grafting at least one

hydropiig by dpanapb ¢ s id)dopsat teast the: fissb poty electrblyteqaodyme p(BERbly those
Itis po&ﬁﬁ%%iﬁ{fg%%ﬁ@b( Med/BES ARCARI GRUN SISO AP RAADICIFOYPEe following

Accordf:'?né%%ﬁI a first embodiment, these polyamino acids are of the type of
those ibied in the PCT patent application WO-A-00/30618, according
to which the 10 hydrophobic groups (GH) are identical to or different from

one another and are iselect g groﬁm oup, consisting of. (i) linear or
branched, preferaﬁ(%elneéﬁ -Gy ;an?%@& eferably still C2-C18,
alkyls, acyls or alkeni@g; (i) hydrodarpon groups comprising one or more
heteroatoms, preferably those 15 comprising oxygen and/or sulfur and

more prefé?. <&ill those of the following formula: H H
- Rgp radical is a linear or branched, preferably linear C;-Coy and more

preferably still C;-Cys, alkyl, acyl or alkenyl radical,
- R4 and Ry, radicals are identical to or different from one another and
correspond to hydrogen or to a linear or branched, preferably linear C;-Cyy
and more preferably still C»-Cyg, alkyl, acyl or alkenyl radical,
-q=11t0100;
(ii1) aryls, aralkyls or alkylaryls, preferably aryls;
{iv) hydrophobic derivatives, preferably the phosphatidylethanolamino- radical, or
radicals chosen from: octyloxy-, dodecyloxy-, tetradecyloxy-, hexadecyloxy-,
octadecyloxy-, 9-octadecenyloxy-, tocophéryloxy- or cholesteryloxy- radicals.
The term "hydrocarbon groups" is understood to mean, within the meaning of the
present invention, groups comprising in particular hydrogen and carbon atoms.
Preferabiy, in this embodiment, the hydrophobic groups are selected from the group
of the following radicals: methyl, ethyl, propyl, dodecyl, hexadecyl and octadecyl.
Particularly preferably, the hydrophobic groups (GH) are chosen from the group
consisting of:
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4-C-CH20-?g C-CH20R62 R60 R61 in which: 20 - R60 radical is a

linear or branched, preferably linear CI-C20 and more preferably still

C2-Cq, alkyl, acyl or alkenyl radical, - R61 and R62 radicals are identical

to or different from one another and correspond to hydrogen or to a linear

or branched, preferably linear CI-C20 a¥id more preferably still C2-C18,

alkyl, acyl or alkenyl radical, 25 - g = | to 100; (iii) aryls, aralkyls or

alkylarylse prafeebly Brylehty)hydrapheigderivatives: preferably dh@prise at least
phOSpha“dy'SH%%% Hfh{%%n %9&?&’ a?{efiﬁddﬁé'ﬁe‘fagﬁ rom: octyloxy-,

dodecyloxy-, tetr li;g exad ecy oXxy-, octa oXy-,
9-octadedenfioi < t@)ég‘ﬂ B R ’fs}vos@;w VRt SorRse atleast one
term "hydrocamsstugraepsid®uadesstond betwreatomyithin the meaning of

the presgnt H}l\éﬁﬂ{%% 8 8“Pﬁaﬁ%}%‘ﬂ%‘Qgﬂﬂ)BQﬁﬂg%ﬁ{la}'@%gG&l%ﬁglly comprise at
carbon atom erably, in this en&) nt the %Fﬁro hobic groups are

selected from ¥ PHOUPSBRALTLAB (fg’e Oy, propyl,
dodeciionexadetidadind eiciaaicyhe Iéérﬁwila}f@rwb@é’ﬁatﬂyomhe (GH) is obtained by
g}xﬂrﬁg@@%g@yﬁ% @r@ﬁ@mﬁ&mm&%@y@oﬁés@ﬁ@wwa@i‘ollaodecanol
Anear on franched G2 o 3 allyls whishican gntionally comariss at s

Gne Uneaturaton ana?o’r At iesst one netetoa om CHHE3D alﬁy ary S or
arylalkyls which can optionally comprise at least one unsaturation and/or

at |easwmﬁﬁ“@getmam&)d@ﬂar@Sﬂmé:aﬁxénﬁtmwﬁamc@mqu@smbim polymers
g roa@}r? rCOMPe %&{? a?ﬂ%ééﬁ%%aﬁf 88%%%9{%% FESLONEponds to the

More speC| Ica astone o rophobic groups
%@P‘ﬂ% sptamad Ey grafting starting from a precursor chosen from the
group consisting of. octanol, dodecanol, tetradecanol, hexadecanol,
octadecanol, oleyl alcohol, tocloeroIdand cholestergl. &Q0&ccording to an
embodiment of the invention, ne of t olyetectr Jte polymers. (PEI,
PEZ2), or one of theirs pharm Eﬁonds to
the following formula (1): 10 A2'000H

1
OYA H 0

ey

in which:

« R! represents H, a linear Cs to Cyy or branched Cj to Cyy alkyl, benzyl, -
R4—[GH], or R! forms, with NH, a terminal amino acid residue;

= R? represents H, a linear C, to Cy or branched C; to Cyp acyl group, a
pyroglutamate or —R4—{GH];

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

= Aland A independently represent -CH- (aspartic residue) or ~-CH-CH;-
(glutamic residue);

= p/(n+tm) is defined as the molar degree of grafting and its value is
sufficiently low for the polymer dissolved in water at pH 7 and at 25°C to
form a colloidal suspension of polymer particles;

* n-+ m varies from 10 to 1000, preferably between 50 and 300;

*  GH represents a hydrophobic group comprising 6 to 30 carbon atoms or is
chosen from the group comprising radicals as defined in the above
paragraphs (1), (i1), (iii) and (1v).
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R z 4AN\~N/ X/NHR ~~JIOH O m IR 15 [GH] 7 (I) in which: * R1
represents H, a linear C2 to CIO or branched C3 to CIO alkyl, benzyl, -
R4-[GH], or R1 forms, with NH, a terminal amino acid residue; 20 R2
represents H, a linear C2 to Cio or branched C3 to CIO acyl group, a
pyroglutamate or -R4-[GH]; R4 represeris a direct bond or a "spacer”
based on | to 4 amino acid residues; A'and A2 independently represent

-CH2-H@spattierresigie - eda2-CR2 thdSptglbiamis residiue) symsin s polyamino

a? %—:gisne(% afsmtirx]}elwo f dree%%%(%‘ %%?E:rl%?hﬁg%iss al%%é% §8ffl&lg n%élf‘alzglw tc%rp]ications

e eoglgmer Issolveéd in water at p Cto form a col
9[5 46% B AlerPaficles; n + in varies from 10 to 1000, preferably

betwearGdangd B0 @BeGbsapiisents abitiophalyic graymeoRitisingone of its

gl GabeR %E%'%b‘%é?;ﬁéssa@@9§8ﬂef£85%&£‘%95%%P%Rﬂﬁl‘i@iﬁ%@i&&lﬁﬁ% (I1), (1i1)

defined in theabove paragraphs (i), (ii), (iii) and (iv). 12 For further
owith regard to the preparation and the synthesis of polyamino acids
of formula (1), reference will usefully be made to the patent a%%l;cations

FR 02 07008 and FR 03 50190. Acebrdifig to another pg , the

polyelectrolyte polymer P2, or s ph rmaceAticaIIy cceptable
salts, correspondsdgone ing formt 1)) (IV):_1sH]
4 Ra 11 m'

~COOH COOH 0 A™R*H A

.

ey

in which:
» G represents a hydrophobic group comprising 6 to 30 carbon atoms;
= R is a linear C; to Cg alkyl group;
= R isaC,to Cq diamino, dialkoxy or alkyl group;
= R* represents a direct bond or a "spacer” based on I to 4 amino acid
residues;
»  A'and A? independently represent -CH,- (aspartic residue) or -CHy-CHy-
(glutamic residue);
= 1’ +m orn"is defined as the degree of polymerization and varies from 10
to 1000, preferably between 50 and 300.
For further details with regard to the preparation and synthesis of polyamino acids
of formula (II), (III) and (IV), reference will usefully be made to patent application
FR 03 50641.
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(HHOoH 11COOH I~COOH H A' O O AZ H [GH] iin, ,[GH] Ra Rso Ra
(m'10 (I OHHO ~COOH HA'o [GH]R4iiR4/[GH] if,jdn" (IV) O
H 15 in which: * GH represents a hydrophobic group comprising 6 to 30
carbon atoms; ~ R30 is a linear C2 to C6 alkyl group; R50 is a C2 to C6
diamino, dialkoxy or alkyl group; * R4 refgesents a direct bond or a
"spacer” based on 1 to 4 amino acid 20 residues; Al and A2

indep%&%@&%g&@r@ﬁ@m@%@&g&@amﬁ r@m@@o?ya%@@ﬁlgolg&&m“mi PE2),
ined as t eo on
R MeRihs T R OLD S S E  ne formte

{details with regard to the preparation and synthesis of polyarnino acids of
formula (I1), (1l1) and (TV), reference will usefully be made to patent
application FR 03 50641. 13 According to another possibility, one of the
polyelectrolyte polymers (PE1, PE2)qQr one gf theirs pharmaceutlcallyHH

acceptable salts, corresponds to the foffexing foormula (V):5R
o7

ZxT

o
T

in which:
= F independently represents:
- an -NHR group in which R represents H, a linear C; to Cy or
branched C; to Cyp alkyl or a benzyl,
- & terminal amino acid residue or a terminal amino acid derivative

which corresponds to the formula :

H 7
—NM—C —COR
RB
in which:
R’ is OH, OR’ or NHR "

and R®, R? and R'® independently represent H, a linear C; to Cyp or
branched Cs to Cyp alky! or a benzyl;
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OOHHD NN EHZHOrOas POiOR9 GHYV 10in which: E

independently represents: - an -NHR group in which. R represents H, a

linear Cz to C10 or branched C3 to C1 alkyl or a benzyl, 15 - a terminal

amino acid residue or a terminal amino acid derivative which corresponds

to the formula : H -NH-C-COR7 20 B inxhich: R7 is OH, OR9 or NHR1

and R8, R9 and R10 independently represent H, a linear C2 to C10 or 25

g'ran|0hed 'E_:aith§a1@i?éKV|K|Hn€ %ﬁnKYHiMeﬁt,Béﬁv%IGH%?ﬁ* Qﬁﬂﬁw@[e};ﬁt borrl]ding group
ivalent, trivalent or tetravalent bonding group preferably chosen from the

following radi%%%r%&?ﬁ?fﬁﬁ@% ’}%3 gjsaﬁ%/ﬁgp I"é‘f"(;iecs?fi[la'ue of amino acid

(preferably of a natttal AWino NEid) [bfdrydF tdgk Bt ahreingracid (preferably of

triamine, of % aminedlcehilooraaid)ydsoxyiaiicoCorriptisisl Hiamideto & triamine, of

carbon atoms RySRGRAI {1 A4ARSr A 12 I B PARENSH ERRG Roms:

acyl group or a pyroglutarnate; GH réepresents a ophobic group )
comprising 64or AT lafbriacan R éPrEpredeRtanghetibal ChbseAcibaToup or
the following pyoeglutamate;

s (GH represents a hydrophobic group comprising 6 to 30 carbon atoms;
= Ry represents a radical chosen from the following group:
- —NH-(CH2),-NH;" in which w is between 2 and 6, and preferably w is 4,
- =NH-(CH;)-NH-C(-NH)}-NH; ",
- —0-(CH,),-NH;",
- —O~(CHy)»-N'(CHa)s,

Iz

wherein —R ! represents —H, —CO;H, an alkyl ester (preferably -COOMe
and —COOEt), —-CH,OH, -C(=0)-NH,, —-C(=0)»-NH-CH; or -C(=0)-
N(CHsz) ;

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

XR12

T

in which :
X is an oxygen or —-NH-—,
R" is H, a linear C; to Cy; or branched C3 to Cyy alkyl or a
benzyl,
RY is <(CH,)4NH; ', (CH,)s-NH-C(-NH)-NH; ", (CH,):NH;";

the counteranion of the Ry group is a chloride, a sulfate, a phosphate or an

acetate, preferably a chloride;
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10 NH-(CH2)w NH3' in which w is between 2 and 6, and preferably w is 4,
-NH-(CH2)4-NH-C(=NH)-NH3+ - -0-(CH2)2-NH3~, - -O-(CH2)2-N'
~(CH3)3, R11 Nn NH2+ 20 H 25 wherein -R71 represents -H, -CO2H, an
alkyl ester (preferably -COOMe and -COOEt), -CH20H, -C(-O)-NH2,
-C(-0)-NH-CH3 or -C(=0)- N(CH3)2 ; - a5 amino acid residue or an amino
acid derivative of the formula: O XR12 -N R13 30 H in which : X is an

oxygen ors-Ntl, T@ﬂf@s@ﬁﬂ a lineRb G200 e branclied ks ti¢ebd aiue or a

or a benzyl, 351 @%3 &%QQ H3+, -(CH2)3-NH-C(=NH)-NH3+,
-(CH2)3NH3 ; Pthe Hun%ranlon ot the R70 group is a chloride, a sulfate, a

phosphate® oPath Iddskateepreselgbipiasenioride; 15 R90 represents a
hydroxyethylgimipeq-ansalisylrfieglysoliesidle degepalyQryfikylenec hydrophobic
residue; p, q r r tAErtS)d

molar degree 0 ?%gg %f(?{lr? &?@A}%@f éﬁﬂ%tﬁ{’c ég )A(r%i&%s} a§I:)|da % \E/H%?esq%o{rg}%en > and
2 to 99 molar YAk %-f@f% otk SoRp E@%&k&l@/&lﬁﬁré\ﬁ&é&lﬂ%&t at least 3
each copolynmﬂnhﬂmmagxaﬁtm ;average, at least 3 hydrophobic grafts;

(@)/(p+a+ras)ds/daiingds f\%&h&‘em@@re@eﬂf@%ﬂi 1 rafling oL e GAHANIGT the cationic
groups and varies frﬁ}%] t0 99 mol % m)&g E+r+s) varies from 10 to
1000, prefera#iyHateer46° ’H’&I‘s ?r f+t+s) varies from 0 to 98
molar %; ® (p+q+r+s) varies from 10 to 1000, preferably between 30 and 500;
= (r)/(ptqtr+s) varies from 0 to 98 molar %;
= (s)/(ptg+r+s) varies from O to 98 molar %.

The lysine, ornithine and arginine derivatives can, for example, be ethyl and methyi
esters, amides and methylated amides.

Preferably, according to this alternative form, the hydrophobic groups GH and the
cationic groups are positioned randomly as pendent groups.

Furthermore, it is preferable for the molar degree of grafting of the polyglutamates
with hydrophobic units to be between 2 and 99 % and preferably between 5 and 50 %,
provided that each polymer chain has, on average, at least 3 hydrophobic grafts.

The ratio (q)/(p+q+r+s) of the polyglatamates means that they can comprise from |
to approximately 97 molar % of groups comprising a cationic charge.

The ratio (s)/(p+g+r+s) of the polyglutamates means that they can be anionic,
neutral or cationic at neutral pH.

For further details with regard to the preparation and the synthesis of polyamino
acids of formula (V) derived from histidine, reference will usefully be made to patent
application FR 05 53302.

For further details with regard to the preparation and the synthesis of polyamino acids of
formula (V) other than those derived from histidine, reference will usefully be made to the
French patent application FR (7 03185.

According to an advantageous embodiment, the R' or B group represents, in the
preceding formulae, a direct bond.

According to another possibility, one of the polyelectrolyte polymers (PE1, PE2)
comprises hydroxyalkyl(preferably ethyl)glutamine residues and a multiplicity of pendent
hydrophobic groups (GH) which are identical to or different from one another. The

hydroxyalkylglutamine units also carry  hydroxyalkylamine groups. These
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(s)/(p+qg+r+s) varies from 0 to 98 molar %. The lysine, ornithine and
arginine derivatives can, for example, be ethyl and methyl 15 esters,
amides and methylated amides. Preferably, according to this alternative
form, the hydrophobic groups GH and the cationic groups are positioned
randomly as pendent groups. Furthermagyg, it is preferable for the molar
degree of grafting of the polyglutamates with hydrophobic units to be

g‘f«w %ﬁﬁr%g %lﬁﬁdapéefﬁ@@é(bpﬁt‘ﬂ&%ﬁé ﬁﬁﬁn@@o{%l RroMadedamide bond.
mer cham has verage, atI ast 3 h dro bE %afs
Pé¥8’t yi sy B

adq_lﬂ_ﬁ %T(S)]l.lfﬁe 1: ﬁ?{é altlgg % JHE utamate residues
Sw drony plkolabprorimacsigg? aioidentiet groupd Boriprisimg ene another and

aﬁ@tlom@ chaigpld hetatia (Sﬁ%mqﬂ{éS)f@{fldbﬁr@oI@M@@ateﬁy@wétﬂa%nm 3-
g%can be nlonlc ne&JHa&or catlonlfaat ney Qﬁ’ 25 For f

i A 2 S ER SRS LR SR Sty tanino and 6
e shesiisaney) derived from histidine, reference will usefully be made

to patendvappkeaticn, HR Ras5330 20 fFbic flsiterntetad vabp s @Hrdﬁﬁlth}e the present
rRRALRIRN AREHINE; SYNIDARISIRIRO '%( '9&%@%& ﬁga@r&gl %:?&Et (or unit)

than those derived from histidine, reference will usef ugy be ma e to

(SParH paturh aPiicatidn PRTPOIPeSORREDdiRG BYAFPRA0RItaglRs (CH) to a
amblydintenttthehR4 tioBapoupeepregeniislinahetcpbecduing formulzena This joint
é%lﬁ%ri%ﬁﬁﬁg & /;%E@@jégweﬁg @E&Rh&!{v%@éﬁ' bawm Qﬁﬁo?fam%?gpbfﬁﬁ%ﬁ%’%nd and/or
mers com I’IS re e u
A Soa T RUhey SPOR R PUBFOIL GIECHE (LA e e to the
mmlcqm@mmffmemﬁr@#ﬂbné arethes Rged hydﬁf@kgﬁ‘all@ll@%téhﬁmethm|ﬂ§ﬂs‘ﬂwem
RSB mdfgwak&%lad@ya%rmﬁ hgse vk Ry droxyabeniaonor, derivatives of
fouRs Are. preferably, Od‘ded 2 th% %%P?Ji/rmer mige bond. T0%iols) and
1?' groxyafkyq?amlne upsw ich e use f)‘/ ? tonalize the T

@@ﬁf@ﬁ%@é r@%uauég%f tiade h%%ﬁyaﬁwag|@t%ﬁhﬁe<ﬁé§d%§1§recra@%&mate or
tolgnltifigtentiinmbiie enoibeiian mheauee fcﬂ(eﬂapn@e;semﬁe mf heng bonded to

a‘ﬂé' %ﬁ;@%gfx gﬂﬁ«[@cﬂm{wg% 3495{%9(%0{@5 aﬁe_w the precursors of the

ypropylaming trls(hy xymet Hmethylamino and

o B R KD A By o e et diihatgep consisting of
grohps Gl aseden theepre pestitilvEmtibestsdmeipolediitativydohhbisicionalized by a

