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WO 2007/1 4 1 3 44 PHARMACEUTICAL FORMULATIONS FOR THE
PROLONGED RELEASE OF ACTIVE PRINCIPLE(S), AND THEIR
APPLICATIONS, ESPECIALLY THERAPEUTIC APPLICATIONS 5 The
present invention relates to novel. pharmaceutical formulations based on
agueous colloidal suspensions for the prplonged release of ongcofiMOEEs 44
active principles AP, particularly protein and peptide active principles, and
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ofl%.herapeutlc protein is close to the ideal value for his treatment, the
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therapeutic proteins such as the interleukin 11.2. Furthermore, the concentration

minima are below the concentration that is necessary to have a therapeutic effect,

so the patient receives poor therapeutic cover and suffers serious long-term

consequences.

Also, 10 ensure that the patient’s plasma concentration of therapeutic
protein is close to the 1deal value for his treatment, the pharmaceutical formulation
n guestion has to allow the prolonged release of the therapeutic protein so as to
limit the variations in plasma concentration over time.

Furthermore, this active formulation should preferably satisfy the following
specifications already familiar to those skilled in the art:

1 ~ prolonged release of an active and non-denatured therapeutic protein, e.g.
human or synthetic protein, so that the plasma concentration is maintained at
the therapeutic level,

2~ sufficiently low Injection viscosity to be easily injectable;

Il

— biocompatible and biodegradable form:
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the therapeutic level; 2 sufficiently low injection viscosity to be easily
injectable; 35 3 biocompatible and biodegradable form; 2 WO
2007/141344 4- form exhibiting neither toxicity nor immunogenicity; 5 -
form having an excellent local tolerance. In an attempt to achieve these
objectives, one of the best approaches proposed in the prior gt Was10, 44
develop forms for the prolonged release of 5 therapeutic protein(s) that
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Patent application WO-A-2005/033181 discloses linear, amphiphilic,
anionic homopolyamino acids which compnise aspartic units or glutamic units and
whose ends carry hydrophobic groups containing from 8 to 30 carbon atoms. In
particular, the “hydrophobically modified” telechelic homopolyamino acids are e.g.
a poly[GluONa] with PheOCI8/Ct8 ends or a polylGluONa] with
PheOC18/alpha-tocopherol ends. In water, these “hydrophobically modified”
telechelic homopolyamino acids spontaneously form a colloidal suspension of
nanoparticles which are easily capable of associating, in agueous suspension at pH

7.4, with at least one active protein (insulinj.

The in vivo release time of the active protein(s) (e.g. insulin) “vectorized”
by the suspensions according to US-B-35904.936 & WO-A-2005/033181 could
profitably be increased.
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nanoparticles which are easily capable of associating, in agqueous
suspension at pH 30 7.4, with at least one active protein (insulin). The in
vivo release time of the active protein(s) (e.g. insulin) "vectorized" by the
suspensions according to US-B-5,904,936 & WO-A-2005/033181 could
profitably be increased. 35 3 WO 2007/141344 An increase iR, Felg@s6 144
time has been partially achieved by the pharmaceutical forms described in
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% &utaneous injection, particularly when the protein concentration is
high, (II) and/or to reduce the plasma concentration peak of the active
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proteins. Anothe ct of the invention is to propose a p armacedtica
formuldﬂgﬁuff\}hﬂfﬁ% BB parenteral (e.g. subcutaneous)
injection, to obtain a

Under these conditions, one of the objects of the present invention is

therefore 1o propose a pharmaceuiical formulation for the prolonged release of AP
which overcomes the deficiencies of the prior art and, in particular, makes it
possible, after parenteral {e.g. subcutancous) injection, to obtain a prolonged in
vivo release time for non-denatured AP (e.g. therapeutic proteins and peptides and
small molecules), e.g. human or synthetic proteins.

Another object of the invention is (o propose a pharmaceutical formulation
which makes it possible, after parenteral (¢.g. subcutaneous) injection, to obtain a
prolonged in vivo release time for highly concentrated therapeutic proteins and
peptides, c.g. those containing several mg/ml.

Another object of the invention 1s to propose a pharmaceutical formulation
for the prolonged release of AP in vivo which is stable on storage in both
physicochemical and biological terms.

Another object of the invention is o propose a pharmaceutical formulation
for the prolonged release of AP in vivo which has at least one of the following

properties: biocompatibility, biodegradability, atoxicity, good local tolerance.



prolonged in vivo release time for highly concentrated therapeutic proteins
and peptides, e.g. those containing several mg/ml. 30 Another object of
the invention is to propose a pharmaceutical formulation for the prolonged
release of AP in vivo which is stable on storage in both physicochemical
and biological terms. Another object of the invention is to propQse /141344
pharmaceutical formulation for the prolonged release of AP in vivo which

has at least on thef llowing 35 properties: bIOC t|b|||1
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PQoAnRthes object of the invention is to propose a pharmaceutical
formulati th olanged rele ase of AP.in.vivo, thi ulatio
comprisi R ehds i g 2 Pl
autd- a%oé%%ed”‘\mﬁ?aetdle%faéﬁeOAPthéanHfﬁ\eP‘POf‘P}é?H&‘%oﬁ gomprising

15 polyemingaciwhiose mainmochdiR ihmateaup oksaspadie ndsid iest and/6F,
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fromh the formalation akdfor Precussors:bfetheifdemedation referreditblin the
20 objegisifisted above.

Another object of the invention is to propose products derived from the

formulation and/or precursors of the formulation referred to in the objects listed
above.
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It 15 to the Applicant’s credit to have discovered that the aggregation of the
nanoparticles of the formulation according to WO 05/051416 into micrometric
particles contamning multivalent ions of opposite polarity to that of the groups GI,
in weli-defined proportions, leads to the selection of a specific population of
microparticles that allows a significant prolongation of the release time of the AP
30 (e.g. protein or peptide’ with which these microparticle are associated.

It s also to the Applicant’s credit to have discovered that certain
multivalent 1ons lead to an excellent tolerance of the formulations according to the
Invention.

The invention therefore relates to a liquid pharmaceutical formulation for

35 the prolonged release of AP which comprises an aqueous colloidal suspension of
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25 It is to the Applicant's credit to have discovered that the aggregation of
the nanopatrticles of the formulation according to WO 05/051416 into
micrometric particles containing multivalent ions of opposite polarity to
that of the groups GI, in well-defined proportions, leads to the selection of
a specific population of microparticles tlat allows a significani;o 2007141344
prolongation of the release time of the AP 30 (e.g, protein or peptide) with

WRIh fhese mICPArigs Are AFSARRIE 11,1 lsp todhe Applicant's credit

to have discoyered that certain multivalentions lead to an excellent
toferanc tb’f??ll?’é“fd"r%lations according to the invention. The invention
therefore belages toxcligulahbhabméveadaat formeilation: fepr@b e carrying

prolongégdelsasecofrApwvitich eamprisesianauyeous collpidal) that are at
suspensjow, %EQMYQ&QQJJMBM low viscosity based on micrometric
particles of é)OI me?rj}%%%”i" fthe_ olymer1 PO being a water-soluble, .
biodegradAble PARBIPRC EEBSmier A g IR EhbidGIEHE [ HY
and ioni?able Hylophilibérospy G hadtians at 5 least partially ionized,
anid spostangousty-forming aealldidaliSuspernsion ofppanepardiclesi non-
waler APV, Hndarisqioniccondiions. i 8jd pariicles bging.capable
Ofchsﬁﬁfc'atmg spontaneously and non- covalently with at least one active

princip em@\P), at pH 7.0, under isotonic 10 conditions, formulation which

is ‘CRAFAURR2EHGh thabtms g8 et paririesBrPONEikes §i2, have a
measuneekimed test tF5t0f. betiweere0 b and 100 wm,peéfetably btbetwaemd
ang 79 taiandparticulady.pisiesablyafhetween and.49 imuand nthats
it contains, multivalent ions, having afh‘é%"%f‘%da st a?e?ér%‘?‘r‘%x}%éﬁ ions

pre_erag‘y_ divaten JOﬁS,‘fé %I’Iv%l[lelj IONS or mixtures theréat "o opposﬁe i
pdTaiHy o tRAtGIIRE Y UPE ot o gdymrIsalie Hetfdiengioms Gl of
haiingdieesr addi@driniordeato causeathe: nenopardicles: ofydelymetatge the

ag{eﬁ@%ﬁ@ti@@ BF?J"& | Fiﬁ>%EE§!§§i%@&ﬁ%%ﬂ%%%oﬂ?@n@ﬁ 5RHRNY such
mﬁ]%ﬂggldml% % test M, and defined by the formula r = n xIM~ where [GI]

measured in a test M, and defined by the formula r = nx [T?%] where

- nis the valency of said multivalent ions,
- [IM] is the molar concentration of multivalent tons,

G 1s the molar concentration of ionizable groups Gl,
15 between 0.3 and 10, preferably between 0.0 and 5.0 and particularly preferably
between 0.8 and 3.0

These micrometric particies selected according to the invention are
produced by the aggregation of a large number of nanoparticles of amphiphilic
copolymer.  This aggregation 1s advantageously caused by the presence of
multivalent 1ons of opposite pelarity to that of the ionizable groups GI (at least
partially ionized) carried by the copolymer. By complexing with polymer chains
belonging to distinct nanoparticles, these multivalent ions of opposite polarity 1o .
that of the groups Gl of the copolymer cause the nanoparticles of polymer to
floccuiate into microparticles.

The AP can assoclate spontaneously with the nanoparticles of copolymer
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20 - n is the valency of said multivalent ions, - [IM] is the molar
concentration of multivalent ions, - [Gl] is the molar concentration of
ionizable groups Gl, is between 0.3 and 10, preferably between 0.6 and
5.0 and particularly preferably between 0.8 and 3.0. 25 These
micrometric particles selected accordlngéto the invention are &ig%g/egl b%
the aggregation of a large number of nanoparticles of amphiphilic
mer. This aggregation is advantageously caused by the presence of

i f fart G158 GRBISEBitE BRI RS aPBFRES ORI ABIA o ts BIOER
lesstrBOgsaxtizliy o Hizeoly carried byt copolrmet/oByTcorygegiigwith
polymer chains belonging to distinct nanoparticies, these multivalent ions
of opposiie,polarity o sibatalihe gouns,elotibe coRolimer sausa e,

nanoparticles of po ymer to flocculate intdo microparticles. The AP can

ociate’s icﬁ ﬁ%Blfé’l’fleth the nanoparticles of copolymer 6 WO
2007/1413nwgb@tbéf@rerﬂﬁey abgplegate imtodmimonietric particlesparid/or
they taraskesiateispeataneeushnwith dhadnicipmetrieparticiesnduingrm
angﬁ%@e‘;slﬁléqgﬁg@n@ar M%%rgyﬁ 1&'99J&KB‘%‘J%ﬁ%e@%‘?&?&@%"(@%wed

invention can ave good local tolerance, Throughout

thE PSSt SSCTUH B 28 (ISATRRIT PR RS SHICA el T hvnAgih 200 mo
m?@ﬁb?ﬂ%fﬂﬁébéiz@b‘?@tﬁe?@ﬁ%@&tm according to the invention, the term
"submicronic particles” or "nanoparticles” denotes particles whose size

(measureg, ipa g%%J desciibed.halow) is greateranor eanakiodnon,
and Iess than 50, r% 0 an ref rabt%)Hgtween and 250 nm. For the

putposes ot ﬁ%@tln%’e\ﬁ R the’t earl}n0 S BN et BHAEF 2 ' BIORHCE &
pEBHHES vilfsther Be eﬁtohgo@eéﬁ@é of & pmyﬁeptmétmrh@iomwromore
pepiide: may lendmay:pet be modified, e.g. by the grafting of one or more

15 polyoxyethylgne groups. The-active Prigciple isidesignatedby theur e
referen(%eiAP throu Po tthe present disclosure; AP denotes at least one

Ve p rlr%(q:?p?eurﬁor GB%F bgéeesasct)to ﬁeaicrlf\}feerﬁrmmcpmd throughout the

present HECBS BHEP e of the invention and throughout the present disclosure, the
terms “association” and “associate” emploved to qualify the relationships between
one or more AP and the polymers PO (e.g. polvamino acids) denote that the AP(s)
15 (are) bonded to the polymer(s) PO non-covalently, e.g. by electrostatic and/or
hydrophobic interaction and/or hvdrogen bonding and/or steric hindrance.

Angular speeds for the centrifugation are expressed in rpm (revolution per

. : . . : . 2r _
minute), 2 unit equivalent to a round per minute (r/min) with 1 rpm = 22 radsT

Test T for measuring the size of the microparticies bv laser diffraction

a—Test T1 in the case where the microparticles are in the form of an agueous

dispersion

! Equipment and operating conditions

Laser granulometer Malvern Mastersizer 2000

Module Hydro 20008M wet sample
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terms "association" and "associate" employed to qualify the relationships
between 20 one or more AP and the polymers PO (e.g. polyamino acids)
denote that the AP(s) is (are) bonded to the polymer(s) PO
non-covalently, e.g. by electrostatic and/or hydrophobic interaction and/or
hydrogen bonding and/or steric hindrance. Angular speeds foerB%Mm
centrifugation are expressed in rpm (revolutlon per mlnute) a unit
equivalentto a round per minute (r/min) withr T mpmm="27; rad:s" 6025 ;
Fest-T-for-measuring-the-size-of- the-micropartic g&?‘i’;‘gﬁ%’“ﬂ-ffracuen_awm
restumeinl ghepcesecwheie thedmieno artcles are inthe form of an aqueous
IisReesanil Ol Equipment and operating conditigns;kaser granulometer

N/kadggc[rgfl\ggﬁggﬂzer 2000 'Module, Hydro 2000,%%wet sample 7 WO

UI/J.4J. 344 (JlbpelbIUll unit-Volume-of UIprI LLL®) \,ounm fluie-150-mt

&E@%ﬁ]ue_and red) j466.and 632 nm %%W%QQ@@)HW?AOO
tisphatptichl Yangeh®:02 pm to 2000 Irm Optical model (Mle s theory)
Values @ﬁ‘f@ff@(@ﬁ}@ﬂﬂ@i&q&é@ed' } Dispersing fluid (water) mrm;d = 1.33 = |
uO R ] "ol"srvrene 1.59 4-i.0 G bscura ian val es for
trlg [efgﬁég é%‘a %eﬁv en 5% and 20% Acqu S t tlme 10 §2
Prepa AVEEEH chnmnln The sample for. anal\/%qmﬂmmmmd] h<\9 r‘flllﬁlnd

4@@5Lmﬁatqm\az%ﬁermfaem opabieawith 600 pl of demineralinetavater@nd then
am@uwimﬁﬂgparatlon ina 5 Vortex for 10 s (39 £ 5).

344

ﬁ

2 Preparation of the sample

The sample for analysis is prepared by diluting 400 pl of it in a 5 ml test
tube with 600 ul of demineralized water and then agitating the preparation in a
Vortex for 10 s (10 + 5).

3 Analysis of the sample

The circulating fluid stored in the wet sample dispersion system at rest is
emptied out and replaced with fresh demineralized water. The speed of agitation of
the Hydro 2000SM unit 1s set to 2400 rpm.

The measurement is started under the experimental conditions mentioned
above:

I — Alignment of the laser beam

2 - Recording of the background noise

After these steps the operator introduces the sample for apalysis in the
foliowing manner: dropwise addition of the diluted sample (with a Pasteur pipette)
unti! the obscuration 1s between 5% and 20%, and initiation of ac@uisition.

The datz are obtained relative to the D350, which 15 the diameter below
which 50% of the analyzed objects are found.

Three measurements of the D50 are made on 3 different preparations and

their mean is taken.

b —Test T2 in the case where the microparticles are in the drv form




10

3 Analysis of the sample The circulating fluid stored in the wet sample
dispersion system at rest is emptied out and replaced with fresh
demineralized water. The speed of agitation of 10 the Hydro 2000SM unit
is set to 2400 rpm. The measurement is started under the experimental
conditions mentioned above: 1 - Alignment of the laser beamy2-4q+4/141 344
Recording of the background noise 15 After these steps the operator
introduces the sample for an &]y5|s in the following manner: dropwise

ad a8 the BikREF LRATs& (it a Pasteur pipette) until the
obscuration is between 5% and 20%, and initiation of acquisition. The ‘
dpta-ate-abiained relative to the D50, which is thaiameirkbsiow 2vich |
%0 of the analyzed objects are found.. 20 Thre ﬁg@gw{ﬁ &MBE ]

[
D 8are made on 3 different preparations and r mean Is taken. b*-
Test T2 in-the case where the mmrnn::rflr\loc ar lmg%\gﬁﬂrm RWO

LERSLRAS - Ly 4

200714 1344 pdr Equismentland operatinq conditibhsilaser granulometer J |

P@%@&Mg@{gﬁ@g%@% Module Hydro 200050Mkwet sample dispersion

u gg@ (%Jurﬂe of er‘sjl'ng carrier fluid 150 mlI" Wa %%'d% ths (blue and red)

FO00dlInu " ooZ T wWAccU UIMayitallurmrZ90UTPIT Ild’ylludl rariyc U UZ 111 10
.M&G&&a@oﬂ@&&&&wﬁ&d&uﬁﬁéﬁ&&&éﬂﬁ@t&i&dgm
Dispersingdid(wateromn,;d = 139 +i.0 Polystyrene latex moolvstvrene

X e do? S trd-Bv QhSCHEtioN Values for triggering analysis between 5%
\nd 60% Ac |si ion time 10 s 2 Preparation of the sar‘m[}a 0

N

Q).

1sper5mﬁ waler) Wi =
Polystyrene latex Mpolvsivrene tatex = 1.99 1.0
Obscuration values for trigeering analysis between 3% and 20%
Acguisition fime 10 s

2 Preparation of the sample

~ A 0.1% solution of Span 80 in heptane is prepared (by weighing out 0.01 g of
powdered Span 80 into a 20 m! flask and then adding heptane to a final weight
of 10 g).

About 6 mg of powder are weighed out into a 5 ml test tube.

0.7 ¢ of heptane containing 0.1% of Span 80 is added to the test tube.

|

The test tube is placed in an ultrasound bath for 2 minutes to disperse the

powder thoroughly.

3 Analysis of the sample

The circulating fluid stored in the wet sample dispersion system af rest is
emptied out and replaced with heptane. The speed of agitation of the Hydro
20005M unit 1s set to 2000 rpm.

The measurement is started under the experimental conditions mentioned
above:

1 — Alignment of the laser beam,

2 — Recording of the background noise.

After these steps, the operator intreduces the sample for analysis in the

following manner: dropwise addition of the diluted sample (with a Pasteur pipetie)
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5 - A 0.1% solution of Span 80 in heptane is prepared (by weighing out
0.01 g of powdered Span 80 into a 20 ml flask and then adding heptane
to a final weight of 10 g). - About 6 mg of powder are weighed out into a 5
ml test tube. - 0.7 g of heptane containing 0.1 % of Span 80 is added to
the test tube. 10 - The test tube is placeg in an ultrasound bath f0r 2. 4,144
minutes to disperse the powder thoroughly. 3 Analysis of the sample The

C|rcullaﬁ|n%glwd stored.in the w(g;e%?[g%ple dlsgerswn system at restis 15

empticd out anA 1 aptaRed Filt Hepthnt, "THE JPLBH°S UgHaNbH BE the
Hydro 20B0$N: it idsérad Eha0Tpm eh e adirkrite Hrcististartet knhoksr
thetexipédirhentat earditiond menttonetchdabove: | - Alignment of the laser
beam, 2012 Recording.af thehaskaround neise. Afieress SieR N8 md

o] ,ﬁg@tr%&iigtrgg%gs the sample for analysis in the following manner:
dropwise addition of the diluted sample (with a Pasteur pipette) 9 WO
2007/141344 until the obscuration is between 5% and 20%, and initiation
of Bsguisition. skt widte aie olitainedlielative jarthdd 0, witich daitie licht
digmglefkelow which 50% of the analyzed objects are found. Three
m‘ézié"ﬂ?é}?ﬁgnts of the D50 are made on differe{gt r%p%[ationé §rnd 5.

. 1€ mean hy mlm}t) ¢ diameter of the particle vmer aceord
their meanis taakerf. eSY[ or measuring th S|1ze [0) ﬁ’e nano fl% 88 W

qUASKEIRGRIRG AT ReRMETY T TresBdfodyinsrie ameter of the
particlesiofpolimersP@® accordingpifdathemventiomisanéastteehbynthia
pr@.@@(mr&% Md Qﬁftlln@ﬁi aedo%vgiﬁ!ago%ilﬂsﬁip%s Ofrlﬁe%% zs@@ﬁ%sé&d&ﬁa%g asscd
concentr Ol M | . a medium a

o R DL i et A o DD SoH il chopars
bé] %%Y%M@a’-ﬁﬁfu%ﬁfﬁmﬁmg@é%%ﬁ%‘an@ita masH Caphsed He-
Gohidmetere8ystadmreperatitig t#ills avertidally palaizeshiie dbiNectasénhe
beam piavelength32 Bnm.chheihdredynamio digmetan of iiorrelation

function by the summation method, as described in the book “Surfactant Science
Sertes™ volume 22, Surfactant Soluations, Ed. R. Zana, chap. 3, M. Dekker, 1984.

Test M for measuring the mulivaient ton content by ion chromatography

Quantification of the multivalent ion Mg® will be taken as an example.
The method is substantially the same for determining the other cations {only the
contrels change).

I Eguipment and reagenis

Ion chromatograph

Dionex 1CS2500 ion chromatography system equipped with a conductivity
detector, a cation self-regenerating suppressor and a thermostatted oven
Coiumn (Dionex): fon Pac CS16 5x250¢ mm column

Cuard column (Dionex): Ion Pac CG16 5x50 mm guard column

Cation suppressor {(IHonex): CSRS —ULTRA I - 4 mm

Plastic bottie for ion chromatography (Dionex)

Demineralized water (MiliiQ)
0.1 N hvdrocnjoric acid (HCI) (Riedel de Haén)
Methanesulfonic acid (MSA) (Aldrich)
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nanoparticles of polymer PO is calculated from the electric field
autocorrelation function by the summation method, as described in the
book "Surfactant Science Series" volume 22, Surfactant Solutions, Ed. R.
Tana, chap. 3. M. Dekker, 1984. 20 Test M for measuring the multivalent
ion content by ion chromatography Quapntification of the multivalent ion _
Mgt will be taken as an example. The 3 thod is substantialIy"‘tlg?ez%Ozm'fi(-:[r344
for determlnlng the other catrons (onIy the controls change). 25 |

yf AR cfomatddeakh BisReR)1CS2500 ion
chromatography system equped Wlth a conductivity detector, a cation
saffreggr}efg,tl g,;;yp(grle,gg,or and a thenuostatted oven Column (Dionex):
lon Pac g . 3(%?%1 mﬂ column 30 Guard column (Dionex): lon Pac
CGI6 5x50 mm guard cofumn Cation suppressor (Dionex): CSRS -
ULTRA |t<104nﬁwﬁ§ Piaktid Dotite FopiorcEhrdatatodraplayk(Dipasne about 500
Demineralizédwwater Mt O) 1 b Nurydio ehddriaacid | HEL) Riestell de water
Haen) %M@U@ﬂgﬁq}f@@@@gr%ﬁ%@ﬁ)ﬁ(ﬁldrrch) 10 WO 2007/141344
Sulfate th em Itllsva t %gég MgSO4 (Aldrich) 2 Preparation of the
solutions’ 0 ve)nt 0; 100 ml of 0.1 N HCI are introduced into a
1 liter flaSRie8At&mig abadtsed itermind Watsrtrhecvsiniers mia
up to | literewithasitil iQ twdte ioant:theasaiutibn. i3 Srredofidgredicaltided with

Mobile pmﬁ%&{%ﬁﬂ'}ﬂﬂ\é@“ Using a graduated cylinder, 2 liters of MilliQ
water ar r d ced |nt 10 Ilter astic bottle fo tography.
3.89 ml grfhl\/lé)i? arsépéaof(fed v%%th agpnaautoma{%% grpet bli?he"ﬁasklrr?s %%’JICJGJ &
in the apjsdFat@ 4 REERBIIANSHbDlng is started in order to mix and degas
the phase. 15 3 Preparation of the controls and the samples

3 Preparation of the controls and the samples

Preparation of the conirols

- N 24 .
Three controls are prepared in an Mg’ concentration range of 1 me/l to 2.6
prep g 2 &

mg/l.

