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compositions based on these polyamino acids. These
compositions may be of the type allowing the vectoriza-
tion of AP and preferably being in the form of
emulsions, micelles, particles, gels, implants or

15 films.

The APs under consideration are advantageously biologi-
cally active compounds that may be administered to an
animal or human body via the oral, parenteral, nasal,
20 vaginal, ocular, subcutaneous, intravenous, intramuscu-

lar, intradermal, intraperitoneal, intracerebral,
buccal, etc. route.

The APs more particularly concerned by the invention,
25 but not limiting the invention thereto, are proteins,

glycoproteins, peptides, polysaccharides, lipopoly-

saccharides, oligonucleotides, polynucleotides and

organic molecules. However, they may also be cosmetic

products or plant-protection produéts, such as
30 herbicides, insecticides, fungicides, etc.

In the field of vectorization of active principles,
especially medicinal active principles, there is a
need, in many cases:

35 ® to protect them against degradation (hydrolysis,
precipitation on site, enzymatic digestion, etc.)
until they reach their site of action,

® and/or to control their rate of release so as to
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hormone, a_substance (gelatin ( .
g‘%“&i’&eﬁftl%&% ancPhl sBXamPagueodlk  implants, micro-

particles, nanoparticles, vesicles, micelles or gels.
Besides the fact that these polymers must be suitable
for manufacturing such systems, they must also be
biocompatible, nontoxic, nonimmunogenic and cost-
effective, and they should be easy to eliminate from
the body and/or biodegradable. As regards this last
aspect, it is furthermore essential that the biodegra-
dation in the body should generate nontoxic products.

By way of illustration of the pPrior art concerning
polymers used as starting materials for making AP
vectorization systems, various patents, patent applica-
tions or scientific articles are mentioned below.

Patent US 4 652 441 describes polylactide microcapsules
encapsulating the hormone LH-RH. These microcapsules
are produced by preparing a water-in-oil-in-water
emulsion comprising an aqueous inner layer containing
the hormone, a substance (gelatin) for fixing said
hormone, a polylactide oily layer, and also an aqueous
outer layer (polyvinyl alcohol). The AP is released
over a period of more than 2 weeks after subcutaneous
injection.

Patent US 6 153 193 describes compositions based on
amphiphilic poly(oxyethylene)—poly(oxypropylene) mic-
elles, for the vectorization of anticancer agents such
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(pol yvinyl alcohol). The AP is released over a period of nore
than 2 weeks after subcutaneous injection. 35 Patent US 6 153 193
descri bes conpositions based on anphiphilic poly (oxyethylene) -poly

(oxypropylene) mc- elles, for the vectqrization of anticancer agents such
3 as adrianmycin. Akiyoshi et al. (J. Controlled Rel ease 1998, 54, 313-320)

Qat.have been made hydro 5 phobic by grafting

acC
Ihpt 3l desartbeppuililulenst drhdthehatonbeeh! athdee! I9p@Loof

et 0d [t PRt B CRERRELE)  OIER AR | 0 SBRL nhRERy o

US 4 888 398afaRarpiealen| ynew@tleacseou'rms@ongnoghntanlmﬁsl,omm@néaﬁxlart?L ei
and optionaldaple/| eH4ci B 1R e . QUPS a oxycar bonyl met hy
type, 20 plaéga randoniy.%Xefﬁgbpgfyggﬁﬁaegag Hgﬁﬂ. ﬁ%%g 15

aci ds, graf t8R%e Fetkridapbupispensgionset hoxycar bonyl nethyl , may be used

in the formof biodegradable inplants containing a sustained-rel ease AP.

0 acl C

25 Pateg? US 5 904 936 describes nanoparticles obtained froma

pol yl eu

e-FhSH uU3mdt €981 3K pBe§RELPefdni aPhipki bipaldapalydmims ng

stabl e col | cdials BERENSI®NBeucine and glutamate, which may be used

15

20

25

30

35

in the form of implants or microparticles for the
controlled release of active principles. Said active
principles are released over a very long period that
depends on the rate of degradation of the polymer.

Patent US 4 888 398 describes polymers based on poly-
glutamate or polyaspartate, and optionally pelyleucine,
with pendent groups of alkyloxycarbonylmethyl type,
placed randomly on the polyamino acid chain. These
polyamino acids, grafted with side groups, e.g.
methoxycarbonylmethyl, may be wused in the form of
biodegradable implants containing a sustained-release
AP.

Patent US 5 904 936 describes nanoparticles obtained
from a polyleucine-polyglutamate block polymer, which
are capable of forming stable colloidal suspensions
capable of spontaneously associating with biclogically
active proteins without denaturing them. Said proteins
may then be released in vive in a controlled manner,
over a long period.

Patent application WO 00/30618 describes nanoparticles
obtained from a poly(sodium glutamate) (polymethyl,
ethyl, hexadecyl or dodecyl glutamate) block polymer,
which are capable of forming stable colloidal suspen-—
sions capable of spontaneously associating with

pol no



capabl e of spontaneously associating with biologically 30 active proteins
W t hout denaturing them Said proteins may then be released in vivo in a
controll ed manner, over a long period. Patent application W 00/ 30618
descri bes nanoparticles 35 obtained froma pol y(sodi um gl utanate)
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WO 99/ 61512 descri bes polylysines and polyornithines functionalized with a
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Vecto“zat.mp]gy@gmform micelles that are capable of encapsulat-
ing hydrophobic active molecules such as adriamycin or
indomethacin.
15
Patent application WO 99/61512 describes polylysines
and polyornithines functionalized with a hydrophobic
group (palmitic acid linked to polylysine or ornithine
and a hydrophilic group (polyoxyethylene). These
20 polymers, for example polylysine grafted with polyoxy-
ethylene and palmitoyl chains, form, in the presence of
cholesterol, vesicles capable of encapsulating doxo-
rubicin or DNA.

25 It is moreover known practice to employ vitamin E
derivatives, and more specifically a-tocopherol, to
construct AP vectorization systems.

Natural vitamin E consists of a mixture of compounds
30 known as tocopherols (see Burton and Ingold, Acc. Chem.
Res. 1986, 19, 194-201) and, in this mixture, the
a-tocopherol derivative is largely in majority amount.
Vitamin E and some of its derivatives are nowadays used
as a source of vitamin or as antioxidant in foods and
35 cosmetic products. For these common uses, the vitamin E
is found in its D-a-tocopherol form {its natural form)
or in its D,L-a-tocopherol form (racemic and synthetic
form). These two products are considered as being




Natural vitamn E consists of a m xture of conmpounds 30 known as
tocopherols (see Burton and Ingold, Acc. Chem Res. 1986, 19, 194-201) and,
in this mxture, the a-tocopherol derivative is largely in majority
anount. Vitamn E and sone of its derivatives are nowadays used as a
source of vitamin or as antioxidant i fodds and 35 cosnetic products. For
t hese conmon gggﬁtiéfﬁ vitamin E is found in its D-a-tocopherol form(its
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doses consi dggpplyshi gher than therapeutic doses. The structure o
a-tocopherol is as "follows: 5 The chiral positions are marked with an
asterisk. The natural formhas the configurations R R R and the synthetic
formis a mxture in which the chiral carbons 10 are independently R or S
As regards the vitanhﬁ)E derivatives used in the field of vectorization of
active principles, thery he present tinme and to the inventors'
know edge, no 15 a-tocog e~ predu jA e exception of
pol ymers of pol yoxyet : [ i's griafted with
a-tocophegol -succi nate grqups. Polyethylene glycol graftled with
a-tocopherol succinate at the end of the chain (PEGylated vitamn E) is 20
nor eover avail able on the narket, sold under the nanme TPGS 1000 by the
conpany Eastmmn Eherhtapdsidionthisre RS DAIFNLET sk eldet (e 680
749), is nomaqus usgd as .a source of oral-route vitamn E ii s 'pol yrer,
and sinlar %8 %o | Rafcitha e canfimmti¥onsl & Re-Rocupherthe have

been proposexyritdrettite femmi of & Z&tmORtuBE 26! WHE cB it RIESal carbons
10 are independently R or S.