SLARLCOMNESINg AL 12RSFENE SPREIBGIAINGGRR YA 10 these hydroxyalkyl(preferably
ethyDglutamine residues, reference will be made to FR-A-2 881 140,

According to an advantageous embodiment, in particular according to at least one
of the various possibilities targeted above, all or a portion of the hydrophobic groups (GH)
used in the present invention are chosen independently from the group of radicals
consisting of;

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

= an alkoxy which comprises from 6 to 30 carbon atoms and which has one
or more annulated carbocycles and which optionally comprises at least one
unsaturation and/or at least one heteroatom (preferably O and/or N and/or
S)

= an alkoxyary! or an aryloxyalkyl of 7 to 30 carbon atoms and which can
comprise at least one unsaturation and/or at least one heteroatom
{(preferably O and/or N and/or S).
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(spacer) which makes it possible to connect the hydrophobic group (GH)

to a 10 copolyglutamate chain (for example, a copolyglutamate 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 thifose belonging to the group

consisting in particular of. "amino acid" residues other than the constituent

monomeriGais OLieneeRelvaldiamalenfigyivaiives O hamineal6ebeiging to at least

gieriyajives of 15 polyamines, (for sxample diamines), erivatives t PAVAI from an
or exampﬁe dio 33 and” dérivatives ot hydroxy acids. The Faft go the

apkolirthecespelydintamBaoh sty akyigitit mmel cheineasiadgsne khgtradecanol,

nsedbtaidl preiisaisctaprblepbhsingbopised tanthehopalyguiamate represents a

%pe%l{lb%g) the hydroxyalkylglutatnine residues. The precursors of the
Hs are in practice, and without this being limiting, chosen from the group

consistiigst 26 DB ity AR SBERY Psasiths fordipbabic groups (GH), in
Eotrpdaurndsctodiage asily flewationalizé¢dtby aapersopskiliddies thegted-above, each

%ﬁ%ﬂ%é’ﬁﬁ@ﬂtgﬁ ardie FhesehydrRINMKPIRIRIARYY the following formula:

ethyl)glutamine residues, reference will be gade to FR-A-2 881 140.
According to an advantageous emboqﬁmen | N particular according to at
least one of the various possibilitie,{’ta e Xre, all or a portion of the
hydrophobic groups (GH) 25 used in thel present invention are chosen
independently from the group of radicaIsRcﬁ:onsisting of. a linear or
branched alkoxy which comprises from 0 carbon atoms and which
can comprise at least one heteroatom (preferably 0 and/or N and/or S)

and/or at least one unsaturation, 30 an alkoxy which comprises from 6 to
30 carbowkitdms and which has one or more annulated carbocycles and

which optionallg Tegppsicas at ieasyonalsnsaturssiapRndalakieastngl (leucine),

heteroatom (preferahly O and/or N and/or S): an alkoxyaryl or an

aryloxyalky! of *fébg%ﬁ:g%}geﬁ a g’\riw%ragﬁaz\% qgﬁ%} i g"g/nc%y‘mprise at least

one unsaturatidh deeyeicatsiehdterePhatesorrdivnl (SReMBFENE ofigmy/ér i 30 carbon
and/or S). 17 Agsesxding to another advantageous embodiment, in

particular ac_cogcy' e%ﬁ%%e@% gne of the various possibilities targeted
above, the hydrophobic group (GH) results from an alcoholic precursor

choser*iThTiAR i ctPLONSIInGFASIEM CdoldEtalbetE faddE &R, portion of the
hmkadhohhoiadictdd&?arfaﬂml&eylmmﬁﬁh twoophettt and: chokestendirandently from
R4 SRRIFSE MR AR AR RN
= g linear or branched alkoxy which comprises from 6 to 30 carbon atoms
and which can comprise at least one heteroatom (preferably O and/or N
and/or S) and/or at least one unsaturation,
= an alkoxy which comprises from 6 to 30 carbon atoms and which has one
or more annulated carbocycles and which optionally comprises at least one
unsaturation and/or at least one heteroatom (preferably O and/or N and/or
S
= an alkoxyaryl or an aryloxvalkyl of 7 to 30 carbon atoms and which can
comprise at least one unsaturation and/or at least one heteroatom
(preferably O and/or N and/or S).

In practice, and without this being limiting, said hydrophobic radical R® results
from an alcoholic precursor chosen from the group consisting of: octanol, dodecanol,
tetradecanol, hexadecanol, octadecanol, oleyl alcohol, tocopherol and cholesterol.

Advantageously, the main chain of the polyelectrolyte polyamino acids (PEl, PE2)

used in the invention is chosen from the group consisting of o-L-glutamate homopolymers,
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According to another advantageous embodiment, the hydrophobic groups

(GH), in particular according to at least one of the various possibilities

targeted above, each represent, independently of one another, a

monovalent radical of the following formula: H O ~'tN Rs ~ R5 10 [GH]

in which: - R5 represents a methyl (alanjge), isopropy! (valine), isobutyl

(leucine), sec-butyl (isoleucine) or benzyl (phenylalanine); 15 - R6

(fﬂp@%@Iﬁ@cﬁ%&%ﬁ&?ﬁ@ﬁé@d%&ﬁ@l@ﬁi%@ﬁh&&?ﬁ 4, 3@—@%@?1’111@@63150}3013711161”3,
aries to ccording to a note charac istic.of the

e A R G opolymers.

hydroréﬁébletawﬁw () %%ﬁ@@éﬁwdéﬁbﬁ@w%ﬁ%wm@@r@a?ﬁkslﬂles of the
mdkc]'aalﬁmﬁatstaagiafhaﬂﬂnﬁfam@rﬁ@l@ak%hedlglkqmyﬂmm@nmrﬁﬁs frosndh that the

réeera QAR %s%ﬂﬂe‘?’ s an . at?ﬁ%%@@?&?&%i%ﬁ%&% S&ﬂ;n

ly 0 and/or N an one unsaturation

alkox Y WRIEHI BB ARG erraﬁai oGl B ROMERIFL haR Brer BEL or PE2
lersraonelannuiatedhadrbiesyeiossan@ Whichodplith &1 eomprisesratfeably between 5
Walwm@g@g{%cgnd/or at least one heteroatom (preferably O and/or N

d/or Ik | loxyalkyl of 7 to 30 carbpn
hich L CSprcs, RS0 ORI BrcaA o Bt RpBe BRRCSe polymers

WéterBEDTs BOWprafébainy HanpreeandorsInIimadtes; and without
this being liting fsaigbhydrophobigkadicah Raasultsafromiashalgehelibstituted by

Riscussarchosen from (he gtoup qoneising ot ostanpl, d0ReCanol 30 motar 54

al ecano%r%u Xal ecano ocC agecano oe Ipa?c E,lfy'[OCO eroI an

choIes@%P%@ﬁ?&d@é@d@lW%ﬁ@%h@Hﬁliﬁl@‘fit?‘f@ SORER Ftﬂyi@@ various families
pelyasaingbacids @EThBERY; 3hicgedinthamiovertidhdsithestnaienadhs to pHm.

group %%ngﬁéﬂgapél?é}aggﬁﬁ%aéﬁtﬂgrﬁ%q ?JX@&%%{%@WG polymer (PE1) carrying side
hydrophobic groups is that of being able to spontaneously form, in water, a colloidal
solution.

Without wishing to be committed by the theory, it may be hypothesized that the
supramolecular association of the hydrophobic groups to form hydrophobic domains
results in the formation of nanoparticles. Each nanoparticle is comprised of one or more
chains of PE1 polymers more or less condensed around its hydrophobic domains. It should
be understood that the polymers used in the invention comprise ionizable functional groups
which are, according to the pH and the composition, either neutral (for example -COOH, -
NH>) or ionized (for example -COQ", -NH;"). For this reason, the solubility in an aqueous
phase directly depends on the level of ionized functional groups and thus on the pH. In
aqueous solution, in the case of carboxy! functional groups, the counterion can be a metal
cation, such as sodium, calcium or magnesium, or an organic cation, such as
triethanolamine,  tris(hydroxymethyl)aminomethane or a polvamine, such as
polyethyleneimine. The counteranion of the cationic groups is preferably chosen from the
group consisting of a chloride, a sulfate, a phosphate or an acetate.

Knowing the half-neutralization pH, the person skilled in the art is able to adjust
the pH in order for the degree of ionization of the polymer to be sufficiently high and
ensure the stability of the colloidal solution. |

The polyelectroiytes of polyamino acid type capable of being used in the present
invention are obtained, for example, by methods known to a person skilled in the art. The
random polyamino acids can be obtained from grafting the hydrophobic graft,
functionalized beforehand by "the spacer", directly to the polymer by a conventional

coupling reaction. The block or multiblock polyamino acid polyelectrolytes can be
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a-L-glutamic homopolymers, a-L-aspartate homopolymers, a-L-aspartic
homopolymers, a-L-aspartate/a-L-glutamate copolymers and
a-L-aspartic/a-L-glutamic copolymers. In a noteworthy way, the
distribution of the aspartic and/or glutamic residues of the main polyamino
acid chain of the polyelectrolyte polymej4E1 or PE2 is such that the 5
polymer thus formed is either random or of block type or of multiblock

&Mﬁ%&cwd&g&&ﬁﬁpt%wﬁ%fﬁﬁ&f d@ﬁ%@”cg@%@%ﬁ&@”ﬂwﬁbex amino acid
E % or PE2 has"a molar mass which lies between 2 000 an

s

lﬁ?sg(/ nd preferably between 5 000 and 40 000 g/mol. The

degreé gfqdwiymieriaatic hahtiye hisutmkse denmdopolyekpettatyterpolyirwgsmultiblock

0 (RRInPERkSReMERRAL anghoYthdrreferahbphetvesn 7&andi800ccording to

The molarlfrac&og of the links in the main chain which are substituted by

Cﬁ))l/la’reci)]f)lﬁg%iéngero%pss‘ is between 1 and 40 molar %, preferably between 3

and 30 heotstavidehe yel taehsigyedonabieipres eatiavertiepidrd ehgsens based on

thopvthevarious emillesbieseibied abidvaBodhatSMBY g ¢alipibiedoror example, in
nignic overall at the pHvalu {{0) N : .

B, d st ore By 8 A FERETHR. Kfcheldort, “alpha

A FRIOIE GHAPE &t Sfaseing 4 (ol SpBrRaNE6TIsNIBRSETIN whiaef] 987). The

sl cielaragohiticne Withibrithiis NidbAtd el cormiditted- By the th€an()iBmagerivatives

@ﬁewm%yﬁgjzeﬁé%wemaug@m@é%gglgr @ﬁé;}&@merg)faﬁ%esnuga@pémfgiqudmmd

groups to form hydrophobi¢ domains results in the formation of

b FAPLIOTS AR REAG AR REIE 8 BB TS R2HB o S A ool gymethods are
Rgplrpblyyrbesderorgponfegs contgased BRovnd #81RarepHbbid pidmains . dmpany. A
c°£l_ }%lldn i IL'&?H&P?}@%?%Q%%FH%W#N%@@%Q&&&H% EB/Q{H&tim&?rgﬂﬁ,riﬁﬁ example of
ionizahle functional groups which are, according to the pH and the .
IO Bk R T AT L e o LRGP B g iamic) type
el OoeSHEE Foltiksreemarereid soRMikyriaran Houdorees obtained by
Rhasasdifesthr dependsod the evahof ianizeddunstionalignoues aRcbiiss hydrolysis
@1 . tf‘oenﬁﬁg épaﬁlqu H?sersqlgg/?onagpp%_cﬁf@? of carboxyl functional groups,

€ counterion ¢an be a metal’ cation, such as sodium, calcium or
magneshirioBpline pabrchuskiorbebienzsdt thidthaiBiaipgd functional group of the
pasthyaroxymdthyaricih aroe tiyanezoti@npofydmipe]sucii@sacid in the presence of a
olysifyigneimige. The aaunteranion oflne calionic.aioups is RIGIFIAPY such s
cpose from.the 30 group consisting o_f a (_:,hlorldei, a sulfate, a pfﬁgspﬁ%ﬁ "
R RREe tHE AT ABuTATARRBHSD R et ki o rmamide
@rvig’ sifertothgjpstrahdoplel (N gidepfantivthgbgubie ofliodRdiion. ofthgarbodiimide is,
ReI¥MRIIR REsulisieniyariahiandi-eRUIS S SRRy Wiine Coleidabrce of grafting
Fgglégl?rr:(])'tlrl;eg Fe)? ﬁgﬁﬁ?ﬁ?@t%‘?eogt%?c'P{%%'&?ya%' P %&?s@ﬁlgé%tgfa%%mr%actams or the
reaction time. The hydrophobic grafts functionalized by a "spacer” are obtained by
conventional peptide coupling or by direct condensation by acid catalysis.

The coupling of the cationic and optionally neutral groups with an acid functional
group of the polymer is carried out simultancously in a second stage in the presence of a
chloroformate as coupling agent and in an appropriate solvent, such as
dimethylformamide, N-methylpyrrolidone (NMP) or dimethyl sulfoxide (DMSQ).

In the case where the cationic group comprises two amine functional groups which
are not differentiated chemically {e.g. lincar diamine), it can be introduced in a form in
which one of the two functional groups is protected. A final stage of cleaving the
protective group is then added.

The polymerization chemistry and the 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).
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35 invention are obtained, for example, by methods known to a person
skilled in the art. The random polyamino acids can be obtained from
grafting the hydrophobic graft, functionalized beforehand by "the spacer”,
directly to the polymer by a conventional coupling reaction. The block or
multiblock polyamino acid polyelectrolytgs can be 19 obtained by
sequential polymerization of the corresponding N-carboxyamino acid
anhydrides (NCA). A polyamino acid, homopolyglutamate

homo as artate or a bloc k o [as ar ate

copolm W@B&?@(fyfgg %utf @&%} ﬁ}v%rﬁ?on S5 are used for
tmm@ﬁysmheﬁﬁﬁgtzlmdeIwﬁddqebmﬂqabfmroBiaﬁnmgrpglyaﬁhﬁd\&fdiwdmphobe
RAINRE S Q@%&@M@@'WW@@M@%@XY@Wﬂﬁ@cﬁém&h@m%ups are

escrlbe for le in the paper "Biopotymers, 1976, 15,
%ﬁgg")zé din P{ggw rE ?—Plg Kricheldorf, "alpha- Amino acid N-carboxy

Anhyd%@'gpé@qu%m@epmét%w&é@d SPARGEP ARG VST Tl folymers (PE1
MNCARIg rivativissake thediferablyMicAdQdies NG A kirop I HRAIGYBZ

derivatiyes. (g7 M%Qéﬁmjl?sttlc %F%. &ﬁﬁers%@&y& &Q%MM%%[%S%‘[ the first

subsequently hydrolyzed under conditions apprﬁfrlate for obtainin

RSB TS BRRIASTNT Fhbbb EtAdaEhRd hs P%'&défﬂ%%“&é}s@?fgﬁ%ﬁ the second
miledeirirphtentdRnér 218 226 shtherAppficant Gomparylldidebraiution for at least
SHbRLohRRlYmers wh Ig@t%@nbgdilﬁegj accordlng to the invention, for

| f D-
:)r(]zn; Re/é);q%P ml_ oen pOI % I%ﬁgﬁ%‘@g g@&%gtﬁgacaugmc polymer
wammamﬁﬁnwlﬂmlmmafmmw@q@@tgdb@n%a tyetupblansmaen gfan 6 or even
g@@@rﬂi&%&ig (éﬁcphiaiﬁaqtmﬁlu@uﬁ@mmi@ﬂ Jgg@&vahﬁt&m@@lgiglhyﬂwmb% sufficiently
C omida e e couplin

I Bl SRS, IRty (AR 0B RIS

0}
easily mmﬁmw r:séaatwrﬁhfﬂtwélﬁ%%mﬁ%féf W@h‘é%?@ééﬁ@é%?ﬁlye ectrolyte
sekbadiirnids aﬁsﬁ:@@m&ng}agm&ra@dma@ raltha ca¢ahibiisadhaldseutralization pH of

I% YA?;H‘H‘S’ rd ?@fe?ﬂ& meth %05@&%39%%5?3\{?@%1115 alternative form,

formam| yrrolidone (NMP or
&g gaﬁg m#@@;lﬁ%é’@éﬂ%d ﬁ‘ﬁlh)e m]so'il &9 B S0 qun for a pHm value of the
plity¢lotrexpicarimatiBmide or diisopropylcarbodiimide. The degree of

grafting 25 is canireled chemicalbely.the-siqichinmeinmpithe constituents

and r&s%ctﬁgts or the éeactlo ;tllme Th hydrog?}(ﬁ)lc % fts 2%*1 ti réatlll%gﬂc olvmer
by a' P GRS oBREIREEOBY "SoRvéntibindl Pebtide’ cotiplitg POYY
Gﬁi@eﬁsﬁmiﬁy@dd@m@élyswlmb@@bﬁﬁglﬁth@&@éd@&ﬂ@%&mﬁ@ﬂ?ﬂblys the
%@H@'}ﬁ»’[?é@@t%ﬂﬁ@ﬁc@ﬂﬂeﬁm;@ﬁ@c}%%ips@ftm@ RoyRISEdS ¢RIfed®tlization pll
SPEP ezti?eretggr§ lé/ 208 (f)% m%a BE r%stgesprl%s%qgepgrft%ular in example 1d).

Thus, according to this first possibility, the first polyelectrolyvte polymer (PET)
forms a colloidal solution and the second polyelectrolyte polymer (PE2) forms a solution
or a colloidal solution for the pHm value of the pH of between 6 and 8.

In this case, according to an important characteristic of the invention, the ratio of
the weight of the first polyelectrolyte polymer (PEl) to the weight of the second
polyeiectrolyte polymer (PE2) is chosen in order for the charge ratio Z, the ratio of the
number of moles of cationic ionized groups to the number of moles of antonic ionized
groups, measured at pHm, to be between 0.25 and 3 and preferably between 0.25 and 1.5.

