1 PHARVACEUTI CAL FORMULATI ONS FOR THE PROLONGED RELEASE OF | NTERFERONS AND
THEI R THERAPEUTI C APPLI CATI ONS 5 The present invention relates to novel
pharmaceutical fornul ations based on stable, fluid aqueous coll oi dal
suspensions for the prolonged rel ease of protein active principles, nanely
sinterferons (IFN), and to the therapeutic applications of these
formul ati ons. These active pharmaceutical formulations are of interest in
both human and 10 veterinary therapeutics. Interferons are gl ycoproteins
bel onging to the cytokine_ faml These are blological nmedi ators whi ch bind

to menbrane rec® AQRUTI FORMUL AFIQNS FORATHE PROLONGEDe. Thi s
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15 Interferons have al so been rec ective antitunour or
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Interferons are understood here as meaning all forms of interferons, such as

interferon alpha, beta or gamma. The IFN can be produced by genetic engineering.

The requirement of pharmaceutical formulations for the prolonged release

20 of IFN is to ensure as far as possible that the patient’s plasma IFN concentration is
close to the value observed in the healthy subject.

This objective is compromised by the short life of [FN in the plasma; this
makes it necessary to inject them repeatedly, which is very restricting. The plasma
concentration of therapeutic protein then has a “sawtooth” profile characterized by

25  high concentration peaks and very low concentration minima. The concentration
peaks, which are very much greater than the basal concentration in the healthy
subject, have very pronounced harmful effects due to the high toxicity of IFN.
Furthermore, the concentration minima are below the concentration that is
necessary to have a therapeutic effect, so the patient receives poor therapeutic

30 cover and suffers serious long-term side effects.

Also, to ensure that the patient’s plasma interferon concentration is close to
the ideal value for the treatment, the pharmaceutical formulation in question has to
allow the prolonged release of the therapeutic protein so as to limit the variations in
plasma concentration over time.

35 Furthermore, this active formulation should preferably meet the following



35 Furthernore, this active fornulation should preferably neet the follow ng
2 specifications already famliar to those skilled in the art: 1 - prol onged
rel ease of one or nore active and non-denatured (unnodified) interferons so
that the plasma concentration is maintained at the therapeutic |evel, 5 2-
Jdiquid formsufficiently fluid to be easily injectable and sterilizable by
filtration on filters with a pore size 2ess than or equal to 0.2 mcron, 3
- stable liquid form 4- bioconpatibility and biodegradability, 5 -

atoxicity, 10 6.- non-i |l ent local tolerance. Several
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has a lower affinity for its receptors and its half-life in the general circulation

increases considerably. The amplitude of the variation in concentration between

the plasma protein concentration peaks and troughs is thereby considerably

20 reduced. As an illustration of this first approach, it is pointed out that an interferon

alpha 2b chemically modified by the grafting of a polyethylene glycol (PEG) chain

of molecular weight 12 kD is marketed by Shering Plough under the name

VIRAFERON® PEG. The effect of this chemical modification is to increase the

half-life in the patient from 6.8 to 33 hours. At the same time, the bioactivity of

25  the modified protein is greatly reduced. Moreover, the irreversible modification of

the protein, which is, now no longer a human protein, can lead to toxicity and

immunogenicity problems in the long term.

In a second approach, it has been proposed to increase the duration of

action by using formulations containing at least one polymer and one active

30 principle which are liquid at ambient temperature and in the ambient atmosphere,

are injectable and become more viscous after injection, for example under the

effect of a change in pH and/or temperature.
Thus, in this vein, patent US-B-6 143 314 discloses an organic polymer
solution for the controlled release of AP that forms a solid implant after injection.

35  This solution comprises:



Thus, in this vein, patent US-B-6 143 314 discl oses an organi c pol yner
solution for the controlled release of AP that forns a solid inplant after
injection. 35 This solution conprises: 3 o (A) 10 to 80% by wei ght of a
base thernopl astic polynmer which is bioconpatible, biodegradable and
Jnsoluble in water or the physio- logical fluids (for exanple a polylactic
and/ or polyglycolic polynmer); o (B) an ogganic solvent, such as

N-net hyl pyrrolidone, which disperses in 5 the physiological fluids; o (C
an active principle (AP); 8)Q}gD%Xancj finally 1 to 50% by wei ght of a
control l ed rél easéAhgéQttoc iwRightoet & baseckemepmdasfigepolpmer fvehich is
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the AP (Q (e. g. ther é‘é?ﬁleoﬁfcélcgilﬁ%’) and 15 toxic to the patient. In
addi tion, inovivo(Qydawhitiiepriati ufh(e\}gol yrrer (A) generates an acid capable

of causi ng probl eng, of 0 ons WO- A-99/18142 and
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especially by inj eCtiﬁ@gE and forma gelled 20 deposit of AP (e.g. insulin)
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in vivo because the pHySiol ogical tenperature is above their gelling point.
The gel For mAdter mjedtion, (B)ydispetseasedissipaesin the physpologioalgbuds. n@y)rferms athese
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surfactant. The ppCYrapplisatidd8CWeRA-99/18142 and WO-A-00/18821 relate to aqueous
| polymer solutions which contain an AP in dissolved or colloidal form, can be
administered to warm-blooded animals, especially by injection, and form a gelled
20  deposit of AP (e.g. insulin) in vivo because the physiological temperature is above
their gelling point. The gel formed in this way releases the AP in a prolonged
manner. These particular biodegradable polymers are ABA or BAB tri-blocks,
where A = polylactic-glycolic copolymer (PLAGA) or polylactic polymer (PLA)
and B = polyethylene glycol. The liquid/gel transformation temperatures of these
25  tri-block polymers are e.g. 36, 34, 30 and 26°C. Like the polymers (A) according
to US-B-6 143 314, in vivo hydrolysis of these ABA or BAB tri-block polymers
produces acids which may not have the correct local tolerance.
PCT application WO-A-98/11874 describes pharmaceutical formulations
comprising a lipophilic active principle, a gelling polymer (Gelrite® = deacetylated
30 gellan gum or ethylhydroxy cellulose) and a surfactant. The polymer/surfactant
interaction, and perhaps only the presence of electrolytes, such as Ca'" ions, in a
physiological concentration, in the case of the polymer Gelrite®, leads to the
formation of a gel consisting of a polymer/surfactant aggregate, to which the
lipophilic active principle bonds non-covalently. This formulation is intended for

35 local administration to a target organ (e.g. the eye). The aggregate/active principle



I nteraction, and perhaps only the presence of electrolytes, such as Cam
ions, in a physiological concentration, in the case of the polyner Celrite
, leads to the formation of a gel consisting of a polynmer/surfactant
aggregate, to which the |I|ipophilic active principle bonds non-coval ently.
.This fornmulation is intended for 35 |l ocal admnistration to a target organ
(e.g. the eye). The aggregate/active prisquciple 4 association which forns in
situ allows the slow rel ease of the active principle into the target organ
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20 therapeutic proteins (especially interleukins) have been developed which consist of
liquid suspensions of nanoparticles loaded with proteins. The latter have made it
possible to administer the native protein in a liquid formulation of low viscosity.

According to a first method of prolonged release, the prolonged-release
nanoparticle suspension consists of suspensions of liposomes in which the

25 unmodified native therapeutic protein is encapsulated. After injection, the protein
is released from the liposomes gradually, prolonging the time for which the protein
is present in the general circulation. Thus, for example, in the article Cancer Res.
43, p. 546, 1983, Frossen et al. describe the encapsulation of antineoplastic agents
in liposomes in order to enhance the therapeutic efficacy. However, the release of

30 the drug is too rapid to give a true prolonged release. In its patent US-B-5 399 331,
Liposome Company, Inc. proposes to improve the in vitro release time of
interferon 2 by grafting it covalently to the liposome, so said method suffers from
the same shortcomings as the first “modified protein” approach referred to above.

To overcome the lack of stability of liposomes while at the same time

35 retaining the advantages of a liquid nanoparticle formulation of low viscosity,



in |liposones in order to enhance the therapeutic efficacy. However, the
release of 30 the drug is too rapid to give a true prolonged release. Inits
patent US-B-S 399 331, Liposone Conpany, Inc. proposes to inprove the in
vitro release time of interferon 2 by grafting it covalently to the

.l i posone, so said nmethod suffers from the sane shortcom ngs as the first
"nodi fied protein" approach referred to sabove. To overcone the |ack of
stability of |iposones while at the sane tine 35 retaining the advantages
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20 nanoparticles loaded with proteins gradually release the bioactive non-denatured

protein in vivo. Such non-covalent associations of protein active principle
(AP)/poly[Glu] or poly[Asp] are disclosed in patent application WO-A-00/30618.
Said patent application particularly describes cclloidal suspensions of pH
7.4 comprising associations of human insulin with nanoparticles of
25  “hydrophobically modified” polyglutamate. = The Table below shows the
“hydrophobically modified” polyamino acids used and the degrees of association
obtained in the Examples of WO-A-00/30618.

EXAMPLE POLYMER Degree of
association

(€0))

1 oly[(Glu-O-Na)g 63-block-(Glu-O-methyl), 37] 55

2 oly[(Glu-O-Na)j ¢6-block-(Glu-O-ethyl), 34] 26

3 poly[(Glu-O-Na), ¢s-block-(Glu-O-hexadecyl)o 35] 36

4 poly[(Glu-O-Na)g sg-block-(Glu-O-dodecyl)y 12] >9(




obt ai ned in the Exanples of WO A-00/30618. Degree of

‘EXAMPLEPOLYMERassoci ation (%

1pol y[ (4 u-0-Na) 0. 63- bl ock- (G u-0-net hyl ) 0. 37155 2of d u-O Na o, 66- bl ock-
G u-Oethyl 0.3426 3of [(d u-O Na)o.65-bl ock- G u-O hexadecyl ) 0. 3536

“pol y[ (d u-0- Na) o. 8s- bl ock- (4 u-0-dodecyl )o. 121>90 6 These col | oi dal
suspensions contain 1.4 ng/mM of insulin6and 10 ng/ M of "hydrophobically
nodi fi ed" polyam no acid. Figure 1 of WD A-00/30618 shows that the in vivo
release time of the insulin vectaorized by the above-nentioned sus enS|ons
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of 07/06/2002 ‘}f?fgbqyg of 30/ 07/ 2002, 03 50190 of 28/05/2003 and 01 50641
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denat ur ati on. patent applications further relate to nove
phar maceut i ctslate desiavel watergiobitbde jampbiphylis, Pelyaming agids siompsisingo AsPagised on

these pol yamfig ﬁﬁycﬂglutailﬂec @TehinPRhich Gt leBdtdoRRT PG uhits BRE hyRephdd@ yan no
aci ds accordin

o 0 O e e heal Bl om0 2101 ool ooy o1
| east ong al YAch@EOMEAD0/80618, these novel polymer starting materials spontaneously
form, in an aqueous liquid medium, colloidal suspensions of nanoparticles which
can be used for the prolonged release of AP (insulin). They are biocompatible and
biodegradable and proteins, particularly therapeutic proteins, adsorb spontaneously
onto these nanoparticles without undergoing chemical modification or
20  denaturation.
Said patent applications further relate to novel pharmaceutical, cosmetic,
dietetic or phytosanitary compositions based on these polyamino acids.
The amphiphilic “hydrophobically modified” polyamino acids according to
French patent application no. 02 07008 comprise aspartic units and/or glutamic
25  units carrying hydrophobic grafts that contain at least one alpha-tocopherol unit,
e.g. polyglutamate or polyaspartate grafted with alpha-tocopherol of synthetic or
natural origin.
Said unpublished patent application specifically discloses a colloidal
suspension which contains nanoparticles formed of polymer/active protein
30 associations and which is obtained by mixing 1 mg of a polyglutamate grafted with
alpha-tocopherol and 7 mg of insulin in 1 ml of water at pH 7.0.
The amphiphilic “hydrophobically modified” polyamino acids according to
French patent application no. 02 09670 comprise aspartic units and/or glutamic
units carrying hydrophobic grafts that contain at least one hydrophobic unit and are
35 joined to the aspartic and/or glutamic units via a rotating linkage containing two



e.g. polyglutamate or polyaspartate grafted wth al pha-tocopherol of
synthetic or natural origin. Said unpublished patent application
specifically discloses a colloidal suspension which contains nanoparticles
formed of polyner/active protein 30 associations and which is obtained by
smxing 1 ng of a polyglutamate grafted with al pha-tocopherol and 7 ng of
insulinin 1 mM of water at pH 7.0. The @anphiphilic "hydrophobically
nodi fi ed" pol yam no acids according to French patent application no. 02
09670 conprise aspartic units and/or glutam ¢ units carrying hydrophobic
grafts that ewifesroups: andmere paasHly yidshfonses” ohthe lysing errasnitsng sipsed to t he
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(7.4 my) in {aktaofH 7Mater at pH 7.4. The anphi philic"hydrophobically
nodi fi ed" pol yam acids.accqrding t.o. Fre pat ent .appl.i,cati op no. 03
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unpubl i sHed yataaritamspelacidit spases pessed v dienyand/os dLew end/ar Y@l hnd/daPhe, a
suspensi on 3 (ﬁﬁ% [1NK: ihé &gt 6 » gl iee protein
associ at i on\é\eggﬂ(} i gﬁjh:aglc{)%t %I nel%é%l/ﬁeriﬁ Xi ng ﬁ%qu%o%;@ge{r)ﬁ%é n_contai ni ng
10 15 ing of a poPsigl unpuhlishedyrmatent Rpplication spesifically, disciasesom1 zobpidal
- Val - chol est giflnsidi alhicRNEodARs | khrRbartidryd! Fdtnded: bt ”E&liﬁféf/aéﬁ\}e' idrbtefre Of
water at pH 7.4. French patent g plication no. 01 50641 discloses anionic,
anphi phi | i c asprznSHEROBICY df RPRENCHCIYIRUEBEIR i AdReRISIOBEIN eonfning 1t
gl ut am cj5uni g, oft HpoERHBamat giltkedhwithrd YLYOCOPIPNiGC IX oF PV arehdlgitétyng from
8 to 30 carbon atg .ﬁOan Par;icular Hg? "h déﬁﬁho '9§4Iy nodi fi ed"
tel echel i c h&#E38 ?ﬁ?n‘l ST R{igL7-2me) pefymi IHS|°§§V G\Eiﬂ ‘th PhcOC 8/ CI 8
ends or a pol y[ G Bfehlell peitdnin apphiesdonl n8/ &l 30641 atiagbbses cdni@ricls amphiphilic
unpubl i shed patent applicatio . i hes col l.oi.dal . s nsion whi ch
contains n anl car f)@logglyfug}r}?e%cQ%%aéoggﬁ)?si@ %srpmtﬁac urttsS glgfagné mu"fiqﬁe &
of which carry hydrophobic groups containing from 8 to 30 carbon atoms.
20 In particular, the “hydrophobically modified” telechelic homopolyamino
acids are e.g. a poly[GluONa] with PheOC18/C18 ends or a poly[GluONa] with
PheOC18/alpha-tocopherol ends.  Said unpublished patent application also
describes a colloidal suspension which contains nanoparticles formed of polymer/
active protein associations and which is obtained by mixing 10 mg of one of the
25  above-mentioned polymers and 200 IU of insulin (7.4 mg) per millilitre of water at
pH74.
The in vivo release time of the insulin “vectorized” by the suspensions
according to said unpublished patent applications could profitably be increased.
Whatever the case may be, none of this prior art relating to colloidal
30 suspensions of nanoparticles of hydrophobically modified polyamino acids
discloses a formulation that makes it possible to:
(I) sufficiently increase the release time of the active protein after parenteral
injection, particularly subcutaneous injection;
(I) and/or reduce the plasma concentration peak of the active protein after
35 injection of the formulation containing it.
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being an aqueous colloidal suspension of low viscosity comprising submicronic

20  particles of polymer PO that are auto-associated with at least one interferon, the
polymer PO being a water-soluble biodegradable polymer carrying hydrophobic
groups.