As regards the vitamin E derivatives used in the field
of vectorization of active principles, there is, at the
present time and to the inventors’ knowledge, no

15 a-tocopherocl-based polymer product, with the exception
of polymers of polyoxyethylene type, one end of which
is grafted with a-tocopherol-succinate groups.
Polyethylene glycol grafted with a-tocopherol succinate
at the end of the chain (PEGylated vitamin E) is

20 moreover available on the market, sold under the name
TPGS 1000 by the company Eastman Chemical Ltd). This
product, patented in 1954 (US 2 680 749), is nowadays
used as a source of oral-route vitamin E. This polymer,
and similarly o-tocopherol-succinate and unmodified

25 o-tocophercl, have been proposed for the vectorization
of active principles.

Patent US 5 869 703 describes similar compounds in
which the polyoxyethylene chain comprises a-tocopherol

30 at one end and a (meth)acrylic residue at its other
end. These a-tocopherol derivatives are used to prepare
stable amphiphilic vesicles (liposomes), used directly
in cosmetic applications.
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15 Patent EP 0 243 446 describes the use of a-tocopherol
(hemi) succinate (organic acid derivative of a-toco-
pherol) for the manufacture of vesicles, in combination
with an amine salt. These vesicles may be used for the
encapsulation of various active principles including

20 small molecules, peptides and proteins. In general, it
is indicated in said patent that the organic acid may
be an amino acid or a polyamino acid. However, no
details are given in this respect. Only o-tocopherol
(hemi) succinates are illustrated.

25
Thus, even though there are a great many technical
solutions in the prior art, developed and proposed for
the vectorization of medicinal active principles,
meeting all the requirements is difficult to achieve,

30 and remains unsatisfactory.

In this context, one of the essential objectives of the

present invention is to provide a novel polymeric

starting material, which may be used for AP
35 vectorization and which can optimally satisfy all the

specification details:

O biocompatibility,

O biodegradability,
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glutamic units, characterized in that at least some of
these wunits bear grafts comprising at least one
a-tocopherol unit.

These novel polymers have a biodegradable skeleton
based on polyamino acids bearing side chains comprising
a-tocopherol. These polymers have association and/or
encapsulation properties that are surprising in
comparison with similar products and, what is more,
they are readily degraded in the presence of enzymes.

The Applicant has, to its merit, had the idea of
combining, in an entirely judicious and advantageous
manner, particular biodegradable polyAsp and/or polyGlu
polyamino acids with grafts based on a-tocopherol
(vitamin E), for the vectorization of AP.

For the purposes of the invention, the term “polyamino
acid” covers not only oligoamino acids comprising from
2 to 20 amino acid units, but also peolyamino 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 amino acid repeating
units or copolymers comprising a mixture of these two
types of amino acid units, said units being partially

i dea of
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polyam no acids with grafts based on a-tocopherol (vitamn E), for the
vectorization of AP. For the purposes of the invention, the term "pol yam no
30 acid" covers not only oligoam no acids conprising from2 to 20 am no
acid units, but also polyam no acids conprising nore than 20 am no acid
units. Preferably, the polyam no acids &ccording to the 35 present

I nvention are oligoners or honopol yners conprising glutamc or aspartic
amino acid r%b‘%%\‘ﬂ%te%nlﬁlsﬂbrg@é &isy repBprospngsi agtacophéno®. of Tidiese two
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t he a- org sition for the aspartic or aspartate unit epreferred
ami no aci d Ylanye wtke ‘Fﬁv?ﬁﬁ ¥heCE Eé’ﬁ’ﬁllgapat ifox &he asmmtid a
type. 10 Everr mepmaprafenanity, the pol yam no acids according to the

i nvention correspond to the general formula (1) below NHR2 15 (1) in
which: Rl represents H a C2 to Cl10 linear or C3 to C10 branched al kyl,
benzyl or a Tth& npnefemnedoamind wiid uﬂﬂts%réemmﬁﬁltﬁaﬁn%lth@qu C2 to

C10 or branclgk yl aroup rogl ut amat e; or
cati oni c speC| es%"r e%erg[l)%yn%s:e etg:f Cg °% r%rﬁ’(‘ﬁ% group conpri sing:

Even more preferably, the polyamino acids according to

the invention correspond to the general formula (I)
below:

/COOR3

WHM”

R4
15 | D

in which:
e R' represents H, a C2 to Cl10 linear or C3 to C10
branched alkyl, benzyl or a terminal amino acid unit;
20 e R? represents H, a linear C2 to Cl0 or branched C3 to
Cl10 acyl group, or a pyroglutamate;
e R® is H or a cationic species preferably selected
from the group comprising:
- metallic cations advantageously chosen from the
25 subgroup comprising sodium, potassium, calcium and
magnesium,
- organic cations advantageously chosen from the
subgroup comprising:
® amine-based cations,
30 ® oligoamine-based cations,

® cations based on polyamine (polyethyleneimine



: metallic cations advantageously chosen fromthe 25 subgroup conprising

sodi um potassium calciumand nagnesium - organic cations advantageously
chosen fromthe subgroup conprising: am ne-based cations, 30
@l i goam ne- based cations, cations based on pol yam ne (pol yethyl enei m ne
being particularly preferred), catiorms Sased on am no acid(s)
advant ageously chosen fromthe class conpri %ms cations based on |lysine

or arginine, 5 - or R&ANDRALHAYAF D RESERE
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unit) radical; n/(mﬁﬁlysaﬁgﬁdﬂugkgﬁhim@ nol ar degree of grafting and

ranges frpmO0.5 to 100tﬂD|96 %£1 JSges fr8n13 to 1000 and preferably
bet ween 30 15 an@f366--1°PLe R An2§ Aiaqsays Ly-ofhpsese

common uses, V|taﬂromEthefsnhgtoupltémﬁrﬁ31hgcpbﬂ ?Sﬂh@*&ﬁlbilﬁétura
form or inits E@é 0 t ocopherol form (racemc and synthetic form
c ar

These two produ
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i nvention, these tﬁowa f?rf %fcuiaL{ SDherol are preferred. 25 The
a- tocopherol IS o natura or syn |c origin.

10 e A independently represents a -CHy- (aspartic unit) or
=CH2-CHz- (glutamic unit) radical;
¢ n/(n+m) is defined as the molar degree of grafting
and ranges from 0.5 to 100 mol%;
¢ nt+m ranges from 3 to 1000 and preferably between 30
15 and 300;
® T represents an a-tocopherol unit.

For these common uses, vitamin E is found in its D-o-
tocopherol form (its natural form) or in its D,L-a-
20 tocophercl form (racemic and synthetic form). These two
products are considered as being essentially nontoxic
at doses considerably higher than therapeutic doses. In
the context o¢f the invention, these two forms of
a-tocophercl are preferred.
25
The a-tocopherol is of natural or synthetic origin.

According to a first embodiment of the invention, the
polyamino acids are o-L-glutamate or o-L-glutamic
30 homopolymers.

According to a second embodiment of the invention, the
polyamino acids are o-L-aspartate or «a-L-aspartic
homopolymers.

35
According to a third embodiment of the invention, the
polyamino acids are a-L-aspartate/oa-L-glutamate or o-L-
aspartic/a-L-glutamic copolymers.

"consi dered as being essentially nontoxic at doses



According to a first enbodiment of the invention, the polyam no acids are
a-L-glutamate or a-L-glutamic 30 honopol yners. According to a second
enbodi ment of the invention, the polyam no acids are a-L-aspartate or
a-L-aspartic honopol ynmers. 35 According to a third enbodi nent of the

I nvention, the polyamno acids are a-lLt@spartate/ a-L-glutamate or a-L-
aspartic/a-L-glutam c copolyners, - 10 Advantageously, the distribution of
the aspartic and/or glutamc units bearing grafts conprising at | east one

a-tocopherol _ unit suc nmer,s thus sed, are |ther
random of %&ﬁp??%%05§fgf ﬁ%ﬁtalsEFé RELPHe OIA r%%ﬁ??%%uﬁﬁ £9T node of
definition, glumamigammﬂmszhnahamgcgrdfngtdbmﬁkasﬂﬁfnhtoaéﬁgﬁiéh@Dlar
mass of 10 bet 000, and 100 000 g/ nmol and  preferabl betmeen 5000 and
40 000 g/ nol® w$g$%gﬁﬁ?£ov3P grefgragpg%foihpﬁg dtr REDF ERPSiting
with a- to&'xopcl:rmpd:setﬂ e edither mamionds d6 htookditygpet @ hef imwEvi+on to
be between 0 g?é’and preferably between 5% and 50% The pol yan no

n

aci ds of the |nven are, remarkably, capable of being used in several
ways depending on the 20 degree of grafting. The nethods for forming a

| f | | f
Parbeted by AEoratiarEy Al M Cbr) SR IRiRA (the (EoLydugl? O™
further detai¢tds peterding rruwy memdggntopnemm ea moleeswmgewof 25
parti cul 61 Yop@hdene2000° A1LNE86" 00 YARACLAS: PPV B3 dllh

Li posones;
5000 and 40 000 g/mol.