According to a second possibility, the second polyelectroiyte polymer (PE2) is
cationic and forms a colloidal solution at a pH of less than 6 and a precipitate at a pH of
greater than 6.5, Preferably, the second polyelectrolyte polymer (PE2) s chosen so that it
exhibits a half-neutralization pH of between 5.5 and 7. Such a polymer PE2 is described in

particular in example 1¢). In this case, according to an important characteristic of the
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30 chloroformate as coupling agent and in an appropriate solvent, such as
dimethylformamide, N-methylpyrrolidone (NMP) or dimethyl sulfoxide
(DMSO). In the case where the cationic group comprises two amine
functional groups which are not differentiated chemically (e.qg. linear
diamine), it can be introduced in a form4a which one of the two functional
groups is protected. A final stage of cleaving the 35 protective group is

iienRNdad: FReRAVDELZRIOBADEIISEY BNERE 1ea0U0Ns BT ARHPIMYthe second
thegqroups are conventional and well known to a%%ig%%qs? lled in the art

RANEleIF s RBla e (b AEniRTBE BaRiEPpiitat BBk value of the

pHepiioned dbovedn 30aNCA Herixestives tbyntvedized thefnshanly siéthrtiete polymer

(bydrophaRic,giafk are meegddshdha rsResip At Rlackrrmultitdesks in order for the
opolymer. For exam Ie,gf Ngﬁgh){jd[;%phohes decrll t|V(% IS, ablv between 5 and 15

C%’(?E%Wﬁ%éori it e 1?t?)-Ber?zy?aneﬁlfhje‘n fhe ehgy? groups are B

asesl apviveayeierdlyedilh pefydaaysidEdamples of particularly preferred

associpfignsiefrpalyelactiolyéenpalyrorm P! vanehPl2) mecoklingetarthi@te polymer

' tion are.descriped in the ex elowy. i rshc ¢«

O R R O RS e RS RS e

tbévyﬁagﬁ E|y%e;nﬂ%ﬁes%?ﬁfidmy@é%mb}ﬁ%dre%ﬁeaﬁéjﬁ%éﬁﬁé@@&bﬁl&d Fpehosen so

thet\ielediibiyte paljmeniPE2)ds ipHhef fortwedraisehdion endglleidedbly between 4.5
ytion for at least one value, pHm, of the pH between 3 and 8. In order

to fulfill this condition, the half-neutralization pH of the cationic polymer .
will be SHFHIRRSHER itfir AP e 1 grevstdi SRafE! {lpr@f&gﬁv&%‘éﬁérpﬂ a size,
tivauBedrieventagteafdethaenst and the malfersutralization pH of the

anionig,peiymer il e gufficiantlys 1R.lowifer examplelessiiani onot chemically
(pref ralg)l less than 6.0 or even less than 5.5. More particularly, in an.

AR&HNALVE form according to which the first polyelectrolyte polymer (PEI)

is aniohi@ shecifigdmiplemestiien ohahstiaxpmienalirmfandtiaanzhtivh pHplrsiological

m;wqgg@;?m&@n%d d&@éaya@iyoe@ve@ﬁn.lﬂmm 8.5pfgartingftecthisen 0.3 and
ernative form,. the first ctrolyte-p (0 olloi

G e ShESPESR S A, BTSSR AR refcts he

panmer prbia deduibeRswhadruRaprierkApRo MR RRiEca¥dhgishing to be

aneeriing te alfirshpassibilityathecsegmudedlabtroie gohmmert(RER)sisws down the

satinic apdhiorms.a salleifrl soptionahe pihotisst than ireielY invention to
it)}i;lﬁe second polyelec oléte polymer (PE2).is chosen sa that it exhjbits a .

r .
IEHSTRAAI SHIA K4 3816 GrELR R AR BOBUEh I PBISETY 982 jg Surprising aspect
deteribeddrpparticslasdorditamplthe dvention is that the network of polymer chains of

which they are composed makes it possible to slow down the release of the active principle
(AP) without, however, trapping this same active principle (AP) at the core of the particles.
Thus, the transporter according to the invention makes it possible to obtain both prolonged
release of the active principle (AP) and good bioavailability.

In some cases, and in particular in the case of peptides or proteins having a strong
affinity with the microparticles according to the invention, it can be advantageous to
modulate the AP release speed, so as to accelerate the release, and/or to improve its
biocavailability. After numerous tests, it has been demonstrate by the Applicant that the
release of the protein or the peptide can be expedited when the PE1 or PE2 polymer, of a
given polarity, also carries ionizable groups of the opposite polarity and/or non ionizable
groups such as hydroxyethylamino- substituted groups.

Thus, in a specific implementation of the invention, one of the two polymers PE1
or PE2 simultaneously comprises:

- from 15 to 50 molar % of glhitamate monomers;
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Thus, according to this first possibility, the first polyelectrolyte polymer

(PEI) forms a colloidal solution and the second polyelectrolyte polymer

(PE2) forms a solution or a colloidal solution for the pHm value of the pH

of between 6 and 8. In this case, according to an important characteristic

of the invention, the ratio of 30 the weight of the first polyelectrolyte

polymer (PE1) to the weight of the second polyelectrolyte polymer (PE2)

is chosen in orggf fonine ghaege rglig,Z, e 3o ghibe AP AIMRIES such  as

of cationic ionized groups to the number of moles of anionic ionized

groups, measURUEEHIABIRE SERAESIFH 95URd 3 and preferably
between 0.25 dmdn1l8.tAd6omdihy %6 afsecompossibility the sdcandups which half-

polyelectrolyte,polymen BERMNIS; Sratignic @nd forms a colloidal solution
at a pH of less than 6 and % pre(fldjgitgl e %1 al H of %eater than 6.5

Preferably, the'§8Co dt%'oiyellélé)troly é ff’olyme‘rO aﬁzé eisr%?fb%gﬁlﬂssos%ﬁgtiwed by an
exhibits a half hediwah2atiogrppof between 5.5 and 7. Such a polymer

PE2 isjgeserikedecipanieplanihexamplanelinve s #38, aceoipgytaans cationic

Jmportant cha&aict%nstlc.of the 21 invention, the first polyel.ectrolyte

polymer ms & colloidal Osolution and the second polyelectrolyte
polymer (PE2)#6#h8 & SoRRIBH ‘Gredicensia SReMiRs®: for a value of the

pH, pHmM, of-beiweensd and 68T henkdtio dfithe veighicofthiedirsthhonomers such as
polyelectrolyte pojyer, (R 10, tenueiglht f g second electrolyte

polymer (PE2) IS chosen’in order for the 5 charge ratio Z, measured at .
pHM, to be bet¥Er 3 B AN I JHY BBER AT 5 h d 8 "B hich half-
preferably still betwelermiBoandili2.greamoter &lternative form according to

which the first polyelectrolyte pglvmer (REbRatiBRICHRRIANEN bstituted by an

chosen so that,it gxhi iE ahalf-neutralization pH of greater than 5. In this
case, the seco}ﬁ‘?ﬂ 6%‘?y 1&?6%}%3‘ polymer (PE2) is anionic and is chosen
so 10 thiat itrsdifisitiep lafcntativaliphfion ipMeot betWe v BlaprnecBtegyn of polymer

@refesapiy betwesnid HeabehfubribRa Pestictes aceerdinentoreiinpaniéanr when the
exhibit, at physiolpgical pH,,a size, measured iga.F test, of en. | .an
RIS A LA B A e o
foreddinie sty besavdEdnines! e dssdifciifp difgRcsiiHar example a needle
vivenijert, thedeadicles eghibit, atphyisiblogigatsiHhna Righspolymetibiitkmulations in
gensity of between 0.15 and 1.1, preferably of between 0.3 and 1.0 and

more preferably still of between 0.5 and 1.0. A high polymer density
reflects the°&idte e itih WEHRMCIEY bf & dEnREREARSIERI By fagp the group

chistivsing/ithqub wishindytoe2heometittscbbydie ttheoeygritmoas ipdyalk ylene glycol
SHRReSq it ihis densemamerk glaws dewimthe "pEGylated  proteins'], peptides,
polysaccharides, liposaccharides, oligonucleotides, polynucleotides and mixtures thereof,
and, more preferably still, from the subgroup of erythroproietins, such as epoetin
alfa, epoetin beta, darbepoetin, hemoglobin raffimer, their analogs or their derivatives;
oxytocin, vasopressin, adrenocorticotropic hormone, epidermal growth factor, platelet-
derived growth factor (PDGF), factors which stimulate hematopoiesis and mixtures
thereof, blood factors, such as alteplase, tenecteplase, factor VIl(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, glucagon,
interleukins or their mixtures (1L.-2, IL-11, IL-12), interferons, such as interferon alfa, alfa-
2b, beta, beta-la or gamma; gastrin, tetragastrin, pentagastrin, urogastrone, secrefin,
calcitonin, enkephalin, endomorphins, angiotensins, thyrotropin-releasing hormone (TRH),
tumor necrosis factor (TNF), nerve growth factor (NGF), growth factors, such as
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diffusion of the active principle (AP) present in the particles according to
the invention to the external medium and thus contributes to slowing
down its release. A surprising aspect of the dense patrticles according to
the invention is that the network of polymer chains of which they are
composed makes it possible to slow down the release of the active
principle 25 (AP) without, however, trapping this same active principle

R) at ft i . [
G o

PHAC B AR A& Jook) psARIEREBIE T BB AR calay, HHauk pgtegiar ihM-CSE).
M1m$ﬁ@ﬂ@ﬂpﬂﬂeﬁ@HMMgif@mwmg@%t}phgaMaw Wwithetherphogenetic protein
(EMPP%R%@?@%%%@Q}EQ %ﬂ@éﬁ@ﬂ?xﬂﬁf@@@%@&%ﬁ%ﬂ%ﬁ@is B surface

madulate the ase speed, so a ccelerate the release, and/or to

to ..

e W5 Bioswail iRy, AR RENePRL KL, itRELBEBH dBANIRSTF R  cofistins,
byatidingplicamididuthetanteese, ofnhigipeotein. odthegsepiidenldan beclosporins and
gxRgeitedhen thaREI QLEER PAMRE nRfBABNRAPAIRY i @isthEatTeShzymes, of
pigable %?“&%85%&6 ngS?'tenE’%Jﬁé'tXfav”d’ Qr fon IaniZabIe:, 9 OURS S tuximab
%%yaro’xyet%y amino- su S%It({letéd groups.a§§ Ii"?ms, in a'specific ’
impremehtatioprermetinvedtionusre.of el sty nierdpEomeh. pefalizumab - and
simuitaneously comprises: - from 15 to 50 molar % of glutamate

mono . 22~ 1rQ 5 r % Qf nonionj omers. e
e B R T SRR By b ol o
g2ty ealidie gRoths wieH Retr-andutisingasehsp i roreatstegory of
thaneGnefiptmn Biopi SemblapRarofananioni zaibleaman orhars suhbstithitedtoyal nervous

%té}}{ﬁjEBP'%QQ%@JQ&&B&!H&@E&&%B&%&HEF}iﬁ_m%ﬁ%l?é] AL thSnazine, flupentixol,
invention, PEI or PE2 polymer is cafionic and simult n%t%P%sg comg

I rises: -
RORPETIS HsIIPGgHRATHAR I SHOMRIERS: PEISGI dofdpasgpne. and the
hbaionizable monomers such as hydroxyethylamino- substituted groups; -
from 10t 48imolatfo-afunenne i catig eALQNICI 9O HPSWENEBibak drophilic or

AL e A O B RSy o
rpresiehiitiotrepitieoincenthhthaotaPE S driteatiothofpstimeing to the family of
the peptides, such as leuprolide or cyclosporin, and mixtures thereof.

Within the meaning of the present account, a small molecule 1s in particular a smatl
nonprotein molecule, for example devoid of amino acids.

According to another embodiment, the active principle is advantageously chosen
from at least one of the following families of active substances: agents for the treatment of
alcohol abuse, agents for the treatment of Alzheimer’s disease, anesthetics, agents for the
treatment of acromegaly, analgesics, antiasthmatics, agents for the treatment of allergies,
anticancer agents, antiinflammatories, anticoagulants and antithrombotics, anticonvulsants,
anticpileptics, antidiabetics, antiemetics, antigiaucomas, antihistaminics, antiinfectives,
antibiotics, antifungals, antivirals, antiparkinsonians, anticholinergics, antitussives,
carbonic anhydrase inhibitors, cardiovascular agents, hypolipidemics, antiarrythmics,
vasodilators, antianginals, antihypertensives, vasoprotectants, cholinesterase inhibitors,
agents for the treatment of disorders of the central nervous system, stimulants of the central
nervous system, contraceptives, fertility promoters, inducers and inhibitors of uterine labor,
agents for the treatment of mucoviscidosis, dopamine receptor agonists, agents for the
treatment of endometriosis, agents for the treatment of erectile dysfunctions, agents for the
treatment of fertility, agents for the treatment of gastrointestinal disorders,
immunomodulators and immunosuppressants, agents for the ftreatment of memory

disorders, antimigraines, muscle relaxants, nucleoside analogs, agents for the treatment of
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(PEI + PE2) present in the formulation is between 4 and 15 mg/ml, in
particular when the active principle (AP) is a therapeutic protein. Within
this concentration range, the formulation can be easily injected via a
needle with a small diameter, for example a needle 20 of gauge 27,
indeed even 29 and even 31. Examples,3 and 4 describe such
formulations in detail. As regards the active principle (AP), it is preferably

}%’I‘%Eoﬁgh I%?gﬁ?el p&%ﬁﬁﬁjﬁ‘ﬁ nﬁéxf #EEg %quaméﬁé?%%% %&E?J%Q&tq sedatives,
@%@W@H &@1&@{ }gg@)n %?éﬂd% FHSS: pakt hpssinpgants, antidepressants,
pehisateharideso lipdsdceharicdes;, digondclendidesnpolys uclgdtitesiaed anorectics,

HORGUES :P%ﬁfklﬁ‘é}q Baersregieraply,stlh LM 8 SUBIRUB YL hotropics and any

er%glropror such as epoetin alfa, epoetin beta, darbepoetrn

35188%0 FfePTe 8ffanalogs or their derivatives; oxytocin,
vasoprassindiagrermuohicofrdpicshormaorraibepitiontiat gfehetnfenioon is a process for
ﬂﬁ@%ﬁ“@aﬁﬁﬂr\’ e Séﬁ‘i@féqfﬁiqléps@@fﬂe@%a%&mm stimwateactive principle, these
o Czi\to Qlesis and mrﬁtur gs 30 tggr o)%i fa%b [s such as al teg!aas
enec%ep Pag?o ?’ac emog Ey(foc%r

Afgamins, prolactrn luliberin, Iuternlzrng hormone- releasrng hormone
(LHRH) and anahegsepuatias ieupiblide ageserelinpliiptoralin buse@lieran aqueous
nafarelin; LHRH r F

&Hﬁgs% ?tén %’g‘%ﬂr&‘%wg@fr %c%nﬁy{}‘ Ef '(‘t in the charged

bovine growth ormones growt mone- or nsu in,

somatostatin S§iSe 36185 rlgﬂ%ﬂ%}@r’fﬁeﬁr%&?urg‘é{ FLSQ‘ LDgs polyelectrolyte
IL-12), interferohsnaudttashoterfespabidfal siant2indmsta fhetanta or water, a colloidal

gamma, gas%@u%%%f&l&%%@%’ﬂ@né’@%Wo?%?@of between 3 and §;
calcitonin, eREI phalin, endomorfhrns angiotensins, thyrotro @Grn he fi
hormone (TRH), g masi oSS Akt FE(SFN%])’en@R?é’ Yrétty &to%% Ig? the - Tirst
growth factorgebisbtrisl2® beliaerhin] irafeirmier] ancestien lorsaid active principle
keratinocyte gsamb t@géqrmgﬁaﬁerk%ygﬁr@omy tstigunating JaaterctBdhidaFlotution of
granulocyte- maicirﬂo age-co V\%trmullatl Eﬁzr (GM-CSF),

Colony stimutati ct8

macrophage-colony st r eparinase, bone

morphogenetid ﬁét@rﬁpqmcm quwcgnﬁcﬁ@bwiﬁkgcﬁmraelr@EPiriEZZ) of opposite
VEG-F, recompbinant hepatitis Hisurfass zieotigandrHB3sAa)s reMA]), said second

cytokines, br é%?é@trgﬁ%t @%@P%ﬁ?ﬁﬁ%ﬁ%ﬁ%sﬁ aiat%ér Oé:lgoﬂ?&on or a colloidal

gramrcrdlns rcept, imiglucerase, dr a, cyclosporins and

synthetic ana%&g“ﬁhérrﬁ%lé%ﬁééw AHlie RiBa Ao inBFfragfitelidoff the first
enzymes, of dytakihes, giodntibod(@s; I0f amtigenpadywhofivaccidestiand the second

antibodies, SW%E{W lyﬁ%@?‘{?@ﬂ 1§%§§H¥é¥'ﬁ@@ly§%’é‘%%Qethy}enelmme
omalizumab, g i rgg%nh%% &eéfsil(' ﬁg Cetﬁlffxtg]ﬁ OP 6?9%]?85‘%%&“6 polymer

principles are
(PE1), in the form of a collordar solmion of pamcle% with which the active

ke following

principle (AP) is associated obtained in stage 2), with the second
polyelectrolyte polymer (PE2), in the form of a solution or colloidal solution
obtained in stage 3).

Another subject matter of the invention is a process for the preparation of particles
for the sustained release of at least one active principle (AP), these particles corresponding
in particular to some described above, which process comprises the following stages:

1) the preparation, at a pHm value of the pH between 3 and 8, of an agueous
colloidal solution of a first polyelectrolyte polymer (PE1} in the charged
state, carrying side hydrophobic groups (GH), said first polyelectrolyte
polymer (PE1) being capable of spontaneously forming, in water, a colloidal

solution of particles at at least one pHm value of the pH of between 3 and 8;
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polynucleotides, DNA, RNA, iRNA, antibiotics and living cells. Another
category of active principles comprises the pharmaceutical substances
which act on the central nervous system, for example risperidone,
zuclopenthixol, fluphenazine, perphenazine, flupentixol, 15 haloperidol,
fluspirilene, quetiapine, clozapine, amisylpride, sulpiride, ziprasidone, and
the like. According to an embodiment, the active principle is a
hydrophobic. hydsophilc er. amphiphilic.emall ordanic molecle oLBE WPSne firs
of those belongirig to the ’famlﬁ)/ of the” anthracyclines, faxoids or ) o
canlptothecimbiebict Xip o meséibdib ittt the faafylofsaid ive principle
peptides, sugbiamietiraticienon cychSROrin: ANANHXEIERS thereotoWithin solution of
the meaning Qf. r n I lecule is in particular a

9 of e g ISS@%}%&%@%&D%%@ \515‘%51 P

small nonprotein molecule, for oid of amino acids. Accordin

to another embARFnREFRAEARCRCHVE SRFRIGIO VARG BONPERdSER) o1 opposite
from at least prierf thexfollewingsianpidibslet@active spbitaacesPagentsdowing side

the tfeatme”%?Er&ﬁ;%kﬁeh%&lﬂés%@ﬂ?r@%@%&%ﬁ@%&&%ﬁ%@eﬁ&%r (PE2)

disease, anesthetics, agents for the treatment of acromegaly, analgesics, .
antiasthmatic SRV IS e STHERD OF AN RHbah SR b P elES: said pH
antiinflammatctiesphittcodgulants and antithrombotics, anticonvulsants,
antiepilepticsy prgidiabgHss «2RtigMetes, ANHglaLcIMERS fRMIPINIRIINES te polymer
ant!lnfeqtlvesg, rfé?bj.;o t{gé, or@;[{?ifg%sllgﬂgylgaﬁt'gﬂt&? rkllgsgglaril% which the active
anticholinergics, hiitusSives, 30 arbonic an ydrase iBAIDITOTS,
cardiovasculdriagenes, (Rpolipicisssieistiethtiabigpedict) wigsdildkoryith the second
antianginals, géliibigeedBrsivelsnasomDigeat e soehdinestbrase snkiliteml solution
agents for th%érigiantgaqgtqugi g)rders of the central nervous system,

stimulants of the central n%rv us system, contraceptives, fertility

promoters, inducers and inhibitors of uterine labor, agents for the

treatment ofsentcdvidcicosissdopdinine pereptosagohists fadgeatefenthen is that of

SPOMEATIRIY ATARBRHIGESPIR0 AR KRRITE MBhCLR A Iloidal solution of
L G e R B o e OIS B AT S SV E pHACIPIS CAP) and of
Mmuﬁosuppre%santﬂ}cégénwﬁdéqhe%?e@mpoﬂnpemwttﬁséﬁdeﬁéymer (PE2) of

Feigraings,ymuscle relaxants, nucleoside analogs, agents for the

treatment of 24 osteo&ot{o&s g?rasyrph&%a;thomlm%tdcs, grostaglandlns

psycho era%e‘fﬁiéj gaeﬁ §§=sé% ivaess,p yeﬁﬁ%’tigsepan(? S[raﬁqsﬁﬁfizer%l,o scules, can join

waaiote prestaasisiptivsthdychts kst Pintddoeleamio asibftgdof he charging
demaiplagiaaldleatmentsiisie il lrbddormasiemeaaniphetamingss active principle
clics. Igesic painkillers, barhi .
N T % R RAE AP 9 with  colloidl
sobedpaing 1o dstier v srabpe dtel vanst bfdct inAiis P8 aRE v RtREY ghysical and

poecess fiovolve the creation of a covalent bond between the active principle (AP) and the
polymer (PEl). Without being committed by the theory, it may be supposed that this
nonspecific association takes place by hydrophobic and/or electrostatic interaction between
the polymer (PE1) and the active principle (AP). It should be noted that it is not necessary,
and often even undesirable, to bind the AP to the PE1 nanoparticles via specific receptors
of peptide nature or of antigen/antibody or also enzyme/substrate type.