Another essential object of the invention is to propose a pharmaceutical
formulation for the slow prolonged release of interferon(s) in vivo, this formulation

25  being an aqueous colloidal suspension of low viscosity comprising submicronic
particles of polymer PO that are auto-associated with at least one interferon, the
polymer PO being e.g. a polyamino acid formed of aspartic units and/or glutamic
units, at least some of these units carrying grafts containing at least one hydro-
phobic group (HG), PO also being biodegradable, water-soluble and amphiphilic.

30 Another essential object of the invention is to propose derived products
and/or precursors of the formulation referred to in the objects listed above.

It is particularly to the Applicant’s credit to have developed aqueous liquid
pharmaceutical formulations of low viscosity at the physiological temperature
which, surprisingly, form a gelled deposit in vivo after easy parenteral administra-

35  tion to humans or warm-blooded mammals, the formation of this deposit not being
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¢ and it is also liquid at the physiological temperature and/or pH and/or in the
20 presence of:
* aphysiological electrolyte in a physiological concentration,
* and/or at least one surfactant.

Advantageously, this gelling in vivo does not result from a change in pH

and/or temperature or from the dispersion in vivo of one or more organic solvents
25  that may be present in the injected formulation.

Without wishing to be bound by theory, one may consider that the physio-
logical proteins present in vivo in physiological concentrations allow aggregation
of the nanoparticles of PO associated with at least one interferon. Such gelling
takes place e.g. in one hour or more, 24 h, 48 h or 72 h, inter alia.

30 The gelled deposit obtained after parenteral injection of the formulation
allows a valuable prolongation of the release time of the protein, as well as a
reduction in the plasma concentration peak of interferon(s).

In an optimized embodiment of the invention, the concentration of [PO] is
such as to form a gelled deposit in vivo after parenteral injection.

35 According to one mode of definition, which is based not on an in vivo
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Preferably, the liquid pharmaceutical formulation according to the
invention is characterized in that its concentration of [PO] is such that:

« [PO]=09.Cl,
20 = preferably 20.C1 =2 [PO] = Cl,
» and particularly preferably 10.C1 > [PO] = Cl,
where C1 is the “induced gelling” concentration of the particles of PO, as
measured in an IG test.

The gelled deposit obtained after parenteral injection of the formulation

25 allows a valuable prolongation of the release time of the protein, as well as a
reduction in the plasma concentration peak of interferon(s).

The release time of the AP is significantly increased compared with that of
the formulations of the prior art, particularly those described in published PCT
application WO-A-00/30618 and unpublished French patent applications no.

30 0207008, 02 09670, 03 50190 and 01 50641.

The prolongation of the in vivo release time induced by the formulations
according to the invention is all the more valuable because the interferons released
are still fully bioactive and non-denatured.

Interferons in terms of the present disclosure are arbitrarily unmodified or

35 modified interferons, e.g. interferons modified by the grafting of one or more
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| nstr umant s ) aneleplategedmeiry ii4 amg 8fe-The viscosity v is measured for a shear gradient of
10s™.
Thus the viscosity of the formulations according to the invention can be e.g.
between 1.107 and 5 Pa.s, preferably between 1.10” and 0.8 Pa.s and particularly
20  preferably between 1.10° and 0.5 Pa.s.
This low viscosity makes the formulations of the invention not only easy to

inject parenterally, particularly intramuscularly or subcutaneously, inter alia, but
also easy to sterilize at reduced cost by filtration on sterilization filters with a pore
size of 0.2 pm.

25 This liquid state or low viscosity of the formulations of the invention exists
both at injection temperatures corresponding to ambient temperatures, for example
of between 4 and 30°C, and at the physiological temperature.

The formulation according to the invention is preferably an aqueous
colloidal suspension of nanoparticles associated with one or more interferons and

30 optionally one or more other AP. This means that, according to the invention, the
dispersion medium of this suspension is essentially formed of water. In practice,
this water represents e.g. at least 50% by weight, based on the total weight of the
formulation.

In terms of the invention, the word “protein” denotes either a protein or a

35 peptide, it being possible for this protein or peptide to be unmodified or modified
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“Physiological electrolyte” is understood in terms of the invention as
meaning any electrolyte species (for example Ca™ ions) present in warm-blooded
mammals.

20 “Physiological concentration” is understood in terms of the invention as
meaning any physiological concentration encountered in warm-blooded mammals
for the physiological medium in question.

In addition, the formulations according to the invention are non-toxic, have
a good local tolerance and are stable.

25 It is also to the inventors’ credit to have developed an in vitro IG test for
selecting a population of preferred formulations according to the invention and
determining the appropriate concentrations of PO in the formulations.

According to the invention, the IG test for measuring the gelling
concentration C1 is a reference test for defining the critical concentration Cl1,

30 hereafter called the induced gelling concentration C1, which characterizes each
colloidal formulation according to the invention.

The IG test for determining the induced gelling concentration C1 is as
follows:

The concentration C1 is determined by preparing colloidal formulations

35 having variable concentrations of amphiphilic polymer according to the invention



and/or the presence of a physiological electrolyte (e.g. Ca") and/or the
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It is also tgnbhas bf\h{ﬁfa}&d%ci%recpﬁcﬁﬁh[er&l@d ?ﬁe&’ﬁ}’@éﬂﬁ%@d %te'rngl]ﬁb%l‘ﬁu&%t est

for sel ecti ng a t1on referre ormul at1 ons accor

i nventi on an@e 1@9 @tr%ﬁﬂ Ry k%@lﬁf)p‘f"élbm%ﬂ@n%ﬁﬁéléﬁi bf‘afﬁieol?@n&)fmpﬁ Withtdhe

formul at i onseondempltel Sutiéh SMBelapait profin. t The VGRulRShd cBhcdhBatish bhid he
gel l'i ng concentratl on d is a reference@éest for defini ng the critjcal

concent r at i o¥pledon  efp therppentice PTRIgIN &ge ¢ pustediutoe B | the ngesirsdc duetert i on d |
whi ch char a%&lbemﬁmoﬁa‘mhemnmmﬂi féﬁx@jﬂp&im Qlihg?lfi@@fﬁité}ﬂ:r&l@altphﬁ%]wentl on.
The G test for d,gﬁ iﬁﬂ‘gé i nduced I%é i.ng,,concentration |hs as

fol l ows: The concefir ormulafjans, pre D PRSPy r?deCB’I”f‘iSll vt

for rruldat i onSconaéntfwed AQUAOR | smﬂlltﬁ)ncofldaeﬂinéaid'mﬁsalblﬁmMBSAblldo?fau’ﬁﬁgy303r
accor |ng to t gntion const ant ncentration of therapeutic
o ot el - OTo MEHE. i e cepuibe e 11 ARREE B S ERPRD. I bRyt phesiear

di ssol velcd) [ ngenhdycﬁam Zébldandaﬂxenrecbheredcﬁd)mhamoeenzamm kept at 25C for 16 hours

W th magnetic stifpi dohebBhe RELOGILACH Wb A o SARERLLALECRAN | on Of

t herapeutic protein: concen ron o sol |on of
t her apeut i ¢ gheameten egnippedijwidh edcomo agilapdate geontelsy r(dimetet £iom apdremglet r at i on

for the for np%%t | RM4eled 1t ). (ﬁ &d?’lglﬁﬂftég in‘the 1S \tlgéo%ﬁsﬂélghﬁoxﬁml The

colloidal formulations prepared in this way are m xed concentr at ed
aqueous sol uimpesedsingsnidally evar enirequsney rangss,&)bemwﬁ hiang 390 radig/ mhe and

then cent i ftH %E’raﬂﬁ‘é of theShiipleSis kbt c%%tamumoc‘f B9 nfbaitd OF £PclAEcL i rred 10
gently for hen recovere % ch rac rization. The V|d3(1:oel asticity

measur enent s ar e hegiEeauengy PREQRsQLy ysraforlesticity G' and the modulu

viscosity or loss modulus G'" make it possible to define the characteristic relaxation
time Tr, which is defined here as the reciprocal of the frequency at which the
modulus of elasticity G’ intersects the modulus of viscosity G''. A detailed account

20  of these questions will be found in the work by Ferry entitled Viscoelastic
Properties of Polymers, ]1.D. Ferry, J. Wiley, NY, 1980, and in the article by J.
REGALADO et al., Macromolecules, 1999, 32, 8580.

Measurement of the relaxation time Tr as a function of the polymer
concentration of the formulation makes it possible to define the concentration C1 at

25  which this time Tr exceeds 1 second. Examples of values of the gelling
concentration C1 will be given in Example 7 below.

Likewise, it is possible to define the concentrations C0.1 and C10 at which
the relaxation time exceeds 0.1 s and 10 s, respectively. These concentrations are
classed in the following increasing order: C0.1 < C1 < C10.

30 In one variant of the formulation according to the invention:
» [PO]=C0.1,
» preferably [PO] > C1,
> and particularly preferably [PO] > C10.
According to an advantageous additional characteristic: [PO] < 20.C1.

35 In terms of the invention and throughout the present disclosure, the words



rheonet er equi pped with a cone-and-plate geonetry (dianmeter 4 cm and angl e
1.59). A deformation of 0.01 rad, situated in the linear viscoelasticity
dormain, is inposed sinusoidally over a frequency range of between 0.1 and
300 rad/s. The 15 tenperature of the sanple is kept constant at 20C by neans
.of a Peltier cell. The frequency spectra of the nodulus of elasticity G and
t he nmodulus of viscosity or |oss nodul yg G' make it possible to define the
characteristic relaxation time Tr, which is defined here as the reciprocal
of the frequency at which the nodulus of elasticity G intersects the
modul us of Viassesition” @id “dssdaatel’ beglayed tuqualidy thefretationshipribstweemenawd | be
found in th r ' | ' nmers,
3D Ferry, MORRY AefieiisERl W okRROEOR CrarkpIRAE HoiRaie RIS
Macr onol ecul denotelio@grticgiar tign g adiive prineipte(n) ivfare)honded tochie ipolymer(P®r as a
function of t ' f r gy lo@hid ' ossi bl e
to define th[g&ﬁ%)%%ll n% P glg&%ﬁ@a%&&%rhvoﬁ i Cc? hg?ﬁ{lg f;arﬁggrill'?&eé}gglgg%d%a@econd.
Exanpl es Sof apdfardwdeophebie inferactiopyandierhydrrgen bradingandjor ptee higidingei n Exanpl e
7 bel ow. Likew seThd tpolymdt@SBObh&okdingelhl fR tiRnEeRCHBt hatdrRBRbfOblo-and C 10
at which the rel axation tinme exceeds 0,1 s andg?:g z_ rea%gtl.velg. These
concent r at i gfegradable RalBr PNy drephobis sfgupsElk ad b dydapbebicgoupss ¢ 1 <
[Cplil;) 368 Iln d&ﬂ%e\/?f 'te‘élglﬁed)h%ﬁmber fd(l:jdtmel t%tﬂhertes’tcdf%d:dh@ilﬂ énd b%ﬂl ibB\é\i@tﬁéﬂdggi a6
0] ~ .1, - prefer . > -,an art.icu y,.pr.ef era : .
Accor di ng tc}a’gﬁal]szWaﬁieaéé%%gta‘&&ﬁ“fqu?}?\%lm %‘gr‘ch%lpe?q‘ﬂ’? cdlﬁflg’dﬂ"défn%l‘]éﬂ . 35 1n
t erms of10t hgrindvantopsly@ad éhdsuithned in the foms eoft sadjusndesserr graftsh@lowkr ds 14

"association” and "associate’ Q to qualify the rel ati onshi ps between
one or nor e°°888'ﬂ?és ?)Irsieﬂlé?nﬁfa%ggg(ﬁ%mf\‘{rgg pol ynmers PO (for exanple the

pol yam no aci ds) Withoutt implyingar limgatica, thehbydropiebiatly veodified polylnetsPOi s (ar e)
bonded to t , ' ' :

non- coval entry f PRl fiotd the oS AR, S&S%%egﬁﬁh%ﬁ?w%%{%ﬁ%@ geids,

i nteract i on pehxsaeshariger Geeferaiindhorg Entheosubgranp eompriginarpdlulanyhandil yner s
PO accongi n%hﬁt@ﬁ&l@%ﬂ&/@i’ﬁﬁ%bﬁﬂéﬁ&%}%&@[ s3Ridahe nkRreiBBf8fabl e pol ymers

carrying hydrophobi ¢ groups > hydr gphobj ¢ groups_ can be in_reduced
nunber relative tl8 PR Rrééfreéf erflh%‘ﬁ@ﬁﬁti ﬁ?aﬁhﬂ Expnten, sFPabheslectedt Bemi |y to
the chai n oranpgHigtif@t&ictshnmifokbi@s.chai n and be distributed randonly

In terms of the invention and throughout the present disclosure, the words
“polyamino acid” cover both oligoamino acids comprising from 2 to 20 “amino

20  acid” units and polyamino acids comprising more than 20 “amino acid” units.

Preferably, the polyamino acids according to 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” units. The
units in question in these polymers are amino acids having the D, L or D/L

25  configuration and are bonded via their alpha or gamma positions in the case of the
glutamate or glutamic unit and via their alpha or beta positions in the case of the
aspartic or aspartate unit.

The preferred “amino acid” units of the main polyamino acid chain are
those having the L configuration and a linkage of the alpha type.