It is moreover preferable for the molar degree of
grafting with o-tocopherol of the polyamino acids

15 according to the invention to be between 3% and 70% and
preferably between 5% and 50%.

The polyamino acids of the invention are, remarkably,
capable of being used in several ways depending on the
20 degree of grafting. The methods for forming a polymer
for the encapsulation of an active principle in the
various forms targeted by the invention are known to
those skilled in the art. For further details,
reference may be made, for example, to these few
25 particularly pertinent references:
“Microspheres, Microcapsules and Liposomes; Vol. 1.
Preparation and chemical applications” Ed. R. Arshady,
Citus Books 18999. ISBN: 0-9532187-1-6.
“Sustained-Release Injectable Products” Ed. J. Senior
30 and M. Radomsky, Interpharm Press 2000. ISBN: 1-57491-
101-5.
“Colloidal Drug Delivery Systems” Ed. J. Kreuter,
Marcel Dekker, Inc. 1994. ISBN: 0-8247-9214-9.
“Handbook of Pharmaceutical Controlled Release Techno-
35 logy” Ed. D.L. Wise, Marcel Dekker, Inc. 2000. ISBN:
0-8247-0369-3.

The polyamino acids are also extremely advantageous as



reparation and chem cal applications” Ed. R Arshady, G tus Books 1999.
FSERI 0-9532187-1-6. " Sustaned- Rel ease | njectable Products" Ed. J Seni or
30 and M Radonsky, Interpharm Press 2000. |SBN. 1-57491- 101-5. "Coll oi dal
Drug Delivery Systens"” Ed. J. Kreuter, Marcel Dekker, Inc. 1994. | SBN
0-8247-9214-9. "Handbook of Pharnacetutltat Control|led Rel ease Techno 35

| ogy" Ed. D.L. Wsit Mar cel Dekker, Inc. 2000. |ISBN. 0-8247-0369-3. The

pol yani no act d58Pétardo e rEasty t@é\tantaige@useaata.vély dowsdégreé the

fact that, a6f agr&fein e f @ 3fglel N t from3%to 10%
tﬁgy fo?m in V\Z%r tg%f hg&%?o?%@aﬁgl e vvlej'totr?SI aQ:hn ;a)ﬁa#% Bur¥a
col | oi dal L%tperéé onzl %r égPé' déyangileg &dthhe qgolghnapl'ﬁatrmanat] on.

Furt her nor e cdmmﬂyaﬁhﬁpeﬁﬁhdnsp%rrt iqd1es cfl Qﬁ@mﬂ?ﬁhgnd'ﬁl%egél %fse of

t he coII sSus Sj on can readlly assocl at e active es
such as protellh%en"g%%'t}r%s or F8R&PRIRGKEeul estherhe PpReobmined f caidg

operation i s:oat:ttartckﬁcfohﬁﬂngntn@t Qrﬂsp’g}_-sqaqplﬂ,lgggé OBfV\QhQO/thPf@dg?Xlt he
Appl i cant, \%_{ & S|st5|ngier5|n mer in water

i ncubating t ujté] 3% TRRIprEsenee PtSnWAIb Milves@rineipbes t hen
be fil tered Sttmfnugls ap@ote}imsfl Ipeptlaag tHen sMALLEt GRbfhéSELL Y |fﬁé) a
patient. 10% the polyner can form

aft
m cropart i cI es caplaeo(fe 0 as 0 %f?% g‘&rlﬁf tBﬁEaﬂsel?IC&'t &g nARRAtent t hi s
cont ext ,1& herrddmatgaf t We |®I0dr3@61|®artbgl esthay tmkel pdace, by wpdissol ving

nic solvent, and the m xture
the pP and BmARanl it UoeBealihapl rar oam sl vent  ad the 1y
incubating the solution 1n the presence of an AP. This
solution can then be filtered through a 0.2 pm filter
and then injected directly into a patient.
15
Above a degree of grafting of 10%, the polymer can form
microparticles capable of associating or of encapsulat-
ing APs. In this context, the forming of the micro-
particles may take place by codissolving the AP and the
20 polymer in a suitable organic solvent, and the mixture
is then precipitated from water. The particles are then
recovered by filtration and can then be used for an
oral administration (in the form of a gel capsule, in
compacted and/or coated form, or alternatively in a
25 form dispersed in an o0il) or parenterally after redis-
persing in water.

At degrees of grafting of greater than 30%, the redis-
persion of the polymer in aqueous phase becomes more
30 difficult due to the smaller amount of ionizable
carboxylate functions, and the polymer precipitates. In
this case, the polymer can be dissolved in a biocompat-
ible solvent such as N-methylpyrrolidone or a suitable
0il such as Miglyol®, and then injected intramuscularly
35 or subcutaneocusly or into a tumor. The diffusion of the
solvent or of the o©il results in precipitation of the
polymer at the site of injection and thus forms a
deposit. These deposits then provide controlled release



recovered by filtration and can then be used for an oral adm nistration
(in the formof a gel capsule, in conpacted and/or coated form or
alternatively in a 25 formdispersed in an oil) or parenterally after
Fedi s- persing in water. At degrees ofuggafting of greater than 30% the

redi s- persion of the polyner i n aqueo phase becones nore 30 difficult
due to the # % ggt ﬁ l.oni_zabl.e carboxylate functions, and the

pol ymer pre?ﬁg ﬂ(grc§§8319HeaBSi?ﬁepﬂgﬁ?hﬁikﬂsﬁﬁﬂﬁﬂiwmﬂ a

bi oconpat - |¢ﬂ¥Cs@¢g£ﬁdaEumm af theepdymer [ ol i done or a suitable oil such
as Mglyol(r), and then injected intranuscularly 35 or subcutaneously or
into a tunor. The diffusion of the solvent or of the oil results in
precipitatidhlogeﬂﬁéalpomhﬁﬂpqﬂymémssbfeuﬂéiimﬁgﬁtg@nanqnthw%gfgps a

deposit. gh S p contr d release - 12 by diffusion
and/ or ersos?%ﬁ g%d §bh d&ﬁﬁyt }}n%\QO?E% cpa?if? Nfefhddtt o SFid%idmol ymer.

In general, o??nﬁﬁ (ﬁompﬂﬁmumanuam@ inn arevagaboud o idMGaRid form
may be usedmﬂdymhpr inaliquid, solid or gel conposition and 1n an
aqueous or organic medium It should be understood that the pol yner based
on 10 polyam no acids contains carboxylic functions that are either

nout ral (OO fer@ller ben afderdeBead pgaen the ol agd cqmposttign. For

this regson, the solubility in an agueous phase t he
cont ent HQ%¥§WH§94??&ﬁsgﬁﬁﬂtéanﬁnFﬁnhquﬁncEjummulomsthhamHaﬁESIn

aqueous sol efhiithar &hﬁngggntRﬂyﬂ@tf&fmpmgrbgoﬁlzgatahlEg gihlon sqﬁp as
sodi um cal ci m or nesium or. an organic catl bn R
triethanol al‘ﬁ#é‘m t??@?%?ﬁ?b‘i?ne?ﬁ?l YddiSn iR IRihe bheaspéhsbamlrw duch as

an aquecus phase depends directly on the content of
free COOH (not grafted with wvitamin E) and on the pH.

15 In aqueous solution, the counter-cation may be a
metallic cation such as sodium, calcium or magnesium,
or an organic cation such as triethanolamine,
tris (hydroxymethyl)aminomethane or a polyamine such as
polyethyleneimine.

20

The polymers of the invention are obtained via methods
known to those skilled in the art. The polyamino acids
may be obtained in at least two ways:
® grafting of a-tocopherol onto a polyamino acid, or
25 e polymerization of NCA derivatives of a~tocopherol,
followed by a selective hydrolysis.

In the first case, a polyamino acid, homopolyglutamate,
homopolyaspartate or a glutamate/aspartate copolymer,

30 in block, multiblock or random form, is prepared, for
example, according to standard methods.