In a preferred embodiment of the process according to the invention, the stage of
chemical crosslinking of the particles obtained is not provided. The particles according to
the invention are thus not crosslinked chemically and nevertheless release the active
principle {AP) over a prolonged period of time. This absence of chemical crossiinking is a
decisive advantage of the particles according to the invention. This is because the absence
of chemical crosslinking makes it possible to avoid the chemical decomposition of the

active principle (AP) during the stage of crosslinking the particles comprising the active
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the preparation of particles for the sustained release of at least one active
principle, these particles being in particular those described above, which
process comprises the following stages: 10 1) the preparation, at a pHm
value of the pH between 3 and 8, of an aqueous colloidal solution of a
first polyelectrolyte polymer (PEI) in theﬁiharged state, carrying side
hydrophobic groups (GH), said first polyelectrolyte polymer (PEI) being
capahble of taneously forming, in water,.a colloidal solution o -
e o S B S SOl g our by
e gdentiinpetap teiEab i ey aNsrnE I $ A0 1Ml fesiatyaReRatmblytach as UV
radiytioar P ehléined:n stage 1, said active principle joining together
nonco wi e particles of 0)loid [t . said first..
ool it o sy Coiscs  stase of
%&w@@wnmfe RSty FRIPEDEOY of)%p%glﬁieszov&bffanmo fiviaped (for example by
Ipoﬂé]iaxat_ﬁofyte mmkwﬁzeﬁ:ﬁi_?)it) osdid tseﬁﬂmﬁh qhei;_ze‘tettte(ﬂg'ml pcﬁlg/mr;mﬁﬁ)r.
fOflm'”%ctHr%xW | M@ %%B{%Qﬁ‘q 8F %t%ﬁg Q@dsﬁig'tistiﬁl:l}e%% aliiia'%ﬁ ?g'g{lﬁ"ﬁmremion is a
alue of the pl-I; praqvided that, if the first electrolyte polymer isa. |
ST A TR G B BOICRIES SO (FESE Veifag ol (AP)
whighy sivemoicp olyetayknveirsinesB51) oheparixitey, as asHdesraiad phirme or those
She:finst pRiylRclobde-RRMNABEVEPEL), in the form of a colloidal solution
of pary %gs V\éithn\{wi]ril%glg 1ena(a\'£is\(/)er§ rit[c]CiP(I)ea(Aggés SSOCigggdcgptt%mm?%aiﬁon for the
stage ,\A}?fhst € second po yelec?rofyte po merfgg?i i the form of a
risletispdorederisidd] olglBnovsbhesier migféx@é 30 Whisthepsupjes a dry powder
fnatter of the invention is a process for the preparation of particles for the

gustained. _I(g@%]%fc?gsl%%g& g?ngcgitV%Qg{n&}gJeaéﬁ@'éﬁ%g@%ﬁg}égg;mese particles

corresponding i particular to sorfie described above,

EoinpIRsS fravdhehing wagdeose)aeipré PardhoRrose s siernPaftiabof the

pH betweenBraddiByof tie douedasocotaidat sakitiosuwhanfirst in aqueous solution
pelyelectiolyts polymer (PEI) in the charged 35 state, carrying side

hydrophobic groups (GH), said first polyelectrolyte polymer (PEI) bein .
Capan 8 DS A0 AP ARSH LI GHLOR igR Bt o balaion and
pariclegyaadimizgérting. pHm value of the pH of between 3 and 8; 25 2)

the additionahatieass@pe AGHYEPEREIRIR (Bt hadirds pRIVelestol/ig a process

Othl)(ﬁréer PEl%.obta'ned C{n Stae% S} said act'ive iple

rinc iD
prepataiion 6f medicam i particular Tor parenteral, mucosal, subcutaneous,

intramuscular, intradermal, transdermal, intraperitoneal or intracerebral administration or
administration into a tumor, indeed even administration by the oral, nasal, pulmonary,
vaginal or ocular route, said process consisting essentially in employing at least one of the
formulations described above.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: in vitro release of IFN-o from the formulations comprising particles of
example 2 (white circles), of example 3.1 (black triangles), of example 3.2 (black
diamonds), of example 3.3 (black squares), of example 4 (black circles) and of example 5
(lines).

EXAMPLES

1) Syntheses:
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joining together noncovalently with the particles of the colloidal solution of
said first polyelectrolyte polymer (PE1); 5 3) the preparation of a second
polyelectrolyte polymer (PE2) of opposite polarity to the first
polyelectrolyte polymer (PEI), carrying side hydrophobic groups (GH),
said second polyelectrolyte polymer (PFQ%) forming, in water, a solution or
a coIIO|daI solution at at least said pHm value of the pH; 10 4) the mixing,
of the e St .

l (] g,
O Dd 0]
@é@%@i%é ﬁﬁlfé‘?ﬁéﬂ” h @té{fé}i}e’iﬁﬁﬂf tﬁ’@@é@é rﬁ’dléﬁ{?ﬁyelectrolyte
polymer (PE2), in the form of a solution or colloidal solution obtained in

stage 3). 15 An es entlal char cteristic of the proce saccordl to th
RPN i SO0 BT A GRRUASPYIG ERRITS g, 6 900 Da

\aﬁlpHmp@ﬁat@cﬁlmdbmmmhm ﬁianﬂ@résmdhebfﬁmeéomele@n'myr@atwn of NCA-
GRripR! (Rklda Hsva;tfbg@tg\/%a@@ﬂ&&AB)@f&m@ﬁq&ﬁww@fz@o1 226) are

cﬁgsllo adl so%%%o{g]%}ﬁ g q?om%alx%{ee ?‘Bﬁjyr%eat PE2 éﬁ 8 unul the"polymer

o p05|te cTIarl eact princi ES SU as pI’OtEII’IS

hﬁ@l@é@ﬂ%@%aﬁﬁ%uﬁp&eﬁg@tﬁér@@ AAebliSly AR st ;ﬁm@rcapms%w 98 %,

mhyﬁéﬂlnﬁc&ﬁld}tup@@hecﬁmm effthehnadoparttles afth®FMBt 280 mg of 4-

84¥& nfl%ﬁﬁ%&?ﬁ% qfé With [»*é?o?eﬁ{%%priﬂc'ﬂ'?ni(AB% isgairied gt 16 of
e mi a SO

y S ution of active principle (AP) with a colloidal 25
SRR g}lﬁ%ﬁwéea%m@ﬂsrﬁh?@é(pEﬁ)m*rﬁE%@%c?éwqgesmfy added.
pfieelytiphysital Ahdudods neddtivolredhercregboredfiatedLalent lvdrvditer comprising

pﬁtl%egp e aeliveBHRACRIE(AR lh%@gly?ﬁ BQ Mnﬂ E)Eli"h\év'ﬂ?@éﬂoﬁ%&g polymer is

e e Lo e st S i i e

detwednditbeppaty hrsh¢P E1y antyther ai:wesmmﬁbectwﬂd)lﬂtaﬂm(m Wdler vacuum at
yoied ﬁh%ﬁéﬁdsdTO¥HE96§§§aM 3¢and afiemereTundesiraiosto RBskingl by steric
Ll u510 'ﬁ%‘ inafouthy “C'Fssf’ §8€°"§t re‘éieB‘?rf § ngeﬁlatfék% UQldard. The
antigen/antibody enzyme Substrate 9 referr

letished ﬁ@“ﬁﬁd@ﬂwlp%&eeﬁlm%e@dm@w%é\ﬁ ﬁﬂ@ﬁl%@@fa@%ﬂok molar %o.
chemical crosslinking of the particles obtained is not provided. The

particles according to the invention are thus not crosslinked chemically

8BNSl neveiihelessHelRRSS NG AEHYS 3R ANINEIRIE AR OVanA pURomanslie)

period of time. This absence of chemical crosslinking is a decisive

advantbifeoPihesparficiarhscokdride taTitveritdoss Peisidpbiapseniepplication
BRseHCe(1 226 is adapted.

The molar mass, measured by steric exclusion chromatography, is 16 900 Da, with
respect to a polyoxyethylene standard.

¢) Svnthesis of a cationic_polvelectrolvie_polvmer PE2-A (polvglutamate grafied with
a-tocopherol of synthetic origin and with histidinamide)
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of chemical crosslinking makes it possible to avoid the chemical
decomposition of the active principle (AP) during the stage of crosslinking
the particles comprising the active 26 principle (AP). This is because such
a chemical crosslinking is generally carried out by activation of
polymerizable entities and involves poteytially denaturing agents, such as
UV radiation or glutaraldehyde. Advantageously, the process according to
the invention comprises a stage of 5 dehydration df the suspension of
particles which are obtained (for example by lygphilization or atomization)
in order to obtain them in the form of a dry po de - According to another
of its aspects, a subject matter of the inven pharmaceutical
formulation for the sustained release of at ast QRe active principle (AP),
which comprises an aqueous suspension 0 M’tldGS as are described
above or those 10 obtained by the process described above. The present
invention also relates to a solid phgrmaceutical forfulation for the
prolonged release of at le high comprises a
dry powder form: based on particles o pr|§rhg at least one active
principle (AP), these particles 15 being those described above or those
obtained by the process desgctibed above; or obtai ed from the
formulation comprising a s@speﬁsmn in agqueou mentioned
above. Advantageously, such a solid pharmaceutical formulation is used
for inhalation and pulmonary administration. 20 According to another of

its aspétisciiedgrues iaficrloPtfie Wivention isablotessorficme (T)

preparation of medicaments, in particular for parenteral, mucosal,

S“bC”tﬁ?‘ O &%@ﬁ&&%""&c r%ﬁ{r%abffa&ﬁ@9%11&8?5@39%‘5%8%9&1 5 % of

mtracer ral a atjon or administration intg a tumor |§iee ev

RO StrARCHP BS ehaS ISR, BUltFHEyt $3dind oF SLuf: ;\rme%osoiunon is

@rdedsstcosistingdsSettiallyoin employingbldedstoate ofitide ©6n 2.2 ml of N-

{Eﬂlﬁg o AgsciRedabavergR II%EC%S%&R{&ON Qb b EH GURERItes while
&%ure 1: ékgwtro release of IF formulatlons pris

FIGESSr Blkarltpid D tiitetir es) & eHsmptis, 1l a%gl%rg) hjridinamide
ébbé(ﬁ’fpléﬁg’md@)la&( @i@m@ﬁ@l@)}bf éﬁﬁrﬁ{ﬁle@ INBRek ByOandspfoftriethylamine are

axaepiend (Blatk circles) anghehexampladlipgs)radbat 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
4 volumes of water. The polymer solution is subsequently concentrated to a volume of
300 mi (the polymer concentration is 18 mg/g). The percentage of grafted histidinamide,
determined by ' NMR in D0, is 95 %.

d) Synthesis of a cationic_polyelecirolyte polvmer PE2-B (polvelutamate grafted with

a-tocopherol of synthetic origin and with arginine)



10

15

20

EXAMPLES 1) Syntheses: 27 a) Synthesis of an anionic polyelectrolyte
polymer PEI-A carrying hydrophobic groups (polyglutamate grafted with
a-tocopherol of synthetic origin) 15 g of a poly((x-L-glutamic acid) (with a
weight equivalent to approximately 16 900 Da 5 with respect to a
polyoxyethylene standard and obtainedi;y polymerization of NCA-
GluOMe, followed by hydrolysis, as described in patent application FR-A-2
801 226) are dissolved in 288 ml of dimethylfonnamide (DMF) while
heating at 80C until the polymer has dissplved. The solution is cooled to
15C and 2.5 g of D,L-a-tocopherol (3188 %0,~qhtaied from Fluka(r)),
dissolved beforehand in 8 ml of DMF, 280 mg of 4 10
dimethylaminopyridine, dissolved beforehand in 1 ml of DMF, and 1.6 g of
diisopropylcarbodiimide, dissolved beforehand in 6 ml of DMF, are

hydrochloric acid (pH 2). The precipit poNier is subsequergly ONa
recovered by filtration and washed with 0.1 N hydrochloric acid, wi

oven under vacuumraf 40C. Ayyield offthe pof 90% The
molar mass, measured by stﬁri ion ¢hrofnatograph D
with respect to yoxyethyle ; | of gr

tocopherol, estifmated by proto dt , 1S 5. ar %20 )

polyglutamate) The synthesis of a poly(a-L-polyglutamic acid) as
described in patent-gfplication FR-A-2 801 Is.adepted.~ molar
mass, measured by steric exclusion chromatography, is 16 900 Da, with
respect to a polyoxyethylene standard. 25 c) Synthesis of a cationic
polyelectrolvie polymer PE2-A (polyglutamate grafted with a-tocopherol of

synthetic orig ANG WD disiser 2 i) 28 EL -8 H11, g = 198 r=0

Ten grams of a poly(ghutamic acid) with a DP of 220 randomly grafted with 5 % of
racemic a-tocopherol are dissolved in 125 ml of NMP at 80°C. This solution is cooled to
0°C and 8.7 ml of isobutyl chloroformate and then 7.35 ml of N-methylmorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 24.67 g of
argininamide dihydrochloride are suspended in 308 ml of NMP, and 14.7mi of
triethylamine 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 polvmer 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 2.1 ml of a 35 % HCI solution and then 100 ml of water, the reaction
mixture is run dropwise into 1.6 1 of water. 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 percentage of grafted

argininamide, determined by proton NMR in D0, is 90 %.

e) Synthesis of a cationic polvelectrolyte polymer PEZ-C (polvglutamate grafied with o-

tocopherol of synthetic origin, with arginine and with ethanolamine)
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OENMIHPLN OOT O ONa Indices and groups: m =11, p =209, g =
0, T = D,L-a-tocopheryl (T) 5 3 g of a poly(glutamic acid) with a DP of 220
randomly grafted with 5 % of racemic a-tocopherol are dissolved by
heating at 80C in 38 ml of NMP. This solution is cooled to OC and 2.74 g
of isobutyl chioroformate and then 2.2 m|,0f N- methylmorpholine are
added. The reaction medium is stirred for 10 minutes while maintaining
the temperature at OC. At the same timg, 8.65 g of histidinamide 10
dihydrochloride are suspended in 108 |ml of NMP. 10.6 ml of triethylamine
are subsequently added and thegyspensjalr @ptained is stirred at 20C for
a few minutes and then cooled to QC. 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 20C overnight. 0.62 ml of
35 % HCI and then 83 ml of water are G&¥tty added. The 15
solution obtained is subsequently poured jnto 500 ml of water at pH 3-4.
The solution is subsequently diafil inst 8 volumes ofaquegyls,

concentration is 48:mg/q). istidi ide,
determined by ' R inﬂ) i . 20, d); Synthrsjs|of a cationic_.H
polyelectrollygﬁ E2- erol of
synthetic origin and with argyiing) 29 N C ONHZ O;NH

Indices and groups: T = D,L-o-tocopherol, p= 11, q = 88,1 =99, s =22

Ten grams of a poly(glutamic acid)} with a DP of 220 randomly grafted with 5 % of
racemic c-tocopherol are dissolved in 125 ml of NMP at 80°C. This solution is cooled to
0°C and 9.1 ml of isobutyl chloroformate and then 7.71 ml of N-methylmorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 8.2 g of
argininamide dihydrochloride are suspended in 103 ml of NMP, and 931 ml of
triethylamine are added. 1.6 ml of ethanolamine are further added and 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. 1.2 ml of ethanolamine are added and then the reaction mixtureis stirred at
20°C overnmight. After addition of 2.1 ml of a 35 % HCI solution and then 200 ml of water,
the reaction mixture is run dropwise into 700 ml of water, the pH being adjusted to 7.4.
The solution obtained 1s 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
percentage of grafted argimnamide and grafied ethanolamine, determined by proton NMR
in D0, are respectfully 40 and 45 %.

1) Synthesis of a cationic polyelectrolyvte polymer PE2-D (polyglutamate grafied with o-

tocopherol of synthetic origin, with arginine and with ethanolamine)
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grps OTONH Indices and groups: T = D,l, a-tocopheryl, p=s =11, q
=198, r = 0 Ten grams of a poly(glutarnic acid) with a DP of 220 randomly
grafted with 5 % of 5 racemic a-tocopherol are dissolved in 125 ml of
NMP at 80C. This solution is cooled to 0C and 8.7 ml of isobutyl
chloroformate and then 7.35 ml of N-meitfylmorpholine are added. This
reaction mixture is stirred at OC for 15 minutes. At the same time, 24.67 g
of argininamide dihydrochloride are spygpended in 308 ml of NMP, and
14.7 ml of triethylamine are added. Thie suspension obtained is stirred at
20C for a few minutes and 10 theg,pa0 ,tp;O@,l The milky suspension of
activated polymer is then added to this suspension and the reaction
mixture is stirred at OC for 2 h and then at 20C overnight. After addition of
2.1 ml of a 35 % HCI solution and then 100 ml of water, the reaction
mixture is run dropwise into 1.6 1 of w. BeNdiution obtained is
diafiltered against 8 volumes of aqueous saline solution (0.9 %) and then
4 volumes of water, and 15 concergrate a volume of appr ximabq\lpé

Indices and groups: T = D,L-a-tocopherol, p =11, g =48, r = 150, s = [ ]

Ten grams of a poly(glutamic acid) with a DP of 220 randomly grafted with 5 % of
racemic a-tocopherol are dissolved in 125 m] of NMP at 80°C. This solution is cooled to
0°C and 8.7 ml of isobutyl chloroformate and then 7.3 ml of N-methylmorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 4.61 g of
argininamide dihydrochloride are suspended in 58 ml of NMP, and 2.9 ml of triethylamine
are added. 2.8 ml of ethanolamine are further added and 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 4 h.
1.2 mi of ethanolamine are added and then the reaction mixtureis stirred at 20°C overnight.
Afier addition of 2.1 mi of a 35 % HC1 solution, the reaction mixture is run dropwise into
730 ml of water, the pH being adjusted to 7.4. The solution obtained is diafiltered against
8 volumes of agueous saline solution (0.9 %) and then 4 volumes of water, and
concentrated to a volume of approximately 300 ml. The percentage of grafted argininamide
and grafted ethanolamine, determined by proton NMR in D,0O, are respectfully 22 and 68
%.