30 In one particularly preferred embodiment of the invention, the polymer PO
is a polyamino acid formed of aspartic units and/or glutamic units, at least some of
these units carrying grafts containing at least one hydrophobic group HG. These
polyamino acids are especially of the type described in PCT application WO-A-
00/30618.

35 According to a first possibility, the PO of the formulation is (are) defined



10 (random copol yner) or distributed in the formof sequences or grafts

(bl ock copolynmers or sequenced copolyners). Wthout inplying a |imtation,

t he hydrophobically nodified polymers PO can be selected fromthe group
conpri si ng anphi philic copol yam no acids, polysaccharides (preferably those
-in the subgroup conprising pullulans and/or 15 chitosans and/or

mucopol ysaccharides), gelatins and m xtufes thereof. In one preferred

enbodi ment of the invention, POis selected from anphiphilic copolyam no
acids. In ternms of the in t|on and throughout the present disclosure, the
wor ds "pon%%ﬂ%E“ﬁ@WH“ﬂ%ésg F'Bot h ol i goam no aci ds conpri si ng from2 to 20
"amno 20 acid" units and pol yam no acids conprising nore than 20 "am no
acid" units. Preferably, the polyanlno aci ds accgpehng to the present
invention are oligoners or poI rs conpai’sing glutamc or aspartic
acid repeat units or copoly rf co i sijng a|m xt ur eyqpft t hese two types of
"am no acid" units. The f i pol ynmers are am no aci ds
having the D, L or DL 25 con |gu ati are [bonded via their al pha or
gama positions in the case ¢ gl utamgt e orp g amc unit and via their
al pha or beta positions in th%T%gge of the aspartic or aspartate unit. The
preferred "am no acid" units oR¢the main polyam no acid chain are those
having the L conflguratlgﬁH@ﬁ/ a linkage of the al pha type. 30 In one
particularly preferred enbodi nent of th& invention, the polymer PO is a

pol yam no acid forned of aspartic units And/ or glutanic units, at |east sone
of thesg units carrying grafts containing at |east one hydrophobic group
HG These pol aqino acids are especially of the type described in PCT

appl i cation 9@%% 00/ 30618. 35 According to a first possibility, the PO of
the formul ati oR'iis H,aa djnedref2nedC16 abkyl gensraatheflof 3ntb £C (0 hlkyk | anzylNdR (1) 5

in which: Rl | kyl or branched C3 to Cl10 al kyl,
benzyl, a terke u?algmlﬁdggcgézﬁ@%um tqo%]am HG ;

is H, a linear C2 to C10 acyl or branc ed C3 to C10 acyl group, a

10 pyroglutamate or -R*-[HG];
» R?isH or a cationic entity preferably selected from the group comprising:
- metal cations advantageously selected from the subgroup comprising
sodium, potassium, calcium and magnesium,
- organic cations advantageously selected from the subgroup comprising:
15 e cations based on amine,
e cations based on oligoamine,
e cations based on solyaminc (polyethylenimine being particularly
preferred),
e and cations based on amino acid(s) advantageously selected from the
20 class comprising cations based on lysine or arginine,
- and cationic polyamino acids advantageously selected from the subgroup
comprising polylysine and oligolysine;
» R*isadirect bond or a “spacer” based on 1 to 4 amino acid units;
* A independently is a radical -CH,- (aspartic unit) or -CH,-CHj,- (glutamic unit);
25 = n/(n+ m) is defined as the molar grafting rate and its value is sufficiently low
for PO, dissolved in water at pH 7 and at 25°C, to form a colloidal suspension
of submicronic particles of PO, n/(n + m) preferably being between 1 and 25
mol% and particularly preferably between 1 and 15 mol%;
» n + m is defined as the degree of polymerization and varies from 10 to 1000
30 and preferably between 50 and 300;



R2is H alinear C2 to Cl0 acyl or branched C3 to Cl0 acyl group, a 10
pyroglutamate or -R4-[HG; R3 is Hor a cationic entity preferably sel ected
fromthe group conprising: - netal cations advantageously selected fromthe
subgroup conprising sodium potassium calcium and nagnesium - organic
-cations advantageously selected fromthe subgroup conprising: 15 cations
based on am ne, cations based on oligogesi ne, cations based on pol yam nc
(pol yet hyl eni m ne being particularly preferred), and cations based on

am no aci d(s) advantageously selected fromthe 20 class conprising cations
based on |ysPndl@Gds &hb@rﬁphﬂi’,lc ETO0¥Ad cationi c pol yam no aci ds advant ageously

sel ected from t heA3uREmRUB a SCOSHRA PposbiBHItP,hy POIfMRe fiRFhuPltioBHaY Fha¥R) one R4 1S a
direct bond or a "s?acer" b%?ﬁgl on ‘b(r) 4 amno acid units; A
i ndependent | 9t gederal forgyutag (I1 ) a(‘éh) BelQWiuni t) or - CH2-CH2- (gl utamic
unit); 25 n/(n + mM is defined as the nolar grafting rate and its value is
sufficiently low for PO dissolved in.water at pH 7 gpderat 25C, to forma
col | oi dal suspension of subm cronj/%o%rticles of P n/(n + nm preferably
bei ng between | and 25 nol % and partic Iarlylliprefeﬁfably et\/\/ee[gf'l_‘JI and 15
ml % ~ n +inis d¢BHRed 4 e _degreenof polyper; at,[',anl»Laﬁqi/v es from 10
to 1000 30 and preferab betvken 0 ana\ﬁﬁﬁ; HG' is a hydrophobic
group. Accor di m)to a second possi bol 't y, the PO®f tthe fornmul ation has
(have) one of "general formulae (11), (111) and (IV) below. 0 [GH NR4 / COORS
JCOORS AHHA,0, [GH | 11 R4~- .

COOR”’ COOR®

=z

H
|

*i' A/ o o A/
GH]
[GH] NHKH/U\ /U\%N/'\”/} !
. R LN | R
(®] H H (o]
COOR®

o AP
[GH] N P\ [GH]
\R4/ \h‘)\'r - R4/
(o] H

(1ID)

av)
10
in which:
» HG is a hydrophobic group;
= R%*js alinear C2 to C6 alkyl group;
= R*is H or a cationic entity preferably selected from the group comprising:
15 - metal cations advantageously selected from the subgroup comprising
sodium, potassium, calcium and magnesium,
- organic cations advantageously selected from the subgroup comprising:
e cations based on amine,
e cations based on oligoamine,
20 e cations based on polyamine (polyethylenimine being particularly
preferred),
e and cations based on amino acid(s) advantageously selected from the
class comprising cations based on lysine or arginine,

and cationic polyamino acids advantageously selected from the subgroup

25 comprising polylysine and oligolysine;
= R*jisaC2to C6 alkyl, dialkoxy or diamine group;



INmMmRao | ntn H3 COOK H [GH 44 R1I0 HACOOR[GH R4 [GH in which:
'HG i s a hydrophobic group; " R30 is a linear C2 to C6 al kyl group; R3" is H
or a cationic entity preferably selected fromthe group conprising: 15 -
netal cations advant ageously selected fromthe subgroup conprising sodium

-pot assi um

ol i goam ne,

particularly preferred)

conpri si ng

amno acid
- CH2- CH2 5—

10

15

20

25

30

cal cium and magnesium - organic cations advant ageously sel ected
fromthe subgroup conpri sing: cations jbased on am ne, cations based on

20 cations based on pol yan ne (pol yet hyl eni m ne bei ng

and cations based on am no acid(s) advantageously
sel ected from tRids adhastsboodmpral ‘spacgr dasddoors] kad eddinpnadid/gnitee or  ar gi ni ne,
and cationicgp

pol ?’*}@% oI |I%&I%§3| ne; %ﬁéﬁéﬁ%ﬁ t?&t g{féﬁ&@hﬁﬁlﬁwl grkoii

or dianine gtomh;r m7or mls @efmedraséltqdm@mofmolﬁne@m@erandwaeeﬁfr@m 10 to 4

uni tl%)ooan&gfe@é}%%@%wma%d@ooadl cal -CH2- (aspartic unit) or

(glutamc
Advantageously, the HG of the PO each independently of one another are a

monovalent radical of the formula below:

RS
(HG)

in which:

- R’ is a methyl (alanine), isopropyl (valine), isobutyl (leucine), sec-butyl
(isoleucine) or benzyl (phenylalanine);

- Rlisa hydrophobic radical containing from 6 to 30 carbon atoms;

- lvaries from 0 to 6.

According to one noteworthy characteristic of the invention, all or some of
the hydrophobic groups R® of the PO are independently selected from the group of
radicals comprising:

» 2 linear or branched alkoxy containing from 6 to 30 carbon atoms and capable
of containing at least one heteroatom (preferably O and/or N and/or S) and/or at
least one unit of unsaturation,

* an alkoxy containing 6 to 30 carbon atoms, having one or more fused
carbocyclic rings and optionally containing at least one unit of unsaturation
and/or at least one heteroatom (preferably O and/or N and/or S),

» an alkoxyaryl or an aryloxyalkyl having 7 to 30 carbon atoms and capable of
containing at least one unit of unsaturation and/or at least one heteroatom
(preferably O and/or N and/or S).

In practice and without implying a limitation, the hydrophobic radical R® of
the graft of the PO is derived from an alcohol precursor selected from the group
comprising octanol, dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl
alcohol, tocopherol and cholesterol.

In a first embodiment of the invention, the main chains of the polyamino



n +mM or n" is defined as the degree of polynerization and varies from 10
to 1000 and preferably between 50 and 300. Advantageously, the HG of the PO
each independently of one another are a nonoval ent radical of the formula
below. 10 in which: - R5 is a nethyl (alanine), isopropyl (valine), isobutyl
-(l eucine), sec-butyl (isoleucine) or benzyl (phenylalanine); - R6is a

hydr ophobi ¢ radi cal containing from6 tqg30 carbon atons; 15 - 1 varies
fromOto 6. According to one notevvorthy characteristic of the invention,

all or some of the hydrophobic groups of the PO are independently

sel ected fr osidhareglnbad-- éﬁtm%@pt%lpba-bcﬁimm kgmopadymessear or branched

al koxy cont ai ni ngrf§ Qdffid ERb3BntAS BOthedh AR e GAMADIARs AAnEpofaRA N o at

| east one heteroatom(pre erably 0 {for N and/or S) and/ or east one
uni t of unsatdidsareglphaL- aﬁi’aéiﬂ‘l@d&?lﬁbéﬂrﬁpﬁﬁﬁg}m@qp@ Y®ETear bon atons, havi ng

one or nore fusedp Mlapgmsbdlﬁmeht Bﬂﬂleaiﬂderﬁﬂéhl fRahhin haHsdfthé o@bmlnﬁast One
unit of unsaturatl 0 atom (pr fer 0 and/ or

nd/ or a t one hete apl
and/ or S)° 2afidsygre a[hbaiya%garta@ Blﬂt%m%PR9]ergﬂé\ﬁ%’erﬁﬁ Iphas- giflga%n at oms
and capabl e @polyaméit.ai ni ng at Ieast one unit of unsaturation and/or at |east

o ot o SRR DR e ek PR PG |
derived fronmain pdlgahiab mchclnmscof tixePOcik adcH t}mmmd”lﬁ:s@llnﬁ olyafercio Ethérsi ng

oct anol dodec nol ¢ canol fh[ xad oct adeca%g)l ol eyl al cohol
tocophe’rol aﬁ"i'ﬂ irgiﬁmg g?cef(tp'ﬁegf? E @ﬁ%@ﬁ% fit of the |nventi on, the rrai n
chai ns of0 t he pol Pmfdraldy.1tBe PE dgdanehafqnﬂnalahoglauctcndMQeo tire mivpdteon haglaut ami ¢

honopol ymer gﬁ&g i ns of

t he pol yam noOfeeulgr %aﬁ%l%f% hr@g%g@?épg%gp%@gL%@{ng%%lﬁ%g‘%&pol yIers.
In a third eiﬂﬂ@cﬂndﬂQtOOGfg/mh i nvention, the main chains of the polyanmno 5
aci ds are al pha- ng‘]]aasﬁ%li E?cl f&&i Bﬁ@odnn@hﬁfﬁﬂ@fcﬁm%‘iaﬁon the hydrophobic radical

i
al pha- L- aspargl / fg utam c copolyners
of the graft of the PO is derived from an alcohol precursor formed of

15  tocopherol, and:
¢ 1% <[n/(n+ m)] x 100 < 10%,
¢ preferably 3.5% < [n/(n + m)] x 100 <7.5%,
¢ n-+m varies from 100 to 400 and preferably between 120 and 300.
In a second preferred embodiment of the formulation, the hydrophobic
20 radical R® of the graft of the PO is derived from an alcohol precursor formed of
cholesterol and:
¢ 1% <[n/(n+m)] x 100 < 10%,
¢ preferably 3.5% < [n/(n + m)] x 100 < 6.5%,
¢ n-+m varies from 100 to 400 and preferably between 120 and 300.
25 In both these preferred embodiments of the formulation of the invention,
the concentration of polymer [PO] is advantageously between 15 and 50 mg/ml.
In one variant, the PO of the formulation according to the invention carries
at least one graft of the polyalkylene glycol type bonded to a glutamate and/or

aspartate unit.

30 Advantageously, this graft is of the polyalkylene glycol type and has
formula (V) below:
4 RS
/R \X/PYO_]_M R
R’

\)



Advant ageously, the distribution of the aspartic and/or glutam c units of
‘the nmain polyanino acid chain of the POis such that the resulting pol yner
is either randomor of the block type or of the multiblock type. 10
Preferably, the PO used in the fornulation according to the invention has a
.nol ecul ar wei ght of between 2000 and 100, 000 g/ nol and preferably of between
5000 and 40,000 g/nol. In a first prefenged enbodi ment of the fornulation,

t he hydrophobic radical R6 of the graft of the POis derived from an

al cohol precursor forned of 15 tocopherol, and: | %<_[n/(n + mM] x 100
< 10% preferably 3.5% [n/(n + mM] x 1005 7.5% n+ mvaries from 100 to
400 and pref Ly. between 120 and 300. In a second preferred enbodi ment of

t he fornmul atlon 3 ‘he hydrophoblc 20 radical R6 of the graft of the POis
derived from ak alIS@dhmpt bandaras spacketr based ot 1 te fhomire asidundsid: | %< [n/(n +

m] x 100 5 10 rh%fe'??eﬁ@ﬁly e%cﬁaﬁoh%@%&%& 319%»72 rE 0/1‘%1%0 ntadd? varies

from 100 to 40 pre erab between 1 ese
preferred errboéﬁlw@rnt s of the fornulation of the invention, the

concentrati on @ ;p@IRFIEde ﬁ[emnﬂy%reaﬁ\ba@tlﬁgwﬁ{ovcb@rmen 15 and 50 mg/m . In
one variant, the PO of t e forrrul at.i on %ﬁﬁ’ 5gﬁto t’he i nvention carries

at | east one gPafYariss fopeldin I@;P‘Fléﬁ*i"efe 23B6nded to a glutamate

and/or aspartat elntﬁiactnce&ﬁe@d Ik'fy%e(gl&%bb’lseté"h%o@reﬁfyﬂede ma‘olthe pol yal kyl ene
gl ycol type and is a direct bond

or a "spacer" gﬁdso‘ﬁf’sﬁa § #°Y \Qﬂ‘%t%m?‘%l 1&Yﬁ“§‘§n ILOf)@thmB A REGBIAE ls el ect ed

fromthqogrmﬂwdgy@gmm%mvaﬁyfmﬁgmbm 5 sulfur; - R 7 and R 8
i ndependent |y are}.H or I near

10 t
1000 and pr ef er abl ¥ PPB’H’%’&’? 1d§%0 R P2 Sf(%%lgelytﬁagu?)bd?ar&: @% et mgqnycof) is
e.g. a pol yetdmstahbe gefiieprate | they slisgpesse riabiateraatcpld di. 4 dego withea iphusphiatieon f or

the mol ar p%u%ﬁa?}t%%?ve dolloidal suspensions.