To obtain polyamino acids of « type, the technique most
commonly wused is based on the polymerization of
35 N-carboxyamino acid anhydrides (NCA), described, for
example, in the article “Biopolymers, 1976, 15, 1869~
and in the book by H.R. Kricheldorf “alpha-Aminocacid-N-
carboxy Anhydride and related Heterocycles”, Springer



pol yethyl enei m ne. 20 The polyners of the invention are obtained via

met hods known to those skilled in the art. The pol yam no acids may be
obtained in at |least two ways: grafting of a-tocopherol onto a pol yam no
acid, or 25 polynerization of NCA derjvatives of a-tocopherol, followed
by a selective hydrolysis. In the firstl3ase, a pol yanino acid,

| ut te/ aspartate copol yner,
honopol ygl ut@%ﬁaiggbl(ggggggl ﬁaspartate or a glutamate p poly

30 in bl ock, A dRA oferivatbveparee, pumfenstdnp| NCA-

accordi ng t cosMendNTh+midwdsr TRCAabbakp p&éi‘ﬁ%?gvngﬂ gg?‘,?];?a%‘%y@gl' the

N-car boxyamRo 3ot BhENhyRHY ddd? (ROT<Hbber | Bedl, BolymeRamare | thene
sl Pttt B i g
13 Plort ogy (RobToE i N0 (aPRtL 4 A Tbespamntngs Naxb GiasinEh. O B
or NCA- O Bz fieom thEvelss@hzﬁp(:;:imﬁt rgﬂ\geur} Firtlj rgatgﬁgi ?F‘IRS r%satog tzlgvtéy{ %mghe
polyers, r id Senlyglaly gl uOigL RS oIt als T e TRES
07y R et e o st ey
ol v (o L st SHAN P A e B o
Lyt e s e et et adssew {0 T
Do AP oG AP e RIS i T o o
al . Pol yner ,nqglbgjggnq§g$1ng aspartic acid (to obtain a poly-
succinimide), followed by a basic hydrolysis (see
Tomida et al. Polymer 1997, 38, 4733-36).

15
The coupling of a-tocopherol with an acid function is
readily performed by reacting the polyamino acid with
vitamin E in the presence of a carbodiimide as coupling
agent and, preferably, a catalyst such as 4-dimethyl-

20 aminopyridine, and in - a suitable solvent such as
dimethylformamide (DMF), N-methylpyrrolidone (NMP) or
dimethyl sulfoxide (DMSO). The carbodiimide is, for
example, dicyclohexylcarbodiimide or diisopropylcarbo-
diimide. The degree of <grafting is controlled

25 chemically via the stoichiometry of the constituents
and reagents, or the reaction time.

In the second case, an NCA derivative of a-tocopherol
having the structure below is synthesized. The
30 synthesis is analogous to that described for stearyl
glutamate N-carboxyanhydride by Poché et al. Macro-

molecules 1995, 28, 6745-53.
Os-0
0 =0
N
Fo) H



15 The coupling of a-tocopherol with an acid function is readily perforned
by reacting the polyamno acid with vitamn E in the presence of a
carbodiim de as coupling agent and, preferably, a catalyst such as

4-di net hyl 20 am nopyridine, and in a suitable solvent such as

di et hyl f ormam de (DMF), N-nethyl pyrroligdone (NVMP) or dinethyl sulfoxide
(DVMBO). The carbodiimde is, for exanple, dicyclohexylcarbodiimde or

di i sopropyl carbo- diimde. The degree of grafting is controlled 25

chemcally wha t st gQlghj try of the constityents and reagents, or the

reaction ti\r‘rfelfel ﬁﬁ egég(l:‘c’)%gggﬁseo,g aff "NEKOREFT it“ﬁ@@tﬂ“aéet o&8pHaren

havi ng the stopmiymeriggdwvitlsyntfbesi erdmpIbe %ﬁ%@l@%t&méﬁeaw;pgous to
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t hat descri for.s AY] t N- car boxyanh i de by Poche et al.
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easily to prepare random ock or
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successive 15 reactions ofp vxllt alfn' noE m??%&sgﬂéag?éegrg egtdgd‘r{gr%%éjaf aci ds,
which are t FEP¥BEERed to have a graftable anmine function on the

pol ymer, or by reaction with an

The coupling of vitamin E via a spacer consisting of
1 to 4 amino acids may be performed via successive

15 reactions of vitamin E with suitably protected amino
acids, which are then deprotected to have a graftable
amine function on the polymer, or by reaction with an
oligopeptide. For example, the synthesis of an a-toco-
pherol with a leucine unit is performed according to a

20 general method well known to those skilled in the art
and according to the following scheme:

' OH
. HO NH-Boc
(w)

1/ coupling agent
2/ deprotection

25 It should be noted that the direct grafting of a-toco-
pherol onto the polymer takes place via an ester
function, whereas in the case of the presence of a
spacer based on amino acid(s), it takes place via an
amide function. As for the preparation of an ester

30 bond, the amide bond may be formed in the same manner
using a standard coupling agent such as a dialkylcarbo-



ol i gopeptide. For exanple, the synthesis of an a-toco- pherol with a

| eucine unit is perfornmed according to a 20 general nethod well known to
those skilled in the art and according to the follow ng schene: 11
coupling agent 2/ deprotection 25 It should be noted that the direct
grafting of a-toco- pherol onto the pﬁl%ﬁeT t akes place via an ester
function, mh&reasdin the case of the presence of a spacer based on am no
acid(s), it LBy ﬁrace via an amde function. As for the preparation of
an ester 30 bond, the am de bond nmay be forned in the same manner wusing a

standard coq£+inﬁ agent_ such as a .dialkylcarbo - 15 - diimde. According to
one variant STCREITAVER i QRS MRS iGHLy-Ofnithe atnwentien, wiibeh polys

concer ned noamimby akedals Sebtl oaBphar Glt giaf Tc%nb}étrxﬂcﬁomo@eronﬂ agea g, at
| utanat e and/ or

| east o £ al kylene glycol type linked to a ¢

aspart at gguﬁ%gé%ﬁéhggf%¥eﬁ§é@50fgu odhi% (PEY peiReulie (Rt nlewsth R 4
represents eonkreptafionofor palyslagdienebagegcan type 418AkBQ aghd Anits;
15 Xis ah C fromthe group conprisSing oxygen, nitrogen
and sul fur; %gﬁ%} i%@%@%ﬂdeﬁ%"i% estMttH A [PFRERLadlY o ofs

al kyl . n rarfgaamykan{BIt coab®d: 20 Preferably, the polyal kyl ene glycol is a

pol yet hyl ene
o4 6
—~R \x’f’\(o']'n_R
RS

10 ()

in which
R’? represents a direct bond or a "“spacer” based on
1l to 4 amino acid units;
15 X is a hetero atom chosen from the group comprising
oxygen, nitrogen and sulfur;
R® and R® independently represent H or a linear Cl to
C4 alkyl.
n ranges from 3 to 1000.
20
Preferably, the polyalkylene glycol is a polyethylene
glycol.

According to another preferred characteristic of the
25 invention, the molar percentage of grafting of the
polyalkylene glycol ranges from 1% to 30%.

The grafting of these pendent side groups (II) 1is
performed in a manner that is known per se and
30 according to techniques within the capability of a
person skilled in the art, for example by forming
amide, ester or thioester bonds with the carboxyls of
glutamate and/or aspartate monomers. These techniques
may especially be those used for the grafting of
35 oa-tocopherol onto a polyamino acid skeleton, said



glycol. According to another preferred characteristic of the

capability

mononers. These techni ques

25 invention,
the nol ar percentage of grafting of the polyal kyl ene glycol ranges from 1%
to 30% The grafting of these pendent side groups (lIl) is perforned in a
manner that is known per se and 30 aqpqﬁptng to techniques within the

of a person skilled in the art, for exanple by formng am de,

ester or thiQgsier dsy, uu t . yl s, of | utamat e _and/ or aspartate
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y €Specia

Se BEEFeRSr ®RERtafting

of 35 a-tocdRifatefin a pol yani no acid skel eton, said - 16 techni ques
I bed in the present patent application. According to another of
Its aspects, the inventionis 5 directed toward a pharmaceutical,
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cosnetic, ditdleetiod yoimilloARicildsOaaC de¥ ndd iR, i nciple. 15 Preferably,
principle is a protein, a glyco- protein, a polysaccharide, a

I de, an oligo- nucleotide, a polynucleotide or a peptide.
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ccording to pr esent

descri ption

nol ecul es.

15

20

25

30

35

phercl, at least one active principle, which may be a

therapeutic, cosmetic, dietetic or plant-protection
active principle.