MgSO, |0.0]1 N HCI
SM1 100 m! flask 50 mg | Make upto 100 ml | Magnetic stirring
SM2 1100 mi flask | 80mg |Make upto 100 m! | Magnetic stirting
SM3 {100 miflask | 130 mg | Make up to 100 mi | Magnetic stirring

Dilutions of the stock solutions are prepared.

SMx [0.01 NHCI

T1 1060 ml flask I mi |Make upto 100 ml
12 100 ml flask 1 ml i Make upto 106 ml
T3 1100 ml flask I ml | Make up to 100 m!

Prenaration of the samples

The microparticle formulations are agitated thoroughly on a Vortex just
before sampling, and mixed with the automatic pipetie.

At least one ditution is effected by adapting the weight and dilution volume



10

Preparation of the controls Three controls are prepared in an Mg21
concentration range of 1 mgll to 2.6 mg/l. | MgS0O4 0.11 N HC~ | SMI 100
ml flask 50m g Make up to 100 nil Magnetic stirring SM2 100 ml flask 80
mg Make up to 100 ml Magnetic stirring SM3 100 ml flask 130 nth Make
up to 100 ml Magnetic stirring 20 Dilutigns of the stock solutiops &€ 141344
prepared. SMx 0.01 N H CI T1 100 ml flask I ml Makeup to 100 m~ T2
100 mi flaSkl\]é r?pn ey )Lke iOO ny T13 lig)noo \%é:( 1:![ Hn # % l'%pé

100 m1 Pfe paratio e mlcro article Tormutations ar

agnatedl?ﬂar@egmfﬁﬁ%?%h& h§ H@ﬁo#é §5ﬁ1ﬁpnﬁgvlsﬁai}ﬁ&éaem%ymér
automaticipipetite. Aulsast onefdilutibi iseffected by adapting the weight

and dilutjgre yplwne:d & M&Q@ZA&%@M&%@A@% exRected Mgr'
Concentti?tlonaspt:g)%}/g}%% '6“%/ m ter%gp @ bcullugll'gr?ﬁsrreg(?de ”]«0 01

N HCI in order to premﬁltate the' polymer. ucce ive dilutions aré
effected if necessary. The solution is stirred magnetically for at least 30
minutes. 5t jscpaissedsthrocghical 0 ppreefiltée before being transferred to
a flask. Two preparations are carried out per sample. 4 Conditions of ion
ch;gm%qg)rfgpo Unlg)hlp J(}-:-?grpon vglume 25| Flow rate | ml/min Analysis

agran

time 25 min Detection condUc r?y in LtS/min Fluent 30 mM mM MSA.

Injection volume 25 |

Flow ratc I ml/min

Anatysis time 25 min

Detection conductivity 11
uS/min

Fluent 30 mM MSA

Column temperature 40°C

Suppressor cation

Cugrent 87 mA

5 Processing of the results

Determination of the calibration line

The regression line is obtained by considering all the controls in the
sequence. The correlation coefficient must be 0,99,

The equation of the line is as follows:

Y=aX+h

where Y = area of the magnesium pcak

Determination of the magnesium ion content of the samples
Vo =B1XY,

NN

-
ax i

M = Mg"" content (g/1)

Yassay = arvea of the magnesium pea.k for the assay
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Column temperature140C Sup ressor cation Current 87 mA 5
Processing of the results Determination of the calibration line The
regression line is obtained by considering all the controls in the 15
sequence. The correlation coefficient must be >0.99. The equation of the
line is as follows: Y =-aX+b where Y = area of the magnesiu -
concentration of the control solution (mgll‘gl) 20 Determinationr%{thzeeds%“M
magnesium ion content of the samples I-bIxV,, M = aXP M Mg"t content
(/1) YakSay e didh ey miaghlsici PauR 8P the assay 25 a slope of
the calibvatiohlimerl 2oWi@e2007/ 1 4 1 344 b = ordinate at the origin of the
calibratipp-linanye: s gilion yolume (ml) P, = sample weight (mg) The
final resuylt is-the mean of. 2 assays.-The generally accepted coefficient. 5
o vatat T 2 e
the metKSATEVHIERED ERFERAGHSTBY thetatic P the At e pBRsEor b
describedethe dleterminlatidrd of the magnesium 10 content. The content T
of other multivalent cations (Cap', Zn2’, Ald', etc.) is determined in the
same way by:an analagays method. Once the value of M has been

determined in this way, itis iuseddto d_%d{lilcle tgle molar _concfergltration of,
. ‘ 1 > ) 2 e
multlvaléﬁtthfnal}ﬂﬁ:ve protocor we described the determination ol the magnesium

content. The content T of other muitivalent cations (Cazr", Zn*", Al etc.)
18 determined in the same way by an analogous method.

Once the value of M has been determined in this way, it 1s used to deduce
the molar concentration of muitivalent ion IM:

[I ]: —— where Mg, 15 the molecular weight of the multtvalent ion in

g/maol.

Knowing the structure of the ionizable polymer, particularly its theoretical
degree of polymerization DP, its theoretical molecular weight M, and ifs
hydrophobic grafting rate (i.e. the fraction ay of groups modified by
hydrophobic grafts), it is possible to calculate the molar concentration of

ionizabie groups for a polymer concentration C (expressed in g/1):

[GI]=(0~a,)x %JDP

¥

18]
|G7]

This s used to calculate r =nx

, where n is the valency of the
multivalent 1on.
Preferably, the formulation according to the invention is characterized in
that the micrometric particles have an apparent polymer density dgy,. measured in a

test 1D described below, of between 0.05 and 1.0, preferably of between 0.07 and

0.7 and particularly preferably of between 0.1 and 0.5.

Test D for measuring the apparent densitv d,,,

The microparticie suspension having a concentration C (mg/g) of polymer
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[IM] M-, where Mj0 is the molecular weight of the multivalent ion in M 15
g/mol. Knowing the structure of the ionizable polymer, particularly its
theoretical degree of polymerization DP, its theoretical molecular weight
Mp and its hydrophobic grafting rate (i.e, the fraction an of groups
modified by 20 hydrophobic grafts), it is;possible to calculate the mpelar 124
concentration of ionizable groups for a polymer concentration C

expressed.in gll). %x P Al ThIS IS usedthg Icy atie r=nxwheren s1
¥ t ot .
the va]er%g?/l %%gﬂe GI ‘multvalent ion. 25 Preferably, the Tformulation -

aSEBIIIg o théafiientith i@ chisFaeRfiSed Hat euam%rcsfﬁéwlv tared

pastividszhiave arvappahentpohynerdensityrdopy phaeasurethintabdest then

desgsihad helow, gf taetweem@ Q@@&dﬁd@a@nﬁfﬁr@wm&ee‘m%& Q- and
O&Qﬂgspﬁr%]%!ﬁ {Ly r ra crn d} 'sergngo%e Sruglfs)ig-ne nsin fOI‘ ied

measuring t arent ((ZT e mICI’ aI’tIC suspen5|o V‘ID

a CHReRRE S on! S(fﬁglfﬁ%?ﬂ rRdhe lyes eeﬁazﬂ&“i B (peyiis

hdmogéenizedby magnetic stirring. A 2 nil aliquot of microparticle
suspensios igtaken withmarmieapipsiterandpipcad.ma previedsiyatared
centrifugatign tube. The microparticle suspension placed in the tube is
then wejghed (weight min g). The tube is placed in a centrifuge and spun
fof' 305 ninutes at 8000 rpm. The supernatant is removed with precision
using adapted micropipettes. This is used to deduce the volume of
sediment Vs,d (in in]): used-htn[-Isur. The apparent polymer density darp
(in g/cm7lis givepeiythedOrmuatanbixic po00ics loaded with AP affords a

particularly valuable prolongation of the release time of the AP (e.g. therapeutic
protein or peptide) and a reduction of the plasma concentration peak.

In particular, the release time of the AP is significantly increased relative to
that of the formulations of the prior art, especially those described in patent
application WO 05/051416. The prolongation of the release time of the AP in vive
which is induced by the formulations according to the invention is all the more
valuable because the AP {e.g. therapeutic proteins) are still fully bicactive and non-
denatured.

Thus, an advantageous functional characteristic of the formulations
according to the invention is that the release time T, of a given AP, as measured in
a test L, increases relative to the release time t, of an identical formulation not
containing multivalent ions, as measured in the same test L, this increase preferably
being such that T, is greater than or equal to 1.1 x t, and particularly preferably

such that T, is greater than or equal to 1.5 x t,.

Test I for measuring the release of the AP from the micrometric particles

according to the invention

2 x 2 cm squares are cut out of an absorbent polypropylene material,

The phosphate buffer solution, called PBS, 1s prepared by dissolving 1
tablet of PBS (Aldrich) ir.lu’)OO ml of water. This gives 200 ml of a sclution
containing 0.01 M phosphate buffer + 0.0027 M potassium chloride and 0.137 M

sodium chlonde.



10

30

10 The suspension of micrometric particles loaded with AP affords a
particularly valuable prolongation of the release time of the AP (e.g.
therapeutic protein or peptide) and a reduction of the plasma
concentration peak. In particular, the release time of the AP is significantly
increased relative to 15 that of the for\% lations of the prior atf, especially,
those described in patent application 05/051416. The prolongation of
the release time of the AP in vivo which is induced by the formulatlons :
accordinty R HRE InAEoh IS BN e HRIR ST B e PRpiay s
therapeutioyproteins)kare stilbfuiiyebioaotivbamchnbacidenatiréd 20 ThRs ¢
a@ggtgam@geﬂ%aﬁlé@@tgmal characteristic of the formulations according to

the inverion s ik s alsasedime. Ll AOMEN 4FAe dsABERd Iy

test L, increases relative to the release time't, of an i entl%al formulation

ndP*CORtERitG TRHRACAR IO AR RS S I AL BRS Tt Othis
increasedprefendbly thsingrstichitiat T a@@ﬂeé’(@mﬁwﬁwﬁ‘éd@ﬁm@ & CRPRYLY

ang particulkaly preferalyideb sucadhat Teisgraaisn thangregsakdo ih. fx

tr. Testl, for measuring the release of the AP from the micrometric

particies accordin Hg to the invention 2 x 2 ¢ uares are.cut gut ofa
0

absorbeAt BoIFPrafy et e niteidit 30" he &g Hate BiifEsb fpnuous

ution,
cailect® BS pigqerepaEd bydicsoing eiegblet of PBS (Aldrich) in 200 ml of
water. Thigcgiyes200mbeka olutien heantaifing:0PeE Mnphosphaté bafier

moQng Mepc 1@’?% meﬁb@{lg?e@i%ilp 43%d sodium chloride. 14 WO

uffered solution of bovme %uml tptalln

ing 30 mg/
caIIed B§A 1?%[ BreBHPEFBO R BURING &5 SF pOvIRET LS b b ) it the
frawtion Vf (SAFC)ei a9dalclofoprevisiisy) prépdrédsPBS Trpo BT A lightly
Falgomtubes, one containing PBS and the other BSA solution 5 for

soaking tpﬁe%lé@ir%sq%feqpﬁg{&ent material, are stored in the refrlgerator 4
or 5 ml of these solutions are Iac&i1 Jghermetlc thlwgs V|n acap act

of 5 mi (5'SATFHIES die pritide IS T
stdk@d:m{m@oq@mgéﬁat@}i later, so as to synchronize all the kmetlcs 1he squares

are placed so that the injected spot is near the top of the tube.

The sampies are placed in a holder and are all introduced into a 37°C oven,
with shaking.

The shaking greatly influences the release kinetics and must therefore be
controlied: shaking set to 40 with 9 em between the two obstruction bars.

100 ul aliguots of the continuous phase are taken at different times.

Assay of the protein by HPLC
Two eluting phases are used:
— Phase A: 1260 ml of water / 680 ml of acetonitrile / 60 ml of THF / 1.8 ml of
TFA
— Phase B: 630 mi of acetonitrile / 340 m] of water / 30 ml of THF / 6.8 ml of TFA
The HPLC conditions are collated in the Table below:

i
| Instrument l Agilent 1100 equipped with:

- & cooled automatic sample changer
| - a UV and FLD detector

H
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After an interval of 15 hours, the 5 ml tubes containing the continuous 10
phases are placed at 37C one hour in advance. The squares are soaked
for one hour, 5 in the PBS and 5 in the BSA (or more if there is a problem
on injection), at 37C. 0.5 ml of formulation is injected with a 27G needle (1
ml syringe) into the center of each square (parallel to its surfag;g)),e pi{&hM
has first been sponged lightly 15 on paper. The injected side i1sno éd. "’
Thisprocedure-is-applied-torthe-to-squares, which-wi i e
th&e@n{jnu%medethr?Qﬁ%QWﬁ%&ﬁﬁ%?ﬂ?P all_ the kinetics. The
sduares: are placed so that tReisjectdi@apatis Itear the top of the tube. 20
The samples are placed in g holder.ancharg, all introduced into a 370C
agven, with shaking. The shak_ingéi %reatly influences the release kinetics
and must therefore be controlled:"shaking set to 40 with 9 cm between
tﬁmmmmwﬁﬁﬁécompmwm
jt@ii&tétent times, 25 Assay|aithepiotein by HRLC Twaoiehuting phases
re used: - Phase A: 1260 mbof water / 680 mlof acetonitile / 60 ml of
HE / 1.8 ml of TFA 30 -Phake B: 630 ml of agétonitrile #8340 ml of water
30 ml of TI-IF / 0.8 ml of TFA3The HPLC conditions are &6llated in the
able below: Instrument Agiléfit 1100 equippédiwith: - a cooled automatic |
sample changer_- a UV and F.D detector 15 MO 2007/14 1344 an

autematiciiiegrator Column Keystane BefaBasigsiBn e x50 Mini3m

pqﬁ)@'éﬁe]‘SO 1.5 ml/min

Column temperature 38°C j
Sample temperature Cooled (4°C) ]
Injection volume 100 pl ;
Detection UV absorbance at 280 nm ;
Fiuorescence at: l

- 296 nm (excitation) |

- 330 nm (emission) g

The pretein concentration in the continuous medium is then plotted as a
function of time,

The total amount of protein released is read off from this curve when the
latter reaches a plateaw: for the test to be valid, this value must represent at least
40% of the protein introduced at the start. The time T,, which is the time required
to refease 50% of the AP introduced, is then read off from this curve.

According to one preferred characteristic, the liquid pharmaceutical
[ormulation according to the invention is characterized in that the micrometric
particles of the suspension are obtainable spontancously in an aqueous liquid by
adding a salt containing multivalent ions, preferably divalent ions. of opposite
polarity to that of the groups Gl of the polymer PO 1o & suspension of nanoparticles
of polymer PO and optionally an AP.

In one preferred embodiment, the formulation according to the invention
comprises an AP associated with the microparticles of PO,
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[

Gradient Time (min) %A %B 0 1000 155050 351090 136 100 0 40
100 0 Analysis time 40 min (+- 20 min of washing between injections)
Flow rate 1.5 ml/min Colman temperature 38C Sam le temperature
Cooled (4C} Injection volume f 100 fd Detection UV absorbance at 280
nm Fluorescence at: - 296 tun (excitatiq@) 3 30 nm (emission Jﬁb‘%wmnm
protein concentration in the continuous medium is then plotted asa™
function of time. The total amount of protein released is read off from this
curve when the latter reaches a plateau: for the test to be valid, this value
must represeitatlaast 5408 wfvthe pratehringrovemtedeapdtrotstalit, Jigeo!
tirpgnk, Iwhich-edhanithR teaiiediitedelease 50% of the AP introduced, is
ten read oL 1AM 013 CUAE. ASEOMRIN R e, Prafelliad CRAPCIEIRHG o
the liqui p%_armgcgutlcal formulation accorglmg to the invention |s
ChaFAIaMZ R thar the MR ST RIS P RS BRTEHE KUSpERSToH HRd o
obtainialolé Kpontarreoulilin Brefagbeodks|iguierby dedinty alséit tomdaing
mujtivaleationspreferakbt divalentionsof bppesiterpRiaitiatbat afthe
9IrHP3, a:.l' %BH‘%H%'XH&% Pr@fgp ar Hé@%@ﬁ'?r‘a% 9@6‘%85"{9%35 l?eftween 1.0
polymer P& andooptlona {an A?I. 15

) opt . 15 In one preferred embodiment, the
fofbISiR A e 8y 45 thd ARTettiBh 2comprises an All associated with
the microparticles of PO. 16 WO 2007/141344 This formulation has the

advealagenileeing injesiakie naranierally and of

The reference measurement for the dynamic viscosity can be made e.g. at

20°C using an AR1000 rheometer (TA Instruments) equipped with a cone-and-
plate geometry {4 cm, 2°). The viscosity v is measured for a shear gradient of 1000
s

This Jow viscosity makes the formulations of the invention easy to inject
parenterally, particularly by the mucosal, intramuscular, subcutanecus, intradermal,
Iintraperitoneal or intracerebral route or into a tumor, inter alia.

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

oral, nasal, pulmonary, vaginal, ocular or buccal route.

This liquid state or low viscosity of the formulations of the invention exists
both at injection temperatures corresponding to ambient temperatures, e¢.g. of

between 4 and 30°C, and at the physiological temperature.

The polvmers PO useful in the invention are water-soluble biodegradable
polymers carrying hydrophobic groups GH and ionizable groups Gl The
hvdrophobic groups can be in reduced number relative o the rest of the chain and
can be attached laterally to the chain or intercalated in the chain and be disiributed
randomly (random copolymer) or distributed in the form of sequences or grafts
{block copolymers or sequenced copolymers).

In one preferred embodiment of the invention, the hydrophobic groups GH.
are attached laterally to the chain.

Without implving a timitation, the hydrophobically modified polymers PO
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being liquid under the injection conditions. According to the invention, the
descriptors "liquid". "low viscosity" or 5 "very low viscosity"
advantageously correspond to a dynamic viscosity less than or equal to
1000 mPa.s at 20C. Preferably, the dynamic viscosity of the formulation,
measured at 20C for a shear gradient of 1000 s-1, is preferab n
or equal to 500 mPa.s and particularly cheferably between 2 qud%.g%émyw
mPa.s, e.g. between 1.0 and 100 mPas or between 1.0 and 50 mPa.s. 10
MeisifertTeri ot tHe by Ransto s COBHY 118 rBfeRY nsidsulemaieRses.
thee dymamicarissesing car fermatle-e e fraRQC wsingarfrARI000 subgroup
rhepmeterd TAulnstiumentshrauippesd wihicaconacans plate.geemelry (4
C'Eal%éml&%ﬁﬂﬁ&%?%W%H%%%H:Eeﬁaf% AShRar gradient of 1000 15 S-1.

This low viscosity makes the formulations of the invention easy to inject
parenterally, particularly by the mucosal, intramuscular, subcutaneous,
intraderrial OnigtrpEritsheal odinteatepébtal rovtatomintdh teneecinterrom
aliga phhehfoemul ationmacsosdifg to the invention can also be administered
by the 20,0l Nasal. PUIMERAN, YRRl QSUIAL B RUGEALIRUE IR, the

qutuid state or low viscgsity of the formulations of the invention exists both
At TRt B Al Trex hBBHAING o SIP Yo Y TP B FERIS, ot
bfgies 2dhido o e aidhephysiolagicantdhiperatipening The residues”
padyainﬁnsda{aaugemﬂ hn»ﬁhseiimg_,aﬁtim}&rﬁ wawhﬁ_aluc_bte* biedegradable

polymers CaLrying hydropialie,arolRs Gk and;ionizable.arups Gl I ner.

hyqro hobic rougs ézan be in reduced number relative to the rest of the

chalf ahd® canbhe’ Bt 3’5&%&?&?&%9%%%‘86%%‘?%% PEMIATRGRI tHaues o
chaiPPER Bec el e d BO TEAdS B rardorteohaiierod distdated
the:fahmsofnseqisences oiegeaitsy(iack-eopolymendonsaquenced L or D/L
CORQYMER)s RORR BB%EEH%%@QQH&JW& Of S, IBYSALANIRE. case of the
hyg:]r?gﬁwoblc roups Gll .are atéa)ch%g at?rﬁlﬂy j[g the chain. 35 Without
impRying & [Tation, the hyatophibicaly REafist bBiyiias BEA7RE e
2067 MuR Yuappartate residue.

The preferred “amino acid” residues of the main polyamino acid chain are

t|c:z;{fl)a/‘

those having the L configuration and a linkage of the alpha type.

In one particularly preferred embodiment of the inveniion, PO is a
polyvamino acid formed of aspartic residues and/or glutamic residues, at least some
of these residues carrying grafis containing at least one hydrophobic group GH.
These polvamino acids are especially of the type described in PCT appiication
WO-A-00/30618.

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

by general formula (I) below:

/,COOR3

i|-+ 0 &
q/L N NHR'
R? N
l ! n 1 m
oj/ A H 0

Rai
[GH -~
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can be selected from the group comprising polyamino acids,
(poly)peptides, gelatins, proteins, polysaccharides - preferably selected
from the subgroup comprising pullulans or chitosans or
mucopolysaccharides or dextrans or galactomannans or
polyhyaluronates - and mixtures thereofg In one preferred en&p&ﬂimg%g‘(
the invention, PO is selected from amp?uphilic (co)polyamino acids. For
the purposes of the invention and throughout the present disclosure, the
tefmiidlyamino acid” covers natural as well as synthetic polyamino acids,
10 togjethét, withrotig 6aminG 1 dcid Sroripxsiiy trém0lLditpl 20 bamihedicid. 2
residisgsnaAndsRRlyamintacids, cenptigipg more than 20 "amino acid”
residyes, Breferably. ihe pobyarneeids et an e presentinyention..
are oligomers or homopolymers comprising glutamic or aspa ic Aci
repeét rBsitfdEd: or copolymers comprising a mixture of these two types of
"amirfo EditiTesidites: THaylSaksidbes irgddstiontin ghese polyires are
amino agidhayvingithedadotdlly camMigedatiomand asesbangedovadbris
alpha or gamma Rsifions.in i1 GAF&.QLIG  glutamate or glutamic

residue and via their alpha or beta positions in the case of the aspartic or
aspartate' FaBIG 8" FH & PraterEd AT Soitio P bt RO R & mBTH e
polyamirto &eichehaiicdren 201ose having the L, configuration and a
linkage af thawlphsatypenlnligoenpatticularly preferred embodiment of the

invention, PSR RABMIAC Aqidipumed,of, asRadi s des: ANt uary

glutamic residues, at legst some " of these residues carrying grafts
containing ﬁ%%@'f%n%“ ydrophobic group GH. These polyamino acids
are espetialijtionthetgpeteseribedMsPalr apicatibnscgted from the class
WO-A-00/3061@riAagasding tna-fikst pessibiitypiie-LO of the formulation
:ns if;fr)] defineds Y. gsnerakiormuie (haslovk ol QERPRINER MR
comprising polylysine and oligoiysine;
» R%isadirect bond or a “spacer” based on 1 to 4 amino acid residues;
« A independently 1s a radical -CH»- (aspartic residue) or -CH,-CH,- (glutamic
residue);
= n/{n -+ m) is defined as the molar grafting rate and its value 1s sufiiciently low
for PO, disselved in water at pH = 7 and at 25°C, to form a colloidal
suspension of submicronic pariicles of PO, n/(n + m) preferably being between
1 and 25 mol% and particulariy preferably between 1 and 15 mol%;
= {n+m) is defined as the degree of polymerization and varies from 10 to 1000
and preferably between 56 and 300, and
= (GH is a hydrophobic group.

In one preferred embodiment of the invention, the formulation ig
characterized in that the hvdrophobic group GH is derived from an alcohol
precursor selected from the group comprising octanol, dodecanol, tetradecanocl,
hexadecanol, octadecanol, oley! alcohol, tocopherol and cholesterol, and in that R’

is a direct bond.