Furthermore, the interferon active principles or other AP selected from

15 proteins, peptides and small molecules can associate spontaneously with
nanoparticles comprising these polyamino acids PO.

It should be understood that the PO based on polyamino acids contain
carboxyl groups which are either neutral (COOH form) or ionized (COO™ anion),
depending on the pH and the composition. For this reason, the solubility in an

20 aqueous phase is a direct function of the proportion of free COOH groups in the
PO (not grafted with the hydrophobic unit) and of the pH. In aqueous solution the
countercation can be a metal cation such as sedium, calcium or magnesium, or an
organic cation such as triethanolamine, tris(hydroxymethyl)aminomethane or a
polyamine like polyethylenimine.

25 The PO of the polyamino acid type that are capable of being used in the
formulation of the invention are obtained e.g. by methods known to those skilled in
the art. Random polyamino acids can be obtained by grafting the hydrophobic
graft, previously functionalized with the “spacer”, directly onto the polymer by a
conventional coupling reaction. Block or multiblock polyamino acids PO can be

30 obtained by sequential polymerization of the corresponding amino acid N-carboxy
anhydrides (NCA).

For example, a homopolyglutamate or homopolyaspartate polyamino acid
or a block, multiblock or random glutamate/aspartate copolymer is prepared by
conventional methods.

35 To obtain a polyamino acid of the alpha type, the most common technique



10 pol yal kyl ene glycol grafting to vary fromi to 30% The pol yam no acids
‘PO are also extrenely valuable in that, with an adjustable grafting rate,
they disperse in water at pH 7.4 (e.g. with a phosphate buffer) to give

col | oi dal suspensions. Furthernore, the interferon active principles or
.other AP selected from 15 proteins, peptides and snall nolecules can

associ ate spontaneously wth nanoparti Qges conprising these pol yam no acids
PO. It should be understood that the PO based on pol yam no acids contain

car boxyl groups whi ch are either neutral (COOH form or ionized (COO

ani on), depishdsaigomthetpodymdtization phiemomngeod Nt¢aoboxyFamhydtides (N&X¥s)) whidhhe
| ubi lit b tq f
ree coon griagpeciteditit 8 i BAERS Mgkt to b IS L8R b b el PR of
the pH In aHdboKLsclm}denf ientitleh EAlmouamigo cadid dhcardaxh aniydrideaind aelated such as
sodium  cal ChyneBafRIBHNI VRHag (198702 e RREAC rmaoesa 4 phAbRBRO! am ne.
yne ﬂc) e

tris(hydrox yam ne i IFenr m ne.
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hydr ophobi ¢ gitg &e polymsy |Ué)l!|'f§l%¢lc¥l dhase methods are bared Qibﬁ’@ escripfidtiect | y

onto the pol MOB ifatéht mm@emgﬁ@to ﬂﬁ%ﬁli&ﬂmr e@@lwber oBb Q5knety thatidnl bl ock
pol yam no aci ds PO can _be 30_ ohtai ned hy ‘sequ ntla pol ymarlzatlon of t he

corr espondi rR§ HsAdnaccREding No dhe HBYGNIORN FRFsX (qfxléhj’ poyplpbz-dnpiparticy,
honopol ygl ut@%@h@& Qmmej Y 3oPAAIpE4-D-plRtydo) n@ndacpal (ghhxﬂa ﬁismlc)
mul ti bl ock or ig mat.e/ aspg&t ate g{mﬁ)o%yge fﬂb %?/
convent i onaItYPﬁ§t ‘6’§la c‘HB"t‘gf“rg B PHIR BTG AYAIGHO'S: h eaP PEfiSe,
most conmon godwhed efe Alphashebatypel inobthined pp Ithem&fnldwdamﬂ oﬁhs;ﬂimmamd‘éﬁod
N-carboxy anh dr|d s .des ryicle
" Bi opol ymer sg gysu‘(l%nmﬁg@g'hgwad be ngwi (CQI-FWI‘{Q %é’ﬂekﬁf Dentitled
" Al pha- am nol9@d;@l8 M783436pxy anhydride and rel at ed het erocycl es", Springer
Verlag (4987). T Et or
NCA- O- lejsder I vat P@% ‘ﬁ(ﬁl%g)?%e \(ﬁﬁl %[ECI(?EI?{%@ IO?m A éﬂll\llgiffs Eifk\é%?%g
pol yners ar geadiimg thy poblaysee auddErth%ip;ﬁS@meuceftaecarbMImidgrag qogplu@ ggent,he
pol ymer in ifq ahishalipr N cablhfet SulRt RODiiRE By RARRChy? il 8n 085 GhbRIpHR
solvent such as dimethylformamide (DMF), N-methylpyrrolidone (NMP) or
dimethyl sulfoxide (DMSO). The carbodiimide is e.g. dicyclohexylcarbodiimide
20 or diisopropylcarbodiimide. The grafting rate is controlled chemically by the
stoichiometry of the constituents and reactants or by the reaction time. The
hydrophobic grafts functionalized with a “spacer” are obtained by conventional
peptide coupling or by direct condensation under acid catalysis. These techniques
are well known to those skilled in the art.
25 A block or multiblock copolymer is synthesized using NCA derivatives
previously synthesized with the hydrophobic graft. For example, the hydrophobic
NCA derivative is copolymerized with NCA-O-benzyl and the benzyl groups are
then selectively removed by hydrolysis.
The synthesis of polyamino acids PO preferably produces aqueous
30 suspensions of nanoparticles of PO.
Such suspensions can be converted to powdered nanoparticles of PO by
drying in an appropriate manner known to those skilled in the art, for example by
heating (oven, etc.), evacuation, use of desiccants, lyophilization or atomization.
These nanoparticles of PO, in suspension or in the pulverulent state, form a

35  starting material for the preparation of the formulations according to the invention.



given in patent FR-A-2 801 226 to the Applicant. A nunber of polyners that
can be used according to the invention, for exanple of the

pol y(al pha-L-aspartic), 10 pol y(al pha-L-glutamc), poly(al pha-D glutam c)
and poly(gamua-L-glutamc) types of variable nolecul ar weights, are
-.commercially avail able. The pol yaspartic polyner of the al pha-beta type is
obt ai ned by the condensation of aspartigjacid (to give a polysuccinim de)
foll owed by basic hydrolysis (cf. Tomda et al., Polynmer, 1997, 38,
4733-36). 15 Coupling of the graft with an acid group of the polyner is
easily effected bit mapabst istaged: bt this| geint that abée dformulalienpreseding of thke
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desi ccant s, on Or a o anopar |cI es of
suspensi on mtherrpolshblewtlvepun@pltGS)sln@t e lrnmdrmedlumscogtaammg mgnomrtmwwf for t he

prepar atjison g gfve AUl ldai | b2 s?&{?fl; Y garhaegnﬁ éd‘MFSst&ﬁted%%tH bnd®Y be

stated at this DBrat t or nu S ordh ng t I nventi on
resul t frommpws lh'@ smém@mneagmpai cpRowidIpagtysrciplesy based on at | east

one PO and at | eapfle RRENtIR furfhePRElRABIROY BrockBULH tHEBSHpFhtidiP6 £ tHRGibove-
preparation, the PO and/or the interferon(s) (and/or any additional 5 AP)

can be in sdpﬁllfloﬁléiiﬁ‘?%’rl@f% ably a powder) and/or in liquid form (preferably
a In a first preferred mode of carrying out the invention, this process is

20  characterized in that it consists essentially in:
¢ taking a colloidal suspension of nanoparticles of at least one PO,
¢ mixing this colloidal suspension of nanoparticles of PO with at least one
interferon (and one or more other possible active principles), preferably in
aqueous solution,
25 & optionally adding at least one excipient,
¢ adjusting the pH and/or the osmolarity if necessary, and
¢ optionally filtering the resulting suspension.
Advantageously, the interferon (and one or more other possible active
principles) is in the form of an aqueous suspension or solution for mixing with the
30 colloidal suspension of nanoparticles of PO.
In a second mode of carrying out the invention, this process is characterized
in that it consists essentially in:
¢ taking a powder of at least one polymer PO,
¢ mixing this powder with an aqueous suspension or solution of at least one
35 interferon (and one or more other possible active principles), preferably in



col | oi dal aqueous suspension). In ternms of the present disclosure,
interferon(s)/ PO associ ation neans that the interferon(s) is (are)
associated with the polynmer(s) PO [e.g. one or nore polyam no acids] by one
or nore bonds other than a coval ent chemi cal bond or 10 coval ent chem cal
bonds. The techni ques for associating one or nore interleukins with the PO
according to the invention are describedy n particular in patent application
WO A- 00/30618. They consist in incorporating at |east one interferon (and
one or nore other possible active principles) into the liquid nmedium
cont ai ni ng nanaggaedusdobsionf 15 PO to give a colloidal suspension of

nanoparticleg | I j & ne or nore interferons (and one or
nor e ot her p%ssoﬁ’b?llgggggéqd\?ﬁegs%?%}%g?p geﬁs lg.elﬁi.he invention further relates to a
process for vh@dprsélpaﬂmp}éﬁndfbrthh@smbisw ifgeaspasmeandf or nul ation. In a first
preferred node of; It dRinoVERLEBR, this process is 20

characteri zeg iog)ftlf)ﬁgiy?ﬂt&gléﬁg%gtss.ggge ti_allgl y in: taking a coll oidal
suspensi ¢h of nandparforaplations obteinedaii thinevayocan wisei he coRvertasore @elsal
suspensi on ofoRAReREI 15 BE cOhvdRRoMilthietRbds! I8R%n t8MBosel sRIRI R HRNarf a0ch One or
nore ot her possible acti've pl’l_nfill pl.es), preferably In_ aqueous solution, 25
optional |y a@i eRpcaRtrations tbyo ritia KRR eft , CVARATAHED] mRPAHIAS APRAHANOR fhe

osnol arity 'koﬁl@iﬁ%&tﬁﬁﬁ Ynterdld. TheRd et Yarf dptioBallyBe Edifbineg Ul ti ng
suspensi on. Adv

antageoysly, the interferon. (and one or re other possible
active principl eglfg‘?est%te?? 153t %ﬁﬂ?(@rofgqmawe%ﬁéh%a@ﬁ@ﬁgbﬁwregw T on for
m xi ng wig h sheiquidlo faraldlstichal acsorsirgnss ahe Qhvendionpetis ithiré smodle R&dentisllyp second
node of carrying,out the invention, this process is characterized in that
it consists ‘§§gHP5gPIy in: taking a powder of at |east one polymer PO
m Xi ng this poualdng \ai pdwdenr modwed dysdypentiediquid femiuldtionaabrdihg ltedalsd one
35 interferon (iane% BR8s 85ﬁﬁ£‘&ra%09¢% her possible active principles), preferably
in 22 aqueous 3%y U{I on, optional’ly adding at | east one excipient,
adj usting t he phixamgthsrpowtder vathwhagiequsiliquiionedigny, preferablly with stirring,

15 e optionally adding at least one excipient,

L 4

adjusting the pH and/or the osmolarity if necessary, and

L 4

optionally filtering the resulting suspension.

Examples of excipients that can be added are antimicrobial agents, buffers,
antioxidants and agents for adjusting the isotonicity, which are known to those

20  skilled in the art. Reference may be made e.g. to the work entitled Injectable Drug
Development, P.K. Gupta et al., Interpharm Press, Denver, Colorado, 1999.

If appropriate, the liquid formulation can be sterilized by filtration on filters
with a porosity of 0.2 um, for example. It can then be injected directly into a
patient.

25 All these examples of the preparation of liquid formulations according to
the invention are advantageously carried out in the ambient atmosphere and at
ambient temperature (e.g. 25°C).

In one valuable variant of the formulation according to the invention, its
weight fraction of interleukin(s) not associated with the submicronic particles [non-

30 associated interleukin(s)], in %, is such that:

o [non-associated interferon(s)] <1,
o preferably [non-associated interferon(s)] < 0.5.
According to the invention, the preferred interferon is interferon alpha.
According to another of its features, the invention encompasses any derived
35  product obtained from the liquid formulation according to the invention as defined



optionally filtering the resulting suspension. 5 The fornul ati ons obtai ned
in this way can al so be converted to gels, powder or filmby the

conventi onal nethods known to those skilled in the art, such as
concentration by diafiltration or evaporation, coating, atom zation or
lyophilization, inter alia. These nmethods can optionally be conbi ned. Hence
there is a third node of carrying out the process for the preparation 10 of
liquid formul ati ons according to the invention, this third node essentially
consisting in: taking a powder produced by drying the liquid fornulation
accor di ng t oatidve, aridneoemrising ssbmierbhisqartaies\fermedpkPQgntetfenpownetovalent h an
aqueous | i qui g el idms dﬁﬁﬁé@étﬁﬁzlﬂsy with stirring, 15 optionally adding at

| east one exciprent, adjusting the pH and/or the osnolarity if necessary,
and optional |y In praeti¢enthese derivasuprofvgys s primist gspecMamfinoavdsts, grlsi pi ent s
that can be s 8f BIAOGAEE Af0bi al agents, buffers, antioxidants and
agents for adjusting thé isotonicity, which are known to those 20 skilled
in the arX. Refer&hednysmjiopeturhige relalgs tooanyhpregprser it the ingectabledigdisl e Dr ug
Devel opnent , foRmkilati6H At @efieddbove.l Nt er pharm Press, Denver, Col orado, 1999. If
appropriate, the liquid forpulation can, be sterilized by filfration on
filters with a p%vlggnttyeéflgus.ctzo e§eorere rPﬂi‘P‘gJ.Ctﬂ: At East %%swp asized; that ed
directly i nt@eadnvéddibhqitherdzlaidsl tot hpeReforeeprepiratifie op b gloavdRt demvedl i quid

formul ati ons.according,to the.i nventi on. are adyant ageousl. arried. out in
the anbi ent SOHdEnFRIaton asdefinghatiye tis hraseSt hpine charotended in thay saich
val uabl el(varp@ider & olithiged by duyling ihedfomadatiodi asglefined hiovienvention, its wei ght

fraction of interleukin .not associated.w t he s L.eroni c particles
non 30 associ at S FHPRRisihwEFRE 6 hé)mleblil & pRofeiAb S, SHaBaeht] 25 oo
i nt er f er on( syjthdutlexchdprge € esnadticy dietatic-asghytisanitaty ifotneul dtgorsndom) grisingdats.
According to.Lhe,, '136”&% idBflneqf B! & l%ﬁ{teo‘i&eiiﬂtteﬁ%{o%reﬂ{aé ioingltlgraI fla@o /Yl Pha.
According to anotnﬁer of I'ts eat ut es, the ifvention erconpasses any derived
35 product oftheri astivle prineiplehe | iquid formulation according to the invention
as defingd 23 aboxeoodiid £ ihrfibn SHBBREBRY! SddRRrlal GbeEe HORCTBR Gther

than an interferon can be a protein, a glycoprotein, a protein bonded to one or more

polyalkylene glycol chains [preferably polyethylene glycol (PEG) chains:
“PEGylated protein”], a polysaccharide, a liposaccharide, an oligonucleotide, a
polynucleotide or a peptide.