Preferably, the active principle is a protein, a glyco-
protein, a polysaccharide, a liposaccharide, an oligo-
nucleotide, a polynucleotide or a peptide.

Even more preferably, the active principle is a
hydrophobic, hydrophilic or amphiphilic organic “small
molecule”.

According to the present description, the term “small
molecule” especially denotes nonprotein molecules.

This composition may be in the form of nanoparticles,
microparticles, solutions, emulsions, suspensions,
gels, micelles, implants, powders or films.

According to ocne of its particularly preferred forms,
the composition, containing or not containing active
principle(s), is a stable colloidal suspension of nano-
particles and/or microparticles and/or micelles of
polyamino acids, in an aqueous phase.

The composition according to the invention, when it is
pharmaceutical, may be administered via the oral,
parenteral, nasal, vaginal, ocular, subcutaneous,



.This conposition may be in the formof nanoparticles, mcroparticles,

sol utions, enul sions, suspensions, gels, mcelles, inplants, powders or
films. 30 According to one of its particularly preferred fornms, the
conposition, containing or not containing active principle(s), is a stable
col | oi dal suspensi on of nano- particleslbnd/or m croparticles and/or

m cel | es of $ﬁ%¥an1no aci,ds, in an aqueous phase. 35 The conposition

accor di ng t ot Y?RQHE«OH““M@E&SQﬂLQI;phatnadenmamah1ﬂﬁﬁh§é¢fggﬂnlstered

via the oraleal patrentesiéteb Pab by H@é?ﬁl 4l ar, subcutaneous, - 17
I ntravenous, intramuscul ar, intradernma I'n raperlton- eal, intracerebral

or buccal route. It may also be envisioned for the conposition to be in 5
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The invention is also directed toward compositions
15 comprising polyamino acids according to the invention
and active principles, and which are capable of being
used for the preparation:
® of medicinal products, in particular for oral, nasal,
vaginal, ocular, subcutaneous, intravenous, intra-
20 muscular, intradermal, intraperitoneal or intra-
cerebral administration, the active principles of
these medicinal products possibly being, especially,
proteins, glycoproteins, proteins linked to one or
more polyalkylene glycol chains {for example poly-
25 ethylene glycol (PEG), in which case they are
referred to as “PEGylated” proteins}, peptides, poly-
saccharides, liposaccharides, oligonucleotides, poly-
nucleotides and hydrophobic, hydrophilic or amphi-
pPhilic organic small molecules;
30 e and/or nutrients;

e and/or cosmetic or plant-protection products.

According to yet another of its aspects, the invention
is directed toward a process for preparing:

35 e medicinal products, in particular for oral, nasal,
vaginal, ocular, subcutaneous, intravenous, intra-
muscular, intradermal, intraperitoneal or intra-
cerebral administration, the active principles of



.more pol yal kyl ene glycol chains (for exanple poly 25 ethylene glycol (PEG),

in which case they are referred to as "PEGyl ated” proteins), peptides,

pol y- saccharides, |iposaccharides, oligonucleotides, poly- nucleotides and

hydr ophobi ¢, hydrophilic or anphi- philic organic small ol ecules; 30

and/or nutrients; and/or cosnetic or‘pﬂ%wﬁ-protectlon products. According

to yet anothertg% its aspects, the invention is directed toward a process
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I ntraperitoneal or intra-.cerebral adm_nistration, e active principles of
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hilic organic cu ; r.onutrients; .and/ or cosnetic or

BI ant - prot ect i gﬁﬁkgggg% %ﬁﬂis hﬁ&?@?’ﬁ%’ng?‘gﬂﬁ’_g &lllc_zeﬁrl PRRRE i t

consi sts esseRhildliryorgandicngmat 1l medecodespol yani no acid as defined

above and/ou.tgﬁdyggpg?kgggﬁtgtself al so described above. 15 As indicated

h Or | &

above, the techniques associ ating one or nmore APs with the
a-t ocophdt ol® gﬁﬁﬂ?eé BEERgRiLBoorapilés taproteictd ono prioelviatwsent i on ar e

described exfid - process being characterized in that it consists
essentially in using at least one polyamino acid as
defined above and/or the composition itself also
described above.

15
As indicated above, the techniques for associating one
or more APs with the o-tocopherol-grafted polyamino
acids according to the invention are described especi-
ally in patent application WO 00/30618.

20

The invention also relates to a therapeutic treatment
method that consists essentially in administering the
composition as described in the present description,
via the oral, parenteral, nasal, vaginal, ocular,
25 subcutaneous, intravenous, intramuscular, intradermal,
intraperitoneal, intracerebral or buccal route.

According to one particular embodiment, the therapeutic
treatment method consists essentially in using a
30 composition as described above in the form of a
solution in a biocompatible solvent, and then injecting
it subcutaneocusly, intramuscularly or into a tumor,
preferably such that it forms a deposit at the site of
injection.
35
As examples of APs that may be associated with the
polyamino acids according to the invention, whether or
not they are in the form of {(nano or micro)particles,
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ot 1 ERFPPakrbfl @e 88Hamples that follow, which describe
the synthesis of o-tocopherol-grafted polyamino acids,
their conversion into an AP vectorization system
(stable aqueous suspension of nanoparticles) and
demonstration of the capacity of such a system to
associate with APs (small organic molecules, proteins,
etc.) to form pharmaceutical compositions.

Example 1: Polymer Pl
Synthesis of a polyglutamate grafted with a-tocopherol
of synthetic origin

The o-L-polyglutamate polymer, with a mass equivalent
to about 10 000 relative to a polyoxyethylene standard,
is obtained by polymerization of NCAGLuOMe, followed by
a hydrolysis, as described in patent application
FR 2 801 226. 5.5 g of this a-L-polyglutamate polymer
are dissolved in 92 ml of dimethylformamide (DMF), by
heating at 40°C for 2 hours. Once the polymer has
dissolved, the temperature is allowed to return to 25°C
and 1.49 g of D,L,a-tocophercl (> 98%, obtained from
Fluka®) predissolved in 6 ml of DMF, 0.09 g of
4-dimethylaminopyridine predissolved in 6 ml of DMF and
0.57 g of diisopropylcarbodiimide predissolved in 6 ml
of DMF are successively added. After stirring for
8 hours at 25°C, the reaction medium is poured into
800 ml of water containing 15% sodium chloride and
hydrochloric acid (pH 2). The precipitated polymer is



.15 denonstration of the capacity of such a systemto associate with APs
(smal | organic nolecules, proteins, etc.) to form pharnaceuti cal
conpositions. Exanple 1: Polynmer PI 20 Synthesis of a polyglutamte grafted
W th a-tocopherol of synthetic origin The a-L-polyglutamate polymer, with
a mass equi valent to about 10 000 reT a%ve to a pol yoxyet hyl ene st andard,

25 is obtained by polynerization of NCAG uOwve, followed by a hydrolysis,
as descri bed 1S patt&OVESSS cabP¥on [Pt eatgpN pogWashedy oFithi s 0.1N

a- L- - pol ygl tiydmdch ot yderacad e shgsainegd ivaded! Wikl MRited f orpgen de
(DVF), by heati nt_grat 40C for 2 hourf. ce thﬁdgol ymer_has 30 di ssol ved,

t he terrperat‘tﬁhe‘”ﬁl atPotdtf oTeEE8FALYEd283@ Aadnl. 25 PMF Bnd £heropher ol
(>d98% hobt a&e;mbdimaféwkeﬁﬁo)al pmélrssebi%ediifzmn ,rﬂagf ;E\é'vi&aélf.@y,g of
4-di met hyd am yridine.predis ved, Lh 6 0 an Q.57 0

di i sopr opéill csaafqbqtgd{'rl’%i 881§r ggi ?z'lgl%/‘eg@‘#Ee% Kpshangs tWeaP‘@'éUc?g%%%’?'vel y
added. Afterthst i poilymefroris 8 washesl ate?falt hdmernckion nedi soprspyour ed
into 800 m t cont.aj ni_ng. 15% sodi um ch] ari gde and hydrochl oric acid
(pH 2). The eptﬁ'reecell\%i ?fé?eg’%&%&?l? s{%leﬁo oStk ﬁ"'@t‘gv'é?‘gﬁrby%ﬁuluﬂ &% on,
washed with 40N AKyyrelh| of | abact 08 Shdi s heint adsédd with water. The
polymer is then redissolved in 75 mMl of DW and then reprecipitated from

wat er containing, as previously, 5 salt and acid at pH 2. After washing
twi ce with Ererdegrer @bl greftisgwashédatedebsl prioten WMR i | stegputopy |

Sbout 8% 1 5 oot Nee 10T YR SRatyetd pRuBR KT W ndl PSR TR 1 s
about 7. 8%%Ht-eIH ML A eFml A ¢ dal s a residual tocopherol

Mw (measured by GPC, eluting with NMP) = 17 500 g/mol

{(as polymethyl methacrylate equivalent).