According to a second possibility, the PO of the formulation has (have) one
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Oy AHD (Gll]/ 30is WO 2007/141344 in which: R'is H, a linear C2 to
C10 or branched C3 to C10 alkyl, a benzyl radical, a terminal residue of
amino acid, or -R4-[Gll]; R2is H, a linear C2 to C10 or branched C3 to
C10 acyl group, a pyroglutamate 5 or -R4-[GH]; R3 is H or a cationic
entity preferably selected from the groupgcomprising: metal C%té)%% 434
advantageously selected from the subgroup comprising sodium,
potassium, calcium and magnesium, organic cations advantageously
sSlet g H S HE SR LB B8hibsHE™10 cations based on amine,
cations based on oligoamine, cations based on polyamine
(polyethylenimine being partiewaily preferred), andogstions based on
amino acid(s) advmtageo/s,{sly selgcted frgm the Aﬁass 15 comprising
cations paspd ogﬂ&i e or argining, - and cationi pqlb@ﬂln%@ci@ﬁ]
advantageousﬁ{/ sele%é‘ﬂj fro ;{Qe s\utpgcr6u5[ mpﬁisimg p&ylysine and
olignlysine; R4 is a diregt bofid or a "spacer” basedion 1 to 4 amino acid
residues; A independently is a radical -CH,- (aspartic residue) or
-CH2-CH2- (glutamic 20 residue); n/(n + m) is defined as the molar
grafting rate and its value/?so gﬁfficiently low forﬁ&?%issolved in water at
pH =7 and at 25@, to fofm a_calloidal Cfsuspe ion_offsubmicroni_iic particles
of PO, ni{@™ m) /p@‘ r Nbb«ﬁjg'l bevafe*rl, mol% /amH3 barticularly
preferably beteent and 15 thol%RZ5 (n +£n) isld finedt as the degree of
p Rherization and varies from 10 to 1000 and preferably between 50
and 300; and GH is a hydrophobi¢'¢fbup. In one preferred embodiment of
the invention, trgeﬁformula!;ion is A : i?
[ 3\R4 /’N\i:\w)\rf’j’nf’j\\# /{GH}

Q

H

(IV)
i which:
* (H is a hydrophobic group;
= R*isalinear C2 to C6 alky! group:
» R¥isH or a cationic entity preferably selected from the group comprising:
- metal cations advantageousty selected from the subgroup comprising
sodium, potassium, caicium and magnesium,
~ organic cations advantageously selected from the subgroup comprising:
¢ cations based on amine,
¢ cations based on oligoamine,
¢ cations based on polyamine (polyethylenimine being particularly
preferred). 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 polvlysine and oligolysine;

= R™isa (2o C6 alkyl, dialkoxy or diamine group:

. R'isadirect bond ora “spacer” based on 1 to 4 amine acid residues;

* A mdependently is a radical -CHs- (aspartic residue) or -CHy-CHa- (glutamic
residue); and
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30 characterized in that the hydrophobic group Gll is derived from an
alcohol precursor selected from the group comprising octanol, dodecanol,
tetradecanol, hexadeeanol, octadecanol. oleyl alcohol, tocopherol and
cholesterol, and in that R4 is a direct bond. 35 According to a second
possibility, the PO of the formulation hag, (have) one 19 WO i 4
of general formulae (I1), (1) and (1V) bgﬁ))w: COORS COOI?S%R(I)((%Z %%ﬁ}{ﬁ
C' IGHI\R4 1'R301SR4i [GHIHOJmOH (Il) COORS COORS A/0A
H'[GHA] TaH] 2RINY n 4R d9Rkes (iR festiaeieior CosrEation #iery gom 10
~N4fGH]CRadl naleRiflY PO cindWhichiOGH is a hydrophobic group; 10
R30 is a linear C2 to C6 alkyl group; R3'is H or a cationic entity
preferably selected from the group comprising;, metal cation Cof
Povane e SO T e e iicenuy of ane
pBRALSTLAT, TR HHG AiGh 85 IDF BRGNS Clions advantageously
selected from the subgroup comprising: 15 cations based on amine,
cations based on oligoamine, cations'pased’on polyamine
(polvethylenimine being particularly/pzij 1 s
L

in which:
- R is a methy! (alanine), isopropyl (valine), isobuty! (leucine), sec-butyl
(isoleucine) or benzyl {phenylalanine) radical;
- Rfisa hydrophobic radical containing from 6 to 30 carbon atoms; and
- lvaries from 0 to 6.
According 1o one noteworthy characteristic of the invention, all or some of
the hydrephobic groups R® of the PO are independently sefected from the group of
radicals comprising! '
= 3 linear or branched alkoxy containing from 6 to 30 carbon atoms and capable
of containing at least cne hetercatom (preferably O, N or S) or af least one umit
of unsaturation,

= gan alkoxy containing 6 to 30 carbon atoms, having one or more carbocyelic
rings and optionally containing at least one unit of unsaturation or at least one
heteroatom (preferably O, N or 5), and

» an alkoxvaryl or an arvloxyalkyl having 7 to 30 carbon atoms and capable of
containing at least one unit of unsaturation or at least one heteroatom
{preferably O, N 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, octadecancl, oleyl

aleohol, tocopherol and cholesterol.

Advantageously, the main chain of the polvamino acid 1s:
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20

preferred), and cations based on amino acid(s) advantageously selected
from the class 20 comprising cations based on lysine or arginine, - and
cationic polyamino acids advantageously selected from the subgroup
comprising polylysine and oligolysine; RSO is a C2 to C6 alkyl, dialkoxy or
diamine group; R is a direct bond or a "spacer" based on | to 4 amino acid
residues; 25 A independently is a radical -CH2- (aspartic resi‘efﬁez)o%(r“41)ZM
-CH>-CH2- g@utamic residue); and 20 WO 2007/141344 (n'+ m') and n"
ark AbfiRid-asHHdagree BT BdlyphErFatibr2aTe lyasy-from 10 to 1000 and
preferebhyhbébngenbOanthBO0-Agmantageopshmthe n groups GH of the
P® egeh mgﬁpmqsmwmgmfigﬁﬁm% aregimenoyalantradisal.of e
form{l:JOIao?\?Tl%w: NO6 LRRs (GH) 10 in which: Rr is a methyl (alanine),
isoproBy '(vafine), isobutyl (leucine), sec-butyl (isoleucine) or benzyl
(phenylalanine) radical; Re is a hydrophobic radical containing from 6 to
30 carbdieatoig;anik Hisatiesifront hteGratbeAadandihgdaionssidues of the
natewostiv.ehasagtaristicrof the. inventionratharsome fntheiyarRhabie:
0rauRsiRE. of eyt are ndependeniiy,selected from the group of
radicals comprising:” a’linear or branc ed é‘lk Xy containing from 6 to 30
carbon at§REURRARaE GrEshesnty e 1888t Bribenefareatissm according
(preférabhe0udh drS) orodtd@astengiunit b20vefrub@aturationg, (a0 alkaxyind

_ContRINIRG 6te-30-caron alems obaying,one or more carbocyclic rings

and optignally SARIAINASAS I8ARLaNS Aol unsatraton.on atleast one.
at least one graft of the polyalkylene glycol type bonded to a glutamate and/or
aspartate residue.
Advantageously, this graft is of the polyalkylene glycol type has formula
(V) below:

!4 f - 8
_R \X,m/oﬁ;},,, R

R
(V)

i1 which:
R is a direct bond or a “spacer” based on 1 to 4 amino acid residues;
X is a heteroatom selected from the group comprising oxygen, nitrogen and
sulfur;
R’ and R* independently are H or a linear C1 10 C4 alkyl; and
n'"" varies from 10 to 1000 and preferably from 50 to 300.
In practice, the polyalkylene glycol is e.g. a polyethylene glycol.
It is deswrable according to the invention for the molar percentage of
polyalkylene glycol grafting to vary from 1 to 30%.
The polyamino acids PO are also extremely valuable in that, with an
adjustable grafiing rate, they disperse in water at pH 7.4 (e.g. with a phosphate
buffer) to give colloidal suspensions.

Furthermore, some AP, such as protwins, peptides or small molecuies. can
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heteroatom (preferabl) 7 0, N or S), and an alkoxyaryl or an aryloxyalkyl
having 7 to 30 carbon atoms and capable of 25 containing at least one
unit of unsaturation or at least one heteroatom (preferably 0, N or S). In
practice and without implying a limitation, the hydrophobic radical R6 of

the graft of the PO is derived from an alg,phol precursor selected from th
WO 2007/1415
group comprising octanol, dodecanol, tetradecanol, hexadecanol,

octadecanol, oleyl 30 alcohol, tocopherol and cholesterol.
Aéﬁ?&ﬁ!ﬁé@é@ﬁj&w@%‘mﬁw SRBARASH s pORRiRirD tRseInghamycids PO.
2007/141 344uidam alphastogiutamate MCalgha:lc-glutaghie hemgpeolyitienre
a@zﬁl&*‘@e&h@ﬁ@?@%@@ﬁ'Bh?ohé%@%“@ WPQJ&’;%%n Qfyathe pH and the
a'E’o Liapparatelalphact; 9! amate, of alpha 1 -asp ai}!a%{,a h%n &'H&%&?é%
l}mer emar Eﬁ %e stribution’ fafheqas arhic an Fut

re%ﬁdh%grep@ﬁ@w&wmﬁsﬂa%%@a@é ertin of E’I*F’elﬁﬁ’b 8 éﬂ‘éﬁ’ﬂﬁéﬂﬁ%ﬂn m
resulting pohanberis sithes, fandamianoef the blockitype oioaf tind muitibiock

ty@ﬁalﬁ&cqﬂimg&gu&th%&dﬁtln@g&iw%aﬁ&umIrasth@&%a%laﬁm tris-
accordin thg,1 inven tlonol;_las amol IEClIIlﬁl w(g 6%1 Pf between 2000

EE‘\ 836%8 and pre eraBI@ o¥3b fveen and EB oo g/mol. In
one varidhE ﬁ%%‘?fc‘f‘%ﬂ?ﬂé%fﬁﬁ’u?étfbhva%é%ﬂﬁﬁ@ tePaREiRG IRt teafrigsthe
atfleastone gfaft of theipolyalkypene gltycdhtypeHodndedito @ dlutasiaied in
angiofraspagtate ﬁﬂﬁﬂHﬁn@@A@y antagegushhethis, gcfr:"dfttU@OOIhW%ydr hobic

olyﬁkﬁgﬁ% /C It type he orm I& (eglpbelqw 11@(:4] n 1{3& 5*«{11 O|n

|rect OHEFOI’ a spac asé ami n
reSIAUBEIONY [N FERE O sé&a‘@&ffmﬁ%’w@%rs%a@aﬁfpﬁ@ﬁifgp&y@’éﬁe

nitrogendd ssplfural polymerization of the corresponding amine acid N-carboxy
anbivdrides (NCA).

For example, a homopolyghutamate or homopoiyaspartate polyamino acid
or a biock, multiblock or random glutamate/aspartate copolymer is prepared by
conventional methods,

To obtain a pelyamine acid of the alpha type, the most common technique
is based on the polymerization of amino acid N-carboxy anhydrides (NCA), which
is described e.g. in the article entitled “Biopolymers™, 1976, 15, 1869, and in the
book by H.R. Kricheldor!f entitled “Alpha-amine acid N-carboxy anhvdride and
related heterocycles”, Springer Verlag (1987). The NCA derivatives are preferably
NCA-O-Meg, NCA-O-Et or NCA-0-Bz derivatives (Me = methyl. Et = ethyt and
Bz = benzyl). The polymers are then hydrolyzed under appropriate conditions {o
give the polymer in its acid form. These methods are based on the description
given in patent FR-A-2 801 226 to the Applicant. A number of polymers that can
be used according to the invention, e.g. of the poly(aipha-L-aspartic), poly{alpha-i-
glutamic), poly(alpha-D-glutamic) and poly(gamma-L-giutamic) types of vanable
molecular weights, are commercially available. The polvaspartic polvmer of the
alpha-beta type 1s obtained by the condensation of aspartic acid (to give a
polysuccinimide) followed by basic hvdrolysis (¢cf. Tomida et al., Polymer, 1997,
38, 4733-36).

Coupling of the graft with an acid group of the polymer is easily effected by

reacting the polyamino acid in the presence of a carbodiimide as coupling agent,



25 - R7 and R" independently are H or a linear Cl to C4 alkyl; and - n™
varies from 10 to 1 000 and preferably from 50 to 300. In practice, the
polyalkylene glycol is e.g. a polyethylene glycol. It is desirable according
to the invention for the molar percentage of polyalkylene glycol grafing to
vary from | to 30%. 30 The polyamino agids PO are also extremel .
valuable in that, with an adjustable grafting rate, they dispersg WAty &
phi 7.4 (e.g. with a phosphate buffer) to give colloidal suspensions.
FuitAepiicre]'someé b ssueagprotemsihpbmidesy o Binalbniolctutepriate
cani22nVEr200E 1 141344 fasseciate Gpantansauslyyith sianapartiols or
comprisingthesgipehyaaino acids RQultsheuld be understood hat iheide

PO contain ionizgble groups which are either.neutral (e.g. COOH) o
o B O RO AR i A b 8" EONE BN
S redSEHIREE0I0billy i aH BGUEotY plragens acditscthanisaeios Gitke The
proporpbntef ionizedugroupsiand ehce ‘ohbtherpHrd mﬁqh@é@;@iuﬁbﬂ,&mi
thegase afeanoxyhgrarRsthaceMMerianscanbe amatal eatiansush as

' ' ' i ion such
sodium,,, ,,%Lc\;vl%}ngo% ma (‘ﬁg um,. or an organic cation such as

L ar (n T X . .
trletﬁanolam.lne, tris- ?h% roxymethyrjaminomethane or a polyamino like
polyethytenfitfiie O RBIBOGF thenpbIysmihc dERstyse tatardehsspabres
10 bepngused mythesikodfermulatioricftheingestion arexabiglinetkd:gibyhobic

methadskpewa 1o dhesenskiled inathecalloRaNdQMRAUYINRQIRGIHSEaRen
besglé)gli\p grg / %rg gqgflgta(?omgrophobic graft, previously functionalized
with the 'gspacer', irectly orto the polymer by a conventional coupling
reaction. Block or multiblock polyamino acids PO can be obtained by
sequentidhpadtymeligatioraitderg orrgspomdiniganinbegeidddccasivdxyind i
15 ﬁnffl}'@fﬂi@lﬁﬂﬁygﬁﬁpﬁﬁ’ﬁ axamniee %ﬁ%ﬁfﬂ&%ﬁuﬁ%]ﬂ%ec@lgalem asgociation of
omopolyaspartate pol ing acid or a blgck, multiblock or randam
gl e e S g B acael b AP by! Hbagaeis e g o
obtain a polyiniAGREHIST e diSh&type, TR Rfodk cOMBERetNRigaBlYy &
20pisvissed onitne holymeridationy efcathniacideM:carkmagiamhydrides
(NCA), whichnis deseripes:s. gisinthecaricleentiflecBiopolyners i1 946
20 15{3}6 6a%$o%ri]aqﬁl tﬁ‘g] t%QOléleml;f{'s%bé rfg%elcgn%rt)? Qlt{'}xl?%oﬁé%gaaa@@,? %,C'(%e
N-carhoxy an ydh e ang _
or more bonds other than covalent chemical bonds.

The techniques for associating one or more AP with the PO according to
the invention are described in particular in patent application WO-A-00/30618.

They consist in incorporating at least one AP into the liguid medium conrtaining

25 nanoparticles of PO to give a colloidal suspension of nanoparticles loaded or
associated with one or more AP.
For the purposes of the invention, the term “muliivalent ions™ denotes
divalent ions, trivalent ions, tetravalent ions and mixtures of these ions.
30 In the case where PO has anionic groups Gi, the multivalent ions are

multivalent cations, preferably divalent cations and particularly preferably ones
selected from the group comprising Mg™", Ca™, Zn™", Fe'', Cu’" and mixtures
thereof, and/or trivalent cations selected more particularly preferably from the

. I+ g 3+ .
group comprising Al , Fe' and mixtures thereof.

i

5 Apart from multivaient jons, the formulation according 10 the invention can
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related heterocycles", Springer Verlag (1987). The NCA derivatives are
preferably NCA-0-Me, NCA-O-Et or NCA-O-Bz derivatives (Me = methyl.
Et = ethyl and 25 Bz = benzyl). The polymers are then hydrolyzed under
appropriate conditions to Give the polymer in its acid form. These
methods are based on the description given in patent FR-A-2 801 226 to
the Applicant. A number of polymers thatican be used according:tothe ;44
invention, e.g. of the poly(alpha-L-aspartic), poly(alpha-L- glutamic),

Ply(alpha:R-gltamis)..and rRg %%5@%@%& W%Sagt%%sw%ﬁ%e

molecular, We hts, are commeré!l%?y available. The polyaspartic polymer
of T PATHRSS 83316788a%1‘35°tamed by the condensation of aspartic acid (to

give a polysaceitiiyitia) folowedrbiplilicthyaloldischa tmidgieeeap! the
P olygieianl 99 dhe38ird/ 3B-36 haGauplingahthegrathwiih anragidgsaup. of a

the, RRIYMSF iﬁ eagiyd fzﬁﬁ;s&bxcéégegﬁﬁagaw%Mmm&&%&cm@rtmﬁomc
presence o arbodijmide as coupling agent, 23 WO 2007/1 4 1 3 44

arid 6} Cil%cﬁ énél &4 Iayg? 'SR Ys 4- -dimethylaminopyridine, in an
approprlgfé 1@@T9éﬁt"§ﬁ#bﬁ§}dﬁ\@fﬁ?ﬁémﬁmi@léfGBMF)wmpﬂses at least one
N-methylpyctetidome NMR)«al dimethyhgulfoxide (DMSO). The
carhogiimigenis) ssgoﬁl%yelgmxmarp&gmd@cpr %S%mgvmmq'wﬁe
The g af gtg is contr. id chemically b :[he %%(‘)?P ometr tgqﬁ
constlijue et%a redcta 1?5 v CD‘?H TELC oanF’h ¥ 1Cdl%o B GraRs
functiopiifzed vbrfﬁrap@baoﬁpume(@é}aih@d By @énlvéﬁu@ﬁapibemméed and
couplingrorbyodiiedbeongdensdtiot:linaer adith cdtalysisiriidiesa teahmnigues
are well-knawn.to hasg ggmggoi&the art. A block or multiblock copolymer
nth Si e usm Ve tlve%, 189 reV| usI synthesized with the
hydroSﬁS’bl @or e 551611% tHe %eﬁc %?:(’(?\FCA derivative is
st e SR e oot ot e et
removethbly thydralygis. pbhedomm tlatians catcordingta the invention, in the

preferied gmbodingnt A% I&bw\mf;t;k&h%eemf@%t 4%%&3%1&\11 Ta8Hlses

from t e nan; covale %esl(i)(ilatl n of aftlcl gebase Cg”PO and at

least one ,&ﬂrbox me eous dorrn% i emearatlon %eeﬁ)o

Aptah%'ésln(%”oﬁﬂ*fmﬁ (BF@fé?%l)P’a rﬁ@Wdefr‘)t%r ﬁ?’ﬁ(ﬁU|ﬁrFé’?Fﬁb(iﬁréﬁ%?é"t)ly‘?f
a colloidblcaguiépitssuspensionyeintermebictienpieséntsdiselasuiré;.g. oleic

AP/PQ ggsogigfionmsans iabiba Apys
-> surfactants based on phospholipids and polyalkyiene glycols, preferably
polyethylene giveols:
— hydrogenated or non-hydrogenated saccharides such as trehalose, sorhitol,

mannitol or sucrose;

¥

polvols such as propvlene glycol or glveerol;

i

gelatins, preferably hydrolyzed gelatins:

\:

nitrogen-containing  (co)polymers, preferably from the group comprising
poiyacrylamides, poly-N-vinylamides, polyvinylpyrrolidones (PVP) and poly-
N-vinyilactams;
-» polyvinyl alcohols (PVA);
—> and mixtures thereof.

One of the preferred stabilizers according to the imvention is made up of
nanoparticles of at least one polymer PO which is identical (preferably) or different

from the polymer constituting the microparticles.
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20 (are) associated with the polymer(s) PO [e.g. one or more polyamino
acids] by one or more bonds other than covalent chemical bonds. The
techniques for associating one or more AP with the PO according to the
invention are described in particular in patent application WO-A-00/30618.
They consist in incorporating at least one AP into the liquid medium
containing 25 nanoparticles of PO to give a colloidal suspensi8i? 3§07/14!
nanoparticles loaded or associated with one or more AP. For the
purposes st IRV ehtiehi He teemitniultvaiamionss defiotely ditatemt .01
ions] frivalentiops, sefrpvelaniionsandunisies b thesesans, 30:iaithe
case whate RO has am@m%%%@&Glc&hl%mmuva{%%ﬁﬂ?c@&e st ole
eferab

mu g\é Iaeuré%gqtloqgapre{er?blx il\{&ﬂent cations a ;(;:iro |cularl

Sarscted from the grolp ComprisHy Mger e 2Rz Fe (’fb‘éhi ok
ar?é]m&f&r?é@/ Ctlﬁ”ereé%)alﬁdw?aﬁ‘\/alent cations selected more partlcularly
preferablysfiemihie grdup comprisinghil3+ prezrand wmibduestherpobahp

A@aﬁ&ﬁf@mgﬁy&l&%@@y@@@&@%@{}%%ﬁﬁ%ﬂﬁ@@@'%9 o theafaventign, ean
1\4\/9 %OCI)HS/ 1344 con a| onovae?%é) é g S) that may be
|Ve |nt %greéal Naropart %ﬁ %ﬁﬂ&sroég ARSI ]

mEﬁ:@?\} fénf h?%ﬁ@ﬁ?@?e%ﬁﬁ?ﬁﬁd@ﬁéed’%@ﬂﬁ@%ﬁ%uIB@ﬂdﬁl@fWﬂ and

inventiors inttredoramdf amtagirebupiefgaliic dromineeal}isakioeslutiom g

atﬁﬁraglqﬂﬂalgf th@vﬁi&hﬁ@tevﬁhfﬁélgtiﬁl ?Q@t@@te&{%%%@ A %&Fé“i&&%ﬁfna

other anignic_ami of multivalent cati rove its stabi

thée%(\)&;rhntlP Ation n]rgg eraé f/)ﬂé%dm rlse%s ap (Ieas&JE %&t&ﬁl‘ﬁ?@?l&%‘reé 58‘4?6’???

thBGPEUF EOMPISHY: HaFoparfeies of Bi leadt bhehsageharPayPdibsing

a watertisolablenii@ bigdegradableramphiphilingopatymer darying LHRH

hygiiephobic groups(Ehliand Hemizabis-hydraniilic,gruns, (Ehhat 3Rt

Iegisg‘ﬂ%r%raﬂ nlzqg and sp ontan ousl formin olloidal suspension
¢.reledsme
of] nanopart es in water, d“ﬁ =0 L’ deriSott ghlgﬁcoﬁﬁlb}%ﬁ Suxing or

pdVAIKEAE EILETs: Qprgfe}rhb% 6% y@fh)ﬁeﬁé YIS a5 essEapolyEiRyIBHe
glyevisiasreferablycethytene giyeolpropidend glyeokepbpiaty mersoeftiienes,
Palexamein kU aRieRi HIRLRPeEmone (TRH), tumor necrosis factor (TNF),
nerve growth factor (NGF), granulocyte colony stimulating factor (G-CSF),
granulocyte macrophage colony stimulating factor (GM-CSF), macrophage colony
stimulating factor (M-CSF), heparinase, bone morphogenic protein {BMP), hANE,
glucagon-iike peptide (GLP-1}, VEG-F, recombinant hepatitis B surface antigen
(rHBsAg), renin, cytokines, bradykinin, bacitracins, polymixins, colistins,
tyrocidine, gramicidines, cyclosporins and synthetic analogs, and pharmaceuticalty
active modifications and fragments of enzymes. cytokines, antibodies, antigens and

VACCINES.

In one variant, the AP is a “small” hydrophobic, hydrophilic or amphiphilic
organic melecule of the type belonging 1o the anthracycline, raxoid or camprothecin
families or of the type belonging to the peptide family, such as leuprolide or
cyclosporin and mixtures thereof.