20 This additional active principle can be selected from haemoglobins,
cytochromes, albumins, interferons, cytokines, antigens, antibodies, erythropoietin,
insulin, growth hormones, factors VIII and IX, haemopoiesis stimulating factors,
and mixtures thereof.

In one variant, this additional active principle is a “small” hydrophobic,

25  hydrophilic or amphiphilic organic molecule, examples being peptides such as
leuprolide or cyclosporin, or small molecules such as those belonging to the
anthracycline, taxoid or camptothecin families, and mixtures thereof.

The primary properties of the formulation according to the invention
include its injectability and its ability to form a deposit at the injection site, in vivo,

30 by gelling or by aggregation of the nanoparticles, in the presence of physiological
proteins or analogues.

The formulation according to the invention can be injected especially by the
parenteral, subcutaneous, intramuscular, intradermal, intraperitoneal or
intracerebral route or into a tumour.

35 The formulation according to the invention can also be administered by the



associ ations as defined above. In practice, these derived products can

‘consi st especially of powders, gels, inplants or filns, inter alia. 5 The
invention further relates to any precursor of the injectable liquid
formul ati on as defined above. Still on the subject of these derived

.products, it nust be enphasized that the invention further relates to a
process for the preparation of a powdersderived fromthe fornulation as
defined above, this process being characterized in that said 10 powder is
obt ai ned by drgr ng the formul ati on as defined above. The fornul ation
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intradermal , 1 ntraper.itoneal racer ebr al route intg a tum)ur 35
The formul ation al‘jl?f‘orlm’%lopof‘i‘%r f it8nacaithads @ bg‘eéﬁi’ﬁilﬁ? sieatwanthy t he

consisting essentially in administering the formulation as described in the present

disclosure by the parenteral, subcutaneous, intramuscular, intradermal,

intraperitoneal or intracerebral route or into a tumour, or by the oral, nasal, vaginal
20  or ocular route.

In one particular variant of the invention, this method of therapeutic
treatment consists essentially in administering the formulation as described above
by injection by the parenteral, subcutaneous, intramuscular, intradermal,
intraperitoneal or intracerebral route or into a tumour, preferably in such a way that

25 it forms a gelled/crosslinked deposit at the injection site.

The invention will be understood more clearly and its advantages and
variants will become clearly apparent from the Examples below, which describe
the synthesis of the PO formed of polyamino acids grafted with a hydrophobic
group, their conversion to a system for the prolonged release of an interferon,

30 namely a formulation according to the invention (stable aqueous colloidal
suspension), and the demonstration of the ability of such a system not only to
associate with an interferon, but also, in particular, to gel/crosslink in order to

release the interferons in a very prolonged manner in vivo.



24 oral, nasal, vaginal, ocular or buccal route. Advantageously, the
formulation is intended for the preparation of drugs, particularly for

adm ni stration by the parenteral, subcutaneous, intramuscular, intradermal,
intraperitoneal or intracerebral route or into a tunour, or by the oral, 5
.nasal , vaginal or ocular route. Al though the fornulation according to the
invention is preferably pharmaceutical p5this does not exclude cosnetic,
dietetic or phytosanitary formulations conprising at |east one PO as
defined above and at | east one corresponding active principle. 10 According
to yet anot LRESERIPTIONcOFUFHE, FIGIZRESventi on rel ates to a process for the
preparation @f j [ = r al
subcut aneousﬁg}lféﬂtlgémgé{)ffhglbh&ﬂlam:&oéo éH{%a?titra{ﬁe}rl oneﬁl}gr%of&?r?gg%rebral
route or Hd@ﬁtetsuh@utane@lmwctlweof;ral nasal , vagi nal or ocul ar route,
characteriz t

formul ati on?e#&n@gﬁa ﬂg&tlaat%%g?‘ 3%§0r{§§1§?g ﬂéﬂHVé’é @c?ﬂg) 1@519 any
precursop of sai®—Mornul ati on. The invention further rel at es to a met hod of

therapeutic §r PISN b &?ﬁﬁ}h@t‘é&f idth ftmhe'ﬁ &t JEkApl
fornmul ati on as escr(}%mg in the p?ese di sc LFa ' e 1pagent eP eI
subcut aneous, lfkcurvasthiaA—intradermal, int raperi toneal or intracerebral

route or 'nta‘%aefuﬁét{HﬁLHf’thé)ﬁmQYFﬁ%u%fﬁtdatﬁﬁ@ﬁ{ldoéfea& |g/k§0 or ocular route.
In one particular variant of the invention, this net hod of therapeutic

treatnment consists essentially in admnistering the formul ati on as descri bed
above Ly I peAMPOESY the parenteral, subcutaneous, intranuscular,
intradermal, intraperitoneal or intracerebral route or into a tunour,
preferably in such a way that 25 it forms a gelled/crosslinked deposit at
the injecti CEka'imBlel Kli@phlphﬂittpalymel be understood nore clearl y and its

d t | nt f
el o o cfoRAER o/ bixklutomafaiBe it abaRP el ST B as
grafted witlp. itgrqfdmaﬂ);btmbL@olygtwmrpatet(hamg e amleqwdaromeight aquﬂetmnm faboutt he
| f f to th
Prvent an ( SOTBREDE, it iSa BoGGr-t R Rinady. ATUbRRATLEROLBRT Lo £ 1e
the abili ty mdérization of YSAGKOME &lloyedo Yab)sbdwaSe agi described rmepéftetton but

al so, in par %Pﬁéﬂti% FROA988d 199285 SAs Shek MO TABIIAIASE 920 mi” 6 CRRRHyISrhithffe! €r ons
in a very pr one manner 1 n o
(DMF) by heating at 40°C for 2 hours. Once the polymer is solubilized, the
temperature is allowed to drop to 25°C and 1.49 g of D,L-alpha-tocopherol (>98%,
20 obtained from Fluka®), previously solubilized in 6 ml of DMF, 0.09 g of 4-
dimethylaminopyridine, previously solubilized in 6 ml of DMF, and 0.57 g of
diisopropylcarbodiimide, previously solubilized in 6 ml of DMF, are added in
succession. After 8 hours at 25°C, with stirring, the reaction medium is poured
into 800 ml of water containing 15% of sodium chloride and hydrochloric acid (pH
25  2). The precipitated polymer is then recovered by filtration and washed with 0.1 N
hydrochloric acid and then with water. The polymer is subsequently resolubilized
in 75 ml of DMF and then reprecipitated in water containing, as previously, salt
and acid to pH 2. After two washes with water, the precipitate is washed several
times with diisopropyl ether. The polymer is then dried in an oven under vacuum
30  at 40°C to give a yield in the order of 85%.

Example 2: Amphiphilic polymers P2, P3, P4, P5 and P6
These polymers are obtained in the same way as the polymer P1. Table 1 below
summarizes the characteristics of these polymers. Those of the polymer P1 are

35  given by way of comparison.



25 DESCRI PTION OF THE FI GURES Figure 1. Curves of the plasma |FN
concentrations (picograns/m) recorded in the dog after subcutaneous
injection of: the IFN formulation (A) according to the invention (Exanples
9 & 10): curve 5 -~-a-, and the control IFN fornulation (D) not according
.to the invention (Exanple 10): curve-A-A-, as a function of the tinme T in
hours and at an | FN dose of 60 g/ kg. 107XAMPLES Exanple 1: Anphiphilic

pol ymer Pl Synthesis of a polyglutamate grafted wi th al pha-tocopherol of
synthetic origin 5.5 g of an al pha-L-polyglutamate (having a nol ecul ar

wei ght equival ent to about 15 10, 000THABLErlel ative to a pol yoxyet hyl ene
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hydr ol ysi s, |as descr g]uﬂmﬁlﬁéent appl |cat|on FRIA- 2080k 226) _&Jf€he polymer
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previously $ol B3 Iized i16.%0m of Dweiphagogpherobf 41 di me#hyl amijnopyd$.206e,
previously sol gbi lized i19,000mM of DVF chakgtefbl57 g o¢f 5 11,500

di i sopropyl carfadi 1 de, | qajpev! OUfl y scghgp,gﬂekﬁeﬁ 'nj6 n §f DVF, arelggg@d I

AL 4

successi pn R Ql‘l% o “UUI@(ﬂ)b 25C U,Sibod lllglg, tie lt: O :ghu Ii 560

poured inte 866 cont-at-ri 5% ot sodi-um-¢c m- de

hydrochloric, @mOévoe(pmhzknqumWémﬁr eci p| tated pol ymer i s t hen recovered by
filtration aMOMagraéan%meS@H@tﬂbmgrdm&ﬁM&l c acid and then with water. The
pol ymer is s%@ﬁmtl&nbloylgrnesol ubilized in 75 m of DWVF and then

repreci pitated in water containing, as previously, salt and acid to pH 2.
Af ter two‘S washes with water, the precipitate is washed several tinmes with
di i sopropyl Bxdmple 3tHrepotatimar of 30t tdrofda ifebmulation of dmtevfeden alphai2im 30 at

40C to give QFNLF@L'%#&{H%TOQ#&@; pgf 85% Exanple 2: Anphiphilic polyners P2,

P3, P4, P5 ﬁ@ rs are obtained in the same way as the pol ymner
Pl1. Table 1(I@meara§9mﬁapsz delselwionrod emphipbilicplyher: hese pol ynmers. Those

of the pol ynes Pdr RbBhilided Bowast HYheayngMphER PSR ad® P6 of Example 2
10  above are introduced into a flask. This powder is dissolved in 30 ml of sterile
water for injection. The polymer solution is kept at 35°C for 16 hours, with
magnetic stirring. The osmolarity of the solution is adjusted to 275 * 20 mOsmol
with the aid of a Fiske Mark 3 osmometer by introducing the necessary amount of
5.13 M aqueous NaCl solution (30% w/w). The pH is adjusted to 7.4 £ 0.2, if
15 necessary, by the addition of IN NaOH solution. The polymer concentration is
adjusted to 45 mg/ml by the addition of sterile 0.15 M aqueous NaCl solution. The
polymer solution is subsequently filtered on a filter with a pore size between 0.8
and 0.2 micron, and then stored at 4°C.

20  (b) Association of the protein with the polymer:
26.65 ml of the above colloidal solution of polymer P6 and 1.85 ml of IFN solution
(PC GEN; concentrated solution containing 2.42 mg/ml) are then mixed in a glass
flask. The osmolarity and the pH are readjusted to 300 £ 20 mOsmol and 7.4 *
0.2, if necessary, by the addition of 0.1 N sodium hydroxide solution and sterile

25  0.9% sodium chloride. The solution loaded with protein is aged for 5 h at 25°C in
an oven and then filtered on a 0.8-0.2 micron filter. This gives 30 ml of a ready-to-
inject formulation containing 0.15 mg/ml of IFN and 40 mg/ml of polymer P6.



TABLE 1 Pol ymer Mn' g/ nol of the Hydrophobic group% grafting M g/ nol

pol ygl ut amat e( NMR) of the pol yner P 110, 000al ha-torn herol 713, 900 P210, 000al
ha-torn herol 414, 400 P316, 900al ha-torn herol 415, 200

P410, 000chol esterol 511, 500 P516, 900chol est erol 512, 900

-P610, 000n- dodecanol 1511, 500 i n pol yoxyet hyl ene equi valents 2 nolar grafting
rate estimated by proton NVR 3 of synthegtic origin 5 Exanple 3: Preparation
of 30 M of a forrmulation of interferon alpha 2b (I1FN) based on the pol yner
P6 (a) Preparation of a colloidal solution of anphiphilic polyner: 1.5 g of
| yophi |'i zed Etmdmle &f Prépmratiphi ¢fhial longpastingnformulation Pef dteEfenompl @FN) 10
above are in i | m of
sterile wat té‘? I’(l) tielg é’seH Qﬁ"éntla}:{' %?‘Pé\gl%gte |ogF1ﬁ| ]Zociiln\é??Pi ?%gg for 16
hours, with Thﬁgﬁ@ﬂﬁ“r@l@t ISr earﬁgd Gph@sagn’éxaanpl@ﬁ offirst by @r@pmngon qodlogd ust ed
to 275 20 gﬁ'ler sWuﬁGn taf"? 29't9né§fth@ dEél?éﬂeﬁMrcgn&nﬁﬁMﬁ& EheiVy I'iﬁ{lfféiuc' ng

t he necessar M aqueous. NaCl sol ution ( O%W/W) The

adj usted o lsnsolethn “fﬂfh qsomf@etr@fgéﬁverfﬁryntSH@t@acﬁoma@nn&f ApNmgi $he ut i on.