15

Examples 2, 3, 4 and 5: Synthesis of polymers P2, P3,

P4 and P5

Polymers containing variable amounts of tocopherol are

prepared in the same manner.

20
Table 1:
Polymer a-Tocopherol Degree of grafting
P2 Synthetic: D,L 5.2%
P3 Synthetic: D, L 12.8%
P4 Synthetic D,L 20.0%
P5 Synthetic D,L 50.0%

In all cases, the amount of tocopherol effectively
25 grafted was confirmed by NMR.

Example 6: Polymer P6
Synthesis of a polyglutamate grafted with a-tocopherol
of natural origin

30
In a similar manner, the polymer P6 is synthesized with
7.3% of D-alpha-tocopherol of natural origin (at a
purity of 98.5%, obtained from the company ADM France).
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Table 2: Solubility in saline water at pH 7.4

on The

to 7.4
ly.

Polymer Degree of | Concentration Appearance

grafting

Pl (D,L) 7.8% 10 to 30 mg/ml | soluble and clear

P3 (D,L) 12% 10 mg/ml very fine precipitate

P4 (D,L) 20% 10 mg/ml very fine precipitate

P6 (D) 7.3% 10 to 30 mg/ml | soluble and clear

15
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Phosphate buffer: 0.01M phosphate, 0.0027M KCl and
0.137M NaCl.

An observation by electron transmission of the clear
solutions of the polymer Pl deposited on a support
shows the existence of nanoparticles of 15 to 25 nm. A
comparative analysis of the solutions of polymer P1l, P6é
and a-tocopherol succinate at 15 mg/ml in water at pH
7.4 (phosphate buffer) reveals that only the o-toco-
pherol succinate develops a milky solution characteris-
tic of vesicles, as described in patent EP 0 243 446.

Example 8: Adsorption of a dye onto the polymer P1
According to one of the subjects of the invention, the
polymers may be wused in the form of a colloidal
suspension 1in water and associated with an active
principle. For this application, it is demonstrated in
the experiment below that with certain polymers,
especially those with a degree of grafting of about
from 5% to 10% tocophercol, the adsorption capacity is
greater than that of a similar compound of the prior
art.



gPol ymer Degree of Concentrati onAppearance grafting P1(D,L)7.8%0to 30 m

/ mMsoluble and clear P3(D,L)12%0ng/ M very fine precipitate

P4(D, L) 20%40ng/ m very fine precipitate P6(D)7.3%0to 30 ng/ m sol ubl e and
-cl ear Phosphate buffer: 0.01M phosphatz2 0.0027M KA and 0.137M NaCl. An
observation by electron transm ssion of“the clear 15 solutions of the

pol ymer Pl deposited on a support shows the existence of nanoparticles of
15 to 25 rim A conparative analysis of the solutions of polyner P1, P6

and a- tocopE‘en:oItlstsmstaidy at the npéIyméP VAl eyadt @b Zréd(mmph te
buffer) revggligéhat o t he a-toco 20 5hero| su00|na€e devel ops m | ky

sol uti on chirae rlspo eht SPIGPENY d@%@??%ﬁﬁﬂlr?ﬁﬁéﬂbnﬂrEﬁt9d243 446.

Exg_npl e 8: fAdSor pai (pbl_)jrgmtimeatzngt 0 T}Inﬂe pqiqq_rmﬁeblPl lsAg@_%rs‘é:'rE.%e}d) Qﬂef of the
subj ectsco Nyan e pol yners may be used in the formof a
col |l oi da gég%gksﬁgnbng&g?gf and associated with an active principle.
For this application, S dennnstrated in the experinent bel ow that with

certain pol ¥HBI Sst upSPEE rafti ng of about 30
from5%to 10% toco e?‘%l %%% g@sor ﬁﬁg g%ff ‘9 eg"'r ﬁgﬁ t hat of
a sinmlar cBﬁﬂ)MﬁéSofarﬁwedms@lveﬁr tln @n a@.ledﬁm Bbﬂ&tibud)attﬂ‘m gol yrmer
P1 was conmpapRdshhbfedpufred)ar, nigini dodecanol, chain
grafted ont% aé}% %i uuamate) |s po #y(rd\rgrkﬂ (?n cqf 5t &5 érﬁﬁggnt WO
00/ 306180 S: 2646-17-5) are added. The solutions are

left in an ultrasonic bath for 1 hour to achieve the

association. The solutions are then centrifuged to

remove the nonassociated dye, and the optical density

is measured at the Amax of the dye, which is at 495 nm.

15
Table 3:
Polymer Degree of Polymer Normalized
grafting concentration oD
Pl 7.8 mol% 13.8 mg/ml 1
(a-tocopherol)
Comparative 15 mol% 17.3 mg/ml 0.45
polymer*
{dodecanol)

*WO 00/30618

20 It is found that at a molar degree of grafting of less
than a half and at a slightly smaller mass concentra-
tion of polymer, the polymer Pl has a much higher
capacity for association of the dye Orange OT.

25 Example 9: Synthesis of the polymer P7
Synthesis of a polyglutamate containing an a-tocopherol
leucine graft

The a-tocopherol leucine derivative is first
30 synthesized, in the following manner.
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@RebO-deprotection of the product is performed in
trifluorcacetic acid at a temperature of between 5 and
10°C for 1 hour. After purification by filtration
through silica, 3.3 g of the desired product are
isolated (78% yield). Its structure is confirmed by NMR
spectroscopy.

The grafting reaction on a polyglutamic acid is then
performed under the same conditions as in example 1,
with a degree of grafting of 7%. The structure of the
polymer and the degree of grafting were confirmed by
NMR spectroscopy.

Example 10: Synthesis of polymer P8
Synthesis of a polyglutamate containing an a-tocopherol
graft and a polyoxyethylene glycol graft.

A grafting reaction is performed as in example 1, with
11 mol% of o-tocopherol and 2 mol% of an amino
methoxypolyethylene glycol of formula
MeO (CH.CH;0) ,CH,CH;NH, and of molar mass 3000 (product
obtained from the company Shearwaters). The polymer in
its acid form is obtained in a yield of 72%. Proton NMR
confirms a degree of grafting with o-tocopherol of
10.9% and with polyethylene glycol of 1.9%.

Example l1l1l: Adsorption of insulin

A solution containing 1 mg of polymer Pl and 7 mg of
insulin at pH 7.0 in 1 ml of water is prepared and is
left to incubate for 2 hours. The suspension is then
ultrafiltered (10 000xG, 20 minutes with a 100 KDa



diimde (1.5 g). After 2 hours at 30C the product is 5 purified by
*filtration on a colum of silica. 5 g of the product a-tocopherol |eucine
BOC are obtained (77% vyield). Its structure is confirmed by NWR
.spectroscopy. The deprotection of the product is perforned in
trifluoroacetic acid at a tenperature &4 between 5 and 10 10C for 1 hour.
After purification by filtration through silica, 3.3 g of the desired
product are thmdhadlet) ( 8% yfedel) indtbist incthee fiid teanki ireddya R
spectroscop e n tion gI t aC|d t hen
per f or med u)rfl:’ e:ﬂ% ée%rg&rrg{%%n 83 sogsag Og %ﬁf‘fﬁ E'S%rﬂ?ﬂnt %reedaof
grafting of bZP/odi]'f]éesemmt uAedet;x‘ebe ook yeeciandon hefdggleeéeearf tgraaf t i ng
were confir g 4\4\@, t c 1 i yner P8
Synt hesi s of po‘?l e{'fg%n g%ﬁ?‘%g gﬁgykggogﬁe%%gﬁg%a 't gr?gﬁla

pol yoxyet51yltéh‘=e sgarwoq:ogﬂanonaa pher abmpngateuet Pod ymerperff examples i n

exanpl e 1, Ih% o r ol d
met hoxypol yet h{/nllec#es g}ag?o S38s g%?n%) f %]( éafg%l%cig%f@ﬁagy
nol ar nass ducks W%lqmﬁte%mthe conpany Shearwat ers). The

polymer in 30 its aC|d formis obtained in a yield of 72% Proton NWVR
confirnms a degree of graftlng wth_ a- toco herol of _10.9% and _ with

pol yet hyl end® vitranfiegrada r BEi &Kelymar, Pl Anzthe

sol utlommorﬁﬁam loferd ymer P1 and 7 ng of insulinat pH7.0in 1
m of water S]t repared, an left to in ate for 2 houﬁ The
2o &

suspensi on i LERERY :l-?%?%‘ﬂefllﬁtoﬁéx - 22 Phosphat fer APkpa

10 mM of calcium cation) and at a concentration of

20 mg/ml. 0.1 ml of protease (solution of 10 mg/ml) is

added and the degradation is monitored by aqueous GPC.
15

A relatively rapid degradation is found, with a half-

life time of the initial polymer of about 100 minutes.