In terms of the present disclosure, a “small” molecule is especially a small

non-protein molecule, e.g. a small molecule devoid of amino acids.
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cellulose polymers and derivatives thereof, preferably carboxyalkyl
celluloses (e.g. carboxymethyl celluloses) or alkyl celluloses (e.g. methyl
celluloses); esters of sorbitan and one or more fatty acids, preferably
esters of 20 polyoxyalkylene (e.g. polyoxyethylene) glycol and at least one
acid (e.g. oleic acid), of the Tween or pglysorbate type; > surfactgntg )
based on phospholipids and polyalkylene glycols, preferably ﬁ”o‘?y@%}iiéhdé*
glycols; hydrogenated or non-hydrogenated saccharides such as
trehalosé? %ﬁ?rmyaz@%aﬁﬁﬁn‘b? of sticrseepelycisienirh Beppropsieinee of
glyeolfollglyseréln getatiisypreferailydiycroyzed gelatiasne alcohol abuse,
nitregeNeSoRtaIning, (CRRLlYIER Rreffrahly; fromdhe GrauR Gomprising. .
poIXa %élgsrngl}ets.sge%-tli\l-vmglagm es, Ipolrl.\/\_grl_l,ég%yyr_ro‘l|cjor_|es gP\7P2 and "
pofy- SO REVVIRCIAMS: polyviny! SicoROIEEPVAT  antPHikiGTe S Ehere
S Ol BryRa pieTetFed Stabze A dapBYIRTENG S camilesntBlf 48t marlERifs Bfcs,
nanoarticles of attleastione polyserB@swhichisidentieal (prafieiahiy) e,

diffgrentu 35 fremibe LM BRIGORRIMING JREMIGHRRANICISS: 25 W Qissives,
2009141344, The amount,of stabilizer,ysed i he formulationys, . ..

pre?e'ra%ly be%ween 6.01 and 18% by weight'an partlé.l_férl’y pré@tégré%ﬁ?ms’
betiVEEHIMd 595t argnt RErealts B tamirParsBorpsigcLors,
nasioparticiess thesbiare, aduvantageousiygised:n! therformulgtion idianders,

amektrdi ohdrntR 3:59%RY Weldhn€. JeoRt@f AV 3-8% 20 %) Y WRIRLL or

Asfaras e AR IR ronceneds tus Is prsferaply selecied fiom the aroup. .

- GRS MUCOVISCIGosis, &

comprising proteins, glyco rotelns,_prptleménbonded 0 ohe Or more
polyaIK§iR A&/ (B EFHAINS P ereTaR B Bth{te HeARR 61U ETy EhagHens.
"PEGyatdd proteims'], fpeptidesgpoly stcchartes, kposaochandesiisorders,
oliganusleatidescrolyinieleptidesand dQmixturgstherenf, aodipartigularly
prefetahly igm e syhoroup comerising, EIBIGROIen, ORIOET, .
vasopressin, a renocorhcotrqp|c_ ormone, eplderma? (0) nfactor,

Pl AERERAEH e PER AP IARABH (PR F P AP 6 18I sstirtQIAtgeutic agents.

sedatives, hypnetics and tranquilizers, neurcleptics, anxiolytics, psychostimulants,
anfidepressants, agents for treating dermatological disorders, sferoids and
hormones, amphetamines. anorexics, non-analgesic painkillers, antiepileplics,
barbiturates, benzodiazepines, hypnotics, laxatives, psychotropics and any

associations of these products.

From the quantitative point of view, it is particularly valuable if the weight
fraction of AP not associated with the micrometric particles [non-associated AP],
in %, is such that;

Inon-associated AP] <1,

- preferably [non-associated AP] < 0.5,
In one variant, the AP may be the recombinant human growth hormone hGH,
having a dose, for example. comprised between 0.2 and 2 mg/kg, and preferably

between .5 and | mg/kg.

In another variant, the AP may be insulin, having a dose, for example,
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factors and mixtures thereof, factors VIII and 1X, hemoglobin,
cytochromes, prolactin, albumins, luteinizing hormone releasing hormone
(LHRH), LHR 1 15 antagonists, LHRII competitors, human, porcine or
bovine growth hormones (GI-1), growth hormone releasing factor, insulin,
somatostatin, glucagon, interleukins or mixtures thereof (ll. 2, IL-I 1,
IL-12), a-, [3- or y-interferon, gastrin, tettdgastrin, pentagastnﬂO 2007/141344
urogastrone, seeretin, calcitonin. enkephalin, endomorphines,
ansghornsinsinaotrdpindre ik ngridgmibnd TR ctumonne trosis:factor
(TNF), 20 nerve growth factor (NGF), granulocyte colony stimulating factor

(G- C@Ezmgf;@wm«te MAcoRnG: hage 1%%1%@5#”;%'”& factgos%GM

macropha eco ony stim atln fact or heparinase

mOPREGERTE Bresteir! @by HAN@ ax@i@é%{awmwsﬁ&@ s Bl p)w’kff
VEG-F, recombinant hepatitis B surface antigen (rHBsAQ), renin,
cytokineadbﬁadgkﬂﬂﬁlvbﬁ@itf@@mﬁui@ﬁ'&iﬁdb&ﬂlﬁgCi@|it%@%v@rﬁl&‘xﬁrﬂcigi&%ed for

9@%&%@%@&%@9&@ : gaﬁy%rxl%tck%? Q83n %Q/q}{gharrgﬁ %gf.lt{lﬁ:%qua

actl\ée modifications and fragmerits of enzy mes cytokines, anti

SHESRY VALY Wé%“iﬁfoﬁéf%ﬁﬁl&ﬁ{ m@&m?f enzak A AMTRSAFBEh GBS o
hyﬁ%t}m“iﬂfaércﬁl}fh‘pﬂiphm& Becbyaniommuleeuleabbthetipedbelonging to
the anthracycline, taxoid or camptothecin families or of the type belonging

to the pe@é%?dﬁﬂm{ly’aﬁH&Qrat?flﬁy%991.9?5 O&]BCYBC\!'gg )I OI{IPE%QE% Egl)étuTOCCSS

?reof In terms oftﬂ(}e) resent disclosure, a "small” molecule is spemaﬁy
0

a smgffnﬁgﬁl%}&fe%e %%mgméoaedafgm’élﬂf‘ﬁfﬁ}ecule devoid of amino
acids. 35 26 WO20077 141 3482 ahothier farisithe siBsiscterized in that it
advaritagentisiyiselected from at least one of the following families of

aciiveahstanceRAMENt 0l EalBg 8lGPRPLARSR s RASRIR | fo?fg a9

Alghelmers isease, nest et agents for freating acrom
S

analgeg%}cosriaa?‘lt?émfﬁm ?%%Oé S TrAtinG GieRTeE! Cérﬁ)t‘? 6918\%}}‘ at least
agent8nant @lﬁf?éﬁbiﬁaw%gommulants and antithrombotics,
anticonvidsahts:lantiepiie picsinantidiahgaties, antiemetics, antiglaucomas,

anph@&@mmﬁm AMNCGHVEF.ranbnIofics. antifundals 135%“39' &ﬁﬁém nolarity
antlpa}rk (?QLS(F%%ICWIn i?lcs antlt ﬁi‘lvesd carbonic a drase . .
|nh|b|tors “Cardisvastiaragents Iy pBipemicd SH{HWRRHH’?& em’a ¢
vasodﬁﬁ%@%ﬁél%@hﬁﬁ% “&h{%byﬁe[tenswes vasoprotectors,

defined by the formula 7 = nx [C!jj{]

- 1 is the valency of said multivalent ions,

where:

- [IM] is the molar concentration of multivalent ions,

- {Gl]) 15 the molar concentration of ionizable groups GI,
15 between 0.3 and 10, preferably between 0.6 and 5.0 and particularly preferabiy
between 0.80 and 3.0, and
¢. if necessary, adjusting the pH or the osmolarity (e.g. by diafiltration).

The liquid formulations according to the invention are advantageously

prepared at room temperature {e.g. 25°C).

Different modes of association of the AP with the microparticies can be
envisaged (vide supra). Advamtageously, the AP is associated with the nano-

pa.rticlfes that are intended to form the microparticles by aggregation. [t is also
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10 cholinesterase inhibitors, agents for treating central nervous system
disorders, central nervous system stimulants, contraceptives, fertility
promoters, labor inducers and inhibitors, agents for treating
mucoviscidosis, dopamine receptor agonists, agents for treating
endometriosis, agents for treating erectiLe dysfunctions, agents for
treating fertility, agents for treating gastrdintestinal disorders, 1¢ 20077141344
immunomodulators and immunosuppressants, agents for treating memory
digorsiéls lansivigitaifess hdisetd yetakahtspmucleosittes . althloys; agentssfof
tregting:tRsteepBE@sishpRESymM.pathomimetics, prostaglandins,
PoyhomEIARSUIIS. AGEN i STAA NER NRARIICS ANLIBIAIES e ap s
neuroleptics, anxiolytics, psyc ostlmuFants, antidepressants, agents for
tr@éﬁ'ﬂ@%&?ﬁ&d%&]8&P%8¥&&§9§?8%i8¥%?f&‘% Fotphgisior mixing with
arfishetipiabslsaporeries naorramnialge sicrpainkillers; sartiepileitiors, variant,
bathitarates|dienzodipzaepines shyprioticsntaxaivess asyeRaopies-andn of

any, AgSRRIANANS, Rf dhgsg products. From the quantitative point of view, it
is particularly valuablé if the weight 25 fraction of AP not associated with

the micrometric particles [non-associated AP], in %, is such that: -
[non-assbbfatsemp i antiosrérsixtyfiatn-assobiheadart <issd3fam the
onenagiant|dhenA himay:becthe seeombinant buman gremdhthermebiing to
hGi,;,having, a dose, for example, comprised between. 0.2 and 2 mg/kg,
and preferably .between 0.5 and 1 mg/kg. 35 In.another yariant, the AP
may be iHS R R e 5P S SO (WGMBOIIA & PAarTs. ecls
cotRpHEEPh ke . 21dnd 2 Ul/kg, and preferably between 0.5 and 1
UUKg. InTarothesvariaritytheeARsmay pedntesferoiat 2hohaving @:608€ion

for, exampler, camprised aetwesn 2000 100.00kg, 208 Rreferably for their
between 40 an[gleS

et 0 gl s e e emuaer e el
ad¥hitnsthatiohipytRedparsAter st COSRIC SISt ARE s, Mhrakrnsciay,
intradermiad, jintyapertneal or intracerebral route or intratumoral, or by the
oral, nasal, RYINANALY. Vaginal o5 QeHAIEOWe smphiphilic copolymer carrying
hydrophobic groups (GH) and 1onizable hydrophilic groups {GI),
« and spontaneously forming a colioidal suspension of nanoparticles in
water. at pH = 7.0, under isotonic conditions,
1. said particles being capabie of associating spontaneously and non-
covalently with at least one AP, at pH = 7.0, under isotonic conditions;
these micrometric particles of PO having a size, measured in a test T. of between
0.5 and 100 pm, preferably of between 1| and 70 pum and particularly preferably of
between 2 and 40 um:
and in that it contains derivatives of mulilvalent ions, preferably divalent ions. of
opposite polarity to that of the groups GI of the polymer, the ratio r,

/M ]

defined by the formula r = nx+—3, where

i67]

- nis the valencv of said multivajent ions,
[IM] 1s the molar concentration of multivalent ions,
[C31] 1s the metar concentration of ionizable groups GI,

being between 0.3 and 10, preferably between .6 and 5.0 and particularly
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10 According to another of its features, the invention relates to a process
for the preparation of the above-mentioned formulation. This process for
the preparation of the formulation is characterized in that it consists
essentially in: 15 a. taking or preparing a colloidal suspension of
nanoparticles of at least one PO, b. optlonally mixing this colloidal
suspension of nanoparticles of PO with af least one AP, prefefabiffin 41344
agueous solution, c. optionally filtering the resulting suspension, d. adding
mbneizaieHt %h@%pr%ﬁeﬁa'é@-@n the form of salt(s)) of opposite polarity 20 to
that of thehgroepe GhrofithecpolymersRQ, spideudtivalentions being added
in an amount such that the ratio r, defined by the formular=nxM,

where: [GI] -nis the valenc of said multivalent ions, - [IM] is the molar
concentration 6t Mutfivaresei |§’ﬁrsth':2r5re%ﬁ {8 { 5%3[8?‘(“: c%@ﬁ&‘fﬁ?é%@f the

ioFﬁi‘QBlét@FbL?ﬁS‘%}il,ﬂfs B@t\ﬁ@eﬁrﬂ?ﬁﬂa@m 19, ipreferdisiy hetwan . amndihe
5.prandapartictiatlyopreferablycbetigen th8thandidn0, Bndieydhnacessakyt:

adiyating the-pkhox @%@am@kaw gﬁegama{a@ﬁ@tw me JOHILse derived
formlélaton ﬁ%c%‘gé ] S d e |qven af](ae{advanta eous %1 g}g g f&&are
atroom emper s Te! zg&c) B AN O L BT RSSO
wﬁH”Eﬁé‘sr‘ﬁi&rﬁp‘ﬁffif&@é%‘ér%’ém&ﬁ\ﬁ%a@w Aieled Sapra)padvenay eowrsky, of
thenARiscagspeiated, with ithe mditoe fsdicles thatrarérintended to form the

microparticles by aggregation It is also 28 WO 2007/141344 possible to
assomat% thé—:‘ é ectl th the}gglcropartlcles The twgorg tfh

access, [0 anofher met renaring the
assoclation can 8 medpEor associlation WI H he nanopa Igpél %‘T

m.%ﬁﬁ?ﬁerééwfﬁ@m@ 1 tagvaRgEoudReiRTtHE forRT B i aqdaawthod is
sudpensionarisohatiordosismxissgnwitty mthe colloidal suspension of

napopRiticles.0 MIcT@RAIC|Rs REPDIRONS, VRrAL e AR GRS,

Incorzp (fax%%gnlln Si%)“d cfignvu gut} o ?dw\{\allllter;] the a?zlljszpq%g%%nsofunon S of

reconstitution.

In the latter case, the liquid pharmaceutical formulation is reconstituted
immediately before use by mixing the solid derived product {e.g. powder) with
water or S before mjection.

For example, S can comprise an aqueous solution and may simply be water
for injectable preparations.

In addition, S can optionally contain:

— at least one buffer or at least one injectable salt (phosphate buffer, citrate buffer,
sodium chloride) in a concentration e.g. of between 0.001 M and 0.1 M,
preferably of between 0.005 M and 0.02 M, this buffer or this injectable sait
making it possible to adjust the pH of the solution; and

— at least one injectable surfactant, preferably of the polysorbate type, such as
Tween® 20 or Tween™ 80, or of the poloxamer type, such as Lutrol® F38.
Lutrol® F68 or Lutrol® 'F127, in concentrations c.g. of between 0.01% and 2%
and preferably of between 0.05 and 0.5%.

S .can.alsc contain densifying agents such as saccharides, namely sucrose,
D~mannmitol or trehalose, In concentrations of between 0.1% and 10% and
preferably of between 0.5 and 5%. The reconstituting solution can also contain an

injectable  viscosifying polymer selected from the group comprising



b2

(941

1+

2

nanoparticles or microparticles. The present invention further relates to
solid products derived from the 10 nanoparticles and microparticles of PO
contained in the formulation according to the invention. In practice, these
derived products can consist especially of powders, gets, implants or
films, int_er alia. The in\_/ention thgs rela_tgg, to products deriyed\%o%mgiw
formulation 15 according to the invention, taken as such, irrespective of
the process for their preparation. The derived product in question is

thRSFBFEMEHATACtEFBE T tRAYTRTE i hén-HrfiM oS eI AL ifcilulose).
comprisgs shichometrivpaticles idbpolymier (PO gheopolprae pPithéing
a walekselublebiedegradable, amphiphilic copolymer carrying 20
hydrophobic groups (G1-1) and ionizable hydrophilic groups (Gl), and
spontaneously forming a colloidal suspension of nanoparticles in water, at
pH = 7.0 ideFISEtERic CERATONS. it SAFPEritis vy Baddbel o the
adsueiauing sportine susly akenHon atoveieritie vith. uléast oo AR at3oE
= édhninideidrotenic.condiionsse2atihese: micwmetticrpaticles 0f RQe c.g.

haying size./aeaswedin 2 sl Helbsiwesn pid and 190 am e harm
preferahly of betwee Iaggl 70 pm and particularly preferably of between
2 ahda ‘;’%n%gxﬁ?ﬁﬂe% it contains derivatives of multivalent ions,

preferably divalent ions, of opposite polarity to that of the groups Gl of the
polymer Ahenditig tp 30:-definathhy itheaformulaszaadxe] ke whergidstbr a
is e yaleney.ofsaid utialentions. s JIML s the, molas concentration ot 4
multivalent ,ions, - GI}SJS1 the mola[ concentration of ionizable gr.oyps Ih

beiy Betlesh BRBRGLE Hrakerasly Bl dhoBEREETs apicles of the
pdpiBlAEH) 90 CliREORY 104 3a4eieferabigraniiep OB rapidrde0 chiigions
deiivedipsoductigameansiste. grephapawdesoiadelbdize presembbies the
inyeationiurthel.relates g thesapradygis.derived from the 5 formulation

according to the invention as intermediates resulting from the

The primary properties of the formulation according to the inveniion
include its capacity to release the AP over a prolonged period greater than that
obtained with a colloidal suspension of nanoparticies of the same polymer,
adminisiered at the same pH, with the same protein concentration and polymer

conceniration.

The present invention further relates to a process for the preparation of
drugs, particularly for administration by the parenteral, mucosal, subcutaneous,
inframuscular, intradermal, intraperitoneal or infracerebral route or intratumoral. or
by the oral, nasal, pulmonary, vaginal or ocular route, characterized in that it
consists essentially in using a formulation as defined above per se, or a formulation
obtained by the process also defined above, or any product derived from said
formulation, or any precursor of said formulation.

Although the formulation according to the invention is preferably
pharmaceutical, this does  not. exclude. cosmetic, dietetic . or. phytosanitary.

formulations comprising at least one PO as defined above and at least one AP.

The invention further relates to a method of therapeutic treaiment
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preparation of the formulation according to the invention. The invention
therefore further relates to a process for the preparation of at least one of
these derived products. This process is characterized in that it consists
essentially in drying the suspension of micrometric particles to give a
solid form, preferably a powder of 10 mjcrometric particles, th\% i’?’oom a4
capable of being stored or administered. Such derived products provide’
access to another method of preparing the formulation according to the
intRIHOME e PraLEdE aduaialRg e BRMHBIHBIR a&ﬁé?%(&é?iz%g‘mﬁﬁéﬂt
compistsedsentiallypintd s takingsat |edstone derivedzpradult obtaidediy,
thepresassas defingd.ahove, amd mixingthisderiyed prdugt with water

or, g&l%g%%ga?ol%iloncgagfmgggonstitution. In the latter case, the liquid

pharmacetutical ?grmu?atlon IS reconstituted immediately before use by
mixing the SBAdTIEIREY proditt 06§ powaarrwitHisonvaRs of Sheemsigic
injesctivnn FomesemplenSncarriognpriseramaquesdsssohgtioh@arcmajection
simphdewaterforinestablaprenaaionsaln addilion.S saneRIONaNY o
coptalileIeast ane Bulisr e allaashans iectabie. sall (PROSRNAIE o1
buffer, citrate buffer, 25 sodium chloride) in a concentration €.g. of

bR B0 M and 0.1 M, preferably of between 0.005 M and 0.02 M,
this buffer or this injectable salt making it possible to adjust the pH of the

solution;Tardinaieast.oneinjestable surfastantcpefarably; of thgtages and
pQlysarhaig tynesuch as;, T TE n'R80, gr of the | :

po#oxa[n rtyﬁ%%ﬁt}%@ll_ u%ergglgl%% f%%%%%%gml%:g Bigﬁﬂ‘tré‘i ‘ (fflzé}eil%nbe
coficentiRiEns'E B ot BeiBen o CRIsUHA 296 Sindr Hfeterdliy: PRSI
0.85Hh &0l 8bsIr Swrisralgn coataiFi e iifingudentsisubhsas s adtmanidess
nadnelylsioreseorPrnannitonoe iRhalasBlein geaceRBdiansofhalwaennd

0-&%a&%&@"{ﬁ@@ﬁnl?tstezi?g%akya%ﬁt%%%? 0,209, 2%, I0G 16 Co %?3@%9&

3 u

solution can a|so confain aln 35 |nj(?,ctable viscosifying polymer selected
from e g%@plseomp‘??giw %o W& fd@%hlh@&r%élféaﬂef%r}a%é?empeum
syiftfigtid b NAriersolenged sditrer darbvxymethyl cellulose), polyvinyl
alcohol, polyvinylpyrrolidone, polyalkylene glycols (e.g. polyethylene
DESCRIPTION OF THE SINGLE FIGURE
The single Figure is a curve showing the release of human growth hormone
(hGH in % relative to the total concentration injected] as a function of time [t in
min] in the test L, according to whether it is included in nanoparticles of PO [®
nanoparticles 23 mg/g] or microparticles of PO [¢ microparticles 73 mg/g]

prepared according to Example 8.
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glycols) and mixtures thereof. 5 More generally, examples of excipients
which can be added to the formulation according to the invention are
antimicrobials, buffers, antioxidants and isotonicity adjusters known to
those skilled in the an. Reference may be made e.g. to the book entitled
Injectable Drug Development, P.K. Gupta et al., Interpharm Press,
Denver, Colorado, 1999. 10 According té’the invention, it can & 2007/141344
envisaged to make provision for a sterilizing filtration, on filters with a
parEsivPLES. 0.2 p.m, of the liquid suspension of nanoparticles that
gives rise to the micrometric particles of the formulation according to the
inyentio ation.under sterile conditions 15 according to the modes
ofﬁd‘re'b‘gratlo%ﬁ%%g’%qéﬁp%e OV uSS enables the formulation to be
injected directly into a patient The primary properties of the formulation
acoonding td the invientione inaliigevitshcapacityctpheté ase e AP oier a

prpiongﬁddﬁeaﬁ%gr%‘?"ﬂm%1gq§$zc?@\9g@n§%wmﬁpg’@é@t@-lequna lent to
Su%pensl ggﬁgw?ﬁm@%@'\%eﬁ% of the %%mih Qlyr Sa 'R ergglf‘%%& 6y the

€ same protel thﬂ an

cdfﬁ%@ﬂ%%?éwnm%?e% H%r{ﬂwfeﬁtﬁérwl&t%!fo # d%‘@@@édrdmﬁ@em
preparation ¢fR25-ARGs Partice lacky foizad niniztkatidnddydine: pat emdenaide

musogalLsuReHiaNRQUsC m{{@naew%{eﬂngr@a%m%dmﬁ@@% t@ﬁga}L @boied
'”'iracne{ftbra' Joyte or '”f”gi pral. or Qb orgh.nasal, pulmonary Fluka®)
vaginal or ocular roﬁte Cc arac erize t at conS|sts essentially

USPFRY SRRk SS defihad a&fok?é%eré@ %a%ﬁfﬂ)%%ﬁhﬁb’c@iﬁé’ﬂhﬁy
therproeess alsddefided dboveyiobafly, praduct desivédsfranpgaidb@0imide.
formuiation. enany. pieaurser af Said fermulation, Altheugh. theifermuation:
aceording fo the iy ?E‘é‘é’ 5 R eigaf%%wm%h%aac]e Heal this 8%%9?% % of
exclude éosmetlc ieteticor phytosanltar formulations com prising at

|ea%@1&ﬂb0b1®n§§ st T 20T 3 &re%as@ oh¥ R@Y@srﬂﬁéciw@ﬁtmﬁm is
furtiver refatesdda filetiod ofdherdpeUtictiréatNent 8L WO2007/ $4t344ter

coxsisking @%@%W%iﬂe@d mieiﬁéwiﬂg ihenferandation as described inthe
pr(gﬁ/ent 9’?%? (Q”X 8fB@E/entﬁ€9 n?g(ﬁcl)glawﬁslyﬂ Lllt‘%sm‘géj%‘y’ aize exclusion

|ntramu u ar, intrad er
chromatography 1s 15, 500 relaiwe ic a polvoxyethylene standard. The proportion

of grafted tocopherol, estimated by proton NMR speciroscopy, 15 5.1 mol%. A
suspension of nanoparticles of the polymer in water 15 obtained by solubilizing it in

water, and by adjusiing the pH (neutralization of the carboxylates) to 7+ 1.