The pol yner comeRNIHAE b%ielhssoltﬁi@hlﬁﬁél@rrﬁlﬁedlﬁy RO G¥indMhetiiRnadtPikio T 1A
sterile 0.15 M aqueous NaCl solution. The polymrer sol Utl%n I S, subsequent |y

filtered on BOWmMeE é‘ronﬁ?rﬂ’im&np@r esmz@elae%@ﬁtr@w@ a8 . Exampleod; Bhd t hen

stored at 4Ceo&@n&:h)o OllSPfI&HjL@ﬂnﬁfts hleemideobethe atditiort HENRO] YdTefion 8&d 65 m
of the above c 3‘9’8 tl on of polyner P6 and 1.85 ml of IFN solution
(PC GEN, con ‘HS’H containing 2.42 ng/nm) are then nixed in a
gl ass fl(ask The osm)l arity and the pH are readjusted to 300 20 nOsnol and

ng st erl I e Egnec&/éa%ﬁ#&ﬁngr P ﬁd*hérqr%e@g|kp{qlrgﬁ‘y$§x§£fggﬁmﬁo gt éﬁm ution

aged for 5 hnamopbr€icles of different polymers PO according to the invention

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

15 The PO solutions are prepared at concentrations of 1 or 2 mg/ml in 0.15 M NaCl
medium and stirred for 24 h. These solutions are then filtered on a 0.8-0.2 um
filter before being analysed by dynamic light scattering using a Brookhaven
apparatus operating with a vertically polarized laser beam of wavelength 488 nm.
The hydrodynamic diameter of the nanoparticles of polymer PO is calculated from

20 the electric field autocorrelation function by the summation method, as described in
the work “Surfactant Science Series” volume 22, Surfactant Solutions, Ed. R.
Zana, chap. 3, M. Dekker, 1984.

The following results are obtained for the polymers PO P2, P3, P4 and P6 of

Example 2:
25
TABLE 2
Polymer Mean hydrodynamic diameter (nm)
P2 60
P3 90
P4 30
P6 15

Example 6: Spontaneous association of a protein with the nanoparticles of
polymer PO

30 A 25 mM phosphate buffer solution is prepared from powdered NaH,PO, (Sigma
ref. S-0751) and adjusted to pH 7.2 with 1 N sodium hydroxide solution (SDS ref.
3470015).



an oven and then filtered on a 0.8-0.2 mcron filter. This gives 30 m of a
Teady-to- inject fornulation containing 0.15 ng/m of |FN and 40 ng/m of
pol ymer P6. 27 Exanple 4: Preparation of a |long-acting fornul ation of
interferon (I1FN) according to the present invention, based on one of the
.polynmers P1 to P5 The preparation is carried out as in Exanple 3, first by
preparing a colloidal polynmer solutionpgt 1.25 tinmes the desired final
concentration and then by mxing 5 this solution with a concentrated
interferon solution containing 2.42 /m . The volune of the protein

sol ution i s AepHpidahstspensiarhelosdnegartinkes of pelydwd Pd ds ipeepafed: byedisgdvipgdr

concentrati el A | .
concentrati grﬁg;é’%d}fgﬁ? Qgﬁ}gtk %ﬁ?gﬁgﬂgﬁggﬂgﬁ %Be gﬁ?@&% %Ffeklg%uug%l ution
and sodi um AystckxdodeionodfuBB Ar(Siga Bx3F3H) ds preprrsdsyr disenlvingf1 0t mg/mieefh

hydr odynam CtthPdT&h%r&foﬁdl@sinﬂﬁé‘%ﬁéBﬁi%res of different polynmers PO
according to the 1 nvention The nean hydrodynam c di aneter of the particles

of pol ymer Pthesteds Wilytipns and the bufiey asstfilipred en a2 &l the Mi procedure

defined bel oyfixtdes TRenRR 89!yt theRadiAbR oP pRRRIBHIRYE INAENf AkitRaSst@k 1 or 2
ng/m in 0.15 M NaCle{lﬁt?l um and, st These sol utjons are then

rred for 24 h
filtered on luiogsgn a7 1tBF PhRRRE hgHRAElSEUING R 1@P#moh Bmplesht
scattering Usivig a ESmReDPORYMerd pPRetratorO @1 aightl) Waid) ideryind Gadtkin
pol ari zed | aser beam 0{9 V\ﬂ\é§| en bh 488 rim The hydrodynam c di aneter of
t he nanopar tS8FELIaEPNHY mlg@q s calculated from20 the electric field
aut ocor r@l atThesafdpiestdretefbi dsheriste fored haurs aE2370Y aftaswhieh chéybad ahalysddne wor k

S TRCtan L S S St gy LSRN, SO PREy Flhoie
pol ymer s PO pRateinPand Pde gmoteiPSpalymeExamplez ®@: b@ 3ishiaABrdd Refandtylyer Feether
hydr odynam Cdegeliﬂ%%t fhls t(samlqlf)ezr%gy b2 %gta%kﬁoo}P go:h?ulting the following article: Gao
J.Y., Dublin P.L., Muhoberac B.B., Anal. Chem., 1997, 69, 2945. The analyses are
15 performed on an Agilent G16000A apparatus equipped with a fused silica bubble
capillary (type G1600-62-232). The height of the first plateau, corresponding to
the free protein, makes it possible to determine the concentration of non-associated
BSA. Experience shows that, for amounts of proteins below 0.1 g of protein per g
of polymer, the protein is associated with the nanoparticles of polymer.
20
Example 7: Determination of the gelling concentration C1 for the polymers
PO P1 to P4 and P6
The IG test is applied to IFN formulations associated with the polymers P1 to P6 of
Examples 1 and 2. The protein concentrations of these formulations are shown in
25  the Table below. The relaxation time of the formulations in the presence of BSA
(concentration 30 mg/ml) is measured by the procedure of the IG test. The critical
concentration CI1, for which the relaxation time exceeds 1 s, is shown in Table 3

for IFN.
30 TABLE 3
Induced gelling concentration for IFN formulations

Polymer P1 P2 P3 P4 P6

IFN concentration | 0.3 0.15 0.15 0.15 0.3
(mg/ml)

Concentration C1 17 >30 16 17 >50
(mg/ml)




Exanpl e 6: Spontaneous associ ation of a protein wth the nanoparticles of
‘pol ynmer PO 30 A 25 nM phosphate buffer solution is prepared from powdered
NaH2PO4 (Sigma ref. S-0751) and adjusted to pH 7.2 with 1 N sodium

hydr oxi de solution (SDS ref. 3470015). 28 A coll oidal suspension of
_.nanoparticles of polymer Pl is prepared by dissolving 5 ng/m of the

| yophi l'i zed pol yner overnight in the abgye phosphate buffer solution. A
stock solution of BSA (Sigma A-2934) is prepared by dissolving 10 ng/ m of
the protein for two hours in the sanme buffer. 5 The stock solutions and the
buf f er are fEkampled:dPhantacaRinetics bf EFN iM the dogsaftersubrdtangpudbinjedtionaddi t i on
of predeter t in the
phosphat e b%t?aglflli\'ﬁ) :fmfiﬁ{m rbgﬁ’m H% o tﬂg §ele&wpuﬁéc8p(ﬁngqg ﬁﬁé in'%ﬁﬂ&é onst ant
pol ymer concarformulaton (8) of moylcgﬁtatlpn&%mrnb qmlld(ﬁlem}nphlbgrpob'mqrd’tll ons (0
to 1.8 mg/m ]gpd&lr{ t 25C
after whic %R%éegggg&a%(gﬁ%/ﬁg ‘%‘3"%‘:‘%?‘7 @raé?ﬂé??%cﬁg%de% s u Q

so-cal | ec5 frT)liﬂ’e‘ Aprpletiadis ipisried Sabwswovﬁé ntgrBraglendegsdnthé) pr %)fl@$°n°fpol ymer

conpl ex to by MpkHaldepsfl sa%ﬁﬁga}ee{aken BULtder, zdewdss 7%, hm) tlmvhmsque may

be obt ai ned by consul ting t fol Low ng article’ i
Mihober ac B.a8id 24&hhpurs. plaspap) @gncezlgatson %@em%%éh%ﬁ?é% esém or med

on an Agil erEL@JA@@MI@maMmmmqgl pped with a fused silica bubble
capill ar type G16Q0-62-2 . The hei ght the fi.r
corpr es po%dl( n@? §1VeE Hi PrYLP %’B? 8?‘??611%2‘&”9 ﬂepi?%vpdfl?l%‘ge f‘&‘cﬁ‘l leatbhe
concent rl@L [ lczsrhowg theOprodsfped réelead of Wpro@(@ﬁfth ﬂmm@hmﬁmphfbatmtﬁ alcoagslunt s of g
pr ot ei ns bel ow 0. r ot ei t he pr in,is associate
N th the nargpananer éd) oB Bl ® ot wltER TRl RidioR s medRe
gelling conamldtenﬂ;bmphilié:bol}onertﬂ’fe(qmbgmmnsn 40GnP/ml) ¢cPA ableds Hﬁxa‘ﬁir;ﬂe I9§5 test is
appl 1 o0 10 b RLIMAAAD AP S GLeR, 6 BHdithlisn BOIRASE PN Ble

s"&r e shown

Exanples 1 an |n concentra orrm
in 25 the mmdabemwcordmtpéhempmm is ieptimated by encasuring: at | ons in the

pr esence s0f (g')SAth(:Cf?r%eﬁﬁlﬁi‘t W3R Y mehldnsomﬁéwn%ﬂ £8Y witf %Hfae of the

| G test. The critical concentratlon , for which the re xatl ntlrre
exceeds 1 s, i sconkentrrtion iTaly wagimyny, IFN.

(b) the time T50, which is the mean of the time after which the area under the
plasma concentration curve reaches 50% of its measured maximum value.
In the case of this formulation, the times Tmax and T50 have the following values:
20 Tmax = 48 hours,
T50 = 54.2 hours.

Example 9: Pharmacokinetics of IFN in the dog after subcutaneous injection
of various IFN formulations based on amphiphilic polyamino acids
25  The following formulations are prepared by the procedure described in Example 4:

TABLE 4
Formulation | Polymer Polymer IFN Relaxation
concentration | concentration time Tr
(mg/ml) (mg/ml) )
A P1 30 0.3 >10
B P1 10.5 0.15 <0.3
C P2 15 0.15 <0.03
D P6 40 0.3 04

The polymer concentration of the formulation A is greater than the gelling



30 TABLE 3 I nduced gelling concentration for IFN formul ati ons

‘Pol ynmer P1P2P3P4P6 | FN concentrati on0. 30. 150. 150. 150.3 (ng/ m ) Concentration
Cl 17>301617>50 (1119/1111) 29 Exanple 8: Pharmacokinetics of IFNin the dog
after subcutaneous injection of an IFN fornul ation belonging to the

.sel ection according to the invention A forrmulation (A of IFN (concentration
0.3 ng/m ) and anphiphilic polyner Pl 3fconcentration 30 ng/ml) is prepared
by the procedure described in Exanple 4. 5 This fornulation is injected
subcut aneously into Beagle dogs (n = 3) at a dose of 60 pg/kg. Serum

sanpl es are takertraion1C1 Speapdred 2a, ESdppld &, T2 otled, waid, thedrt]axatién timed 240
hours. The p d t ELI SA
(I munot ech #%?S%Ek%%%%{ Esa%{e ﬁrlt ?%1%%&{111% g@ﬁwﬁ%ﬁﬁ%@%atl oén%pr ofile
shown in Fi gluﬁl@lgs towkhiec hel@crtm ac‘yzor@mg stﬁoths lnh@ltmnol éhgde ptieedwadothe he
protein I nt OuBen N GOMRA ithulhiddhs SBE QAR D nieésattyaeﬁ theR) - gNHg
according to the I nvent1 on, N (concentration O. ard

anphi phi 15 ¢ eaceRtEatiops secséﬁic@ﬁwlatlmﬁrﬂmnptrbsl% ty ﬂ(ecsfelecmaw@ccsdmgﬁaﬂw e 9).
From a quantj{.&itione poi nt of view, the prolongation of the release of IFN by
the fornulations according to the inventjon is estimted by neasuring: 15
(a) the ti melbesafornyations;age ﬂmﬂ@ctﬁimtaﬁeagfeﬁmsw #eciorsepfm HKE i’éf‘&’sm&
concentrat i Ofapipfesaire takeR 4t mmu(@z) 3r6h¢8 172796, TED, 1M 1618 and 240 oIRAMIRS t he

time after i ch area under t rTR concentrati pn curve reaches 50%
of its measutedm FRAFERERL PR 1S F}?afq{%‘P%salgé OPTEIRUS "ation, the times
Tmax andoTSOTHmﬁeé mﬂlaﬁ&hﬂd\&()rfgr thelforesulatiotl ABYC andl® sreshewn THVable 34. 2
hour s. ng?e 9: Pharnmacokinetics of IFNin the dog after subcutaneous
i njection %rious I FN formul ati ons based on anphi philic pol yanino acids
25 The followi ng fornul ations are prepared by the procedure described in
Exanpl e 4: TABLE 4 Pol yner TABLE 5
Reference of Tmax (h) T50 (h)
formulation
A 48 54.2
B 5 16.7
C 11 19.3
D 5 17.3

15  Thus the formulation A, which belongs to the selection according to the invention,
has a considerably longer release time than the formulations B, C and D, which do

not belong to the selection according to the invention.

Example 10: Observation of the gelling of the formulations according to the
20 invention in vivo after subcutaneous injection

The subcutaneous behaviour of the formulations according to the invention was

studied in the domestic pig. Six domestic pigs were injected under the abdominal

skin, to a depth of 4 mm, with 0.3 ml of the following formulations:

Formulation A: isotonic aqueous solution, pH 7.3, of the polymer P6 of Example 2
25  ata concentration of 45 mg/ml. |

Formulation B: isotonic aqueous solution, pH 7.3, of the polymer P1 of Example 1

at a concentration of 20 mg/ml.

Samples were taken from the injected sites 72 hours after administration. Histo-

logical examination discloses the presence of a gelled deposit of polymer for the
30 formulation B. It takes the form of uniformly coloured plaques. By contrast, this



I FN Rel axation Formul ati onPol ynerconcentrati on concentration tinme Tr mm ) m
m ) (s) AP1300. 3>10 BP110. 50. 15<0. 3 CP2150. 15<0. 03 DP6400. 30.4 The pol yner
concentration of the forrmulation Ais greater than the gelling 30
concentration C neasured in Exanple 6. In other words, the relaxation tine
-measured in the 1Gtest is greater than 1 second. This fornulation A
therefore belongs to the selection accanding to the invention. On the other
hand, the concentrations of the formulations B, C and D are less than their
gelling 5 concentrations, so said fornulati ons do not belong to the

sel ecti on acplengimegon gs mak obsarveshfarathe fomeatidro Amfbrawhiets ther polymeedagd i nt o
Beagl e dogs %lﬁat@@ﬁ&%@n%&ﬁlg afibesha sanples are taken at 1, 5, 11,
24, 36, 48, , 96, 120, 144, 168 and 240 hours. The plasma |IFN

concent r at i off May he gsphadzekthptthepolypernmaiix Byigpprfectly)blodegradablesinggrax and
T50 for the f{@rlaldsBmphotelPretrm@Bdo [ Abthal S@Whftdd 2TaRY€ 5 below. TABLE 5
Ref erence of Tmax (h) T50 (h)  formul ati on A4854.2 B516. 7 C1119.3 D517.3 15
Thus the formulation A, which belongs to the selection according to the
invention, has a considerably |onger release tinme than the fornul ations B,
C and D, which do not belong to the selection according to the invention.