- 24 threshold). The free insulin in the filtrate is assayed by HPLC and

“the anount of associated insulin is deduced by difference. A degree of

associ ation of greater than 95%relative to the insulin enployed is

.measured. Under 5 the sane conditions, the conparative polyner of exanple

8 all ows 40% associ ation. The adsorption capacity of polyner Pl is thus

greater. Exaplo3/104303 vitro degradatipgn of pol ynmer Bgqis oqgapresence
an

of enzymes Polymer P1 is dissolved at pH 7.5 (phosphate buffer 10 mv
of calciumcation) and at a concentration of 20 ng/m. 0.1 nl of protease
(solution of 10 ng/nml) is added anddilgmMiegradati on i s nonitored by
aqueous GPC. 15 Arelatively rapid dégradation is found, wth a half- life
time of the initial polyner of about 100 minutes. WD 03/104303 - 25 -

PCT/ FRO3/ 50003 CBAIpVE vami@oby adi mn@&h@l@@méﬁém@@lsaﬁmtbc ahd/lox and/ or
gl utam c uni.t r at.at .l east . s 5 these units bear
grafts comF|1§F ﬁg‘% %ﬁaas% %@aﬁac SEhpRgr &R hat aZ: ]ﬁﬁ%SEoPS?Qﬁ"\ & acid as
cl ai med idn theise lynitharkeaer igadty tchapgdsdng &ar mikast | Joel v 10
NHR2 OD in ywhid B%gergi LeRresents H a C2 to ClO linear or G3 to C10 15

branched al kyl enzyl or a termnal amno acid unit; R2 represents H, a
linear C2 to Cl10 or branched C3 to Cl10 acyl group, or a pyroglutanate;

2. The polyamino acid as claimed in claim 1,
characterized by the general formula (I) below:

10
R‘
rd
T
@
in which:
e R' represents H, a C2 to Cl0 linear or C3 to C10

15 branched alkyl, benzyl or a terminal amino acid unit;

e R’ represents H, a linear C2 to Cl0 or branched C3 to
Cl10 acyl group, or a pyroglutamate;

e R® is H or a cationic species preferably selected
from the group comprising:

20 - metallic cations advantageously chosen from the
subgroup comprising sodium, potassium, calcium and
magnesium,

- organic cations advantageously chosen from the
subgroup comprising:

25 ® amine-based cations,

® oligoamine-based cations,
® cations based on polyamine (polyethyleneimine
being particularly preferred),



_.R3 is Hor a cationic species preferably selected fromthe group
conprising: 20 - netallic cations advantageously chosen fromthe subgroup
conpri sing sodium potassium calciumand nagnesium organic cations

.advant ageously chosen fromthe subgroup conprising: 25 am ne-based
cations, oligoam ne-based cations, catjons based on pol yam ne
(pol yet hyl enei mine being particularly eferred), -26 cations based on
am no aci d(s) advant ageousl é)a ché)sen fromthe c]ass conprising cations

based on |ysine %or “&ryPAfn c &0 ofTENPol 3 D adidyandaganusdeousl! y
chosen 5 from the schgsenp feempritse nglaeky|dtmgiel Hing! £801oh¥SiHMEed R4
represents a direct gogd or a %:Is_éacer'.' based on 1 to 4 amno acid units;
A i ndependent |y repPBse¥tiP8 CEHBIItELRSrtic unit) or 10 - CH2- CHe-
(glutamc unity wcedicationid (polyanindefddiets asdvhet 45686t s 1992 <
graftingg and ranges f o 10 100 nol % . n+mr es, from3 to 1000 and
preferabl5y bet ween %b Elgér?dggggf&ig CPMPE AN RO Y8 IRR 0BRe PR t . 3.
The pol yam no acilsdasegl aimed in claim1 or 2, characterized in that the
a-tocopheroly ig* ofHaL rigi 0,4. The pol yanmino gcid as.claimed in
claim1 or 2, char Ct%%{ﬂé%d%l ncgifﬁ%cfgt Hén - t ¥ oBherd29E of PRSRENEN ¢
1l to 4 amino acid units;
® A independently represents a —-CH,- (aspartic unit) or
10 -CH2-CHz- (glutamic unit) radical;
® n/(n+m) is defined as the molar degree of grafting
and ranges from 0.5 to 100 mol%;
¢ n+m ranges from 3 to 1000 and preferably between 30
and 300;

15 e T represents an a-tocopherol unit.

3. The polyamino acid as claimed in claim 1 or 2,
characterized in that the oa-tocophercl is of natural
origin.

20
4, The polyamino acid as claimed in claim 1 or 2,
characterized in that the a-tocopherol is of synthetic
origin.

25 5. The polyamino acid as claimed in claim 2,
characterized in that it consists of an a-L-glutamate
or a-L-glutamic homopolymer.

6. The polyamino acid as claimed in claim 2,
30 characterized in that it consists of an a-L-aspartate
or a-L-aspartic homopolymer.

7. The polyamino acid as claimed in c¢laim 2,
characterized in that it «consists of an oa-L-

35 aspartate/a-L-glutamate or oa-L-aspartic/a-L-glutamic
copolymer.



_origin. 25 5. The polyamno acid as clainmed in claim2, characterized in
“that it consists of an a-L-glutamate or a-L-glutam c honopolyner. 6. The
polyamino acid as clained in claim2, 30 characterized in that it consists
.of an a-L-aspartate or a-L-aspartic honopolyner. 7. The polyam no acid as
claimed in claim?2, characterized in é at it consists of an a-L 35
/

aspartate/a-L-glutamate or a-L-asparfi é/a“L-glutamc copolyner. - 27 8.
The polyam no acid as clained in any one of clains 1 to 7, characterized
in that the distribution of the aspartic and/or glutamc units bearing

grafts 5 coBprisfThe pollyeatihooneidt tf Iheindd Ui tahs SHENoENRL aikde

pol yners thuys conBos$ﬁ are. ei ther, random_ or_of _ block type, or
¢ THE

Kk f
mul ti bl ock tyge LRSEGRAFRE 4t dtRRt cFhPneH-strikition of hsims 10

1 to 8, chamapaetized iamd/lcat thdivtamiar nmestss beéaeeng2008rafds100 000
g/ nol and p -y D 0 and, 40 000 glnol .. 10. The pol yam no acid
as claingd Fﬁ&éﬁéggﬁg gﬁﬁ?%h%é g%% ¢ P8CQPR8ﬁg}a&?ﬁﬁifﬁﬁ ?“cﬁh athe ol ar
degree of gthetiprlymebet wbars 3eompds@@%arel picherabtyndehyessr 5% and

50% 11. Th Wale) i dea ' in.any one of claine 20 1 to 10,
6 sleekyteggta,i taeb@f ﬁ.uﬁkayfa%g( 180

characterized in ears at léas graft of polyal kyl ene glyco
type linked to a glutamate and/or aspartate unit. 12. The polyam no acid

as claimed pn C|th‘ﬁéiyﬁﬁin%5aEQH“§§iAﬂ&ﬁhéﬁﬂfHVaAy IECBE claims
10 1 to 8, characterized in that their molar mass is
between 2000 and 100 000 g/mol and preferably between

5000 and 40 000 g/mol.

10. The polyamino acid as claimed in any one of claims

15 1 to 9, characterized in that the molar degree of
grafting is between 3% and 70% and preferably between
5% and 50%.

11. The polyamino acid as claimed in any one of claims

20 1 to 10, characterized in that it bears at least one
graft of polyalkylene glycol type linked to a glutamate
and/or aspartate unit.