2) Example I (comparative): preparation of particles with polyelectrolytes not exhibiting

a hydrophobic group

(1) Preparation of a colloidal solution of polymer PE1-B:
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Ten grams of a poly(glutamic acid) with a DP of 220 randomly grafted with
5 % of racemic a-tocopherol are dissolved in 125 ml of NMP at 80C. This
solution is cooled to 5 0C and 9.1 ml of isobutyl chloroformate and then
7.71 ml of N-rnethylmorpholine are added. This reaction mixture is stirred
at OC for 15 minutes. At the same timeﬁ 2 g of argininamide
dihydrochloride are suspended in 103 2of NMP, and 9.31 ml of
triethylamine are added. 1.6 ml of ethanolamine are further added and the
slqger;l' ébsopé)gymer has a

SiRpangish [SbinebanStitEtP DB COrSY MR AR dhd
helBGuThé zailky sHspprsion’ B8 bf activated polymer is then added to this

AUIARASIPRARCLINS rBERHRL PRGLIES S, SHITRcH afy AsJOR tadlidlid WHiSF, the pIT being

e{{}han Iam£%§r§ %%(% and {hen t action mixtyreis stlr[edtat ggg tution i

B %%he%h‘t‘? i Qelofion OF 221 il or%’35 33 RSP sotlifion A then 208 o ion 18

wtwgdrio tHe) redtio S misdiaduisng thdropiriserin espoot pf af wareputhiigsH solution.

Pring adisiedio 7 pbiyihe BRlUtoR aitaineddsdgfifered against 8

volumes of aqueous saline solution (0.9 %) 15 and then 4 volumes of

water, and concentrated to a volume of approximately 250 ml. The

perced@g@sﬁﬁ?&ﬂéﬁgﬁmﬁwlﬁh@%%ﬁﬁeétﬁggﬁémine, determined

by protoncdiMRtindd2PsasenrdBpeotighy 401Ny 45 Addébyathesiprebading colloidal

catianic BRIYBIRAIAIES: PRYMel. PEZ:D ARGl dlutanats IS Wi @nd eristics is

tocapherol of synthetic origin, with arginine and with ethanolamine) 31 NH
294H3-,CI- CONH2 ONHpONa OHpN NH2NNJH POHqrS

O TON/-OH H Indices and groups: T = D,L-a-tocopherol, p = 11, q = 48,

r=150, s = 1l TeporamsRi e Pply(elitamisaeip) witha OP of 220

randomly graftgdwith 5 9% oOf 5 racemic, a-toCOpherq] Aa]r7e dissolved in 125

ml of NMP at 80C- Th?sséo!ution is-cooled-to-0C-and-8.Z-ml of isobutyl

chloroformate and then 73 ml of N-methylmorpholine are

The association is produced overnight at 25°C with stirring.

(3) Preparation of a colloidal solution of poly-L-arginine (Aldrich P7637):

This polymer has a half-neutralization pH of greater than 9.

A colloidal solution of poly-L-arginine is obtained by dissolving it in water by first
adjusting the pH to 0.92 with an HCI solution, by then bringing it back up to pH equal to
6.91 with an NaOH solution and by heating the solution at 45°C for 15 min. The

concentration of polymer poly-L-arginine is adjusted to 5.13 mg/g.

(4) Mixing in order to obtain the particles
1.37 g of the poly-L-arginine solution are added dropwise with stirring at 45°C to 1.06 g of
the IFN-a/PE1-B solution. Stirring is carried out at 45°C for 15 min. Stirring is then

carried out at 4°C overnight.
The characteristics of the particles obtained are combined in table I below:
The charge ratio 7 is the ratio of the number of moles of cationic ionized groups to the

number of moles of antonic 1onized groups, measured at pHm equal to 6.95.

The stze of the particles 1s measured according to the T Test.

Table 1
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added. This reaction mixture is stirred at OC for 15 minutes. At the same
time, 4.61 g of argininamide dihydrochloride are suspended in 58 ml of
NMP, and 2.9 ml of triethylamine are added. 2.8 ml of ethanolamine are
further added and the suspension obtained is stirred 10 at 20C for a few
minutes and then cooled to OC. The milky suspension of activated
polymer is then added to this suspensio?’ﬁand the reaction mixture is

stirred at OC for 4 h. 1.2 ml of ethanolamine are added and then the
reaction mixtureis stirred.at. 20C-overnight..After addition of 2.1 ml of-a 35

% HCI solutidppthmeeaction fifixturg is rurédropwideninto 7306imd of water,
the pli being acépr@gg to 7.4. Zl;gg@olut on obtained is diafilte(r&g)again st 15

ne-solution (0-9 %) and then 4 volumes of
Ul &me.of_é&ﬂg j ‘

percentage of grafted argininamide and grafted ethanolamine,

deterw&aﬁ(@xﬁ%ﬁew&éw&gﬁgﬁ6&%@%@‘5&%&% and 68 %. 20 2)
xample | (comparative): prepgration of particles with pol k?ctrolyées not .
TR BRSOy IEEr B O Pt Ao Bt e N SbIUNAR gppernatant i
polpmebP Bt-BedRdTieecpbifhie RE wBsbtaltedracumeliry toloyimkbyigissaying by
g)‘/agg\égogﬁlg@gd. This polymer has a half-neutralization pLI equal to

5.985. A colloidal solution of polymer PEI-B is obtained by dissolving it in

water, the pH being adjusted-to—7-63-by-addition-of-an-NaOH-solution.
The osmolarity of the solUit# idt5adjustagad iboEhOsm Bldntroducing
the necessary amount of an gggigpus NaCl geltipn. The concentratjon of
polymer PEI -13 is adjusted t%% 8 mglg. (2) ociation of Lh’e protein
with the polymer PE1-B:-2-4-mgfg-concentrated proteintFN=a(PC-GEN) is

added to the preceding colloidal 10 solution of polymer PEI-B. The
¥380518tigthhavifghtheriadiowing thardolensties dpsabtadnedhP Bliddpagigles formed.

- pH._ 4 L.10. iation is produced overnight at
EE% ?%%E%%n%%@%%%ép%ﬁ%@%gﬁ gf%c%%éidal solution of
poly-L-arginine (Aldrich P7637): This polymer has a half-neutralization pH
8f dieatey/than @cpacolloidal seidiudes ofvpblyaLsanginipelielebtained BYE1) exhibiting

gﬁgbﬂggig gﬁgo\g&er by first 20 adjusting the pH to 0.92 with an HCI
solution, by then bringing it back up to pH equal to

(1) Preparation of a colloidal solution of pelymer PEI-A:
The polymer PEI-A obtained according to synthesis a) above is used. This polymer has a
half-neutralization pH equal to 5.445.
A colloidal solution of polymer PE1-A is obtained by dissolving it in water, the pH being
adjusted to 7.53 by addition of an NaOH solution. The osmolarity of the solution is
adjusted to 101 mOsm by introducing the necessary amount of an aqueous NaCl solution.
The concentration of polymer PE1-B is adjusted to 8.41 mg/g.

(2) Association of the protein with the polymer PEI-A:
2.4 mg/g concentrated protein IFN-o is added to the preceding colloidal solution of

polymer PEI-A. The association having the following characteristics is obtained:

[PEI-A] (mg/g) | [IFN-oi] (mg/e) | pH |
4.58 1.1 7.17 |

The association is produced overnight at 25°C with stirring.
(3} Preparation of a colloidal solution of poly-L-arginine (Aldrich P7637):
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6.91 with an NaOH solution and by heating the solution at 45C for 15 min.
The concentration of polymer poly-L-arginine is adjusted to 5.13 mg/g. (4)
Mixing in order to obtain the particles 25 1.37 g of the poly-L-arginine
solution are added dropwise with stirring at 45C to 1.06 g of the
IFN-a/PEI-B solution. Stirring is carried qut at 45C for 15 min. Stirring is
then carried out at 4C overnight. The cﬁgracteristics of the particles
btair]ed are combined in table | below: 3Q The charge. ratio Z is the ratio
S8 AU PRSI GP A RRSE 37 & GO AP e AR OF moles

of anionic ionized groups, measured at pHm equal to 6.95. The size of the
particles)ism reshiacepsding wdhaficiest. 35 Table |1 33 [polymer]

IEN-a] Z pHm Sjze (mg'/g /g) (um) 4.8 0.48 1.06 6,.95.15.92 (5),
bR SR a7 o s TR s S G B A1 t0 107 g of
benthiNrgeBtar 0ol upanfoviXs Rainsapri ke ImN-atidiRe sopdrhatint féirgng is then
assayeddy e matheshdescribed in the European Pharmacopoeia
(colorimetric assaying by UV absorbance). Total [IFN-a] Free [IFN-(x]

Yield LL (mg/g) (mg/) 0.48 0.15 71 Virtually a third of the protein
ThFsHaEErISHER @%g%%?ﬁ%m&@a fvigiacshrropariinss forllg. Nieetomis

proportion cannot result in controlled release. 3) Example 2: preparation of

”PHJ@%‘@W%@?E@%&%%%'EPHHM%%E&) &Xiibiting hydrophobic groups

5 (1) Preparation of a colloidal solution of polymer PEI -A: The polymer
B SIAe B LIn R HELSOr Rl (S ENERIS 2 Abde fotibed. This polymer
has a half-neutralization pH equal to 5.445. A colloidal solution of polymer
PEI-A is obtained by dissolving it in watgfithe pH being adjusted to 7.53
by addition of an NaOH solution. The osmolarity of the solution is

[polymer] [TFN-ct} Z pHm Size
(mg/g) (mg/g) (Hm)
4.7 0.505 1.00 | 6.88 18.24

(5) Quantification of the encapsulation of the protein
The suspension is centrifuged at 8000 rpm for 15 min and the IFN-a in the supernatant is

assayed by the method described in the European Pharmacopoeia (colorimetric assaying by
UV absorbance).

Total [IFN-o} | Free [TFN-o] Yield
(mg/g) (ng/g) (Vo)
0.505 0.01 98

All the protein introduced is encapsulated in the microparticles formed.

4) Example 3: preparation of particles based on PEI-A and on PE2-A, comprising
IFN-a

4.1) Exampie 3.1: final concentration of polymer approximately equal to 10 mg/g, 7 being
equal to approximately 1
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20 adjusted to 101 mOsm by introducing the necessary amount of an

agueous NacCl solution. The concentration of polymer PEI -B is adjusted

to 8.41 mg/g. (2) Association of the protein with the polymer PEI -A: 2.4

mg/g concentrated protein IFN-a is added to the preceding colloidal

solution of 25 polymer PEI -A. The assqciation having the following
characteristics is obtained: [PEI-A] (mg/g) [IFN-a] (m /g) pH 4581.17.17

The association is produced overnight at 25C with . (3) Preparation

of a cgﬁb%rgpgaﬁaaﬁ%% lr}ai&ﬁm%n( %&%ﬁrﬁ*f 4 The solution
Toprepared It & idenical wayidinbdp dwﬁm&dam@mampl askd(d)ipmigmer has a

Hg]]pﬁ@g{rggmrbm%mt@lg&ﬂ524 g of the poly-L-arginine solution are
gjgaggvilu%%y;v g St rrln ?’53?54%8 f% ) %c? {)y%gggolﬁij}%?{%ﬁg water. the pH being

ution Irrngis c rr| m|n irring 1 en carried

Béim%w@ olén @htﬂ@i@@ha}faé@ﬁ%@@&l ofahsipartidleswrtalpdly a1k the solution is
aﬁ?ﬁ@t@:l@@(d 10gabiesth helomtod G ipereh atgeskatip dvisumesSaed@ddiklNaCl solution,

u r ccordingtothe T

B e s (v .7 0.505
1.00 6.88 18.24 15 (5) Quantification of the encapsulatlon of the protein
The sy3pansieinimaerttifeigasddan 8600tippolorkd Phih-and the IFN-a in the
?QQEE}E‘@H&&}&Q@SW{%@H hy-thg rgg@hgg ARGHPRA tﬂ@ %&M@@e@nthe preceding

Mm?g oeia (¢olorimetrj assai g by UV .ab orbanc IPNha
FrAPERR AT OR Rﬂ%&?@fjr(j%/gﬁ‘( [; 65%8%1@‘653 %V}ﬂﬁ ? ng characteristics
tintigeiwedd is encapsulated in the microparticles formed. 25 4) Example 3:
preparation of particles based on PEI -A and on PE2A, comprising IFN-a
[PEL-A] (mg/g) | HFN-ol (mg/g) pH Osmolarity (mOsm)

13.33 1.01 6.51 322

The association is produced at 25°C overnight with stiming. The association 1is
subsequently adjusted to a pH equal to 5.07.

{3) Preparation of a colloidal solution of polymer PE2-A:
The polymer PE2-A obtained according to synthesis ¢) above is used. This polymer has a
half-neutralization pH equal to 6.05.
A colloidal solution of polymer PE2-A is obtained by dissolving 1t in water, the pH being
adjusted to 5.17. The osmolarity of the solution is adjusted to 289 mOsm and the
concentration of polymer PE2-A is adjustied to 5.70 mg/g.

(4) Mixing in order to obtain the particles
4.98 ¢ of the PE2-A solution are added dropwise with stirring to 4.61 g of the solution of
[FN-a/PE1-A. Stirring is carried out at 4°C overnight.
The characteristics of the particles obtained are combined in table IH below:
The charge ratio Z is measured at pHm equal to 5.17.

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

Table 11
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4.1) Example 3.1: final concentration of polymer approximately equal to 10
mg/g, Z being 30 equal to approximately | 35 (1) Preparation of a
colloidal solution of polymer PE1-A: The polymer PEI -A obtained
according to synthesis a) above is used. This polymer has a
half-neutralization pH equal to 5.445. A ¢olloidal solution of polymer PEI
-A is obtained by dissolving it in water, thé pH being 5 adjusted to 7.45 by
addition of an NaOH solution. The osmolarity of the solution is adjusted to

108 mOsm-by-introducing-the-necessary-amount of an-aqueous-NaCl
solution [pPhexeoncentratids-of polymér PE plikradjustétbtoo28i88 mg/g. (2)Size
Assaciatigp gbthe proteiyity the polymer PE1-A: 10 2,4cmg/g (um)

concentrated prOtelﬂ IFN-a and P Eg)ﬂsm N,a(7| are added.to the
PpERAl T

recedinag-celleidal "nlllfgﬁ'& of naly a-accotiadtion-having fhn7‘7
p \> 11} lﬂ IIIIIIIIIIIIIIIIII T '.I IJ T (AU UTUALTUTT TTAUOVIT Itj are

following characteristics is obtained: [PIIEI-,IA] (mg/g) [FN-al (mg/g) pH
LMol ¢MOsMhal 133446541382 el e aspasiafign is, Prodsed equal to
at 25C overn t with stirring. The association is subsequently adjusted to
E%’%ﬁqxérél&ael 10 5.07. (3) Preparation of a colloidal solution of polymer
PE2-A: 20 The polymer PE2-A obtained according to synthesis c) above
is used Nhisppehioies hasollchalf-neutializaion pidragualto 6.05. A

lgi lytion,0 PE2-A is obtai issolving it in water,
e R e
2o BRRDsphuAcg MepebiRantalion obBIshEY Bissoy iasaljiRugies sheopH being
aglige@5d4). Mixing ddditider ¢d abtaindhe pditicies 4188 gobthetPB2-the solution is

M&Pt@@@%@ﬂ@qrg r%pmg_dﬂmg%g%égséa@' Mﬁ%?%&ygaﬂegﬁs NaCl solution.
-a/lPE1-A. Stlrr%ng is carried out at 4C overnight. 30 The characteristics

PEEQISARIEALS LB ST ESITARRSIH {0t8 Ail %% The charge ratio

Z is measured at pHm equal to 5.17. The size of the particles is measured

aCCOYOH@pA@sH&%M@%‘f t@p}_@@lﬁ YkBBhe polymer PEI-A:

2.4 mg/g concentrated protein IFN-oo and 89 mOsm NaCl are added to the preceding
colloidal solution of polymer PE1-A. The association having the following characteristics
is obtained:

[PEI-A] (mg/g) | [IFN-a] (mg/g) pH Osmolarity (mOsm)
1.7 0.1 5.45 324

The association is produced at 25°C overnight with stirring. The association is
subsequently adjusted to a pH equal to 4.88.

(3) Preparation of a colloidal solution of polymer PE2-A:
The polymer PE2-A obtained according to synthesis ¢) above is used.
A colloidal solution of polymer PE2-A is obtained by dissolving it in water, the pH being
adjusted to 5.07. The osmolarity of the solution is adjusted to 287 mOsm and the
concentration of polymer PE2-A is adjusted to 8.11 mg/g.

(4) Mixing in order to obtain the particles
5.19 g of the PE2-A solution are added dropwise with stirring to 5.02 g of the solution of
IFN-a/PE1-A. Stirring is carried out at 4°C overnight.
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[polymer] [IFN-a] Z pHm Osmolarity Size (mg/g) (mg/g) (mOsm (m) 9.1
0.46 0.835.17 370 7.7 4.2) Example 3.2: final concentration of polymer
equal to 5 mg/g, Z being equal to approximately 10 5 (1) Preparation of a
colloidal solution of polymer PE1-A: The polymer PEI -A obtained
according to synthesis a) above is used. A colloidal solution of polymer
PEI is obtained by dissolving it in water,"the pH being adjusted to 7.52 by
ddition of an NaOH solution. The osmolarity of the solutipon js. 10
ity %fsffagsmﬁ%wﬁﬁ%ﬁaw&wgqﬁéeﬁ &Q@stgmﬁl%ﬁt{f)?éﬁw
agueous NacCl solution. The concentration of polymer PEI is adjusted to
A 2hM9/ iRy ASarsiatien aftheigiainaMtbithe polymer PE1-A: 2.4
%/éq Cco tﬁfg\gté%;tedlé)rotelnrlFN-g and §9 mtOgh E@Cé are added to the
'{)ﬂ ezgiﬂg golfotadr $oriton o (f:)co I)N/rlnn BETA 'THe association having
the following characteristics is obtained: [PE1-A] (mg/g) [IFN-a] (mg/g) i

pH Osmolarity (mOsm) 1.7 0.1 5.45 Bzélelihe association is produced at
25C overnight with stirring. The association is 20 subsequently adjusted

(Y

PE2;A: Terdypesyiner PEXN-6btainedZaccom@itiy to syitiesiediabove is  Size
used. 25 Amglipidal soluiian©f palymer PE2-A is|obtaitiedy dissolving it(pum)

to a pHequat-to4:88-(3) Preparation-of acolloidat-solutionmof potymert
Péﬁ:

in water, thg_@H being adjusted to $:0/4; T[hg_g)lsrr olarity offhe soluti‘on IS 151

adjusted-to287-mOsmand-the—concentrationof potymer PE2-A"Ts

adjusted to 8.11 mg/g. (4) Mixing in order to obtain the particles 30 5.19 g
AfthE-REp1A Sdlufianl arenackdedtidropivisel withr stiqrisigtto B0QRgcof Thécing equal to
%%Q&%IFM-WPELA. Stirring is carried out at 4C overnight. 37 The
characteristics of the particles obtained are combined in table IV below:

The charge ratio Z is measured at pHm equal to 4.81. The size of the
particléb)iBmpessived arcolididglteothech tegrol BrTale 1VA:

The polymer PE1-A obtained according to synthesis a) above 15 used.