Example 2: preparation of 160 g of a colleidal suspension of nanoparticles of
polymer PO loaded with hGH

2.1 Preparation of a colloidal solution of amphiphilic polymer PO

polvmez 1s left to stand in solution overnight to reach a constant temperature of

g of polvmer PO of Example 1 are weighed out,

It is dituted with-26.65 g of sterile water for intection {for-a polymer PO at a
concentration of 28.4 mg/eg).

The polymer solution is stirred magnetically.

The osmolarity of the solution 1s adjusted to 300 = 20 mOsm by introducing 1.89 ¢
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intraperitoneal or intracerebral route or into a tumor, or by the oral, nasal,
pulmonary, vaginal or ocular route. 5 In one particular variant of the
invention, this method of therapeutic treatment consists in administering
the formulation as described above by injection by the parenteral,
subcutaneous, intramuscular, intradermgl, intraperitoneal or i %E{?Hr%
route or intratumoral, preferably in such’a way that it forms a depot at the
injectio 10 The inventio be understood more clearly and its
éﬁ/anta Se{ée%l%u O%Flaf?‘%%(}@vﬂf%]@élr@g ‘4185%Y apparent from the Examples

be‘lbwlﬁvﬁléﬁl‘%ﬁé@bﬁbé"ftﬁé? Syritheésisedt e PO fdisdofadalyamino acids
graftediwitioa Tydrdphelien graupianch#heir 6enyension to a system for the
prolonged release of AP, namely a 15 formulation according to the

mxgep/g\on (s ableﬁﬂueouslc%olld | su pe.nS|on) and demonstrate the

te with a therapeutic protein,

bLﬁ‘ ANEIGR PRt N e sk hcordarcts retddxa this therapeulit™C
pritet ima very prolonged manner in vivo. 20 DESCRIPTION OF THE

SINGbE Eﬂ%@ﬁﬁo@%@ﬂ%‘&gﬂ%{@@ 3 GLve Shoning e telease ofr e

human rowth hoE{n [.a GH in % tlve to the total concentration
ion o

injacted] ae A Ranatior ime | tfﬂﬂ 0m| Pﬁl}% Y U HR8ording to whether
it iSfed @a lﬁaﬁ%&b‘éﬂrﬁfﬂ’&w P@ftfth%h@gaafrﬁmé@lzgrmmg] or
micreparticles of @ fmicrdiat ticteS1#3 mg/idlorEdpreparectaggarding to
Examnle . 32 WO 20011 3A434EXANEL ESixample dramphiphilis,
pollg 09 518¥nth?§‘s fgbal %%olyglutamate grafted with alpha-tocophero
of sy nﬁm%tlc%rl |n 1% pha L polyglutamic acid (having a

molecular weight equwalent to about 16,900 Da, relative to a
pdiyerydtylenepstaidardf andspbisinedfbyitrempaliipandakionvis MgCl,
NCAGIuOMe followed by hydrolysis, as described in patent application
ﬁA 98%%312026 are SOI%btlrlBZzeqlm 2§8 mI of dlrgpethg/lforma ide 1
eating at 80C unﬁit% oly SIS YL RIS LIRS oT ‘H”h

mer iIs Solubilized *Th
W RPESreiy 5}pﬂ“éi f@@é?ﬁ‘ﬁéﬁol (S98gig @fb?é?ned from Fluka(c)),

a) Floceulation of the solution by adding 1 M MgCl, solution using a controlled-
action syringe delivering about 20 ml/h, with stirring (setting no. 9). The ratio

characterizing the addition of cations:

. [,t‘r ”fg‘ }

4

G2

is equal to 3.36 in this case. A solution comtaining 8.51 mg/g of PO s obtained.

b} Centrifugation for 25 min at 2500 rpm. The clear supernatant has an osmotarity
of 646 mOsm.

¢) Washing of the residue with sterile water (1/8 of the volume of initial solution)
and centrifugation for 10 min at 2500 rpm. The clear supernatant has an
osmotarity of 350 mOsm.

d) Centrifugation for 10 min at 2500 rpm.

This formulation is characterized as follows:
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previously solubilized in 8 ml of DMF, 280 mg of 4-dimethylaminopyridine,
previously solubilized in 1 ml of DMF, and 1.6 g of
diisopropylcarbodiimide, previously solubilized in 6 ml of DMF, are added
in succession. After stirring for 15 3 hours, the reaction medium is poured
into 1200 nil of water containing 15% of_, sodium chloride and h drochloric
acid (pH = 2). The polymer which preud ates is then recoverdd By’ 134
filtration and washed with 0.1 N hydrochloric acid, with water and with

diisopropyl ether. The polymer is then dried in a vacuum oven at 40C to
give ayield in th =pprder of 90%. The molecularagyeight measured by size

exclusion 20 chro@%g;ggﬁphy is 15,500, relatW@ Q&Bolyo yethylene
standard. The propaortion—of grafted LULUpHe of, estimated by proton NMR
spectroscopy, is 9 nop&tticles of the polymer
in water is obtair @drby sdlmﬁzn@ﬁ@ in waterz@nd by adjusting the pH
(neutralization of the.sarbexylateg)hito 7 |. 25 Example 2: preparation of
100 g of a colloidal suspension of nanoparticles of polymer PO loaded
with hGH 2.1 Preparation of a colloidal solution of amphl?hlllc polymer PO
THEPBRMr i STERAF U dintsSYsneRsive MigRitt ReEHRIS QfdugRd with
te peratuienofh 30130@e 3523 g of polymer PO of Example | are weighed
out. It is diluted with 26.65 g of sterile Water for injection (for a polymer PO

at-g concentration of 28.4.mg/q). % selytion is %grg
¢ d E
ma]é}g]enec’tuS ﬁ/ 31?5 Th%%?rrr?olarlty o"} Iie so n IS adjlfste 10 3 C kéﬂf)np
t

mESH DS aRIEIRG IS 3B WE %53}711?1‘1 (3o 6‘?%@&5% aqueous
solutiohsfaCh{30% witie). foheubHids djabted 1057.2/10,2 By hEdihg 0138
g of kMM@cHa&@an&mglgm&%ﬁz T Oh B PORMNER-SIUHON rpm).
o?qt%l r('u'cn%iléo(?l (ﬁ fzrn%r%sgsg(? (9@ Pf @“E‘Cﬁ)r%‘?ﬁﬂ "é i fhe 309(%%6?1%@

(tion of recombinanit luman growth hormone, called Ts thawed at
25C afawgo%wséeéwa% HEH sOlUTBR-(BHeeHRE ! 6@%%@ g ratio
then dddetttoi64 b8 gldfiteo praviossly prepared colloidal solution of
polymer, with stirring. 10 The solutlon [cfabléd]wnh protein is aged for 2 It
at room temperature. ro=2x ‘"'[““(:“;;“‘]““

is equal to 1.68 in this case.

¢) Centrifugation for 8 min at 2500 rpm. The clear supematant has a pH of 4.73
and an osmolarity of 653 mOsm.

d) Washing of the residue with MilliQ water (1/8 of the volume of initial solution)
and centrifugation for 4 min at 2500 rpm. The clear supernatant has a pH of
472 and an osmolarity of 378 mOsm.

¢) Concentration of the residue by centrifugation for 4 min at 2500 rpm to give a
concenirated suspension.

The suspension obtained has the following charactertstics:
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It is then passed through a 0.8-0.2 m filter and allowed to age overnight.
This gives 100 g of 'a ready-to-inject formulation containing 1.4 mg/g of
hGH and 10 mg/g of polymer of the PO type. 15 Example 3: preparation
of a suspension of micrometric particles using MgCI2 The suspension is
prepared from a solution prepared according to Example 2 with adjusted
pH and osmolarity and containing 10.0 mg/- of PO. a) Flocculatirr 87 fHes+
solution by adding | M MgClI2 solution using a controlled- 20 action syringe
delivering about 2Q.ml/h, with stirring (setting no. 9). The ratio
characterizing the agglition of cations: hf}.] r=2x g{u] is eq lial to 3.36 in
this case. A solutiop,gontajning 8.51 me/qg of )9355119 g%lned. b)
Centrifugation for 25 mimat 2500 rpm-—The-clear supernatant has an
osmolarity 25 of A8 Mosm. ¢)-Washing.of-th fesifliiEgith sterile water
(1/8 of the volume|difidiidtial solution) and centrifuatian for 10 min at 2500

rom. The clear supematant: has:amesmolarity ¢f 330 mOsm. d)
Centrifugation for ‘%c@o@d%n%%%{ﬁ* . 30 This formulation|is

characterized as follows:34-WO-2007141344—6-64-Osmelality 349
mOsm [POI 150.77 mg/bg_ -1 _)I Particle diameter D50 J!7 j(accordin to
tedt FEi@iplerdp preparation chapsuspansiomofropiordpastiplesivced with
pratieced with CaCl2 with pH lowering The suspension is prepared from a
solution prepared according to Example 2 having final characteristics of
1.2 mg/g ofhGH and 25.9 mg/g of PO. a) Adjustment of the initial
formlatonEs py & QE‘S@M&%@H‘.’ N FEFHingF gpared according to Example 2

having final characteristics of 1.2 mg/g of hGH and 26.01 mg/g of PO.

a) Flocculation of the initial formulation by adding | M CaCl, solution using a

controfled-action syringe delivering about 40.3 ml/h, with stirring (600 rpm),
untif the ratio r is 3.36. This gives a formulation containing 0.93 mg/g of hGH
for 20.28 mp/g of PO.

b} Centrifugation for 4 min at 2500 rpm. The clear supernatant has a pli of 6.34
and an osmolarity of §32 mOsm.

¢) Washing of the residue with MilliQ water (1/3 of the volume of initial solution)
and centrifugation for 8 min at 2500 rpm. The clear supernatant has a pH of
6.56 and an osmolarity of 334 mOsm.

dj Concentration of the residue by centrifugation for 8 min at 2500 tpm to give a
concentrated suspension,

This formulation 15 characterized as follows:

nH 6.25
Osmolakity 343 mOsm
[PO] | 101.87 mg/g
IhGH] 4.7 mgflg
i Particle diameter D50 13 nm
(according fo test TT) o

Example 6: preparation of a suspension of microparticles produced with
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controlled-action syringe delivering about 70 ml/h, with stirring (600 rpm).
10 b) Flocculation of the polymer by adding | M CaCl2 solution using a
controlled- action syringe delivering about 39 ml/h, with stirring (600 rpm).
The ratio characterizing the addition of cations: [Ca*] =2 X /uu ] Kis
equal to 1.68 in this case. I5 c¢) Centrifugation for 8 min at 2500 rpm. The
clear supernatant has a pH of 4.73 and-¥nh osmolarity of 653 IOSPRT/)!344
Washing of the residue with MilliQ water (1/8 of the volume of initial
solatioh) and centrifugation for 4 min at 2500 rpm. The clear supernatant
has a pH of 4.72 and an osmolarity of $78 mOsm. 20 e) Concentration of
there re5|due Lo centrlfugatlgntfor 41mn;16}t 2500 rpm.to 2 confr;entr ted
suspension. The subpension obtainsd Hd tRE RIS 0 Keriies's

Wé"?@éfﬂ%f@ﬁ&mlﬁmﬂ%@ﬁs‘fﬂ T T ?ﬁééﬁwom qu\%Bs mg/ f
JhGHdQlngla dParticle diameterddnl 23vinZ fatcorsdingntosiestaltdntrolted-
Examﬂﬂ%§sﬁﬁﬁg@%ﬁﬁ@@r9@%§§§@@@%ﬂ oévnncsr@mg elesiRroduesdwith .
CaCIYZmThg S%Qel}\slon recpfflgglg from %a solutlpfg ggred gccordlng to
Exam fe having flnalf %aracterl f°&hd 26.01

m(), P@ffﬁ@aawf%é‘uraﬂoﬁ ﬁ%éﬁﬁn&i%ﬁ%ﬁ{aﬁ@ﬁrw@aaﬂﬁgﬂv NPCRay
solutig Bsm& an.controlled-action syringe delivering about 40.3 ml/la, with
stiging {608 rene A0untkthesratio Gig3 (36} ﬂlﬁhglvg}%ﬁef QEMTUABH QBlution
Contaamé % 1trz§ucvagﬁgx off h%l_lmfg ra%O %ﬁ(t]m % 9. of ﬁP C%@gg%ill dtl’li? ngran
min at e c ear supernatant has a p
OSmMO arlt} of 237 mOsm.
d) Washing of the residue with 0.9% NaC! (1/8 of the volume of initial solution).
Centrifugation for 8 min at 2500 rpm. The clear supernatant has an osmolarity
of 253 mOsm. The calculated theoretical concentration is then 64.97 mg/ml.

This forrnulation is characterized as follows:

pH 5.86
Osmolality 256 mOsm
L PO 63.51 mg/g
Particle diameter D50 9 um
(according to test T1)

Example 7: preparation of 2 suspension of microparticles produced with
MgCh under conditions 1

The suspension s prepared from a solution prepared according to Exampie 2

having final characteristics of 0.48 mg/g of hGH and 23.05 mg/e of PO, with

adjusted pH and osmolarity.

a) Dilution to 10.0 mg/g with 0.9% NaCl

b) Flocculation of the solution by adding 1 M MgClh, 6HO solution using a
controled-action syringe delivering about 20 ml/h, with stirring (setting no. 109,
untij the ratio r is 6.93. This gives a solution containing 8.59 mg/g of PO.

¢) Centrifugation for 10 miu at 2500 rpm. The clear supernatant has an osmolarity
of 654 mQOsm.



20

.2
L

and an osmolarity of 832 mOsm. c) Washing of the residue with MilliQ
water (1/3 of the volume of initial solution) 15 and centrifugation for 8 min
at 2500 rpm. The clear supernatant has a pH of 6.56 and an osmolarity of
334 mOsm. d) Concentration of the residue by centrifugation for 8 min at
2500 rpm to give a concentrated suspersion. This formulatlor%lg
]

: 7
characterized as follows: 20 pH 16.25 Osmolality 343 mOsm o

10(% T g ms 7 mci- Particle digmeter D50 1 3 pm (accordlng
to'test T %E : }%éeélgﬁFeﬁﬁPa%‘SHeow‘%%’é’ﬁé.&% P s Shtieiplution)
prodBiced WHHSBWO P00 141344 2ZHC 1T hél buspensionds greparedan
fromcarsolisfigr propanedaccording to Example 2 having final
charagieristiss.af 1.4ma/g.0fhGH and,10.00 mg/g of PO. 5 a) Flocculation
of the solution by adding | M ZnC12 solution using a controlled- action
syringe delivering about-20-mifh-with-stirring-(setting-no--9), until the ratio
ris 1.54. A squUoerﬁontammq 9.64 mg/g of |PQfs obtained. b)
Centrifugation for 4miviatiz500 rpm. The clearsypgratant has an
osmolarity of 389 W@fm- 10 c) Washing of tl?g 7re5| ue with sterile water
(1/1.3 of the volumeof nitiat sotution)—and dentrifugation-for 8 min at 2500
rom. The clear suj s-an—-osmolanty g4z mOsm, d) Washing
of the residue with Da8%NB@I L85 the voldmdewof initial solution).
Centrifugation for §4minrain2%0@4m. The clear supernatant has an
osmolarity 15 of 253 mOsm. The calculatéd theoretical concentration is

then 64.97 mg/ml. This formulation is characterized as follows: PH 5.86
Example 8: preparation of a suspension of microparticles produced with

MgCl, under conditions 2

The suspension is prepared from a solution prepared according to Example 2
having final characteristics of 1.33 mg/g of hGH and 10.10 mg/g of PO, with
adjusted pH and osmolarity.

a) Flocculation of the solution in the presence of a nitrogen sweep by adding
nitrogen-bubbled 2 M MgCly, 6H;O solution using a pump delivering about 8
ml/min, with stirring (500 rpm), until the ratio ris 10.01. This gives a solution
containing 8.98 mg/g of PO and having an osmolarity of 914 mQOsm.

b) Ageing for three hours, with stimring.

¢) Use of a Microza moduie (UIP-0047R ~ Pall), having a specific surface area of
0.02 m*. This module has first been conditioned (removal of the glycero] and
ethanol by soaking in water), depyrogenated (7% NaOFH followed by rinsing
with water) and autoclaved.

d) Conditioning of the module with MgCl; solution having an osmolarity of 900
mlsm.

e} Washing with sterile water (1.04 times the volume of flocculated formulation),
which 1s added at a rate of 8§ ml/min 1o keep the overall volume constant. The

- crreulation is assured with a pump at 23% power, maintaining & pressure of 0.3
bar. This step lasts for 3 h. The clear filtrate has a final osmolarity of 459
m{sm.

~ . . 9 - . " .
f) Use of a Microza module (0.02 m”) whose circulation is assured with a pump at
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-- Osmolality 256 mOsm (POD 63.51 in M_,/, Particle diameter D50 19
um (according to test Tl) Example 7: preparation of a suspension of
microparticles produced with 20 MgCl2 under conditions 1 The
suspension is prepared from a solution prepared according to Example 2
having final characteristics of 0.48 mg/g of hGH and 23.05 mg/g of PO,
with adjusted pH and osmolarity. 25 a) Bilution to 10.0 m.( ,/g Witk T /99 44
NacCl. b) Flocculation of the solution by adding | M MgCl. 61420 solution
using &sqenteolldthactiomsytingd deliverng abeuta20otWh, mlithistirmiig step
(settingn@r 1) mntihthe falie s @ ﬁﬁa%@;ﬁcg&y & SOlfierFontaining

8. Eﬁ .mg/qg.of PO. C)\%er]trlfu%an%n 10 min at 2 Ooﬁ\gm The clear

SUDGTAtant has &n C4rol 2 TSR 37 eﬁﬁﬁ?ﬁ4f‘)§‘ﬂ“ %)
WEEHREBFHRE residue with sterile water (1/7 of the volume of initial
solution) and centrifugation for 10 min at 2500 rpm. The clear supernatant
has an osmolaritygf 29k mOsm. This formulatiopis;Gharacterized as
follows: t~pH 6 smolallty 323 mosm TLM+==-75;7mg/g (hUH] 1.3
mg/o Particle di ?.J.Q./Ie“i. D50—8-6-um-(according o144 @-I)—Example 8:
preparation of a diiggERsIasIeT microparticles prodticeegith | MgC12
under conditions h#0iThe suspension is preparemfﬁe%ggsojution

prepared accor&pg&g%&g@% 1\Iajelvmg final cha)r%teristic% of 1.33 mg/g

of hGH and 10.10 mg/g of PO, with J
r {&cCording to test L) 16h

!
Lﬁ)p {according 1o test D) 0.15 |

Example 9: preparation of a stable suspension of microparticles produced
with MeCl, under conditions 3

a) Preparation of a solution of PO prepared according to Hxample 2, hereafier
called initial formulation hGH 1.4 mg/g / PO 10 mg/g

A solution of recombinant human growth hormone is thawed for 2 h at 25°C

{[hGH] = 3.9 mg/ml, pH = 7.2, 330 mOsm).

The pelymer PO is diluted and adjusted (300 mOsm, pH = 7.4, 15.6 mg/g).

The solution of hGH 1s poured onto the polymer, and the hGH/PO mixture (1.4/10

mg/g) is then degassed.

Association 1s effected overnight at room temperature.



4

adjusted pH and osmolarity. a) Flocculation of the solution in the presence
of a nitrogen sweep by adding nitrogen-bubbled 2 M MgCl-, 6HzO
solution using a pump delivering about 8 15 nil/min, with stirring (500
rpm), until the ratio r is 10.01. This gives a solution containing 8.98 mg/g
of PO and having an osmolarity of 914 sm. b) Ageing for three hours,
with stirring. ¢) Use of a Microza modul€e E)JP 0047R - Pall), ha%r?& 6{4“44
specific surface area of 0.02 m-. This module has first been conditioned

(removal of the-glyceroland 20 ethanol by soaking in water), .
depyrogehé(t)ed (7% NaOH folloe@dy rinsing withavater);and i
autoclav q);;i; Gandiionine.ef th}edpodule with ng 6?%#9” havipg an
osmolarit ?UU MOosm, €) V\ﬁhll g with sterifeswater b .04 times the
volume of?locculated formulatier) ’11_\3 Wwhich is-add 3—‘(1* #rate-of-8 ml/min
to keep tHﬁ.QSLQI:a.U Mmmnﬁ%@ﬁ]‘l’he circulaticrPisigssured with a
pump at 25%: pdwernmaintainingia pressure of 03 shar, obhis step lasts for
3 h. The &Iear filtrate has a final Bé@jalarlty of 459 1mq(gsm f) Use of a

olo

Microza module (0.02 m2) wh bb‘ Cirtutation is assured with-a pump at 38
WO 2007/441344-25% power. E&i@&n&&mn@ﬁﬁéﬁﬁé@eﬂwv rate of
4.4 ml/min. This step lasts for 160 min. The filtrate has.a final osmolarity

of 324 dphA810n Ehiﬁefﬁfm&m@ﬂew isawhite flﬁlgrwﬂgﬁ@w m ;J g
PorReTReE MR IRIDNNG, Fhamek th' 2 O%ﬁ?ég'%{?%m Al g}mc? with

g g mleOpartlc es I~ ‘accor

/A3 30741 8&8&*&%"%&1’6& ‘*16h|f<aa"€(§%b g EAEEED) 0.15

Exﬁmpiésgerpﬁepamnmi@fda sidblesusgensiogeofishicnapafiictesproducec:

WithoM@CkSnumdaremnditigns & surface area of 0.32 m?) until the osmolality is
about 300 mOsm. It is then concentrated to a PO concentration of between 38 and
41 mg/g.
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10 a) Preparation of a solution of PO prepared according to Example 2,

hereafter called initial formulation hGlIl 1.4 mg/g / PO 10 mg/g A
of recombinant human growth hormone is thawed for 2 h at 25C
3.9 mg/ml, pH = 7.2, 330 mOsm). The polymer PO is diluted and

solution
([hGH] =
adjusted

(300 mOsm, pH = 7.4, 15.6 mglg). 15 The solution of hGH is poured onto
the polymer, and the hGH/PO mixture (£%4/10 mg/g) is then d&GRE4EY! 344

Association is effected overnight at room temperature. 39 WO

2007/141344 PO M (PQ) 2317.90g H - 7.4 -- 300 mOsnn [PO] 15.61

mg/g hGHiMi(hGH)ida82.30 g [hGF1] 3.9 mg/g Initial formulatiq

Rk 4 ¢

L3497.00 t= [hGH 1.35 mg fﬁt}ﬂ O] 10.01 mg/g b) Prepar
the microparticles hGH 5 mg/g / M

microparticles40-mg/—(R-T

AOR, Ol

formulatien-is-flocculated-by the ¢Hrtrolled addition of 2 M MgCI2 With mga

ratio r of Flodsudterwhich the whgié (istjgtt:td hfje for | h (maturaté@lﬁ)z.ﬂ' he

suspensjon is washed with watern by, tangential microfiltration (Mi

R8s fmin

module from Pall with a specific s;M’rece area of 0.3Zm2) until'th

18834 o

osmolality is about 300 mOsm. Itis theh-contentrated-to-a-PO
concentration of between 38 and; 29 g/g. 40 WO 2007/141344

§84 piigial

formulation 1 M 3458.4 g C[hGH]Qsikh&3895mg/g - --- [POI 10.01 ingy/prrChe:
Floccula iq@SﬁMg(MgCIZ 2 M) 457,89 (11,0 4241 ¢
Flow rate 42.43 mg/min
Osmolality 330 mOsm
Concentration M (filirate) 13157 ¢
Flow rate 39.46 mg/min
M (concentrated microparticles) 7138 ¢
thGH] 3.28 mglg
[PO] 0.9 mg/g
Dilution M (MgCl,, 0.1 M) 11799 ¢
M (concentrated microparticles)  |893.7 g N
ThGH] 4.22 mg/o
{PO] 40.65 mg/¢

¢) Preparation of the mixed formuiation hGH 5 mg/g / Mg microparticles 40 mg/g

PO 23 mg/g
The microparticles are stabilized by adding the polymer of the PO
lyophilized form.