12. The polyamino acid as claimed in c¢laim 11, of
25 formula (II) below:

o . 8
R “'-x’[’\'/o_]n_R
Rs

o

in which:
- R’* represents a direct bond or a “spacer” based on
30 l to 4 amino acid units;
- X 1is a hetero atom chosen from the group
comprising oxygen, nitrogen and sulfur;
- R’ and R® independently represent H or a linear Cl



. R4 represents a direct bond or a "spacer” based on 30 1 to 4 amno acid
“units; X is a hetero atom chosen fromthe group conprising oxygen, nitrogen
~and sulfur; R5 and R6 i ndependently represent Hor a linear C - 2 8 to 4
.alkyl; - n ranges from3 to 1000. 13. The polyam no acid as clained in
claim1l or 12, 5 characterized in that the polyal kyl ene glycol is a

pol yet hyl ene glycol. 14. The pol yani mo28ci-d as clained in any one of clains
11 to 13, characterized in that the nolar percentage of 10 grafting of the
pol yal kyl ene gl y&8l Clard&y1firom 1% to 30% 15. A pharmaceutical, cosnetic,

dietetic or planh rBhgkectd-om G0MROSigligon conprising at |east one of the 15
pol yamino acids as clainmed in any one of clains 1 to 14. 16. The

conposition as clainmed in claim15, characterized in that it conprises at

I east one a¢Bi.veTha0 1%1&& adid The &l%rm&é%t?ﬁnc’i%ﬁ! airfegr' rizc' ai m 15

or har cterlze hat the active princlp e s a

gl ycopro ei fr; a§a§5fe§"§'§8 af"PdethétZS he h kY eargldurCF@onu(ﬂ e@t ide, a
pol ynucl eot pdéyethydepepiyilgeoll8. The conposition as claimed in claim16 or
17, characterized in that the active principle is a 30 hydrophobi c,
hydrophilic or anphiphilic organic "small" nolecule. 19. The conposition
as cl ai med 1A.anfhengodfyaalismionmclitl 4 dihimdiraet £az6Hei Bt bakils My be

adm ni stereqd)Vid 13, characterized in that the molar percentage of

10 grafting of the polyalkylene glycol ranges from 1% to
30%.

15. A pharmaceutical, cosmetic, dietetic or plant-
protection composition comprising at least one of the

15 polyamino acids as claimed in any one of claims 1 to
14.

16. The composition as claimed in claim 15,
characterized in that it comprises at least one active
20 principle.

17. The composition as claimed in claim 15 or 16,
characterized in that the active principle is a

protein, a glycoprotein, a polysaccharide, a
25 liposaccharide, an oligonucleotide, a polynucleotide or
a peptide.

18. The composition as claimed in claim 16 or 17,
characterized in that the active principle is a

30 hydrophobic, hydrophilic or amphiphilic organic "small®
molecule.

19. The composition as claimed in any one of claims 15
to 18, characterized in that it may be administered via
35 the oral, parenteral, nasal, vaginal, ocular,
subcutaneous, intravenous, intramuscular, intradermal,



35 the oral, parenteral, nasal, vaginal, ocular, subcutaneous,
“intravenous, intranuscular, intradermal, - 29 intraperitoneal,
intracerebral or buccal route. 20. The conposition as clainmed in any one of
claims 15 to 19, characterized in that it is in the formof a 5 gel, an
enul sion, a solution, a suspension, mcelles, nanoparticles,

m croparticles, a powder or a film 2129The conposition as clainmed in any
one of clains 15 to 20, characterized in that it is a colloidal 10
suspensi on ahtmrapegdtionelads damd/recemedmadardn dhwescalandulre mi cel | es of

pol yam no acids, in an aqueous phase. 22. The conposition as clainmed in
any one of clains 15 15 to 19, characterized in that it is in the form of
a solution f.a Em@c@wwmmsﬂuiqnﬂaﬂnnlaﬁmedrﬁmhenyionesofceéabme d5 being

i nj ect ed SU‘ESUt%)FeOH fla¥actleli ZREUS '%Fxh& Oft | 950 ahtgggr £t 23¢ He

conposi tion as a0 rred any one 0 aims 157 t0 ehar et errzed in
that it iPs PF8flectbl émﬁﬂrélpﬁr taqasowtr@nca@abwsmwwm nfigedd®ssit at

the site of na'nl:‘ig%ci‘ft:'J.Q:'les25 Mm% roPRE tGURAS| td YPhvake £l Nded din any one of
clainms 15 to 2 characterized in that it is for the preparation: of

medi ci nal products, in particular for oral, nasal, vaginal, ocular,

subcut aneougy , lnhﬂﬁweﬂﬁmﬁbsﬂﬁﬁdﬁiaénﬁié&ﬁEd iﬂtéﬁﬁebﬁ8|oflﬁuhaﬁ%fuﬁpnea| or
intra- 30 cerebral admjinistratjon, the active prlnc gles qese di ci nal
yt %[53

product s po&8i bIdP hei FHRTRS %E%%?@y,lnpr5ﬁ§tns pr Bt ei i ns
| i nked 1@ oees@x‘ensma:rre pokyal kaheper gl yTes c@rd}&n{fom@r@mlze;

et hyl ene gl PEG whi ch. cas the are 35 referred to_as "PEGyIated"
pr ot ei ns}, é@%! % ﬁ%&ﬁ#} of “Poiyam 1ds an ~ agueous

phase.

22. The composition as claimed in any one of claims 15

15 to 19, characterized in that it is in the form of a
solution in a biocompatible solvent and in that it is
capable of being injected subcutaneously,
intramuscularly or into a tumor.

20 23. The composition as claimed in any one of claims 15
to 22, characterized in that it is injectable and in
that it is capable of forming a deposit at the site of
injection.

25 24. The composition as claimed in any one of claims 15
to 23, characterized in that it is for the preparation:

e of medicinal products, in particular for oral, nasal,
vaginal, ocular, subcutaneous, intravenous, intra-
muscular, intradermal, intraperitoneal or intra-

30 cerebral administration, the active principles of
these medicinal products possibly being, especially,

proteins, glycoproteins, proteins linked to one or

more polyalkylene glycol chains {for example poly-
ethylene glycol (PEG), in which case they are

35 referred to as “PEGylated” proteins}, peptides, poly-

saccharides, liposaccharides, oligonucleotides, poly-



saccharides, liposaccharides, oligonucleotides, poly - 30 nucleotides and
~hydr ophobi c, hydrophilic or anphi- philic organic small nolecul es; and/or
“nutrients; and/or cosnetic or plant-protection products. 5 25. A process
Jfor the preparation: of medicinal products, in particular for oral, nasal,
vagi nal, ocul ar, subcutaneous, intravenous, intra- nuscular, intradermal,
intraperitoneal or intra 10 cerebral —-ad® ri stration, the active principles
of these nedicinal products possibly being, especially, proteins,
gl ycopr ot ei ns,npebeetides i rhell hydooephobicyorkeygobphikytener glaypdli—chai ns
for exanple . et g Lp.which case they are 15
Eeferred to a58$¥%iglQ%Q%Hf%r%%%?%sésfg%g%%gés, pol y- sacchari des,
| i posacchar ®Pdeand&pt goateientsdes, pol y- nucl eotides and hydrophobi c,

hyarophi |1 C e0Tafdiphs - cOliet £c 08 03P1 ane IRLLLEBLEGH! BRoayaRdlOF Nultients; 20

and/ or cosnetic or plant-protection products,; cterirzéd in that it
consi stsJessentially in using at |least one polyamino acid as clained in

any one of ogl ai mqurorcgsyf%rid/tqlre fﬂ}%;raoem%ﬁ;i on as clained in any one of

claims 15 tg %gf medicinal products, in particular for oral, nasal,
vaginal, ocular, subcutaneous, intravenous, intra-
muscular, intradermal, intraperitoneal or intra-

10 cerebral administration, the active principles of

these medicinal products possibly being, especially,
proteins, glycoproteins, proteins linked to one or
more polyalkylene glycol chains {for example poly-
ethylene glycol (PEG), in which case they are

15 referred to as “PEGylated” proteins}, peptides, poly-

saccharides, liposaccharides, oligonucleotides, poly-
nucleotides and hydrophobic, hydrophilic or amphi-
philic organic small molecules;

e and/or nutrients;

20 e and/or cosmetic or plant-protection products;
characterized in that it consists essentially in using
at least one polyamino acid as claimed in any one of
claims 1 to 14 and/or the composition as claimed in any
one of claims 15 to 23.