A colloidal solution of polymer PE1-A is obtained by dissolving it in water, the pH being
adjusted to 7.52 by addition of an NaOH solution. The osmolarity of the solution is
adjusted to 108 mOsm by introducing the necessary amount of an aqueous NaCl solution.

The concentration of polymer PE1-A is adjusted to 20.21 mg/g.

(2) Association of the protein with the polymer PEI-A:
2.4 mg/g concenirated protein IFN-¢ and 89 mOsm NaCl are added to the preceding
colloidal solution of polymer PE1-A. The association having the following characteristics

is obtained:

[PE1-A] (mg/g) | [IFN-al (mg/g pH Osmolarity (mOsm)
3.39 1.01 5.83 347

The association is produced at 25°C overnight with stirring. The association 1s

subsequently adjusted to a pH equal to 5.07.

(3) Preparation of a colloidal solution of polymer PE2-A:
The polymer PE2-A obtained according to synthesis ¢) above is used.
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[polymer] [IFN-a] Z pHm Osmolarity Size (mg/ g) (m /g) mOsm) (m) 5.0

0.49 13.43 4.81 306 15.1 43) Example 3.3: final concentration of polymer

equal to 10 mg/g, Z being equal to 10 approximately 10 (1) Preparation of

a colloidal solution of polymer PEI -A: The polymer PEI -A obtained

according to synthesis a) above is used. A colloidal solution of polymer

PEI-A is obtained by dissolving it in wate?rff the pH being 15 adjusted to

7.52 by addition of an NaOH solution. The osmolarity of the solution is )
AdioLpigAcUE ROERPMALDE g Pl SE A saduniidnapater. the pH being
atjugod stdlalSollitiorusmbentgnednthation wi@olynad; BdddA is aBRIst€d: A0 and the
Ehedhaish 0PI\ Asspeiationofithe protein with e polymer PEI-A: 2.4

mg/g concentrated protein IFN-a and 89 mOsm NaCl are added to the

preceding colloidal solution of polymer PEI -A. The association having the
followifd) MMimniagtaristits tisabivairtbd ppPEI9S] mg/g [IFN-a] mg/g pH
Osmolaritye(MOsA ) oBi8dnl P 218 M pwad ReRSEREIIIAN $S1PrOdGRE solution of
ﬁ«II%-E’C/‘P%\i@m' 1t with stlrrlrgﬂI (‘)I’quteaaig@ckgé;%ril IS subsequently adjusted to

a pI—PLequaI 0'5.07.30 fﬁfr reparafion of & coftoidal solution of polymer

PE2-A: The polymer PE2-A obtained according to synthesis c) above is
Tredha8cArialleidalisopionaf palimaREdAtneblaingdkby sisselving it

in water, the pH being adjusted to 5.08. The osmolarity of the solution is

adjusted to 288 mOsm and the concentration of polymer PE2-A is

LBfUiatEe gl F7 RSB A VISR i dr et £ obtain the particles 5.25 g
ohthezR BPtle paltittey &reneddect drapwise: witthstirtig to 5.19 g of the

solution of IFN-a/PE1-A. Stirring is carried out at 4C overnight. The
characteristics of the particles obtained are combined in table V below: 10

The charge ratio Z is measured at pHﬁ?@ﬁu\él to 4.95. The size of the

particles is measured according to the T test. Table V

[polymer] [TFN-a] Z pHm Osmolarity Size
(ng/g) (mg/g) (mOsm) (pm)
9.9 ‘ 0.5 8.20 | 4.95 314 10.3

5) Example 4: preparation of particles based on PEI-A and on PE2-B, comprising
IFN-a, final concentration of polymer equal to 5 mg/g, Z = 1

(1) Preparation of a colloidal solution of polymer PE1-A:
The polymer PEI-A obtained according to synthesis a) above is used.
A colloidal solution of polymer PE1-A is obtained by dissolving it in water, the pH being
adjusted to 7.52 by addition of an NaOH solution. The osmolarity of the solution is
adjusted to 108 mOsm by introducing the necessary amount of an aqueous NaCl solution.
The concentration of polymer PE1-A is adjusted to 20.21 mg/g.

{(2) Association of the protein with the polymer PEI-A:
2.4 mg/g concentrated protein IFN-oo and 89 mOsm NaCl are added to the preceding
colloidal solution of polymer PE1-A. The association having the following characteristics
is obtained:

[PET-A] (mg/g) | [IFN-a] (mg/g) pH Osmolarity (mOsm)
3715 1.01 5.89 335
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15 [polymer] [IFN-a] Z pHm Osmolarity Size (m /g) (mg/g) (mOsm) ( m
9.9 0.5 8.20 4.95 314 10.3 5) Example 4: preparation of particles based
on PEI -A and on PE2-B, comprising IFN-a, final concentration of polymer
equal to 5 mg/g, Z =1 20 (1) Preparation of a colloidal solution of polymer
PEI-A: The polymer PEI -A obtained according to synthesis a) above is
used. A colloidal solution of polymer PERA is obtained by dissolving it in
water, the pH being adjusted to 7.52 by addition of an NaOH solution.
The osmolarity of the solution is 25 adjusted to 108 mOsm by introducing
The neseskaihanopnddicad aguedds Nakehsiphtionithl heietncerthatiersotiation is
é%?éﬁ?'aﬁlﬁeﬂqWEE?g %n £9-21m88/9. (2) Association of the protein
with the pdlymier PEI -AT 2.4 mg/g concentrated protein IFN-a and 89
mOsm NaCl are added to the preceding 30 colloidal solution of polymer
PEI-A. The association having the following characteristics is obtained:

[PEI Nim@h&ﬁ%%ﬂqumﬂﬂ Qamelarby, H@AePPE3.B15 1.01 5.89 335

iﬁ hle a%s%%gt&% 1ro(g{'it{i((ged t25C oV nlgh WI h stlmn‘%eéhfh}s Ivmer has a
SBIRHEN o S BB SR Lt o M B P Ko, ey his polyme

Prepdratiomethadailerden %‘@mﬁon of polymer PE2-B: The polymer PE2-B

Ab@amdaa@@m@&ﬂgoﬁpayﬁﬂaesigmmm&ﬁ]aae@ Eﬁb&@iﬂﬁlgrn%ha&@f, the pH being

Q&a Egciz%tm@ @H ?Ligrggﬁne()riarl l?eo”smld %O%OI%J tlo %1) %Ln 120%11 and the

is-obtained by dissolving it i wa b 51(53 Sted't %.

THE GBI RY Rt HHees @%&11@&@?@%&6 @@@ﬁ@sm and the
concentration of polymer PE2-B is adjusted to 6.33 mg/g. (4) Mixing in

order t@;y%gh 8 B%E&C{S%b‘%a%ﬁe%énf‘cfﬁ -B solution are added
wise with stirring to, 4 he solution of 15 |FN-a/PEI-A. Stirrin

"s R %%FE@Z?%%@}&}%WF vﬂ%eérmafésrfsﬁe%ﬁ%ﬁ%éﬁ.@é% BBafpgolution of
Hit -coRibinadSn:taies\ihbetdwut Bhd ‘€havgmighio Z is measured at pHm
equal to 6.85.

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

The charge ratio Z is measured at pHm equal to 6.85.

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

Table V1
[polymer] [TFN-¢t] 4 pHm Osmolarity Size
(mg/g) (mg/g) (mOsm) (um)
5 0.46 1.01 6.85 360 17.1

6} Example 5 (comparative): preparation of particles based on PEI-A alone, comprising
IFN-a

The polymer PE1-A obtained according to synthesis a) above is used.

A colloidal solution of polymer PE1-A is obtained by dissolving it in water, the pH being
adjusted to 7.52 by addition of an NaOH solution. The osmolarity of the solution is
adjusted to 108 mOsm by introducing the necessary amount of an aqueous NaCl solution.
The concentration of polymer PE1-A is adjusted to 29.05 mg/g.

2.4 mg/g concentrated protein TFN-¢ is added to the preceding colloidal solution of

polymer PE1. The association is produced at 25°C overnight with stirring.
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20 The size of the patrticles is measured according to the T test. Table VI
[polymer] [IPN-a] Z pHm Osmolarity Size (mg/g) (mg/g) (mOsm) (m) 5
0.46 1.01 6.85 360 17.1 25 6) Example 5 (comparative): preparation of
particles based on PEI -A alone, comprising IFN-a The polymer PEI -A
obtained according to synthesis a) above is used. A colloidal solution of
polymer PEI -A is obtained by dissolving49( in water, the pH being 30
adjusted to 7.52 by addition of an NaOH solution. The osmolarity of the

o igrrrdengiseid e RuEsisoshiabehis gt n&Rde SARPaIABuNt of
‘Hre aqueedudd\adi-selistinnasiibe sancdiigatiaheol peltmer PEI -A is
adjusted. to 29.05 mg/g. 2.4 mg/g concentrated protein IEN-a is added to
the preceding colloidal solution of polymer PEI. The association is
produced at 25C overnight with stirriﬁéb%vzﬂé The characteristics of the
particles obtained are combined in table VII below: The size of the
arpelesip measuradmecoreingdp thept testolabie MU (dRRAl (8849)nm)
[IFN-a] (mg/g) pH OsSmolgfity (mOsm) %e nm 1 Zé& 57 7.20 80040 7)
in-vitro-results for examples 2,34 na‘v For-this; th .Q!ease ofithe-active
principle from the particles according to the invention is 10 measured
BSINGRS lodBRL FHPEVENERE AN he Anlest is shown in figure | in the form of
the percentage of protein released over time. 15 The formulation of
comparative example 2, where just one of the polymers carries
IFyravephidisicdaispsl dxhibitscaprBryimediore@aseapidiifeasoiting v Getiention is
@@g’g@mdr@g@aésg@ aftert23 hours. The formulation of comparative example

5, comprising 23 mg/g of particles of PE1, exhibits a similar profile to the

%Jarticles of example 3.1 (PE1/PE2-A, Z=1 to 10 mg/g) 20 (respectively 93 .
S AeieRs RAd 78 % ih B WBUFS g thé adBeorans partggstentage of protein
elansyles 3. Ar(lREI/PE2-A, Z = 10 and 5 mg/g) and 3.3

o)

LA~

The formulation of comparative example 2, where just one of the polymers carries
hydrophobic groups, exhibits a very weak release profile, with 1.6 % of the protein
released after 23 hours.

The formulation of comparative example 5, comprising 23 mg/g of particles of PEI,
exhibits a similar profile to the particles of example 3.1 (PEI/PE2-A, Z=1 to 10 mg/g)
(respectively 93 % in 10 hours and 72 % in 48 hours).

In the case of the particles of examples 3.2 (PEI/PE2-A. Z = 10 and 5 mg/g) and 3.3
(PE1/PE2-A, Z = 10 and 10 mg/g), the creation of a constant release flow is observed
which is not zero at the end of the experiment: respectively 65 and 19 % of the injected
protein in 48 hours.

In the case of the particles of example 4 (PEI/PE2-B, Z = 1 and 5 mg/g), the creation of a
constant release flow is observed which is not zero at the end of the experiment, with the

release of 7 % of the injected protein in 48 hours.
8) in vivo resulis for examples 3, 4 and 5

44 rats were separated into 3 groups of 8 or 12 animals and recetved, in paraliel, an
immediate-release IR formulation or a prolonged-release formulation corresponding to
comparative example 5 or one of the formulations of examples 3 and 4 of the invention, at

the dose of 300 pug/kg.

The pharmacokinetic results are combined in table VIII below:
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23

(PEI/PE2-A, Z = 10 and 10 mg/qg), the creation of a constant release flow
is observed which is not zero at the end of the experiment: respectively
65 and 19 % of the injected protein in 48 hours. 25 In the case of the
particles of example 4 (PEI/PE2-B, Z = 1 and 5 mg/g), the creation of a
constant release flow is observed which is not zero at the end of the
experiment, with the release of 7 % of the injected protein in 48 hours. 8)
in vivo results for examples 3, 4 and 5 30 44 rats were separated into 5
groups of 8 or 12 animals and received, in parallel, an immediate-release
IR formulation or a prolonged-release forapidatioim corresponding to
comparatlve example 5 or one of the formulations of examples 3 and 4 of

&d jn tab®® VIl peloWwrd1 Tablelvil Examp§ Crrjaxt FiesealRBA (%
T50%Auc RBA (%) (ng/mipmedian (ng:&iﬁh) (interﬁ@l)xh/m) (hohiy) IFN IR
12 100.6 05 (0.25- 255.9 1.5 100 (0.5), 4} Ex/4 8 1 %3 -6) 13.6 9.0 5 |Ex
3.187.63(3-6) 126.4/11.4 49 EX 3.2.8 6.1 3 (3-6) 128.4 18.6 50 Ex 8.3

lllE IIIVUIILI I, at llle UEbE UI 3660 IKg 35T Ile plldlllldbUlU“enC IESU|tS| are )

Lot i S o

réﬁté§§nts the hizan maxihth plasr@@(@o}ﬁ:ertramﬁ.éf prpteinifér all the 100
{als. Tmax median representsithe mgdian pf the time for which the

817 )(3-12)74.2 30.7 > 29 Ex 58 319U (524} 95 7 184 62 5 C"a

(]

pl}i&f concentration [passe tnrougn,ha g1aX|nmr’r13 ucC lepr § nts the

are ||nrh:\ the.curnve the.nlas) n-as |nr~+| nn
tHderthe-ctHve-ol--the a8

ofttindel T50%AUWC represerit§ the medntime at thé2eél of whldH .t=he area 49

undes the curve g 6.1 3 (3-6) 128.4 18.6 50
Ex 3.3 8 1.7 3 (3-12) 74.2 30.7 > 29
Ex 5 8 3.5 12 (6-24) 95.7 18.4 62

Cinax represents the mean maximum plasma concentration of protein for all the
animals.

Tmax median represents the median of the time for which the plasma concentration
passes through its maximum.

AUC represents the mean area under the curve of the plasma concentration as a
function of time.

T50%auc represents the mean time at the end of which the area under the curve
reaches 50 % of 1ts total value.

RBA represents the ratio of the area under the curve of the formulation under
consideration to the area under the curve of the IFN IR formulation.

All the formulations exhibit a prolonged-release profile accompanied by a fall in
the Cpax with respect to the IR.

With the exception of the formulation of example 3.1 (PEI/PE2-A, Z=1 to
10 mg/g), the release profile of which is close to that of the formulation of comparative
example 3, the terminal slope is lower, which indicates a prolonged residual absorption.

For the formulation of example 3.3 (PE1/PE2-A, Z = 10 and 10 mg/g), a release of

up to more than one week should be noted.

9) Example 6: preparation of particles based on PEI-A and PE2-C, comprising IFN-q,

final concentration of polymer equal fo 5 mg/g, Z2 =1

(1) Preparation of a colloidal solution of polymer PE1-A.
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reaches 50 % of its total value. RBA represents the ratio of the area under

the curve of the formulation under consideration to the area under the

curve of the IFN IR formulation. 15 All the formulations exhibit a
prolonged-release profile accompanied by a fall in the Cmax with respect

to the IR. With the exception of the formylation of example 3.1

(PEI/PE2-A, Z=1to 10 mg/qg), the release profile of which is close to that

.0f the formulation of comparative example 5, the terminal slope is lower,
LisieRLRREAted 4 SRIRYLAFLHRAIGDY F6r'the&$6rmulation of

Ao xanhp ks BsBHEEN PERolynZer=PI0l ahdsldbtmg@ ba Bheabengfiup twataorthe pH being

ﬁﬁ&wwﬁ% %hoL&t@h%ﬂ%ed&n%ﬁmmmﬁlﬁoﬁreﬁ?éaémo@irayrw% solution is

PE2-C, ca rlsm IEN-cy final concentration
%‘3 bR S g 2 208 (15 BPEAANL A OIS BN Gy slution
Potypergepiration abpatiiegolfiek BEﬂ}N@EtmthaE@éﬁdmg to synthesis
a) above is used. A colloidal solution of polymer PEI -A is obtained by

dISSOh(ﬂ Esocza.ﬁg)er{ otﬂ%eo &I}e apeg[hc%g% tﬁad t%h t%g g‘%} o&an

NaOH'so utlon e osmolarit so ution is ad 5 mOsm

by my@da@ﬁqm@%é@g&wylﬁmwrﬁ@f 8 wfé%m%@rwéﬁ% log thppreceding

edhgéstrafiaioafl gohpinerel EE1AAS Bldjusted itaidnl Ramigigth@Follssdaatibaracteristics
Bg}glgggrapeutlc protein with the polymer PEI-A: 2.7 mg/g concentrated

proteln IFN-a and 89 mOsm NaCl are added to the preceding colloidal

solution-of nnl\/mnr PEI-A. The assogciation h:nnnn the fnlln\nnnn

chara@fﬁﬁsﬂds(mg@ obitgihed] {Rigl2A] (mgld) [IFI‘Q)&]ﬂnigr‘gy pHanm)olarlty

(mOsm 1.944%.01 5.6 253 TI@% Iassoaatlog @ produced ab 25C overnight

with stirring.The association is—subsequentty adjusted to-a pH eqgualto

7.0. 15 (3) Preparation of a colloidal solution of polymer PE2-C: The

”ﬁh&ymmoéi&t?@ﬁ: obtainetlaccording o syntheslst e pathoweiisiused iEhigssociation  1s
iBS:8jieutBization, pil ©f greater than 9. 20 A colloidal solution

of polymer PE2-C is obtained by dissolving it in water, the pH being

adjusted to 7.04, 288 mOsm and 7.96 mg/g in PBS 140 mOsm.