"The lyophilizate i1s added to the suspension, with stirring,

type in its

The whole is placed under vacuum (30 mbar) until the next day, with stirring.
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Flow rate 1 8.47 g/min M (suspension) 1813.4 g [PO] 8.84 mg/g
Osmolality 942 mOsm Washing M (H20) 4241 g Flow rate 42.43 mg/min
Osmolality 1330 mOsm Concentration M (filtrate) 3157 g Flow rate 39.46
m */min M (concentrated microparticles) 1713.8 g [hGH] 5.28 mg/g _
~[PO] 50.9 mg/e Dilution (MgC]jz, 0.1 '\2 ~179.9 g ?M (concentrated
microparticles) 893.7 0 hGH] 14.22 andfgi [PO] 40.65 mg/c, &0 2007141344
Preparation of the mixed formulation hGH S mg/g / Mg microparticles 40
mg/g PO 23 mg/..' 5 The micropartieles are stabilized by adding the

polymer giuthedRehtype in its lyophilizedfenmed helvpphilizate is added to

the suspensign .wlimgtlrrlng. The*[\ﬁ%ﬁe IS placed under vacuum (3@, e,

]
mbar) uniif the nex

ext day, with stirring-=41-WO-200-+141344—Suspension-M

(concentrated microparticles) 187% 8ddeflyophilized PO H20] _ 10.[250%5 ¢

M added 284l #amukiinal formulatiein M 895.68 g hGFI [ 4.11.11 mp&gs.68 ¢

ROM microparticles] 39.60 mg/g [ﬁ?(ﬁ{?dd 23.00 mo/a 1(6.4 ---

4.11 mg/g

PO in microparticles] 39.60 mg/g
[PO added] 23.00 mg/g
pH 6.4
Osmolality (mOsm) 409
Mg (g/h) 4.0
r (according to test M) 0.94
dapp {according to test D) 0.14

T, (according to test ) 3036 h

Example 10: preparation of dry micrometric particles loaded with hGH from
a suspension of microparticles by a first embodiment of the process according

to the invention

Firstly, a suspension of microparticles Joaded with hGH is produced under the
conditions described in steps a) to ¢) of Example 8 (flocculation, ageing, washing).
The suspension 1s washed until the osmolality is about 280 mOsm. The
suspension, containing about 10 mg/g of polymer, is then lyophitized on a
Bioblock ALPHA 1-4 LSC apparatus after having been frozen in liguid nitrogen
for 76 h.

Reconstitution and characterization of the suspension

I ml of water for injectable preparations is added 1o 40 mg of powder. The
solution is stirred by hand for a few seconds to effect homogeneous wetting of the
powder. The selution is left to stand for about 10 minutes. It is homogenized for a
few seconds by manual stirring and withdrawn using & 21G needle to give | mi of 2
ready-to-inject solution. '

"The charactenstics of the suspension are described below.
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Osmolality (mOsm) 409 [Mg] ((/1) 4.0 r (accordin to test M) 0.94 H darp
(according to test D) - 1 0.14 TT (according to test L) T 30.56 h Example
10: preparation of dry micrometric particles loaded with hGH from a
suspension of microparticles by a first embodiment of the process
according 5 to the invention Firstly, a susjpension of micropatrticles loaded
with hGH is produced under the conditidns described in steps'd) 178 6f+4

Example 8-{floceulation;-ageing; washmg}.iheﬂsuspenstamswaﬁhed

until the osmojality,i HBodt 280 mPsm. The 1j) susqh,e,r[sﬁghnbontaiéning
about 10 mg/g of po Z'Itﬁé’r',]is themlyophiized on a BighlockALBHA 1-4
LSC app#rqggg&gggﬁ tﬂﬁ@gg‘,ﬁeen ftozen in qudid nitrogen for 76 h

Reconstitution and c'rlaraCIenL tior of the suspension 15 1 mt-of water for
injectableipreparatiéns is-added"t6-40-mg-of powder. 0 ijonlis
stirred by hand for a few seconds to effect homogeneous wetting of the
poRwdepThEL SpktjanaadefitastanifonakaupRieNeuigsltder Toaded with
ORRAAARCIY eGP B MANUR NG R WD PP
216 needle to give'l mLofa ready-to-inject solution. 'Ie e
ch%'f%%‘lt%sri%“tfég%df'ﬂﬁ’§‘%Bb"ﬁ§f6?f‘are described below. 42 WO
2007/141344 Wg dapv (mg/min) [COO X pH Osmolality | (according to
test)y(aceospingida teshM)ob41R16:3881iQmxamplesliopieparation of:
dry SIGHOMEIIC RAE SR %P{X'E‘F&' eaded WihahGH from A suspension,

of ﬂicro articles by a seco embclz)dlmen of the_ process according to__
the vERton Eirstly, & ?’sﬁ‘ége}l%%ntbef MR oFaRiciEs IBAbed it Hessy is The
pr@mamd@mﬁémg about 10 mg/g of polvmer, is then dried on a Biichi B290

atomization apparatus. The liguid solution is withdrawn at a rate of 5 ml/min and
nebulized through a spray nozzle fed with nitrogen (7 bar — 500 I/h). The

withdrawal rate (drving air) is 40 m*/h. The inlet temperature is kept at 90°C,

G

which induces an outlet temperature of 45°C under these conditions.

Under these conditions, the size D(0.5) of the particles obtained (according to test
12) 15 5 pm (50% of the volume is occupied by particles having a diameter of <5
um).

Reconstitution and characterization of the suspension

I mi of water for injectable preparations is added to 30 mg of powder. The
solution is stirred by hand for a few seconds 1o effect homogeneous wetting of the
powder. The solution is left to stand for about 10 minutes. It is homogenized for a
few seconds by manual stirring and withdrawn using a 21G needle to give | miofa
ready-to-inject solution.

The characteristies of the suspension are described below.
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conditions described in steps a) to e) of Example 8 (flocculation, ageing,
washing). The suspension is washed until the osmolality is about 280
mOsm. The suspension, containing about 10 mg/g of polymer, is then
dried on a Buchi B290 10 atomization apparatus. The liquid solution is
withdrawn at a rate of 5 ml/min and nebulized through a spray nozzle fed
with nitrogen (7 bar - 500 1/h). The withtrawal rate (drying air} 248 M&m?
The inlet temperature is kept at 90C, which induces an outlet temperature
f 45C under these condijtions. Under these conditions, the size D(Q5) of

the parficl %ﬁﬁtain%d (agcording to testsik T2).is pih (50% of thenyelume
s occupigddy particleg %Yé%sﬂlﬁia;“&?ct?o@&’fnﬁ? &l ﬁ‘z patiption and,

Q
9@%&%‘0&?@%@ on %t e suspension’l mlh?}‘lx\{até_r o[_lnjtf1 ta he pLefp ratflons
m—ad&eo“foﬂ{@mg powder-The—20-selution-is-stirred-by-hand for-a-few

secondsid effect horfidgenedd8 wetting of the)-powder. The solufioh is left

to stand for about 10 minutes. It is homogenized for a few seconds by

MERLRIRITAg YRdRdianeesinp 310 aeedle Vel QliRutancous
re]a}ldx-}%-lné?ct solutl%?y. The chaﬁgenstlcs of the suspension are .
destribed beldWw 43 W& OH‘??f 1359 OB AMPPR I Rel A BT e
(nfermIy Com iy B kmaninytaeparties to test TI) (according to test D)
(accordi_ng to test M) 2.3 598 ) 10.0 0.15 _Example 12:_ pharmacokinetics
Of N@HnIhe dgaftgs SUBRUIARGDYSMieflion, oLvALIAUS AHTHIEHANS i,
bq%§mdu a{‘{K"%lrgphlphlllc polyamino acids in the’5 form of nanoparticles and
micropar icles Twelve naive beagle dogs (weighing 7 to 10 kg) were

treated with-the following. formulations: Formulation Number [hnGH] [PO]
Dose D¢ séovoimﬂm'@mﬁ dogsHem e/{mﬁl}{@ﬁ oL (marke) (Milks) kR 4
401 0.23 "Formulation - 432160k 32 (GO5mY ?ﬁk%?kgﬁ -11(-1%1751(%)0.2 20

hGH IR 4 4 0 1 0.23
Formulation | 4 5 22.6 i 022
Formulation 2 4 ) 117.5 ! 0.20

The hGH IR corresponds o a solution of recombinant human growth hormone
([bGH] = 4 mg/ml, pH = 7.2, 330 mOsm).

Formulation I s prepared according to Example 2 and formulation 2 according to
Example 7. The hGH is assaved by ELISA (DSL 10-1900 kit).

The pharmacokinetic data are collated in the Table below:
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10 The hGH JR corresponds to a solution of recombinant human growth
hormone ([hGH] =4 mg/ml, pH =7 330 mOsm). Formulation | is prepared
according to Example 2 and formulation 2 according to 15 Example 7.
The hGH is assayed by ELISA (DSL 10-1900 kit). The pharmacokinetic
data are collated in the Table below: 44 \Q/O 2007/141344 Formulatlon
C,,,aa SD T> 5 ng/ml SD AUCo-ias, sty RBA Tsoi,a"c SD (ng B Z 511344
(ng.h/ml) (%) (h) hGHIR 582155 183 3209276 100 4=1 Formulation 1

35 37 44+6 2579+.516 8025 =5 Formulatio 3..i-2--n.25-5 12926

1759248166 127,3 +LSPhere: SGat iSID6 MEKimure: SErURBGSHT s, + SD
concentration, 3,;,1,m5 ng/ml |s(]§|5|e time whqgotrﬂ%?rum heH (h)

&gﬁﬁtratlon gre 1erthan 5 ng/ml - AUL?;?,& jl’lts the area unaer

cAviim-Bl rAafinn. A

I g0 T
IC buIVC UI CrurmrrroTt ehcertiation T FHHCHOR-O1-t ey LAY =72

rEpragEwRIthe gqvgyak)lllty r%ﬁl‘ to an 'W”}Sd'%ﬁ% Ieg{?e 10,

farmulation, + T;0’iaao represents the time requwed fo release 50% of”the

tetalN@akd.released. The hGl-I IR has a rapid release profile with a
i‘gaximum serunTaricentratiortvt 582 165 Hgifint fe@ched Eiter a imediah

ime-of2-hotrs—Fhe hf"Lu is-then--15-eliminated-fairhrapidh-{abparent TY.

urmc orZ-11o S, I TrmoTTrisSTtricTrTIo \.,|||| macuTanTy ury-(appparcrot

of about 2 hours) according to a mono exponential decrease. The
ciretila¢ing hGH is then no longer quantifiable beyond 24 hours.

Fornulg\tlfgqhg has.aRialonged hghlLreleass Ceroflle with a slow absorption
p as$ > 5 ng/ml 1s the time when the serum hGH concentration is greater than 3
ng/ml,
~ AUC represents the area under the curve of serum hGH concentration as a
function of time,
—~ RBA represents the bicavailability relative to an Immediate-Release
formulation,

~ Tsposeuc TEPTEsents the time required 1o release 50% of the total hGH released.

The hGH IR has a rapid release profile with a maximum serum concentration of
582+ 155 ng/ml reached after a median time of 2 hours. The hGH is then
eliminated fairly rapidly {apparent T% of about 2 hours) according fo a mono-
exponential decrease. The circulating hGH is then no longer guantifiable beyond
24 hours.

Formutation 1 has a prolonged hGH release profile with a slow absorption phase
before reaching comparable maximum serum concenirations (44 + 6 and 37 = 4
ng/m!i respectively) afier a median time of 24 hours. The elimination slope
indicates the absence of quantifiable hGH beyond 48 hours (the serum
concentration being 4.8 4+ 3.1 ng/ml).

This formulation demonstrates in this case a slower release of hGH into the blood

compartment, as illustrated by the shift in Cuae centered around 24 hours.

However, this phenomenon does not seem to prolong the presence-of the-hGH-m -

the serum significanty. since the circulating concentration at 48 hours appears to
be zere. The AUC of formulation 1 appears slightly reduced relative to the
reference [R: the bicavailability is 80%.



before reaching comparable maximum serum concentrations (44 6 and
37 f4 20 ng/tnl respectively) after a median time of 24 hours. The
elimination slope indicates the absence of quantifiable hGH beyond 48
hours (the serum concentration being 4.8 3- 3.1 ng/ml). This formulation
demonstrates in this case a slower release of hGH into the blood
compartment, as illustrated by the shift if¥ C,nax centered arouyfel224p/141344
hours. 25 However, this phenomenon doesnot seem to prolong the
présendelohthe hGH ihd¢hederumusignifitantly. singertheirstdatingos  the
co;nﬁ%mr@;ma& HRRRUER BRPRATSIWDRIZRIO o] i&%ghe% e AN

SS|I htly. reduced relative othe g rence | bloavallablllty IS

O B S FATERLA 2 s hBHePREIG ‘OHbrRden
mH]B? ntdifiedtidn et tH@%ﬁarﬁtﬁé@&m@ﬂé%rofllg Ditheanverly stowd relbatte
follbwing aklagttimefdbdthibuisy andathery dimaxifilsmnseru froBCeitation

ofﬁ&e@{ll?gémhf@ﬁ@l?sﬁéé%@ m@ﬁ@%&ﬁﬂ%ﬁﬂ‘c&@&lﬁwﬁ@@m@n]%%2%8%
eneral trend o nacoki of for is a
Lﬁl%?pro‘ﬁeecl‘ﬂnt e Sprcﬁjoﬁﬁaweggq%%% 1I‘aieau o u§|o$1 gt@g} E¥¥he
i ‘WBHP&%%F{ %ﬁm@?&iw& lﬂaﬁrmfﬂameoédﬁ@eﬁmmarlabmw
bé&?e@ﬁ“ 188 hours and 240 hours (7 and 10 days). This formulation has
10 a much smaller AUC: 45% loss of relative bioavailability (RBA = 55%), 10
ANRle L3 Rhasmacokineties of thed affer supcutaneous
|nJect|ohk?of3é1 forh rarﬁgﬁ(%énseé' Sonr}aGnEl'Sﬁl hlfc%go v mogﬁ& Sk eous
fo m%““&f%ﬁf@&ﬁf&%‘%‘&@ﬁ%é‘r@e‘?ﬂaﬂ}\')@ Bgﬁglg @@é@ﬂm@wﬁtg Tt G
wefartreated Wites the following formulations: r Formulation 1 Number
[hGH] [PO] PH/ Dose Dose volume of does (ma/ml) (M /ml) mOsm

15 (mHC'éﬂ)e(Hle‘fe'}%kéﬂeRdQ }w%xght /3271{§ 1((}0& Owoe,%g trca7ted-\9%1 gley tollowing

formulations:

L

Formulation | Number| [hGH] iPO] pEl/ Dose | Dose volume |
of dogs  (mg/ml) | (mg/ml)] mOsm |(mg/kg)!  (mlkg)
hGH IR 6 4.1 0 74321 | 5x0.1 (.024
| per day
Formulation | 6 13 | 642 | 64409 | 05 | 012
3

The hGH IR comresponds to a solution of recombinant human growth hormone

20 ([hGH] = 4.1 mg/ml, pH = 7.2, 330 mOsm). Formulation 3 is prepared according
o Example 9.

The pharmacckinetic data are collated in the Table below:
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Formulation 6 4. , 64.2 6.4/409 0.5 0.122 - -~ | The hGH IR corresponds to
a solution of recombinant human growth hormone 20 ([hGH] = 4.1 mg/ml,
pH = 7.2, 330 mOsm). Formulation 3 is prepared according to Example 9.
The pharmacokinetic data are collated in the Table below: 46 WO
2007/141344 Formulation V C. SD F>| ng/ml SD AUCo-ias, SD RBA
Tsoialc = SD (ng/ml) (h) (ng.h ml) (%) () hGHIR 9024 39 28¥28 Y6
20.3 Formulation 3 2616 10838 999294 77 6614 where: Cn,aa is the
maximum serum hGH concentration. 5 T > | ng/ml_is the time when the

serimrhGiicondentratian is greatemnthast nglmt, AUGrepresents the,,.. + SD
area under the curyegfiserum th)concentratio(rat(,::}fgy]@ﬂ)functitzg}0 of time, (h)

i he bi itabifity retative to an immediate-Release 10
R %h—iﬁ&eﬁseﬂf t(’?% glg X rapiity g mmediat

. : 3+
form acants-the-time-raguradtto releas o-of the- 0.3
O nmuratrunT, 195G CTCHPICoTTTIOT et T rcyuimrTcTUtoTCTroaoe 7Ot TS

to [@hm&%ke§$egé The micropaglicleg release the hGéi over mere th% 914

A"~

days-with-a-23%-loss-of -bioavailability—15 Comparative example.14.in
vitro release (test L) of hGH from microparticles according to the
invgpiien and nanoparticles of PO A comparison of the release of hGH

rom aanapaiplen e - drxamalealand, g microparticles of PO

(Example 8) Is made in the test L. The continuous phase is a buffered
solution of Htimih CotAIRING S0 gIg T Sheladeigiae At ereir s
the tingenlequired to release 50% of the protein (hGH) under the

concaniatignrcenditions i which the famnulatiomis,injectaklg:entration as a
nanopaticlesaptaining 23 mg/g: t, = 40 min, i.e. 0.67 h

~ RBA represents the bioavailability relative to an Immediate-Release
formulation,

~ Tsomaue represents the time required 1o release 50% of the total hGH released.

The microparticles release the hGH over more than 5 days with a 23% loss of

bioavailability.

Comparative example 14: in vitro release (fest L) of hGH from microparticles

according to the invention and nanoparticles of PO

A comparison of the release of hGH from nanoparticles of PO (Example 2) and
microparticies of PO (Example 8) is made in the test L. The continuous phase is a
buffered soiution of albumin containing 30 mg/g.

The single Figure attached shows the time required to release 50% of the protein
(hGH) under the concentration conditions in which the formulation is injectable:

— nanoparticles containing 23 mg/g: 1, = 40 min, i.e. 0.67 h .

— microparticles contamning 73 mg/g: T, = 973 min, i.e. 1622 h

The hGH contained in microparticles is released 24 times more slowly than that

contained in nanoparticles.

Example 13: Preparation of individual flasks containing a Iyophilized powder
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25 - microparticles containing 73 mg/g: T, = 973 min, i.e. 16.22 h The hGH
contained in microparticles is released 24 times more slowly than that
contained in nanoparticles. 30 Example 15: Preparation of individual
flasks containing a lyophilized powder 47 WO 2007/141344 of
microparticles of polymer PO and insulin (100 Ul/flask) Preparation o 3508
o an insulin solution concentrated to 500 Ul/g (17 5 mglg) 5 6.¥§8F7/141344
recombinant human insulin (powder) (28,6 Ul/g, moisture content: 4.5%)
arefimiognecicicsa HladsnilesROL&7dg whviatd@taiéldtdey and insulin is
dispersed with low magnetic stirring. 46.6 g of 0.1 N 14Cl are added until

to ' | I id insulin. 69.8 g of 0.1 ium carbonate
o Pl A/GI6R4 8AIoR AL.ARIL NN 03.8.0.01.0,4 Bheodiim Farbona
comprised between 7 and S. The 10 solution is diluted to the desired
cohéehtiaterrByradtingn20. My of watedeMiRih.OWiitheosolutionrofpo el
P @ic326@hafthen abfaised cancentratedvingulin salidiomarng siowly oseel
(with 38.magneiic stivring) anto 3426 9:0fa-SalltionQ B&'M%%?Flfﬁ%r 2 clear

(concentrated I.i m ?; e mixture is passed through a 0.2 m ,

is fé]# W{he%g%}gtfﬁ %45?’0 e‘l}niggﬂ{BA}II]\foﬁf&ﬁiﬁ’g%f@ﬁ%@r@%ﬁ&’té‘d%ﬂd%Prder
asEphkiEsnitibils ¢ FrectUldtivn hayias/in RHcontentyatidnt 2@ T HeapreViotis:
formiutation dlfleceulatedebycthevaontralied addition 06377 4 @h2:M MgCl
(with a ratio r of 7.2). After ageing 1 h, the suspension is washed with

w ta%[*'nbéfu@ gential microfiltration ( Microza module from Pall with a
sp S are 55 tl the osmolality is about 340 mOsm

and concentrated to a PO concentration of about 27 mg/g. The pH is
adjisted @6 6:5 bytadeingdrd:Na@H 25 goluticn(@bat GIgWR theured (with
SUSRERSION:THiS) Olves: - SUSBERSINA LA ADAYL 400 UG8 ingylin
(thIthxa?t, \L{alug C%qug %]l}%ahlﬁed bﬁ PLC gn a(CIS-,%rfn‘ted silica "~
column). Addin of poltwinvivirdlidone: 88'200% 8P% Sock sBilitioR et ming
polNIREpYrlitdke] ee Acenstetiddnvde uB Mg oaféiobsained from an
injectable pol yv inylpyrrol i done powder (for example K17) andare

passed hrevgh.a 9.2 um-siedlising filter. 120 of the filtered solution are

g‘nﬁdﬂﬁi‘gﬁe@%&”ﬂ%ﬁfﬁ%ﬁ CORSIONR 10,1200 9.9t heRievious suskensian,

MgCly (with a ratio r of 7.2). After ageing 1 h, the suspension is washed with water

by tangential microfiltration ( Microza module from Pall with a specific surface
area of 0.32 m?) until the osmolality is about 340 mOsm and concentrated to a PO
concentration of about 27 mg/g. The pH is adjusted to 6.5 by adding 1 N NaOH
sotution (about 6 g) in the suspension. This gives a suspension containing about
100 Ul/g of insulin {the exact value can be obtained by HPLC on a C1§-grafted

silica column).

Adding of polwinvipyvrrolidone:

200 g of a stock solution of polyvinylpyrrolidone, concentrated to about 40 mg/g
are obtained from an injectable polyvinylpyrrolidone powder (for example K17)
and are passed through a 0.2 pm sterilising filter. 120 g of the filtered solution are
then added under sterile conditions to 1200 g of the previous suspension and the
mixture 1s stirred for about 15 min.

The obtained suspension contains about 91 Ulg of insulin.
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mixture is stirred for about 15 min. 35 The obtained suspension contains

about 91 Ul/g of insulin. 48 WO 2007/141344 Lyophilizcnion. The
previous suspension is distributed in individual flasks with 1.00 Ul per
flask (about 1,i g of the previous suspension per flask): the flasks are
lyophilized under sterile conditions for un cycle of 72 h. They are then
hermetically closed until they are used.®xample 16: reconstititicnoofi the4
flasks of microparticles / insulin obtained in Example 15 10 The
suspension is extemporaneously reconstituted (before using) as follows: |

mi gj)ym ter is introduced using a syringe and a needle in a flask

containing Ul of insulin obtained.in the previous example

The
flaSki ﬁ%"éﬁ‘&aﬁ‘;}ggﬁ?ﬁé‘ﬂ]fb‘*r SHFBRPEEC Ih BTN Srdle sk o Bt 14 B D s
hdvogehdausf (hilkyvsuspansioniothpes dispenshorilisiwithelkaophilivttiemder

sysingle andiigdgady (@ beclinjgcted withya.g0GEcneeeledornexamplenth@ey
reconstityted suspension contains: 20 - 23 mg/ml of polymer PO - 100
UL/ml of insulin (3,5 mg/ml) - 4 mg/ml of polyvinylpyrrolidone 0,18
mmol/ml of Mg2+ (with r = 2.8). 25 The characteristics of the reconstituted
subpamaisr oregensribdipbelolve Kk bf @denopaliidisd D) phEidedpn
(Mgtarhple @D- mOsm (according to test Tl) (according to test D) F
(according to test M) 2,8 6.5 300 15.0 0.13 The dynamic viscosity

eﬁ\) sured at 20Cisequalto 5 mPa.s:-- 30 Exeé{n le 17Ufpharm% kinetics

SUMRRFPAE db G R S B 8 T ST S o dalfon Based

on'diiphiptilic polardinecaeitin therisrand e wolie0o 7/ flagadantghing 100
mitilaganticlas obtained in the previous exampie.

The flask is manually stirred for a few seconds in order to obtain a homogeneous
{milky) suspension: the suspension is withdrawn in the syringe and is ready 1o be
injected with a 30G needle, for example.

The reconstituted suspension contains:
- 23 mg/mi of pelymer PO
- 100 Ulml of insulin (3,5 mg/ml)
~ 4 mg/ml of polyvinylpyrrolidone
- 0,18 mmol/m! of Mg*" (with r = 2.8).

The characteristics of the reconstituted suspension are described below:

R et

coO”

(according to test M)

" T
N EMg"' H pH | Osmolality | Size D(0.5) um dypp (mg/ml)
mOsm (according to lest T1) % {according to test D)

2.8 6.5 300 15.0 0.13

The dynamic viscosity measured-at 20°C is equal te S mPas.