Exanpl e 10: Cbservation of the gelling of the formulations according to the
20 invention in vivo after subcutaneous injection The subcutaneous behavi our
of the fornulations according to the invention was studied in the donestic
pig. Six donmestic pigs were injected under the abdominal skin, to a depth
.of 4 Mqm with 0.3 m of the followi ng fornulations: Fornulation A: isotonic
aqueous solution, pH 7.3, of the polynenyP6 of Exanple 2 25 at a
concentration of 45 ng/m . Formulation B: isotonic aqueous solution, pH 7.3,
of the polynmer Pl of Exanple 1 at a concentration of 20 ng/m . Sanples were
taken fromthe injected sites 72 hourGLAIM& adnministration. Histo- |ogica
exam nation discloses the presence of a gelled deposit of polyner for the
30 formulation B. It takes the form of unlforn1y col oured plaques. B

contrast, thls 31lighihorkaarcsuicabt fspakaioad for theneProdengsd atrelsasea, of or

whi ch t he poihié‘i‘ﬁforﬂés thib %ﬂrﬂdlitﬁineéb s\ﬁ%eéh h&\féoﬁ@kbﬁ’&@&l Ju'sﬁén%ﬁm df1oRy be
enphasi zed that the 'poly nmatri.x f?é ectl @%ra abl e since the

ti ssue has CHRISEY @Ia§ﬁdr‘é‘% ﬁ’iﬂh‘ﬁ’d’r%" paric r%Wat§Ii’ ‘éb Sfbt1 ggaﬁablgygo ymer CLAI M5
1. Liquid szTBGQWhh £ alydtephabicataups f @IGY, haid ke deing! a8soedlently
S

of Fow 5 vi sisbRs BT 167t QOB EIER EnpaP Rl IE 0] Slato POE GIISE e gension

of low 5 vi

bi odegradabllﬁlrpqﬂymp) cﬁzﬁ@)teﬁ@ddrmltm hydrophobl c groups (HG, said particles
bei ng non-coyal.en terfergn and optionally

o that T east - Gtreisnerains et g S tpF shiheption ERBARarSEE o FAT: [ that - tho
di spersilon nﬁdsmrhfofrnﬁlla&on; iss papablicoof Esisentjecddd parentesillyt adothemedommming B0 sai d

formul ation i sg&m gsip[nn‘g% rlﬂls'fg{lﬁactfo?l%ffﬁgeﬁ&? ﬁé%lsgy and then formng a

gel | ed deposit®rn vi forma eposit : o on the one
hand being at keast th@amtel lsandaiwsr@latbl)eaﬁtpanéasausgdnby@hj@sbbmgpbmologpdt ein

present in vivo, Bert iEvQbher hand making it possible to prolong and
control the in wﬁ\%g%ﬂg%]%re eagle time of the AP beyond 24 h after

admini stration? and ansthejothar dankgekingliepessjbde to prelangraidiconiiel the amgivior i s
al so liquid at theRfyshebPeiccab bbRMALUA Mic adiiHiffatRH and/or in the

¢ it is liquid under the injection conditions,

¢ and it is also liquid at the physiological temperature and/or pH and/or in the
presence of:
* aphysiological electrolyte in a physiological concentration,

20 * and/or at least one surfactant.

2. Formulation according to claim 1, characterized in that its concentration of
[PO] is set at a sufficiently high value to allow the formation of a gelled deposit in
vivo after parenteral injection, in the presence of at least one physiological protein.

25
3. Liquid pharmaceutical formulation for the prolonged release of
interferon(s) and optionally other active principles (AP), this formulation:
o Dbeing liquid in the ambient atmosphere,
o also being liquid at the physiological temperature and/or pH and/or in the
30 presence of :

* aphysiological electrolyte in a physiological concentration,
* and/or at least one surfactant,
o and comprising an aqueous colloidal suspension of low viscosity based on
submicronic particles of water-soluble biodegradable polymer PO carrying
35 hydrophobic groups HG, said particles being non-covalently associated with at



presence of: * a physiological electrolyte in a physiological concentration,
20 * and/or at |east one surfactant. 2. Formulation according to claim1,
characterized in that its concentration of [PQ is set at a sufficiently
high value to allow the formation of a gelled deposit in vivo after
.parenteral injection, in the presence of at |east one physiol ogi cal protein.
25 3. Liquid pharnaceutical formulationzgor the prol onged rel ease of
interferon(s) and optionally other active principles (AP), this fornul ation:
o being liquid in the anbient atnosphere, o also being liquid at the

physi ol ogi cal {espenatcie pribiple AP antfher dispersine m&Uupr el tecaispénsion*  a

physi ol ogi cal e steﬁﬁ{lfiJ %nglsgg%gf‘gg%p ol ogi cal concentration, * and/or at

| east one surfac nmprising an aqueous col I oi dal suspensi on of
| ow Vi scosi tohabateidedm tmubsmcm@ntretlcgaof if]es sof atvaasidficisnilybigh milwdtegr adabl e

pol ymer PO Gl iOrarigidy UF aPLel UBbaY RS vild, ifi3hd P&Eﬁdecbfgtl REMhe | he

non- coval entTy ‘assocliated w th cast oné active princi

di spersi én madieum of the susp_en5| on essentially consisting of water,
characterized in that its concentration of [PO is set at a suffici ently
hi gh value to allow the formation of a gelled deposit. in vitro, in the

presence of 4t | dgmulsiion ascordedp pny pne Péﬁhﬁnraﬁqd@rg elaiony, ah#gctedzehip one of

t he precedi r}gatq{sqjoﬁgentpaﬁ@ﬁ@pgm]lg@ﬁlcﬂﬂhat,that its concentration of [PO] is
such that: [P N preferably 20.C1 > [PQ ? d, ™ and

particul arl v pHPEE Q5 Lio a1 > [POQ > d, where C1 is the "induced
gel l'i ng 10comeg;df@fhb19rzoqf1 blppoparall cles of PO as neasured in an IGtest.

15 5. For nul ation acc to a e precedi ng cl ai ns,
characterized ?‘prpffrﬂﬁ‘f %l&l%rs% @lggg(lf)]es than or equal to 5 Pa.s at 20C.
6. Formul at iv@lﬁbr@O@Drldlﬂhg ‘tmdzmay iBn®t cohenpaaedif necpatioks athBOaciseri zed

in that the asu LTer arl?%ltesta pol yam no acid formed of aspartic units and/or
glutam c

15 5. Formulation according to any one of the preceding claims, characterized in
that its viscosity is less than or equal to 5 Pa.s at 20°C.

6. Formulation according to any one of the preceding claims, characterized in
that the polymer PO is a polyamino acid formed of aspartic units and/or glutamic
20 units, at least some of these units carrying grafts containing at least one hydro-

phobic group (HG).

7. Formulation according to claim 6, characterized in that the PO is (are)
defined by general formula (I) below:

25
3
/COOR

ﬂL M /H/kmw

[GH] /
)

in which:
30 = R'is H, a linear C2 to C10 alkyl or branched C3 to C10 alkyl, benzyl, a



20 units, at least sonme of these units carrying grafts containing at |east
one hydro- phobic group (HG. 7. Fornul ation according to claim®,
characterized in that the POis (are) defined by general forrmula (1) bel ow
25 RR COORS A, JOAHO[GH7R4 (1) NHR in in which: 30" RLis H a
linear C2 to CIO alkyl or branched C3 to Cl O al kyl, benzyl, a 34 term nal
amno acid unit or -R4-[HG; " RRis H 3a linear C2 to ClO acyl or branched
C3 to CIO acyl group, a pyroglutamate or -R4-[HG; »~ R3is Hor a cationic
entity preferably selected fromthe, group conprising: 5 - netal cations
advant ageous| y teyaliead aadng a@%unﬁ@rs&%a%hp conprising sodium potassium

cal ci um and Jjraglegl 4M, tin@frdedi & €3h! K9P &%%&ﬁee@y%yczela%gf %ﬁoxf&[ Qm the

[
subgroup conpri si rég“ cations based oh ami ne, cations base i goam ne,
10 cations badgeprehramparwanknBCpol yet hyl eni ni ne being particularly

preferred), = amdi¢Rtdrartatibmedtifprafiddd fidctdstorndragoapesmplivingel ected from
the class conprisi nﬂ cati ons, based oln I‘%im?rhe %naﬁ)%l nine, - and cationic

pol yami nd aci d5 ad6%htRHent, Adyatageousls oselecied (Fm sty sEhgsoun somistssi ng
pol yl ysi ne and ol dod@iny,giofssiutn, Bdlchen andiinagsdsivagnd or a "spacer” based on |
to 4 amno acid units;

Lo 8 amino ech § UILLS, cob A ISERRAESILL LS fbadh ety OBC sspart 10 im0
rate and varies fé& ot Hasedl@Oarmine %)
e cations based on oligoamine,
10 e cations based on polyamine (polyethylenimine being particularly
preferred),
e and cations based on amino acid(s) advantageously selected from the
class comprising cations based on lysine or arginine,
- and cationic polyamino acids advantageously selected from the subgroup
15 comprising polylysine and oligolysine;
= R%is a direct bond or a “spacer” based on 1 to 4 amino acid units;
» A independently is a radical -CH»- (aspartic unit) or -CH,-CH;- (glutamic unit);
* pn/(n+m)is defined as the molar grafting rate and varies from 0.5 to 100 mol%;
* p/(n+ m) is defined as the molar grafting rate and its value is sufficiently low
20 for PO, dissolved in water at pH 7 and at 25°C, to form a colloidal suspension
of submicronic particles of PO, n/(n + m) preferably being between 1 and 25
mol% and particularly preferably hetween 1 and 15 mol%;
* n+m varies from 10 to 1000 and preferably between 50 and 300;
» HG is a hydrophobic group.
25
8. Formulation according to claim 6, characterized in that the PO has (have)
one of general formulae (II), (III) and (IV) below:

COOR® Coor®’
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An/(n+m is defined as the nolar grafting rate and its value is
sufficiently low 20 for PO dissolved in water at pH 7 and at 25C, to forma
col | oi dal suspension of submcronic particles of PO n/(n + m preferably
bei ng between 1 and 25 nol % and particularly preferably between | and 15
.mol% ~ n + mvaries from10 to 1000 and preferably between 50 and 300; ~
HG i s a hydrophobic group. 25 8. Fornul g§i on according to claim®6,
characterized in that the PO has (have) one of general formulae (11), (111)
and (I'V) below. 0 COOR COORS O [GH\R4 H | -1 1 4 ARBOR4 i [CGH 30
35 H [GH 4,NR (i) [GH] \R4 3. ‘E@@?/[GH] 5|n \A@P@‘P\R AHG i s a hydrophobic

group; R30 is a linear t,QCG kﬁ/ﬁ;upo
GH]
GH, [
_ 4/ RS0 wﬁ - 4/

(1)

3
COOR

R
[GH] N P\ [GH]
\R4 — ‘H)\T n" R4 /
O H

1v)

5  in which:
*» HG is a hydrophobic group;
» R*isa linear C2 to C6 alkyl group;
» R¥is H or a cationic entity preferably selected from the group comprising:
- metal cations advantageously selected from the subgroup comprising
10 sodium, potassium, calcium and magnesium,
- organic cations advantageously selected from the subgroup comprising:
e cations based on amine,
e cations based on oligoamine,
e cations based on polyamine (polyethylenimine being particularly
15 preferred),
e and cations based on amino acid(s) advantageously selected from the
class comprising cations based on lysine or arginine,
- and cationic polyamino acids advantageously selected from the subgroup
comprising polylysine and oligolysine;
20 = R*isaC2toC6 alkyl, dialkoxy or diamine group;
» R*is adirect bond or a “spacer” based on 1 to 4 amino acid units;
» A independently is a radical -CH,- (aspartic unit) or -CH,-CHj,- (glutamic unit);
= n' +m’ orn’ is defined as the degree of polymerization and varies from 10 to
1000 and preferably between 50 and 300.
25
9. Formulation according to claim 7 or 8, characterized in that the HG of the
PO each independently of one another are a monovalent radical of the formula

below:



"R3, is Hor a cationic entity preferably selected fromthe group
conprising: - netal cations advantageously selected fromthe subgroup

conpri sing sodi um potassium calciumand magnesi um - organic cations
advant ageously sel ected fromthe subgroup conprising: 10 cations based on
.am ne, cations based on oligoam ne, cations based on pol yam ne

(pol yet hyl eni m ne being particularly pragkerred), and cations based on am no
aci d(s) advantageously selected fromthe 15cl ass conprising cations based on

| ysine or arginine, - and cationic polyanyno gcids advantageously sel ected
fromthe subgroup conprising polylysine ahd ol|i gol ysine; 20"R50 is a C2 to
C6 al kyl, dial koxy or diami ne group; ~R4N (rect bond or a "spacer”

based on 1 to 4 amino acid units; A inhdepende tFS/ is a radical -CHz-
(aspartic unit) or -CH2-CH2- (glutamc unit)ls n° + mM or n" is defined as
the degree of polynerization and varies from 10 to 1000 and preferably

bet ween 50 and 300. 25 9. Fornul ation accordH® to claim7 or 8,
characterized in that the HG of the PO each i ndependently of one another are
a nonoval ent radical of the fornmula below 36 H Nin which: 5 - RS is a
met hyl (al aninnehichi sopropyl (valine), isobutyl (leucine), sec-butyl

i sol eucine) orpsb e ni. X -] o) | & r.adi
E:ont ai ni n% %?on%%%ozaybﬁﬁ@gr{%%ﬁ%eﬁbﬁs?}onﬂ l(@@ééeﬁb%owg{ln ch’:?ﬂeé,_ S%\Ob'%gi
For nul ati on acdipltugige} or bsinaylfplenyddlanin®)t eri zed in that all or some of the

hydr ophobi ¢ radjsg : : ,%qg I I d fromthe group
of radicals cgir:g?%??’%?ﬁéblg?ﬁn%gggt%ﬁ raﬁgﬁggglc}(&gb%é ag(%{r%tgai ning from6 to

30 carbon atong vanes &epdbiod. of containing at | east one heteroatom
(preferably 0 and/or N and/or S) and/or at

10 10. Formulation according to claim 9, characterized in that all or some of the
hydrophobic radicals R® of the PO are independently selected from the group of
radicals comprising:

* a linear or branched alkoxy containing from 6 to 30 carbon atoms and capable
of containing at least one heteroatom (preferably O and/or N and/or S) and/or at

15 least one unit of unsaturation,

*» an alkoxy containing 6 to 30 carbon atoms, having one or more fused
carbocyclic rings and optionally containing at least one unit of unsaturation
and/or at least one heteroatom (preferably O and/or N and/or S),
= an alkoxyaryl or an aryloxyalkyl having 7 to 30 carbon atoms and capable of
20 containing at least one unit of unsaturation and/or at least one heteroatom
(preferably O and/or N and/or S).