(3) Preparation of a colloidal solution of polymer PE2-C:
The polymer PE2-C obtained according to synthesis ¢) above is used. This polymer has a
neutralization pH of greater than 9.
A colloidal solution of polymer PE2-C is obtained by dissolving it in water, the pH being
adjusted to 7.04, 288 mOsm and 7.96 mg/g in PBS 140 mOsm.

(4) Mixing in order to obtain the particles:
15.147 g of the PE2-C solution are added dropwise with stirring to 16.374 g of the solution
of IFN-a/PE1-A. Stirring is carried out at 4°C overnight.

The charge ratio Z is measured at pHm equal to 7.

The size of the particles 1s measured according to the T test.

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

[polymer] [TFN-u] Z pHm Osmolarity Size
(mg/g) (mg/g) (mOsm) (um)

4.9 .49 1.0 7.02 277 50.8
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(4) Mixing in order to obtain the particles: 25 15.147 g of the PE2-C
solution are added dropwise with stirring to 16.374 g of the solution of
IFN-a/PEI -A. Stirring is carried out at 4C overnight. The charge ratio Z is
measured at pHm equal to 7. 30 The size of the particles is measured
according to the T test. The characteristjcs of the particles obtained are
combined in the table below: [polymer]% N-a] . Z pHm Osmolarity Size
(mg/) (m /) (mOsm) (m) 4.9 0.49 1.0 7.02 277 50.8 43 10) Example 7:
preparation of particles based on PEI-A and PE2-D, comprising IFN-a,
Tihidbvompéniapienaipory aigretols thaSerhgry PE A &yl PEPeParatianising 1FN-a,
wollaidalsakition of RMMS BRI Thepolymer PEI -A obtained
according to synthesis a) above is used. A colloidal solution of polymer
PE1-A is obtained by dissolving it in water, the pH being adjusted to 7.02
by additioPrareastingmoia sellnidal. sheies eicpalnper Bl sbiution is

Heljysigthte P01-MOsEiIM intodls NG ti}ameg@%aibbam@um@f an
ﬂ ity f\g%%lu%%l ﬁ LT pglcgnﬁ: Qﬂgﬂ 8[1}%& g flb\wﬁter the pH being
0

Juste to 2.0 mg Association o e prot in wit

307 nl?&/df’& Hfratel ﬁlﬁo{\@ﬁ)m@}a}l&ﬁa S OSHPNER] fethe solution is
mjuteeﬁtoothélpmaadlhg iookdidah gahetioer afspolymenPEMAnTh@eous NaCl solution.

PSSOGRUARARYING ISB?[ZIIRQPM%M@J%&%SZ é%ggbtamed [PEI-A]
(mg/g) [IFN-a] mg/g Osmolarity (mOsm) 1.26 1 5234 The

association is produced at 25C overnight with stirring. The association is
subseUeftisoadiusiad theappreaguabhtthy B 20¢8Y Pleparation of a
z9ligidal @&k@@ﬁ@a@é@%lm Ffﬁﬁ =8 ahe oS %@D@@t@a&a to the preceding

q_fmfp ng)f eBSOI bp% eedaS-IS-hls E?IOIIYWer ha Utrallzafbaracteristlcs
an olloidal solu

reater foh ot § po ymer |s obtained
@l@btﬂkﬂﬁ@ it in water, the pH being 25 adjusted to 7 with HCI 0.1 N or
NaOH 0.1 N. The PE2-D polymer concentration is adjusted to 8.82 mg/g.

(4) N IT%'%W%}%@? )b[tﬁ“ﬂ thf(giar/tggles. pH Osmolarity (mOsm}
1.26 1.0 5.5 234

The association is produced at 25°C overnight with stirring. The association is
subsequently adjusted to a pH equal to 7.0.

(3) Preparation of a colloidal solution of polymer PE2-D:
The polymer PE2-D obtained according to synthesis f) above is used. This polymer has a
neutralization pH of greater than 9.
A colloidal solution of polymer PE2-D 1s obtained by dissolving it in water, the pH being
adjusted to 7 with HCI 0.1 N or NaOH 0.1 N. The PE2-D polymer concentration is
adjusted to 8.82 mg/g.

(4) Mixing in order to obtain the particles:
1.2 g of the PE2-C solution are added dropwise with stirring to 1.2 g of the solution of
IFN-o/PE1-A. Stirring is carried out at 4°C overnight.

The charge ratio Z is measured at pHm equal to 7.

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

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



1.2 g of the PE2-C solution are added dropwise with stirring to 1.2 g of the
solution of 30 IFN-a/PE1-A. Stirring is carried out at 4C overnight. The
charge ratio Z is measured at pHm equal to 7. The size of the particles is
measured according to the T test. 35 The characteristics of the particles
obtained are combined in the table below; 44 [polymer] [IFN-a] Z pHm
Osmolarity Size (mg/) (m/) (mOsm) (m)'5.0 0.48 1.0 7.1 286 13.6 11)

Examiple 8 (comparative) release speed of particles hased o )
PEI-A/PESIBSRY on PERARE2.C ompriB 'allFN-a.Bgl Wrticles  Size
obta|ned byghe preparatiopgescribed in the above exaristes 6 and 7 argun)

compared ig ghe L test oficaptinuous fiow cefl release desgibed abaove. 13 ¢4

The folfowing table “combined the obtained results: Release (injected
protein %) at time lh 6h 12h 18h IFNa/PEI A/PE2-D Z=1 4.0 19.7 31 39
BlimiGtgHipiea R Ftip B2 drdienseo i edl partisimdigsid oonBRasidrPilsD and on
pmqm}q;@hgwﬁ@a;smgmm, particul.ary selecting a cationic 10
polymer comprising more or less neutral and/or anionic groups, to
modulate the AP speed release. Thus, after 12h, the release is 9.5 % for

5 the midisparicles opeanse b prEraconsiegTibeddr the abicropaples6 and 7 are
ahtpired fiane PE2sDoASrGhdiM Siolv Rarticlessdafdheiissbtainad Teleastowing table
ggﬁ&%%%%%)ggﬁgga%% (;iple (AP), which particles comprise: 5 a) a first
polye

ectrolyte polymer (PE1), preferably a linear a-polyamino acid, in the

charged state, carrying sigie hydrophobic groups (GH), said first
polyelectrolyte polymer (PEI) spontaneously forminégellr‘??\‘ﬁ/%ter, a colloidal
solution of particles at (injected protein %)
at time 1h 6h 12h I8 h

IFNa/PEI-A/PE2-D

Z=1 4.0 19.7 31 39

5 mg/g

IFNa/PEI-A/PE2-C

7Z=1 0.2 6.6 9.5 11.4

S mg/g

In conclusion, this example shows that it 1s possible, particulary selecting a cationic
10 polymer comprising more or less neutral and/or anionic groups, to modulate the AP speed
release. Thus, after 12h, the release is 9.5 % for the microparticles obtained from PE2-C

and 31 % for the microparticles obtained from PE2-D.
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at least one pHm value of the pH of between 3 and 8; b) a second
polyelectrolyte polymer (PE2), preferably a linear a-polyamino acid, of 10
opposite polarity to the first polyelectrolyte polymer (PEI), said second
polyelectrolyte polymer (PE2) forming, in water, a solution or a colloidal
solution at at least said pHm value of the pH; provided that, if the first
electrolyte polymer (PEI) is a polyaminoacid, then the second
polyelectrolyte polymer (PE2) is neither _po ine nor polyethyleneimine;
15 c) at least one active principle (AP) noncovalently with the
particles of the colloidal solution of the first polyelectrolyte polymer (PE1);

1said partiglgs; fpssting: sHstaiRegkRlaare &f gt leashanmaciive LiRsRIAL(ARP), which
arémci;eobtamed by mixing, at a pH equal to pHm, the first polyelectrolyte
mer BENh the form of a colloidal solution o{ggartlcles associated

with the &cﬁiﬁé prilyeisrarohny, petinase SdebndrobTpslyaicbawsiy e poilFRapo acid, in
(PE2) i thadgrdneia solbtion ddeoldidahsoblutiobups Raticlesddirthgolyelectrolyte

SUSta f“ﬁé? ﬂf lﬁgﬁé ?%%Qﬁm% IRCIplE (AR). WAEH RAIHEESot particles at

compris rst r (PEI), preferably a linear

ectr t
a-poly&hiFad QBfP 2@111?’?90 ﬁé?dlgé %%Fé“@ﬁ?rylﬁﬁdsﬁgde hydrophobic
groupsbI@ sbesaigdfilst] palydlectpolytecpdliitie p(PER spontaeeougiyiyamino acid, of
formlng §"1‘{@t e5oiuaRllojdalmelution 0{3&%@8&%%@%3%8%&” pﬂﬁn said second
value o fbet een 3@ 28 b) a Second polyele %/r[l) |
(e ) T AP S d i ehiFE Bk, B G cA i HORAHEY B SPcHie ol
po|ye|@¢t¢bly@@tg@1¢méinqpm)e @éﬂwn&huaw@@eﬁmpﬁdbmfmmv@m@ polymer
said SQPE’]!‘}I19@'}58[3%@%"@@@'){@%&@%MWIH&EW@@@@IW@@EQ}is neither
a coII0|df11 POIHQ?n at %ﬁt l§a4d pHm value of the pH; c) at least one
active principie Iplé (A(E)pagéoc?ffeg noncovalently with the particles of the
cono.dé) gblativrrpe Bl fieshipori OBl tespelyiel Rameovalsaity puificlee particles of
for thetustsdinrireleasenaffahicfst pob detivelprinsiplentA P being

{13#%&% §55f9y tﬁlé)%‘ﬁ‘ 2 3L8 P fpé_ggc%mdgi) 1@%@01@%@{% Xglgfgr@iﬁ?bemg obtained

orm 0 C solution of particles associated
.tﬁnﬁa@?aawepﬁ.ﬁ% fABYIw I @%&ﬁlﬁ%&g/&éﬁq FoyEs Bdtymén the form of a
(Elﬁﬁdalmdiﬁﬁm{mfoﬁatsdhmmmmﬁﬁovdﬁi sbiutiomved 6ri8ciPhrtici®s, agith the second

@&ﬂ@lgépﬂl}rﬁ’&%})ﬁhﬁr%'%@f‘oﬂ%ﬁé@é‘@cﬁﬁﬁ@%ﬂ%{@l geirQi€on.

o ymers (PEI, PE2) are polyamino acids, or one of theirs

pharmaceutlcally acceptable salts, the main chain of which is formed of

Pesidues d%ﬁebir&n%%ﬁﬂp%br@@n@ﬁ% laspaetic pesidu@singiptarnid’), which

pasidues.anditheir combinations, at least a portion of these
a) a first polyelectrolyte polymer (PE1), preferably a linear w-polyamino acid, in
the charged state, carrying side hydrophobic groups (GH), said first polyelectrolyte
polymer (PEL} spontaneously forming, in water, a colloidal solution of particles at
at least one pHm value of the pH of between 3 and §;
b) a second polyelectrolyte polymer (PE2), preferably a linear a-polyamino acid, of
opposite polarity to the first polyelectrolyte polymer (PElL), carrying side
hydrophobic groups (GH), said second polyelectrolyte polymer (PE2} forming, in
water, a solution or a colloidal solution at at least said pHm value of the pH;
¢) at least one active principle (AP) associated noncovalently with the particles of
the colloidal solution of the first polyelectrolyte polymer (PE1);

said particles for the sustained release of at least one active principle (AP) being obtained

by mixing, at a pH equal to pHm, the first polyelectrolyte polymer (PE1), in the form of a

colloidal solution of particies associated with the active principle (AP), with the second

polyelectrolyte polymer (PE2), in the form of a solution or colloidal solution.
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residues being modified by grafting at least one hydrophobic group (GH)
for at least the first polyelectrolyte polymer (PE1). GH 10 4. Particles as
claimed in claim 3, wherein one of the polyelectrolyte polymers (PEL,
PE2), or one of theirs pharmaceutically acceptable salts, corresponds to
the following formula (1): H0 A2'00H Rz N\\~/ n N/ JNHR \~Jin OvlIAH
0[GH] 7 R4 15 (I) in which: R1 represéz?wts H, a linear C2 to C10 or
branched C3 to CIO alkyl, benzyl, - R4-[GH], or R1 forms, with NH, a
terminal amino acid residue; R2 represents H, a linear C2 to CIO or

Pranched KglidGios slyhgrdupslaind pydgidtermatthofrR4GH]scRatl polyelectrolyte

ﬂ@%@@&?@ldm bé?@%@ryﬁrf;%ﬁt@%[a@@egr@rbi meﬂ‘ﬁﬁﬂﬂﬁr@@%hcally acceptable
F)AF yes, ’\Al ndA |n lep ntlgc{%@rese t -CH2- or Zthe
1}

cl11 0 &m S chosgn §1‘%‘%p con31st1no of

+m3 e moFar egree of grafrting an s ue |
@@ﬁi@l@ﬁﬂ?%@@f(ﬁlﬂﬁ@p@mﬁ@“ﬁ%%ﬁ/é@iﬁ mr@ﬂéatmsv ﬁnlﬁﬁ*%@%@lon of these
@ﬁﬂ’ua@qw ﬁgj&kﬁﬂﬁeéI‘lﬁlCg}aiﬁﬁg|¥m@ﬁsﬁ)@i’i@ﬁﬁdrdﬁpﬁdﬂm@lﬂ@&‘pﬁ@]ﬁﬂ.%@a least the

d(} @Ig@%@&ﬂx@g&g ahd 300; GH represents a hydrophobic
group 0 ca

omprising rbon atoms or are selected from the group of
radicals consisting of: 30 (i) linear or branched, preferably linear CI-C20
and maid preferably still C2-CI3, alkyls, acyls or alkenyls; 47 (ii)

AQydrocarbpiQIRUPS Q@M@éh’i}g OREHO8 %@é@r@%@@g@% & 139[%1 te polymers
@]gffolp pg?érh%gglg etﬂe%rq] P af‘rlilla%gg‘l[{]cal@o%% erpqtaﬁa ggdstl co?rse%p%nds to the
following formula (I):

~COQOH

% \[)H J\H/NHW

[GH} -~ R4
(D
in which:

= R! represents H, a linear C, to Cjp or branched C; to Cy alkyl, benzyl, -
R4—[GH], or R! forms, with NI, a terminal amino acid residue;

= R? represents H, a linear C; to Cyp or branched C; to Cyp acyl group, a
pyroglutamate or -R*-[GH};

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

= A' and A? independently represent -CHy- or -CHy-CHo-;

* n/(ntm) is defined as the molar degree of grafting and its value is
sufficiently low for the polymer dissolved in water at pH 7 and at 25°C to
form a colloidal suspension of polymer particles;

= n+m varies from 10 to 1000, preferably between 50 and 300;

= (GH represents a hydrophobic group comprising 6 to 30 carbon atoms or
are selected from the group of radicals consisting of:

(i) linear or branched, preferably linear C,-Cy; and more preferably still C;-Cys,
alkyls, acyls or alkenyls;
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HH --C-CH20 q C-CHZOR62 5 Rho R61 in which: - Rho radical is a

linear or branched, preferably linear C1-C26 and more preferably still

C2-C13, alkyl, acyl or alkenyl radical, - R61 and R62 radicals are identical

to or different from one another and 10 correspond to hydrogen or to a

linear or branched, preferably linear 01-%20 and more preferably still

C2-C18, alkyl, acyl or alkenyl radical, -g=1to100; (iii) aryls, aralkyls or

alkylaryls, preferably aryls; (iv) hydrophobic derivatives, preferably the _
oS A B P 8 P o L RO B piefyebly those
dodecylonyrisieg adeeytoryd/ tresefec wiokynorogpadfembixytill those of the following
9-octaglgganyloxy-, toeopheryloxy- or cholesteryloxy- radicals. 5. Particles

as claimed in claim 3, wherein the polyelectrolyte polymer PE2, or 20 one

of its pharmaceutically acceptable salts, corresponds to one of the

following formulae (i), (fi) and (NG 1ECOGK COOH 0 A"H H A2 O [GH]
NN [GH] yN 30 mi (< H0 & H ~COGH ~GO0OH Al O 0l A2 M, IGH]

iN N~ i[GH1 Riin, R%p i R4 25 (174) 0H H 0 48 11COOH H A' 0 [GH]

NIGH] R4 i]fllwhich:

- Ry radical is a linear or branched, preferably linear C,-Cy and more
preferably still C»-Cig, alkyl, acyl or alkenyl radical,
- R4 and R radicals are identical to or different from one another and
correspond to hydrogen or to a linear or branched, preferably linear C;-Cag
and more preferably still C,-Cis, alkyl, acyl or alkenyl radical,
-q=1to 100;
(iii) aryls, aralkyls or alkylaryls, preferably aryls;
(iv) hydrophobic derivatives, preferably the phosphatidylethanolamino- radical, or
radicals chosen from: octyloxy-, dodecyloxy-, tetradecyloxy-, hexadecyloxy-,

octadecyloxy-, 9-octadecenyloxy-, tocophéryloxy- or cholesteryloxy- radicals.

5. Particles as claimed in claim 3, wherein the polyelectrolyte polymer PE2, or
one of its pharmaceutically acceptable salts, corresponds to one of the following formulae
(1D, (1ID) and (IVY:

,-COOH _-COOH
O A’ H H AZ 0
i
(G N N _[GH]
m' n
(ID) H 0 0 H
_COOH _COO0H

A‘i

T o) 0 A2 T
GH] _N N GH
o] N%LF@JLEN Ny
n | '
H H 0

(1) o
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jfl=-iR4 n (IV) o H in which: 5 o GH represents a hydrophobic group
comprising 6 to 30 carbon atoms; ~ R30 is a linear C2 to C6 alkyl group; *
R'0 is a C2 to C6 diamino, dialkoxy or alkyl group; * R4 represents a direct
bond or a "spacer” based on 1 to 4 amino acid residues; 10 H A" and A2
independently represent -CH2- or -CH2-CH2-; n' + m' or n" is defined as
the degree of polymerization and varies’from 10 to 1000, preferably
between 50 and 300. 6. Particles as claimed in gtajg3, wherein one of the
polyelectrolyte polymers 15 (PE1, PE?2), or ahe of theirs pharmaceutically
acceptable salts, corresponds to the |f llowing formula (V): O R70 O OH
OOHHD NN EHHOO[Q@E/@ R H irl,wFﬁEh:E
independently represents: 49 a-NH roup in‘which Iﬁrepresents an H,
a linear C2 to C7 or brarg:{}rfd C3 to C1® alkyl of,a Benzyl, a terminal
amino acid residue or a terminal amino acid derivative which corresponds
to the formula :

in which:

s« GH represents a hydrophobic group comprising 6 to 30 carbon atoms;

» R¥isalinear C, to Cg alkyl group;

= R»isaC,to Cg diamino, dialkoxy or alkyl group;

m R* represents a direct bond or a "spacer” based on 1 to 4 amino acid
residues;

s Alang A’ independently represent -CHj- or «CH»-CHa-;

= 1’ +m' orn"is defined as the degree of polymerization and varies from 10
to 1000, preferably between 50 and 300.