Exampie 17: pharmacokinetics of insulin in the dog after subecutaneous

injection of a formulation based on amphiphilic polvamine acids in the form
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Two groups of 6 nave beagle dogs (weighing 10.4 0.6 kg) were
successively treated with one of the following formulations during a
crossover trial with 2 5 periods: Number [insulin] (PO1 Dose Dose
Volume Formulation of doss (Ul/ _ ma g Ul/kg tL/kgl_ Lantus(r) (batch 12
100 01 10 40N300) 12 100 20 1 10 Formulation 4 The reference of this

(070141344
trial, Lantus(r), is a modified insulin analog (insulin glargine) prow8 %
Sanofi-Aventis. The modification of two amino acid residues on the 10
prithaiFapastifiesof the human insulin gives to Lantus(r) some properties
of prolonged release on a 24 h period thanks to an in .situ precipitation.

Forpwlations4ds @Wwa@@@@mmsﬁma 16¢ 355@1%@ &@@5&@@@
determined lbyQ zymat ti method J((g qu nase with an autom

blocéemlcaﬁ ana?yser wa‘igjﬁo ayer 1|l§gn%nsl%i?tsa) “Fhe ahal 1-1sqi{s\8 % e
pHarii&tokinetic results is based on the percentage of the basal
glycaemia_as a function of time. 20 The pharmacokinetic data are collated

in the Table below: 50 WQ,200:7/1fih3dn AP Gt MUuaiion 4dote vaRime

APGCO{36 1911809 ARGC SD ulation ) /o GCCapms, SO
(h) (o/t urtantus(ry 406 %’.fao% 5342 glg{mo.L(oru)lllllj?;%liu/er{l 4 L+ ﬁ

309 1 18 37'£9%%7 where: - Cm:;,, is the minimum percentage of the
basal glycaertiiggivhich hasbeen 5 dliseryed, BAPGCQ.361, represents
the area betyygemdhe basal glycaemia andithe percentage

12 100 20 1 16

Formulation 4

The reference of this trial, Lantus®, i3 a modified insulin analog (insulin glargine)
provided by Sancfi-Aventis. The medification of two amine acid residues on the
primary structure of the human insulin gives to Lantus® some properties of

protonged release on a 24 h period thanks to an in sifu precipitation,

Formulation 4 is prepared according to Example 16.

The glycaemia is determined by enzymatic method (hexokinase) with an automatic
biochemical analyser (Advia 1650, Bayer Diagnostics).

The analysis of the pharmacokinetic results is based on the percentage of the basal

glycaemia as a function of time.,

The pharmacokinetic data are collated in the Table below:
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of the basal glycaemia as a function of time between 0 and 36 h
post-dose, -T5S0%APCC represents the time required to obtain 50% of the
APGCO0.3611. 10 The administration of the reference Lantus(r) allows a
rapid diminution of the glycaemia from the first hour. The hypoglycaemic
action of insulin glargine is then maintained over a period comprised
between 18 and 36 h (the glycaemia coifes back to its basal Feyep&iriers44
30 h on average). Comparatively, the administration of formulation 4
allows also a rapid diminution 15 of the glycaemia from the first hour.

hen, the percentage of the basal glycaemi%ﬁ&@ptaiﬁ ap ateau until 36

on average. C@,, sisthinedPith farmsmation 4 is sighiticanilyitigher = SD
thAATABIEIR: 'obtained with the reference LARKSypEGB05, paired and

. ks (1) _ i34

nilateral Student t-test), that could allow ta consifférably reduce the
Fhai%ﬁzoi evere Q@/Qofglycae 'gdqgi etic patients. 20 The acfgag iig]?
f formulation 4 is clearly greater than the action time of thellong™ Acfion
refprence_Lantus(?; This is illustrated by a TSO%APCC value which is
siATeaRRP Highefor formulatidh? 4 (5<0.005, phifed &hd unilatéraf * 3.7
Student t-"test)."No lossof APGCO.36hhas be |
4 in comparison 25 with the reference Lantus(r). 51 WO 2007/141344
Exghsple 18: Preparation of lyophilized powder of microparticles of
polymey, ROtendrofinterfeson a2l Preparation ol celtion.coataiminrmdm
m of polymer Pn and U 19 mg/g d7FN: 5 166 g of a solution of 16.5 mg/g

polymer PO are introduced in a 500 ml flask. 2.3 g of a 0.3 M methionine
TN i TR R DB AN 26 Sl A SRR AT T 2 BTG e
thawetitherbpfpbg iPsERinds Bigrstitne fiore havkaionaaeeintrogsicéein the
flask tomprisiagrthenpalymetselition. [Fhemixtore is ieft 40GL4 h,at room

10 temperature. The solution is passed through a 0.2 t n sterilising filter.

All following steps are. effected under aseptic conditions, f7occulotion -
ok it R At 5 TS i oG0S rrRTAOR Ao o (e

floebiskaat: Bpethéednsiciing. ddgitivprefycacmic action of msulin glargine is then

maintained over a period comprised between 18 and 36 h (the glvcaemia comes

back to its basal level after 30 h on average).

Comparatively, the administration of formulation 4 allows also a rapid diminution
of the giycaemia from the first hour. Then, the percentage of the basal glycaemia
maintains & plateau until 36 h on average. Cyuy obtained with formulation 4 is
significantly higher than the value obtained with the reference Lantus® (p<(.005,
patred and unilateral Student t-test), that could allow to considerably reduce the

phases of severe hypoglycaemia in diabetic patients.

The action time of formulation 4 1s clearly greater than the action time of the long
action reference Lantus®. This s llustrated by a Tsosarce value which is
significantly higher for formutation 4 (p<0.003, paired and unilateral Student 1-
test). No loss of APGC)s4, has been observed for formulation 4 in comparison

with the reference Lantus®.
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148.5 g of 2 M MgCl, (with a ratio r of 7.0). The suspension is distributed
in 4 flasks (about 37 g per flask) and centrifuged for 15 min at 3000
rom/min. 30.5 g of supernatant are removed from the flasks by taking
care to not touch the centrifugation residue. The residues are then
washed with 17 g of sterile water in 20 each flask. For this step, the
osmolality is about 300 mOsm. Lyophilization: The previous sU8p&H&ibi*
is distributed in trays of the Lyoguard(r) type (Gore(r)) allowing to keep
stEritanple $hsPenpioatiuringitveiyirsdiliratider tiertraypanicibenf 3Blymer
ly@philizkof undesestarite nonditions for a cycle of 72 h with a laboratory
freeze- dryer (Christ). Example 19: reconstitution of the suspension of

m]c;roartlcles ont |n|ng mterferon a- 2b from the Iyohlllzed owder
re '._,_ g e OF v Pi) o ol !

for obtaining exactly 0.5 mg/g of interferon in the formulatlon a
préfimindrysrévonstittion testissmadenodubeiotrideron 524 bisiassayed

b%m—wmtﬁ;g}ﬁgcgﬁ&%jw%@@&%uw ﬁ‘ogént%%ng&ﬁ'[%h oncemrated
raneq usl co]nftltuj;(ggl néo ¢ using) follows o2
%ﬁi?iézﬁ & of Whter ar&Sdtiedl Sritdsr sy & Wlﬁﬁ‘rﬁfif'zé’(ﬂmdu‘md
pde@rfEﬁH %ﬁ@gnglﬁéﬁéromlg%m@«mséawmwrmagn&tm@@ ot ko
Thexpbtaimed suspension is homogeneous (milky): the suspension is

witihdrawmiim & BSvEinge e 1S geady, Q&%&ﬂi%‘iﬁﬁd L With ?01??9\911@ ﬁ%g’are

for 2xamp ple e'iljhe r constétyted suspension contains: - 46 mg/ml o

ymer 581 05 m /CmPo iAt&refon a-2b 10 - 0,34 mmol/ml of Mg2* (with
r = 2 6). The charactenstlcs of the reconstituted suspension are described
belbweu s @ x- Mes PH:Qsmalalityn@@0O- mOsm (according to test M) 2,6

6.12605:18r EPF@-WE{QO%Q iBharmacokiasties ahi gd\kwl»n dReHon Al hadiion of
Suﬁ%ubtangig LJSMH}&CE? (with a ratio v of 7.0}. The suspension is distributed in 4

flasks (about 37 g per flask) and centrifuged for 15 min at 3000 rpm/min. 30.5 g of

supernatant are removed from the flasks by taking care to not touch the

centrifugation residue. The residues are then washed with 17 g of sterile water in

each flask. For this step, the osmolality is about 300 mOsm.

Lyvophtlizaiion:
The previous suspension iIs distributed in trays of the Lyoguard® type (Gore®)
allowing to keep sterile the suspension during the lyophilization: the trays are then
Iyophilized under sterile conditions for a cycle of 72 h with a laboratory freeze-
drver (Christ}.

Example 19: recounstitution of the suspension of microparticies containing

inferferon a-2b from the lyophilized powder obtained in Example 18§
in order to know the amount of powder to use for obtaining exacty 0.5 ma/g of
interferon in. the. formulation, a preliminary reconsiitution test is made and the..

mterferon a~2b is assayed by HPLC with a C18-grafied silica column.

The suspension is extemporaneously reconstituted (before using) as follows:
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of a formulation based on amphiphilic polyamino acids in the form of
microparticles Eight native beagle dogs (weighing 9 0.6 kg) were treated
with the following 20 formulations: Number of IIFN] } ( (POI pH/ Dose)
Dose Volume Formulation doles m~Iml m /ml mOsm alkn IFN IR 4 0,5 0
6,45/ 354 600,12 --t 0,546 61/160 0,12 JF ormulation 54 - 705 The
IFN IR corresponds to a solution of recoPdbinant human interfé¥eri007/141344
(PCGEnNn batch 11305.0516 with adjusted concentration, p1 and
ostadlality {a} =0 hdinghnt pE2E 6A45@HABIQSMY 2Bl I spension is
2007441344 Eermulation;s isargRated according to Example 19, from
the same batch of interferon (PCGen). The pharmacokinetic data are
collated in the Table below: 5 SD T > 50 pg/mL SD AUCO ,, -- BA Ts~i,,,
SO o HURRICHSEANHTLD IS ADpiRsensawh(milie): IENSHRPERSOR 1SOvRpag=in a
0,6y162¢5rd As2edH0td e M ke Foithulatiome0,9 0;6:24h8. 29,8 95.5
47,5>59 96,7 31,7 where: - Cmaa is the maximum serum IFN
co%eepctggtisomqh{eg'@?% ) /m! IS étipe.time when the serum IFN
concentration Is greater t anqéb 1o pg/ml, - AUC represents the area
under théd & 6PERMI IR concentration as a function of time.

- 0.5 mg/ml of interefon a-2b
0,34 mmol/mi of Mg™* (with r = 2.6).

The characteristics of the reconstituted suspension are described below:

] PR Mg™ pH | Osmolality
} [COOﬁJ mOsm

\ (according to test M)

l 2.6 6.1 705

Example 20: pharmacokinetics of FEN in the dog after subcutaneous injection
of a formulation based on amphiphilic polyamino acids in the form of

microparticles

Eight nafve beagle dogs (weighing 9 % 0.6 kg) were treated with the following

formulations:
Number of | [IFN] PO pH/ | Dose | Dose Volume
Formulation dogs | (mg/ml) | (mg/ml) | mOsm | (ng/ke)|  (mlkeg)
6,45/
IFN IR 4 0.5 0 " 6o 0.12
354
y on S 4 0,5 46 6.1 60 0.12
| Formulaiion 3 ] 705 | s

- 'The I'N IR-correspends to-a-solution of recombinant human interferon (PCGER; -
batch IB05.0516 with adjusted concentration, pH and osmolality ([IFN] = 0.5
mg/ml, pH = 6.45, 334 mOsm).



- RBA represents the bioavailability relative to an Immediate-Release
formulation, 15 - Tso%auc represents the time required to release 50%
ofthe total IFN released. The IFN IR has a rapid release profile with a
maximum serum concentration of 25.2 - 0.4 n2/ml reached after a median
time of 5 hours (range 3 -5 h). The circulating IFN is no longer

quantifiable beyond 24 hours, 20 Formulation | offers a major EGRfEAtoH
of the pharmacokinetic profile of the IFN with a very slow release, and a
malaRfIR EEY Umicondentehtiorroti 099 0 Brarapmal {28 finvesiowsemthanttheot
coneefitratigh@hithe IR), reached after a median time of 108 hours (range
66 - 144 h). The general trend of the pharmacokinetics is a flat profile in

the form of a pseudo-plateau. The level of circulating IFN returns to 25 an
uneg[&g%ﬁ%%‘?é% i(g}%l@ KeiBh tekieit Y8 ABLrackNE more than 240 hours

5 (7-and more than 10 days). Tnis formulation has a smaller AUC: 41% loss

of relative bioavailgbilith(RBAsS y28%0) - Bbe haa%egu- 46 abesk 19times. sp

e AR

grebtemthainihe o%.auc of the JEN IR. 5 6 WO /141344 | CLAIMS 5
1393 3 Wi g0gy/ 1413 M

1 LiQHJd7 har aceutical Ormuigﬂlun forthe prolonged refease of-AP
. 1 . = e . & 3 A ~
hich - Cothprises an agueous-colloid ) “ot/tew Vi€lasity Hased

ONTISTOMELc) partcles of pobaer (BQ). i the palyer PO-being 3 . 5,

water biodegradable, amphiphilic polymer carrying 10

hydrophobic groups (GH) and ionizable hydrophilic groups (Gl) that are at
leaghpartially ionized, and spontaneously forming a colloidal suspension
of napopattigles i WAL LA 7;Q. et isotonic conditions, i said
particles being capable o assoaaﬁng spon’taneously and non- 15

covaléritly Wit Bt 184 BRE aetie!friftipie FAPYCBEGHaLn 05 rraty than S50
10 jsotormig/mgenditions: characterized in that the micrometric particles of PO

have asizacpeasurestinadasiad, olbetwees 05andH0Q Lir, Rraferahly,
of be%g&g&oqqgnzplpm,preferably of between 2 and 40 um, and in that it

contains multivalent ions having a valency less
- R represents  the bioavailability “relative to an Immediare-Release

formulation,

15— Tsouaue Tepresents the time required to release 50% of the total IEN released.

The IFN IR has a rapid release profile with a maximum serum concentration of
252+ 0.4 ng/ml reached after a median time of 5 hours (range 3 -5 h). The
circuiating IFN is no longer quantifiable beyond 24 hours.

20 Formulation 1 offers a major modification of the pharmacokinetic profile of the
IFN with a very slow release, and a maximum serum concentration of 0.9 = 0.6
ng/ml {28 umes lower than the concentration of the IR), reached afier a median
time of 108 hours (range 66 - 144 h). The general trend of the pharmacokinetics is

a flat profile in the form of a pseudo-plateau. The level of circulating IFN retumns to

[
Lhn

an unguaniifiable concentration between 168 hours and more than 240 hours (7 and
more than 10 davs).
This formuiation has a smaller AUC: 41% loss of relative bicavailability (RBA =

59%). The Tspuane 1s about 19 times greater than the Tsyoae of the IFN IR,



20 than or equal to 4, preferably divalent ions, trivalent ions or mixtures
thereof, of opposite polarity to that of the ionizable groups Gl of the
polymer, said multivalent ions having been added in order to cause the
nanoparticles of polymer to agregat:e into micrometric particles in an
amount such that the ratio r, measured in a test M, [JAI | and defined by
the formular = n x --, where [GI] 25 - n i&the valency of said riiltoglents+4
ions, - [IM] is the molar concentration of multivalent ions. - [Gl] is the molar
concentration of ionizable groups GILiaIdsprised between 0.3 and 10,
preferably between 0.6 and 5.0 and more preferably between 0.80 and
3.0. 30 2. Formulation according to claim 1, characterized in that the
micrometric particles have an apparent polymer density dapp, measured
in a test D, of between 0.05 and 1.0, preferably of between 0.07 and 0.7
Sand particullary preferablyicf! hetwdendd. oanct Gl &EAV Q1200741 A1B44ich
3. kempulation asearding igiglaitsbetharantesizaskindhat thersleass fimeg;.
T, Oz‘;rﬁ&é‘s’%? Ac\) as H;% sured in a test L, increases relative to the
reIePase time 18 dvfxgn idenitical injectable formulation not containing
multivalerttidi¥ysehigasured in the same test L. this increase being
such that Trésgreaterthamnioblequabtiedatiab te and ph gindterablynstchathahg
10Tr is greatguthan B euaidocd-D Xl idnzrmylatign accarding darpiaimule o
characterizeesq in #h%ylt Somprises at least one AP associated with the
micropartlciiespo PO, 105 -ormulation according to claim 1, _ .
character®z & iRANERE U a B DIs oSy Afdotspersieshebmarapreitisf iy
1000 s-1,islass!thidrorleguattass00imPadstiamd preferably between 2
and;200 mﬁ@-%&iﬁwmﬁ\@%@@%ﬁdﬁg &;]seax«:%e %&t}sn%@g@dm non-
1sclaims, ¢h ractarized in. 15 that the ro groups ( are, . .
PR Rercits to Ay Uhgroaiere
pret&iifRiaims, characterized in that the polymer PO is selected from
the roapecondprising olyamine acigsyti(polyfiiEptides; gelatimssprateinstest
polysagchasidas o preferably selectedfsom therween 1 and 70 wm,preferably of
between 2 and 40 um, and in that it contains multivalent ions having a valency less
20 than or equal to 4, preferably divalent ions, trivalent ions or mixtures thereof, of
opposite polarity to that of the ionizable groups GI of the polymer, said multivalent
ions having been added in order to cause the nanoparticles of polymer to agregate

into micrometric particles in an amount such that the ratio r, measured in a test M,

and defined by the formula » = nx -[M—/f where

1]

25 - 1 15 the valency of said multivalent ions,
- [IM] is the molar concentration of multivalent ions,
- [Gl] is the molar concentration of ionizable groups GI,
1s comprised between 0.3 and 10, preferably between 0.6 and 5.0 and more
preferably between 0.80 and 3.0.
30

2. Formulation according to claim i, characterized in that the micrometric. |

particles have an apparent polymer density d,p,. measured in a test D, of between
0.05 and 1.0, preferably of between 0.07 and 0.7 and particularly preferably of
between 0.1 and 0.5.
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20 subgroup comprising pullulans and/or ehitosans and/or
mucopolysaccharides -- and mixtures thereof. 8. Formulation according to
claim 7, characterized in that the hydrophobically modified polymer PO is
selected from (co)polyamino acids. 25 9. Formulation according to any
one of the preceding claims. characterized in that the polymer (PO) is a
polyamino acid whose main chain is madié up of aspartic resitie2oey141344
glutam.ic residues, at least some of these residues being modified by the
grafting dbatisastronethyidrophobiogrotp(QH)imdhe thaihorattheigadr,
of ¢he 30 AR 1 Qe REMY L@@anLa?x@é}qugg 1@@@}{ F&ncﬁeorfcg%%& O an

h th h h bicall fie mer PO is define
o aetal ec‘?é‘n%}}tl B B A S S b o e

NEFPSRR b BT HOS RS b [0 I 7SretamietihaR 98 9904 finddroRaed
Crotrranchedhad i Ci@talkiparbengyeadical,.a 5 terminal residue of
amino acid, or -R4-[GH]; R2 is H. a linear C2to CIO or branched C3to C

1O4acyl qur‘ﬁpuign% ?&M&Lﬂw 3 [C-h a]dten?e 1 ﬁzrlta% %%E'n%@ﬁ%e?%q ast
prefe ly selected trom t roup comprising: - metal ¢

GESUER Cea il FURRORR LGt ot comprising 10 sodium,

potassmm, calcium and magnesium, - organic cations advantageously

sefected HroruthecsuRgrerdmeOrPrsing: 1, Calignsiiasad an @MiNG: dynamic
viscosity at 20°C, for a shear gradient of 1000 57!, is less than or equal to 500 mPa.s
and preferably between 2 and 200 mPa.s.

6. Formulation according to any one of the preceding claims, characterized in

that the hydrophobic groups (GH) are attached laterally to the chain.

7. Formulation according to any one of the preceding claims, characterized in
that the polymer PO is selected from the group comprising polyamine acids,
(polypeptides, gelatins, proteins, polysaccharides — preferably selected from the
subgroup comprising pullulans and/or chitosans and/or mucopolysaccharides - and

mixtures thereof,

8. Formulation according 1o claim 7, characterized in that the hydrophobically

modifled polymer PO is selected from {co)pelyamino acids.

9. Formulation according to any one of the preceding claims. characterized in
that the polymer (PO) is a polvamino acid whose main chain is made up of aspartic
residues or glutamic residues, at least some of these residues being modified by the
grafting of at least one hydrophobic group {GH) in the chain or at the end of the

chain.

1. Formulation according to-any one of claims 6 to 9, characterized in-that the

hydrophobically modified polymer PG is defined by general formula (1) below:
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cations based on oligoamine, cations based on polyamine
(polyethylenimine being particularly 15 preferred), 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 R4 is a direct bond or a "sPacer” based on | to & 8rHifigi41344
acid residues; A independently is a radical -CH2- (aspartic residue) or
-CH2-CH2- (glutamic residue); &/(n ;- m) is %eﬁﬁ@é]”as the molar grafting
rate and its value is suffi¢iently | for PO, dissolved i, water at pH =7
and at 25C, to form aze Gl ' f suphicronic particles of
PO, n/(n + m) preferably being bet 00 and particularly
preferably between | a 0l%; n - n viéries ffom 10 to 1000 and
preferably between 50 and 300; and GH is a hydrophobic group. 30 11.
Formulation accor '@g]t,g/(ﬁaim 10. characterized in that the hydrophobic
59 WO 2007/141344 group GH is derived from an alcohol precursor
selected from the group comprising octanol, dodecanol, tetradecanol,
hexadbsanol, octadecanol. oleyl alcohol, tocopherol and cholesterol, and
in thakR4isiaditest-one, & RoFermiiatiamascording o an:ene Qbical, a
claims.{ to.9, characterized in that.the: Fg%gas (have) one of general
formulag (III%I’ (1) and_(IV) below: COOFES /COOR3 O AHH A O [GH
[GH\Ra RN KN4 R'S IO i eleld B OB &S ORI BER
H [GHINR HRHGH]

*  R’is H ora 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:
s cations based on amine,
e cations based on oligoamine,
¢ cations based on polyamine (polyethylemimine being particularly
preferred), and
e cations based on aminc acid(s) advantageously selected from the class
comprising cations based on lysine or arginine,
— and catiomic polyamino acids advantageously selected from the subgroup
comprising polylysine and oligolvsine:

»  RYisadirect bond or a “spacer” based on 1 to 4 amino acid residues;

* A independently is a radical -CH,- (aspartic residue) or -CH;-CH;- {glutamic
resicdue);

» p/(n+ m)is defined as the molar grafiing rate and its value is sufficiently low
for PO, dissoived 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
I and 25 mol% and particularly preferably between 1 and 15 mol%:

~eecrpdemrvaries from 1010 1000 and preferably between 50 and 300; and

& (GH is a hvdrophobic group.