11.  Formulation according to claim 9 or 10, characterized in that the
hydrophobic radical R® of the graft of the PO is derived from an alcohol precursor

25  selected from the group comprising octanol, dodecanol, tetradecanol, hexadecanol,
octadecanol, oleyl alcohol, tocopherol and cholesterol.

12. Formulation according to claim 6, characterized in that the PO consists of
an alpha-L-glutamate or alpha-L-glutamic homopolymer.

30
13. Formulation according to claim 6, characterized in that the PO consists of

an alpha-L-aspartate or alpha-L-aspartic homopolymer.



15 least one unit of unsaturation, * an al koxy containing 6 to 30 carbon
atons, having one or nore fused carbocyclic rings and optionally contai ning
at least one unit of unsaturation and/or at |east one heteroatom
(preferably 0 and/or N and/or S), an al koxyaryl or an aryl oxyal kyl having 7
.to 30 carbon atons and capable of 20 containing at |east one unit of
unsaturation and/or at |east one heterogyom (preferably O and/or N and/or
S). 11. Formul ation according to claim9 or 10, characterized in that the
hydrophobi ¢ radical R6 of the graft of the POis derived froman al cohol
precursor 25l4el eBorethldtiomnacchrding wugaiow Apehasaateriasdtinnivdt, thel ®decansoits of

t etradecanol . h qcC ad gﬂgﬂ ol ey €0 : lﬁﬁpﬂ' I d

chol esterol . %™ qm%gﬁ“wgﬁrbg%tﬁtgﬁﬂg{gﬁg I ngét'?o (%:rlealhlr%ﬂ%fi %:Eﬁgl;tgz:a?erl z?ﬁdﬁ%rrlll?c?hat t he
PO consi st s @polymeral pha- L- gl utamate or al pha-L-gl utamn ¢ honopol yner. 30 13.
Forrmul ati on according to claim®6, characterized in that the PO consists of
an al pha-L-aspartate or_ al pha-l-aspartic honopol ynmer. 37 14. Fornul ation

accor di ng t olx! ai Fersulation geprhing &y claim: Mhacharggtepized g dhats 1 Bre PQpthe

al pha- L- aspalif@befic 8hewelasfirtt aNBbE gRitanic Ridds leaPiRR gk fy @nbRfink 201dds@m c
copol ynmer. 5 15. For nul atltgn gccor I ng L}fcl)_@cl_al. 14, charac gr bfﬂeg in that,
in the PO, t9e HEiuats siph; thaf t8¢ resRngHeRmagrds gandom, o101 the flock dyrear r yi ng
grafts cont ajriyrmge Atltbeakityp@@ne HG unit is such that the resulting pol yner
is either random or of they%l ock type or of the nultiblock type. 10 16.

Forrmul ati on according to claim1, characterized in that the nol ecul ar
wei ght ai t hiss. PO Famgitivae accdfliflg andcldid, 100thagictepizednid aefties apdlycddat ween

5000 and 40, Q0 17.. For ti r di L0 aim.7. and

charact eri ze‘&elgﬁt ‘%/ﬁg‘%)i)pﬁéz’e%eﬁ b@ﬁﬂ%@?@sq(géfijnﬁoglgnﬁ@r% raH?ebeé‘?' E\g: ?Oé)fo the PO
is derived fandmOz000ad/mohol precursor forned of tocopherol, and in that: 1
% _[n/(n + mM] x 100<_ 10% preferably 3.5% [n/(n + mM] x 100<_ 7.5%

n+ mvaries from100 to 400 and preferably between 120 and 300. 20
17.  Formulation according to claim and 9, characterized in that the

15  hydrophobic radical R® of the graft of the PO is derived from an alcohol precursor
formed of tocopherol, and in that:
¢ 1% <[n/(n+m)] x 100 < 10%,
¢ preferably 3.5% < [n/(n + m)] x 100 < 7.5%,
¢ n+mvaries from 100 to 400 and preferably between 120 and 300.

20
18. Formulation according to claim 7 and 9, characterized in that the
hydrophobic radical R® of the graft of the PO is derived from an alcohol precursor
formed of cholesterol:
¢ 1%<[n/(n+m)] x 100 <10%,

25 ¢ preferably 3.5% < [n/(n + m)] x 100 < 6.5%,
¢ n-+m varies from 100 to 400 and preferably between 120 and 300.

19. Formulation according to claim 17 or 18, characterized in that the
concentration of polymer [PO] is between 15 and 50 mg/ml.

30
20.  Formulation according to any one of claims 1 to 19, characterized in that its
viscosity is less than or equal to 5 Pa.s at 20°C.

21.  Formulation according to any one of claims 1 to 20, characterized in that
35  the hydrophobically modified polymers PO are selected from the group comprising



18. Fornul ation according to claim?7 and 9, characterized in that the

hydr ophobi ¢ radical R6 of the graft of the POis derived froman al cohol
precursor fornmed of cholesterol: 1 %<_[n/(n + mM] x 100<_ 10% 25
preferably 3.5%_ [n/(n +m)] x 100< _ 6.5% n + mvaries from 100 to 400
-and preferably between 120 and 300. 19. Fornul ation according to claim17 or
18, characterized in that the concentrgaion of polynmer [PQ is between 15
and 50 ng/mM . 30 20. Forrmnul ation according to any one of clains | to 19,
characterized in that its viscosity is |less than or equal to 5 Pa.s at 20C
21. For mul atpOéyalmo@cacuiSnQOiy@a@hgmﬁSe(pmfer@bbf Hos¢ in shoGubgienp aomprisingd i n

that 35 the, hy ag rCalif o%aﬁ@%&bﬁ%&%&lg?%éhfrﬁg ?e‘fzﬁi Cérﬁidrrhﬂt‘ﬁ sthe

group conpri-si ng yam no aci ds har | preferab ose in
t he subgroup @ré%rl sing pullulans and/or chitosans and/ or
mucopol ysaccharides), gelatins and m xtures thereof. 5 22. Formnul ati on

according to any one of clal 1to 21, racterized in that its ht
fraction’of 42nt erE%?’Hﬁa(“@)l ARERT %é%@?)é?’é‘?ﬂo‘glﬁ%?lﬁlstlh@ Dushitastenred g dhati 1E§I es

[ non- associwpdigt ﬁa&h@ﬁ foeﬁma(fsrbhcs) ot z%soalae@ with the stibmikrddio Padieke ¢had-ed

i nterferon( %)%HY ’6‘? Fre e)ga r?l % SSOCI ated interferon(s)] <_ 0.5. 10
23. Fornul at® ?,4: GiFP®S 13 ﬁ'éc %laims 1 to 22, characterized in
that the lrde[ﬁoﬁarasﬁbdlaednﬂaférem(e)j <al,pha. 24. Fornul ation according to any
one of clalms t 2l C aactterlth,ro( {) 15 the additional active
princi pl e(s)° oPTFEFRIREROTeQgipEd gHcrle gsgr“o din, a glycoprotein, a protein
bonded t10 one or nore pol yal kyl ene egcoI chalns [ preferably pol yet hyl ene

gl ycol (PEG), chag.n I AR AL AR A0 %9' cﬂle fcgﬂ&% gagfha{a&&?em%g in fhat,

| i posacchari‘de onuc € or a pe

(these) addithé mmfer%tsun'@rfemmaildlapl e(s) pr ef erably bei ng sel ect ed from
haenogl obi ns, cytochrones, albumns, 20 interferons, cytokines, antigens,
anti bodi es, eryt hropoi etin, insulin, growh horm)nes factors VIIl and I|X,
haeropoi esi $4st i foraulatign fagearding, o4y gnexafiflems + kopaogharacterized m that

15  the additional active principle(s) other than interferon is a protein, a glycoprotein, a
protein bonded to one or more polyalkylene glycol chains [preferably polyethylene
glycol (PEG) chains: “PEGylated protein”], a polysaccharide, a liposaccharide, an
oligonucleotide, a polynucleotide or a peptide, this (these) additional active
principle(s) preferably being selected from haemoglobins, cytochromes, albumins,

20 interferons, cytokines, antigens, antibodies, erythropoietin, insulin, growth
hormones, factors VIII and IX, haemopoiesis stimulating factors, and mixtures
thereof.

25.  Formulation according to any one of claims 1 to 24, characterized in that it
25 is injectable by the parenteral, subcutaneous, intramuscular, intradermal, intra-

peritoneal or intracerebral route or into a tumour.

26.  Formulation according to any one of claims 1 to 25, characterized in that it
is intended for the preparation of drugs, particularly for administration by the
30 parenteral, subcutanecous, intramuscular, intradermal, intraperitoneal or

intracerebral route or into a tumour, or by the oral, nasal, vaginal or ocular route.

27.  Process for the preparation of drugs, particularly for administration by the
parenteral, subcutaneous, intramuscular, intradermal, intraperitoneal or

35 intracerebral route or into a tumour, or by the oral, nasal, vaginal or ocular route,



25. Fornul ation according to any one of clains 1 to 24, characterized in
that it 25 is injectable by the parenteral, subcutaneous, intramuscular,
intradermal, intra- peritoneal or intracerebral route or into a tunour. 26.
Formul ati on according to any one of clains 1 to 25, characterized in that it
is intended for the preparation of drugs, particularly for adm nistration by
the 30 parenteral, subcutaneous, intranggcular, intradermal, intraperitoneal
or intracerebral route or into a tunour, or by the oral, nasal, vagi nal or
ocul ar route. 27. Process for the preparatlon of drugs, partlcularly for
admi ni st r at i @ardsjerizaé inpthabrit epndists sesbentialy eiousing retrlensisend dermulatiorader mal |

i ntraperi tongc%rdg{ t%%[ng%hggpg%g&rp{o @Qute or into a tumour, or by the oral,
nasal , vagi nal ocu route, 39 characterized in that it consists
essentlally in u5|ng at least one formulation according to any one of

claims | to 6. 218en@%1r gebagctpe%u&emzéahﬁlr et ﬁré(ﬁlgﬂ-léegl shbdicrbdic GRMRIdsS es

subm CI’OI’]I Cc If())artl cles f or ned non- coval ent assocl ations as
C

defined in cloaned of neprgovalent P4Y APraspaciations 4 delined rklaine L @1dnig) theti ib

accordi ng t QuMiedREmMAthe Graiuldioh dcfordfhg té Any BRS biv@sinfar 10@uyg, according to
claim 28, characterized in that it consists of a powder or a gel. 10 30.
Process for the preparation of the formulation according to any one of v
clainms 1 to#6, dhaiwdigodutdciordindasd claim C8Nelasdgertd ¢ thatlid donkidts oftaaki ng a
col | oi dal suspepsi on %]1: nanoparticles of at |least one PO mxing this

col | oi dal s 5PbH8Yf nanoparticles of POwith at |east one 15 interferon
(and ondQor nore other possible active principles), preferably in aqueous
sol ution, tio t t t|n t he pH

and/ or the oShol erf% félssatgg tﬂgé’gééj &a?%ﬁ Ofoﬁl% Eﬁ%’hﬁhgﬂ dcc?r%ﬂ{gj tqﬁlg rf{e)sul ting
suspensi on. dkzﬁm%ﬂ.to%oclmactamdnmthaglttconmtalemesﬁallyahar acteri zed in that the
AP is (are) 'n ion for mxing
with the coI ylfg S%ds?l{)og%agl O%Qnﬁgyﬁg%%@#ﬁegggggg 9{5@9%} 32. Process for
the preparat¢ omlmlgt'lh@ tolloidalasuspensiarc of diangpardclenyf dHe with atllaastsore to 26,

charact q5i zed ifeff}gh (hhd GABSIrShdrE3RRP Podibl¥ dfive principles), preferably in
aqueous solution,
optionally adding at least one excipient,
adjusting the pH and/or the osmolarity if necessary, and
optionally filtering the resulting suspension.

20
31.  Process according to claim 30, characterized in that the AP is (are) in the
form of an aqueous suspension or solution for mixing with the colloidal suspension
of nanoparticles of PO.
25 32.  Process for the preparation of the formulation according to any one of
claims 1 to 26, characterized in that it consists essentially in:
¢ taking a powder of at least one polymer PO,
¢ mixing this powder with an aqueous suspension or solution of at least one
interferon (and one or more other possible active principles), preferably in
30 aqueous solution,

optionally adding at least one excipient,
¢ adjusting the pH and/or the osmolarity if necessary, and
optionally filtering the resulting suspension.

35



taking a powder of at |east one polymer PO, mixing this powder with an
aqueous suspension or solution of at |east one interferon (and one or nore
ot her possible active principles), preferably in 30 aqueous sol ution,
optionally adding at | east one excipient, adjusting the pH and/or the
-osnol arity if necessary, and optionally filtering the resulting
suspension. 35 40 33. Process for the pygparation of the fornul ation
according to any one of <clains 1 to 26, characterized in that it consists
essentially in: taking owder produced by drying the liquid fornul ation
accor di ng to3&ny P@ﬁ@%SofordBaumpaxattqm o thes forpuldtiog adepedipg el ey vinehofan
aqueous | 1 quiigirfedio g, cmrsét@ﬁﬁelalm tmtmo%&lgtrsresﬁauan Aptional ly adding at

| east one excl pient usting H and/ or the osnDIarlt i f necessary,
and  optiondl wﬂmg ptm%g pr%l%éw Ty tb%lﬁéwsf%mulamnmcoqdirtgc@sw or the
preparation of 3. pp¥EfRHs Hey24/ed fromthe fornul ation accordlng to any one

of claine 1 to 26, c aracterlz din tha owder obht ai ned by drying
the formd at PoMIEHEREAY %W&ﬁﬁnaﬂ%ew 518}1@1 rfv%cP Tgmy Bre%ably with stirring,

¢ optionally adding at least one excipient,

¢ adjusting the pH and/or the osmolarity if necessary, and

¢ optionally filtering the resulting suspension.

10 34. Process for the preparation of a powder derived from the formulation
according to any one of claims 1 to 26, characterized in that said powder is

obtained by drying the formulation according to any one of claims 1 to 26.