6. Particles as claimed in claim 3, wherein one of the polyelectrolyte polymers
(PE1, PE2), or one of theirs pharmaceutically acceptable salts, corresponds to the
following formula (V):

Iz

o
T

in which:

s £ independently represents:
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5H -NH-C-COR7 RB 10 in which: R"is OH, OR9 or NHR10 and R8, R9

and R10 independently represent H, a linear C2 to CIO or branched C3to

CIlO alkyl or a benzyl; 15 B is a direct bond or a divalent, trivalent or

tetravalent bonding group preferably chosen from the following radicals:

-0-, -NH-, -N(Ci to C; alkyl)-, a residue oé mino acid (preferably of a

natural amino acid), of diol, of triol, of diamine, of triamine, of

aminoalcohol or of hydroxy acid comprising from | to 6 carbgon atgms; 20 »

D represents an L Ty 5948 @51&@FB?&&%&S@&%&%%@P@F@ﬁ&aﬁo Co or
a pyroglutamate; lGHaprEsents adygrophdisiezgtoup comprising 6 to 30

carbon atoms; . RE0¢gRIRSERES A adigakehnsenframtha fallawing IrQdRderivative
- NH-(CH2)w NH3+.in which w is betw; er}z and 6, and preferably w is 4,

25 - NH-(CH2)4-N‘ﬁb€F‘V:f\?ﬁﬁﬁ ﬂ?)-‘?ﬁfﬁﬁ 3+ -

-O-(CH2)2-N+(CH3)3, R" Nt\ NH2 3 5 H wherein -R1' represents -H,

-CO2H, an alkyl ester (preferably -COOMe and -COOEt), -CH20H,

-C(=0)-NH2, -C(=0)-NH-CH3 or -C(=Q); 4®N(CGI43)2 ; - an amino acid

residue or an amino acid derivative of the fo|rmu|a: 50 O XRt2 -N R13 in

which : X is an oxygen or -NH-, R®

in which:

R’ is OH, OR’ or NHR'

and RS, R” and R'C independently represent H, a linear Cs to Cyq or
branched Cj to Ciq alkyl or a benzyl;

B is a direct bond or a divalent, trivalent or tetravalent bonding group
preferably chosen from the following radicals:

-0-, -NH-, -N(C; to Cs alkyl)-, a residue of amino acid (preferably of
a natural amino acid), of diol, of triol, of diamine, of triamine, of
arminoalcohol or of hydroxy acid comprising from 1 to 6 carbon atoms;
* D represents an H, a linear C; to Cjy or branched Cs to Cj acyl group or a
pyroglutamate;

(GH represents a hydrophobic group comprising 6 to 30 carbon atoms;

® Ry represents a radical chosen from the following group:

- —NH~(CHj),,-NH;" in which w is between 2 and 6, and preferably w is 4,
- =NH-(CH;)4-NH-C(=NH)-N1;",

- —O~(CHa)2-NH3',

- —O-(CH2)-N"(CHz)s,

= Rﬁ N ’.—f\
/K/k/ .
\

wherein —R'" represents —H, ~CO,H, an alkyl ester (preferably ~COOMe
and —COOQOEt), —CH;OH, -C(=0)-NH,, —-C(=0)-NH-CH; or -C(=0)-
N(CHs), 5

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

I e
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-R12is H, a linear C2 to C10 or branched C3 to C10 alkyl or a 5 benzyl,

-R13 is -(CH2)4NH3+, -(CH2)3-NH-C(=NH)-NH3+, -(CH2)3NH3+; the
counteranion of the R70 group is a chloride, a sulfate, a phosphate or an
acetate, preferably a chloride; » RqO represents a hydroxyethylamino-, an
alkylene glycol residue or a 10 polyoxyalkylene residue; * p, g, r and s are
positive integers; (p)/(p+g+r+s) is definéd as the molar degree of grafting

of the hydrophobic groups GH and variesdrom 2 tg 99 molar % and

preferably between 5 and 15 50 molar %, proy &d that each copolymer

chain has, on average, at least 3 hydrophobic|grafts; (q)/(p+g+r+s) is

defined as the molar degree of grafting of th ionjc groups and varies

from 1 to 99 molar %; (p+q+r+s) varies from 10 t0"1000, preferably

between 30 and 500; 20 (r)/(p+g+r+s) vaties from 0 to 98 molar %;
(s)/(p+q+r+s) varies from 0 to 98 molar %. 7. Particles as claimed in any

one of claims 4 t§ 8 Ri#krein the R4 or B group represents a direct bond.

25 GH 8. Particles asXclammead yganyr ehdlef the preceding claims,

wherein all or a portior of thethydrerhokic groups {EHhARhOSaR Cyy alkyl or a
independently from thﬁ gropp of radicals consisting of: 30 a linear or
branched alkoxy whic e%zj rises from 6 to 30 carbon atoms and which .\
can comprise at least-8nehetetadi(préfdrabhNoTAaISHNNERd/ ot &2 NH;
and/or at leashoosuursatisationge &0 alkeyy whichleamprsasitiem ¢ios3hate or an
carbon atoms an Wh'%'?e?a%?f”@hl%?i@%ore annulated carbocycles and

. ) ctdle, pr : .
which optlonaaﬁy comprises at least one’51 unsaturation and/or at least

one heter8atdn (SIERSERETy D BREMPFRIBHAMING): dh alkskepanglsrenresidue or a
aryloxyalkyl oficltex3alkarbanatidms and which can comprise at least one
unsaturation and/or at least one heteroatom

® p,q,rand s are positive integers;

(p)/(p+q+r+s) ts defined as the molar degree of grafting of the hyvdrophobic
groups GH and varies from 2 fo 99 molar % and preferably between 5 and
50 molar %, provided that each copolymer chain has, on average, at least 3
hydrophobic grafts;

(q)/(p+q+r+s) is defined as the molar degree of grafting of the cationic
groups and varies from 1 to 99 molar %;

(ptg+r+s) varies from 10 to 1000, preferably between 30 and 500;

(0)/(p+g+r+s) varies from 0 to 98 molar %;

(s)/(p+q+r+s) varies from 0 to 98 molar %.

7. Particles as claimed in any one of claims 4 to 6, wherein the R* or B group
represents a direct bond.

GH
8. Particles as claimed in any one of the preceding claims, wherein all or a portion
of the hydrophobic groups (GH) are chosen independently from the group of radicals
consisting of:
» g linear or branched alkoxy which comprises from 6 to 30 carbon atoms
and which can comprise at least one heteroatom (preferably O and/or N
and/or S) and/or at least one unsaturation,
» an alkoxy which comprises from 6 to 30 carbon atoms and which has one

or more annulated carbocycles and which optionally comprises at least one
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5 (preferably 0 and/or N and/or S). 9. Particles as claimed in any one of
claims 4 to 8, wherein the hydrophobic groups (GH) each represent,
independently of one another, a monovalent radical of the following
formula: HO R Nk~ 6 10 R [OH] in which: - R5 represents a methyl
(alanine), isopropyl (valine), isobutyl (leucine), 15 sec-butyl (isoleucine) or
benzyl (phenylalanine); - R6 represents a hydrophobic radical comprising
from 6 to 30 carbon atoms; 5# van?ﬁs from Q to 6. 20 10. P

r
climed in cla S REPB A GERORE I R REET A A g andio
of the hydroph®bic groups (GH) are chosen independently from the group

of radicals .corég@qua&ggrym)h@%a&goasanghewkemvwf%rpamﬂ@%@ﬁ which can
from 6 to 30 carbon atomg land which can coarggnse %t/ eas ast one heteroatom

heteroatom (pre]m Pabﬁe d"an Sff I@n§5unsa%r Or At I%as? one
unsaturation, @f%ﬁfé&@@w@@d/@bmﬁﬁéﬁ frdbm 6 to 30 carbon atoms and
which has one or more annulated carbocycles and which optionally
omprises,at Qn tura / e
g(:prefera Ak 8%?/ I\?%%ﬂ?c?ry 9 %oxyaryl or%ar? ary (ng%}a ky]Ie
HOBOP & Bﬁr?%m%ﬁ?alwmeﬁeesﬂ %hamfs%ngt 1Bathone mrnatpiaibadical of the
fatidiematfteastl@ne heteroatom (preferably O and/or N and/or S). H.
Particles as claimed in any one of thetprecdding claims, wherein one of
| ly gomprises: 52 from 15 to

);drophobic

the two 35 polymers PEI or PE2 simyitane
50 molar % of glutamate monom frory 20 1085 molar % of
nonionizable monomers such as hydroxyethylamino- substituted groups;

[GH]

in which:
- R’ represents a methyl (alanine), isopropyl (valine), isobutyl (leucine),
sec-butyl (isoleucine) or benzyl (phenylalanine).
- R® represents a hydrophobic radical comprising from 6 to 30 carbon
atoms;

- 1vares from 0 to 6.

10. Particles as claimed in claim 9, wherein all or a portion of the hydrophobic
radicals R® of the hydrophobic groups (GH) are chosen independently from the group of
radicals consisting of:
# a linear or branched alkoxy which comprises from 6 to 30 carbon atoms
and which can comprise at least one heteroatom (preferably O and/or N
and/or S) and/or at least one unsaturation,
= an alkoxy which comprises from 6 to 30 carbon atoms and which has one
or more annulated carbocycles and which optionally comprises at least one
unsaturation and/or at least one heteroatom (preferably O and/or N and/or
S);
= an alkoxyaryl or an aryloxyalkyl of 7 to 30 carbon atoms and which can
comprise at least one unsaturation and/or at least one heteroatom
(preferably O and/or N and/or S).

11. Particles as claimed in any one of the preceding claims, wherein one of the two

polymers PE1 or PE2 simultaneously comprises:
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from 10 to 40 molar % of monomers carrying cationic groups which half- 5
neutralization pH is greater than 8; from 3 to 15 molar % of nonionizable
monomers substituted by an hydrophobic group. 12. Particles as claimed
in claim 11, wherein one of the two polymers PEI or PE2 10 is cationic
and simultaneously comprises : - from 0.fo 5 molar % glutamate
monomers; - from 50 to 85 molar % of nonionizable monomers such as

hydroxyethylamino- ute(ilﬂ? u& from 10 to 40 molar % of
monomers carfifly a’i?o p9§ mE AT 12ORat Kization pH is

greater than 8;ftomom28 totd5 iﬁolalff(@J@lbf?ﬁonivfnim@mb&ﬂnemnomerS such as

substituted by gpd@xggg@qu;ﬁlgrgggﬁg@té@gﬁamcles as claimed in any

one of the precedin Ia| ich exhibit, at physiological pH, a siz .
measured in a %(‘FO ggj&‘}é’gn 0 0 Gﬁﬁ%lé) }r?ﬁ%r(})éns 5{? ICjI group’s which half:

claimed in anyllﬂ‘a’é"@fitﬁ@ﬁrﬁ?ééélﬁﬁaéﬁlﬁé{i@hlch exhibit, at physiological
pH, a bulk densitymofbeiweemdkd aadhl. hoRdli2a¥ipiacassmbos thebstituted by an

preparation of Bﬁgggeé %gg)cr I%]g‘t?ustamed release of at least one active

principle (AP), t particles being in particular as claimed in any one of
claims | and 3 to 14, which process comprises the following stages: 1) the
Weparatidhyratlaspddrolaiatee of thepH betiveemIandBhoftam aglieoas 130! or PE2

199}59@%%@1@%%&%@9%@ ggglyte gcl)_llymer chf)El) in ;[heI charglged

state carrylng ydr ups said first polyelectrolyte

polymer (PEl) SRy E%\é)éﬁ?i %gﬁi B W?&Fﬁfng, in water, a

colloidal solutiémrf pHticles &8 attwdst ote pHmnvaeeisiibhe prpppmers such  as

between 3 andifkiRerareiion Qlisilaasy %p@ggtlve principle (AP) to

the flrst 35 pon Iec I te olymer,(PE1) obtained in sta said active :
D o AN L SO L i

solution of saldiﬁﬁgﬂbﬁlyé!ééﬁb‘l@@“eﬁéﬁyméﬁ tPEI); 53 3) the preparation
of a second-pofyelectralyte patyner {P o2)afoppesik palathide thebfitisitcd by an

electrolyte poly, ﬁ?ﬁ? 1%!3 r@l cond polyelectrolyte polymer (PE2)
forming, in wate utio ‘colloidal solution at at least

13. Particles as claimed in any one of the preceding claims, which exhibit, at

physiological pH, a size, measured in a T test, of between 1 and 100 microns.

14, Particles as claimed in any one of the preceding claims, which exhibit, at

physiological pH, a bulk density of between (.15 and 1.1.

is. A process for the preparation of particles for the sustained release of at least one

active principle (AP), these particles being in particular as claimed in any one of claims !

and 3 to 14, which process comprises the following stages:
1) the preparation, at a pHm value of the pH between 3 and 8, of an aqueous
colloidal solution of a first polyelectrolyte polymer (PEI) in the charged
state, carrving side hydrophobic groups (GH), said first polyelectrolyte
polvmer (PE1) being capable of spontaneously forming, in water, a colloidal
solution of particles at at least one pHm value of the pH of between 3 and §;
2) the addition of at least one active principle (AP) to the first
polyelectrolyte polymer (PE1) obtained in stage 1, said active principle
joining together noncovalently with the particles of the colloidal solution of

said first polyelectrolyte polymer (PE1);
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35

said pHm value of the pH; provided that, if the first polyelectrolyte polymer
5 (PEI) is a polyamino acid, then the second polyelectrolyte polymer (PE2)
is neither polylysine nor polyethyleneimine; 4) the mixing, at a pH equal to
pHm, of the first polyelectrolyte polymer (PEI), in the form of a colloidal
solution of particles with which the activ 0% principle (AP) is associated
obtained in stage 2), with the second 1 aolyelectrolyte polymer (PE2), in

brocess for s HFEEFANGHGH (i BCIEEET ARVEISEEY ArLiel o Tabagorposit
one active prinkipte (AMs theseelatticlds beingrin pRIticukrdscclaihedlielectrolyte
any one of clgiRgné; ario) thﬂ‘hrp@@@ﬁ comRises s el RGution at at least
i aqueous, DG SO SR Tt B Bl ot (B o polymer
the charged Sthde, icarpplygside stdbﬁbﬂl@ ngr(@yglegﬁmyﬁpspolymer (PE2) 1s

polyeIectroIyﬁ%iﬂ@ymgﬂﬁﬁé}lbemmmalgﬂ;ﬁpontaneously forming, in
water, acolloj?’d_j B%glgéon o) dlté) ? ?) k%?séfgﬁle qup V(ﬁ e%%{rm%e polymer

pH of betwee F-')S aét one active'y princ
(AP) to the firdtEbbIyEBEHBIRedS Gy %ﬁirféfd’%lﬁ‘@e“i%&f@wh the active
active pnnupjmrjawlmg(t-’o@pthmrmmmwalenﬂyamﬁﬁ the pargicles.ofwhgd the second

colloidal Solugg QE Wﬁ% lyﬁ?tﬂ@%ﬂﬁ ﬁPaEslahﬁﬁ)r’f)omﬂmdal solution
preparation of a’se F%’%;j é{) ectrolyte polymer (PE2) of opposite polarity

to the first poRF&fERs yther (PE1), carrying side hydrophobic
groups (GH), said second polyelectrolyte polymer (PE2) forming, in

y@ter a S@%@&%’ ﬁﬁ@%a’iﬁ{%l@m tdeashsaid R dmMelR ALBEat least one

H; g at a | to 0 |rst alyelectrolyt

Ct VC %ﬁz'fﬁ*g?)(‘ﬁ(ﬂﬂshé n%g) }’ glm ﬁ %n 0 pa JC|1)c el%s,\ifl }& Of claims 2
@di%ewbﬁﬁd?ﬁﬂ’ée@ﬂp?mspa@%&@téﬂf@b@&é’@gﬁsstage 2), with the second
polyelectrolyte) ﬂ@é)’[ﬁ?@fa@tﬁﬂﬁ),, andheriarmaiok @Eﬂh@ﬁpmb@fvﬁéﬂlﬁiﬁ@h@@uﬂm aqueons

obtained in sta age ?5)?1 113?1 glfzarrp1 (Eeut ca f atlonvfo[g} in the charged
sustained release aﬁeast one actlve |p(i mh mp |ses

an aqueous stidSerf&ioHBE p%ﬁiﬁci@édaﬁﬂbr&%eafﬂv% %Hé aaﬂé| it Pelyelectrolyte
14 or those optdimed BFhebpingessaadscliiipentinaany ofieofgfaimsyibiia colloidal

16. solution of particles at at least one pHm value of the pH of between 3 and &;
2) the addition of at least one active principle (AP) to the first
polvelectrolyte polymer (PE1) obtained in stage 1, said active principle
joining together noncovalently with the particles of the colloidal solution of
said first polyelectrolyte polymer (PE1);

3) the preparation of a second polyelectrolyte polymer (PE2) of opposite
polarity to the first polyelectrolyte polymer (PE1), carrying side
hydrophobic groups (GH), said second polyelectrolyte polymer (PE2)
forming, in water, a solution or a colloidal solution at at least said pHm
value of the pH;

4) the mixing, at a pH equal to pHm, of the first polyelectrolyte polymer
(PE1), in the form of a colloidal solution of particles with which the active
principle (AP) is associated obtained in stage 2), with the second
polyelectrolyte polymer (PE2), in the form of a solution or colloidal solution
obtained in stage 3).

17. A pharmaceutical formulation for the sustained release of at least one active
principle (AP), which comprises an aqueous suspension of particles as claimed in any one

of claims 1 to 14 or those obtained by the process as claimed in any one of claims 15 to 16.
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54 18. A solid pharmaceutical formulation for the sustained release of at

least one active principle (AP), which comprises a dry powder form:

based on particles comprising at least one active principle (AP), these

particles 5 being those as claimed in any one of claims | to 14 or those

obtained by the process as claimed in a,qy one of claims 15 to 16; or

obtained from the formulation as claimed in claim 17. 19. A process for the
preparation of medicaments, in particular for parenteral, 10 mucosal,
subcutaneous, intramuscular, intradermal, transdermal, intraperitoneal or
8tracerebfalseimiplistraticuigreddmimisirttonfimtdha tmstemdddebdeveh at least one

zﬁ.@ﬁ@r}jﬁﬁﬁ@fﬂ?@ (W)Eh%%ﬁ'@_&ﬁﬁﬁhe@@ﬁﬁw&@ﬁiﬂﬁl or OCU|5_“ route,

which gongets escentally i cploying. 3t I8ast one JUMURNON &%) rese parices
claimed’in any dhe G Aame L7 o : prneip » HIESE P

being those as claimed in any one of claims 1 to 14 or those obtained by the process as
claimed in any one of claims 15 to 16;

e or obtained from the formulation as claimed in claim 17.

19. A process for the preparation of medicaments, in particular for parenteral,
mucosal, subcutaneous, intramuscular, intradermal, transdermal, intraperitoneal or
intracercbral administration or administration into a tumor, indeed even administration by
the oral, nasal, pulmonary, vaginal or ocular route, which consists essentially in employing

at least one formulation as claimed in any one of claims 17 or 18.