11, TFormulation according to claim 10, characterized n that the hvdrophobic
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[inN"J110 (M OHHO COOR HA/O[GH]~-NN<[GH] RI;I1)R (V)0
H in which: GH is a hydrophobic group; 15 R30 is a linear C2 to C6 alkyl
group; R3'is H or a cationic entity preferably selected from the group
comprising: metal cations advantageously selected from the subgroup
comprising sodium, potassium, calcium,%nd magnesium, organic cations
advantageously selected from the subgrdup comprising: 20 caHGRE 141344
based on amine, cations based on ollaoamine, cations based on
polifaniE (heReteR IErimine belingnperticalstegréferrad)e armipoatiomssing
basechan afniaceacid(syadaniagedeshiseleatedfiamdhe iclagisy 25l cohol,
cogprsing calicnshased an lysing RF ArgiRiNg, p@fad cationic polyamino
acids advantageously selected from the subgroup 60 WO 2007/141344
comprising polylysine and oligolysinc; RS50 is a C2 to C6 alkyl, dialkoxy or
didmine Graup'aRT s eruiitthoHCoE 8 slsiver wabatasrricmzaddmin the
aciresidues; hdndependenilyisaa fAadicH) -@H2~V(aspastic residue) or
-CH2-CH2- (glutamic 5 residue); and (n'+ m’) or n" is defined as the
degree of polymerization anolC ggrigs from 10 to 10QQ and preferably
between 50 and 3Q0. 13. Formulation according to’claim 10, characterized

in that the.n,groups/ OH of 10 the PO eacljfi depA ndently of one;gppther
are a mo%&é@ﬂi%ihl%ﬂﬁ%l%ob@lwwf}%w/
m L
H 6] 0] H

(ILy

3 3
COOR COOR

/ /
R
: Lo | [GH]
1eh 4/N’%{\NT<J\ /L\?N/\F/“;LN\ s
; R E ; in R5O b ‘ jml R
O H Mo O

()
/COORS‘
TR
[GH] PN AN
N K«N{ “ RN
(IV} O H
in which:

= (GH is a hydrophobic group;
» R"isalinear 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
sodium, potassium, calcium and magnesium,
organic cations advantageously selected from the subgroup comprising:
¢ cations based on amine,
= cations based on oligoamine,
e cations based on polyamine (polyethylenimine being particularly
preferred), and R o a '
» cations based on amino acid(s) advantageously selected from the class
comprising cations based on lysine or arginine,

- and catiomic polyamine acids advantageously selected from the subgroup
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HO R' (GH) 15 in which: - Rs is a methyl (alanine), isopropyl (valine),
isobutyl (leucine), sec.-butyl (isoleucine) or benzyl (phenylalanine)
radical; - R is a hydrophobic radical containing from 6 to 30 carbon atoms;
and 20 - | varies from 0 to 6. 14. Formulation according to claim 13,
characterized in that all or some of the hydrophobic radicals R 6 of the
PO are independently selected from the%§roup of radicals conifstiitig-423%+4
a linear or branched alkoxy containing from 6 to 30 carbon atoms and
capable cofrpontainpoly Btleastdniehbténoatom (preferably 0, N or S) or at
least gieunit> of RsALalAN. O@Iggmlﬁog]@fyng 6 to 30 carbon
atomﬁmawggcctnmn ! more fuse carroycllc s and dcl) t|o ally

containin least oné)ruanltSB?Cﬁﬁsa uraf’ ion 30 ARAISrE e85 bhe
he'teréa’déaﬁp

rsrtABly 0 afienbr Nlantorsy: &l ush IkEXyaryTor @iamic

aryloxyatkyl having 7 to 30 carbon atoms and capable of containing at
least gne ynit.pfimsalirationsanabdeast ane Relareaton.6d WRs from 10 to
WOZQQ@ HLAL 4}%4%(1%(?%@% E}\l1 oF $4,15. Formulation according to

clai aracterize that the ‘hydrophobic radical R6 of the
graft of the PO is derived from an alcohol precursor 5 selected from the
groéip cormprisingeoctanotiidodedanol, tethadetairel] hekadécanohups GH of
octadecaneh pleyaleahel Josppherakand chalgsianieh: 18 iEarsrwlation ula
acggrding to claim 9. characterized in that the main chain of the
polyamino acid is an alpha-L-glutamate or alpha-L-glutamie homopolymer.
10 17. Formulation according to claim 9 characterized in that the main
chain of the polyamino acid is an aIphagL aspartate or alpha-L-asnartie
homopolymer. 18. Formulation accor im.9, characterized in that
the main chain of 1

in which:
R is a methyl (alanine), isopropyl (valine), iéobuiyl' (leucine), sec-butyl
(isoleucine) or benzyl (phenylalanine) radical;

- R is a hydrophobic radical containing from 6 to 30 carbon atoms; and

- lwvaries from 0 0 6.

14, Formulation according fo claim 13, characterized in that all or some of the
hydrophobic radicats 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, N or S) or at ieast 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 un%aturaison
and/or at least one heteroatom (preferably O and/or N and/or Sy, and

* an alkoxyaryl or an aryloxyalkyl having 7 to 30 carbon atoms and capable of

containing at Jeast one unit of unsaturation or ai least one heteroatom
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15 the polyamino acid is an alpha-L-aspartate/alpha-L-glutamate or
alpha-L- aspartic/alpha-L-glutamic copolymer. 19. Formulation according
to claim 1, characterized in that the molecular weight of the PO is
between 2000 and 100.000 g/mol and preferably between 5000 20 and
40,000 g/mol. 20. Formulation accordlngdo claim 1, characten&%d U& thﬁg i
PO has anionic groups Gl and in that the multivalent ions are mu tivalent
catlons lr %y div Ient cations and particularly preferably ones
selec{g ?E¥h 8{1 o5 comprising MgCaznl,, FeCut and mixtures
thereof, or trivalent cations selected more particularly preferably from the
grasp comphisingbtdcchengned mixiires theraaf. 2da-FOmi@tion that the

acgErAingL1R-AnY;0Nn6:0f mcp&&%gmge%méd&m@%e“Zd%d 0,29 ”;‘&tu'}sm

com I’IS?S at Ie?st one stabilizer selected from t e group com “SIQ% L
ecano

nanopart derg % EIRHR OB HONER PO, P EF By SR So bl
bidYEGradbIe Ay RIpRli&eosiarmadcamysigrlydrophobic groups (GH)
and ionizable hydrophilic groups (Gl) that are at least partially ionized,

an, SDO@E@H&M&JM 5@@&1&9@9@1&% SH&@S&@%%CP&“%P %”a% cfg?m of

H 35 = — nic conditions; 6
e & e %’fﬁblry%%‘ﬁ}aﬁ%wéﬁépary%&w@wm@ﬁ@el
glycols preferably ethylene glycol/propylene glycol copolymers (of the
poldxaménrRiuiroinic arbidiigl type)isellWoseqpalymers andiBerivativ@sin of

thereofipieferakha cathonyaliylcalluases, B (e -d.carhoymethy)

celluloses) or alkyl celluloses (e.g. methyl celluloses); esters of qurebltan
and one or more fatty acids, preferably esters of polyoxyalkylene (e.g.
polyoxyeliyena)ieyeeafinmtaeksm fe derdderss dlsidhecity, oaithe Teert
or ihelysohbaténty pasids surfactamtsdhsephantphpspliobpids:and or aipha-L-

poggggfy@ﬂg;glycgﬁdg{@fggﬁglymgp polyethylene glycols; hydrogenated or
non-hydrogenated saccharides such as trehalose, sorbitol, mannitol or

sucrose; polyols such as propylene glycol or glycerol;
19, ‘ormulation according “to claim 1, characterized in that the molecular

weight of the PO is between 2000 and 100,000 g/mol and preferably between 5000
and 40,000 g/mol.

20.  Formulation according to claim 1, characterized in that PO has antonic
groups Gl and in that the muitivalent jons are multivalent cations, preferably
divalent cations and particularly preferably ones selected from the group
comprising Mg, Ca®™, Zn®", Fe?*, Cu®" and mixtures thereof, or trivalent cations

ke

selected more particularly preferably from the group comprising A", Fe'™ and

mixiures thereof

11. Formulation according to any one of the preceding claims, characterized in

that it comprises at least one stabilizer selected from the group comprising:

— nancparticles of at least one polymer PO, PO being a water-solublie,
biodegradable, amphiphilic copolymer carryving hydrophobic groups (GH) and -
ionizable hydrophilic groups (GI) that are at least partially ionized, and
spontaneously forming a colloidal suspension of nanoparticles in water, at pH

= 7.0, under isofonic conditions;



gelatins, preferably hydrolyzed gelatins; 15 nitrogen-containing
(co)polymers, preferably from the group comprising polyacrylamides,
poly-N-vinylamides, polyvinylpyrrolidones (PVP) and poly- N-vinyl lactam
s; polyvinyl alcohols (PVA); and mixtures thereof. 20 22. Formulation
according to claim 1, characterized in thgt the AP is selected {(RM 8,544
group comprising proteins, glyeoproteins, proteins bonded to one or more

olyalk ms rabl ethylene glycol (PEG) chains:

R BT B B R e emcohridin, 28

oI|gbn9@w&w@éefﬁolyﬁm€¢é%tldé§wm|Xt@ﬁ*@éeﬂﬁéreﬁfﬁa\ﬁﬁf“ﬁaﬁﬁ@9Iar‘%}/\’co

preferabjy ifrom tbetsupgoumeomprsitgoelytihropaietin, oxytocin,

Vasopregsins. %@[@H&Q%@%ﬁ%&%“{%@@f epideLma la@f@%f@ﬁt%’]!u loses
5 Platelelderyeqdiomtn e (R helpole '%%'m;#' lind factars

and mixttire$ thereof, fattors emog m eitoerromes; i
prdhcﬁﬁ?lélbﬁfmﬁ?ﬁ?]ﬁklﬁfﬂn@%rﬁﬁoh@% fétéasaﬁ@qqow&ﬁ@(mﬁﬁﬁ of
LHRH mnfageitisisnd MR eompetitgispburhan pdreinexdrdeviog grawtheic

hormones; (Gt growth.pprmeneelgasing factor. insulin. somatostatln
glucagon mterletéla( gor mixtures hereof -2, ILIL IL- 12?
e

y-in er?erontaﬁﬁstrln trag StriR, pe%%sggg i, Ou¥a lse}%n@yg%léref] referably
10 calutoﬁ%ﬁ'é‘ﬁl@#ﬂ”%ﬁ??iéndomorph|nes angiotensins, thyrotropin releasmg
35-horhydne{ddRid) ptuncaritydorgsiattac tar (N} nerte grawthuaetosorbitol,
(NGF) o3P 20046441344 granulocyte colony stimulating factor
(G-CSF anul cytem croph co timulating factor (GM-CSF),
macroB%é%Ea co lgng Bt ?a% f%?: or‘z) F), heparinase, bone
morph&gate: @F@J’Eéﬁ?k‘BWﬁ*)’ ﬁ%ﬁﬁ&ﬁiﬁﬂ"ﬁcular natriuretic peptide (hANP),
15 glueagoindike: peptiten(G LR VEG:E, redonibindntrhepatitisBsurfageiSing
antigen {[=\BsAd)FeNinextokines, Bradykinin. haciraging s REVYMIXINSpoly-
CO|IStIn§ txrﬂmflne gramicidines, cyclosporins and synthetic analogs,
and pharm ceutically active modifications and fragments of enzymes,
cytokinddy dhtiieRbelsdhtigehs and vaccines. 10 23. Formulation

accerdimg toxanyotherofithe preceding claims, characterized in

22.  Formulation according to claim 1, characterized in that the AP is selected
from the group comprising proteins, glycoproteins, profeins bonded to one or more
polyalkviene glvcol chains [preferably polyethylene glycol (PEG) chains:
“PEGylated proteins™], peptides, polysaccharides, liposaccharides,

]
N

oligonucleotides, polynucieotides and mixtures thereof, and particularly preferably
from the subgroup comprising erythropoietin, oxytocin, vasopressin,
adrenccorticotropic hormone, epidermal growth factor, platelet-derived growth
factor (PDGF), hemopoiesis stimulating factors and mixtures thereof, factors V1II
and IX, hemoglobin, cytochromes, prolactin, albumins, luteinizing hormone
30 releasing hormmone {LHRHM), LHRH antagonists, LHRH competitors, human,
porcine or bovine growth hormones (GH). growth hormone refeasing factor,
insulin, somatostatin, glucagon, interleukins or mixtures thereof {¥.-2, IL-11, IL.-
123, o-, - or y-interferon, gastrin, tetragastrin, pentagastrin, urogastrone, secretin,

catcitomn, enkephalin, endomorphines, angiotensins, thyrotropin  releasing

a2
Ln

hormone (TRH), tumor necrosis factor {TNF), nerve growth factor (NGF),
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a2
L

that the AP is a "small" hydrophobic. hydrophilic or amphiphilic organic
molecule. 24. Formulation according to any one of the preceding claims,
characterized in that the active principle is selected from at least one of
the following families of 15 active substances: agents for treating alcohol
abuse, agents for treating Alzheimer's djsease, anesthetics, aggnts 0§44
treating acromegaly, analgesics. antiasthmatics, agents for treating
aIIer S, anticancer agents, anti- |an ries, anticoagulants and
r?)mbotlc% O AV £ 9 %@egﬁcﬁaﬁﬁﬂ‘f%eﬁ’@? Ahemetiegy
an“t‘lﬁ‘l‘éﬁj&%efé“ﬁht(ﬁl@@a@ﬁﬁés%ﬁﬁ%ﬁ%éﬂ%@%rﬁibi@ﬁ@@%ﬁ@#mg@ﬂscSF)
antiyizals:s2ObantiparkinsgniansoanticBoline rgies raatHusiaives; GO Bigde
arﬂﬂ)«%ﬁ?%ﬂtﬂ%ﬁﬁ&ﬂﬁ!@%@ﬁtﬂa{ agenisy W%P%%ﬁm%?%eﬁm bis B surface

antihypertensives

arr| ytohm éCﬁBv% dllators antian
vasopiotectors, eho %iélstéflgsén?nh acr{jéméfl entd 18¢ flrgeﬁ?l‘[\ﬂ“%ﬁrﬁf’hmns

neW8H§‘§§/s¥é?ﬁlﬂ11§‘&6%r§’%‘éﬁﬁ’ﬁﬁpﬁéWoﬂ§‘ GEtetdtin Bk harmaceutically
cotriaceptiis; fertilitydpiomotersplaberinducersiard inhilitors, agents fad
trealipg25> mucoviscidosis, dopamine receptor agonists, agents for
treating endometriosis, agents for treating erectile dysfunctions, agents
for treatlng fertility, agents for treating gastrointestinal disorders,

immMunorOAtHEIE Arf@ifraIRGEY é’ﬁFe%%‘é‘ﬁt§m%@€F&§iﬁi¥“ﬁrééWm“md m
mélroiye diSosdersnaitimidiaines e nhugclehiblasantghpldleosige  analegs:.
agents for treating osteoporosis, parasympathomimetics, prostaglandins,

307953/0[}059&1%9%'1{[5 ngrs Sgg atlve%fwg nOtcC %@‘i‘;ﬁ{%{' Lléggls rized in
roleptlcs anxiol tlcs ¥(;h Q‘umulan gnfige resédnis ag enfs for

tre ﬁhﬁ‘%é?ﬂq‘fété}r&gfi&é? disehass fgﬁt@}&ﬁdgaa*hawﬁféﬁégi1%%&%%@
ansigxicsbsloncemalgesidopainkitie ré¢ dntiepileptigsnivdobiturates Al zheimer’s

befizadiazepines: RypREHES (XS ﬁbfﬁfé%wpi&?’aﬁegénﬁntlasthmams
asz?*é’e‘}{f'ét'r%ﬁré’%ﬁ??ﬁﬁe?&??U%ﬁ%c§588~4a\«4vn 290011 ﬁ134§ 25, Formulation

QOries, anicoasy
according to any one of t receding tlaims, chara enze& Ihl% ?

TR BH“B?‘}&P n%tt%g&&%&%‘a V\f}ﬂﬁ]?ﬁé%?&?orﬁ@ﬂﬁ@‘ﬁféﬁﬁcle@méﬁ?m
as@@@ﬂé’t@@mﬂ] imtisisrsuch. thatt-5fefnor-assiisiated ARlfandals, antivirals,

pref@ir;aiaﬂ&dmmassm@m&mi& O dniitbhsresmulation.aceerding tond8Wrors,

On&%ﬁ&b%&[ﬁ? W&QSC'% rz%:af,c'[grz ﬁ)}wllrttlr}g‘st tbf%@‘ la%o%@eamianﬁinals
recombinant hunian ¢ rmone
anfihypertensives, \;asopmt,euom cholinesterase inhibitors, agents for treating

central nervous systern  disorders,  central  nervoug system  stimuiants,
contraceptives, fertility promoters, labor inducers and inhibitors, agents for treating
mucoviscidosis, dopamine receptor agonists, agents for treating endometriosis,
agents {or treating erectile dysfunctions, apents for treating fertility, agents for
treating gastrointestinal disorders, immunomodulators and immunosuppressants.
agents for treating memory disorders, antimigraines, muscie relaxants, nucleoside
analogs, agents for treating osteoporosis, parasympathomimetics, prostaglandins,
psychotherapeutic agents, sedatives, hypnotics and tranquilizers, neuroleptics,
anxiolytics, psychostimulants, antidepressants. agents for treating dermatological
~disorders, steroids and hommones, amphetamines, anorexics, DoR-anaigesic
painkillers, antiepileptics. barbiturates, benzodiazepines, hypnotics, laxatives,

psychotropics and any associations of these products.



10 27. Formulation according to any one of claims | to 25, characterized in
that the AP is insulin. 28. Formulation according to any one of claims | to
25, characterized in that 15 the AP is interferon a-2b. 29. Formulation
according to any one of the preceding claims, characterized in that it is
intended for the preparation of drugs_, p%gicularly fo_r administr\?gozra{}gx m% f
parenteral, mucosal, subcutaneous, intramuscular, intradermal,
intraperitoneal or 20 intracerebral route or intrattunoral, or by the oral,
nasal, plitHOHEAP AR (DRI HD Ath S 0T I RO R SR e RS AR
oftthe formrigatiornaccording toarypenewf theé: pgrecedingataimasiicies {non-
chataetarzed|nithat it cansigts essentially in: 25 a. taking or preparing a
colloidal suspension of nanoparticles of at least one PO, b. optionally
mixing this colloidal suspension of nanoparticles of PO with at least one
S5 AP, préfdrabigiitsdddissolution, ¢, optionally filtering the resulting
suspepisiombdly addiagsmudtidaléntidns (preferably in the form of salt(s)) of
opposite polarity 30 to that of the groups Gl of the polymer PO, said

myltivalgnt i%@%t‘?c%i%l%c%?cﬂﬁg WA AMOHRLSUEN AL e LAlo L, JIM L g 3

de'flned by the formular = n"x wheére - n is the valenég)}{1 of said multivalent
ioﬁ}ée}t-"m/ﬁ '

Nl 1176RAR UBHE SPE TS PRI R8s, 65 WO
10 20071/141344 [Gl] is the molar concentration of ionizable groups Gl, is

between3mandiltd, prefckably, betwaend.6and 5. arsd pasticutarhl in that

praferably .hetween 0.80 and 3.0, and e. if necessary, adjusting the pH or

the osmolarity. 5 31. Process according to claim 30, characterized in that

the AP is in the form of an agueous suspension or solution for mixing with

thé&olloidainsuispensicegiraanepartietes ofamicroparticl s urpzad g 2hat
15 Progess fordhaergreparation of a product derived from the formulation

29, TFormulation according to any one of the preceding claims, characterized in
that it is intended for the preparation of drugs, particularly for administration by the
parenteral, mucosal, subcutaneous, intramuscular, mtradermal, intraperitoneal or
200 intracerebral route or intratumoral, or by the oral, nasal, pulmonary, vaginal or

ocular route,

30.  Process for the preparation of the formulation according o any one of the
preceding claims, characierized in that it consists essentially in:
25 a. taking or preparing a colloidal suspension of nanoparticles of at least one PO,
b. optionally mixing this colloidal suspension of nanoparticles of PO with at least
one AP, preferably in aqueous solution,
optionalty filiering the resulting suspension,
d. adding multivalent ions (preferably in the form of sait(s)) of oppesite polarity
Rit to that of the groups GI of the polymer PO, said multivaient ions being added
in an amount such that the ratio r,

1m]

defined by the formula r =nx . where
c1]

- 11 Is the valency of said multivalent 1ons,

- [IM] is the molar concentration of multivalent ions,



according to any one of claims | to 29 or from the formulation obtained by
the process according to claim 30, characterized in that it consists
essentially in drying the suspension of micrometric particles to give a

solid form, preferably a powder of micrometric particles, that is capable of
being stored. or administered. 15 33. Progess for the preparatlo% %Othe i’
formulation according to any one of claims 1 to 29, characterizZed in that it
consists essentlally in: s taklng at least one derived product (loaded or not

loaded with AB}! obihfag! By s praessHesglsLieeraith 32, 20 and
misdritgthisd e rived! prbductowithy weteror G agdiédussobatianlSiefpreferably
receastiftiosy 34 Progyct derived from the formulation according to any

ong of gl @é@&&t@ i qﬁggr{g\ e%q_ﬁ%g glotpat it is in non-liquid form and in

that it comprises 25 micfometric partlcleso 5Iymer (PO), 1. the polymer
PO being a water-soluble, biodegradable, amphiphilic polymer carrying
hydlephdbiecgio e (@GH) antinmi ablerhydrophilictigrobps\fGH)in andform of
spentaneous|yigrming acalinidah Suspansion ViNARORABILGIRS WsRQsion of
waleh BB & ®hibnderiseloniegonditions, ii. said particles being

capable of associating spontaneously and non- covalently with at least
one active principle (AP), at pH = 7.0, under isotonic conditions; these

10 micrometfiepattichesior POMminy afsizerndeasuetiid ditest i ghrmulation
betweetind5d Mmantd:l 60 mipsefarably @f B@M@anér@ﬂﬁn?& niviareferably.
Of behween 2.a0d.68 M&%7Qﬂ§r§4léré9dlﬁm2ﬁ N hs?% sal m@arﬁg% Elr‘ymg

nltams derivatives.of multivalent jons, pref era ent ions, of
opposite!poiatity’ t SHREY BT HHe g Ess%gléff)tﬁéo I@ﬂ@rpfﬁ@rfﬁ“ﬁba pageder of
defiHe By theforsitialhat in sepplbwhEeind @fred arisdimensalarcy of said
15 multivalent ions,

33, Process for the preparation of the formulation according fo any one of
claims | to 29, characterized in that it consists essentially in:
¢ taling at jeast one derived product (loaded or not loaded with AP) obtained by
the process according to claim 32,
20 ¢ and mixing this derived product with water or an agueous solution S of

reconstitution.

34, Product derived from the formulation according to any one of claims 1 1o
19, characterized n that 1t is in non-lguid form and in that it comprises
25 micrometric particles of polvmer (PO),
1. the polymer PO
e being a waler-soluble, biodegradable, amphiphilic polymer carrying
hydrophobic groups (GH) and ionizable hydrophilic groups (GI).
e and spontaneously forming a colloidal suspension of nanoparticles in
30 water, at phi = 7.0, under i1sotonic conditions,
i, said particles being capable of associating spontaneously and non-
- covaiently with at least .one. active principie (AP), at pH = 7.0, under. isotonic
conditions;

these micrometric particles of PO having a size, measured in a test T, of between

Ll
A

0.5 and 100 um, preferably of between 1 and 70 pm, preferably of between 2 and
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- [IM] is the molar concentration of multivalent ions, -- [GI] is the molar
concentration of ionizable groups Gl, being comprised between 0.3 and
10, preferably between 0.6 and 5.0 and more 10 preferably between 0.8
and 3-0 15. Derived product according to claim 34, characterized in that it
consists of a powder or a gel. 15 36. Prgeess for the preparatjon of drvds,
particularly for administration by the parenteral, mucosal, subcutaneous,
intramuscular, intradennal, intraperitoneal or intracerebral route or into a
turhoror by the oral, nasal, pulmonary, vaginal or ocular route,
char@cterizeld smdnarideonsistamssdptiadiyvirs uging wtiledst owes. preferably
fornulationaceordipgsie apionaohataimsd §e.2ps andfanaformulationatio
ohtained 20 by the process according to any one of claims 30 to 32,

and/or any product derived from safsdmrmulation, and/or any precursor of
said fornsGbtisipy the formula » =nx [C’]] , where
: J

- n 18 the valency of said multivalent 1ons.

- {IM] is the molar concentration of multivalent ions,

- |GG} is the molar concentration of ionizable groups Gl,
being comprised between 0.3 and 10, preferably between 0.6 and 5.0 and more
preferably between 0.8 and 3.0.

35, Derived product according to claim 34, characterized in that it consists of a
powder or a gel.

36. Process for the preparation of drugs, particularly for administration by the
parenteral, mucosal, subcutanecus, inframuscular, intradermal, intraperitoneal or
intracercbral route or inte a fumor, or by the oral, nasal, pulmonary, vaginal or
ocular route, characterized in that it consists essentially in using at least one
formulation according to any one of claims 1 to 29, and/or a formulation obtained
by the process according to any one of claims 30 to 32, and/or any product derived

from said formuiation, and/or any precursor of said formulation.



